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Keep safety first in your circuit designs!

1. Renesas Technology Corp. puts the maximum effort into making semiconductor products better and
more reliable, but there is always 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 materials

1. These materials are intended as a reference to assist our customers in 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
a third party.

2. 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.

3. All information contained in these materials, 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 is therefore 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 also pay attention to information published by Renesas Technology Corp. by various means,
including the Renesas Technology Corp. Semiconductor home page (http://www.renesas.com).

4. When using any or all of the information contained in these materials, including product data,
diagrams, charts, programs, and algorithms, please be sure to evaluate all information as a total
system before making a final 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.

5. Renesas Technology Corp. semiconductors are not designed or manufactured for use in a device or
system that is used under circumstances in which human life is 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 undersea repeater use.

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

7. If these products or technologies are subject to the Japanese export control restrictions, they must
be exported under a license 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.

8. Please contact Renesas Technology Corp. for further details on these materials or the products
contained therein.
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Preface

The H8/3068F is a group of high-performance single-chip microcontrollers that integrate system
supporting functions together with an H8/300H CPU core.

The H8/300H CPU has a 32-bit internal architecture with sixteen 16-bit general registers, and a
concise, optimized instruction set designed for speed. It can address a 16-Mbyte linear address
space.

The on-chip supporting functions include ROM, RAM, 16-hit timers, 8-bit timers, a
programmable timing pattern controller (TPC), awatchdog timer (WDT), a serial communication
interface (SCl), an A/D converter, aD/A converter, /0O ports, a DMA controller (DMAC), and
other facilities. The three-channel SCI has been expanded to support the | SO/IEC7816-3 smart
card interface. Functions have a so been added to reduce power consumption in battery-powered
applications: individual modules can be placed in standby, and the frequency of the system clock
supplied to the chip can be divided down under software control.

The address space is divided into eight areas. The data bus width and access cycle length can be
selected independently in each area, simplifying the connection of different types of memory.
Seven MCU operating modes (modes 1 to 7) are provided, offering a choice of data bus width and
address space size.

With these features, the H8/3068F offers easy implementation of compact, high-performance
systems.

The H8/3068F has an F-ZTAT ™™ version with on-chip flash memory that can be programmed
on-board. This version enables usersto respond quickly and flexibly to changing application
specifications.

This manual describes the H8/3068F hardware. For details of the instruction set, refer to the
H8/300H Series Programming Manual.

Note: * F-ZTAT™ (Flexible ZTAT) is aregistered trademark of Renesas Technology Corp.
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Main Revisions for this Edition

Item Page Revision (See Manual for Details)

All O All references to Hitachi, Hitachi, Ltd., Hitachi Semiconductors, and
other Hitachi brand names changed to Renesas Technology Corp.

Designation for categories changed from “series” to “group”

19.2.1 Connecting 651 Note amended
a Crystal Resonator

Note: A crystal resonator between 2 MHz and 25 MHz can be

Table 19.1 (1) used. If the chip is to be operated at less than 2 MHz, the
Damping Resistance on-chip frequency divider should be used. (A crystal
Value resonator of less than 2 MHz cannot be used.)
Section 21 675 to “Preliminary” deleted
Electrical 706
Characteristics
21.1.2 DC 677,678 Table and note amended
Characteristics Test
Item Symbol Min Typ Max Unit Conditions
Table 21.2 DC L
Toti Current Normal lec™ — 32 47 mA =20 MHz
Characteristics (1) dissipation*2 operation (5.0V)
37 58 f=25 MHz
(5.0V)
Sleep mode — 24 38 mA  f=20MHz
(5.0V)
29 47 f=25MHz
(5.0V)
Module — 19 31 mA f=20 MHz
standby mode (5.0V)
21 37 f=25 MHz
(5.0V)
Standbay — 1.0 10 WA T, 50°C
mode* — — & WA 50C Ta
Flash memory — 37 57 mA  f=20MHz
programming/
erasing*®
42 68 f=25 MHz

Notes: 3. The values are for Vram < Vee < 4.5V, Viy min = Ve X
0.9, and V,. max=0.3 V.

4. lcc max. (normal operation)

= 3.0 (mA) + 0.40 (MA/(MHz x V)) x V¢ x f
lcc max. (sleep mode)

=3.0 (mA) + 0.32 (MA/(MHz x V)) x V¢c % f
Icc max. (sleep mode + module standby mode)

=3.0 (mA) + 0.25 (mA/(MHz x V)) x V¢c x f
The Typ values for power consumption are reference
values.

5. Sum of current dissipation in normal operation and
current dissipation in program/erase operations.
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Item Page Revision (See Manual for Details)

21.1.6 Flash 690, 691 Table amended and notes added
Memory Item Symbol Min  Typ Max  Unit Notes
Characteristics Programming time** *? ** tp — 10 200 ms/

128 bytes
Table 21.10 Flash Erase time*! ***® te — 100 1200  ms/block
MemOl’y Reprogramming count Nwec W 10,000*7j Times
Characteristics Data retention period tore 10+° Years

Notes: 6. Minimum number of times at which all characteristics are
guaranteed after reprogramming. (Reprogramming count
from 1 to minimum value is guaranteed.)

7. Reference characteristics at 25°C. (This is an indication
that reprogramming operations can normally be
performed up to this figure.)

8. Data retention characteristics when reprogramming is
performed correctly within the specification values,
including the minimum data retention period.
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Section 1 Overview

Section1 Overview

1.1 Overview

The H8/3068F is a series of microcontrollers (MCUSs) that integrate system supporting functions
together with an H8/300H CPU core having an original Renesas Technology architecture.

The H8/300H CPU has a 32-bit internal architecture with sixteen 16-bit general registers, and a
concise, optimized instruction set designed for speed. It can address a 16-Mbyte linear address
space. Itsinstruction set is upward-compatible at the object-code level with the H8/300 CPU,
enabling easy porting of software from the H8/300 Series.

The on-chip system supporting functions include ROM, RAM, a 16-bit timer, an 8-bit timer, a
programmable timing pattern controller (TPC), awatchdog timer (WDT), a serial communication
interface (SCI), an A/D converter, aD/A converter, I/O ports, adirect memory access controller
(DMAC), and other facilities.

The H8/3068F has 384 kbytes of ROM and 16 kbytes of RAM.

Seven M CU operating modes offer a choice of bus width and address space size. The modes
(modes 1 to 7) include two single-chip modes and five expanded modes.

The H8/3068F includes an F-ZTAT ™* version with on-chip flash memory that can be
programmed on-board. This version enables users to respond quickly and flexibly to changing
application specifications, growing production volumes, and other conditions.

Table 1.1 summarizes the features of the H8/3068F.

Note: * F-ZTAT™ (Hexible ZTAT) is atrademark of Renesas Technology Corp.
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Section 1 Overview

Tablel.1 Features

Feature Description
CPU Upward-compatible with the H8/300 CPU at the object-code level
General-register machine
« Sixteen 16-bit general registers
(also usable as sixteen 8-bit registers or eight 32-hit registers)
High-speed operation
¢ Maximum clock rate: 25 MHz
e Add/subtract: 80 ns
¢ Multiply/divide: 560 ns
16-Mbyte address space
Instruction features
e 8/16/32-bit data transfer, arithmetic, and logic instructions
¢ Signed and unsigned multiply instructions (8 bits x 8 bits, 16 bits x 16 hits)
« Signed and unsigned divide instructions (16 bits + 8 bits, 32 bits + 16 bits)
e Bit accumulator function
< Bit manipulation instructions with register-indirect specification of bit
positions
Memory H8/3068F
¢ ROM: 384 kbytes
« RAM: 16 kbytes
Interrupt « Seven external interrupt pins: NMI, IRQ, to IRQs
controller e 36 internal interrupts

e Three selectable interrupt priority levels

Bus controller

» Address space can be partitioned into eight areas, with independent bus
specifications in each area

* Chip select output available for areas 0 to 7

« 8-bit access or 16-bit access selectable for each area

« Two-state or three-state access selectable for each area
* Selection of two wait modes

* Number of program wait states selectable for each area
« Direct connection of burst ROM

« Direct connection of up to 8-Mbyte DRAM (or DRAM interface can be used
as interval timer)

* Bus arbitration function
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Section 1 Overview

Feature

Description

DMA controller
(DMAC)

16-bit timer,
3 channels

Short address mode

Maximum four channels available
Selection of I/O mode, idle mode, or repeat mode

Can be activated by compare match/input capture A interrupts from 16-bit
timer channels 0 to 2, conversion-end interrupts from the A/D converter,
transmit-data-empty and receive-data-full interrupts from the SCI, or external
requests

Full address mode

Maximum two channels available
Selection of normal mode or block transfer mode

Can be activated by compare match/input capture A interrupts from 16-bit
timer channels 0 to 2, conversion-end interrupts from the A/D converter,
external requests, or auto-request

Three 16-bit timer channels, capable of processing up to six pulse outputs
or six pulse inputs

16-bit timer counter (channels 0 to 2)

Two multiplexed output compare/input capture pins (channels 0 to 2)
Operation can be synchronized (channels 0 to 2)

PWM mode available (channels 0 to 2)

Phase counting mode available (channel 2)

DMAC can be activated by compare match/input capture A interrupts
(channels 0 to 2)

8-bit timer,
4 channels

Programmable
timing pattern
controller (TPC)

8-bit up-counter (external event count capability)

Two time constant registers

Two channels can be connected

Maximum 16-bit pulse output, using 16-bit timer as time base

Up to four 4-bit pulse output groups (or one 16-bit group, or two 8-bit
groups)

Non-overlap mode available

Output data can be transferred by DMAC

Watchdog
timer (WDT),
1 channel

Reset signal can be generated by overflow
Reset signal can be output externally (not in the F-ZTAT version)

Usable as an interval timer
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Feature

Description

Serial
communication
interface (SCI),
3 channels

A/D converter

Selection of asynchronous or synchronous mode
Full duplex: can transmit and receive simultaneously
On-chip baud-rate generator

Smart card interface functions added

Resolution: 10 bits

Eight channels, with selection of single or scan mode
Variable analog conversion voltage range
Sample-and-hold function

A/D conversion can be started by an external trigger or 8-bit timer compare-

match
DMAC can be activated by an A/D conversion end interrupt

D/A converter

Resolution: 8 bits
Two channels

D/A outputs can be sustained in software standby mode

1/0 ports

Operating modes

70 input/output pins
9 input-only pins
Seven MCU operating modes

Mode Address Space  Address Pins  Initial Bus Width  Max. Bus Width
Mode 1 1 Mbyte Agg to Ag 8 bits 16 bits
Mode 2 1 Mbyte Ao to Ag 16 bits 16 bits
Mode 3 16 Mbytes Aoz to Ag 8 bits 16 bits
Mode 4 16 Mbytes Az to Ag 16 bits 16 bits
Mode 5 16 Mbytes Az to Ay 8 bits 16 bits
Mode 6 64 kbyte — — —
Mode 7 1 Mbyte — — —
¢ On-chip ROM is disabled in modes 1 to 4
Power-down e Sleep mode
state

Other features

Software standby mode

Hardware standby mode

Module standby function

Programmable system clock frequency division

On-chip clock pulse generator
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Feature Description

Product lineup Product Type Product Code Package

H8/3068 F-ZTAT 5V operation HDG64F3068F  100-pin QFP (FP-100B)

HD64F3068TE  100-pin TQFP (TFP-100B)
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12

Block Diagram

Figure 1.1 shows an internal block diagram.
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Figure1l.1 Block Diagram
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13 Pin Description

131 Pin Arrangement

The pin arrangement of the H8/3068F FP-100B and TFP-100B packagesis shown in figure 1.2.
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Note: * Functions as V¢, pin. When functioning as V¢ pin, the connection of an external capacitor
is required.

Figure1.2 Pin Arrangement (FP-100B or TFP-100B, Top View)
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1.3.2 Pin Functions

Table 1.2 summarizes the pin functions.

Tablel1l.2 Pin Functions

Pin No.
FP-100B
Type Symbol  TFP-100B /O Name and Function
Power Vee 35, 68 Input Power: For connection to the power supply. Connect
all Vcc pins to the system power supply.
Vss 11, 22,44, Input  Ground: For connection to ground (0 V).
57, 65, 92 Connect all Vss pins to the 0-V system power supply.
Clock XTAL 67 Input  For connection to a crystal resonator.
For examples of crystal resonator and external clock
input, see section 19, Clock Pulse Generator.
EXTAL 66 Input  For connection to a crystal resonator or input of an
external clock signal. For examples of crystal
resonator and external clock input, see section 19,
Clock Pulse Generator.
0] 61 Output System clock: Supplies the system clock to external
devices.
Internal VeL 1 Output Connect an external capacitor between this pin and
step-down GND (0 V). Do not connect to Vcc.
pin
Ve 0.1 yF
du
7
Operating MD, to 751073 Input  Mode 2 to mode 0: For setting the operating mode,

mode MDg
control

as follows. Inputs at these pins must not be changed
during operation.

MD, MD, MDy Operating Mode

0 0 0 —

0 0 1 Mode 1
0 1 0 Mode 2
0 1 1 Mode 3
1 0 0 Mode 4
1 0 1 Mode 5
1 1 0 Mode 6
1 1 1 Mode 7
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Pin No.

FP-100B
Type Symbol  TFP-100B 1/O Name and Function
System RES 63 Input  Reset input: When driven low, this pin resets the
control chip

FWE 10 Input  Write enable signal: Flash memory write control
signal

STBY 62 Input  Standby: When driven low, this pin forces a
transition to hardware standby mode

BREQ 59 Input  Bus request: Used by an external bus master to
request the bus right

BACK 60 Output Bus request acknowledge: Indicates that the bus
has been granted to an external bus master

Interrupts  NMI 64 Input  Nonmaskable interrupt: Requests a
nonmaskable interrupt
IRQs to 17, 16, Input  Interrupt request 5 to 0: Maskable interrupt request
IRQq 90 to 87 pins
Address Axto Ay 9710100, Output Address bus: Outputs address signals
bus 56 to 45,
43 to 36
Data bus DistoDg 34t023, |Input/ Data bus: Bidirectional data bus
21t018 output
Bus control CS;to 2105, Output Chip select: Select signals for areas 7 to 0

CSo 881091

AS 69 Output Address strobe: Goes low to indicate valid address
output on the address bus

RD 70 Output Read: Goes low to indicate reading from the external
address space

HWR 71 Output High write: Goes low to indicate writing to the
external address space; indicates valid data on the
upper data bus (D45 to Dg).

LWR 72 Output Low write: Goes low to indicate writing to the
external address space; indicates valid data on the
lower data bus (D to Dy).

WAIT 58 Input  Wait: Requests insertion of wait states in bus cycles

during access to the external address space
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Pin No.
FP-100B

Type Symbol  TFP-100B 1/O Name and Function

DRAM RFSH 87 Output Refresh: Indicates a refresh cycle

interface
@z to 89, 88, Output Row address strobe RAS: Row address strobe
CSs 5,4 signal for DRAM
RD 70 Output Write enable WE: Write enable signal for DRAM
HWR 71 Output Upper column address strobe UCAS: Column
UCAS 6 address strobe signal for DRAM
LWR 72 Output Lower column address strobe LCAS: Column
LCAS 7 address strobe signal for DRAM

DMA DREQ;, 5,3 Input  DMA request 1 and 0: DMAC activation

controller DREQ, requests

(DMAC) TEND;, 94, 93 Output Transfer end 1 and 0: These signals indicate that
TENDg the DMAC has ended a data transfer

16-bit timer TCLKD to 96 to 93 Input  Clock input D to A: External clock inputs
TCLKA
TIOCA,to 99, 97,95 Input/ Input capture/output compare A2 to AO: GRA2 to
TIOCA, output GRAO output compare or input capture, or PWM

output
TIOCB, to 100, 98, Input/  Input capture/output compare B2 to BO: GRB2 to
TIOCByg 96 output GRBO output compare or input capture, or PWM
output

8-bittimer TMO,, 2,4 Output Compare match output: Compare match output
TMO, pins
TMIO;, 3,5 Input/  Input capture input/compare match output: Input
TMIO; output capture input or compare match output pins
TCLKD to 96 to 93 Input  Counter external clock input: These pins input an
TCLKA external clock to the counters.

Program-  TPjsto 9to 2, Output TPC output 15 to 0: Pulse output

mable TPy 100 to 93

timing

pattern

controller

(TPC)
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Pin No.
FP-100B
Type Symbol  TFP-100B 1/O Name and Function
Serial com- TxD, to 8,13, 12 Output Transmit data (channels 0, 1, 2): SCI data output
munication TxDg
interface RxD5 to 9,15,14 Input Receive data (channels 0, 1, 2): SCI data input
(SCI) RxDj
SCK,to  7,17,16 Input/  Serial clock (channels 0, 1, 2): SCI clock
SCKq output input/output
A/D AN to 8510 78 Input  Analog 7 to O: Analog input pins
converter ANy

ADTRG 90 Input  A/D conversion external trigger input: External

trigger input for starting A/D conversion
D/A DA;, DA, 85,84 Output Analog output: Analog output from the
converter D/A converter
A/D and AVcc 76 Input  Power supply pin for the A/D and D/A converters.
D/A Connect to the system power supply when not using
converters the A/D and D/A converters.

AVss 86 Input  Ground pin for the A/D and D/A converters. Connect
to system ground (0 V).

VRrer 77 Input  Reference voltage input pin for the A/D and D/A
converters. Connect to the system power supply
when not using the A/D and D/A converters.

I/O ports P1;to P1, 43to 36 Input/  Port 1: Eight input/output pins. The direction of each
output  pin can be selected in the port 1 data direction
register (P1DDR).

P2, to P2, 521to0 45 Input/  Port 2: Eight input/output pins. The direction of each

output pin can be selected in the port 2 data direction
register (P2DDR).

P3;to P3, 34to 27 Input/  Port 3: Eight input/output pins. The direction of each

output pin can be selected in the port 3 data direction
register (P3DDR).

P4;to P4y, 26t0 23, Input/ Port 4: Eight input/output pins. The direction of each

21to 18 output pin can be selected in the port 4 data direction
register (P4DDR).

P5;to P5, 56 to 53 Input/  Port 5: Four input/output pins. The direction of each

output pin can be selected in the port 5 data direction

register (P5DDR).
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Pin No.
FP-100B
Type Symbol  TFP-100B 1/O Name and Function
1/0 ports P6, to P6, 61, Input/  Port 6: Eight input/output pins. The direction of each
721069, output pincan be selected in the port 6 data direction
60 to 58 register (P6DDR).
P7;to P7, 8510 78 Input  Port 7: Eight input pins
P8, to P8, 91to 87 Input/  Port 8: Five input/output pins. The direction of each
output pin can be selected in the port 8 data direction
register (P8DDR).
P9s to P9, 17 to 12 Input/  Port 9: Six input/output pins. The direction of each
output pin can be selected in the port 9 data direction
register (PO9DDR).
PA;to PA; 100t0 93 Input/  Port A: Eight input/output pins. The direction of each
output pin can be selected in the port A data direction
register (PADDR).
PB, to PB, 910 2 Input/  Port B: Eight input/output pins. The direction of each
output pin can be selected in the port B data direction

register (PBDDR).
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Section 1 Overview

133 Pin Assignmentsin Each Mode
Table 1.3 lists the pin assignments in each mode.

Tablel.3 Pin Assignmentsin Each Mode (FP-100B or TFP-100B)

Pin No. Pin Name

FP-100B

TFP-100B Mode 1 Mode 2 Mode 3 Mode 4 Mode 5 Mode 6 Mode 7

1 Ve Ve Vet Vet Vet Vet Vet

2 PBo/TPg/ PBo/TPg/ PBo/TPg/ PBo/TPg/ PBo/TPg/ PBo/TPg/ PBo/TPg/
TMO,/CS; TMOG/CS; TMO,/CS; TMO,/CS;  TMOL/CS; TMO, TMO,

3 PB1/TPy/ PB:1/TPy/ PB./TPy/ PB./TPy/ PB./TPy/ PB./TPy/ PB1/TPy/
TMIOy/ TMIOy/ TMIO,/ TMIO,/ TMIO,/ TMIO,/ TMIO,/
DREQy/ DREQo/ DREQy/ DREQy/ DREQy/ DREQq DREQ,
CSs CSs CS; CS; CS

4 PB,/TP o/ PB,/TP 1o/ PBy/TP o/ PBy/TP o/ PB,/TP 1/ PB,/TPq/ PBy/TP o/
TMO,/CSs TMO,/CSs  TMO,/CSs TMO,/CSs  TMO,/CSs; TMO, TMO,

5 PB3/TP11/ PB3/TP11/ PBs/TP,4/ PBs/TP,4/ PBs/TP,4/ PB3/TP,4/ PBs/TP,4/
TMIO3/ TMIO3/ TMIO3/ TMIO3/ TMIO3/ TMIOs/ TMIO3/
DREQy/ DREQ,/ DREQy/ DREQy/ DREQ,/ DREQ; DREQ;
Cs, Cs, CS, CS, [N

6 PB4/TP,/ PB4/TP,/ PB4/TP 1,/ PB4/TP 1,/ PB4/TP12/ PB4/TP;2 PB4/TP1»
UCAS UCAS UCAS UCAS UCAS

7 PBs/TP13/ PBs/TP13/ PBs/TP 3/ PBs/TP 3/ PBs/TP13/ PBs/TP13/ PBs/TP 3/
LCAS/ LCAS/ LCAS/ LCAS/ LCAS/ SCK, SCK;
SCK; SCK; SCK; SCK; SCK;

8 PBe/TP 14/ PBe/TP 14/ PBe/TP 14/ PBe/TP 14/ PBe/TP 14/ PBe/TP 14/ PBe/TP 14/
TxD, TxD, TxD, TxD, TxD, TxD, TxD,

9 PB;/TPs/ PB/TPs/ PB7/TPs/ PB7/TPs/ PB7/TPys/ PB7/TPys/ PB7/TPs/
RxD, RxD, RxD, RxD, RxD, RxD, RxD,

10 FWE FWE FWE FWE FWE FWE FWE

11 VSS VSS VSS VSS VSS VSS VSS

12 Pgo/TXDo Pgo/TXDo PgolTXDo PgolTXDo P90/TXDO P90/TXDO PgolTXDo

13 P91/TXD1 P91/TXD1 P91/TXD1 P91/TXD1 PQ]_/TXD]_ PQ]_/TXD]_ P91/TXD1

14 P92/RXDO P92/RXDO sz/RXDO sz/RXDO szlRXDo szlRXDo sz/RXDO

15 P93/RXD1 P93/RXD1 P93/RXD1 P93/RXD1 P93/RXD1 P93/RXD1 P93/RXD1

16 P9./IRQ)  P9/IRQ)/  P9./IRQ./ P9,/IRQJ  P9/RQJ  P9/RQ)  P9,/IRQ.
SCKo SCKo SCKp SCKp SCKp SCK, SCK,
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Pin No. Pin Name
FP-100B
TFP-100B Mode 1 Mode 2 Mode 3 Mode 4 Mode 5 Mode 6 Mode 7
17 P9:sIRQs/ P9/IRQs/  PIs/IRQs/ P9:;IRQs/  P9%/IRQAs/ P9s/IRQs/  P9s/RQs/
SCK, SCK, SCK, SCK, SCK, SCK, SCK,
18 P4o/Dg**  P4g/Do*® P4o/Do*’ P4,/Do** P4,/Do*? P4, P4,
19 P4,/D*? P4,/D*° P4,/D*? P4,/D*° P4,/D*? P4, P4,
20 P4,/D,*? P4,/D,** P4,/D,*? P4,/D,** P4,/D,*2 P4, P4,
21 P4,/D3*? P4,/D3*? P4,/D5*? P44/D5*? P4,/D3*2 P4, P4,
22 Vss Vss Vss Vss Vss Vss Vss
23 P4,/D,*? P4,/D,** P4,/D*? P4,/D,** P4,/D,** P4, P4,
24 P4s/Ds*?  P4g/Ds*®  P4s/Dg*? P4s/Ds*°  P4g/Ds*’  Pds P4s
25 P4¢/Dg*? P4¢/Dg*? P44/Dg*? P4¢/Dg*? P4¢/De*2 P4 P4,
26 P4,/D;*? P4,/D;*3 P4,/D;*? P4,/D;*3 P4,/D;*2 P4, P4,
27 Ds Ds Ds Ds Ds P3, P3,
28 Dg Dg Dg Dg Dg P31 P31
29 DlO DlO DlD DlD DlO P32 PSZ
30 Dll Dll Dll Dll Dll P33 P33
31 Di» D1 Di» Di» D P34 P34
32 D13 D13 D13 D13 D13 P3s P3s
33 Dis Dis D14 D14 D14 P3s P3s
34 Dis Dis Dis Dis Dis P3; P37
35 Vee Vee Vee Vee Vee Vee Vee
36 Ao Ao Ao Ao P1o/Ao P1o P1o
37 Ay Ay A A P1./A P1, P1,
38 A, A, A A PL,/A, P1, P1,
39 Aq Aq Aq Aq P14/A; P1, P1;
40 As '™ A A P1JA, P1, P1,
41 As As As As P1s/As Pls P1s
42 As As As As P1e/As Pls P1e
43 A; A; A A P1//A; P1, P1,
44 Vss Vss Vss Vss Vss Vss Vss
45 As Ag As As P2o/Ag P2, P2,
46 Ag Ag Ao Ao P2./Aq P2, P2,
47 Ago Ago Aso Aso P2,/A10 P2, P2,
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Pin No. Pin Name

FP-100B

TFP-100B Mode 1 Mode 2 Mode 3 Mode 4 Mode 5 Mode 6 Mode 7
48 Al A1l A1 A1 P23/A11 P2; P23

49 Asz Asz Asz Asz P24/A;, P2, P2,

50 Az Az Az Az P2s/A;3 P25 P25

51 Asg Aus Aig Aig P2¢/A14 P2 P2

52 Ass Ass Ais Ais P2:/A:5 P2; P2,

53 A A Ass Ass P50/As6 P54 P5q

54 Asz Asz As7 As7 P5,/A:7 P5; P5,;

55 Aus Aus Asg Asg P5,/A18 P5, P5,

56 Asg Asg Al Al P53/A19 P53 P53

57 VSS VSS VSS VSS VSS VSS VSS

58 P6J/WAIT  P6,/WAIT  P6o/WAIT P6J/WAIT  P6,/WAIT  P6, P6o
59 P6,/BREQ P6,/BREQ P6,/BREQ P6,/BREQ P6,/BREQ P6; P6:
60 P6,/BACK P6,/BACK  P6,/BACK P6,/BACK  P6,/BACK P6, P6,
61 @ [0} (0] @ P6,/¢@ P6,/¢@ P6,/¢@
62 STBY STBY STBY STBY STBY STBY STBY
63 RES RES RES RES RES RES RES
64 NMI NMI NMI NMI NMI NMI NMI
65 VSS VSS VSS VSS VSS VSS VSS

66 EXTAL EXTAL EXTAL EXTAL EXTAL EXTAL EXTAL
67 XTAL XTAL XTAL XTAL XTAL XTAL XTAL
68 Vee Vee Vee Vee Vee Vee Vee

69 AS AS AS AS AS P63 P63
70 RD RD RD RD RD P64 P64
71 HWR HWR HWR HWR HWR P6s P6s

72 LWR LWR LWR LWR LWR P66 P66
73 MDo MDo MDg MDg MDg MDg MDg
74 MD;, MD, MD, MD, MD, MD; MD,
75 MD, MD, MD, MD, MD, MD, MD,
76 AVcc AVcc AVce AVce AVce AVce AVce
77 VRer VRrer VRrer VRrer VRer VRer VRrer
78 P70,/ANg P70,/ANg P70/ANg P70,/ANg P70/ANg P70/ANg P70,/ANg
79 P7.1/AN; P7./AN; P7,/AN; P7,/AN; P7./AN, P7./AN, P7,/AN;
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Pin No. Pin Name

FP-100B

TFP-100B Mode 1 Mode 2 Mode 3 Mode 4 Mode 5 Mode 6 Mode 7

80 P7,/AN, P7,/AN, P7,/AN, P7,/AN, P7,/AN, P7,/AN, P7,/AN,

81 P7s/AN; P7s/AN; P73/AN; P73/AN; P73/AN; P73/AN; P73/AN;

82 P7.AN, P7.AN, P7.AN, P7.AN, P7.AN, P7.AN, P7.AN,

83 P7s/ANs P7s/ANs P7s/ANs P7s/ANs P7s/ANs P7s/ANs P7s/ANs

84 P7¢/ANg/ P7¢/ANg/ P7¢/ANg/ P7¢/ANg/ P7/ANg/ P7s/ANg/  P7¢/ANg/
DAy DAy DA, DA, DAy DAy DA,

85 P7./AN,/ P74/AN,/ P7//AN,/ P7//AN,/ P7./AN;/ P7./AN;/  P7:AN,/
DA, DA, DA; DA; DA, DA, DA;

86 AVss AVss AVss AVss AVss AVss AVss

87 P8/IRQy  P8/IRQy/  P8,/IRQy/ P8/IRQy/  P8y/IRQy  P8y/IRQ, P8y/IRQ,
RFSH RFSH RFSH RFSH RFSH

88 P8,/IRQ)/  P8/IRQ)/  P8,/IRQy/ P8/IRQ)/  P8J/IRQY/ P8J/IRQ;  P8,/IRQ;
CS; CS; CS; CS; CS;

89 P8,/IRQ,  P8,/IRQ)  P8,/IRQ./ P8,/IRQ,  P8,/IRQ.,/  P8,/IRQ, P8,/IRQ,
CS, CS, CS, CS, CS,

90 P8:IRQs/  P8:IRQ:s  P8y/IRQs/ P8:/IRQs/  P8:IRQy/  P8y/IRQs/  P8:IRQ./
CSy/ CSy/ CS,/ ADTRG CSy/ CSy/ ADTRG ADTRG
ADTRG ADTRG ADTRG ADTRG

91 P8,/CS, P8,/CS, P8,/CS, P8,/CS, P8,/CS, P8, P8,

92 Vss Vss Vss Vss Vss Vss Vss

93 PAG/ TP/ PAG/ TP/ PAG/TPo/ PAG/TPo/ PA/ TP,/ PAJTPy/  PAGTP,/
TCLKA/ TCLKA/ TCLKA/ TCLKA/ TCLKA/ TCLKA/ TCLKA/
TEND, TEND, TEND, TEND, TEND, TEND, TEND,

94 PALTP/ PALJTP:/ PALTP, PALTPy/ PA/TP,/ PAJ/TPy  PALJTP/
TCLKB/ TCLKB/ /TCLKB/ TCLKB/ TCLKB/ TCLKB/ TCLKB/
TEND, TEND, TEND, TEND, TEND, TEND, TEND,

95 PALITP,/ PALITP,/ PALITP,/ PALITP,/ PALITP,/ PAJTP,  PALTP,/
TIOCA/ TIOCA/ TIOCA/ TIOCA/ TIOCA./ TIOCA/  TIOCA,/
TCLKC TCLKC TCLKC TCLKC TCLKC TCLKC TCLKC

96 PA/TPs/ PA/TPs/ PAS/TPy/ PAS/TPy/ PAS/TPs/ PAJ/TPy/  PAS/TPs/
TIOCBy/ TIOCBy/ TIOCBy/ TIOCBy/ TIOCBy/ TIOCBy/  TIOCBy/
TCLKD TCLKD TCLKD TCLKD TCLKD TCLKD TCLKD

97 PALTP./ PALTP./ PALTP,/ PALTP,/ PALTP./ PAJTP.  PALTP,/
TIOCA, TIOCA, TIOCAY/ TIOCAY/ TIOCA./ TIOCA, TIOCA,

A23 A23 A23
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Pin No. Pin Name
FP-100B
TFP-100B Mode 1 Mode 2 Mode 3 Mode 4 Mode 5 Mode 6 Mode 7
98 PAs/TPs/ PAs/TPs/ PAs/TPs/ PAs/TPs/ PAs/TPs/ PAs/TPs/ PAs/TPs/
TIOCB; TIOCB; TIOCBy/ TIOCBy/ TIOCBy/ TIOCB; TIOCB;
Azz A22 A22
99 PAs/TPg/ PAs/TPg/ PAs/TPg/ PAs/TPg/ PAG/TPg/ PAG/TPg/ PAs/TPg/
TIOCA; TIOCA; TIOCA,/ TIOCA,/ TIOCA,/ TIOCA; TIOCA;
A21 AZl A21
100 PA;ITP,/ PA;ITP,/ Az Az PA;/TP,/ PA;/TP,/ PAITP,/
TIOCB, TIOCB, TIOCB,/ TIOCB; TIOCB;
Az

Notes: 1. Functions as V¢, pin.
2. In modes 1, 3, 5 the P4, to P4, functions of pins P4y/D, to P4,/D, are selected after a
reset, but they can be changed by software.
3. In modes 2 and 4 the Dy to D; functions of pins P4,/D, to P4-,/D; are selected after a
reset, but they can be changed by software.
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Section 2 CPU

2.1

Section2 CPU

Overview

The H8/300H CPU is a high-speed central processing unit with an internal 32-bit architecture that
is upward-compatible with the H8/300 CPU. The H8/300H CPU has sixteen 16-bit general
registers, can address a 16-Mbyte linear address space, and isideal for realtime control.

211

Features

The H8/300H CPU has the following features.

Upward compeatibility with H8/300 CPU

Can execute H8/300 Series object programs

General-register architecture

Sixteen 16-bit general registers (also usable as sixteen 8-bit registers or eight 32-bit registers)
Sixty-two basic instructions

g
u
g

8/16/32-bit arithmetic and logic instructions
Multiply and divide instructions
Powerful bit-manipulation instructions

Eight addressing modes

O

O0Ooo0oood

ad

Register direct [Rn]

Register indirect [ @ERN]

Register indirect with displacement [ @(d: 16, ERn) or @(d:24, ERN)]
Register indirect with post-increment or pre-decrement [ @ERN+ or @—ERN]
Absolute address [ @aa:8, @aa: 16, or @aa:24]

Immediate [#xX:8, #xx:16, or #xx:32]

Program-counter relative [ @(d:8, PC) or @(d:16, PC)]

Memory indirect [ @@aa:8]

16-Mbyte linear address space
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Section 2 CPU

» High-speed operation

O All frequently-used instructions execute in two to four states
Maximum clock frequency: 25 MHz
8/16/32-hit register-register add/subtract: 80 ns
8 x 8-hit register-register multiply: 560 ns
16 + 8-bit register-register divide: 560 ns
16 x 16-bit register-register multiply: 880 ns
32 + 16-bit register-register divide: 880 ns
» Two CPU operating modes

0 Norma mode

O Advanced mode
* Low-power mode

Transition to power-down state by SLEEP instruction

O 0Ooo0ooood

212 Differencesfrom H8/300 CPU
In comparison to the H8/300 CPU, the H8/300H has the following enhancements.

» More general registers
Eight 16-bit registers have been added.
» Expanded address space
O Advanced mode supports a maximum 16-Mbyte address space.
O Norma mode supports the same 64-kbyte address space as the H8/300 CPU.
» Enhanced addressing

The addressing modes have been enhanced to make effective use of the 16-Mbyte address
space.

» Enhanced instructions
O Datatransfer, arithmetic, and logic instructions can operate on 32-bit data.
O Signed multiply/divide instructions and other instructions have been added.
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2.2 CPU Operating M odes

The H8/300H CPU has two operating modes. normal and advanced. Normal mode supports a
maximum 64-kbyte address space. Advanced mode supports up to 16 Mbytes.

Maximum 64 kbytes, program

Normal mode and data areas combined

CPU operating modes

Maximum 16 Mbytes, program
and data areas combined

Advanced mode

Figure2.1 CPU Operating M odes
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2.3 Address Space

Figure 2.2 shows a simple memory map for the H8/3068F. The H8/300H CPU can address a
linear address space with a maximum size of 64 kbytes in normal mode, and 16 Mbytesin
advanced mode. For further details see section 3.6, Memory Map in Each Operating Mode.

The 1-Mbyte operating modes use 20-bit addressing. The upper 4 bits of effective addresses are
ignored.

H'0000 H'00000 H'000000
H'FFFF
H'FFFFF
H'FFFFFF
a. 1-Mbyte mode b. 16-Mbyte mode
Normal mode Advanced mode

Figure2.2 Memory Map
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24 Register Configuration

24.1 Overview

The H8/300H CPU has the internal registers shown in figure 2.3. There are two types of registers:

general registers and control registers.

General Registers (ERn)

15 07 07 0
ERO EO ROH ROL
ER1 E1l R1H R1L
ER2 E2 R2H R2L
ER3 E3 R3H R3L
ER4 E4 R4H R4L
ERS ES5 R5H R5L
ER6 E6 R6H R6L
ER7 E7 (SP) R7H R7L
Control Registers (CR)
23 0

PC |

Legend

SP:  Stack pointer

PC: Program counter

CCR: Condition code register
I: Interrupt mask bit

ul: User bit or interrupt mask bit
Half-carry flag

User bit

Negative flag

Zero flag

Overflow flag

Carry flag

osNzcx

76543210
ccr |1 ulH|ulN|z|vC]

Figure2.3 CPU Registers
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24.2 General Registers

The H8/300H CPU has eight 32-bit general registers. These general registers are all functionally
alike and can be used without distinction between data registers and address registers. When a
general register is used as adataregister, it can be accessed as a 32-hit, 16-hit, or 8-bit register.
When the general registers are used as 32-bit registers or as address registers, they are designated
by the letters ER (ERO to ER7).

The ER registers divide into 16-bit general registers designated by the letters E (EO to E7) and R
(RO to R7). These registers are functionally equivalent, providing a maximum sixteen 16-bit
registers. The E registers (EO to E7) are also referred to as extended registers.

The R registers divide into 8-bit general registers designated by the letters RH (ROH to R7H) and
RL (ROL to R7L). These registers are functionally equivalent, providing a maximum sixteen 8-bit
registers.

Figure 2.4 illustrates the usage of the general registers. The usage of each register can be selected
independently.

» Address registers
» 32-bit registers « 16-bit registers » 8-bit registers

E registers
— (extended registers)
EOto E7

ER registers RH registers
ERO to ERY ROH to R7H

R registers
RO to R7

RL registers
ROL to R7L

Figure2.4 Usageof General Registers
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Genera register ER7 has the function of stack pointer (SP) in addition to its general-register
function, and is used implicitly in exception handling and subroutine calls. Figure 2.5 shows the
stack.

/\/

Free area

SP (ER7)—>

Stack area

/\/

Figure2.5 Stack

24.3 Control Registers

The control registers are the 24-hit program counter (PC) and the 8-hit condition code register
(CCR).

Program Counter (PC): This 24-bit counter indicates the address of the next instruction the
CPU will execute. The length of all CPU instructions is 2 bytes (one word), so the least
significant PC bit isignored. When an instruction is fetched, the least significant PC bit is
regarded as 0.

Condition Code Register (CCR): This 8-hit register containsinternal CPU status information,
including the interrupt mask bit (1) and half-carry (H), negative (N), zero (Z), overflow (V), and
carry (C) flags.

Bit 7—Interrupt Mask Bit (I): Masks interrupts other than NMI when set to 1. NMI is accepted
regardless of the | bit setting. The | bit is set to 1 at the start of an exception-handling sequence.

Bit 6—User Bit or Interrupt Mask Bit (Ul): Can be written and read by software using the
LDC, STC, ANDC, ORC, and XORC instructions. This bit can also be used as an interrupt mask
bit. For details see section 5, Interrupt Controller.

Bit 5—Half-Carry Flag (H): When the ADD.B, ADDX.B, SUB.B, SUBX.B, CMP.B, or NEG.B
instruction is executed, thisflagisset to 1 if thereisacarry or borrow at bit 3, and cleared to 0
otherwise. When the ADD.W, SUB.W, CMP.W, or NEG.W instruction is executed, the H flag is
set to 1 if thereisacarry or borrow at bit 11, and cleared to 0 otherwise. When the ADD.L,
SUB.L, CMP.L, or NEG.L instruction is executed, the H flag is set to 1 if thereisacarry or
borrow at bit 27, and cleared to 0 otherwise.
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Bit 4—User Bit (U): Can be written and read by software using the LDC, STC, ANDC, ORC,
and XORC instructions.

Bit 3—Negative Flag (N): Storesthe value of the most significant bit of data, regarded asthe
sign hit.
Bit 2—Zero Flag (Z): Set to 1 to indicate zero data, and cleared to O to indicate non-zero data.

Bit 1—Overflow Flag (V): Set to 1 when an arithmetic overflow occurs, and cleared to O at
other times.

Bit 0—Carry Flag (C): Setto 1 when acarry is generated by execution of an operation, and
cleared to O otherwise. Used by:

» Addinstructions, to indicate a carry
e Subtract instructions, to indicate a borrow
» Shift and rotate instructions

The carry flag is also used as a bit accumulator by bit manipulation instructions.

Some instructions leave flag bits unchanged. Operations can be performed on CCR by the LDC,
STC, ANDC, ORC, and XORC instructions. The N, Z, V, and C flags are used by conditional
branch (Bcc) instructions.

For the action of each instruction on the flag bits, see appendix A.1, Instruction List. For the | and
Ul bits, see section 5, Interrupt Controller.

244 Initial CPU Register Values

In reset exception handling, PC isinitialized to a value loaded from the vector table, and the | bit
in CCRis set to 1. The other CCR bits and the general registers are not initialized. In particular,
theinitial value of the stack pointer (ER7) is also undefined. The stack pointer (ER7) must
therefore beinitialized by an MOV .L instruction executed immediately after a reset.
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25 Data Formats

The H8/300H CPU can process 1-hit, 4-bit (BCD), 8-hit (byte), 16-bit (word), and 32-hit
(longword) data. Bit-manipulation instructions operate on 1-bit data by accessing bitn (n=0, 1,
2, ..., 7) of byte operand data. The DAA and DAS decimal-adjust instructions treat byte data as
two digits of 4-bit BCD data.

251 General Register Data Formats

Figures 2.6 and 2.7 show the data formats in general registers.

General
Data Type Register Data Format
7 o
1-bit data RnH En Don't care .
7 0

1-bit data RnL ' Don't care EE

7 43 0

4-bit BCD data RnH Don't care 1

________________ 7 43 0

4-bit BCD data RnL . Don't care

Byte data RnH [:j Don't care
MSB s
________________ 7 0
Byte data RnL ' Don't care E:]
""""""""MSB LSB

Legend

RnH: General register RH
RnL: General register RL

Figure2.6 General Register Data Formats
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General
Data Type Register
Word data Rn
Word data En

Longword data ERn

Legend

ERn: General register
En:  General register E
Rn:  General register R
MSB: Most significant bit
LSB: Least significant bit

Data Format
15 0
MSB LSB
15 0
MSB LSB
31 16 15 0
MSB LSB

Figure2.7 General Register Data Formats
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25.2 Memory Data Formats

Figure 2.8 shows the data formats on memory. The H8/300H CPU can access word data and
longword data on memory, but word or longword data must begin at an even address. If an
attempt is made to access word or longword data at an odd address, no address error occurs but
the least significant bit of the addressis regarded as 0, so the access starts at the preceding
address. This also appliesto instruction fetches.

Data Type Address Data Format
7 0
1-bit data Address L 7]e6|s5]al3][2]1]0
Byte data Address L MSB: :LSB
Word data Address 2M MSB: ‘
Address 2M + 1 - :LSB
Address 2N MSB:
Longword data Address 2N + 1 ‘
Address 2N + 2
Address 2N + 3 LSB

Figure2.8 Memory Data Formats

When ER7 (SP) is used as an address register to access the stack, the operand size should be word
size or longword size.

Rev. 3.00 Sep 14, 2005 page 29 of 910
REJ09B0258-0300
RENESAS




Section 2 CPU

2.6 Instruction Set

26.1 Instruction Set Overview
The H8/300H CPU has 62 types of instructions, which are classified in table 2.1.

Table2.1 Instruction Classification

Function Instruction Types

Data transfer MOV, PUSH*!, POP*!, MOVTPE*?, MOVFPE*?2 3

Arithmetic operations ADD, SUB, ADDX, SUBX, INC, DEC, ADDS, SUBS, DAA, DAS, 18
MULXU, MULXS, DIVXU, DIVXS, CMP, NEG, EXTS, EXTU

Logic operations AND, OR, XOR, NOT 4

Shift operations SHAL, SHAR, SHLL, SHLR, ROTL, ROTR, ROTXL, ROTXR 8

Bit manipulation BSET, BCLR, BNOT, BTST, BAND, BIAND, BOR, BIOR, BXOR, 14
BIXOR, BLD, BILD, BST, BIST

Branch Bcc*®, JMP, BSR, JSR, RTS 5

System control TRAPA, RTE, SLEEP, LDC, STC, ANDC, ORC, XORC, NOP 9

Block data transfer EEPMOV 1

Total 62 types
Notes: 1. POP.W Rn is identical to MOV.W @SP+, Rn.
PUSH.W Rn is identical to MOV.W Rn, @-SP.
POP.L ERn is identical to MOV.L @SP+, Rn.
PUSH.L ERn is identical to MOV.L Rn, @—-SP.
2. Not available in the H8/3068F.
3. Bccis a generic branching instruction.
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2.6.2

Instructions and Addressing M odes

Table 2.2 indicates the instructions available in the H8/300H CPU.

Table2.2 Instructionsand Addressing M odes
Addressing Modes
@ @ @ @
(d:16, (d:24, @ERn+/ @ @ @ (d:8, (d:16, @@

Function Instruction #xx Rn @ERn ERn) ERn) @-ERn aa:8 aa:l6 aa24 PC) PC) aa:8 —
Data MOV BWL BWL BWL BWL BWL BWL B BWL BWL — — — —
anster - Toop push — — — — —  _— _ - - - - w

MOVFPE, — — — — — — — — — — - — —

MOVTPE
Arithmetic ADD, CMP BWL BWL — — — — — —_ — — — — —
operations SUB WL BWL  — — — — — — — — — — —

ADDX, SUBX B B — — — — — —_ — — — — —

ADDS, SUBS — L — — — — — —_ — — — — —

INC, DEC — BWL — — — — — — — — — — —

DAA, DAS — B — — — — — —_ — — — — —

MULXU, — BW — — — —_ —_ — — — — — —

MULXS,

DIVXU,

DIVXS

NEG —_ BWL —_ —_ — — — — — — — — —

EXTU, EXTS —_ wL —_ —_ — — —_ — — — — — —
Logic AND, OR, XOR — BWL —_ —_ — — — —_ — — — — —
operations NOT — BWL  — — — — — — — — — — —
Shift instructions - BWL — - — — — — — — — — —
Bit manipulation — B B — — — B — — — — — —
Branch Bcc, BSR — — — — — — — — — — — — _

JMP, JSR — — O — — — — — — O O — _

RTS — - - - - - — — O — - O —
System TRAPA — — — — — — — — — _ _ _ O
control RTE — — — — — — — — — — — — o

SLEEP — — — — —_ — — — — — —_ — O

LDC B B w w w w — w w — — — O

STC —_ B w w w w — w w — — —_ —_

ANDC, ORC, B — — — — —_ — — — — — —_ —

XORC

NOP — — — — — — — — — — - — O
Block data transfer — — — — — — — — — — — — BW
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2.6.3 Tablesof Instructions Classified by Function

Tables 2.3 to 2.10 summarize the instructions in each functional category. The operation notation
used in these tables is defined next.

Operation Notation

Rd General register (destination)*

Rs General register (source)*

Rn General register*

ERn General register (32-bit register or address register)
(EAd) Destination operand

(EAS) Source operand

CCR Condition code register

N N (negative) flag of CCR

Z Z (zero) flag of CCR

\% V (overflow) flag of CCR
C C (carry) flag of CCR

PC Program counter

SP Stack pointer

#IMM Immediate data

disp Displacement

+ Addition

- Subtraction

x Multiplication

+ Division

O AND logical

O OR logical

O Exclusive OR logical

- Move

- NOT (logical complement)
:3/:8/:16/:24 3-, 8-, 16-, or 24-bit length

Note: * General registers include 8-bit registers (ROH to R7H, ROL to R7L), 16-bit registers (RO to
R7, EO to E7), and 32-bit data or address registers (ERO to ER7).
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Table2.3 Data Transfer Instructions

Instruction Size*

Function

MOV B/W/L

(EAs) - Rd, Rs - (EAd)

Moves data between two general registers or between a general register and
memory, or moves immediate data to a general register.

MOVFPE B (EAs) - Rd
Cannot be used in this LSI.
MOVTPE B Rs - (EASs)
Cannot be used in this LSI.
POP W/L @SP+ - Rn
Pops a general register from the stack. POP.W Rn is identical to MOV.W
@SP+, Rn. Similarly, POP.L ERn is identical to MOV.L @SP+, ERn.
PUSH WIL Rn - @-SP

Pushes a general register onto the stack. PUSH.W Rn is identical to MOV.W
Rn, @-SP. Similarly, PUSH.L ERn is identical to MOV.L ERn, @-SP.

Note: * Size refers to the operand size.

B: Byte
W: Word
L: Longword
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Table2.4 Arithmetic Operation Instructions

Instruction Size*

Function

ADD,SUB B/W/L Rdz*Rs - Rd, Rd +#IMM - Rd
Performs addition or subtraction on data in two general registers, or on
immediate data and data in a general register. (Immediate byte data cannot
be subtracted from data in a general register. Use the SUBX or ADD
instruction.)

ADDX, B Rd+Rs+C - Rd, Rd+#IMM = C - Rd

SUBX Performs addition or subtraction with carry or borrow on data in two general
registers, or on immediate data and data in a general register.

INC, B/W/L Rd+1 - Rd,Rd+2 - Rd

DEC Increments or decrements a general register by 1 or 2. (Byte operands can
be incremented or decremented by 1 only.)

ADDS, L Rd+1 - Rd,Rd+2 - Rd,Rd+4 - Rd

SUBS Adds or subtracts the value 1, 2, or 4 to or from data in a 32-bit register.

DAA, B Rd decimal adjust - Rd

DAS Decimal-adjusts an addition or subtraction result in a general register by
referring to CCR to produce 4-bit BCD data.

MULXU B/W Rd xRs - Rd
Performs unsigned multiplication on data in two general registers:
either 8 bits x 8 bits — 16 bits or 16 bits x 16 bits - 32 bits.

MULXS B/W Rd xRs - Rd
Performs signed multiplication on data in two general registers:
either 8 bits x 8 bits — 16 bits or 16 bits x 16 bits — 32 bits.

DIVXU B/W Rd +Rs - Rd
Performs unsigned division on data in two general registers: either 16 bits +
8 bits - 8-bit quotient and 8-bit remainder or 32 bits + 16 bits - 16-bit
quotient and 16-bit remainder

DIVXS B/W Rd +Rs - Rd
Performs signed division on data in two general registers: either 16 bits + 8
bits - 8-bit quotient and 8-bit remainder, or 32 bits + 16 bits - 16-bit
quotient and 16-bit remainder

CMP B/W/L Rd-Rs, Rd - #IMM
Compares data in a general register with data in another general register or
with immediate data, and sets CCR according to the result.

NEG B/W/L 0-Rd - Rd

Takes the two’s complement (arithmetic complement) of data in a general
register.
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Instruction Size* Function

EXTS Wi/L Rd (sign extension) —» Rd

Extends byte data in the lower 8 bits of a 16-bit register to word data, or
extends word data in the lower 16 bits of a 32-bit register to longword data,
by extending the sign bit.

EXTU W/L Rd (zero extension) —» Rd

Extends byte data in the lower 8 bits of a 16-bit register to word data, or
extends word data in the lower 16 bits of a 32-bit register to longword data,
by padding with zeros.

Note: * Size refers to the operand size.
B: Byte
W: Word
L: Longword

Table2.5 Logic Operation Instructions

Instruction Size*  Function

AND B/W/L RdORs - Rd, Rd O#IMM - Rd

Performs a logical AND operation on a general register and another general
register or immediate data.

OR B/W/L RdORs - Rd, Rd O#IMM - Rd

Performs a logical OR operation on a general register and another general
register or immediate data.

XOR B/W/L RdORs - Rd,Rd O#MM - Rd

Performs a logical exclusive OR operation on a general register and another
general register or immediate data.

NOT B/W/L -Rd - Rd

Takes the one's complement (logical complement) of general register
contents.

Note: * Size refers to the operand size.
B: Byte
W: Word
L: Longword
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Table2.6  Shift Instructions

Instruction Size*

Function

SHAL, B/W/L Rd (shift) - Rd

SHAR Performs an arithmetic shift on general register contents.
SHLL, B/W/L Rd (shift) - Rd

SHLR Performs a logical shift on general register contents.
ROTL, B/W/L Rd (rotate) - Rd

ROTR

Rotates general register contents.

ROTXL, B/WI/L
ROTXR

Rd (rotate) - Rd
Rotates general register contents, including the carry bit.

Note: * Size refers to the operand size.

B: Byte
W: Word
L: Longword
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Table2.7 Bit Manipulation Instructions

Instruction Size* Function

BSET B 1 - (<bit-No.> of <EAd>)

Sets a specified bit in a general register or memory operand to 1. The bit
number is specified by 3-bit immediate data or the lower 3 bits of a general
register.

BCLR B 0 — (<bit-No.> of <EAd>)

Clears a specified bit in a general register or memory operand to 0. The bit
number is specified by 3-bit immediate data or the lower 3 bits of a general
register.

BNOT B = (<bit-No.> of <EAd>) - (<bit-No.> of <EAd>)

Inverts a specified bit in a general register or memory operand. The bit
number is specified by 3-bit immediate data or the lower 3 bits of a general
register.

BTST B = (<bit-No.> of <EAd>) - Z

Tests a specified bit in a general register or memory operand and sets or
clears the Z flag accordingly. The bit number is specified by 3-bit immediate
data or the lower 3 bits of a general register.

BAND B C O (<bit-No.> of <EAd>) — C

ANDs the carry flag with a specified bit in a general register or memory
operand and stores the result in the carry flag.

BIAND B C O[~ (<bit-No.> of <EAd>)] — C

ANDs the carry flag with the inverse of a specified bit in a general register or
memory operand and stores the result in the carry flag.

The bit number is specified by 3-bit immediate data.

BOR B C O(<bit-No.> of <EAd>) - C

ORs the carry flag with a specified bit in a general register or memory
operand and stores the result in the carry flag.

BIOR B C UO[~ (<bit-No.> of <EAd>)] - C

ORs the carry flag with the inverse of a specified bit in a general register or
memory operand and stores the result in the carry flag.

The bit number is specified by 3-bit immediate data.

BXOR B C O (<bit-No.> of <EAd>) - C

Exclusive-ORs the carry flag with a specified bit in a general register or
memory operand and stores the result in the carry flag.
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Instruction Size*

Function

BIXOR B C O [~ (<hit-No.> of <EAd>)] -~ C
Exclusive-ORs the carry flag with the inverse of a specified bit in a general
register or memory operand and stores the result in the carry flag.
The bit number is specified by 3-bit immediate data.

BLD B (<bit-No.> of <EAd>) - C
Transfers a specified bit in a general register or memory operand to the carry
flag.

BILD B = (<bit-No.> of <EAd>) - C
Transfers the inverse of a specified bit in a general register or memory
operand to the carry flag.
The bit number is specified by 3-bit immediate data.

BST B C - (<bit-No.> of <EAd>)
Transfers the carry flag value to a specified bit in a general register or
memory operand.

BIST B C - = (<bit-No.> of <EAd>)

Transfers the inverse of the carry flag value to a specified bit in a general
register or memory operand.

The bit number is specified by 3-bit immediate data.

Note: * Size refers to the operand size.

B: Byte
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Table2.8

Instruction Size

Branching Instructions

Function

Bcc — Branches to a specified address if address specified condition is met. The
branching conditions are listed below.
Mnemonic Description Condition
BRA (BT) Always (true) Always
BRN (BF) Never (false) Never
BHI High cOz=0
BLS Low or same cz=1
Bcc (BHS) Carry clear (high orsame) C=0
BCS (BLO) Carry set (low) c=1
BNE Not equal Z=0
BEQ Equal zZ=1
BvVC Overflow clear V=0
BVS Overflow set V=1
BPL Plus N=0
BMI Minus N=1
BGE Greater or equal NOV=0
BLT Less than NOV=1
BGT Greater than ZONOV)=0
BLE Less or equal ZzONNOV)=1
JMP — Branches unconditionally to a specified address
BSR — Branches to a subroutine at a specified address
JSR — Branches to a subroutine at a specified address
RTS — Returns from a subroutine
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Table2.9

Instruction Size*

System Control Instructions

Function

TRAPA — Starts trap-instruction exception handling

RTE — Returns from an exception-handling routine

SLEEP — Causes a transition to the power-down state

LDC B/W (EAs) - CCR
Moves the source operand contents to the condition code register. The
condition code register size is one byte, but in transfer from memory, data is
read by word access.

STC B/W CCR - (EAd)
Transfers the CCR contents to a destination location. The condition code
register size is one byte, but in transfer to memory, data is written by word
access.

ANDC B CCR O#IMM - CCR
Logically ANDs the condition code register with immediate data.

ORC B CCR O#IMM - CCR
Logically ORs the condition code register with immediate data.

XORC B CCR O #IMM - CCR
Logically exclusive-ORs the condition code register with immediate data.

NOP — PC+2 - PC

Only increments the program counter.

Note: * Size refers to the operand size.
B: Byte
W: Word
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Table2.10 Block Transfer Instruction

Instruction  Size Function

EEPMOV.B — if R4L # 0 then
repeat @ER5+ -~ @ERG6+,R4L -1 - R4L
until R4L=0
else next;

EEPMOV.W — if R4 # 0 then
repeat @ER5+ . @ER6+,R4-1 - R4
until R4=0
else next;

Block transfer instruction. This instruction transfers the number of data bytes
specified by R4L or R4, starting from the address indicated by ERS5, to the
location starting at the address indicated by ER6. At the end of the transfer,
the next instruction is executed.

2.6.4 Basic | nstruction Formats

The H8/300H instructions consist of 2-byte (1-word) units. An instruction consists of an
operation field (OP field), aregister field (r field), an effective address extension (EA field), and a
condition field (cc).

Operation Field: Indicates the function of the instruction, the addressing mode, and the
operation to be carried out on the operand. The operation field always includes the first 4 bits of
the instruction. Some instructions have two operation fields.

Register Field: Specifies ageneral register. Address registers are specified by 3 bits, data
registers by 3 bits or 4 bits. Some instructions have two register fields. Some have no register
field.

Effective Address Extension: Eight, 16, or 32 bits specifying immediate data, an absolute
address, or a displacement. A 24-bit address or displacement is treated as 32-bit datain which the
first 8 hitsare 0 (H'00).

Condition Field: Specifies the branching condition of Bcc instructions.

Figure 2.9 shows examples of instruction formats.

Rev. 3.00 Sep 14, 2005 page 41 of 910
REJ09B0258-0300
RENESAS



Section 2 CPU

Operation field only

| op | NOP, RTS, etc.

Operation field and register fields

| op ‘ m ‘ rm | ADD.B Rn, Rm, etc.

Operation field, register fields, and effective address extension

op ‘ m ‘ rm

MOV.B @(d:16, Rn), Rm

EA (disp)

Operation field, effective address extension, and condition field

op cc ‘ EA (disp) BRA d:8

Figure2.9 Instruction Formats

2.6.5 Notes on Use of Bit Manipulation Instructions

The BSET, BCLR, BNOT, BST, and BIST instructions read a byte of data, modify abit in the
byte, then write the byte back. Care is required when these instructions are used to access
registers with write-only bits, or to access ports.

Step Description

1 Read Read one data byte at the specified address

2 Modify Modify one bit in the data byte

3 Write Write the modified data byte back to the specified address

Example 1. BCLR is executed to clear bit 0 in the port 4 data direction register (P4DDR) under
the following conditions.

P47, Pdg:  Input pins
P45 — P4y:  Output pins

Theintended purpose of this BCLR instruction is to switch P4 from output to input.
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Befor e Execution of BCLR Instruction

P4, P4g P4g P4, P43 P4, P4, P4q
Input/output  Input Input Output  Output  Output  Output  Output  Output
DDR 0 0 1 1 1 1 1 1

Execution of BCLR Instruction
BCLR #0, @PADDR ;Clear bit 0 in data direction register

After Execution of BCLR Instruction

P4, P4g P4g P4, P43 P4, P4, P4o
Input/output ~ Output  Output  Output Output Output Output Output Input
DDR 1 1 1 1 1 1 1 0

Explanation: To execute the BCLR instruction, the CPU begins by reading PADDR. Since
PADDR is awrite-only register, it isread as H'FF, even though its true value is H'3F.

Next the CPU clears bit 0 of the read data, changing the value to H'FE.
Finaly, the CPU writes this value (H'FE) back to PADDR to complete the BCLR instruction.

Asaresult, P4gDDR is cleared to 0, making P4q an input pin. In addition, P4;DDR and P4gDDR
are set to 1, making P47 and P4g output pins.

The BCLR instruction can be used to clear flagsin the on-chip registersto 0. In an interrupt-
handling routine, for example, if it is known that the flag is set to 1, it is not necessary to read the
flag ahead of time.
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2.7 Addressing M odes and Effective Address Calculation

271 Addressing M odes

The H8/300H CPU supports the eight addressing modes listed in table 2.11. Each instruction uses
asubset of these addressing modes. Arithmetic and logic instructions can use the register direct
and immediate modes. Data transfer instructions can use al addressing modes except program-
counter relative and memory indirect. Bit manipulation instructions use register direct, register
indirect, or absolute (@aa.8) addressing mode to specify an operand, and register direct (BSET,
BCLR, BNOT, and BTST instructions) or immediate (3-bit) addressing mode to specify abit
number in the operand.

Table2.11 Addressing Modes

No. Addressing Mode Symbol
1 Register direct Rn
2 Register indirect @ERN
3 Register indirect with displacement @(d:16, ERn)/@(d:24, ERn)
4 Register indirect with post-increment @ERN+
Register indirect with pre-decrement @-ERn
5 Absolute address @aa:8/@aa:16/@aa:24
6 Immediate #xX:8/#xx: 16/#xx:32
7 Program-counter relative @(d:8, PC)/@(d:16, PC)
8 Memory indirect @@aa:8

1 Register Direct—Rn: Theregister field of the instruction code specifies an 8-, 16-, or 32-bit
register containing the operand. ROH to R7H and ROL to R7L can be specified as 8-bit registers.
RO to R7 and EO to E7 can be specified as 16-hit registers. ERO to ER7 can be specified as 32-bit
registers.

2 Register Indirect—@ERnN: The register field of the instruction code specifies an address
register (ERnN), the lower 24 bits of which contain the address of the operand.

3 Register Indirect with Displacement—@(d: 16, ERn) or @(d:24, ERn): A 16-bit or 24-bit
displacement contained in the instruction code is added to the contents of an address register
(ERnN) specified by the register field of the instruction, and the lower 24 bits of the sum specify
the address of a memory operand. A 16-bit displacement is sign-extended when added.
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4 Register Indirect with Post-Increment or Pre-Decrement—@ERN+ or @—ERnN:

* Register indirect with post-increment—@ERN+
The register field of the instruction code specifies an address register (ERn) the lower 24 bits
of which contain the address of a memory operand. After the operand is accessed, 1, 2, or 4is
added to the address register contents (32 bits) and the sum is stored in the address register.
The value added is 1 for byte access, 2 for word access, or 4 for longword access. For word or
longword access, the register value should be even.

* Register indirect with pre-decrement—@-ERn

Thevalue 1, 2, or 4 is subtracted from an address register (ERn) specified by the register field
in the instruction code, and the lower 24 bits of the result become the address of a memory
operand. Theresult is also stored in the address register. The value subtracted is 1 for byte
access, 2 for word access, or 4 for longword access. For word or longword access, the
resulting register value should be even.

5 Absolute Address—@aa: 8, @aa: 16, or @aa: 24: The instruction code contains the absolute
address of a memory operand. The absolute address may be 8 hits long (@aa:8), 16 bits long
(@aa:16), or 24 bits long (@aa:24). For an 8-hit absolute address, the upper 16 bits are all
assumed to be 1 (H'FFFF). For a 16-bit absolute address the upper 8 bits are asign extension. A
24-hit absolute address can access the entire address space. Table 2.12 indicates the accessible
address ranges.

Table2.12 Absolute Address Access Ranges

Absolute
Address 1-Mbyte Modes 16-Mbyte Modes
8 bits (@aa:8) H'FFFOO0 to H'FFFFF H'FFFFOO0 to H'FFFFFF
(1048320 to 1048575) (16776960 to 16777215)
16 bits (@aa:16) H'00000 to H'07FFF, H'000000 to H'007FFF,
H'F8000 to H'FFFFF H'FF8000 to H'FFFFFF
(0 to 32767, 1015808 to 1048575) (0to 32767, 16744448 to 16777215)
24 bits (@aa:24) H'00000 to H'FFFFF H'000000 to H'FFFFFF
(0 to 1048575) (0 to 16777215)

6 Immediate—#xx:8, #xX: 16, or #xx:32: Theinstruction code contains 8-bit (#xx:8), 16-hit
(#xx:16), or 32-hit (#xx:32) immediate data as an operand.

Theinstruction codes of the ADDS, SUBS, INC, and DEC instructions contain immediate data
implicitly. Theinstruction codes of some bit manipulation instructions contain 3-bit immediate
data specifying a bit number. The TRAPA instruction code contains 2-bit immediate data
specifying a vector address.
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7 Program-Counter Relative—@(d: 8, PC) or @(d: 16, PC): Thismodeis used in the Bcc and
BSR instructions. An 8-bit or 16-bit displacement contained in the instruction codeis sign-
extended to 24 bits and added to the 24-bit PC contents to generate a 24-bit branch address. The
PC value to which the displacement is added is the address of the first byte of the next instruction,
s0 the possible branching range is—126 to +128 bytes (—63 to +64 words) or —32766 to

+32768 bytes (—16383 to +16384 words) from the branch instruction. The resulting value should
be an even number.

8 Memory Indirect—@@aa: 8: This mode can be used by the IMP and JSR instructions. The
instruction code contains an 8-bit absolute address specifying a memory operand. This memory
operand contains a branch address. The memory operand is accessed by longword access. The
first byte of the memory operand is ignored, generating a 24-bit branch address. See figure 2.10.
The upper bits of the 8-bit absolute address are assumed to be 0 (H'0000), so the address range is
0 to 255 (H'000000 to H'0000FF). Note that the first part of this rangeis also the exception vector
area. For further details see section 5, Interrupt Controller.

/\/

Specified by @aa:8 — Reserved

Figure2.10 Memory-Indirect Branch Address Specification

When aword-size or longword-size memory operand is specified, or when abranch addressis
specified, if the specified memory addressis odd, the least significant bit is regarded as 0. The
accessed data or instruction code therefore begins at the preceding address. See section 2.5.2,
Memory Data Formats.

2.7.2 Effective Address Calculation

Table 2.13 explains how an effective address is calculated in each addressing mode. In the
1-Mbyte operating modes the upper 4 bits of the calculated address are ignored in order to
generate a 20-bit effective address.
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2.8 Processing States

2.8.1 Overview

The H8/300H CPU has five processing states. the program execution state, exception-handling
state, power-down state, reset state, and bus-released state. The power-down state includes sleep

mode, software standby mode, and hardware standby mode. Figure 2.11 classifies the processing
states. Figure 2.13 indicates the state transitions.

Processing states k% Program execution state |

The CPU executes program instructions in sequence

% Exception-handling state |

A transient state in which the CPU executes a hardware sequence
(saving PC and CCR, fetching a vector, etc.) in response to a reset,
interrupt, or other exception

% Bus-released state |

The external bus has been released in response to a bus request
signal from a bus master other than the CPU

% Reset state |

The CPU and all on-chip supporting modules are initialized and halted

% Power-down state Sleep mode ‘

The CPU is halted to conserve power

Software standby mode ‘

Hardware standby mode ‘

Figure2.11 Processing States
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2.8.2 Program Execution State

In this state the CPU executes program instructions in normal sequence.

283 Exception-Handling State

The exception-handling state is atransient state that occurs when the CPU alters the normal
program flow due to areset, interrupt, or trap instruction. The CPU fetches a starting address
from the exception vector table and branches to that address. In interrupt and trap exception
handling the CPU references the stack pointer (ER7) and saves the program counter and
condition code register.

Types of Exception Handling and Their Priority: Exception handling is performed for resets,
interrupts, and trap instructions. Table 2.14 indicates the types of exception handling and their
priority. Trap instruction exceptions are accepted at all timesin the program execution state.

Table2.14 Exception Handling Typesand Priority

Priority Type of Exception Detection Timing Start of Exception Handling
High Reset Synchronized with clock  Exception handling starts immediately
when RES changes from low to high
Interrupt End of instruction When an interrupt is requested,
execution or end of exception handling starts at the end of
exception handling* the current instruction or current
exception-handling sequence
Trap instruction When TRAPA instruction Exception handling starts when a trap
Low is executed (TRAPA) instruction is executed

Note: * Interrupts are not detected at the end of the ANDC, ORC, XORC, and LDC instructions,
or immediately after reset exception handling.

Figure 2.12 classifies the exception sources. For further details about exception sources, vector
numbers, and vector addresses, see section 4, Exception Handling, and section 5, Interrupt
Controller.
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Reset
External interrupts
Exception
sources Interrupt
Internal interrupts (from on-chip supporting modules)
Trap instruction
Figure2.12 Classification of Exception Sources
Bus request
End of bus release
End of bus Program execution State)SLEEP
release instruction
Bus with SSBY = 0
request / /N oS- Thooood
Exception y
handling source
Bus-released state Sleep mode
End of Interrupf source SLEEP instruction
exception with SSBY = 1
handling

NMI, IRQg, IRQ 4,
or IRQ interrupt

> oftware standby mode >

KS

<Exception-handling state |
i

RES = "High"

STBY="High", RES ="Low"
C Reset state *1 >=

Gardware standby mode a

Power-down state

Notes: 1. From any state except hardware standby mode, a transition to the reset state occurs
whenever RES goes low.
2. From any state, a transition to hardware standby mode occurs whenSTBY goes low.

Figure2.13 State Transitions
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284 Exception-Handling Sequences

Reset Exception Handling: Reset exception handling has the highest priority. The reset stateis
entered when the RES signal goes low. Reset exception handling starts after that, when RES
changes from low to high. When reset exception handling starts the CPU fetches a start address
from the exception vector table and starts program execution from that address. All interrupts,
including NMI, are disabled during the reset exception-handling sequence and immediately after
it ends.

Interrupt Exception Handling and Trap I nstruction Exception Handling: When these
exception-handling sequences begin, the CPU references the stack pointer (ER7) and pushes the
program counter and condition code register on the stack. Next, if the UE bit in the system
control register (SY SCR) is set to 1, the CPU setsthe | bit in the condition code register to 1. If
the UE bit is cleared to 0, the CPU sets both the | bit and the Ul bit in the condition code register
to 1. Then the CPU fetches a start address from the exception vector table and execution
branches to that address.

Figure 2.14 shows the stack after the exception-handling sequence.
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J\ J\

SP-4 SP (ER7) — CCR
SP-3 SP+1
SP-2 SP+2 PC
SP-1 SP+3
SP (ER7) -1 Stack area SP+4 Even

n address

¥/\ f

Before exception » After exception
handling starts Pushed on stack handling ends

Legend
CCR: Condition code register
SP:  Stack pointer

Notes: 1. PC is the address of the first instruction executed after the return from the
exception-handling routine.
2. Registers must be saved and restored by word access or longword access,
starting at an even address.

Figure2.14 Stack Structure after Exception Handling

2.85 Bus-Released State

In this state the bus is released to a bus master other than the CPU, in response to a bus request.
The bus masters other than the CPU are the DMA controller, the DRAM interface, and an
external bus master. While the bus is released, the CPU halts except for internal operations.
Interrupt requests are not accepted. For details see section 6.10, Bus Arbiter.

2.8.6 Reset State

When the RES input goes low all current processing stops and the CPU enters the reset state. The
| bit in the condition code register is set to 1 by areset. All interrupts are masked in the reset
state. Reset exception handling starts when the RES signal changes from low to high.

Thereset state can also be entered by a watchdog timer overflow. For details see section 12,
Watchdog Timer.
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2.8.7 Power-Down State

In the power-down state the CPU stops operating to conserve power. There are three modes:
sleep mode, software standby mode, and hardware standby mode.

Sleep M ode: A transition to sleep mode is made if the SLEEP instruction is executed while the
SSBY bhit is cleared to 0 in the system control register (SY SCR). CPU operations stop
immediately after execution of the SLEEP instruction, but the contents of CPU registers are
retained.

Softwar e Standby M ode: A transition to software standby mode is made if the SLEEP
instruction is executed while the SSBY bit isset to 1 in SY SCR. The CPU and clock halt and all
on-chip supporting modules stop operating. The on-chip supporting modules are reset, but as long
as a specified voltage is supplied the contents of CPU registers and on-chip RAM are retained.
The 1/O ports also remain in their existing states.

Har dwar e Standby M ode: A transition to hardware standby mode is made when the STBY
input goes low. As in software standby mode, the CPU and all clocks halt and the on-chip
supporting modules are reset, but as long as a specified voltage is supplied, on-chip RAM
contents are retained.

For further information see section 20, Power-Down State.
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2.9 Basic Operational Timing

29.1 Overview

The H8/300H CPU operates according to the system clock (@). The interval from onerise of the
system clock to the next riseisreferred to asa“ state.” A memory cycle or bus cycle consists of
two or three states. The CPU uses different methods to access on-chip memory, the on-chip
supporting modules, and the external address space. Access to the external address space can be
controlled by the bus controller.

292 On-Chip Memory Access Timing

On-chip memory is accessed in two states. The data busis 16 bits wide, permitting both byte and
word access. Figure 2.15 shows the on-chip memory access cycle. Figure 2.16 indicates the pin
states.

Bus cycle

|
|
|

-+— T, state %TZ state —»

: B U W

Internal address bus >< Address ><

Internal read signal \ /
Internal data bus ‘ : ‘
(read access) 1> < Read data >—

Internal write signal \—/—

Internal data bus -
(write access) > < _Write data >—

Figure2.15 On-Chip Memory Access Cycle
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<p I U SV

Address bus >< Add‘ress ><

AS, RD, HWR, LWR

High imbedance
Dy5to Do 1

Figure2.16 Pin Statesduring On-Chip Memory Access

293 On-Chip Supporting M odule Access Timing

The on-chip supporting modules are accessed in three states. The data busis 8 or 16 bits wide,
depending on the internal 1/0 register being accessed. Figure 2.17 shows the on-chip supporting
module access timing. Figure 2.18 indicates the pin states.

Bus cycle

|
|
[ -
- !
|
|
|

-«+—T, state —»=«—T,state —»«— T3 state —»

Q M/—\—/_

Address bus >< Address

Internal read signal : \ ! / ‘
Read ! ‘ :
access | | data b ! ‘ !
nternal data bus :>_< Read da;a :
Internal write signal \ ‘\ ‘ / |
Write ! ! ; ;
access ! ! ; |
Internal data bus :>—< Write data )—

Figure2.17 Access Cyclefor On-Chip Supporting Modules
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Address bus >< Address X

High

High impedance

D15 to Dg

Figure2.18 Pin Statesduring Accessto On-Chip Supporting M odules

294 Accessto External Address Space

The external address spaceis divided into eight areas (areas 0 to 7). Bus-controller settings
determine whether each areais accessed via an 8-bit or 16-bit bus, and whether it is accessed in
two or three states. For details see section 6, Bus Controller.
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Section 3 MCU Operating Modes

3.1 Overview

311 Operating M ode Selection

The H8/3068F has seven operating modes (modes 1 to 7) that are selected by the mode pins (MD,
to MD) asindicated in table 3.1. The input at these pins determines the size of the address space
and theinitial bus mode.

Table3.1 Operating Mode Selection

Description
Operating Mode Pins Initial Bus On-Chip  On-Chip
Mode MD, MD; MDg Address Space Mode** ROM RAM
— 0 0 0 — — — —
Mode 1 0 0 1 Expanded mode 8 hits Disabled Enabled*?
Mode 2 0 1 0 Expanded mode 16 bits Disabled Enabled*?
Mode 3 0 1 1 Expanded mode 8 hits Disabled  Enabled*?
Mode 4 1 0 0 Expanded mode 16 bits Disabled  Enabled*?
Mode 5 1 0 1 Expanded mode 8 hits Enabled  Enabled*?
Mode 6 1 1 0 Single-chip normal mode — Enabled  Enabled
Mode 7 1 1 1 Single-chip advanced — Enabled Enabled

mode

Notes: 1. In modes 1to 5, an 8-bit or 16-bit data bus can be selected on a per-area basis by
settings made in the area bus width control register (ABWCR). For details see
section 6, Bus Controller.

2. If the RAME bit in SYSCR is cleared to 0, these addresses become external
addresses.

For the address space size there are three choices: 64 kbytes, 1 Mbyte, or 16 Mbyte.The external
databusis either 8 or 16 bits wide depending on ABWCR settings. If 8-bit accessis selected for
al areas, 8-bit bus mode is used. For details see section 6, Bus Controller.

Modes 1 to 4 are externally expanded modes that enable access to external memory and
peripheral devices and disable access to the on-chip ROM. Modes 1 and 2 support a maximum
address space of 1 Mbyte. Modes 3 and 4 support a maximum address space of 16 Mbytes.
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Mode 5 is an externally expanded mode that enables access to external memory and peripheral
devices and also enables access to the on-chip ROM. Mode 5 supports a maximum address space
of 16 Mbytes.

Modes 6 and 7 are single-chip modes that operate using the on-chip ROM, RAM, and registers,
and makes all 1/O ports available. Mode 6 supports a maximum address space of 64 kbytes. Mode
7 supports a maximum address space of 1 Mbyte.

The H8/3068F can be used only in modes 1 to 7. The inputs at the mode pins must select one of
these seven modes. The inputs at the mode pins must not be changed during operation.

312 Register Configuration

The H8/3068F has a mode control register (MDCR) that indicates the inputs at the mode pins
(MD, to MDy), and a system control register (SY SCR). Table 3.2 summarizes these registers.

Table3.2 Registers

Address* Name Abbreviation R/W Initial Value
H'EEO11 Mode control register MDCR R Undetermined
H'EEO012 System control register SYSCR R/W H'09

Note: * Lower 20 bits of the address in advanced mode.
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3.2 Mode Control Register (MDCR)

MDCR is an 8-bit read-only register that indicates the current operating mode of the
H8/3068F.

Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ — ‘ — ‘ — ‘ MDS2 ‘ MDS1 ‘ MDSO0
Initial value 1 1 0 0 0 —* —* —*
Read/Write — — — — — R R R
Reserved bits Reserved bits Mode select 2to 0

Bits indicating the current
operating mode

Note: * Determined by pins MD, to MDg,.

Bits 7 and 6—Reserved: These bits can not be modified and are always read as 1.
Bits5to 3—Reserved: These bits can not be modified and are aways read as 0.

Bits2to 0—Mode Select 2to 0 (MDS2 to M DS0): These bits indicate the logic levels at pins
MD, to MD, (the current operating mode). MDS2 to MDSO0 correspond to MD; to MDy. MDS2 to
MDS0 are read-only bits. The mode pin (MD, to M D) levels are latched into these bits when
MDCR isread.
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3.3 System Control Register (SYSCR)

SY SCR isan 8-hit register that controls the operation of the H8/3068F.

Bit 7 6 5 4 3 2 1 0
‘ SSBY ‘ STS2 ‘ STS1 ‘ STSO ‘ UE ‘NMIEG‘ SSOE ‘ RAME ‘
Initial value 0 0 0 0 1 0 0 1
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
RAM enable
Enables or
disables
on-chip RAM

Software standby output
port enable

Selects the output state

of the address bus

and bus control signals

in software standby mode

NMI edge select
Selects the valid edge
of the NMI input

User bit enable
Selects whether to use the Ul bit in CCR
as a user bit or an interrupt mask bit

Standby timer select 2to 0
These bits select the waiting time at
recovery from software standby mode

Software standby
Enables transition to software standby mode

Bit 7—Software Standby (SSBY): Enables transition to software standby mode. (For further
information about software standby mode see section 20, Power-Down State.)

When software standby mode is exited by an external interrupt, this bit remains set to 1. To clear
this bit, write 0.

Bit 7

SSBY Description

0 SLEEP instruction causes transition to sleep mode (Initial value)
1 SLEEP instruction causes transition to software standby mode
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Bits6to 4—Standby Timer Select 2to 0 (STS2to STS0): These hits select the length of time
the CPU and on-chip supporting modules wait for the internal clock oscillator to settle when
software standby mode is exited by an external interrupt.

When using a crystal oscillator, set these bits so that the waiting time will be at least 7 ms at the
system clock rate.

For further information about waiting time selection, see section 20.4.3, Selection of Waiting
Time for Exit from Software Standby Mode.

Bit 6 Bit 5 Bit 4
STS2 STS1 STSO Description

Waiting time = 8,192 states (Initial value)
Waiting time = 16,384 states

Waiting time = 32,768 states

Waiting time = 65,536 states

Waiting time = 131,072 states
Waiting time = 262,144 states

Waiting time = 1,024 states

PP PP O O OO
PP O O|lFR,| kL, OO
P O R, Ok, O|lFr|O

lllegal setting

Bit 3—User Bit Enable (UE): Selects whether to use the Ul bit in the condition code register as
auser bit or an interrupt mask bit.

Bit 3

UE Description

0 Ul bit in CCR is used as an interrupt mask bit

1 Ul bitin CCR is used as a user hit (Initial value)

Bit 2—NM | Edge Select (NMIEG): Selectsthe valid edge of the NMI input.

Bit 2

NMIEG  Description

0 An interrupt is requested at the falling edge of NMI (Initial value)
1 An interrupt is requested at the rising edge of NMI

Rev. 3.00 Sep 14, 2005 page 63 of 910
REJ09B0258-0300
RENESAS



Section 3 MCU Operating Modes

Bit 1—Software Standby thpu_tPo_rt Enable (SSOE): Specifies whether the address bus and

bus control signals (CS, to CS;, AS, RD, HWR, LWR, UCAS, LCAS, and RFSH) are kept as
outputs or fixed high, or placed in the high-impedance state in software standby mode.

Bit 1

SSOE Description

0 In software standby mode, the address bus and bus control signals are all high-
impedance (Initial value)

1 In software standby mode, the address bus retains its output state and bus control

signals are fixed high

Bit 0—RAM Enable (RAME): Enables or disables the on-chip RAM. The RAME bhit is
initialized by the rising edge of the RES signal. It is not initialized in software standby mode.

Bit 0

RAME Description

0 On-chip RAM is disabled

1 On-chip RAM is enabled (Initial value)

34 Operating M ode Descriptions

34.1 Mode 1

Ports 1, 2, and 5 function as address pins Ag to A, permitting access to a maximum 1-Mbyte
address space. The initial bus mode after areset is 8 bits, with 8-bit accessto all areas. If at least
one areais designated for 16-bit accessin ABWCR, the bus mode switches to 16 bits.

34.2 Mode 2

Ports 1, 2, and 5 function as address pins Ag to A, permitting access to a maximum 1-Mbyte
address space. The initial bus mode after areset is 16 bits, with 16-bit accessto al areas. If all
areas are designated for 8-bit access in ABWCR, the bus mode switches to 8 bits.

343 Mode 3

Ports 1, 2, and 5 and part of port A function as address pins A3 to Ay, permitting accessto a
maximum 16-Mbyte address space. Theinitia bus mode after areset is 8 bits, with 8-bit access to
all areas. If at least one areais designated for 16-bit accessin ABWCR, the bus mode switches to
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16 hits. A3 to A, are valid when O iswritten in bits 7 to 5 of the bus release control register
(BRCR). (In thismode Ay is always used for address output.)

344 Mode 4

Ports 1, 2, and 5 and part of port A function as address pins Ay to Ay, permitting accessto a
maximum 16-Mbyte address space. Theinitial bus mode after areset is 16 bits, with 16-bit access
to al areas. If al areas are designated for 8-bit accessin ABWCR, the bus mode switches to

8 hits. A3 to Ay arevalid when O iswritten in bits 7 to 5 of BRCR. (In thismode A, is dways
used for address output.)

345 Mode5

Ports 1, 2, and 5 and part of port A can function as address pins A3 to Ag, permitting accessto a
maximum 16-Mbyte address space, but following areset they are input ports. To use ports 1, 2,
and 5 as an address bus, the corresponding bitsin their data direction registers (PLDDR, P2DDR,
and PSDDR) must be set to 1. For A,z to A, output, write 0 in bits 7 to 4 of BRCR. The initial
bus mode after areset is 8 bits, with 8-bit accessto all areas. If at least one areais designated for
16-bit accessin ABWCR, the bus mode switches to 16 bits.

3.4.6 Mode 6

This mode operates using the on-chip ROM, RAM, and registers. All 1/O ports are available.
Mode 6 supports a maximum address space of 64 kbytes.

347 Mode 7

This mode operates using the on-chip ROM, RAM, and registers. All 1/O ports are available.
Mode 7 supports a 1-Mbyte address space.
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35

Pin Functionsin Each Operating Mode

The pin functions of ports 1 to 5 and port A vary depending on the operating mode. Table 3.3
indicates their functionsin each operating mode.

Table 3.3 Pin Functionsin Each M ode

Port Mode 1 Mode 2 Mode 3 Mode 4 Mode 5 Mode 6 Mode 7
Portl Asto A, Ast0 A Az to A Az to A Pl,to P1;*> Pl,toPl, Pl;toPl,
Port2  AjstoAg Assto Ag Assto Ag Ajsto Ag P2, to P2o** P2,t0P2,  P2;to P2,
Port 3 Dis to Dg D5 to Dg Dss5 to Dg Dis5 to Dg Dis to Dg P37 to P3, P37 to P3g
Port4  P4;t0 P4e*" D;toDo*'  P4;t0 P4g*' D;toDe*'  P4;toP4e*' P4;t10P4y P4, to Pdg
Port5  Aggto Age Ajgto Asp Agto Asg A to Asg P5sto P5o** P53toP5,  P5sto P5,
PortA PA;toPA, PA;toPA, PAstoPA, PAstoPA, PA;to PA** PA;toPA, PA;toPA,
Ag*® Ag*®
Notes: 1. Initial state. The bus mode can be switched by settings in ABWCR. These pins function

as P4, to P4, in 8-bit bus mode, and as D to Dy in 16-bit bus mode.

2. Initial state. These pins become address output pins when the corresponding bits in

the data direction registers (P1DDR, P2DDR, P5DDR) are set to 1.

3. Initial state. Ay is always an address output pin. PAg to PA, are switched over to A,; to

A, output by writing 0 in bits 7 to 5 of BRCR.

4. Initial state. PA; to PA, are switched over to A,3 to A, output by writing 0 in bits 7 to 4

of BRCR.
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3.6 Memory Map in Each Operating Mode

Figure 3.1 to 3.2 show a memory maps of the H8/3068F. The address space is divided into eight
areas.

The EMC bit in BCR can be read and written to select either of the two memory maps. For
details, see section 6.2.5, Bus Control Register (BCR).

The initial bus mode differs between modes 1 and 2, and also between modes 3 and 4.

The address locations of the on-chip RAM and on-chip registers differ between the 64-kbyte
mode (mode 6), the 1-Mbyte modes (modes 1, 2, and 7), and the 16-Mbyte modes (modes 3, 4,
and 5). The address range specifiable by the CPU in the 8- and 16-bit absolute addressing modes
(@aa:8 and @aa:16) also differs.

3.6.1 Note on Reserved Areas

The H8/3068F memory map includes reserved areas to which read/write access is prohibited.
Note that normal operation is not guaranteed if the following reserved areas are accessed.

Thereserved areain theinternal 1/0 register space.

The H8/3068F internal 1/O register space includes a reserved area to which access is prohibited.
For details see Appendix B, Internal I/0O Registers.
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(1-Mbyte expanded modes with
on-chip ROM disabled)

H'00000

H'000FF

H'O7FFF

H'1FFFF
H'20000
H'3FFFF
H'40000
H'5FFFF
H'60000
H'7FFFF
H'80000
H'9FFFF
H'A0000
H'BFFFF
H'C0000
H'DFFFF
H'E0000

H'EE000

H'EEOFF

H'F8000

H'FBF1F
H'FBF20

H'FFFO0
H'FEF1F
H'FFF20

H'FFFE9
H'FFFEA

H'FFFFF

Modes 1 and 2

Vector area

Memory-indirect
branch addresses

H'000000

H'0000FF

H'007FFF

Internal /0
registers (1)

External address

Internal 1/0
registers (2)

External
address
space

H'1FFFFF
H'200000

H'3FFFFF
H'400000

H'5FFFFF
H'600000

H'7FFFFF
H'800000

H'9FFFFF
H'A00000

H'BFFFFF
H'C00000

H'DFFFFF
H'E00000

H'FEEOQ00

H'FEEOFF

H'FF8000

HFFBFLF
H'FFBF20

H'FFFFO0

HFFFF1F
H'FFFF20

H'FFFFEQ
H'FFFFEA

H'FFFFFF

Note: * External addresses can be accessed by disabling on-chip RAM.

Modes 3 and 4
(16-Mbyte expanded modes with
on-chip ROM disabled)

Vector area

]
B Q
""""""" 8|5
= [=}
------------- Y83 (29
T © 9]
28129
c|lz0
2o |25
55|98
=5|7°
Area 0
Area 1
Area 2
External
address Area 3
space
Area 4
Area 5
Area 6
Area 7
Internal 1/0
registers (1)
External address
space
On-chip RAM* @ 2
------------- + @ @
WK
o
° |8
Intgrnal 110 o %
= =
registers (2) 2 s
2 |8
External s -
address a Q2
space © 1

Figure3.1(1) H8/3068F Memory Map in Each Operating M ode
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Section 3 MCU Operating Modes

Mode 5 Mode 6
(16-Mbyte expanded mode with (single-chip normal mode)
on-chip ROM enabled)

Mode 7
(single-chip advanced mode)

H'000000 Oy ' 1 '00000 1§ "1
Vector area -2 H0000 Vector area =3 H00000 Vector area -3
_____________ cwn |2 e eeeeeeee--] | O 0 S N A s 7 I ]
L2312 23 L2812
H'0000FF |._ ... __] 185(89 HOOFF | ] 183 H'O00FF | __ .. _| 1835 (89
% |s@ S I8 (8¢
clz0 _~hi = On-chip ROM c|lz0
On-chip ROM g2 ﬁ B On-chip ROM g8 £g -«E; 3
% SR g © g (SIS
H'007FFF .__.__.__.__.,,,,f,,,, < HO7FFF |- oo | =y
H'O5FFFF .
H060000 Area 0 ass ,
H'1FFFFF rea H'5SFFFF
H200000 | "°TT T L oL Internal 1/0
H3FFFFF| | Areal registers (1)
H'400000 H'EOFF
HSFFFFF|___________| Areaz
H'600000 | External address
H7FFFFF| ___space __| A3
H'800000 HE720
HOFFFFF| ] Aread "
H'A00000 On-chip RAM o
HBFFFFF|.___________| Areas o P g
:gg%?:?:?: Area6 Tt Y g H'EEO00
DFFFFFL T HEF1F 5] Inte;rnal /10
H'E00000 Area 7 H'FF20 2 registers (1)
Internal 1/0 5 H'EEOFF
HFFES registers (2) 2
H'FEE000 K
Internal /0 = HF8000 -~ ----------------— -
registers (1) 2 @
H'FEEOFF HFFFF oY © HFBF20 2
i Exterr;gla\igdress On-chip RAM g g
H'FF8000 | ___sPace | HFFFOO |- === - T8 g
HFFBF1F HFFFLF g g
H'FFBF20 i H'FFF20 |2
.QT:C_h_IQ B_Af'\_/lf - g @ Internal 1/0 Q 2
H'FFFFO0 @ ﬁ registers(2) E |
H'FFFF1F 3 |5 H'FFFE9 2 |5
H'FFFF20 Int(_ernal /10 E § g =
EEFEEg| redisters 2 2 5 P ©
H'FFFFEA 2\ oo
External < g2
address 3 =
space o ®
HFFFFFFL 1Y Y- —_

Note: * External addresses can be accessed by disabling on-chip RAM.

Figure3.1(2) HB8/3068F Memory Map in Each Operating M ode (EMC = 1)
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Modes 1 and 2

(1-Mbyte expanded modes with
on-chip ROM disabled)

H'00000

H'000FF

H'O7FFF

H'1FFFF
H20000
H'3FFFF
H'40000
H'SFFFF
H'60000
H'7FFFF
H'80000
H'OFFFF
H'A0000
H'BFFFF
H'C0000
H'DFFFF
H'E0000

H'EEO000

H'EE100

H'F8000
H'FBEEO

H'FFE80

H'FFFO0

H'FFF80

H'FFFEO

H'FFFFF

1%
Vector area 5%1a
-------------- 32
s2 |0
12888
""""""""" i® | ®© o
55|82
5523
[ I
=0 -
Area 0
Area 1
Area 2
| “External address | arem 3
| _space ___|Area3
Area 4
Area 5
Area 6
Area 7
Internal 1/0
registers (1)
External address
______ space | _________
On-chip RAM o
(16 kbytes minus o
96 bytes) 3
3
Internal 1/0 <
registers (2) %
External address §
space <
- Q =
on-chipRAM |} 3, | &
(96 bytes) 2 R
o} 1%
Internal 1/0 = g
registers (3) =l

Modes 3 and 4

(16-Mbyte expanded modes with
on-chip ROM disabled)

H'000000

H'0000FF

H'007FFF

H'1FFFFF
H200000

H'3FFFFF
H'400000

H'5FFFFF
H'600000

H'7FFFFF
H'800000

H'9FFFFF
H'A00000

H'BFFFFF
H'C00000

H'DFFFFF
H'E00000

H'FEEOQ00

H'FEE100

H'FF8000
H'FFBEEO

H'FFFESD

H'FFFFO0

HFFFF80

H'FFFFEO

H'FFFFFF

Vector area 5 § 2
o0 |2
S0 |9y,
TS5 |80
.............. YEo w9
28 lge
oG T O
55|97
IR, =8y __
Area 0
Area 1
External address
space Area 2
Area 3
Area 4
Area 5
Area 6
Area 7
Internal 1/0
registers (1)
External address
l.__._Space ___ 1 _ ________
On-chip RAM @
(16 kbytes minus g
96 bytes) a
. S
Internal 1/0 @ B
registers (2) a2 Q
— ,;6 E
External address | | © 2
© o
space o <
OnchipRAM || 3 |2
(96 bytes) % S
Internal I/O 3
registers (3) @

Figure3.2(1) HB8/3068F Memory Map in Each Operating M ode (EM C = 0)
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(16-Mbyte expanded mode with

Mode 5

on-chip ROM enabled)

H'000000

H'0000FF

H'007FFF

H'O5FFFF
H'060000

H'LFFFFF
H200000

H'3FFFFF
H'400000

H'SFFFFF
H'600000

H'7FFFFF
H'800000

H'OFFFFF
H'A00000

H'BFFFFF
H'C00000

H'DFFFFF
H'E00000

H'FEEOQO

H'FEE100

H'FF8000
H'FFBEEO

H'FFFESD

H'FFFFO0

H'FFFF80

HFFFFEO

HFFFFFF

,,,,,,,, "
Vector area 5 § ] 00000
______________ 29|35
815
______________ 1E2 |88 H'000FF
28 |=0
On-chip ROM G |23
(384kbytes) | 55 |9
IR Bt -5 HO7FFF
Area 0 H'5FFFF
H'60000
Area 1
External address | praq 2
space
Area 3
7777777777 H'EE000
Area 4
------------------------ HEE100
Area’s H'F8000
"""""""""""" HFBEEO
Area 6
--------------- rea7 H'FFESO
Internal 1/0 H'FFFO0
registers (1) H'FFF80
External address
...... space ) _____ H'FFFEO
On-chip RAM v HFFFFF
(16 kbytes minus g
96 bytes) a
" S
Internal 1/0 g kS
registers (2) @ i
— ,_E 2
External address g 3
space ° <
- 5 =
On-chip RAM ° g
(96 bytes) % 3
Internal 1/0 =
registers (3) @

Mode 7

(single-chip advanced mode)

Vector area

Memory-indirect
branch addresses

Internal 1/0
registers (1)

On-chip RAM
(16 kbytes minus
96 bytes)

Internal /0
registers (2)

On-chip RAM
(96 bytes)

16-bit absolute addresses

Internal /0
registers (3)

8-bit absolute
addresses

Figure 3.2(2) H8/3068F Memory Map in Each Operating M ode (EM C =0)
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Section 4 Exception Handling

Section 4 Exception Handling

4.1 Overview

411 Exception Handling Typesand Priority

Astable 4.1 indicates, exception handling may be caused by areset, trap instruction, or interrupt.
Exception handling is prioritized as shown in table 4.1. If two or more exceptions occur
simultaneously, they are accepted and processed in priority order. Trap instruction exceptions are
accepted at all times in the program execution state.

Table4.1 Exception Typesand Priority

Priority Exception Type Start of Exception Handling
High Reset Starts immediately after a low-to-high transition at the RES pin
Interrupt Interrupt requests are handled when execution of the current

instruction or handling of the current exception is completed

Low Trap instruction (TRAPA) Started by execution of a trap instruction (TRAPA)

4.1.2 Exception Handling Operation

Exceptions originate from various sources. Trap instructions and interrupts are handled as
follows.

1. The program counter (PC) and condition code register (CCR) are pushed onto the stack.
2. The CCRinterrupt mask bit is set to 1.

3. A vector address corresponding to the exception source is generated, and program execution
starts from that address.

For areset exception, steps 2 and 3 above are carried out.
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413 Exception Vector Table

The exception sources are classified as shown in figure 4.1. Different vectors are assigned to
different exception sources. Table 4.2 lists the exception sources and their vector addresses.

* Reset
External interrupts: NMI, IRQ, to IRQg

Exception
sources . Interrupts

Internal interrupts: 36 interrupts from on-chip

« Trap instruction supporting modules

Figure4.1 Exception Sources
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Table4.2

Exception Source

Exception Vector Table

Vector Number

Vector Address**

Advanced Mode

Normal Mode

Reset 0 H'0000 to H'0003  H'0000 to H'0001
Reserved for system use 1 H'0004 to H'0007 H'0002 to H'0003
2 H'0008 to H'O00B ~ H'0004 to H'0005
3 H'000C to H'000F  H'0006 to H'0007
4 H'0010 to H'0013  H'0008 to H'0009
5 H'0014 to H'0017 H'000A to H'000B
6 H'0018 to H'001B  H'000C to H'000D
External interrupt (NMI) 7 H'001C to H'0O01F  H'O0OE to H'000F
Trap instruction (4 sources) 8 H'0020 to H'0023 H'0010 to H'0011
9 H'0024 to H'0027 H'0012 to H'0013
10 H'0028 to H'002B  H'0014 to H'0015
11 H'002C to H'002F  H'0016 to H'0017
External interrupt IRQq 12 H'0030 to H'0033 H'0018 to H'0019
External interrupt IRQ; 13 H'0034 to H'0037 H'001A to H'001B
External interrupt IRQ, 14 H'0038 to H'003B  H'001C to H'001D
External interrupt IRQ3 15 H'003C to H'0O03F  H'0O01E to H'O01F
External interrupt IRQ, 16 H'0040 to H'0043 H'0020 to H'0021
External interrupt IRQs 17 H'0044 to H'0047 H'0022 to H'0023
Reserved for system use 18 H'0048 to H'004B  H'0024 to H'0025
19 H'004C to H'004F  H'0026 to H'0027
Internal in’[errupts*2 20 H'0050 to H'0053 H'0028 to H'0029
to to to
63 H'0OFC to H'OOFF  H'007E to H'007F

Notes: 1. Lower 16 bits of the address.
2. For the internal interrupt vectors, see section 5.3.3, Interrupt Vector Table.
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4.2 Reset

421 Overview

A reset is the highest-priority exception. When the RES pin goes low, all processing halts and the
chip enters the reset state. A reset initializes the internal state of the CPU and the registers of the
on-chip supporting modules. Reset exception handling begins when the RES pin changes from
low to high.

The chip can also be reset by overflow of the watchdog timer. For details see section 12,
Watchdog Timer.

422 Reset Sequence
The chip enters the reset state when the RES pin goes low.

To ensure that the chip is reset, hold the RES pin low for at least 20 ms at power-up. To reset the
chip during operation, hold the RES pin low for at least 10 system clock (¢) cycles. When the
flash memory and flash memory R versions are used, the RES pin must be held low for at least 20
system clock cycles. See appendix D.2, Pin States at Reset, for the states of the pinsin the reset
state.

When the RES pin goes high after being held low for the necessary time, the chip starts reset
exception handling as follows.

» Theinternal state of the CPU and the registers of the on-chip supporting modules are
initialized, and the | bitissetto 1in CCR.

» The contents of the reset vector address (H'0000 to H'0003 in advanced mode, H'0000 to
H'0001 in normal mode) are read, and program execution starts from the addressindicated in
the vector address.

Figure 4.2 shows the reset sequence in modes 1 and 3. Figure 4.3 shows the reset sequence in
modes 2 and 4. Figure 4.4 shows the reset sequence in mode 6.
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€00000.H = (2) ‘200000.H = (S) ‘TO0000.H = (€) ‘000000.H = (T) :10108A 18581 JO SSBIPPY

*319A2 snq KIS Ul S81BIS 11eM 9311 SLIBSUI J3[|0U0D S1elS-1Iem U1 ‘19sal e 1aly 810N

welboid Jo uononisul 1sii4 (o1)
ssalppe 1els ®)
(ssaippe 10199A Buljpuey uondadxa 18sal J0 Sjualu0d) ssalppe ueis  (8) (9) ‘(v) ‘(2)
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Figure4.2 Reset Sequence (Modes1 and 3)
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Internal

Vector fetch processing Prefetch of first

program instruction

RES 3

Address bus >< (1) X (3

HWR, LWR . High

D15 to DO

(1), (3) Address of reset vector: (1) = H'000000, (3) = H'000002

(2), (4) Start address (contents of reset exception handling vector address)
(5) Start address

(6) First instruction of program

Note: After a reset, the wait-state controller inserts three wait states in every bus cycle.

Figure4.3 Reset Sequence (Modes 2 and 4)
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Prefetch of

Internal first program

! Vector fetch | processing | instruction | |

-~ i | |
¢ S L
RES 1 ‘ 1
Internal
address bus >< @® . >< @ >< :
Internal | i : /: \ /:
read signal ! !
Internal | |
write signal ; ; ! ! !
Internal : : ‘ ‘ ‘
data bus | 2) | @)

(16 bits wide) ‘ ‘ i i !

(1) Address of reset vector (H'0000)
(2) Start address (contents of reset exception handling vector address)
(3) First instruction of program

Figure 4.4 Reset Sequence (M ode 6)

423 Interrupts after Reset

If an interrupt is accepted after areset but before the stack pointer (SP) isinitialized, PC and CCR
will not be saved correctly, leading to a program crash. To prevent this, all interrupt requests,
including NMI, are disabled immediately after areset. The first instruction of the programis
aways executed immediately after the reset state ends. This instruction should initialize the stack
pointer (example: MOV L #xx:32, SP).
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4.3 Interrupts

Interrupt exception handling can be requested by seven external sources (NMI, IRQ, to IRQs),
and 36 internal sources in the on-chip supporting modules. Figure 4.5 classifies the interrupt
sources and indicates the number of interrupts of each type.

The on-chip supporting modules that can request interrupts are the watchdog timer (WDT),
DRAM interface, 16-bit timer, 8-bit timer, DMA controller (DMAC), serial communication
interface (SCI), and A/D converter. Each interrupt source has a separate vector address.

NMI is the highest-priority interrupt and is aways accepted*. Interrupts are controlled by the
interrupt controller. The interrupt controller can assign interrupts other than NM1 to two priority
levels, and arbitrate between simultaneous interrupts. Interrupt priorities are assigned in interrupt
priority registers A and B (IPRA and IPRB) in the interrupt controller.

Note: * In the flash memory and flash memory R versions, NMI input is sometimes disabled. For
details see section18.9, NMI Input Disable Conditions.

For details on interrupts see section 5, Interrupt Controller.

. NMI (1)
External interrupts { IRQ, to IRQ; (6)
Interrupts wDT*1 (1)
DRAM interface2 (1)
16-bit timer (9)
8-bit timer (8)
DMAC (4)
SCI (12)
A/D converter (1)

Internal interrupts

Notes: Numbers in parentheses are the number of interrupt sources.
1. When the watchdog timer is used as an interval timer, it generates an interrupt request
at every counter overflow.
2. When the DRAM interface is used as an interval timer, it generates an interrupt request
at compare match.

Figure4.5 Interrupt Sourcesand Number of Interrupts
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4.4 Trap Instruction

Trap instruction exception handling starts when a TRAPA instruction is executed. If the UE bit is
set to 1 in the system control register (SY SCR), the exception handling sequence setsthe | bitto 1
in CCR. If the UE bit is 0, the | and Ul bits are both set to 1. The TRAPA instruction fetches a
start address from a vector table entry corresponding to a vector number from 0 to 3, which is
specified in the instruction code.
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4.5

Stack Status after Exception Handling

Figure 4.6 shows the stack after completion of trap instruction exception handling and interrupt
exception handling.

\\\\__ﬂ//////’”’“‘\\\

SP (ER7) -
SP+1
SP+2
SP+3
SP+4

\\\\__ﬂ//////’”’“‘\\\

CCR

CCR*

PC 4

PC |

\\\\__—’/////”‘““\\\

Before exception handing ——— = After exception handling
Pushed on stack

a. Normal mode

SP (ER7) -
SP+1
SP+2
SP+3
SP+4

\\\\__~’//////”"“\\

CCR
PCe
PCH
PC |

\\\\__—~’/////”"“‘\\\

Before exception handing ——— = After exception handling
Pushed on stack

b. Advanced mode

SP-4

SP-3

SP-2

SP-1

SP (ER7) - Stack area
\_/—\
\_/—\

SP-4

SP-3

SP-2

SP-1

SP (ER7) - Stack area
\_/—\

Legend

PCE: Bits 23 to 16 of program counter (PC)

PCH: Bits 15 to 8 of program counter (PC)

PCL: Bits 7 to 0 of program counter (PC)

CCR: Condition code register

SP:  Stack pointer

Notes: * Ignored at return.

1. PC indicates the address of the first instruction that will be executed after return.
2. Registers must be saved in word or longword size at even addresses.

Even address

Even address

Figure4.6 Stack after Completion of Exception Handling
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4.6 Notes on Stack Usage

When accessing word data or longword data, the H8/3068F regards the lowest address hit as 0.
The stack should always be accessed by word access or longword access, and the value of the
stack pointer (SP, ER7) should always be kept even.

Use the following instructions to save registers:

PUSHWRn  (or MOV.W Rn, @-SP)
PUSH.LERn  (or MOV.L ERn, @-SP)

Use the following instructions to restore registers:

POP.W Rn (or MOV.W @SP+, Rn)
POP.L ERN (or MOV.L @SP+, ERN)

Setting SP to an odd value may lead to a malfunction. Figure 4.7 shows an exampl e of what
happens when the SP value is odd.
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SP —*

~_—

TRAPA instruction executed
_—

SP set to H'FFFEFF

Legend

CCR:
PC:
R1L:
SP:

Note:

Condition code register
Program counter
General register R1L
Stack pointer

SP—*

CCR

PC

Data saved above SP

The diagram illustrates modes 3 and 4.

SP—*

R1L

PC

MOV. B R1L, @-ER7

CCR contents lost

HFFFEFA
HFFFEFB
HFFFEFC
HFFFEFD

HFFFEFF

Figure4.7 Operation when SP Valueis Odd
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Section 5 Interrupt Controller

51 Overview

511 Features

Theinterrupt controller has the following features:

Interrupt priority registers (IPRs) for setting interrupt priorities

Interrupts other than NMI can be assigned to two priority levels on a module-by-module basis
ininterrupt priority registers A and B (IPRA and IPRB).

Three-level masking by the | and Ul bitsin the CPU condition code register (CCR)

Seven externa interrupt pins

NMI has the highest priority and is always accepted*; either the rising or falling edge can be
selected. For each of IRQ, to IRQs, sensing of the falling edge or level sensing can be selected
independently.

Note: * In the flash memory and flash memory R versions, NMI input is sometimes disabled. For

details see section18.9, NMI Input Disable Conditions.
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512 Block Diagram

Figure 5.1 shows a block diagram of the interrupt controller.

CPU

ul

lIscr| | IER | | IPRA, IPRB |
NMI |
input
Y Y
; »| IRQinput -
IRQ input section ISR
Interrupt
OVF .|  Priority request
TME decision logic
. Vector
j:) > number
TEI : _
TEIE T ?
Interrupt controller 4( L
UE
SYSCR
Legend
ISCR: IRQ sense control register
IER: IRQ enable register
ISR: IRQ status register

IPRA:  Interrupt priority register A
IPRB: Interrupt priority register B
SYSCR: System control register

CCR

Figure5.1 Interrupt Controller Block Diagram
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513 Pin Configuration
Table 5.1 lists the interrupt pins.

Table5.1 Interrupt Pins

Name Abbreviation 1/0 Function

Nonmaskable interrupt NMI Input Nonmaskable interrupt*, rising edge or
falling edge selectable

External interrupt request 5t0 0 IRQsto IRQ,  Input Maskable interrupts, falling edge or level
sensing selectable

Note: * NMI input is sometimes disabled. For details see 18.9, NMI Input Disabling Conditions.

514 Register Configuration
Table 5.2 lists the registers of the interrupt controller.

Table5.2 Interrupt Controller Registers

Address**  Name Abbreviation R/W Initial Value
H'EE012 System control register SYSCR R/W H'09
H'EE014 IRQ sense control register ISCR R/W H'00
H'EE015 IRQ enable register IER R/W H'00
H'EE016 IRQ status register ISR R/(W)*? H'00
H'EE018 Interrupt priority register A IPRA R/W H'00
H'EE019 Interrupt priority register B IPRB R/W H'00

Notes: 1. Lower 20 bits of the address in advanced mode.
2. Only 0 can be written, to clear flags.
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5.2 Register Descriptions

521 System Control Register (SYSCR)

SY SCR is an 8-hit readable/writable register that controls software standby mode, selects the
action of the Ul bit in CCR, selects the NMI edge, and enables or disables the on-chip RAM.

Only bits 3 and 2 are described here. For the other bits, see section 3.3, System Control Register
(SYSCR).

SYSCRiisinitialized to H'09 by areset and in hardware standby mode. It isnot initialized in
software standby mode.

Bit 7 6 5 4 3 2 1 0
‘ SSBY ‘ STS2 ‘ STS1 ‘ STSO ‘ UE ‘NMIEG ‘ SSOE ‘ RAME ‘

Initial value 0 0 0 0 1 0 0 1

Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
RAM enable

Software standby
output port enable

Standby timer NMI edge select
select 2to 0 Selects the NMI input edge
Software standby User bit enable

Selects whether to use the Ul bit in
CCR as a user bit or interrupt mask bit

Rev. 3.00 Sep 14, 2005 page 88 of 910
REJ09B0258-0300
RENESAS



Section 5 Interrupt Controller

Bit 3—User Bit Enable (UE): Selects whether to use the Ul bit in CCR as a user bit or an
interrupt mask bit.

Bit 3

UE Description

0 Ul bit in CCR is used as interrupt mask bit

1 Ul bitin CCR is used as user bit (Initial value)

Bit 2—NM | Edge Select (NMIEG): Selectsthe NMI input edge.

Bit 2

NMIEG  Description

0 Interrupt is requested at falling edge of NMI input (Initial value)
1 Interrupt is requested at rising edge of NMI input

522 Interrupt Priority Registers A and B (IPRA, |PRB)

IPRA and IPRB are 8-bit readable/writable registers that control interrupt priority.
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Interrupt Priority Register A (IPRA): IPRA isan 8-bit readable/writable register in which
interrupt priority levels can be set.

Bit 7 6 5 4 3 2 1 0
‘ IPRA7 ‘ IPRAB‘ IPRA5S ‘ IPRA4 ‘ IPRA3 ‘ IPRA2 ‘ IPRA1 ‘ IPRAO ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
Priority
level AO
Selects the
priority level
of 16-bit timer
channel 2
interrupt
requests
Priority level A1
Selects the priority level
of 16-bit timer channel 1
interrupt requests

Priority level A2

Selects the priority level of
16-bit timer channel 0 interrupt
requests

Priority level A3

Selects the priority level of WDT,
DRAM interface, and A/D converter
interrupt requests

Priority level A4

Selects the priority level of IRQ, and IRQ 5
interrupt requests

Priority level A5
Selects the priority level of IRQ, and IRQ3 interrupt requests

Priority level A6
Selects the priority level of IRQ; interrupt requests

Priority level A7
Selects the priority level of IRQ interrupt requests

IPRA isinitialized to H'00 by areset and in hardware standby mode.
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Bit 7—Priority Level A7 (IPRA7): Selectsthe priority level of IRQp interrupt requests.

Bit 7

IPRA7 Description

0 IRQ interrupt requests have priority level O (low priority) (Initial value)
1 IRQq interrupt requests have priority level 1 (high priority)

Bit 6—Priority Level A6 (IPRAB6): Selectsthe priority level of IRQ; interrupt requests.

Bit 6

IPRA6 Description

0 IRQ; interrupt requests have priority level O (low priority) (Initial value)
1 IRQ; interrupt requests have priority level 1 (high priority)

Bit 5—Priority Level A5 (IPRAS): Selectsthe priority level of IRQ, and IRQ; interrupt
requests.

Bit 5

IPRAS Description

0 IRQ, and IRQ; interrupt requests have priority level O (low priority) (Initial value)
1 IRQ, and IRQ; interrupt requests have priority level 1 (high priority)

Bit 4—Priority Level A4 (IPRA4): Selectsthe priority level of IRQ, and IRQs interrupt
requests.

Bit 4

IPRA4 Description

0 IRQ,4 and IRQs interrupt requests have priority level O (low priority) (Initial value)
1 IRQ4 and IRQs interrupt requests have priority level 1 (high priority)
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Bit 3—Priority Level A3 (IPRA3): Selectsthe priority level of WDT, DRAM interface, and
A/D converter interrupt requests.

Bit 3
IPRA3 Description
0 WDT, DRAM interface, and A/D converter interrupt requests have priority level 0
(low priority) (Initial value)
1 WDT, DRAM interface, and A/D converter interrupt requests have priority level 1

(high priority)

Bit 2—Priority Level A2 (IPRA2): Sdlectsthe priority level of 16-bit timer channel O interrupt
reguests.

Bit 2

IPRA2 Description

0 16-bit timer channel O interrupt requests have priority level 0 (low priority)(Initial value)
1 16-bit timer channel 0 interrupt requests have priority level 1 (high priority)

Bit 1—Priority Level Al (IPRA1): Selectsthe priority level of 16-bit timer channel 1 interrupt
requests.

Bit 1

IPRA1 Description

0 16-bit timer channel 1 interrupt requests have priority level 0 (low priority)(Initial value)
1 16-bit timer channel 1 interrupt requests have priority level 1 (high priority)

Bit 0—Priority Level AO (IPRAO): Selectsthe priority level of 16-bit timer channel 2 interrupt
reguests.

Bit 0

IPRAO Description

0 16-bit timer channel 2 interrupt requests have priority level 0 (low priority)(Initial value)
1 16-bit timer channel 2 interrupt requests have priority level 1 (high priority)

Rev. 3.00 Sep 14, 2005 page 92 of 910
REJ09B0258-0300
RENESAS



Section 5 Interrupt Controller

Interrupt Priority Register B (IPRB): IPRB is an 8-bit readable/writable register in which
interrupt priority levels can be set.

Bit 7 6 5 4 3 2 1 0

‘ IPRB7 ‘ IPRB6 ‘ IPRB5 ‘ O ‘ IPRB3 ‘ IPRB2 ‘ IPRB1 ‘ ad ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Reserved bit

Priority level B1

Selects the priority level
of SCI channel 2 interrupt
requests

Priority level B2
Selects the priority level of
SCI channel 1 interrupt requests

Priority level B3
Selects the priority level of SCI
channel O interrupt requests

Reserved bit

Priority level B5
Selects the priority level of DMAC
interrupt requests (channels 0 and 1)

Priority level B6
Selects the priority level of 8-bit timer channel 2, 3 interrupt requests

Priority level B7
Selects the priority level of 8-bit timer channel O, 1 interrupt requests

IPRB isinitialized to H'00 by areset and in hardware standby mode.
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Bit 7—Priority Level B7 (IPRB7): Selectsthe priority level of 8-bit timer channel O, 1 interrupt
regquests.

Bit 7

IPRB7 Description

0 8-bit timer channel 0, 1 interrupt requests have priority level 0 (low priority)(Initial value)
1 8-bit timer channel 0, 1 interrupt requests have priority level 1 (high priority)

Bit 6—Priority Level B6 (IPRB6): Selectsthe priority level of 8-bit timer channel 2, 3 interrupt
requests.

Bit 6

IPRB6 Description

0 8-bit timer channel 2, 3 interrupt requests have priority level O (low priority)(Initial value)
1 8-bit timer channel 2, 3 interrupt requests have priority level 1 (high priority)

Bit 5—Priority Level B5 (IPRB5): Selectsthe priority level of DMAC interrupt requests
(channels 0 and 1).

Bit 5

IPRB5 Description

0 DMAC interrupt requests (channels 0 and 1) have priority level 0 (Initial value)
(low priority)

1 DMAC interrupt requests (channels 0 and 1) have priority level 1 (high priority)

Bit 4—Reserved: Thishit can be written and read, but it does not affect interrupt priority.

Bit 3—Priority Level B3 (IPRB3): Selectsthe priority level of SCI channel 0 interrupt requests.

Bit 3

IPRB3 Description

0 SCIO0 interrupt requests have priority level O (low priority) (Initial value)
1 SCIO interrupt requests have priority level 1 (high priority)
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Bit 2—Priority Level B2 (IPRB2): Selectsthe priority level of SCI channel 1 interrupt requests.

Bit 2

IPRB2 Description

0 SCI1 interrupt requests have priority level 0 (low priority) (Initial value)
1 SCI1 interrupt requests have priority level 1 (high priority)

Bit 1—Priority Level B1 (IPRB1): Selectsthe priority level of SCI channel 2 interrupt requests.

Bit 1

IPRB1 Description

0 SCI channel 2 interrupt requests have priority level O (low priority) (Initial value)
1 SCI channel 2 interrupt requests have priority level 1 (high priority)

Bit 0—Reserved: This bit can be written and read, but it does not affect interrupt priority.

Rev. 3.00 Sep 14, 2005 page 95 of 910
REJ09B0258-0300
RENESAS



Section 5 Interrupt Controller

523 IRQ Status Register (ISR)

ISR is an 8-hit readable/writable register that indicates the status of IRQ, to |RQs interrupt
reguests.

Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ IRQ5F ‘ IRQ4F ‘ IRQ3F ‘ IRQ2F ‘ IRQ1F ‘ IRQOF
Initial value 0 0 0 0 0 0 0 0
Read/Write — — RI(W)*  R/I(W)*  RIW)*  RI(W)* R/(W)* R/(W)*
Reserved bits IRQ;5 to IRQ, flags

These bits indicate IRQg to IRQ
interrupt request status

Note: * Only O can be written, to clear flags.

ISR isinitialized to H'00 by areset and in hardware standby mode.
Bits 7 and 6—Reserved: These bits can not be modified and are always read as 0.

Bits5to 0—IRQsto IRQ Flags (IRQ5F to IRQOF): These bits indicate the status of IRQs to
IRQq interrupt requests.

Bits 5to 0

IRQ5F to IRQOF Description

0 [Clearing conditions] (Initial value)
0 is written in IRQNF after reading the IRQNF flag when IRQnF = 1.
IRQNSC = 0, IRQn input is high, and interrupt exception handling is carried out.
IRQNSC = 1 and IRQn interrupt exception handling is carried out.

1 [Setting conditions]

IRQNSC = 0 and IRQn input is low.
IRQNSC =1 and IRQn input changes from high to low.

Note: n=5t0 0
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524 IRQ Enable Register (IER)

IER is an 8-hit readable/writable register that enables or disables IRQs to |RQ, interrupt requests.

Bit 7 6 5 4 3 2 1 0
‘ 0 O ‘ IRQ5E ‘ IRQ4E ‘ IRQ3E ‘ IRQ2E ‘ IRQ1E ‘ IRQOE ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W RIW RIW R/W R/W R/W RIW RIW
Reserved bits IRQ5 to IRQ, enable

These bits enable or disable IRQ 5 to IRQq interrupts

IER isinitialized to H'00 by areset and in hardware standby mode.

Bits 7 and 6—Reserved: These bits can be written and read, but they do not enable or disable
interrupts.

Bits5to 0—IRQs to IRQo Enable (IRQ5E to IRQOE): These bits enable or disable
IRQs to IRQ, interrupts.

Bits 5to 0

IRQ5E to IRQOE Description

0 IRQs to IRQq interrupts are disabled (Initial value)
1 IRQs to IRQq interrupts are enabled
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525 IRQ Sense Control Register (ISCR)

ISCR is an 8-hit readable/writable register that selects level sensing or falling-edge sensing of the
inputs at pins IRQs to IRQ.

Bit 7 6 5 4 3 2 1 0
‘ O ‘ 0 ‘ IRQSSC‘ IRQ4SC‘ IRQ3SC‘ IRQZSC‘ IRQ1SC ‘ IRQOSC
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
Reserved bits IRQ 5 to IRQ, sense control

These bits select level sensing or falling-edge
sensing for IRQ 5 to IRQ interrupts

ISCRisinitialized to H'00 by areset and in hardware standby mode.

Bits 7 and 6—Reserved: These bits can be written and read, but they do not select level or
falling-edge sensing.

Bits5t0 0—IRQsto IRQp Sense Control (IRQ5SC to IRQOSC): These bits select whether
interrupts IRQs to IRQ, are requested by level sensing of pins IRQs to IRQ, or by falling-edge
sensing.

Bits 5to 0

IRQ5SC to IRQOSC Description

0 Interrupts are requested when IRQs to IRQy inputs are low (Initial value)
1 Interrupts are requested by falling-edge input at IRQ5 to IRQg
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5.3 Interrupt Sour ces

The interrupt sources include external interrupts (NMI, IRQ, to IRQs) and 36 internal interrupts.

531 External Interrupts

There are seven external interrupts: NMI, and IRQy to IRQs. Of these, NMI, IRQ,, IRQ;, and
IRQ, can be used to exit software standby mode.

NMI: NMI isthe highest-priority interrupt and is always accepted, regardless of the states of the |
and Ul bitsin CCR*. The NMIEG bhit in SY SCR selects whether an interrupt is requested by the
rising or falling edge of the input at the NMI pin. NMI interrupt exception handling has vector
number 7.

Note: * NMI input is sometimes disabled. For details see section18.9, NMI Input Disabling
Conditions.

IRQo to IRQs Interrupts: These interrupts are requested by input signals at pins IRQo to IRQs.
The IRQy to IRQs interrupts have the following features.

* ISCR settings can select whether an interrupt is requested by the low level of the input at pins
IRQy to IRQs, or by the falling edge.

« |ER settings can enable or disable the IRQg to IRQs interrupts. Interrupt priority levels can be
assigned by four bitsin IPRA (IPRA7 to IPRA4).

» The status of IRQ to IRQs interrupt requestsisindicated in ISR. The I SR flags can be cleared
to 0 by software.

Figure 5.2 shows a block diagram of interrupts IRQp to IRQs.

IRQNSC IRQNE
l IRQNF
Edgellevel - s Q IRQn interrupt
sense circuit request
I R
IRQnN input f
Clear signal

Note: n=5t00

Figure5.2 Block Diagram of Interrupts IRQqto IRQs
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Figure 5.3 shows the timing of the setting of the interrupt flags (IRQNF).

IRQnN
input pin

IRQNF

Note:n=5to 0

Figure5.3 Timing of Setting of IRQNF

Interrupts IRQy to IRQs have vector numbers 12 to 17. These interrupts are detected regardless of
whether the corresponding pin is set for input or output. When using a pin for external interrupt
input, clear its DDR bit to 0 and do not use the pin for chip select output, refresh output, SCI
input/output, or A/D external trigger input.

53.2 Internal Interrupts
Thirty-Six internal interrupts are requested from the on-chip supporting modules.

» Each on-chip supporting module has status flags for indicating interrupt status, and enable bits
for enabling or disabling interrupts.

* Interrupt priority levels can be assigned in IPRA and IPRB.

e 16-bit timer, SCI, and A/D converter interrupt requests can activate the DMAC, in which case
no interrupt request is sent to the interrupt controller, and the | and Ul bits are disregarded.

533 Interrupt Vector Table

Table 5.3 lists the interrupt sources, their vector addresses, and their default priority order. In the
default priority order, smaller vector numbers have higher priority. The priority of interrupts other
than NM1 can be changed in IPRA and IPRB. The priority order after areset isthe default order
shown intable 5.3.
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Table5.3

Interrupt Sources, Vector Addresses, and Priority

Vector Address*

Vector
Interrupt Source Origin Number Advanced Mode Normal Mode IPR Priority
NMI External 7 H'001C to H'001F H'000E to H'000F — High
IRQ, pins 12 H'0030 to H'0033 H'0018to H'0019 IPRA7 A
IRQ, 13 H'0034 to HO037 H'001A to H'001B IPRA6
IRQ, 14 H'0038 to H'003B H'001C to H'001D IPRA5
IRQ, 15 H'003C to H'003F H'001E to H'001F
IRQ, 16 H'0040 to H'0043 H'0020 to H'0021 IPRA4
IRQ, 17 H'0044 to H'0047 H'0022 to H'0023
Reserved — 18 H'0048 to H'004B H'0024 to H'0025

19 H'004C to H'004F H'0026 to H'0027
WOVI Watchdog 20 H'0050 to H'0053 H'0028 to H'0029 IPRA3
(interval timer) timer
CMI DRAM 21 H'0054 to H'0057 H'002A to H'002B
(compare match) interface
Reserved — 22 H'0058 to H'005B H'002C to H'002D
ADI (A/D end) A/D 23 H'005C to H'005F H'002E to H'002F
IMIAO 16-bit timer 24 H'0060 to H'0063 H'0030 to H'0031 IPRA2
(compare match/  channel 0
input capture A0)
IMIBO 25 H'0064 to H'0067 H'0032 to H'0033
(compare match/
input capture BO)
OVIO (overflow 0) 26 H'0068 to H'006B H'0034 to H'0035
Reserved — 27 H'006C to H'006F H'0036 to H'0037
IMIAL 16-bit timer 28 H'0070 to H'0073 H'0038 to H'0039 IPRA1
(compare match/ channel 1
inputcapture Al)
IMIB1 29 H'0074 to H'0077 H'003A to H'003B
(compare match/
input capture B1)
OVI1 (overflow 1) 30 H'0078 to H'007B H'003C to H'003D V
Reserved — 31 H'007C to H'007F H'003E to H'003F Low

Note: * Lower 16 bits of the address.
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Vector Address*

Vector
Interrupt Source Origin Number Advanced Mode Normal Mode IPR Priority
IMIA2 16-bit timer 32 H'0080 to H'0083 H'0040 to H'0041 IPRAO High
(compare match/  channel 2 A
input capture A2)
IMIB2 33 H'0084 to H'0087 H'0042 to H'0043
(compare match/
input capture B2)
OVI2 (overflow 2) 34 H'0088 to H'008B H'0044 to H'0045
Reserved — 35 H'008C to H'008F H'0046 to H'0047
CMIAO 8-bit timer 36 H'0090 to H'0093 H'0048 to H'0049 IPRB7
(compare match ~ channel 0/1
A0)
CMIBO 37 H'0094 to H'0097 H'004A to H'004B
(compare match
BO)
CMIA1/CMIB1 38 H'0098 to H'009B H'004C to H'004D
(compare match
Al1/B1)
TOVIO/TOVIL 39 H'009C to H'009F H'004E to H'004F
(overflow 0/1)
CMIA2 8-bit timer 40 H'00A0 to H'0O0A3 H'0050 to H'0051 IPRB6
(compare match  channel 2/3
A2)
CMIB2 41 H'00A4 to H'00A7 H'0052 to H'0053
(compare match
B2)
CMIA3/CMIB3 42 H'00A8 to H'00AB H'0054 to H'0055
(compare match
A3/B3)
TOVI2/TOVI3 43 H'00AC to H'00AF H'0056 to H'0057
(overflow 2/3)
DENDOA DMAC 44 H'00BO to H'00B3 H'0058 to H'0059 IPRB5
DENDOB 45 H'00B4 to H'00B7 H'005A to H'005B
DEND1A 46 H'00B8 to H'00BB H'005C to H'005D
DEND1B 47 H'00BC to H'00BF H'005E to H'005F
Reserved — 48 H'00CO0 to H'00C3 H'0060 to H'0061 —
49 H'00C4 to H'00C7 H'0062 to H'0063
50 H'00C8 to H'00CB H'0064 to H'0065 y
51 H'00CC to H'00CF H'0066 to H'0067 Low

Note: * Lower 16 bits of the address.
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Vector Address*

Vector
Interrupt Source Origin Number Advanced Mode Normal Mode IPR Priority
ERIO SCI 52 H'00DO to H'00D3 H'0068 to H'0069 IPRB3 High
(receive error 0) channel 0
RXIO (receive 53 H'00D4 to H'00D7 H'006A to H'006B
data full 0)
TXIO (transmit 54 H'00D8 to H'00DB H'006C to H'006D
data empty 0)
TEIO 55 H'00DC to H'00DF H'006E to H'006F
(transmit end 0)
ERI1 SCI 56 H'00EO to H'O0OE3 H'0070 to H'0071 IPRB2
(receive error 1)  channel 1
RXI1 (receive 57 H'00E4 to H'O0OE7 H'0072 to H'0073
data full 1)
TXI1 (transmit 58 H'00ES8 to H'O0EB H'0074 to H'0075
data empty 1)
TEI1 (transmit 59 H'00EC to H'00EF H'0076 to H'0077
end 1)
ERI2 SCI 60 H'00F0 to H'00F3 H'0078 to H'0079 IPRB1
(receive error 2)  channel 2
RXI2 (receive 61 H'0O0F4 to H'OOF7 H'007A to H'007B
data full 2)
TXI2 (transmit 62 H'00F8 to H'00OFB H'007C to H'007D
data empty 2)
TEI2 (transmit 63 H'00FC to H'O0OFF H'007E to H'007F
end 2) Low

Note: * Lower 16 bits of the address.
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54 Interrupt Operation

54.1 Interrupt Handling Process

The H8/3068F handles interrupts differently depending on the setting of the UE bit. When UE =
1, interrupts are controlled by the | bit. When UE = 0, interrupts are controlled by the | and Ul
bits. Table 5.4 indicates how interrupts are handled for all setting combinations of the UE, |, and
Ul bits.

NMI interrupts are always accepted except in the reset and hardware standby states*. IRQ
interrupts and interrupts from the on-chip supporting modules have their own enable bits.
Interrupt requests are ignored when the enable bits are cleared to O.

Note: * NMI input is sometimes disabled. For details see section 18.9, NMI Input Disabling
Conditions.

Table5.4 UE, I, and Ul Bit Settingsand Interrupt Handling

SYSCR CCR

UE I ul Description

1 0 — All interrupts are accepted. Interrupts with priority level 1 have higher
priority.

— No interrupts are accepted except NMI.

0 0 — All interrupts are accepted. Interrupts with priority level 1 have higher

priority.
1 0 NMI and interrupts with priority level 1 are accepted.

No interrupts are accepted except NMI.

UE = 1: Interrupts IRQ, to IRQs and interrupts from the on-chip supporting modules can al be
masked by the | bit in the CPU’s CCR. Interrupts are masked when the | bit is set to 1, and
unmasked when the | bit is cleared to 0. Interrupts with priority level 1 have higher priority.
Figure 5.4 is aflowchart showing how interrupts are accepted when UE = 1.
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1

Program execution state

5

No
Interrupt requested?

Yes
Pending
Priority level 1? I
Yes

| Save PC and CCR |

i
| -1 |
]

| Read vector address |

'

Branch to interrupt
service routine

Figure5.4 ProcessUp to Interrupt Acceptancewhen UE =1

Rev. 3.00 Sep 14, 2005 page 105 of 910
REJ09B0258-0300
RENESAS




Section 5 Interrupt Controller

If an interrupt condition occurs and the corresponding interrupt enable bit is set to 1, an
interrupt request is sent to the interrupt controller.

When the interrupt controller receives one or more interrupt requests, it selects the highest-
priority request, following the IPR interrupt priority settings, and holds other requests
pending. If two or more interrupts with the same I PR setting are requested simultaneously, the
interrupt controller follows the priority order shown in table 5.3.

Theinterrupt controller checksthe |l bit. If the | bit is cleared to O, the selected interrupt
request is accepted. If thel bit isset to 1, only NMI is accepted; other interrupt requests are
held pending.

When an interrupt request is accepted, interrupt exception handling starts after execution of
the current instruction has been completed.

Ininterrupt exception handling, PC and CCR are saved to the stack area. The PC value that is
saved indicates the address of the first instruction that will be executed after the return from
the interrupt service routine.

Next the | bit is set to 1 in CCR, masking all interrupts except NMI.

The vector address of the accepted interrupt is generated, and the interrupt service routine
starts executing from the address indicated by the contents of the vector address.

UE =0: Thel and Ul bitsin the CPU’s CCR and the IPR hits enable three-level masking of
IRQo to IRQs interrupts and interrupts from the on-chip supporting modules.

Interrupt requests with priority level 0 are masked when the | bit is set to 1, and are unmasked
when the bit iscleared to O.

Interrupt requests with priority level 1 are masked when the | and Ul bits are both set to 1, and
are unmasked when either the | bit or the Ul bit is cleared to O.

For example, if the interrupt enable bits of al interrupt requests are set to 1, IPRA is set to
H'20, and IPRB is set to H'00 (giving IRQ, and |RQs interrupt requests priority over other
interrupts), interrupts are masked as follows:

a. If 1 =0, al interrupts are unmasked (priority order: NMI > IRQ, > IRQ; >IRQ; ...).
b. If I =21and Ul =0, only NMI, IRQ,, and IRQ; are unmasked.
c. If I=21and Ul =1, al interrupts are masked except NMI.
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Figure 5.5 shows the transitions among the above states.

I <0
a. All interrupts are - | 1 Ul <0 b. Only NMI, IRQ,, and
unmasked ! - IRQ3 are unmasked
Exception handling,

orl «1,Ul «1

Ul -0
Exception handling,
orUl <1

c. All interrupts are
masked except NMI

Figure5.5 Interrupt Masking State Transitions (Example)
Figure 5.6 is aflowchart showing how interrupts are accepted when UE = 0.

« If aninterrupt condition occurs and the corresponding interrupt enable bitisset to 1, an
interrupt request is sent to the interrupt controller.

* When theinterrupt controller receives one or more interrupt requests, it selects the highest-
priority request, following the IPR interrupt priority settings, and holds other requests
pending. If two or more interrupts with the same | PR setting are requested simultaneously, the
interrupt controller follows the priority order shown in table 5.3.

* Theinterrupt controller checksthe | bit. If the| bit is cleared to O, the selected interrupt
request is accepted regardless of its PR setting, and regardless of the Ul bit. If the | bit is set
to 1 and the Ul hit is cleared to 0, only NMI and interrupts with priority level 1 are accepted,;
interrupt requests with priority level 0 are held pending. If the | bit and Ul bit are both set to 1,
only NMI is accepted; all other interrupt requests are held pending.

« When aninterrupt request is accepted, interrupt exception handling starts after execution of
the current instruction has been completed.

e Ininterrupt exception handling, PC and CCR are saved to the stack area. The PC value that is
saved indicates the address of the first instruction that will be executed after the return from
the interrupt service routine.

e Thel and Ul bitsare set to 1 in CCR, masking all interrupts except NMI.

e The vector address of the accepted interrupt is generated, and the interrupt service routine
starts executing from the address indicated by the contents of the vector address.
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'

Program execution state

Y

No
Interrupt requested?
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No

| Save PC and CCR |
Y

| l «1,Ul <1 |
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| Read vector address |

1

Branch to interrupt
service routine

Figure5.6 Process Up to Interrupt Acceptancewhen UE =0
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Interrupt Sequence

54.2

Figure 5.7 shows the interrupt sequence in mode 2 when the program code and stack arein an

external memory area accessed in two states via a 16-hbit bus.
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Figure5.7 Interrupt Sequence
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54.3 Interrupt Response Time

Table 5.5 indicates the interrupt response time from the occurrence of an interrupt request until
the first instruction of the interrupt service routine is executed.

Table5.5 Interrupt Response Time

External Memory

On-Chip 8-Bit Bus 16-Bit Bus
No. Item Memory 2 States 3 States 2 States 3 States
1 Interrupt priority 2t 2t 2+t 2%t 2%t
decision
2 Maximum number 1t023*° 1t027*°  1to41***®  11t023*°  1to25***°
of states until end of
current instruction
3 Saving PC and CCR 4 8 12%4 4 6**
to stack
4 Vector fetch 4 8 12+* 4 6**
5 Instruction prefetch*®> 4 8 12+4 4 6**
6 Internal processing*3 4 4 4 4 4
Total 19to 41 31to 57 4310 83 19to 41 2510 49

Notes: 1. 1 state for internal interrupts.

2. Prefetch after the interrupt is accepted and prefetch of the first instruction in the
interrupt service routine.

3. Internal processing after the interrupt is accepted and internal processing after vector
fetch.

4. The number of states increases if wait states are inserted in external memory access.
Example for DIVXS.W Rs,ERd and MULXS.W Rs,ERd
6. Example for MOV.L @(d:24,ERs),ERd and MOV.L ERs,@(d:24,ERd)

a
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55 Usage Notes

55.1 Contention between Interrupt and I nterrupt-Disabling I nstruction

When an instruction clears an interrupt enable bit to 0 to disable the interrupt, the interrupt is not
disabled until after execution of the instruction is completed. If an interrupt occurs whileaBCLR,
MOQV, or other instruction is being executed to clear itsinterrupt enable bit to 0, at the instant
when execution of the instruction ends the interrupt is still enabled, so its interrupt exception
handling is carried out. If a higher-priority interrupt is also requested, however, interrupt
exception handling for the higher-priority interrupt is carried out, and the lower-priority interrupt
isignored. This also appliesto the clearing of an interrupt flag to O.

Figure 5.8 shows an example in which an IMIEA hit is cleared to 0 in the 16-bit timer's TISRA
register.

TISRA write cycle by CPU, IMIA exception handling

[
-

Internal |
address bus >< TISRA address >< ><

Internal ! !
write signal

IMIEA

-

IMFA interrupt
signal

Figure5.8 Contention between Interrupt and I nterrupt-Disabling I nstruction

Thistype of contention will not occur if the interrupt is masked when the interrupt enable bit or
flagiscleared to O.
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55.2 Instructionsthat Inhibit Interrupts

The LDC, ANDC, ORC, and XORC instructions inhibit interrupts. When an interrupt occurs,
after determining the interrupt priority, the interrupt controller requests a CPU interrupt. If the
CPU is currently executing one of these interrupt-inhibiting instructions, however, when the
instruction is completed the CPU always continues by executing the next instruction.

55.3 Interruptsduring EEPM OV Instruction Execution
The EEPMOV.B and EEPMOV.W instructions differ in their reaction to interrupt requests.

When the EEPM OV .B instruction is executing atransfer, no interrupts are accepted until the
transfer is completed, not even NMI.

When the EEPMOV.W instruction is executing atransfer, interrupt requests other than NMI are
not accepted until the transfer is completed. If NMI is requested, NMI exception handling starts
at atransfer cycle boundary. The PC value saved on the stack is the address of the next
instruction. Programs should be coded as follows to allow for NMI interrupts during EEPMOV.W
execution:

L1: EEPMOV. W
MOV. W R4, R4
BNE L1
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Section 6 Bus Controller

6.1 Overview

The H8/3068F has an on-chip bus controller (BSC) that manages the external address space
divided into eight areas. The bus specifications, such as bus width and number of access states,
can be set independently for each area, enabling multiple memories to be connected easily.

The bus controller also has a bus arbitration function that controls the operation of the internal
bus masters-the CPU, DMA controller (DMAC), and DRAM interface and can release the bus to
an external device.

6.1.1 Features
The features of the bus controller are listed below.

* Manages external address space in area units
0 Manages the external space as eight areas (0 to 7) of 128 kbytesin 1M-byte modes, or 2
Mbytesin 16-Mbyte modes
O Bus specifications can be set independently for each area
0 DRAM/burst ROM interfaces can be set
e Basic businterface
Chip select (CS, to CS-) can be output for areas0to 7
8-bit access or 16-hit access can be selected for each area
Two-state access or three-state access can be selected for each area
Program wait states can be inserted for each area
Pin wait insertion capability is provided
DRAM interface
DRAM interface can be set for areas2to 5
Row address/column address multiplexed output (8/9/10 bits)
2-CAS byte access mode
Burst operation (fast page mode)
Tp cycle insertion to secure RAS precharging time
O Choice of CAS-before-RAS refreshing or self-refreshing
Burst ROM interface
0 Burst ROM interface can be set for area 0
0 Selection of two- or three-state burst access

L]
O0Oo0ooao O 0O0o0oo
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» Idlecycleinsertion
O Anidlecyclecanbeinserted in case of an external read cycle between different areas

O Anidlecycle can be inserted when an external read cycle isimmediately followed by an
external write cycle

e Busarbitration function

O A built-in bus arbiter grants the bus right to the CPU, DMAC, DRAM interface, or an
external bus master

» Other features
0 Refresh counter (refresh timer) can be used as interval timer
O Choice of two address update modes
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6.1.2

Block Diagram

Figure 6.1 shows ablock diagram of the bus controller.

CSoto CS7
ABWCR
ASTCR
BCR NI
Internal address busy Area CSCR
decoder ’
Chip select ADRCR
control signals
Bus control
circuit
>
Wait state
___ controller
WAIT JE
WCRH
T
WCRL B
rm——— - Internal signals - - - ----- )
1
1 CPU bus request signal ' BRCR kK
i DMAC bus request signal '
1 DRAM interface bus request signal | )
| CPU bus acknowledge signal | Bus arbiter
1 DMAC bus acknowledge signal \
| DRAM interface bus acknowledge signali
|—> ACK
— BREQ
DRAM interface
L >
DRAM control DRCRA [
DRCRB
RTMCSR
RTCNT
Legend RTCOR
ABWCR : Bus width control register
ASTCR : Access state control register
WCRH  : Wait control register H
WCRL  : Wait control register L
BRCR : Bus release control register
CSCR : Chip select control register
DRCRA : DRAM control register A
DRCRB : DRAM control register B
RTMCSR : Refresh timer control/status register
RTCNT : Refresh timer counter
RTCOR : Refresh time constant register
ADRCR : Address control register
BCR : Bus control register

Internal data bus

- - - Internal signals - - -,
—>i Bus mode control signal:
—1 Bus size control signal i
| Access state control signal|

I . .
1 Wait request signal i
L

Figure6.1 Block Diagram of Bus Controller
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6.1.3 Pin Configuration

Table 6.1 summarizes the input/output pins of the bus controller.

Table6.1 BusController Pins

Name Abbreviation I/0 Function

ChipselectOto7 CS,to CS; Output Strobe signals selecting areas 0 to 7

Address strobe AS Output Strobe signal indicating valid address output
on the address bus

Read RD Output Strobe signal indicating reading from the
external address space

High write HWR Output Strobe signal indicating writing to the
external address space, with valid data on
the upper data bus (D5 to Dg)

Low write LWR Output Strobe signal indicating writing to the
external address space, with valid data on
the lower data bus (D to Do)

Wait WAIT Input Wait request signal for access to external
three-state access areas

Bus request BREQ Input Request signal for releasing the bus to an
external device

Bus acknowledge BACK Output Acknowledge signal indicating release of the

bus to an external device
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6.1.4 Register Configuration
Table 6.2 summarizes the bus controller's registers.

Table6.2 BusController Registers

Address**  Name Abbreviation R/W Initial Value
H'EE020 Bus width control register ABWCR R/W H'FF*?
H'EE021 Access state control register ASTCR R/W H'FF
H'EE022 Wait control register H WCRH R/W H'FF
H'EE023 Wait control register L WCRL R/W H'FF
H'EE013 Bus release control register BRCR R/W H'FE*?
H'EEO1F Chip select control register CSCR R/W H'OF
H'EEO1E Address control register ADRCR R/W H'FF
H'EE024 Bus control register BCR R/W H'C6
H'EE026 DRAM control register A DRCRA R/W H'10
H'EE027 DRAM control register B DRCRB R/W H'08
H'EE028 Refresh timer control/status register RTMCSR R(W)** H'07
H'EE029 Refresh timer counter RTCNT R/W H'00
H'EEO2A Refresh time constant register RTCOR R/W H'FF

Notes: 1. Lower 20 bits of the address in advanced mode.
2. In modes 2 and 4, the initial value is H'00.
3. In modes 3 and 4, the initial value is H'EE.
4. For Bit 7, only 0 can be written to clear the flag.
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6.2 Register Descriptions

6.2.1 BusWidth Control Register (ABWCR)

ABWCR is an 8-bit readable/writable register that selects 8-bit or 16-bit access for each area.

Bit 7 6 5 4 3 2 1 0
\ ABW7 \ ABW6 \ ABWS5 \ ABW4 \ ABW3 \ ABW2 \ ABW1 \ ABWO \
';’f";e; 6]{Initial value 1 1 1 1 1 1 1 1
and 7 Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
Modes {Initialvalue 0 0 0 0 0 0 0 0
2and4 | poadiwrite RW ~ RW  RW  RW RW  RW  RW  RW

When ABWCR contains H'FF (selecting 8-bit access for all areas), the chip operatesin 8-bit bus
mode: the upper data bus (D45 to Dg) isvalid, and port 4 is an input/output port. When at |east
one bit is cleared to 0 in ABWCR, the chip operatesin 16-bit bus mode with a 16-bit data bus
(D1sto Dg). Inmodes 1, 3, 5, 6, and 7, ABWCR isinitialized to H'FF by areset and in hardware
standby mode. In modes 2 and 4, ABWCR isinitialized to H'00 by areset and in hardware
standby mode. It isnot initialized in software standby mode.

Bits 7to 0—Area 7 to 0 BusWidth Control (ABW7 to ABWO): These bits select 8-bit access
or 16-bit access for the corresponding areas.

Bits 7to 0

ABW?7 to ABWO Description

0 Areas 7 to 0 are 16-bit access areas
1 Areas 7 to O are 8-bit access areas

ABWCR specifies the data bus width of external memory areas. The data bus width of on-chip
memory and registersis fixed, and does not depend on ABWCR settings. These settings are
therefore meaningless in the single-chip modes (modes 6 and 7).
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6.2.2 Access State Control Register (ASTCR)

ASTCR is an 8-bit readable/writable register that selects whether each areais accessed in two
states or three states.

Bit 7 6 5 4 3 2 1 0
AST7 | AST6 | AST5 | AST4 | AST3 | AST2 | AST1 | ASTO

Initial value 1 1 1 1 1 1 1 1
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Bits selecting number of states for access to each area

ASTCRisinitialized to H'FF by areset and in hardware standby mode. It isnot initialized in
software standby mode.

Bits7to 0—Area 7to 0 Access State Control (AST7 to AST0): These bits select whether the
corresponding area is accessed in two or three states.

Bits 7to O

AST7 to ASTO Description

0 Areas 7 to 0 are accessed in two states

1 Areas 7 to 0 are accessed in three states (Initial value)

ASTCR specifies the number of statesin which external areas are accessed. On-chip memory and
registers are accessed in afixed number of states that does not depend on ASTCR settings. These
settings are therefore meaningless in the single-chip modes (modes 6 and 7).

When the corresponding areais designated as DRAM space by bits DRAS2 to DRASO in DRAM
control register A (DRCRA), the number of access states does not depend on the AST bit setting.
When an AST bit is cleared to 0, programmable wait insertion is not performed.
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6.2.3 Wait Control RegistersH and L (WCRH, WCRL)

WCRH and WCRL are 8-hit readable/writable registers that select the number of program wait
states for each area.

On-chip memory and registers are accessed in a fixed number of states that does not depend on
WCRH/WCRL settings.

WCRH and WCRL are initialized to H'FF by areset and in hardware standby mode. They are
not initialized in software standby mode.

WCRH
Bit 7 6 5 4 3 2 1 0
w71 W70 W61 W60 W51 W50 W41 W40
Initial value 1 1 1 1 1 1 1 1
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Bits 7 and 6—Area 7 Wait Control 1 and 0 (W71, W70): These bits select the number of
program wait states when area 7 in external space is accessed whilethe AST7 bit in ASTCR is set
to 1.

Bit 7 Bit 6
W71 W70 Description
0 0 Program wait not inserted when external space area 7 is accessed
1 1 program wait state inserted when external space area 7 is accessed
1 0 2 program wait states inserted when external space area 7 is accessed
1 3 program wait states inserted when external space area 7 is accessed

(Initial value)
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Bits5 and 4—Area 6 Wait Control 1 and 0 (W61, W60): These bits select the number of
program wait states when area 6 in external space is accessed while the AST6 bit in ASTCR is set
to 1.

Bit 5 Bit 4
W61 W60 Description
0 0 Program wait not inserted when external space area 6 is accessed
1 1 program wait state inserted when external space area 6 is accessed
1 0 2 program wait states inserted when external space area 6 is accessed
1 3 program wait states inserted when external space area 6 is accessed

(Initial value)

Bits 3 and 2—Area 5 Wait Control 1 and 0 (W51, W50): These hits select the number of
program wait states when area 5 in external space is accessed while the AST5 bit in ASTCR is set
tol.

Bit 3 Bit 2
W51 W50 Description
0 0 Program wait not inserted when external space area 5 is accessed
1 1 program wait state inserted when external space area 5 is accessed
1 0 2 program wait states inserted when external space area 5 is accessed
1 3 program wait states inserted when external space area 5 is accessed

(Initial value)

Bits 1 and 0—Area 4 Wait Control 1 and 0 (W41, W40): These bits select the number of
program wait states when area 4 in external space is accessed while the AST4 bit in ASTCR is set
tol.

Bit 1 Bit 0
w41 W40 Description
0 0 Program wait not inserted when external space area 4 is accessed
1 1 program wait state inserted when external space area 4 is accessed
1 0 2 program wait states inserted when external space area 4 is accessed
1 3 program wait states inserted when external space area 4 is accessed

(Initial value)
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WCRL
Bit 7 6 5 4 3 2 1 0
W31 W30 w21 W20 w11 W10 Wo1 WO00
Initial value 1 1 1 1 1 1 1 1
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Bits 7 and 6—Area 3 Wait Control 1 and 0 (W31, W30): These bits select the number of
program wait states when area 3 in external space is accessed whilethe AST3 bit in ASTCR is set
to 1.

Bit 7 Bit 6
W31 W30 Description
0 0 Program wait not inserted when external space area 3 is accessed
1 1 program wait state inserted when external space area 3 is accessed
1 0 2 program wait states inserted when external space area 3 is accessed
1 3 program wait states inserted when external space area 3 is accessed

(Initial value)

Bits5 and 4—Area 2 Wait Control 1 and 0 (W21, W20): These bits select the number of
program wait states when area 2 in external space is accessed while the AST2 bit in ASTCR is set
to 1.

Bit 5 Bit 4
w21 W20 Description
0 0 Program wait not inserted when external space area 2 is accessed
1 1 program wait state inserted when external space area 2 is accessed
1 0 2 program wait states inserted when external space area 2 is accessed
1 3 program wait states inserted when external space area 2 is accessed

(Initial value)
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Bits 3 and 2—Area 1 Wait Control 1 and 0 (W11, W10): These hits select the number of
program wait states when area 1 in external space is accessed whilethe AST1 bit in ASTCR is set
to 1.

Bit 3 Bit 2
w11 w10 Description
0 0 Program wait not inserted when external space area 1 is accessed
1 1 program wait state inserted when external space area 1 is accessed
1 0 2 program wait states inserted when external space area 1 is accessed
1 3 program wait states inserted when external space area 1 is accessed

(Initial value)

Bits 1 and 0—Area 0 Wait Control 1 and 0 (W01, W00): These hits select the number of
program wait states when area O in external space is accessed while the ASTO bit in ASTCR is set
tol.

Bit 1 Bit 0
wo1 W00 Description
0 0 Program wait not inserted when external space area 0 is accessed
1 1 program wait state inserted when external space area 0 is accessed
1 0 2 program wait states inserted when external space area 0 is accessed
1 3 program wait states inserted when external space area 0 is accessed

(Initial value)
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6.2.4 Bus Release Control Register (BRCR)

BRCR is an 8-hit readable/writable register that enables address output on bus lines A,z to Az
and enables or disables release of the busto an external device.

Bit 7 6 5 4 3 2 1 0
‘ A23E ‘ A22E ‘ A21E ‘ A20E ‘ — ‘ — ‘ — ‘ BRLE ‘

g’foz‘feé {Initialvalue 1 1 1 1 1 1 1 0
and 7 | Read/Write — — — — — — — R/IW
Modes {Initialvalue 1 1 1 0 1 1 1 0
3and 4 | Readwrite RW ~ RW  RMW — — _ — RIW

Initial value 1 1 1 1 1 1 1 0
Mode {ReadNVrite R/W R/W R/W R/W — — — R/W

Reserved bits

Address 23 to 20 enable
These bits enable PA; to PA, to be
used for A,; to A,y address output

Bus release enable
Enables or disables
release of the bus

to an external device

BRCRisinitialized to H'FE in modes 1, 2, 5, 6, and 7, and to H'EE in modes 3 and 4, by areset

and in hardware standby mode. It is not initialized in software standby mode.

Bit 7—Address 23 Enable (A23E): Enables PA, to be used as the A,; address output pin.
Writing O in this bit enables A3 output from PA,. In modes other than 3, 4, and 5, this bit cannot
be modified and PA, hasits ordinary port functions.

Bit 7

A23E Description

0 PA, is the A,3 address output pin

1 PA, is an input/output pin (Initial value)
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Bit 6—Address 22 Enable (A22E): Enables PAs to be used as the A,, address output pin.
Writing O in this bit enables A,, output from PAs. In modes other than 3, 4, and 5, this bit cannot
be modified and PAs hasiits ordinary port functions.

Bit 6

A22E Description

0 PAs is the A,, address output pin

1 PAs is an input/output pin (Initial value)

Bit 5—Address 21 Enable (A21E): Enables PAg to be used as the A,; address output pin.
Writing O in this bit enables A,; output from PAg. In modes other than 3, 4, and 5, this bit cannot
be modified and PAg has its ordinary port functions.

Bit 5

A21E Description

0 PAs is the A,; address output pin

1 PAs is an input/output pin (Initial value)

Bit 4—Address 20 Enable (A20E): Enables PA; to be used as the A,y address output pin.
Writing O in this bit enables A, output from PA;. This bit can only be modified in mode 5.

Bit 4

A20E Description

0 PA; is the A, address output pin (Initial value when in mode 3 or 4)
1 PA; is an input/output pin (Initial value when in mode 1, 2, 5, 6, or 7)

Bits 3 to 1—Reserved: These bits cannot be modified and are always read as 1.

Bit 0—Bus Release Enable (BRLE): Enables or disables release of the bus to an external
device.

Bit 0
BRLE Description
0 The bus cannot be released to an external device
BREQ and BACK can be used as input/output pins (Initial value)
1 The bus can be released to an external device
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6.2.5 Bus Control Register (BCR)

Bit 7 6 5 4 3 2 1 0
ICIS1 | ICISO | BROME |BRSTS1|BRSTS0| EMC | RDEA | WAITE

Initial value 1 1 0 0 0 1 1 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

BCR is an 8-bit readable/writable register that enables or disablesidle cycle insertion, selects the
address map, selects the area division unit, and enables or disables WAIT pin input.

BCRisinitialized to H'C6 by areset and in hardware standby mode. It isnot initialized in
software standby mode.

Bit 7—Idle CycleInsertion 1 (1CIS1): Selects whether oneidle cycle state isto be inserted
between bus cycles in case of consecutive external read cycles for different areas.

Bit 7

ICIS1 Description

0 No idle cycle inserted in case of consecutive external read cycles for different
areas

1 Idle cycle inserted in case of consecutive external read cycles for different
areas (Initial value)

Bit 6—Ildle CycleInsertion O (1CI SO): Selects whether oneidle cycle state isto be inserted
between bus cycles in case of consecutive external read and write cycles.

Bit 6

ICISO Description

0 No idle cycle inserted in case of consecutive external read and write cycles
1 Idle cycle inserted in case of consecutive external read and write cycles

(Initial value)

Bit 5—Burst ROM Enable (BROME): Selects whether area 0 is aburst ROM interface area.

Bit 5

BROME Description

0 Area 0 is a basic bus interface area (Initial value)
1 Area 0 is a burst ROM interface area
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Bit 4—Burst Cycle Select 1 (BRSTS1): Selects the number of burst cycle states for the burst
ROM interface.

Bit 4

BRSTS1 Description

0 Burst access cycle comprises 2 states (Initial value)
1 Burst access cycle comprises 3 states

Bit 3—Burst Cycle Select 0 (BRSTS0): Selects the number of words that can be accessed in a
burst ROM interface burst access.

Bit 3

BRSTSO Description

0 Max. 4 words in burst access (burst access on match of address bits above
A3) (Initial value)

1 Max. 8 words in burst access (burst access on match of address bits above
Ad)

Bit 2—Expansion Memory Map Control (EM C): Selects either of the two memory maps.

Bit 2

EMC Description

0 Selects the memory map shown in figure 3.2: see section 3.6, Memory Map in
Each Operating Mode

1 Selects the memory map shown in figure 3.1: see section 3.6, Memory Map in

Each Operating Mode (Initial value)

When EMC is cleared to 0, addresses of someinternal 1/0 registers are moved. For details, refer
to appendix B.2, Address List (when EMC = 0).

Thisbit isinvalid in mode 6. In mode 6 and when the RDEA bit is 0, EMC must not be cleared to
0.
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Bit 1—Area Division Unit Select (RDEA): Selects the memory map area division units. This bit
isvalidin modes 3, 4, and 5, and isinvalid in modes 1, 2, 6, and 7.

When the EMC bit is 0, RDEA must not be cleared to O.

Bit 1
RDEA Description
0 Area divisions are as follows: Area 0: 2 Mbytes Area 4: 1.93 Mbytes
Area 1: 2 Mbytes Area 5: 4 kbytes
Area 2: 8 Mbytes Area 6: 23.75 kbytes
Area 3: 2 Mbytes Area 7: 22 bytes
1 Areas 0 to 7 are the same size (2 Mbytes) (Initial value)

Bit 0—WAIT Pin Enable (WAITE): Enables or disables wait insertion by means of the WAIT
pin.

Bit 0

WAITE Description

0 WAIT pin wait input is disabled, and the WAIT pin can be used as an
input/output port (Initial value)

1 WAIT pin wait input is enabled
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6.2.6 Chip Select Control Register (CSCR)

CSCR is an 8-hit readable/writable register that enables or disables output of chip select signals
(§7 to @4) .

If output of a chip select signal is enabled by a setting in this register, the corresponding pin
functions as a chip select signal (CS; to CS,) output regardiess of any other settings. CSCR
cannot be modified in single-chip mode.

Bit 7 6 5 4 3 2 1 0
CS7E CS6E CS5E CS4E — — — —

Initial value 0 0 0 0 1 1 1 1
Read/Write R/W R/W R/W R/W — — — _
Chip select 7 to 4 enable Reserved bits

These bits enable or disable
chip select signal output

CSCRiisinitialized to H'OF by areset and in hardware standby mode. It isnotinitialized in
software standby mode.

Bits7to 4—Chip Select 7 to 4 Enable (CS7E to CS4E): These bits enable or disable output of
the corresponding chip select signal.

Bit n

CSnE Description

0 Output of chip select signal CSn is disabled (Initial value)
1 Output of chip select signal CSn is enabled

Note: n=7to4

Bits 3to 0—Reserved: These bits cannot be modified and are always read as 1.
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6.2.7 DRAM Control Register A (DRCRA)
Bit 7 6 5 4 3 2 1 0
DRAS2 | DRAS1 | DRASO — BE RDM SRFMD | RFSHE
Initial value 0 0 0 1 0 0 0 0
Read/Write R/W R/W R/W — R/W R/W R/W R/W

DRCRA is an 8-bit readable/writable register that selects the areas that have a DRAM interface
function, and the access mode, and enables or disables self-refreshing and refresh pin output.

DRCRA isinitialized to H'10 by areset and in hardware standby mode. It isnot initialized in
software standby mode.

Bits 7 to 5—DRAM Area Select (DRAS2 to DRAS0): These bits select which of areas2t0 5
areto function as DRAM interface areas (DRAM space) in expanded mode, and at the same time
select the RAS output pin corresponding to each DRAM space.

Description
Bit7 Bit6 Bit5
DRAS2 DRAS1 DRASO Area5 Area 4 Area 3 Area 2
0 0 0 Normal Normal Normal Normal
1 Normal Normal Normal DRAM space
(CSy)
1 0 Normal Normal DRAM space DRAM space
(CS3) (CSy)
1 Normal Normal DRAM space DRAM space
(CSy* (CSy*
1 0 0 Normal DRAM space DRAM space DRAM space
(CS4) (CS3) (CSy)
1 DRAM space DRAM space DRAM space DRAM space
(CSs) (CSy) (CSy) (CSy)
1 0 DRAM space DRAM space DRAM space DRAM space
(CSy* (CSy)* (CS)* (CS)*
1 DRAM space DRAM space DRAM space DRAM space
(CSy* (CSy* (CSy* (CSy*

Note: * A single CSn pin serves as a common RAS output pin for a number of areas. Unused CSn

pins can be used as input/output ports.
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When any of bits DRAS2 to DRASO is set to 1 in expanded mode, it is not possible to write to
DRCRB, RTMCSR, RTCNT, or RTCOR. However, 0 can be written to the CMFflagin
RTMCSR to clear the flag.

When an arbitrary value has been set in DRAS2 to DRASD, awrite of adifferent value other than
000 must not be performed.

Bit 4—Reserved: This bit cannot be modified and is always read as 1.

Bit 3—Burst Access Enable (BE): Enables or disables burst accessto DRAM space. DRAM
space burst accessis performed in fast page mode.

Bit 3

BE Description

0 Burst disabled (always full access) (Initial value)
1 DRAM space access performed in fast page mode

Bit 2—RAS Down M ode (RDM): Selects whether to wait for the next DRAM access with the
RAS signal held low (RAS down mode), or to drive the RAS signal high again (RAS up mode),
when burst accessis enabled for DRAM space (BE = 1), and access to DRAM isinterrupted.

Caution is required when the HWR and LWR are used as the UCAS and LCAS output pins. For
details, see RAS Down Mode and RAS Up Mode in section 6.5.10, Burst Operation.

Bit 2

RDM Description

0 DRAM interface: RAS up mode selected (Initial value)
1 DRAM interface: RAS down mode selected
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Bit 1—Self-Refresh M ode (SRFM D): Specifies DRAM sdlf-refreshing in software standby
mode.

When any of areas 2 to 5 is designated as DRAM space, DRAM self-refreshing is possible when a
transition is made to software standby mode after the SRFMD bit has been set to 1.

The normal access state is restored when software standby mode is exited, regardless of the
SRFMD setting.

Bit 1

SRFMD Description

0 DRAM self-refreshing disabled in software standby mode (Initial value)
1 DRAM self-refreshing enabled in software standby mode

Bit 0—Refresh Pin Enable (RFSHE): Enables or disables RFSH pin refresh signal output. If
areas 2 to 5 are not designated as DRAM space, this bit should not be set to 1.

Bit 0

RFSHE Description

0 RFSH pin refresh signal output disabled (Initial value)
(RFSH pin can be used as input/output port)

1 RFSH pin refresh signal output enabled

6.2.8 DRAM Control Register B (DRCRB)

Bit 7 6 5 4 3 2 1 0
MXC1 MXCO CSEL RCYCE — TPC RCW RLW

Initial value 0 0 0 0 1 0 0 0

Read/Write R/W R/W R/W R/W — R/W R/W R/W

DRCRSB is an 8-hit readable/writable register that selects the number of address multiplex column
address hits for the DRAM interface, the column address strobe output pin, enabling or disabling
of refresh cycleinsertion, the number of precharge cycles, enabling or disabling of wait state
insertion between RAS and CAS, and enabling or disabling of wait state insertion in refresh
cycles.

DRCRB isinitialized to H'08 by areset and in hardware standby mode. It isnot initidlized in
software standby mode.
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The settings in this register are invalid when bits DRAS2 to DRASO in DRCRA are dl 0.

Bits 7 and 6—M ultiplex Control 1 and 0 (M XC1, M XCO0): These bits select the row
address/column address multiplexing method used on the DRAM interface. In burst operation,
the row address used for comparison is determined by the setting of these bits and the bus width
of the relevant area set in ABWCR.

Bit 7 Bit 6
MXC1 MXCO Description
0 0 Column address: 8 bits
Compared address:
Modes 1, 2 8-bit access space Aig 1o Ag
16-bit access space Aig 10 Ag
Modes 3, 4,5 8-bit access space Aoz 1o Ag
16-bit access space Aoz 10 Ag
1 Column address: 9 bits
Compared address:
Modes 1, 2 8-bit access space Aig to Ag
16-hit access space Aig to Agp
Modes 3, 4, 5 8-bit access space Aoz to Ag
16-hit access space Aoz to Agp
1 0 Column address: 10 bits
Compared address:
Modes 1, 2 8-bit access space A1 to Agp
16-bit access space Ao to Apy
Modes 3, 4,5 8-bit access space Az to Agp
16-bit access space Axz to Ay
1 lllegal setting

Bit 5—CAS Output Pin Select (CSEL): Selectsthe UCAS and LCAS output pins when areas 2
to 5 are designated as DRAM space.

Bit 5

CSEL Description

0 PB4 and PB5 selected as UCAS and LCAS output pins (Initial value)
1 HWR and LWR selected as UCAS and LCAS output pins
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Bit 4—Refresh Cycle Enable (RCY CE): Enables or disables CAS-before-RAS refresh cycle
insertion. When none of areas 2 to 5 has been designated as DRAM space, refresh cycles are not
inserted regardless of the setting of this bit.

Bit 4

RCYCE Description

0 Refresh cycles disabled (Initial value)
1 DRAM refresh cycles enabled

Bit 3—Reserved: This bit cannot be modified and is always read as 1.

Bit 2—TP Cycle Control (TPC): Selects whether a 1-state or two-state precharge cycle (TP) is
to be used for DRAM read/write cycles and CAS-before-RAS refresh cycles.

The setting of this bit does not affect the self-refresh function.

Bit 2

TPC Description

0 1-state precharge cycle inserted (Initial value)
1 2-state precharge cycle inserted

Bit 1—RAS-CAS Wait (RCW): Controls wait state (Trw) insertion between T, and T, in
DRAM read/write cycles. The setting of this bit does not affect refresh cycles.

Bit 1

RCW Description

0 Wait state (Trw) insertion disabled (Initial value)
1 One wait state (Trw) inserted

Bit 0—Refresh Cycle Wait Control (RLW): Controls wait state (Try) insertion for CAS-
before-RAS refresh cycles. The setting of this bit does not affect DRAM read/write cycles.

Bit 0

RLW Description

0 Wait state (Trw) insertion disabled (Initial value)
1 One wait state (Trw) inserted
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6.2.9 Refresh Timer Control/Status Register (RTM CSR)

Bit 7 6 5 4 3 2 1 0
CMF | CMIE | CKS2 | CKS1 | CKSO — — —

Initial value 0 0 0 0 0 1 1 1
Read/Write  R(W)* RIW RIW RIW R/W — — —

RTMCSR is an 8-hit readable/writable register that selects the refresh timer counter clock. When
the refresh timer is used as an interval timer, RTMCSR also enables or disables interrupt requests.
Bits 7 and 6 of RTMCSR areinitialized to 0 by areset and in the standby modes. Bits5to 3 are
initialized to 0 by areset and in hardware standby mode; they are not initialized in software
standby mode.

Note: * Only 0 can be written to clear the flag.

Bit 7—Compare Match Flag (CMF): Status flag that indicates a match between the values of
RTCNT and RTCOR.

Bit 7
CMF Description
0 Clearing conditions
When the chip is reset and in standby mode
Read CMF when CMF = 1, then write 0 in CMF (Initial value)
1 Setting condition

When RTCNT = RTCOR

Bit 6—Compare Match Interrupt Enable (CMIE): Enables or disables the CMI interrupt
requested when the CMF flag isset to 1in RTMCSR. The CMIE bit is always cleared to 0 when
any of areas 2to 5 is designated as DRAM space.

Bit 6

CMIE Description

0 The CMI interrupt requested by CMF is disabled (Initial value)
1 The CMI interrupt requested by CMF is enabled
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Bits5to 3—Refresh Counter Clock Select (CKS2 to CK S0): These bits select the clock to be
input to RTCNT from among 7 clocks obtained by dividing the system clock (¢). When the input
clock is selected with bits CKS2 to CKS0, RTCNT begins counting up.

Bit5 Bit4 Bit3
CKS2 CKS1 CKSO Description

0 0 0 Count operation halted (Initial value)
1 @2 used as counter clock
1 0 @8 used as counter clock
1 @32 used as counter clock
1 0 0 @128 used as counter clock
1 @512 used as counter clock
1 0 (/2048 used as counter clock
1 @4096 used as counter clock

Bits 2 to 0—Reserved: These bits cannot be modified and are always read as 1.

6.2.10 Refresh Timer Counter (RTCNT)

Bit 7 6 5 4 3 2 1 0
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

RTCNT is an 8-hit readable/writable up-counter.

RTCNT isincremented by an internal clock selected by bits CKS2 to CKS0in RTMCSR. When
RTCNT matches RTCOR (compare match), the CMF flagin RTMCSR isset to 1 and RTCNT is
cleared to H'00. If the RCY CE hit in DRCRB is set to 1 at thistime, arefresh cycleis started.
Also, if the CMIE bitin RTMCSR is set to 1, acompare match interrupt (CMI) is generated.

RTCNT isinitialized to H'00 by areset and in standby mode.
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6.211 Refresh Time Constant Register (RTCOR)

Bit 7 6 5 4 3 2 1 0
Initial value 1 1 1 1 1 1 1 1
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

RTCOR is an 8-hit readable/writable register that determines the interval at which RTCNT is
cleared.

RTCOR and RTCNT are constantly compared. When their values match, the CMF flagisset to 1
in RTMCSR, and RTCNT is simultaneously cleared to H'00.

RTCOR isinitialized to H'FF by areset and in hardware standby mode. It isnot initialized in
software standby mode.

Note:  Only byte access can be used on this register.
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6.2.12 AddressControl Register (ADRCR)

ADRCR is an 8-hit readable/writable register that selects either address update mode 1 or address
update mode 2 as the address output method.

Bit 7 6 5 4 3 2 1 0
R e e e e e o

Initial value 1 1 1 1 1 1 1 1
RIW — — — — — — — RWw
Reserved bits Address control

Selects address update
mode 1 or address
update mode 2

ADRCRIisinitialized to H'FF by areset and in hardware standby mode. It isnot initialized in
software standby mode.

Bits 7 to 2—Reserved: These bits cannot be modified and are always read as 1.
Bit 1—Reserved: Thishit isawaysread as1. Do not write O to this bit.

Bit 0—Address Control (ADRCTL): Selects the address output method.

Bit 0

ADRCTL Description

0 Address update mode 2 is selected

1 Address update mode 1 is selected (Initial value)
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6.3 Operation

6.3.1 AreaDivision

The external address spaceisdivided into areas 0to 7. Each area has a size of 128 kbytesin the
1-Mbyte modes, or 2-Mbytes in the 16-Mbyte modes. Figure 6.2 shows a general view of the
memory map.

H' 00000 H' 000000

Area 0 (128 kbytes) Area 0 (2 Mbytes)
H' 1FFFF H' 1FFFFF
H' 20000 H' 200000

Area 1 (128 kbytes) Area 1 (2 Mbytes)
H' 3FFFF H' 3FFFFF
H' 40000 H' 400000

Area 2 (128 kbytes) Area 2 (2 Mbytes)
H' 5FFFF H' 5FFFFF
H' 60000 H' 600000

Area 3 (128 kbytes) Area 3 (2 Mbytes)
H' 7FFFF H' 7FFFFF
H' 80000 H' 800000

Area 4 (128 kbytes) Area 4 (2 Mbytes)
H' 9FFFF H' 9FFFFF
H' AO000 H' AO0000

Area 5 (128 kbytes) Area 5 (2 Mbytes)
H' BFFFF H' BFFFFF
H' C0000 H' C00000

Area 6 (128 kbytes Area 6 (2 Mbytes
H' DFFFF ( vies) H' DFFFFF ¢ vies)
H' E0000 H' E00000

Area 7 (128 kbytes) Area 7 (2 Mbytes)
H' FFFFF H' FFFFFF
(a) 1-Mbyte modes (modes 1, and 2) (b) 16-Mbyte modes (modes 3, 4, and 5)

Figure6.2 Access AreaMap for Each Operating M ode

Chip select signals (CS, to CS-) can be output for areas 0 to 7. The bus specifications for each
area are selected in ABWCR, ASTCR, WCRH, and WCRL.

In 16-Mbyte mode, the area division units can be selected with the RDEA bit in BCR.
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H'000000 o
Area 0 Area 0 B
2 Mbytes 2 Mbytes =
H'1FFFFF o
H'200000 2
Area 1 Area 1 B
2 Mbytes 2 Mbytes s
H'3FFFFF o
H'400000 ]
Area 2 g‘
2 Mbytes Area 2 =
! rea N
H'5FFFFF 8 Mbytes
H'600000 2
Area 3 B
2 Mbytes =
H7FFFFF o
H'800000 »
Area 4 ‘Q;),
2 Mbytes '§
H'OFFFFF ~
H'A00000 n
Q
Area 5 E.
2 Mbytes s
H'BFFFFF ~
H'C00000 »
Area 6 Area 3 s
2 Mbytes 2 Mbytes §
H'DFFFFF o
H'E00000 Area 7 Area 4
1.93 Mbytes 1.93 Mbytes
H'FEEO00
On-chip registers (1) On-chip registers (1)
H'FEEOFF
H'FEE100
Reserved 39.75 kbytes
H'FF7FFF
H'FF8000 Area 5
H'FF8FFF 4 kbytes
H'FF9000
Area 7 Area 6 2
67.5 kbytes 23.75 kbytes %
=
§2) o~
H'FFEF1F 02
= ©
H'FFEF20 29
o un
n u
oo
<35
On-chip RAM On-chip RAM El
4 kbytes 4 kbytes*
HFFFEFF _ _ _ _ _ ] Lo __L_
H'FFFF00 T
HFFFF1F 2
H'FFFF20 Zw
On-chip registers (2) On-chip registers (2) R
H'FFFFE9 § g
HFFFFEA Area 7 Area7 K
HEFFEFE 22 bytes 22 bytes l

(A) Memory map when RDEA =1

Note: * Area 6 when the RAME bit is cleared.

(b) Memory map when RDEA =0

Figure6.3 Memory Map in 16-M byte Mode
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6.3.2 Bus Specifications

The external space bus specifications consist of three elements: (1) bus width, (2) number of
access states, and (3) number of program wait states.

The bus width and number of access states for on-chip memory and registers are fixed, and are
not affected by the bus controller.

BusWidth: A buswidth of 8 or 16 bits can be selected with ABWCR. An areafor which an 8-
bit busis selected functions as an 8-bit access space, and an area for which a 16-bit busis
selected functions as al6-hit access space.

If al areas are designated for 8-bit access, 8-bit bus modeis set; if any areais designated for 16-
bit access, 16-bit bus mode is set.

Number of Access States. Two or three access states can be selected with ASTCR. An areafor
which two-state access is selected functions as a two-state access space, and an area for which
three-state access is selected functions as a three-state access space.

DRAM spaceis accessed in four states regardless of the ASTCR settings.
When two-state access space is designated, wait insertion is disabled.

Number of Program Wait States. When three-state access space is designated in ASTCR, the
number of program wait states to be inserted automatically is selected with WCRH and WCRL.
From O to 3 program wait states can be selected.

When ASTCR is cleared to O for DRAM space, a program wait (T-T, Wait) is not inserted.
Also, no program wait isinserted in burst ROM space burst cycles.

Table 6.3 shows the bus specifications for each basic bus interface area.
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Table6.3 Bus Specificationsfor Each Area (Basic Bus | nterface)

ABWCR ASTCR WCRH/WCRL Bus Specifications (Basic Bus Interface)

ABWn  ASTn Wn1l WnO Bus Width  Access States Program Wait States
0 0 — — 16 2 0
1 0 0 3 0
1 1
1 0 2
1 3
1 0 — — 8 0
0 0 0
1 1
1 0 2
1 3

Note: n=7to0

6.3.3 Memory I nterfaces

The H8/3068F memory interfaces comprise a basic bus interface that allows direct connection of
ROM, SRAM, and so on; aDRAM interface that allows direct connection of DRAM; and a burst
ROM interface that allows direct connection of burst ROM. The interface can be selected
independently for each area.

An areafor which the basic bus interface is designated functions as normal space, an areafor
which the DRAM interface is designated functions as DRAM space, and area O for which the
burst ROM interface is designated functions as burst ROM space.
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6.3.4 Chip Select Signals

For each of areas 0 to 7, the H8/3068F can output a chip select signal (CS, to CS;) that goes low
when the corresponding areais selected in expanded mode. Figure 6.4 shows the output timing of
aCSnsignal.

Output of CSyto CS3: Output of CS, to CS; is enabled or disabled in the data direction register
(DDR) of the corresponding port.

In the expanded modes with on-chip ROM disabled, areset leaves pin CS, in the output state and
pins CS; to CS; in the input state. To output chip select signals CS; to CSs, the corresponding
DDR bits must be set to 1. In the expanded modes with on-chip ROM enabled, areset |eaves pins
CS, to CS;intheinput state. To output chip select signals CS, to CS3, the corresponding DDR
bits must be set to 1. For details, see section 8, 1/0 Ports.

Output of CS,to CS;: Output of CS4to CS; is enabled or disabled in the chip select control
register (CSCR). A reset leaves pins CS,to CS; in theinput state. To output chip select signals
CS, to CS;, the corresponding CSCR bits must be set to 1. For details, see section 8, I/O Ports.

° | L

Address >< External address in area n ><

CSn

Figure6.4 CSn Signal Output Timing (n=0t07)

When the on-chip ROM, on-chip RAM, and on-chip registers are accessed, CS, to CS; remain
high. The CS, signals are decoded from the address signals. They can be used as chip select
signals for SRAM and other devices.
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6.3.5 Address Output Method

The H8/3068F provides a choice of two address update methods: either the same method asin the
previous H8/300H Series (address update mode 1), or amethod in which address update is
restricted to external space accesses or self-refresh cycles (address update mode 2).

Figure 6.5 shows examples of address output in these two update modes.

On-chip External On-chip External On-chip
memory cycle read cycle memory cycle read cycle memory cycle
Address update X X
mode 1

Address update
mode 2

" I ]

Figure 6.5 Sample Address Output in Each Address Update M ode
(Basic Bus Interface, 3-State Space)

Address Update Mode 1: Address update mode 1 is compatible with the previous H8/300H
Series. Addresses are always updated between bus cycles.

Address Update M ode 2: In address update mode 2, address updating is performed only in
external space accesses or self-refresh cycles. In this mode, the address can be retained between
an external space read cycle and an instruction fetch cycle (on-chip memory) by placing the
program in on-chip memory. Address update mode 2 is therefore useful when connecting a
device that requires address hold time with respect to the rise of the RD strobe.

Switching between address update modes 1 and 2 is performed by means of the ADRCTL bit in
ADRCR. Theinitial value of ADRCR is the address update mode 1 setting, providing
compatibility with the previous H8/300H Series.
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Cautions: When using address update modes, the following points should be noted.

«  When address update mode 2 is selected, the address in an internal space (on-chip memory or
internal 1/O) access cycle is not output externally.

* Inorder to secure address holding with respect to the rise of RD, when address update mode 2
is used an external space read access must be completed within asingle access cycle. For
example, in aword access to 8-bit access space, the bus cycleis split into two as shown in
figure 6.6., and so there is ot a single access cycle. In this case, address holding is not
guaranteed at the rise of RD between the first (even address) and second (odd address) access
cycles (areainside the ellipse in the figure).

) External read cycle )
On-chip (8-bit space word access) On-chip
memory cycle | L _ | _memory cycle
Address update Even addres/s \Odd address
mode 2
o L)

Figure 6.6 Example of Consecutive External Space Accessesin Address Update M ode 2

e When address update mode 2 is selected, in a DRAM space CAS-before-RAS (CBR) refresh
cycle the previous addressis retained (the area 2 start address is not output).
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6.4 Basic Bus | nterface

6.4.1 Overview
The basic bus interface enables direct connection of ROM, SRAM, and so on.

The bus specifications can be selected with ABWCR, ASTCR, WCRH, and WCRL
(seetable 6.3).

6.4.2 Data Size and Data Alignment

Data sizes for the CPU and other internal bus masters are byte, word, and longword. The bus
controller has a data alignment function, and when accessing external space, controls whether the
upper data bus (D5 to Dg) or lower data bus (D7 to Dy) is used according to the bus specifications
for the area being accessed (8-bit access area or 16-bit access area) and the data size.

8-Bit Access Areas. Figure 6.7 illustrates data alignment control for 8-bit access space. With 8-
bit access space, the upper data bus (D15 to Dg) is always used for accesses. The amount of data
that can be accessed at onetime is one byte: aword accessis performed as two byte accesses, and
alongword access, as four byte accesses.

Upper data bus Lower data bus
L D15 DSI D7 DQ{

Byte size [0

Word size 1st bus cycle [

| 2nd bus cycle |

[ 1st bus cycle

L .
ongword size 2nd bus cycle

3rd bus cycle

L 4th bus cycle

Figure 6.7 Access Sizesand Data Alignment Control (8-Bit Access Area)

16-Bit Access Areas. Figure 6.8 illustrates data alignment control for 16-bit access areas. With
16-bit access areas, the upper data bus (D15 to Dg) and lower data bus (D- to Do) are used for
accesses. The amount of data that can be accessed at one timeis one byte or one word, and a
longword access is executed as two word accesses.
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In byte access, whether the upper or lower data busis used is determined by whether the address
iseven or odd. The upper databusis used for an even address, and the lower data busfor an
odd address.

Upper data bus Lower data bus
|D15 DSIDJ _____________ I;)QI
Byte size - Even address | |
Byte size - Odd address | |
Word size | — T | — T |

Longword size |:1stbuscycle | : : : : : : : : : : : : : :

2nd bus cycle |

Figure 6.8 Access Sizesand Data Alignment Control (16-Bit Access Area)

6.4.3 Valid Strobes
Table 6.4 shows the data buses used, and the valid strobes, for the access spaces.
In aread, the RD signal is valid for both the upper and the lower half of the data bus.

In awrite, the HWR signal isvalid for the upper half of the data bus, and the LWR signal for the
lower half.
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Table6.4 DataBusesUsed and Valid Strobes

Access Upper Data Bus Lower Data Bus
Area Size Read/Write Address Valid Strobe (Dsto Dg) (D7 to Dy)
8-bit Byte Read — RD Valid Invalid
access Write — HWR Undetermined
area data
16-bit Byte Read Even RD Valid Invalid
access Odd Invalid Valid
area Write Even HWR Valid Undetermined
data
Odd LWR Undetermined Valid
data
Word  Read — RD Valid Valid
Write — HWR, LWR Valid Valid

Notes: 1. Undetermined data means that unpredictable data is output.
2. Invalid means that the bus is in the input state and the input is ignored.

6.4.4 Memory Areas

Theinitial state of each areais basic businterface, three-state access space. Theinitial bus width
is selected according to the operating mode. The bus specifications described here cover basic
items only, and the following sections should be referred to for further details: 6.4, Basic Bus
Interface, 6.5, DRAM Interface, 6.8, Burst ROM Interface.

Area 0: Area 0 includes on-chip ROM, and in ROM-disabled expansion mode, all of areaOis
external space. |n ROM-enabled expansion mode, the space excluding on-chip ROM is external
space.

When area 0 external space is accessed, the CS, signal can be output.

Either basic businterface or burst ROM interface can be selected for area 0.

The size of area 0 is 128 kbytesin modes 1 and 2, and 2 Mbytes in modes 3, 4, and 5.

Areas 1 and 6: In external expansion mode, areas 1 and 6 are entirely external space.

When area 1 and 6 external space is accessed, the CS; and CSe pin signals respectively can be
output.

Only the basic businterface can be used for areas 1 and 6.

Thesize of areas 1 and 6 is 128 kbytesin modes 1 and 2, and 2 Mbytes in modes 3, 4, and 5.
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Areas 210 5: In external expansion mode, areas 2 to 5 are entirely external space.

When area 2 to 5 external space is accessed, signals CS, to CSs can be output.

Basic bus interface or DRAM interface can be selected for areas 2 to 5. With the DRAM
interface, signals CS, to CSs are used as RAS signals.

Thesize of areas2to 5is 128 kbytesin modes 1 and 2, and 2 Mbytesin modes 3, 4, and 5.

Area 7: Area 7 includes the on-chip RAM and registers. In external expansion mode, the space
excluding the on-chip RAM and registersis external space. The on-chip RAM is enabled when
the RAME bit in the system control register (SY SCR) is set to 1; when the RAME hit is cleared to
0, the on-chip RAM is disabled and the corresponding space becomes external space .

When area 7 external space is accessed, the CS; signal can be outpui.

Only the basic bus interface can be used for the area 7 memory interface.

Thesize of area 7 is 128 kbytesin modes 1 and 2, and 2 Mbytesin modes 3, 4, and 5.
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6.4.5 Basic Bus Control Signal Timing
8-Bit, Three-State-Access Areas

Figure 6.9 shows the timing of bus control signals for an 8-hit, three-state-access area. The upper
data bus (D5 to Dg) is used in accesses to these areas. The LWR pinisaways high. Wait states
can beinserted.

«——  Buscycle ——
1

T1 i T2 | T3 !
o L1 |
|

.

Address bus ::x External address in area n X
!

s ]

s |

mo |

Read access { Disto Dg

|——E

I
I

D7to Do
|
WA —
|
LWR High

Write access

[

[

Undetermined data

1
1
1
1
|
Disto Dg —— ! valid
!
D7to Do _‘_< i
1

Note: n=71t00

Figure6.9 BusControl Signal Timing for 8-Bit, Three-State-Access Area
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8-Bit, Two-State-Access Areas

Figure 6.10 shows the timing of bus control signals for an 8-hit, two-state-access area. The upper
databus (D15 to Dg) isused in accesses to these areas. The LWR pinisaways high. Wait states
cannot be inserted.

«——— Buscycle ——»
1 1
T1 i T2

I I
I I
| |
I I
Address bus X External address in area n EX
I I
I I

CSn

1

1

1

1

i

1

1

1

1

1

1

1

1

1

1

|

: Invalid

:

HWR | i |

:

1

1

1

1

1

|

!
d

i

Read access { Disto Dg

LWR
Write access

<
=2
g

D7to Do —'—( Undetermined data >—

Note: n=7t00

Figure6.10 BusControl Signal Timing for 8-Bit, Two-State-Access Area
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16-Bit, Three-State-Access Areas

Figures 6.11 to 6.13 show the timing of bus control signals for a 16-hit, three-state-access area.
In these areas, the upper data bus (D15 to Dg) is used in accesses to even addresses and the lower
data bus (D to Dg) in accesses to odd addresses. Wait states can be inserted.

Bus cycle
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1
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Read access { Disto Dg : Valid
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1
D7 to Do T Invalid

|

HWR i
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|

LWR | High
|
1
1
1

D7toDp ——

Undetermined data

I
I
1
1
i
DistoDg —— ! Valid
I
I
1
|
i

Note: n=7t00

Figure6.11 BusControl Signal Timing for 16-Bit, Three-State-Access Area (1)
(Byte Accessto Even Address)
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Read access

Write access
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Figure6.12 BusControl Signal Timing for 16-Bit, Three-State-Access Area (2)

(Byte Accessto Odd Address)
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<«————— Buscycle ———»
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Figure6.13 BusControl Signal Timing for 16-Bit, Three-State-Access Area (3)
(Word Access)

Rev. 3.00 Sep 14, 2005 page 154 of 910
REJ09B0258-0300
RENESAS




Section 6 Bus Controller

16-Bit, Two-State-Access Areas. Figures 6.14 to 6.16 show the timing of bus control signals for
a 16-bit, two-state-access area. In these areas, the upper data bus (D5 to Dg) is used in accesses
to even addresses and the lower data bus (D to Dy) in accesses to odd addresses. Wait states
cannot be inserted.

<« Buscycle ——»
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Note: n=7to0

Figure6.14 BusControl Signal Timing for 16-Bit, Two-State-Access Area (1)
(Byte Accessto Even Address)
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Figure6.15 BusControl Signal Timing for 16-Bit, Two-State-Access Area (2)
(Byte Accessto Odd Address)
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«— Bus cycle N
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Figure6.16 BusControl Signal Timing for 16-Bit, Two-State-Access Area (3)
(Word Access)

6.4.6 Wait Control

When accessing external space, the H8/3068F can extend the bus cycle by inserting one or more
wait states (Ty,). There are two ways of inserting wait states: (1) program wait insertion and (2)
pin wait insertion using the WAIT pin.

Program Wait Insertion: From O to 3 wait states can be inserted automatically between the T,
state and T3 state on an individual area basis in three-state access space, according to the settings
of WCRH and WCRL.
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Pin Wait Insertion: Setting the WAITE bit in BCR to 1 enables wait insertion by means of the
WAIT pin. When external spaceis accessed in this state, a program wait isfirst inserted. If the
WAIT pinislow at the falling edge of @inthelast T, or Ty state, another Ty Stateisinserted. If
the WAIT pinis held low, Ty, states are inserted until it goes high.

Thisisuseful when inserting four or more Ty states, or when changing the number of T,y states
for different external devices.

The WAITE bit setting appliesto all areas. Pin waits cannot be inserted in DRAM space.

Figure 6.17 shows an example of the timing for insertion of one program wait state in 3-state
space.

Inserted
by program wait Inserted by WAIT pin
Tl | T2 | TW | TW | TW | T3
I | I I

WAIT

Address bus

AS | |
m | [
Read access
Data bus { Read data }-
| FWR, TWR | [
Write access
Data bus —— Write data >

Note: y indicates the timing of WAIT pin sampling.

Figure6.17 Example of Wait State Insertion Timing
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6.5 DRAM Interface

6.5.1 Overview

The H8/3068F is provided with a DRAM interface with functions for DRAM control signal

(RAS, UCAS, LCAS, WE) output, address multiplexing, and refreshing, that direct connection of
DRAM. In the expanded modes, external address space areas 2 to 5 can be designated as DRAM
space accessed viathe DRAM interface. A data bus width of 8 or 16 bits can be selected for
DRAM space by means of a settingin ABWCR. When a 16-bit data bus width is selected, CASis
used for byte access control. In the case of x 16-bit organization DRAM, therefore, the 2-CAS
type can be connected. A fast page mode is supported in addition to the normal read and write
access modes.

6.5.2 DRAM Space and RAS Output Pin Settings

Designation of areas 2 to 5 as DRAM space, and selection of the RAS output pin for each area
designated as DRAM space, is performed by setting bits in DRCRA. Table 6.5 showsthe
correspondence between the settings of bits DRAS2 to DRASO and the selected DRAM space and
RAS output pin.

When an arbitrary value has been set in DRAS2 to DRASD, awrite of adifferent value other than
000 must not be performed.
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Table6.5 Settings of Bits DRAS2 to DRASO and Corresponding DRAM Space (RAS
Output Pin)
DRAS2 DRAS1 DRASO Area5 Area 4 Area 3 Area 2
0 0 0 Normal space Normal space Normal space Normal space
1 Normal space Normal space Normal space DRAM space
(CS,)
1 0 Normal space Normal space DRAM space DRAM space
(CSy) (CS)
1 Normal space Normal space DRAM space DRAM space
(Csy)* (CSy)*
1 0 0 Normal space DRAM space DRAM space DRAM space
(CS)) (CSs) (CS2)
1 DRAM space DRAM space DRAM space DRAM space
(CSs) (CS.) (CSs) (CS,)
1 0 DRAM space DRAM space DRAM space DRAM space
(CSy* (CSy* (CSy* (CSy*
1 DRAM space DRAM space DRAM space DRAM space
(CSy)* (Csy)* (Csy)* (CSy)*

Note: * A single CS,, pin serves as a common RAS output pin for a number of areas. Unused CS,
pins can be used as input/output ports.

6.5.3

Address M ultiplexing

When DRAM space is accessed, the row address and column address are multiplexed. The

address multiplexing method is selected with bits MXC1 and MXCO in DRCRB according to the
number of bitsin the DRAM column address. Table 6.6 shows the correspondence between the
settings of MXC1 and MXCO0 and the address multiplexing method.
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Table6.6  Settingsof Bits M XC1 and M XCO and Address M ultiplexing M ethod

Column
DRCRB Address Address Pins
MXC1 MXCO Bits Axto Az A Al Ao Ay As A As As Ay Az A AL Ao
Row 0 0 8 bits A3 10 A1z Axo* Atg Atg Arr Ass As An Az Az A Ap Ag Ag
address
1 9 bits Az to Aiz Az Ax* Arg Awg Az Ais Ais Ag Az Az A Ao Ao
1 0 10 bits Axzto Az A Air Ax* Ag Ais Az A Ais Ay Az A Air A
1 lllegal — - - - - - = = = =
setting
Column — — — Azto Az Az An Ao A A Ar As As Ay Az A AL Ao
address

Note: * Row address bit Ay is not multiplexed in 1-Mbyte mode.

6.5.4 Data Bus

If the bit in ABWCR corresponding to an area designated as DRAM spaceis set to 1, that areaiis
designated as 8-bit DRAM space; if the bit is cleared to 0, the areais designated as 16-bit DRAM
space. In 16-bit DRAM space, x 16-hit organization DRAM can be connected directly.

In 8-bit DRAM space the upper half of the data bus, D15 to Dg, is enabled, whilein 16-bit DRAM
space both the upper and lower halves of the data bus, D15 to Do, are enabled.

Access sizes and data alignment are the same as for the basic businterface: see section 6.4.2,
Data Size and Data Alignment.
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6.5.5 Pins Used for DRAM Interface
Table 6.7 shows the pins used for DRAM interfacing and their functions.

Table6.7 DRAM Interface Pins

With DRAM

Pin Designated Name I/0 Function

PB4 UCAS Upper column Output  Upper column address strobe for DRAM
address strobe space access (when CSEL = 0 in DRCRB)

PB5 LCAS Lower column Output  Lower column address strobe for DRAM
address strobe space access (when CSEL =0 in DRCRB)

HWR UCAS Upper column Output  Upper column address strobe for DRAM
address strobe space access (when CSEL =1 in DRCRB)

LWR LCAS Lower column Output  Lower column address strobe for DRAM
address strobe space access (when CSEL =1 in DRCRB)

CS, RAS, Row address Output  Row address strobe for DRAM space
strobe 2 access

CS; RAS; Row address Output  Row address strobe for DRAM space
strobe 3 access

CS, RAS, Row address Output  Row address strobe for DRAM space
strobe 4 access

CSs RAS; Row address Output  Row address strobe for DRAM space
strobe 5 access

RD WE Write enable Output  Write enable for DRAM space write

access*
P80 RFSH Refresh Output  Goes low in refresh cycle
A to Ag A to Ag Address Output  Row address/column address multiplexed
output
Di5t0 Dy Di5to Dy Data 110 Data input/output pins

Note: * Fixed high in a read access.

6.5.6 Basic Timing

Figure 6.18 shows the basic access timing for DRAM space. The basic DRAM accesstiming is
four states: one precharge cycle (T,) state, one row address output cycle (T,) state, and two
column address output cycle (Tq, Te) states. Unlike the basic businterface, the corresponding
bitsin ASTCR control only enabling or disabling of wait insertion between T, and T, and do
not affect the number of access states. When the corresponding bit in ASTCR is cleared to O,
wait states cannot be inserted between T; and T, in the DRAM access cycle.
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If aDRAM read/write cycleis followed by an access cycle for an external area other than DRAM
space when HWR and LWR are selected asthe UCAS and LCAS output pins, anidle cycle (Ti) is
inserted unconditionally immediately after the DRAM access cycle. See section 6.9, Idle Cycle,
for details.

A23 10 Ao Row | Column

High level

CSn (RAS)

:

PB, /PBs
(UCAS / LCAS)

Read access _

D(WE) High level

Dis to Do

PB, /PBs
(UCAS / LCAS)

Write access

D(WE)

D15 to Do

N

e R e P R BRlnRtt EET S

T U Y

il

Note:n=2to5

Figure6.18 Basic AccessTiming (CSEL = 0in DRCRB)
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6.5.7 Precharge State Control

In the H8/3068F, provision is made for the DRAM RAS precharge time by always inserting one
RAS precharge state (T,) when DRAM space is accessed. This can be changed to two T, states
by setting the TPC bit to 1 in DRCRB. The optimum number of T, cycles should be set
according to the DRAM connected and the operating frequency of the H8/3068F chip. Figure
6.19 shows the timing when two T, states are inserted.

When the TCP bit is set to 1, two T, states are also used for CAS-before-RAS refresh cycles.

] I 1 1 1 |
! Tp1 i T2 Tr P Ta i Te2 !
: I I I 1 :
1 I I I I I
A I N S O I
I I I I 1 I
| 1 I 1 h
A2z t0 Ao .x ! X Row ik Column [ ,x
1 I I I [l 1
1 I I I 1 I
AS ! ! ' High level ! ! !
! | | | i i
| | | I 1 I
T T 1 1
CSn (RAS) J | i i i |
1 I I T T d
I I I I 1 I
| | | 1 |
PB, /PB; | ; ; : ! I_
(UCAS /LCAS) J. ! ! ! ! |
: i i i i |
Read access RD(WE) i ' High level ! i |
_] | | | | |
I I I I I I
—_— | | | ' i
D15 to Do 1 . T T < i :>
— i i i i !
I I I I I I
PB, /PBg ! | | | l_
(UCAS /LCAS) J | i i T i
! | | | i |
I I I I I I
| | | I I |
Write access RD(WE) _l : : : | i | !
i i i i | !
— : : L — .
D15t Do ! ; . . { ! !
— | | | ; -

Note:n=2t05

Figure6.19 Timingwith Two Precharge States (CSEL =0in DRCRB)
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6.5.8 Wait Control

In aDRAM access cycle, wait states can be inserted (1) between the T, state and T, state, and (2)
between the T, state and T, state.

Insertion of T,, Wait State between T, and T;: One T, state can be inserted between T, and
T by setting the RCW bit to 1 in DRCRB.

Insertion of T,, Wait State(s) between T and T: When the bit in ASTCR corresponding to an
areadesignated as DRAM spaceis set to 1, from O to 3 wait states can be inserted between the T,
state and T, state by means of settingsin WCRH and WCRL.

Figure 6.20 shows an example of the timing for wait state insertion.

The settings of the RCW bit in DRCRB and of ASTCR, WCRH, and WCRL do not affect refresh
cycles. Wait states cannot be inserted in a DRAM space access cycle by means of the WAIT pin.
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Write access

RD(WE)

D15 to Do Write data

Note:n=2to5

Figure6.20 Example of Wait State Insertion Timing (CSEL = 0)

6.5.9 Byte Access Control and CAS Output Pin

When an access is made to DRAM space designated as a 16-bit-access areain ABWCR, column
address strobes (UCAS and LCAS) corresponding to the upper and lower halves of the external
data bus are output. In the case of x 16-bit organization DRAM, the 2-CAS type can be
connected.

Either PB4 and PB5, or HWR and LWR, can be used asthe UCAS and LCAS output pins, the
selection being made with the CSEL bit in DRCRB. Table 6.8 shows the CSEL bit settings and
corresponding output pin selections.
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When an access is made to DRAM space designated as an 8-hit-access areain ABWCR, only
UCAS isoutput. When the entire DRAM space is designated as 8-bit-access space and CSEL =
0, PB5 can be used as an input/output port.

Note that RAS down mode cannot be used when a device other than DRAM is connected to
external space and HWR and LWR are used as write strobes. In this case, also, anidle cycle (Ti)
is always inserted when an external access to other than DRAM space occurs after a DRAM
space access. For details, see section 6.9, Idle Cycle.

Table6.8 CSEL Settingsand UCAS and LCAS Output Pins

CSEL UCAS LCAS
0 PB4 PBs
1 HWR LWR

Figure 6.21 shows the control timing.

Row Column

PB,(UCAS)

Byte control !
PB5(LCAS)

e |__ |___=;i-_ o

D(WE

~

}

s s e B S

Note:n=2t05

Figure6.21 Control Timing (Upper-Byte Write Access When CSEL = 0)
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6.5.10 Burst Operation

With DRAM, in addition to full access (hormal access) in which datais accessed by outputting a
row address for each access, afast page modeis also provided which can be used when making a
number of consecutive accesses to the same row address. This mode enables fast (burst) access
of data by simply changing the column address after the row address has been output. Burst
access can be selected by setting the BE bit to 1 in DRCRA.

Burst Access (Fast Page M ode) Operation Timing: Figure 6.22 shows the operation timing for
burst access. When there are consecutive access cycles for DRAM space, the column address and
CAS signal output cycles (two states) continue as long as the row address is the same for
consecutive access cycles. In burst access, too, the bus cycle can be extended by inserting wait
states between T; and T.,. The wait state insertion method and timing are the same as for full
access. see section 6.5.8, Wait Control, for details.

The row address used for the comparison is determined by the bus width of the relevant area set
in bits MXC1 and MXCO in BRCRB, and in ABWCR. Table 6.9 shows the compared row
addresses corresponding to the various settings of bits MXC1 and MXCO0, and ABWCR.
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: Tp : Tr : Te1 : Te2 : Te1 : Te2 :
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Note:n=2to5

Figure6.22 Operation Timingin Fast Page M ode
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Table6.9 Correspondence between Settings of MXC1 and M XCO Bitsand ABWCR, and
Row Address Compared in Burst Access

DRCRB ABWCR
Operating Mode MXC1 MXCO ABWn Bus Width Compared Row Address
Modes 1 and 2 0 0 0 16 bits A19 to A9
(1-Mbyte) 1 8 bits A19 to A8
1 0 16 bits A19 to A10
1 8 bits Al9 to A9
1 0 0 16 bits Al9to All
1 8 bits A19 to A10
— — lllegal setting
Modes 3,4,and5 O 0 0 16 bits A23 to A9
(16-Mbyte) 1 8 bits A23 to A8
1 0 16 bits A23 to A10
1 8 bits A23 to A9
1 0 0 16 bits A23to All
1 8 bits A23 to A10
1 — — Illegal setting

Note: n=2to5

RAS Down Mode and RAS Up M ode: With DRAM provided with fast page mode, as long as
accesses are to the same row address, burst operation can be continued without interruption even
if accesses are not consecutive by holding the RAS signal low.

« RASDown Mode

To select RAS down mode, set the BE and RDM hitsto 1 in DRCRA. |If accessto DRAM
space is interrupted and another space is accessed, the RAS signal is held low during the
access to the other space, and burst access is performed if the row address of the next DRAM
space access is the same as the row address of the previous DRAM space access. Figure 6.23
shows an example of thetiming in RAS down mode.
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Note:n=2t05

Figure 6.23 Example of Operation Timingin RAS Down Mode (CSEL = 0)

When RAS down mode is selected, the conditions for an asserted RASh signal to return to the
high level are as shown below. Thetiming in these cases is shown in figure 6.24.

0 When DRAM space with adifferent row address is accessed
O Immediately before a CAS-before-RAS refresh cycle

0 When the BE bit or RDM bit is cleared to 0 in DRCRA

O Immediately before release of the external bus
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i DRAM access cycle i
g ——————————————————————————— P
I I

o T L

(a) Access to DRAM space with a different row address

\ CBR refresh cycle

(b) CAS-before-RAS refresh cycle

. DRCRA write cycle

B —
o T LT
RASH i !

(c) BE bit or RDM bit cleared to 0 in DRCRA

| | External bus released |

1
I
RASN A i High-impedance S
I
I

(d) External bus released

Note:n=2to5

Figure6.24 RASnN Negation Timing when RAS Down M odeis Selected
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When RAS down mode is selected, the CAS-before-RAS refresh function provided with this
DRAM interface must always be used as the DRAM refreshing method. When arefresh
operation is performed, the RAS signal goes high immediately beforehand. The refresh
interval setting must be made so that the maximum DRAM RAS pulse width specification is
observed.

When the self-refresh function is used, the RDM bit must be cleared to 0, and RAS up mode
selected, before executing a SLEEP instruction in order to enter software standby mode.
Select RAS down mode again after exiting software standby mode.

Note that RAS down mode cannot be used when HWR and LWR are selected for UCAS and
LCAS, adevice other than DRAM is connected to external space, and HWR and LWR are
used as write strobes.

RASUp Mode

To select RAS up mode, clear the RDM bit to 0 in DRCRA. Each time accessto DRAM
space is interrupted and another space is accessed, the RAS signal returns to the high level.
Burst operation is only performed if DRAM space is continuous. Figure 6.25 shows an
example of thetiming in RAS up mode.

External space
DRAM access DRAM access access

I I
! - -
T Tt Ta  Te ! Ta  Te | T Ts
| | I l | I

A23 to Ao

AS

CSn(RAS)

e s

PB,/PB;
(UCASILCAS)

1
D15 to Do i ,‘

Note:n=2to5

—

e e S B B e
S ERnTEE B SEEETEE S e e

—

Figure6.25 Example of Operation Timingin RASUp Mode
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6.5.11 Refresh Control

The H8/3068F is provided with a CAS-before-RAS (CBR) function and self-refresh function as
DRAM refresh control functions.

CAS-Before-RAS (CBR) Refreshing: To select CBR refreshing, set the RCYCE bitto 1in
DRCRB.

With CBR refreshing, RTCNT counts up using the input clock selected by bits CKS2 to CKS0 in
RTMCSR, and arefresh request is generated when the count matches the value set in RTCOR
(compare match). At the sametime, RTCNT isreset and starts counting up again from H'00.
Refreshing is thus repeated at fixed intervals determined by RTCOR and bits CKS2 to CKS0. A
refresh cycleis executed after this refresh request has been accepted and the DRAM interface has
acquired the bus. Set avalue in bits CKS2 to CKS0 in RTCOR that will meet the refresh interval
specification for the DRAM used. When RAS down mode is used, set the refresh interval so that
the maximum RAS pulse width specification is met.

RTCNT starts counting up when bits CKS2 to CKS0 are set. RTCNT and RTCOR settings
should therefore be completed before setting bits CKS2 to CKS0.

Also note that arepeat refresh request generated during a bus request, or arefresh request during
refresh cycle execution, will be ignored.

RTCNT operation is shown in figure 6.26, compare match timing in figure 6.27, and CBR refresh
timing in figures 6.28 and 6.29.

H'00

Refresh request I—I I—I I—I I—I I_I

Figure6.26 RTCNT Operation
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: L

RTCNT N X H'00

RTCOR N

Refresh request signal
and CMF bit setting signal

Figure 6.27 CompareMatch Timing

Trp Tr1 Tr2

1
1
1
1
1
1 1
Address bus* :;X Area 2 start address
1

I
[
r
1
1
I
[
1
1
1
1
1

I

CSn(RAS)

PB,/PBs
(UCASILCAS) _|

High level

Note: * In address update mode 1, the area 2 start address is output.
In address update mode 2, the address in the preceding bus cycle is retained.

Figure6.28 CBR Refresh Timing (CSEL =0, TPC =0, RLW =0)

The basic CBS refresh cycle timing comprises three states. one RAS precharge cycle (Tgp) State,
and two RAS output cycle (Try, Try) states. Either one or two states can be selected for the RAS
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precharge cycle. When the TPC bit isset to 1in DRCRB, RAS signa output is delayed by one
cycle. Thisdoes not affect the timing of UCAS and LCAS output.

Usethe RLW bit in DRCRB to adjust the RAS signal width. A single refresh wait state (Trw) can
be inserted between the Tr; state and Tg, State by setting the RLW bit to 1.

The RLW bit setting is valid only for CBR refresh cycles, and does not affect DRAM read/write
cycles. The number of statesin the CBR refresh cycleis not affected by the settingsin ASTCR,
WCRH, or WCRL, or by the state of the WAIT pin.

Figure 6.29 shows the timing when the TPC bit and RLW bit are both set to 1.

TrpP2 Tr1 Trw Tr2

1 Trpt
|
1
(p J
Address bus* ix

1
1
Arela 2 start addreless
1
1
1
1
1
1
1
1
1
1
1
1
1

I Tt

CSn(RAS)

PB,/PB;
(UCAS/LCAS) —

RD(WE) High

RFSH

AS

High level

Note: * In address update mode 1, the area 2 start address is output.
In address update mode 2, the address in the preceding bus cycle is retained.

Figure6.29 CBR Refresh Timing (CSEL =0, TPC =1, RLW =1)

DRAM must be refreshed immediately after powering on in order to stabilize itsinternal state.
When using the H8/3068F CAS-before-RAS refresh function, therefore, a DRAM stabilization
period should be provided by means of interrupts by another timer module, or by counting the
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number of times bit 7 (CMF) of RTMCSR is s&t, for instance, immediately after bits DRAS2 to
DRASO have been set in DRCRA.

Self-Refreshing: A self-refresh mode (battery backup mode) is provided for DRAM as a kind of
standby mode. In this mode, refresh timing and refresh addresses are generated within the
DRAM. The H8/3068F has a function that placesthe DRAM in self-refresh mode when the chip
enters software standby mode.

To use the self-refresh function, set the SRFMD hit to 1 in DRCRA. When a SLEEP instruction
is subsequently executed in order to enter software standby mode, the CAS and RAS signals are
output and the DRAM enters self-refresh mode, as shown in figure 6.30.

When the chip exits software standby mode, CAS and RAS outputs go high.
The following conditions must be observed when the self-refresh function is used:

«  When burst access is selected, RAS up mode must be selected before executing a SLEEP
instruction in order to enter software standby mode. Therefore, if RAS down mode has been
selected, the RDM hit in DRCRA must be cleared to 0 and RAS up mode selected before
executing the SLEEP instruction. Select RAS down mode again after exiting software standby
mode.

e Theinstruction immediately following a SLEEP instruction must not be located in an area
designated as DRAM space.

The self-refresh function will not work properly unless the above conditions are observed.
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Software standby  Oscillation stabilization

i mode i time
1
! 1
- S
Address bus D High-impedance : T
! 1
! 1
CSh(RAS) : |
|
! i
. ! .
PB,(UCAS) | | : —
! :
. ! !
PBg(LCAS) | : :
i !
o . ! |
RD(WE) , .
R |
1
RFSH : |
1

Figure6.30 Self-Refresh Timing (CSEL = 0)

Refresh Signal (RFSH): A refresh signal (RFSH) that transmits a refresh cycle off-chip can be
output by setting the RFSHE bit to 1 in DRCRA. RFSH output timing is shown in figures 6.28,
6.29, and 6.30.

6.5.12 Examplesof Use

Examples of DRAM connection and program setup procedures are shown below. When the
DRAM interface is used, check the DRAM device characteristics and choose the most
appropriate method of use for that device.

Connection Examples

» Figure 6.31 shows typical interconnections when using two 2-CAS type 16-Mbit DRAMs
using a x 16-bit organization, and the corresponding address map. The DRAMs used in this
example are of the 10-bit row address x 10-bit column address type. Up to four DRAMS can
be connected by designating areas 2 to 5 as DRAM space.
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2-CAS 16-Mbit DRAM
10-bit row address x 10-bit column address

H8/3067 Group chip T UL x16-bit organization
CS, (RAS)) T3 RAS
CS; (RAS,)
PB4(UCAS) UCAS
PBg(LCAS) LCAS
> — No.1
RD (WE) l WE
R
D15-Do K__ D15-Do
OE
RAS
UCAS
LCAS
- No.2
WE
Ag-Ag
D15-Do
OE
(a) Interconnections (example) HT
PB, PBg
(UCAS) (LCAS)
15 87 0
H'400000
Area 2 DRAM (No.1) CS,(RAS,)
H'5FFFFE
H'600000 o
Area 3 DRAM (No.2) CS4(RAS,)
H'7FFFFE
H'800000
Area 4 Normal CS,
H'9FFFFE
H'A00000
Area 5 Normal CSs
H'BFFFFE

(b) Address map

Figure6.31 Interconnectionsand AddressMap for 2-CAS 16-M bit DRAM swith x
16-Bit Organization

Figure 6.32 shows typical interconnections when using two 16-Mbit DRAMs using a x 8-bit
organization, and the corresponding address map. The DRAMs used in this example are of the
11-bit row address x 10-bit column address type. The CS, pin is used as the common RAS
output pin for areas 2 and 3. When the DRAM address space spans a number of contiguous
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areas, asin this example, the appropriate setting of bits DRAS2 to DRASD enables asingle CS
pin to be used as the common RAS output pin for a number of areas, and makes it possible to
directly connect large-capacity DRAM with address space that spans a maximum of four
areas. Any unused CS pins (in this example, the CS; pin) can be used as input/output ports.

2-CAS 16-Mbit DRAM
11-bit row address x 10-bit column address

H8/3067 Group chip 1 x8-bit organization
CS, (RAS)) ] RAS
PB4 (UCAS) CAS
PBg (LCAS)
RD (WE) ] WE No.l
A21s Aro-AL | | | | | A10-Ao
Dy5-Dg D7-Dg
D7-Do K
OE
RAS
CAS
WE No.2
A10-Ao
D;-Dy
OE
(a) Interconnections (example)
PB, PBs
(UCAS) (LCAS)
87 0
H'400000
Area 2 S (RAS,
H'SFFFFE | DRAM | DRAM CSARAS,)
H'600000 (No.1) T (No.2)
Area 3
H'7FFFFE
H'800000
Area 4 Normal CSs,
H'9FFFFE
H'A00000
Area 5 Normal CS;
H'BFFFFE

16-Mbyte mode

(b) Address map

Figure6.32 Interconnectionsand AddressMap for 16-M bit DRAM swith x 8-Bit
Organization
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« Figure 6.33 shows typical interconnections when using two 4-Mbit DRAMS, and the
corresponding address map. The DRAMs used in this example are of the 9-bit row address x
10-bit column address type. In this example, upper address decoding allows multiple DRAMs
to be connected to asingle area. The RFSH pinisused in this case, since both DRAMS must
be refreshed simultaneously. However, note that RAS down mode cannot be used in this
interconnection example.
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2-CAS 4-Mbit DRAM
9-bit row address x 9-bit column address

H8/3067 Group chip L x16-bit organization
CS, (RAS,) > :l:_i > RAS
PB, (UCAS) UCAS
PBs (LCAS) LCAS
RD (WE) WE No
RFSH éb
Ag
S
D15-Dg D15-Dg E
LD R
UCAS
LCAS
WE No.2
Ag-Ag
D15-Do
OE
(a) Interconnections (example) 747_
PB, PBg
(UCAS) (LCAS)
15 87 0
H'400000
DRAM (No.1)
H'47FFFE
H'480000
DRAM (No.2)
H'4FFFFE B S—
AraZ 500000 CS; (RAS,)
Not used
H'5FFFFE

16-Mbyte mode
(b) Address map

Figure 6.33 Interconnectionsand Address Map for 2-CAS 4-Mbit DRAM swith x 16-Bit
Organization
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Example of Program Setup Procedure: Figure 6.34 shows an example of the program setup

procedure.

Set ABWCR

Set RTCOR

Set bits CKS2 to CKSO0 in RTMCSR

Set DRCRB

Set DRCRA

Wait for DRAM stabilization time

DRAM can be accessed

6.5.13

Note the following points when using the DRAM refresh function.

Usage Notes

Figure 6.34 Example of Setup Procedure when Using DRAM Interface

» Refresh cycles will not be executed when the external bus released state, software standby
mode, or a bus cycle is extended by means of wait state insertion. Refreshing must therefore
be performed by other means in these cases.

» |If arefresh request is generated internally while the external busis released, the first request is
retained and a single refresh cycle will be executed after the bus-released stateis cleared.
Figure 6.35 shows the bus cyclein this case.

« When ahbuscycleis extended by means of wait state insertion, the first request isretained in
the same way as when the external bus has been released.
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» Intheevent of contention with a bus request from an external bus master when atransition is
made to software standby mode, the BACK and strobe states may be indeterminate after the
transition to software standby mode (see figure 6.36).

When software standby mode is used, the BRLE bit should be cleared to 0 in BRCR before
executing the SLEEP instruction.

Similar contention in atransition to self-refresh mode may prevent dependable strobe
waveform output. This can aso be avoided by clearing the BRLW bit to 0 in BRCR.

» Immediately after self-refreshing is cleared, external bus release is possible during a given
period until the start of a CPU cycle. Attention must be paid to the RAS state to ensure that
the specification for the RAS precharge time immediately after self-refreshing is met.

@
))

External bus released | Refresh cycle | CPU cycle | Refresh cycle
| | |
1 1 1
1 1 1
( 1 1 1
- ))
RFSH : | i |
1 1 1
1 1 1
1 1 1
Refresh i i | | i
request L L L
1 1 1
1 1 1
1 1 1
| | |
[ 1 1 I
BACK ! ! !
1 1 1
1 1 1
1 1 1

Figure6.35 Bus-Released State and Refresh Cycles
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Software standby mode

BREQ

Address bus

N
v
Strobe ;’W/

Figure6.36 Bus-Released State and Softwar e Standby M ode

Oscillation stabilization CPU internal cycle CPU cycle
time on exit from software  (period in which external
standby mode bus can be released)

Address

X @sp

RAS

CAS

O

Figure 6.37 Self-Refresh Clearing

Rev. 3.00 Sep 14, 2005 page 185 of 910
REJ09B0258-0300
RENESAS




Section 6 Bus Controller

6.6 Interval Timer

6.6.1 Operation

When DRAM is not connected to the H8/3068F chip, the refresh timer can be used as an interval
timer by clearing bits DRAS2 to DRASO in DRCRA to 0. After setting RTCOR, selection a clock
source with bits CKS2 to CKS0 in RTMCSR, and set the CMIE bit to 1.

Timing of Setting of Compare M atch Flag and Clearing by Compare Match: The CMF flag
in RTMCSR is set to 1 by a compare match output when the RTCOR and RTCNT values match.
The compare match signal is generated in the last state in which the values match (when RTCNT
is updated from the matching value to anew value). Accordingly, when RTCNT and RTCOR
match, the compare match signal is not generated until the next counter clock pulse. Figure 6.38
shows the timing.

RTCNT N >< H'00

RTCOR N

Compare match

signal %

CMF flag

Figure6.38 Timing of CMF Flag Setting
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Operation in Power-Down State: Theinterval timer operatesin sleep mode. It does not operate
in hardware standby mode. In software standby mode, RTCNT and RTMCSR bits 7 and 6 are
initialized, but RTMCSR bits 5 to 3 and RTCOR retain their settings prior to the transition to
software standby mode.

Contention between RTCNT Write and Counter Clear: If acounter clear signal occursin the
T, state of an RTCNT write cycle, clearing of the counter takes priority and the write is not
performed. See Figure 6.39.

T1 T2 T3

Address bus X RTCNT address ><

Internal write signal

Counter clear signal

RTCNT N >< H'00

Figure6.39 Contention between RTCNT Writeand Clear

Rev. 3.00 Sep 14, 2005 page 187 of 910
REJ09B0258-0300
RENESAS



Section 6 Bus Controller

Contention between RTCNT Write and Increment: If an increment pulse occursin the T
state of an RTCNT write cycle, writing takes priority and RTCNT is not incremented. See Figure
6.40.

T1 T2 T3

Address bus X RTCNT address ><

Internal write signal

RTCNT input clock

RTCNT N >< 4 M

Counter write data

Figure6.40 Contention between RTCNT Write and I ncrement
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Contention between RTCOR Write and Compare Match: If acompare match occursinthe T
state of an RTCOR write cycle, writing takes priority and the compare match signal is inhibited.
See Figure 6.41.

Address bus X RTCOR address ><

Internal write signal

RTCNT N >< N+1
RTCOR N >< M
7=
RTCOR write data
[ 1
Compare match signal i | AN
Inhibited

Figure6.41 Contention between RTCOR Write and Compare M atch

RTCNT Operation at Internal Clock Source Switchover: Switching internal clock sources
may cause RTCNT to increment, depending on the switchover timing. Table 6.10 shows the
relation between the time of the switchover (by writing to bits CKS2 to CKS0) and the operation
of RTCNT.

The RTCNT input clock is generated from the internal clock source by detecting the falling edge
of theinternal clock. If aswitchover is made from a high clock source to alow clock source, as
in case No. 3 in table 6.10, the switchover will be regarded as afalling edge, an RTCNT clock
pulse will be generated, and RTCNT will be incremented.
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Table6.10 Internal Clock Switchover and RTCNT Operation

No. CKS2 to CKSO0 _
Write Timing RTCNT Operation
1 Low — Low

switchover™®
Old clock source |

New clock source

RTCNT N X

I
1
I
I
I
I
I
I
I
I
I
I
i
1
RTCNT clock '
1
[
I
I
I
I
I
;
I

CKS bits rewritten

2 Low — High

switchover™2
Old clock source |

New clock source

RTCNT clock |_|

RTCNT N X N+1

N+2

X

1
1
1
1
1
1
1
|
1
1
1
1
1
1
1
1
1
!
I
1
1
!
[
1
|
T
1
1

CKS bits rewritten
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No. CKS2 to CKS0 .
Write Timing RTCNT Operation
3 High— Low |
switchover”3 1
Old clock source | | | | | | |
I
I
I
i
New clock source i
* \
4
RTCNT clock |_| |_| |_|
|
\T/
RTCNT N X N1 >< N+2 ><
T
i
CKS bits rewritten
4 High — High |
switchover™ }
Old clock source | | | | | ! |
I
I
i
New clock source i
I
I
-\
1
RTCNT clock |_| |_| ; |_|
1
I
i
RTCNT N X N+1 X N2 ><
i
I
CKS bits rewritten
Notes: 1. Including switchovers from a low clock source to the halted state, and from the halted state to a low clock source.
2. Including switchover from the halted state to a high clock source.
3. Including switchover from a high clock source to the halted state.
4. The switchover is regarded as a falling edge, causing RTCNT to increment.
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6.7 Interrupt Sour ces

Compare match interrupts (CMI) can be generated when the refresh timer is used as an interval
timer. Compare match interrupt requests are masked/unmasked with the CMIE bit in RTMCSR.

6.8 Burst ROM Interface

6.8.1 Overview

With the H8/3068F, external space area 0 can be designated as burst ROM space, and burst ROM
space interfacing can be performed. The burst ROM space interface enables 16-bit organization
ROM with burst access capability to be accessed at high speed. Area 0 is designated as burst
ROM space by means of the BROME bit in BCR.

Continuous burst access of a maximum or four or eight words can be performed on external space
area0. Two or three states can be selected for burst access.

6.8.2 Basic Timing

The number of statesin theinitia cycle (full access) and a burst cycle of the burst ROM interface
is determined by the setting of the ASTO bit in ASTCR. When the ASTO bit is set to 1, wait states
can aso beinserted in theinitial cycle. Wait states cannot be inserted in aburst cycle.

Burst access of up to four words is performed when the BRST SO hit is cleared to 0in BCR, and
burst access of up to eight words when the BRSTSO bit isset to 1. The number of burst access
states is two when the BRST S1 hit is cleared to 0, and three when the BRSTS1 bit is set to 1.

The basic access timing for burst ROM space is shown in figure 6.42.
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Full access Burst access
T1 | T2 | T3 T1 | T2 T1 | T2
| I | |
¢
\/
Address bus X Only lower address changes
/\
CSo —| |_
AS < — —
RD ——— |—
Data bus 4( Read data >—< Read data >—< Read data >—

Figure6.42 Example of Burst ROM Access Timing

6.8.3 Wait Control

Aswith the basic bus interface, either program wait insertion or pin wait insertion using the
WAIT pin can be used in theinitial cycle (full access) of the burst ROM interface.

Wait states cannot be inserted in aburst cycle.
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6.9 Idle Cycle

6.9.1 Operation

When the H8/3068F chip accesses external space, it can insert a 1-state idle cycle (T,) between
bus cyclesin the following cases: (1) when read accesses between different areas occur
consecutively, (2) when awrite cycle occurs immediately after aread cycle, and (3) immediately
after aDRAM space access. By inserting an idle cycleit is possible, for example, to avoid data
collisions between ROM, which has along output floating time, and high-speed memory, 1/0
interfaces, and so on.

The ICIS1 and ICISO bitsin BCR both have aninitial value of 1, so that an idle cycleisinserted
intheinitial state. If there are no data collisions, the I CI S bits can be cleared.

Consecutive Reads between Different Areas: If consecutive reads between different areas
occur whilethe ICIS1 bitisset to 1in BCR, anidle cycleisinserted at the start of the second
read cycle.

Figure 6.43 shows an example of the operation in this case. In this example, bus cycle A isaread
cycle from ROM with along output floating time, and bus cycle B is aread cycle from SRAM,
each being located in adifferent area. In (a), anidle cycleis not inserted, and a collision occurs
in cycle B between the read data from ROM and that from SRAM. In (b), anidlecycleis
inserted, and a data collision is prevented.

Bus cycle A Bus cycle B Bus cycle A Bus cycle B
'Ty T> T3l T1_To| 'Ty To Ts! Ti T1 To!

pinigipgigiy o LML

Address bus j Ix Ix: Address bus j Ix I[

I I I I I I

1 1 1 1 1 1
RD T 1 11 [ RD 71 | [ 1 [

1 1 H 1 1 1 1
pata bus }——( pata bus ——— T >

1 [ 1 1 1 1

I 1
Long buffer-off Da"t.a.
time collision
(a) Idle cycle not inserted (b) Idle cycle inserted

Figure6.43 Example of Idle Cycle Operation (1) (ICIS1=1)
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Write after Read: If an external write occurs after an external read while the ICIS0 bit is set to
1in BCR, anidlecycleisinserted at the start of the write cycle.

Figure 6.44 shows an example of the operation in this case. In this example, bus cycle A isaread
cycle from ROM with along output floating time, and bus cycle B is a CPU write cycle.

In (@), anidle cycleis not inserted, and a collision occursin cycle B between the read data from
ROM and the CPU writedata. In (b), anidle cycleisinserted, and adata collision is prevented.

Bus cycle A Bus cycle B Bus cycle A Bus cycle B

1 T1 T T3, T1 To 1 T1 Tp T3, Ti T1 T2,

| 1 | 1
Address bus j A X Address bus j X X
0 : : O ! :
b Tl [T RO TL_____ [ T

] ] ] ] ]
AWR 7 L AWR 7 A

) )

]
LT
Databus —— ' N__» patabus _»—
T
[ i [ | [ [ [
Long buffer-off |Data
time collision

(a) Idle cycle not inserted (b) Idle cycle inserted

Figure 6.44 Example of Idle Cycle Operation (2) (ICIS0=1)

External Address Space Access | mmediately after DRAM Space Access: If aDRAM space
access is followed by anon-DRAM external access when HWR and LWR have been selected as
the UCAS and LCAS output pins by means of the CSEL bit in DRCRB, aTi cycleisinserted
regardless of the settings of bits ICIS0 and ICIS1 in BCR. Figure 6.45 shows an example of the
operation.

Thisis doneto prevent simultaneous changing of the HWR and LWR signals used as UCAS and
LCAS in DRAM space and CSn for the space in the next cycle, and so avoid an erroneous write
to the external device in the next cycle.

A T, cycleis not inserted when PB4 and PB5 have been selected as the UCAS and LCAS output
pins.

In the case of consecutive DRAM space access precharge cycles (Tp), the ICIS0 and ICIS1 bit
settings areinvalid. Inthe case of consecutive reads between different areas, for example, if the
second access is a DRAM access, only a Ty, cycleisinserted, and a T; cycleis not. Thetimingin
this case is shown in figure 6.46.
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Bus cycle A Bus cycle A
(DRAM access cycle) Bus cycle B (DRAM access cycle) Bus cycle B
>« >«
| Tp Tr Tcl Te2, T1 T2, | Tp Tr Tcl Te2) Ti T1 T2|
0} 0}
| | | | | |
Address bus :EX:X:X:X: Address bus “ X |
| | | | ; ;
HWR/ILWR — ‘ 1 HWR/LWR — ‘ l
(UCAS/LCAS) | |—| | (UCAS/LCAS) | |—| |
| | | | | |
CSn ! CSn !
| / 1 | | 1
Simultaneous change of
HWR/LWR and CSn
(a) Idle cycle not inserted (b) Idle cycle inserted

Figure 6.45 Example of Idle Cycle Operation (3) (HWR/LWR Used as UCAS/LCAS)

External read DRAM space read |

|
i e EEE— ]
|
|

TI T2 T3 Tp Tr Tcl Tc2!
¢
| ! !
| | ‘
Address bus | K X X X:
| ? |
RO |
| | |
| |
UCAS/LCAS 1 \_‘_
| I
| ! !
| [\ !
Address bus \ s <:>T—
| ! !
| ! !

Figure6.46 Example of Idle Cycle Operation (4) (Consecutive Precharge Cycles)

Usage Notes: When non-insertion of idle cycles is set, the rise (negation) of RD and the fall
(assertion) of CSn may occur simultaneously. An example of the operation is shown in figure
6.47.

If consecutive reads between different external areas occur while the ICIS1 bitisclearedto O in
BCR, or if awrite cycle to a different external area occurs after an external read while the ICISO
bit is cleared to 0, the RD negation in the first read cycle and the CSn assertion in the following
bus cycle will occur simultaneously. Therefore, depending on the output delay time of each
signdl, it is possible that the low-level output of RD in the preceding read cycle and the low-level
output of CSn in the following bus cycle will overlap.
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A setting whereby idle cycle insertion is not performed can be made only when RD and CSn do
not change simultaneously, or when it does not matter if they do.

Bus cycle A Bus cycle B Bus cycle A Bus cycle B
! - ! e
[ T1 T2 T31T1 T2 ' T1 T2 T30 Ti T1 T2
? ?
| | | |

| | | | |

moT L | [N I |
c&m T ] 1 [ csn
| e |

S
Simultaneous change of RD and CSn
Possibility of mutual overlap

LI

| |
Address bus :p( ¥ ! Address bus :p( P( }X:
|
|
|
|
|
|
|
|
|
|

(a) Idle cycle not inserted (b) Idle cycle inserted

Figure6.47 Example of Idle Cycle Operation (5)

6.9.2 Pin Statesin Idle Cycle
Table 6.11 showsthe pin statesin an idle cycle.

Table6.11 Pin Statesin Idle Cycle

Pins Pin State

Axz to A Next cycle address value
D15 to Dg High impedance

CSn High*

UCAS, LCAS High

AS High

RD High

HWR High

LWR High

Note: * Remains low in DRAM space RAS down mode.
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6.10 BusArbiter

The bus controller has a built-in bus arbiter that arbitrates between different bus masters. There
are four bus masters: the CPU, DMA controller (DMAC), DRAM interface, and an external bus
master. When a bus master has the bus right it can carry out read, write, or refresh access. Each
bus master uses a bus request signal to request the busright. At fixed times the bus arbiter
determines priority and uses a bus acknowledge signal to grant the bus to a bus master, which can
the operate using the bus.

The bus arbiter checks whether the bus request signal from a bus master is active or inactive, and
returns an acknowledge signal to the bus master. When two or more bus masters request the bus,
the highest-priority bus master receives an acknowledge signal. The bus master that receives an
acknowledge signal can continue to use the bus until the acknowledge signal is deactivated.

The bus master priority order is:
(High) External bus master > DRAM interface > DMAC > CPU (Low)

The bus arbiter samples the bus request signals and determines priority at al times, but it does not
always grant the bus immediately, even when it receives a bus request from a bus master with
higher priority than the current bus master. Each bus master has certain times at which it can
release the bus to a higher-priority bus master.

6.10.1 Operation

CPU: The CPU isthe lowest-priority bus master. If the DMAC, DRAM interface, or an external
bus master requests the bus while the CPU has the bus right, the bus arbiter transfers the bus right
to the bus master that requested it. The busright is transferred at the following times:

» Thebusright istransferred at the boundary of abus cycle. If word datais accessed by two
consecutive byte accesses, however, the busright is not transferred between the two byte
accesses.

 If another bus master requests the bus while the CPU is performing internal operations, such
as executing a multiply or divide instruction, the busright is transferred immediately. The
CPU continuesitsinternal operations.

 If another bus master requests the bus while the CPU isin sleep mode, the busright is
transferred immediately.
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DMAC: When the DMAC receives an activation request, it requests the bus right from the bus
arbiter. If the DMAC is bus master and the DRAM interface or an external bus master requests
the bus, the bus arbiter transfers the bus right from the DMAC to the bus master that requested
thebus. Thebusright istransferred at the following times.

The busright is transferred when the DMAC finishes transferring one byte or oneword. A
DMAC transfer cycle consists of aread cycle and awrite cycle. The busright is not transferred
between the read cycle and the write cycle.

Thereisapriority order among the DMAC channels. For details see section 7.4.9, Multiple-
Channel Operation.

DRAM Interface: The DRAM interface requests the bus right from the bus arbiter when a
refresh cycle request is issued, and releases the bus at the end of the refresh cycle. For details see
section 6.5, DRAM Interface.

External Bus M aster: When the BRLE bit is set to 1 in BRCR, the bus can be released to an
external bus master. The external bus master has highest priority, and requests the bus right from
the bus arbiter y driving the BREQ signal low. Once the external bus master acquires the bus, it
keeps the bus until the BREQ signal goes high. While the busis released to an external bus
master, the H8/3068F chip holds the address bus, data bus, bus control signals (AS, RD, HWR,
and LWR), and chip select signals (CSn: n = 7 to 0) in the high-impedance state, and holds the
BACK pinin the low output state.

The bus arbiter samples the BREQ pin at the rise of the system clock (). If BREQ islow, the
bus isreleased to the external bus master at the appropriate opportunity. The BREQ signa
should be held low until the BACK signal goes low.

When the BREQ pin is high in two consecutive samples, the BACK pin is driven high to end the
bus-release cycle.

Figure 6.48 shows the timing when the bus right is requested by an external bus master during a
read cycle in atwo-state access area. Thereisaminimum interval of three states from when the
BREQ signal goes low until the busis released.
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CPU cycles | External bus released , CPU cycles
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Figure 6.48 Example of External Bus Master Operation

In the event of contention with a bus request from an external bus master when atransition is
made to software standby mode, the BACK and strobe states may be indeterminate after the
transition to software standby mode (see figure 6.36).

When software standby mode is used, the BRLE bit should be cleared to 0 in BRCR before
executing the SLEEP instruction.

Rev. 3.00 Sep 14, 2005 page 200 of 910
REJ09B0258-0300
RENESAS




Section 6 Bus Controller

6.11 Register and Pin Input Timing

6.11.1 Register Write Timing

ABWCR, ASTCR, WCRH, and WCRL Write Timing: Datawritten to ABWCR, ASTCR,
WCRH, and WCRL takes effect starting from the next bus cycle. Figure 6.49 shows the timing
when an instruction fetched from area 0 changes area 0 from three-state access to two-state
access.

T1 T2 T3 T1 T2 T3 T1 T2

LN [ A I I I o

I
|
Address bus  1X EX ASTCR address EX EX
| |
e E——
" 3-state accessto area 0 ° 2-state access to area 0

Figure6.49 ASTCR WriteTiming

DDR and CSCR Write Timing: Datawritten to DDR or CSCR for the port corresponding to the
CSn pin to switch between CSn output and generic input takes effect starting from the T state of
the DDR write cycle. Figure 6.50 shows the timing when the CS; pin is changed from generic
input to CS; output.

T1 T2 T3
¢ [ 1 L1 L1 [
1 1 1
|
Address bus EX P8DDR addressi X
1 1 1
1 1 1
S _—

High-impedance

Figure6.50 DDR Write Timing
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BRCR Write Timing: Datawritten to BRCR to switch between A, Az, Az, OF A output and
generic input or output takes effect starting from the T state of the BRCR write cycle. Figure
6.51 shows the timing when a pin is changed from generic input to Azs, Az, Az, OF Ay Output.

T1 T2 T3
o | 1 [ L4 LI L
I I I
| | |
Address bus EX BRCR address i EX
[} ] [}
I I |
PA7 to PA ' 4
(A23 :otzzo) * High-impedance | i\_

Figure6.51 BRCR Write Timing

6.11.2 BREQ Pin Input Timing

After driving the BREQ pin low, hold it low until BACK goeslow. If BREQ returnsto the high
level before BACK goes lows, the bus arbiter may operate incorrectly.

To terminate the external-bus-released state, hold the BREQ signal high for at |least three states.
If BREQ is high for too short an interval, the bus arbiter may operate incorrectly.
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Section 7 DMA Controller

7.1 Overview

The H8/3068F has an on-chip DMA controller (DMAC) that can transfer data on up to four
channels.

When the DMA controller is not used, it can be independently halted to conserve power. For
details see section 20.6, Module Standby Function.

711 Features
DMAC features are listed below.

» Selection of short address mode or full address mode
Short address mode
O 8-bit source address and 24-bit destination address, or vice versa
O Maximum four channels available
0 Selection of 1/0 mode, idle mode, or repeat mode
Full address mode
O 24-hit source and destination addresses
0 Maximum two channels available
0 Selection of normal mode or block transfer mode
e Directly addressable 16-Mbyte address space
« Selection of byte or word transfer
« Activation by internal interrupts, external requests, or auto-request (depending on transfer
mode)
O 16-bit timer compare match/input capture interrupts (x3)
O Seria communication interface (SCI channel 0) transmit-data-empty/receive-data-full

interrupts
O External requests
0 Auto-request

O A/D converter conversion-end interrupt
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7.12 Block Diagram

Figure 7.1 shows a DMAC block diagram.

Internal address bus

I | m d
Internal IMIAQ —=| | Address buffer

interrupts IMIAL —
IMIA2 —{ Arithmetic-logic unit
AD| —
oo MAROA
Channel
™ IOAROA
oA h&
DREQ, — Control logic Channel ETCROA o
DREQ, — | 0 MAROB P
TEND, —~=— <
TENB? - Chgg”e' IOAROB S
DTCROA ETCROB E
o
Interrupt  DENDOA ~— DTCROB MAR1A =
signals DENDOB ~—
DEND1A =—| DTCRIA Channel IOAR1A
DEND1B DTCR1B A ETCRI1A
Channel
1 MAR1B
Channel IOAR1B
1B
Data buffer ETCR1B

)

Internal data bus

Legend

DTCR: Data transfer control register
MAR: Memory address register
IOAR: /O address register

ETCR: Execute transfer count register

Figure7.1 Block Diagram of DMAC
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7.1.3 Functional Overview

Table 7.1 gives an overview of the DMAC functions.

Table7.1 DMAC Functional Overview
Address
Reg. Length
Destina-
Transfer Mode Activation Source  tion
Short 1/0 mode « Compare match/input 24 8
address «  Transfers one byte or one word capture A interrupts from 16-
mode per request bit timer channels
+ Increments or decrements the memory Oto2
address by 1 or 2 * Transmit-data-empty
«  Executes 1 to 65,536 transfers interrupt from SCI channel 0
Idle mode « Conversion-end interrupt 8 24
« Transfers one byte or one word per from A/D converter
request * Receive-data-full interrupt
* Holds the memory address fixed from SCI channel 0
«  Executes 1 to 65,536 transfers *  External request 24 8
Repeat mode
» Transfers one byte or one word per
request
¢ Increments or decrements the memory
address by 1 or 2
*  Executes a specified number (1 to 255)
of transfers, then returns to the initial
state and continues
Full Normal mode ¢ Auto-request 24 24
address «  Auto-request «  External request
mode 0 Retains the transfer request
internally
0 Executes a specified number(1 to
65,536) of transfers continuously
O Selection of burst mode or cycle-
steal mode
* External request
O Transfers one byte or one word per
request
O Executes 1 to 65,536 transfers
Block transfer ¢ Compare match/ input 24 24

» Transfers one block of a specified size
per request

* Executes 1 to 65,536 transfers .

e Allows either the source or destination
to be a fixed block area

¢ Block size can be 1 to 255 bytes or
words

capture A interrupts from 16-
bit timer channels 0 to 2
External request

Conversion-end interrupt
from A/D converter
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714 I nput/Output Pins
Table 7.2 liststhe DMAC pins.

Table7.2 DMAC Pins

Abbrevia-  Input/

Channel Name tion Output Function

0 DMA request0  DREQ, Input External request for DMAC channel 0
Transfer end O TEND, Output Transfer end on DMAC channel 0

1 DMArequestl  DREQ, Input External request for DMAC channel 1
Transfer end 1 TEND, Output Transfer end on DMAC channel 1

Note: External requests cannot be made to channel A in short address mode.
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7.15 Register Configuration
Table 7.3 liststhe DMAC registers.

Table7.3 DMAC Registers

Channel Address* Name Abbreviation R/W Initial Value

0 H'FFF20  Memory address register OAR MAROAR R/W  Undetermined
H'FFF21  Memory address register OAE MAROAE R/W  Undetermined
H'FFF22  Memory address register OAH MAROAH R/W  Undetermined
H'FFF23  Memory address register OAL MAROAL R/W  Undetermined
H'FFF26  1/O address register OA IOAROA R/W  Undetermined

H'FFF24  Execute transfer count register 0AH ETCROAH R/W  Undetermined
H'FFF25  Execute transfer count register OAL ETCROAL R/W  Undetermined

H'FFF27  Data transfer control register 0A DTCROA R/W  H'00

H'FFF28  Memory address register OBR MAROBR R/W  Undetermined
H'FFF29  Memory address register OBE MAROBE R/W  Undetermined
H'FFF2A  Memory address register OBH MAROBH R/W  Undetermined
H'FFF2B  Memory address register OBL MAROBL R/W  Undetermined
H'FFF2E  1/O address register OB IOAROB R/W  Undetermined

H'FFF2C  Execute transfer count register 0BH ETCROBH R/W  Undetermined
H'FFF2D  Execute transfer count register 0OBL ETCROBL R/W  Undetermined

H'FFF2F  Data transfer control register OB DTCROB R/W  H'00

1 H'FFF30  Memory address register 1AR MAR1AR R/W  Undetermined
H'FFF31  Memory address register 1AE MAR1AE R/W  Undetermined
H'FFF32  Memory address register 1AH MAR1AH R/W  Undetermined
H'FFF33  Memory address register 1AL MAR1AL R/W  Undetermined
H'FFF36  1/O address register 1A IOAR1A R/W  Undetermined

H'FFF34  Execute transfer count register 1AH ETCR1AH R/W  Undetermined
H'FFF35  Execute transfer count register 1AL  ETCR1AL R/W  Undetermined

H'FFF37  Data transfer control register 1A DTCR1A R/W  H'00

H'FFF38  Memory address register 1BR MAR1BR R/W  Undetermined
H'FFF39  Memory address register 1BE MAR1BE R/W  Undetermined
H'FFF3A  Memory address register 1BH MAR1BH R/W  Undetermined
H'FFF3B  Memory address register 1BL MAR1BL R/W  Undetermined
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Channel Address* Name Abbreviation R/W Initial Value

1 H'FFF3E  1/O address register 1B IOAR1B R/W  Undetermined

H'FFF3C  Execute transfer count register 1BH ETCR1BH R/W  Undetermined
H'FFF3D  Execute transfer count register 1BL ETCR1BL R/W  Undetermined

H'FFF3F  Data transfer control register 1B DTCR1B R/W  H'00

Note: * The lower 20 bits of the address are indicated.

7.2 Register Descriptions (1) (Short Address Mode)

In short address mode, transfers can be carried out independently on channels A and B. Short
address mode is selected by bits DTS2A and DTSIA in datatransfer control register A (DTCRA)
asindicated in table 7.4.

Table7.4 Selection of Short and Full Address M odes

Bit 2 Bit 1
Channel DTS2A DTS1A Description
0 1 1 DMAC channel 0 operates as one channel in full address mode

Other than above DMAC channels OA and OB operate as two independent channels
in short address mode

1 1 1 DMAC channel 1 operates as one channel in full address mode

Other than above DMAC channels 1A and 1B operate as two independent channels
in short address mode

721 Memory Address Registers (MAR)

A memory address register (MAR) is a 32-bit readable/writable register that specifies a source or
destination address. The transfer direction is determined automatically from the activation source.

An MAR consists of four 8-bit registers designated MARR, MARE, MARH, and MARL. All bits
of MARR are reserved; they cannot be modified and are always read as 1.
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Bit 31030 29 28 27 26 25 24 23 22 .21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value Undetermined
Read/Write — — — — — — — — RIW RIW RIW RIW RIW R/W RIW RIW R/W RIW RIW R/W RIW R/W R/W RIW RIW RIW RIW RIW R/W RIW RIW RIW
MARR MARE MARH MARL

Source or destination address

An MAR functions as a source or destination address register depending on how the DMAC is
activated: as a destination address register if activation is by areceive-data-full interrupt from
serial communication interface (SCI) channel 0 or by an A/D converter conversion-end interrupt,
and as a source address register otherwise.

The MAR valueisincremented or decremented each time one byte or word is transferred,
automatically updating the source or destination memory address. For details, see section 7.3.4,
Data Transfer Control Registers (DTCR).

The MARs are not initialized by areset or in standby mode.

7.2.2 /O Address Registers (I0AR)

An 1/O address register (IOAR) is an 8-bit readable/writable register that specifies a source or
destination address. The IOAR value is the lower 8 bits of the address. The upper 16 address bits
aredl 1 (HFFFF).

Bit 7 6 5 4 3 2 1 0
Initial value Undetermined
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Source or destination address

An IOAR functions as a source or destination address register depending on how the DMAC is
activated: as a destination address register if activation is by areceive-data-full interrupt from
serial communication interface (SCI) channel 0 or by an A/D converter conversion-end interrupt,
and as a source address register otherwise.

The IOAR valueis held fixed. It is not incremented or decremented when atransfer is executed.

The IOARs are not initialized by areset or in standby mode.
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723 Execute Transfer Count Registers (ETCR)

An execute transfer count register (ETCR) is a 16-bit readable/writable register that specifies the
number of transfers to be executed. These registers function in one way in 1/0 mode and idle
mode, and another way in repeat mode.

e |/O mode and idle mode

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Initial value Undetermined
Read/Write  R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

Transfer counter

In 1/0O mode and idle mode, ETCR functions as a 16-bit counter. The count is decremented by
1 each time one transfer is executed. The transfer ends when the count reaches H'0000.

* Repeat mode

Bit 7 6 5 4 3 2 1 0
Initial value Undetermined

Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

ETCRH
Transfer counter

Bit 7 6 5 4 3 2 1 0
Initial value Undetermined

Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

ETCRL

Initial count

In repeat mode, ETCRH functions as an 8-hit transfer counter and ETCRL holds the initial
transfer count. ETCRH is decremented by 1 each time one transfer is executed. When ETCRH
reaches H'00, the value in ETCRL isreloaded into ETCRH and the same operation is repeated.

The ETCRs are not initialized by areset or in standby mode.
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724 Data Transfer Control Registers (DTCR)

A datatransfer control register (DTCR) is an 8-bit readable/writable register that controls the
operation of one DMAC channel.

Bit 7 6 5 4 3 2 1 0
‘ DTE ‘ DTSZ ‘ DTID ‘ RPE ‘ DTIE ‘ DTS2 ‘ DTS1 ‘ DTSO ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
Data transfer enable Data transfer select
Enables or disables These bits select the data
data transfer transfer activation source
Data transfer size Data transfer interrupt enable
Selects byte or Enables or disables the CPU interrupt
word size at the end of the transfer
Data transfer
increment/decrement
Selects whether to
increment or decrement
the memory address
register

Repeat enable
Selects repeat
mode

The DTCRs areinitialized to H'00 by areset and in standby mode.

Bit 7—Data Transfer Enable (DTE): Enables or disables data transfer on a channel. When the
DTE bit is set to 1, the channel waits for atransfer to be requested, and executes the transfer
when activated as specified by bits DTS2 to DTS0. When DTE is O, the channel is disabled and
does not accept transfer requests. DTE is set to 1 by reading the register when DTE is 0, then
writing 1.

Bit 7

DTE Description

0 Data transfer is disabled. In I/O mode or idle mode, DTE is cleared to O (Initial value)
when the specified number of transfers have been completed

1 Data transfer is enabled

If DTIE isset to 1, a CPU interrupt is requested when DTIE is cleared to O.
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Bit 6—Data Transfer Size (DTSZ): Selectsthe data size of each transfer.

Bit 6

DTSz Description

0 Byte-size transfer (Initial value)
1 Word-size transfer

Bit 5—Data Transfer Increment/Decrement (DTID): Selects whether to increment or
decrement the memory address register (MAR) after a datatransfer in I/0O mode or repeat mode.

Bit 5
DTID Description

0 MAR is incremented after each data transfer (Initial value)
e IfDTSZ =0, MAR is incremented by 1 after each transfer
« IfDTSZ =1, MAR is incremented by 2 after each transfer
1 MAR is decremented after each data transfer
« IfDTSZ =0, MAR is decremented by 1 after each transfer
« IfDTSZ =1, MAR is decremented by 2 after each transfer

MAR is not incremented or decremented in idle mode.

Bit 4—Repeat Enable (RPE): Selects whether to transfer datain 1/0 mode, idle mode, or repeat
mode.

Bit 4 Bit 3

RPE DTIE Description

0 0 1/0 mode (Initial value)
1

1 0 Repeat mode
1 Idle mode

Operations in these modes are described in sections 7.4.2, 1/0 Mode, 7.4.3, Idle Mode, and 7.4.4,
Repeat Mode.
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Bit 3—Data Transfer Interrupt Enable (DTIE): Enables or disablesthe CPU interrupt
(DEND) requested when the DTE bit is cleared to O.

Bit 3

DTIE Description

0 The DEND interrupt requested by DTE is disabled (Initial value)
1 The DEND interrupt requested by DTE is enabled

Bits2to 0—Data Transfer Select (DTS2, DTS1, DT S0): These bits select the data transfer
activation source. Some of the selectable sources differ between channels A and B.

Bit 2 Bit 1 Bit 0
DTS2 DTS1 DTSO Description

0 0 0 Compare match/input capture A interrupt from 16-bit timer channel 0
(Initial value)

1 Compare match/input capture A interrupt from 16-bit timer channel 1
1 0 Compare match/input capture A interrupt from 16-bit timer channel 2
1 Conversion-end interrupt from A/D converter
1 0 0 Transmit-data-empty interrupt from SCI channel 0
1 Receive-data-full interrupt from SCI channel O
1 0 Falling edge of DREQ input (channel B)

Transfer in full address mode (channel A)

1 Low level of DREQ input (channel B)
Transfer in full address mode (channel A)

Note: See section 7.3.4, Data Transfer Control Registers (DTCR).

The sameinternal interrupt can be selected as an activation source for two or more channels at
once. In that case the channels are activated in a priority order, highest-priority channel first. For
the priority order, see section 7.4.9, Multiple-Channel Operation.

When achannel is enabled (DTE = 1), its selected DMAC activation source cannot generate a
CPU interrupt.
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7.3 Register Descriptions (2) (Full Address M ode)

In full address mode the A and B channels operate together. Full address mode is selected as
indicated in table 7.4.
731 Memory Address Registers (MAR)

A memory address register (MAR) is a 32-bit readable/writable register. MARA functions as the
source address register of the transfer, and MARB as the destination address register.

An MAR consists of four 8-bit registers designated MARR, MARE, MARH, and MARL. All bits
of MARR are reserved; they cannot be modified and are always read as 1. (Writeisinvalid.)

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

Initial value Undetermined

Read/Write — — — — — — — — RIW RW RW RW RW RW RW RW RW RW RW RIW RIW RIW RIW RIW RIW RIW RIW RIW RIW RIW RIW RIW

MARR MARE MARH MARL

Source or destination address

The MAR value isincremented or decremented each time one byte or word is transferred,
automatically updating the source or destination memory address. For details, see section 7.3.4,
Data Transfer Control Registers (DTCR).

The MARs are not initialized by areset or in standby mode.

7.3.2 /O Address Registers (I0AR)

The 1/O address registers (IOARs) are not used in full address mode.
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7.3.3 Execute Transfer Count Registers (ETCR)

An execute transfer count register (ETCR) is a 16-bit readable/writable register that specifies the
number of transfers to be executed. The functions of these registers differ between normal mode
and block transfer mode.

* Norma mode

ETCRA
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O
Initial value Undetermined

Read/Write  R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

Transfer counter

ETCRB: Is not used in normal mode.

In normal mode ETCRA functions as a 16-bit transfer counter. The count is decremented by 1
each time one transfer is executed. The transfer ends when the count reaches H'0000. ETCRB is
not used.
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* Block transfer mode

ETCRA
Bit 7 6 5 4 3 2 1 0
Initial value Undetermined
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
ETCRAH
Block size counter
Bit 7 6 5 4 3 2 1 0
Initial value Undetermined
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
ETCRAL
Initial block size
ETCRB
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Initial value Undetermined

Read/Write  R/W R/W R/W R/W R/W R/IW R/W R/W R/W R/W R/W R/IW R/W R/W R/W R/W

Block transfer counter

In block transfer mode, ETCRAH functions as an 8-bit block size counter. ETCRAL holds the
initial block size. ETCRAH is decremented by 1 each time one byte or word is transferred. When
the count reaches H'00, ETCRAH is reloaded from ETCRAL. Blocks consisting of an arbitrary
number of bytes or words can be transferred repeatedly by setting the same initial block size value
in ETCRAH and ETCRAL.

In block transfer mode ETCRB functions as a 16-bit block transfer counter. ETCRB is
decremented by 1 each time one block is transferred. The transfer ends when the count reaches
H'0000.

The ETCRs are not initialized by areset or in standby mode.
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734

Data Transfer Control Registers (DTCR)

The datatransfer control registers (DTCRS) are 8-bit readable/writable registers that control the
operation of the DMAC channels. A channel operates in full address mode when bits DTS2A and
DTS1A are both set to 1 in DTCRA. DTCRA and DTCRB have different functions in full address

mode.
DTCRA
Bit 7 6 5 4 3 2 1 0
‘ DTE ‘ DTSZ ‘ SAID ‘ SAIDE ‘ DTIE ‘ DTS2A ‘ DTS1A ‘ DTSO0A ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Data transfer enable
Enables or disables
data transfer

Data transfer size
Selects byte or
word size

Data transfer

interrupt enable
Enables or disables the
CPU interrupt at the end
of the transfer

Data transfer
select OA

Selects block
transfer mode

Source address
increment/decrement
Source address increment/
decrement enable

These bits select whether
the source address register
(MARA) is incremented,
decremented, or held fixed
during the data transfer

DTCRA isinitialized to H'00 by areset and in standby mode.

Data transfer select
2A and 1A

These bits must both be
setto 1l

Rev. 3.00 Sep 14, 2005 page 217 of 910

RENESAS

REJ09B0258-0300



Section 7 DMA Controller

Bit 7—Data Transfer Enable (DTE): Together with the DTME bit in DTCRB, this bit enables
or disables data transfer on the channel. When the DTME and DTE bits are both set to 1, the
channel is enabled. If auto-request is specified, data transfer begins immediately. Otherwise, the
channel waits for transfers to be requested. When the specified number of transfers have been
completed, the DTE bit is automatically cleared to 0. When DTE is 0, the channel is disabled and
does not accept transfer requests. DTE is set to 1 by reading the register when DTE is O, then
writing 1.

Bit 7

DTE Description

0 Data transfer is disabled (DTE is cleared to 0 when the specified number (Initial value)
of transfers have been completed)

1 Data transfer is enabled

If DTIEissetto 1, aCPU interrupt is requested when DTE iscleared to O.

Bit 6—Data Transfer Size (DTSZ): Selectsthe data size of each transfer.

Bit 6

DTSZ Description

0 Byte-size transfer (Initial value)
1 Word-size transfer

Bit 5—Source Address I ncrement/Decr ement (SAID) and,

Bit 4—Source Address I ncrement/Decr ement Enable (SAIDE): These bits select whether the
source address register (MARA) is incremented, decremented, or held fixed during the data
transfer.

Bit 5 Bit 4

SAID SAIDE Description

0 0 MARA is held fixed (Initial value)
1 MARA is incremented after each data transfer

« If DTSZ =0, MARA is incremented by 1 after each transfer
« If DTSZ =1, MARA is incremented by 2 after each transfer
1 0 MARA is held fixed

MARA is decremented after each data transfer
« If DTSZ =0, MARA is decremented by 1 after each transfer
« IfDTSZ =1, MARA is decremented by 2 after each transfer
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Bit 3—Data Transfer Interrupt Enable (DTIE): Enables or disablesthe CPU interrupt
(DEND) requested when the DTE bit is cleared to O.

Bit 3

DTIE Description

0 The DEND interrupt requested by DTE is disabled (Initial value)
1 The DEND interrupt requested by DTE is enabled

Bits 2 and 1—Data Transfer Select 2A and 1A (DTS2A, DTS1A): A channel operatesin full
address mode when DTS2A and DTSI1A are both set to 1.

Bit 0—Data Transfer Select OA (DTS0A): Selects normal mode or block transfer mode.

Bit 0

DTSOA  Description

0 Normal mode (Initial value)
1 Block transfer mode

Operations in these modes are described in sections 7.4.5, Normal Mode, and 7.4.6, Block
Transfer Mode.
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DTCRB
Bit 7 6 5 4 3 2 1 0
‘ DTME ‘ O ‘ DAID ‘ DAIDE ‘ TMS ‘ DTS2B ‘ DTS1B ‘ DTSOB ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Data transfer master enable
Enables or disables data
transfer, together with

the DTE bit, and is cleared Transfer mode select
to 0 by an interrupt Selects whether the
block area is the source
Reserved bit or destination in block
transfer mode
Destination address Data transfer select
increment/decrement 2B to OB
Destination address These bits select the data
increment/decrement enable transfer activation source

These bhits select whether

the destination address

register (MARB) is incremented,
decremented, or held fixed
during the data transfer

DTCRB isinitialized to H'00 by areset and in standby mode.

Bit 7—Data Transfer Master Enable (DTM E): Together with the DTE bit in DTCRA, this bit
enables or disables data transfer. When the DTME and DTE bits are both set to 1, the channel is
enabled. When an NMI interrupt occurs DTME is cleared to 0, suspending the transfer so that the
CPU can use the bus. The suspended transfer resumes when DTME is set to 1 again. For further
information on operation in block transfer mode, see section 7.6.6, NM|I Interrupts and Block
Transfer Mode.

DTME is set to 1 by reading the register while DTME = 0, then writing 1.

Bit 7

DTME Description

0 Data transfer is disabled (DTME is cleared to O when an NMl interrupt  (Initial value)
occurs)

1 Data transfer is enabled
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Bit 6—Reserved: Although reserved, this bit can be written and read.

Bit 5—Destination Address | ncrement/Decrement (DAID) and,

Bit 4—Destination Address | ncrement/Decrement Enable (DAIDE): These bits select
whether the destination address register (MARB) is incremented, decremented, or held fixed
during the data transfer.

Bit 5 Bit 4

DAID DAIDE Description

0 0 MARB is held fixed (Initial value)
1 MARB is incremented after each data transfer

« If DTSZ =0, MARB is incremented by 1 after each data transfer
« IfDTSZ =1, MARB is incremented by 2 after each data transfer

1 0 MARB is held fixed
MARSB is decremented after each data transfer
« If DTSZ =0, MARB is decremented by 1 after each data transfer
« IfDTSZ =1, MARB is decremented by 2 after each data transfer

Bit 3—Transfer Mode Select (TM S): Selects whether the source or destination is the block area
in block transfer mode.

Bit 3

TMS Description

0 Destination is the block area in block transfer mode (Initial value)
1 Source is the block area in block transfer mode
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Bits2to 0—Data Transfer Select 2B to OB (DT S2B, DTSI1B, DTS0B): These bits select the
datatransfer activation source. The selectable activation sources differ between normal mode and
block transfer mode.

Normal mode
Bit 2 Bit 1 Bit 0
DTS2B DTS1B DTSOB  Description
0 0 0 Auto-request (burst mode) (Initial value)
1 Cannot be used
1 0 Auto-request (cycle-steal mode)
1 Cannot be used
1 0 0 Cannot be used
1 Cannot be used
1 0 Falling edge of DREQ
1 Low level input at DREQ

Block transfer mode

Bit2 Bitl BitO
DTS2B DTS1B DTSOB Description

0 0 0 Compare match/input capture A interrupt from 16-bit timer channel 0
(Initial value)
1 Compare match/input capture A interrupt from 16-bit timer channel 1
1 0 Compare match/input capture A interrupt from 16-bit timer channel 2
1 Conversion-end interrupt from A/D converter
1 0 0 Cannot be used
1 Cannot be used
1 0 Falling edge of DREQ
1 Cannot be used

The same internal interrupt can be selected to activate two or more channels. The channels are
activated in a priority order, highest priority first. For the priority order, see section 7.4.9,
Multiple-Channel Operation.
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7.4 Operation

74.1 Overview
Table 7.5 summarizes the DMAC modes.

Table7.5 DMAC Modes

Transfer Mode Activation Notes

Short address I/0 mode Compare match/input » Up to four channels

mode Idle mode capture A interrupt from can operate

Repeat mode 16-bit timer channels 0 to 2 independently

Transmit-data-empty * Only the B channels
and receive-data-full support external requests
interrupts from SCI
channel 0

Conversion-end interrupt
from A/D converter

External request

Full address Normal mode Auto-request * A and B channels are
mode paired; up to two
External request channels are available

Block transfer mode Compare match/input Burst mode transfer or
capture A interrupt from cycle-steal mode transfer
16-bit timer channels 0 to 2 can be selected for auto-

Conversion-end interrupt requests
from A/D converter

External request

A summary of operations in these modes follows.

/0 M ode: One byte or word is transferred per request. A designated number of these transfers
are executed. A CPU interrupt can be requested at completion of the designated number of
transfers. One 24-bit address and one 8-hit address are specified. The transfer direction is
determined automatically from the activation source.

Idle M ode: One byte or word is transferred per request. A designated number of these transfers
are executed. A CPU interrupt can be requested at completion of the designated number of
transfers. One 24-bit address and one 8-hit address are specified. The addresses are held fixed.
The transfer direction is determined automatically from the activation source.
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Repeat M ode: One byte or word is transferred per request. A designated number of these
transfers are executed. When the designated number of transfers are completed, the initial address
and counter value are restored and operation continues. No CPU interrupt is requested. One 24-
bit address and one 8-bit address are specified. The transfer direction is determined automatically
from the activation source.

Normal M ode

e Auto-request
The DMAC is activated by register setup alone, and continues executing transfers until the
designated number of transfers have been completed. A CPU interrupt can be requested at
completion of the transfers. Both addresses are 24-bit addresses.
0 Cycle-steal mode
The busis released to another bus master after each byte or word is transferred.
O Burst mode
Unless requested by a higher-priority bus master, the busis not released until the
designated number of transfers have been completed.
» External request
One byte or word is transferred per request. A designated number of these transfers are

executed. A CPU interrupt can be requested at completion of the designated number of
transfers. Both addresses are 24-bit addresses.

Block Transfer M ode: One block of a specified sizeis transferred per request. A designated
number of block transfers are executed. At the end of each block transfer, one addressis restored
toitsinitial value. When the designated number of blocks have been transferred, a CPU interrupt
can be requested. Both addresses are 24-bit addresses.
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7.4.2 1/0 Mode

1/0 mode can be selected independently for each channel.

One byte or word istransferred at each transfer request in I/O mode. A designated number of
these transfers are executed. One address is specified in the memory address register (MAR), the
other in the 1/0 address register (IOAR). The direction of transfer is determined automatically
from the activation source. The transfer is from the address specified in IOAR to the address
specified in MAR if activated by an SCI channel O receive-data-full interrupt, and from the
address specified in MAR to the address specified in IOAR otherwise.

Table 7.6 indicates the register functionsin 1/0 mode.

Table7.6 Register Functionsin I/O Mode
Function
Activated by
SCI 0 Receive-
Data-Full Other
Register Interrupt Activation Initial Setting  Operation
23 0 Destination Source Destination or  Incremented or
‘ ' MAR ‘ address address source start decremented
register register address once per
transfer
23 7 0 Source Destination Source or Held fixed
‘ All 1s ‘ IOAR ‘ address address destination
register register address
15 0 Transfer counter Number of Decremented
‘ ETCR ‘ transfers once per
! transfer until
H'0000 is
reached and
transfer ends
Legend

MAR: Memory address register
IOAR: 1/O address register
ETCR: Execute transfer count register

MAR and | OAR specify the source and destination addresses. MAR specifies a 24-bit source or
destination address, which isincremented or decremented as each byte or word is transferred.
IOAR specifies the lower 8 hits of afixed address. The upper 16 bitsare all 1s. IOAR is not

incremented or decremented.
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Figure 7.2 illustrates how 1/O mode operates.

Address T—»= - 10AR
1 byte or word is

transferred per request

Y

Address B—»

Legend

L = initial setting of MAR

N = initial setting of ETCR

Address T =L

Address B = L + (—1)PTID « (2DTSZ « N —1)

Figure7.2 Operationin /O Mode

The transfer count is specified as a 16-bit value in ETCR. The ETCR value is decremented by 1
at each transfer. When the ETCR value reaches H'0000, the DTE hit is cleared and the transfer
ends. If the DTIE bit isset to 1, a CPU interrupt is requested at thistime. The maximum transfer
count is 65,536, obtained by setting ETCR to H'0000.

Transfers can be requested (activated) by compare match/input capture A interrupts from 16-bit
timer channels 0 to 2, transmit-data-empty and receive-data-full interrupts from SCI channel O,
conversion-end interrupts from the A/D converter, and external request signals.
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For the detailed settings see section 7.2.4, Data Transfer Control Registers (DTCR).

Figure 7.3 shows a sample setup procedure for 1/0 mode.

< I/0 mode setup > 1. Set the source and destination addresses
in MAR and IOAR. The transfer direction is
determined automatically from the activation
source.
Set the transfer count in ETCR.
Read DTCR while the DTE bit is cleared to 0.
4. Setthe DTCR bits as follows.
* Select the DMAC activation source with bits
DTS2 to DTSO.
Set transfer count 2 « Set or clear the DTIE bit to enable or disable
the CPU interrupt at the end of the transfer.
* Clear the RPE bit to 0 to select I/O mode.
» Select MAR increment or decrement with the
DTID bit.
Read DTCR 3 « Select byte size or word size with the DTSZ bit.
» Set the DTE bit to 1 to enable the transfer.

Set source and 1
destination addresses

wn

Set DTCR 4

#

1/0 mode

Figure7.3 1/0 Mode Setup Procedure (Example)

7.4.3 Idle Mode
Idle mode can be selected independently for each channel.

One byte or word is transferred at each transfer request in idle mode. A designated number of
these transfers are executed. One address is specified in the memory address register (MAR), the
other in the 1/0O address register (IOAR). The direction of transfer is determined automatically
from the activation source. The transfer is from the address specified in IOAR to the address
specified in MAR if activated by an SCI channel O receive-data-full interrupt, and from the
address specified in MAR to the address specified in IOAR otherwise.

Table 7.7 indicates the register functions in idle mode.
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Table7.7 Register Functionsin Idle Mode

Function

Activated by

SCI 0 Receive-
Data-Full Other
Register Interrupt Activation Initial Setting  Operation
23 0 Destination Source Destination or  Held fixed
‘ ' MAR | ‘ address address source address
‘ ‘ register register
23 7 0 Source Destination Source or Held fixed
‘ All 1s ‘ IOAR ‘ address address destination
register register address
15 0 Transfer counter Number of Decremented
‘ ETCR transfers once per
‘ transfer until
H'0000 is
reached and
transfer ends
Legend

MAR: Memory address register
IOAR: 1/O address register
ETCR: Execute transfer count register

MAR and I0AR specify the source and destination addresses. MAR specifies a 24-bit source or
destination address. | OAR specifies the lower 8 bits of afixed address. The upper 16 bits are all
1s. MAR and IOAR are not incremented or decremented.

Figure 7.4 illustrates how idle mode operates.

MAR —»

"

O

1 byte or word is
transferred per request

"

O

--— |OAR

Figure7.4 Operationin Idle Mode
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The transfer count is specified as a 16-bit value in ETCR. The ETCR value is decremented by 1
at each transfer. When the ETCR value reaches H'0000, the DTE hit is cleared, the transfer ends,
and a CPU interrupt is requested. The maximum transfer count is 65,536, obtained by setting
ETCR to H'0000.

Transfers can be requested (activated) by compare match/input capture A interrupts from 16-bit
timer channels 0 to 2, transmit-data-empty and receive-data-full interrupts from SCI channel O,
conversion-end interrupts from the A/D converter, and external request signals.

For the detailed settings see section 7.3.4, Data Transfer Control Registers (DTCR).

Figure 7.5 shows a sample setup procedure for idle mode.

(

Idle mode setup

)

Set source and
destination addresses

Set transfer count

Read DTCR

Set DTCR

#

Idle mode

w

Set the source and destination addresses

in MAR and IOAR. The transfer direction is deter-

mined automatically from the activation source.

Set the transfer count in ETCR.

Read DTCR while the DTE bit is cleared to 0.

Set the DTCR bits as follows.

» Select the DMAC activation source with bits
DTS2 to DTSO.

» Set the DTIE and RPE bits to 1 to select idle mode.

 Select byte size or word size with the DTSZ bit.

» Set the DTE bit to 1 to enable the transfer.

Figure 7.5 Idle Mode Setup Procedure (Example)
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7.4.4 Repeat M ode

Repeat mode is useful for cyclically transferring a bit pattern from a table to the programmable
timing pattern controller (TPC) in synchronization, for example, with 16-bit timer compare
match. Repeat mode can be selected for each channel independently.

One byte or word is transferred per request in repeat mode, asin I/O mode. A designated number
of these transfers are executed. One address is specified in the memory address register (MAR),
the other in the 1/O address register (IOAR). At the end of the designated number of transfers,
MAR and ETCRH are restored to their original values and operation continues. The direction of
transfer is determined automatically from the activation source. The transfer is from the address
specified in IOAR to the address specified in MAR if activated by an SCI channel O receive-data-
full interrupt, and from the address specified in MAR to the address specified in IOAR otherwise.

Table 7.8 indicates the register functions in repeat mode.
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Table7.8 Register Functionsin Repeat M ode
Function
Activated by
SCI 0 Receive-
Data-Full Other
Register Interrupt Activation Initial Setting Operation
Destination Source Destination or  Incremented or
23 0 address address source start decremented at
: : register register address each transfer until
‘ . MAR ‘ ETCRH reaches
H'0000, then restored
to initial value
23 7 0 Source Destination Source or Held fixed
‘ All 1s ‘ IOAR ‘ address address destination
register register address
Transfer counter Number of Decremented once
7 0 transfers per transfer until
ETCRH H'0000 is reached,
then reloaded from
ETCRL
7 0 Initial transfer count Number of Held fixed
transfers
ETCRL
Legend

MAR: Memory address register

IOAR: /O address register

ETCR: Execute transfer count register

In repeat mode ETCRH is used as the transfer counter while ETCRL holds the initial transfer

count. ETCRH is decremented by 1 at each transfer until it reaches H'00, then is reloaded from
ETCRL. MAR isalso restored to itsinitial value, which is calculated from the DTSZ and DTID
bitsin DTCR. Specificaly, MAR is restored as follows:

MAR < MAR —(-1)°™P . 2°T%2 . ETCRL

ETCRH and ETCRL should be initially set to the same value.

In repeat mode transfers continue until the CPU clears the DTE bit to 0. After DTE is cleared to
0, if the CPU sets DTE to 1 again, transfers resume from the state at which DTE was cleared. No

CPU interrupt is requested.
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Asin I/O mode, MAR and | OAR specify the source and destination addresses. MAR specifies a
24-bit source or destination address. |OAR specifies the lower 8 bits of afixed address. The
upper 16 bitsare all 1s. IOAR is not incremented or decremented.

Figure 7.6 illustrates how repeat mode operates.

D "
Address T —» -— |0AR
O

1 byte or word is
transferred per request

Legend

L = initial setting of MAR

Address B — N = initial setting of ETCRH and ETCRL
Address T =L

\/—\ Address B = L + (=1)PTP« (20TSZ4 N — 1)

Figure7.6 Operation in Repeat M ode

The transfer count is specified as an 8-bit value in ETCRH and ETCRL. The maximum transfer
count is 255, obtained by setting both ETCRH and ETCRL to H'FF.

Transfers can be requested (activated) by compare match/input capture A interrupts from 16-bit
timer channels 0 to 2, transmit-data-empty and receive-data-full interrupts from SCI channel 0,
conversion-end interrupts from the A/D converter, and external request signals.

For the detailed settings see section 7.2.4, Data Transfer Control Registers (DTCR).

Figure 7.7 shows a sample setup procedure for repeat mode.
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Repeat mode > 1. Set the source and destination addresses in MAR

Set source a

destination addresses

nd 1

pODN

Set the DTCR bits as follows.

DTS2 to DTSO.

Set transfer count 2 to select repeat mode.

Read DTCR 3

Set DTCR

#

Repeat mode

and IOAR. The transfer direction is determined
automatically from the activation source.

Set the transfer count in both ETCRH and ETCRL.
Read DTCR while the DTE bit is cleared to 0.

» Select the DMAC activation source with bits
* Clear the DTIE bit to 0 and set the RPE bitto 1
* Select MAR increment or decrement with the DTID bit.

« Select byte size or word size with the DTSZ bit.
* Set the DTE bit to 1 to enable the transfer.

Figure7.7 Repeat Mode Setup Procedur e (Example)
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7.4.5 Normal M ode

In normal mode the A and B channels are combined. One byte or word is transferred per request.
A designated number of these transfers are executed. Addresses are specified in MARA and
MARB. Table 7.9 indicates the register functionsin 1/0 mode.

Table7.9 Register Functionsin Normal Mode

Register Function Initial Setting Operation

23 0 Source address Source start Incremented or

‘ ' MARA | register address decremented once per
‘ ‘ transfer, or held fixed

23 0 Destination Destination start Incremented or

‘ ' MARB | address register address decremented once per
‘ ‘ transfer, or held fixed
15 0 Transfer counter Number of Decremented once per
‘ ETCRA ‘ transfers transfer

|

Legend

MARA: Memory address register A
MARB: Memory address register B
ETCRA: Execute transfer count register A

The source and destination addresses are both 24-bit addresses. MARA specifies the source
address. MARB specifies the destination address. MARA and MARB can be independently
incremented, decremented, or held fixed as datais transferred.

Thetransfer count is specified as a 16-bit value in ETCRA. The ETCRA value is decremented by
1 at each transfer. When the ETCRA value reaches H'0000, the DTE bit is cleared and the
transfer ends. If the DTIE bit isset to 1, a CPU interrupt is requested at this time. The maximum
transfer count is 65,536, obtained by setting ETCRA to H'0000.
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Figure 7.8 illustrates how normal mode operates.

Address Ty —» -«—— Address Tg

Y Y

Address By —» -«—— Address Bg

Legend

L, = initial setting of MARA

Lg = initial setting of MARB

N =initial setting of ETCRA

Ta =La

By =L, + SAIDE « (-1)SAID « (2DTSZ o N — 1)
Tg =Lg

Bg = Lg + DAIDE ¢ (—1PAID « (2PTSZ « N —1)

Figure7.8 Operation in Normal Mode

Transfers can be requested (activated) by an external request or auto-request. An auto-requested
transfer is activated by the register settings alone. The designated number of transfers are

executed automatically. Either cycle-steal or burst mode can be selected. In cycle-steal mode the
DMAC releases the bus temporarily after each transfer. In burst mode the DMAC keeps the bus
until the transfers are completed, unless there is a bus request from a higher-priority bus master.

For the detailed settings see section 7.3.4, Data Transfer Control Registers (DTCR).
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Figure 7.9 shows a sample setup procedure for normal mode.

< Normal mode > 1.
2.
3.
Set initial source address 1 4.
Set initial destination address | 2
| 5.
Set transfer count 3
Set DTCRB (1) 4
Set DTCRA (1) 5 6
7.
8.
Read DTCRB 6 9.
Set DTCRB (2) 7
Read DTCRA 8
Set DTCRA (2) 9

l

Normal mode

Set the initial source address in MARA.

Set the initial destination address in MARB.

Set the transfer count in ETCRA.

Set the DTCRB bits as follows.

» Clear the DTME bit to 0.

» Set the DAID and DAIDE bits to select whether
MARB is incremented, decremented, or held fixed.

« Select the DMAC activation source with bits
DTS2B to DTSOB.

Set the DTCRA bits as follows.

» Clear the DTE bit to 0.

» Select byte or word size with the DTSZ bit.

« Set the SAID and SAIDE bits to select whether
MARA is incremented, decremented, or held fixed.

» Set or clear the DTIE bit to enable or disable the
CPU interrupt at the end of the transfer.

» Clear the DTSOA bit to 0 and set the DTS2A
and DTS1A bits to 1 to select normal mode.

Read DTCRB with DTME cleared to 0.

Set the DTME bitto 1 in DTCRB.

Read DTCRA with DTE cleared to 0.

Set the DTE bitto 1 in DTCRA to enable the transfer.

Note: Carry out settings 1 to 9 with the DEND interrupt masked in the CPU.
If an NMI interrupt occurs during the setup procedure, it may clear the DTME bit to 0, in
which case the transfer will not start.

Figure7.9 Normal Mode Setup Procedure (Example)
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7.4.6 Block Transfer M ode

In block transfer mode the A and B channels are combined. One block of a specified sizeis
transferred per request. A designated number of block transfers are executed. Addresses are
specified in MARA and MARB. The block area address can be either held fixed or cycled.

Table 7.10 indicates the register functions in block transfer mode.

Table7.10 Register Functionsin Block Transfer M ode

Register Function Initial Setting Operation
23 0 Source address Source start Incremented or
‘ MARA ‘ register address decremented once per
transfer, or held fixed
23 0 Destination Destination start Incremented or
‘ ' MARB | ‘ address register address decremented once per
‘ ‘ transfer, or held fixed
7 0  Block size counter  Block size Decremented once per
ETCRAH transfer until H'00 is
reached, then reloaded
{} from ETCRL
7 o 0 Initial block size Block size Held fixed
ETCRAL
15 0 Block transfer Number of block Decremented once per
w counter transfers block transfer until H'0000
‘ ET(\:RB ‘ is reached and the
transfer ends
Legend

MARA: Memory address register A
MARB: Memory address register B
ETCRA: Execute transfer count register A
ETCRB: Execute transfer count register B

The source and destination addresses are both 24-bit addresses. MARA specifies the source
address. MARB specifies the destination address. MARA and MARB can be independently
incremented, decremented, or held fixed as datais transferred. One of these registers operates as
ablock arearegister: evenif it isincremented or decremented, it isrestored to itsinitial value at
the end of each block transfer. The TMSbit in DTCRB selects whether the block areaisthe
source or destination.
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If M (1to 255) isthe size of the block transferred at each request and N (1 to 65,536) isthe
number of blocksto be transferred, then ETCRAH and ETCRAL should initially be set to M and
ETCRB should initially be set to N.

Figure 7.10 illustrates how block transfer mode operates. In this figure, bit TMSis cleared to 0,
meaning the block areais the destination.

Tp—> 1
— — <~ Address Tg

| ] —  Block area l)
Ba—™

-«—— Address By

— Block 2 -

| —1 M bytes or words are
transferred per request

— Block N -

Legend

L 5o = initial setting of MARA

L g = initial setting of MARB

M =initial setting of ETCRAH and ETCRAL

N =initial setting of ETCRB

TA = LA

Ba=L,+SAIDE« (-1)SAP « (2PTSZ o M- 1)
TB = LB

Bg =Lg+DAIDE« (-1)PAP « (2PTSZ o M 1)

Figure7.10 Operation in Block Transfer Mode
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When activated by atransfer request, the DMAC executes a burst transfer. During the transfer
MARA and MARB are updated according to the DTCR settings, and ETCRAH is decremented.
When ETCRAH reaches H'00, it is reloaded from ETCRAL to restore the initial value. The
memory address register of the block areais also restored to itsinitial value, and ETCRB is
decremented. If ETCRB is not H'0000, the DMAC then waits for the next transfer request.
ETCRAH and ETCRAL should be initially set to the same value.

The above operation is repeated until ETCRB reaches H'0000, at which point the DTE bit is
cleared to 0 and the transfer ends. If the DTIE bit isset to 1, a CPU interrupt is requested at this
time.

Figure 7.11 shows examples of ablock transfer with byte data size when the block areais the
destination. In (a) the block area addressis cycled. In (b) the block area addressis held fixed.

Transfers can be requested (activated) by compare match/input capture A interrupts from I TU
channels 0 to 2, by an A/D converter conversion-end interrupt, and by external request signals.

For the detailed settings see section 7.3.4, Data Transfer Control Registers (DTCR).
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Start
(DTE =DTME =1)

Read from MARA address
\

| MARA = MARA + 1 |
\
Write to MARB address
\
| MARB = MARB + 1 |
\
| ETCRAH =ETCRAH -1 |

ETCRAH = H'00

| Release bus |

\
ETCRAH = ETCRAL
MARB = MARB — ETCRAL

\
| ETCRB =ETCRB-1 |

ETCRB = H'0000
Y

es

<Clear DTE to 0 and end transfer)

a. DTSZ=TMS =0
SAID =DAID =0
SAIDE = DAIDE =1

Start
(DTE=DTME =1)

| Get bus |

Read from MARA address

\
MARA = MARA + 1 |
\

Write to MARB address

| ETCRAH = ETCRAH -1 |

ETCRAH = H'00

| Release bus |

\
| ETCRAH = ETCRAL |

| ETCRB =ETCRB -1 |

ETCRB = H'0000
Y

es

CCIear DTE to 0 and end transfer>

b. DTSZ=TMS =0
SAID =0
SAIDE=1
DAIDE =0

Figure7.11 Block Transfer Mode Flowcharts (Examples)
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Figure 7.12 shows a sample setup procedure for block transfer mode.

< Block transfer mode

)

Set source address

Set destination address

Set block transfer count

Set block size

Set DTCRB (1)

Set DTCRA (1)

Read DTCRB

Set DTCRB (2)

Read DTCRA

Set DTCRA (2)

'

Block transfer mode

Set the source address in MARA.

Set the destination address in MARB.

Set the block transfer count in ETCRB.

Set the block size (number of bytes or words)

in both ETCRAH and ETCRAL.

Set the DTCRB bits as follows.

¢ Clear the DTME bit to O.

2 « Set the DAID and DAIDE bits to select whether
MARB is incremented, decremented, or held fixed.

¢ Set or clear the TMS bit to make the block area
the source or destination.
» Select the DMAC activation source with bits

DTS2B to DTSOB.

6. Setthe DTCRA bits as follows.

4 * Clear the DTE to O.

 Select byte size or word size with the DTSZ bit.

« Set the SAID and SAIDE bits to select whether

MARA is incremented, decremented, or held fixed.

¢ Set or clear the DTIE bit to enable or disable the

CPU interrupt at the end of the transfer.

Set bits DTS2A to DTSOA all to 1 to select

6 block transfer mode.

PONPE

o

7. Read DTCRB with DTME cleared to 0.
8. Setthe DTME bitto 1 in DTCRB.
9. Read DTCRA with DTE cleared to 0.

7 10. Setthe DTE bitto 1 in DTCRA to enable

the transfer.

8

9

10

Note: Carry out settings 1 to 10 with the DEND interrupt masked in the CPU.
If an NMI interrupt occurs during the setup procedure, it may clear the DTME bit to 0, in
which case the transfer will not start.

Figure7.12 Block Transfer M ode Setup Procedur e (Example)

Rev. 3.00 Sep 14, 2005 page 241 of 910
REJ09B0258-0300
RENESAS




Section 7 DMA Controller

747 DMAC Activation

The DMAC can be activated by an internal interrupt, external request, or auto-request. The
available activation sources differ depending on the transfer mode and channel asindicated in
table 7.11.

Table7.11 DMAC Activation Sources

Short Address Mode

Channels Channels Full Address Mode

Activation Source 0A and 1A 0B and 1B Normal Block
Internal IMIAO ) o x O
interrupts IMIAL o) 0o < 0

IMIA2 @) O X @)

ADI O (@) X @)

TXIO ) O X X

RXIO ) O X X
External Falling edge X O O O
requests of DREQ

Low input at x O O x

DREQ
Auto-request X X O X

Activation by Internal Interrupts: When an interrupt request is selected as a DMAC activation
source and the DTE bit is set to 1, that interrupt request is not sent to the CPU. It is not possible
for an interrupt request to activate the DMAC and simultaneously generate a CPU interrupt.

When the DMAC is activated by an interrupt request, the interrupt request flag is cleared
automatically. If the same interrupt is selected to activate two or more channels, the interrupt
request flag is cleared when the highest-priority channel is activated, but the transfer request is
held pending on the other channels in the DMAC, which are activated in their priority order.
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Activation by External Request: If an external request (DREQ pin) is selected as an activation
source, the DREQ pin becomes an input pin and the corresponding TEND pin becomes an output
pin, regardless of the port data direction register (DDR) settings. The DREQ input can be level-
sensitive or edge-sensitive.

In short address mode and normal mode, an external request operates as follows. If edge sensing
is selected, one byte or word is transferred each time a high-to-low transition of the DREQ input
is detected. If the next edge isinput before the transfer is completed, the next transfer may not be
executed. If level sensing is selected, the transfer continues while DREQ is low, until the transfer
iscompleted. The busis released temporarily after each byte or word has been transferred,
however. If the DREQ input goes high during atransfer, the transfer is suspended after the
current byte or word has been transferred. When DREQ goes low, the request is held internally
until one byte or word has been transferred. The TEND signal goes low during the last write
cycle.

In block transfer mode, an external request operates as follows. Only edge-sensitive transfer
requests are possible in block transfer mode. Each time a high-to-low transition of the DREQ
input is detected, a block of the specified sizeis transferred. The TEND signal goes low during
the last write cycle in each block.

Activation by Auto-Request: Thetransfer starts as soon as enabled by register setup, and
continues until completed. Cycle-steal mode or burst mode can be selected.

In cycle-steal mode the DMAC releases the bus temporarily after transferring each byte or word.
Normally, DMAC cycles alternate with CPU cycles.

In burst mode the DMAC keeps the bus until the transfer is completed, unless thereis a higher-
priority bus request. If there is a higher-priority bus request, the bus is released after the current
byte or word has been transferred.
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7.4.8 DMAC BusCycle

Figure 7.13 shows an example of the timing of the basic DMAC bus cycle. This example shows a
word-size transfer from a 16-bit two-state access area to an 8-bit three-state access area. When
the DMAC gets the bus from the CPU, after one dead cycle (T ), it reads from the source address
and writes to the destination address. During these read and write operations the bus is not
released even if there is another bus request. DMAC cycles comply with bus controller settingsin

the same way as CPU cycles.

CPU cycle ‘ DMAC cycle (1 word transfer) ‘ CPU cycle
> >

Ty To Ty T Tg Ty T Ty T, Tz Ty T T3 Ty T, Tp 1o
¢

1 1 . Source - 1 1

| | | . address | Destination address | 1
Address ! ! ! ! ! ! ! !
RD b | |

jy By 1 L
w0 B
LWR

Figure7.13 DMA Transfer Bus Timing (Example)
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Figure 7.14 shows the timing when the DMAC is activated by low input at a DREQ pin. This
example shows aword-size transfer from a 16-bit two-state access area to another 16-bit two-
state access area. The DMAC continues the transfer while the DREQ pin is held low.

DMAC cycle
CPU cycle DMAC cycle CPU cycle (last transfer cycle) CPU cycle
l T

2 T3 Tqg T T Ty Tp T T Tg T T T1 T T1 Tp

! ! ‘ Source fDestinationf ! ‘ Source fDestination;
| | . address address | | . address address |

]

Figure7.14 BusTiming of DMA Transfer Requested by L ow DREQ | nput
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Figure 7.15 shows an auto-requested burst-mode transfer. This example shows atransfer of three
words from a 16-hit two-state access area to another 16-bit two-state access area.

CPU cycle ‘ DMAC cycle ‘CPU cycle
- -—

T T Tg To T Ty T2 T T T To T T Ty T2 T1 T2

| Source |Destination

. address iaddress
Address :X
bus

Figure7.15 Burst DMA BusTiming

When the DMAC is activated from a DREQ pin thereis aminimum interval of four states from
when the transfer is requested until the DMAC starts operating. The DREQ pin is not sampled
during the time between the transfer request and the start of the transfer. In short address mode
and normal mode, the pin is next sampled at the end of the read cycle. In block transfer mode, the
pin is next sampled at the end of one block transfer.
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Figure 7.16 shows the timing when the DMAC is activated by the falling edge of DREQ in normal
mode.

CPU

CPU cycle DMAC cycle cycle DMAC cycle

To Ty T Ty T Tg Ty T Ty T Tp T Tg T To

e !
e

' | |
- - et

' Minimum 4 states ' ' Next sampling point

Figure7.16 Timing of DMAC Activation by Falling Edge of DREQ in Normal M ode
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Figure 7.17 shows the timing when the DMAC is activated by level-sensitive low DREQ input in
normal mode.

CPU cycle DMAC cycle CPU cycle
-~

Tp Ty Tp Ty T Tg Ty T Ty T Ty T Ty T Tg

_
_
_
~

' I L
e ] et

" Minimum 4 states | " Next sampling point

Figure7.17 Timing of DM AC Activation by Low DREQ Level in Normal Mode
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Figure 7.18 shows the timing when the DMAC is activated by the falling edge of DREQ in block

transfer mode.
End of 1 block transfer
DMAC cycle CPU cycle DMAC cycle
Ty T, Ty T Ty T Ty T Ty T T T Tg Tp To

: JUuuyuuduyuduuyL
- |
e
FD L] L] N
HWR, LWR \_] \_]
TEND

| Next sampling

. Minimum 4 states
]

Figure 7.18 Timing of DM AC Activation by Falling Edge of DREQ in Block Transfer

M ode
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7.4.9 M ultiple-Channel Operation

The DMAC channel priority order is: channel 0 > channel 1 and channel A > channel B.

Table 7.12 shows the complete priority order.

Table7.12 Channel Priority Order

Short Address Mode Full Address Mode Priority
Channel OA Channel 0 High
Channel OB

Channel 1A Channel 1

Channel 1B Low

If transfers are requested on two or more channels simultaneously, or if atransfer on one channel
is requested during a transfer on another channel, the DMAC operates as follows.

When atransfer is requested, the DMAC requests the bus right. When it gets the busright, it
starts atransfer on the highest-priority channel at that time.

Once atransfer starts on one channel, requests to other channels are held pending until that
channel releases the bus.

After each transfer in short address mode, and each externally-requested or cycle-steal
transfer in normal mode, the DMAC releases the bus and returnsto step 1. After releasing the
bus, if thereis atransfer request for another channel, the DMAC requests the bus again.

After completion of a burst-mode transfer, or after transfer of one block in block transfer
mode, the DMAC releases the bus and returnsto step 1. If thereis atransfer request for a
higher-priority channel or a bus request from a higher-priority bus master, however, the
DMAC releases the bus after completing the transfer of the current byte or word. After
releasing the bus, if there is atransfer request for another channel, the DMAC requests the
bus again.

Figure 7.19 shows the timing when channel OA is set up for 1/0 mode and channel 1 for burst
mode, and atransfer request for channel OA isreceived while channel 1 is active.
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DMAC cycle CPU DMAC cycle CPU DMAC cycle
(channel 1) cycle (channel 0A) cycle (channel 1)
—_———————————— -~ -
Ty T Ti T Tg Ty T Ty T Ty T Tg To T Tp T

o JUUUUUUUDUUUUODLUEL
i s s s e e

L L A

Figure7.19 Timing of Multiple-Channel Operations

7.4.10 External BusRequests, DRAM Interface, and DMAC

During aDMAC transfer, if the busright is requested by an external bus request signal (BREQ)
or by the DRAM interface (refresh cycle), the DMAC releases the bus after completing the
transfer of the current byte or word. If thereis atransfer request at this point, the DMAC requests
the bus right again. Figure 7.20 shows an example of the timing of insertion of arefresh cycle
during a burst transfer on channel 0.

Refresh

DMAC cycle (channel 0) ‘ cycle DMAC cycle (channel 0)
-

-
Ty To Ty T T T Ty T Ty T Tg Ty T Ty T T3 To

il e e e e e

Figure7.20 BusTiming of DRAM Interface, and DMAC
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7411 NMI Interruptsand DMAC
NMI interrupts do not affect DMAC operations in short address mode.

If an NMI interrupt occurs during atransfer in full address mode, the DMAC suspends
operations. In full address mode, a channel is enabled when its DTE and DTME bits are both set
to 1. NMI input clears the DTME hit to 0. After transferring the current byte or word, the DMAC
releases the bus to the CPU. In normal mode, the suspended transfer resumes when the CPU sets
the DTME bit to 1 again. Check that the DTE hit is set to 1 and the DTME bit iscleared to 0
before setting the DTME bit to 1.

Figure 7.21 shows the procedure for resuming a DMAC transfer in normal mode on channel 0
after the transfer was halted by NMI input.

Resuming DMAC transfer 1. Check that DTE =1 and DTME = 0.
in normal mode

2. Read DTCRB while DTME =0,
then write 1 in the DTME bit.

SetDTMEto 1 2

#

DMA transfer continues End

Figure7.21 Procedurefor Resuminga DMAC Transfer Halted by NM 1 (Example)

For information about NMI interrupts in block transfer mode, see section 7.6.6, NMI Interrupts
and Block Transfer Mode.
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7.4.12 Abortinga DMAC Transfer

When the DTE hit in an active channel is cleared to 0, the DMAC halts after transferring the
current byte or word. The DMAC starts again when the DTE bit is set to 1. In full address mode,
the DTME hit can be used for the same purpose. Figure 7.22 shows the procedure for aborting a
DMAC transfer by software.

[ DMAC transfer abort ) 1. Clear the DTE bitto 0 in DTCR.

To avoid generating an interrupt when
aborting a DMA transfer, clear the DTIE
bit to 0 simultaneously.

Set DTCR 1

|

DMAC transfer aborted

Figure7.22 Procedurefor Abortinga DMAC Transfer
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7.4.13 Exiting Full Address M ode

Figure 7.23 shows the procedure for exiting full address mode and initializing the pair of
channels. To set the channels up in another mode after exiting full address mode, follow the setup
procedure for the relevant mode.

Exiting full address mode 1. Clear the DTE bit to 0 in DTCRA, or wait
for the transfer to end and the DTE bit
‘ to be cleared to 0.

2. Clear all DTCRB bits to 0.
Halt the channel 1 3. Clear all DTCRA bits to 0.
Initialize DTCRB 2
Initialize DTCRA 3

'

Initialized and halted

Figure 7.23 Procedurefor Exiting Full Address M ode (Example)
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7414 DMAC Statesin Reset State, Standby M odes, and Sleep M ode

When the chip isreset or enters software standby mode, the DMAC isinitialized and halts.
DMAC operations continue in sleep mode. Figure 7.24 shows the timing of a cycle-steal transfer
in sleep mode.

Sleep mode
CPU cycle ! DMAC cycle ‘ | DMAC cycle | ‘
- 3 ‘A “ -
T, Tg Tp T, T T Tg Ty T, T Tp Ty

dress bus — ) )
= L -

Figure7.24 Timing of Cycle-Steal Transfer in Sleep Mode
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7.5 Interrupts
The DMAC generates only DMA-end interrupts. Table 7.13 lists the interrupts and their priority.
Table7.13 DMAC Interrupts

Description

Interrupt Short Address Mode Full Address Mode Interrupt Priority
DENDOA End of transfer on channel 0A  End of transfer on channel 0  High
DENDOB End of transfer on channel 0B — A

DEND1A End of transfer on channel 1A End of transfer on channel 1 v
DEND1B End of transfer on channel 1B — Low

Each interrupt is enabled or disabled by the DTIE bit in the corresponding data transfer control
register (DTCR). Separate interrupt signals are sent to the interrupt controller.

The interrupt priority order among channelsis channel 0 > channel 1 and channel A > channel B.

Figure 7.25 shows the DM A-end interrupt logic. An interrupt is requested whenever DTE = 0 and
DTIE=1.

DTE

:O|:>—> DMA-end interrupt

DTIE

Figure7.25 DMA-End Interrupt Logic

The DMA-end interrupt for the B channels (DENDB) is unavailable in full address mode. The
DTME bit does not affect interrupt operations.
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7.6 Usage Notes

7.6.1 Note on Word Data Transfer

Word data cannot be accessed starting at an odd address. When word-size transfer is selected, set
even values in the memory and I/O address registers (MAR and IOAR).

7.6.2 DM AC Self-Access

The DMAC itself cannot be accessed during a DMAC cycle. DMAC registers cannot be specified
as source or destination addresses.

7.6.3 Longword Accessto Memory Address Registers
A memory address register can be accessed as longword data at the MARR address.
Example

MOV. L #LBL, ERO
MOV.L ERO, @MARR

Four byte accesses are performed. Note that the CPU may release the bus between the second
byte (MARE) and third byte (MARH).

Memory address registers should be written and read only when the DMAC is halted.

7.6.4 Note on Full Address M ode Setup

Full address mode is controlled by two registers: DTCRA and DTCRB. Care must be taken to
prevent the B channel from operating in short address mode during the register setup. The enable
bits (DTE and DTME) should not be set to 1 until the end of the setup procedure.
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7.6.5 Note on Activating DMAC by Internal Interrupts

When using an internal interrupt to activate the DMAC, make sure that the interrupt selected as
the activating source does not occur during the interval after it has been selected but before the
DMAC has been enabled. The on-chip supporting module that will generate the interrupt should
not be activated until the DMAC has been enabled. If the DMAC must be enabled while the on-
chip supporting module is active, follow the procedurein figure 7.26.

[ Enabling of DMAC ] 1. While the DTE bit is cleared to O,
interrupt requests are sent to the

CPU.
2. Clear the interrupt enable bit to O
1 in the interrupt-generating on-chip
supporting module.
Interrupt hand- 3. Enable the DMAC.
ling by CPU No 4. Enable the DMAC-activating

, interrupt.

Clear selected interrupt's 2
enable bitto 0

Selected interrupt
requested?

Enable DMAC 3

Set selected interrupt's 4
enable bitto 1

'

DMAC operates

Figure7.26 Procedurefor Enabling DM AC while On-Chip Supporting
Moduleis Operating (Example)

If the DTE bit is set to 1 but the DTME bit is cleared to 0, the DMAC is halted and the selected
activating source cannot generate a CPU interrupt. If the DMAC is halted by an NMI interrupt,
for example, the selected activating source cannot generate CPU interrupts. To terminate DMAC
operationsin this state, clear the DTE bit to O to allow CPU interrupts to be requested. To
continue DMAC operations, carry out steps 2 and 4 in figure 7.26 before and after setting the
DTME hit to 1.
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When 16-bit timer interrupt activates the DMAC, make sure the next interrupt does not occur
before the DMA transfer ends. If one 16-bit timer interrupt activates two or more channels, make
sure the next interrupt does not occur before the DMA transfers end on all the activated channels.
If the next interrupt occurs before atransfer ends, the channel or channels for which that interrupt
was selected may fail to accept further activation requests.

7.6.6 NMI Interruptsand Block Transfer Mode
If an NMI interrupt occurs in block transfer mode, the DMAC operates as follows.

«  When the NMI interrupt occurs, the DMAC finishes transferring the current byte or word,
then clears the DTME hit to 0 and halts. The halt may occur in the middle of a block.

It is possible to find whether atransfer was halted in the middle of a block by checking the
block size counter. If the block size counter does not have itsinitial value, the transfer was
halted in the middle of a block.

» If thetransfer is halted in the middle of ablock, the activating interrupt flag is cleared to 0.
The activation request is not held pending.

e Whilethe DTE bit is set to 1 and the DTME hit is cleared to 0, the DMAC is halted and does
not accept activating interrupt requests. If an activating interrupt occurs in this state, the
DMAC does not operate and does not hold the transfer request pending internally. Neither isa
CPU interrupt regquested.

For this reason, before setting the DTME hit to 1, first clear the enable bit of the activating
interrupt to 0. Then, after setting the DTME bit to 1, set the interrupt enable bit to 1 again. See
section 7.6.5, Note on Activating DMAC by Internal Interrupts.

e Whenthe DTME bit is set to 1, the DMAC waits for the next transfer request. If it was halted
in the middle of ablock transfer, the rest of the block is transferred when the next transfer
request occurs. Otherwise, the next block is transferred when the next transfer request occurs.

7.6.7 Memory and I/O Address Register Values

Table 7.14 indicates the address ranges that can be specified in the memory and 1/0 address
registers (MAR and I0AR).
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Table7.14 Address Ranges Specifiablein MAR and IOAR

1-Mbyte Mode 16-Mbyte Mode

MAR H'00000 to H'FFFFF H'000000 to H'FFFFFF
(0 to 1048575) (0 to 16777215)

IOAR H'FFFO0 to H'FFFFF H'FFFFO00 to H'FFFFFF
(1048320 to 1048575) (16776960 to 16777215)

MAR bits 23 to 20 are ignored in 1-Mbyte mode.

7.6.8 Bus Cycle when Transfer is Aborted

When atransfer is aborted by clearing the DTE bit or suspended by an NM|I that clearsthe
DTME hit, if this halts a channel for which the DMAC has atransfer request pending internally, a
dead cycle may occur. This dead cycle does not update the halted channel’s address register or
counter value. Figure 7.27 shows an example in which an auto-requested transfer in cycle-steal
mode on channel 0 is aborted by clearing the DTE hit in channel 0.

DMAC
CPU cycle DMAC cycle CPU cycle cycle CPU cycle
T, Ti T2

paasons S X
o | i

T
=
o
-
T

DTE bit is
cleared

Figure7.27 BusTiming at Abort of DMA Transfer in Cycle-Steal M ode
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7.6.9 Transfer Requests by A/D Converter

When the A/D converter is set to scan mode and conversion is performed on more than one
channel, the A/D converter generates a transfer request when all conversions are completed. The
converted datais stored in the appropriate ADDR registers. Block transfer mode and full address
mode should therefore be used to transfer al the conversion results at one time.
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Section 8 1/0 Ports

8.1 Overview

The H8/3068F has 11 input/output ports (ports 1, 2, 3,4, 5,6, 7,8, 9, A, and B). Table 8.1
summarizes the port functions. The pinsin each port are multiplexed as shown in table 8.1.

Each port has adata direction register (DDR) for selecting input or output, and a data register
(DR) for storing output data. In addition to these registers, ports 2, 4, and 5 have an input pull-up
control register (PCR) for switching input pull-up transistors on and off.

Ports 1 to 6 and port 8 can drive one TTL load and a 90-pF capacitive load. Ports 9, A, and B can
drive one TTL load and a 30-pF capacitive load. Ports 1 to 6 and 8 to B can drive a darlington
pair. Ports 1, 2, and 5 can drive LEDs (with 10-mA current sink). Pins P8, to P8y, PA; to PA,
have Schmitt-trigger input circuits.

For block diagrams of the ports see appendix C, 1/0 Port Block Diagrams.
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Table81 Port Functions
Expanded Modes Single-Chip Modes
Port | Description Pins Mode 1 ‘ Mode 2 ‘ Mode 3 ‘ Mode 4 |Mode 5 Mode 6 Mode 7
Port 1 |+ 8-bit I/O port P1;to P1y/ Address output pins (A;to Ag) Address output (A; to Generic input/output
. Azto Ag Ao) and generic input
Can drive LEDs DDR = 0-
generic input
DDR =1:
address output
Port 2 |+ 8-bit I/O port P2; to P2y/ Address output pins (A;s to Ag) Address output (A5 to Generic input/output
I Ajsto Ag Ag) and generic input
Built-in mput pull- DDR = 0:
up transistors -
generic input
« Can drive LEDs DDR =1:
address output
Port 3 |+ 8-bit I/O port P3; to P3y/ Data input/output (D35 to Dg) Generic input/output
Djs to Dg
Port 4 |+ 8-hit I/O port P4, to P4y/ Data input/output (D5 to Do) and 8-bit generic input/output Generic input/output
« Built-in inout oull- D;to Do 8-bit bus mode: generic input/output
. put p 16-bit bus mode: data input/output
up transistors
Port 5 |« 4-bit I/O port P5; to P5y/ Address output (A;g to Age) Address output (A;g to Generic input/output
« Built-in input pull- |12 10 Ass Asg) and 4-bit
up transistors generic input
P DDR = 0: generic input
» Can drive LEDs DDR = 1: address output
Port 6 |+ 8-bit I/O port P6;/¢ Clock output (¢) and generic input
P6s/LWR Bus control signal output (CWR, HWR, RD, AS) Generic input/output
P6s/HWR
P6,/RD
P64/AS
P6,/BACK Bus control signal input/output (BACK, BREQ, WAIT) and
P6,/BREQ 3-bit generic input/output
P6o/WAIT
Port 7 |+ 8-bit I/O port P7;/AN;/DA; | Analog input (AN, ANg) to A/D converter, analog output (DA;, DAg)
P7¢/ANg/DA, |from D/A converter, and generic input
P75 t0 P7y/ Analog input (ANs to ANg) to A/D converter, and generic input
AN; to AN,
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Expanded Modes Single-Chip Modes
Port | Description Pins Mode 1 ‘Modez ‘ModeS ‘Mode4 Mode 5 Mode 6 Mode 7
Port 8 |+ 5-bit I/O port P8,/CS, DDR = 0: generic input DDR =0 (reset value): Generic input/output
DDR = 1 (reset value): CS, output generic input
* P8, to P§, have DDR = 1: CS, output
Schmitt inputs
P8;/IRQ,/ TRQ; input, CS; output, external trigger input (ADTRG) to A/D converter, and TRQ; input, external
CS,/ADTRG | generic input trigger input (ADTRG) to
DDR = 0 (after reset): generic input AID converter, and
DDR = 1: CS; output generic input/output
P8,/IRQ,/CS, | TRQ, and IRQ; input, TS, and CS; output, and generic input* TRQ; and TRQ; input and
P8,/IRQ,/CS; | DDR = 0 (reset value): generic input generic input/output
DDR = 1: CS; and CS; output
P8,/IRQ, TRQy input, RFSH output, and generic input/output TRQp input and generic
/RFSH input/output
Port 9 |+ 6-bit I/O port P9:/IRQs Input and output (SCK;, SCK,, RxD;, RXDg, TXD4, TXD) for serial communication interfaces 1 and 0
ISCK, (SC11/0), TRQs and IRQ, input, and 6-bit generic input/output
P9,RQ,
ISCK,q
P94/RXD;
P9,/RXD,
P9,/TXD;
P9y/TxDy
Port A |+ 8-bit I/O port PAITP,/ Output (TP-) from pro- Address output Address output (Ay), TPC output (TP;), 16-bit
L grammable timing pattern | (A) TPC output (TP), input | timer input or output
* Schmitt inputs TIOCB2/A20 | contraller (TPC), or output (TIOCB,) for | (TIOCB,), and generic
input or output (TIOCB,) 16-bit timer, and generic | input/output
for 16-bit timer and input/output
generic input/output
PAG/TPg/ TPC output (TPg to TP,), | TPC output (TP to TP,4),16-bit timer input and TPC output (TP to
TIOCA /A, | 16-bit timer input and output (TIOCA,, TIOCB;, TIOCA;), address output | TP,4), 16-bit timer input
PAs/TPs/ output (TIOCA,, TIOCB;, | (A3 to Ay), and generic input/output and output (TIOCA,,
TIOCB,/A;, | TIOCA;) , and generic TIOCB;,, TIOCA,) and
PAJTP,/ input/output generic input/output
TIOCA/Azs
PA,/TP,/ TPC output (TP3 to TPy), 16-bit timer input and output (TIOCB,, TIOCA,, TCLKD, TCLKC, TCLKB,
TIOCBy/ TCLKA), 8-bit timer input (TCLKD, TCLKC, TCLKB, TCLKA), output (TEND;, TEND,) from DMA
TCLKD controller (DMAC), and generic input/output
PA,ITP,/
TIOCAy/
TCLKC
PA/TP,/
TCLKB
/TEND,
PAJ/TP,/
TCLKA
[TEND,
Port B |+ 8-bit I/O port PB,/TP;s/ TPC output (TPy5 to TP;,), SCI2 input and output (SCK;, RxD,, TxD,), DRAM | TPC output (TP;sto
RXD, interface output (LCAS, UCAS), and generic input/output TP1,), SCI2 input and
PBg/TP ./ output (SCK,, RXD,,
TXD, TxD,), and generic
PBs/TP13/ input/output
SCK,/LCAS
PB,/TP1,/
UCAS
PB3/TPy,/ TPC output (TP, to TPg), 8-bit timer input and output (TMIO3, TMO,, TMIO;, | TPC output (TPy; to TPg),
TMIO/ TMOy), DMAC input (DREQ,, DREQy), CS; to CS, output, and generic 8-bit timer input and
DREQ,/CS, |input/output output (TMIO3, TMO,
PB,/TP o/ TMIO,, TMO,), DMAC
TMO,/CSs input (DREQ;, DREQ),
PB,/TPy/ and generic input/output
TMIO,/
DREQ,/CSs
PBy/TPg/
TMO,/CS;

Note: * P8, can be used as an output port by making a setting in DRCRA.
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8.2 Port 1

821 Overview

Port 1 is an 8-bit input/output port also used for address output, with the pin configuration shown
in figure 8.1. The pin functions differ between the expanded modes with on-chip ROM disabled,
expanded modes with on-chip ROM enabled, and single-chip mode. In modes 1 to 4 (expanded
modes with on-chip ROM disabled), they are address bus output pins (A7 to Ao).

In modes 5 (expanded modes with on-chip ROM enabled), settingsin the port 1 data direction
register (PLDDR) can designate pins for address bus output (A7 to Ag) or generic input. In mode 6
and 7 (single-chip mode), port 1 is a generic input/output port.

When DRAM is connected to area 2, 3, 4, 5, A7 to A, output row and column addressesin read
and write cycles. For details see section 6.5, DRAM Interface.

Pinsin port 1 can drive one TTL load and a 90-pF capacitive load. They can also drive an LED or
adarlington transistor pair.

Port 1 pins Modes 1to 4 Modes 5 Mode 6 and 7
= P1,/A, A+ (output) P1; (input)/A; (output) P11, (input/output)
— Plg/Ag Ag (output) P1g (input)/Ag (output) Plg (input/output)
~— Plg/Ag As (output) P1s (input)/As (output) P1g (input/output)
= P1,/A, A4 (output) P1, (input)/A,4 (output) P14 (input/output)

Port1 — P13/A; A3 (output) P13 (input)/A; (output) P13 (input/output)
~— P1,/A, A, (output) P1, (input)/A, (output) P1, (input/output)
= P1;/A; A1 (output) P1; (input)/A; (output) P1; (input/output)
~— P1y/Ag Ag (output) P1y (input)/Ag (output)  P1y (input/output)

Figure8.1 Port 1 Pin Configuration
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8.2.2 Register Descriptions
Table 8.2 summarizes the registers of port 1.

Table8.2 Port 1 Registers

Initial Value
Address* Name Abbreviation R/W Modes 1to4 Modes5to7
H'EEO000 Port 1 data direction register P1DDR W H'FF H'00
H'FFFDO  Port 1 data register P1DR R/W  HO00 H'00

Note: * Lower 20 bits of the address in advanced mode.

Port 1 Data Direction Register (PADDR): P1DDR is an 8-bit write-only register that can select
input or output for each pinin port 1.

Bit 7 6 5 4 3 2 1 0
‘P17DDR‘ P:LGDDR‘ P15DDR‘ P14DDR‘ P13DDR‘P12DDR ‘ P11DDR‘ P1,DDR
Modes{lnitial value 1 1 1 1 1 1 1 1
1104 | Read/write O 0 O O O O O O
Modes{lnitial value 0 0 0 0 0 0 0 0
5107 |Read/Write W W W W W W W W

Port 1 data direction 7to O
These bits select input or
output for port 1 pins

Modes 1to 4 (Expanded M odes with On-Chip ROM Disabled): PIDDR values are fixed at 1.
Port 1 functions as an address bus.

Modes 5 (Expanded M odes with On-Chip ROM Enabled): After areset, port 1 functions as
an input port.A pinin port 1 becomes an address output pin if the corresponding PIDDR bit is set
to 1, and ageneric input pin if thisbit is cleared to 0.

Mode 6 and 7 (Single-Chip M ode): Port 1 functions as an input/output port. A pinin port 1
becomes an output port if the corresponding PLDDR bit is set to 1, and an input port if thisbit is

cleared to O.
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In modes 1 to 4, P1IDDR bits are always read as 1, and cannot be modified.

In modes 5to 7, PADDR isawrite-only register. Its value cannot be read. All bits return 1 when
read.

P1DDRisinitialized to H'FF in modes 1 to 4, and to H'00 in modes 5to 7, by areset and in
hardware standby mode. In software standby mode it retains its previous setting. Therefore, if a
transition is made to software standby mode while port 1 is functioning as an input/output port
and a P1DDR hit is set to 1, the corresponding pin maintains its output state.

Port 1 Data Register (P1DR): P1DR is an 8-bit readable/writable register that stores port 1
output data. When port 1 functions as an output port, the value of this register is output. When
this register isread, the pin logic level isread for bits for which the PADDR setting is O, and the
P1DR valueisread for bits for which the PLDDR setting is 1.

Bit 7 6 5 4 3 2 1 0

‘ P11, ‘ Plg ‘ Plg ‘ P14 ‘ P13 ‘ P15, ‘ P14 ‘ Plg
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Port 1 data 7to O
These bits store data for port 1 pins

P1DRisinitialized to H'00 by areset and in hardware standby mode. In software standby mode it
retains its previous setting.
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8.3 Port 2

8.3.1 Overview

Port 2 is an 8-bit input/output port with the pin configuration shown in figure 8.2. The pin
functions differ according to the operating mode.

In modes 1 to 4 (expanded modes with on-chip ROM disabled), port 2 consists of address bus
output pins (Ass to Ag). In modes 5 (expanded modes with on-chip ROM enabled), settingsin the
port 2 data direction register (P2DDR) can designate pins for address bus output (A1s to Ag) or
generic input. In mode 6 and 7 (single-chip mode), port 2 is a generic input/output port.

When DRAM is connected to areas 2 to 5, A1, to Ag output row and column addresses in read and
write cycles. For details see section 6.5, DRAM Interface.

Port 2 has software-programmable built-in pull-up transistors.

Pinsin port 2 can drive one TTL load and a 90-pF capacitive load. They can also drive an LED
or adarlington transistor pair.

Port 2 pins Modes 1to 4 Modes 5 Mode 6 and 7

s P2,/A5 A;s (output) P2, (input)/A5 (output) P2, (input/output)
= P2g/A14 A1, (output) P2g (input)/A4 (output) P2g (input/output)
= P25/Aq3 A13 (output) P2g (input)/A13 (output) P2g (input/output)
-~ P2,/A, A1 (output) P2, (input)/A;, (output) P2, (input/output)
Port2 = P23/A(; A11 (output) P25 (input)/A11 (output) P25 (input/output)
> P2,/A1g A1 (output) P2, (input)/A;g (output) P2, (input/output)
> P2,/Ag Ag (output) P2, (input)/Ag (output) P2, (input/output)
= P2y/Ag Ag (output) P2y (input)/Ag (output) P2, (input/output)

Figure8.2 Port 2 Pin Configuration
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8.3.2 Register Descriptions
Table 8.3 summarizes the registers of port 2.

Table8.3 Port 2 Registers

Initial Value
Address* Name Abbreviation R/W Modes 1to 4 Modes 5to 7
H'EEOO01 Port 2 data direction register P2DDR W  HFF H'00
H'FFFD1  Port 2 data register P2DR R/W H'00 H'00
H'EEO3C  Port 2 input pull-up MOS control P2PCR R/W H'00 H'00

register
Note: * Lower 20 bits of the address in advanced mode.

Port 2 Data Direction Register (P2DDR): P2DDR is an 8-hit write-only register that can select
input or output for each pinin port 2.

Bit 7 6 5 4 3 2 1 0
‘ P27DDR‘ P26DDR‘ P25DDR‘ P24DDR‘ P23DDR ‘ P2,DDR ‘ P21DDR‘ P2o,DDR
Modes{lnitial value 1 1 1 1 1 1 1 1
104 |Read/write O O O O O O O O
Modes{lnitial value 0 0 0 0 0 0 0 0
S107 | Read/Write W W W W W W W W

Port 2 data direction 7to 0
These bits select input or
output for port 2 pins

Modes 1 to 4 (Expanded M odeswith On-Chip ROM Disabled): P2DDR vaues arefixed at 1.
Port 2 functions as an address bus.

Modes 5 (Expanded M odes with On-Chip ROM Enabled): Following areset, port 2 isan
input port. A pin in port 2 becomes an address output pin if the corresponding P2DDR bit is set to
1, and ageneric input port if thisbit is cleared to 0.

Mode 6 and 7 (Single-Chip M ode): Port 2 functions as an input/output port. A pinin port 2
becomes an output port if the corresponding P2DDR bit is set to 1, and an input port if this bit is
cleared to 0.
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In modes 1 to 4, P2DDR hits are always read as 1, and cannot be modified.

In modes 5 to 7, P2DDR isawrite-only register. Its value cannot be read. All bits return 1 when
read.

P2DDR isinitialized to H'FF in modes 1 to 4, and to H'00 in modes 5to 7, by areset and in
hardware standby mode. In software standby mode it retainsits previous setting. Therefore, if a
transition is made to software standby mode while port 2 is functioning as an input/output port
and a P2DDR hit is set to 1, the corresponding pin maintains its output state.

Port 2 Data Register (P2DR): P2DR is an 8-bit readable/writable register that stores output data
for Port 2. When port 2 functions as an output port, the value of this register is output. When a bit
in P2DDRisset to 1, if port 2 is read the value of the corresponding P2DR hit is returned. When
abitin P2DDR iscleared to O, if port 2 is read the corresponding pin logic level is read.

Bit 7 6 5 4 3 2 1 0

P2, | P2 | P25 | P2, | P2, | P2, | P2 | P2
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Port 2 data7to 0
These bits store data for port 2 pins

P2DR isinitialized to H'00 by areset and in hardware standby mode. In software standby mode it
retains its previous setting.

Port 2 Input Pull-Up M OS Control Register (P2PCR): P2PCR is an 8-bit readable/writable
register that controls the MOS input pull-up transistorsin port 2.

Bit 7 6 5 4 3 2 1 0
‘P27PCR‘ PZGPCR‘ P25PCR‘ P24PCR‘ P23PCR ‘ P2,PCR ‘ P21PCR‘ P2,PCR

Initial value 0 0 0 0 0 0 0 0

Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Port 2 input pull-up MOS control 7to 0
These bits control input pull-up
transistors built into port 2

In modes 5 to 7, when a P2DDR bit is cleared to O (selecting generic input), if the corresponding
bit in P2PCR is set to 1, the input pull-up transistor is turned on.
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P2PCR isinitialized to H'00 by areset and in hardware standby mode. In software standby mode
it retains its previous setting.

Table84 Input Pull-Up Transistor States (Port 2)

Hardware Software
Mode Reset Standby Mode Standby Mode Other Modes
1 Off Off Off Off
2
3
4
5 Off Off On/off On/off
6
7
Legend

Off: The input pull-up transistor is always off.
On/off: The input pull-up transistor is on if P2PCR = 1 and P2DDR = 0. Otherwise, it is off.
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8.4 Port 3

84.1 Overview

Port 3 is an 8-hit input/output port with the pin configuration shown in figure 8.3. Port 3isadata
busin modes 1 to 5 (expanded modes) and a generic input/output port in mode 6, 7 (single-chip

mode).

Pinsin port 3 can drive one TTL load and a 90-pF capacitive load. They can also drivea

darlington transistor pair.

Port 3 pins

- P37/D15
[ P36/D14
+— P35/Dq3
I P34/D12
Port 3
~— P33/Dy;
~— P3,/Dyg
Il P31/Dg

-~ P30/D8

Modes 1to 5

D;5 (input/output)
D14 (input/output)
D3 (input/output)
Dy, (input/output)
D41 (input/output)
Do (input/output)
Dg (input/output)

Dg (input/output)

Mode 6 and 7

P3- (input/output)
P3; (input/output)
P35 (input/output)
P3, (input/output)
P35 (input/output)
P3, (input/output)
P3, (input/output)
P3¢ (input/output)

Figure8.3 Port 3 Pin Configuration

8.4.2 Register Descriptions

Table 8.5 summarizes the registers of port 3.

Table85 Port 3 Registers

Address* Name Abbreviation R/W Initial Value
H'EE002 Port 3 data direction register P3DDR W H'00
H'FFFD2 Port 3 data register P3DR R/W H'00

Note: * Lower 20 bits of the address in advanced mode.
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Port 3 Data Direction Register (P3DDR): P3DDR is an 8-bit write-only register that can select
input or output for each pinin port 3.

Bit 7 6 5 4 3 2 1 0

‘ P37DDR‘ P36DDR‘ P35DDR‘ P34DDR‘ P33;DDR ‘ P3,DDR ‘ P31DDR‘P30DDR
Initial value 0 0 0 0 0 0 0 0
Read/Write W w w w w w w w

Port 3 data direction 7 to 0
These bits select input or output for port 3 pins

Modes1to 5 (Expanded M odes): Port 3 functions as a data bus, regardless of the P3SDDR
settings.

Mode 6 and 7 (Single-Chip M ode): Port 3 functions as an input/output port. A pinin port 3
becomes an output port if the corresponding P3DDR bit is set to 1, and an input port if this bit is
cleared to 0.

P3DDR is awrite-only register. Its value cannot be read. All bits return 1 when read.

P3DDR isinitialized to H'00 by areset and in hardware standby mode. In software standby mode
it retainsits previous setting. Therefore, if atransition is made to software standby mode while
port 3 is functioning as an input/output port and a P3DDR bit is set to 1, the corresponding pin
maintains its output state.

Port 3 Data Register (P3DR): P3DR is an 8-bit readable/writable register that stores output data
for port 3. When port 3 functions as an output port, the value of this register is output. When a bit
in P3DDRisset to 1, if port 3 isread the value of the corresponding P3DR bit is returned. When
abitin P3BDDRiscleared to O, if port 3 isread the corresponding pin logic level is read.

Bit 7 6 5 4 3 2 1 0

‘ P3< ‘ P3¢ ‘ P35 ‘ P34 ‘ P33 ‘ P3, ‘ P34 ‘ P3¢
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Port 3data7to 0
These bits store data for port 3 pins

P3DR isinitialized to H'00 by areset and in hardware standby mode. In software standby mode it
retains its previous setting.
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85 Port 4

85.1 Overview

Port 4 is an 8-bit input/output port with the pin configuration shown in figure 8.4. The pin
functions differ depending on the operating mode.

In modes 1 to 5 (expanded modes), when the bus width control register (ABWCR) designates
areas 0 to 7 all as 8-bit-access areas, the chip operates in 8-bit bus mode and port 4 is a generic
input/output port. When at least one of areas 0 to 7 is designated as a 16-bit-access area, the chip
operates in 16-bit bus mode and port 4 becomes part of the data bus. In mode 6, 7 (single-chip
mode), port 4 is a generic input/output port.

Port 4 has software-programmable built-in pull-up transistors.

Pinsin port 4 can drive one TTL load and a 90-pF capacitive load. They can also drivea
darlington transistor pair.

Port 4 pins Modes 1to 5 Mode 6 and 7
— P4,/D, P4 (input/output)/D5 (input/output) P4 (input/output)
+— P4¢/Dg P4 (input/output)/Dg (input/output) P4¢ (input/output)
— P45/Dg P4g (input/output)/Ds (input/output) P4 (input/output)
= P4,/D, P4, (input/output)/D,4 (input/output) P4, (input/output)
Port4 — P43/D; P4 (input/output)/D3 (input/output) P4, (input/output)
~—> P4,/D, P4, (input/output)/D, (input/output) P4, (input/output)
~— P4,/D, P4, (input/output)/D; (input/output) P4, (input/output)
~— P44/Dg P4, (input/output)/Dg (input/output) P4, (input/output)

Figure8.4 Port 4 Pin Configuration
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8.5.2 Register Descriptions
Table 8.6 summarizes the registers of port 4.

Table8.6 Port 4 Registers

Address* Name Abbreviation R/W Initial Value
H'EEO03 Port 4 data direction register PADDR w H'00
H'FFFD3 Port 4 data register P4DR R/W H'00
H'EEO3E Port 4 input pull-up control register P4PCR R/W H'00

Note: * Lower 20 bits of the address in advanced mode.

Port 4 Data Direction Register (P4ADDR): PADDR is an 8-bit write-only register that can select
input or output for each pinin port 4.

Bit 7 6 5 4 3 2 1 0

‘ P47DDR‘ P46DDR‘ P45DDR‘ P44DDR‘ P4;DDR ‘ P4,DDR ‘ P41DDR‘P40DDR
Initial value 0 0 0 0 0 0 0 0
Read/Write w w w w w w w w

Port 4 data direction 7 to O
These bits select input or output for port 4 pins

Modes 1to 5 (Expanded M odes): When all areas are designated as 8-bit-access areas by the bus
controller’s bus width control register (ABWCR), selecting 8-bit bus mode, port 4 functions as an
input/output port. In this case, apin in port 4 becomes an output port if the corresponding PADDR
bit isset to 1, and an input port if thisbit is cleared to 0.

When at least one areais designated as a 16-bit-access area, selecting 16-bit bus mode, port 4
functions as part of the data bus, regardless of the PADDR settings.

Mode 6 and 7 (Single-Chip M ode): Port 4 functions as an input/output port. A pinin port 4
becomes an output port if the corresponding PADDR bit is set to 1, and an input port if this bit is
cleared to 0.

PADDR is awrite-only register. Its value cannot be read. All bits return 1 when read.

PADDR isinitialized to H'00 by areset and in hardware standby mode. In software standby mode
it retainsits previous setting.
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ABWCR and P4DDR are not initialized in software standby mode. Therefore, if atransition is
made to software standby mode while port 4 is functioning as an input/output port and a PADDR
bit is set to 1, the corresponding pin maintains its output state.

Port 4 Data Register (PADR): PADR is an 8-hit readable/writable register that stores output data
for port 4. When port 4 functions as an output port, the value of this register is output. When a bit
in PADDRisset to 1, if port 4 isread the value of the corresponding PADR hit is returned. When
abit in PADDRis cleared to O, if port 4 isread the corresponding pin logic level is read.

Bit 7 6 5 4 3 2 1 0

‘ P4, ‘ P4g ‘ P4s ‘ P4, ‘ P43 ‘ P4, ‘ P4, ‘ P4,
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Port 4 data 7to O
These bits store data for port 4 pins

PADR isinitialized to H'00 by areset and in hardware standby mode. In software standby mode it
retains its previous setting.

Port 4 Input Pull-Up M OS Control Register (P4PCR): PAPCR is an 8-bit readable/writable
register that controls the MOS input pull-up transistors in port 4.

Bit 7 6 5 4 3 2 1 0
‘P47PCR‘ P46PCR‘ P45PCR‘ P44PCR‘ P43PCR ‘ P4,PCR ‘ P41PCR‘ P4o,PCR

Initial value 0 0 0 0 0 0 0 0

Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Port 4 input pull-up control 7 to 0
These bits control input pull-up transistors built into port 4

In mode 6 and 7 (single-chip mode), and in 8-bit bus mode in modes 1 to 5 (expanded modes),
when a PADDR bit is cleared to O (selecting generic input), if the corresponding P4PCR bit is set
to 1, the input pull-up transistor is turned on.

PAPCR isinitialized to H'00 by areset and in hardware standby mode. In software standby mode
it retains its previous setting.
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Table 8.7 summarizes the states of the input pull-ups in each operating mode.

Table8.7 Input Pull-Up Transistor States (Port 4)

Hardware Software
Mode Reset Standby Mode Standby Mode Other Modes
lto5 8-bit bus mode  Off Off On/off On/off
16-bit bus mode Off Off
6 and 7 Onl/off On/off

Legend
Off: ~ The input pull-up transistor is always off.
On/off: The input pull-up transistor is on if PAPCR = 1 and PADDR = 0. Otherwise, it is off.
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8.6 Port 5

8.6.1 Overview

Port 5 is a4-bit input/output port with the pin configuration shown in figure 8.5. The pin
functions differ depending on the operating mode.

In modes 1 to 4 (expanded modes with on-chip ROM disabled), port 5 consists of address output
pins (A to Asg). In modes 5 (expanded modes with on-chip ROM enabled), settingsin the port 5
data direction register (P5DDR) designate pins for address bus output (A1g to Asg) Or generic
input. In mode 6, 7 (single-chip mode), port 5 is a generic input/output port.

Port 5 has software-programmable built-in pull-up transistors.

Pinsin port 5 can drive one TTL load and a 90-pF capacitive load. They can also drive an LED or
adarlington transistor pair.

Port 5 Modes 1to 4 Mode 5 Mode 6 and 7
pins
~— P53/A;9  Ajg (output) P53 (input)/A,g (output) P53 (input/output)
~— P5,/A13  Asg (output) P5, (input)/A.g (output) P55 (input/output)
Ports ~— P5;/A1; A7 (output) P5; (input)/A.7 (output) P54 (input/output)
= P5y/A1g A (output) P5¢ (input)/A.g (output) P54 (input/output)

Figure8.5 Port 5 Pin Configuration
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8.6.2 Register Descriptions
Table 8.8 summarizes the registers of port 5.

Table8.8 Port 5 Registers

Initial Value
Address* Name Abbreviation R/W Modes 1to 4 Modes 5to 7
H'EE004 Port 5 data direction register P5DDR W H'FF H'FO
H'FFFD4 Port 5 data register P5DR R/W H'FO H'FO
H'EEO3F Port 5 input pull-up control register P5PCR R/W HFO H'FO

Note: * Lower 20 bits of the address in advanced mode.

Port 5 Data Direction Register (P5DDR): PSDDR is an 8-bit write-only register that can select
input or output for each pinin port 5.

Bits 7to 4 arereserved. They arefixed at 1, and cannot be modified.

Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ — ‘ — ‘P53DDR ‘ P5,DDR ‘ P51DDR‘P50DDR‘
Modes | Initial value 1 1 1 1 1 1 1 1
lto4 {Read/write — — — — — — — —
Modes{lnitial value 1 1 1 1 0 0 0 0
5107 |ReadWrite — — — — w w w w
Reserved bit‘s Port 5 data c‘iirection 3to0

These bits select input or
output for port 5 pins

Modes 1 to 4 (Expanded M odeswith On-Chip ROM Disabled): PSDDR vaues arefixed at 1.
Port 5 functions as an address bus.

Modes 5 (Expanded M odes with On-Chip ROM Enabled): Following areset, port 5isan
input port. A pin in port 5 becomes an address output pin if the corresponding PSDDR bit is set to
1, and an input port if this bit is cleared to O.

Mode 6 and 7 (Single-Chip M ode): Port 5 functions as an input/output port. A pinin port 5
becomes an output port if the corresponding PSDDR bit is set to 1, and an input port if this bit is
cleared to 0.
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In modes 1 to 4, PSDDR hits are always read as 1, and cannot be modified.

In modes 5 to 7, PSDDR is awrite-only register. Its value cannot be read. All bits return 1 when
read.

P5DDR isinitialized to H'FF in modes 1 to 4, and to H'FO in modes 5to 7, by areset and in
hardware standby mode. In software standby mode it retainsits previous setting. Therefore, if a
transition is made to software standby mode while port 5 is functioning as an input/output port
and a P5DDR hit is set to 1, the corresponding pin maintains its output state.

Port 5 Data Register (P5DR): PSDR is an 8-bit readable/writable register that stores output data
for port 5. When port 5 functions as an output port, the value of thisregister is output. When a bit
in PSDDRisset to 1, if port 5 is read the value of the corresponding PSDR hit is returned. When
abit in PSDDRis cleared to O, if port 5 isread the corresponding pin logic level is read.

Bits 7 to 4 arereserved. They are fixed at 1, and cannot be modified.

Bit 7 6 5 4 3 2 1 0

— | — | — | — | s | ps, | s | s

Initial value 1 1 1 1 0 0 0 0

Read/Write — — — — R/W R/W R/W R/W
Reserved bits Port 5data3to 0

These bits store data
for port 5 pins

P5DR isinitialized to H'FO by areset and in hardware standby mode. In software standby mode it
retains its previous setting.
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Port 5 Input Pull-Up M OS Control Register (PSPCR): P5PCR is an 8-bit readable/writable
register that controls the MOS input pull-up transistorsin port 5.

Bits 7 to 4 arereserved. They arefixed at 1, and cannot be modified.

Bit 7 6 5 4 3 2 1 0
d ‘ d O d ‘ P53PCR ‘ P5,PCR ‘ P51PCR‘ P5oPCR ‘
Initial value 1 1 1 1 0 0 0 0
Read/Write 0 0 a 0 R/W R/W R/W R/W
Reserved bits Port 5 input pull-up control 3to 0

These bits control input pull-up
transistors built into port 5

In modes 5 to 7, when a PSDDR hit is cleared to O (selecting generic input), if the corresponding
bit in PSPCR is set to 1, the input pull-up transistor is turned on.

P5PCR isinitialized to H'FO by areset and in hardware standby mode. In software standby mode
it retains its previous setting.

Table 8.9 summarizes the states of the input pull-ups in each mode.

Table8.9 Input Pull-Up Transistor States (Port 5)

Mode Reset Hardware Standby Mode Software Standby Mode Other Modes
1 Off Off Off Off

2

3

4

5 Off Off Onl/off Onl/off

6

7

Legend

Off:  The input pull-up transistor is always off.
On/off: The input pull-up transistor is on if PSPCR = 1 and P5DDR = 0. Otherwise, it is off.
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8.7 Port 6

871 Overview

Port 6 is an 8-hit input/output port that is also used for input and output of bus control signals
(LWR, HWR, RD, AS, BACK, BREQ, WAIT) and for clock (¢) outpuit.

In modes 1 to 5 (expanded modes), the pin functions are P6; (generic input)/@, LWR, HWR, RD,
AS, P6,/BACK, P6,/BREQ, and P6,/WAIT). Seetable 8.11 for the selection of the pin functions.
In modes 6 and 7 (single-chip modes), P6; functions as a generic input port or @ output, and P64
to P6, function as generic input/output ports.

When DRAM is connected to areas 2 to 5, LWR, HWR, and RD also function as LCAS, UCAS,
and WE, respectively. For details see section 6.5, DRAM Interface.

Pinsin port 6 can drive one TTL load and a 90-pF capacitive load. They can also drivea
darlington transistor pair.

Port 6 pins Modes 1to 5 Mode 6 and 7
(expanded modes) (single-chip mode)
<~ P6,/¢ P67 (input)/ @ (output)  P6+ (input) / g(output)
~— P64/LWR LWR (output) P6g¢ (input/output)
~— P65/HWR HWR (output) P65 (input/output)
Port6 |«— P6,/RD RD (output) P6, (input/output)
~— P63/AS AS  (output) P64 (input/output)

~— P6,/BACK P6, (input/output)/ BACK (output)  P6, (input/output)
~— P6,/BREQ P6, (input/output)/ BREQ (input) P6 , (input/output)
~— P6y/ WAIT P6¢ (input/output)/ WAIT (input) P6 ¢ (input/output)

Figure8.6 Port 6 Pin Configuration
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8.7.2 Register Descriptions
Table 8.10 summarizes the registers of port 6.

Table8.10 Port 6 Registers

Address* Name Abbreviation R/W Initial Value
H'EEO05 Port 6 data direction register P6DDR W H'80
H'FFFD5 Port 6 data register P6DR R/W H'80

Note: * Lower 20 bits of the address in advanced mode.

Port 6 Data Direction Register (P6DDR): P6DDR is an 8-bit write-only register that can select
input or output for each pin in port 6.

Bit 7 isreserved. It isfixed at 1, and cannot be modified.

Bit 7 6 5 4 3 2 1 0
‘ — ‘ P66DDR‘ P65DDR‘ P64DDR‘P63DDR‘P62DDR ‘ P61DDR‘P60DDR
Initial value 1 0 0 0 0 0 0 0
Read/Write — W w w W W W W
Reserved bit Port 6 data direction 6 to 0

These bits select input or output for port 6 pins

Modes1to 5 (Expanded M odes): P6; functions as the clock output pin (¢) or an input port. P6;
is the clock output pin () if the PSTOP bit in MSTRCH is cleared to O (initial value), and an
input port if this bit isset to 1.

P65 to P6; function as bus control output pins (LWR, HWR, RD, and AS), regardless of the
settings of bits P6sDDR to P6;DDR.

P6, to P6, function as bus control input/output pins (BACK, BREQ, and WAIT) or input/output
ports. For the method of selecting the pin functions, see table 8.11.

When P6, to P6, function as input/output ports, the pin becomes an output port if the
corresponding P6DDR bit is set to 1, and an input port if this bit is cleared to O.

Mode 6 and 7 (Single-Chip M ode): P6; functions as the clock output pin (¢) or an input port.
P65 to P6, function as generic input/output ports. P67 isthe clock output pin (¢) if the PSTOP bit
in MSTCRH is cleared to O (initial value), and an input port if thishitissetto 1. A pinin port 6
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becomes an output port if the corresponding bit of P6sDDR to P6,DDR is set to 1, and an input
port if thispinis cleared to 0.

P6DDR is awrite-only register. Its value cannot be read. All bits return 1 when read.

P6DDR isinitialized to H'80 by areset and in hardware standby mode. In software standby mode
it retains its previous setting. Therefore, if atransition is made to software standby mode while
port 6 is functioning as an input/output port and a PBDDR bit is set to 1, the corresponding pin
maintains its output state.

Port 6 Data Register (P6DR): P6DR is an 8-hit readable/writable register that stores output data
for port 6. When port 6 functions as an output port, the value of this register is output. For bit 7, a
value of 1isreturned if the bit is read while the PSTOP bit in MSTCRH is cleared to 0, and the
P67 pinlogic level isreturned if the bit is read while the PSTOP bit is set to 1. Bit 7 cannot be
modified. For bits 6 to O, the pin logic level isreturned if the bit is read while the corresponding
bit in P6DDR is cleared to 0, and the P6DR value is returned if the bit is read while the
corresponding bit in PEBDDR is set to 1.

Bit 7 6 5 4 3 2 1 0

‘ P6- ‘ P6g ‘ P65 ‘ P64 ‘ P63 ‘ P6, ‘ P61 ‘ P6g
Initial value 1 0 0 0 0 0 0 0
Read/Write R R/W R/W R/W R/W R/W R/W R/W

Port 6 data 7to O
These bits store data for port 6 pins

P6DR isinitialized to H'80 by areset and in hardware standby mode. In software standby mode it
retains its previous setting.
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Table8.11 Port 6 Pin Functionsin Modes1to5

Pin Pin Functions and Selection Method
P6,/¢@ Bit PSTOP in MSTCRH selects the pin function.

PSTOP 0 1

Pin function @output P6- input
LWR Functions as LWR regardless of the setting of bit P6;DDR

P6:,DDR 0 1

Pin function LWR output*

Note: * If any of bits DRAS2 to DRASO in DRCRA is 1 and bit CSEL in DRCRB is 1, LWR

output functions as LCAS.

HWR Functions as HWR regardless of the setting of bit P6sDDR

P6sDDR 0 1

Pin function HWR output*

Note: * If any of bits DRAS2 to DRASO in DRCRA is 1 and bit CSEL in DRCRB is 1, HWR

output functions as UCAS.

RD Functions as RD regardless of the setting of bit P6,DDR

P6,DDR 0 1

Pin function RD output*

Note: * If any of bits DRAS2 to DRASO in DRCRA is 1, RD output functions as WE.
AS Functions as AS regardless of the setting of bit P6;DDR

P6;DDR 0 1

Pin function AS output
P6,/BACK Bit BRLE in BRCR and bit P6,DDR select the pin function as follows

BRLE 0 1

P6,DDR 0 1 —

Pin function P6, input P6, output BACK output
P6,/BREQ Bit BRLE in BRCR and bit P6,DDR select the pin function as follows

BRLE 0 1

P6,DDR 0 1 —

Pin function P6, input P6, output BREQ input
P6o/WAIT Bit WAITE in BCR and bit P6,DDR select the pin function as follows.

WAITE 0 1

P6,DDR 0 1 0*

Pin function P6, input P6, output WATT input

Note: * Do not set bit P6,DDR to 1.
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8.8 Port 7

8.8.1 Overview

Port 7 is an 8-hit input port that is also used for analog input to the A/D converter and analog
output from the D/A converter. The pin functions are the same in all operating modes. Figure 8.7
shows the pin configuration of port 7.

See section 15, A/D Converter, for details of the A/D converter analog input pins, and section 16,
D/A Converter, for details of the D/A converter analog output pins.

Port 7 pins

~—— P7 (input)/AN - (input)/DA ; (output)
— P7¢ (input)/ANg (input)/DA g (output)
~+—— P75 (input)/AN;5 (input)

—— P7, (input)/AN 4 (input)

Port 7
~——— P73 (input)/AN 3 (input)
~—— P75 (input)/AN, (input)
~—— P74 (input)/AN (input)

~—— P74 (input)/ANg (input)

Figure8.7 Port 7 Pin Configuration
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8.8.2 Register Description

Table 8.12 summarizes the port 7 register. Port 7 is an input port, and port 7 has no data direction
register.

Table8.12 Port 7 Data Register

Address* Name Abbreviation R/W Initial Value

H'FFFD6 Port 7 data register P7DR R Undetermined

Note: * Lower 20 bits of the address in advanced mode.

Port 7 Data Register (P7DR)

Bit 7 6 5 4 3 2 1 0

‘ P7; ‘ P7¢ ‘ P75 ‘ P74 ‘ P73 ‘ P7, ‘ P7, ‘ P70
Initial value —* —* —* —* —* —* —* —*
Read/Write R R R R R R R R

Note: * Determined by pins P7; to P7q.

When port 7 isread, the pin logic levels are ways read. P7DR cannot be modified.
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8.9 Port 8

8.9.1 Overview

Port 8 is a 5-bit input/output port that is also used for CS; to CS, output, RFSH output, IRQs to
IRQq input, and A/D converter ADTRG input. Figure 8.8 shows the pin configuration of port 8.

In modes 1 to 5 (expanded modes), port 8 can provide CS; to CS, output, RESH output, IRQs to
IRQy input, and ADTRG input. Seetable 8.14 for the selection of pin functionsin expanded
modes.

In modes 6 and 7 (single-chip modes), port 8 can provide IRQs to IRQg input and ADTRG inpui.
See table 8.15 for the selection of pin functionsin single-chip mode.

See section 15, A/D Converter, for a description of the A/D converter's ADTRG input pin.

The IRQ; to IRQ, functions are selected by | ER settings, regardless of whether the pin is used for
input or output. Caution istherefore required. For details see section 5.3.1, External Interrupts.

When DRAM is connected to areas 2 to 5, the CS; and CS, output pins function as RAS output
pinsfor each area. For details see section 6.5, DRAM Interface.

Pinsin port 8 can drive one TTL load and a 90-pF capacitive load. They can also drivea
darlington transistor pair.

Pins P8, to P8, have Schmitt-trigger inputs.
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Port8 ~——

Port 8 pins

P8,/ CS,

P83/CS;/IRQ; / ADTRG
P8,/ CS,/IRQ,
P8,/CS3/IRQ;
P8o/RFSH/IRQ,

Pin functions in modes 1to 5
(expanded modes)

P8, (input)/@o (output)

P85 (input)/ CS; (output)/ IRQ5 (input) / ADTRG (input)
P8, (input)/CS, (output)/ IRQ, (input)

P8, (input/output)/ 53 (output)/@l(input)

P8y (input/output)/@ (output)/@o (input)

Pin functions in mode 6 and 7

(single-chip mode)

P8,/(input/output)

P83/(input/0utput)/@3 (input) /ADTRG (input)

P8, /(input/output)/ IRQ, (input)

P8, /(input/output)/ IRQ (input)

P8,/(inputioutput)/ IRQ (input)

Figure 8.8 Port 8 Pin Configuration
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8.9.2 Register Descriptions
Table 8.13 summarizes the registers of port 8.

Table8.13 Port 8 Registers

Initial Value
Address* Name Abbreviation R/W Mode 1to 4 Mode 5to 7
H'EEO07 Port 8 data direction P8DDR w H'FO H'EO
register
H'FFFD7  Port 8 data register P8DR R/W H'EO H'EO

Note: * Lower 20 bits of the address in advanced mode.

Port 8 Data Direction Register (P8DDR): P8DDR is an 8-bit write-only register that can select
input or output for each pinin port 8.

Bits 7 to 5 are reserved. They are fixed at 1, and cannot be modified.

Bit 7 6 5 4 3 2 1 0
‘ 0 ‘ O ‘ O ‘ P84DDR‘ P83DDR ‘ P8,DDR ‘ P8,DDR ‘ P8,DDR ‘
Modes | Initial value 1 1 1 1 0 0 0 0
lto4 {Read/Write O O O W W w W W
Modes { Initial value 1 1 1 0 0 0 0 0
S107 | ReadMrite O O O W W W W W
Reser\‘/ed bits Port 8 data di‘rection 4to0

These bits select input or
output for port 8 pins

Modes 1to 5 (Expanded M odes): When bitsin PSDDR bit are set to 1, P8, to P8, become CS,
to CS; output pins. When bitsin PSDDR are cleared to 0, the corresponding pins become input
ports. However, P8, can also be used as an output port, depending on the setting of bits DRAS2 to
DRASO in DRAM control register A (DRCRA). For details see section 6.5.2, DRAM Space and
RAS Output Pin Settings.

In modes 1 to 4 (expanded modes with on-chip ROM disabled), following areset P8, functions as
the CS, output, while CS; to CS3 are input ports. In mode 5 (expanded mode with on-chip ROM
enabled), following areset CS, to CS3 are all input ports.
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When the refresh enable bit (RFSHE) in DRCRA is set to 1, P8y is used for RESH output. When
RFSHE is cleared to 0, P8, becomes an input/output port according to the PBDDR setting. For
details see table 8.14.

Mode 6 and 7 (Single-Chip M ode): Port 8 is ageneric input/output port. A pinin port 8
becomes an output port if the corresponding PBDDR bit is set to 1, and an input port if this bit is
cleared to 0.

P8DDR is awrite-only register. Its value cannot be read. All bits return 1 when read.

P8DDR isinitialized to H'FO in modes 1 to 4, and to H'EO in modes 5 to 7, by areset and in
hardware standby mode. In software standby mode P8DDR retains its previous setting.
Therefore, if atransition is made to software standby mode while port 8 is functioning as an
input/output port and a PBDDR bit is set to 1, the corresponding pin maintains its output state.

Port 8 Data Register (P8DR): P8DR is an 8-bit readable/writable register that stores output data
for port 8. When port 8 functions as an output port, the value of this register is output. When a bit
in PBDDRisset to 1, if port 8 is read the value of the corresponding P8DR bit isreturned. When
abitin PBDDR iscleared to O, if port 8 isread the corresponding pin logic level is read.

Bits 7to 5 arereserved. They arefixed at 1, and cannot be modified.

Bit 7 6 5 4 3 2 1 0
0 ‘ O ad ‘ P84 ‘ P83 ‘ P8, ‘ P81 ‘ P8¢
Initial value 1 1 1 0 0 0 0 0
Read/Write O 0 0 R/W R/W R/W R/W R/W
Reserved bits Port 8data4to 0

These bits store data
for port 8 pins

P8DR isinitialized to H'EO by areset and in hardware standby mode. In software standby mode it
retains its previous setting.
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Table8.14 Port 8 Pin Functionsin Modes1to5

Pin Pin Functions and Selection Method

P8,/CS, Bit P8,DDR selects the pin function as follows
P8,DDR 0 1
Pin function P8, input CS, output

P8,/CS,/IRQ,/ADTRG Bit P8;DDR selects the pin function as follows
P8;DDR 0 1
Pin function P83 input

Q)

S; output

IRQ; input
ADTRG input

P8,/CS,/IRQ, The DRAM interface settings by bits DRAS2 to DRASO in DRCRA, and bit P8,DDR, select
the pin function as follows.

DRAM interface
settings (1) in table below |(2) in table below

P8,DDR 0 1 —

Pin function P8, input S, output S, output*
IRQ; input

Note: * CS; is output as RAS,.

DRAM interface
setting 1) 2)

DRAS2 0 1
DRAS1 0 1 0 1
DRASO o | 1 0 1 o | 1 0 1

P8,/CS:/IRQ; The DRAM interface settings by bits DRAS2 to DRASO in DRCRA, and bit P8,;DDR, select
the pin function as follows.

DRAM interface
settings (1) in table below (2) in table below (3) in table below

P8,DDR 0 1 0 1 —

Pin function P8, input TS, P8, input | P8, output S output pin*
pin output pin pin pin

1RQ; input pin

Note: * CS; is output as RAS;.
DRAM interface
setting 1) 3) 2) ?3) 2)
DRAS2 0 1
DRAS1 0 1 0 1

DRASO o | 1 o | 1 o | 1 o | 1

P8,/RFSH/TIRQy Bit RFSHE in DRCRA and bit P8,DDR select the pin function as follows.

RFSHE 0 1*

P8,DDR 0 1 —

Pin function P8, input P8, output RFSH output

TRQy input

Note: * If areas 2 to 5 are not designated as DRAM space, this bit should not be set to 1.
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Table8.15 Port 8 Pin Functionsin Mode 6 and 7

Pin Pin Functions and Selection Method
P8, Bit P8,DDR selects the pin function as follows
P8,DDR 0 1
Pin function P8, input P8, output
P8,/IRQs/ADTRG Bit P8;DDR selects the pin function as follows
P8;DDR 0 1
Pin function P85 input P83 output
TRQ; input
ADTRG input
P8,/IRQ, Bit P8,DDR selects the pin function as follows
P8,DDR 0 1
Pin function P8, input P8, output
TRQ; input
P8,/IRQ, Bit P8;DDR selects the pin function as follows
P8,DDR 0 1
Pin function P8; input P8; output
IRQ; input
P8,/IRQ, Bit P8,DDR select the pin function as follows
P8,DDR 0 1
Pin function P8, input P8, output
TRQ input
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8.10 Port 9

8.10.1 Overview

Port 9 is a 6-bit input/output port that is also used for input and output (TXDg, TXD1, RXDy, RXD;,
SCK, SCK ) by serial communication interface channels 0 and 1 (SCI0 and SCI1), and for IRQs
and TIRQ, input. See table 8.17 for the selection of pin functions.

The IRQs and IRQ, functions are selected by |ER settings, regardless of whether the pin is used
for input or output. Caution istherefore required. For details see section 5.3.1, Externa
Interrupts.

Port 9 has the same set of pin functionsin all operating modes. Figure 8.9 shows the pin
configuration of port 9.

Pinsin port 9 can drive one TTL load and a 30-pF capacitive load. They can also drivea
darlington transistor pair.

Port 9 pins

+—= P9; (input/output)/SCK; (input/output)/IRQs (input)
= P9, (input/output)/SCK, (input/output)/IRQ, (input)
— P95 (input/output)/RxD; (input)

Port 9
~——> P9, (input/output)/RxDq (input)
~——> P9, (input/output)/TxD; (output)

~— P9, (input/output)/TxDq (output)

Figure8.9 Port 9 Pin Configuration
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8.10.2 Register Descriptions
Table 8.16 summarizes the registers of port 9.

Table8.16 Port 9 Registers

Address* Name Abbreviation R/W Initial Value
H'EEO08 Port 9 data direction register PODDR W H'CO
H'FFFD8 Port 9 data register PODR R/W H'CO

Note: * Lower 20 bits of the address in advanced mode.

Port 9 Data Direction Register (PO9DDR): P9DDR is an 8-bit write-only register that can select
input or output for each pinin port 9.

Bits 7 and 6 are reserved. They are fixed at 1, and cannot be modified.

Bit 7 6 5 4 3 2 1 0
‘ 0 ‘ 0 ‘ P95DDR‘ P94DDR‘ P93;DDR ‘ P9,DDR ‘ P91DDR‘P90DDR
Initial value 1 1 0 0 0 0 0 0
Read/Write O O W W W W W w
Reserved bits Port 9 data direction 5to 0

These bits select input or
output for port 9 pins

When port 9 functions as an input/output port, a pin in port 9 becomes an output port if the
corresponding PODDR hit is set to 1, and an input port if this bit is cleared to 0. For the method of
selecting the pin functions, seetable 8.17.

PIODDR is awrite-only register. Its value cannot be read. All bits return 1 when read.

PIODDR isinitialized to H'CO by areset and in hardware standby mode. In software standby mode
it retainsits previous setting. Therefore, if atransition is made to software standby mode while
port 9 is functioning as an input/output port and a PODDR hit is set to 1, the corresponding pin
maintains its output state.
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Port 9 Data Register (PODR): PODR is an 8-bit readable/writable register that stores output data
for port 9. When port 9 functions as an output port, the value of this register is output. When a bit
in PODDRis set to 1, if port 9 isread the value of the corresponding PODR hit is returned. When
abitin PODDR iscleared to O, if port 9 is read the corresponding pin logic level is read.

Bits 7 and 6 arereserved. They are fixed at 1, and cannot be modified.

Bit 7 6 5 4 3 2 1 0
g O ‘ P95 ‘ P9, ‘ P93 ‘ P9, ‘ P9, ‘ P9g
Initial value 1 1 0 0 0 0 0 0
Read/Write ] m] R/W R/W R/W R/W R/W R/W
Reserved bits Port 9data5to 0

These bits store data
for port 9 pins

PIODR isinitialized to H'CO by areset and in hardware standby mode. In software standby mode it
retains its previous setting.
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Table8.17 Port 9 Pin Functions
Pin Pin Functions and Selection Method

P9s/SCK,/IRQs

Bit C/A in SMR of SCI1, bits CKEO and CKE1 in SCR, and bit P9;DDR select the pin function

as follows

CKE1 0 1

C/A 1 _

CKEO 0 1 — —

P9sDDR 0 1 — — —

Pin function P9 P95 SCK; output SCK; output SCK; input
input | output

IRQ; input

P9,/SCK,/TRQ,

Bit C/A in SMR of SCI0, bits CKEO and CKEL1 in SCR, and bit P9,DDR select the pin function

as follows
CKE1 0 1
C/IA 1 —
CKEO 0 1 — —
P9,DDR 0 1 — — —
Pin function P9, P9, SCK, output SCK, output SCK, input
input | output
IRQq input
P93/RxD; Bit RE in SCR of SCI1, bit SMIF in SCMR, and bit P9;DDR select the pin function as follows.
SMIF 0 1
RE 1 —
P9;:DDR 0 — —
Pin function P93 input P9; output RxD; input RxD; input
P9,/RxDy Bit RE in SCR of SCIO0, bit SMIF in SCMR, and bit P9,DDR select the pin function as follows

SMIF 0 1
RE 1 —
P9,DDR 0 1 — —
Pin function P9, input P9, output RxDy input RxD, input
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Pin Pin Functions and Selection Method
P9,/TxD, Bit TE in SCR of SCI1, bit SMIF in SCMR, and bit P9,DDR select the pin function as follows.
SMIF 0 1
TE 1 —
P9, DDR 0 1 — —
Pin function P9, input P9, output TxD; output TxD, output*
Note: * Functions as the TxD; output pin, but there are two states: one in which the pin is
driven, and another in which the pin is at high-impedance.
P9,/TxDg Bit TE in SCR of SCIO0, bit SMIF in SCMR, and bit P9,DDR select the pin function as follows.

SMIF 0 1
TE 1 —
P9,DDR 0 1 — —
Pin function P9y, input P9, output TxD, output TxD, output*

Note: * Functions as the TxD, output pin, but there are two states: one in which the pin is

driven, and another in which the pin is at highimpedance.
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8.11 Port A

8.11.1 Overview

Port A is an 8-bit input/output port that is also used for output (TP; to TP) from the
programmabl e timing pattern controller (TPC), input and output, (TIOCB,, TIOCA,, TIOCB;,
TIOCA,, TIOCBy, TIOCA,, TCLKD, TCLKC, TCLKB, TCLKA) by the 16-bit timer, input
(TCLKD, TCLKC, TCLKB, TCLKA) to the 8-bit timer, output (TEND;, TENDy) from the DMA
controller (DMAC), and address output (A3 to Ay). A reset or hardware standby transition
leaves port A as an input port, except that in modes 3 and 4, one pin is aways used for A output.
See table 8.19 to 8.21 for the selection of pin functions.

Usage of pinsfor TPC, 16-bit timer, 8-bit timer, and DMAC input and output is described in the
sections on those modules. For output of address bits A,; to Ay in modes 3, 4, and 5, see section
6.2.4, Bus Release Control Register (BRCR). Pins not assigned to any of these functions are
available for generic input/output. Figure 8.10 shows the pin configuration of port A.

Pinsin port A can drive one TTL load and a 30-pF capacitive load. They can also drivea
darlington transistor pair. Port A has Schmitt-trigger inputs.
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Port A

Port A pins

PA; ITP; ITIOCB, /Ay
PAGITP; ITIOCA, IA;
PAs [TPs ITIOCB, /A5,
PA, /TP, ITIOCA, /A3
PA [TP; ITIOCR, /TCLKD
PA, ITP, [TIOCA, ITCLKC
PA, /TP, [TEND, /TCLKB
PAg /TP, ITEND, /TCLKA

Pin functions in modes 1, 2, 6, and 7

PA- (input/output)/TP; (output)/TIOCB , (input/output)

PAg (input/output)/TPg (output)/ TIOCA , (input/output)

PAg (input/output)/TP5 (output)/TIOCB 4 (input/output)

PA 4 (input/output)/TP, (output)/TIOCA 4 (input/output)

PA 5 (input/output)/TP5 (output)/TIOCB  (input/output)/TCLKD (input)
PA, (input/output)/TP, (output)/TIOCA q (input/output)/TCLKC (input)
PA, (input/output)/TP; (output)/TEND; (output)/TCLKB (input)

PA (input/output)/ TP (output)/TEND,, (output)/TCLKA (input)

Pin functions in modes 3, 4

Aoq (output)

PAg (input/output)/TPg (output)/TIOCA , (input/output)/A ,, (output)
PA 5 (input/output)/TP5 (output)/TIOCB ; (input/output)/A 5 (output)
PA 4 (input/output)/TP,4 (output)/TIOCA , (input/output)/A ,3 (output)
PA 3 (input/output)/TP3 (output)/TIOCB ¢ (input/output)/TCLKD (input)
PA, (input/output)/TP, (output)/TIOCA g (input/output)/ TCLKC (input)
PA ; (input/output)/TP; (output)/TEND; (output)/TCLKB (input)

PA (input/output)/TPq (output)/TEND,, (output)/TCLKA (input)

Pin functions in mode 5

PA; (input/output)/TP; (output)/TIOCB, (input/output)/A,q (output)
PAg (input/output)/TPg (output)/TIOCA; (input/output)/A,, (output)
PAs (input/output)/TPs (output)/TIOCB; (input/output)/A,, (output)
PA, (input/output)/TP,4 (output)/TIOCA; (input/output)/A,5 (output)
PAg3 (input/output)/TP3 (output)/TIOCB (input/output)/TCLKD (input)
PA, (input/output)/TP, (output)/TIOCA, (input/output)/TCLKC (input)
PA; (input/output)/TP; (output) TEND; (output)/TCLKB (input)

PA, (input/output)/ TP (output)/TEND, (output)/TCLKA (input)

Figure8.10 Port A Pin Configuration
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8.11.2 Register Descriptions
Table 8.18 summarizes the registers of port A.

Table8.18 Port A Registers

Initial Value
Address* Name R/W Modes 1,2,5,6,and 7 Modes 3,4
H'EE009 Port A data direction PADDR w H'00 H'80
register
H'FFFD9  Port A data register PADR R/W H'00 H'00

Note: * Lower 20 bits of the address in advanced mode.

Port A Data Direction Register (PADDR): PADDR is an 8-bit write-only register that can
select input or output for each pin in port A. When pins are used for TPC output, the
corresponding PADDR bits must also be set.

Bit 7 6 5 4 3 2 1 0
‘PA7DDR‘ PA6DDR‘ PA5DDR‘ PA4DDR‘PA3DDR‘PA2DDR‘PAlDDR‘PAODDR

Modes{lnitial value 1 0 0 0 0 0 0 0

3,4 | Read/Write — W W W w W w W

gfoz‘fesf{mitialvalue 0 0 0 0 0 0 0 0

6 and 7| Read/Write W w W w W w W W

Port A data direction 7to 0
These bits select input or output for port A pins

The pin functions that can be selected for pins PA; to PA, differ between modes 1, 2, 6, and 7,
and modes 3 to 5. For the method of selecting the pin functions, see tables 8.19 and 8.20.

The pin functions that can be selected for pins PA; to PA, are the same in modes 1 to 7. For the
method of selecting the pin functions, see table 8.21.

When port A functions as an input/output port, apin in port A becomes an output port if the
corresponding PADDR hit is set to 1, and an input port if this bit is cleared to 0. In modes 3 and
4, PA;DDR isfixed at 1 and PA; functions as the Ay, address output pin.

PADDR isawrite-only register. Its value cannot be read. All bits return 1 when read.
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PADDR isinitialized to H'00 by areset and in hardware standby modein modes 1, 2, 5, 6, and 7.
Itisinitialized to H'80 by areset and in hardware standby mode in modes 3 and 4. In software
standby mode it retains its previous setting. Therefore, if atransition is made to software standby
mode while port A is functioning as an input/output port and a PADDR bit is set to 1, the
corresponding pin maintains its output state.

Port A Data Register (PADR): PADR is an 8-bit readable/writable register that stores output
datafor port A. When port A functions as an output port, the value of this register is output.
When abit in PADDR isset to 1, if port A is read the value of the corresponding PADR hit is
returned. When abit in PADDR iscleared to O, if port A is read the corresponding pin logic level
isread.

Bit 7 6 5 4 3 2 1 0

‘ PA 7 ‘ PAg ‘ PAs5 ‘ PA4 ‘ PA3 ‘ PA, ‘ PA4 ‘ PAg
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Port A data 7 to O
These bits store data for port A pins

PADR isinitialized to H'00 by areset and in hardware standby mode. In software standby mode it
retains its previous setting.
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Table8.19 Port A Pin Functions(Modes 1, 2, 6, 7)

Pin Pin Functions and Selection Method
PA,/TP,/ Bit PWM2 in TMDR, bits IOB2 to IOBO0 in TIOR2, bit NDER7 in NDERA, and bit PA;DDR select the pin
TIOCB, function as follows.

16-bit timer channel 2
settings

(1) in table below

(2) in table below

PA;DDR — 0 1 1
NDER7 — — 0 1
Pin function TIOCB; output PA; input PA; output | TP; output

TIOCB; input*

Note: * TIOCB, input when IOB2 = 1 and PWM2 = 0.

16-bit timer channel 2

settings 2) (1) 2)
10B2 0 1
10B1 0 0 —
10BO 0 1 —
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Pin Pin Functions and Selection Method
PAG/TPg/ Bit PWM2 in TMDR, bits IOA2 to IOAO in TIOR2, bit NDER6 in NDERA, and bit PAsDDR select the pin
TIOCA, function as follows.

16-bit timer channel 2

settings (1) in table below (2) in table below

PAsDDR — 0 1 1

NDER6 — — 0 1

Pin function TIOCA; output PAg input PAg output | TPg output

TIOCA; input*

Note: * TIOCA; input when IOA2 = 1.

16-bit timer channel 2

settings ) 1) @) 1)

PWM2 0 1

I0A2 0 1 —

I0A1 0 0 1 — —

I0A0 0 1 — — —
PAs/TPs/ Bit PWM1 in TMDR, bits IOB2 to I0OBO0 in TIOR1, bit NDER5 in NDERA, and bit PA;DDR select the pin
TIOCB, function as follows.

16-bit timer channel 1
settings

(1) in table below

(2) in table below

PAsDDR — 0 1 1

NDER5 — — 0 1

Pin function TIOCB; output PAs input PAs output | TPs output
TIOCB; input*

Note: * TIOCB, input when IOB2 =1 and PWM1 = 0.

16-bit timer channel 1

settings 2) 1) 2)

10B2 0 1

10B1 0 0 1 —

10BO 0 1 — —
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Pin Pin Functions and Selection Method

PAJTP,/ Bit PWML1 in TMDR, bits IOA2 to IOAQ in TIOR1, bit NDER4 in NDERA, and bit PA,DDR select the pin
TIOCA; function as follows.

16-bit timer channel 1
settings

(1) in table below

(2) in table below

PA,DDR

0

1

1

NDER4

0

1

Pin function

TIOCA; output

PA, input

PA, output

TP, output

TIOCA, input*

Note: * TIOCA; input when I0A2 = 1.

16-bit timer channel 1
settings

@

(€0

@

(€Y

PWM1

I0A2

I0A1

I0A0
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Table8.20 Port A Pin Functions (Modes 3, 4, 5)

Pin Pin Functions and Selection Method

PA;/TP,/ Modes 3 and 4: Always used as Ay, output.

TIOCB,/ Ay | Pin function ‘ Ay output

Mode 5:
Bit PWM2 in TMDR, bits IOB2 to IOBO in TIOR2, bit NDER7 in NDERA, bit A20E in BRCR, and bit PA;DDR
select the pin function as follows.

A20E 1 0
16-bit timer channel 2

settings (1) in table below (2) in table below —
PA;DDR — 0 1 1 —
NDER7 — — 0 1 —
Pin function TIOCB, output PA; input PA; output | TP; output Ay output

TIOCB; input*

Note: * TIOCB, input when IOB2 = 1 and PWM2 = 0.

16-bit timer channel 2 settings ) 1) )
10B2 0 1
10B1 0 0 1 —
10B0 0 1 — —

PAG/TP/ Bit PWM2 in TMDR, bits IOA2 to IOAQ in TIOR2, bit NDER6 in NDERA, bit A21E in BRCR, and bit PA;DDR
TIOCA,/A;;  select the pin function as follows.

A21E 1 0
16-bit timer channel 2

settings (1) in table below (2) in table below —
PAsDDR — 0 1 1 —
NDER6 — — 0 1 _
Pin function TIOCA; output PAg input PAg output | TPgoutput | A, output

TIOCA; input*

Note: * TIOCA; input when IOA2 = 1.

16-bit timer channel 2 settings ) 1) 2 1)
PWM2 0 1
I0A2 0 1 —
I0A1 0 0 1 — —
I0A0 0 1 — — —
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PAs/TPs/ Bit PWM1 in TMDR, bits IOB2 to IOBO0 in TIOR1, bit NDER5 in NDERA, bit A22E in BRCR, and bit PAsDDR
TIOCB,/A,, select the pin function as follows.
A22E 1 0
16-bit timer channel 1
settings (1) in table below (2) in table below —
PA;DDR — 0 1 1 —
NDER5 — — 0 1 —
Pin function TIOCB; output PA; input PAs output | TPsoutput | Ay, output
TIOCB; input*
Note: * TIOCB; input when IOB2 = 1 and PWM1 = 0.
16-bit timer channel 1
settings ) 1) )
10B2 0 1
10B1 0 0 1 —
10BO 0 1 — —
PALTP,/ Bit PWM1 in TMDR, bits IOA2 to IOAOQ in TIOR1, bit NDER4 in NDERA, bit A23E in BRCR, and bit PA,DDR
TIOCA,/A,;  select the pin function as follows.

A23E 1 0

16-bit timer channel 1

settings (1) in table below (2) in table below —

PA,DDR — 0 1 1 —

NDER4 — _ 0 1 _

Pin function TIOCA,; output PA, input PA, output | TP, output | A,z output
TIOCA; input*

Note: * TIOCA, input when IOA2 = 1.

16-bit timer channel 1

settings ) 1) ) 1)

PWM1 0 1

10A2 0 1 —

I10A1 0 0 1 — —

I0A0 0 1 — — —
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Table8.21 Port A Pin Functions (Modes1to7)

Pin

Pin Functions and Selection Method

PAS/TPs/
TIOCB/
TCLKD

Bit PWMO in TMDR, bits IOB2 to I0BO0 in TIORO, bits TPSC2 to TPSCO in 16TCR2 to 16 TCRO of the 16-bit
timer, bits CKS2 to CKSO0 in 8TCR2 of the 8-bit timer, bit NDER3 in NDERA, and bit PA;DDR select the pin

function as follows.

16-bit timer channel 0
settings

(1) in table below

(2) in table below

PA3;DDR — 0 1 1
NDER3 — — 0 1
Pin function TIOCB, PA; PA; TPs
output input output output
TIOCBy input**
TCLKD input*?
Notes: 1. TIOCBy input when IOB2 = 1 and PWMO = 0.

2. TCLKD input when TPSC2 = TPSC1 = TPSCO = 1 in any of 16TCR2 to 16 TCRO, or bits CKS2
in 8TCR2 are as shown in (3) in the table below.

to CKSO

16-bit timer channel 0
settings

10B2

@

(€Y

@

10B1
10BO

8-bit timer channel 2
settings

CKS2

“

3

CKS1
CKSO0
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Pin Pin Functions and Selection Method

PAITP,/ Bit PWMO in TMDR, bits IOA2 to IOAOQ in TIORO, bits TPSC2 to TPSCO0 in 16TCR2 to 16 TCRO of the 16-bit
TIOCA/ timer, bits CKS2 to CKSO0 in 8TCRO of the 8-bit timer, bit NDER2 in NDERA, and bit PA,DDR select the pin
TCLKC function as follows.

16-bit timer channel 0
settings (1) in table below (2) in table below
PA,DDR — 0 1 1
NDER2 — — 0 1
Pin function TIOCA, output PA, PA, output | TP, output
input
TIOCA, input**

TCLKC input*?

Notes: 1. TIOCA, input when I0OA2 = 1.
2. TCLKC input when TPSC2 = TPSC1 = 1 and TPSCO = 0 in any of 16 TCR2 to 16 TCRO, or bits
CKS2 to CKSO0 in 8TCRO are as shown in (3) in the table below.

16-bit timer channel O

settings ) 1) ) 1)
PWMO 0 1
I0A2 0 1 —
I0AL 0 0 ‘ 1 — —
I0AO 0 1 ‘ — — —

8-bit timer channel 0
settings 4) 3)

CKS?2 0 1
CKS1 — 0 ‘ 1

CKSO0 — 0 1
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Pin Pin Functions and Selection Method
PA/TP,/ Bit MDF in TMDR, bits TPSC2 to TPSCO in 16 TCR2 to 16 TCRO of the 16-bit timer, bits CKS2 to CKSO0 in
TCLKB/ 8TCR3 of the 8-bit timer, bit NDER1 in NDERA, and bit PA;DDR select the pin function as follows.
TEND,

PA;DDR 0 1 1

NDER1 — 0 1

Pin function PA; input PA; output TP, output

TCLKB output**
TEND; output*?
Notes: 1. TCLKB input when MDF = 1 in TMDR, or TPSC2 =1, TPSC1 =0, and TPSCO = 1 in any of
16TCR2 to 16 TCRO, or bits CKS2 to CKSO0 in 8TCR3 are as shown in (1) in the table below.
2. When an external request is specified as a DMAC activation source, TEND; output regardless
of bits PA;DDR and NDERL1.

8-bit timer channel 3

settings ) Q)

CKS2 0 1

CKS1 — 0 1

CKS0 — 1 —
PAGTPy/ Bit MDF in TMDR, bits TPSC2 to TPSCO in 16TCR2 to 16 TCRO of the 16-bit timer, bits CKS2 to CKSO0 in
TCLKA/ 8TCR1 of the 8-bit timer, bit NDERO in NDERA, and bit PA,DDR select the pin function as follows.
TENDg

PA,DDR 0
NDERO — 0 1
Pin function PA, input PA, output TP, output
TCLKA output**
TEND, output*?
Notes: 1. TCLKA input when MDF =1 in TMDR, or TPSC2 = 1, TPSC1 = 0 and TPSCO = 0 in any of

16TCR2 to 16 TCRO, or bits CKS2 to CKSO0 in 8TCRO are as shown in (1) in the table below.

When an external request is specified as a DMAC activation source, TEND, output regardless

of bits PA.DDR and NDERO.

8-bit timer channel 1

settings

@

@

CKS2

CKS1

CKSO0
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8.12 Port B

8.12.1 Overview

Port B is an 8-bit input/output port that is also used for output (TP;s to TPg) from the
programmabl e timing pattern controller (TPC), input/output (TMI103, TMO,, TMIO;, TMQp) by
the 8-bit timer, CS, to CS, output, input (DREQ;, DREQy) to the DMA controller (DMAC), input
and output (TxD,, RxD,, SCK,) by serial communication interface channel 2 (SCI2), and output
(UCAS, LCAS) by the DRAM interface. Seetable 8.23 to 8.24 for the selection of pin functions.
A reset or hardware standby transition leaves port B as an input port.

For output of CS; to CS, in modes 1 to 5, see section 6.3.4, Chip Select Signals. When DRAM is
connected to areas 2, 3, 4, and 5, the CS, and CSs output pins become RAS output pins for these
areas. For details see section 6.5, DRAM Interface. Pins not assigned to any of these functions
are available for generic input/output. Figure 8.11 shows the pin configuration of port B.

When DRAM is connected to areas 2, 3, 4, and 5, the CS, and CSs output pins become RAS
output pins for these areas. For details see 6.5, DRAM Interface.

Pinsin port B can drive one TTL load and a 30-pF capacitive load. They can also drive darlington
transistor pair.
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Port B

Port B pins

PB7/TP15 /RXD,
PBg/TP14/TXD,

PBg/TP,3 /SCK,/LCAS
PB,/TP;, [UCAS

PB3/TP4, /TMIO,/DREQ,/CS,
PB,/TP1 /TMO,/CS,
PB,/TPg /TMIO,/DREQ,/CS,
PB,/TPg/TMO,/CS,

Pin functions in modes 1to 5

PB- (input/output)/TP5 (output) /RXD, (input)

PBg (input/output)/TP14 (output) /TXD, (output)

PBs (input/output)/TP,5 (output) /SCK, (input/output) /[LCAS (output)

PB, (input/output)/TP4, (output) /JUCAS (output)

PB; (input/output)/TP4; (output) /TMIO; (input/output) /DREQ, (input) CS, (output)
PB, (input/output)/TPq (output) /TMO, (output) /CS; (output)

PB; (input/output)/TPg (output) /TMIO, (input/output) /DREQ, (input) /CS; (output)
PB, (input/output)/TPg (output) /TMO, (output) /CS; (output)

Pin functions in mode 6 and 7

PB- (input/output)/TP15 (output) /RXD, (input)

PBg (input/output)/TP14 (output) /TXD, (output)

PBg (input/output)/TP,3 (output) /SCK, (input/output)

PB, (input/output)/TP4, (output)

PB; (input/output)/TPy; (output) /TMIO; (input/output) /DREQ; (input)
PB, (input/output)/TP1q (output) /TMO, (output)

PB; (input/output)/TPg (output) /TMIO, (input/output) /DREQ, (input)
PBg (input/output)/TPg (output) /TMO, (output)

Figure8.11 Port B Pin Configuration
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8.12.2 Register Descriptions
Table 8.22 summarizes the registers of port B.

Table8.22 Port B Registers

Address* Name Abbreviation R/W Initial Value
H'EEOOA Port B data direction register PBDDR W H'00
H'FFFDA Port B data register PBDR R/W H'00

Note: * Lower 20 bits of the address in advanced mode.

Port B Data Direction Register (PBDDR): PBDDR is an 8-bit write-only register that can
select input or output for each pin in port B. When pins are used for TPC output, the
corresponding PBDDR hits must also be set.

Bit 7 6 5 4 3 2 1 0

‘ PB, DDR‘ PBg DDR‘ PBsg DDR‘ PB4 DDR‘ PB3;DDR ‘ PB,DDR ‘ PB1 DDR‘PBO DDR
Initial value 0 0 0 0 0 0 0 0
Read/Write W W w w W W W W

Port B data direction 7to 0
These bits select input or output for port B pins

The pin functions that can be selected for port B differ between modes 1 to 5, and modes 6 and 7.
For the method of selecting the pin functions, see tables 8.23 and 8.24.

When port B functions as an input/output port, apin in port B becomes an output port if the
corresponding PBDDR hit is set to 1, and an input port if this bit is cleared to O.

PBDDR isawrite-only register. Its value cannot be read. All bits return 1 when read.

PBDDR isinitialized to H'00 by areset and in hardware standby mode. In software standby mode
it retainsits previous setting. Therefore, if atransition is made to software standby mode while
port B is functioning as an input/output port and a PBDDR bit is set to 1, the corresponding pin
maintains its output state.
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Port B Data Register (PBDR): PBDR is an 8-hit readable/writable register that stores output
datafor pins port B. When port B functions as an output port, the value of thisregister is output.
When abitin PBDDR isset to 1, if port B isread the value of the corresponding PBDR hit is
returned. When abit in PBDDRiscleared to O, if port B isread the corresponding pin logic level
isread.

Bit 7 6 5 4 3 2 1 0

‘ PB 7 ‘ PB g ‘ PB g ‘ PB 4 ‘ PB 3 ‘ PB » ‘ PB 1 ‘ PB o
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Port B data 7 to O
These bits store data for port B pins

PBDR isinitialized to H'00 by areset and in hardware standby mode. In software standby mode it
retains its previous setting.
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Table8.23 Port B Pin Functions (Modes 1to 5)

Pin Pin Functions and Selection Method
PB,/TP;s/ Bit RE in SCR of SCI2, bit SMIF in SCMR, bit NDER15 in NDERB, and bit PB;DDR select the pin function as
RxD, follows.
SMIF 1
RE 0 1 —
PB;DDR 0 1 1 — —
NDER15 — 0 1 — —
Pin function PB; input PB; output TP35 output RxD; input RxD; input
PBe/TP14/ Bit TE in SCR of SCI2, bit SMIF in SCMR, bit NDER14 in NDERB, and bit PBsDDR select the pin function as
TxD, follows.
SMIF 1
TE 0 1 —
PBsDDR 0 1 1 — —
NDER14 — 0 1 — —
Pin function PBg input PBg output TPy, output TxD, output TxD, output*
Note: * Functions as the TxD, output pin, but there are two states: one in which the pin is driven, and
another in which the pin is at high-impedance.
PBs/TP3/ Bit C/A in SMR of SCI2, bits CKEO and CKE1 in SCR, bit NDER13 in NDERB, and bit PBsDDR select the pin
SCK,/LCAS function as follows.
CKE1 0 1
C/IA 0 1 —
CKEO 0 1 — —
PBsDDR 0 1 1 — — —
NDER13 — 0 1 — — —
Pin function PBs input PBs output | TPy3 output | SCK; output | SCK; output | SCK; input
LCAS output*
Note: * LCAS output depending on bits DRAS2 to DRASO in DRCRA and bit CSEL in DRCRB, and
regardless of bits C/A, CKEO, and CKE1, NDER13, and PBsDDR. For details, see section 6, Bus
Controller.
MPHI Bit NDER12 in NDERB and bit PB,DDR select the pin function as follows.
UCAS PB,DDR 0 1 1
NDER12 — 0 1
Pin function PB, input PB, output TP4, output
UCAS output*

Note: * UCAS output depending on bits DRAS2 to DRASO in DRCRA and bit CSEL in DRCRB, and
regardless of bits NDER12 and PB,DDR. For details, see section 6, Bus Controller.
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Pin Pin Functions and Selection Method
PB3/TP,4/ The DRAM interface settings by bits DRAS2 to DRASO in DRCRA, bits OIS3/2 and OS1/0 in 8TCSRS3, bits
TMIOs/ CCLR1 and CCLRO in 8TCR3, bit CS4E in CSCR, bit NDER11 in NDERB, and bit PB3DDR select the pin
DREQ,/CS, function as follows.
DRAM interface (1) in table below (2) in table
settings below
0OIS3/2 and 0OS1/0 All 0 Not all 0 —
CS4E 0 1 —
PB3;DDR 0 1 1 — —
NDER11 — 0 1 — —
Pin function PBs; PB; TPy CS, TMIO, CS,
input output output output output output*®
TMIO; input**
DREQ; input*?
Notes: 1. TMIQO;zinput when CCLR1 = CCLRO = 1.
2. When an external request is specified as a DMAC activation source, DREQ; input regardless
of bits OIS3 and OIS2, OS1 and OS0, CCLR1 and CCLRO, CS4E, NDER11, and PB3;DDR.
3. CS,is output as RAS,.
DRAM interface 1) 2) 1)
settings
DRAS2 0
DRAS1 1 1
DRASO 0 1 0 1 0 1 0 1
PB,/TP;y/  The DRAM interface settings by bits DRAS2 to DRASO in DRCRA, bits OIS3/2 and OS1/0 in 8TCSR2, bit
TMO,/CS;  CSS5E in CSCR, bit NDER10 in NDERB, and bit PB,DDR select the pin function as follows.
DRAM interface (1) in table below (2) in table
settings below
0IS3/2 and OS1/0 AllO Not all 0 —
CS5E 0 1 — —
PB,DDR 0 1 1 — — —
NDER10 — 0 1 — — —
Pin function PB, PB, TPy CSs T™IO, CSs
input output output output output output*
Note: * CSs is output as RASs.
DRAM interface (1) ) (1)
settings
DRAS2 0
DRAS1 1 1
DRASO 0 1 0 1 0 1 0 1
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Pin Pin Functions and Selection Method

PB1/TPy/ Bits OIS3/2 and OS1/0 in 8TCSR1, bits CCLR1 and CCLRO in TCR1, bit CS6E in CSCR, bit NDER9 in

TMIO,/ NDERB, and bit PB;DDR select the pin function as follows.
DREQ,/CS;
0OIS3/2 and 0OS1/0 All0 Not all 0

CS6E 0 1 —

PB;DDR 0 1 1 — —

NDER9 — 0 1 — —

Pin function PB; PB, TPy CSs TMIO; output

input output output output

TMIO; input**

DREQ, input*?

Notes: 1. TMIO; input when CCLR1 = CCLRO = 1.
2. When an external request is specified as a DMAC activation source, DREQq input regardless
of bits OIS3/2 and OS1/0, bits CCLR1/0, bit CS6E, bit NDER9, and bit PB;DDR.

PBo/TPg/ Bits OIS3/2 and OS1/0 in 8TCSRO, bit CS7E in CSCR, bit NDERS8 in NDERB, and bit PB,DDR select the pin

TMO,/CS;  function as follows.

0IS3/2 and 0S1/0 All 0 Not all 0
CS7E 0 1 —
PB,DDR 0 1 1 — —
NDERS8 — 0 1 — —

Pin function PB, input PBy output TPg output CS; output TMO, output
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Table8.24 Port B Pin Functions (M odes6 and 7)

Pin Pin Functions and Selection Method
PB,/TP;s/ Bit RE in SCR of SCI2, bit SMIF in SCMR, bit NDER15 in NDERB, and bit PB;DDR select the pin function as
RxD, follows.
SMIF 0 1
RE 0 1 —
PB,DDR 0 1 1 — —
NDER15 — 0 1 — —
Pin function PB; input PB; output TP;5 output RxD, input RxD; input
PBg/TP14/ Bit TE in SCR of SCI2, bit SMIF in SCMR, bit NDER14 in NDERB, and bit PBsDDR select the pin function as
TxD, follows.
SMIF 0 1
TE 0 1 —
PBsDDR 0 1 1 — —
NDER14 — 0 1 — —
Pin function PBg input PB; output TP, output TxD, output TxD, output*
Note: * Functions as the TxD2 output pin, but there are two states: one in which the pin is driven, and
another in which the pin is at high-impedance.
PBs/TP,3/ Bit C/A in SMR of SCI2, bits CKEO and CKE1 in SCR, bit NDER13 in NDERB, and bit PBsDDR select the pin
SCK, function as follows.
CKE1 0 1
CIA 1 —
CKEO 0 1 — —
PBsDDR 0 1 1 — — —
NDER13 — 0 1 — — —
Pin function PBs input PBs output | TPy3 output | SCK; output | SCK; output | SCK; input
PB4/TP;; Bit NDER12 in NDERB and bit PB,DDR select the pin function as follows.

PB,DDR 0 1 1
NDER12 — 0 1
Pin function PB, input PB, output TP1, output
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Pin Pin Functions and Selection Method
PB3/TPy;/  Bits OIS3/2 and OS1/0 in TCSR3, bits CCLR1 and CCLRO in TCR3, bit NDER11 in NDERB, and bit PB;DDR
TMIO,/ select the pin function as follows.
DREQ:  [0Is3/2 and 0S1/0 AllO Not all 0
PB3;DDR 0 1 1 —
NDER11 — 0 1 —
Pin function PB; input PB; output TPy, output TMIO; output
TMIO; input**
DREQ; input*?
Notes: 1. TMIO; input when CCLR1 = CCLRO = 1.
2. When an external request is specified as a DMAC activation source, DREQ; input regardless
of bits OIS3/2 and OS1/0, bit NDER11, and bit PB;DDR.
PB,/TP1o/ Bits OIS3/2 and OS1/0 in TCSR2, bit NDER10 in NDERB, and bit PB,DDR select the pin function as follows.
TMO,
0IS3/2 and OS1/0 AllO Not all 0
PB,DDR 0 1 1 —
NDER10 — 0 1 —
Pin function PB, input PB, output TP, output TMO, output
PB,/TPy/ Bits OIS3/2 and OS1/0 in TCSR1, bits CCLR1 and CCLRO in TCR1, bit NDER9 in NDERB, and bit PB;DDR
TMIO,/ select the pin function as follows.
DREQ  [oIs3/2 and 0S1/0 AllO Not all 0
PB;DDR 0 1 1 —
NDER9 — 0 1 —
Pin function PB; PB; TP, TMIO,
input output output output
TMIO; input**
DREQ, input*?
Notes: 1. TMIO; input when CCLR1 = CCLRO = 1.
2. When an external request is specified as a DMAC activation source, DREQ, input regardless
of bits O1S3/2 and OS1/0, bit NDERY, and bit PB;DDR.
PBy/TPg/ Bits OIS3/2 and OS1/0 in TCSRO, bit NDER8 in NDERB, and bit PB,DDR select the pin function as follows.
TMO, 0IS3/2 and 0S1/0 AllO Not all 0
PB,DDR 0 1 1 —
NDER8 — 0 1 —
Pin function PB, PB, TPg TMO,
input output output output
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Section 9 16-Bit Timer

9.1 Overview

The H8/3068F has built-in 16-bit timer module with three 16-bit counter channels.

911 Features
16-bit timer features are listed below.

» Capability to process up to 6 pulse outputs or 6 pulse inputs

e Six general registers (GRs, two per channel) with independently-assignable output compare or
input capture functions

« Selection of eight counter clock sources for each channel:
Internal clocks: @, /2, /4, /8
External clocks: TCLKA, TCLKB, TCLKC, TCLKD
» Five operating modes selectable in all channels:
O Waveform output by compare match
Selection of 0 output, 1 output, or toggle output (only 0 or 1 output in channel 2)
O Input capture function
Rising edge, falling edge, or both edges (selectable)
O Counter clearing function
Counters can be cleared by compare match or input capture
O Synchronization

Two or more timer counters (16TCNTS) can be preset simultaneously, or cleared
simultaneously by compare match or input capture. Counter synchronization enables
synchronous register input and output.

0 PWM mode

PWM output can be provided with an arbitrary duty cycle. With synchronization, up to
three-phase PWM output is possible

» Phase counting mode selectable in channel 2

Two-phase encoder output can be counted automatically.
« High-speed access viainternal 16-bit bus

The 16 TCNTs and GRs can be accessed at high speed via a 16-bit bus.
e Any initial timer output value can be set
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* Nineinterrupt sources

Each channel has two compare match/input capture interrupts and an overflow interrupt. All
interrupts can be requested independently.

» Output triggering of programmable timing pattern controller (TPC)
Compare match/input capture signals from channels 0 to 2 can be used as TPC output

triggers.

Table 9.1 summarizes the 16-bit timer functions.

Table9.1

Item

16-bit timer Functions

Channel 0

Channel 1

Channel 2

Clock sources

General registers (output
compare/input
capture registers)

Input/output pins

Counter clearing function

Initial output value setting function

Compare match 0
output 1
Toggle

Input capture function
Synchronization
PWM mode

Phase counting mode

Interrupt sources

Internal clocks: @ @2, @4, ¢'8
External clocks: TCLKA, TCLKB, TCLKC, TCLKD, selectable independently

GRAO, GRBO

TIOCA,, TIOCByg

GRAO/GRBO compare
match or input capture

Available
Available
Available
Available
Available
Available
Available

Not available
Three sources

» Compare match/input
capture AO

» Compare match/input
capture BO

» Overflow

GRA1, GRB1

TIOCA,, TIOCB;

GRA1/GRB1 compare
maitch or input capture

Available
Available
Available
Available
Available
Available
Available

Not available
Three sources

» Compare match/input
capture A1

» Compare match/input
capture B1

» Overflow

GRA2, GRB2

TIOCA;, TIOCB,

GRA2/GRB2 compare
match or input capture

Available
Available
Available

Not available
Available
Available
Available
Available
Three sources

« Compare match/input
capture A2

« Compare match/input
capture B2

« Overflow
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9.1.2 Block Diagrams

16-bit timer Block Diagram (Overall): Figure 9.1 isablock diagram of the 16-bit timer.

TCLKA to TCLKD IMIAO to IMIA2
— Clock selector | > IMIBO to IMIB2
©, @2, @4, @8 > OVI0 to OVI2
Control logic

TIOCAg to TIOCA;
TIOCBj to TIOCB,

<_ | TSTR >
~ - o <] TSNR K__ >
2 2 2
c c c <] TMDR K > 4
S IS IS ) 2
5 G S @ ©
et g = < | TOLR K<€ =
3] 7} [} g °
{HIE i
= = = TISRA o e
2 o 2 @ o
9 = = < | TISRB K> =
<__] TISRC K__ >
Module data bus

Legend:

TSTR: Timer start register (8 bits)

TSNR: Timer synchro register (8 bhits)

TMDR: Timer mode register (8 bits)

TOLR: Timer output level setting register (8 bits)
TISRA: Timer interrupt status register A (8 bits)
TISRB: Timer interrupt status register B (8 bits)
TISRC: Timer interrupt status register C (8 bhits)

Figure9.1 16-bit timer Block Diagram (Overall)
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Block Diagram of Channels0 and 1: 16-bit timer channels 0 and 1 are functionally identical.
Both have the structure shown in figure 9.2.

TCLKA to TCLKD 1 ~—= TIOCAq
Clock selector = TIOCB
0 @2, g4, @8 > _
Control logic
— IMIAO
Comparator — IMIBO
— OVIO
[
5 14
5|2 & ol
S O] O] LHD -

Module data bus

Legend:

16TCNT:  Timer counter (16 bits)

GRA, GRB: General registers A and B (input capture/output compare registers) (16 bits X 2)
TCR: Timer control register (8 bits)

TIOR: Timer 1/O control register (8 bits)

Figure 9.2 Block Diagram of ChannelsOand 1
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Block Diagram of Channel 2: Figure 9.3 is ablock diagram of channel 2

TCLKA to TCLKD > < TIOCA,
Clock selector ~— TIOCB,
002, @4, @8 _
Control logic IMIA2
Comparator — IMIB2
— OVI2

na- 0o

16TCNT2
GRA2
GRB2
16TCR2
TIOR2

Q

Module data bus

Legend:

16TCNT2: Timer counter 2 (16 bits)
GRA2, GRB2: General registers A2 and B2 (input capture/output compare registers)

(16 bits x 2)
TCR2: Timer control register 2 (8 bits)
TIOR2: Timer 1/O control register 2 (8 bits)

Figure9.3 Block Diagram of Channel 2
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9.1.3

Table 9.2 summarizes the 16-bit timer pins.

Pin Configuration

Table9.2 16-bit timer Pins
Abbre- Input/
Channel Name viation Output  Function
Common Clock input A TCLKA Input External clock A input pin
(phase-A input pin in phase counting
mode)
Clock input B TCLKB Input External clock B input pin
(phase-B input pin in phase counting
mode)
Clock input C TCLKC Input External clock C input pin
Clock input D TCLKD Input External clock D input pin
0 Input capture/output TIOCA;  Input/ GRAO output compare or input capture pin
compare AO output PWM output pin in PWM mode
Input capture/output TIOCBy  Input/ GRBO output compare or input capture pin
compare BO output
1 Input capture/output TIOCA;  Input/ GRA1 output compare or input capture pin
compare Al output PWM output pin in PWM mode
Input capture/output TIOCB;  Input/ GRBL1 output compare or input capture pin
compare B1 output
2 Input capture/output  TIOCA,  Input/ GRAZ2 output compare or input capture pin
compare A2 output PWM output pin in PWM mode
Input capture/output TIOCB,  Input/ GRB2 output compare or input capture pin
compare B2 output
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914 Register Configuration
Table 9.3 summarizes the 16-bit timer registers.

Table9.3 16-bit timer Registers

Abbre- Initial
Channel Address*'  Name viation R/W Value
Common  H'FFF60 Timer start register TSTR R/W H'F8
H'FFF61 Timer synchro register TSNC R/W H'F8
H'FFF62 Timer mode register TMDR R/W H'98
H'FFF63 Timer output level setting register  TOLR W H'CO
H'FFF64 Timer interrupt status register A TISRA R/(W)*2 H'88
H'FFF65 Timer interrupt status register B TISRB R/(W)*2 H'88
H'FFF66 Timer interrupt status register C TISRC RI(W)*?  HB88
0 H'FFF68 Timer control register 0 16TCRO R/W H'80
H'FFF69 Timer I/O control register 0 TIORO R/W H'88
H'FFF6A Timer counter OH 16TCNTOH R/W H'00
H'FFF6B Timer counter OL 16TCNTOL R/W H'00
H'FFF6C General register AOH GRAOH R/W H'FF
H'FFF6D General register AOL GRAOL R/W H'FF
H'FFF6E General register BOH GRBOH R/W H'FF
H'FFF6F General register BOL GRBOL R/W H'FF
1 H'FFF70 Timer control register 1 16TCR1 R/W H'80
H'FFF71 Timer I/O control register 1 TIOR1 R/W H'88
H'FFF72 Timer counter 1H 16TCNT1H R/W H'00
H'FFF73 Timer counter 1L 16TCNT1L R/W H'00
H'FFF74 General register A1H GRA1H R/W H'FF
H'FFF75 General register A1L GRALL R/W H'FF
H'FFF76 General register B1H GRB1H R/W H'FF
H'FFF77 General register B1L GRBI1L R/W H'FF
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Abbre- Initial
Channel Address*'  Name viation R/W Value
2 H'FFF78 Timer control register 2 16TCR2 R/W H'80
H'FFF79 Timer 1/O control register 2 TIOR2 R/W H'88
H'FFF7A Timer counter 2H 16TCNT2H R/W H'00
H'FFF7B Timer counter 2L 16TCNT2L R/W H'00
H'FFF7C General register A2H GRA2H R/W H'FF
H'FFF7D General register A2L GRA2L R/W H'FF
H'FFF7E General register B2H GRB2H R/W H'FF
H'FFF7F General register B2L GRB2L R/W H'FF

Notes: 1. The lower 20 bits of the address in advanced mode are indicated.
2. Only 0 can be written in bits 3 to 0, to clear the flags.

9.2 Register Descriptions

921 Timer Start Register (TSTR)

TSTRis an 8-bit readable/writable register that starts and stops the timer counter (16TCNT) in
channels 0 to 2.

Bit 7 6 5 4 3 2 1 0
- — | — | — | — | — |smre| s stRo|

Initial value 1 1 1 1 1 0 0 0

Read/Write — — — — — R/W R/W R/W

Reserved bits Counter start 2to 0

These bits start and
stop 16TCNT2 to 16TCNTO

TSTRisinitialized to H'F8 by areset and in standby mode.

Bits 7 to 3—Reserved: These bits cannot be modified and are always read as 1.
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Bit 2—Counter Start 2 (STR2): Starts and stops timer counter 2 (16TCNT?2).

Bit 2

STR2 Description

0 16TCNT2 is halted (Initial value)
1 16TCNT2 is counting

Bit 1—Counter Start 1 (STR1): Starts and stopstimer counter 1 (16TCNT1).

Bit 1

STR1 Description

0 16TCNT1 is halted (Initial value)
1 16TCNT1 is counting

Bit 0—Counter Start 0 (STRO): Starts and stops timer counter 0 (16TCNTO).

Bit 0

STRO Description

0 16TCNTO is halted (Initial value)
1 16TCNTO is counting

9.2.2 Timer Synchro Register (TSNC)

TSNC is an 8-hit readable/writable register that selects whether channels 0 to 2 operate
independently or synchronously. Channels are synchronized by setting the corresponding bits to
1

Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ — ‘ — ‘ — ‘ SYNC2 ‘ SYNC1 ‘ SYNCO
Initial value 1 1 1 1 1 0 0 0
Read/Write — — — — — R/W R/W R/W
Reserved bits Timer sync 2to 0

These bits synchronize
channels 2to 0

TSNCisinitialized to H'F8 by areset and in standby mode.

Bits 7 to 3—Reserved: These bits cannot be modified and are always read as 1.
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Bit 2—Timer Sync 2 (SYNC2): Selects whether channel 2 operates independently or

synchronously.

Bit 2

SYNC2 Description

0 Channel 2’s timer counter (L6TCNT2) operates independently (Initial value)

16TCNT2 is preset and cleared independently of other channels

Channel 2 operates synchronously
16TCNT2 can be synchronously preset and cleared

Bit 1—Timer Sync 1 (SYNC1): Selects whether channel 1 operates independently or

synchronously.

Bit 1

SYNC1 Description

0 Channel 1's timer counter (L6TCNT1) operates independently (Initial value)

16TCNTL1 is preset and cleared independently of other channels

Channel 1 operates synchronously
16TCNT1 can be synchronously preset and cleared

Bit 0—Timer Sync 0 (SYNCO): Selects whether channel 0 operates independently or

synchronously.

Bit 0

SYNCO Description

0 Channel 0’s timer counter (L6TCNTO) operates independently (Initial value)

16TCNTO is preset and cleared independently of other channels

Channel 0 operates synchronously
16TCNTO can be synchronously preset and cleared
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9.2.3 Timer Mode Register (TMDR)

TMDR is an 8-bit readable/writable register that selects PWM mode for channels 0 to 2. It also
selects phase counting mode and the overflow flag (OVF) setting conditions for channel 2.

Bit 7 6 5 4 3 2 1 0

‘ — ‘ MDF ‘ FDIR ‘ — ‘ — ‘ PWM2 ‘ PWM1 ‘ PWMO
Initial value 1 0 0 1 1 0 0 0
Read/Write — R/W R/W — — R/W R/W R/W

PWM mode 2to 0

Reserved bit These bits select PWM
mode for channels 2 to 0

Flag direction
Selects the setting condition for the overflow
flag (OVF) in TISRC

Phase counting mode flag
Selects phase counting mode for channel 2

Reserved bit

TMDR isinitialized to H'98 by areset and in standby mode.
Bit 7—Reserved: This bit cannot be modified and is always read as 1.

Bit 6—Phase Counting Mode Flag (M DF): Selects whether channel 2 operates normally or in
phase counting mode.

Bit 6

MDF Description

0 Channel 2 operates normally (Initial value)
1 Channel 2 operates in phase counting mode

When MDF is set to 1 to select phase counting mode, 16TCNT2 operates as an up/down-counter
and pins TCLKA and TCLKB become counter clock input pins. 16TCNT2 counts both rising and
falling edges of TCLKA and TCLKB, and counts up or down as follows.
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Counting

Direction Down-Counting Up-Counting

TCLKA pin ) High ! Low Low 1 High !
TCLKB pin Low 1 High ! 1 High ! Low

In phase counting mode, external clock edge selection by bits CKEG1 and CKEGO in 16TCR2
and counter clock selection by bits TPSC2 to TPSCO are invalid, and the above phase counting
mode operations take precedence.

The counter clearing condition selected by the CCLR1 and CCLRO bitsin 16TCR2 and the
compare match/input capture settings and interrupt functions of TIOR2, TISRA, TISRB, TISRC
remain effective in phase counting mode.

Bit 5—Flag Direction (FDIR): Designates the setting condition for the OVF flag in TISRC. The
FDIR designation isvalid in al modes in channel 2.

Bit 5

FDIR Description

0 OVF is setto 1 in TISRC when 16 TCNT2 overflows or underflows (Initial value)
1 OVF is setto 1 in TISRC when 16 TCNT2 overflows

Bits 4 and 3—Reserved: These bits cannot be modified and are alwaysread as 1.

Bit 2—PWM Mode 2 (PWM 2): Selects whether channel 2 operates normally or in PWM mode.

Bit 2

PWM2 Description

0 Channel 2 operates normally (Initial value)
1 Channel 2 operates in PWM mode

When bit PWM2 is set to 1 to select PWM mode, pin TIOCA, becomes a PWM output pin. The
output goesto 1 at compare match with GRA2, and to 0 at compare match with GRB2.

Bit 1—PWM Mode 1 (PWM 1): Selects whether channel 1 operates normally or in PWM mode.

Bit 1

PWM1 Description

0 Channel 1 operates normally (Initial value)
1 Channel 1 operates in PWM mode
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When bit PWM 1 is set to 1 to select PWM mode, pin TIOCA; becomes a PWM output pin. The
output goesto 1 at compare match with GRA1, and to 0 at compare match with GRBL1.

Bit 0—PWM Mode 0 (PWM 0): Selects whether channel O operates normally or in PWM mode.

Bit 0

PWMO Description

0 Channel 0 operates normally (Initial value)
1 Channel 0 operates in PWM mode

When bit PWMO is set to 1 to select PWM mode, pin TIOCA, becomes a PWM output pin. The
output goesto 1 at compare match with GRAO, and to 0 at compare match with GRBO.

9.24 Timer Interrupt Status Register A (TISRA)

TISRA isan 8-bit readable/writable register that indicates GRA compare match or input capture
and enables or disables GRA compare match and input capture interrupt requests.

Bit 7 6 5 4 3 2 1 0
| — |IMIEA2 | IMIEAL | IMIEAO| — | IMFA2 | IMFA1 | IMFAO |
Initial value 1 0 0 0 1 0 0 0
Read/Write — R/W R/W R/W — R/(W)* R/I(W)* R/(W)*

Input capture/compare match
flags A2to AO

Status flags indicating GRA
compare match or input capture

Reserved bit

Input capture/compare match interrupt enable A2 to A0
These bits enable or disable interrupts by the IMFA flags

Reserved bit

Note: * Only 0 can be written, to clear the flag.

TISRA isinitialized to H'88 by areset and in standby mode.

Bit 7—Reserved: This bit cannot be modified and is always read as 1.
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Bit 6—Input Capture/Compare Match Interrupt Enable A2 (IMIEA2): Enables or disables
the interrupt requested by the IMFA2 when IMFA2 flagis set to 1.

Bit 6

IMIEA2  Description

0 IMIA2 interrupt requested by IMFA2 flag is disabled (Initial value)
1 IMIA2 interrupt requested by IMFA2 flag is enabled

Bit 5—Input Capture/CompareMatch Interrupt Enable A1 (IMIEA1L): Enables or disables
the interrupt requested by the IMFA1 flag when IMFAl is set to 1.

Bit 5

IMIEA1  Description

0 IMIAL interrupt requested by IMFAL flag is disabled (Initial value)
1 IMIAL interrupt requested by IMFAL flag is enabled

Bit 4—Input Capture/Compare Match Interrupt Enable AO (IMIEAO): Enables or disables
the interrupt requested by the IMFAO flag when IMFAOQ is set to 1.

Bit 4

IMIEAO  Description

0 IMIAO interrupt requested by IMFAO flag is disabled (Initial value)
1 IMIAO interrupt requested by IMFAO flag is enabled

Bit 3—Reserved: This bit cannot be modified and is always read as 1.

Bit 2—Input Capture/Compare Match Flag A2 (IMFAZ2): This status flag indicates GRA2
compare match or input capture events.

Bit 2

IMFA2 Description

0 [Clearing condition] (Initial value)
Read IMFA2 flag when IMFA2 =1, then write 0 in IMFA2 flag

1 [Setting conditions]

« 16TCNT2 = GRA2 when GRA2 functions as an output compare register

e 16TCNT2 value is transferred to GRA2 by an input capture signal when GRA2
functions as an input capture register
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Bit 1—Input Capture/Compare Match Flag A1 (IMFAL): This status flag indicates GRA1
compare match or input capture events.

Bit 1

IMFA1 Description

0 [Clearing condition] (Initial value)
Read IMFAL flag when IMFA1 =1, then write O in IMFAL flag

1 [Setting conditions]

¢ 16TCNT1 = GRA1 when GRAL1 functions as an output compare register

e 16TCNT1 value is transferred to GRA1 by an input capture signal when GRA1
functions as an input capture register

Bit 0—Input Capture/Compare Match Flag AO (IMFAQ): This status flag indicates GRAO
compare match or input capture events.

Bit 0

IMFAO Description

0 [Clearing condition] (Initial value)
Read IMFAO flag when IMFAO =1, then write O in IMFAO flag

1 [Setting conditions]

¢ 16TCNTO = GRAO when GRAO functions as an output compare register

e 16TCNTO value is transferred to GRAO by an input capture signal when GRAO
functions as an input capture register
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9.25 Timer Interrupt Status Register B (TISRB)

TISRB is an 8-bit readable/writable register that indicates GRB compare match or input capture

and enables or disables GRB compare match and input capture interrupt requests.

Bit 7 6 5 4 3 2 1 0
| — |IMIEBZ | IMIEB1 | IMIEBO| — | IMFB2 | IMFB1 | IMFBO |
Initial value 1 0 0 0 1 0 0 0
Read/Write — R/W R/W R/W — R/(W)*  R/(W)* R/(W)*

flags B2 to BO

Reserved bit

Reserved bit
Note: * Only 0 can be written, to clear the flag.

TISRB isinitialized to H'88 by areset and in standby mode.

Bit 7—Reserved: This bit cannot be modified and is always read as 1.

Input capture/compare match

Status flags indicating GRB
compare match or input capture

Input capture/compare match interrupt enable B2 to BO
These bits enable or disable interrupts by the IMFB flags

Bit 6—Input Capture/CompareMatch Interrupt Enable B2 (IMIEB2): Enables or disables

the interrupt requested by the IMFB2 when IMFB2 flag is set to 1.

Bit 6

IMIEB2  Description

0 IMIB2 interrupt requested by IMFB2 flag is disabled (Initial value)
1 IMIB2 interrupt requested by IMFB2 flag is enabled
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Bit 5—Input Capture/Compare Match Interrupt Enable B1 (IMIEB1): Enables or disables
the interrupt requested by the IMFB1 when IMFB1 flag is set to 1.

Bit 5

IMIEB1  Description

0 IMIB1 interrupt requested by IMFBL1 flag is disabled (Initial value)
1 IMIB1 interrupt requested by IMFBL flag is enabled

Bit 4—Input Capture/Compare Match Interrupt Enable BO (IMIEBO): Enables or disables
the interrupt requested by the IMFBO when IMFBO flag is set to 1.

Bit 4

IMIEBO  Description

0 IMIBO interrupt requested by IMFBO flag is disabled (Initial value)
1 IMIBO interrupt requested by IMFBO flag is enabled

Bit 3—Reserved: This bit cannot be modified and is always read as 1.

Bit 2—Input Capture/Compare Match Flag B2 (IMFB2): This status flag indicates GRB2
compare match or input capture events.

Bit 2

IMFB2 Description

0 [Clearing condition] (Initial value)
Read IMFB2 flag when IMFB2 =1, then write O in IMFB2 flag

1 [Setting conditions]

¢ 16TCNT2 = GRB2 when GRB2 functions as an output compare register

e 16TCNT2 value is transferred to GRB2 by an input capture signal when GRB2
functions as an input capture register
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Bit 1—Input Capture/CompareMatch Flag B1 (IMFB1): This status flag indicates GRB1
compare match or input capture events.

Bit 1

IMFB1 Description

0 [Clearing condition] (Initial value)
Read IMFBL1 flag when IMFB1 =1, then write 0 in IMFB1 flag

1 [Setting conditions]

« 16TCNT1 = GRB1 when GRBL1 functions as an output compare register

* 16TCNT1 value is transferred to GRB1 by an input capture signal when GRB1
functions as an input capture register

Bit 0—Input Capture/Compare Match Flag BO (IMFBO): This status flag indicates GRBO
compare match or input capture events.

Bit 0

IMFBO Description

0 [Clearing condition] (Initial value)
Read IMFBO flag when IMFBO =1, then write 0 in IMFBO flag

1 [Setting conditions]

« 16TCNTO = GRBO when GRBO functions as an output compare register

¢ 16TCNTO value is transferred to GRBO by an input capture signal when GRBO
functions as an input capture register
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9.2.6 Timer Interrupt Status Register C (TISRC)

TISRC is an 8-hit readable/writable register that indicates 16 TCNT overflow or underflow and
enables or disables overflow interrupt requests.

Bit 7 6 5 4 3 2 1 0
’ — ‘OVIEZ ‘ OVIEl ‘ OVIEO ‘ — ‘ OVF2 ‘ OVF1 ‘ OVFO ‘

Initial value 1 0 0 0 1 0 0 0
Read/Write — R/W R/W R/W — RI(W)*  RI(W)* RI(W)*

|

Overflow flags 2to 0
Status flags indicating
interrupts by OVF flags

Reserved bit

Overflow interrupt enable 2to 0
These bits enable or disable interrupts by the OVF flags

Reserved bit
Note: * Only O can be written, to clear the flag.
TISRC isinitialized to H'88 by areset and in standby mode.

Bit 7—Reserved: This bit cannot be modified and is alwaysread as 1.

Bit 6—Overflow Interrupt Enable 2 (OVIE2): Enables or disables the interrupt requested by
the OVF2 when OVF2 flagis set to 1.

Bit 6

OVIE2 Description

0 OVI2 interrupt requested by OVF2 flag is disabled (Initial value)
1 OVI2 interrupt requested by OVF2 flag is enabled

Bit 5—Overflow Interrupt Enable 1 (OVIE1): Enables or disables the interrupt requested by
the OVF1 when OVF1 flagis set to 1.

Bit 5

OVIE1l Description

0 OVI1 interrupt requested by OVF1 flag is disabled (Initial value)
1 OVI1 interrupt requested by OVF1 flag is enabled
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Bit 4—Overflow Interrupt Enable 0 (OVIEOQ): Enables or disables the interrupt requested by
the OVFO when OVFO flag is set to 1.

Bit 4

OVIEO Description

0 OVIO0 interrupt requested by OVFO flag is disabled (Initial value)
1 OVIO0 interrupt requested by OVFO flag is enabled

Bit 3—Reserved: This bit cannot be modified and is always read as 1.

Bit 2—Overflow Flag 2 (OVF2): This status flag indicates 16 TCNT2 overflow.

Bit 2

OVF2 Description

0 [Clearing condition] (Initial value)
Read OVF2 flag when OVF2 =1, then write 0 in OVF2 flag

1 [Setting condition]

16TCNT2 overflowed from H'FFFF to H'0000, or underflowed from H'0000 to H'FFFF

Note: 16TCNT underflow occurs when 16 TCNT operates as an up/down-counter. Underflow
occurs only when channel 2 operates in phase counting mode (MDF =1 in TMDR).

Bit 1—Overflow Flag 1 (OVF1): This status flag indicates 16 TCNT1 overflow.

Bit 1

OVF1 Description

0 [Clearing condition] (Initial value)
Read OVF1 flag when OVF1 =1, then write 0 in OVF1 flag

1 [Setting condition]

16TCNT1 overflowed from H'FFFF to H'0000

Bit 0—Overflow Flag 0 (OVFO): This status flag indicates 16TCNTO overflow.

Bit 0

OVFO Description

0 [Clearing condition] (Initial value)
Read OVFO flag when OVFO =1, then write 0 in OVFO flag

1 [Setting condition]

16TCNTO overflowed from H'FFFF to H'0000
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9.2.7 Timer Counters(16TCNT)

16TCNT is a16-bit counter. The 16-bit timer has three 16 TCNTSs, one for each channel.

Channel Abbreviation Function

0 16TCNTO Up-counter

1 16TCNT1

2 16TCNT2 Phase counting mode: up/down-counter

Other modes: up-counter

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

Initial value o o o o0 o o o o o o o o o o o o
Read/Write  R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

Each 16TCNT is a 16-bit readable/writable register that counts pulse inputs from a clock source.
The clock source is selected by bits TPSC2 to TPSCO in 16 TCR.

16TCNTO and 16 TCNT1 are up-counters. 16TCNT2 is an up/down-counter in phase counting
mode and an up-counter in other modes.

16TCNT can be cleared to H'0000 by compare match with GRA or GRB or by input capture to
GRA or GRB (counter clearing function).

When 16TCNT overflows (changes from H'FFFF to H'0000), the OVF flagis set to 1 in TISRC of
the corresponding channel.

When 16TCNT underflows (changes from H'0000 to H'FFFF), the OVFflagisset to 1 in TISRC
of the corresponding channel.

The 16 TCNTs are linked to the CPU by an internal 16-bit bus and can be written or read by either
word access or byte access.

Each 16TCNT isinitialized to H'0000 by areset and in standby mode.
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9.2.8

General Registers (GRA, GRB)

The general registers are 16-bit registers. The 16-bit timer has 6 general registers, two in each

channel.

Channel Abbreviation Function

0 GRAO, GRBO Output compare/input capture register

1 GRA1, GRB1

2 GRA2, GRB2

Bit 5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

Initial value 1 1 117 1 1 1 1 1 1 1 1 1 1 1 1
Read/Write  R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/IW R/W R/W R/W R/W

A general register is a 16-bit readable/writable register that can function as either an output
compare register or an input capture register. The function is selected by settingsin TIOR.

When a general register is used as an output compare register, its value is constantly compared
with the 16TCNT value. When the two values match (compare match), the IMFA or IMFB flagis
set to 1 in TISRA/TISRB. Compare match output can be selected in TIOR.

When a general register is used as an input capture register, an external input capture signal are
detected and the current 16TCNT valueis stored in the general register. The corresponding IMFA
or IMFB flagin TISRA/TISRB is set to 1 at the same time. The edges of the input capture signal
are selected in TIOR.

TIOR settings are ignored in PWM mode.

General registers are linked to the CPU by an internal 16-bit bus and can be written or read by
either word access or byte access.

General registers are set as output compare registers (with no pin output) and initialized to
H'FFFF by areset and in standby mode.
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9.29 Timer Control Registers (16TCR)

16TCR isan 8-hit register. The 16-bit timer has three 16 TCRs, onein each channel.

Channel Abbreviation Function
0 16TCRO 16TCR controls the timer counter. The 16 TCRs in all
1 16TCR1 channels are functionally identical. When phase counting
mode is selected in channel 2, the settings of bits CKEG1
2 16TCR2 and CKEGO and TPSC2 to TPSCO in 16TCR2 are ignored.
Bit 7 6 5 4 3 2 1 0
‘ — ‘ CCLR1 ‘ CCLRO ‘ CKEG1 ‘ CKEGO ‘ TPSC2 ‘ TPSC1 ‘ TPSCO ‘
Initial value 1 0 0 0 0 0 0 0
Read/Write — R/W R/W R/W R/W R/W R/W R/W

Timer prescaler 2t0 0
These bits select the timer
counter clock

Clock edge 1/0
These bits select external clock edges

Counter clear 1/0
These bits select the counter clear source

Reserved bit

Each 16TCR is an 8-bit readable/writable register that selects the timer counter clock source,
selects the edge or edges of external clock sources, and selects how the counter is cleared.

16TCRisinitialized to H'80 by areset and in standby mode.

Bit 7—Reserved: This bit cannot be modified and is alwaysread as 1.
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Bits 6 and 5—Counter Clear 1 and 0 (CCLR1, CCLRO0): These bits select how 16TCNT is

cleared.

Bit 6 Bit 5

CCLR1 CCLRO Description

0 0 16TCNT is not cleared (Initial value)
1 16TCNT is cleared by GRA compare match or input capture**

1 0 16TCNT is cleared by GRB compare match or input capture**
1 Synchronous clear: 16 TCNT is cleared in synchronization with other

synchronized timers*?

Notes: 1. 16TCNT is cleared by compare match when the general register functions as an output
compare register, and by input capture when the general register functions as an input
capture register.

2. Selected in TSNC.

Bits4 and 3—Clock Edge 1 and 0 (CKEG1, CKEGOQ): These bits select external clock input
edges when an external clock sourceis used.

Bit 4 Bit 3

CKEG1 CKEGO Description

0 0 Count rising edges (Initial value)
1 Count falling edges

1 — Count both edges

When channel 2 is set to phase counting mode, bits CKEG1 and CKEGO in 16TCR2 are ignored.
Phase counting takes precedence.
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Bits2to 0—Timer Prescaler 2t0 0 (TPSC2 to TPSCO): These bits select the counter clock
source.

Bit 2 Bit 1 Bit 0
TPSC2 TPSC1 TPSCO Function
0 0 0 Internal clock: ¢@ (Initial value)
1 Internal clock: @/2
1 0 Internal clock: @/4
1 Internal clock: @/8
1 0 0 External clock A: TCLKA input
1 External clock B: TCLKB input
1 0 External clock C: TCLKC input
1 External clock D: TCLKD input

When bit TPSC2 is cleared to 0 an internal clock source is selected, and the timer counts only
falling edges. When bit TPSC2 is set to 1 an external clock source is selected, and the timer
counts the edges selected by bits CKEG1 and CKEGO.

When channel 2 is set to phase counting mode (MDF = 1 in TMDR), the settings of bits TPSC2
to TPSCO in 16TCR2 are ignored. Phase counting takes precedence.
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9.210 Timer I/O Control Register (TIOR)
TIOR is an 8-hit register. The 16-bit timer has three TIORS, one in each channel.

Channel Abbreviation Function

0 TIORO TIOR controls the general registers. Some functions differ in PWM
1 TIOR1 mode.
2 TIOR2
Bit 7 6 5 4 3 2 1 0
— 10B2 ‘ I0B1 ‘ I0BO ‘ — ‘ I0A2 ‘ I0A1 ‘ IOAO0
Initial value 1 0 0 0 1 0 0 0
Read/Write — R/W R/W R/W — R/W R/W R/W

I/0O control A2 to AO
These bits select GRA
functions

Reserved bit

1/0 control B2 to BO
These bits select GRB functions

Reserved bit

Each TIOR is an 8-hit readable/writable register that selects the output compare or input capture
function for GRA and GRB, and specifies the functions of the TIORA and TIORB pins. If the
output compare function is selected, TIOR also selects the type of output. If input captureis
selected, TIOR also selects the edges of the input capture signal.

TIOR isinitialized to H'88 by areset and in standby mode.

Bit 7—Reserved: This bit cannot be modified and is always read as 1.
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Bits6to4—I/O Control B2to BO (I0B2to 10B0): These hits select the GRB function.

Bit 6 Bit 5 Bit 4
I0B2 10B1 I0BO Function
0 0 0 GRB is an output  No output at compare match (Initial value)
1 compare register g o1t at GRB compare match**
1 0 1 output at GRB compare match**
1 Output toggles at GRB compare match
(1 output in channel 2)***?
1 0 0 GRB is an input GRB captures rising edge of input
1 compare register g captures falling edge of input
1 0 GRB captures both edges of input
1

Notes: 1. After a reset, the output conforms to the TOLR setting until the first compare match.

2. Channel 2 output cannot be toggled by compare match. When this setting is made, 1
output is selected automatically.

Bit 3—Reserved: This bit cannot be modified and is always read as 1.

Bits2to 0—I/O Control A2to A0 (I0A2to I0AQ): These bits select the GRA function.

Bit 2 Bit 1 Bit 0

I0A2 I0A1 IOA0 Function
0 0 0 GRA is an output  No output at compare match (Initial value)
1 compare register 0 output at GRA compare match**
1 0 1 output at GRA compare match**
1 Output toggles at GRA compare match
(1 output in channel 2)***?
1 0 0 GRA is an input GRA captures rising edge of input
1 compare register GRA captures falling edge of input
1 0 GRA captures both edges of input
1

Notes: 1. After a reset, the output conforms to the TOLR setting until the first compare match.

2. Channel 2 output cannot be toggled by compare match. When this setting is made, 1
output is selected automatically.
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9.211 Timer Output Level Setting Register C (TOLR)

TOLR is an 8-hit write-only register that selects the timer output level for channels 0 to 2.

Bit 7 6 5 4 3 2 1 0
| — | — | TOB2 | TOA2 |TOBl | TOA1 | TOBO | TOAO |

Initial value 1 1 0 0 0 0 0 0
Read/Write — — W W W W W W

Output level setting A2 to A0, B2 to BO
These bits set the levels of the timer outputs
(TIOCA, to TIOCA, and TIOCB, to TIOCB)

Reserved bits

A TOLR setting can only be made when the corresponding bit in TSTRis 0.

TOLR isawrite-only register, and cannot be read. If it isread, al bitswill return avalue of 1.
TOLR isinitialized to H'CO by areset and in standby mode.

Bits 7 and 6—Reserved: These bits cannot be modified.

Bit 5—Output Leve Setting B2 (TOB2): Setsthe value of timer output TIOCB,.

Bit 5

TOB2 Description

0 TIOCB,is 0 (Initial value)
1 TIOCB,is 1

Bit 4—Output Level Setting A2 (TOA2): Setsthe value of timer output TIOCA,.

Bit 4

TOA2 Description

0 TIOCA,is O (Initial value)
1 TIOCA;is 1
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Bit 3—Output Level Setting B1 (TOB1): Setsthe value of timer output TIOCB;.

Bit 3

TOB1 Description

0 TIOCB;is 0 (Initial value)
1 TIOCB; is 1

Bit 2—Output Level Setting A1 (TOAL): Setsthe value of timer output TIOCA,.

Bit 2

TOAl Description

0 TIOCA;is 0O (Initial value)
1 TIOCA;is 1

Bit 1—Output Level Setting BO (TOBO): Sets the value of timer output TIOCB,.

Bit 0

TOBO Description

0 TIOCB,is 0 (Initial value)
1 TIOCBypis 1

Bit 0—Output Level Setting A0 (TOAO): Setsthe value of timer output TIOCA,.

Bit 0

TOAO Description

0 TIOCApis 0 (Initial value)
1 TIOCApis 1
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9.3 CPU Interface

931 16-Bit Accessible Registers

Thetimer counters (16TCNTS), general registers A and B (GRAs and GRBs) are 16-bit registers,
and are linked to the CPU by an internal 16-bit data bus. These registers can be written or read a
word at atime, or abyte at atime.

Figures 9.4 and 9.5 show examples of word read/write access to atimer counter (L6TCNT).
Figures 9.6 to 9.9 show examples of byte read/write accessto 16 TCNTH and 16 TCNTL.

On-chip data bus

H H

N

CPU L Bus interface L Module

= < T >

| 16TCNTH | 16TCNTL |

VAN

Figure9.4 16TCNT Access Operation [CPU - 16TCNT (Word)]

On-chip data bus

H H

N

CPU L Bus interface {} L

1 4

| 16TCNTH | 16TCNTL |

VAN

Module

> data bus

VAN

Figure9.5 Accessto Timer Counter (CPU Reads 16TCNT, Word)
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On-chip data bus

H H

N

CPU L Bus interface L

R - Y

| 16TCNTH | 16TCNTL |

VAN

data bus

> Module
>

Figure9.6 Accessto Timer Counter H (CPU Writesto 16TCNTH, Upper Byte)

On-chip data bus

H H

N

CPU L Bus interface

>

Module

>
> data bus

L

H N\

VAR '/

| 16TCNTH | 16TCNTL |

Figure9.7 Accessto Timer Counter L (CPU Writesto 16TCNTL, Lower Byte)

On-chip data bus

H H
CPU L Bus interface {} L

<
| 16TCNTH | 16TCNTL |

Module
data bus

YANIVAN

>
>

Figure9.8 Accessto Timer Counter H (CPU Reads 16TCNTH, Upper Byte)
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On-chip data bus

H H

N

CPU L Bus interface {} L Module

R 7 S

| 16TCNTH | 16TCNTL |

/\

VAN

Figure9.9 Accessto Timer Counter L (CPU Reads 16TCNTL, Lower Byte)

9.3.2 8-Bit Accessible Registers

The registers other than the timer counters and general registers are 8-bit registers. These
registers are linked to the CPU by an internal 8-bit data bus.

Figures 9.10 and 9.11 show examples of byte read and write accessto a 16TCR.

If aword-size datatransfer instruction is executed, two byte transfers are performed.

On-chip data bus

H H

N

CPU L Bus interface

>

Module

‘ ‘ L data bus

/N A
VA4

Figure9.10 16TCR Access (CPU Writesto 16TCR)
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On-chip data bus

H < H >
<:> . Module
CPU L Bus interface {} L > data bus

<

/\

16TCR

Figure9.11 16TCR Access (CPU Reads 16TCR)
94 Operation

94.1 Overview
A summary of operationsin the various modes is given below.

Normal Operation: Each channel has atimer counter and general registers. The timer counter
counts up, and can operate as a free-running counter, periodic counter, or external event counter.
GRA and GRB can be used for input capture or output compare.

Synchronous Operation: The timer countersin designated channels are preset synchronously.
Data written to the timer counter in any one of these channels is simultaneously written to the
timer countersin the other channels as well. The timer counters can also be cleared
synchronously if so designated by the CCLR1 and CCLRO hitsin the TCRs.

PWM Mode: A PWM waveform is output from the TIOCA pin. The output goesto 1 at compare
match A and to 0 at compare match B. The duty cycle can be varied from 0% to 100% depending
on the settings of GRA and GRB. When a channel is set to PWM mode, its GRA and GRB
automatically become output compare registers.

Phase Counting M ode: The phase relationship between two clock signals input at TCLKA and
TCLKB isdetected and 16TCNT2 counts up or down accordingly. When phase counting mode is
selected TCLKA and TCLKB become clock input pins and 16 TCNT 2 operates as an up/down-
counter.
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94.2 Basic Functions

Counter Operation: When one of bits STRO to STR2 is set to 1 in the timer start register
(TSTR), the timer counter (16TCNT) in the corresponding channel starts counting. The counting
can be free-running or periodic.

e Sample setup procedure for counter
Figure 9.12 shows a sample procedure for setting up a counter.

< Counter setup )

Select counter clock 1

No

Count operation

Yes - )
< Free-running counting )
< Periodic counting )

Select counter clear source 2

Select output compare

register function 3
Set period 4
Start counter 5 Start counter 5
Periodic counter Free-running counter

Figure9.12 Counter Setup Procedure (Example)
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. Set bits TPSC2 to TPSCO in 16TCR to select the counter clock source. If an external clock

source is selected, set bits CKEG1 and CKEGO in 16TCR to select the desired edge(s) of the
external clock signal.

. For periodic counting, set CCLR1 and CCLRO in 16TCR to have 16TCNT cleared at GRA
compare match or GRB compare match.

. Set TIOR to select the output compare function of GRA or GRB, whichever was selected in
step 2.

. Write the count period in GRA or GRB, whichever was selected in step 2.

. Setthe STR bitto 1 in TSTR to start the timer counter.

Free-running and periodic counter operation

A reset leaves the counters (16TCNTS) in 16-bit timer channels 0 to 2 all set as free-running
counters. A free-running counter starts counting up when the corresponding bit in TSTR is set
to 1. When the count overflows from H'FFFF to H'0000, the OVF flagisset to 1 in TISRC.
After the overflow, the counter continues counting up from H'0000. Figure 9.13 illustrates
free-running counting.

16TCNT value

HFFFF  foooo ‘ 7777777777777777777777 ‘ fffffffffff

H'0000 Time

STRO to | 3 3
STR2 bit | |
OVF 5

Figure9.13 Free-Running Counter Operation

When achannel is set to have its counter cleared by compare match, in that channel 16TCNT
operates as a periodic counter. Select the output compare function of GRA or GRB, set hit
CCLR1 or CCLROin 16TCR to have the counter cleared by compare match, and set the count
period in GRA or GRB. After these settings, the counter starts counting up as a periodic
counter when the corresponding bit is set to 1 in TSTR. When the count matches GRA or
GRB, the IMFA or IMFB flagisset to 1 in TISRA/TISRB and the counter is cleared to
H'0000. If the corresponding IMIEA or IMIEB bitisset to 1in TISRA/TISRB, aCPU
interrupt is requested at this time. After the compare match, 16TCNT continues counting up
from H'0000. Figure 9.14 illustrates periodic counting.
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16TCNT value Counter cleared by general

/ register compare match
GR

H'0000 ; ‘ ;
STR bit | |
IMF

Figure9.14 Periodic Counter Operation

* 16TCNT count timing
O Internal clock source

Bits TPSC2 to TPSCO in 16TCR select the system clock (¢p) or one of three internal clock
sources obtained by prescaling the system clock (@/2, ¢/4, ¢/8).
Figure 9.15 shows the timing.

: InEpEuEREnEEEnEEEE

((
Internal 2
clock ‘I ( | | A
16TCNT inputJ’—‘ (’—\—
clock

((C
)]
((
)
(( >< N+1
)T

16TCNT N-1 X N

Figure9.15 Count Timing for Internal Clock Sources

0 Externa clock source
The external clock pin (TCLKA to TCLKD) can be selected by bits TPSC2 to TPSCO in
16TCR, and the detected edge by bits CKEG1 and CKEGO. Therising edge, falling edge,
or both edges can be selected.
The pulse width of the external clock signal must be at least 1.5 system clocks when a
single edge is selected, and at least 2.5 system clocks when both edges are selected.
Shorter pulses will not be counted correctly.

Figure 9.16 shows the timing when both edges are detected.
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0 InEnEnEuEnEnEnEEEE
| §§

ook input N : | 2 B

16TCNT input

clock —,—l

§

(J 5—
16TCNT N-1 X . N X N+1

J —

Figure9.16 Count Timing for External Clock Sources (when Both Edges ar e Detected)

Waveform Output by Compare Match: In 16-bit timer channels 0, 1 compare match A or B
can cause the output at the TIOCA or TIOCB pinto go to 0, go to 1, or toggle. In channel 2 the
output can only goto O or goto 1.

« Sample setup procedure for waveform output by compare match
Figure 9.17 shows an example of the setup procedure for waveform output by compare match.

( Output setup > 1. Select the compare match output mode (0, 1, or
toggle) in TIOR. When a waveform output mode
‘ is selected, the pin switches from its generic input/
output function to the output compare function

Select waveform

1 (TIOCA or TIOCB). An output compare pin outputs
output mode the value set in TOLR until the first compare match
occurs.
Set output timing 2 2. Set avalue in GRA or GRB to designate the

compare match timing.

Start counter 3 3. Setthe STR bitto 1 in TSTR to start the timer
i counter.

Waveform output

Figure9.17 Setup Procedurefor Waveform Output by Compare Match (Example)
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» Examples of waveform output
Figure 9.18 shows examples of 0 and 1 output. 16TCNT operates as a free-running counter, O
output is selected for compare match A, and 1 output is selected for compare match B. When
the pinis aready at the selected output level, the pin level does not change.

16TCNT value
/
HFFFF |-

GRB  |--------smsoess R Rty CCE] EERTREETERPRE CACERTEEEREES

GRA [ SR R It R R

H'0000 : j : : : j = Time

TiocB | ' No change ' No change 1 output

TIOCA o No change o No change 0 output

Figure9.18 Oand 1Output (TOA=1,TOB=0)

Figure 9.19 shows examples of toggle output. 16TCNT operates as a periodic counter, cleared
by compare match B. Toggle output is selected for both compare match A and B.

16TCNT value .
‘ Counter cleared by compare match with GRB
GRB [ / ”””””””””””””””””””””””””””
GRA [ ik Ry At Ee i
H'0000 ‘ | - Time
TIOCB Toggle
‘ ! | ‘ output
TIOCA | Toggle
\ output

Figure9.19 Toggle Output (TOA =1, TOB =0)
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* Output compare output timing
The compare match signal is generated in the last state in which 16TCNT and the general
register match (when 16TCNT changes from the matching value to the next value). When the
compare match signal is generated, the output value selected in TIOR is output at the output
compare pin (TIOCA or TIOCB). When 16TCNT matches a general register, the compare
match signal is not generated until the next counter clock pulse.

Figure 9.20 shows the output compare timing.

¢ I I A T
16TCNT i
clock ot

16TCNT N X N+1
GR N

Compare ,—l

match signal

TIOCA, ><

TIOCB

Figure9.20 Output Compare Output Timing

Input Capture Function: The 16TCNT value can be transferred to a general register when an
input edge is detected at an input capture input/output compare pin (TIOCA or TIOCB). Rising-
edge, falling-edge, or both-edge detection can be selected. The input capture function can be used
to measure pulse width or period.
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» Sample setup procedure for input capture
Figure 9.21 shows a sample procedure for setting up input capture.

( Input selection ) 1. Set TIOR to select the input capture function of a
general register and the rising edge, falling edge,

or both edges of the input capture signal. Clear the

DDR bit to 0 before making these TIOR settings.

Select input-capture input 1

Start counter 2 2. Setthe STR bitto 1 in TSTR to start the timer
l counter.

Input capture

Figure9.21 Setup Procedurefor Input Capture (Example)

» Examples of input capture
Figure 9.22 illustrates input capture when the falling edge of TIOCB and both edges of
TIOCA are selected as capture edges. 16TCNT is cleared by input capture into GRB.

16TCNT value

| \

oy
GRA X H0005 X Howeo| X
| Y

ere X X H'0180

Figure9.22 Input Capture (Example)
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e Input capture signal timing
Input capture on the rising edge, falling edge, or both edges can be selected by settingsin
TIOR. Figure 9.23 shows the timing when the rising edge is selected. The pulse width of the
input capture signal must be at least 1.5 system clocks for single-edge capture, and 2.5 system
clocks for capture of both edges.

° | L

Input-capture input

Input capture signal

16TCNT N

GRA, GRB >< N

Figure9.23 Input Capture Signal Timing

9.4.3 Synchronization

The synchronization function enables two or more timer counters to be synchronized by writing
the same data to them simultaneously (synchronous preset). With appropriate 16T CR settings,
two or more timer counters can also be cleared simultaneously (synchronous clear).
Synchronization enables additional general registers to be associated with a single time base.
Synchronization can be selected for al channels (0 to 2).

Sample Setup Procedurefor Synchronization: Figure 9.24 shows a sample procedure for
Ssetting up synchronization.

Rev. 3.00 Sep 14, 2005 page 361 of 910
REJ09B0258-0300
RENESAS



Section 9 16-Bit Timer

(Setup for synchronization)

| Select synchronization | 1

( Synchronous preset ) ( Synchronous clear )

Clearing

No

synchronized to this
) channel?
Write to 16 TCNT 2
| Select counter clear source | 3 | Select counter clear source | 4
| Start counter | 5 | Start counter | 5
Synchronous preset Counter clear Synchronous clear

1. Setthe SYNC bits to 1 in TSNC for the channels to be synchronized.

2. When a value is written in 16 TCNT in one of the synchronized channels, the same value is
simultaneously written in 16 TCNT in the other channels.

3. Setthe CCLR1 or CCLRO bitin 16 TCR to have the counter cleared by compare match or input capture.
4. Set the CCLR1 and CCLRO bits in 16TCR to have the counter cleared synchronously.

5. Set the STR bits in TSTR to 1 to start the synchronized counters.

Figure 9.24 Setup Procedurefor Synchronization (Example)

Example of Synchronization: Figure 9.25 shows an example of synchronization. Channels 0, 1,
and 2 are synchronized, and are set to operate in PWM mode. Channel O is set for counter
clearing by compare match with GRBO. Channels 1 and 2 are set for synchronous counter
clearing. The timer countersin channels 0, 1, and 2 are synchronously preset, and are
synchronously cleared by compare match with GRBO. A three-phase PWM waveform is output
from pins TIOCA,, TIOCA,, and TIOCA,. For further information on PWM mode, see section
9.4.4, PWM Mode.
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Value of 16TCNTO

to 16TCNT2 .
‘ Cleared by compare match with GRBO

GRBO / /

GRB1

GRAO
GRB2

GRA1

GRA2

H'0000

TIOCA,

TIOCA;

TIOCA, | 3 ,7

Figure9.25 Synchronization (Example)

944 PWM Mode

In PWM mode GRA and GRB are paired and a PWM waveform is output from the TIOCA pin.
GRA specifies the time at which the PWM output changes to 1. GRB specifies the time at which
the PWM output changesto 0. If either GRA or GRB compare match is selected as the counter
clear source, a PWM waveform with a duty cycle from 0% to 100% is output at the TIOCA pin.
PWM mode can be selected in al channels (0 to 2).

Table 9.4 summarizes the PWM output pins and corresponding registers. If the same valueis set
in GRA and GRB, the output does not change when compare match occurs.
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Table9.4 PWM Output Pinsand Registers

Channel Output Pin 1 Output 0 Output
0 TIOCA, GRAO GRBO
1 TIOCA,; GRA1 GRB1
2 TIOCA, GRA2 GRB2

Sample Setup Procedurefor PWM Mode: Figure 9.26 shows a sample procedure for setting up
PWM mode.

[EnY

C PWM mode ) . Set bits TPSC2 to TPSCO0 in 16TCR to
select the counter clock source. If an
‘ external clock source is selected, set

bits CKEG1 and CKEGO in 16TCR to
Select counter clock 1 select the desired edge(s) of the

| external clock signal.
2. Set bits CCLR1 and CCLRO in 16TCR
Select counter clear source 2 to select the counter clear source.

| 3. Set the time at which the PWM
waveform should go to 1 in GRA.

Set GRA 3 4. Set the time at which the PWM

‘ waveform should go to 0 in GRB.

5. Set the PWM bit in TMDR to select

Set GRB 4 PWM mode. When PWM mode is
selected, regardless of the TIOR
\ contents, GRA and GRB become
output compare registers specifying
Select PWM mode 5 the times at which the PWM output
goesto 1 and 0. The TIOCA pin

\ automatically becomes the PWM
output pin. The TIOCB pin conforms

Start counter 6 to the settings of bits I0B1 and IOBO
in TIOR. If TIOCB output is not
l desired, clear both IOB1 and I0BO to 0.
PWM mode 6. Setthe STR bitto 1in TSTR to start

the timer counter.

Figure9.26 Setup Procedurefor PWM M ode (Example)
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Examples of PWM M ode: Figure 9.27 shows examples of operation in PWM mode. In PWM
mode TIOCA becomes an output pin. The output goesto 1 at compare match with GRA, and to 0
at compare match with GRB.

In the examples shown, 16TCNT is cleared by compare match with GRA or GRB. Synchronized
operation and free-running counting are also possible.

16TCNT value

GRA

GRB

H'0000

TIOCA

/ Counter cleared by compare match A

a. Counter cleared by GRA (TOA =1)

16TCNT value

GRB

GRA

H'0000

TIOCA

/ Counter cleared by compare match B

b. Counter cleared by GRB (TOA =0)

Time

Time

Figure9.27 PWM Mode (Example 1)
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Figure 9.28 shows examples of the output of PWM waveforms with duty cycles of 0% and 100%.
If the counter is cleared by compare match with GRB, and GRA is set to a higher value than

GRB, the duty cycle is 0%. If the counter is cleared by compare match with GRA, and GRB is set
to ahigher value than GRA, the duty cycle is 100%.

16TCNT value Counter cleared by compare match B
GRB [~ 72 Sl it il -
GRA [ SR |
H'0000 ‘ ‘ 3 “ Time
TIOCA L B

Write to GRA Write to GRA
a. 0% duty cycle (TOA=0)

16TCNT value Counter cleared by compare match A
GRA [ 72 Sl it il -
GRB [ A ‘
H'0000 : : : ¥ Time
TIOCA |

i

Write to GRB

|

Write to GRB

b. 100% duty cycle (TOA=1)

Figure9.28 PWM Mode (Example 2)
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945 Phase Counting M ode

In phase counting mode the phase difference between two external clock inputs (at the TCLKA
and TCLKB pins) is detected, and 16 TCNT2 counts up or down accordingly.

In phase counting mode, the TCLKA and TCLKB pins automatically function as external clock
input pins and 16 TCNT 2 becomes an up/down-counter, regardless of the settings of bits TPSC2
to TPSCO, CKEGL, and CKEGO in 16 TCR2. Settings of bits CCLR1, CCLR0in 16TCR2, and
settingsin TIOR2, TISRA, TISRB, TISRC, setting of STR2 hit in TSTR, GRA2, and GRB2 are
valid. Theinput capture and output compare functions can be used, and interrupts can be
generated.

Phase counting is available only in channel 2.

Sample Setup Procedurefor Phase Counting M ode: Figure 9.29 shows a sample procedure for
setting up phase counting mode.

( Phase counting mode >

Select phase counting mode 1 1. Setthe MDF bitin TMDR to 1 to select
phase counting mode.

2. Select the flag setting condition with
the FDIR bit in TMDR.

Select flag setting condition 2 3. Setthe STR2 bitto 1 in TSTR to start
the timer counter.

Start counter 3

'

Phase counting mode

Figure9.29 Setup Procedurefor Phase Counting M ode (Example)
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Example of Phase Counting M ode: Figure 9.30 shows an example of operationsin phase
counting mode. Table 9.5 lists the up-counting and down-counting conditions for 16TCNT2.

In phase counting mode both the rising and falling edges of TCLKA and TCLKB are counted.
The phase difference between TCLKA and TCLKB must be at least 1.5 states, the phase overlap
must also be at least 1.5 states, and the pulse width must be at least 2.5 states.

16TCNT2 value

Tcke K i 4 v f f
TCLKA fF 5 % 3

Counting down

Figure9.30 Operation in Phase Counting M ode (Example)

Table9.5 Up/Down Counting Conditions

Counting
Direction Up-Counting Down-Counting
TCLKB pin ) High ! Low High ! Low 1
TCLKA pin Low 1 High ! ! Low 1 High
Phase Phase
difference difference , Pulse width Pulse width
- - - :4—»“
TCLKA : : : :
TCLKB ‘ i
: : : : : Phase difference and overlap: at least 1.5 states
| e e ] - )
‘ ‘ ‘ ‘ ‘ Pulse width: at least 2.5 states
Overlap Overlap

Figure9.31 Phase Difference, Overlap, and Pulse Width in Phase Counting M ode
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9.4.6 16-Bit Timer Output Timing

Theinitial value of 16-bit timer output when atimer count operation begins can be specified
arbitrarily by making a setting in TOLR.

Figure 9.32 shows the timing for setting the initial value with TOLR.

Only write to TOLR when the corresponding bit in TSTRis cleared to 0.

Address bus >< TOLR address X

TOLR >< N
N

16-bit timer output pin X N

Figure9.32 Timingfor Setting 16-Bit Timer Output Level by Writingto TOLR
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9.5 Interrupts

The 16-hit timer has two types of interrupts: input capture/compare match interrupts, and
overflow interrupts.

951 Setting of Status Flags

Timing of Setting of IMFA and IMFB at Compare Match: IMFA and IMFB aresetto 1 by a
compare match signal generated when 16TCNT matches a general register (GR). The compare
match signal is generated in the last state in which the values match (when 16 TCNT is updated
from the matching count to the next count). Therefore, when 16TCNT matches a general register,
the compare match signal is not generated until the next 16TCNT clock input. Figure 9.33 shows
the timing of the setting of IMFA and IMFB.

; i L

16TCNT input
clock

16TCNT N >< N+1

GR N

Compare
match signal

IMF

IMI

Figure 9.33 Timing of Setting of IMFA and IMFB by Compare Match
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Timing of Setting of IMFA and IMFB by Input Capture: IMFA and IMFB are set to 1 by an
input capture signal. The 16TCNT contents are simultaneously transferred to the corresponding
general register. Figure 9.34 shows the timing.

o L

Input capture

signal

IMF

16TCNT N

GR >< N
IMI

Figure9.34 Timing of Setting of IMFA and IMFB by Input Capture
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Timing of Setting of Overflow Flag (OVF): OVFisset to 1 when 16TCNT overflows from
H'FFFF to H'0000 or underflows from H'0000 to H'FFFF. Figure 9.35 shows the timing.

o] L

16TCNT ><

Overflow
signal

OVF

ovi

Figure9.35 Timing of Setting of OVF

95.2 Timing of Clearing of Status Flags

If the CPU reads a status flag while it is set to 1, then writes 0 in the status flag, the statusflag is
cleared. Figure 9.36 shows the timing.

TISR write cycle

Ty T, T3
|<—>|<—>|<—>|

o _
Address >< TISR address ><

IMF, OVF

Figure9.36 Timing of Clearing of Status Flags
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953  Interrupt Sources

Each 16-hit timer channel can generate a compare match/input capture A interrupt, a compare
match/input capture B interrupt, and an overflow interrupt. In total there are nine interrupt
sources of three kinds, all independently vectored. An interrupt is requested when the interrupt
request flag are set to 1.

The priority order of the channels can be modified in interrupt priority registers A (IPRA). For
details see section 5, Interrupt Controller.

Table 9.6 lists the interrupt sources.

Table9.6 16-bit timer Interrupt Sources

Interrupt
Channel Source Description Priority*
0 IMIAO Compare match/input capture A0 High
IMIBO Compare match/input capture BO
ovIo Overflow 0
1 IMIAL Compare match/input capture Al
IMIB1 Compare match/input capture B1
ovii Overflow 1
2 IMIA2 Compare match/input capture A2
IMIB2 Compare match/input capture B2
OVI2 Overflow 2 Low

Note: * The priority immediately after a reset is indicated. Inter-channel priorities can be changed
by settings in IPRA.
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9.6 Usage Notes

This section describes contention and other matters requiring special attention during 16-bit timer
operations.

Contention between 16TCNT Writeand Clear: If acounter clear signal occursin the T state
of a16TCNT write cycle, clearing of the counter takes priority and the write is not performed.
See

figure 9.37.

16TCNT write cycle
Ty T2 T3

0 N
Address bus X 16TCNT address ><

Internal write signal

Counter clear signal

16TCNT N >< H'0000

Figure9.37 Contention between 16TCNT Writeand Clear
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Contention between 16TCNT Word Write and Increment: If an increment pulse occursin the
T state of a16TCNT word write cycle, writing takes priority and 16TCNT is not incremented.
Figure 9.38 shows the timing in this case.

16TCNT word write cycle
Ty T2 T3

0 N
Address bus X 16TCNT address ><

Internal write signal

16TCNT input clock

16TCNT N >< v M

16TCNT write data

Figure 9.38 Contention between 16TCNT Word Write and Increment
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Contention between 16TCNT Byte Write and Increment: If an increment pulse occursin the
T, or Ty state of a16TCNT byte write cycle, writing takes priority and 16TCNT is not
incremented. The byte data for which awrite was not performed is not incremented, and retains
its pre-write value. See figure 9.39, which shows an increment pulse occurring in the T, state of a
byte writeto 16TCNTH.

16TCNTH byte write cycle
Ty T2 T3

: N
Address bus X 16TCNTH address ><

Internal write signal

16TCNT input clock

N >< M
16TCNTH y
16 TCNT write data

16TCNTL X >< X+1 >< X

Figure9.39 Contention between 16TCNT Byte Writeand Increment
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Contention between General Register Write and Compare M atch: If acompare match occurs
in the T; state of a general register write cycle, writing takes priority and the compare match
signal isinhibited. See figure 9.40.

General register write cycle

Ty T, T3

Address bus X GR address ><

Internal write signal

16TCNT N >< N+ 1

GR N >< /M

General register write data

Compare match signal : - Inhibited

Figure 9.40 Contention between General Register Write and Compare Match
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Contention between 16TCNT Write and Overflow or Underflow: If an overflow occursin the
T state of a 16TCNT write cycle, writing takes priority and the counter is not incremented. OVF
is set to 1.The same holds for underflow. See figure 9.41.

16TCNT write cycle
Ty T T3

. ]
Address bus X 16TCNT address ><

Internal write signal

16TCNT input clock

Overflow signal

16TCNT H'FFFF >< v M

16 TCNT write data

OVF

Figure9.41 Contention between 16TCNT Write and Overflow
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Contention between General Register Read and I nput Capture: If an input capture signal
occurs during the T3 state of a genera register read cycle, the value before input captureis read.
Seefigure 9.42.

General register read cycle

Ty T, T3

: N
Address bus X GR address ><

Internal read signal

Input capture signal

Internal data bus 4< X >7

Figure 9.42 Contention between General Register Read and Input Capture

Rev. 3.00 Sep 14, 2005 page 379 of 910
REJ09B0258-0300
RENESAS




Section 9 16-Bit Timer

Contention between Counter Clearing by Input Capture and Counter Increment: If an input
capture signal and counter increment signal occur simultaneously, the counter is cleared
according to the input capture signal. The counter is not incremented by the increment signal.
The value before the counter is cleared is transferred to the general register. See figure 9.43.

w .

Input capture signal

Counter clear signal

16TCNT input clock

16TCNT N >< H'0000

GR >< N

Figure 9.43 Contention between Counter Clearing by Input Capture and Counter
Increment
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Contention between General Register Writeand Input Capture: If an input capture signal
occursin the T state of a general register write cycle, input capture takes priority and the write to
the general register is not performed. See figure 9.44.

General register write cycle

Ty T, T3

: ]
Address bus X GR address ><

Internal write signal

Input capture signal

16TCNT M

GR >< \M

Figure 9.44 Contention between General Register Write and Input Capture
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Note on Waveform Period Setting: When a counter is cleared by compare match, the counter is
cleared in the last state at which the 16 TCNT value matches the general register value, at the time
when this value would normally be updated to the next count. The actual counter frequency is
therefore given by the following formula:

f= P _
(N+1)
(f: counter frequency. @: system clock frequency. N: value set in general register.)

Note on Writesin Synchronized Operation: When channels are synchronized, if a 16TCNT
valueis modified by byte write access, all 16 bits of al synchronized counters assume the same
value as the counter that was addressed.

(Example) When channels 1 and 2 are synchronized

» Byte write to channel 1 or byte write to channel 2

Write A to upper byte

eenTL | w | x| ofchamell 16TCNTL| A | x|
6TeNT2 | Y |z | 16TCNT2 | A | X
Upper byte Lower byte Wite A to lower byte Upper byte Lower byte
of channel 2
— . 1eTeNT| Y | A
16TCNT2 | Y | A |

Upper byte Lower byte

* Word write to channel 1 or word write to channel 2

16TeNTL | W | x| 16TCNTL1| A | B

16TCNT2| Y | z | WiteABwordto  1gTCNT2| A | B
channel 1 or 2

Upper byte Lower byte Upper byte Lower byte

Rev. 3.00 Sep 14, 2005 page 382 of 910
REJ09B0258-0300
RENESAS



Section 9 16-Bit Timer

16-bit timer Operating M odes

Table9.7 (a) 16-bit timer Operating M odes (Channel 0)

Register Settings

TSNC TMDR TIORO 16TCRO
Synchro- Clear Clock
Operating Mode nization MDF FDIR PWM I0A 10B Select Select
Synchronous preset SYNCO=1 — — @) @) @) @) @)
PWM mode o) — — PWMO=1 — o* ) )
Output compare A O — — PWMO=0 I0A2=0 O O O
Other bits
unrestricted
Output compare B @) — — O O 10B2=0 o o
Other bits
unrestricted
Input capture A ) — — PWMO=0 10A2=1 O o o}
Other bits
unrestricted
Input capture B O — — PWM0O=0 O I0B2=1 0] @)
Other bits
unrestricted
Counter By compare O — — @) @) @) CCLR1=0 O
clearing match/input CCLRO=1
capture A
By compare O — — O @) O CCLR1=1 O
match/input CCLRO=0
capture B
Syn- SYNCO=1 — — ) ¢} ¢} CCLR1=1 O
chronous CCLRO=1
clear
Legend: O Setting available (valid). — Setting does not affect this mode.
Note: * The input capture function cannot be used in PWM mode. If compare match A and compare match B occur

simultaneously, the compare match signal is inhibited.
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Table9.7 (b) 16-bit timer Operating M odes (Channel 1)

Register Settings

TSNC TMDR TIOR1 16TCR1
Synchro- Clear Clock
Operating Mode nization MDF FDIR PWM I0A 10B Select Select
Synchronous preset SYNC1=1 — — @) @) @) @) O
PWM mode o — —  PWM1=1 — o* o o
Output compare A O — — PWM1=0 I0A2=0 ©O @) e}
Other bits
unrestricted
Output compare B ¢) — — O O I10B2=0 @) e}
Other bits
unrestricted
Input capture A @) — — PWM1=0 I0A2=1 0] @) O
Other bits
unrestricted
Input capture B o — — PWM1=0 O I0B2=1 ©O 0)
Other bits
unrestricted
Counter By compare O — — @) @) @) CCLR1=0 ©
clearing match/input CCLRO=1
capture A
By compare O — — O O O CCLR1=1 ©O
match/input CCLRO=0
capture B
Syn- SYNC1=1 — — (@] (@] (@] CCLR1=1 O
chronous CCLRO=1
clear

Legend: O Setting available (valid). — Setting does not affect this mode.
Note: * The input capture function cannot be used in PWM mode. If compare match A and compare match B
occur simultaneously, the compare match signal is inhibited.
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Table9.7 (c) 16-bit timer Operating M odes (Channel 2)

Register Settings

TSNC TMDR TIOR2 16TCR2
Synchro- Clear Clock
Operating Mode nization MDF FDIR PWM I0A 10B Select Select
Synchronous preset  SYNC2=1 O — @) @) @) O O
PWM mode e} — PWM2=1 — o* @) @)
Output compare A e} ¢) — PWM2=0 I0A2=0 ¢) O e}
Other bits
unrestricted
Output compare B O @) — @) O 10B2=0 O O
Other bits
unrestricted
Input capture A O @) — PWM2=0 I0A2=1 @) O O
Other bits
unrestricted
Input capture B e} ¢) — PWM2=0 © I0B2=1 O O
Other bits
unrestricted
Counter By compare O @) — 0] @) @) CCLR1=0 O
clearing match/input CCLRO=1
capture A
By compare O @) — @) @) @) CCLR1=1 O
match/input CCLRO=0
capture B
Syn- SYNC2=1 O — @) @) @) CCLR1=1 O
chronous CCLRO=1
clear
Phase counting O MDF=1 O @) @) @) O —

mode

Legend: O Setting available (valid). — Setting does not affect this mode.
Note: * The input capture function cannot be used in PWM mode. If compare match A and compare match B occur
simultaneously, the compare match signal is inhibited.
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Section 10 8-Bit Timers

10.1 Overview

The H8/3068F has a built-in 8-bit timer module with four channels (TMRO, TMR1, TMR2, and
TMR3), based on 8-bit counters. Each channel has an 8-bit timer counter (8TCNT) and two 8-bit
time constant registers (TCORA and TCORB) that are constantly compared with the STCNT
value to detect compare match events. The timers can be used as multifunctional timersin a
variety of applications, including the generation of a rectangular-wave output with an arbitrary
duty cycle.

10.1.1 Features
The features of the 8-bit timer module are listed below.

» Selection of four clock sources
The counters can be driven by one of three internal clock signals (¢/8, ¢/64, or ¢/8192) or an
external clock input (enabling use as an external event counter).

« Selection of three ways to clear the counters
The counters can be cleared on compare match A or B, or input capture B.
» Timer output controlled by two compare match signals
The timer output signal in each channel is controlled by two independent compare match
signals, enabling the timer to generate output waveforms with an arbitrary duty cycle or PWM
output.
< A/D converter can be activated by a compare match
»  Two channels can be cascaded
0 Channels 0 and 1 can be operated as the upper and lower halves of a 16-bit timer (16-bit
count mode).
O Channels 2 and 3 can be operated as the upper and lower halves of a 16-bit timer (16-bit
count mode).
O Channel 1 can count channel 0 compare match events (compare match count mode).
0 Channel 3 can count channel 2 compare match events (compare match count mode).
* Input capture function can be set
8-hit or 16-bit input capture operation is available.
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» Twelveinterrupt sources

There are twelve interrupt sources: four compare match sources, four compare match/input
capture sources, four overflow sources.

Two of the compare match sources and two of the combined compare match/input capture
sources each have an independent interrupt vector. The remaining compare match interrupts,
combined compare match/input capture interrupts, and overflow interrupts have one interrupt
vector for two sources.
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10.1.2 Block Diagram

The 8-bit timers are divided into two groups of two channels each: group 0 comprising channels 0
and 1, and group 1 comprising channels 2 and 3. Figure 10.1 shows a block diagram of 8-hit
timer group O.

External clock Internal clock
sources sources
TCLKA @8
TCLKC ————— @64
©8192
Clock 1
Clock 0
Clock select
| Tcorao H:| TCORAL K
Compare match A1

Compare match AO | Comparator AO '::I Comparator Al |

Overflow 1

e '

Overflow 0 gTCNTO [ sToNT1 KT

TMO, ~—
TMIO; ~«— Compare match B1

Internal bus

Control logic
Compare match BO| comparator BO ':' Comparator Bl|

Input capture B1
[ | N

| Tcorso | TcomBr KT
> stcsro || stcsr1 K

| setcro | s8R K
I—»cquo

— CMIBO
—— CMIA1/CMIB1
————————=0vIo/ovil
Interrupt signals

Legend:

TCORA: Time constant register A
TCORB: Time constant register B
8TCNT: Timer counter

8TCSR: Timer control/status register
8TCR:  Timer control register

Figure10.1 Block Diagram of 8-Bit Timer Unit (Two Channels: Group 0)
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10.1.3 Pin Configuration

Table 10.1 summarizes the input/output pins of the 8-bit timer module.

Table10.1 8-Bit Timer Pins

Group Channel Name

Abbreviation /O

Function

0 0 Timer output TMOg Output Compare match output
Timer clock input  TCLKC Input  Counter external clock input
1 Timer input/output TMIO, I/O Compare match output/input
capture input
Timer clock input  TCLKA Input  Counter external clock input
1 2 Timer output TMO, Output Compare match output
Timer clock input TCLKD Input  Counter external clock input
3 Timer input/output TMIO; I/0 Compare match output/input
capture input
Timer clock input  TCLKB Input  Counter external clock input
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10.1.4 Register Configuration
Table 10.2 summarizes the registers of the 8-bit timer module.

Table10.2 8-Bit Timer Registers

Channel Address** Name Abbreviation R/W Initial value
0 H'FFF80 Timer control register 0 8TCRO R/W H'00
H'FFF82 Timer control/status register 0 8TCSRO R’/(W)*2 H'00
H'FFF84 Time constant register AO TCORAO R/W H'FF
H'FFF86 Time constant register BO TCORBO R/W H'FF
H'FFF88 Timer counter 0 8TCNTO R/W H'00
1 H'FFF81 Timer control register 1 8TCR1 R/W H'00
H'FFF83 Timer control/status register 1 8TCSR1 R/(W)*2 H'00
H'FFF85 Time constant register Al TCORA1 R/W H'FF
H'FFF87 Time constant register B1 TCORB1 R/W H'FF
H'FFF89 Timer counter 1 8TCNT1 R/W H'00
2 H'FFF90 Timer control register 2 8TCR2 R/W H'00
H'FFF92 Timer control/status register 2 8TCSR2 R/(W)*? H'10
H'FFF94 Time constant register A2 TCORA2 R/W H'FF
H'FFF96 Time constant register B2 TCORB2 R/W H'FF
H'FFF98 Timer counter 2 8TCNT2 R/W H'00
3 H'FFF91 Timer control register 3 8TCR3 R/W H'00
H'FFF93 Timer control/status register 3 8TCSR3 R/(W)*2 H'00
H'FFF95 Time constant register A3 TCORA3 R/W H'FF
H'FFF97 Time constant register B3 TCORB3 R/W H'FF
H'FFF99 Timer counter 3 8TCNT3 R/W H'00

Notes: 1. Indicates the lower 20 bits of the address in advanced mode.
2. Only 0 can be written to bits 7 to 5, to clear these flags.

Each pair of registers for channel 0 and channel 1 comprises a 16-bit register with the channel 0
register as the upper 8 bits and the channel 1 register as the lower 8 bits, so they can be accessed
together by word access.

Similarly, each pair of registers for channel 2 and channel 3 comprises a 16-bit register with the
channel 2 register as the upper 8 bits and the channel 3 register as the lower 8 bits, so they can be
accessed together by word access.
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10.2  Register Descriptions

10.21 Timer Counters(8TCNT)

8TCNTO 8TCNT1

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value 0 0 0 0 0 0 0 O 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/IW R/W

8TCNT2 8TCNT3

B 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

=3

Initial value o o o0 o o o o o o o o o o o o o
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/IW R/W

The timer counters (8TCNT) are 8-bit readable/writable up-counters that increment on pulses
generated from an internal or external clock source. The clock source is selected by clock select
bits 2 to 0 (CKS2 to CKS0) in the timer control register (8TCR). The CPU can always read or
write to the timer counters.

The8TCNTO and 8TCNT1 pair, and the STCNT2 and 8TCNT3 pair, can each be accessed as a
16-bit register by word access.

8TCNT can be cleared by an input capture signal or compare match signal. Counter clear bits 1
and 0 (CCLR1 and CCLRO) in 8TCR select the method of clearing.

When 8TCNT overflows from H'FF to H'00, the overflow flag (OVF) in the timer control/status
register (8TCSR) issetto 1.

Each 8TCNT isinitialized to H'00 by areset and in standby mode.
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10.2.2 TimeConstant RegistersA (TCORA)

TCORADO to TCORAS are 8-bit readable/writable registers.

TCORAO TCORAL1

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

TCORA2 TCORA3

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

The TCORAO and TCORAL pair, and the TCORA2 and TCORAS pair, can each be accessed asa
16-bit register by word access.

The TCORA valueis constantly compared with the STCNT value. When a match is detected, the
corresponding compare match flag A (CMFA) isset to 1in 8TCSR.

The timer output can be freely controlled by these compare match signals and the settings of
output select bits 1 and 0 (OS1, OS0) in 8TCSR.

Each TCORA register isinitialized to H'FF by areset and in standby mode.
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10.23 TimeConstant RegistersB (TCORB)

TCORBO TCORB1

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

TCORB2 TCORB3

B

=3

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/IW R/W

TCORBO to TCORB3 are 8-hit readable/writable registers. The TCORBO and TCORBL pair, and
the TCORB2 and TCORB3 pair, can each be accessed as a 16-bit register by word access.

The TCORB value is constantly compared with the BTCNT value. When amatch is detected, the
corresponding compare match flag B (CMFB) isset to 1 in STCSR*.

Thetimer output can be freely controlled by these compare match signals and the settings of
output/input capture edge select bits 3 and 2 (OIS3, OIS2) in 8TCSR.

When TCORB is used for input capture, it storesthe STCNT value on detection of an external
input capture signal. At thistime, the CMFB flag is set to 1 in the corresponding 8TCSR register.
The detected edge of the input capture signal isset in 8TCSR.

Each TCORB register isinitialized to H'FF by areset and in standby mode.

Note: * When channel 1 and channel 3 are designated for TCORB input capture, the CMFB flag
is not set by a channel 0 or channel 2 compare match B.
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10.2.4 Timer Control Register (8TCR)

Bit 7 6 5 4 3 2 1 0
| CMIEB | CMIEA| OVIE | CCLR1 | CCLRO | CKS2 | CKS1 | CKSO0 |
Initial value 0 0 0 0 0 0 0 0

Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

8TCR is an 8-hit readable/writable register that selectsthe 8TCNT input clock, givesthe STCNT
clearing specification, and enables interrupt requests.
8TCRisinitialized to H'00 by areset and in standby mode.

For the timing, see section 10.4, Operation.

Bit 7—Compare Match Interrupt Enable B (CMIEB): Enables or disables the CMIB interrupt
request when the CMFB flagisset to 1in 8TCSR.

Bit 7

CMIEB Description

0 CMIB interrupt requested by CMFB is disabled (Initial value)
1 CMIB interrupt requested by CMFB is enabled

Bit 6—Compare Match Interrupt Enable A (CMIEA): Enables or disablesthe CMIA
interrupt request when the CMFA flagisset to 1in 8TCSR.

Bit 6

CMIEA Description

0 CMIA interrupt requested by CMFA is disabled (Initial value)
1 CMIA interrupt requested by CMFA is enabled

Bit 5—Timer Overflow Interrupt Enable (OVIE): Enables or disables the OVI interrupt
request when the OVF flagissetto 1in 8TCSR.

Bit 5

OVIE Description

0 OVl interrupt requested by OVF is disabled (Initial value)
1 OVl interrupt requested by OVF is enabled
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Bits4 and 3—Counter Clear 1 and 0 (CCLR1, CCLRO0): These hits specify the STCNT
clearing source. Compare match A or B, or input capture B, can be selected as the clearing
source.

Bit 4 Bit 3

CCLR1 CCLRO Description

0 0 Clearing is disabled (Initial value)
1 Cleared by compare match A

1 0 Cleared by compare match B/input capture B
1 Cleared by input capture B

Note: When input capture B is set as the 8TCNT1 and 8TCNT3 counter clear source, STCNTO
and 8TCNT?2 are not cleared by compare match B.

Bits2to 0—Clock Select 2to 0 (CSK 2 to CSK 0): These hits select whether the clock input to
8TCNT isaninternal or external clock.

Three internal clocks can be selected, all divided from the system clock (¢): @/8, ¢/64, and
@/8192. Therising edge of the selected internal clock triggers the count.

When use of an external clock is selected, three types of count can be selected: at the rising edge,
the falling edge, and both rising and falling edges.

When CKS2, CKS1, CKS0 =1, 0, 0, channels 0 and 1 and channels 2 and 3 are cascaded.

The incrementing clock source is different when 8TCRO and 8TCR2 are set, and when 8TCR1
and 8TCR3 are set.
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Bit 2 Bit 1 Bit 0
CSK2 CSK1 CSKO Description
0 0 0 Clock input disabled (Initial value)
1 Internal clock, counted on falling edge of ¢/8
1 0 Internal clock, counted on falling edge of ¢/64
1 Internal clock, counted on falling edge of ¢/8192
1 0 0 Channel 0 (16-bit count mode): Count on 8TCNT1 overflow
signal**
Channel 1 (compare match count mode): Count on 8TCNTO
compare match A**
Channel 2 (16-bit count mode): Count on 8TCNT3 overflow
signal*?
Channel 3 (compare match count mode): Count on 8TCNT2
compare match A*?
1 External clock, counted on rising edge
1 0 External clock, counted on falling edge
1 External clock, counted on both rising and falling edges

Notes: 1. If the clock input of channel 0 is the 8TCNT1 overflow signal and that of channel 1 is
the 8TCNTO compare match signal, no incrementing clock is generated. Do not use

this setting.

If the clock input of channel 2 is the BTCNT3 overflow signal and that of channel 3 is
the 8TCNT2 compare match signal, no incrementing clock is generated. Do not use

this setting.
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10.25 Timer Control/Status Registers (8T CSR)

8TCSRO
Bit 7 6 5 4 3 2 1 0
CMFB | CMFA OVF ADTE OISs3 OlSs2 Os1 0so
Initial value 0 0 0 0 0 0 0 0

Read/Write  R/W)* RIW)* RI(W)* RW RW  RW RW  RMW

8TCSR2
Bit 7 6 5 4 3 2 1 0
CMFB | CMFA OVF — 0OIS3 0ols2 0s1 0Ss0
Initial value 0 0 0 1 0 0 0 0
Read/Write  R/(W)*  R/(W)* R/(W)* — R/W R/W R/W R/W

8TCSR1, 8TCSR3

Bit 7 6 5 4 3 2 1 0
CMFB CMFA OVF ICE OIS3 OISs2 0OSs1 0Sso
Initial value 0 0 0 0 0 0 0 0

Read/Write  R/(W)*  R/(W)* R/(W)* R/W R/W R/W R/W R/W
Note: * Only O can be written to bits 7 to 5, to clear these flags.

The timer control/status registers 8TCSR are 8-hit registers that indicate compare match/input
capture and overflow statuses, and control compare match output/input capture edge selection.

8TCSR2 isinitialized to H'10, and 8TCSR0, 8TCSR1, and 8TCSR3 to H'00, by areset and in
standby mode.
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Bit 7—Compare Match/Input Capture Flag B (CMFB): Status flag that indicates the
occurrence of a TCORB compare match or input capture.

Bit 7

CMFB Description

0 [Clearing condition] (Initial value)
Read CMFB when CMFB = 1, then write 0 in CMFB

1 [Setting conditions]

* 8TCNT = TCORB*
» The8TCNT vaueistransferred to TCORB by an input capture signa
when TCORB functions as an input capture register

Note: * When bit ICE is setto 1 in 8TCSR1 and 8TCSR3, the CMFB flag is not set when 8TCNTO
= TCORBO or 8STCNT2 = TCORB2.

Bit 6—Compare Match Flag A (CMFA): Status flag that indicates the occurrence of a TCORA
compare match.

Bit 6

CMFA Description

0 [Clearing condition] (Initial value)
Read CMFA when CMFA = 1, then write 0 in CMFA

1 [Setting condition]

8TCNT = TCORA

Bit 5—Timer Overflow Flag (OVF): Status flag that indicates that the STCNT has overflowed
from H'FF to H'00.

Bit 5

OVF Description

0 [Clearing condition] (Initial value)
Read OVF when OVF = 1, then write 0 in OVF

1 [Setting condition]

8TCNT overflows from H'FF to H'00
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Bit 4—A/D Trigger Enable (ADTE) (In 8TCSRO0): In combination with TRGE in the A/D
control register (ADCR), enables or disables A/D converter start requests by compare match A or
an external trigger.

Bit 4
TRGE* ADTE Description
0 0 A/D converter start requests by compare match A or external trigger pin
(ADTRG) input are disabled (Initial value)
1 A/D converter start requests by compare match A or external trigger pin
(ADTRG) input are disabled
1 0 A/D converter start requests by external trigger pin (ADTRG) input are
enabled, and A/D converter start requests by compare match A are disabled
1 A/D converter start requests by compare match A are enabled, and A/D

converter start requests by external trigger pin (ADTRG) input are disabled

Note: * TRGE is bit 7 of the A/D control register (ADCR).

Bit 4—Reserved (In 8TCSR1): Thisbit isareserved bit, but can be read and written.

Bit 4—Input Capture Enable (ICE) (In 8TCSR1 and 8TCSR3): Selects the function of
TCORB1 and TCORB3.

Bit 4

ICE Description

0 TCORBL1 and TCORBS3 are compare match registers (Initial value)
1 TCORBL1 and TCORBS are input capture registers

When bit ICE isset to 1 in 8TCSR1 or 8TCSRS3, the operation of the TCORA and TCORB
registersin channels 0 to 3 is as shown in the tables below.
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Table10.3 Operation of Channels0 and 1 when Bit ICE is Set to 1in 8TCSR1 Register

Timer Output
Capture Input

Interrupt Request

Register
Register Function Status Flag Change
TCORAO Compare match CMFA changed from 0

operation to 1in 8TCSRO by

compare match

TMO, output
controllable

CMIAQ interrupt request
generated by compare
match

TCORBO Compare match CMFB not changed No output from CMIBO interrupt request
operation from0to 1in 8TCSRO TMO, not generated by compare
by compare match match
TCORA1 Compare match CMFA changed from0 TMIO; is CMIA1L interrupt request
operation to 1in 8TCSR1 by dedicated input generated by compare
compare match capture pin match
TCORBL1 Input capture CMFB changed from 0 TMIO; is CMIB1 interrupt request
operation to 1in 8TCSR1 by dedicated input generated by input
input capture capture pin capture

Table10.4 Operation of Channels2 and 3 when Bit ICE is Set to 1in 8T CSR3 Register

Timer Output
Capture Input

Interrupt Request

Register
Register Function Status Flag Change
TCORA2 Compare match CMFA changed from 0

operation to 1in 8TCSR2 by

compare match

TMO; output
controllable

CMIAZ interrupt request
generated by compare
match

TCORB2 Compare match

operation

CMFB not changed
fromOto 1in 8TCSR2
by compare match

No output from
TMO,

CMIB2 interrupt request
not generated by compare
match

TCORA3 Compare match

operation

CMFA changed from 0
to 1in 8TCSR3 by
compare match

CMFB changed from 0
to 1in 8TCSR3 by
input capture

TCORB3 Input capture

operation

TMIOz is
dedicated input
capture pin
TMIO; is
dedicated input
capture pin

CMIA3 interrupt request
generated by compare
match

CMIB3 interrupt request
generated by input
capture
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Bits 3 and 2—Output/Input Capture Edge Select B3 and B2 (OI S3, O1S2): In combination
with the ICE bit in 8TCSR1 (8TCSR3), these bits select the compare match B output level or the
input capture input detected edge.

The function of TCORB1 (TCORB3) depends on the setting of bit 4 of STCSR1 (8T CSR3).
ICE Bit in

8TCSR1 Bit 3 Bit 2
(BTCSR3) O0OIS3 0OIS2  Description

0 0 0 No change when compare match B occurs (Initial value)
1 0 is output when compare match B occurs
1 0 1 is output when compare match B occurs
1 Output is inverted when compare match B occurs (toggle output)
1 0 0 TCORSB input capture on rising edge
1 TCORB input capture on falling edge
1 0 TCORB input capture on both rising and falling edges
1

* When the compare match register function is used, the timer output priority order is: toggle
output > 1 output > O output.

» If compare match A and B occur simultaneously, the output changes in accordance with the
higher-priority compare match.

*  When bits OIS3, OIS2, OS1, and OS0 are all cleared to 0, timer output is disabled.

Bits 1 and 0—Output Select A1 and A0 (OSL1, OS0): These hits select the compare match A
output level.

Bit 1 Bit 0

0s1 0OS0 Description

0 0 No change when compare match A occurs (Initial value)
1 0 is output when compare match A occurs

1 0 1 is output when compare match A occurs
1 Qutput is inverted when compare match A occurs (toggle output)

»  When the compare match register function is used, the timer output priority order is: toggle
output > 1 output > 0 output.

» If compare match A and B occur simultaneously, the output changes in accordance with the
higher-priority compare match.

*  When bits OIS3, OIS2, OS1, and OS0 are all cleared to 0, timer output is disabled.
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10.3 CPU Interface

10.31 8-Bit Registers

8TCNT, TCORA, TCORB, 8TCR, and 8TCSR are 8-hit registers. These registers are connected
to the CPU by an internal 16-bit data bus and can be read and written aword at atime or a byte at
atime.

Figures 10.2 and 10.3 show the operation in word read and write accessesto 8TCNT.

Figures 10.4 to 10.7 show the operation in byte read and write accessesto STCNTO and 8TCNT L.

Internal data bus

H H
S amdi >
p 4L inltjjrface < 1 L > Module data bus
’ T ¥

| STCNTO | 8TCNT1 |

Figure10.2 8TCNT Access Operation (CPU Writesto 8TCNT, Word)

Internal data bus

H H
Bus < >
L nterface < AN L > Module data bus
NN

| 8TCNTO | 8TCNT1 |

C
=)
U

Figure 10.3 8TCNT Access Operation (CPU Reads 8TCNT, Word)

Rev. 3.00 Sep 14, 2005 page 403 of 910
REJ09B0258-0300

RENESAS



Section 10 8-Bit Timers

Internal data bus

H < H >
Bus | | Module data bus

C
P <L:> interface < L>
U

|STCNTHO|8TCNTL1]

Figure10.4 8TCNTO Access Operation (CPU Writesto STCNTO, Upper Byte)

Internal data bus

H H
c ) o (< )
p 4L inl':esrface < 1 L > Module data bus
’ AR 2

|STCNTHO|8TCNTL1|

Figure10.5 8TCNT1 Access Operation (CPU Writesto 8TCNT1, Lower Byte)

Internal data bus

H H
c () < %
E L iBnltJesrface < AN L > Module data bus
Ll 4>

| 8TCNTO | 8TCNT1 |

Figure10.6 8TCNTO Access Operation (CPU Reads STCNTO, Upper Byte)

Internal data bus

H H
cmm) | .. < D
S L irtorface < 2\ L > Module data bus

| 8TCNTO | 8TCNT1 |

Figure10.7 8TCNT1 Access Operation (CPU Reads8TCNT1, L ower Byte)
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10.4  Operation

10.4.1 8TCNT Count Timing
8TCNT isincremented by input clock pulses (either internal or external).

Internal Clock: Three different internal clock signals (¢/8, ¢/64, or ¢/8192) divided from the
system clock (¢p) can be selected, by setting bits CKS2 to CKS0 in 8TCR. Figure 10.8 shows the
count timing.

o LML LI L rirr

(«
Internal clock _| | ] |

8TCNT input clock

(
)

((
))

(( ((
8TCNT = N i X N+
)] )]

Note: Even if the same internal clock is selected for the 16-bit timer and the 8-bit timer, the same operation
will not be performed since the incrementing edge is different in each case.

Figure10.8 Count Timingfor Internal Clock Input

External Clock: Threeincrementation methods can be selected by setting bits CKS2 to CKS0 in
8TCR: on the rising edge, the falling edge, and both rising and falling edges.

The pulse width of the external clock signal must be at least 1.5 system clocks when asingle
edgeis selected, and at least 2.5 system clocks when both edges are selected. Shorter pulses will
not be counted correctly.

Figure 10.9 shows the timing for incrementation on both edges of the external clock signal.
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((
| ))

o LI LI LML L L
External clock input —| |_

8TCNT input clock

(( ((
)) ))

8TCNT N—1 X . N X . N+1
)) ))

Figure10.9 Count Timingfor External Clock Input (Both-Edge Detection)

10.4.2 Compare Match Timing

Timer Output Timing: When compare match A or B occurs, the timer output is as specified by
the OIS3, OIS2, OS1, and OSO hitsin 8TCSR (unchanged, 0 output, 1 output, or toggle output).

Figure 10.10 shows the timing when the output is set to toggle on compare match A.

o LML ML L L
Compare match A 4,—| ,—\—

Timer output |

Figure10.10 Timingof Timer Output
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Clear by Compare M atch: Depending on the setting of the CCLR1 and CCLRO bitsin 8TCR,
8TCNT can be cleared when compare match A or B occurs, Figure 10.11 shows the timing of
this operation.

Compare match signal

8TCNT N X H00

Figure10.11 Timing of Clear by Compare Match

Clear by Input Capture: Depending on the setting of the CCLR1 and CCLRO bitsin 8TCR,
8TCNT can be cleared when input capture B occurs. Figure 10.12 shows the timing of this
operation.

o | L L L L b 11

Input capture input |

Input capture signal

8TCNT N X Hoo

Figure10.12 Timing of Clear by Input Capture

10.4.3 Input Capture Signal Timing
Input capture on the rising edge, falling edge, or both edges can be selected by settingsin 8TCSR.
Figure 10.13 shows the timing when the rising edge is selected.

The pulse width of the input capture input signal must be at least 1.5 system clocks when a single
edgeis selected, and at least 2.5 system clocks when both edges are selected.
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2 I I B I O O B

Input capture input |

Input capture signal

8TCNT N

TCORB X N

Figure10.13 Timing of Input CaptureInput Signal

10.4.4  Timing of Status Flag Setting

Timing of CMFA/CMFB Flag Setting when Compare Match Occurs: The CMFA and CMFB
flagsin 8TCSR are set to 1 by the compare match signa output when the TCORA or TCORB and
8TCNT values match. The compare match signal is generated in the last state of the match (when
the matched 8TCNT count valueis updated). Therefore, after the STCNT and TCORA or
TCORB values match, the compare match signal is not generated until an incrementing clock
pulse signa is generated. Figure 10.14 showsthe timing in this case.

L I O B

8TCNT N X N+1

TCOR N

Compare match signal

\

CMF |

Figure10.14 CMF Flag Setting Timing when Compare Match Occurs
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Timing of CMFB Flag Setting when Input Capture Occurs: On generation of an input capture
signal, the CMFB flag is set to 1 and at the same time the STCNT value is transferred to TCORB.
Figure 10.15 shows the timing in this case.

2 [ S I B B

8TCNT N

TCORB

Input capture signal

CMFB |

Figure10.15 CMFB Flag Setting Timing when I nput Capture Occurs

Timing of Overflow Flag (OVF) Setting: The OVFflagin 8TCSR is set to 1 by the overflow
signal generated when 8TCNT overflows (from H'FF to H'00). Figure 10.16 shows thetiming in
this case.

8TCNT HFE X H00

Overflow signal

OVF

Figure10.16 Timing of OVF Setting

10.45 Operation with Cascaded Connection

If bits CKS2 to CK S0 are set to (100) in either 8TCRO or 8TCR1, the 8-bit timers of channels 0
and 1 are cascaded. With this configuration, the two timers can be used as a single 16-bit timer
(16-bit timer mode), or channel 0 8-bit timer compare matches can be counted in channel 1
(compare match count mode). Similarly, if bits CKS2 to CKS0 are set to (100) in either 8TCR2
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or 8TCR3, the 8-bit timers of channels 2 and 3 are cascaded. With this configuration, the two
timers can be used as a single 16-bit timer (16-bit timer mode),or channel 2 8-bit timer compare
matches can be counted in channel 3 (compare match count mode). In this case, the timer
operates as below.

16-Bit Count M ode

Channels 0 and 1:

When bits CKS2 to CKS0 are set to (100) in 8TCRO, the timer functions as a single 16-bit
timer with channel 0 occupying the upper 8 bits and channel 1 occupying the lower 8 hits.

d

Setting when Compare Match Occurs

* The CMFA or CMFB flag is set to 1 in 8TCSR0 when a 16-bit compare match occurs.

* The CMFA or CMFB flag isset to 1 in 8TCSR1 when a lower 8-bit compare match
occurs.

» TMOQ, pin output control by bits OIS3, Ol S2, OS1, and OS0 in 8TCSRO is in accordance
with the 16-hit compare match conditions.

» TMIO; pin output control by bits OIS3, OIS2, OSL1, and OS0 in 8TCSR1isin
accordance with the lower 8-bit compare match conditions.

Setting when Input Capture Occurs

» The CMFB flagis set to 1 in 8TCSRO and 8TCSR1 when the ICE bit is1in TCSR1 and
input capture occurs.

» TMIO, pininput capture input signal edge detection is selected by bits OIS3 and OIS2 in
8TCSRO.

Counter Clear Specification

« If counter clear on compare match or input capture has been selected by the CCLR1 and
CCLRO bitsin 8TCRO, the 16-bit counter (both STCNTO and 8TCNT1) is cleared.

* The settings of the CCLR1 and CCLRO bitsin 8TCR1 areignored. The lower 8 bits
cannot be cleared independently.

OVF Fag Operation

» The OVF flagis set to 1 in 8TCSRO when the 16-bit counter (8TCNTO and 8TCNT1)
overflows (from H'FFFF to H'0000).

» The OVFflagis set to 1 in 8TCSR1 when the 8-bit counter (8TCNT1) overflows (from
H'FF to H'00).
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Channels 2 and 3:

When bits CKS2 to CKS0 are set to (100) in 8TCR2, the timer functions as a single 16-bit
timer with channel 2 occupying the upper 8 bits and channel 3 occupying the lower 8 bits.

O

Setting when Compare Match Occurs

* The CMFA or CMFB flagis set to 1 in 8TCSR2 when a 16-bit compare match occurs.

* The CMFA or CMFB flagis set to 1 in 8TCSR3 when alower 8-bit compare match
occurs.

* TMO; pin output control by bits Ol S3, OIS2, OS1, and OS0 in 8TCSR2 isin accordance
with the 16-bit compare match conditions.

* TMIO; pin output control by bits OIS3, OIS2, OS1, and OS0 in 8TCSR3isin
accordance with the lower 8-bit compare match conditions.

Setting when Input Capture Occurs
* The CMFB flagisset to 1in 8TCSR2 and 8TCSR3 when the ICE bitis1in TCSR3 and
input capture occurs.

« TMIOs pin input capture input signal edge detection is selected by bits OIS3 and OIS2 in
8TCSR2.

Counter Clear Specification

* If counter clear on compare match has been selected by the CCLR1 and CCLRO bitsin
8TCR2, the 16-bit counter (both 8TCNT2 and 8TCNT?3) is cleared.

* The settings of the CCLR1 and CCLRO bitsin 8TCR3 areignored. The lower 8 bits
cannot be cleared independently.

OVF FHag Operation

* The OVFflagis set to 1 in 8TCSR2 when the 16-bit counter (STCNT2 and 8TCNT3)
overflows (from H'FFFF to H'0000).

* The OVFflagisset to 1 in 8TCSR3 when the 8-bit counter (8TCNT 3) overflows (from
H'FF to H'00).

CompareMatch Count Mode

Channels 0 and 1:

When bits CKS2 to CKS0 are set to (100) in 8TCR1, 8TCNT1 counts channel 0 compare
match A events.

CMF flag setting, interrupt generation, TMO pin output, counter clearing, and so on, isin
accordance with the settings for each channel.
Note:  When bit ICE = 1 in 8TCSR1, the compare match register function of TCORBO in

channgl 0 cannot be used.
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e Channels2 and 3:

When bits CKS2 to CK S0 are set to (100) in 8TCR3, 8TCNT 3 counts channel 2 compare
match A events.

CMF flag setting, interrupt generation, TMO pin output, counter clearing, and so on, isin
accordance with the settings for each channel.

Note:  When bit ICE = 1 in 8TCSR3, the compare match register function of TCORB2 in
channel 2 cannot be used.

Caution

Do not set 16-bit counter mode and compare match count mode simultaneously within the same
group, asthe 8TCNT input clock will not be generated and the counters will not operate.

10.4.6 Input Capture Setting

The 8TCNT value can be transferred to TCORB on detection of an input edge on the input
capture/output compare pin (TMI10O, or TMIQs). Rising edge, falling edge, or both edge detection
can be selected. In 16-bit count mode, 16-bit input capture can be used.

Setting Input Capture Operation in 8-Bit Timer Mode (Normal Operation)

e Channdl 1
0 Set TCORBL1 as an 8-bit input capture register with the ICE bit in 8TCSRL.
O Select rising edge, falling edge, or both edges as the input edge(s) for the input capture
signal (TMI10O,) with bits OIS3 and OIS2 in 8TCSR1.
0 Select the input clock with bits CKS2 to CKS0 in 8TCR1, and start the STCNT count.
* Channel 3:
0 Set TCORB3 as an 8-bit input capture register with the ICE bit in 8TCSR3.
O Select rising edge, falling edge, or both edges as the input edge(s) for the input capture
signal (TMI1O3) with bits OIS3 and OIS2 in 8TCSR3.
0 Select the input clock with bits CKS2 to CKS0 in 8TCR3, and start the STCNT count.

Note: When TCORB1 in channel 1 isused for input capture, TCORBO in channel 0 cannot be
used as a compare match register.
Similarly, when TCORB3 in channel 3is used for input capture, TCORB2 in channel 2
cannot be used as a compare match register.
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Setting Input Capture Operation in 16-Bit Count M ode

Channels 0 and 1:

O

O

O

In 16-bit count mode, TCORBO0 and TCORB. function as a 16-bit input capture register
when the ICE bit isset to 1 in 8TCSR1.

Select rising edge, falling edge, or both edges as the input edge(s) for the input capture
signal (TMI0Oy) with bits OIS3 and OIS2 in 8TCSRO. (In 16-bit count mode, the settings
of bits OIS3 and OIS2 in 8TCSR1 are ignored.)

Select the input clock with bits CKS2 to CKS0 in 8TCR1, and start the STCNT count.

Channels 2 and 3:

O

O

In 16-bit count mode, TCORB2 and TCORB3 function as a 16-bit input capture register
when the ICE bit isset to 1 in 8TCSRS.

Select rising edge, falling edge, or both edges as the input edge(s) for the input capture
signal (TM10O3) with bits OIS3 and OIS2 in 8TCSR2. (In 16-bit count mode, the settings
of bits OIS3 and OIS2 in 8TCSR3 are ignored.)

Select the input clock with bits CKS2 to CKS0 in 8TCR3, and start the STCNT count.
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10.5 Interrupt

10.5.1 Interrupt Sources

The 8-bit timer unit can generate three types of interrupt: compare match A and B (CMIA and
CMIB) and overflow (TOVI). Table 10.5 shows the interrupt sources and their priority order.
Each interrupt sourceis enabled or disabled by the corresponding interrupt enable bit in STCR. A
separate interrupt request signal is sent to the interrupt controller by each interrupt source.

Table10.5 Typesof 8-Bit Timer Interrupt Sourcesand Priority Order

Interrupt Source Description Priority
CMIA Interrupt by CMFA High
CMIB Interrupt by CMFB ¢
TOVI Interrupt by OVF Low

For compare match interrupts CMIAL/CMIB1 and CMIA3/CMIB3 and the overflow interrupts
(TOVIO/TOVI1 and TOVI2/ITOVI3), one vector is shared by two interrupts.

Table 10.6 lists the interrupt sources.

Table10.6 8-Bit Timer Interrupt Sources

Channel Interrupt Source  Description

0 CMIAO TCORAO compare match
CMIBO TCORBO compare match/input capture
1 CMIA1/CMIB1 TCORA1 compare match, or TCORB1 compare match/input
capture
0,1 TOVIO/TOVIL Counter 0 or counter 1 overflow
CMIA2 TCORAZ2 compare match
CMIB2 TCORB2 compare match/input capture
3 CMIA3/CMIB3 TCORA3 compare match, or TCORB3 compare match/input
capture
2,3 TOVI2/TOVI3 Counter 2 or counter 3 overflow
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10.5.2 A/D Converter Activation
The A/D converter can only be activated by channel 0 compare match A.

If the ADTE bit setting is 1 when the CMFA flag in 8TCSRO is set to 1 by generation of channel
0 compare match A, an A/D conversion start request will be issued to the A/D converter. If the
TRGE hit in ADCR s 1 at thistime, the A/D converter will be started. If the ADTE bit in
8TCSROis 1, A/D converter external trigger pin (ADTRG) input is disabled.

10.6  8-Bit Timer Application Example

Figure 10.17 shows how the 8-bit timer module can be used to output pulses with any desired
duty cycle. The settings for this example are as follows:

¢ Clear the CCLR1 bit to 0 and set the CCLRO hit to 1in 8TCR so that STCNT iscleared by a
TCORA compare match.

e Set bits OIS3, OIS2, OS1, and OS0 to (0110) in 8TCSR so that 1 is output on a TCORA
compare match and 0 is output on a TCORB compare match.

The above settings enable a waveform with the cycle determined by TCORA and the pulse width
detected by TCORB to be output without software intervention.

Figure 10.17 Example of Pulse Output
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10.7 Usage Notes

Note that the following kinds of contention can occur in 8-hit timer operation.

10.7.1 Contention between 8TCNT Writeand Clear

If atimer counter clear signal occursin the T; state of a8TCNT write cycle, clearing of the
counter takes priority and the write is not performed. Figure 10.18 shows the timing in this case.

8TCNT write cycle
T1 T2 T3

Address bus >< 8TCNT address ><

Internal write signal |

Counter clear signal

8TCNT N >< H'00

Figure 10.18 Contention between 8TCNT Writeand Clear
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10.7.2 Contention between STCNT Write and I ncrement

If an increment pulse occursin the T state of a8TCNT write cycle, writing takes priority and
8TCNT is not incremented. Figure 10.19 shows the timing in this case.

8TCNT write cycle

Address bus 8 TCNT address ><

>

Internal write signal | |

8TCNT input clock

8TCNT N >< - M

8TCNT write data

Figure10.19 Contention between 8TCNT Write and Increment
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10.7.3  Contention between TCOR Write and Compare Match

If a compare match occursin the T state of a TCOR write cycle, writing takes priority and the
compare match signal isinhibited. Figure 10.20 shows the timing in this case.

TCOR write cycle
T1 T2 T3

o | L) 4 LI L

Address bus >< TCOR address ><

Internal write signal |

8TCNT N >< N+1

TCOR N >< P M

TCOR write data

- |nhibited
Compare match signal !

Figure10.20 Contention between TCOR Write and Compare M atch
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10.7.4  Contention between TCOR Read and Input Capture

If aninput capture signal occursin the T3 state of a TCOR read cycle, the value before input
captureisread. Figure 10.21 shows thetiming in this case.

TCORB read cycle
T1 T2 T3

Address bus >< TCORB address ><

Internal read signal |
Input capture signal

TCORB N >< M

Internal data bus < N >—

Figure 10.21 Contention between TCOR Read and Input Capture
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10.7.5 Contention between Counter Clearing by Input Capture and Counter I ncrement

If an input capture signal and counter increment signal occur simultaneously, counter clearing by
the input capture signal takes priority and the counter is not incremented. The value before the
counter is cleared istransferred to TCORB. Figure 10.22 shows the timing in this case.

T1 T2 T3

Input capture signal _
Counter clear signal
8TCNT internal clock

8TCNT N >< H'00

TCORB X >< N

Figure10.22 Contention between Counter Clearing by I nput Capture and Counter
Increment
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10.7.6  Contention between TCOR Write and Input Capture

If an input capture signal occursin the T3 state of a TCOR write cycle, input capture takes
priority and the write to TCOR is not performed. Figure 10.23 shows the timing in this case.

TCOR write cycle
T1 T2 T3

Address bus >< TCOR address ><

Internal write signal |
Input capture signal

8TCNT M

TCOR X >< M

Figure 10.23 Contention between TCOR Write and Input Capture
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10.7.7  Contention between 8TCNT Byte Write and Increment in 16-Bit Count M ode
(Cascaded Connection)

If an increment pulse occursin the T; state of an 8TCNT byte write cycle in 16-bit count mode,
the counter write takes priority and the byte data for which the write was performed is not
incremented. The byte data for which awrite was not performed is incremented. Figure 10.24
shows the timing when an increment pulse occursin the T, state of a byte write to STCNT (upper
byte). If an increment pulse occursin the T state, on the other hand, the increment takes priority.

8TCNT (upper byte) byte write cycle
T1 T2 T3

Address bus >< 8TCNTH address ><

Internal write signal | |

8TCNT input clock

8TCNT (upper byte) N >< N+1 ><8TCNT write data

8TCNT (lower byte) X >< X+1

Figure 10.24 Contention between 8TCNT Byte Write and Increment in 16-Bit Count Mode
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10.7.8  Contention between Compare Matches A and B

If compare matches A and B occur at the same time, the 8-hit timer operates according to the
relative priority of the output states set for compare match A and compare match B, as shown in
Table 10.7.

Table10.7 Timer Output Priority Order

Output Setting Priority
Toggle output High

1 output

0 output

No change Low

10.79 8TCNT Operation and Internal Clock Source Switchover

Switching internal clock sources may cause 8TCNT to increment, depending on the switchover
timing. Table 10.8 shows the relation between the time of the switchover (by writing to bits
CKS1 and CKS0) and the operation of 8TCNT.

The 8TCNT input clock is generated from the internal clock source by detecting the rising edge of
theinternal clock. If aswitchover is made from alow clock source to a high clock source, asin
case No. 3in Table 10.8, the switchover will be regarded as afalling edge, a8TCNT clock pulse
will be generated, and 8TCNT will be incremented.

8TCNT may aso be incremented when switching between internal and external clocks.
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Table10.8 Internal Clock Switchover and 8TCNT Operation

CKS1 and CKSO Write
No. Timing 8TCNT Operation

1 High - high switchover**

ooce L[ LT 1]

New clock
source

8TCNT clock

8TCNT N X

N+1 X

CKS bits rewritten

2 High — low switchover*? old clock

source —l | | |

New clock
source

8TCNT clock

8TCNT N X N1 X

Nv2 X

CKS bits rewritten

3 Low — high switchover*®

Old clock I_l
sour(étgC —l

New clock
source

NS

8TCNT clock

8TCNT N X~ X N+2 X

CKS bits rewritten
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CKS1 and CKSO Write

No. Timing 8TCNT Operation
. 4

4 Low - low switchover* old clock
source —|_,_| | | . |
New clock ‘
source i
8TCNT clock i
8TCNT N X N1 X N2 X

CKS bits rewritten

Notes: 1. Including switchovers from the high level to the halted state, and from the halted state
to the high level.

2. Including switchover from the halted state to the low level.
Including switchover from the low level to the halted state.
4. The switchover is regarded as a rising edge, causing 8TCNT to increment.

w
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Section 11 Programmable Timing Pattern Controller (TPC)

11.1 Overview

The H8/3068F has a built-in programmable timing pattern controller (TPC) that provides pulse
outputs by using the 16-bit timer as a time base. The TPC pulse outputs are divided into 4-bit
groups (group 3 to group 0) that can operate simultaneously and independently.

11.1.1 Features
TPC features are listed below.

e 16-bit output data
Maximum 16-bit data can be output. TPC output can be enabled on a bit-by-bit basis.
 Four output groups

Output trigger signals can be selected in 4-bit groups to provide up to four different 4-bit
outputs.

» Selectable output trigger signals
Output trigger signals can be selected for each group from the compare match signals of three
16-bit timer channels.

* Non-overlap mode
A non-overlap margin can be provided between pulse outputs.

» Can operate together with the DMA controller (DMAC)

The compare-match signals selected as trigger signals can activate the DMAC for sequentia
output of data without CPU intervention.
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11.1.2 Block Diagram

Figure 11.1 shows a block diagram of the TPC.

16-bit timer compare match signals

Ll

PADDR PBDDR
Control logic NDERA NDERB
TPMR TPCR
TP 15 =+ Internal
TP 14 =—| Pulseoutput | —— S B data bus

TP 13 -«— pins, group 3 | >—— — —
TP 22— 0 s~ L o
P ) PBDR NDRB
TP 10 <+— Pulseoutput | —— — —
TP g -— pins, group 2 | >—— —— —
TP g ~*—
TP 7 =]
TP ¢ =<— Pulseoutput | —— — —
TP 5 —=—1 pins, group 1 |>—— — —
TP 4
TP 3
2
1

i PADR | - NDRA ----
TP , =+ Pulseoutput | —— — —
TP , = pins,group 0 [>——— — —
TP o =1

Legend

TPMR: TPC output mode register
TPCR: TPC output control register
NDERB: Next data enable register B
NDERA: Next data enable register A
PBDDR: Port B data direction register
PADDR: Port A data direction register
NDRB: Next data register B

NDRA: Next data register A

PBDR: Port B data register

PADR: Port A data register

Figure11.1 TPC Block Diagram
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11.1.3 TPC Pins
Table 11.1 summarizes the TPC output pins.

Table11.1 TPC Pins

Name Symbol 11O Function

TPC output 0 TP Output Group 0 pulse output
TPC output 1 TP, Output

TPC output 2 TP, Output

TPC output 3 TP3 Output

TPC output 4 TP, Output Group 1 pulse output
TPC output 5 TPs Output

TPC output 6 TPg Output

TPC output 7 TP, Output

TPC output 8 TPg Output Group 2 pulse output
TPC output 9 TPy Output

TPC output 10 TP1o Output

TPC output 11 TP11 Output

TPC output 12 TP, Output Group 3 pulse output
TPC output 13 TPy3 Output

TPC output 14 TP14 Output

TPC output 15 TPys Output
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11.14 Registers
Table 11.2 summarizes the TPC registers.

Table11.2 TPC Registers

Address** Name Abbreviation ~ R/W Function
H'EEO09 Port A data direction register PADDR W H'00
H'FFFD9 Port A data register PADR R/(W)*2 H'00
H'EEOOA Port B data direction register PBDDR W H'00
H'FFFDA Port B data register PBDR FQ/(W)*2 H'00
H'FFFAO TPC output mode register TPMR R/W H'FO
H'FFFAl TPC output control register TPCR R/W H'FF
H'FFFA2 Next data enable register B NDERB R/W H'00
H'FFFA3 Next data enable register A NDERA R/W H'00
H'FFFAS5/ Next data register A NDRA R/W H'00
H'FFFA7*°

H'FFFA4/ Next data register B NDRB R/W H'00
HFFFAG*°

Notes: 1. Lower 20 bits of the address in advanced mode.
2. Bits used for TPC output cannot be written.

3. The NDRA address is H'FFFA5 when the same output trigger is selected for TPC
output groups 0 and 1 by settings in TPCR. When the output triggers are different, the
NDRA address is H'FFFA7 for group 0 and H'FFFAS for group 1. Similarly, the address
of NDRB is H'FFFA4 when the same output trigger is selected for TPC output groups 2
and 3 by settings in TPCR. When the output triggers are different, the NDRB address
is H'FFFAG for group 2 and H'FFFA4 for group 3.
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11.2 Register Descriptions

11.2.1 Port A Data Direction Register (PADDR)

PADDR is an 8-bit write-only register that selectsinput or output for each pinin port A.

Bit 7 6 5 4 3 2 1 0

‘ PA; DDR‘ PAg DDR‘ PAsg DDR‘ PA4DDR‘ PA3DDR ‘ PA,DDR ‘ PA, DDR‘ PAoDDR
Initial value 0 0 0 0 0 0 0 0
Read/Write w W W W W W W W

Port A data direction 7to O

These bits select input or
output for port A pins

Port A is multiplexed with pins TP; to TP,. Bits corresponding to pins used for TPC output must
be set to 1. For further information about PADDR, see section 8.11, Port A.

11.2.2 Port A Data Register (PADR)

PADR is an 8-hit readable/writable register that stores TPC output data for groups 0 and 1, when
these TPC output groups are used.

Bit 7 6 5 4 3 2 1 0
‘ PA- ‘ PAg ‘ PAs5 ‘ PA,4 ‘ PA3 ‘ PA, ‘ PA; ‘ PAg
Initial value 0 0 0 0 0 0 0 0

Read/Write R/((W)*  R/(W)* R/(W)* R/(W)* R/(W)* R/(W)* R/(W)* R/(W)*
Port Adata7to 0

These bits store output data
for TPC output groups 0 and 1

Note: * Bits selected for TPC output by NDERA settings become read-only bits.

For further information about PADR, see section 8.11, Port A.
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11.2.3 Port B Data Direction Register (PBDDR)

PBDDR is an 8-bit write-only register that selects input or output for each pin in port B.

Bit 7 6 5 4 3 2 1 0
‘PB7DDR‘ PBGDDR‘ PB5DDR‘ PB4DDR‘P83DDR ‘ PB,DDR ‘ PBlDDR‘ PBODDR‘

Initial value 0 0 0 0 0 0 0 0

Read/Write W w W W W W W W

Port B direction 7to O

These bits select input or
output for port B pins

Port B is multiplexed with pins TPys to TPs. Bits corresponding to pins used for TPC output must
be set to 1. For further information about PBDDR, see section 8.12, Port B.

11.2.4 Port B Data Register (PBDR)

PBDR is an 8-bit readable/writable register that stores TPC output data for groups 2 and 3, when
these TPC output groups are used.

Bit 7 6 5 4 3 2 1 0
‘ PB; ‘ PBg ‘ PBs ‘ PBy4 ‘ PB3 ‘ PB, ‘ PB; ‘ PBg
Initial value 0 0 0 0 0 0 0 0

Read/Write  RI(W)*  R/IW)* RIW)* RIW)* RIW)* RI(W)* RIW)* RIW)*

Port B data7to 0
These bits store output data
for TPC output groups 2 and 3

Note: * Bits selected for TPC output by NDERB settings become read-only bits.

For further information about PBDR, see section 8.12, Port B.
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11.25 Next Data Register A (NDRA)

NDRA is an 8-bit readable/writable register that stores the next output data for TPC output
groups 1 and O (pins TP, to TPy). During TPC output, when an 16-bit timer compare match event
specified in TPCR occurs, NDRA contents are transferred to the corresponding bitsin PADR.
The address of NDRA differs depending on whether TPC output groups 0 and 1 have the same
output trigger or different output triggers.

NDRA isinitialized to H'00 by areset and in hardware standby mode. It isnot initialized in
software standby mode.

Same Trigger for TPC Output Groups 0 and 1: If TPC output groups 0 and 1 are triggered by
the same compare match event, the NDRA addressis H'FFFAS. The upper 4 bits belong to group
1 and the lower 4 bitsto group 0. Address H'FFFA7 consists entirely of reserved bits that cannot
be modified and always read 1.

Address H'FFFAS
Bit 7 6 5 4 3 2 1 0
‘ NDR7 ‘ NDR6 ‘ NDR5 ‘ NDR4 ‘ NDR3 ‘ NDR2 ‘ NDR1 ‘ NDRO
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
Next data 7 to 4 Next data 3to 0
These bits store the next output These bits store the next output
data for TPC output group 1 data for TPC output group O
Address H'FFFA7
Bit 7 6 5 4 3 2 1 0
Initial value 1 1 1 1 1 1 1 1
Read/Write — — — — — — — —

Reserved bits
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Different Triggersfor TPC Output Groups0and 1. If TPC output groups 0 and 1 are
triggered by different compare match events, the address of the upper 4 bits of NDRA (group 1)
is H'FFFAS and the address of the lower 4 bits (group 0) is H'FFFA7. Bits 3 to 0 of address
H'FFFAS and bits 7 to 4 of address H'FFFA7 are reserved bits that cannot be modified and always
read 1.

Address H'FFFAS
Bit 7 6 5 4 3 2 1 0
‘ NDR7 ‘ NDR6 ‘ NDR5 ‘ NDR4 ‘ — ‘ — ‘ — ‘ —
Initial value 0 0 0 0 1 1 1 1
Read/Write R/W R/W R/W R/W — — — —
Next data 7 to 4 Reserved bits
These bits store the next output
data for TPC output group 1
Address H'FFFA7
Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ — ‘ — ‘ NDR3 ‘ NDR2 ‘ NDR1 ‘ NDRO
Initial value 1 1 1 1 0 0 0 0
Read/Write — — — — R/W R/W R/W R/W
Reserved bits Next data3to 0

These bits store the next output
data for TPC output group O
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11.2.6  Next Data Register B (NDRB)

NDRB is an 8-bit readable/writable register that stores the next output data for TPC output
groups 3 and 2 (pins TP5 to TPg). During TPC output, when an 16-bit timer compare match event
specified in TPCR occurs, NDRB contents are transferred to the corresponding bitsin PBDR.
The address of NDRB differs depending on whether TPC output groups 2 and 3 have the same
output trigger or different output triggers.

NDRB isinitialized to H'00 by areset and in hardware standby mode. It is not initialized in
software standby mode.

Same Trigger for TPC Output Groups 2 and 3: If TPC output groups 2 and 3 are triggered by
the same compare match event, the NDRB address is H'FFFA4. The upper 4 bits belong to group
3 and the lower 4 bitsto group 2. Address H'FFFABG consists entirely of reserved bits that cannot
be modified and always read 1.

Address H'FFFA4
Bit 7 6 5 4 3 2 1 0
‘ NDR15 ‘ NDR14‘ NDR13 ‘ NDR12 ‘ NDR11 ‘ NDR10 ‘ NDR9 ‘ NDR8
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
Next data 15 to 12 Next data 11 to 8
These bits store the next output These bits store the next output
data for TPC output group 3 data for TPC output group 2
Address H'FFFA6
Bit 7 6 5 4 3 2 1 0
Initial value 1 1 1 1 1 1 1 1
Read/Write — — — — — — — —

Reserved bits
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Different Triggersfor TPC Output Groups 2 and 3: If TPC output groups 2 and 3 are
triggered by different compare match events, the address of the upper 4 bits of NDRB (group 3) is
H'FFFA4 and the address of the lower 4 bits (group 2) is H'FFFABG. Bits 3 to 0 of address
H'FFFA4 and bits 7 to 4 of address H'FFFAG are reserved bits that cannot be modified and always
read 1.

Address H'FFFA4
Bit 7 6 5 4 3 2 1 0
‘ NDR15 ‘ NDR14‘ NDR13 ‘ NDR12 ‘ — ‘ — ‘ — ‘ —
Initial value 0 0 0 0 1 1 1 1
Read/Write R/W R/W R/W R/W — — — —
Next data 15 to 12 Reserved bits
These bits store the next output
data for TPC output group 3
Address H'FFFA6
Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ — ‘ — ‘ NDR11 ‘ NDR10 ‘ NDR9 ‘ NDR8
Initial value 1 1 1 1 0 0 0 0
Read/Write — — — — R/W R/W R/W R/W
Reserved bits Next data 11 to 8

These bits store the next output
data for TPC output group 2
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11.2.7 Next Data Enable Register A (NDERA)

NDERA is an 8-hit readable/writable register that enables or disables TPC output groups 1 and 0
(TP; to TPy) on abit-by-bit basis.

Bit 7 6 5 4 3 2 1 0
‘NDER7 ‘ NDERG‘ NDER5 ‘ NDER4‘ NDER3 ‘ NDER2 ‘ NDER1 ‘ NDERO

Initial value 0 0 0 0 0 0 0 0

Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Next data enable 7to O
These bits enable or disable
TPC output groups 1 and 0

If abit isenabled for TPC output by NDERA, then when the 16-bit timer compare match event
selected in the TPC output control register (TPCR) occurs, the NDRA value is automatically
transferred to the corresponding PADR bit, updating the output value. If TPC output is disabled,
the bit value is not transferred from NDRA to PADR and the output value does not change.

NDERA isinitialized to H'00 by areset and in hardware standby mode. It is not initialized in
software standby mode.

Bits 7 to 0—Next Data Enable 7 to 0 (NDER7 to NDERO): These bits enable or disable TPC
output groups 1 and O (TP; to TPy) on a bit-by-bit basis.

Bits 7to O

NDER7 to NDERO Description

0 TPC outputs TP; to TP, are disabled (Initial value)
(NDR7 to NDRO are not transferred to PA; to PAy)

1 TPC outputs TP to TP, are enabled

(NDR7 to NDRO are transferred to PA; to PA)
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11.2.8 Next Data Enable Register B (NDERB)

NDERSB is an 8-bit readable/writable register that enables or disables TPC output groups 3 and 2
(TPy5 to TPg) on abit-by-bit basis.

Bit 7 6 5 4 3 2 1 0
‘NDERls ‘ NDER14‘ NDER13‘ NDERlZ‘NDERll‘NDERlO‘ NDER9 ‘ NDERS

Initial value 0 0 0 0 0 0 0 0

Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Next data enable 15 to 8

These bits enable or disable
TPC output groups 3 and 2

If abit isenabled for TPC output by NDERB, then when the 16-bit timer compare match event
selected in the TPC output control register (TPCR) occurs, the NDRB value is automatically
transferred to the corresponding PBDR bit, updating the output value. If TPC output is disabled,
the bit value is not transferred from NDRB to PBDR and the output value does not change.

NDERSB isinitialized to H'00 by areset and in hardware standby mode. It isnot initialized in
software standby mode.

Bits 7 to 0—Next Data Enable 15 to 8 (NDER15 to NDERS): These bits enable or disable TPC
output groups 3 and 2 (TPys to TPg) on a bit-by-bit basis.

Bits 7to 0

NDER15 to NDERS8 Description

0 TPC outputs TP,5 to TPg are disabled (Initial value)
(NDR15 to NDR8 are not transferred to PB; to PBy)

1 TPC outputs TP;5 to TPg are enabled

(NDR15 to NDRS8 are transferred to PB; to PBy)
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11.2.9 TPC Output Control Register (TPCR)

TPCR is an 8-bit readable/writable register that selects output trigger signals for TPC outputs on a
group-by-group basis.

Bit 7 6 5 4 3 2 1 0
‘G3CM81‘ G3CMSO‘ GZCMSl‘ GZCMSO‘GlCMSl‘GlCMSO ‘ GOCMSl‘GOCMSO‘
Initial value 1 1 1 1 1 1 1 1

Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Group 3 compare

match select 1 and 0

These bits select

the compare match

event that triggers ~~ Group 2 compare

TPC output group 3 ~ Match select 1 and 0
(TP15to TP1p) These bits select

the compare match
event that triggers ~ Group 1 compare

TPC output group 2 match select 1 and 0
(TP4q to TPg) These bits select

the compare match
event that triggers Group 0 compare

TPC output group 1~ Match select 1 and 0
(TP, to TPy) These bits select

the compare match
event that triggers
TPC output group O
(TP3 to Tpo)

TPCRisinitialized to H'FF by areset and in hardware standby mode. It isnot initialized in
software standby mode.
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Bits 7 and 6—Group 3 Compare Match Select 1 and 0 (G3CM S1, G3CM S0): These bits
select the compare match event that triggers TPC output group 3 (TPysto TPy,).

Bit 7 Bit 6
G3CMS1 G3CMSO Description
0 0 TPC output group 3 (TP5 to TPy,) is triggered by compare match in 16-
bit timer channel 0
1 TPC output group 3 (TP5 to TPy,) is triggered by compare match in 16-
bit timer channel 1
1 0 TPC output group 3 (TPy5 to TPy,) is triggered by compare match in 16-
bit timer channel 2
1 TPC output group 3 (TP5to TPy,) is triggered by (Initial value)

compare match in 16-bit timer channel 2

Bits5 and 4—Group 2 Compare Match Select 1 and 0 (G2CM S1, G2CM S0): These bits
select the compare match event that triggers TPC output group 2 (TPy; to TPg).

Bit 5 Bit 4
G2CMS1 G2CMSO Description
0 0 TPC output group 2 (TPy; to TPg) is triggered by compare match in 16-bit
timer channel 0
1 TPC output group 2 (TP, to TPg) is triggered by compare match in 16-bit
timer channel 1
1 0 TPC output group 2 (TPy; to TPg) is triggered by compare match in 16-bit
timer channel 2
1 TPC output group 2 (TPy; to TPg) is triggered by (Initial value)

compare match in 16-bit timer channel 2
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Bits 3 and 2—Group 1 Compare Match Select 1 and 0 (G1CM S1, G1CM S0): These hits
select the compare match event that triggers TPC output group 1 (TP to TPy).

Bit 3 Bit 2
G1CMS1 GI1CMSO Description
0 0 TPC output group 1 (TP to TP,) is triggered by compare match in 16-bit
timer channel 0
1 TPC output group 1 (TP to TP,) is triggered by compare match in 16-bit
timer channel 1
1 0 TPC output group 1 (TP to TP,) is triggered by compare match in 16-bit
timer channel 2
1 TPC output group 1 (TP to TP,) is triggered by (Initial value)

compare match in 16-bit timer channel 2

Bits 1 and 0—Group 0 Compare Match Select 1 and 0 (GOCM S1, GOCM S0): These bits
select the compare match event that triggers TPC output group 0 (TP; to TP).

Bit 1 Bit 0
GOCMS1 GOCMSO Description
0 0 TPC output group 0 (TP3 to TPy) is triggered by compare match in 16-bit
timer channel 0
1 TPC output group 0 (TP3 to TPy) is triggered by compare match in 16-bit
timer channel 1
1 0 TPC output group 0 (TP3 to TPy) is triggered by compare match in 16-bit
timer channel 2
1 TPC output group 0 (TP3 to TPy) is triggered by (Initial value)

compare match in 16-bit timer channel 2
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11.2.10 TPC Output Mode Register (TPMR)

TPMR is an 8-bit readable/writable register that selects normal or non-overlapping TPC output
for each group.

Bit 7 6 5 4 3 2 1 0

‘ — ‘ — ‘ — ‘ — ‘ G3NOV ‘ G2NoV ‘ G1NOV ‘ GONOV
Initial value 1 1 1 1 0 0 0 0
Read/Write — — — — R/W R/W R/W R/W

Reserved bits

Group 3 non-overlap
Selects non-overlapping TPC
output for group 3 (TP;5 to TP;5)

Group 2 non-overlap
Selects non-overlapping TPC
output for group 2 (TP;4 to TPg)

Group 1 non-overlap
Selects non-overlapping TPC
output for group 1 (TP, to TP,)

Group 0 non-overlap
Selects non-overlapping TPC
output for group 0 (TP; to TR;)

The output trigger period of a non-overlapping TPC output waveform is set in general register B
(GRB) in the 16-bit timer channel selected for output triggering. The non-overlap marginisset in
general register A (GRA). The output values change at compare match A and B. For details see
section 11.3.4, Non-Overlapping TPC Output.

TPMRisinitialized to H'FO by areset and in hardware standby mode. It is not initialized in
software standby mode.

Bits 7 to 4—Reserved: These bits cannot be modified and are always read as 1.
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Bit 3—Group 3 Non-Overlap (G3NOV): Selects normal or non-overlapping TPC output for
group 3 (TPysto TPyy).

Bit 3

G3NOV Description

0 Normal TPC output in group 3 (output values change at (Initial value)
compare match A in the selected 16-bit timer channel)

1 Non-overlapping TPC output in group 3 (independent 1 and 0 output at

compare match A and B in the selected 16-bit timer channel)

Bit 2—Group 2 Non-Overlap (G2NOV): Selects normal or non-overlapping TPC output for
group 2 (TPyy to TPg).

Bit 2

G2NOV Description

0 Normal TPC output in group 2 (output values change at (Initial value)
compare match A in the selected 16-bit timer channel)

1 Non-overlapping TPC output in group 2 (independent 1 and 0 output at

compare match A and B in the selected 16-bit timer channel)

Bit 1—Group 1 Non-Overlap (GINOV): Selects normal or non-overlapping TPC output for
group 1 (TP;to TPy).

Bit 1

G1NOV Description

0 Normal TPC output in group 1 (output values change at (Initial value)
compare match A in the selected 16-bit timer channel)

1 Non-overlapping TPC output in group 1 (independent 1 and 0 output at

compare match A and B in the selected 16-bit timer channel)

Bit 0—Group 0 Non-Overlap (GONOV): Selects normal or non-overlapping TPC output for
group O (TP3 to TRy).

Bit 0

GONOV Description

0 Normal TPC output in group O (output values change at (Initial value)
compare match A in the selected 16-bit timer channel)

1 Non-overlapping TPC output in group 0 (independent 1 and 0 output at

compare match A and B in the selected 16-bit timer channel)
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11.3  Operation

11.3.1 Overview

When corresponding bitsin PADDR or PBDDR and NDERA or NDERB are set to 1, TPC output
is enabled. The TPC output initially consists of the corresponding PADR or PBDR contents.
When a compare-match event selected in TPCR occurs, the corresponding NDRA or NDRB bit
contents are transferred to PADR or PBDR to update the output values.

Figure 11.2 illustrates the TPC output operation. Table 11.3 summarizes the TPC operating
conditions.

DDR NDER

Output trigger signal

C
Internal
Q DR Df= Q NDR D~ 4yata bus
TPC output pin
Figure11.2 TPC Output Operation
Table11.3 TPC Operating Conditions
NDER DDR Pin Function
0 0 Generic input port
Generic output port

1 0 Generic input port (but the DR bit is a read-only bit, and when compare

match occurs, the NDR bit value is transferred to the DR bit)

1 TPC pulse output

Sequential output of up to 16-bit patternsis possible by writing new output datato NDRA and
NDRB before the next compare match. For information on non-overlapping operation, see
section 11.3.4, Non-Overlapping TPC Outpuit.
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11.3.2 Output Timing

If TPC output is enabled, NDRA/NDRB contents are transferred to PADR/PBDR and output
when the selected compare match event occurs. Figure 11.3 shows the timing of these operations
for the case of normal output in groups 2 and 3, triggered by compare match A.

TCNT >< N >< N+1 ><

GRA N

Compare
match A signal

NDRB n
PBDR m >< N n
TP8 to TP]_5 m >< n

Figure11.3 Timing of Transfer of Next Data Register Contents and Output (Example)
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11.3.3 Normal TPC Output

Sample Setup Procedure for Normal TPC Output: Figure 11.4 shows a sample procedure for

setting up normal TPC output.

Normal TPC output

| Select GR functions

- | Set GRA value
16-bit timer ‘
setup - -
| Select counting operation
\
| Select interrupt request
| Set initial output data
\
| Select port output
\
Port and | Enable TPC output
TPC setup [
| Select TPC output trigger
\
Set next TPC output data
16-bit timer |
setup Start counter

10

11.

es

Compare match?
Y

Set next TPC output data

11

Set TIOR to make GRA an output compare
register (with output inhibited).

Set the TPC output trigger period.

Select the counter clock source with bits
TPSC2 to TPSCO in TCR. Select the counter
clear source with bits CCLR1 and CCLRO.
Enable the IMFA interrupt in TIER.

The DMAC can also be set up to transfer
data to the next data register.

Set the initial output values in the DR bits

of the input/output port pins to be used for
TPC output.

Set the DDR bits of the input/output port

pins to be used for TPC output to 1.

Set the NDER bits of the pins to be used for
TPC output to 1.

Select the 16-bit timer compare match event
to be used as the TPC output trigger in TPCR.
Set the next TPC output values in the NDR bits.

. Setthe STR bitto 1 in TSTR to start the

timer counter.
At each IMFA interrupt, set the next output
values in the NDR bits.

Figure11.4 Setup Procedurefor Normal TPC Output (Example)
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Example of Normal TPC Output (Example of Five-Phase Pulse Output): Figure 11.5 shows
an example in which the TPC is used for cyclic five-phase pulse output.

TCNT value Compare match

GRA

H'0000 ; ; ; ; ';

RS 2 € €3 €3 €3 €3 €3 €3 €3 €2 ) €3

Time

X 10X 18 X 08 X 88 X 80 X CO:

TPy5

PBDR 00 :X 80 X CO X 40:X 60 X 20 X 30

TPy

TPy3

TPy,

TP, i i

* The 16-bit timer channel to be used as the output trigger channel is set up so that GRA is an output
compare register and the counter will be cleared by compare match A. The trigger period is set in GRA.
The IMIEA bit is set to 1 in TIER to enable the compare match A interrupt.

* H'F8is written in PBDDR and NDERB, and bits G3CMS1, G3CMS0, G2CMS1, and G2CMSO0 are set in
TPCR to select compare match in the 16-bit timer channel set up in step 1 as the output trigger.

QOutput data H'80 is written in NDRB.

*  The timer counter in this 16-bit timer channel is started. When compare match A occurs, the NDRB
contents are transferred to PBDR and output. The compare match/input capture A (IMFA) interrupt
service routine writes the next output data (H'CO) in NDRB.

* Five-phase overlapping pulse output (one or two phases active at a time) can be obtained by writing
H'40, H'60, H'20, H'30, H'10, H'18, H'08, H'88... at successive IMFA interrupts. If the DMAC is set for
activation by this interrupt, pulse output can be obtained without loading the CPU.

Figure11.5 Normal TPC Output Example (Five-Phase Pulse Output)
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11.3.4  Non-Overlapping TPC Output

Sample Setup Procedurefor Non-Overlapping TPC Output: Figure 11.6 shows a sample
procedure for setting up non-overlapping TPC output.

Non-overlapping
TPC output

| Select GR functions | 1
\
o | Set GR values | 2
16-bit timer ‘
setu
P | Select counting operation | 3
\
| Select interrupt requests | 4
| Set initial output data | 5
\
| Set up TPC output | 6
\
| Enable TPC transfer | 7
Port and [
TPC setup | Select TPC transfer trigger | 8
\
| Select non-overlapping groups | 9
\
Set next TPC output data 10
16-bit timer
setup Start counter 11
No

Compare match A?

Yes

Set next TPC output data

12

10.

11.

12.

Set TIOR to make GRA and GRB output
compare registers (with output inhibited).

Set the TPC output trigger period in GRB
and the non-overlap margin in GRA.

Select the counter clock source with bits
TPSC2 to TPSCO in TCR. Select the counter
clear source with bits CCLR1 and CCLRO.
Enable the IMFA interrupt in TISRA.

The DMAC can also be set up to transfer
data to the next data register.

Set the initial output values in the DR bits

of the input/output port pins to be used for
TPC output.

Set the DDR bits of the input/output port pins
to be used for TPC output to 1.

Set the NDER bits of the pins to be used for
TPC output to 1.

In TPCR, select the 16-bit timer compare match
event to be used as the TPC output trigger.
In TPMR, select the groups that will operate
in non-overlap mode.

Set the next TPC output values in the NDR
bits.

Set the STR bitto 1 in TSTR to start the timer
counter.

At each IMFA interrupt, write the next output
value in the NDR bits.

Figure11.6 Setup Procedurefor Non-Overlapping TPC Output (Example)
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Example of Non-Overlapping TPC Output (Example of Four-Phase Complementary Non-
Overlapping Output): Figure 11.7 shows an example of the use of TPC output for four-phase
complementary non-overlapping pulse output.

TCNT value

GRB ’i_’C’N:r ”””””””””””””””””””””””””””””””””
GRA [ SRR SRREEE B R R SRR SRt R R Bl
H'0000 : \ — — — — — [~ Time
NDRB 95 65 X5 X s X 95 X 65 X |

peon a0 )on am)Cow ) Cam pam) oo Y Com )Xo ) )
! ~—>‘ Non- overlap margln 3 |_| 3 3

~
5 -

TP14

- -
i el L
-

—

TPy

TPyg |

T P8 —v—l

The 16-bit timer channel to be used as the output trigger channel is set up so that GRA and GRB are
output compare registers and the counter will be cleared by compare match B. The TPC output trigger
period is set in GRB. The non-overlap margin is set in GRA. The IMIEA bit is set to 1 in TISRA to enable
IMFA interrupts.

H'FF is written in PBDDR and NDERB, and bits G3CMS1, G3CMS0, G2CMS1, and G2CMSO0 are set in
TPCR to select compare match in the 16-bit timer channel set up in step 1 as the output trigger. Bits
G3NOV and G2NOV are set to 1 in TPMR to select non-overlapping output. Output data H'95 is written in
NDRB.

The timer counter in this 16-bit timer channel is started. When compare match B occurs, outputs change
from 1 to 0. When compare match A occurs, outputs change from 0 to 1 (the change from 0 to 1 is delayed
by the value of GRA). The IMFA interrupt service routine writes the next output data (H'65) in NDRB.
Four-phase complementary non-overlapping pulse output can be obtained by writing H'59, H'56, H'95...
at successive IMFA interrupts. If the DMAC is set for activation by this interrupt, pulse output can be
obtained without loading the CPU.

Figure11.7 Non-Overlapping TPC Output Example (Four-Phase Complementary
Non-Over lapping Pulse Output)
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11.3.5 TPC Output Triggering by Input Capture

TPC output can be triggered by 16-bit timer input capture as well as by compare match. If GRA
functions as an input capture register in the 16-bit timer channel selected in TPCR, TPC output
will be triggered by the input capture signal. Figure 11.8 shows the timing.

0 L

TIOC pin \

Input capture
signal

NDR N

\
DR M ><\N

Figure11.8 TPC Output Triggering by Input Capture (Example)
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114 Usage Notes

11.4.1 Operation of TPC Output Pins

TP, to TP;s are multiplexed with 16-bit timer, DMAC, address bus, and other pin functions.
When 16-bit timer, DMAC, or address output is enabled, the corresponding pins cannot be used
for TPC output. The data transfer from NDR bits to DR bits takes place, however, regardless of
the usage of the pin.

Pin functions should be changed only under conditions in which the output trigger event will not
occur.

11.4.2  Noteon Non-Overlapping Output

During non-overlapping operation, the transfer of NDR bit valuesto DR bits takes place as
follows.

1. NDR hits are always transferred to DR bits at compare match A.

2. At compare match B, NDR bits are transferred only if their value is 0. Bits are not transferred
if their valueis 1.

Figure 11.9 illustrates the non-overlapping TPC output operation.

DDR NDER
Q Q
Compare match A
Compare match B
C
Q DR Df= . Q NDR Df~—

TPC output pin

Figure11.9 Non-Overlapping TPC Output
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Therefore, 0 data can be transferred ahead of 1 data by making compare match B occur before
compare match A. NDR contents should not be atered during the interval from compare match B
to compare match A (the non-overlap margin).

This can be accomplished by having the IMFA interrupt service routine write the next datain
NDR, or by having the IMFA interrupt activate the DMAC. The next data must be written before
the next compare match B occurs.

Figure 11.10 shows the timing relationships.

Compare
match A

Compare
match B

! ! NDR write ! ! NDR write
NDR >< ><

0 output 0/1 output 0 output 0/1 output
Write to NDR Write to NDR
in this interval in this interval

Do not write Do not write
to NDR in this to NDR in this
interval interval

Figure11.10 Non-Overlapping Operation and NDR Write Timing
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Section 12 Watchdog Timer

12.1 Overview

The H8/3068F has an on-chip watchdog timer (WDT). The WDT has two selectable functions: it
can operate as a watchdog timer to supervise system operation, or it can operate as an interval
timer. As awatchdog timer, it generates areset signal for the H8/3068F chip if a system crash
allows the timer counter (TCNT) to overflow before being rewritten. In interval timer operation,
an interval timer interrupt is requested at each TCNT overflow.

12.1.1 Features
WDT features are listed below.

» Selection of eight counter clock sources
@2, /32, /64, /128, /256, ¢ /512, ¢ /2048, or ¢ /4096

e Interval timer option

« Timer counter overflow generates areset signal or interrupt.
Thereset signal is generated in watchdog timer operation. An interval timer interrupt is
generated in interval timer operation.

e Watchdog timer reset signal resets the entire H8/3068F internally.
The reset signal generated by timer counter overflow during watchdog timer operation resets
the entire H8/3068F internally.
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12.1.2 Block Diagram

Figure 12.1 shows a block diagram of the WDT.

Overflow

TCNT Read)
eal
Interrupt signal <+——— Interrupt

(interval timer) | control B control
I

write

Internal
data bus
>

Internal clock sources

2
RSTCSR v
@32
@64
(internal, external) Clock @128
selector @256
Legend @512
TCNT:  Timer counter ¢'2048
TCSR:  Timer control/status register ©/4096
RSTCSR: Reset control/status register
Figure12.1 WDT Block Diagram
12.1.3 Register Configuration
Table 12.1 summarizes the WDT registers.
Table12.1 WDT Registers
Address**
Write*?  Read Name Abbreviation R/W Initial Value
H'FFF8C H'FFF8C Timer control/status register TCSR R/(W)*3 H'18
H'FFF8D Timer counter TCNT R/W H'00
H'FFFBE H'FFF8F Reset control/status register RSTCSR RI(W)*® H'3F

Notes: 1. Lower 20 bits of the address in advanced mode.
2. Write word data starting at this address.
3. Only 0 can be written in bit 7, to clear the flag.
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12.2  Register Descriptions

12.2.1  Timer Counter (TCNT)

TCNT isan 8-bit readable and writable up-counter.

Bit 7 6 5 4 3 2 1 0
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Note: TCNT is write-protected by a password. For details see section 12.2.4, Notes on Register
Access.

When the TME hit isset to 1in TCSR, TCNT starts counting pulses generated from an internal
clock source selected by bits CKS2 to CKS0 in TCSR. When the count overflows (changes from

H'FF to H'00), the OVF bitissetto 1in TCSR. TCNT isinitialized to H'00 by areset and when
the TME bit is cleared to O.
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12.2.2 Timer Control/Status Register (TCSR)

TCSR is an 8-hit readable and writable register. Its functions include selecting the timer mode
and clock source.

Bit 7 6 5 4 3 2 1 0

‘ OVF ‘ WT/E‘ TME ‘ — ‘ — ‘ CKS2 ‘ CKS1 ‘ CKSO0 ‘
Initial value 0 0 0 1 1 0 0 0
Read/Write RI(W)*  RIW RIW — — RIW RIW RIW

Clock select

These bits select the
TCNT clock source

Reserved bits

Timer enable
Selects whether TCNT runs or halts

Timer mode select
Selects the mode

Overflow flag
Status flag indicating overflow

Notes: TCSR is write-protected by a password. For details see section 12.2.4, Notes on Register
Access.

* Only 0 can be written, to clear the flag.

Bits 7 to 5 areinitialized to 0 by areset and in standby mode. Bits 2 to 0 are initialized to O by a
reset. In software standby mode bits 2 to 0 are not initialized, but retain their previous values.
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Bit 7—Overflow Flag (OVF): This status flag indicates that the timer counter has overflowed
from H'FF to H'00.

Bit 7
OVF Description
0 [Clearing condition]
Cleared by reading OVF when OVF = 1, then writing 0 in OVF (Initial value)
1 [Setting condition]

Set when TCNT changes from H'FF to H'00

Bit 6—Timer Mode Select (WT/IT): Selects whether to use the WDT as awatchdog timer or
interval timer. If used as an interval timer, the WDT generates an interval timer interrupt request
when TCNT overflows. If used as awatchdog timer, the WDT generates areset signal when
TCNT overflows.

Bit6

WT/IT  Description

0 Interval timer: requests interval timer interrupts (Initial value)
1 Watchdog timer: generates a reset signal

Bit 5—Timer Enable (TME): Selects whether TCNT runs or is halted. When WT/IT = 1, clear
the software standby bit (SSBY) to 0 in SY SCR before setting TME. When setting SSBY to 1,
TME should be cleared to 0.

Bit 5

TME Description

0 TCNT is initialized to H'00 and halted (Initial value)
1 TCNT is counting

Bits 4 and 3—Reserved: These bits cannot be modified and are always read as 1.
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Bits2to 0—Clock Select 2to 0 (CK S2/1/0): These bits select one of eight internal clock
sources, obtained by prescaling the system clock (@), for input to TCNT.

Bit 2 Bit 1 Bit 0
CKS2 CKS1 CKSO Description

0 0 0 @2 (Initial value)
1 ©/32
1 0 ©/64
1 ©/128
1 0 0 ©/256
1 @/512
1 0 @ /2048
1 © /4096

12.2.3 Reset Control/Status Register (RSTCSR)

RSTCSR is an 8-hit readable and writable register that indicates when areset signal has been
generated by watchdog timer overflow, and controls external output of the reset signal.

Bit 7 6 5 4 3 2 1 0
west| — | — [ — | - | -] - | -
Initial value 0 0 1 1 1 1 1 1

Read/Write R/(W)* RIW — — — — — —

Reserved bits

Watchdog timer reset
Indicates that a reset signal has been generated

Notes: RSTCSR is write-protected by a password. For details see section 12.2.4, Notes on
Register Access.
* Only 0 can be written in bit 7, to clear the flag.

Bits 7 and 6 areinitialized by input of areset signal at the RES pin. They are not initialized by
reset signals generated by watchdog timer overflow.
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Bit 7—Watchdog Timer Reset (WRST): During watchdog timer operation, this bit indicates
that TCNT has overflowed and generated areset signal. This reset signal resets the entire
H8/3068F chip internally.

Bit 7
WRST  Description
0 [Clearing condition]
Reset signal at RES pin.
Read WRST when WRST =1, then write 0 in WRST. (Initial value)
1 [Setting condition]

Set when TCNT overflow generates a reset signal during watchdog timer operation

Bit 6—Reserved

Bits5to 0—Reserved: These bits cannot be modified and are always read as 1.

12.24 Noteson Register Access

The watchdog timer’s TCNT, TCSR, and RSTCSR registers differ from other registersin being
more difficult to write. The procedures for writing and reading these registers are given below.

Writingto TCNT and TCSR: These registers must be written by aword transfer instruction.
They cannot be written by byte instructions. Figure 12.2 shows the format of data written to
TCNT and TCSR. TCNT and TCSR both have the same write address. The write data must be
contained in the lower byte of the written word. The upper byte must contain H'5A (password for
TCNT) or H'A5 (password for TCSR). This transfers the write data from the lower byteto TCNT
or TCSR.

TCNT write 15 8 7 0
Address H'FFF8C* | H'5A ‘ Write data ‘
TCSR write 15 8 7 0
Address H'FFF8C* | H'A5 ‘ Write data ‘

Note: * Lower 20 bits of the address in advanced mode.

Figure12.2 Format of Data Written to TCNT and TCSR
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Writing to RSTCSR: RSTCSR must be written by aword transfer instruction. It cannot be
written by byte transfer instructions. Figure 12.3 shows the format of data written to RSTCSR. To
write 0 in the WRST hit, the write data must have H'A5 in the upper byte and H'00 in the lower
byte. The data (H'00) in the lower byte iswritten to RSTCSR, clearing the WRST bit to 0. To
write to the RSTOE bit, the upper byte must contain H'5A and the lower byte must contain the
write data. Writing this word transfers awrite data value into the RSTOE hit.

Writing 0 in WRST bit 15 8 7 0
Address  H'FFF8E* | H'A5 ‘ H'00 ‘
Writing to RSTOE bit 15 8 7 0
Address  H'FFF8E* | H'5A ‘ Write data ‘

Note: * Lower 20 bits of the address in advanced mode.

Figure12.3 Format of Data Written to RSTCSR

Reading TCNT, TCSR, and RSTCSR: These registers are read like other registers. Reading
TCNT, TCSR, and RSTCSR: These registers are read like other registers. Byte transfer
instructions can be used. The read addresses are H'FFF8C for TCSR, H'FFF8D for TCNT, and
H'FFF8F for RSTCSR, aslisted in table 12.2.

Table12.2 Read Addressesof TCNT, TCSR, and RSTCSR

Address* Register
H'FFF8C TCSR
H'FFF8D TCNT
H'FFF8F RSTCSR

Note: * Lower 20 bits of the address in advanced mode.
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12.3  Operation

Operations when the WDT is used as a watchdog timer and as an interval timer are described
below.

12.3.1 Watchdog Timer Operation

Figure 12.4 illustrates watchdog timer operation. To use the WDT as awatchdog timer, set the
WT/IT and TME bitsto 1 in TCSR. Software must prevent TCNT overflow by rewriting the
TCNT value (normally by writing H'00) before overflow occurs. If TCNT failsto be rewritten and
overflows due to a system crash etc., the H8/3068F is internally reset for a duration of 518 states.

A watchdog reset has the same vector as areset generated by input at the RES pin. Software can
distinguish aRES reset from awatchdog reset by checking the WRST bit in RSTCSR.

If aRES reset and awatchdog reset occur simultaneously, the RES reset takes priority.

WDT overflow
H'FF
TCNT count
value
H'00
\ T / OVF=1
Y
Start H'00 written Reset H'00 written

| | in TCNT in TCNT
nterna
reset signal

518 states

Figure12.4 Operation in Watchdog Timer Mode
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12.3.2 Interval Timer Operation

Figure 12.5 illustrates interval timer operation. To usethe WDT as an interval timer, clear bit
WT/IT to 0 and set bit TME to 1in TCSR. An interval timer interrupt request is generated at each
TCNT overflow. This function can be used to generate interval timer interrupts at regular

intervals.
[ N o S iniiiieieieteieiieily” Rttt ieieieing lieieieteiaiieiiaiel” Attty ieieteieieiiaieiainty” St
TCNT
count value
‘ Time t
H'00 7 il ettt Gl Attt el ielet (et
\J Y Y Y
WT/TT=0 Interval Interval Interval Interval
TME =1 timer timer timer timer
interrupt interrupt interrupt interrupt

Figure12.5 Interval Timer Operation
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12.3.3 Timing of Setting of Overflow Flag (OVF)

Figure 12.6 shows the timing of setting of the OVF flag. The OVF flagis set to 1 when TCNT
overflows. At the sametime, areset signal is generated in watchdog timer operation, or an
interval timer interrupt is generated in interval timer operation.

; | N

TCNT HFF >< H'00

Overflow signal

\

OVF

Figure12.6 Timing of Setting of OVF
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12.3.4 Timing of Setting of Watchdog Timer Reset Bit (WRST)
The WRST bit in RSTCSR is valid when bits WT/IT and TME are both set to 1in TCSR.

Figure 12.7 shows the timing of setting of WRST and the internal reset timing. The WRST bit is
set to 1 when TCNT overflows and OVF is set to 1. At the same time an internal reset signal is
generated for the entire H8/3068F chip. Thisinternal reset signal clears OVF to 0, but the WRST
bit remains set to 1. The reset routine must therefore clear the WRST hit.

; | N

TCNT H'FF >< H'00

Overflow signal

OVF

WDT internal
reset

WRST

Figure12.7 Timing of Setting of WRST Bit and Internal Reset
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12.4  Interrupts

During interval timer operation, an overflow generates an interval timer interrupt (WOV1). The
interval timer interrupt is requested whenever the OVF bitisset to 1in TCSR.

125 Usage Notes

Contention between TCNT Writeand Increment: If atimer counter clock pulseis generated
during the T3 state of awrite cycleto TCNT, the write takes priority and the timer count is not
incremented. See figure 12.8.

CPU: TCNT write cycle
T1 T, T3

0 | L
TCNT :>< X

Internal write
signal

TCNT input
clock

TCNT N >< . M

Counter write data

Figure12.8 Contention between TCNT Write and Count up

Changing CK S2 to CK SO Bit: Halt TCNT by clearing the TME bit to 0 in TCSR before
changing the values of bits CKS2 to CKS0.
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Section 13 Serial Communication Interface

13.1 Overview

The H8/3068F has a serial communication interface (SCI) with three independent channels. All
three channels have identical functions. The SCI can communicate in both asynchronous and
synchronous mode. It also has a multiprocessor communication function for serial
communication among two or more processors.

When the SCI is not used, it can be halted to conserve power. Each SCI channel can be halted
independently. For details, see section 20.6, Module Standby Function.

The SCI also has a smart card interface function conforming to the | SO/IEC 7816-3
(Identification Card) standard. This function supports serial communication with a smart card.
Switching between the normal serial communication interface and the smart card interface is
carried out by means of aregister setting.

13.1.1 Features
SCI features are listed below.

» Selection of synchronous or asynchronous mode for serial communication
Asynchronous mode

Serial data communication is synchronized one channel at atime. The SCI can communicate
with a universal asynchronous receiver/transmitter (UART), asynchronous communication
interface adapter (ACIA), or other chip that employs standard asynchronous communication.
It can a'so communicate with two or more other processors using the multiprocessor
communication function. There are twelve selectable serial datatransfer formats.

O Datalength: 7 or 8 hits

O Stop bit length: 1 or 2 bits

O Parity: even/odd/none

O Multiprocessor bit: lor0

O Receive error detection:  parity, overrun, and framing errors

O Break detection: by reading the RxD level directly when aframing error occurs
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Synchronous mode

Serial data communication is synchronized with aclock signal. The SCI can communicate
with other chips having a synchronous communication function.

Thereisasingle serial data communication format.
O Datalength: 8 bits
O Receiveerror detection:  overrun errors

» Full-duplex communication

The transmitting and receiving sections are independent, so the SCI can transmit and receive
simultaneously. The transmitting and receiving sections are both double-buffered, so seria
data can be transmitted and received continuously.

» Thefollowing settings can be made for the serial datato be transferred:

O LSB-first or MSB-first transfer
O Inversion of datalogic level
» Built-in baud rate generator with selectable bit rates

» Selectable transmit/receive clock sources: internal clock from baud rate generator, or external
clock from the SCK pin

» Four types of interrupts

Transmit-data-empty, transmit-end, receive-data-full, and receive-error interrupts are
requested independently. The transmit-data-empty and receive-data-full interrupts from SCI0
can activate the DMA controller (DMAC) to transfer data.

Features of the smart card interface are listed below.

»  Asynchronous communication
0 Datalength: 8 bits
O Parity bits generated and checked
O Error signal output in receive mode (parity error)
O Error signal detect and automatic data retransmit in transmit mode
0 Supports both direct convention and inverse convention
» Built-in baud rate generator with selectable bit rates
» Threetypes of interrupts

Transmit-data-empty, receive-data-full, and transmit/receive-error interrupts are requested
independently. The transmit-data-empty and receive-data-full interrupts can activate the
DMA controller (DMAC) to transfer data.
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13.1.2

Block Diagram

Figure 13.1 shows a block diagram of the SCI.

]
[}
8
Module data bus g <> Intemal data bus
fa]
RDR | [ DR | SSR BRR L
T
[ i U scr -
RO | RsR | [] TSR Baudrate |, (4
SCMR generator
Transmit/receive . @16
TXD e control l-— @64
Parity generate | 4 1 Clock 1
Parity check
External clock
SCK-=
» TEI
= TXI
= RXI
ERI
Legend
RSR : Receive shift register
RDR : Receive data register
TSR : Transmit shift register
TDR : Transmit data register
SMR : Serial mode register
SCR : Serial control register
SSR : Serial status register
BRR : Bit rate register

SCMR : Smart card mode register

Figure13.1 SCI Block Diagram
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13.1.3 Input/Output Pins
The SCI has serial pinsfor each channel aslisted in table 13.1.

Table13.1 SCI Pins

Channel Name Abbreviation /O Function

0 Serial clock pin SCKo Input/output  SCl, clock input/output
Receive data pin RxDg Input SClp receive data input
Transmit data pin TxDg Output SCl, transmit data output

1 Serial clock pin SCK; Input/output  SClI; clock input/output
Receive data pin RxD; Input SCl, receive data input
Transmit data pin TxDy Output SCI; transmit data output

2 Serial clock pin SCK, Input/output ~ SCI, clock input/output
Receive data pin RxD, Input SCI, receive data input
Transmit data pin TxD, Output SCl, transmit data output
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13.1.4 Register Configuration

The SCI hasinternal registers as listed in table 13.2. These registers select asynchronous or
synchronous mode, specify the dataformat and bit rate, control the transmitter and receiver
sections, and specify switching between the serial communication interface and smart card
interface.

Table13.2 SCI Registers

Channel Address*'  Name Abbreviation R/W Initial Value
0 H'FFFBO Serial mode register SMR R/W H'00
H'FFFB1 Bit rate register BRR R/W H'FF
H'FFFB2 Serial control register SCR R/W H'00
H'FFFB3 Transmit data register TDR R/W H'FF
H'FFFB4 Serial status register SSR R/(W)*2 H'84
H'FFFB5 Receive data register RDR R H'00
H'FFFB6 Smart card mode register SCMR R/W H'F2
1 H'FFFB8 Serial mode register SMR R/W H'00
H'FFFB9 Bit rate register BRR R/W H'FF
H'FFFBA Serial control register SCR R/W H'00
H'FFFBB Transmit data register TDR R/W H'FF
H'FFFBC Serial status register SSR R/(W)*2 H'84
H'FFFBD Receive data register RDR R H'00
H'FFFBE Smart card mode register SCMR R/W H'F2
2 H'FFFCO Serial mode register SMR R/W H'00
H'FFFC1 Bit rate register BRR R/W H'FF
H'FFFC2 Serial control register SCR R/W H'00
H'FFFC3 Transmit data register TDR R/W H'FF
H'FFFC4 Serial status register SSR RI(W)*? H'84
H'FFFC5 Receive data register RDR R H'00
H'FFFC6 Smart card mode register SCMR R/W H'F2

Notes: 1. Indicates the lower 20 bits of the address in advanced mode.
2. Only 0 can be written, to clear flags.
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13.2 Register Descriptions

13.2.1 Receive Shift Register (RSR)

RSR isthe register that receives seria data.

Bit 7 6 5 4 3 2 1 0

Read/Write

The SCI loads serial datainput at the RxD pin into RSR in the order received, LSB (bit 0) first,
thereby converting the data to parallel data. When one byte of data has been received, it is
automatically transferred to RDR. The CPU cannot read or write RSR directly.

13.22 Receive Data Register (RDR)

RDR istheregister that stores received serial data.

Bit 7 6 5 4 3 2 1 0
Initial value 0 0 0 0 0 0 0 0
Read/Write R R R R R R R R

When the SCI has received one byte of serial data, it transfers the received datafrom RSR into
RDR for storage, completing the receive operation. RSR is then ready to receive the next data.
This double-buffering allows data to be received continuously.

RDR is aread-only register. Its contents cannot be modified by the CPU. RDR isinitialized to
H'00 by areset and in standby mode.
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13.2.3 Transmit Shift Register (TSR)

TSR isthe register that transmits serial data.

Bit 7 6 5 4 3 2 1 0

Read/Write

The SCI loads transmit data from TDR to TSR, then transmits the data serially from the TxD pin,
LSB (bit 0) first. After transmitting one data byte, the SCI automatically loads the next transmit
datafrom TDR into TSR and starts transmitting it. |f the TDRE flag is set to 1 in SSR, however,
the SCI does not load the TDR contentsinto TSR. The CPU cannot read or write RSR directly.

13.24 Transmit Data Register (TDR)

TDRisan 8-bit register that stores data for serial transmission.

Bit 7 6 5 4 3 2 1 0
Initial value 1 1 1 1 1 1 1 1
Read/Write RIW RIW RIW RIW RIW RIW RIW RIW

When the SCI detects that TSR is empty, it moves transmit data written in TDR from TDR into
TSR and starts serial transmission. Continuous serial transmission is possible by writing the next
transmit datain TDR during serial transmission from TSR.

The CPU can always read and write TDR. TDRisinitialized to H'FF by areset and in standby
mode.
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13.25 Serial Mode Register (SMR)

SMRisan 8-bit register that specifies the SCI's serial communication format and selects the
clock source for the baud rate generator.

Bit 7 6 5 4 3 2 1 0

| C/A | CHR | PE | O/E | STOP | MP | CKS1 | CKSO0 |
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

L Clock select 1/0
These bits select the
baud rate generator's
clock source

L Multiprocessor mode
Selects the multiprocessor
function

L Stop bit length
Selects the stop bit length

L Parity mode
Selects even or odd parity

L Parity enable
Enables or disables the addition of a parity bit

— Character length
Selects character length in asynchronous mode

- Communication mode
Selects asynchronous or synchronous mode

The CPU can always read and write SMR. SMRisinitialized to H'00 by areset and in standby
mode.
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Bit 7—Communication M ode (C/A)/GSM M ode (GM): The function of this bit differs for the
normal serial communication interface and for the smart card interface. Itsfunction is switched
with the SMIF bit in SCMR.

For serial communication interface (SMIF bit in SCMR cleared to 0): Selects whether the
SCI operates in asynchronous or synchronous mode.

Bit 7

C/A Description

0 Asynchronous mode (Initial value)
1 Synchronous mode

For smart card interface (SMIF bit in SCMR set to 1): Selects GSM mode for the smart card
interface.

Bit 7

GM Description

0 The TEND flag is set 12.5 etu after the start bit (Initial value)
1 The TEND flag is set 11.0 etu after the start bit

Note: etu (Elementary time unit: the time for transfer of one bit)

Bit 6—Character Length (CHR): Selects 7-bit or 8-bits data length in asynchronous mode. In
synchronous mode, the data length is 8 bits regardless of the CHR setting,

Bit 6

CHR Description

0 8-bit data (Initial value)
1 7-bit data*

Note: * When 7-bit data is selected, the MSB (bit 7) of TDR is not transmitted.
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Bit 5—Parity Enable (PE): In asynchronous mode, this bit enables or disables the addition of a
parity bit to transmit data, and the checking of the parity bit in receive data. In synchronous
mode, the parity bit is neither added nor checked, regardless of the PE hit setting.

Bit 5

PE Description

0 Parity bit not added or checked (Initial value)
1 Parity bit added and checked*

Note: * When PE bit is set to 1, an even or odd parity bit is added to transmit data according to the
even or odd parity mode selection by the O/E bit, and the parity bit in receive data is
checked to see that it matches the even or odd mode selected by the O/E bit.

Bit 4—Parity Mode (O/E): Selects even or odd parity. The O/E bit setting is only valid when
the PE bit is set to 1, enabling parity bit addition and checking, in asynchronous mode. The O/E
bit setting isignored in synchronous mode, or when parity addition and checking is disabled in
asynchronous mode.

Bit 4

O/E Description

0 Even parity** (Initial value)
1 Odd parity*?

Notes: 1. When even parity is selected, the parity bit added to transmit data makes an even
number of 1s in the transmitted character and parity bit combined. Receive data must
have an even number of 1s in the received character and parity bit combined.

2. When odd parity is selected, the parity bit added to transmit data makes an odd
number of 1s in the transmitted character and parity bit combined. Receive data must
have an odd number of 1s in the received character and parity bit combined.

Bit 3—Stop Bit Length (STOP): Selects one or two stop bitsin asynchronous mode. This
setting is used only in asynchronous mode. In synchronous mod no stop bit is added, so the
STOP bit setting isignored.

Bit 3

STOP Description

0 1 stop bit** (Initial value)
1 2 stop bits*?

Notes: 1. One stop bit (with value 1) is added to the end of each transmitted character.
2. Two stop bits (with value 1) are added to the end of each transmitted character.
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In receiving, only the first stop bit is checked, regardless of the STOP bit setting. If the second
stop bitis 1, it istreated as astop bit. If the second stop bit is 0, it is treated as the start bit of the
next incoming character.

Bit 2—M ultiprocessor M ode (M P): Selects a multiprocessor format. When a multiprocessor
format is selected, parity settings made by the PE and O/E bits are ignored. The MP bit setting is
valid only in asynchronous mode. It isignored in synchronous mode.

For further information on the multiprocessor communication function, see section 13.3.3,
Multiprocessor Communication.

Bit 2

MP Description

0 Multiprocessor function disabled (Initial value)
1 Multiprocessor format selected

Bits 1 and 0—Clock Select 1 and 0 (CK S1/0): These bits select the clock source for the on-chip
baud rate generator. Four clock sources are available: @, ¢/4, ¢/16, and @/64.

For the relationship between the clock source, bit rate register setting, and baud rate, see section
13.2.8, Bit Rate Register (BRR).

Bit 1 Bit 0

CKs1 CKSO0 Description

0 0 (0} (Initial value)
0 1 @4

1 0 @16

1 1 @64
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13.2.6  Serial Control Register (SCR)

SCR register enables or disables the SCI transmitter and receiver, enables or disables serial clock
output in asynchronous mode, enables or disables interrupts, and selects the transmit/receive
clock source.

Bit 7 6 5 4 3 2 1 0

TIE RIE TE RE MPIE TEIE CKE1 CKEO
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W

hese bits select the
SCI clock source

R/W R/W R/W
I: Clock enable 1/0

Transmit-end interrupt enable
Enables or disables transmit-end
interrupts (TEI)

- Multiprocessor interrupt enable
Enables or disables multiprocessor
interrupts

— Receive enable
Enables or disables the receiver

— Transmit enable
Enables or disables the transmitter

- Receive interrupt enable
Enables or disables receive-data-full interrupts (RXI) and
receive-error interrupts (ERI)

L Transmit interrupt enable
Enables or disables transmit-data-empty interrupts (TXI)

The CPU can always read and write SCR. SCRisinitialized to H'00 by areset and in standby
mode.
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Bit 7—Transmit Interrupt Enable (TI1E): Enables or disables the transmit-data-empty interrupt
(TXI) requested when the TDRE flag in SSR is set to 1 due to transfer of serial transmit data from
TDRto TSR.

Bit 7

TIE Description

0 Transmit-data-empty interrupt request (TXI) is disabled* (Initial value)
1 Transmit-data-empty interrupt request (TXI) is enabled

Note: * TXI interrupt requests can be cleared by reading the value 1 from the TDRE flag, then
clearing it to O; or by clearing the TIE bit to O.

Bit 6—Receive Interrupt Enable (RIE): Enables or disables the receive-data-full interrupt
(RX1) requested when the RDRF flag in SSR is set to 1 due to transfer of serial receive datafrom
RSR to RDR; also enables or disables the receive-error interrupt (ERI).

Bit 6

RIE Description

0 Receive-data-full (RXI) and receive-error (ERI) interrupt requests are
disabled* (Initial value)

1 Receive-data-full (RXI) and receive-error (ERI) interrupt requests are enabled

Note: * RXIl and ERI interrupt requests can be cleared by reading the value 1 from the RDRF, FER,
PER, or ORER flag, then clearing the flag to O; or by clearing the RIE bit to O.

Bit 5—Transmit Enable (TE): Enables or disables the start of SCI serial transmitting
operations.

Bit 5

TE Description

0 Transmitting disabled** (Initial value)
1 Transmitting enabled*?

Notes: 1. The TDRE flag is fixed at 1 in SSR.
2. Inthe enabled state, serial transmission starts when the TDRE flag in SSR is cleared
to O after writing of transmit data into TDR. Select the transmit format in SMR before
setting the TE bit to 1.
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Bit 4—Receive Enable (RE): Enables or disables the start of SCI serial receiving operations.

Bit 4

RE Description

0 Receiving disabled** (Initial value)
1 Receiving enabled*?

Notes: 1. Clearing the RE bit to 0 does not affect the RDRF, FER, PER, and ORER flags. These
flags retain their previous values.

2. Inthe enabled state, serial receiving starts when a start bit is detected in asynchronous
mode, or serial clock input is detected in synchronous mode. Select the receive format
in SMR before setting the RE bit to 1.

Bit 3—Multiprocessor Interrupt Enable (M PIE): Enables or disables multiprocessor
interrupts. The MPIE bit setting is valid only in asynchronous mode, and only if the MP bit is set
to1in SMR. The MPIE bit setting is ignored in synchronous mode or when the MP bit is cleared
to 0.

Bit 3
MPIE Description
0 Multiprocessor interrupts are disabled (normal receive operation)(Initial value)

Clearing conditions
(1) The MPIE bit is cleared to O
(2) MPB =1 in received data

1 Multiprocessor interrupts are enabled*
Receive-data-full interrupts (RXI), receive-error interrupts (ERI), and setting of
the RDRF, FER, and ORER status flags in SSR are disabled until data with the
multiprocessor bit set to 1 is received.

Note: * The SCI does not transfer receive data from RSR to RDR, does not detect receive errors,
and does not set the RDRF, FER, and ORER flags in SSR. When it receives data in which
MPB = 1, the SCI sets the MPB bit to 1 in SSR, automatically clears the MPIE bit to O,
enables RXI and ERI interrupts (if the TIE and RIE bits in SCR are set to 1), and allows the
FER and ORER flags to be set.
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Bit 2—Transmit-End interrupt Enable (TEIE): Enables or disables the transmit-end interrupt
(TEI) requested if TDR does not contain valid transmit data when the MSB is transmitted.

Bit 2

TEIE Description

0 Transmit-end interrupt requests (TEI) are disabled* (Initial value)
1 Transmit-end interrupt requests (TEI) are enabled*

Note: * TEIl interrupt requests can be cleared by reading the value 1 from the TDRE flag in SSR,
then clearing the TDRE flag to 0, thereby also clearing the TEND flag to O; or by clearing
the TEIE bit to 0.

Bits 1 and 0—Clock Enable 1 and 0 (CK EL/0): The function of these bits differs for the normal
serial communication interface and for the smart card interface. Their function is switched with
the SMIF bit in SCMR.

For serial communication interface (SMIF bit in SCMR cleared to 0): These hits select the
SCI clock source and enable or disable clock output from the SCK pin. Depending on the settings
of CKE1 and CKEQ, the SCK pin can be used for generic input/output, serial clock output, or
seria clock input.

The CKEQ setting is valid only in asynchronous mode, and only when the SCl isinternally
clocked (CKE1 = 0). The CKEO setting isignored in synchronous mode, or when an external
clock sourceis selected (CKEL = 1). Select the SCI operating mode in SMR before setting the
CKE1 and CKEOQ bits. For further details on selection of the SCI clock source, seetable 13.9in
section 13.3, Operation.

Bitl BitO

CKE1 CKEO Description

0 0 Asynchronous mode Internal clock, SCK pin available for generic input/output*l
Synchronous mode  Internal clock, SCK pin used for serial clock output**

0 1 Asynchronous mode Internal clock, SCK pin used for clock output*2
Synchronous mode  Internal clock, SCK pin used for serial clock output

1 0 Asynchronous mode External clock, SCK pin used for clock input*3
Synchronous mode  External clock, SCK pin used for serial clock input

1 1 Asynchronous mode External clock, SCK pin used for clock input*3

Synchronous mode  External clock, SCK pin used for serial clock input

Notes: 1. Initial value
. The output clock frequency is the same as the bit rate.
. The input clock frequency is 16 times the bit rate.

w N
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For smart card interface (SMIF bit in SCMR set to 1): These bits, together with the GM hit in
SMR, determine whether the SCK pin is used for generic input/output or as the serial clock output
pin.

SMR Bitl BitO
GM  CKE1l CKEO Description

0 0 0 SCK pin available for generic input/output (Initial value)

SCK pin used for clock output

SCK pin output fixed low

SCK pin output fixed high

0
1
1
1
1 SCK pin used for clock output

LR, O O O

1
0
1 SCK pin used for clock output
0
1
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13.2.7 Serial Status Register (SSR)

SSRisan 8-bit register containing multiprocessor bit values, and status flags that indicate the
operating status of the SCI.

Bit 7 6 5 4 3 2 1 0
| TDRE | RDRF | ORER |FER/ERS' PER | TEND | MPB | MPBT |

Initial value 1 0 0 0 0 1 0 0

Read/Write RIWL R/(W)! R(W)™?T R(WT R(W?T R R RIW

Multiprocessor bit
transfer

Value of multiprocessor
bit to be transmitted

Multiprocessor bit
Stores the received
multiprocessor bit value

L Transmit end"?2
Status flag indicating end of
transmission

L Parity error
Status flag indicating detection

of a receive parity error

— Framing error (FER)/Error signal status (ERS)"?
Status flag indicating detection of a receive framing
error, or flag indicating detection of an error signal

— Overrun error
Status flag indicating detection
of a receive overrun error

— Receive data register full
Status flag indicating that data has been received

and stored in RDR

— Transmit data register empty
Status flag indicating that transmit data has been transferred from

TDR into TSR and new data can be written in TDR

Notes: 1. Only O can be written, to clear the flag.
2. Function differs between the normal serial communication interface and the smart card interface.
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The CPU can always read and write SSR, but cannot write 1 in the TDRE, RDRF, ORER, PER,
and FER flags. These flags can be cleared to 0 only if they have first been read while set to 1.
The TEND and MPB flags are read-only bits that cannot be written.

SSRisinitialized to H'84 by areset and in standby mode.

Bit 7—Transmit Data Register Empty (TDRE): Indicates that the SCI has |oaded transmit data
from TDR into TSR and the next seria data can be writtenin TDR.

Bit 7
TDRE Description
0 TDR contains valid transmit data
Clearing conditions
Read TDRE when TDRE = 1, then write 0 in TDRE
The DMAC writes data in TDR
1 TDR does not contain valid transmit data (Initial value)

Setting conditions

The chip is reset or enters standby mode

The TE bitin SCR is cleared to 0

TDR contents are loaded into TSR, so new data can be written in TDR

Bit 6—Receive Data Register Full (RDRF): Indicates that RDR contains new receive data.

Bit 6
RDRF Description
0 RDR does not contain new receive data (Initial value)
Clearing conditions
The chip is reset or enters standby mode
Read RDRF when RDRF = 1, then write 0 in RDRF
The DMAC reads data from RDR
1 RDR contains new receive data
Setting condition
Serial data is received normally and transferred from RSR to RDR
Note: The RDR contents and the RDRF flag are not affected by detection of receive errors or by

clearing of the RE bit to 0 in SCR. They retain their previous values. If the RDRF flag is
still set to 1 when reception of the next data ends, an overrun error will occur and the
receive data will be lost.
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Bit 5—Overrun Error (ORER): Indicates that data reception ended abnormally due to an
overrun error.

Bit 5
ORER Description
0 Receiving is in progress or has ended normally*l (Initial value)

Clearing conditions
The chip is reset or enters standby mode
Read ORER when ORER =1, then write 0 in ORER

1 A receive overrun error occurred*?
Setting condition
Reception of the next serial data ends when RDRF = 1

Notes: 1. Clearing the RE bit to 0 in SCR does not affect the ORER flag, which retains its
previous value.

2. RDR continues to hold the receive data prior to the overrun error, so subsequent
receive data is lost. Serial receiving cannot continue while the ORER flag is set to 1.
In synchronous mode, serial transmitting is also disabled.

Bit 4—Framing Error (FER)/Error Signal Status (ERS): The function of this bit differsfor
the normal serial communication interface and for the smart card interface. Itsfunctionis
switched with the SMIF bit in SCMR.

For serial communication interface (SMIF bit in SCMR cleared to 0): Indicates that data
reception ended abnormally due to a framing error in asynchronous mode.

Bit 4
FER Description
0 Receiving is in progress or has ended normally** (Initial value)

Clearing conditions
The chip is reset or enters standby mode
Read FER when FER = 1, then write 0 in FER

1 A receive framing error occurred*?2
Setting condition
The stop bit at the end of the receive data is checked and found to be 0O

Notes: 1. Clearing the RE bit to 0 in SCR does not affect the FER flag, which retains its previous
value.

2. When the stop bit length is 2 bits, only the first bit is checked. The second stop bit is
not checked. When a framing error occurs the SCI transfers the receive data into RDR
but does not set the RDRF flag. Serial receiving cannot continue while the FER flag is
setto 1. In synchronous mode, serial transmitting is also disabled.
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For smart card interface (SMIF bit in SCMR set to 1): Indicates the status of the error signal
sent back from the receiving side during transmission. Framing errors are not detected in smart
card interface mode.

Bit 4

ERS Description

0 Normal reception, no error signal* (Initial value)
Clearing conditions
The chip is reset or enters standby mode
Read ERS when ERS = 1, then write 0 in ERS

1 An error signal has been sent from the receiving side indicating detection of a

parity error
Setting condition
The error signal is low when sampled

Note: * Clearing the TE bit to 0 in SCR does not affect the ERS flag, which retains its previous

value.

Bit 3—Parity Error (PER): Indicates that data reception ended abnormally due to a parity error
in asynchronous mode.

Bit 3

PER Description

0 Receiving is in progress or has ended normally** (Initial value)
Clearing conditions
The chip is reset or enters standby mode
Read PER when PER = 1, then write 0 in PER

1 A receive parity error occurred*?

Setting condition
The number of 1s in receive data, including the parity bit, does not match the
even or odd parity setting of O/E in SMR

Notes: 1. Clearing the RE bit to 0 in SCR does not affect the PER flag, which retains its previous

value.

2. When a parity error occurs the SCI transfers the receive data into RDR but does not
set the RDRF flag. Serial receiving cannot continue while the PER flag is setto 1. In
synchronous mode, serial transmitting is also disabled.
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Bit 2—Transmit End (TEND): The function of this bit differs for the normal serial
communication interface and for the smart card interface. Itsfunction is switched with the SMIF
bit in SCMR.

For serial communication interface (SMIF bit in SCMR cleared to 0): Indicates that when
the last bit of aseria character was transmitted TDR did not contain valid transmit data, so
transmission has ended. The TEND flag is aread-only bit and cannot be written.

Bit 2
TEND Description
0 Transmission is in progress

Clearing conditions
Read TDRE when TDRE = 1, then write 0 in TDRE
The DMAC writes data in TDR

1 End of transmission (Initial value)
Setting conditions
The chip is reset or enters standby mode
The TE bit in SCR is cleared to 0
TDRE is 1 when the last bit of a 1-byte serial transmit character is transmitted

For smart card interface (SMIF bit in SCMR set to 1): Indicates that when the last bit of a
serial character was transmitted TDR did not contain valid transmit data, so transmission has
ended. The TEND flagis aread-only bit and cannot be written.

Bit 2
TEND Description
0 Transmission is in progress

Clearing conditions
Read TDRE when TDRE = 1, then write 0 in TDRE
The DMAC writes data in TDR

1 End of transmission (Initial value)
Setting conditions
The chip is reset or enters standby mode
The TE bit is cleared to 0 in SCR and the FER/ERS bit is also cleared to 0
TDRE is 1 and FER/ERS is 0 (normal transmission) 2.5 etu (when GM = Q) or
1.0 etu (when GM = 1) after a 1-byte serial character is transmitted

Note: etu (Elementary time unit: the time for transfer of one bit)
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Bit I—Multiprocessor bit (M PB): Stores the value of the multiprocessor bit in the receive data
when amultiprocessor format is used in asynchronous mode. MPB is aread-only bit, and cannot
be written.

Bit 1

MPB Description

0 Multiprocessor bit value in receive data is 0* (Initial value)
1 Multiprocessor bit value in receive data is 1

Note: * If the RE bit in SCR is cleared to 0 when a multiprocessor format is selected, MPB retains
its previous value.

Bit 0—M ultiprocessor Bit Transfer (MPBT): Stores the value of the multiprocessor bit added
to transmit data when a multiprocessor format in selected for transmitting in asynchronous mode.

The MPBT bhit setting isignored in synchronous mode, when a multiprocessor format is not
selected, or when the SCI cannot transmit.

Bit 1

MPBT Description

0 Multiprocessor bit value in transmit data is O (Initial value)
1 Multiprocessor bit value in transmit data is 1

13.2.8 Bit Rate Register (BRR)

BRR isan 8-hit register that., together with the CKS1 and CKS0 bitsin SMR that select the baud
rate generator clock source, determines the serial communication bit rate.

Bit 7 6 5 4 3 2 1 0
Initial value 1 1 1 1 1 1 1 1
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

The CPU can always read and write BRR. BRR isinitialized to H'FF by areset and in standby
mode. Each SCI channel has independent baud rate generator control, so different values can be
set in the three channels.

Table 13.3 shows examples of BRR settings in asynchronous mode. Table 13.4 shows examples
of BRR settings in synchronous mode.
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Table13.3 Examples of Bit Ratesand BRR Settingsin Asynchronous M ode

@ (MHz)
Bit Rate 2 2.097152 2.4576 3
(bit/s) n N  Error (%) n N  Error (%) n N  Error (%) n N  Error (%)
110 1 141 0.03 1 148 -0.04 1 174 -0.26 1 212 0.03
150 1 103 0.16 1 108 0.21 1 127 0.00 1 155 0.16
300 0 207 0.16 0 217 0.21 0 255 0.00 1 77 0.16
600 0 103 0.16 0 108 0.21 0 127 0.00 0 155 0.16
1200 0 51 0.16 0 54 -0.70 0 63 0.00 0 77 0.16
2400 0 25 0.16 0 26 1.14 0 31 0.00 0 38 0.16
4800 0 12 0.16 0 13 -248 0 15 0.00 0 19 -234
9600 0 6 -6.99 0 6 -248 0 7 0.00 0 -2.34
19200 0 2 851 0 2 1378 0 3 0.00 0 -2.34
31250 0 1 0.00 0 1 4.86 0 1 22.88 0 0.00
38400 0 1 -1862 0 1 -14.67 0 1 0.00 - - —

@ (MHz)
Bit Rate 3.6864 4 49152 5
(bit/s) n N  Error (%) n N  Error (%) n N  Error (%) n N  Error (%)
110 2 64 0.70 2 70 0.03 2 86 031 2 88 -0.25
150 1 191 0.00 1 207 0.16 1 255 0.00 2 64 0.16
300 1 95 0.00 1 103 0.16 1 127 0.00 1 129 0.16
600 0 191 0.00 0 207 0.16 0 255 0.00 1 64 0.16
1200 0 95 0.00 0 103 0.16 0 127 0.00 0 129 0.16
2400 0 47 0.00 0 51 0.16 0 63 0.00 0 64 0.16
4800 0 23 0.00 0 25 0.16 0 31 0.00 0 32 -136
9600 0 11 0.00 0 12 0.16 0 15 0.00 0 15 1.73
19200 0 5 0.00 0 -6.99 0 7 0.00 o 7 173
31250 @ — — — 0 0.00 0 -1.70 0 0.00
38400 0 2 0.00 0 8.51 0 0.00 0 1.73
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@ (MHz)
Bit Rate 6 6.144 7.3728 8
(bit/s) n N  Error (%) n N  Error (%) n N  Error (%) n N Error (%)
110 2 106 -0.44 2 108 0.08 2 130 -0.07 2 141 0.03
150 2 77 0.16 2 79 0.00 2 95 0.00 2 103 0.16
300 1 155 0.16 1 159 0.00 1 191 0.00 1 207 0.16
600 1 77 0.6 1 79 0.00 1 95 0.00 1 103 0.16
1200 0 155 0.16 0 159 0.00 0 191 0.00 0 207 0.16
2400 0 77 0.16 0 79 0.00 0 95 0.00 0 103 0.16
4800 0 38 0.16 0 39 0.00 0 47 0.00 0 51 0.16
9600 0 19 -234 0 19 0.00 0 23 0.00 0 25 0.16
19200 O -2.34 0 0.00 0 11 o0.00 0 12 0.16
31250 0 0.00 0 2.40 0 5.33 0 0.00
38400 O -2.34 0 0.00 0 5 0.00 0 6 -6.99

¢ (MHz)

Bit Rate 9.8304 10 12 12.288
(bit/s) n N  Error (%) n N  Error (%) n N  Error (%) n N  Error (%)
110 2 174 -0.26 2 177 -0.25 2 212 0.03 2 217 0.08
150 2 127 0.00 2 129 0.16 2 155 0.16 2 159 0.00
300 1 255 0.00 2 64 0.16 2 77 0.16 2 79 0.00
600 1 127 0.00 1 129 0.16 1 155 0.16 1 159 0.00
1200 0 255 0.00 1 64 0.16 1 77 0.16 1 79 0.00
2400 0 127 0.00 0 129 0.16 0 155 0.16 0 159 0.00
4800 0 63 0.00 0 64 0.16 0 77 0.16 0 79 0.00
9600 0 31 0.00 0 32 -1.36 0 38 0.16 0 39 0.00
19200 0 15 0.00 0 15 1.73 0 19 -234 0 19 0.00
31250 0 -1.70 0 0.00 0 11 0.00 0 11 2.40
38400 0 0.00 0 1.73 0 9 -234 0 9 0.00
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¢ (MHz)

Bit 13 14 14.7456 16 18 20
Rate n N Error n N Error n N Error n N Error n N Error n N Error
(bit/s) (%) (%) (%) (%) (%) (%)
110 2 230 -0.08 2 248 -0.17 3 64 070 3 70 003 3 79 -0.12 3 88 -0.25
150 2 168 016 2 181 0.16 2 191 0.00 2 207 0.16 2 233 0.16 3 64 0.16
300 2 84 -043 2 90 0.16 2 95 0.00 2 103 0.16 2 116 0.16 2 129 0.16
600 1168 016 1 181 0.16 1 191000 1 207 0.16 1 233 0.16 2 64 0.16
1200 1 84 -043 1 9 016 1 95 0.00 1 103 0.16 1 116 0.16 1 129 0.16
2400 0 168 0.16 0 181 0.16 O 191 0.00 0 207 0.16 0 233 0.16 1 64 0.16
4800 0 84 -043 0 9 016 0 9 000 0 103 0.16 0 116 0.16 0 129 0.16
9600 0 41 076 0 45 -093 0 47 000 O 51 016 0 58 -0.69 0 64 0.16
19200 0 20 076 0 22 -0.93 0 23 0.00 025 016 0 28 102 O 32 -1.36
31250 0 12 0.00 O 13 0.00 0 14 -170 0 15 000 O 17 0.00 0 19 0.00
38400 0 10 -3.82 0 10 357 0 11 000 O 12 016 0 14 -234 0 15 1.73
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Table13.4 Examples of Bit Ratesand BRR Settingsin Synchronous M ode

Bit @ (MHz)

Rate 2 4 8 10 13 16 18 20
(bit/s) n N n N n N n N n N n N n N n N
110 3 70 —_ — —_ — —_ - —_ — —_ — —_ — —_ —
250 2 124 2 249 3 124 — — 3 202 3 249 — — —_ —
500 1 249 2 124 2 249 — — 3 101 3 124 3 140 3 155
1k 1 124 1 249 2 124 — — 2 202 2 249 3 69 3 77
25k 0 199 1 99 1 199 1 249 2 80 2 99 2 112 2 124
5k 0 99 0 199 1 99 1 124 1 162 1 199 1 224 1 249
10k 0 49 0 99 0 199 0 249 1 80 1 99 1 112 1 124
25k 0 19 0 39 0 79 0 99 0 129 0 159 0 179 0 199
50k 0 0 19 0 39 0 49 0 64 0 79 0 89 0 99
100k O 0 0 19 0 24 —_ — 0 39 0 44 0 49
250k O 0 0 0 9 0 12 0 15 0 17 0 19
500k 0 O 0 0 0 —_ — 0 0 0

M 0 0* 0 —_ — —_ — 0 0 0

2M 0 o* _ - —_ — 0 —_ — —_ —
2.5M — - 0 0o* — — — — — — — -
4M 0 O —_ — —_ —

Note: Settings with an error of 1% or less are recommended.

Legend

Blank : No setting available

—: Setting possible, but error occurs

* Continuous transmission/reception not possible
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The BRR setting is calculated as follows:

Asynchronous mode:
N = @ x 1061
64 x 22n-1x B
Synchronous mode:
N = ¢ x 106 — 1
8 X 22n—1 X B
B: Bit rate (bit/s)
N: BRR setting for baud rate generator (0 < N < 255)
@. System clock frequency (MHz)
n: Baud rate generator clock source (n=0, 1, 2, 3)

(For the clock sources and values of n, see the following table.)

SMR Settings

n Clock Source CKs1 CKSO0
0 ® 0 0
1 o4 0 1
2 @16 1 0
3 @64 1 1

The bit rate error in asynchronous mode is calculated as follows:

x 106
Error (%) = ¢ x10 -1, x100
(N +1) x B x 64 x 22n-1
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Table 13.5 shows the maximum bit rates in asynchronous mode for various system clock
frequencies. Table 13.6 and 13.7 shows the maximum bit rates with external clock input.

Table13.5 Maximum Bit Ratesfor Various Frequencies (Asynchronous M ode)

Settings
@ (MHz) Maximum Bit Rate (bit/s) n N
2 62500 0 0
2.097152 65536 0 0
2.4576 76800 0 0
3 93750 0 0
3.6864 115200 0 0
4 125000 0 0
49152 153600 0 0
5 156250 0 0
6 187500 0 0
6.144 192000 0 0
7.3728 230400 0 0
8 250000 0 0
9.8304 307200 0 0
10 312500 0 0
12 375000 0 0
12.288 384000 0 0
14 437500 0 0
14.7456 460800 0 0
16 500000 0 0
17.2032 537600 0 0
18 562500 0 0
20 625000 0 0
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Table13.6 Maximum Bit Rateswith External Clock Input (Asynchronous M ode)

@ (MHz) External Input Clock (MHz) Maximum Bit Rate (bit/s)
2 0.5000 31250
2.097152 0.5243 32768
2.4576 0.6144 38400
3 0.7500 46875
3.6864 0.9216 57600
4 1.0000 62500
4.9152 1.2288 76800
5 1.2500 78125
6 1.5000 93750
6.144 1.5360 96000
7.3728 1.8432 115200
8 2.0000 125000
9.8304 2.4576 153600
10 2.5000 156250
12 3.0000 187500
12.288 3.0720 192000
14 3.5000 218750
14.7456 3.6864 230400
16 4.0000 250000
17.2032 4.3008 268800
18 4.5000 281250
20 5.0000 312500
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Table13.7 Maximum Bit Rateswith External Clock Input (Synchronous M ode)

@ (MHz) External Input Clock (MHz) Maximum Bit Rate (bit/s)
2 0.3333 333333.3
4 0.6667 666666.7
6 1.0000 1000000.0
8 1.3333 1333333.3
10 1.6667 1666666.7
12 2.0000 2000000.0
14 2.3333 2333333.3
16 2.6667 2666666.7
18 3.0000 3000000.0
20 3.3333 3333333.3
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13.3  Operation

13.3.1 Overview

The SCI can carry out serial communication in two modes: asynchronous mode in which
synchronization is achieved character by character, and synchronous mode in which
synchronization is achieved with clock pulses. A smart card interface is also supported as a serial
communication function for an IC card interface.

Selection of asynchronous or synchronous mode and the transmission format for the normal serial
communication interface is made in SMR, as shown in table 13.8. The SCI clock sourceis
selected by the C/A bit in SMR and the CKE1 and CKEO bitsin SCR, as shown in table 13.9.

For details of the procedures for switching between L SB-first and M SB-first mode and inverting
the data logic level, see section 14.2.1, Smart Card Mode Register (SCMR).

For selection of the smart card interface format, see section 14.3.3, Data Format.
Asynchronous M ode

» Datalengthis selectable: 7 or 8 bits
« Parity and multiprocessor bits are selectable, and so is the stop bit length (1 or 2 bits). These
selections determine the communication format and character length.

* Inreceiving, it is possible to detect framing errors, parity errors, overrun errors, and the break
state.

* Aninterna or externa clock can be selected as the SCI clock source.

O When aninternal clock is selected, the SCI operates using the on-chip baud rate generator,
and can output a serial clock signal with afrequency matching the bit rate.

O When an external clock is selected, the external clock input must have a frequency 16
times the bit rate. (The on-chip baud rate generator is not used.)

Synchronous M ode

* The communication format has a fixed 8-bit data length.
* Inreceiving, it is possible to detect overrun errors.
e Aninternal or external clock can be selected as the SCI clock source.
O When aninternal clock is selected, the SCI operates using the on-chip baud rate generator,
and can output a serial clock signa to external devices.
0 When an external clock is selected, the SCI operates on the input serial clock. The on-chip
baud rate generator is not used.
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Smart Card Interface

* Oneframe consists of 8-bit data and a parity bit.

e Intransmitting, a guard time of at least two elementary time units (2 etu) is provided between
the end of the parity bit and the start of he next frame. (An elementary time unit is the time
required to transmit one hit.)

* Inreceiving, if aparity error is detected, alow error signal level is output for 1 etu, beginning
10.5 etu after the start bit..

* Intransmitting, if an error signal is received, the same data is automatically transmitted again
after at least 2 etu.

*  Only asynchronous communication is supported. There is no synchronous communication
function.

For details of smart card interface operation, see section 14, Smart Card Interface.

Table13.8 SMR Settingsand Serial Communication For mats

SMR Settings SCI Communication Format
Multi-
pro-
Bit7 Bit6 Bit2 Bit5 Bit3 Data cessor Parity Stop Bit
C/A° CHR MP PE STOP Mode Length Bit Bit Length
0 0 0 0 0 Asyn- 8-bitdata Absent Absent 1 bit
1 Chronous 2 bits
mode
1 0 Present 1 bit
1 2 bits
1 0 0 7-bit data Absent 1 bit
1 2 bits
1 0 Present 1 bit
1 2 bits
0 1 — 0 Asyn- 8-bitdata Present Absent 1 bit
_ 1 chronous 2 bits
mode (multi- —
— 1 format) 2 bits
1 — — — — Syn- 8-bitdata  Absent None
chronous
mode
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Table13.9 SMR and SCR Settingsand SCI Clock Source Selection

SMR  SCR Setting SCI Transmit/Receive clock
Bit7 Bitl BitO
C/A CKE1 CKEO Mode Clock Source SCK Pin Function
0 0 0 Asynchronous Internal SCI does not use the SCK pin
1 mode Outputs clock with frequency matching the
bit rate
1 0 External Inputs clock with frequency 16 times the bit
1 rate
1 0 0 Synchronous  Internal Outputs the serial clock
1 mode
1 0 External Inputs the serial clock
1

13.3.2 Operation in Asynchronous Mode

In asynchronous mode, each transmitted or received character begins with a start bit and ends
with one or two stop bits. Serial communication is synchronized one character at atime.

The transmitting and receiving sections of the SCI are independent, so full-duplex communication
ispossible. The transmitter and the receiver are both double-buffered, so data can be written and
read while transmitting and receiving are in progress, enabling continuous transmitting and
receiving.

Figure 13.2 shows the general format of asynchronous serial communication. In asynchronous
serial communication the communication lineis normally held in the mark (high) state. The SCI
monitors the line and starts serial communication when the line goes to the space (low) state,
indicating a start bit. One serial character consists of a start bit (low), data (LSB first), parity bit
(high or low), and one or two stop bits (high), in that order.

When receiving in asynchronous mode, the SCI synchronizes at the falling edge of the start bit.
The SCI samples each data bit on the eighth pulse of a clock with afrequency 16 times the bit
rate. Receive dataislatched at the center of each bit.
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Idle (mark) state

1 (LSB) (MSB) 1
Serial 0 DO D1 D2 D3 D4 D5 D6 D7 0/1 1 1
data

Start Parity :

. . Stop bit(s
bit Transmit or receive data bit P bI(s)
‘1 bity h 7 or 8 bits 1 bit, 1 or 2 bits

or
One unit of data (character or frame) none

Figure13.2 Data Format in Asynchronous Communication
(Example: 8-Bit Data with Parity and 2 Stop Bits)

Communication Formats; Table 13.10 shows the 12 communication formats that can be
selected in asynchronous mode. The format is selected by settingsin SMR.
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Table 13.10 Serial Communication Formats (Asynchronous M ode)

SMR Settings

Serial Communication Format and Frame Length

CHR PE MP STOP /3,4,5,6, 7 8 9 10 11 12
0 0 0 0 8-hit data STOP
0 0 0 1 8-hit data STOP| STOP
0 1 0 0 8-bit data P [stop
0 1 0 1 8-bit data P |sTor|sTOP
1 0 0 0 7-bit data STOP
1 0 0 1 7-bit data STOPl STOP
1 1 0 0 7-bit data P |sToP
1 1 0 1 7-bit data P STOP|STOP
0 — 1 0 8-bit data MPB |STOP
0 — 1 1 8-bit data MPB STOP|STOP
1 — 1 0 7-bit data MPB | STOP
1 _ 1 1 7-bit data MPB STOP|STOP
Legend
S Start hit
STOP: Stop hit
P: Parity bit

MPB: Multiprocessor hit
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Clock: Aninternal clock generated by the on-chip baud rate generator or an external clock input
from the SCK pin can be selected as the SCI transmit/receive clock. The clock sourceis selected
by the C/A bit in SMR and bits CKE1 and CKEQ in SCR. For details of SCI clock source
selection, seetable 13.9.

When an external clock isinput at the SCK pin, it must have afrequency 16 times the desired bit
rate.

When the SCI is operated on aninternal clock, it can output a clock signal at the SCK pin. The
frequency of this output clock is equal to the bit rate. The phaseis aligned as shown in figure
13.3 so that the rising edge of the clock occurs at the center of each transmit data bit.

Lryyyyyyryy ey

0 DO| D1 | D2 | D3 | D4 | D5 | D6 | D7 | 0O/1 1 1

| 1frame

Figure 13.3 Phase Relationship between Output Clock and Serial Data
(Asynchronous M ode)

Transmitting and Receiving Data:

e SCl Initialization (Asynchronous Mode): Before transmitting or receiving data, clear the TE
and RE bitsto 0in SCR, then initialize the SCI as follows.
When changing the communication mode or format, always clear the TE and RE bitsto O
before following the procedure given below. Clearing TE to 0 setsthe TDRE flag to 1 and
initializes TSR. Clearing RE to 0, however, does not initialize the RDRF, PER, FER, and
ORER flags, or RDR, which retain their previous contents.
When an external clock is used the clock should not be stopped during initialization or
subsequent operation, since operation will be unreliable in this case.
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Figure 13.4 shows a sample flowchart for initializing the SCI.

C Start of initialization )

Clear TE and RE bits
to 0in SCR

Set CKE1 and CKEO bits in SCR
(leaving TE and RE bits (1)
cleared to 0)

Select communication format @)
in SMR

| Set value in BRR |(3)
Wait
No
1-bit interval elapsed?
Yes

Set TE or RE bitto 1 in SCR 4)
Set the RIE, TIE, TEIE, and
MPIE bits

<End of initialization>

@

@

®

4

Set the clock source in SCR. Clear the
RIE, TIE, TEIE, MPIE, TE, and RE bits to
0. If clock output is selected in
asynchronous mode, clock output starts
immediately after the setting is made in
SCR.

Select the communication format in SMR.

Write the value corresponding to the bit
rate in BRR.

This step is not necessary when an
external clock is used.

Wait for at least the interval required to
transmit or receive one bit, then set the
TE or RE bit to 1 in SCR. Set the RIE,
TIE, TEIE, and MPIE bits as necessary.
Setting the TE or RE bit enables the SCI
to use the TxD or RxD pin.

Note: In simultaneous transmitting and receiving, the TE and RE bits should be cleared to

0 or set to 1 simultaneously.

Figure13.4 Sample Flowchart for SCI Initialization
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» Transmitting Serial Data (Asynchronous Mode): Figure 13.5 shows a sample flowchart for
transmitting serial data and indicates the procedure to follow.

| Initialize |
( Start tra|nsmitting )
[ Read TDREflaginSSR | |(@
TDRE = 1 Ne
Yes

Write transmit data in TDR
and clear TDRE flag to 0 in SSR

All data transmitted?
Y

< Yes @)

|

|  Read TENDflagin SSR |

Clear DR bit to 0 and set
DDR bitto 1

Clear TE bitto 0 in SCR

<

\
<End>

1)

)

®)

4)

SCl initialization:
the transmit data output function of the TxD pin is
selected automatically.

SCI status check and transmit data write:

read SSR and check that the TDRE flag is set to 1,
then write transmit data in TDR and clear the TDRE
flag to 0.

To continue transmitting serial data:

after checking that the TDRE flag is 1, indicating that
data can be written, write data in TDR, then clear the
TDRE flag to 0. When the DMAC is activated by a
transmit-data-empty interrupt request (TXI) to write
data in TDR, the TDRE flag is checked and cleared
automatically.

To output a break signal at the end of serial
transmission:

set the DDR bit to 1 and clear the DR bit to 0, then
clear the TE bit to 0 in SCR.

Figure13.5 SampleFlowchart for Transmitting Serial Data
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In transmitting serial data, the SCI operates as follows:

The SCI monitorsthe TDRE flag in SSR. When the TDRE flag is cleared to O, the SCI

recognizes that TDR contains new data, and loads this datafrom TDR into TSR.

After loading the data from TDR to TSR, the SCI setsthe TDRE flag to 1 and starts

transmitting. If the TIE bit isset to 1 in SCR, the SCI requests a transmit-data-empty

interrupt (TXI) at thistime.

Serial transmit data is transmitted in the following order from the TxD pin:

O Start bit: One 0 bit is output.

O Transmit data: 7 or 8 bits are output, LSB first.

O Parity bit or multiprocessor bit: One parity bit (even or odd parity),or one multiprocessor
bit is output. Formats in which neither a parity bit nor a multiprocessor bit is output can
also be selected.

O Stop bit(s): One or two 1 bits (stop bits) are output.

O Mark state: Output of 1 bits continues until the start bit of the next transmit data.

The SCI checks the TDRE flag when it outputs the stop bit. If the TDRE flagis O, the SCI

loads new datafrom TDR into TSR, outputs the stop bit, then begins serial transmission of the

next frame. If the TDRE flagis 1, the SCI setsthe TEND flag to 1 in SSR, outputs the stop

bit, then continues output of 1 bitsin the mark state. If the TEIE bitissetto 1in SCR, a

transmit-end interrupt (TEI) isrequested at thistime

Figure 13.6 shows an example of SCI transmit operation in asynchronous mode.

" Data Parity Stop Start Data Parity Stop
1 Startbit bit bit  bit bit bit : : 1
0 DO D1 D7 | 0/1 1 0 DO | D1 D7 | 0/1 1
{§ { § Idle state
(mark state)
TDRE v
TEND o .
A 1 frame
TXl interrupt  TXI interrupt handler TXI interrupt TEl interrupt
request writes data in TDR and request request
clears TDRE flag to 0

Figure13.6 Example of SCI Transmit Operation in Asynchronous Mode
(8-Bit Data with Parity and One Stop Bit)
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* Receiving Serial Data (Asynchronous Mode): Figure 13.7 shows a sample flowchart for
receiving serial data and indicates the procedure to follow.

| Initialize [
™
Read ORER, PER, and FER )

flags in SSR

PERFER/OPER =1

3
No

Read RDRF flag in SSR
No
RDRF =1
Yes

Read receive data from RDR, and
clear RDRF flag to 0 in SSR

No
All data received? (5)

Yes

|

| Clear RE bitto 0 in SCR |

<End>

Error handling

(continued on next page)

@

(@)

4)

®

SCl initialization:
the receive data input function of the RxD
pin is selected automatically.

Receive error handling and break detection:
if a receive error occurs, read the ORER,
PER, and FER flags in SSR to identify the
error. After executing the necessary error
handling, clear the ORER, PER, and FER
flags all to 0. Receiving cannot resume if
any of these flags remains setto 1. When a
framing error occurs, the RxD pin can be
read to detect the break state.

SCI status check and receive data read:
read SSR, check that the RDRF flag is set
to 1, then read receive data from RDR and
clear the RDRF flag to 0. Notification that
the RDRF flag has changed from 0 to 1 can
also be given by the RXI interrupt.

To continue receiving serial data:

check the RDRF flag, read RDR, and clear
the RDRF flag to 0 before the stop bit of the
current frame is received. When the DMAC
is activated by a receive-data-full interrupt
request (RXI) to read RDR, the RDRF flag
is cleared automatically.

Figure13.7 Sample Flowchart for Receiving Serial Data (1)
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No

®)

( Error handling )

Yes

Overrun error handling

-

y

Framing error handling

Clear RE bit

to 0in SCR

No

PER=1

Yes

Parity error handling

A

Clear ORER, PER, and FER flags
to 0in SSR

<End>

Figure 13.7 Sample Flowchart for Receiving Serial Data (2)
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In receiving, the SCI operates as follows:

» The SCI monitors the communication line. When it detects a start bit (O bit), the SCI
synchronizesinternally and starts receiving.

* Receivedatais stored in RSR in order from LSB to MSB.
» The parity bit and stop bit are received.
After receiving these bits, the SCI carries out the following checks:

O Parity check: The number of 1sin the receive data must match the even or odd parity
setting of in the O/E bit in SMR.

O Stop bit check: The stop bit value must be 1. If there are two stop bits, only the first is
checked.

0 Status check: The RDRF flag must be O, indicating that the receive data can be transferred
from RSR into RDR.

If these all checks pass, the RDRF flag is set to 1 and the received datais stored in RDR. If
one of the checksfails (receive error*), the SCI operates as shown in table 13.11.

Note: * When areceive error occurs, further receiving is disabled. In receiving, the RDRF flag is
not set to 1. Be sureto clear the error flagsto O.

*  Whenthe RDRF flagisset to 1, if the RIE bit isset to 1 in SCR, areceive-data-full interrupt
(RX1) isrequested. If the ORER, PER, or FER flag is set to 1 and the RIE bit in SCR isalso
set to 1, areceive-error interrupt (ERI) is requested.

Table 13.11 Receive Error Conditions

Receive Error Abbreviation Condition Data Transfer
Overrun error ORER Receiving of next data ends while Receive data is not transferred
RDREF flag is still setto 1 in SSR  from RSR to RDR
Framing error FER Stop bitis 0 Receive data is transferred from
RSR to RDR
Parity error PER Parity of received data differs from Receive data is transferred from

even/odd parity setting in SMR RSR to RDR
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Figure 13.8 shows an example of SCI receive operation in asynchronous mode.

Start Parity Stop Start Stop Parity Stop
1 it Data bit  bit bt Data i ™ pit it 1
) ]
0 DO D1 D7 | 0/1 1 0 DO | D1 D7 | 0/1 1
{ § { § Idle (mark) state
RDRF ¢ e
FER
LR
RXlIrequest| RXI interrupt handler
reads data in RDR and Framing error,
1 frame clears RDRF flag to 0 ERI request

Figure13.8 Example of SCI Receive Operation
(8-Bit Data with Parity and One Stop Bit)

13.3.3  Multiprocessor Communication

The multiprocessor communication function enables several processors to share asingle serial
communication line. The processors communicate in asynchronous mode using a format with an
additional multiprocessor bit (multiprocessor format).

I'n multiprocessor communication, each receiving processor is addressed by an ID. A serid
communication cycle consists of an ID-sending cycle that identifies the receiving processor, and a
data-sending cycle. The multiprocessor bit distinguishes |D-sending cycles from data-sending
cycles.

The transmitting processor stars by sending the ID of the receiving processor with which it wants
to communicate as data with the multiprocessor bit set to 1. Next the transmitting processor
sends transmit data with the multiprocessor bit cleared to O.

Receiving processors skip incoming data until they receive data with the multiprocessor bit set to
1. When they receive data with the multiprocessor bit set to 1, receiving processors compare the
datawith their IDs. Processors with |Ds not matching the received data skip further incoming
data until they again receive data with the multiprocessor bit set to 1. Multiple processors can
send and receive data in this way.

Figure 13.9 shows an example of communication among different processors using a
multiprocessor format.

Rev. 3.00 Sep 14, 2005 page 509 of 910
REJ09B0258-0300
RENESAS




Section 13 Serial Communication Interface

Communication Formats: Four formats are available. Parity bit settings are ignored when a
multiprocessor format is selected. For details see table 13.10.

Clock: See the description of asynchronous mode.

Transmitting
processor
| Serial communication line
, Y Y 1
Receiving Receiving Receiving Receiving
processor A processor B processor C processor D
(ID=01) (ID=02) (ID=03) (ID=04)
Serial data [ | | wror | [ | waa | | | |
| (MPB=1)| (MPB=0) |
[ -t -~
ID-sending cycle: Data-sending cycle:
receiving processor address  data sent to receiving processor
specified by ID
Legend

MPB : Multiprocessor bit

Figure13.9 Example of Communication among Processor s using M ultiprocessor For mat
(Sending Data H'AA to Receiving Processor A)

Transmitting and Receiving Data:

» Transmitting Multiprocessor Serial Data: Figure 13.10 shows a sample flowchart for
transmitting multiprocessor serial data and indicates the procedure to follow.
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| Initialize | @ (@ sClinitialization:
[ the transmit data output function of the TxD pin
— is selected automatically.
( Start transmitting >
- (2) SCI status check and transmit data write:
read SSR, check that the TDRE flag is 1, then
| Read TDRE flag in SSR | @) write transmit data in TDR. Also set the MPBT
flag to 0 or 1 in SSR. Finally, clear the TDRE
flag to O.
TDRE = 1 No (3) To continue transmitting serial data:
after checking that the TDRE flag is 1,
indicating that data can be written, write data
Yes in TDR, then clear the TDRE flag to 0. When
the DMAC is activated by a transmit-data-
Write transmit data in TDR empty interrupt request (TXI) to write data in
and set MPBT bit in SSR TDR, the TDRE flag is checked and cleared

I automatically.
| Clear TDRE flag to 0 |

(4) To output a break signal at the end of serial
transmission:

set the DDR bit to 1 and clear the DR bit to 0,
All data transmitted? No (3) then clear the TE bit to 0 in SCR.

Yes

-l
-«

|  Read TENDflagin SSR |

Output break signal? (4)

Yes

|Clear DR bit to 0 and set DDR to 1|

| Clear TEbitto0inSCR |

\
<End>

Figure13.10 Sample Flowchart for Transmitting M ultiprocessor Serial Data
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In transmitting serial data, the SCI operates as follows:

* The SCI monitorsthe TDRE flag in SSR. When the TDRE flag is cleared to 0, the SCI
recognizes that TDR contains new data, and loads this datafrom TDR into TSR.

» After loading the datafrom TDR to TSR, the SCI setsthe TDRE flag to 1 and starts
transmitting. If the TIE bit is set to 1 in SCR, the SCI requests a transmit-data-empty
interrupt (TXI) at thistime.

Seria transmit datais transmitted in the following order from the TxD pin:

O Start bit: One O bit is output.

O Transmit data: 7 or 8 bits are output, LSB first.

O Multiprocessor bit: One multiprocessor bit (MPBT value) is output.

0 Stop bit(s): One or two 1 bits (stop bits) are output.

O Mark state: Output of 1 bits continues until the start bit of the next transmit data.

» The SCI checks the TDRE flag when it outputs the stop bit. If the TDRE flagis 0, the SCI
loads new datafrom TDR into TSR, outputs the stop bit, then begins serial transmission of the
next frame. If the TDRE flagis 1, the SCI setsthe TEND flagto 1 in SSR, outputs the stop
bit, then continues output of 1 bitsin the mark state. If the TEIE bitissetto1in SCR, a
transmit-end interrupt (TEI) is requested at thistime

Figure 13.11 shows an example of SCI transmit operation using a multiprocessor format.

Multi- Multi-

Start Data processor SFOP Start Data processor S_mp
1 bit bit  bit bit bit it
0 DO | D1 D7 |01 | 1 0 Do | D1 D7 | 0/1] 1
{ § Idle (mark)
state

TDRE v
TEND B ..

TXI interrupt TXI interrupt handler TXI interrupt

request writes data in TDR and request

clears TDRE flag to O TEl interrupt
- - request

1 frame

Figure13.11 Exampleof SCI Transmit Operation
(8-Bit Data with Multiprocessor Bit and One Stop Bit)

* Receiving Multiprocessor Serial Data: Figure 13.12 shows a sample flowchart for receiving
multiprocessor serial data and indicates the procedure to follow.
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l Initialize ‘ ) (1) SClinitialization:

the receive data input function of the
Start receiving

RxD pin is selected automatically.

(2) ID receive cycle:
set the MPIE bit to 1 in SCR.

| SetMPIEbitto 1in SCR | (2)
[ (3) SCl status check and ID check:

read SSR, check that the RDRF flag
Read OREE ggcquFER flags is set to 1, then read data from RDR

and compare it with the processor's
_ Y
FERORER =1

own ID. If the ID does not match, set
No

the MPIE bit to 1 again and clear the
RDRF flag to 0. If the ID matches,
clear the RDRF flag to 0.

(4) SCl status check and data receiving:
Read RDRF flag in SSR ‘(3) _read SSR, check that the RDRF flag
is set to 1, then read data from RDR.

(5) Receive error handling and break
NO detection:
if a receive error occurs, read the
Yes ORER and FER flags in SSR to
identify the error. After executing the

necessary error handling, clear the
ORER and FER flags both to O.

Receiving cannot resume while either
No the ORER or FER flag remains set to
1. When a framing error occurs, the

Yes RxD pin can be read to detect the
I break state.

Read ORER and FER flags
in SSR

FERIORER = 1 Yes|
No

| Read RDRFflagin SSR | ()]

———

Yes
l Read receive data from RDR ‘

— LS
Finished receiving? Y 5
Error handli
Yes rror handling

| Clear RE bit to 0 in SCR ‘ (continued on next page)

i

<End>

Read RDRF flag in SSR

Figure13.12 Sample Flowchart for Receiving M ultiprocessor Serial Data (1)
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®)

( Error handling )

No ORER = 1

Yes

Overrun error handling |

[y
|

Yes

Break?

No y
| Clear RE bitto 0in SCR

Framing error handling |

|

Clear ORER, PER, and FER
flags to 0 in SSR

A
<End>

Figure13.12 Sample Flowchart for Receiving M ultiprocessor Serial Data (2)
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Figure 13.13 shows an example of SCI receive operation using a multiprocessor format.

Start Stop  Start Stop
1 bit Data (ID1) MPB  pit bit Data (datal) MPB  pjt 1
] )
IOIDOIDlIHID7|1|1|0|D0|D1|“|D7|Oll Idle (mark)
state
MPIE "
RDRF | | o
p d / )
RDR value ID1
MPB detection  RXI interrupt RXI interrupt handler reads  Not own ID, so MPIE ~ No RXI interrupt
MPIE =0 request RDR data and clears bit is set to 1 again request, RDR not
(multiprocessor RDRF flag to 0 updated
interrupt)
a. Own ID does not match data
Start Stop  Start Stop
1 bit Data (ID2) MPB  pit bit Data (datal) MPB it 1
[o|po]pot| |p7] 1 | 1] ofpofpi] 7| o1
35 i Idle (mark)
state
MPIE |
A
RDRF | | | |
RDR value D1 X ID2 X | pataz

RXI interrupt handler Own ID, so receiving MPIE bit is set to
continues, with data 1 again

MPB detection  RXI interrupt

MPIE =0 request reads RDR data and
(multiprocessor  clears RDRF flag to 0 received by RXI
interrupt) interrupt handler

b. Own ID matches data

Figure13.13 Example of SCI Receive Operation
(8-Bit Data with M ultiprocessor Bit and One Stop Bit)
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13.3.4  Synchronous Operation

In synchronous mode, the SCI transmits and receives datain synchronization with clock pulses.
Thismode is suitable for high-speed serial communication.

The SCI transmitter and receiver share the same clock but are otherwise independent, so full-
duplex communication is possible. The transmitter and the receiver are also double-buffered, so
continuous transmitting or receiving is possible by reading or writing data while transmitting or
receiving isin progress.

Figure 13.14 shows the general format in synchronous serial communication.

B One unit (character or frame) of transfer data -
* o *
Serial clock | | | | | | | | | | | | | | |
LSB MSB
Serialdata 4 X Bito X Bit 1 X Bit 2 X Bit 3X Bit 4 X Bit 5 X Bit6 X Bit 7 X 4
I I
Don't care Don't care

Note: * High except in continuous transmitting or receiving

Figure 13.14 Data Format in Synchronous Communication

In synchronous serial communication, each data bit is placed on the communication line from one
falling edge of the serial clock to the next. Datais guaranteed valid at the rise of the serial clock.
In each character, the serial data bits are transferred in order from LSB (first) to MSB (last).
After output of the MSB, the communication line remainsin the state of the MSB. In
synchronous mode the SCI receives data by synchronizing with the rise of the serial clock.

Communication Format: The datalength isfixed at 8 bits. No parity bit or multiprocessor bit
can be added.

Clock: Aninternal clock generated by the on-chip baud rate generator or an external clock input
from the SCK pin can be selected by means of the C/A bit in SMR and the CKE1 and CKEO bits
in SCR. Seetable 13.6 for details of SCI clock source selection.

When the SCI operates on an internal clock, it outputs the clock source at the SCK pin. Eight
clock pulses are output per transmitted or received character. When the SCI is not transmitting or
receiving, the clock signal remainsin the high state. If receiving in single-character unitsis
required, an external clock should be selected.
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Transmitting and Receiving Data:

e SClI Initialization (Synchronous Mode): Before transmitting or receiving data, clear the TE
and RE bitsto 0 in SCR, then initialize the SCI asfollows.
When changing the communication mode or format, always clear the TE and RE bitsto 0
before following the procedure given below. Clearing TE to 0 setsthe TDRE flagto 1 and
initializes TSR. Note that clearing RE to 0, however, does not initialize the RDRF, PER, and
ORE flags, or RDR, which retain their previous contents.
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Figure 13.15 shows a sample flowchart for initializing the SCI.

C Start of initialization >

| Clear TE and RE bits to 0 in SCR |

Set RIE, TIE, TEIE, MPIE, CKEL1,
and CKEQO bits in SCR (leaving | (1)
TE and RE bits cleared to 0)

Select communication format )

in SMR
| Set valule in BRR |3
< Wait
@a@
Yes

Set TE or RE bitto 1 in SCR
Set RIE, TIE, TEIE, and MPIE | (4)
bits as necessary

i

<Start transmitting or receiving>

(1)

()

@)

(4)

Note:

Set the clock source in SCR. Clear the RIE,
TIE, TEIE, MPIE, TE, and RE bits to 0.*

Select the communication format in SMR.

Write the value corresponding to the bit rate in
BRR.

This step is not necessary when an external
clock is used.

Wait for at least the interval required to transmit
or receive one bit, then set the TE or RE bit to
1in SCR.* Set the RIE, TIE, TEIE, and MPIE
bits as necessary. Setting the TE or RE bit
enables the SCI to use the TxD or RxD pin.

* In simultaneous transmitting and receiving,
the TE and RE bits should be cleared to 0 or
set to 1 simultaneously.

Figure 13.15 Sample Flowchart for SCI Initialization
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e Transmitting Serial Data (Synchronous Mode): Figure 13.16 shows a sample flowchart for
transmitting serial data and indicates the procedure to follow.

| Initialize I

(Start transmitting )

-

| Read TDRE flagin SSR | [(2)

TDRE = 1 No

Yes

Write transmit data in TDR
and clear TDRE flag to 0 in SSR

All data transmitted?

®3)

|  Read TENDflagin SSR |

o

Yes

| Clear TE bitto 0 in SCR |

l

<End>

@

@

©)

SCI initialization: the transmit data output
function of the TxD pin is selected
automatically.

SCI status check and transmit data write:
read SSR, check that the TDRE flag is 1, then
write transmit data in TDR and clear the
TDRE flag to 0.

To continue transmitting serial data: after
checking that the TDRE flag is 1, indicating
that data can be written, write data in TDR,
then clear the TDRE flag to 0. When the
DMAC is activated by a transmit-data-empty
interrupt request (TXI) to write data in TDR,
the TDRE flag is checked and cleared
automatically.

Figure13.16 Sample Flowchart for Serial Transmitting
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In transmitting serial data, the SCI operates as follows.

The SCI monitors the TDRE flag in SSR. When the TDRE flag is cleared to 0, the SCI
recognizes that TDR contains new data, and loads this datafrom TDR into TSR.

After loading the datafrom TDR to TSR, the SCI setsthe TDRE flag to 1 and starts
transmitting. If the TIE bit is set to 1 in SCR, the SCI requests a transmit-data-empty
interrupt (TXI) at thistime.
If clock output is selected, the SCI outputs eight serial clock pulses. If an external clock
sourceis selected, the SCI outputs data in synchronization with the input clock. Datais
output from the TxD pin n order from LSB (bit 0) to MSB (bit 7).

The SCI checks the TDRE flag when it outputs the MSB (bit 7). If the TDRE flagis O, the
SCI loads datafrom TDR into TSR and begins serial transmission of the next frame. If the
TDRE flag is 1, the SCI setsthe TEND flagto 1 in SSR, and after transmitting the MSB (bit
7), holdsthe TxD pininthe MSB state. If the TEIE bit isset to 1 in SCR, atransmit-end
interrupt (TEI) isrequested at thistime

After the end of serial transmission, the SCK pin isheld in a constant state.

Figure 13.17 shows an example of SCI transmit operation.

Serial clock

Transmit direction

SN s I U I A O

Serial data

TDRE

TEND

X Bito X Bit 1 )C X Bit7 X Bito X Bit1 )C

J —

TXI interrupt
request

writes data in TDR
and clears TDRE
flag to O

ﬂ

TXI interrupt handler TXI interrupt TEl interrupt

request request

1 frame

Figure 13.17 Exampleof SCI Transmit Operation
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Receiving Serial Data (Synchronous Mode): Figure 13.18 shows a sample flowchart for
receiving serial data and indicates the procedure to follow. When switching from
asynchronous to synchronous mode. make sure that the ORER, PER, and FER flags are
cleared to 0. If the FER or PER flag is set to 1 the RDRF flag will not be set and both
transmitting and receiving will be disabled.

| Initialize | 1)
( Start receiving )
|  Read ORERflaginSSR | (2)
Yes

ORER =1

©)

Error handling

(continued on next page)

| Read RDRF flag in SSR

| @

-

Yes

Read receive data from
RDR, and clear RDRF
flag to 0 in SSR

No — -
Finished receiving?

Yes

©)

| Clear RE bitto 0 in SCR

<End>

@)

SCl initialization: the receive data
input function of the RxD pin is
selected automatically.

(2)(3) Receive error handling: if a receive

4

©)

error occurs, read the ORER flag in
SSR, then after executing the
necessary error handling, clear the
ORER flag to 0. Neither transmitting
nor receiving can resume while the
ORER flag remains set to 1.

SCI status check and receive data
read: read SSR, check that the RDRF
flag is set to 1, then read receive data
from RDR and clear the RDRF flag to
0. Notification that the RDRF flag
has changed from 0 to 1 can also be
given by the RXI interrupt.

To continue receiving serial data:
check the RDRF flag, read RDR, and
clear the RDRF flag to 0 before the
MSB (bit 7) of the current frame is
received. When the DMAC is
activated by a receive-data-full
interrupt request (RXI) to read RDR,
the RDRF flag is cleared
automatically.

Figure13.18 Sample Flowchart for Serial Receiving (1)
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®)

Error handling

| Overrun error handling ‘

| Clear ORERflagto 0in SSR |

l

<End>

Figure13.18 Sample Flowchart for Serial Receiving (2)
In receiving, the SCI operates as follows:

» The SCI synchronizes with serial clock input or output and synchronizes internally.

* Receivedatais stored in RSR in order from LSB to MSB.
After receiving the data, the SCI checks that the RDRF flag is O, so that receive data can be
transferred from RSR to RDR. If this check passes, the RDRF flag is set to 1 and the received
datais stored in RDR. If the checksfails (receive error), the SCI operates as shown in table
13.11.
When areceive error has been identified in the error check, subsequent transmit and receive
operations are disabled.

*  Whenthe RDRF flagissetto 1, if the RIE bitisset to 1 in SCR, areceive-data-full interrupt
(RX1) isrequested. If the ORER flagissetto 1 andthe RIE bitin SCRisasosettol, a
receive-error interrupt (ERI) is requested.
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Figure 13.19 shows an example of SCI receive operation.

Serial clock

Serial data

RDRF

ORER

—

clears RDRF flag to 0

1 frame

Overrun error,
ERI interrupt
request

X Bit7 ) BitoX:’ X Bit7 X Bito X Bit1 X:
| )
—/4 . |
/ bR} )
RXI interrupt RXI interrupt handler RXI interrupt
request reads data in RDR and request

Figure13.19 Example of SCI Receive Operation
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» Transmitting and Receiving Data Simultaneously (Synchronous Mode): Figure 13.20 shows a
sample flowchart for transmitting and receiving serial data simultaneously and indicates the
procedure to follow.

l Initialize ‘ @ (1)  SCl initialization: the transmit data output function of the
TxD pin and the read data input function of the RxD pin
are selected, enabling simultaneous transmitting and

(Start of transmitting and receiving)

receiving.
- (2) SCI status check and transmit data write: read SSR, check
’ Read TDRE flag in SSR ‘ @ that the TDRE flag is 1, then write transmit data in TDR

and clear the TDRE flag to 0.

N Notification that the TDRE flag has changed from 0 to 1
can also be given by the TXI interrupt.

Yes (3) Receive error handling: if a receive error occurs, read the
- - B ORER flag in SSR, then after executing the necessary
Write transmit data in TDR and error handling, clear the ORER flag to 0.

clear TDRE fiag to 0 in SSR Neither transmitting nor receiving can resume while the
> ORER flag remains set to 1.

-

(4) SCI status check and receive data read: read SSR, check
Read ORER flag in SSR ‘ that the RDRF flag is 1, then read receive data from RDR

and clear the RDRF flag to 0. Notification that the RDRF
flag has changed from 0 to 1 can also be given by the RXI
interrupt.

(3) (5) To continue transmitting and receiving serial data: check
Error handling the RDRF flag, read RDR, and clear the RDRF flag to O

before the MSB (bit 7) of the current frame is received.
Also check that the TDRE flag is set to 1, indicating that
data can be written, write data in TDR, then clear the
TDRE flag to 0 before the MSB (bit 7) of the current frame
is transmitted. When the DMAC is activated by a transmit-
data-empty interrupt request (TXI) to write data in TDR,
RDRF=1 the TDRE flag is checked and cleared automatically.
When the DMAC is activated by a receive-data-full
Yes interrupt request (RXI) to read RDR, the RDRF flag is
cleared automatically.

Read RDRF flagin SSR | (4)

No

Read receive data from RDR, and
clear RDRF flag to 0 in SSR

End of transmitting
and receiving?

®)

Yes
Clear TE and RE bits to 0 in SCR |

<End>

Note: When switching from transmitting or receiving to simultaneous transmitting and receiving, clear both the TE bit
and the RE bit to 0, then set both bits to 1 simultaneously.

Figure13.20 Sample Flowchart for Simultaneous Serial Transmitting and Receiving
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134  SCI Interrupts

The SCI has four interrupt request sources. the transmit-end interrupt (TEI), receive-error
interrupt (ERI), receive-data-full interrupt (RX1), and transmit-data-empty interrupt (TX1). Table
13.12 lists the interrupt sources and indicates their priority. These interrupts can be enabled or
disabled by the TIE, RIE, and TEIE bitsin SCR. Each interrupt request is sent separately to the
interrupt controller.

A TXI interrupt is requested when the TDRE flag isset to 1 in SSR. A TEI interrupt is requested
when the TEND flagissetto 1 in SSR. A TXI interrupt request can activate the DMAC to
transfer data. Data transfer by the DMAC automatically clears the TDRE flag to 0. A TEI
interrupt request cannot activate the DMAC.

An RXI interrupt is requested when the RDRF flag is set to 1 in SSR. An ERI interrupt is
requested when the ORER, PER, or FER flagisset to 1 in SSR. An RXI interrupt can activate the
DMAC to transfer data. Data transfer by the DMAC automatically clears the RDRF flag to 0. An
ERI interrupt request cannot activate the DMAC.

The DMAC can be activated by interrupts from SCI channel O.

Table 13.12 SCI Interrupt Sources

Interrupt Source Description Priority
ERI Receive error (ORER, FER, or PER) High
RXI Receive data register full (RDRF)

TXI Transmit data register empty (TDRE) ¢

TEI Transmit end (TEND) Low
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13.5 Usage Notes

13.5.1 Noteson Use of SCI

Note the following points when using the SCI.

TDR Writeand TDRE Flag: The TDRE flag in SSR is a status flag indicating the loading of
transmit datafrom TDR to TSR. The SCI setsthe TDRE flag to 1 when it transfers data from

TDRto TSR.

Data can be written into TDR regardless of the state of the TDRE flag. If new dataiswrittenin
TDR when the TDRE flag is 0, the old data stored in TDR will be lost because this data has not
yet been transferred to TSR. Before writing transmit datain TDR, be sure to check that the

TDRE flagisset to 1.

Simultaneous M ultiple Receive Errors: Table 13.13 shows the state of the SSR status flags
when multiple receive errors occur simultaneously. When an overrun error occurs the RSR

contents are not transferred to RDR, so receive datais lost.

Table 13.13 SSR Status Flagsand Transfer of Receive Data

Receive Data

SSR Status Flags Transfer

RDRF ORER FER PER RSR - RDR Receive Errors

1 1 0 0 X Overrun error

0 0 1 0 O Framing error

0 0 0 1 O Parity error

1 1 1 0 X Overrun error +
framing error

1 1 0 1 X Overrun error +
parity error

0 0 1 1 O Framing error +
parity error

1 1 1 1 X Overrun error +

framing error +
parity error

Notes: O: Receive data is transferred from RSR to RDR.
x :Receive data is not transferred from RSR to RDR.
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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 Os, so the FER flag is set and the parity error flag (PER) may also be set. In the break state the
SCI receiver continues to operate, so if the FER flag is cleared to 0 it will be set to 1 again.

Sending a Break Signal: The input/output condition and level of the TxD pin are determined by
DR and DDR bits. This feature can be used to send a break signal.

After the serial transmitter isinitialized, the DR value substitutes for the mark state until the TE
bit is set to 1 (the TxD pin function is not selected until the TE bit is set to 1). The DDR and DR
bits should therefore be set to 1 beforehand.

To send abreak signal during serial transmission, clear the DR bit to 0, then clear the TE bit to O.
When the TE hit is cleared to 0 the transmitter is initialized, regardless of its current state, so the
TxD pin becomes an input/output outputting the value 0.

Receive Error Flagsand Transmitter Operation (Synchronous M ode Only): When areceive
error flag (ORER, PER, or FER) is set to 1 the SCI will not start transmitting, even if the TDRE
flagis cleared to 0. Be sureto clear the receive error flags to O when starting to transmit. Note
that clearing the RE bit to O does not clear the receive error flagsto 0.

Receive Data Sampling Timing in Asynchronous M ode and Receive Margin: In
asynchronous mode the SCI operates on a base clock with 16 times the bit rate frequency. In
receiving, the SCI synchronizes internally with the fall of the start bit, which it samples on the
base clock. Receive datais latched at the rising edge of the eighth base clock pulse. See figure
13.21.
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16 clocks

8 clocks

0 7 15 0 7 15 0
Internalbaseclockm||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||

Receive data : ' ' T T
(RxD) _1 ' Start bit v | Do i |01

Synchronization e ¥ ¥

sampling timing -| | v ¥

Data sampling H -
timing n n

Figure13.21 Receive Data Sampling Timingin Asynchronous Mode

The receive margin in asynchronous mode can therefore be expressed as shown in equation (1).

M= | (05— —t )—(L—O.5)F—M @+F) | x100%
N
........ (1)
M:  Receive margin (%)
N: Ratio of clock frequency to bit rate (N = 16)
D: Clock duty cycle (L =0to 1.0)
L: Framelength (L = 9t0 12)
F: Absolute deviation of clock frequency

From equation (1), if F=0and D = 0.5, the receive margin is 46.875%, as given by equation (2).
D=05F=0
M= (0.5— ——— ) x100%
2x16

= 46.875% )

Thisisatheoretical value. A reasonable margin to allow in system designs is 20% to 30%.
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Restrictions on Use of DMAC:

«  When an external clock sourceis used for the serial clock, after the DMAC updates TDR,
alow an inversion of at least five system clock (¢) cycles before input of the serial clock to
start transmitting. If the seria clock isinput within four states of the TDR update, a
malfunction may occur. (Seefigure 13.22)

e Tohavethe DMAC read RDR, be sure to select the corresponding SCI receive-data-full
interrupt (RX1) asthe activation source with bits DTS2 to DTS0in DTCR.

see ] L) L L L L b L

>E(DOXD1XD2XD3XD4XD5XD6XDYX

Note: In operation with an external clock source, be sure that t >4 states.

Figure13.22 Example of Synchronous Transmission Using DMAC
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Switching from SCK Pin Function to Port Pin Function:

» Problemin Operation: When switching the SCK pin function to the output port function (high-
level output) by making the following settings while DDR =1, DR =1, C/A =1, CKE1 =0,
CKEO =0, and TE = 1 (synchronous mode), low-level output occurs for one half-cycle.

1. End of serial datatransmission

2. TEhit=0

3. C/A bit = 0 ... switchover to port output

4. Occurrence of low-level output (see figure 13.23)

Half-cycle low-level output

/\ e
SCK/port | | | |_|
1. End of transmission 4. Low-level output

Data Bit6 X Bit7

2.TE=0 i
TE | :
c/A 3.C/A=0
CKE1 '
CKEO

Figure 13.23 Operation when Switching from SCK Pin Function to Port Pin Function
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» Sample Procedure for Avoiding Low-Level Output: As this sample procedure temporarily
placesthe SCK pinin theinput state, the SCK/port pin should be pulled up beforehand with
an external circuit.

WithDDR=1,DR=1, C/A =1, CKE1 =0, CKEO =0, and TE = 1, make the following
settings in the order shown.

1. End of seria datatransmission

2. TEbit=0

3.CKElhit=1

4. C/A bit = 0.... switchover to port output

5.CKElhit=0

P
sckpot | || &)

High-level output TE

1. End of transmission

Data Bit 6 X Bit 7

2.TE=0
TE | !

C/A 4.C/IA=0

3.CKEl1=1
CKE1 i 5.CKE1=0

CKEO

Figure13.24 Operation when Switching from SCK Pin Function to Port Pin Function
(Example of Preventing L ow-L evel Output)
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Section 14 Smart Card Interface

141 Overview

An IC card (smart card) interface conforming to the ISO/IEC 7816-3 (Identification Card)
standard is supported as an extension of the serial communication interface (SCI) functions.

Switchover between the normal serial communication interface and the smart card interfaceis
controlled by aregister setting.

1411 Features
Features of the smart card interface supported by the H8/3068F are listed below.

* Asynchronous communication
Data length: 8 bits
Parity bit generation and checking
Transmission of error signal (parity error) in receive mode
Error signal detection and automatic data retransmission in transmit mode
Direct convention and inverse convention both supported
< Built-in baud rate generator allows any hit rate to be selected
e Threeinterrupt sources
O There arethreeinterrupt sources—transmit-data-empty, receive-data-full, and
transmit/receive error—that can issue requests independently.
O The transmit-data-empty interrupt and receive-data-full interrupt can activate the DMA
controller (DMAC) to execute data transfer.

Y A By
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14.1.2 Block Diagram

Figure 14.1 shows a block diagram of the smart card interface.

SCMR: Smart card mode register
RSR: Receive shift register
RDR: Receive data register
TSR:  Transmit shift register
TDR: Transmit data register
SMR: Serial mode register
SCR: Serial control register
SSR:  Serial status register
BRR: Bit rate register

Q
Q
£
Module data bus k]
£
ﬂ U U U :
>
@
RDR | TDR SCMR | BRR L
]
i U SR -0
RDO»> | RSR | || TSR Baud rate | @/4
I SMR generator @16
Transmission/
reception -— /64
D < ’ control
Parity generation M
Parity check
oK External clock
= TXI
Legend - RxI
» ERI

Internal
data bus

Figure 14.1 Block Diagram of Smart Card Interface
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14.1.3 Pin Configuration
Table 14.1 shows the smart card interface pins.

Table14.1 Smart Card Interface Pins

Pin Name Abbreviation I/0 Function

Serial clock pin SCK I/0 Clock input/output
Receive data pin RxD Input Receive data input
Transmit data pin TxD Output Transmit data output
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14.1.4 Register Configuration

The smart card interface has the internal registerslisted in table 14.2. The BRR, TDR, and RDR
registers have their normal serial communication interface functions, as described in section 13,
Serial Communication Interface.

Table14.2 Smart Card Interface Registers

Channel  Address** Name Abbreviation R/W Initial Value
0 H'FFFBO  Serial mode register SMR R/W H'00
H'FFFB1 Bit rate register BRR R/W H'FF
H'FFFB2  Serial control register SCR R/W H'00
H'FFFB3  Transmit data register TDR R/W H'FF
H'FFFB4  Serial status register SSR R/(W)*2 H'84
H'FFFB5 Receive data register RDR R H'00
H'FFFB6  Smart card mode register SCMR R/W H'F2
1 H'FFFB8  Serial mode register SMR R/W H'00
H'FFFB9 Bit rate register BRR R/W H'FF
H'FFFBA  Serial control register SCR R/W H'00
H'FFFBB  Transmit data register TDR R/W H'FF
H'FFFBC  Serial status register SSR R/(W)*2 H'84
H'FFFBD  Receive data register RDR R H'00
H'FFFBE  Smart card mode register SCMR R/W H'F2
2 H'FFFCO  Serial mode register SMR R/W H'00
H'FFFC1  Bit rate register BRR R/W H'FF
H'FFFC2  Serial control register SCR R/W H'00
H'FFFC3  Transmit data register TDR R/W H'FF
H'FFFC4  Serial status register SSR RI(W)*? H'84
H'FFFC5  Receive data register RDR R H'00
H'FFFC6  Smart card mode register SCMR R/W H'F2

Notes: 1. Lower 20 bits of the address in advanced mode.
2. Only 0 can be written in bits 7 to 3, to clear the flags.
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14.2  Register Descriptions

This section describes the new or modified registers and bit functions in the smart card interface.

1421 Smart Card Mode Register (SCMR)

SCMR is an 8-bit readable/writable register that selects smart card interface functions.

Bit 7 6 5 4 3 2 1 0
— — — — SDIR SINV — SMIF
Initial value 1 1 1 1 0 0 1 0
Read/Write — — — — R/W R/W — R/W
Reserved bits Reserved bit

Smart card interface
mode select

Enables or disables

the smart card interface
function

Smart card data invert
Inverts data logic levels

Smart card data transfer direction
Selects the serial/parallel conversion format

SCMR isinitialized to H'F2 by areset and in standby mode.
Bits 7 to 4—Reserved: Read-only bits, awaysread as 1.

Bit 3—Smart Card Data Transfer Direction (SDIR): Selects the serial/parallel conversion
format.**

Bit 3

SDIR Description

0 TDR contents are transmitted LSB-first (Initial value)
Receive data is stored LSB-first in RDR

1 TDR contents are transmitted MSB-first

Receive data is stored MSB-first in RDR
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Bit 2—Smart Card Data Invert (SINV): Specifiesinversion of the datalogic level. This
function is used in combination with the SDIR bit to communicate with inverse-convention
cards.*? The SINV bit does not affect the logic level of the parity bit. For parity settings, see
section 14.3.4, Register Settings.

Bit 2

SINV Description

0 Unmodified TDR contents are transmitted (Initial value)
Receive data is stored unmodified in RDR

1 Inverted TDR contents are transmitted

Receive data is inverted before storage in RDR

Bit 1—Reserved: Read-only bit, aways read as 1.

Bit 0—Smart Card Interface M ode Select (SMIF): Enables the smart card interface function.

Bit 0

SMIF Description

0 Smart card interface function is disabled (Initial value)
1 Smart card interface function is enabled

Notes: 1. The function for switching between LSB-first and M SB-first mode can also be used
with the normal serial communication interface. Note that when the communication
format data length is set to 7 bits and M SB-first mode is selected for the serial datato
be transferred, bit 0 of TDR is not transmitted, and only bits 7 to 1 of the received data
arevalid.

2. Thedatalogic level inversion function can aso be used with the normal serial
communication interface. Note that, when inverting the serial data to be transferred,
parity transmission and parity checking is based on the number of high-level periods at
the serial datal/O pin, and not on the register value.
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1422 Serial Status Register (SSR)

The function of SSR bit 4 is modified in smart card interface mode. This change also causes a
modification to the setting conditions for bit 2 (TEND).

Bit 7 6 5 4 3 2 1 0
TDRE RDRF | ORER ERS PER TEND MPB MPBT

Initial value 1 0 0 0 0 1 0 0

Read/Write  R/(W)* R/(W)* R/(W)* R/(W)* R/(W)* R R R/W

Transmit end
Status flag indicating end
of transmission

Error signal status (ERS)
Status flag indicating that an error
signal has been received

Note: * Only 0 can be written, to clear the flag.

Bits 7 to 5: These bits operate asin normal serial communication. For details see section 13.2.7,
Serial Status Register (SSR).

Bit 4—Error Signal Status (ERS): In smart card interface mode, this flag indicates the status of
the error signal sent from the receiving device to the transmitting device. The smart card interface
does not detection framing errors.

Bit 4

ERS Description

0 Indicates normal transmission, with no error signal returned (Initial value)
[Clearing conditions]
The chip is reset, or enters standby mode or module stop mode
Software reads ERS while it is set to 1, then writes 0.

1 Indicates that the receiving device sent an error signal reporting a parity error

[Setting condition]

A low error signal was sampled.

Note: Clearing the TE bit to 0 in SCR does not affect the ERS flag, which retains its previous

value.
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Bits 3to 0: These bits operate asin normal serial communication. For details see section 13.2.7,
Serial Status Register (SSR). The setting conditions for transmit end (TEND), however, are
modified as follows.

Bit 2
TEND

Description

0

Transmission is in progress
[Clearing conditions]
Software reads TDRE whileit is set to 1, then writes 0 in the TDRE flag.

The DMAC or DTC writesdatain TDR.

End of transmission

[Setting conditions] (Initial value)
The chip is reset or enters standby mode.

The TE bit and FER/ERS bit are both cleared to 0 in SCR.

TDRE is 1 and FER/ERS is 0 at a time 2.5 etu after the last bit of a 1-byte serial
character is transmitted (normal transmission).

Note:

14.2.3

etu (Elementary time unit: the time for transfer of one bit)

Serial Mode Register (SMR)

The function of SMR hit 7 is modified in smart card interface mode. This change also causes a
modification to the function of bits 1 and O in the serial control register (SCR).

Bit 7 6 5 4 3 2 1 0
| GM | CHR | PE | O/E | STOP | MP | CKS1 | CKSO0 |
Initial value 0 0 0 0 0 0 0 0

Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
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Bit 7—GSM Mode (GM): With the normal smart card interface, this bit is cleared to 0. Setting
this bit to 1 selects GSM mode, an additional mode for controlling the timing for setting the
TEND flag that indicates completion of transmission, and the type of clock output used. The
details of the additional clock output control mode are specified by the CKE1 and CKEO bitsin
the serial control register (SCR).

Bit 7
GM Description
0 Normal smart card interface mode operation
The TEND flag is set 12.5 etu after the beginning of the start bit.
Clock output on/off control only. (Initial value)
1 GSM mode smart card interface mode operation

The TEND flag is set 11.0 etu after the beginning of the start bit.

Clock output on/off and fixed-high/fixed-low control.

Note: etu (Elementary time unit: the time for transfer of one bit)

Bits 6 to O: These bits operate asin normal serial communication. For details see section 13.2.5,
Serial Mode Register (SMR).

14.24  Serial Control Register (SCR)

The function of SCR bits 1 and 0 is modified in smart card interface mode

Bit 7 6 5 4 3 2 1 0
| TIE | RIE | TE | RE | MPIE | TEIE | CKE1 | CKEO ‘
Initial value 0 0 0 0 0 0 0 0

Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Bits 7 to 2: These bits operate asin normal serial communication. For details see section 13.2.6,
Serial Control Register (SCR).

Bits 1 and 0—Clock Enable 1 and 0 (CK E1, CKEO): These hits select the SCI clock source
and enable or disable clock output from the SCK pin. In smart card interface mode, it is possible
to specify afixed high level or fixed low level for the clock output, in addition to the usual
switching between enabling and disabling of the clock output.
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Bit 7 Bit 1 Bit 0
GM CKE1 CKEO Description
0 0 0 Internal clock/SCK pin is I/O port (Initial value)
1 Internal clock/SCK pin is clock output
1 0 Internal clock/SCK pin is fixed at low output
1 Internal clock/SCK pin is clock output
1 0 Internal clock/SCK pin is fixed at high output
1 Internal clock/SCK pin is clock output

14.3  Operation

14.3.1 Overview
The main features of the smart card interface are as follows.

» Oneframe consists of 8-bit data plus a parity bit.

* Intransmission, aguard time of at least 2 etu (elementary time units: the time for transfer of
one bit) is provided between the end of the parity bit and the start of the next frame.

» If aparity error is detected during reception, alow error signal level is output for al etu period
10.5 etu after the start hit.

» If anerror signal is detected during transmission, the same data is transmitted automatically
after the elapse of 2 etu or longer.

»  Only asynchronous communication is supported; there is no synchronous communication
function.

1432  Pin Connections
Figure 14.2 shows a pin connection diagram for the smart card interface.

In communication with a smart card, since both transmission and reception are carried out on a
single data transmission line, the TxD pin and RxD pin should both be connected to thisline. The
data transmission line should be pulled up to V¢ with aresistor.

When the smart card uses the clock generated on the smart card interface, the SCK pin output is
input to the CLK pin of the smart card. If the smart card uses an internal clock, this connection is
unnecessary.

Thereset signal should be output from one of the H8/3068F s generic ports.
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In addition to these pin connections, power and ground connections will normally also be
necessary.

Vee
TxD %
1/0
RxD Data line
SCK . CLK
H8/3068F Clock line
chip Px (port) . RST
Reset line Smart card
Card-processing device

Figure14.2 Smart Card Interface Connection Diagram

Note: A loop-back test can be performed by setting both RE and TE to 1 without connecting a
smart card.
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14.3.3 Data Format

Figure 14.3 shows the smart card interface data format. In reception in this mode, a parity check
is carried out on each frame, and if an error is detected an error signal is sent back to the
transmitting device to request retransmission of the data. In transmission, the error signal is
sampled and the same data is retransmitted if the error signal is low.

No parity error

Ds | DO | D1 | D2 | D3 | D4 | D5 | D6 | D7 | Dp

Output from transmitting device

Parity error

Ds | DO | D1 | D2 | D3 | D4 | D5 | D6 | D7 | Dp DE

Output from transmitting device

A
Y

- -

Output from
receiving
Legend device
Ds: Start bit
DO to D7: Data bits
Dp: Parity bit
DE: Error signal

Figure14.3 Smart Card Interface Data Format

The operating sequence is as follows.

1

When the datalineisnot in use it is in the high-impedance state, and is fixed high with a pull-
up resistor.

The transmitting device starts transfer of one frame of data. The data frame starts with a start
bit (Ds, low-level), followed by 8 data bits (DO to D7) and a parity bit (Dp).

With the smart card interface, the data line then returns to the high-impedance state. The data
lineis pulled high with a pull-up resistor.

The receiving device carries out a parity check. If thereis no parity error and the datais
received normally, the receiving device waits for reception of the next data. If a parity error
occurs, however, the receiving device outputs an error signa (DE, low-level) to request
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retransmission of the data. After outputting the error signal for the prescribed length of time,
the receiving device places the signal line in the high-impedance state again. The signal lineis
pulled high again by a pull-up resistor.

5. If the transmitting device does not receive an error signal, it proceeds to transmit the next data
frame. If it receives an error signal, however, it returns to step 2 and transmits the same data

again.

14.3.4 Register Settings

Table 14.3 shows a bit map of the registers used in the smart card interface. Bitsindicated as O or
1 must be set to the value shown. The setting of other bitsis described in this section.

Table14.3 Smart Card Interface Register Settings

Bit

Register Address*' Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
SMR H'FFFBO GM 0 1 OE 1 0 CKS1 CKSO
BRR H'FFFB1 BRR7 BRR6 BRR5 BRR4 BRR3 BRR2 BRR1 BRRO
SCR HFFFB2 TIE RIE TE RE 0 0 CKE1*?> CKEO
TDR HFFFB3 TDR7 TDR6 TDR5 TDR4 TDR3 TDR2 TDR1 TDRO
SSR H'FFFB4 TDRE RDRF ORER ERS PER TEND O 0
RDR HFFFB5 RDR7 RDR6 RDR5 RDR4 RDR3 RDR2 RDR1 RDRO
SCMR H'FFFB6 — — — — SDIR SINV — SMIF

Notes: — Unused bit.
1. Lower 20 bits of the address in advanced mode.
2. When GM is cleared to 0 in SMR, the CKE1 bit must also be cleared to 0.

Serial Mode Register (SMR) Settings: Clear the GM bit to 0 when using the normal smart card
interface mode, or set to 1 when using GSM mode. Clear the O/E bit to 0 if the smart card is of
the direct convention type, or set to 1 if of the inverse convention type.

Bits CKS1 and CKS0 select the clock source of the built-in baud rate generator. See section
14.3.5, Clock.

Bit Rate Register (BRR) Settings: BRR is used to set the bit rate. See section 14.3.5, Clock, for
the method of calculating the value to be set.

Serial Control Register (SCR) Settings: The TIE, RIE, TE, and RE bits have their normal serial
communication functions. See section 13, Serial Communication Interface, for details. The CKE1
and CKEO bits specify clock output. To disable clock output, clear these bits to 00; to enable
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clock output, set these bitsto 01. Clock output is not performed when the GM bhitissetto 1in
SMR. Clock output can also be fixed low or high.

Smart Card M ode Register (SCMR) Settings: Clear both the SDIR bit and SINV bit cleared to
0if the smart card is of the direct convention type, and set both to 1 if of the inverse convention
type. To use the smart card interface, set the SMIF bit to 1.

The register settings and examples of starting character waveforms are shown below for two
smart cards, one following the direct convention and one the inverse convention.

1. Direct Convention (SDIR = SINV = O/E = 0)
@ A zZ zZ A Z Z zZ A A Z (2 St

Ds | DO D1 | D2 | D3 D4 D5 | D6 D7 | Dp

With the direct convention type, the logic O level corresponds to state Z and the logic 1 level
to state A, and transfer is performed in LSB-first order. In the example above, the first
character datais H'3B. The parity bit is 1, following the even parity rule designated for smart
cards.

2. Indirect Convention (SDIR = SINV = O/E = 1)
@2 A z z A A A A A A Z (2) State

Ds | Dr D6 | D5 D4 D3 D2 D1 DO | Dp

With the indirect convention type, the logic 1 level corresponds to state Z and the logic O level
to state A, and transfer is performed in MSB-first order. In the example above, the first
character datais H'3F. The parity bit is 0, corresponding to state Z, following the even parity
rule designated for smart cards.

In the H8/3068F, inversion specified by the SINV bit applies only to the data bits, D7 to DO.

For perity bit inversion, the O/E bit in SMR must be set to odd parity mode. This applies to
both transmission and reception.
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14.35 Clock

Only an internal clock generated by the on-chip baud rate generator can be used as the
transmit/receive clock for the smart card interface. The bit rate is set with the bit rate register
(BRR) and the CKS1 and CK S0 bits in the serial mode register (SMR). The equation for
calculating the bit rate is shown below. Table 14.5 shows some sample bit rates.

If clock output is selected with CKEO set to 1, a clock with afrequency of 372 timesthe bit rateis
output from the SCK pin.

B= ¢ x 108
1488 x 22"-1 x (N + 1)

where, N: BRR setting (0 < N < 255)
B: Bit rate (bit/s)
. Operating frequency (MHz)
n: Seetable 14.4

Table14.4 n-Valuesof CKS1 and CK SO Settings

n CKS1 CKSO
0 0 0
1 1
2 1 0
3 1

Note: * If the gear function is used to divide the clock frequency, use the divided frequency to
calculate the bit rate. The equation above applies directly to 1/1 frequency division.

Table14.5 Bit Rates (bitg/s) for Various BRR Settings (When n = 0)

@ (MHz)
N 7.1424 10.00 10.7136 13.00 14.2848 16.00 18.00
0 9600.0 13440.9  14400.0 17473.1 19200.0 21505.4  24193.5
1 4800.0 6720.4 7200.0 8736.6 9600.0 10752.7  12096.8
2 3200.0 4480.3 4800.0 5824.4 6400.0 7168.5 8064.5

Note: Bit rates are rounded off to one decimal place.
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The following equation calculates the bit rate register (BRR) setting from the operating frequency
and bit rate. N is an integer from 0 to 255, specifying the value with the smaller error.

@
N = x 106 -1
1488 x 22n-1 x B

Table14.6 BRR Settingsfor Typical Bit Rates (bits/s) (When n =0)

¢ (MHz)
7.1424 10.00 10.7136 13.00 14.2848 16.00 18.00
bit/s N Error N Error N Error N Error N Error N Error N Error
9600 0 000 1 30 1 25 1 899 1 000 1 1201 2 1599

Table14.7 Maximum Bit Ratesfor Various Frequencies (Smart Card I nterface M ode)

@ (MHz) Maximum Bit Rate (bits/s) N n
7.1424 9600 0 0
10.00 13441 0 0
10.7136 14400 0 0
13.00 17473 0 0
14.2848 19200 0 0
16.00 21505 0 0
18.00 24194 0 0

The bit rate error is given by the following equation:

Error (%) = Ld x 106—1 | x 100
1488 x 22n1 x B x (N + 1)
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14.3.6  Transmitting and Receiving Data

Initialization: Before transmitting or receiving data, the smart card interface must beinitialized
as described below. Initialization is aso necessary when switching from transmit mode to receive
mode, or vice versa.

1. Clear the TE and RE bitsto 0 in the serial control register (SCR).
2. Clear error flags FER/ERS, PER, and ORER to 0 in the serial status register (SSR).

3. Set the parity bit (O/E) and baud rate generator select bits (CKS1 and CKS0) in the serial
mode register (SMR). Clear the C/A, CHR, and MP bitsto 0, and set the STOP and PE bits to
1

4. Setthe SMIF, SDIR, and SINV bitsin the smart card mode register (SCMR).

When the SMIF bit is set to 1, the TxD pin and RxD pin are both switched from port to SCI pin
functions and go to the high-impedance state.

5. Set avalue corresponding to the desired bit rate in the bit rate register (BRR).

6. Set the CKEOQ hit in SCR. Clear the TIE, RIE, TE, RE, MPIE, TEIE, and CKE1 bitsto 0. If
the CKEO bit is set to 1, the clock is output from the SCK pin.

7. Wait at least one bit interval, then set the TIE, RIE, TE, and RE bitsin SCR. Do not set the
TE bit and RE bit at the same time, except for self-diagnosis.

Transmitting Serial Data: Asdatatransmission in smart card mode involves error signal
sampling and retransmission processing, the processing procedure is different from that for the
normal SCI. Figure 14.5 shows a sample transmission processing flowchart.

Perform smart card interface mode initialization as described in Initialization above.
Check that the FER/ERS error flag is cleared to 0 in SSR.
Repeat steps 2 and 3 until it can be confirmed that the TEND flag isset to 1 in SSR.

Write the transmit datain TDR, clear the TDRE flag to 0, and perform the transmit operation.
The TEND flagis cleared to O.

5. To continue transmitting data, go back to step 2.
6. Toend transmission, clear the TE bit to O.

A w DR

The above processing may include interrupt handling DMA transfer.

If transmission ends and the TEND flag is set to 1 while the TIE bit is set to 1 and interrupt
requests are enabled, a transmit-data-empty interrupt (TXI1) will be requested. If an error occursin
transmission and the ERS flag is set to 1 while the RIE bit is set to 1 and interrupt requests are
enabled, atransmit/receive-error interrupt (ERI) will be requested.

The timing of TEND flag setting depends on the GM bit in SMR (see figure 14.4).
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If the TXI interrupt activates the DMAC, the number of bytes designated in the DMAC can be
transmitted automatically, including automatic retransmission.

For details, see Interrupt Operations and Data Transfer by DMAC in this section.

Serial data Ds Dp — DE
Guard time
(1) GM=0
TEND ) 125 etu -
) GM=1
TEND 11.0 etu

Note: etu (Elementary time unit: the time for transfer of one bit)

Figure14.4 Timing of TEND Flag Setting
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( Start >

| Initialization |

( Start transmitting )

No
FER/ERS = 0?

Yes

No
TEND = 1?
Yes

Write transmit data in TDR,
and clear TDRE flag
to 0in SSR

All data transmitted?

Yes

Error handling )

Y

No

FER/ERS = 07?

<—< Error handling >

| Clear TE bitto O |

|
( End )

Figure14.5 Sample Transmission Processing Flowchart
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TDR TSR
(shift register)

1. Data write | Data 1

| Data remains in TDR
Data 1

|—> I/O signal

output

2. Transfer from TDR to TSR | Data 1 |—>| Data 1

3. Serial data output | Data 1

In case of normal transmission: TEND flag is set

In case of transmit error: ERS flag is set
Steps 2 and 3 above are repeated until the
TEND flag is set.

Note: When the ERS flag is set, it should be cleared until transfer of the last bit (D7 in LSB-first
transmission, DO in MSB-first transmission) of the retransmit data to be transmitted next has
been completed.

Figure14.6 Relation Between Transmit Operation and Internal Registers

/O data Ds | Da | Db | Dc|Dd |De | Df | Dg | Dh | Dp | ! DE! !
Guard time -
TXI (TEND 12.5 etu -~ "
interrupt) - | When GM =0
11.0 etu M v
-l - | Wh M=1
-t - ! enG

Note: etu (Elementary time unit: the time for transfer of one bit)

Figure14.7 Timing of TEND Flag Setting

Receiving Serial Data: Datareception in smart card mode uses the same processing procedure
as for the normal SCI. Figure 14.8 shows a sample reception processing flowchart.

1. Perform smart card interface mode initialization as described in Initialization above.

2. Check that the ORER flag and PER flag are cleared to 0 in SSR. If either is set, perform the
appropriate receive error handling, then clear both the ORER and the PER flag to O.

3. Repeat steps 2 and 3 until it can be confirmed that the RDRF flag is set to 1.
4. Read the receive datafrom RDR.
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5. To continue receiving data, clear the RDRF flag to 0 and go back to step 2.
6. To end reception, clear the RE hit to O.

< Start >

| Initialization

|
C Start receiving >

-
-

ORER =0 No

and PER =07

Yes -
<—< Error handling >

RDRF =17

No

Yes

Read RDR and clear
RDRF flag to 0 in SSR

| Clear RE bitto 0 |

Figure14.8 Sample Reception Processing Flowchart
The above procedure may include interrupt handling and DMA transfer.

If reception ends and the RDRF flag is set to 1 while the RIE bit is set to 1 and interrupt requests
are enabled, areceive-data-full interrupt (RX1) will be requested. If an error occursin reception

and either the ORER flag or the PER flag is set to 1, atransmit/receive-error interrupt (ERI) will
be regquested.

If the RXI interrupt activates the DMAC, the number of bytes designated in the DMAC will be
transferred, skipping receive datain which an error occurred.
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For details, see Interrupt Operations and Data Transfer by DMAC in this section.

If aparity error occurs during reception and the PER flag is set to 1, the received dataiis
transferred to RDR, so the erroneous data can be read.

Switching M odes: When switching from receive mode to transmit mode, first confirm that the
receive operation has been completed, then start from initialization, clearing RE to 0 and setting
TEto 1. The RDRF, PER, or ORER flag can be used to check that the receive operation has been
completed.

When switching from transmit mode to receive mode, first confirm that the transmit operation has
been completed, then start from initialization, clearing TE to 0 and setting RE to 1. The TEND
flag can be used to check that the transmit operation has been completed.

Fixing Clock Output: When the GM bit isset to 1 in SMR, clock output can be fixed by means
of the CKE1 and CKEOQ bitsin SCR. The minimum clock pulse width can be set to the specified
width in this case.

Figure 14.9 shows the timing for fixing clock output. In this example, GM = 1, CKE1 = 0, and the
CKEQ bit is controlled.

Specified pulse Specified pulse
width width
CKEL1 value
¢ ((
SCK by
SCR write SCR write
(CKEO =0) (CKEO =1)

Figure14.9 Timingfor Fixing Cock Output

Interrupt Operations: The smart card interface has three interrupt sources. transmit-data-empty
(TXI), transmit/receive-error (ERI), and receive-data-full (RX1). The transmit-end interrupt
request (TEI) is not available in smart card mode.

A TXI interrupt is requested when the TEND flagis set to 1 in SSR. An RXI interrupt is
requested when the RDRF flag is set to 1 in SSR. An ERI interrupt is requested when the ORER,
PER, or ERSflag isset to 1 in SSR. These relationships are shown in table 14.8.
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Table14.8 Smart Card Interface M ode Operating States and I nterrupt Sources

Interrupt DMAC

Operating State Flag Enable Bit Source Activation
Transmit Mode Normal TEND TIE TXI Available

operation

Error ERS RIE ERI Not available
Receive Mode Normal RDRF RIE RXI Available

operation

Error PER, ORER RIE ERI Not available

Data Transfer by DMAC: The DMAC can be used to transmit and receive datain smart card
mode, asin normal SCI operations. In transmit mode, when the TEND flag isset to 1 in SSR, the
TDRE flag is set simultaneously, generating a TXI interrupt. If the TXI request is designated
beforehand as a DMAC activation source, the DMAC will be activated by the TXI request and
will transfer the next transmit data. This data transfer by the DMAC automatically clears the
TDRE and TEND flagsto 0. In the event of an error, the SCI automatically retransmits the same
data, keeping the TEND flag cleared to 0 so that the DMAC is not activated. The SCI and DMAC
will therefore automatically transmit the designated number of bytes, including retransmission
when an error occurs. When an error occurs, the ERSflag is not cleared automatically, so the RIE
bit should be set to 1 to enable the error to generate an ERI request, and the ERI interrupt handler
should clear ERS.

When using the DMAC to transmit or receive, first set up and enable the DMAC, then make SCI
settings. DMAC settings are described in section 7, DMA controller.

In receive operations, an RX| interrupt is requested when the RDRF flagisset to 1 in SSR. If the
RXI request is designated beforehand as a DMAC activation source, the DMAC will be activated
by the RX1 reguest and will transfer the received data. This data transfer by the DMAC
automatically clears the RDRF flag to 0. When an error occurs, the RDRF flag is not set and an
error flag is set instead. The DMAC is not activated. The ERI interrupt request is directed to the
CPU. The ERI interrupt handler should clear the error flags.
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Examples of Operation in GSM M ode: When switching between smart card interface mode
and software standby mode, use the following procedures to maintain the clock duty cycle.

» Switching from smart card interface mode to software standby mode

1. Setthe P9, dataregister (DR) and data direction register (DDR) to the values for the fixed
output state in software standby mode.

2. WriteOinthe TE and RE bitsin the serial control register (SCR) to stop transmit/receive
operations. At the same time, set the CKEL1 hit to the value for the fixed output state in
software standby mode.

3. Write 0in the CKEOQ bit in SCR to stop the clock.

4. Wait for one serial clock cycle. During this period, the duty cycle is preserved and clock
output isfixed at the specified level.

5. Write H'00 in the serial mode register (SMR) and smart card mode register (SCMR).
6. Make the transition to the software standby state.

* Returning from software standby mode to smart card interface mode
1. Clear the software standby state.

2. Set the CKEL bit in SCR to the value for the fixed output state at the start of software standby
(the current P9, pin state).

3. Set smart card interface mode and output the clock. Clock signal generation is started with the
normal duty cycle.

Software
Normal operation standby Normal operation

T ! |

M@ E @®Ee6 1 E

Figure 14.10 Procedurefor Stopping and Restarting the Clock
Use the following procedure to secure the clock duty cycle after powering on.

1. Theinitial stateis port input and high impedance. Use pull-up or pull-down resistorsto fix the
potential.

2. Fix at the output specified by the CKEL bit in SCR.
3. Set SMR and SCMR, and switch to smart card interface mode operation.
4. Setthe CKEOQ bit to 1 in SCR to start clock output.
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144  Usage Notes
The following points should be noted when using the SCI as a smart card interface.

Receive Data Sampling Timing and Receive Margin in Smart Card Interface Mode: In
smart card interface mode, the SCI operates on a base clock with a frequency of 372 timesthe
transfer rate. In reception, the SCI synchronizes internally with the fall of the start bit, which it
samples on the base clock. Receive datais latched at the rising edge of the 186th base clock pulse.
Thetiming is shown in figure 14.11.

372 clocks _

186 clocks

|~

0 185 371/0 185 371 0
Internal base ﬂ
clock } ! g& g$
Receive d L D () () P (} (}
eceive data . .
(RxD) W Start bit DO [ [ D1

)] )]

(L. ((
) ))

~—
~

Synchronization |
sampling timing ! ( Do (
o ))
Data sampling
timing ( A_l (( ((
) )] )]

Figure14.11 Receive Data Sampling Timingin Smart Card Interface M ode
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The receive margin can therefore be expressed as follows.
Receive margin in smart card interface mode;

Ip-05|

M= (05— —)—(L-05)F- (1+F)| x 100%
2N

: Receive margin (%)

Ratio of clock frequency to bit rate (N = 372)
Clock duty cycle (L =0to 1.0)

Frame length (L =10)

Absolute deviation of clock frequency

nmrozg

From the above equation, if F=0and D = 0.5, the receive margin is as follows.

WhenD =0.5and F=0:

M= (0.5 — 1/2 x 372) x 100%
= 49.866%

Retransmission: Retransmission is performed by the SCI in receive mode and transmit mode as
described below.

* Retransmission when SCl isin Receive Mode
Figure 14.12 illustrates retransmission when the SCI is in receive mode.

1. If anerror isfound when the received parity bit is checked, the PER bit is automatically set to
1. If the RIE bit in SCRis set to the enable state, an ERI interrupt is requested. The PER bit
should be cleared to 0 in SSR before the next parity bit sampling timing.

2. The RDRF bit in SSRis not set for the frame in which the error has occurred.

3. If no error isfound when the received parity bit is checked, the PER bit isnot set to 1 in SSR.

4. If no error is found when the received parity bit is checked, the receive operation is assumed
to have been completed normally, and the RDRF bit is automatically set to 1 in SSR. If the
RIE bit in SCR is set to the enable state, an RX| interrupt is requested. If RXI isenabled asa
DMA transfer activation source, the RDR contents can be read automatically. When the
DMAC reads the RDR data, the RDRF flag is automatically cleared to 0.

5. When anormal frame is received, the data pin is held in the high-impedance state at the error
signal transmission timing.
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‘47 Frame n 4>‘<7 Retransmitted frame 4+— Frame n+1

-lDs|Do|D1|D2|D3|D4|D5|De|D7|Dp|-|%—|Ds|Do|Dl|D2|D3|D4|Ds|D6|D7|Dp|®—E)|Ds|Do|D1|Dz|D3|D4|

RDRF

A2 A g

PER

b NE

Figure14.12 Retransmission in SCI Receive M ode

Retransmission when SCI isin Transmit Mode
Figure 14.13 illustrates retransmission when the SCI is in transmit mode.

. If an error signal is sent back from the receiving device after transmission of one frameis
completed, the FER/ERS bit is set to 1 in SSR. If the RIE bit in SCR is set to the enable state,
an ERI interrupt is requested. The ERS bit should be cleared to 0 in SSR before the next parity
bit sampling timing.

. The TEND bit in SSR is not set for the frame for which the error signal was received.

. If an error signal is not sent back from the receiving device, the ERSflag is not set in SSR.

. If anerror signal is not sent back from the receiving device, transmission of one frame,
including retransmission, is assumed to have been completed, and the TEND bit issetto 1in
SSR. If the TIE bit in SCR is set to the enable state, a TXI interrupt is requested. If TXI is
enabled asa DMA transfer activation source, the next data can be writtenin TDR
automatically. When the DMAC writes datain TDR, the TDRE bit is automatically cleared to
0.

‘<7 Frame n 4>%7 Retransmitted frame 4»% Frame n+1

-IDs|DO|D1|D2|D3|D4|D5|D6|D7|Dp|—BE,—|Ds|D0|D1|D2|D3|D4|D5|D6|D7|Dp (OE) Ds|pojp1|p2|ps|p4
| TorRE ||

*Transfer from TDR to TSR *Transfer from TDR to TSR *Transfer from TDR to TSR
TEND :

A A9
ERS

A (6] A (g

Figure14.13 Retransmission in SCI Transmit Mode
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Section 15 A/D Converter

Section 15 A/D Converter

15.1 Overview

The H8/3068F includes a 10-bit successive-approximations A/D converter with a selection of up
to eight analog input channels.

When the A/D converter is not used, it can be halted independently to conserve power. For details
see section 20.6, Module Standby Function.

15.1.1 Features
A/D converter features are listed below.

e 10-bit resolution
« Eight input channels
« Selectable analog conversion voltage range

The analog voltage conversion range can be programmed by input of an analog reference
voltage at the Vger pin.

» High-speed conversion

Conversion time: maximum 3.5 ps per channel (with 20 MHz system clock)
* Two conversion modes

Single mode: A/D conversion of one channel

Scan mode: continuous conversion on one to four channels
e Four 16-bit data registers

A/D conversion results are transferred for storage into data registers corresponding to the
channels.

» Sample-and-hold function
¢ Three conversion start sources

The A/D converter can be activated by software, an external trigger, or an 8-bit timer compare
match.

e A/D interrupt requested at end of conversion

At the end of A/D conversion, an A/D end interrupt (ADI) can be requested.
* DMA controller (DMAC) activation

The DMAC can be activated at the end of A/D conversion.
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15.1.2 Block Diagram

Figure 15.1 shows a block diagram of the A/D converter.

Module data bus

Internal
data bus

i

111]

00

o)
B
AVCC — (@)}
o2
TINE:
VREF— 10-bit D/A | g_% > 8
SE <
0 X
AVgg — o
SS 5
Q
©

ADDRB
ADDRC
ADDRD

Bus interface

ADCSR
ADCR

—]

ANO%
-+
AN; —= >—~
L 5~ — -
AN, —= ! |

ANz —> Anrq‘ﬁllt(i)-g % Comparator
ANy =] PIEXET | 5ol and-

ANg — hold circuit

ANg—

AN; —

|

Control circuit

e gl4

le—— @/8

ADTRG = %{>

Compare match A0 —

ADTE

Legend

ADCR: A/D control register
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

\—> ADI

interrupt signal

Figure15.1 A/D Converter Block Diagram
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15.1.3 Input Pins

Table 15.1 summarizes the A/D converter’sinput pins. The eight analog input pins are divided
into two groups: group 0 (ANg to AN3), and group 1 (AN4to AN;). AV and AV ss are the power
supply for the analog circuits in the A/D converter. Vger isthe A/D conversion reference voltage.

Table15.1 A/D Converter Pins

Abbrevi-
Pin Name ation I/0 Function
Analog power supply pin AVcc Input  Analog power supply
Analog ground pin AVss Input  Analog ground and reference voltage
Reference voltage pin VRer Input  Analog reference voltage
Analog input pin 0 ANp Input  Group 0 analog inputs
Analog input pin 1 AN, Input
Analog input pin 2 AN, Input
Analog input pin 3 ANz Input
Analog input pin 4 AN, Input  Group 1 analog inputs
Analog input pin 5 ANs Input
Analog input pin 6 ANg Input
Analog input pin 7 AN-, Input

A/D external trigger input pin ADTRG  Input External trigger input for starting A/D conversion
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15.1.4 Register Configuration

Table 15.2 summarizes the A/D converter’s registers.

Table15.2 A/D Converter Registers

Address** Name Abbreviation R/W Initial Value
H'FFFEOQ A/D data register AH ADDRAH R H'00
H'FFFE1 A/D data register A L ADDRAL R H'00
H'FFFE2 A/D data register B H ADDRBH R H'00
H'FFFE3 A/D data register B L ADDRBL R H'00
H'FFFE4 A/D data register C H ADDRCH R H'00
H'FFFES5 A/D data register C L ADDRCL R H'00
H'FFFE6 A/D data register D H ADDRDH R H'00
H'FFFE7 A/D data register D L ADDRDL H'00
H'FFFES8 A/D control/status register ADCSR R/(W)*2 H'00
H'FFFE9 A/D control register ADCR R/W H'7E

Notes: 1. Lower 20 bits of the address in advanced mode.
2. Only 0 can be written in bit 7, to clear the flag.
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15.2 Register Descriptions

1521 A/D Data RegistersA to D (ADDRA to ADDRD)

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O
ADDRnN ‘ADQ‘ADS‘AD?‘AD6‘AD5‘AD4‘AD3‘ADZ‘ADl‘ADO‘ — ‘ — ‘ — ‘ — ‘ — ‘ — ‘
Initial value o o o o o o o o o o o o o o o o

ReadWrite R R R R R R R R R R R R R R R R
(n=Ato D) ‘ ‘
A/D conversion data Reserved bits
10-hit data giving an
A/D conversion result

Thefour A/D dataregisters (ADDRA to ADDRD) are 16-hit read-only registers that store the
results of A/D conversion.

An A/D conversion produces 10-bit data, which is transferred for storage into the A/D data
register corresponding to the selected channel. The upper 8 bits of the result are stored in the
upper byte of the A/D dataregister. The lower 2 bits are stored in the lower byte. Bits5to 0 of an
A/D dataregister are reserved bits that are always read as 0. Table 15.3 indicates the pairings of
analog input channels and A/D dataregisters.

The CPU can always read and write the A/D data registers. The upper byte can be read directly,
but the lower byte is read through atemporary register (TEMP). For details see section 15.3, CPU
Interface.

The A/D dataregisters areinitialized to H'0000 by areset and in standby mode.

Table15.3 Analog Input Channelsand A/D Data Registers

Analog Input Channel

Group O Group 1 A/D Data Register
ANp ANy ADDRA
AN, ANs ADDRB
AN, ANg ADDRC
AN3 ANy ADDRD
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152.2 A/D Control/Status Register (ADCSR)
Bit 7 6 5 4 3 2 1 0
‘ ADF ‘ ADIE ‘ ADST ‘ SCAN ‘ CKS CH2 ‘ CH1 ‘ CHO
Initial value 0 0 0 0 0 0 0 0
Read/Write R/(W)* R/W R/W R/W R/W R/W R/W R/W

Scan mode

A/D start

A/D interrupt enable

A/D end flag
Indicates end of A/D conversion

Note: * Only 0 can be written, to clear the flag.

Clock select
Selects the A/D conversion time

Starts or stops A/D conversion

Enables and disables A/D end interrupts

Channel select 2to 0
These bits select analog
input channels

Selects single mode or scan mode

ADCSR is an 8-bit readable/writable register that selects the mode and controls the A/D
converter. ADCSRisinitialized to H'00 by areset and in standby mode.
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Bit 7—A/D End Flag (ADF): Indicates the end of A/D conversion.

Bit 7
ADF Description
0 [Clearing condition] (Initial value)

Read ADF when ADF =1, then write 0 in ADF.
DMAC activated by ADI interrupt.

1 [Setting conditions]
Single mode: A/D conversion ends
Scan mode: A/D conversion ends in all selected channels

Bit 6—A/D Interrupt Enable (ADIE): Enables or disablesthe interrupt (ADI) requested at the
end of A/D conversion.

Bit 6

ADIE Description

0 A/D end interrupt request (ADI) is disabled (Initial value)
1 A/D end interrupt request (ADI) is enabled

Bit 5—A/D Start (ADST): Starts or stops A/D conversion. The ADST bit remains set to 1 during
A/D conversion. It can also be set to 1 by external trigger input at the ADTRG pin, or by an 8-bit
timer compare match.

Bit 5

ADST Description

0 A/D conversion is stopped (Initial value)
1 Single mode: A/D conversion starts; ADST is automatically cleared to 0 when

conversion ends.

Scan mode: A/D conversion starts and continues, cycling among the selected
channels, until ADST is cleared to O by software, by a reset, or by a transition to
standby mode.
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Bit 4—Scan Mode (SCAN): Selects single mode or scan mode. For further information on
operation in these modes, see section 15.4, Operation. Clear the ADST hit to 0 before switching
the conversion mode.

Bit 4

SCAN Description

0 Single mode (Initial value)
1 Scan mode

Bit 3—Clock Select (CKS): Selectsthe A/D conversion time. Clear the ADST bit to O before
switching the conversion time.

Bit 3

CKS Description

0 Conversion time = 134 states (maximum) (Initial value)
1 Conversion time = 70 states (maximum)

Bits2to 0—Channel Select 2to 0 (CH2 to CHO): These bits and the SCAN bit select the
analog input channels. Clear the ADST bit to O before changing the channel selection.

Group
Selection Channel Selection Description
CH2 CH1 CHO Single Mode Scan Mode
0 0 0 AN (Initial value) ANy
1 AN; ANp, AN,
1 0 AN, AN, to AN,
1 AN3 AN to AN;
1 0 0 AN, ANy
1 ANs ANy, ANg
1 0 ANg AN, to ANg
1 ANy ANy to ANy
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15.2.3 A/D Control Register (ADCR)

Bit 7 6 5 4 3 2 1 0

Ree | — | — | — | — | - | - | -
Initial value 0 1 1 1 1 1 1 0
Read/Write R/W — — — — — — R/W

Reserved bits

Trigger enable
Enables or disables starting of A/D conversion
by an external trigger or 8-bit timer compare match

ADCR is an 8-bit readable/writable register that enables or disables starting of A/D conversion by
external trigger input or an 8-bit timer compare match signal. ADCR isinitialized to H'7F by a
reset and in standby mode.

Bit 7—Trigger Enable (TRGE): Enables or disables starting of A/D conversion by an external
trigger or 8-bit timer compare match.

Bit 7

TRGE Description

0 Starting of A/D conversion by an external trigger or 8-bit timer (Initial value)
compare match is disabled

1 A/D conversion is started at the falling edge of the external trigger

signal (ADTRG) or by an 8-bit timer compare match

External trigger pin and 8-bit timer selection are performed by the 8-bit timer. For details, see
section 10, 8-Bit Timers.

Bits 6 to 1—Reserved: These bits cannot be modified and are always read as 1.

Bit 0—Reserved: Thisbit can be read or written, but must not be set to 1.
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15.3 CPU Interface

ADDRA to ADDRD are 16-hit registers, but they are connected to the CPU by an 8-bit data bus.
Therefore, although the upper byte can be be accessed directly by the CPU, the lower byteis read
through an 8-bit temporary register (TEMP).

An A/D dataregister is read as follows. When the upper byteis read, the upper-byte valueis
transferred directly to the CPU and the lower-byte value is transferred into TEMP. Next, when
the lower byte isread, the TEMP contents are transferred to the CPU.

When reading an A/D data register, always read the upper byte before the lower byte. It is
possible to read only the upper byte, but if only the lower byte is read, incorrect data may be
obtained.

Figure 15.2 shows the data flow for access to an A/D data register.
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Upper-byte read

Module data bus

(CH?XA) Bus interface
TEMP
(H'40)
ADDRNH ADDRNL
(H'AA) (H'40)
(n=AtoD)

Lower-byte read

Module data bus

(CHF?:JO) Bus interface
TEMP
(H'40)
ADDRNH ADDRNL
(H'AA) (H'40)
(n=AtoD)

Figure15.2 A/D Data Register Access Operation (Reading H'AA40)
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15.4  Operation

The A/D converter operates by successive approximations with 10-bit resolution. It has two
operating modes: single mode and scan mode.

154.1 SingleMode (SCAN =0)

Single mode should be selected when only one A/D conversion on one channel is required. A/D
conversion starts when the ADST bit is set to 1 by software, or by externa trigger input. The
ADST bit remains set to 1 during A/D conversion and is automatically cleared to O when
conversion ends.

When conversion ends the ADF hit is set to 1. If the ADIE bit isalso set to 1, an ADI interrupt is
requested at thistime. To clear the ADF flag to O, first read ADCSR, then write 0 in ADF.

When the mode or analog input channel must be switched during analog conversion, to prevent
incorrect operation, first clear the ADST bit to 0in ADCSR to halt A/D conversion. After making
the necessary changes, set the ADST bit to 1 to start A/D conversion again. The ADST bit can be
set at the same time as the mode or channel is changed.

Typical operations when channel 1 (AN;) is selected in single mode are described next.
Figure 15.3 shows atiming diagram for this example.

1. Single mode is selected (SCAN = 0), input channel AN; is selected (CH2 =CH1 =0,

CHO = 1), the A/D interrupt is enabled (ADIE = 1), and A/D conversion is started

(ADST =1).

When A/D conversion is completed, the result is transferred into ADDRB. At the same time
the ADF flag is set to 1, the ADST bit is cleared to 0, and the A/D converter becomesidle.
Since ADF =1 and ADIE = 1, an ADI interrupt is requested.

The A/D interrupt handling routine starts.

The routine reads ADCSR, then writes 0 in the ADF flag.

The routine reads and processes the conversion result (ADDRB).

Execution of the A/D interrupt handling routine ends. After that, if the ADST bit isset to 1,
A/D conversion starts again and steps 2 to 7 are repeated.

N

N o g~ ®
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Figure 15.3 Example of A/D Converter Operation (Single M ode, Channel 1 Selected)
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1542 Scan Mode (SCAN =1)

Scan mode is useful for monitoring analog inputsin a group of one or more channels. When the
ADST bit is set to 1 by software or external trigger input, A/D conversion starts on the first
channel in the group (ANo when CH2 = 0, AN, when CH2 = 1). When two or more channels are
selected, after conversion of the first channel ends, conversion of the second channel (AN; or
AN;) starts immediately. A/D conversion continues cyclically on the selected channels until the
ADST bit is cleared to 0. The conversion results are transferred for storage into the A/D data
registers corresponding to the channels.

When the mode or analog input channel selection must be changed during analog conversion, to
prevent incorrect operation, first clear the ADST bit to 0 in ADCSR to halt A/D conversion. After
making the necessary changes, set the ADST bit to 1. A/D conversion will start again from the
first channel in the group. The ADST bit can be set at the same time as the mode or channel
selection is changed.

Typical operations when three channels in group 0 (AN to AN,) are selected in scan mode are
described next. Figure 15.4 shows atiming diagram for this example.

1. Scan modeis selected (SCAN = 1), scan group 0 is selected (CH2 = 0), analog input channels
AN to AN, are selected (CH1 = 1, CHO = 0), and A/D conversion is started (ADST = 1).

2. When A/D conversion of the first channel (ANg) is completed, the result is transferred into
ADDRA. Next, conversion of the second channel (AN,) starts automatically.

3. Conversion proceeds in the same way through the third channel (ANy).

4. When conversion of all selected channels (AN to AN,) is completed, the ADF flagissetto 1
and conversion of the first channel (ANg) starts again. If the ADIE bit is set to 1, an ADI
interrupt is requested at thistime.

5. Steps2to 4 are repeated aslong asthe ADST hit remains set to 1. When the ADST bit is
cleared to 0, A/D conversion stops. After that, if the ADST bit isset to 1, A/D conversion
starts again from the first channel (ANy).
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1543 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 analog
input at atimetp after the ADST bit is set to 1, then starts conversion. Figure 15.5 shows the A/D
conversion timing. Table 15.4 indicates the A/D conversion time.

Asindicated in figure 15.5, the A/D conversion time includes tp and the input sampling time. The
length of tp varies depending on the timing of the write accessto ADCSR. The total conversion
time therefore varies within the ranges indicated in table 15.4.

In scan mode, the values given in table 15.4 apply to the first conversion. In the second and
subseguent conversions the conversion timeis fixed at 128 states when CKS = 0 or 66 states
when CKS= 1.
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@)

. m

Address bus I
Write signal

Input sampling
timing

ADF

A
Y
A
Y

tD tSPL

tCONV

Legend

(1): ADCSR write cycle
(2):  ADCSR address

tp: Synchronization delay
tspL: Input sampling time
tcony: A/D conversion time

Figure15.5 A/D Conversion Timing

Table15.4 A/D Conversion Time (Single M ode)

CKS =0 CKs=1
Symbol Min Typ Max Min Typ Max
Synchronization delay o 6 — 9 4 — 5
Input sampling time tspL — 31 — — 15 —
A/D conversion time tconv 131 — 134 69 — 70

Note: Values in the table are numbers of states.
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15.4.4 External Trigger Input Timing

A/D conversion can be externally triggered. When the TRGE bit is set to 1 in ADCR and the 8-bit
timer's ADTE bit is cleared to O, external trigger input is enabled at the ADTRG pin. A high-to-
low transition at the ADTRG pin setsthe ADST bit to 1in ADCSR, starting A/D conversion.
Other operations, in both single and scan modes, are the same as if the ADST bit had been set to 1
by software. Figure 15.6 shows the timing.

ADTRG

Internal trigger
signal

ADST

A/D conversion

»
[

Figure15.6 External Trigger Input Timing
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155 Interrupts

The A/D converter generates an interrupt (ADI) at the end of A/D conversion. The ADI interrupt
reguest can be enabled or disabled by the ADIE bit in ADCSR. The ADI interrupt request can be
designated as a DMAC activation source. In this case, an interrupt request is not sent to the CPU.

15,6 Usage Notes

When using the A/D converter, note the following points:

1

Analog Input Voltage Range: During A/D conversion, the voltages input to the analog input
pins should be in the range AVss < AN, < Vger.

Relationships of AV¢c and AVssto Ve and Vss: AVee, AVss, Ve, and Vss should be related
asfollows: AVss = Vss. AV and AVss must not be left open, even if the A/D converter is
not used.

Vrer Programming Range: The reference voltage input at the Vger pin should be in the range
Vrer £ AVcc.

Note on Board Design: In board layout, separate the digital circuits from the analog circuits as
much as possible. Particularly avoid layouts in which the signal lines of digital circuits cross
or closely approach the signal lines of analog circuits. Induction and other effects may cause
the analog circuits to operate incorrectly, or may adversely affect the accuracy of A/D
conversion.

The analog input signals (AN to AN-), analog reference voltage (Vrer), and analog supply
voltage (AVcc) must be separated from digital circuits by the analog ground (AVss). The
analog ground (AV ss) should be connected to a stable digital ground (Vss) a one point on the
board.

Note on Noise: To prevent damage from surges and other abnormal voltages at the analog
input pins (AN, to AN-) and analog reference voltage pin (Vrer), cOnnect a protection circuit
like the onein figure 15.7 between AV c and AV ss. The bypass capacitors connected to AV cc
and Vger and the filter capacitors connected to AN, to AN7 must be connected to AV ss. If
filter capacitors like the ones in figure 15.7 are connected, the voltage values input to the
analog input pins (AN to AN-) will be smoothed, which may give rise to error. Error can also
occur if A/D conversion is frequently performed in scan mode so that the current that charges
and discharges the capacitor in the sample-and-hold circuit of the A/D converter becomes
greater than that input to the analog input pins viainput impedance Rin. The circuit constants
should therefore be selected carefully.
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/\/

O AVce
O * VREF

*1 *i ANO to AN7
O T AVss
Notes: 1.

10 yF 0.01 pF

2. Rin: input impedance

Figure 15.7 Example of Analog Input Protection Circuit

Table15.5 Analog Input Pin Ratings

Item min max Unit
Analog input capacitance — 20 pF
Allowable signal-source impedance — 10* kQ

Note: * When conversion time = 134 states, Vcc =4.0Vt0 5.5V, and g < 13 Mhz. For details see
section 21, Electrical Characteristics.

10 kQ

AN to AN~ O—\/\/\/\T> To A/D converter
; 20 pF

Figure15.8 Analog Input Pin Equivalent Circuit

Note: Numeric values are approximate, except in table 15.5
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. A/D Conversion Accuracy Definitions: A/D conversion accuracy in the H8/3068F is defined

asfollows:
Resolution:
Offset error:

Full-scale error:

Quantization error:

Nonlinearity error:

Absolute accuracy:

Digital output code length of A/D converter

Deviation fromideal A/D conversion characteristic of analog input
voltage required to raise digital output from minimum voltage value
0000000000 to 0000000001 (figure 15.10)

Deviation from ideal A/D conversion characteristic of analog input
voltage required to raise digital output from 11111111100 1111111111
(figure 15.10)

Intrinsic error of the A/D converter; 1/2 LSB (figure 15.9)

Deviation from ideal A/D conversion characteristic in range from zero
voltsto full scale, exclusive of offset error, full-scale error, and
quantization error.

Deviation of digital value from analog input value, including offset error,
full-scale error, quantization error, and nonlinearity error.

Digital
output
Ideal A/D conversion —»

111 + characteristic

110 -

101

100 -

011

010 L Quantization error

001

000 | | | | | | |

1/8 2/8 3/8 4/8 5/8 6/8 7/8 FS

Analog input
voltage

Figure15.9 A/D Converter Accuracy Definitions (1)
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Full-scale
Digital error
output
Ideal A/D
conversion
characteristic
Nonlinearity
’ error
<+ Actual A/D conversion
characteristic
FS
L Analog input
Offset error voltag% P

Figure 15.10 A/D Converter Accuracy Definitions (2)

7. Allowable Signal-Source Impedance: The analog inputs of the H8/3068F are designed to
assure accurate conversion of input signals with a signal-source impedance not exceeding 10
kQ. The reason for thisrating is that it enables the input capacitor in the sample-and-hold
circuit in the A/D converter to charge within the sampling time. If the sensor output
impedance exceeds 10 kQ, charging may be inadequate and the accuracy of A/D conversion
cannot be guaranteed.

If alarge external capacitor is provided in single mode, then the internal 10-kQ input
resistance becomes the only significant load on the input. In this case the impedance of the
signal source is not a problem.

A large externa capacitor, however, acts as alow-pass filter. This may make it impossible to
track analog signals with high dv/dt (e.g. avariation of 5 mV/us) (figure 15.11). To convert
high-speed analog signals or to use scan mode, insert alow-impedance buffer.

8. Effect on Absolute Accuracy: Attaching an external capacitor creates a coupling with ground,
so if there is noise on the ground line, it may degrade absolute accuracy. The capacitor must
be connected to an electrically stable ground, such as AV ss.
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If afilter circuit is used, be careful of interference with digital signals on the same board, and
make sure the circuit does not act as an antenna.

Sensor output impedance

Up to 10 kQ

H8/3067 Group

Equivalent circuit of
A/D converter

10 kQ

Sensor
input VYV l

' Low-pass

filter
'C Upto0.1pF :

cin= |

15p|:g

20 pF

1
v

Figure15.11 Analog Input Circuit (Example)
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Section 16 D/A Converter

16.1 Overview

The H8/3068F includes a D/A converter with two channels.

16.1.1 Features
D/A converter features are listed below.

» Eight-bit resolution

e Two output channels

e Conversion time: maximum 10 ps (with 20-pF capacitive load)
* Output voltage: 0V to Vrer

» D/A outputs can be sustained in software standby mode
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16.1.2 Block Diagram

Figure 16.1 shows a block diagram of the D/A converter.

8 Internal
Module data bus g data bus
£
om
VRer — ™ —
AV —
cC o | u @
S 2 14 [}
DAy =—— 8-bitD/A 2|3 15
ala ol
DA, =~—
AVgg —
Legend Control circuit
DACR: D/A control register
DADRO: D/A data register 0
DADR1: D/A data register 1
DASTCR: D/A standby control register
Figure16.1 D/A Converter Block Diagram
16.1.3  Input/Output Pins
Table 16.1 summarizes the D/A converter'sinput and output pins.
Table16.1 D/A Converter Pins
Pin Name Abbreviation /0 Function
Analog power supply pin AVcc Input Analog power supply and reference voltage
Analog ground pin AVss Input Analog ground and reference voltage
Analog output pin 0 DAy Output  Analog output, channel 0
Analog output pin 1 DA, Output  Analog output, channel 1
Reference voltage input pin  Vger Input Analog reference voltage
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16.1.4 Register Configuration
Table 16.2 summarizes the D/A converter'sregisters.

Table16.2 D/A Converter Registers

Address* Name Abbreviation R/W Initial Value
H'FFFOC D/A data register 0 DADRO R/W H'00
H'FFFOD D/A data register 1 DADR1 R/W H'00
H'FFFOE D/A control register DACR R/W H'1F
H'EEO1A D/A standby control register DASTCR R/W H'FE

Note: * Lower 20 bits of the address in advanced mode.
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16.2 Register Descriptions

16.2.1 D/A Data Registers0and 1 (DADRO0/1)

Bit 7 6 5 4 3 2 1 0
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

The D/A data registers (DADRO and DADR1) are 8-bit readable/writable registers that store the
datato be converted. When analog output is enabled, the D/A dataregister values are constantly
converted and output at the analog output pins.

The D/A data registers are initialized to H'00 by a reset and in standby mode.

When the DASTE hit is set to 1 in the D/A standby control register (DASTCR), the D/A registers
are not initialized in software standby mode.

16.2.2 D/A Control Register (DACR)

Bit 7 6 5 4 3 2 1 0

‘ DAOE1 ‘ DAOEO‘ DAE ‘ — ‘ — ‘ — ‘ — ‘ —

Initial value 0 0 0 1 1 1 1 1

Read/Write R/W R/W R/W — — — - _
D/A enable

Controls D/A conversion

D/A output enable 0O
Controls D/A conversion and analog output

D/A output enable 1
Controls D/A conversion and analog output

DACR is an 8-bit readable/writable register that controls the operation of the D/A converter.
DACR isinitialized to H'1F by areset and in standby mode.

When the DASTE hit isset to 1 in DASTCR, the DACR is not initialized in software standby
mode.
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Bit 7—D/A Output Enable 1 (DAOEZ1): Controls D/A conversion and anal og output.

Bit 7

DAOE1 Description

0 DA; analog output is disabled

1 Channel-1 D/A conversion and DA; analog output are enabled

Bit 6—D/A Output Enable 0 (DAOEDOQ): Controls D/A conversion and analog output.

Bit 6

DAOEO Description

0 DA, analog output is disabled

1 Channel-0 D/A conversion and DA, analog output are enabled

Bit 5—D/A Enable (DAE): Controls D/A conversion, together with bits DAOEO and DAOEL.
When the DAE bit is cleared to 0, analog conversion is controlled independently in channels O
and 1. When the DAE bit is set to 1, analog conversion is controlled together in channels 0 and 1.
Output of the conversion resultsis always controlled independently by DAOEO and DAOEL.

Bit 7 Bit 6 Bit 5
DAOE1 DAOEO DAE Description

0 0 — D/A conversion is disabled in channels 0 and 1

1 0 D/A conversion is enabled in channel O
D/A conversion is disabled in channel 1

D/A conversion is enabled in channels 0 and 1

1 0 0 D/A conversion is disabled in channel 0

D/A conversion is enabled in channel 1

1 D/A conversion is enabled in channels 0 and 1

1 — D/A conversion is enabled in channels 0 and 1

When the DAE bit is set to 1, even if bits DAOEO and DAOEL in DACR and the ADST hit in
ADCSR are cleared to 0, the same current is drawn from the analog power supply as during A/D
and D/A conversion.

Bits 4 to 0—Reserved: These bits cannot be modified and are always read as 1.
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16.2.3 D/A Standby Control Register (DASTCR)

DASTCR is an 8-bit readable/writable register that enables or disables D/A output in software
standby mode.

Bit 7 6 5 4 3 2 1 0

- - = = = = — |oasE
Initial value 1 1 1 1 1 1 1 0
Read/Write — — — — — — — R/W

Reserved bits ‘
D/A standby enable
Enables or disables D/A output
in software standby mode

DASTCRisinitialized to H'FE by areset and in hardware standby mode. It is not initialized in
software standby mode.

Bits 7 to 1—Reserved: These bits cannot be modified and are always read as 1.

Bit 0—D/A Standby Enable (DASTE): Enables or disables D/A output in software standby
mode.

Bit 0

DASTE Description

0 D/A output is disabled in software standby mode (Initial value)
1 D/A output is enabled in software standby mode
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16.3 Operation

The D/A converter has two built-in D/A conversion circuits that can perform conversion
independently.

D/A conversion is performed constantly while enabled in DACR. If the DADRO or DADR1 value
is modified, conversion of the new data begins immediately. The conversion results are output
when bits DAOEO and DAOEL are set to 1.

An example of D/A conversion on channel 0 is given next. Timing isindicated in figure 16.2.

1
2.

Datato be converted is written in DADRO.
Bit DAOEQO isset to 1in DACR. D/A conversion starts and DAO becomes an output pin. The
converted result is output after the conversion time.

DADR contents
256

Output of this conversion result continues until the value in DADRO is modified or the

DAOEQ hit iscleared to 0.

If the DADRO value is modified, conversion starts immediately, and the result is output after

the conversion time.

When the DAOEDO bit is cleared to 0, DAO becomes an input pin.

The output valueis x VREE
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DADRO DACR DADRO DACR
write cycle write cycle write cycle write cycle
- - - - - - « -
o JUULL
Address
DADRO Conversion data 1 Conversion data 2
DAOEO
- Conversion
DAo Conversion .- | result2 —
High-impedance state result 1 T
tbcony tpcony
Legend

tpcony: D/A conversion time

Figure16.2 Example of D/A Converter Operation

16.4  D/A Output Control
In the H8/3068F, D/A converter output can be enabled or disabled in software standby mode.

When the DASTE hit isset to 1 in DASTCR, D/A converter output is enabled in software standby
mode. The D/A converter registers retain the values they held prior to the transition to software
standby mode.

When D/A output is enabled in software standby mode, the reference supply current is the same
as during normal operation.
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Section 17 RAM

17.1 Overview

The H8/3068F has 16 kbytes RAM. The RAM is connected to the CPU by a 16-bit data bus. The
CPU accesses both byte data and word data in two states, making the RAM useful for rapid data
transfer.

The on-chip RAM of the H8/3068F is assigned to addresses H'FBF20 to H'FFF1F in modes 1, 2,
and 7, and to addresses H'FFBF20 to H'FFFF1F in modes 3, 4, and 5,and to addresses H'E720 to
H'FF1F in mode 6. The RAM enable bit (RAME) in the system control register (SY SCR) can
enable or disable the on-chip RAM.
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1711 Block Diagram

Figure 17.1 shows a block diagram of the on-chip RAM.

On-chip data bus (upper 8 bits)

N

On-chip data bus (lower 8 bits)

9

SYSCR

Bus interface
H'FBF20* HFBF21*
H'FBF22* H'FBF23*
- On-chip RAM -
H'FFF1E* H'FFF1F*
Even addresses Odd addresses

Legend
SYSCR: System control register

Note: * Lower 20 bits of the address in mode 7.

Figure17.1 RAM Block Diagram

17.1.2 Register Configuration

The on-chip RAM is controlled by SYSCR. Table 17.1 gives the address and initial value of

SYSCR.

Table17.1 System Control Register

Address* Name Abbreviation R/W

Initial Value

H'EE012 System control register SYSCR R/W

H'09

Note: * Lower 20 bits of the address in advanced mode.
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17.2  System Control Register (SYSCR)

Bit 7 6 5 4 3 2 1 0

‘ SSBY ‘ STS2 ‘ STS1 ‘ STSO ‘ UE ‘NMIEG ‘ SSOE ‘ RAME ‘
Initial value 0 0 0 0 1 0 0 1
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

User bit enable

Standby timer select 2to 0

Software standby

RAM enable bit
Enables or disables

on-chip RAM

Software standby
output port enable

NMI edge select

One function of SYSCR isto enable or disable access to the on-chip RAM. The on-chip RAM is
enabled or disabled by the RAME bhit in SY SCR. For details about the other bits, see section 3.3,

System Control Register (SY SCR).

Bit 0—RAM Enable (RAME): Enables or disables the on-chip RAM. The RAME hit is
initialized at the rising edge of the input at the RES pin. It is not initialized in software standby

mode.

Bit 0

RAME Description

0 On-chip RAM is disabled

1 On-chip RAM is enabled (Initial value)
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17.3 Operation

When the RAME bit is set to 1, the on-chip RAM is enabled. Accesses to addresses H'FBF20 to
H'FFFLF in modes 1, 2, and 7, and to addresses H'FFBF20 to H'FFFF1F in the H8/3068F in
modes 3, 4, and 5, and to addresses H'7F20 to H'FF1F in mode 6, are directed to the on-chip
RAM. In modes 1 to 5 (expanded modes), when the RAME bit is cleared to 0, the off-chip
address space is accessed. In mode 6, 7 (single-chip mode), when the RAME bit is cleared to 0,
the on-chip RAM is not accessed: read access always results in H'FF data, and write accessis
ignored.

Since the on-chip RAM is connected to the CPU by an internal 16-bit data bus, it can be written
and read by word access. It can also be written and read by byte access. Byte data is accessed in
two states using the upper 8 bits of the data bus. Word data starting at an even address is accessed
in two states using all 16 bits of the data bus.
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Section 18 Flash Memory

18.1 Overview

The H8/3068F-ZTAT has 384 kbytes of on-chip flash memory. The flash memory is connected to
the CPU by a 16-bit data bus. The CPU accesses both byte data and word data in two states,

enabling rapid data transfer.

The on-chip ROM is enabled and disabled by setting the mode pins (MD, to MDy) as shown in

table 18.1.

The on-chip flash memory product (H8/3068FZTAT) can be erased and programmed on-board,

as well as with a special-purpose PROM programmer.

Table18.1 Operating Modesand ROM

Mode Pins
Mode MD2 MD1 MDO On-Chip ROM
Mode 1 (expanded 1-Mbyte mode with on-chip ROM 0 0 1 Disabled (external
disabled) address area)
Mode 2 (expanded 1-Mbyte mode with on-chip ROM 0 1 0
disabled)
Mode 3 (expanded 16-Mbyte mode with on-chip ROM 0 1 1
disabled)
Mode 4 (expanded 16-Mbyte mode with on-chip ROM 1 0 0
disabled)
Mode 5 (expanded 16-Mbyte mode with on-chip ROM 1 0 1 Enabled
enabled)
Mode 6 (single-chip normal mode) 1 0

Mode 7 (single-chip advanced mode)

Rev. 3.00 Sep 14, 2005 page 597 of 910
REJ09B0258-0300

RENESAS



Section 18 Flash Memory

18.2 Features

The H8/3068F-ZTAT has 384 kbytes of on-chip flash memory.

The features of the flash memory are summarized below.

Four flash memory operating modes
O Program mode

0 Erase mode

O Program-verify mode

O Erase-verify mode
Programming/erase methods

The flash memory is programmed 128 bytes at atime. Erasing is performed in block units. To
erase the entire flash memory, each block must be erased in turn. In block erasing, 4-kbyte,
32-kbyte, and 64-kbyte blocks can be set arbitrarily.

Programming/erase times

The flash memory programming time is 10 ms (typ.) for simultaneous 128-byte programming,
equivalent approximately to 80 us (typ.) per byte, and the erase time is 100 ms (typ.) per
block.

Reprogramming capability

The flash memory can be reprogrammed up to 100 times.

On-board programming modes

There are two modes in which flash memory can be programmed/erased/verified on-board:
0 Boot mode

0 User program mode

Automatic bit rate adjustment

For data transfer in boot mode, the H8/3068F-ZTAT chip’s bit rate can be automatically
adjusted to match the transfer bit rate of the host.

Flash memory emulation in RAM

Flash memory programming can be emulated in real time by overlapping a part of RAM onto
flash memory.

Protect modes

There are three protect modes—hardware, software, and error—which allow protected status
to be designated for flash memory program/erase/verify operations

PROM mode

Flash memory can be programmed/erased in PROM mode, using a PROM programmer, as
well asin on-board programming mode.
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18.21 Block Diagram

Internal address bus

Internal data bus (16 bits)

Module bus

Legend
FLMCR1:
FLMCR2:
EBR1:
EBR2:
RAMCR:

<>
< fesm [T
<>

Q

Bus interface/controller -

= O

Flash memory
(384 kbytes)

Flash memory control register 1
Flash memory control register 2
Erase block register 1

Erase block register 2

RAM control register

Operating
mode

FWE pin

[ .
Mode pins

Figure18.1 Block Diagram of Flash Memory
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18.2.2  Pin Configuration
The flash memory is controlled by means of the pins shown in table 18.2.

Table18.2 Flash Memory Pins

Pin Name Abbreviation  1/O Function

Reset RES Input Reset

Flash write enable FWE Input Flash program/erase protection by hardware
Mode 2 MD, Input Sets H8/3068F-ZTAT operating mode

Mode 1 MD, Input Sets H8/3068F-ZTAT operating mode

Mode O MDg Input Sets H8/3068F-ZTAT operating mode
Transmit data TXD, Output Serial transmit data output

Receive data RxDy Input Serial receive data input

18.2.3 Register Configuration
The registers used to control the on-chip flash memory when enabled are shown in table 18.3.

Table18.3 Flash Memory Registers

Register Name Abbreviation R/W Initial Value ~ Address*!
Flash memory control register 1 FLMCR1 R/W H'00*2 H'EE030
Flash memory control register 2 FLMCR2 R H'00 H'EE031
Erase block register 1 EBR1 R/W H'00 H'EE032
Erase block register 2 EBR2 R/W H'00 H'EE033
RAM control register RAMCR R/W H'FO H'EEOQ77

Notes: FLMCR1, FLMCR2, EBR1, EBR2, and RAMCR are 8-bit registers, and should be
accessed by byte access.
1. Lower 20 bits of address in advanced mode.
2. When a high level is input to the FWE pin, the initial value is H'80.
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18.3 Register Descriptions

18.3.1 Flash Memory Control Register 1 (FLMCR1)

Bit 7 6 5 4 3 2 1 0

\ FWE \ SWE \ ESU \ PSU \ EV \ PV \ E \ P \
Initial value —* 0 0 0 0 0 0
Read/Write R RIW RIW RIW RIW RIW RIW RIW

Note: * Determined by the state of the FWE pin.

FLMCR1 is an 8-hit register used for flash memory operating mode control.

Program-verify mode or erase-verify mode for addresses H'00000 to H'5FFFF is entered by
setting the SWE bit when FWE = 1, then setting the PV or EV bit. Program mode for addresses
H'00000 to H'5FFFF is entered by setting the SWE bit when FWE = 1, then setting the PSU hit,
and finally setting the P bit. Erase mode for addresses H'00000 to H'5FFFF is entered by setting
the SWE bit when FWE = 1, then setting the ESU bit, and finally setting the E bit. FLMCRL1 is
initialized by areset, and in hardware standby mode and software standby mode. Itsinitial value
is H'80 when a high level isinput to the FWE pin, and H'00 when alow level isinput. In mode 6
the FWE pin must be fixed low since flash memory on-board programming modes are not
supported. When the on-chip flash memory is disabled, a read access to this register will return
H'00, and writes are invalid.

When setting bits 6 to 0 in this register, one bit must be set one at atime. Writesto the SWE bit in
FLMCRL are enabled only when FWE = 1; writes to bits ESU, PSU, EV, and PV only when FWE
= 1 and SWE = 1; writes to the E bit only when FWE = 1, SWE = 1, and ESU = 1; and writesto
the P bit only when FWE =1, SWE =1, and PSU = 1.

Notes: 1. The programming and erase flowcharts must be followed when setting the bits in this
register to prevent erroneous programming or erasing.
2. Transitions are made to program mode, erase mode, program-verify mode, and erase-
verify mode according to the settings in this register. When reading flash memory as
normal on-chip ROM, bits 6 to 0 in this register must be cleared.
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Bit 7—Flash Write Enable (FWE): Sets hardware protection against flash memory
programming/erasing.

Bit 7

FWE Description

0 When a low level is input to the FWE pin (hardware-protected state)
1 When a high level is input to the FWE pin

Bit 6—Software Write Enable (SWE): Enables or disables flash memory programming and
erasing. (This bit should be set when setting bits 5 to 0, EBR1 bits 7 to 0, and EBR2 bits 3t0 0.)

Bit 6

SWE Description

0 Programming/erasing disabled (Initial value)
1 Programming/erasing enabled

[Setting condition]
When FWE =1

Note: Do not execute a SLEEP instruction while the SWE bit is set to 1.

Bit 5—Erase Setup (ESU): Preparesfor atransition to erase mode. Set this bit to 1 before
setting the E bit to 1 in FLMCRL (do not set the SWE, PSU, EV, PV, E, or P bit at the same
time).

Bit 5

ESU Description

0 Erase setup cleared (Initial value)
1 Erase setup

[Setting condition]
When FWE=1and SWE=1
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Bit 4—Program Setup (PSU): Preparesfor atransition to program mode. Set this bit to 1 before
setting the P bit to 1 in FLMCRL1 (do not set the SWE, ESU, EV, PV, E, or P hit at the same
time).

Bit 4

PSU Description

0 Program setup cleared (Initial value)
1 Program setup

[Setting condition]
When FWE =1 and SWE =1

Bit 3—Erase-Verify Mode (EV): Selects erase-verify mode transition or clearing. (Do not set
the SWE, ESU, PSU, PV, E, or P bit at the same time.)

Bit 3

EV Description

0 Erase-verify mode cleared (Initial value)
1 Transition to erase-verify mode

[Setting condition]
When FWE =1 and SWE =1

Bit 2—Program-Verify M ode (PV): Selects program-verify mode transition or clearing. (Do
not set the SWE, ESU, PSU, EV, E, or P bit a the sametime.)

Bit 2
PV Description
0 Program-verify mode cleared (Initial value)

Transition to program-verify mode

[Setting condition]
When FWE=1and SWE=1
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Bit 1—Erase M ode (E): Selects erase mode transition or clearing. (Do not set the SWE, ESU,
PSU, EV, PV, or P hit at the sametime.)

Bit 1

E Description

0 Erase mode cleared (Initial value)
1 Transition to erase mode

[Setting condition]
When FWE =1, SWE =1,and ESU =1

Note: Do not access the flash memory while the E bit is set.

Bit 0—Program (P): Selects program mode transition or clearing. (Do not set the SWE, ESU,
PSU, EV, PV, or E hit a the same time.)

Bit 0

P Description

0 Program mode cleared (Initial value)
1 Transition to program mode

[Setting condition]
When FWE =1, SWE =1,and PSU =1

Note: Do not access the flash memory while the P bit is set.

18.3.2 Flash Memory Control Register 2 (FLMCR2)

Bit 7 6 5 4 3 2 1 0

B e T T e e I
Initial value 0 0 0 0 0 0 0 0
Read/Write R R

FLMCR2 is an 8-hit register used for flash memory operating mode control. FLMCR2 is
initialized to H'00 by areset, and in hardware standby mode and software standby mode. When
the on-chip flash memory is disabled, aread will return H'00.

Note: FLMCR2 isaread-only register, and should not be written to.
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Bit 7—Flash Memory Error (FLER): Indicates that an error has occurred during an operation
on flash memory (programming or erasing). When FLER is set to 1, flash memory goesto the
error-protection state.

Bit 7
FLER Description
0 Flash memory is operating normally
Flash memory program/erase protection (error protection) is disabled
[Clearing condition]
Reset (RES pin or WDT reset) or hardware standby mode (Initial value)
1 An error occurred during flash memory programming/erasing

Flash memory program/erase protection (error protection) is enabled
[Setting conditions]
*  When flash memory is read during programming/erasing (including a vector read

or instruction fetch, but excluding a read of the RAM area overlapping flash
memory space)

* Immediately after the start of exception handling during programming/erasing
(excluding reset, illegal instruction, trap instruction, and division-by-zero
exception handling)

*  When a SLEEP instruction (including software standby) is executed during
programming/erasing

* When the bus is released during programming/erasing

Bits 6 to 0—Reserved: These bits are always read as 0.

18.3.3 EraseBlock Register 1 (EBR1)

Bit 7 6 5 4 3 2 1 0
\ EB7 \ EB6 \ EB5 \ EB4 \ EB3 \ EB2 \ EB1 \ EBO \
Initial value 0 0 0 0 0 0 0 0

Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

EBRL1 is an 8-hit register that specifies the flash memory erase area block by block. EBR1 is
initialized to H'00 by areset, in hardware standby mode and software standby mode, when alow
level isinput to the FWE pin, and when a high level is input to the FWE pin and the SWE bit in
FLMCR1 isnot set. When abit in EBR1 is set to 1, the corresponding block can be erased. Other
blocks are erase-protected. Only one bit can be set in EBR1 and EBR2 together; do not set two or
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more bits at the same time. When the on-chip flash memory is disabled, aread access to this
register will return H'00, and erasing is disabled.

The flash memory block configuration is shown in table 18.4. To erase the entire flash memory,
each block must be erased in turn.

Asthe H8/3068FZTAT does not support on-board programming modes in mode 6, EBR1
register bits cannot be set to 1 in this mode.

18.3.4 EraseBlock Register 2 (EBR2)

Bit 7 6 5 4 3 2 1 0

\ — \ — \ EB13 \ EB12 \ EB11 \ EB10 \ EB9 \ EBS \
Initial value 0 0 0 0 0 0 0 0
Read/Write R R R/W R/W R/W R/W R/W R/W

EBR2 is an 8-bit register that specifies the flash memory erase area block by block. EBR2 is
initialized to H'00 by areset, in hardware standby mode and software standby mode, and when a
low level isinput to the FWE pin. When a high level isinput to the FWE pin and the SWE hit in
FLMCRL1 isnot set, it isinitialized to bit 0. When a bit in EBR2 is set to 1, the corresponding
block can be erased. Other blocks are erase-protected. Only one bit can be set in EBR1 and EBR2
together; do not set two or more bits at the same time. When the on-chip flash memory is
disabled, aread will return H'00, and erasing is disabled.

The flash memory block configuration is shown in table 18.4. To erase the entire flash memory,
each block must be erased in turn.

Asthe H8/3068F-ZTAT does not support on-board programming modes in mode 6, EBR2
register bits cannot be set to 1 in this mode.

Note: Bits7 and 4 in thisregister are read-only. These bits must not be set to 1. If bits 7 and 4
are set when an EBRI/EBR2 bit is set, EBRI/EBR2 will be initialized to H'00.
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Table18.4 Flash Memory Erase Blocks

Block (Size) Addresses

EBO (4 kbytes) H'000000 to H'000FFF
EB1 (4 kbytes) H'001000 to H'001FFF
EB2 (4 kbytes) H'002000 to H'002FFF
EB3 (4 kbytes) H'003000 to H'003FFF
EB4 (4 kbytes) H'004000 to H'004FFF
EB5 (4 kbytes) H'005000 to H'005FFF
EB6 (4 kbytes) H'006000 to H'006FFF
EB7 (4 kbytes) H'007000 to H'007FFF
EB8 (32 kbytes) H'008000 to H'OOFFFF
EB9 (64 kbytes) H'010000 to H'O1FFFF
EB10 (64 kbytes) H'020000 to H'02FFFF
EB11 (64 kbytes) H'030000 to H'03FFFF
EB12 (64 kbytes) H'040000 to H'04FFFF
EB13 (64 kbytes) H'050000 to H'O5FFFF

18.35 RAM Control Register (RAMCR)

Bit 7 6 5 4 3 2 1 0

\ — \ — \ — \ — \ RAMS \ RAM2 \ RAM1 \ RAMO \
Initial value 1 1 1 1 0 0 0 0
Read/Write R R R R RIW RIW RIW RIW

RAMCR specifies the area of flash memory to be overlapped with part of RAM when emulating
realtime flash memory programming. RAMCR isinitialized to H'00 by areset and in hardware
standby mode. RAMCR settings should be made in user mode or user program mode.

Flash memory area divisions are shown in table 18.5. To ensure correct operation of the
emulation function, the ROM for which RAM emulation is performed should not be accessed
immediately after this register has been modified. Normal execution of an access immediately
after register modification is not guaranteed.

Bits 7 to 4—Reserved: These bits cannot be modified and are always read as 1.
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Bit 3—RAM Select (RAMYS): Specifies selection or non-selection of flash memory emulation in
RAM. When RAMS = 1, al flash memory blocks are program/erase-protected.

Bit 3
RAMS Description
0 Emulation not selected
Program/erase-protection of all flash memory blocks is disabled (Initial value)
1 Emulation selected

Program/erase-protection of all flash memory blocks is enabled

Bits 2 to 0—Flash Memory Area Selection (RAM 2 to RAMO0): These bits are used together
with bit 3 to select the flash memory areato be overlapped with RAM. (See table 18.5.)

Table18.5 Flash Memory Area Divisions

RAM Area Block Name RAMS RAM2 RAM1 RAMO
H'FFEO00 to H'FFEFFF 4-kbyte RAM area 0 * * *
H'000000 to H'000FFF EBO (4 kbytes) 1 0 0 0
H'001000 to H'001FFF EB1 (4 kbytes) 1 0 0 1
H'002000 to H'002FFF EB2 (4 kbytes) 1 0 1 0
H'003000 to H'003FFF EB3 (4 kbytes) 1 0 1 1
H'004000 to H'004FFF EB4 (4 kbytes) 1 1 0 0
H'005000 to H'005FFF EB5 (4 kbytes) 1 1 0 1
H'006000 to H'006FFF EB6 (4 kbytes) 1 1 1 0
H'007000 to H'007FFF EB7 (4 kbytes) 1 1 1 1
*: Don't care

Note: Flash memory emulation by RAM is not supported in mode 6 (single-chip normal mode);
therefore, although these bits can be written, they should not be set to 1.
When performing flash memory emulation by RAM, the RAME bit in SYSCR must be set to
1.
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18.4  Overview of Operation

18.4.1 Mode Transitions

When the mode pins and the FWE pin are set in the reset state and a reset-start is executed, the
H8/3068F-ZTAT enters one of the operating modes shown in figure 18.2. In user mode, flash
memory can be read but not programmed or erased.

Flash memory can be programmed and erased in boot mode, user program mode, and PROM
mode.

Boot mode and user program mode cannot be used in the H8/3068F-ZTAT’'s mode 6 (normal
mode with on-chip ROM enabled).
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*3 Reset state

*1

User mode
with on-chip ROM
enabled
x4

FWE =0 RES=0 °| |[RES=0

l, PROM mode
™~

User program
mode

y |

Boot mode

On-board programming mode

Notes: Only make a transition between user mode and user program mode when the CPU is not
accessing the flash memory.
1. RAM emulation possible
2. The H8/3068F-ZTAT is placed in PROM mode by means of a dedicated PROM writer.
3. MD,, MD;, MDy=(1,0,1) (1,1,0) (1,1, 1)

FWE =0

4. MD,, MD;, MD,y = (1,0, 1) (1, 1, 1)
FWE =1

5. MD,, MD;, MD, (0, 0, 1) (0, 1, 1)
FWE =1

Figure18.2 Flash Memory Related State Transitions

State transitions between the normal and user modes and on-board programming mode are
performed by changing the FWE pin level from high to low or from low to high. To prevent
misoperation (erroneous programming or erasing) in these cases, the bits in the flash memory
control register (FLMCR1) should be cleared to 0 before making such atransition. After the bits
are cleared, await time is necessary. Normal operation is not guaranteed if thiswait timeis
insufficient.
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18.4.2 On-Board Programming Modes

Example of Boot M ode Operation

1. |Initial state
The old program version or data remains
written in the flash memory. The user should
prepare the programming control program and
new application program beforehand in the
host.

Host

Programming control
program

New application A
program

H8/3068F-ZTAT

N Boot program N ==

Flash memory RAM

Application
program
(old version)

3. Flash memory initialization
The erase program in the boot program area
(in RAM) is executed, and the flash memory is
initialized (to H'FF). In boot mode, total flash
memory erasure is performed, without regard

to blocks. Host

New application A
program

H8/3068F-ZTAT

Boot program SCl

Flash memory RAM

Boot program area

prewrite-erase program

2. Programming control program transfer

When boot mode is entered, the boot program
in the H8/3068F-ZTAT (originally incorporated
in the chip) is started and the programming
control program in the host is transferred to
RAM via SCI communication. The boot
program required for flash memory erasing is
automatically transferred to the RAM boot
program area.

New application )
program

H8/3068F-ZTAT

N\ Boot program N scl_]

Flash memory RAM

Boot program area

Application

Programming control
program

(old version)

Writing new application program

The programming control program transferred
from the host to RAM is executed, and the new
application program in the host is written into
the flash memory.

Host

H8/3068F-ZTAT

SCI
Boot program /
RAM

Flash memory

Boot program area

New application rogramming control \\
program N program

R Program execution state
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Example of User Program M ode Operation

1.

Initial state

The FWE assessment program that confirms
that user program mode has been entered, and
the program that will transfer the programming/
erase control program from flash memory to
on-chip RAM should be written into the flash
memory by the user beforehand. The
programming/erase control program should be
prepared in the host or in the flash memory.

Host
Programming/erase
control program

New application A
program

H8/3068F-ZTAT

Boot program sl

Flash memory RAM

FWE assessment program

Transfer program

Application program
(old version)

Flash memory initialization

The programming/erase program in RAM is
executed, and the flash memory is initialized (to
H'FF). Erasing can be performed in block units,
but not in byte units.

Host

New application )
program

H8/3068F-ZTAT

ScCl
Boot program

Flash memory RAM

FWE assessment program

Transfer program

Programming/erase <\
R\\_ control program

Flash memory
erase

Programming/erase control program transfer
When user program mode is entered, user
software recognizes this fact, executes the
transfer program in the flash memory, and
transfers the programming/erase control
program to RAM.

New application
program

H8/3068F-ZTAT

SCl
Boot program

Flash memory RAM

FWE assessment program
TS R S NS
h Transfer program

Programming/erase
control program

Application program
(old version)

Writing new application program

Next, the new application program in the host is
written into the erased flash memory blocks.

Do not write to unerased blocks.

Host

H8/3068F-ZTAT

ScCl
Boot program /
RAM

Flash memory

FWE assessment program

Transfer program

Programming/erase \\J
R\\_ control program

New application
program

Program execution state
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18.4.3 Flash Memory Emulation in RAM

In the H8/3068F-ZTAT, flash memory programming can be emulated in real time by overlapping
the flash memory with part of RAM (“overlap RAM”). When the emulation block set in RAMCR
is accessed while the emulation function is being executed, data written in the overlap RAM is
read.

Emulation should be performed in user mode or user program mode.

Flash memory RAM

Emulation block

Overlap RAM

(Emulation is performed on data written
in RAM)

Application program

Execution state

Figure 18.3 Reading Overlap RAM Datain User M ode/User Program Mode

When overlap RAM datais confirmed, clear the RAM S bit to cancel RAM overlap, and actually
perform writes to the flash memory in user program mode.

When the programming control program is transferred to RAM in on-board programming mode,
ensure that the transfer destination and the overlap RAM do not overlap, as this will cause datain
the overlap RAM to be rewritten.

Rev. 3.00 Sep 14, 2005 page 613 of 910
REJ09B0258-0300
RENESAS




Section 18 Flash Memory

SCI
Flash memory RAM
Program data
s Overlap RAM
Application program (program data)
Programming control program
Execution state

Figure 18.4 Writing Overlap RAM Datain User Program Mode
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18.4.4 Block Configuration

The flash memory in the H8/3068F-ZTAT is divided into three 64-kbyte blocks, one 32-kbyte
block, and eight 4-kbyte blocks. Erasing can be carried out in block units.

Address H'00000 .

———4 kbytes x 8 ——

32 kbytes

64 kbytes

64 kbytes
384 kbytes

64 kbytes

64 kbytes

64 kbytes

I~

Address H5FFFF Y
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18,5 On-Board Programming Mode

When pins are set to on-board programming mode and a reset-start is executed, the chip enters
the on-board programming state in which on-chip flash memory programming, erasing, and
verifying can be carried out. There are two operating modes in this mode—boot mode and user
program mode. The pin settings for entering each mode are shown in table 18.6. For a diagram of

the transitions to the various flash memory modes, see figure 18.2.

Boot mode and user program mode cannot be used in the H8/3068F-ZTAT’s mode 6 (on-chip

ROM enabled).

Table18.6 On-Board Programming M ode Settings

Mode FWE MD, MD, MDg

Boot mode Mode 5 1! 0*2 0 1
Mode 7 0*? 1 1

User program mode Mode 5 1 0 1
Mode 7 1 1 1

Notes: 1. For the High level input timing, see items 6 and 7 of Notes on Using the Boot Mode.

2. In boot mode, the MD, setting should be the inverse of the input.

In the boot mode in the H8/3068F-ZTAT, the levels of the mode pins (MD, to MDy) are
reflected in mode select bits 2 to 0 (MDS2 to MDSO) in the mode control register

(MDCR).
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18.5.1 Boot Mode

When boot mode is used, a flash memory programming control program must be prepared
beforehand in the host, and SCI channel 1, which isto be used, must be set to asynchronous
mode.

When areset-start is executed after setting the H8/3068F-ZTAT’ pins to boot mode, the boot
program already incorporated in the MCU is activated, and the programming control program
prepared beforehand in the host is transmitted sequentially to the H8/3068F-ZTAT, using the SCI.
In the H8/3068F-ZTAT, the programming control program received viathe SCI is written into the
programming control program areain on-chip RAM. After the transfer is completed, control
branches to the start address (H'FFC720) of the programming control program area and the
programming control program execution state is entered (flash memory programming/erasing can
be performed).

Figure 18.5 shows a system configuration diagram when using boot mode, and figure 18.6 shows
the boot program mode execution procedure.

H8/3068F-ZTAT

Flash memory

Host Reception of programming data

RxD1

Transmission of verify data SCil On-chip RAM
- TxD1

Figure18.5 System Configuration When Using Boot M ode
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Set pins to boot program mode and execute reset-start

Host transfers data (H'00) continuously at prescribed
bit rate
[

H8/3068F-ZTAT measures low period of H'00 data
transmitted by host
I

H8/3068F-ZTAT calculates bit rate and sets value in bit
rate register

I
After bit rate adjustment, H8/3068F-ZTAT transmits one
H'00 data byte to host to indicate end of adjustment

I
Host confirms normal reception of bit rate adjustment
end indication (H'00), and transmits one H'55 data byte

[
After receiving H'55, H8/3068F-ZTAT transmits one
H'AA byte to host

[

Host transmits number of programming control program
bytes (N), upper byte followed by lower byte

I
HB8/3068F-ZTAT transmits received number of bytes to
host as verify data (echo-back)

n=1

[
|

Host transmits programming control program

sequentially in byte units

H8/3068F-ZTAT transmits received programming

control program to host as verify data (echo-back) |I”I|
I

Transfer received programming control program to

on-chip RAM

No

End of transmission
I
Check flash memory data, and if data has already been
written, erase all blocks

I
After confirming that all flash memory data has been
erased, H8/3068F-ZTAT transmits one H'AA byte to
host

I
Execute programming control program transferred to
on-chip RAM

Note: If a memory cell does not operate normally and cannot be erased, one H'FF byte is transmitted as an erase error
indication, and the erase operation and subsequent operations are halted.

Figure 18.6 Boot M ode Execution Procedure
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Automatic SCI Bit Rate Adjustment:

S@rt| 5o | b1 | b2 | D3 | D4 | D5 | D6 | D7 | StP
bit bit
B Low period (9 bits) measured (H'00 data) B ‘High perion

(1 or more bits)

When boot mode is initiated, the H8/3068F-ZTAT measures the low period of the asynchronous
SCI communication data (H'00) transmitted continuously from the host. The SCI transmit/receive
format should be set as 8-hit data, 1 stop bit, no parity. The H8/3068F-ZTAT calculates the bit
rate of the transmission from the host from the measured low period, and transmits one H'00 byte
to the host to indicate the end of bit rate adjustment. The host should confirm that this adjustment
end indication (H'00) has been received normally, and transmit one H'55 byte to the H8/3068F
ZTAT. If reception cannot be performed normally, initiate boot mode again (reset), and repeat the
above operations. Depending on the host’s transmission bit rate and the H8/3068F-ZTAT's
system clock freguency, there will be a discrepancy between the bit rates of the host and the
H8/3068F-ZTAT. To ensure correct SCI operation, the host’ s transfer bit rate should be set to
4800, 9600, or 19,200 bps*.

Table 18.7 shows typical host transfer bit rates and system clock frequencies for which automatic
adjustment of the H8/3068F-ZTAT bit rateis possible. The boot program should be executed
within this system clock range.

Table18.7 System Clock Frequenciesfor which Automatic Adjustment of H8/3068F-
ZTAT Bit Rateis Possible

System Clock Frequency for which Automatic

Host Bit Rate (bps) Adjustment of H8/3068F-ZTAT Bit Rate is Possible (MHz)
19,200 16 to 25

9,600 8to 25

4,800 4to 25

Note: * Only use a setting of 4800, 9600, or 19200 bps for the host’s bit rate. No other settings
can be used.
Although the H8/3068F-ZTAT may also perform automatic bit rate adjustment with bit
rate and system clock combinations other than those shown in table 18.7, a degree of
error will arise between the bit rates of the host and the H8/3068F-ZTAT, and subsequent
transfer will not be performed normally. Therefore, only a combination of bit rate and
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system clock frequency within one of the ranges shown in table 18.7 can be used for boot
mode execution.

On-Chip RAM Area Divisionsin Boot M aode: In boot mode, the RAM areaisdivided into an
area used by the boot program and an areato which the user program is transferred viathe SCI, as
shown in figure 18.7. The boot program area becomes available when atransition is made to the
execution state for the user program transferred to RAM.

H'FFBF20
Boot program
area
H'FFC71F
H'FFC720
User program
transfer area
H'FFFF1F

Note: The boot program area cannot be used until a transition is made to the execution state
for the user program transferred to RAM. Note also that the boot program remains in
this area in RAM even after control branches to the user program.

Figure18.7 RAM Areasin Boot Mode
Notes on Use of Boot M ode:

1. When the H8/3068F-ZTAT chip comes out of reset in boot mode, it measures the low period
of the input at the SCI’s RxD; pin. The reset should end with RxD; high. After the reset ends,
it takes about 100 states for the chip to get ready to measure the low period of the RxD, input.

2. Inboot mode, if any data has been programmed into the flash memory (if all dataisnot 1), all
flash memory blocks are erased. Boot mode is for use when user program mode is
unavailable, such asthe first time on-board programming is performed, or if the program
activated in user program mode is accidentally erased.

3. Interrupts cannot be used while the flash memory is being programmed or erased.

4. The RxD; and TxD; lines should be pulled up on the board.

5. Before branching to the user program the H8/3068F-ZTAT terminates transmit and receive
operations by the on-chip SCI (channel 1) (by clearing the RE and TE bitsto O in the serial
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control register (SCR)), but the adjusted bit rate value remains set in the bit rate register
(BRR). The transmit data output pin, TxDj, goes to the high-level output state (P9,DDR = 1in
PODDR, P9,DR = 1 in PADR).

The contents of the CPU’sinternal general registers are undefined at this time, so these
registers must be initialized immediately after branching to the user program. In particular,
since the stack pointer (SP) is used implicitly in subroutine calls, etc., a stack area must be
specified for use by the user program.

Theinitial values of other on-chip registers are not changed.

. Boot mode can be entered by setting pins MD, to MD, and FWE in accordance with the mode

setting conditions shown in table 18.6, and then executing a reset-start.

a. When switching from boot mode to normal mode, the boot mode state within the chip
must first be cleared by reset input viathe RES pin**. The RES pin must be held low for at
least 20 system clock cycles.*®

b. Do not change the input levels of the mode pins (MD, to MDg) or the FWE pin in boot
mode. To change the mode, the RES pin must first be driven low to set the reset state.
Also, if awatchdog timer reset occurs in the boot mode state, the MCU’ sinternal state will
not be cleared, and the on-chip boot program will be restarted regardless of the mode pin
states.

¢. The FWE pin must not be driven low while the boot program is running or flash memory is
being programmed or erased*?.

. If themode pin input levels are changed (for example, from low to high) during areset, the

state of ports with multiplexed address functions and bus control output signals (CSn, AS,

RD, LWR, HWR) may aso change according to the change in the MCU’ s operating mode.

Therefore, care must be taken to make pin settings to prevent these pins from being used

directly as output signal pins during areset, or to prevent collision with signals outside the

MCU.
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H8/3068F-ZTAT

CSn External
memory,

etc.
MD2 [«
MD1 : System
MDO control
FWE unit
RES @&

Notes: 1. Mode pin and FWE pin input must satisfy the mode programming setup time (twps)
with respect to the reset release timing.
2. For further information on FWE application and disconnection, see section 18.11,
Flash Memory Programming and Erasing Precautions.
3. Seesection 4.2.2, Reset Sequence, and section 18.11, Flash Memory Programming
and Erasing Precautions. The H8/3068F-ZTAT requires aminimum of 20 system
clock cyclesfor areset during operation.

185.2  User Program Mode

When set to user program mode, the H8/3068F-ZTAT can program and erase its flash memory by
executing a user program/erase control program. Therefore, on-board reprogramming of the on-
chip flash memory can be carried out by providing on-board means of FWE control and supply of
programming data, and storing a program/erase control program in part of the program area as
necessary.

To select user program mode, select a mode that enables the on-chip ROM (mode 5 or 7), and
apply ahigh level to the FWE pin. In this mode, on-chip supporting modules other than flash
memory operate as they normally would in modes 5 and 7.

Flash memory programming/erasing should not be carried out in mode 6. When mode 6 is set, the
FWE pin must be driven low.

The flash memory itself cannot be read while being programmed or erased, so the program that
performs programming should be placed in external memory or transferred to RAM and executed
there.
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Figure 18.8 shows the execution procedure when user program mode is entered during program
execution in RAM. It is aso possible to start from user program mode in a reset-start.

Write FWE assessment program and transfer
program (and programming/erase control
program if necessary) beforehand

MD,-MDg =101 or 111
Reset-start

!

Transfer programming/erase control
program to RAM

!

Branch to programming/erase control
program in RAM area

!

FWE = high
(user program mode)

'

Execute programming/erase control
program in RAM
(flash memory rewriting)

!

Clear SWE bit, then release FWE
(user program mode clearing)

'

Branch to application program
in flash memory

Notes: 1. Do not apply a constant high level to the FWE pin. A high level should be applied to the
FWE pin only when programming or erasing flash memory (including execution of flash
memory emulation by RAM). Also, while a high level is applied to the FWE pin, the
watchdog timer should be activated to prevent overprogramming or overerasing due to
program runaway, etc.

2. For further information on FWE application and disconnection, see section 18.11, Flash
Memory Programming and Erasing Precautions.

3. In order to execute a normal read of flash memory in user program mode, the
programming/erase program must not be executing. It is thus necessary to ensure that
bits 6 to O in FLMCRL1 are cleared to 0.

Figure18.8 Example of User Program M ode Execution Procedure
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18.6  Flash Memory Programming/Erasing

A software method, using the CPU, is employed to program and erase flash memory in the on-
board programming modes. There are four flash memory operating modes: program mode, erase
mode, program-verify mode, and erase-verify mode. Transitions to these modes for addresses
H'000000 to H'03FFFF are made by setting the PSU, ESU, P, E, PV, and EV bitsin FLMCRL1.

The flash memory cannot be read while being programmed or erased. Therefore, the program
(user program) that controls flash memory programming/erasing should be located and executed
in on-chip RAM or external memory.

See section 18.11, Flash Memory Programming and Erasing Precautions, for points to be noted
when programming or erasing the flash memory. In the following operation descriptions, wait
times after setting or clearing individual bitsin FLMCR1 are given as parameters; for details of
the wait times, see section 21.1.6, Flash Memory Characteristics.

Notes. 1. Operation is not guaranteed if setting/resetting of the SWE, ESU, PSU, EV, PV, E, and
P bitsin FLMCR1 is executed by a program in flash memory.

2. When programming or erasing, set FWE to 1 (programming/erasing will not be
executed if FWE = 0).

3. Programming must be executed in the erased state. Do not perform additional
programming on addresses that have already been programmed.
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*3
E=1
Erase setup - Erase mode
-——
E=0
*1
FWE = 1l T FWE =0 Erase-verify
*2 mode
On-board
SWE=1
programming mode \ ——m rforf;\ﬂ?n
Software programming | o prog bl 9
disable state SWE =0 e;ztee
P=1
E—

Program

setup state Program mode

Program-verify
mode

Notes: In order to perform a normal read of flash memory, SWE must be cleared to 0. Also note that verify-reads
can be performed during the programming/erasing process.
1. C: Normalmode (O : On-board programming mode

2. Do not make a state transition by setting or clearing multiple bits simultaneously.
3. After a transition from erase mode to the erase setup state, do not enter erase mode without passing

through the software programming enable state.
After a transition from program mode to the program setup state, do not enter program mode without

4.
passing through the software programming enable state.

Figure18.9 FLMCR1 Bit Settingsand State Transitions
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18.6.1 Program Mode

When writing data or programs to flash memory, the program/program-verify flowchart shownin
figure 18.10 should be followed. Performing programming operations according to this flowchart
will enable data or programs to be written to flash memory without subjecting the device to
voltage stress or sacrificing program data reliability. Programming should be carried out 128
bytes at atime.

The wait times after bits are set or cleared in the flash memory control register 1 (FLMCR1) and
the maximum number of programming operations (N) are shown in table 21.10 in section 21.1.6,
Flash Memory Characteristics.

Following the elapse of (tsswe) 1S Or more after the SWE bit is set to 1in FLMCR1, 128-byte data
is written consecutively to the write addresses. The lower 8 bits of the first address written to
must be H'00 and H'80, 128 consecutive byte data transfers are performed. The program address
and program data are latched in the flash memory. A 128-byte data transfer must be performed
even if writing fewer than 128 bytes; in this case, H'FF data must be written to the extra
addresses.

Next, the watchdog timer (WDT) is set to prevent overprogramming due to program runaway, etc.
Set avalue greater than (g + ts + tep + tepsy) HS 8Sthe WDT overflow period. Preparation for
entering program mode (program setup) is performed next by setting the PSU bit in FLMCRL1.
The operating mode is then switched to program mode by setting the P bit in FLMCR1 after the
elapse of at least (tgs,) KS. Thetime during which the P bit is set is the flash memory
programming time. Make a program setting so that the time for one programming operation is
within the range of (tg) HS.

The wait time after P bit setting must be changed according to the degree of progress through the
programming operation. For details see “ Notes on Program/Program-V erify Mode.”
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18.6.2 Program-Verify Mode

In program-verify mode, the data written in program mode is read to check whether it has been
correctly written in the flash memory.

After the elapse of the given programming time, clear the P bit in FLMCRL, then wait for at least
(tep) s before clearing the PSU bit to exit program mode. After exiting program mode, the
watchdog timer setting is also cleared. The operating mode is then switched to program-verify
mode by setting the PV hit in FLMCRL. Before reading in program-verify mode, a dummy write
of H'FF data should be made to the addresses to be read. The dummy write should be executed
after the elapse of (tgy) Hs or more. When the flash memory isread in this state (verify datais
read in 16-bit units), the data at the latched addressis read. Wait at |east (tr) s after the dummy
write before performing this read operation. Next, the originally written data is compared with the
verify data, and reprogram datais computed (see figure 18.10) and transferred to RAM. After
verification of 128 bytes of data has been completed, exit program-verify mode, wait for at |east
(tepv) Hs, then clear the SWE bit in FLMCRL. If reprogramming is necessary, set program mode
again, and repeat the program/program-verify sequence as before. The maximum number of
repetitions of the program/program-verify sequence is indicated by the maximum programming
count (N). Leave await time of at least (t.sve) WS after clearing SWE.

Notes on Program/Program-Verify Procedure

1. The program/program-verify procedure for the H8/3068F-ZTAT uses a 128-byte-unit
programming algorithm.

In order to perform 128-byte-unit programming, the lower 8 bits of the write start address

must be H'00 or H'80.

2. When performing continuous writing of 128-byte data to flash memory, byte-unit transfer
should be used.
128-byte data transfer is necessary even when writing fewer than 128 bytes of data. Write
H'FF data to the extra addresses.

3. Verify dataisread in word units.

4. Thewrite pulseis applied and a flash memory write executed while the P bit in FLMCRL1 is
set. In the H8/3068F-ZTAT, write pulses should be applied as follows in the
program/program-verify procedure to prevent voltage stress on the device and loss of write
datareliability.

a. After write pulse application, perform a verify-read in program-verify mode and apply a
write pulse again for any bitsread as 1 (reprogramming processing). When all the O-write
bitsin the 128-byte write data are read as O in the verify-read operation, the
program/program-verify procedure is completed. In the H8/3068F-ZTAT, the number of
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loops in reprogramming processing is guaranteed not to exceed the maximum value of the
maximum programming count (N).

After write pulse application, a verify-read is performed in program-verify mode, and
programming is judged to have been completed for bits read as 0. The following
processing is necessary for programmed bits.

When programming is completed at an early stage in the program/program-verify
procedure;

If programming is completed in the 1st to 6th reprogramming processing loop, additional
programming should be performed on the relevant bits. Additional programming should
only be performed on bits which first return O in a verify-read in certain reprogramming

processing.

When programming is completed at a late stage in the program/program-verify procedure:

If programming is completed in the 7th or later reprogramming processing loop, additional
programming is not necessary for the relevant hits.

If programming of other bits isincomplete in the 128 bytes, reprogramming processing
should be executed. If a bit for which programming has been judged to be completed is
read as 1 in a subsequent verify-read, awrite pulse should again be applied to that bit.

5. The period for which the P bit in FLMCR1 is set (the write pulse width) should be changed

according to the degree of progress through the program/program-verify procedure. For

detailed wait time specifications, see section 21.1.6, Flash Memory Characteristics.

Item Symbol Item Symbol

Wait time after P tg, When reprogramming loop count (n) is 1 to 6 t5p30

bit setting When reprogramming loop count (n) is 7 or more t5,200
In case of additional programming processing* tsp10

Note: * Additional programming processing is necessary only when the reprogramming loop count

(n)is1to 6.

6. The program/program-verify flowchart for the H8/3068F-ZTAT is shown in figure 18.10.
To cover the points noted above, bits on which reprogramming processing is to be executed,

and bits on which additional programming is to be executed, must be determined as shown
below.

Since reprogram data and additional-programming data vary according to the progress of the

programming procedure, it is recommended that the following data storage areas (128 bytes
each) be provided in RAM.
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Reprogram Data Computation Table

Result of Verify-Read

after Write Pulse x)

(D) Application (V) Result of Operation Comments

0 0 1 Programming completed: reprogramming
processing not to be executed

0 1 0 Programming incomplete: reprogramming
processing to be executed

1 0 1 O

1 1 1 Still in erased state: no action

Legend

(D): Source data of bits on which programming is executed
(X): Source data of bits on which reprogramming is executed

Additional-Programming Data Computation Table

Result of Verify-Read

after Write Pulse (Y)

(X') Application (V) Result of Operation Comments

0O O 0 Programming by write pulse application
judged to be completed: additional
programming processing to be executed

0 1 1 Programming by write pulse application
incomplete: additional programming
processing not to be executed

1 0 1 Programming already completed: additional
programming processing not to be executed

1 1 1 Still in erased state: no action

Legend

(Y): Data of bits on which additional programming is executed
(X"): Data of bits on which reprogramming is executed in a certain reprogramming loop

7. ltisnecessary to execute additional programming processing during the course of the
H8/3068F-ZTAT program/program-verify procedure. However, once 128-byte-unit
programming is finished, additional programming should not be carried out on the same
address area. When executing reprogramming, an erase must be executed first. Note that
normal operation of reads, etc., is not guaranteed if additional programming is performed on
addresses for which a program/program-verify operation has finished.
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Write pulse application subroutine

Sub-Routine Write Pulse

Start of

START

Perform programming in the erased state.
Do not perform additional programming

[ WDT enable

Set SWE bit in FLMCRL |

[ Set PSU bit in FLMCR1

] ‘7

[ Wai (ispsu) HS

I Set P bitin FLMCRL

on

[ Wait (iﬂ]') us

[ Clear P bit in FLMCRL

[ Wait (tcp) 1S

1

[ Clear PSU bit in FLMCRL

Set PV bit in FLMCR1

[ Wait (tcpsu) Hs

[ Disable WDT

i

Note: 6. Write Pulse Width

data |

additional-programming data area

| Transfer additional-programming data to

Store 128-byte program data in program |+ 4

|, 7 data area and reprogram data area
n=1
] start of
- _
Consecutively write 128-byte data in reprogram |
] halted data area in RAM to flash memory 1
Sub-Routine-Call

|7 Write pulse | see Note *6 for puise width

[ Transfer reprogram data to reprogram data area

]

128-byte
data verification completed?.

Number of Writes (n)| Write Time (tsp) psec

1 30
2 30
3 30
4 30
5 30
6 30
7 200
8 200
9 200
10 200
11 200
12 200
13 200

998 200

999 200

1000 200

Note: Use a 10 ps write pulse for additional

RAM

Program data storage
area (128 bytes)

Reprogram data storage|
area (128 bytes)

(Additional-programming
data storage area
(128 bytes)

Wait (tepy) Us

Reprogram

Consecutively write 128-byte data in additional-
data area in RAM to flash memory

*1

Sub-Routine-Call
[ write Pulse (Additional programming) ]|

[ Clear SWE bitin FLMCRL |

[ Clear SWE bitin FLMCR1 |

7
[ Wai (cswe) 1S

]*7

1
[ Wait (teswe) 1S ]
1

End of programming

Programming failure

Notes: 1. Data transfer is performed by byte transfer. The lower 8 bits of the first address written to must be H'00 or H'80.

A 128-byte data transfer must be performed even if writing fewer than 128 bytes; in this case, H'FF data must be written to the extra addresses.

2. Verify data is read in 16-bit (word) units.

3. Reprogram data is determined by the operation shown in the table below (comparison between the data stored in the program data area and the verify data). Bits for
which the reprogram data is 0 are programmed in the next reprogramming loop. Therefore, even bits for which programming has been completed will be subjected to
programming once again if the result of the subsequent verify operation is NG.

4. A128-byte area for storing program data, a 128-byte area for storing reprogram data, and a 128-byte area for storing additional-programming data must be provided in
RAM. The contents of the reprogram data area and addtional-programming data area are modified as programming proceeds.

5. Awrite pulse of 30 ps or 200 ps is applied according to the progress of the programming operation. See Note 6 for details of the pulse widths. When writing of
additional-programming data is executed, a 10 pis write pulse should be applied. Reprogram data X' means reprogram data when the write pulse is applied.

7. The wait times and value of N are shown in section 21.1.6, Flash Memory Characteristics.

Reprogram Data Computation Table dditional Data C Table
Original Data | Verify Data | Reprogram Data Reprogram Data | Verily Data ‘Addiional-
s f(\y/) P Comments ’ g(xj ?\I/) Programming Data (Y) Comments
0 0 B Programming completed 0 0 0 ‘Additional programming
0 be executed
0 1 0 Programming incomplete: 0 T T ‘Additional programming
reprogram not to be executed
T 0 1 1 0 T ‘Additional programming
not to be executed
1 1 1 Still in erased state; no action 1 1 1 Additional programming
not to be executed

Figure18.10 Program/Program-Verify Flowchart (128-Byte Programming)
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18.6.3 Erase Mode

When erasing flash memory, the single-block erase flowchart shown in figure 18.11 should be
followed.

The wait times after bits are set or cleared in the flash memory control register 1 (FLMCR1) and
the maximum number of erase operations (N) are shown in table 21.10 in section 21.1.6, Flash
Memory Characteristics.

To erase flash memory contents, make a 1-hit setting for the flash memory areato be erased in
erase block register 1 and 2 (EBR1, EBR2) at least (tssye) 1S after setting the SWE bitto 1 in
FLMCR1. Next, the watchdog timer (WDT) is set to prevent overerasing due to program
runaway, etc. Set avalue greater than (ts) Ms + (tseg + tee + teesy) S asthe WDT overflow period.
Preparation for entering erase mode (erase setup) is performed next by setting the ESU bit in
FLMCR1. The operating mode is then switched to erase mode by setting the E bit in FLMCR1
after the elapse of at least (tss) MS. Thetime during which the E bit is set is the flash memory
erase time. Ensure that the erase time does not exceed (ts) ms.

Note:  With flash memory erasing, preprogramming (setting all memory data in the memory to
be erased to all 0) is not necessary before starting the erase procedure.

18.6.4 Erase-Verify Mode

In erase-verify mode, datais read after memory has been erased to check whether it has been
correctly erased.

After the elapse of the fixed erase time, clear the E bit in FLMCRL, then wait for at least (te) US
before clearing the ESU bit to exit erase mode. After exiting erase mode, the watchdog timer
setting is also cleared. The operating mode is then switched to erase-verify mode by setting the
EV bitin FLMCR1. Beforereadingin erase-verify mode, a dummy write of H'FF data should be
made to the addresses to be read. The dummy write should be executed after the elapse of (ts) US
or more. When the flash memory isread in this state (verify dataisread in 16-bit units), the data
at the latched addressisread. Wait at least (ts,r) Us after the dummy write before performing this
read operation. If the read data has been erased (all 1), adummy write is performed to the next
address, and erase-verify is performed. If the read datais unerased, set erase mode again, and
repeat the erase/erase-verify sequence as before. The maximum number of repetitions of the
erase/erase-verify sequence isindicated by the maximum erase count (N). When verification is
completed, exit erase-verify mode, and wait for at least (te) US. If erasure has been completed on
all the erase blocks, clear the SWE bit in FLMCRL, and leave await time of at least (tcsve) HS.

If erasing multiple blocks, set asingle bit in EBRLY/EBR2 for the next block to be erased, and
repeat the erase/erase-verify sequence as before.
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Notes:

s e

Perform erasing in block units.

Set SWE bit in FLMCR1
L]

Wait (tsswe) S

n=1

)

Set EBR1 or EBR2

| «3+a

)
Enable WDT

k]

Set ESU bit in FLMCR1

*5

¥
Wait (tsesu) S
¥

Start of erase

Set E bitin FLMCR1
k]

Wait (tge) ms

*5

Clear E bitin FLMCR1

End of erase

)

*5

Wait (tce) HS
¥

Clear ESU bit in FLMCR1

[)
Wait (teesu) HS

¥

Disable WDT

)

Set EV bit in FLMCR1

)
Wait (tsey) HS

| *s

|Set block start address as verify addressl

Y

| H'FF dummy write to verify address |

k]
Wait (tseyr) HS

k]

Read verify data

nen+1

Re-erase

Clear EV bit in FLMCR1

Clear EV bitin FLMCR1

Wait (tcey) HS

Walit (tcey) HS

Clear SWE bit in FLMCR1

Wait (teswe) HS

Wait (teswe) S

End of erasing

. Prewriting (setting erase block data to all 0s) is not necessary.
. Verify data is read in 16-bit (word) units.

. Make only a single-bit specification in the erase block registers (EBR1 and EBR2). Two or more bits must not be set simultaneously.
. Erasing is performed in block units. To erase multiple blocks, each block must be erased in turn.
. The wait times and the value of N are shown in section 21.1.6, Flash Memory Characteristics.

Figure18.11 Erase/Erase-Verify Flowchart (Single-Block Erasing)
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18.7  Flash Memory Protection

There are three kinds of flash memory program/erase protection: hardware, software, and error

protection.

18.7.1 Hardware Protection

Hardware protection refers to a state in which programming/erasing of flash memory isforcibly
disabled or aborted. In this state, the settings in flash memory control register 1 (FLMCR1) and
erase block registers 1 and 2 (EBR1, EBR2) are reset. In the error protection state, the FLMCR1,
EBR1, and EBR2 settings are retained; the P bit and E bit can be set, but atransition is not made
to program mode or erase mode. (See table 18.8.)

Table 18.8 Hardware Protection

Function
Item Description Program Erase Verify
FWE pin ¢ When a low level is input to the FWE pin, Not Not Not
protection FLMCRL, EBR1, and EBR2 are initialized, and Possible*" possible** possible
the program/erase-protected state is entered.
Reset/ « Inareset (including a WDT overflow reset) Not Not Not
standby and in standby mode, FLMCR1, FLMCR?2, possible  possible** possible
protection EBR1, and EBR?2 are initialized, and the
program/erase-protected state is entered.
« In areset via the RES pin, the reset state is
not entered unless the RES pin is held low
until oscillation stabilizes after powering on. In
the case of a reset during operation, hold the
RES pin low for the RES pulse width specified
in the AC Characteristics section.**
Error * When a microcomputer operation error (error Not Not Possible*?
protection generation (FLER = 1)) was detected while ~ Possible  possible**

flash memory was being programmed/erased,
error protection is enabled. At this time, the
FLMCR1, EBR1, and EBR?2 settings are held,
but programming/erasing is aborted at the time
the error was generated. Error protection is
released only by a reset via the RES pin or a
WDT reset, or in the hardware standby mode.

Notes: 1. The RAM area that overlapped flash memory is deleted.
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Section 18 Flash Memory

2. Itis possible to perform a program-verify operation on the 128 bytes being
programmed, or an erase-verify operation on the block being erased.

3. All blocks are unerasable and block-by-block specification is not possible.

4. See section 4.2.2, Reset Sequence, and section 18.11, Flash Memory Programming
and Erasing Precautions. The H8/3068F-ZTAT requires a minimum of 20 system clock
cycles for a reset during operation.

18.7.2  Softwar e Protection

Software protection can be implemented by setting the erase block register 1 (EBR1), erase block
register 2 (EBR2), and the RAM S hit in the RAM control register (RAMCR). With software
protection, setting the P or E bit in the flash memory control register 1 (FLMCRL1) does hot cause
atransition to program mode or erase mode. (See table 18.9.)

Table18.9 Software Protection

Functions

Item Description Program  Erase Verify
Block « Erase protection can be set for individual — Not Possible
protection blocks by settings in erase block register 1 possible

(EBR1) and erase block register 2

(EBR2)*2 However, programming

protection is disabled.

e Setting EBR1 and EBR2 to H'00 places all

blocks in the erase-protected state.
Emulation » Setting the RAMS bit 1 in RAMCR places  Not Not Possible
protection all blocks in the program/erase-protected ~ Possible*!  possible*®

State.

Notes: 1. The RAM area overlapping flash memory can be written to.
2. When not erasing, set EBR1 and EBR2 to H'00.
3. All blocks are unerasable and block-by-block specification is not possible.
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18.7.3 Error Protection

In error protection, an error is detected when MCU runaway occurs during flash memory
programming/erasing**, or operation is not performed in accordance with the program/erase
algorithm, and the program/erase operation is aborted. Aborting the program/erase operation
prevents damage to the flash memory due to overprogramming or overerasing.

If the MCU malfunctions during flash memory programming/erasing, the FLER bit issetto 1in
the flash memory status register (FLMSR2) and the error protection state is entered. FLMCR1,
FLMCR?2, EBR1, and EBR2 settings** are retained, but program mode or erase mode is aborted
at the point at which the error occurred. Program mode or erase mode cannot be re-entered by re-
setting the P or E bit in FLMCR. However, PV and EV bit setting is enabled, and a transition can
be made to verify mode*?.

FLER bit setting conditions are as follows:

1. When flash memory is read during programming/erasing (including a vector read or
instruction fetch)

2. Immediately after the start of exception handling during programming/erasing (excluding
reset, illegal instruction, trap instruction, and division-by-zero exception handling)

3. When a SLEEP instruction (including software standby) is executed during
programming/erasing

4. When the busis released during programming/erasing
Error protection is released only by aRES pin or WDT reset, or in hardware standby mode.

Notes. 1. Statein which the P bit or E bit in FLMCR1 is set to 1. Note that NMI input is
disabled in this state.

2. Itispossible to perform a program-verify operation on the 128 bytes being
programmed, or an erase-verify on the block being erased.

3. FLMCRL, EBR1, and EBR2 can be written to. However, the registers are initialized if
atransition is made to software standby mode while in the error protection state.

Figure 18.12 shows the flash memory state transition diagram.
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Program mode Reset or standby
Erase mode BRES=00orSTBY =0 (hardware protection)

DVFPRERFLER=0

Erro\roccurrence RES=0or
STBY =0 FLMCR1, FLMCR2,
(software standby) EBR1, EBR2
Error RES=0or initialization state
occurrence STBY =0
. Software Error protection mode
Error protection mode standby mode (software standby)

—_—
B

INIT FLER =

Software standby
mode release

FLMCR1, EBR1, EBR2
initialization state

RD: Memory read possible RD: Memory read not possible
VF: Verify-read possible VF. Verify-read not possible
PR: Programming possible PR: Programming not possible
ER: Erasing possible ER: Erasing not possible

INIT: Register initialization state

Figure18.12 Flash Memory State Transitions
(When High Level isApplied to FWE Pinin Mode 5 or 7 (On-Chip ROM Enabled))

The error protection function isinvalid for abnormal operations other than the FLER bit setting
conditions. Also, if acertain time has elapsed before this protection state is entered, damage may
already have been caused to the flash memory. Consequently, this function cannot provide
complete protection against damage to flash memory.

To prevent such abnormal operations, therefore, it is necessary to ensure correct operation in
accordance with the program/erase algorithm, with the flash write enable (FWE) voltage applied,
and to conduct constant monitoring for MCU errors, internally and externally, using the watchdog
timer or other means. There may aso be cases where the flash memory isin an erroneous
programming or erroneous erasing state at the point of transition to this protection mode, or
where programming or erasing is not properly carried out because of an abort. In cases such as
these, aforced recovery (program rewrite) must be executed using boot mode. However, it may
also happen that boot mode cannot be normally initiated because of overprogramming or
overerasing.
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18.8  Flash Memory Emulation in RAM

Making a setting in the RAM control register (RAMCR) enables part of RAM to be overlapped
onto the flash memory area so that data to be written to flash memory can be emulated in RAM in
real time. After the RAMCR setting has been made, accesses can be made from the flash memory
area or the RAM area overlapping flash memory. Emulation can be performed in user mode and
user program mode. Figure 18.13 shows an example of emulation of realtime flash memory
programming.

( Start of emulation program )

v

Set RAMCR

A

y

Write tuning data to overlap RAM

v

Execute application program

No

Tuning OK?

Yes

Clear RAMCR

v

Write to flash memory emulation block

Y

( End of emulation program )

Figure18.13 Flowchart of Flash M emory Emulation in RAM
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This area can be accessed
from both the RAM area
and flash memory area

H'00000 ————————
EBO
H'01000 — >
EB1 A 0
H'02000 ! !
EB2 | |
H'03000
EB3 ! :
H'04000 ! !
EB4 | |
H'05000 ! !
EB5 ; ;
H'06000 ! !
EB6 | i
H'07000
EB7 ! |
H'08000 ! !
| ' H'FFE000
Flash memory H'FFEFFF
EB8 to EB13
On-chip RAM
H'FFFF1F
H'SFFFF

Figure18.14 Example of RAM Overlap Operation

Example of Flash Memory Block Area EBO Overlapping

1.

Set bits RAMS and RAM2 to RAMO in RAMCR to 1,0, O, 0, to overlap part of RAM onto the
area (EBO) for which realtime programming is required.

Resaltime programming is performed using the overlapping RAM.

After the program data has been confirmed, the RAMS bit is cleared, releasing RAM overlap.
The data written in the overlapping RAM iswritten into the flash memory space (EBO).

Notes: 1. When the RAMSbit is set to 1, program/erase protection is enabled for all blocks

regardless of the value of RAM2 to RAMO (emulation protection). In this state, setting
the P or E bit in FLMCR1 will not cause atransition to program mode or erase mode.
When actually programming or erasing a flash memory area, the RAMS hit should be
cleared to 0.

2. A RAM area cannot be erased by execution of software in accordance with the erase
algorithm while flash memory emulation in RAM is being used.
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3. Block area EBO contains the vector table. When performing RAM emulation, the
vector tableis needed in the overlap RAM.

4. Asinon-board programming mode, care is required when applying and releasing FWE
to prevent erroneous programming or erasing. To prevent erroneous programming and
erasing due to program runaway during FWE application, in particular, the watchdog
timer should be set when the PSU, P, ESU, or E bit isset to 1in FLMCR1, even while
the emulation function is being used.

5. When the emulation function is used, NMI input is prohibited when the P bit or E bit
issetto 1in FLMCR1, in the same way as with normal programming and erasing.

The P and E hits are cleared by areset (including a watchdog timer reset), in standby
mode, when a high level is not being input to the FWE pin, or when the SWE bit in
FLMCRL1 is 0 while ahigh level is being input to the FWE pin.
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18.9 NMI Input Disabling Conditions

All interrupts, including NMI input, should be disabled while flash memory is being programmed
or erased (while the P bit or E bit is set in FLMCR1), and while the boot program is executing in
boot mode**, to give priority to the program or erase operation. There are three reasons for this:

1. NMI input during programming or erasing might cause aviolation of the programming or
erasing algorithm, with the result that normal operation could not be assured.

2. Inthe NMI exception handling sequence during programming or erasing, the vector would not
be read correctly*?, possibly resultingin MCU runaway.

3. If NMI input occurred during boot program execution, it would not be possible to execute the
normal boot mode sequence.

For these reasons, in on-board programming mode alone there are conditions for disabling NMI
input, as an exception to the general rule. However, this provision does not guarantee normal
erasing and programming or MCU operation. All interrupt requests (exception handling and bus
release), including NMI, must therefore be restricted inside and outside the MCU during FWE
application. NMI input is also disabled in the error protection state and while the P or E hit
remains set in FLMCRL1 during flash memory emulation in RAM.

Notes: 1. Thisistheinterval until a branch is made to the boot program areain the on-chip
RAM (This branch takes place immediately after transfer of the user programis
completed). Consequently, after the branch to the RAM area, NMI input is enabled
except during programming and erasing. Interrupt requests must therefore be disabled
inside and outside the MCU until the user program has completed initial programming
(including the vector table and the NMI interrupt handling routine).

2. The vector may not be read correctly in this case for the following two reasons:

« |f flash memory is read while being programmed or erased (while the P bit or E bit
isset in FLMCR1), correct read data will not be obtained (undetermined values will
be returned).

« |If the entry in the interrupt vector table has not been programmed yet, interrupt
exception handling will not be executed correctly.
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18.10 Flash Memory PROM Mode

The H8/3068F-ZTAT has a PROM mode as well as the on-board programming modes for
programming and erasing flash memory. In PROM mode, the on-chip ROM can be freely
programmed using a general-purpose PROM writer that supports the Renesas Technology
microcomputer device type with 256-kbyte on-chip flash memory.

18.10.1 Socket Adaptersand Memory Map

In PROM mode using a PROM writer, memory reading (verification) and writing and flash
memory initialization (total erasure) can be performed. For these operations, a special socket
adapter is mounted in the PROM writer. The socket adapter product codes are given in table
18.10. In the H8/3068F-ZTAT PROM mode, only the socket adapters shown in this table should
be used.

Table 18.10 H8/3068F-ZTAT Socket Adapter Product Codes

Socket Adapter

Product Code  Package Product Code Manufacturer
HD64F3068F 100-pin QFP (FP-100B) ME3064ESHF1H MINATO
HD64F3068TE  100-pin TQFP (TFP-100B) ME3064ESNF1H ELECTRONICS INC.

HD64F3068F 100-pin QFP (FP-100B) HF306BQ100D4001 DATA 1/0 JAPAN CO.
HD64F3068TE  100-pin TQFP (TFP-100B) HF306BT100D4001

Figure 18.15 shows the memory map in PROM mode.

H'000000 H'00000
On-chip ROM
H'O5FFFF H'5FFFF

Figure18.15 Memory Map in PROM Mode
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18.10.2 Noteson Use of PROM Mode

1

A write to a 128-byte programming unit in PROM mode should be performed once only.
Erasing must be carried out before reprogramming an address that has aready been
programmed.

When using a PROM writer to reprogram a device on which on-board programming/erasing
has been performed, it is recommended that erasing be carried out before executing
programming.

The memory isinitially in the erased state when the device is shipped by Renesas Technology.
For samples for which the erasure history is unknown, it is recommended that erasing be
executed to check and correct the initialization (erase) level.

The H8/3068FZTAT does not support a product identification mode as used with general-
purpose EPROMS, and therefore the device name cannot be set automatically in the PROM
writer.

Refer to the instruction manual provided with the socket adapter, or other relevant
documentation, for information on PROM writers and associated program versions that are
compatible with the PROM mode of the H8/3068F-ZTAT.
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18.11 Flash Memory Programming and Erasing Precautions

Precautions concerning the use of on-board programming mode, the RAM emulation function,
and PROM mode are summarized below.

1. Usethe specified voltages and timing for programming and erasing.
Applied voltages in excess of the rating can permanently damage the device. Use a PROM

programmer that supports the Renesas Technology microcomputer device type“F-ZTAT512”
with 512-kbyte on-chip flash memory.

2. Powering on and off (seefigures 18.16 to 18.18)
Do not apply a high level to the FWE pin until V¢ has stabilized. Also, drive the FWE pin
low before turning off Vcc.
When applying or disconnecting V¢ power, fix the FWE pin low and place the flash memory
in the hardware protection state.
The power-on and power-off timing reguirements should also be satisfied in the event of a
power failure and subsequent recovery. Failure to do so may result in overprogramming or
overerasing due to MCU runaway, and loss of normal memory cell operation.

3. FWE application/disconnection

FWE application should be carried out when MCU operation isin a stable condition. If MCU

operation is not stable, fix the FWE pin low and set the protection state.

The following points must be observed concerning FWE application and disconnection to

prevent unintentional programming or erasing of flash memory:

* Apply FWE when the V ¢ voltage has stabilized within its rated voltage range.
If FWE is applied when the MCU’s V ¢ power supply is not within its rated voltage range,
MCU operation will be unstable and flash memory may be erroneously programmed or
erased.

* Apply FWE when oscillation has stabilized (after the elapse of the oscillation settling
time).
When V< power is turned on, hold the RES pin low for the duration of the oscillation
settling time before applying FWE. Do not apply FWE when oscillation has stopped or is
unstable.

* In boot mode, apply and disconnect FWE during a reset.
In atransition to boot mode, FWE = 1 input and M DM Dy setting should be performed
while the RES input is low. FWE and MD,-M Dy pin input must satisfy the mode
programming setup time (typs) With respect to the reset release timing. When making a
transition from boot mode to another mode, also, a mode programming setup timeis
necessary with respect to the reset release timing.
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In areset during operation, the RES pin must be held low for a minimum of 20 system
clock cycles.

» Inuser program mode, FWE can be switched between high and low level regardless of
RES input.
FWE input can also be switched during execution of a program in flash memory.

» Do not apply FWE if program runaway has occurred.
During FWE application, the program execution state must be monitored using the
watchdog timer or some other means.

» Disconnect FWE only when the SWE, ESU, PSU, EV, PV, E, and P bitsin FLMCR1 are
cleared.
Make sure that the SWE, ESU, PSU, EV, PV, E, and P bits are not set by mistake when
applying or disconnecting FWE.

4. Do not apply a constant high level to the FWE pin.

T prevent erroneous programming or erasing due to program runaway, etc., apply a high level
to the FWE pin only when programming or erasing flash memory (including execution of flash
memory emulation using RAM). A system configuration in which a high level is constantly
applied to the FWE pin should be avoided. Also, while ahigh level is applied to the FWE pin,
the watchdog timer should be activated to prevent overprogramming or overerasing due to
program runaway, etc.

5. Usetherecommended algorithm when programming and erasing flash memory.

The recommended algorithm enables programming and erasing to be carried out without
subjecting the device to voltage stress or sacrificing program data reliability. When setting the
PSU or ESU bit in FLMCR1, the watchdog timer should be set beforehand as a precaution
against program runaway, €tc.

Also note that access to the flash memory space by means of a MOV instruction, etc., is not
permitted while the P bit or E bit is set.

6. Do not set or clear the SWE bit during execution of a program in flash memory.

Clear the SWE bit before executing a program or reading data in flash memory. When the
SWE hit is set, datain flash memory can be rewritten, but flash memory should only be
accessed for verify operations (verification during programming/erasing).

Similarly, when using the RAM emulation function while a high level is being input to the
FWE pin, the SWE bit must be cleared before executing a program or reading datain flash
memory. However, the RAM area overlapping flash memory space can be read and written to
regardless of whether the SWE bit is set or cleared.

A wait time is necessary after the SWE bit is cleared. For details see table 21.10 in section
21.1.6, Fash Memory Characteristics.

Rev. 3.00 Sep 14, 2005 page 644 of 910
REJ09B0258-0300
RENESAS



Section 18 Flash Memory

. Donot useinterruptswhile flash memory isbeing programmed or erased.

All interrupt requests, including NMI, should be disabled during FWE application to give
priority to program/erase operations (including emulation in RAM).
Bus release must also be disabled.

. Do not perform additional programming. Erase the memory beforereprogramming.

In on-board programming, perform only one programming operation on a 128-byte
programming unit block. Programming should be carried out with the entire programming unit
block erased.

. Before programming, check that the chip is correctly mounted in the PROM writer.

Overcurrent damage to the device can result if the index marks on the PROM writer socket,
socket adapter, and chip are not correctly aligned.

10. Do not touch the socket adapter or chip during programming.

Touching either of these can cause contact faults and write errors.

11. A wait time of 100 us or moreis necessary when performing a read after atransition to

normal mode from program, erase, or verify mode.

12. Use byte access on theregistersthat control the flash memory (FLMCR1, FLMCR2,

EBR1, EBR2, and RAMCR).
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Program-
ming/
Wait time:  erasing Wait time:
X possible 'y

. i I\

tosc1 Min 0 us

s
Vee

|
EWE tMDS Min O us
u i:—> L . \
i
MD, to MDg*? L

RES 7 ~

tmps

SWE set
SWE cleared

SWE bit

[ Period during which flash memory access is prohibited
(x: Wait time after setting SWE bit, y: Wait time after clearing SWE bit)"2

[ Period during which flash memory can be programmed
(Execution of program in flash memory prohibited, and data reads other than verify operations
prohibited)

Notes: 1. Except when switching modes, the level of the mode pins (MD,—MDg) must be fixed until power-off
by pulling the pins up or down.
2. See section 21.1.6, Flash Memory Characteristics.

Figure 18.16 Power-On/Off Timing (Boot M ode)
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Program-
ming/
Wait time: ~ erasing  Wait time:
x possible y

fosci Min O ps

FWE / *

RES /

SWE set

SWE cleared

SWE bit 2

|:| Period during which flash memory access is prohibited
(x: Wait time after setting SWE bit, y: Wait time after clearing SWE bit)"?

[ Period during which flash memory can be programmed
(Execution of program in flash memory prohibited, and data reads other than verify operations
prohibited)

Notes: 1. Except when switching modes, the level of the mode pins (MD,—MD;) must be fixed until power-off
by pulling the pins up or down.
2. See section 21.1.6, Flash Memory Characteristics.

Figure 18.17 Power-On/Off Timing (User Program M ode)
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Q Q Q Q
52 B2 B2 B2
< £2 > xE2 > x£2 > < £8
-2 £ 09 .. L EQ - L EQ - .. £0
] IS o O ] IS o v ] IS o v (] IS o
Esp £ EsoE Eg2f £ sp
I §89F §3e 5 8%
Sas = Saos3 Saos3 S do
0 1
tosca
&
Vee
l+] Min Ops
s \ a \ a
FWE / N / N /
t w2
MDS iMDSV
ALY
MD; to MDq m 7X'
tmps
tResw
v
RES P N B
SWE set SWE
4
SWE bit N cleared
< > z P
Mode Boot Mode  User User program mode User User program
change™! mode change™ mode mode  mode

[[_] Period during which flash memory access is prohibited
(x: Wait time after setting SWE bit, y: Wait time after clearing SWE bit)"®

Period during which flash memory can be programmed
(Execution of program in flash memory prohibited, and data reads other than verify operations prohibited)

Notes: 1. When entering boot mode or making a transition from boot mode to another mode, mode switching must be carried
out by means of RES input. The state of ports with multiplexed address functions and bus control output pins
(CSn, AS, RD, WR) will change during this switchover interval (the interval during which the RES pin input is low),
and therefore these pins should not be used as output signals during this time.
2. When making a transition from boot mode to another mode, the mode programming setup time ty,,g must be
satisfied with respect to RES clearance timing.

3. See section 21.1.6, Flash Memory Characteristics.

Figure18.18 Mode Transition Timing
(Example: Boot Mode - User Mode « User Program Mode)
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Section 19 Clock Pulse Generator

19.1 Overview

The H8/3068F has a built-in clock pulse generator (CPG) that generates the system clock (¢) and
other internal clock signals (¢/2 to @/4096). After duty adjustment, a frequency divider divides the
clock frequency to generate the system clock (¢). The system clock is output at the ¢ pin** and
furnished as a master clock to prescalers that supply clock signals to the on-chip supporting
modules. Frequency division ratios of 1/1, 1/2, 1/4, and 1/8 can be selected for the frequency
divider by settingsin adivision control register (DIVCR)*2. Power consumption in the chip is
reduced in almost direct proportion to the frequency division ratio.

Notes: 1. Usage of the @ pin differs depending on the chip operating mode and the PSTOP bit
setting in the module standby control register (MSTCR). For details, see section 20.7,
System Clock Output Disabling Function.

2. Thedivision ratio of the frequency divider can be changed dynamically during
operation. The clock output at the @ pin also changes when the division ratio is
changed. The frequency output at the ¢ pin is shown below.

¢@=EXTAL xn
where, EXTAL: Frequency of crystal resonator or external clock signa
n: Frequency division ratio (n = 1/1, 1/2, 1/4, or 1/8)
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19.1.1  Block Diagram

Figure 19.1 shows a block diagram of the clock pulse generator.

LT oooooooooooooooooooooooooooooooes CPG --------
| XTAL ——= Duty 0

! Oscillator adjustment Frequency Prescalers

| circuit divider

. EXTAL ——

3 Division

| control

| register

< Data bus >
pin @2 to ¢/4096

Figure19.1 Block Diagram of Clock Pulse Generator
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19.2 Oscillator Circuit

Clock pulses can be supplied by connecting a crystal resonator, or by input of an external clock
signal.

19.2.1 Connecting a Crystal Resonator

Circuit Configuration: A crystal resonator can be connected asin the example in figure 19.2.
Damping resistance Rd should be selected according to table 19.1 (1), and external capacitances
C.1 and C, according to table 19.1 (2). An AT-cut parallel-resonance crystal should be used.

Cu
EXTAL T{ }ﬂT
[
XTAL %L{ }ﬂT
Rd CL

Figure 19.2 Connection of Crystal Resonator (Example)

If acrystal resonator with afrequency higher than 20 MHz is connected, the external load
capacitance values in table 19.1 (2) should not exceed 10 [pF]. Also, in order to improve the
accuracy of the oscillation frequency, a thorough study of oscillation matching evaluation, etc.,
should be carried out when deciding the circuit constants.

Table19.1(1) Damping Resistance Value

Damping

Resistance Frequency f (MHz)

Value 2 2<f<4 4<f<8 8<f<10 10<f<13 13<f<16 16<f<18 18<f<25
Rd (Q) 1k 500 200 0 0 0 0 0

Note: A crystal resonator between 2 MHz and 25 MHz can be used. If the chip is to be operated
at less than 2 MHz, the on-chip frequency divider should be used. (A crystal resonator of
less than 2 MHz cannot be used.)
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Section 19 Clock Pulse Generator

Table19.1(2) External Capacitance Values

External Capacitance Value 5V Version
Frequency f (MHz) 20<f< 25 2< <20
Cu1=Cp2 (pF) 10 10to 22

Crystal Resonator: Figure 19.3 shows an equivalent circuit of the crystal resonator. The crystal
resonator should have the characteristics listed in table 19.2.

XTAL =-—9 ¢—— EXTAL

AT-cut parallel-resonance type

Figure19.3 Crystal Resonator Equivalent Circuit

Table19.2 Crystal Resonator Parameters

Frequency (MHz) 2 4 8 10 12 16 18 20 25
Rs max (Q) 500 120 80 70 60 50 40 40 40
Co (pF) 7 pF 7pF 7pF 7TpF T7pF T7PpF 7 pF 7pF 7pF

max max max max max max max max max

Use acrystal resonator with afrequency egual to the system clock frequency ().

Notes on Board Design: When a crystal resonator is connected, the following points should be
noted:

Other signal lines should be routed away from the oscillator circuit to prevent induction from
interfering with correct oscillation. See figure 19.4.

When the board is designed, the crystal resonator and its load capacitors should be placed as close
as possibleto the XTAL and EXTAL pins.
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Avoid —— Signal A Signal B
C L 1 3 H8/3068F chip

T K 1 3 XTAL

]

|| 1 3 EXTAL
C L

Figure19.4 Oscillator Circuit Block Board Design Precautions

19.2.2 External Clock Input

Circuit Configuration: An externa clock signal can be input as shown in the examplesin figure
19.5. If the XTAL pin isleft open, the stray capacitance should not exceed 10 pF. If the stray
capacitance at the XTAL pin exceeds 10 pF in configuration a, use the connection shown in
configuration b instead, and hold the external clock high in standby mode.

EXTAL — External clock input

XTAL [—— Open

a. XTAL pin left open

EXTAL External clock input

XTAL

b. Complementary clock input at XTAL pin

Figure19.5 External Clock Input (Examples)
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External Clock: The external clock frequency should be equal to the system clock frequency
when not divided by the on-chip frequency divider. Table 19.3 shows the clock timing, figure 19.6
shows the external clock input timing, and figure 19.7 shows the external clock output settling
delay timing. When the appropriate external clock isinput viathe EXTAL pin, its waveformis
corrected by the on-chip oscillator and duty adjustment circuit.

When the appropriate external clock isinput viathe EXTAL pin, its waveform is corrected by the
on-chip oscillator and duty adjustment circuit. The resulting stable clock is output to external
devices after the external clock settling time (tpext) has passed after the clock input. The system
must remain reset with the reset signal low during tpext, While the clock output is unstable.

Table19.3 Clock Timing

Vec =5.0V£10%

Item Symbol Min Max Unit Test Conditions
External clock input low texe 15 — ns Figure 19.6
pulse width
External clock input high texn 15 — ns
pulse width
External clock rise time texr — 5 ns
External clock fall time text — 5 ns
Clock low pulse width teL 0.4 0.6 teye @=5MHz Figure 19.17
80 — ns @<5MHz
Clock high pulse width ten 0.4 0.6 teye ¢©=5 MHz
80 — ns ®<5MHz
External clock output toext™ 500 — us Figure 19.7
settling delay time
Note: * tpexr includes a RES pulse width (tresw). tresw = 20 teye
texH
EXTAL Vee X 0.5

Figure19.6 External Clock Input Timing
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)

Vee _7L
STBY VML
EXTAL

@ (internal or
external)

Y AVAVAVAVAVAVAVAVAVAVAVAVAN

AYAYAVAVAVAVAVAVAN

RES

)

) 77

tpEXT

Figure19.7 External Clock Output Settling Delay Timing

19.3  Duty Adjustment Circuit

When the oscillator frequency is 5 MHz or higher, the duty adjustment circuit adjusts the duty
cycle of the clock signal from the oscillator to generate .

194 Prescalers

The prescalers divide the system clock (¢) to generate internal clocks (¢/2 to ¢/4096).
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19.5 Frequency Divider

The frequency divider divides the duty-adjusted clock signal to generate the system clock (¢p). The
frequency division ratio can be changed dynamically by modifying the value in DIVCR, as
described below. Power consumption in the chip is reduced in almost direct proportion to the
frequency division ratio. The system clock generated by the frequency divider can be output at the

Qpin.

1951 Register Configuration
Table 19.4 summarizes the frequency division register.

Table19.4 Frequency Division Register

Address* Name Abbreviation R/W Initial Value

H'EEO01B Division control register DIVCR R/W HFC

Note: * Lower 20 bits of the address in advanced mode.

19.5.2 Division Control Register (DIVCR)

DIVCR is an 8-hit readable/writable register that selects the division ratio of the frequency
divider.

Bit 7 6 5 4 3 2 1 0

- | - =] =] = | — | ova] ow
Initial value 1 1 1 1 1 1 0 0
Read/Write — — — — — — R/W R/W

Reserved bits

Divide bits 1 and 0
These bits select the
frequency division ratio

DIVCRisinitialized to H'FC by areset and in hardware standby mode. It is not initialized in
software standby mode.

Bits 7 to 2—Reserved: These bits cannot be modified and are always read as 1.
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Bits 1 and 0—Divide (DIV1, DIVO0): These bits select the frequency division ratio, as follows.

Bit 1 Bit 0

DIV1 DIVO Frequency Division Ratio

0 0 1/1 (Initial value)
0 1 1/2

1 0 1/4

1 1 1/8

1953 Usage Notes
The DIVCR setting changes the @ frequency, so note the following points.

» Select afrequency division ratio that stays within the assured operation range specified for the
clock cycletime tq in the AC electrical characteristics. Note that @i, = lower limit of the
operating frequency range. Ensure that @ is not below this lower limit.

< All on-chip module operations are based on ¢. Note that the timing of timer operations, serial
communication, and other time-dependent processing differs before and after any changein
the division ratio. The waiting time for exit from software standby mode also changes when
the division ratio is changed. For details, see section 20.4.3, Selection of Waiting Time for
Exit from Software Standby Mode.
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Section 20 Power-Down State

Section 20 Power-Down State

20.1 Overview

The H8/3068F has a power-down state that greatly reduces power consumption by halting the
CPU, and a module standby function that reduces power consumption by selectively halting on-
chip modules.

The power-down state includes the following three modes:

« Seep mode
« Software standby mode
e Hardware standby mode

The module standby function can halt on-chip supporting modules independently of the power-
down state. The modules that can be halted are the 16-bit timer, 8-bit timer, SCIO, SCI1, SCI2,
DMAC, DRAM interface, and A/D converter.

Table 20.1 indicates the methods of entering and exiting the power-down modes and module
standby mode, and gives the status of the CPU and on-chip supporting modulesin each mode.
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Table20.1 Power-Down State and M odule Standby Function
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Section 20 Power-Down State

20.2 Register Configuration

The H8/3068F has a system control register (SY SCR) that controls the power-down state, and
module standby control registersH (MSTCRH) and L (MSTCRL) that control the module
standby function. Table 20.2 summarizes these registers.

Table20.2 Control Register

Address* Name Abbreviation R/W Initial Value
H'EE012 System control register SYSCR R/W H'09
H'EEO1C Module standby control register H MSTCRH R/W H'78
H'EEO01D Module standby control register L MSTCRL R/W H'00

Note: * Lower 20 bits of the address in advanced mode.

20.2.1 System Control Register (SYSCR)

Bit 7 6 5 4 3 2 1 0
’ SSBY ‘ STS2 ‘ STS1 ‘ STSO ‘ UE ‘NMIEG‘ SSOE ‘ RAME ‘

Initial value 0 0 0 0 1 0 0 1

Read/Write R/W R/IW R/W R/IW R/IW R/IW R/IW R/IW
RAM enable

Software standby
output port enable

NMI edge select

User bit enable

Standby timer select 2to 0
These bits select the

waiting time of the CPU

and peripheral functions

Software standby
Enables transition to
software standby mode

SY SCR is an 8-hit readable/writable register. Bit 7 (SSBY), bits 6 to 4 (STS2 to STS0), and bit 1
(SSOE) control the power-down state. For information on the other SY SCR hits, see section 3.3,
System Control Register (SY SCR).
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Bit 7—Softwar e Standby (SSBY): Enables transition to software standby mode. When software
standby mode is exited by an external interrupt, this bit remains set to 1 after the return to normal
operation. To clear this bit, write 0.

Bit 7

SSBY Description

0 SLEEP instruction causes transition to sleep mode (Initial value)
1 SLEEP instruction causes transition to software standby mode

Bits 6 to 4—Standby Timer Select (STS2 to STS0): These bits select the length of time the
CPU and on-chip supporting modules wait for the clock to settle when software standby mode is
exited by an externa interrupt. If the clock is generated by a crystal resonator, set these bits
according to the clock frequency so that the waiting time will be at least 7 ms (oscillation settling
time). See table 20.3. If an external clock is used, set these bits so that the waiting time will be at
least 100 ps.

Bit 6 Bit 5 Bit 4
STS2 STS1 STSO Description

0 0 0 Waiting time = 8,192 states (Initial value)

Waiting time = 16,384 states

Waiting time = 32,768 states
Waiting time = 65,536 states

Waiting time = 131,072 states

Waiting time = 262,144 states

Waiting time = 1,024 states

[EnY
o
P Ok, Ol Ok

lllegal setting

Bit 1—Softwar e Standby Output Port Enable (SSOE): Specifies whether the address bus and
bus control signals (CS, to CS7, AS, RD, HWR, LWR, UCAS, LCAS, and RFSH) are kept as
outputs or fixed high, or placed in the high-impedance state in software standby mode.

Bit 1

SSOE Description

0 In software standby mode, the address bus and bus control signals (Initial value)
are all high-impedance

1 In software standby mode, the address bus retains its output state

and bus control signals are fixed high
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20.22 Module Standby Control Register H (M STCRH)

MSTCRH is an 8-bit readable/writable register that controls output of the system clock (¢). It also
controls the module standby function, which places individual on-chip supporting modulesin the
standby state. Module standby can be designated for the SCI0, SCI1, SCI2.

Bit 7 6 5 4 3 2 1 0

’ PSTOP ‘ — ‘ — ‘ — ‘ — ‘MSTPHZ ‘ MSTPH1 ‘ MSTPHO ‘
Initial value 0 1 1 1 1 0 0 0
Read/Write R/IW — — — — R/W R/W R/W

{

Module standby H2 to 0

Reserved bit These bits se_lect modules
to be placed in standby

@clock stop
Enables or disables
output of the system clock

MSTCRH isinitialized to H'78 by areset and in hardware standby mode. It is not initialized in
software standby mode.

Bit 7—aq Clock Stop (PSTOP): Enables or disables output of the system clock ().

Bit 1

PSTOP Description

0 System clock output is enabled (Initial value)
1 System clock output is disabled

Bits 6 to 3—Reserved: These bits cannot be modified and are always read as 1.

Bit 2—M odule Standby H2 (M STPH2): Selects whether to place the SCI2 in standby.

Bit 2

MSTPH2  Description

0 SCI2 operates normally (Initial value)
1 SCI2 is in standby state
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Bit 1—Module Standby H1 (M STPH1): Selects whether to place the SCI1 in standby.

Bit 1

MSTPH1  Description

0 SCI1 operates normally (Initial
value)

1 SCI1 is in standby state

Bit 0—Module Standby HO (M STPHO): Selects whether to place the SCIO0 in standby.

Bit 0

MSTPHO  Description

0 SCIO operates normally (Initial
value)

1 SCI0 is in standby state

20.23 Module Standby Control Register L (MSTCRL)

MSTCRL is an 8-bit readable/writable register that controls the module standby function, which
places individual on-chip supporting modules in the standby state. Module standby can be
designated for the DMAC, 16-bit timer, DRAM interface, 8-bit timer, and A/D converter
modules.

Bit 7 6 5 4 3 2 1 0

‘ MSTPL?‘ — ‘ MSTPLS‘ MSTPL4‘ MSTPL3 ‘ MSTPL2 ‘ — ‘MSTPLO
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W

R/W
Module standby L7, L5to L2, LO

These bits select modules to be
placed in standby

Reserved bits

MSTCRL isinitialized to H'00 by areset and in hardware standby mode. It is not initialized in
software standby mode.
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Bit 7—Module Standby L7 (M STPL7): Selects whether to place the DMAC in standby.

Bit 7

MSTPL7  Description

0 DMAC operates normally (Initial value)
1 DMAC is in standby state

Bit 6—Reserved: This bit can be written and read.

Bit 5—Module Standby L5 (M STPL5): Selects whether to place the DRAM interfacein
standby.

Bit 5

MSTPL5  Description

0 DRAM interface operates normally (Initial value)
1 DRAM interface is in standby state

Bit 4—M odule Standby L4 (M STPL 4): Selects whether to place the 16-bit timer in standby.

Bit 4

MSTPL4  Description

0 16-bit timer operates normally (Initial value)
1 16-bit timer is in standby state

Bit 3—M odule Standby L 3 (M STPL 3): Selects whether to place 8-bit timer channelsOand 1in
standby.

Bit 3

MSTPL3  Description

0 8-bit timer channels 0 and 1 operate normally (Initial value)
1 8-bit timer channels 0 and 1 are in standby state
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Bit 2—Module Standby L 2 (M STPL 2): Selects whether to place 8-bit timer channels 2 and 3in
standby.

Bit 2

MSTPL2  Description

0 8-bit timer channels 2 and 3 operate normally (Initial value)
1 8-bit timer channels 2 and 3 are in standby state

Bit 1—Reserved: This bit can be written and read.

Bit 0—M odule Standby LO (M STPLO): Selects whether to place the A/D converter in standby.

Bit 0

MSTPLO  Description

0 A/D converter operates normally (Initial value)
1 A/D converter is in standby state
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20.3 Sleep Mode

20.3.1 Transition to Sleep Mode

When the SSBY hit is cleared to 0 in SY SCR, execution of the SLEEP instruction causes a
transition from the program execution state to sleep mode. Immediately after executing the
SLEEP instruction the CPU halts, but the contents of itsinternal registers are retained. The DMA
controller (DMAC), DRAM interface, and on-chip supporting modules do not halt in sleep mode.
M odules which have been placed in standby by the module standby function, however, remain
halted.

20.3.2  Exit from Sleep Mode
Seep modeis exited by an interrupt, or by input at the RES or STBY pin.

Exit by Interrupt: Aninterrupt terminates sleep mode and causes a transition to the interrupt
exception handling state. Seep mode is not exited by an interrupt source in an on-chip supporting
moduleif theinterrupt is disabled in the on-chip supporting module. Sleep mode is not exited by
an interrupt other than NMI if the interrupt is masked by interrupt priority settings and the
settings of the | and Ul bitsin CCR, IPR.

Exit by RES Input: Low input a the RES pin exits from sleep mode to the reset state.

Exit by STBY Input: Low input at the STBY pin exits from sleep mode to hardware standby
mode.
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20.4  Software Standby Mode

20.4.1 Transition to Software Standby M ode

To enter software standby mode, execute the SLEEP instruction while the SSBY hitissetto 1in
SYSCR.

In software standby mode, current dissipation is reduced to an extremely low level because the
CPU, clock, and on-chip supporting modules all halt. The DMAC and on-chip supporting
modules are reset and halted. Aslong as the specified voltage is supplied, however, CPU register
contents and on-chip RAM data are retained. The settings of the 1/O ports and DRAM interface*
are also held. When the WDT is used as awatchdog timer (WT/IT = 1), the TME bit must be
cleared to O before setting SSBY . Also, when setting TME to 1, SSBY should be cleared to 0.

Clear the BRLE bit in BRCR (inhibiting bus release) before making a transition to software
standby mode.

Note: * RTCNT and bits 7 and 6 of RTMCSR are initialized. Other bits and registers hold their
previous states.

20.4.2  Exit from Software Standby M ode

Software standby mode can be exited by input of an external interrupt at the NMI, IRQo, IRQ, or
IRQ; pin, or by input at the RES or STBY pin.

Exit by Interrupt: When an NMI, IRQqo, IRQy, or IRQ; interrupt request signal is received, the
clock oscillator begins operating. After the oscillator settling time selected by bits STS2 to STSO
in SY SCR, stable clock signals are supplied to the entire chip, software standby mode ends, and
interrupt exception handling begins. Software standby mode is not exited if the interrupt enable
bits of interrupts IRQg, IRQ;, and IRQ; are cleared to O, or if these interrupts are masked in the
CPU.

Exit by RES Input: When the RES input goes low, the clock oscillator starts and clock pulses are
supplied immediately to the entire chip. The RES signal must be held low long enough for the
clock oscillator to stahilize. When RES goes high, the CPU starts reset exception handling.

Exit by STBY Input: Low input at the STBY pin causes atransition to hardware standby mode.
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20.4.3

Selection of Waiting Time for Exit from Software Standby M ode

Bits STS2 to STS0 in SY SCR and bits DIV1 and DIVO in DIVCR should be set as follows.

Crystal Resonator: Set STS2to STS0, DIV, and DIVO0 so that the waiting time (for the clock to
stabilize) is at least 7 ms. Table 20.3 indicates the waiting times that are selected by STS2 to
STSO, DIV, and DIVO settings at various system clock frequencies.

External Clock: Set STS2 to STSO, DIV1, and DIVO so that the waiting timeis at least 100 us.

Table20.3 Clock Frequency and Waiting Timefor Clock to Settle

DIV1 DIVO STS2 STS1 STSO Waiting Time 25 MHz 20 MHz 18 MHz 16 MHz 12 MHz 10 MHz 8 MHz 6MHz 4MHz 2MHz 1MHz Unit
0 0 0 0 0 8192 states 0.3 0.4 0.46 0.51 0.65 0.8 1.0 13 2.0 4.1 8.2* ms
0 0 1 16384 states 0.7 0.8 0.91 1.0 13 1.6 2.0 2.7 41 8.2* 16.4
0 1 0 32768 states 1.3 1.6 1.8 2.0 2.7 3.3 4.1 5.5 8.2* 16.4 32.8
0 1 1 65536 states 2.6 33 3.6 4.1 5.5 6.6 8.2* 10.9* 164 32.8 65.5
1 0 0 131072 states 5.2 6.6 7.3* 8.2* 10.9* 13.1* 164 21.8 32.8 65.5 131.1
1 0 1 262144 states  10.5*  13.1* 146 16.4 21.8 26.2 32.8 43.7 65.5 1311 2621
1 1 0 1024 states ~ 0.04 0.05 0.057 0.064 0.085 0.10 0.13 0.17 0.26 0.51 1.0
1 1 1 lllegal setting
0 1 0 0 0 8192 states 0.7 0.8 0.91 1.02 14 1.6 2.0 2.7 41 8.2* 16.4* ms
0 0 1 16384 states 1.3 1.6 1.8 2.0 2.7 3.3 4.1 5.5 8.2* 16.4 32.8
0 1 0 32768 states 2.6 33 3.6 4.1 5.5 6.6 8.2* 10.9* 164 32.8 65.5
0 1 1 65536 states 5.2 6.6 7.3* 8.2* 10.9* 13.1* 164 21.8 32.8 65.5 131.1
1 0 0 131072 states  10.5*  13.1* 146 16.4 21.8 26.2 32.8 43.7 65.5 1311 2621
1 0 1 262144 states  21.0 26.2 29.1 328 437 52.4 65.5 87.4 131.1 2621 5243
1 1 0 1024 states ~ 0.08 0.10 0.11 0.13 0.17 020 0.26 0.34 0.51 1.0 2.0
1 1 1 lllegal setting
1 0 0 0 0 8192 states 13 1.6 1.8 2.0 2.7 3.3 4.1 5.5 8.2* 16.4* 328 ms
0 0 1 16384 states 2.6 33 3.6 4.1 5.5 6.6 8.2* 10.9* 164 32.8 65.5
0 1 0 32768 states 5.2 6.6 7.3* 8.2* 10.9* 13.1* 164 21.8 32.8 65.5 131.1
0 1 1 65536 states  10.5*  13.1* 146 16.4 21.8 26.2 32.8 43.7 65.5 1311 2621
1 0 0 131072 states  21.0 26.2 29.1 328 437 52.4 65.5 87.4 131.1 2621 5243
1 0 1 262144 states  41.9 52.4 58.3 65.5 87.4 1049 1311 1748 2621 5243 1048.6
1 1 0 1024 states  0.16 0.20 0.23 0.26 0.34 0.41 0.51 0.68 1.02 2.0 41
1 1 1 lllegal setting
1 1 0 0 0 8192 states 2.6 3.3 3.6 41 5.5 6.6 8.2* 10.9* 16.4* 32.8* 655 ms
0 0 1 16384 states 5.2 6.6 7.3* 8.2* 10.9* 13.1* 164 21.8 32.8 65.5 131.1
0 1 0 32768 states  10.5 13.1* 146 16.4 21.8 26.2 32.8 43.7 65.5 1311 2621
0 1 1 65536 states  21.0*  26.2 29.1 328 437 52.4 65.5 87.4 131.1 2621 5243
1 0 0 131072 states  41.9 52.4 58.3 65.5 87.4 1049 1311 1748 2621 5243 1048.6
1 0 1 262144 states  83.9 1049 1165 1311 1748 209.7 2621 3495 5243 10486 2097.1
1 1 0 1024 states  0.33 0.41 0.46 0.51 0.68 0.82 1.0 14 2.0 4.1 8.2*
1 1 1

lllegal setting

: Recommended setting
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2044  Sample Application of Software Standby M ode

Figure 20.1 shows an example in which software standby mode is entered at the fall of NMI and
exited at the rise of NMI.

With the NMI edge select bit (NMIEG) cleared to 0 in SY SCR (selecting the falling edge), an
NMI interrupt occurs. Next the NMIEG hit is set to 1 (selecting the rising edge) and the SSBY bit
is set to 1; then the SLEEP instruction is executed to enter software standby mode.

Software standby mode is exited at the next rising edge of the NMI signal.

Seototor LTI i
9 i
NMI ] !

NMIEG |
SSBY | h
NMI interrupt Software standby  Oscillator NMI exception
handler mode (power- settling time handling
NMIEG =1 down state) (tosc2)
SSBY =1
SLEEP
instruction
Figure20.1 NMI Timing for Software Standby M ode (Example)
2045 Note

The /O portsretain their existing states in software standby mode. If aport isin the high output
state, its output current is not reduced.
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20.5 Hardware Standby Mode

20.5.1 Transition to Hardware Standby M ode

Regardless of its current state, the chip enters hardware standby mode whenever the STBY pin
goes low. Hardware standby mode reduces power consumption drastically by halting all functions
of the CPU, DMAC, DRAM interface, and on-chip supporting modules. All modules are reset
except the on-chip RAM. Aslong as the specified voltage is supplied, on-chip RAM datais
retained. 1/0 ports are placed in the high-impedance state.

Clear the RAME bhit to 0 in SY SCR before STBY goes low to retain on-chip RAM data.

The inputs at the mode pins (MD2 to MDO) should not be changed during hardware standby
mode.

20.5.2 Exit from Hardware Standby M ode

Hardware standby mode is exited by inputs at the STBY and RES pins. While RES is low, when
STBY goes high, the clock oscillator starts running. RES should be held low long enough for the
clock oscillator to settle. When RES goes high, reset exception handling begins, followed by a
transition to the program execution state.

2053 Timingfor Hardware Standby Mode

Figure 20.2 shows the timing relationships for hardware standby mode. To enter hardware
standby mode, first drive RES low, then drive STBY low. To exit hardware standby mode, first
drive STBY high, wait for the clock to settle, then bring RES from low to high.
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osaitecor LI
oscillator

RES

STBY

I |
-,
I

Oscillator
settling time

Reset
exception
handling

Figure20.2 Hardware Standby M ode Timing
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20.6  Module Standby Function

20.6.1 Module Standby Timing

The module standby function can halt several of the on-chip supporting modules (SCI2, SCI1,
SCIO, the DMAC, 16-bit timer, 8-bit timer, DRAM interface, and A/D converter) independently
in the power-down state. This standby function is controlled by bits MSTPH2 to MSTPHO in
MSTCRH and bits MSTPL7 to MSTPLO in MSTCRL. When one of these bitsis set to 1, the
corresponding on-chip supporting module is placed in standby and halts at the beginning of the
next bus cycle after the MSTCR write cycle.

20.6.2 Read/Writein Module Standby

When an on-chip supporting module is in module standby, read/write access to itsregistersis
disabled. Read access always resultsin H'FF data. Write access isignored.

20.6.3 Usage Notes

When using the module standby function, note the following points.

DMAC: When setting abit in MSTCR to 1 to place the DMAC in module standby, make sure
that the DMAC is not currently requesting the bus right. If the corresponding bit in MSTCR is set
to 1 when a bus request is present, operation of the bus arbiter becomes ambiguous and a
malfunction may occur.

DRAM Interface: When the module standby function is used on the DRAM interface, set the
MSTCR bit to 1 while DRAM space is deselected.

On-Chip Supporting M odule I nterrupts: Before setting a module standby bit, first disable
interrupts by that module. When an on-chip supporting module is placed in standby by the module
standby function, its registers are initialized, including registers with interrupt request flags.

Pin States. Pins used by an on-chip supporting module lose their module functions when the
module is placed in module standby. What happens after that depends on the particular pin. For
details, see section 8, 1/0 Ports. Pins that change from the input to the output state require special
care. For example, if SCI1 is placed in module standby, the receive data pin loses its receive data
function and becomes a port pin. If its port DDR bit is set to 1, the pin becomes a data output pin,
and its output may collide with external SCI transmit data. Data collision should be prevented by
clearing the port DDR hit to O or taking other appropriate action.

Register Resetting: When an on-chip supporting module is halted by the module standby
function, al itsregisters areinitialized. To restart the module, after its MSTCR bit is cleared to O,
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its registers must be set up again. It is not possible to write to the registers while the MSTCR hit
issetto 1.

M STCR Accessfrom DMAC Disabled: To prevent malfunctions, MSTCR can only be
accessed from the CPU. It can be read by the DMAC, but it cannot be written by the DMAC.

20.7  System Clock Output Disabling Function

Output of the system clock (¢p) can be controlled by the PSTOP bit in MSTCRH. When the
PSTOP bit is set to 1, output of the system clock halts and the ¢ pin is placed in the high-
impedance state. Figure 20.3 shows the timing of the stopping and starting of system clock
output. When the PSTOP hit is cleared to 0, output of the system clock is enabled. Table 20.4
indicates the state of the @ pin in various operating states.

MSTCRH write cycle MSTCRH write cycle
(PSTOP =1) (PSTOP =0)
T1 T2 T3 T1 T2 T3
™~ High impedance I A

Figure20.3 Starting and Stopping of System Clock Output

Table20.4 @Pin Statein Various Operating States

Operating State PSTOP =0 PSTOP =1

Hardware standby High impedance High impedance
Software standby Always high High impedance
Sleep mode System clock output High impedance
Normal operation System clock output High impedance
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Section 21 Electrical Characteristics

211 Electrical Characteristics of H8/3068F-ZTAT

21.1.1  Absolute Maximum Ratings
Table 21.1 lists the absolute maximum ratings.

Table21.1 Absolute Maximum Ratings

Item Symbol Value Unit
Power supply voltage Vec*t -0.3t0 +7.0 \%
Input voltage (FWE)*?2 Vin -0.31t0 Ve +0.3 \Y
Input voltage (except for port 7)*2 Vin —0.3t0 Ve +0.3 \%
Input voltage (port 7) Vin —0.3 to AV¢c +0.3 \%
Reference voltage VRer —0.3to AV¢c +0.3 \%
Analog power supply voltage AVcc -0.3t0 +7.0 \%
Analog input voltage Van —0.3to AV¢c +0.3 \%
Operating temperature Topr —20 to +75*° °C
Storage temperature Tsyg -55 to +125 °C

Caution: Permanent damage to the chip may result if absolute maximum ratings are exceeded.
Notes: 1. Do not apply the power supply voltage to the V¢, pin. Connect an external capacitor
between this pin and GND.
2. 12 V must not be applied to any pin, as this may cause permanent damage to the
device.
3. The operating temperature range for flash memory programming/erasing is 0°C to
+75°C.
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21.1.2

DC Characteristics

Table 21.2 lists the DC characteristics. Table 21.3 lists the permissible output currents.

Table21.2 DC Characteristics (1)

Conditions: Vee= 5.0V £10%, AVee=5.0V + 10%, Vrer = 4.5V to AVcc*l,
Vss=AVgs = 0V*!, T,=-20°C to +75°C
[Programming/erasing conditions: T, = 0°C to +75°C]

Test
Item Symbol Min Typ Max Unit Conditions
Schmitt Port A, \Z 1.0 — — \Y
trigger input P8, to P8, vt _ _ Vee 0.7V
voltages . -
Vi =Vy 04 — — \%

Input high STBY, RES, Viu Vee—0.7 — Vee+0.3 V
voltage NMI, MD, to

MD,, FWE

EXTAL Vee 0.7 — Vec+03  V

Port 7 2.0 — AVee +0.3 V

Ports 1 to 6, 2.0 — Vec+03  V

P8s, P8,, P9,

to P9s, port B
Input low STBY, RES, Vi -0.3 — 0.5 \%
voltage FWE, MD, to

MDgo

NMI, EXTAL, -0.3 — 0.8 \%

ports 1 to 7,

P8,, P8,, P9,

to P9s, port B
Output high  All output pins  Vou Vee—-05 — — \% lon = =200 pA
voltage 35 — — \Y; loy = -1 mA
Output low All output pins Vg, — — 0.4 \Y loo = 1.6 mA
voltage Ports 1, 2, — — 1.0 V. o =10mA

and 5
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Test
Item Symbol Min Typ Max Unit Conditions
Input STBY, RES, linl — — 1.0 MA  Vip=05Vto
leakage NMI, FWE, Vee— 05V
current MD; to MDg
Port 7 — — 1.0 MA  Vip=05Vto
AVec - 0.5V
Three-state  Ports 1to 6 |lrsi| — — 1.0 HA Vin=0.5Vto
leakage Ports 8 to B Vee—05V
current
Input pull-up Ports 2, 4, —lp 50 — 300 KA Vin=0V
MOS current and 5
Input FWE Cin — — 80 pF V=0V
capacitance f = fin
NMI — — 50 pF 1a=25°C
All input pins — — 15 pF
except NMI
Current Normal lec*? — 32 47 mA =20 MHz
dissipation*> operation 5.0V)
37 58 f=25 MHz
5.0V)
Sleep mode — 24 38 mA =20 MHz
5.0V)
29 47 f=25 MHz
5.0V)
Module — 19 31 mA =20 MHz
standby mode 5.0V)
21 37 f=25 MHz
5.0V)
Standby — 1.0 10 MA  T,<50°C
3
mode* — — 80 LA 50°C<T,
Flash memory — 37 57 mA =20 MHz
programming/
erasing*®
42 68 f=25 MHz
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Test

Item Symbol Min Typ Max Unit Conditions
Analog During A/D Alcc — 0.6 15 mA
power supply conversion
current

During A/D — 0.6 1.5 mA

and D/A

conversion

Idle — 001 5 PA DASTE =0
Reference During A/D Alcc — 0.45 0.8 mA
current conversion

During A/D — 2.0 3.0 mA

and D/A

conversion

Idle — 001 5 HA DASTE =0
RAM standby voltage Vram 2.0 — — \Y

Notes: 1. If the A/D converter is not used, do not leave the AVcc, Vgrer, and AVss pins open.
Connect AVcc and Vger to Ve, and connect AVgs to Vss.

2. Current dissipation values are for V| min = Ve — 0.5V and V,. max = 0.5 V with all
output pins unloaded and the on-chip MOS pull-up transistors in the off state.

3. The values are for Vgay € Vec <4.5V, Viy min = Ve x 0.9, and V,. max = 0.3 V.
4. lcc max. (normal operation) = 3.0 (mA) + 0.40 (MA/(MHz x V)) x V¢ x f
lcc max. (sleep mode) = 3.0 (mA) + 0.32 (MA/(MHz x V)) x V¢ % f
lcc max. (sleep mode + module standby mode)
= 3.0 (mA) + 0.25 (mA/(MHz x V)) x V¢ % f
The Typ values for power consumption are reference values.

5. Sum of current dissipation in normal operation and current dissipation in
program/erase operations.
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Table21.3 Permissible Output Currents

Conditions; Vcc=45V 1055V, AVec =45V 1055V, Vrgr=4.5V t0 AV,
Vss=AVg =0V, T,=-40°Cto+75°C

Item Symbol Min  Typ Max Unit
Permissible output Ports 1, 2, and 5 loL — — 10 mA
low current (per pin) Other output pins — — 20 mA
Permissible output Total of 20 pins in 2oL — — 80 mA
low current (total) Ports 1, 2, and 5

Total of all output pins, — — 120 mA

including the above

Permissible output All output pins | —lon | — — 20 mA
high current (per pin)

Permissible output Total of all output pins | Zlon | — — 40 mA
high current (total)

Notes: 1. To protect chip reliability, do not exceed the output current values in table 21.3.

2. When directly driving a darlington pair or LED, always insert a current-limiting resistor
in the output line, as shown in figures 21.1 and 21.2.

H8/3068F-ZTAT

Port

Darlington pair 7/

Figure21.1 Darlington Pair Drive Circuit (Example)
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H8/3068F-ZTAT

600Q

Ports 1, 2,5

LED

Figure21.2 SampleLED Circuit
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21.1.3 AC Characteristics

Clock timing parameters are listed in table 21.4, control signal timing parametersin table 21.5,
and bus timing parametersin table 21.6. Timing parameters of the on-chip supporting modules
arelisted intable 21.7.

Table21.4 Clock Timing
Condition: T,=-20°Cto+75°C

Condition A: Vcc=5.0V +10%, AVee =5.0V + 10%, Vrer = 45t0 AV, Ves= AV =0V,
fmax = 20 MHz

Condition B: Vcc=5.0V % 10%, AVcc = 5.0V £ 10%, Vrer = 4510 AV, Vss = AVgs =0V,

fmax = 25 MHz
Condition
A B
Item Symbol Min  Max Min  Max Unit Test Conditions
Clock cycle time teye 50 500 40 500 ns Figure 21.4 to figure
Clock pulse low width teL 15 — 10 — ns 21.6
Clock pulse high width ten 15 — 10 — ns
Clock rise time ter — 10 — 10 ns
Clock fall time ter — 10 — 10 ns
Clock oscillator settling tosct 20 — 20 — ms Figure 21.4
time at reset
Clock oscillator settling tosce 7 — 7 — ms

time in software standby
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Table21.5 Control Signal Timing
Condition:  T,=-20°Cto +75°C

Condition A: Vec=5.0V + 10%, AVec =5.0V + 10%, Vger = 4.5t0 AVee, Ves = AV =0V,
fmax = 20 MHz

Condition B: Vcc=5.0V = 10%, AVcc =5.0V = 10%, Veer = 4510 AVe, Vss = AVss =0V,

fmax = 25 MHz
Condition
Aand B

Item Symbol Min Max Unit Test Conditions
RES setup time tress 150 — ns Figure 21.5
RES pulse width trESW 20 — teye

Mode programming setup time tvbs 200 — ns

NMI, IRQ setup time tamis 150 — ns Figure 21.7

NMI, IRQ hold time tamIH 10 — ns

NMI, IRQ pulse width taviw 200 — ns
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Table21.6 BusTiming

Condition: T,=-20°Cto+75°C

Condition A: Vcc=5.0V +10%, AVee =5.0V + 10%, Vrer = 45t0 AV, Ves= AV =0V,
fmax = 20 MHz

Condition B: Vcc=5.0V £ 10%, AVcc =5.0V £ 10%, Vrer = 4510 AV, Vss = AVgss =0V,

fmax = 25 MHz
Condition
Aand B

Item Symbol Min Max Unit Test

Conditions
Address delay time tap — 25 ns Figure 21.8,
Address hold time tan 05ty —20 — ns figure 21.9
Read strobe delay time trsp — 25 ns
Address strobe delay time  tasp — 25 ns
Write strobe delay time twsp — 25 ns
Strobe delay time tsp — 25 ns
Write strobe pulse width 1 twsw1 10ty —-25 — ns
Write strobe pulse width 2 twsw2 15ty —-25 — ns
Address setup time 1 tast 05ty —-20 — ns
Address setup time 2 taso 10ty —-20 — ns
Read data setup time trDs 25 — ns
Read data hold time troH 0 — ns
Write data delay time twob — 35 ns
Write data setup time 1 twbs1 10ty —-30 — ns
Write data setup time 2 twbs2 20t,—-30 — ns
Write data hold time twoH 051ty,,—-15 — ns
Read data access time 1 tacct — 20t,—45 ns Figure 21.17,
Read data access time 2 taces — 30ty —45 ns figure 21.18
Read data access time 3 taccs — 15ty —45 ns
Read data access time 4 tacca — 25t,—45 ns
Precharge time 1 tech1 1.0ty,—-20 — ns
Precharge time 2 toch2 05ty —-20 — ns
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Condition
A and B Test

Item Symbol Min Max Unit Conditions
Wait setup time twTs 25 — ns Figure 21.19
Wait hold time twTH 5 — ns
Bus request setup time taros 25 — ns Figure 21.20
Bus acknowledge delay time 1 tgacp: — 30 ns
Bus acknowledge delay time 2 tgacp? — 30 ns
Bus-floating time tezo — 30 ns
RAS precharge time trp 15ty —-25 — ns Figure 21.17 to
CAS precharge time tep 0.5 teye — 15 — ns figure 21.19
Low address hold time trAH 0.5 tec — 15 — ns
RAS delay time 1 traDL — 25 ns
RAS delay time 2 traD2 — 30 ns
CAS delay time 1 tcaspr | — 25 ns
CAS delay time 2 tcaspz  — 25 ns
WE delay time tweb — 25 ns
CAS pulse width 1 teast 1.5 teye — 20 — ns
CAS pulse width 2 teas? 1.0 toye — 20 — ns
CAS pulse width 3 teass 1.0 teyc — 20 — ns
RAS access time trac — 251y, —40 ns
Address access time tan — 2.0ty —50 ns
CAS access time teac — 15ty —50 ns
WE setup time twes 0.5 teye — 20 — ns
WE hold time twen 0.5 teye — 15 — ns
Write data setup time twps 0.5t —20 — ns
WE write data hold time twon 0.5 teye — 15 — ns
CAS setup time 1 tesri 0.5 teye — 20 — ns
CAS setup time 2 tesr2 0.5 teye — 15 — ns
CAS hold time tenr 05ty —15  — ns
RAS pulse width tras 1.5 toye — 15 — ns

Note: In order to secure the address hold time relative to the rise of the RD strobe, address
update mode 2 should be used. For details see section 6.3.5, Address Output Method.
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Table21.7 Timing of On-Chip Supporting M odules
Condition:  T,=-20°Cto +75°C

Condition A: Vcc=5.0V +10%, AVee =5.0V + 10%, Vrer = 45t0 AV, Ves= AV =0V,
fmax = 20 MHz

Condition B: Vcc=5.0V £ 10%, AVcc =5.0V £ 10%, Vrer = 4510 AV, Vss = AVgss =0V,

fmax = 25 MHz
Condition
Aand B
Module Item Symbol  Min Max Unit  Test Conditions
Ports and Output data delay time tpwp — 50 ns Figure 21.21
TPC Input data setup time tprs 50 — ns
Input data hold time tprH 50 — ns
16-bit timer Timer output delay time trocp — 50 ns Figure 21.22
Timer input setup time trics 50 — ns
Timer clock input setup time  trcks 50 — ns Figure 21.23
Timer clock Single edge trekwh 1.5 — teye
pulse width Both edges trekwi 25 — teye
8-bittimer  Timer output delay time troco — 50 ns Figure 21.22
Timer input setup time trics 50 — ns
Timer clock input setup time  tycks 50 — ns Figure 21.23
Timer clock Single edge trekwh 15 — teye
pulse width Both edges trekwL 25 — teye
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Condition
Aand B
Module Item Symbol Min Max Unit Test Conditions
SCI Input clock  Asynchronous  tsc,c 4 — teye Figure 21.24
cycle Synchronous 6 — teye
Input clock rise time tsckr — 15 teye
Input clock fall time tscks — 15 teye
Input clock tsckw 0.4 0.6 tseye
pulse width
Transmit data delay time trxo — 100 ns Figure 21.25
Receive data setup time trxs 100 — ns
(synchronous)
Receive Clock input trxH 100 — ns
?irit: (hs(;/lr? Clock output 0 — ns
chronous)
DMAC TEND delay time 1 treo: — 50 ns Figure 21.25,
TEND delay time 2 trene — 50 ns figure 21.26
DREQ setup time toros 25 — ns Figure 21.27
DREQ hold time toroH 10 — ns

H8/3068F-ZTAT
output pin

levels

eLow: 0.8V
* High: 2.0V

C=90pF: portslto6, 8
C =30pF: ports 9, A, B

R, =24kQ
Ry=12kQ

Input/output timing measurement

Figure21.3 Output Load Circuit
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21.1.4 A/D Conversion Characteristics
Table 21.8 lists the A/D conversion characteristics.
Table21.8 A/D Conversion Characteristics
Condition: T,=-20°Cto+75°C

Condition A: Vee=5.0V +10%, AVeec =5.0V + 10%, Vrer = 4.5t0 AVee, Vs = AVgs =0V,
fmax = 20 MHz

Condition B: Vee=5.0V +10%, AVceec =5.0V + 10%, Vrer = 4.5t0 AVee, Vs = AV =0V,

fmax = 25 MHz
Condition
A and B

Item Min Typ Max Unit
Conversion time: Resolution 10 10 10 bits

134 states Conversion time (single mode) — — 134 teye

Analog input capacitance — — 20 pF

Permissible signal- @< 13 MHz — — 10 kQ

source impedance ©> 13 MHz _ _ 5 KO

40V <AV c 55V — — — kQ

30V<AV, <40V — — — kQ
Nonlinearity error — — +3.5 LSB
Offset error — — +3.5 LSB
Full-scale error — — +3.5 LSB
Quantization error — — +0.5 LSB
Absolute accuracy — — 4.0 LSB
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Condition
Aand B
Item Min Typ Max Unit
Conversion time: Resolution 10 10 10 bits
70 states Conversion time (single mode) — — 70 teye
Analog input capacitance — — 20 pF
Permissible signal- @< 13 MHz — — kQ
source impedance ©> 13 MHz — _ KO
40V <AVccs55V — — — kQ
30V<AV, <40V — — — kQ
Nonlinearity error — — +7.5 LSB
Offset error — — +7.5 LSB
Full-scale error — — +7.5 LSB
Quantization error — — +0.5 LSB
Absolute accuracy — — +8.0 LSB
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21.1.5 DJ/A Conversion Characteristics
Table 21.9 lists the D/A conversion characteristics.
Table21.9 D/A Conversion Characteristics
Condition: T,=-20°Cto +75°C

Condition A: Vcc=5.0V +10%, AVee =5.0V + 10%, Vrer = 45t0 AVce, Ves= AV =0V,
fmax = 20 MHz

Condition B: Vcc=5.0V £ 10%, AVcc =5.0V £ 10%, Vrer = 4510 AV, Vss = AVgs =0V,

fmax = 25 MHz
Condition
Aand B

Item Min Typ Max Unit Test Conditions
Resolution 8 8 8 bits
Conversion time (centering time) — — 10 ps 20 pF capacitive load
Absolute accuracy — +1.5 2.0 LSB 2 MQ resistive load

— — 1.5 LSB 4 MQ resistive load
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21.1.6 Flash Memory Characteristics
Table 21.10 shows the flash memory characteristics.

Table 21.10 Flash Memory Characteristics

Conditions. Vec=45t055V, AV c=451t055V,Vss=AVg=0V,
T,=0°Cto +75°C (operating temperature range for programming/erasing)

Item Symbol Min Typ Max  Unit Notes
Programming time** *?** tp — 10 200 ms/
128 bytes
Erase time*'*3*3 te — 100 1200  ms/block
Reprogramming count Nwec 100*® 10,000%" — Times
Data retention period torp 10**  — — Years
Programming Wait time after SWE bit setting*’  tsque 1 1 — us
Wait time after PSU bit setting*!  tye, 50 50 — ys
Wait time after P bit setting** ** tsp3o 28 30 32 us Programming
time wait
tsp200 198 200 202 us Programming
time wait
tsp1o 8 10 12 us Additional-
programming
time wait
Wait time after P bit clear** tep 5 5 — us
Wait time after PSU bit clear** topsu 5 5 — us
Wait time after PV bit setting**  topy 4 4 — us
Wait time after H'FF dummy tspwr 2 2 — us
writex*
Wait time after PV bit clear** topy 2 2 — us
Wait time after SWE bit clear*™  teoue 100 100 — us
Maximum programming N — — 1000 Times
count*®**
Erase Wait time after SWE bit setting*1 tsswe 1 1 — us
Wait time after ESU bit setting*'  teesy 100 100 — us
Wait time after E bit setting** *°>  t, 10 10 100 ms Erase time
wait
Wait time after E bit clear** tee 10 10 — s
Wait time after ESU bit clear** teesu 10 10 — us
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Item Symbol Min Typ Max  Unit Notes
Erase Wait time after EV bit setting*1 tsev 20 20 — ps

Wait time after H'FF dummy tsewr 2 2 — ps

write**

Wait time after EV bit clear** teew 4 4 — ps

Wait time after SWE bit clear*  teowe 100 100 — ps

Maximum erase count** ** N 12 — 120 Times
Notes: 1. Make each time setting in accordance with the program/program-verify flowchart or

erase/erase-verify flowchart.

2. Programming time per 128 bytes (Shows the total period for which the P-bit in the flash
memory control register (FLMCR1) is set. It does not include the programming
verification time.)

3. Block erase time (Shows the total period for which the E-bit in FLMCRL1 is set. It does
not include the erase verification time.)

4. To specify the maximum programming time (t,(max)) in the 128-byte programming
flowchart, set the maximum value (1000) for the maximum programming count (N).
The wait time after P bit setting should be changed as follows according to the value of
the programming counter (n).

Programming counter (n) = 1 to 6: tspso = 30 Us
Programming counter (n) = 7 to 1000: tsp200 = 200 s
Programming counter (n) [in additional programming] = 1 to 6: tgp10 = 10 us
5. For the maximum erase time (tz(max)), the following relationship applies between the
wait time after E bit setting (ts¢) and the maximum erase count (N):
te(max) = Wait time after E bit setting (ts¢) x maximum erase count (N)
To set the maximum erase time, the values of t;e and N should be set so as to satisfy
the above formula.
Examples: When ts = 100 [ms], N = 12 times
When ts, = 10 [ms], N = 120 times

6. Minimum number of times at which all characteristics are guaranteed after
reprogramming. (Reprogramming count from 1 to minimum value is guaranteed.)

7. Reference characteristics at 25°C. (This is an indication that reprogramming operations
can normally be performed up to this figure.)

8. Data retention characteristics when reprogramming is performed correctly within the

specification values, including the minimum data retention period.

Rev. 3.00 Sep 14, 2005 page 691 of 910
REJ09B0258-0300
RENESAS



Section 21 Electrical Characteristics

21.2 Operational Timing

This section shows timing diagrams.

21.21 Clock Timing
Clock timing is shown as follows:

* Oscillator settling timing
Figure 21.4 shows the oscillator settling timing.

o MM NA N \NS U N——IITN U

sTBY | [

tosc1 tosc1

\

RES |

Figure21.4 Oscillator Settling Timing
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21.2.2 Control Signal Timing

Control signal timing is shown as follows:

Reset input timing

Figure 21.5 shows the reset input timing.

Reset output timing*

Figure 21.6 shows the reset output timing.

Interrupt input timing

Figure 21.7 shows the interrupt input timing for NM| and IRQs to IRQo.

¢ g_/—\_
tRESS trRESS
(-
—_— ()()
RES
tvmps tRESW

FWE
MD2 to MDO

Figure21.5 Reset Input Timing

o N U I

‘tRESD tReSD
((
)7

RESO
: s
tRESOW

Figure21.6 Reset Output Timing*

Note: * Thisfunction is used only in mask ROM models, and is not provided in flash memory

models.
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tmis | | tmiH
o | |
NMI
tmis | | tmiH
o e I e
IRQ
tmis
IRQ,

IRQE: Edge-sensitive IRQ
IRQ : Level-sensitive IRQ; (i=0to 5)

tmiw
NMI : :

Figure21.7 Interrupt Input Timing

21.23 BusTiming
Bustiming is shown as follows:

» Basic bus cycle: two-state access

Figure 21.8 shows the timing of the external two-state access cycle.
» Basic bus cycle: three-state access

Figure 21.9 shows the timing of the external three-state access cycle.
» Basic bus cycle: three-state access with one wait state

Figure 21.10 shows the timing of the external three-state access cycle with one wait state
inserted.

» Bus-release mode timing
Figure 21.11 shows the bus-release mode timing.
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- Ty ol T2 -
tcyc
- fen | |- fer >
/ N /] \ /]
0] N/ N/
taD gl ter > oy
- - teye .
Aﬁ to Ao,
CS,
_ tpcH1
tasp, taccs _ | tsp]  taH _
AS Ctasi| N S
tAsp taccs _ tRsD, tpcH2
RD f
(read) tas1 =\ .
t *
_ tacci wlol DS | RDH
D15 to Dg
(read)
_ tpcH1
tASD ‘tsaj tAH _ 7‘
HWR, LWR tas1 /| i
(write) - > A
e |
twswi
o/ twop_ twos1 o twoH
D15 to Dg

(write)

Note: * Specification from the earliest negation timing of A3 to Ay, CS,,, and RD.

Figure21.8 Basic BusCycle: Two-State Access
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RD
(read)

D15 to Dg
(read)

T1 T2 T3

tacca

tacca

taccz trDS

N

twsp twswz

HWR, LWR
(write)

Djsto Do
(write)

e N\ /

twop | _ twps2

Figure21.9 Basic BusCycle: Three-State Access
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RD (read)

D;5to Dy

(read) >_

HWR, LWR
(write)

D5 to Dy
(write)

twrs| twrh tWTST Mty

waT T 7

Figure21.10 Basic BusCycle: Three-State Accesswith One Wait State
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- T ol T ol T3 ol T1 - T2 .
s '
o _/ \‘_/Z_\_A NN N N
tap tap
Ays to Ag f 3
CSn \ /i
Ay to Ag X { ><
tasp tacca tsp| tam tasp tsp|  tam
AS fas1 J& tas1 J
|
tasp tacca | ERSD
RD \ /
tas1 - X Vi ‘ toon”
t RDH
ACC1
tacc2 . tkos tros
Pis 10 Do 3—]

Note: * Specification from the earliest negation timing of A23 to A0, CSn, and RD.

Figure21.11 Burst ROM Access Timing: Two-State Access

Rev. 3.00 Sep 14, 2005 page 698 of 910
REJ09B0258-0300

RENESAS



Section 21 Electrical Characteristics

T T T3 T T2 T3

o N/ N /N N

taD tAD
Ayzto Ag X
CSn /
s N/ p'S
Az to Ag >< X
\ 7><Y 7
tasp tacca tsp| tan tAsD tsp tAH
J— N A v
AS tas1 / tas1 /
tAsD tacca tr‘esn
_ «
RD tas1 J - tROH
tacce
tacc2 RS trDS
Dj5t0 D { F [
15 10 Do 4 q

Note: * Specification from the earliest negation timing of A23 to A0, CSn, and RD.

Figure21.12 Burst ROM Access Timing: Three-State Access

teros — tBros
BREQ (
tsacD2
(« > < tgacp1 -
BACK ¥
)7
Ay to Ay, (" tszp tgzp—™1 =
- )J
AS, RD, 5

((
HWR, LWR K

Figure21.13 Bus-Release Mode Timing
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21.24 DRAM Interface Bus Timing
DRAM interface bus timing is shown as follows:

»  DRAM bustiming: read and write access

Figure 21.14 shows the timing of the read and write access.
* DRAM bustiming: CAS before RAS refresh

Figure 21.15 shows the timing of the CAS before RAS refresh.
* DRAM bustiming: self-refresh

Figure 21.16 shows the timing of the self-refresh.
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Tp Tr Te1 Te2
0 / \ L/ ANV
fAD fAD faD
|~ |- |-
Ay to Ag X >< >< ><
tas1 tRAH ¢
trp RAD2
CS;sto CS, y
(RAS; to RAS,) _/ N
e
trADL
tasp tcasp2
[~ t |~
UCAS, LCAS CASL -/ .
(read) 7 7 T
RD (WE) i
(read) High
trac
trDs trRDH®
|~
t
D;5to Do AA X
(read) 3
tcac
tcasoi tcasp2
[~ - |
___ t —
UCAS, LCAS N CAS2 ol -
(write) T . MIEEEET
tep
tasp twep
|- [~
RD (WE)
(write)
| |-
twes tweH
twop  twps twoH
R
D5 to Dy X
T .
(write) £
RFSH High

Note: * Specification from the earliest negation timing of RAS and CAS.

Figure21.14 DRAM BusTiming (Read/Write)
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TR TR, TR,
¢ N/ N N
traDL tRAD2
[~ oo
rp
— — t
CSsto CS, RAS -
(RAS5 to \
RAS)) tcaspl tcasp2
ot L
tesr1 terr
UCAS, » tcass L/
LCAS 1
RD (WE)
high
(hiah tRAD1 tl3AD2
tesr1 teHr
S B e
RFSH L\‘ tras

Figure 21.15

DRAM BusTiming (CAS Before RAS Refresh)
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ﬁs to gg
(RAS5 to
RAS,)

tcsr2

UCAS,
LCAS

RD (WE)
(high)

RFSH

—~
—~—

—~_
——

—~_
——

tesr2
|

—~_
—=

))
(

21.25 TPCandI/O Port Timing

Figure21.16 DRAM Bus Timing (Self-Refresh)

Figure 21.17 shows the TPC and 1/O port input/output timing.

Port 1 to
B (read)

Port 1 to
6,8t0B
(write)

T3

NI N S

tpwp

Figure21.17 TPC and I/O Port Input/Output Timing
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2126 Timer Input/Output Timing
16-hit timer and 8-bit timer timing is shown below.

» Timer input/output timing
Figure 21.18 shows the timer input/output timing.
» Timer externa clock input timing
Figure 21.19 shows the timer external clock input timing.

troco

Output
compare*!

trics

Input
capture™?

Notes: 1. TIOCAO to TIOCA2, TIOCBO to TIOCB2, TMOO, TMO2, TMIO1, TMIO3
2. TIOCAO to TIOCA2, TIOCBO to TIOCBZ2, TMIO1, TMIO3

Figure21.18 Timer Input/Output Timing

M h\ -
¢ _7[
trcks
(
TCLKA to )
TCLKD g ~
trekwe trekwh

Figure21.19 Timer External Clock Input Timing
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21.2.7  SCI Input/Output Timing
SCI timing is shown as follows:

* SCI input clock timing
Figure 21.20 shows the SCI input clock timing.
e SCI input/output timing (synchronous mode)
Figure 21.21 shows the SCI input/output timing in synchronous mode.

tsckw

tSCKr JECKf

SCKg, SCKq
Figure21.20 SCI Input Clock Timing
tScyc

SCKo. _/ >mL_7/ m
SCK;

trxp
TxDg, TxD4
(transmit
data)

trxs| |tRxH

RxDg, RxD4 -
(receive
data) 8 2

Figure21.21 SCI Input/Output Timingin Synchronous M ode
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21.28 DMAC Timing

DMAC timing is shown as follows.

 DMAC TEND output timing for 2 state access

Figure 21.22 shows the DMAC TEND output timing for 2 state access.
« DMAC TEND output timing for 3 state access

Figure 21.23 shows the DMAC TEND output timing for 3 state access.
 DMAC DREQ input timing

Figure 21.24 shows DMAC DREQ input timing.

Y N N

trep1 trep2

ot ot
TEND 5‘

Figure21.22 DMAC TEND Output Timing for 2 State Access

Figure21.23 DMAC TEND Output Timing for 3 State Access

DREQ

)
tbros | | tbroH
|t

Figure21.24 DMAC DREQ Input Timing
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Al

Appendix A Instruction Set

Instruction List

Operand Notation

Symbol Description

Rd General destination register

Rs General source register

Rn General register

ERd General destination register (address register or 32-bit register)

ERs General source register (address register or 32-bit register)

ERn General register (32-bit register)

(EAd) Destination operand

(EAS) Source operand

PC Program counter

SP Stack pointer

CCR Condition code register

N N (negative) flag in CCR

z Z (zero) flag in CCR

\% V (overflow) flag in CCR

C C (carry) flag in CCR

disp Displacement

- Transfer from the operand on the left to the operand on the right, or transition from
the state on the left to the state on the right

+ Addition of the operands on both sides

- Subtraction of the operand on the right from the operand on the left

X Multiplication of the operands on both sides

+ Division of the operand on the left by the operand on the right

ad Logical AND of the operands on both sides

ad Logical OR of the operands on both sides

ad Exclusive logical OR of the operands on both sides

- NOT (logical complement)

(), <> Contents of operand

Note: General registers include 8-bit registers (ROH to R7H and ROL to R7L) and 16-bit registers
(RO to R7 and EO to E7).
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Condition Code Notation

Symbol Description
O Changed according to execution result
* Undetermined (no guaranteed value)
Cleared to O
Setto 1

— Not affected by execution of the instruction

A Varies depending on conditions, described in notes
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TableA.1 Instruction Set

1. Datatransfer instructions

Addressing Mode and No. of
Instruction Length (bytes) States” ]
t
9 04
n ~ |4
° ~ @ o 3
S c | g 2| o iti -
i Tl -ll|agla|® Condition Code £
SlglcL|S|1|s2|® 5|3
Mnemonic O|%||®|®|®|® ®|®| | |operation IH|{N|Z|V|C|Z| <
MOV.B #xx:8, Rd B|2 #xx:8 - Rd8 —|—] t]t]|0|— 2
MOV.B Rs, Rd B 2 Rs8 - Rd8 —|—] ¢t]t]0|— 2
MOV.B @ERs, Rd B 2 @ERs - Rd8 —|—] t]t]0|— 4
MOV.B @(d:16, B 4 @(d:16,ERs) -~ Rd8 |—|—| t|s|0|—| 6
ERs), Rd
MOV.B @(d:24, B 8 @(d:24,ERs) ~ Rd8 |—|—| t|1|0|—| 10
ERs), Rd
MOV.B @ERs+,Rd | B 2 @ERs - Rd8 —|—] t]t]0|— 6
ERs32+1 - ERs32
MOV.B @aa:8, Rd B 2 @aa:8 - Rd8 —|—] t]|t]0|— 4
MOV.B @aa:16, Rd | B 4 @aa:16 - Rd8 —|—] ¢t]t]0|— 6
MOV.B @aa:24,Rd | B 6 @aa:24 - Rd8 —|—] t]*]0|— 8
MOV.B Rs, @ERd B 2 Rs8 - @ERd —|—] t]t]|0|— 4
MOV.B Rs, @(d:16, | B 4 Rs8 - @(d:16, ERd) |—|—| 1| t]|0|—]| 6
ERd)
MOV.B Rs, @(d:24, | B 8 Rs8 - @(d:24, ERd) |—|—| 1| 1]|0|—]| 10
ERd)
MOV.B Rs, @-ERd | B 2 ERd32-1 - ERd32 —|—=|t| 1|0 |— 6
Rs8 - @ERd
MOV.B Rs, @aa:8 B 2 Rs8 - @aa:8 —|—]t]t]|0|— 4
MOV.B Rs, @aa:16 | B 4 Rs8 - @aa:16 —|—|t|1t]|0|— 6
MOV.B Rs, @aa:24 | B 6 Rs8 - @aa:24 — =t |0 |— 8
MOV.W #xx:16, Rd |W | 4 #xx:16 — Rd16 —|—]t]|t]0|— 4
MOV.W Rs, Rd w 2 Rs16 - Rd16 —|—] t]t]|0|— 2
MOV.W @ERs, Rd  |W 2 @ERs - Rd16 — =t 1|0 |— 4
MOV.W @(d:16, w 4 @(d:16,ERs) - Rd16 |—|—| 1|1 |0|—| 6
ERs), Rd
MOV.W @(d:24, W 8 @(d:24,ERs) — Rd16 |—|—| t |t |0 |— 10
ERs), Rd
MOV.W @ERs+, Rd | W 2 @ERs - Rd16 —|—|t| 1|0 |— 6
ERs32+2 - @ERd32
MOV.W @aa:16, Rd | W 4 @aa:16 - Rd16 —|—|t|t|0|— 6
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Addressing Mode and No. of
Instruction Length (bytes) States™]
2
3 o4
@ =y -
° < o fal
5 g & g2
o gl S| ® Condition Code £ @
Six|.mZY|8|2|® S|z
Mnemonic O|£|2|®|®|® |0 |8 |0 Operation HIN|z|V|C|Z|<
MOV.W @aa:24, Rd | W 6 @aa:24 - Rd16 —|t|t]0|— 8
MOV.W Rs, @ERd | W 2 Rs16 - @ERd —|t|1]0|— 4
MOV.W Rs, @(d:16, | W 4 Rs16 - @(d:16, ERd) —(t|t|0]|— 6
ERd)
MOV.W Rs, @(d:24, | W 8 Rs16 - @(d:24, ERd) —|t]t|0]|— 10
ERd)
MOV.W Rs, @-ERd | W 2 ERd32-2 - ERd32 —|t|t]0|— 6
Rs16 - @ERd
MOV.W Rs, @aa:16 | W 4 Rs16 - @aa:16 —|t|t|0]|— 6
MOV.W Rs, @aa:24 |W 6 Rs16 - @aa:24 —|t]:+|0]|— 8
MOV.L #xx:32, Rd L|6 #xx:32 - Rd32 —|t]t|0]|— 6
MOV.L ERs, ERd L 2 ERs32 - ERd32 —lt]t]0|— 2
MOV.L @ERs, ERd | L 4 @ERs - ERd32 —|+]s|0]|— 8
MOV.L @(d:16, ERs), | L 6 @(d:16, ERs) - ERd32 —lt|:]|0|—| 10
ERd
MOV.L @(d:24, ERs), | L 10 @(d:24, ERs) —» ERd32 —|t]t|0]|— 14
ERd
MOV.L @ERs+, ERd | L 4 @ERs - ERd32 —|t]t|0]|— 10
ERs32+4 - ERs32
MOV.L @aa:16, ERd | L 6 @aa:16 - ERd32 —|t]t|0]|— 10
MOV.L @aa:24, ERd| L 8 @aa:24 -~ ERd32 —|t|t|0|—] 12
MOV.L ERs, @ERd | L 4 ERs32 - @ERd —| 1|t ]0|— 8
MOV.L ERs, @(d:16, | L 6 ERs32 - @(d:16, ERd) —lt|t]|o|—| 10
ERd)
MOV.L ERs, @(d:24,| L 10 ERs32 - @(d:24, ERd) —|t| 1|0 |— 14
ERd)
MOV.L ERs, @—-ERd | L 4 ERd32-4 - ERd32 —|t]t|0]|— 10
ERs32 - @ERd
MOV.L ERs, @aa:16 | L 6 ERs32 - @aa:16 —|t|t]0|— 10
MOV.L ERs, @aa:24 | L 8 ERs32 - @aa:24 —|t]t|0]|— 12
POP.W Rn w @SP - Rn16 —|t]t|0]|— 6
SP+2 _ SP
POP.L ERn L @SP - ERn32 —|t|t|0|—] 10
SP+4 . SP
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Addressing Mode and No. of
Instruction Length (bytes) States™ ]
:
4 o4
%) |4
5 c|® ~ 3
c @ = O —_| o
w 0|« o T |
o ol glols Condition Code E| &
S XlgW(2l1 |2 ® =2
Mnemonic O|# | |®|®|®|®|®|®| | operation I|HIN|Z|V|C|Z2|<
PUSH.W Rn W 2 |SP-2 - SP —|—| t] t|0|— 6
Rn16 - @SP
PUSH.L ERn L 4 |SP-4 - SP —|— 1| 1|0|— 10
ERN32 - @SP
MOVFPE @aa:16, B 4 Cannot be used in the Cannot be used in the
Rd H8/3068F H8/3068F
MOVTPE Rs, B 4 Cannot be used inthe |Cannot be used in the
@aa:16 H8/3068F H8/3068F
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2. Arithmetic instructions

Addressing Mode and No. of
Instruction Length (bytes) States’}
=
g o
n ~ |4
= |® ~ k3
E AHRE :HE
o €| -8 lal= 8 Condition Code £ &
8 § o | ST |s|2® 5 %
Mnemonic O #|£|®®0® 6 6 Operation HIN|[Z|V z| <
ADD.B #xx:8, Rd B|2 Rd8+#xx:8 — Rd8 I T 2
ADD.B Rs, Rd B 2 Rd8+Rs8 - Rd8 I T A 2
ADD.W #xx:16, Rd W| 4 Rd16+#xx:16 — Rd16 @) st ¢ 4
ADD.W Rs, Rd w 2 Rd16+Rs16 - Rd16 @) )] 2
ADD.L #xx:32, ERd | L | 6 ERd32+#xx:32 - @) t]t]¢ 6
ERd32
ADD.L ERs, ERd L 2 ERd32+ERs32 - @) vt ¢ 2
ERd32
ADDX.B #xx:8, Rd B |2 Rd8+#xx:8 +C - Rd8 t] t|(3)] ¢ 2
ADDX.B Rs, Rd B 2 Rd8+Rs8 +C - Rd8 Tt |(3)] ¢ 2
ADDS.L #1, ERd L 2 ERd32+1 - ERd32 —|—|—— 2
ADDS.L #2, ERd L 2 ERd32+2 - ERd32 —|—|—|— 2
ADDS.L #4, ERd L 2 ERd32+4 - ERd32 — === 2
INC.B Rd B 2 Rd8+1 - Rd8 — |t = 2
INC.W #1, Rd w 2 Rd16+1 - Rd16 — |t = 2
INC.W #2, Rd w 2 Rd16+2 - Rd16 —| t] Tt 2
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Addressing Mode and No. of
Instruction Length (bytes) States™
2
g o
(7] |4
S|® |~ 3
E AHRE HE:
o A g Condition Code £| &
s XlelW|T1 | |2 ® T T T T 1 6| &
Mnemonic O |%|z|®|®|® 8 |®|®| | operation I|HIN|Z|V|C|Z| <
INC.L #1, ERd L 2 ERd32+1 - ERd32 — =] | | = 2
INC.L #2, ERd L 2 ERd32+2 - ERd32 — =] v | = 2
DAA Rd B 2 Rd8 decimal adjust — Y= 2
- Rd8
SUB.B Rs, Rd B 2 Rd8-Rs8 - Rd8 — tprp gt 2
SUB.W #xx:16, Rd W\ 4 Rd16-#xx:16 - Rd16 |—|[(1)| ¢ |t | t| ¢ 4
SUB.W Rs, Rd w 2 Rd16-Rs16 - Rd16 — @) ¥ ]y 2
SUB.L #xx:32,ERd | L | 6 ERd32—#xx:32 —@)] | ]t 6
- ERd32
SUB.L ERs, ERd L 2 ERd32-ERs32 — @) t] ]t 2
- ERd32
SUBX.B #xx:8, Rd B|2 Rd8—#xx:8-C - Rd8 —| ] @)t 2
SUBX.B Rs, Rd B 2 Rd8-Rs8-C - Rd8 —| ] @) Tt 2
SUBS.L #1, ERd L 2 ERd32-1 - ERd32 —|—|—|——1— 2
SUBS.L #2, ERd L 2 ERd32-2 - ERd32 — === == 2
SUBS.L #4, ERd L 2 ERd32-4 - ERd32 —|—|—|——1— 2
DEC.B Rd B 2 Rd8-1 - Rd8 — = | t| t|— 2
DEC.W #1, Rd w 2 Rd16-1 - Rd16 — =] | t| t|— 2
DEC.W #2, Rd W 2 Rd16-2 - Rd16 — =] v | | — 2
DEC.L #1, ERd L 2 ERd32-1 - ERd32 — = = 2
DEC.L #2, ERd L 2 ERd32-2 - ERd32 — = ] ] Y= 2
DAS.Rd B 2 Rd8 decimal adjust — |t — 2
- Rd8
MULXU. B Rs, Rd B 2 Rd8 x Rs8 - Rd16 —|— === 14
(unsigned multiplication)
MULXU. W Rs, ERd | W 2 Rd16 x Rs16 - ERd32 | —|—|—|—|—|— 22
(unsigned multiplication)
MULXS. B Rs, Rd B 4 Rd8 x Rs8 - Rd16 — =]t t|—|— 16
(signed multiplication)
MULXS. W Rs, ERd | W 4 Rd16 x Rs16 — ERd32 |—|—| '| ¥ |—|— 24
(signed multiplication)
DIVXU. B Rs, Rd B 2 Rd16 + Rs8 — Rd16 — | —®)|@)|—|—]| 14
(RdH: remainder, RdL:
quotient)
(unsigned division)
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Addressing Mode and No. of
Instruction Length (bytes) States™]
p
8 @
(%] —~ |4
- c|® ~ 3
c x = O —| o
i 0| . T | c
o ElolGlglols Condition Code | €| &
2lxlcw|Bi|s2|®© R
Mnemonic O|#|x|®|®|®|®|® ®|| operation HIN|zZ|V|Cc|2Z|<
DIVXU. W Rs, ERd |W 2 ERd32 + Rs16 - ERd32 — )| —|—| 22
(Ed: remainder,
Rd: quotient)
(unsigned division)
DIVXS. B Rs, Rd B 4 Rd16 + Rs8 - Rd16 —|®) 7| —|—| 16
(RdH: remainder,
RdL: quotient)
(signed division)
DIVXS.WRs, ERd |W 4 ERd32 + Rs16 - ERd32 — @) —|—]| 24
(Ed: remainder,
Rd: quotient)
(signed division)
CMP.B #xx:8, Rd B|2 Rd8—#xx:8 A N 2
CMP.B Rs, Rd B 2 Rd8-Rs8 Tl et 2
CMP.W #xx:16, Rd  |W | 4 Rd16—#xx:16 @y vy ] 4
CMP.W Rs, Rd w 2 Rd16-Rs16 @ t| ]t 2
CMP.L #xx:32,ERd | L | 6 ERd32—#xx:32 @) t|t]t]s 6
CMP.L ERs, ERd L 2 ERd32-ERs32 @) v v 2
NEG.B Rd B 2 0-Rd8 - Rd8 tprp e 2
NEG.W Rd w 2 0-Rd16 - Rd16 E T I R 4 2
NEG.L ERd L 2 0-ERd32 -, ERd32 oy e 2
EXTU.W Rd w 2 0 - (<bits 15 to 8> —|0]t]0|— 2
of Rd16)
EXTU.L ERd L 2 0 - (<bits 31 to 16> —|0]t]0|— 2
of ERd32)
EXTS.W Rd w 2 (<bit 7> of Rd16) — —| 0= 2
(<bits 15 to 8> of Rd16)
EXTS.L ERd L 2 (<bit 15> of ERd32) - —] 1| 1|0 |— 2
(<bits 31 to 16> of
ERd32)
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3. Logic instructions

Addressing Mode and No. of
Instruction Length (bytes) States”}
£
I o
[} ~ |4
s c|© ~ B
5 Gg] |8 a |2
o gl | ® Condition Code £| @
Slxlcmi2f|g2|o 5| 3
Mnemonic O|# | |®|®|®|®|®|®| | operation I/H|N|Z|V|Cc|Z|<
AND.B #xx:8, Rd B|2 Rd8[#xx:8 -~ Rd8 —|—]t|t]0|— 2
AND.B Rs, Rd B 2 Rd80Rs8 - Rd8 —|—]t|1t|0]|— 2
AND.W #xx:16, Rd W| 4 Rd16#xx:16 - Rd16 |—|—|t |1t |0 |— 4
AND.W Rs, Rd w 2 Rd1600Rs16 - Rd16 —|—|t|t|0|— 2
AND.L #xx:32, ERd | L | 6 ERd32[#xx:32 - ERd32|—|—| t | 1 | O |— 6
AND.L ERs, ERd L 4 ERd32[ERs32 - ERd32|—|— | ¢t |t |0 |— 4
OR.B #xx:8, Rd B|2 Rd8[#xx:8 — Rd8 —|—]t |t |0 |— 2
OR.B Rs, Rd B 2 Rd8Rs8 -» Rd8 —|—]t]1|0]|— 2
OR.W #xx:16, Rd W| 4 Rd16#xx:16 - Rd16 |—|— |t |t |0 |— 4
OR.W Rs, Rd w 2 Rd1600Rs16 - Rd16 — =t |0]|— 2
OR.L #xx:32, ERd L|6 ERd32[#xx:32 - ERd32|— |— |t | ¢t | O |— 6
OR.L ERs, ERd L 4 ERd32[ERs32 - ERd32|—|— | ¢t |t | O |— 4
XOR.B #xx:8, Rd B|2 Rd80#xx:8 - Rd8 — =ttt |0]|— 2
XOR.B Rs, Rd B 2 Rd8ORs8 - Rd8 —|—=t|t]0]|— 2
XOR.W #xx:16, Rd Wi 4 RdA160#xx:16 - Rd16 |—|— |t |t |0 |— 4
XOR.W Rs, Rd w 2 Rd1600Rs16 - Rd16 — =t |O0|— 2
XOR.L #xx:32,ERd | L | 6 ERd32[0#xx:32 - ERd32 | — |—| ¢t | ¢ | 0 |— 6
XOR.L ERs, ERd L 4 ERd3200ERs32 - ERd32 | —|— | t | ¢t | O |— 4
NOT.B Rd B 2 -Rd8 - Rd8 — =t |0|— 2
NOT.W Rd w 2 -Rd16 - Rd16 — =t |0]|— 2
NOT.L ERd L 2 -Rd32 - Rd32 —|—|t|t|0]|— 2
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4, Shift instructions

Addressing Mode and No. of
Instruction Length (bytes) States}
t
b &
2 Elch %) g rvs < g
é .| E:CJ S E:IJ slg @‘3 Condition Code g g
Mnemonic O|X¥|x|® 8 |®Q|8® Operation HIN|[z|V|Cc|Z2|<
SHAL.B Rd B 2 —| ottt s] 2
SHALW Rd MRE o — el ]e] 2
SHAL.L ERd L 2 MSB LSB — s ]t 2
SHAR.B Rd B 2 —| sl tlo|s] 2
SHAR.W Rd w 2 l_ —| s o] 2
SHAR.L ERd L 2 MSB LsSB —| 1o 2
SHLL.B Rd B 2 —| s slo]s| 2
SHLL.W Rd MRE o il tlols] 2
SHLL.L ERd L 2 MSB LSB —| 11|00t 2
SHLR.B Rd B 2 —| s sjof1| 2
SHLR.W Rd w| |2 o —l il ilol:] 2
SHLR.L ERd L 2 MSB LsB —| t]tlo|s| 2
ROTXL.B Rd B 2 —| 1 o] 2
ROTXL.W Rd w 2 _ —| t]tlo|s| 2
ROTXL.L ERd L 2 MSB =— LSB —| 11|00t 2
ROTXR.B Rd B 2 —| 1| sjO]s]| 2
ROTXRWRd (W 2 _ —| 1| slo]s]| 2
ROTXR.LERd | L 2 MSB —* LSB —l ¢l 1]O]s] 2
ROTL.B Rd B 2 —| s sjO]s| 2
ROTL.W Rd w 2 I —| 1 sfo]s]| 2
ROTL.L ERd L 2 MSB =— LSB —| 1l 1|0 2
ROTR.B Rd B 2 —| s sjof1| 2
ROTR.W Rd w 2 . —| 1| o1 2
ROTR.L ERd L 2 MSB — = LSB —| t]tlo|s| 2
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5. Bit manipulation instructions

Addressing Mode and No. of
Instruction Length (bytes) States™ ]
p
9 o
(%) — ('-g) -
o c 2 o a}
S 5|z Ll T| 2
g gl -|x | Condition Code | £| &
Slxlc|mZ2|f g2 |® 5|3
Mnemonic O|#|£|®|®|8 |0 0|6 Operation IlH|{N|Z|V|C|Z|<
BSET #xx:3, Rd B (#xx:3 of Rd8) ~ 1 — === |—]— 2
BSET #xx:3, @ERd | B 4 (#xx:3 of @ERd) ~ 1 — == === 8
BSET #xx:3, @aa:8 | B 4 (#xx:3 of @aa:8) ~ 1 el el el el el 8
BSET Rn, Rd B 2 (Rn8 of Rd8) ~ 1 — == === 2
BSET Rn, @ERd B 4 (Rn8 of @ERd) ~ 1 — === — 8
BSET Rn, @aa:8 B 4 (Rn8 of @aa:8) ~ 1 el el el el el 8
BCLR #xx:3, Rd B 2 (#xx:3 of Rd8) ~ 0 — === == 2
BCLR #xx:3, @ERd | B 4 (#xx:3 of @ERd) ~ 0 — === == 8
BCLR #xx:3, @aa:8 | B 4 (#xx:3 of @aa:8) ~ 0 el el el el el 8
BCLR Rn, Rd B 2 (Rn8 of Rd8) — 0 — === == 2
BCLR Rn, @ERd B 4 (Rn8 of @ERd) ~ 0 — === |—|— 8
BCLR Rn, @aa:8 B 4 (Rn8 of @aa:8) ~ 0 e el el el 8
BNOT #xx:3, Rd B 2 (#xx:3 of Rd8) ~ — === == 2
= (#xx:3 of Rd8)
BNOT #xx:3, @ERd | B 4 (#xx:3 of @ERd) ~ el el el el el 8
= (#xx:3 of @ERd)
BNOT #xx:3, @aa:8 | B 4 (#xx:3 of @aa:8) ~ el el el el el 8
- (#xx:3 of @aa:8)
BNOT Rn, Rd B 2 (Rn8 of Rd8) e el el e el 2
- (Rn8 of Rd8)
BNOT Rn, @ERd B 4 (Rn8 of @ERd) — — | —|=|=|—|—| 8
- (Rn8 of @ER)
BNOT Rn, @aa:8 B 4 (Rn8 of @aa:8) ~ el el el el el 8
- (Rn8 of @aa:8)
BTST #xx:3, Rd B 2 - (#xx:3 of Rd8) - Z — ==t |—|— 2
BTST #xx:3, @ERd | B 4 - (#xx3of @ERd) - Z |—|—|—| t |—|— 6
BTST #xx:3, @aa:8 | B 4 - (#xx:3of @aa8) - Z |—|—|—|t |—|— 6
BTST Rn, Rd B 2 - (Rn8of @Rd8) - 2 |—|—|—| ¢t |—|— 2
BTST Rn, @ERd B 4 - (RN8of @ERd) -~ Z |—|—|—| 1t |—|— 6
BTST Rn, @aa:8 B 4 - (Rn8of @aa8) ~Z2 |—|—|—| ¢ |—|— 6
BLD #xx:3, Rd B 2 (#xx:3 of Rd8) - C — === ]— 2
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Addressing Mode and No. of
Instruction Length (bytes) States}
p
b &
E E:CJ % g Il © §
§ .| S:C.I s E‘I_I g5 C% Condition Code g g
Mnemonic 0|%|2|®8 8|0 (8|1 Operation HIN|Z |V Z| <
BLD #xx:3, @ERd B 4 (#xx:3 of @ERd) - C e el el 6
BLD #xx:3, @aa:8 B 4 (#xx:3 of @aa:8) - C e el el 6
BILD #xx:3, Rd B 2 - (#xx:3 of Rd8) - C — === 2
BILD #xx:3, @ERd B 4 - (#xx:3 of @ERd) - C — === 6
BILD #xx:3, @aa:8 B 4 - (#xx:3 of @aa:8) -~ C — === 6
BST #xx:3, Rd B 2 C - (#xx:3 of Rd8) — === 2
BST #xx:3, @ERd B 4 C - (#xx:3 of @ERd24) — === 8
BST #xx:3, @aa:8 B 4 C - (#xx:3 of @aa:8) — === 8
BIST #xx:3, Rd B 2 - C - (#xx:3 of Rd8) —|—|—— 2
BIST #xx:3, @ERd B 4 - C - (#xx:3 of @ERd24) — === 8
BIST #xx:3, @aa:8 B 4 - C - (#xx:3 of @aa:8) — === 8
BAND #xx:3, Rd B 2 CO#xx:3 of Rd8) - C —|—|—|— 2
BAND #xx:3, @ERd | B 4 CO#xx:3 of @ERd24) - C el el el 6
BAND #xx:3, @aa:8 | B 4 CO#xx:3 of @aa:8) -~ C — === 6
BIAND #xx:3, Rd B 2 CO- (#xx:30f Rd8) - C — === 2
BIAND #xx:3, @ERd | B 4 CO- (#xx:3 of @ERd24) - C — === 6
BIAND #xx:3, @aa:8 | B 4 CO~ (#xx:3 of @aa:8) - C — | === 6
BOR #xx:3, Rd B 2 CO#xx:3 of Rd8) - C — === 2
BOR #xx:3, @ERd B 4 CO#xx:3 of @ERd24) - C — === 6
BOR #xx:3, @aa:8 B 4 C(#xx:3 of @aa:8) -~ C — === 6
BIOR #xx:3, Rd B 2 CO- (#xx:3 of Rd8) - C — === 2
BIOR #xx:3, @ERd B 4 CO- (#xx:3 of @ERd24) - C — === 6
BIOR #xx:3, @aa:8 | B 4 CO~ (#xx:3 of @aa:8) - C el el el 6
BXOR #xx:3, Rd B 2 CO(#xx:3 0of Rd8) - C —|—|—— 2
BXOR #xx:3, @ERd | B 4 CO(#xx:3 of @ERd24) ~ C —|—|—|— 6
BXOR #xx:3, @aa:8 | B 4 CO(#xx:3 of @aa:8) -~ C — === 6
BIXOR #xx:3, Rd B 2 CO - (#xx:3 0of Rd8) - C — === 2
BIXOR #xx:3, @ERd | B 4 CO - (#xx:3 of @ERd24) - C —|—|—|— 6
BIXOR #xx:3, @aa:8 | B 4 CO - (#xx:3 of @aa:8) - C e el el 6
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6. Branching instructions

Addressing Mode and No. of
Instruction Length (bytes) States™ ]
+
g E
3 _|w
E 2 o _| B
i 5 E:CJ S 5| g ; é Branch Condition Code E §
Mnemonic Ol¥|£|0|8|® e 6|l Operation |Condition | I [H|N|Z |V |C 2| 2
BRA d:8 (BT d:8) — 2 If condition | Always — == === 4
BRA d:16 (BT d:16) |— 4 ‘sg”f then === e
BRN d:8 (BF d:8) — 2 pPC+d else |Never e ol el el el 4
BRN d:16 (BF d:16) | — 4 next; = =—=]
BHI d:8 — 2 CO0z=0 |—|—|—|—|—|—] 4
BHI d:16 — 4 ——|=|=]|=|=] &
BLS d:8 — 2 cOz=1 |—|—|—|—|—|—] 4
BLS d:16 — 4 === &
BCC d:8 (BHS d:8) | — 2 c=0 == —=|=|=] 4
BCC d:16 (BHS d:16) | — 4 — == === 6
BCSd:8 (BLOd:8) |— 2 c=1 — == ]=|=]—= 4
BCS d:16 (BLO d:16) | — 4 —|—|—=|=|=|—] &
BNE d:8 — 2 z=0 — == =|=|=] 4
BNE d:16 — 4 — | —|=|=|=|=] &
BEQ d:8 — 2 Z=1 — == === 4
BEQ d:16 — 4 —|—|—=|=]—=]=] s
BVC d:8 — 2 V=0 — == =|=|=] 4
BVC d:16 — 4 ——|=|=|=|=] &
BVS d:8 — 2 V=1 — | == === 4
BVS d:16 — 4 ——==|=|=] &
BPL d:8 — 2 N=0 B el el el e 4
BPL d:16 — 4 === &
BMI d:8 — 2 N=1 == =|=|=] 4
BMI d:16 — 4 ——|=|=|=[=] &
BGE d:8 — 2 NOV=0 |—|—|—|—|—|—| 4
BGE d:16 — 4 === |=|=| s
BLT d:8 — 2 NOV=1 |—|—|—|—|—|—| 4
BLT d:16 — 4 ——|=|=]|=|=] &
BGT d:8 — 2 ZOMNOV) |—|—|—|—|—|— 4
BGT d:16 - 4 =0 == =]=]=] s

Rev. 3.00 Sep 14, 2005 page 719 of 910
REJ09B0258-0300
RENESAS



Appendix A Instruction Set

Addressing Mode and No. of
Instruction Length (bytes) States” ]
£
Q 4
(%] ~ 4
- c|® ~ 3
2 x| = 8 —| o
o c|Yix &g Condition Code g5
AR Branch £l 2
Mnemonic O|#|x|®|® ® ©® |®|®|| operation |Condition | | |[H|N|z|V|C|Z]| <
BLE d:8 — 2 If condition [ZONOV)=1|—|—|—|—|—|— 4
BLE d:16 _ 4 is true then RN 6
PC — PC+d
else next;
JMP @ERnN — 2 PC ~ ERn RN D D DR U 4
JMP @aa:24 — 4 PC — aa:24 RN D D DU U 6
JMP @ @aa:8 — 2 PC - @aa:8 || —l—]—] 810
BSR d:8 — 2 PC - @-SP ||| 618
PC —~ PC+d:8
BSR d:16 — 4 PC - @-SP —|—|—|—|—|—] 8 |10
PC —~ PC+d:16
JSR @ERn — 2 PC - @-SP —|—|—|—|—|—| 6|8
PC -« @ERnN
JSR @aa:24 — 4 PC - @-SP —|—|—|—|—|—]| 8|10
PC - @aa:24
JSR @@aa:8 — 2 PC - @-SP —|—|—=|—|—]—) 8 |12
PC - @aa:8
RTS — 2 |PC - @SP+ 8 |10
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System control instructions

Addressing Mode and No. of
Instruction Length (bytes) States”}
=
8 x
? -|a 5
k] 2 o [}
S il g | T | 2
o gl Elglel® Condition Code | @
a XlegW |21 | |2 ® S| 2
Mnemonic O|#|x|®|®|®|®|8 Q| | |operation I|HIN|Z|V|Cc|Z|<
TRAPA #x:2 — 2 |PC - @-SP 1|—|—|—|—|—|14]|16
CCR - @-SP
<vector> - PC
RTE — CCR —~ @SP+ E30 I O I 10
PC ~ @SP+
SLEEP — Transition to | 2
powerdown state
LDC #xx:8, CCR B|2 #xx:8 - CCR F T A A I 2
LDC Rs, CCR B 2 Rs8 - CCR 2 A 2 2 I 2
LDC @ERs, CCR w 4 @ERs - CCR F A A A 3 6
LDC @(d:16, ERs), |W 6 @(d:16, ERs) - CCR 2 I I T A A 2 8
CCR
LDC @(d:24, ERs), |W 10 @(d:24, ERs) - CCR L A A 12
CCR
LDC @ERs+, CCR |W 4 @ERs - CCR L N N R 8
ERs32+2 - ERs32
LDC @aa:16, CCR |W 6 @aa:16 -~ CCR E T T T B 20 8
LDC @aa:24, CCR |W 8 @aa:24 - CCR 2 T T A O 10
STC CCR, Rd B 2 CCR - Rd8 — === 2
STC CCR, @ERd  |W 4 CCR - @ERd —|—|—|—|=|=] s
STC CCR, @(d:16, |W 6 CCR - @(d:16,ERd) |—|—|—|—|—|—| 8
ERd)
STC CCR, @(d:24, |W 10 CCR - @(d:24,ERd) |—|—|—|—|—|—| 12
ERd)
STC CCR, @-ERd |W 4 ERd32-2 - ERd32 —|—|—=|=|—|—| 8
CCR - @ERd
STC CCR, @aa:16 |W 6 CCR - @aa:16 — === 8
STC CCR, @aa:24 |W 8 CCR - @aa:24 —|—|—|—|—|—| 10
ANDC #xx:8, CCR B |2 CCR#xx:8 - CCR F T T A O 2
ORC #xx:8, CCR B|2 CCR#xx:8 - CCR FR O T T A 0 2
XORC #xx:8, CCR B|2 CCRO#xx:8 - CCR E2 I 2 A O I 2
NOP — 2 |PC ~ PC+2 — === 2
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8. Block transfer instructions

Addressing Mode and No. of
Instruction Length (bytes) States”!
£
° >3 @ = 3
c @\ O — o
g g Tl eg Condition Code g |5
) Slglclu|B|T s ® ) 5 |32
Mnemonic 0% |x|®|®|® ©® 8|0 | operation I|HIN|lZ|V|C|lZ | <
EEPMOV. B — 4 |ifRAL#£0 — | —|—=|—=|—]—] 8+
repeat @R5 -~ @R6 4n*2
R5+1 - R5
R6+1 - R6
R4L-1 - R4L
until R4L=0
else next;
EEPMOV. W — 4 |ifR4#£0 — | —|—=|—=|—|—] 8+
repeat @R5 -~ @R6 4n*2
R5+1 - R5
R6+1 - R6
R4-1 - R4
untii  R4=0
else next;

Notes: 1. The number of states is the number of states required for execution when the
instruction and its operands are located in on-chip memory. For other cases see
section A.3, Number of States Required for Execution.

2. nisthe value setin register R4L or R4.

(1) Set to 1 when a carry or borrow occurs at bit 11; otherwise cleared to 0.

(2) Set to 1 when a carry or borrow occurs at bit 27; otherwise cleared to 0.

(3) Retains its previous value when the result is zero; otherwise cleared to 0.

(4) Set to 1 when the adjustment produces a carry; otherwise retains its previous value.

(5) The number of states required for execution of an instruction that transfers data in
synchronization with the E clock is variable.

(6) Set to 1 when the divisor is negative; otherwise cleared to 0.
(7) Set to 1 when the divisor is zero; otherwise cleared to 0.
(8) Set to 1 when the quotient is negative; otherwise cleared to 0.
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Operation Code Maps

A2

TableA.2 Operation Code Map (1)

AOW 5
anv 3
HOX a
o 5
xans a
dIND v
xaav 6
aav 8
G711 _~|aNvig_~4oXia_~| €oia
N.<m_v§ AONd33 N.<m_v§ N.<m_vgﬁ AOW L
N8 ONVE THOXE ~ O8| 519 | wiog | LONg | 13s8
AOW anvy | ¥ox | ¥o 9
1sa
@
ust usg dINe sveey VAVEL | 1M | us8 | S1 | MXAG | XIW | NXai | nXI0W | S
319 | 198 | 119 | 399 | w8 | 1d8 | SA@ | Ond | Ong | 3Ing | sos | oo | s HE | Nug vag | v
€
a'AOW
z
(@ (@ @ (@) . . . @) (@ (@) (@)
zvaeiger| XANS dio Zv elgel | Z'v oldeL 8ns zveiger| FONV | 8HOX | U0 oy ey 2y eiger |z algeL [ov eieL | T
(@) (@) (@) (@
v oeL| Xaav AOW g aav 007 | OGNV | O¥OX | O¥O | 0G1 | OIS |,y | dON 0
4 3 a 5 g v 6 8 i 9 5 v 3 z 1 0 Hv
W
"T'SI HE 40 11q 1Ued B 'S 1S0LU USYM LORONIISU|
19 |HE [ IV |HY
'0'SI Hg JO }iq JUES1IUBKS 150 LB UOHonJIsu| 1Aq puz | 1Aq ST | :BpOd UORONIISU|
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TableA.2 Operation Code Map (2)

any dox do ans diND aav | AOW VL
any dOX d0 ans diND aav | AOW 6L
319 199 17a 399 Ing 1dg SAg ong o= aNg sog 209 s1d IHg NYg vug 85
dIND sva 4T
23a 23 sans 23 23a sans a1
ans 23a VI
Six3 Six3 93N 93N nix3 nix3 1ON 1ON LT
410y 410y dxL1od dX10¥ €1
1L0Y 1104 IXLOY IXLOY 4!
HVHS dVHS HTHS dTHS 7
IVHS VHS THS THS o1
AOW vva 40
ONI ONI saav ONI ONI saav g0
aav ONI Y0
N.<m_vn_m L N.<m_v% y N.<m_v% y d331s 51S/0a1 NOW 10
4 3 a 2 El v 6 8 L 9 S 14 € [ 1 0 W m._< Hv
19 |HE | 1V |HY
91Aq puz | AqIST | BPO2 LUONINIISU|
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TableA.2 Operation Code Map (3)

"pIalY SSaIppPE SIN|0Sge dY) Sl ee g
‘play uoneubisap Jaisifal ayy sid ‘T :SSION

41049 10Ng 13sg z. Leed.
1sig
41049 10ONg 13s9 z.9eed/
1S9
ang adnvid d0ox1g dold
1s1d 2, Leedl
ang adNvd d0X4d d04d
1s1d 2, 9eedL
41049 1ONgd l13sg 1. 2010
1sig
41049 10ONg l13sg 1. 90142
1s9
ag anvid yoxig dold
1s1g 1, L0102
alg adnvd q0X4 dod
1s1g 1, 9010/
ANV HOX d0 90470
SXAIQ SXIAIQ $S0dTo
SXINN SXTINN S00TO0
Q1S 1S o1S o1S 90vT0
oan oat oan oan
HO1d
Hav
4 a g 6 L 9 g 4 € z T 0 HY
10
"TSI HQ J0 11g JUed B IS 1SO0L UBYM UOKONISU|
1a|HA |10 [HO |19 [HA [ IV |HY
'0S1 HQ J0 110 JUed 1B IS SOLU USYM UOION.SU| 914q yir |@14q pig | @14q puz | @1Aq ST | ©pod uononusu|
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A.3 Number of States Required for Execution

Thetablesin this section can be used to calculate the number of states required for instruction
execution by the H8/300H CPU. Table A.4 indicates the number of instruction fetch, data
read/write, and other cycles occurring in each instruction. Table A.3 indicates the number of
states required per cycle according to the bus size. The number of states required for execution of
an instruction can be calculated from these two tables as follows:

Number of states=1 xS +JIx §+K xS +L xS +M xS+ N xS
Examples of Calculation of Number of States Required for Execution

Examples. Advanced mode, stack located in external address space, on-chip supporting modules
accessed with 8-bit bus width, external devices accessed in three states with one wait state and
16-hit bus width.

BSET #0, @FFFFC7:8

FromtableA4,1=L=2andJ=K=M=N=0
FromtableA.3,S=4and S =3
Number of states=2x4+2x3=14

JSR @@30

FromtableA4,1=J=K=2andL=M=N=0
FromtableA.3,5=5=% =4
Number of states=2x4+2x4+2x4=24
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Appendix A Instruction Set

TableA.3 Number of Statesper Cycle

Access Conditions

External Device

On-Chip Sup-

porting Module 8-Bit Bus 16-Bit Bus
Execution State On-Chip 8-Bit 16-Bit  2-State 3-State 2-State 3-State
(Cycle) Memory Bus Bus Access Access Access Access
Instruction fetch S 2 6 3 4 6 +2m 2 3+m
Branch address read S;
Stack operation Sk
Byte data access S, 3 2 3+m
Word data access Swu 6 4 6 +2m

Internal operation Sy 1

Legend
m: Number of wait states inserted into external device access
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Appendix A Instruction Set

TableA.4 Number of Cyclesper Instruction

Instruction Branch Stack Byte Data Word Data Internal
Fetch Addr. Read Operation Access Access Operation
Instruction Mnemonic | J K L M N

ADD ADD.B #xx:8, Rd
ADD.B Rs, Rd
ADD.W #xx:16, Rd
ADD.W Rs, Rd
ADD.L #xx:32, ERd
ADD.L ERs, ERd

ADDS ADDS #1/2/4, ERd

ADDX ADDX #xx:8, Rd
ADDX Rs, Rd

AND AND.B #xx:8, Rd
AND.B Rs, Rd
AND.W #xx:16, Rd
AND.W Rs, Rd
AND.L #xx:32, ERd
AND.L ERs, ERd

ANDC ANDC #xx:8, CCR

BAND BAND #xx:3, Rd
BAND #xx:3, @ERd
BAND #xx:3, @aa:8

Bcc BRA d:8 (BT d:8)
BRN d:8 (BF d:8)
BHI d:8
BLS d:8
BCC d:8 (BHS d:8)
BCS d:8 (BLO d:8)
BNE d:8
BEQ d:8
BVC d:8
BVS d:8
BPL d:8
BMI d:8
BGE d:8
BLT d:8
BGT d:8
BLE d:8

NN RPMROPMNMNRNNNNNNNNMNNOMNNMINNR P MNORNRPRE [ RPR[(RPRPORNPR R
=
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Appendix A Instruction Set

Instruction Mnemonic

Instruction Branch

Fetch
|

J K

Stack
Addr. Read Operation Access

Byte Data Word Data Internal

L

Access

Operation
M

Bcc

BCLR

BRA d:16 (BT d:16)
BRN d:16 (BF d:16)
BHI d:16

BLS d:16

BCC d:16 (BHS d:16)
BCS d:16 (BLO d:16)
BNE d:16

BEQ d:16

BVC d:16

BVS d:16

BPL d:16

BMI d:16

BGE d:16

BLT d:16

BGT d:16

BLE d:16

BCLR #xx:3, Rd
BCLR #xx:3, @ERd
BCLR #xx:3, @aa:8
BCLR Rn, Rd
BCLR Rn, @ERd
BCLR Rn, @aa:8

NDNPNDNNNMNNMNMNNMNNMNNNNDNDDNDDN|Z

BIAND

BIAND #xx:3, Rd
BIAND #xx:3, @ERd
BIAND #xx:3, @aa:8

BILD

BIOR

BILD #xx:3, Rd
BILD #xx:3, @ERd
BILD #xx:3, @aa:8

BIOR #xx:8, Rd
BIOR #xx:8, @ERd
BIOR #xx:8, @aa:8

BIST

BIST #xx:3, Rd
BIST #xx:3, @ERd
BIST #xx:3, @aa:8

BIXOR

BIXOR #xx:3, Rd
BIXOR #xx:3, @ERd
BIXOR #xx:3, @aa:8

BLD

BLD #xx:3, Rd
BLD #xx:3, @ERd
BLD #xx:3, @aa:8

NDNE|INNEP MNP INMNNEPEINNEPE[NNEPNMNMNPEPNMNNE DNMNNMNNMNNMNNNDNDNDNDNDDNDNDNDDNODDN
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Appendix A Instruction Set

Instruction Branch Stack Byte Data Word Data Internal
Fetch Addr. Read Operation Access Access Operation

Instruction Mnemonic | J K L M N
BNOT BNOT #xx:3, Rd 1

BNOT #xx:3, @ERd 2 2

BNOT #xx:3, @aa:8 2 2

BNOT Rn, Rd 1

BNOT Rn, @ERd 2 2

BNOT Rn, @aa:8 2 2
BOR BOR #xx:3, Rd 1

BOR #xx:3, @ERd 2 1

BOR #xx:3, @aa:8 2 1
BSET BSET #xx:3, Rd 1

BSET #xx:3, @ERd 2 2

BSET #xx:3, @aa:8 2 2

BSET Rn, Rd 1

BSET Rn, @ERd 2 2

BSET Rn, @aa:8 2 2
BSR BSR d:8 Normal 2 1

Advanced 2 2
BSR d:16 Normal 2 1 2
Advanced 2 2 2

BST BST #xx:3, Rd 1

BST #xx:3, @ERd 2 2

BST #xx:3, @aa:8 2 2
BTST BTST #xx:3, Rd 1

BTST #xx:3, @ERd 2 1

BTST #xx:3, @aa:8 2 1

BTST Rn, Rd 1

BTST Rn, @ERd 2 1

BTST Rn, @aa:8 2 1
BXOR BXOR #xx:3, Rd 1

BXOR #xx:3, @ERd 2 1

BXOR #xx:3, @aa:8 2 1
CMP CMP.B #xx:8, Rd 1

CMP.B Rs, Rd 1

CMP.W #xx:16, Rd 2

CMP.W Rs, Rd 1

CMP.L #xx:32, ERd 3

CMP.L ERs, ERd 1
DAA DAA Rd 1
DAS DAS Rd 1
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Appendix A Instruction Set

Instruction Mnemonic

Instruction Branch

Fetch
|

J K

Stack

Byte Data Word Data Internal
Addr. Read Operation Access

L

Access Operation

M N

DEC

DEC.BRd
DEC.W #1/2, Rd
DEC.L #1/2, ERd

DIVXS

DIVXS.B Rs, Rd
DIVXS.W Rs, ERd

12
20

DIVXU

DIVXU.B Rs, Rd
DIVXU.W Rs, ERd

12
20

EEPMOV

EEPMOV.B
EEPMOV.W

2n + 2+t
2n + 2+t

EXTS

EXTS.W Rd
EXTS.L ERd

EXTU

EXTU.W Rd
EXTU.L ERd

INC

JMP

JSR

INC.B Rd
INC.W #1/2, Rd
INC.L #1/2, ERd

JMP @ERN

JMP @aa:24

JMP @ @aa:8 Normal

Advanced

JSR @ERNn  Normal

Advanced

JSR @aa:24 Normal

Advanced

JSR @@aa:8 Normal

Advanced

N[ F, NP [N

LDC

LDC #xx:8, CCR

LDC Rs, CCR

LDC @ERs, CCR

LDC @(d:16, ERs), CCR
LDC @(d:24, ERs), CCR
LDC @ERs+, CCR

LDC @aa:16, CCR

LDC @aa:24, CCR

P ONOAOWONPEPRPININDNIDNMNINDNDDNMNDNDNDNDMDNPRPPIPPIPPI NN, PRPIDNNPFPPPRP

[ = S SN
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Appendix A Instruction Set

Instruction Branch Stack Byte Data Word Data Internal
Fetch Addr. Read Operation Access Access Operation
Instruction Mnemonic | J K L M N

MOV MOV.B #xx:8, Rd
MOV.B Rs, Rd
MOV.B @ERs, Rd
MOV.B @(d:16, ERs), Rd
MOV.B @(d:24, ERs), Rd
MOV.B @ERs+, Rd
MOV.B @aa:8, Rd
MOV.B @aa:16, Rd
MOV.B @aa:24, Rd
MOV.B Rs, @ERd
MOV.B Rs, @(d:16, ERd)
MOV.B Rs, @(d:24, ERd)
MOV.B Rs, @-ERd
MOV.B Rs, @aa:8
MOV.B Rs, @aa:16
MOV.B Rs, @aa:24
MOV.W #xx:16, Rd
MOV.W Rs, Rd
MOV.W @ERs, Rd
MOV.W @(d:16, ERs), Rd
MOV.W @(d:24, ERs), Rd
MOV.W @ERs+, Rd
MOV.W @aa:16, Rd
MOV.W @aa:24, Rd
MOV.W Rs, @ERd
MOV.W Rs, @(d:16, ERd)
MOV.W Rs, @(d:24, ERd)
MOV.W Rs, @—ERd
MOV.W Rs, @aa:16
MOV.W Rs, @aa:24

PR R RRPRPRRPRPRRERRERR

PR R RRPRPRRLRRERERR

MOV.L #xx:32, ERd
MOV.L ERs, ERd

MOV.L @ERs, ERd
MOV.L @(d:16, ERs), ERd
MOV.L @(d:24, ERs), ERd
MOV.L @ERs+, ERd
MOV.L @aa:16, ERd
MOV.L @aa:24, ERd
MOV.L ERs, @ERd
MOV.L ERs, @(d:16, ERd)
MOV.L ERs, @(d:24, ERd)
MOV.L ERs, @—ERd
MOV.L ERs, @aa:16
MOV.L ERs, @aa:24

A OWONOOWOWNDONMOOWONEP W WONPANPWONRPEPANMNPEPEPNMNONPRPRPANPWONRPRPRERRANDEREPRPR

N DNDNNNNNDNNDDNDNDDNDNDN
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Appendix A Instruction Set

Instruction

Instruction Branch Stack Byte Data Word Data Internal
Fetch Addr. Read Operation Access Access Operation
Mnemonic | J K L M N

MOVFPE

MOVFPE @aa:16, Rd**2 1

MOVTPE
MULXS

MOVTPE Rs, @aa:16*2 2 1

MULXS.B Rs, Rd
MULXS.W Rs, ERd

N

12
20

MULXU

NEG

MULXU.B Rs, Rd
MULXU.W Rs, ERd

NEG.B Rd
NEG.W Rd
NEG.L ERd

12
20

NOP
NOT

NOP

NOT.B Rd
NOT.W Rd
NOT.L ERd

OR

OR.B #xx:8, Rd
OR.BRs, Rd
OR.W #xx:16, Rd
OR.W Rs, Rd
OR.L #xx:32, ERd
OR.L ERs, ERd

ORC

ORC #xx:8, CCR

POP

PUSH

POP.W Rn
POP.L ERN

PUSH.W Rn
PUSH.L ERn

N - N -
NN N N

ROTL

ROTL.BRd
ROTL.W Rd
ROTL.L ERd

ROTR

ROTXL

ROTR.B Rd
ROTR.W Rd
ROTR.L ERd

ROTXL.B Rd
ROTXL.W Rd
ROTXL.L ERd

ROTXR

ROTXR.B Rd
ROTXR.W Rd
ROTXR.L ERd

RTE

N RPRPRR|[PRPRPR RPRPRRERP[PRRLINMNREP NP PINORNRPR|[RPRRPR R RPRRPRER RPRL[N

RTE

Rev. 3.00 Sep 14, 2005 page 733 of 910
REJ09B0258-0300
RENESAS



Appendix A Instruction Set

Instruction Branch Stack Byte Data Word Data Internal
Fetch Addr. Read Operation Access Access Operation
Instruction Mnemonic | J K L M N
RTS RTS Normal 2 1 2
Advanced 2 2 2
SHAL SHAL.B Rd 1
SHA