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Cautions

Keep safety first in your circuit designs!

1.

Renesas Technology Corp. puts the maximum effort into making semiconductor products
better and morereliable, but thereis dways the possibility that trouble may occur with them.
Trouble with semiconductors may lead to personal injury, fire or property damage.
Remember to give due consideration to safety when making your circuit designs, with
appropriate measures such as (i) placement of substitutive, auxiliary circuits, (ii) use of
nonflammable material or (iii) prevention against any malfunction or mishap.

Notes regarding these materias

1

These materids are intended as areference to assist our customersin the selection of the
Renesas Technology Corp. product best suited to the customer's application; they do not
convey any license under any intellectual property rights, or any other rights, belonging to
Renesas Technology Corp. or athird party.

Renesas Technology Corp. assumes no responsibility for any damage, or infringement of any
third-party's rights, originating in the use of any product data, diagrams, charts, programs,
algorithms, or circuit application examples contained in these materials.

All information contained in these materids, including product data, diagrams, charts,
programs and algorithms represents information on products at the time of publication of these
materials, and are subject to change by Renesas Technology Corp. without notice due to
product improvements or other reasons. It istherefore recommended that customers contact
Renesas Technology Corp. or an authorized Renesas Technology Corp. product distributor for
the latest product information before purchasing a product listed herein.

The information described here may contain technical inaccuracies or typographical errors.
Renesas Technology Corp. assumes no responsibility for any damage, liability, or other loss
rising from these inaccuracies or errors.

Please al so pay attention to information published by Renesas Technology Corp. by various
means, including the Renesas Technology Corp. Semiconductor home page
(http://www.renesas.com).

When using any or dl of theinformation contained in these materials, including product data,
diagrams, charts, programs, and algorithms, please be sureto evaluate all information asatotal
system before making afinal decision on the applicability of the information and products.
Renesas Technology Corp. assumes no responsibility for any damage, liability or other loss
resulting from the information contained herein.

Renesas Technology Corp. semiconductors are not designed or manufactured for usein a
device or system that isused under circumstances in which human lifeis potentially at stake.
Please contact Renesas Technology Corp. or an authorized Renesas Technology Corp. product
distributor when considering the use of a product contained herein for any specific purposes,
such as apparatus or systems for transportation, vehicular, medical, aerospace, nuclear, or
undersearepeater use.

The prior written approval of Renesas Technology Corp. is necessary to reprint or reproduce in
whole or in part these materials.

If these products or technologies are subject to the Japanese export control restrictions, they
must be exported under alicense from the Japanese government and cannot be imported into a
country other than the approved destination.

Any diversion or reexport contrary to the export control laws and regulations of Japan and/or
the country of destination is prohibited.

Please contact Renesas Technology Corp. for further details on these materias or the products
contained therein.
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General Precautions on Handling of Product

1. Treatment of NC Pins

Note: Do not connect anything to the NC pins.
The NC (not connected) pinsare either not connected to any of the interna circuitry or are
used astest pinsor to reduce noise. If something is connected to the NC pins, the
operation of the LSl isnot guaranteed.

2. Treatment of Unused Input Pins

Note: Fix al unused input pinsto high or low leve.
Generally, the input pins of CMOS products are high-impedance input pins. If unused pins
arein their open states, intermediate levels are induced by noise in the vicinity, a pass-
through current flows internally, and a malfunction may occur.

3. Processing before Initialization

Note:  When power isfirst supplied, the product’s state is undefined.
The states of internal circuits are undefined until full power is supplied throughout the
chipand alow leve isinput on thereset pin. During the period where the states are
undefined, the register settings and the output state of each pin are also undefined. Design
your system so that it does not malfunction because of processing whileitisin this
undefined state. For those products which have areset function, reset the LSl immediately
after the power supply has been turned on.

4. Prohibition of Accessto Undefined or Reserved Addresses

Note:  Accessto undefined or reserved addresses is prohibited.
The undefined or reserved addresses may be used to expand functions, or test registers
may have been be allocated to these addresses. Do not access these registers; the system’s
operation isnot guaranteed if they are accessed.
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Configuration of This Manual

Thismanua comprisesthe following items.

General Precautions on Handling of Product
Configuration of This Manual
Preface
Contents
Overview
Description of Functiona Modules
e CPU and System-Control Modules
*  On-Chip Periphera Modules

The configuration of the functiona description of each module differs according to the
module. However, the generic style includes the following items:

i) Feature
ii) Input/Output Pin
iii) Register Description
iv) Operation
v) Usage Note
When designing an application system that includesthis LS|, take notesinto account. Each

section includes notes in relation to the descriptions given, and usage notes are given, as required,
asthefinal part of each section.

o 0k~ wbdhE

7. List of Registers

8. Electrical Characteristics
9. Appendix

10. Index
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Preface

The SH7705 single-chip RISC (Reduced Instruction Set Computer) microprocessor includesa
Renesas Technology original RISC CPU asiits core, and the peripheral functions required to
configure asystem.

Target users Thismanua was written for userswho will be using the SH7705 Micro-Computer
Unit (MCU) in the design of application systems. Users of this manual are expected
to understand the fundamentals of electrical circuits, logical circuits, and
mi crocomputers.

Objective:  Thismanual was written to explain the hardware functions and electrica
characterigtics of the SH7705 MCU to the above users.
Refer to the SH-3/SH-3E/SH3-DSP Programming Manual for a detailed description
of theinstruction set.

Notes on reading this manud:

* Product names
The following products are covered in this manual.

Product Classifications and Abbreviations

Basic Classification Product Code

SH7705 HD6417705

* Inorder to understand the overall functions of the chip

Read the manual according to the contents. This manual can be roughly categorized into parts
on the CPU, system control functions, peripheral functions and electrical characteristics.

* |n order to understand the detail s of the CPU's functions
Read the SH-3/SH-3E/SH3-DSP Programming Manual .
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Rules: Register name:  The following notation is used for cases when the same or a
similar function, e.g. serial communication, isimplemented
on more than one channd:

XXX_N (XXX istheregister name and N isthe channel
number)

Bit order: The MSB (most significant bit) is on the left and the LSB
(least significant bit) ison theright.

Number notation: Binary is B'xxxx, hexadecimal is H'xxxx, decimal is Xxxx

Signal notation:  An overbar is added to alow-active signal: xxxx

Related Manuals:  The latest versions of all related manual s are available from our web site.
Please ensure you have the latest versions of all documents you require.
http://www.renesas.com/eng/

SH7705 manuals,

Manual Title ADE No.
SH7705 Hardware Manual This manual
SH-3/SH-3E/SH3-DSP Programming Manual ADE-602-096

Users manuals for devel opment tools:

Manual Title ADE No.

SH Series C/C++ Compiler, Assembler, Optimizing Linkage Editor User's ADE-702-246
Manual

SH Series Simulator/Debugger (for Windows) User's Manual ADE-702-186
SH Series Simulator/Debugger (for UNIX) User's Manual ADE-702-203
Embedded Workshop User's Manual ADE-702-201
SH Series Embedded Workshop, Debugging Interface Tutorial ADE-702-230
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Abbreviations

ADC
ALU
ASE
ASID
AUD
BCD
bps
BSC
CCN
CMT
CPG
CPU
DMAC
etu
FIFO
Hi-Z
uDI
INTC
IrDA
JTAG
LQFP
LRU
LSB
MMU
MPX
MSB

PFC
PLL
PWM

RISC
ROM
RTC

SCIF

Analog to Digital Converter
Arithmetic Logic Unit
Adaptive System Evaluator
Address Space Identifier
Advanced User Debugger
Binary Coded Decimal

bit per second

Bus State Controller

Cache Memory Controller
Compare Match Timer
Clock Pulse Generator
Central Processing Unit
Direct Memory Access Controller
Elementary Time Unit
Firg-In First-Out

High Impedance

User Debugging Interface
Interrupt Controller

Infrared Data Association
Joint Test Action Group
Low Profile QFP

Least Recently Used

Least Significant Bit
Memory Management Unit
Multiplex

Most Significant Bit
Program Counter

Pin Function Controller
Phase Locked Loop

Pulse Width Modulation
Random Access Memory
Reduced Instruction Set Computer
Read Only Memory
Realtime Clock

Serial Communication Interface with FIFO

RENESAS

Rev. 2.00, 09/03, page ix of xlvi



SDRAM Synchronous DRAM

TAP Test Access Port

T.B.D  ToBeDetermined

TLB Trandation Lookaside Buffer

T™MU Timer Unit

TPU Timer Pulse Unit

UART  Universal Asynchronous Receiver/Tranamitter
UBC User Break Controller

UsB Universal Serial Bus

wWDT Watchdog Timer
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Main Revisions and Additions in this Edition

Item Page Revisions (See Manual for Details)
1.1 SH7705 Features 4 Features of USB function module (USB) amended
Table 1.1 SH7705 » Conforms to USB 2.0 full-speed specification
Features
1.3 Pin Assignment 13, 15, Note *6, *7 added
Table 1.2 Pin Functions 16 Pin No.
FP-  TBP-
208C 208A  Pin Name 110 Description
139 G15  TDI/PTGO I/1/0  Testdata input (UDI) /
input/output port G
140 G14  TCK/PTGL I/1/0  Testclock (UDI) / input/output
port G
141 F17 TMS/PTG2 I/1/0  Testmode select (UDI) /
input/output port G
142  F16  TRST'/PTG3 1/1/0  Testreset (UDI)/ input/output
port G
143  F15  TDO/PTF5 O/l0  Testdata output (UDI) /
input/output port F
144 F14 ASEBRKAK/ O /1O  ASE break acknowledge
PTF6 (UDI) / input/output port F
145  E17  ASEMDO™2*"/ I/1/0  ASE mode (UDI) / input/output
PTF7 port F
195  C6 RESETP® I Power-on reset request
Notes: 6. Pull-up MOS connected.
7. The pull-up MOS turns on if the pin function controller
(PFC) is used to select other functions (UDI).
4.4.1 Address Array 105 Description amended
Address-Array Write [T This operation is used to invalidate the address
(Associative Operation) specification for a cache.
4.4.3 Usage Examples 107 Description largely revised
Invalidating a Specific Entry
Invalidating an Address 108 Description added
Specification
5.2.5 Exception Source 117 Note *3 amended

Acceptance Timing and
Priority

Table 5.1 Exception Event

Vectors

Note: 3. If an interrupt is accepted, the exception event
register (EXPEVT) is not changed. [T
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Item Page Revisions (See Manual for Details)
6.1 Features 126 CMT deleted
Figure 6.1 Block Diagram M b ———
of INTC : Inputioutput [
IRQ5-IRQ0 ﬁ—>: 5 control
i ——
PINT15-PINTO ﬁ‘ﬁ»
DMAC ?(Interrupt request) 4
SCIF — -
ADC — -
USB — L -
™
Legend:
DMAC : Direct memory access controller
SCIF  : Serial communication interface (with FIFO)
ADC  :A/D converter
USB  :USB interface
TMU  : Timer pulse unit
TPU : 16-bit timer pulse unit
6.4.6 Interrupt Exception 140 IPR (bit numbers) amended for interrupt source TMU2
Handling and Priority IPRA (7 to 4)
Table 6.4 Interrupt
Exception Handling Sources
and Priority (IRQ Mode)
7.4.2 CSn Space Bus 160 Bits 14 to 12 description added
Cor_1tro| Register (CSnBCR) Note: SDRAM can be specified only in area 2 and area 3. If
(n=0,2, 3,4, 5A, 5B, 6A, SDRAM is connected to only one area, SDRAM should be
68) specified for area 3. In this case area 2 should be specified
as normal space.
161 Note 5 added
Note: 5. The SDRAM bank active mode can only be used
for the CS3 space. (Refer to the explanation of the BACTV
bit in the SDRAM control register.)
7.4.5 Refresh Timer 177 Bits 31 to 18 description amended
Control/Status Register Bit Initial
(RTCSR) Bit Name Value R/W  Description
31to8 O 0 R Reserved
7.4.6 Refresh Timer 179 Bits 31 to 18 description amended

Counter (RTCNT)

Bit Initial
Bit Name Value R/W Description
31to8 O 0 R Reserved
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Item Page Revisions (See Manual for Details)
7.13 Others 237 In standby, sleep, and manual reset, control registers of the
Reset bus state controller are not initialized. At manual reset, the
current bus cycle being executed is completed and then the
access wait state is entered. | | Since the RTCNT continues
counting up during manual reset signal assertion, a refresh
request occurs to initiate the refresh cycle.
Note that arbitration requests using BREQ are not accepted
during manual reset signal assertion.
8.3.4 DMA Channel 244 Bits 15, 14 description amended
Control Registers (CHCR) 00: Fixed destination address
(setting prohibited in 16-byte transfer)
245 Bits 13, 12 description amended
00: Fixed source address
(setting prohibited in 16-byte transfer)
8.4.3 Channel Priority 258 [mrhe priority of round-robin mode is CHO > CH1 > CH2 >
Round-Robin Mode CH3 immediately after a reset.
When the round-robin mode is specified, cycle-steal mode
and burst mode should not be mixed among the bus modes
for multiple channels.
8.4.4 DMA Transfer Types 262 Figure amended
Address Modes |_|1 |_| |_gl E |_|? |_| |_|?
CKIO
Figure 8.6 Example of ! ! 1 1
DMA Transfer Timing in : : i i
Dual Mode (Source: rasors W T ><§D< T X
Ordinary Memory, 3 ! 1 |
Destination: Ordinary s N /gé A\ L/
Memory) 1 3 |
Nl
e — S
DACKn 52
(Active-Low) \ ' / ' '
| Data read cycle i 3 Data write cycle
(1stoycle) " [ (2ndcycle)
Bus Mode and channel 266 Description largely revised
Priority Order
8.5 Precautions 270 Newly added
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Item Page Revisions (See Manual for Details)
9.1 Features 272 Figure amended
Figure 9.1 Block Diagram ( s mortac )
of Clock Pulse Generator
Peripheral bus
10.2.2 Watchdog Timer 289 Note added
Control/Status Register Note: If manual reset is selected using the RSTS bit, a
(WTCSR) frequency division ratio of 1/16, 1/32, 1/64, 1/256, 1/1,024,
or 1/4,096 is selected using bits CKS2 to CKSO0, and a
watchdog timer counter overflow occurs, resulting in a
manual reset, the LSI will generate two manual resets in
succession. This will not affect its operation but will cause
change in the state of the STATUS pin.
11.6.1 Transition to 301 Description amended
Module Standby Function This function can be used to reduce the power consumption
in the normal mode and sleep mode.
16.5 SCIF Interrupt 427 Table amended
Sources and DMAC i
Table 16.4 SCIF Interrupt Source Description DMAC Activation
Sources ERI Interrupt initiated by receive error flag Not possible
(ER) or break flag (BRK)
RXI Interrupt initiated by receive FIFO data  Possible™*
full flag (RDF) or receive data ready
(DR)
TXI Interrupt initiated by transmit FIFO data  Possible*?
empty flag (TDFE) or transmit data stop
flag (TSF)
18.1 Features 437 Description amended
» The UDC (USB device controller) conforming to USB2.0
and transceiver process USB protocol automatically.
19.2.7 Port F Control 489 Note *2 added to Bits 15 and 14
Register (PFCR) Note 2. Pull-up MOS on.
19.2.9 Port G Control 491 Note *2 added to Bits 7 to O

Register (PGCR)

Note 2. Pull-up MOS on.
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Item Page Revisions (See Manual for Details)
22.2.10 Execution Times 552 Note added
Break RegiSter (BETR) Note: If the channel B brake condition set to during instruction fetch cycles and any of the
instructions below perform breaks, BETR is not decremented when the first break occurs.
The decremented values are listed below.
Value Value
Instruction Decremented Instruction Decremented
RTE 4 LDC.L @Rm+,SR 6
DMULS.L Rm,Rn 2 LDC.L @Rm+,GBR 4
DMULU.L Rm,Rn 2 LDC.L @Rm+,VBR 4
MAC.L @Rm+@Rn+ 2 LDC.L @Rm+,SSR 4
MAC.W @Rm+,@Rn+ 2 LDC.L @Rm+,SPC 4
MUL.L Rm,Rn 3 LDC.L @Rm+,R0_BANK 4
AND.B #mm,@(R0,GBR) 3 LDC.L @Rm+,R1_BANK 4
OR.B #imm,@(R0,GBR) 3 LDC.L @Rm+,R2_BANK 4
TAS.B @Rn 3 LDC.L @Rm+,R3_BANK 4
TST.B #imm,@(R0,GBR) 3 LDC.L @Rm+,R4_BANK 4
XOR.B #imm,@(R0,GBR) 3 LDC.L @Rm+,R5_BANK 4
LDC Rm,SR 4 LDC.L @Rm+,R6_BANK 4
LDC Rm,GBR 4 LDC.L @Rm+,R7_BANK 4
LDC Rm,VBR 4 LDC.L @Rn+MOD 4
LDC Rm,SSR 4 LDC.L @Rn+,RS 4
LDC Rm,SPC 4 LDC.L @Rn+,RE 4
LDC Rm,R0O_BANK 4 LDC Rn,MOD 4
LDC Rm,R1_BANK 4 LDC Rn,RS 4
LDC Rm,R2_BANK 4 LDC Rn,RE 4
LDC Rm,R3_BANK 4 BSR label 2
LDC Rm,R4_BANK 4 BSRF Rm 2
LDC Rm,R5_BANK 4 JSR @Rm 2
LDC Rm,R6_BANK 4
LDC Rm,R7_BANK 4
23.2 Input/Output Pins 569 Note * added
Note: * The pull-up MOS turns on if the pin function
controller (PFC) is used to select other functions (UDI).
23.3.3 Boundary Scan 570 Description amended
Register (SDBSR) SDBSR is a 385-hit shift register, located on the PAD, for
controlling the input/output pins of this LSI.
23.5.2 Points for Attention 582 Item 7 added under “23.5.2 Points for Attention”
7. The CKIO cock should operate during boundary scan.
The MD[2:0] pin should be set to the clock mode used
during normal operation, and EXTAL and CKIO should be
set within the frequency range specified in the Clock Pulse
Generator (CPG) section.
As during normal operation, the boundary scan test should
be performed after allowing sufficient settling time for the
crystal oscillator, PLL1, and PLL2.
24.1 Register Addresses 592 Access size of EP1 data register and EP2 data register

(by functional module, in
order of the corresponding
section numbers)

amended to 8/32

RENESAS
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Item Page Revisions (See Manual for Details)

25.3.1 Clock Timing 633 Figure amended
Figure 255 POWer'On oo Stable oscillation
OSCi”atiOn Sett“ng T|me internal clocl; mﬂ_\_//_\%%/_xv_/_\_
(¢ (¢
Vee _7L Ve min t’ oo, o
RE% « « A

25.3.2 Control Signal 636 Conditions amended
Timing (Conditions: VccQ = Vee-RTC = Vec-USB = 3.0 t0 3.6 V,
Table 25.6 Control Signal Vece = Vee-PLLL = Vee-PLL2 =1.41t0 1.6 V, AVce = 3.0 to
Timing 3.6 V, VssQ =Vss = Vss-RTC = Vss5-USB = Vgs-PLL1 = Vss-

PLL2 = AVss=0V, Ta =-20to 75°C, Clock mode

0/1/2/4/5/617)

Note *1 amended

Note: 1. RESETP, RESETM, NMI, and IRQ5 to IRQO are
asynchronous. [T

Figure 25.15 Pin Drive 638 Figure amended
Tlmlng at Standby Normal mode Standby mode Normal mode
3 AVAVAS AVAN
tsto
STATUS 0 \ / / =
STATUS 1 /\ ((
25.3.4 Basic Timing 640 Note *2 added
Figure 25.16 Basic Bus tweo | twep |
Cycle (No Wait) wEe | # 71_
Write { twop1 twor
D31 to DO
tyvoha

Notes: 1. DACKn is a waveform when active-low is specified.
2. Output timing is the same when reading byte-selection SRAM.

Figure 25.17 Basic Bus 641 Note *2 added

Cycle (One Software Wait) tweo teo t |
|
m*z 7[

Write { twop1 twori

D31 to DO

tvoha

Notes: 1. DACKn is a waveform when active-low is specified.
2. Output timing is the same when reading byte-selection SRAM.
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Item Page Revisions (See Manual for Details)

25.3.4 Basic Timing 642 Note *2 added
Figure 25.18 Basic Bus &jﬁ twe NI
Cycle (One External Wait) wen | 7(_ —
Write twopi twor1
{ D31 to DO V—]ﬁ V_;

Notes: 1. DACKn is a waveform when active-low is specified.
2. Output timing is the same when reading byte-selection SRAM.

Figure 25.19 Basic Bus 643 Note *2 added

Cycle (One Software Wait, e weo | o o Jtur ‘
External Wait Enabled - ——i T i ¥
(WM Bit = 0), No Idle Cycle ,
. Write twoo1 taopt | twop1 taowt |
Setting) Hj;
D15 to DO %’ % %
== =4
Notes: 1. DACKn is a waveform when active-low is specified.
2. Output timing is the same when reading byte-selection SRAM.
25.3.11 SCIF Module 671 Iltem amended
Signal Timing Transmission data delay time (clock synchronization)
Table 25.13 SCIF Module RTS delay time (clock synchronization)
Signal Timing
A. I/O Port States in Each 679 Note *11 added
Processing State power-Down
S
Table A.1 1/O Port States Reset fates
H H Power- Bus Handling
in Each Processmg State on Manual Software Mastership of Unused
Category Pin Reset Reset Standby Sleep Released 1/O Pins
System RESETP % e [ [l | Mustbe
control used
RESETM | | | | | I Pull-up
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Item Page Revisions (See Manual for Details)
A. 1/O Port States in Each 682, Note *13 added
Processing State 684 power-Down
R t Stat
Table A.1 1/O Port States = =
H H Power- Bus Handling
in Each Processmg State on Manual Software Mastership of Unused
Category Pin Reset Reset Standby Sleep Released 1/O Pins
Port NF/PTD[5] | | z | | N Pull-up
PTE[7] V P K P P 10 Open
NF/PTI[7] L o o o o 0/O Open
NFPTI  H® o o o o 0/O Open
[6:0]

Note: 13. The values of PTJ6, PTJ1, and PTJO differ during
power-on reset and after the power-on reset state is
released. They conform to the port J data register value
after being switched to port status by the pin function
controller (PFC).

- After Power-On Reset Release
During Power-On

Reset PTD5/NF = 1 PTD5/NF =0
PTJ6/NF 1 0 1
PTJLUNF 1 1 0
PTJOINF 1 0 1
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Section1l Overview

11 SH7705 Features

ThisLSl isamicroprocessor that integrates a 32-bit RISC-type SuperH architecture CPU asits
core, together with 32-kbyte cache memory as well as peripherd functions required for system
configuration such as an interrupt controller.

High-speed data transfers can be formed by an on-chip direct memory access controller (DMAC),
and an externa memory access support function enables direct connection to different kinds of
memory. This LS| aso includes powerful periphera functionsthat are essential to system
configuration, such as USB (Function) functionality and a serial interface with alarge FIFO.

A powerful built-in power-management function keeps power consumption low, even during
high-speed operation. This LS| isideal for use in electronic devices such as those for applications
that require both high speeds and low power consumption.

The features of thisLSl arelisted in table 1.1.
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Tablel.l SH7705 Features

Item Features

CPU .

Original Renesas SuperH architecture

Compatible with SH-1, SH-2 and SH-3 at object code level

32-bit internal data bus

General-registers

Sixteen 32-bit general registers (eight 32-bit shadow registers)
Five 32-bit control registers

Four 32-bit system registers

RISC-type instruction set

Instruction length: 16-bit fixed length and improved code efficiency
Load/store architecture

Delayed branch instructions

Instruction set based on C language

Instruction execution time: one instruction/cycle for basic instructions
Logical address space: 4 Gbytes

Five-stage pipeline

Memory .
management
unit (MMU)

4 Gbytes of address space, 256 address space identifiers (ASID: 8 hits)
Page unit sharing

Supports multiple page sizes: 1 kbyte or 4 kbytes

128-entry, 4-way set associative TLB

Supports software selection of replacement method and random-
replacement algorithms

Contents of TLB are directly accessible by address mapping

Cache memory =«

32-kbyte cache, mixture of instructions and data

512 entries, 4-way set associative, 16-byte block length
Write-back, write-through, LRU replacement algorithm
1-stage write-back buffer

Interrupt .
controller (INTC)

Seven external interrupt pins (NMI, IRQ5 to IRQO)

On-chip peripheral interrupt: Priority level is independently selected for each
module
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Item

Features

Bus state
controller (BSC)

Physical address space is divided into eight areas: area 0, areas 2 to 4;
each a maximum of 64 Mbytes, and areas 5A, 5B, 6A, 6B; each a maximum
of 32 Mbytes

The following features are settable for each area

Bus size (8, 16, or 32 bits). The supported bus size differs for each area.
Number of access wait cycles (Numbers of wait-state cycles during reading
and writing are independently selectable for some areas.)

Setting of idle wait cycles (for the same area or different area)

Specifying the memory type to be connected to each area enables direct
connection to SRAM, byte selection SRAM, SDRAM, and burst ROM. Some
areas support address/data multiplex 1/0 (MPX).

Outputs chip select signal (CSO, CS2 to CS4, CS5A/B, CS6A/B) for
corresponding area (Programs are used to select the CS assert/negate
timing.)

SDRAM refresh function

Supports auto-refresh and self-refresh modes

SDRAM burst access function
Different SDRAM can be connected to area 2 or area 3 (size/latency)
Usable as either big or little endian machine

Direct memory
access controller
(DMAC)

Four channels. Two of these channels support external requests.
Burst mode and cycle steal mode

Outputs transfer end signal in channel with DREQ (one channel)
Supports intermittent mode (supports 16 or 64 cycles)

Clock pulse
generator (CPG)

Clock mode: Input clock can be selected from external input (EXTAL or
CKIO) or crystal resonator

Three types of clocks generated

CPU clock: max. 133.34 MHz/100 MHz

Bus clock: max. 66.67 MHz

Peripheral clock: max. 33.34 MHz

Seven types of clock mode (selection of multiplication ratio of PLL1 and
PLL2, and selection external clock or crystal resonator)

Watchdog timer
(WDT)

One-channel watchdog timer

Power-down
mode

Supports power-down mode

Sleep mode

Software standby mode and hardware standby mode
Module standby mode
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Item

Features

Timer unit (TMU)

Three-channel auto-reload-type 32-bit timer
Input capture function (only channel 2)

Five types of counter input clocks can be selected (Pq@/4, P@16, P@64,
P@256, TCLK input)

Compare match
timer (CMT)

16-bit counter
Four types of clocks can be selected (P@'4, P@8, P@/16, P@64)

16-bit timer pulse
unit (TPU)

Four PWM output (TOO, TO1, TO2, and TO3)
Supports PWM function

Realtime clock
(RTC)

Clock and calendar functions (BCD format)
30-second adjust function
Alarm/periodic/carry interrupt

Automatic leap year adjustment

Serial
communication
interface
(SCIF_0, SCIF_2)

Clock synchronous/asynchronous mode
64-byte transmit/receive FIFOs

High-speed UART

UART supports FIFO stop and FIFO trigger
Supports RTS/CTS

Supports IrDA 1.0 (only channel 0)

USB function
module (USB)

Conforms to USB 2.0 full-speed specification
Supports modes with an on-chip and external USB transceiver

Supports control transfer (endpoint 0), bulk transfer (endpoint 1, 2), and
interrupt transfer (endpoint 3)

The USB standard commands are supported, and class and bender
commands are handled by firmware

On-chip FIFO buffer for endpoints (128 bytes/endpoint 1, 2)
Module input clock: 48 MHz

I/O port

Bitwise selection of input/output for input/output port

A/D converter

10 bits + 4 LSB, four channels
Input range: 0 to AVcc (max. 3.6 V)

User break
controller (UBC)

Address, data value, access type, and data size are available for setting as
break conditions

Supports the sequential break function
Two break channels
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Item Features

User debugging « Supports the E10A emulator

interface (UDI) JTAG-standard pin assignment

* Real-time branch trace (AUD)

Power-supply e 1/0:3.3+0.3V,internal: 1.5+ 0.1V

voltage
Product lineup Power Supply Voltage
Product On-chip  Operating
Name /O Modules  Frequency Product Code Package

SH7705 33+03V 1.5+0.1V 133 MHz HD6417705F133  208-pin
100 MHz  HD6417705F100  Plastic

LQFP (FP-

208C)
133 MHz HD6417705BP133 208-pin
100 MHz HD6417705BP100 FBGA

(TBP-208A)
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12

Block Diagram

Figure 1.1 shows an internal block diagram of the SH7705.

CCN | —— ——| cpu
CACHE [—— UBC
—— ] RTC
e}
—K— Auw
MMU = @ CMT
— » Qo
a ©
— o)
:
BSC
Externalbus | ¢—— | I/0 port | — uDl
interface (PFC) [—
Legend:
CACHE: Cache memory TMU: Timer unit
CCN: Cache memory controller TPU: 16-bit timer pulse unit
MMU: Memory management unit RTC: Realtime clock
TLB: Translation look-aside buffer CMT: Compare match timer
INTC: Interrupt controller SCIF: Serial communication interface with FIFO
CPG/WDT: Clock pulse generator/watchdog timer  IrDA: Infrared data association module
CPU: Central processing unit USB: Universal serial bus
UBC: User break controller ADC: A/D converter
AUD: Advanced user debugger UDI: User debugging interface
BSC: Bus state controller PFC: Pin function controller
DMAC: Direct memory access controller

Figure 1.1 Block Diagram of SH7705
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13 Pin Assignment

NF¥*/PTM4
Vss

156 3 VssQ
149 9 Voe-PLLA

STATUSO/PTE4/RTSO0 [}

STATUS1/PTE5/CTSO RASUPPTD!
VssQ RASL/PTDO
CKIO CS6B/PTD7
VecQ CS6A/PTC7
PTNO/SUSPND CS5B/PTD6
PTN1/TXENL CS5A/PTC6
PTN2/XVDATA CS4/PTC5
PTN3/TXDMNS CS3/PTC4
PTN4/TXDPLS CS2/PTC3
PTN5/DMNS CSso__
PTN6/DPLS RD/WR -
p WEB/DQMUU/AR/PTC2
TCLKIPTES WE2/DQMUL/PTCA
P WE1/DQMLU
TXDO/SCPTO/IFTX
SCKO/SCPT1 WEO/DQMLL
TxD2/SCPT2 VssQ
SCK2/SCPT3 RD
RTS2/SCPT4 BS/PTCO
RXDO/SCPTO/IRX A25/PTK7
ccQ A24/PTK6
RxD2/SCPT2 A23/PTK5
oremerssd SH7705 AZZIPTKA
cC
V. FP—ZQSC AZTIPTK3
RESE (Top view) WRemice
IRQU/IRLO/PTHO A19/PTK1

IRQ1/IRL1/PTH1
IRQ2/IRL2/PTH2

IRQ3/IRL3/PTH3 A16
IRQ4/PTH4 A15
IRQ5/PTE2 VeeQ

AUDCK/PTG4 A4
NMI VssQ
DREQO/PTH5 AT3
DREQ1/PTH6 A12
RESETP A1
CA A10
MD3 A9
MD4 A8
AVss A7
ANO/PTLO A6
AN1/PTL1 A5
AN2/PTL2 VeeQ
AN3/PTL3 Ad
AVee [ 1VssQ
vssQ ] 205 [1A3
EXTAL_USB []206 A2

XTAL_UsB []207 A1

VecQ 4208 1 A0/PTKO
©
exoacge g g 8
»—l—»—»—E B o0z2zzzzz>z2z>z22
ZZZZZ>Z>pppaaa a aa
RERESLLRRSR3 5 o%
mOOM0 M EEFEEE E EE
EEEEE - apnoooQ Qo ao
200008 0 FIFFIcS O BN
SOBR & UNNANNA = =<
SONNN N an000a o oo
afatayataiiya)

Note: * The initial functions of NF (No Function) pins are not assigned after power-on reset. Specifies the functions with Pin Function Controller (PFC).

Figure 1.2 Pin Assignment (FP-208C)
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0000000000000 00O0O0|
0000000000000 00O0O0;
0000000000000 00O0O0;
0000000000000 00O0O0;
O O O O ey 0 00O
' 00o0O0 0 0O0O!
" 0oo0o0oO0 0 0O0O0:
0000 ass .|iooo0o0]
0000 T =/ 00 0O
00 0O - = 2| 000 O0;
'ooo0oO0 \\ 0O 00O
" 0oo0o0oO0 ©00O0O0!
0 0 0 0O 0 0O0O0;
0000000000000 00O0O0;
0000000000000 0O0O0O;
0000000000000 0O0O0O!
0000000000000 0O0O0O;

Note: The terminal area surrounded by the dotted line is the perspective view.

Figure 1.3 Pin Assignment (TBP-208A)
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Tablel.2

Pin Functions

Pin No.
FP-  TBP-
208C 208A Pin Name I/0 Description
1 Al VssQ ad I/O power supply (0 V)
2 B1 Vce-USB ad USB power supply (3.3 V)
3 C3 D+ I/0 USB data line
4 Cc2 D- I/O USB data line
5 C1 Vss-USB ad USB power supply (0 V)
6 D3 Vce-RTC*® O RTC power supply (3.3 V)*°
7 D2 XTAL2 (0] Crystal oscillator pin for on-chip RTC
8 D1 EXTAL2 I Crystal oscillator pin for on-chip RTC
9 E4 Vss-RTC*® O RTC power supply (0 V)*°
10 E3 VBUS/PTM6 I1/1/0 USB power supply detection / input/output port M
11 E2 MD6 I connect to /0 power supply (0V)
12 El D31/PTB7/PINT15 1/O/1/O /1 Data bus/input/output port B / PINT interrupt
13 F4 D30/PTB6/PINT14 1/O/1/O /1 Data bus/input/output port B / PINT interrupt
14 F3 D29/PTB5/PINT13 /O /1/O /1 Data bus/input/output port B / PINT interrupt
15 F2 D28/PTB4/PINT12 1/O/1/O /1 Data bus/input/output port B / PINT interrupt
16 F1 D27/PTB3/PINT11 1/O/1/O /1 Data bus/input/output port B / PINT interrupt
17 G4 VssQ d I/O power supply (0 V)
18 G3 D26/PTB2/PINT10 1/O/1/O /1 Data bus/input/output port B / PINT interrupt
19 G2 VeeQ ad I/O power supply (3.3 V)
20 Gl D25/PTBL/PINT9  1/O/1/O /1 Data bus/input/output port B / PINT interrupt
21 H4 D24/PTBO/PINT8  1/O/1/O /1 Data bus/input/output port B / PINT interrupt
22 H3 D23/PTA7/PINT7  1/O/1/O /1 Data bus/input/output port A/ PINT interrupt
23 H2 D22/PTA6/PINT6  1/O/1/O /1 Data bus/input/output port A/ PINT interrupt
24 H1 D21/PTAS5/PINTS  1/O/1/O /1 Data bus/input/output port A/ PINT interrupt
25 J4 D20/PTA4/PINT4  1/O/1/O /1 Data bus/input/output port A/ PINT interrupt
26 J2 Vss d Internal power supply (0 V)
27 J1 D19/PTA3/PINT3 /O /1/O /1 Data bus/input/output port A/ PINT interrupt
28 J3 Vcce d Internal power supply (1.5 V)
29 K1 D18/PTA2/PINT2  1/O/1/O /1 Data bus/input/output port A/ PINT interrupt
30 K2 D17/PTAL/PINTL  1/O/1/O /1 Data bus/input/output port A/ PINT interrupt
31 K3 D16/PTAO/PINTO  I/O/1/O /1 Data bus/input/output port A/ PINT interrupt
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Pin No.
FP-  TBP-

208C 208A Pin Name I/O Description

32 K4 VssQ ad I/O power supply (0 V)
33 L1 D15 I/0 Data bus

34 L2 VeeQ ad I/O power supply (3.3 V)
35 L3 D14 I/0 Data bus

36 L4 D13 I/0 Data bus

37 M1 D12 I/0 Data bus

38 M2 D11 I/0 Data bus

39 M3 D10 I/O Data bus

40 M4 D9 I/0 Data bus

41 N1 D8 I/0 Data bus

42 N2 D7 I/0 Data bus

43 N3 D6 I/O Data bus

44 N4 VssQ d I/O power supply (0 V)
45 P1 D5 I/0 Data bus

46 P2 VeeQ d I/O power supply (3.3 V)
47 P3 D4 I/O Data bus

48 R1 D3 I/O Data bus

49 R2 D2 I/O Data bus

50 P4 D1 I/0 Data bus

51 T1 DO I/0 Data bus

52 T2 VssQ ad I/O power supply (0 V)
53 Ul AO/PTKO O/1/0 Address bus / input/output port K
54 u2 Al o Address bus

55 R3 A2 o Address bus

56 T3 A3 O Address bus

57 u3 VssQ ad I/O power supply (0 V)
58 R4 Ad O Address bus

59 T4 VeeQ d I/O power supply (3.3 V)
60 u4 A5 O Address bus

61 P5 A6 O Address bus

62 R5 A7 O Address bus

63 T5 A8 0] Address bus
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Pin No.
FP-  TBP-

208C 208A Pin Name I/0 Description

64 us A9 (0] Address bus

65 P6 A10 (0] Address bus

66 R6 All (0] Address bus

67 T6 Al12 (0] Address bus

68 ué6 A13 (0] Address bus

69 P7 VssQ ad I/O power supply (0 V)

70 R7 Al4 (0] Address bus

71 T7 VeeQ d I/O power supply (3.3 V)

72 u7 Al15 (0] Address bus

73 P8 A16 O Address bus

74 R8 Al7 (0] Address bus

75 T8 Al18 (0] Address bus

76 us A19/PTK1 O /1/0 Address bus / input/output port K

77 P9 A20/PTK2 O/1/0 Address bus / input/output port K

78 T9 Vss d Internal power supply (0 V)

79 U9 A21/PTK3 O/l1/0 Address bus / input/output port K

80 R9 Vcce d Internal power supply (1.5 V)

81 Ul0  A22/PTK4 O/l1/o Address bus / input/output port K

82 T10  A23/PTK5 O/1/0 Address bus / input/output port K

83 R10  A24/PTK6 O/l1/0 Address bus / input/output port K

84 P10  A25/PTKY O /l1/0 Address bus / input/output port K

85 Uil  BS/PTCO O/1/0 Bus cycle start signal / input/output port C
86 T11 RD o Read strobe

87 R11  VssQ ad I/O power supply (0 V)

88 P11  WEO/DQMLL 0O/0 D7 to DO select signal / DQM (SDRAM)
89 Uul2  VceQ ad I/O power supply (3.3 V)

90 T12 WE1/DQMLU 0O/0 D15 to D8 select signal / DQM (SDRAM)

91 R12  WE2/DQMUL/PTC1 O/O/1/O D23 to D16 select signal / DQM (SDRAM) /
input/output port C

92 P12 WE3/DQMUU/AH/ 0O/O/0O/ D31 to D24 select signal / DQM (SDRAM) /

PTC2 I/0 address hold / input/output port C
93 Ul3 RD/WR ¢} Read/write
94 T13 CS0 (0] Chip select 0
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Pin No.

FP-  TBP-

208C 208A Pin Name I/0 Description

95 R13 CS2/PTC3 0 /10 Chip select 2 / input/output port C

96 P13  CS3/PTC4 0o/10 Chip select 3 / input/output port C

97 Ul4 CS4/PTC5 0o/10 Chip select 4 / input/output port C

98 T14  CSBA*’/PTC6 0/10 Chip select 5A / input/output port C

99 R14 CS5B**PTD6 0/10 Chip select 5B / input/output port D

100 U15 CSBA**PTCT7 0/1/0 Chip select 6A / input/output port C

101 T15 CS6B*%PTD7 o/1/0 Chip select 6B / input/output port D

102 P14 RASL/PTDO 0 /10 Lower 32 Mbytes address RAS (SDRAM) /
input/output port D

103 U16 RASU*¥PTD1 O/10 Upper 32 Mbytes address RAS (SDRAM) /
input/output port D

104 T16 CASL/PTD2 O/10 Lower 32 Mbytes address CAS (SDRAM) /
input/output port D

105 Ul7  VssQ d I/O power supply (0 V)

106 T17 CASU**/PTD3 o/10 Upper 32 Mbytes address CAS (SDRAM) /
input/output port D

107 R15 CKE/PTD4 O/1/0 CK enable (SDRAM) / input/output port D

108 R16  PTD5/NF** | Input port D/ NF**

109 R17 BACK/PTG5 0O/1l0 Bus acknowledge / input/output port G

110 P15 BREQ/PTG6 1/1/0 Bus request / input/output port G

111 P16  VssQ d I/O power supply (0 V)

112 P17  WAIT/PTG? I/1/0 Hardware wait request / input/output port G

113 N14  VceQ d I/O power supply (3.3 V)

114 N15  DACKO/PTEO O/1/0 DMA acknowledge 0 / input/output port E

115 N16  DACK1/PTE1l O/1/0 DMA acknowledge 1 / input/output port E

116 N17  TENDO/PTE3 O/l1/o DMA transfer end natification / input/output
port E

117 M14  AUDSYNC/PTF4 O/l1/o AUD synchronous / input/output port F

118 M15  AUDATAO/PTFO/TOO0 O/I/O/O  AUD data output / input/output port F / timer
output

119 M16  AUDATA1/PTFL/TO1 O/I/O/O  AUD data output/ input/output port F / timer
output

120 M17  AUDATA2/PTF2/TO2 O/I/O/O  AUD data output / input/output port F / timer

output
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Pin No.

FP-  TBP-

208C 208A Pin Name I/0 Description

121 L14 AUDATA3/PTF3/TO3 O/1/0/0O  AUD data output / input/output port F / timer
output

122 L15  NF*/PTJO o} NF** Joutput port J

123 L16 NF*/PTI1 o} NF** Joutput port J

124  L17  NF*/PTJI2 o} NF** Joutput port J

125 K14  NF*/PTJ3 o} NF** Joutput port J

126 K15 NF*/PTJ4 o} NF** Joutput port J

127 K16 NF*/PTJ5 o} NF** Joutput port J

128 K17  NF*/PTJ6 o} NF** Joutput port J

129  J14  NF*/PTJI7 o} NF** Joutput port J

130 J16 Vss d Internal power supply (0 V)

131 J17  NF*Y/PTM4 | NF**/ input port M

132 J15 Vce d Internal power supply (1.5 V)

133 H17  VssQ I/O power supply (0 V)

134 H16  PTMO I/0 Input/output port M

135 H15 PTM1 I/0 Input/output port M

136 H14  PTM2 I/0 Input/output port M

137 G17 PTM3 I/0 Input/output port M

138 G16  VccQ d I/O power supply (3.3 V)

139 G15 TDI*'/PTGO I1/1/0 Test data input (UDI) / input/output port G

140 Gl14 TCK'/PTG1 I1/1/0 Test clock (UDI) / input/output port G

141 F17 TMS*'IPTG2 I1/1/0 Test mode select (UDI) / input/output port G

142 F16  TRST'*/PTG3 1/1/0 Test reset (UDI) / input/output port G

143 F15 TDO/PTF5 O/1/0 Test data output (UDI) / input/output port F

144 F14 ASEBRKAK/PTF6 O/1/0 ASE break acknowledge (UDI) / input/output
port F

145 E17  ASEMDO***'/PTF7 1/1/0 ASE mode (UDI) / input/output port F

146 E16 MDO I Clock mode setting

147 E15 MD1 I Clock mode setting

148 E14 MD2 I Clock mode setting

149 D17  Vcc-PLL1 d PLL1 power supply (1.5 V)

150 D16  Vss-PLL1 d PLL1 power supply (0 V)
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Pin No.

FP-  TBP-

208C 208A Pin Name I/O Description

151 D15  Vss-PLL2 ad PLL2 power supply (0 V)

152 C17  Vcc-PLL2 ad PLL2 power supply (1.5 V)

153 Cl16 MD5 I Endian setting

154 D14  XTAL (0] Crystal oscillator pin

155 B17 EXTAL I External clock / crystal oscillator pin

156 B16  VssQ ad I/O power supply (0 V)

157 Al7  STATUSO/PTE4/ O/1/O/O  Processor status/input/output port E / SCIFO

RTSO transmit request
158 Al6  STATUS1/PTES/ O/1/O/I Processor status / input/output port E / SCIFO
CTSO transmit clear

159 C15 VssQ d I/O power supply (0 V)

160 B15 CKIO I/0 System clock input/output

161 Al15  VceQ d I/O power supply (3.3 V)

162 Cl14  PTNO/SUSPND /010 input/output port N / USB suspend

163 B14 PTN1/TXENL /010 input/output port N / USB output enable

164 Al4 PTN2/XVDATA /O /1 input/output port N / USB differential receive
input

165 D13  PTN3/TXDMNS /010 input/output port N / USB D- transmit output

166 C13  PTN4/TXDPLS /010 input/output port N / USB D+ transmit output

167 B13 PTN5/DMNS /O /1 input/output port N / D—input from USB
receiver

168 A13 PTN6/DPLS /O /1 input/output port N / D+ input from USB
receiver

169 D12  PTN7 I/0 input/output port N

170 Cl12  TCLK/PTE6 I1/1/0 TMU clock input / input/output port E

171 B12 PTE7 I/0 Input/output port E

172 Al12  TxDO/SCPTO/IFTX O/O/0O SCIFO transmit data / SC port / IrDA TX port

173 D11  SCKO/SCPT1 /0 /110 SCIFO clock / SC port

174 Cl11  TxD2/SCPT2 0O/0 SCIF2 transmit data / SC port

175 B11 SCK2/SCPT3 /O /110 SCIF2 clock / SC port

176 A1l  RTS2/SCPT4 o/1o SCIF2 transmit request / SC port

177 D10  RxDO/SCPTO/IrRX 1/11/1 SCIFO receive data / SC port / IrDA RX port

178 C10  VceQ d I/O power supply (3.3 V)

179 B10 RxD2/SCPT2 /1 SCIF2 receive data / SC port
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Pin No.

FP-  TBP-
208C 208A Pin Name I/0 Description

180 A10  VssQ ad I/O power supply (0 V)

181 D9 CTS2/SCPT5 I/1/0 SCIF2 transmit clear / SC port

182 B9 Vss ad I/0 power supply (0 V)

183 A9 RESETM I Manual reset request

184 C9 Vcce ad Internal power supply (1.5 V)

185 A8 IRQOARLO/PTHO /17110 External interrupt request / input/output port H
186 B8 IRQLARLT/PTH1 /17110 External interrupt request / input/output port H
187 c8 IRQ2IRL2/PTH2 I/1/1/0 External interrupt request / input/output port H
188 D8 IRQ3/RL3/PTH3 1/1/1/0 External interrupt request / input/output port H
189 A7 IRQ4/PTH4 I1/1/0 External interrupt request / input/output port H
190 B7 IRQ5/PTE2 I1/1/0 External interrupt request / input/output port E
191 Cc7 AUDCK/PTG4 O/l1/o AUD clock / input/output port G

192 D7 NMI I Nonmaskable interrupt request

193 A6 DREQO/PTH5 I1/1/0 DMA request / input/output port H

194 B6 DREQ1/PTH6 I1/1/0 DMA request / input/output port H

195 C6  RESETP® I Power-on reset request

196 D6 CA I Hardware standby request

197 A5 MD3 I Area 0 bus width setting

198 B5 MDA4 I Area 0 bus width setting

199 C5 AVss ad Analog power supply (0 V)

200 D5 ANO/PTLO /1 A/D converter input / input port L

201 Ad AN1/PTL1 /1 A/D converter input / input port L

202 B4 AN2/PTL2 /1 A/D converter input / input port L

203 Cc4 AN3/PTL3 1/1 A/D converter input / input port L

204 A3 AVcc ad Analog power supply (3.3 V)

205 B3 VssQ ad I/O power supply (0 V)

206 D4 EXTAL_USB I USB clock

207 A2 XTAL_USB 0] USB clock

208 B2 VeeQ d I/O power supply (3.3 V)

Notes: The unused pins should be handled according to table A.1, I/O Port States in Each

Processing State, in Appendix.

1. The TRST pin must be driven low for a specified period when power supply is turned on
regardless of whether the UDI function is used or not. As the same as the RESETP pin,
the TRST pin should be driven low at the power-on set state and driven high after the
power-on reset state is released.
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2. The input level of the ASEMDO pin must be high if the E10A emulator is not used. For
details, refer to section 23.4.2, Reset Configuration.

3. These pins are initialized to the general input port setting in which the pull-up MOS is off
at a power-on reset. When these pins are connected to memory and so on, their levels
must be fixed externally.

4. The initial functions of NF (No Function) pins are not assigned after power-on reset.
Specifies the functions with Pin Function Controller (PFC).

5. In hardware standby mode, supply power to all power supply pins including the RTC
power supply pins.

6. Pull-up MOS connected.

7. The pull-up MOS turns on if the pin function controller (PFC) is used to select other
functions (UDI).
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14 Pin Functions

Table 1.3 liststhe pin functions.

Table1.3

Classification

Pin Functions

Symbol

I/0

Name

Function

Power supply

Vcc

Power supply

Power supply for the internal
modules and ports for the system.
Connect all Vcc pins to the system
power supply. There will be no
operation if any pins are open.

Vss

Ground

Ground pin. Connect all Vss pins to
the system power supply (0 V).
There will be no operation if any
pins are open.

VceQ

Power supply

Power supply for 1/O pins. Connect
all VccQ pins to the system power

supply. There will be no operation

if any pins are open.

VssQ

Ground

Ground pin. Connect all VssQ pins
to the system power supply (0 V).
There will be no operation if any
pins are open.

Clock

Vce-PLL1

PLL1 power
supply

Power supply for the on-chip PLL1
oscillator.

Vss-PLL1

PLL1 ground

Ground pin for the on-chip PLL1
oscillator.

Vce-PLL2

PLL2 power
supply

Power supply for the on-chip PLL2
oscillator.

Vss-PLL2

PLL2 ground

Ground pin for the on-chip PLL2
oscillator.

EXTAL

External clock

For connection to a crystal
resonator. An external clock signal
may also be input to the EXTAL

pin.

XTAL

Crystal

For connection to a crystal
resonator.

CKIO

1’0

System clock

Supplies the system clock to
external devices.

RENESAS
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Classification Symbol I/O Name Function
Operating mode MD6 to MDO I Mode set Sets the operating mode. Do not
control change values on these pins
during operation.
MD2 to MDO set the clock mode,
MD3 and MD4 set the bus-width
mode of area 0 and MD5 sets the
endian. MD6 pin should be
connected to VssQ.
System control  RESETP Power-on reset When low, the system enters the
power-on reset state.
RESETM Manual reset When low, the system enters the
manual reset state.
STATUSLI, (0] Status output Indicates the operating state.
STATUSO
BREQ Bus request Low when an external device
requests the release of the bus
mastership.
BACK o Bus request Indicates that the bus mastership
acknowledge has been released to an external
device. Reception of the BACK
signal informs the device which
has output the BREQ signal that it
has acquired the bus.
CA Chip active High in normal operation, and low
in hardware standby mode.
Interrupts NMI Non-maskable Non-maskable interrupt request
interrupt pin. Fix to high level when not in
use.
IRQ5t0 IRQO | Interrupt Maskable interrupt request pin.
requests 510 0 ggjectable as level input or edge
input. The rising edge or falling
edge is selectable as the detection
edge. The low level or high level is
selectable as the detection level.
IRL3 to IRLO Interrupt Maskable interrupt request pin.
requests 3t0 0 Input a coded interrupt level.
PINT15 to Interrupt PINT interrupt request pin.
PINTO requests 15to 0
Address bus A25 to AO (0] Address bus Outputs addresses.
Data bus D31 to DO IO Data bus 32-bit bidirectional data bus.
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Classification Symbol I/O Name Function
Bus control CS0, o) Chip select 0,  Chip-select signal for external
CS2 to CS4, 2to4,5A, 5B, memory or devices.
CS5A, CS5B, 6A, 6B
CS6A, CS6B,
RD o] Read Indicates reading of data from
external devices.
RD/WR 0 Read/write Read/write signal.
BS 0 Bus start Bus-cycle start.
WE3 (0] Highest-byte Indicates that bits 31 to 24 of the
write data in the external memory or
device are being written.
WE2 (0] Second-highest- Indicates that bits 23 to 16 of the
byte write data in the external memory or
device are being written.
WE1 o Second-lowest- Indicates that bits 15 to 8 of the
byte write data in the external memory or
device are being written.
WEO o Lowest-byte Indicates that bits 7 to O of the data
write in the external memory or device
are being written.
CKE (0] CK enable Clock enable. (SDRAM)
DQMUU (0] DQ mask UU Selects D31 to D24. (SDRAM)
DQMUL (0] DQ mask UL Selects D23 to D16. (SDRAM)
DQMLU (0] DQ mask LU Selects D15 to D8. (SDRAM)
DQMLL (0] DQ mask LL Selects D7 to DO. (SDRAM)
RASU (0] Row address U Specifies a row address. (SDRAM)
RASL (0] Row address L  Specifies a row address. (SDRAM)
CASU (0] Column address Specifies a column address.
U (SDRAM)
CASL o Column address Specifies a column address.
L (SDRAM)
AH o] Address hold  Address hold signal.
WAIT I Wait Inserts a wait cycle into the bus

cycles during access to the
external space.
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Classification Symbol I/O Name Function
Direct memory  DREQO, I DMA-transfer Input pin for external requests for
access controller DREQ1 request DMA transfer.
, -transfer utput strobe to external I/O, in
(DMAC) DACKO 0 DMA-transfer O b 11/0, i
DACK1 strobe response to external requests for
DMA transfer.
TENDO (0] DMA-transfer ~ Transfer end output for DMAC
end channel 0.
Timer unit (TMU) TCLK Clock input External clock input pin/input
capture control input pin.
16-bit timer pulse TO3 to TOO (0] Timer output Output compare/PWM output pin.
unit (TPU)
Serial TxDO, TxD2 (@] Transmit data  Transmit data pin.
pommunlca}tlon RxDO0, RxD2 | Receive data Receive data pin.
interface with
EIFO SCKO, SCK2 I/O Serial clock Clock input/output pin.
(SCIFO, SCIF2) RTSO, RTS2 O Transmit Modem control pin.
request
CTS0, CTS2 | Transmit enable Modem control pin.
IrDA IrTX (0] IrDA TX port IrDA transmit data output.
IrRX I IrDA RX port IrDA receive data input.
Realtime clock  EXTAL2 I RTC clock RTC crystal oscillator pin. (32.768
(RTC) kHz)
XTAL2 o RTC clock RTC crystal oscillator pin. (32.768
kHz)
Vce-RTC ad RTC power Power supply pin for the RTC.
supply
Vss-RTC d RTC ground Ground pin for the RTC.
A/D converter ANS3 to ANO I Analog input pin Analog input pin.
(ADC) AVcc O A/D analog Power supply for the A/D
power supply converter. When the A/D converter
is not in use, connect this pin to the
port power supply (VccQ).
AVss d A/D analog Ground pin for the A/D converter.
ground Connect this pin to the system

power supply (Vss).
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Classification Symbol I/O Name Function
USB EXTAL_USB I USB clock USB clock input pin. (48-MHz
input)
XTAL_USB (0] USB clock USB clock pin.
XVDATA I Data input Receive data input pin from the
differential receiver.
VBUS USB power USB-cable connection-monitor pin.
supply detection
TXDPLS (0] D+ output D+ transmit output pin for the
driver.
TXDMNS o D- output D- transmit output pin for the
driver.
DPLS D+ input D+ signal input pin from the
receiver to the driver.
DMNS D- input D- signal input pin from the
receiver to the driver.
TXENL (0] Output enable  Output enable pin for the driver.
SUSPND o Suspend Suspend-state output pin for the
transceiver.
Vce-USB ad USB analog USB power supply pin. When the
power supply USB is not in use, connect this pin
to the port power supply (VccQ).
Vss-USB ad USB analog USB ground pin. Connect this pin
ground to the system power supply (Vss).
D- I/0 D-1/0 On-chip USB transceiver D-.
D+ I/0 D+1/0 On-chip USB transceiver D+.
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Classification Symbol I/O Name Function
1/O port PTA7 to PTAO 1/O General 8-bit general-purpose 1/0 port pins.

purpose port

PTB7 to PTBO /O General 8-bit general-purpose 1/O port pins.
purpose port

PTC7 to PTCO 1/O General 8-bit general-purpose 1/O port pins.
purpose port

PTD7 to PTDO /O General 8-bit general-purpose 1/O port pins.
purpose port

PTE7 to PTEQO 1/O General 8-bit general-purpose 1/0 port pins.
purpose port

PTF7 to PTFO  I/O General 8-bit general-purpose 1/O port pins.
purpose port

PTG7 to PTGO 1/O General 8-bit general-purpose 1/O port pins.
purpose port

PTH6 to PTHO 1/O General 7-bit general-purpose 1/O port pins.
purpose port

PTJ7to PTIO O General 8-bit general-purpose output port
purpose port pins.

PTK7 to PTKO 1/O General 8-bit general-purpose 1/O port pins.
purpose port

PTL3to PTLO | General 4-bit general-purpose input port
purpose port pins.

PTM6, PTM4 to 1/0 General 6-bit general-purpose I/O port pins.

PTMO purpose port

PTN7 to PTNO I/O General 8-bit general-purpose 1/O port pins.
purpose port

SCPT5 to I/O Serial port 6-bit serial port pins.

SCPTO
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Classification Symbol I/O Name Function

User debugging TCK I Test clock Test-clock input pin.

|rggr|face T™MS I Test mode Inputs the test-mode select signal.
(UD1) select

TDI Test data input  Serial input pin for instructions and

data.

TDO o Test data Serial output pin for instructions
output and data.

TRST I Test reset Initial-signal input pin.

Advanced user AUDATAS to o AUD data Destination-address output pinin

debugger AUDATAO branch-trace mode.

(AUD) AUDCK (0] AUD clock Synchronous clock output pin in
branch-trace mode.

AUDSYNC o AUD Data start-position acknowledge-
synchronous signal output pin in branch-trace
signal mode.

E10A interface = ASEBRKAK 0] Break mode Indicates that the E10A emulator
acknowledge has entered its break mode.
For the connection with the E10A,
see the SH7705 E10A Emulator
User’s Manual (tentative title).
ASEMDO ASE mode Sets ASE mode.
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Section2 CPU

2.1 Processing States and Processing M odes

211 Processing States

This LSl supports four types of processing states. areset state, an exception handling state, a
program execution state, and a low-power consumption state, according to the CPU processing
states.

Reset State: In thereset state, the CPU isreset. The LS| supports two types of resets. power-on
reset and manual reset. For details on resets, refer to section 5, Exception Handling.

In power-on reset, theregistersand internal statuses of all LS| on-chip modules are initialized. In
manual reset, the register contents of a part of the LS| on-chip modules, such asthe bus state
controller (BSC), areretained. For details, refer to section 24, Ligt of Registers. The CPU internal
statuses and registers areinitialized both in power-on reset and manual reset. After initialization,
the program branches to address H'A0000000 to pass control to the reset processing program to be
executed.

Exception Handling State: In the exception handling state, the CPU processing flow is changed
temporarily by a general exception or interrupt exception processing. The program counter (PC)
and gatus register (SR) are saved in the save program counter (SPC) and save status register
(SSR), respectively. The program branches to an address obtained by adding a vector offset to the
vector base regiser (VBR) and passes control to the exception processing program defined by the
user to be executed. For details on reset, refer to section 5, Exception Handling.

Program Execution State: The CPU executes programs sequentidly.

L ow-Power Consumption State: The CPU stops operation to reduce power consumption. The
low-power consumption state can be entered by executing the SLEEP ingtruction. For details on
the low-power consumption state, refer to section 11, Power-Down Modes.

Figure 2.1 shows a status transition diagram.
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212 Processing M odes

This LSl supports two processing modes: user mode and privileged mode. These processing
modes can be determined by the processing mode bit (MD) of the statusregister (SR). If the MD
bit is cleared to O, the user mode is selected. If the MD bit is set to 1, the privileged modeis
selected. The CPU entersthe privileged mode by a transition to reset state or exception handling
state. In the privileged mode, any registers and resources in address spaces can be accessed.

Clearing the MD hit of the SR to 0 puts the CPU in the user mode. In the user mode, some of the
registers, including SR, and some of the address spaces cannot be accessed by the user program
and system contral ingtructions cannot be executed. This function effectively protects the system
resources from the user program. To change the processing mode from user to privileged mode, a
transition to exception handling state is required.*

Note * Tocal aserviceroutine usedin privileged mode from user mode, the LS| supportsan
unconditiona trap instruction (TRAPA). When atransition from user mode to
privileged mode occurs, the contents of the SR and PC are saved. A program execution
in user mode can be resumed by restoring the contents of the SR and PC. To return
from an exception processing program, the LS| supports an RTE instruction.

(From any states)
Power-on reset
Manual reset

Reset processing
routine starts

Reset state Program execution state
A Exception
handling
Multiple routine starts SLEEP instruction
exceptions An exception Y

Exception handling state

is accepted
Low-power
An exception consumption state
is accepted

Figure2.1 Processing State Transitions
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2.2 Memory M ap

221 L ogical Address Space

The LS| supports 32-hit logical addresses and accesses system resources using the 4-Gbytes of
logical address space. User programs and data are accessed from the logical address space. The
logical address spaceisdivided into several areas as shown intable 2.1.

PO/UO Area: Thisareais caled the PO area when the CPU isin privileged mode and the UO area
when in user mode. For the PO and UO areas, access using the cacheis enabled. The PO and UO
areas are handled as address trandatabl e areas.

If the cacheis enabled, access to the PO or UO areais cached. If a PO or UO addressis specified
while the address trandation unit is enabled, the PO or U0 addressistrandated into a physical
address based on trandation information defined by the user.

If the CPU isin user mode, only the UO area can be accessed. If P1, P2, P3, or P4 isaccessed in
user mode, atransition to an address error exception occurs.

P1 Area: The P1 areais defined as a cacheable but non-address trand atable area. Normally,
programs executed at high speed in privileged mode, such as exception processing handlers, which
are at the core of the operating system (S), are assigned to the P1 area.

P2 Area: The P2 areais defined as a non-cacheable but non-address trandatable area. A reset
processing program to be called from thereset state is described at the start address (H'A0000000)
of the P2 area. Normally, programs such as system initialization routines and OS initiation
programs are assigned to the P2 area. To access a part of an on-chip module control register, its
corresponding program should be assigned to the P2 area.

P3 Area: The P3 areais defined as a cacheable and address trandatable area. Thisareaisused if
an address trandation isrequired for a privileged program.

P4 Area: The P4 areais defined as a control area which isnon-cacheable and non-address
trandatable. This area can be accessed only in privileged mode. A part of this LSl's on-chip
module control register isassigned to thisarea.
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Table2.1 Logical Address Space

Address
Range Name Mode Description

H'00000000to  PO/UO  Privileged/user mode 2-Gbyte physical space, cacheable, address
H'7FFFFFFF translatable

In user mode, only this address space can
be accessed.

H'80000000to  P1 Privileged mode 0.5-Gbyte physical space, cacheable
H'OFFFFFFF

H'A0000000to P2 Privileged mode 0.5-Gbyte physical space, non-cacheable
H'BFFFFFFF

H'C0000000to  P3 Privileged mode 0.5-Gbyte physical space, cacheable,
H'DFFFFFFF address translatable

H'E0000000to P4 Privileged mode 0.5-Gbyte control space, non-cacheable
H'FFFFFFFF

222 External Memory Space

The LSl uses 29 hits of the 32-bit logical address to access external memory. In this case, 0.5-
Ghbyte of external memory space can be accessed. The externa memory space is managed in area
units. Different types of memory can be connected to each area, as shown in figure 2.2. For
details, please refer to section 7, Bus State Controller (BSC). In addition, area 1 in the externa
memory space is used as an on-chip 1/O space where most of this LSI's on-chip module control
registers are mapped. **

Normally, the upper three bits of the 32-hit logical address are masked and the lower 29 bitsare
used for external memory addresses.*? For example, address H'00000100 in the PO area, address
H'80000100 in the P1 area, address H'A0000100 in the P2 area, and address H'C0000100 in the P3
area of the logical address space are mapped into address H'00000100 of area 0 in the external
memory space. The P4 areain the logica address space isnot mapped into the external memory
address. If an address in the P4 areais accessed, an external memory cannot be accessed.

Notes: 1. To access an on-chip module control register mapped into area 1 in the externa
memory space, access the address from the P2 areawhich isnot cached in the logical
address space.

2. If theaddresstrandation unit is enabled, arbitrary mapping in page units can be
specified. For details, refer to section 3, Memory Management Unit (MMU).
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External memory space

H'0000 0000 H'0000 0000
Area 0
Area 1
Area 2
Area 3
PO Area 4
area Area 5
U0 area
Area 6
Area 7
' .
H'8000 0000 ' X H'8000 0000
|
P1 area B
1
H'A000 0000 /
|
P2 area !
H'C000 0000 ! Address error
P3 area
H'E000 0000
P4 area
H'FFFF FFFF H'FFFF FFFF
Privileged mode User mode

Figure2.2 Logical Addressto External Memory Space Mapping

2.3 Register Descriptions

This LSl provides thirty-three 32-bit registers: 24 general registers, five control registers, three
system registers, and one program counter.

General Registers: This LS| incorporates 24 general registers: RO BANKO to R7_BANKO,
RO_BANK1 to R7_BANK1 and R8 to R15. RO to R7 are banked. The process mode and the
register bank (RB) bit in the statusregister (SR) define which set of banked registers (RO_BANKO
to R7_BANKO or RO_BANK1 to R7_BANK1) are accessed as general registers.

System Registers: This LS| incorporates the multiply and accumulate registers (MACH/MACL)
and procedureregister (PR) as system registers. These registers can be accessed regardless of the
processing mode.

Program Counter: The program counter stores the value obtained by adding 4 to the current
instruction address.

Control Registers: ThisLSl incorporates the statusregister (SR), global base register (GBR),
save statusregister (SSR), save program counter (SPC), and vector base register (VBR) as control
register. Only the GBR can be accessed in user mode. Control registers other than the GBR can be
accessed only in privileged mode.
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Table 2.2 shows the register values after reset. Figure 2.3 shows the register configurations in each
process mode.

Table2.2 Register Initial Values

Register Type Registers Initial Values

General registers RO_BANKO to R7_BANKO, Undefined
RO_BANK1 to R7_BANK1,

R8 to R15
System registers MACH, MACL, PR Undefined
Program counter PC H’A0000000
Control registers SR MD bit =1, RB bit=1, BL bit=1,13to 10
bits = H'F (1111), reserved bits = all 0, other
bits = undefined
GBR, SSR, SPC Undefined
VBR H’00000000

Note:* Initialized by a power-on or manual reset.
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Notes: 1.

31 0 31 0 31 0
RO_BANKOQ"" "2 RO_BANK1"" "3 RO_BANKOQ"" ™
R1_BANKO0™ R1_BANK1™3 R1_BANKO0™
R2_BANK0™2 R2_BANK1™3 R2_BANKO0™
R3_BANKO0™2 R3_BANK1™3 R3_BANKO0™
R4_BANKO0™2 R4_BANK1™3 R4_BANKO™
R5_BANKO0™ R5_BANK1™3 R5_BANKO0™
R6_BANKO0™2 R6_BANK1"3 R6_BANKO0™
R7_BANKO0™2 R7_BANK1™3 R7_BANKO0™
R8 R8 R8
R9 R9 R9
R10 R10 R10
R11 R11 R11
R12 R12 R12
R13 R13 R13
R14 R14 R14
R15 R15 R15

| SR | SR SR
SSR SSR
GBR GBR GBR
MACH MACH MACH
MACL MACL MACL
PR PR PR
VBR VBR
| PC | PC PC
SPC SPC
RO_BANKOQ™" * RO_BANK1""*3
R1_BANKO™ R1_BANK13
R2_BANKO0™ R2_BANK1"™3
R3_BANKO0™ R3_BANK1™3
R4_BANKO™ R4_BANK1™3
R5_BANKO™ R5_BANK13
R6_BANKO0™ R6_BANK1™3
R7_BANKO0™ R7_BANK1"3

(a) User mode register
configuration

(b) Privileged mode register
configuration (RB = 1)

(c) Privileged mode register
configuration (RB = 0)

The RO register is used as an index register in indexed register indirect addressing mode
and indexed GBR indirect addressing mode.

Bank register
Bank register

Accessed as a general register when the RB bit is set to 1 in the SR register.
Accessed only by LDC/STC instructions when the RB bit is cleared to 0.

Bank register

Accessed as a general register when the RB bit is cleared to 0 in the SR register.
Accessed only by LDC/STC instructions when the RB bit is set to 1.

Figure 2.3 Register Configuration in Each Processing M ode
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231 General Registers

There are twenty-four 32-bit general regisers: RO_BANKO to R7_BANKO, RO_BANK1 to
R7_BANK1, and R8 to R15. RO to R7 are banked. The process mode and the register bank (RB)
bit in the status register (SR) define which set of banked registers (RO_BANKO to R7_BANKO or
RO_BANK1 to R7_BANKZ1) are accessed as general registers. RO to R7 registersin the selected
bank are accessed as RO to R7. RO to R7 in the non-selected bank is accessed as RO BANK to
R7_BANK by the control register load instruction (LDC) and control register store instruction
(STC).

In user mode, bank 0O is selected regardless of he RB bit value. Sixteen registers: RO_BANKO to
R7_BANKO and R8 to R15 are accessed as generd registers RO to R15. The RO_BANK1 to
R7_BANK1 registersin bank 1 cannot be accessed.

In privileged mode that is entered by a transition to exception handling state, the RB bitissetto 1
to select bank 1. In privileged mode, sixteen registers: RO BANK1 to R7_BANK1 and R8 to R15
are accessed as generd registers RO to R15. A bank is switched automatically when an exception
handling state is entered, registers RO to R7 need not be saved by the exception handling routine.
The RO_BANKO to R7_BANKO registers in bank 0 can be accessed as RO_BANK to R7_BANK
by the LDC and STC instructions.

In privileged mode, bank 0 can also be used as genera registers by clearing the RB bit to 0. In this
case, sixteen registers: RO_BANKO to R7_BANKO and R8 to R15 are accessed as general
registers RO to R15. The RO_BANK1 to R7_BANKZ1 registersin bank 1 can be accessed as
RO_BANK to R7_BANK by the LDC and STC ingtructions.

The general registers RO to R15 are used as equivalent registers for amost all instructions. In
someinstructions, the RO register is automatically used or only the RO register can be used as
source or destination registers.
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31 0

RO™" *2 General Registers: Undefined after reset
R1"2
R2*2 Notes: 1. RO functions as an index register in the indexed
R32 register-indirect addressing mode and indexed
Ra2 GBR-indirect addressing mode. In some

- instructions, only RO can be used as the source
R5™ or destination register.
R6"2 2. RO-R7 are banked registers. In user mode,
R7*2 BANKO is used. In privileged mode, either
RS RO_BANKO to R7_BANKO or RO_BANK1 to

R7_BANK1 is selected by the RB bit of the SR

R9 register.
R10
R11
R12
R13
R14
R15

Figure2.4 General Registers

232 System Registers

The system registers: multiply and accumulate registers (MACH/MACL) and procedure register
(PR) as system registers can be accessed by the LDS and STSingructions.

Multiply and Accumulate Registers (MACH/M ACL): The multiply and accumulate registers
(MACH/MACL) store the results of multiplication and accumulation instructions or multiplication
instructions. The MACH/MACL registers dso store addition values for the multiplication and
accumulations. After reset, theseregisters are undefined. The MACH and MACL registers store
upper 32 bitsand lower 32 bits, respectively.

Procedure Register (PR): The procedure register (PR) stores the return address for a subroutine
call using the BSR, BSRF, or JSR instruction. The return address stored in the PR register is
restored to the program counter (PC) by the RTS (return from the subroutine) instruction. After
reset, thisregister isundefined.
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2.33 Program Counter

The program counter (PC) stores the value obtained by adding 4 to the current instruction address.
Thereisnoinstruction to read the PC directly. Before an exception handling state is entered, the
PC is saved in the save program counter (SPC). Before a subroutine call is executed, the PC is
saved in the procedureregister (PR). In addition, the PC can be used for PC relative addressing
mode.

Figure 2.5 shows the system register and program counter configurations.

Multiply and accumulate high and low registers (MACH/MACL)

31 0
MACH
MACL
Procedure register (PR)
31 0
| = |

Program counter (PC)
31 0

I PC |

Figure2.5 System Registersand Program Counter
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234

Control Registers

The contral registers (SR, GBR, SSR, SPC, and VBR) can be accessed by the LDC or STC
instruction in privileged mode. The GBR register can be accessed in the user mode.

The contral registers are described below.

Status Register (SR): The statusregister (SR) indicates the system status as shown below. The
SR register can be accessed only in privileged mode.

Initial
Bit Bit Name Value R/W Description
31 O 0 R Reserved
This bit is always read as 0. The write value should always be
0.
30 MD 1 R/W Processing Mode
Indicates the CPU processing mode.
0: User mode
1: Privileged mode
The MD bit is set to 1 in reset or exception handling state.
29 RB 1 R/W Register Bank
The general registers RO to R7 are banked registers. The RB
bit selects a bank used in the privileged mode.
0: Selects bank 0 registers. In this case, RO_BANKO to
R7_BANKO and R8 to R15 are used as general registers.
RO_BANK?1 to R7_BANKZ1 can be accessed by the LDC or
STR instruction.
1: Selects bank 1 registers. In this case, RO_BANK1 to
R7_BANK1 and R8 to R15 are used as general registers.
RO_BANKO to R7_BANKO can be accessed by the LDC or
STR instruction.
The RB bit is set to 1 in reset or exception handling state.
28 BL 1 R/W Block
Specifies whether an exception, interrupt, or user break is
enabled or not.
0: Enables an exception, interrupt, or user break.
1: Disables an exception, interrupt, or user break.
The BL bhit is set to 1 in reset or exception handling state.
27t0100 0 R Reserved

These bits are always read as 0. The write value should
always be 0.
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Initial
Bit Bit Name Value R/W Description
9 M g R/W M Bit
8 Q O R/W Q Bit
These bits are used by the DIVOS, DIVOU, and DIV1
instructions. These bits can be changed even in user mode by
using the DIVOS, DIVOU, and DIV1 instructions. These bits

are undefined at reset. These bits do not change in an
exception handling state.

7t04 13tol0 1 R/W Interrupt Mask

Indicates the interrupt mask level. These bits do not change
even if an interrupt occurs. At reset, these bits are initialized
to B'1111. These bits are not affected in an exception
handling state.

3,2 a 0 R Reserved
These bits are always read as 0. The write value should
always be 0.

1 S O R/W Saturation Mode

Specifies the saturation mode for multiply instructions or
multiply and accumulate instructions. This bit can be specified
by the SETS and CLRS instructions in user mode.

At reset, this bit is undefined. This bit is not affected in an
exception handling state.

0 T a R/W T Bit

Indicates true or false for compare instructions or carry or
borrow occurrence for an operation instruction with carry or
borrow. This bit can be specified by the SETT and CLRT
instructions in user mode.

At reset, this bit is undefined. This bit is not affected in an
exception handling state.

Note: The M, Q, S, and T bits can be set/cleared by the user mode specific instructions. Other bits
can be read or written in privileged mode.

Save Status Register (SSR): The save statusregister (SSR) can be accessed only in privileged
mode. Before entering the exception, the contents of the SR register is stored in the SSR regider.
At reset, the SSR initial value is undefined.

Save Program Counter (SPC): The save program counter (SPC) can be accessed only in
privileged mode. Before entering the exception, the contents of the PC are stored in the SPC. At
reset, the SPC initial valueis undefined.

Global Base Register (GBR): The global baseregiser (GBR) isreferenced as a baseregister in
GBR indirect addressing mode. At reset, the GBR initial valueis undefined.
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Vector Base Register (VBR): Theglobal baseregister (GBR) can be accessed only in privileged
mode. If atransition from reset state to exception handling state occurs, thisregister isreferenced
as abase address. For details, refer to section 5, Exception Handling. At reset, the VBRis
initiaized as H'00000000.

Figure 2.6 shows the control register configuration.

Save status register (SSR)
31

| SSR |

Save program counter (SPC)
31 0
| SPC |

Global base register (GBR)
31

| GBR |

Vector base register (VBR)
31 0
| VBR |

Status register (SR)
31 0
| 0[MD[RB[BL| 0 o[M[Q[13 12 11 10[0]0[S]T]

Figure2.6 Control Register Configuration
24 Data Formats

24.1 Register Data Format

Register operands are always longwords (32 bits). When the memory operand is only a byte (8
bits) or aword (16 hits), it is sign-extended into alongword when loaded into aregister.

w
-
o

Longword |
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24.2 Memory Data For mats

Memory data formats are classified into byte, word, and longword. Memory can be accessed in
byte, word, and longword. When the memory operand is only a byte (8 hits) or aword (16 bits), it
is sign-extended into alongword when loaded into aregister.

An address error will occur if word data starting from an address other than 2n or longword data
starting from an address other than 4n is accessed. In such cases, the data accessed cannot be
guaranteed.

When aword or longword operand is accessed, the byte positions on the memory corresponding to
the word or longword data on the register is determined to the specified endian mode (big endian
or little endian).

Figure 2.7 shows a byte correspondence in big endian mode. In big endian mode, the MSB bytein
theregister corresponds to the lowest address in the memory, and the LSB thein the register
corresponds to the highest address. For example, if the contents of the general register RO is stored
at an address indicated by the general register R1 in longword, the MSB byte of the RO is stored at
the address indicated by the R1 and the LSB byte of the R1 register is stored at the address
indicated by the (R1 +3).

The on-chip device registers assigned to memory are accessed in big endian mode. Note that the
available access size (byte, word, or long word) differsin each register.

Note: The CPU instruction codes of this LS| must be stored in word units. In big endian mode,
the instruction code must be stored from upper byte to lower bytein this order from the
word boundary of the memory.

Y 23 15 7 0
Byte postion | | | |[7:01 | | |[15:8] | [7:0] | | [31:24]| [23:16]| [15:8] | [7:0] |
Biyr:em’fnifr‘;” |[7:0] | | | | |[15:8] | [7:0] | | | | [31:24] | [23:16]| [15:8] | [7:0] |

@(R1+0) @(R1+1) @(R1+2) @(R1+3) @(R1+0) @(R1+1) @(R1+2) @(R1+3) @(R1+0) @(R1+1) @(R1+2) @(R1+3)

(a) Byte access (b) Word access (c) Longword access
Example: MOV.B RO, @R1 Example: MOV.W RO, @R1 Example: MOV.L RO, @R1
(R1 = Address 4n) (R1 = Address 4n) (R1 =Address 4n)

Figure2.7 Data Format on Memory (Big Endian M ode)
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The little endian mode can also be specified as data format. Either big-endian or little-endian mode
can be selected according to the MD5 pin at reset. When MD5 islow at reset, the processor
operatesin big-endian mode. When MD5 ishigh at reset, the processor operatesin little-endian
mode. The endian mode cannot be modified dynamically.

In little endian mode, the MSB bytein the register corresponds to the highest address in the
memory, and the LSB thein theregister corresponds to the lowest address (figure 2.8). For
example, if the contents of the genera register RO is stored at an address indicated by the generd
register R1 in longword, the MSB byte of the RO is stored at the address indi cated by the (R1+3)
and the LSB byte of the R1 register is stored a the address indicated by the R1.

If the little endian mode is selected, the on-chip device registers assigned to memory are accessed
in big endian mode. Note that the available access size (byte, word, or long word) differsin each
register.

Note: The CPU instruction codes of thisLS| must be stored in word units. In little endian mode,
the instruction code must be stored from lower byte to upper bytein this order from the
word boundary of the memory.

» 31 23 15 7 0
Byte"ft';satlon | | | |[7:O] | | | | [15:8] | [7:0] | | [31:24] | [23:16]| [15:8] | [7:0] |

Biyr:em‘fmsff;" | | | |[7:0] | | | |[15:8] |[7:01 | | [31:24]| [23:16]| [15:8] | [7:0] |
@(R1+3) @R1+2) @R1+1) @R1+0) @(R1+3) @R1+2) @R1+1) @R1+0)  @(R1+3) @R1+2) @R1+1) @(R1+0)

(a) Byte access (b) Word access (c) Longword access
Example: MOV.B RO, @R1 Example: MOV.W RO, @R1 Example: MOV.L RO, @R1
(R1 = Address 4n) (R1 = Address 4n) (R1 =Address 4n)

Figure2.8 Data Format on Memory (Little Endian M ode)
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25 Features of CPU Corelnstructions

251 Instruction Execution M ethod

Instruction Length: All instructions have a fixed length of 16 bits and are executed in the
sequential pipeline. In the sequential pipeline, amost al instructions can be executed in one cycle.
All dataitems are handlesin longword (32 bits). Memory can be accessed in byte, word, or
longword. In this case, Memory byte or word datais sign-extended and operated on as longword
data. Immediate data is sign-extended to longword size for arithmetic operations (MOV, ADD,
and CMP/EQ ingructions) or zero-extended to longword size for logical operations (TST, AND,
OR, and XOR ingtructions).

L oad/Stor e Ar chitectur e; Basic operations are executed between registers. In operations
involving memory, dataisfirst loaded into aregister (load/store architecture). However, bit
manipulation ingtructions such as AND are executed directly on memory.

Delayed Branching: Unconditional branch instructions are executed as delayed branches. With a
delayed branch instruction, the branch is made after execution of the ingruction (called the dot
instruction) immediately following the delayed branch instruction. This minimizes disruption of
the pipeline when a branch is made.

This LSl supports two types of conditional branch ingtructions: delayed branch ingtruction or
normal branch ingtruction.

Exanpl e:  BRA TARGET
ADD R1, RO ; ADD is executed before branching to the TARGET

T Bit: Theresult of acomparison isindicated by the T bit in the status register (SR), and a
conditional branch is performed according to whether theresult is True or False. Processing speed
has been improved by keeping the number of instructions that modify the T bit to a minimum.

Exanpl e:  ADD #1, RO ; The T bit cannot be modified by the ADD instruction
CWP/ EQ #0, RO :TheT bitissettolif ROisO.
BT Tar get ; Branchto TARGET if the T bitis set to 1 (R0=0).

Rev. 2.00, 09/03, page 40 of 690
RENESAS



Literal Constant: Byte literal constant is placed inside the instruction code as immediate data.
Since the ingruction length is fixed to 16 bits, word and longword literal constant is not placed
inside the ingruction code, but in atablein memory. Thetable in memory is referenced with a
MOV instruction using PC-relative addressing mode with displacement.

Exanpl e: MOV. W @di sp, PO

Absolute Addr esses. When dataisreferenced by absol ute address, the absolute address value is
placed in atable in memory beforehand aswell asword or longword literal constant. Using the
method whereby immediate data is|oaded when an instruction is executed, thisvalueis
transferred to aregister and the data is referenced using register indirect addressing mode.

16-Bit/32-Bit Displacement: When dataisreferenced with a 16- or 32-bit displacement, the
displacement valueis placed in atable in memory beforehand. Using the method whereby word or
longword immediate data is |loaded when an ingtruction is executed, thisvalueistransferred to a
register and the data is referenced using indexed register indirect addressing mode.
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252 CPU Instruction Addressing M odes

The following table shows addressing modes and effective address cal culation methods for
instructions executed by the CPU core.

Table2.3 Addressing Modes and Effective Addressesfor CPU Instructions

Addressing Instruction Calculation
Mode Format Effective Address Calculation Method Formula
Register Rn Effective address is register Rn. —

direct (Operand is register Rn contents.)

Register @RnN Effective address is register Rn contents. Rn

indirect T

Register @Rn+ Effective address is register Rn contents. A Rn

indirgct with constapt is added to Rn after instruction After instruction
post-increment execution: 1 for a byte operand, 2 for a word execution

operand, 4 for a longword operand.

®

Byte:Rn+1 -~ Rn
Word: Rn+2 - Rn

Longword: Rn + 4
Rn

Register @-Rn
indirect with
pre-decrement

Effective address is register Rn contents,
decremented by a constant beforehand: 1 for a
byte operand, 2 for a word operand, 4 for a

longword operand.

Rn - 1/2/4

Byte:Rn—-1 - Rn
Word: Rn—2 - Rn

Longword: Rn—4 -
Rn

(Instruction executed
with Rn after
calculation)

Register @(disp:4,
indirect with Rn)
displacement

Effective address is register Rn contents with
4-bit displacement disp added. After disp is
zero-extended, it is multiplied by 1 (byte), 2
(word), or 4 (longword), according to the
operand size.

disp

(zero-extended)

Rn
+disp x 1/2/4

Byte: Rn + disp

Word: Rn + disp x
2

Longword: Rn +
disp x4
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Addressing Instruction Calculation
Mode Format Effective Address Calculation Method Formula
Indexed @(RO, Rn) Effective address is sum of register Rnand RO  Rn + RO
register indirect contents.
©,

[ R0 ]
GBR indirect @(disp:8, Effective address is register GBR contents with  Byte: GBR + disp
with GBR) 8-bit displacement disp added. After disp is

displacement

zero-extended, it is multiplied by 1 (byte), 2
(word), or 4 (longword), according to the
operand size.

disp

(Zero-extended)

GBR
+ disp x 1/2/4

Word: GBR + disp
x 2

Longword: GBR +
disp x4

Indexed GBR
indirect

@(RO,
GBR)

Effective address is sum of register GBR and

RO contents.

GBR + RO

GBR + RO

PC-relative with
displacement

@(disp:8,
PC)

Effective address is PC with 8-bit displacement
disp added. After disp is zero-extended, it is
multiplied by 2 (word) or 4 (longword), according
to the operand size. With a longword operand,
the lower 2 bits of PC are masked.

disp

(zero-extended)

PC +disp x 2
or
PC &
H'FFFFFFFC

+disp x4

*: With longword operand

Word: PC + disp x 2

Longword:
PC&H'FFFFFFFC
+disp x 4

RENESAS
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Addressing Instruction Calculation
Mode Format Effective Address Calculation Method Formula
PC-relative disp:8 Effective address is PC with 8-bit displacement  PC + disp x 2
disp added after being sign-extended and
multiplied by 2.
diep
(sign-extended)
disp:12 Effective address is PC with 12-bit displacement PC + disp x 2
disp added after being sign-extended and
multiplied by 2
disp
(sign-extended)
Rn Effective address is sum of PC and Rn. PC + Rn
O
[ R ]
Immediate #imm:8 8-bit immediate data imm of TST, AND, OR, —
or XOR instruction is zero-extended.
#imm:8 8-bit immediate data imm of MOV, ADD, or —
CMP/EQ instruction is sign-extended.
#imm:8 8-bit immediate data imm of TRAPA instruction —
is zero-extended and multiplied by 4.
Note: For addressing modes with displacement (disp) as shown below, the assembler description

in this manual indicates the value before it is scaled (x 1, x2, or x4) according to the
operand size to clarify the LS| operation. For details on assembler description, refer to the
description rules in each assembler.

@ (disp:4, Rn)
@ (disp:8, Rn)
@ (disp:8, PC)
disp:8, disp

; Register indirect with displacement
; GBR indirect with displacement

; PC relative with displacement

: PC relative
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253 CPU Instruction Formats

Table 2.4 shows theinstruction formats, and the meaning of the source and destination operands,
for ingructions executed by the CPU core. The meaning of the operands depends on the
instruction code. The following symbols are used in the table.

XXXX: Ingtruction code
mmmm:  Source register
nnnn; Destination register
iiii: Immediate data
dddd: Displacement

Table2.4 CPU Instruction For mats

Source Destination
Instruction Format Operand Operand Sample Instruction
0 type — — NOP
15 0
n type — nnnn: register MOVT Rn
15 0 direct
Control register or nnnn: register STS MACH,Rn
system register direct
Control register or nnnn: pre- STC.L SR,@-Rn
system register decrement register
indirect
m type mmmm: register  Control register or LDC Rm,SR
15 0 direct system register
mmmm: post- Control register or LDC.L @Rm+,SR
increment register  system register
indirect
mmmm: register — JMP @Rm
indirect
PC-relative using — BRAF Rm
Rm

Rev. 2.00, 09/03, page 45 of 690
RENESAS



Source Destination
Instruction Format Operand Operand Sample Instruction
nm type mmmm: register nnnn: register ADD Rm,Rn
15 0 direct direct
e
mmmm: register  nnnn: register MOV.L Rm,@Rn
indirect indirect
mmmm: post- MACH, MACL MAC.W @Rm+,@Rn+

increment register
indirect (multiply-
and-accumulate
operation)

nnnn: * post-
increment register
indirect (multiply-
and-accumulate

operation)

mmmm: post- nnnn: register MOV.L @Rm+,Rn
increment register direct

indirect

mmmm: register nnnn: pre- MOV.L Rm,@-Rn

direct

decrement register
indirect

mmmm: register

nnnn: indexed

MOV.L Rm,@(RO,Rn)

direct register indirect
md type mmmmdddd: RO (register direct) MOV.B @(disp,Rm),R0
15 0 register indirect
dddd with displacement
nd4 type RO (register direct) nnnndddd: MOV.B RO,@(disp,Rn)
15 0 register indirect
dddd with displacement
nmd type mmmm: register  nnnndddd: MOV.L Rm,@(disp,Rn)
15 0 direct register indirect
[ 0001 | nnnn o ddd with displacement

mmmmdddd: nnnn: register MOV.L @(disp,Rm),Rn

register indirect
with displacement

direct
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Source Destination

Instruction Format Operand Operand Sample Instruction
d type dddddddd: GBR RO (register direct) MOV.L @(disp,GBR),R0
15 0 indirect with
displacement
RO (register direct) dddddddd: GBR ~ MOV.L R0O,@(disp,GBR)
indirect with
displacement
dddddddd: RO (register direct) MOVA @(disp,PC),R0

PC-relative with
displacement

dddddddd: — BF label
PC-relative
d12 type dddddddddddd: — BRA label
15 0 PC-relative (label=disp+PC)
nd8 type dddddddd: PC- nnnn: register MOV.L @(disp,PC),Rn
15 0 relative with direct
displacement
i type iiiiiiii: immediate Indexed GBR AND.B #imm,@(R0,GBR)
15 0 indirect
EXEERT
iiiiiiii; immediate RO (register directy AND  #imm,R0
iiiiiiii; immediate — TRAPA #imm
ni type iiiiiiii; immediate nnnn: register ADD  #imm,Rn
15 0 direct
i e i

Note: * In multiply-and-accumulate instructions, nnnn is the source register.
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2.6 I nstruction Set

2.6.1 CPU Instruction Set Based on Functions

The CPU instruction set consists of 68 basic instruction types divided into six functional groups,
as shown in table 2.5. Tables 2.6 to 2.11 show the instruction notation, machine code, execution

time, and function.

Table2,5 CPU Instruction Types

Kinds of Number of
Type Instruction Op Code Function Instructions
Data transfer 5 MOV Data transfer 39
instructions Immediate data transfer
Peripheral module data transfer
Structure data transfer
MOVA Effective address transfer
MOVT T bit transfer
SWAP Upper/lower swap
XTRCT Extraction of middle of linked registers
Arithmetic 21 ADD Binary addition 33
pperatiqn ADDC Binary addition with carry
instructions
ADDV Binary addition with overflow check
CMP/cond Comparison
DIV1 Division
DIVOS Signed division initialization
DIVOU Unsigned division initialization
DMULS Signed double-precision multiplication
DMULU Unsigned double-precision multiplication
DT Decrement and test
EXTS Sign extension
EXTU Zero extension
MAC Multiply-and-accumulate, double-
precision multiply-and-accumulate
MUL Double-precision multiplication

(32 x 32 hits)
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Kinds of Number of

Type Instruction Op Code Function Instructions
Arithmetic 21 MULS Signed multiplication (16 x 16 bits) 33
pperatiqn MULU Unsigned multiplication (16 x 16 bits)
instructions

NEG Sign inversion

NEGC Sign inversion with borrow

SUB Binary subtraction

SUBC Binary subtraction with carry

SUBV Binary subtraction with underflow
Logic 6 AND Logical AND 14
pperatign NOT Bit inversion
instructions

OR Logical OR

TAS Memory test and bit setting

TST Logical AND and T bit setting

XOR Exclusive logical OR
Shift 12 ROTL 1-bit left shift 16
instructions ROTR L-bit right shift

ROTCL 1-bit left shift with T bit

ROTCR 1-bit right shift with T bit

SHAL Arithmetic 1-bit left shift

SHAR Arithmetic 1-bit right shift

SHLL Logical 1-bit left shift

SHLLn Logical n-bit left shift

SHLR Logical 1-bit right shift

SHLRn Logical n-bit right shift

SHAD Arithmetic dynamic shift

SHLD Logical dynamic shift

RENESAS
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Kinds of Number of

Type Instruction Op Code Function Instructions
Branch 9 BF Conditional branch, delayed conditional 11
instructions branch (T = 0)

BT Conditional branch, delayed conditional

branch (T = 1)

BRA Unconditional branch

BRAF Unconditional branch

BSR Branch to subroutine procedure

BSRF Branch to subroutine procedure

JMP Unconditional branch

JSR Branch to subroutine procedure

RTS Return from subroutine procedure
System 15 CLRT T bit clear 75
pontrol . CLRMAC MAC register clear
instructions

CLRS S bit clear

LDC Load into control register

LDS Load into system register

LDTLB PTEH/PTEL load into TLB

NOP No operation

PREF Data prefetch to cache

RTE Return from exception handling

SETS S bit setting

SETT T bit setting

SLEEP Transition to power-down mode

STC Store from control register

STS Store from system register

TRAPA Trap exception handling
Total: 68 188
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The ingtruction code, operation, and number of execution states of the CPU instructions are shown
in the following tables, classified by instruction type, using the format shown below.

Execution
Instruction Instruction Code Operation Privilege states T Bit
Indicated by mnemonic. Indicated in MSB - Indicates summary of Indicates a  Value when Value of T
LSB order. operation. privileged no wait bit after

instruction.  states are instruction is
inserted”!  executed

Explanation of Symbols Explanation of Symbols Explanation of Symbols Explanation
. N of Symbols
OP.Sz SRC, DEST mmmm: Source register —, <. Transfer direction
OP:  Operation code L . —: No
Sz Size nnnn: Destination register  (xx): Memory operand change
SRC: Source 8882 Eg M/Q/T: Flag bits in SR

DEST: Destination . .
""""" &: Logical AND of each bit

Rm: Source register 1111: R15 . .
|: Logical OR of each bit
Rn:  Destination register iiii: Immediate data . .
. A Exclusive logical OR of
imm: Immediate data dddd: Displacement 2 each bit
disp: Displacement ~: Logical NOT of each bit

<<n: n-bit left shift

>>n: n-bit right shift

Notes: 1. The table shows the minimum number of execution states. In practice, the number of
instruction execution states will be increased in cases such as the following:

a. When there is a conflict between an instruction fetch and a data access

b. When the destination register of a load instruction (memory - register) is also
used by the following instruction

2. Scaled (x1, x2, or x4) according to the instruction operand size, etc.
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Table2.6 Data Transfer Instructions

Privileged
Instruction Instruction Code Operation Mode Cycles T Bit
MOV #imm,Rn 1110nnnniiiiiiii Imm - Sign extension - Rn - 1 -
MOV.W  @(disp,PC),Rn 1001nnnndddddddd (disp x 2+PC) - Sign extension  — 1 -
- Rn
MOV.L @(disp,PC),Rn 1101nnnndddddddd (disp x 4+PC) - Rn - 1 -
MOV Rm,Rn 0110nnnnmmmmoO0011 Rm - Rn - 1 -
MOV.B Rm,@Rn 0010nnnnmmmmO000 Rm - (Rn) - 1 -
MOV.W Rm,@Rn 0010nnnnmmmmO001  Rm - (Rn) - 1 -
MOV.L Rm,@Rn 0010nnnnmmmmO0010 Rm - (Rn) - 1 -
MOV.B @Rm,Rn 0110nnnnmmmmO0000 (Rm) - Sign extension — Rn - 1 -
MOV.W  @Rm,Rn 0110nnnnmmmmo0001 (Rm) - Sign extension — Rn - 1 -
MOV.L @Rm,Rn 0110nnnnmmmmo0010 (Rm) - Rn - 1 -
MOV.B Rm,@-Rn 0010nnnnmmmmo0100 Rn-1-Rn, Rm- (Rn) - 1 -
MOV.W Rm,@-Rn 0010nnnnmmmmo0101 Rn-2 - Rn, Rm - (Rn) - 1 -
MOV.L Rm,@-Rn 0010nnnnmmmmo0110 Rn—-4 - Rn, Rm - (Rn) - 1 -
MOV.B  @Rm+,Rn 0110nnnnmmmmO0100 (Rm) - Sign extension - Rn, - 1 -
Rm+1-Rm
MOV.W @Rm+,Rn 0110nnnnmmmm0101  (Rm) - Sign extension - Rn, - 1 -
Rm+2 - Rm
MOV.L @Rm+,Rn 0110nnnnmmmmo0110 (Rm) - Rn, Rm+4 - Rm - 1 -
MOV.B RO,@(disp,Rn)  10000000nnnndddd RO (disp+Rn) - 1 -
MOV.W RO,@(disp,Rn)  10000001nnnndddd RO (disp x 2+Rn) - 1 -
MOV.L Rm,@(disp,Rn) 0001nnnnmmmmdddd Rm - (disp x 4+Rn) - 1 -
MOV.B  @(disp,Rm),RO 10000100mmmmdddd  (disp+Rm) - Sign extension - R0 — 1 -
MOV.W  @(disp,Rm),RO 10000101mmmmdddd  (disp X 2+Rm) - Sign - 1 -
extension - RO
MOV.L @(disp,Rm),Rn 0101nnnnmmmmdddd  (disp x 4+Rm) - Rn - 1 -
MOV.B  Rm,@(RO,Rn) 0000nNnNNnmMmmmO0100 Rm - (RO+Rn) - 1 -
MOV.W Rm,@(RO,Rn) 0000nnNnnmmmmO0101  Rm - (RO+Rn) - 1 -
MOV.L Rm,@(RO,Rn) 0000nNnNnnmmmmO0110 Rm - (RO+Rn) - 1 -
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Privileged

Instruction Instruction Code Operation Mode Cycles T Bit

MOV.B @(RO,Rm),Rn 0000nnnnmmmm1100 (RO+Rm) - Sign extension - Rn — 1 -

MOV.W @(RO,Rm),Rn 0000nnnnmmmm1101  (RO+Rm) - Sign extension - Rn — 1 -

MOV.L @(RO,Rm),Rn 0000nnnnmmmm1110 (RO+Rm) - Rn - 1 -

MOV.B  RO,@(disp,GBR) 11000000dddddddd RO (disp+GBR) - 1 -

MOV.W  RO,@(disp,GBR) 11000001dddddddd RO (disp X 2+GBR) - 1 -

MOV.L  RO,@(disp,GBR) 11000010dddddddd RO (disp X 4+GBR) - 1 -

MOV.B  @(disp,GBR),R0  11000100dddddddd  (disp+GBR) - Sign - 1 -
extension - RO

MOV.W  @(disp,GBR),RO  11000101dddddddd  (disp x 2+GBR) - Sign - 1 -
extension - RO

MOV.L  @(disp,GBR),RO  11000110dddddddd  (disp x 4+GBR) - RO - 1 -

MOVA @(disp,PC),R0  11000111dddddddd  disp X 4+PC RO - 1 -

MOVT Rn 0000nNNN00101001 T-Rn - 1 -

SWAP.B  Rm,Rn 0110nnnnmmmm1000 Rm - Swap lowest two - 1 -
bytes - Rn

SWAPW Rm,Rn 0110nnnnmmmm1001 Rm- Swap two consecutive  — 1 -
words - Rn

XTRCT Rm,Rn 0010nnnnmmmm1101  Rm: Middle 32 bits of Rn - Rn — 1 -

RENESAS
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Table2.7

Arithmetic Operation Instructions

Privileged
Instruction Instruction Code Operation Mode Cycles T Bit
ADD Rm,Rn 0011nnnnmmmm1100 Rn+Rm-RnN - 1 -
ADD #imm,Rn 0111nnnniiiiii Rn+imm - Rn - 1 -
ADDC Rm,Rn 0011nnnnmmmm1110 Rn+Rm+T - Rn, Carry-»T - 1 Carry
ADDV Rm,Rn 0011nnnnmmmm1111 Rn+Rm- Rn, Overflow - T - 1 Overflow
CMP/EQ  #imm,R0O 10001000iiiiiiii IfRO=imm,1 - T - 1 Comparison
result
CMP/EQ Rm,Rn 0011nnnnmmmmo0000 IfRn=Rm,1 - T - 1 Comparison
result
CMP/HS Rm,Rn 0011nnnnmmmmo0010 If Rn = Rm with unsigned data, 1 — 1 Comparison
- T result
CMP/GE Rm,Rn 0011nnnnmmmmo0011 If Rn = Rm with signed data, 1 - — 1 Comparison
T result
CMP/HI Rm,Rn 0011nnnnmmmmo0110 If Rn > Rm with unsigned data, 1 — 1 Comparison
- T result
CMP/GT Rm,Rn 0011nnnnmmmmo111 If Rn > Rm with signed data, 1 - — 1 Comparison
T result
CMP/PL Rn 0100nnnNn00010101 IfRN20,1-T - 1 Comparison
result
CMP/PZ Rn 0100nnnNn00010001 fRn>0,1-T - 1 Comparison
result
CMP/STR Rm,Rn 0010nnnnmmmm31100 If Rn and Rm have an equivalent — 1 Comparison
byte,1 - T result
DIVl Rm,Rn 0011nnnnmmmmo0100 Single-step division (Rn/Rm) - 1 Calculation
result
DIVOS Rm,Rn 0010nnnnmmmmo0111 MSB of Rn - Q, MSB of Rm - — 1 Calculation
MM~A"Q - T result
DIVOU 0000000000011001 0 - M/IQIT - 1 0
DMULS.L Rm,Rn 0011nnnnmmmm1101 Signed operation of Rn x Rm - — 2(to -
MACH, MACL 32 x 32 - 64 bits 5)*
DMULU.L Rm,Rn 0011nnnnmmmmo0101 Unsigned operation of Rn x Rm — 2(to -
- MACH, MACL 32 x 32 - 64 5)*
bits
DT Rn 0100nnNN00010000 Rn-1 - Rn,fRNn=0,1 T, - 1 Comparison

else0 - T

result
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Privileged

Instruction Instruction Code Operation Mode Cycles T Bit
EXTS.B Rm,Rn 0110nnnnmmmm1110 A byte in Rm is sign-extended - — 1 -
Rn
EXTSW  Rm,Rn 0110nnnnmmmm1111 A word in Rm is sign-extended — 1 -
- Rn
EXTU.B Rm,Rn 0110nnnnmmmm1100 A byte in Rm is zero-extended - — 1 -
Rn
EXTUW  Rm,Rn 0110nnnnmmmm31101 A word in Rm is zero-extended — 1 -
- Rn
MAC.L @Rm+, 0000nnnnmmmm31111  Signed operation of (Rn) x (Rm) — 2(to5)" —
@Rn+ +MAC - MAC,Rn+4 - Rn,
Rm+4 - Rm,
32 x 32 + 64 - 64 bits
MAC.W @Rm+, 0100nnnnmmmm31111 Signed operation of (Rn) x (Rm) — 2(to5)" —
@Rn+ +MAC - MAC,Rn+2 - Rn,
Rm+2 - Rm,
16 x 16 + 64 - 64 bits
MUL.L Rm,Rn 0000nnnnmmmmoO0111 Rn xRm - MACL, - 2 (to 5)* -
32 x 32 - 32 bits
MULS.W  Rm,Rn 0010nnnnmmmm1111  Signed operation of Rn xRm - — 1(to 3)" -
MACL,
16 x 16 — 32 bits
MULUW  Rm,Rn 0010nnnnmmmm1110 Unsigned operation of Rn xRm  — 1(to 3)" -
- MACL,
16 x 16 — 32 bits
NEG Rm,Rn 0110nnnnmmmm1011 O-Rm - Rn — 1 —
NEGC Rm,Rn 0110nnnnmmmm1010 O0-Rm-T - Rn, Borrow - T - 1 Borrow
SUB Rm,Rn 0011nnnnmmmm1000 Rn-Rm-Rn — 1 -
SUBC Rm,Rn 0011nnnnmmmm1010 Rn-Rm-T - Rn, Borrow - T - 1 Borrow
SUBV Rm,Rn 0011nnnnmmmm1011 Rn-Rm- Rn, Underflow - T - 1 Underflow
Note: * The number of execution cycles indicated within the parentheses () are required when

the operation result is read from the MACH/MACL register immediately after the
instruction.
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Table2.8

Logic Operation Instructions

Instruction Privileged
Instruction Code Operation Mode Cycles T Bit
AND Rm,Rn 0010nnnnmmmm1001RN & Rm - Rn - 1 -
AND #imm,R0 11001001iiiiiiii RO & imm - RO - 1 -
AND.B #imm,@ (RO,  1100110diiiiiiii (RO+GBR) & imm - (RO+GBR) - 3 -
GBR)
NOT Rm,Rn 0110nnnnmmmmo0111 Rm - Rn - 1 -
OR Rm,Rn 0010nnnnmmmm1011RNORM - Rn - 1 -
OR #imm,R0O 1100101 Liiiiiii ROOMmM - RO - 1 -
OR.B #mm,@ (RO, 110011 1%iiiiiiii (RO+GBR)mm - (RO+GBR) - 3 -
GBR)
TAS.B @Rn 0100nnnn00011011 If (Rn)is 0,1 - T;1 - MSB of — 4 Test
(Rn) result
TST Rm,Rn 0010nnnnmmmm1000Rn & Rm; if theresultis 0,1 - T — 1 Test
result
TST #imm,R0O 11001000iiiiiii RO & imm; if the resultis 0,1 - T— 1 Test
result
TST.B #imm,@ (RO,  11001100iiiiiii (RO + GBR) & imm; if the result is — 3 Test
GBR) 0,1-T result
XOR Rm,Rn 0010nnnnmmmm1010RN * Rm - Rn — 1 -
XOR #imm,R0 1100101 Qiiiiiiii RO ~imm - RO - 1 -
XOR.B #imm,@ (RO, 110011 10iiiiiiii (RO+GBR) Aimm - (RO+GBR) - 3 -
GBR)

Rev. 2.00, 09/03, page 56 of 690

RENESAS



Table2.9 Shift Instructions

Privileged

Instruction Instruction Code Operation Mode Cycles T Bit
ROTL Rn 0100nnNN00000100 T~Rn-MSB - 1 MSB
ROTR Rn 0100nnnNN00000101 LSB-Rn-T - 1 LSB
ROTCL Rn 0100nnNN00100100 T<Rn-T - 1 MSB
ROTCR Rn 0100nnNN00100101 T-Rn-T - 1 LSB
SHAD Rm, Rn 0100nnnnmmmm1100 Rn = 0: Rn << Rm - Rn - 1 -

Rn<0:Rn>>Rm - [MSB -

Rn]
SHAL Rn 0100nnNN00100000 T<Rn-0 - 1 MSB
SHAR Rn 0100nnNN00100001 MSB-Rn-T - 1 LSB
SHLD Rm, Rn 0100nnnnmmmm1101 Rn = 0: Rn << Rm - Rn - 1 —

Rn<0:Rn>>Rm - [0 - Rn]
SHLL Rn 0100nnNN00000000 T<Rn-0 - 1 MSB
SHLR Rn 0100nnnNN00000001 O0-Rn-T - 1 LSB
SHLL2 Rn 0100nnNn00001000 Rn<<2 - Rn - 1 -
SHLR2 Rn 0100nnNn00001001 Rn>>2 - Rn - 1 -
SHLLS8 Rn 0100nnNn00011000 Rn<<8 - Rn - 1 -
SHLR8 Rn 0100nnnn00011001 Rn>>8 - Rn - 1 -
SHLL16 Rn 0100nnNN00101000 Rn<<16 - Rn - 1 -
SHLR16 Rn 0100nnnNn00101001 Rn>>16 - Rn - 1 -
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Table2.10 Branch Instructions

Privileged

Instruction Instruction Code Operation Mode Cycles T Bit

BF disp 10001011dddddddd ~ If T=0,disp x2+PC  PC;  — 31 -
if T=1, nop

BF/S disp 10001111dddddddd ~ Delayed branch, - 21 -
if T=0,dispx2+PC - PC;
if T=1, nop

BT disp 10001001dddddddd ~ If T=1,dispx2+PC — PC;  — 31 -
if T=0, nop

BT/S disp 10001101dddddddd Delayed branch, - 211" -
if T=1,dispx2+PC - PC;
if T=0, nop

BRA disp 1010dddddddddddd Delayed branch, disp x 2 + PC - — 2 -
PC

BRAF Rm 0000mmmmO00100011 Delayed branch,Rm + PC -~ PC - 2 -

BSR disp 1011dddddddddddd Delayed branch, PC - PR, disp - 2 -
x2+PC - PC

BSRF Rm 0000mmmmO0000011 Delayed branch, PC - PR, Rm +— 2 -
PC - PC

JMP @Rm 0100mmmmo00101011 Delayed branch, Rm - PC - 2 -

JSR @Rm 0100mmmmo00001011 Delayed branch, PC - PR, Rm - 2 -
- PC

RTS 0000000000001011 Delayed branch, PR - PC - 2 -

Note: * One state when the branch is not executed.

Rev. 2.00, 09/03, page 58 of 690
RENESAS



Table2.11 System Contral Instructions

Privileged
Instruction Instruction Code Operation Mode Cycles T Bit
CLRM 0000000000101000 0 - MACH,MACL - 1 -
AC
CLRS 0000000001001000  0-S - 1 -
CLRT 0000000000001000  0-T - 1 0
LDC Rm,SR 0100mmmmO00001110 Rm-SR v 6 LSB
LDC Rm,GBR 0100mmmmO00011110 Rm- GBR - 4 -
LDC Rm,VBR 0100mmmm00101110 Rm-VBR v 4 -
LDC Rm,SSR 0100mmmm00111110 Rm -SSR v 4 -
LDC Rm,SPC 0100mmmm01001110 Rm - SPC v 4 -
LDC Rm,RO_BANK  0100mmmm10001110 Rm-RO_BANK v 4 -
LDC Rm,R1_BANK  0100mmmm10011110 Rm-R1_BANK v 4 -
LDC Rm,R2_BANK  0100mmmm10101110 Rm-R2_BANK v 4 -
LDC Rm,R3_BANK  0100mmmm10111110 Rm-R3_BANK v 4 -
LDC Rm,R4_BANK  0100mmmm11001110 Rm-R4_BANK v 4 -
LDC Rm,R5_BANK  0100mmmm11011110 Rm-R5_BANK v 4 -
LDC Rm,R6_BANK  0100mmmm11101110 Rm-R6_BANK v 4 -
LDC Rm,R7_BANK  0100mmmm11111110 Rm-R7_BANK v 4 -
LDC.L @Rm+,SR 0100mmmmo00000111 (Rm)- SR, Rm+4 - Rm v 8 LSB
LDC.L @Rm+,GBR 0100mmmm00010111 (Rm)- GBR, Rm+4 - Rm - 4 -
LDC.L @Rm+,VBR 0100mmmmo00100111 (Rm)-VBR, Rm+4 - Rm v 4 -
LDC.L @Rm+,SSR 0100mmmmo00110111 (Rm) -SSR, Rm+4 - Rm v 4 -
LDC.L @Rm+,SPC 0100mmmmo01000111 (Rm)- SPC, Rm+4 - Rm v 4 -
LDC.L @Rm+, 0100mmmm10000111 (Rm)—-RO_BANK, Rm+4_Rm v 4 -
RO_BANK
LDC.L @Rm-+, 0100mmmm10010111 (Rm)-R1_BANK, Rm+4_.Rm 4 -
R1_BANK
LDC.L @Rm+, 0100mmmm10100111 (Rm)—R2_BANK, Rm+4_Rm v 4 -
R2_BANK
LDC.L @Rm-+, 0100mmmm10110111 (Rm)-R3_BANK, Rm+4_Rm v 4 -
R3_BANK
LDC.L @Rm+, 0100mmmm11000111 (Rm)—R4 BANK, Rm+4_Rm v 4 -
R4_BANK
LDC.L @Rm-+, 0100mmmm11010111 (Rm)—R5_BANK, Rm+4_Rm v 4 -
R5_BANK
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Privileged

Instruction Instruction Code Operation Mode Cycles T Bit
LDC.L @Rm+, 0100mmmm11100111 (Rm)—R6_BANK, Rm+4 . Rm v 4 -
R6_BANK
LDCL @Rm+, 0100mmmm11110111 (Rm)—R7_BANK, Rm+4_Rm V 4 -
R7_BANK
LDS Rm,MACH 0100mmmmO00001010 Rm - MACH - 1 -
LDS Rm,MACL 0100mmmmO00011010 Rm - MACL - 1 -
LDS Rm,PR 0100mmmm00101010 Rm - PR - 1 -
LDS.L @Rm+,MACH  0100mmmm00000110 (Rm)- MACH, Rm+4 - Rm - 1 -
LDS.L @Rm+,MACL 0100mmmmo00010110 (Rm)- MACL, Rm+4 - Rm - 1 -
LDS.L @Rm+,PR 0100mmmmo00100110 (Rm)- PR, Rm+4 - Rm - 1 -
LDTLB 0000000000111000 PTEH/PTEL - TLB v 1 -
NOP 0000000000001001 No operation - 1 -
PREF @Rm 0000mmmm10000011 (Rm) - cache - 1 -
RTE 0000000000101011 Delayed branch, SSR - SR, V 5 -
SPC - PC
SETS 0000000001011000 1S - 1 -
SETT 0000000000011000 1T - 1 1
SLEEP 0000000000011011  Sleep v 4%t -
STC SR,Rn 0000nNNN00000010 SR-Rn v 1 -
STC GBR,Rn 0000nNNN00010010 GBR-RnN - 1 -
STC VBR,Rn 0000nNNN00100010 VBR - Rn v 1 -
STC SSR, Rn 0000nNNN00110010 SSR - Rn v 1 -
STC SPC,Rn 0000nNNN01000010 SPC - Rn v 1 -
STC RO_BANK,Rn 0000nNNN10000010 RO_BANK - Rn v 1 -
STC R1_BANK,Rn 0000nNNN10010010 R1_BANK-Rn v 1 -
STC R2_BANK,Rn 0000nNNN10100010 R2_BANK - Rn v 1 -
STC R3_BANK,Rn 0000nNNN10110010 R3_BANK-Rn v 1 -
STC R4_BANK,Rn 0000nNNN11000010 R4_BANK - Rn v 1 -
STC R5_BANK,Rn 0000nNNN11010010 R5_BANK - Rn v 1 -
STC R6_BANK,Rn 0000nNNN11100010 R6_BANK - Rn v 1 -
STC R7_BANK,Rn 0000nNNN11110010 R7_BANK - Rn v 1 -
STC.L SR,@-Rn 0100nnnNN00000011 Rn-4-Rn, SR - (Rn) v 1 -
STC.L GBR,@-Rn 0100nnnNN00010011 Rn-4 - Rn, GBR - (Rn) - 1 -
STC.L VBR,@-Rn 0100nnnNN00100011 Rn-4 - Rn, VBR - (Rn) v 1 -
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Instruction Privileged
Instruction Code Operation Mode Cycles T Bit
STC.L SSR,@-Rn 0100nnnNn00110011 Rn—4 - Rn, SSR - (Rn) v 1 -
STC.L SPC,@-Rn 0100nnnNn01000011 Rn—4 - Rn, SPC - (Rn) v 1 -
STC.L RO_BANK,@-Rn 0100nnnn10000011 Rn-4- Rn, RO_BANK - (Rn) v 1 -
STC.L R1_BANK,@-Rn 0100nnnn10010011 Rn-4-Rn, R1_BANK - (Rn) v 1 -
STC.L R2_BANK,@-Rn 0100nnnn10100011 Rn-4- Rn, R2_BANK - (Rn) v 1 -
STC.L R3_BANK,@-Rn 0100nnnn10110011 Rn-4- Rn, R3_BANK - (Rn) v 1 -
STC.L R4_BANK,@-Rn 0100nnnn11000011 Rn-4- Rn, R4 _BANK - (Rn) v 1 -
STC.L R5_BANK,@-Rn 0100nnnn11010011 Rn-4- Rn, R5_BANK - (Rn) v 1 -
STC.L R6_BANK,@-Rn 0100nnnn11100011 Rn-4- Rn, R6_BANK - (Rn) v 1 -
STC.L R7_BANK,@-Rn 0100nnnn11110011 Rn-4-Rn, R7_BANK - (Rn) v 1 -
STS MACH,Rn 0000nNNN00001010 MACH - Rn - 1 -
STS MACL,Rn 0000nNNN00011010 MACL - Rn - 1 -
STS PR,Rn 0000nNNN00101010 PR - RN - 1 -
STS.L MACH,@-Rn 0100nnnNn00000010  Rn—4 - Rn, MACH - (Rn) - 1 -
STS.L MACL,@-Rn 0100nNnNn00010010 Rn—4 - Rn, MACL - (Rn) - 1 -
STS.L PR,@-Rn 0100nnnNn00100010 Rn—4 - Rn, PR - (RN) - 1 -
TRAPA #imm 1100001 diiiiiiii Unconditional trap exception - 8 -

*2
occurs

Notes: The table shows the minimum number of clocks required for execution. In practice, the
number of execution cycles will be increased in the following conditions.

a. If there is a conflict between an instruction fetch and a data access

b. If the destination register of a load instruction (memory - register) is also
used by the following instruction.

For addressing modes with displacement (disp) as shown below, the assembler description
in this manual indicates the value before it is scaled (x 1, x2, or x4) according to the
operand size to clarify the LS| operation. For details on assembler description, refer to the
description rules in each assembler.

@ (disp:4, Rn) ; Register indirect with displacement
@ (disp:8, Rn) ; GBR indirect with displacement
@ (disp:8, PC) ; PC relative with displacement
disp:8, disp ; PC relative

1. Number of states before the chip enters the sleep state.

2. For details, refer to section 5, Exception Handling.
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2.6.2

Operation Code Map

Table 2.12 shows the operation code map.

Table2.12 Operation Code Map

Instruction Code Fx: 0000 Fx: 0001 Fx: 0010 Fx: 0011 to 1111
MSB LSB MD: 00 MD: 01 MD: 10 MD: 11
0000 Rn  Fx 0000
0000 Rn  Fx 0001
0000 Rn O0OMD 0010 STC  SR,Rn STC  GBR,Rn STC  VBR,Rn STC  SSR,Rn
0000 Rn  01MD 0010 STC  SPC,Rn
0000 Rn  10MD 0010 STC  RO_BANK,Rn STC R1_BANK,Rn STC R2_BANK,Rn STC R3_BANK,Rn
0000 Rn  11MD 0010 STC  R4_BANK,Rn STC R5_BANK,Rn STC  R6_BANK,Rn STC R7_BANK,Rn
0000 Rm 00MD 0011 BSRF Rm BRAF Rm
0000 Rm 10MD 0011 PREF @Rm
0000 Rn Rm  01MD MOV.B Rm, @(RO, Rn) MOV.W  Rm, @(RO, MOV.L Rm,@(R0O, MULL Rm,Rn
Rn) Rn)
0000 0000 OOMD 1000 CLRT SETT CLRMAC LDTLB
0000 0000 01MD 1000 CLRS SETS
0000 0000 Fx 1001 NOP DIVOU
0000 0000 Fx 1010
0000 0000 Fx 1011 RTS SLEEP RTE
0000 Rn  Fx 1000
0000 Rn  Fx 1001 MOVT  Rn
0000 Rn  Fx 1010 STS MACH,Rn STS  MACL, Rn STS PR, RN
0000 Rn  Fx 1011
0000 Rn Rm  11MD MOV.B @(RO,Rm), MOV.W @(RO,Rm), MOV.L @(RO,Rm),Rn MAC.L @Rm+@Rn+
Rn Rn
0001 Rn Rm disp MOvV.L Rm, @(disp:4, Rn)
0010 Rn Rm  00MD MOV.B Rm, @Rn  MOV.W Rm, @Rn MOV.L Rm, @Rn
0010 Rn Rm  01MD MOV.B Rm, @-Rn MOV.W  Rm, @-Rn MOV.L Rm, @-Rn DIVOS Rm, Rn
0010 Rn Rm 10MD TST Rm, Rn AND Rm, Rn XOR Rm, Rn OR Rm, Rn
0010 Rn Rm  11MD CMP/STR Rm,Rn  XTRCT Rm,Rn  MULUW Rm,Rn  MULSW  Rm,Rn
0011 Rn  Rm 00MD CMP/EQ  Rm,Rn CMP/HS  Rm,Rn CMP/GE  Rm,Rn
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Instruction Code Fx: 0000 Fx: 0001 Fx: 0010 Fx: 0011 to 1111
MSB LSB MD: 00 MD: 01 MD: 10 MD: 11
0011 Rn Rm 01MD DIv1 Rm,Rn  DMULUL Rm,Rn  CMP/HI Rm,Rn  CMP/GT  Rm,Rn
0011 Rn Rm 10MD suB Rm, Rn SUBC Rm,Rn  SUBV Rm, Rn
0011 Rn Rm 11MD ADD Rm,Rn  DMULSL Rm,Rn  ADDC Rm,Rn  ADDV Rm, Rn
0100 Rn Fx 0000 SHLL Rn DT RN SHAL RN
0100 Rn Fx 0001 SHLR Rn CMP/PZ  Rn SHAR RN
0100 Rn Fx 0010 STSL MACH,@-RnSTS.L  MACL, @- STS.L PR, @-
Rn Rn

0100 Rn  00MD 0011 STC.L SR, @-RnSTC.L  GBR, @-Rn STC.L VBR, @-RnSTC.L SSR, @-Rn
0100 Rn  01MD 0011 STC.L SPC, @-Rn
0100 Rn  10MD 0011 STC.L sTC.L sSTC.L sTC.L

RO_BANK, @-Rn R1_BANK, @-Rn R2_BANK, @-Rn R3_BANK, @-Rn
0100 Rn  11MD 0011 STC.L STC.L STC.L STC.L

R4_BANK, @-Rn R5_BANK, @-Rn R6_BANK, @-Rn R7_BANK, @-Rn
0100 Rn  Fx 0100 ROTL Rn ROTCL RN
0100 Rn  Fx 0101 ROTR Rn CMP/PL Rn ROTCR Rn
0100 Rm Fx 0110 LDSL LDSL @Rm+, MACL LDS.L @Rm+, PR

@Rm+, MACH
0100 Rm 00MD 0111 LDC.L @Rm+, SR LDC.L @Rm+,GBRLDC.L  @Rm+, VBRLDC.L  @Rm+, SSR
0100 Rm 01MD 0111 LDC.L @Rm+,

SPC
0100 Rm 10MD 0111 LDC.L LDC.L LDC.L LDC.L

@Rm+, RO_BANK @Rm+, R1_BANK @Rm+, R2_BANK @Rm+, R3_BANK
0100 Rm 11MD 0111 LDC.L LDC.L LDC.L LDC.L

@Rm+, R4_BANK @Rm+, R5_BANK @Rm+, R6_BANK @Rm+, R7_BANK
0100 Rn Fx 1000 SHLL2 Rn SHLL8 RN SHLL16 Rn
0100 Rn Fx 1001 SHLR2 Rn SHLRS Rn SHLR16  Rn
0100 Rm Fx 1010 LDS Rm, LDS Rm, LDS Rm, PR

MACH MACL
0100 Rm/ Fx 1011 JSR @Rm TAS.B @Rn VP @Rm

Rn

RENESAS
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Instruction Code Fx: 0000 Fx: 0001 Fx: 0010 Fx: 0011 to 1111
MSB LSB MD: 00 MD: 01 MD: 10 MD: 11
0100 Rn  Rm 1100 SHAD Rm, Rn
0100 Rn Rm 1101 SHLD Rm, Rn
0100 Rm 00MD 1110 LDC Rm,SR LDC Rm, GBR LDC Rm,VBR LDC  Rm, SSR
0100 Rm 01MD 1110 LDC Rm, SPC
0100 Rm 10MD 1110 LDC  Rm,RO_BANKLDC  Rm,R1_BANKLDC Rm,R2_BANK LDC  Rm, R3_BANK
0100 Rm 11MD 1110 LDC  Rm,R4_BANKLDC  Rm,R5_BANKLDC Rm,R6_BANK LDC  Rm, R7_BANK
0100 Rn Rm 1111 MAC.W Rm+, Rn+
0101 Rn Rm disp MOV.L (disp:4, Rm), Rn
0110 Rn Rm  00MD MOV.B @Rm,Rn  MOV.W @Rm, Rn MOV.L @Rm,Rn MOV Rm, Rn
0110 Rn Rm 01MD MOV.B @Rm+, Rn MOV.W @Rm+, RNMOV.L @Rm+,RNNOT  Rm, Rn
0110 Rn Rm 10MD SWAP.B Rm,Rn  SWAPW Rm,Rn NEGC Rm,Rn  NEG Rm,Rn
0110 Rn Rm 11MD EXTU.B Rm,Rn  EXTUW Rm,Rn EXTS.B Rm,Rn  EXTSW Rm,Rn
0111 Rn  imm ADD #imm : 8, Rn
1000 ooMD Rn  disp MOV.B MOV. W
RO, @(disp: 4, Rn) RO, @(disp: 4, Rn)
1000 01MD Rm disp MOV.B MOV.W
@(disp:4, Rm), RO @(disp: 4, Rm), RO
1000 10MD imm/disp CMP/EQ #imm:8, BT disp: 8 BF disp: 8
1000 11MD imm/disp RO BT/S disp: 8 BF/S disp: 8
1001 Rn disp MOV.W (disp : 8, PC), Rn
1010 disp BRA disp: 12
1011 disp BSR disp: 12
1100 ooMD imm/disp ~ MOV.B MOV.W MOV.L TRAPA #imm: 8
RO, @(disp: 8, GBR) RO, @(disp: 8, GBR) RO, @(disp: 8, GBR)
1100 01MD disp MOV.B MOV.W MOV.L MOVA
@(disp: 8, GBR), R0 @(disp: 8, GBR), R0 @(disp: 8, GBR), R0 @(disp: 8, PC), RO
1100 10MD imm TST #imm: 8, RO AND #imm: 8, RO XOR #imm: 8, RO OR #imm: 8, RO
1100 11MD imm TSTB AND.B XOR.B OR.B
#imm: 8, @(RO, GBR)  #imm: 8, @(R0, GBR)  #imm: 8, @(R0O, GBR)  #mm: 8, @(R0, GBR)
1101 Rn  disp MOV.L @(disp: 8, PC), Rn
1110 Rn  imm MOV #mm:8, Rn
T —
Note: For details, refer to the SH-3/SH-3H/SH3-DSP Programming Manual.
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Section 3 Memory Management Unit (MMU)

This LSl has an on-chip memory management unit (MMU) that supportsavirtual memory system.
The on-chip trandation look-aside buffer (TLB) caches information for user-created address
trandation tables located in external memory. It enables high-speed trandation of virtual addresses
into physical addresses. Address trandation uses the paging system and supports two page sizes (1
kbyte or 4 kbytes). The access rights to virtual address space can be set for each of the privileged
and user modes to provide memory protection.

3.1 Roleof MM U

The MMU is a feature designed to make efficient use of physical memory. As shown in figure 3.1,
if aprocessis smaller in size than the physical memory, the entire process can be mapped onto
physical memory. However, if the processincreasesin size to the extent that it no longer fitsinto
physical memory, it becomes necessary to partition the process and to map those partsrequiring
execution onto memory as occasion demands (figure 3.1 (1)). Having the process itself consider
this mapping onto physical memory would impose a large burden on the process. To lighten this
burden, theidea of virtual memory was born as ameans of performing en bloc mapping onto
physical memory (figure 3.1 (2)). In avirtual memory system, substantially more virtual memory
than physical memory is provided, and the process is mapped onto this virtua memory. Thusa
process only hasto consider operation in virtua memory. Mapping from virtual memory to
physical memory is handled by the MMU. The MMU isnormaly controlled by the operating
system, switching physical memory to allow the virtual memory required by a process to be
mapped onto physical memory in a smooth fashion. Switching of physical memory is performed
via secondary storage, €tc.

The virtual memory system that cameinto being in thisway is particularly effectivein atime-
sharing system (TSS) in which anumber of processes are running simultaneoudy (figure 3.1 (3)).
If processes running in a TSS had to take mapping onto virtual memory into consideration while
running, it would not be possible to increase efficiency. Virtual memory is thus used to reduce this
load on the individual processes and so improve efficiency (figure 3.1 (4)). In the virtual memory
system, virtual memory is allocated to each process. Thetask of the MMU isto perform efficient
mapping of these virtual memory areas onto physical memory. It also has a memory protection
feature that prevents one process from inadvertently accessing another process's physical memory.

When address trandlation from virtual memory to physical memory is performed using the MMU,
it may occur that the relevant trandation information is not recorded in the MMU, with the result

that one process may inadvertently access the virtual memory allocated to another process. In this
case, the MMU will generate an exception, change the physical memory mapping, and record the
new address trandation information.

Although the functions of the MMU could also be implemented by software alone, the need for
trandation to be performed by software each time a process accesses physical memory would
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result in poor efficiency. For thisreason, a buffer for address trandation (trandation look-aside
buffer: TLB) is provided in hardware to hold frequently used address trandation information. The
TLB can be described as a cache for storing address trandation information. Unlike cache
memory, however, if addresstrandation fails, that is, if an exception is generated, switching of
address trandation information is normally performed by software. This makesit possible for
memory management to be performed flexibly by software.

The MMU has two methods of mapping from virtual memory to physical memory: a paging
method using fixed-length address trandation, and a segment method using variable-length
address trandlation. With the paging method, the unit of trandlation is a fixed-size address space
(usually of 1 to 64 kbytes) called a page.

In the following text, the address space in virtual memory isreferred to as virtual address space,
and address space in physical memory as physical memory space.

4 Virtual )
P < memory
Process 1 ‘ Process 1 MMU Physical
T o Physical ysica
Physical .. memory memory
memory A
Process 1
— @@ @
. ay L @)
( h ( Virtual h
Process 1 Process 1 memory
) MMU
\\ Physical N Physical
. memory X memory
Process 2 ‘ Process 2 : e
/ Process 3
Process 3,/
\ ®) L @)

Figure3.1 MMU Functions
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311 MMU of ThisLSI

Virtual Address Space: ThisLSl supportsa 32-hit virtua address space that enables accessto a
4-Gbyte address space. As shown in figures 3.2 and 3.3, the virtual address space is divided into
several areas. In privileged mode, a 4-Gbyte space comprising areas PO to P4 is accessible. In user
mode, a 2-Gbyte space of UO areais accessible. Access to any area excluding the UO areain user
mode will result in an address error.

If the MMU is enabled by setting the AT bit of the MMUCR register to 1, PO, P3, and UO areas
can be used asany physical address areain 1- or 4-kbyte page units. By using an 8-bit address
space identifier, PO, P2, and UO areas can be increased to up to 256 areas. Mapping from virtual
address to 29-hit physical address can be achieved by the TLB.

1. PO, P3, and UO Areas

The PO, P3, and U0 areas can be address trandlated by the TLB and can be accessed through
the cache. If the MMU is enabled, these areas can be mapped to any physical address spacein
1- or 4-kbyte page unitsviathe TLB. If the CE bit in the cache control register (CCRL) is set
to 1 and if the corresponding cache enable bit (C bit) of the TLB entry is set to 1, access via the
cacheisenabled. If the MMU is disabled, replacing the upper three bits of an address in these
areas with Os creates the address in the corresponding physical address space. If the CE bit of
the CCR1 register isset to 1, access via the cache is enabled. When the cacheis used, either
the copy-back or write-through mode is selected for write access viathe WT bit in CCR1.
If these areas are mapped to the on-chip module control register areain area 1 in the physical
address space viathe TLB, the C hit of the corresponding page must be cleared to O.

2. P1Area
The P1 area can be accessed via the cache and cannot be address-trand ated by the TLB.
Whether the MMU is enabled or not, replacing the upper three bits of an address in these areas
with Os creates the address in the corresponding physical address space. Use of the cacheis
determined by the CE bit in the cache contral register (CCR1). When the cacheis used, either
the copy-back or write-through mode is selected for write access by the CB bit in the CCR1
register.

3. P2 Area
The P2 area cannot be accessed via the cache and cannot be address-translated by the TLB.
Whether the MMU is enabled or not, replacing the upper three bits of an addressin thisarea
with Os creates the address in the corresponding physical address space.

4. P4 Area
The P4 areais mapped to the on-chip module control register of this LSI. Thisarea cannot be
accessed via the cache and cannot be address-trand ated by the TLB. Figure 3.4 showsthe
configuration of the P4 area.
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Figure3.2 Virtual Address Space (MMUCR.AT =1)
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The area from H'FO00 0000 to H'FOFF FFFF is for direct access to the cache address array. For
more information, see section 4.4, Memory-Mapped Cache.

The areafrom H'F100 0000 to H'F1FF FFFF is for direct access to the cache data array. For more
information, see section 4.4, Memory-Mapped Cache.

The areafrom H'F200 0000 to H'F2FF FFFF is for direct accessto the TLB address array. For
more information, see section 3.6, Memory-Mapped TLB.

The area from H'F300 0000 to H'F3FF FFFF is for direct accessto the TLB dataarray. For more
information, see section 3.6, Memory-Mapped TLB.

The areafrom H'FC00 0000 to H'FFFF FFFF isreserved for the on-chip module control regisers.
For more information, see section 24, List of Registers.

Physical Address Space: This LS| supportsa 29-hit physical address space. As shown in figure
3.5, the physical address spaceis divided into eight areas. Area 1 is mapped to the on-chip module
control register area. Area 7 isreserved.

For details on physical address space, refer to section 7, Bus State Controller (BSC).
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H'1C00 0000
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Figure3.5 External Memory Space
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Address Transition: When the MMU is enabled, the virtual address space is divided into units
called pages. Physical addresses aretrandated in page units. Address trandation tables in externa
memory hold information such as the physical address that correspondsto the virtual address and
memory protection codes. When an accessto area P1 or P2 occurs, thereisno TLB access and the
physical address is defined uniquely by hardware. If it belongsto area PO, P3 or UO, the TLB is
searched by virtual address and, if that virtual address isregistered in the TLB, the access hitsthe
TLB. The corresponding physical address and the page control information areread from the TLB
and the physical addressis determined.

If the virtual addressisnot registered in the TLB, a TLB miss exception occurs and processing
will shift to the TLB misshandler. In the TLB miss handler, the TLB address trandation table in
externa memory is searched and the corresponding physical address and the page control
information areregistered in the TLB. After returning from the handler, the instruction that caused
the TLB missisre-executed. When the MMU is enabled, address trandlation information that
resultsin a physical address space of H'20000000 to H'FFFFFFFF should not be registered in the
TLB.

When the MMU is disabled, masking the upper three bits of the virtual addressto Os creates the
address in the corresponding physical address space. Since this LS| supports 29-bit address space
as physical address space, the upper three bits of the virtual address are ignored as shadow areas.
For details, refer to section 7, Bus State Controller (BSC). For example, address H'00001000 in
the PO area, address H'80001000 in the P1 area, address H'A0001000 in the P2 area, and address
H'C0001000 in the P3 area are all mapped to the same physical memory. If these addresses are
accessed while the cacheis enabled, the upper three bits are dways cleared to 0 to guarantee the
continuity of addresses stored in the address array of the cache.

Single Virtual Memory Mode and M ultiple Virtual Memory Mode: There are two virtual
memory modes: single virtual memory mode and multiple virtual memory mode. In single virtual
memory mode, multiple processes run in parallel using the virtual address space exclusively and
the physical address corresponding to agiven virtual addressis specified uniquely. In multiple
virtual memory mode, multiple processes run in pardle sharing the virtual address space, so a
given virtual address may be trandated into different physical addresses depending on the process.
By the value set to the MMU contral register (MMUCR), either single or multiple virtual modeis
selected.

In terms of operation, the only difference between single virtuad memory mode and multiple
virtual memory mode isin the TLB address comparison method (see section 3.3.3, TLB Address
Comparison).

Address Space I dentifier (ASID): In multiple virtual memory mode, the address space identifier
(ASID) isused to differentiate between processes running in parallel and sharing virtual address
space. The ASID iseight bitsin length and can be set by software setting of the ASID of the
currently running process in page table entry register high (PTEH) within the MMU. When the
processis switched using the ASID, the TLB does not have to be purged.
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In single virtual memory mode, the ASID is used to provide memory protection for processes
running simultaneoudly and using the virtual address space exclusively (see section 3.3.3, TLB
Address Comparison).

3.2 Register Descriptions

Thereare four registers for MMU processing. These are all on-chip module control registers, so
they arelocated in address space area P4 and can only be accessed from privileged mode by
specifying the address.

The MMU has the following registers. Refer to section 24, List of Registers, for the addresses and
access size for theseregisters.

» Pagetable entry register high (PTEH)
» Pagetable entry register low (PTEL)
e Trandation table base register (TTB)
«  MMU contral register (MMUCR)

321 Page Table Entry Register High (PTEH)

The page table entry register high (PTEH) register residing at address H'FFFFFFFO, which
consists of avirtual page number (VPN) and ASID. The VPN set isthe VPN of the virtual address
at which the exception is generated in case of an MMU exception or address error exception.
When the page sizeis 4 kbytes, the VPN isthe upper 20 bits of the virtua address, but in this case
the upper 22 bits of the virtual address are set. The VPN can aso be modified by software. Asthe
ASID, software sets the number of the currently executing process. The VPN and ASID are
recorded in the TLB by the LDTLB instruction.

A program that modifies the ASID in PTEH should be allocated in the P1 or P2 areas.

Bit Initial
Bit Name Value R/W Description
31to 10 VPN d R/W Number of Virtual Page
9,8 a 0 R Reserved
These bits are always read as 0. The write value
should always be 0.
7t00 ASID d R/W Address Space Identifier
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322 Page Table Entry Register Low (PTEL)

The page table entry register low (PTEL) register residing at address H'FFFFFFF4, and used to
store the physical page number and page management information to be recorded in the TLB by
the LDTLB instruction. The contents of thisregister are only modified in response to a software
command.

Bit Initial
Bit Name Value R/W Description
31to29 O 0 R Reserved

These bits are always read as 0. The write value
should always be 0.

28to 10 PPN d R/W Number of Physical Page

9 d 0 R Page Management Information

8 \Y a R/W For more details, see section 3.3, TLB Functions
7 g 0 R

6,5 PR g R/W

4 Sz g R/W

3 C O R/W

2 D g R/W

1 SH g R/W

0 O 0 R

3.23 Trandlation Table Base Register (TTB)

The trandation table base register (TTB) residing at address H'FFFFFFF8, which pointsto the
base address of the current page table. The hardware does not set any value in TTB automatically.
TTB isavailable to software for general purposes. Theinitial value is undefined.

3.24 MMU Control Register (MMUCR)

The MMU control register (MMUCR) residing at address H'FFFFFFEOQ, which makesthe MMU
settings described in figure 3.3. Any program that modifies MMUCR should residein the P1 or P2
area.
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Bit

Bit
Name

Initial
Value

R/W

Description

31t09

Reserved

These bits are always read as 0. The write value
should always be 0.

SV

R/W

Single Virtual Memory Mode

0: Multiple virtual memory mode
1: Single virtual memory mode

7,6

Reserved

These bits are always read as 0. The write value
should always be 0.

54

RC

R/W

Random Counter

A 2-bit random counter that is automatically updated
by hardware according to the following rules in the
event of an MMU exception.

When a TLB miss exception occurs, all of TLB entry
ways corresponding to the virtual address at which
the exception occurred are checked. If all ways are
valid, 1 is added to RC; if there is one or more invalid
way, they are set by priority from way O, in the order
way 0, way 1, way 2, and way 3. In the event of an
MMU exception other than a TLB miss exception, the
way which caused the exception is set in RC.

Reserved

These bits are always read as 0. The write value
should always be 0.

TF

R/W

TLB Flush

Write 1 to flush the TLB (clear all valid bits of the TLB
to 0). When they are read, 0 is always returned.

R/W

Index Mode

0: VPN bits 16 to 12 are used as the TLB index
number.

1: The value obtained by EX-ORing ASID bits 4 to 0
in PTEH and VPN bits 16 to 12 is used as the TLB
index number.

AT

R/W

Address Translation
Enables/disables the MMU.
0: MMU disabled

1: MMU enabled
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3.3 TLB Functions

331 Configuration of the TLB

The TLB caches address tranglation table information located in the external memory. The address
trandation table stores the logical page number and the corresponding physical number, the
address space identifier, and the control information for the page, which isthe unit of address
trandation. Figure 3.6 shows the overall TLB configuration. The TLB is 4-way set associative
with 128 entries. There are 32 entries for each way. Figure 3.7 shows the configuration of virtual
addresses and TLB entries.

Ways 0 to 3 Ways 0 to 3
1 1 1 1 1 1 1 1 1 1
1 1 1 1 I 1 1 I I I

I 1 1 1 | | 1 1 1 1 1 1 | |
Entry 0 VPN(31-17) |VPN(11-10)| ASID(7-0) | V | Entry 0 |PPN(28-10)|PR(1-0)[SZ| C | D [SHLH
Entry 1 _—_ Entry 1 [H ]
Entry 31 [H™ Entry 31 [H

Address array Data array

Figure3.6 Overall Configuration of the TLB
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31 10 9 0
| VPN | Offset |

Virtual address (1-kbyte page)

31 12 1 0
| VPN | Offset |

Virtual address (4-kbyte page)

(15) (2) 8 (1) (19) (2) (1) (1) () (1)
VPN (3117)| VPN (11:0) | ASID|V | PPN |Pr|sz|c | |sH|

TLB entry

Legend:

VPN:

ASID:

SH:

SZ:

PPN:

PR:

Virtual page number

Upper 22 bits of virtual address for a 1-kbyte page, or upper 20 bits of virtual address for a 4-kbyte
page. Since VPN bits 16 to 12 are used as the index number, they are not stored in the TLB entry.
Attention must be paid to the synonym problem (see section 3.4.4, Avoiding Synonym Problems).

Address space identifier

Indicates the process that can access a virtual page. In single virtual memory mode and user mode, or
in multiple virtual memory mode, if the SH bit is 0, the address is compared with the ASID in PTEH
when address comparison is performed.

Share status bit
0: Page not shared between processes
1: Page shared between processes

Page-size bit
0: 1-kbyte page
1: 4-kbyte page

Valid bit

Indicates whether entry is valid.

0: Invalid

1: Valid

Cleared to 0 by a power-on reset. Not affected by a manual reset.

Physical page number
Upper 22 bits of physical address. PPN bits 11 to10 are not used in case of a 4-kbyte page.

Protection key field

2-bit field encoded to define the access rights to the page.
00: Reading only is possible in privileged mode.

01: Reading/writing is possible in privileged mode.

10: Reading only is possible in privileged/user mode.

11: Reading/writing is possible in privileged/user mode.

Cacheable bit

Indicates whether the page is cacheable.

0: Non-cacheable

1: Cacheable

Dirty bit

Indicates whether the page has been written to.
0: Not written to

1: Written to

Figure3.7 Virtual Addressand TLB Structure
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3.32 TLB Indexing

The TLB uses a4-way set associative scheme, so entries must be sdected by index. VPN bits 16
to 12 are used as the index number regardless of the page size. Theindex number can be generated
in two different ways depending on the setting of the IX bitin MMUCR.

1. When IX =0, VPN bits 16 to 12 alone are used as the index number

2. When IX =1, VPN bits 16 to 12 are EX-ORed with ASID hits4 to 0 to generate a 5-bit index
number

Thefirs method is used to prevent lowered TLB efficiency that results when multiple processes
run simultaneously in the same virtual address space (multiple virtua memory) and a specific
entry is selected by indexing of each process. In single virtual memory mode (MMUCR.SV = 1),
IX bit should be set to 0. Figures 3.8 and 3.9 show the indexing schemes.

Virtual address PTEH register
31 1716 1211 0 31 10 7 0
| | VPN | 0| asp |
) ASID(4-0)
Exclusive-OR )
-
Index
Ways 0 to 3

VPN(31-17) | VPN(11-10) | ASID(7-0) | v || PPN(28-10) |PR(1-0)|SZ| C | D | SH

o

31 1

Address array Data array

Figure3.8 TLB Indexing (IX =1)
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Virtual address
31 1716 1211 0

Index

Ways 0to 3

VPN(31-17) | VPN(11-10) | ASID(7-0) | v || PPN(28-10) |PR(1-0)|SZ| C | D | SH

o

31 1

Address array Data array

Figure3.9 TLB Indexing (IX =0)

3.33 TLB Address Comparison

The results of address comparison determine whether a specific virtual page number isregistered
in the TLB. The virtual page number of the virtual address that accesses external memory is
compared to the virtual page number of the indexed TLB entry. The ASID within the PTEH is
compared to the ASID of theindexed TLB entry. All four ways are searched simultaneoudy. If the
compared values match, and the indexed TLB entry isvalid (V bit = 1), the hit isregistered.

It is necessary to have software ensure that TLB hits do not occur Smultaneously in more than one
way, as hardware operation is not guaranteed if this occurs. An example of setting which causes
TLB hitsto occur ssimultaneously in more than one way is described below. It isnecessary to
ensure that thiskind of setting is not made by software.

1. If therearetwo identica TLB entries with the same VPN and a setting is made such that a
TLB hit ismade only by a process with ASID = H'FF when oneisin the shared state (SH = 1)
and the other in the non-shared state (SH = 0), then if the ASID in PTEH is set to H'FF, thereis
apossibility of smultaneous TLB hitsin both these ways.

2. If severa entries which have different ASID with the same VPN areregistered in single virtual
memory mode, there isthe possibility of simultaneous TLB hits in more than one way when
accessing the corresponding page in privileged mode. Several entries with the same VPN must
not be registered in single virtual memory mode.

3. Thereisthe possibility of simultaneous TLB hitsin more than one way. These hits may occur
depending on the contents of ASID in PTEH when a page to which SH is set 1isregistered in
the TLB in index mode (MMUCR.IX = 1). Therefore a page to which SH is set 1 must not be
registered in index mode. When memory is shared by several processings, different pages must
be registered in each ASID.
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The object compared varies depending on the page management information (SZ, SH) inthe TLB
entry. It aso varies depending on whether the system supports multiple virtual memory or single
virtual memory.

The page-size information determines whether VPN (11 to 10) iscompared. VPN (11to 10) is
compared for 1-kbyte pages (SZ = 0) but not for 4-kbyte pages (SZ = 1).

The sharing information (SH) determines whether the PTEH. ASID and the ASID inthe TLB
entry are compared. ASIDs are compared when thereis no sharing between processes (SH = 0) but
not when thereis sharing (SH = 1).

When single virtual memory is supported (MMUCR.SV = 1) and privileged mode is engaged
(SR.MD =1), all process resources can be accessed. This meansthat ASIDs are not compared
when single virtual memory is supported and privileged mode is engaged. The objects of address
comparison are shown in figure 3.10.

SH=1or No
(SR.MD = 1 and
MMUCR.SV = 1)?

No (4 kbytes) No (4 kbytes)

Yes (1 kbyte) Yes (1 kbyte)

Y Y
Bits compared: Bits compared: Bits compared: Bits compared:
VPN 31 to 17 VPN 31 to 17 VPN 31to 17 VPN 31 to 17
VPN 11 to 10 VPN 11 to 10 ASID 7 to 0
ASID7to0

Figure3.10 Objectsof Address Comparison
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3.34 Page M anagement Infor mation

In addition to the SH and SZ hits, the page management information of TLB entries also includes
D, C, and PR hits.

The D bit of a TLB entry indicates whether the pageis dirty (i.e., has been written to). If the D bit
is 0, an attempt to write to the page resultsin an initial page write exception. For physical page
swapping between secondary memory and main memory, for example, pages are controlled so that
adirty page is paged out of main memory only after that page is written back to secondary
memory. Torecord that there has been awrite to a given page in the address trandation table in
memory, an initial page write exception is used.

The C bit in the entry indicates whether the referenced page resides in a cacheable or non-
cacheable area of memory. When the on-chip module control registersin area 1 are mapped, set
the C bit to 0. The PR field specifies the access rights for the page in privileged and user modes
and is used to protect memory. Attempts at non-permitted accesses result in TLB protection
violation exceptions.

Access states designated by the D, C, and PR bits are shown in table 3.1.

Table3.1 Access StatesDesignated by D, C, and PR Bits
Privileged Mode User Mode
Reading Writing Reading Writing
D bit 0 Permitted Initial page write Permitted Initial page write
exception exception
Permitted Permitted Permitted Permitted
C bit 0 Permitted Permitted Permitted Permitted
(no caching) (no caching) (no caching) (no caching)
1 Permitted Permitted Permitted Permitted
(with caching) (with caching) (with caching) (with caching)
PRbit 00 Permitted TLB protection TLB protection TLB protection
violation exception violation violation exception
exception
01 Permitted Permitted TLB protection TLB protection
violation violation exception
exception
10  Permitted TLB protection Permitted TLB protection
violation exception violation exception
11 Permitted Permitted Permitted Permitted
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34 M MU Functions

34.1 MM U Har dwar e M anagement

There are two kinds of MMU hardware management as follows.

1

The MMU decodes the virtual address accessed by a process and performs address translation
by controlling the TLB in accordance with the MMUCR settings.

In address trand ation, the MMU receives page management information from the TLB, and
determines the MMU exception and whether the cache isto be accessed (using the C hit). For
details of the determination method and the hardware processing, see section 3.5, MMU
Exceptions.

34.2 MMU Softwar e Management

There are three kinds of MMU software management, as follows.

1

MMU register setting

MMUCR setting, in particular, should be performed in areas P1 and P2 for which address
trandation isnot performed. Also, since SV and I X bit changes constitute address translation
system changes, in this case, TLB flushing should be performed by simultaneously writing 1 to
the TF bit also. Since MMU exceptions are not generated in the MMU disabled state with the
AT bit cleared to 0, use in the disabled state must be avoided with software that does not use
the MMU.

TLB entry recording, deletion, and reading

TLB entry recording can be done in two ways by using the LDTLB instruction, or by writing
directly to the memory-mapped TLB. For TLB entry deletion and reading, the memory
allocation TLB can be accessed. See section 3.4.3, MMU Instruction (LDTLB), for details of
the LDTLB instruction, and section 3.6, Memory-Mapped TLB, for details of the memory-
mapped TLB.

MMU exception processing

When an MMU exception is generated, it ishandled on the basis of information set from the
hardware side. See section 3.5, MMU Exceptions, for details.

When single virtual memory mode is used, it is possible to create a state in which physical
memory access is enabled in the privileged mode only by clearing the share status bit (SH) to 0 to
specify recording of all TLB entries. This strengthens inter-process memory protection, and
enables special access levels to be created in the privileged mode only.

Recording a 1- or 4- kbyte page TLB entry may result in a synonym problem. See section 3.4.4,
Avoiding Synonym Problems.
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34.3 MMU Instruction (LDTLB)

Theload TLB instruction (LDTLB) isused to record TLB entries. When the I X bitin MMUCR is
0, the LDTLB instruction changesthe TLB entry in the way specified by the RC bitin MMUCR
to the value specified by PTEH and PTEL, using VPN bits 16 to 12 specified in PTEH asthe
index number. When the I X bitin MMUCR is 1, the EX-OR of VPN hits 16 to 12 specified in
PTEH and ASID hits4 to 0in PTEH are used asthe index number.

Figure 3.11 shows the case wherethe I X bitin MMUCRis 0.

When an MMU exception occurs, the virtual page number of the virtual address that caused the
exception is set in PTEH by hardware. Theway is set in the RC bit of MMUCR for each exception
according to the rules (see section 3.2.4, MMU Control Registers). Consequently, if the LDTLB
instruction isissued after setting only PTEL in the MMU exception processing routine, TLB entry
recording is possible. Any TLB entry can be updated by software rewriting of PTEH and the RC
bitsin MMUCR.

Asthe LDTLB instruction changes address trandation information, thereisarisk of destroying
address trandation information if thisingtruction isissued in the PO, UO, or P3 area. Make sure,
therefore, that thisinstruction isissued in the P1 or P2 area. Also, an instruction associated with an
access to the PO, UO, or P3 area (such asthe RTE ingtruction) should be issued at least two
instructions after the LDTLB instruction.

MMUCR

9 0
o |sv]o|olrc|o|TF|ix]AT]

Index —l_ Way selection
PTEH register L PTEL register
31 17 1210 8 0 31 2928 10 0
VPN | |VPN | 0| ASID | 000( PPN |0|V|O|PR|SZ|C|D|SH|O|
v
Ways 0 to 3
1 L L L 11 1 1 1 1 1
| Il Il Il [ 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1
0 VPN(31-17) VPN(11-10) | ASID(7-0) | V L] PPN(28-10) |PR(1-0)|SzZ| C | D |SH

31

Address array Data array

Figure3.11 Operation of LDTLB Instruction
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344 Avoiding Synonym Problems

When a 1- or 4-kbyte pageisrecorded in a TLB entry, a synonym problem may arise. If anumber
of virtual addresses are mapped onto asingle physical address, the same physical address data will
be recorded in a number of cache entries, and it will not be possible to guarantee data congruity.
The reason that this problem occurs is explained bel ow with reference to figure 3.12.

The relationship between bit n of the virtual address and cache size is shown in the following
table. Note that no synonym problems occur in 4-kbyte page when the cache size is 16 kbytes.

Cache Size Bit nin Virtual Address

16 kbytes 11

32 kbytes 12

To achieve high-speed operation of this LSI’s cache, an index number is created using virtual
address bits 12 to 4. When a 1-kbyte page is used, virtua address bits 12 to 10 is subject to address
trandation and when a4-kbyte page is used, avirtual address bit 12 is subject to address
trandation. Therefore, the physical address bits 12 to 10 may not be the same as the virtua address
bits 12 to 10.

For example, assume that, with 1-kbyte page TLB entries, TLB entries for which the following
trandation has been performed arerecorded in two TLBs:

Virtual address1 H'00000000 - physical address H'00000C00
Virtual address2 H'00000C00 - physical address H'00000C00

Virtual address 1 isrecorded in cache entry H'000, and virtual address 2 in cache entry H'0CO.
Since two virtual addresses are recorded in different cache entries despite the fact that the physical
addresses are the same, memory inconsistency will occur as soon as awriteis performed to either
virtual address.

Consequently, the following restrictions apply to the recording of address trandation information
in TLB entries.

1. When address trandation information whereby a number of 1-kbyte page TLB entries are
trandated into the same physical addressisrecorded in the TLB, ensure that the VPN bits 12 to
10 arethe same.

2. When address trandation information whereby a number of 4-kbyte page TLB entries are
trandated into the same physical addressisrecorded in the TLB, ensurethat the VPN bit 12is
the same.

3. Do not use the same physical addresses for address trandation information of different page
sizes.
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The above restrictions apply only when performing accesses using the cache.

Note:  When multiple items of address trandation information use the same physical memory to
provide for future SuperH RISC engine family expansion, ensure that the VPN bits 20 to
10 arethe same.

» When using a 4-kbyte page
Virtual address
31 1312 1110 0
VPN | ! Offset

——

Virtual address 12 to 4

Physical address
28 13 12 1110 0
PPN N ! offset | Cache

Physical address 28 to 10 i

* When using a 1-kbyte page
Virtual address
31 13121110 0
VPN N Offset |

>

Virtual address 12 to 4

Physical address
28 1312 11 10 0
PPN | Offset Cache

»

Physical address 28 to 10

Figure3.12 Synonym Problem (32-kbyte Cache)
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35 MM U Exceptions

When the address trand ation unit of the MMU is enabled, occurrence of the MMU exception is
checked following the CPU address error check. There are four MMU exceptions: TLB miss, TLB
protection violation, TLB invalid, and initial page write, and these MMU exceptions are checked
in thisorder.

351 TLB MissException

A TLB missresults when the virtua address and the address array of the selected TLB entry are
compared and no match is found. TLB miss exception processing includes both hardware and
software operations.

Hardwar e Operations. In aTLB miss, this hardware executes a set of prescribed operations, as
follows:

1. The VPN field of the virtual address causing the exception iswritten to the PTEH register.
2. Thevirtual address causing the exception iswritten to the TEA register.

3. Either exception code H'040 for aload access, or H'060 for a store access, iswritten to the
EXPEVT register.

4. The PC vaue indicating the address of the instruction in which the exception occurred is
written to the save program counter (SPC). If the exception occurred in adelay dot, the PC
value indicating the address of the related delayed branch instruction is written to the SPC.

5. The contents of the statusregister (SR) at the time of the exception are written to the save
statusregister (SSR).

The mode (MD) bit in SR isset to 1 to place the privileged mode.

Theblock (BL) bit in SRisset to 1 to mask any further exception requests.

Theregister bank (RB) bit in SRisset to 1.

The RC fied in the MMU control register (MMUCR) isincremented by 1 when all entries
indexed are valid. When some entries indexed are invalid, the smallest way number of themiis
set in RC.

10. Execution branches to the address obtained by adding the value of the VBR contents and
H'00000400 to invoke the user-written TLB miss exception handler.

© © N o

Softwar e (TLB MissHandler) Operations. The software searches the page tables in external
memory and all ocates the required page table entry. Upon retrieving the required page table entry,
software must execute the following operations:

1. Writethe value of the physical page number (PPN) field and the protection key (PR), page size
(S2), cacheable (C), dirty (D), share status (SH), and valid (V) hits of the page table entry
recorded in the address trand ation table in the external memory into the PTEL register.
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2. If using software for way selection for entry replacement, write the desired value to the RC
fiddin MMUCR.

3. Issuethe LDTLB instruction to load the contents of PTEH and PTEL into the TLB.

4. Issuethereturn from exception handler (RTE) ingtruction to terminate the handler routine and
return to the ingtruction stream.

352 TLB Protection Violation Exception

A TLB protection violation exception results when the virtual address and the address array of the
selected TLB entry are compared and avalid entry is found to match, but the type of accessis not
permitted by the access rights specified in the PR field. TLB protection violation exception
processing includes both hardware and software operations.

Hardware Operations. In aTLB protection violation exception, this hardware executes a set of
prescribed operations, as follows:

1. The VPN field of the virtual address causing the exception iswritten to the PTEH register.
2. Thevirtual address causing the exception iswritten to the TEA register.

3. Either exception code H'0AO for aload access, or H'0OCO for a store access, iswritten to the
EXPEVT register.

4. The PC vaue indicating the address of the instruction in which the exception occurred is
written into SPC (if the exception occurred in adelay dot, the PC value indicating the address
of therdated delayed branch instruction is written into SPC).

The contents of SR at the time of the exception are written to SSR.
The MD bitin SR isset to 1 to place the privileged mode.

TheBL bit in SRis set to 1 to mask any further exception requests.
The RB bit in SRisset to 1.

. Theway that generated the exception is set in the RC field in MMUCR.

10. Execution branches to the address obtained by adding the value of the VBR contents and
H'00000100 to invoke the TLB protection violation exception handler.

© © N o ou

Softwar e (TLB Protection Violation Handler) Oper ations. Software resolvesthe TLB
protection violation and issues the RTE (return from exception handler) instruction to terminate
the handler and return to the ingtruction stream. Issue the RTE ingtruction after issuing two
ingtructions from the LDTLB ingtruction.
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3.5.3 TLB Invalid Exception

A TLB invalid exception results when the virtual addressis compared to aselected TLB entry
address array and amatch isfound but the entry is not valid (the V bit is0). TLB invalid exception
processing includes both hardware and software operations.

Hardware Operations. InaTLB invalid exception, thishardware executes a set of prescribed
operations, asfollows:

1. The VPN number of the virtual address causing the exception is written to the PTEH register.
2. Thevirtual address causing the exception iswritten to the TEA register.

3. Either exception code H'040 for aload access, or H'060 for a store access, iswritten to the
EXPEVT register.

4. The PC vaue indicating the address of the instruction in which the exception occurred is
written to the SPC. If the exception occurred in adelay dot, the PC vaue indicating the
address of the delayed branch instruction iswritten to the SPC.

The contents of SR at the time of the exception are written into SSR.

The mode (MD) bit in SR isset to 1 to place the privileged mode.
Theblock (BL) bit in SRisset to 1 to mask any further exception requests.
The RB bit in SRisset to 1.

. Theway number causing the exception iswritten to RC in MMUCR.

10. Execution branches to the address obtained by adding the value of the VBR contents and
H'00000100, and the TLB protection violation exception handler sarts.

© © N o O»

Softwar e (TLB Invalid Exception Handler) Oper ations. The software searches the page tables
in external memory and assigns the required page table entry. Upon retrieving the required page
table entry, software must execute the following operations:

1. Write the values of the physical page number (PPN) field and the values of the protection key
(PR), page size (S2), cacheable (C), dirty (D), share status (SH), and valid (V) hits of the page
table entry recorded in the external memory to the PTEL register.

2. If using software for way selection for entry replacement, write the desired value to the RC
fiddin MMUCR.

3. Issuethe LDTLB instruction to load the contents of PTEH and PTEL into the TLB.

4, |ssuethe RTE instruction to terminate the handler and return to the instruction stream. The
RTE ingtruction should be issued after two LDTLB instructions.

Rev. 2.00, 09/03, page 87 of 690
RENESAS



3.5.4 Initial Page Write Exception

Aninitial page write exception resultsin awrite access when the virtual address and the address
array of the selected TLB entry are compared and avalid entry with the appropriate access rights
is found to match, but the D (dirty) bit of the entry is O (the page has not been written to). Initial
page write exception processing includes both hardware and software operations.

Hardware Operations. In aninitial page write exception, this hardware executes a set of
prescribed operations, as follows:

The VPN fidd of the virtual address causing the exception iswritten to the PTEH register.
The virtual address causing the exception iswritten to the TEA register.
Exception code H'080 is written to the EXPEVT register.

The PC vaue indicating the address of the instruction in which the exception occurred is
written to the SPC. If the exception occurred in adelay dot, the PC vaue indicating the
address of the related delayed branch ingtruction is written to the SPC.

The contents of SR at the time of the exception are written to SSR.
The MD bitin SR isset to 1 to place the privileged mode.

TheBL bit in SRis set to 1 to mask any further exception requests.
The RB bit in SRisset to 1.

. Theway that caused the exception is set in the RC field in MMUCR.

10. Execution branches to the address obtained by adding the value of the VBR contents and
H'00000100 to invoke the user-written initia page write exception handler.

A w b

© © N o O»

Softwar e (Initial Page Write Handler) Operations. The software must execute the following
operations.

1. Retrievetherequired page table entry from external memory.
2. Set the D bit of the page table entry in the external memory to 1.

3. Writethe value of the PPN field and the PR, SZ, C, D, SH, and V hits of the page table entry
in the external memory to the PTEL register.

4. |f using software for way selection for entry replacement, write the desired value to the RC
fiddin MMUCR.

5. Issuethe LDTLB instruction to load the contents of PTEH and PTEL into the TLB.

6. Issuethe RTE instruction to terminate the handler and return to the instruction stream. The
RTE ingtruction must be issued after two LDTLB instructions.
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Figure3.13 MMU Exception Generation Flowchart
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3.6 Memory-Mapped TLB

In order for TLB operations to be managed by software, TLB contents can beread or written toin
the privileged mode using the MOV ingruction. The TLB is assigned to the P4 areain the virtua
address space. The TLB address array (VPN, V hit, and ASID) is assigned to H'F2000000 to
H'F2FFFFFF, and the data array (PPN, PR, SZ, C, D, and SH hits) to H'F3000000 to
H'F3FFFFFF. The V bit in the address array can aso be accessed from the data array. Only
longword accessis possible for both the address array and the data array. However, the ingruction
data cannot be fetched from both arrays.

36.1 AddressArray

The address array is assigned to H'F2000000 to H'F2FFFFFF. To access an address array, the 32-
bit address field (for read/write operations) and 32-bit data field (for write operations) must be
specified. The address field specifies information for selecting the entry to be accessed; the data
field specifiesthe VPN, V bit and ASID to be written to the address array (figure 3.14 (1)).

In the address field, specify the entry address for selecting the entry (bits 16 to 12), W for selecting
the way (bits 9 to 8) and H'F2 to indicate address array access (bits 31 to 24). ThelX bitin
MMUCR indicates whether an EX-OR istaken of the entry address and ASID.

The following two operations can be used on the address array:

1. Addressarray read
VPN, V, and ASID areread from the TLB entry corresponding to the entry address and way
set in the address field.

2. TLB address array write

The data specified in the data field are written to the TLB entry corresponding to the entry
address and way set in the address field.

3.6.2 Data Array

The dataarray is assigned to H'F3000000 to H'F3FFFFFF. To access a data array, the 32-bit
address fidd (for read/write operations), and 32-bit data field (for write operations) must be
specified. The address section specifiesinformation for selecting the entry to be accessed; the data
section specifies the longword data to be written to the data array (figure 3.14 (2)).

In the address section, specify the entry address for selecting the entry (bits 16 to 12), W for
selecting the way (bits 9 to 8), and H'F3 to indicate data array access (bits 31 to 24). The IX bitin
MMUCR indicates whether an EX-OR istaken of the entry address and ASID.

Both reading and writing use the longword of the data array specified by the entry address and
way number. The access size of thedata array is fixed at longword.
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(1) TLB address array access

» Read access

31 24 23 17 16 1211109 8 7 6 210
Addressfield|11110010 |* ............ *| VPN * |k W |Of*-- - - * 00|

31 17 16 1211109 8 7 0
Data field | VPN | 0------ 0 |VPN| 0 |V| ASID |

» Write access

31 24 23 17 16 1211109 8 7 6 210
Addressfie|d|11110010 |* ------------ *| VPN |*|*|W |0|* --------- *|OO|

31 17 16 121110 9 8 7 0
Data field | VPN Hoeeeees * VPN|* \% ASID |

VPN: Virtual page number

V: Valid bit

W: Way (00: Way 0, 01: Way 1, 10: Way 2, 11: Way 3)

ASID: Address space identifier

*: Don't care bit

(2) TLB data array access
» Read/write access

31 24 23 17 16 1211109 8 7 10
Address field | 11110011 [*orerreee * VPN HLHW [ R * OO|

31 2928 109 87 6 543 210
Data field |0 00 | PPN |X|V|X| PR |SZ|C|D|SH|X

PPN: Physical page number

PR:  Protection key field

C: Cacheable bit

SH:  Share status bit

VPN: Virtual page number

X: 0 for read, don't care bit for write

W: Way (00: Way 0, 01: Way 1, 10: Way 2, 11: Way 3)

V: Valid bit

SZ: Page-size bit

D: Dirty bit

*e

Don't care bit

Figure3.14 Specifying Addressand Data for Memory-Mapped TLB Access
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3.6.3 Usage Examples

Invalidating Specific Entries. Specific TLB entries can be invalidated by writing 0 to the entry’s
V bit. RO specifies the write data and R1 specifies the address.

; RO=H 1547 381C Rl=H F201 3000

; MMUCR | X=0

; the V bit of way 0 of the entry selected by the VPN(16-12)=B' 1 0011
; index is cleared toO,achieving invalidation.

MOV.L RO, @GRl

Reading the Data of a Specific Entry: This example reads the data section of a specific TLB
entry. The bit order indicated in the datafield in figure 3.14 (2) isread. RO specifies the address
and the data section of a selected entry isread to R1.

. RO=H F300 4300 VPN(16-12)=B 00100 Wy 3
. MV.L @0, Rl

3.7 Usage Note

The following operations should be performed in the P1 or P2 areas. In addition, when the PO, P3,
or UO areas are accessed consecutively (this access includesinstruction fetching), the instruction
code should be placed at least two instructions after the instruction that executes the following
operations.

Modification of SR.MD or SR.BL
Execution of the LDTLB instruction
Write to the memory-mapped TLB
Modification of MMUCR
Modification of PTEH.ASID

ok~ wDbh PR
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Section4 Cache

41 Features

» Capacity: 16 or 32 kbytes
e Structure: Ingructions/data mixed, 4-way set associative
e Locking: Way 2 and way 3 are lockable
» Linesize 16 bytes
»  Number of entries: 256 entries/way in 16-kbyte mode or 512 entries'way in 32-kbyte mode
»  Write system: Write-back/write-through is selectable for spaces PO, P1, P3, and U0
Group 1 (PO, P3, and UO areas)
Group 2 (P1 area)
» Replacement method: Least-recently used (LRU) algorithm

Note:  After power-on reset or manual reset, initialized as 16-kbyte mode (256 entries/way).

411 Cache Structure

The cache mixes instructions and data and uses a 4-way set associative system. It is composed of
four ways (banks), and each of which isdivided into an address section and a data section. Note
that the following sectionswill be described for the 32-kbyte mode as an example. For other cache
size modes, change the number of entries and size/lway according to table 4.1. Each of the address
and data sections is divided into 512 entries. The entry datais called aline. Each line consists of
16 bytes (4 bytes x 4). The data capacity per way is 8 kbytes (16 bytes x 512 entries) in the cache
as awhole (4 ways). The cache capacity is 32 kbytes as a whole. Figure 4.1 shows the cache
structure.

Table41l Number of Entriesand Size/Way in Each Cache Size

Cache Size Number of Entries Size/Way

16 kbytes 256 4 kbytes

32 kbytes 512 8 kbytes
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Address array (ways 0-3) Data array (ways 0-3) LRU

1
I e .
1
Entry 0| v | U |Tag address O Lwo | Lw1 | Lw2 | Lw3 0
Entry 1 1 1
Entry 511 | T 511 | 511
24 (1 + 1+ 22) bits 128 (32 x 4) bits 6 bits
- € ! e

LWO to LW3: Longword data 0-3

Figure4.1 Cache Structure (32-kbyte M ode)

Address Array: TheV hit indicates whether the entry datais valid. When the V bitis1, datais
valid; when 0, dataisnot valid. The U bit indicates whether the entry has been written to in write-
back mode. When the U bit is 1, the entry has been written to; when 0, it has not. The tag address
holds the physical address used in the external memory access. It is composed of 22 bits (address
bits 31 to 10) used for comparison during cache searches.

InthisLSl, thetop three of 32 physical address bits are used as shadow bits (see section 7, Bus
State Controller (BSC)), and therefore the top three bits of the tag address are cleared to O.

TheV and U hits areinitialized to 0 by a power-on reset, but are not initialized by a manual reset.
Thetag addressisnot initialized by either a power-on or manual reset.

Data Array: Holds a 16-byte instruction or data. Entries are registered in the cache in line units
(16 bytes). The data array is not initialized by a power-on or manual reset.

L RU: With the 4-way set associative system, up to four ingtructions or data with the same entry
address can beregistered in the cache. When an entry isregistered, LRU shows which of the four
waysit isrecorded in. Thereare six LRU hits, controlled by hardware. A |east-recently-used
(LRU) algorithm is used to select the way.

Six LRU hitsindicate the way to be replaced, when a cache miss occurs. Table 4.2 shows the
relationship between the LRU bits and the way to be replaced when the cache locking mechanism
isdisabled. (For the relationship when the cache locking mechanism is enabled, refer to section
4.2.2, Cache Control Register 2.) If abit pattern other than those listed in table 4.2 is set in the
LRU hits by software, the cache will not function correctly. When modifying the LRU bits by
software, set one of the patternslisted in table 4.2.

The LRU bits areinitialized to 000000 by a power-on reset, but are not initialized by a manual
reset.
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Table4.2 LRU and Way Replacement (when Cache L ocking Mechanism |Is Disabled)

LRU (Bits 5to 0)

Way to be Replaced

000000, 000100, 010100, 100000, 110000, 110100 3
000001, 000011, 001011, 100001, 101001, 101011 2
000110, 000111, 001111, 010110, 011110, 011111 1
111000, 111001, 111011, 111100, 111110, 111111 0

4.2 Register Descriptions

The cache has the following registers. For details on register addresses and register states during

each process, refer to section 24, List of Registers.

e Cachecontral regiser 1 (CCR1)
e Cache contral regiser 2 (CCR2)
e Cache contral regiser 3 (CCR3)

RENESAS
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421 Cache Control Register 1 (CCR1)

The cacheis enabled or disabled using the CE hit in CCR1. CCR1 dso hasa CF bit (which
invalidates all cache entries), and WT and CB bits (which select either write-through mode or
write-back mode). Programs that change the contents of the CCRL1 register should be placed in
address space that isnot cached.

Bit Initial
Bit Name Value R/W Description
3lto 4 — 0 R Reserved

These bits are always read as 0. The write value
should always be 0.

3 CF 0 R/W Cache Flush

Writing 1 flushes all cache entries (clears the V, U,
and LRU bits of all cache entries to 0). This bit is
always read as 0. Write-back to external memory is
not performed when the cache is flushed.

2 CB 0 R/W Write-Back
Indicates the cache’s operating mode for space P1.
0: Write-through mode
1: Write-back mode

1 wWT 0 R/W Write-Through

Indicates the cache’s operating mode for spaces PO,
U0, and P3.

0: Write-back mode
1: Write-through mode

0 CE 0 R/W Cache Enable
Indicates whether the cache function is used.
0: The cache function is not used.
1: The cache function is used.
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422 Cache Control Register 2 (CCR2)

The CCR2 regigter contrals the cache locking mechanism in cache lock mode only. The CPU
enters the cache lock mode when the lock enable bit (bit 16) in the cache control register 2 (CCR2)
is set to 1. The cache locking mechanism is disabled in non-cache lock mode (DSP bit = 0).

When a prefetch instruction (PREF@Rn) isissued in cachelock mode and a cache miss occurs,
the line of data pointed to by Rn will be loaded into the cache, according to the setting of bits 9
and 8 (W3LOAD, W3LOCK) and hits1 and 0 (W2LOAD, W2LOCK in CCR2).

Table 4.3 shows the relationshi p between the settings of bits and the way that is to be replaced
when the cache is missed by a prefetch instruction.

On the other hand, when the cache is hit by a prefetch ingtruction, new data is not loaded into the
cache and the valid entry isheld. For example, a prefetch instruction isissued while bits
W3LOAD and W3LOCK are set to 1 and theline of datato which Rn pointsis aready in way 0,
the cacheishit and new datais not loaded into way 3.

In cache lock mode, bits W3LOCK and W2LOCK restrict the way that isto be replaced, when
instructions other than the prefetch ingtruction are issued. Table 4.4 shows the relationship
between the settings of bitsin CCR2 and the way that is to be replaced when the cache is missed
by instructions other than the prefetch instruction.

Programs that change the contents of the CCR2 register should be placed in address space that is
not cached.
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Bit

Bit Initial
Name Value

R/W

Description

31lto 17

Reserved

These bits are always read as 0. The write value
should always be 0.

16

LE 0

R/W

Lock Enable (LE)

Controls cache lock mode.

0: Does not enter cache lock mode.
1: Enters cache lock mode.

15to0 10

Reserved

These bits are always read as 0. The write value
should always be 0.

W3LOAD O
W3LOCK 0

R/W
R/W

Way 3 Load (W3LOAD)
Way 3 Lock (W3LOCK)

When the cache is missed by a prefetch instruction
while in cache lock mode and when bits W3LOAD
and W3LOCK in CCR2 are set to 1, the data is
always loaded into way 3. Under any other condition,
the prefetched data is loaded into the way to which
LRU points.

7t02

Reserved

These bits are always read as 0. The write value
should always be 0.

W2LOAD O
W2LOCK 0

R/W
R/W

Way 2 Load (W2LOAD)
Way 2 Lock (W2LOCK)

When the cache is missed by a prefetch instruction
while in cache lock mode and when bits W2LOAD
and W2LOCK in CCR2 are set to 1, the data is
always loaded into way 2. Under any other condition,
the prefetched data is loaded into the way to which
LRU points.

Note: W2LOAD and W3LOAD should not be set to 1 at the same time.
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Table4.3 Way Replacement when a PREF Instruction Missesthe Cache

DSP Bit W3LOAD W3LOCK W2LOAD W2LOCK  Way to be Replaced

* * * * Determined by LRU (table 4.2)

*

* Determined by LRU (table 4.2)

*

Determined by LRU (table 4.5)

Determined by LRU (table 4.6)

0
0 0
1
1

Determined by LRU (table 4.7)

*

*
R|lr|o|lr| o

Way 2

*

0
1
1
1
1
1
1

Rl O|lO| O
ol k| O

1 Way 3

Notes: * Don't care
W3LOAD and W2LOAD should not be set to 1 at the same time.

Table44 Way Replacement when Instructions other than the PREF Instruction Missthe
Cache

DSP Bit W3LOAD W3LOCK W2LOAD W2LOCK  Way to be Replaced

* * * * Determined by LRU (table 4.2)

* *

Determined by LRU (table 4.2)

Determined by LRU (table 4.5)

* *

Determined by LRU (table 4.6)

0

1 0 0
1 * 0 * 1
1 1 0
1 * 1 * 1

Determined by LRU (table 4.7)

Notes: * Don't care
W3LOAD and W2LOAD should not be set to 1 at the same time.

Table45 LRU and Way Replacement (when W2LOCK =1 and W3LOCK = 0)

LRU (Bits 5to 0) Way to be Replaced

000000, 000001, 000100, 010100, 100000, 100001, 110000, 110100 3

000011, 000110, 000111, 001011, 001111, 010110, 011110, 011111 1

101001, 101011, 111000, 111001, 111011, 111100, 111110, 111111 0

Table4.6 LRU and Way Replacement (when W2LOCK =0and W3LOCK = 1)

LRU (Bits 5to 0) Way to be Replaced

000000, 000001, 000011, 001011, 100000, 100001, 101001, 101011 2

000100, 000110, 000111, 001111, 010100, 010110, 011110, 011111 1

110000, 110100, 111000, 111001, 111011, 111100, 111110, 111111 0
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Table4.7 LRU and Way Replacement (when W2LOCK =1and W3LOCK =1)

LRU (Bits 5to 0) Way to be Replaced

000000, 000001, 000011, 000100, 000110, 000111, 001011, 001111, 1
010100, 010110, 011110, 011111

100000, 100001, 101001, 101011, 110000, 110100, 111000, 111001, 0
111011, 111100, 111110, 111111

4.2.3 Cache Control Register 3 (CCR3)

The CCR3 register controlsthe cache size to be used. The cache size must be specified according
tothe LSl to be selected. If the specified cache size exceeds the size of cache incorporated in the
LS, correct operation cannot be guaranteed. Note that programsthat change the contents of the
CCRS3 register should be placed in un-cached address space. In addition, note that all cache entries
must be invalidated by setting the CF bit of the CCR1 to 1 before accessing the cache after the
CCR3 ismodified.

Bit Initial
Bit Name Value R/W Description
3lto24 — 0 R Reserved
These bits are always read as 0. The write value
should always be 0.
23to 16 CSIZE7to HO01 R/W Cache Size
CSIZEO

Specify the cache size as shown below.
0000 0001: 16-kbyte cache

0000 0010: 32-kbyte cache

Settings other than above are prohibited.

15t0 0 — 0 R Reserved

These bits are always read as 0. The write value
should always be 0.
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4.3 Operation

431 Sear ching the Cache

If the cacheis enabled (the CE bit in CCR1 = 1), whenever ingructions or datain spaces PO, P1,
P3, and UO are accessed the cache will be searched to seeif the desired ingtruction or dataisin the
cache. Figure 4.2 illustrates the method by which the cache is searched. The cache is a physical
cache and holds physical addresses in its address section. The following will be described for the
32-kbyte mode as an example.

Entries are sdlected using bits 12 to 4 of the address (virtual) of the access to memory and the tag
address of that entry isread. Thevirtual address (bits 31 to 10) of the access to memory and the
physical address (tag address) read from the address array are compared. The address comparison
uses al four ways. When the comparison shows a match and the selected entry isvalid (V = 1), a
cache hit occurs. When the comparison does not show a match or the selected entry isnot valid (V
= 0), acache miss occurs. Figure 4.2 shows a hit on way 1.

Virtual address
31 13 12 4 3210

P e—

Entry selection

| Longword (LW) selection

Ways 0 to 3 Ways 0 to 3
I — —
1
MMU 0 | V| U|Tag address LWO | LW1 LW2 | LW3

511 — —

Physical address ; { ; *

[CMPO|CMP1(CMP2|CMP3 1

Hit signal 1

CMPO: Comparison circuit 0
CMP1: Comparison circuit 1
CMP2: Comparison circuit 2
CMP3: Comparison circuit 3

Figure 4.2 Cache Search Scheme
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432 Read Access

Read Hit: In aread access, instructions and data are transferred from the cache to the CPU. The
LRU iSupdated to indicate that the hit way is the most recently hit way.

Read Miss: An externa bus cycle starts and the entry is updated. The way to be replaced is shown
in table 4.3. Entries are updated in 16-byte units. When the desired instruction or data that caused
the missisloaded from externa memory to the cache, the instruction or dataistransferred to the
CPU in parallel with being loaded to the cache. When it isloaded to the cache, the U bit is cleared
to0andthe V hit is set to 1 to indicate that the hit way is the most recently hit way. When the U
bit for the entry which isto be replaced by entry updating in write-back modeis 1, the cache-
update cycle starts after the entry is transferred to the write-back buffer. After the cache completes
its update cycle, the write-back buffer writes the entry back to the memory. Transfer isin 16-byte
units.

433 Prefetch Operation

Prefetch Hit: The LRU is updated to indicate that the hit way is the most recently hit way. The
other contents of the cache are not changed. Instructions and dataare not transferred from the
cache to the CPU.

Prefetch Miss: Instructions and data are not transferred from the cache to the CPU. The way that
isto bereplaced isshown in table 4.2. The other operations are the same as those for aread miss.

434 Write Access

Write Hit: In awrite access in write-back mode, the datais written to the cache and no externa
memory write cycleisissued. The U bit of the entry that has been written to is set to 1, and the
LRU is updated to indicate that the hit way is the most recently hit way. In write-through mode,
the data iswritten to the cache and an external memory write cycle isissued. The U bit of the
entry that has been written to isnot updated, and the LRU is updated to indicate that the hit way is
the most recently hit way.

Write Miss: In write-back mode, an external write cycle starts when a write miss occurs, and the
entry is updated. The way to be replaced is shown in table 4.3. When the U bit of the entry which
isto bereplaced by entry updating is 1, the cache-update cycle starts after the entry has been
transferred to the write-back buffer. Dataiswritten to the cache and the U bit and the V bit are set
to 1. The LRU is updated to indicate that the replaced way is the most recently updated way. After
the cache has completed its update cycle, the write-back buffer writes the entry back to the
memory. Transfer isin 16-byte units. In write-through mode, no write to cache occursin awrite
miss; the writeis only to the external memory.
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435 Write-Back Buffer

When the U hit of the entry to be replaced in write-back mode is 1, the entry must be written back
to the external memory. To increase performance, the entry to be replaced isfirst transferred to the
write-back buffer and fetching of new entries to the cache takes priority over writing back to the
externa memory. After the fetching of new entries to the cache completes, the write-back buffer
writes the entry back to the external memory. During the write-back cycles, the cache can be
accessed. The write-back buffer can hold oneline of cache data (16 bytes) and its physical

address. Figure 4.3 shows the configuration of the write-back buffer.

|PA (31to 4) | Longword 0 |Longword 1 |Longword 2 | Longword 3|

PA (31 to 4): Physical address written to external memory
Longword 0 to 3: One line of cache data to be written to external
memory

Figure4.3 Write-Back Buffer Configuration

4.3.6 Coherency of Cache and External Memory

Use software to ensure coherency between the cache and the external memory. When memory
shared by this LS| and another deviceis placed in an address space to which caching applies, use
the memory-mapped cache to make the datainvaid and written back, asrequired. Memory that is
shared by thisLSI's CPU and DMAC should also be handled in this way.
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4.4 Memory-M apped Cache

To alow software management of the cache, cache contents can be read and written by means of
MOV instructionsin privileged mode. The cache is mapped onto the P4 areain virtua address
space. The address array is mapped onto addresses H'FO000000 to H'FOFFFFFF, and the data
array onto addresses H'F1000000 to H'F1FFFFFF. Only longword can be used as the access size
for the address array and dataarray, and ingtruction fetches cannot be performed.

441 Address Array

The address array is mapped onto H'FO000000 to H'FOFFFFFF. To access an address array, the
32-hit address field (for read/write accesses) and 32-hit data field (for write accesses) must be
specified. The address field specifies information for selecting the entry to be accessed; the data
field specifies the tag address, V bit, U bit, and LRU bits to be written to the address array.

In the address field, specify the entry address for selecting the entry, W for selecting the way, A
for enabling or disabling the associative operation, and H'FO for indicating address array access.
Asfor W, 00 indicates way 0, 01 indicatesway 1, 10 indicates way 2, and 11 indicates way 3).

In the datafield, specify the tag address, LRU bits, U bit, and V bit. Figure 4.4 shows the address
and data formats in 32-kbyte mode. The following three operations are avail able in the address
array.

Address-Array Read: Read the tag address, LRU bhits, U bit, and V bit for the entry that
corresponds to the entry address and way specified by the address field of the read instruction. In
reading, the associative operation isnot performed, regardliess of whether the associative bit (A
bit) specified in the addressis 1 or 0.

Address-Array Write (non-Associative Oper ation): Write the tag address, LRU bits, U hit, and
V bit, specified by the datafield of the write instruction, to the entry that corresponds to the entry
address and way as specified by the address field of the write instruction. Ensure that the
associative bit (A bit) in the addressfield is set to 0. When writing to a cache line for which the U
bit = 1 and the V hit =1, write the contents of the cache line back to memory, then write the tag
address, LRU bits, U bit, and V bit specified by the datafield of the write instruction. Always
clear the uppermost 3 bits (bits 31 to 29) of the tag address to 0. When 0 is written to the V bit, 0
must also be written to the U bit for that entry.

Address-Array Write (Associative Oper ation): When writing with the associative bit (A bit) of
the address = 1, the addresses in the four ways for the entry specified by the address field of the
write ingruction are compared with the tag address that is specified by the datafield of the write
instruction. If the MMU isenabled in this case, alogica address specified by datais transated
into a physical address viathe TLB before comparison. Writethe U bit and the V bit specified by
the data field of the write instruction to the entry of the way that has a hit. However, the tag
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address and LRU hits remain unchanged. When there isno way that receives a hit, nothing is
written and there is no operation. This operation is used to invalidate the address specification for
acache. When the U hit of the entry that has recelved a hit is 1 at this point, writing back should
be performed. However, when 0 is written to the V bit, 0 must also be written to the U bit of that
entry.

442 Data Array

The dataarray is mapped onto H'F1000000 to H'F1FFFFFF. To access a data array, the 32-bit
address fidd (for read/write accesses) and 32-bit data field (for write accesses) must be specified.
The address fidd specifiesinformation for selecting the entry to be accessed; the data field
specifies the longword data to be written to the data array.

In the address field, specify the entry address for selecting the entry, L for indicating the longword
position within the (16-byte) line, W for selecting the way, and H'F1 for indicating data array
access. Asfor L, 00 indicates longword 0, 01 indicates longword 1, 10 indicates longword 2, and
11 indicates longword 3. Asfor W, 00 indicates way 0, 01 indicates way 1, 10 indicates way 2,
and 11 indicates way 3).

Since access size of the data array is fixed at longword, bits 1 and O of the address field should be
set to 00.

Figure 4.4 shows the address and data formats in 32-kbyte mode. For other cache size modes,
change the entry address and w as shown in table 4.8.

The following two operations on the data array are available. The information in the address array
isnot affected by these operations.

Data-Array Read: Read the data specified by L of the address filed, from the entry that
corresponds to the entry address and the way that is specified by the address filed.

Data-Array Write: Write the longword data specified by the datafiled, to the position specified
by L of the addressfield, in the entry that correspondsto the entry address and the way specified
by the addressfield.
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(1) Address array access
(a) Address specification
Read access
31 24 23 15 14 13 12 4 3 2 0
| 11110000 | teex | w | Entry address o] = o o |

Write access
31 24 23 15 14 13 12 4 3 2 0

[ 11110000 | Ao | w |  Entryaddress |[A| * o0 o |

(b) Data specification (both read and write accesses)
31 10 9 4 3 2 1 0
| Tag address (31 to 10) | LRU x X |[ul v|

(2) Data array access (both read and write accesses)
(a) Address specification
31 24 23 15 14 13 12 4 3 2 1 0
| 11110001 | e | w | Entry address L 0 0

(b) Data specification

31 0
I Longword

*: Don't care bit
X: 0 for read, don't care for write

Figure 4.4 Specifying Addressand Data for Memory-M apped Cache Access
(32-kbyte Mode)

Table4.8 AddressFormat Based on Size of Cache to be Assigned to Memory

Cache Size Entry Address Bits W Bit
16 kbytes 11to 4 13to 12
32 kbytes 12t0 4 14to0 13
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4.4.3 Usage Examples

Invalidating a Specific Entry: A specific cache entry can be invalidated by accessing the
allocated memory cache and writing a0 to the entry’s U and V bits. The A hitiscleared to 0, and
an addressis specified for the entry address and the way. If the U bit of the way of the entry in
question was set to 1, the entry is written back and the VV and U hbits specified by the write dataare
written to.

In the following example, the write datais specified in RO and the address is specified in R1 (32-
kbyte mode).

8

H 0000 0000 LRU = HO000, U=0, V=0

; R H FOOO 2080; Way = 1, Entry = B' 000001000, A =0

MOV.L RO, @1
Toinvalidate dl entries and ways, write 0 to the following addresses.

32-kbyte mode (2,048 writes)
Addresses

FO00 0000
FO00 0010
FO00 0020

FOOO 7FFO

16-kbyte mode (1,024 writes)
Addresses

FO00 0000
FO00 0010
FO00 0020

FO00 3FFO

The above operation should be performed using a non-cacheable area.
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Invalidating an Addr ess Specification: An address specification can be invalidated by accessing
the memory allocation cache and writing a 0 to the entry’s V bit. When the A bitis 1, thetag
address specified by the write datais compared to the tag address within the cache selected by the
entry address. If the tag addresses match, and if the U bit of theentry isset to 1, theentry is
written back and datais written to the specified the V and U bhits. If no match is found, no
operation is carried out.

In the following example, the write datais specified in RO and the address is specified in R1 (32-
kbyte mode).

; RO=H 01100010; Tag address=B' 0000 0001 0001 0000 0000 00, U=0, V=0
; Rl=H FO000088; address array access, entry=B 00001000, A=1

MOV. L RO, @1
In the following example, an address (32-bit) to be purged is specified in RO.

MOV. L #H 00001FF0, R1 ; 32-kbyte node, H 00000FFO0 in the 16-kbyte node.

AND RO, R1 ; The entry address is fetched.

MOV. L #H 00000008, R2 ;

OR Rl, R2 : The start is set to HFO and the A bit to 1.
MOV. L #H 1FFFFCO0, RS ;

AND RO, R3 ; The tag address is fetched. U=V = 0.
MOV.L R3, @2 ; Associ ative purge.

The above operation should be performed using a non-cacheable area.

Reading the Data of a Specific Entry: To read the data field of a specific entry is enabled by the
memory-mapped cache access. The longword indicated in the data field of the dataarray in figure
4.4 isread into theregister. In the example shown below, RO specifies the address and R1 shows
what is read (32-kbyte mode).

; RO=H F100 004C; data array access, entry=B 00000100
; Wy = 0, longword address = 3

MOV.L @R0,RL ; Longword 3 is read.

4.5 Usage Note

Do note execute the PREF instruction for the area that cannot be accessed using the cache (P2 and
P4 areas).
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Section 5 Exception Handling

Exception handling is separate from normal program processing, and is performed by aroutine
separate from the normal program. For example, if an attempt is made to execute an undefined
instruction code or an instruction protected by the CPU processing mode, a control function may
be required to return to the source program by executing the appropriate operation or to report an
abnormality and carry out end processing. In addition, a function to control processing requested
by LSl on-chip modules or an LS| external modul e to the CPU may also be required.

Transferring control to a user-defined exception processing routine and executing the process to
support the above functions are called exception handling. This LS| has two types of exceptions:
general exceptions and interrupts. The user can execute the required processing by assigning
exception handling routines corresponding to the required exception processing and then return to
the source program.

A reset input can terminate the normal program execution and pass control to thereset vector after
register initialization. Thisreset operation can also be regarded as an exception handling. This
section describes an overview of the exception handling operation. Here, generd exceptions and
interrupts arereferred to as exception handling. For interrupts, this section describes only the
process executed for interrupt requests. For details on how to generate an interrupt request, refer to
section 6, Interrupt Controller (INTC).

51 Register Descriptions

Thereare five registers for exception handling. A register with an undefined initial value should be
initialized by the software. Refer to section 24, List of Registers, for the addresses and access sizes
of theseregisters.

*  TRAPA exception register (TRA)

» Exception event register (EXPEVT)
* Interrupt event register (INTEVT)

* Interrupt event register 2 (INTEVT2)
» Exception addressregister (TEA)
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Figure 5.1 shows the hit configuration of each register.

31 109 210

| 0 | TRA | 0 | TRA

31 12 11 0

| 0 | EXPEVT | EXPEVT
31 12 11 0

| 0 | INTEVT | INTEVT
31 12 11 0

| 0 | INTEVT2 INTEVT2
31 0

| TEA | TEA

Figure5.1 Register Bit Configuration

511 TRAPA Exception Register (TRA)

TRA isassigned to address H'FFFFFFDO and congsts of the 8-bit immediate data (imm) of the
TRAPA instruction. TRA isautomatically specified by the hardware when the TRAPA instruction
is executed. Only bits 9 to 2 of the TRA can be re-written using the software.

Bit Bit Name Initial Value R/W Description
31to10 O O R Reserved

These bits are always read as 0. The write value
should always be 0.

9to 2 TRA a R/W 8-bit Immediate Data

1,0 a 0 R Reserved

These bits are always read as 0. The write value
should always be 0.
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5.1.2 Exception Event Register (EXPEVT)

EXPEVT isassigned to address H'FFFFFFD4 and consists of a 12-bit exception code. Exception
codes to be specified in EXPEVT arethose for resets and general exceptions. These exception
codes are automati cally specified the hardware when an exception occurs. Only bits 11 to O of
EXPEVT can bere-written using the software.

Bit Bit Name Initial Value R/W Description

31to12 O 0 R Reserved

These bits are always read as 0. The write value
should always be 0.

11to 0 EXPEVT * R/W 12-bit Exception Code

Note: * Initialized to H'000 at power-on reset and H'020 at manual reset.

5.1.3 Interrupt Event Register (INTEVT)

INTEVT isassigned to address H'FFFFFFD8 and consists of a 12-hit exception code. Exception
codes to be specified in INTEVT arethose for interrupt requests. These exception codes are
automatically specified by the hardware when an exception occurs. Only bits 11to O of INTEVT
can be re-written using the software.

Bit Bit Name Initial Value R/W Description

31to12 O 0 R Reserved

These bits are always read as 0. The write value
should always be 0.

11to 0 INTEVT ad R/W 12-bit Exception Code
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5.1.4 Interrupt Event Register 2 (INTEVT2)

INTEVT2 isassigned to address H'A4000000 and consists of a 12-bit exception code. Exception
codes to be specified in INTEVT2 are those for interrupt requests. These exception codes are
automatically specified by the hardware when an exception occurs. INTEVT2 cannot be modified
using the software.

Bit Bit Name Initial Value R/W Description

31to12 O 0 R Reserved

These bits are always read as 0. The write value
should always be 0.

11to 0 INTEVT2 d R 12-bit Exception Code

5.15 Exception Address Register (TEA)

TEA isassigned to address H'FFFFFFFC and stores the logical address for an exception
occurrence when an exception related to memory accesses occurs. TEA can be modified using the
software.

Bit Bit Name Initial Value R/W Description

31to0 TEA d R/W Logical address for exception occurrence
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5.2 Exception Handling Function

521 Exception Handling Flow

In exception handling, the contents of the program counter (PC) and status register (SR) are saved
in the saved program counter (SPC) and saved status register (SSR), respectively, and execution of
the exception handler isinvoked from avector address. The return from exception handler (RTE)
instruction isissued by the exception handler routine on completion of the routine, restoring the
contents of PC and SR to return to the processor state at the point of interruption and the address
where the exception occurred.

A basic exception handling sequence consists of the following operations. If an exception occurs
and the CPU accepts it, operations 1 to 8 are executed.

The address of the ingtruction to be returned to after exception handling is saved to SPC.
The contents of SR is saved in SSR.

Theblock (BL) bit in SRisset to 1, masking any subsequent exceptions.

The mode (MD) bit in SR isset to 1 to place the privileged mode.

Theregister bank (RB) bit in SRisset to 1.

An exception code identifying the exception event iswritten to bits 11 to 0 of the exception

event (EXPEVT) or interrupt event (INTEVT or INTEVT?2) register.

7. 1f aTRAPA indruction is executed, an 8-bit immediate data specified by the TRAPA
instruction is set to TRA. For an exception related to memory accesses, the logic address
where the exception occurred iswritten to TEA.**

8. Ingtruction execution jumpsto the designated exception vector address to invoke the handler

routine

o gk~ wDdhpRE

The above operations from 1 to 8 are executed in sequence. During these operations, no other
exceptions may be accepted unless multiple exception acceptance is enabled.

In an exception handling routine for a genera exception, the appropriate exception handling must
be executed based on an exception source determined by the EXPEVP. In an interrupt exception
handling routine, the appropriate exception handling must be executed based on an exception
source determined by the INTEVT or INTEVT2. After the exception handling routine has been
completed, program execution can be resumed by executing an RTE ingtruction. The RTE
instruction causes the following operations to be executed.

1. The contents of the SSR are restored into the SR to return to the processing state in effect
before the exception handling took place.

2. A delay dot instruction of the RTE instruction is executed.*?
3. Contral is passed to the address stored in the SPC.
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The above operations from 1 to 3 are executed in sequence. During these operations, no other
exceptions may be accepted. By changing the SPT and SSR before executing the RTE instruction,
a status different from that in effect before the exception handling can also be specified.

Notes. 1. The MMU regisersare also modified if an MMU exception occurs.

2. For details on the CPU processing mode in which RTE delay dot ingructions are
executed, pleaserefer to section 5.4, Usage Notes.

522 Exception Vector Addresses

A vector address for general exceptionsis determined by adding a vector offset to a vector base
address. The vector offset for general exceptions other than the TLB error exception is
H'00000100. The vector offset for interrupts is H'00000600. The vector base addressis |oaded into
the vector baseregister (VBR) using the software. The vector base address should reside in the P1
or P2 fixed physical address space.

523 Exception Codes

The exception codes are written to bits 11 to 0 of the EXPEVT register (for reset or genera
exceptions) or the INTEVT2 register (for interrupt requests) to identify each specific exception
event. See section 6, Interrupt Controller (INTC), for details of the exception codes for interrupt
requests. Table 5.1 lists exception codes for resets and general exceptions.

5.24 Exception Request and BL Bit (M ultiple Exception Prevention)

TheBL bit in SRis set to 1 when areset or exception is accepted. Whilethe BL bitissetto 1,
acceptance of general exceptionsisrestricted as described bel ow, making it possible to effectively
prevent multiple exceptions from being accepted.

If the BL bit isset to 1, an interrupt request isnot accepted and is retained. The interrupt request is
accepted when the BL bit iscleared to 0. If the CPU isin low power consumption mode, an
interrupt is accepted even if the BL bit is set to 1 and the CPU returns from the low power
consumption mode.

A DMA error isnot accepted and isretained if the BL bit isset to 1 and accepted when the BL bit
iscleared to 0. User break requests generated whilethe BL bit is set are ignored and are not
retained. Accordingly, user breaks are not accepted even if the BL hit iscleared to O.

If a general exception other than a DMA address error or user break occurs while the BL bit isset
to 1, the CPU enters a state similar to that in effect immediately after areset, and passes control to
the reset vector (H'A0000000) (multiple exception). In this case, unlike anormal reset, modules
other than the CPU are not initialized, the contents of EXPEVT, SPC, and SSR are undefined, and
this satusis not detected by an external device.
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To enable acceptance of multiple exceptions, the contents of SPC and SSR must be saved while
the BL bit is set to 1 after an exception has been accepted, and then the BL bit must be cleared to
0. Beforerestoring the SPC and SSR, the BL bit must be set to 1.

525 Exception Sour ce Acceptance Timing and Priority

Exception Request of Instruction Synchronous Type and | nstruction Asynchronous Type:
Resets and interrupts are requested asynchronously regardless of the program flow. In general
exceptions, a DMA address error and a user break under the specific condition are also requested
asynchronously. The user cannot expect on which instruction an exception isreguested. For
general exceptions other than a DMA address error and a user break under a specific condition,
each general exception corresponds to a specific instruction.

Re-Execution Type and Processing-Completion Type Exceptions: All exceptions are classified
into two types. are-execution type and a processing-completion type. If are-execution type
exception is accepted, the current instruction executed when the exception is accepted is
terminated and the instruction address is saved to the SPC. After returning from the exception
processing, program execution resumes from the instruction where the exception was accepted. In
a processing-compl etion type exception, the current instruction executed when the exception is
accepted is completed, the next ingruction address is saved to the SPC, and then the exception
processing is executed.

During adeayed branch instruction and delay dot, the following operations are executed. A re-
execution type exception detected in a delay slot is accepted before executing the delayed branch
instruction. A processing-completion type exception detected in a delayed branch instruction or a
delay dlot is accepted when the delayed branch instruction has been executed. In this case, the
acceptance of delayed branch instruction or a delay slot precedes the execution of the branch
destination ingtruction. In the above description, adeay slot indicates an instruction following an
unconditiona delayed branch ingtruction or an instruction following a conditional delayed branch
instruction whose branch condition is satisfied. If a branch does not occur in a conditional delayed
branch, thenormal processing is executed.

Acceptance Priority and Test Priority: Acceptance priorities are determined for all exception
requests. The priority of resets, generd exceptions, and interrupts are determined in this order: a
reset isaways accepted regardless of the CPU status. Interrupts are accepted only when resets or
general exceptions are not requested.

If multiple general exceptions occur smultaneously in the sameinstruction, the priority is
determined as follows.

1. A processing-completion type exception generated at the previous instruction*

2. A user break before instruction execution (re-execution type)

3. An exception related to an ingruction fetch (CPU address error and MMU related exceptions:
re-execution type)
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4. An exception caused by an ingtruction decode (General illegal instruction exceptions and slot
illegal instruction exceptions: re-execution type, unconditional trap: processing-compl etion
type)

5. An exception related to data access (CPU address error and MMU related exceptions: re-
execution type)

6. Unconditiona trap (processing-compl etion type)

7. A user break other than one before instruction execution (processing-compl etion type)

8. DMA address error (processing-completion type)

Note* If a processing-completion type exception is accepted at an ingtruction, exception
processing starts before the next ingtruction is executed. This exception processing
executed before an exception generated at the next instruction is detected.

Only one exception is accepted at atime. Accepting multiple exceptions sequentialy resultsin dl
exception requests being processed.

Table5.1 Exception Event Vectors

Exception Current Exception Process Vector Vector
Type Instruction Exception Event Priori'[y*l Order at BL=1 Code Offset
Reset Aborted Power-on reset 1 1 Reset H'A00 —
Manual reset 1 2 Reset H'020 —
General  Re-executed User break(before instruction 2 0 Ignored H1EO H'00000100
exception execution)
events - : \ \
CPU address error (instruction 2 1 Reset H'OEO  H'00000100
access)
TLB miss ** 2 1-1 Reset H'040  H'00000400
(instruction access)
TLB invalid ** (instruction 2 1-2 Reset H'040  H'00000100
access)
TLB protection violation *4 2 1-3 Reset H'0AO  H'00000100
(instruction access)
lllegal general instruction 2 2 Reset H'180 H'00000100
exception
lllegal slot 2 2 Reset H'1A0 H'00000100
instruction exception
CPU address error 2 3 Reset H'OEO/ H'00000100
(data access) H'100
TLB miss ** 2 3-1 Reset H'040/ H'00000400
(data access) H'060
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Exception Current Exception Process Vector Vector
Type Instruction Exception Event Priori'[y*l Order at BL=1 Code Offset
General  Re-executed TLB invalid ** (data access) 2 3-2 Reset H'040/ H'00000100
exception H'060
events TLB protection violation ** 2 3-3 Reset H'0AO/ H'00000100
(data access) H'0CO
Initial page write *4 2 3-4 Reset H'080  H'00000100
(data access)
Completed  Unconditional trap (TRAPA 2 4 Reset H'160 H'00000100
instruction)
User breakpoint (After 2 5 Ignored H'1IEO0  H'00000100
instruction execution, address)
General Completed User breakpoint 2 5 Ignored H'1IEO0  H'00000100
interrupt (Data break, 1-BUS break)
requests DMA address error 2 6 Retained H'5CO  H'00000100
Interrupt  Completed Interrupt requests 3 —*2 Retained —** H'00000600
requests
Notes: 1. Priorities are indicated from high to low, 1 being the highest and 3 the lowest.

A reset has the highest priority. An interrupt is accepted only when general exceptions

are not requested.

For details on priorities in multiple interrupt sources, refer to section 6, Interrupt

Controller (INTC).

If an interrupt is accepted, the exception event register (EXPEVT) is not changed. The
interrupt source code is specified in interrupt source register 2 (EXPEVT2). For details,

refer to section 6, Interrupt Controller (INTC).

These exception codes are valid when the MMU is used.
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5.3 Individual Exception Operations

This section describes the conditions for specific exception handling and the processor operations
for resets and generd exceptions. For interrupts, refer to section 6, Interrupt Controller (INTC).

531 Resets
Power-On Reset:

« Conditions
Power-on reset isrequest

e Operations
Set EXPEVT to H'000, initialize the CPU and on-chip peripheral modules, and branch to the
reset vector H'A0000000. For details, refer to the register descriptions in the relevant sections.

M anual Reset:

+ Conditions
Manual reset isrequest

e Operations
Set EXPEVT to H'020, initialize the CPU and on-chip peripheral modules, and branch to the
reset vector H'A0000000. For details, refer to the register descriptions in the relevant sections.

532 General Exceptions
CPU AddressError:

+ Conditions
O Ingruction isfetched from odd address (4n + 1, 4n + 3)
0 Word datais accessed from addresses other than word boundaries (4n + 1, 4n + 3)

O Longword is accessed from addresses other than longword boundaries (4n + 1, 4n + 2,
an + 3)

0 Thearearanging from H'80000000 to H'FFFFFFFF in logical spaceisaccessed in user
mode

* Types
Ingtruction synchronous, re-execution type
+ Saveaddress
Ingruction fetch: An instruction address to be fetched when an exception occurred

Data access: An instruction address where an exception occurs (a delayed branch instruction
address if an indruction isassigned to adelay dot)
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» Exception code
An exception occurred during read: H'OEO
An exception occurred during write: H'1EQ
*  Remarks
Thelogical address (32 bits) that caused the exception isset in TEA.

Illegal General Instruction Exception:

+ Conditions
0 When undefined code not in adelay dot is decoded
Delayed branch ingructions; IMP, JSR, BRA, BRAF, BSR, BSRF, RTS, RTE, BT/S, BF/S

Note. For details on undefined code, refer to section 2.6.2, Operation Code Map. When an
undefined code other than H'FO00 to H'FFFF is decoded, operation cannot be guaranteed.

0 When aprivileged ingruction not in adelay slot is decoded in user mode

Privileged instructions: LDC, STC, RTE, LDTLB, SLEEP, instructionsthat access GBR
with LDC/STC arenot privileged instructions.

* Types
Ingtruction synchronous, re-execution type
+ Saveaddress
An instruction address where an exception occurs
» Exception code
H'180
*  Remarks
None

Illegal Sot Instruction:

« Conditions
0 When undefined codein adelay dot is decoded
Delayed branch ingructions; IMP, JSR, BRA, BRAF, BSR, BSRF, RTS, RTE, BT/S, BF/S
0 When aprivileged ingruction in adelay slot is decoded in user mode

Privileged instructions: LDC, STC, RTE, LDTLB, SLEEP, instructions that access GBR
with LDC/STC arenot privileged instructions.

0 When an instruction that rewrites PC in a delay dot is decoded

Ingtructions that rewrite PC: IMP, JSR, BRA, BRAF, BSR, BSRF, RTS, RTE, BT, BF,
BT/S, BFH/S, TRAPA, LDC Rm, SR, LDC.L @Rm+, SR

* Types
Ingtruction synchronous, re-execution type
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Save address

A déelayed branch ingtruction address
Exception code

H'1A0

Remarks

None

Unconditional Trap:

Conditions

TRAPA instruction executed

Types

Ingtruction synchronous, processing-compl etion type
Save address

An address of an instruction following TRAPA
Exception code

H'160

Remarks

The exception is a processing-compl etion type, so PC of the instruction after the TRAPA
instruction is saved to SPC. The 8-bit immediate value in the TRAPA ingtruction is quadrupled
and set in TRA[9:2].

User Break Point Trap:

Conditions

When a break condition set in the user break controller is satisfied

Types

Break (L bus) before instruction execution: Instruction synchronous, re-execution type
Operand break (L bus): Instruction synchronous, processing-completion type

Data break (L bus): Instruction asynchronous, processing-completion type

| bus break: Instruction asynchronous, processing-completion type

Save address

Re-execution type: An address of the instruction where a break occurs (a delayed branch
instruction address if an instruction is assigned to a delay dot)

Processing-compl etion type: An address of the ingruction following the instruction where a
break occurs (a delayed branch instruction address if an ingruction is assigned to adelay dot)

Exception code
H'1EO

Rev. 2.00, 09/03, page 120 of 690

RENESAS



* Remarks
For details on user break controller, refer to section 22, User Break Controller (UBC).

DMA AddressError:

« Conditions
0 Word data accessed from addresses other than word boundaries (4n + 1, 4n + 3)
0 Longword accessed from addresses other than longword boundaries (4n+ 1, 4n + 2, 4n +

3)
* Types
I ngtruction asynchronous, processing-completion type
+ Saveaddress

An address of the ingtruction following the instruction where a break occurs (adelayed branch
instruction destination address if an instruction is assigned to adelay dot)

» Exception code
H'5CO0

*  Remarks
An exception occurs when a DMA transfer is executed while an illegal instruction address
described above is specified in the DMAC. Since the DMA transfer is performed
asynchronously with the CPU ingtruction operation, an exception is aso requested
asynchronously with theinstruction execution. For details on DMAC, refer to section 8, Direct
Memory Access Controller (DMAC).

533 General Exceptions (MM U Exceptions)

When the address trandation unit of the memory management unit (MMU) isvalid, MMU
exceptions are checked after a CPU address error has been checked. Four types of MMU
exceptions are defined: TLP error exception, TLPinvalid exception, TLB protection exception,
and initial page write exception. These exceptions are checked in this order.

A vector offset for aTLB error exception is defined as H'00000400 to simplify exception source
determination. For details on MMU exception operations, refer to section 3, Memory Management
Unit (MMU).

TLB Miss Exception:

« Conditions

Comparison of TLB addresses shows no address match.
* Types

Ingtruction synchronous, re-execution type
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Save address
Ingtruction fetch: An instruction address to be fetched when an exception occurred

Data access: An instruction address where an exception occurs (a delayed branch instruction
address if an ingruction is assigned to adelay dot)

Exception code

An exception occurred during read: H'040
An exception occurred during write: H'060
Remarks

Thelogical address (32 bits) that caused the exception isset in TEA and the MMU registers
are updated. The vector address of the TLB miss exception is VBR + H'0400. To speed up
TLB miss processing, the offset differs from other exceptions.

TLB Invalid Exception:

Conditions

Comparison of TLB addresses shows address match but V = 0.

Types

Ingtruction synchronous, re-execution type

Save address

Ingtruction fetch: An instruction address to be fetched when an exception occurred

Data access: An instruction address where an exception occurs (a delayed branch instruction
address if an indruction isassigned to adelay dot)

Exception code

An exception occurred during read: H'040
An exception occurred during write: H'060
Remarks

Thelogical address (32 bits) that caused the exception isset in TEA and the MMU registers
are updated.

TLB Protection Exception:

Conditions

When a hit access violates the TLB protection information (PR bits)

Types

Ingtruction synchronous, re-execution type

Save address

Ingruction fetch: An instruction address to be fetched when an exception occurred

Data access: An instruction address where an exception occurs (a delayed branch instruction
address if an indruction isassigned to adelay dot)

Rev. 2.00, 09/03, page 122 of 690

RENESAS



Exception code

An exception occurred during read: H'0AO
An exception occurred during write: H'0CO
Remarks

Thelogical address (32 bits) that caused the exception isset in TEA and the MMU registers
are updated.

Initial Page Write Exception:

Conditions

A hit occurred to the TLB for a store access, but D = 0.

Types

Ingtruction synchronous, re-execution type

Save address

Ingtruction fetch: An instruction address to be fetched when an exception occurred

Data access: An instruction address where an exception occurs (a delayed branch instruction
address if an ingruction isassigned to adelay dot)

Exception code
H'080
Remarks

Thelogical address (32 bits) that caused the exception isset in TEA and the MMU registers
are updated.
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5.4 Usage Notes

1. Aninstruction assigned at adelay slot of the RTE ingtruction is executed after the contents of
the SSR isrestored into the SR. An acceptance of an exception related to ingtruction accessis
determined according to the SR before restore. An acceptance of other exceptionsis
determined by the SR after restore, processing mode, and BL bit value. A processing-
completion type exception is accepted before an ingruction at the RTE branch destination
address is executed. However, note that the correct operation cannot be guaranteed if are-
execution type exception occurs.

2. Inaninstruction assigned a a delay dot of the RTE instruction, a user break cannot be
accepted.

3. If theMD and BL bhits of the SR register are changed by the LDC instruction, an exception is
accepted according to the changed SR value from the next instruction.* A processing-
completion type exception is accepted before the next instruction is executed. An interrupt

and DMA address error in re-execution type exceptions are accepted before the next
instruction is executed.

Note* If an LDC instruction is executed for the SR, the following instructions are re-fetched and
an instruction fetch exception is accepted according to the modified SR value.
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Section 6 Interrupt Controller (INTC)

Theinterrupt controller (INTC) ascertains the priority of interrupt sources and controls interrupt
requests to the CPU. The INTC registers set the order of priority of each interrupt, allowing the
user to process interrupt requests according to the user-set priority.

6.1 Features

» 16 levelsof interrupt priority can be set
By setting the interrupt priority registers, the priorities of on-chip peripheral modules, and IRQ
interrupts can be selected from 16 levels for individual request sources.

* NMI noise canceller function

An NMI input-leve bit indicates the NMI pin state. By reading this bit in the interrupt
exception service routing, the pin state can be checked, enabling it to be used asanoise
canceller.

* |IRQ interrupts can be set
Detection of low level, high leve, rising edge, or falling edge
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Figure 6.1 shows a block diagram of the INTC.

NMI ——=] i
IRQ5-IRQO | Input/output ;
16 control - '
PINT15-PINTO —T» H
; E Interrupt
DMAC I(Interrupt request) - Com- request
SCIF — - parator|
ADC — - Priority ! SR
usB : »| identifier E m
TMU —; Lo ,
TPU — - ' CPU
WDT — > !
uDI — - '
REF — > :
RTC " - !
1 ICR 1
| L_IrRrR | LR |
5 PINTER
1 1 >
' H o
H < Bus T §
, interface : 5
L T : S
Legend: INTC
DMAC : Direct memory access controller WDT  : Watchdog timer

SCIF  : Serial communication interface (with FIFO) UDI

ADC  :A/D converter

USB  : USB interface

TMU  : Timer pulse unit

TPU : 16-bit timer pulse unit

RTC
REF
ICR
IPR
IRR
PINTER:
SR

: User debugging interface

: Realtime clock

: Refresh request in bus state controller
. Interrupt control register

: Interrupt priority level setting register

: Interrupt request register

PINT interrupt enable register

: Status register

Figure6.1 Block Diagram of INTC
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6.2

Input/Output Pins

Table 6.1 shows the INTC pin configuration.

Table6.1 Pin Configuration

Name Abbreviation 1/O Description
Nonmaskable interrupt input pin NMI Input  Input of interrupt request signal, not
maskable by the interrupt mask bits
in SR
Interrupt input pins IRQ5to IRQO, Input Input of interrupt request signals
IRL3 to IRLO
Port interrupt input pins PINT15 to Input  Input of port interrupt signals
PINTO

Note: IRL3 to IRLO are multiplexed with IRQ3 to IRQO; they cannot be used together with IRQ3 to

6.3

IRQO at the same time.

Register Descriptions

The INTC hasthe following registers. For details on register addresses and register states during
each processing, refer to section 24, List of Registers.

Interrupt control register 0 (ICRO)

Interrupt control register 1 (ICR1)

Interrupt control register 2 (ICR2)

PINT interrupt enableregister (PINTER)
Interrupt priority level setting register A (IPRA)
Interrupt priority level setting register B (IPRB)
Interrupt priority level setting register C (IPRC)
Interrupt priority level setting register D (IPRD)
Interrupt priority level setting register E (IPRE)
Interrupt priority level setting register F (IPRF)
Interrupt priority level setting register G (IPRG)
Interrupt priority level setting register H (IPRH)
Interrupt request register 0 (IRR0O)

Interrupt request register 1 (IRR1)

Interrupt request register 2 (IRR2)

RENESAS
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6.31 Interrupt Priority Level Setting Registers A toH (IPRA to IPRH)

IPRA to IPRH are 16-hit readable/writable registersin which priority levels from 0 to 15 are set
for on-chip peripheral module, and IRQ and PINT interrupts.

Bit Bit Name Initial Value  R/W Description
15t0 0 IPR15to 0 R/W These bits set the priority level for each interrupt
IPRO source in 4-bit units. For details, see table 6.2.

Table6.2 Interrupt Sourcesand IPRA toIPRH

Register Bits 15to 12 Bits 11to 8 Bits 7to 4 Bits 3to 0
IPRA TMUO T™U1 T™U2 RTC
IPRB WDT REF Reserved® Reserved®
IPRC IRQ3 IRQ2 IRQ1 IRQO
IPRD PINTOto PINT7  PINT8to PINT15 IRQ5 IRQ4
IPRE DMAC SCIF0 SCIF2 ADC
IPRF Reserved® Reserved® USB Reserved®
IPRG TPUO TPU1 Reserved® Reserved®
IPRH TPU2 TPU3 Reserved® Reserved®

Note: * Always read as 0. The write value should always be 0.

As shown in table 6.2, on-chip peripheral module, or IRQ or PINT interrupts are assigned to four
4-hit groupsin each register. These 4-bit groups (bits 15to 12, bits 11 to 8, bits 7 to 4, and bits 3
to 0) are set with values from H'0 (0000) to H'F (1111). Setting H'0 means priority level 0
(masking isrequested); H'F means priority level 15 (the highest level).
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6.3.2 Interrupt Control Register 0 (ICRO0)

ICRO isaregigter that setsthe input signal detection mode of external interrupt input pin NMI, and
indicates theinput signd level at the NMI pin.

Bit Bit Name Initial Value R/W Description
15 NMIL 0/1* R NMI Input Level

Sets the level of the signal input at the NMI pin.
This bit can be read from to determine the NMI
pin level. This bit cannot be modified.

0: NMI input level is low
1: NMl input level is high

14t09 O 0 R Reserved

These bits are always read as 0. The write value
should always be 0.

8 NMIE 0 R/W NMI Edge Select

Selects whether the falling or rising edge of the
interrupt request signal at the NMI pin is
detected.

0: Interrupt request is detected on falling edge of
NMI input

1: Interrupt request is detected on rising edge of
NMI input

7to0 a 0 R Reserved

These bits are always read as 0. The write value
should always be 0.

Note: * When NMI input is high, 0 when NMI input is low.
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6.3.3 Interrupt Control Register 1 (ICR1)

ICR1 isa 16-hit register that specifies the detection mode for external interrupt input pins IRQO to
IRQ5 individually: rising edge, falling edge, high level, or low level.

Bit Bit Name Initial Value

R/W

Description

15 MAI 0

R/W

Mask All Interrupts

When set to 1, masks all interrupt requests when
a low level is being input to the NMI pin. Masks
NMI interrupts in standby mode.

0: All interrupt requests are not masked when a
low level is being input to the NMI pin

1: All interrupt requests are masked when a low
level is being input to the NMI pin

14 IRQLVL 1

R/W

Interrupt Request Level Detect

Selects whether the IRQ3 to IRQO pins are
enabled or disabled to be used as four
independent interrupt pins. This bit does not
affect the IRQ4 and IRQ5 pins.

0: Used as four independent interrupt request
pins IRQ3 to IRQO

1: Used as encoded 15-level interrupt pins as
IRL3 to IRLO

13 BLMSK 0

R/W

BL Bit Mask

Specifies whether NMI interrupts are masked
when the BL bit of the SR register is 1.

0: NMI interrupts are masked when the BL bit is 1

1: NMl interrupts are accepted regardless of the
BL bit setting

12 ad 0

Reserved

This bit is always read as 0. The write value
should always be 0.
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Bit Bit Name Initial Value R/W Description

11to 0 IRQ51Sto 0 R/W IRQnN Sense Select
IRQO0S

Select whether the interrupt signals to the IRQ5
to IRQO pins are detected at the falling edge, at
the rising edge, at low level, or at high level.

Bit 2n+1 Bit 2n
IRQN1S IRQNOS

0 0 An interrupt request is
detected at IRQn input
falling edge

0 1 An interrupt request is
detected at IRQn input
rising edge

1 0 An interrupt request is
detected at IRQn input
low level

1 1 An interrupt request is
detected at IRQn input
high level

[Legend]n=0to 5

Rev. 2.00, 09/03, page 131 of 690
RENESAS



6.3.4 Interrupt Control Register 2 (ICR2)

ICR2 isa 16-hit register that specifies the detection mode for external interrupt input pins PINT15
to PINTO.

Bit Bit Name Initial Value R/W Description
15t0 0 PINT15Sto O R/W PINT15 to PINTO Sense Select
PINTOS

Select whether interrupt request signals to
PINT15 to PINTO are detected at low levels or
high levels.

PINTnS

0: Interrupt requests are detected at low level
input to the PINT pins

1: Interrupt requests are detected at high level
input to the PINT pins

[Legend]n=0to 15

6.3.5 PINT Interrupt Enable Register (PINTER)

PINTER isa 16-bit register that enables interrupt requests input to external interrupt input pins
PINTO to PINT15.

When all or some of these pins, PINTO to PINT15 arenot used as an interrupt input, a bit
corresponding to a pin unused as an interrupt request should be cleared to 0.

Bit Bit Name Initial Value R/W Description
15to 0 PINT15Eto O R/W PINT15 to PINTO Interrupt Enable
PINTOE

Select whether the interrupt requests input to the
PINT15 to PINTO pins is enabled.

PINTnE

0: Disables PINT input interrupt requests
1: Enables PINT input interrupt requests
[Legend]n=0to 15
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6.3.6 Interrupt Request Register 0 (IRRO)

IRRO is an 8-hit register that indicates interrupt requests from external input pins IRQO to IRQ5

and PINTO to PINT15.

Bit Bit Name

Initial Value

R/W

Description

7 PINTOR

0

R

PINTO to PINT7 Interrupt Request

Indicates whether interrupt requests are input to
PINTO to PINT7 pins.

0: Interrupt requests are not input to PINTO to
PINT7 pins

1: Interrupt requests are input to PINTO to PINT7
pins

6 PINT1R

PINT8 to PINT15 Interrupt Request

Indicates whether interrupt requests are input to
PINT8 to PINT15 pins.

0: Interrupt requests are not input to PINT8 to
PINT15 pins

1: Interrupt requests are input to PINTS8 to
PINT15 pins

5t00 IRQ5R to
IRQOR

R/W

IRQn Interrupt Request

Indicates whether there is interrupt request input
to the IRQn pin. When edge-detection mode is
set for IRQn, an interrupt request is cleared by
writing O to the IRQNR bit after reading IRQNR =
1.

When level-detection mode is set for IRQn, these
bits indicate whether an interrupt request is input.
The interrupt request is set/cleared by only 1/0
input to the IRQnN pin.

IRQNR

0: No interrupt request input to IRQn pin
1: Interrupt request input to IRQnN pin
[Legend]n=0to 5
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6.3.7 Interrupt Request Register 1 (IRR1)

IRRL1 is an 8-bit register that indicates whether DMAC or SCIFO interrupt requests are generated.

Bit
Bit Name

Description

7 TXIOR

TXIO Interrupt Request

Indicates whether a TXIO (SCIFO) interrupt request is generated.
0: A TXIO interrupt request is not generated

1: A TXIO interrupt request is generated

Reserved
This bit is always read as O.

5 RXIOR

RXIO Interrupt Request

Indicates whether an RXI0 (SCIFO0) interrupt request is
generated.

0: An RXIO interrupt request is not generated
1: An RXIO interrupt request is generated

4 ERIOR

ERIO Interrupt Request

Indicates whether an ERIO (SCIFO0) interrupt request is
generated.

0: An ERIO interrupt request is not generated
1: An ERIO interrupt request is generated

3 DEI3R

DEI3 Interrupt Request

Indicates whether a DEI3 (DMAC) interrupt request is generated.
0: A DEI3 interrupt request is not generated

1: A DEI3 interrupt request is generated

2 DEI2R

DEI2 Interrupt Request

Indicates whether a DEI2 (DMAC) interrupt request is generated.
0: A DEI2 interrupt request is not generated

1: A DEI2 interrupt request is generated

1 DEI1R

DEI1 Interrupt Request

Indicates whether a DEI1 (DMAC) interrupt request is generated.
0: A DEI1 interrupt request is not generated

1: A DEI1 interrupt request is generated
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Bit Initial
Bit Name Value R/W Description
0 DEIOR O R DEIO Interrupt Request
Indicates whether a DEIO (DMAC) interrupt request is generated.

0: A DEIO interrupt request is not generated
1: A DEIO interrupt request is generated

6.3.8 Interrupt Request Register 2 (IRR2)

IRR2 is an 8-hit register that indicates whether SCIF2 or ADC interrupt requests are generated.

Bit Initial
Bit Name Value R/W Description
7to5 O 0 R Reserved
These bits are always read as 0.
4 ADIR 0 R ADI Interrupt Request

Indicates whether an ADI (ADC) interrupt request is generated.
0: An ADI interrupt request is not generated
1: An ADI interrupt request is generated
3 TXI2R 0 R TXI2 Interrupt Request
Indicates whether a TXI2 (SCIF2) interrupt request is generated.

0: A TXI2 interrupt request is not generated
1: A TXI2 interrupt request is generated

2 O 0 R Reserved
This bit is always read as O.

1 RXI2ZR O R RXI2 Interrupt Request
Indicates whether an RXI2 (SCIF2) interrupt request is
generated.

0: An RXI2 interrupt request is not generated
1: An RXI2 interrupt request is generated
0 ERI2ZR O R ERI2 Interrupt Request

Indicates whether an ERI2 (SCIF2) interrupt request is
generated.

0: An ERI2 interrupt request is not generated
1: An ERI2 interrupt request is generated
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6.4 Interrupt Sources

There are five types of interrupt sources: NMI, IRQ, IRL, PINT, and on-chip peripheral modules.
Each interrupt has a priority level (0 to 16), with 1 the lowest and 16 the highest. Priority level O
masks an interrupt, so the interrupt request isignored.

6.4.1 NMI Interrupt

The NMI interrupt has the highest priority level of 16. When the BLMSK bhit in the interrupt
control register 1 (ICR1) is1 or the BL hit in the statusregister (SR) isO, NMI interrupt is
accepted. NMI interrupt is edge-detected. In sleep or standby mode, the interrupt is accepted
regardless of the BL setting. The NMI edge select bit (NMIE) in the interrupt control register O
(ICRO) isused to select either rising or falling edge detection.

When using edge-input detection for NMI interrupt, a pulse width of at least two P cycles
(peripheral clock) isnecessary. NMI interrupt exception handling does not affect the interrupt
mask level bits (1310 10) in the statusregister (SR). When the MALI bitin ICR1is 1, NMI interrupt
isnot accepted.

It is possible to wake the chip up from sleep mode or standby mode with an NMI interrupt.

6.4.2 IRQ Interrupts

IRQ interrupts are input by level or edge from pins IRQO to IRQ5. The priority level can be set by
interrupt priority registers C and D (IPRC and IPRD) in arange from 0 to 15.

When using edge-sensing for IRQ interrupts, clear the interrupt source by having softwareread 1
from the corresponding bit in IRRO, then write O to the bit.

When ICRL1 isrewritten, IRQ interrupts may be mistakenly detected, depending on the IRQ pin
states. To prevent this, rewrite the register while interrupts are masked, then rel ease the mask after
clearing theillegal interrupt by writing O to interrupt request register 0 (IRRO).

Edge input interrupt detection requires input of a pulse width of more than two cycles on a P clock
basis.

When using level-sensing for IRQ interrupts, the pin levels must be retained until the CPU
samplesthe pins. Therefore, the interrupt source must be cleared by the interrupt handler.

Theinterrupt mask bits (I3 to 10) in the statusregister (SR) are not affected by IRQ interrupt
handling. IRQ interrupts can wake the chip up from the sandby state when therelevant interrupt
leve ishigher than 13to 10 in SR (but only when the RTC is used, the clock for the RTC isused to
wake the chip up from the sandby state).
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6.4.3 IRL Interrupts

IRL interrupts areinput by level at pins IRL3 to IRLO. The priority level isthe higher of those
indicated by pinsIRL3 to IRLO. An IRL3 to IRLO value of 0 (0000) indicates the highest-level
interrupt request (interrupt priority level 15). A value of 15 (1111) indicates no interrupt regquest
(interrupt priority level 0). Figure 6.2 shows an examples of an IRL interrupt connection. Table
6.3 shows IRL pin and interrupt levels.

A noise-cancdllation feature is built in, and the IRL interrupt is not detected unless the levels
sampled at every peripheral clock remain unchanged for two consecutive cycles, so that no
transient level on the IRL pin change is detected. In standby mode, as the peripheral clock is
stopped, noise cancellation is performed using the clock for the RTC instead. Therefore when the
RTC isnot used, recovery from standby mode by means of IRL interrupts cannot be performed in
standby mode.

The priority level of the IRL interrupt must not be lowered unlessthe interrupt is accepted and the
interrupt processing starts. However, the priority level can be changed to ahigher one.

The interrupt mask bits (13 to 10) in the status register (SR) are not affected by IRL interrupt
processing.

This LSI
B — e
o 4
B
Interrupt  ———————m=|  Priority / »| RL3 to IRLO
request ——————pmm]| encoder __
) TRL3 to IRLO

Figure6.2 Exampleof IRL Interrupt Connection
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Table6.3 IRL3toIRLO Pinsand Interrupt Levels

IRL3 IRL2 IRL1 IRLO Interrupt Priority Level Interrupt Request

0 0 0 0 15 Level 15 interrupt request
0 0 0 1 14 Level 14 interrupt request
0 0 1 0 13 Level 13 interrupt request
0 0 1 1 12 Level 12 interrupt request
0 1 0 0 11 Level 11 interrupt request
0 1 0 1 10 Level 10 interrupt request
0 1 1 0 9 Level 9 interrupt request
0 1 1 1 8 Level 8 interrupt request
1 0 0 0 7 Level 7 interrupt request
1 0 0 1 6 Level 6 interrupt request
1 0 1 0 5 Level 5 interrupt request
1 0 1 1 4 Level 4 interrupt request
1 1 0 0 3 Level 3 interrupt request
1 1 0 1 2 Level 2 interrupt request
1 1 1 0 1 Level 1 interrupt request
1 1 1 1 0 No interrupt request

6.4.4 PINT Interrupt

PINT interrupts areinput from pins PINTO to PINT15 with alevel. The priority level can be set by
the interrupt priority level setting register D (IPRD) in arange from levels 0 to 15, in the unit of
PINTOto PINT7 or PINT8 to PINT15. The PINT interrupt level should be held until the interrupt
is accepted and interrupt handling is started.

Theinterrupt mask bits (13 to 10) in the statusregister (SR) arenot affected by PINT interrupt
processing. PINT interrupts can wake the chip up from the standby state when the relevant
interrupt level ishigher than 13 to 10 in SR (but only when the RTC is used, the clock for the RTC
is used to wake the chip up from the standby state).

6.4.5 On-Chip Peripheral Module Interrupts
On-chip peripheral moduleinterrupts are generated by the following 10 modules:

» Direct memory access controller (DMAC)
e Serial communication interfaces (SCIFO and SCIF2)
» A/D converter (ADC)
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» USB interface (USB)

e Timer unit (TMU)

e 16-hit timer pulse unit (TPU)

» Watchdog timer (WDT)

» Busstate contraller (BSC)

» User-debugging interface (UDI)
» Redtimeclock (RTC)

Not every interrupt source is assigned a different interrupt vector. Sources are reflected in the
interrupt event registers (INTEVT and INTEVT2). It iseasy to identify sources by using the value
of INTEVT or INTEVT2 asa branch offset.

A priority level (from 0 to 15) can be set for each module except UDI by writing to the interrupt
priority level setting registers A to H (IPRA to IPRH). The priority level of the UDI interrupt is 15
(fixed).

Theinterrupt mask bits (13 to 10) in the statusregister are not affected by on-chip periphera
module interrupt handling.

6.4.6 Interrupt Exception Handling and Priority

There are five types of interrupt sources: NMI, IRQ, IRL, PINT, and on-chip peripheral modules.
The priority of each interrupt source is set within priority levels 0 to 16; level 16 isthe highest and
leve 1isthelowest. When the priority is set to level 0, that interrupt is masked and the interrupt
request isignored.

Tables 6.4 and 6.5 list the codes for the interrupt source and the interrupt event registers (INTEVT
and INTEVT2) and the order of interrupt priority.

Each interrupt source is assigned a unique code by INTEVT and INTEVT2. The start address of
the interrupt service routine is common for each interrupt source. Thisiswhy, for instance, the
value of INTEVT2isused asan offset at the start of the interrupt service routine and branched to
in order to identify the interrupt source.

IRQ and PINT interrupts, and on-chip peripheral module interrupt priorities can be set freely
between 0 and 15 for each module by setting the interrupt priority level setting registers. A reset
assigns priority level 0to IRQ, PINT, and on-chip peripheral module interrupts.

If the same priority level isassigned to two or more interrupt sources and interrupts from those
sources occur simultaneoudly, their priority order isthe default priority order indicated at the right
in tables 6.4 and 6.5.
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Table6.4 Interrupt Exception Handling Sources and Priority (IRQ Mode)

Interrupt Priority
Priority IPR within IPR  Default

Interrupt Source Interrupt Code** (Initial Value) (Bit Numbers) Setting Unit Priority
NMI H'1C0*? 16 O O High
uDI H'5EQ™2 15 0 0 1
IRQ IRQO H'600*3 0 to 15 (0) IPRC (3to0) O

IRQ1 H'620*3 0 to 15 (0) IPRC (7to4) O

IRQ2 H'640*3 0 to 15 (0) IPRC (11t08) O

IRQ3 H'660*3 0 to 15 (0) IPRC (15t0 12) O

IRQ4 H'680** 0 to 15 (0) IPRD (3t00) O

IRQ5 H'6A0*® 0 to 15 (0) IPRD (7to4) O
PINT PINTOto  H700*® 0 to 15 (0) IPRD (15t0 12) O

PINT7

PINTSto  H'720*3 0 to 15 (0) IPRD (11t0 8) O

PINT15
DMAC DEIO H'800*3 0 to 15 (0) IPRE (15 to 12) High

DEI1 H'820*3

DEI2 H'840*3

DEI3 H'860*3 Low
SCIF0O  ERIO H'8g0*3 0 to 15 (0) IPRE (11t0 8) High

RXIO H'8A0*3

TXIO H'8E0*® Low
SCIF2  ERI2 H'900*3 0 to 15 (0) IPRE (7to4) High

RXI2 H'920*3 f

TXI2 H'960*3 Low
ADC ADI H'980*3 0 to 15 (0) IPRE (3t00) —
USB uslIo H'A20*3 0 to 15 (0) IPRF (7to4)  High

usli1 H'A40*3 Low
TPUO  TPIO H'Co0*® 0 to 15 (0) IPRG (15 to 12) —
TPUL  TPI1 H'C20*3 0 to 15 (0) IPRG (11t08) —
TPU2  TPI2 H'Cc80*® 0 to 15 (0) IPRH (15 to 12) —
TPU3  TPI3 H'CAO0*® 0 to 15 (0) IPRH (11t0 8) — Low
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Interrupt Priority

Priority IPR within IPR  Default

Interrupt Source Interrupt Code** (Initial Value) (Bit Numbers) Setting Unit Priority
TMUO  TUNIO H'400*? 0 to 15 (0) IPRA (15t0 12) — High
TMU1  TUNI1 H'420*2 0 to 15 (0) IPRA (11t08) — 4
TMU2  TUNI2 H'440*? 0 to 15 (0) IPRA (7to4)  High

TICPI2 H'460** Low
RTC ATI H'480*2 0 to 15 (0) IPRA (3t00)  High

PRI H'4A0*? I

cul H'4C0*? Low
WDT  ITI H'560*? 0 to 15 (0) IPRB (15 to 12) —
REF RCMI H'580*2 0 to 15 (0) IPRB (11t08) — Low

Notes: 1. The INTEVT2 code.
2. The same code as INTEVT2 is set in INTEVT.

3. The code indicating an interrupt level (H'200 to H'3CO shown in table 6.6) is set in
INTEVT.
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Table6.5 Interrupt Exception Handling Sourcesand Priority (IRL Mode)

Interrupt Priority
Priority IPR (Bit within IPR  Default
Interrupt Source Interrupt Code** (Initial Value) Numbers)  Setting Unit Priority
NMI H'1C0*? 16 — — High
uDI H'5E0*2 15 — — 4
IRL TRL(3:0) = 0000 H'200** 15 — —
TRL(3:0) = 0001 H'220*3 14 — —
TRL(3:0) = 0010 H'240*3 13 — —
IRL(3:0) = 0011 H260** 12 — —
IRL(3:0) = 0100 H280** 11 — —
IRL(3:0) = 0101 H?2A0** 10 — —
IRL(3:0) = 0110 H2cC0*® 9 — —
IRL(3:0) = 0111 H2E0*® 8 — —
IRL(3:0) = 1000 H'300** 7 — —
IRL(3:0) = 1001 H'320** 6 — —
IRL(3:0) = 1010 H'340** 5 — —
IRL(3:0) = 1011 H'360** 4 — —
IRL(3:0) = 1100 H'380** 3 — —
IRL(3:0) = 1101 H'3A0*® 2 — —
IRL(3:0) = 1110 H'3C0*® 1 — —
IRQ  IRQ4 H'680*° 0to15(0) IPRD(3to0) —
IRQ5 H'6A0*? 0to15(0) IPRD(7to4) —
PINT PINTOto PINT 7 H'700*° 0to15(0) IPRD(15t0 —
12)
PINT8 to PINT 15H720*3 0to15(0) IPRD(11to —
8)
DMAC DEIO H'800*° 0to15(0) IPRE (15to High
12)
DEI1 H'820*°
DEI2 H'840*°
DEI3 H'860*° Low
SCIFO ERIO H'880*° 0to15(0) IPRE (11 to 8)High
RXIO H'8A0*?
TXIO H'8E0*? Low Low
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Interrupt Priority
Priority IPR (Bit within IPR  Default

*1

Interrupt Source Interrupt Code (Initial Value) Numbers)  Setting Unit Priority
SCIF2 ERI2 H'900** 0to15(0) IPRE (7to4) High High
RXI2 H'920*° I 4
TXI2 H'960*° Low
ADC  ADI H'980** 0to15(0) IPRE (3to0) —
USB  USIO H'A20*2 0to15(0) IPRF (7to4) High
usl1 H'A40*3 Low
TPUO TPIO H'Co0*? 0to15(0) IPRG (15t0 —
12)
TPUL TPI1 H'C20*° 0to15(0) IPRG (11to —
8)
TPU2 TPI2 H'C80*? 0to15(0) IPRH(15t0 —
12)
TPU3 TPI3 H'CA0*? 0t015(0) IPRH(1lto —
8)
TMUO TUNIO H'400*? 0to15(0) IPRA(15t0 —
12)
TMUL TUNI1 H'420*? 0to15(0) IPRA (11to 8)—
TMU2 TUNI2 H'440*? 0to15(0) IPRA(7to4) High
TICPI2 H'460** Low
RTC  ATI H'480*? 0to15(0) IPRA(3to0) High
PRI H'4A0*2
cul H'4C0*? Low
WDT [Tl H'560*? 0to15(0) IPRB(15t0 —
12)
REF  RCMI H'580*2 0to15(0) IPRB (11to 8)— Low

Notes: 1. The INTEVT2 code.
2. The same code as INTEVT2 is set in INTEVT.

3. The code indicating an interrupt level (H'200 to H'3CO shown in table 6.6) is set in
INTEVT.
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Table6.6 Interrupt Level and INTEVT Code

Interrupt level INTEVT Code
15 H'200
14 H'220
13 H'240
12 H'260
11 H'280
10 H'2A0
9 H'2C0
8 H'2EQ
7 H'300
6 H'320
5 H'340
4 H'360
3 H'380
2 H'3A0
1 H'3C0

6.5 Operation

6.5.1 Interrupt Sequence

The sequence of interrupt operationsis described below. Figure 6.3 isaflowchart of the
operations.

1
2.

Theinterrupt request sources send interrupt request signalsto theinterrupt controller.

Theinterrupt controller selects the highest-priority interrupt from the interrupt requests sent,
following the priority levels set in the interrupt priority level setting registers A toH (IPRA to
IPRH). Lower priority interrupts are held pending. If two of these interrupts have the same
priority leve or if multiple interrupts occur within a single module, the interrupt with the
highest priority is selected, according to tables 6.4 and 6.5.

The priority level of the interrupt selected by the interrupt controller is compared with the
interrupt mask bits (I3 to 10) in the status register (SR) of the CPU. If therequest priority level
ishigher than theleve in bits 13 to 10, the interrupt controller accepts the interrupt and sends
an interrupt request signal to the CPU.

Detection timing: The INTC operates, and notifies the CPU of interrupt requests, in

synchronization with the peripheral clock (Pg). The CPU receives an interrupt at abreak in
instructions.
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The interrupt source code is set in the interrupt event registers (INTEVT and INTEVT2).

The statusregister (SR) and program counter (PC) are saved to SSR and SPC, respectively.
The block bit (BL), mode bit (MD), and register bank bit (RB) in SR are set to 1.

The CPU jumpsto the start address of the interrupt handler (the sum of the value set in the
vector base regiser (VBR) and H'00000600). This jump isnot a delayed branch. The interrupt
handler may branch with INTEVT or INTEVT2 value asits offset in order to identify the

interrupt source. This enablesit to branch to the handling routine for theindividua interrupt
source.

© N o O

Notes. 1. Theinterrupt mask bits (13 to 10) in the statusregister (SR) are not changed by
acceptance of an interrupt in thisLSl.
2. Theinterrupt source flag should be cleared in the interrupt handler. To ensurethat an
interrupt request that should have been cleared is not inadvertently accepted again, read
the interrupt source flag after it has been cleared, and then execute an RTE ingtruction.
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Figure 6.3 Interrupt Operation Flowchart
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6.5.2 Multiple Interrupts

When handling multiple interrupts, an interrupt handler should include the following procedures:

1

© 0k~ wDd

Branch to a specific interrupt handler corresponding to acode set in INTEVT or INTEVT2.
Thecodein INTEVT or INTEVT2 can be used as an offset for branching to the specific
handler.

Clear the interrupt source in each specific handler.

Save SSR and SPC to memory.

Clear the BL bit in SR, and set the accepted interrupt level in the interrupt mask bitsin SR.
Handle the interrupt.

Execute the RTE ingruction.

When these procedures are followed in order, an interrupt of higher priority than the one being
handled can be accepted after clearing BL in step 4. Figure 6.3 shows a sampleinterrupt operation
flowchart.

6.6 Usage Note

Theinterrupt accept timing in this LS| is not acknowledged externally. Thus, keep the following
note in mind when designing the system.

Level interrupt

Thelevel interrupt request should be held until the CPU acceptsiit. The level interrupt request
needs to be cleared (rel eased) within the specific interrupt handler. If the level interrupt request
isnot held, the operation may branch to the interrupt handling routine when the valuein
INTEVT/2 becomes H'000.

When the standby state is cancelled, if the level interrupt request is not held, the operation will
go back to the standby state again in the middle of WDT counting. When canceling the
standby state again in such a condition by asserting the level interrupt request, the settling time
for the PLL or crystal oscillator is not secured enough and the operation may not recover from
the standby state correctly.

Interrupt flag update

When an interrupt is acceptable and the generation of an interrupt request is enabled, updating
or clearing the interrupt flag may branch the operation to the interrupt handling routine when
the value in INTEVT2 becomes H'000.
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7.1

Section 7 Bus State Controller (BSC)

Overview

The bus state controller (BSC) outputs control signals for various types of memory that is
connected to the external address space and external devices. BSC functions enablethisLS| to
connect directly with SRAM, SDRAM, and other memory storage devices, and external devices.

711

Features

The BSC has the following features:

» Physical address spaceis divided into eight areas

ad

ad

O o0Ooo

A maximum 32 or 64 Mbytes for each of the eight areas, CS0, CS2 to C34, CS5A, CSEB,
CS6A and CS6B, totally 384 Mbytes.

Can specify the normal spaceinterface, byte-selection SRAM interface, burst ROM,
address/data multiplex 1/0 (MPX), or SDRAM for each address space.

Can sdlect the data bus width (8, 16, or 32 bits) for each address space.
Controls theinsertion of the wait state for each address space.
Controlsthe insertion of the wait state for each read access and write access.

Can set the independent idling cycle in the continuous access for five cases. read-write (in
same space/different space), read-read (in same space/different space), thefirst cycleisa
write access.

* Normal spaceinterface

ad

Supportsthe interface that can directly connect to the SRAM.

* Burst ROM interface

d

High-speed access to the ROM, such as flash memory, that has the page mode function.

e Address/data multiplex 1/0 (MPX) interface

d

Can directly connect to a peripheral LS| that needs an address/data multiplexing.

 SDRAM interface

ad

g
g
g
g

Can set the SDRAM upto 2 areas.

Multiplex output for row address/column address.
Efficient access by single read/single write.
High-speed access by the bank-active mode.
Supports an auto-refresh and self-refresh.
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e Busarbitration

0 Sharesall of theresources with other CPU and outputs the bus enable after receiving the
bus request from external devices.

7.1.2 Block Diagram

BSC functional block diagram isshown in figure 7.1.

Internal Internal
BSC address bus data bus

Output
signal drive -CMNCR ¢

controller |~ |

Wait between

access cycles [¢ iCSnBCR* I'

controller

H

2, CS3, CS4, Area MR
CS5A, CS5B, CS6A, CS6B controller

T

WAIT Wait CSNWCR*
controller

v

BS, RD, RD/WR, WES3 to WEO, Memor
RASU, RASL, CASU, CASL, 4 [ SocR |
A < controller
AH, CKE, DQMUU, DQMUL,

DQMLU, DQMLL

t1

Refresh
controller
A251t0 0 « Address/data [
D3110 0 < controller >

Note: * CSnBCR, CSN\WCR : n =0, 2, 3, 4, 5A, 5B, 6A, 6B

Legend:
CSnBCR : Area n bus control register
CSnWCR : Area n wait control register
SDCR . SDRAM control register
RTCSR . Refresh timer control/status register
RTCNT :  Refresh timer counter
RTCOR . Refresh timer constant register

Figure 7.1 BSC Functional Block Diagram
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7.2 Pin Configuration

Table7.1 Pin Configuration

Name I/0 Function

A25 to AO (0] Address bus

D31 to DO I/O Data bus

BS o] Bus cycle start
Asserted when a normal space, byte-selection SRAM, burst ROM, or
address/data multiplex I/O is accessed. Asserted by the same timing
as CAS in SDRAM access.

CS0,CS2to CS4, O Chip select

CS5A, CS5B, CS6A,

CS6B

RD/WR o Read/write
Connects to WE pins when SDRAM or byte-selection SRAM is
connected.

RD ¢} Read

WES3, o Indicates that D31 to D24 are being written to when a normal space

DOMUU is set.
Selects D31 to D24 when a byte-selection SRAM space is set.
Selects D31 to D24 when an SDRAM space is set.

WEZ2, (0] Indicates that D23 to D16 are being written to when a normal space

DQMUL is set.
Selects D23 to D16 when a byte-selection SRAM space is set.
Selects D23 to D16 when an SDRAM space is set.

WE1, o Indicates that D15 to D8 are being written to when a normal space

DOMLU and address/data multiplex I/0O space are set.
Selects D15 to D8 when a byte-selection SRAM space is set.
Selects D15 to D8 when an SDRAM space is set.

WEQ, (0] Indicates that D7 to DO are being written to when a normal space

DOMLL and address/data multiplex I/0O space are set.
Selects D7 to DO when a byte-selection SRAM space is set.
Selects D7 to DO when an SDRAM space is set.

RASU (0] Connects to RAS pin when SDRAM is connected.

RASL

CASU (0] Connects to CAS pin when SDRAM is connected.

CASL
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Name 110 Function

CKE (0] Connects to CKE pin when SDRAM is connected.

AH (0] Holds the address in address/data multiplex 1/0 mode.
WAIT I External wait input

BREQ I Bus request input

BACK 0 Bus acknowledge output

MD3, MD4 I Area 0 bus width (8/16/32 bits)

MD5 I Specifies endian

0: Big endian
1: Little endian

7.3 Area Overview

In the architecture of thisLSl, both logica spaces and physical spaces have 32-bit address spaces.
The cache access method is shown by the upper 3 bits. For details see section 4, Cache. The
remaining 29 bits are used for division of the space into eight areas. The BSC performs control for
this 29-bit space.

Aslisted in table 7.2, this LS| can be connected directly to eight areas of memory, and it outputs
chip select signals (CS0, CS2 to CS4, CS5A, CS5B, CS6A, and CS6B) for each of them. CSO is
asserted during area 0 access; CS5B isasserted during area 5B access. When an SDRAM s
connected to area 2 or area 3, RASU, RASL, CASU, CASL, DQMUU, DOMUL, DQMLU, and
DOMLL are asserted.

731 AddressMap

The externa address space has a capacity of 384 Mbytes and is used by dividing 8 partial spaces.
The kind of memory to be connected and the data bus width are specified in each partial space.
The address map for the externa address spaceis listed below.

Table7.2 Physical Address Space Map

Memory to be Access
Area Connected Physical Address Capacity Size
Area 0 Normal memory*l, H'00000000 to H'O3FFFFFF 64 MbyteS 8, 16, 32*2
Burst ROM H00000000 to HO3FFFFFF  Shadow  (n: 110 6)

+H'20000000xn  +H'20000000%n
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Memory to be Access
Area Connected Physical Address Capacity Size
Area 1 Internal 1/O register*7 H'04000000 to H'O7FFFFFF
H'04000000 to H'O7FFFFFF (n:1to 6)
+H'20000000%n  +H'20000000%n
Area 2 Normal memory*ll H'08000000 to HOBFFFFFF 64 MbyteS 8, 16, 32*3'*5
Synchronous DRAM 195500000 to HOBFFFFFF _Shadow  (n:Lto 6)
+H'20000000%n  +H'20000000xn
Area 3 Normal memory*ll H'0C000000 to HOFFFFFFF 64 Mbytes 8, 16, 32*3'*5
Synchronous DRAM 165000000 to HOFFFFFFE  Shadow  (n: 110 6)
+H'20000000%n  +H'20000000%n
Area 4 Normal memory*ll H'20000000 to H'13FFFFFF 64 Mbytes 8, 16, 32*3
Burst ROM
! H'10000000 to H'13FFFFFF  Shadow (n: 1to 6)
Byte-selection SRAM ,1150000000xn ~ +H'20000000%n
Area 5A Normal memory*l H'14000000 to H'15FFFFFF 32 MbyteS 8, 16, 32*3
H'14000000 to H'15FFFFFF  Shadow (n: 1to 6)
+H'20000000%n  +H'20000000%n
Area 5B Normal memory*ll H'16000000 to H'17FFFFFF 32 MbyteS 8, 16*3'*4
ﬁgdr,\eASFf)’(datBa ;“”'“p'ex H'16000000 to H17FFFFFF  Shadow  (n: Lto 6)
( . ), Byte- +H'20000000%n  +H'20000000xn
selection SRAM
Area 6A Normal memory*l H'18000000 to H'19FFFFFF 32 Mbytes 8, 16*3
H'18000000 to H'19FFFFFF  Shadow (n: 1to 6)
+H'20000000%n  +H'20000000xn
Area 6B Normal memory*l H'2A000000 to H'1BFFFFFF 32 Mbytes 8, 16*3
H'2A000000 to H'1BFFFFFF Shadow (n: 1to 6)
+H'20000000%n  +H'20000000%n
Area 7*% Reserved area H'1C000000 to H'1IFFFFFFF (n:0to7)
+H'20000000%n  +H'20000000xn
Notes: 1. Memory that has an interface such as SRAM or ROM.
2. Memory bus width is specified by an external pin.
3. Memory bus width is specified by a register.
4. With the address/data multiplex /0 (MPX) interface, the bus width must be 16 bits.
5. With the SDRAM, the bus width must be 16 bits or 32 bits.
6. Do not access the reserved area. If the reserved area is accessed, the operation cannot
be guaranteed.
7. When the addresses of the on-chip module control registers (internal I/O registers) in

area 1 are not translated by the MMU, set the top three bits of the logical addresses to
101 to allocate in the P2 space.
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H00000000 Area 0 (CS0) | H'00000000

Internal 1/O H'04000000

H'20000000 | Area2(CS2) | H'08000000
| ___Area 3 (CS3) _ | H'0C000000
H'40000000 _Area4 (CS4) | H'10000000
_Area 5A (CS5A)_| F14900000
HB0000000 i _AeaSB(CSB) |
SRS TN A/ Area 6A (CS6A) | ..
i it -AEARRAYORR -1 H'1A000000
H'80000000 e Area 6B (CS6B)
P1 r H'1BFFFFFF
O f /A Reserved area
H'A0000000 I
P2 / / Physical address space
H'C0000000
P3

"
H'E0000000
P4

Logical address space

Note: For logical address spaces PO and P3, when the memory management unit (MMU) is on, it can
optionally generate a physical address for the logical address. This figure can be applied when
MMU is off and when the MMU is on and each physical address for the logical address is equal
except for higher three bits. When translating a logical address to a physical address, refer to
table 7.2.

Figure 7.2 Address Space

7.32 Memory Bus Width

The memory bus width in this LS| can be set for each area. In area 0, external pins can be used to
select byte (8 hits), word (16 bits), or longword (32 bits) on power-on reset. The correspondence
between the external pins (MD3, MD4) and memory sizeislisted in the table bel ow.

Table7.3 Correspondence between External Pins(MD3 and M D4) and Memory Size

MD4 MD3 Memory Size

0 0 Setting prohibited
1 8 bits

1 0 16 bits
1 32 hits

For areas other than area 0, byte, word, and longword may be chosen for the bus width using
CSnBCR that can be set in each area. The bus width that can be set differs according to a
connected interface. For more details, see the CSn Bus Control Register.
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When port A or B isused, set the bus width of all areasto 8-bit or 16-bit.

For details see section 7.4.2, CSn Space Bus Control Register (CSnBCR).

7.3.3 Shadow Space

Areas0, 210 4, 5A, 5B, 6A, and 6B are decoded by physical addresses A28 to A26, which
correspond to areas 000 to 110. Address bits 31 to 29 are ignored. This meansthat the range of
area 0 addresses, for example, is H'00000000 to H'03FFFFFF, and its corresponding shadow space
is the address space obtained by adding to it H'20000000 x n (n = 1 to 6) in areas P1 to P3.

The address range for area 7 is H'1C000000 to H'1FFFFFFF. The address space H'1C000000 +
H'20000000 x n to H'1FFFFFFF + H'20000000 x n (n = 0to 7) corresponding to thearea 7
shadow space isreserved, so do not useit.

Area P4 (H'EO000000 to H'EFFFFFFF) isthe 1/0O areawhere on-chip registersare alocated. This
area has no shadow space.

7.4 Register Descriptions

The BSC hasthe following registers. Refer to section 24, List of Registers for the details of the
addresses of these registers and the state of registersin each operating mode.

Do not access spaces other than CS0 until the termination of the setting the memory interface.

e Common control register (CMNCR)

» Buscontrol register for CS0 space (CSOBCR)

» Buscontrol register for CS2 space (CS2BCR)

» Buscontrol register for CS3 space (CS3BCR)

» Buscontrol register for C$4 space (CS4BCR)

» Buscontrol register for CS5A space (CS5ABCR)

» Buscontrol register for CS5B space (CS5BBCR)

» Buscontrol register for CS6A space (CS6ABCR)

» Buscontrol register for CS6B space (CS6BBCR)

» Wait control register for CS0 space (CSOWCR)

» Wait control register for CS2 space (CS2WCR)

» Wait control register for CS3 space (CS3WCR)

»  Wait control register for C$4 space (CSAWCR)

» Wait control register for CS5A space (CS5AWCR)
» Wait control register for CS5B space (CSEBWCR)
» Wait control register for CS6A space (CS6AWCR)
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* Wait control register for CS6B space (CS6BWCR)
» SDRAM control register (SDCR)

« Refresh timer control/statusregister (RTCSR)**

+ Refresh timer counter (RTCNT)*!

« Refresh time constant register (RTCOR)**

« SDRAM mode register for CS2 space (SDMR2)*?
«  SDRAM mode register for CS3 space (SDMR3)*?

Notes. 1. Thisregister only accepts 32-hit writing to prevent incorrect writing. In this case, the
upper 16 bits of the data must be H'A55A, otherwise writing cannot be performed.
When reading, the upper 16 bits are read as H'0000.

2. The contents of thisregister are stored in SDRAM. When thisregister spaceis
accessed, the corresponding register in SDRAM iswritten to. For details, refer to
section 7.8.10, Power-On Sequence.

7.4.1 Common Control Register (CMNCR)

CMNCR isa 32-hit register that controls the common items for each area. Do not access external
memory other than area 0 until the CMNCR register initialization is compl ete.

Bit Initial
Bit Name Value R/W Description
31to8 O 0 R Reserved
These bits are always read as 0. The write value should
always be 0.
DMAIW1 0O R/W Wait states between access cycles when DMA single address
DMAIWO 0 R/W transfer is performed.

Specify the number of idle cycles to be inserted after an
access to an external device with DACK when DMA single
address transfer is performed. The method of inserting idle
cycles depends on the contents of DMAIWA.

00: No idle cycle inserted
01: 1 idle cycle inserted

10: 2 idle cycles inserted
11: 4 idle cycled inserted
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Bit

Bit Initial
Name Value R/W

Description

5

DMAIWA 0 R/W

Method of inserting wait states between access cycles when
DMA single address transfer is performed.

Specifies the method of inserting the idle cycles specified by
the DMAIW1 and DMAIWO bits. Clearing this bit will make this
LSl insert the idle cycles when another device, which includes
this LSI, drives the data bus after an external device with
DACK drove it. Setting this bit will make this LSI insert the idle
cycles even when the continuous accesses to an external
device with DACK are performed.

Reserved

This bit is always read as 1. The write value should always be
1.

ENDIAN 0/1* R

Endian Flag

Samples the external pin for specifying endian on power-on
reset (MD5). All address spaces are defined by this bit. This is
a read-only bit.

0: The external pin for specifying endian (MD5) was low level
on power-on reset. This LSl is being operated as big
endian.

1: The external pin for specifying endian (MD5) was high level
on power-on reset. This LSl is being operated as little
endian.

Reserved

This bit is always read as 0. The write value should always be
0.

1

HIZMEM O R/W

High-Z Memory Control

Specifies the pin state in software standby mode for A25 to
A0, BS, CS, RD/WR, WE, and RD.

0: High impedance in software standby mode.
1: Driven in software standby mode

0

HIZCNT O R/W

High-Z Control

Specifies the state in software standby mode and bus
released for RASU, RASL, CASU, and CASL.

0: High impedance in software standby mode and bus
released for RASU, RASL, CASU, and CASL.

1: Driven in standby mode and bus released for RASU,
RASL, CASU, and CASL.

Note:

*

The external pin for specifying endian (MD5) is sampled on power-on reset.
When big endian is specified, this bit is read as 0 and when little endian is specified,

this bit is read as 1.
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7.4.2

CSn SpaceBus Control Register (CSNBCR) (n=0, 2, 3, 4, 5A, 5B, 6A, 6B)

CSnBCR isa 32-hit readable/writable register that specifies the function of each area, the number
of idle cycles between bus cycles, and the bus-width.

Do not access external memory other than area O until CSnBCR register initidization is

completed.
Bit Initial

Bit Name Value R/W Description

31,30 O 0 R Reserved
These bits are always read as 0. The write value should
always be 0.

29 IWw1 R/W Idle Cycles between Write-read Cycles and Write-write Cycles

28 IWWO0 1 R/W These bits specify the number of idle cycles to be inserted
after the access to a memory that is connected to the space.
The target access cycles are the write-read cycle and write-
write cycle.
00: No idle cycle inserted
01: 1 idle cycle inserted
10: 2 idle cycles inserted
11: 4 idle cycles inserted

27 O 0 R Reserved
This bit is always read as 0. The write value should always be
0.

26 IWRWDL1 1 R/W Idle Cycles for Another Space Read-write

25 IWRWD2 1 R/W Specify the number of idle cycles to be inserted after the

access to a memory that is connected to the space. The
target access cycle is a read-write one in which continuous
accesses switch between different spaces.

00: Setting prohibited

01: 2 idle cycles inserted
10: 3 idle cycles inserted
11: 5idle cycles inserted
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Bit Initial

Bit Name Value R/W Description

24 d 0 R Reserved
This bit is always read as 0. The write value should always be
0.

23 IWRWS1 1 R/W Idle Cycles for Read-write in the Same Space

22 IWRWSO 1 R/W Specify the number of idle cycles to be inserted after the
access to a memory that is connected to the space. The
target cycle is a read-write cycle of which continuous
accesses are for the same space.
00: Setting prohibited.
01: 2 idle cycles inserted
10: 3 idle cycles inserted
11: 5idle cycles inserted

21 O 0 R Reserved
This bit is always read as 0. The write value should always be
0.

20 IWRRD1 1 R/W Idle Cycles for Read-read in Another Space

19 IWRRDO 1 R/W Specify the number of idle cycles to be inserted after the
access to a memory that is connected to the space. The
target cycle is a read-read cycle of which continuous
accesses switch between different space.
00: 1 idle cycle inserted
01: 2 idle cycles inserted
10: 3 idle cycles inserted
11: 5idle cycles inserted

18 O 0 R Reserved
This bit is always read as 0. The write value should always be
0.

17 IWRRS1 1 R/W Idle Cycles for Read-read in the Same Space

16 IWRRSO 1 R/W Specify the number of idle cycles to be inserted after the

access to a memory that is connected to the space. The
target cycle is a read-read cycle of which continuous
accesses are for the same space.

00: No idle cycle inserted
01: 1 idle cycle inserted

10: 2 idle cycles inserted
11: 4 idle cycles inserted
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Bit Initial
Bit Name Value R/W Description
15 d 0 R Reserved
This bit is always read as 0. The write value should always be
0.
14 TYPE2 O R/W Memory Type
13 TYPE1 R/W Specify the type of memory connected to a space.
12 TYPEO R/W 000: Normal space
001: Burst ROM
010: Address/data multiplex 1/0 (MPX)
011: Byte-selection SRAM
100: SDRAM
101: Setting prohibited
110: Setting prohibited
111: Setting prohibited
Note: SDRAM can be specified only in area 2 and area 3. If
SDRAM is connected to only one area, SDRAM
should be specified for area 3. In this case area 2
should be specified as normal space. Burst ROM can
be specified only in area 0 and area 4. Address/data
multiplex 1/0 (MPX) can be specified only in area 5B.
Byte-selection SRAM can be specified only in area 4
and area 5B.
11 O 0 R Reserved
This bit is always read as 0. The write value should always be
0.
10 BSz1 1 R/W Data Bus Size
9 BSZ0 1 R/W Specify the data bus sizes of spaces.

The data bus sizes of areas 2, 3, 4 and 5A are shown below.
00: Setting prohibited.

01: 8-hit size

10: 16-hit size

11: 32-hit size

The data bus sizes of areas 5B, 6A, and 6B are shown below.
00: Setting prohibited.

01: 8-hit size

10: 16-hit size

11: Setting Prohibited
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Bit Initial
Bit Name Value R/W Description

8to0 O 0 R Reserved

These bits are always read as 0. The write value should
always be 0.
Notes: 1. When the CS5B space is specified as address/data multiplex 1/0 (MPX), specify the
bus size to 16 bits.

2. The data bus size of the CSO0 space is specified by an external input pin. The value of
BSZ[1:0] bits in CSOBCR are invalid.

3. When both the CS2 and CS3 spaces are specified as the SDRAM space, specify the
same bus size for the CS2 and CS3 spaces.

4. When the CS2 or CS3 space is specified as the SDRAM space, specify the bus width to
16 bits or 32 bits.

5. The SDRAM bank active mode can only be used for the CS3 space. (Refer to the
explanation of the BACTV bit in the SDRAM control register.)

6. The initial values of the bus size assignment for areas 5B, 6A, and 6B after power-on
reset is specified to prohibited setting. Therefore, specify the 8- or 16-bit size before
accessing these areas.

7. When port A or B is used, specify the bus size of all areas to 8 bits or 16 bits.

When the memory type is specified to an area other than the areas that can be specified, the
operation of thisLS| isnot guaranteed.

743  CSn Space Wait Control Register (CS'WCR) (n=0, 2, 3, 4, 5A, 5B, 6A, 6B)

CSnWCR isa 32-hit readabl e/writabl e register that specifies various wait cycles for memory
accesses. The bit configuration of thisregister varies as shown below according to the memory
type (TYPE 2, TYPE 1, or TYPE 0) specified by the CSn space bus control register (CSNBCR).
Specify the CShWCR register before accessing the target area. Specify CSnBCR register first,
then specify the CSh\WCR register.
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1. Normal Space, Byte-Selection SRAM, Address/Data Multiplex 1/0 (MPX)

CSOWCR, CS6AWCR, CS6BWCR

Initial
Bit Bit Name Value R/W Description
31t013 0 0 R Reserved
These bits are always read as 0. The write value should
always be 0.
12 Swi R/W Number of Delay Cycles from Address, CSn Assertion to RD,
11 SWO RIW WEn.Assertion L
Specify the number of delay cycles from address and CSn
assertion to RD and WEn assertion.
00: 0.5 cycles
01: 1.5 cycles
10: 2.5 cycles
11: 3.5 cycles
10 WR3 1 R/W Number of Access Wait Cycles
WR2 0 R/W Specify the number of cycles that are necessary for read/write
WR1 1 RIW access.
WRO 0 R/W 0000: 0 cycle
0001: 1 cycle

0010: 2 cycles

0011: 3 cycles

0100: 4 cycles

0101: 5 cycles

0110: 6 cycles

0111: 8 cycles

1000: 10 cycles

1001: 12 cycles

1010: 14 cycles

1011: 18 cycles

1100: 24 cycles

1101: Setting prohibited
1110: Setting prohibited
1111: Setting prohibited
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Initial
Bit Bit Name Value R/W Description

6 WM 0 R/W External Wait Mask Specification

Specifies whether or not the external wait input is valid. The
specification by this bit is valid even when the number of
access wait cycle is 0.

0: External wait is valid
1: External wait is ignored

5tc2 O 0 R Reserved
These bits are always read as 0. The write value should
always be 0.
HW1 0 R/W Delay Cycles from RD, WEnN negation to Address, CSn
HWO 0 R/W negation

Specify the number of delay cycles from RD and WEN
negation to address and CSn negation.

00: 0.5 cycles
01: 1.5 cycles
10: 2.5 cycles
11: 3.5 cycles
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CS2WCR, CS3WCR

Bit Initial
Bit Name Value R/W Description
3lto11 0 0 R Reserved
These bits are always read as 0. The write value should
always be 0.
10 WR3 1 R/W Number of Access Wait Cycles
WR2 0 R/W Specify the number of cycles that are necessary for read/write
WR1 1 RIW access.
WRO 0 R/W 0000: 0 cycle

0001: 1 cycle

0010: 2 cycles

0011: 3 cycles

0100: 4 cycles

0101: 5 cycles

0110: 6 cycles

0111: 8 cycles

1000: 10 cycles

1001: 12 cycles

1010: 14 cycles

1011: 18 cycles

1100: 24 cycles

1101: Setting prohibited

1110: Setting prohibited

1111: Setting prohibited
6 WM 0 R/W External Wait Mask Specification

Specify whether or not the external wait input is valid. The
specification by this bit is valid even when the number of
access wait cycle is 0.

0: External wait is valid
1: External wait is ignored
5to0 0O 0 R Reserved

These bits are always read as 0. The write value should
always be 0.
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CHAWCR, CSSAWCR

Bit

Bit
Name

Initial
Value

R/W

Description

31to19 0

0

Reserved

These bits are always read as 0. The write value should
always be 0.

18
17
16

WWwW2
ww1i
WWwWO0

R/W
R/W
R/W

Number of Write Access Wait Cycles

Specify the number of cycles that are necessary for write
access.

000: The same cycles as WR3 to WRO setting (read access
wait)

001: 0 cycle

010: 1 cycles
011: 2 cycles
100: 3 cycles
101: 4 cycles
110: 5 cycles
111: 6 cycles

15t0 13 0O

Reserved

These bits are always read as 0. The write value should
always be 0.

12
11

Sw1
SWO0

R/W
R/W

Number of Delay Cycles from Address, CSn Assertion to RD,
WEn Assertion

Specify the number of delay cycles from address and CSn
assertion to RD and WEn assertion.

00: 0.5 cycles
01: 1.5 cycles
10: 2.5 cycles
11: 3.5 cycles
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Bit Initial
Bit Name Value R/W Description

10 WR3 1 R/W Number of Access Wait Cycles
9 WR2 0 R/W Specify the number of cycles that are necessary for read/write
8 WR1 1 R/W access.
7 WRO 0 R/W 0000: 0 cycle
0001: 1 cycle

0010: 2 cycles

0011: 3 cycles

0100: 4 cycles

0101: 5 cycles

0110: 6 cycles

0111: 8 cycles

1000: 10 cycles

1001: 12 cycles

1010: 14 cycles

1011: 18 cycles

1100: 24 cycles

1101: Setting prohibited
1110: Setting prohibited
1111: Setting prohibited

6 WM 0 R/W External Wait Mask Specification

Specifies whether or not the external wait input is valid. The
specification by this bit is valid even when the number of
access wait cycle is 0.

0: External wait is valid
1: External wait is ignored

5tc2 O 0 R Reserved
These bits are always read as 0. The write value should
always be 0.
1 HW1 0 R/W Delay Cycles from RD, WEnN negation to Address, CSn
0 HWO 0 Rw  hegation

Specify the number of delay cycles from RD and WEnN
negation to address and CSn negation.

00: 0.5 cycles
01: 1.5 cycles
10: 2.5 cycles
11: 3.5 cycles
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CS5BWCR

Bit

Bit
Name

Initial
Value

R/W

Description

3lto21 0

Reserved

These bits are always read as 0. The write value should
always be 0.

20

MPXW

R/W

MPX Interface Address Wait

Specifies the wait to be inserted between address cycles for
address/data multiplex I/O. This specification is valid only
when area 5B is specified to address/data multiplex I/O.

0: No wait
1: 1 cycle wait inserted

19

Reserved

This bit is always read as 0. The write value should always be
0.

18
17
16

WWwW2
ww1
WWO0

R/W
R/W
R/W

Number of Write Access Wait Cycles

Specify the number of cycles that are necessary for write
access.

000: The same cycles as WR3 to WRO setting (read access
wait)

001: 0 cycle

010: 1 cycles
011: 2 cycles
100: 3 cycles
101: 4 cycles
110: 5 cycles
111: 6 cycles

15t0 13 O

Reserved

These bits are always read as 0. The write value should
always be 0.

12
11

Sw1
SWO0

R/W
R/W

Number of Delay Cycles from Address, CSn Assertion to RD,
WEn Assertion

Specify the number of delay cycles from address and CSn
assertion to RD and WEn assertion.

00: 0.5 cycles
01: 1.5 cycles
10: 2.5 cycles
11: 3.5 cycles
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Bit Initial
Bit Name Value R/W Description

10 WR3 1 R/W Number of Access Wait Cycles
9 WR2 0 R/W Specify the number of cycles that are necessary for read/write
8 WR1 1 R/W access.
7 WRO 0 R/W 0000: 0 cycle
0001: 1 cycle

0010: 2 cycles

0011: 3 cycles

0100: 4 cycles

0101: 5 cycles

0110: 6 cycles

0111: 8 cycles

1000: 10 cycles

1001: 12 cycles

1010: 14 cycles

1011: 18 cycles

1100: 24 cycles

1101: Setting prohibited
1110: Setting prohibited
1111: Setting prohibited

6 WM 0 R/W External Wait Mask Specification

Specify whether or not the external wait input is valid. The
specification by this bit is valid even when the number of
access wait cycle is 0.

0: External wait is valid
1: External wait is ignored

5tc2 O 0 R Reserved
These bits are always read as 0. The write value should
always be 0.
1 HW1 0 R/W Delay Cycles from RD, WEnN negation to Address, CSn
0 HWO 0 Rw  hegation

Specify the number of delay cycles from RD and WEnN
negation to address and CSn negation.

00: 0.5 cycles
01: 1.5 cycles
10: 2.5 cycles
11: 3.5 cycles
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2. Burst ROM

CSOWCR
Bit Initial

Bit Name Value R/W Description

31t018 0 0 R Reserved
These bits are always read as 0. The write value should
always be 0.

17 BW1 0 R/W Number of Burst Wait Cycles

16 BWO 0 R/W Specify the number of wait cycles to be inserted between the
second or later access cycles in burst access.
00: 0 cycle
01: 1 cycle
10: 2 cycles
11: 3 cycles

15t011 0 0 R Reserved
These bits are always read as 0. The write value should
always be 0.

10 w3 1 R/W Number of Access Wait Cycles

9 w2 0 R/W Specify the number of wait cycles to be inserted in the first

W1 1 R/W read/write access cycle.

7 W0 0 R/W 0000: 0 cycle

0001: 1 cycle

0010: 2 cycles

0011: 3 cycles

0100: 4 cycles

0101: 5 cycles

0110: 6 cycles

0111: 8 cycles

1000: 10 cycles

1001: 12 cycles

1010: 14 cycles

1011: 18 cycles

1100: 24 cycles

1101: Setting prohibited
1110: Setting prohibited
1111: Setting prohibited
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Bit Initial

Bit Name Value R/W Description

6 WM 0 R/W External Wait Mask Specification
Specify whether or not the external wait input is valid. The
specification by this bit is valid even when the number of
access wait cycle is 0.
0: External wait is valid
1: External wait is ignored

5tc0 O 0 R Reserved
These bits are always read as 0. The write value should
always be 0.

CHAWCR

Bit Initial

Bit Name Value R/W Description

31t018 0 0 R Reserved
These bits are always read as 0. The write value should
always be 0.

17 BwW1 R/W Number of Burst Wait Cycles

16 BWO R/W Specify the number of wait cycles to be inserted between the
second or later access cycles in burst access.
00: 0 cycle
01: 1 cycle
10: 2 cycles
11: 3 cycles

15t013 0 0 R Reserved
These bits are always read as 0. The write value should
always be 0.

12 Swi R/W Number of Delay Cycles from Address, CSn Assertion to RD,

11 SWO R/W WEn Assertion

Specify the number of delay cycles from address and CSn
assertion to RD and WEn assertion.

00: 0.5 cycles
01: 1.5 cycles

10: 2.5 cycles
11: 3.5 cycles
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Bit Initial
Bit Name Value R/W Description

10 w3 1 R/W Number of Access Wait Cycles

9 w2 0 R/W Specify the number of wait cycles to be inserted in the first
8 Wi 1 RIW read/write access cycle.

7 W0 0 R/W 0000: 0 cycle

0001: 1 cycle

0010: 2 cycles

0011: 3 cycles

0100: 4 cycles

0101: 5 cycles

0110: 6 cycles

0111: 8 cycles

1000: 10 cycles

1001: 12 cycles

1010: 14 cycles

1011: 18 cycles

1100: 24 cycles

1101: Setting prohibited
1110: Setting prohibited
1111: Setting prohibited

6 WM 0 R/W External Wait Mask Specification

Specifies whether or not the external wait input is valid. The
specification by this bit is valid even when the number of
access wait cycle is 0.

0: External wait is valid
1: External wait is ignored

5tc2 O 0 R Reserved
These bits are always read as 0. The write value should
always be 0.
1 HW1 0 R/W  Delay Cycles from RD, WEN negation to Address, CSn
0 HWO 0 Rw  hegation

Specify the number of delay cycles from RD and WEn
negation to address and CSn negation.

00: 0.5 cycles
01: 1.5 cycles
10: 2.5 cycles
11: 3.5 cycles
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3. SDRAM*

CS2WCR
Bit Initial

Bit Name Value R/W Description

3lto11 0 0 R Reserved
These bits are always read as 0. The write value should
always be 0.

10 O 1 R Reserved
This bit is always read as 1. The write value should always be
1.

9 O 0 R Reserved
This bit is always read as 0. The write value should always be
0.

8 A2CL1 1 R/W CAS Latency for Area 2

7 A2CLO O R/W Specify the CAS latency for area 2.
00: Setting prohibited.
01: 2 cycles
10: 3 cycles
11: Setting prohibited

6to0 O 0 R Reserved

These bits are always read as 0. The write value should
always be 0.
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CS3WCR

Bit Initial

Bit Name Value R/W Description

3lto150 0 R Reserved
These bits are always read as 0. The write value should
always be 0.

14 TRP1 0 R/W Number of Cycles from Auto-precharge/PRE Command to

13 TRPO 0 R/W ACTV Command
Specify the number of minimum cycles from the start of auto-
precharge or issuing of PRE command to the issuing of ACTV
command for the same bank. The setting for areas 2 and 3 is
common.
00: 1 cycle
01: 2 cycles
10: 3 cycles
11: 4 cycles

12 O 0 R Reserved
This bit is always read as 0. The write value should always be
0.

11 TRCD1 O R/W Number of Cycles from ACTV Command to

10 TRCDO 1 RIW READ(A)/WRIT(A) Command
Specify the number of minimum cycles from issuing ACTV
command to issuing READ(A)/WRIT(A) command. The
setting for areas 2 and 3 is common.
00: 1 cycle
01: 2 cycles
10: 3 cycles
11: 4 cycles

9 O 0 R Reserved
This bit is always read as 0. The write value should always be
0.

8 A3CL1 1 R/W CAS Latency for Area 3

7 A3CLO O R/W Specify the CAS latency for area 3.

00: Setting prohibited.
01: 2 cycles
10: 3 cycles
11: Setting prohibited
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Bit Initial
Bit Name Value R/W Description

6,5 a 0 R Reserved
These bits are always read as 0. The write value should
always be 0.
4 TRWL1 O R/W Number of Cycles from WRITA/WRIT Command to Auto-
3 TRWLO 0O RIW precharge/PRE Command

Specifies the number of cycles from issuing WRITA/WRIT
command to the start of auto-precharge or to issuing PRE
command. The setting for areas 2 and 3 is common.

00: 0 cycle

01: 1 cycle

10: 2 cycles

11: Setting prohibited

2 a 0 R Reserved

This bit is always read as 0. The write value should always be
0.

1 TRC1 0 R/W Number of Cycles from REF Command/Self-refresh Release
0 TRCO 0 R/W to ACTV Command

Specify the number of cycles from issuing the REF command
or releasing self-refresh to issuing the ACTV command. The
setting for areas 2 and 3 is common.

00: 3 cycles
01: 4 cycles
10: 6 cycles
11: 9 cycles

Note: * Specify area 3 as SDRAM when only one area is connected with SDRAM. In this case,
specify area 2 as normal space.

7.4.4 SDRAM Control Register (SDCR)

SDCR specifies the method to refresh and access SDRAM, and the types of SDRAMsto be
connected.

The bits other than RFSH and RMODE should be written in the initialization after a power-on
reset and should not be modified after the initialization. When modifying these bits RFSH and
RMODE, do not change the values of other bits and write the previous values. Do not access area
2 or 3 until the SDCR register setting is complete when using synchronous DRAM.
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Bit Initial
Bit Name Value

R/W

Description

3lto21 00 0

R

Reserved

These bits are always read as 0. The write value should
always be 0.

20 A2ROW1 0
19 A2ROWO0 0

R/W
R/W

Number of Bits of Row Address for Area 2

Specifies the number of bits of row address for area 2.
00: 11 bits

01: 12 bits

10: 13 bits

11: Setting prohibited

18 O 0

Reserved

This bit is always read as 0. The write value should always be
0.

17 A2COL1 O
16 A2COLO O

R/W
R/W

Number of Bits of Column Address for Area 2

Specifies the number of bits of column address for area 2.
00: 8 hits

01: 9 bits

10: 10 bits

11: Setting prohibited

15t0 13 O 0

Reserved

These bits are always read as 0. The write value should
always be 0.

12 SLOW 0

R/W

Low-Frequency Mode

Specifies the output timing of command, address, and write
data for SDRAM and the latch timing of read data from
SDRAM. Setting this bit makes the hold time for command,
address, write and read data extended. This mode is suitable
for SDRAM with low-frequency clock.

0: Command, address, and write data for SDRAM is output at
the rising edge of CKIO. Read data from SDRAM is
latched at the rising edge of CKIO.

1: Command, address, and write data for SDRAM is output at
the falling edge of CKIO. Read data from SDRAM is
latched at the falling edge of CKIO.
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Bit Initial
Bit Name Value R/W

Description

11 RFSH 0 R/W

Refresh Control

Specifies whether or not the refresh operation of the SDRAM
is performed.

0: No refresh
1: Refresh

10 RMODE O R/W

Refresh Control

Specifies whether to perform auto-refresh or self-refresh
when the RFSH bit is 1. When the RFSH bit is 1 and this bit is
1, self-refresh starts immediately. When the RFSH bit is 1 and
this bit is 0, auto-refresh starts according to the contents that
are set in registers RTCSR, RTCNT, and RTCOR.

0: Auto-refresh is performed
1: Self-refresh is performed

Reserved

This bit is always read as 0. The write value should always be
0.

8 BACTV O R/W

Bank Active Mode

Specifies to access whether in auto-precharge mode (using
READA and WRITA commands) or in bank active mode
(using READ and WRIT commands).

0: Auto-precharge mode (using READA and WRITA
commands)

1: Bank active mode (using READ and WRIT commands)

Note: Bank active mode can be used only when either the
upper or lower bits of the CS3 space are used. When
both the CS2 and CS3 spaces are set to SDRAM,
specify the auto-precharge mode.

7t05 O 0 R

Reserved

These bits are always read as 0. The write value should
always be 0.

4 A3ROW1 0 R/W
3 A3ROWO 0 R/W

Number of Bits of Row Address for Area 3

Specifies the number of bits of the row address for area 3.
00: 11 bits

01: 12 bits

10: 13 bits

11: Setting prohibited
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Bit Initial
Bit Name Value R/W Description
2 O 0 R Reserved
This bit is always read as 0. The write value should always be
0.
1 A3COL1 O R/W Number of Bits of Column Address for Area 3
A3COLO 0 R/W Specifies the number of bits of the column address for area 3.

00: 8 hits

01: 9 bits

10: 10 bits

11: Setting prohibited

7.4.5 Refresh Timer Control/Status Register (RTCSR)

RTCSR specifies various items about refresh for SDRAM.

Thisregister only accepts 32-bit writing to prevent incorrect writing. In this case, the upper 16 bits
of the data must be H'/A55A, otherwise writing cannot be performed. When reading, the upper 16

bits are read as H'0000.
RTCSR
Bit Initial
Bit Name Value R/W Description
31to8 O 0 R Reserved
7 CMF 0 R/W Compare Match Flag
0: Clearing condition When 0 is written in CMF after reading
out RTCSR during CMF = 1.
1: Setting condition When the condition RTCNT = RTCOR is
satisfied.
6 CMIE 0 R/W CMF Interrupt Enable

0: CMF interrupt request is disabled.
1: CMF interrupt request is enabled.
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Bit Initial
Bit Name Value R/W Description
5 CKS2 0 R/W Clock Select
CKS1 0 R/W Select the clock input to count-up the refresh timer counter
CKSO 0 riw  (RTCNT).
000: Stop the counting-up
001: B@/4
010: B¢/16
011: B@/64
100: B@/256
101: B@¢/1024
110: B@l2048
111: B@/4096
2 RRC2 0 R/W Refresh Count
1 RRC1 0 R/W Specify the number of continuous refresh cycles, when the
0 RRCO 0 RIW refresh request occurs after the coincidence of the values of

the refresh timer counter (RTCNT) and the refresh time
constant register (RTCOR). These bits can make the period
of occurrence of refresh long.

000: Once

001: Twice

010: 4 times

011: 6 times

100: 8 times

101: Setting prohibited.
110: Setting prohibited.
111: Setting prohibited.

Rev. 2.00, 09/03, page 178 of 690

RENESAS



7.4.6 Refresh Timer Counter (RTCNT)

RTCNT isan 8-bit counter that counts up using the clock selected by bits CKS2 to CKS0in
RTCSR.

Thisregister only accepts 32-bit writing to prevent incorrect writing. In this case, the upper 16 bits
of the data must be H'/A55A, otherwise writing cannot be performed. When reading, the upper 16
bits are read as H'0000.

When RTCNT matches RTCOR, RTCNT iscleared to 0. The valuein RTCNT returnsto O after
counting up to 255.

Bit Initial
Bit Name Value R/W Description
31to8 0O 0 R Reserved
7t0o0 O 0 R/W 8-Bit Counter

7.4.7 Refresh Time Constant Register (RTCOR)

RTCOR is an 8-hit register. When RTCOR matches RTCNT, the CMF bit in RTCSRissetto 1
and RTCNT iscleared to O.

Thisregister only accepts 32-bit writing to prevent incorrect writing. In this case, the upper 16 bits
of the data must be H'/A55A, otherwise writing cannot be performed. When reading, the upper 16
bits are read as H'0000.

When the RFSH bit in SDCR is 1, amemory refresh request isissued by this matching signal.
Thisrequest ismaintained until the refresh operation is performed. If the request is not processed
when the next matching occurs, the previous request isignored.

When the CMIE bit in RTCSR is 1, an interrupt request isissued by this matching signal. This
request signal is output until the CMF bit in RTCSR is cleared. Clearing the CMF bit only affects
the interrupt and does not affect the refresh request. Accordingly, the refresh requests and interval
timer interrupts can be used together. For example, the number of refresh regquests can be counted
by using interrupts while the refresh is performed.
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Bit Initial
Bit Name Value R/W Description

31to8 O 0 R Reserved
These bits are always read as 0. The write value should
always be 0.

7t00 O 0 R/W Maximum Counter Value (eight bits)

748  Reset Wait Counter (RWTCNT)

RWTCNT isa16-hit register. The lower seven bits of thisregister (bits6to 0) arevalid asa
counter and the upper nine bits (bits 15 to 7) arereserved. This counter starts to count-up by
synchronizing the CKIO after a power-on reset isreleased. This counter stops when the value
reaches to H'007F. The access to an external bus hasto wait when the counter is operating. This
counter is provided to minimize the time from releasing areset for flash memory to the first
access. This counter cannot be read or written into.

7.5 Endian/Access Size and Data Alignment

This LSl supports big endian, in which the 0 address isthe most significant byte (MSByte) in the
byte dataand little endian, in which the 0 address is the least significant byte (LSByte) in the byte
data. Endian is specified on power-on reset by the externa pin (MD5). When MD5 pinislow
level on power-on reset, the endian will become big endian and when MD5 pinishigh level on
power-on reset, the endian will become little endian. Three data bus widths are available for
normal memory (byte, word, and longword). Word and longword are available for SDRAM. Data
bus width for address/data multiplex 1/0 (MPX) should be 16 bits. Data alignment is performed in
accordance with the data bus width of the device and endian. This aso means that when longword
dataisread from a byte-width device, the read operation must be done four times. In thisLSl, data
alignment and conversion of data length is performed automatically between the respective
interfaces.

Tables 7.4 to 7.9 show the relationship between endian, device data width, and access unit.

Rev. 2.00, 09/03, page 180 of 690
RENESAS



Table7.4 32-Bit External Device/Big Endian Access and Data Alignment

Data Bus

Strobe Signals

D31to D23 to D15to D7 to DO WES,

WE2, WET, WEQ,

Operation D24 D16 D8 DQMUU DQMUL DQMLU DQMLL
Byte access Data 7to 0 0 g Assert g O g

at0 Data O

Byte access U Data7to [ U a Assert a O

atl Data 0

Byte access [ O Data 7 to O O Assert g

at 2 Data O

Byte access U U t Data 7 to U U a Assert
at3 Data 0

Word access Data 15to Data 7 to O O Assert Assert O O

at0 Data 8 Data 0

Word access 0 Data 15 Data 7 to U 0 Assert Assert

at 2 to Data 8 Data 0

Longword Data 31 to Data 23 to Data 15 Data 7 to Assert

accessat0 Data24 Datal6é to Data8DataO

Assert Assert Assert

RENESAS
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Table75 16-Bit

External Device/Big Endian Access and Data Alignment

Data Bus Strobe Signals
D31toD23toD15to D7 to DO WES, WE2, WET, WEQ,
Operation D24 D16 D8 DOMUU DOMUL DQMLU DQMLL
Byte access at 0 O O Data 7 to [ O O Assert O
Data O
Byte access at 1 t U t Data 7 to U U a Assert
Data 0
Byte access at 2 O O Data 7 to [ O O Assert O
Data O
Byte access at 3 a U t Data 7 to U U a Assert
Data 0
Word access at0 O O Data 15 Data 7 to [ O Assert Assert
to Data 8 Data 0
Word access at2 [ 0 Data 15 Data 7to 0 Assert Assert
to Data 8 Data 0
Longword 1st o O Data 31 Data23 0O O Assert Assert
access time at 0 to Data to Data
at0 24 16
2nd a 0 Data 15 Data7to 0 Assert Assert
time at 2 to Data 8 Data 0
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Table7.6 8-Bit External Device/Big Endian Accessand Data Alignment

Data Bus Strobe Signals
D31 toD23 to D15 to D7 to DO WES, WE2, WET, WEQ,
Operation D24 D16 D8 DOMUU DOMUL DQMLU DQMLL
Byte access at 0 O O O Data7to O O O Assert
Data O
Byte access at 1 t U t Data7to [ U a Assert
Data O
Byte access at 2 O O O Data7to O O O Assert
Data 0
Byte access at 3 a g t Data7to O U a Assert
Data 0
Word 1st time O 0 a Datal5 0O 0 a Assert
accessat0 atO to Data 8
2nd time O 0 a Data 7to O 0 a Assert
atl Data 0
Word 1sttime O 0 a Datal5 0O 0 a Assert
accessat2 at?2 to Data 8
2nd time O 0 a Data7to O 0 a Assert
at3 Data O
Longword 1sttime O 0O O Data31 O g O Assert
accessat0 atO to Data
24
2nd time O 0 a Data23 0O 0 a Assert
atl to Data
16
3rd time O 0 a Datal5 0O 0 a Assert
at 2 to Data 8
4th time O 0 a Data7to O 0 a Assert
at3 Data 0
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Table7.7 32-Bit External Device/Little Endian Access and Data Alignment

Data Bus Strobe Signals

D31 to D23 to D15to D7 to DO WES3, WE2, WET1, WEQ,
Operation D24 D16 D8 DQMUU DQMUL DQMLU DQMLL
Byte access [ O g Data 7 to U O g Assert
at0 Data O
Byte access U U Data 7 to [ U t Assert O
atl Data O
Byte access [ Data7to U O g Assert g O
at 2 Data O
Byte access Data 7to U O g Assert g O g
at3 Data O
Word access [ U Data 15 Data 7 to U U Assert Assert
at0 to Data 8 Data O
Word accessData 15 to Data 7to [ O Assert Assert O O
at 2 Data 8 Data O

Longword Data 31 to Data 23 to Data 15 Data 7 to Assert Assert Assert Assert
access at0 Data24 Datal6 to Data8DataO
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Table7.8 16-Bit

External Device/Little Endian Access and Data Alignment

Data Bus Strobe Signals
D31toD23toD15to D7 to DO WES, WE2, WET, WEQ,
Operation D24 D16 D8 DOMUU DOMUL DQMLU DQMLL
Byte access at 0 O O O Data 7 to O O O Assert
Data 0
Byte access at 1 t U Data 7 to [ U t Assert a
Data O
Byte access at 2 O O O Data 7 to O O O Assert
Data 0
Byte access at 3 a g Data7 to [ U a Assert a
Data 0
Word access at0 O O Data 15 Data 7 to O Assert Assert
to Data 8 Data O
Word accessat2 [ 0 Data 15 Data 7to 0 Assert Assert
to Data 8 Data 0
Longword 1st g O Data 15 Data 7to U O Assert Assert
access time at 0 to Data 8 Data 0
ato 2nd a 0 Data31 Data23 0O 0 Assert Assert
timeat 1 to Data to Data
24 16
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Table7.9

8-Bit External Device/Little Endian Accessand Data Alignment

Data Bus Strobe Signals
D31 toD23to D15toD7to DO WES, WEQ,
Operation D24 DOMUU DOMUL DQMLU DQMLL
Byte access at 0 O O O Data7to O O O Assert
Data O
Byte access at 1 t U t Data7to O U a Assert
Data 0
Byte access at 2 O O O Data7to O O O Assert
Data 0
Byte access at 3 a g t Data7to O U a Assert
Data 0
Word 1st time O 0 a Data7to 0O 0 a Assert
accessat0 atO Data 0
2nd time O 0 a Data15to 0O 0 a Assert
atl Data 8
Word 1st time O 0 a Data7to 0O 0 a Assert
accessat?2 at?2 Data 0
2nd time O 0 a Datal5to 0O 0 a Assert
at3 Data 8
Longword 1sttime O 0O O Data7to O g O Assert
accessat0 atO Data 0
2nd time O 0 a Datal5to 0O 0 a Assert
atl Data 8
3rd time O 0 a Data23to 0O 0 a Assert
at 2 Data 16
4th time O 0 a Data31to 0O 0 a Assert
at3 Data 24
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7.6 Normal Space Interface

7.6.1 Basic Timing

For accessto anormal space, this LS| uses strobe signal output in consideration of the fact that
mainly static RAM will be directly connected. When using SRAM with a byte-selection pin, see
section 7.10, Byte-Sdlection SRAM Interface. Figures 7.3 and 7.4 show the basic timings of
normal space accesses. A no-wait normal access is completed in two cycles. The BS signal is
asserted for one cycle to indicate the start of a bus cycle.

Thereis no access size specification when reading. The correct access start address is output in the
least significant bit of the address, but since there isno access size specification, 32 bits are always
read in case of a 32-bit device, and 16 bitsin case of a 16-hit device. When writing, only the WEn

signal for the byte to be written is asserted.

Read/write for cachefill or writeback follows the selected bus width and transfers atotal of 16
bytes continuously. The busis not released during thistransfer. For cache misses that occur during
byte or word operand accesses or branching to odd word boundaries, thefill is aways performed
by longword accesses on the chip-external interface. Write-through-area write access and non-
cacheable read/write access are based on the actual address size.

It is necessary to output the read out data by using RD when a buffer is established in the data bus.
The RD/WR signal isin aread state (high output) when an access is not performed. Therefore,
care must be taken about the collision of output in controlling the externa data buffer.

When the WM hbit in CSh"WCR is cleared to 0, a Tnop cycleis inserted to evaluate an external
wait. When the WM bitin CSnWCR is set to 1, an externa wait isignored and no Tnop cycleis
inserted.
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CKIO

:1,

Figure 7.3 Continuous Accessfor Normal Space (No Wait, WM Bit in CSh\WCR

16-Bit Bus Width, Longword Access, No Wait State between Cycles)
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CKIO

A25 to AO
RD

Read
Data
WEnR

Write
Data

DACKn

Figure 7.4 Continuous Accessfor Normal Space
(No Wait, One Wait State between Cycles)

RENESAS
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Figures 7.5 to 7.7 show examples of connection to 32-bit, 16-bit, and 8-bit data-width SRAM,
respectively.

128k x 8-bit
This LSI SRAM
A18 - — A16
A2 : — A0
CSn cs
RD OE
D31 - 1107
D24 - 17100
WE3 WE
D23
D16 . A16
WE2
D15 - A0
: : CS
D8 OE
WE1 1107
D7 HE
: ; /00
DO WE
WEO
A16
A0
cs
OE
1107
1/00
WE
A16
AQ
cs
OE
/07
100
WE

Figure 7.5 Example of 32-Bit Data-Width SRAM Connection
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128k x 8-bit

This LSI SRAM
A7 a6
N i N
csn cs
RD OE
D15 . o7
D8 - 1/00
WET WE
o7
DO - A16
WEO c ]
A
cs
OE
o7
1/00
WE

Figure 7.6 Example of 16-Bit Data-Width SRAM Connection

128k x 8-bit
This LSI SRAM
A16 A16
A0 A0
CSn CS
RD OE
D7 1107
DO 1/100
WEO WE

Figure 7.7 Example of 8-Bit Data-Width SRAM Connection
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7.6.2 Access Wait Control

Wait cycleinsertion on anormal space access can be controlled by the settings of bits WR3 to
WRO0 in CSn"WCR. Itis possible for areas 4, 5A, and 5B to insert wait cycles independently in
read access and in write access. The areas other than 4, 5A, and 5B have common access wait for
read cycle and write cycle. The specified number of Tw cyclesisinserted aswait cyclesina
normal space access shown in figure 7.8.

lalikal

j

i

i

Note: * The waveform for DACKn is when active low is specified.

Figure 7.8 Wait Timing for Normal Space Access (Software Wait Only)
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When the WM bit in CShWCR is cleared to O, the external wait input WAIT signal isalso
sampled. WAIT pin sampling is shown in figure 7.9. A 2-cycle wait is specified as a software
wait. The WAIT signd is sampled on the falling edge of CKI10O at the transition from the T, or Tw
cycletotheT; cycle.

Wait states inserted
by WAIT signal

Ty Tw Tw Twx To

CKIO

A25 to AO

T T T T T ;X:
Read i i : E i E i E i E i i
e ————————— —
Write e i : E i E i E i E i i
Data —+ —
CI T T
BS P!

wa TATTTTTETTTT

|

! |

| ! |

DACKn* N,
|

| |

Note: * The waveform for DACKn is when active low is specified.

-+---1-O -

Figure 7.9 Wait State Timing for Normal Space Access
(Wait State Insertion by WAIT Signal)
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7.6.3 CSn Assert Period Expansion

The number of cycles from CSn assertion to RD, WEn assertion can be specified by setting bits
SW1 and SWO0 in CShWCR. The number of cycles from RD, WEn negation to CSn negation can
be specified by setting bits HW1 and HWO. Therefore, aflexible interface to an externa device
can be obtained. Figure 7.10 shows an example. A Th cycleand a Tf cycle are added before and
after an ordinary cycle, respectively. In these cycles, RD and WEn are not asserted, while other
signals are asserted. The data output is prolonged to the Tf cycle, and this prolongation is useful
for devices with slow writing operations.

CKIO

A25 to AO

RD
Read
Data

WEnR
Write { : | ! |
Data —|-( )_

DACKn* _:\

S

Note: * The waveform for DACKn is when active low is specified.

Figure7.10 CSn Assert Period Expansion
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1.7 Address/Data M ultiplex 1/0O Interface

The address/data multiplex (MPX) 1/0 interface can be selected by setting bits TYPE2 to TY PEO
to 010 in CS5BBCR. Do not set this value to the bitsin CSnBCR other than those in area 5B,
otherwise the operation of the LSI isnot guaranteed. Access timing for the MPX space is shown
below. In the MPX space, CS5B, AH, RD, and WEn signals control the accessing. The basic
access for the MPX space consists of 2 cycles of address output followed by an access to a normal
space.

The address output is performed from cycle Ta2 to cycle Ta3. Because cycle Tal hasa high-
impedance state, collisions of addresses and data can be avoided without inserting idle cycles,
even in continuous accesses. Address output isincreased to 3 cycles by setting the MPXW hit to 1
in CS5BWCR. The RD/WR signal is output at the same time asthe CSn signal; it ishigh in the
read cycle and low in the write cycle.

The data cycle is the same as that in anormal space access.

Timing chartsare shown in figures 7.11, 7.12, and 7.13.

CKIO

] ] ] ] |
A25 to A16 X X

I

P 1

RD |

Read |
D15t0D0  —+———ro Address

|

|

|

I

|

|

\

/

| |

WEn ' '

| |

Write | |
D15t0D0  —+—— Address X Data Y—

|

L

|

|

|

.

B T\ ' ./

|

! i
N

DACKn* N
]

Note: * The waveform for DACKn is when active low is specified.

Figure7.11 Access Timing for MPX Space
(Address Cycle No Wait, Data Cycle No Wait)
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| | | | | | | | | | | | |
CKIO
T I S S A S RS N
A25 to A16 ><
T | T | T | T | T | T | ?C
ossB o\, v, vty
| : | : | : | ' | ' | ' |
RD/WR X ><
| 1 | | | | | | | | |
1/ 1 T\ | | |
AH | | | | | | . | . | . |
T N S A
RD | | ! | ! | ! | '\_1_:/—:_
Read | | ! L ! | ! | : | |
D15 to DO —v—( Address

| | ; T ; T ) { . | | |
WEn T T | T | T | T A | |
| | | | | |
Write | | ! ] ! ] ! | ! ! J
D15toD0  ———— Address X Data —
| | | | I | I | | | I | I
_ | | , | T | T | T | T |
BS
NS
| | | | | I
DACKn* :\ | ' | ' | : | ' | ' | '/
T T 1 1 1 1
1 1 1 1 1 1 1

Note: * The waveform for DACKn is when active low is specified.

Figure 7.12 Access Timing for MPX Space
(Address Cycle Wait 1, Data Cycle No Wait)
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CKIO ‘ /

A25 to A16 :X ‘ ‘ X:

| T | T | T | T | T | T | T | |
[ [ [ [ [ [ [ [
CSssB A\ 1 [ 1 [ 1 [ ! [ ! [ ! [ ! [ ! |/
[ [ [ [ [ [ [ [ [
| | ! | | | | |
RD/WR X X
| ‘ ‘ ‘ | ‘ | ‘ | ‘ | ‘ | ‘ |
e [ ! [ [ [ ! [ ! [ ! [ ! [ ! [
AH I | ! I I ! !
[ [ T T T T T T
‘ [ ‘ [ | ‘ | ‘ | | [ | [ | [
RD [ : [ : [ : [ : [ :\ [ ! [ ! [ oo
Read I | I ! ! | | [ | [ | I I
D15t0 DO ————( Address Y Data_}—
[ ! T T | [ [ [ [
[ [ | | | | [ \
‘ ‘ [ [ [
WEn [ : [ : [ : [ : [ :\ | ! | ! | /o
Write I | I X | . | | | i | i | X |
D15 to DO —‘—y—( Address X Data )—

WATT \\1\\\\\\\}\\\\\\\}\\\\\\\\1\\\\\\\}\\\&\\\\1\\ | ™\ |
S AN T B e B B B
packe 0\ ! 0 LU

Note: * The waveform for DACKn is when active low is specified.

Figure 7.13 Access Timing for MPX Space
(Address Cycle Access Wait 1, Data Cycle Wait 1, External Wait 1)
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7.8 SDRAM Interface

7.8.1 SDRAM Direct Connection

Since synchronous DRAM can be selected by the CS signdl, physical space areas 2 and 3 can be
connected using RAS and other control signalsin common. If the TYPE[2:0] bitsin CSnBCR (n =
2 or 3) are st to 100, the synchronous DRAM interface can be selected. Do not set thisvalueto
CSnBCR unlessn =2 or 3, otherwise the operation of thisLS! is not guaranteed.

The SDRAM that can be connected to thisL S| isa product that has 11/12/13 hits of row address,
8/9/10 bits of column address, 4 or less banks, and uses the A10 pin for setting precharge mode in
read and write command cycles. The control signds for direct connection of SDRAM areRASU,
RASL, CASU, CASL, RD/WR, DQMUU, DQMUL, DQMLU, DQMLL, CKE, CS2, and CS3.
All the signals other than CS2 and CS3 are common to all areas, and signals other than CKE are
valid when CS2 or CS3 is asserted. SDRAM can be connected to up to 2 spaces. The data bus
width of the areathat is connected to SDRAM can be set to 32 or 16 hits.

Burst read/single write (burst length 1) and burst read/burst write (burst length 1) are supported as
the SDRAM operating mode.

Commands for SDRAM can be specified by RASU, RASL, CASU, CASL, RD/WR, and specific
address signals. These commands are shown below.

« NOP

* Auto-refresh (REF)

o Sdf-refresh (SELF)

» All banks pre-charge (PALL)

» Specified bank pre-charge (PRE)
e Bank active (ACTV)

* Read (READ)

» Read with pre-charge (READA)
e Write (WRIT)

»  Writewith pre-charge (WRITA)
*  Writemoderegister (MRS)

The byte to be accessed is specified by DQMUU, DQMUL, DQMLU, and DQMLL. For the
relationship between DQMxx and the byte to be accessed, refer to section 7.5, Endian/Access Size
and Data Alignment.

Figures 7.14 and 7.15 show examples of the connection of SDRAM with the LSI.
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64M synchronous DRAM

This LSI (1M x 16-bit x 4-bank)
A15 A13
A14 A12
A13 - A11

A2 A0
CKIO CLK
CKE CKE
CSn Cs
RASX RAS
CASx CAS
RD/WR WE
D3:| - - |?Q15
D16 DQO
DQMUU DQMU
DQMUL DQML
D1§
Do L[ a13
DQMLU A12
DQMLL A11
A0
CLK
CKE
CcsS
RAS
CAS
WE
DQ15
DQO
DQMU
DQML

Note: xis UorL

Figure 7.14 Example of 64-MBit Synchronous DRAM Connection (32-Bit Data Bus)
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64M synchronous DRAM

This LSI (1M x 16-bit x 4-bank)
A14 A13
A13 A12
A12 A11

A1 A0
CKIO CLK
CKE CKE
CSn CcS
RASX RAS
CASx CAS
RD/WR WE
D15 |— —{ pats
DO DQO
DQMLU DQMU
DQMLL DQML

Note: xisUorL

Figure7.15 Example of 64-MBit Synchronous DRAM (16-Bit Data Bus)

7.8.2 Address Multiplexing

An address multiplexing is specified so that SDRAM can be connected without external
multiplexing circuitry according to the setting of bits BSZ[1:0] in CSnBCR, AXROW/[1:0] and
AXCOL[1:0] in SDCR. Tables 7.10 to 7.15 show the relationship between the settings of bits
BSZ[1:0], AXROW[1:0], and AXxCOL[1:0] and the bits output at the address pins. Do not specify
those bits in the manner other than thistable, otherwise the operation of this LS| isnot guaranteed.
A25 to A18 are not multiplexed and the original values of address are always output at these pins.

When the data bus width is 16 bits (BSZ[1:0] = 10), A0 of SDRAM specifies aword address.
Therefore, connect this AO pin of SDRAM to the A1 pin of the LSI; the AL pin of SDRAM to the
A2 pin of the LSI, and so on. When the data bus width is 32 bits (BSZ[1:0] = 11), the A0 pin of
SDRAM specifies alongword address. Therefore, connect this AO pin of SDRAM to the A2 pin of
the LSI; the A1 pin of SDRAM to the A3 pin of the LSI, and so on.
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Table7.10 Relationship between A2/3BSZ[1:0], A2/3ROW[1:0], and Address M ultiplex
Output (1)-1

Setting

A2/3BSZ[1:0] A2/3 ROW[1:0] A2/3 COL[1:0]

11 (32 bits) 00 (11 bits) 00 (8 bits)

Output Pin of Row Address  Column Address Synchronous DRAM

This LSI Output Cycle  Output Cycle Pin Function

Al7 A25 Al7 Unused

Al6 A24 Al6

Al5 A23 Al5

Al4 A22*? A22*? Al2 (BAL) Specifies bank

Al3 A21*? A21*? Al1 (BAO)

Al2 A20 L/H* A10/AP Specifies
address/precharge

All A19 All A9 Address

A10 A18 A10 A8

A9 Al7 A9 A7

A8 Al6 A8 A6

A7 Al5 A7 A5

A6 Al4 A6 A4

A5 A13 A5 A3

A4 Al12 A4 A2

A3 All A3 Al

A2 A10 A2 A0

Al A9 Al Unused

A0 A8 A0

Example of connected memory
64-Mbit product (512 kwords x 32 bits x 4 banks, column 8 bits product): 1 device
16-Mbit product (512 kwords x 16 bits x 2 banks, column 8 bits product): 2 devices

Notes: 1. L/His a bit used in the command specification; it is fixed at L or H according to the
access mode.

2. Bank address specification
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Table7.10 Relationship between A2/3BSZ[1:0], A2/3ROW[1:0], and Address M ultiplex
Output (1)-2

Setting
A2/3 BSZ[1:0] A2/3 ROW[1:0] A2/3 COL[1:0]
11 (32 bits) 01 (12 bits) 00 (8 hits)
Output Pin of Row Address  Column Address Synchronous DRAM
This LSI Output Cycle  Output Cycle Pin Function
Al7 A25 Al7 Unused
Al6 A24 Al6
Al5 A23*? A23*? A13 (BA1L) Specifies bank
Al4 A22*? A22*? Al2 (BAO)
Al3 A21 Al3 All Address
Al2 A20 L/H* A10/AP Specifies

address/precharge

All Al9 All A9 Address
Al0 Al8 Al10 A8
A9 Al7 A9 A7
A8 Al6 A8 A6
A7 AlS5 A7 A5
A6 Al4 A6 A4
A5 Al3 A5 A3
A4 Al2 A4 A2
A3 All A3 Al
A2 A10 A2 AO
Al A9 Al Unused
A0 A8 A0

Example of connected memory

128-Mbit product (1 Mword x 32 bits x 4 banks, column 8 bits product): 1 device
64-Mbit product (1 Mword x 16 bits x 4 banks, column 8 bits product): 2 devices

Notes: 1. L/His a bit used in the command specification; it is fixed at L or H according to the
access mode.

2. Bank address specification
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Table7.11 Relationship between A2/3BSZ[1:0], A2/3ROW[1:0], and Address M ultiplex
Output (2)-1

Setting
A2/3 BSZ[1:0] A2/3 ROW[1:0] A2/3 COL[1:0]
11 (32 bits) 01 (12 bits) 01 (9 hits)
Output Pin of Row Address  Column Address Synchronous DRAM
This LSI Output Cycle  Output Cycle Pin Function
Al7 A26 Al7 Unused
Al6 A25 Al6
Al5 A24*? A24*? Al3 (BA1L) Specifies bank
Al4 A23*? A23*? Al2 (BAO)
Al3 A22 Al3 All Address
Al2 A21 L/H* A10/AP Specifies

address/precharge

All A20 All A9 Address
Al0 Al9 Al0 A8
A9 Al8 A9 A7
A8 Al7 A8 A6
A7 Al6 A7 A5
A6 Al5 A6 A4
A5 Al4 A5 A3
A4 Al3 A4 A2
A3 Al12 A3 Al
A2 All A2 AO
Al Al0 Al Unused
A0 A9 A0

Example of connected memory
256-Mbit product (2 Mwords x 32 bits x 4 banks, column 9 bits product): 1 device
128-Mbit product (2 Mwords x 16 bits x 4 banks, column 9 bits product): 2 devices

Notes: 1. L/His a bit used in the command specification; it is fixed at L or H according to the
access mode.

2. Bank address specification
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Table7.11 Relationship between A2/3BSZ[1:0], A2/3ROW[1:0], and Address M ultiplex
Output (2)-2

Setting
A2/3 BSZ[1:0] A2/3 ROW[1:0] A2/3 COL[1:0]
11 (32 bits) 01 (12 bits) 10 (10 bits)
Output Pin of Row Address  Column Address Synchronous DRAM
This LSI Output Cycle  Output Cycle Pin Function
Al7 A27 Al7 Unused
Al6 A26 Al6
Al5 A25*? A25*2*3 A13 (BA1L) Specifies bank
Al4 A24*? A24*? Al2 (BAO)
Al3 A23 Al3 All Address
Al2 A22 L/H* A10/AP Specifies

address/precharge

All A21 All A9 Address
Al0 A20 Al10 A8
A9 Al9 A9 A7
A8 Al8 A8 A6
A7 Al7 A7 A5
A6 Al6 A6 A4
A5 Al5 A5 A3
A4 Al4 A4 A2
A3 A13 A3 Al
A2 Al12 A2 AO
Al All Al Unused
AO Al10 AO

Example of connected memory
512-Mbit product (4 Mwords x 32 bits x 4 banks, column 10 bits product): 1 device
256-Mbit product (4 Mwords x 16 bits x 4 banks, column 10 bits product): 2 devices

Notes: 1. L/His a bit used in the command specification; it is fixed at L or H according to the
access mode.
2. Bank address specification
3. Only the RASL pin is asserted because the A25 pin specified the bank address. RASU
is not asserted.
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Table7.12 Relationship between A2/3BSZ[1:0], A2/3ROW[1:0], and Address M ultiplex

Output (3)
Setting
A2/3 BSZ[1:0] A2/3 ROW[1:0] A2/3 COL[1:0]
11 (32 bits) 10 (13 bits) 01 (9 bits)
Output Pin of Row Address  Column Address Synchronous DRAM
This LSI Output Cycle  Output Cycle Pin Function
Al7 A26 Al7 Unused
Al6 A25*2*3 A25*2*3 Al4 (BAL) Specifies bank
Al5 A24*? A24*? A13 (BAO)
Al4 A23 Al4 Al2 Address
Al3 A22 Al3 All
Al2 A21 L/H* A10/AP Specifies
address/precharge
All A20 All A9 Address
Al0 Al9 Al0 A8
A9 Al8 A9 A7
A8 Al7 A8 A6
A7 Al6 A7 A5
A6 Al5 A6 A4
A5 Al4 A5 A3
A4 Al3 A4 A2
A3 Al12 A3 Al
A2 All A2 AO
Al Al0 Al Unused
AO A9 AO

Example of connected memory
512-Mbit product (4 Mwords x 32 bits x 4 banks, column 9 bits product): 1 device
256-Mbit product (4 Mwords x 16 bits x 4 banks, column 9 bits product): 2 devices

Notes: 1. L/His a bit used in the command specification; it is fixed at L or H according to the
access mode.

2. Bank address specification

3. Only the RASL pin is asserted because the A25 pin specified the bank address.
RASU is not asserted.
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Table7.13 Relationship between A2/3BSZ[1:0], A2/3ROW/[1:0], and Address M ultiplex
Output (4)-1

Setting
A2/3 BSZ[1:0] A2/3 ROW[1:0] A2/3 COL[1:0]
10 (16 bits) 00 (11 bits) 00 (8 hits)
Output Pin of Row Address  Column Address Synchronous DRAM
This LSI Output Cycle  Output Cycle Pin Function
Al7 A25 Al7 Unused
Al6 A24 Al6
AlS5 A23 AlS5
Al4 A22 Al4
Al3 A21*? A21*? Al2 (BA1L) Specifies bank
Al2 A20*? A20*? Al1l (BAO)
All Al19 L/H* A10/AP Specifies
address/precharge
Al0 Al8 Al10 A9 Address
A9 Al7 A9 A8
A8 Al6 A8 A7
A7 AlS5 A7 A6
A6 Al4 A6 A5
A5 Al3 A5 A4
A4 Al2 A4 A3
A3 All A3 A2
A2 A10 A2 Al
Al A9 Al A0
A0 A8 A0 Unused

Example of connected memory

16-Mbit product (512 kwords x 16 bits x 2 banks, column 8 bits product): 1 device

Notes: 1. L/His a bit used in the command specification; it is fixed at L or H according to the
access mode.

2. Bank address specification
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Table7.13 Relationship between A2/3BSZ[1:0], A2/3ROW/[1:0], and Address M ultiplex
Output (4)-2

Setting

A2/3BSZ[1:0] A2/3 ROW[1:0] A2/3 COL[1:0]

10 (16 bits) 01 (12 bits) 00 (8 bits)

Output Pin of Row Address  Column Address Synchronous DRAM

This LSI Output Cycle  Output Cycle Pin Function

Al7 A25 Al7 Unused

Al6 A24 Al6

Al5 A23 Al5

Al4 A22*? A22*? Al3 (BA1) Specifies bank

A13 A21*? A21*? A12 (BAO) Address

Al12 A20 Al12 All

All Al19 L/H** A10/AP Specifies
address/precharge

A10 A18 A10 A9 Address

A9 Al7 A9 A8

A8 Al6 A8 A7

A7 Al5 A7 A6

A6 Al4 A6 A5

A5 A13 A5 A4

A4 Al12 A4 A3

A3 All A3 A2

A2 A10 A2 Al

Al A9 Al A0

A0 A8 AO Unused

Example of connected memory
64-Mbit product (1 Mword x 16 bits x 4 banks, column 8 bits product): 1 device

Notes: 1. L/His a bit used in the command specification; it is fixed at L or H according to the
access mode.

2. Bank address specification
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Table7.14 Relationship between A2/3BSZ[1:0], A2/3ROW[1:0], and Address M ultiplex
Output (5)-1

Setting
A2/3 BSZ[1:0] A2/3 ROW[1:0] A2/3 COL[1:0]
10 (16 bits) 01 (12 bits) 01 (9 hits)
Output Pin of Row Address  Column Address Synchronous DRAM
This LSI Output Cycle  Output Cycle Pin Function
Al7 A26 Al7 Unused
Al6 A25 Al6
AlS5 A24 AlS5
Al4 A23*? A23*? A13 (BA1) Specifies bank
Al3 A22*? A22*? Al2 (BAO)
Al2 A21 Al2 All Address
All A20 L/H* A10/AP Specifies
address/precharge
Al0 Al19 Al10 A9 Address
A9 Al8 A9 A8
A8 Al7 A8 A7
A7 Al6 A7 A6
A6 Al5 A6 A5
A5 Al4 A5 A4
A4 Al3 A4 A3
A3 Al12 A3 A2
A2 All A2 Al
Al A10 Al A0
A0 A9 A0 Unused

Example of connected memory

128-Mbit product (2 Mwords x 16 bits x 4 banks, column 9 bits product): 1 device

Notes: 1. L/His a bit used in the command specification; it is fixed at L or H according to the
access mode.

2. Bank address specification

Rev. 2.00, 09/03, page 208 of 690

RENESAS



Table7.14 Relationship between A2/3BSZ[1:0], A2/3ROW[1:0], and Address M ultiplex
Output (5)-2

Setting
A2/3 BSZ[1:0] A2/3 ROW[1:0] A2/3 COL[1:0]
10 (16 bits) 01 (12 bits) 10 (10 bits)
Output Pin of Row Address  Column Address Synchronous DRAM
This LSI Output Cycle  Output Cycle Pin Function
Al7 A27 Al7 Unused
Al6 A26 Al6
AlS5 A25 AlS5
Al4 A24*? A24*? Al3 (BA1) Specifies bank
Al3 A23*? A23*? Al2 (BAO)
Al2 A22 Al2 All Address
All A21 L/H** A10/AP Specifies
address/precharge
Al0 A20 Al0 A9 Address
A9 Al9 A9 A8
A8 Al8 A8 A7
A7 Al7 A7 A6
A6 Al6 A6 A5
A5 AlS5 A5 A4
A4 Al4 A4 A3
A3 A13 A3 A2
A2 Al12 A2 Al
Al All Al AO
A0 A10 A0 Unused

Example of connected memory
256-Mbit product (4 Mwords x 16 bits x 4 banks, column 10 bits product): 1 device

Notes: 1. L/His a bit used in the command specification; it is fixed at L or H according to the
access mode.

2. Bank address specification
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Table7.15 Relationship between A2/3BSZ[1:0], A2/3ROW[1:0], and Address M ultiplex
Output (6)-1

Setting
A2/3 BSZ[1:0] A2/3 ROW[1:0] A2/3 COL[1:0]
10 (16 bits) 10 (13 hits) 01 (9 hits)
Output Pin of Row Address  Column Address Synchronous DRAM
This LSI Output Cycle  Output Cycle Pin Function
Al7 A26 Al7 Unused
Al6 A25 Al6
Al5 A24*? A24*? Al4 (BAL) Specifies bank
Al4 A23*? A23*? A13 (BAO)
Al3 A22 Al3 Al2 Address
Al2 A21 Al2 All
All A20 L/H* A10/AP Specifies
address/precharge
Al0 Al19 Al10 A9 Address
A9 Al8 A9 A8
A8 Al7 A8 A7
A7 Al6 A7 A6
A6 Al5 A6 A5
A5 Al4 A5 A4
A4 Al3 A4 A3
A3 Al12 A3 A2
A2 All A2 Al
Al A10 Al AO
A0 A9 A0 Unused

Example of connected memory

256-Mbit product (4 Mwords x 16 bits x 4 banks, column 9 bits product): 1 device

Notes: 1. L/His a bit used in the command specification; it is fixed at L or H according to the
access mode.

2. Bank address specification
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Table7.15 Relationship between A2/3BSZ[1:0], A2/3ROW[1:0], and Address M ultiplex

Output (6)-2

Setting

A2/3BSZ[1:0] A2/3 ROW[L:0]

A2/3 COL[1:0]

10 (16 bits) 10 (13 bits)

10 (10 bits)

Output Pin of Row Address

Column Address

Synchronous DRAM

This LSI Output Cycle  Output Cycle Pin Function

Al7 A27 Al7 Unused

A16 A26 A16

Al5 A25*2*3 A25*2*3 Al4 (BAL) Specifies bank

Al4 A24*? A24*? A13 (BAO)

A13 A23 A13 Al12 Address

Al12 A22 Al12 All

All A21 L/H** A10/AP Specifies
address/precharge

A10 A20 A10 A9 Address

A9 A19 A9 A8

A8 A18 A8 A7

A7 Al7 A7 A6

A6 A16 A6 A5

A5 A15 A5 A4

A4 Al4 A4 A3

A3 A13 A3 A2

A2 A12 A2 Al

Al All Al A0

A0 Al0 AOQ Unused

Example of connected memory
512-Mbit product (8 Mwords x 16 bits x 4 banks, column 10 bits product): 1 device

Notes: 1.

L/H is a bit used in the command specification; it is fixed at L or H according to the

access mode.

Bank address specification
Only the RASL pin is asserted because the A25 pin specified the bank address. RASU

is not asserted.
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7.83 Burst Read
A burst read occursin the following casesin thisLSI.

» 16-bytetransfer in cache miss.
» 16-bytetransfer in DMAC (access to non-cacheable region)
» Accesssizeinreadingislarger than data bus width.

This LSl dways accesses the SDRAM with burst length 1. For example, read access of burst
length 1 is performed consecutively 4 times to read 16-byte continuous data from the SDRAM that
is connected to a 32-hit data bus.

Table 7.16 shows the relationship between the access size and the number of bursts.

Table7.16 Relationship between Access Size and Number of Bursts

Bus Width Access Size Number of Bursts

16 bits 8 bits

16 bits

32 hits

16 bits

32 bits 8 bits

16 bits

32 bits

ARrlr|rR|o|N|R|R

16 bits
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Figure 7.16 shows a timing chart in burst read. In burgt read, an ACTV command is output in the
Tr cycle, the READ command isissued inthe Tcl, Tc2, and Tc3 cycles, the READA command is
issued in the T4 cycle, and theread dataisreceived at the rising edge of the external clock
(CKIO) inthe Td1 to Td4 cycles. The Tap cycleis used to wait for the completion of an auto-
precharge induced by the READ command in the SDRAM. In the Tap cycle, anew command
will not be issued to the same bank. However, access to another CS space or another bank in the
same SDRAM spaceis enabled. The number of Tap cyclesis specified by the TRP[1:0] hits of
the CSBWCR register.

Tw Td1 Td2 Td3 Td4
Tr Trw Tel Tc2 Tc3 Tc4 Tde Tap

wont O TNy
W
weoc N T T L
e N A i A R N
Rolm'i:::i;::;;;;;;i:u:\g_
0811020 it I I
B T T TN L L T
DACKn*3::E:::::::::::E::/lil:

Notes: 1. Address pin to be connected to the A10 pin of SDRAM.
2. xxis UU, UL, LU, or LL.
3. The waveform for DACKn is when active low is specified.

Figure7.16 Synchronous DRAM Burst Read Wait Specification Timing
(Auto Precharge)
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7.8.4 Single Read

A read access ends in one cycle when data existsin non-cacheable region and the data bus width is
larger than or equal to access size. Asthe burst length is set to 1 in synchronous DRAM burst
read/single write mode, only the required datais output. Consequently, no unnecessary bus cycles
are generated even when a cache-through areais accessed.

Figure 7.17 shows the basic timing chart for singleread.

wo NSNS NS NN\

A25toA0:X X X
A12/A11*1 )(/\

T T
N I WAV B B VI

Notes: 1. Address pin to be connected to the A10 pin of SDRAM.
2. xxis UU, UL, LU, or LL
3. The waveform for DACKn is when active low is specified.

Figure7.17 Basic Timing for Single Read (Auto Prechar ge)
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7.85 Burst Write
A burst write occurs in the following casesin this LSI.

e Copyback of the cache
e 16-bytetransfer in DMAC (access to non-cacheable region)
e Accesssizein writing islarger than data bus width.

This LSl aways accesses SDRAM with burst length 1. For example, write access of burst length 1
is performed continuously 4 timesto write 16-byte continuous data to the SDRAM that is
connected to a 32-hit data bus.

The relationship between the access size and the number of burstsis shown in table 7.16.
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Figure 7.18 shows a timing chart for burst writes. In burst write, an ACTV command is output in
the Tr cycle, the WRIT command isissued in the Tcl, Tc2, and Tc3 cycles, and the WRITA
command isissued to execute an auto-prechargein the Tc4 cycle. In the write cycle, the write
datais output simultaneoudly with the write command. After the write command with the auto-
prechargeis output, the Trwl cycle that waits for the auto-precharge initiation is followed by the
Tap cycle that waits for completion of the auto-precharge induced by the WRITA command in the
SDRAM. Inthe Tap cycle, anew command will not beissued to the same bank. However, access
to another CS space or another bank in the same SDRAM space is enabled. The number of Trwl
cyclesis specified by the TRWL[1:0] bits of the CS3WCR register. The number of Tap cyclesis
specified by the TRP[1:0] bits of the CS3WCR register.

Tr Tel Tc2 Tc3 Tc4 Trwl Tap

CKIO ! I I I h )

A25 to AO :X | .X | X X X X
azatt X0\ ! :\ ' : ' :

~

——

[T

| 1
— |
BS : 1\ I -
L T
DACKn*3 :\ L
—t t

Y

Notes: 1. Address pin to be connected to the A10 pin of SDRAM.
2. xxis UU, UL, LU, or LL.
3. The waveform for DACKn is when active low is specified.

Figure 7.18 Basic Timing for Synchronous DRAM Burst Write (Auto Precharge)

Rev. 2.00, 09/03, page 216 of 690
RENESAS




7.8.6 Single Write

A write access ends in one cycle when data is written in non-cacheable region and the data bus
width islarger than or equal to access size. Thisis called single write. Figure 7.19 shows the basic
timing chart for single write.

A12/A11*1
CSn

RASU/L::EEE\::E:
CASUL ; 5 :\: Y

rROWR ] 1 o\ T

DQMxx*2 E\ E : E : E E ; E

B o U NN N
D3teDO——— _ /1 & .

B 1 L
DACKn*3_€-\§ P / Lo

Notes: 1. Address pin to be connected to the A10 pin of SDRAM.
2. xxis UU, UL, LU, or LL.
3. The waveform for DACKn is when active low is specified.

Figure7.19 Basic Timing for Single Write (Auto Precharge)
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7.8.7 Bank Active

The synchronous DRAM bank function is used to support high-speed accesses to the same row
address. When the BACTYV hit in SDCRis 1, accesses are performed using commands (READ,
WRIT) without auto-precharge. This function is called bank-active function. Thisfunction isvalid
only for either the upper or lower bits of area 3. When area 3 is set to bank-active mode, area 2
should be set to normal space or byte-selection SRAM. When areas 2 and 3 are both set to
SDRAM or both the upper and lower bits of area 3 are connected to SDRAM, auto pre-charge
mode must be set. In this case, precharging isnot performed when the access ends. When
accessing the same row addressin the same bank; it is possible to issue the READ or WRIT
command immediately, without issuing an ACTV command. As synchronous DRAM isinternaly
divided into several banks, it is possible to activate one row address in each bank. If the next
access isto a different row address, a PRE command isfirst issued to precharge the relevant bank,
then when precharging is completed, the access is performed by issuing an ACTV command
followed by a READ or WRIT command. If thisisfollowed by an accessto a different row
address, the access time will be longer because of the precharging performed after the access
request isissued.

In awrite, when auto-precharge is performed, a command cannot be issued for a period of Trwl +
Tpc cycles after issuance of the WRITA command. When bank active modeis used, READ or
WRIT commands can be issued successively if the row address isthe same. The number of cycles
can thus be reduced by Trwl + Tpc cycles for each write.

Thereisalimit on tras, thetime for placing each bank in the active state. If thereis no guarantee
that there will not be a cache hit and another row address will be accessed within the period in
which this value is maintained by program execution, it is necessary to set auto-refresh and set the
refresh cycle to no more than the maximum value of tgas.

A burst read cycle without auto-prechargeis shown in figure 7.20, aburst read cycle for the same
row addressin figure 7.21, and a burst read cycle for different row addressesin figure 7.22.
Similarly, a burst write cycle without auto-prechargeis shown in figure 7.23, asingle write cycle
for the samerow addressin figure 7.24, and a single write cycle for different row addressesin
figure 7.25.

When bank active mode is set, if only accesses to the respective banksin the area 3 space are
considered, aslong as accesses to the same row address continue, the operation starts with the
cyclein figure 7.20 or 7.23, followed by repetition of the cyclein figure 7.21 or 7.24. An accessto
adifferent area during thistime has no effect. If there is an accessto a different row addressin the
bank active state, after thisis detected the bus cyclein figure 7.22 or 7.25 is executed instead of
that in figure 7.21 or 7.24. In bank active mode, too, all banks become inactive after arefresh
cycle or after the bus isreleased as the result of bus arbitration.
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3. The waveform for DACKn is when active low is specified.

2. xxis UU, UL, LU, or LL.
Figure7.20 Burst Read Timing (No Auto Precharge)

Notes: 1. Address pin to be connected to the A10 pin of SDRAM.
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Notes: 1. Address pin to be connected to the A10 pin of SDRAM.
2. xxis UU, UL, LU, or LL.
3. The waveform for DACKn is when active low is specified.

Figure7.21 Burst Read Timing (Bank Active, Same Row Address)
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Address pin to be connected to the A10 pin of SDRAM.

Notes: 1.

2. xxis UU, UL, LU, or LL.

3. The waveform for DACKn is when active low is specified.

Figure 7.22 Burst Read Timing (Bank Active, Different Row Addr esses)
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Notes: 1. Address pin to be connected to the A10 pin of SDRAM.
2. xxis UU, UL, LU, or LL.
3. The waveform for DACKn is when active low is specified.

Figure7.23 Single Write Timing (No Auto Prechar ge)
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Notes: 1. Address pin to be connected to the A10 pin of SDRAM.
2. xxis UU, UL, LU, or LL.
3. The waveform for DACKn is when active low is specified.

Figure7.24 Single Write Timing (Bank Active, Same Row Addr ess)
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Notes: 1. Address pin to be connected to the A10 pin of SDRAM.
2. xxis UU, UL, LU, or LL.
3. The waveform for DACKn is when active low is specified.

Figure7.25 SingleWrite Timing (Bank Active, Different Row Addr esses)
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7.8.8 Refreshing

This LSl hasafunction for controlling synchronous DRAM refreshing. Auto-refreshing can be
performed by clearing the RMODE bhit to 0 and setting the RFSH bit to 1 in SDCR. A continuous
refreshing can be performed by setting the RRC[2:0] bitsin RTCSR. If synchronous DRAM is not
accessed for along period, self-refresh mode, in which the power consumption for data retention
islow, can be activated by setting both the RMODE hit and the RFSH bit to 1.

1. Auto-refreshing
Refreshing is performed for the number of times specified by bits RRC[2:0] in RTCSR at
intervals determined by the input clock sdected by bits CKF2:0] in RTCSR, and the value set
in RTCOR. The value of these bits should be set so asto satisfy the refresh interval stipulation
for the synchronous DRAM used. First make the settings for RTCOR, RTCNT, and the
RMODE and RFSH hitsin SDCR, then make bits CKS[2:0] and RRC[2:0] settingsin RTCSR.
When the clock is selected by bits CKF2:0], RTCNT starts counting up from the value at that
time. The RTCNT valueis constantly compared with the RTCOR value, and if the two values
are the same, arefresh request is generated and auto-refresh is performed for the number of
times specified by bits RRC[2:0]. At the sametime, RTCNT is cleared to zero and the count-
up isrestarted. Figure 7.26 shows the auto-refresh cycle timing.

After starting, the auto refreshing, PALL command isissued in the Tp cycle to make all the
banksto pre-charged state from active state when some bank is being pre-charged. Then REF
command isissued in the Trr cycle after inserting idle cycles of which number is specified by
the TRP[1:0] bitsin CShWCR. A new command is not issued for the duration of the number
of cycles specified by the TRC[1:0] bitsin CShWCR after the Trr cycle. The TRC[1:0] bits
must be set so as to satisfy the SDRAM refreshing cycle time stipulation (trc). A NOP cycleis
inserted between the Tp cycle and Trr cycle when the setting value of the TRP[1:0] bitsin
CSnWCR islonger than or equal to 2 cycles.
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Notes: 1. Address pin to be connected to the A10 pin of SDRAM.
2. xxis UU, UL, LU, or LL.
3. The waveform for DACKn is when active low is specified.
Figure 7.26 Auto-Refresh Timing
2. Sdf-refreshing

Self-refresh mode in which therefresh timing and refresh addresses are generated within the
synchronous DRAM. Self-refreshing is activated by setting both the RMODE bit and the
RFSH bit in SDCR to 1. After starting the self-refreshing, PALL commandisissued in Tp
cycle after the completion of the pre-charging bank. A SELF command is then issued after
inserting idle cycles of which number is specified by the TRP[1:0] bitsin CShWSR.
Synchronous DRAM cannot be accessed whilein the self-refresh state. Self-refresh modeis
cleared by clearing the RMODE hit to 0. After self-refresh mode has been cleared, command
issuance is disabled for the number of cycles specified by the TRC[1:0] bitsin CShWCR. Self-
refresh timing is shown in figure 7.27. Settings must be made so that self-refresh clearing and
data retention are performed correctly, and auto-refreshing is performed at the correct
intervals. When self-refreshing is activated from the state in which auto-refreshing is set, auto-
refreshing isrestarted if the RFSH bit is set to 1 and the RMODE bit is cleared to 0 when self-
refresh mode is cleared. If the transition from clearing of self-refresh mode to the start of auto-
refreshing takes time, thistime should be taken into consideration when setting the initial value
of RTCNT. Making the RTCNT value 1 less than the RTCOR value will enable refreshing to
be started immediately.
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After sdlf-refreshing has been set, the self-refresh state continues even if the chip standby state
isentered using the LS| standby function, and is maintained even after recovery from standby
mode other than through a power-on reset. In case of a power-on reset, the bus state

controller’ sregistersare initialized, and therefore the self-refresh state is cleared.
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Notes: 1. Address pin to be connected to the A10 pin of SDRAM.
2. xxis UU, UL, LU, or LL.
3. The waveform for DACKn is when active low is specified.

Figure 7.27 Self-Refresh Timing

3. Relationship between refresh requests and bus cycle
If arefresh request is generated during a bus cycle, refresh waits for the bus cycle to be
completed. If arefresh request is generated while the busisreleased by the bus arbitration
function, refresh waits for the bus mastership to be obtained.
If anew refresh request is generated while refresh iswaiting, the first refresh request is
canceled. To perform refresh correctly, the bus cycle and the bus-owned period must be shorter
than therefresh interval.
If abusrequest isissued during self-refreshing, the busis not released until therefresh is
completed.
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7.8.9 L ow-Frequency Mode

When the SLOW hit in SDCRis set to 1, output of commands, addresses, and write data, and
fetch of read data are performed at atiming suitable for operating SDRAM at alow freguency.

Figure 7.28 shows the access timing in low-frequency mode. In this mode, commands, addresses,
and write data are output in synchronization with the falling edge of CKIO, which ishalf acycle
delayed than the normal timing. Read dataisfetched at therising edge of CKI10O, which ishalf a
cycle faster than the normal timing. Thistiming alows the hold time of commands, addresses,
write data, and read data to be extended.

If SDRAM is operated at a high frequency with the SLOW bit set to 1, the setup time of
commands, addresses, write data, and read data are not guaranteed. Take the operating frequency
and timing design into consideration when making the SLOW hit setting.

CKIO

CKE

CTL I G G E— G G GRS G
ot ST N TN
ﬁé—é\i::::::::'::::

msor ¢ A\

i/
T N B R R R R

D31 to DO

BS '
DACKn*3 —'—\ :

Notes: 1. Address pin to be connected to the A10 pin of SDRAM.
2. xxis UU, UL, LU, or LL.
3. The waveform for DACKn is when active low is specified.

Figure 7.28 Low-Frequency Mode Access Timing
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7.8.10 Power-On Sequence

In order to use synchronous DRAM, mode setting must first be performed after powering on. To
perform synchronous DRAM initialization correctly, the bus state controller registers must first be
s, followed by awrite to the synchronous DRAM mode register. In synchronous DRAM mode
register setting, the address signal value at that time islatched by a combination of the CSn, RAS,
CAS, and RD/WR signals. If the value to be set is X, the bus state controller provides for value X
to be written to the synchronous DRAM mode register by performing a write to address
H'A4FD4000 + X for area 2 synchronous DRAM, and to address H'A4FD5000 + X for area 3
synchronous DRAM. In this operation the dataisignored, but the mode writeis performed asa
word-size access. To set burst read/single write, CAS latency 2 to 3, wrap type = sequentia, and
burst length 1 supported by the LS|, arbitrary datais written in aword-size access to the addresses
shown intable 7.17. In thistime O is output at the external address pinsof A12 or later.

Table7.17 AccessAddressin SDRAM Mode Register Write

(1) Setting for Area 2 (SDMR2)
Burst read/single write (burst length 1):

Data Bus Width CAS Latency Access Address External Address Pin
16 bits 2 H'A4FD4440 H'0000440

3 H'A4FD4460 H'0000460
32 bits 2 H'A4FD4880 H'0000880

3 H'A4FD48C0 H'00008CO0

Burst read/burst write (burst length 1):

Data Bus Width CAS Latency Access Address External Address Pin
16 bits 2 H'A4FD4040 H'0000040

3 H'A4FD4060 H'0000060
32 bits 2 H'A4FD4080 H'0000080

3 H'A4FD40C0 H'00000CO0
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(2) Setting for Area 3 (SDMR3)
Burst read/single write (burst length 1):

Data Bus Width CAS Latency Access Address External Address Pin
16 bits 2 H'A4FD5440 H'0000440

3 H'A4FD5460 H'0000460
32 bits 2 H'A4FD5880 H'0000880

3 H'A4FD58CO H'00008C0

Burst read/burst write (burst length 1):

Data Bus Width CAS Latency Access Address External Address Pin
16 bits 2 H'A4FD5040 H'0000040

3 H'A4FD5060 H'0000060
32 bits 2 H'A4FD5080 H'0000080

3 H'A4FD50C0 H'00000CO0

Mode register setting timing is shown in figure 7.29. A PALL command (all bank pre-charge
command) isfirstly issued. A REF command (auto refresh command) isthen issued 8 times. An
MRS command (mode register write command) is finaly issued. Idle cycles, of which number is
specified by the TRP[1:0] bitsin CSh\WCR, are inserted between the PALL and thefirst REF. Idle
cycles, of which number is specified by the TRC[1:0] bitsin CShnWCR, are inserted between REF
and REF, and between the 8th REF and MRS. Idle cycles, of which number is one or more, are
inserted between the MRS and a command to be issued next.

Itisnecessary to keep idle time of certain cycles for SDRAM before issuing PALL command after
power-on. Refer the manud of the SDRAM for the idle time to be needed. When the pulse width
of thereset signal islonger then theidletime, mode register setting can be started immediately
after the reset, but care should be taken when the pulse width of thereset signd is shorter than the
idletime.
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Notes: 1. Address pin to be connected to the A10 pin of SDRAM.
2. xxis UU, UL, LU, or LL.
3. The waveform for DACKn is when active low is specified.

Figure 7.29 Synchronous DRAM M ode Write Timing (Based on JEDEC)

7.9 Burst ROM Interface

The burst ROM interface is provided to access ROM that has the page mode function, such as
flash memory, in high speed. Basically the access to the ROM is performed in the same way as for
normal space. When the first cycle is terminated, however, negation of theRD signal is not
executed. The accesses after the 2nd access are performed by exchanging only the address. In the
accesses after the 2nd access, the address is changed at the falling edge of CKIO.

The number of wait cycles specified by the W[3:0] bitsin CSh\WCR areinserted for thefirst
access cycle. The number of wait cycles specified by the BW[1:0] bitsin CSnWCR areinserted
for the second and subsequent access cycles.

In the access to the burst ROM, the BS signal is asserted only to the first access cycle. An externa
wait input isvalid only to the first access cycle. In the single access or write access that do not
perform the burst operation in the burst ROM interface, access timing is same as anormal space.
Table 7.18 lists arelationship between bus width, access size, and the number of bursts. Figure
7.30 shows a timing chart.
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Table7.18 Relationship between Bus Width, Access Size, and Number of Bursts

Bus Width Access Size Number of Bursts

8 bits 8 bits 1

16 bits 2

32 bits 4

16 bytes 16

16 bits 8 bits

16 bits

1
1
32 bits 2
8

16 bytes

T, 0 Tw ! Tw ! TB2 ! Twb ! TB2 | Twb ! TB2 ! Twb ! T,

CKIO

Address

Bl el e Bl el
B S S A T

PSS RSE

R f lk)ﬁ e

DACK

o T T

LJ
—~

Figure 7.30 Burst ROM Access (Bus Width 8 Bits, Access Size 32 Bits (Number of Burst 4),
AccessWait for the 1st Time 2, Access Wait for 2nd Time and after 1)
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7.10 Byte-Selection SRAM Interface

The byte-selection SRAM interfaceis for outputting the byte-selection signal (WEn) in both read
and write bus cycles. Thisinterface has 16-bit data pins and accesses SRAM that has an upper
byte-selection pin and alower byte-selection pin, such as UB and LB. The write accesstiming is
the same as that for the normal space interface. The read access timing differs from that for the
normal space interface in the WEn timing, and a byte-sdection signal is output from the WEn pin.
The basic access timing is shown in figure 7.31.

Note that in awrite cycle, datais written in accordance with the byte-selection pin (WEn) timing.
Check the data sheet of the memory to be used for the actual timing.

. T4 ' T2

_\

Read <

e S
RD/WR \ | |

Write < RD

| D31to DO

Note: * The waveform for DACKn is when active low is specified.

Figure 7.31 Byte-Selection SRAM Basic Access Timing
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64k x 16-bit

This LSI SRAM
A17 A15
A2 A0
CSn Cs
RD OE

RD/WR WE
D31 11015
D16 1/00

WE3 UB
WE2 B
D15
: L] a15
DO :
WET A0
WE2 Cs
OE
WE
/015
1/00
UB
B

Figure 7.32 Example of Connection with 32-Bit Data-Width Byte-Selection SRAM

64k x 16-bit
This LSI SRAM
A16 A15
Al A0
CSn CS
RD OE
RD/WR| WE
D15 10 15
DO 100
WET UB
WEO B

Figure 7.33 Example of Connection with 16-Bit Data-Width Byte-Selection SRAM
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7.11  Wait between Access Cycles

Asthe operating frequency of LSIs becomes higher, the off-operation of the data buffer often
collides with the next data access when theread operation from devices with dow access speed is
completed. As aresult of these collisions, the rdiability of the device islow and malfunctions may
occur. A function that avoids data collisions by inserting wait cycles between continuous access
cycles has been newly added.

The number of wait cycles between access cycles can be set by bits IWW[1:0], IWRWD[1:0],
IWRWS[1:0], IWRRD[1:0], and IWRRS[1:0] in CSnBCR, and bits DMAIW[1:0] and DMAIWA
in CMNCR. The conditions for setting the wait cycles between access cycles (idle cycles) are
shown below.

Continuous accesses are write-read or write-write

Continuous accesses are read-write for different spaces

Continuous accesses are read-write for the same space

Continuous accesses are read-read for different spaces

Continuous accesses are read-read for the same space

Data output from an external device caused by DMA single transfer is followed by data output
from another device that includes this LS| (DMAIWA = 0)

7. Dataoutput from an external device caused by DMA single transfer is followed by any type of
access (DMAIWA =1)

o ok~ wDdhpRE

7.12 Bus Arbitration

This LSl supports bus arbitration. This LS| has bus mastership in the normal state and rel eases bus
mastership after receiving a bus request from another device.

To prevent device malfunction while the bus mastership is transferred between master and dave,
the LS| negates all of the bus control signals before bus release. When the bus mastership is
received, all of the bus control signals are first negated and then driven appropriately. In this case,
output buffer conflicts can be prevented because the master and slave drive the same signals with
the same values. In addition, to prevent noise while the bus control sgnal isin the high-impedance
state, pull-up resistors must be connected to these control signas.

Bus mastership istransferred at the boundary of bus cycles. Namely, bus mastership isreleased
immediately after recelving a bus request when a bus cycleis not being performed. The rel ease of
bus mastership is delayed until the bus cycle is complete when a bus cycleisin progress. Even
when from outside the LSl it looks like a bus cycle is not being performed, a bus cycle may be
performing internally, started by inserting wait cycles between access cycles. Therefore, it cannot
be immediately determined whether or not bus mastership has been released by looking at the CSn
signal or other bus control signals. The states that do not alow bus mastership rd ease are shown
bel ow.
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16-byte trangition because of a cache miss
During copyback operation for the cache
Between theread and write cycles of a TAS instruction

Multiple bus cycles generated when data bus width is smaller than the access size (For
example, between bus cycles when longword access is made to memory with a data bus width
of 8 hits.)

5. 16-byte transfer by the DMAC

A wbdh PR

If self-refresh mode is specified for the SDRAM, the master device cannot release the bus. If the
master clock stops because a transition is underway to standby mode or the frequency is changed,
or if thisLSl is being reset, the master device cannot rel ease the bus. To prevent the dave from
issuing bus requestsin such a case, the slave must be put into the sleep state so that no dave
access cycles are generated.

The refresh request and bus request are accepted during the DMA burst transfer.

Bus mastership is maintained until a new bus request isreceived. Bus mastership is rel eased
immediately after the completion of the bus cycle in progress when an externa bus request
(BREQ) isasserted (low level) and a bus acknowledge signal (BACK) is asserted (low level). Bus
useisresumed when anegation (high level) of BREQ, which shows that the ave has released the
bus, has been received.

SDRAM issues all bank pre-charge commands (PALLSs) when active banks exist and rel eases the
bus after completion of a PALL command.

The bus rel ease sequenceis as follows. The address bus and data bus are placed in ahigh-
impedance state synchronized with the rising edge of CK10. The bus mastership enable signal is
asserted 0.5 cycles after the above timing, synchronized with the falling edge of CKI10. Bus
control signals (BS, CSn, RASU, RASL, CASU, CASL, DQMxx, WEn, RD, and RD/WR) are
made to the high-impedance states at the subsequent rising edge of CK10. Bus request signals are
sampled at the falling edge of CKIO. The sequence for re-claiming bus mastership from adaveis
described bel ow. After detecting the negation of BREQ at the falling edge of CKI10O, the bus
enable signal isnegated at the subsequent falling edge of the clock. The address and data signals
are driven at the subsequent rising edge of CKI0O. Figure 7.34 shows the bus arbitration timing.
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Figure 7.34 BusArhbitration

In an origina dave device designed by the user, multiple bus accesses are generated continuously
to reduce the overhead caused by bus arbitration. In this case, to execute SDRAM refresh
correctly, the dave device must be designed to rel ease the bus mastership within the refresh
interval time.

The bus rel ease by the BREQ and BACK signal handshaking requires some overhead. If the dave
has many tasks, multiple bus cycles should be executed in a bus mastership acquisition. Reducing
the cycles required for master to dlave bus mastership transitions streamlines the system design.

7.13 Others

Reset: The bus state controller (BSC) can beinitidized completely only at power-on reset. At
power-on reset, all sgnalsare negated and output buffers are turned off regardless of the bus cycle
state. All control registersareinitialized.

In standby, sleep, and manual reset, control registers of the bus state controller are not initialized.
At manual reset, the current bus cycle being executed is completed and then the access wait state
isentered. Since the RTCNT continues counting up during manual reset signal assertion, arefresh
request occursto initiate the refresh cycle.

Note that arbitration requests using BREQ are not accepted during manual reset signal assertion.

On-Chip Peripheral Module Access. To access an on-chip module register, two or more
peripheral module clock (Pg) cycles arerequired. Care must be taken in system design.
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Section 8 Direct Memory Access Controller (DMAC)

This LSl includes the direct memory access controller (DMAC). The DMAC can be used in place
of the CPU to perform high-speed transfers between external devices with DACK (transfer request
acknowledge signal), external memory, memory-mapped external devices, and on-chip peripheral
modules.

8.1 Features

» Four channels (two channels can recelve an external request)

» 4-Gbyte physical address space

» Datatransfer unit: Byte, word (2 bytes), longword (4 bytes), and 16 bytes (longword x 4)
¢ Maximum transfer count: 16777216 transfers

* Addressmode: Dud address mode or single address mode can be sel ected.

» Transfer requests: External request, on-chip peripheral module request, or auto request can be
selected.

The following modules can issue an on-chip peripheral modul e request.
SCIF0, SCIF2, CMT, USB, and A/D converter

» Busmodes. Cycle steal mode (normal mode and intermittent mode 16/64) or burst mode can
be selected.

» Sdectable channd priority levels:
The channd priority levels are sd ectable between fixed mode and round-robin mode.
» Interrupt request: An interrupt request can be generated to the CPU after transfers end.

» External request detection: Low-/high-leve or risng/falling edge detection of DREQ input can
be selected.

» Transfer request acknowledge signal: Active levelsfor DACK can be set independently.

» Transfer end signal: Active level for TEND can be set. TEND is output at the same timing as
DACK inthelast DMA transfer. (Only channel 0)
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Figure 8.1 shows the block diagram of the DMAC.

N N DMAC module '
! A\
i Transfer countf— > - E
1 control - !
1 Register - | DAR n |: E
v E control ,
On-chip 2| | gl ) [ DMATCR n
peripheral module © = 1
E, S| Start-up [ !
= S| control - '
S| [ =] : CHCR_n !
o ! _+ A .y | ! '
: \ o 5
DREQO, DREQ1 s R . ! DMAOR |<:> !
SCIF0, SCIF2 : perg;:ﬁj - :
A/Dcm-{\bgr?ear : control oM ARSO-1 K > '
DEIn = : — _ ,
DACKO, DACK1 & : !
TENDO :
— [ | :
External D K ' ) Bus E
ROM E interface ,
External i E
RAM D E !
External I/O [Legend]
(memory K ) DMAOR: DMA operation register
mapped) SARnN: DMA source address register
DARn: DMA destination address register
External I/O Bus state DMATCRn: DMA transfer count register
(with < > O controller CHCRn: DMA channel control register
acknowledge- DMARSO0/1: DMA extension resource selector
ment) DEIn: DMA transfer-end interrupt request to the CPU
n:0,1,2,3

Figure8.1 Block Diagram of DMAC
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8.2

The externd pins for the DMAC are described below.

Input/Output Pins

Table 8.1 liststhe configuration of the pinsthat are connected to external bus. The DMAC has
pinsfor 2 channels (channels 0 and 1) for external bus use. Channd 0 hasthe DMA transfer end
signal.

Table81 Pin Configuration

Channel Name Symbol 1/O Function
0 DMA transfer request DREQO | DMA transfer request input from
external device to channel 0
DMA transfer request DACKO O DMA transfer request acknowledge
acknowledge output from channel 0 to external device
DMA transfer end TENDO O Transfer end output in channel 0
1 DMA transfer request DREQ1 | DMA transfer request input from
external device to channel 1
DMA transfer request DACK1 O DMA transfer request acknowledge
acknowledge output from channel 1 to external device
8.3 Register Descriptions

The DMAC hasthe following registers. See section 24, List of Registers, for the addresses of
these registers and the states of them in each processing state. The SAR for channel 0 is expressed
such as SAR 0.

1

Channd 0

DMA source addressregister_0 (SAR_0)

DMA destination addressregister_0 (DAR_0)
DMA transfer count register 0 (DMATCR_0)
DMA channel control register_ 0 (CHCR_0)

Channd 1

DMA source addressregister_1 (SAR_1)

DMA destination addressregister_1 (DAR_1)
DMA transfer count register_ 1 (DMATCR_1)
DMA channel control register _1 (CHCR_1)
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3. Channdl 2

» DMA source addressregister_2 (SAR_2)

* DMA destination addressregister_2 (DAR_2)
» DMA transfer count register_2 (DMATCR_2)
e DMA channe control register_2 (CHCR_2)

4. Channe 3

» DMA source addressregister_3 (SAR_3)

» DMA destination addressregister_3 (DAR_3)
» DMA transfer count register_3 (DMATCR_3)
e DMA channe control register_3 (CHCR_3)

5. Common

» DMA operation register (DMAOR)

» DMA extended resource selector 0 (DMARSO)
» DMA extended resource selector 1 (DMARS1)

831 DMA Sour ce Address Registers (SAR)

SAR are 32-hit readable/writable registers that specify the source address of a DMA transfer.
During aDMA transfer, these registers indicate the next source address. When the data of an
externd device with DACK istransferred in single address mode, SAR isignored.

To transfer datain 16 bits or in 32 bits, specify the address with 16-bit or 32-bit address boundary.
When transferring datain 16-byte units, a 16-byte boundary must be set for the source address
value. Theinitia valueis undefined. The SAR retains the current value in software standby or
modul e standby mode.

8.32 DMA Destination Address Registers (DAR)

DAR are 32-bit readable/writable registers that specify the destination address of a DMA transfer.
During aDMA transfer, these registersindicate the next destination address. When the data of an
externd device with DACK istransferred in single address mode, DAR isignored.

To transfer datain 16 bits or in 32 bits, specify the address with 16-bit or 32-bit address boundary.
When transferring datain 16-byte units, a 16-byte boundary must be set for the source address
value. Theinitiad valueis undefined. The DAR retains the current value in software standby or
modul e standby mode.
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8.33 DMA Transfer Count Registers (DMATCR)

DMATCR are 32-hit readable/writable registers that specify the DMA transfer count. The number
of transfersis 1 when the setting is H'00000001, 16,777,215 when H'00FFFFFF is set, and
16,777,216 (the maximum) when H'00000000 is set. During a DMA transfer, these registers
indicate the remaining transfer count.

The upper 8 bitsof DMATCR are dways read as 0. The write value should always be 0. To
transfer datain 16 bytes, one 16-byte transfer (128 bits) counts one. Theinitial valueis undefined.
The DMATCR retains the current value in software standby or modul e standby mode.

8.34 DMA Channd Control Registers (CHCR)

CHCR are 32-bit readable/writable registers that control the DMA transfer mode.

Bit Initial
Bit Name  Value R/W Descriptions
3lto24 0O 0 R Reserved
These bits are always read as 0. The write value should always
be 0.
23 DO 0 R/W  DMA Overrun

Selects whether DREQ is detected by overrun 0 or by overrun
1. This bit is valid only in CHCR_0 and CHCR_1. This bit is
always read as 0 in CHCR_2 and CHCR_3. The write value
should always be 0.

0: Detects DREQ by overrun 0
1: Detects DREQ by overrun 1

22 TL 0 R/W  Transfer End Level

Selects whether the TEND signal output is high active or low
active. This bit is valid only in CHCR_O. There are no TEND
pins in CHCR_1 to CHCR_3. Therefore this setting is invalid.
This bit is always read as 0. The write value should always be
0.

0: Low-active output of TEND
1: High-active output of TEND

21to18 0 0 R Reserved

These bits are always read as 0. The write value should always
be 0.

Rev. 2.00, 09/03, page 243 of 690
RENESAS



Bit Initial

Bit Name  Value R/W Descriptions

17 AM 0 R/W  Acknowledge Mode
Selects whether DACK is output in data read cycle or in data
write cycle in dual address mode.
In single address mode, DACK is always output regardless of
the specification by this bit.
This bit is valid only in CHCR_0 and CHCR_1. This bit is
always read as 0 in CHCR_2 and CHCR_3. The write value
should always be 0.
0: DACK output in read cycle (Dual address mode)
1: DACK output in write cycle (Dual address mode)

16 AL 0 R/W  Acknowledge Level
Specifies the DACK signal output is high active or low active.
This bit is valid only in CHCR_0 and CHCR_1. This bit is
always read as 0 in CHCR_2 and CHCR_3. The write value
should always be 0.
0: Low-active output of DACK
1: High-active output of DACK

15 DM1 R/W  Destination Address Mode

14 DMO R/W  Specify whether the DMA destination address is incremented,

decremented, or left fixed. (In single address mode, the DM1
and DMO bits are ignored when data is transferred to an
external device with DACK.)

00: Fixed destination address
(setting prohibited in 16-byte transfer)

01: Destination address is incremented (+1 in byte-size
transfer, +2 in word-size transfer, +4 in longword-size
transfer, +16 in 16-byte transfer)

10: Destination address is decremented (-1 in byte-size
transfer, —2 in word-size transfer, —4 in longword-size
transfer, setting prohibited in 16-byte transfer)

11: Setting prohibited
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Bit

Bit
Name

Initial
Value

R/W

Descriptions

13
12

SM1
SMO

R/W
R/W

Source Address Mode

Specifies whether the DMA source address is incremented,
decremented, or left fixed. (In single address mode, the SM1
and SMO bits are ignored when data is transferred from an
external device with DACK.)

00: Fixed source address
(setting prohibited in 16-byte transfer)

01: Source address is incremented (+1 in byte-size transfer, +2

in

word-size transfer, +4 in longword-size transfer, +16 in

16-byte transfer)
10: Source address is decremented (-1 in byte-size transfer, —2

in

word-size transfer, —4 in longword-size transfer, setting

prohibited in 16-byte transfer)
11: Setting prohibited

11
10

RS3
RS2
RS1
RSO

o O O o

R/W
R/W
R/W
R/W

Resource Select

Specifies which transfer requests will be sent to the DMAC. The
changing of transfer request source should be done in the state
that the DMA enable bit (DE) is set to 0.

0000:
0001:
0010:

0011:

0100:
0101:
0110:
0111:
1000:
1001:
1010:
1011:
1100:
1101:
1110:
1111:
Note:

External request, dual address mode

Setting prohibited

External request/single address mode

External address space - external device with DACK
External request/single address mode

External device with DACK - external address space
Auto request

Setting prohibited

Setting prohibited

Setting prohibited

DMA extended resource selector specification

Setting prohibited

Setting prohibited

Setting prohibited

Setting prohibited

Setting prohibited

Peripheral module request, A/D converter

Peripheral module request, CMT

External request specification is valid only in CHCR_O
and CHCR_1. None of the external request specification
can be set in channels CHCR_2 and CHCR_3.
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Bit
Bit Name

Initial
Value

R/W

Descriptions

R/W
R/W

DREQ Level and DREQ Edge Select

Select the detection method of the DREQ pin input and the
detection level.

These bits are valid only in CHCR_0 and CHCR_1. These bits
are always read as 0 in CHCR_2 and CHCR_3. The write value
should always be 0.

In channels 0 and 1, also, if the transfer request source is
specified as an on-chip peripheral module or if an auto-request
is specified, these bits are invalid.

00: DREQ detected in low level
01: DREQ detected at falling edge
10: DREQ detected in high level
11: DREQ detected at rising edge

R/W

Transfer Bus Mode

Specifies the bus mode when DMA transfers data.
0: Cycle steal mode

1: Burst mode

TS1
TSO

R/W
R/W

Transfer Size
Specify the size of data to be transferred.

Select the size of data to be transferred when the source or
destination is an on-chip peripheral module register of which
transfer size is specified.

00: Byte size

01: Word size (two bytes)

10: Longword size (four bytes)

11: 16-byte unit (four longword transfers)

R/W

Interrupt Enable

Specifies whether or not an interrupt request is generated to the
CPU at the end of the DMA transfer. Setting this bit to 1
generates an interrupt request (DEI) to the CPU when the TE
bit is set to 1.

0: Interrupt request disabled
1: Interrupt request enabled
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Bit Initial
Bit Name  Value R/W Descriptions

1 TE 0 R/(W)* Transfer End Flag

Indicates that the DMA transfer ends. The TE bit is set to 1
when data transfer ends when DMATCR becomes to 0.

The TE bit is not set to 1 in the following cases.

» DMA transfer ends due to an NMl interrupt or DMA address
error before DMATCR becomes to 0.

» DMA transfer is ended by clearing the DE bit and the DME
bit in the DMA operation register (DMAOR).

This bit can only be cleared by writing O after reading 1. Even if
the DE bit is set to 1 while this bit is set to 1, transfer is not
enabled.

0: During the DMA transfer or DMA transfer has been aborted
[Clearing conditions]

e Writing O after reading TE = 1

» Power-on reset

* Manual reset

1: Data transfer ends by the specified count (DMATCR = 0)

0 DE 0 R/W  DMA Enable

Enables or disables the DMA transfer. In auto request mode,
DMA transfer starts by setting the DE bit and DME bit in
DMAOR to 1. In this time, all of the bits TE, NMIF in DMAOR,
and AE must be 0. In an external request or peripheral module
request, DMA transfer starts if DMA transfer request is
generated by the devices or peripheral modules after setting
the bits DE and DME to 1. In this case, however, all of the bits
TE, NMIF, and AE must be 0 an in the case of auto request
mode. Clearing the DE bit to 0 can terminate the DMA transfer.

0: DMA transfer disabled
1: DMA transfer enabled

Note: * Only 0 can be written for clearing the flags.
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8.35 DMA Operation Register (DMAOR)

DMAOR is a 16-hit readable/writable register that specifies the priority level of channelsat the
DMA transfer. Thisregister shows the DMA transfer status.

Bit Initial
Bit Name  Value R/W Description

15,14 O 0 R Reserved

These bits are always read as 0. The write value should
always be 0.

13 CMS1L O R/W Cycle Steal Mode Select

12 CMSO O R/W Select either normal mode or intermittent mode in cycle steal
mode.

It is necessary that all channels' bus modes are set to cycle
steal mode to make valid intermittent mode.

00: Normal mode
01: Setting prohibited
10: Intermittent mode 16

Executes one DMA transfer in each of 16 clocks of an
external bus clock.

11: Intermittent mode 64

Executes one DMA transfer in each of 64 clocks of an
external bus clock.

11,10 O 0 R Reserved

These bits are always read as 0. The write value should
always be 0.

PR1 0 R/W Priority Mode

PRO 0 R/W Select the priority level between channels when there are
transfer requests for multiple channels simultaneously.

00: CHO > CH1 > CH2 > CH3
01: CHO > CH2 > CH3 > CH1
10: Setting prohibited

11: Round-robin mode

7t03 0O 0 R Reserved

These bits are always read as 0. The write value should
always be 0.
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Bit

Bit
Name

Initial
Value

R/W

Description

AE

0

RI(W)*

Address Error Flag

Indicates that an address error occurred by the DMAC. If this
bit is set, DMA transfer is not enabled even if the DE bit in
CHCR and the DME bit in DMAOR are set to 1. This bit can
only be cleared by writing O after reading 1.

0: No DMAC address error

[Clearing conditions]

e Writing O after reading AE = 1

e Power-on reset

Manual reset

1: DMAC address error. DMA transfer disabled.
[Setting condition]

DMAC address error occurrence

1

NMIF

0

RI(W)*

NMI Flag

Indicates that an NMI interrupt occurred. If this bit is set, DMA
transfer is not enabled even if the DE bit in CHCR and the
DME bit in DMAOR are set to 1. This bit can only be cleared
by writing 0 after reading 1.

When the NMl is input, the DMA transfer in progress can be
done in one transfer unit. When the DMAC is not in operation,
the NMIF bit is set to 1 even if the NMI interrupt was input.

0: No NMI interrupt

[Clearing conditions]

» Writing O after reading NMIF = 1
» Power-on reset

* Manual reset

1: NMI input. DMA transfer disabled.
[Setting condition]

NMI interrupt occurrence

DME

R/W

DMA Master Enable

Enables or disables DMA transfers on all channels. If the
DME bit and the DE bit in CHCR are set to 1, DMA transfers
are enabled. In this time, all of the bits TE in CHCR, NMIF in
DMAOR, and AE must be 0. If this bit is cleared during
transfer, transfers in all the channels can be terminated.

0: Disable DMA transfers on all channels
1: Enable DMA transfers on all channels

Note: * Only 0 can be written for clearing the flags.
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8.3.6 DM A Extended Resour ce Selectors 0, 1 (DMARSO, DMARSI)

DMARS isa 16-hit readable/writable register that specifiesthe DMA transfer request sources
from peripheral modules in each channd. DMARSO specifies for channels 0 and 1, DMARSL for
channels 2 and 3. Thisregister can set the transfer request of SCIFO, SCIF2, and USB.

When MID/RID other than the valueslisted in table 8.2 is set, the operation of thisLSI isnot
guaranteed. Thetransfer request from DMARS is valid only when theresource select bits (RS3 to
RS0) has been set to B'2000 for CHCR_0 to CHCR_3. Otherwise, even if DMARS has been s,
transfer request source is not accepted.

e DMARSO
Bit Initial
Bit Name Value R/W Description
15 CiMID5 O R/W Transfer request source module I1D5 to IDO for DMA channel
14 CIMID4 0 rRw  1(MID)
13 CIMID3 0 R/W See table 8.2.
12 CiMID2 O R/W
11 CiMID1 O R/W
10 CIMIDO O R/W
9 CiRID1 O R/W Transfer request resource register ID1 to IDO for DMA
8 C1RIDO 0O R/W channel 1 (RID)
See table 8.2.
7 COMID5 O R/W Transfer request source module I1D5 to IDO for DMA channel
6 COMID4 0 rRw 0 (MID)
5 COMID3 0 R/W See table 8.2
4 CoMID2 O R/W
3 CoMID1 O R/W
2 CoMIDO O R/W
1 CORID1I O R/W Transfer request resource register ID1 to IDO for DMA
0 CORIDO 0O R/W channel 0 (RID)

See table 8.2.
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+ DMARS1L

Bit Initial
Bit Name Value R/W  Description
15to 10 C3MID5to O R/W  Transfer request resource module ID5 to IDO for DMA
C3MIDO channel 3 (MID)
See table 8.2.
C3RID1 O R/W  Transfer request resource register ID1 and IDO for DMA
C3RIDO 0O r/w  channel 3 (RID)
See table 8.2.
7t02 C2MID5to O R/W  Transfer request resource module ID5 to IDO for DMA
C2MIDO channel 2 (MID)
See table 8.2.
C2RID1 O R/W  Transfer request resource register ID1 and IDO for DMA
0 C2RIDO 0O r/w  channel 2 (RID)
See table 8.2.

Table82 Transfer Request Sources

Peripheral Setting Value for One

Module Channel (MID + RID) MID RID Function
SCIFO H'21 B'001000 B'01 Transmit
H'22 B'10 Receive
SCIF2 H'29 B'001010 B'01 Transmit
H'2A B'10 Receive
USB H'73 B'011100 B'11 Transmit
H'70 B'00 Receive
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84 Operation

When thereisa DMA transfer request, the DMAC startsthe transfer according to the
predetermined channel priority order; when the transfer end conditions are satisfied, it endsthe
transfer. Transfers can be requested in three modes: auto request, external request, and on-chip
peripheral module request. In bus mode, burst mode or cycle steal mode can be selected.

841 Transfer Flow

After the DMA source address registers (SAR), DMA destination addressregisters (DAR), DMA
transfer count registers (DMATCR), DMA channel control registers (CHCR), DMA operation
register (DMAOR), and DMA extended resource sdector (DMARS) are set, the DMAC transfers
data according to the following procedure:

1. Checkstoseeif transfer isenabled (DE=1, DME =1, TE=0, AE=0, NMIF=0)

2. When atransfer request is generated and transfer is enabled, the DMAC transfers 1 transfer
unit of data (depending on the TS0 and TS1 settings). For an auto request, the transfer begins
automatically when the DE bit and DME hit are set to 1. The DMATCR value will be
decremented for each transfer. The actual transfer flows vary by address mode and bus mode.

3. When the specified number of transfer have been completed (when DMATCR reaches 0), the
transfer endsnormally. If the |[E bitin CHCR is set to 1 at thistime, a DEI interrupt is sent to
the CPU.

4. When an address error or an NMI interrupt is generated, the transfer is aborted. Transfers are
also aborted when the DE bit in CHCR or the DME bit in DMAOR are cleared to O.
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Figure 8.2 isaflowchart of this procedure.

C Start )

Initial settings
(SAR, DAR, DMATCR, CHCR, DMAOR, DMARS)

<
<
<
y

Y

DE, DME = 1 and
NMIF, AE, TE = 0?

*2

Transfer request
occurs?™!

Bus mode,
~ *3 transfer request mode,
v DREQ detection method
Transfer (1 transfer unit);
DMATCR - 1 - DMATCR, SAR and DAR
updated

orAE=10orDE=0
or DME = 07?

DMATCR = 0?

( Transfer aborted )

DEIl interrupt request (when IE = 1) I

NMIF =1
orAE=10orDE=0
or DME = 07?

No

¢ Transfer end ) ( Normal end )

Notes: 1. In auto-request mode, transfer begins when NMIF, AE, and TE bits are 0 and the DE and DME
bits are set to 1.
2. DREQ = level detection in burst mode (external request), or cycle-steal mode.
3. DREQ = edge detection in burst mode (external request), or auto-request mode in burst mode.

Figure8.2 DMAC Transfer Flowchart
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8.4.2 DMA Transfer Requests

DMA transfer requests are basically generated in either the data transfer source or destination, but
they can also be generated by external devices and on-chip peripheral modules that are neither the
source nor the destination. Transfers can be requested in three modes:. auto request, external
request, and on-chip peripheral module request. Therequest mode is selected in the RS3 to RSO
bitsin the DMA channel control register (CHCR), and DMARSO and DMARSL.

Auto-Request M ode: When there isno transfer request signal from an externa source, asin a
memory-to-memory transfer or atransfer between memory and an on-chip peripheral module
unable to request atransfer, auto-request mode alows the DMAC to automatically generate a
transfer request signal internally. When the DE bit in CHCR and the DME bit in DMAOR are set
to 1, thetransfer begins so long asthe AE and NMIF bitsin DMAOR are 0.

External Request Mode: In this mode atransfer is performed at the request signals (DREQO and
DREQL1) of an external device. Thismodeisvalid only in channels 0 and 1. Choose one of the
modes shown in table 8.3 according to the application system. When thismode is selected, if the
DMA transfer isenabled (DE =1, DME = 1, TE =0, AE = 0, NMIF = 0), atransfer is performed
upon arequest a the DREQ inpuit.

Table8.3 Selecting External Request M odes with RS Bits

RS3 RS2 RS1 RSO Address Mode Source Destination
0 0 0 0 Dual address Any Any
mode
1 0 Single address  External memory, External device with
mode memory-mapped DACK
external device
1 External device with External memory,
DACK memory-mapped

external device

Choose to detect DREQ by elther the edge or level of the signd input with the DL bit and DS bit
of CHCR_0 and CHCR _1 as shown in table 8.4. The source of the transfer request does not have
to be the data transfer source or destination.

Rev. 2.00, 09/03, page 254 of 690
RENESAS



Table84  Selecting External Request Detection with DL, DSBits

CHCR_Oor CHCR_1

DL DS Detection of External Request
0 0 Low level detection

1 Falling edge detection
1 0 High level detection

1 Rising edge detection

When DREQ is accepted, the DREQ pin becomes request accept disabled state. After issuing
acknowledge signal DACK for the accepted DREQ, the DREQ pin again becomes request accept
enabled state.

When DREQ is used for level detection, there are the following two cases depending on the timing
to detect the next DREQ after outputting DACK. A case wherein transfer is aborted after the same
number of transfers has been performed as requests (overrun 0) and wherein another transfer is
aborted after transfers have been performed for (the number of requests plus 1) times (overrun 1).
The DO hit in CHCR selects overrun 0 or overrun 1.

Table85 Selecting External Request Detection with DO Bit

CHCR_Oor CHCR_1
DO External Request

Overrun 0

Overrun 1
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On-Chip Peripheral M odule Request M ode: In thismode atransfer is performed at the transfer
request signal of an on-chip peripheral module. Transfer request signals comprise the transmit data
empty transfer request and receive data full transfer request from the SCIFO and SCIF2 set by
DMARS0/1, the compare-match timer transfer request from the CMT, and transfer requests from
the USB.

When thismode is selected, if the DMA transfer isenabled (DE=1, DME=1, TE=0, AE=0,
NMIF = 0), atransfer is performed upon the input of atransfer request signal.

When atransmit data empty transfer request of the SCIF is set asthe transfer request, the transfer
destination must be the SCIF stransmit dataregister. Likewise, when receive data full transfer
request of the SCIF is set asthe transfer request, the transfer source must be the SCIF sreceive
data register. These conditions aso apply to the USB. Any address can be specified for data source
and destination, when transfer request is generated by the CMT.

Table8.6 Selecting On-Chip Peripheral Module Request M odes with RS3 to RS0 Bits

DMA Transfer

Request DMA Transfer Bus
RS3 RS2 RS1 RSO Source Request Signal Source Destination Mode
1 1 1 0 ADC AD-conversion end request ADDR Any Cycle
steal
1 1 1 1 CMT Compare-match transfer Any Any Burst/
request cycle

steal

Table8.7 Selecting On-Chip Peripheral Module Request M odes with RS3 to RS0 Bits

CHCR DMARS DMA Transfer
Request DMA Transfer Bus
RS[3:0] MID RID Source Request Signal Source Destination Mode
1000 001000 01  SCIFO TXIO Any SCFTDR_0 Cycle
transmitter (transmit FIFO data empty) steal
10 SCIFO RXI0 SCFRDR_0  Any Cycle
receiver (receive FIFO data full) steal
001010 01 SCIF2 TXI2 Any SCFTDR_2 Cycle
transmitter (transmit FIFO data empty) steal
10 SCIF2 RXI2 SCFRDR_2  Any Cycle
receiver (receive FIFO data full) steal
011100 11 USB EP2 FIFO empty transfer Any EPDR2 Cycle
transmitter request steal
00 USB EP1 FIFO full transfer EPDR1 Any Cycle
receiver request steal
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8.4.3 Channel Priority

When the DMAC recelves simultaneous transfer requests on two or more channels, it selectsa
channd according to a predetermined priority order. Two modes (fixed mode and round-robin
mode) are selected by bits PR1 and PRO in the DMA operation register (DMAOR).

Fixed Mode: In these modes, the priority levels among the channelsremain fixed. There aretwo
kinds of fixed modes as follows:

CHO > CH1 > CH2 > CH3
CHO > CH2 > CH3 > CH1

These are sdlected by the PR1 and the PRO bitsin the DMA operation register (DMAOR).
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Round-Robin M ode: Each time one byte, word, longword, or 16-byteis transferred on one
channdl, the priority order is rotated. The channel on which the transfer was just finished rotates to
the bottom of the priority order. The round-robin mode operation is shown in figure 8.3. The
priority of round-robin modeis CHO > CH1 > CH2 > CH3 immediately after areset.

When the round-robin mode is specified, cycle-steal mode and burst mode should not be mixed
among the bus modes for multiple channds.

(1) When channel 0 transfers

Initial priority order | CHO > CH1 > CH2 > CH3 | Channel 0 becomes bottom
T priority

y

| CH1> CH2 > CH3 > CHO |

Priority order
after transfer

(2) When channel 1 transfers

PO Channel 1 becomes bottom
Initial priority order | CHO > CH1 > CH2 > CH3 | priority.

| The priority of channel 0, which
G was higher than channel 1, is also
Y shifted.

| CH2 > CH3 > CHO > CH1 |

Priority order
after transfer

(3) When channel 2 transfers

Channel 2 becomes bottom

Initial priority order | CHO > CH1 > CH2 > CH3 |

priority.
' ! | E— The priority of channels 0 and 1,
LTttt which were higher than channel 2,
o y y are also shifted. If immediately
Priority order | CH3 > CHO > CH1 > CH2 | after there is a request to transfer
after transfer T r channel 1 only, channel 1 becomes
i . bottom priority and the priority of
o EEnh \ channels 3 and 0, which were
Post-transfer priority order L Y T higher than channel 1, are also
when there is an CH2 > CH3 > CHO > CH1 | shifteq.

immediate transfer
request to channel 1 only

(4) When channel 3 transfers

Initial priority order | CHO > CH1 > CH2 > CH3 | Priority order does not change

v

| CHO > CH1 > CH2 > CH3 |

Priority order
after transfer

Figure 8.3 Round-Robin Mode
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Figure 8.4 shows how the priority order changes when channel 0 and channel 3 transfersare
requested simultaneously and a channel 1 transfer isrequested during the channd O transfer. The
DMAC operates as follows:

1. Transfer requests are generated simultaneously to channels 0 and 3.

2. Channel 0 hasahigher priority, so the channd 0 transfer beginsfirst (channel 3 waits for
transfer).

3. A channd 1 transfer request occurs during the channel 0 transfer (channels 1 and 3 are both
waiting)
4. When the channd 0 transfer ends, channel 0 becomes lowest priority.

5. At this point, channel 1 hasahigher priority than channel 3, so the channd 1 transfer begins
(channd 3 waitsfor transfer).

6. When the channd 1 transfer ends, channel 1 becomes lowest priority.
7. The channe 3 transfer begins.

8. When the channe 3 transfer ends, channels 3 and 2 shift downward in priority so that channd
3 becomes the lowest priority.

Transfer request Waiting channel(s) DMAC operation Channel priority

(1) Channels 0 and 3

—» —— (2) Channel 0 transfer +—————0>1>2>3
(3)Channel 1 —» 5. start
l Priority order
1,3 (4) Channel 0 transfer changes 1>2>3>0
ends /
—+—  (5) Channel 1 transfer
starts
Priority order
3 (6)Channel 1 transfer —°12N9°S 2>3>0>1
ends /
—T— (7) Channel 3 transfer
starts
None Priority order
changes
—L— (8) Channel 3 transfer ———— » 0>1>2>3
ends

Figure8.4 Channel Priority in Round-Robin M ode
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8.4.4 DMA Transfer Types

DMA transfer has two types; single address mode transfer and dual address mode transfer. They
depend on the number of bus cycles of access to source and destination. A data transfer timing
depends on the bus mode, which has cycle steal mode and burst mode. The DMAC supports the
transfers shown in table 8.8.

Table8.8 Supported DMA Transfers

Destination

External Memory-

Device with External Mapped On-Chip Peripheral
Source DACK Memory External Device Module
External device with DACK  Not available Dual, single Dual, single Not available
External memory Dual, single Dual Dual Dual
Memory-mapped external Dual, single Dual Dual Dual
device
On-chip peripheral module  Not Dual Dual Dual

available

Notes: 1. Dual: Dual address mode
2. Single: Single address mode

3. A 16-byte transfer is available only for the registers to which longword-size access is
enabled in the on-chip peripheral modules.
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Address M odes

Dual Address Mode

In dual address mode, both the transfer source and destination are accessed by an address. The
source and destination can be located externally or internally.

DMA transfer requires two bus cycles because dataiis read from the transfer source in adata
read cycle and written to the transfer destination in a data write cycle. At thistime, transfer
dataistemporarily stored in the DMAC. In the transfer between external memories as shown
in figure 8.5, dataisread to the DMAC from one externa memory in a dataread cycle, and
then that datais written to the other external memory in awrite cycle.

DMAC  --

)
)

SAR Memory

A

Transfer source
1 module

' Transfer destination
Data buffer fa module

! LN~ ~—

o
)
Address bus
Data|bus

The SAR value is an address, data is read from the transfer source module,
and the data is temporarily stored in the DMAC.

First bus cycle
' DMAC --
' HEPa N N
E SAR ! Memory
: fla
! [ ﬁ Transfer source
1 ! [0}
! I =t = module
- V3 o
: <
h ! »  Transfer destination
1| Data buffer ; > —» module
! N ~—

The DAR value is an address and the value stored in the data buffer in the
DMAC is written to the transfer destination module.

Second bus cycle

Figure8.5 Data Flow of Dual AddressMode

Auto request, external request, and on-chip peripheral modul e request are available for the
transfer request. DACK can be output in read cycle or write cyclein dua address mode.
Channel control register (CHCR) can specify whether the DACK is output in read cycle or
write cycle.

Figure 8.6 shows an example of DMA transfer timing in dual address mode.
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CKIO | E i | |
! Transfer source | H Transfer destination
A25to A X address ><5\ X address X

D31 to DO

DACKn ' | ; ;
(Active-Low) :\ v/ ( S ! !

1 1 1
Data read cycle ' ! Data write cycle \
E (1st cycle) E (2nd cycle) '

Note: In transfer between external memories, with DACK output in the read cycle,
DACK output timing is the same as that of CSn.

Figure8.6 Example of DMA Transfer Timingin Dual Mode
(Source: Ordinary Memory, Destination: Ordinary Memory)

e Single Address Mode

In single address mode, either the transfer source or transfer destination peripheral deviceis
accessed (selected) by means of the DACK signal, and the other device is accessed by address.
In thismode, the DMAC performs one DMA transfer in one bus cycle, accessing one of the
externa devices by outputting the DACK transfer request acknowledge signad to it, and at the
same time outputting an address to the other device involved in the transfer. For example, in
the case of transfer between external memory and an external device with DACK shown in
figure 8.7, when the external device outputs data to the data bus, that data is written to the
external memory in the same bus cycle.
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External address bus External data bus

A~
This LSI 1 N :; _______
. External
DMAC E memory
L/ '
E External device
- < """" I with DACK
~J G
DACK
DREQ
------ » Data flow

Figure 8.7 Data Flow in Single Address M ode

Two kinds of transfer are possible in single address mode: (1) transfer between an externa
device with DACK and a memory-mapped external device, and (2) transfer between an
externd device with DACK and external memory. In both cases, only the external request
signal (DREQ) is used for transfer requests.

Figures 8.8 shows example of DMA transfer timing in single address mode.

ckio L\

A25 to A0 -+—— Address output to external memory space
CSn — | -a«—— Select signal to external memory space
WE |/ -«—— Write strobe signal to external memory space
D31to D0 —K Data output from external device with DACK
DACKn — | -«—— DACK signal (active-low) to external device with DACK

(a) External device with DACK — external memory space (ordinary memory)

ckio L\

A25 to A0 -s+—— Address output to external memory space
CSn — | -«—— Select signal to external memory space
RD |/ -+«—— Read strobe signal to external memory space
D31 to DO - Data output from external memory space
DACKn —| -«—— DACK signal (active-low) to external device with DACK

(b) External memory space (ordinary memory) — external device with DACK

Figure 8.8 Example of DMA Transfer Timingin Single Address M ode
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Bus M odes: There are two bus modes: cycle steal and burst. Select the mode in the TB bits of
channd control register (CHCR).

a. Cycle-Steal Mode

* Norma mode
In the norma mode of cycle-steal, the busright is given to ancther bus master after a one-
transfer-unit (byte, word, long-word, or 16 bytes unit) DMA transfer. When ancther transfer
request occurs, the bus rights are obtained from the other bus master and atransfer is
performed for onetransfer unit. When that transfer ends, the busright is passed to the other
bus master. Thisisrepeated until the transfer end conditions are satisfied.
In cycle-steal mode, transfer areas are not affected regardless of settings of the transfer request
source, transfer source, and transfer destination. Figure 8.9 shows an example of DMA transfer
timing in cycle steal mode. Transfer conditions shown in thefigure are;
0 Dual address mode

0 DREQ low leve detection

DREQ ~ \ /

Bus right returned to CPU once

Bus cyce X cPU X cPUX cPu XpMACKDMACK cPuXDMACKDMAGK cPu X

Read/Write Read/Write

Figure89 DMA Transfer Examplein Cycle-Steal Normal Mode
(Dual Address, DREQ Low L evel Detection)

* Intermittent Mode 16 and Intermittent Mode 64

In intermittent mode of cycle steal, DMAC returns the bus right to other bus master whenever
aunit of transfer (byte, word, longword, or 16 bytes) is complete. If the next transfer request
occurs after that, DMAC gets the bus right from other bus master after waiting for 16 or 64
clocksin B count. DMAC then transfers data of one unit and returns the bus right to other bus
master. These operations are repeated until the transfer end condition is satisfied. It isthus
possible to make lower the ratio of bus occupation by DMA transfer than the norma mode of
cycle steal.

When DMAC gets again the busright, DMA transfer can be postponed in case of entry
updating due to cache miss.

Thisintermittent mode can be used for all transfer section; transfer requester, source, and
destination. The bus modes, however, must be cycle steal mode in al channels.
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Figure 8.10 shows an example of DMA transfer timing in cycle steal intermittent mode.
Transfer conditions shown in thefigureare:

0 Dua address mode
0 DREQ low leve detection

— [ —

More than 16 or 64 B¢
(change by the CPU's condition of using bus)

Bus cycle :X CPU X CPU X CPU XDMACXDMACX CPU CPU XDMACXDMACX CPU X:
Read/Write Read/Write

Figure8.10 Example of DMA Transfer in Cycle Steal I nter mittent M ode
(Dual Address, DREQ L ow L evel Detection)

b. Burst Mode

Once the busright is obtained, the transfer is performed continuously until the transfer end
condition is satisfied. In external request mode with low level detection of the DREQ pin,
however, when the DREQ pin is driven high, the bus passes to the other bus master after the
DMAC transfer request that has already been accepted ends, even if the transfer end conditions
have not been satisfied.

Burst mode cannot be used for other than the CMT when the on-chip peripheral module isthe
transfer request source. Figure 8.11 shows DMA transfer timing in burst mode.

DREQ \ /
Bus cycle X CPU X cPUYX cPU XDMACKDMACKDMACKDMACKDMACKDMACK cPU X

Read Write Read Write Read Write

Figure8.11 DMA Transfer Examplein Burst Mode
(Dual Address, DREQ L ow L evel Detection)
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Relationship between Request M odes and Bus M odes by DM A Transfer Category: Table 8.9
shows the relationship between request modes and bus modes by DMA transfer category.

Table89 Relationship of Request M odes and Bus Modes by DM A Transfer Category
Address Request Bus Transfer Usable
Mode  Transfer Category Mode Mode Size (bits) Channels
Dual External device with DACK and external External B/C  8/16/32/128 0,1
memory
External device with DACK and memory- External B/C  8/16/32/128 0,1
mapped external device
External memory and external memory All*t B/C  8/16/32/128 ( tg 3*°
External memory and memory-mapped All*t B/C  8/16/32/128 ( tg 3*°
external device
Memory-mapped external device and All*t B/C  8/16/32/128 ( tg 3*°
memory-mapped external device
External memory and on-chip peripheral All*2 B/C*3 8/16/32/128"“ 0 to 3*°
module
Memory-mapped external device and All*2 B/C*3 8/16/32/128"* 0 to 3*°
on-chip peripheral module
On-chip peripheral module and on-chip All*2 B/C*3 8/16/32/128"“ 0 to 3*°
peripheral module
Single  External device with DACK and external External B/C  8/16/32 0,1
memory
External device with DACK and memory- External B/C  8/16/32 0,1

mapped external device

B: Burst, C: Cycle steal

External requests, auto requests, and on-chip peripheral module requests are all
available. In the case of on-chip peripheral module requests, however, the CMT is only

Notes: 1.

available.

External requests, auto requests, and on-chip peripheral module requests are all
available. However, with the exception of the CMT, the module must be designated as

the transfer request source or the transfer destination.

Only cycle steal except for the CMT as the transfer source.
Access size permitted for the on-chip peripheral module register functioning as the

transfer source or transfer destination.

If the transfer request is an external request, channels 0 and 1 are only available.

Bus Mode and Channel Priority Order: If, when the priority is set to fixed mode (CHO > CH1)
and channel listransferring in burst mode, atransfer request to channd 0, which has higher
priority, is generated, the transfer on channd O will begin immediately.

At thistime, if channdl 0 is set to burst mode, the transfer on channdl 1 will resume when the
channd 0 transfer has completely finished.
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On the other hand, if channel 0 is operating in cycle-steal mode, channel 1 will begin operating
again after channel 0 completesthe transfer of one transfer unit, and without theinternal bus being
released. Transfer will then alternate between the two channelsin the order channel O, channel 1,
channd 0, channel 1, and so on. In other words, the CPU cycles following cycle-steal mode
transfer are replaced by bust mode transfer. Figure 8.12 shows an example of this. If multiple
channels are competing to execute burst mode transfers, the channel with the highest priority
performsthe burst mode transfer first.

When DMA transfers are performed using multiple channels, the bus is not rd eased to ancther bus
master until al of the competing burst mode transfers have compl eted.

X CPU DMA CH1XDMA CH1 X DMA CHO*DMA CH1*DMA CHO X DMA CH1XDMA CH1 CPU X

| CHO | CH1 CHO
CPU " DMACCH1 | Cycle-steal mode between DMAC CH1 ™ cpu
burst mode DMAC CHO and CH1 burst mode

Priority: CHO > CH1
CHO: Cycle-steal mode
CH1: Burst mode

Figure8.12 Bus State when Multiple Channelsare Oper ating

Cycle-steal mode channds and burst mode channel's should not be mixed in round-robin mode.
Doing so runstherisk that priority changes may not be made properly, athough the individual
channd transfer operations will be performed correctly.

8.4.5 Number of Bus Cycle Statesand DREQ Pin Sampling Timing

Number of Bus Cycle States: When the DMAC isthe bus master, the number of bus cycle states
is controlled by the bus state controller (BSC) in the same way as when the CPU is the bus master.
For details, see section 7, Bus State Controller (BSC).

DREQ Pin Sampling Timing:

cKio S I I I Iy

Bus cycle X_cpu X cpu X _bwmac X__cpu_ X

| 1st acceptance ' 2nd acceptance
DREQ T Non sersiiveperios T~ |
(Rising) |\ P |
DACK | |

(Active-high) E—» Acceptance start

Figure8.13 Example of DREQ Input Detection in Cycle Steal M ode Edge Detection
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%

CKIO
Bus cycle X_cru_ X cpu_ X DbmMAC X__cpu_ X
DREQ _~ 1st acceptance _~2nd acceptance
(Overrun 0 at high leve) |\ Non sensitive period R\
DACK

(Active-high) — Acceptance

start

%

CKIO

cru X cPU X pmac_ X__cpu_ X

DREQ .. 1st acceptance ,L 2nd acceptance
/AR VAW

(Overrun 1 at high tevely | + \\\Non sensitive period {11t |\

(Aive-tigh) | L

— Acceptance
start

“se--

Bus cycle

Figure8.14 Example of DREQ Input Detection in Cycle Steal M ode L evel Detection

CKIO

Bus cycle X cpu X__cpu_ X DMAC
. Busrst acceptance

DREQ [ \ \ Non sensitive period

(Rising)

DACK l
(Active-high)

Figure8.15 Example of DREQ Input Detection in Burst M ode Edge Detection
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CKIO

Bus cycle X cPu X CPU X DMAC !

DREQ : 1st acceptance ,L2nd acceptance
ey [} «Wﬂ'\\\\\ Non sensitive\\ N

DACK

(Active-high) |
— Acceptance
start

CKIO

Bus cycle DMAC
: 1 3rd

DREQ 1st acceptance .~ 2nd acceptance acceptance
i S "

©verun tat  _ [FNen sensitve N | !

high level)

DACK |
(Active-high) 5

— Acceptance — Acceptance
start start

Figure8.16 Example of DREQ Input Detection in Burst Mode Level Detection

Last DMA transfer
Buscyce X__DMAC X__cPu__X_ DMAC_X__cPUu_X__cpu_ X

DREQ

DACK | |
TEND | |

Figure8.17 Example of DMA Transfer End Signal (in Cycle Steal L evel Detection)
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CKIO |||||||||||

Address

Data

_X
)
W

TENDO

WAIT

Note: TENDO is asserted during the last transfer unit of
DMA transfer. When the transfer unit is divided into
several bus cycles and CS is negated between bus
cycles, TENDO is also divided.

Figure8.18 BSC Ordinary Memory Access
(No Wait, Idle Cycle 1, Longword Accessto 16-Bit Device)

85 Precautions

85.1 Precautions when Mixing Cycle-Steal M ode Channels and Burst Mode Channels
Transfer mode settings should not fulfill conditions (1) and (2) below at the sametime.

(1) DMA transfer takes place using multiple channels, some of which operate in the burst mode
and somein the cycle-steal mode.

(2) A channél that uses the burst mode is set to dual address mode and DACK is output usng the
write cycle.
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Section9 Clock Pulse Generator (CPG)

ThisLSl hasaclock pulse generator (CPG) that generates an internal clock (I¢), a peripheral clock
(P@), and abus clock (Bg). The CPG conssts of oscillators, PLL circuits, and divider circuits.

9.1 Features

Seven clock modes

Selection of seven clock modes depending on the frequency ranges and crystal oscillation or
externd clock input.

Three clocks generated independently

An internal clock for the CPU and cache (1¢); a periphera clock (Pg) for the periphera
modules; abus clock (Bo= CKIO) for the externa bus interface.

Frequency change function

Internal and peripheral clock frequencies can be changed independently using the phase-locked
loop (PLL) circuit and divider circuit within the CPG. Frequencies are changed by software
using the frequency contral register (FRQCR) settings.

Power-down mode control

The clock can be stopped for sleep mode and software standby mode and specific modules can
be stopped using the modul e standby function.

A block diagram of the CPG is shown in figure 9.1.
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CPG oscillator circuit unit

XTAL_USB
» USB clock
ExTAL_uss X >
Divider 1
x1 >
> _ | PLL circuit 1 - x1/2 > » Internal clock
™ (x1,2,3,4) <113 > (19)
x1/4 >
> » Bus clock
> (B¢ = CKIO)
™ | , Peripheral clock
PLL circuit 2 > (P¢)p
(x1,2,4) o
T CPG control unit T
MD2 Clock fi
ock frequency o
MD1 B control circuit Standby control circuit
MDO
| FrRacrR | [ucLkcr] | sTBCR || sTBCR2| | STBCR3 |
C Bus interface

A

Y

|Periphera| busl

FRQCR: Frequency control register
STBCR: Standby control register

STBCR2: Standby control register 2
STBCR3: Standby control register 3
UCLKCR: USB clock control register

Figure9.1 Block Diagram of Clock Pulse Generator
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The clock pulse generator blocks function as follows:

1

PLL Circuit 1

PLL circuit 1 doubles, triples, quadruples, or leaves unchanged the input clock frequency from
the CKIO pin or PLL circuit 2. The multiplication rateis set by the frequency control register.
When thisis done, the phase of therising edge of the internal clock is controlled so that it will
synchronize with the phase of the rising edge of the CKIO pin.

PLL Circuit 2

PLL circuit 2 leaves unchanged, doubles, or quadruples theinput clock frequency coming from
the crystal oscillator or EXTAL pin. The multiplication ratio is fixed by the clock-operating
mode. The clock-operating mode is set by pins MDO, MD1, and MD2. For more details on
clock operating modes, refer to table 9.2.

Crystal Oscillator

Thisoscillator circuit is used when acrystal resonator is connected to the XTAL and EXTAL
pins. This crystal oscillator operates according to the clock operating mode setting.

Divider 1

Divider 1 generates a clock at the operating frequency used by the internal or peripherd clock.
The operating frequency can be 1, 1/2, 1/3, or 1/4 times the output frequency of PLL circuit 1,
aslong asit stays at or above the clock frequency of the CKIO pin. Thedivisonratioissetin
the frequency contral register.

Clock Frequency Control Circuit

The clock frequency control circuit controls the clock frequency using the MDO, MD1, and
MD?2 pins and the frequency control register.

Standby Control Circuit

The standby contral circuit controls the state of the on-chip oscillator and other modules during
clock switching and software/standby modes.

Frequency Control Register

The frequency control register has control bits assigned for the following functions: clock
output/non-output from the CK10 pin, the frequency multiplication ratio of PLL circuit 1, and
the frequency division ratio of theinterna clock and the periphera clock.

Standby Control Register

The standby control register has bits for controlling the power-down modes. See section 11,
Power-Down Modes, for more information.

USB Clock Control Register

The source clock generating the USB clock is set in the USB clock control register.
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9.2 Input/Output Pins

Table 9.1 liststhe CPG pins and their functions.

Table9.1 Clock Pulse Generator Pinsand Functions

Pin Name Symbol I/0 Description

Mode control pins  MDO I Set the clock-operating mode.
MD1 I Set the clock-operating mode.
MD2 I Set the clock-operating mode.

Crystal oscillator XTAL o Connects a crystal resonator.

pins for system clock EXTAL |
(clock input pins)

Connects a crystal resonator. Also used to input an
external clock.

Clock /O pin CKIO I/0 Inputs or outputs an external clock.
Crystal oscillator XTAL_USB O Connects a crystal resonator for the USB.
pins for USB

(clock input pins) EXTAL_USB |

Connects a crystal resonator for the USB. Also used to
input an external clock.

Note: The values of the mode control pins are sampled only in a power-on reset. This can prevent
the erroneous operation of the LSI.
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9.3 Clock Operating M odes

Table 9.2 shows the relationship between the mode control pins (MD2 to MDO) combinations and
the clock operating modes. Table 9.3 shows the usable frequency rangesin the clock operating
modes and the frequency range of the input clock.

Table9.2 Clock Operating Modes

Pin Values Clock IO
PLL2 PLL1 CKIO
Mode MD2 MD1 MDO  Source Output On/Off On/Off Frequency
0 0 0 0 EXTAL CKIO ON(x1) ON(x1,623,4) (EXTAL)
1 0 0 1 EXTAL CKIO ON(x4) ON(x1,23,4) (EXTAL) x4
2 0 1 0 Crystal CKIO ON(x4) ON(x1,2,3,4) (Crystal) x4
resonator
4 1 0 0 Crystal CKIO ON(x1) ON(x1,23,4) (Crystal)
resonator
1 0 1 EXTAL CKIO ON(x2) ON(x1,623,4 (EXTAL)x2
1 1 0 Crystal CKIO ON(x2) ON(x1,2,3,4) (Crystal) x2
resonator
7 1 1 1 CKIO O OFF ON(x1,23,4) (CKIO)

Mode 0: An external clock isinput from the EXTAL pin and executes waveform shaping by PLL
circuit 2 before being supplied inside this LSI.

Mode 1: An external clock isinput from the EXTAL pin and its frequency is multiplied by 4 by
PLL circuit 2 before being supplied inside this LS, allowing alow-frequency externd clock to be
used.

M ode 2: The on-chip crystal oscillator operates, with the oscillation frequency being multiplied by
4 by PLL circuit 2 before being supplied insde this LSI, allowing alow-frequency external clock
to be used.

M ode 4: The on-chip crystal oscillator operates and executes waveform shaping by PLL circuit 2
before being supplied inside this LS.

Mode 5: An external clock isinput from the EXTAL pin and its frequency is multiplied by 2 by
PLL circuit 2 before being supplied inside this LS, allowing alow-frequency externd clock to be
used.

M ode 6: The on-chip crystal oscillator operates, with the oscillation frequency being multiplied by
2 by PLL circuit 2 before being supplied inside this LS|, alowing alow crystal frequency to be
used.
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Mode 7: In thismode, the CKIO pinisan input, an external clock isinput to this pin, and executes
waveform shaping, and a so frequency multiplication according to the setting, by PLL circuit 1
before being supplied to thisLSI. AsPLL circuit 1 compensates for fluctuationsin the CKIO pin
load, this mode is suitable for connection of synchronous DRAM.

Table9.3 Possible Combination of Clock M odes and FRQCR Values
Input Clock/Crystal

Clock Clock Rate*? Resonator Frequency

Mode FRQCR“ PLL1 PLL2 (:B:P) Range CKIO Frequency Range

0 H'1000 ON(x1) ON(x1) 1:1:1 20.00 MHz to 33.34 MHz  20.00 MHz to 33.34 MHz
H'1001 ON(x1) ON(x1) 1:1:1/2 20.00 MHz to 66.67 MHz 20.00 MHz to 66.67 MHz
H'1003 ON(x1) ON(x1) 1:1:1/4 20.00 MHz to 66.67 MHz 20.00 MHz to 66.67 MHz
H'1101 ON(x2) ON(x1) 211 20.00 MHz to 33.34 MHz  20.00 MHz to 33.34 MHz
H'1103 ON(x2) ON(x1) 2:1:1/2 20.00 MHz to 66.67 MHz 20.00 MHz to 66.67 MHz
H'1111 ON(x2) ON(x1) 1:1:1 20.00 MHz to 33.34 MHz  20.00 MHz to 33.34 MHz
H'1113 ON(x2) ON(x1) 1:1:1/2 20.00 MHz to 66.67 MHz 20.00 MHz to 66.67 MHz
H'1202 ON(x3) ON(x1) 311 26.70 MHz to 33.34 MHz  26.70 MHz to 33.34 MHz
H'1222 ON(x3) ON(x1) 1:1:1 26.70 MHz to 33.34 MHz  26.70 MHz to 33.34 MHz
H'1303 ON(x4) ON(x1) 411 20.00 MHz to 33.34 MHz  20.00 MHz to 33.34 MHz
H'1313 ON(x4) ON(x1) 211 20.00 MHz to 33.34 MHz  20.00 MHz to 33.34 MHz
H'1333 ON(x4) ON(x1) 1:1:1 20.00 MHz to 33.34 MHz  20.00 MHz to 33.34 MHz

1,2 H'1001 ON(x1) ON(x4) 442 10.00 MHz to 16.67 MHz  40.00 MHz to 66.67 MHz
H'1003 ON(x1) ON(x4) 441 10.00 MHz to 16.67 MHz  40.00 MHz to 66.67 MHz
H'1103 ON(x2) ON(x4) 8:4:2 10.00 MHz to 16.67 MHz  40.00 MHz to 66.67 MHz
H'1113 ON(x2) ON(x4) 442 10.00 MHz to 16.67 MHz  40.00 MHz to 66.67 MHz

4 H'1000 ON(x1) ON(x1) 1:1:1 20.00 MHz to 33.34 MHz  20.00 MHz to 33.34 MHz
H'1001 ON(x1) ON(x1) 1:1:1/2 20.00 MHz to 33.34 MHz  20.00 MHz to 33.34 MHz
H'1003 ON(x1) ON(x1) 1:1:1/4 20.00 MHz to 33.34 MHz  20.00 MHz to 33.34 MHz
H'1101 ON(x2) ON(x1) 211 20.00 MHz to 33.34 MHz  20.00 MHz to 33.34 MHz
H'1103 ON(x2) ON(x1) 2:1:1/2 20.00 MHz to 33.34 MHz  20.00 MHz to 33.34 MHz
H'1111 ON(x2) ON(x1) 1:1:1 20.00 MHz to 33.34 MHz  20.00 MHz to 33.34 MHz
H'1113 ON(x2) ON(x1) 1:1:1/2 20.00 MHz to 33.34 MHz  20.00 MHz to 33.34 MHz
H'1202 ON(x3) ON(x1) 311 26.70 MHz to 33.34 MHz  26.70 MHz to 33.34 MHz
H'1222 ON(x3) ON(x1) 1:1:1 26.70 MHz to 33.34 MHz  26.70 MHz to 33.34 MHz
H'1303 ON(x4) ON(x1) 411 20.00 MHz to 33.34 MHz  20.00 MHz to 33.34 MHz
H'1313 ON(x4) ON(x1) 211 20.00 MHz to 33.34 MHz  20.00 MHz to 33.34 MHz
H'1333 ON(x4) ON(x1) 1:1:1 20.00 MHz to 33.34 MHz 20.00 MHz to 33.34 MHz
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Input Clock / Crystal

Clock Clock Rate*?> Resonator Frequency

Mode FRQCR“ PLL1 PLL2 (:B:P) Range CKIO Frequency Range

5 H'1000 ON(x1) ON(x2) 2:2:2 10.00 MHz to 16.67 MHz  20.00 MHz to 33.34 MHz
H'1001 ON(x1) ON(x2) 221 10.00 MHz to 33.34 MHz  20.00 MHz to 66.67 MHz
H'1003 ON(x1) ON(x2) 2:2:1/2 10.00 MHz to 33.34 MHz  20.00 MHz to 66.67 MHz
H'1101 ON(x2) ON(x2) 422 10.00 MHz to 16.67 MHz  20.00 MHz to 33.33 MHz
H'1103 ON(x2) ON(x2) 421 10.00 MHz to 33.34 MHz  20.00 MHz to 66.67 MHz
H'1111 ON(x2) ON(x2) 2:2:2 10.00 MHz to 16.67 MHz  20.00 MHz to 33.34 MHz
H'1113 ON(x2) ON(x2) 221 10.00 MHz to 33.34 MHz  20.00 MHz to 66.67 MHz
H'1202 ON(x3) ON(x2) 6:2:2 10.00 MHz to 16.67 MHz  20.00 MHz to 33.34 MHz
H'1222 ON(x3) ON(x2) 222 10.00 MHz to 16.67 MHz  20.00 MHz to 33.34 MHz
H'1303 ON(x4) ON(x2) 8:2:2 10.00 MHz to 16.67 MHz  20.00 MHz to 33.33 MHz
H'1313 ON(x4) ON(x2) 422 10.00 MHz to 16.67 MHz  20.00 MHz to 33.33 MHz
H'1333 ON(x4) ON(x2) 2:2:2 10.00 MHz to 16.67 MHz  20.00 MHz to 33.34 MHz

6 H'1000 ON(x1) ON(x2) 222 10.00 MHz to 16.67 MHz  20.00 MHz to 33.34 MHz
H'1001 ON(x1) ON(x2) 221 10.00 MHz to 33.34 MHz  20.00 MHz to 66.67 MHz
H'1003 ON(x1) ON(x2) 2:2:1/2 10.00 MHz to 33.34 MHz  20.00 MHz to 66.67 MHz
H'1101 ON(x2) ON(x2) 422 10.00 MHz to 16.67 MHz  20.00 MHz to 33.33 MHz
H'1103 ON(x2) ON(x2) 421 10.00 MHz to 33.34 MHz  20.00 MHz to 66.67 MHz
H'1111 ON(x2) ON((x2) 2:2:2 10.00 MHz to 16.67 MHz  20.00 MHz to 33.34 MHz
H'1113 ON(x2) ON(x2) 221 10.00 MHz to 33.34 MHz  20.00 MHz to 66.67 MHz
H'1202 ON(x3) ON(x2) 6:2:2 10.00 MHz to 16.67 MHz  20.00 MHz to 33.34 MHz
H'1222 ON(x3) ON(x2) 2:2:2 10.00 MHz to 16.67 MHz  20.00 MHz to 33.34 MHz
H'1303 ON(x4) ON(x2) 822 10.00 MHz to 16.67 MHz  20.00 MHz to 33.33 MHz
H'1313 ON(x4) ON(x2) 422 10.00 MHz to 16.67 MHz  20.00 MHz to 33.33 MHz
H'1333 ON(x4) ON((x2) 2:2:2 10.00 MHz to 16.67 MHz  20.00 MHz to 33.34 MHz
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Input Clock / Crystal

Clock Clock Rate*?> Resonator Frequency

Mode FRQCR“ PLL1 PLL2 (:B:P) Range CKIO Frequency Range

7 H'1000 ON (x1) OFF 1:1:1 20.00 MHz to 33.34 MHz  20.00 MHz to 33.34 MHz
H'1001 ON(x1) OFF 1:1:1/2 20.00 MHz to 66.67 MHz 20.00 MHz to 66.67 MHz
H'1003 ON (x1) OFF 1:1:1/4 20.00 MHz to 66.67 MHz 20.00 MHz to 66.67 MHz
H'1101 ON (x2) OFF 2:1:1 20.00 MHz to 33.34 MHz  20.00 MHz to 33.34 MHz
H'1103 ON (x2) OFF 2:1:1/2 20.00 MHz to 66.67 MHz 20.00 MHz to 66.67 MHz
H'1111 ON (x2) OFF 1:1:1 20.00 MHz to 33.34 MHz  20.00 MHz to 33.34 MHz
H'1113 ON (x2) OFF 1:1:1/2 20.00 MHz to 66.67 MHz 20.00 MHz to 66.67 MHz
H'1202 ON (x3) OFF 311 26.70 MHz to 33.34 MHz  26.70 MHz to 33.34 MHz
H'1222 ON (x3) OFF 1:1:1 26.70 MHz to 33.34 MHz  26.70 MHz to 33.34 MHz
H'1303 ON (x4) OFF 4:1:1 20.00 MHz to 33.34 MHz  20.00 MHz to 33.34 MHz
H'1313 ON (x4) OFF 2:1:1 20.00 MHz to 33.34 MHz  20.00 MHz to 33.34 MHz
H'1333 ON (x4) OFF 1:1:1 20.00 MHz to 33.34 MHz 20.00 MHz to 33.34 MHz

Notes: 1. This LSI cannot operate in an FRQCR value other than that listed in table 9.3.
2. Taking input clock frequency ratio as 1.

Cautions:

1. Theinput to divider 1isthe output of the PLL circuit 1.
2. Thefrequency of theinternal clock (1¢) is.

» The product of the frequency of the CKIO pin, the frequency multiplication ratio of PLL
circuit 1, and thedivision ratio of divider 1.

» Do not set theinternd clock frequency lower than the CKI1O pin frequency.
3. Thefrequency of the periphera clock (Pg) is:

» The product of the frequency of the CKIO pin, the frequency multiplication ratio of PLL
circuit 1, and thedivision ratio of divider 1.

» The peripheral clock frequency should not be set higher than the frequency of the CKIO
pin, higher than 33.34 MHz, or lower than 13 MHz when the USB is used.

4. x1, %2, x3, or x4 can be used asthe multiplication ratio of PLL circuit 1. x1, x1/2, x1/3, or
x1/4 can be selected as the division ratios of divider 1. Set therate in the frequency control

register.

5. The output frequency of PLL circuit 1 isthe product of the CKIO frequency and the
multiplication ratio of PLL circuit 1. Use the output frequency under 133.34 MHz.

Rev. 2.00, 09/03, page 278 of 690

RENESAS



94 Register Descriptions

The CPG hasthe following registers. Refer to section 24, List of Registers, for the addresses of the
registers and the state of each register in each processor state.

» Frequency contral register (FRQCR)
e USB clock contral register (UCLKCR)

9.4.1 Frequency Control Register (FRQCR)

The frequency control register (FRQCR) isa 16-hit readable/writable register used to specify
whether aclock is output from the CKI10O pin, the on/off state of PLL circuit 1, PLL standby, the
frequency multiplication ratio of PLL circuit 1, and the frequency division ratio of theinternal
clock and the peripheral clock. Only word access can be used on FRQCR. As for the combination
of the clock rate, refer to table 9.3. The combinationslisted in table 9.3 should only be set on
FRQCR.

Bit Initial
Bit Name Value R/W Description
15t013 O 0 R Reserved

These bits are always read as 0. The write value
should always be 0.

12 CKOEN 1 R/W Clock Output Enable

Specifies to output a clock from the CKIO pin or to fix
the CKIO pin low when software standby is canceled
(after an interrupt before STATUS1 becomes low and
STATUSO becomes low). The CKIO pin is fixed low
during STATUSL1 = low and STATUSO = high, when
the CKOEN bhit is cleared to 0. Therefore, the
malfunction of an external circuit because of an
unstable CKIO clock in releasing software standby
mode can be prevented.

In clock operating mode 7, the CKIO pin is in the input
state regardless of this bit.

0: Fixes the CKIO pin low in software standby mode.
1: Outputs a clock from the CKIO pin.
11, 10 a 0 R Reserved

These bits are always read as 0. The write value
should always be 0.
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Bit Initial

Bit Name Value R/W Description
9 STC1 0 R/W Frequency Multiplication Ratio
8 STCO 0 R/W 00: x 1 time
01: x 2 times
10: x 3 times
11: x 4 times
7,6 a 0 R Reserved
These bits are always read as 0. The write value
should always be 0.
IFC1 0 R/W Internal Clock Frequency Division Ratio
IFCO 0 R/W Specify the frequency division ratio of the internal
clock with respect to the output frequency of PLL
circuit 1.
00: x 1 time
01: x 1/2 time
10: x 1/3 time
11: x 1/4 time
3,2 a 0 R Reserved
These bits are always read as 0. The write value
should always be 0.
PFC1 1 R/W Peripheral Clock Frequency Division Ratio
PFCO 1 R/W Specify the frequency division ratio of the peripheral

clock with respect to the output frequency of PLL
circuit 1.

00: x 1 time

01: x 1/2 time
10: x 1/3 time
11: x 1/4 time
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9.4.2 USB Clock Frequency Control Register (UCLKCR)
UCLKCR is an 8-bit readable/writable register.

Word-size access is used to write to thisregister. Thiswriting should be performed with H'A5in
the upper byte and the write datain the lower byte.

Bit Initial

Bit Name Value R/W Description

7 USSCs1 1 R/W Source Clock Selection Bit

6 USSCS0 1 R/W These bits select the source clock.
00: Clock stopped
01: Setting prohibited
10: Setting prohibited
11: External input clock

5 USBEN 1 R/W USB On-chip Oscillator Enable
This bit controls the operation of the USB on-chip
oscillator.

0: USB on-chip oscillator stopped
1: USB on-chip oscillator operates
4t00 O 0 R Reserved

These bits are always read as 0. The write value
should always be 0.

9.4.3 Usage Notes

Note the following when using the USB. If these are used incorrectly, the correct clocks may not
be generated, causing faulty operation of the USB.

1. UCLKCRisused only for generation of the USB clocks. When the USB isnot used, itis
recommended that UCLKCR be cleared to H'00 to halt the clock.

2. Halt the USB before changing the values of UCLKCR. Halt the USB by stopping the clock
supply using the USB module stop bitsin STBCR3.

3. UCLKCRisinitialized only by a power-on reset. In amanual reset, they retain their current set
values.

4. Usethe USB module with Pe> 13 MHz. Otherwise, the operation of thisLSI isnot
guaranteed.
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9.5 Changing Frequency

The frequency of theinternal clock and peripheral clock can be changed either by changing the
multiplication rate of PLL circuit 1 or by changing the division rates of divider 1. All of these are
controlled by software through the frequency control register. The methods are described below.

95.1 Changing M ultiplication Rate

A PLL settling timeisrequired when the multiplication rate of PLL circuit 1 is changed. The on-
chip WDT countsthe settling time.

1. Intheinitial state, the multiplication rate of PLL circuit 1is1.

2. Set avauethat will become the specified oscillation settling timein the WDT and stop the
WDT. The following must be set:
WTCSR.TME = 0: WDT stops
WTCSR.CKS[2:0]: Division ratio of WDT count clock
WTCNT: Initial counter value

3. Set the desired value in the STC[1:0] bits. The division ratio can also be set in the IFC[1:0] bits
and PFC[1:0] bits.

4. The processor pauses internally and the WDT startsincrementing. The interna and periphera
clocks both stop and the WDT is supplied with the clock. The clock will continue to be output
at the CKIO pin.

5. Supply of the clock that has been set beginsat WDT count overflow, and the processor begins
operating again. The WDT stops after it overflows.

9.5.2 Changing Division Ratio
The WDT will not count unless the multiplication rate is changed simultaneoudly.

1. Intheinitial state, IFC[1:0] = 00 and PFC[1:0] = 11.

2. Set the IFC[1:0], PFC[1:0] bitsto the new division ratio. The values that can be set are limited
by the clock mode and the muiltiplication rate of PLL circuit 1. Note that if the wrong valueis
set, the processor will malfunction.

3. Theclock isimmediately supplied a the new division ratio.

9.5.3 M odification of Clock Operating M ode

The values of the mode control pins (MD2 to MDO) that define a clock-operating mode are
reflected at power-on reset.
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9.6 Usage Notes

When Using an External Crystal Resonator: Place the crystal resonator, capacitors CL1 and
CL2, and damping resistance R as close as possible to the EXTAL and XTAL pins. To prevent
induction from interfering with correct oscillation, use acommon grounding point for the
capacitors connected to the resonator, and do not locate awiring pattern near these components.

Avoid crossing
signal lines

CL1 J_CL2 ,J,
—DI—T—: i

=R ]

~

EXTAL XTAL

This LSI

Note: The values for CL1, CL2, and damping resistance
should be determined after consultation with the
crystal resonator manufacturer.

Figure 9.2 Pointsfor Attention when Using Crystal Resonator

Decoupling Capacitors: Asfar as possible, insert alaminated ceramic capacitor of 0.1to 1 pF as
a passive capacitor for each Vsg/VssQ and Vo/VccQ par. Mount the passive capacitors as close
as possible to the chip’s power supply pins, and use components with a frequency characteristic
suitable for the chip’s operating frequency, as well as a suitable capacitance val ue.

Digital system Vsg/VssQ and Vo/VcQ pairs: 2-5, 17-19, 26-28, 32-34, 44-46, 57-59, 69-71, 78-
80, 87-89, 111-113, 130-132, 133-138, 159-161, 178-180, 182-184, 199-204

On-chip oscillator Vsg/VssQ and Vc/VecQ pairs 6-9, 149-150, 151-152, 205-208

When Usinga PLL Oscillator Circuit: Keep thewiring fromthe PLL V¢ and PLL Vg
connection pattern to the power supply pins short, and make the pattern width wide, to minimize
the inductance value.

In clock mode 7, connect the EXTAL pin to VcQ (3.3-V power) with pull-up resistor, and leave
the XTAL pin open.
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Avoid crossing

signal lines
Vg -PLL2 :
J_E Power supply
T: Vee
VSS -PLL2 :
Voo -PLL1
J_: t—1 Vss
Vgg -PLL1 T

Figure 9.3 Pointsfor Attention when Usng PLL Oscillator Circuit

Notes on Wiring Power Supply Pins: To avoid crossing signal lines, wireVec—PLL1,
Vee—PLL2, Vss—PLL1, and Vss—PLL2 asthree patterns from the power supply source on the
board so that they are independent of digital Vcc and Vss.
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Section 10 Watchdog Timer (WDT)

This LSl includes the watchdog timer (WDT) and can be reset by the overflow of the counter
when the value of the counter has not been updated because of an erroneous system operation.

The WDT isasingle-channd timer that uses a peripheral clock as an input and counts the clock
settling time when clearing software standby mode and temporary standbys, such as frequency
changes. It can also be used as a conventiona watchdog timer or an interval timer.

10.1 Features

e Can be used to ensure the clock settling time

Use the WDT to clear software standby mode and the temporary standbys which occur when
the clock frequency is changed.

» Can switch between watchdog timer mode and interval timer mode.
» Generatesinterna resetsin watchdog timer mode
Internal resets occur after counter overflow.
Power-on reset and manual reset are available.
e Interrupt generation in interval timer mode
An interval timer interrupt is generated when the counter overflows.
» Choice of eight counter input clocks
Eight clocks (x1 to x1/4096) that are obtained by dividing the peripheral clock can be selected.
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Figures 10.1 shows a block diagram of the WDT.

WDT
Standby Standby |« Standby
cancellation control |« mode
c |__ Peripheral
il clock
Internal -
Reset | Divider

reset «

|
request conto Clock selection l l l l l l l l

Clock selector

Overflow

Interrupt Interrupt |«

request control <—| Clock
Y

WTCSR WTCNT

( Bus interface )

Y

A 4 >

Legend

WTCSR:  Watchdog timer control/status register
WTCNT:  Watchdog timer counter

Figure 10.1 Block Diagram of WDT

10.2 Register Descriptions

The WDT hasthe following two registers. Refer to section 24, List of Registers for the details of
the addresses of these registers and the state of registersin each operating mode.

» Watchdog timer counter (WTCNT)
e Watchdog timer control/status register (WTCSR)

10.21 Watchdog Timer Counter (WTCNT)

The watchdog timer counter (WTCNT) isan 8-bit readable/writable register that increments on the
selected clock. When an overflow occurs, it generates areset in watchdog timer mode and an
interrupt in interval timer mode. The WTCNT counter isnot initialized by an internal reset due to
the WDT overflow. The WTCNT counter isinitialized to H'00 only by a power-on reset using the
RESETP pin.

Use aword access to write to the WTCNT counter, with H'5A in the upper byte. Use a byte access
toread WTCNT.
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Notee WTCNT differs from other registersin that it is more difficult to writeto. See section
10.2.3, Notes on Register Access, for details.

10.22 Watchdog Timer Control/Status Register (WTCSR)

The watchdog timer control/status register (WTCSR) is an 8-bit readable/writable register
composed of hitsto select the clock used for the count, overflow flags, and enable bits.

WTCSR holdsitsvalue in an internal reset dueto the WDT overflow. WTCSR isinitialized to
H'00 only by a power-on reset using the RESETP pin.

When used to count the clock settling time for canceling a software standby, it retainsits value
after counter overflow. Use a word access to write to the WTCSR counter, with H'/A5 in the upper
byte. Use a byte access to read WTCSR.

Note. WTCSR differs from other registersin that it is more difficult to write to. See section
10.2.3, Notes on Register Access, for details.
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Bit Initial

Bit Name Value R/W Description

7 TME 0 R/W Timer Enable
Starts and stops timer operation. Clear this bit to 0
when using the WDT in software standby mode or
when changing the clock frequency.
0: Timer disabled: Count-up stops and WTCNT value

is retained

1: Timer enabled

6 WTAT 0 R/W Timer Mode Select
Selects whether to use the WDT as a watchdog timer
or an interval timer.
0: Use as interval timer
1: Use as watchdog timer
Note: If WTAT is modified when the WDT is running,

the up-count may not be performed correctly.

5 RSTS 0 R/W Reset Select
Selects the type of reset when WTCNT overflows in
watchdog timer mode. In interval timer mode, this
setting is ignored.
0: Power-on reset
1: Manual reset

4 WOVF 0 R/W Watchdog Timer Overflow
Indicates that WTCNT has overflowed in watchdog
timer mode. This bit is not set in interval timer mode.
0: No overflow
1: WTCNT has overflowed in watchdog timer mode

3 IOVF 0 R/W Interval Timer Overflow

Indicates that WTCNT has overflowed in interval timer
mode. This bit is not set in watchdog timer mode.

0: No overflow
1: WTCNT has overflowed in interval timer mode
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Bit Initial

Bit Name Value R/W Description
CKS2 0 R/W Clock Select 2to 0
CKS1 0 R/W These bits select the clock to be used for the WTCNT
CKSO 0 RIW count from the eight types obtainable by dividing the

peripheral clock. The overflow period that is shown
inside the parenthesis in the table is the value when
the peripheral clock (Pg) is 15 MHz.

000 P (17 Cs)
001 PL/4 (68 Cs)
010 P/16 (273 )
011 PL/32 (546 's)
100 PL/64 (1.09 ms)
101 PL/256 (4.36 ms)
110 P/1024 (17.48 ms)
111 P /4096 (69.91 ms)

Note: If bits CKS2 to CKSO are modified when the
WDT is running, the up-count may not be
performed correctly. Ensure that these bits are
modified only when the WDT is not running.

Note: If manual reset is selected using the RSTS bit, a frequency division ratio of 1/16, 1/32, 1/64,
1/256, 1/1,024, or 1/4,096 is selected using bits CKS2 to CKS0, and a watchdog timer
counter overflow occurs, resulting in a manual reset, the LSI will generate two manual
resets in succession. This will not affect its operation but will cause change in the state of
the STATUS pin.

10.23 Noteson Register Access

The watchdog timer counter (WTCNT) and watchdog timer control/status register (WTCSR) are
more difficult to write to than other registers. The procedure for writing to these registersis given
bel ow.

» Theseregisersmust be written by aword transfer instruction. They cannot be written by a
byte or longword transfer instruction.

When writing to WTCNT, set the upper byte to H'5A and transfer the lower byte as the write data,
as shown in figure 10.2. When writing to WTCSR, set the upper byte to H'A5 and transfer the
lower byte as the write data. Thistransfer procedure writes the lower byte datato WTCNT or
WTCSR.
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WTCNT write

15 8 7 0
H'5A Write data
WTCSR write
15 8 7 0
| H'A5 | Write data

Figure 10.2 Writingto WTCNT and WTCSR
10.3  Operation

10.3.1 Canceling Software Standbys

The WDT is used to cancel software standby mode with an interrupt such as an NMI. The
procedure when using an NMI interrupt is described below. (The WDT does not run when resets
are used for canceling, so keep the RESETP or RESETM pin low until the clock stabilizes.)

1. Beforetranstioning to software standby mode, always clear the TME bitin WTCSR to O.
When the TME hit is 1, an erroneous reset or interval timer interrupt may be generated when
the count overflows.

2. Set the type of count clock used in the CKS2 to CKS0 bitsin WTCSR and theinitial values for
the counter in the WTCNT counter. These values should ensure that the timettill count
overflow islonger than the clock oscillation settling time.

3. Moveto software standby mode by executing a SLEEP instruction, after that clock stops.

4. The WDT dtarts counting by detecting the edge change of the NMI signal.

5. When the WDT count overflows, the CPG sarts supplying the clock and the processor
resumes operation. The WOVF flag in WTCSR isnot set.

6. Sincethe WDT continues counting from H'00, clear the STBY bit in the STBCR register to 0
in the interrupt processing program and thiswill stop the WDT. When the STBY bit remains 1,
the LS| again enters the software standby mode when the WDT has counted up to H'80. This
software standby mode can be canceled by power-on resets.
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10.3.2 Changing Frequency

To change the frequency used by the PLL, use the WDT. When changing the frequency only by
switching the divider, do not use the WDT.

1

Before changing the frequency, always clear the TME bit in WTCSR to 0. When the TME bit
is1, an erroneous reset or interval timer interrupt may be generated when the count overflows.
Set the type of count clock used in the CKS2 to CK S0 bits of WTCSR and theinitial values for
the counter in the WTCNT counter. These val ues should ensure that the timettill count
overflow islonger than the clock oscillation settling time. The divided clock set by CKS2 to
CKS0 hitsin WTCSR will be used for the base clock of P after the frequency is changed.
When the frequency control register (FRQCR) is written, the processor stops temporarily. The
WDT starts counting.

When the WDT count overflows, the CPG resumes supplying the clock and the processor
resumes operation. The WOVF flag in WTCSR isnot set.

The counter stops at the values H'00.

Before changing WTCNT after the execution of the frequency change instruction, always
confirm that the value of WTCNT is H'00 by reading WTCNT.

10.3.3 Using Watchdog Timer M ode

1

Set the WT/IT bit in WTCSR to 1, set the reset type in the RSTS bit, set the type of count
clock in the CKS2 to CK S0 bits, and set the initial value of the counter in the WTCNT counter.
Set the TME bit in WTCSR to 1 to start the count in watchdog timer mode.

While operating in watchdog timer mode, rewrite the counter periodically to H'00 to prevent
the counter from overflowing.

When the counter overflows, the WDT setsthe WOVF flag in WTCSR to 1 and generates the
reset signal specified by the RSTS bit. The counter then resumes counting.

10.34 Using Interval Timer Mode

When operating in interval timer mode, interval timer interrupts are generated at every overflow of
the counter. This enables interrupts to be generated at set periods.

1.

Clear the WT/IT bit in WTCSR to 0, set the type of count clock in the CKS2 to CK S0 bits, and
set theinitia value of the counter in the WTCNT counter.

Set the TME bit in WTCSR to 1 to start the count in interval timer mode.

When the counter overflows, the WDT setsthe IOVF flag in WTCSR to 1 and an interval
timer interrupt request is sent to the INTC. The counter then resumes counting.
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Section 11 Power-Down Modes

This LSl hasfour types of the power-down modes. sleep mode, software standby mode, module
standby function, and hardware slandby mode.

11.1  Features
This LSl hasthe following power-down modes and function:

Sleep mode

Software standby mode

Modul e standby function (Cache, TLB, UBC, DMAC, UDI, and on-chip peripheral modul€)
Hardware standby mode

A w NP

Table 11.1 shows the transition conditions for entering the modes from the program execution
state, aswell asthe CPU and peripheral module states in each mode and the procedures for
canceling each mode.
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Table11.1

States of Power-Down M odes

State
On-Chip
Transition CPU Peripheral External Canceling
Mode Conditions CPG CPU Register Modules Pins Memory Condition
Sleep mode Execute SLEEP Run Halt Held Run *3 Refresh 1. Interrupt
instruction with 2 Reset
STBY bit cleared
to0in STBCR
Software ~ Execute SLEEP Halt Halt Held Halt** *3 Self- 1. Interrupt
standby instruction with refresh 2 Reset
mode STBY bit setto 1
in STBCR
Module Set MSTP bit of Run Run Held Specified  *2 Refresh 1. Clear MSTP
standby STBCR, STBCR2, module bitto 0
function and STBCR3to 1 halts 2 Power-on
reset
Hardware Drive CApinlow Halt Halt Held Halt** x4 O Power-on reset
standby
mode
Notes: 1. The RTC still runs if the START bit in RCR2 is set to 1 (see section 15, Realtime Clock
(RTC)).
2. Depends on the on-chip peripheral module.
3. Refer to table A.1, in Appendix.
4. Hi-Z except EXTAL, XTAL, EXTAL2, XTAL2, EXTAL_USB, XTAL_USB, STATUS], and

STATUSO.
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11.2  Input/Output Pins

Table 11.2 lists the pins used for the power-down modes.

Table11.2 Pin Configuration

Pin Name Symbol I/0 Description
Processing state STATUS1, O Operating state of the processor.
STATUSO HH: Reset

HL: Sleep mode

LH: Standby mode

LL: Normal operation

Note: H means high level, and L means low level.
Power-on reset RESETP I Reset input signal. Power-on reset occurs at low-level.
Manual reset RESETM I Reset input signal. Manual reset occurs at low-level.

Hardware standby  CA

Normal operation at high-level and hardware standby
mode is entered at low-level.

11.3 Register Descriptions

There are following five registers used for the power-down modes. Refer to section 24, List of
Registers, for the details of the addresses of these registers and the state of registersin each

operating mode.

» Standby control register (STBCR)

» Standby control register 2 (STBCR2)
» Standby control register 3 (STBCR3)
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11.31 Standby Control Register (STBCR)
STBCRis an 8-bit readable/writable register that specifies the sate of the power-down mode.

Bit Bit Name Initial Value R/W  Description

7 STBY 0 R/W  Standby
Specifies transition to software standby mode.

0: Executing SLEEP instruction puts chip into sleep
mode

1: Executing SLEEP instruction puts chip into
software standby mode

6,5 a 0 R Reserved

These bits are always read as 0. The write value
should always be 0.

4 STBXTL O R/W  Standby Crystal

Specifies stop/start of the crystal oscillator in
standby mode.

0: Crystal oscillator stops in standby mode.
1: Crystal oscillator continues operation in standby

mode.
3 O 0 R Reserved
This bit is always read as 0. The write value should
always be 0.
2 MSTP2 0 R/W  Module Stop 2

Specifies halting the clock supply to the TMU when
the MSTP2 bit has been set to 1.

0: TMU runs
1: Clock supply to TMU halted

1 MSTP1 0 R/W  Module Stop 1

Specifies halting the clock supply to the RTC when
the MSTP1 bit has been set to 1.

0: RTC runs
1: Clock supply to RTC halted

0 a 0 R Reserved

This bit is always read as 0. The write value should
always be 0.
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11.3.2 Standby Control Register 2 (STBCR2)

STBCR2 is an 8-hit readable/writable register that controls the operation of modules in the power-

down mode.

Bit Bit Name

Initial Value R/W

Description

7 MSTP10

0 R/W

Module Stop Bit 10

When the MSTP10 bit is set to 1, the clock supply to
the UDI is halted.

0: UDI runs
1: Clock supply to UDI is halted

6 MSTP9

Module Stop Bit 9

When the MSTP9 bit is set to 1, the clock supply to
the UBC is halted.

0: UBC runs
1: Clock supply to UBC is halted

5 MSTP8

Module Stop Bit 8

When the MSTP8 bit is set to 1, the clock supply to
the DMAC is halted.

0: DMAC runs
1: Clock supply to DMAC is halted

Reserved

This bit is always read as 0. The write value should
always be 0.

3 MSTP6

Module Stop Bit 6

When the MSTP6 bit is set to 1, the clock supply to
the TLB is halted.

0: TLB runs
1: Clock supply to TLB is halted

2 MSTP5

Module Stop Bit 5

When the MSTP5 bit is set to 1, the clock supply to
cache memory is halted.

0: Cache memory runs
1: Clock supply to cache memory is halted
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Bit Bit Name Initial Value R/W  Description

1,0 a 0 R Reserved

These bits are always read as 0. The write value
should always be 0.

11.3.3 Standby Control Register 3 (STBCR3)

STBCRS3 is an 8-hit readable/writable register that controls the operation of modules in the power-
down mode.

Bit Bit Name Initial Value R/W  Description

7 MSTP37 O R/W  Module Stop Bit 37

When the MSTP37 bit is set to 1, the clock supply to
the USB is halted.

0: USB runs
1: Clock supply to USB is halted

6 a 0 R Reserved

This bit is always read as 0. The write value should
always be 0.

5 MSTP35 O R/W  Module Stop Bit 35

When the MSTP35 bit is set to 1, the clock supply to
the CMT is halted.

0: CMT runs
1: Clock supply to CMT is halted

4 MSTP34 O R/W  Module Stop Bit 34

When the MSTP34 bit is set to 1, the clock supply to
the TPU is halted.

0: TPU runs
1: Clock supply to TPU is halted

3 MSTP33 O R/W  Module Stop Bit 33

When the MSTP33 bit is set to 1, the clock supply to
the ADC is halted.

0: ADC runs
1: Clock supply to ADC is halted
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Bit Bit Name Initial Value R/W  Description
2 MSTP32 O R/W  Module Stop Bit 32

When the MSTP32 bit is set to 1, the clock supply to
the IrDA is halted.

0: IrDA runs
1: Clock supply to IrDA is halted
1 MSTP31 O R/W  Module Stop Bit 31

When the MSTP31 bit is set to 1, the clock supply to
the SCIF2 is halted.

0: SCIF2 runs
1: Clock supply to SCIF2 is halted
0 MSTP30 O R/W  Module Stop Bit 30

When the MSTP30 bit is set to 1, the clock supply to
the SCIFO is halted.

0: SCIFO runs
1: Clock supply to SCIFO is halted

11.4  Sleep Mode

11.4.1 Transtion to Sleep Mode

Executing the SLEEP instruction when the STBY hit in STBCR is 0 causes a transition from the
program execution state to sleep mode. Although the CPU haltsimmediately after executing the
SLEEP ingruction, the contents of itsinternal registers remain unchanged. The on-chip periphera
modules continue to run in sleep mode and the clock continues to be output to the CKIO pin.

In sleep mode, the STATUSL pin is set high and the STATUSO pin low.

11.4.2 Canceling Seep Mode

Sleep modeis canceled by an interrupt (NMI, IRQ, IRL, PINT, and on-chip peripheral module€) or
reset. Interrupts are accepted in sleep mode even when the BL bit in SR is 1. If necessary, save
SPC and SSR to the stack before executing the SLEEP instruction.

Canceling with an Interrupt: When an NMI, IRQ, IRL, PINT, or on-chip periphera module
interrupt occurs, eep modeis canceled and interrupt exception processing is executed. A code
indicating theinterrupt sourceisset in INTEVT and INTEVT2.

Canceling with a Reset: Sleep mode is canceled by a power-on reset or a manual reset.
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115  Software Standby M ode

11.5.1 Transtion to Software Standby M ode

The LS| switches from a program execution state to software standby mode by executing the
SLEEP ingruction when the STBY hit is1in STBCR. In software standby mode, not only the
CPU but also the clock and on-chip peripheral modules halt. The clock output from the CKIO pin
also halts.

The contents of the CPU and cache registers remain unchanged. Some registers of on-chip
peripheral modules are, however, initialized. For more details on the states of on-chip peripheral
modulesregistersin software standby mode, refer to section 24.3, Register Statesin Each
Operating Mode.

The procedure for moving to software standby mode is as follows:

1. Clear the TME bit in the WDT’stimer control register (WTCSR) to 0 to stop the WDT.

2. Clear the WDT'stimer counter (WTCNT) to 0 and set the CKS2 to CKS0 bitsin WTCSR to
appropriate values to secure the specified oscillation settling time.

3. After the STBY hitin STBCRisset to 1, a SLEEP instruction is executed.

4. Software standby mode is entered and the clocks within the LS| are halted. The STATUSL pin
output goes low and the STATUSO pin output goes high.

11.5.2 Canceling Software Standby M ode
Software standby mode is canceled by an interrupt (NMI, IRQ, IRL, PINT, or RTC) or areset.

Canceling with an Interrupt: The on-chip WDT can be used for hot starts. When the chip detects
an NMI, IRQ*®, IRL**, PINT**, or RTC*! interrupt, the clock will be supplied to the entire chip
and software standby mode canceled after the time set in the WDT’ stimer control/status register
has elgpsed. The STATUSL and STATUSO pins both go low. Interrupt exception handling then
begins and a code indicating the interrupt sourceisset in INTEVT and INTEVT2. After branching
to the interrupt handling routine occurs, clear the STBY bit in STBCR. WTCNT stops
automaticdly. If the STBY hit isnot cleared, WTCNT continues operation and transits to software
standby mode*? when it reaches H'80. This function prevents data from being broken in case of a
voltage rise when the power supply is unstable. At thistime, amanual reset isnot accepted until
the STBY bitiscleared to 0.

Interrupts are accepted in software standby mode even when the BL bit in SR is 1. If necessary,
save SPC and SSR to the stack before executing the SLEEP instruction.

Immediately after an interrupt is detected, the phase of the clock output of the CK1O pin may be
ungable, until software standby mode is cancelled.
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Notes: 1. Only when the RTC isbeing used can standby mode be canceled using IRQ, IRL,
PINT, or RTC.

2. Usea power-on reset to cancel software standby mode.

Interrupt WDT overflow and branch to
request interrupt handling routine

Crystal oscillator settling Clear the STBY bit in STBCR before
time and PLL synchronization WTCNT reaches H'80. When the
time STBY bit in STBCR is cleared, WTCNT
WTCNT value v halts automatically.
<l
A < >t

H'80

P Time

Figure11.1 Canceing Standby Mode with STBY Bit in STBCR

Canceling with a Reset: Software standby modeis canceled by areset (power-on or manual).
Keep the RESETP or RESETM pinslow until the clock oscillation settles. Theinternal clock will
continue to be output to the CKIO pin.

11.6  Module Standby Function

11.6.1 Transtion to Module Standby Function

Setting the standby control register MSTP bitsto 1 halts the supply of clocks to the corresponding
on-chip peripheral modules. Thisfunction can be used to reduce the power consumption in the
normal mode and sleep mode. Before making a transition to module standby state, be sure to
disable the relevant module.

In module standby state, the functions of the external pins of the on-chip peripheral modules
change depending on the on-chip periphera module and port settings. With a few exceptions, all
registers hold their values prior to halt.

Rev. 2.00, 09/03, page 301 of 690
RENESAS




11.6.2 Canceling Module Standby Function

The module standby function can be canceled by clearing the MSTP bitsto O or by a power-on
reset.

When canceling the module standby function by clearing the corresponding MSTP hit, be sure to
read therelevant MSTP bit to confirm that it has been cleared to 0.

11.7 Hardware Standby Mode

11.7.1  Transtion to Hardware Standby M ode

The LS enters hardware standby mode by driving the CA pin low. In hardware standby mode, as
the same as software standby mode entered by executing the SLEEP ingtruction, all modules halt
except ones operated by the RTC clock. Even in hardware standby mode, supply power to al
power supply pinsincluding the RTC power supply pins.

As differing from software standby mode, an interrupt or manual reset cannot be accepted in
hardware standby mode.

When the CA pinisdriven low, the LS| enters hardware standby mode in the following procedure
depending on the state of CPG.

During Softwar e Standby M ode: The LS| enters the hardware standby state with the clock
halted. An interrupt or manual reset cannot be accepted.

During WDT Operation for Canceling Softwar e Standby M ode by an Interrupt: The CPU
restarts the operation after software standby modeis canceled. Then, the LS| entershardware
standby mode.

During Sleep M ode: The CPU restarts the operation after slegp mode is canceled. Then, the LS|
enters hardware standby mode.

In hardware standby mode, the CA pin must be held low.

11.7.2  Canceling Hardware Standby M ode

The hardware standby function can be canceled only by the power-on reset.

When the CA pinisdriven high whilethe RESETP pin islow, the clock starts oscillating. Make
sureto hold the RESETP pin low until the oscillation stabilizes. Then, drive the RESETP pin high
to start the power-on resetting by the CPU.

The operation is not guaranteed when an interrupt or manual reset isinput.
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11.8 Timing of STATUS Pin Changes
The timing of the STATUSO and STATUSL pin changesis shown in figures 11.2 to 11.9.
In Case of A Reset:

a. Power-on reset

cio LML LM ML L L L

—
PLL settling
,  time

RESETP — 1 i

Reset™" X Normal™2

STATUS Normal*2 X
— -—
0to 5 Beyc™ 0 to 30 Beyc™?

Notes: 1. Reset: HH (STATUS1 high, STATUSO high)
2. Normal: LL (STATUS1 low, STATUSO low)
3. Beyc: Bus clock cycle

Figure 11.2 Power-On Reset STATUS Output

b. Manual reset
ckio ML s plipHplplpln
RESETM | : | \
STATUS Normal™*? ' X ! Reset™? X Normal™*?
0 Beyc or more™ ™ 0 to 30 Beyc™

Notes: 1. During manual reset, STATUS becomes HH (reset) and the internal
reset begins after waiting for the executing bus cycle to end.
2. Reset: HH (STATUS1 high, STATUSO high)
3. Normal: LL (STATUS1 low, STATUSO low)
4. Beyc:  Bus clock cycle

Figure 11.3 Manual Reset STATUS Output

Rev. 2.00, 09/03, page 303 of 690
RENESAS




In Case of Canceling Software Standby:

a. Canceling software standby by interrupt

Oscillation stops Interrupt request WDT overflow
ckio LML nnjngiglglyl
1 . WDT count |
STATUS  Normal™ Y Standby*" X Normal*2

Notes: 1. Standby: LH (STATUS1 low, STATUSO high)
2. Normal: LL (STATUS1 low, STATUSO low)

Figure 11.4 Cancding Softwar e Standby by Interrupt STATUS Output

b. Canceling software standby by power-on reset

Oscillation stops  Reset

| !
ckio LI LI mﬂwmm_r\_rm-m_rm
——

RESETP *! : i .
STATUS Normal*® X Standby*4 : : Reset*3; X Normal*®
1 —»E — —
0to 10 Beyc™® 0 to 30 Beyc*®

Notes: 1. When software standby mode is cleared with a power-on reset, the WDT does
not count. Keep RESETP low during the PLL’s oscillation settling time.

. Undefined

. Reset:  HH (STATUS1 high, STATUSO high)

. Standby: LH (STATUS1 low, STATUSO high)

. Normal: LL (STATUS1 low, STATUSO low)

Bcyc: Bus clock cycle

oA wN

Figure 11.5 Canceing Softwar e Standby by Power-On Reset STATUS Output
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¢. Cancding software standby by manual reset

Oscillation stops Reset

| I
ckio LI LI M MU LU

RESETM™! ] I

STATUS Norma|*4)( Standby ™3 Reset*? X Normal™

'
————>,

0 to 20 Beyc™®

Notes: 1. When software standby mode is cleared with a manual reset, the WDT does not count.
Keep RESETM low during the PLL'’s oscillation settling time.

. Reset:  HH (STATUS1 high, STATUSO high)

. Standby: LH (STATUS1 low, STATUSO high)

. Normal: LL (STATUS1 low, STATUSO low)

Bceyc: Bus clock cycle

ahwN

Figure 11.6 Canceling Softwar e Standby by Manual Reset STATUS Output
In Case of Canceling Seep:

a. Canceling deep to interrupt

Interrupt request

cKIo _I'I_I‘I_I'I_I'I_I'I_I'U'I.SSJ'I_I'I_}'U'LSSI'I_I'I_I'\_I'I

STATUS Normal*? Sleep™” Normal*2

...><.....
...><.....

Notes: 1. Sleep: HL (STATUS1 high, STATUSO low)
2. Normal: LL (STATUS1 low, STATUSO low)

Figure 11.7 Canceling Sleep by Interrupt STATUS Output
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b. Canceling sleep by power-on reset

Reset
CKIO |||III_|I_||_||_E|:|:|:|:|:|:|I;3I|_||—||§§||—||—||—||
RESETP"' : i I :
STATUS  Normal*® X SIeep“@K Reset™ ! X Normal*®
! e —
0 to 10 Beyc*® 0 to 30 Beyc™®

Notes: 1. When the PLL1's multiplication ratio is changed by a power-on reset,
keep RESETP low during the PLL's oscillation settling time.

. Undefined

. Reset: HH (STATUS1 high, STATUSO high)

. Sleep: HL (STATUS1 high, STATUSO low)

. Normal: LL (STATUS1 low, STATUSO low)

Bcyc:  Bus clock cycle

oA WN

Figure 11.8 Canceling Sleep by Power-On Reset STATUS Output

¢. Canceling deep by manual reset

Reset

|

RESETM™"
STATUS Normal™X Sleep™? X Reset> X 'Normal*
' 0 to 80 Beyc™® 0 to 30 Beyc™®
Notes: Keep RESETM low until STATUS becomes reset.

1.

2. Reset: HH (STATUSH1 high, STATUSO high)
3. Sleep: HL (STATUS1 high, STATUSO low)
4. Normal: LL (STATUS1 low, STATUSO low)
5. Becyc: Bus clock cycle

Figure 11.9 Canceling Sleep by Manual Reset STATUS Output
In Case of Har dwar e Standby:
Figures 11.10 and 11.11 show examples of pin timing in hardware standby mode.

The CA pinissampled using EXTAL2 (32.768 kHz), and a hardware standby reguest is only
detected when the pinis low for two consecutive clock cycles.

The CA pin must be held low while the chip isin hardware standby mode.
Clock oscillation starts when the CA pin is driven high after the RESETP pin isdriven low.

Rev. 2.00, 09/03, page 306 of 690
RENESAS




a. Normal operation to hardware standby

CKio mm
CA — : I :
RESETP . 1 ! : —
STATUS ' Normal*2 X Standby*? 'Undefine(X Reset™’ )'(Normal*3
2 Reyc or more™*® ' 0-10Bcyc** 0-30Bcyc
Notes: 1. Reset: HH (STATUS1 high, STATUSO high)

1.
2. Standby: LH (STATUS1 low, STATUSO high)
3. Normal: LL (STATUS1 low, STATUSO low)

4. Beyc: Bus clock cycle
5. Rcyc: EXTAL2 (32.768 kHz) cycle

Figure 11.10 Hardware Standby Mode
(When CA GoesLow in Normal Operation)

b. Canceling software standby (during WDT operation) to hardware standby

CKIO L [T

CA _i_l i i i :

o |

STATUS ; Stanfdby i Normal*? i Standby*? XUndeﬁnedi Reset™"
\:NDT c;peratic:m i 0-10 Beyc™

2 Reyc or more™®

Notes: 1. Reset: HH (STATUS1 high, STATUSO high)
2. Standby: LH (STATUS1 low, STATUSO high)
3. Normal: LL (STATUS1 low, STATUSO low)
4. Beyc: Bus clock cycle

5. Rcyc:  EXTALZ2 (32.768 kHz) cycle

Figure 11.11 Hardware Standby Mode Timing
(When CA Goes Low during WDT Oper ation while Standby M ode |'s Canceled)
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Section 12 Timer Unit (TMU)
This LSl includes a three-channel 32-hit timer unit (TMU).

12.1 Features

» Each channdl is provided with an auto-reload 32-bit down counter

» All channésare provided with 32-bit constant registers and 32-bit down counters for an auto-
reload function that can beread or written to a any time

» All channéls generate interrupt requests when the 32-bit down counter underflows
(H'00000000 -» H'FFFFFFFF)

e Only channel 2 is provided with an input capture function

» Allows sdlection among five counter input clocks: External clock (TCLK), P@/4, P@/16, P@/64,
and P@/256
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Figure 12.1 shows a block diagram of the TMU.

Prescaler

Bus interface

. )
Po i 2
, ®
! £
, 2
TCLK X}«  Clock £
controller TSTR
~Ch. 0 =-=------f-mmmmmm oo :
5 “—T* TCRO |< D
' | Counter [« i
H controller » TCNT 0 < ' N
, TCOR_0 |< o
TUNIO < ! Interrupt E
! controller |
-Ch.1------ Rt e

Counter |«—e

E controller > TCNT 1 ::

Module bus

Interrupt TCOR_1 |<: )

TUNI1 <«

controller !
- Ch.2------ i Rk
i < TCR_2 |< L
' - :
H Counter TCPR_2 T
E controller |
: v :
TUNI2 «————t | Interrupt :
TICPI2 - ! ! controller '
ettt ittt et T™MU -
Legend:
TSTR: Timer start register TCNT_n: 32-bit timer counter
TCR_n: Timer control register TCOR_n: 32-bit timer constant register
(n:0,1,2) TCPR_2: 32-bit input capture register

Figure12.1 TMU Block Diagram
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12.2  Input/Output Pin

Table 12.1 shows the pin configuration of the TMU.

Table12.1 Pin Configuration

Name Abbreviation I/O Description

Clock input TCLK I External clock input pin/input capture control input pin

12.3  Register Descriptions

The TMU has the following registers. Refer to section 24, List of Registers, for more details of the
addresses of theseregisters and state of theseregistersin each processing state. For theregister
name for each channel, TCOR for channel 0 isnoted as TCOR 0.

1

2.

Common
Timer start register (TSTR)

Channel 0

Timer constant register_0 (TCOR _0)
Timer counter_0 (TCNT_0)

Timer control register 0 (TCR_0)

Channel 1

Timer constant register_1 (TCOR _1)
Timer counter_1 (TCNT_1)

Timer control register 1 (TCR_1)

Channel 2

Timer constant register_2 (TCOR _2)
Timer counter_2 (TCNT_2)

Timer control register 2 (TCR_2)
Input captureregister_2 (TCPR_2)
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1231 Timer Start Register (TSTR)

TSTRisan 8-hit readable/writable register that sel ects whether to run or halt the timer counters
(TCNT).

TSTRisinitialized by satisfying the initialization conditions shown in section 24, List of
Registers, changing the multiplication ratio of PLL1, or setting the MSTP2 bit in STBCR to 1.

Bit Bit Name Initial Value R/W Description

7t0o3 0 0 R Reserved

These bits are always read as 0. The write value should
always be 0.

2 STR2 0 R/W  Counter Start 2

Selects whether to run or halt timer counter 2
(TCNT_2).

0: TCNT_2 count halted
1: TCNT_2 counts

1 STR1 0 R/W  Counter Start 1

Selects whether to run or halt timer counter 1
(TCNT_1).

0: TCNT_1 count halted
1: TCNT_1 counts

0 STRO 0 R/W  Counter Start 0

Selects whether to run or halt timer counter 0
(TCNT_O).

0: TCNT_O count halted
1: TCNT_O counts
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12.3.2 Timer Control Registers(TCR)
TCR are 16-bit readable/writable registersthat control the timer counters (TCNT) and interrupts.

TCR contral the issuance of interrupts when the flag indicating timer counter (TCNT) underflow
has been set to 1, and also carry out counter clock selection. When the external clock has been
selected, they also select its edge.

Only TCR_2 contrals theinput capture function and the issuance of interrupts during input
capture.

TCR_O0and TCR_1:

Bit Bit Name Initial Value R/W  Description
15t090 0 R Reserved

These bits are always read as 0. The write value should
always be 0.

8 UNF 0 R/(W)* Underflow Flag

Status flag that indicates occurrence of a TCNT
underflow.

0: TCNT has not underflowed
[Clearing condition]

0 is written to UNF

1: TCNT has underflowed
[Setting condition]

TCNT underflows

7,6 0O 0 R Reserved
These bits are always read as 0. The write value should
always be 0.

5 UNIE 0 R/W  Underflow Interrupt Control

Controls enabling of interrupt generation when the
status flag (UNF) indicating TCNT underflow has been
set to 1.

0: Interrupt due to UNF (TUNI) is disabled
1: Interrupt due to UNF (TUNI) is enabled
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Bit Bit Name Initial Value R/W Description

4 CKEG1 0 R/W  Clock Edge

3 CKEGO 0 R/W  Select an input edge of the external clock when the
external clock is selected.

00: Count on rising edge

01: Count on falling edge

1X: Count on both rising and falling edges
Note: X: Don't care

TPSC2 0 R/W  Timer Prescaler
TPSC1 0 R/W  Select the TCNT count clock.
TPSCO 0 R/W  000: Count on P@/4

001: Count on P@/16

010: Count on P@'64

011: Count on P@256

100: Setting prohibited

101: Count on TCLK pin input
110: Setting prohibited

111: Setting prohibited

Note: * Only O can be written for clearing the flags. If 1 is written to this bit, the prior value is
retained.
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TCR_2:

Bit Bit Name Initial Value R/W Description

15t0 10 O 0 R Reserved
These bits are always read as 0. The write value
should always be 0.

9 ICPF 0 R/(W)*  Input Capture Interrupt Flag
A function of channel 2 only: the flag is set when
input capture is requested via the TCLK pin.
0: No input capture request has been issued.
[Clearing condition]
0 is written to ICPF
1: Input capture has been requested via the TCLK

pin.

[Setting condition]
When an input capture is requested via the TCLK
pin

8 UNF 0 R/(W)*  Underflow Flag

Status flag that indicates occurrence of a TCNT_2
underflow.

0: TCNT_2 has not underflowed
[Clearing condition]

0 is written to UNF

1: TCNT_2 has underflowed
[Setting condition]

TCNT_2 underflows
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Bit Bit Name Initial Value R/W

Description

7 ICPE1 0 R/W
6 ICPEO 0 R/W

Input Capture Control

A function of channel 2 only: determines whether
the input capture function can be used, and when
used, whether or not to enable interrupts.

Use the CKEG1 and CKEGO bits to designate
use of either the rising or falling edge of the TCLK
pin to set the value of TCNT_2 in TCPR_2.

00: Input capture function is not used.
01: Setting prohibited

10: Input capture function is used. Interrupt due to
ICPF (TICPI2) are not enabled.

11: Input capture function is used. Interrupt due to
ICPF (TICPI2) are enabled.

5 UNIE 0 R/W

Underflow Interrupt Control

Controls enabling of interrupt generation when
the status flag (UNF) indicating TCNT_2
underflow has been set to 1.

0: Interrupt due to UNF (TUNI2) is not enabled.
1: Interrupt due to UNF (TUNI2) is enabled.

i

CKEG1 0 R/W
CKEGO 0 R/W

w

Clock Edge

Select an input edge of the external clock when
the external clock is selected, or when the input
capture function is used.

00: Count/capture register set on rising edge
01: Count/capture register set on falling edge

1X: Count/capture register set on both rising and
falling edge

Note: X: Don't care.
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Bit Bit Name Initial Value R/W Description

TPSC2 0 R/W Timer Prescaler
TPSC1 0 R/W Select the TCNT_2 count clock.
TPSCO 0 R/W 000: Count on P@4

001: Count on P@/16

010: Count on P@'64

011: Count on P@256

100: Setting prohibited

101: Count on TCLK pin input
110: Setting prohibited

111: Setting prohibited

Note: * Only O can be written for clearing the flags. If 1 is written to this bit, the prior value is
retained.

12.3.3 Timer Constant Registers(TCOR)
TCOR set the value to be set in TCNT when TCNT underflows.

TCOR are 32-hit readable/writable registers. Ther initial value is H'FFFFFFFF.

12.34 Timer Counters(TCNT)

TCNT counts down upon input of a clock. The clock input is selected usng the TPSC2 to TPSCO
bitsin the timer control register (TCR).

When a TCNT countdown resultsin an underflow (H'00000000 — H'FFFFFFFF), the underflow
flag (UNF) in the timer control register (TCR) of therdevant channel isset. The TCOR valueis
simultaneously set in TCNT itself and the countdown continues from that value.

Initial value of TCNT is H'FFFFFFFF.

12.35 Input Capture Register_2 (TCPR_2)

TCPR 2 isaread-only 32-bit register used for the input capture function built only into timer 2.
The TCPR_2 setting conditions due to the TCLK pin are controlled by the input capture function
bits (ICPELV/ICPEO and CKEG1L/CKEGO) in TCR_2. When a TCPR_2 setting indication due to the
TCLK pin occurs, the value of TCNT_2iscopied into TCPR_2.

Initial value of TCPR_2 is undefined.

Rev. 2.00, 09/03, page 317 of 690
RENESAS



124  Operation

Each of the three channd s has a 32-hit timer counter (TCNT) and a 32-bit timer constant register
(TCOR). The TCNT counts down. The auto-reload function enables synchronized counting and
counting by external events. Channel 2 has an input capture function.

12.4.1  Counter Operation

When the STRO to STR2 bitsin the timer start register (TSTR) are set to 1, the corresponding
timer counter (TCNT) starts counting. When a TCNT underflows, the UNF flag of the
corresponding timer control register (TCR) isset. At thistime, if the UNIE bitin TCRis 1, an
interrupt request is sent to the CPU. Also at thistime, the valueis copied from TCOR to TCNT
and the down-count operation is continued.

Count Operation Setting Procedure: An example of the procedure for setting the count
operation is shown in figure 12.2,

( Select operation )

v

Select counter | 4 (1) Select the counter clock with the TPSCO-TPSC2
clock bits in the timer control register. If the external
l clock is selected, select its edge with the CKEG1
and CKEGO bits in the timer control register.

-

Use the UNIE bit in the timer control register to set
whether to generate an interrupt when timer

When using input counter underflows.
. When using the input capture function, set the

ICPE bits in the timer control register, including
Set input capture 3) the choice of whether or not to use the interrupt

interrupt generation function (channel 2 only).
T (4) Set a value in the timer constant register

' (the cycle is the set value plus 1).
(5) Set the initial value in the timer counter.
A (6) Set the STR bit in the timer start register to 1 to
Set timer constant start operation.
register )

!

Initialize timer
counter

v

Start counting (6)

Set underflow (2
. . 2)
interrupt generation

;capture function

—
w
~

Note: When an interrupt has been generated, clear the flag in the interrupt handler that caused it.
If interrupts are enabled without clearing the flag, another interrupt will be generated.

Figure 12.2 Setting Count Operation
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Auto-Reload Count Operation: Figure 12.3 shows the TCNT auto-rel oad operation.

TCNT value TCOR value set to
/ TCNT during underflow

TCOR

H'00000000

STRO-STR2 |

—

Time

Figure 12.3 Auto-Reload Count Operation
TCNT Count Timing:

1. Internal Clock Operation: Set the TPSC2 to TPSCO hitsin TCR to select whether one of the
four internal clocks created by dividing the peripheral module clock is used (P@/4, P@/'16,
P@/64, P@'256). Figure 12.4 shows the timing.

P4 Mmm
Internal —hﬁg ()(/ |
clock
Timer counter E( \*
)

input clock

TCNT ~ N+1 X \N N N X N-1

Figure 12.4 Count Timing when Internal Clock |'s Operating
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2. External Clock Operation: Set the TPSC2 to TPSCO bits in TCR to select the external clock
(TCLK) asthetimer clock. Use the CKEG1 and CKEGO bitsin TCR to select the detection
edge. Rise, fall or both may be sdlected. The pulse width of the externa clock must be at least
2 periphera module clock cycles (Pg) for single edges or 3 peripheral module clock cycles
(Pg) for both edges. A shorter pulse width will result in incorrect operation. Figure 12.5 shows
the timing for both-edge detection.

o LU LT LT T

External ((
clock input )]
(TCLK) < SS |\ L
TCNT ,—l ,—l
input clock SS S(}

TCNT N+1 X WoON X N-1 )

Figure 125 Count Timing when External Clock I1sOperating (Both Edges Detected)

12.4.2  Input Capture Function

Channel 2 has an input capture function. When using the input capture function, set the timer
operation clock to interna clock with the TPSC2 to TPSCO hitsin TCR_2. Also, specifies use of
the input capture function and whether to generate interrupts on using it with the ICPE1 to ICPEO
bitsin TCR_2, and specifies the use of either therising or falling edge of the TCLK pin to set the
TCNT_2 valueinto TCPR_2 with the CKEGL1 to CKEGO hitsin TCR_2. Theinput capture
function cannot be used in standby mode.

Figure 12.6 shows the timing at therising edge of the TCLK pin input.

TCNT_2 value TCOR_2 value set to
i / TCNT_2 during underflow

TCOR2 F—————=—————————fp————————~—

H'00000000 _LLLLL‘

TCLK |_|

Time

TCPR 2 X Set TCNT_2 value
TICPI2 | 2 Y
(

Figure 12.6 Operation Timing when Using Input Capture Function
(Using TCLK Rising Edge)
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125 Interrupts

There are two sources of TMU interrupts. underflow interrupts (TUNI) and interrupts when using
the input capture function (TICPI2).

1251 StatusFlag Set Timing

The UNF bit is set to 1 when the TCNT underflows. Figure 12.7 shows the timing.

SR [ I

TCNT X H00000000 |\ X TCORvalue
(
Underflow
signal 4 % |

UNF |

TUNI |

Figure 127 UNF Set Timing

1252 StatusFlag Clear Timing

The status flag can be cleared by writing 0 from the CPU. Figure 12.8 shows the timing.

TCR write cycle
T T2 T3
A4 O O I
Peripheral address bus X TCR address X

UNF, ICPF |

Figure 12.8 Status Flag Clear Timing
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1253 Interrupt Sourcesand Priorities

The TMU generates underflow interrupts for each channd. When the interrupt request flag and
interrupt enable bit are both set to 1, therelevant interrupt is requested. Codes are set in the
interrupt event register (INTEVT and INTEVT2) for these interrupts and interrupt processing must
be executed according to the codes.

Therelative priorities of channels can be changed using the interrupt controller. For details, see
section 5, Exception Handling, and section 6, Interrupt Controller (INTC).

Table 12.2 lists TMU interrupt sources.

Table12.2 TMU Interrupt Sources

Channel Interrupt Source Description Priority

0 TUNIO Underflow interrupt 0 High

1 TUNI1 Underflow interrupt 1

2 TUNI2 Underflow interrupt 2 T
TICPI2 Input capture interrupt 2 Low

126  Usage Notes

12.6.1 Writingto Registers

Synchronization processing isnot performed for timer counting during register writes. When
writing toregisters, always clear the appropriate start bits for the channel (STR2 to STRO) in the
timer start register (TSTR) to halt timer counting.

12.6.2 Reading Registers

Synchronization processing is performed for timer counting during register reads. When timer
counting and register read processing are performed simultaneously, theregister value before
TCNT counting down isread.
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Section 13 Compare Match Timer (CMT)

The DMAC has an on-chip compare match timer (CMT) to generate a DMA transfer request. The
CMT has 16-bit counter.

Figure 13.1 showsa CMT block diagram.

13.1 Features

» Four types of counter input clock can be selected.
One of four internal clocks (P@'4, P@/8, P@/16, P@/64) can be selected.

» Generatesa DMA transfer request when compare match occurs. (The CPU interrupt is not
supported.)

*  When the CMT isnot used, the operation can be halted by stopping the clock supply to the
CMT so that the power consumption can be reduced.

Pr/4 PL/8 PL/16 Pr/64

; | Control circuit  |»] Clock selection |
1 h b

Comparator

Bus

E Module bus interface '

Internal bus

[Legend]
CMSTR: Compare match timer start register
CMCSR: Compare match timer control/status register
CMCOR: Compare match constant register
CMCNT: Compare match counter

Figure13.1 CMT Block Diagram
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13.2  Register Descriptions

The CMT hasthe following registers. Refer to section 24, List of Registers, for more detail of the
addresses and access size.

e Compare match timer art regiser (CMSTR)

e Compare match timer control/status register (CMCSR)

* Compare match counter (CMCNT)

+ Compare match constant register (CMCOR)

13.21 CompareMatch Timer Start Register (CMSTR)

CMSTR isa 16-hit register that selects whether to operate or halt the counter (CMCNT).

Bit Bit Name Initial Value R/W Description

15to1 — 0 R Reserved

These bits are always read as 0. The write value
should always be 0.

0 STR 0 R/W Count Start

Selects whether to operate or halt the compare
match counter.

0: CMCNT count operation halted
1: CMCNT count operation
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13.22 CompareMatch Timer Control/Status Register (CMCSR)

CMCSRis a 16-bit register that indicates the occurrence of compare matches, and setsthe
enable/disable of DMA transfer requests and the clock used for incrementation.

Bit Bit Name Initial Value R/W Description

15t08 — 0 R Reserved

These bits are always read as 0. The write value
should always be 0.

7 CMF 0 R/(W)* Compare Match Flag

Indicates whether CMCNT and CMCOR values
have matched or not.

0: CMCNT and CMCOR values have not matched
[Clearing condition]

Write 0 to CMF after reading CMF = 1

1: CMCNT and CMCOR values have matched

6,5 — 0 R Reserved

These bits are always read as 0. The write value
should always be 0.

4 CMR 0 R/W Compare Match Request
0: Disables a DMA transfer request
1: Enables a DMA transfer request

3,2 — 0 R Reserved

These bits are always read as 0. The write value
should always be 0.

CKS1 0 R/W Clock Select

CKSO0 0 R/W Select the clock input to CMCNT from among the
four internal clocks obtained by dividing the
peripheral clock (Pg). When the STR bit in
CMSTR is set to 1, CMCNT begins incrementing
with the clock selected by the CKS1 and CKS0O
bits.

00: P @4
01: P @8
10: P @16
11: P @64

Note: *Only 0 can be written for clearing the flags.
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13.2.3 CompareMatch Counter (CMCNT)
CMCNT isa 16-hit register used as an up-counter.

When an internal clock is selected with the CKS1 and CK S0 bitsin CMCSR and the STR bit in
CMSTRissetto 1, CMCNT beginsincrementing with the selected clock. When the CMCNT
value matches that of CMCOR, CMCNT is cleared to H'0000 and the CMF flagin CMCSR is set
tol.

Theinitia value of CMCNT is H'0000.

13.24 CompareMatch Constant Register (CM COR)
CMCOR isa16-hit register that sets the compare match period with CMCNT.

Theinitia value of CMCOR is H'FFFF.
13.3  Operation

13.3.1  Period Count Operation

When an internal clock is sdected with the CKS1 and CKS0 bitsin CMCSR and the STR bit in
CMSTRissetto 1, CMCNT beginsincrementing with the selected clock. When the CMCNT
value matches that of CMCOR, CMCNT is cleared to H'0000 and the CMF flag in CMCSR is set
to 1. CMCNT begins counting up again from H'0000.

Figure 13.2 shows the compare match counter operation.

CMCNT value Counter cleared by

CMCOR compare match

CMCOR

H'0000

Time

Figure 13.2 Counter Operation
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13.32 CMCNT Count Timing

One of four clocks (P@/4, P@'8, P@/16, P@/64) obtained by dividing the periphera clock (Pg) can
be sdlected by the CKS1 and CKS0 bitsin CMCSR. Figure 13.3 shows the timing.

4
Internal clock « I I
2

CMCNT input I_l
clock _,_l « ((

CMCNT N X s N s XN+

Figure 13.3 Count Timing

13.3.3 CompareMatch Flag Set Timing

The CMF bitin CMCSRis set to 1 by the compare match signd generated when CMCOR and
CMCNT match. The compare match signal is generated upon the final state of the match (timing
at which the CMCNT matching count valueis updated to H'0000). Consequently, after CMCOR
and CMCNT match, a compare match signal will not be generated until a CMCNT clock isinpuit.
Figure 13.4 shows the CMF hit set timing.

o LI LI LI LI
CMCNT _,_|
input clock
CMCNT N X 0

CMCOR N
Compare 4,_|
match signal
CMF I
CMI |

Figure 134 CMF Set Timing

Rev. 2.00, 09/03, page 327 of 690
RENESAS




Rev. 2.00, 09/03, page 328 of 690
RENESAS



Section 14 16-Bit Timer Pulse Unit (TPU)

This LSl has an on-chip 16-bit timer pulse unit (TPU) that comprises four 16-bit timer channéls.

14.1 Features

e Maximum 4-pul se output

A total of 16 timer general registers (TGRA to TGRD x 4 ch.) are provided (four each for
channels). TGRA can be set as an output compareregister.

TGRB, TGRC, and TGRD for each channel can also be used as timer counter clearing
registers. TGRC and TGRD can also be used as buffer registers.

e Sdection of four counter input clocks for channels0to 3
» Thefollowing operations can be set for each channd:
Waveform output at compare match: Selection of 0, 1, or toggle output
Counter clear operation: Counter clearing possible by compare match
PWM mode: Any PWM output duty cycle can be set
Maximum of 4-phase PWM output possible
» Buffer operation settable for each channel
Automatic rewriting of output compare register possible
e Aninterrupt request for each channel

Compare match and overflow interrupt requests can be enabled or disabled for each source
independently
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Table 14.1 lists the functions of the TPU.

Table14.1 TPU Functions

Item Channel 0 Channel 1 Channel 2 Channel 3
Count clock P@1 P@1 P@1 P@1
P@4 P@4 P@4 P@4
P@16 P@16 P@16 P@16
P@64 P@64 P@64 P@64
General registers TGROA TGR1A TGR2A TGR3A
TGROB TGR1B TGR2B TGR3B
General registers/ TGROC TGR1C TGR2C TGR3C
buffer registers TGROD TGR1D TGR2D TGR3D
Output pins TOO TO1 TO2 TO3

Counter clear

TGR compare

TGR compare

TGR compare

TGR compare

function match match match match
Compare Ooutput (O O O O
Omuim Touput O O O O
Toggle O O O O
output
PWM mode O O O O
Buffer operation O O O O
Interrupt sources 5 sources 5 sources 5 sources 5 sources
e Compare e Compare e Compare e Compare
match match match match
« Overflow « Overflow « Overflow « Overflow

Legend
(O:  Possible
— Not possible

Rev. 2.00, 09/03, page 330 of 690

RENESAS



P/1
Po/4 Counter
Py/16 Clock_ Edge _ up
»| selection selection Output
Po/64 control TOO
Channel 0
clear
L_t !
TGRA L
]
TGRB Buffer e
—» [~ Comparator 2
TGRC 3
7]
TGRD I
-
|
Channel 1 Same as channel 0 TO1
Clock Edge
selection selection Counter
up Output T02
control
clear
Channel 2
[
TGRA L
1
TGRB Buffer _
— "] Comparator ™8
TGRC °
7]
TGRD I
L
__: Channel 3 Same as channel 2 TO3

Figure 14.1 Block Diagram of TPU
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14.2  Input/Output Pins
Table 14.2 shows the pin configuration of the TPU.

Table14.2 Pin Configuration

Channel Name Symbol 1/O0 Function

0 Output compare  TOO o TGROA output compare output/PWM output
match O pin

1 Output compare  TO1 (0] TGR1A output compare output/PWM output
match 1 pin

2 Output compare  TO2 o TGR2A output compare output/PWM output
match 2 pin

3 Output compare  TO3 (0] TGR3A output compare output/PWM output
match 3 pin

14.3 Register Descriptions

The TPU hasthe following registers. Refer to section 24, List of Registers, for more details of the
addresses of these registers and state of these registersin each processing state. For the register
name for each channel, TCR for channd Oisnoted asTCR 0.

1. Channd O

e Timer control register_0 (TCR_0)

e Timer moderegister_ 0 (TMDR_0)

e Timer I/O control register_0 (TIOR_0)
o Timer interrupt enableregister_0 (TIER_0)
e Timer statusregister 0 (TSR _0)

e Timer counter_0 (TCNT_O)

e Timer general register A_0 (TGRA_0)
e Timer general register B_0 (TGRB_0)
e Timer general register C_0 (TGRC_0)
e Timer general register D_0 (TGRD_0)

2. Channdl 1

e Timer control register_1 (TCR_1)

e Timer moderegister_1 (TMDR_1)

e Timer I/O control register_1 (TIOR_1)

o Timer interrupt enableregister_1 (TIER 1)
e Timer statusregister_1 (TSR 1)
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Timer counter_1 (TCNT_1)

Timer general register A_1 (TGRA_1)
Timer general register B_1 (TGRB_1)
Timer general register C_1 (TGRC_1)
Timer general register D_1 (TGRD_1)

. Channd 2

Timer control register 2 (TCR_2)

Timer moderegister_2 (TMDR_2)

Timer 1/O control register_2 (TIOR_2)
Timer interrupt enableregister_2 (TIER_2)
Timer statusregister 2 (TSR_2)

Timer counter_2 (TCNT_2)

Timer general register A_2 (TGRA_2)
Timer general register B_2 (TGRB_2)
Timer general register C_2 (TGRC_2)
Timer general register D_2 (TGRD_2)

. Channd 3

Timer control register_3 (TCR_3)

Timer moderegister_3 (TMDR_3)

Timer 1/O control register_3 (TIOR_3)
Timer interrupt enableregister_3 (TIER_3)
Timer statusregister_3 (TSR_3)

Timer counter_3 (TCNT_3)

Timer general register A_3 (TGRA_3)
Timer general register B_3 (TGRB_3)
Timer general register C_3 (TGRC_3)
Timer general register D_3 (TGRD_3)

. Common

Timer start register (TSTR)

RENESAS
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1431 Timer Control Registers (TCR)

TCR are 16-bit registersthat control the TCNT channels.

TCR register settings should be made only when TCNT operation is stopped.

Initial
Bit Bit Name Value R/W Description
15t08 O 0 R Reserved
These bits are always read as 0 and cannot be modified.
CCLR2 0 R/W  Counter Clear
CCLR1 0 R/W  Select the TCNT clearing source.
CCLRO 0 R/W  000: TCNT clearing disabled
001: TCNT cleared by TGRA compare match
010: TCNT cleared by TGRB compare match
011: Setting prohibited
100: TCNT clearing disabled
101: TCNT cleared by TGRC compare match
110: TCNT cleared by TGRD compare match
111: Setting prohibited
4 CKEG1 0 R/W  Clock Edge
3 CKEGO 0 R/W  Select the input clock edge. When the internal clock is
counted using both edges, the input clock period is halved
(e.g. P@/4 both edges = P@'2 rising edge).
00: Count at rising edge
01: Count at falling edge
1X: Count at both edges”
[Legend] X: Don't care
Note: * Internal-clock edge selection is valid when the input
clock is P@4 or slower. If the input clock is P@'1, this
operation is not performed.
2 TPSC2 0 R/W  Timer Prescaler
1 TPSC1 0 R/W  Select the TCNT count clock. The clock source can be
0 TPSCO 0 r/w Selected independently for each channel. Table 14.3 shows

the clock sources that can be set for each channel. For more
information on count clock selection, see table 14.4.
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Table14.3 TPU Clock Sources

Internal Clock

Channel P@'1 P@4 P@16 P@64
0 O O O O
1 O O O O
2 O O O O
3 O O O O
[Legend]
O : Setting
Blank: No setting
Table14.4 TPSC2to TPSCO (1)
Bit 2 Bit 1 Bit 0
Channel TPSC2 TPSC1 TPSCO Description
0 0 0 0 Internal clock: counts on P@/1
1 Internal clock: counts on Pq/4
1 0 Internal clock: counts on P@/16
1 Internal clock: counts on Pq@/64
1 X X Setting prohibited

Note: X: Don't care

Table14.4 TPSC2to TPSCO (2)

Bit 2 Bit 1 Bit 0
Channel TPSC2 TPSC1 TPSCO Description
1 0 0 0 Internal clock: counts on P@'1
1 Internal clock: counts on Pq@/4
1 0 Internal clock: counts on P@/16
1 Internal clock: counts on Pq@/64
1 X X Setting prohibited

Note: X: Don't care
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Table14.4 TPSC2to TPSCO (3)

Bit 2 Bit 1 Bit 0
Channel TPSC2 TPSC1 TPSCO Description
2 0 0 0 Internal clock: counts on P@'1
1 Internal clock: counts on Pq/4
1 0 Internal clock: counts on P@/16
1 Internal clock: counts on P@/64
1 X X Setting prohibited
Note: X: Don't care
Table14.4 TPSC2to TPSCO (4)
Bit 2 Bit 1 Bit 0
Channel TPSC2 TPSC1 TPSCO Description
3 0 0 0 Internal clock: counts on P@'1
1 Internal clock: counts on Pq@/4
1 0 Internal clock: counts on P@/16
1 Internal clock: counts on P@/64
1 X X Setting prohibited

Note: X: Don't care
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14.3.2 Timer Mode Registers (TMDR)

TMDR are 16-bit readable/writable registers that are used to set the operating mode for each

channd.

TMDR regiger settings should be made only when TCNT operation is stopped.

Bit Bit Name Description
15to7 O Reserved
These bits are always read as 0 and cannot be modified.
6 BFWT Buffer Write Timing
Specifies TGRA and TGRB update timing when TGRC and
TGRD are used as a compare match buffer. When TGRC
and TGRD are not used as a compare match buffer register,
this bit is ignored.
0: TGRA and TGRB are rewritten at compare match of each
register.
1: TGRA and TGRB are rewritten in counter clearing.
5 BFB Buffer Operation B
Specifies whether TGRB is to operate in the normal way, or
TGRB and TGRD are to be used together for buffer
operation.
0: TGRB operates normally
1: TGRB and TGRD used together for buffer operation
4 BFA Buffer Operation A
Specifies whether TGRA is to operate in the normal way, or
TGRA and TGRC are to be used together for buffer
operation.
0: TGRA operates normally
1: TGRA and TGRC used together for buffer operation
3 ad Reserved
This bit is always read as 0 and cannot be modified.
MD2 Timer Operating Mode
MD1 Set the timer-operating mode.
MDO 000: Normal operation

001: Setting prohibited
010: PWM mode

011: Setting prohibited
1XX: Setting prohibited
Note: X: Don't care
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14.3.3 Timer I/O Control Registers (TIOR)

TIOR are 16-bit regisersthat control the TO pin.

TIOR register settings should be made only when TCNT operation is stopped.

Careisrequired since TIOR is affected by the TMDR setting.

Initial
Bit Bit Name Value R/W Description
15t03 O 0 R Reserved
These bits are always read as 0 and cannot be modified.
IOA2 0 R/W 1/O Control
I0OA1 0 R/W  Bits IOA2 to IOAO specify the functions of TGRA and the TO
I0AO 0 R/W pin. For details, refer to table 14.5.

Table14.5 [I0A2tolOA0

Bit 2 Bit 1 Bit 0

Channel |0A2 [I0A1 I0A0

Description

Oto3 0 0 0 Always 0 output
1 Initial output is 0 0 output at TGRA compare match*
1 0 output for TO pin 1 output at TGRA compare match
1 Toggle output at TGRA compare match®
1 0 0 Always 1 output
1 Initial output is 1 0 output at TGRA compare match
1 0 output for TO pin 1 output at TGRA compare match®
1 Toggle output at TGRA compare match®

Note: * This setting is invalid in PWM mode.
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14.3.4 Timer Interrupt Enable Registers (TIER)

TIER are 16-bit registersthat control enabling or disabling of interrupt requests for each channd.

Bit Bit Name

Initial
Value

R/W

Description

15to5 O

0

R

Reserved
These bits are always read as 0 and cannot be modified.

4 TCIEV

R/W

Overflow Interrupt Enable

Enables or disables interrupt requests by the TCFV bit when
the TCFV bitin TSR is set to 1 (TCNT overflow).

0: Interrupt requests by TCFV disabled
1: Interrupt requests by TCFV enabled

3 TGIED

R/W

TGR Interrupt Enable D

Enables or disables interrupt requests by the TGFD bit when
the TGFD bitin TSR is set to 1 (TCNT and TGRD compare
match).

0: Interrupt requests by TGFD disabled
1: Interrupt requests by TGFD enabled

2 TGIEC

R/W

TGR Interrupt Enable C

Enables or disables interrupt requests by the TGFC bit when
the TGFC bitin TSR is set to 1 (TCNT and TGRC compare
match).

0: Interrupt requests by TGFC disabled
1: Interrupt requests by TGFC enabled

1 TGIEB

R/W

TGR Interrupt Enable B

Enables or disables interrupt requests by the TGFB bit when
the TGFB bitin TSR is setto 1 (TCNT and TGRB compare
match).

0: Interrupt requests by TGFB disabled
1: Interrupt requests by TGFB enabled

0 TGIEA

R/W

TGR Interrupt Enable A

Enables or disables interrupt requests by the TGFA bit when
the TGFA bitin TSR is setto 1 (TCNT and TGRA compare
match).

0: Interrupt requests by TGFA disabled
1: Interrupt requests by TGFA enabled
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1435 Timer Status Registers (TSR)

TSR are 16-hit registersthat indicate the status of each channdl.

Initial
Bit Bit Name Value R/W

Description

15to5 O 0 R

Reserved
These bits are always read as 0 and cannot be modified.

4 TCFV 0 RI(W)*

Overflow Flag

Status flag that indicates that TCNT overflow has occurred.
[Clearing condition]

When 0 is written to TCFV after reading TCFV =1

[Setting condition]

When the TCNT value overflows (changes from H'FFFF to
H'0000)

3 TGFD 0 RI(W)*

Output Compare Flag D

Status flag that indicates the occurrence of TGRD compare
match.

[Clearing condition]

When 0 is written to TGFD after reading TGFD = 1
[Setting condition]

When TCNT = TGRD

2 TGFC 0 RI(W)*

Output Compare Flag C

Status flag that indicates the occurrence of TGRC compare
match.

[Clearing condition]

When 0 is written to TGFC after reading TGFC = 1
[Setting condition]

When TCNT = TGRC

1 TGFB 0 RI(W)*

Output Compare Flag B

Status flag that indicates the occurrence of TGRB compare
match.

[Clearing condition]

When 0 is written to TGFB after reading TGFB = 1
[Setting condition]

When TCNT = TGRB
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Initial
Bit Bit Name Value R/W  Description

0 TGFA 0 R/(W)* Output Compare Flag A

Status flag that indicates the occurrence of TGRA compare
match.

[Clearing condition]
When 0 is written to TGFA after reading TGFA =1
[Setting condition]
When TCNT = TGRA
Note: * Only O can be written for clearing the flags.

14.36 Timer Counters(TCNT)
TCNT are 16-bit counters.

Theinitia value of TCNT is H'0000.

14.3.7 Timer General Registers (TGR)
TGR are 16-hbit registers.

TGRC and TGRD can aso be designated for operation as buffer registers*. Theinitia value of
TGRisH'FFFF.

Note: *TGR buffer register combinations are TGRA—TGRC and TGRB—TGRD.

1438 Timer Start Register (TSTR)

TSTRisa16-bit readable/writable register that selects TCNT operation/stoppage for channels 0 to
3.

Initial
Bit Bit Name Value R/W Description
15t04 O 0 R Reserved

These bits are always read as 0 and cannot be modified.

3 CST3 0 R/W  Counter Start
2 CST2 0 R/W  Select operation or stoppage for TCNT.
1 CST1 0 R/W  0: TCNTn count operation is stopped
0 CSTO 0 R/W  1: TCNTn performs count operation

[Legend]n=3to 0
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144  Operation

1441  Overview
Operation in each mode is outlined below.

Normal Operation: Each channd hasa TCNT and TGR register. TCNT performs up-counting,
and is also capable of free-running operation and periodic counting.

Buffer Operation: When a compare match occurs, the value in the buffer register for the relevant
channd istransferred to TGR. For update timing from a buffer register, rewriting on compare
match occurrence or on counter clearing can be sdlected.

PWM Mode: In thismode, a PWM waveform is output. The output level can be set by means of
TIOR. A PWM waveform with a duty cycle of between 0% and 100% can be output, according to
the setting of each TGR register.
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14.4.2 Basc Functions

Counter Operation: When one of bits CSTOto CST3isset to1in TSTR, the TCNT counter for
the corresponding channel starts counting. TCNT can operate as a free-running counter, periodic
counter, and so on.

» Example of count operation setting procedure
Figure 14.2 shows an example of the count operation setting procedure.

[1] Select the counter clock
. . with bits TPSC2 to
Operation selection .

TPSCO in TCR. At the
same time, select the
input clock edge with bits
Select counter clock [1] CKEG1 and CKEGO in
TCR.

[2] For periodic counter

C Periodic counter > C Free-running counter > operation, select the
TGRA to be used as the

| TCNT clearing source
with bits CCLR2 to
CCLRO in TCR.

Select counter clearing source | [2]

| [3] Designate the output
Select output compare register | [3] compare register by
| means of TIOR.

] [4] Set the periodic counter
Set period ] cycle in the TGRA.

| [5] Set the external pin
Set external pin function [5] Set external pin function (5] function in pin function
controller (PFC).
| [6] Set the CST bitin TSTR
Start count [6] Start count [6] to 1 to start the count
operation.

<Periodic counter> <Free-running counter>

Figure 14.2 Example of Counter Operation Setting Procedure

Rev. 2.00, 09/03, page 343 of 690
RENESAS




» Free-running count operation and periodic count operation
Immediately after areset, the TPU's TCNT counters are all designated as free-running
counters. When therelevant bit in TSTR is set to 1 the corresponding TCNT counter starts up-
count operation as a free-running counter. When TCNT overflows (from H'FFFF to H'0000),
the TCFV hitin TSR isset to 1. After overflow, TCNT starts counting up again from H'0000.
Figure 14.3 illustrates free-running counter operation.

TCNT value

H'0000

Time

CST bit

TCFV

Figure 14.3 Free-Running Counter Operation

When compare match is selected asthe TCNT clearing source, the TCNT counter for the rd evant
channd performs periodic count operation. The TGR register for setting the period is designated
as an output compare register, and counter clearing by compare match is selected by means of bits
CCLR2 to CCLRO in TCR. After the settings have been made, TCNT starts up-count operation as
a periodic counter when the corresponding bit in TSTR is set to 1. When the count value matches
the value in TGR, the TGF bit in TSR isset to 1 and TCNT is cleared to H'0000.

After acompare match, TCNT starts counting up again from H'0000.

Figure 14.4 illustrates periodic counter operation.

TCNT value Counter cleared by TGRA
-~ compare match

TGRA

H'0000

Time

CST bit

Ve

Flag cleared by software

TGFA

Figure 14.4 Periodic Counter Operation
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Waveform Output by Compare Match: The TPU can perform O, 1, or toggle output from the
corresponding output pin (TO pin) using TGRA compare match.

» Example of setting procedure for waveform output by compare match
Figure 14.5 shows an example of the setting procedure for waveform output by compare match

( Output selection ) [1] Select initial value 0 output or 1 output, and

compare match output value 0 output, 1 output,
| or toggle output, by means of TIOR. The set
initial value is output at the TO pin until the first
compare match occurs.

Select waveform output mode | [1]

| 2

] Set the timing for compare match generation in
Set output timing 21 TGRA.
| [3] Set the external pin function in pin function
| Set external pin function | [3] controller (PFC).
| [4] Setthe CST bitin TSTR to 1 to start the count
operation.
Start count [4]

'

<Waveform output>

Figure 14.5 Example of Setting Procedurefor Waveform Output by Compare Match

» Examples of waveform output operation
Figure 14.6 shows an example of 0 output/1 outpui.

In thisexample TCNT has been designated as a free-running counter, and settings have been
made so that 1 is output by compare match A, and 0 is output by compare match B. When the
set level and the pin level coincide, the pin level does not change.

TCNT value

=
TGRA |r-mmmeom@ el T T
H0000 : : : Time
| f:\ No change ,1\ No change
TO pin (1 output) | N N
TO pin (0 output) | .~ No change ~ No change
N

Figure 14.6 Example of 0 Output/1 Output Operation
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Figure 14.7 shows an example of toggle output.

In thisexample TCNT has been designated as a periodic counter (with counter clearing performed
by compare match B), and settings have been made so that output is toggled by compare match A.

TCNT value

Counter cleared by TGRB compare match
HFFFF | eceemem e e e e e T e ceeeeeeceme e e

TGRB  fwmmmmmmmmm o o oo

TGRA foee T T -

Time

H'0000

T |
T0 pin | | I oggle output

Figure 14.7 Example of Toggle Output Operation

14.4.3 Buffer Operation
Buffer operation, enables TGRC and TGRD to be used as buffer registers.
Table 14.6 shows theregister combinations used in buffer operation.

Table14.6 Register Combinationsin Buffer Operation

Timer General Register Buffer Register
TGRA TGRC
TGRB TGRD

When a compare match occurs, the value in the buffer register for the corresponding channdl is
transferred to the timer general register. For update timing from a buffer register, rewriting on
compare match occurrence or on counter cleaning can be selected.

Thisoperationisillustrated in figure 14.8.

Counter clearing signal Compare match signal

BFWT bit

f Timer general [\ |
Buffer register
g ~|> register ] Comparator K TCNT

Figure 14.8 Compare Match Buffer Operation
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Example of Buffer Operation Setting Procedure: Figure 14.9 shows an example of the buffer
operation setting procedure.

( BUff i ) [1] Designate TGR for buffer operation with bits
utier operation BFA and BFB in TMDR.
| [2] Set rewriting timing from the buffer register with
Set buffer operation [1] bit BFWT in TMDR.

| [3
| Set rewriting timing | 2]
| 4

Set the external pin function in pin function
controller (PFC).

Set the CST bit in TSTR to 1 to start the count
operation.

| Set external pin function |[3]

Start count [4]

!

<Buffer operation>

Figure 14.9 Example of Buffer Operation Setting Procedure
Example of Buffer Operation

Figure 14.10 shows an operation example in which PWM mode has been designated for channel 0,
and buffer operation has been designated for TGRA and TGRC. The settings used in this example
are TCNT clearing by compare match B, 1 output at compare match A, and O output at counter
clearing. Rewriting timing from the buffer register is set at counter clearing.

As buffer operation has been set, when compare match A occurs the output changes. When
counter clearing occurs by TGRB, the output changes and the value in buffer register TGRC is
simultaneoudly transferred to timer general register TGRA. This operation is repesated each time
compare match A occurs.

For details of PWM modes, see section 14.4.4, PWM Modes.
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TCNT value

TGRB |- - e e ] N(TGRB*1)

TGRA Lo P -

Time

H'0000

TGRC N(A) | X n~N® ' X Naoresn X ;
5 '\ ! i
N (A) X NB) i X  N(TGRB+) X

TO pin | | '_|

TGRA

Figure 14.10 Example of Buffer Operation

1444 PWM Modes

In PWM mode, PWM waveforms are output from the output pins. 0 or 1 output can be selected as
the output level in response to compare match of each TGRA.

Designating TGRB compare match as the counter-clearing source enables the period to be set in
that regiter. All channels can be designated for PWM mode independently.

PWM output is generated from the TO pin using TGRB as the period register and TGRA as duty
cycleregisters. The output specified in TIOR is performed by means of compare matches. Upon
counter clearing by a period register compare match, the output value of each pinistheinitia
value set in TIOR. Set TIOR so that theinitial output and an output value by compare match are
different. If the same levels or toggle outputs are selected, operation is disabled.

Conditions of duty cycle 0% and 100% are shown bel ow.

» Dutycycle 0%: Theset value of the period register (TGRB) is TGRA + 1 for the duty
register (TGRA).
» Duty cycle 100%: The set value of the duty register (TGRA) isO.

In PWM mode, a maximum 4-phase PWM outpuit is possible.
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Example of PWM M ode Setting Procedur e: Figure 14.11 shows an example of the PWM mode
setting procedure.

( PWM mode ) [1] Select the counter clock with bits TPSC2 to
TPSCO in TCR. At the same time, select the
| input clock edge with bits CKEG1 and CKEGO in
| Select counter clock | [1] TCR.
‘ [2] Use bits CCLR2 to CCLRO in TCR to select the
Select counter clearing source| [2] TGRB to be used as the TCNT clearing source.
| [3] Use TIOR to select the initial value and
| Select waveform output level | [3] output value.
| [4] Set the period in TGRB, and set the duty in
Set period [4] TGRA.
| [5] Select the PWM mode with bits MD2 to MDO in
| Set PWM mode | [5] TMDR.
| [6] Set the external pin function in pin function
Set external pin function [6] controller (PFC).
\ [7] Setthe CST bitin TSTR to 1 to start the count
Start count 7 operation.
<PWM mode>

Figure 14.11 Example of PWM M ode Setting Procedure
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Examples of PWM M ode Oper ation: Figure 14.12 shows an example of PWM mode operation.

In this example, TGRB compare match is set asthe TCNT clearing source, 0 is set astheinitia
output value of the TO pin by TGRA, and 1 is set asthe output value by TGRA compare match.

In this case, the value set in TGRB is used as the period, and the value set in TGRA asthe duty.

TCNT value
Counter cleared by

TGRB |oooooooooo._ #. TGRBcOMparematch .

TGRA |-cmmoat el

H'0000 Time

o ] L] | |

Figure 14.12 Example of PWM M ode Operation (1)

Figure 14.13 shows examples of PWM waveform output with 0% duty and 100% duty in PWM
mode.

TCNT 2):( 0 X 1 X 2 X 0 X

TGRA=0 i : : : :
TGRA=1 | | |
TGRA=2 | .
TGRA=3 ' ' '

T Rewrite timing for TGRA
Period: TGRB=2

Figure 14.13 Examplesof PWM M ode Operation (2)

Rev. 2.00, 09/03, page 350 of 690
RENESAS




Section 15 Realtime Clock (RTC)

ThisLSl hasarealtime clock (RTC) with itsown 32.768 kHz crystal oscillator. A block diagram
of the RTC is shown in figure 15.1.

15.1 Features

The RTC hasthe following features:

Clock and calendar functions (BCD format): seconds, minutes, hours, date, day of the week,
month, and year

1-Hz to 64-Hz timer (binary format)
Start/stop function
30-second adjust function

Alarm interrupt: frame comparison of seconds, minutes, hours, date, day of the week, month,
and year can be used as conditions for the alarm interrupt

Periodic interrupts: the interrupt cycle may be 1/256 second, 1/64 second, 1/16 second, 1/4
second, 1/2 second, 1 second, or 2 seconds

Carry interrupt: a carry interrupt indicates when a carry occurs during a counter read
Automatic leap year adjustment
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Externally

connected I e e e
circuit ' 30- '
EXTAL2! second :
4+ |_1__®_L, . Reset ADJ .
& 1| Oscillator 128 Hz l l '
\ circuit | [ To)-do---f-- . !
R - . |
XTAL2 ! " , Bus L
; 32768 kHz | [ [t | orace [C
, y ¢ RSECCNT | ! '
Pf??‘;?;'ef i [ RMINCNT | :
16.384 kHz ;| RHRCNT O :
! . | RWKCNT ' 1
| A \ I ,
E Prescaler ! RDAYCNT E !
' (+128) . | RMONCNT ' h
5 i [_RYRCNT | '
ATI <—E— Interrupt Comparator i
' control ] H
PRI <—— circuit [ | _____[_).____ S i
i [RsEcar |1 3|
' V| RMINAR |1 |2
v | camy P [LRHRAR | ¢ :
CUI «—{ detection ! RWKAR ' i
' circuit g 1 ,
! . | RDAYAR |1 .
' | RMONAR | ! '
E —* RYRAR || :
»[ RCR1 :
RCR2 E
: rRcrs K > ;
Legend: e EEEEEEE RTC -
RB4CNT: 64-Hz counter RHRAR: Minute alarm register
RSECCNT: Second counter RMINAR: Hour alarm register
RMINCNT: Minute counter RWKAR: Day of the week alarm register
RHRCNT: Hour counter RDAYAR: Date alarm register
RWKCNT: Day of the week counter RMONAR: Month alarm register
RDAYCNT: Date counter RYRAR: Year alarm register
RMONCNT: Month counter RCR1: RTC control register 1
RYRCNT: Year counter RCR2: RTC control register 2
RSECAR: Second alarm register RCR3: RTC control register 3

Peripheral bus

Figure15.1 RTC Block Diagram
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15.

2  Input/Output Pins

Table 15.1 shows the RTC pin configuration.

Table15.1 Pin Configuration

Pin Abbreviation 1/0 Function

Crystal oscillator for RTC EXTAL2 I Connects crystal to RTC oscillator”
Crystal oscillator for RTC XTAL2 O  Connects crystal to RTC oscillator”®
Power-supply for RTC Vce-RTC —  Power-supply pin for RTC

GND for RTC Vss-RTC — GND pin for RTC

Note: * Pull up (VccQ (3.3 V power)) EXTAL2 and leave XTAL2 open, when the RTC is not used.

15.

3  Register Descriptions

The RTC hasthe following registers. Refer to section 24, List of Registers, for more detail of the
address and access size.

64-Hz counter (R64CNT)

Second counter (RSECCNT)
Minute counter (RMINCNT)
Hour counter (RHRCNT)

Day of week counter (RWKCNT)
Date counter (RDAY CNT)

Month counter (RMONCNT)
Year counter (RYRCNT)

Second alarm register (RSECAR)
Minute alarm register (RMINAR)
Hour darmregister (RHRAR)
Day of week alarm register (RWKAR)
Date darm register (RDAYAR)
Month alarm register (RMONAR)
Year darmregister (RYRAR)
RTC control regigter 1 (RCR1)
RTC control register 2 (RCR2)
RTC control register 3 (RCR3)

RENESAS
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1531 64-Hz Counter (R64CNT)

The 64-Hz counter (R64CNT) isan 8-bit read-only register that indicates the state of the divider
circuit between 64 Hz and 1 Hz.

R64CNT isreset to H'00 by setting the RESET hit in RCR2 or the ADJ bitin RCR2 to 1.

R64CNT isnot initialized by a power-on reset or manual reset, or in sandby mode.

Bit Bit Name Initial Value R/W Description
7 O 0 R Reserved

This bit is always read as O.
6t00 O g R 64-Hz Counter

Each bit (bits 6 to 0) indicates the state of the
RTC divider circuit between 64 Hz and 1 Hz.

Bit Frequency
1Hz

2 Hz

4 Hz

8 Hz

16 Hz

32 Hz

64 Hz

15.32 Second Counter (RSECCNT)

The second counter (RSECCNT) isan 8-bit readabl e/writable register used for setting/counting in
the BCD-coded second section. The count operation is performed by a carry for each second of the
64-Hz counter.

The range of second that can be set is 00 to 59 (decimal). Errant operation will result if any other
valueis set. Carry out write processing after stopping the count operation with the START bit in
RCR2.

RSECCNT isnot initialized by a power-on reset or manual reset, or in standby mode.
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Bit Bit Name Initial Value R/W Description
7 O 0 R Reserved

This bit is always read as 0. The write value
should always be 0.

6to4 a 0 R/W 10-unit of the second counter in the BCD-code.
The range that can be set is 0 to 5 (decimal).

3to0 a 0 R/W 1-unit of the second counter in the BCD-code.
The range that can be set is 0 to 9 (decimal).

15.3.3 Minute Counter (RMINCNT)

The minute counter (RMINCNT) is an 8-bit readable/writable register used for setting/counting in
the BCD-coded minute section. The count operation is performed by a carry for each minute of the
second counter.

The range of minute that can be set is 00 to 59 (decimal). Errant operation will result if any other
valueis set. Carry out write processing after stopping the count operation with the START bit in
RCR2.

RMINCNT isnot initialized by a power-on reset or manual reset, or in standby mode.

Bit Bit Name Initial Value R/W Description
7 O 0 R Reserved

This bit is always read as 0. The write value
should always be 0.

6to4 a 0 R/W 10-unit of the minute counter in the BCD-code.
The range that can be set is 0 to 5 (decimal).

3t00 ad O R/W 1-unit of the minute counter in the BCD-code.
The range that can be set is 0 to 9 (decimal).

15.34 Hour Counter (RHRCNT)

The hour counter (RHRCNT) isan 8-hit readable/writable register used for setting/counting in the
BCD-coded hour section. The count operation is performed by a carry for each 1 hour of the
minute counter.

The range of hour that can be set is 00 to 23 (decimal). Errant operation will result if any other
valueis set. Carry out write processing after stopping the count operation with the START hitin
RCR2.

RHRCNT isnot initialized by a power-on reset or manual reset, or in standby mode.
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Bit Bit Name Initial Value R/W Description
7,6 a 0 R Reserved
These bits are always read as 0. The write value
should always be 0.
54 a R/W 10-unit of the hour counter in the BCD-code.
The range that can be set is 0 to 2 (decimal).
3to0 O R/W 1-unit of the hour counter in the BCD-code.
The range that can be set is 0 to 9 (decimal).
15.35 Day of Week Counter (RWKCNT)

The day of week counter (RWKCNT) isan 8-hit readable/writable register used for
setting/counting in the day of week section. The count operation is performed by a carry for each

day of the date counter.

Therange for day of the week that can be set is0to 6 (decimal). Errant operation will result if any
other valueis set. Carry out write processing after stopping the count operation with the START
bit in RCR2.

RWKCNT isnot initialized by a power-on reset or manual reset, or in standby mode.

Bit Bit Name Initial Value R/W Description

7t03 O 0 R Reserved
These bits are always read as 0. The write value
should always be 0.

2t00 O R/W Counter for the day of week in the BCD-code.

The range that can be set is 0 to 6 (decimal).
Code Day of Week

Sunday

Monday

Tuesday

Wednesday

Thursday

Friday

Saturday
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15.3.6 Date Counter (RDAYCNT)

The date counter (RDAYCNT) is an 8-bit readable/writable register used for setting/counting in
the BCD-coded date section. The count operation is performed by a carry for each day of the hour
counter.

The range of date that can be set changes within 01 to 31 (decimal) with some monthsand in leap
years. Please confirm the correct setting. Errant operation will result if any other valueis set.
Carry out write processing after stopping the count operation with the START bit in RCR2.

RDAYCNT isnot initialized by a power-on reset or manual reset, or in standby mode.

Bit Bit Name Initial Value R/W Description

7,6 a 0 R Reserved

These bits are always read as 0. The write value
should always be 0.

54 O g R/W 10-unit of the date counter in the BCD-code.
The range that can be set is 0 to 3 (decimal).

3t00 O O R/W 1-unit of the date counter in the BCD-code.
The range that can be set is 0 to 9 (decimal).

15.3.7 Month Counter (RMONCNT)

The month counter (RMONCNT) is an 8-bit readabl e/writable register used for setting/counting in
the BCD-coded month section. The count operation is performed by a carry for each month of the
date counter.

The range of month that can be set is 01 to 12 (decimal). Errant operation will result if any other
valueis set. Carry out write processing after stopping the count operation with the START bit in
RCR2.

RMONCNT isnot initialized by a power-on reset or manual reset, or in standby mode.

Bit Bit Name Initial Value R/W Description

7t05 a 0 R Reserved

These bits are always read as 0. The write value
should always be 0.

4 d 0 R/W 10-unit of the month counter in the BCD-code.
The range that can be set is 0 to 1 (decimal).

3to0 d 0 R/W 1-unit of the month counter in the BCD-code.
The range that can be set is 0 to 9 (decimal).
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1538 Year Counter (RYRCNT)

The year counter (RYRCNT) isa 16-bit readable/writable register used for setting/counting in the
BCD-coded year section. The four digits of the western calendar year are counted. The count
operation is performed by a carry for each year of the month counter.

Therange for year that can be set is 0000 to 9999 (decimal). Errant operation will result if any
other valueis set. Carry out write processing after stopping the count operation with the START
bit in RCR2 or using a carry flag.

RYRCNT isnot initialized by a power-on reset or manual reset, or in standby mode.

Leap years are recognized by dividing the year counter value by 4 and obtaining a fractional result
of 0. The year counter value 0000 is recognized as a leap year.

Bit Bit Name Initial Value R/W Description

15t012 0O g R/W 1000-unit of the year counter in the BCD-code.
The range that can be set is 0 to 9 (decimal).

11to8 O O R/W 100-unit of the year counter in the BCD-code.
The range that can be set is 0 to 9 (decimal).

7t04 O g R/W 10-unit of the year counter in the BCD-code.
The range that can be set is 0 to 9 (decimal).

3to0 d O R/W 1-unit of the year counter in the BCD-code.

The range that can be set is 0 to 9 (decimal).

1539 Second Alarm Register (RSECAR)

The second darm register (RSECAR) isan 8-bit readable/writable register, and an alarm register
corresponding to the second counter RSECCNT. When the ENB bit is set to 1, a comparison with
the RSECCNT valueis performed. For alarm registers RSECAR, RMINAR, RHRAR, RWKAR,
RDAY AR, and RMONAR, a comparison with the corresponding counter valueis performed for
those whose ENB hit is set to 1, and for RCR3, a comparison is performed when the YAEN bit is
set to 1. If al of those match, an RTC alarm interrupt is generated.

The range of second adarm that can be set is 00 to 59 (decimal). Errant operation will result if any
other valueis set.

The ENB bit in RSECAR isinitialized to O by a power-on reset, and it is not initialized by manual
reset and standby mode. The remaining RSECAR fidlds are not initialized by a power-on reset or
manual reset, or in standby mode.
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Bit Bit Name Initial Value R/W Description
7 ENB 0 R/W Second Alarm Enable

Specifies whether to compare RSECCNT with
RSECAR to generate a second alarm.

0: Not compared

1: Compared
6to4 d O R/W 10-unit of second alarm setting in the BCD-code.
The range that can be set is 0 to 5 (decimal).
3to0 O g R/W 1-unit of second alarm setting in the BCD-code.

The range that can be set is 0 to 9 (decimal).

15.3.10 Minute Alarm Register (RMINAR)

The minute darm register (RMINAR) isan 8-bit readable/writable register, and an darm register
corresponding to the minute counter RMINCNT. When the ENB bit is set to 1, a comparison with
the RMINCNT valueis performed. For darm registers RSECAR, RMINAR, RHRAR, RWKAR,
RDAY AR, and RMONAR, a comparison with the corresponding counter valueis performed for
those whose ENB hit is set to 1, and for RCR3, a comparison is performed when the YAEN bit is
set to 1. If all of those match, an RTC alarm interrupt is generated.

The range of minute aarm that can be set is 00 to 59 (decimal). Errant operation will result if any
other valueis set.

The ENB bit in RMINAR isinitialized by a power-on reset, and it isnot initialized by manual
reset and standby mode. The remaining RMINAR fields are not initialized by a power-on reset or
manual reset, or in standby mode.

Bit Bit Name Initial Value R/W Description

7 ENB 0 R/W Minute Alarm Enable

Specifies whether to compare RMINCNT with
RMINAR to generate a second alarm.

0: Not compared

1: Compared
6to4 d 0 R/W 10-unit of minute alarm setting in the BCD-code.
The range that can be set is 0 to 5 (decimal).
3to0 d g R/W 1-unit of minute alarm setting in the BCD-code.

The range that can be set is 0 to 9 (decimal).
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15.3.11 Hour Alarm Register (RHRAR)

The hour alarm register (RHRAR) is an 8-bit readable/writable register, and an alarm register
corresponding to the hour counter RHRCNT. When the ENB hit is set to 1, a comparison with the
RHRCNT valueis performed. For alarm registers RSECAR, RMINAR, RHRAR, RWKAR,
RDAY AR, and RMONAR, a comparison with the corresponding counter valueis performed for
those whose ENB hit is set to 1, and for RCR3, a comparison is performed when the YAEN bit is
set to 1. If al of those match, an RTC alarm interrupt is generated.

The range of hour alarm that can be set is 00 to 23 (decimal). Errant operation will result if any
other valueis set.

The ENB hit in RHRAR isinitiaized by a power-on reset, and it isnot initialized by manual reset
and standby mode. The remaining RHRAR fields are not initiaized by a power-on reset or manua
reset, or in standby mode.

Bit Bit Name Initial Value R/W Description

7 ENB 0 R/W Hour Alarm Enable

Specifies whether to compare RHRCNT with
RHRAR to generate a second alarm.

0: Not compared
1: Compared

6 a 0 R Reserved

This bit is always read as 0. The write value
should always be 0.

54 a 0 R/W 10-unit of hour alarm setting in the BCD-code.
The range that can be set is 0 to 2 (decimal).
3to0 O O R/W 1-unit of hour alarm setting in the BCD-code.

The range that can be set is 0 to 9 (decimal).
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15.3.12 Day of Week Alarm Register (RWKAR)

The day of week alarm register (RWKAR) is an 8-hit readable/writable register, and an dlarm
register corresponding to the day of week counter RWKCNT. When the ENB bitissetto 1, a
comparison with the RWKCNT value is performed. For alarm registers RSECAR, RMINAR,
RHRAR, RWKAR, RDAYAR, and RMONAR, a comparison with the corresponding counter
valueis performed for those whose ENB hit is set to 1, and for RCR3, a comparison is performed
when the YAEN bit isset to 1. If al of those match, an RTC alarm interrupt is generated.

Therange of day of the week alarm that can be set is0 to 6 (decimal). Errant operation will result
if any other valueis set.

The ENB bit in RWKAR isinitialized by a power-on reset, and it is not initialized by manual reset
and standby mode. The remaining RWKAR fidds are not initialized by a power-on reset or
manual reset, or in standby mode.

Bit Bit Name Initial Value R/W Description

7 ENB 0 R/W Day of Week Alarm Enable

Specifies whether to compare RWKCNT with
RWKAR to generate a second alarm.

0: Not compared
1: Compared

6to3 a 0 R Reserved

These bits are always read as 0. The write value
should always be 0.

2t00 d O R/W Day of Week Alarm Code
The range that can be set is 0 to 6 (decimal).
Code Day of the Week

Sunday

Monday

Tuesday

Wednesday

Thursday

Friday

Saturday
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15.3.13 Date Alarm Register (RDAY AR)

The date alarm register (RDAY AR) is an 8-bit readable/writableregister, and an darm register
corresponding to the date counter RDAY CNT. When the ENB bit is set to 1, a comparison with
the RDAYCNT valueis performed. For alarm regisers RSECAR, RMINAR, RHRAR, RWKAR,
RDAY AR, and RMONAR, a comparison with the corresponding counter value is performed for
those whose ENB hit is set to 1, and for RCR3, a comparison is performed when the YAEN bit is
set to 1. If al of those match, an RTC alarm interrupt is generated.

Therange of date darm that can be set is 01 to 31 (decimal). Errant operation will result if any
other valueis set. The RDAY CNT rangethat can be set changes with some monthsand in leap
years. Please confirm the correct setting.

The ENB hit in RDAY AR isinitialized by a power-on reset, and it isnot initialized by manual
reset and standby mode. The remaining RDAY AR fields are not initialized by a power-on reset or
manual reset, or in standby mode.

Bit Bit Name Initial Value R/W Description

7 ENB 0 R/W Date Alarm Enable

Specifies whether to compare RDAYCNT with
RDAYAR to generate a second alarm.

0: Not compared
1: Compared

6 a 0 R Reserved

This bit is always read as 0. The write value
should always be 0.

5,4 O O R/W 10-unit of date alarm setting in the BCD-code.
The range that can be set is 0 to 3 (decimal).
3to0 O O R/W 1-unit of date alarm setting in the BCD-code.

The range that can be set is 0 to 9 (decimal).

Rev. 2.00, 09/03, page 362 of 690
RENESAS



15.3.14 Month Alarm Register (RMONAR)

The month alarm register (RMONAR) is an 8-bit readable/writable register, and an alarm register
corresponding to the month counter RMONCNT. When the ENB bit is set to 1, a comparison with
the RMONCNT valueis performed. For alarm regisers RSECAR, RMINAR, RHRAR, RWKAR,
RDAY AR, and RMONAR, a comparison with the corresponding counter valueis performed for
those whose ENB hit is set to 1, and for RCR3, a comparison is performed when the YAEN bit is
set to 1. If al of those match, an RTC alarm interrupt is generated.

The range of month alarm that can be set is 01 to 12 (decimal). Errant operation will result if any
other valueis set.

The ENB bitin RMONAR isinitialized by a power-on reset, and it isnot initialized by manual
reset and standby mode. The remaining RMONAR fields are not initialized by a power-on reset or
manual reset, or in standby mode.

Bit Bit Name Initial Value R/W Description
7 ENB 0 R/W Month Alarm Enable

Specifies whether to compare RMONCNT with
RMONAR to generate a second alarm.

0: Not compared
1: Compared

6,5 a 0 R Reserved

These bits are always read as 0. The write value
should always be 0.

4 d O R/W 10-unit of month alarm setting in the BCD-code.
The range that can be set is 0 to 1 (decimal).
3to0 d O R/W 1-unit of month alarm setting in the BCD-code.

The range that can be set is 0 to 9 (decimal).
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15.3.15 Year Alarm Register (RYRAR)

Theyear darm register (RYRAR) isa 16-hit readable/writable register, and an alarm register
corresponding to the year counter RYRCNT. When the YAEN bit in RCR3issetto 1, a
comparison with the RYRCNT valueis performed. For darm registers RSECAR, RMINAR,
RHRAR, RWKAR, RDAYAR, and RMONAR, a comparison with the corresponding counter
valueis performed for those whose ENB hit is set to 1, and for RCR3, a comparison is performed
when the YAEN bit isset to 1. If al of those match, an RTC aarm interrupt is generated.

Therange of year darm that can be set is 0000 to 9999 (decimal). Errant operation will result if
any other value is set.

The RYRAR contents are not initialized by a power-on reset or manual reset, or in standby mode.

Bit Bit Name Initial Value R/W Description

15t012 O O R/W 1000-unit of year alarm setting in the BCD-code.
The range that can be set is 0 to 9 (decimal).

11t0o8 0O g R/W 100-unit of year alarm setting in the BCD-code.

The range that can be set is 0 to 9 (decimal).

7t04 d O R/W 10-unit of year alarm setting in the BCD-code.
The range that can be set is 0 to 9 (decimal).

3to0 d O R/W 1-unit of year alarm setting in the BCD-code.
The range that can be set is 0 to 9 (decimal).
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15.3.16 RTC Control Register 1 (RCR1)

The RTC control register 1 (RCR1) is an 8-hit readable/writable register that affects carry flags
and alarm flags. It also selects whether to generate interrupts for each flag. Because flags are
sometimes set after an operand read, do not use thisregister in read-modify-write processing.

RCR1 isinitialized to H'00 by a power-on reset or amanual reset. In areset, dl bitsareinitialized
to 0 except for the CF flag, which is undefined. When using the CF flag, it must beinitialized
beforehand. Thisregister isnot initialized in sandby mode.

Bit

Bit Name

Initial Value R/W

Description

7

CF

Undefined

R/W

Carry Flag

Status flag that indicates that a carry has
occurred. CF is set to 1 when R64CNT or
RSECCNT is read during a carry occurrence by
R64CNT or RSECCNT. A count register value
read at this time cannot be guaranteed; another
read is required.

0: No carry by R64CNT or RSECCNT.
[Clearing condition] When 0 is written to CF

1: [Setting condition] When R64CNT or
RSECCNT is read during a carry occurrence by
R64CNT or RSECCNT, or 1 is written to CF

6,5

Reserved

These bits are always read as 0. The write value
should always be 0.

CIE

R/W

Carry Interrupt Enable Flag

When the carry flag (CF) is set to 1, the CIE bit
enables interrupts.

0: A carry interrupt is not generated when the CF
flag is setto 1

1: A carry interrupt is generated when the CF flag
issetto 1

AIE

R/W

Alarm Interrupt Enable Flag

When the alarm flag (AF) is set to 1, the AIE bit
enables interrupts.

0: An alarm interrupt is not generated when the
AF flag is set to 1

1: An alarm interrupt is generated when the AF
flagis setto 1
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Bit Bit Name Initial Value R/W Description

2,1 — 0 R Reserved

These bits are always read as 0. The write value
should always be 0.

0 AF 0 R/W Alarm Flag

The AF flag is set to 1 when the alarm time set in
an alarm register (only registers with ENB bit of
the corresponding alarm registers and YAEN bit
in RCR3 set to 1) matches the clock and calendar
time. This flag is cleared to 0 when 0 is written,
but holds the previous value when 1 is written.

0: Clock/calendar and alarm register have not
matched.
[Clearing condition] When 0 is written to AF

1: [Setting condition] Clock/calendar and alarm
register have matched (only registers that ENB
bit and YAEN bit is 1)

15.3.17 RTC Control Register 2 (RCR2)

The RTC control register 2 (RCR2) is an 8-hit readabl e/writable register for periodic interrupt
control, 30-second adjustment ADJ, divider circuit RESET, and RTC count start/stop control. It is
initialized to H'09 by a power-on reset. It isinitidized except for RTCEN and START by a
manual reset. It isnot initidized in standby mode, and retains its contents.

Bit Bit Name Initial Value R/W Description

7 PEF 0 R/W Periodic Interrupt Flag

Indicates interrupt generation with the period
designated by the PES2 to PESO bits. When set
to 1, PEF generates periodic interrupts.

0: Interrupts not generated with the period
designated by the PES bits.
[Clearing condition] When 0 is written to PEF

1: [Setting condition] When interrupts are
generated with the period designated by the
PES bits or 1 is written to PEF
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Bit Name

Initial Value R/W

Description

OO

PES2
PES1
PESO

0 R/W
0 R/W
0 R/W

Periodic Interrupt Interval
These bits specify the periodic interrupt interval.
000: No periodic interrupts generated

001: Periodic interrupt generated every 1/256
second

010: Periodic interrupt generated every 1/64
second

011: Periodic interrupt generated every 1/16
second

100: Periodic interrupt generated every 1/4
second

101: Periodic interrupt generated every 1/2
second

110: Periodic interrupt generated every 1 second
111: Periodic interrupt generated every 2 seconds

RTCEN

Controls the operation of the crystal oscillator for
the RTC.

0: Halts the crystal oscillator for the RTC.
1: Runs the crystal oscillator for the RTC.

ADJ

30 Second Adjustment

When 1 is written to the ADJ bit, times of 29
seconds or less will be rounded to 00 seconds
and 30 seconds or more to 1 minute. The divider
circuit will be simultaneously reset. This bit is
always read as 0.

0: Runs normally.
1: 30-second adjustment.

RESET

Reset

When 1 is written, initializes the divider circuit
(RTC prescaler and R64CNT). This bit is always
read as 0.

0: Runs normally.
1: Divider circuit is reset.
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Bit Bit Name Initial Value R/W

Description

0 START 1 R/W

Start Bit
Halts and restarts the counter (clock).

0: Second/minute/hour/day/week/month/year
counter halts.*

1: Second/minute/hour/day/week/month/year
counter runs normally.*

Note: * The 64-Hz counter always runs unless
stopped with the RTCEN bit.

15.3.18 RTC Control Register 3 (RCR3)

The RTC control register 3 (RCR3) is an 8-hit readable/writable register that controlsthe
comparison between the BCD-coded year section counter RYRCNT of the RTC and the year

alamregister RYRAR.

Bit Bit Name Initial Value R/W

Description

7 YAEN 0 R/W

Year Alarm Enable

When this bit is set to 1, the year alarm register
(RYRAR) is compared with the year counter
(RYRCNT). For alarm registers RSECAR,
RMINAR, RHRAR, RWKAR, RDAYAR, and
RMONAR, a comparison with the corresponding
counter value is performed for those whose ENB
bitis set to 1, and for RCR3, a comparison is
performed when this bit is set to 1. If all of those
match, an RTC alarm interrupt is generated.

6t00 — 0 R

Reserved

These bits are always read as 0. The write value
should always be 0.
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154  Operation

15.4.1 Initial Settings of Registersafter Power-On

All theregisters should be set after the power isturned on.

15.4.2  Setting Time

Figure 15.2 shows how to set the time when the clock is stopped.

I
Stop clock, Write 1 to RESET and 0 to
reset divider circuit | START in the RCR2 register

Set seconds, minutes,
hour, day, day of the | Order is irrelevant
week, month and year

Write 1 to START in the
Start clock RCR2 register

v

Figure 15.2 Setting Time
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1543 Readingthe Time

Figure 15.3 shows how to read thetime. If a carry occurs while reading the time, the correct time
will not be obtained, so it must be read again. Part (a) in figure 15.3 shows the method of reading
the time without using interrupts; part (b) in figure 15.3 shows the method using interrupts. To
keep programming simple, method (a) should normally be used.

(a) To read the time
without using interrupts

]
Disable the carry . .
interrupt Write 0 to CIE in RCR1

—
Write 0 to CF in RCR1

Clear the carry flag | Note: Set AF to 1 so that alarm
I flag is not cleared.

Read counter
register

Yes

Carry flag = 1? Read RCR1 and check CF

(b) To use interrupts

Write 1 to CIE in RCR1,
interrupt and write 0 to CF in RCR1
Clear the carry flag Note: Set AF in RCR1 to 1 so that
T alarm flag is not cleared.

Enable the carry

Read counter
register

Yes

Interrupt
generated?

Disable the carry
interrupt

Write 0 to CIE in RCR1

Figure 15.3 Reading the Time
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1544  Alarm Function
Figure 15.4 shows how to use the alarm function.

Alarms can be generated using seconds, minutes, hours, day of the week, date, month, year, or any
combination of these. Set the ENB or YAEN hit for theregister on which thealarmisplaced to 1,

and then set the alarm timein the lower bits. Clear the ENB or YAEN bit for theregister on which
theaarm isnot placed to 0.

When the clock and alarm times match, 1 isset in the AF bit in RCR1. Alarm detection can be
checked by reading this bit, but normally it is done by interrupt. If 1 isplaced in the AIE bitin
RCR1, an interrupt is generated when an alarm occurs.

Clock running

| Disable interrupt to prevent erroneous
Cancel alarm interrupt | interruption.(AIE bit in RCR1 is cleared)
| Then write 1.

Set alarm time

| Always clear, since the flag may have been
Clear alarm flag set while the alarm time was being set.
| (Write O to AF of RCR1 to clear it. )

Monitor alarm time
(wait for interrupt or
check alarm flag)

Figure 15.4 Usng the Alarm Function
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1545 Crystal Oillator Circuit

Crystal oscillator circuit constants (recommended values) are shown in table 15.2, and the RTC
crystal oscillator circuit in figure 15.5.

Table15.2 Recommended Oscillator Circuit Constants (Recommended Values)

fosc Cin Cout

32.768 kHz 10 to 22 pF 10 to 22 pF

> >

Wy

Ry

This LSI
Rp

EXTAL2 XTAL2

//AEEZ///ZZZZ///ZZZZ/// 7 77 7

IDI XTAL
1Ll
; Cin Cout

Notes: 1. Select either the Cj, or Cy side for frequency adjustment variable capacitor
according to requirements such as frequency range, stability, etc.

2. Built-in resistance value R (Typ value) = 10 MQ, Rp (Typ value) = 400 kQ

3. Cj, and C,; values include stray capacitance due to the wiring. Take care when
using a ground plane.

4. The crystal oscillation settling time depends on the mounted circuit constants,
stray capacitance, etc., and should be decided after consultation with the crystal
resonator manufacturer.

5. Place the crystal resonator and load capacitors Cj, and C as close as possible
to the chip.

(Correct oscillation may not be possible if there is externally induced noise in the
EXTAL2 and XTAL2 pins.)

6. Ensure that the crystal resonator connection pin (EXTAL2, XTAL2) wiring is
routed as far away as possible from other power lines (except GND) and signal
lines.

Figure 155 Example of Crystal Oscillator Circuit Connection
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155 Notesfor Usage

1551 Register Writing during RTC Count

The following RTC registers cannot be written to during an RTC count (while the START bit in
RCR2 = 1).

RSECCNT, RMINCNT, RHRCNT, RDAYCNT, RWKCNT, RMONCNT, RYRCNT

The RTC count must be halted before writing to any of the above registers.

1552 Useof Realtime Clock (RTC) Periodic Interrupts
The method of using the periodic interrupt function is shown in figure 15.6.

A periodic interrupt can be generated periodically at theinterval set by the periodic interrupt
interval bits (PESO to PES2) in RCR2. When the time set by the PESO to PES2 bits has elapsed,
the PEF bit isset to 1.

The PEF is cleared to 0 upon periodic interrupt generation when the periodic interrupt interval bits
(PESO to PES?) is set. Periodic interrupt generation can be confirmed by reading this bit, but
normally the interrupt function is used.

Set PESO to PES2,
| Set PES, clear PEF | and clear PEF to 0,

in RCR2

|Elapse of time set by PES|

| Clear PEF | Clear PEF to 0

I

Figure 15.6 Using Periodic Interrupt Function

1553 Standby Mode after Register Setting

If the standby mode is entered after the RTC registers are set, the time cannot be counted
correctly. After setting the registers, wait for 2 RTC clock cycles or longer before the standby
mode is entered.
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Section 16 Serial Communication Interface with FIFO
(SCIF)

This LSl has atwo-channel serial communication interface with on-chip FIFO buffers (Seria
Communication Interface with FIFO: SCIF). The SCIF can perform asynchronous and clock
synchronous serial communication.

64-stage FIFO registers are provided for both transmission and reception, enabling fast, efficient,
and continuous communi cation.

16.1 Features

e Asynchronous mode

Serial data communication is executed using an asynchronous system in which
synchronization is achieved character by character. Serial data communication can be carried
out with standard asynchronous communication chips such as a Universal Asynchronous
Receiver/Transmitter (UART) or Asynchronous Communication Interface Adapter (ACIA).

Thereisa choice of eight serial data communication formats.
Datalength: 7 or 8 bits

Stop bit length: 1 or 2 bits

Parity: Even/odd/none

LSB-first transfer

Receive error detection: Parity, framing, and overrun errors

Break detection: If aframing error isfollowed by at least one frame at the space “0” (low)
level, abreak is detected.

e Clock synchronous mode

Serial data communication is synchronized with aclock. Serial data communication can be
carried out with other chipsthat have a synchronous communication function.

0 Datalength: 8 bits
O LSB-first transfer
»  Full-duplex communication capability
The transmitter and receiver are independent units, enabling transmission and reception to be
performed simultaneously.

The transmitter and receiver both have a 64-stage FIFO buffer structure, enabling fast and
continuous serial data transmission and reception.

*  On-chip baud rate generator allows any bit rate to be selected.

» Choice of serial clock source: internal clock from baud rate generator or externa clock from
SCK pin.

e SiXx interrupt sources in asynchronous mode

Oo0oooOooao
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There are six interrupt sources] transmit-data-stop, transmit-FIFO-data-empty, receive-FIFO-
data-full, receive-error (framing/parity error), break-receive, and receive-data-ready interrupts.
» Twointerrupt sources in clock synchronous mode
There are two interrupt sources] transmit-Fl FO-data-empty and receive-FI FO-data-full
interrupts.
e The DMA controller (DMAC) can be activated to execute a data transfer in the event of a
trangmit-FIFO-data-empty, transmit-data-stop, or receive-FIFO-data-full interrupt. The DMAC
requests of transmit-FIFO-data-empty and transmit-data-stop interrupts are the same.

«  On-chip modem control functions (CTS and RTS)

e On-chip transmit-data-stop functions (only in asynchronous mode)

*  When not in use, the SCIF can be stopped by halting its clock supply to reduce power
consumption.

e Theamount of datain the transmit/receive FIFO registers and the number of receive errorsin
thereceive datain the receive FIFO register can be ascertained.
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Figure 16.1 shows a block diagram of the SCIF.

[0} .
S Peripheral
Module data bus R 5 bus
d -—
N A A A P | >
a
¥ v
SCFRDR SCFTDR SCFDR A 4
(64-stage) (64-stage) SCFCR [scerr —
T 1 SCFER
Tl ol | s
RxD SCRSR SCTSR
:g:ﬁi Baud rate le—————— Po
generator
SCTDSR — Pe4
Transmission/ P@16
Parity reception control [« Pq/64
generation t Clock
Parity check
SCK External clock
TxD > SCIF
interrupt
CTS
RTS =
SCIF
Note: SCRSR: Receive shift register SCFER: FIFO error count register
SCFRDR: Receive FIFO data register SCSSR: Serial status register
SCTSR: Transmit shift register SCBRR: Bit rate register
SCFTDR: Transmit FIFO data register SCFCR: FIFO control register
SCSMR: Serial mode register SCFDR: FIFO data count register
SCSCR: Serial control register SCTDSR:  Transit data stop register

Figure 16.1 Block Diagram of SCIF
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16.2  Input/Output Pins
Table 16.1 shows the SCIF pin configuration.

Table16.1 Pin Configuration

Channel Pin Name Abbreviation** 1/0 Function

0 Serial clock SCKO SCK Input/output  Clock input/output
Receive data RxDO RxD*? Input Receive data input
Transmit data TXDO  TxD*? Output Transmit data output
Modem control CTSO0 CTS Input Transmission possible
Modem control RTSO RTS Output Transmit request

2 Serial clock SCK2 SCK Input/output  Clock input/output
Receive data RxD2 RxD*? Input Receive data input
Transmit data TxD2 TxD*? Output Transmit data output
Modem control CTS2 CTS Input Transmission possible
Modem control RTS2 RTS Output Transmit request

Notes: 1. The pins are collectively called SCK, RxD, TxD, CTS, and RTS without channel number
in the following descriptions.
2. These pins are made to function as serial pins by setting SCIF operation with the TE
and RE bits in SCSCR.
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16.3  Register Descriptions

The SCIF hasthe following internal registers. For details on register addresses and register sates

in each processing state, refer to section 24, List of Registers.

1

Channel 0

Serial moderegister 0 (SCSMR_0)

Bit rate register 0 (SCBRR_0)

Serial control register 0 (SCSCR_0)
Transmit data stop register 0 (SCTDSR_0)
FIFO error count register 0 (SCFER_0)
Serial statusregister 0 (SCSSR_0)

FIFO contral register 0 (SCFCR_0)

FIFO data count register 0 (SCFDR_0)
Transmit FIFO dataregister 0 (SCFTDR_0)
Receive FIFO dataregister 0 (SCFRDR_0)

Channel 2

Serial moderegister 2 (SCSMR_2)

Bit rateregister 2 (SCBRR_2)

Serial control register 2 (SCSCR_2)
Transmit data stop register 2 (SCTDSR_2)
FIFO error count register 2 (SCFER _2)
Serial satusregister 2 (SCSSR_2)

FIFO contral register 2 (SCFCR _2)

FIFO data count register 2 (SCFDR_2)
Transmit FIFO dataregister 2 (SCFTDR_2)
Receive FIFO dataregister 2 (SCFRDR_2)

RENESAS
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16.3.1 Receive Shift Register (SCRSR)
SCRSR istheregister used to recelve seria data.

The SCIF sets serial datainput from the RxD pin in SCRSR in the order received, starting with the
LSB (bit 0), and convertsit to paralel data. When one byte of data has been received, itis
transferred to the recelve FIFO dataregister, SCFRDR, automatically.

SCRSR cannot be directly read or written to by the CPU.

16.32 Recéve FIFO Data Register (SCFRDR)
SCFRDR is a 64-stage 8-bit FIFO register that storesreceived serid data

When the SCIF has received one byte of serid data, it transfers thereceived data from SCRSR to
SCFRDR where it is stored, and compl etes the receive operation. SCRSR is then enabled for
reception, and consecutive receive operations can be performed until thereceive FIFO data
register isfull (64 data bytes).

SCFRDR is aread-only register, and cannot be written to by the CPU.

If aread is performed when thereis no receive datain the recelve FIFO data register, an undefined
value will bereturned. When thereceive FIFO dataregister is full of receive data, subsequent
seria dataislogt.

Bit Bit Name Initial Value R/W Description
7to0 SCFRD7 to Undefined R Serial Receive Data FIFO
SCFRDO

16.3.3 Transmit Shift Register (SCTSR)
SCTSRistheregister used to transmit serid data.

To perform serid data transmission, the SCIF first transfers transmit data from SCFTDR to
SCTSR, then sends the data sequentially to the TxD pin starting with the LSB (bit 0).

When transmission of one byte is completed, the next transmit datais transferred from SCFTDR
to SCTSR, and transmission is started automatically.

SCTSR cannot be directly read or written to by the CPU.
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16.34 Transmit FIFO Data Register (SCFTDR)
SCFTDR isan 8-hit 64-stage FIFO dataregister that stores data for serial transmission.

If SCTSR is empty when transmit dataiswritten to SCFTDR, the SCIF transfers the transmit data
written in SCFTDR to SCTSR and starts serial transmission.

SCFTDR isawrite-only register, and cannot be read by the CPU.

The next data cannot be written when SCFTDR isfilled with 64 bytes of transmit data. Data
written in this case isignored.

Bit Bit Name Initial Value R/W Description
7to0 SCFTD7 to Undefined W Serial Transmit Data FIFO
SCFTDO

16.35 Serial Mode Register (SCSMR)

SCSMR is a 16-hit readable/writable register used to set the SCIF s serial transfer format and
select the baud rate generator clock source and the sampling rate.
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Bit
Bit Name

Initial
Value

R/W

Description

15to11 O

Reserved

These bits are always read as 0. The write value should
always be 0.

10 SRC2
SRC1
SRCO

R/W
R/W
R/W

Sampling Control

Select the sampling rate in asynchronous mode. This
setting is valid only in asynchronous mode.

000: Sampling rate 1/16
001: Sampling rate 1/5
010: Sampling rate 1/11
011: Sampling rate 1/13
100: Sampling rate 1/29
101: Setting prohibited
110: Setting prohibited
111: Setting prohibited

7 CIA

R/W

Communication Mode

Selects whether the SCI operates in the asynchronous
or clock synchronous mode.

0: Asynchronous mode
1: Clock synchronous mode

6 CHR

R/W

Character Length
Selects seven or eight bits as the data length.

This setting is only valid in asynchronous mode. In
clock synchronous mode, the data length is always
eight bits, regardless of the CHR setting.

0: 8-bit data

1: 7-bit data™

Note: * When the 7-bit data is selected, the MSB bit (bit

7) in the transmit FIFO data register (SCFTDR)
is not transmitted.
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Bit

Bit
Name

Initial
Value

R/W

Description

PE

0

R/W

Parity Enable

Selects whether or not parity bit addition is performed in
transmission, and parity bit checking in reception.

This setting is only valid in asynchronous mode. In
synchronous mode, parity bit addition and checking is
not performed, regardless of the PE setting.

0: Parity bit addition and checking disabled
1: Parity bit addition and checking enabled*

Note: * When the PE bit is set to 1, the parity (even or
odd) specified by the O/E bit is added to
transmit data before transmission. In reception,
the parity bit is checked for the parity (even or
odd) specified by the O/E bit.

O/E

R/W

Parity Mode

Selects either even or odd parity for use in parity
addition and checking. The O/E bit setting is only valid
when the PE bit is set to 1, enabling parity bit addition
and checking. The O/E bit setting is invalid when parity
addition and checking is disabled in asynchronous and
clock synchronous mode.

0: Even parity**

1: Odd parity*?

Notes: 1. When even parity is set, parity bit addition is
performed in transmission so that the total
number of 1-bits in the transmit character
plus the parity bit is even. In reception, a
check is performed to see if the total
number of 1-bits in the receive character
plus the parity bit is even.

2. When odd parity is set, parity bit addition is
performed in transmission so that the total
number of 1-bits in the transmit character
plus the parity bit is odd. In reception, a
check is performed to see if the total
number of 1-bits in the receive character
plus the parity bit is odd.
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Bit Initial
Bit Name  Value R/W Description

3 STOP O R/W Stop Bit Length

Selects one or two bits as the stop bit length. In
reception, only the first stop bit is checked, regardless
of the STOP bit setting. If the second stop bitis 1, itis
treated as a stop bit; if it is O, it is treated as the start bit
of the next transmit character.

This setting is only valid in asynchronous mode. In
clock synchronous mode, this setting is invalid since
stop bits are not added.

0: One stop hit**
1: Two stop hits*?

Notes: 1. Intransmission, a single 1-bit (stop bit) is
added to the end of a transmit character
before it is sent.

2. Intransmission, two 1-bits (stop bits) are
added to the end of a transmit character
before it is sent.

2 a 0 R Reserved

This bit is always read as 0. The write value should
always be 0.

1 CKS1 0 R/W Clock Select
0 CKS0 0 RIW Select the clock source for the on-chip baud rate
generator.

00: Po

01: P@4

10: P@/16

11: P@/64

Note: When the clock synchronous mode is selected (C/A bit = 1), the bits other than CKS1 and
CKSO bits are all fixed to 0.
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16.3.6  Serial Control Register (SCSCR)

SCSCR isa 16-hit readable/writable register that enables or disables the SCIF transfer operations
and interrupt requests, and selects the seria clock source.

Bit Initial
Bit Name  Value R/W Description
15t012 0O 0 R Reserved
These bits are always read as 0. The write value should
always be 0.
11 TSIE 0 R/W Transmit Data Stop Interrupt Enable

Enables or disables generation of a transmit-data-stop
interrupt when the TSE bit in SCFCR is enabled and the
TSF flagin SCSSRis set to 1.

0: Transmit-data-stop interrupt disabled®
1: Transmit-data-stop interrupt enabled

Note: * The interrupt request is cleared by clearing the
TSF flag to O after reading 1 from it or clearing
the TSIE bit to 0.

10 ERIE 0 R/W Receive Error Interrupt Enable

Enables or disables generation of a receive-error
(framing or parity error) interrupt when the ER flag in
SCSSR is set to 1.

0: Receive-error interrupt disabled®
1: Receive-error interrupt enabled

Note: * The interrupt request is cleared by clearing the
ER flag to O after reading 1 from it or clearing the
ERIE bit to 0.
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Bit Initial
Bit Name Value R/W

Description

9 BRIE 0 R/W

Break Interrupt Enable

Enables or disables generation of a break-receive
interrupt when the BRK flag in SCSSR is set to 1.

0: Break-receive interrupt disabled®
1: Break-receive interrupt enabled

Note: * The interrupt request is cleared by clearing the
BRK flag to O after reading 1 from it or clearing
the BRIE bit to 0.

8 DRIE 0 R/W

Receive Data Ready Interrupt Enable

Enables or disables generation of a receive-data-ready
interrupt when the DR flag in SCSSR is set to 1.

0: Receive-data-ready interrupt disabled®
1: Receive-data-ready interrupt enabled

Note: * The interrupt request is cleared by clearing the
DR flag to O after reading 1 from it or clearing the
DRIE bit to 0.

7 TIE 0 R/W

Transmit Interrupt Enable

Enables or disables generation of a transmit-FIFO-data-
empty interrupt request when the TDFE flag in SCSSR is
setto 1.

0: Transmit-FIFO-data-empty interrupt request
disabled”

1: Transmit-FIFO-data-empty interrupt request enabled

Note: * The interrupt request is cleared by writing
transmit data exceeding the transmit trigger set
number to SCFTDR, reading 1 from the TDFE
flag, then clearing it to O, or clearing the TIE bit to
0.

6 RIE 0 R/W

Receive Interrupt Enable

Enables or disables generation of a receive-FIFO-data-
full interrupt request when the RDF flag in SCSSR is set
to 1.

0: Receive-FIFO-data-full interrupt request disabled®
1: Receive-FIFO-data-full interrupt request enabled

Note: * The interrupt requests is cleared by reading 1
from the RDF flag, then clearing the flag to 0, or
clearing the RIE bit to 0.
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Bit

Bit
Name

Initial
Value

R/W

Description

TE

0

R/W

Transmit Enable

Enables or disables the start of serial transmission by
the SCIF.

0: Transmission disabled

1: Transmission enabled”

Note: * The serial mode register (SCSMR) and FIFO
control register (SCFCR) settings must be made,
the transmit format decided, and the transmit
FIFO reset, before the TE bit is set to 1.

RE

R/W

Receive Enable

Enables or disables the start of serial reception by the
SCIF.

0: Reception disabled**

1: Reception enabled*?

Notes: 1. Clearing the RE bit to 0 does not affect the
DR, ER, BRK, RDF, FER, PER, and ORER
flags, which retain their state.

2. The serial mode register (SCSMR) and FIFO
control register (SCFCR) settings must be
made, the receive format decided, and the
receive FIFO reset, before the RE bit is set to
1.

3,2

Reserved

These bits are always read as 0. The write value should
always be 0.
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Bit Initial

Bit Name  Value R/W Description
1 CKE1 0 R/W Clock Enable
0 CKEO 0 R/W Select the SCIF clock source. The CKE1 and CKEDO bits

must be set before determining the SCIF operating mode
with SCSMR.

00: Internal clock/SCK pin functions as input pin (input
signal ignored)

01: Internal clock/SCK pin functions as serial clock
output**

10: External clock/SCK pin functions as clock input*?
11: External clock/SCK pin functions as clock input*?

When data is sampled by the on-chip baud rate
generator, set bits CKE1 and CKEO to B'00 (internal
clock/SCK pin functions as input pin (input signal
ignored)).

When using the SCK pin as a port, set bits CKE1 and
CKEO to B'00.

Notes: 1. In synchronous mode, a clock with a
frequency equal to the bit rate is output.

2. In asynchronous mode, a clock with a
sampling rate should be input. For example,
when the sampling rate is 1/16, a clock with a
frequency of 8 times the bit rate should be
input. When an external clock is not input, set
bits CKE1 and CKEQO to B'00 or B'01.
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16.3.7 FIFO Error Count Register (SCFER)
SCFER isa 16-hit read-only register that indicates the number of recelve errors (framing or parity
error).
Bit Initial
Bit Name  Value R/W Description
15, 14 a 0 R Reserved
These bits are always read as 0. The write value should
always be 0.
13to8 PER5 0 R Parity Error Count
to Indicates the number of data, in which parity errors are
PERO generated, in receive data stored in the receive FIFO
data register (SCFRDR) in asynchronous mode.
After setting the ER bit in SCSSR, the value of bits 13
to 8 indicates the number of parity error generated data.
When all 64 bytes of receive data in SCFRDR have
parity errors, the PER5 to PERO bits indicate 0.
7,6 a 0 R Reserved
These bits are always read as 0. The write value should
always be 0.
5t00 FERS5 0 R Framing Error Count
to Indicates the number of data, in which framing errors
FERO

are generated, in receive data stored in the receive
FIFO data register (SCFRDR) in asynchronous mode.

After setting the ER bit in SCSSR, the value of bits 5 to
0 indicates the number of framing error generated data.

When all 64 bytes of receive data in SCFRDR have
framing errors, the FER5 to FERO bits indicate 0.
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16.3.8 Serial Status Register (SCSSR)
SCSSR is a 16-hit readable/writable register that indicates the SCIF gatus.

However, 1 cannot be written to the ORER, TSF, ER, TDFE, BRK, RDF, and DR flags. Also note
that in order to clear these flagsto 0, they must be read as 1 beforehand. The TEND, FER, and
PER flags are read-only flags and cannot be modified.

Bit Initial

Bit Name  Value R/W Description

15t010 O 0 R Reserved
These bits are always read as 0. The write value
should always be 0.

9 ORER 0 R/(W)*  Overrun Error
Indicates that an overrun error occurred during
reception.

This bit is only valid in asynchronous mode.

0: Reception in progress, or reception has ended
successfully**

[Clearing conditions]

» Power-on reset or manual reset

* When 0 is written to ORER after reading ORER =
1

1: An overrun error occurred during reception*?

[Setting condition]

When serial reception is completed while receive

FIFO is full

Notes: 1. The ORER flag is not affected and retains
its previous state when the RE bit in
SCSCR is cleared to 0.

2. The receive data prior to the overrun error
is retained in SCFRDR, and the data
received subsequently is lost. Serial
reception cannot be continued while the
ORER flag is set to 1.
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Bit Initial
Bit Name Value R/W Description

8 TSF 0 R/(W)*  Transmit Data Stop

Indicates that the number of transmit data matches the
value of SCTDSR.

0: Number of transmit data does not match the value of
SCTDSR

[Clearing conditions]
» Power-on reset or manual reset

e When 0 is written to TSF after reading TSF =1
1: Number of transmit data matches the value of SCTDSR

7 ER 0 R/(W)*  Receive Error

Indicates that a framing error or parity error occurred during
reception in asynchronous mode.**

0: No framing error or parity error occurred during reception
[Clearing conditions]

» Power-on reset or manual reset

* When 0 is written to ER after reading ER = 1

1: A framing error or parity error occurred during reception
[Setting conditions]

* When the SCIF checks whether the stop bit at the end
of the receive data is 1 when reception ends, and the
stop bit is 0*2

* When, in reception, the number of 1-bits in the receive
data plus the parity bit does not match the parity setting
(even or odd) specified by the O/E bit in SCSMR

Notes: 1. The ER flag is not affected and retains its

previous state when the RE bitin SCSCR is
cleared to 0. When a receive error occurs, the
receive data is still transferred to SCFRDR, and
reception continues.
The FER and PER bits in SCSSR can be used
to determine whether there is a receive error in
the data read from SCFRDR.

2. When the stop length is two bits, only the first
stop bit is checked for a value of 1; the second
stop bit is not checked.
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Bit Initial
Bit Name Value R/W

Description

6 TEND 1 R

Transmit End

Indicates that there is no valid data in SCFTDR when the
last bit of the transmit character is sent, and transmission
has been ended.

0: Transmission is in progress
[Clearing condition]

When data is written to SCFTDR
1: Transmission has been ended
[Setting condition]

When there is no transmit data in SCFTDR on transmission
of a 1-byte serial transmit character

5 TDFE 1 RI(W)*

Transmit FIFO Data Empty

Indicates that data has been transferred from SCFTDR to
SCTSR, the number of data bytes in SCFTDR has fallen to
or below the transmit trigger data number set by bits
TTRG1 and TTRGO in the FIFO control register (SCFCR),
and new transmit data can be written to SCFTDR.

0: A number of transmit data bytes exceeding the transmit
trigger set number have been written to SCFTDR

[Clearing condition]

When transmit data exceeding the transmit trigger set
number is written to SCFTDR, and 0 is written to TDFE
after reading TDFE = 1

1: The number of transmit data bytes in SCFTDR does not
exceed the transmit trigger set number

[Setting conditions]
» Power-on reset or manual reset

* When the number of SCFTDR transmit data bytes falls
to or below the transmit trigger set number as the result
of a transmit operation**

Note: 1. As SCFTDR is a 64-byte FIFO register, the
maximum number of bytes that can be written
when TDFE = 1 is 64 — (transmit trigger set
number). Data written in excess of this will be
ignored. The number of data bytes in SCFTDR is
indicated by SCFDR.
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Bit Initial
Bit Name Value R/W Description

4 BRK 0 R/(W)*  Break Detect

Indicates that a receive data break signal has been
detected in asynchronous mode.

0: A break signal has not been received

[Clearing conditions]

» Power-on reset or manual reset

e When 0 is written to BRK after reading BRK = 1
1: A break signal has been received**

[Setting condition]

When data with a framing error is received, followed by the
space 0 level (low level) for at least one frame length

Note: 1. When a break is detected, the receive data
(H'00) following detection is not transferred to
SCFRDR. When the break ends and the receive
signal returns to mark 1, receive data transfer is
resumed.

3 FER 0 R Framing Error

Indicates a framing error in the data read from SCFRDR in
asynchronous mode.

0: There is no framing error in the receive data read from
SCFRDR

[Clearing conditions]
» Power-on reset or manual reset
* When there is no framing error in SCFRDR read data

1: There is a framing error in the receive data read from
SCFRDR

[Setting condition]
When there is a framing error in SCFRDR read data
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Bit Initial
Bit Name Value R/W

Description

2 PER 0 R Parity Error
Indicates a parity error in the data read from SCFRDR in
asynchronous mode.
0: There is no parity error in the receive data read from
SCFRDR
[Clearing conditions]
« Power-on reset or manual reset
e When there is no parity error in SCFRDR read data
1: There is a parity error in the receive data read from
SCFRDR
[Setting condition]
When there is a parity error in SCFRDR read data
1 RDF 0 R/(W)*  Receive FIFO Data Full

Indicates that the received data has been transferred from

SCRSR to SCFRDR, and the number of receive data bytes

in SCFRDR is equal to or greater than the receive trigger

number set by bits RTRG1 and RTRGO in the FIFO control

register (SCFCR).

0: The number of receive data bytes in SCFRDR is less
than the receive trigger set number

[Clearing conditions]

» Power-on reset or manual reset

*  When SCFRDR is read until the number of receive data
bytes in SCFRDR falls below the receive trigger set
number, and 0 is written to RDF after reading RDF = 1

1: The number of receive data bytes in SCFRDR is equal to

or greater than the receive trigger set number

[Setting condition]

When SCFRDR contains at least the receive trigger set

number of receive data bytes**

Note: 1. SCFRDR is a 64-byte FIFO register. When RDF =
1, at least the receive trigger set number of data
bytes can be read. If data is read when SCFRDR
is empty, an undefined value will be returned. The
number of receive data bytes in SCFRDR is
indicated by the lower bits of SCFDR.
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Bit

Bit Initial
Name Value R/W

Description

DR 0 RI(W)*

Receive Data Ready

Indicates that there are fewer than the receive trigger
set number of data bytes in SCFRDR and no further
data will arrive in asynchronous mode.

0: Reception is in progress or has ended successfully
and there is no receive data left in SCFRDR

[Clearing conditions]

e Power-on reset or manual reset

* When all the receive data in SCFRDR has been
read, and O is written to DR after reading DR = 1

1: No further receive data has arrived

[Setting condition]

When SCFRDR contains fewer than the receive trigger

set number of receive data bytes and no further data
will arrive.* *

Note: 1. The DR bit is set 15 etu after the last data is
received at a sampling rate of 1/16 regardless
of the setting of the sampling control bits in
SCSMR.
etu: Elementary time unit (time for transfer of
one bit)

Note: * Only O can be written for clearing the flags.

16.3.9

Bit Rate Register (SCBRR)

SCBRR is an 8-hit readable/writable register that setsthe serid transfer bit rate in accordance with
the baud rate generator operating clock selected by bits CKS1 and CKS0 in SCSMR.

Bit Initial
Bit Name  Value R/W Description
7t00 SCBR7 HFF R/W Bit Rate Setting

to
SCBRO

The SCBRR setting is found from the following equation.
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Asynchronous M ode:

1. When sampling rateis 1/16

Po

N=—— x10°-1
32 x2™1 x B

2. When sampling rateis /5

P
N:—d) Xlof\_l
10 x 22+ x B

3. When samplingrateis 1/11

N=— D¢
22 x 221 x B

4. When samplingrateis /13

x 100 -1

NP0 jgen
26 x 221 x B

5. When sampling rateis 1/29

NP0 e
58 x 221 x B

Clock Synchronous M ode:

NP0 e
4 x 21 x B
Where B: Bit rate (bitg/s)
N: SCBRR setting for baud rate generator
Asynchronous mode: 0 < N < 255
Clock synchronousmode; 1 < N < 255
Pg Peripheral module operating frequency (MHz)
n: Baud rate generator input clock (n = 0to 3)

(Seethetable below for the relation between n and the clock.)

SCSMR Setting

n Clock CKs1 CKSO0
0 Po 0 0
1 P@4 0 1
2 P@16 1 0
3 P@64 1 1
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The bit rate error in asynchronous mode is found from the foll owing equation:

1. When sampling rateis 1/16

P x 10°

Error (%) =
(1+N) x B x 32 x 221

2. When sampling rateis /5

P x 10°

Error (%) =
(1+N) x B x 10 x 2201

3. When samplingrateis /11

P x 10°

Error (%) =
(1+N) x B x 22 x 2201

4. When samplingrateis /13

P x 10°

Error (%) =
(1+N) x B x 26 x 221

5. When sampling rateis 1/27

P x 10°

Error (%) =
(1+N) x B x 58 x 2201

- IJX 100
- IJX 100
- IJX 100
- le 100
- le 100

RENESAS

Rev. 2.00, 09/03, page 397 of 690



16.3.10 FIFO Control Register (SCFCR)

SCFCR is a 16-hit readable/writable register that resets the data count and setsthe trigger data
number for the tranamit and receive FIFO registers, and a so contains a loopback test enable bit.

Bit Initial
Bit Name Value R/W Description
15 TSE 0 R/W Transmit Data Stop Enable
Enables or disables the transmit data stop function.
This function is enabled only in asynchronous mode.
Since this function is not supported in clock synchronous
mode, clear this bit to 0 in clock synchronous mode.
0: Transmit data stop function disabled
1: Transmit data stop function enabled
14 TCRST 0 R/W Transmit Count Reset
Clears the transmit count to 0. This bit is valid only when
the transmit data stop function is used.
0: Transmit count reset disabled”
1: Transmit count reset enabled (clearing to 0)
Note:* The transmit count is reset (clearing to 0) is
performed in power-on reset or manual reset.
13to11 O 0 R Reserved
These bits are always read as 0. The write value should
always be 0.
10 RSTRG2 0 R/W RTS Output Active Trigger
9 RSTRG1 0 RIW The RTS signal goes high when the number of receive
8 RSTRGO O R/W

data bytes in SCFRDR is equal to or greater than the
trigger set number shown in below.

000: 63
001:1

010: 8

011: 16
100: 32
101: 48
110: 54
111: 60
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Bit
Bit Name

Initial
Value R/W

Description

~

RTRG1
6 RTRGO

0 R/W
0 R/W

Receive FIFO Data Number Trigger

Set the number of receive data bytes that sets the receive
data full (RDF) flag in the serial status register (SCSSR).

The RDF flag is set when the number of receive data bytes
in SCFRDR is equal to or greater than the trigger set
number shown in below.

00:1

01: 16
10: 32
11: 48

5 TTRG1
4 TTRGO

Transmit FIFO Data Number Trigger

Set the number of remaining transmit data bytes that sets
the transmit FIFO data register empty (TDFE) flag in the
serial status register (SCSSR).

The TDFE flag is set when, as the result of a transmit
operation, the number of transmit data bytes in the transmit
FIFO data register (SCFTDR) falls to or below the trigger
set number shown in below.

00: 32 (32)
01: 16 (48)
10: 2 (62)
11: 0 (64)

Note: The values in parentheses are the number of empty
bytes in SCFTDR when the flag is set.

3 MCE

Modem Control Enable

Enables modem control signals CTS and RTS.
This setting is only valid in asynchronous mode.
0: Modem signal disabled*

1: Modem signal enabled

Note: * CTS is fixed at active 0 regardless of the input
value, and RTS is also fixed at 0.
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Bit Initial
Bit Name Value R/W  Description

2 TFRST 0 R/W  Transmit FIFO Data Register Reset

Invalidates the transmit data in the transmit FIFO data
register and resets it to the empty state.

0: Reset operation disabled”
1: Reset operation enabled

Note:* A reset operation is performed in the event of a
power-on reset or manual reset.

1 RFRST 0 R/W  Receive FIFO Data Register Reset

Invalidates the receive data in the receive FIFO data
register and resets it to the empty state.

0: Reset operation disabled”
1: Reset operation enabled

Note:* A reset operation is performed in the event of a
power-on reset or manual reset.

0 LOOP 0 R/W  Loopback Test

Internally connects the transmit output pin (TxD) and
receive input pin (RxD), and RTS pin and CTS pin, enabling
loopback testing.

0: Loopback test disabled
1: Loopback test enabled
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16.3.11 FIFO Data Count Register (SCFDR)

SCFDR is a 16-bit read-only register that indicates the number of data bytes stored in the transmit
FIFO dataregister (SCFTDR) and receive FIFO dataregister (SCFRDR).

Bits 14 to 8 show the number of transmit data bytesin SCFTDR, and bits 6 to 0 show the number
of receive data bytesin SCFRDR.

Bit Initial
Bit Name Value R/W Description
15 a 0 R Reserved
This bit is always read as 0. The write value should
always be 0.
14t08 T61t0 0 R These bits show the number of untransmitted data
TO bytes in SCFTDR.
A value of H'00 means that there is no transmit data,
and a value of H'40 means that SCFTDR is full of
transmit data.
7 a 0 R Reserved
This bit is always read as 0. The write value should
always be 0.
6t00 R6 to 0 R These bits show the number of receive data bytes in
RO SCFRDR.

A value of H'00 means that there is no receive data,
and a value of H'40 means that SCFRDR is full of
receive data.

16.3.12 Transmit Data Stop Register (SCTDSR)

SCTDSR is an 8-hit readable/writable register that sets the number of transmit data bytes.
SCTDSR isvalid only when the TSE hit in the FIFO control register (SCFCR) is enabled.
Transmit operation is stopped when the number of data bytes set in SCTDSR istransmitted. The
setting value should be H'00 (one byte) to H'FF (256 bytes). This function isonly enabled in
asynchronous mode.

SCTDSR isinitiaized to H'FF.
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164 Operation

16.4.1 Overview

The SCIF can carry out serial communication in asynchronous mode, in which synchronization is
achieved character by character, and in clock synchronous mode, in which synchronization is
achieved with clock pulses.

64-stage FIFO buffers are provided for both transmission and reception, reducing the CPU
overhead and enabling fast, continuous communication to be performed.

16.4.2  Asynchronous Mode

The transfer format is selected using the seriad mode register (SCSMR), as shown in table 16.2.
The SCIF clock source is determined by the CKE1 and CKEO hitsin the serid control register
(SCSCR).

Data length: Choice of seven or eight bits

Choice of parity addition and addition of one or two stop bits (the combination of these
parameters determines the transfer format and character length)

Detection of framing errors, parity errors, overrun errors, receive-FIFO-data-full state, receive-
data-ready state, and breaks, during reception

Indication of the number of data bytes stored in the transmit and receive FIFO registers
Choice of internal or external clock asthe SCIF clock source

0 When interna clock is selected: the SCIF operates on the baud rate generator clock.

0 When external clock is selected: A clock must be input according to the sampling rate. For
example, when the sampling rateis 1/16, a clock with a frequency of 8 timesthe bit rate
must be input (the on-chip baud rate generator isnot used.)
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Table16.2 SCSMR Settingsfor Serial Transfer Format Selection

SCSMR Settings SCIF Transfer Format
Bit 6: Bit5: Bit3: Data Multiprocessor Parity  Stop Bit
CHR PE STOP Mode Length Bit Bit Length
0 0 0 Asynchronous mode  8-bit data None No 1 bit
1 2 bits
1 0 Yes 1 bit
1 2 bits
1 0 0 7-bit data No 1 bit
1 2 bits
1 0 Yes 1 bit
1 2 bits

Rev. 2.00, 09/03, page 403 of 690
RENESAS



16.4.3  Serial Operation in Asynchronous M ode
1. Data Transfer Format

Table 16.3 shows the transfer formats that can be used in asynchronous mode. Any of eight
transfer formats can be selected according to the SCSMR settings.

Table16.3 Serial Transfer Formats

SCSMR Settings Serial Transfer Format and Frame Length

CHR PE STOPIl|2‘3|4|5|6|7|8|9|10|11|12I

o o0 o | s | 8-bit data [sTor]
1 | s | 8-bit data | sTop[sTor|
1 0 | s | 8-bit data [ P [stor|
1 | s | 8-bit data | P [stoe[sTor|
1 0 o0 | s | 7-bit data [sTop]
1 | s | 7-bit data | sTop [ sTor|
1 0 | s | 7-bit data | P [stor|
1 | s | 7-bit data | P [stoe[sTor|
S: Startbit

STOP: Stop bit
P: Parity bit

Rev. 2.00, 09/03, page 404 of 690
RENESAS



2. Clock

Either an internal clock generated by the on-chip baud rate generator or an external clock input at
the SCK pin can be selected as the serial clock for the SCIF, according to the setting of the CKE1
and CKEQ hitsin SCSCR.

When an external clock isinput a the SCK pin, a clock must be input according to the sampling
rate. For example, when the sampling rateis 1/16, a clock with afrequency of 8 times the bit rate
must be input.

3. DataTransfer Operations

a. SCIF Initialization

Before tranamitting and recelving data, it isnecessary to clear the TE and RE bitsin SCSCR to 0,
then initialize the SCIF as described below.

When the transfer format, etc., is changed, the TE and RE bits must be cleared to 0 before making
the change using the following procedure. When the TE bit is cleared to O, the transmit shift
register (SCTSR) isinitialized. Note that clearing the TE and RE bitsto 0 does not change the
contents of SCSSR, SCFTDR, or SCFRDR. The TE bit should be cleared to O after all tranamit
data has been sent and the TEND bit in SCSSR has been set to 1. Clearing to 0 can also be
performed during transmission, but the data being transmitted will go to the high-impedance state
after the clearance. Before setting TE to 1 again to start transmission, the TFRST hit in SCFCR
should first be set to 1 to reset SCFTDR.

When an external clock is used, the clock should not be stopped during operation, including
initialization, since operation will be unreliable in this case.
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Figure 16.2 shows a sample SCIF initialization flowchart.

( Initialization )

Clear TE and RE bits
in SCSCR t0 0 [1] Set the clock selection in SCSCR.
| Be sure to clear bits RIE, TIE, TE, and RE to 0.
Set TFRST and RFRST bits [2] Set the transmit and receive format in SCSMR.
in SCFCR to 1 [8] Write a value corresponding to the bit rate into
| SCBRR. (Not necessary if an external clock is
Set CKE1 and CKEO bits used.)
in SCSCR to B'00 (1] [41 Waitatleast one bit interval, then set the TE bit
(leaving TE and RE bits and RE bits in SCSCR to 1. Also set the RIE
cleared to 0) and TIE bits.
| Setting the TE and RE bits enables the TxD
and RxD pins to be used. When transmitting,
Clear the C/A bitin SCSMR to 0, and the TxD pin will go to the mark state; when
set the transmit/receive format 2 receiving, the RxD pin will go to the idle state.
|
Set value in SCBRR [3]
Wait

-l
-t

1-bit interval elapsed?

Set RTRG1-0 and
TTRG1-0 bits in SCFCR.
Clear TFRST and
RFRST bits to 0

Set TE and RE bits in SCSCR
to 1, and set RIE and TIE bits

C =

4]

Figure 16.2 Sample SCIF Initialization Flowchart
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b. Seria Data Transmission
Figure 16.3 shows a sampl e flowchart for serial transmission.

Use the following procedure for serid data transmission after enabling the SCIF for transmission.

( Start of transmission )

-
-

Read TDFE bit in SCSSR 1 [1] SCIF status check and transmit data write:
| | ] Read the serial status register (SCSSR) and
check that the TDFE flag is set to 1, then write

No transmit data to SCFTDR, read 1 from the TDFE
flag, then clear the flag to 0.
The number of data bytes that can be written is

Yes 64 — (transmit trigger set number).

Serial transmission continuation procedure:

- ~ — [2]
Write (64) - transmit trigger To continue serial transmission, read 1 from the

set number) bytes of transmit

TDFE flag to confirm that writing is possible, then
TDdFaEtabtifirS]gETS%Fé rti‘;‘:] llgg:"t 50 write data to SCFTDR, and then clear the TDFE
- bit to 0.

[3] Break output at the end of serial transmission:
No [2] To output a break in serial transmission, set the
port SC data register (SCPDR) and port SC
control register (SCPCR), then clear the TE bit in
Yes SCSCR to 0.
-« In steps 1 and 2, it is possible to ascertain the
number of data bytes that can be written from the
| number of transmit data bytes in SCFTDR
indicated by the upper 8 bits of SCFDR.

All data transmitted?

| Read TEND bit in SCSSR

| Set SCPDR and SCPCR |

| Clear TE bit in SCSCR to 0 |

-
-

( End of transmission )

Figure 16.3 Sample Serial Transmission Flowchart
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In seria transmission, the SCIF operates as described below.

1. When dataiswritten into SCFTDR, the SCIF transfers the data from SCFTDR to SCTSR and
starts transmitting. Confirm that the TDFE flag in the serial statusregister (SCSSR) issetto 1
before writing transmit data to SCFTDR. The number of data bytes that can be written isat
least 64 — (transmit trigger set number).

2. When dataistransferred from SCFTDR to SCTSR and transmission is started, consecutive
trangmit operations are performed until thereis no tranamit data left in SCFTDR. When the
number of transmit data bytesin SCFTDR fallsto or below the transmit trigger number set in
the FIFO control register (SCFCR), the TDFE flag isset. If the TIE bit in SCSCRissetto 1 at
thistime, atransmit-FIFO-data-empty interrupt (TXI) request is generated.

When the transmit data stop function is used and the number of data bytes set in the transmit
data stop register (SCTDSR) is matched, transmit operation is stopped, and the TSF flag in the
serid gausregiser (SCSSR) is set. If the TSIE bit inthe serid control register (SCSCR) is set
to 1, atransmit-data-stop-interrupt (TDI) request is generated. The vectors of transmit-FIFO-
data-empty and transmit-data-stop interrupts are the same.

The serid trangmit datais sent from the TxD pin in the following order.

Start bit: One 0-bit is output.

Transmit data: 8-bit or 7-bit datais output in LSB-first order.

Parity bit: One parity bit (even or odd parity) is output.

A format in which a parity bit is not output can also be selected.

Stop hit(s): One or two 1-bits (stop bits) are output.

Mark state: 1 isoutput continuoudly until the start bit that starts the next transmission is

sent.

R R

3. The SCIF checks the SCFTDR transmit data at the timing for sending the stop bit. If datais
present, the dataistransferred from SCFTDR to SCTSR, the stop bit is sent, and then serid
transmission of the next frame is started.

If thereis no tranamit data, the TEND flag in SCSSRis set to 1, the stop bit is sent, and then
the line goes to the mark statein which 1 is outpuit.
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Figure 16.4 shows an example of the operation for transmission in asynchronous mode.

Start Parity Stop Start Parity Stop
1 bit Data bit bt  bit Data bit  bit 1
5 ) )
g‘et”a' o | po| b1 p7|o1| 1| o | Dpo| D1 p7 [ o1 | 1 Idestate
ata 4 4 (mark state)
(C
)
TDFE
{C
A A ”? A
TEND
£ < '
TXI interrupt Data written to SCFTDR TXI interrupt
request and TDFE flag read as request
1 and then cleared to 0
by TXI interrupt handler
< >

One frame

Figure 16.4 Example of Transmit Operation
(Example with 8-Bit Data, Parity, One Stop Bit)

» Transmit Data Stop Function

When avaluein the SCTDSR register is matched with the number of transmit data bytes, this
function stops the transmit operation. Interrupts can be generated and the DMAC can be activated
by setting the TSIE bit (interrupt enable bit).

Figure 16.5 shows an example of operation for the transmit data stop function.

) Start Parity Stop Start
Transmit data bit bit bit « bit .
TxD )T )T
|O|D0|D1| |D6|D7|0/1
{(
1)

(
)T
|O|DO|D1| |D6|D7|O/1|
(

)

{(

TSF flag B [ " [
))

Figure 16.5 Example of Transmit Data Stop Function
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Figure 16.6 shows a flowchart for the transmit data stop function.

( Start of transmission

)

Set transmit data stop
number in SCTDSR

Set TSE and TSIE bits
in SCFCR to 1

Read TSF bit in SCSSR;
if it is 1, clear to 0 after reading
1 from TSF bit

1

[2]

[31

[1] Set the transmit data stop number in SCTDSR, then set
the TSE bit in SCFCR to 1.When an interrupt is enabled,
also set the TSIE bit to 1.

[2] If the TSF bitin SCSSR is set to 1, clear it to 0 after
reading 1. When transmit data is written to SCFTDR in
this state, transmit operation is started.

[3] If the TSF bit is set to 1 (transmit data stop number is
matched with transmit data number), transmit operation
is stopped. If the TSIE bit is set to 1, an interrupt is
generated.

Serial transmission continuation procedure:
Set the TCRST bit in SCFCR to 1, clear transmit count, and
clear the TCRST bit to 0. Then follow steps 1, 2, and 3.

No
Yes
( End of transmission )
Figure 16.6 Transmit Data Stop Function Flowchart
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c. Seria Data Reception
Figures 16.7 and 16.8 show sample flowcharts for serial reception.

Use the following procedure for serid data reception after enabling the SCIF for reception.

( Start of reception ) [1]1 Receive error handling and break detection:
Read the DR, ER, and BRK flags in SCSSR to
- identify any error, perform the appropriate error
handling, then clear the DR, ER, and BRK flags to 0.
| Read DR, ER, and BRK flags in SCSSR | 1] In the case of a framing error, a break can also be

detected by reading the value of the RxD pin.

[2] SCIF status check and receive data read:
Read SCSSR and check that RDF = 1, then read the
receive data in SCFRDR, read 1 from the RDF flag,
and then clear the RDF flag to 0. The transition of the
RDF flag from 0 to 1 can also be identified by an RXI
interrupt.

DRV ERVBRK=1?

No

Error handling

| Read RDF flag in SCSSR | 2] [3] Serial reception continuation procedure:
To continue serial reception, read at least the receive

trigger set number of data bytes from SCFRDR, read

No 1 from the RDF flag, and then clear the RDF flag to
0. The number of receive data bytes in SCFRDR can
be ascertained by reading the lower bits of SCFDR.

Yes

Read receive data from SCFRDR,
and clear RDF flag in SCSSR to 0

All data received?

Yes

(3]

| Clear RE bit in SCSCR to 0 |

( End of reception )

Figure 16.7 Sample Serial Reception Flowchart (1)
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( )

e

Yes

Error handling

Receive error handling |

-
-

BRK =1?

Yes

Break handling

—
-l

DR=17?

Yes

Read receive data in SCFRDR

-
-

Clear DR, ER, and BRK flags

in SCSSRto 0

End

(1
1

[2]

2]

Whether a framing error or parity error has
occurred in the receive data read from
SCFRDR can be ascertained from the FER
and PER bits in SCSSR.

When a break signal is received, receive data
is not transferred to SCFRDR while the BRK
flag is set. However, note that the last data in
SCFRDR is H'00 and the break data in which
a framing error occurred is stored.

Figure 16.8 Sample Serial Reception Flowchart (2)
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In seria reception, the SCIF operates as described bel ow.

1

The SCIF monitors the communication line, and if O of a start bit is detected, performsinternal
synchronization and starts reception.

Thereceived datais sored in SCRSR in LSB-to-MSB order.
The parity bit and stop bit are received.

After recalving these bits, the SCIF carries out the following checks.

a. Stop hit check: the SCIF checks whether the stop bit is 1. If there are two stop bits, only the
first is checked.

b. The SCIF checks whether receive data can be transferred from the receive shift register
(SCRSR) to SCFRDR.

¢. Break check: the SCIF checks that the BRK flag is 0, indicating that the break stateis not
Set.

If all the above checks are passed, the receive datais stored in SCFRDR.

Note:  Reception continues when areceive error (aframing error or parity error) occurs.

4,

If the RIE bit in SCSCR is set to 1 when the RDF flag changesto 1, arecelve-FIFO-data-full
interrupt (RXI) request is generated.

If the ERIE bit in SCSCRis set to 1 when the ER flag changesto 1, areceive-error interrupt
(ERI) request is generated.

If the BRIE bit in SCSCRis set to 1 when the BRK flag changesto 1, a break reception
interrupt (BRI) request is generated.

If the DRIE bit in SCSCR is set to 1 when the DR flag changes to 1, areceive-data-ready
interrupt (DRI) request is generated.

The vectors of recelve-FIFO-data-full and recelve-data-ready interrupts are the same. The
vectors of recelve-error and break reception interrupts are the same.
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Figure 16.9 shows an example of the operation for reception in asynchronous mode.

Start Parity Stop Start Parity Stop
1 bit D(e(lta bit bit  bit D(a}ta bit  bit 1
. )) ))
Serial | 0 | bo | D1 D7 | o1 ] 1 0 | bo | D1 p7 | o | 1 dle state
data 4 4 (mark state)
RDF
« «
)) 1)
FER L (e
) )
. Data read and RDF flag f
RXI interrupt read as 1 then cleared ERI interrupt request
request | to 0 by RXI interrupt generated by receive
error
One frame handler

Figure 16.9 Example of SCIF Receive Operation
(Example with 8-Bit Data, Parity, One Stop Bit)

* Modem Function

When using a modem function, transmission can be stopped and started again according to the
CTS input value. When the CTS is set to 1 during transmission, the data enters a mark state after
trangmitting one frame. When CTS is set to 0, the next transmit datais output starting with a start
bit.

Figure 16.10 shows an exampl e of operation for the CTS control.

Start Parity Stop Start
bit [« bit bit « bit («
. )] )] 1)
Transmit data | 0 | DO | D1 | | D6 | D7 | 0/1 | 0 | DO | D1 | | D6 | D7| 0/1
TxD (« (
)] 1)
Transmission stops Transmission starts again
__ when CTS goes high 4 when CTS goes low
CcTs [ [

((

)

Figure 16.10 CTS Control Operation
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When using a modem function and the receive FIFO (SCFRDR) is at least the number of the RTS
output trigger, the RTS signa goes high.

Figure 16.11 shows an example of operation for the RTS control.

Start Parity Stop
bit ( bit bit It
Transmit data | 0 | DO | D1 | " | D6 | D7 | 01 | 7
TxD (
1)
§
RTS ( | |

)]

;

RTS goes high when receive data is RTS goes low when receive data is
at least number of RTS output trigger  less than number of RTS output trigger

Figure 16.11 RTS Control Operation

16.4.4  Clock Synchronous Mode

64-stage FIFO buffers are provided for both transmission and reception, reducing the CPU
overhead and enabling fast, continuous communication to be performed.

The operating clock source is selected using the serial mode register (SCSMR). The SCIF clock
source is determined by the CKE1 and CKEOQ bitsin the serial control register (SCSCR).

Trangmit/receive format: Fixed 8-bit data

Indication of the number of data bytes stored in the transmit and receive FIFO registers
Internal clock or external clock used asthe SCIF clock source

When theinternal clock is selected:

The SCIF operates on the baud rate generator clock and outputs a serial clock from SCK pin.
When the external clock is selected:

The SCIF operates on the external clock input through the SCK pin.
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16.45 Serial Operation in Clock Synchronous Mode

One unit of transfer data (character or frame)

T T LT LT LT L LT LT

| LSB MSB!

Serial data Don't careX gito X sit1 X sit2 X 8its X sit4 X Bit5 X Bite X Bit7 }(Don't care

Note: * High except in continuous transmission/reception

Figure 16.12 Data Format in Clock Synchronous Communication

In clock synchronous serial communication, data on the communication lineis output from a
falling edge of the serial clock to the next falling edge. Datais guaranteed valid at therising edge
of the serial clock.

In serial communication, each character is output starting with the LSB and ending with the MSB.
After the MSB is output, the communication lineremainsin the state of the MSB.

In clock synchronous mode, the SCIF receives data in synchronization with therising edge of the
seria clock.

1. Data Transfer Format
A fixed 8-bit dataformat is used. No parity or multiprocessor hits are added.

2. Clock

An internal clock generated by the on-chip baud rate generator or an external dock input through
the SCK pin can be selected as the serial clock for the SCIF, according to the setting of the CKE1
and CKEQ hitsin SCSCR.

Eight serial clock pulses are output in the transfer of one character, and when no
transmission/reception is performed, the clock is fixed high. However, when the operation mode is
reception only, the synchronous clock output continues while the RE bit is set to 1. To fix the
clock high every time one character istransferred, write to the transmit FIFO dataregister
(SCFTDR) the same number of dummy data bytes as the data bytes to be received and set the TE
and RE bitsto 1 at the same time to tranamit the dummy data. When the specified number of data
bytes are transmitted, the clock isfixed high.

3. DataTransfer Operations
a. SCIF Initialization:

Before transmitting and recelving data, it isnecessary to clear the TE and RE bitsin SCSCR to 0,
then initialize the SCIF as described below.
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When the clock source, etc., is changed, the TE and RE bits must be cleared to 0 before making
the change using the following procedure. When the TE bit is cleared to O, the transmit shift
register (SCTSR) isinitialized. Note that clearing the TE and RE hitsto 0 does not change the
contents of SCSSR, SCFTDR, or SCFRDR. The TE bit should be cleared to O after all tranamit
data has been sent and the TEND bit in SCSSR has been set to 1. The TE bit should not be cleared
to 0 during transmission; if attempted, the TxD pin will go to the high-impedance state. Before
setting TE to 1 again to start transmission, the TFRST bit in SCFCR should first be set to 1 to reset
SCFTDR.
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Figure 16.13 shows sample SCIF initialization flowcharts.

Initialization

[1] Be sure to set the TFRST bit in

| Clear T and RE bits in SCSCR 1010 | SCFCR to 1, to reset the FIFOs.
I
. [2] Set the clock selection in SCSCR.
| Set TFRST bit in SCFCR to 1 | [ Be sure to clear bits RIE, TIE, TE,

| and RE to 0.

Set CKE1 and CKEO bits in SCSCR | [ )
(leaving TE and RE bits cleared to 0) [2]

Set the clock source selection in
SCSMR.

I "

— ] Write a value corresponding to the
Set C/A bitin SCSMR to 1 bit rate into SCBRR.
Set CKS1 and CKSO0 bits 3]
| [5] Clear the TFRST bit in SCFCR to 0.
| Set value in SCBRR | [4] [6] Set the transmit trigger number,
| write transmit data exceeding the
transmit trigger setting number, and
| Clear TFRST bit to 0 [ 51 clear the TDFE flag to O after reading

| it.

Set transmit trigger number in TTRG1 [7] Wait one bit interval.

and TTRGO in SCFCR, write transmit

data exceeding transmit trigger setting

number, and clear TDFE flag to 0 after
reading 1 from it

le Wait

6]

[7]
No

1-bit interval elapsed?

Figure 16.13 Sample SCIF Initialization Flowchart (1) (Transmission)
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Initialization

| Clear TE and RE bits in SCSCR to 0 |

[ setrRFRsTbitinSCFCRto1 | 1]
|
Set CKE1 and CKEO bits in SCSCR >
(leaving TE and RE bits cleared to 0) | (2!
|
Set C/A bit in SCSMR to 1 3
Set CKS1 and CKSO0 bits (3]
|
| Set value in SCBRR [ 11

|
| clear RFRST bitin SCFCRt00 | 5]

il

[2

[3

[4

5
6

]

Be sure to set the RFRST bit in
SCFCR to 1, to reset the FIFOs.

Set the clock selection in SCSCR.
Be sure to clear bits RIE, TIE, TE,
and RE to 0.

Set the clock source selection in
Write a value corresponding to the
bit rate into SCBRR.

Clear the RFRST bit in SCFCR to 0.

Wait one bit interval.

Figure 16.13 Sample SCIF Initialization Flowchart (2) (Reception)

RENESAS
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Initialization

Clear TE and RE bits in SCSCR to 0 |
| [1] Be sure to set the TFRST bit in
Set TFRST and RFRST bits in SCFCR to 1, to reset the FIFOs.

[1]
SCFCR o 1 [2] Set the clock selection in SCSCR.
| Be sure to clear bits RIE, TIE, TE,

Set CKE1 and CKEO bits in SCSCR and RE to 0.

(leaving TE and RE bits cleared to 0) 2] o
[3] Set the clock source selection in
| SCSMR.
Set C/A bit in SCSMR to 1 . .
: [3] [4] Write a value corresponding to the
Set CKSt alnd CKSO bits bit rate into SCBRR.
. 5] Clear the TFRST and RFRST bits in
| Set value in SCBRR | [4] (5] SCFCR to 0.
|
. [6] Set the transmit trigger number, write
| Clear TFRST and RFRST bits to 0 | 5] transmit data exceeding the transmit
| trigger setting number, ar_1d c_Iear the
Set transmit trigger number in TTRG1 TDFE flag to 0 after reading it.
and TTRGO in SCFCR, write transmit . .
data exceeding transmit trigger [6] [7] Wait one bit interval.

setting number, and clear TDFE
flag to O after reading 1 from it

Wait

1-bit interval elapsed?

Figure 16.13 Sample SCIF Initialization Flowchart (3)
(Simultaneous Transmission and Reception)
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b. Seria Data Transmission:
Figure 16.14 shows sample flowcharts for serial transmission.

Start of transmission

|

[1] Write the remaining transmit

|Write remaining transmit data to SCFTDR | 1] data to SCFTDR.
[2] Transmission is started when
Set TE bitin SCSCR the TE bit in SCSCR is set to 1.
When using transmit FIFO data interrupt, | [2]
set TIE bit to 1 [3] After the end of transmission,

clear the TE bit to 0.

No

;

Yes

[ clearTE bitin SCSCR 100 [ a1

End of transmission

|

Figure 16.14 Sample Serial Transmission Flowchart (1)
(First Transmission after Initialization)

Start of transmission

i

Set transmit trigger number in TTRG1 1
and TTRGO in SCFCR 1
| [1] Set the transmit trigger number
Write transmit data exceeding transmit in SCFCR.
trigger setting number, and clear [2]

TDFE flag to 0 after reading 1 from it [2] Write transmit data to SCFTDR,
and clear the TDFE flag to 0 after
reading 1 from it.

[3] Wait for one bit interval.

1-bit interval elapsed?
[4] Transmission is started when the
TE bitin SCSCRis set to 1.

Set TE bit in SCSCR [5] After the end of transmission, clear
When using transmit FIFO data [4] the TE bit to 0.
interrupt, set TIE bit to 1

<Tmo-T>

Yes

| Clear TE bitin SCSCR to 0 | [5]

End of transmission

J

Figure 16.14 Sample Serial Transmission Flowchart (2)
(Second and Subsequent Transmission)
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c. Seria Data Reception

Figure 16.15 shows sample flowcharts for serial reception.

Start of reception

Set receive trigger number in RTRG1
and RTRGO in SCFCR

Set RE bitin SCSCR
When using receive FIFO data interrupt.
set RIE bit to 1

Read receive trigger number of receive
data bytes from SCFRDR

3]

| Clear RE bit in SCSCR to 0

[ 1

End of reception

[1] Set the receive trigger number
in SCFCR.

[2] Reception is started when the
RE bit in SCSCRis set to 1.

[3] Read receive data while the
RDF bit is 1.

[4] After the end of reception, clear
the RE bit to 0.

Figure 16.15 Sample Serial Reception Flowchart (1)
(First Reception after Initialization)
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Start of reception

Set receive trigger number in RTRG1
and RTRGO in SCFCR

[

Set RFRST bit in SCFCR to 1

| (2]

Clear RFRST bit in SCFCR to 0

Wait

l<
«

1-bit interval elapsed?.
No

§l

Set RE bit in SCSCR
When using receive FIFO data interrupt,
set RIE bit to 1

<

Yes

Read receive trigger number of receive
data bytes from SCFRDR

(5]

Clear RE bitin SCSCR to 0

[ 16

End of reception

I

[2
[3
[4

[5

6

Set the receive trigger number
in SCFCR.

Reset the receive FIFO.
Wait for one bit interval.

Reception is started when the RE
bit in SCSCRis set to 1.

Read receive data while the RDF
bit is 1.

Atfter the end of reception, clear the
RE bit to 0.

Figure 16.15 Sample Serial Reception Flowchart (2)
(Second and Subsequent Reception)
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d. Simultaneous Seriad Data Transmission and Reception
Figure 16.16 shows sample flowcharts for smultaneous serial transmission and reception.

Start of simultaneous
transmission/reception

Set receive trigger number in RTRG1 1
and RTRGO in SCFCR (1

[1] Set the receive trigger number
in SCFCR.

|Write remaining transmit data to SCFTDRl 2] [2] Write the remaining transmit data

| to SCFTDR, and if there is receive
Read TDFE and RDF bits in SCSSR data in the FIFO, read receive data

until there is less than the receive
TDFE =17
RDF =17 N
Yes

trigger setting number, read the
TDFE and RDF bits in SCSSR, and
Write 0 to TDFE and RDF bits in
SCSSR after reading 1 from them

if 1, clear to 0.
| [4

[3

Transmission/reception is started
when the TE and RE bits in SCSCR
are set to 1. The TE and RE bits
must be set simultaneously.

After the end of transmission/reception,
clear the TE and RE bits to 0.

Set TE and RE bits in SCSCR
simultaneously

When using transmit FIFO data interrupt, 3
set TIE bit fo 1 31
When using receive FIFO data interrupt,
set RIE bit to 1

[

TDFE =17

RDF =17 N
Yes

Read receive trigger number of receive
data bytes from SCFRDR

[ ciear TE and RE bits in SCSCRt00 | 141

End of
transmission/reception

Figure 16.16 Sample Smultaneous Serial Transmission and Reception Flowchart (1)
(First Transfer after Initialization)
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Start of simultaneous
transmission/reception
|

Set receive trigger number in RTRG1
and RTRGO in SCFCR, and set transmit ] [1] Set the receive trigger number and
trigger number in TTRG1 and TTRGO transmit trigger number in SCFCR.

|
Set TFRST and RFRST bits in

[2] Reset the receive FIFO and transmit

2] FIFO.
SCFCRto 1
| [3] Write transmit data to SCFTDR, and
Clear TFRST and RFRST bits in if there is receive data in the FIFO,
SCFCRto 0 read receive data until there is less
T than the receive trigger setting number,
- - read the TDFE and RDF bits in SCSSR,
[ write transmit dlata to SCFTDR | [3] and if 1. clear to 0.
| Read TDFE and RDF bits in SCSSR | [4] Wait for one bit interval.
[5] Transmission/reception is started when
TDFE =17 the TE and RE bits in SCSCR are set
RDF =17 to 1. The TE and RE bits must be set
simultaneously.
Yes
Write 0 to TDFE and RDF bits in [6] After the end of transmission/reception,
SCSSR after reading 1 from them clear the TE and RE bits to 0.

Wait

1-bit interval elapsed?

Set TE and RE bits in SCSCR
simultaneously

When using transmit FIFO data
interrupt, set TIE bit to 1 [5]
When using receive FIFO data
interrupt, set RIE bit to 1

|
<%

Read receive trigger number of
receive data bytes from SCFRDR

[ Clear TE and RE bits in SCSCRto 0 | [6]

End of
transmission/reception

Figure 16.16 Sample Smultaneous Serial Transmission and Reception Flowchart (2)
(Second and Subsequent Transfer)
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16.5 SCIF Interrupt Sourcesand DMAC

The SCIF supports six interrupts in asynchronous mode—transmit-FI FO-data-empty (TXI),
trangmit-data-stop (TDI), receive-error (ERI), receive-FIFO-data-full (RX1), break-receive (BRI),
and receive-data-ready (DRI). The vectors of transmit-data-stop and transmit-FI FO-data-empty
interrupts are the same. The vectors of receive-error and break-receive interrupts are the same. The
vectors of recel ve-FIFO-data-full and receive-data-ready interrupts are the same.

In clock synchronous mode, the SCIF supports two interrupts—tranamit-FIFO-data-empty (TXI1)
and receive-FIFO-data-full (RXI).

Table 16.4 shows the interrupt sources. Theinterrupt sources can be enabled or disabled by means
of the TIE, RIE, ERIE, BRIE, DRIE, and TSIE bitsin SCSCR.

When the TDFE flag in SCSSRisset to 1, a TXI interrupt request is generated. When the TSF
flagin SCSSRisset to 1, aTDI interrupt request is generated. The DMAC can be activated and
datatransfer performed on generation of TXI and TDI interrupt requests. The DMAC requests of
TXI and TDI are assigned to the same vector.

When the RDF flag in SCSSRis set to 1, an RXI interrupt request is generated. The DMAC can
be activated and data transfer performed on generation of an RXI interrupt request.

When using the DMAC for transmission/reception, set and enable the DMAC before making SCIF
settings. See section 8, Direct Memory Access Controller (DMAC), for details of the DMAC
setting procedure.

When the ER flag in SCSSRis set to 1, an ERI interrupt request is generated. When the BRK flag
in SCSSRis set to 1, a BRI interrupt request is generated. When the DR flag in SCSSRis set to 1,
a DRI interrupt request is generated. When the TSF flag in SCSSRis set to 1, a TDI interrupt
request is generated.

The vectors of TXI and TDI, ERI and BRI, and RX| and DRI are the same.

The DMAC activation and interrupts cannot be generated simultaneously by the same source. The
following procedure should be used for the DMAC activation.

1. Settheinterrupt enable bits (TIE and RIE) corresponding to the generated sourceto 1.

2. Mask the corresponding interrupt requests by using the interrupt mask register of the interrupt
controller.
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Table16.4 SCIF Interrupt Sources

Interrupt Source

Description DMAC Activation

ERI Interrupt initiated by receive error flag (ER) or break ~ Not possible
flag (BRK)

RXI Interrupt initiated by receive FIFO data full flag (RDF) Possible**
or receive data ready (DR)

TXI Interrupt initiated by transmit FIFO data Possible*?
empty flag (TDFE) or transmit data stop flag (TSF)

Notes: 1.

2.

The DMAC can be activated only by a receive-FIFO-data-full interrupt request.

The DMAC can be activated by a transmit-FIFO-data-empty (TDFE) or transmit-data-
stop (TSF) interrupt request. When the DMAC is activated by the TSF interrupt, it is
cleared by either of two cases listed below.

(1) The TSF flag is read by the CPU.

(2) The transmit FIFO is full.

See section 5, Exception Handling, for priorities and the relationship with non-SCIF interrupts.
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16.6  Noteson Usage
Note the following when using the SCIF.

a. SCFTDR Writing and the TDFE Flag:

The TDFE flag in the serid statusregister (SCSSR) is set when the number of transmit data bytes
written in the transmit FIFO dataregister (SCFTDR) has fallen to or below the transmit trigger
number set by bits TTRG1 and TTRGO in the FIFO control register (SCFCR). After TDFE is set,
trangmit data up to the number of empty bytesin SCFTDR can be written, allowing efficient
continuous transmission.

However, if the number of data bytes written in SCFTDR is equal to or less than the tranamit
trigger number, the TDFE flag will be set to 1 again after being read as 1 and cleared to 0. TDFE
clearing should therefore be carried out when SCFTDR contains more than the transmit trigger
number of transmit data bytes.

The number of transmit data bytes in SCFTDR can be found from the 14 to 8 bits of the FIFO data
count register (SCFDR).

b. SCFRDR Reading and the RDF Flag:

The RDF flag in the serial statusregister (SCSSR) is set when the number of receive data bytesin
thereceive FIFO dataregister (SCFRDR) has become equal to or greater than the receive trigger
number set by bits RTRG1 and RTRGO in the FIFO control register (SCFCR). After RDF is s,
receive data equivalent to the trigger number can beread from SCFRDR, allowing efficient
continuous reception.

However, if the number of data bytesin SCFRDR is till equal to or greater than thetrigger
number after aread, the RDF flag will be set to 1 again if it is cleared to 0. RDF should therefore
be cleared to O after being read as 1 after al recelve data has been read.

The number of receive data bytesin SCFRDR can be found from the 6 to O bits of the FIFO data
count register (SCFDR).

¢. Break Detection and Processing:
Break signals can be detected by reading the RxD pin directly when aframing error (FER) is

detected. In the break state the input from the RxD pin consists of al 0s, so the FER flag is set and
the parity error flag (PER) may also be set.

Although the SCIF stops transferring receive datato SCFRDR after receiving a break, thereceive
operation continues.
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d. Receive Data Sampling Timing and Receive Margin:
As an example, when the sampling rate is 1/16, the SCIF operates on a base clock with a
frequency of 8 times the transfer rate.

In reception, the SCIF synchronizes internally with thefall of the start bit, which it samples on the
base clock. Recelve dataiis latched at the rising edge of the fourth base clock pulse.

The receive margin can therefore be expressed as shown in equation (1).

L) —(L-0.5)F —

1+F 100% wevvenniiiniiiieiinn, 1
- (14| 100 ®

w-fos- Ip-os|
N

Receive margin (%)

Ratio of clock frequency to bit rate (N = 16)
Clock duty cycle (D =0t01.0)
Framelength (L =9t0 12)

Absolute deviation of clock frequency

mTroz<

From equation (1), if F=0and D = 0.5, the recelve margin is 46.875%, as given by equation (2).

When D =05and F = 0:
M = (0.5 — /(2 X 16)) X 100% = 46.875% ....cveervveereerreereeerrereseereeeen @

Thisisatheoretica value. A reasonable margin to alow in system designsis 20% to 30%.
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Section 17 Infrared Data Association Module (IrDA)

This LSl has an on-chip Infrared Data Association (IrDA) interface that is based on the IrDA 1.0
system and can perform infrared communication.

The IrDA isan optional modul e used for modulation and demodulation of signals for the SCIF
module, and it must aways be used together with the SCIF module.

17.1  Features

e Conformstothe IrDA 1.0 system
e Asynchronous serial communication
0 Datalength: 8 bits
0 Stop hit length: 1 bit
O Parity bit: None
»  On-chip 64-stage FIFO buffersfor both transmit and receive operations
»  On-chip baud rate generator with selectable bit rates
» Guard functions to protect the receiver during transmission
e Clock supply halted to reduce power consumption when not using the IrDA interface

Figure 17.1 shows a block diagram of the IrDA.

0 > ) . =X IrTx
Transfer clock Modulation unit
- 'y
SCIF
| RxD - Demodulation unit [~ ZI IrRx
T‘ IrDA
Switching IrDA/SCIF
Legend
SCIF: Serial communication interface with FIFO
Figure 17.1 Block Diagram of IrDA
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17.2  Input/Output Pins
Table 17.1 shows the IrDA pin configuration.

Table17.1 Pin Configuration

Pin Name Signal Name I/0 Function
Receive data pin IrRx Input Receive data input
Transmit data pin IrTx Output Transmit data output

Note: Clock input from the serial clock pin cannot be set in IrDA mode.

17.3 Register Description

The IrDA hasthe following internal registers. For details on register addresses and register sates
in each processing state, refer to section 24, List of Registers.

* IrDA moderegister (SCSMR_Ir)

17.31 IrDA Mode Register (SCSMR_Ir)

SCSMR _Ir isa 16-hit register that selects IrDA or SCIF mode and selects the IrDA output pulse
width.

Thismodul e operates as IrDA when the IRMOD bit isset to 1. When the IRMOD bit is cleared to
0, thismodule can also operate as an SCIF.
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Bit Bit Name Initial Value R/W Description

15to8 0O 0 R Reserved
These bits are always read as 0. The write
value should always be 0.

7 IRMOD 0 R/W IrDA Mode
Selects whether this module operates as an
IrDA serial communication interface or as an
SCIF.
0: Operates as an SCIF
1: Operates as an IrDA

6t03 ICK3toICKO O R/W Output Pulse Division Ratio
Specifies the ratio for dividing the peripheral
clock (Pg) to generate the IRCLK clock pulse
to be used for IrDA. IRCLK is obtained as
follows:
IRCLK = /(2N + 2) x P
N = Value set by ICK3 to ICKO

2 PSEL 0 R/W Output Pulse Width Select
PSEL selects an IrDA output pulse width that
is 3/16 of the bit length for 115 kbps or 3/16 of
the bit length for the selected baud rate.
0: Pulse width is 3/16 of the bit length
1: Pulse width is 3/16 of 115 kbps bit length for

the baud rate selected by ICK3 to ICKO

1,0 a 0 R Reserved
These bits are always read as 0. The write
value should always be 0.

Example:

P clock: 14.7456 MHz

IRCLK: 921.6 kHz (fixed)

N: Setting of ICK3to ICKO (0< N < 15)

Po

~ 2xIRCLK

Accordingly, N is7.

127
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174  Operation

The IrDA module can perform infrared communication conforming to IrDA 1.0 by connecting
infrared transmit/receive units. The serial communication interface unit includes a buffer in the
trangmit unit and the receive unit, allowing CPU overhead to be reduced and continuous high-
speed communication to be performed.

17.41 Overview

The IrDA module modifies IrTx/IrRx transmit/receive data waveformsto satisfy the IrDA 1.0
specification for infrared communication.

In the IrDA 1.0 specification, communication isfirst performed a a speed of 9600 bps, and the
communication speed is changed. However, the communication rate cannot be automatically
changed in this module, so the communication speed should be confirmed, and the appropriate
speed set for this module by software.

17.4.2  Transmitting

The waveforms of a serial output signal (UART frame) from the SCIF are modified and the signal
is converted into the IR frame serid output signal by the IrDA module, as shown in figure 17.2.

When serid datais 0, apulse of 3/16 the IR frame bit width is generated and output. When serid
datais 1, no pulseis output.
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17.43 Receiving

Received 3/16 IR frame bit-width pul ses are demodul ated and converted to a UART frame, as
shown in figure 17.2.

Demodulation to O is performed for pulse output, and demodulation to 1 is performed for no pulse
output.

UART frame
<«—————— UART frame >
Start bit ——p| -< Data > ~¢—— Stop bit
0 1 0 1 0 0 1 1 0 1
Transmit
Receive
IR frame
l«————— IR frame >
Start bit ——p| < Data » ~«—— Stop bit
J_IO 1 |_|0 1 | ‘O ‘ O‘ 1 ‘ 1 |_|0 1
— - —»‘ |—
Bit cycle 3/16-bit cycle
pulse width

Figure 17.2 Transmit/Receive Operation

17.4.4 Data Format Specification

The data format of UART frames used for IrDA communication must be specified by the SCIFO
registers. The UART frame has eight data bits, no parity bit, and one stop hit.

IrDA communication is performed in asynchronous mode, and this mode must also be specified
by the SCIFO registers. The sampling rate must be set to 1/16.

Theinternal clock must be selected for the SCIFO operation clock and the SCKO pin must be
specified for the synchronizing clock output pin.

The IrDA communication rate is the same as the SCIFO bit rate, which is specified by the SCIFO
registers.

For details on SCIFO registers, refer to section 16, Serial Communication Interface with FIFO
(SCIF).
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Section 18 USB Function Module
This LSl incorporates a USB function module (USB).

18.1 Features

» The UDC (USB device controller) conforming to USB2.0 and transceiver process USB
protocol automatically.

Automatic processing of USB standard commands for endpoint 0 (some commands and
class/'vendor commands require decoding and processing by firmware)

e Transfer speed: Full-speed
» Endpoint configuration:

Endpoint Maximum FIFO Buffer
Name Abbreviation Transfer Type Packet Size  Capacity (Byte) DMA Transfer
Endpoint0 EPOs Setup 8 8 —

EPOI Control-in 8 8 —

EPOo Control-out 8 8 —
Endpoint1 EP1 Bulk-out 64 128 Possible
Endpoint2 EP2 Bulk-in 64 128 Possible
Endpoint 3 EP3 Interrupt 8 8 —

Configuration 1 Interface 0

Alternate Setting 0 Endpoint 1
—E Endpoint 2
Endpoint 3
* Interrupt requests: Generates various interrupt signals necessary for USB
transmission/reception
e Clock: External input (48 MHz) (Refer to section 9.4.1, Frequency Control Register (FRQCR),
and section 9.4.2, USB Clock Frequency Control Register (UCLKCR))
+ Power-down mode
Power consumption can be reduced by stopping UDC internal clock when USB cableis
disconnected
Automatic transition to/recovery from suspend state
e Can be connected to a Philips PDIUSBP11 Series transceiver or compatible product in internal
transceiver bypass mode (the XVEROFF bit in XVERCR is set to 1)

When using a compatible product, carry out evaluation and investigation with the
manufacturer supplying the transceiver beforehand.

» Power mode: Self-powered
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Figure 18.1 shows the block diagram of the USB.

Peripheral bus

USB function module
Interrupt requests t—} Status and ubDc

DMA transfer requests control registers 44—
d
Transceiver | | D+
3 > .
Clock (48 MHz) . FIFO ‘ ’

Legend:
UDC: USB device controller

Figure 18.1 Block Diagram of USB
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18.2  Input/Output Pins

Table 18.1 shows the USB pin configuration.

Table18.1 Pin Configuration

XVEROFF
Pin Name I/O Function Condition
XVDATA Input Input pin for receive data from differential receiver 1
DPLS Input Input pin to driver for D+ signal from receiver 1
DMNS Input Input pin to driver for D- signal from receiver 1
TXDPLS Output D+ transmit output pin to driver 1
TXDMNS Output D- transmit output pin to driver 1
TXENL Output Driver output enable pin 1
VBUS Input USB cable connection monitor pin lor0
SUSPND Output Transceiver suspend state output pin 1
EXTAL_USB Input USB clock input pin (external clock input/crystal

resonator connect)

XTAL_USB Output USB clock pin (crystal resonator connect)
D+ I/O USB internal transceiver D+
D- I/O USB internal transceiver D—
Vce-USB Input Power supply for USB
Vss-USB Input Ground for USB

Note: The USB can be connected to a Philips PDIUSBP11 Series transceiver or compatible
product in internal transceiver bypass mode (the XVEROFF bit in XVERCR is set to 1).
When using a compatible product, carry out evaluation and investigation with the
manufacturer supplying the transceiver beforehand.
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18.3 Register Descriptions

The USB has following registers. For the information on the addresses of these registers and the
state of the register in each processing condition, see section 24, List of Registers.

* Interrupt flag register O (IFRO)

* Interrupt flag register 1 (IFR1)

e Interrupt sdlect register 0 (ISR0)

* Interrupt sdect register 1 (ISR1)

* Interrupt enableregister 0 (IERO)

e Interrupt enableregister 1 (IER1)

» EPOi dataregister (EPDROI)

» EPOo dataregister (EPDRO00)

» EPOsdataregiser (EPDROs)

» EP1 dataregister (EPDR1)

e EP2 dataregister (EPDR2)

» EP3dataregister (EPDR3)

» EPOo receive data size register (EPSZ00)
» EP1recelvedatasizeregister (EPSZ1)
e Trigger register (TRG)

» Datadatusregister (DASTS)

* FIFO clear register (FCLR)

» DMA transfer setting register (DMAR)
» Endpoint stall register (EPSTL)

e Transceiver control register (XVERCR)
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18.3.1 Interrupt Flag Register 0 (IFRO)

IFRO, together with interrupt flag register 1 (IFR1), indicates interrupt status information required
by the application. When an interrupt source is generated, the corresponding bit is set to 1 and an
interrupt request is sent to the CPU according to the combination with interrupt enable register O
(IERO). Clearing is performed by writing O to the bit to be cleared, and 1 to the other bits.
However, EPIFULL and EP2EMPTY are status bits, and cannot be cleared.

Initial

Bit Bit Name Value R/W Description

7 BRST 0 R/W Bus Reset
This bit is set to 1 when a bus reset signal is detected on
the USB bus.

6 EP1FULL 0 R EP1 FIFO Full
This bit is set when endpoint 1 receives one packet of
data successfully from the host, and holds a value of 1 as
long as there is valid data in the FIFO buffer.
This is a status bit, and cannot be cleared.

5 EP2TR 0 R/W EP2 Transfer Request
This bit is set if there is no valid transmit data in the FIFO
buffer when an IN token for endpoint 2 is received from
the host. A NACK handshake is returned to the host until
data is written to the FIFO buffer and packet transmission
is enabled.

4 EP2EMPTY 1 R EP2 FIFO Empty
This bit is set when at least one of the dual endpoint 2
transmit FIFO buffers is ready for transmit data to be
written.
This is a status bit, and cannot be cleared.

3 SETUPTS 0 R/W Setup Command Receive Complete
This bit is set to 1 when endpoint O receives successfully
a setup command requiring decoding on the application
side, and returns an ACK handshake to the host.

2 EPOOTS 0 R/W EPOo Receive Complete

This bit is set to 1 when endpoint 0 receives data from the
host successfully, stores the data in the FIFO buffer, and
returns an ACK handshake to the host.
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Bit Bit Name

Initial
Value

R/W

Description

1 EPOITR

0

R/W

EPOi Transfer Request

This bit is set if there is no valid transmit data in the FIFO
buffer when an IN token for endpoint 0 is received from
the host. A NACK handshake is returned to the host until
data is written to the FIFO buffer and packet transmission
is enabled.

0 EPOITS

0

R/W

EPOi Transmit Complete

This bit is set when data is transmitted to the host from
endpoint 0 and an ACK handshake is returned.

18.3.2 Interrupt Flag Register 1 (IFR1)

IFR1, together with interrupt flag register O (IFRO), indicates interrupt status information required
by the application. When an interrupt source is generated, the corresponding bit is set to 1 and an
interrupt request is sent to the CPU according to the combination with interrupt enable register 1
(IER1). Clearing is performed by writing O to the bit to be cleared, and 1 to the other bits.

Bit Bit Name

Initial
Value

R/W

Description

7t04 0O

0

R

Reserved

These bits are always read as 0. The write value should
always be 0.

3 VBUSMN

This is a status bit which monitors the state of the VBUS
pin. This bit reflects the state of the VBUS pin.

2 EP3TR

R/W

EP3 Transfer Request

This bit is set if there is no valid transmit data in the FIFO
buffer when an IN token for endpoint 3 is received from
the host. A NACK handshake is returned to the host until
data is written to the FIFO buffer and packet transmission
is enabled.

1 EP3TS

R/W

EP3 Transmit Complete

This bit is set when data is transmitted to the host from
endpoint 3 and an ACK handshake is returned.

0 VBUS

R/W

USB Disconnection Detection

When the function is connected to the USB bus or
disconnected from it, this bit is set to 1. The VBUS pin of
this module is used for detecting connection or
disconnection.
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18.3.3 Interrupt Select Register 0 (I1SR0)

I SRO selects the vector numbers of the interrupt requestsindicated in interrupt flag register O
(IFRO). If the USB issues an interrupt request to the INTC when abitin ISRO iscdeared to 0, the
interrupt corresponding to the bit will be USI0 (USB interrupt 0). If the USB issues an interrupt
request to the INTC when abit in ISRO is set to 1, the corresponding interrupt will be USI1 (USB
interrupt 1). If interrupts occur simultaneoudly, USI0 has priority by default.

Bit Bit Name Initial Value R/W Description

7 BRST 0 R/W Bus Reset

6 EP1FULL 0 R/W EP1 FIFO Full

5 EP2TR 0 R/W EP2 Transfer Request

4 EP2EMPTY 0 R/W EP2 FIFO Empty

3 SETUPTS 0 R/W Setup Command Receive Complete
2 EPOOTS 0 R/W EPOo Receive Complete

1 EPOITR 0 R/W EPOi Transfer Request

0 EPOITS 0 R/W EPOi Transmit Complete

18.34 Interrupt Select Register 1 (ISR1)

ISR1 selects the vector numbers of the interrupt requestsindicated in interrupt flag register 1
(IFR1). If the USB issues an interrupt request to the INTC when abitin ISR1 isceared to 0, the
interrupt corresponding to the bit will be USI0 (USB interrupt 0). If the USB issues an interrupt
request to the INTC when abit in ISR1 is set to 1, the corresponding interrupt will be USI1 (USB
interrupt 1). If interrupts occur simultaneoudly, USI0 has priority by default.

Bit Bit Name Initial Value R/W Description

7t03 0O 0 R Reserved

These bits are always read as 0. The write value
should always be 0.

2 EP3TR 1 R/W EP3 Transfer Request
EP3TS 1 R/W EP3 Transmit Complete
0 VBUS 1 R/W USB Bus Connect
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18.35 Interrupt Enable Register 0 (IERO)

| ERO enables the interrupt requests of interrupt flag register 0 (IFRO). When an interrupt flag is set
to 1 while the corresponding bit of each interrupt is set to 1, an interrupt request is sent to the
CPU. Theinterrupt vector number is determined by the contents of interrupt select register O

(ISR0).

Bit Bit Name Initial Value R/W Description

7 BRST 0 R/W Bus Reset

6 EP1FULL 0 R/W EP1 FIFO Full

5 EP2TR 0 R/W EP2 Transfer Request

4 EP2EMPTY 1 R/W EP2 FIFO Empty

3 SETUPTS 0 R/W Setup Command Receive Complete
2 EPOOTS 0 R/W EPOo Receive Complete

1 EPOITR 0 R/W EPOi Transfer Request

0 EPOITS 0 R/W EPOi Transmit Complete

18.3.6 Interrupt Enable Register 1 (IER1)

|ER1 enables the interrupt requests of interrupt flag register 1 (IFR1). When an interrupt flag is set
to 1 while the corresponding bit of each interrupt is set to 1, an interrupt request is sent to the
CPU. Theinterrupt vector number is determined by the contents of interrupt select register 1

(ISRY).
Bit Bit Name Initial Value R/W Description
7t03 O 0 R Reserved
These bits are always read as 0. The write value
should always be 0.
EP3TR 0 R/W EP3 Transfer Request
EP3TS 0 R/W EP3 Transmit Complete
0 VBUS 0 R/W USB Bus Connect
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18.3.7 EPOi Data Register (EPDROI)

EPDROI isan 8-byte tranamit FIFO buffer for endpoint 0. EPDROI holds one packet of transmit
data for control-in. Transmit datais fixed by writing one packet of data and setting EPOIPKTE in
the trigger register. When an ACK handshakeis returned from the host after the data has been
trangmitted, EPGITSin interrupt flag register 0 is set. This FIFO buffer can be initialized by means
of EPOICLR in the FCLR register.

Bit Bit Name Initial Value R/W Description

7t00 D7 to DO Undefined w Data register for control-in transfer

18.3.8 EPOo Data Register (EPDRO00)

EPDROo is an 8-byte receive FIFO buffer for endpoint 0. EPDROo holds endpoint O recelve data
other than setup commands. When dataisreceived successfully, EPOOTS in interrupt flag register
0 is set, and the number of receive bytesisindicated in the EPOo receive data size register. After
the data has been read, setting EPOORDFN in the trigger register enables the next packet to be
received. This FIFO buffer can beinitialized by means of BPOOCLR in the FCLR register.

Bit Bit Name Initial Value R/W Description

7t00 D7 to DO Undefined R Data register for control-out transfer

18.39 EPOsData Register (EPDRO0s)

EPDROs is an 8-byte FIFO buffer specifically for receiving endpoint 0 setup commands. Only the
setup command to be processed by the application isreceived. When command datais received
successfully, the SETUPTS bit in interrupt flag register O is set.

Asalatest setup command must be received in high priority, if datais|eft in this buffer, it will be
overwritten with new data. If reception of the next command is started while the current command
is being read, command reception has priority, the read by the application isforcibly stopped, and
theread dataisinvalid.

Bit Bit Name Initial Value R/W Description

7t00 D7 to DO Undefined R Data register for storing the setup command at
the control-out transfer
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18.3.10 EP1 Data Register (EPDR1)

EPDR1 isa 128-byte receive FIFO buffer for endpoint 1. EPDR1 has a dual-buffer configuration,
and has a capacity of twice the maximum packet size. When one packet of datais received
successfully, EPLIFULL in interrupt flag register O is set, and the number of receive bytesis
indicated in the EP1 receive data size register. After the data has been read, the buffer that was
read is enabled to receive data again by writing 1 to the EPAIRDFN bit in the trigger register. The
receive datain this FIFO buffer can be transferred by DMA. This FIFO buffer can beinitialized by
means of EP1CLR in the FCLR register.

Bit Bit Name Initial Value R/W Description

7t00 D7 to DO Undefined R Data register for endpoint 1 transfer

18.3.11 EP2 Data Register (EPDR2)

EPDR2 isa 128-byte transmit FIFO buffer for endpoint 2. EPDR2 has a dual-buffer configuration,
and has a capacity of twice the maximum packet size. When tranamit data is written to this FIFO
buffer and EP2PKTE in the trigger register is set, one packet of transmit datais fixed, and the
dual-FIFO buffer is switched over. The transmit data for this FIFO buffer can be transferred by
DMA. This FIFO buffer can be initialized by means of EP2CLR in the FCLR register.

Bit Bit Name Initial Value R/W Description

7t00 D7 to DO Undefined w Data register for endpoint 2 transfer

18.3.12 EP3 Data Register (EPDR3)

EPDR3 isan 8-byte transmit FIFO buffer for endpoint 3. EPDR3 halds one packet of transmit data
for theinterrupt transfer of endpoint 3. Transmit datais fixed by writing one packet of data and
setting EP3PKTE in the trigger register. When an ACK handshake isreturned from the host after
one packet of data has been transmitted successfully, EP3TSin interrupt flag register O isset. This
FIFO buffer can beinitialized by means of EP3CLR in the FCLR register.

Bit Bit Name Initial Value  R/W Description

7t00 D7 to DO Undefined R Data register for endpoint 3 transfer
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18.3.13 EPOo Recelve Data Size Register (EPSZ00)
EPSZ0o indicates the number of bytes recelved at endpoint O from the host.

Bit Bit Name Initial Value  R/W Description

7t00 — 0 R Number of receive data for endpoint O

18.3.14 EP1 Receive Data Size Register (EPSZ1)

EPSZ1 isareceive data sizeresister for endpoint 1. EPSZ1 indicates the number of bytes received
from the host. The FIFO for endpoint 1 has a dual-buffer configuration. The size of the received
dataindicated by thisregister is the size of the currently selected side (can be read by CPU).

Bit Bit Name Initial Value  R/W Description

7t00 — 0 R Number of received bytes for endpoint 1
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18.3.15 Trigger Register (TRG)
TRG generates one-shot triggers to control the transfer sequence for each endpoint.

Bit Bit Name Initial Value R/W Description

7 O Undefined a Reserved
The write value should always be 0.
6 EP3PKTE Undefined W EP3 Packet Enable

After one packet of data has been written to the
endpoint 3 transmit FIFO buffer, the transmit data is
fixed by writing 1 to this bit.

5 EP1RDFN Undefined W EP1 Read Complete

Write 1 to this bit after one packet of data has been
read from the endpoint 1 FIFO buffer. The endpoint
1 receive FIFO buffer has a dual-buffer
configuration. Writing 1 to this bit initializes the FIFO
that was read, enabling the next packet to be
received.

4 EP2PKTE Undefined W EP2 Packet Enable

After one packet of data has been written to the
endpoint 2 transmit FIFO buffer, the transmit data is
fixed by writing 1 to this bit.

3 O Undefined O Reserved
The write value should always be 0.
2 EPOsRDFN  Undefined w EPOs Read Complete

Write 1 to this bit after data for the EPOs command
FIFO has been read. Writing 1 to this bit enables
transfer of data in the following data stage. A NACK
handshake is returned in response to transfer
requests from the host in the data stage until 1 is
written to this bit.

1 EPOoRDFN  Undefined w EPOo Read Complete

Writing 1 to this bit after one packet of data has
been read from the endpoint 0 transmit FIFO buffer
initializes the FIFO buffer, enabling the next packet
to be received.

0 EPOIPKTE Undefined W EPOi Packet Enable

After one packet of data has been written to the
endpoint 0 transmit FIFO buffer, the transmit data is
fixed by writing 1 to this bit.

Rev. 2.00, 09/03, page 448 of 690
RENESAS



18.3.16 Data Status Register (DASTS)

DASTS indicates whether the tranamit FIFO buffers contain valid data. A bit is set when datais
written to the corresponding FIFO buffer and the packet enable state is set, and cleared when dl

data has been tranamitted to the host.

Bit Bit Name Initial Value R/W Description

7,6 0O 0 R Reserved
This bit is always read as O.

5 EP3DE 0 R EP3 Data Present
This bit is set when the endpoint 3 FIFO buffer
contains valid data.

4 EP2DE 0 R EP2 Data Present
This bit is set when the endpoint 2 FIFO buffer
contains valid data.

3tol O 0 R Reserved
This bit is always read as 0.

0 EPOIDE 0 R EPOi Data Present

This bit is set when the endpoint O FIFO buffer
contains valid data.

18.3.17 FIFO Clear Register (FCLR)

FCLR isaregister toinitialize the FIFO buffers for each endpoint. Writing 1 toabit clearsall the
datain the corresponding FIFO buffer. Note that the corresponding interrupt flag is not cleared.

Do not clear aFIFO buffer during transfer.

Bit Bit Name Initial Value R/W Description

7 O Undefined O Reserved
The write value should always be 0.

6 EP3CLR Undefined w EP3 Clear
Writing 1 to this bit initializes the endpoint 3 transmit
FIFO buffer.

5 EP1CLR Undefined w EP1 Clear

Writing 1 to this bit initializes both sides of the
endpoint 1 receive FIFO buffer.
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Bit

Bit Name

Initial Value R/W

Description

EP2CLR

Undefined

W

EP2 Clear

Writing 1 to this bit initializes both sides of the
endpoint 2 transmit FIFO buffer.

3,2

Undefined

O

Reserved
The write value should always be 0.

EPO0CLR

Undefined

W

EPOo Clear

Writing 1 to this bit initializes the endpoint O receive
FIFO buffer.

EPOICLR

Undefined

W

EPOi Clear

Writing 1 to this bit initializes the endpoint 0 transmit
FIFO buffer.

18.3.18 DMA Transfer Setting Register (DMAR)

DMA transfer can be carried out between the endpoint 1 and 2 dataregisters and memory by
means of the on-chip direct memory access controller (DMA). Dua address transfer is performed
in bytes. To start DMA transfer, DMAC settings must be made in addition to the settingsin this

register.
Bit Bit Name Initial Value R/W Description
7t02 O Reserved

These bits are always read as 0. The write value should
always be 0.
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Bit

Bit Name Initial Value R/W Description

1

EP2DMAE O

R/W Endpoint 2 DMA Transfer Enable

When this bit is set, DMA transfer is enabled from
memory to the endpoint 2 transmit FIFO buffer. If there is
at least one byte of space in the FIFO buffer, a transfer
request is asserted for the DMAC. In DMA transfer, when
64 bytes are written to the FIFO buffer the EP2 packet
enable bit is set automatically, allowing 64 bytes of data
to be transferred, and if there is still space in the other of
the two FIFOs, a transfer request is asserted for the
DMAC again. However, if the size of the data packet to
be transmitted is less than 64 bytes, the EP2 packet
enable bit is not set automatically, and so should be set
by the CPU with a DMA transfer end interrupt.

As EP2-related interrupt requests to the CPU are not
automatically masked, interrupt requests should be
masked as necessary in the interrupt enable register.

e Operating procedure

Write of 1 to the EP2 DMAE bit in DMAR
Transfer count setting in the DMAC

DMAC activation

DMA transfer

DMA transfer end interrupt generated

Refer to section 18.7.3, DMA Transfer for Endpoint 2.

a b~ w b PRE
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Bit Bit Name Initial Value R/W Description

0 EP1IDMAE O R/W Endpoint 1 DMA Transfer Enable

When this bit is set, DMA transfer is enabled from the
endpoint 1 receive FIFO buffer to memory. If there is at
least one byte of receive data in the FIFO buffer, a
transfer request is asserted for the DMAC. In DMA
transfer, when all the received data is read, EP1 is read
automatically and the completion trigger operates.

EP1-related interrupt requests to the CPU are not
automatically masked.

» Operating procedure:

Write of 1 to the EP1 DMAE bit in DMAR
Transfer count setting in the DMAC
DMAC activation

DMA transfer

DMA transfer end interrupt generated
Refer to section 18.7.2, DMA Transfer for Endpoint 1.

a > w b PRE
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18.3.19 Endpoint Stall Register (EPSTL)

Thebitsin EPSTL are used to forcibly stall the endpoints on the application side. Whileabit is set
to 1, the corresponding endpoint returns a stall handshake to the host. The stall bit for endpoint O is
cleared automatically on reception of 8-byte command data for which decoding is performed by
the function and the EPO STL hit is cleared. When the SETUPTS flag in the IFRO register is set to
1, writing 1 to the EPO STL hit isignored. For detailed operation, see section 18.6, Stall
Operétions.

Bit Bit Name Initial Value R/W Description

7to4 0O 0 R Reserved

These bits are always read as 0. The write value
should always be 0.

3 EP3STL 0 R/W EP3 Stall

When this bit is set to 1, endpoint 3 is placed in the
stall state.

2 EP2STL 0 R/W EP2 Stall

When this bit is set to 1, endpoint 2 is placed in the
stall state.

1 EP1STL 0 R/W EP1 Stall

When this bit is set to 1, endpoint 1 is placed in the
stall state.

0 EPOSTL 0 R/W EPO Stall

When this bit is set to 1, endpoint 0 is placed in the
stall state.

18.3.20 Transceiver Control Register (XVERCR)
The Transceiver Control Register sets either theinternal transcelver or external transceiver for use.

Bit Bit Name Initial Value R/W Description

7tol O 0 R Reserved

These bits are always read as 0. The write value
should always be 0.

0 XVEROFF 0 R/W Transceiver Control

1: The internal transceiver function is stopped and a
digital signal for the external transceiver is output
from the port.

0: The internal transceiver is operated.
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184  Operation

18.4.1 Cable Connection
USB function Application
Cable disconnected USB module interrupt
VBUS pin=0V setting
UDC core reset ¢ Initial
! As soon as preparations are settings

USB cable connection

completed, enable D+ pull-up

-- in general output port

General output port
D+ pull-up enabled?

Wait for setup command
reception complete interrupt

IFR1.VBUS =1 | Interrupt request | N Clear VBUS flag :
USB bus connection interrupt | (IFR1.VBUS) !
E Firmware preparations for E
UDC core reset release | |start of USB communication|
Bus reset reception Interrunt request
IFROBRST =1 | 'Mterr ptrequest Clear bus reset flag
Bus reset interrupt (IFRO.BRST)
l Clear FIFOs

(EPO, EP1, EP2, EP3)

Wait for setup command
reception complete interrupt

Figure 18.2 Cable Connection Operation

The above flowchart shows the operation in the case of in section 18.8, Example of USB Externd
Circuitry.

In gpplications that do not require USB cable connection to be detected, processing by the USB
bus connection interrupt is not necessary. Preparations should be made with the bus-reset
interrupt.
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18.4.2 Cable Disconnection

USB function Application

Cable connected
VBUS pin =1

:

USB cable disconnection

:

VBUS pin = 0

I

UDC core reset

I

End

Figure 18.3 Cable Disconnection Operation

The above flowchart shows the operation in section 18.8, Example of USB External Circuitry.

18.4.3 Control Transfer

Control transfer consists of three stages: setup, data (not aways included), and status (figure 18.4).
The data stage comprises anumber of bus transactions. Operation flowcharts for each stage are
shown below.

Setup stage Data stage Status stage
Control-in [setup) | 1] ey | | oy | oo [ oy || outy |
DATAO E DATA1 DATAO DATAO0/1 : DATA1
Controlout ! [ sETUP©) | i [ out(ty | [ oute) | ... [outom | [ e ]
E DATAO E DATA1 DATAO DATA0/1 E DATA1
No data SETUP(0)

DATAO ' ' DATA1
: :

Figure 18.4 Transfer Stagesin Control Transfer
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1. Setup Stage

USB function

SETUP token reception

I

Receive 8-byte command
data in EPOs

Command
to be processed by
application?

Automatic
processing by
this module

Set setup command
reception complete flag
(IFRO.SETUP TS = 1)

Interrupt request

\ 4

Application

I

To data stage

Clear SETUP TS flag
(IFRO.SETUP TS = 0)
Clear EPOi FIFO (CLR.EPOIiCLR = 1)
Clear EP0Oo FIFO (CLR.EPOoCLR = 1)

I

Read 8-byte data from EPOs

v

Decode command data
Determine data stage direction™’

v

Write 1 to EPOs read complete bit
(TRG.EPOs RDFN = 1)

N

To control-out
data stage

To control-in
data stage

Notes: 1. In the setup stage, the application analyzes command data from the host requiring processing by
the application, and determines the subsequent processing (for example, data stage direction, etc.).
2. When the transfer direction is control-out, the EPOi transfer request interrupt required in the status
stage should be enabled here. When the transfer direction is control-in, this interrupt is not required
and should be disabled.

Figure 185 Setup Stage Operation
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2. Data Stage (Control-In)

USB function Application

—>| IN token reception |<— | From setup stage

Write data to EPOI
data register (EPDROi)

]

Write 1 to EPOi packet
enable bit
(TRG.EPOI PKTE = 1)

|

1 written
to TRG.EPOs
RDFN?

Valid data
in EPQi FIFO?

Data transmission to host |

ACK i '
A 4 A 4

Set EPOi transmission Clear EPOQi transmission :
complete flag > complete flag '
(IFRO.EPOi TS =1) (IFRO.EPOQi TS = 0) !
4l Write data to EPOI I
data register (EPDROI)

y
Write 1 to EPOi packet
enable bit
(TRG.EPOi PKTE = 1) ,

L A ,

Interrupt request

Figure 18.6 Data Stage (Control-In) Operation

The application first analyzes command data from the host in the setup stage, and determinesthe
subsequent data stage direction. If the result of command data analysisis that the data stage isin-
transfer, one packet of datato be sent to the host iswritten to the FIFO. If thereismore datato be
sent, this data is written to the FIFO after the data written first has been sent to the host (EPOITS
bitin IFRO = 1).

The end of the data stage is identified when the host transmits an OUT token and the status stage
is entered.

Note: If the size of the data transmitted by the function is smaller than the data size requested by
the host, the function indicates the end of the data stage by returning to the host a packet
shorter than the maximum packet size. If the size of the data transmitted by the function is
an integral multiple of the maximum packet sze, the function indicates the end of the data
stage by transmitting a zero-length packet.
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3. Data Stage (Control-Out)

USB function Application

| OUT token reception |<—

1 written
to TRG.EPOs
RDFN?

> Yes
A
Data reception from host |

ACK [Tttt T T '
A v :
Set EPOo reception Interrupt request Clear EPOo reception E
complete flag > complete flag '
(IFRO.EPO0 TS = 1) (IFRO.EPOo TS = 0) '
} Read data from EPOo E
| OUT token reception |‘_ receive data size register 1
(EPSZ00) .
1 written ¢ E
to TRG.EPOo No Read dgta from EPOo '
RDFN? NACK data register (EPDRO00) |
Write 1 to EPOo read E
complete bit H
(TRG.EPOo RDFN = 1) ,

Figure 18.7 Data Stage (Control-Out) Operation

The application first analyzes command data from the host in the setup stage, and determinesthe
subsequent data stage direction. If the result of command data analysisis that the data stage is out-
transfer, the application waits for data from the host, and after dataisreceived (EPOOTS hit in
IFRO = 1), reads data from the FIFO. Next, the application writes 1 to the EPOo read compl ete bit,
empties thereceive FIFO, and waits for reception of the next data.

The end of the data stage is identified when the host transmits an IN token and the status stageis
entered.
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4. Status Stage (Control-In)

USB function Application

| OUT token reception |

| 0-byte reception from host |

ACK
h 4
Set EPOo reception Interrupt request Clear EPOo reception
complete flag > complete flag
(IFRO.EPO0 TS = 1) (IFR0.EPO0 TS = 0)

y v

Write 1 to EPOo read
complete bit
(TRG.EPOo RDFN = 1)

!

End of control transfer

| End of control transfer |

Figure 18.8 Status Stage (Controal-In) Operation

The control-in status stage starts with an OUT token from the host. The application receives 0-byte
data from the host, and ends control transfer.
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5. Status Stage (Control-Out)

USB function

IN token reception

Valid data

Interrupt request

Application

Clear EPOQi transfer

in EPOi FIFO?

0-byte transmission to host

ACK

A

Set EPOi transmission
complete flag
(IFRO.EPQi TS = 1)

Interrupt request

request flag
(IFRO.EPOi TR = 0)

:

Write 1 to EPOi packet
enable bit
(TRG.EPOi PKTE = 1)

v

Clear EPOI transmission

I

End of control transfer

» complete flag
(IFRO.EPOi TS = 0)

v

End of control transfer

The control-out status stage startswith an IN token from the host. When an IN-token isreceived at
the start of the status stage, thereisnot yet any datain the EPOi FIFO, and so an EPOi transfer
request interrupt is generated. The application recognizes from thisinterrupt that the status stage
has started. Next, in order to transmit O-byte data to the host, 1 iswritten to the EPOi packet enable
bit but no datais written to the EPOi FIFO. Asaresult, the next IN token causes 0-byte data to be

Figure 18.9 Status Stage (Control-Out) Operation

transmitted to the host, and control transfer ends.

After the application has finished all processing relaing to the data stage, 1 should be written to

the EPOi packet enable hit.
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18.4.4

EP1 Bulk-Out Transfer (Dual FIFOs)

USB function

_,l

OUT token reception

|._

Space
in EP1 FIFO?

Data reception from host |

ACK

A

Application

Set EP1 FIFO full status
(IFRO.EP1 FULL = 1)

Interrupt request

Read EP1 receive data
size register (EPSZ1)

]

v

Read data from EP1
data register (EPDR1)

v

Write 1 to EP1 read
complete bit
(TRG.EP1 RDFN = 1)

Both
EP1 FIFOs empty?

No Interrupt request

Clear EP1 FIFO full status

(IFRO.EP1 FULL = 0)

EP1 hastwo 64-byte FIFOs, but the user can receive data and read receive data without being
aware of this dua-FIFO configuration.

When one FIFO isfull after reception is completed, the EPIFULL bit in IFRO is set. After the first
receive operation into one of the FIFOs when both FIFOs are empty, the other FIFO is empty, and
so the next packet can be received immediately. When both FIFOs are full, NACK isreturned to
the host automatically. When reading of the receive data is completed following datareception, 1
iswritten to the EP1IRDFN hit in TRG. This operation empties the FIFO that has just been read,

Figure 18.10 EP1 Bulk-Out Transfer Operation

and makes it ready to receive the next packet.
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1845 EP2Bulk-In Transfer (Dual FIFOSs)

USB function Application
—>| IN token reception |4—
Valid data No Interrupt request Clear EP2 transfer
in EP2 FIFO? > request flag
NACK (IFRO.EP2 TR = 0)

Yes l

Enable EP2 FIFO
empty interrupt
(IER0.EP2 EMPTY = 1)

Data transmission to host

ACK

>

<

Set EP2 Interrupt
~ Space Yes empty status request | IER0.EP2 EMPTY
in EP2 FIFO? (IFRO.EP2 " interrupt
EMPTY = 1)
Y
Write one packet of data

Clear EP2 empty status to EP2 data register
(IFRO.EP2 EMPTY = 0) (EPDR2)

:

Write 1 to EP2 packet
enable bit
(TRG.EP2 PKTE = 1)

! !

Figure 18.11 EP2 Bulk-In Transfer Operation

EP2 has two 64-byte FIFOs, but the user can transmit data and write transmit data without being
aware of this dual-FIFO configuration. However, one datawrite is performed for one FIFO. For
example, even if both FIFOs are empty, it isnot possible to perform EP2PKTE a one time after
consecutively writing 128 bytes of data. EP2PKTE must be performed for each 64-byte write.

When performing bulk-in transfer, asthereisno valid datain the FIFOs on reception of the first
IN token, an EP2TR hit interrupt in IFRO isrequested. With thisinterrupt, 1 iswritten to the
EP2EMPTY bit in IERO, and the EP2 FIFO empty interrupt is enabled. At first, both EP2 FIFOs
are empty, and so an EP2 FIFO empty interrupt is generated immediately.

The data to be transmitted is written to the dataregister using thisinterrupt. After thefirst tranamit
data write for one FIFO, the other FIFO is empty, and so the next transmit data can be written to
the other FIFO immediately. When both FIFOs are full, EP2 EMPTY iscleared to O. If at least one
FIFO is empty, the EP2EMPTY hit in IFRO is set to 1. When ACK isreturned from the host after
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data transmission is completed, the FIFO used in the data transmission becomes empty. If the
other FIFO contains valid tranamit data at thistime, transmission can be continued.

When transmission of all data has been completed, write O to the EP2EMPTY bit in IERO and
disable interrupt requests.

18.4.6 EP3Interrupt-In Transfer

USB function Application

Is there data
for transmission
to host?2

Yes

No

> IN token reception <

Write data to EP3 data

register (EPDR3)
Valid data l
i ?
in EP3FIFO? NACK Write 1 to EP3 packet
enable bit
(TRG.EP3 PKTE =1)
Data transmission to host .
ACK ,4 _______________ .
Y A 4
Set EP3 transmission Interrupt request Clear EP3 transmission
complete flag > complete flag
(IFR1.EP3TS = 1) (IFR1.EP3 TS = 0)

Is there data
for transmission
to host?

No

Write data to EP3 data
register (EPDR3)

Write 1 to EP3 packet
enable bit
(TRG.EP3 PKTE = 1)

Note: This flowchart shows just one example of interrupt transfer processing. Other possibilities include an
operation flow in which, if there is data to be transferred, the EP3 DE bit in the data status register is
referenced to confirm that the FIFO is empty, and then data is written to the FIFO.

Figure 18.12 Operation of EP3 Interrupt-In Transfer
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18,5 Processing of USB Standard Commands and Class/Vendor
Commands
185.1 Processing of Commands Transmitted by Control Transfer

A command transmitted from the host by control transfer may require decoding and execution of
command processing on the application side. Whether command decoding is required on the
application sideisindicated in table 18.2 below.

Table18.2 Command Decoding on Application Side

Decoding not Necessary on Application Side  Decoding Necessary on Application Side

Clear Feature Get Descriptor

Get Configuration Class/Vendor command
Get Interface Set Descriptor

Get Status Sync Frame

Set Address

Set Configuration
Set Feature
Set Interface

If decoding isnot necessary on the application side, command decoding and data stage and status
stage processing are performed automatically. No processing is necessary by the user. An interrupt
isnot generated in this case.

If decoding isnecessary on the application side, this modul e sores the command in the EPOs
FIFO. After reception is completed successfully, the IFRO/SETUP TSflagis set and an interrupt
request is generated. In the interrupt routine, elght bytes of data must be read from the EPOs data
register (EPDROs) and decoded by firmware. The necessary data sage and status stage processing
should then be carried out according to the result of the decoding operation.
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18.6  Stall Operations

18.6.1 Overview

This section describes stall operations in this module. There are two cases in which the USB
function module tall function is used:

*  When the application forcibly stalls an endpoint for some reason

*  When astall is performed automatically within the USB function module dueto a USB
specification violation

The USB function module hasinterna status bits that hold the status (@l or non-stall) of each
endpoint. When atransaction is sent from the host, the module references these internal status bits
and determines whether to return a stall to the host. These bits cannot be cleared by the
application; they must be cleared with a Clear Feature command from the host.

18.6.2 Forcible Stall by Application

The application usesthe EPSTL register to issue a stall request for the USB function module.
When the application wishes to stall a specific endpoint, it sets the corresponding bit in EPSTL (1-
linfigure 18.13). Theinternal status bits are not changed at thistime. When atransaction is sent
from the host for the endpoint for which the EPSTL hit was set, the USB function module
references theinternal status bit, and if thisis not set, references the corresponding bit in EPSTL
(2-2in figure 18.13). If the corresponding bit in EPSTL is set, the USB function modul e sets the
interna satus bit and returns a stall handshake to the host (1-3in figure 18.13). If the
corresponding bit in EPSTL isnot set, theinternal status bit is not changed and the transaction is

accepted.

Once an internal status bit is s, it remains set until cleared by a Clear Feature command from the
host, without regard to the EPSTL register. Even after abit is cleared by the Clear Feature
command (3-1 in figure 18.13), the USB function modul e continues to return a stall handshake
while thebit in EPSTL is set, since the internd status bit is set each time a transaction is executed
for the corresponding endpoint (1-2 in figure 18.13). To clear astall, therefore, it isnecessary for
the corresponding bit in EPSTL to be cleared by the application, and also for theinternal status bit
to be cleared with a Clear Feature command (2-1, 2-2, and 2-3 in figure 18.13).
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(1) Transition from normal operation to stall

(-1
1. 1 written to EPSTL
<« YSB | | Internal status bit EPSTL ‘cati
< > 0 001 by application
(1-2)
_ Reference 1. INJOUT token
Transaction request Internal status bit . EPSTL received from host
0 " 1 2. EPSTL referenced

1-
() Stall 1. 1setin EPSTL
2. Internal status bit
STALL handshake Internal status bit | EPSTL set to 1
001 1 3. Transmission of

STALL handshake

To (2-1) or (3-1)

(2) When Clear Feature is sent after EPSTL is cleared
1. EPSTL cleared to 0
(2-1) by application

2. IN/OUT token

> Internal status bit EPSTL received from host

1 100 3. Internal status bit
already set to 1

4. EPSTL not
referenced

5. Internal status bit
not changed

Transaction request

(2-2)
STALL handshake Internal status bit EPSTL 1. Transmission of
< 1 0 STALL handshake
(2-3)
Clear Feature command o] Internal status bit EPSTL 1. Internal status bit
10 0 0 cleared to 0

Normal status restored

(3) When Clear Feature is sent before EPSTL is cleared to 0

3-1
(CI ) Feat d 1. Internal status bit
car reature command | | internal status bit EPSTL cleared to 0
10 0 1 2. EPSTL not changed
To (1-2)

Figure 18.13 Forcible Stall by Application
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18.6.3 Automatic Stall by USB Function Module

When a stall setting is made with the Set Feature command, or in the event of a USB specification
violation, the USB function modul e automatically sets the internal status bit for the rd evant
endpoint without regard to the EPSTL register, and returns a stall handshake (1-1 in figure 18.14).

Once an internal status bit is s, it remains set until cleared by a Clear Feature command from the
host, without regard to the EPSTL register. After abit is cleared by the Clear Feature command,
EPSTL isreferenced (3-1 in figure 18.14). The USB function modul e continuesto return a stall
handshake while the internal status bit is set, since the internal statusbit is set even if atransaction
is executed for the corresponding endpoint (2-1 and 2-2 in figure 18.14). To clear astall, therefore,
the internal status bit must be cleared with a Clear Feature command (3-1 in figure 18.14). If set
by the application, EPSTL should also be cleared (2-1 in figure 18.14).

(1) Transition from normal operation to stall

-1 1. In case of USB

STALL handshake ) specification
¢ Interngl stitus bit EPgTL violation, etc., USB

function module
stalls endpoint

To (2-1) or (3-1) automatically

(2) When transaction is performed when internal status bit is set, and Clear Feature is sent

(2-1) [1 EPSTL cleared to 0]
; by application
Transaction requL» Internal status bit EPSTL 2. ”\};/OPL?T token
1 0 received from host

3. Internal status bit
already set to 1
4. EPSTL not
referenced
5. Internal status bit
not changed
(2-2)

STALL handshake
«— ]

1. Transmission of
STALL handshake

Internal status bit EPSTL
1

Stall status maintained

(3) When Clear Feature is sent before transaction is performed

(3-1) 1. Internal status bit
Clear Feature command - cleared to 0
Internalftatus bit EPgTL 2. EPSTL not changed

Normal status restored

Figure 18.14 Automatic Stall by USB Function Module
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18.7 DMA Transfer

18.7.1 Overview

DMA transfer can be performed for endpoints 1 and 2 in this module. Note that word or longword
data cannot be transferred.

When endpoint 1 holds at least one byte of valid receive data, a DMA request for endpoint 1is
generated. When endpoint 2 holds no valid data, a DMA request for endpoint 2 is generated.

If the DMA transfer is enabled by setting the EPADMAE bit to 1 in the DMA transfer setting
register, zero-length data reception at endpoint 1 isignored. When the DMA transfer is enabled,
the RDFN hit for EP1 and PKTE bit for EP2 do not need to be set to 1 in TRG (note that the
PKTE bit must be set to 1 when the transfer data is|ess than the maximum number of bytes).
When all the datarecelved at EP1 isread, the FIFO automatically entersthe EMPTY gate. When
the maximum number of bytes (64 bytes) are written to the EP2 FIFO, the FIFO automatically
entersthe FULL state, and the data in the FIFO can be transmitted (see figures 18.15 and 18.16).

18.7.2 DMA Transfer for Endpoint 1

When the datareceived at EPL is transferred by the DMAC, the USB function module
automatically performs the same processing as writing 1 to the RDFN hit in TRG if the currently
selected FIFO becomes empty. Accordingly, in DMA transfer, do not write 1 to the RDFN bit in
TRG. If the user writes 1 to the RDFN hit in DMA transfer, correct operation cannot be
guaranteed.

Figure 18.15 shows an exampl e of receiving 150 bytes of data from the host. In this case, interna
processing which is the same aswriting 1 to the RDFN hit in TRG is automatically performed
threetimes. Thisinternal processing is performed when the currently selected data FIFO becomes
empty. Accordingly, this processing is automatically performed both when 64-byte datais sent
and when data less than 64 bytes is sent.

64 bytes 64 bytes 22 bytes
/ } /
RDFN RDFN RDFN
(Automatically (Automatically (Automatically
performed) performed) performed)

Figure 18.15 RDFN Bit Operation for EP1
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18.7.3 DMA Transfer for Endpoint 2

When the transmit dataat EP2 istransferred by the DMAC, the USB function module
automatically performs the same processing as writing 1 to the PKTE bit in TRG if the currently
selected FIFO (64 bytes) becomes full. Accordingly, to transfer data of a multiple of 64 bytes, the
user need not write 1 to the PKTE bit. To transfer data of |ess than 64 bytes, the user must write 1
to the PKTE bit using the DMA transfer end interrupt of the on-chip DMAC. If the user writes 1 to
the PKTE bit when the maximum number of bytes (64 bytes) are transferred, correct operation
cannot be guaranteed.

Figure 18.16 shows an example for transmitting 150 bytes of data to the host. In this case, internal
processing which isthe same aswriting 1 to the PKTE hit in TRG isautomatically performed
twice. Thisinternal processing is performed when the currently selected data FIFO becomes full.
Accordingly, this processing is automatically performed only when 64-byte datais sent.

When the last 22 bytes are sent, the internal processing for writing 1 to the PKTE bit isnot
performed, and the user must write 1 to the PKTE hit by software. In this case, the application has
no more data to transfer but the USB function module continues to output DMA requests for EP2
as long asthe FIFO has an empty space. When al data has been transferred, write 0 to the
EP2DMAE bitin DMAR to cancedl DMA requests for EP2.

64 bytes 64 bytes 22 bytes
] } ]
PKTE PKTE PKTE is
(Automatically (Automatically not performed

performed) performed)

Execute by DMA transfer
end interrupt (user)

Figure 18.16 PKTE Bit Operation for EP2
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18.8 Example of USB External Circuitry

1. USB Transceiver

A USB transceiver IC (such asa PDIUSBP11) should be connected externally when no
internal transceiver is used. The USB transceiver manufacturer should be consulted concerning
the recommended circuit from the USB transceiver to the USB connector, etc.

2. D+ Pull-Up Contral

In asystem where it is wished to disable USB host/hub connection notification (D+ pull-up)
(during high-priority processing or initiaization processing, for example), D+ pull-up should
be controlled using agenera output port. However, if a USB cable is already connected to the
host/hub and D+ pull-up is prohibited, D+ and D—will both go low (both of D+ and D— pulled
down on the host/hub side) and the USB module will mistakenly identify this as reception of a
USB bus reset from the host. Therefore, the D+ pull-up contral signal and VBUS pin input
signal should be controlled using a general output port and the USB cable VBUS (AND
circuit) as shown in figure 18.17. (The UDC core in this LSl maintains the powered state when
the VBUS pin islow, regardless of the D+/D- state.)

3. Detection of USB Cable Connection/Disconnection

As USB dtates, etc., are managed by hardware in this module, aVBUS signal that recognizes
connection/disconnection is necessary. The power supply signal (VBUS) inthe USB cableis
used for this purpose. However, if the cable is connected to the USB host/hub when the
function (system ingalling this LSI) power is off, avoltage (5 V) will be applied from the USB
host/hub. Therefore, an IC (such asan HD74LV 1G08A or 2G08A) that allows voltage
application when the system power is off should be connected externdly.
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This LSI

General output port, %
etc. IC allowing voltage
application when system
(LSI) power is off
USB module
3V

48 MHz

VBUS = uss
. connector
EXTAL USB IC allowing voltage
- application when system
(LSI) power is off
-l VBUS 5v
=3
D+
D+ vlvl'l .
D- vlvl'l
GND
USB
Note: Operation is not guaranteed with this sample circuit. cable

If external surge and ESD noise countermeasures are required for the system,
a protective diode or the noise canceler should be used for this purpose.

Figure 18.17 Example of USB Function Module External Circuitry

(Internal Transceiver)
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This LSI
General output port,

etc.
IC allowing voltage

application when system
|i (LSI) power is off
USB module

3V = USB
VBUS [« = connector
IC allowing voltage
application when system
(LSI) power is off VBUS
EXTAL_USB oM VBUS |
=3
48 MHz T SPEED
AL D+
TXENL \C/)l\ﬁo \> W
TXDMNS Viel . W D-
TXDPLS v GND
XVDATA |« q:‘ ,J,
USB
DPLS |¢ d‘ cable
DMNS ¢ VM i
SUSPND »|SUSPND

PDIUSBP11 etc

Note: Operation is not guaranteed with this sample circuit.
If external surge and ESD noise countermeasures are required for the system,
a protective diode or the noise canceler should be used for this purpose.

Figure 18.18 Example of USB Function Module External Circuitry
(External Transceiver)
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189 Usage Notes

18.9.1 Receiving Setup Data
Note the following for EPDROs that receives 8-byte setup data:

1. Asalatest setup command must be received in high priority, the write from the USB bus takes
priority over the read from the CPU. If the next setup command reception is started while the
CPU isreading data after the datais received, the read from the CPU isforcibly terminated.
Therefore, the dataread after reception is started becomes invalid.

2. EPDROs must always be read in 8-byte units. If theread isterminated at a midpoint, the data
received at the next setup cannot be read correctly.

18.9.2 Clearingthe FIFO

If aUSB cableis disconnected during data transfer, the data being received or transmitted may
remain in the FIFO. When disconnecting a USB cable, clear the FIFO.

While aFIFO istransferring data, it must not be cleared.

18.9.3 Overreading and Overwriting the Data Registers
Note the following when reading or writing to a data register of this module.
(1) Receive dataregisters

The recelve data registers must not be read exceeding the valid amount of recelve data, that is, the
number of bytes indicated by the receive data size register. Even for EPDR1 which has double
FIFO buffers, the maximum data to beread at onetime is 64 bytes. After the dataisread from the
current valid FIFO buffer, be sure to write 1 to EPIRDFN in TRG, which switches the valid
buffer, updates the receive data size to the new number of bytes, and enables the next data to be
received.

(2) Tranamit dataregisters

The transmit dataregisters must not be written to exceeding the maximum packet sze. Even for
EPDR2 which has double FIFO buffers, write data within the maximum packet size at onetime.
After the datais written, write 1 to PKTE in TRG to switch the valid buffer and enable the next
data to be written. Data must not be continuously written to the two FIFO buffers.
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18.94 Assigning Interrupt Sourcesto EPO

The EPO-related interrupt sources indicated by the interrupt source bits (bits 0 to 3) in IFRO must
be assigned to the same interrupt signa with I1SR0. The other interrupt sources have no limitations.

1895 Clearingthe FIFO when DMA Transfer Is Enabled

The endpoint 1 dataregister (EPDR1) cannot be cleared when DMA transfer for endpoint 1is
enabled (EP1 DMAE in DMAR = 1). Cance DMA transfer before clearing theregister.

18.9.6 Noteson TR Interrupt

Note the following when using the transfer request interrupt (TR interrupt) for IN transfer to EPOI,
EP2, or EP3.

The TR interrupt flag is set if the FIFO for the target EP has no data when the IN token is sent
from the USB host. However, at the timing shown in figure 18.19, multiple TR interrupts occur
successively. Take appropriate measures againgt malfunction in such a case.

Note:  This module determines whether to return NAK if the FIFO of the target EP has no data
when receiving the IN token, but the TR interrupt flag is set only after a NAK handshake
issent. If thenext IN token is sent before PKTE of TRG iswritten to, the TR interrupt flag
isset again.

TR interrupt routine TR |nterrupt routine
CIear Writes TRG.
CPU TR flag transmit data PKTE

Determines whether
to return NAK

Transmits data
ACK
Sets TR flag Sets TR flag

(Sets the flag again)

Determines whether
to return NAK

Figure18.19 TR Interrupt Flag Set Timing
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Section 19 Pin Function Controller

19.1 Overview

The pin function controller (PFC) consists of registersto select the pin functionsand 1/0
directions of multiplex pins. Pin functions and 1/0O directions can be individually sel ected for every
pin regardless of the LS| operating mode. Table 19.1 liststhe multiplex pins of thisLSl.

Table19.1 Multiplex Pins

Port Port Function (Related Module) Other Functions (Related Module)

PTA7 input/output (port)/PINT7 input (INTC)

D23 input/output (BSC)

PTAG input/output (port)/PINT6 input (INTC)

D22 input/output (BSC)

PTAS input/output (port)/PINTS5 input (INTC)

D21 input/output (BSC)

PTA4 input/output (port)/PINT4 input (INTC)

D20 input/output (BSC)

PTA3 input/output (port)/PINT3 input (INTC)

D19 input/output (BSC)

PTAZ2 input/output (port)/PINT2 input (INTC)

D18 input/output (BSC)

PTAL input/output (port)/PINT1 input (INTC)

D17 input/output (BSC)

PTAO input/output (port)/PINTO input (INTC)

D16 input/output (BSC)

PTB7 input/output (port)/PINT15 input (INTC)

D31 input/output (BSC)

PTB6 input/output (port)/PINT14 input (INTC)

D30 input/output (BSC)

PTBS5 input/output (port)/PINT13 input (INTC)

D29 input/output (BSC)

PTB4 input/output (port)/PINT12 input (INTC)

D28 input/output (BSC)

PTB3 input/output (port)/PINT11 input (INTC)

D27 input/output (BSC)

PTB2 input/output (port)/PINT10 input (INTC)

D26 input/output (BSC)

PTB1 input/output (port)/PINT9 input (INTC)

D25 input/output (BSC)

PTBO input/output (port)/PINT8 input (INTC)

D24 input/output (BSC)

PTC7 input/output (port)

CS6A output (BSC)

PTC6 input/output (port)

CS5A output (BSC)

PTCS5 input/output (port)

CS4 output (BSC)

PTC4 input/output (port)

PTC3 input/output (port)

OO0 0[0|0|W| W W T T B T > > > > > > >

PTC2 input/output (port)

WES output (BSC)/DQMUU output (BSC)/

AH output (BSC)

@]

PTC1 input/output (port)

WEZ2 output (BSC)/DQMUL output (BSC)

PTCO input/output (port)

BS output (BSC)
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Port

Port Function (Related Module)

Other Functions (Related Module)

PTD7 input/output (port)

CS6B output (BSC)

PTD6 input/output (port)

CS5B output (BSC)

PTD5 input (port)

NF*?

PTD4 input/output (port)

CKE output (BSC)

PTD3 input/output (port)

CASU output (BSC)

PTD2 input/output (port)

CASL output (BSC)

PTD1 input/output (port)

RASU output (BSC)

PTDO input/output (port)

RASL output (BSC)

PTE7 input/output (port)

O

PTES® input/output (port)

TCLK input (TMU)

PTES input/output (port)

STATUSL output (CPG)/CTSO input (SCIF0)

PTE4 input/output (port)

STATUSO output (CPG)/RTSO0 output (SCIFO)

PTE3 input/output (port)

TENDO output (DMAC)

PTEZ2 input/output (port)

IRQ5 input (INTC)

PTE1 input/output (port)

DACK1 output (DMAC)

PTEO input/output (port)

DACKO output (DMAC)

PTF7 input/output (port)

ASEMDO input

PTF6 input/output (port)

ASEBRKAK output

PTF5 input/output (port)

TDO output (UDI)

PTF4 input/output (port)

AUDSYNC output (AUD)

PTF3 input/output (port)

AUDATAS output (AUD)/TO3 output (TPU)

PTF2 input/output (port)

AUDATA2 output (AUD)/TO2 output (TPU)

PTF1 input/output (port)

AUDATAL1 output (AUD)/TO1 output (TPU)

PTFO input/output (port)

AUDATAQO output (AUD)/TOO0 output (TPU)

PTG7 input/output (port)

WAIT input (BSC)

PTG6 input/output (port)

BREQ input (BSC)

PTGS5 input/output (port)

BACK output (BSC)

PTG4 input/output (port)

AUDCK output (AUD)

PTG3 input/output (port)

TRST input (UDI)

PTG2 input/output (port)

TMS input (UDI)

PTG1 input/output (port)

TCK input (UDI)

QlOo|lo|lo|lolololeomM|M|M|M|M|M{M M mMmmMmmMm MMM M M| O|lO|O|lOo|O|O| O

PTGO input/output (port)

TDI input (UDI)
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Port

Port Function (Related Module)

Other Functions (Related Module)

PTH6 input/output (port)

DREQ1 input (DMAC)

PTHS5 input/output (port)

DREQO input (DMAC)

PTH4 input/output (port)

IRQ4 input (INTC)

PTH3 input/output (port)

IRQ3 input (INTC)/IRL3 input (INTC)

PTH2 input/output (port)

IRQ2 input (INTC)/IRL2 input (INTC)

PTH1 input/output (port)

IRQ1 input (INTC)/IRL1 input (INTC)

PTHO input/output (port)

IRQO input (INTC)/IRLO input (INTC)

PTJ7 output (port) NF*!
PTJ6 output (port) NF*!
PTJ5 output (port) NF*!
PTJ4 output (port) NF*!
PTJ3 output (port) NF*!
PTJ2 output (port) NF*!
PTJ1 output (port) NF*!
PTJO output (port) NF*!
PTK7 input/output (port) A25 output (BSC)
PTK®6 input/output (port) A24 output (BSC)

PTKS5 input/output (port)

A23 output (BSC)

PTK4 input/output (port)

A22 output (BSC)

PTK3 input/output (port)

A21 output (BSC)

PTK2 input/output (port)

A20 output (BSC)

PTK1 input/output (port)

A19 output (BSC)

PTKO input/output (port)

A0 output (BSC)

PTL3 input (port)

AN3 input (ADC)

PTL2 input (port)

AN2 input (ADC)

PTL1 input (port)

AN1 input (ADC)

PTLO input (port)

ANO input (ADC)

PTM6 input/output (port)

VBUS input (USB)

PTM4 input (port)

NF*?

PTM3 input/output (port)

PTM2 input/output (port)

PTM1 input/output (port)

I |2 |2 || A|A AR R IR IARIARIARIARIAR|IANR|C|@|v|@|v|@w|l@ @l T|ITD|Z|XT|T|XT| I

PTMO input/output (port)

o o |
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Port Port Function (Related Module) Other Functions (Related Module)
N PTN7 input/output (port) ad

N PTNG6 input/output (port) DPLS input (USB)

N PTNS5 input/output (port) DMNS input (USB)

N PTN4 input/output (port) TXDPLS output (USB)

N PTN3 input/output (port) TXDMNS output (USB)

N PTN2 input/output (port) XVDATA input (USB)

N PTN1 input/output (port) TXENL output (USB)

N PTNO input/output (port) SUSPND output (USB)

SCPT SCPT5 input/output (port) CTS2 input (SCIF2)

SCPT SCPT4 input/output (port) RTS2 output (SCIF2)

SCPT SCPT3 input/output (port) SCK2 input/output (SCIF2)

SCPT SCPT2 input (port)*? RXD2 input (SCIF2)

SCPT SCPT2 output (port)*? TXD2 output (SCIF2)

SCPT SCPT1 input/output (port) SCKO input/output (SCIFO0)

SCPT SCPTO input (port)*? RXDO input (SCIFQ)/IrRX input (IrDA)
SCPT SCPTO output (port)*? TXDO output (SCIFQ)/IrTX output (IrDA)

Notes: 1. The initial functions of NF (No Function) pins are not assigned after power-on reset.

Specifies the functions with Pin Function Controller (PFC).

PTD5 and PTM4 must be pulled up.

PTJ[7:0] must be open except for the pins specified as port output pins.

The values of PTJ6, PTJ1, and PTJO differ during power-on reset and after the power-
on reset state is released. They conform to the port J data register value after being
switched to port status by the pin function controller (PFC).

After Power-On Reset Release

During Power-On Reset PTD5/NF =1 PTD5/NF =0
PTJ6/NF 1 0 1
PTJ1/NF 1 1 0
PTJO/NF 1 0 1

. SCPTO and SCPT2 each have two separate pins for input and output, however, a

common data register is accessed.

Intable 19.1, pin functionsin the shaded column can be used immediately after a power-on reset.
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19.2

Register Descriptions

The PFC hasthe following registers. For details on register addresses and access sizes, see section
24, List of Registers.

Port A control register (PACR)
Port B contral register (PBCR)
Port C contral register (PCCR)
Port D control register (PDCR)
Port E control register (PECR)
Port E control register 2 (PECR2)
Port F control register (PFCR)
Port F control register 2 (PFCR2)
Port G control register (PGCR)
Port H control register (PHCR)
Port J control regiser (PICR)
Port K control register (PKCR)
Port L control register (PLCR)
Port M control register (PMCR)
Port N control register (PNCR)
Port N control register 2 (PNCR2)
Port SC control register (SCPCR)

RENESAS
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19.21

PACR is a 16-hit readable/writable register that selects the pin function and input pull-up MOS

Port A Control Register (PACR)

control.
Bit Initial
Bit Name Value R/W Description
15 PA7TMD1 O R/W PTA7 Mode
14 PA7TMDO O R/W 00: Other functions (see table 19.1)
01: Port output
10: Port input (pull-up MOS: On)
11: Port input (pull-up MOS: Off)
13 PA6MD1 O R/W PTA6 Mode
12 PA6MDO O R/W 00: Other functions (see table 19.1)
01: Port output
10: Port input (pull-up MOS: On)
11: Port input (pull-up MOS: Off)
11 PASMD1 O R/W PTA5 Mode
10 PASMDO O R/W 00: Other functions (see table 19.1)
01: Port output
10: Port input (pull-up MOS: On)
11: Port input (pull-up MOS: Off)
9 PAAMD1 O R/W PTA4 Mode
8 PAAMDO O R/W 00: Other functions (see table 19.1)
01: Port output
10: Port input (pull-up MOS: On)
11: Port input (pull-up MOS: Off)
PA3SMD1 O R/W PTA3 Mode
PA3MDO O R/W 00: Other functions (see table 19.1)

01: Port output
10: Port input (pull-up MOS: On)
11: Port input (pull-up MOS: Off)
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Bit Initial
Bit Name Value R/W Description
5 PA2MD1 O R/W PTA2 Mode
4 PA2MDO O R/W 00: Other functions (see table 19.1)
01: Port output
10: Port input (pull-up MOS: On)
11: Port input (pull-up MOS: Off)
PA1IMD1 R/W PTA1 Mode
PA1MDO R/W 00: Other functions (see table 19.1)
01: Port output
10: Port input (pull-up MOS: On)
11: Port input (pull-up MOS: Off)
PAOMD1 R/W PTAO Mode
0 PAOMDO R/W 00: Other functions (see table 19.1)
01: Port output
10: Port input (pull-up MOS: On)
11: Port input (pull-up MOS: Off)
19.22 Port B Control Register (PBCR)

PBCR is a 16-hit readable/writable register that sdlects the pin function and input pull-up MOS

control.
Bit Initial

Bit Name Value R/W Description

15 PB7TMD1 O R/W PTB7 Mode

14 PB7MDO O R/W 00: Other functions (see table 19.1)
01: Port output
10: Port input (pull-up MOS: On)
11: Port input (pull-up MOS: Off)

13 PB6MD1 R/W PTB6 Mode

12 PB6MDO R/W 00: Other functions (see table 19.1)

01: Port output
10: Port input (pull-up MOS: On)
11: Port input (pull-up MOS: Off)
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Bit Initial

Bit Name Value R/W Description
11 PB5MD1 O R/W PTB5 Mode
10 PB5SMDO O R/W 00: Other functions (see table 19.1)
01: Port output
10: Port input (pull-up MOS: On)
11: Port input (pull-up MOS: Off)
PB4MD1 O R/W PTB4 Mode
PB4AMDO O R/W 00: Other functions (see table 19.1)
01: Port output
10: Port input (pull-up MOS: On)
11: Port input (pull-up MOS: Off)
PB3MD1 O R/W PTB3 Mode
PB3MDO O R/W 00: Other functions (see table 19.1)
01: Port output
10: Port input (pull-up MOS: On)
11: Port input (pull-up MOS: Off)
5 PB2MD1 O R/W PTB2 Mode
PB2MDO O R/W 00: Other functions (see table 19.1)
01: Port output
10: Port input (pull-up MOS: On)
11: Port input (pull-up MOS: Off)
PB1IMD1 O R/W PTB1 Mode
PBIMDO O R/W 00: Other functions (see table 19.1)
01: Port output
10: Port input (pull-up MOS: On)
11: Port input (pull-up MOS: Off)
PBOMD1 O R/W PTBO Mode
PBOMDO O R/W 00: Other functions (see table 19.1)

01: Port output
10: Port input (pull-up MOS: On)
11: Port input (pull-up MOS: Off)
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19.2.3

PCCR is a 16-hit readable/writable register that sdlects the pin function and input pull-up MOS

Port C Control Register (PCCR)

control.
Bit Initial
Bit Name Value R/W Description
15 PC7MD1 1 R/W PTC7 Mode
14 PC7MDO 1 R/W 00: Other functions (see table 19.1)
01: Port output
10: Port input (pull-up MOS: On)
11: Port input (pull-up MOS: Off)
13 PC6MD1 R/W PTC6 Mode
12 PC6MDO R/W 00: Other functions (see table 19.1)
01: Port output
10: Port input (pull-up MOS: On)
11: Port input (pull-up MOS: Off)
11 PC5MD1 R/W PTC5 Mode
10 PC5MDO R/W 00: Other functions (see table 19.1)
01: Port output
10: Port input (pull-up MOS: On)
11: Port input (pull-up MOS: Off)
9 PC4MD1 O R/W PTC4 Mode
8 PC4MDO O R/W 00: Other functions (see table 19.1)
01: Port output
10: Port input (pull-up MOS: On)
11: Port input (pull-up MOS: Off)
PC3MD1 R/W PTC3 Mode
PC3MDO R/W 00: Other functions (see table 19.1)

01: Port output
10: Port input (pull-up MOS: On)
11: Port input (pull-up MOS: Off)
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Bit Initial

Bit Name Value R/W  Description
5 PC2MD1 O R/W  PTC2 Mode
4 PC2MDO O R/W  00: Other functions (see table 19.1)
01: Port output
10: Port input (pull-up MOS: On)
11: Port input (pull-up MOS: Off)
PC1MD1 R/W  PTC1 Mode
PC1MDO R/W  00: Other functions (see table 19.1)
01: Port output
10: Port input (pull-up MOS: On)
11: Port input (pull-up MOS: Off)
PCOMD1 R/W  PTCO Mode
0 PCOMDO R/W  00: Other functions (see table 19.1)

01: Port output
10: Port input (pull-up MOS: On)
11: Port input (pull-up MOS: Off)
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19.24

Port D Control Register (PDCR)

PDCR is a 16-hit readable/writable register that selects the pin function and input pull-up MOS

control.
Bit Initial
Bit Name Value R/W  Description
15 PD7MD1 1 R/W  PTD7 Mode
14 PD7MDO 1 R/W  00: Other functions (see table 19.1)
01: Port output
10: Port input (pull-up MOS: On)
11: Port input (pull-up MOS: Off)
13 PD6MD1 R/W  PTD6 Mode
12 PD6MDO R/W  00: Other functions (see table 19.1)
01: Port output
10: Port input (pull-up MOS: On)
11: Port input (pull-up MOS: Off)
11 PD5MD1 R/W  PTD5 Mode
10 PD5MDO R/W  00: NF
01: Setting prohibited
10: Port input (pull-up MOS: On)
11: Port input (pull-up MOS: Off)
9 PD4MD1 O R/W  PTD4 Mode
8 PD4AMDO O R/W  00: Other functions (see table 19.1)
01: Port output
10: Port input (pull-up MOS: On)
11: Port input (pull-up MOS: Off)
PD3MD1 1 R/W  PTD3 Mode
PD3MDO 1 R/W  00: Other functions (see table 19.1)

01: Port output

10: Port input (pull-up MOS: On)
11: Port input (pull-up MOS: Off)

RENESAS
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Bit Initial

Bit Name Value R/W  Description
5 PD2MD1 O R/W  PTD2 Mode
4 PD2MDO O R/W  00: Other functions (see table 19.1)
01: Port output
10: Port input (pull-up MOS: On)
11: Port input (pull-up MOS: Off)
PD1MD1 R/W  PTD1 Mode
PDIMDO 1 R/W  00: Other functions (see table 19.1)
01: Port output
10: Port input (pull-up MOS: On)
11: Port input (pull-up MOS: Off)
PDOMD1 R/W  PTDO Mode
0 PDOMDO R/W  00: Other functions (see table 19.1)

01: Port output
10: Port input (pull-up MOS: On)
11: Port input (pull-up MOS: Off)
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19.25

PECR isa 16-hit readabl e/writable register that selects the pin function and input pull-up MOS

Port E Control Register (PECR)

control.
Bit Initial
Bit Name Value R/W Description
15 PE7MD1 1 R/W PTE7 Mode
14 PE7MDO O R/W 00: Setting prohibited
01: Port output
10: Port input (pull-up MOS: On)
11: Port input (pull-up MOS: Off)
13 PE6MD1 R/W PTE6 Mode
12 PEEMDO O R/W 00: Other functions (see table 19.1)
01: Port output
10: Port input (pull-up MOS: On)
11: Port input (pull-up MOS: Off)
11 PE5MD1 R/W PTE5 Mode
10 PE5SMDO R/W 00: Other functions (see table 19.1)
01: Port output
10: Port input (pull-up MOS: On)
11: Port input (pull-up MOS: Off)
9 PE4AMD1 O R/W PTE4 Mode
8 PEAMDO O R/W 00: Other functions (see table 19.1)
01: Port output
10: Port input (pull-up MOS: On)
11: Port input (pull-up MOS: Off)
PE3MD1 R/W PTE3 Mode
PE3MDO O R/W 00: Other functions (see table 19.1)
01: Port output
10: Port input (pull-up MOS: On)
11: Port input (pull-up MOS: Off)
PE2MD1 1 R/W PTE2 Mode
PE2MDO R/W 00: Other functions (see table 19.1)

01: Port output
10: Port input (pull-up MOS: On)
11: Port input (pull-up MOS: Off)
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Bit Initial

Bit Name Value R/W Description

3 PEIMD1 1 R/W PTE1 Mode

2 PEIMDO O R/W 00: Other functions (see table 19.1)
01: Port output
10: Port input (pull-up MOS: On)
11: Port input (pull-up MOS: Off)

PEOMD1 R/W PTEO Mode

0 PEOMDO O R/W 00: Other functions (see table 19.1)
01: Port output
10: Port input (pull-up MOS: On)
11: Port input (pull-up MOS: Off)

19.26 Port E Control Register 2 (PECR?2)

PECR2 isan 8-hit readable/writable register that sel ects the pin function.

Bit Name Initial
Bit Value R/W

Description

7,6 — 0 R

Reserved

These bits are always read as 0. The write value should
always be 0.

5 PESMD2 O R/W

PE5 Mode 2

This bit is valid when the PESMD[1:0] bits in PECR are set
to B'00 (other functions).

0: STATUSL (CPG)
1: CTS0 (SCIF0)

4 PE4AMD2 O R/W

PE4 Mode 2

This bit is valid when the PE4MD[1:0] bits in PECR are set
to B'00 (other functions).

0: STATUSO (CPG)
1: RTS0 (SCIF0)

3to0 — 0 R

Reserved

These bits are always read as 0. The write value should
always be 0.
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19.2.7

PFCR is a 16-bit readable/writable register that selects the pin function and input pull-up MOS

Port F Control Register (PFCR)

control.
Bit Initial
Bit Name Value R/W Description
15 PF7MD1 O R/W PTF7 Mode
14  PF7MDO O R/W  00: Other functions*? (see table 19.1)
01: Port output
10: Port input (pull-up MOS: On)
11: Port input (pull-up MOS: Off)
13 PF6MD1 1** RW  PTF6 Mode
12 PF6MDO R/W 00: Other functions (see table 19.1)
01: Port output
10: Port input (pull-up MOS: On)
11: Port input (pull-up MOS: Off)
11 PF5MD1 R/W PTF5 Mode
10 PF5MDO R/W 00: Other functions (see table 19.1)
01: Port output
10: Port input (pull-up MOS: On)
11: Port input (pull-up MOS: Off)
9 PF4MD1 1** R/W PTF4 Mode
8 PF4MDO R/W 00: Other functions (see table 19.1)
01: Port output
10: Port input (pull-up MOS: On)
11: Port input (pull-up MOS: Off)
PF3MD1 1** RW  PTF3 Mode
PF3MDO R/W 00: Other functions (see table 19.1)
01: Port output
10: Port input (pull-up MOS: On)
11: Port input (pull-up MOS: Off)
PF2MD1  1** RW  PTF2 Mode
PF2MDO R/W 00: Other functions (see table 19.1)

01: Port output
10: Port input (pull-up MOS: On)
11: Port input (pull-up MOS: Off)
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Bit Initial
Bit Name Value R/W Description
3 PFIMD1  1*! R/W PTF1 Mode
2 PF1IMDO O R/W 00: Other functions (see table 19.1)
01: Port output
10: Port input (pull-up MOS: On)
11: Port input (pull-up MOS: Off)
PFOMD1  1** RW  PTFO Mode
0 PFOMDO O R/W 00: Other functions (see table 19.1)

01: Port output
10: Port input (pull-up MOS: On)
11: Port input (pull-up MOS: Off)

Notes: 1. Indicates the initial value when ASEMDO = 1. When ASEMDO = 0, the relevant bit
becomes 0, and other functions is selected.

2. Pull-up MOS on.

19.28 Port F Control Register 2 (PFCR2)

PFCR2 is an 8-hit readable/writable register that selects the pin function.

Bit Initial

Bit Name Value R/W Description

7t04 — 0 R Reserved
These bits are always read as 0. The write value should
always be 0.

3 PF3MD2 O R/W PTF3 Mode 2
This bit is valid when the PF3MD[1:0] bits in PFCR are set
to B'00 (other functions).
0: AUDATA3 (AUD)
1: TO3 (TPU)

2 PF2MD2 O R/W PTF2 Mode 2

This bit is valid when the PF2MD[1:0] bits in PFCR are set
to B'00 (other functions).

0: AUDATA2 (AUD)
1: TO2 (TPU)
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Bit Initial
Bit Name Value R/W Description

1 PF1IMD2 O R/W PTF1 Mode 2

This bit is valid when the PF1MD[1:0] bits in PFCR are set to
B'00 (other functions).

0: AUDATAL (AUD)
1: TO1 (TPU)

0 PFOMD2 O R/W PTFO Mode 2

This bit is valid when the PFOMD[1:0] bits in PFCR are set to
B'00 (other functions).

0: AUDATAO (AUD)
1: TOO (TPU)

19.29 Port G Control Register (PGCR)

PGCR is a 16-hit readable/writable register that selects the pin function and input pull-up MOS
control.

Bit Initial

Bit Name Value R/W Description

15 PG7MD1 O R/W PTG7 Mode

14 PG7MDO O R/W 00: Other functions (see table 19.1)
01: Port output
10: Port input (pull-up MOS: On)
11: Port input (pull-up MOS: Off)

13 PG6MD1 O R/W PTG6 Mode

12 PG6MDO O R/W 00: Other functions (see table 19.1)
01: Port output
10: Port input (pull-up MOS: On)
11: Port input (pull-up MOS: Off)

11 PG5MD1 O R/W PTG5 Mode

10 PG5MDO 0 R/W 00: Other functions (see table 19.1)

01: Port output
10: Port input (pull-up MOS: On)
11: Port input (pull-up MOS: Off)

Rev. 2.00, 09/03, page 491 of 690
RENESAS



Bit Initial

Bit Name Value R/W Description
9 PG4AMD1 1** RW  PTG4 Mode
8 PG4MDO O R/W 00: Other functions (see table 19.1)

01: Port output
10: Port input (pull-up MOS: On)
11: Port input (pull-up MOS: Off)

PG3MD1 O R/W PTG3 Mode

PG3MDO O R/W  00: Other functions*? (see table 19.1)
01: Port output
10: Port input (pull-up MOS: On)
11: Port input (pull-up MOS: Off)

5 PG2MD1 O R/W PTG2 Mode
PG2MDO O R/W  00: Other functions*? (see table 19.1)
01: Port output
10: Port input (pull-up MOS: On)
11: Port input (pull-up MOS: Off)

PGIMD1 O R/W PTG1 Mode
2 PGIMDO O R/W  00: Other functions*? (see table 19.1)
01: Port output
10: Port input (pull-up MOS: On)
11: Port input (pull-up MOS: Off)

PGOMD1 O R/W PTGO Mode

PGOMDO 0 R/W  00: Other functions*? (see table 19.1)
01: Port output
10: Port input (pull-up MOS: On)
11: Port input (pull-up MOS: Off)

Notes: 1. Indicates the initial value when ASEMDO = 1. When ASEMDO = 0, the relevant bit
becomes 0, and other functions is selected.

2. Pull-up MOS on.
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19.2.10 Port H Control Register (PHCR)

PHCR is a 16-bit readable/writable register that selects the pin function and input pull-up MOS
control.

Bit Initial
Bit Name Value R/W Description
15,14 — 0 R Reserved
These bits are always read as 0. The write value should
always be 0.
13 PH6MD1 1 R/W PTH6 Mode
12 PH6MDO 1 R/W 00: Other functions (see table 19.1)
01: Port output
10: Port input (pull-up MOS: On)
11: Port input (pull-up MOS: Off)
11 PH5MD1 1 R/W PTH5 Mode
10 PH5MDO 1 R/W 00: Other functions (see table 19.1)
01: Port output
10: Port input (pull-up MOS: On)
11: Port input (pull-up MOS: Off)
PH4MD1 O R/W PTH4 Mode
PH4MDO O R/W 00: Other functions (see table 19.1)
01: Port output
10: Port input (pull-up MOS: On)
11: Port input (pull-up MOS: Off)
PH3MD1 O R/W PTH3 Mode
PH3MDO 0 R/W 00: Other functions (see table 19.1)
01: Port output
10: Port input (pull-up MOS: On)
11: Port input (pull-up MOS: Off)
PH2MD1 O R/W PTH2 Mode
PH2MDO 0 R/W 00: Other functions (see table 19.1)

01: Port output
10: Port input (pull-up MOS: On)
11: Port input (pull-up MOS: Off)
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Bit Initial

Bit Name Value R/W Description

3 PH1IMD1 O R/W PTH1 Mode

2 PHIMDO O R/W 00: Other functions (see table 19.1)
01: Port output
10: Port input (pull-up MOS: On)
11: Port input (pull-up MOS: Off)

PHOMD1 O R/W PTHO Mode
0 PHOMDO O R/W 00: Other functions (see table 19.1)

01: Port output
10: Port input (pull-up MOS: On)
11: Port input (pull-up MOS: Off)

19.2.11 Port J Control Register (PJCR)

PJICR is a 16-hit readable/writable register that selects the pin function.

Bit Initial
Bit Name Value R/W Description
15 PJ7MD1 O R/W PTJ7 Mode
14 PJ7MDO O R/W 00: NF
01: Port output
10: Setting prohibited
11: Setting prohibited
13 PJ6MD1 O R/W PTJ6 Mode
12 PJ6MDO O R/W 00: NF
01: Port output
10: Setting prohibited
11: Setting prohibited
11 PJ5MD1 O R/W PTJ5 Mode
10 PJSMDO O R/W 00: NF

01: Port output
10: Setting prohibited
11: Setting prohibited
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Bit Initial
Bit Name Value R/W Description
9 PJAMD1 O R/W PTJ4 Mode
8 PJAMDO O R/W 00: NF
01: Port output
10: Setting prohibited
11: Setting prohibited
PJ3MD1 R/W PTJ3 Mode
PJ3MDO R/W 00: NF
01: Port output
10: Setting prohibited
11: Setting prohibited
5 PJ2MD1 R/W PTJ2 Mode
PJ2MDO R/W 00: NF
01: Port output
10: Setting prohibited
11: Setting prohibited
PJIMD1 O R/W PTJ1 Mode
2 PJIMDO O R/W 00: NF
01: Port output
10: Setting prohibited
11: Setting prohibited
PJOMD1 R/W PTJO Mode
PJOMDO R/W 00: NF

01: Port output
10: Setting prohibited
11: Setting prohibited

RENESAS

Rev. 2.00, 09/03, page 495 of 690



19.2.12 Port K Control Register (PKCR)

PKCR is a 16-hit readable/writable register that selects the pin function and input pull-up MOS

control.
Bit Initial
Bit Name Value R/W Description
15 PK7MD1 0 R/W PTK7 Mode
14 PK7MDO O R/W 00: Other functions (see table 19.1)
01: Port output
10: Port input (pull-up MOS: On)
11: Port input (pull-up MOS: Off)
13 PK6MD1 0 R/W PTK6 Mode
12 PKEMDO O R/W 00: Other functions (see table 19.1)
01: Port output
10: Port input (pull-up MOS: On)
11: Port input (pull-up MOS: Off)
11 PK5MD1 0 R/W PTK5 Mode
10 PKSEMDO O R/W 00: Other functions (see table 19.1)
01: Port output
10: Port input (pull-up MOS: On)
11: Port input (pull-up MOS: Off)
9 PK4MD1 0 R/W PTK4 Mode
8 PKAMDO O R/W 00: Other functions (see table 19.1)
01: Port output
10: Port input (pull-up MOS: On)
11: Port input (pull-up MOS: Off)
PK3MD1 0 R/W PTK3 Mode
PK3MDO O R/W 00: Other functions (see table 19.1)
01: Port output
10: Port input (pull-up MOS: On)
11: Port input (pull-up MOS: Off)
PK2MD1 0 R/W PTK2 Mode
PK2MDO O R/W 00: Other functions (see table 19.1)

01: Port output
10: Port input (pull-up MOS: On)
11: Port input (pull-up MOS: Off)
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Bit Initial
Bit Name Value R/W Description
3 PK1MD1 0 R/W PTK1 Mode
2 PKIMDO O R/W 00: Other functions (see table 19.1)
01: Port output
10: Port input (pull-up MOS: On)
11: Port input (pull-up MOS: Off)
PKOMD1 R/W PTKO Mode
0 PKOMDO R/W 00: Other functions (see table 19.1)

01: Port output
10: Port input (pull-up MOS: On)
11: Port input (pull-up MOS: Off)
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19.2.13 Port L Control Register (PLCR)

PLCR isa 16-hit readable/writable register that selects the pin function.

Bit Initial
Bit Name Value R/W  Description
15to8 — 0 R Reserved
These bits are always read as 0. The write value should
always be 0.
7 PL3MD1 O R/W PTL3 Mode
PL3MDO O R/W  00: Other functions (see table 19.1)
01: Setting prohibited
10: Setting prohibited
11: Port input (pull-up MOS: Off)
PL2MD1 O R/W PTL2 Mode
PL2MDO O R/W  00: Other functions (see table 19.1)
01: Setting prohibited
10: Setting prohibited
11: Port input (pull-up MOS: Off)
PLIMD1 O R/W PTL1 Mode
PLIMDO O R/W  00: Other functions (see table 19.1)
01: Setting prohibited
10: Setting prohibited
11: Port input (pull-up MOS: Off)
PLOMD1 O R/W PTLO Mode
PLOMDO O R/W  00: Other functions (see table 19.1)

01: Setting prohibited
10: Setting prohibited
11: Port input (pull-up MOS: Off)
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19.2.14 Port M Control Register (PMCR)

PMCR isa16-hit readable/writable register that selects the pin function and input pull-up MOS
control.

Bit Initial
Bit Name Value R/W Description
15,14 — 0 R Reserved
These bits are always read as 0. The write value should
always be 0.
13 PM6MD1 1 R/W PTM6 Mode
12 PM6MDO 0 R/W 00: Other functions (see table 19.1)
01: Port output
10: Port input (pull-up MOS: On)
11: Port input (pull-up MOS: Off)
11,10 — 0 R Reserved
These bits are always read as 0. The write value should
always be 0.
PM4MD1 O R/W PTM4 Mode
PM4MDO O R/W 00: NF
01: Setting prohibited
10: Port input (pull-up MOS: On)
11: Port input (pull-up MOS: Off)
PM3MD1 1 R/W PTM3 Mode
PM3MDO 0 R/W 00: Setting prohibited
01: Port output
10: Port input (pull-up MOS: On)
11: Port input (pull-up MOS: Off)
5 PM2MD1 1 R/W PTM2 Mode
PM2MDO 0 R/W 00: Setting prohibited

01: Port output
10: Port input (pull-up MOS: On)
11: Port input (pull-up MOS: Off)
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Bit Initial

Bit Name Value R/W Description
3 PMIMD1 1 R/W PTM1 Mode
2 PM1IMDO O R/W 00: Setting prohibited

01: Port output
10: Port input (pull-up MOS: On)
11: Port input (pull-up MOS: Off)

PMOMD1 1 R/W PTMO Mode
0 PMOMDO O R/W 00: Setting prohibited
01: Port output
10: Port input (pull-up MOS: On)
11: Port input (pull-up MOS: Off)

19.2.15 Port N Control Register (PNCR)

PNCR is a 16-bit readable/writable register that selects the pin function and input pull-up MOS
control.

Bit Initial

Bit Name Value R/W Description

15 PN7MD1 1 R/W PTN7 Mode

14 PN7MDO O R/W 00: Setting prohibited
01: Port output
10: Port input (pull-up MOS: On)
11: Port input (pull-up MOS: Off)

13 PN6MD1 1 R/W PTN6 Mode

12 PN6MDO O R/W 00: Other functions (see table 19.1)
01: Port output
10: Port input (pull-up MOS: On)
11: Port input (pull-up MOS: Off)

11 PNSMD1 1 R/W PTN5 Mode

10 PN5MDO O R/W 00: Other functions (see table 19.1)

01: Port output
10: Port input (pull-up MOS: On)
11: Port input (pull-up MOS: Off)
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Bit Initial
Bit Name Value R/W Description
9 PN4AMD1 1 R/W PTN4 Mode
8 PN4MDO O R/W 00: Other functions (see table 19.1)
01: Port output
10: Port input (pull-up MOS: On)
11: Port input (pull-up MOS: Off)
PN3MD1 R/W PTN3 Mode
PN3MDO O R/W 00: Other functions (see table 19.1)
01: Port output
10: Port input (pull-up MOS: On)
11: Port input (pull-up MOS: Off)
5 PN2MD1 R/W PTN2 Mode
PN2MDO O R/W 00: Other functions (see table 19.1)
01: Port output
10: Port input (pull-up MOS: On)
11: Port input (pull-up MOS: Off)
PN1IMD1 1 R/W PTN1 Mode
2 PN1IMDO O R/W 00: Other functions (see table 19.1)
01: Port output
10: Port input (pull-up MOS: On)
11: Port input (pull-up MOS: Off)
PNOMD1 R/W PTNO Mode
PNOMDO O R/W 00: Other functions (see table 19.1)

01: Port output
10: Port input (pull-up MOS: On)
11: Port input (pull-up MOS: Off)
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19.2.16 Port N Control Register 2 (PNCR2)

PNCR2 is an 8-hit readable/writable register that sel ects the pin function.

Bit

Bit
Name

Initial
Value

R/W

Description

7

0

R

Reserved

This bit is always read as 0. The write value should
always be 0.

PN6MD2

R/W

PTN6 Mode 2

This bit is valid when the PN6MD[1:0] bits in PNCR are
set to B'00 (other functions).

0: Setting prohibited
1: DPLS (USB)

PN5MD2

R/W

PTN5 Mode 2

This bit is valid when the PN5MD[1:0] bits in PNCR are
set to B'00 (other functions).

0: Setting prohibited
1: DMNS (USB)

PN4MD2

R/W

PTN4 Mode 2

This bit is valid when the PN4MD[1:0] bits in PNCR are
set to B'00 (other functions).

0: Setting prohibited
1: TXDPLS (USB)

PN3MD2

R/W

PTN3 Mode 2

This bit is valid when the PN3MD[1:0] bits in PNCR are
set to B'00 (other functions).

0: Setting prohibited
1: TXDMNS (USB)

PN2MD2

R/W

PTN2 Mode 2

This bit is valid when the PN2MD[1:0] bits in PNCR are
set to B'00 (other functions).

0: Setting prohibited
1: XVDATA (USB)
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Bit Initial
Bit Name Value R/W

Description

1 PN1MD2 O

R/W

PTN1 Mode 2

This bit is valid when the PN1IMD[1:0] bits in PNCR are
set to B'00 (other functions).

0: Setting prohibited
1: TXENL (USB)

0 PNOMD2 O

R/W

PTNO Mode 2

This bit is valid when the PNOMD[1:0] bits in PNCR are
set to B'00 (other functions).

0: Setting prohibited
1: SUSPND (USB)

19.2.17 Port SC Control Register (SCPCR)

SCPCR isa 16-hit readable/writable register that selects the pin function and input pull-up MOS
control. The settings of SCPCR become valid only when transmission/reception operation is
disabled by the settings of SCSCR in the on-chip serial communication interface (SCIF).

When the TE bit in SCSCR_0 or SCSCR_2 of the SCIF isset to 1, the output status of “other
functions: TxDO or TxD2" has priority for the setting of SCPCR.

Similarly, when the RE bit in SCSCR_0 or SCSCR_2 is set to 1, the input status of “other
functions: RxDO or RxD2" has priority for the setting of SCPCR.

Bit Initial
Bit Name Value R/W Description
15to12 — 0 R Reserved
These bits are always read as 0. The write value should
always be 0.
11 SCP5MD1 R/W SCPT5 Mode
10 SCP5MDO R/W 00: Other functions (see table 19.1)

01: Port output
10: Port input (pull-up MOS: On)
11: Port input (pull-up MOS: Off)
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Bit Initial
Bit Name Value R/W Description
9 SCP4MD1 O R/W SCPT4 Mode
8 SCP4MDO 0 R/W 00: Other functions (see table 19.1)
01: Port output
10: Port input (pull-up MOS: On)
11: Port input (pull-up MOS: Off)
SCP3MD1 R/W SCPT3 Mode
SCP3MDO R/W 00: Other functions (see table 19.1)
01: Port output
10: Port input (pull-up MOS: On)
11: Port input (pull-up MOS: Off)
5 SCP2MD1 R/W SCPT2 Mode
SCP2MDO R/W These bits select pin function and input pull-up MOS

control.

When TE =0 and RE =0 in SCSCR_2, operation is as
follows:

00: Other functions (see table 19.1)

01: Port output

10: Port input (pull-up MOS: On)

11: Port input (pull-up MOS: Off)

When TE = 1 in SCSCR_2, the SCPT2/TxD2 pin functions
as TxD2.

When RE =1 in SCSCR_2, the SCPT2/RxD2 pin
functions as RxD2.

Note: Since two pins (TxD2 and RxD2) are used to access
one bit (SCPT2), there is no combination of
simultaneous input/output of SCPT2.

When port input is set (when bit SCP2MDL1 is set to 1), the
TxD2 pin enters an output state when the TE bit in
SCSCR_2 is set to 1, whereas it enters high-impedance
state when the TE bit is cleared to 0.
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Bit Initial

Bit Name Value R/W Description

3 SCP1IMD1 O R/W SCPT1 Mode

2 SCP1IMDO O R/W These bits select pin function and input pull-up MOS
control.

00: Other functions (see table 19.1)
01: Port output

10: Port input (pull-up MOS: On)
11: Port input (pull-up MOS: Off)

SCPOMD1 O R/W SCPTO Mode

SCPOMDO O R/W These bits select pin function and input pull-up MOS
control.
When TE =0 and RE =0 in SCSCR_0, operation is as
follows:

00: Other functions (see table 19.1)

01: Port output

10: Port input (pull-up MOS: On)

11: Port input (pull-up MOS: Off)

When TE = 1 in SCSCR_0, the SCPT0/TxDO0 pin
functions as TxDO.

When RE =1 in SCSCR_0, the SCPTO/RxDO pin
functions as RxDO.

Note: Since two pins (TxDO and RxDO0) are used to
access one bit (SCPTO), there is no combination of
simultaneous input/output of SCPTO.

When port input is set (when bit SCPOMDL1 is set to 1),
the TxDO pin enters an output state when the TE bit in
SCSCR_O0 is set to 1, whereas it enters high-impedance
state when the TE bit is cleared to 0.
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Section 20 1/0O Ports

This LSl hasfourteen I/0 ports (ports A to H, Jto N, and SC). All port pins are multiplexed with
other pin functions (the pin function controller (PFC) handles the selection of pin functions and
pull-up MOS contral). Each port has a dataregister which stores data for the pins.

20.1 Port A

Port A isan 8-bit input/output port with the pin configuration shown in figure 20.1. Each pin has
an input pull-up MOS, which is controlled by the port A control register (PACR) in the PFC.

/D23
/D22
/D21
/D20
/D19
/D18
/D17
/D16

[«<—> PTA7 (input/output
«—— PTAGB (input/output
«<—— PTAS5 (input/output
«<— PTA4 (input/output
«—— PTA3 (input/output
[<+~—> PTAZ2 (input/output
[<+~— PTA1 (input/output
[<— PTAO (input/output

input/output)/PINT7 (input)
input/output)/PINT6 (input)
input/output)/PINT5 (input)
input/output)/PINT4 (input)
input/output)/PINT3 (input)
input/output)/PINT2 (input)
input/output)/PINT1 (input)
input/output)/PINTO (input)

Port A

Figure20.1 Port A

20.1.1 Register Description

Port A hasthe following register. For details on the register address and access size, see section
24, List of Registers.

» Port A dataregister (PADR)

Rev. 2.00, 09/03, page 507 of 690
RENESAS




20.1.2 Port A Data Register (PADR)

PADR is an 8-hit readable/writable register that stores data for pins PTA7 to PTAQ. BitsPA7DT
to PAODT correspond to pins PTA7 to PTAO. When the pin function is general output port, if the
port isread, the value of the corresponding PADR hit isreturned directly. When the function is
general input port, if the port isread the corresponding pin level isread.

Bit Initial

Bit Name Value R/W Description

7t00 PA7DT 0 R/W Table 20.1 shows the function of PADR.
to
PAODT

Table20.1 Port A Data Register (PADR) Read/Write Operations

PACR State
PANMD1 PANnMDO Pin State Read Write
0 0 Other function PADR value Data can be written to PADR but no effect on
pin state.
Output PADR value Written data is output from the pin.
1 0 Input (Pull-up  Pin state Data can be written to PADR but no effect on
MOS on) pin state.
1 Input (Pull-up  Pin state Data can be written to PADR but no effect on
MQOS off) pin state.

Note: n=0to7

20.2 Port B

Port B isan 8-hit input/output port with the pin configuration shown in figure 20.2. Each pin has
an input pull-up MOS, which is controlled by the port B control register (PBCR) in the PFC.

PTB7
PTB6
PTB5
PTB4
PTB3
PTB2
PTB1
PTBO

input/output)/D31 (input/output)/PINT15 (input)
input/output)/D30
input/output)/D29
input/output)/D28
input/output)/D27
input/output)/D26

input/output)/D25 (input/output)/PINT9 (input)
input/output)/D24 (input/output)/PINT8 (input)

input/output)/PINT 14 (input)
input/output)/PINT13 (input)

(
(
(
(input/output)/PINT12 (input)
(

(
(
(

Port B

input/output)/PINT11 (input)
input/output)/PINT10 (input)

Figure20.2 PortB
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20.2.1 Register Description

Port B has thefollowing register. For details on theregister address and access size, see section
24, List of Registers.

» Port B dataregister (PBDR)

20.22 Port B Data Register (PBDR)

PBDR is an 8-hit readabl e/writable register that stores data for pins PTB7 to PTBO. Bits PB7DT to
PBODT correspond to pins PTB7 to PTBO. When the pin function is general output port, if the port
isread the value of the corresponding PBDR bhit is returned directly. When the function is general
input port, if the port is read, the corresponding pin level isread.

Bit Initial

Bit Name Value R/W Description

7to0 PB7DT O R/W Table 20.2 shows the function of PBDR.
to
PBODT

Table20.2 Port B Data Register (PBDR) Read/Write Operations

PBCR State
PBnMD1 PBnMDO Pin State Read Write
0 0 Other function PBDR value Data can be written to PBDR but no effect on
pin state.
Output PBDR value Written data is output from the pin.
1 0 Input (Pull-up  Pin state Data can be written to PBDR but no effect on
MOS on) pin state.
1 Input (Pull-up  Pin state Data can be written to PBDR but no effect on
MQOS off) pin state.

Note: n=0to7
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20.3 Port C

Port Cisan 8-hit input/output port with the pin configuration shown in figure 20.3. Each pin has
an input pull-up MOS, which is controlled by the port C control register (PCCR) in the PFC.

[«<— PTCY7 (input/output
l«—— PTCS6 (input/output
«~— PTCS5 (input/output
Portc [ PTC4 (input/output
l«— PTC3 (input/output)/
[+~—> PTC2 (input/output)/
<+~—> PTC1 (input/output
[<+~— PTCO (input/output)/B:

/CSGA (output)
/CS5A (output)
/C' 4 (output)

/CS3 (output)

/CS2 (output)

/WE3 (output)/DQMUU (output)/AH (output)
/WEZ2 (output)/DQMUL (output)

/BS (output)

Figure20.3 Port C

20.31 Register Description

Port C hasthefollowing register. For details on theregister address and access size, see section
24, List of Registers.

e Port Cdataregister (PCDR)

20.3.2 Port C Data Register (PCDR)

PCDR is an 8-hit readabl e/writable register that stores data for pins PTC7 to PTCO. Bits PC7DT to
PCODT correspond to pins PTC7 to PTCO. When the pin function is genera output port, if the port
isread, the value of the corresponding PCDR bit isreturned directly. When the function is generd
input port, if the port is read, the corresponding pin level isread.

Bit Initial

Bit Name Value R/W Description

7to0 PC7DT O R/W Table 20.3 shows the function of PCDR.
to
PCODT
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Table20.3 Port C Data Register (PCDR) Read/Write Oper ations

PCCR State
PCnMD1 PCnMDO Pin State Read Write
0 0 Other function PCDR value Data can be written to PCDR but no effect on
pin state.
Output PCDR value Written data is output from the pin.
1 0 Input (Pull-up  Pin state Data can be written to PCDR but no effect on
MOS on) pin state.
1 Input (Pull-up  Pin state Data can be written to PCDR but no effect on
MOS off) pin state.

Note: n=0to7

20.4 Port D

Port D isan 8-bit input/output port with the pin configuration shown in figure 20.4. Each pin has
an input pull-up MOS, which is controlled by the port D control register (PDCR) in the PFC.

[+<— PTD?7 (input/output)/CS6B (output)
«— PTD6 (input/output)/CS5B (output)
«—— PTD5 (input) INF (input)
l«—— PTD4 (input/output)/CKE (output)
«—— PTD3 (input/output)/CASU (output)
[+<— PTD2 (input/output)/CASL (output)
[+~— PTD1 (input/output)/RASU (output)
[<— PTDO (input/output)/RASL (output)

Port D

Figure20.4 Port D

2041 Register Description

Port D hasthe following register. For details on the register address and access size, see section
24, List of Registers.

e Port D dataregister (PDDR)

20.4.2 Port D Data Register (PDDR)

PDDR is an 8-hit readable/writable register that stores data for pins PTD7 to PTDO. BitsPD7DT
to PDODT correspond to pins PTD7 to PTDO. When the pin function is general output port, if the
port isread, the value of the corresponding PDDR hit isreturned directly. When the function is
general input port, if the port isread, the corresponding pin level isread.
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Bit Initial
Bit Name Value R/W Description
7to PD7DT 0 R/W Table 20.4 shows the function of PDDR.
0 to

PDODT

Table20.4 Port D Data Register (PDDR) Read/Write Operations

PDCR State
PDnMD1 PDnMDO Pin State

Read

Write

0 0

Other function PDDR value

Data can be written to PDDR but no effect
on pin state.

Output PDDR value Written data is output from the pin.
1 0 Input (Pull-up  Pin state Data can be written to PDDR but no effect
MOS on) on pin state.
1 Input (Pull-up  Pin state Data can be written to PDDR but no effect
MQOS off) on pin state.
Note: n=0to4, 6, and 7
PDCR State
PD5MD1 PD5MDO Pin State Read Write
0 0 NF PDDR value Data can be written to PDDR but no effect
on pin state.
1 Setting ad
Prohibited
1 0 Input (Pull-up  Pin state Data can be written to PDDR but no effect
MOS on) on pin state.
1 Input (Pull-up  Pin state Data can be written to PDDR but no effect
MQOS off) on pin state.
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205 Port E

Port E isan 8-bit input/output port with the pin configuration shown in figure 20.5. Each pin has
an input pull-up MOS, which is controlled by the port E contral register (PECR) in the PFC.

[«— PTE7
[«— PTEG6
[«— PTES
[«— PTE4
l«——> PTE3
~— PTE2
<~— PTE1
[~— PTEO

input/output)

input/output)/TCLK (input)
input/output)/STATUS1 (output)/CTSO (input)
input/output)/STATUSO (output)/RTSO0 (output)
input/output)/TENDO (output)
input/output)/IRQ5 (input)
input/output)/DACK1 (output)
input/output)/DACKO (output)

Port E

Figure20.5 Port E

20.5.1 Register Description

Port E has the following register. For details on the register address and access size, see section
24, List of Registers.

» Port E dataregister (PEDR)

20.5.2 Port E Data Register (PEDR)

PEDR is an 8-hit readable/writable register that stores datafor pins PTE7 to PTEO. Bits PE7DT to
PEODT correspond to pins PTE7 to PTEQ. When the pin function is genera output port, if the port
isread, the value of the corresponding PEDR hit isreturned directly. When the function is general
input port, if the port is read the corresponding pin level isread.

Bit Initial

Bit Name Value R/W Description

7to0 PE7DT O R/W Table 20.5 shows the function of PEDR.
to
PEODT
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Table20.5 Port E Data Register (PEDR) Read/Write Operations

PECR State
PEnMD1 PEnMDO Pin State Read Write
0 0 Other function PEDR value Data can be written to PEDR but no effect on
pin state.
Output PEDR value Written data is output from the pin.
1 0 Input (Pull-up  Pin state Data can be written to PEDR but no effect on
MOS on) pin state.
1 Input (Pull-up Pin state Data can be written to PEDR but no effect on
MOS off) pin state.

Note: n=0to7

20.6 Port F

Port Fisan 8-hit input port with the pin configuration shown in figure 20.6. Each pin has an input
pull-up MOS, which is controlled by the port F control register (PFCR) in the PFC.

«~— PTF7
«—~ PTF6
«~— PTF5
«—— PTF4
«—— PTF3
«— PTF2
«— PTF1
~— PTFO

input/output)/ASEMDO (input)
input/output)/ASEBRKAK (output)
input/output)/TDO (output)
input/output)/AUDSYNC (output)
input/output)/AUDATAS3 (output)/TO3 (output
input/output)/AUDATA2 (output)/TO2 (output
input/output)/AUDATA1 (output)/TO1 (output
input/output)/AUDATAO (output)/TOO (output

Port F

Figure20.6 Port F

20.6.1 Register Description

Port F has the following register. For details on the register address and access size, see section 24,
List of Registers.

e Port F dataregister (PFDR)

20.6.2 Port F Data Register (PFDR)

PFDR is an 8-hit readable/writable register that stores data for pins PTF7 to PTFO. Bits PF7DT to
PFODT correspond to pins PTF7 to PTFO. When the pin function is general output port, if the port
isread, the value of the corresponding PFDR hit isreturned directly. When the function is general
input port, if the port is read the corresponding pin level isread.
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Bit Initial

Bit Name Value R/W Description
7to PF7DT 0 R/W Table 20.6 shows the function of PFDR.
0 to

PFODT

Table20.6 Port F Data Register (PFDR) Read/Write Oper ations

PFCR State
PFnMD1 PFnMDO Pin State Read Write
0 0 Other function PFDR value Data can be written to PFDR but no effect on
pin state.
Output PFDR value Written data is output from the pin.
1 0 Input (Pull-up  Pin state Data can be written to PFDR but no effect on
MOS on) pin state.
1 Input (Pull-up  Pin state Data can be written to PFDR but no effect on
MQOS off) pin state.
Note: n=0to7
20.7 Port G

Port G isan 8-bit input port with the pin configuration shown in figure 20.7. Each pin has an input
pull-up MOS, which is controlled by the port G contral register (PGCR) in the PFC.

[<+—> PTG7 (input/output
l«— PTG6 (input/output
[+<— PTGS5 (input/output
l«— PTG4 (input/output
l«—— PTG3 (input/output
l«— PTG2 (input/output
«—— PTGH1 (input/output
[<—> PTGO (input/output

/WAIT (input)
/BREQ (input)
/BACK (output)
/AUDCK (output)
/TRST (input)
/TMS (input)
/TCK (input)
/TDI (input)

Port G

Figure20.7 Port G

20.7.1 Register Description

Port G hasthe following register. For details on the register address and access size, see section
24, List of Registers.

» Port G dataregister (PGDR)
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20.7.2 Port G Data Register (PGDR)

PGDR is an 8-hit readable/writable register that stores data for pins PTG7 to PTGO. Bits PG7DT
to PGODT correspond to pins PTG7 to PTGO. When the pin function is general output port, if the
port isread, the value of the corresponding PGDR hit isreturned directly. When the function is
general input port, if the port isread the corresponding pin level isread.

Bit Initial
Bit Name Value R/W Description
7to PG7DT 0 R/W Table 20.7 shows the function of PGDR.
0 to

PGODT

Table20.7 Port G Data Register (PGDR) Read/Write Oper ations

PGCR State
PGnMD1 PGnMDO Pin State Read Write
0 0 Other function PGDR value Data can be written to PGDR but no effect on
pin state.
Output PGDR value Written data is output from the pin.
1 0 Input (Pull-up  Pin state Data can be written to PGDR but no effect on
MOS on) pin state.
1 Input (Pull-up  Pin state Data can be written to PGDR but no effect on
MQOS off) pin state.

Note: n=0to7

20.8 Port H

Port H isa 7-bit input/output port with the pin configuration shown in figure 20.8. Each pin hasan
input pull-up MOS, which is controlled by the port H contral register (PHCR) in the PFC.

«—— PTH6 (input/output)/DREQ1 (input)

«—— PTHS5 (input/output)/DREQO (input)
«— PTHA4 (input/output)/IRQ4 (input)

Port H f«—— PTH3 (input/output)/IRQ3

(

(

(

(input)/TRL3 (input)
<~— PTH2 (input/output)/IRQ2 (input)/IRL2 (input)
~— PTH1 (input/output)/IRQ1 (input)/IRLT (input)
<— PTHO (input/output)/IRQO (input)/IRLO (input)

Figure20.8 PortH
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20.8.1 Register Description

Port H hasthe following register. For details on the register address and access size, see section
24, List of Registers.

e Port H dataregister (PHDR)

20.82 Port H Data Register (PHDR)

PHDR is an 8-hit readable/writable register that stores data for pins PTH6 to PTHO. Bits PHEDT
to PHODT correspond to pins PTH6 to PTHO. When the pin function is general output port, if the
port isread, the value of the corresponding PHDR hit isreturned directly. When the function is
general input port, if the port isread, the corresponding pin level isread.

Bit Initial
Bit Name Value R/W Description
7 — 0 R Reserved
This bit is always read as 0. The write value should
always be 0.
6to PHEDT 0 R/W Table 20.8 shows the function of PHDR.
0 to
PHODT

Table20.8 Port H Data Register (PHDR) Read/Write Oper ations

PHCR State
PHNMD1 PHNnMDO Pin State Read Write
0 0 Other function PHDR value Data can be written to PHDR but no effect
on pin state.
Output PHDR value Written data is output from the pin.
1 0 Input (Pull-up  Pin state Data can be written to PHDR but no effect
MOS on) on pin state.
1 Input (Pull-up  Pin state Data can be written to PHDR but no effect
MQOS off) on pin state.

Note: n=0to6
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20.9 Port J

Port Jisan 8-hit output port with the pin configuration shown in figure 20.9.

— PTJ7 (output)/NF
——— PTJ6 (output)/NF
—— PTJ5 (output)/NF
— PTJ4 (output)/NF
—— PTJ3 (output)/NF
— PTJ2 (output)/NF
— PTJ1 (output)/NF
— PTJO (output)/NF

output)
output)
output)
output)
output)
output)
output)
output)

Port J

Figure20.9 PortJ

20.9.1 Register Description

Port Jhasthe following register. For details on the register address and access size, see section 24,
List of Registers.

e Port Jdataregister (PIDR)

20.9.2 Port J Data Register (PJDR)

PJDR is an 8-hit readable/writable register that stores data for pins PTJ7 to PTJO. Bits PJ7DT to
PJODT correspond to pins PTJ7 to PTJ0. When the pin function is general output port, if the port
isread, the value of the corresponding PIDR bit isreturned directly.

Bit Initial

Bit Name Value R/W Description

7t00 PJ/IDT O R/W Table 20.9 shows the function of PIDR.
to
PJODT
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Table20.9 Port J Data Register (PJDR) Read/Write Operations

PJCR State
PJnMD1 PJnMDO Pin State Read Write
0 0 NF PJDR value Data can be written to PJDR but no effect on
pin state.
Output PJDR value  Written data is output from the pin.
1 0 Setting O g
Prohibited
1 Setting ad O
Prohibited

Note: n=0to7

20.10 Port K

Port K isan 8-bit input/output port with the pin configuration shown in figure 20.10. Each pin has
an input pull-up MOS, which is controlled by the port K control register (PKCR) in the PFC.

~— PTK7
«—> PTKG6
l«— PTK5
l«—> PTK4
l«— PTK3
[~— PTK2
<~— PTK1
[~— PTKO

input/output
input/output
input/output
input/output
input/output
input/output
input/output
input/output

/A25 (output)
/A24 (output)
/A23 (output)
/A22 (output)
/A21 (output)
/A20 (output)
/A19 (output)
/AO (output)

Port K

Figure20.10 Port K

20.10.1 Register Description

Port K hasthe following register. For details on the register address and access size, see section
24, List of Registers.

e Port K dataregister (PKDR)

20.10.2 Port K Data Register (PKDR)

PKDR is an 8-hit readable/writable register that stores data for pins PTK7 to PTKO. Bits PK7DT
to PKODT correspond to pins PTK7 to PTKO. When the pin function is general output port, if the
port isread, the value of the corresponding PKDR hit isreturned directly. When the function is
general input port, if the port isread, the corresponding pin level isread.
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Bit Initial
Bit Name  Value R/W Description

7to0 PK7DT O R/W Table 20.10 shows the function of PKDR.
to
PKODT

Table20.10 Port K Data Register (PK DR) Read/Write Oper ations

PKCR State
PKnMD1 PKnMDO Pin State Read Write
0 0 Other function PKDR value Data can be written to PKDR but no effect
on pin state.
Output PKDR value Written data is output from the pin.
1 0 Input (Pull-up  Pin state Data can be written to PKDR but no effect
MOS on) on pin state.
1 Input (Pull-up  Pin state Data can be written to PKDR but no effect
MQOS off) on pin state.

Note: n=0to7

20.11 PortL

Port L isa4-bit input port with the pin configuration shown in figure 20.11.

«—— PTL3 (input)/AN3 (input)
[<+~—— PTL2 (input)/AN2 (input)
[<+—— PTL1 (input)/AN1 (input)
[«<—— PTLO (input)/ANO (input)

Port L

Figure20.11 Port L

20.11.1 Register Description

Port L hasthe following register. For details on the register address and access size, see section
24, List of Registers.

e Port L dataregister (PLDR)
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20.11.2 Port L Data Register (PLDR)

PLDRis an 8-hit read-only register that stores data for pins PTL3to PTLO. Bits PL3DT to PLODT
correspond to pins PTL3 to PTLO. If the port isread, the corresponding pin level isread.

Bit Initial
Bit Name  Value R/W Description
7t04 — 0 R Reserved
These bits are always read as 0.
3to0 PL3DT O R Table 20.11 shows the function of PLDR.
IDOLODT

Table20.11 Port L Data Register (PLDR) Read/Write Operation

PLCR State
PLnMD1 PLnMDO Pin State Read Write
0 0 Other function Read as 0 Invalid (no effect on pin state)
1 Setting — —
prohibited
1 0 Setting — —
prohibited
1 Input (Pull-up  Pin state Invalid (no effect on pin state)
MQOS off)

Note: n=0to3

20.12 Port M

Port M isa 6-bit input/output port with the pin configuration shown in figure 20.12. Each pin has
an input pull-up MOS, which is controlled by the port M control register (PMCR) in the PFC.

l«—» PTM6 (input/output)/VBUS (input)
l«——— PTM4 (input)/NF (input)

l«—» PTMS3 (input/output)

PotM [ . pPTM2 (inputioutput)

l«— PTM1 (input/output)

l«~— PTMO (input/output)

Figure20.12 Port M
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20.12.1 Register Description

Port M hasthe following register. For details on the register address and access size, see section
24, List of Registers.

» Port M dataregister (PMDR)

20.12.2 Port M Data Register (PMDR)

PMDR is an 8-bit readable/writable register that stores data for pins PTM6 and PTM4 to PTMO.
Bits PM6DT and PM4DT to PMODT correspond to pins PTM6 and PTM4 to PTMO. When the pin
function is general output port, if the port isread, the value of the corresponding PMDR bit is
returned directly. When the function is general input port, if the port isread, the corresponding pin
level isread.

Bit Initial
Bit Name Value R/W Description
7 — 0 R Reserved
This bit is always read as 0. The write value should
always be 0.
6 PM6DT 0 R/W Table 20.12 shows the function of PMDR.
5 — 0 R Reserved
This bit is always read as 0. The write value should
always be 0.
4t0o0 PM4DT 0 R/W Table 20.12 shows the function of PMDR.
to
PMODT

Table20.12 Port M Data Register (PMDR) Read/Write Operations

PMCR State
PMnMD1 PMnMDO Pin State Read Write
0 0 Other function PMDR value Data can be written to PMDR but no effect
on pin state.
Output PMDR value Written data is output from the pin.
1 0 Input (Pull-up  Pin state Data can be written to PMDR but no effect
MOS on) on pin state.
1 Input (Pull-up  Pin state Data can be written to PMDR but no effect
MQOS off) on pin state.

Note: n=0to 3 and 6
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PMCR State

PM4MD1 PM4MDO Pin State Read Write
0 0 NF PMDR value Data can be written to PMDR but no effect
on pin state.
1 Setting PMDR value Written data is output from the pin.
Prohibited
1 0 Input (Pull-up  Pin state Data can be written to PMDR but no effect
MOS on) on pin state.
1 Input (Pull-up Pin state Data can be written to PMDR but no effect
MQOS off) on pin state.
20.13 Port N

Port N isan 8-bit input/output port with the pin configuration shown in figure 20.13. Each pin has
an input pull-up MOS, which is controlled by the port N control register (PNCR) in the PFC.

[<— PTNZ7 (input/output
l«— PTNG (input/output
«<— PTNS5 (input/output
l«— PTN4 (input/output
<— PTN3 (input/output
[+<—> PTN2 (input/output
[<+— PTN?1 (input/output
[<— PTNO (input/output

/DPLS (input)
/DMNS (input)
/TXDPLS (output)
/TXDMNS (output)
/XVDATA (input)
/TXENL (output)
/SUSPND (output)

Port N

Figure20.13 Port N

20.13.1 Register Description

Port N hasthe following register. For details on the register address and access size, see section
24, List of Registers.

e Port N dataregister (PNDR)

20.13.2 Port N Data Register (PNDR)

PNDR is an 8-hit readable/writable register that stores data for pins PTN7 to PTNO. BitsPN7DT
to PNODT correspond to pins PTN7 to PTNO. When the pin function is general output port, if the
port isread, the value of the corresponding PNDR hit isreturned directly. When the function is
general input port, if the port isread, the corresponding pin level isread.
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Bit Initial

Bit Name Value R/W Description

7to0 PN7DT O R/W Table 20.13 shows the function of PNDR.
to
PNODT

Table20.13 Port N Data Register (PNDR) Read/Write Oper ations

PNCR State
PNnMD1 PNnMDO Pin State Read Write
0 0 Other function PNDR value Data can be written to PNDR but no effect
on pin state.
Output PNDR value Written data is output from the pin.
1 0 Input (Pull-up  Pin state Data can be written to PNDR but no effect
MOS on) on pin state.
1 Input (Pull-up  Pin state Data can be written to PNDR but no effect
MQOS off) on pin state.

Note: n=0to7

20.14 SC Port

The SC port isan 8-bit input/output port with the pin configuration shown in figure 20.14. Each
pin has an input pull-up MOS, which is controlled by the SC port control register (SCPCR) in the
PFC.

l«—> SCPT5
«— SCPT4
[«— SCPT3
SC |+«—— SCPT2
Port |—— SCPT2
[«— SCPT1
[~—— SCPTO
— SCPTO

input/output)/CTS2 (input)
input/output)/RTS2 (output)
input/output)/SCK2 (input/output)
input)*/RxD2 (input)

output)*/TxD2 (output)
input/output)/SCKO (input/output)
input)*/RxDO0 (input)/IrRX (input)
output)*/TxDO (output)/IrTX (output)

Note: * SCPTO and SCPT2 each have two separate pins for input
and output, however, a common data register is accessed.

Figure20.14 SC Port
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20.14.1 Register Description

Port SC has the following register. For details on theregister address and access size, see section
24, List of Registers.

e SC port dataregister (SCPDR)

20.14.2 Port SC Data Register (SCPDR)

SCPDR is an 8-hit readable/writable that stores datafor pins SCPT5 to SCPTO. Bits SCP5DT to
SCPODT correspond to pins SCPT5 to SCPT0. When the pin function is general output port, if the
port isread, the value of the corresponding SCPDR bhit isreturned directly. When the functionis
general input port, if the port isread, the corresponding pin level isread.

When the RE hit of SCSCR_2 or SCSCR _0 in the seriad communication interface with FIFO
(SCIF) isset to 1, the RxD2 and RxDO pins become input pins, and their states can be read
regardless of the setting of SCPCR.

Bit Initial
Bit Name Value R/W Description
7,6 — 0 R Reserved
These bits are always read as 0. The write value should
always be 0.
5t00 SCP5DT O R/W Table 20.14 shows the function of SCPDR.
to
SCPODT

Table20.14 SC Port Data Register (SCPDR) Read/Write Oper ations

* SCP1DR and SCP3DR to SCP5DR
SCPCR State

SCPnMD1 SCPnMDO Pin State Read Write
0 0 Other function SCPDR value Data can be written to SCPDR
but no effect on pin state.
1 Output SCPDR value  Written data is output from the
pin.
1 0 Input (Pull-up MOS  Pin state Data can be written to SCPDR
on) but no effect on pin state.
1 Input (Pull-up MOS  Pin state Data can be written to SCPDR
off) but no effect on pin state.

Note: n=1and 3to 5
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* SCPODR and SCP2DR
SCPCR State

SCPnMD1 SCPnMDO Pin State Read Write
0 0 Other function Prohibited Prohibited
1 TxD: Output SCPDR value Written data is output on TxD pin.
RxD: Input (cannot be
read)
1 0 TxD: Output high RxD pin state Data can be written to SCPDR but
impedance no effect on pin state.
RxD: Input (Pull-up
MOS on)
1 TxD: Output high RxD pin state  Data can be written to SCPDR but
impedance no effect on pin state.

RxD: Input (Pull-up

MQOS off)

Note: n=0and 2

The operations are not guaranteed when read and write operations are prohibited.
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Section 21 A/D Converter

This LSl includes a 10-bit successi ve-approximation A/D converter allowing selection of up to
four analog input channels.

21.1 Features

e 10-bit resolution
» Four input channels
e Minimum conversion time: 8.5 ps per channel (Pp= 33 MHz operation)
» Three conversion modes
0 Singlemode: A/D conversion on one channel
O Multi mode: A/D conversion on oneto four channedls
0 Scan mode: Continuous A/D conversion on oneto four channels
» Four 16-bit dataregisters

O A/D conversion results are transferred for storage into 16-bit dataregisters corresponding
to the channels,

e Sample-and-hold function
e Interrupt source

0 Attheend of A/D conversion, an A/D conversion end interrupt (ADI) can be requested.
* Module standby mode can be set
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Figure 21.1 shows a block diagram of the A/D converter.

AV¢e

AVgg

ANO

AN1
AN2

AN3

Peripheral data bus

Internal
data bus
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fobit ey alalgla
DIA §-2 | <| <| <

©
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3

n

3

Bus interface

ADCSR

)’

e Pyl

Analog © _ Control circuit l«——— P08
multi- | : Comparator
plexer : N P¢/16
“Sampie-and-
hold circuit
* ADI
——— > interrupt
Legend signal

ADCSR: A/D control/status register
ADDRA: A/D data register A
ADDRB: A/D data register B
ADDRC: A/D data register C
ADDRD: A/D data register D

Figure21.1 Block Diagram of A/D Converter
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21.2  Input/Output Pins

Table 21.1 summarizes the A/D converter’spins. The AV cc and AV ss pins are the power supply
for theanalog circuitsin the A/D converter. The AV pin aso functions asthe A/D conversion
reference voltage pin.

Table21.1 Pin Configuration

Input/

Pin Name Abbreviation Output Function

Analog power supply AVcc Input  Analog power supply and reference voltage for
A/D conversion

Analog ground AVss Input  Analog ground and reference voltage for A/D
conversion

Analog input O ANO Input  Analog input O

Analog input 1 AN1 Input  Analog input 1

Analog input 2 AN2 Input  Analog input 2

Analog input 3 AN3 Input  Analog input 3

21.3 Register Descriptions

The A/D converter has the following registers. For more information on addresses of registers and
register statesin the processing, see section 24, List of Registers.

A/D dataregister A (ADDRA)
A/D dataregister B (ADDRB)
A/D dataregister C (ADDRC)
A/D dataregister D (ADDRD)
A/D control/status register (ADCSR)
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21.31 A/D DataRegisters A to D (ADDRA to ADDRD)

The four A/D dataregisters (ADDRA to ADDRD) are 16-hit read-only registers that store the
results of A/D conversion. Table 21.2 indicates the pairings of analog input channdsand A/D data
registersthat store the results of A/D conversion.

An A/D conversion produces 10-bit data, which istransferred for storage into bits 15to 6 in the
A/D dataregister corresponding to the selected channd. Bits 5to 0 of an A/D dataregister are
reserved bits that are always read as 0.

The A/D dataregistersare initiaized to H'0000.

Table21.2 Analog Input Channelsand A/D Data Registers

Analog Input Channel A/D Data Register that Store Results of A/D Conversion
ANO ADDRA

AN1 ADDRB
AN2 ADDRC
AN3 ADDRD

21.32 A/D Control/Status Registers (ADCSR)

ADCSR is a 16-hit readable/writable register that selects the mode and controls the A/D converter.

Bit Initial
Bit Name Value R/W Description
15 ADF 0 R/(W)*  A/D End Flag

Indicates the end of A/D conversion.
[Setting conditions]
Single mode: A/D conversion ends

Multi mode: A/D conversion ends cycling through the
selected channels

Scan mode: A/D conversion ends cycling through the
selected channels

[Clearing conditions]
(1) Reading ADF while ADF = 1, then writing 0 to ADF

(2) DMAC is activated by ADI interrupt and ADDR is
read
Note: * Clear this bit by writing 0. Writing 1 is ignored.
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Bit Initial
Bit Name Value R/W

Description

14 ADIE 0 R/W

A/D Interrupt Enable

Enables or disables the interrupt (ADI) requested by ADF.
Set the ADIE bit while the ADST bit is 0.

0: Interrupt (ADI) requested by ADF is disabled
1: Interrupt (ADI) requested by ADF is enabled

13 ADST 0 R/W

A/D Start

Starts or stops A/D conversion. The ADST bit remains set to
1 during A/D conversion.

0: A/D conversion is stopped.

1: Single mode:
A/D conversion starts; ADST is automatically cleared to 0
when conversion ends on selected channels.
Multi mode:
A/D conversion starts; when conversion is completed
cycling through the selected channels, ADST is
automatically cleared.
Scan mode:
A/D conversion starts and continues, A/D conversion is
continuously performed until ADST is cleared to 0 by
software, by a reset, or by a transition to standby mode.

12 DMASL O R/W

DMAC Select

Selects an interrupt due to ADF or activation of the DMAC.
Set the DMASL bit while the ADST bit is 0.

0: An interrupt by ADF is selected.
1: Activation of the DMAC by ADF is selected.

11t08 — 0 R

Reserved

These bits are always read as 0. The write value should
always be 0.
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Bit Initial

Bit Name Value R/W Description

7 CKS1 0 R/W Clock Select

6 CKS0 1 RIW Selects the A/D conversion time. Clear the ADST bit to O
before changing the conversion time.
00: Conversion time = 151 states (maximum) at P@/'4
01: Conversion time = 285 states (maximum) at P@'8
10: Conversion time = 545 states (maximum) at P@/16
11: Setting prohibited
Note: If the minimum conversion time is not satisfied,

lack of accuracy or abnormal operation may
occur.

5 MULTI1 0 R/W Mode Select

4 MULTIO 0 RIW Selects single mode, multi mode, or scan mode.
00: Single mode
01: Setting prohibited
10: Multi mode
11: Scan mode

3 — 0 R Reserved

2 _ 0 R These bits are always read as 0. The write value should
always be 0.

1 CH1 0 R/W Channel Select

0 CHO 0 R/W

These bits and the MULTI bit select the analog input
channels. Clear the ADST bit to 0 before changing the
channel selection.

Single mode Multi mode or scan mode
00: ANO ANO

01: AN1 ANO, AN1

10: AN2 ANO to AN2

11: AN3 ANO to AN3
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21.4  Operation

The A/D converter operates by successi ve approximations with 10-bit resolution. It hasthree
operating modes: single mode, multi mode, and scan mode. To avoid malfunction, switch
operating modes while the ADST hit of ADCSR is 0. Changing operating modes and channels and
setting the ADST bhit can be performed simultaneously.

2141 SingleMode

Single mode should be selected when only one A/D conversion on one channel is required.

1

A/D conversion of the sdected channd starts when the ADST hit of ADCSR is set to 1 by
software.

When conversion ends, the conversion results are transmitted to the A/D dataregister that
corresponds to the channd.

When conversion ends, the ADF hit of ADCSR is set to 1. If the ADIE bit isalso set to 1, an
ADI interrupt isrequested at thistime.

The ADST hit holds 1 during A/D conversion. When A/D conversion is completed, the ADST
bit is cleared to 0 and the A/D converter becomes idle. When the ADST bit is cleared to O
during A/D conversion, the conversion is halted and the A/D converter becomesidle.

To clear the ADF flag to O, first read ADF, then write 0 to ADF.

21.42 Multi Mode

Multi mode should be selected when performing A/D conversions on one or more channels.

1

When the ADST hit is set to 1 by software, A/D conversion starts with the smaller number of
the analog input channd in the group (for instance, ANO, and AN1 to AN3).

When conversion of each channd ends, the conversion results are tranamitted to the A/D data
register that corresponds to the channel.

When conversion of al sdected channds ends, the ADF hit of ADCSR is set to 1. If the
ADIE bitisalso setto 1, an ADI interrupt isrequested at thistime.

When A/D conversion is completed, the ADST hit is cleared to 0 and the A/D converter
becomesidle. When the ADST bit iscleared to 0 during A/D conversion, the conversion is
halted and the A/D converter becomesidle.

To clear the ADF flag to O, first read ADF, then write 0 to ADF.
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2143 Scan Mode

Scan mode should be selected when performing A/D conversions of analog inputs on one or more
specified channds. Scan mode is useful for monitoring anal og inputs.

1. Whenthe ADST hit isset to 1 by software, A/D conversion starts with the smaller number of
the analog input channd in the group (for instance, ANO, and AN1 to AN3).

2. When conversion of each channd ends, the conversion results are transmitted to the A/D data
register that corresponds to the channel.

3. When conversion of all sdected channds ends, the ADF bit of ADCSR is set to 1. If the
ADIE hitisalso setto 1, an ADI interrupt isrequested at thistime. A/D conversion then starts
with the smaller number of the ana og input channél.

4. The ADST bhit isnot automatically cleared to 0. When the ADST hitissetto 1, steps2 and 3
above are repeated. When the ADST hit is cleared to O, the conversion is halted and the A/D
converter becomesidle.

To clear the ADF flag to O, first read ADF, then write 0 to ADF.

21.4.4  Input Sampling and A/D Conversion Time

The A/D converter has a built-in sample-and-hold circuit. The A/D converter samples the anal og
input at an A/D conversion start delay timetp after the ADST bit isset to 1, then sarts conversion.
Figure 21.2 shows the A/D conversion timing. Table 21.3 indicates the A/D conversion time.

Asindicated in figure 21.2, the A/D conversion time (tcony) includes tp and the input sampling
time (tsp.). Thelength of tp varies depending on thetiming of the write accessto ADCSR. The
total conversion time therefore varies within the ranges indicated in table 21.3.

In multi mode and scan mode, the values given in table 21.3 apply to the first conversion. Inthe
second and subsequent conversions, the values given in table 21.4 apply to the first conversion.
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A/D conversion time (tgony)

A/D conversion start delay time (t;) Analog input sampling time (tg, )

Write cycle A/D
synchronization time

~ JUUUUL

Address x x
Internal B | f
write signal

Write timing of ADST
Analog input
sampling signal ((
)T
()()
A/D converter Idle time Sample and hold |A/D conversion e%(gcuted

ADF ((
)]

A/D conversion ended

Figure21.2 A/D Conversion Timing

Table21.3 A/D Conversion Time (Single Mode)

CKS1=1, CKS1 =0, CKS1 =0,
CKS0=0 CKS0=1 CKS0=0
Symbol Min  Typ Max Min Typ Max Min Typ Max
A/D conversion start  tp 18 — 21 10 — 13 6 — 9
delay
Input sampling time  tsp. — 129 — — 65 — — 33 —
A/D conversion time  tconv 535 — 545 275 — 285 141 — 151

Note: Values in the table are numbers of states for P@

Table21.4 A/D Conversion Time (Multi M ode and Scan M ode)

CKs1 CKSO Conversion Time (cycles)
0 0 128 (fixed)

0 1 256 (fixed)

1 0 512 (fixed)

1 1 Unused
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215 Interruptsand DMAC Transfer Request

The A/D converter generates an interrupt (ADI) at the end of A/D conversion. The ADI interrupt
request is enabled when ADF in ADCSR is set to 1and the ADIE bitin ADCSRis set to 1 after
A/D conversion. The ADI interrupt can activate the direct memory access controller (DMAC) by
setting the ADIE and DMASL hitsto 1. Continuous conversion without loads of softwareis
enabled by reading data that has been converted by the ADI interrupt with DMAC.

When activating DMAC by ADI, the ADF bitin ADCSR is automatically cleared to 0 at DMAC
data transfer.

Table21.5 A/D Converter Interrupt Source

Name Interrupt source Interrupt flag DMAC activation

ADI A/D conversion end ADF Yes

21.6  Definitionsof A/D Conversion Accuracy

The following shows the definitions of A/D conversion accuracy. In the figure, the 10 bits of the
A/D converter have been smplified to 3 bits.

* Resolution
Digital output code number of the A/D converter

e Quantization error
Intrinsgic error of the A/D converter and is expressed as 1/2 L SB (figure 21.3)

» Offset error
Deviation between analog input voltage and ideal A/D conversion characteristics when the
digital output value changes from the minimum (zero voltage) 0000000000 (H'00; 000 in
figure 21.3) to 0000000001 (H'01; 001 in figure 21.3) (figure 21.4)

* Full-scale error
Deviation between analog input voltage and ideal A/D conversion characteristics when the
digital output value changes from the 1111111110 (H'3EF; 110 in figure 21.3) to the maximum
1111111111 (H'3FF; 111 in figure 21.3) (figure 21.4).

» Nonlinearity error
Deviation between analog input voltage and ideal A/D conversion characteristics between zero
voltage and full-scale voltage (figure 21.4). Note that it does not include offset, full-scale, or
guantization error.

» Absolute accuracy
Deviation between analog and digital input values. Note that it indudes offset, full-scale,
quantization, or nonlinearity error.
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Figure21.3 Definitions of A/D Conversion Accuracy
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Figure21.4 Definitions of A/D Conversion Accuracy

Rev. 2.00, 09/03, page 537 of 690
RENESAS




21.7  Usage Notes

21.7.1  Allowable Signal-Sour ce Impedance

For the analog input design of this LSI, conversion accuracy is guaranteed for an input signal with
signal-source impedance of 5 kQ or less. The specification is for charging input capacitance of the
sample and hold circuit of the A/D converter within sampling time. When the output impedance of
the sensor exceeds 5 kQ, conversion accuracy is not guaranteed due to insufficient charging. If
large external capacitanceis set at conversion in single mode, sgnal-source impedance isignored
sinceinput load is only internal input resistance of 3 kQ. However, an analog signal with large
differential coefficient (5 mV/usor greater) cannot be followed up because of alow-pass filter
(figure 21.5). When converting high-speed analog signals or converting in scan mode, insert a
low-impedance buffer.

21.7.2  Influence to Absolute Accuracy

By adding capacitance, absolute accuracy may be degraded if noiseis on GND because thereis
coupling with GND. Therefore, connect electrically stable GND such as AV cc to prevent absolute
accuracy from being degraded.

A filter circuit must not interfere with digital signds, or must not be an antenna on a mounting
board.

This LSI
Equivalent circuit
Output impedance of sensor of A/D converter
to 5 kQ 3 kQ
Sensor input —M" MA
o e ey R 1
1Lowpass ' 20 pF
- ' 15 pF
Hilter '
}(C = 0.1uF) :
R :

Figure21.5 Analog Input Circuit Example

21.7.3  Setting Analog Input Voltage

Operating the chip in excess of the following voltage range may result in damage to chip
reliability.

* Anaog Input Voltage Range: During A/D conversion, the voltages (VANN) input to the analog
input pins ANn should bein therange AVss< VANN < AV (n=0t0 3).
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 Rd aIioné‘lipS of AVce, AVgs and VccQ, VssQ AV = VccQ +0.2VandAVg= VssQ Even
when the A/D converter is not used, do not open AV and AV ss.

21.7.4 Noteson Board Design

In designing a board, separate digital circuits and analog circuits. Do not intersect or locate closely
signal lines of adigital circuit and an anaog circuit. An anadog circuit may malfunction dueto
induction, thus affecting A/D conversion values. Separate ana og input pins (ANO to AN3) and the
analog power voltage (AVcc) from digita circuits with analog ground (AVss). Connect anal og
ground (AVss) to one point of stable ground (Vss) on the board.

21.7.5 Noteson Counter measuresto Noise

Connect a protective circuit between AVcc and AVss, as shown in figure 21.6, to prevent damage
of analog input pins (ANO to AN3) due to abnormal voltage such as excessive serge. Connect a
bypass capacitor that is connected to AVcc and a capacitor for afilter that is connected to ANO to
AN3to AVss.

When a capacitor for afilter is connected, input currents of ANO to AN3 are averaged, may
causing errors. If A/D conversion isfrequently performed in scan mode, voltages of analog input
pins cause errors when a current that is charged/discharged for capacitance of a sample & hold
circuit in the A/D converter is higher than a current that isinput through input impedance (Rin).
Therefore, determine a circuit constant carefully.

O * E AVce
This LSI
ANO to AN3
AVss

Notes: 1. Values are for reference. /\/

10 puF 0.01 uF

2. R;, is input impedance.

Figure21.6 Example of Analog Input Protection Circuit
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Table21.6 Analog Input Pin Ratings

Item Min Max Unit
Analog input capacitance — 20 pF
Allowable signal-source impedance — 5 kQ
3kQ
ANOto AN3 O_WT To A/D converter

20 pF

i

Note: Values are for reference.

Figure21.7 Analog Input Pin Equivalent Circuit
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Section 22 User Break Controller

The user break controller (UBC) provides functions that simplify program debugging. These
functions make it easy to design an effective saf-monitoring debugger, enabling the chip to debug
programs without using an in-circuit emulator. Break conditionsthat can be set in the UBC are
instruction fetch or dataread/write access, data size, data contents, address value, and stop timing
in the case of instruction fetch.

22.1 Features

The UBC hasthe following features:

The following break comparison conditions can be set.

Number of break channels: two channels (channels A and B)

User break can be requested as either the independent or sequential condition on channels A
and B (sequential break setting: channd A and then channel B match with break conditions,
but not in the same bus cycle).

0 Address (Compares 40 bits configured of the ASID and addresses 32 bits: the ASID can be
selected either al-bit comparison or al-bit mask. Comparison bits for the address are
maskable in 1-bit units; user can mask addresses at lower 12 bits (4 k page), lower 10 bits
(1 k page), or any size of page, €tc.)

One of the two address buses (L bus address (LAB) and | bus address (I1AB)) can be
selected.

0 Data(only on channel B, 32-bit maskable)
One of the two data buses (L bus data (LDB) and | bus data (IDB)) can be selected.
0 Buscycle: Instruction fetch or data access
0 Read/write
0 Operand size: Byte, word, or longword

User break is generated upon satisfying break conditions. A user-designed user-break
condition exception processing routine can be run.

In aninstruction fetch cycle, it can be selected that a break is set before or after an instruction
is executed.

Maximum repeat times for the break condition (only for channel B): 22 — 1 times.
Eight pairs of branch source/destination buffers.
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Figure 22.1 shows a block diagram of the UBC.
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[Legend]

BBRA: Break bus cycle register A
BARA: Break address register A
BAMRA: Break address mask register A
BASRA: Break ASID register A

BBRB: Break bus cycle register B
BARB: Break address register B
BAMRB: Break address mask register B

BASRB:
BDRB:
BDMRB
BETR:
BRSR:
BRDR:
BRCR:

Break ASID register B
Break data register B

:  Break data mask register B
Break execution times register
Branch source register
Branch destination register
Break control register

Figure22.1 Block Diagram of User Break Controller
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22.2 Register Descriptions

The user break controller has the following registers. For details on register addresses and access
sizes, refer to section 24, Ligt of Registers.

e Break addressregister A (BARA)

e Break address mask register A (BAMRA)
e Break buscycleregister A (BBRA)

e Break addressregister B (BARB)

» Break address mask register B (BAMRB)
e Break buscycle register B (BBRB)

» Break dataregister B (BDRB)

» Break datamask register B (BDMRB)

» Break control register (BRCR)

» Execution times break register (BETR)

e Branch sourceregister (BRSR)

» Branch destination register (BRDR)

» Break ASID register A (BASRA)

e Break ASID register B (BASRB)

22,21 Break AddressRegister A (BARA)

BARA isa32-hit readable/writable register. BARA specifies the address used as a break condition
in channd A.

Bit Initial
Bit Name Value R/W  Description
31to0 BAA3lto 0 R/W  Break Address A
BAAO

Store the address on the LAB or IAB specifying break
conditions of channel A.
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2222 Break AddressMask Register A (BAMRA)

BAMRA is a 32-hit readable/writable register. BAMRA specifies bits masked in the break address
specified by BARA.

Bit Initial

Bit Name Value R/W  Description

31to0 BAMA31lto O R/W  Break Address Mask A
BAMAO

Specify bits masked in the channel A break address
bits specified by BARA (BAA31 to BAAO).

0: Break address bit BAANn of channel Ais included in
the break condition

1: Break address bit BAAn of channel A is masked
and is not included in the break condition

Note: n=31to0

22,23 Break BusCycle Register A (BBRA)

BBRA is a 16-bit readable/writable register, which specifies (1) L buscycleor | bus cycle, (2)
instruction fetch or data access, (3) read or write, and (4) operand size in the break conditions of
channel A.

Bit Initial
Bit Name Value R/W  Description
15t08 O 0 R Reserved
These bits are always read as 0. The write value should
always be 0.
7 CDA1 O R/W L Bus Cycle/l Bus Cycle Select A
6 CDAO O R/W

Select the L bus cycle or | bus cycle as the bus cycle of the
channel A break condition.

00: Condition comparison is not performed
01: The break condition is the L bus cycle
10: The break condition is the | bus cycle
11: The break condition is the L bus cycle

Rev. 2.00, 09/03, page 544 of 690
RENESAS



Bit Initial
Bit Name  Value R/W Description
5 IDA1 0 R/W Instruction Fetch/Data Access Select A
4 IDAO 0 RIW Select the instruction fetch cycle or data access cycle as
the bus cycle of the channel A break condition.
00: Condition comparison is not performed
01: The break condition is the instruction fetch cycle
10: The break condition is the data access cycle
11: The break condition is the instruction fetch cycle or data
access cycle
3 RWA1 O R/W Read/Write Select A
2 RWAO 0 RIW Select the read cycle or write cycle as the bus cycle of the
channel A break condition.
00: Condition comparison is not performed
01: The break condition is the read cycle
10: The break condition is the write cycle
11: The break condition is the read cycle or write cycle
1 SZAl 0 R/W Operand Size Select A
0 SZA0 0 RIW Select the operand size of the bus cycle for the channel A
break condition.
00: The break condition does not include operand size
01: The break condition is byte access
10: The break condition is word access
11: The break condition is longword access
2224 Break AddressRegister B (BARB)
BARB is a 32-bit readable/writable register. BARB specifies the address used as a break condition
in channd B.
Bit Initial
Bit Name  Value R/W Description
31to0 BAB31 O R/W Break Address B
tBOABO Stores an address which specifies a break condition in

channel B.
BARB specifies the break address on LAB or IAB.
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2225 Break AddressMask Register B (BAMRB)

BAMRB is a 32-hit readable/writable register. BAMRB specifies bits masked in the break address
specified by BARB.

Bit Initial
Bit Name Value R/W Description
31to0 BAMB31 O R/W Break Address Mask B
to e -
BAMBO Specifies bits masked in the break address of channel B

specified by BARB (BAB31 to BABO).

0: Break address BABnN of channel B is included in the
break condition

1: Break address BABN of channel B is masked and is
not included in the break condition

Note: n=31to0

2226 Break Data Register B (BDRB)

BDRB is a 32-bit readable/writable register.

Bit Initial
Bit Name Value R/W Description
31to0 BDB3lto O R/W Break Data Bit B
BDBO

Stores data which specifies a break condition in channel
B.

BDRB specifies the break data on LDB or IDB.

Notes: 1. Specify an operand size when including the value of the data bus in the break condition.

2. When the byte size is selected as a break condition, the same byte data must be set in
bits 15 to 8 and 7 to 0 in BDRB as the break data.
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2227 Break DataMask Register B (BDMRB)

BDMRB is a 32-hit readable/writable register. BDMRB specifies bits masked in the break data
specified by BDRB.

Bit Initial
Bit Name Value R/W  Description
31to0 BDMB31to O R/W  Break Data Mask B
BDMBO Specifies bits masked in the break data of channel B

specified by BDRB (BDB31 to BDBO).

0: Break data BDBn of channel B is included in the
break condition

1: Break data BDBn of channel B is masked and is not
included in the break condition

Note: n=31to0

Notes: 1. Specify an operand size when including the value of the data bus in the break condition.
2. When the byte size is selected as a break condition, the same byte data must be set in
bits 15 to 8 and 7 to 0 in BDRB as the break mask data in BDMRB.

22,28 Break BusCycle Register B (BBRB)

BBRB is a 16-hit readable/writable register, which specifies (1) L buscycle or | bus cycle, (2)
instruction fetch or data access, (3) read or write, and (4) operand size in the break conditions of
channel B.

Bit Initial
Bit Name Value R/W Description
15t0 8 d 0 R Reserved
These bits are always read as 0. The write value should
always be 0.
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Bit
Bit Name

Initial
Value

R/W

Description

7 CDB1
6 CDBO

R/W
R/W

L Bus Cycle/l Bus Cycle Select B
Select the L bus cycle or | bus cycle as the bus cycle of the
channel B break condition.

00: Condition comparison is not performed
01: The break condition is the L bus cycle
10: The break condition is the | bus cycle
11: The break condition is the L bus cycle

5 IDB1
4 IDBO

R/W
R/W

Instruction Fetch/Data Access Select B
Select the instruction fetch cycle or data access cycle as
the bus cycle of the channel B break condition.

00: Condition comparison is not performed
01: The break condition is the instruction fetch cycle
10: The break condition is the data access cycle

11: The break condition is the instruction fetch cycle or data
access cycle

RWB1
RWBO

N W

R/W
R/W

Read/Write Select B
Select the read cycle or write cycle as the bus cycle of the
channel B break condition.

00: Condition comparison is not performed

01: The break condition is the read cycle

10: The break condition is the write cycle

11: The break condition is the read cycle or write cycle

1 SZB1
0 SZBO

R/W
R/W

Operand Size Select B
Select the operand size of the bus cycle for the channel B
break condition.

00: The break condition does not include operand size
01: The break condition is byte access

10: The break condition is word access

11: The break condition is longword access
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2229 Break Control Register (BRCR)

BRCR sets the following conditions:

1

5.
6.

Specifies whether channds A and B are used in two independent channel conditions or under
the sequential condition.

Specifies whether a break is set before or after instruction execution.

Specifies whether to include the number of execution times on channe B in comparison
conditions.

Specifies whether to include data bus on channd B in comparison conditions.
Enables PC trace.
Enables ASID check.

BRCR is a 32-hit readable/writable register that has break conditions match flags and bits for
setting avariety of break conditions.

Bit Initial
Bit Name Value R/W Description
31to22 O 0 R Reserved
These bits are always read as 0. The write value should
always be 0.
21 BASMA 0 R/W  Break ASID Mask A

Specifies whether bits in channel A break ASID7 to
ASIDO (BASA7 to BASAOQ) which are set in BASRA are
masked or not.

0: All BASRA bits are included in the break conditions
and the ASID is checked

1: All BASRA bits are not included in the break conditions
and the ASID is not checked

20 BASMB 0 R/W  Break ASID Mask B

Specifies whether bits in channel B break ASID7 to
ASIDO (BASB7 to BASBO) which are set in BASRB are
masked or not.

0: All BASRB bits are included in the break conditions
and the ASID is checked

1: All BASRB bits are not included in the break conditions
and the ASID is not checked

19to16 O 0 R Reserved

These bits are always read as 0. The write value should
always be 0.
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Bit

Bit
Name

Initial
Value

R/W

Description

15

SCMFCA

R/W

L Bus Cycle Condition Match Flag A

When the L bus cycle condition in the break conditions set
for channel A is satisfied, this flag is set to 1. In order to
clear this flag, write 0 into this bit.

0: The L bus cycle condition for channel A does not match
1: The L bus cycle condition for channel A matches

14

SCMFCB

R/W

L Bus Cycle Condition Match Flag B

When the L bus cycle condition in the break conditions set
for channel B is satisfied, this flag is set to 1. In order to
clear this flag, write 0 into this bit.

0: The L bus cycle condition for channel B does not match
1: The L bus cycle condition for channel B matches

13

SCMFDA

R/W

| Bus Cycle Condition Match Flag A

When the | bus cycle condition in the break conditions set for
channel A is satisfied, this flag is set to 1. In order to clear
this flag, write 0 into this bit.

0: The | bus cycle condition for channel A does not match
1: The | bus cycle condition for channel A matches

12

SCMFDB

R/W

| Bus Cycle Condition Match Flag B

When the | bus cycle condition in the break conditions set for
channel B is satisfied, this flag is set to 1. In order to clear
this flag, write 0 into this bit.

0: The | bus cycle condition for channel B does not match
1: The | bus cycle condition for channel B matches

11

PCTE

R/W

PC Trace Enable
0: Disables PC trace
1: Enables PC trace

10

PCBA

R/W

PC Break Select A
Selects the break timing of the instruction fetch cycle for
channel A as before or after instruction execution.

0: PC break of channel A is set before instruction execution
1: PC break of channel A is set after instruction execution
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Bit Initial
Bit Name Value R/W  Description
9,8 a 0 R Reserved
These bits are always read as 0. The write value should
always be 0.
7 DBEB 0 R/W  Data Break Enable B
Selects whether or not the data bus condition is included in
the break condition of channel B.
0: No data bus condition is included in the condition of channel
B
1: The data bus condition is included in the condition of
channel B
6 PCBB 0 R/W  PC Break Select B
Selects the break timing of the instruction fetch cycle for
channel B as before or after instruction execution.
0: PC break of channel B is set before instruction execution
1: PC break of channel B is set after instruction execution
5,4 a 0 R Reserved
These bits are always read as 0. The write value should
always be 0.
3 SEQ 0 R/W  Sequence Condition Select
Selects two conditions of channels A and B as independent or
sequential conditions.
0: Channels A and B are compared under independent
conditions
1: Channels A and B are compared under sequential
conditions (channel A, then channel B)
2,1 ad 0 R Reserved
These bits are always read as 0. The write value should
always be 0.
0 ETBE 0 R/W  Number of Execution Times Break Enable

Enables the execution-times break condition only on channel
B. If this bit is 1 (break enable), a user break is issued when
the number of satisfied break conditions matches with the
number of execution times that is specified by BETR.

0: The execution-times break condition is disabled on channel
B

1: The execution-times break condition is enabled on channel
B

Rev. 2.00, 09/03, page 551 of 690
RENESAS



22,210 Execution Times Break Register (BETR)

BETR is a 16-hit readable/writable register. When the execution-times break condition of channd
B isenabled, thisregister specifies the number of execution times to make the break. The
maximum number is 2*? — 1 times. When abreak condition is satisfied, it decrements the BETR
value. A break isissued when the break condition is satisfied after BETR becomes H'0001.

Bit Initial
Bit Name Value R/W Description
15to O 0 R Reserved
12 These bits are always read as 0. The write value should
always be 0.
11to0 BET1lto O R/W Number of Execution Times
BETO

Note: If the channel B brake condition set to during instruction fetch cycles and any of the
instructions below perform breaks, BETR is not decremented when the first break occurs.
The decremented values are listed below.

Value Value
Instruction Decremented Instruction Decremented
RTE 4 LDC.L @Rm+,SR 6

DMULS.L Rm,Rn
DMULU.L Rm,Rn

MAC.L @Rm+,@Rn+
MAC.W @Rm+@Rn+
MUL.L Rm,Rn

AND.B #mm,@(R0,GBR)
OR.B #imm,@(R0,GBR)
TAS.B @Rn

TST.B #imm,@(R0,GBR)
XOR.B #imm,@(R0,GBR)

LDC.L @Rm+,GBR
LDC.L @Rm+,VBR
LDC.L @Rm+,SSR
LDC.L @Rm+,SPC
LDC.L @Rm+,R0O_BANK
LDC.L @Rm+,R1_BANK
LDC.L @Rm+,R2_BANK
LDC.L @Rm+,R3_BANK
LDC.L @Rm+,R4_BANK
LDC.L @Rm+,R5_BANK

[N N T NS NS NS NS NS NS N N NS O O O O O N N N

LDC Rm,SR LDC.L @Rm+,R6_BANK
LDC Rm,GBR LDC.L @Rm+,R7_BANK
LDC Rm,VBR LDC.L @Rn+,MOD

LDC Rm,SSR LDC.L @Rn+,RS

LDC Rm,SPC LDC.L @Rn+,RE

LDC Rm,RO_BANK LDC Rn,MOD

LDC Rm,R1_BANK LDC Rn,RS

LDC Rm,R2_BANK LDC Rn,RE

LDC Rm,R3_BANK BSR label

LDC Rm,R4_BANK BSRF Rm

LDC Rm,R5_BANK JSR @Rm

LDC Rm,R6_BANK
LDC Rm,R7_BANK

BN ADAMDADNDNDNEDNDNDNDNDN®OMWWWWWNRNRNNRN

Rev. 2.00, 09/03, page 552 of 690
RENESAS



22.2.11 Branch Source Register (BRSR)

BRSR is a 32-hit read-only register. BRSR stores bits 27 to 0 in the address of the branch source
instruction. BRSR hasthe flag bit that is set to 1 when abranch occurs. Thisflag bit isclearedto O
when BRSR isread, the setting to enable PC trace ismade, or BRSR is initidized by a power-on
reset. Other bitsare not initialized by a power-on reset. The eight BRSR registers have a queue
structure and a stored register is shifted at every branch.

Bit Initial
Bit Name Value R/W Description
31 SVF 0 R BRSR Valid Flag

Indicates whether the branch source address is stored.
When a branch source address is fetched, this flag is
set to 1. This flag is cleared to 0 by reading from BRSR.

0: The value of BRSR register is invalid
1: The value of BRSR register is valid

30t028 O 0 R Reserved
These bits are always read as 0.

27t00 BSA27 Undefined R Branch Source Address

to BSAO Store bits 27 to 0 of the branch source address.
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22,212 Branch Destination Register (BRDR)

BRDR is a 32-hit read-only register. BRDR stores bits 27 to 0 in the address of the branch
destination ingtruction. BRDR has the flag bit that is set to 1 when abranch occurs. Thisflag bit is
cleared to O when BRDR isread, the setting to enable PC traceis made, or BRDR isinitialized by
a power-on reset. Other bitsare not initialized by a power-on reset. The eight BRDR registers have
aqueue structure and a stored register is shifted at every branch.

Bit Initial
Bit Name Value R/W  Description
31 DVF 0 R BRDR Valid Flag
Indicates whether a branch destination address is
stored. When a branch destination address is
fetched, this flag is set to 1. This flag is cleared to 0
by reading BRDR.
0: The value of BRDR register is invalid
1: The value of BRDR register is valid
30 to a 0 R Reserved
28 These bits are always read as 0.
27t00 BDA27to Undefined R Branch Destination Address
BDAO

Store bits 27 to 0 of the branch destination address.

22213 Break ASID Register A (BASRA)

BASRA isan 8-hit readable/writable register that specifies ASID which becomes the break
condition for channd A. BASRA isin CCN.

Bit Initial

Bit Name Value R/W  Description

7t00 BASA7 g R/W  Break ASID A
to Store ASID (bits 7 to 0) which is the break condition
BASAO

for channel A.
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22214 Break ASID Register B (BASRB)

BASRB is an 8-bit readable/writable register that specifies ASID which becomes the break
condition for channd B. BASRB isin CCN.

Bit Initial

Bit Name Value R/W Description

7t00 BASB7 g R/W Break ASID B
to Store ASID (bits 7 to 0) which is the break condition for
BASBO

channel B.

22.3  Operation

2231 Flow of the User Break Operation
The flow from setting of break conditionsto user break exception processing is described bel ow:

1. The break addresses and corresponding ASID are set in the break addressregisters (BARA and
BARB) and break ASID registers (BASRA and BASRB in CNN). The masked addresses are
st in the break address mask registers (BAMRA and BAMRB). The break datais set in the
break dataregister (BDRB). The masked datais set in the break data mask register (BDMRB).
The bus break conditions are set in the break bus cycle registers (BBRA and BBRB). Three
groups of BBRA and BBRB (L bus cycle/l bus cycle sdlect, ingruction fetch/data access
select, and read/write select) are each set. No user break will be generated if even one of these
groupsis set with 00. The respective conditions are set in the bits of the break control register
(BRCR). Make sureto set all registersrelated to breaks before setting BBRA/BBRB.

2. When the break conditions are satisfied, the UBC sends a user break request to the CPU and
setsthe L bus condition match flag (SCMFCA or SCMFCB) and the | bus condition match
flag (SCMFDA or SCMFDB) for the appropriate channel.

3. The appropriate condition match flags (SCMFCA, SCMFDA, SCMFCB, and SCMFDB) can
be used to check if the set conditions match or not. The matching of the conditions sets flags,
but they are not reset. 0 mugt first be written to them before they can be used again.

4. Thereisa chance that the data access break and its following ingtruction fetch break occur
around the sametime. There will be only one break request to the CPU, but these two break
channd match flags could be both set.
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5. When sdecting the | bus as the break condition, note the following:

ad

ad

Several bus magters, including the CPU and DMAC, are connected to the | bus. The UBC
monitors bus cycles generated by all bus masters, and determines the condition match.

Physical addresses are used for the | bus. Set a physical addressin break address registers
(BARA and BARB). The bus cycles for logical addresses issued on the L bus by the CPU
are converted to physical addresses before being output to the | bus. (If the address
trandation function is enabled, address trandation by the MMU is carried out.)

For data access cyclesissued on the L bus by the CPU, if their logical addresses arenot to
be cached, they areissued with the data size specified on the L bus and their addresses are
not rounded.

For ingruction fetch cyclesissued on the L bus by the CPU, even though their logical
addresses are not to be cached, they are issued in longwords and their addresses are
rounded to match longword boundaries.

If alogica addressissued on the L bus by the CPU is an address to be cached and a cache
miss occurs, its bus cycle isissued asa cachefill cycle on thel bus. In thiscase, it isissued
in longwords and its address is rounded to match longword boundaries. However note that
cachefill isnot performed for awrite missin write through mode. In this case, the bus
cycleisissued with the data size specified on the L bus and its address is not rounded. In
write back mode, awrite back cycle may be issued in addition to aread fill cycle. Itisa
longword bus cycle whose address is rounded to match longword boundaries.

| bus cycles (including read fill cycles) resulting from instruction fetches on the L bus by
the CPU are defined as instruction fetch cycles on the | bus, while other bus cycles are
defined as data access cycles.

The DMAC only issues data access cycles for | bus cycles.

If abreak condition is specified for the | bus, even when the condition matchesin an | bus

cycleresulting from an instruction executed by the CPU, at which instruction the break is
to be accepted cannot be clearly defined.

6. Whilethe block bit (BL) in the CPU statusregister (SR) is set to 1, no breaks can be accepted.
However, condition determination will be carried out, and if the condition matches, the
corresponding condition match flag is set to 1.
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22.3.2 Break on Instruction Fetch Cycle

1

When L bus/ingruction fetch/read/word or longword is set in the break bus cycle register
(BBRA or BBRB), the break condition becomesthe L businstruction fetch cycle. Whether it
breaks before or after the execution of the instruction can then be selected with the PCBA or
PCBB hit of the break control register (BRCR) for the appropriate channd. If an instruction
fetch cycleis set asabreak condition, clear LSB in the break addressregister (BARA or
BARB) to 0. A break cannot be generated aslong asthishbit isset to 1.

An instruction set for a break before execution breaks when it is confirmed that the ingtruction
has been fetched and will be executed. This means this feature cannot be used on instructions
fetched by overrun (instructions fetched at a branch or during an interrupt transition, but not to
be executed). When thiskind of break is set for the delay slot of a delayed branch instruction,
the break is generated prior to execution of the delayed branch instruction.

Note: If abranch does not occur at a delayed conditional branch instruction, the subsequent
instruction is not recognized as a delay dot.

When the condition is specified to be occurred after execution, the instruction set with the
break condition is executed and then the break is generated prior to the execution of the next
instruction. As with pre-execution breaks, this cannot be used with overrun fetch instructions.
When thiskind of break is set for a delayed branch instruction and its delay slot, a break isnot
generated until thefirst ingruction at the branch destination.

When an instruction fetch cycleis set for channe B, the break dataregister B (BDRB) is
ignored. Therefore, break data cannot be set for the break of the instruction fetch cycle.

If thel busisset for abreak of an instruction fetch cycle, the condition is determined for the

instruction fetch cycles on the | bus. For details, see 5in section 22.3.1, Flow of the User
Break Operation.
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22.3.3 Break on Data Access Cycle

1

If theL busis specified asa break condition for data access break, condition comparison is
performed for the logical addresses (and data) accessed by the executed instructions, and a
break occursif the condition is satisfied. If thel busis specified as a break condition, condition
comparison is performed for the physical addresses (and data) of the data access cycles that are
issued on the | bus by all bus mastersincluding the CPU, and a break occursif the condition is
satisfied. For details on the CPU bus cyclesissued on the | bus, see 5in section 22.3.1, Flow of
the User Break Operation.

The relationship between the data access cycle address and the comparison condition for each
operand szeislisted in table 22.1.

Table22.1 Data AccessCycle Addressesand Operand Size Comparison Conditions

Access Size Address Compared

Longword Compares break address register bits 31 to 2 to address bus bits 31 to 2
Word Compares break address register bits 31 to 1 to address bus bits 31 to 1
Byte Compares break address register bits 31 to 0 to address bus bits 31 to 0

This means that when address H'00001003 is set in the break addressregister (BARA or
BARB), for example, the bus cycle in which the break condition is satisfied is as follows
(where other conditions are met).

Longword access at H'00001000

Word access at H'00001002

Byte access at H'00001003

When the data valueisincluded in the break conditions on channd B:

When the data valueisincluded in the break conditions, either longword, word, or byteis
specified as the operand size of the break bus cycle register B (BBRB). When data values are
included in break conditions, a break is generated when the address conditions and data
conditions both match. To specify byte data for this case, set the same datain two bytes at bits
15to 8 and bits 7 to O of the break dataregister B (BDRB) and break data mask register B
(BDMRB). When word or byteis set, bits 31 to 16 of BDRB and BDMRB areignored.
Access by a PREF instruction ishandled as read access in longword units without access data.
Therefore, if including the value of the data bus when a PREF instruction is specified as a
break condition, abreak will not occur.

If theL busis sdlected, abreak occurs on ending execution of theinstruction that matchesthe
break condition, and immediately before the next instruction is executed. However, when data
is also specified as the break condition, the break may occur on ending execution of the
instruction following the instruction that matches the break condition. If the | busis selected,
the instruction at which the break will occur cannot be determined. When this kind of break
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occurs at a delayed branch ingtruction or its delay dlot, the break may not actually take place
until the first instruction at the branch destination.

22.34  Sequential Break

1. By setting the SEQ hit in BRCR to 1, the sequential break is issued when a channel B break
condition matches after achannel A break condition matches. A user break isnot generated
even if achannd B break condition matches before a channel A break condition matches.
When channes A and B conditions match at the same time, the sequential break isnot issued.
To clear the channel A condition match when a channel A condition match has occurred but a
channd B condition match has not yet occurred in a sequentia break specification, clear the
SEQ hitin BRCR to 0.

2. Insequential break specification, the L or | bus can be selected and the execution times break
condition can be also specified. For example, when the execution times break condition is
specified, the break condition is satisfied when a channel B condition matches with BETR =
H'0001 after a channd A condition has matched.

22.35 Value of Saved Program Counter

When a break occurs, the address of the instruction from where execution isto be resumed is
saved in the SPC, and the exception handling stateis entered. If the L busis specified as a break
condition, the instruction a which the break should occur can be clearly determined (except for
when dataisincluded in the break condition). If the | busis specified as a break condition, the
instruction at which the break should occur cannot be clearly determined.
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1. When ingtruction fetch (before instruction execution) is specified as a break condition:

The address of the instruction that matched the break condition is saved in the SPC. The
instruction that matched the condition isnot executed, and the break occurs before it. However
when adéday slot instruction matches the condition, the address of the delayed branch
instruction is saved in the SPC.

2. When ingtruction fetch (after instruction execution) is specified as a break condition:
The address of the ingruction following the ingtruction that matched the break condition is
saved in the SPC. Theinstruction that matches the condition is executed, and the break occurs
before the next ingruction is executed. However when a delayed branch ingruction or delay
slot matches the condition, these ingructions are executed, and the branch destination address
issaved in the SPC.

3. When data access (address only) is specified as a break condition:
The address of the ingruction immediately after theingtruction that matched the break
condition is saved in the SPC. The instruction that matches the condition is executed, and the
break occurs before the next instruction is executed. However when adelay dot instruction
matches the condition, the branch destination address is saved in the SPC.

4. When data access (address + data) is specified as a break condition:
When a data value is added to the break conditions, the address of an ingtruction that is within
two instructions of the ingtruction that matched the break condition is saved in the SPC. At
which ingruction the break occurs cannot be determined accurately.
When a delay slot instruction matches the condition, the branch destination addressis saved in
the SPC. If theinstruction following the instruction that matches the break condition isa
branch instruction, the break may occur after the branch instruction or delay sot has finished.
In this case, the branch destination addressis saved in the SPC.
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22.36 PC Trace

1. Setting PCTE in BRCR to 1 enables PC traces. When branch (branch ingtruction, and interrupt
exception) is generated, the branch source address and branch destination address are stored in
BRSR and BRDR, respectively.

2. Thevalues stored in BRSR and BRDR are as given below due to the kind of branch.

O If abranch occurs due to a branch ingtruction, the address of the branch instruction is saved
in BRSR and the address of the branch destination instruction is saved in BRDR.

O If abranch occurs dueto an interrupt or exception, the value saved in SPC due to exception
occurrence is saved in BRSR and the start address of the exception handling routineis
saved in BRDR.

3. BRSR and BRDR have eight pairs of queue structures. Thetop of queuesisread first when the
address stored in the PC trace register isread. BRSR and BRDR share theread pointer. Read
BRSR and BRDR in order, the queue only shifts after BRDR isread. After switching the
PCTE hit (in BRCR) off and on, the values in the queues areinvalid.
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22.3.7 Usage Examples
Break Condition Specified for an L Bus Instruction Fetch Cycle

1. Register specifications
BARA = H'00000404, BAMRA = H'00000000, BBRA = H'0054, BARB = H'00008010,

BAMRB = H'00000006, BBRB = H'0054, BDRB = H'00000000, BDMRB = H'00000000,
BRCR = H'00300400

Specified conditions. Channd A/channel B independent mode

* Channel A
Address: H'00000404, Address mask: H'00000000
Bus cycle L bug/instruction fetch (after instruction execution)/read (operand size

isnot included in the condition)
The ASID check isnot included.

+ Channel B
Address: H'00008010, Address mask: H'00000006
Data: H'00000000, Data mask: H'00000000
Bus cycle L bug/instruction fetch (before instruction execution)/read (operand size

isnot included in the condition)
The ASID check isnot included.

A user break occurs after an instruction of address H'00000404 is executed or before
instructions of addresses H'00008010 to H'00008016 are executed.
2. Register specifications
BARA = H'00037226, BAMRA = H'00000000, BBRA = H'0056, BARB = H'0003722E,
BAMRB = H'00000000, BBRB = H'0056, BDRB = H'00000000, BDMRB = H'00000000,
BRCR = H'00000008, BASRA = H'80, BASRB = H'70
Specified conditions. Channd A/channel B sequential mode

¢ Channel A

Address: H'00037226, Address mask: H'00000000, ASID = H'80

Bus cycle L bug/instruction fetch (before instruction execution)/read/word
+ Channel B

Address: H'0003722E, Address mask: H'00000000, ASID = H'70

Data: H'00000000, Data mask: H'00000000

Bus cycle L bug/instruction fetch (before instruction execution)/read/word

After an ingtruction with ASID = H'80 and address H'00037226 is executed, a user break
occurs before an instruction with ASID = H'70 and address H'0003722E is executed.
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3. Register specifications
BARA = H'00027128, BAMRA = H'00000000, BBRA = H'005A, BARB = H'00031415,

BAMRB = H'00000000, BBRB = H'0054, BDRB = H'00000000, BDMRB = H'00000000,
BRCR = H'00300000

Specified conditions. Channd A/channel B independent mode

Channel A

Address: H'00027128, Address mask: H'00000000

Bus cycle L bug/instruction fetch (before ingtruction execution)/write/word
The ASID check isnot included.

Channel B

Address: H'00031415, Address mask: H'00000000

Data: H'00000000, Data mask: H'00000000
The ASID check is not included.

Bus cycle L bug/instruction fetch (before instruction execution)/read (operand size
isnot included in the condition)

On channel A, no user break occurs since ingruction fetch is not awrite cycle. On channel
B, no user break occurs since instruction fetch is performed for an even address.

Register specifications

BARA = H'00037226, BAMRA = H'00000000, BBRA = H'005A, BARB = H'0003722E,
BAMRB = H'00000000, BBRB = H'0056, BDRB = H'00000000, BDMRB = H'00000000,
BRCR = H'00000008, BASRA = H'80, BASRB = H'70

Specified conditions. Channd A/channel B sequential mode

Channel A

Address: H'00037226, Address mask: H'00000000, ASID = H'80

Bus cycle L bug/instruction fetch (before ingtruction execution)/write/word
Channel B

Address: H'0003722E, Address mask: H'00000000, ASID = H'70

Data: H'00000000, Data mask: H'00000000
Bus cycle L bug/instruction fetch (before instruction execution)/read/word

Since ingruction fetch isnot awrite cycle on channel A, a sequential condition does not
match. Therefore, no user break occurs.
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5. Register specifications
BARA = H'00000500, BAMRA = H'00000000, BBRA = H'0057, BARB = H'00001000,

BAMRB = H'00000000, BBRB = H'0057, BDRB = H'00000000, BDMRB = H'00000000,
BRCR = H'00300001, BETR = H'0005

Specified conditions. Channd A/channel B independent mode
* Channel A
Address: H'00000500, Address mask: H'00000000
Bus cycle L bug/instruction fetch (before ingtruction execution)/read/longword
The ASID check isnot included.

« Channe B
Address: H'00001000, Address mask: H'00000000
Data H'00000000, Data mask: H'00000000

Bus cycle L bug/instruction fetch (before ingtruction execution)/read/longword
The number of execution-times break enable (5 times)
The ASID check isnot included.

On channdl A, auser break occurs before an instruction of address H'00000500 is executed.
On channdl B, a user break occurs after the instruction of address H'00001000 are executed
four times and before the fifth time.
6. Register specifications

BARA = H'00008404, BAMRA = H'00000FFF, BBRA = H'0054, BARB = H'00008010,

BAMRB = H'00000006, BBRB = H'0054, BDRB = H'00000000, BDMRB = H'00000000,

BRCR = H'00000400, BASRA = H'80, BASRB = H'70

Specified conditions. Channd A/channel B independent mode

¢ Channel A
Address: H'00008404, Address mask: H'00000FFF, ASID = H'80
Bus cycle L bug/instruction fetch (after instruction execution)/read (operand size
isnot included in the condition)
+ Channel B
Address: H'00008010, Address mask: H'00000006, ASID = H'70
Data: H'00000000, Data mask: H'00000000
Bus cycle L bug/instruction fetch (before instruction execution)/read (operand size

isnot included in the condition)
A user break occurs after an instruction with ASID = H'80 and addresses H'00008000 to

H'00008FFE is executed or before an ingtruction with ASID = H'70 and addresses
H'00008010 to H'00008016 are executed.
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Break Condition Specified for an L Bus Data Access Cycle

Register specifications:
BARA = H'00123456, BAMRA = H'00000000, BBRA = H'0064, BARB = H'000ABCDE,

BAMRB = H'000000FF, BBRB = H'006A, BDRB = H'0000A512, BDMRB = H'00000000,
BRCR = H'00000080, BASRA = H'80, BASRB = H'70

Specified conditions. Channd A/channel B independent mode

e Channd A
Address:
Bus cycle

e Channd B
Address:
Data:

Bus cycle

H'00123456, Address mask: H'00000000, ASID = H'80
L bus/data access/read (operand sizeis not included in the condition)

H'000ABCDE, Address mask: H'000000FF, ASID = H'70
H'0000A512, Data mask: H'00000000
L bus/data access/write/word

On channel A, auser break occurs with longword read from ASID = H'80 and address
H'00123454, word read from address H'00123456, or byte read from address H'00123456.
On channel B, a user break occurs when word H'A512 iswritten in ASID = H'70 and
addresses H'000ABCO00 to H'000ABCFE.

Break Condition Specified for an | Bus Data Access Cycle

Register specifications:

BARA = H'00314156, BAMRA = H'00000000, BBRA = H'0094, BARB = H'00055555,
BAMRB = H'00000000, BBRB = H'00A9, BDRB = H'00007878, BDMRB = H'00000FOF,
BRCR = H'00000080, BASRA = H'80, BASRB = H'70

Specified conditions. Channd A/channel B independent mode

e Channd A
Address;
Bus cycle

e Channd B
Address:
Data:

Bus cycle

H'00314156, Address mask: H'00000000, ASID = H'80

| bug/instruction fetch/read (operand size isnot included in the
condition)

H'00055555, Address mask: H'00000000, ASID = H'70
H'00000078, Data mask: H'0000000F
| bus/data access/write/byte

On channel A, auser break occurs when instruction fetch is performed for ASID = H'80
and address H'00314156 in the memory space.

On channel B, a user break occurs when byte data H'7* iswritten in address H'00055555
with ASID = H'70 on the | bus.
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22.3.8 Notes

1

The CPU can read from or writeto the UBC registersviathe | bus. Accordingly, during the
period from executing an instruction to rewrite the UBC register till the new valueis actually
rewritten, the desired break may not occur. In order to know the timing when the UBC register
is changed, read from the last written register. Instructions after then arevalid for the newly
written register value.

UBC cannot monitor access to the L busand | bus in the same channel.

Note on specification of sequential break:

A condition match occurs when a B-channd match occursin abus cycle after an A-channd
match occurs in another bus cycle in sequential break setting. Therefore, no break occurs even
if abus cycle, in which an A-channel match and a channel B match occur simultaneoudly, is
Set.

When a user break and another exception occur at the same instruction, which has higher
priority is determined according to the priority levels defined in table 5.1 in section 5,
Exception Handling. If an exception with higher priority occurs, the user break is not
generated.

0 Pre-execution break has the highest priority.

0 When a post-execution break or data access break occurs simultaneously with are-
execution-type exception (including pre-execution break) that has higher priority, there-
execution-type exception is accepted, and the condition match flag isnot set (see the
exception in the following note). The break will occur and the condition match flag will be
set only after the exception source of the re-execution-type exception has been cleared by
the exception handling routine and re-execution of the same instruction has ended.

0 When a post-execution break or data access break occurs simultaneoudy with a
completion-type exception (TRAPA) that has higher priority, though a break does not
occur, the condition match flag is set.

Note the following exception for the above note.

If a post-execution break or data access break is satisfied by an instruction that generates a
CPU address error (or TLB related exception) by data access, the CPU address error (or TLB
related exception) isgiven priority to the break. Note that the UBC condition match flag is set
in this case.

Note the following when a break occursin adelay dot.

If a pre-execution break is set at the delay slot instruction of the RTE instruction, the break
does not occur until the branch destination of the RTE instruction.

User breaks are disabled during USB module standby mode. Do not read from or writeto the
UBC registers during USB module standby mode; the values are not guaranteed.
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Section 23 User Debugging Interface (UDI)

This LSl incorporates a user debugging interface (UDI) and advanced user debugger (AUD) for a
boundary scan function and emulator support.

This section describes the UDI. The AUD isafunction exclusively for use by an emulator. Refer
to the User’s Manual for therdevant emulator for details of the AUD.

23.1 Features

The UDI (User Debugging Interface) isa serial 1/0 interface which supports with JTAG (Joint
Test Action Group, |IEEE Standard 1149.1 and |EEE Standard Test Access Port and Boundary-
Scan Architecture) specifications.

The UDI in this LS| supports a boundary scan mode, and isalso used for emulator connection.

When using an emulator, UDI functions should not be used. Refer to the emulator manua for the
method of connecting the emulator.

Figure 23.1 shows a block diagram of the UDI.

™ [X] . .
| SDBPR |

SDIR

o]
I

Shift register

00 [X}—

TCK

Local

TMS bus

TAP controller Decoder

TRST

XK

Figure23.1 Block Diagram of UDI
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23.2  Input/Output Pins

Table 23.1 shows the pin configuration of the UDI.

Table23.1 Pin Configuration

Pin Name Input/Output

Description

TCK* Input

Serial Data Input/Output Clock Pin

Data is serially supplied to the UDI from the data input pin
(TDI), and output from the data output pin (TDO), in
synchronization with this clock.

T™S* Input

Mode Select Input Pin

The state of the TAP control circuit is determined by changing
this signal in synchronization with TCK. The protocol is
supported to the JTAG standard (IEEE Std.1149.1).

TRST" Input

Reset Input Pin

Input is accepted asynchronously with respect to TCK, and
when low, the UDI is reset. TRST must be held low for a
constant period when power is turned on regardless of using
the UDI function. As the same as the RESETP pin, the TRST
pin should be driven low at the power-on reset state and driven
high after the power-on reset state is released. This is different
from the JTAG standard.

See section 23.4.2, Reset Configuration, for more information.

DI Input

Serial Data Input Pin

Data transfer to the UDI is executed by changing this signal in
synchronization with TCK.

TDO Output

Serial Data Output Pin

Data read from the UDI is executed by reading this pin in
synchronization with TCK. The data output timing depends on
the command type set in the SDIR. See section 23.3.2,
Instruction Register (SDIR), for more information.

ASEMDO" Input

ASE Mode Select Pin

If a low level is input at the ASEMDO pin while the RESETP pin
is asserted, ASE mode is entered; if a high level is input, normal
mode is entered. In ASE mode, dedicated emulator function
can be used. The input level at the ASEMDO pin should be held
for at least one cycle after RESETP negation. See section
23.4.2, Reset Configuration, for more information.
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Pin Name Input/Output  Description

ASEBRKAK Output Dedicated emulator pin
AUDSYNC

AUDATA3t0 0

AUDCK

Note: * The pull-up MOS turns on if the pin function controller (PFC) is used to select other
functions (UDI).

23.3 Register Descriptions

The UDI hasthe following registers. For details on register addresses and register statesin each
processing state, see section 24, List of Registers.

» Bypassregister (SDBPR)

e Ingruction regiser (SDIR)

» Boundary scan register (SDBSR)
* |IDregister (SDID)

2331 BypassRegister (SDBPR)

SDBPR is a 1-hit register that cannot be accessed by the CPU. When SDIR is set to the bypass
mode, SDBPR is connected between UDI pins TDI and TDO. Theinitial value is undefined but
SDBPR isinitialized when the TAP enters the Capture-DR state.

23.32 Instruction Register (SDIR)

SDIR isa16-hit read-only register. Theregister isin JTAG IDCODE initsinitia state. It is
initialized by TRST assertion or in the TAP test-logic-reset state, and can be written to by the UDI
irrespective of the CPU mode. Operation isnot guaranteed if areserved command isset in this
register.
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Bit Initial
Bit Name Value R/W  Description
15t0 13 TI7toTI5 1 R Test Instruction 7 to 0
12 T4 0 R The UDI instruction is transferred to SDIR by a
mes mwm 1 R el
7to2 O 1 R Reserved
These bits are always read as 1.
1 O 0 R Reserved
This bit is always read as 0.
0 O 1 R Reserved
This bit is always read as 1.
Table23.2 UDI Commands
Bits 15to 8
TI7 TI6 TIS T4 TI3 TI2 TI1 TIO Description
0 0 0 0 — — — JTAG EXTEST
0 0 1 0 — — — JTAG CLAMP
0 0 1 1 — — — JTAG HIGHZ
0 1 0 0 — — — JTAG SAMPLE/PRELOAD
0 1 1 0 — — — UDI reset negate
0 1 1 1 — — — UDI reset assert
1 0 1 — — — — UDI interrupt
1 1 1 0 — — — JTAG IDCODE (Initial value)
1 1 1 — — — JTAG BYPASS

Other than the above

Reserved

23.3.3

Boundary Scan Register (SDBSR)

SDBSR is a 385-hit shift register, located on the PAD, for controlling the input/output pins of this
LSI. Theinitial valueis undefined. SDBSR cannot be accessed by the CPU.

Using the EXTEST, SAMPLE/PRELOAD, CLAMP, and HIGHZ commands, a boundary scan
test which supports the JTAG standard can be carried out. Table 23.3 shows the correspondence
between this LS|’ s pins and boundary scan register hits.
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Table23.3 SH7705 Pinsand Boundary Scan Register Bits

Bit Pin Name I/O Bit Pin Name I/O
from TDI 353 D2 IN
384 VBUS/PTM6 IN 352 D1 IN
383 MD6 IN 351 DO IN
382 D31/PTB7/PINT15 IN 350 VBUS/PTM6 ouT
381 D30/PTB6/PINT14 IN 349 D31/PTB7/PINT15 ouT
380 D29/PTB5/PINT13 IN 348 D30/PTB6/PINT14 ouT
379 D28/PTB4/PINT12 IN 347 D29/PTB5/PINT13 ouT
378 D27/PTB3/PINT11 IN 346 D28/PTB4/PINT12 ouT
377 D26/PTB2/PINT10 IN 345 D27/PTB3/PINT11 ouT
376 D25/PTB1/PINT9 IN 344 D26/PTB2/PINT10 ouT
375 D24/PTBO/PINT8 IN 343 D25/PTBL1/PINT9 ouT
374 D23/PTA7/PINT7 IN 342 D24/PTBO/PINT8 ouT
373 D22/PTA6/PINT6 IN 341 D23/PTA7/PINT7 ouT
372 D21/PTA5/PINTS IN 340 D22/PTA6/PINT6 ouT
371 D20/PTA4/PINT4 IN 339 D21/PTA5/PINTS ouT
370 D19/PTA3/PINT3 IN 338 D20/PTA4/PINT4 ouT
369 D18/PTA2/PINT2 IN 337 D19/PTA3/PINT3 ouT
368 D17/PTAL/PINT1 IN 336 D18/PTA2/PINT2 ouT
367 D16/PTAO/PINTO IN 335 D17/PTAL/PINT1 ouT
366 D15 IN 334 D16/PTAO/PINTO ouT
365 D14 IN 333 D15 ouT
364 D13 IN 332 D14 ouT
363 D12 IN 331 D13 ouT
362 D11 IN 330 D12 ouT
361 D10 IN 329 D11 ouT
360 D9 IN 328 D10 ouT
359 D8 IN 327 D9 ouT
358 D7 IN 326 D8 ouT
357 D6 IN 325 D7 ouT
356 D5 IN 324 D6 ouT
355 D4 IN 323 D5 ouT
354 D3 IN 322 D4 ouT
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Bit Pin Name I/0 Bit Pin Name I/0
321 D3 ouT 288 D3 Control
320 D2 ouT 287 D2 Control
319 D1 ouT 286 D1 Control
318 DO ouT 285 DO Control
317  VBUS/PTM6 Control 284  AO/PTKO IN

316  D31/PTB7/PINT15 Control 283  A19/PTK1 IN

315 D30/PTB6/PINT14 Control 282  A20/PTK2 IN

314  D29/PTB5/PINT13 Control 281  A21/PTK3 IN

313  D28/PTB4/PINT12 Control 280  A22/PTK4 IN

312  D27/PTB3/PINT11 Control 279  A23/PTK5 IN

311  D26/PTB2/PINT10 Control 278  A24/PTK6 IN

310 D25/PTB1/PINT9 Control 277  A25/PTK7 IN

309  D24/PTBO/PINTS Control 276  BS/PTCO IN

308 D23/PTA7/PINT? Control 275  WE2/DQMUL/PTC1 IN

307 D22/PTAG/PINT6 Control 274  WE3/DQMUU/AH/PTC2  IN

306 D21/PTA5/PINTS Control 273  CS2/PTC3 IN

305 D20/PTA4/PINT4 Control 272  CS3/PTC4 IN

304 D19/PTA3/PINT3 Control 271  CS4/PTC5 IN

303 DI18/PTA2/PINT2 Control 270  CS5A/PTC6 IN

302 D17/PTALPINTL Control 269  CS5B/PTD6 IN

301  D16/PTAO/PINTO Control 268  CS6A/PTCY IN

300 D15 Control 267  CS6B/PTD7 IN

299 D14 Control 266  RASL/PTDO IN

298 D13 Control 265  RASU/PTD1 IN

297 D12 Control 264  CASL/PTD2 IN

296 D11 Control 263 AOQ/PTKO ouT
295 D10 Control 262 Al ouT
294 D9 Control 261 A2 ouT
293 D8 Control 260 A3 ouT
292 D7 Control 259 A4 ouT
291 D6 Control 258 A5 ouT
290 D5 Control 257 A6 ouT
289 D4 Control 256 A7 ouT
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Bit Pin Name 110 Bit Pin Name /0

255 A8 ouT 222  RASL/PTDO ouT

254 A9 ouT 221  RASU/PTD1 ouT

253 Al10 ouT 220  CASL/PTD2 ouT

252  All ouT 219  AO0/PTKO Control
251  Al2 ouT 218 Al Control
250 A13 ouT 217 A2 Control
249  Al4 ouT 216 A3 Control
248  A15 ouT 215 A4 Control
247  A16 ouT 214 A5 Control
246  Al7 ouT 213 A6 Control
245  Al8 ouT 212 A7 Control
244  A19/PTK1 ouT 211 A8 Control
243  A20/PTK2 ouT 210 A9 Control
242 A21/PTK3 ouT 209 Al0 Control
241  A22/PTK4 ouT 208  All Control
240  A23/PTK5 ouT 207  Al12 Control
239  A24/PTK6 ouT 206  Al3 Control
238  A25/PTK7 ouT 205  Al4 Control
237  BS/PTCO ouT 204  Al5 Control
236 RD ouT 203 Al6 Control
235  WEO/DQMLL ouT 202 Al7 Control
234  WE1/DQMLU ouT 201 Al8 Control
233  WE2/DQMUL/PTC1 ouT 200  A19/PTK1 Control
232  WE3/DQMUU/AH/PTC2 ouT 199 A20/PTK2 Control
231 RD/WR ouT 198  A21/PTK3 Control
230 CSO ouT 197  A22/PTK4 Control
229 CS2/PTC3 ouT 196  A23/PTK5 Control
228 CS3/PTC4 ouT 195  A24/PTK6 Control
227  CS4/PTC5 ouT 194  A25/PTK7 Control
226  CS5A/PTC6 ouT 193  BS/PTCO Control
225 CS5B/PTD6 ouT 192 RD Control
224  CS6A/PTC7 ouT 191 WEO/DQMLL Control
223  CS6B/PTD7 ouT 190  WE1/DQMLU Control
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Bit Pin Name I/0 Bit Pin Name I/0
189  WE2/DQMUL/PTC1 Control 156  NF/PTJ5 IN
188  WE3/DQMUU/AH/PTC2 Control 155 NF/PTJ6 IN
187 RD/WR Control 154  NF/PTJ7 IN
186 CSO Control 153 NF/PTM4 IN
185 CS2/PTC3 Control 152 PTMO IN
184  CS3/PTC4 Control 151  PTM1 IN
183  CS4/PTC5 Control 150 PTM2 IN
182  CSEBA/PTC6 Control 149 PTM3 IN
181 CSEBB/PTD6 Control 148  ASEBRKAK/PTF6 IN
180 CS6A/PTCY Control 147 MDO IN
179  CS6B/PTD7 Control 146 MD1 IN
178 RASL/PTDO Control 145 MD2 IN
177  RASU/PTD1 Control 144 MD5 IN
176  CASL/PTD2 Control 143  CASU/PTD3 ouT
175  CASU/PTD3 IN 142 CKE/PTD4 ouT
174  CKE/PTD4 IN 141  PTD5/NF ouT
173  PTD5/NF IN 140  BACK/PTG5 ouT
172  BACK/PTG5 IN 139  BREQ/PTG6 ouT
171  BREQ/PTG6 IN 138 WAIT/PTG7 ouT
170  WAIT/PTG7 IN 137 DACKO/PTEO ouT
169  DACKO/PTEO IN 136  DACKI1/PTE1 ouT
168  DACK1/PTE1 IN 135  TENDO/PTE3 ouT
167  TENDO/PTE3 IN 134  AUDSYNC/PTF4 ouT
166  AUDSYNC/PTF4 IN 133  AUDATAO/PTFO/TO0 ouT
165  AUDATAOQ/PTFO/TOO IN 132 AUDATA1/PTFL/TO1 ouT
164  AUDATA1/PTF1/TO1 IN 131  AUDATA2/PTF2/TO2 ouT
163  AUDATA2/PTF2/TO2 IN 130  AUDATA3/PTF3/TO3 ouT
162  AUDATA3/PTF3/TO3 IN 129  NF/PTJO ouT
161  NF/PTJO IN 128  NF/PTJ1 ouT
160  NF/PTJ1 IN 127 NF/PTJ2 ouT
159  NF/PTJ2 IN 126  NF/PTJ3 ouT
158  NF/PTJ3 IN 125  NF/PTJ4 ouT
157  NF/PTJ4 IN 124  NF/PTJ5 ouT
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Bit Pin Name 110 Bit Pin Name /0

123 NF/PTJ6 ouT 90 PTM2 Control
122 NF/PTJ7 ouT 89 PTM3 Control
121  NF/PTM4 ouT 88 ASEBRKAK/PTF6 Control
120  PTMO ouT 87 STATUSO/PTE4/RTSO IN
119 PTM1 ouT 86 STATUS1/PTE5/CTSO IN
118  PTM2 ouT 85 PTNO/SUSPND IN
117  PTM3 ouT 84 PTN1/TXENL IN
116  ASEBRKAK/PTF6 ouT 83 PTN2/XVDATA IN
115 CASU/PTD3 Control 82 PTN3/TXDMNS IN
114  CKE/PTD4 Control 81 PTN4/TXDPLS IN
113  PTDS/NF Control 80 PTN5/DMNS IN
112 BACK/PTG5 Control 79 PTN6/DPLS IN
111  BREQ/PTG6 Control 78 PTN7 IN
110  WAIT/PTG7 Control 77 TCLK/PTE6 IN
109  DACKO/PTEO Control 76 PTE7 IN
108  DACKI1/PTE1 Control 75 SCKO/SCPT1 IN
107  TENDO/PTE3 Control 74 SCK2/SCPT3 IN
106  AUDSYNC/PTF4 Control 73 RTS2/SCPT4 IN
105  AUDATAO/PTFO/TOO Control 72 RXDO/SCPTO/IrRX IN
104  AUDATA1/PTF1/TO1 Control 71 RXD2/SCPT2 IN
103  AUDATA2/PTF2/TO2 Control 70 CTS2/SCPT5 IN
102  AUDATA3/PTF3/TO3 Control 69 IRQO/MRLO/PTHO IN
101  NF/PTJO Control 68 IRQIUIRLT/PTH1 IN
100  NAF/PTJ1 Control 67 IRQ2/RL2/PTH2 IN
99 NF/PTJ2 Control 66 IRQ3/RL3/PTH3 IN
98 NF/PTJ3 Control 65 IRQ4/PTH4 IN
97 NF/PTJ4 Control 64 IRQ5/PTE2 IN
96 NF/PTJ5 Control 63 AUDCK/PTG4 IN
95 NF/PTJ6 Control 62 NMI IN
94 NF/PTJ7 Control 61 DREQO/PTH5 IN
93 NF/PTM4 Control 60 DREQ1/PTH6 IN
92 PTMO Control 59 MD3 IN
91 PTM1 Control 58 MD4 IN
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Bit Pin Name I/0 Bit Pin Name I/0

57 ANO/PTLO IN 27 DREQ1/PTH6 ouT
56 AN1/PTL1 IN 26 STATUSO/PTE4/RTSO Control
55 AN2/PTL2 IN 25 STATUS1/PTE5/CTSO Control
54 AN3/PTL3 IN 24 PTNO/SUSPND Control
53 STATUSO/PTE4/RTSO ouT 23 PTN1/TXENL Control
52 STATUS1/PTE5/CTSO ouT 22 PTN2/XVDATA Control
51 PTNO/SUSPND ouT 21 PTN3/TXDMNS Control
50 PTN1/TXENL ouT 20 PTN4/TXDPLS Control
49 PTN2/XVDATA ouT 19 PTN5/DMNS Control
48 PTN3/TXDMNS ouT 18 PTN6/DPLS Control
47 PTN4/TXDPLS ouT 17 PTN7 Control
46 PTN5/DMNS ouT 16 TCLK/PTE6 Control
45 PTN6/DPLS ouT 15 PTE7 Control
44 PTN7 ouT 14 TXDO/SCPTO/IFTX Control
43 TCLK/PTE6 ouT 13 SCKO/SCPT1 Control
42 PTE7 ouT 12 TxD2/SCPT2 Control
41 TXDO/SCPTO/NITX ouT 11 SCK2/SCPT3 Control
40 SCKO/SCPT1 ouT 10 RTS2/SCPT4 Control
39 TXD2/SCPT2 ouT 9 CTS2/SCPT5 Control
38 SCK2/SCPT3 ouT 8 IRQO/MRLO/PTHO Control
37 RTS2/SCPT4 ouT 7 IRQUIRL1/PTH1 Control
36 CTS2/SCPT5 ouT 6 IRQ2/IRL2/PTH2 Control
35 IRQO/IRLO/PTHO ouT 5 IRQ3/RL3/PTH3 Control
34 IRQIUIRLT/PTH1 ouT 4 IRQ4/PTH4 Control
33 IRQ2/RL2/PTH2 ouT 3 IRQ5/PTE2 Control
32 IRQ3/RL3/PTH3 ouT 2 AUDCK/PTG4 Control
31 IRQ4/PTH4 ouT 1 DREQO/PTH5 Control
30 IRQ5/PTE2 ouT 0 DREQ1/PTH6 Control
29 AUDCK/PTG4 ouT

28 DREQO/PTH5 ouT 0 TDO

Note: Control is an active-low signal.
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2334 1D Register (SDID)

SDID isa 32-hit read-only register that consists of connected 16-bit registers SDIDH and SDIDL,
each of which can beread by the CPU.

The IDCODE command is set from the UDI pin. Thisregister can beread from the TDO when the
TAP stateis Shift-DR. Writing is disabled.

Bit Initial
Bit Name Value R/W Description
31to0 DID31toDIDO Referto R Device ID31to 0
description

Device ID register that is stipulated by
JTAG. H'001A200F (initial value) for this
LSI. Upper four bits may be changed by the
chip version.

SDIDH corresponds to bits 31 to 16.
SDIDL corresponds to bits 15 to 0.
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23.4  Operation

2341 TAPController

Figure 23.2 showsthe internal states of the TAP controller. State transitions basically conform to
the JTAG gtandard.

o Test-logic-reset

\j \i

Figure23.2 TAP Controller State Transitions

Note: Thetransition condition isthe TMSvalue at therising edge of TCK. The TDI valueis
sampled at therising edge of TCK; shifting occurs at the falling edge of TCK. For details
on changetiming of the TDO value, see section 23.4.3, TDO Output Timing. The TDO is
at high impedance, except with shift-DR and shift-IR states. During the change to TRST =
0, thereisatransition to test-logic-reset asynchronously with TCK.
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234.2

Reset Configuration

Table23.4 Reset Configuration

ASEMDO** RESETP TRST Chip State
H L L Normal reset and UDI reset™*
H Normal reset**
H L UDI reset only
H Normal operation
L L L Reset hold*?
H In ASE user mode*®; Normal reset
In ASE break mode**: RESETP assert is
masked
H L UDI reset only
H Normal operation
Notes: 1. Performs normal mode and ASE mode settings
ASEMDO = H, normal mode
ASEMDO = L, ASE mode
2. In ASE mode, reset hold is enabled by driving the RESETP and TRST pins low for a
constant cycle. In this state, the CPU does not start up, even if RESETP is driven high.
When TRST is driven high, UDI operation is enabled, but the CPU does not start up.
The reset hold state is canceled by the following:
» Another RESETP assert (power-on reset)
* TRST reassert
3. ASE mode is classified into two modes; ASE break mode to execute the firm program
of an emulator and ASE user mode to execute the user program.
4. Make sure the TRST pin is low when the power is turned on.
2343 TDO Output Timing

The timing of data output from the TDO is switched by the command type set in the SDIR. The
timing changes at the TCK falling edge when JTAG commands (EXTEST, CLAMP, HIGHZ,
SAMPLE/PRELOAD, IDCODE, and BY PASS) are set. Thisisatiming of the JTAG standard.
When the UDI commands (UDI reset negate, UDI reset assert, and UDI interrupt) are set, TDOis
output at the TCK rising edge earlier than the JTAG standard by a half cycle.
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TCK / \ /
TDO T

(when the UDI 4&%
command is set)

TDO T

(when the boundary scan TDO
command is set)

Figure23.3 UDI Data Transfer Timing

2344 UDI Reset

An UDI reset is executed by setting an UDI reset assert command in SDIR. An UDI reset is of the
same kind as a power-on reset. An UDI reset isreleased by inputting an UDI reset negate
command. Therequired time between the UDI reset assert command and UDI reset negate
command isthe same astime for keeping the RESETP pin low to apply a power-on reset.

SDIR X UDI reset asslert >< >< UDI reset negate ><E

Chip internal reset

CPU state ; : ><Branch to H'A0000000

Figure23.4 UDI Reset

23.45 UDI Interrupt

The UDI interrupt function generates an interrupt by setting a command from the UDI in the
SDIR. An UDI interrupt isageneral exception/interrupt operation, resulting in abranch to an
address based on the VBR value plus offset, and with return by the RTE instruction. Thisinterrupt
request has a fixed priority level of 15.

UDI interrupts are accepted in sleep mode, but not in standby mode.
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235 Boundary Scan

A command can be set in SDIR by the UDI to place the UDI pinsin boundary scan mode
stipulated by JTAG.

2351 Supported Instructions

This LSl supports the three essentia instructions defined in the JTAG standard (BY PASS,
SAMPLE/PRELOAD, and EXTEST) and three option instructions (IDCODE, CLAMP, and
HIGHZ).

1. BYPASS

The BYPASS instruction isan essential standard ingtruction that operates the bypass register.
Thisinstruction shortens the shift path to speed up serial datatransfer involving other chipson
the printed circuit board. While this ingtruction is executing, the test circuit has no effect on the
system circuits. The upper four bits of the instruction code are 1111.

2. SAMPLE/PRELOAD:

The SAMPLE/PRELOAD instruction inputs values from this LSI's interna circuitry to the
boundary scan register, outputs values from the scan path, and loads data onto the scan path.
When thisinstruction is executing, this LSI'sinput pin signals are transmitted directly to the
interna circuitry, and interna circuit values are directly output externally from the output pins.
ThisLSl's system circuits are not affected by execution of thisinstruction. The upper four bits
of the instruction code are 0100.

In a SAMPLE operation, a shapshot of a valueto be transferred from an input pin to the
interna circuitry, or a value to be transferred from the internal circuitry to an output pin, is
latched into the boundary scan register and read from the scan path. Snapshot latching is
performed in synchronization with the rise of TCK in the Capture-DR state. Snapshot latching
does not affect normal operation of thisLSl.

In aPRELOAD operation, an initial valueis set in the parallel output latch of the boundary
scan register from the scan path prior to the EXTEST ingruction. Without a PRELOAD
operation, when the EXTEST instruction was executed an undefined value would be output
from the output pin until completion of theinitial scan sequence (transfer to the output latch)
(with the EXTEST indruction, the parallel output latch valueis constantly output to the output

pin).
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3.

EXTEST:

Thisinstruction is provided to test external circuitry when thisL S| is mounted on a printed
circuit board. When thisingruction is executed, output pins are used to output test data
(previously set by the SAMPLE/PRELOAD instruction) from the boundary scan register to the
printed circuit board, and input pins are used to latch test results into the boundary scan

register from the printed circuit board. If testing is carried out by using the EXTEST
instruction N times, the Nth test data is scanned-in when test data (N-1) is scanned out.

Data loaded into the output pin boundary scan register in the Capture-DR state is not used for
externd circuit testing (it isreplaced by a shift operation).

The upper four bits of the instruction code are 0000.

IDCODE:

A command can be set in SDIR by the UDI pinsto place the UDI pinsin the [ DCODE mode
stipulated by JTAG. When the UDI isinitidized (TRST is asserted or TAP isin the Test-
Logic-Reset state), the IDCODE mode is entered.

CLAMP, HIGHZ:

A command can be set in SDIR by the UDI pinsto place the UDI pinsin the CLAMP or
HIGHZ mode tipulated by JTAG.

23.5.2 Pointsfor Attention

1

N o oM~ WD

Boundary scan mode does not cover clock-related signals (EXTAL, EXTAL2, XTAL,
XTAL2, EXTAL_USB, XTAL_USB, and CKIO).

Boundary scan mode does not cover reset-related signals (RESETP, RESETM, and CA).
Boundary scan mode does not cover UDI-related signals (TCK, TDI, TDO, TMS, and TRST).
Fix the RESETP pin low during boundary scan.

Fix the CA pin high during boundary scan.

Fix the ASEMDO pin high during boundary scan.

The CKI10O cock should operate during boundary scan. The MD[2:0] pin should be set to the
clock mode used during normal operation, and EXTAL and CKI1O should be set within the
frequency range specified in the Clock Pulse Generator (CPG) section.

As during normal operation, the boundary scan test should be performed after allowing
sufficient settling time for the crystal oscillator, PLL1, and PLL2.
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23.6  Usage Notes

1. An UDI command, once set, will not be modified aslong as another command isnot re-issued
from the UDI. If the same command is given continuously, the command must be set after a
command (BYPASS, etc.) that does not affect chip operationsis once set.

2. Because chip operations are suspended in standby mode, UDI commands are not accepted. To
keep the TAP state constant before and after sandby mode, TCK must be high during standby
mode transition.

3. The UDI isused for emulator connection. Therefore, UDI functions cannot be used when using
an emulator.

23.7 Advanced User Debugger (AUD)

The AUD isafunction only for an emulator. For details on the AUD, refer to each emulator’s
User’'s Manual.
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Section 24 List of Registers

This section gives information on the on-chip 1/0 registersand is configured as described
bel ow.

1

Register Addresses (by functional module, in order of the corresponding section numbers)

Descriptions by functional module, in order of the corresponding section numbers
Entriesthat consist of 0 linesare for separation of the functional modules.

Access to reserved addresses which are not described in thislist is prohibited.

When registers consist of 16 or 32 hits, the addresses of the MSBs are given, on the
presumption of a big-endian system.

Register Bits

Bit configurations of the registers are described in the same order as the Register Addresses
(by functional module, in order of the corresponding section numbers).

Reserved bits are indicated by O in the bit name.

No entry in the bit-name column indicates that the whole register isallocated as a counter or
for holding data.

When regigters consist of 16 or 32 hits, bits are described from the MSB side.
The order in which bytes are described is on the presumption of a big-endian system.

Register States in Each Operating Mode

Register states are described in the same order as the Register Addresses (by functiona
module, in order of the corresponding section numbers).

For theinitial state of each hit, refer to the description of the register in the corresponding
section.

Theregister states described are for the basic operating modes. If there is a specific reset for
an on-chip module, refer to the section on that on-chip module.
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24.1 Register Addresses

(by functional module, in order of the corresponding section

numbers)

Entries under Access size indicates numbers of bits.

Note:  Accessto undefined or reserved addressesiis prohibited. Since operation or continued

operation is not guaranteed when these registers are accessed, do not attempt such

access.
Number Access

Register Name Abbreviation of Bits Address Module Size
MMU control register MMUCR 32 H'FFFF FFEO MMU 32
Page table entry register high PTEH 32 H'FFFF FFFO 32
Page table entry register low PTEL 32 H'FFFF FFF4 32
Translation table base register TTB 32 H'FFFF FFF8 32
g O g O g O
Cache control register 1 CCR1 32 H'FFFF FFEC Cache 32
Cache control register 2 CCR2 32 H'A400 00BO 32
Cache control register 3 CCR3 32 H'A400 00B4 32
g O g O g O
Interrupt event register 2 INTEVT2 32 H'A400 0000 Exception 32
TRAPA exception register TRA 32 HFFFF FrDo  nanding 35
Exception event register EXPEVT 32 H'FFFF FFD4 32
Interrupt event register INTEVT 32 H'FFFF FFD8 32
TLB exception address register TEA 32 H'FFFF FFFC 32
g O g O g O
Interrupt priority level setting register A IPRA 16 H'FFFF FEE2 INTC 16
Interrupt priority level setting register B IPRB 16 H'FFFF FEE4 16
Interrupt priority level setting register C IPRC 16 H'A400 0016 16
Interrupt priority level setting register D IPRD 16 H'A400 0018 16
Interrupt priority level setting register E IPRE 16 H'A400 001A 16
Interrupt priority level setting register F IPRF 16 H'A408 0000 16
Interrupt priority level setting register G IPRG 16 H'A408 0002 16
Interrupt priority level setting register H IPRH 16 H'A408 0004 16
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Number Access
Register Name Abbreviation of Bits Address Module Size
Interrupt control register 0 ICRO 16 H'FFFF FEEO INTC 16
Interrupt control register 1 ICR1 16 H'A400 0010 16
Interrupt control register 2 ICR2 16 H'A400 0012 16
Interrupt request register 0 IRRO H'A400 0004
Interrupt request register 1 IRR1 H'A400 0006
Interrupt request register 2 IRR2 H'A400 0008
PINT interrupt enable register PINTER 16 H'A400 0014 16
g g O g O
Common control register CMNCR 32 H'A4FD 0000 BSC 32
Bus control register for CS0 space CSOBCR 32 H'A4FD 0004 32
Bus control register for CS2 space CS2BCR 32 H'A4FD 0008 32
Bus control register for CS3 space CS3BCR 32 H'A4FD 000C 32
Bus control register for CS4 space CS4BCR 32 H'A4FD 0010 32
Bus control register for CS5A space CS5ABCR 32 H'A4FD 0014 32
Bus control register for CS5B space  CS5BBCR 32 H'A4FD 0018 32
Bus control register for CS6A space CS6ABCR 32 H'A4FD 001C 32
Bus control register for CS6B space CS6BBCR 32 H'A4FD 0020 32
Wait control register for CS0 space CSOWCR 32 H'A4FD 0024 32
Wait control register for CS2 space CS2WCR 32 H'A4FD 0028 32
Wait control register for CS3 space CS3WCR 32 H'A4FD 002C 32
Wait control register for CS4 space CS4WCR 32 H'A4FD 0030 32
Wait control register for CS5A space  CS5AWCR 32 H'A4FD 0034 32
Wait control register for CS5B space CS5B WCR 32 H'A4FD 0038 32
Wait control register for CS6A space CS6AWCR 32 H'A4FD 003C 32
Wait control register for CS6B space  CS6B WCR 32 H'A4FD 0040 32
SDRAM control register SDCR 32 H'A4FD 0044 32
Refresh timer control/status register ~RTCSR 32 H'A4FD 0048 32
Refresh timer counter RTCNT 32 H'A4FD 004C 32
Refresh time constant register RTCOR 32 H'A4FD 0050 32
SDRAM mode register for CS2 space  SDMR2 ad H'A4FD 4xxx*? 16
SDRAM mode register for CS3 space  SDMR3 ad H'A4FD 5xxx*? 16
g g O g O

RENESAS
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Number Access
Register Name Abbreviation of Bits Address Module Size
DMA source address register_0 SAR_O 32 H'A400 0020 DMAC 16/32
DMA destination address register 0 DAR_0 32 H'A400 0024 1632
DMA transfer count register_0 DMATCR_0 32 H'A400 0028 1632
DMA channel control register_0 CHCR_O 32 H'A400 002C 8/16/32
DMA source address register_1 SAR_1 32 H'A400 0030 1632
DMA destination address register 1  DAR_1 32 H'A400 0034 16/32
DMA transfer count register_1 DMATCR_1 32 H'A400 0038 1632
DMA channel control register_1 CHCR_1 32 H'A400 003C 8/16/32
DMA source address register_2 SAR_2 32 H'A400 0040 16/32
DMA destination address register 2 DAR_2 32 H'A400 0044 1632
DMA transfer count register_2 DMATCR_2 32 H'A400 0048 16/32
DMA channel control register_2 CHCR_2 32 H'A400 004C 8/16/32
DMA source address register_3 SAR_3 32 H'A400 0050 16/32
DMA destination address register 3 DAR_3 32 H'A400 0054 1632
DMA transfer count register_3 DMATCR_3 32 H'A400 0058 1632
DMA channel control register_3 CHCR_3 32 H'A400 005C 8/16/32
DMA operation register DMAOR 16 H'A400 0060 8/16
DMA extended resource selector 0 DMARSO 16 H'A409 0000 16
DMA extended resource selector 1 DMARS1 16 H'A409 0004 16
g O g O g O
USB clock control register UCLKCR 8 H'A40A 0008 CPG 8/16**
Frequency control register FRQCR 16 H'FFFF FF80 16
g O g O g O
Watchdog timer counter WTCNT 8 H'FFFF FF84 WDT 8/16**
Watchdog timer control/status register WTCSR 8 H'FFFF FF86 8/16**
g O g O g O
Standby control register STBCR 8 H'FFFF FF82 Power-down 8
Standby control register 2 STBCR2 8 HFFFF FFgg modes
Standby control register 3 STBCR3 8 H'A40A 0000
g O g O g O
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Number Access
Register Name Abbreviation of Bits Address Module Size
Timer start register TSTR 8 HFFFF FE92 TMU 8
Timer constant register_0 TCOR_O 32 H'FFFF FE94 32
Timer counter_0 TCNT_O 32 H'FFFF FE98 32
Timer control register_0 TCR_O 16 H'FFFF FE9OC 16
Timer constant register_1 TCOR_1 32 H'FFFF FEAO 32
Timer counter_1 TCNT_1 32 H'FFFF FEA4 32
Timer control register_1 TCR_1 16 H'FFFF FEA8 16
Timer constant register_2 TCOR_2 32 H'FFFF FEAC 32
Timer counter_2 TCNT_2 32 H'FFFF FEBO 32
Timer control register_2 TCR_2 16 H'FFFF FEB4 16
Input capture register_2 TCPR_2 32 H'FFFF FEBS 32
g O g O g O
Compare match timer start register CMSTR 16 H'A400 0070 CMT 16
Compare match timer control/status  CMCSR 16 H'A400 0074 16
register
Compare match timer counter CMCNT 16 H'A400 0078 16
Compare match timer constant register CMCOR 16 H'A400 007C 16
g O g O g O
Timer start register TSTR 16 H'A449 0000 TPU 16
Timer control register_0 TCR_O 16 H'A449 0010 16
Timer mode register_0 TMDR_O 16 H'A449 0014 16
Timer I/O control register_0 TIOR_O 16 H'A449 0018 16
Timer interrupt enable register_0 TIER_O 16 H'A449 001C 16
Timer status register_0 TSR_O 16 H'A449 0020 16
Timer counter_0 TCNT_O 16 H'A449 0024 16
Timer general register A_0 TGRA O 16 H'A449 0028 16
Timer general register B_0 TGRB_O 16 H'A449 002C 16
Timer general register C_0 TGRC_O 16 H'A449 0030 16
Timer general register D_0 TGRD_O 16 H'A449 0034 16
Timer control register_1 TCR_1 16 H'A449 0050 16
Timer mode register_1 TMDR_1 16 H'A449 0054 16
Timer I/O control register_1 TIOR_1 16 H'A449 0058 16

RENESAS
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Number Access

Register Name Abbreviation of Bits Address Size
Timer interrupt enable register_1 TIER_1 16 H'A449 005C TPU 16
Timer status register_1 TSR_1 16 H'A449 0060 16
Timer counter_1 TCNT_1 16 H'A449 0064 16
Timer general register A_1 TGRA 1 16 H'A449 0068 16
Timer general register B_1 TGRB_1 16 H'A449 006C 16
Timer general register C_1 TGRC_1 16 H'A449 0070 16
Timer general register D_1 TGRD_1 16 H'A449 0074 16
Timer control register_2 TCR_2 16 H'A449 0090 16
Timer mode register_2 TMDR_2 16 H'A449 0094 16
Timer I/O control register_2 TIOR_2 16 H'A449 0098 16
Timer interrupt enable register_2 TIER_2 16 H'A449 009C 16
Timer status register_2 TSR_2 16 H'A449 00A0 16
Timer counter_2 TCNT_2 16 H'A449 00A4 16
Timer general register A_2 TGRA 2 16 H'A449 00A8 16
Timer general register B_2 TGRB_2 16 H'A449 00AC 16
Timer general register C_2 TGRC_2 16 H'A449 00B0O 16
Timer general register D_2 TGRD_2 16 H'A449 00B4 16
Timer control register_3 TCR_3 16 H'A449 00D0 16
Timer mode register_3 TMDR_3 16 H'A449 00D4 16
Timer I/O control register_3 TIOR_3 16 H'A449 00D8 16
Timer interrupt enable register_3 TIER_3 16 H'A449 00DC 16
Timer status register_3 TSR_3 16 H'A449 00EO 16
Timer counter_3 TCNT_3 16 H'A449 00E4 16
Timer general register A_3 TGRA_3 16 H'A449 00E8 16
Timer general register B_3 TGRB_3 16 H'A449 00EC 16
Timer general register C_3 TGRC_3 16 H'A449 00FO0 16
Timer general register D_3 TGRD_3 16 H'A449 00F4 16
g g g
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Number Access

Register Name Abbreviation of Bits Address Module Size
64-Hz counter R64CNT 8 H'FFFF FECO RTC 8
Second counter RSECCNT 8 H'FFFF FEC2 8
Minute counter RMINCNT 8 H'FFFF FEC4 8
Hour counter RHRCNT 8 H'FFFF FEC6 8
Day of week counter RWKCNT 8 H'FFFF FEC8 8
Date counter RDAYCNT 8 H'FFFF FECA 8
Month counter RMONCNT 8 H'FFFF FECC 8
Year counter RYRCNT 16 H'FFFF FECE 16
Second alarm register RSECAR 8 H'FFFF FEDO 8
Minute alarm register RMINAR 8 H'FFFF FED2 8
Hour alarm register RHRAR 8 H'FFFF FED4 8
Day of week alarm register RWKAR 8 H'FFFF FED6 8
Date alarm register RDAYAR 8 H'FFFF FED8 8
Month alarm register RMONAR 8 H'FFFF FEDA 8
RTC control register 1 RCR1 8 H'FFFF FEDC 8
RTC control register 2 RCR2 8 H'FFFF FEDE 8
Year alarm register RYRAR 16 H'A413 FEEO 16
RTC control register 3 RCR3 8 H'A413 FEE4 8
g O g O g O

Serial mode register_0 SCSMR_0 16 H'A440 0000 SCIF_O 16
Bit rate register_0 SCBRR_O 8 H'A440 0004 (Channel 0) 8
Serial control register_0 SCSCR_O0 16 H'A440 0008 16
Transmit data stop register_0 SCTDSR_0 8 H'A440 000C 8
FIFO error count register_0 SCFER_O0 16 H'A440 0010 16
Serial status register_0 SCSSR 0 16 H'A440 0014 16
FIFO control register_0 SCFCR_0 16 H'A440 0018 16
FIFO data count register_0 SCFDR_0 16 H'A440 001C 16
Transmit FIFO data register_0 SCFTDR_O0 8 H'A440 0020

Receive FIFO data register_0 SCFRDR_O 8 H'A440 0024

g O g O g O
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Number Access

Register Name Abbreviation of Bits Address Module Size
Serial mode register_2 SCSMR_2 16 H'A441 0000 SCIF_2 16
Bit rate register_2 SCBRR_2 8 H'A441 0004 (Channel 2)87
Serial control register_2 SCSCR_2 16 H'A441 0008 16
Transmit data stop register_2 SCTDSR_2 8 H'A441 000C 8
FIFO error count register_2 SCFER_2 16 H'A441 0010 16
Serial status register_2 SCSSR_ 2 16 H'A441 0014 16
FIFO control register_2 SCFCR_2 16 H'A441 0018 16
FIFO data count register_2 SCFDR_2 16 H'A441 001C 16
Transmit FIFO data register_2 SCFTDR_2 8 H'A441 0020

Receive FIFO data register_2 SCFRDR_2 8 H'A441 0024

g O g O g O

IrDA mode register SCSMR_Ir 16 H'A44A 0000 IrDA 16
g O g O g O

EPOi data register EPDROI 8B H'A448 0000 USB 8
EPOo data register EPDROo 8B H'A448 0004 8
EPOs data register EPDROs 8B H'A448 0008 8
EP1 data register EPDR1 1288 H'A448 000C 8/32
EP2 data register EPDR2 128B  H'A448 0010 8/32
EP3 data register EPDR3 8B H'A448 0014 N
Interrupt flag register 0 IFRO 8 H'A448 0018 8
Interrupt flag register 1 IFR1 8 H'A448 001C 8
Trigger register TRG 8 H'A448 0020 8
FIFO clear register FCLR 8 H'A448 0024 8
EPOo receive data size register EPSZ00 8 H'A448 0028 8
Data status register DASTS 8 H'A448 002C 8
Endpoint stall register EPSTL 8 H'A448 0030 8
Interrupt enable register 0 IERO 8 H'A448 0034 8
Interrupt enable register 1 IER1 8 H'A448 0038 8
EP1 receive data size register EPSZ1 8 H'A448 003C 8
DMA transfer setting register DMAR 8 H'A448 0040 8
Interrupt select register 0 ISRO 8 H'A448 0044 8
Interrupt select register 1 ISR1 8 H'A448 0048 8
Transceiver control register XVERCR 8 H'A448 0060 8
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Number Access
Register Name Abbreviation of Bits Address Module Size
g O g O g O
Port A control register PACR 16 H'A400 0100 PFC 16
Port B control register PBCR 16 H'A400 0102 16
Port C control register PCCR 16 H'A400 0104 16
Port D control register PDCR 16 H'A400 0106 16
Port E control register PECR 16 H'A400 0108 16
Port E control register 2 PECR2 8 H'A405 0148 8
Port F control register PFCR 16 H'A400 010A 16
Port F control register 2 PFCR2 8 H'A405 014A 8
Port G control register PGCR 16 H'A400 010C 16
Port H control register PHCR 16 H'A400 010E 16
Port J control register PJCR 16 H'A400 0110 16
Port K control register PKCR 16 H'A400 0112 16
Port L control register PLCR 16 H'A400 0114 16
Port SC control register SCPCR 16 H'A400 0116 16
Port M control register PMCR 16 H'A400 0118 16
Port N control register PNCR 16 H'A400 011A 16
Port N control register 2 PNCR2 8 H'A405 015A 8
g O g O g O
Port A data register PADR 8 H'A400 0120 Port 8
Port B data register PBDR 8 H'A400 0122 8
Port C data register PCDR 8 H'A400 0124 8
Port D data register PDDR 8 H'A400 0126 8
Port E data register PEDR 8 H'A400 0128 8
Port F data register PFDR 8 H'A400 012A 8
Port G data register PGDR 8 H'A400 012C 8
Port H data register PHDR 8 H'A400 012E 8
Port J data register PJDR 8 H'A400 0130 8
Port K data register PKDR 8 H'A405 0132 8
Port L data register PLDR 8 H'A400 0134 8
SC port data register SCPDR 8 H'A400 0136 8
Port M data register PMDR 8 H'A400 0138 8
Port N data register PNDR 8 H'A400 013A 8

RENESAS
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Number Access
Register Name Abbreviation of Bits Address Module Size
g O g O g O
A/D data register A ADDRA 16 H'A400 0080 ADC 16
A/D data register B ADDRB 16 H'A400 0082 16
A/D data register C ADDRC 16 H'A400 0084 16
A/D data register D ADDRD 16 H'A400 0086 16
A/D control/status register ADCSR 16 H'A400 0088 16
g O g O g O
Break data register B BDRB 32 H'FFFF FF90 UBC 32
Break data mask register B BDMRB 32 H'FFFF FF94 32
Break control register BRCR 32 H'FFFF FF98 32
Execution count break register BETR 16 H'FFFF FFOC 16
Break address register B BARB 32 H'FFFF FFAO 32
Break address mask register B BAMRB 32 H'FFFF FFA4 32
Break bus cycle register B BBRB 16 H'FFFF FFA8 16
Branch source register BRSR 32 H'FFFF FFAC 32
Break address register A BARA 32 H'FFFF FFBO 32
Break address mask register A BAMRA 32 H'FFFF FFB4 32
Break bus cycle register A BBRA 16 H'FFFF FFB8 16
Branch destination register BRDR 32 H'FFFF FFBC 32
Break ASID register A BASRA H'FFFF FFE4
Break ASID register B BASRB H'FFFF FFES8
g O g O g O
Instruction register SDIR 16 H'A400 0200 UDI 16
ID register SDID/SDIDH 16 H'A400 0214 16
ID register SDIDL 16 H'A400 0216 16

Notes: 1. 8 bits when reading and 16 bits when writing.
2. The value of xxx depends on the setting value because of access control for the

SDRAM mode register.
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24.2  Register Bits
Register addresses and bit names of the on-chip peripheral modules are described below.

Each line covers eight bits, and 16-bit and 32-bit registers are shown as 2 or 4 lines,
respectively.

Register Bit 31/ Bit30/ Bit29/ Bit28/ Bit27/ Bit26/ Bit25/ Bit 24/
Abbreviation 23/15/7 22/14/6 21/13/5 20/12/4 19/11/3 18/10/2 17/9/1 16/8/0  Module

MMUCR O O O O O O O O MMU
O O O O O O O O
O O O O O O O SV
O O RC1 RCO O TF IX AT
PTEH VPN VPN VPN VPN VPN VPN VPN VPN
VPN VPN VPN VPN VPN VPN VPN VPN
VPN VPN VPN VPN VPN VPN O O

ASID7  ASID6 ASID5 ASID4  ASID3 ASID2 ASID1  ASIDO

PTEL 0 O o PPN PPN PPN PPN PPN
PPN PPN PPN PPN PPN PPN PPN PPN
PPN PPN PPN PPN PPN PPN 0 Y
0 PR1 PRO sz c D SH u|
TTB
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Register Bit 31/ Bit 30/ Bit 29/

Bit 28/ Bit 27/

Bit 26/

Bit 25/ Bit 24/

Abbreviation 23/15/7 22/14/6 21/13/5 20/12/4 19/11/3 18/10/2 17/9/1 16/8/0 Module
CCR1 O g | | O g | | Cache
O g | | O g | |
O g | | O g | |
O g | | CF CB WT CE
CCR2 O g | | O g | |
O g | | O g | LE
O g | | O g W3LOADWS3LOCK
O g | | O g W2LOADW2LOCK
CCR3 O g | | O g | |
CSIZE7 CSIZE6 CSIZE5 CSIZE4 CSIZE3 CSIZE2 CSIZE1 CSIZEO
O g | | O g | |
O g | | O g | |
INTEVT2 O g | | O g | | Exception
0 0 0 0 0 0 0 0 handing
O g | |
TRA O g | | O g | |
g | | g | |
0 O O 0 imm imm
imm imm imm imm imm imm O
EXPEVT O g | O
O g | O
g O O
INTEVT
g O O
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Register Bit 31/ Bit30/ Bit29/ Bit28/ Bit27/ Bit26/ Bit25/ Bit 24/
Abbreviation 23/15/7 22/14/6 21/13/5 20/12/4 19/11/3 18/10/2 17/9/1 16/8/0 Module

TEA Exception
handing
IPRA IPR15 IPR14 IPR13 IPR12 IPR11 IPR10 IPR9 IPR8 INTC
IPR7 IPR6 IPR5 IPR4 IPR3 IPR2 IPR1 IPRO
IPRB IPR15 IPR14 IPR13 IPR12 IPR11 IPR10 IPR9 IPR8
IPR7 IPR6 IPR5 IPR4 IPR3 IPR2 IPR1 IPRO
IPRC IPR15 IPR14 IPR13 IPR12 IPR11 IPR10 IPR9 IPR8
IPR7 IPR6 IPR5 IPR4 IPR3 IPR2 IPR1 IPRO
IPRD IPR15 IPR14 IPR13 IPR12 IPR11 IPR10 IPR9 IPR8
IPR7 IPR6 IPR5 IPR4 IPR3 IPR2 IPR1 IPRO
IPRE IPR15 IPR14 IPR13 IPR12 IPR11 IPR10 IPR9 IPR8
IPR7 IPR6 IPR5 IPR4 IPR3 IPR2 IPR1 IPRO
IPRF IPR15 IPR14 IPR13 IPR12 IPR11 IPR10 IPR9 IPR8
IPR7 IPR6 IPR5 IPR4 IPR3 IPR2 IPR1 IPRO
IPRG IPR15 IPR14 IPR13 IPR12 IPR11 IPR10 IPR9 IPR8
IPR7 IPR6 IPR5 IPR4 IPR3 IPR2 IPR1 IPRO
IPRH IPR15 IPR14 IPR13 IPR12 IPR11 IPR10 IPR9 IPR8
IPR7 IPR6 IPR5 IPR4 IPR3 IPR2 IPR1 IPRO
ICRO NMIL O g O O O g NMIE
O g g O O g | O
ICR1 MAI IRQLVL BLMSK 0O IRQ51S IRQ50S IRQ41S IRQ40S
IRQ31S IRQ30S IRQ21S I[RQ20S IRQ11S IRQ10S IRQO1S IRQO0S
ICR2 PINT15S PINT14S PINT13S PINT12S PINT11S PINT10S PINT9S PINT8S

PINT7S PINT6S PINT5S PINT4S PINT3S PINT2S  PINT1S PINTOS

IRRO PINTOR PINT1IR IRQ5R IRQ4R IRQ3R IRQ2R IRQ1IR IRQOR
IRR1 TXIOR O RXIOR  ERIOR  DEI3R DEI2R DEIIR DEIOR
IRR2 O o O ADIR TXI2R O RXI2R  ERI2ZR
PINTER PINT15E PINT14E PINT13E PINT12E PINT11E PINT10E PINT9E PINT8E

PINT7E PINT6E PINTSE PINT4E PINT3E PINT2E PINT1E PINTOE
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Register Bit 31/ Bit30/ Bit29/ Bit28/ Bit27/ Bit26/ Bit25/ Bit 24/

Abbreviation 23/15/7 22/14/6 21/13/5 20/12/4 19/11/3 18/10/2 17/9/1 16/8/0  Module

CMNCR O O O O O O O O BSC
O O O O O O O O
O O O O O O O O
DMAIW1 DMAIWO DMAIWA O ENDIAN 0O HIZMEM HIZCNT

CSOBCR O O IWw1 IWWO O IWRWD1 IWRWDO0UO
IWRWS1 IWRWSO O IWRRD1 IWRRDO 0O IWRRS1 IWRRSO
O TYPE2 TYPE1L TYPEO O BSZ1 BSZ0 O
O O O O O O O O

CS2BCR O O IWw1 IWWO O IWRWD1 IWRWDO0O
IWRWS1 IWRWSO O IWRRD1 IWRRDO 0O IWRRS1 IWRRSO
O TYPE2 TYPE1L TYPEO O BSZ1 BSZ0 O
O O O O O O O O

CS3BCR O O Ww1 IWWO O IWRWD1 IWRWDO0O
IWRWS1 IWRWSO O IWRRD1 IWRRDO 0O IWRRS1 IWRRSO
O TYPE2 TYPE1L TYPEO O BSZ1 BSZ0 O
O O O O O O O O

CS4BCR O O Ww1 IWWO O IWRWD1 IWRWDO0 O
IWRWS1 IWRWSO O IWRRD1 IWRRDO 0O IWRRS1 IWRRSO
O TYPE2 TYPE1L TYPEO O BSZ1 BSZ0 O
O O O O O O O O

CS5ABCR O O Ww1 IWWO O IWRWD1 IWRWDO0O
IWRWS1 IWRWSO O IWRRD1 IWRRDO 0O IWRRS1 IWRRSO
O TYPE2 TYPE1L TYPEO O BSZ1 BSZ0 O
O O O O O O O O

CS5BBCR O O Ww1 IWWO O IWRWD1 IWRWDO0O
IWRWS1 IWRWSO O IWRRD1 IWRRDO 0O IWRRS1 IWRRSO
O TYPE2 TYPE1L TYPEO O BSZ1 BSZ0 O
O O O O O O O O

CS6ABCR O o Ww1 IWWO O IWRWD1 IWRWDOUDO
IWRWS1 IWRWSO O IWRRD1 IWRRDO 0O IWRRS1 IWRRSO
O TYPE2 TYPE1L TYPEO O BSzZ1 BSZ0 O
O o O O O o O O
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Register Bit 31/ Bit 30/ Bit29/ Bit28/ Bit27/ Bit26/ Bit25/ Bit24/

Abbreviation 23/15/7 22/14/6 21/13/5 20/12/4 19/11/3 18/10/2 17/9/1 16/8/0 Module

CS6BBCR [ 0 WW1  WWOo O IWRWD1 IWRWDO O BSC
IWRWSL IWRWSO O IWRRDL IWRRDO [J IWRRS1 IWRRSO
0 TYPE2 TYPEL TYPEO O BSzl  BSZ0 O
0 0 O O 0 0 O O

CSOWCR O 0 0 O 0 0 O 0

(Re;‘;;le)p‘ burst o 0 0 O O 0 0 O
0 0 0 SW1  SWO WR3 WR2  WR1
WRO WM 0 0 O HW1  HWO

CSOWCR 0 0 O O 0 O O

(burstROM) 0 0 0 0 BW1  BWO
0 0 O O 0 w3 w2 w1
WO WM 0 0 O 0 0

CS2 WCR 0 O O 0 O O

(Se;;e;’;/l) 0 0 O 0 0 0
0 0 0 0 0 WR3 WR2  WR1
WRO WM 0 0 O 0 0

CS2WCR O 0 0 O 0 0 O 0

(SDRAM) 0 0 O O 0 O O
0 0 0 0 0 O A2CL1
A2CLO [ O O 0 0 O

CS3WCR [ 0 O 0

e "
0 0 O O WR3 WR2  WR1
WRO WM 0 0 O 0 0

CS3WCR [ 0 0 O 0

(SDRAM) = . . . .
0 TRP1 TRPO 0O TRCDL TRCDO [ A3CL1
A3CLO [ O TRWLL TRWLO TRC1 TRCO

CS4WCR O 0 0 O 0 0 O 0

(Reé‘;/le)p‘ burst 0 0 O O WW2  WW1  WWwo
0 0 O SW1  SWO WR3 WR2  WR1
WRO WM 0 0 O HW1  HWO
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Register Bit 31/ Bit 30/ Bit29/ Bit28/ Bit27/ Bit26/ Bit25/ Bit 24/
Abbreviation 23/15/7 22/14/6 21/13/5 20/12/4 19/11/3 18/10/2 17/9/1 16/8/0 Module
CS4WCR O 0 0 0 0 0 0 0 BSC
(burst ROM) 0 0 0 0 0 BWL  BWO
0 0 0 SW1  Sswo w3 w2 wi
WO WM 0 0 0 0 HW1  HWO
CSSAWCR [ 0 0 0 0 0 0 0
0 0 WW2  wwl  wwo
SW1 SWO  WR3  WR2 WRL
WRO WM 0 0 0 0 HW1  HWO
CSSBWCR [ 0 0 0 0 0 0 0
0 0 MPXW O WW2  Wwl  wWwo
0 0 0 SW1 SWO  WR3  WR2 WRL
WRO WM 0 0 0 0 HW1  HWO
CSBAWCR [ 0 0 0 0 0 0 0
0 0 0 0 0 0 0
0 0 0 SW1 SWO  WR3  WR2 WRL
WRO WM 0 0 0 0 HW1  HWO
CS6BWCR [ 0 0 0 0 0 0 0
0 0 0 0 0 0 0
0 0 0 SW1 SWO  WR3  WR2 WRL
WRO WM 0 0 0 0 HW1  HWO
SDCR 0 0 0 0 0 0 0 0
0 0 0 A2ROW1 A2ROWO0 [J A2COL1 A2COLO
0 0 0 SLOW RFSH RMODE 0 BACTV
0 0 0 A3ROW1 A3ROWO [J A3COL1 A3COLO
RTCSR 0 0 0 0 0 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
CMF  CMIE CKS2 CKSl CKSO RRC2 RRCL RRCO
RTCNT 0 0 0 0 0 0 0 0
RTCOR 0 0 0 0 0 0 0 0
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Register Bit 31/ Bit30/ Bit29/ Bit28/ Bit27/ Bit26/ Bit25/ Bit 24/
Abbreviation 23/15/7 22/14/6 21/13/5 20/12/4 19/11/3 18/10/2 17/9/1 16/8/0 Module
SDMR2 BSC
SDMR3

SAR_O DMAC
DAR_O

DMATCR 0 O O O O O O
CHCR_0 O O O O O O
DO TL O O O O AM AL
DM1 DMO SM1 SMO RS3 RS2 RS1 RSO
DL DS B TS1 TSO IE TE DE
SAR_1
DAR_1
DMATCR 1 O 0 O O 0 O O
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Register Bit 31/ Bit30/ Bit29/ Bit28/ Bit27/ Bit26/ Bit25/ Bit 24/

Abbreviation 23/15/7 22/14/6 21/13/5 20/12/4 19/11/3 18/10/2 17/9/1 16/8/0 Module
CHCR_1 O O O O O O O O DMAC
DO O O O O O AM AL
DM1 DMO SM1 SMO RS3 RS2 RS1 RSO
DL DS B TS1 TSO IE TE DE

SAR_2
DAR_2
DMATCR 2 O O O O O O O O
CHCR_2 O O O O O O O O
O O O O O O O O
DM1 DMO SM1 SMO RS3 RS2 RS1 RSO
O O B TS1 TSO IE TE DE
SAR_3
DAR_3
DMATCR 3 O 0 O O O 0 O O
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Register Bit 31/ Bit 30/ Bit29/ Bit28/ Bit27/ Bit26/ Bit25/ Bit24/
Abbreviation 23/15/7 22/14/6 21/13/5 20/12/4 19/11/3 18/10/2 17/9/1 16/8/0 Module
CHCR_3 O O 0 O O O 0 o DMAC
O O 0 O O O 0 o
DM1 DMO SM1I  SMO  RS3 RS2 RS1 RSO
O O B TS1 TSO IE TE DE
DMAOR O O CMS1 CMSO O O PRL  PRO
O O 0 O O AE NMIF  DME
DMARSO CIMID5 CIMID4 CIMID3 CIMID2 CIMIDI CIMIDO CIRID1 CIRIDO
COMID5 COMID4 COMID3 COMID2 COMIDI COMIDO CORID1 CORIDO
DMARS1 C3MID5 C3MID4 C3MID3 C3MID2 C3MID1 C3MIDO C3RID1 C3RIDO
C2MID5 C2MID4 C2MID3 C2MID2 C2MID1  C2MIDO  C2RID1 C2RIDO
UCLKCR USSCS1 USSCSO USBEN O O 0 o O CPG
FRQCR O O 0 CKOEN O O STC1  STCO
O O IFC1  IFCO O O PFC1  PFCO
WTCNT WDT
WTCSR TME  WTAT RSTS WOVF IOVF CKS2  CKS1 CKSO
STBCR STBY O O STBXTL O MSTP2 MSTP1 O Power-
STBCR2 MSTP10 MSTP9 MSTP8 O MSTP6 MSTP5 [ O ﬁq"(;“(’j';s
STBCR3 MSTP37 O MSTP35 MSTP34 MSTP33 MSTP32 MSTP31 MSTP30
TSTR O O 0 O O STR2 STR1 STRO  TMU
TCOR_0
TCNT_O
TCR_O O O 0 o O O 0 UNF
O UNIE  CKEGL CKEGO TPSC2 TPSCl TPSCO
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Register Bit 31/ Bit30/ Bit29/ Bit28/ Bit27/ Bit26/ Bit25/ Bit 24/

Abbreviation 23/15/7 22/14/6 21/13/5 20/12/4 19/11/3 18/10/2 17/9/1 16/8/0 Module
TCOR_1 TMU
TCNT_1
TCR_1 O O O O O O O UNF
O UNIE  CKEG1 CKEGO TPSC2 TPSC1l TPSCO
TCOR_2
TCNT_2
TCR_2 O O O O O O ICPF  UNF
ICPEL ICPEO UNIE CKEG1 CKEGO TPSC2 TPSC1 TPSCO
TCPR_2
CMSTR O O O O O O O O CcMT
STR
CMCSR O O O O O O O O
CMF O O CMR O O CKS1  CKSO
CMCNT
CMCOR
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Register Bit 31/ Bit 30/ Bit29/ Bit28/ Bit27/ Bit26/ Bit25/ Bit24/
Abbreviation 23/15/7 22/14/6 21/13/5 20/12/4 19/11/3 18/10/2 17/9/1 16/8/0 Module
TSTR O O O O O O O O TPU

O O O O CST3  CST2 CST1 CSTO
TCR_O O O O O O O O O

CCLR2 CCLR1 CCLRO CKEG1 CKEGO TPSC2 TPSC1 TPSCO
TMDR_0 O O O O O O O O

O BFWT  BFB BFA O MD2 MD1I  MDO
TIOR_0 O O O O O O O O

O O O O O IOA2 IOAl  IOAOD
TIER_O O O O O O O O O

O O O TCIEV TGIED TGIEC TGIEB TGIEA
TSR0 O O O O O O O O

O O O TCFV TGFD TGFC  TGFB TGFA
TCNT_O
TGRA 0
TGRB_0
TGRC_0
TGRD_0
TCR_1 O O O O O O O O

CCLR2 CCLR1 CCLRO CKEG1 CKEGO TPSC2 TPSC1 TPSCO
TMDR_1 O O O O O O O O

O BFWT  BFB BFA O MD2 MD1  MDO
TIOR_1 O O O O O O O O

O O O O O IOA2 IOA1  IOAOD
TIER 1 O 0 O O O 0 O O

O 0 O TCIEV TGIED TGIEC TGIEB TGIEA
TSR_1 a] 0 O O O 0 O O

a] 0 O TCFV TGFD TGFC  TGFB TGFA
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Register Bit 31/ Bit30/ Bit29/ Bit28/ Bit27/ Bit26/ Bit25/ Bit 24/
Abbreviation 23/15/7 22/14/6 21/13/5 20/12/4 19/11/3 18/10/2 17/9/1 16/8/0  Module

TCNT_1 TPU

TGRA 1

TGRB_1

TGRC_1

TGRD_1

TCR_2 O O O O O O O O

CCLR2 CCLR1 CCLRO CKEGl1 CKEGO TPSC2 TPSC1 TPSCO

TMDR_2 O O O O O O O O

O BFWT  BFB BFA O MD2 MD1  MDO
TIOR_2 O O O O O O O O

O O O O O IOA2 IOA1  IOAOD
TIER 2 O O O O O O O O

O O O TCIEV TGIED TGIEC TGIEB TGIEA
TSR_2 O O O O O O O O

O O O TCFV TGFD TGFC  TGFB TGFA
TCNT_2
TGRA 2
TGRB_2
TGRC_2
TGRD_2
TCR_3 a] 0 O O O 0 o O

CCLR2 CCLR1 CCLRO CKEGl1 CKEGO TPSC2 TPSC1 TPSCO
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Register

Bit 31/
Abbreviation 23/15/7 22/14/6 21/13/5 20/12/4 19/11/3

Bit 30/

Bit 29/

Bit 28/

Bit 27/

Bit 26/
18/10/2 17/9/1

Bit 25/

Bit 24/
16/8/0

Module

TMDR_3

O

0

0

O

O

0

O

O

BFWT

BFB

BFA

MD2

MD1

MDO

TIOR_3

O

O

O

O

O

I0A2

I0A1

I0A0

TIER 3

O

0

O

O

TCIEV

TGIED

TGIEC

TGIEB

TGIEA

TSR_3

O

0

O

O

Oo|lo|lo|gojolo| o

Oo|jo|o|joao|o|a

Oo|jo|o|jo|o|d

TCFV

TGFD

TGFC

TGFB

TGFA

TCNT_3

TGRA 3

TGRB_3

TGRC_3

TGRD_3

TPU

R64CNT

1Hz

2Hz

4Hz

8Hz

16Hz

32Hz

64Hz

RSECCNT

RMINCNT

RHRCNT

RWKCNT

RDAYCNT

RMONCNT

Oo|lo|lo|gojolo|lo

Oo|jo|jo|a

RYRCNT

RSECAR

ENB

RMINAR

ENB

RHRAR

ENB

RWKAR

ENB

RDAYAR

ENB

RMONAR

ENB

[ I R I

RTC
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Register Bit 31/ Bit30/ Bit29/ Bit28/ Bit27/ Bit26/ Bit25/ Bit 24/
Abbreviation 23/15/7 22/14/6 21/13/5 20/12/4 19/11/3 18/10/2 17/9/1 16/8/0  Module

RCR1 CF O O CIE AIE O O AF RTC
RCR2 PEF PES2 PES1 PESO RTCEN  ADJ RESET START
RYRAR
RCR3 YAEN O O O O O O O
SCSMR_0 O O O O O SRC2 SRC1 SRCO SCIF_0

CIA CHR PE O/E STOP O CKS1 CKSO
SCBRR_0 SCBRD7 SCBRD6 SCBRD5 SCBRD4 SCBRD3 SCBRD2 SCBRD1 SCBRDO
SCSCR_O O O O O TSIE ERIE BRIE DRIE

TIE RIE TE RE O CKE1l CKEO
SCTDSR_0
SCFER_O O O PERS PER4 PERS3 PER2 PER1 PERO

O FER5 FER4 FER3 FER2 FER1 FERO

SCSSR_0 O O O O O O ORER TSF

ER TEND TDFE BRK FER PER RDF DR
SCFCR_0 TSE TCRST O O O RSTRG2 RSTRG1 RSTRGO

RTRG1 RTRGO TTRG1l TTRGO MCE TFRST RFRST LOOP
SCFDR_0 O T6 T5 T4 T3 T2 T1 TO

O R6 R5 R4 R3 R2 R1 RO
SCFTDR_0O SCFTD7 SCFTD6 SCFTD5 SCFTD4 SCFTD3 SCFTD2 SCFTD1 SCFTDO
SCFRDR_O SCFRD7 SCFRD6 SCFRD5 SCFRD4 SCFRD3 SCFRD2 SCFRD1 SCFRDO
SCSMR_2 O O O O O SRC2 SRC1 SRCO SCIF_2

CIA CHR PE O/E STOP O CKS1 CKSO
SCBRR_2 SCBRD7 SCBRD6 SCBRD5 SCBRD4 SCBRD3 SCBRD2 SCBRD1 SCBRDO
SCSCR_2 O O O O TSIE ERIE BRIE DRIE

TIE RIE TE RE O CKE1l CKEO
SCTDSR_2
SCFER_2 O O PERS PER4 PERS3 PER2 PER1 PERO

o FERS5 FER4 FER3 FER2 FER1 FERO

SCSSR_2 O o O O O o ORER TSF

ER TEND TDFE BRK FER PER RDF DR
SCFCR_2 TSE TCRST O o O RSTRG2 RSTRG1 RSTRGO

RTRG1 RTRGO TTRG1l TTRGO MCE TFRST RFRST LOOP
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Register Bit 31/ Bit30/ Bit29/ Bit28/ Bit27/ Bit26/ Bit25/ Bit24/

Abbreviation 23/15/7 22/14/6 21/13/5 20/12/4 19/11/3 18/10/2 17/9/1 16/8/0 Module

SCFDR_2 [ T6 T5 T4 T3 T2 T1 TO SCIF_2
0 R6 R5 R4 R3 R2 R1 RO

SCFTDR_2  SCFTD7 SCFTD6 SCFTD5 SCFTD4 SCFTD3 SCFTD2 SCFTD1 SCFTDO

SCFRDR_2  SCFRD7 SCFRD6 SCFRD5 SCFRD4 SCFRD3 SCFRD2 SCFRD1 SCFRDO

SCSMR_Ir [ u| o o 0 u| 0 o IrDA
IRMOD  ICK3 ICK2  ICK1 ICKO PSEL O O

EPDROi D7 D6 D5 D4 D3 D2 D1 DO USB

EPDRO0 D7 D6 D5 D4 D3 D2 D1 DO

EPDROs D7 D6 D5 D4 D3 D2 D1 DO

EPDR1 D7 D6 D5 D4 D3 D2 D1 DO

EPDR2 D7 D6 D5 D4 D3 D2 D1 DO

EPDR3 D7 D6 D5 D4 D3 D2 D1 DO

IFRO BRST  EPIFULL EP2TR EP2EMPTY SETUPTS EPO0TS EPOITR  EPOITS

IFR1 0 u| o o VBUSMN EP3TR  EP3TS  VBUS

TRG 0 EP3PKTE EP1RDFN EP2PKTE O EPOsSRDFN EPOoRDFN EPOiPKTE

FCLR 0 EP3CLR EPICLR EP2CLR [ u| EPOOCLR EPOICLR

EPSZ00 D7 D6 D5 D4 D3 D2 D1 DO

DASTS 0 u| EP3DE EP2DE [ u| n| EPOIDE

EPSTL 0 u| o o EP3STL EP2STL EP1STL EPOSTL

IERO BRST  EPIFULL EP2TR EP2EMPTY SETUPTS EPOOTS EPOITR  EPOITS

IER1 0 u| 0 o 0 EP3TR EP3TS  VBUS

EPSZ1 D7 D6 D5 D4 D3 D2 D1 DO

DMAR O 0 O O 0 0 EP2DMAE EP1DMAE

ISRO BRST  EPIFULL EP2TR EP2EMPTY SETUPTS EP00TS EPOITR  EPOITS

ISR1 0 u| 0 o 0 EP3TR EP3TS  VBUS

XVERCR 0 u| 0 o 0 u| 0 XVEROFF

PACR PA7MD1 PA7MDO PA6MD1 PA6MDO PA5MD1 PASMDO PA4MD1 PA4MDO PFC
PA3MD1 PA3MDO PA2MD1 PA2MDO PAIMD1 PAIMDO PAOMD1 PAOMDO

PBCR PB7MD1 PB7MDO PB6MD1 PB6MDO PBSMD1 PB5MDO PB4MD1 PB4MDO
PB3MD1 PB3MDO PB2MD1 PB2MDO PBIMD1 PBIMDO PBOMD1 PBOMDO

PCCR PC7MD1 PC7MDO PC6MD1 PC6MDO PC5MD1 PC5MDO PC4MD1 PC4MDO
PC3MD1 PC3MDO PC2MD1 PC2MDO PCIMD1 PCIMDO PCOMD1 PCOMDO
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Register Bit 31/ Bit30/ Bit29/ Bit28/ Bit27/ Bit26/ Bit25/ Bit 24/
Abbreviation 23/15/7 22/14/6 21/13/5 20/12/4 19/11/3 18/10/2 17/9/1 16/8/0 Module
PDCR PD7MD1 PD7MDO PD6MD1 PD6MDO PD5MD1 PD5MDO PD4MD1 PD4MDO PFC
PD3MD1 PD3MDO PD2MD1 PD2MDO PD1MD1 PD1IMDO PDOMD1 PDOMDO
PECR PE7MD1 PE7MDO PE6MD1 PE6MDO PE5MD1 PE5MDO PE4MD1 PE4MDO
PE3MD1 PE3MDO PE2MD1 PE2MDO PE1MD1 PE1MDO PEOMD1 PEOMDO
PECR2 O PE6MD2 PE5MD2 PE4MD2 O O O
PFCR PF7MD1 PF7MDO PF6MD1 PF6MDO PF5MD1 PF5MDO PF4MD1 PF4MDO
PF3MD1 PF3MDO PF2MD1 PF2MDO PF1MD1 PF1IMDO PFOMD1 PFOMDO
PFCR2 O O O O PF3MD2 PF2MD2 PF1MD2 PFOMD2
PGCR PG7MD1 PG7MDO PG6MD1 PG6MDO PG5MD1 PG5MDO PG4MD1 PG4MDO
PG3MD1 PG3MDO PG2MD1 PG2MDO PG1MD1 PG1MDO PGOMD1 PGOMDO
PHCR O O PH6MD1 PH6MDO PH5MD1 PH5MDO PH4MD1 PH4MDO
PH3MD1 PH3MDO PH2MD1 PH2MDO PH1MD1 PH1IMDO PHOMD1 PHOMDO
PJCR PJ7MD1 PJ7MDO PJ6MD1 PJ6MDO PJ5MD1 PJ5MDO PJ4AMD1 PJ4MDO
PJ3MD1 PJ3MDO PJ2MD1 PJ2MDO PJIMD1 PJIMDO PJOMD1 PJOMDO
PKCR PK7MD1 PK7MDO PK6MD1 PK6MDO PK5MD1 PK5MDO PK4MD1 PK4MDO
PK3MD1 PK3MDO PK2MD1 PK2MDO PK1MD1 PK1MDO PKOMD1 PKOMDO
PLCR O O O O O O O O
PL3MD1 PL3MDO PL2MD1 PL2MDO PL1IMD1 PL1IMDO PLOMD1 PLOMDO
SCPCR O g | | SCP5MD1 SCP5MDO SCP4MD1 SCP4MDO
SCP3MD1 SCP3MDO SCP2MD1 SCP2MDO SCP1MD1 SCP1MDO SCPOMD1 SCPOMDO
PMCR O O PM6MD1 PM6MDO O PM4MD1 PM4MDO
PM3MD1 PM3MDO PM2MD1 PM2MDO PM1MD1 PM1MDO PMOMD1 PMOMDO
PNCR PN7MD1 PN7MDO PN6MD1 PN6MDO PN5MD1 PN5MDO PN4MD1 PN4MDO
PN3MD1 PN3MDO PN2MD1 PN2MDO PN1MD1 PN1MDO PNOMD1 PNOMDO
PNCR2 O PN6MD2 PN5MD2 PN4MD2 PN3MD2 PN2MD2 PN1MD2 PNOMD2
PADR PA7DT PA6DT PASDT PA4DT PA3DT PA2DT PA1DT PAODT Port
PBDR PB7DT PB6DT PB5DT PB4DT PB3DT  PB2DT PB1DT PBODT
PCDR PC7DT PC6DT PC5DT PC4DT PC3DT PC2DT PC1DT PCODT
PDDR PD7DT PD6DT PD5DT PD4DT PD3DT PD2DT PD1DT PDODT
PEDR PE7DT PE6DT PESDT PE4DT PE3DT PE2DT PE1DT PEODT
PFDR PF7DT  PF6DT PF5DT PF4ADT PF3DT PF2DT PF1DT PFODT
PGDR PG7DT PG6DT PG5DT PG4DT PG3DT PG2DT PGIDT  PGODT
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Register Bit 31/ Bit30/ Bit29/ Bit28/ Bit27/ Bit26/ Bit25/ Bit 24/
Abbreviation 23/15/7 22/14/6 21/13/5 20/12/4 19/11/3 18/10/2 17/9/1 16/8/0 Module

PHDR O PH6DT PH5DT PH4DT PH3DT  PH2DT PH1DT PHODT Port
PJDR PJ7DT  PJ6DT PJSDT PJADT PJ3DT PJ2DT PJ1DT PJODT
PKDR PK7DT PK6DT PK5DT PK4DT PK3DT PK2DT PK1DT PKODT
PLDR O O O O PL3DT PL2DT PL1DT PLODT
SCPDR O O SCP 5DT SCP 4DT SCP 3DT SCP 2DT SCP 1DT SCP ODT
PMDR O PM6DT O PM4DT PM3DT PM2DT PM1DT  PMODT
PNDR PN7DT PN6DT PN5DT PN4DT PN3DT  PN2DT PN1DT PNODT
ADDRA ADC
O O O O O O
ADDRB
O O O O O O
ADDRC
O O O O O O
ADDRD
O O O O O O
ADCSR ADF ADIE ADST DMASL O O O O
CKS1 CKSO MULTI1T MULTIO O O CH1 CHO
BDRB BDB31 BDB30 BDB29 BDB28 BDB27 BDB26 BDB25 BDB24 UBC

BDB23 BDB22 BDB21 BDB20 BDB19 BDB18 BDB17 BDB16

BDB15 BDB14 BDB13 BDB12 BDB11 BDB10 BDB9 BDBS8

BDB7 BDB6 BDB5 BDB4 BDB3 BDB2 BDB1 BDBO

BDMRB BDMB31 BDMB30 BDMB29 BDMB28 BDMB27 BDMB26 BDMB25 BDMB24

BDMB23 BDMB22 BDMB21 BDMB20 BDMB19 BDMB18 BDMB17 BDMB16

BDMB15 BDMB14 BDMB13 BDMB12 BDMB11 BDMB10 BDMBS9 BDMBS8

BDMB7 BDMB6 BDMB5 BDMB4 BDMB3 BDMB2 BDMB1 BDMBO

BRCR O O O O O O O O
O O BASMA BASMB [ o O O
SCMFCA SCMFCB SCMFDA SCMFDB PCTE PCBA O O
DBEB PCBB O o SEQ O O ETBE
BETR O o O O BET11 BET10 BET9 BET8

BET7 BET6 BET5 BET4 BET3 BET2 BET1 BETO
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Register Bit 31/ Bit30/ Bit29/ Bit28/ Bit27/ Bit26/ Bit25/ Bit 24/
Abbreviation 23/15/7 22/14/6 21/13/5 20/12/4 19/11/3 18/10/2 17/9/1 16/8/0 Module
BARB BAB31 BAB30 BAB29 BAB28 BAB27 BAB26 BAB25 BAB24 UBC
BAB23 BAB22 BAB21 BAB20 BABI19 BAB18 BAB17 BAB16
BAB15 BAB14 BAB13 BABl12 BABIl1 BAB10 BAB9 BAB8
BAB7 BAB6 BAB5 BAB4 BAB3 BAB2 BAB1 BABO
BAMRB BAMB31 BAMB30 BAMB29 BAMB28 BAMB27 BAMB26 BAMB25 BAMB24
BAMB23 BAMB22 BAMB21 BAMB20 BAMB19 BAMB18 BAMB17 BAMB16
BAMB15 BAMB14 BAMB13 BAMB12 BAMB11 BAMB10 BAMB9 BAMBS8
BAMB7 BAMB6 BAMB5 BAMB4 BAMB3 BAMB2 BAMB1 BAMBO
BBRB O O O O O O O O
CDB1 CDBO IDB1 IDBO RWB1 RWBO SZB1 SZBO
BRSR SVF O O O BSA27 BSA26 BSA25 BSA24
BSA23 BSA22 BSA21 BSA20 BSA19 BSA18 BSA17 BSA16
BSA15 BSAl14 BSAl13 BSAl2 BSAll BSA10 BSA9 BSA8
BSA7 BSA6 BSA5 BSA4 BSA3 BSA2 BSAl BSAO
BARA BAA31 BAA30 BAA29 BAA28 BAA27 BAA26 BAA25 BAA24
BAA23  BAA22 BAA21 BAA20 BAA19 BAA18 BAA17 BAA16
BAA15 BAAl4 BAAl13 BAAl2 BAAll BAA10 BAA9 BAA8
BAA7 BAAG6 BAA5 BAA4 BAA3 BAA2 BAAl BAAO
BAMRA BAMA31 BAMA30 BAMA29 BAMA28 BAMA27 BAMA26 BAMA25 BAMA24
BAMA23 BAMA22 BAMA21 BAMA20 BAMA19 BAMA18 BAMAl7 BAMALG
BAMA15 BAMA14 BAMA1l3 BAMA1l2 BAMA1ll BAMA10 BAMA9 BAMAS8
BAMA7 BAMA6 BAMA5 BAMA4 BAMA3 BAMA2 BAMA1l BAMAO
BBRA O O O O O O O O
CDAl CDAO IDA1 IDAO RWA1 RWAO SZAl SZAO0
BRDR DVF O a O BDA27 BDA26 BDA25 BDA24
BDA23 BDA22 BDA21 BDA20 BDA19 BDA18 BDAL17 BDA16
BDA15 BDAl14 BDA13 BDA12 BDA1l1l BDA10 BDA9 BDAS8
BDA7 BDAG BDA5 BDA4 BDA3 BDA2 BDAl BDAO
BASRA BASA7 BASA6 BASA5 BASA4 BASA3 BASA2 BASAl BASAO
BASRB BASB7 BASB6 BASB5 BASB4 BASB3 BASB2 BASB1 BASBO
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Register Bit 31/ Bit30/ Bit29/ Bit28/ Bit27/ Bit26/ Bit25/ Bit 24/
Abbreviation 23/15/7 22/14/6 21/13/5 20/12/4 19/11/3 18/10/2 17/9/1 16/8/0 Module

SDIR TI7 TI6 TI5 T4 TI3 TI2 TI1 TIO uDlI

O O O O O O O O

SDID/SDIDH  DID31 DID30 DID29 DID28 DID27 DID26 DID25 DID24

DID23 DID22 DID21 DID20 DID19 DID18 DID17 DID16

SDIDL DID15 DID14 DID13 DID12 DID11 DID10 DID9 DID8

DID7 DID6 DID5 DID4 DID3 DID2 DID1 DIDO
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24.3 Register Statesin Each Operating M ode

Register Power-On  Manual Software Module

Abbreviation Reset Reset Standby Standby Sleep Module
MMUCR Initialized*® Initialized*® Retained Retained Retained MMU
PTEH Undefined Undefined Retained Retained Retained

PTEL Undefined Undefined Retained Retained Retained

TTB Undefined Undefined Retained Retained Retained

CCR1 Initialized Initialized Retained Retained Retained Cache
CCR2 Initialized Initialized Retained Retained Retained

CCR3 Initialized Initialized Retained Retained Retained

INTEVT2 Undefined  Undefined  Retained Retained Retained Exception
TRA Undefined Undefined Retained Retained Retained handling
EXPEVT Initialized*”  Initialized*” Retained Retained Retained

INTEVT Undefined Undefined Retained Retained Retained

TEA Undefined Undefined Retained Retained Retained

IPRA Initialized Initialized Retained Retained Retained INTC
IPRB Initialized Initialized Retained Retained Retained

IPRC Initialized Initialized Retained Retained Retained

IPRD Initialized Initialized Retained Retained Retained

IPRE Initialized Initialized Retained Retained Retained

IPRF Initialized Initialized Retained Retained Retained

IPRG Initialized Initialized Retained Retained Retained

IPRH Initialized Initialized Retained Retained Retained

ICRO Initialized*®  Initialized*® Retained Retained Retained

ICR1 Initialized Initialized Retained Retained Retained

ICR2 Initialized Initialized Retained Retained Retained

IRRO Initialized Initialized Retained Retained Retained

IRR1 Initialized Initialized Retained Retained Retained

IRR2 Initialized Initialized Retained Retained Retained

PINTER Initialized Initialized Retained Retained Retained

CMNCR Initialized*®  Retained Retained Retained Retained BSC
CSOBCR Initialized Retained Retained Retained Retained

CS2BCR Initialized Retained Retained Retained Retained

CS3BCR Initialized Retained Retained Retained Retained

CS4BCR Initialized Retained Retained Retained Retained
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Register Power-On  Manual Software Module
Abbreviation Reset Reset Standby Standby Sleep Module

CS5ABCR Initialized Retained Retained Retained Retained BSC
CS5BBCR Initialized Retained Retained Retained Retained
CS6ABCR Initialized Retained Retained Retained Retained
CS6BBCR Initialized Retained Retained Retained Retained

CSOWCR Initialized Retained Retained Retained Retained
CS2 WCR Initialized Retained Retained Retained Retained
CS3WCR Initialized Retained Retained Retained Retained
CS4 WCR Initialized Retained Retained Retained Retained

CS5AWCR Initialized Re4ained Retained Retained Retained
CS5B WCR Initialized Retained Retained Retained Retained
CS6A WCR Initialized Retained Retained Retained Retained
CS6B WCR Initialized Retained Retained Retained Retained

SDCR Initialized Retained Retained Retained Retained
RTCSR Initialized Retained Retained Retained Retained
RTCNT Initialized Retained Retained Retained Retained
RTCOR Initialized Retained Retained Retained Retained
SDMR2 a0 O O O a

SDMR3 a0 O O O a

SAR_O Undefined  Undefined  Retained Retained Retained DMAC
DAR_O Undefined  Undefined  Retained Retained Retained
DMATCR_0 Undefined Undefined Retained Retained Retained
CHCR_O Initialized Initialized Retained Retained Retained
SAR_1 Undefined  Undefined  Retained Retained Retained
DAR_1 Undefined  Undefined  Retained Retained Retained
DMATCR_1 Undefined Undefined Retained Retained Retained
CHCR_1 Initialized Initialized Retained Retained Retained
SAR_2 Undefined  Undefined  Retained Retained Retained
DAR_2 Undefined  Undefined  Retained Retained Retained
DMATCR_2 Undefined Undefined Retained Retained Retained
CHCR_2 Initialized Initialized Retained Retained Retained
SAR_3 Undefined  Undefined  Retained Retained Retained
DAR_3 Undefined  Undefined  Retained Retained Retained
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Register Power-On  Manual Software Module

Abbreviation Reset Reset Standby Standby Sleep Module
DMATCR_3 Undefined Undefined Retained Retained Retained DMAC
CHCR_3 Initialized Initialized Retained Retained Retained
DMAOR Initialized Initialized Retained Retained Retained
DMARSO Initialized Initialized Retained Retained Retained
DMARS1 Initialized Initialized Retained Retained Retained
UCLKCR Initialized Retained Retained Retained Retained CPG
FRQCR Initialized*®  Retained Retained Retained Retained
WTCNT Initialized*®>  Retained Retained Retained Retained WDT
WTCSR Initialized*®>  Retained Retained Retained Retained
STBCR Initialized Retained Retained Retained Retained  Power-down
STBCR2 Initialized Retained Retained Retained Retained modes
STBCR3 Initialized Retained Retained Retained Retained

TSTR Initialized Initialized Initialized Initialized Retained TMU
TCOR_O Initialized Initialized Retained Retained Retained
TCNT_O Initialized Initialized Retained Retained Retained
TCR_O Initialized Initialized Retained Retained Retained
TCOR_1 Initialized Initialized Retained Retained Retained
TCNT_1 Initialized Initialized Retained Retained Retained
TCR_1 Initialized Initialized Retained Retained Retained
TCOR_2 Initialized Initialized Retained Retained Retained
TCNT_2 Initialized Initialized Retained Retained Retained
TCR_2 Initialized Initialized Retained Retained Retained
TCPR_2 Undefined  Undefined  Retained Retained Retained
CMSTR Initialized Initialized Retained Retained Retained CMT
CMCSR Initialized Initialized Retained Retained Retained
CMCNT Initialized Initialized Retained Retained Retained
CMCOR Initialized Initialized Retained Retained Retained
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Register Power-On  Manual Software Module

Abbreviation Reset Reset Standby Standby Sleep Module
TSTR Initialized Initialized Retained Retained Retained TPU
TCR_O Initialized Initialized Retained Retained Retained
TMDR_O Initialized Initialized Retained Retained Retained
TIOR_O Initialized Initialized Retained Retained Retained
TIER_O Initialized Initialized Retained Retained Retained
TSR_O Initialized Initialized Retained Retained Retained
TCNT_O Initialized Initialized Retained Retained Retained
TGRA O Initialized Initialized Retained Retained Retained
TGRB_O Initialized Initialized Retained Retained Retained
TGRC_O Initialized Initialized Retained Retained Retained
TGRD_O Initialized Initialized Retained Retained Retained
TCR_1 Initialized Initialized Retained Retained Retained
TMDR_1 Initialized Initialized Retained Retained Retained
TIOR_1 Initialized Initialized Retained Retained Retained
TIER_1 Initialized Initialized Retained Retained Retained
TSR_1 Initialized Initialized Retained Retained Retained
TCNT_1 Initialized Initialized Retained Retained Retained
TGRA 1 Initialized Initialized Retained Retained Retained
TGRB_1 Initialized Initialized Retained Retained Retained
TGRC_1 Initialized Initialized Retained Retained Retained
TGRD_1 Initialized Initialized Retained Retained Retained
TCR_2 Initialized Initialized Retained Retained Retained
TMDR_2 Initialized Initialized Retained Retained Retained
TIOR_2 Initialized Initialized Retained Retained Retained
TIER_2 Initialized Initialized Retained Retained Retained
TSR_2 Initialized Initialized Retained Retained Retained
TCNT_2 Initialized Initialized Retained Retained Retained
TGRA 2 Initialized Initialized Retained Retained Retained
TGRB_2 Initialized Initialized Retained Retained Retained
TGRC_2 Initialized Initialized Retained Retained Retained
TGRD_2 Initialized Initialized Retained Retained Retained
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Register Power-On  Manual Software Module
Abbreviation Reset Reset Standby Standby Sleep Module
TCR_3 Initialized Initialized Retained Retained Retained TPU
TMDR_3 Initialized Initialized Retained Retained Retained
TIOR_3 Initialized Initialized Retained Retained Retained
TIER_3 Initialized Initialized Retained Retained Retained
TSR_3 Initialized Initialized Retained Retained Retained
TCNT_3 Initialized Initialized Retained Retained Retained
TGRA_3 Initialized Initialized Retained Retained Retained
TGRB_3 Initialized Initialized Retained Retained Retained
TGRC_3 Initialized Initialized Retained Retained Retained
TGRD_3 Initialized Initialized Retained Retained Retained
R64CNT Operation Operation Operation Retained Operation RTC
continued continued continued continued
RSECCNT Operation  Operation  Operation  Retained Operation
continued continued continued continued
RMINCNT Operation Operation Operation Retained Operation
continued continued continued continued
RHRCNT Operation Operation Operation Retained Operation
continued continued continued continued
RWKCNT Operation  Operation  Operation Retained Operation
continued continued continued continued
RDAYCNT Operation Operation Operation Retained Operation
continued continued continued continued
RMONCNT  Operation  Operation  Operation  Retained Operation
continued continued continued continued
RYRCNT Operation Operation Operation Retained Operation
continued continued continued continued
RSECAR Retained*'  Retained Retained Retained Retained
RMINAR Retained*!  Retained Retained Retained Retained
RHRAR Retained*!  Retained Retained Retained Retained
RWKAR Retained*'  Retained Retained Retained Retained
RDAYAR Retained*'  Retained Retained Retained Retained
RMONAR Retained*'  Retained Retained Retained Retained
RCR1 Initialized*?  Initialized*? Retained Retained  Retained
RCR?2 Initialized**°  Initialized*'® Retained Retained  Retained
RYRAR Retained Retained Retained Retained Retained
RCR3 Initialized Retained Retained Retained Retained
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Register Power-On  Manual Software Module

Abbreviation Reset Reset Standby Standby Sleep Module
SCSMR_0 Initialized Initialized Retained Retained Retained SCIF_0
SCBRR_O Initialized Initialized Retained Retained Retained
SCSCR_0 Initialized Initialized Retained Retained Retained
SCTDSR_O Initialized Initialized Retained Retained Retained
SCFER_O Initialized Initialized Retained Retained Retained
SCSSR_0 Initialized Initialized Retained Retained Retained
SCFCR_0 Initialized Initialized Retained Retained Retained
SCFDR_0 Initialized Initialized Retained Retained Retained

SCFTDR_O Undefined  Undefined  Retained Retained Retained
SCFRDR_0  Undefined Undefined Retained Retained Retained

SCSMR_2 Initialized Initialized Retained Retained Retained SCIF_2
SCBRR_2 Initialized Initialized Retained Retained Retained
SCSCR_2 Initialized Initialized Retained Retained Retained
SCTDSR_2 Initialized Initialized Retained Retained Retained
SCFER_2 Initialized Initialized Retained Retained Retained
SCSSR_2 Initialized Initialized Retained Retained Retained
SCFCR_2 Initialized Initialized Retained Retained Retained
SCFDR_2 Initialized Initialized Retained Retained Retained

SCFTDR_2 Undefined  Undefined  Retained Retained Retained
SCFRDR_2 Undefined  Undefined  Retained Retained Retained

SCSMR_Ir Initialized Initialized Retained Retained Retained IrDA

EPDROi Undefined  Undefined  Retained Retained Retained usB
EPDROo Undefined  Undefined  Retained Retained Retained
EPDROs Undefined  Undefined  Retained Retained Retained
EPDR1 Undefined  Undefined  Retained Retained Retained
EPDR2 Undefined  Undefined  Retained Retained Retained
EPDR3 Undefined  Undefined  Retained Retained Retained
IFRO Initialized Initialized Retained Retained Retained
IFR1 Initialized Initialized Retained Retained Retained
TRG Undefined  Undefined  Retained Retained Retained
FCLR Undefined  Undefined  Retained Retained Retained
EPSZ0o Initialized Initialized Retained Retained Retained
DASTS Initialized Initialized Retained Retained Retained
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Register Power-On  Manual Software Module

Abbreviation Reset Reset Standby Standby Sleep Module
EPSTL Initialized Initialized Retained Retained Retained usB
IERO Initialized Initialized Retained Retained Retained

IER1 Initialized Initialized Retained Retained Retained

EPSZ1 Initialized Initialized Retained Retained Retained

DMAR Initialized Initialized Retained Retained Retained

ISRO Initialized Initialized Retained Retained Retained

ISR1 Initialized Initialized Retained Retained Retained
XVERCR Initialized Initialized Retained Retained Retained

PACR Initialized Retained Retained Retained Retained PFC
PBCR Initialized Retained Retained Retained Retained

PCCR Initialized Retained Retained Retained Retained

PDCR Initialized Retained Retained Retained Retained

PECR Initialized Retained Retained Retained Retained

PECR2 Initialized Retained Retained Retained Retained

PFCR Initialized Retained Retained Retained Retained

PFCR2 Initialized Retained Retained Retained Retained

PGCR Initialized Retained Retained Retained Retained

PHCR Initialized Retained Retained Retained Retained

PJCR Initialized Retained Retained Retained Retained

PKCR Initialized Retained Retained Retained Retained

PLCR Initialized Retained Retained Retained Retained

SCPCR Initialized Retained Retained Retained Retained

PMCR Initialized Retained Retained Retained Retained

PNCR Initialized Retained Retained Retained Retained

PNCR2 Initialized Retained Retained Retained Retained

PADR Initialized Retained Retained Retained Retained Port
PBDR Initialized Retained Retained Retained Retained

PCDR Initialized Retained Retained Retained Retained

PDDR Initialized Retained Retained Retained Retained

PEDR Initialized Retained Retained Retained Retained

PFDR Initialized Retained Retained Retained Retained

PGDR Initialized Retained Retained Retained Retained
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Register Power-On  Manual Software Module

Abbreviation Reset Reset Standby Standby Sleep Module
PHDR Initialized Retained Retained Retained Retained Port
PJDR Initialized Retained Retained Retained Retained

PKDR Initialized Retained Retained Retained Retained

PLDR Initialized Retained Retained Retained Retained

SCPDR Initialized Retained Retained Retained Retained

PMDR Initialized Retained Retained Retained Retained

PNDR Initialized Retained Retained Retained Retained

ADDRA Initialized Initialized Initialized Initialized Retained ADC
ADDRB Initialized Initialized Initialized Initialized Retained

ADDRC Initialized Initialized Initialized Initialized Retained

ADDRD Initialized Initialized Initialized Initialized Retained

ADCSR Initialized Initialized Initialized Initialized Retained

BDRB Initialized Retained Retained Retained Retained UBC
BDMRB Initialized Retained Retained Retained Retained

BRCR Initialized Retained Retained Retained Retained

BETR Initialized Retained Retained Retained Retained

BARB Initialized Retained Retained Retained Retained

BAMRB Initialized Retained Retained Retained Retained

BBRB Initialized Retained Retained Retained Retained

BRSR Initialized*®  Retained Retained Retained Retained

BARA Initialized Retained Retained Retained Retained

BAMRA Initialized Retained Retained Retained Retained

BBRA Initialized Retained Retained Retained Retained

BRDR Initialized*®  Retained Retained Retained Retained

BASRA Undefined  Retained Retained Retained Retained

BASRB Undefined  Retained Retained Retained Retained

SDIR Retained Retained Retained Retained Retained uDlI
SDID/SDIDH** O oo oo oo oo

SDIDL** u] 0o 0o oo oo

Notes: 1. The ENB bitis initialized. Other bits are retained.
2. The CF bit is undefined.
3. Although the flag is initialized, other bits are not initialized (except the reserved
bits).
4.  Values of these resisters are fixed.
5.  These registers are not initialized by a power-on reset caused by the WDT.
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6. The SV bit is undefined.

7. EXPEVT[11:0] = H'000 at a power-on reset and EXPEVT[11:0] = H'020 at a
manual reset.

8. The NMIL bit = 1 when the NMI input is high, and the NMIL bit = 0 when the NMI
input is low.

9. The ENDIAN bit indicates the MD5 pin input sampled at a power-on reset.

10. At a power-on reset, this register is initialized to H'09. At a manual reset, bits other
than the RTCEN and START bits are initialized.
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Section 25 Electrical Characteristics

25.1 Absolute Maximum Ratings
Table 25.1 shows the absol ute maximum ratings.

Table25.1 Absolute Maximum Ratings

Item Symbol Rating Unit
Power supply voltage (1/O) VeeQ -0.3t04.2 \Y
Vce-RTC
Power supply voltage (internal) Vee -0.3to 2.1 Y,
Vce-PLLL
Vee-PLL2
Input voltage (except port L) Vin -0.3to VccQ + 0.3 \Y
Input voltage (port L) Vin —0.3to AVcc + 0.3 \Y
Analog power supply voltage (AD) AVcc -0.3t0 4.2 \Y,
Analog input voltage (AD) Van —0.3to AVcc + 0.3 \Y
Analog power supply voltage (USB) Vcc-USB -0.3t0 4.2 Y,
Analog input voltage (USB) ViN —0.3to (Vcc-USB) + 0.3 \Y
Operating temperature Topr —-20to 75 °C
Storage temperature Tstg -55to 125 °C
Caution:

e Operating the chip in excess of the absol ute maximum rating may result in permanent damage.

e Orde of turningon 1.5V power (Vcc, Vee-PLL1, Vee-PLL2) and 3.3 V power (VccQ, Vee-

RTC, AVcc, Vec-USB):

1. The3.3V power andthe 1.5V power should be turned on ssmultaneously or the 3.3 V
power should be tuned on first. When the 3.3 V isturned on first, turn on the 1.5V power
within 1 ms. It isrecommended that thisinterval will be as short as possible.

2. Until voltageisapplied to all power suppliesand alow level isinput at the RESETP pin,
interna circuitsremain unsettled, and so pin Sates are also undefined. The system design
must ensure that these undefined states do not cause erroneous system operation.

3. When the power isturned on, make sure that the voltage of the 1.5 V power islower than
that of the 3.3 V power.
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* Power-off order

1

In thereverse order of powering-on, first turn off the 1.5 V power, then turn off the 3.3V
power within 1 ms. It isrecommended that this interval will be as short as possible.

Pin states are undefined while only the 1.5V power is off. The system design must ensure
that these undefined states do not cause erroneous system operation.

When the power isturned off, make sure that the voltage of the 1.5 V power islower than
that of the 3.3 V power.

Waveforms and recommended times at power on/off are shown in figure 25.1.

VeeQ: 3.3 V power jj

; -«—— VccQ (min) voltage ((

Vcc: 1.5V power ))

: -«—— Vcc (min) voltage ((

R aRREEELS - - -«—— Vcc/2 level voltage

GND

| tunc

-

' States undefined ' Normal operation term | Operation stopped
term

I Clock oscillation started
VceQ (min)  -e—w= Oscillation settling time

attaintime ~* " Cancel the power-on reset and o
VCC.(m.'”) | go to normal operation
attain time

Figure25.1 Power On/Off Sequence

Recommended Power On/Off Times

Max. Permitted

Item Symbol Value Unit
VceQ to Vee power-on time interval tpwu 1 ms
VceQ to Vee power-off time interval tpwd 1 ms
State undefined term tunc 10 ms

The recommended times shown above do not require strict settings.

The state undefined term indi cates that pins are at the power rising stage. The pin stateis stabilized
at VeeQ (min) attain time. However, a power-on reset (RESETP) is accepted successfully only
after VceQ (min) attain time and clock oscillation settling time. Set the state undefined term less
than 10 ms.
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25.2 DC Characteristics
Tables 25.2 and 25.3 list DC characteristics.

Table25.2 DC Characteristics (1) [Common |tems]

(Condition: Ta =—-20 to 75°C)

Measurement
Item Symbol Min Typ Max Unit Conditions
Power supply voltage VeeQ, 3.0 3.3 3.6 \Y
Vce-RTC
Vce, 1.4 15 1.6
Vce-PLLL
Vce-PLL2
Current Normal lcc — 133 200 mA  Vec=15V
consumption operation lp= 133 MHz
— 105 150 Vce =15V
lgp= 100 MHz
|ccQ — 20 40 VccQ =33V
Bp= 33 MHz
In sleep mode® lcc — 25 40 mA  B@=33 MHz
lccQ — 10 20
In standby lec — 150 500 MA  Ta=25°C (RTC
mode lecQ — 10 30 on)
VccQ =33V
Vcc =15V
lcc — 150 500 HA Ta=25°C (RTC
lccQ — 10 30 off)
VccQ =33V
Vcc =15V
Input leak All'input pins | lin | — — 1.0 HA Vin=0.5t0
current VecQ -0.5V
Three-state  1/O, all output | Iys | — — 1.0 HA Vin =0.5to
leak current  pins (off VecQ -0.5V
condition)
Pull-up Port pin Rpuil 30 60 120 kQ
resistance
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Measurement

Item Symbol Min Typ Max Unit Conditions
Pin All pins other C — — 10 pF
capacitance than the USB

transceiver pins

(D+, D-) and

PTM3 to PTMO

uUSsB CAN —_ —_ 20 pF

transceiver pins

(D+, D-) and

PTM3 to PTMO
Analog power-supply AVcc 3.0 3.3 3.6 Y,
voltage (AD)
Analog power-supply Vce-USB 3.0 3.3 3.6 Y,
voltage (USB)
Analog During A/D Alcc — 0.8 2 mA
power-supply conversion
current (AD)

Idle — 0.01 5.0 HA

Note: * No external bus cycles except refresh cycles.
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Table25.2 DC Characteristics (2-a) [Excluding USB-Related Ping]

(Condition: Ta =—20 to 75°C)

Measurement
Item Symbol Min Typ Max Unit Conditions
Input high RESETP, ViH VecQ x 0.9 — VeeQ +0.3 V
voltage RESETM, NMI
IRQ5 to IRQO,
PINT15 to
PINTO, RXDO,
MD6 to MDO,
ASEMDO,
TRST, EXTAL,
CKIO, CA
EXTAL2 — — — When this pin
is not
connected to
the crystal
resonator, this
pin should be
connected to
the VccQ pin
(pulled up).
Port L 2.0 — AVce + 0.3
Other input 2.0 — VecQ +0.3
pins
Input low RESETP, ViL -0.3 — VecQ x 0.1 V
voltage RESETM, NMI
IRQ5 to IRQO,
PINT15 to
PINTO, RXDO,
MD6 to MDO,
ASEMDO,
TRST, EXTAL,
CKIO, CA
EXTAL2 — — — When this pin
is not
connected to
the crystal
resonator, this
pin should be
connected to
the VccQ pin
(pulled up).
Port L -0.3 — AVce x 0.2
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Measurement

Item Symbol Min Typ Max Unit Conditions

Input low Other input Vi -0.3 — VecQ x 0.2 V

voltage pins

Output high  All output pins  Von 2.4 — — \Y VecQ =3.0V,

voltage lon = =200 pA
2.0 — — VecQ =3.0V,

lon = =2 mA
Output low  All output pins Vo, — — 0.55 Y, VecQ =36V,
voltage loo =1.6 mA

Notes: 1. Even when the RTC is not used, power must be supplied between Vcc-RTC and Vss-
RTC.
2. AVcc must satisfy the condition: VccQ — 0.2 V < AVce £ VecQ + 0.2 V. Do not leave the
AVcc and AVss pins open if the A/D converter is not used; connect AVcc to VccQ, and
AVss to VssQ.
3. Current consumption values are for Viumin = VccQ — 0.5 V and Vi .max = 0.5 V with all
output pins unloaded.

Table25.2 DC Characteristics (2-b) [USB-Related Pins’]
(Condition: Ta =—-20to 75°C)

Measurement

Item Symbol Min Typ Max Unit Conditions

Power supply voltage VeeQ 3.0 3.3 3.6 \Y,

Input high voltage ViH 2.0 — VecQ +0.3 V

Input low voltage Vi -0.3 — VecQ x 0.2 V

Input high voltage ViH VeceQ - 0.3— VecQ +0.3 V

(EXTAL_USB) (EXTAL_USB)

Input low voltage Vi -0.3 — VecQ x 0.2 V

(EXTAL_USB) (EXTAL_USB)

Output high voltage VoH 2.4 — — \Y VecQ =3.0V,
lon =—200 pA

2.0 — — VecQ =3.0V,

lon = =2 mA

Output low voltage VoL — — 0.55 \Y VecQ =36V,
lo =1.6 mA

Note: * XVDATA, DPLS, DMNS, TXDPLS, TXDMNS, TXENL, VBUS, SUSPND, and EXTAL_USB

pins
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Table25.2 DC Characteristics (2-¢) [USB Transceiver-Related Pins™!]

(Condition: Ta =—20 to 75°C)

Measurement
Item Symbol Min Typ Max Unit Conditions
Power supply voltage*? Vee-USB 3.0 3.3 3.6 v
Differential input sensitivity ~ Vp, 0.2 — — \Y, O(DP)—~(DM)OI
Differential common mode Vewm 0.8 — 25 \Y
range
Single ended receiver Vse 0.8 — 2.0 \Y,
threshold voltage
Output high voltage VoH 2.8 — Vee-USB
Output low voltage VoL — — 0.3 \Y,
Tri-state leak current ILo -10 — 10 HA 0V<V|n<3.3V

Notes: 1. D+ and D- pins

2. Vcc-USB must satisfy the condition: VccQ < Vec-USB. Even when the USB is not used,
power must be supplied between Vcc-USB and Vss-USB.

Table25.3 Permitted Output Current Values

(Conditions: VccQ = Vee-RTC = Vee-USB = 3.010 3.6 V, Vee = Vee-PLLL = Vee-PLL2 = 1.4 to
1.6 V, AVce = 3.0t0 3.6 V, VSSQ =Vss = Vss-RTC = Vss-USB =Vss-PLL1 = Vss-PLL2 =
AVss=0V, T, =-201t0 75°C)

Item Symbol Min Typ Max  Unit
Output low-level permissible current (per pin) loL — — 2.0 mA
Output low-level permissible current (total) > oL — — 120 mA
Output high-level permissible current (per pin) —lon — — 2.0 mA
Output high-level permissible current (total) > (—low) — — 40 mA

Caution: To ensure LSl reliability, do not exceed the value for output current given in table 25.3.

RENESAS
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25.3 AC Characteristics

In general, inputting for this LS| should be clock synchronous. Keep the setup and hold times for
each input signal unless otherwise specified.

Table25.4 Maximum Operating Frequencies

(Conditions: VccQ = Vee-RTC = Vee-USB = 3.010 3.6 V, Vee = Vee-PLLL = Vee-PLL2 = 1.4 t0
1.6 V, AVce = 3.0t0 3.6 V, VSSQ =Vss = Vss-RTC = Vss-USB =Vss-PLL1 = Vss-PLL2 =
AVss=0V, T, =-201t0 75°C)

Item Symbol Min Typ Max Unit Remarks
Operating CPU, cache (l¢) f 20 — 133.34 MHz  133-MHz
frequency product
100 100-MHz
product
External bus (Bg) 20 — 66.67
Peripheral module (Pg) 5 — 33.34
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2531 Clock Timing

Table25.5 Clock Timing

(Condition: VecQ = Vee-RTC = Vee-USB =3.0t0 3.6 V, Vee = Vee-PLLL = Vee-PLL2 = 1.4t0 1.6 V,
AVcc =3.0t0 3.6 V, VSSQ = Vss = Vss-RTC = Vss-USB = Vss-PLL1 = Vss-PLL2 = AVss =
0V, Ta =—20 to 75°C, Maximum External Bus Operating Frequency: 66.67 MHz)

Item Symbol Min Max Unit Figure
EXTAL clock input frequency fex 10 66.67 MHz 25.2
EXTAL clock input cycle time texeye 15 100 ns

EXTAL clock input low pulse width texL 15 — ns

EXTAL clock input high pulse width texn 15 — ns

EXTAL clock input rise time texr — 6 ns

EXTAL clock input fall time text — 6 ns

CKIO clock input frequency fexi 20 66.67 MHz 25.3
CKIO clock input cycle time tekicye 15 50 ns

CKIO clock input low pulse width teki 3 — ns

CKIO clock input high pulse width tekiH 3 — ns

CKIO clock input rise time tekir — 4 ns

CKIO clock input fall time tekie — 4 ns

CKIO clock output frequency top 20 66.67 MHz 25.4
CKIO clock output cycle time teye 15 50 ns

CKIO clock output low pulse width tekoL 3 — ns

CKIO clock output high pulse width tekoH 3 — ns

CKIO clock output rise time tekor — 5 ns

CKIO clock output fall time tekof — 5 ns
Power-on oscillation settling time tosc1 10 — ms 25.5
RESETP setup time tresps 20 — ns 255
RESETP assert time tresPw 20 — toe  25.5,25.6
RESETM assert time tRESMW 20 — teye 25.6
Standby return oscillation settling time 1 toscz 10 — ms 25.6
Standby return oscillation settling time 2 toscs 10 — ms 25.7
Standby return oscillation settling time 3 tosca 11 — ms 25.8
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Item Symbol Min Max Unit Figure
PLL synchronization settling time 1 tpLLa 100 — ps 25.9, 25.10
PLL synchronization settling time 2 tpLL2 100 — ps 25.11
Interrupt determination time tirLsTB 100 — ps 25.10

(RTC used and standby mode)

| tExcyc

EXTAL*
(input)
1/2VecQ

Note: * The clock input from the EXTAL pin.

Figure25.2 EXTAL Clock Input Timing

CKIO
(input)

CKIO
(output)
12 VecQ

Figure25.4 CKIO Clock Output Timing
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Stable oscillation

e NSNS\

(¢ (¢

o 2 4
Vee Ve min
tRESF‘W tRESPS
tosct

_ [ ——
RESETP 7

< (S /

) ).

TRST

Note: Oscillation settling time when built-in oscillator is used

Figure 25,5 Power-On Ostillation Settling Time

Standby Stable oscillation
—> >
CKIO,
internal
clock
trespw
toscz ~ tResmw
RESETP !
RESETM \ « (« Vs
P2 P2

Note: Oscillation settling time when built-in oscillator is used

Figure 25.6 Oscillation Settling Time at Standby Return (Return by Reset)

Standby Stable oscillation
—> >

CKIO,
internal
clock
toscs
NMI X
N

I(
Note: Oscillation settling time when built-in oscillator is used

A

)7

T

{¢
)7

Figure 25.7 Oscillation Settling Time at Standby Return (Return by NMI)

Rev. 2.00, 09/03, page 633 of 690
RENESAS




Standby

CKIO,
internal
clock

VAVA\W/AV

0SC4

Stable oscillation
—>

AVAT

t
<
Il (<

IRL3 to IRLO
IRQ5 to IRQO
PINT15 to PINTO

v )

\ (4

Note: Oscillation settling time when built-in oscillator is used in oscillation stop mode

Figure 25.8 Oscillation Settling Time at Standby Return
(Return by IRQ5t0 IRQO, PINT15 to PINTO, and IRL3 to IRLO)

Reset or NMI interrupt request

Stable input clock: : Stable input clock

EXTAL input,
CKIO input

PLL synchronizatiol
"

PLL output,
CKIO output

-— 1
I
I
I

n i

Internal clock

[\
[\

e \V,VAVAVAYAY

I
) )

STATUS 0

STATUS 1 Normal

0
X Standby :
L

1 ( U «(

Note: PLL oscillation settling time when clock is input from EXTAL pin

Figure25.9 PLL Synchronization Settling Time by Reset or NM|
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PINT15 to PINTO,
IRQ5 to IRQO/IRL3 to IRLO interrupt request

¥
Stable input clock ! : | Stable input clock
1 ! 1
EXTAL input 1 ! 1
or CKIO input ! y
PLL synchronization I Yriste | toLLn _PLL synchronization
— ;
1 1
PLL output, : Tt Tt | X
CKIO output ,/ N Ly // |
| L T 1 |
l 1 \ l
! l \ l
Internal clock /_\_/_\ I ! ! '/-\_/-\_/-\_
! ) ! ) ! D)
T L T L T L 1
l 1 | I
STATUS 0 — —
! 1
STATUS 1 Normal X Standby“ \ X X Normal

Note: PLL oscillation settling time when clock is input from
EXTAL pin or CKIO pin in oscillation continuous mode.

Figure 25.10 PLL Synchronization Settling Time by IRQ/IRL, PINT Interrupts

Multiplication ratio modified

I
EXTAL input™ |
(CKIO input) T

! tPLLZ
I

CKIO output™ !

(PLL output)
| |

Internal clock : :
T )L T
I I

(

Notes: 1. CKIO input in clock mode 7
2. PLL output except in clock mode 7

Figure25.11 PLL Synchronization Settling Time when Frequency Multiplication
Ratio M odified
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25.3.2 Control Signal Timing

Table25.6 Control Signal Timing

(Conditions: VccQ = Vee-RTC = Vee-USB = 3.010 3.6 V, Vee = Vee-PLLL = Vee-PLL2 = 1.4 t0
1.6 V, AVce = 3.0t0 3.6 V, VSSQ =Vss = Vss-RTC = Vss-USB =Vss-PLL1 = Vss-PLL2 =
AVss=0V, Ta=-20to 75°C, Clock mode 0/1/2/4/5/6/7)

66.67 MHZ"?

Item Symbol Min Max Unit Figure
RESETP pulse width trRESPW 20*3 — teye 25.12
RESETP setup time** tresps 20 — ns

RESETM pulse width tRESMW 20** — teye

RESETM setup time tresms 10 — ns

BREQ setup time tsreos 1/2 teye+10 — ns 25.14
BREQ hold time tereQH 12 teyet3 — ns

NMI setup time** tamis 10 — ns 25.13
NMI hold time tmIH 3 — ns

IRQS5 to IRQO setup time** tiros 10 — ns

IRQ5 to IRQO hold time tirgH 3 — ns

BACK delay time teackp — 1/2 teye+13 ns 25.14
STATUS1, STATUSO delay time ts — 18 ns 25.15
Bus tri-state delay time 1 tBoFFL 0 30 ns 25.14,
Bus tri-state delay time 2 tsorr2 0 30 ns 25.15
Bus buffer-on time 1 taon1 0 30 ns

Bus buffer-on time 2 taone 0 30 ns

Notes: tcyc is the external bus clock cycle (B clock cycle).

1. RESETP, RESETM, NMI, and IRQ5 to IRQO are asynchronous. Changes are detected

at the clock rise when the setup shown is kept. When the setup cannot be kept,
detection can be delayed until the next clock rises.

2. The upper limit of the external bus clock is 66.67 MHz.

3. In standby mode, trespw = tosc2 (10 ms). When the crystal oscillation continues or the

clock multiplication ratio is changed in standby mode, trespw = teir1 (100 ps).

4. In standby mode, tresmw = toscz (10 ms). When the crystal oscillation continues or the
clock multiplication ratio is changed in standby mode, RESETM must be kept low until
STATUS (0-1) changes to reset (HH).
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CKIO

tresPw
RESETP trESMW
RESETM N
Figure25.12 Reset Input Timing
v tnmis
Vin
NMI
Vi
tiraH . tiras
A ViH
IRQ5 to IRQO
X ViL
Figure 25.13 Interrupt Signal Input Timing
cko M%W N\
tsreaH  tBrREQS tereqH tBREQS
BREQ 3) )
(( ((
tsackD teackp
N | |
BACK « * ) Il/-
((
tgoFF1 tBON1
A25 to A0, ” )) |l
D31 to DO / u | —
- tBorFF2 tsonz
RD, RD/WR, > ‘_1_
RASUI/L, )
CASUL, L/ T W N
@n, WEn,
BS, CKE

Figure 25.14 BusRelease Timing
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Normal mode Standby mode Normal mode
tstp
i\
STATUS 0
STATUS 1
\\
tsorF2 tgonz
RD, RDWR, __[*—"] Rillg
RASUIL, CASULL, )
CSn, WEn, BS, N
CKE tsoFF1 teon1
[— [
A25 to AO, ))
D31 to DO (

Figure 25.15 Pin Drive Timing at Standby

25.33 ACBusTiming

Table25.7 BusTiming (1)

(Conditions: VccQ = Vee-RTC = Vee-USB = 3.010 3.6 V, Vee = Vee-PLLL = Vee-PLL2 = 1.4 t0
1.6 V, AVce = 3.0t0 3.6 V, VSSQ =Vss = Vss-RTC = Vss-USB =Vss-PLL1 = Vss-PLL2 =
AVss=0V, Ta=-20to 75°C, Clock mode 0/1/2/4/5/6/7)

66.67 MHz
Item Symbol Min Max Unit  Figure
Address delay time 1 tab1 1 12 ns 25.16 to 25.38
Address delay time 2 tap2 — 1/2 tyet12 ns 25.21
Address setup time tas 0 — ns 25.16 to 25.19
Address hold time tan 0 — ns 25.16 to 25.19
BS delay time tasp — 10 ns 25.16 t0 25.35
CS delay time 1 tcsol 1 10 ns 25.16 to 25.38
Read/write delay time 1 trwo1 1 10 ns 25.16 to 25.38
Read strobe delay time  trsp — 1/2 tyc+10 ns 25.16t0 25.21
Read data setup time 1 trpsz 1/2 teyet6  — ns 25.16 to 25.20
Read data setup time 2 trps2 6 — ns 25.22 to 25.25, 25.30 to 25.32
Read data setup time 3 trpss 1/2 teyet6  — ns 25.21
Read data hold time 1 troH1 0 — ns 25.16 to 25.20
Read data hold time 2 tRDH2 2 — ns 25.22 to 25.25, 25.30 to 25.32
Read data hold time 3 troH3 0 — ns 25.21
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66.67 MHz

Item Symbol Min Max Unit  Figure

Write enable delay time  twep — 1/2 tyc+10 ns 25.16t0 25.21

Write data delay time 1 twpp1 — 12 ns 25.16 to 25.20

Write data delay time 2 twpobp2 — 12 ns 25.26 to 25.29, 25.33 to 25.35
Write data hold time 1 twoH1 1 — ns 25.16 to 25.20

Write data hold time 2 twph2 1 — ns 25.26 to 25.29, 25.33 to 25.35
Write data hold time 4 twpH4 0 — ns 25.16 to 25.19

WAIT setup time twTs U2 teyet6  — ns 25.17 t0 25.21

WAIT hold time twTH U2 teyet2 — ns 25.17 to 25.21

RAS delay time 1 traspr 1 10 ns 25.22t0 25.38

CAS delay time 1 tcaspr 1 10 ns 25.22t0 25.38

DQMdelay time 1 toowor 1 10 ns 25.22t0 25.35

CKE delay time 1 tekept 1 10 ns 25.37

AH delay time tanp 1/2 teye 1/2 teye+10 ns 25.20

Multiplex address delay  twap — 12 ns 25.20

time

Multiplex address hold tmaH 0 — ns 25.20

time

DACK delay time tbaco — 10 ns 25.16 to 25.35

RENESAS
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25.34 BasicTiming

T4 T,
CKIO / \ 7 \ 7
—
tAD1 tAD1
A25 to AO X X
tAS
tCSD1 tCSD1
CSn
tRWD1 tRWD1
_ —
RD/WR
| S
tRSD tRSD tAH
RD \ /
|\ I ,
Read t
RDS1
D31 to DO
tWED tWED tAH
WEn *2 5; 7(
Write twop1 twoH1
D31 to DO
tWDI’-M»
tBSD tBSD
BS ——
tDACD tDACD
DACKn™"

Notes: 1. DACKn is a waveform when active-low is specified.
2. Output timing is the same when reading byte-selection SRAM.

Figure 25.16 Basic Bus Cycle (No Wait)

Rev. 2.00, 09/03, page 640 of 690
RENESAS




T1 Tw T2

/ \ / / \ 7!
CKIO 7 7 \ 7
tap1 tap1
A25 to AO )( ><
tas
tespy tespy
CSn
trwp1 trwo1
N
RD/WR
| S
trsp trsp tan
RD \ 7
RDH1,,
Read { tros+
D31 to DO
twep twep tan
WEn *2 S\ 7{
Write { twop1 twpr
D31 to DO
twora
tasp tasp
BS —
toaco toaco
[—>| +—>|
DACKn™’ _\ 7
twrn
twrs
WATT P4 X

Notes: 1. DACKn is a waveform when active-low is specified.
2. Output timing is the same when reading byte-selection SRAM.

Figure 25.17 Basic Bus Cycle (One Software Wait)
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T1 TwX T2

cKIo _7[_\_7[_\_7{ \_][
tap1 tap1
A25 to AO X X
tas
tesp teso
CSn
trwp1 trwp!1
—
RD/WR
e
trsD trsp tan
-1\ /
RD N\ /| tRDH1 )
Read tros1
D31 to DO
twep twep tan
WEn™*? 5\ 7(
Write tWDD1 tWDH1
D31 to DO
twpha
tasp tasp
BS ——
thacD toaco
[—> —p
DACKn™’ _\ ;‘
twrh twrn
twrs twrs
WAIT \ / / \
WAIT N 7 7 \

Notes: 1. DACKn is a waveform when active-low is specified.
2. Output timing is the same when reading byte-selection SRAM.

Figure 25.18 Basic Bus Cycle (One Exter nal Wait)
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Tw Ty Tnop T4 Tw Ty Tnop

CKIO

s
o
C
C
o
o
o
C

tao tao1 tan1 tap1
A25 to A X X
tas tas
tesot tosp1, | 1 tesp tespi, | |
CSn E * *
trwo1 trwo1 . tRwo| trwor| |
RD/WR % *
trsp trsp | [tan trsp trsp | [tan
RD \ \
trH1 tRpH1
Read tros1 tros1
D15 to DO ~k ~l%
twep tan twep twep | [tan
WEn*2 £ X

Write twpp1 twort | twop1 twor1

D15 to DO

N
7|¢.

_’L
v

=]

DH4 twoHa

| tesp tesp| | | tesp

toaco | | toaco toaco

twrh twrh
twrs twrs

tasp

toaco
28,

Hri- ~t
.

Notes: 1. DACKn is a waveform when active-low is specified.
2. Output timing is the same when reading byte-selection SRAM.

Figure 25.19 Basic Bus Cycle (One Software Wait, External Wait Enabled
(WM Bit = 0), No Idle Cycle Setting)
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Ta2 Ta3 T Tw Tw T

s
>
:
:
:
d

CKIO 7
taD1 tan1
A25 to A0
tosp1 tespr
CSn }S 1
trwp1 trwor
RD/WR %

tamp | tamp |

)

_
L
N

trsp trsp
BD \
RD \ trRoH1
Read twap tuan tros1
D15 to DO If Address j Data
twep twep
_ \ —t—
WEO0/1 twop1 X
Write tvman tvan twpr
D15 to DO l\ Address Data
tasp tasp
BS —
twrh twrh
twrs twrs
WAIT S\ 7( 7{ \R
toaco toaco
DACKn*

Note: * DACKn is a waveform when active-low is specified.

Figure 2520 Address/Data Multiplex 1/0 Bus Cycle
(Three Address Cycles, One Softwar e Wait, One Exter nal Wait)
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2535 Burst ROM Timing

T, Tw Twx T2B Twb T2B
oo £ N\ A A S A S
Lap1 tap2 tap2
A25 to AD _* Y )C

tBSD tBSD

10

|

N
LA rA

L

tCSD1
CSn ;L
T
tRWD1 }E\:IVD1
RD/WR 7|( *
tRSD tRSD
RD 7 ;]s . \
trpsa| || trps3
tRDH3 tRDHS
D31 to DO :q] :]1
tWED tWED
WEn / \
—_ 7 N
tDACD tDACD
DACKn
1 1
tWTH tWTH
tWTS tWTS
WAIT 4 \
WAIT K £14 K

Notes: 1. tgpys is specified by earlier one of change of A25 to A0 or the RD rising edge.
2. DACKn is a waveform when active-low is specified.

Figure 25.21 Burst ROM Read Cycle (One Access Wait, One External Wait,
OneBurst Wait, Two Bursts)
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25.3.6  Synchronous DRAM Timing

Tr Te Tew | Td1 Tde
cKio _7‘_\_7{_\_7(_\_*_\_7{_\_7{_\_/_
tAD1 tAD1 tAD1
A25 to A0 -*Row addre;* Column|address
tAD1 tAD1 tAD1
{e—>|
A12/A11*1 _% 7|1ReadA
tCSD1 tcsm
L
CSn 7%
T
}5\:]VD1 EE\.IIVD1
RD/WR _7|( *
tRASD1 tRASD1
RASU/L \
tCASD1 tCASD1
CASU/L \
tDQMD1 tDQMD1
DQMxx \
T
tRDSZ tRDH2
D31 to DO B
tBSD tBSD
BS \
High
CKE (High)
tDACD tDACD
DACKn*2

Notes: 1. Address pin to be connected to A10 of SDRAM.
2. DACKn is a waveform when active-low is specified.

(

Figure 25.22 Synchronous DRAM Single Read Bus Cycle
(Auto Precharge, CASLatency =2, TRCD =1 Cycle, TRP =1 Cycle)
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Tr Trw Tc1 Tew | Td1 Tde Tap |
oKi0 _;’_\_;‘_\_;‘_\_;‘_\_;{‘_\_;‘_\_7‘_\_;{‘_
taps tap1 b1
A25 to A0 ‘_% Row address _*Column address
taps tap1 taps
| |
A12/A11*1 F% eas comnind
teso }ffm
CSn _q; *
trw1 trwp1
RD/WR :*1 ._’I*
T trasD1 trasD1
RASUL ~— | \
tcaspr tcaspi
CASU/L \
toamp1 toamp1
DQMxx - \
T
tros2 | trowz
D31 to DO A
tasp tasp
BS \
CKE (Figh)
toaco toaco
DACKn*2

(

Notes: 1. Address pin to be connected to A10 of SDRAM.
2. DACKn is a waveform when active-low is specified.

Figure 25.23 Synchronous DRAM Single Read Bus Cycle
(Auto Precharge, CASLatency =2, TRCD =2 Cycle, TRP =2 Cycle)
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CKIO

Tel

Tc2

Td1
Tc3

Td2
Tc4

Td3 Td4

| Tde

_;‘_\r_vf_\_;‘_\_;f_\_;

auaWaWaw

taps tap1 tap1 tap1 tap1
A2 10A) | *ad%?ewss‘* S 104
tap tap1 taps tap1
A12/A11™ } Read command  Reada d*
teso tespy
osn |} N
trwp1 trwp1
RD/WR -* \
trasp1  |tRasD1
RASUL 1 j{ X
tcaspi tcasp1
CASU/L X
foawp1 toamps
DQMxx }_ﬁ
'
tros2 |trorz trosa|trorz
D31 to DO }D{}
tasp tzsp
s ﬂ ,
CKE (High)
toaco toaco
DACKn*?

Notes: 1. Address pin to be connected to A10 of SDRAM.

2. DACKn is a waveform when active-low is specified.

Figure 25.24 Synchronous DRAM Burst Read Bus Cycle (Single Read x 4),
(Auto Precharge, CASLatency =2, TRCD =1 Cycle, TRP =2 Cycle)
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Td1 Td2  Td3 Td4
Tr Trw Te Tc2 | Tc3 Tc4 | Tde
cko L\ F N\ \ 4 %M%w
tAD1 tAD1 tAD1 tAD1
A25 to A0 :}L Row|address Solumn (1to4) ‘%
tAD1 tAD1 tAD1 tAD1
A12/A11*1 § Read command 055?““3%*
tCSD1 tCSD1
m _ T :
trwp1 trwo1
RD/WR } “131
_tRASD1 tRASD1
RASUL ~ | \
tcasps teasos
CASUL \
thamp1 thawp1
DQMxx ] ‘_)‘L_ﬁ
tRDSZ tRD.HZ tR.DSZ tRDHZ
03110 D0 D)
tBSD tBSD
BS \
oKE (High)
tDACD tDACD
DACKn*?

Notes: 1. Address pin to be connected to A10 of SDRAM.
2. DACKn is a waveform when active-low is specified.

Figure 25.25 Synchronous DRAM Burst Read Bus Cycle (Single Read x 4),
(Auto Precharge, CASLatency =2, TRCD =2 Cycle, TRP =1 Cycle)
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Tel Trwl

F A\

tAD’I tAD1

Column
Row addres‘s_* address

tAD1 tAD1

gj
e
T

CKIO y

A25 to AO

TJT

,_,
=
2

Write A
comman

(@]
)
>
LAy LA
Q
— o
L 1s H
Q
|

A12/A117*1

tRWD’I tRWD1 tRWD1
RD/WR F;I{__
_tRASD1 tRASD’I I
RASUL ~ | \
tCASD’I t()ASD1 _
CASUIL ‘_;I(__
.
tDQMD1 tDQMD1
DOMxx | ‘_;l’__
tWDDZ tWDH2
D31 to DO Hk:ﬂ__
tESSD tBS
L
oKE (High)
tDACD tDACD
DACKn*2 ‘_;I(__
.

Notes: 1. Address pin to be connected to A10 of SDRAM.
2. DACKn is a waveform when active-low is specified.

Figure 25.26 Synchronous DRAM Single Write Bus Cycle
(Auto Precharge, TRWL =2 Cycle)
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Tr Tw | Trw Te Trwl

—
CKIO 7[_\_71_\_;‘{_\_;{_\_7{_\_7
tap1 tap1 taps
A25 to A0 Row address Solumn *
tap1 tap1 taps
i
1 Write A
A12/A11 command *__
teso tespr

o)
3
[

tRWD1 tRWD1 tRWD1
RD/WR _7|{ —
tF{ASD1 tRASD1 tRAISD1
RASUIL ;L ;l( !k
tCASD1 tCASD1
CASUIL ;l! —
T
tDQMD1 tDQMD1
DQMxx J‘
T T
tWDD2 tWDH2
D31 to DO ﬂ__
tBSD tBSD
s L |z——
High
CKE (High)
tDACD tDACD

DACKn*2 ;L

i

Notes: 1. Address pin to be connected to A10 of SDRAM.
2. DACKn is a waveform when active-low is specified.

Figure 25.27 Synchronous DRAM Single Write Bus Cycle
(Auto Precharge, TRCD =3 Cycle, TRWL =2 Cycle)

Rev. 2.00, 09/03, page 651 of 690
RENESAS




Tr Tei Tc2 Tc3 Tc4 Trwl |

tAD1 tAD1 tAD1 tAD1 tAD1 tAD1
A25 to A0 _* Row address act?é‘:e";g (1 '4)
tap1 tan1 tan1 tan
f—>]
A12/A11 *1 -* Write command cmnn?aﬁd B(

O
2]
=}
Bk
5 1}
g
5 5
3 —T?

tF{WD1 tRWD1

|
71

RD/WR
trasD1 trasD1 tRA‘SD1
RASUL ~— | :;‘l( *
tcasps teaspr
CASUIL -;l‘ —;Ili
T
toamp1 tbaup1
DQMxx T ;ll
T T
twop2 tworz twop2 tprz
D31 to DO HII( _%( X _%7
tssp tasp
.1 —
CKE (High)
toaco toaco
DACKn'*2 ;l‘
T

Notes: 1. Address pin to be connected to A10 of SDRAM.
2. DACKn is a waveform when active-low is specified.

Figure 25.28 Synchronous DRAM Burst Write Bus Cycle (Single Write x 4),
(Auto Precharge, TRCD =1 Cycle, TRWL =2 Cycle)
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Tr Trw Tel Tc2 Tc3 Tc4 Trwl
CKIO _7{_\_)(_\_)(_\_21_\_7{_\_%_\_7!_\_7{_
tap1 tap1 tap1 tap1 tap taD1
A25 to A0 Row address Solumn (1-4) _*
tap1 tap1 tan1 taD1
l—»|
A12/A11*1 Wite command aiea | X
teso tespr
o N —
' 1
trwp1 trwp1 trwp1
RD/WR _)F h}i
T trasD1 trasD!1 tRAISD1
RASUL ~— |
tcaspi teaspr
CASU/L ‘_;I(i
toamp1 thamp1
DOMxx | h;lli
! T
twop2 tworz twopz twonz
D31 to DO I\ X %
tasp tssp
CKE (High)
toaco toaco
DACKn*2 ‘_;lzi
T

Notes: 1. Address pin to be connected to A10 of SDRAM.
2. DACKn is a waveform when active-low is specified.

Figure 25.29 Synchronous DRAM Burst Write Bus Cycle (Single Write x 4),
(Auto Precharge, TRCD =2 Cycle, TRWL =2 Cycle)
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Td1 Td2 Td3 Td4
Te1 Tc2 Te3 Tc4 | Tde

tAD1 tAD1 tAD1 tAD1

A25 to A0 }L adebes S (1-4)

CKIO y

?

e'ég

tAD1 tAD1

A12/A11*1 Read|command

a*
T2z

tCSD1 tCSD1

B
L;

trwo1 trwp1
RD/WR } ‘;Iﬁ_
" Jtrasor [trasor
RASUL ~ | \_
tcaspi tcasot
CASU/L \—
toamp1 tbamp1
DQMxx ! -t
trosz| trorz tros2 [fRoHz
D31 to DO D_D_k:
tasp tssp
1 T
CKE (High)
toaco toacp

DACKn*2 _';L :[L_-t

Notes: 1. Address pin to be connected to A10 of SDRAM.
2. DACKn is a waveform when active-low is specified.

Figure 25.30 Synchronous DRAM Burst Read Bus Cycle (Single Read x 4)
(Bank Active Mode: ACTV + READ Commands, CAS Latency =2, TRCD = 1 Cycle)
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Td1 Td2 Td3 Td4

Tel Tc2 | Te3 Tc4 | Tde
cvo NSNS
tan1 tan1 tap1
A25to AO :} SQlumn (1-4) A*:
taps tap1 tap1
e
A12/A11%1 _:q\ Read command / ;k:
tesp tcsp tespr
os |} ;" %
tRWD1 ‘tE\ZIVm
RD/WR \I\_
—tRASD1 }EéISD1
RASU/L
—tCASD1 tCASD’I 'tE’AISIM
CASUL | \I\_
tDQMD1 tDQMD1 tDQMD1
DQMxx ) %C
T
tRDS2 tRDH2 tRPSZ tRDHZ
tBSD tBSD 'tE§ID
BS \I\_
(High)
CKE
tDACD tDACD tDACD
DACKn*2

Notes: 1. Address pin to be connected to A10 of SDRAM.
2. DACKn is a waveform when active-low is specified.

Figure 25.31 Synchronous DRAM Burst Read Bus Cycle (Single Read x 4)
(Bank Active Mode: READ Command, Same Row Address,
CASLatency =2, TRCD =1 Cycle)
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Td3 Td4
Tp Tpw Tde
—
cko £\ 1\ f_\_;\‘_\_%_\_;
tap1 tap1
A25 to AO TXI Row addre: A*:
tap1 tap+ taps
A12/A11%1 1 Read|command ‘}_
tesp tesps tcspr
CSn %
T
trwor  [tRwor ffe1wo1
RD/WR
traspt  |tRaspr  [tRaspt  [tRaspt trasD1
RASU/L BIL
teasot tcasot f_c./lxsm
CASU/L \k_
toamp1 toamp1  [toamp1
DQMxx %
T
trosa| tronz trosa| tRoH2
D31 to DO
tasp tasp .t_BTD
BS \k_
High
CKE (High)
toaco toaco  |toaco
DACKn*2

Notes: 1. Address pin to be connected to A10 of SDRAM.
2. DACKn is a waveform when active-low is specified.

Figure 25.32 Synchronous DRAM Burst Read Bus Cycle (Single Read x 4)
(Bank Active Mode: PRE + ACTV + READ Commands,
Different Row Address, CAS Latency =2, TRCD =1 Cycle)
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Tr Tc1 Tc2 Tc3 Tc4
oo £ \_f A A A S
tan1 tap tap1 tap ta1 tap1
A25 to A0 _*sow addre;* oo (1-4) *
tan 1 taps taos
A12/A11*1 ‘_% Write command J
tospt tespr
T I
trwb1 trwp1 R
RD/WR jiz F;l/_
_tRASD1 trasp1 tRA‘SD1
RASUL ~ | L
tcaspr tcaspr
CASU/L ;ll
T
tbamp1 tbamo1
DQMxx - ;l!
T T
twop2 twphe twop2 oz
D31 to DO | X —%—
tasp tasp
- ——1 T
CKE (High)
toaco toaco
DACKn*?

Notes: 1. Address pin to be connected to A10 of SDRAM.
2. DACKn is a waveform when active-low is specified.

Figure 25.33 Synchronous DRAM Burst Write Bus Cycle (Single Write x 4)
(Bank Active Mode: ACTV + WRITE Commands, TRCD = 1 Cycle, TRWL =1 Cycle)
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Tnop Tc1 Tc2 Tc3 Tcd
—
oo AN o o A 4
taps taps taps tans taps
A25 to AO Cglumn % (1-4) P*:
tap1 tap1 tan1
A12/A11™ Write command ;IZ
tespr tespi
CSn ;I
! |
‘tf’\ivm trwp1 trwp1
RDWR 7 P;lf_
T
trasD1
RASU/L *_
teaspr tcaso
CASULL ‘_;l/_
T
thamp1 tbamp1
DQMxx ;I
T T
twop2 twore twop2 twore
D31 to DO K X ‘_%—
tasp tasp
BS ;l( ;l!
High
OKE (High)
tbaco toaco
DACKn*2

Notes: 1. Address pin to be connected to A10 of SDRAM.

2. DACKn is a waveform when active-low is specified.

Figure 25.34 Synchronous DRAM Burst Write Bus Cycle (Single Write x 4)

(Bank Active Mode: WRITE Command, Same Row Address,
TRCD =1 Cycle, TRWL =1 Cycle)

Rev. 2.00, 09/03, page 658 of 690

RENESAS




Tp Tpw Tr Te Tc2 Tc3 Tc4
cKio A\ o S
taD1 taD1 tap1 taD1 tan1 taD1
A25 to AD -* Row address gdoclllrjaransg -4 sc
tAD1 tAD1 tAD1 tAD1
A12/A11™ :;L Write command ;Il
tesop teso
CSn ;I
T I
tRWD1 tRWD1 tRWD1 tRWD’I
RD/WR
tRAISD1 tRASD1 tRASD1 tRASD1 tRASD1
RASUIL L
tcaspi tcasps
CASUL ;l{
T
thamp1 toamp1
DQMxx ;L
! T
tWDDZ tWDH2 tWDDZ tWDH2
D31 to DO K X _%—
tsso tasp
. s
OKE (High)
toaco toaco
DACKn*2

Notes: 1. Address pin to be connected to A10 of SDRAM.
2. DACKn is a waveform when active-low is specified.

Figure 25.35 Synchronous DRAM Burst Write Bus Cycle (Single Write x 4)
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(Bank Active Mode: PRE + ACTV + WRITE Commands,
Different Row Address, TRCD =1 Cycle, TRWL =1 Cycle)




Tp Tpw Trr Trc | Trc | Trc

CKIO J!_\_il_\_il_uw\—il_
i

AD1 tAD1
Al

A25 to A0

3

D1 tAD1

S

<—h|
A12/A11* __;If *

tCSD1 tCSD1 tCSD1 tCSD1

0
3
TL

tRWD1 tRWD1 EEYIVEM
RDWR | *_
T
tRASD1 tRASD‘I tRASD1 tRASD1
[—|
RASU/L 5‘( ;l( ;l‘ }l’ \_
tCASD’I tCASD1
CASUIL \_
DQMxx \_
D31 to DO (Hi-2)

(High)

CKE

DACKn*2 \_

Notes: 1. Address pin to be connected to A10 of SDRAM.
2. DACKn is a waveform when active-low is specified.

Figure 25.36 Synchronous DRAM Auto-Refresh Timing (TRP =2 Cycle)

Rev. 2.00, 09/03, page 660 of 690
RENESAS




Tpw Trr Tre | Tc | Tre | Trc | Trc

CKIO 7

”gg
C
C
2

tAD1

A25 to AO |

tAD1

,_..
b
S

e

1
A12/A11*1 _;F
tCSD‘I tCSD1 tCSD‘] tCSD‘]
—_ i1
Csn )
tRWD‘I tRWD‘I ({ tRWD‘]
RD/WR _:;L ~;l£ )

T
tRASD1 tRASD1 tRASD1 tRASD1

Mg I1a

RASU/L }l’ jj
tCA D1 tCA D1

CASULL )

A1 A

(i
DQMxx )
(Hi-2)
D31 to DO )
BS /((
tCKED1 } tCKED1 \_
CKE
f T
(L
DACKn*? ) \_

Notes: 1. Address pin to be connected to A10 of SDRAM.
2. DACKn is a waveform when active-low is specified.

Figure 25.37 Synchronous DRAM Self-Refresh Timing (TRP =2 Cycle)
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Tp Tpw | Trr Trc | | Trc Trr Trc | Tmw | Tde
S AN NNk fal At al) T Akt ataw
PALL REF REF MRS
tAD1 tAD1 tAD1
A25 to A :}L ]| I % k
tAD1 tAD1
A12/A11*1 _;I( \ (( (( / ‘k
) )
tespr |tespr |tespr [tesos tespr |tesos tespr | tesps
Csn _1 ;" ) :q\_;l‘ ) :q\_;l‘ N\
trwo1  [tRwo1 trwp1  |tRwD1 tRwp!1
o I Il q
RD/WR }} j}
tRASD’I tRASD’I tRASD’I tRASD1 tRASD’I tRASD1 tRASD1 tRASD’I
Il Il
RASU/L }} j}
tCASD1 tCASD1 tCASD1 tCASD1 tCASD1 tCASD1
1
CASU/L })
I [
DQMxx ) ) \_
Vi (Hi-2) ((
D31 to DO
’ Y Y,
o i (i
BS ) J \_
r r
[ r
DACKn*? ) J \_

Notes: 1. Address pin to be connected to A10 of SDRAM.

2. DACKn is a waveform when active-low is specified.

Figure 25.38 Synchronous DRAM M ode Register Write Timing (TRP =2 Cycle)
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Table25.8 BusTiming (2)

(Conditions: VccQ = Vee-RTC = Vee-USB = 3.010 3.6 V, Vee = Vee-PLLL = Vee-PLL2 = 1.4 t0
1.6 V, AVce = 3.0t0 3.6 V, VSSQ =Vss = Vss-RTC = Vss-USB =Vss-PLL1 = Vss-PLL2 =
AVss=0V, T, =-20to 75°C, Clock mode 0/1/2/4/5/6/7)

Item Symbol Min Max Unit  Figure
Address delay time 3 taps 1/2 teye 1/2 teye+12 ns 25.39t0 25.42
CS delay time 2 tcsp2 U2ty  1/21ty+10 ns 25.39 to 25.42
Read/write delay time 2 trwp2 1/2 teye 1/2 teyc+10 ns 25.39t0 25.42
Read data setup time 4 tros4 1/2 teyet6 — ns 25.39

Read data hold time 4 trRoH4 0 — ns 25.39

Write data delay time 3 twops — 1/2 teye+12 ns 25.39

Write data hold time 3 twpH3 12 tye — ns 25.39

RAS delay time 2 traspz  1/2tye  1/2teye+10 ns 25.39 to 25.42
CAS delay time 2 teaspz 12tye  1/2teye+10 ns 25.39 to 25.42
DQM delay time 2 toovp2z  1/2 teye 1/2 teyc+10 ns 25.39

CKE delay time 2 tekep2 1/2 teye 1/2 teyc+10 ns 2541
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—
=

Tl Tw

Td1

Tde

Tap

Tr Te

Tnop Trwl | Tap |

I |
A AW AN AW AW AW AWANAWAWAW
tAD3 tAD3 tAD3 tAD3 tAD3 tAD3
astors T XX — X
taD3 tap3 tans taD3 taps
A12/A11* —;( 7 X —}L 7 \
tosoo teso2 tesp2 tosoo
o Tk A
tRWDZ tRWD2 | tRWDZ |
ROWR | £ \
tRASDZ tRASDZ tRASDIZ tRASDZI
st ] |7 —
tcaspz  |tcaspy, tcaspz, [tcaspy,

CASUIL 4\_ 7"

2 W

toamp2 toamp2 toamp2 toamp2
DOMxx | ;L
t
trosa troHa wop3  |twors
D31 to DO B |/r !
tasp tasp tasp tasp
o -
BS \
(High)
CKE
toaco toaco toaco toaco

DACKn*2 ;L

Notes: 1. Address pin to be connected to A10 of SDRAM.
2. DACKn is a waveform when active-low is specified.

-

Figure 25.39 Access Timingin L ow-Frequency Mode (Auto Precharge)
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Tp Tpw Trr Trc | Trc | Trc

CKIo J!_\JF\_JF\JW\_]F\_/
tAD3 tAD3

A25 to A * % )C
tAD3 tAD3

mzan | F X X_
tCSDZ tCSDZ tCSDZ, tCSDZ,

CSn 5( \_

tRWDZ | tRWDZ tRWDZ

RD/WR

1
L

tRASD2 | tRASDZ tRASD2 | tRASD2 |

RASU/L 5“ 7._ \_
tCASD2 tCASDZ

CASUIL ;l \( \_

DQMxx \_
D31 to DO (Hi-2)

(High)

CKE

DACKn*2 \_
Notes: 1. Address pin to be connected to A10 of SDRAM.
2. DACKn is a waveform when active-low is specified.

Figure 25.40 Synchronous DRAM Auto-Refresh Timing
(TRP = 2 Cycle, L ow-Frequency M ode)
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Tp Tpw Trr Trc | Trc | Trc | Trc Trc
ckio J‘_\_;‘_\_;‘_\_;WW\_;‘_\J
tan3 taD3
A25 to AO * *l | X
taps taD3
A12/A11* 7 X /| )C
tespe tespe tcsp2 tospz 0
osn | ;]5 J _
tRWDZ tRWDZ, (( tRWDZ
RDWR | X Y 'S
tRASDZ | tRASDZ | tRASDZ tRASDZ [(
RASUIL 3‘, 7~! ;L Aﬁl’ ) \_
tCASDZ tCASD2
I8
CASUIL ) \_
(r
DQMxx J \_
(Hi-Z)
D31 to DO
° Y
B r
BS J \_
tCKEDZ tCKED2
CKE ((
1 | J‘ _
I
DACKn*2 ) \_

Notes: 1. Address pin to be connected to A10 of SDRAM.
2. DACKn is a waveform when active-low is specified.

Figure 25.41 Synchronous DRAM Self-Refresh Timing
(TRP = 2 Cycle, L ow-Frequency M ode)
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Tp Tpw | Trr Trc | | Trc Trr Trc | Trc |Tmw | Tde
S AR AN Al Al fal Al al v atatataws
PALL REF REF MRS
taps tans, taps
A25 to A * | | *:
tap3 tans
A12/A11T | \ Il (4 / k
) J
tcsz |tosp2 |tespz |tespz, tcsp2  [tespz, . tcsp2 |tesp2,
o T X 7 /<
trwpz  |tRwp2 trwoz [twop |IRWD2
o [ [ |
RD/WR 5‘\_ 7~{ ) ) 5“_ * \_
trasp2 tRASDIZ tRASDg tRASD? tRASD‘2 tRASD.Z tRASDIZ tRAsng
— {
s AL AL AL
tCASD.Z toaspe tCASDIZ toasp2 tcasp2 |foaspz
(4
CASUIL W] S‘K 7~( )1 H \_
I I
DQMxx j} }} \_
7 (Hi-Z) ({
D31 to DO
’ Y Y
o (r r
BS ) J \_
r (r
CKE /} }j \-
8 r
DACKn*2 J J \_

Notes: 1. Address pin to be connected to A10 of SDRAM.
2. DACKn is a waveform when active-low is specified.

Figure 25.42 Synchronous DRAM M ode Register Write Timing
(TRP = 2 Cycle, L ow-Frequency M ode)
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25.3.7 DMAC Signal Timing

Table259 DMAC Signal Timing

(Conditions: VccQ = Vee-RTC = Vee-USB = 3.010 3.6 V, Vee = Vee-PLLL = Vee-PLL2 = 1.4 t0
1.6 V, AVce = 3.0t0 3.6 V, VSSQ =Vss = Vss-RTC = Vss-USB =Vss-PLL1 = Vss-PLL2 =
AVss=0V, T, =-201t0 75°C)

Module Item Symbol Min Max Unit Figure
DMAC DREQ setup time toros 10 — ns 25.43
DREQ hold time toroH 3 —
DACK, TEND delay time tbacp — 10 25.44
CKIO __/
toras | toran
DREQn

Figure 25.43 DREQ Input Timing

CKIO
toacp toaco

TENDO 7
DACKn I

Figure 25.44 DACK, TEND Output Timing
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2538 TMU Signal Timing

Table25.10 TMU Signal Timing

(Conditions: VccQ = Vee-RTC = Vee-USB = 3.010 3.6 V, Vee = Vee-PLLL = Vee-PLL2 = 1.4 t0
1.6 V, AVce = 3.0t0 3.6 V, VSSQ =Vss = Vss-RTC = Vss-USB =Vss-PLL1 = Vss-PLL2 =
AVss=0V, Ta=-201t0 75°C)

Module Item Symbol  Min Max Unit Figure
TMU Timer input B:P clock ratio = 1:1 trciks 15 — ns 25.45
setup time B:P clock ratio = 2:1 teyct15 —
B:P clock ratio = 4:1 3 Xteyetl5 —
Timer clock input setup time treks 15 — 25.46
Timer clock Edge specification  trckwrnr 2.0 — toeye
pulse width
Both edge trekwne 3.0 —

specification

Note: * tyeyc indicates a peripheral clock (P@) cycle.

CKIO

treiks

TCLK
(input)

Figure25.45 TCLK Input Timing

£C

o /TN T\ /"

treks trcks

TCLK S

(input) s 7( N

trekwi trokwH

Figure25.46 TCLK Clock Input Timing
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2539 RTC Signal Timing

Table25.11 RTC Signal Timing

(Conditions: VccQ = Vee-RTC = Vee-USB = 3.010 3.6 V, Vee = Vee-PLLL = Vee-PLL2 = 1.4 t0
1.6 V, AVce = 3.0t0 3.6 V, VSSQ =Vss = Vss-RTC = Vss-USB =Vss-PLL1 = Vss-PLL2 =
AVss=0V, To =20 to 75°C)

Module Item Symbol Min Max Unit Figure

RTC Oscillation settling time trosc 3 — s 25.47

—— Stable oscillation

RTC crystal
oscillator
(
))

VCCmin
Vee trosc

A

Figure 25.47 Ostillation Settling Time when RTC Crystal Oscillator |s Turned On

25.3.10 16-Bit Timer Pulse Unit (TPU) Signal Timing

Table25.12 16-Bit Timer Pulse Unit (TPU) Signal Timing

(Conditions: VccQ = Vee-RTC = Vee-USB =3.010 3.6 V, Vee = Vee-PLLL = Vee-PLL2 = 1.4 t0
1.6 V, AVce = 3.0t0 3.6 V, VSSQ =Vss = Vss-RTC = Vss-USB =Vss-PLL1 = Vss-PLL2 =
AVss=0V, T, =-201t0 75°C)

Item Symbol Min Max Unit Figure
Timer output delay time ttop — 15 ns 25.48
CKIO / \ / \ /
tTOD
TOO, TO1
TO2, TO3

Figure 25.48 TPU Output Timing
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25.3.11 SCIF Module Signal Timing

Table 25.13 SCIF Module Signal Timing

(Conditions: VccQ = Vee-RTC = Vee-USB = 3.010 3.6 V, Vee = Vee-PLLL = Vee-PLL2 = 1.4 t0
1.6 V, AVce = 3.0t0 3.6 V, VSSQ =Vss = Vss-RTC = Vss-USB =Vss-PLL1 = Vss-PLL2 =

AVss= 0V, T, =20 to 75°C)

Module Item Symbol Min Max Unit Figure
SCIFO, Input clock Clock tscyc 12 — tocyc 25.49
SCIF2 cycle synchronization 25.50
Asynchroniza- 4 —
tion

Input clock rise time tsckr — 15 25.49

Input clock fall time tscks — 15

Input clock pulse width tsckw 0.4 0.6 tseye

Transmission data delay time  trxp — 3tpeye +50 ns 25.50

(clock synchronization)

Receive data setup time trxs 2 tpeye”  —

(clock synchronization)

Receive data hold time tRxH 2 tpeye”  —

(clock synchronization)

RTS delay time trTSD — 100

(clock synchronization)

CTS setup time terss 100 —

(clock synchronization)

CTS hold time tersH 100 —

(clock synchronization)
Note: * tyeyc indicates a peripheral clock (P@) cycle.

tsckw tsckr tscr:f_
SCK
tScyc

Figure 25.49 SCK Input Clock Timing
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tScyc

SCK _/_\ £ \ /_\_

trxp
TxD %
et A X X
RxD trxs [tRxH,
oo X Xt | XX X

trTsD

ars X X X Y

terssltersH

cts X XX X X

Figure 25.50 SCIF Input/Output Timingin Clock Synchronous M ode

25.3.12 USB Module Signal Timing

Table25.14 USB Module Clock Timing

(Conditions: VccQ = Vee-RTC = Vee-USB =3.010 3.6 V, Vee = Vee-PLLL = Vee-PLL2 = 1.4 t0
1.6 V, AVce = 3.0t0 3.6 V, VSSQ =Vss = Vss-RTC = Vss-USB =Vss-PLL1 = Vss-PLL2 =
AVss=0V, T, =-201t0 75°C)

Item Symbol Min Max Unit Figure
Frequency (48 MHz)* trrEQ 47.9 48.1 MHz 25.51
Clock rise time™ tras — 4 ns

Clock fall time* trag — 4 ns

Duty (thich/tLow)” touTy 90 110 %

Oscillation settling time tuosc 10 — ms 25.52

Note: * When the USB is operated by supplying a clock to the EXTAL_USB pin from off-chip, the
supplied clock must satisfy the above clock specifications.

tFREQ

tHIGH tLOW

0,
EXTAL_USB 90% /

10% ,i' \'l. /

tRAB tF48

Figure 2551 USB Clock Timing
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—— State oscillation

USB crystal
oscillator

((

)]

Vee

VCCmin tuosc

A
A

Figure 25,52 Ostillation Settling Time when USB Crystal Oscillator Is Turned On

25.3.13 USB Transceiver Timing

Table25.15 USB Transceiver Timing

(Conditions: VccQ = Vee-RTC = Vee-USB = 3.010 3.6 V, Vee = Vee-PLLL = Vee-PLL2 = 1.4 t0
1.6 V, AVce = 3.0t0 3.6 V, VSSQ =Vss = Vss-RTC = Vss-USB =Vss-PLL1 = Vss-PLL2 =
AVs =0V, Ta=-20to 75°C)

Measurement
Item Symbol Min Typ Max Unit Condition
Rising time tr 4 — 20 ns C. = 50pF
Falling time s 4 — 20 ns C. = 50pF
Rising/falling time ratio  t// t; 90 — 110 %
Output signal crossover Vcrs 1.3 — 2.0 Y, C. = 50pF
voltage
Note: This transceiver complies with the full-speed specifications.
t, t
DP
—vl 90%
/\ N Crossover voltage
oM # X 10%
Measurement circuit
Vce-USB
Vce
RL = 1.5k
DP
RL = 15k0 CL
Measured ;; 1. t and t; are judged by the time taken for the
element transitions between 10% and 90% amplitude.

2. The electrostatic capacitance, C, includes the

DM RS Y337 floating capacitance of the wiring connection
RL = 15k0 T CL  and the input capacitance of the probe.

T
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25.3.14 Port Input/Output Timing

Table25.16 Port Input/Output Timing

(Conditions: VccQ = Vee-RTC = Vee-USB =3.010 3.6 V, Vee = Vee-PLLL = Vee-PLL2 = 1.4 t0
1.6 V, AVce = 3.0t0 3.6 V, VSSQ =Vss = Vss-RTC = Vss-USB =Vss-PLL1 = Vss-PLL2 =
AVss=0V, T, =—-201t0 75°C)

Module Item Symbol Min Max Unit Figure
Port Output data delay time tporTD — 17 ns 25.53
Input data  B:P clock ratio = 1:1 tports 15 —
setup time B:P clock ratio = 2:1 teyct15 —
B:P clock ratio = 4:1 3 Xteetl5 —
Input data hold time tpoRTH 8 —
CKIO /_\_
tporTs, | tPorTH
Ports 7 to 0 5{
(read)
tporTp
Ports 7 to 0
(write)

Figure 25.53 1/0 Port Timing
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25.3.15 UDI Related Pin Timing

Table25.17 UDI Related Pin Timing

(Conditions: VccQ = Vee-RTC = Vee-USB = 3.010 3.6 V, Vee = Vee-PLLL = Vee-PLL2 = 1.4 t0
1.6 V, AVce = 3.0t0 3.6 V, VSSQ =Vss = Vss-RTC = Vss-USB =Vss-PLL1 = Vss-PLL2 =

AVss= 0V, T, =20 to 75°C)

Item Symbol Min Max Unit Figure

TCK cycle time trckeye 50 — ns 25.54,
25.56

TCK high-pulse width trekH 12 — ns 25.54

TCK low-pulse width trekL 12 — ns

TCK riseffall time treks — 4 ns

TRST setup time ttrsTs 12 — ns 25.55

TRST hold time tTRSTH 50 — teye

TDI setup time trois 10 — ns 25.56

TDI hold time trom 10 — ns

TMS setup time trvss 10 — ns

TMS hold time trmsH 10 — ns

TDO delay time troop — 15 ns

ASEMDO setup time tasempos 12 — ns 25.57

ASEMDO hold time tASEMDOH 12 — ns

Figure 2554 TCK Input Timing

RENESAS
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RESETP

trrRsTS. ttRsTH |

- "

Figure 2555 TRST Input Timing (Reset Hold)

tTCKcyc |

ToK —71—\—*_
trois |, brom
[————— >
TDI * *

trmss |, trms
TMS * *

tTDOD

TDO

Figure 2556 UDI Data Transfer Timing

RESETP _\—5 £

tasempos | tasempon
ASEMDO

Figure 25.57 ASEMDO Input Timing
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25.3.16 AC Characteristics M easurement Conditions

* 1/Osignd referenceleve: VecQ/2 (VecQ=3.0t03.6V,Vec=14t01.6V)

* Input pulselevel: VssQ to 3.0 V (where RESETP, RESETM, ASEMDO, NMI, IRQ5 to |RQO,
CKIO, and MD6 to MDO are within VssQ to VcQ)

e Inputriseandfall times: 1 ns

LSI output pin Reference voltage

C. VREF

Notes: 1. Cg is the total value that includes the capacitance of measurement
instruments, etc., and is set as follows for each pin.
30 pF: CKIO, RASU/L, CASUIL, CS0, CS2 to CS6B, BACK
50 pF: All other pins
2. loL=1.6 mA, lon =—200pA

Figure 2558 Output Load Circuit

Rev. 2.00, 09/03, page 677 of 690
RENESAS




25.4 A/D Converter Characterisics
Table 25.18 lists the A/D converter characteristics.

Table 25.18 A/D Converter Characteristics

(Conditions: VccQ = Vee-RTC = Vee-USB = 3.010 3.6 V, Vee = Vee-PLLL = Vee-PLL2 = 1.4 t0
1.6 V, AVce = 3.0t0 3.6 V, VSSQ =Vss = Vss-RTC = Vss-USB =Vss-PLL1 = Vss-PLL2 =
AVss=0V, T, =-201t0 75°C)

Item Min Typ Max Unit
Resolution 10 10 10 bits
Conversion time 8.5 — — ps
Analog input capacitance — — 20 pF
Permissible signal-source impedance — — 5 kQ
(single-source)

Nonlinearity error — — +3.0 LSB
Offset error — — +2.0 LSB
Full-scale error — — +2.0 LSB
Quantization error — — +0.5 LSB
Absolute accuracy — — +4.0 LSB
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Appendix

A. I/O Port Statesin Each Processing State
TableA.1 1/O Port Statesin Each Processing State
Reset Power-Down States
Bus
Power-on Manual Software Mastership Handling of
Category Pin Reset Reset Standby  Sleep Released lfe} Unused Pins
Clock EXTAL [ [ [ [ [ [ Pull-up
XTAL o) o) o) o) o) o) Open
EXTAL2 [ [ [ [ [ [ Pull-up
XTAL2 o) o) o) o) o) o) Open
CKIO 10*! 10*! 10*! 10*! 10*! IO  Open
System  RESETP ¥ ¥ ¥ ¥t ¥t [ Must be used
conrol  "mEsETM | | | | | | Pull-up
BREQ/PTG[6] Z i p*? iK™ I P*? [ N0 Pull-up
BACK/PTG[5] O opP*? oK* opP*? L P*? O/l0  Open
MD6 | i VA i i | Pull-down
MD[2:0] | i i i i | Must be used
MD[5:3] | i z i i | Must be used
CA [ [ [ [ [ [ Pull-up
STATUSO/  H HP*?Z* HK®Zz*® LP*”0 LP“7O 0/10/ Open
PTE[4)/RTS0 o)
STATUSY  H HP*?Z* LK™z HP?| LP* | O/l0/ Open
PTE[5//CTS0 [
Interrupt  IRQ[3:0]/ z I P*? IK*? I P*? I P*? 10 Pull-up
IRL[3:0]/
PTH[3:0]
IRQ4/PTH[4] Z | P*? I K*® | P*? | P*? N0 Pull-up
IRQ5/PTE[2] Z | P*? I K*® | P*? | P*? N0 Pull-up
NMI [ [ [ [ [ [ Pull-up
Address  A[25:19,0) O OP*? Z0™¥k**  oP*¥ Zp*? O/l0  Open
PTK[7:0]
A[18:1] o) o) z0*® o) z o) Open
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Reset Power-Down States

Bus
Power-on Manual Software Mastership Handling of
Category Pin Reset Reset Standby  Sleep Released lfe} Unused Pins
Data D[15:0] z z z 10 z 10 Pull-up
D[23:16]/ Z zZp*? zZpP* 10 P*? zZp* 10/10 Pull-up
PTA[7:0)/ l
PINT[7:0]
D[31:24)/ z zp*? zp*? o p*? zp*? 10710 Pull-up
PTB[7:0)/ l
PINT[15:8]
Bus CSo H o) ZH*® o) z o) Open
control - “==mipTC[E) H 0 p*? ZH* K  oPp*? Zp*? O/l0  Open
CS3/PTC[4] H opP*? ZH* K™ oP*? Zp*? O/l0  Open
CS4/PTC[5] H opP*? ZH* K oP*? Zp*? O/l0  Open
CS5AIPTCI6] Z opP*? ZH* K™ oPpP*? Zp*? 0/10  Pull-up
CS5B/PTD[6] Z opP*? ZH* K oPpP*? Zp*? 0/10  Pull-up
CS6AIPTC[7] Z opP*? ZH* K™ oPpP*? Zp*? 0/10  Pull-up
CS6B/PTD[7] Z opP*? ZH* K™ oPpP*? Zp*? 0/10  Pull-up
BS/PTC[0] H opP*? ZH* K™ oPpP*? Zp*? O/l0  Open
RASL/PTD[0] H opP*? ZH* K oPpP*? ZH*® p*? O/l0  Open
RASU/PTD[1] Z opP*? ZH*K*® oP*? ZH*® p*? 0/10  Pull-up
CASUPTD[2] H opP*? ZH* K™ oPpP*? ZH*® p*? O/l0  Open
CASU/PTD[3] Z opP*? ZH* K™ oP*? ZH*® p*? 0/10  Pull-up
WEO/DQMLL H o) ZH*® o) z 0O/0O Open
WET/DQMLU H o) ZH*® o) z 0/0O  Open
WE2/DQMUL/ H opP*? ZH* K™ oP*? Zp*? 0/0/l Open
PTC[1] o)
WE3/DQMUU/ H o P*? ZH*K*® o PpP*? zZp*? O/0/  Open
AH/PTC[2] olo
RD/WR H o) ZH*® o) z o) Open
RD H o) ZH*® o) z o) Open
CKE/PTD[4] H opP*? oK*® opP*? opP*? O/l0  Open
WAIT/PTG[7] | | P*? I K*® | P*? | P*? N0 Pull-up
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Reset

Power-Down States

Bus
Power-on Manual Software Mastership Handling of
Category Pin Reset Reset Standby  Sleep Released lfe} Unused Pins
DMAC  DREQO/ Z zZpP* ZK*® I P*? I P*? N0 Pull-up
PTH[5]
DACKO/ v opP*? ZK*® opP*? opP*? O/l0  Open
PTE[0]
TENDO/ v o P*? ZK*® o P*? o P*? O/l0  Open
PTE[3]
DREQ1/ z zZp*? zZK*?® | P*? | P*? N0 Pull-up
PTH[6]
DACK1/ v o P*? ZK*® o P*? o P*? O/l0  Open
PTE[1]
Timer TCLK/PTE[6] V | p*? ZK*® | p*? | P*? IO  Open
SCIF RxDO/ z zr z [ [ i Pull-up
SCPT[OJ/IrRX
TxDO/ z Z0*® Z0*® o) o) 0/0/ Open
SCPT[OJ/IrTX o)
SCKO/ Z zZpP* ZK*® 10 P*? 10 P*? 10/10 Pull-up
SCPT[1]
RxD2/ z zr Z [ [ " Pull-up
SCPT[2]
TxD2/ z Z0*® Z0*® o) o) 0/0  Open
SCPT[2]
SCK2/ z zZpP* ZK*® 10 P*? 10 P*? 10/10  Pull-up
SCPT[3]
RTS2 % ZPp*? ZK* OP oOP O/l0  Open
SCPT[4]
cTS2/ z zZpP*? ZK*® I P*? I P*? N0 Pull-up
SCPT[5]
Analog  AN[3:0)/ [ zr [ [ [ " Open
PTL[3:0]
USB VBUS/ v | P*? ZK*? | P*? | p*? IO  Open
PTM[6]
SUSPND/ v o P*? oK* o P*? o P*? O/l0  Open
PTN[O]
TXENL/ v opP*? oK* opP*? opP*? O/l0  Open
PTN[1]
XVDATA/ v I P*? v K* I P*? I P*? IO  Open
PTN[2]

RENESAS
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Reset Power-Down States

Bus
Power-on Manual Software Mastership Handling of
Category Pin Reset Reset Standby  Sleep Released lfe} Unused Pins
usB TXDMNS/ v o P*? oK* o P*? o P*? O/l0  Open
PTN[3]
TXDPLS/ v opP*? oK* opP*? opP*? O/l0  Open
PTN[4]
DMNS/ v I P*? v K* I P*? I P*? IO  Open
PTN[5]
DPLS/PTN[6] V | p*? vV K*® | p*? | P*? IO  Open
EXTAL_USB | [ [ [ [ [ Pull-up
XTAL_USB O o) o) o) o) o) Open
D+ z 10*° z 10*° 10*° IO  Open
D- z 10*° z 10*° 10*° IO  Open
Port NF/PTD[5] | [ z [ [ I Pull-up
PTE[7] v P K P P IO Open
NF/PTJ[7] L o) o) o) o) 0O/0O  Open
NF/PTJ[6:0] H**® o) o) o o) 0/0  Open
NF/PTM[4] | [ z [ [ I Pull-up
PTM[3:0] v P K P P IO  Open
PTN[7] v K IO  Open
Advanced AUDSYNC/  VNV*Y° opP*? oK* opP*? opP*? O/l0  Open
user PTF[4]
debugger “n paTA@) VIV OP*?7*® 0oK®Zz*® op* o p*? 0/l0/ Open
PTF[3:0)/ o)
TO[3:0]
AUDCK/ o o P*? oK*® o P*? o P*? O/l0  Open
PTG[4]
User TDIPTG[O]  I'™ Fttp* g pHp*2 llpe2 IO  Open
Fiebugg- TCK/PTG[Y] <11 [¥11 p*2 (L *3 [¥11 p*2 [¥11 p*2 o  Open
ing
interface TMS/PTG[Z] I*ll I*ll P*Z i*ll K*S I*ll P*Z I*ll P*Z |/|O Open
TRST/PTG[3] I*** el = e G el = [*1t p*? IO Must be used
TDO/PTF[5] OZ opP*? ZK*® opP*? opP*? O/l0  Open
ASEBRKAK/ V/V*Y° opP*? oK* opP*? opP*? O/l0  Open
PTF[6]
ASEMDO/ [ I p* VK [*1* p* ¥t p* N0 Must be used
PTF[7]
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Reset Power-Down States

Power-on Manual Software Il\a/ll;ztership Handling of

Category Pin Reset Reset Standby  Sleep Released lfe} Unused Pins

Power Vce_USB a a0 | a a | VeeQ

supply /55 usB 0 0 0 0 0 0 VssQ

voltage
Vce-RTC ] | | 0 a | VeeQ
Vss-RTC ] | | 0 a | VssQ
AVcc O ad ad O O ad VceQ
AVss O ad ad O O ad VssQ
VceQ O ad ad O O ad VceQ
VssQ O ad ad O O ad VssQ
Vee-PLLL O 0 0 O O 0 vee™?
Vss-PLL1 O 0 0 O O 0 Vss*?
Vee-PLL2 O 0 0 O O 0 vee™?
Vss-PLL2 O 0 0 O O 0 Vss*?
Vce | g | | O g Vce
Vss | g | | O g Vss

Legend:

I . Input state

i : Input state (however, input is fixed by the internal logic.)

(0] : Output state (high or low, undefined)

L : Low-level output

H : High-level output

z : High impedance (input/output buffer off)

Y, : Input/output buffer off, pull-up on

K : The high-level output or low-level output/input becomes high impedance.

P : Input or output depending on the register settings.

Notes

© o NN PR

Depends on clock mode.

The state is P when the port function is used.

The state is K when the port function is used.

The state is | when the port function is used.

The state is O when the port function is used.

The state is Z or H depending on the register settings.
The state is Z or L depending on the register settings.
The state is Z or O depending on the register settings.
The state is i when the USB is not used.

H
©

The initial value (power-on reset) changes depending on the input level of the

ASEMDO pin. First, this list shows the value when the ASEMDO pin is 0, then the

value when the ASEMDO pin is 1.
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11. Pull-up MOS open

12. To avoid the power friction, Vcc-PLL1, Vcc-PLL2, and Vss-PLL1, Vss-PLL2, and
other digital Vcc, Vss should be arranged in three independent patterns from the
board power-supply source.

13. The values of PTJ6, PTJ1, and PTJO differ during power-on reset and after the
power-on reset state is released. They conform to the port J data register value after
being switched to port status by the pin function controller (PFC).

After Power-On Reset Release

During Power-On Reset PTD5/NF =1 PTD5/NF =0
PTJ6/NF 1 0 1
PTJ1/NF 1 1 0
PTJO/NF 1 0 1

Connect the pull-up pins shown in table A.1to 3.3 V power through the pull-up resistor.
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B. Package Dimensions

Figures B.1 and B.2 show the package dimensions.

30.0+0.2

| 028

157

30.0+0.2

208

Unit: mm

=l0.08]

*Dimension including the plating thickness
Base material dimension

x| 813
© 4
s o|o
2 Q ,f lg‘ 1.25 1.0
< < ; 5 0: g
ey 0.5+0.1 T
o
+
e
o
Package Code FP-208C
JEDEC —
JEITA Conforms
Mass (reference value) 2749

FigureB.1 Package Dimensions (FP-208C)
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Unit: mm

12.00
$-0.20C A 16 141210 8 6 4 2
‘ .. 17151311 9 7 5 3 1
; ] d 1
‘ D ° 0000000000000 0000 [A
! D 0000000000000 0000 B
‘ ) 0000000HO00000000 [C
| D 0000000000000 0000 D
| D 0000 ‘ 0000 |E
| D E 0000 ‘ 0000 F
| ) 0000 ‘ 0000 |G
S + ) 0000 ! 0000 JH
Nt F - -1 |p- —*to0060——FT-—"—0CO0CO T
o w D 0000 T 0000 K
\ D 0000 \ 0000 |L
! D 0000 | 0000 M
\ b 0000 0000 [N
! ) 00000000VO0000000 P
\ ) 0000000000000 0000 [R
| b 0000000000000 0000 T
! D E 9o000Qo0booo000opOO |U
\ — |o i
| 0.65
4x|=]0.15]
0.80
208 x $0.40 + 0.05
©[90.08 M[CA B]
\
{ J ECEYECIYECADEC] k)&l} S ECATETASESASESS J T
t | 5 8
=[o.10[c] 58
gl +
5
e Package Code TBP-208A
JEDEC —
JEITA —
Mass (reference value) 0.26 g

FigureB.2 Package Dimensions (TBP-208A)
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16-bit timer pulseunit ..........ccoceveveeinenne 329
16-Bit/32-Bit Displacement............c......... 41
A/D conversion time..........ccoeeveeeeennene. 534
A/D CONVENLES ..o 527
Absolute Addresses.........cccovvveieeieniene 41
Accesswait control ........ccoceeveveececnienne. 192
Addressmultiplexing ..........ccceevevvenenne 200
Address Space ldentifier........cccocvvnnnen. 71
Address Trangtion .......ccceeeverereenieneene 71
Address-Array Read...........ccccveveviveinnnnn 104
Address-Array Write

(Associative Operation)........cccccevveruens 104
Address-Array Write

(non-Associative Operation) .................. 104
Advanced user debugger .........cceveneene 583
Alarm function.........ccoceeeeiiienicnee, 371
Asynchronous Mode............cccccvevvennnne. 402
Auto-Reload count operation................. 319
Auto-Request mode.........cccevveveieennnnne 254
Bigendian.......c..ccovevvviiiniinnn, 38, 180
Boundary scan mode...........ccoeeverireninnne 581
Buffer operation.......cccccevevevveveennenienn, 346
Bulk-in transfer ........ccoovveviiiiiiecen, 462
Bulk-out transfer .........cocevinineneenen. 461
Burst mode.........ccooeviiiiieniiieee, 265
Burstread ..o, 212
Burst ROM interface..........ccoovvveeennennn. 231
Bus arbitration ..........c.cecervnenenceenennn. 235
Bus clock (B@) ...cceevvevieeiieeniienieenieeninn 271
Bus State Controller .........cccoevveeieenienn. 149
Byte-selection SRAM interface.............. 233
Clock Pulse Generator .........ccocceeeeneennne 271
Clock synchronous mode.............ccuen.... 396
Compare match counter operation ......... 326
Compare match timer .........ccocvvevvvvenen. 323
Control REgISLENS ....ccvevveveeiieiieecie e 29
Control transfer.......o.oveevevvveneenen 455

Crystal resonator .........cccoeeevevervenieeseeenns 273
Cycle-Steal mode........ccoeevevvevveneennenn, 264
Datastage .....ccoooveeeeiiieeeiieee e 457
Data-Array Read .........cccovevvvvviiiinnen, 105
Data-Array Write.......ccocveeveeenceiieen, 105
Deayed Branching............ccceevevveiieennnne 40
Direct memory access contraller............ 239
Dual Address mode..........ccoovvereeninnnne 261
EMUIELON ..o 567
Exception handling........ccccocvvevvvvennnnnen. 109
Exception Handling State..........ccccveueeee. 25
External request mode...........cccocvvrueennen. 265
Fixed mode.......ccovvineniiiiineee 257
Free-running CouNt ........cccccvvvervennenen. 344
General REgIStErS.....cvvvvieiiiiiie e, 29
Global Base Register (GBR).......c.ccvee.... 36
User debugging interface.........ccocoveene 567
/O POMS..cveeieeeiieisiii e 507
Infrared data association (IrDA)............. 431
Input capture function............cccocevvvenen. 320
Ingruction Length ......ccoeviveviiiicineien 40
Internal clock (IQ)....ocvvvvvivviiiiiiiieen, 271
Interrupt Controller........ccvvvvvviiviinnnen. 125
INLETUPL SOUMCES......vieee e 136
Interrupt-in transfer .......ccoecvvevivinenenn, 463
Interval timer mode..........ccoocoeveenienenne 291
IFDA Interface........covveveneiiiienece 431
IRL INtErupts.......coooviiieeeiiieee e 137
IRQ INtEITUPLS....cvvieiieeiieeeeee e 136
JTAG .t 567
Literal Constant.........ccccevvrvreneeicnnnnens 41
Littleendian........cccceverireneeninnnnn 39, 180
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Load/Store Architecture............ceeeeeeeee.... 40

Low-frequency mode........c.ccccvvvvvenennn, 228
Low-Power Consumption State............... 25
MMU.L. oot 65
Module Standby Function ..................... 301
Multi MOde.......cccovereeiee e 533
Multiple interruptS .......cccvvevveeneinennn, 147
Multiple Virtual Memory Mode............... 71
Multiply and Accumulate Registers......... 33
NMIiNterrupt.....ooovveiee e, 136

On-Chip peripheral module interrupts.... 138
On-Chip peripheral module request modes

............................................................. 256
PO/UO AF€aL......oieiieii e 27
PLAIEA....ccviiiiieie e 27
P2 Area.....cccooiiiiii e 27
P3 A€o ... 27
PA AIEaL......ooiiiiii e 27
Peripheral clock (P@)........cccvvevvvvvinnnnn. 271
Physical Address Space.........cccocvevvvennnne 70
Pin function controller...........cccccvvnenen. 475
PINT interrupt.....coccvveeiiiieieiesieen 138
Power-Down modes..........cccoevvveeiennnnn. 293
PriOMTY.cveceeeeee e 137
Procedure Register ........ccoocvvveevveieeninnn, 33
Processing ModesS .........ccoveveveeieeiieenienn, 26
Program Counter.........ccooeveveviiieeeiiinennn. 29
PWM MOdE.......coooeviiiiiiiin e 348
Realtime clocK .....ccvevvvevieeiiiiiiciieen, 351
RecEVEMargin.......cccvvevvvvieeniesienenns 429
Refreshing ......occvvvevveviiiin e, 225
Register
ADCSR.......ccovreie. 530, 594, 611, 621
ADDR.....cooviieie, 530, 594, 611, 621
BAMRA ..., 544, 594, 612, 621
BAMRB........cooeeniene. 546, 594, 612, 621
BARA ..., 543, 594, 612, 621
BARB.......ccoviriein, 545, 594, 612, 621
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BASRA ..o 554, 594, 612, 621
BASRB.....c..cccoiiiens 555, 594, 612, 621
BBRA ... 544,594, 612, 621
BBRB ......coovivieeiies 547,594, 612, 621
BDMRB........ccceviees 547,594, 611, 621
BDRB......coovevvieiies 546, 594, 611, 621
BETR.....cooiiiiiiies 552, 594, 611, 621
BRCR ... 549, 594, 611, 621
BRDR......cooveiiiiriens 554, 594, 612, 621
BRSR.......cooviiiiiies 553, 594, 612, 621
CCRIL.....coviiiiiiie e 586, 596, 614
CCR2.....cvviiiiie i 586, 596, 614
CCR3....ci e 586, 596, 614
CHCR.......evvevrre 243, 588, 601, 615
CMCNT ..o 326, 589, 604, 616
CMCOR.......cccecverne 326, 589, 604, 616
CMCSR......ccovvrve 325, 589, 604, 616
CMNCR.......coe v 156, 587, 598, 614
CMSTR.......ccvirve 324, 589, 604, 616
CSOBCR ...t 587, 598, 614
CSOWCR ... 587, 599, 615
CONBCR ... 158
CONWCR ..o 161
DAR ..o 242, 588, 601, 615
DASTS.....cociiiiis 449, 592, 609, 619
DMAOR......ccccoevienns 248, 588, 603, 616
DMAR.....coiiiiiiens 450, 592, 609, 620
DMARS.........cooveieis 250, 588, 603, 616
DMATCR......ccccvvees 243, 588, 601, 615
EPDROI......ccccecveiinnne 445, 592, 609, 619
EPDROO.........ccccocveens 445, 592, 609, 619
EPDROs.........ccccvveene 445, 592, 609, 619
EPDRL......ccccociiiiins 446, 592, 609, 619
EPDR2.........cccovivies 446, 592, 609, 619
EPDRS......c..cociiiies 446, 592, 609, 619
EPSTL ..o 453, 592, 609, 620
EPSZ00........ccccvverienne 447,592, 609, 619
EPSZL.....ccccvviiiines 447,592, 609, 620
EXPEVT...coooiiiiiien 586, 596, 614
FCLR ..o 449, 592, 609, 619
FRQCR.....ccoiviiieriene 279, 588, 603, 616
ICRO......covveren 110, 129, 587, 597, 614
ICRL....cooiiiiiiiieeiee 130, 587, 597, 614



ICRZ....cooiiiiiieiies 132, 587, 597, 614

[ERO ....ooiviiiiiiiiiees 444, 592, 609, 620
IERL ...ccoiiiiiiiiiiees 444, 592, 609, 620
IFRO.....coiviiiiiiiiiens 441, 592, 609, 619
IFRL...ccoiiiiiiiiiiiens 442,592, 609, 619
INTEVT oo 586, 596, 614
INTEVT2...coiiiiie 586, 596, 614
IPR. o 128, 586, 597, 614
IRRO ..o 133, 587, 597, 614
IRRL ..o 134, 587, 597, 614
IRRZ ...coviiiiiiiciiees 135, 587, 597, 614
ISRO.....cviirieiieiiees 443, 592, 609, 620
ISRL...coiiiiieiiiiees 443, 592, 609, 620
MMUCR........ccceviiirer 586, 595, 614
PACR.......ooiiiiiiens 480, 593, 609, 620
PADR ......cooiiiiiiens 508, 593, 610, 620
PBCR......cooiriiiies 481, 593, 609, 620
PBDR......cooverrieiies 509, 593, 610, 620
PCCR.....cooiiiiiiiees 483, 593, 609, 620
PCDR......coovveiiieiiens 510, 593, 610, 620
PDCR......ccovveviiiiiens 485, 593, 610, 620
PDDR.....cooviiiiiiiens 511, 593, 610, 620
PECR.......ooiiiiiies 487, 593, 610, 620
PECRZ......cccoovviiies 488, 593, 610, 620
PEDR.......coociiiiiens 513, 593, 610, 620
PFCR...ccoiiiies 489, 593, 610, 620
PFCR2 ..o 490, 593, 610, 620
PFDR....coooiiiiiies 514, 593, 610, 620
PGCR.......cooveiiiiiiens 491, 593, 610, 620
PGDR......cooveiiiiiiens 516, 593, 610, 620
PHCR.......coeiiiiies 493, 593, 610, 620
PHDR ... 517, 593, 611, 621
PINTER.........cceovens 132, 587, 597, 614
PICR....ccoviiiiiiiens 494, 593, 610, 620
PIDR......cooviviiiies 518, 593, 611, 621
PKCR.....oovieis 496, 593, 610, 620
PKDR ..o 519, 593, 611, 621
PLCR......ooiiiiiiiiens 498, 593, 610, 620
PLDR......ooiiriiiiiens 521, 593, 611, 621
PMCR......ccocoviiiiiens 499, 593, 610, 620
PMDR......ccooiiiiiens 522, 593, 611, 621
PNCR.......cooviiiiiiies 500, 593, 610, 620
PNCRZ.........cccoviiiens 502, 593, 610, 620

= N[ o) =N 523, 593, 611, 621
= == (R 586, 595, 614
PTEL oo 586, 595, 614
RBACNT ..o, 354, 591, 607, 618
RCRL....ovvoeeeerrene. 365, 591, 608, 618
RCR2....ovveeeererene. 366, 591, 608, 618
RCR3....oveeeeerrene. 368, 591, 608, 618
RDAYAR......ooooom. 362, 591, 607, 618
RDAYCNT ..o 357, 591, 607, 618
RHRAR.......ovrvrer. 360, 591, 607, 618
RHRCNT ..o, 355, 591, 607, 618
RMINAR .....ooovveannnnee. 359, 591, 607, 618
RMINCNT ..o 355, 591, 607, 618
RMONAR..........cc..... 363, 591, 607, 618
RMONCNT................ 357, 591, 607, 618
RSECAR......ooovor. 358, 591, 607, 618
RSECCNT ... 354, 591, 607, 618
RTCNT v 179, 587, 600, 615
RTCOR......vvvvrer. 179, 587, 600, 615
RTCSR...oveeeeeeerene. 177, 587, 600, 615
RWKAR.......ovvver. 361, 591, 607, 618
RWKCNT ..o, 356, 591, 607, 618
RYRAR......cooorerer. 364, 591, 608, 618
RYRCNT ...ovvvvvee. 358, 591, 607, 618
SAR e 242, 588, 601, 615
SCBRR .....oovvereriereens 395, 591, 608, 619
SCFCR....corovverirrereans 398, 591, 608, 619
SCFDR.....omovverireereens 401, 591, 608, 619
SCFER......oovvecrirrereens 389, 591, 608, 619
SCFRDR........commirreen, 380, 591, 608, 619
SCFTDR ..., 381, 591, 608, 619
SCPCR.....oorovverirrrrenns 503, 593, 610, 620
SCPDR.....orovvererrrreens 525, 593, 611, 621
SCRSR.....coervvereeeereeseeeeeeeseeeeessseesens 380
SCSCR....corevveririrreans 385, 591, 608, 619
SCSMR (SCIF) ......... 381, 591, 608, 619
SCSMR_Ir (IrDA)...... 432, 592, 609, 619
SCSSR....oommvveririerenns 390, 591, 608, 619
SCTDSR ... 401, 591, 608, 619
S oL 5= > T 380
)] = 569
S )1 570
S 10/ =N 174, 587, 600, 615
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SDID ittt 577
SDID/SDIDH.......ccccoenee. 594, 613, 621
SDIDL ..ottt 594, 613, 621
SDIR. .ot 569, 594, 613, 621
SDMR2.....coveiirinn. 229, 587, 601, 615
SDMRS3....ooiiiierienn 230, 587, 601, 615
STBCR.....cooevrree 296, 588, 603, 616
STBCR2.....ccccvvvene 297, 588, 603, 616
STBCR3......cccvriene 298, 588, 603, 616
TCNT (TMU) .....c...... 317, 589, 603, 616
TCNT (TPU)...ccveeneee 341, 589, 605, 617
TCOR....cct e 317, 589, 603, 616
TCPR...o it 317, 589, 604, 616
TCR (TMU)...cceevneee 313, 589, 603, 616
TCR (TPU) .ceevivnee 334, 589, 605, 617
TEA .o 586, 597, 614
L] SR 341, 589, 605, 617
TIER. ...t 339, 589, 605, 617
TIOR ..ot 338, 589, 605, 617
TMDR ..o 337, 589, 605, 617
TRA ..o 586, 596, 614
TRG....coi it 448, 592, 609, 619
TSR e 340, 589, 605, 617
TSTR (TMU).....cc.eeee. 312, 589, 603, 616
TSTR(TPU) ....couveeee 341, 589, 605, 617
TTB it 586, 595, 614
UCLKCR....c.cevvrrene 281, 588, 603, 616
WTCNT..cooiiiiriene 286, 588, 603, 616
WTCSR....coeiriirieene 287, 588, 603, 616
XVERCR......cccovruenn 453, 592, 609, 620
RESEL SEALE....cveeeeeeeeiieeee e 25
Round-Robin mode..........ccccoviiennnnnne 258
RTC crystal oscillator circuit................. 372
Save Program Counter (SPC) ......cccvenee. 36
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SCAN MOAE ...t 534
SDRAM interface.........ccovviieneennnnnn 198
Sequential break........cccoccvveviiiiiinnnnn, 559
Serial communication interface with FIFO

............................................................. 375
SELUP SEBOE....cee e 456
Shadow SPaCe........ccccvvvvvieiieiiesienen 155
Signa-Source impedance............coue..... 538
Single Address mode.........cccocvvvviinennen. 262
Singlemode......cccoovvveviiriinie e, 533
Single Virtual Memory Mode.................. 71
SleeP MOdE .....ocvvvveiviiiee e 299
Software standby mode............ccccoevenen. 300
Stall operations .........cccvevvveeneeiieneennn, 465
Status Register (SR) ...covvvvveeeveenierieerien 35
SEAIUS SLA0R ... 459
Synonym problem .......ccceveeeveenieeneenien 83
System RegIStErs.....coovevvevieviereece e 29
T Bit e 40
TAP coONtroller ......cooveeeiiiiiieneeieins 578
Timer Unit.....oooeviiiiiiee e 309
TRAPA Exception Register................... 110
USB function module.............cccoeeeurnnne 437
USB standard commands...............c....... 464
User break controller ..........ccoovveeiennnne 541
User break exception processing............ 555
Vector Base Register (VBR).....cccovveene 37
Virtual Address Space........cccoevvveevieiiens 67
Watchdog timer.........cccoveveviveieeciecnene 285
Watchdog timer mode.........ccccvevveenennee. 291
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