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Cautions

Keep safety first in your circuit designs!

1

Renesas Technology Corporation 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 persond 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 materia or (iii) prevention against any malfunction or
mishap.

Notes regarding these materias

1

These materials are intended as areference to assist our customers in the selection of the Renesas Technology Corporation
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 Corporation or athird party.

Renesas Technology Corporation 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, agorithms, or circuit application examples contained in
these materials.

All information contained in these materials, including product data, diagrams, charts, programs and agorithms represents
information on products at the time of publication of these materials, and are subject to change by Renesas Technology
Corporation without notice due to product improvements or other reasons. It is therefore recommended that customers contact
Renesas Technology Corporation or an authorized Renesas Technology Corporation 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 Corporation assumes no responsibility for any damage, liability, or other lossrising from these
inaccuracies or errors.

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

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

Renesas Technology Corporation semiconductors are not designed or manufactured for use in adevice or system that is used
under circumstances in which human lifeis potentialy at stake. Please contact Renesas Technology Corporation or an
authorized Renesas Technology Corporation product distributor when considering the use of a product contained herein for
any specific purposes, such as apparatus or systems for transportation, vehicular, medica, aerospace, nuclear, or undersea
repeater use.

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

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

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

Please contact Renesas Technology Corporation for further details on these materials or the products contained therein.
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Cautions

1. Hitachi neither warrants nor grants licenses of any rights of Hitachi’s or any third party’s
patent, copyright, trademark, or other intellectual property rights for information contained in
this document. Hitachi bears no responsibility for problems that may arise with third party’s
rights, including intellectual property rights, in connection with use of the information
contained in this document.

2. Products and product specifications may be subject to change without notice. Confirm that you
have received the latest product standards or specifications before final design, purchase or
use.

3. Hitachi makes every attempt to ensure that its products are of high quality and reliability.
However, contact Hitachi’ s sales office before using the product in an application that
demands especially high quality and reliability or where its failure or malfunction may directly
threaten human life or cause risk of bodily injury, such as aerospace, aeronautics, nuclear
power, combustion control, transportation, traffic, safety equipment or medical equipment for
life support.

4. Design your application so that the product is used within the ranges guaranteed by Hitachi
particularly for maximum rating, operating supply voltage range, heat radiation characteristics,
installation conditions and other characteristics. Hitachi bears no responsibility for failure or
damage when used beyond the guaranteed ranges. Even within the guaranteed ranges,
consider normally foreseeable failure rates or failure modes in semiconductor devices and
employ systemic measures such as fail-safes, so that the equipment incorporating Hitachi
product does not cause bodily injury, fire or other consequential damage due to operation of
the Hitachi product.

5. Thisproduct is not designed to be radiation resistant.

6. No oneis permitted to reproduce or duplicate, in any form, the whole or part of this document
without written approval from Hitachi.

7. Contact Hitachi’ s sales office for any questions regarding this document or Hitachi
semiconductor products.




Preface

The H8/3064F is a series 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-hit internal architecture with sixteen 16-hit 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 (flash memory), RAM, 16-bit timers, 8-bit timers,
a programmable timing pattern controller (TPC), awatchdog timer (WDT), a seria
communication interface (SCI), an A/D converter, a D/A converter, 1/0 ports, and other facilities.
The two SCI channels support the ISO/IEC7816-3 smart card interface as an extended function.
Functions have a so been added to reduce power consumption in battery-powered applications:
individual modules can be placed in standby mode, and the frequency of the system clock supplied
to the chip can be divided under program control.

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

With these features, the H8/3064F enables easy implementation of compact, high-performance
systems.

The H8/3064F has an F-ZTAT™* version with on-chip flash memory that can be programmed
on-board. This version offers flexibility in the development of new products to meet fast-changing
market needs.

This manual describes the H8/3064F hardware. For details of the instruction set, refer to the
H8/300H Series Programming Manual.

Note: * F-ZTAT™ isatrademark of Hitachi, Ltd.
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Section1 Overview

1.1 Overview

The H8/3064F is a series of microcontrollers (MCUSs) that integrate system supporting functions
together with an H8/300H CPU core having an origina Hitachi architecture.

The H8/300H CPU has a 32-hit internal architecture with sixteen 16-hit 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 (flash memory), RAM, a 16-hit timer, an
8-bit timer, a programmabl e timing pattern controller (TPC), awatchdog timer (WDT), a serial
communication interface (SCI), an A/D converter, a D/A converter, 1/0 ports, and other facilities.

The H8/3064F has 256 kbytes of ROM and 8 kbytes of RAM.

Seven MCU 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 H8/3064F 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 H8/3064F.

Note: * F-ZTAT™ (Flexible ZTAT) isatrademark of Hitachi, Ltd.
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Tablel.l 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 plus eight 16-bit registers, or as eight
32-bit registers)

High-speed operation

Maximum clock rate: 20 MHz
Add/subtract: 100 ns
Multiply/divide: 700 ns

16-Mbyte address space

Instruction features

8/16/32-bit data transfer, arithmetic, and logic instructions

Signed and unsigned multiply instructions (8 bits x 8 bits, 16 bits x 16 bits)
Signed and unsigned divide instructions (16 bits + 8 bits, 32 bits + 16 bits)

Bit accumulator function

Bit manipulation instructions with register-indirect specification of bit positions

Memory

ROM (flash memory): 256 kbytes
RAM: 8 kbytes

Interrupt
controller

Seven external interrupt pins: NMI, IRQ, to IRQ;
27 internal interrupts
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
Bus arbitration function

16-bit timer,
3 channels

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)

RENESAS



Tablel.l Features(cont)

Feature Description

8-hit timer, » 8-bit up-counter (external event count capability)
4 channels » Two time constant registers

Two channels can be connected

Programmable
timing pattern
controller (TPC)

Maximum 16-bit pulse output, using 16-bit timer as time base
Up to four 4-bit pulse output groups (or one 16-hit group, or two 8-bit groups)
Non-overlap mode available

Watchdog * Reset signal can be generated by overflow

timer (WDT), + Usable as an interval timer

1 channel

Serial » Selection of asynchronous or synchronous mode

communication
interface (SCI),
2 channels

Full duplex: can transmit and receive simultaneously
On-chip baud-rate generator
Smart card interface functions added

A/D converter

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

D/A converter

Resolution: 8 bits
Two channels
D/A outputs can be sustained in software standby mode

1/0O ports e 70 input/output pins
e 9input-only pins

Operating Seven MCU operating modes

modes Address Address Initial Bus Max. Bus
Mode Space Pins Width Width
Mode 1 1 Mbyte A t0 A, 8 bits 16 bits
Mode 2 1 Mbyte A to A, 16 bits 16 bits
Mode 3 16 Mbytes A, t0 A, 8 bits 16 bits
Mode 4 16 Mbytes A, oA, 16 bits 16 bits
Mode 5 16 Mbytes A, t0 A, 8 bits 16 bits
Mode 6 64 kbyte — — —
Mode 7 1 Mbyte — — —

On-chip ROM is disabled in modes 1 to 4
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Table1.1 Features(cont)

Feature Description
Power-down * Sleep mode
state » Software standby mode

Hardware standby mode
Module standby function
Programmable system clock frequency division

Other features

On-chip clock pulse generator
Oscillation control function (preliminary specifications)

Product lineup

Package
Product Type Model (Hitachi Package Code)
H8/3064 On-chip 5V HD64F3064F 100-pin QFP (FP-100B)

flash —version  pgarF3064TE  100-pin TQFP (TFP-1008)

memory
HD64F3064FP  100-pin QFP (FP-100A)

3V HD64F3064VF 100-pin QFP (FP-100B)

Version  ngaF3064VTE  100-pin TQFP (TFP-100B)

HD64F3064VEP  100-pin QFP (FP-100A)
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12 Block Diagram

Figure 1.1 shows an internal block diagram.
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13 Pin Description

131 Pin Arrangement

The pin arrangement of the H8/3064F FP-100B and TFP-100B packagesis shown in figure 1.2,
and that of the FP-100A package in figure 1.3.
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Note: * An external capacitor must be connected to the V¢ pin.

Figurel1.2 Pin Arrangement (FP-100B or TFP-100B, Top View)
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Figure1.3 Pin Arrangement (FP-100A, Top View)

Note: * An external capacitor must be connected to the V¢ pin.
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13.2

Pin Functions

Table 1.2 summarizes the pin functions.

Table1.2 Pin Functions
Pin No.
FP-100B
Type Symbol TFP-100B FP-100A I/O Name and Function
Power Vee 35, 68 37,70 Input Power: For connection to the power supply.
Connect all V. pins to the system power
supply.

Vs 11, 22, 13,24, Input Ground: For connection to ground (0 V).

44,57, 46, 59, Connect all Vg pins to the 0-V system power
65, 92 67,94 supply.
Ve 1 3 Input  Connect an external capacitor between this
pin and GND (0 V).
Vo T 0.1 pF (Preliminary)
Clock XTAL 67 69 Input  For connection to a crystal resonator.
For examples of crystal resonator and external
clock input, see section 18, Clock Pulse
Generator.
EXTAL 66 68 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 18, Clock Pulse Generator.
[0) 61 63 Output System clock: Supplies the system clock to
external devices.
Operating MD, to 75t073 77to75 Input Mode 2 to mode O: For setting the operating
mode MD, mode, as follows. Inputs at these pins must
control not be changed during operation.

MD, MD, MD, 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
8
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Table1.2 Pin Functions (cont)

Pin No.
FP-100B
Type Symbol TFP-100B FP-100A I/O Name and Function
System RES 63 65 Input  Reset input: When driven low, this pin resets
control the chip
FWE 10 12 Input  Write enable signal: Flash memory write
control signal
STBY 62 64 Input  Standby: When driven low, this pin forces a
transition to hardware standby mode
BREQ 59 61 Input  Bus request: Used by an external bus master
to request the bus right
BACK 60 62 Output Bus request acknowledge: Indicates that the
bus has been granted to an external bus
master
Interrupts  NMI 64 66 Input  Nonmaskable interrupt: Requests a

nonmaskable interrupt

IRQ, to 17, 16, 19,18, Input Interrupt request 5 to 0: Maskable interrupt
IRQ, 90to87 921089 request pins

Address A, to A, 971to 100, 99,100, Output Address bus: Outputs address signals
bus 56to 45, 1,2,
43t0 36 581047,
45to 38

Databus Dy toD, 34to23, 36to25, Input/ Data bus: Bidirectional data bus
21t018 23t020 output

Bus §7 to 2t05, 4t07, Output Chip select: Select signals for areas 7 to 0
control CSs, 8g8to91 901093
AS 69 71 Output Address strobe: Goes low to indicate valid
address output on the address bus
RD 70 72 Output Read: Goes low to indicate reading from the
external address space
HWR 71 73 Output High write: Goes low to indicate writing to the

external address space; indicates valid data
on the upper data bus (D, to D).

LWR 72 74 Output Low write: Goes low to indicate writing to the
external address space; indicates valid data
on the lower data bus (D, to D,).

WAIT 58 60 Input  Wait: Requests insertion of wait states in bus
cycles during access to the external address
space
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Table1.2 Pin Functions (cont)
Pin No.
FP-100B
Type Symbol TFP-100B FP-100A 1I/O Name and Function
16-bit TCLKDto 96t093 981095 Input Clock input D to A: External clock inputs
timer TCLKA
TIOCA,to 99,97,95 1,99, 97 Input/ Input capture/output compare A2 to AO:
TIOCA, output GRAZ2 to GRAO output compare or input
capture, or PWM output
TIOCB,to 100,98, 2,100, Input/ Input capture/outputcompare B2 to BO:
TIOCB, 96 98 output GRB2 to GRBO output compare or input
capture, or PWM output
8-bit timer TMO,, 2,4 4,6 Output Compare match output: Compare match
T™MO, output pins
TMIO,, 3,5 57 Input/  Input capture input/compare match output:
TMIO, output Input capture input or compare match output
pins
TCLKDto 96t093 98t095 Input Counter external clock input: These pins
TCLKA input an external clock to the counters.
Program- TP, to 91to 2, 11to 4, Output TPC output 15 to O: Pulse output
mable TP, 100t0 93 2, 1,
timing 100 to
pattern 95
controller
(TPC)
Serial TXD,, 13,12 15, 14 Output Transmit data (channels 0, 1): SCI data
communi- TxD, output
cation RxD,, 15,14 17,16 Input Receive data (channels 0, 1): SCI data input
interface  {,p
0
(SCi) .
SCK,, 17, 16 19, 18 Input/  Serial clock (channels 0, 1): SCI clock
SCK, output input/output
A/D AN, to 85t078 87to80 Input Analog 7to 0: Analog input pins
converter AN,
ADTRG 90 92 Input  A/D conversion external trigger input:
External trigger input for starting A/D
conversion
DI/IA DA, DA, 85,84 87,86  Output Analog output: Analog output from the D/A
converter converter
A/Dand AV 76 78 Input  Power supply pin for the A/D and D/A
D/A converters. Connect to the system power
converters supply when not using the A/D and D/A
converters.
10
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Table1.2 Pin Functions (cont)
Pin No.
FP-100B
Type Symbol TFP-100B FP-100A I/O Name and Function
A/Dand AV 86 88 Input  Ground pin for the A/D and D/A converters.
D/IA Connect to system ground (0 V).
converters , 77 79 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.
/O ports P1,toP1l,43t036 45t038 Input/ Port 1: Eight input/output pins. The direction
output of each pin can be selected in the port 1 data
direction register (P1DDR).
P2,to P2, 52t0 45 541t047 Input/ Port 2: Eight input/output pins. The direction
output of each pin can be selected in the port 2 data
direction register (P2DDR).
P3,to P3, 34to 27 361t029 Input/ Port 3: Eight input/output pins. The direction
output of each pin can be selected in the port 3 data
direction register (P3DDR).
P4,to P4, 26 to 23, 28to 25, Input/ Port 4: Eight input/output pins. The direction
21t018 23to20 output of each pin can be selected in the port 4 data
direction register (P4ADDR).
P5,to P5, 56 to 53 58 to 55 Input/ Port 5: Four input/output pins. The direction of
output each pin can be selected in the port 5 data
direction register (P5DDR).
P6, to P6, 61, 63, Input/  Port 6: Eight input/output pins. The direction
721069, 74to 71, output of each pin can be selected in the port 6 data
60to 58 62 to 60 direction register (P6DDR).
P7,t0o P7,85t078 87to80 Input Port7: Eightinput pins
P8,t0 P8, 91t0 87 93to 89 Input/ Port 8: Five input/output pins. The direction of
output each pin can be selected in the port 8 data
direction register (P8DDR).
P9, to P9, 17to 12 19to 14 Input/ Port 9: Six input/output pins. The direction of
output each pin can be selected in the port 9 data
direction register (P9DDR).
PA, to 100t0 93 2,1, Input/  Port A: Eight input/output pins. The direction
PA, 100to  output of each pin can be selected in the port A data
95 direction register (PADDR).
PB, to 9to 2 11to4 Input/ Port B: Eight input/output pins. The direction
PB, output of each pin can be selected in the port B data

direction register (PBDDR).

11
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1.3.3 Pin Assignmentsin Each Mode
Table 1.3 lists the pin assignmentsin each mode.

Table1.3 Pin Assignmentsin Each Mode (FP-100B or TFP-100B, FP-100A)

Pin No. Pin name

FP-100B

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

1 3 VCL*l VCL*l VCL*l VCL*l VCL*l VCL*l VCL*l

2 4 PBOITPi PBOITFi PBD/TPi PBO/TPi PBO/TPS_/ PB/TPy  PB,/TPg/
TMO,/CS, TMO,/CS; TMO/,/CS, TMO//CS, TMO,/CS, TMO, TMO,

3 5 PBllTPgl_ PBllTPg/_ PBllTPgl_ PBllTPgl_ PBllTPgl_ PB,/TPy  PB,/TPy
TMIO,/CS; TMIO,/CS; TMIO,/CS; TMIO,/CS; TMIO,/CS; TMIO, TMIO,

4 6 PB,/TP/ PB,/TP,/ PB,/[TP,/ PB,/TP,/ PB,/TP,/ PB,/TP/ PB,/TP,/
TMO,/CS; TMO,/CS; TMO,/CS; TMO,/CS; TMO,/CS; TMO, T™MO,

5 7 PB4/TPy,/ PB,/TPy,/ PBy/TPy/ PBy/TP,/ PBy/TP,/ PBy/TP,,/ PB,/TP,/
TMIO,/CS, TMIO,/CS, TMIO,/CS, TMIO,/CS, TMIO,/CS, TMIO, TMIO,

6 8 rB,TP,, PB,TP,, PB,TP,, PB,TP,, PB,TP,, PB,TP,, PB,TP,,

7 9 PB./TP,; PB//TP,; PB/TP,; PBJ/TP,; PB/TP,; PBJ/TP,; PB//TP,;

8 10 PB¢/TP,, PBg/TP,, PB4/TP,, PB¢/TP,, PBy/TP,, PB¢/TP,, PB4/TP,,

9 11 PB,/TP,; PB,/TP,, PB.,/TP,, PB,/TP,s PB,/TP,; PB,/TP,; PB,/TP;

10 12 FWE FWE FWE FWE FWE FWE FWE

11 13 VSS VSS VSS VSS VSS VSS VSS

12 14 P9,/TXD, P9,/TxD, P9,/TxD, P9,/TxD, P9,/TxD, P9,/TxD, P9,/TxD,

13 15 P9,/TxD, P9,/TxD, P9,/TxD, P9,/TxD, P9,/TxD, P9,/TxD, P9,/TxD,

14 16 P9,/RXD, P9,/RxD, P9,/RxD, P9,/RxD, P9,/RxD, P9,/RxD, P9,/RxD,

15 17 P9,/RxD; P9,/RxD; P9,/RxD;, P9,/RXxD;, P9,/RxD;, P9,/RxD, P9,/RxD,

16 18 P9,/SCK,/ P9, /SCK,/ P9, /SCK, P9,/SCK, P9,/SCK, P9,/SCK, P9, /SCK,/
IRQ, IRQ, IRQ, IRQ, IRQ, IRQ, IRQ,

17 19 P9, /ISCK,/ P9, /SCK,/ P94 /SCK,/ P9 /SCK,/ %/SCKll P9, /SCK,/ %/SCKll
IRQ IRQg IRQg IRQ IRQg IRQg IRQ

18 20 P4,/D,*? P4,/D,* P4,/D,*? P4,/Dy* P4,/D,*? P4, P4,

19 21 P4,/D,*? P4,/D,*® P4,/D,* P4,/D,*® P4,/D,* P4, P4,

Notes: 1. Connect an external capacitor between this pin and GND.
2. Inmodes 1, 3, 5 the P4, to P4, functions of pins P4,/D, to P4,/D, are selected after a
reset, but they can be changed by software.
3. Inmodes 2 and 4 the D, to D, functions of pins P4,/D, to P4,/D, are selected after a
reset, but they can be changed by software.

12
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Table1.3 Pin Assignmentsin Each Mode (FP-100B or TFP-100B, FP-100A) (cont)

Pin No. Pin name

FP-100B

TFP-100B FP-100A Mode 1 Mode 2 Mode 3 Mode 4 Mode 5 Mode 6 Mode 7
20 22 P4,/D,**  P4,/D,2  P4,/D,*L P4,D,2  P4,/D,* P4, P4,
21 23 P4,/D,*1  P4,D2  P4,/D  P4JD2  P4A/Dt P4, P4,
22 24 Vss Vss Vss Vss Vss Vss Vss
23 25 P4,/D, P4,D  P4,D P4,/D2  P4,/D P4, P4,
24 26 P4,/D,*t  P4,D*®  P4D*t P4D2  P4DS P4 P4,
25 27 P4,/D,*t  P4JD2  P4JDg  P4JDg?  P4Dgt P4, P4,
26 28 P4,/D**  P4,D,2  P4,D, P4/D2  P4/D P4, P4,
27 29 D, D, D, D, Dy P3, P3,
28 30 D D, Dy D, D, P3, P3,
29 31 Dy, Dy, Do Dy, Dy, P3, P3,
30 32 D,, D,, D,, D,, D, P3, P3,
31 33 Dy, Dy, Dy, Dy, Dy, P3, P3,
32 34 Dis Dys Dis Dys Dy, P3, P3,
33 35 D, Dy, Dy, Dy, Dy, P3, P3,
34 36 Dis Dys Dis Dys Dys P3, P3,
35 37 Vee Vee Vee Vee Vee Vee Vee
36 38 A, A, A, A, P1,/A, P1, P1,
37 39 A A A A P1,/A, P1, P1,
38 40 A, A, A, A, PL,/A, P1, P1,
39 41 A, A, A, A, P1,/A, P1, P1,
40 42 A, A, A, A, P1,/A, P1, P1,
41 43 A A A A P1./A, P1, P1,
42 44 As As Ag As P1c/Ag Pl Pl
43 45 A, A, A, A, P1,/A, P1, P1,
44 46 VSS VSS VSS VSS VSS VSS VSS
45 47 Ag Ay Ay Ag P2,/A, P2, P2,
46 48 Ay A, A Ay P2,/A, P2, P2,
47 49 A, A A, A P2,/A,, P2, P2,
48 50 A, A, A, A, P2,/A,, P2, P2,

Notes: 1. Inmodes 1, 3, 5 the P4, to P4, functions of pins P4,/D, to P4,/D, are selected after a
reset, but they can be changed by software.

2. In modes 2 and 4 the D, 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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Table1.3

Pin Assignmentsin Each Mode (FP-100B or TFP-100B, FP-100A) (cont)

Pin No. Pin name
FP-100B
TFP-100B FP-100A Mode 1 Mode 2 Mode 3 Mode 4 Mode 5 Mode 6 Mode 7
49 51 A A, A, A, P2,JA, P2, P2,
50 52 A A, AL A, P2JA,, P2, P2,
51 53 A, A, A, A, P2,J/A, P2, P2,
52 54 A A A A P2,A,, P2, P2,
53 55 Ay A A A P5,A,,  P5, P5,
54 56 A, A, A, A, P5,/A,,  P5, P5,
55 57 A A A A P5,/A,;  P5, P5,
56 58 Ag A A AL P5,A,,  P5, PS5,
57 59 Vss Vss Vss Vss Vss Vss Vss
58 60 P6,/WAIT P6,/WAIT P6,/WAIT P6,/WAIT P6,/WAIT P6, P6,
59 61 P6,/BREQ P6,/BREQ P6,/BREQ P6,/BREQ P6,/BREQ P6, P6,
60 62 P6,/BACK P6,/BACK P6,/BACK P6,/BACK P6,/BACK P6, P6,
61 63 (0} ® (0] ® P6./p P6./¢ P6.,/¢
62 64 STBY STBY STBY STBY STBY STBY STBY
63 65 RES RES RES RES RES RES RES
64 66 NMI NMI NMI NMI NMI NMI NMI
65 67 Vss Vss Vss Vss Vss Vss Vss
66 68 EXTAL EXTAL EXTAL EXTAL EXTAL EXTAL EXTAL
67 69 XTAL XTAL XTAL XTAL XTAL XTAL XTAL
68 70 Vee Vee Vee Vee Vee Vee Vee
69 71 AS AS AS AS AS P6, P6,
70 72 RD RD RD RD RD P6, P6,
71 73 HWR HWR HWR HWR HWR P6, P6,
72 74 LWR LWR LWR LWR LWR P6, P6,
73 75 MD, MD, MD, MD, MD, MD, MD,
74 76 MD, MD, MD, MD, MD, MD, MD,
75 77 MD, MD, MD, MD, MD, MD, MD,
76 78 AV, AV ¢ AV ¢ AV . AV . AV, AV,
77 79 Veer Vieer Vieer Veer Veer Veer Veer
78 80 P7,JAN,  P7,JAN, P7,JAN, P7,JAN, P7,/AN, P7,/AN,  P7,/AN,
79 81 P7,AN, P7,/AN, P7,/AN, P7,/AN, P7,/AN, P7,AN, P7,AN,
80 82 P7,JAN,  P7,JAN,  P7,/AN, P7,/JAN, P7,/AN, P7,/AN,  P7,/AN,
14

RENESAS



Table1.3 Pin Assignmentsin Each Mode (FP-100B or TFP-100B, FP-100A) (cont)

Pin No. Pin name

FP-100B

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

81 83 P7,JAN,  P7,JAN,  P7,JAN, P7,JAN,  P7,JAN, P7 /AN,  P7,/AN,

82 84 P7,AN, P7,/AN, P7,/AN, P7,/AN, P7,/AN, P7,/AN, P7,AN,

83 85 P7JAN,  P7JAN,  P7,JAN;, P7/AN;  P7,JAN;  P7,JAN,  P7.//AN,

84 86 P7¢/ANg/DAPT JANG/DAPT (/AN;/DAPT /AN/DA,P 7/ ANs/DAPT JANS/DAPT /ANS/DA,

85 87 P7,/AN,/DAP7,/AN,/DA,P7,IAN,/DAP7,/AN,/DA,P7,/AN,/DAP7,/AN,/DA P7,/AN,/DA,

86 88 AVq AV AVg AV AV AVq AV

87 89 P8,/IRQ, P8,IRQ, P8,/RQ, P8,/IRQ, P8,/IRQ, P8,/RQ, P8,IRQ,

88 90 P8,/IRQ,/ P8,/IRQ,/ P8,/IRQ,/ P8,/RQ/ P8,/IRQ,/ P8,/IRQ, P8,/RQ,
CS, CS, CS, CS, CS,

89 91 P8,/IRQ,/ P8,IRQ,/ P8,/IRQ,/ P8,/IRQ,/ P8,IRQ,/ P8,/IRQ, P8,IRQ,
CS, CS, CS, CS, CS,

2 92 P8.,IRQ,/ P8,/IRQ,/ P8,/IRQ,/ P8,/IRQ,/ P8,/IRQ;/ P8,IRQ,/ P8,IRQ;/
CS,/ CS/ CS,/ CS,/ CS/ ADTRG  ADTRG
ADTRG ADTRG ADTRG ADTRG ADTRG

91 93 ps,/Cs, ps,CcS, ps,CS, Ps8,/CS, P8,/CS, P8, P8,

92 94 Vss Vss Vss Vss Vss Vss Vss

93 95 PAJTPY  PAJTPY  PAJTP/ PAJTP/ PAJTP/ PAJTP]  PA,TP
TCLKA  TCLKA TCLKA  TCLKA TCLKA  TCLKA TCLKA

94 96 PA,/TP/ PAJTP/ PAJTP, PAJTP,/ PAJTP/ PA,/TP/ PA,/TP,/
TCLKB  TCLKB /TCLKB  TCLKB TCLKB  TCLKB TCLKB

95 97 PA,ITP,  PA,TP,/  PA,TP,/ PA,TP,/ PATP,/ PA,TP,/  PA,TP,/

TIOCA/ TIOCAJ/ TIOCAJ TIOCAJ/ TIOCA/ TIOCA/  TIOCA/
TCLKC  TCLKC  TCLKC  TCLKC  TCLKC  TCLKC  TCLKC

96 98 PAJTP/ PA,TP/ PAJTPJ PAJTP/ PA,TPJ/ PAJTPJ PAJTP,/
TlocBy TIOCBJ/  TIOCBJ TIOCB/ TIOCB/ TIOCB/  TIOCBy
TCLKD  TCLKD  TCLKD  TCLKD  TCLKD  TCLKD  TCLKD

97 99 PA/TP,/ PA,JTP/ PAJ/TP/ PA,JTP,/ PAJTP,/ PA,JTP/ PA,TP,
TIOCA, TIOCA,  TIOCA/A,, TIOCA,/A,, TIOCA/A,, TIOCA,  TIOCA,

98 100 PAJTPJ/ PAJTPJ PAJTPJ PAJTP/ PAJTPJ/ PAJTPJ PAJTP,/
TIOCB, TIOCB,  TIOCB,/A,, TIOCB,/A,, TIOCB,/A,, TIOCB,  TIOCB,

99 1 PAJTPJ PAJTPJ PAJTP/ PAJTP/ PAJTPJ PAJTPJ PAJTP,/
TIOCA, TIOCA,  TIOCA,A,, TIOCAJA, TIOCAJA, TIOCA,  TIOCA,

100 2 PAJTP,]  PAJTP/ Ay As PA,ITP,  PAJTP/  PA,TP,/
TIOCB,  TIOCB, TIOCB,/A,, TIOCB,  TIOCB,

15
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Section2 CPU

21 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-hit 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.

L]

Upward compatibility 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-hit registers)

Sixty-two basic instructions

0 8/16/32-hit arithmetic and logic instructions

O Multiply and divide instructions

O Powerful bit-manipulation instructions

Eight addressing modes

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 @—ERnN]
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

High-speed operation

OoOooogood

O All frequently-used instructions execute in two to four states
0 Maximum clock frequency: 20 MHz

0 8/16/32-bit register-register add/subtract: 100 ns

O 8 x 8-hit register-register multiply: 700 ns

0 16 + 8-hit register-register divide: 700 ns

0 16 x 16-bit register-register multiply: 11lps

0 32+ 16-hit register-register divide: 11lps

RENESAS
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» Two CPU operating modes

00 Norma mode
O Advanced mode
* Low-power mode

Transition to power-down state by SLEEP instruction

2.1.2 Differences from H8/300 CPU

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

* Moregeneral registers

Eight 16-hit registers have been added.

» Expanded address space

O Advanced mode supports a maximum 16-M byte address space.
0 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.

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.

CPU operating modes

Normal mode

Advanced mode

Maximum 64 kbytes, program
and data areas combined

Maximum 16 Mbytes, program
and data areas combined

18

Figure2.1 CPU Operating Modes
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2.3 Address Space

Figure 2.2 shows a simple memory map for the H8/3064F. The H8/300H CPU can address alinear
address space with a maximum size of 64 kbytesin norma mode, and 16 Mbytes in 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

19
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24 Register Configuration

24.1 Overview

The H8/300H CPU hasthe 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 El R1H R1L
ER2 E2 R2H R2L
ER3 E3 R3H R3L
ER4 E4 R4H R4L
ER5 E5 R5H R5L
ER6 E6 R6H R6L
ER7 E7 (SP) R7H R7L

Control Registers (CR)
23 0
PC | |

76543210
ccr [ 1|ulH[ulN]|z]vic]

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

OsSNzcCcIT

Figure2.3 CPU Registers

20
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2.4.2 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 isused as a dataregister, it can be accessed as a 32-bit, 16-bit, or 8-hit 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-hit general registers designated by the letters E (EO to E7) and R
(RO to R7). Theseregisters are functionally equivalent, providing a maximum sixteen 16-hit
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 ER7 ROH to R7H

R registers
RO to R7

RL registers
ROL to R7L

Figure2.4 Usageof General Registers

General 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.

21
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Free area

SP (ER7)—>

Stack area

/\/

Figure2.5 Stack

243 Control Registers

The control registers are the 24-bit program counter (PC) and the 8-bit 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 instructionsis 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-bit 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 (1): Masksinterrupts other than NMI when set to 1. NMI is accepted
regardless of the | bit setting. The | bit isset 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, thisflag is set to 1 if thereis a carry 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
setto 1if thereisacarry or borrow at bit 11, and cleared to O otherwise. When the ADD.L,
SUB.L, CMP.L, or NEG.L ingtruction is executed, the H flag is set to 1 if thereisacarry or
borrow at bit 27, and cleared to O otherwise.

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 as the
sign hit.

22
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Bit 2—Zero Flag (Z): Setto 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): Set to 1 when acarry is generated by execution of an operation, and
cleared to O otherwise. Used by:

e Add instructions, to indicate a carry

e Subtract instructions, to indicate a borrow

« Shift and rotate instructions

The carry flag is @ so 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 hits, see section 5, Interrupt Controller.

24.4 Initial CPU Register Values

In reset exception handling, PC isinitialized to a value loaded from the vector table, and the | bit
in CCRisset 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 be initialized by an MOV L instruction executed immediately after a reset.

23
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25 Data For mats
The H8/300H CPU can process 1-bit, 4-bit (BCD), 8-bit (byte), 16-bit (word), and 32-bit
(longword) data. Bit-manipulation instructions operate on 1-bit data by accessing bit n (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 formatsin general registers.

General
Data Type Register Data Format
7 o
1-bit data RnH EE Don'tcare .
7 0

1-bit data RnL : Don't care EE

7 43 0

4-bit BCD data RnH Don't care :

________________ 7 43 0

4-bit BCD data RnL 1 Don't care

7 o
Byte data RnH [:j Don't care :
MSB ts8
________________ 7 0
Byte data RnL I Don’t care [:]
MSB LSB

Legend:
RnH: General register RH
RnL: General register RL

Figure2.6 General Register Data Formats

24
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General

Data Type Register Data Format
15 0
Word data R L
MSB LSB
Word data En | L |
MSB LSB
Longword data ERn | L L
MSB LSB

Legend:

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

Figure2.7 General Register Data Formats

252 Memory Data For mats

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.

25
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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 S
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.

26
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2.6 I nstruction Set

2.6.1 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*? 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 Bce*®, IMP, 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 H8/3064F.
3. Bcc is a generic branching instruction.

RENESAS
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26.2 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 aa8 aa:16 aa:24 PC) PC) aa:8 —
Data MOV BWL BWL BWL BWL BWL BWL B BWL BWL — — — —
transfer

POP, PUSH — — — — — — — — — — — — wL

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 —
System TRAPA — — — — — — — — — — — — O
control RTE _ _ _ _ _ 7 7 — — — — — 0O

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

28
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26.3 Tables of Instructions Classified by Function

Tables 2.3 to 2.10 summarize the instructions in each functional category. The operation notation
used in these tablesis 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
4 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
ad 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).

RENESAS
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Table2.3

Instruction Size*

Data Transfer Instructions

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 - (EAs)
Cannot be used in this LSI.
POP WiL @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.

30

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+#MM - 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 -5 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.

Note: * Size refers to the operand size.
B: Byte
W: Word
L: Longword
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Table2.4  Arithmetic Operation Instructions (cont)

Instruction Size*

Function

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
guotient 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.

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

32
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Table25 Logic Operation Instructions

Instruction Size*

Function

AND B/WI/L

Rd ORs - Rd, Rd O#IMM - Rd

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

OR B/WI/L

Rd ORs - Rd, Rd O#IMM - Rd

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

XOR B/WI/L

Rd O Rs - Rd, Rd O #IMM - Rd

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

NOT B/WI/L

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

Note: * Size refers to the operand size.

B: Byte
W: Word

L: Longword

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

Instruction Size*

Bit Manipulation Instructions

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 - (<hit-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 0O (<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.

Note: * Size refers to the operand size.

B: Byte

34
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Table2.7

Instruction Size*

Bit Manipulation Instructions (cont)

Function

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

C O[~ (<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

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.

BIXOR

C O [~ (<bit-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

(<bit-No.> of <EAd>) -~ C

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

BILD

~ (<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

C - (<bit-No.> of <EAd>)

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

BIST

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 BranchingInstructions

Instruction Size 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=o0
BLS Low or same ciz=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
BVvVC 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 zONNOV)=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 System Control Instructions

Instruction Size*

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 BW  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+ -~ @ER6+, 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 ER5, 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 Instruction Formats

The H8/300H instructions consist of 2-byte (word) units. An instruction consists of an operation
field (OPfield), 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 hits 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 adisplacement. A 24-bit address or displacement istreated as 32-bit data in which the
first 8 bitsare 0 (H'00).

Condition Field: Specifiesthe branching condition of Bcc instructions.

Figure 2.9 shows examples of instruction formats.
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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

EA (disp)

Operation field, effective address extension, and condition field

op cc ‘ EA (disp) BRAd:8

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

Figure2.9 Instruction Formats

265 Notes on Use of Bit Manipulation I nstructions

The BSET, BCLR, BNOT, BST, and BIST instructions read a byte of data, modify a bit 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 (P4ADDR) under
the following conditions.

P4, P4g:  Input pins
P45 —P4q:  Output pins

Theintended purpose of this BCLR instruction is to switch P4g from output to input.
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Befor e Execution of BCLR Instruction

P4, P4g P4g P4, P4, P4, P4, P4,
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, P4DDR : Execute BCLR instruction on DDR
After Execution of BCLR Instruction

P4, P4g P45 P4, P43 P4, P4, P4q

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 isawrite-only register, it isread as H'FF, even though itstrue value is H'3F.

Next the CPU clears bit O of the read data, changing the value to H'FE.
Finally, 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 flags in the on-chip registersto 0. In an interrupt-
handling routine, for example, if it isknown 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 Modes 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

a subset of these addressing modes. Arithmetic and logic instructions can use the register direct

and immediate modes. Data transfer instructions can use all 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 a bit

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 @-ERnN
Absolute address @aa:8/@aa:16/@aa:24

Immediate

H#xX:8/#xx:16/#xx:32

Program-counter relative

@(d:8, PC)/@(d:16, PC)

| N | O

Memory indirect

@@aa:8

Register Direct—Rn: Theregister field of the instruction code specifies an 8-, 16-, or 32-hit

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-bit registers. ERO to ER7 can be specified as 32-bit

registers.

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

Register Indirect with Displacement—@(d: 16, ERn) or @(d:24, ERn): A 16-bit or 24-hit
displacement contained in the instruction code is added to the contents of an address register

(ERn) specified by the register field of the instruction, and the lower 24 bits of the sum specify the
address of amemory operand. A 16-bit displacement is sign-extended when added.
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Register Indirect with Post-Increment or Pre-Decrement—@ERN+ or @-ERn:

e Register indirect with post-increment— @ERN+
Theregister 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 isaccessed, 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.

Absolute Address—@aa: 8, @aa: 16, or @aa:24: The instruction code contains the absolute
address of amemory operand. The absolute address may be 8 bits long (@aa:8), 16 bits long
(@aa:16), or 24 hitslong (@aa:24). For an 8-bit absolute address, the upper 16 bitsare all
assumed to be 1 (H'FFFF). For a 16-bit absolute address the upper 8 bits are asign extension. A
24-bit 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'FFFOO to H'FFFFF H'FFFFOO 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) (0 to 32767, 16744448 to 16777215)
24 bits (@aa:24) H'00000 to H'FFFFF H'000000 to H'FFFFFF
(0 to 1048575) (0 to 16777215)

I mmediate—#xx:8, #xx: 16, or #xx:32: The instruction code contains 8-bit (#xx:8), 16-bit
(#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 bhit manipulation instructions contain 3-bit immediate
data specifying a bit number. The TRAPA instruction code contains 2-bit immediate data
specifying a vector address.

42
RENESAS



Program-Counter Relative—@(d:8, PC) or @(d: 16, PC): Thismode isused in the Bcc and
BSR instructions. An 8-bit or 16-bit displacement contained in the instruction code is 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 thefirst byte of the next instruction,
so 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.

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 isignored, 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 addressrangeis 0 to
255 (H'000000 to H'0000FF). Note that the first part of this range is also the exception vector area.
For further details see section 5, Interrupt Controller.

/X/

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 isregarded 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 addressis 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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Table2.13 Effective Address Calculation

vl |

puelado piombBuoj e 10} ¢
‘puelado piom e 1o} g
‘puelado a1Ag e 10} T

| [2] do |

SjU8U09 Ja)sIBal [elaua _ INEE®)

i) JuswiaJldap-ald yum 10a11pul Ja1sibay

| [2] do |

SUaJU09 Ja)sIBal [essuaD _ +UY3®

€¢

T€  uswaioul-isod yum 1oaiipul Jaisibay

juswaloap-aid 1o

juawaJoul-lsod yum 10a11pul Jaisibay %
1 f
dsip 7 uolisualxa ubls _ _ 7 7 1 7 do _
114 SJUBUOI Ja)sIBal [eIBUBD) _
e (Uy3 ‘ve:p)@/(uY3 '9T:P)®
wawade|dsip yum 10a.1ipul Jaisibay €
[ 4] do |
_A|_ SUE I BEMSGEVRIETEL) _
€z 1€ (U4 @) waupul Ja1siBay z
o |
Suau09 Jalsibal
[fesauab si puesado (uy) 182.11pul JB1SIBaY T
SSaIppY 9AI11994)3 uole|nde) SSaIppy 9AI110943 Jewlo4 uononisul  ‘oN

pue sapo Buissaippy

44

RENESAS



Table2.13 Effective Address Calculation (cont)
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Table2.13 Effective Address Calculation (cont)
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2.8 Processing States

28.1 Overview

The H8/300H CPU has five processing states: the program execution state, exception-handling
state, power-down state, reset state, and bus-rel eased 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

282 Program Execution State

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

47
RENESAS




283 Exception-Handling State

The exception-handling state is a transient 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.

Reset

External interrupts
Exception

Sources Interrupt

Internal interrupts (from on-chip supporting modules)

Trap instruction

Figure2.12 Classification of Exception Sources
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Bus request

End of bus release

Program execution state>
SLEEP

instruction
with SSBY =0

Sleep mode >

End of bus
release

Bus
request

C Bus-released state >

Exception
handling source

End of Interrupt source | SLEEP instruction
ﬁxczrl)_tlon . with SSBY =1
anding NMI, IRQq, IRQy, !
. ) or IRQ interrupt !
Exception-handling state = ; KSoftware standby mode

A

RES = "High" !

STBY="High", RES ="Low" .
C Reset state *1 >= i Gardware standby mode 3

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 when STBY goes low.

Figure2.13 State Transitions

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 Instruction 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 (SYSCR) is set to 1, the CPU setsthe | bit in the condition code register to 1. If the UE bit
iscleared 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.
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Figure 2.14 shows the stack after the exception-handling sequence.

\\\__,,/////’—_\\\\ \\\__,,/////’—_\\\\

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

address

\\~_~//////——§\\\ \\\_—/////”_“‘\\

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 rel eased to a bus master other than the CPU, in response to a bus request.
The bus masters other than the CPU is an external bus master. While the busis released, the CPU
halts except for internal operations. Interrupt requests are not accepted. For details see section 6.6,
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.

The reset state can aso be entered by awatchdog timer overflow. For details see section 11,
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 Mode: A transition to sleep mode is made if the SLEEP instruction is executed while the
SSBY hit 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 Mode: 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.

Hardware Standby Mode: A transition to hardware standby mode is made when the STBY input
goeslow. Asin 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 19, Power-Down State.
29 Basic Operational Timing

291 Overview

The H8/300H CPU operates according to the system clock (@). The interval from onerise of the
system clock to the next riseisreferred to as a“ 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.
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Bus cycle

P

--— T, state %Tz State —»

. B e U U

Internal address bus >< Address ><

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

Internal write signal \—/7

Internal data bus - ‘
(write access) > { _Write data >—

Figure2.15 On-Chip Memory Access Cycle

0 I U W

Address bus >< Add‘ress ><

AS, RD, HWR, LWR

High imbedance

D15 to Dg

Figure2.16 Pin Statesduring On-Chip Memory Access

293 On-Chip Supporting Module 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.

52
RENESAS




! Bus cycle

~— T, state —»=—T, state - T; state —»

Address bus >< Address !

Internal read signal ‘ \

Read ! 3
access I : ‘ ;
Internal data bus :>_< Read data :
Internal write signal | \\ ‘ / ‘
Write i ! ; !
access ‘ !

Internal data bus :>—< Write déta >—

Figure2.17 Access Cyclefor On-Chip Supporting Modules

Address bus >< Address X

AS, RD, HWR,

I—
o)

High impedance
D15 to Dg

Figure2.18 Pin Statesduring Accessto On-Chip Supporting Modules

294 Accessto External Address Space
The external address space is divided into eight areas (areas 0 to 7). Bus-controller settings

determine whether each areais accessed via an 8-bit or 16-bit data 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

31 Overview

311 Operating M ode Selection

The H8/3064F 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
Mode Pins Oon-Chip
ROM
Operating Initial Bus (Flash On-Chip
Mode MD, MD, MD, Address Space Mode** Memory) RAM
— 0 0 0 — — — —
Mode 1 0 0 1 Expanded mode 8 bits Disabled Enabled*’
Mode 2 0 1 0 Expanded mode 16 bits Disabled Enabled*?
Mode 3 0 1 1 Expanded mode 8 bits Disabled Enabled**
Mode 4 1 0 0 Expanded mode 16 bits Disabled Enabled*’
Mode 5 1 0 1 Expanded mode 8 bits 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-hit 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
all areas, 8-bit bus mode is used. For details see section 6, Bus Controller.

Modes 1 to 4 are externaly expanded modes that enable access to external memory and periphera
devices and disable access to the on-chip ROM (flash memory). 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 al so enables access to the on-chip ROM (flash memory). 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 (flash memory), RAM,
and registers, and makes al 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 H8/3064F 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 H8/3064F has a mode control register (MDCR) that indicates the inputs at the mode pins
(MD, to MD,), and a system control register (SY SCR). Table 3.2 summarizes these registers.

Table3.2 Registers

Address* Name Abbreviation R/W Initial Value
H'EEO011 Mode control register MDCR R Undetermined
H'EE012 System control register SYSCR R/W H'09

Note: * Lower 20 bits of the address in advanced mode.

3.2 Mode Control Register (MDCR)

MDCR is an 8-hit read-only register that indicates the current operating mode of the
H8/3064F.

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 MDy.

Bits 7 and 6—Reserved: These hits can not be modified and are alwaysread as 1.
Bits 5 to 3—Reserved: These bits can not be modified and are always read as 0.
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Bits 2to 0—Mode Select 2to 0 (MDS2 to MDS0): These bitsindicate the logic levels at pins

MD, to MD,, (the current operating mode). MDS2 to MDSO correspond to MD, to MD,. MDS2 to

MDSO0 are read-only bits. The mode pin (MD, to MD,) levels are latched into these bits when
MDCR isread.

3.3 System Control Register (SYSCR)

SYSCRisan 8-hit register that controls the operation of the H8/3064F.

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—Softwar e Standby (SSBY): Enables transition to software standby mode. (For further
information about software standby mode see section 19, Power-Down State.)

When software standby mode is exited by an external interrupt, and atransition is made to normal

operation, this bit remains set to 1. To clear this bit, write 0.
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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 2to 0 (STS2 to ST S0): These bits 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 19.4.3, Selection of Waiting
Time for Exit from Software Standby Mode.

Bit 6 Bit 5 Bit 4
STS2 STS1 STSO Description

0 0 0 Waiting time = 8,192 states (Initial value)
0 0 1 Waiting time = 16,384 states

0 1 0 Waiting time = 32,768 states

0 1 1 Waiting time = 65,536 states

1 0 0 Waiting time = 131,072 states

1 0 1 Waiting time = 262,144 states

1 1 0 Waiting time = 1,024 states

1 1 1 lllegal setting

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

Bit 3

UE Description

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

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

Bit 1—Softwar e Standby Output Port Enable (SSOE): Specifies whether the address bus and

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 disablesthe on-chip RAM. The RAME bit 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)
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34 Operating Mode Descriptions

341 Mode 1

Ports 1, 2, and 5 function as address pins A4 to A,, permitting access to a maximum 1-Mbyte
address space. Theinitial bus mode after areset is 8 bits, with 8-bit accessto al areas. If at least
one areais designated for 16-bit access in ABWCR, the bus mode switches to 16 hits.

34.2 Mode 2

Ports 1, 2, and 5 function as address pins A ;4 to A,, permitting access to a maximum 1-Mbyte
address space. Theinitial bus mode after areset is 16 bits, with 16-bit accessto all areas. If al
areas are designated for 8-bit accessin ABWCR, the bus mode switchesto 8 bits.

34.3 Mode 3

Ports 1, 2, and 5 and part of port A function as address pins A,; to A,, permitting accessto a
maximum 16-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. A to A, arevalid when O iswritten in bits 7 to 5 of the bus release control register
(BRCR). (Inthismode A, is aways used for address output.)

344 Mode 4

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

8 bits. A, to A,, arevalid when O iswritten in bits 7 to 5 of BRCR. (In this mode A, is aways
used for address output.)

345 Mode5

Ports 1, 2, and 5 and part of port A can function as address pins A ,; to A,, 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 bits in their data direction registers (PADDR, P2DDR,
and P5DDR) must be set to 1, setting ports 1, 2, and 5 to output mode. For A,; to A, output, write
0inbits 7 to 4 of BRCR. Theinitia 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.
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3.4.6 Mode 6

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

3.4.7 Mode 7

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

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 functions in each operating mode.

Table 3.3 Pin Functionsin Each Mode

Port Mode 1 Mode 2 Mode 3 Mode 4 Mode 5 Mode 6 Mode 7

Portl A, toA, A, 1o A, A, to A, A, t0 A, P1,to P12 P1,t0P1l, P1,toP1,
Port2 A t0A, A t0A, A t0A, A to A, P2,to P2,*2 P2,to P2, P2,to P2,
Port3 D,sto Dy D,s to Dg D,s to Dg D,s to Dg D,s to Dg P3,t0 P3, P3;toP3,
Port4 P4,to P4, D,to Dy P4, to P4, D, to D,* P4, to P41 P4, to P4, P4, to P4,
Port5 A toA, AgtoA, AgtoA, Ay t0A, P5, to P5,*2 P5,to P5, P5,toP5,

PortA PA,toPA, PA,t0PA, PA,t0PA, Ay* PA,toPA, A,* PA,to PA* PA,to PA, PA,toPA,

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 D, 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. A,, is always an address output pin. PA; 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,; 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

Figures 3.1, 3.2, and 3.3 show memory maps of the H8/3064F. The address spaceis divided into
eight areas.

Theinitial 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 Reserved Areas

The H8/3064F memory map includes reserved areas to which access (reading or writing) is
prohibited. Normal operation cannot be guaranteed if the following reserved areas are accessed.

Reserved Areain Internal 1/0 Register Space: The H8/3064F internal 1/0O register space
includes areserved areato which accessis prohibited. For details see Appendix B, Internal 1/0
Registers.

62
RENESAS



Modes 1 and 2 Modes 3 and 4
(1-Mbyte expanded modes with (16-Mbyte expanded modes with
on-chip ROM disabled) on-chip ROM disabled)
H'00000 Vector area 9 H'000000 Vector area _9
S o e S o e
£9 |2 £812
S5 (39 S5 |29
H'O00FF |------------1 Y- £3 |3 9| HO000FF |------------1 TeEZ |89
2% |%¢a >%|Z%¢a
Sc =20 Sc |29
g2 23 £2 123
(R 98 a4
H'O7EEE _____________”Ef”” H'007FFF _____________,,,E,f R
HIFFFF| | Area0 Area 0
H'20000 H1FFFFF|_ __ | _________
H3FFFF| | Areal | H200000
H'40000
HSFFFF| | Areaz Areal
H'60000 | External address Area 3 H3FFFFF | .
H7FFFF| ___space __|""°9° H'400000
H'80000
HOFFFF| ___ .| Aread Area 2
H'A0000 H'5FFFFF
: Area 5 R00000 |T "ot
HBFFFF [T H'600000 External
HICOOOO Area 6 address Area 3
HDFFFF|.___________|"7"%9°% space
H'E0000 H7FFFFF | "7
Area7 | 1wenooo0 T
HEE000 H'800000
On-chip I/O Area 4
weEorr| redisters (1) WOFFFFF| |
External address H'A00000
space
H'F8000 |-~~~ e Area 5
, HBFFFFF|_ ____ | _________
On-chip RAM* g ]
HEEFOO |F-----------1 B 2 Area 6
o 3 HDFFFFF|___ | __
e 8 |S | HE00000
H'FFF20 , s |32
On-chip I/O 2 = H'FEE000 Area 7
registers (2) ?) a8 On-chip I/0
H'FFFEQ a2 © registers (1)
HFFFEA| External 8 |5 | HFEEOFF
address S Q External address
H'FFFFF space R A H'FF8000 |-...SPac€ 1
H'FFEF1F
H'FFEF20
On-chip RAM*| o 3
_____________ % |2
H'FFFFO0 2 |3
H'FFFF1F 5 |3
H'FFFF20 ] B |©
On-chip /0 @ 2
registers (2) > |2
H'FFFFEQ 2 |2
H'FFFFEA External © s
address s :;
HFFFFFF | SPace R Al

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

Figure 3.1 H8/3064F Memory Map in Each Operating Mode
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Mode 5 Mode 6 Mode 7
(16-Mbyte expanded mode with (single-chip normal mode) ) _Vvieae
on-chip ROM enabled) (single-chip advanced mode)
H'000000 o Sy S . 4= H00000 ———————Ti "1 -
Vector area 2 H0000 Vector area 3 00000 Vector area 2
cn & o0 cwn |8
£813 L8 2813
H'O000FF |___ | 1835 § @ HOOFF | ___________] 1S3 H'O00FF |____________] 1es § 3
I8 |39 I8 I8 |89
On-chipROM | 55 |55 5§ onchipRoM | §5 |5£
(flash memory)| 55|45 On-chipROM | £ (flashmemory)| 55|45
=5/ (flash memory)| =35 . =57
HOO7FFF |- oo ______+_ Y __ HO7FFF |- oL -7 ¥
H'03FFFF .
H040000 Area 0 e ,
H'1FFFFF rea , H'3FFFF
H200000 |7~ " LT On-chip I/0
H3FFFFF| | Areal registers (1)
H'400000 H'EOFF
HSFFFFF| .| Areaz
H'600000 | External address
H7FFFFF| ___space __| Area3
H'800000 H'E720
HOFFFFF| | Areasd "
H'A00000 On-chip RAM ]
HBFFFFF| .| 2225 | reron P 2
Hcooooo | T o | HFFOO | 2 .
. Area 6 3 H'EE000 -
HDFFFFF 1T ' K] On-chip I/0
H'E00000 HEFLE -
Area 7 H'FF20 . Q registers (1)
On-chip /0 ] HEEOFFE
HEFE9 registers (2) 2
H'FEEOOO K 8
On-chip I/0 S H'F8000 =~~~ -~~~
registers (1) 2 @
H'FEEOFF HFFFF Y] o H'EDE20 @

i Exterr;z;laiceidress On-chip RAM § g
HFF8000 | ___sPac® 1 HFFFOO |- - - o -m oo -] w8 |3
H'FFEF1F H'FFF1F 3 2
H'FFEF20 i H'FFF20 . & |2

OnchipRAM*| & | @ On-chip I/0O o |3
H'FFFFO0 2 g registers(2) 2 g
HFFFFLF g |5 H'FFFE9 2 |z
HFFFF20| on-chiplio || g @ £ |8
WEFFFEg| edisters 2 = % A ®
H'FFFFEA /g ! A3
External © 2
address 3 =
space @ 3
HFFFFFFL 1Y ___ ¥ —_

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

Figure3.1 HB8/3064F Memory Map in Each Operating M ode (cont)
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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 timesin 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)

412 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 CCR interrupt mask hit isset 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: 27 interrupts from on-chip
« Trap instruction supporting modules

Figure4.1 Exception Sources
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Table4.2 Exception Vector Table

Exception Source

Vector Number

Vector Address*!

Advanced Mode

Normal Mode

Reset

Reserved for system use

External interrupt (NMI)

Trap instruction (4 sources)

External interrupt IRQ,

External interrupt IRQ,

External interrupt IRQ,

External interrupt IRQ,

External interrupt IRQ,

External interrupt IRQ;q

Reserved for system use

Internal interrupts*?

0 H'0000 to H'0003 H'0000 to H'0001
1 H'0004 to H'0007 H'0002 to H'0003
2 H'0008 to H'000B 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
7 H'001C to H'001F H'000E to H'000F
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
12 H'0030 to H'0033 H'0018 to H'0019
13 H'0034 to H'0037 H'001A to H'001B
14 H'0038 to H'003B H'001C to H'001D
15 H'003C to H'003F H'001E to H'001F
16 H'0040 to H'0043 H'0020 to H'0021
17 H'0044 to H'0047 H'0022 to H'0023
18 H'0048 to H'004B H'0024 to H'0025
19 H'004C to H'004F H'0026 to H'0027
20 H'0050 to H'0053 H'0028 to H'0029
to to to

63 H'00FC 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

4.2.1 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 11,
Watchdog Timer.

4.2.2 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, 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.

e 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 address indicated in
the vector address.

Figure 4.2 shows the reset sequencein modes 1 and 3. Figure 4.3 shows the reset sequencein
modes 2 and 4. Figure 4.4 shows the reset sequence in mode 6.
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Figure4.2 Reset Sequence (Modes 1 and 3)

69

RENESAS



Internal

Vector fetch processing

Prefetch of first
program instruction

RES i

Address bus X (1) X @ X (5) ><
mo ] I 1 I
HWR, LWR | High ! : : :
Dys to Dy 3 @) : 4 — ) 3
(1), (3) Address of reset exception handling 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

3 Vector fetch 1 processing | instruction

RES i i 3 !

Int | | | ‘ ‘
;dgggs bus >< @) : >< @ ><

Internal
read signal

Internal
write signal High

Internal
data bus
(16 bits wide)

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

Figure 4.4 Reset Sequence (Mode 6)

4.2.3 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 exception handling. The first instruction of
the program is always 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 IRQ;), and
27 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), 16-bit
timer, 8-bit timer, serial communication interface (SCI), and A/D converter. Each interrupt source
has a separate vector address.

NMI isthe highest-priority interrupt and is always accepted* . Interrupts are controlled by the
interrupt controller. The interrupt controller can assign interrupts other than NMI 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.

For details on interrupts see section 5, Interrupt Controller.

. NMI (1)
External interrupts { IRQ, 10 IRQ; (6)

Interrupts
WDT" (1)
) 16-bit timer (9)
Internal interrupts 8-bit timer (8)
SCI (8)
A/D converter (1)

Note: Numbers in parentheses are the number of interrupt sources.
* When the watchdog timer is used as an interval timer, it generates an interrupt
request at every counter overflow.

Figure4.5 Interrupt Sourcesand Number of Interrupts

Note: * Asthe H8/3064F has on-chip flash memory, NMI input is sometimes disabled. For details,
see 17.10, Interrupt Handling during Flash Memory Programming and Erasing.

4.4 Trap Instruction

Trap instruction exception handling starts when a TRAPA instruction is executed. If the UE hit 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 O, the | and Ul bits are both set to 1 in CCR. 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 showsthe stack after completion of trap instruction exception handling and interrupt
exception handling.

SP—4
SP-3
SP-2
SP-1
SP (ER7) -

SP—4
SP-3
SP-2
SP-1
SP (ER7) -

Legend
PCg:

PCy:
PC,:

CCR:
SP:

\\\\\__—’///,//”“"““‘\\\

Stack area

\\\\\__—’///,//”“_““‘\\\

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

\\\\___~’//////”‘_“‘\\\

CCR

CCR*

PCh

PCL

\\\\‘__~,,//////’—_—\\\\\

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

a. Normal mode

\\\\\__—’///,//”“"““‘\\\

Stack area

\\\\\__—’///,//”“_““‘\\\

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

\\\\___~’//////”‘_“‘\\\

CCR

PCg

PCh

PCL

\\\\‘__~,,//////’—_—\\\\\

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

b. Advanced mode

Bits 23 to 16 of program counter (PC)
Bits 15 to 8 of program counter (PC)
Bits 7 to O of program counter (PC)
Condition code register

Stack pointer

Notes: * Ignored at return.
1. PCindicates the address of the first instruction that will be executed after return.
2. Registers must be saved and restored 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 H8/3064F regards the lowest address bit 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.L ERn  (or MOV.L ERn, @-SP)

Use the following instructions to restore registers:

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

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

CCR SP—= R1L HFFFEFA
Ssp—= HFFFEFB

PC PC HFFFEFC

HFFFEFD

SP —*| HFFFEFF

TRAPA instruction executed MOV. B R1L, @-ER7

_—»

SP set to H'FFFEFF Data saved above SP CCR contents lost

Legend

CCR: Condition code register
PC: Program counter

R1L: General register R1L
SP: Stack pointer

Note: The diagram illustrates modes 3 and 4.

Figure4.7 Operation when SP Valueis Odd

74
RENESAS




Section 5 Interrupt Controller

51 Overview

511 Features
Theinterrupt controller has the following features:

e Interrupt priority registers (IPRs) for setting interrupt priorities
Interrupt priority registers A and B (IPRA and IPRB) are provided, enabling either of two
priority levelsto be set for individual interrupt sources (except NMI) or individual modules.
* Three-level masking by the | and Ul bitsin the CPU condition code register (CCR)
e Seven external 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 IRQ;, sensing of the falling edge or level sensing can be selected
independently.

Note: * Asthe H8/3064F has on-chip flash memory, NMI input is sometimes disabled. For details,
see 17.10, Interrupt Handling during Flash Memory Programming and Erasing.
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512 Block Diagram

Figure 5.1 shows a block diagram of the interrupt controller.

CPU

lIscR| [ IER | | IPRA,IPRB |
NMI _
input o
/ /
. IRQ input -
IRQ input section ISR
Interrupt
OVF | Priority request ol
TME decision logic
Vector
) > number
TEI : _
TEIE 5 ?
Interrupt controller ( Li
UE
Legend: SYSCR
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

ul

CCR

Figure5.1 Interrupt Controller Block Diagram
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513 Pin Configuration
Table 5.1 liststhe 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 5to 0  IRQ; to IRQ, Input Maskable interrupts, falling edge or level

sensing selectable

Note: * As the H8/3064F has on-chip flash memory, NMI input is sometimes disabled. For details,
see 17.10, Interrupt Handling during Flash Memory Programming and Erasing.

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'EEO014 IRQ sense control register ISCR R/W H'00
H'EEQ015 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.

52 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 hit 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).
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SYSCRisinitialized 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

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 bit in 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 RegistersA and B (IPRA, IPRB)

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 ‘ IPRA6 ‘ IPRA5S ‘ IPRA4 ‘ IPRA3 ‘ IPRA2 ‘ IPRAL ‘ 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 Al
Selects the priority level
of 16-bit timer channel 1
interrupt requests

Priority level A2

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

Priority level A3
Selects the priority level of WDT,
and A/D converter interrupt requests

Priority level A4
Selects the priority level of IRQ, and IRQ g
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 (IPRA7Y): Selectsthe priority level of IRQ, interrupt requests.

Bit 7

IPRA7 Description

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

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

Bit 6

IPRAG 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 (IPRAD): Selectsthe priority level of IRQ, and IRQ; interrupt requests.

Bit 5

IPRAS Description

0 IRQ, and IRQ, interrupt requests have priority level 0 (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 IRQ; interrupt regquests.

Bit 4

IPRA4 Description

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

Bit 3—Priority Level A3 (IPRA3): Selectsthe priority level of WDT, and A/D converter
interrupt requests.

Bit 3
IPRA3 Description
0 WDT, and A/D converter interrupt requests have priority level O (low priority)
(Initial value)
1 WDT, and A/D converter interrupt requests have priority level 1 (high priority)
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Bit 2—Priority Level A2 (IPRA2): Selectsthe priority level of 16-bit timer channel O interrupt
requests.

Bit 2

IPRA2 Description

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

Bit 1—Priority Level A1 (IPRA1): Selectsthe priority level of 16-bit timer channel 1 interrupt
requests.

Bit 1

IPRA1 Description

0 16-hit 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 (IPRAOQ): Selectsthe priority level of 16-bit timer channel 2 interrupt
requests.

Bit 0
IPRAO Description
0 16-bit timer channel 2 interrupt requests have priority level 0 (low priority) (Initial value)
1 16-hit timer channel 2 interrupt requests have priority level 1 (high priority)
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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 ‘ — ‘ — ‘ IPRB3 ‘ IPRB2 ‘ — ‘ — ‘
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 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 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 0, 1 interrupt requests

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

Bit 7—Priority Level B7 (IPRB7): Selectsthe priority level of 8-bit timer channel O, 1 interrupt
requests.

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 0 (low priority)(Initial value)
1 8-bit timer channel 2, 3 interrupt requests have priority level 1 (high priority)
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Bits 5 and 4—Reserved: This bit 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 SCI channel 0 interrupt requests have priority level O (low priority) (Initial value)
1 SCI channel 0 interrupt requests have priority level 1 (high priority)

Bit 2—Priority Level B2 (IPRB2): Selectsthe priority level of SCI channel 1 interrupt requests.

Bit 2

IPRB2 Description

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

Bits 1 and 0—Reserved: This bit can be written and read, but it does not affect interrupt priority.

523 IRQ Status Register (ISR)

ISR isan 8-bit readable/writable register that indicates the status of IRQ, to IRQ; interrupt
regquests.

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)*  RI(W)*  RIW)* R/I(W)* RI(W)* R/(W)*
|
Reserved bits IRQ;5 to IRQ, flags

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

Bits 5to 0

IRQ5F to IRQOF Description

0 [Clearing conditions] (Initial value)
» 0is 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]

e IRQNSC =0 and IRQn input is low
* IRQnSC =1 and IRQn input changes from high to low

Note: n=51t00

524 IRQ Enable Register (IER)

IER is an 8-bit readable/writable register that enables or disables IRQ; to IRQ, interrupt requests.

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

These bits enable or disable IRQ5 to IRQg 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 IRQ, Enable (IRQ5E to IRQOE): These bits enable or disable
IRQs to IRQ, interrupts.

Bits 5to 0

IRQ5E to IRQOE Description

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

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

Bit 7 6 5 4 3 2 1 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 IRQq 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.

Bits5to 0—IRQsto IRQ, Sense Control (IRQ5SC to IRQOSC): These bits select whether
interrupts IRQ; to IRQ, are requested by level sensing of pins IRQs to IRQ,, or by falling-edge
sensing.

Bits5t0 0

IRQ5SC to IRQOSC Description

0 Interrupts are requested when IRQ, to IRQ, inputs are low (Initial value)
1 Interrupts are requested by falling-edge input at IRQ, to IRQ,

85
RENESAS



5.3 Interrupt Sources

Theinterrupt sources include external interrupts (NMI, IRQ, to IRQs) and 27 internal interrupts.

531 External Interrupts

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

NMI: NMI isthe highest-priority interrupt and is aways accepted, regardless of the states of the

| and Ul bitsin CCR*. The NMIEG bit 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: * Asthe H8/3064F has on-chip flash memory, NMI input is sometimes disabled. For details,
see 17.10, Interrupt Handling during Flash Memory Programming and Erasing.

IRQ, to IRQs I nterrupts: These interrupts are requested by input signals at pinsIRQ, to IRQs.
The IRQ, to IRQ; interrupts have the following features.

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

* |ER settings can enable or disable the IRQ, to IRQ; interrupts. Interrupt priority levels can be
assigned by four bitsin IPRA (IPRA7 to IPRA4).

e Thestatus of IRQ, to IRQ; interrupt requestsisindicated in ISR. The I SR flags can be cleared
to 0 by software.

Figure 5.2 shows a block diagram of interrupts IRQ, to IRQ..

IRQNSC IRQNE
l IRQNF
’ Edge/level - s Q IRQnN interrupt
sense circuit request
IRQn input f R
Clear signal

Note: n=5t00

Figure5.2 Block Diagram of InterruptsIRQ,to IRQq
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Figure 5.3 shows the timing of the setting of the interrupt flags (IRQnF).

¢

IRQN
input pin

IRQNF

Note: n=5t0 0

Figure5.3 Timing of Setting of IRQNF

Interrupts IRQ, to IRQ; 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, SCI input/output, or A/D
external trigger input.

532 Internal Interrupts
Twenty-Seven 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.

e Interrupt priority levels can be assigned in IPRA and |PRB.

533 Interrupt Exception Handling Vector Table

Table 5.3 lists the interrupt exception handling 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 NMI can be changed in IPRA and IPRB. The priority order after a
reset isthe default order shown in table 5.3.
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Table5.3

Interrupt Sour ces, 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'0O00F — 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'0O03F H'0O01E to H'0O01F
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
Reserved — 21 H'0054 to H'0057 H'002A to H'002B
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 AO)
IMIBO 25 H'0064 to H'0067 H'0032 to H'0033
(compare match/
input capture BO)
OVI0 (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
Reserved — 31 H'007C to H'007F H'003E to H'003F Low
Note: * Lower 16 bits of the address.
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Table5.3

Interrupt Sources, Vector Addresses, and Priority (cont)

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 IPRAQO 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 IPRBY7
(compare match ~ channel 0/1
A0)
CMIBO 37 H'0094 to H'0097 H'004A to H'004B
(compare match
BO)
CMIAl/CMIB1 38 H'0098 to H'009B H'004C to H'004D
(compare match
A1/B1)
TOVIO/TOVI1 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'0O0A7 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)
Reserved — 44 H'00BO to H'0O0B3 H'0058 to H'0059 —

45 H'00B4 to H'00B7 H'005A to H'005B

46 H'00B8 to H'00BB H'005C to H'005D

47 H'00BC to H'00BF H'0O05E to H'005F

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

51 H'00CC to H'00CF H'0066 to H'0067 Low
Note: * Lower 16 bits of the address.
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Table5.3

Interrupt Sour ces, Vector Addresses, and Priority (cont)

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 A
RXIO0 (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'0O0ODF H'006E to H'006F
(transmit end 0)
ERI1 SCI 56 H'00EO to H'OOE3 H'0070 to H'0071 [IPRB2
(receive error 1) channel 1
RXI1 (receive 57 H'0O0E4 to H'OOE7 H'0072 to H'0073
data full 1)
TXI1 (transmit 58 H'O0ES8 to H'OOEB H'0074 to H'0075
data empty 1)
TEI1 (transmit 59 H'00EC to H'0O0EF H'0076 to H'0077
end 1)
Reserved — 60 H'0O0FO0 to H'OOF3 H'0078 to H'0079 —
61 H'O0F4 to H'O0F7 H'007A to H'007B
62 H'00F8 to H'0O0OFB H'007C to H'007D
63 H'O0FC to H'OOFF H'007E to H'007F
Low
Note: * Lower 16 bits of the address.
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54 Interrupt Operation

54.1 Interrupt Handling Process

The H8/3064F 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
reguests are ignored when the enable bits are cleared to 0.

Note: * Asthe H8/3064F has on-chip flash memory, NMI input is sometimes disabled. For details,
see 17.10, Interrupt Handling during Flash Memory Programming and Erasing.

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

SYSCR CCR
UE | ul Description
1 0 — All interrupts are accepted. Interrupts with priority level 1 have higher
priority.
1 — 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 O. Interrupts with priority level 1 have higher priority. Figure
5.4 isaflowchart showing how interrupts are accepted when UE = 1.
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If an interrupt condition occurs and the corresponding interrupt enable bitisset 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 | PR setting are requested simultaneously, the interrupt
controller follows the priority order shown in table 5.3.

Theinterrupt controller checksthel bit. If thel bit is cleared to O, the selected interrupt request
isaccepted. If thel bitisset 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 compl eted.

In interrupt 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.

Next thel hitisset to 1in 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 bits enable three-level masking of
IRQ, to IRQ; interrupts and interrupts from the on-chip supporting modules.

L]

Interrupt requests with priority level 0 are masked when the | bit is set to 1, and are unmasked
when the | bit is cleared 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 isset to
H'20, and IPRB is set to H'00 (giving IRQ, and IRQ; interrupt requests priority over other
interrupts), interrupts are masked as follows:

a If1 =0, dl interrupts are unmasked (priority order: NMI > IRQ, > IRQ; >IRQ, ...).
b. If I =1and Ul =0, only NMI, IRQ,, and IRQ; are unmasked.
c. Ifl =1andUl =1, al interrupts are masked except NMI.

Figure 5.5 shows the transitions among the above states.
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<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

c. All interrupts are
masked except NMI

Exception handling,
oruUl <1

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

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

2. 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.

3. Theinterrupt controller checksthe bit. If the bit is cleared to 0, the selected interrupt request
is accepted regardliess of its IPR setting, and regardless of the Ul bit. If the | bit isset to 1 and
the Ul hit is cleared to 0, only 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, all other interrupt
reguests are held pending.

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

5. 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.

6. Thel and Ul hitsare set to 1 in CCR, masking all interrupts except NMI.

7. 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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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-bit bus.

"SNQ 1G-9T BIA S81R]S OM] Ul PaSSa00e Bale AIoWaW [euia)xa Ul }oels pue apod weiboid yim ‘Z 8pojN 810N

aunNoJ 991AI8S 1dnJIalul JO UOIdNASUI IS4
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oels 0} panes Yoo pue od  (8) '(9)

1)
(e1)

¥ —dS (2)
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(pa1noaxa jou) apod uononasul (¥) ‘(2)

(ss09 Dd se awes ‘ssaippe uinal
{paINdaxa 10u) ssalppe yolayaid uononiisul (1)

snq

ssalppy

feubis
1sanbal
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uononJsul Buissasoud
aunNnoJ 9JINIBS [eusaju|
1dnaiaul
1o yoiesaid

4018} 101097

Buissaosoid
[eusaju|

yolaaid | uononnsul Jo pus 1o}
uonon.sul JeM pue uoIsIoap
[ELEIRCLITE]

paidasoe 1dnusiu|

Figure5.7 Interrupt Sequence

96

RENESAS



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.

Table55 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 2%t 2% 2% 2% 2+
decision
2 Maximum number 1to 23 1to 27 1to 31* 1to 23 1to 25**
of states until end of
current instruction
3 Saving PCand CCR 4 8 12%4 4 6**
to stack
4 Vector fetch 4 8 12%* 4 6**
5 Instruction fetch*? 4 8 124 4 6+
6 Internal processing*® 4 4 4 4 4
Total 19to 41 31to 57 43t0 73 19to 41 25 to 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.
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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 O, at the instant
when execution of the instruction ends the interrupt is still enabled, so itsinterrupt 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 bit is cleared to O in the 16-bit timer's TISRA
register.

TISRA write cycle by CPU IMIA exception handling

[
[

-t
——
| |

o |

Internal
address bus >< TISRA address >< ><

Internal
write signal

IMIEA

IMIA

IMFA interrupt
signal

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

Thistype of contention will not occur if the interrupt is masked when the interrupt enable bit or
flag iscleared to O.
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55.2 Instructionsthat I nhibit 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 aways 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 EEPMOV .B instruction is executing atransfer, no interrupts are accepted until the
transfer is completed, not even NMI.

When the EEPMOV.W instruction is executing a transfer, 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 EEPM OV .W execution:

L1: EEPMOV. W
MOV. W R4, R4
BNE L1
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6.1

Section 6 Bus Controller

Overview

The H8/3064F 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 can release the bus to an external device.

6.1.1

Features

The features of the bus controller are listed bel ow.

¢ Manages external address space in area units

O

O

Manages the external space as eight areas (0 to 7) of 128 kbytesin 1M-byte modes, or 2
Mbytes in 16-Mbyte modes

Bus specifications can be set independently for each area

* Basic businterface

d
U
g
U

O

Chip select (CS, to CS,) can be output for areas 0 to 7

8-bit access or 16-bit 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

¢ Idlecycleinsertion

g
U

Anidlecycle can be inserted in case of an external read cycle between different areas

Anidle cycle can be inserted when an external read cycleisimmediately followed by an
external write cycle

* Busarbitration function

O

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

¢ Other features

O

Choice of two address update modes
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6.1.2 Block Diagram

Figure 6.1 shows a block diagram of the bus controller.

CSoto CS7
ABWCR
ASTCR
BCR K
[Internal address bus dAl'ez CSCR ~-- Internal signals ---,
ecoder -
Chip select ADRCR - 1 Bus mode control signal:
control signals ! ) ) i
Bus control —, Bus size control signal
i i 1 1
circuit ! Access state control signal!
9 L= Wait request signal |
o b oo
s
5
kel
©
- =
Wait state Q
_ controller =
WAIT S R
WCRH
JE—
WCRL B
it Internal signals ----- : L
| ] I BRCR
I CPU bus request signal —
I ! .
I CPU bus acknowledge signal }<—— Bus arbiter
e |
|—> BACK
Legend: BREQ
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
BCR: Bus control register

CSCR:  Chip select control register
ADRCR: Address control register

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

Chipselect0to7  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 (D, to Dy)

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

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'EEO20 Bus width control register ABWCR R/W H'FF*?
H'EEO21 Access state control register ASTCR R/W H'FF
H'EEQ22 Wait control register H WCRH R/W H'FF
H'EE023 Wait control register L WCRL R/W H'FF
H'EEO013 Bus release control register BRCR R/W H'FE*®
H'EEOQO1F 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

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.

6.2 Register Descriptions

6.2.1 BusWidth Control Register (ABWCR)

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

Bit 7 6 5 4 3 2 1 0
\ ABW?7 \ ABW6 \ ABW5 \ ABWA4 \ ABW3 \ ABW?2 \ ABW1 \ ABWO \
2"03"6;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 [ |itial value 0 0 0 0 0 0 0 0
2 and 4
Read/Write RIW 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 (D5 to Dg) isvalid, and port 4 is an input/output port. When at least one
bit is cleared to 0 in ABWCR, the chip operatesin 16-bit bus mode with a 16-bit data bus (D, to
Dy). 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.
Itisnot initialized in software standby mode.
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Bits 7 to 0—Area 7 to 0 Bus Width Control (ABW7 to ABWO): These bits select 8-hit 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 0 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).

6.2.2 Access State Control Register (ASTCR)

ASTCR is an 8-hit 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 ASTS 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. Itisnot initialized in
software standby mode.

Bits 7to 0—Area 7 to 0 Access State Control (AST7 to ASTO0): These hits select whether the
corresponding areais accessed in two or three states.

Bits 7to 0

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).
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6.2.3 Wait Control RegistersH and L (WCRH, WCRL)

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

On-chip memory and registers are accessed in afixed 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 bitin ASTCR is set
to L.

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 bitin ASTCR is set
tol.

Bit 5 Bit 4
w61l 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 bitin ASTCR is set
to L.

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)

Bits1 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 spaceis 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 wi1l w10 wo1l W00

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)

Bits 5 and 4—Area 2 Wait Control 1 and 0 (W21, W20): These hits select the number of
program wait states when area 2 in external space is accessed whilethe AST2 bitin ASTCR is set

to L
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 bits select the number of
program wait states when area 1 in external spaceis accessed whilethe AST1 bitin ASTCR is set
tol.

Bit 3 Bit 2
w11l 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 0 in external space is accessed while the ASTO bitin ASTCR is set
to L.

Bit 1 Bit 0
w01 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 0O 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-bit readable/writable register that enables address output on buslines A to A,, 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 \

2’!02‘15‘65, {Initial value 1 1 1 1 1 1 1 0
and 7 Read/Write — — — — — — — R/W
Modes {Initial value 1 1 1 0 1 1 1 0
3and 4 | Read/write RW ~~ RW  R/W — — — — RIW

Initial value 1 1 1 1 1 1 1 0
Mode {Read/Write R/W R/W R/W R/W — — — R/W

Reserved bits

Address 23 to 20 enable Bus release enable —
These bits enable PA; to PA, to be Enables or disables release
used for A,; to A, address output 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 isnot initialized in software standby mode.

Bit 7—Address 23 Enable (A23E): Enables PA, to be used as the A ,; address output pin.
Writing 0 in this bit enables A ; 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,; address output pin

1 PA, is an input/output pin (Initial value)

Bit 6—Address 22 Enable (A22E): Enables PA; to be used asthe 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 PA; hasits ordinary port functions.

Bit 6

A22E Description

0 PA, is the A,, address output pin

1 PA is an input/output pin (Initial value)
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Bit 5—Address 21 Enable (A21E): Enables PA; to be used asthe A,, address output pin.
Writing O in this bit enables A,, output from PA. In modes other than 3, 4, and 5, this bit cannot
be modified and PAg hasits ordinary port functions.

Bit 5

A21E Description

0 PA; is the A,, address output pin

1 PA; is an input/output pin (Initial value)

Bit 4—Address 20 Enable (A20E): Enables PA; to be used asthe A,, address output pin.
Writing 0 in this bit enables A, output from PA,. Thisbit can only be modified in mode 5.

Bit 4

A20E Description

0 PA, is the A,, address output pin (Initial value in modes 3 and 4)

1 PA, is an input/output pin (Initial value in modes 1, 2, 5, 6, and 7)

Bits 3 to 1—Reserved: These bits cannot be modified and are alwaysread 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

6.2.5 Bus Control Register (BCR)

Bit 7 6 5 4 3 2 1 0
ICIS1 ICISO — — — — RDEA WAITE

Initial value 1 1 0* 0* 0* 1 1 0

Read/Write R/W R/W — — — — R/W R/W

Note: * 1 must not be written in bits 5 to 3.
BCR is an 8-hit readable/writable register that enables or disablesidle cycle insertion, selectsthe

areadivision unit, and enables or disables WAIT pin input.
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BCRisinitialized to H'C6 by areset and in hardware standby mode. It isnot initialized in
software standby mode.

Bit 7—Ildle CycleInsertion 1 (1CIS1): Selects whether oneidle cycle stateis to be inserted
between bus cyclesin case of consecutive external read cyclesfor 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 (1CI1S0): Selects whether oneidle cycle stateis to be inserted
between bus cyclesin 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)

Bits 5 to 3—Reserved (must not be set to 1): These bits can be read and written, but must not be
setto 1. Normal operation cannot be guaranteed if 1 iswritten in these bits.

Bit 2—Reserved: This bit cannot be modifie and is always reads as 1.

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.

Bit 1
RDEA Description
0 Area divisions are as follows: Area 0: 2 MB Area 4: 1.93 MB
Area 1: 2 MB Area 5: 4 kB
Area 2: 8 MB Area 6: 23.75 kB
Area 3: 2 MB Area7:22B
1 Areas 0 to 7 are the same size (2 MB) (Initial value)
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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

6.2.6 Chip Select Control Register (CSCR)

CSCR is an 8-hit readabl e/writable register that enables or disables output of chip select signals
(CS, to CS,).

If output of achip select signal CS, to CS, is enabled by a setting in this register, the

corresponding pin functions 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

CSCRisinitialized to H'OF by areset and in hardware standby mode. Itisnot initializedin
software standby mode.

Bits 7 to 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 3 to 0—Reserved: These bits cannot be modified and are alwaysread as 1.
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6.2.7 Address Control Register (ADRCR)

ADRCR is an 8-bit 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
I N e e B e
Initial value : 1 1 1 1 1 1 1 1
R/W : — — — — — — _ R/W
| T

Reserved bits Address control

Selects address update
mode 1 or address
update mode 2

ADRCRisinitialized to H'FF by areset and in hardware standby mode. Itisnot initiaized in
software standby mode.

Bits 7 to 1—Reser ved: These bits cannot be modified and are alwaysread as 1.

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 Area Division

The external address spaceis divided into areas 0to 7. Each areahas 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' AO00O 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 H' DFFFFF
H' E0000 Area 7 (128 Mbytes) H' E00000 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 AccessAreaMap for Each Operating Mode

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 @
Area 0 Area 0 B
2 Mbytes 2 Mbytes =
H'1FFFFF o
H'200000 "
Q
Area 1 Area 1 %
2 Mbytes 2 Mbytes s
H'3FFFFF N
H'400000 "
Q
Area 2 _‘%
2 Mbytes s
§ Area 2 ~
H'5FFFFF 8 Mbytes o
H'600000 @
Area 3 B
2 Mbytes =
H'7FFFFF o
H'800000 2
Area 4 =
2 Mbytes 2
H'OFFFFF ~
H'A00000 »
Q
Area 5 %
2 Mbytes s
H'BFFFFF o
H'C00000 »
Area 6 Area 3 ‘g
2 Mbytes 2 Mbytes '§
H'DFFFFF o
H'E00000 Area 7 Area 4
1.93 Mbytes 1.93 Mbytes
H'FEEO000
On-chip registers (1) On-chip registers (1)
H'FEEOFF
H'FEE100
Reserved 39.75 kbytes
T ] —
H'FF8000 Area 5
WFFSFFF| ] 4 kbytes
H'FF9000
Area 7 Area 6 3
63.5 kbytes 19.75 kbytes E‘
=
] o~
H'FFDF1F 2o
= ©
H'FFDF20 25
2 4
Qoo
<35
On-chip RAM On-chip RAM K]
8 kbytes 8 kbytes*
HFFFEFF| _ _ _ _ ol N R
H'FFFF00 T
HFFFF1F £
H'FFFF20 £
On-chip registers (2) On-chip registers (2) 59
H'FFFFE9 § g
HFFFFEA Area 7 Area 7 3
H'FFEFEF 22 bytes 22 bytes l

(A) Memory map when RDEA =1 (b) Memory map when RDEA =0

Note: * Area 6 when the RAME bit is cleared.

Figure6.3 Memory Map in 16-Mbyte 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-hit access space, and an area for which a 16-bit busis selected
functions as al6-hit access space.

If all areasare designated for 8-bit access, 8-bit bus mode is 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 areafor which
three-state access is selected functions as a three-state access space.

When two-state access space is desighated, 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.

Table 6.3 shows the bus specifications for each basic bus interface area.
Table6.3 Bus Specificationsfor Each Area (Basic Bus I nterface)

ABWCR ASTCR WCRH/WCRL Bus Specifications (Basic Bus Interface)

ABWn ASTn Wnl 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 3 0
1 1
1 0 2
1 3
Note:n=0to 7
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6.3.3 Memory Interfaces

Asits memory interface, the H8/3064F has only a basic bus interface that allows direct connection
of ROM, SRAM, and so on. It is hot possible to select a DRAM interface that allows direct
connection of DRAM, or aburst ROM interface that allows direct connection of burst ROM.

6.3.4 Chip Select Signals

For each of areas 0 to 7, the H8/3064F 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 CS, to CS,: 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 CS,, the corresponding
DDR bits must be set to 1. In the expanded modes with on-chip ROM enabled, areset leaves pins
CS, to CS; intheinput state. To output chip select signals CS, to CSs, the corresponding DDR
bits must be set to 1. For details, see section 7, 1/O Ports.

Output of CS, to CS,: Output of CS, to CS; is enabled or disabled in the chip select control
register (CSCR). A reset leaves pins CS, to CS, in the input state. To output chip select signals
CS, to CS,, the corresponding CSCR bits must be set to 1. For details, see section 7, 1/O Ports.

o | L

Address >< External address in area n ><

CSn

Figure6.4 CSn Signal Output Timing (n=0to7)

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 H8/3064F provides a choice of two address update methods: either the same method asin the
previous H8/300H Series (address update mode 1), or a method in which address output is
restricted to external space accesses (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 ap read cycle | memory cycle ap read cycle _ | memory cycle
Address update X X
mode 1

Address update
mode 2

" I |

Figure6.5 Sample Address Output in Each Address Update Mode
(Basic Bus I nterface, 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 Mode 2: In address update mode 2, address updating is performed only in
external space accesses. 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 bitin
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 address update mode 2 is selected, the address in an internal space (on-chip memory or
internal 1/0) access cycleis not output externally.

« In order 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 not 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 memory cycle
Address update Even addres/s \Odd address
mode 2
= U

Figure6.6 Example of Consecutive External Space Accessesin Address Update Mode 2
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6.4 Basic Bus I 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 (D, to D) is used according to the bus specifications
for the area being accessed (8-hit 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 (D, to Dg) is aways used for accesses. The amount of data
that can be accessed at one time is one byte: aword accessis performed as two byte accesses, and
alongword access, as four byte accesses.

Upper data bus Lower data bus
|D15 DBI D7 DQl

Byte size [0 ]

Word size 1st bus cycle [

| 2nd bus cycle |

[ 1st bus cycle

L dsi
ongword size 2nd bus cycle

|
|
3rd bus cycle |
| 4th bus cycle |

Figure6.7 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 (D, to Dg) and lower data bus (D, to D) 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 addressis
even or odd. The upper data busis used for an even address, and the lower data bus for an odd
address.

Upper data bus Lower data bus
ID15 DSIDJ _____________ IQQI
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 isvalid for both the upper and the lower half of the data bus.

In awrite, the HWR signal is valid for the upper half of the data bus, and the LWR signal for the
lower half.

Table6.4 DataBusesUsed and Valid Strobes

Access Read/ Valid Upper Data Bus Lower Data Bus
Area Size Write Address Strobe (D,;to Dy) (D, to D)
8-bit access  Byte Read — RD Valid Invalid
area Write  — HWR Undetermined data
16-bit access Byte Read Even RD Valid Invalid
area Odd Invalid Valid
Write Even HWR  Vvalid Undetermined data
Odd LWR Undetermined data Valid
Word Read — RD Valid Valid
Write ~ — HWR,  Valid Valid
LWR

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.
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6.4.4 Memory Areas

Theinitial state of each areais basic bus interface, three-state access space. The initial bus width
is selected according to the operating mode.

Area 0: Area 0 includes on-chip ROM, and in ROM-disabled expansion mode, all of area0is
external space. In 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.

The size of area 0 is 128 kbytesin modes 1 and 2, and 2 Mbytesin modes 3, 4, and 5.

Areas 1to 6: In externa expansion mode, areas 1 to 6 are entirely external space.
When area 1 to 6 external space is accessed, the CS, to CS;, pin signals respectively can be output.
The size of areas 1 to 6 is 128 kbytesin modes 1 and 2, and 2 Mbytesin modes 3, 4, and 5.

Area 7: Area7 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 bit 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 output.

The size 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 D) is used in accesses to these areas. The
LWR pinisawayshigh. Wait states can be inserted.

I
Buscycle —————»

T1 ! T2 | T3

L] |

1
1
Address bus X Exte'mal address in area n
1
1

G

Valid

Read access { Disto Dg

D7to Do Invalid

}

HWR

LWR High

1
I
I
I
i
Disto Dg —— ! Valid
I
1
I
|
i

Write access

s

Undetermined data
T 1
1 '

D7to Dy ——

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-bit,
two-state-access area. The upper data bus (D45 to Dg) is used in accesses to these areas. The LWR
pinisawayshigh. Wait states cannot be inserted.

«—— Buscycle —»
1 1

! T1 ' T2

S e S e

I
|
Address bus ‘X, External address in area n EX
I
I

s |

Read access { Disto Dg @—

1

1

1

1

i

1

1

1

1

1

1

1

1

1

1

i

|

: Invalid

|

1

1

1

1

1

1

1

|

!
d

i

D7 to Do

LWR High

Write access

Valid

Disto Dg _'_<
1
1
1
1

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 (D5 to Dg) isused in
accesses to even addresses and the lower data bus (D-, to D) in accesses to odd addresses. Wait
states can be inserted.

i<— Buscycle — &
! T1 ' T2 X T3
o 1 L1 | |
1

1
1
Address bus iX Even external address in area n

o, ]
s |

m |

|“>_<“_“_

Ik

Write access

1
1
1
Read access { DistoDs : Valid
|
1
D7to Do : Invalid

|

HWR |
|
1

LWR : High
1
1
1
1

Undetermined data
i

| D7toDe ———

TT]

1
I
I
I
i
DistoDg ———— | Valid
I
1
I
|
i

Note: n=71t00

Figure6.11 BusControl Signal Timing for 16-Bit, Three-State-Access Area (1)
(Byte Accessto Even Address)
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Address bus

Read access

Write access

Disto Dg

D7 to Do

j«—— Buscycle ——— &

! T1 X T2

T3

[ L 1

1
1
Odd external address in area n

L
X

T

g

High

LWR

Disto Dg

L D7to Do

Note: n=71t00

Undetermined data

Valid

|

TTW

Figure6.12 BusControl Signal Timing for 16-Bit, Three-State-Access Area (2)

(Byte Accessto Odd Address)
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:<— Buscycle —— &
|

T2 | T3 !
o _] I_, I L]
I I
1 ! !
Address bus X External address in area n EX
I
I

CSn
I
o

RD

Read access { Disto Dg

n
o

|
1
1
|
1
1
|
1
1
|
i 1
. valid |
1
1
1
1
|
1
1
|
1
|
1
1
1
i

D7to Do
I
AWR | |
: i
|
LWR | I
I
Write access M !
DistoDg —— | Valid —
1 ! 1
1 ! 1
! . .
| D7to Do —:—( | Valid D—
H 1
I "

Note: n=7t00

Figure6.13 BusControl Signal Timing for 16-Bit, Three-State-Access Area (3)
(Word Access)
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16-Bit, Two-State-Access Areas: Figures 6.14 to 6.16 show the timing of bus control signalsfor
a 16-bit, two-state-access area. In these areas, the upper data bus (D, to Dg) is used in accesses to
even addresses and the lower data bus (D, to D,) in accesses to odd addresses. Wait states cannot
be inserted.

I I
«——— Buscycle ———
I

1
! T1 | T2 !
¢ [ | I I
1 1
1 ! 1
Address bus 1XEven external address in area nEX
1 T
1

s ]
|

1

1

1

1

|

1

1

1

1

1

1

1

! 1

1

r valid !

| .

1

: Invalid |

|

i

1

1

1

1

1

|

!
d

i

Read access { Disto Dg

D7to Do

LWR High

Write access

1
1
:
1 1
1 1
i i
1 1
1 1
1 1
Disto Dg _'_<: Valid '>_

D7to Do —'—< Undetermined data >—

Note: n=71t00

Figure6.14 BusControl Signal Timing for 16-Bit, Two-State-Access Area (1)
(Byte Accessto Even Address)
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«—— Buscycle ——»
1 1

! T1 | T2 !
AN I S N
I I
| ! |
Address bus 'X Odd external address in area n EX
1 T
I

cs |
s T L T

|

Read access { Disto Dg

1
1
1
1
i
1
1
1
1
1
1
1
: 1
E { Invalid Y———o
1
1
1
1
1
1
:
1
1
1
1
1
|

I

Disto Ds —-—( Undetermined data >—
I
I
I

valid —

Write access

1
:
HWR High |
:
1
LWR |
|
1

| D7to Do

|

Note: n=71t00

Figure6.15 BusControl Signal Timing for 16-Bit, Two-State-Access Area (2)
(Byte Accessto Odd Address)
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1
1
Address bus |
1
1

¢

CSn

Read access ¢ Disto Dg

«— Buscycle ——»

! T1

T2

External address in area n

|
X

Write access

Note: n=71t00

Figure6.16 BusControl Signal Timing for 16-Bit, Two-State-Access Area (3)

6.4.6 Wait Control

When accessing external space, the H8/3064F can extend the bus cycle by inserting wait states
(T,). Therearetwo ways of inserting wait states: (1) program wait insertion and (2) pin wait

insertion using the WAIT pin.

(Word Access)

Program Wait I nsertion: From O to 3 wait states can be inserted automatically between the T,
state and T, 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

WALIT pin. When external spaceis accessed in this state, a program wait isfirst inserted. If the

WALIT pinislow at thefalling edge of @inthelast T, or T, state, another T, state isinserted. If
the WAIT pinisheld low, T, states are inserted until it goes high.

Thisis useful when inserting four or more T, states, or when changing the number of T,, states for
different external devices.

The WAITE hit setting applies to all aress.

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

lJ 1 IR :‘

AS |
RD |—
Read access
Data bus { Read data }-
HWR, LWR |
Write access
Data bus Write data )—

Note: ¥ indicates the timing of WAIT pin sampling.

Figure6.17 Example of Wait State Insertion Timing
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6.5 Idle Cycle

6.5.1 Operation

When the H8/3064F 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,
and (2) when awrite cycle occursimmediately after aread cycle. By inserting an idlecycleitis
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.

Theinitia value of the ICIS1 and ICISO hitsin BCR is 1, so that idle cycle insertion is performed
intheinitial state. If there are no data collisions, the ICIS bits can be cleared.

Consecutive Reads between Different Areas: If consecutive reads between different areas occur
whilethe ICIS1 bitissetto 1in BCR, anidle cycleisinserted at the start of the second read cycle.

Figure 6.18 shows an example of the operation in this case. In this example, buscycle A isaread
cycle from ROM with along output floating time, and bus cycle B isaread cycle from SRAM,
each being located in a different area. In (@), anidle cycleis not inserted, and a collision occursin
bus 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
'Ti T2 T3 T1_To! ‘T T2 T3l Ti T1 To!

Address bus j Address bus j
1 1

-

¥ X
e T

1 \ 1
Data bus __ N Data bus }——— (")
1 [ ! 1 1 1 1
-~ Data collision

Long buffer-off time
(a) Idle cycle not inserted (b) Idle cycle inserted

X
RD T M

Figure6.18 Example of Idle Cycle Operation (ICIS1=1)

Write after Read: If an external write occurs after an external read while the ICISO bit issetto 1
in BCR, anidlecycleisinserted at the start of the write cycle.

Figure 6.19 shows an example of the operation in this case. In this example, buscycle A isaread
cycle from ROM with along output floating time, and bus cycle B isa CPU write cycle.

In (8), anidle cycleis not inserted, and a collision occursin bus cycle B between the read data
from ROM and the CPU write data. In (b), anidle cycleisinserted, and adatacollisionis
prevented.
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Bus cycle A Bus cycle B Bus cycle A Bus cycle B

1 T1 T2 T3, T1 Toy 1 T1 T2 T3, T1 T1 To
1 1 1 1
Address bus j X C Address bus j X X
I I I I I I
| I | | I |
RD 1] N RD 71| "
] ] ]
I T [

L

!
HWR i HWR i LI
) )

Data bus (N Databus _}—— 1 )
1 [ 1 1 1 1
1
~— Data collision

Long buffer-off time

(a) Idle cycle not inserted (b) Idle cycle inserted

Figure6.19 Exampleof Idle Cycle Operation (ICI1S0=1)

Usage Note: When non-insertion of an idle cycle is specified, the rise (negation) of RD and fall
(assertion) of CS,, may occur simultaneously. Figure 6.20 shows an example of the operation in
this case.

If consecutive reads to a different external area occur while the ICIS1 bit in BCR is cleared to O, or
if an external read is followed by awrite cycle for adifferent external areawhile the ICISO bit is
cleared to 0, negation of RD in the first read cycle and assertion of CS, in the following bus cycle
will occur simultaneously. Depending on the output delay time of each signal, therefore, it is
possible that the RD low output in the previous read cycle and the CS,, low output in the following
bus cycle will overlap.

Aslong asRD and CS,, do not change simultaneously, or if there is no problem even if they do,
non-insertion of an idle cycle can be specified.

Bus cycle A Bus cycle B Bus cycle A Bus cycle B
1 T1 T2 T3, T1_To 1 T1 T2 T3, Ti T1 T2,
o Mririrsf o FLrrifrrr
1 1 1 1 1 1
Address bus _X A | & Address bus _X A X
T ! T ! |
RD 1] | , RD 1 | | |
I [N} I I I I
1 [ 1 I I I
1
CSn : |I | II CSn : : | '
1 [ 1 1 1 1
I el | | |

Simultaneous change of RD and
CSn: possibility of mutual overlap

(a) Idle cycle not inserted (b) Idle cycle inserted

Figure6.20 Example of Idle Cycle Operation
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6.5.2 Pin Statesin Idle Cycle
Table 6.5 shows the pin statesin an idle cycle.

Table6.5 Pin StatesinldleCycle

Pins Pin State

A, t0 A, Next cycle address value
D,;to D, High impedance

CS, High

AS High

RD High

HWR High

LWR High

6.6 Bus Arbiter

The bus controller has a built-in bus arbiter that arbitrates between different bus masters. The bus
master can be either the CPU or an external bus master. When a bus master has the busright it can
carry out read and write operations. Each bus master uses a bus request signal to request the bus
right. 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 a bus master’ s bus request signal is active, and if so, returns a bus
reguest acknowledge signal to the bus master. When two or more bus masters reguest 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 > CPU (Low)

The bus arbiter samples the bus request signals and determines priority at al times, but it does not
aways 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.
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6.6.1 Operation

CPU: The CPU isthe lowest-priority bus master. If an external bus master requests the bus while
the CPU has the busright, the bus arbiter transfers the bus right to the bus master that requested it.
The busright istransferred 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
continuesits internal operations.

» If another bus master requests the bus while the CPU isin sleep mode, the busright is
transferred immediately.

External BusMaster: When the BRLE hit isset 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 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 H8/3064F 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 signal 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 6.21 shows the timing when the busright 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.

136
RENESAS
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| |
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Figure6.21 Example of External Bus Master Operation

When making a transition to software standby mode, if there is contention with a bus request from
an external bus master, the BACK and strobe states may be indefinite when the transition is made.

When using software standby mode, clear the BRLE bhit to 0 in BRCR before executing the
SLEEP instruction.
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6.7 Register and Pin Input Timing

6.7.1 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 6.22 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

AR [ A I Iy

I
|
Address bus :D( EX ASTCR address EX EX

I
' 3-state accessto area 0 2-state access to area 0

Figure6.22 ASTCR Write Timing

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 6.23 shows the timing when the CS; pin is changed from generic
input to CS, output.

T1 T2 T3

I S R I

P8DDR address

Address bus

- K-

Csy

-2 -

[

High-impedance

Figure6.23 DDR Write Timing
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BRCR Write Timing: Datawritten to BRCR to switch between A,;, A,,, A,;, or A,, output and
generic input or output takes effect starting from the T, state of the BRCR write cycle. Figure
6.24 shows the timing when a pin is changed from generic input to A ,;, A, Ay, Or A,y Output.

T1 T2 T3

BRCR address

L

Address bus

- K-

PA7 to PA4
(A23 to A20) High-impedance

e G o R

6.7.2

Figure6.24 BRCR Write Timing

BREQ Pin Input Timing

After driving the BREQ pin low, hold it low until BACK goeslow. If BREQ returns to 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 1/0 Ports

71 Overview

The H8/3064F has 10 input/output ports (ports 1, 2, 3, 4, 5, 6, 8, 9, A, and B) and one input-only
port (port 7). Table 7.1 summarizes the port functions. The pinsin each port are multiplexed as
shownintable 7.1.

Each port has a data 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
driveone TTL load and a 30-pF capacitive load. Ports 1 to 6 and 8 to B can drive adarlington
pair. Ports 1, 2, and 5 can drive LEDs (with 10-mA current sink). Pins P8, to P8,, PA, to PA, have
Schmitt-trigger input circuits.

For block diagrams of the ports see appendix C, 1/O Port Block Diagrams.

Table7.1 Port Functions

Single-Chip
Expanded Modes Modes
Port | Description Pins Mode 1 ‘ Mode 2 ‘ Mode 3 ‘ Mode 4 Mode 5 Mode 6 | Mode 7
Port 1 |« 8-bit I/O P1,to P1,/ |Address output pins (A;to Ay) Address output | Generic input/
port A, to A, (A;to Aj) and | output
« Can drive generic input
LEDs DDR = 0:
generic input
DDR =1:
address output
Port 2 |« 8-bit I/O P2, to P2,/ | Address output pins (A, to Ag) Address output | Generic input/
port A5 to Ag (A5 to Ag) and | output
* Built-in generic input
input DDR =0:
pull-up generic input
transistors DDR = 1:
» Can drive address output
LEDs
Port 3 | 8-bit /O P3, to P3,/ | Data input/output (D5 to Dg) Generic input/
port D,5 to Dg output
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Table7.1

Port Functions (cont)

Single-Chip
Expanded Modes Modes
Port | Description Pins Mode 1 ‘ Mode 2 ‘ Mode 3 ‘ Mode 4 ‘ Mode 5 Mode 6 | Mode 7
Port 4 |« 8-bit I/O P4, to P4,/ | Data input/output (D, to D,) and 8-bit generic Generic input/
port D, to D, input/output output
* Built-in 8-bit bus mode: generic input/output
Input 16-bit bus mode: data input/output
pull-up
transistors
Port 5 | ¢ 4-bit I/O P5, to P5,/ | Address output (A, to A;) Address output | Generic input/
port A to Ajg (Ao to Ajg) and | output
* Built-in _4-bit generic
input input
pull-up DDR = 0:
transistors generic input
» Can drive DDR = 1:
LEDs address output
Port 6 |« 8-bit I/O P6./¢ Clock output (@) and generic input
port
P6,/LWR Bus control signal output (LWR, HWR, RD, AS) Generic input/
P6,/HWR output
P6,/RD
P6./AS
P6,/BACK | Bus control signal input/output (BACK, BREQ, WAIT) | Generic input/
P6,/BREQ and 3-bit generic input/output output
P6,/WAIT
Port 7 | « 8-bit I/O P7.,/AN,/ Analog input (AN, AN) to A/D converter, analog output (DA, DA,) from
port DA, D/A converter, and generic input
P74/AN/
DA,
P7;to P7,/ | Analog input (ANg to AN,) to A/D converter, and generic input
AN to AN,
Port 8 | « 5-bit I/O P8,/CS, DDR = 0: generic input DDR = 0 (after | Generic input/
port DDR = 1 (reset value): CS, output reset): generic | output
» P8, to P8, input o
have DDR =1: CS,
Schmitt output
inputs
P8,/IRQ,/ |IRQ; input, CS, output, external trigger input (ADTRG) | IRQ, input,
CS,/ADTRG | to A/D converter, and generic input external trigger
DDR = 0 (after reset): generic input input (ADTRG) to
-1.Cs A/D converter,
DDR = 1: CS, output and generic
input/output
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Table7.1  Port Functions (cont)
Single-Chip
Expanded Modes Modes
Port | Description Pins Mode 1 ‘ Mode 2 ‘ Mode 3 ‘ Mode 4 ’ Mode 5 Mode 6 | Mode 7
Port 8 | « 5-bit I/O P8,/RQ,/ |IRQ, and IRQ, input, CS, and CS, output, and generic | IRQ, and IRQ,
port CS, input input and generic
- P8,t0 P8, |P8,/IRQ,/ |DDR =0 (after reset): generic input input/output
have CS, DDR = 1: CS, and CS, output
Schmitt
inputs
P8,/IRQ, IRQ, input, and generic input/output
Port 9 |« 6-bit 110 P9,IRQ;/ |Input and output (SCK,, SCK,, RXD;, RXD,, TxD;, TXD,) for serial
port SCK; communication interfaces 1 and 0 (SCI1/0), IRQ; and IRQ, input, and 6-bit
P9,MRQ, / generic input/output
SCK,
P9,/RxD,
P9,/RxD,
P9,/TxD,
P9,/TxD,
Port A |+ 8-bit I/O PA,ITP,/ Output (TP;) from | Address output Address output | TPC output (TP,),
port TIOCB,/A,, |pro-grammable (Ay) (Ay), TPC 16-bit timer input
« Schmitt timing pattern output (TP,), or output
inputs controller (TPC), input or output | (TIOCB,), and
input or output (TIOCB,) for generic
(TIOCB,) for 16- 16-bit timer, input/output
bit timer and and generic
generic input/ input/output
output
PAGTP/ TPC output (TPg | TPC output (TP, to TP,),16-bit TPC output (TP
TIOCA,/A,, |to TP,), 16-bit timer input and output (TIOCA,, to TP,), 16-bit
PA./TP./ timer input and TIOCB,, TIOCA,), address output | timer input and
TISCBJAZZ output (TIOCA,, | (A, to A,;), and generic input/ output (TIOCA,,
APy | TIOCB, TIOCA,), | output TIOCB,, TIOCA,)
4 ‘; and generic and generic
TIOCA Az input/output input/output
PA,ITP,/ TPC output (TP, to TP,), 16-bit timer input and output (TIOCB,, TIOCA,,
TIOCB,/ TCLKD, TCLKC, TCLKB, TCLKA), 8-bit timer input (TCLKD, TCLKC,
TCLKD TCLKB, TCLKA), and generic input/output
PA,ITP,/
TIOCA/
TCLKC
PA,/TP,/
TCLKB
PA,TP/
TCLKA
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Table7.1 Port Functions (cont)
Single-Chip
Expanded Modes Modes
Port | Description Pins Mode 1 ‘ Mode 2 ‘ Mode 3 ‘ Mode 4 ‘ Mode 5 Mode 6 | Mode 7
Port B | « 8-bit I/O PB,/TP, TPC output (TP, to TP,,) and generic input/output
port PBy/TPy,
PBs/TP,,
PB,/TP,,
PB4/TPy,/ | TPC output (TP, to TPg), 8-bit timer input and output | TPC output (TP,
TMIO,/CS, | (TMIO,, TMO,, TMIO,, TMO,), CS, to CS, output, and |to TPg), 8-bit timer
PB,/TP,,/ generic input/output input and output
TMO,/CS; (TMIO,, TMO,,
TMIO,, TMO,),
PBl/leé/vS and generic
TMIO,/CS, input/output
PBOITFi
TMO,/CS,
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7.2 Port 1

7.2.1 Overview

Port 1 is an 8-hit input/output port also used for address output, with the pin configuration shown
in figure 7.1. The pin functions differ according to the operating mode. In modes 1 to 4 (expanded
modes with on-chip ROM disabled), they are address bus output pins (A, to A).

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 (A, to A,) or generic input. In mode 6
and 7 (single-chip mode), port 1 is a generic input/output port.

Pinsin port 1 can drive one TTL load and a 90-pF capacitive load. They can also drivean LED or
adarlington transistor pair.

Port 1 pins Modes1to4 Modes5 Mode 6 and 7
e— P1,/A, A+ (output) P1; (input)/A; (output) P1, (input/output)
e— Plg/Ag Ag (output) Plg (input)/Ag (output) Plg (input/output)
e Plg/Ag As (output) P1g (input)/Ag (output) P1g (input/output)
e P1,4/A, A4 (output) P1, (input)/A,4 (output) P1, (input/output)
Port1 e P1l3/A3 A3 (output) P15 (input)/A3 (output)  P1j (input/output)
e P1,/A, A, (output) P1, (input)/A, (output) P1, (input/output)
e P1,/A; A4 (output) P1, (input)/A, (output) P14 (input/output)
e P1y/A, Ag (output) P1y (input)/Aq (output)  P1g (input/output)

Figure7.1 Port 1 Pin Configuration

7.2.2 Register Descriptions
Table 7.2 summarizes the registers of port 1.

Table7.2 Port 1 Registers

Initial Value
Address* Name Abbreviation R/W Modes 1to4 Modes5to 7
H'EEO00  Port 1 data direction register P1DDR w H'FF H'00
H'FFFDO  Port 1 data register P1DR R/W H'00 H'00

Note: * Lower 20 bits of the address in advanced mode.
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Port 1 Data Direction Register (PLDDR): 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‘ PlgDDR‘ P15DDR‘ P14DDR‘ P13DDR ‘ P1,DDR ‘ PllDDR‘ PlODDR‘
Modes{lnitial value 1 1 1 1 1 1 1 1
1104 |Read/Write — — — — — — — —
Modes{lnitial value 0 0 0 0 0 0 0 0
5107 |ReadWrite W W W W W W W W

Port 1 data direction 7 to 0
These bits select input or
output for port 1 pins

* Modes 1 to 4 (Expanded Modes with On-Chip ROM Disabled)
P1DDR values arefixed at 1. Port 1 functions as an address bus.

* Mode 5 (Expanded Modes 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 P1IDDR bit is set to 1, and ageneric input pin if thisbit is cleared to 0.

* Modes6 and 7 (Single-Chip Mode)

Port 1 functions as an input/output port. A pinin port 1 becomes an output port if the
corresponding PLDDR hit is set to 1, and an input port if thisbit is cleared to O.

In modes 1 to 4, PIDDR bits are always read as 1, and cannot be modified.

In modes 5 to 7, PADDR isawrite-only register. Its value cannot be read. All bits return 1 when
read.

P1DDR 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 sofware 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
aP1DDR hit is set to 1, the corresponding pin maintains its output state.
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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 PLDDR setting is O, and the
P1DR valueisread for bits for which the PADDR setting is 1.

Bit 7 6 5 4 3 2 1 0
‘ P1; ‘ Plg ‘ Pls ‘ P14 ‘ P13 ‘ P1, ‘ P1; ‘ P1y ‘
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

P1DR isinitialized to H'00 by areset and in hardware standby maode. In software standby mode it
retains its previous setting.
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7.3 Port 2

7.3.1 Overview

Port 2 is an 8-hit input/output port which also has an address output function. It’s pin
configuration is shown in figure 7.2. 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 (A5 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 (A5 to Ag) or
generic input. In mode 6 and 7 (single-chip mode), port 2 is a generic input/output port.

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 aso drive an LED or

adarlington transistor pair.

Port 2

Port 2 pins

P2,/A5
P24/A14
P2:/A13
P24/A1,
P25/A1;
P2,/A10
P2,/Ag

P2o/Ag

Modes 1to 4

A1s (output)
A1, (output)
A1z (output)
A1, (output)
Aq1 (output)
Aqg (output)
Ag (output)

Ag (output)

Modes 5

P2, (input)/A;s (output)
P24 (input)/A14 (output)
P25 (input)/A13 (output)
P2, (input)/A15 (output)
P25 (input)/A{; (output)
P2, (input)/A,g (output)
P2, (input)/Ag (output)

P2, (input)/Ag  (output)

Mode 6 and 7

P2, (input/output)
P24 (input/output)
P25 (input/output)
P2, (input/output)
P25 (input/output)
P2, (input/output)
P2, (input/output)

P24 (input/output)
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7.3.2 Register Descriptions
Table 7.3 summarizes the registers of port 2.

Table7.3 Port 2 Registers

Initial Value
Address* Name Abbreviation R/W Modes 1to 4 Modes 5to 7
H'EEO01  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‘ P25DDR‘ P25DDR‘ P24DDR‘ P23DDR ‘ P2,DDR ‘ P21DDR‘ P20DDR‘
Modes{lnitial value 1 1 1 1 1 1 1 1
1104 | Readwrite — — — — — — — —
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 O

These bits select input or
output for port 2 pins

¢ Modes 1to 4 (Expanded Modes with On-Chip ROM Disabled)
P2DDR values are fixed at 1. Port 2 functions as an address bus.

¢ Mode5 (Expanded Modes 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.

e Modes6 and 7 (Single-Chip Mode)

Port 2 functions as an input/output port. A pin in port 2 becomes an output port if the
corresponding P2DDR bit is set to 1, and an input port if thisbit is cleared to O.

In modes 1 to 4, P2DDR bits are always read as 1, and cannot be modified.
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In modes 5 to 7, P2DDR is awrite-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 5 to 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 2 is functioning as an input/output port and
aP2DDR bit 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 P2DDR isset to 1, if port 2 isread the value of the corresponding P2DR bit is returned. When a
bitin P2DDR iscleared to 0, if port 2 is read the corresponding pin logic level isread.

Bit 7 6 5 4 3 2 1 0
P | P2 | P2 | 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 O
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 MOS Control Register (P2PCR): P2PCR is an 8-hit readable/writable
register that controls the MOS input pull-up transistorsin port 2.

Bit 7 6 5 4 3 2 1 0

‘ P27PCR‘ P26PCR‘ P25PCR‘ P24PCR‘ P23PCR ‘ P2,PCR ‘ P2,PCR ‘ PZOPCR‘
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 hit 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.

P2PCR 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 7.4 summarizes the states of the input pull-ups in each mode.

Table7.4 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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7.4 Port 3

7.4.1 Overview

Port 3 isan 8-hit input/output port which also functions as a data bus. It’ s pin configuration is

shown in figure 7.3. Port 3 isadata 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 aso drivea

darlington transistor pair.

Port 3 pins

[ P37/D15
<= P34/Dyy
— P35/Dq3
~——= P3,/D;,
Port 3
- - P33/D11
- - P32/D10
I P31/D9

(-~ P30/D8

Modes 1to 5

D45 (input/output)
D14 (input/output)
D43 (input/output)
D4, (input/output)
D4, (input/output)
Do (input/output)
Dg (input/output)

Dg (input/output)

Mode 6 and 7

P3; (input/output)
P3g (input/output)
P35 (input/output)
P34 (input/output)
P35 (input/output)
P3, (input/output)
P3; (input/output)

P3, (input/output)

Figure7.3 Port 3 Pin Configuration

742 Register Descriptions

Table 7.5 summarizes the registers of port 3.

Table7.5 Port 3Registers

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-hit write-only register that can select
input or output for each pinin port 3.

Bit 7 6 5 4 3 2 1 0

‘ P3,DDR ‘ P36DDR‘ P35DDR‘ P34DDR‘ P33DDR ‘ P3,DDR ‘ P3,DDR ‘ P3,DDR ‘
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

¢ Modes 1to 5 (Expanded Modes)
Port 3 functions as a data bus, regardless of the P3DDR settings.

e Modes 6 and 7 (Single-Chip Mode)

Port 3 functions as an input/output port. A pinin port 3 becomes an output port if the
corresponding P3DDR hit is set to 1, and an input port if thisbit is cleared to 0.

P3DDR isawrite-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-hit 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 hit is returned. When a
bit in P3BDDR iscleared to O, if port 3 is read the corresponding pin logic level is read.

Bit 7 6 5 4 3 2 1 0

‘ P37 ‘ P3s ‘ P35 ‘ P34 ‘ P33 ‘ P3, ‘ P3; ‘ P3o ‘
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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7.5 Port 4

7.5.1 Overview

Port 4 is an 8-hit input/output port which also functions as a data bus. It’ s pin configuration is
shown in figure 7.4. 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-hit-access areas, the chip operates in 8-bit bus mode and port 4 isa 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

- P47/D7
B P46/D6
B P45/D5
B P44/D4
Port 4
B P43/D3
B P42/D2
™ P41/D1

B P40/D0

Modes 1to 5

P4 (input/output)/D; (input/output)
P4 (input/output)/Dg (input/output)
P45 (input/output)/Ds (input/output)
P4, (input/output)/D,4 (input/output)
P4 (input/output)/D3 (input/output)
P4, (input/output)/D, (input/output)
P4, (input/output)/D; (input/output)

P4, (input/output)/Dy (input/output)

Mode 6 and 7

P4 (input/output)
P44 (input/output)
P4 (input/output)
P4, (input/output)
P4, (input/output)
P4, (input/output)
P4, (input/output)

P4, (input/output)

Figure7.4 Port 4 Pin Configuration
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752 Register Descriptions
Table 7.6 summarizes the registers of port 4.

Table7.6 Port 4 Registers

Address* Name Abbreviation R/W Initial Value

H'EE003 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 MOS control P4PCR R/W H'00
register

Note: * Lower 20 bits of the address in advanced mode.

Port 4 Data Direction Register (PADDR): PADDR is an 8-hit write-only register that can select
input or output for each pin in port 4.

Bit 7 6 5 4 3 2 1 0

‘ P4,DDR ‘ P46DDR‘ P45DDR‘ P44DDR‘ P43;DDR ‘ P4,DDR ‘ P4,DDR ‘ P4,DDR ‘
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 0
These bits select input or output for port 4 pins

¢ Modes 1to 5 (Expanded Modes)

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, apinin port 4 becomes an output port if the corresponding PADDR bit isset to 1, and an
input port if thisbit is cleared to O.

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.

¢ Modes6 and 7 (Single-Chip Mode)

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 thisbit is cleared to O.

PADDR isawrite-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. |n software standby mode
it retains its previous setting.
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ABWCR and P4ADDR 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 (P4DR): PADR is an 8-bit 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 PADDR isset to 1, if port 4 isread the value of the corresponding PADR bit is returned. When a
bitin PADDR iscleared to O, if port 4 is read the corresponding pin logic level isread.

Bit 7 6 5 4 3 2 1 0

‘ P4, ‘ P4g ‘ P45 ‘ P4, ‘ P45 ‘ 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 data7to 0
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 MOS Control Register (P4PCR): PAPCR is an 8-bit readable/writable
register that controls the MOS input pull-up transistorsin port 4.

Bit 7 6 5 4 3 2 1 0

‘ P47PCR‘ P46PCR‘ P45PCR‘ P44PCR‘ P43PCR ‘ P4,PCR ‘ P41PCR‘P40PCR‘
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 MOS control 7to 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 PAPCR bit is set
to 1, theinput 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.

Table 7.7 summarizes the states of the input pull-up MOS in each operating mode.
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Table7.7 Input Pull-Up Transistor States (Port 4)

Hardware Software
Mode Reset Standby Mode Standby Mode Other Modes
1to5 8-bit bus mode  Off Off On/off On/off
16-bit bus mode Off Off
6and 7 On/off Onl/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.

7.6 Port 5

7.6.1 Overview

Port 5 isa4-hit input/output port which also has an address output function. It's pin configuration
isshown in figure 7.5. 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 (Ao to Aj). In modes 5 (expanded modes with on-chip ROM enabled), settings in the port 5
data direction register (PSDDR) designate pins for address bus output (A ;4 to A,¢) Or generic input.
In mode 6, 7 (single-chip mode), port 5 is a generic input/output port.

Port 5 has software-programmabl e 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/Ag A1g (output) P53 (input)/A,g (output) P53 (input/output)
~— P5,/Ag A5 (output) P5, (input)/Aqg (output)  P5, (input/output)
Port® ~— P5;/A17  A;7 (output) P51 (input)/A.7 (output)  P5; (input/output)
> P5y/A6 A (output) P5¢ (input)/Ag (output) P54 (input/output)

Figure7.5 Port 5Pin Configuration
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7.6.2 Register Descriptions
Table 7.8 summarizes the registers of port 5.

Table7.8 Port 5Registers

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 HFO H'FO
H'EEO3F Port 5 input pull-up MOS control P5PCR R/W HFO H'FO

register

Note: * Lower 20 bits of the address in advanced mode.

Port 5 Data Direction Register (P5SDDR): PSDDR is an 8-bit write-only register that can select
input or output for each pinin port 5.

Bits 7 to 4 are reserved. They are fixed at 1, and cannot be modified.

Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ — ‘ — ‘P53DDR‘P52DDR ‘ 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
S107 |Read/Write — — — — W w W W
Reserved bit‘s Port 5 data c‘iirection 3to 0

These bits select input or
output for port 5 pins

e Modes 1 to 4 (Expanded Modes with On-Chip ROM Disabled)
P5DDR vaues arefixed at 1. Port 5 functions as an address bus output.

* Mode 5 (Expanded Modes with On-Chip ROM Enabled)

Following areset, port 5isan input port. A pinin port 5 becomes an address output pin if the
corresponding PSDDR hit is set to 1, and an input port if thisbit is cleared to O.

* Modes 6 and 7 (Single-Chip Mode)

Port 5 functions as an input/output port. A pin in 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 O.

In modes 1 to 4, PSDDR hits are always read as 1, and cannot be modified.
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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 modes5to 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 5 is functioning as an input/output port and
aP5DDR hit is set to 1, the corresponding pin maintains its output state.

Port 5 Data Register (PSDR): 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 this register is output. When a bit
in PSDDRisset to 1, if port 5 isread the value of the corresponding PSDR hit is returned. When a
bit in PSDDR iscleared to O, if port 5 is read the corresponding pin logic level is read.

Bits 7 to 4 are reserved. They are fixed at 1, and cannot be modified.

Bit 7 6 5 4 3 2 1 0
— | — | — | — | Psa| psy | psy | psg |
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.

Port 5 Input Pull-Up MOS Control Register (P5PCR): P5PCR is an 8-hit readable/writable
register that controls the MOS input pull-up transistorsin port 5.

Bits 7 to 4 are reserved. They are fixed at 1, and cannot be modified.

Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ — ‘ — ‘ P53PCR ‘ P5,PCR ‘ P5:PCR ‘ P5,PCR ‘
Initial value 1 1 1 1 0 0 0 0
Read/Write — — — — R/W R/W R/W R/W
Reserved bits Port 5 input pull-up MOS 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.

159
RENESAS



P5PCR isinitialized to H'FO by areset and in hardware standby mode. In software standby mode
it retains its previous setting.

Table 7.9 summarizes the states of the input pull-ups in each mode.

Table7.9 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 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 PSPCR = 1 and P5DDR = 0. Otherwise, it is off.

7.7 Port 6

7.7.1 Overview

Port 6 is an 8-bit 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 (¢) output.

The port 6 pin configuration is shown in figure 7.6.
See table 7.11 for the selection of the pin functions.

Pinsin port 6 can drive one TTL load and a 90-pF capacitive load. They can also drivea
darlington transistor pair.
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Port 6 pins Modes 1to 5 Mode 6 and 7

(expanded modes) (single-chip mode)
~— P6,/@ P6- (input)/ ¢ (output) P65 (input) / g(output)
~— P65/LWR LWR (output) P64 (input/output)
~— P65/HWR HWR (output) P65 (input/output)

Port6 «— pP6,/RD RD (output) P6, (input/output)
~— P65/AS AS  (output) P64 (input/output)

~— P6,/BACK P6, (input/output) BACK (output)  P6, (input/output)
~— P6,/BREQ P6, (input/output)/ BREQ (input) P64 (input/output)
> P6y/ WAIT P6 (input/output)/ WAIT (input) P6 (input/output)

Figure7.6 Port 6 Pin Configuration

7.7.2 Register Descriptions
Table 7.10 summarizes the registers of port 6.

Table7.10 Port 6 Registers

Address* Name Abbreviation R/W Initial Value
H'EE005 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 6to 0

These bits select input or output for port 6 pins
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Modes 1 to 5 (Expanded Modes)

P6, functions as the clock output pin (¢) or an input port. P6, is the clock output pin (@) if the
PSTOP hit in MSTRCH is cleared to O (initial value), and an input port if thisbit is set to 1.
P6, to P6, function as bus control output pins (LWR, HWR, RD, and AS), regardless of the
settings of bits P6,DDR 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 7.11.

When P6, to P6, function as input/output ports, the pin becomes an output port if the
corresponding PEDDR hit is set to 1, and an input port if thisbit is cleared to 0.

Modes 6 and 7 (Single-Chip Mode)

P6., functions as the clock output pin (@) or an input port. P64 to P6, function as generic
input/output ports. P6; is the clock output pin (@) if the PSTOP bitin MSTCRH is cleared to O
(initial value), and aninput port if thisbit isset to 1. A pinin port 6 becomes an output port if
the corresponding bit of P6,DDR to P6,DDR is set to 1, and an input port if this pinis cleared
to 0.

PEDDR isawrite-only register. Its value cannot be read. All bits return 1 when read.

PEDDR 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-bit readabl e/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
valueof lisreturned if the bit is read while the PSTOP bit in MSTCRH is cleared to 0, and the
P67 pin logic level isreturned if the bit is read while the PSTOP bit is set to 1. Bit 7 cannot be
modified. For bits 6 to 0, the pinlogic level isreturned if the bit is read while the corresponding
bitin P6DDR is cleared to 0, and the P6DR value is returned if the bit isread 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, ‘ P64 ‘ 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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Table7.11 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
HWR Functions as HWR regardless of the setting of bit P6,DDR
P6.DDR 0 1
Pin function HWR output
RD Functions as RD regardless of the setting of bit P6,DDR
P6,DDR 0 1
Pin function RD output
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
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Table7.11 Port 6 Pin Functionsin Modes 1 to 5 (cont)

Pin Pin Functions and Selection Method

P6,/WAIT Bit WAITE in BCR and bit P6,DDR select the pin function as follows.
WAITE 0 1
P6,DDR 0 1 o*
Pin function P6, input P6, output | WAIT input

Note: * Do not set bit P6,DDR to 1.

7.8 Port 7

7.8.1 Overview

Port 7 is an 8-bit 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 7.7
shows the pin configuration of port 7.

See section 14, A/D Converter, for details of the A/D converter analog input pins, and section 15,
D/A Converter, for details of the D/A converter analog output pins.

Port 7 pins

~—— P7, (input)/ AN (input)/DA 1 (output)
~— P74 (input)/ANg (input)/DA  (output)
—— P75 (input)/AN;5 (input)

—— P74 (input)/AN4 (input)

Port 7
—— P75 (input)/AN 5 (input)
—— P75 (input)/AN, (input)
—— P74 (input)/AN { (input)

—— P74 (input)/AN g (input)

Figure7.7 Port 7 Pin Configuration
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7.8.2 Register Description

Table 7.12 summarizes the port 7 register. Port 7 is an input port, and port 7 has no data direction

register.

Table7.12 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; ‘ P7s ‘ P75 ‘ P7, ‘ P73 P7, ‘ P7, P7 ‘
Initial value —* —* —* —* —* —* —* —*
Read/Write R R R R R R R R

Note: * Determined by pins P77 to P7p.

When port 7 isread, the pin logic levels are aways read. P7DR cannot be modified.
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7.9 Port 8

7.9.1 Overview

Port 8 is a 5-hit input/output port that is also used for CS; to CS, output, IRQ, to IRQ, input, and
A/D converter ADTRG input. Figure 7.8 shows the pin configuration of port 8.

In modes 1 to 5 (expanded modes), port 8 can provide CS; to CS, output, IRQ, to IRQ, input, and
ADTRG input. Seetable 7.14 for the selection of pin functions in expanded modes.

In modes 6 and 7 (single-chip modes), port 8 can provide IRQ, to IRQ, input and ADTRG input.
Seetable 7.15 for the selection of pin functionsin single-chip mode.

See section 14, 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.

Pinsin port 8 can drive one TTL load and a 90-pF capacitive load. They can also drive a
darlington transistor pair.

Pins P8, to P8, have Schmitt-trigger inputs.

Port 8 pins Pin functions in modes 1to 5
(expanded modes)

e P8,/CS, P8, (input)/CS, (output)
0 0

l«—= P8,/CS;/IRQ;/ADTRG P8, (input)/CS; (output)/ IRQ (input) / ADTRG (input)

Port8 [«=—= P8,/CS,/IRQ, P8, (input)/CS, (output)/ IRQ, (input)
«— P8,/CS;3/IRQ, P8, (input)/ CS3 (output)/ IRQ; (input)
~— P8y/IRQ, P8, (input/output)/ IRQ, (input)

Pin functions in mode 6 and 7
(single-chip mode)

P8,/(input/output)

P83/(input/output)/ IRQ5 (input) / ADTRG (input)
P8, /(input/output)/ @2 (input)
P8, /(input/output)/ IRQ; (input)
P8, /(input/output)/ IRQ, (input)

Figure7.8 Port 8 Pin Configuration
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7.9.2

Register Descriptions

Table 7.13 summarizes the registers of port 8.

Table7.13 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-hit 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

\ — \ — \ — \ P84DDR‘ P83DDR \ P8,DDR \ P81DDR‘ P80DDR‘
Modes{ Initial value 1 1 1 1 0 0 0 0
1104 | ReadWrite — — — w W W W W
Modes{ Initial value 1 1 1 0 0 0 0 0
S107 | Read/Mrite  — — — W W W W W

Reserved bits

Port 8 data direction 4to 0

These bits select input or
output for port 8 pins

¢ Modes 1to5 (Expanded Modes)
When bitsin PSDDR bit are set to 1, P8, to P8, become CS, to CS, output pins. When bitsin
P8DDR are cleared to 0, the corresponding pins become input ports.
In modes 1 to 4 (expanded modes with on-chip ROM disabled), following areset P8, functions
asthe CS, output, while CS, to CS; are input ports. In mode 5 (expanded mode with on-chip
ROM enabled), following areset CS, to CS, are al input ports.

e Modes6 and 7 (Single-Chip Mode)

Port 8 is a generic 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 thisbit is cleared to O.

P8DDR isawrite-only register. Its value cannot be read. All bits return 1 when read.
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P8DDR isinitialized to H'FO in modes 1 to 4, and to H'EO in modes 5to 7, by areset and in
hardware standby mode. In software standby mode PBDDR 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): PSDR 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 PBDDR isset to 1, if port 8 isread the value of the corresponding P8DR hit isreturned. When a
bitin PBDDR iscleared to 0, if port 8 is read the corresponding pin logic level isread.

Bits 7 to 5 are reserved. They are fixed at 1, and cannot be modified.

Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ — ‘ P84 ‘ P83 ‘ P8, ‘ P81 ‘ P8¢ ‘
Initial value 1 1 1 0 0 0 0 0
Read/Write — — — R/W R/W R/W R/W R/W
Reserved bits Port 8 data4to 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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Table7.14 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./ Bit P8,DDR selects the pin function as follows
ADTRG P8,DDR 0 1
Pin function P8, input CS, output
IRQ, input
ADTRG input
P8,/CS,/IRQ, Bit P8,DDR selects the pin function as follows.
P8,DDR 0 1
Pin function P8, input CS, output
IRQ, input
P8,/CS,/IRQ, Bit P8,DDR selects the pin function as follows.
P8,DDR 0 1
Pin function P81 input CS, output
IRQ;, input
P8,/IRQ, Bit P8,DDR selects the pin function as follows.
P8,DDR 0 1
Pin function P8, input P8, output

IRQ, input
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Table7.15 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./IRQ,/ADTRG Bit P8,DDR selects the pin function as follows.
P8,DDR 0 1
Pin function P8, input P8, output
IRQ, input
ADTRG 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 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
IRQ, input
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7.10 Port9

7.10.1 Overview

Port 9 is a 6-bit input/output port that is also used for input and output (TXD,, TXD,, RxD,, RXD,,
SCK,, SCK,) by serial communication interface channels 0 and 1 (SCI0 and SCI1), and for IRQs
and IRQ, input. See table 7.17 for the selection of pin functions.

The IRQ; and IRQ, functions are selected by | ER settings, regardless of whether the pin is used
for input or output. Caution is therefore required. For details see section 5.3.1, External Interrupts.

Port 9 has the same set of pin functionsin all operating modes. Figure 7.9 shows the pin
configuration of port 9.

Pinsin port 9 can drive one TTL load and a 30-pF capacitive load. They can aso 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)/TxDgy (output)

Figure7.9 Port 9 Pin Configuration

171
RENESAS




7.10.2 Register Descriptions

Table 7.16 summarizes the registers of port 9.

Table7.16 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): PODDR 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
‘ — ‘ — ‘ P95DDR‘ P94DDR‘ P93DDR ‘ P9,DDR ‘ P91DDR‘ P90DDR‘
Initial value 1 1 0 0 0 0 0 0
Read/Write — — 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 bit is set to 1, and an input port if thisbit is cleared to 0. For the method of
selecting the pin functions, see table 7.17.

PODDR isawrite-only register. Its value cannot be read. All bits return 1 when read.

PODDR 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 (P9DR): 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 PODDRisset to 1, if port 9 isread the value of the corresponding PODR hit is returned. When a
bit in PODDR iscleared to O, if port 9 is read the corresponding pin logic level is read.

Bits 7 and 6 are reserved. They are fixed at 1, and cannot be modified.

Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ P95 ‘ P9, ‘ P93 ‘ P9, ‘ P9, ‘ P9 ‘
Initial value 1 1 0 0 0 0 0 0
Read/Write — — 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

PODR isinitialized to H'CO by areset and in hardware standby mode. In software standby mode it
retains its previous setting.
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Table7.17 Port 9 Pin Functions

Pin

Pin Functions and Selection Method

P9./SCK,/IRQ,

Bit C/A in SMR of SCI1, bits CKEO and CKE1 in SCR, and bit P9,DDR
select the pin function as follows.

CKE1l 0 1
C/A 0 1 _
CKEO 0 1 — —
P9.DDR 0 1 — — —
Pin function P9, P9, SCK, SCK, SCK,
input output output output input
IRQ, input

P9,/SCK,/IRQ,

Bit C/A in SMR of SCIO0, bits CKEO and CKE1 in SCR, and bit P9,DDR
select the pin function as follows.

CKE1 0 1
C/A 0 1 _
CKEO 0 1 — —
P9,DDR 0 1 — — —
Pin function P9, P9, SCK, SCK, SCK,
input output output output input
IRQ, input
P9,/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 0 1 —
P9,DDR 0 1 — —
Pin function P9, input P9, output | RxD, input | RxD, input
P9,/RxD, Bit RE in SCR of SCIO, bit SMIF in SCMR, and bit P9,DDR select the pin
function as follows.
SMIF 0 1
RE 0 1 —
P9,DDR 0 1 — —
Pin function P9, input P9, output | RxD,input | RxD, input
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Table7.17 Port 9 Pin Functions (cont)

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 0 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,/TxD, Bit TE in SCR of SCIO0, bit SMIF in SCMR, and bit P9,DDR select the pin

function as follows.

SMIF 0 1
TE 0 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.
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7.11 Port A

7.11.1 Overview

Port A isan 8-bit input/output port that is aso used for output (TP, to TR,) from the programmable
timing pattern controller (TPC), input and output (TIOCB,, TIOCA,, TIOCB,, TIOCA,, TIOCB,,
TIOCA,, TCLKD, TCLKC, TCLKB, TCLKA) by the 16-bit timer, clock input (TCLKD, TCLKC,
TCLKB, TCLKA) to the 8-bit timer, and address output (A,; to A,). A reset or hardware standby
transition leaves port A as an input port, except that in modes 3 and 4, one pin is always used for
A, output. Seetable 7.19 to 7.21 for the selection of pin functions.

Usage of pinsfor TPC, 16-bit timer, and 8-bit timer input and output is described in the sections
on those modules. For output of address bits A,; to A, 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 7.10 shows the pin configuration of port A.

Pinsin port A can driveone TTL load and a 30-pF capacitive load. They can aso drive a
darlington transistor pair. Port A has Schmitt-trigger inputs.
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Port A

Port A pins

PA,/TP;[TIOCB /Ay
PAG/TPg ITIOCA /Ay
PA5/TP5/TIOCB, /A5
PAITP, ITIOCA,/Ayg
PA3/TP3/TIOCB,/TCLKD
PA,/TP, ITIOCAL/TCLKC
PA,/TP; ITCLKB
PA/TPy /TCLKA

Pin functions in modes 1, 2,6 and 7

PA 7 (input/output)/TP ; (output)/TIOCB , (input/output)

PA g (input/output)/TP g (output)/ TIOCA ,(input/output)

PA 5 (input/output)/TP 5 (output)/TIOCB 4 (input/output)

PA 4 (input/output)/TP 4 (output)/TIOCA 4 (input/output)

PA 5 (input/output)/TP 5 (output)/TIOCB ((input/output)/TCLKD (input)
PA ; (input/output)/TP , (output)/TIOCA ¢(input/output)/TCLKC (input)
PA 1 (input/output)/TP ; (output)/TCLKB (input)

PA ¢ (input/output)/TP ¢ (output)/ TCLKA (input)

Pin functions in modes 3, 4

Ayp (output)

PA g (input/output)/TP g (output)/TIOCA 5 (input/output)/A ,4(output)
PA 5 (input/output)/TP 5 (output)/TIOCB 4 (input/output)/A ,,(output)
PA 4 (input/output)/TP 4 (output)/TIOCA 4 (input/output)/A »5(output)
PA 3 (input/output)/TP 5 (output)/TIOCB  (input/output)/ TCLKD (input)
PA 5 (input/output)/TP 5 (output)/TIOCA q(input/output)/TCLKC (input)
PA 1 (input/output)/TP 4 (output)/ TCLKB (input)

PA o (input/output)/TP o (output)/ TCLKA (input)

Pin functions in mode 5

PA7 (input/output)/TP7 (output)/TIOCB, (input/output)/A 5y (output)
PAg (input/output)/TPg (output)/ TIOCA, (input/output)/A,4 (output)
PA;5 (input/output)/TP5 (output)/TIOCB; (input/output)/A,, (output)
PA 4 (input/output)/TP,4 (output)/ TIOCA; (input/output)/A,3 (output)
PA3 (input/output)/TP3 (output)/TIOCB (input/output)/TCLKD (input)
PA, (input/output)/TP, (output)/TIOCA, (input/output)/TCLKC (input)
PA 1 (input/output)/TP; (output)/TCLKB (input)

PA( (input/output)/TPg (output)/TCLKA (input)

Figure7.10 Port A Pin Configuration
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7.11.2 Register Descriptions
Table 7.18 summarizes the registers of port A.

Table7.18 Port A Registers

Initial Value
Address* Name R/W Modes 1,2,5,6 and 7 Modes 3, 4
H'EEO009 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‘ PAGDDR‘ PA5DDR‘ PA,DDR \ PA3DDR \ PA,DDR \ PA;DDR \ PAoDDR \
Modes{lnitialvalue 1 0 0 0 0 0 0 0
3,4, | Read/Write — w W W w W W w
g’foz‘fe;{lnitiawmue 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 7 to O
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 7.19 and 7.20.

The pin functions that can be selected for pins PA ; to PA, are the samein modes 1 to 7. For the
method of selecting the pin functions, seetable 7.21.

When port A functions as an input/output port, a pin in port A becomes an output port if the
corresponding PADDR bit is set to 1, and an input port if this bit is cleared to 0. In modes 3 and 4,
PA,DDRisfixed at 1 and PA, functions as the A, address output pin.

PADDR isawrite-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 modes 1, 2, 5, 6, and 7.
Itisinitialized to H'80 by areset and in hardware standby mode in modes 3, 4. In software standby
mode it retains its previous setting. Therefore, if atransition is made to software standby mode
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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 readabl e/writable register that stores output
datafor port A. When port A functions as an output port, the value of this register is output. When
abitin PADDRissetto 1, if port A isread the value of the corresponding PADR bit is returned.
When abit in PADDR iscleared to O, if port A isread the corresponding pin logic level isread.

Bit 7 6 5 4 3 2 1 0

‘ PA- ‘ PAg ‘ PAs ‘ PA4 ‘ PA3 ‘ PA, ‘ PA1 ‘ 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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Table7.19

Port A Pin Functions(Modes 1, 2, 6, 7)

Pin Pin Functions and Selection Method
PA./TP./ Bit PWM2 in TMDR, bits IOB2 to IOB0 in TIOR2, bit NDER7 in NDERA, and bit
TIOCB, PA7DDR select the pin 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, PA, TP,
input output 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 —
I0BO —
PAJTP,/ Bit PWM2 in TMDR, bits IOA2 to IOAQ in TIOR2, bit NDER6 in NDERA, and bit
TIOCA, PA,DDR select the pin function as follows.
16-bit timer
channel 2 settings (1) in table below (2) in table below
PA,DDR — 0 1 1
NDER6 — — 0 1
Pin function TIOCA, output PA, PA, TP,
input output output
TIOCA, input*
Note: * TIOCA, input when IOA2 = 1.
16-bit timer
channel 2 settings 2 1) 2 (1)
PWM2 0 1
I0A2 0 1 —
I0A1 0 — —
I0AQ — —
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Table7.19

Port A Pin Functions(Modes 1, 2, 6, 7) (cont)

Pin Pin Functions and Selection Method
PA/TP,/ Bit PWM1 in TMDR, bits IOB2 to IOBO0 in TIOR1, bit NDERS5 in NDERA, and bit
TIOCB, PA.DDR select the pin function as follows.

16-bit timer

channel 1 settings (1) in table below (2) in table below

PA.DDR — 0 1 1

NDERS5 — — 0 1

Pin function TIOCB, output PA PA, TP,

input output output
TIOCB, input*

Note: * TIOCB, input when IOB2 =1 and PWM1 = 0.

16-bit timer

channel 1 settings 2 (1) )]

I0B2 0 1

I0B1 1 —

I0BO — —
PA,TP,/ Bit PWM1 in TMDR, bits IOA2 to IOAO in TIOR1, bit NDER4 in NDERA, and bit
TIOCA, PA,DDR select the pin 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, PA, TP,

input output output

TIOCA, input*

Note: * TIOCA, input when I0OA2 = 1.

16-bit timer

channel 1 settings 2) Q) (2) Q)

PWM1 0 1

I0A2 0 1 —

I0AL 0 — —

IOA0 — —
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Table7.20 Port A Pin Functions (Modes 3to 5)

Pin Pin Functions and Selection Method

PA./TP./ Modes 3 and 4: Always used as A,, output.

TIOCB,/ Ay Pin function A,, 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, PA, TP, Ay
input output output output
TIOCB, input*
Note: * TIOCB, input when IOB2 = 1 and PWM2 = 0.
16-bit timer channel 2 settings 2) Q) (2)
10B2 0 1
I0B1 0 0 1 —
10B0O 0 1 — —
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Table7.20

Port A Pin Functions (M odes 3 to 5) (cont)

Pin Pin Functions and Selection Method
PAJ/TP,/ Bit PWM2 in TMDR, bits IOA2 to IOAQ in TIOR2, bit NDERG6 in NDERA, bit A21E in
TIOCA,/A,; BRCR, and bit PA,DDR select the pin function as follows.
A21E 1 0
16-bit timer
channel 2 settings| (1) in table below (2) in table below —
PA,DDR — 0 1 1 —
NDER6 — — 0 1 —
Pin function TIOCA, output PA; PA, TP, A,
input output output output
TIOCA, input*
Note: * TIOCA, input when IOA2 = 1.
16-bit timer channel 2 settings 2) 1) 2) (2)
PWM2 0 1
I0A2 1 —
I0A1 1 — —
IOAQ — — —
PAJ/TP./ Bit PWM1 in TMDR, bits IOB2 to IOBO in TIOR1, bit NDERS5 in NDERA, bit A22E in
TIOCB,/A,, BRCR, and bit PA,DDR 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 —

NDERS — — 0 1 —

Pin function TIOCB, output PA PA, TP, A,
input output output output

TIOCB, input*

Note: * TIOCB, input when 10B2 = 1 and PWM1 = 0.

16-bit timer

channel 1 settings 2 ) )]

10B2 0 1

I0B1 0 1 —

I0BO — —
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Table7.20 Port A Pin Functions (Modes 3 to 5) (cont)
Pin Pin Functions and Selection Method
PA,/TP,/ Bit PWM1 in TMDR, bits IOA2 to IOAQ in TIOR1, bit NDER4 in NDERA, bit A23E in
TIOCA/A,; BRCR, and bit PA,DDR 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, PA, TP, A,
input output output output
TIOCA, input*
Note: * TIOCA, input when IOA2 = 1.
16-bit timer
channel 1 settings 2) (1) 2 (1)
PWM1 0 1
I0A2 1 —
I0A1 1 — —
I0A0 1 — — —
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Table7.21

Pin

Port A Pin Functions(Modes1to 7)

Pin Functions and Selection Method

PA,/TP./
TIOCB,/
TCLKD

Bit PWMO in TMDR, bits IOB2 to IOBO in TIORO, bits TPSC2 to TPSCO0 in TCR2 to
TCRO of the 16-bit timer, bits CKS2 to CKS0 in TCR3 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

PA,DDR — 0 1 1

NDERS3 — — 0 1

Pin function TIOCB, PA, PA, TP,
output input output output

TIOCB, input**

TCLKD input*?

Notes: 1.

TIOCB, input when IOB2 = 1 and PWMO = 0.

2. TCLKD input when TPSC2 = TPSC1 = TPSCO = 1 in any of TCR2 to
TCRO, or bits CKS2 to CKSO0 in TCR3 are as shown in (3) in the table

below.

16-bit timer
channel O settings

@)

1)

)

10B2

1

I0B1

I0BO

8-bit timer
channel O settings

4

@)

CKS2

CKS1

CKSO
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Table7.21 Port A Pin Functions (Modes 1to 7) (cont)

Pin Pin Functions and Selection Method

PA,ITP,/ Bit PWMO in TMDR, bits IOA2 to IOAQ in TIORO, bits TPSC2 to TPSCO in TCR2 to
TIOCA/ TCRO of the 16-bit timer, bits CKS2 to CKSO0 in TCR1 of the 8-bit timer, bit NDER2 in
TCLKC NDERA, and bit PA,DDR select the pin function as follows.

16-bit timer
channel O settings (1) in table below (2) in table below
PA,DDR — 0 1 1
NDER2 — — 0 1
Pin function TIOCA, output PA, PA, TP,
input output output
TIOCA, input**

TCLKC input*

Notes: 1. TIOCA, input when IOA2 = 1.

2. TCLKC input when TPSC2 = TPSC1 = 1 and TPSCO = 0 in any of TCR2
to TCRO, or bits CKS2 to CKSO0 in TCR1 are as shown in (3) in the table
below.

16-bit timer
channel O settings 2) (1) 2 (D)

PWMO 0 1

I0A2 0 1 —_

I0A1 0 0 1 — —

I0A0 0 1 — — —

8-bit timer
channel 1 settings (4) ©)

CKS2 0 1

CKS1 — 0 1

CKSO — 0 1 —
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Table7.21 Port A Pin Functions (Modes 1to 7) (cont)

Pin Pin Functions and Selection Method
PA,/TP,/ Bit MDF in TMDR, bits TPSC2 to TPSCO in TCR2 to TCRO of the 16-bit timer, bits
TCLKB CKS2 to CKSO0 in TCR2 of the 8-bit timer, bit NDER1 in NDERA, and bit PA,DDR
select the pin function as follows.
PA,DDR 0 1 1
NDER1 — 0 1
Pin function PA, input PA, output TP, output
TCLKB input*
Note: * CLKB input when MDF =1 in TMDR, or TPSC2 =1, TPSC1 = 0, and
TPSCO =1 in any of TCR2 to TCRO, or bits CKS2 to CKSO0 in TCR2 are as
shown in (1) in the table below.
8-bit timer
channel 1 settings 2) (1)
CKS2 0 1
CKS1 — 0 1
CKSO0 — 0 1 —
PA/TP,/ Bit MDF in TMDR, bits TPSC2 to TPSCO in TCR2 to TCRO of the 16-bit timer, bits
TCLKA CKS2 to CKSO0 in TCRO of the 8-bit timer, bit NDERO in NDERA, and bit PA,DDR

select the pin function as follows.

PA,DDR 0 1

NDERO — 0 1

Pin function PA, input PA, output TP, output
TCLKA input*

Note: * TCLKA input when MDF =1 in TMDR, or TPSC2 =1 and TPSC1 =0, and
TPSCO =0 in any of TCR2 to TCRO, or bits CKS2 to CKSO0 in TCRO are as
shown in (1) in the table below.

8-bit timer
channel 0 settings 2) (1)

CKS2 0 1

CKS1 — 0 1

CKSO — 0 1 —
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7.12 Port B

7.12.1 Overview

Port B is an 8-bit input/output port that is also used for output (TP,5 to TP;) from the
programmable timing pattern controller (TPC), input/output (TMI10O,, TMO,, TMIO,, TMQ,) by
the 8-bit timer, and CS, to CS, output. See tables 7.23 and 7.24 for the selection of pin functions.
A reset or hardware standby transition leaves port B as an input/output port.

For output of CS, to CS, in modes 1 to 5, see section 6.3.4, Chip Select Signals. Pins not assigned
to any of these functions are available for generic input/output. Figure 7.11 shows the pin
configuration of port B.

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

PB/TP5
PBg/TP14
PBs/TP13

PB4/TP1,

PB3/TPy1 /TMIO,/CS,
PB,/TP15 /TMO,/CS;
PB;/TPg /TMIO,/CS,
PBy/TPg/TMO,/CS,

Pin functions in modes 1to 5

PB- (input/output)/TP45 (output)

PBg (input/output)/TP14 (output)

PBs (input/output)/TP43 (output)

PB4 (input/output)/TP4, (output)

PB; (input/output)/TP; (output) /TMIO; (input/output) /CS, (output)
PB, (input/output)/TP1 (output) /TMO, (output) /CSs (output)

PB; (input/output)/TPg (output) /TMIO, (input/output) /CS, (output)
PB, (input/output)/TPg (output) /TMO, (output) /CS, (output)

Pin functions in mode 6 and 7

PB- (input/output)/TP45 (output)

PBg (input/output)/TP14 (output)

PBgs (input/output)/TP43 (output)

PB4 (input/output)/TP4, (output)

PB3 (input/output)/TP1, (output) /TMIO; (input/output)
PB, (input/output)/TP4q (output) /TMO, (output)

PB; (input/output)/TPg (output) /TMIO; (input/output)
PBg (input/output)/TPg (output) /TMO, (output)

Figure7.11 Port B Pin Configuration
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7.12.2 Register Descriptions
Table 7.22 summarizes the registers of port B.

Table7.22 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 isan 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 bits must aso be set.

Bit 7 6 5 4 3 2 1 0

‘ PB, DDR‘ PBg DDR‘ PBsg DDR‘ PB4 DDR‘ PB3DDR ‘ PB,DDR ‘ PB1 DDR‘ PByDDR ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write w w w w w w w w

Port B data direction 7 to O
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 7.23 and 7.24.

When port B functions as an input/output port, a pin in port B becomes an output port if the
corresponding PBDDR hit isset 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 retains its previous setting. Therefore, if atransition is made to software standby mode while
port B is functioning as an input/output port and a PBDDR hit is set to 1, the corresponding pin
maintains its output state.

190
RENESAS



Port B Data Register (PBDR): PBDR is an 8-hit readable/writable register that stores output data
for pins port B. When port B functions as an output port, the value of thisregister is output. When
abitin PBDDRisset to 1, if port B isread the value of the corresponding PBDR bit is returned.
When abit in PBDDR iscleared to O, if port B is read the corresponding pin logic level isread.

Bit 7 6 5 4 3 2 1 0

‘ PB, ‘ PBg ‘ PBs ‘ PB4 ‘ PB3 ‘ PB, ‘ PB1 ‘ PBg ‘
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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Table7.23 Port B Pin Functions (Modes1to5)
Pin Pin Functions and Selection Method
PB,/TP Bit NDER15 in NDERB and bit PB,DDR select the pin function as follows.
PB,DDR 0 1 1
NDER15 — 0 1
Pin function PB, input PB, output TP, output
PB./TP,, Bit NDER14 in NDERB and bit PB,DDR select the pin function as follows.
PB,DDR 0 1 1
NDER14 — 0 1
Pin function PB; input PB, output TP,, output
PB./TP,, Bit NDER13 in NDERB and bit PB,DDR select the pin function as follows.
PB.DDR 0 1 1
NDER13 — 0 1
Pin function PB, input PB, output TP, output
PB,/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 TP, output
PB,/TP,,/  Bits OIS3/2 and OS1/0 in 8TCSR3, bits CCLR1/0 in 8TCR3, bit CS4E in CSCR, bit
TMIO,/CS, NDER11 in NDERB, and bit PB;DDR select the pin function as follows.
OIS3/2 and All O Not all 0 —
0S1/0
CS4E 0 1 — —
PB,DDR 0 1 — — —
NDER11 — 0 1 — — —
Pin function PB, PB, TP, CS, T™MIO, CS,
input output output output output output
TMIO, input*
Note: * TMIO; input when CCLR1 = CCLRO = 0.
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Table7.23

Port B Pin Functions (Modes 1 to 5) (cont)

Pin Pin Functions and Selection Method
PB,/TP,,/  Bits OIS3/2 and OS1/0 in TCSR2, bit CS5E in CSCR, bit NDER10 in NDERB, and bit
TMO,/CS, PB,DDR select the pin function as follows.
0OIS3/2 and AllO Not all 0
0S1/0
CS5E 0 1 —
PB,DDR 0 1 — —
NDER10 — 0 1 — —
Pin function PB, PB, TPy, CS, TMIO,
input output output output output
PB,/TP/  Bits OIS3/2 and OS1/0 in 8TCSR1, bits CCLR1/0 in 8TCR1, bit CS6E in CSCR, bit
TMIO,/CS; NDER9 in NDERB, and bit PB,DDR select the pin function as follows.
OIS3/2 and All O Not all 0
0S1/0
CS6E 0 1 —
PB,DDR 0 1 — —
NDER9 — 0 1 — —
Pin function PB, PB, TP, CS, T™MIO,
input output output output output
TMIO, input*
Note: * TMIO, input when CCLR1 = CCLRO = 0.
PB,/TP,/  Bits OIS3/2 and OS1/0 in TCSRO, bit CS7E in CSCR, bit NDERS in NDERB, and bit
TMO,/CS, PB,DDR select the pin function as follows.
0OIS3/2 and AllO Not all 0
0S1/0
CS7E 0 1 —
PB,DDR 0 1 — —
NDERS8 — 0 1 — —
Pin function PB, PB, TP, CS, TMO,
input output output output output
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Table7.24 Port B Pin Functions (Modes6 and 7)
Pin Pin Functions and Selection Method
PB,/TP Bit NDER15 in NDERB and bit PB,DDR select the pin function as follows.
PB,DDR 0 1 1
NDER15 — 0 1
Pin function PB, input PB, output TP, output
PB./TP,, Bit NDER14 in NDERB and bit PB,DDR select the pin function as follows.
PB,DDR 0 1 1
NDER14 — 0 1
Pin function PB; input PB, output TP,, output
PB./TP,, Bit NDER13 in NDERB and bit PB,DDR select the pin function as follows.
PB.DDR 0 1 1
NDER13 — 0 1
Pin function PB, input PB, output TP, output
PB,/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 TP, output
PB,/TP,,/ Bits OIS3/2 and OS1/0 in 8TCSR3, bits CCLR1/0 in 8TCR3, bit NDER11 in NDERB,
TMIO, and bit PB,DDR select the pin function as follows.
OIS3/2 and All O Not all 0
0S1/0
PB,DDR 0 1 1 —
NDER11 — 0 1 —
Pin function PB, input PB, output TP,, output TMIO, output
TMIO, input*
Note: * TMIO,; input when CCLR1 = CCLRO = 0.
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Table7.24

Port B Pin Functions (Modes 6 and 7) (cont)

Pin Pin Functions and Selection Method
PB,/TP,,/  Bits OIS3/2 and OS1/0 in TCSR2, bit NDER10 in NDERB, and bit PB,DDR select the
T™MO, pin function as follows.
0OIS3/2 and AllO Not all 0
0S1/0
PB,DDR 0 1 1 —
NDER10 — 0 1 —
Pin function PB, input PB, output TP,, output TMO, output
PB,/TP,/ Bits OIS3/2 and OS1/0 in TCSR1, bits CCLR1 and CCLRO in TCRO, bit NDER9 in
TMIO, NDERB, and bit PB,DDR select the pin function as follows.
0OIS3/2 and All O Not all 0
0S1/0
PB,DDR 0 1 1 —
NDER9 — 0 1 —
Pin function PB, PB, TP, TMIO,
input output output output
TMIO, input*
Note: * TMIO, input when CCLR1 = CCLRO = 0.
PB,/TP,/ Bits OIS3/2 and OS1/0 in TCSRO, bit NDERS8 in NDERB, and bit PB,DDR select the
TMO, pin function as follows.
0OIS3/2 and AllO Not all 0
0S1/0
PB,DDR 0 1 —
NDERS — 0 1 —
Pin function PB, PB, TP, T™MO,
input output output output
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7.13  Port Output Drive Capacity Control (Preliminary Specifications)

7.13.1 Register Configuration

Table7.25 Register Configuration

Address* Name Abbreviation R/W Initial Value
H'EEO38 1/0 size control register 1 IOSCR1 TBD TBD
H'EE039 1/O size control register 2 IOSCR2 TBD TBD

Note: * Lower 20 bits of the address in advanced mode.
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Section 8 16-Bit Timer

81 Overview

The H8/3064F has built-in 16-bit timer module with three 16-bit counter channels.

811 Features
16-bit timer features are listed below.

e Capability to process up to 6 pulse outputs or 6 pulse inputs

e Six genera 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 selectablein all channels:
O Waveform output by compare match
Selection of 0 output, 1 output, or toggle output (only O 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 moretimer counters (TCNTS) can be preset simultaneously, or cleared
simultaneously by compare match or input capture. Counter synchronization enables
synchronous register input and output.

O 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 viainterna 16-bit bus
The TCNTs and GRs can be accessed at high speed viaa 16-bit bus.
e Any initial timer output value can be set
* Nineinterrupt sources

Each channel has two compare match/input capture interrupts and an overflow interrupt. All
interrupts can be requested independently.
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» 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 8.1 summarizes the 16-bit timer functions.

Table8.1

Item

16-bit timer Functions

Channel 0

Channel 1

Channel 2

Clock sources

Internal clocks: @, @2, ¢/4, @8
External clocks: TCLKA, TCLKB, TCLKC, TCLKD, selectable

independently

General registers (output
compare/input
capture registers)

GRAO, GRBO

GRAL, GRB1

GRA2, GRB2

Input/output pins

TIOCA,, TIOCB,

TIOCA,, TIOCB,

TIOCA,, TIOCB,

Counter clearing function

GRAO/GRBO0 compare
match or input capture

GRA1/GRB1 compare
match or input capture

GRA2/GRB2 compare
match or input capture

Initial output value setting function O O O
Compare 0 @) O O
match output 1 O O O

Toggle @) @) —
Input capture function @) O O
Synchronization O O O
PWM mode @) O O
Phase counting mode — — O

Interrupt sources

Three sources
» Compare match/input
capture AO

» Compare match/input
capture BO

* Overflow

Three sources
» Compare match/input
capture Al

» Compare match/input
capture B1

* Overflow

Three sources
» Compare match/input
capture A2

» Compare match/input
capture B2

* Overflow

Legend:
O: Available
—: Not available
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8.1.2 Block Diagrams

16-bit timer Block Diagram (Overall): Figure 8.1 isablock diagram of the 16-bit timer.

TCLKAto TCLKD IMIAOQ to IMIA2
Clock selector > IMIBO to IMIB2
¢ @2, g4, g8 > OVIO to OVI2
Control logic
TIOCA( to TIOCA, @
TIOCBg to TIOCB,
Q Q <] TSTR >
N o o <] tsnR K
© © ©
= = = <_| TMDR > 3
S IS IS @ a
° © S <] TOLR > £ =
= .= £ £ o
= = = | TISRA [T g £
< 2 <2 m c
S 3 S | TISRB K> o
6 Zj <_| TISRC >
Module data bus
Legend:
TSTR: Timer start register (8 bits)
TSNR: Timer synchro register (8 bits)
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 bits)
Figure8.1 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 8.2.

TCLKA to TCLKD 2 = TIOCAq
Clock selector > TIOCBg
O @2, @4, @8 > _
Control logic
— IMIAO
Comparator — IMIBO
— OVIO
E 23 o
5 x| | & o @)
Module data bus
Legend:
TCNT: Timer counter (16 bits)
GRA, GRB: General registers A and B (input capture/output compare registers) (16 bits * 2)
TCR: Timer control register (8 bits)
TIOR: Timer 1/O control register (8 bits)
Figure8.2 Block Diagram of ChannelsOand 1
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Block Diagram of Channel 2: Figure 8.3 isablock diagram of channel 2

TCLKA to TCLKD 1 ~=— TIOCA,
Clock selector ~— TIOCB,
002, @498 > _
Control logic IMIA2
Comparator — IMIB2
—= OVI2
N
El| @ g |2
) o o O o)
= O O] ~ =
Module data bus
Legend:
TCNT2: Timer counter 2 (16 bits)
GRA2, GRB2: General registers A2 and B2 (input capture/output compare registers)
(16 bits * 2)
TCR2: Timer control register 2 (8 bits)
TIOR2: Timer 1/O control register 2 (8 hits)

Figure8.3 Block Diagram of Channel 2
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8.13 I nput/Output Pins

Table 8.2 summarizes the 16-bit timer pins.

Table8.2 16-bit timer Pins
Abbre- Input/
Channel Name viation OQutput  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 TIOCB, Input/ GRBO output compare or input capture pin
compare BO output

1 Input capture/output TIOCA,  Input/ GRAL output compare or input capture pin
compare Al output PWM output pin in PWM mode
Input capture/output TIOCB,  Input/ GRB1 output compare or input capture pin
compare B1 output

2 Input capture/output TIOCA,  Input/ GRA2 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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814 Register Configuration

Table 8.3 summarizes the 16-bit timer registers.

Table8.3 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)** H88
H'FFF65 Timer interrupt status register B TISRB R/(W)** H'88
H'FFF66 Timer interrupt status register C TISRC R/(W)** H'88
0 H'FFF68 Timer control register 0 TCRO R/W H'80
H'FFF69 Timer 1/O control register 0 TIORO R/W H'88
H'FFF6A Timer counter OH TCNTOH R/W H'00
H'FFF6B Timer counter OL TCNTOL 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 TCR1 R/W H'80
HFFF71 Timer 1/O control register 1 TIOR1 R/W H'88
H'FFF72 Timer counter 1H TCNT1IH R/W H'00
H'FFF73 Timer counter 1L TCNT1L R/W H'00
HFFF74 General register A1H GRA1H R/W H'FF
H'FFF75 General register A1L GRA1L R/W H'FF
H'FFF76 General register B1H GRB1H R/W H'FF
H'FFF77 General register B1L GRB1L 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.
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Table8.3 16-bit timer Registers (cont)

Abbre- Initial
Channel  Address* Name viation R/W Value
2 H'FFF78 Timer control register 2 TCR2 R/W H'80
H'FFF79 Timer 1/O control register 2 TIOR2 R/W H'88
H'FFF7A Timer counter 2H TCNT2H R/W H'00
H'FFF7B Timer counter 2L TCNT2L 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

Note: * The lower 20 bits of the address in advanced mode are indicated.

8.2 Register Descriptions

821 Timer Start Register (TSTR)

TSTR isan 8-bit readable/writable register that starts and stops the timer counter (TCNT) in

channels 0 to 2.

Bit 7 6 5 4 3 2 1 0
I e e e A

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 TCNT2 to TCNTO

TSTRisinitialized to H'F8 by areset and in standby mode.

Bits 7 to 3—Reserved: These bits cannot be modified and are alwaysread as 1.
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Bit 2—Counter Start 2 (STR2): Starts and stopstimer counter 2 (TCNT2).

Bit 2

STR2 Description

0 TCNT2 is halted (Initial value)
1 TCNT2 is counting

Bit 1—Counter Start 1 (STR1): Starts and stops timer counter 1 (TCNT1).

Bit 1

STR1 Description

0 TCNT1 is halted (Initial value)
1 TCNT1 is counting

Bit 0—Counter Start 0 (STRO0): Starts and stopstimer counter O (TCNTO).

Bit 0

STRO Description

0 TCNTO is halted (Initial value)
1 TCNTO is counting

8.2.2 Timer Synchro Register (TSNC)

TSNC is an 8-bit readable/writable register that selects whether channels 0 to 2 operate
independently or synchronously. Channels are synchronized by setting the corresponding bitsto 1.

Bit 7 6 5 4 3 2 1 0
| — | — | = | — |svca|swe1|swoo)

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 alwaysread 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 (TCNT2) operates independently (Initial value)
TCNT2 is preset and cleared independently of other channels

1 Channel 2 operates synchronously

TCNT2 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 (TCNT1) operates independently (Initial value)
TCNT1 is preset and cleared independently of other channels

1 Channel 1 operates synchronously

TCNT1 can be synchronously preset and cleared

Bit 0—Timer Sync 0 (SYNCO): Selects whether channel O operates independently or
synchronously.

Bit 0

SYNCO Description

0 Channel 0's timer counter (TCNTO) operates independently (Initial value)
TCNTO is preset and cleared independently of other channels

1 Channel 0 operates synchronously

TCNTO can be synchronously preset and cleared

823 Timer Mode Register (TMDR)

TMDR is an 8-bit readable/writable register that selects PWM mode for channels O to 2. It also
selects phase counting mode and the overflow flag (OVF) setting conditions for channel 2.
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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 O

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

TMDRisinitialized to H'98 by areset and in standby mode.
Bit 7—Reserved: This bit cannot be modified and is alwaysread as 1.

Bit 6—Phase Counting M ode 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, TCNT2 operates as an up/down-counter and
pins TCLKA and TCLKB become counter clock input pins. TCNT2 counts both rising and falling
edges of TCLKA and TCLKB, and counts up or down as follows.

Counting Direction  Down-Counting Up-Counting
TCLKA pin I High 1 Low Low i High 1
TCLKB pin Low I High 1 I 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.
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The counter clearing condition selected by the CCLR1 and CCLRO bitsin TCR2 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 modesin channel 2.

Bit 5

FDIR Description

0 OVF is setto 1 in TISRC when TCNT2 overflows or underflows (Initial value)
1 OVF is setto 1 in TISRC when TCNT2 overflows

Bits 4 and 3—Reserved: These bits cannot be modified and are awaysread 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 (PWM1): 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

When bit PWM1 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 GRB1.

Bit 0—PWM Mode 0 (PWMO0): Selects whether channel 0 operates normally or in PWM mode.

Bit 0

PWMO Description

0 Channel 0 operates normally (Initial value)
1 Channel 0 operates in PWM mode
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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.

8.24 Timer Interrupt Status Register A (TISRA)

TISRA is an 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 — RI(W)*  RI(W)* R/I(W)*

flags A2to AO
Status flags indicating GRA

Reserved bit

Input capture/compare match interrupt enable A2 to AO
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.

Input capture/compare match

compare match or input capture

Bit 6—Input Capture/Compare Match Interrupt Enable A2 (IMIEA?2): Enables or disables

the interrupt requested by the IMFA2 when IMFA2 flag is 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
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Bit 5—Input Capture/Compare Match Interrupt Enable A1 (IMIEA1L): Enables or disables
the interrupt requested by the IMFA1 flag when IMFAlisset 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 alwaysread 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 conditions] (Initial value)
Read IMFA2 flag when IMFA2 =1, then write 0 in IMFA2 flag

1 [Setting conditions]
« TCNT2 = GRA2 when GRAZ2 functions as an output compare register

* TCNT2 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 (IMFA1): This status flag indicates GRA1
compare match or input capture events.

Bit 1

IMFA1 Description

0 [Clearing conditions] (Initial value)
Read IMFAL1 flag when IMFA1 =1, then write 0 in IMFAL flag

1 [Setting conditions]

 TCNT1 = GRA1 when GRAL1 functions as an output compare register

e TCNT1 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 A0 (IMFAOQ): This status flag indicates GRAO
compare match or input capture events.

Bit 0

IMFAOQ Description

0 [Clearing conditions] (Initial value)
Read IMFAO flag when IMFAOQ =1, then write 0 in IMFAO flag

1 [Setting conditions]

« TCNTO = GRAO when GRAO functions as an output compare register

e TCNTO value is transferred to GRAO by an input capture signal when GRAO
functions as an input capture register
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8.25 Timer Interrupt Status Register B (TISRB)

TISRB is an 8-hit 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)*  RI(W)*  R/(W)*

Input capture/compare match
flags B2 to BO

Status flags indicating GRB
compare match or input capture

Reserved bit

Input capture/compare match interrupt enable B2 to BO
These bits enable or disable interrupts by the IMFB flags

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 alwaysread as 1.

Bit 6—Input Capture/Compare Match 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 IMFB1 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 alwaysread 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 0 in IMFB2 flag

1 [Setting conditions]
« TCNT2 = GRB2 when GRB2 functions as an output compare register

* TCNT2 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/Compare Match 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 IMFBL flag

1 [Setting conditions]

 TCNT1 = GRB1 when GRB1 functions as an output compare register

e TCNT1 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 (IMFBO0): 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]
 TCNTO = GRBO when GRBO functions as an output compare register
e TCNTO value is transferred to GRBO by an input capture signal when GRBO

functions as an input capture register
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8.2.6 Timer Interrupt Status Register C (TISRC)

TISRC isan 8-hit readable/writable register that indicates TCNT overflow or underflow and
enables or disables overflow interrupt requests.

Bit 7 6 5 4 3 2 1 0
| — | OVIE2 | OVIEl1l | OVIEO | — | OVF2 | OVF1 | OVFO0 |

Initial value 1 0 0 0 1 0 0 0
Read/Write — R/W R/W R/W — R/(W)*  R/I(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 0 can be written, to clear the flag.

TISRC isinitialized to H'88 by areset and in standby mode.
Bit 7—Reserved: Thisbit cannot be modified and is always read as 1.

Bit 6—Overflow Interrupt Enable 2 (OVIE2): Enables or disables the interrupt requested by the
OVF2when OVF2flagisset 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
OVF1when OVF1flagissetto 1.

Bit 5
OVIE1 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
OVFOwhen OVFOflagissetto 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 awaysread as 1.

Bit 2—Overflow Flag 2 (OVF2): This status flag indicates 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]

TCNT2 overflowed from H'FFFF to H'0000, or underflowed from H'0000 to H'FFFF

Note: TCNT underflow occurs when 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 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]

TCNT1 overflowed from H'FFFF to H'0000

Bit 0—Overflow Flag 0 (OVFO0): This status flag indicates TCNTO overflow.

Bit 0

OVFO0 Description

0 [Clearing condition] (Initial value)
Read OVFO flag when OVFO =1, then write 0 in OVFO flag

1 [Setting condition]
TCNTO overflowed from H'FFFF to H'0000
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8.2.7 Timer Counters(TCNT)

TCNT is a16-bit counter. The 16-bit timer has three TCNTS, one for each channel.

Channel Abbreviation Function

0 TCNTO Up-counter

1 TCNT1

2 TCNT2 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 o0 o 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/W R/W

Each TCNT is a 16-bit readable/writable register that counts pulse inputs from a clock source. The
clock sourceis selected by bits TPSC2 to TPSCO in TCR.

TCNTO and TCNTL1 are up-counters. TCNT2 is an up/down-counter in phase counting mode and
an up-counter in other modes.

TCNT 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 TCNT overflows (changes from H'FFFF to H'0000), the OVF flag isset to 1 in TISRC of
the corresponding channel.

When TCNT underflows (changes from H'0000 to H'FFFF), the OVF flag isset to 1 in TISRC of
the corresponding channel.

The 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 TCNT isinitialized to H'0000 by areset and in standby mode.
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8.28

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 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

Initial value 1 1 1171 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

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 ageneral register is used as an output compare register, its value is constantly compared
with the TCNT value. When the two values match (compare match), the IMFA or IMFB flag is set
to 1in 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 TCNT value is stored in the general register. The corresponding IMFA or
IMFB flag in 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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8.29 Timer Control Registers(TCR)

TCRisan 8-bit register. The 16-hit timer has three TCRs, one in each channel.

Channel Abbreviation Function
0 TCRO TCR controls the timer counter. The TCRs in all channels
1 TCR1 are functionally identical. When phase counting mode is
selected in channel 2, the settings of bits CKEG1 and
2 TCR2 CKEGO and TPSC2 to TPSCO in TCR2 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 2to 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 TCR 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.

TCRisinitialized 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 1/0 (CCLR1, CCLRO): These bits select how TCNT iscleared.

Bit 6 Bit 5

CCLR1 CCLRO Description

0 0 TCNT is not cleared (Initial value)
1 TCNT is cleared by GRA compare match or input capture**

1 0 TCNT is cleared by GRB compare match or input capture**
1 Synchronous clear: TCNT is cleared in synchronization with other

synchronized timers*?

Notes: 1. TCNT 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 1/0 (CKEG1, CKEGO): These hits 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 TCR2 are ignored.
Phase counting takes precedence.

Bits2to O—Timer Prescaler 2to 0 (TPSC2 to TPSCO): These bits select the counter clock
source.

Bit 2 Bit 1 Bit O
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
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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 TCR2 are ignored. Phase counting takes precedence.

8.2.10 Timer 1/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 ‘ 10B1 ‘ I0BO ‘ — ‘ I0A2 ‘ I0A1 ‘ I0A0 ‘
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/0 control A2to 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 maode.

Bit 7—Reserved: This bit cannot be modified and is always read as 1.
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Bits 6 to 4—I/O Control B2to BO (I0B2 to 10BO0): These bits select the GRB function.

Bit 6 Bit 5 Bit 4
10B2 I0B1 I0BO Function
0 0 0 GRB is an output  No output at compare match (Initial value)
1 compare register g oyt 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  gpp 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 alwaysread as 1.

Bits 2to 0—I/O Control A2to A0 (I0A2to 10AQ): These hits select the GRA function.

Bit 2 Bit 1 Bit 0
I0A2 IOAl I0AQ Function
0 0 0 GRA is an output  No output at compare match  (Initial value)
1 compare register g oyt 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  Gpa 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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8.211 Timer Output Level Setting Register C (TOLR)

TOLR isan 8-bit 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 TIOCAg, and TIOCB, to TIOCBy)

Reserved bits

A TOLR setting can only be made when the corresponding bit in TSTR is 0.
TOLR isawrite-only register. If itisread, all 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 Level 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 0 (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

TOA1 Description

0 TIOCA, is0 (Initial value)
1 TIOCA, is 1

Bit 1—Output Level Setting BO (TOBO): Setsthe value of timer output TIOCB,,.

Bit O

TOBO Description

0 TIOCB, is 0 (Initial value)
1 TIOCB, is 1

Bit 0—Output Level Setting A0 (TOADO): Setsthe value of timer output TIOCA,,

Bit 0

TOAO Description

0 TIOCA,is 0 (Initial value)
1 TIOCA,is 1
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8.3 CPU Interface

8.3.1 16-Bit Accessible Registers

The timer counters (TCNTS), 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 8.4 and 8.5 show examples of word read/write accessto atimer counter (TCNT). Figures
8.6, 8.7, 8.8, and 8.9 show examples of byte read/write accessto TCNTH and TCNTL.

On-chip data bus

H H

()

CPU L Bus interface L

A < 2

| TCNTH | TCNTL |

VN

data bus

> Module
>

Figure8.4 Accessto Timer Counter (CPU Writesto TCNT, Word)

On-chip data bus

) =
{} L Module

CPU L Bus interface > data bus

<)
| TCNTH | TCNTL |

H A

Figure85 Accessto Timer Counter (CPU Reads TCNT, Word)

225
RENESAS




On-chip data bus

H H

()

CPU L Bus interface

>

Module
data bus

/N A

=
>

\ ALV

| TCNTH | TCNTL |

Figure8.6 Accessto Timer Counter (CPU Writesto TCNT, Upper Byte)

On-chip data bus

H H

()

CPU L Bus interface

>

L

data bus

H N

> Module
>

AR

| TCNTH | TCNTL |

Figure8.7 Accessto Timer Counter (CPU Writesto TCNT, Lower Byte)

On-chip data bus

H H

()

CPU L Bus interface {} L

i O

TCNTH | TCNTL

VN

Module

> data bus

/\

Figure8.8 Accessto Timer Counter (CPU Reads TCNT, Upper Byte)
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On-chip data bus

H H

<) >
{} L~ Module

CPU L Bus interface > data bus

TCNTH | TCNTL

Y VAN

Figure8.9 Accessto Timer Counter (CPU Reads TCNT, Lower Byte)

8.3.2 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 8.10 and 8.11 show examples of byte read and write accessto aTCR.

If aword-size data transfer instruction is executed, two byte transfers are performed.

On-chip data bus

) -

CPU L Bus interface

p—

VANV N

TCR

Figure8.10 TCR Access (CPU Writesto TCR)

On-chip data bus

H H

<) ﬁ ] >(l;/|odutle
> ata bus

CPU L Bus interface

p—

VARV N

TCR

Figure8.11 TCR Access (CPU Reads TCR)
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84 Operation

84.1 Overview
A summary of operations in the various modesis 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.
General registers A and B 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 channelsis 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 bitsin 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 TCNT2 counts up or down accordingly. When phase counting mode is
selected TCLKA and TCLKB become clock input pins and TCNT2 operates as an up/down-
counter.

84.2 Basic Functions

Counter Operation: When one of bits STRO to STR2 isset to 1 in the timer start register (TSTR),
the timer counter (TCNT) in the corresponding channel starts counting. The counting can be free-
running or periodic.

e Sample setup procedure for counter
Figure 8.12 shows a sample procedure for setting up a counter.
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< 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

Figure8.12 Counter Setup Procedure (Example)

. Set bits TPSC2 to TPSCO in TCR to select the counter clock source. If an external clock source

is selected, set bits CKEG1 and CKEGO in TCR to select the desired edge(s) of the external
clock signal.

. For periodic counting, set CCLR1 and CCLRO in TCR to have TCNT 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 bit to 1 in TSTR to start the timer counter.
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Free-running and periodic counter operation

A reset leaves the counters (TCNTS) 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 flagissetto 1in TISRC.
After the overflow, the counter continues counting up from H'0000. Figure 8.13 illustrates
free-running counting.

TCNT value

H'0000 ‘ ‘ ’ = Time
STRO to | 3

STR2 bit 3

OVF )

Figure8.13 Free-Running Counter Operation

When achannel is set to have its counter cleared by compare match, in that channel TCNT
operates as a periodic counter. Select the output compare function of GRA or GRB, set hit
CCLR1 or CCLRO in TCR 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 flag isset to 1 in TISRA/TISRB and the counter is cleared to
H'0000. If the corresponding IMIEA or IMIEB bitissetto 1in TISRA/TISRB, a CPU
interrupt is requested at this time. After the compare match, TCNT continues counting up from
H'0000. Figure 8.14 illustrates periodic counting.

TCNT value Counter cleared by general

/ register compare match
GR ‘ ——————————————————————

H'0000

STR bit
IMF r______i______r______

Figure8.14 Periodic Counter Operation
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e TCNT count timing
O Internal clock source
Bits TPSC2 to TPSCO in TCR select the system clock (¢) or one of three internal clock

sources obtained by prescaling the system clock (¢/2, ¢/4, ¢/8).
Figure 8.15 shows the timing.

: InEpEEEnEnENEREREE

(
Internal R
C|OCk ‘I \ () | | \
TCNT input

§
§
5 X N+1

(( (
) )
(( (
)T )
(( (
) )

TCNT N-1 X

Figure8.15 Count Timingfor Internal Clock Sources

0O External clock source

The external clock pin (TCLKA to TCLKD) can be selected by bits TPSC2 to TPSCO in
TCR, and the detected edge by bits CKEG1 and CKEGO. The rising 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 8.16 shows the timing when both edges are detected.

0 InEpEnEaEnEnEnEuEE
Eaemal e | ) 5 | ) ’
TCNT input )

( ((
7 )]
; ;
TCNT N-1 X . N X . N+1
7 J

L

Figure8.16 Count Timing for External Clock Sources (when Both Edges are Detected)
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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 goto 0, goto 1, or toggle. In channel 2 the output
canonlygotoOorgotol.

» Sample setup procedure for waveform output by compare match
Figure 8.17 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

Figure8.17 Setup Procedurefor Waveform Output by Compare Match (Example)
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Examples of waveform output

Figure 8.18 shows examples of 0 and 1 output. TCNT operates as a free-running counter, 0
output is selected for compare match A, and 1 output is selected for compare match B. When
the pin is already at the selected output level, the pin level does not change.

TCNT value
/
[l o o e e R T

GRB -

GRA | e

H'0000

No change No change 1 output

No change s No change 0 output

Figure8.18 0Oand 1 Output (TOA =1, TOB=0)

Figure 8.19 shows examples of toggle output. TCNT operates as a periodic counter, cleared by
compare match B. Toggle output is selected for both compare match A and B.

TCNT value .
i Counter cleared by compare match with GRB
GRB [ / ”””””””””””””””””””””
GRA [ i R ARl R ("o
H0000 ‘ | ~ Time
TIOCB ! 3 | Toggle
: ! ! ; output
TIOCA | Toggle
\ output

Figure8.19 Toggle Output (TOA =1, TOB=0)

233
RENESAS




Output compare output timing

The compare match signal is generated in the last state in which TCNT and the general register
match (when TCNT 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 TCNT matches a general register, the compare match signal is
not generated until the next counter clock pulse.

Figure 8.20 shows the output compare timing.

0 NN
CNT i
'(I:'IOCNlenput

TCNT N X N+1
GR N

Compare ,—l

match signal

TIOCA, ><

TIOCB

Figure8.20 Output Compare Output Timing

Input Capture Function: The TCNT 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 8.21 shows a sample procedure for setting up input capture.

< Input selection

D

Select input-capture input

Start counter

!

Input capture

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.

2. Setthe STR bitto 1 in TSTR to start the timer
counter.

Figure8.21 Setup Procedurefor Input Capture (Example)

Examples of input capture
Figure 8.22 illustrates input capture when the falling edge of TIOCB and both edges of TIOCA
are selected as capture edges. TCNT is cleared by input capture into GRB.

TCNT value

H'0005
H'0000

TIOCB

TIOCA

GRA

GRB

X H'0180

Figure8.22 Input Capture (Example)
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* Input capture signal timing
Input capture on the rising edge, falling edge, or both edges can be selected by settingsin
TIOR. Figure 8.23 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.

Input-capture input

Input capture signal

TCNT N

GRA, GRB >< N

Figure8.23 Input Capture Signal Timing

843 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 TCR 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 all channels (0 to 2).

Sample Setup Procedurefor Synchronization: Figure 8.24 shows a sample procedure for
setting up synchronization.
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(Setup for synchronization>

| Select synchronization | 1

( Synchronous preset ) ( Synchronous clear )

Clearing

No

s

synchronized to this
) channel?
Write to TCNT 2
Yes
| Select counter clear source | 3 | Select counter clear source | 4
| Start counter |5 | Start counter
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 TCNT in one of the synchronized channels, the same value is
simultaneously written in TCNT in the other channels.

3. Set the CCLR1 or CCLRO bit in TCR to have the counter cleared by compare match or input capture.

4. Setthe CCLR1 and CCLRO bits in TCR to have the counter cleared synchronously.

5. Setthe STR bits in TSTR to 1 to start the synchronized counters.

Figure8.24 Setup Procedurefor Synchronization (Example)

Example of Synchronization: Figure 8.25 shows an example of synchronization. Channels 0, 1,
and 2 are synchronized, and are set to operate in PWM mode. Channel 0 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 8.4.4, PWM Mode.
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Value of TCNTO to TCNT2
/

Cleared by compare match with GRBO

GRBO
GRB1

GRAO
GRB2

GRAl

GRA2

H'0000 —
TIOCAg

TIOCA;

TIOCA,

Figure8.25 Synchronization (Example)

844 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 changesto 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 all channels (0 to 2).

Table 8.4 summarizes the PWM output pins and corresponding registers. If the ssmevaueisset in
GRA and GRB, the output does not change when compare match occurs.

Table84 PWM Output Pinsand Registers

Channel Output Pin 1 Output 0 Output
0 TIOCA, GRAO GRBO

1 TIOCA, GRA1 GRB1

2 TIOCA, GRA2 GRB2
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Sample Setup Procedurefor PWM Mode: Figure 8.26 shows a sample procedure for setting up
PWM mode.

C

PWM mode

)

Select counter clock

Select counter clear source

Set GRA

Set GRB

Select PWM mode

Start counter

l

PWM mode

=

Set bits TPSC2 to TPSCO in TCR to
select the counter clock source. If an
external clock source is selected, set
bits CKEG1 and CKEGO in TCR to
select the desired edge(s) of the
external clock signal.

Set bits CCLR1 and CCLRO in TCR
to select the counter clear source.

Set the time at which the PWM
waveform should go to 1 in GRA.

Set the time at which the PWM
waveform should go to 0 in GRB.

Set the PWM bit in TMDR to select
PWM mode. When PWM mode is
selected, regardless of the TIOR
contents, GRA and GRB become
output compare registers specifying
the times at which the PWM output
goes to 1 and 0. The TIOCA pin
automatically becomes the PWM
output pin. The TIOCB pin conforms
to the settings of bits IOB1 and IOBO
in TIOR. If TIOCB output is not

desired, clear both IOB1 and IOBO to 0.

Set the STR bitto 1 in TSTR to start
the timer counter.

Figure8.26 Setup Procedurefor PWM Mode (Example)
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Examples of PWM Mode: Figure 8.27 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 O

at compare match with GRB.

In the examples shown, TCNT is cleared by compare match with GRA or GRB. Synchronized
operation and free-running counting are also possible.

TCNT value

GRA

GRB

H'0000

TIOCA

/ Counter cleared by compare match A

a. Counter cleared by GRA (TOA =1)

TCNT value

GRB

GRA

H'0000

TIOCA

/ Counter cleared by compare match B

b. Counter cleared by GRB (TOA = 0)

Time
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Figure8.27 PWM Mode (Example 1)
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Figure 8.28 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 cycleis 0%. If the counter is cleared by compare match with GRA, and GRB is set to a

higher value than GRA, the duty cycleis 100%.

TCNT value Counter cleared by compare match B
GRB [ 7 R Il R -
GRA [ . ‘
H'0000 ‘ — e R— ¥ Time
TIOCA L -

Write to GRA Write to GRA
a. 0% duty cycle (TOA=0)

TCNT value Counter cleared by compare match A
GRA [ A T gt -
GRB [ . ‘
H'0000 ] — e R— ¥ Time
TIOCA o

?

Write to GRB

?

Write to GRB

b. 100% duty cycle (TOA=1)

Figure8.28 PWM Mode (Example 2)
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845 Phase Counting Mode

In phase counting mode the phase difference between two external clock inputs (at the TCLKA
and TCLKB pins) is detected, and TCNT2 counts up or down accordingly.

In phase counting mode, the TCLKA and TCLKB pins automatically function as external clock
input pins and TCNT2 becomes an up/down-counter, regardless of the settings of bits TPSC2 to
TPSCO, CKEGL, and CKEGO in TCR2. Settings of bits CCLR1, CCLRO in TCR2, and settingsin
TIOR2, TISRA, TISRB, TISRC, setting of STR2 bitin TSTR, GRA2, and GRB2 arevalid. The
input capture and output compare functions can be used, and interrupts can be generated.

Phase counting is available only in channel 2.

Sample Setup Procedure for Phase Counting Mode: Figure 8.29 shows a sample procedure for
setting up phase counting mode.

( Phase counting mode >

Select phase counting mode 1 1. Set the MDF bit in 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

Figure8.29 Setup Procedurefor Phase Counting M ode (Example)
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Example of Phase Counting Mode: Figure 8.30 shows an example of operationsin phase
counting mode. Table 8.5 lists the up-counting and down-counting conditions for TCNT2.

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.

TCNT2 value

Countinyv &untiig down

Tcke 4 ' i 1 i { } 1 f
TCLKA f 1 } 1 1 1 } o

Figure8.30 Operation in Phase Counting M ode (Example)

Table85 Up/Down Counting Conditions

Counting Direction Up-Counting Down-Counting
TCLKB pin I High 1 Low High 1 Low i
TCLKA pin Low I High 1 1 Low I High
P_hase P_hase
‘dlfference‘ ‘dn‘ference‘ Pulse width Pulse width

TCLKB 3
| | | | Phase difference and overlap: at least 1.5 states

' Overlap ' ' Overlap ' Pulse width: at least 2.5 states

Figure8.31 Phase Difference, Overlap, and Pulse Width in Phase Counting M ode
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8.4.6 16-Bit Timer Output Timing

Theinitia value of 16-bit timer output when atimer count operation begins can be specified
arbitrarily by making a setting in TOLR.

Figure 8.32 shows the timing for setting the initial value with TOLR.

Only write to TOLR when the corresponding bit in TSTR is cleared to O.

Address bus >< TOLR address ><

TOLR >< N
N

16-bit timer output pin X N

Figure8.32 Timing for Setting 16-Bit Timer Output Level by Writingto TOLR

244
RENESAS




8.5 Interrupts

The 16-bit timer has two types of interrupts: input capture/compare match interrupts, and overflow
interrupts.

85.1 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 TCNT matches a genera register (GR). The compare match
signal is generated in the last state in which the values match (when TCNT is updated from the
matching count to the next count). Therefore, when TCNT matches a general register, the compare
match signal is not generated until the next TCNT clock input. Figure 8.33 shows the timing of the
setting of IMFA and IMFB.

; i L

TCNT input
clock

TCNT N >< N+1

GR N

Compare
match signal

IMF

IMI

Figure8.33 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 TCNT contents are simultaneously transferred to the corresponding
general register. Figure 8.34 shows the timing.

o ]

Input capture

signal
IMF
TCNT N
GR >< N
IMI
Figure8.34 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 TCNT overflows from
H'FFFF to H'0000 or underflows from H'0000 to H'FFFF. Figure 8.35 shows the timing.

o | L
TCNT ><

Overflow
signal

OVF

ovi

Figure8.35 Timing of Setting of OVF

8.5.2 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 8.36 shows the timing.

TISR write cycle

Ty T, T3
|<—>|<—>|<—>|

o
Address >< TISR address ><

IMF, OVF

Figure8.36 Timing of Clearing of Status Flags
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85.3 Interrupt Sources

Each 16-bit 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
aresetto 1.

The priority order of the channels can be modified in interrupt priority registers A (IPRA). For
details see section 5, Interrupt Controller.

Table 8.6 lists the interrupt sources.

Table8.6 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 A1
IMIB1 Compare match/input capture B1
ovii Overflow 1
2 IMIA2 Compare match/input capture A2
IMIB2 Compare match/input capture B2
oVvi2 Overflow 2 Low

Note: * The priority immediately after a reset is indicated. Inter-channel priorities can be changed
by settings in IPRA and IPRB.

248
RENESAS



8.6 Usage Notes

This section describes contention and other matters requiring special attention during 16-bit timer
operations.

Contention between TCNT Writeand Clear: If acounter clear signal occursin the T, state of a
TCNT write cycle, clearing of the counter takes priority and the write is not performed. See
figure 8.37.

TCNT write cycle
T T, T3

0 N
Address bus X TCNT address ><

Internal write signal

Counter clear signal

TCNT N >< H'0000

Figure8.37 Contention between TCNT Write and Clear
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Contention between TCNT Word Write and Increment: If an increment pulse occursin the T,
state of a TCNT word write cycle, writing takes priority and TCNT is not incremented.
Figure 8.38 shows the timing in this case.

TCNT word write cycle
Ty T T3

0 N
Address bus X TCNT address ><

Internal write signal

TCNT input clock

TCNT N >< v M

TCNT write data

Figure8.38 Contention between TCNT Word Write and I ncrement
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Contention between TCNT Byte Write and I ncrement: If an increment pulse occursinthe T,
or T, state of a TCNT byte write cycle, writing takes priority and TCNT is not incremented. The
byte data for which awrite was not performed is not incremented, and retains its pre-write value.
See figure 8.39, which shows an increment pulse occurring in the T, state of a byte write to
TCNTH.

TCNTH byte write cycle

Ty T, T3
>l >l -

[
Address bus X TCNTH address ><

Internal write signal

TCNT input clock

N >< M
TCNTH Y
TCNT write data

TCNTL X >< X+1 >< X

Figure8.39 Contention between TCNT Byte Write and Increment
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Contention between General Register Write and Compare Match: If acompare match occurs
inthe T, state of ageneral register write cycle, writing takes priority and the compare match signal
isinhibited. See figure 8.40.

General register write cycle

Ty T, T3
-l -l -

5
Address bus X GR address ><

Internal write signal

TCNT N >< N+1

GR N >< /M

General register write data

Compare match signal ' po- Inhibited

Figure8.40 Contention between General Register Write and Compare Match
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Contention between TCNT Writeand Overflow or Underflow: If an overflow occursin the T,
state of a TCNT write cycle, writing takes priority and the counter is not incremented. OVF is
set to 1.The same holds for underflow. See figure 8.41.

TCNT write cycle

Ty T, T3

R

[
Address bus X TCNT address ><

Internal write signal

TCNT input clock

Overflow signal

TCNT H'FFFF >< ‘ M

TCNT write data

OVF

Figure8.41 Contention between TCNT Write and Overflow
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Contention between General Register Read and Input Capture: If an input capture signal
occurs during the T state of a general register read cycle, the value before input capture is read.
Seefigure 8.42.

General register read cycle

Ty T, T3
-l >l -

[
Address bus X GR address ><

Internal read signal

Input capture signal

GR X >< M
Internal data bus 4< X >7

Figure8.42 Contention between General Register Read and Input Capture
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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 8.43.

w .

Input capture signal

Counter clear signal

TCNT input clock

TCNT N >< H'0000

GR >< N

Figure8.43 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 8.44.

General register write cycle

Ty T, T3
-l >l -

[
Address bus X GR address ><

Internal write signal

Input capture signal

TCNT M

GR >< \M

Figure8.44 Contention between General Register Writeand 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 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:

__ ¢
= (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 TCNT value
ismodified by byte write access, all 16 bits of all 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

Tonti [ w | x| ofehemelt TeNT2 | oA | x|
Tent2 |y |z | Tent2 | oA | x|
Upper byte Lower byte Wiite A to lower byte Upper byte Lower byte
of channel 2

. Tent2 |y | A |
Tent2 |y | A |
Upper byte Lower byte

* Word write to channel 1 or word write to channel 2
TeNTL | w [ x| _ TenNT2 | A | B |
TcNT2 | vy |z | Write ABwordto TenNt2 | oA | B |

channel 1 or 2
Upper byte Lower byte Upper byte Lower byte
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16-bit timer Operating M odes

Table8.7 (@) 16-bit timer Operating M odes (Channel 0)

Register Settings

TSNC TMDR TIORO TCRO
Synchro- Clear Clock
Operating Mode nization MDF FDIR PWM I0OA 10B Select Select
Synchronous preset SYNCO=1 — — ¢} @) O O O
PWM mode ) — — PWMO=1 — o* @) ¢)
Output compare A @) — — PWMO=0 [0A2=0 O O O
Other bits
unrestricted
Output compare B O — — O ¢ 10B2=0 O O
Other bits
unrestricted
Input capture A @) — — PWMO=0 [I0A2=1 O O O
Other bits
unrestricted
Input capture B O — — PWMO=0 © 10B2=1 o (@]
Other bits
unrestricted
Counter By compare O — — O @) 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- SYNCO=1 — — © o o 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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Table 8.7 (b) 16-bit timer Operating Modes (Channel 1)

Register Settings

TSNC TMDR TIOR1 TCR1
Synchro- Clear Clock
Operating Mode nization MDF FDIR PWM I0A 10B Select Select
Synchronous preset  SYNC1=1 — — O @) @) O O
PWM mode o — —  PWM1=1 — * o o
Output compare A O — — PWM1=0 I0A2=0 ©O e} O
Other bits
unrestricted
Output compare B o) — — O o I0OB2=0 © @)
Other bits
unrestricted
Input capture A O — — PWM1=0 I0A2=1 O e} O
Other bits
unrestricted
Input capture B o — — PWM1=0 O I0OB2=1 ©O @)
Other bits
unrestricted
Counter By compare ©O — — O @) @) CCLR1=0 ©
clearing match/input CCLRO=1
capture A
By compare O — — O @) @) CCLR1=1 ©O
match/input CCLRO=0
capture B
Syn- SYNC1=1 — — o 0 o CCLR1=1 O
chronous CCLRO=1
clear

Legend: O Setting available (valid). — Setting does not affect this mode.
* 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.

Notes:
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Table8.7 (c) 16-bit timer Operating Modes (Channel 2)

Register Settings

TSNC TMDR TIOR2 TCR2
Synchro- Clear Clock
Operating Mode nization MDF FDIR PWM I10A 10B Select Select
Synchronous preset SYNC2=1 O — @) O @) @) @)
PWM mode (@] @) — PWM2=1 — o* (@) @)
Output compare A ¢) O — PWM2=0 I0A2=0 ¢) ¢) O
Other bits
unrestricted
Output compare B @) O — @) O 10B2 =0 @) @)
Other bits
unrestricted
Input capture A O O — PWM2=0 10A2=1 O @) 0]
Other bits
unrestricted
Input capture B ©) O — PWM2=0 O I0B2=1 0] @)
Other bits
unrestricted
Counter By compare O (@] — O (@] O CCLR1=0 ©
clearing match/input CCLRO=1
capture A
By compare O O — @) O @) CCLR1=1 O
match/input CCLRO=0
capture B
Syn- SYNC2=1 O — o ¢ o CCLR1=1 ©
chronous CCLRO=1
clear
Phase counting o) MDF=1 O o) ¢ 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 9 8-Bit Timers

9.1 Overview

The H8/3064F has a built-in 8-bit timer module with four channels (TMRO, TMR1, TMR2, and
TMR3), based on 8-hit counters. Each channel has an 8-bit timer counter (TCNT) and two 8-bit
time constant registers (TCORA and TCORB) that are constantly compared with the TCNT value
to detect compare match events. Thetimers can be used as multifunctional timersin avariety of
applications, including the generation of arectangular-wave output with an arbitrary duty cycle.

911 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).

e Selection of three waysto clear the counters
The counters can be cleared on compare match A or B, or input capture B.
e Timer output controlled by two compare match signals
The timer output signal in each channedl is controlled by two independent compare match
signals, enabling the timer to generate output waveforms with an arbitrary duty cycle or PWM
output.
e 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).
0 Channels 2 and 3 can be operated as the upper and lower halves of a 16-bit timer (16-bit
count mode).
0 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).
e Input capture function can be set
8-hit or 16-hit input capture operation is available.
« 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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9.12 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 9.1 shows a block diagram of 8-bit timer
group O.

External clock Internal clock
sources sources
TCLKA @8
TCLKC ——————— @64
©8192
Clock 1
Clock 0
Clock select

| TCORAO H:l TCORAL |<_

Compare match A1

Compare match AO | Comparator AO I:# Comparator Al |

Overflow 1

e 4

rd
Overflow 0 TCNTO |:| TCNTL |<

TMO, ~—
TMIO, ~— Compare match B1

Internal bus

Control logic
Compare match BO| comparator BO ':'Comparator B1 |

Input capture B1
| | N

| Tcomso | Tcoml KT
ea— S U = R U —

e— 15U = RV e—
|—»CMIAO

— CMIBO
— CMIA1/CMIB1
— OVI0/OVI1
Interrupt signals

Legend:

TCORA: Time constant register A
TCORB: Time constant register B
TCNT:  Timer counter

TCSR: Timer control/status register
TCR: Timer control register

Figure9.1 Block Diagram of 8-Bit Timer Unit (Two Channels. Group 0)
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9.1.3 Pin Configuration
Table 9.1 summarizes the input/output pins of the 8-bit timer module.

Table9.1 8-Bit Timer Pins

Group Channel Name Abbreviation /O Function
0 0 Timer output T™MO, 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, /10 Compare match output/input

capture input

Timer clock input TCLKB Input  Counter external clock input

RENESAS
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9.14 Register Configuration
Table 9.2 summarizes the registers of the 8-bit timer module.

Table9.2 8-Bit Timer Registers

Channel Address*1l Name Abbreviation R/W Initial value
0 H’FFF80 Timer control register 0 TCRO R/W H'00
H'FFF82 Timer control/status register 0 TCSRO R/(W)** 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 O TCNTO R/W H’00
1 H'FFF81 Timer control register 1 TCR1 R/W H'00
H'FFF83 Timer control/status register 1 TCSR1 R/(W)** 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 TCNT1 R/W H'00
2 H'FFF90 Timer control register 2 TCR2 R/W H'00
H'FFF92 Timer control/status register 2 TCSR2 R/(W)** H'00
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 TCNT2 R/W H'00
3 H'FFF9I1 Timer control register 3 TCR3 R/W H'00
H'FFF93 Timer control/status register 3 TCSR3 R/(W)** 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 TCNT3 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 registersfor 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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9.2 Register Descriptions

921 Timer Counters (TCNT)

TCNTO TCNT1

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 0 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/W R/W

TCNT2 TCNT3

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value 0o 0o O o o0 o 0O O 0 0 0o o0 o O o0 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

The timer counters (TCNT) are 8-bit readable/writable up-counters that increment on pulses
generated from an internal or external clock source. The clock sourceis selected by clock select
bits 2 to 0 (CKS2 to CKS0) in the timer control register (TCR). The CPU can always read or
write to the timer counters.

The TCNTO and TCNT1 pair, and the TCNT2 and TCNT3 pair, can each be accessed as a 16-bit
register by word access.

TCNT can be cleared by an input capture signal or compare match signal. Counter clear bits 1 and
0 (CCLR1 and CCLRO) in TCR select the method of clearing.

When TCNT overflows from H'FF to H'00, the overflow flag (OVF) in the timer control/status
register (TCSR) issetto 1.

Each TCNT isinitialized to H'00 by areset and in standby mode.
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922 Time Constant Registers A (TCORA)

TCORAO to TCORAZ3 are 8-bit readable/writable registers.

TCORAO TCORA1

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 TCORAS3

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 TCORAOQ and TCORAL1 pair, and the TCORA2 and TCORA3 pair, can each be accessed asa
16-bit register by word access.

The TCORA valueis constantly compared with the TCNT value. When amatch is detected, the
corresponding compare match flag A (CMFA) issetto 1in TCSR.

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 TCSR.

Each TCORA register isinitialized to H'FF by areset and in standby mode.
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9.23 Time Constant Registers B (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

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

TCORBO to TCORB3 are 8-hit readable/writable registers. The TCORBO and TCORBL1 pair, and
the TCORB2 and TCORB3 pair, can each be accessed as a 16-hit register by word access.

The TCORB value is constantly compared with the TCNT value. When a match is detected, the
corresponding compare match flag B (CMFB) issetto 1in TCSR.

The timer output can be freely controlled by these compare match signals and the settings of
output/input capture edge select bits 3 and 2 (O1S3, OIS2) in TCSR.

When TCORSB is used for input capture, it storesthe TCNT value on detection of an external input
capturesignal. At thistime, the CMFB flag is set to 1 in the corresponding TCSR register. The
detected edge of the input capture signal issetin TCSR.

Each TCORB register isinitialized to H'FF by areset and in standby mode.
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9.24 Timer Control Register (TCR)

Bit 7 6 5 4 3 2 1 0
CMIEB | CMIEA | OVIE | CCLR1 | CCLRO | CKS2 CKSs1 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
TCR isan 8-bit readable/writable register that selectsthe TCNT input clock, givesthe TCNT
clearing specification, and enables interrupt requests.

TCRisinitialized to H'00 by areset and in standby mode.
For the timing, see section 9.4, Operation.

Bit 7—Compare Match Interrupt Enable B (CMIEB): Enables or disables the CMIB interrupt
request when the CMFB flag issetto 1 in TCSR.

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 disables the CMIA interrupt
request when the CMFA flagissetto 1in TCSR.

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 OV interrupt request
when the OVF flagissetto 1in TCSR.

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 and CCLRO0): These hits select how TCNT is
cleared: by compare match A or B, or input capture B..

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

Bits 2to 0—Clock Select 2to 0 (CSK 2 to CSK0): These bits select whether the clock input to
TCNT isaninternal or external clock.

Threeinternal 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.

Some functions differ between channels 0 and 2, and channels 1 and 3.

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: Count on TCNT1 overflow signal**
Channel 1: Count on TCNTO compare match A**
Channel 2: Count on TCNT3 overflow signal*
Channel 3: Count on TCNT2 compare match A*?
1 External clock, counted on falling edge
1 0 External clock, counted on rising edge
1 External clock, counted on both rising and falling edges

Notes: 1. If the clock input of channel O is the TCNT1 overflow signal and that of channel 1 is the
TCNTO compare match signal, no incrementing clock is generated. Do not use this

setting.

If the clock input of channel 2 is the TCNT3 overflow signal and that of channel 3 is the
TCNT2 compare match signal, no incrementing clock is generated. Do not use this

setting.
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9.25

Timer Control/Status Registers (TCSR)

TCSRO
Bit 7 6 5 4 3 2 1 0
| CMFB | CMFA| OVF | ADTE | OIS3 OISs2 0OS1 0So |
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
TCSR2
Bit 7 6 5 4 3 2 1 0
| CMFB | CMFA| OVF | — | OIS3 0OISs2 0Ss1 0So0 |
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
TCSR1, TCSR3
Bit 7 6 5 4 3 2 1 0
| CMFB | CMFA| OVF | ICE | OIS3 OISs2 0OS1 0So |
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 0 can be written to bits 7 to 5, to clear these flags.

The timer control/status registers (TCSRO to TCSR3) are 8-bit registers that indicate compare
match/input capture and overflow statuses, and control compare match output/input capture edge
selection.

Each TCSRisinitialized to H'00 by areset and in standby mode.

Bit 7—Compar e 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]
+ TCNT=TCORB
* The TCNT value is transferred to TCORB by an input capture signal when

TCORSB functions as an input capture register
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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]

TCNT = TCORA

Bit 5—Timer Overflow Flag (OVF): Status flag that indicates that the TCNT 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]

TCNT overflows from H'FF to H'00

Bit 4—A/D Trigger Enable (ADTE) (TCSRO0): 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. TCSR2 isareserved bit, but can be read and written.

Bit 4
TRGE* ADTE Description
0 0 A/D converter start requests by compare match A or an external trigger are
disabled (Initial value)
1 A/D converter start requests by compare match A or an external trigger are
disabled
1 0 A/D converter start requests by an external trigger 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 an external trigger are disabled

Note: * TRGE is bit 7 of the A/D control register (ADCR).

Bit 4—Input Capture Enable (ICE) (TCSR1, TCSR3): Selects the function of TCORB.
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Bit 4

ICE Description
0 TCORB is a compare match register (Initial value)
1 TCORSB is an input capture register

Bits 3 and 2—Output/Input Capture Edge Select B3 and B2 (OI S3, O1S2): In combination
with the ICE bit in TCSR1 (TCSR3), 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 TCSR1 (TCSR3).
TCORBO and TCORB2 function as compare match registers regardless of the setting of bit 4 of
TCSR1 (TCSR3).

ICE Bit in
TCSR1 Bit3 Bit2
(TCSR3) OIS3 O0IS2 Description

0 0 0 No change when compare match B occurs (Initial value)

0 is output when compare match B occurs

1 is output when compare match B occurs

Output is inverted when compare match B occurs (toggle output)

TCORB input capture on rising edge

TCORSB input capture on falling edge

[EnY
o
O|r | O|Fr | O|mr

TCORSB input capture on both rising and falling edges

» 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 OSO are all cleared to 0, timer output is disabled.

Bits 1 and 0—Output Select A1l and A0 (OS1, OS0): These bits select the compare match A
output level.
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Bit 1 Bit 0
0Os1 0S0 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 Output 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.

e |f compare match A and B occur simultaneously, the output changes in accordance with the
higher-priority compare match.

¢ When bits OIS3, OIS2, OS], and OS0 are al cleared to 0, timer output is disabled.

9.3 CPU Interface

931 8-Bit Registers

TCNT, TCORA, TCORB, TCR, and TCSR 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 abyte at a
time.

Figures 9.2 and 9.3 show the operation in word read and write accessesto TCNT.

Figures 9.4 to 9.7 show the operation in word read and write accessesto TCNTO and TCNT1.

Internal data bus

H
c Camm) | ..
P L .
interface
U

Module data bus

| TCNTO | TCNT1

Figure9.2 TCNT Access Operation (CPU Writesto TCNT, Word)
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Internal data bus

H

C
P L
U

Bus
interface

L Module data bus

TCNTO | TCNT1

Figure 9.3 TCNT Access Operation (CPU Reads TCNT, Word)

Internal data bus

H

C
P L
U

Bus
interface

H
| I L I: Module data bus

<

|TCNTHO | TCNTL1 |

Figure9.4 TCNT Access Operation (CPU Writesto TCNT, Upper Byte)

Internal data bus

H

C
P L
U

Bus
interface

< >

Module data bus

| TCNTHO| TCNTL1 |

Figure9.5 TCNT AccessOperation (CPU Writesto TCNT, Lower Byte)

Internal data bus
H

C
P L
U

Bus

interface

H
| = L >| Module data bus

TCNTO | TCNT1

Figure9.6 TCNT Access Operation (CPU Reads TCNT, Upper Byte)
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Internal data bus

H H
C <:> Bus < >
E H interface L

TCNTO | TCNT1

Module data bus

Figure9.7 TCNT Access Operation (CPU Reads TCNT, Lower Byte)
94 Operation

94.1 TCNT Count Timing
TCNT 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 TCR. Figure 9.8 shows the
count timing.

o LT LTI rmrroro

((
| o

Internal clock _|

TCNT input clock

(
)

((
))

g X N+

((
TCNT N1 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.

Figure9.8 Count Timingfor Internal Clock Input

External Clock: Three incrementation methods can be selected by setting bits CKS2 to CKS0 in
TCR: on therising 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 a single edge
is selected, and at least 2.5 system clocks when both edges are selected. Shorter pulses will not be
counted correctly.
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Figure 9.9 shows the timing for incrementation on both edges of the external clock signal.

0 L e
L

(
External clock input i

(

)]
TCNT input clock ,—l

(

)]

TCNT N—1 X ?E N X
))

N+1

Figure9.9 Count Timingfor External Clock Input (Both-Edge Detection)

94.2 Compare Match Timing

Timer Output Timing: When compare match A or B occurs, the timer output is as specified by
the OIS3, OIS2, OS], and OSO bitsin TCSR (unchanged, 0 output, 1 output, or toggle output).

Figure 9.10 shows the timing when the output is set to toggle on compare match A.

v T oo
N

\\\\\\

—

Compare match A

signal ,—l
™.

Timer output |

Figure9.10 Timing of Timer Output
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Clear by Compare Match: Depending on the setting of the CCLR1 and CCLRO bitsin TCR,
TCNT can be cleared when compare match A or B occurs, Figure 9.11 shows the timing of this
operation.

Compare match signal

TCNT N X H'00

Figure9.11 Timing of Clear by Compare Match

Clear by Input Capture: Depending on the setting of the CCLR1 and CCLRO bitsin TCR,
TCNT can be cleared when input capture B occurs. Figure 9.12 shows the timing of this
operation.

Input capture input |

Input capture signal

TCNT N X Hoo

Figure9.12 Timing of Clear by Input Capture

9.4.3 Input Capture Signal Timing
Input capture on the rising edge, falling edge, or both edges can be selected by settingsin TCSR.
Figure 9.13 shows the timing when the rising edge is sel ected.

The pulse width of the input capture input signal must be at least 1.5 system clocks when asingle
edgeis selected, and at least 2.5 system clocks when both edges are sel ected.
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Input capture input |

Input capture signal

TCNT N

TCORB X N

Figure9.13 Timing of Input Capture Input Signal

944 Timing of Status Flag Setting

Timing of CMFA/CMFB Flag Setting when Compare Match Occurs: CMFA and CMFB in
TCSR are set to 1 by the compare match signal output when the TCOR and TCNT values match.
The compare match signal is generated in the last state of the match (when the matched TCNT
count value is updated). Therefore, after the TCNT and TCOR values match, the compare match
signal is not generated until an incrementing clock pulseis generated. Figure 9.14 shows the
timing in this case.

TCNT N X N+1

TCOR N

Compare match signal

CMF |

Figure9.14 CMF Flag Setting Timing when Compare Match Occurs

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 sametime the TCNT value is transferred to TCORB.
Figure 9.15 shows the timing in this case.

278
RENESAS




TCNT N

TCORB X N

Input capture signal

CMFB |

Figure9.15 CMFB Flag Setting Timing when I nput Capture Occurs

Timing of Overflow Flag (OVF) Setting: The OVF flag in TCSR is set to 1 by the overflow
signal generated when TCNT overflows (from H'FF to H'00). Figure 9.16 shows the timing in this
case.

TCNT HFE X H'00

Overflow signal

OVF

Figure9.16 Timing of OVF Setting

9.4.5 Operation with Cascaded Connection

If bits CKS2 to CKS0 are set to 100 in either TCRO or TCR1, the 8-bit timers of channels0 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 TCR2 or TCR3, the
8-hit timers of channels 2 and 3 are cascaded. With this configuration, the two timers can be used
asasingle 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.
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16-Bit Count M ode

* ChannelsOand 1:
When bits CKS2 to CKS0 are set to 100 in TCRO, the timer functions as a single 16-bit timer
with channel 0 occupying the upper 8 bits and channel 1 occupying the lower 8 bits.
O Setting when Compare Match Occurs
e TheCMFflagissetto1in TCRO when a 16-bit compare match occurs.
e TheCMFflagissetto 1lin TCR1 when alower 8-bit compare match occurs.
e TMOQ, pin output control by bits OIS3, OIS2, OS1, and OS0 in TCSRO isin accordance
with the 16-bit compare match conditions.
e TMIO, pin output control by bits OIS3, OIS2, OS1, and OS0 in TCSR1isin
accordance with the lower 8-bit compare match conditions.
0 Setting when Input Capture Occurs
e TheCMFB flagisset to 1in TCRO and TCR1 when the ICE bitis1in TCSR1 and
input capture occurs.

e TMIO, pininput capture input signal edge detection is selected by bits OIS3 and OIS2
in TCSRO.

0 Counter Clear Specification

e If counter clear on compare match or input capture has been selected by the CCLR1 and
CCLRO bitsin TCRO, the 16-bit counter (both TCNTO and TCNT1) is cleared.

e The settings of the CCLR1 and CCLRO bitsin TCR1 areignored. The lower 8 bits
cannot be cleared independently.

O OVF Flag Operation

 TheOVFflagissetto 1in TCSRO when the 16-bit counter (TCNTO and TCNT1)
overflows (from H'FFFF to H'0000).

e TheOVFflagissetto 1in TCSR1 when the 8-bit counter (TCNT1) overflows (from
H'FF to H'00).
e Channels2and 3:
When bits CKS2 to CKS0 are set to 100 in TCR2, the timer functions as a single 16-hit timer
with channel 2 occupying the upper 8 bits and channel 3 occupying the lower 8 bits.
0 Setting when Compare Match Occurs
e TheCMFflagissetto 1in TCR2 when a 16-bit compare match occurs.
e TheCMFflagissetto 1in TCR3 when alower 8-bit compare match occurs.
e TMO, pin output control by bits OIS3, OIS2, OS1, and OS0 in TCSR2 isin accordance
with the 16-bit compare match conditions.
¢ TMIO, pin output control by bits OIS3, OIS2, OS1, and OS0 in TCSR3isin
accordance with the lower 8-bit compare match conditions.
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O Setting when Input Capture Occurs

e TheCMFB flagissetto 1in TCR2 and TCR3 when the ICE bitis1in TCSR3 and
input capture occurs.

*  TMIO, pininput capture input signal edge detection is selected by bits OIS3 and OIS2
in TCSR2.

0 Counter Clear Specification

« If counter clear on compare match has been selected by the CCLR1 and CCLRO bitsin
TCR2, the 16-hit counter (both TCNT2 and TCNT3) is cleared.

» The settings of the CCLR1 and CCLRO hitsin TCR3 areignored. The lower 8 bits
cannot be cleared independently.

0 OVF Flag Operation

« TheOVFflagissetto 1in TCSR2 when the 16-bit counter (TCNT2 and TCNT3)
overflows (from H'FFFF to H'0000).

 The OVFflagissetto 1in TCSR3 when the 8-bit counter (TCNT3) overflows (from
H'FF to H'00).

Compare Match Count Mode

¢ ChannelsOand 1:

When bits CKS2 to CKS0 are set to 100 in TCR1, TCNT1 counts channel 0 compare match A
events.

Channels 0 and 1 are controlled independently. CMF flag setting, interrupt generation, TMO
pin output, counter clearing, and so on, isin accordance with the settings for each channel.
e Channels2and 3

When bits CKS2 to CKS0 are set to 100 in TCR3, TCNT3 counts channel 2 compare match A
events.

Channels 2 and 3 are controlled independently. CMF flag setting, interrupt generation, TMO
pin output, counter clearing, and so on, isin accordance with the settings for each channel.

Caution

Do not set 16-bit counter mode and compare match count mode simultaneously within the same
group, asthe TCNT input clock will not be generated and the counters will not operate.
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9.4.6 Input Capture Setting

The TCNT value can be transferred to TCORB on detection of an input edge on the input
capture/output compare pin (TMIO, or TMIO;). Rising edge, falling edge, or both edge detection
can be selected. In 16-bit count mode, 16-bit input capture can be used.

Setting I nput Capture Operation in 8-Bit Timer Mode (Normal Operation)

e Channd 1
[0 Set TCORB1 asan 8-hit input capture register with the ICE bit in TCSR1.
0 Select rising edge, falling edge, or both edges as the input edge(s) for the input capture
signal (TMIOZ1) with bits OIS3 and OIS2 in TCSR1.
0 Select theinput clock with bits CKS2 to CKS0 in TCR1, and start the TCNT count.
e Channd 3:
0 Set TCORB3 asan 8-hit input capture register with the ICE bit in TCSR3.
O Select rising edge, falling edge, or both edges as the input edge(s) for the input capture
signal (TM103) with bits OIS3 and OIS2 in TCSR3.
0 Select theinput clock with bits CKS2 to CKS0 in TCR3, and start the TCNT count.

Setting I nput Capture Operation in 16-Bit Count M ode

e ChannelsOand 1:

O In 16-bit count mode, TCORBO and TCORB1 function as a 16-bit input capture register
when the ICE bitissetto 1in TCSR1.

0 Select rising edge, falling edge, or both edges as the input edge(s) for the input capture
signal (TMIO,) with bits OIS3 and OIS2 in TCSRO. (In 16-bit count mode, the settings of
bits OIS3 and OIS2 in TCSR1 areignored.)

0 Select theinput clock with bits CKS2 to CKS0 in TCR1, and start the TCNT count.
* Channels2 and 3:

O In 16-bit count mode, TCORB2 and TCORB3 function as a 16-bit input capture register
when the ICE bitissetto 1in TCSR3.

O Select rising edge, falling edge, or both edges as the input edge(s) for the input capture
signal (TMIO,) with bits OIS3 and OIS2 in TCSR2. (In 16-bit count mode, the settings of
bits OIS3 and OIS2 in TCSR3 areignored.)

0 Select the input clock with bits CKS2 to CKS0 in TCR3, and start the TCNT count.

282
RENESAS



9.5 Interrupt

951 Interrupt Sources

The 8-bit timer unit can generate three types of interrupt: compare match A and B (CMIA and

CMIB) and overflow (OVI). Table 9.3 shows the interrupt sources and their priority order. Each
interrupt source is enabled or disabled by the corresponding interrupt enable bit in TCR. A
separate interrupt request signal is sent to the interrupt controller by each interrupt source.

Table9.3 Typesof 8-Bit Timer Interrupt Sourcesand Priority Order

Interrupt Source Description Priority
CMIA Interrupt by CMFA High
CMIB Interrupt by CMFB ,T
TOVI Interrupt by OVF Low

For compare match interrupts CMIAL/CMIB1 and CMIA3/CMIB3 and the overflow interrupts
(TOVIO/TOVIL1 and TOVI2/ITOVI3), one vector is shared by two interrupts.

Table 9.4 lists the interrupt sources.

Table9.4 8-Bit Timer Interrupt Sources

Channel Interrupt Source

Description

0 CMIAO TCORAO compare match
CMIBO TCORBO compare match/input capture
1 CMIA1/CMIB1 TCORAL compare match, or TCORB1 compare match/input
capture
0,1 TOVIO/TOVIL Counter 0 or counter 1 overflow
2 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

RENESAS
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9.5.2 A/D Converter Activation
The A/D converter can only be activated by channel 0 compare match A.

If the ADTE hit setting is 1 when the CMFA flag in TCSRO 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 bitin ADCR is 1 at thistime, the A/D converter will be started. If the ADTE bit in TCSRO
is1, the A/D converter external trigger input (ADTRG) is disabled.

9.6 8-Bit Timer Application Example

Figure 9.17 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 bitto 1 in TCR so that TCNT is cleared by a
TCORA compare match.

*  SethitsOIS3, OIS2, OS], and OS0 to 0110 in TCSR 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.

Figure9.17 Example of Pulse Output
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9.7 Usage Notes

Note that the following kinds of contention can occur in 8-bit timer operation.

9.7.1 Contention between TCNT Write and Clear

If atimer counter clear signal occursin the T, state of a TCNT write cycle, clearing of the counter
takes priority and the write is not performed. Figure 9.18 shows the timing in this case.

TCNT write cycle

Address bus

>

TCNT address ><

Internal write signal |

Counter clear signal

TCNT N >< H'00

Figure9.18 Contention between TCNT Writeand Clear
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9.7.2 Contention between 8TCNT Write and I ncrement

If an increment pulse occursin the T, state of a TCNT write cycle, writing takes priority and
8TCNT isnot incremented. Figure 9.19 shows the timing in this case.

TCNT write cycle
T1 T2 T3

Address bus >< TCNT address ><

Internal write signal | |

TCNT input clock

TCNT N >< - M

8TCNT write data

Figure9.19 Contention between STCNT Write and I ncrement

286
RENESAS




9.7.3 Contention between TCOR Write and Compare Match

If acompare match occursin the T, state of a TCOR write cycle, writing takes priority and the
compare match signal isinhibited. Figure 9.20 shows the timing in this case.

TCOR write cycle
T1 T2 T3

Address bus >< TCOR address ><

Internal write signal |

TCNT N >< N+1

TCOR N >< M

o | < Inhibited
Compare match signal !

Figure9.20 Contention between TCOR Write and Compare Match
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9.74 Contention between TCOR Read and Input Capture

If an input capture signal occurs in the T, state of a TCOR read cycle, the value before input
captureisread. Figure 9.21 showsthe timing 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 >—

Figure9.21 Contention between TCOR Read and Input Capture
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9.75 Contention between Counter Clearing by Input Capture and Counter Increment

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 9.22 shows the timing in this case.

T1 T2 T3

Input capture signal
Counter clear signal
TCNT internal clock

TCNT N >< H'00

TCORB X >< N

Figure9.22 Contention between Counter Clearing by Input Capture and Counter
I ncrement
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9.7.6 Contention between TCOR Writeand Input Capture

If an input capture signal occursin the T, state of a TCOR write cycle, input capture takes priority
and the write to TCOR is not performed. Figure 9.23 shows the timing in this case.

TCOR write cycle
T1 T2 T3

Address bus >< TCOR address ><

Internal write signal |
Input capture signal

TCNT M

TCOR X >< M

Figure9.23 Contention between TCOR Write and Input Capture
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9.7.7 Contention between TCNT Byte Write and Increment in 16-Bit Count Mode
(Cascaded Connection)

If an increment pulse occursinthe T, or T, state of an 8TCNT byte write cyclein 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 9.24
shows the timing when an increment pulse occursin the T, state of abyte writeto TCNTH.

TCNTH byte write cycle
T1 T2 T3

Address bus >< TCNTH address ><

Internal write signal | |

TCNT input clock

TCNTH N >< TCNT write data

TCNTL X >< X+1

Figure9.24 Contention between TCNT Byte Write and Increment in 16-Bit Count Mode
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9.7.8 Contention between Compare Matches A and B

If compare matches A and B occur at the same time, the 8-bit timer operates according to the
relative priority of the output states set for compare match A and compare match B, as shown in
Table 9.5.

Table9.5 Timer Output Priority Order

Output Setting Priority
Toggle output High

1 output

0 output T

No change Low

9.7.9 TCNT Operation and Internal Clock Sour ce Switchover

Switching internal clock sources may cause TCNT to increment, depending on the switchover
timing. Table 9.6 shows the relation between the time of the switchover (by writing to bits CKS1
and CK S0) and the operation of TCNT.

The TCNT 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 9.6, the switchover will be regarded as afalling edge, a TCNT clock pulse will
be generated, and TCNT will be incremented.

TCNT may aso be incremented when switching between internal and external clocks.
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Table9.6

Internal Clock Switchover and TCNT Operation

CKS1 and CKSO Write
No. Timing TCNT Operation

. - - T
1 High - high switchover* Old clock

source

New clock
source

TCNT clock

TCNT N X N+1

CKS bits rewritten

2 High - low switchover** Old clock

source —|_| | |

New clock
source ‘
TCNT clock 1
TCNT N X N1 X
CKS bits rewritten
. . 3
3 Low - high switchover* old clock

source —|_| |

New clock
source
x4
TCNT clock (m
~_~

TCNT N X~ X N+2 X

CKS bits rewritten

RENESAS
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Table9.6 Internal Clock Switchover and TCNT Operation (cont)

CKS1 and CKSO Write

No. Timing TCNT Operation

4 Low — low switchover** old clock
source —l | | | | |
New clock
source

TCNT clock

TCNT N X ~1 X w2 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 10 Programmable Timing Pattern Controller (TPC)

10.1 Overview

The H8/3064F has a built-in programmable timing pattern controller (TPC) that provides pulse
outputs by using the 16-hit timer as atime base. The TPC pulse outputs are divided into 4-bit
groups (group 3 to group 0) that can operate simultaneously and independently.

10.1.1 Features

TPC features are listed below.

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.
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10.1.2 Bl

ock Diagram

Figure 10.1 shows a block diagram of the TPC.

16-bit timer compare match signals

Ll

Control logic

PADDR

PBDDR

NDERA

NDERB

TPMR

TPCR

TP15 ~-—
TP14 -
TP13 -
TPy ~-—
TP]_]_ B
TP1g ~+—
TPg ~-—]
TPg -

Pulse output
pins, group 3

Pulse output
pins, group 2

PBDR

TP, =
TPg =
TP5 ——
TP 4 ~—]
TP3

TP, =
TP, =

Pulse output
pins, group 1

Pulse output
pins, group O

PADR

TPy 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

————— NDRA ----

Internal
data bus
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Figure10.1 TPC Block Diagram
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10.1.3 TPCPins

Table 10.1 summarizes the TPC output pins.

Table10.1 TPC Pins

Name Symbol 110 Function

TPC output O TP, Output Group 0 pulse output
TPC output 1 TP, Output

TPC output 2 TP, Output

TPC output 3 TP, Output

TPC output 4 TP, Output Group 1 pulse output
TPC output 5 TP, Output

TPC output 6 TPg Output

TPC output 7 TP, Output

TPC output 8 TP, Output Group 2 pulse output
TPC output 9 TP, Output

TPC output 10 TP, Output

TPC output 11 TP, Output

TPC output 12 TP, Output Group 3 pulse output
TPC output 13 TP, Output

TPC output 14 TP, Output

TPC output 15 TP Output
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10.14 Registers
Table 10.2 summarizes the TPC registers.

Table10.2 TPC Registers

Address** Name Abbreviation = R/W Initial Value
H'EEO009 Port A data direction register PADDR w H'00
H'FFFD9 Port A data register PADR R/(W)** H'00
H'EEOOA Port B data direction register PBDDR w H'00
H'FFFDA Port B data register PBDR R/(W)*? H'00
H'FFFAO TPC output mode register TPMR R/W H'FO
H'FFFA1 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'FFFA5/ Next data register A NDRA R/W H'00
H'FFFA7*

H'FFFA4/ Next data register B NDRB R/W H'00
H'FFFAG*

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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10.2 Register Descriptions

10.21 Port A Data Direction Register (PADDR)

PADDR isan 8-bit write-only register that selects input or output for each pinin port A.

Bit 7 6 5 4 3 2 1 0

‘ PA7DDR‘ PAGDDR‘ PA5DDR‘ 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 0

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 7.11, Port A.

10.2.2 Port A Data Register (PADR)

PADR is an 8-hit readabl e/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 ; ‘ PA ¢ ‘ PA 5 ‘ PA 4 ‘ PA 3 ‘ PA , ‘ PA ‘ PA o ‘
Initial value 0 0 0 0 0 0 0 0

Read/Write  RIW)* R/(W)* RIW)* RI(W)* RI(W)* RIW)* RI(W)* RI(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 7.11, Port A.
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10.2.3 Port B Data Direction Register (PBDDR)

PBDDR is an 8-bit write-only register that selects input or output for each pinin port B.

Bit 7 6 5 4 3 2 1 0

‘ PB, DDR‘ PBg DDR‘ PBsg DDR‘ PB4 DDR‘ PB3;DDR ‘ PB,DDR ‘ PB1 DDR‘ PByDDR ‘
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

Port B is multiplexed with pins TP, to TP,. Bits corresponding to pins used for TPC output must
be set to 1. For further information about PBDDR, see section 7.12, Port B.

10.24 Port B Data Register (PBDR)

PBDR is an 8-hit 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 ; ‘ PB ¢ ‘ PB 5 ‘ PB 4 ‘ PB 3 ‘ PB , ‘ PB ; ‘ PB g ‘
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)*
|
PortBdata7to 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 7.12, Port B.
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10.25 Next Data Register A (NDRA)

NDRA is an 8-bit readable/writable register that stores the next output data for TPC output groups
1land 0 (pins TP, to TP,). 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 Groups0 and 1: If TPC output groups 0 and 1 are triggered by

the same compare match event, the NDRA address is H'FFFAS. The upper 4 bits belong to group
1 and the lower 4 bits to group 0. Address H'FFFA7 consists entirely of reserved bits that cannot

be modified and alwaysread 1.

Address H'FFFAS5

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 0

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 Groups 0 and 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'FFFAS5
and the address of the lower 4 bits (group 0) is H'FFFA7. Bits 3 to 0 of address H'FFFAS5 and bits
710 4 of address H'FFFA7 are reserved bits that cannot be modified and alwaysread 1.

Address H'FFFAS
Bit 7 6 5 4 3 2 1 0
‘ NDR7 ‘ NDRB‘ 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
‘ — ‘ — ‘ — ‘ — ‘NDRS‘NDRZ‘NDRl‘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 O
These bits store the next output
data for TPC output group O
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10.26 Next Data Register B (NDRB)

NDRB is an 8-bit readable/writable register that stores the next output data for TPC output groups
3and 2 (pins TP;5 to TPR,). 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 isnot 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'FFFAG6 consists entirely of reserved bits that cannot
be modified and alwaysread 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 11to 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'FFFAG

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'FFFAB. Bits 3 to 0 of address H'FFFA4 and bits
710 4 of address H'FFFAG are reserved bits that cannot be modified and alwaysread 1.

Address H'FFFA4
Bit 7 6 5 4 3 2 1 0
‘ NDR15 ‘ NDR14‘ NDRlS‘ NDRlZ‘ — ‘ — ‘ — ‘ — ‘
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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10.2.7 Next Data Enable Register A (NDERA)

NDERA is an 8-hit readable/writable register that enables or disables TPC output groups 1 and O
(TP, to TP,) on a bit-by-bit basis.

Bit 7 6 5 4 3 2 1 0

‘ NDER7 ‘ NDER6‘ NDER5S ‘ 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 7 to O
These bits enable or disable
TPC output groups 1 and 0

If abitisenabled 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 vaue 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 TP,) on a hit-by-hit basis.

Bits 7to 0

NDER7 to NDERO Description

0 TPC outputs TP, to TP, are disabled (Initial value)
(NDR7 to NDRO are not transferred to PA, to PA,)

1 TPC outputs TP, to TP, are enabled

(NDR7 to NDRO are transferred to PA, to PA,)
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10.2.8 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 TP) on a bit-by-bit basis.

Bit 7 6 5 4 3 2 1 0
‘NDERlS‘ NDER14‘ NDERlS‘ 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 15to 8
These bits enable or disable
TPC output groups 3 and 2

If abitisenabled 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.

NDERB 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 (TP, to TP;) on a hit-by-hit basis.

Bits 7to 0

NDER15 to NDERS8 Description

0 TPC outputs TP, to TP, are disabled (Initial value)
(NDR15 to NDRS8 are not transferred to PB, to PB,)

1 TPC outputs TP, to TP, are enabled

(NDR15 to NDRS8 are transferred to PB, to PB,)
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10.29 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
‘GSCMSl‘ GSCMSO‘ GZCMSl‘ G2CMSO‘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 O
These bits select
the compare match Group 2 compare
event that triggers ~ match select 1 and 0
TPC output group 3 These bits select
(TP15t0 TPy) the compare match  Group 1 compare
event that triggers ~ match select 1 and 0
TPC output group 2 These bits select
(TP11 to TPg) the compare match
event that triggers
TPC output group 1
(TP7 to TP4)

Group 0 compare
match select 1 and O
These bits select

the compare match
event that triggers
TPC output group 0
(TP3 to Tpo)

TPCRisinitialized to H'FF by areset and in hardware standby mode. It is not initialized in
software standby mode.

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 (TPy5 to TP,,).

Bit 7 Bit 6
G3CMS1 G3CMSO Description
0 0 TPC output group 3 (TP, to TP,,) is triggered by compare match in 16-bit
timer channel O
1 TPC output group 3 (TP to TP,,) is triggered by compare match in 16-bit
timer channel 1
1 0 TPC output group 3 (TP, to TP,,) is triggered by compare match in 16-bit
timer channel 2
1 TPC output group 3 (TP to TP,,) is triggered by (Initial value)

compare match in 16-bit timer channel 2
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Bits 5 and 4—Group 2 Compare Match Select 1 and 0 (G2CM S1, G2CM S0): These hits
select the compare match event that triggers TPC output group 2 (TP, to TP;).

Bit 5 Bit 4
G2CMS1 G2CMSO Description
0 0 TPC output group 2 (TP, to TP,) is triggered by compare match in 16-bit
timer channel 0
1 TPC output group 2 (TP, to TP,) is triggered by compare match in 16-bit
timer channel 1
1 0 TPC output group 2 (TP, to TP,) is triggered by compare match in 16-bit
timer channel 2
1 TPC output group 2 (TP,, to TP,) is triggered by (Initial value)

compare match in 16-bit timer channel 2

Bits 3 and 2—Group 1 Compare Match Select 1 and 0 (G1CM S1, GICM S0): These hits
select the compare match event that triggers TPC output group 1 (TP, to TP,).

Bit 3 Bit 2
G1CMS1 GICMSO 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 hits
select the compare match event that triggers TPC output group O (TP; to TR,).

Bit 1 Bit O
GOCMS1 GOCMSO Description
0 0 TPC output group 0 (TP, to TP,) is triggered by compare match in 16-bit
timer channel 0
1 TPC output group 0 (TP, to TP,) is triggered by compare match in 16-bit
timer channel 1
1 0 TPC output group 0 (TP, to TP,) is triggered by compare match in 16-bit
timer channel 2
1 TPC output group 0 (TP, to TP,) is triggered by (Initial value)
compare match in 16-bit timer channel 2
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10.2.10 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 ‘ G2NOoV ‘ GI1NOV ‘ 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, 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 TP;)

The output trigger period of a non-overlapping TPC output waveform is set in genera register B
(GRB) in the 16-bit timer channel selected for output triggering. The non-overlap marginissetin
general register A (GRA). The output values change at compare match A and B.

For details see section 10.3.4, Non-Overlapping TPC Output.

TPMRisinitialized to H'FO by areset and in hardware standby mode. It ishot initialized in
software standby mode.

Bits 7 to 4—Reserved: These bits cannot be modified and are alwaysread as 1.
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Bit 3—Group 3 Non-Overlap (G3NOV): Selects normal or non-overlapping TPC output for
group 3 (TP;5to TPy,).

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 O 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 (TP;; to TRy).

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 O 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 TR,).

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 O 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 (TP;to TR).

Bit 0
GONOV Description

0 Normal TPC output in group 0 (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 O output at
compare match A and B in the selected 16-bit timer channel)
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10.3 Operation

10.3.1 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 10.2 illustrates the TPC output operation. Table 10.3 summarizes the TPC operating
conditions.

DDR NDER

Output trigger signal

Internal
Q NDR D data bus

A

Q DR D

TPC output pin

Figure10.2 TPC Output Operation

Table10.3 TPC Operating Conditions

NDER DDR Pin Function
0 0 Generic input port
1 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 10.3.4, Non-Overlapping TPC Output.
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10.3.2  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 10.3 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 TP15 m >< n

Figure10.3 Timing of Transfer of Next Data Register Contents and Output (Example)
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10.3.3

Normal TPC Output

Sample Setup Procedure for Normal TPC Output: Figure 10.4 shows a sample procedure for
setting up normal TPC output.

Normal TPC output

| Select GR functions 1 1. SetTIOR to make GRA an output compare
[ register (with output inhibited).
Set GRA value 2 i i
16-bit timer | ‘ 2. Setthe TPC output trigger period.
setup 3. Select the counter clock source with bits
Select counting operation 3 ' .
| ‘ gop TPSC2 to TPSCO in TCR. Select the
- counter clear source with bits CCLR1 and
| Select interrupt request 4 CCLRO.
‘ 4. Enable the IMFA interrupt in TISRA.
| Set initial output data 5 o . .
I 5. Set the initial output values in the DR bits
of the input/output port pins to be used for
| Select pc\)rt output 6 TPC output.
Port and | Enable TPC output 7 6. Set the DDR bits of the input/output port
TPC setup ‘ pins to be used for TPC output to 1.
| Select TPC output trigger 8 7. Setthe NDER bits of the pins to be used
[ for TPC output to 1.
Set next TPC output data 9 8. Select the 16-bit timer compare match
- | event to be used as the TPC output trigger
- in TPCR.
16t_blt timer | Start counter 10
setup | 9. Set the next TPC output values in the NDR
- bits.
c tch? No 10. Set the STR bit to 1 in TSTR to start the
ompare match: timer counter.
Yes .
11. At each IMFA interrupt, set the next output

Set next TPC output data

11

values in the NDR bits.

Figure10.4 Setup Procedurefor Normal TPC Output (Example)
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Example of Normal TPC Output (Example of Five-Phase Pulse Output): Figure 10.5 shows
an example in which the TPC is used for cyclic five-phase pulse outpuit.

TCNT value Compare match

GRA

TPy5

TPy

TPy3

TPy,

TPy

1. 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 TISRA to enable the compare match A interrupt.

2. 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.
Output data H'80 is written in NDRB.

3. 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'C0) in NDRB.

4. 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.

Figure 10.5 Normal TPC Output Example (Five-Phase Pulse Output)
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10.34  Non-Overlapping TPC Output

Sample Setup Procedure for Non-Overlapping TPC Output: Figure 10.6 shows a sample
procedure for setting up non-overlapping TPC output.

Non-overlapping
TPC output

| Select GR functions | 1 1. Set TIOR to make GRA and GRB output

[ compare registers (with output inhibited).

16-bit timer | Set GR values | 2 2. Setthe TPC output trigger period in GRB
setup \ and the non-overlap margin in GRA.
| Select counting operation | 3 L
‘ 3. Select the counter clock source with bits
- TPSC2 to TPSCO in TCR. Select the counter
| Select interrupt requests | 4 clear source with bits CCLR1 and CCLRO.
‘ 4. Enable the IMFA interrupt in TISRA.
| Set initial output data | 5 L . .
‘ 5. Set the initial output values in the DR bits
of the input/output port pins to be used for
| Set up TPC output | 6 TPC output
| Enable TPC transfer | 7 6. Setthe DDR bits of the input/output port pins
Port and ‘ to be used for TPC output to 1.
TPC setup | Select TPC transfer trigger | 8 7. Set the NDER bits of the pins to be used for
[ TPC output to 1.
| Select non-overlapping groups | 9 8. In TPCR, select the 16-hit timer compare
‘ match event to be used as the TPC output
Set next TPC output data 10 trigger.
9. In TPMR, select the groups that will operate
16-bit i in non-overlap mode.
-bit timer
setup Start counter 1 10. Set the next TPC output values in the NDR

bits.

11. Set the STR bitto 1 in TSTR to start the timer
counter.

No
Compare match A?

Yes 12. At each IMFA interrupt, write the next output
value in the NDR bits.

Set next TPC output data 12

Figure10.6 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 10.7 shows an example of the use of TPC output for four-phase
complementary non-overlapping pulse output.

TCNT value
GRB - ’_i_a\’l:r ”””””””””””””””””””””””””””””””””
GRA [T KT T T A T A T T Ty oA T oA
H'0000 f Time

N f T
nore 95 X 65 X 50 X 56 X o5 X 5 X

PBOR L5 XosX 65 X1 59 XsoX 56 X14X 95 XosX 65 X_)

T
|
|
I
|
I
T
|
|

= Non- overlap margin

TPls'_'
me L
SR -
-

o

TPy

TPy __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 G3BCMS1, 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 G2NOQV 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.

TPyg s s

[y

N

w

&

Figure10.7 Non-Overlapping TPC Output Example (Four-Phase Complementary
Non-Overlapping Pulse Output)
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10.3.5 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 10.8 shows the timing.

TIOC pin \

Input capture
signal

NDR N

\
DR M ><\N

Figure10.8 TPC Output Triggering by Input Capture (Example)
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10.4  Usage Notes

1041  Operation of TPC Output Pins

TP, to TP, are multiplexed with 16-bit timer, address bus, and other pin functions. When 16-bit
timer, or address bus output is enabled, the corresponding pins cannot be used for TPC output. The
data transfer from NDR bits to DR hits takes place, however, regardiess of the usage of the pin.

Pin functions should be changed only under conditions in which the output trigger event will not
occur.

10.4.2 Note on Non-Overlapping Output

During non-overlapping operation, the transfer of NDR bit values to DR bits takes place as
follows.

1. NDR bitsare alwaystransferred to DR bits at compare match A.

2. At compare match B, NDR bits are transferred only if their valueis 0. Bits are not transferred
if their valueis 1.

Figure 10.9 illustrates the non-overlapping TPC output operation.

DDR NDER
Q Q
Compare match A
Compare match B
C
Q DR D= . Q NDR Df~—

TPC output pin

Figure10.9 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 altered 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. The next data must be written before the next compare match B occurs.

Figure 10.10 shows the timing relationships.

Compare
match A

Compare
match B

NDR

DR

NDR write

A X

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

Figure 10.10 Non-Overlapping Operation and NDR Write Timing
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Section 11 Watchdog Timer

11.1 Overview

The H8/3064F 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. Asawatchdog timer, it generates areset signal for the H8/3064F 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.

11.1.1 Features
WDT features are listed below.

« Selection of eight counter clock sources
@2, 0/32, ©/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.

* Watchdog timer reset signal resets the entire H8/3064F internally.
The reset signal generated by timer counter overflow during watchdog timer operation resets
the entire H8/3064F internally.
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11.1.2 Block Diagram

Figure 11.1 shows a block diagram of the WDT.

Overflow

Interrupt signal <+———
(interval timer)

Interrupt
control

TCNT
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Read/
write
control

Internal
data bus
>

TCSR
Internal clock sources

2
RSTCSR v
@32
. @64
Reset (internal) Reset control Clock
Clock @128
selector @256
Legend: ¥e12
TCNT:  Timer counter @2048
TCSR: Timer control/status register /4096
RSTCSR: Reset control/status register
Figure11l.1 WDT Block Diagram
11.1.3 Register Configuration
Table 11.1 shows the WDT register configuration.
Table11.1 Register Configuration
Address**
Write*? Read Name Abbreviation R/W Initial Value
H'FFF8C H'FFF8C  Timer control/status register TCSR R/(W)**  H'18
H'FFF8D  Timer counter TCNT R/W H'00
H'FFFBE H'FFF8F  Reset control/status register RSTCSR R/(W) H'3F

Notes: 1. Lower 20 bits of the address in advanced mode.

2. Write as word data starting at this address.

3. Bit 7 can only be written with O to clear the flag.
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11.2  Register Descriptions

1121 Timer Counter (TCNT)

TCNT isan 8-hit 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: The method for writing to TCNT is different from that for general registers to prevent
inadvertent overwriting. For details see section 11.2.4, Notes on Register Access.

When the TME bit issetto 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 hitissetto 1in TCSR. TCNT isinitialized to H'00 by areset and when
the TME bit is cleared to O.
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11.2.2 Timer Control/Status Register (TCSR)

TCSR is an 8-bit 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/IT ‘ TME ‘ — ‘ — ‘ CKS2 ‘ CKS1 ‘ CKSO0 ‘
Initial value 0 0 0 1 1 0 0 0
Read/Write R/(W) * R/W R/W — — R/W R/W R/W
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: The method for writing to TCSR is different from that for general registers to prevent
inadvertent overwriting. For details see section 11.2.4, 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 O areinitialized to 0 by a
reset. |n software standby mode bits 2 to 0 are not initialized, but retain their previous values.

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
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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

WTNT  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 0in SY SCR before setting TME. When setting SSBY to 1,
TME should be cleared to O.

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 alwaysread as 1.

Bits 2to 0—Clock Select 2 to 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 o2 (Initial value)
1 @132
1 0 @ /64
1 ©/128
1 0 0 ¢ /256
1 /512
1 0 © /2048
1 © /4096
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11.2.3 Reset Control/Status Register (RSTCSR)

RSTCSR is an 8-bit 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
WRST |[RSTOE|, — | — | — | — | — | —
Initial value 0 0 1 1 1 1 1 1

Read/Write  R/(W)*  R/W — — — — — _

Reserved bits

Reserved bit

Watchdog timer reset
Indicates that a reset signal has been generated

Notes: The method for writing to RSTCSR s different from that for general registers to prevent
inadvertent overwriting. For details see section 11.2.4, Notes on Register Access.

*  Only 0 can be written in bit 7, to clear the flag.

Bits 7 and 6 are initialized by input of areset signal at the RES pin. They are not initialized by
reset signals generated by watchdog timer overflow.

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 H8/3064F
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: Thisbit can be read and written to.

Bits 5 to 0—Reserved: These bits cannot be modified and are alwaysread as 1.
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11.24 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 11.2 shows the format of data writtento 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.

Figure11.2 Format of Data Written to TCNT and TCSR

Writing to RSTCSR: RSTCSR must be written by aword transfer instruction. It cannot be
written by byte transfer instructions. Figure 11.3 shows the format of data written to RSTCSR. To
write 0 in the WRST bit, 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.

Writing 0 in WRST bit 15 8 7 0
Address  H'FFF8E* H'A5 H'00

Note: * Lower 20 bits of the address in advanced mode.

Figure11.3 Format of Data Written to RSTCSR

Reading TCNT, TCSR, and RSTCSR: For reads of TCNT, TCSR, and RSTCSR, address
H'FFF8C is assigned to TCSR, address H'FFF8D to TCNT, and address H'FFF8F to RSTCSR.
These registers are therefore read like other registers. Byte transfer instructions can be used for
reading. Table 11.2 liststhe read addresses of TCNT, TCSR, and RSTCSR.
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Table11.2 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.

11.3 Operation

Operations when the WDT is used as awatchdog timer and as an interval timer are described
below.

11.3.1 Watchdog Timer Operation

Figure 11.4 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 fails to be rewritten and
overflows due to a system crash etc., the H8/3064F isinternally 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
- Nt
Start H'00 written Reset H'00 written
in TCNT in TCNT
Internal
reset signal

L]

518 states

Figure11.4 Operation in Watchdog Timer Mode

328
RENESAS




11.3.2 Interval Timer Operation

Figure 11.5illustrates 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.

HFF ---------mmmmmmmmmm s
TCNT
count value
Time t
H'00 SRR SR REEEEEEEEEh ch bR Rt SRR b E bl IREEEEEEEEEEES SRRhbl
Y A A y y
WT/IT=0 Interval Interval Interval Interval
TME=1 timer timer timer timer
interrupt interrupt interrupt interrupt

Figure11.5 Interval Timer Operation

11.3.3 Timing of Setting of Overflow Flag (OVF)

Figure 11.6 shows the timing of setting of the OVF flag. The OVF flag is set to 1 when TCNT
overflows. At the same time, areset signal is generated in watchdog timer operation, or an interval
timer interrupt is generated in interval timer operation.

0 | L

TCNT HFF >< H'00

Overflow signal

\

OVF

Figure11.6 Timing of Setting of OVF
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11.3.4 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 1 in TCSR.

Figure 11.7 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 H8/3064F chip. Thisinternal reset signa 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

Figure11.7 Timing of Setting of WRST Bit and Internal Reset
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114 Interrupts

During interval timer operation, an overflow generates an interval timer interrupt (WOVI). The
interval timer interrupt is requested whenever the OVF flagissetto 1in TCSR.

115 Usage Notes

Contention between TCNT Writeand Increment: If atimer counter clock pulseis generated
during the T, state of awrite cycleto TCNT, the write takes priority and the timer count is not
incremented. See figure 11.8.

CPU: TCNT write cycle

T1 T2 Ts
B e |

0 | L

TCNT

Internal write
signal

TCNT input
clock

TCNT N >< .M

Counter write data

Figure11.8 Contention between TCNT Writeand Count up

Changing CKS2 to CK S0 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 12 Serial Communication Interface

121  Overview

The H8/3064F has a serial communication interface (SCI) with two independent channels. The
two 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 19.6, Module Standby Function.

The SCI a'so has asmart card interface function conforming to the 1ISO/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.

12.1.1 Features
SCI features are listed below.

e Selection of synchronous or asynchronous mode for serial communication
Asynchronous mode

Serial data communication is synchronized one character 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 also communicate with two or more other processors using the multiprocessor
communication function. There are twelve selectable serial data transfer formats.

O Datalength: 7 or 8 bits

O Stop bit length: 1 or 2 bits

O Parity: even/odd/none

0 Multiprocessor bit: lorO

0 Receive error detection:  parity, overrun, and framing errors

O Break detection: by reading the RxD level directly when aframing error occurs
Synchronous mode

Serial data communication is synchronized with a clock signal. The SCI can communicate
with other chips having a synchronous communication function.

Thereisasingle serial data communication format.
O Datalength: 8 hits
0 Receive error detection:  overrun errors
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* 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 serial
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 externa
clock from the SCK pin

» Four types of interrupts

Transmit-data-empty, transmit-end, receive-data-full, and receive-error interrupts are requested
independently.

Features of the smart card interface are listed bel ow.

» Asynchronous communication
O 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
O Supports both direct convention and inverse convention
» Built-in baud rate generator with selectable bit rates
e Threetypes of interrupts

Transmit-data-empty, receive-data-full, and transmit/receive-error interrupts are requested
independently.
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12.1.2  Block Diagram

Figure 12.1 shows a block diagram of the SCI.
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RD— | RSR | [] Rsr Baud rate o4
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Transmit/receive ~— @14
TXD —e control la— @64
Parity generate | 4 t Clock A
Parity check
SCK~e External clock
» TEI
T X
> 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

Figure12.1 SCI Block Diagram
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12.1.3  Input/Output Pins
The SCI has serial pinsfor each channel aslisted in table 12.1.

Table12.1 SCI Pins

Channel Name Abbreviation /0 Function

0 Serial clock pin SCK, Input/output  SClI, clock input/output
Receive data pin RxD, Input SCl, receive data input
Transmit data pin TxD, Output SCl, transmit data output

1 Serial clock pin SCK, Input/output  SCI, clock input/output
Receive data pin RxD, Input SCI, receive data input
Transmit data pin TxD, Output SCI, transmit data output
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1214 Register Configuration

The SCI hasinternal registers aslisted in table 12.2. These registers select asynchronous or
synchronous mode, specify the data format and bit rate, control the transmitter and receiver
sections, and specify switching between the serial communication interface and smart card

interface.

Table12.2 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)** 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)** H'84
H'FFFBD Receive data register RDR R H'00
H'FFFBE 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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12.2  Register Descriptions

1221 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 datato parallel data. When one byte of data has been received, it is
automatically transferred to RDR. The CPU cannot read or write RSR directly.

12.2.2 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 isthen ready to receive the next data.
This double-buffering allows data to be received continuously.

RDR isaread-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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12.2.3  Transmit Shift Register (TSR)

TSR istheregister 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. If the TDRE flagissetto 1in SSR, however,
the SCI does not load the TDR contentsinto TSR. The CPU cannot read or write RSR directly.

12.24  Transmit Data Register (TDR)

TDR isan 8-hit register that stores datafor 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 detectsthat 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 alwaysread and write TDR. TDR isinitialized to H'FF by areset and in standby
mode.
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12.25 Serial Mode Register (SMR)

SMRisan 8-hit 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 | CKSO

Initial value 0 0 0 0 0 0 0 0

Read/Write RIW RIW RIW RIW RIW RIW RIW RIW

Clock select 1/0
These bits select the
baud rate generator's
clock source

Multiprocessor mode
Selects the multiprocessor
function

Stop bit length
Selects the stop bit length

Parity mode
Selects even or odd parity

Parity enable
Selects whether a parity bit is added

Character length
Selects character length in asynchronous mode

Communication mode
Selects asynchronous or synchronous mode

The CPU can awaysread and write SMR. SMRisinitialized to H'00 by areset and in standby
mode.

Bit 7—Communication Mode (C/A)/GSM Mode (GM): The function of this bit differs for the
normal serial communication interface and for the smart card interface. Its function is switched
with the SMIF bit in SCMR.
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e For Seriad 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

e For Smart Card Interface (SMIF Bit in SCMR Set to 1)
Selects GSM mode for the smart card interface.

Bit 7

GSM 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 (time required to transmit one bit)

Bit 6—Character Length (CHR): Selects 7-hit 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.

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 bit 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.
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Bit 4—Parity Mode (O/E): Specifies whether even parity or odd parity is used for parity addition
and checking. The O/E bit setting is only valid when the PE bit is set to 1, enabling parity bit
addition and checking, 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 bits in asynchronous mode. This setting
is used only in asynchronous mode. In synchronous mode no stop bit is added, so the STOP it
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.

In receiving, only thefirst stop bit is checked, regardless of the STOP bit setting. If the second
stop bitis1, itistreated as a stop bit. If the second stop bit is 0, it istreated as the start bit of the
next incoming character.

Bit 2—M ultiprocessor Mode (M P): Selects a multiprocessor format. When a multiprocessor
format is selected, parity settings made by the PE and O/E bits areignored. 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 12.3.3,
Multiprocessor Communication.

Bit 2

MP Description

0 Multiprocessor function disabled (Initial value)
1 Multiprocessor format selected
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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 can be selected by the CKS1 and CKSO bits: g, @/4, 2/16,
and g/64.

For the relationship between the clock source, bit rate register setting, and baud rate, see section
12.2.8, Bit Rate Register (BRR).

Bit 1 Bit 0

CKS1 CKSO Description

0 0 (0] (Initial value)
0 1 @4

1 0 @/16

1 1 @64
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12.2.6  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 CKE1l CKEO

Initial value 0 0 0 0 0 0 0 0

Read/Write R/W R/IW R/W R/W R/W R/W R/W R/W

Clock enable 1/0
These bits select the
SCI clock source

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)

Transmit interrupt enable
Enables or disables transmit-data-empty interrupts (TxI)

The CPU can aways read and write SCR. SCRisinitialized to H'00 by areset and in standby
mode.
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Bit 7—Transmit Interrupt Enable (TIE): 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 0.

Bit 6—Receive Interrupt Enable (RIE): Enables or disables the receive-data-full interrupt (RXI)
regquested 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 0; or by clearing the RIE bit to 0.

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
0 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 (MPIE): Enables or disables multiprocessor interrupts.
The MPIE bit setting is valid only in asynchronous mode, and only if the MP bitissetto 1in
SMR. The MPIE bit setting isignored in synchronous mode or when the MP bit is cleared to O.

Bit 3
MPIE Description
0 Multiprocessor interrupts are disabled (normal receive operation) (Initial value)

[Clearing conditions]
 The MPIE bitis cleared to 0
* MPB =1 inreceived 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 0,
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.

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 (TEIl) are enabled*

Note: * TEI 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.
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Bits 1 and 0—Clock Enable 1 and 0 (CKE1/0): 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 bits select the SCI clock source and enable or disable clock output from the SCK pin.
Depending on the settings of CKE1 and CKEO, the SCK pin can be used for generic
input/output, serial clock output, or serial clock input.

The CKEO setting is valid only in asynchronous mode, and only when the SCI isinternally
clocked (CKEL = 0). The CKEOQ setting isignored in synchronous mode, or when an external
clock source is selected (CKEL = 1). Set the CKE1 and CKEQ bits before selecting the SCI
operating mode in SMR. For further details on selection of the SCI clock source, see table
12.9in section 12.3, Operation.

Bitl BitO
CKE1l CKEO Description

0 0 Asynchronous mode Internal clock, SCK pin available for generic input/output**
Synchronous mode  Internal clock, SCK pin used for serial clock output**
0 1 Asynchronous mode Internal clock, SCK pin used for clock output*?
Synchronous mode  Internal clock, SCK pin used for serial clock output
1 0 Asynchronous mode External clock, SCK pin used for clock input*?
Synchronous mode  External clock, SCK pin used for serial clock input
1 1 Asynchronous mode External clock, SCK pin used for clock input*?
Synchronous mode  External clock, SCK pin used for serial clock input
Notes: 1. Initial value
2. The output clock frequency is the same as the bit rate.
3. The input clock frequency is 16 times the bit rate.
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For smart card interface (SMIF bit in SCMR set to 1)

These bits, together with the GM bit in SMR, determine whether the SCK pin is used for
generic input/output or as the serial clock output pin.

SMR Bitl BitO

GM  CKEl CKEO Description

0 0 0 SCK pin available for generic input/output (Initial value)
0 0 1 SCK pin used for clock output

1 0 0 SCK pin output fixed low

1 0 1 SCK pin used for clock output

1 1 0 SCK pin output fixed high

1 1 1 SCK pin used for clock output
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12.2.7 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 RI(W)'l R/(W)'L R/(W)'l R/(W)'! R/(W)'L R R R/W
]

Multiprocessor
bit transfer
Value of multi-
processor bit to
be transmitted

Multiprocessor bit
Stores the received
multiprocessor bit value

Transmit end”2
Status flag indicating end
of transmission

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 loaded transmit data
from TDR into TSR and the next serial 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
1 TDR does not contain valid transmit data (Initial value)

[Setting conditions]

» The chip is reset or enters standby mode

e The TE bitin SCRis 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

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** (Initial value)
[Clearing conditions]
e 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.

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 setto 1. In
synchronous mode, serial transmitting is also disabled.

Bit 4—Framing Error (FER)/Error Signal Status (ERS): The function of thishit differs for the
normal serial communication interface and for the smart card interface. Its function is switched
with the SMIF bit in SCMR.

e For serial communication interface (SMIF bit in SCMR cleared to 0)
Indicates that data reception ended abnormally due to aframing 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
[Setting condition]
The stop bit at the end of the receive data is checked for a value of 1, and is
found to be 0.*

Notes: 1. Clearing the RE bit to 0 in SCR does not affect the FER flag, which retains its previous

value.

When the stop bit length is 2 bits, only the first bit is checked for a value of 1. 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 set to 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 reception of datawith parity added 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

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.

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 a serial 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.
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Bit 2

TEND Description
0 Transmission is in progress
[Clearing conditions]
Read TDRE when TDRE = 1, then write 0 in TDRE
1 End of transmission (Initial value)

[Setting conditions]

¢ The chip is reset or enters standby mode

e The TE bitin SCRis cleared to 0

« TDRE is 1 when the last bit of a 1-byte serial transmit character is
transmitted

e 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 flag isaread-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

1 End of transmission (Initial value)
[Setting conditions]
e The chip is reset or enters standby mode
e The TE bitis 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 = 0)

or 1.0 etu (when GM = 1) after a 1-byte serial character is transmitted
Note: etu: Elementary time unit (time required to transmit one bit)

Bit 1—M ultiprocessor bit (M PB): Stores the value of the multiprocessor bit in the receive data
when a multiprocessor 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.
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Bit 0—Multiprocessor 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 hit setting isignored in synchronous mode, when a multiprocessor format is not
selected, or when the SCI cannot transmit.

Bit 0

MPBT Description

0 Multiprocessor bit value in transmit data is 0 (Initial value)
1 Multiprocessor bit value in transmit data is 1

12.2.8 Bit Rate Register (BRR)

BRR isan 8-bit register that setsthe serial transmit/receive bit rate in accordance with the baud
rate generator operating clock selected by bits CKS0 and CKS1in SMR.

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

BRR can be read or written to by the CPU at all times.
BRRisinitialized to H'FF by areset and in standby mode.

As baud rate generator control is performed independently for each channel, different values can
be set for each channel.

Table 12.3 shows examples of BRR settings in asynchronous mode. Table 12.4 shows examples
of BRR settings in synchronous mode.
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Table12.3 Examplesof Bit Ratesand BRR Settingsin Asynchronous Mode

¢ (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 -2.48 0 15 0.00 0 19 -234
9600 0 6 -6.99 0 6 -2.48 0 7 0.00 0 -2.34
19200 0 2 8.51 0 2 13.78 0 3 0.00 0 4 -2.34
31250 0 1 0.00 0 1 486 0 1 2288 0 0.00
38400 0 1 -1862 0 1 -14.67 0 1 0.00 - - —

@ (MHz)
Bit Rate 3.6864 4 4.9152 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 -1.36
9600 0 11 0.00 0 12 0.16 0 15 0.00 0 15 1.73
19200 0 5 0.00 0 6 -6.99 0 0.00 0 1.73
31250 —- = — 0 3 0.00 0 -1.70 0 4 0.00
38400 0 2 0.00 0 2 8.51 0 0.00 0 1.73
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Table12.3 Examplesof Bit Ratesand BRR Settingsin Asynchronous M ode (cont)

¢ (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 0 —-2.34 0 0.00 0 11 0.00 0 12 0.16
31250 0 0.00 0 2.40 0 6 533 0 0.00
38400 0 -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 15 173 0 19 -234 0 19 0.00
31250 0O 9 -1.70 0 0.00 0 11 0.00 0 11 240
38400 0 7 0.00 0 1.73 0 9 -2.34 0 9 0.00
356

RENESAS



Table12.3 Examplesof Bit Rates and BRR Settingsin Asynchronous M ode (cont)

¢ (MHz)

Bit 13 14 14.7456 16 18 20
Rate Error Error Error Error Error Error
(bit/s) n N (%) nN % nN % nN % nN % nN (%)
110 2 230 -0.08 2 248 -0.17 3 64 070 3 70 0.03 3 79 -0.12 3 83 -0.25
150 2 168 0.16 2 181 0.16 2 191 0.00 2 207 0.16 2 233 0.16 3 64 0.16
300 2 8 -043 290 016 2 95 0.00 2 103 0.16 2 116 0.16 2 129 0.16
600 1168 0.16 1 181 0.16 1 191 0.00 1 207 0.16 1 233 0.16 2 64 0.16
1200 184 -043 190 016 1 95 000 1 103 0.16 1 116 0.16 1 129 0.16
2400 0 168 0.16 0 181 0.16 0 191 0.00 O 207 0.16 0 233 0.16 1 64 0.16
4800 0 84 -043 09 016 0 9 000 0 103 0.16 O 116 0.16 O 129 0.16
9600 041 076 0 45 -093 047 000 051 016 O 58 -0.69 0 64 0.16
19200 0 20 0.76 0 22 -093 023 000 025 016 0 28 102 0 32 -1.36
31250 0 12 0.00 0 13 000 O 14 -170 0 15 000 0 17 0.00 0O 19 0.00
38400 0 10 -382 0 10 357 0 11 000 O 12 016 0 14 -234 0 15 1.73
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Table12.4 Examplesof Bit Ratesand BRR Settingsin Synchronous Mode

¢ (MHz)
Bit
Rate 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 O 49 0 99 0 199 0 249 1 80 1 99 1 112 1 124
25k 0 19 0 39 0 79 0 9 0 129 0 159 O 179 O 199
50k O 0 19 0 39 0 49 0 64 0 79 0 89 0 99
100k O 0 0 19 0 24 — — 0 39 0 4 O 49
250k 0O 0 0 7 0 0 12 0 15 0 17 O 19
500k O 0* 0 1 0 3 0 4 —_ — 0o 7 0 0
1M 0 0* 0 1 —_- = = = 0 3 0o 4 0 4
2M 0 0* —_- = = - 0 _ = = =
2.5M — — 0 0* —_ — —_ — —_ — —_ —
4M o o0 - — — —

Note: Settings with an error of 1% or less are recommended.

L egend

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:

— @ 6

“eaxonixg OTH
Synchronous mode:

R T

N=— g <10°-1

B: Bit rate (bit/s)
N: BRR setting for baud rate generator (0 < N < 255)
¢@. System clock frequency (MHZz)
n: Baud rate generator input clock (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 @4 0 1
2 @16 1 0
3 @64 1 1

The bit rate error in asynchronous mode is calculated as follows:

@ x106
Error (%) = -1, x100

(N+1)xB x 64 x 221
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Table 12.5 shows the maximum bit rates in asynchronous mode for various system clock
frequencies. Table 12.6 and 12.7 shows the maximum bit rates with external clock input.

Table12.5 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
4.9152 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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Table12.6 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

RENESAS

361



Table12.7 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

123 Operation

12.3.1 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 interfaceis 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 12.8. The SCI clock sourceis
selected by the C/A bit in SMR and the CKE1 and CKEO bitsin SCR, as shown in table 12.9.

For details of the procedures for switching between L SB-first and M SB-first mode and inverting
the data logic level, see section 13.2.1, Smart Card Mode Register (SCMR).

For selection of the smart card interface format, see section 13.3.3, Data Format.

362
RENESAS



Asynchronous M ode

« Datalength isselectable: 7 or 8 hits

e Parity and multiprocessor bits are selectable, and so isthe stop bit length (1 or 2 bits). These
sel ections determine the communication format and character length.

e Inreceiving, it is possible to detect framing errors, parity errors, overrun errors, and the break
State.

* Aninternal or external clock can be selected as the SCI clock source.

0 When aninternal clock is selected, the SCI operates using the on-chip baud rate generator,
and can output a seria clock signal with a frequency matching the hit 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 Mode

e The communication format has afixed 8-bit data length.
e Inreceiving, it is possible to detect overrun errors.
* Aninterna or external clock can be selected as the SCI clock source.

0 When aninternal clock is selected, the SCI operates using the on-chip baud rate generator,
and can output a seria clock signal to external devices.

O When an external clock is selected, the SCI operates on the input serial clock. The on-chip
baud rate generator is not used.

Smart Card Interface

¢ Oneframe consists of 8-bit data and a parity bit.

« Intransmitting, aguard 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 bit.)

e Inreceiving, if aparity error is detected, alow error signal level isoutput 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 isno synchronous communication
function.

For details of smart card interface operation, see section 13, Smart Card Interface.
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Table12.8 SMR Settingsand Serial Communication Formats

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-bit data  Present Absent 1 bit
chronous
_ 1 mode (multi- 2 bits
processor ——————— I E—
1 — 0 format) 7-bit data 1 bit
— 1 2 bits
1 — — — — Syn- 8-bit data  Absent None
chronous
mode

Table12.9 SMR and SCR Settingsand SCI Clock Source Selection

SMR  SCR Setting SCI Transmit/Receive clock
Bit7 Bitl BitO
C/IA 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
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12.3.2  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 12.2 shows the general format of asynchronous serial communication. In asynchronous
serial communication the communication line is 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 (L SB 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 datais latched at the center of each bit.

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 bit(s)
1 bit 7 or 8 bits 1 bit, 1 or 2 bits
or
One unit of data (character or frame) none

Figure12.2 Data Format in Asynchronous Communication
(Example: 8-Bit Data with Parity and 2 Stop Bits)

Communication Formats: Table 12.10 shows the 12 communication formats that can be selected
in asynchronous mode. The format is selected by settingsin SMR.
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Table 12.10 Serial Communication Formats (Asynchronous M ode)

SMR Settings Serial Communication Format and Frame Length
CHR PE MP STOP I1|2|3|4|5|6|7|8|9|10|11|12I
0 0 0 0 S 8-bit data STOP
0 0 0 1 S 8-bit data STOP| STOP
0 1 0 0 S 8-bit data P |sTor
0 1 0 1 S 8-bit data P |stop|sToP
1 0 0 0 S 7-bit data STOP
1 0 0 1 | S 7-bit data STOP|STOP
1 1 0 0 | S 7-bit data P |stop
1 1 0 1 | s 7-bit data P STOP|STOP
0 — 1 0 | S 8-bit data MPB | STOP
0 — 1 1 | S 8-bit data MPB STOP|STOP
1 — 1 0 S 7-bit data MPB [STOP
1 — 1 1 S 7-bit data MPB STOP|STOP
Legend:
S: Start bit
STOP: Stop bit
P: Parity bit

MPB: Multiprocessor bit
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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 CKEO in SCR. For details of SCI clock source
selection, see table 12.9.

When an external clock isinput at the SCK pin, it must have a frequency 16 times the desired bit
rate.

When the SCI is operated on an internal clock, it can output a clock signal at the SCK pin. The
frequency of this output clock is equal to the bit rate. The phaseisaligned as shown in figure 12.3
so that the rising edge of the clock occurs at the center of each transmit data bit.

Ly y

0 DO| D1 | D2 | D3 | D4 | D5 | D6 | D7 | 0/1 1 1

| 1frame o

= -

Figure12.3 Phase Relationship between Output Clock and Serial Data
(Asynchronous M ode)

Transmitting and Receiving Data:

e SCI Initialization (Asynchronous Mode): Before transmitting or receiving data, clear the TE
and RE bitsto 0 in SCR, then initiaize the SCI as follows.
When changing the communication mode or format, always clear the TE and RE bitsto 0
before following the procedure given below. Clearing TE to O 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 12.4 shows a sample flowchart for initializing the SCI.

(_ Startofinitialization )

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 o)

in SMR
I
| 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

l

<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 bitto 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 transmit and receive operations, the TE and RE bits must both
be cleared to 0 or set to 1 simultaneously.

Figure12.4 Sample Flowchart for SCI Initialization
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Transmitting Serial Data (Asynchronous Mode)

Figure 12.5 shows a sample flowchart for transmitting serial data and indicates the procedure

to follow.

Initialize Q)
C Start transmitting )
Read TDRE flaginSSR | ()

TDRE=1

Yes

No

Write transmit data in TDR
and clear TDRE flag to 0 in SSR

All data transmitted?

Yes

1

N

®)

-
-«

Read TEND flag in SSR

Clear DR bit to 0 and set
DDR bhitto 1

Clear TE bitto 0 in SCR

4
<End>

@)

)

®)

(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.

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 bitto O in
SCR.

Figure12.5 Sample Flowchart for Transmitting Serial Data
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In transmitting serial data, the SCI operates as follows:

e 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 data from TDR into TSR.

» After loading the datafrom 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.

0 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 isoutput. Formatsin 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 hits) are output.

O Mark state: Output of 1 bits continues until the start bit of the next transmit data.

e The SCI checks the TDRE flag when it outputs the stop bit. If the TDRE flag is 0, the SCI
loads new data from TDR into TSR, outputs the stop hit, 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) is requested at thistime

Figure 12.6 shows an example of SCI transmit operation in asynchronous mode.

Data Parity Stop Start Data Parity Stop

1  Starthit bit bit  bit bit bit 1
) ) I I
0 DO | D1 D7 | 0/1 1 0 DO | D1 D7 |01 | 1
{§ { § Idle state
(mark state)
TDRE v
A
TEND . ‘e
B 1 frame
TXlinterrupt  TXI interrupt handler TXI interrupt TEl interrupt
request writes data in TDR and request request
clears TDRE flag to O
Figure12.6 Example of SCI Transmit Operation in Asynchronous Mode
(8-Bit Data with Parity and One Stop Bit)
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* Recelving Serial Data (Asynchronous Mode)

Figure 12.7 shows a sample flowchart for receiving serial data and indicates the procedure to
follow.

| Initialize @ (1) SCl initialization:
the receive data input function of the RxD

Start receiving pin is selected automatically.

> (2)(3) Receive error handling and break detection:
Read ORER. PER. and FER @ if a receive error occurs, read the ORER,

flags in SSR PER, and FER flags in SSR to identify the
error. After executing the necessary error

PERLFERCOPER= 1 any of these flags remains setto 1. When a

3) framing error occurs, the RxD pin can be

handling, clear the ORER, PER, and FER
flags all to 0. Receiving cannot resume if

Error handling read to detect the break state.
(continued on next page)

Read RDRF flag in SSR |(4) (4) SClI status check and receive data read:
read SSR, check that the RDRF flag is set
No to 1, then read receive data from RDR and
RDRF=1 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.

Yes
Read receive data from RDR. and (5) To continue receiving serial data:
clear RDRF flag to 0 in SSR check the RDRF flag, read RDR, and clear

the RDRF flag to 0 before the stop bit of the
current frame is received.

No

All data received?

©)

Clear RE bitto 0in SCR |

<End>

Figure12.7 Sample Flowchart for Receiving Serial Data

371
RENESAS




®

( Error handling )

No

Yes

Overrun error handling

Break? Yes

No )

Framing error handling Clear RE bit to 0 in SCR

!

No
PER=1

Yes

Parity error handling

A

Clear ORER, PER, and FER flags
to 0in SSR

<End>

Figure12.7 Sample Flowchart for Receiving Serial Data (cont)
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In receiving, the SCI operates as follows:

« The SCI monitors the communication line. When it detects a start bit (0 hit), the SCI
synchronizesinternally and starts receiving.

¢ Receivedataisstored in RSR in order from LSB to MSB.
e 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 bitin SMR.
0 Stop bit check: The stop bit value must be 1. If there are two stop bits, only the firstis
checked.
O Status check: The RDRF flag must be 0, 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 checks fails (receive error*), the SCI operates as shown in table 12.11.
Note: * When areceive error occurs, further receiving is disabled. In receiving, the RDRF flag
isnot set to 1. Be sureto clear the error flagsto O.
* Whenthe RDRFflagissetto 1, if the RIE bitisset to 1 in SCR, areceive-data-full interrupt
(RX1) isrequested. If the ORER, PER, or FER flagisset to 1 and the RIE bit in SCRisalso
set to 1, areceive-error interrupt (ERI) is requested.

Table 12.11 Receive Error Conditions

Receive Error Abbreviation Condition Data Transfer
Overrun error  ORER Receiving of next data ends while Receive data is not transferred
RDRF 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 12.8 shows an example of SCI receive operation in asynchronous mode.

Start Parity Stop Start Parity Stop
bit Data bit  bit bt bata bit  bit 1
) )
0 DO D1 D7 | 0/1 1 0 DO D1 D7 | 0/1 1
¢ {§ Idle (mark) state
RDRF
2
FER (¢ ‘6
RXlinterrupt|  RXI interrupt handler
request| reads data in RDR and Framing error,
1 frame clears RDRF flag to 0 ERI interrupt

- request

Figure12.8 Example of SCI Receive Operation
(8-Bit Data with Parity and One Stop Bit)

12.3.3  Multiprocessor Communication

The multiprocessor communication function enables several processors to share asingle serial
communication line. The processors communicate in asynchronous mode using aformat with an
additional multiprocessor bit (multiprocessor format).

In multiprocessor communication, each receiving processor is addressed by an ID. A serial
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 starts 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. The processor with the matching ID receives the data transmitted next.
Processors with 1Ds 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 datain
thisway.

Figure 12.9 shows an example of communication among different processors using a
multiprocessor format.
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Communication Formats: Four formats are available. Parity bit settings are ignored when a
multiprocessor format is selected. For details see table 12.10.

Clock: See the description of asynchronous mode.

Transmitting
processor
| Serial communication line
, Y Y Y
Receiving Receiving Receiving Receiving
processor A processor B processor C processor D
(ID=01) (ID=02) (ID=03) (ID=04)
Serial data | | | H'01 | | | H'AA | | | |
| (MPB=1) (MPB=0)
r ) i - >
ID-sending cycle: Data-sending cycle:
receiving processor address  data sent to receiving processor
specified by ID
Legend

MPB : Multiprocessor bit

Figure12.9 Example of Communication among Processor s using M ultiprocessor For mat
(Sending Data H'AA to Receiving Processor A)

Transmitting and Receiving Data:

e Transmitting Multiprocessor Serial Data

Figure 12.10 shows a sample flowchart for transmitting multiprocessor serial data and
indicates the procedure to follow.
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| Initi

alize |

C Start transmitting >

-

-«

|  Read TDREflagin SSR |

TDR

No

Write transmit data in TDR
and set MPBT bit in SSR

| Clear TDRE flag to 0 |

All data transmitted?

[o]

¥

Yes

-
-5

|  Read TENDflagin SSR |

Output break signal?

Yes

|Clear DR bitto O

and set DDR to 1|

| Clear TE bit

to 0in SCR |

\

4

<End>

@

@

©)

4)

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, check that the TDRE flag is
1, then write transmit data in TDR.
Also set the MPBT flagto O or 1 in
SSR. Finally, 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.

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 bitto 0 in
SCR.

Figure12.10 Sample Flowchart for Transmitting Multiprocessor Serial Data
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In transmitting serial data, the SCI operates as follows:

e 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 data from TDR into TSR.

o After loading the datafrom 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 datais transmitted in the following order from the TxD pin:

Start bit: One 0 hit is output.

Transmit data: 7 or 8 bits are output, L SB first.

Multiprocessor bit: One multiprocessor bit (MPBT value) is output.

Stop bit(s): One or two 1 bits (stop bits) are output.

Mark state: Output of 1 hits continues until the start bit of the next transmit data.

e The SCI checks the TDRE flag when it outputs the stop bit. If the TDRE flag is O, the SCI
loads new data from 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) is requested at thistime

OoOooogod

Figure 12.11 shows an example of SCI transmit operation using a multiprocessor format.

Multi- Multi-

Start Data processor StoP  Start Data processor Stop
1 bit bit  bit bit bit  bit
0 DO | D1 D7 101 | 1 0 DO | D1 D7 |01 |1
{f {§ Idle (mark)
state
TDRE v
TEND . ..
- { ’
TXI interrupt TXI interrupt handler TXI interrupt
request writes data in TDR and request
clears TDRE flag to O TEl interrupt
|-t - request

1 frame

Figure12.11 Example of SCI Transmit Operation
(8-Bit Data with Multiprocessor Bit and One Stop Bit)

* Receiving Multiprocessor Serial Data

Figure 12.12 shows a sample flowchart for receiving multiprocessor serial data and indicates
the procedure to follow.
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|@)

| Initialize

Start receiving

»
!

| SetMPIE bitto 1 in SCR

Read ORER and FER flags
in SSR

|

FERCORER= 1 Y
No

Read RDRF flag in SSR

|
o o
Yes

|3)

| Read receive data from RDR

|
L
Yes

Read ORER and FER flags
in SSR

FERCORER= 1 ves
No

| Read RDRF flag in SSR

e

Yes
| Read receive data from RDR |

Finished receiving?

Yes
|  Clear RE bitto 0in SCR

'

<End>

A 4

Y

@

@)

©)

4)

©)

4)

r (5)

(Error handling )

| (continued on next page)

SCl initialization:
the receive data input function of the
RxD pin is selected automatically.

ID receive cycle:
set the MPIE bitto 1 in SCR.

SClI status check and ID check:

read SSR, check that the RDRF flag
is set to 1, then read data from RDR
and compare it with the processor's
own ID. If the ID does not match, set
the MPIE bit to 1 again and clear the
RDRF flag to 0. If the ID matches,
clear the RDRF flag to 0.

SClI status check and data receiving:
read SSR, check that the RDRF flag
is set to 1, then read data from RDR.

Receive error handling and break
detection:

if a receive error occurs, read the
ORER and FER flags in SSR to
identify the error. After executing the
necessary error handling, clear the
ORER and FER flags both to 0.
Receiving cannot resume while either
the ORER or FER flag remains set to
1. When a framing error occurs, the
RxD pin can be read to detect the
break state.

Figure12.12 Sample Flowchart for Receiving Multiprocessor Serial Data
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®)

(" Error handling )

No ORER= 1

Yes

| Overrun error handling |

No FE%{E:::::::>

Yes

Break?

No Y
| Clear RE bitto 0in SCR

| Framing error handling |

|

Clear ORER, PER, and FER
flags to 0 in SSR

A
<End>

Figure12.12 Sample Flowchart for Receiving Multiprocessor Serial Data (cont)
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Figure 12.13 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 it 1
o | po 1 o7 0 >
Lo [ofor [ Torla ]+ o [0l o[ T0r 1001 40 mark
state
MPIE | | v
RDRF / [ | "
/) / / A
RDR value ID1
MPB detection RXI interrupt request RXl interrupt handler reads  Not own ID, so MPIE ~ No RXI interrupt
MPIE = 0 (multiprocessor interrupt) RDR data and clears bit is set to 1 again request, RDR not
RDRF flag to O updated
a. Own ID does not match data
Start Stop  Start Stop
1 bit Data (ID2) MPB  pit bit Data (data2) MPB it 1
[o|po]oi| [o7[ 1 [ 1] ofpofpoi]’]po7| o1
35 55 Idle (mark)
state
MPIE

A

I
RDRF — / /|_/| |__|_

RDR value IDr" X ID2 X | pata2

MPB d . RXI interrupt request RXI interrupt handler Own ID, so receiving MPIE bit is set to
_etectlon (multiprocessor interrupt)  reads RDR data and continues, with data 1 again
MPIE =0 clears RDRF flag to 0 received by RXI

interrupt handler

b. Own ID matches data

Figure12.13 Example of SCI Receive Operation
(8-Bit Data with Multiprocessor Bit and One Stop Bit)
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12.34  Synchronous Operation

In synchronous mode, the SCI transmits and receives data in synchronization with clock pulses.
This mode 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 12.14 shows the general format in synchronous serial communication.

B One unit (character or frame) of transfer data _
e S
Serial clock | | | | | | | | | | | | | | |
LSB MSB
Serialdata 4 X Bit0 X Bit 1 X Bit 2 X Bit 3X Bit 4 X Bit5 X Bit 6 X Bit 7 X__4
I !
Don't care Don't care

Note: * High except in continuous transmitting or receiving

Figure12.14 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: Aninterna 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 12.6 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 SCI Initialization (Synchronous Mode): Before transmitting or receiving data, clear the TE and
RE bitsto 0 in SCR, then initialize the SCI as follows.
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 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.

Figure 12.15 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 value in BRR | 3
. Wait

@)

Yes

1-bit interval elapsed?

Set TE or RE bitto 1 in SCR
Set RIE, TIE, TEIE, and MPIE | (4)
bits as necessary

l

<Start transmitting or receiving>

Note: *
or set to 1 simultaneously.

@

@
(©)

4)

Set the clock source in SCR. Clear the
RIE, TIE, TEIE, MPIE, TE, and RE bits to
0.*

Set 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 bitto 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.

In simultaneous transmitting and receiving, the TE and RE bits should be cleared to 0

Figure12.15 Sample Flowchart for SCI Initialization
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e Transmitting Serial Data (Synchronous Mode)

Figure 12.16 shows a sample flowchart for transmitting serial data and indicates the procedure
to follow.

| Initialize | (2) (1) SCl initialization: the transmit data

output function of the TxD pin is
Start transmitting selected automatically.

< (2) SCl status check and transmit data
write: read SSR, check that the TDRE

| Read TDRE flag in SSR | @ flag is 1, then write transmit data in
TDR and clear the TDRE flag to 0.
TDRE=1 No (3) To continue transmitting serial data:
after checking that the TDRE flag is 1,
Yes indicating that data can be written,
X - X write data in TDR, then clear the TDRE
Write transmit data in TDR flag to 0.

and clear TDRE flag to 0 in SSR

All data transmitted?

®)

Yes

<«

|  Read TENDflagin SSR |

T —

Yes

| Clear TEbitto0inSCR |

i

<End>

Figure12.16 Sample Flowchart for Serial Transmitting
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In transmitting serial data, the SCI operates as follows.

e 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 data from TDR into TSR.

» After loading the datafrom 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.

If clock output is selected, the SCI outputs eight serial clock pulses. If an external clock source
is selected, the SCI outputs data in synchronization with the input clock. Datais output from
the TxD pinin 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 flag is 0O, the SCI
loads data from TDR into TSR and begins seria transmission of the next frame. If the TDRE
flagis 1, the SCI setsthe TEND flag to 1 in SSR, and after transmitting the MSB, holds the
TxD pininthe MSB state. If the TEIE hit isset to 1 in SCR, atransmit-end interrupt (TEI) is
requested at thistime

» After the end of serial transmission, the SCK pinisheld in a constant state.

Figure 12.17 shows an example of SCI transmit operation.

Transmit direction

Serial clock “ | | I | | | I | | I | | | I | |
Serial data X Bito X Bit 1 )c X Bit7 X Bito X Bit1 )C

TDRE 9y
'y | A —_—
TEND o o
A
TXI interrupt TXI interrupt handler  TXI interrupt TEl interrupt
request writes data in TDR  request request
and clears TDRE
flag to O
= 1 frame >
Figure12.17 Example of SCI Transmit Operation
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* Receiving Serial Data (Synchronous Mode)
Figure 12.18 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) SClinitialization: the receive data
input function of the RxD pin is
Start receiving selected automatically.
> (2)(3) Receive error handling: if a receive
| Read ORER flag in SSR | @) error occurs, read the QRER 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.

Yes

©)

Error handling

(continued on next page)

(4)  SCl 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

N given by the RXI interrupt.

(5) To continue receiving serial data:

|  ReadRDRFflaginSSR | (4)

Yes check the RDRF flag, read RDR, and
. ¢ clear the RDRF flag to 0 before the
Read receive data from MSB (bit 7) of the current frame is

RDR, and clear RDRF
flag to 0 in SSR

No — L
Finished receiving?

Yes

received.

(®)

| ClearREbitto0inSCR |

<End>

Figure 12.18 Sample Flowchart for Serial Receiving
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®3)

Error handling

| Overrun error handling |

| Clear ORERflagto 0in SSR |

l

<End>

Figure12.18 Sample Flowchart for Serial Receiving (cont)
In receiving, the SCI operates as follows:

» The SCI synchronizes with serial clock input or output and isinitialized internally.

* Receivedataisstored in RSR in order from LSB to MSB.
After receiving the data, the SCI checks that the RDRF flag is 0, 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
dataisstored in RDR. If the checksfails (receive error), the SCI operates as shown in table
12.11.
When areceive error has been identified in the error check, subseguent transmit and receive
operations are disabled.

 Whenthe RDRFflagissetto 1, if the RIE bitisset to 1 in SCR, areceive-data-full interrupt
(RX1) isrequested. If the ORER flagissetto 1 and the RIE bitin SCRisalsosetto 1, a
receive-error interrupt (ERI) is requested.
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Figure 12.19 shows an example of SCI receive operation.

Serial clock

Serial data

RDRF

ORER

EpEpFpEpEREpENERERE

X Bit7 )

\ Bit 0 K)

NCI €D E G € T2 &

_/

——

35

—

Overrun error,

/ ) R
RXI interrupt RXI interrupt handler RXI interrupt
request reads data in RDR and request

clears RDRF flag to O

1 frame

ERI interrupt
request

Figure12.19 Example of SCI Receive Operation
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» Transmitting and Receiving Data Simultaneously (Synchronous Mode)

Figure 12.20 shows a sample flowchart for transmitting and receiving serial data
simultaneously and indicates the procedure to follow.

| Initialize | @) (1) SCl initialization: the transmit data output function of
the TxD pin and the read data input function of the
TxD pin are selected, enabling simultaneous
transmitting and receiving.

(Start of transmitting and receiving)

(2) 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.

Notification that the TDRE flag has changed from 0
N to 1 can also be given by the TXI interrupt.

| Read TDREflaginSSR | ()

Yes (3) Receive error handling: if a receive error occurs,
- - - read the ORER flag in SSR, then after executing the
Write transmit data in TDR and necessary error handling, clear the ORER flag to 0.
clear TDRE flag 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 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.

Read ORER flag in SSR

3) (5) To continue transmitting and 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. Also check that the TDRE flag is
Read RDRF flag in SSR | 4) 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.

No

RDRF=1

Yes

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.

Figure12.20 Sample Flowchart for Simultaneous Serial Transmitting and Receiving
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124 SCI Interrupts

The SCI has four interrupt request sources: transmit-end interrupt (TEI), receive-error (ERI),
receive-data-full (RX1), and transmit-data-empty interrupt (TXI). Table 12.12 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 1in SSR. A TEI interrupt is requested
when the TEND flagissetto 1in SSR.

An RXI interrupt is requested when the RDRF flag isset to 1 in SSR. An ERI interrupt is
requested when the ORER, PER, or FER flagisset to 1in SSR.

Table 12.12 SCI Interrupt Sources

Interrupt Source Description Priority
ERI Receive error (ORER, FER, or PER) High
RXI Receive data register full (RDRF)
I Transmit data register empty (TDRE) T
TEI Transmit end (TEND) Low
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125  Usage Notes

1251 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 O, 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
flag isset to 1.

Simultaneous Multiple Receive Errors: Table 12.13 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 dataislost.

Table 12.13 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 @) Parity error

1 1 1 0 X Overrun error +
framing error

1 1 0 1 X Overrun error +
parity error

0 0 1 1 @) Framing error +
parity error

1 1 1 1 X Overrun error +
framing error +
parity error

Note: 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 O it will be set to 1 again.

Sending a Break Signal: The TxD pin aso functions as an 1/0 port for which the input/output
direction and level are determined by DR and DDR. 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
isset 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 a break signal during serial transmission, clear the DR bit to 0, then clear the TE hit to 0.
When the TE bit 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 Flags and Transmitter Operation (Synchronous Mode Only): When areceive
error flag (ORER, PER, or FER) is set to 1 the SCI will not start transmitting, even if the TDRE
flag iscleared to 0. Be sureto clear the receive error flagsto O when starting to transmit. Note
that clearing the RE bit to O does not clear the receive error flags to O.

Receive Data Sampling Timing in Asynchronous Mode 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
dataislatched at the rising edge of the eighth base clock pulse. See figure 12.21.

A 16 clocks .
8 clocks )

0 7| 15/ 0 7 150
Internalbaseclockm||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
Receive data I:: E! —

(RXD) _];; Start bit ¥ | Do o E

Synchronization ' i ! ' ' '

sampling timing :l | : ; ¥

Data sampling - H
timing n n

Figure12.21 Receive Data Sampling Timing in Asynchronous Mode
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The receive margin in asynchronous mode can therefore be expressed as shown in equation (1).

Ip-05 |

M= (05— —)—(L—-0.5)F - L+F)| x100% . ... 1)
2N

Receive margin (%)

Ratio of clock frequency to bit rate (N = 16)
Clock duty cycle (D = 0t0 1.0)

Frame length (L = 9t0 12)

Absolute deviation of clock frequency

mMrozz

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- ) x 100%
x 16
=46.875% e (2

Thisisatheoretical value. A reasonable margin to allow in system designsis 20% to 30%.

Restrictions on Use of an External Clock Source: When an external clock source is used for the
seria clock, after updates TDR, alow an inversion of at least five system clock (¢) cycles before
input of the serial clock to start transmitting. |f the serial clock isinput within four states of the
TDR update, a malfunction may occur. (Seefigure 12.22)

SCK

.
'
:
T
Lot
_»l_:<_

TDRE | ; |

>§(DOX01X02X03XD4XD5XD6XD7X

Note: In operation with an external clock source, be sure that t >4 states.

Figure 12.22 Example of Synchronous Transmission
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Caution on Switching from SCK Pin Function to Port Pin Function:

* Problem in Operation: When switching the SCK pin function to the output port function (high-
level output) by making the following settingswhile 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. TEbit=0

3. C/A bit = 0 ... switchover to port output

4. Occurrence of low-level output (see figure 12.23)

! Half-cycle low-level output

SCK/port | | | I_l
1. End of transmission ' 4. Low-level output

Data Bite X Bit7 ; )

2.TE=0 1
TE | :
C/A 3.C/IA=0
CKE1 '
CKEO

Figure 12.23 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 serial datatransmission

2. TEhit=0

3.CKElhit=1

4. C/A bit =0 ... switchover to port output

5.CKElbit=0

High-level outputTE

N

SCK/port | | | ;
1. End of transmission ]

Data Bt 6 X Bit 7

2.TE=0

TE

{ 4.CIA=0

CI/A

3.CKE1l=1

CKE1l 5.CKE1=0

CKEO

Figure 12.24 Operation when Switching from SCK Pin Function to Port Pin Function
(Example of Preventing L ow-L evel Output)
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Section 13 Smart Card Interface

13.1 Overview

An IC card (smart card) interface conforming to the | SO/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.

1311 Features
Features of the smart card interface supported by the H8/3064F 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

e Built-in baud rate generator alows any hit rate to be selected

e Threeinterrupt sources

0 There are threeinterrupt sources—transmit-data-empty, receive-data-full, and
transmit/receive error—that can issue requests independently.

OooOoood
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13.1.2 Block Diagram

Figure 13.1 shows a block diagram of the smart card interface.

(]
(5]
8
Module data bus I3
£
ﬂ U U U :
)
@
[ rRorR | [ TOR | SCMR | _BRR -
| S S -
RD> | RSR | || TsR SC Baud rate |« @/4
1 SMR generator W16
Transmission/
reception - @64
TXD ‘ control
Parity generation Clock
Parity check
SCK = External clock
= TXI
Legend » RXI
SCMR: Smart card mode register > ERI

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: Bitrate register

Internal
data bus

Figure13.1 Block Diagram of Smart Card Interface

13.1.3 Pin Configuration
Table 13.1 shows the smart card interface pins.

Table13.1 Smart Card Interface Pins

Pin Name Abbreviation 1/0 Function

Serial clock pin SCK 1/0 Clock input/output
Receive data pin RxD Input Receive data input
Transmit data pin TxD Output Transmit data output
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13.14

Register Configuration

The smart card interface has the internal registerslisted in table 13.2. The BRR, TDR, and RDR
registers have their normal serial communication interface functions, as described in section 12,
Serial Communication Interface.

Table13.2 Smart Card Interface Registers

Channel Name Abbreviation R/W Initial Value ~ Address**
0 Serial mode register SMR R/W H'00 H'FFFBO
Bit rate register BRR R/W H'FF H'FFFB1
Serial control register SCR R/W H'00 H'FFFB2
Transmit data register TDR R/W H'FF H'FFFB3
Serial status register SSR R/(W)*?* H'84 H'FFFB4
Receive data register RDR R H'00 H'FFFB5
Smart card mode register SCMR R/W H'F2 H'FFFB6
1 Serial mode register SMR R/W H'00 H'FFFB8
Bit rate register BRR R/W H'FF H'FFFB9
Serial control register SCR R/W H'00 H'FFFBA
Transmit data register TDR R/W H'FF H'FFFBB
Serial status register SSR R/(W)*? H'84 H'FFFBC
Receive data register RDR R H'00 H'FFFBD
Smart card mode register SCMR R/W H'F2 H'FFFBE
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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13.2 Register Descriptions

This section describes the new or modified registers and bit functionsin the smart card interface.

13.21 Smart Card Mode Register (SCMR)

SCMR is an 8-hit 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

SCMRisinitialized 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): Selectsthe serial/paralel conversion

format.*1

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.*2 The SINV bit does not affect the logic level of the parity bit. For parity settings, see
section 13.3.4, 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, alwaysread 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. Thefunction for switching between L SB-first and M SB-first mode can & so 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 also be used with the normal serial
communication interface. Note that, when inverting the serial datato be transferred,
parity transmission and parity checking is based on the number of high-level periods at
the serial data 1/O pin, and not on the register value.
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13.2.2  Serial StatusRegister (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 hits operate asin normal serial communication. For details see section 12.2.7,
Seria Status Register (SSR).

Bit ——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.

Bits 3 to 0: These bits operate asin normal serial communication. For details see section 12.2.7,
Serial Status Register (SSR). The setting conditions for transmit end (TEND), however, are
modified as follows.
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Bit 2
TEND Description

0 Transmission is in progress
[Clearing conditions]
» Software reads TDRE while it is set to 1, then writes 0 in the TDRE flag.

1 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 s 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: An etu (elementary time unit) is the time needed to transmit one bit.

13.23 Serial Mode Register (SMR)

The function of SMR hit 7 ismodified in smart card interface mode. This change also causes a
maodification to the function of bits 1 and 0 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

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 CKEL 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.
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Bits 6 to 0: These bits operate asin normal serial communication. For details see section 12.2.5,
Serial Mode Register (SMR).

13.24  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/IW

Bits 7 to 2: These bits operate asin normal serial communication. For details see section 12.2.6,
Serial Control Register (SCR).

Bits 1 and 0—Clock Enable 1 and 0 (CKE1, 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.

Bit 7 Bit 1 Bit 0
GM CKE1 CKEO Description
0 0 0 Internal clock/SCK pin is 1/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

13.3  Operation

13.3.1 Overview
The main features of the smart card interface are as follows.

* Oneframe consists of 8-hit data plus a parity bit.

* Intransmission, aguard time of at least 2 etu (elementary time units. the time for transfer of
one hit) 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 1 etu period
10.5 etu after the start bit.
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e |f anerror signa isdetected 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.

13.3.2 Pin Connections

Figure 13.2 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 connectionis

unnecessary.

The reset signal should be output from one of the H8/3064F' generic ports.

In addition to these pin connections. power and ground connections will normally also be

necessary.

Vee

TxD %
RxD Data line
SCK

Clock line

H8/3064F chip | X (POrT)
Reset line
Card-processing device

/0

CLK

RST
Smart card

Figure13.2 Smart Card Interface Connection Diagram

Note: Setting both TE and RE to 1 without connecting a smart card enables closed

transmission/reception, allowing self-diagnosisto be carried out.

13.3.3 Data Format

RENESAS
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Figure 13.3 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.

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

-

Output from
receiving
Legend device
Ds: Start bit
DO to D7: Data bits
Dp: Parity bit
DE: Error signal

Figure13.3 Smart Card Interface Data For mat

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
line is pulled high with a pull-up resistor.

The receiving device carries out a parity check. If thereisno 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 signal (DE, low-level) to request
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.
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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 returnsto step 2 and transmits the same data

again.
13.34 Register Settings

Table 13.3 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.

Table13.3 Smart Card Interface Register Settings

Bit

Register Address™ Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
SMR HFFFBO GM 0 1 O/E 1 0 CKS1 CKSO
BRR HFFFB1 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 HFFFB4 TDRE RDRF ORER ERS PER TEND O 0
RDR HFFFB5 RDR7 RDR6 RDR5 RDR4 RDR3 RDR2 RDR1 RDRO
SCMR  HFFFB6 — — — — 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 CKEL1 bit must also be cleared to 0.

Serial Mode Register (SMR) Settings: Clear the GM bit to O 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 CK SO select the clock source of the built-in baud rate generator. See section
13.3.5, Clock.

Bit Rate Register (BRR) Settings: BRR is used to set the bit rate. See section 13.3.5, 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 seria
communication functions. See section 12, Serial Communication Interface, for details. The CKEL1
and CKEQ bits specify clock output. To disable clock output, clear these bits to 00; to enable clock
output, set these bitsto 01. Clock output is performed when the GM bitissetto 1 in SMR. Clock
output can also be fixed low or high.
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Smart Card Mode Register (SCMR) Settings. Clear both the SDIR bit and SINV hit cleared to
0 if 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 Z A A Z (2 State

Ds | DO D1 | D2 | D3 D4 D5 | D6 D7 | Dp

With the direct convention type, the logic 1 level corresponds to state Z and the logic O level to
state A, and transfer is performed in L SB-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. Inverse Convention (SDIR = SINV = O/E = 1)

@ A zZ zZ A A A A A A Z (2 State

Ds | D7 D6 | D5 D4 D3 D2 D1 DO | Dp

With the inverse convention type, the logic 1 level corresponds to state A and the logic O level
to state Z, and transfer is performed in M SB-first order. In the example above, the first
character datais H'3F. The parity bit is O, corresponding to state Z, following the even parity
rule designated for smart cards.

In the H8/3064F, inversion specified by the SINV bit applies only to the data bits, D7 to DO.
For parity bit inversion, the O/E bit in SMR must be set to odd parity mode. This appliesto
both transmission and reception.
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13.3.5 Clock

Only aninternal 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 13.5 shows some sample bit rates.

If clock output is selected with CKEO set to 1, a clock with afrequency of 372 times the bit rate is
output from the SCK pin.

B= ¢ x 106

1488 x 221 x (N + 1)

where, N: BRR setting (0 < N < 255)
B: Bit rate (bit/s)
@ Operating frequency (MHz)
n: Seetable 13.4

Table13.4 n-Valuesof CKS1 and CK SO Settings

n CKS1 CKSO0
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.

Table 13.5 Bit Rates (bits/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 hit 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 = L4 x 106 -1
1488 x 221 x B

Table13.6 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 0.00 1 30 1 25 1 8.99 1 0.00 1 1201 2 15.99

Table13.7 Maximum Bit Ratesfor Various Frequencies (Smart Card | 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 108 -1 | x 100
1488 x 221 x B x (N + 1)
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13.3.6  Transmitting and Receiving Data

Initialization: Before transmitting or receiving data, the smart card interface must beinitialized as
described below. Initialization is also hecessary when switching from transmit mode to receive
mode, or vice versa.

1
2.
3.

Clear the TE and RE bitsto 0 in the serial control register (SCR).
Clear error flags ERS, PER, and ORER to 0 in the serial status register (SSR).

Set the parity bit (O/E) and baud rate generator select bits (CKS1 and CK S0) in the serial mode
register (SMR). Clear the C/A, CHR, and MP bitsto 0, and set the STOP and PE bitsto 1.

Set the SMIF, SDIR, and SINV hits in 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.

Set avalue corresponding to the desired bit rate in the bit rate register (BRR).

Set the CKEOQ bit in SCR. Clear the TIE, RIE, TE, RE, MPIE, TEIE, and CKEL bitsto 0. If the
CKEQ hit is set to 1, the clock is output from the SCK pin.

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 13.5 shows a sample transmission processing flowchart.

A w DN e

5.
6.

Perform smart card interface mode initialization as described in Initialization above.
Check that the ERS error flag iscleared 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 flag is cleared to O.

To continue transmitting data, go back to step 2.
To end transmission, clear the TE bit to 0.

The above processing may include interrupt handling.

If transmission ends and the TEND flag is set to 1 while the TIE bit is set to 1 and interrupt
reguests are enabled, a transmit-data-empty interrupt (TX1) 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.

Figure 13.4 shows timing of TEND flag setting.
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For details, see Interrupt Operationsin this section.

Serial data —— pDs Dp —: DE ; ‘
Guard time
4—»:
1) GM=0
TEND 12.5 etu
) GM=1
TEND 11.0 etu

Figure13.4 Timing of TEND Flag Setting

410
RENESAS




( Start >

| Initialization |

( Start transmitting >

-
-

No
FER/ERS = 0?

<—< Error handling )

Write transmit data in TDR,
and clear TDRE flag
to 0in SSR

Error handling >

| Clear TE bitto O |

|
( End >

Figure13.5 Sample Transmission Processing Flowchart
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TDR TSR
(shift register)

1. Data write | Data 1

| Data remains in TDR
Data 1

|—> 1/0 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.

Figure13.6 Relation Between Transmit Operation and I nternal 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
- 11.0etu 'JI | WhenGM=1

Figure 13.7 Timing of TEND Flag Setting

Receiving Serial Data: Datareception in smart card mode uses the same processing procedure as
for the normal SCI. Figure 13.8 shows a sample reception processing flowchart.

1. Perform smart card interface mode initialization as described in Initialization above.

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 0.

Repeat steps 2 and 3 until it can be confirmed that the RDRF flag is set to 1.
Read the receive data from RDR.

To continue receiving data, clear the RDRF flag to 0 and go back to step 2.
To end reception, clear the RE hit to 0.

N

o gk~ w
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( Start >

| Initialization

( Start receiving >

ORER =0 No
and PER =0?

Yes
<—< Error handling )

No
RDRF = 1?

Read RDR and clear
RDRF flag to 0 in SSR

All data received?

| Clear RE bit to 0 |

Figure 13.8 Sample Reception Processing Flowchart
The above procedure may include interrupt handling.

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 (RXI) will be requested. If an error occurs in reception
and either the ORER flag or the PER flag is set to 1, atransmit/receive-error interrupt (ERI) will
be requested.

For details, see Interrupt Operations in this section.

If aparity error occurs during reception and the PER flag is set to 1, the received datais
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 O and setting
TE to 1. The RDRF, PER, or ORER flag can be used to check that the receive operation has been
completed.
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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 compl eted.

Fixing Clock Output: When the GM hit isset to 1in SMR, clock output can be fixed by means
of the CKE1 and CKEO bitsin SCR. The minimum clock pulse width can be set to the specified
width in this case.

Figure 13.9 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

CKE1 value

ScK 4,7 ' Y —\
T !

SCR write SCR write
(CKEO = 0) (CKEO =1)

Figure13.9 Timing for Fixing Cock Output

Interrupt Operations: The smart card interface has three interrupt sources: transmit-data-empty
(TXI1), transmit/receive-error (ERI), and receive-data-full (RXI). The transmit-end interrupt
request (TEI) is not available in smart card mode.

A TXI interrupt is requested when the TEND flag is set to 1in SSR. An RXI interrupt is requested
when the RDRF flagis set to 1 in SSR. An ERI interrupt is requested when the ORER, PER, or
ERSflagisset to 1in SSR. These relationships are shown in table 13.8.

Table13.8 Smart Card Interface Mode Operating States and Interrupt Sour ces

Interrupt DTC

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
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Examples of Operation in GSM Mode: 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. Set the P9, dataregister (DR) and data direction register (DDR) to the values for the fixed
output state in software standby mode.

2. Write0inthe TE and RE bitsin the seria control register (SCR) to stop transmit/receive
operations. At the same time, set the CKEL1 bit to the value for the fixed output state in
software standby mode.

3. Write 0in the CKEO bit in SCR to stop the clock.

4. Wait for one serial clock cycle. During this period, the duty cycleis 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. Setthe CKE1 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

! ! !

(ORONC) @GE 1) e

Figure13.10 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 resistors to 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 CKEOhitto 1in SCR to start clock output.

415
RENESAS




134  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 I nterface Mode: In smart
card interface mode, the SCI operates on a base clock with afrequency of 372 times the 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. The timing
isshown in figure 13.11.

372 clocks

186 clocks
. B

0 185 371/0 185 371 0
Internal base
clock }( ! g$ g$
recsvedan ] s 1§
eceive data . . —
(RxD) o Stért bit DO ( ( D1
) )]

(( ‘ (
)T ))

Synchronization |

sampling timing ! ( Do P
T T

Data sampling

timing (SJ_l ( ( m(
) )] ) ]

~—

~
~—
~
~—
~

—

Figure13.11 Receive Data Sampling Timingin Smart Card Interface Mode
The receive margin can therefore be expressed as follows.
Receive margin in smart card interface mode:

Ip-05 |

M=[(05- —1)—(L-05)F- (1+F)| x 100%
2N

. Receive margin (%)

Ratio of clock frequency to bit rate (N = 372)
Clock duty cycle (L =0 to 1.0)

Frame length (L =10)

Absolute deviation of clock frequency

nmroz<g
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From the above equation, if F=0and D = 0.5, thereceive margin is as follows.

WhenD=05and 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 SCI isin Receive Mode
Figure 13.12 illustrates retransmission when the SCI isin 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 SCR is set to the enable state, an ERI interrupt is requested. The PER hit
should be cleared to 0 in SSR before the next parity bit sampling timing.

2. The RDRF bit in SSR isnot set for the frame in which the error has occurred.

3. If anerror isfound when the received parity bit is checked, the PER bit isnot set to 1 in SSR.

4. 1If 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 setto 1 in SSR. If the RIE
bit in SCR is set to the enable state, an RX| interrupt is requested.

5. When anormal frameis received, the data pin is held in three-state at the error signal
transmission timing.

%7 Frame n 4>‘<7 Retransmitted frame —+— Frame n+1

-lDs|D0|D1|Dz|D3|D4|D5|D6|D7|Dp|-|%—|Ds|D0|Dl|D2|Ds|D4|D5|06|D7|Dp|®—E)|Ds|Do|D1|Dz|D3|D4|

RDRF

A2 A4
PER
LA A3

Figure13.12 Retransmission in SCI Receive M ode

¢ Retransmission when SCI isin Transmit Mode
Figure 13.13 illustrates retransmission when the SCI isin transmit mode.

6. If anerror signal is sent back from the receiving device after transmission of one frame is
completed, the ERS bit isset to 1in SSR. If the RIE bit in SCR is set to the enable state, an
ERI interrupt is requested. The ERS hit should be cleared to 0 in SSR before the next parity bit
sampling timing.

7. The TEND bit in SSR is not set for the frame for which the error signal was received.
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8. If anerror signal is not sent back from the receiving device, the ERS flag is not set in SSR.

9. If anerror signa is not sent back from the receiving device, transmission of one frame,
including retransmission, is assumed to have been completed, and the TEND bitissetto 1in
SSR. If the TIE bit in SCR is set to the enable state, a TX| interrupt is requested.

‘<7 Frame n 4>%7 Retransmitted frame 4»% Frame n+1
-IDs|D0|D1|D2|D3|D4|D5|D6|D7|Dp|—BE,—|Ds|D0|D1|D2|D3|D4|D5|D6|D7|Dp () Ds|pojp1|p2[p3p4
| ToRE ||

*Transfer from TDR to TSR *Transfer from TDR to TSR *Transfer from TDR to TSR
TEND !
bm A9
ERS
A (6] g

Figure 13.13 Retransmission in SCI Transmit Mode
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Section 14 A/D Converter

141 Overview

The H8/3064F 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 19.6, Module Standby Function.

14.1.1 Features
A/D converter features are listed below.

e 10-bit resolution
e 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 V ger pin.

* High-speed conversion

Conversion time: minimum 3.5 ps per channel (with 20 MHz system clock)
« Two conversion modes

Single mode: A/D conversion of one channel

Scan mode: continuous A/D conversion on one to four channels
e Four 16-hit 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.
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14.1.2 Block Diagram

Figure 14.1 shows a block diagram of the A/D converter.

On-chip
Module data bus data bus
S >
AN 00 |2
£
[2]
— >
e @
1]
AVCC — E»
o2
HNHEBEREE
REF 8% 1a|a|alo 0|2
SE <|<|<|< <
AV — ] » g
SS s
Q.
®
ANOH
» +
AN —> S,
"_O e
AN ——= I -~ g/4
Analog | ! 1 Comparator
AN3 multi- | o : Control circuit
AN4™=1 plexer | sample-and-
ANg—= hold circuit ~—— 2/8
ANGH
)A\N74>
? i
ADI
ADTRG B interrupt signal
Compare match AO — I
o ADTE
8-bit timer TCSRO
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
Figure14.1 A/D Converter Block Diagram
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1413 Input Pins

Table 14.1 summarizes the A/D converter’s input pins. The eight analog input pins are divided
into two groups. group 0 (AN, to AN,), and group 1 (AN, to AN-). AV and AV  are the power
supply for the analog circuits in the A/D converter. Ve isthe A/D conversion reference voltage.

Table14.1 A/D Converter Pins

Abbrevi-
Pin Name ation 110 Function
Analog power supply pin AV Input  Analog power supply
Analog ground pin AV Input  Analog ground and reference voltage
Reference voltage pin Vieer Input  Analog reference voltage
Analog input pin 0 AN, Input  Group 0 analog inputs
Analog input pin 1 AN, Input
Analog input pin 2 AN, Input
Analog input pin 3 AN, Input
Analog input pin 4 AN, Input  Group 1 analog inputs
Analog input pin 5 AN, Input
Analog input pin 6 AN, 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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1414

Table 14.2 summarizesthe A/D converter’s registers.

Register Configuration

Table14.2 A/D Converter Registers

Address*! Name Abbreviation R/W Initial Value
H'FFFEO A/D data register A H 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 CH ADDRCH R H'00
H'FFFES 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'FFFE8 A/D control/status register ADCSR R/(W)**  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.
14.2  Register Descriptions
1421 A/D DataRegistersA to D (ADDRA to ADDRD)
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
ADDRnN ‘ADQ‘ADS‘AD?‘AD6‘AD5‘AD4‘AD3‘ADZ‘ADl‘ADO‘ — ‘ — ‘ — ‘ — ‘ — ‘ — ‘
Initial value 0O O 0o 0o o0 o o o o o o o 0O 0O O o
Read/Write 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-bit data giving an
A/D conversion result

The four A/D dataregisters (ADDRA to ADDRD) are 16-bit read-only registers that store the
results of A/D conversion.

An A/D conversion produces 10-bit data, which istransferred 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. Bits5 to 0 of an A/D
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dataregister are reserved hits that are always read as 0. Table 14.3 indicates the pairings of analog
input channels and A/D data registers.

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 a temporary register (TEMP). For details see section 14.3, CPU
Interface.

The A/D dataregisters are initialized to H'0000 by areset and in standby mode.
Table 14.3 Analog Input Channelsand A/D Data Registers (ADDRA to ADDRD)

Analog Input Channel

Group O Group 1 A/D Data Register
AN, AN, ADDRA
AN, AN, ADDRB
AN, AN, ADDRC
AN, AN, ADDRD

14.2.2 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(MW)* RW  RW RW  RW  RW RW  RMW

Channel select 2to 0

These bits select analog
input channels

Clock select
Selects the A/D conversion time

Scan mode
Selects single mode or scan mode

A/D start
Starts or stops A/D conversion

A/D interrupt enable
Enables and disables A/D end interrupts

A/D end flag
Indicates end of A/D conversion

Note: * Only 0 can be written, to clear the flag.
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ADCSR is an 8-bit readable/writable register that selects the mode and controls the A/D converter.
ADCSR isinitialized to H'00 by areset and in standby mode.

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 O in ADF.

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 disables the 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 0 by software, by a reset, or by a transition to
standby mode.

Bit 4—Scan Mode (SCAN): Selects single mode or scan mode. For further information on
operation in these modes, see section 14.4, Operation. Clear the ADST bit to 0 before switching
the conversion mode.

Bit 4

SCAN Description

0 Single mode (Initial value)
1 Scan mode
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Bit 3—Clock Select (CKS): Selectsthe A/D conversion time. Clear the ADST bit to O before
switching the conversion time.

Bit 3

CKSs Description

0 Conversion time = 134 states (maximum) (Initial value)
1 Conversion time = 70 states (maximum)

Bits 2 to 0—Channel Select 2to 0 (CH2to CHO): These bits and the SCAN hit 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) AN,
1 AN, AN,, AN,
1 0 AN, AN, to AN,
1 AN, AN, to AN,
1 0 0 AN, AN,
1 AN, AN,, AN,
1 0 AN, AN, to AN,
1 AN, AN, to AN,
1423 A/D Control Register (ADCR)
Bit 7 6 5 4 3 2 1 0
wee | — | — [ - [ -]~ ] -] -
Initial value 0 1 1 1 1 1 1 0
Read/Write 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-hit 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'7E by a
reset and in standby mode.
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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 is performed by the 8-bit timer. For details, see
section 9, 8-Bit Timers.

Bits 6 to 0—Reserved: These bits cannot be modified and is alwaysread as 1.

14.3 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 isread 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 byteis read, 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 byteisread, incorrect data may be obtained.

Figure 14.2 shows the data flow for access to an A/D data register.
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Upper-byte read

CPU
(HAA)

Lower-byte read

CPU
(H'40)

Bus interface

Module data bus

TEMR
(H'40)

|

ADDRnNH
(H'AA)

ADDRnNL
(H'40)

Bus interface

(n=AtoD)

Module data bus

TEMP
(H'40)

ADDRnNH
(H'AA)

ADDRnNL
(H'40)

(n=AtoD)

Figure14.2 A/D Data Register Access Operation (Reading H'AA40)
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144  Operation

The A/D converter operates by successive approximations with 10-bit resolution. It has two
operating modes:. single mode and scan mode.

1441 SingleMode (SCAN = 0)

Single mode should be selected when only one A/D conversion on one channel isrequired. A/D
conversion starts when the ADST hit is set to 1 by software, or by external 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 flag 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 0 in 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 hit 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 14.3 shows atiming diagram for this example.

1. Singlemodeisselected (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).
2. When A/D conversion is completed, the result istransferred into ADDRB. At the same time
the ADF flag is set to 1, the ADST bit is cleared to O, and the A/D converter becomesidle.
Since ADF =1and ADIE = 1, an ADI interrupt is requested.
The A/D interrupt handling routine starts.
Theroutine 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 hitissetto1,
A/D conversion starts again and steps 2 to 7 are repeated.

N o o~ w
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1442  Scan Mode (SCAN = 1)

Scan mode is useful for monitoring analog inputs in a group of one or more channels. When the
ADST bit is set to 1 by software or externa trigger input, A/D conversion starts on the first
channel in the group (AN, 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;) startsimmediately. A/D conversion continues cyclically on the selected channels until the
ADST bit iscleared 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 bitto 0in 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 channelsin group 0 (AN, to AN,) are selected in scan mode are
described next. Figure 14.4 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 thefirst channel (AN,) 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 (AN,).

4. When conversion of all selected channels (AN, to AN,) is completed, the ADF flag isset to 1
and conversion of the first channel (AN,) starts again. If the ADIE bitissetto 1, an ADI
interrupt is requested when A/D conversion ends.

5. Steps2to 4 are repeated aslong as the ADST bit remains set to 1. When the ADST bit is
cleared to O, 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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Figure14.4 Example of A/D Converter Operation (Scan Mode,

Three Channels AN, to AN, Selected)
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1443  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 atimet,, after the ADST bit is set to 1, then starts conversion. Figure 14.5 shows the A/D
conversion timing. Table 14.4 indicates the A/D conversion time.

Asindicated in figure 14.5, the A/D conversion time includest, and the input sampling time. The
length of t, varies depending on the timing of the write access to ADCSR. The total conversion
time therefore varies within the ranges indicated in table 14.4.

In scan mode, the values given in table 14.4 apply to the first conversion. In the second and
subsequent conversions the conversion time is fixed at 128 states when CKS = 0 or 66 states when
CKS=1

Address

Write signal

S
|
ﬁ ~ =

Input sampling
timing

ADF

A
Y
A
Y

tp tspL

teony

Legend:

(1):  ADCSR write cycle
(2): ADCSR address

tp: Synchronization delay
tgpL: Input sampling time
tcony : A/D conversion time

Figure14.5 A/D Conversion Timing
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Table14.4 A/D Conversion Time (Single M ode)

CKS =0 CKsS=1
Symbol Min Typ Max Min Typ Max
Synchronization delay tp 6 — 9 4 — 5
Input sampling time tepL — 31 — — 15 —
A/D conversion time teony 131 — 134 69 — 70

Note: Values in the table are numbers of states.

1444 External Trigger Input Timing

A/D conversion can be externally triggered. When the TRGE bit isset to 1 in ADCR and the 8-bit
timer'sADTE 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 asif the ADST bit had been set to 1
by software. Figure 14.6 shows the timing.

ADTRG

Internal trigger
signal

ADST

A/D conversion

ot

Figure14.6 External Trigger Input Timing
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145 Interrupts

The A/D converter generates an interrupt (ADI) at the end of A/D conversion. The ADI interrupt
request can be enabled or disabled by the ADIE bitin ADCSR.

14.6  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 AN, should beintherange AV s < AN, < Vger.

Relationships of AV and AVgto Ve and Vg AV, AVgs Ve, and Vg should be related
asfollows: AV = Vgs. AV and AV must not be left open, even if the A/D converter is not
used.

V rer Programming Range: The reference voltage input at the V g pin should be in the range
Veer < AV

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 (Vgee), and analog supply
voltage (AV ) must be separated from digital circuits by the analog ground (AV ). The
analog ground (AV &) should be connected to a stable digital ground (V<) at 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 (Vger), CONNect a protection circuit
like the onein figure 14.7 between AV . and AV . The bypass capacitors connected to AV
and Vg and the filter capacitors connected to AN, to AN, must be connected to AV . If filter
capacitors like the ones in figure 14.7 are connected, the voltage values input to the analog
input pins (AN, to AN,) will be smoothed, which may giveriseto 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 (R,,). The circuit constants should
therefore be selected carefully.
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/\/

AVce

VREF

ANO to AN7

AVgssg

/\_/

Notes: 1.

10 pF 0.01 pF

2. Rjy: input impedance

Figure 14.7 Example of Analog I nput Protection Circuit

Table 14.5 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, V.. =4.0 Vt0 5.5V, and ¢< 13 MHz. For details, see
section 20. Electrical Characteristics.

10 kQ

AN to AN~ O—\/\/\/\T> To A/D converter
l 20 pF

Figure 14.8 Analog Input Pin Equivalent Cir cuit

Note: Numeric values are approximate, except in table 14.5
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follows:

Resolution:...............

Offset error: ............

Full-scale error:.......

A/D Conversion Accuracy Definitions: A/D conversion accuracy in the H8/3064F is defined as

..... 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 14.10)

...... Deviation fromideal A/D conversion characteristic of analog input

voltage required to raise digital output from 1111111110 to
1111111111 (figure 14.10)

..... Intrinsic error of the A/D converter; 1/2 LSB (figure 14.9)

..... Deviation fromideal A/D conversion characteristic in range from zero

voltsto full scale, exclusive of offset error, full-scale error, and
guantization 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

Figure14.9 A/D Converter Accuracy Definitions (1)
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Full-scale
Digital error
output i

Ideal A/D
conversion
characteristic

Nonlinearity
error

--— Actual A/D conversion

characteristic
FS
Analog input
Offset error voltage

Figure14.10 A/D Converter Accuracy Definitions (2)

7. Allowable Signal-Source Impedance: The analog inputs of the H8/3064F are designed to
assure accurate conversion of input signals with a signal-source impedance not exceeding 10
kQ. Thereason 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
isnot a problem.

A large external 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 14.11). 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 thereis noise on the ground line, it may degrade absolute accuracy. The capacitor must be
connected to an electrically stable ground, such as AV,

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.
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Senso
input

H8/3064F

Sensor output impedance

Up to 10 kQ

Equivalent circuit of
A/D converter

10 kQ

. S

filter i 15 pF
1CUpto 0.1 pF '

20 pF

1
v
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Figure14.11 Analog Input Circuit (Example)
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Section 15 D/A Converter

151 Overview

The H8/3064F includes a D/A converter with two channels.

15.1.1 Features

D/A converter features are listed below.

Eight-bit resolution

Two output channels

Conversion time: maximum 10 us (with 20-pF capacitive load)
Output voltage: 0V to V ger

D/A outputs can be sustained in software standby mode

RENESAS
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1512

Block Diagram

Figure 15.1 shows a block diagram of the D/A converter.

VRer

DA, = 8-bitD/A
DA; =

Legend:
DACR:
DADRO:
DADR1:
DASTCR:

Module data bus

On-chip
data bus

00 0 C

DADRO
DADR1
DACR
DASTCR

Bus interface

}

D/A control register
D/A data register 0
D/A data register 1

Control circuit

D/A standby control register
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Figure15.1 D/A Converter Block Diagram
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15.1.3 Input/Output Pins

Table 15.1 summarizesthe D/A converter'sinput and output pins.

Table15.1 D/A Converter Pins

Pin Name Abbreviation 1/0 Function

Analog power supply pin AV Input Analog power supply and reference voltage
Analog ground pin AV Input Analog ground and reference voltage
Analog output pin 0 DA, Output  Analog output, channel 0

Analog output pin 1 DA, Output  Analog output, channel 1

Reference voltage input pin - Vg Input Analog reference voltage

15.1.4 Register Configuration

Table 15.2 summarizes the D/A converter's registers.

Table15.2 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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15.2  Register Descriptions

1521 D/A DataRegisters0Oand 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 dataregisters (DADRO and DADRY) are 8-hit readable/writable registers that store the
data to be converted. When analog output is enabled, the D/A data register values are constantly
converted and output at the analog output pins.

The D/A dataregisters are initialized to H'00 by areset 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.

15.2.2 DJ/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 0
Controls D/A conversion and analog output

D/A output enable 1
Controls D/A conversion and analog output

DACR isan 8-bit readable/writable register that controls the operation of the D/A converter.
DACRisinitialized to H'1F by areset and in standby mode.

When the DASTE bit isset to 1 in the D/A standby control register (DASTCR), the D/A registers
are not initialized in software standby mode.
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Bit 7—D/A Output Enable 1 (DAOEZL): 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 (DAOEQ): 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 hit is set to 1, analog conversion is controlled together in channels 0 and 1.
Output of the conversion results is 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

0 1 0 D/A conversion is enabled in channel 0
D/A conversion is disabled in channel 1

0 1 1 D/A conversion is enabled in channels 0 and 1

0 0 D/A conversion is disabled in channel O
D/A conversion is enabled in channel 1

1 0 1 D/A conversion is enabled in channels 0 and 1

1 1 — D/A conversion is enabled in channels 0 and 1

When the DAE hit is set to 1, even if bits DAOEO and DAOEL in DACR and the ADST bit 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 alwaysread as 1.
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15.2.3 D/A Standby Control Register (DASTCR)

DASTCR is an 8-hit readable/writable register that enables or disables D/A output in software
standby mode.

Bit 7 6 5 4 3 2 1 0
- = -1 = = = | — |oasm]

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—Reser ved: These bits cannot be modified and are alwaysread 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

15.3 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
ismodified, conversion of the new data begins immediately. The conversion results are output
when bits DAOEOQ and DAOEL1 are set to 1.
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An example of D/A conversion on channel 0 is given next. Timing isindicated in figure 15.2.

1. Datato be converted iswritten in DADRO.
2. BitDAOEOissetto1in DACR. D/A conversion starts and DA , becomes an output pin. The
converted result is output after the conversion time.

DADR contents

The output value is 256

X VRErF

Output of this conversion result continues until the valuein DADRO is modified or the DAOEO

bit iscleared to 0.

3. If the DADRO valueis modified, conversion startsimmediately, and the result is output after

the conversion time.

4. When the DAOEQ hit is cleared to 0, DA, becomes an input pin.

DADRO DACR DADRO DACR
write cycle write cycle write cycle write cycle
o (UIUL
Address X
DADRO >< Conversion data 1 Conversion data 2
DAOEO
B Conversion
DAo Conversion result 2 —
High-impedance state result 1 B —
tpconv tbconv

Legend:
tpcony: D/A conversion time

Figure15.2 Example of D/A Converter Operation
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15.4  D/A Output Control
In the H8/3064F, D/A converter output can be enabled or disabled in software standby mode.

When the DASTE bit 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 isthe same as
during normal operation.
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Section 16 RAM

16.1 Overview

The H8/3064F has 8 kbytes of static RAM on-chip. 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 H8/3064F is assigned to addresses H'FDF20 to H'FFF1F in modes 1, 2,
and 7, and to addresses H'FFDF20 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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16.1.1 Block Diagram

Figure 16.1 shows a block diagram of the on-chip RAM.

On-chip data bus (upper 8 bits)

N A

On-chip data bus (lower 8 bits)

:

Bus interface SYSCR
H'FDF20* H'FDF21*
H'FDF22* H'FDF23*
- On-chip RAM -
H'FFF1E* H'FFF1F*
Even addresses Odd addresses

Legend:
SYSCR: System control register

Note: * This example is of the H8/3064F operating in mode 7. The lower 20 bits of the address
are shown.

Figure16.1 RAM Block Diagram

16.1.2 Register Configuration

The on-chip RAM is controlled by SY SCR. Table 16.1 gives the address and initia value of
SYSCR.

Table16.1 System Control Register

Address* Name Abbreviation R/W Initial Value

H'EEQ012 System control register SYSCR R/W H'09

Note: * Lower 20 bits of the address in advanced mode.
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16.2 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

RAM enable bit
Enables or
disables
on-chip RAM

Software standby
output port enable

NMI edge select

User bit enable

Standby timer select 2 to 0
Software standby

One function of SY SCR isto enable or disable access to the on-chip RAM. The on-chip RAM is
enabled or disabled by the RAME bit 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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16.3 Operation

When the RAME bit is set to 1, the on-chip RAM is enabled. Accesses to addresses H'FDF20 to
H'FFF1F in the H8/3064F in modes 1, 2, and 7, and to addresses H'FFDF20 to H'FFFF1F in the
H8/3064F in modes 3, 4, and 5, and to addresses H'E720 to H'FF1F in mode 6, are directed to the
on-chip RAM. In modes 1 to 5 (expanded maodes), 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 O,
the on-chip RAM is not accessed: read access always resultsin 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 datais 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 al 16 bits of the data bus.
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Section 17 ROM (Preliminary)

17.1 Overview

The H8/3064F has 256 kbytes of on-chip ROM (flash memory or mask ROM). The ROM 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 MD,) as shown in

table 17.1.

The on-chip flash memory product (H8/3064F) can be erased and programmed on-board, as well

as with a specia -purpose PROM programmer.

Table17.1 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 1 0
Mode 7 (single-chip advanced mode) 1 1
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17.1.1  Block Diagram

Internal address bus

Internal data bus (16 bits)

é FLMCR1 O

5]

=] FLMCR2 .

g Bus interface/controller «|Operating |
= mode

-
< (e | 5

=N

Flash memory
(256 kbytes)

Legend

FLMCR1: Flash memory control register 1
FLMCR2: Flash memory control register 2
EBR1: Erase block register 1

EBR2: Erase block register 2

RAMCR: RAM control register

FWE pin
Mode pins

Figure17.1 Block Diagram of Flash Memory

17.1.2 Mode Transitions

When the mode pins and the FWE pin are set in the reset state and areset-start is executed, the
H8/3064F enters one of the operating modes shown in figure 17.2. 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.
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Boot mode and user program mode cannot be used in the H8/3064F s mode 6 (on-chip ROM

enabled).

*1

User mode
with on-chip ROM
enabled

User program
mode

On-board programming mode

Reset state

"1 |RES=0

Boot mode

PROM 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. MD,, MD;, MD, = (1, 0, 1) (1, 1, 0) (1, 1, 1)

FWE =0

3. MD,, MD;, MD, = (1, 0, 1) (1, 1, 1)
FWE =1

4. MD,, MD,, MD, (0, 0, 1) (0, 1, 1)
FWE =1

5. MD,, MD;, MD, = (1, 0, 1) (1, 1, 1)
FWE =1

Figure17.2 Flash Memory Related State Transitions
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17.1.3 On-Board Programming M odes
Boot Mode
1. Initial state 2. Programming control program transfer
The old program version or data remains When boot mode is entered, the boot program
written in the flash memory. The user should in the H8/3064F (originally incorporated in the
prepare the programming control program and chip) is started and the programming control
new application program beforehand in the program in the host is transferred to RAM via
host. SCI communication. The boot program required
for flash memory erasing is automatically
transferred to the RAM boot program area.
Host Host
program N ¥y A |
New application A New application )
program program
H8/3064F H8/3064F
Boot program N el N Boot program N S
Flash memory RAM Flash memory RAM 1
Boot program area
Application Application -
(old version) (old version)
3. Flash memory initialization 4. Writing new application program
The erase program in the boot program area The programming control program transferred
(in RAM) is executed, and the flash memory is from the host to RAM is executed, and the new
initialized (to H'FF). In boot mode, total flash application program in the host is written into
memory erasure is performed, without regard the flash memory.
to blocks. Host Host
New application ) i””””””””j}
program o |
H8/3064F H8/3064F
Flash memory RAM Flash memory RAM
Boot program area Boot program area
Flash memory Programming control New application SPrOSTAMMING CARtO
prewite-erase program | |
KX Program execution state
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User Program Mode

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
H8/3064F

Boot program SCl
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
H8/3064F
1
Boot program ==
Flash memory RAM

FWE assessment program

Transfer program

Programming/erase \]
L 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
H8/3064F
Flash memory RAM

FWE assessment program
N

YTransfer 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

H8/3064F

1
Boot program / SC
RAM

Flash memory

FWE assessment program

Transfer program

Programming/erase \\J
R\ _ control program

New application
program

F§§] Program execution state
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1714 Flash Memory Emulation in RAM

Emulation should be performed in user mode or user program mode. When the emulation block
set in RAMCR is accessed while the emulation function is being executed, data written in the
overlap RAM isread.

Flash memory RAM

Emulation block

Overlap RAM
(Emulation is performed on data written
in RAM)

Application program

Execution state

Figure17.3 Reading Overlap RAM Datain User Mode/User Program Mode

When overlap RAM datais confirmed, clear the RAMS hit 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, ensure that the transfer destination
and the overlap RAM do not overlap, as thiswill cause datain the overlap RAM to be rewritten.
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Flash memory RAM

Program data

Application program Overlap RAM
ppilcation progra (program data)

Programming control program
Execution state

Figure17.4 Writing Overlap RAM Datain User Program Mode

17.1.5 Block Configuration

The flash memory is divided into three 64-kbyte blocks, one 32-kbyte block, and eight 4-kbyte
blocks.

Address H'00000 e
4 kbytes %8
32 kbytes
64 kbytes
256 kbytes
64 kbytes
64 kbytes
Address H'3FFFF Y-
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17.2 Features

The H8/3064F has 256 kbytes of on-chip flash memory.

The features of the flash memory are summarized below.

Four flash memory operating modes
0 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 TBD ms (typ.) for simultaneous 128-byte

programming, equivalent to TBD ps (typ.) per byte, and the erase timeis TBD 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:
O Boot mode

0 User program mode

Automatic bit rate adjustment

For data transfer in boot mode, the H8/3064F 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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17.3  Pin Configuration
The flash memory is controlled by means of the pins shownin table 17.2.

Table17.2 Flash Memory Pins

Pin Name Abbreviation  1/0 Function

Reset RES Input Reset

Flash write enable FWE Input Flash program/erase protection by hardware
Mode 2 MD, Input Sets H8/3064F operating mode

Mode 1 MD, Input Sets H8/3064F operating mode

Mode 0 MD, Input Sets H8/3064F operating mode

Transmit data TxD, Output Serial transmit data output

Receive data RxD, Input Serial receive data input

174 Register Configuration
The registers used to control the on-chip flash memory when enabled are shown in table 17.3.

Table17.3 Flash Memory Registers

Register Name Abbreviation R/W Initial Value  Address**
Flash memory control register 1 FLMCR1 R/W H'00** H'EE030
Flash memory control register 2 FLMCR2 R H'00 H'EEO31
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'00 H'EEQ77

Notes: 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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175 Register Descriptions

1751 Flash Memory Control Register 1 (FLMCR1)

Bit 7 6 5 4 3 2

| FWE | SWE | ESU | Psu | EV | PV | E | P |
Initial value —* 0 0 0 0 0 0
Read/Write R RW  RMW RW  RW RW  RW RIW

Note: * Determined by the state of the FWE pin.

FLMCRL1 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'3FFFF 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'3FFFF is entered by setting the SWE bit when FWE = 1, then setting the PSU bit, and finally
setting the P bit. Erase mode for addresses H'00000 to H'3FFFF is entered by setting the SWE hit
when FWE = 1, then setting the ESU bit, and finally setting the E bit. FLMCR1 isinitialized by a
reset, and in hardware standby mode and software standby mode. Itsinitial valueis 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 on-
chip flash memory is disabled, aread 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. Writes to 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.

Note: The programming and erase flowcharts must be followed when setting the bitsin this
register to prevent erroneous programming or erasing.

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
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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

Bit 5—Erase Setup (ESU): Prepares for atransition to erase mode. Set this hit to 1 before setting
the E bit to 1in FLMCR1 (do not set the SWE, PSU, EV, PV, E, or P hit at the same time).

Bit 5

ESU Description

0 Erase setup cleared (Initial value)
1 Erase setup

[Setting condition]
When FWE =1 and SWE =1

Bit 4—Program Setup (PSU): Prepares for atransition to program mode. Set this bit to 1 before
setting the P bit to 1 in FLMCR1 (do not set the SWE, ESU, EV, PV, E, or P bit 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
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Bit 2—Program-Verify Mode (PV): Selects program-verify mode transition or clearing. (Do not
set the SWE, ESU, PSU, EV, E, or P bit at the same time.)

Bit 2
PV Description
0 Program-verify mode cleared (Initial value)

Transition to program-verify mode

[Setting condition]
When FWE =1 and SWE =1

Bit 1—Erase Mode (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

Bit 0—Program (P): Selects program mode transition or clearing. (Do not set the SWE, ESU,
PSU, EV, PV, or E bit at 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
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175.2 Flash Memory Control Register 2 (FLMCR2)

Bit 7 6 5 4 3 2 1 0

R — [ - | -] =] =] =] -]
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.

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 hits are always read as 0.
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1753 EraseBlock Register 1 (EBR1)

Bit 7 6 5 4 3 2 1 0
| EB7 | EB6 | EB5 | EB4 | EB3 | EB2 | EBL | EBO |

Initial value 0 0 0 0 0 0 0 0

ReadWritt  RW  RW  RW RW  RW RW  RW RIW

EBR1 is an 8-bit 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 isinput to the FWE pin and the SWE bit in
FLMCRL1 isnot set. When a bit 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
more bits. 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 17.4. To erase the entire flash memory,
each block must be erased in turn.

As the H8/3064F does not support on-board programming modes in mode 6, EBR1 register bits
cannot be set to 1 in this mode.

1754 EraseBlock Register 2 (EBR2)

Bit 7 6 5 4 3 2 1 0

. — | — | — | — | EeBu | EBwo | EBY | EB8 |
Initial value 0 0 0 0 0 0 0 0
Read/Write R R R R RIW RIW RIW RIW

EBR2 is an 8-hit 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 bit in
FLMCRL1isnot set, it isinitialized to bit 0. When abit 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. 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 17.4. To erase the entire flash memory,
each block must be erased in turn.

As the H8/3064F does not support on-board programming modes in mode 6, EBR2 register bits
cannot be set to 1 in this mode.
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Table17.4 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'O07FFF
EB8 (32 kbytes) H'008000 to H'00FFFF
EB9 (64 kbytes) H'010000 to H'01FFFF
EB10 (64 kbytes) H'020000 to H'02FFFF
EB11 (64 kbytes) H'030000 to H'03FFFF

1755 RAM Control Register (RAMCR)

Bit 7 6 5 4 3 2 1 0

. — | — | — | — | rRavs | RAM2 | RAML | RAMO |
Initial value 0 0 0 0 0 0 0 0
Read/Write R R R R RIW RW  RW 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 17.5. 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 accessimmediately after register
modification is not guaranteed.

Bits 7 to 4—Reserved: These bits cannot be modified and are always read as 0.
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Bit 3—RAM Select (RAMYS): Specifies selection or non-selection of flash memory emulationin
RAM. When RAMS = 1, all 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 RAMO): These bits are used together
with bit 3 to select the flash memory area to be overlapped with RAM. (Seetable 17.5.)

Table17.5 Flash Memory Area Divisions

RAM Area Block Name RAMS RAM2 RAM1 RAMO
H'FFEO0O0O to H'FFEFFF 4-kbyte RAM area 0 4 * *
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
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176  On-Board Programming Mode

When pins are set to on-board programming mode and a reset-start is executed, the chip entersthe
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 17.6. For a diagram of the

transitions to the various flash memory modes, see figure 17.2.

Boot mode and user program mode cannot be used in the H8/3064F s mode 6 (on-chip ROM

enabled).

Table17.6 On-Board Programming Mode Settings

Mode FWE MD, MD, MD,

Boot mode Mode 5 1+t (I 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 the boot mode, the MD, setting becomes inverted input.

In the boot mode in the H8/3064F, the levels of the mode pins (MD, to MD,) are
reflected in mode select bits 2 to 0 (MDS, to MDS,) in the mode control register

(MDCR).
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17.6.1 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 H8/3064F pinsto 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 H8/3064F, using the SCI. In the

H8/3064F, 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 (TBD) of the programming control program area and the programming control program

execution state is entered (flash memory programming/erasing can be performed).

Figure 17.5 shows a system configuration diagram when using boot mode, and figure 17.6 shows

the boot program mode execution procedure.

Host Reception of programming data

H8/3064F chip

Flash memory

Transmission of verify data

i

RxD1
SCl1
TxD1

On-chip RAM

Figure17.5 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
I

H8/3064F measures low period of H'00 data transmitted
by host
[

HB8/3064F calculates bit rate and sets value in bit rate
register
[

After bit rate adjustment, H8/3064F transmits one H'00
data byte to host to indicate end of adjustment

[
Host confirms normal reception of bit rate adjustment
end indication (H'00), and transmits one H'55 data byte

After receiving H'55, H8/3064F transmits one H'AA byte
to host
|

Host transmits number of programming control program
bytes (N), upper byte followed by lower byte

H8/3064F transmits received number of bytes to host
as verify data (echo-back)

| n=1

Host transmits programming control program
sequentially in byte units

H8/3064F transmits received programming control

program to host as verify data (echo-back) IIH'E
I

Transfer received programming control program to

on-chip RAM

No

End of transmission

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, H8/3064F 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.

Figure17.6 Boot Mode Execution Procedure
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Automatic SCI Bit Rate Adjustment:

St oy | p1 | p2 | D3 | D4 | D5 | D6 | D7 | S
bit bit
- Low period (9 bits) measured (H'00 data) > T—Iigh peri&i

(1 or more bits)

When boot mode isinitiated, the H8/3064F 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 H8/3064F cal culates 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 H8/3064F. 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 H8/3064F s system clock
frequency, there will be a discrepancy between the bit rates of the host and the H8/3064F. To
ensure correct SCI operation, the host’ s transfer bit rate should be set to 4800, 9600, or 19,200
bps.

Table 17.7 shows typical host transfer bit rates and system clock frequencies for which automatic
adjustment of the H8/3064F hit rate is possible. The boot program should be executed within this
system clock range.

Table17.7 System Clock Frequenciesfor which Automatic Adjustment of H8/3064F Bit
Rate is Possible

System Clock Frequency for which Automatic

Host Bit Rate (bps) Adjustment of H8/3064F Bit Rate is Possible (MHz)
19,200 TBD

9600 8to 20

4800 4t0 20
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On-Chip RAM Area Divisionsin Boot Mode: In boot mode, the RAM areais divided into an
area used by the boot program and an area to which the user program is transferred viathe SCI, as
shown in figure 17.7. The boot program area becomes available when atransition is made to the
execution state for the user program transferred to RAM.

H'FDFF20
Boot program
area
TBD
TBD
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.

Figure17.7 RAM Areasin Boot Mode
Notes on Use of Boot Mode:

1. When the H8/3064F 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. In boot mode, if any data has been programmed into the flash memory (if al dataisnot 1), all
flash memory blocks are erased. Boot mode is for use when user program mode is unavailable,
such as the 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 H8/3064F terminates transmit and receive operations
by the on-chip SCI (channel 1) (by clearing the RE and TE bitsto 0 in the serial control
register (SCR)), but the adjusted bit rate value remains set in the bit rate register (BRR). The
transmit data output pin, TxD,, goesto the high-level output state (P9,DDR =1 in PODDR,
P9,DR = 1in PADR).
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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.

Theinitia values of other on-chip registers are not changed.

6. Boot mode can be entered by setting pins MD, to MD, and FWE in accordance with the mode
setting conditions shown in table 17.5, and then executing a reset-start.

Boot mode can be cleared by driving the reset pin low, waiting at least 20 states, then setting
the FWE pin and mode pins and executing reset release**. Boot mode can also be cleared by a
WDT overflow reset.

Do not change the input levels at the mode pins while in boot mode. The FWE pin must not be
driven low while the boot program is executing or flash memory is being programmed or
erased* 2,

7. 1If the mode 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 (AS, RD,
HWR) will 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 becoming output
signal pins during areset, or to prevent collision with signals outside the MCU.

Notes: 1. Mode pin and FWE pin input must satisfy the mode programming setup time (typs)
with respect to the reset release timing.
2. For further information on FWE application and disconnection, see section 17.10, NMI
Input Disabling Conditions.

17.6.2 User Program Mode

When set to user program mode, the H8/3064F 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.

The flash memory itself cannot be read while the SWE bit is set to 1 to carry out flash memory
programming or erasing.
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Figure 17.8 shows an example of the execution procedure when the programming/erase control
program is transferred to on-chip RAM.

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
(flash memory rewriting)

'

Clear SWE bit, then release FWE*
(user program mode clearing)

'

Branch to application program
in flash memory

Note: 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. 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.

* For further information on FWE application and disconnection, see section 17.10, NMI
Input Disabling Conditions.

Figure17.8 Exampleof User Program Mode Execution Procedure
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17.7  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 FLMCRL.

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.

Notes: 1. Operation isnot 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.

17.71  Program Mode

When writing data or programs to flash memory, the program/program-verify flowchart shownin
figure 17.9 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.

Thewait times (X, y, z, a, B, y, €, n)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 20.10 in section 20.1.6, Flash Memory Characteristics.

Following the elapse of (x) ps or more after the SWE bit isset to 1in FLMCR1, 128-byte datais
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 (y + z + a + ) usasthe WDT overflow period. Preparation for entering
program mode (program setup) is performed next by setting the PSU bitin FLMCR1. The
operating mode is then switched to program mode by setting the P bit in FLMCRL1 after the elapse
of at least (y) pus. 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

(@ us.
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The wait time after P bit setting must be changed according to the number of reprogramming
loops. For details, see section 20.1.6, Flash Memory Characteristics.

17.7.2  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
(a) us 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 bit in FLMCR1. 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 (y) ps or more. When the flash memory isread in this state (verify datais read
in 16-bit units), the data at the latched addressisread. Wait at least (€) ps after the dummy write
before performing this read operation. Next, the originally written datais compared with the verify
data, and reprogram data is computed (see figure 17.9) and transferred to RAM. After verification
of 128 bytes of data has been completed, exit program-verify mode, wait for at least (n) us, then
determine whether 128-byte programming has finished. If reprogramming is necessary, set
program mode again, and repeat the program/program-verify sequence as before. However, ensure
that the program/program-verify sequence is not repeated more than (N) times on the same bits.

Note: A 128-byte areato store program data and a 128-byte area to store reprogram data are
required in RAM.
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Write pulse application subroutine

Sub-routine write pulse

Start of programming

[ Enable WDT

Perform programming in the erased state.
Do not perform additional programming
on previously programmed addresses.

Set SWE bit in FLMCR1 |
¥

[ Set PSU bit in FLMCR1 | [ Wait X ps |
¥
| Waity ps | Store 128-byte program data in program w4
data area and reprogram data area
[ Set P bit in FLMCR1 | | - i 1 |
I
| Wait z ps | | ¥ |
m=0
[ Clear P bit in FLMCR1L | 1]
) Write 128-byte data in RAM reprogram 1
| Wait a ps | data area consecutively to flash memory
¥ l Sub-routine-call
[ Clear PSU bit in FLMCR1 | I Wiite pulse M
| Wait B us | [ Set PV bit in FLMCRL | See Note 6 for pulse width
| Disable WDT | | Waity s |
T
| H'FF dummy write to verify address |
Increment address | | Wait € ps | EE
Note 6: Write Pulse Width | Read verify data | *2
Number of Writes n | Write Time (z) usec
1 50
> 50 Write data =
verify data?
3 50 ty
4 50
5 200
5 200 | Reprogram data computation | *3
7 200
Transfer reprogram data to reprogram
8 200 i gata area Prod 4
9 200
10 200
11 200 128-byte
12 200 data verification
|2
13 200 completed?
. - OK
- - [ Clear PV bit in FLMCR1 |
N-2 200 Reprogram
N-1 200 "
Wait n ps
N 200 l LU |
OK OK
[ Clear SWE bit in FLMCR1 | [ clear SWE bitin FLMCR1 |
RAM
Program data storage End of programming Programming failure
area (128 bytes)
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
Reprogram data storage extra addresses.
area (128 bytes) 2. Verify data is read in 32-bit (longword) 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. A 128-byte area for storing program data and a 128-byte area for storing reprogram data must be provided in RAM.
The contents of the reprogram data area are modified as programming proceeds.
5. The write pulse changes as programming proceeds. A write pulse of 50 ps or 200 ps should be applied according to the
progress of the programming operation. See Note 6 for the pulse widths.
7. The values of x, y, z, a, B, y, n, and N are shown in section 20.1.6, Flash Memory Characteristics.
Original Data (D) Verify Data (V) Reprogram Data (X) Comments
0 0 1 Programming completed
0 Programming incomplete; reprogram

1
1 0 1
1

Still in erased state; no action
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17.7.3 EraseMode

When erasing flash memory, the single-block erase flowchart shown in figure 17.10 should be
followed.

Thewait times (X, y, z, a, 3, y, €, n)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 20.19
in section 20.2.6, 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, EBR?2) at least (x) s after setting the SWE bitto 1in
FLMCRL1. Next, the watchdog timer (WDT) is set to prevent overerasing due to program
runaway, etc. Set avalue greater than (z) ms+ (y + a + 3) usasthe WDT overflow period.
Preparation for entering erase mode (erase setup) is performed next by setting the ESU bit in
FLMCRL1. The operating mode is then switched to erase mode by setting the E bit in FLMCR1
after the elapse of at least (y) us. Thetime during which the E bit is set is the flash memory erase
time. Ensure that the erase time does not exceed (z) ms.

Note: With flash memory erasing, preprogramming (setting all memory datain the memory to
be erased to al 0) is not necessary before starting the erase procedure.

17.74 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 FLMCR1, then wait for at least (a) ps
before clearing the ESU hit 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. Before reading in erase-verify mode, adummy write of H'FF data should be
made to the addresses to be read. The dummy write should be executed after the elapse of (y) usor
more. When the flash memory isread in this state (verify dataisread in 16-bit units), the data at
the latched addressisread. Wait at least (€) 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. However, ensure that the erase/erase-verify sequence is not
repeated more than (N) times.
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s

Perform erasing in block units.

Set SWE bit in FLMCR1

¥

Wait x ps

>
lel 11 [T
-

Set EBR1 or EBR2

Y

Enable WDT

¥

Set ESU bit in FLMCR1

¥

Wait y ps
¥

Set E bit in FLMCR1

Start of erase

¥

Wait z ms

¥

Clear E bit in FLMCR1

| Erase halted

[}

Wait a ps

]

Clear ESU bit in FLMCR1

[}

Wait 3 ps

¥

Disable WDT

]

Set EV bitin FLMCR1

Wait y ps

| [renet]

|Set block start address as verify addressl

v

| H'FF dummy write to verify address |
2

Wait € us

¥

Increment |

Read verify data

address

Clear EV bitin FLMCR1

Clear EV bit in FLMCR1 |

1

!

Wait n ps

| | Wait n ps |

End of
erasing of all erase
blocks?

No

Yes

Clear SWE bit in FLMCR1

| [ Clear SWE bit in FLMCR1

Notes:

GOAWNE

. Prewriting (setting erase block data to all 0s) is not necessary.
. Verify data is read in 32-bit (longword) units.

Set only one bit in the erase block registers (EBR1 and EBR2); two or more bits must not be set.

. Erasing is performed in block units. To erase multiple blocks, each block must be erased in turn.
. The values of x, y, z, a, B, y, n, and N are shown in section 20.1.6, Flash Memory Characteristics.
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17.8 Flash Memory Protection

There are three kinds of flash memory program/erase protection: hardware, software, and error

protection.

17.8.1 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 registers 1 and 2 (FLMCR1,

FLMCR?2) and erase block registers 1 and 2 (EBR1, EBR?2) are reset. In the case of error

protection, the P bit and E bit can be set, but atransition is not made to program mode or erase
mode. (Seetable 17.8.)

Table17.8 Hardware Protection

Item

Description Program  Erase

Function

Verify

FWE pin
protection

When a low level is input to the FWE pin, No* No
FLMCR1, FLMCR?2 (except the FLER bit),

EBR1, and EBR2 are initialized, and the
program/erase-protected state is entered.

No

Reset/
standby
protection

In a reset (including a WDT overflow reset) No No
and in standby mode, FLMCR1, FLMCR2,

EBR1, and EBR2 are initialized, and the
program/erase-protected state is entered.

In a reset 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.

No

Error
protection

When a microcomputer operation error (error No No
generation (FLER = 1)) was detected while flash

memory was being programmed/erased, error

protection is enabled. At this time, the FLMCR1,

FLMCR2, EBR1, and EBR2 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.

Yes

Note: * The RAM area that overlapped flash memory is deleted.
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17.8.2  Software Protection

Software protection can be implemented by setting the SWE bit in flash memory control register 1
(FLMCRY), erase block register 1 (EBR1), erase block register 2 (EBR2), and the RAMS bit in
the RAM control register (RAMCR). With software protection, setting the P or E bit in the flash
memory control register 1 (FLMCRL) does not cause atransition to program mode or erase mode.
(Seetable 17.9.)

Table17.9  Software Protection

Functions

Item Description Program  Erase Verify*
SWE bit + Clearing the SWE bit to 0 in FLMCR1 sets  Not Not Not
protection the program/erase-protected state for area  POSSible  possible  possible

H'000000 to H'03FFFF. (Execute in on-chip

RAM or external memory.)
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).

» 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.

Note: * The RAM area overlapping flash memory can be written to.

17.8.3 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 bitissetto 1in
the flash memory status register (FLM SR2) and the error protection state is entered. FLMCRL,
FLMCR2, 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 atransition can
be made to verify mode.
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FLER hit 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.

Figure 17.11 shows the flash memory state transition diagram.

Program mode Reset or standby
Erase mode RES=0o0rSTBY =0 (hardware protection)

D VF PR ERFLER =0

N RES =0 or

Error occurrence STBY =0 FLMCR1, FLMCR2,
(software standby) EBR1. EBR2
Error ES=0or initialization state
nce =0

occurre

Software Error protection mode
standby mode (software standby)

—
-

Error protection mode

RD VFPRERFLER =1

INIT FLER =

Software standby
mode release

FLMCR1, FLMCR2 (except FLER bit),
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 (FLMCR1, FLMCR2, EBR1, EBR?2) initialization state

Figure17.11 Flash Memory State Transitions

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
aready have been caused to the flash memory. Consequently, this function cannot provide
complete protection against damage to flash memory.
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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 also 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 asthese, a
forced 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.

179  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 17.12 shows an example of emulation of realtime flash memory
programming.

C Start of emulation program )

'

Set RAMCR

-

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

C End of emulation program >

Figure17.12 Flowchart of Flash Memory 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
H'02000

EB2
H'03000

EB3
H'04000

EB4
H'05000

EB5
H'06000

EB6
H'07000

EB7
H'08000

Flash memory
EB8 to EB11

H'3FFFF

A

A

On-chip RAM

H'FFEO00

HFFEFFF

HFFFF1F

Figure17.13 Example of RAM Overlap Operation

Example of Flash Memory Block Area EBO Overlapping

1. Set hitsRAMSand RAM2 to RAMO in RAMCR t0 1,0, 0, O, to overlap part of RAM onto the
area (EBO) for which realtime programming is required.

2. Realtime programming is performed using the overlapping RAM.

3. After the program data has been confirmed, the RAMS it is cleared, releasing RAM overlap.

4. The datawritten in the overlapping RAM is written into the flash memory space (EBO).

Notes: 1. Whenthe RAMS hit is set to 1, program/erase protection is enabled for al 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 aflash memory area, the RAMS bit 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.

3. Block area EBO contains the vector table. When performing RAM emulation, the
vector table is needed in the overlap RAM.
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17.10 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 FLMCRZL), 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 a violation 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 resulting in 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 al one 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 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 bit remains set in
FLMCRL1 during flash memory emulation in RAM.

Notes: 1. Thisistheinterval until abranch is made to the boot program areain the on-chip RAM
(This branch takes place immediately after transfer of the user program is completed).
Consequently, after the branch to the RAM area, NMI input is enabled except during
programming and erasing. I nterrupt 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:

* If flash memory is read while being programmed or erased (while the P bit or E bit
issetin FLMCRLY), correct read datawill 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.

17.11 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 Hitachi microcomputer device type with 256-kbyte on-chip flash
memory.
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2. Powering on and off (seefigures )
Do not apply ahigh level to the FWE pin until V o has stabilized. Also, drive the FWE pin low
before turning off V .
When applying or disconnecting V o power, fix the FWE pin low and place the flash memory
in the hardware protection state.
The power-on and power-off timing requirements 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 (seefigures )

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.

* Inboot mode, apply and disconnect FWE during a reset.
In atransition to boot mode, FWE = 1 input and MD,—M D, setting should be performed
while the RES input islow. FWE and MD,—MD, 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 time is
necessary with respect to the reset release timing.
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.
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» 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 hits 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 ahigh 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 hit in FLMCRL, the watchdog timer should be set beforehand as a precaution
against program runaway, €etc.
Also note that access to the flash memory space by means of aMQV instruction, etc., is not
permitted while the P bit or E hit is set.

6. Donot 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.

7. Do not 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.

8. Do not perform additional programming. Erase the memory befor e reprogramming.

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.
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Section 18 Clock Pulse Generator

18.1 Overview

The H8/3064F has a built-in clock pulse generator (CPG) that generates the system clock (¢) and
other internal clock signals (¢/2 to ¢/4096). A frequency divider divides the clock frequency to
generate the system clock (¢). The system clock is output at the @ pirt* 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 a
division 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 modul e standby control register (MSTCR). For details, see section 19.7,
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 signal
Frequency divisionratio (n = 1/1, 1/2, 1/4, or 1/8)

n:

18.1.1 Block Diagram

Figure 18.1 shows ablock diagram of the clock pulse generator.

ffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffff CPG --------
XTAL —= buty o
Oscillator adjustment Frequency Prescalers
circuit divider
EXTAL —
OSCCR

Division
control
register

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

< Databus >
@pin @2 to @4096

Figure18.1 Block Diagram of Clock Pulse Generator
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18.2 Oscillator Circuit

Clock pulses can be supplied by connecting a crystal resonator, or by input of an external clock
signal.

18.2.1 Connecting a Crystal Resonator

Circuit Configuration: A crystal resonator can be connected as in the example in figure 18.2.
The damping resistance Rd should be selected according to table 18.1. An AT-cut parallel-
resonance crystal should be used.

Cu
EXTAL T{ }ﬂT
—
XTAL J\N»L{ }ﬂT

CL1=C, =10 pF to 22 pF

Figure18.2 Connection of Crystal Resonator (Example)

Table18.1 Damping Resistance Value

Damping

Resistance Frequency f (MHz)

Value 2 2<fg4 4<f<8 8<f<l1l0 10<f<13 13<f<16 16<f<18 18<f<20
Rd (Q) 1k 500 200 0 0 0 0 0

Note: A crystal resonator between 2 MHz and 20 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.)

Crystal Resonator: Figure 18.3 shows an equivalent circuit of the crystal resonator. The crystal
resonator should have the characteristics listed in table 18.2.
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XTAL <—o

s—» EXTAL

AT-cut parallel-resonance type

Figure18.3 Crystal Resonator Equivalent Circuit

Table 18.2 Crystal Resonator Parameters (Preliminary)

Frequency (MHz) 2 4 8 10 12 16 18 20
Rs max (Q) 500 120 80 70 60 50 40 40
Co (pF) 7 pF max

Use a crystal resonator with a frequency equal 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 18.4.

When the board is designed, the crystal resonator and its load capacitors should be placed as close

as possible to the XTAL and EXTAL pins.

Avoid —— Signal A Signal B

CLo i : H8/3064F

i || | XTAL

7%7_ I I | \ EXTAL

Figure18.4 Oscillator Circuit Block Board Design Precautions
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18.2.2 External Clock Input

Circuit Configuration: An external clock signal can be input as shown in the examplesin figure
18.5. If the XTAL pinisleft open, the stray capacitance should not exceed 10 pF. If the stray
capacitance at the X TAL 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

Figure18.5 External Clock Input (Examples)

External Clock: The external clock frequency should be equal to the system clock frequency
when not divided by the on-chip frequency divider. Table 18.3 shows the clock timing, figure 18.6
shows the external clock input timing, and figure 18.7 shows the external clock output settling
delay timing. When the appropriate external clock isinput viathe EXTAL pin, itswaveformis
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 (tpe.7) has passed after the clock input. The system
must remain reset with the reset signal low during toer, While the clock output is unstable.
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Table 18.3 Clock Timing — Preliminary —

Vee=27V V=30V V., =50V=

to 55V to5.5V 10%
Item Symbol Min Max Min Max Min Max Unit Test Conditions
External clock input tg,, 40 — 30 — 15 — ns Figure 18.6
low pulse width
External clock input tg,, 40 — 30 — 15 — ns
high pulse width
External clock rise t,, — 10 — 8 — 5 ns
time
External clock fall =t — 10 — 8 — 5 ns
time
Clock low pulse te 04 06 04 06 04 06 t,, @=5MHz Figure
width 80 — 80 — 8 — ns @<5MHz 294
Clock high pulse ten 0.4 0.6 0.4 0.6 0.4 0.6 tye ©2=5MHz
width 80 — 80 — 8 — ns @<5MHz
External clock toex™ 500 — 500 — 500 — ps  Figure 18.7
output settling
delay time

Note: * t,.,, includes a RES pulse width (tgesy)-
tresw 1S 20 t

cyc*

texe
e
. VCC x 0.7
EXTAL Ve x 05
0.3V
— =l | ey

Figure18.6 External Clock Input Timing
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)

Vee 27V

STBY Vi
"

U AVAVAVAVAVAVAVAVAVAVAVAVAY
oy I AYAVAVAVAVAVAVAVAL

)

RES T

)

tpEXT

Figure 18.7 External Clock Output Settling Delay Timing

18.3  Duty Adjustment Circuit

When the oscillator frequency is5 MHz or higher, the duty adjustment circuit adjusts the duty
cycle of the clock signal from the oscillator to generate .

18.4 Prescalers

The prescalers divide the system clock (¢) to generate internal clocks (¢/2 to ¢/4096).

185 Frequency Divider

The frequency divider divides the duty-adjusted clock signal to generate the system clock (). 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

@pin.
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185.1 Register Configuration
Table 18.4 summarizes the frequency division register.

Table 18.4 Frequency Division Register

Address* Name Abbreviation R/W

Initial Value

H'EEO1B Division control register DIVCR R/W

HFC

Note: * Lower 20 bits of the address in advanced mode.

18.5.2 Division Control Register (DIVCR)

DIVCR isan 8-bit readable/writable register that selects the division ratio of the frequency

divider.

Bit 7 6 5 4 3 1 0
- -]/ -1 - -1 — |[ov ow|

Initial value 1 1 1 1 1 0 0

Read/Write — — — — — R/W R/W

Reserved bits

H

Divide bits 1 and 0
These bits select the
frequency division ratio

DIVCRisinitialized to H'FC by areset and in hardware standby mode. It isnot initialized in

software standby mode.

Bits 7 to 2—Reser ved: These bits cannot be modified and are alwaysread as 1.

Bits 1 and 0—Divide (DIV1 and DIVO0): These hits 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
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18,53 Usage Notes

The DIV CR setting changes the ¢ frequency, so note the following points.

» Select afrequency division ratio that stays within the assured operation range specified for the
clock cycletimet,, inthe AC electrical characteristics. Note that @,,, = 1 MHz. Avoid settings

that give system clock frequencieslessthan 1 MHz.

« 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 a so changes when the
division ratio is changed. For details, see section 19.4.3, Selection of Waiting Time for Exit

from Software Standby Mode.
18.6  Oscillation Control (Preliminary Specifications)

18.6.1 Register Configuration
Table 18.5 shows the oscillation control register configuration.

Table18.5 Oscillation Control Register Configuration

Address* Name Abbreviation R/W

Initial Value

H'EEQ3A Oscillation control register OSCCR TBD

TBD

Note: * Lower 20 bits of the address in advanced mode.

18.6.2 Oscillation Control Register (OSCCR)
OSCCR is an 8-hit readable/writable register.

[TBD]
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Section 19 Power-Down State

19.1 Overview

The H8/3064F 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:

e Sleep mode
« Software standby mode
» 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, and A/D
converter.

Table 19.1 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 modules in each mode.
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Table19.1 Power-Down State and Module Standby Function
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19.2 Register Configuration

The H8/3064F has a system control register (SY SCR) that controls the power-down state, and
modul e standby control registersH (MSTCRH) and L (MSTCRL) that control the module standby

function. Table 19.2 summarizes these registers.

Table19.2 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.
1921 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

These bits select the
waiting time of the CPU
and peripheral functions

Software standby
Enables transition to
software standby mode

RAM enable

Software standby
output port enable

NMI edge select

User bit enable

Standby timer select 2to 0

SY SCRis 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 bits, 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 ST S0): These hits select the length of time the CPU
and on-chip supporting modules wait for the clock to settle when software standby modeis exited
by an external interrupt. If the clock is generated by a crystal resonator, set these hits according to
the clock frequency so that the waiting time will be at least 7 ms. See table 19.3. If an external
clock is used, any setting is permitted.

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

RrlOo|lRr|lO|R|O|R

e = N
Rl |Oo|O

lllegal setting

Bit 1—Softwar e Standby gjtpu_t Po_rt Enable (SSOE): Specifieswhether the address bus and

bus control signals (CS, to CS,, AS, RD, HWR, and LWR) 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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19.2.2 Module Standby Control Register H (MSTCRH)

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, SCI 1.

Bit 7 6 5 4 3 2 1 0

‘ PSTOP ‘ — ‘ — ‘ — ‘ — ‘ — ‘ MSTPH1 ‘ MSTPHO ‘
Initial value 0 1 1 1 1 0 0 0
Read/Write R/W — — — — R/W R/W R/W

Module standby H2to 0
These bits select modules
to be placed in standby

Reserved bit

@clock stop
Enables or disables
output of the system clock

MSTCRH isinitialized to H'78 by areset and in hardware standby mode. It isnot initialized in
software standby mode.

Bit 7—@ Clock Stop (PSTOP): Enables or disables output of the system clock ().

Bit 7

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 alwaysread as 1.
Bit 2—Reserved: Thisbit can be written and read.

Bit 1—Module Standby 1 (MSTPH1): Selectswhether to place the SCI1 in standby.

Bit 1
MSTPH1  Description
0 SCI1 operates normally (Initial value)
1 SCI1 is in standby state
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Bit 0—Module Standby 0 (M STPHO): Selects whether to place the SCIO in standby.

Bit 0

MSTPHO  Description

0 SCIO0 operates normally (Initial value)
1 SCI0 is in standby state

19.2.3 Module Standby Control Register L (MSTCRL)

MSTCRL isan 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 16-bit timer, 8-bit timer, and A/D converter modules.

Bit 7 6 5 4 3 2 1 0

‘ — ‘ — ‘ — ‘ MSTPL4‘ MSTPL3 ‘ MSTPLZ‘ — ‘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

i)

Module standby L4 to 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 isnot initialized in
software standby mode.

Bits 7 to 5—Reserved: This bit can be written and read.

Bit 4—Module Standby L4 (M STPL4): Selects whether to place the 16-bit timer in standby.

Bit 4

MSTPL4  Description

0 16-hit timer operates normally (Initial value)
1 16-bit timer is in standby state

Bit 3—Module Standby L 3 (M STPL 3): Selects whether to place 8-bit timer channelsOand 1in
standby.
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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

Bit 2—Module Standby L2 (MSTPL 2): Selects whether to place 8-bit timer channels2 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 L0 (MSTPL0): 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

19.3 Sleep Mode

19.3.1 Transitionto Sleep Mode

When the SSBY hit is cleared to 0in 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. 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.

19.3.2 Exit from Sleep Mode
Sleep modeis exited by an interrupt, or by input at the RES or STBY pin.

Exit by Interrupt: An interrupt terminates sleep mode and causes a transition to the interrupt
exception handling state. Sleep mode is not exited by an interrupt source in an on-chip supporting
module if the interrupt is disabled in the on-chip supporting module. Sleep mode is not exited by
an interrupt other than NM 1 if the interrupt is masked by interrupt priority settings and the settings
of the | and Ul bitsin CCR, IPR.
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Exit by RES Input: Low input at the RES pin exits from sleep mode to the reset state.

Exit by STBY Input: Low input a the STBY pin exits from sleep mode to hardware standby
mode.

19.4  Software Standby Mode

19.4.1 Transition to Softwar e Standby M ode

To enter software standby mode, execute the SLEEP instruction while the SSBY bitissetto 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. 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 aso held. When the WDT isused asa
watchdog timer (WT/IT = 1), the TME bit must be cleared to 0 before setting SSBY. Also, when
setting TME to 1, SSBY should be cleared to O.

Clear the BRLE hit in BRCR (inhibiting bus release) before making atransition to software
standby mode.

19.4.2  Exit from Software Standby Mode

Software standby mode can be exited by input of an external interrupt at the NMI, IRQ,, IRQ,, or
IRQ, pin, or by input at the RES or STBY pin.

Exit by Interrupt: When an NMI, IRQ,, IRQ,, 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 IRQ,, IRQ,, and IRQ, are cleared to 0, 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 stabilize. When RES goes high, the CPU starts reset exception handling.

Exit by STBY Input: Low input a the STBY pin causes atransition to hardware standby mode.
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19.4.3

Selection of Waiting Time for Exit from Softwar e Standby M ode

Bits STS2 to STS0 in SY SCR and bits DIV1 and DIVO in DIV CR should be set as follows.

Crystal Resonator: Set STS2 to STS0, DIV1, and DIVO so that the waiting time (for the clock to
stabilize) isat least 7 ms. Table 19.3 indicates the waiting times that are selected by STS2 to
STSO, DIV, and DIVO settings at various system clock frequencies.

External Clock: Any values may be set.

Table19.3 Clock Frequency and Waiting Timefor Clock to Settle

DIV1 DIVO STS2 STS1 STSO Waiting Time

20 MHz 18 MHz 16 MHz 12 MHz 10 MHz 8 MHz 6 MHz 4 MHz 2MHz 1MHz Unit

0 0 O 0 0 8192 states 0.4 046 051 065 0.8 10 13 20 41 82 ms
0 0 1 16384 states 0.8 091 10 13 1.6 20 27 41 82 164
0 1 0 32768 states 1.6 18 2.0 2.7 33 41 55 82 164 328
0 1 1 65536 states 3.3 36 41 55 6.6 82* 109* 164 328 655
1 0 0 131072 states 6.6 7.3+ 82 109 131+ 164 218 328 655 1311
1 0 1 262144 states 13.1* 146 164 218 262 328 437 655 1311 2621
1 1 0 1024 states  0.05  0.057 0.064 008 010 013 017 026 051 10
1 1 1 lllegal setting
0 1 0 0 0 8192 states 0.8 091 102 14 1.6 20 27 40 82+ 164* ms
0 0 1 16384 states 1.6 18 2.0 2.7 33 41 55 82 164 328
0 1 0 32768 states 3.3 36 41 55 6.6 82* 109* 164 328 655
0 1 1 65536 states 6.6 7.3+ 82 109 131 164 218 328 655 1311
1 0 0 131072 states 13.1* 146 164 218 262 328 437 655 1311 2621
1 0 1 262144 states 262  29.1 328 437 524 655 874 1311 2621 5243
1 1 0 1024 states 010 011 013 017 020 026 034 051 10 20
1 1 1 lllegal setting
1 0 0 0 0 8192 states 1.6 18 2.0 2.7 33 41 55 82+ 164* 328 ms
0 0 1 16384 states 3.3 36 41 55 6.6 82* 109* 164 328 655
0 1 0 32768 states 6.6 7.3+ 82 109 131* 164 218 328 655 1311
0 1 1 65536 states  13.1* 146 164 218 262 328 437 655 1311 2621
1 0 0 131072 states 26.2 291 328 437 524 655 874 1311 2621 524.3
1 0 1 262144 states 524 583 655 874 1049 1311 1748 262.1 5243 1048.6
1 1 0 1024states 020 023 026 034 041 051 068 102 20 41
1 1 1 lllegal setting
1 1 0 0 0 8192 states 3.3 36 41 55 6.6 82* 10.9* 16.4* 32.8* 655 ms
0 0 1 16384 states 6.6 7.3+ 82 109 131 164 218 328 655 1311
0 1 0 32768 states  13.1* 146 164 218 262 328 437 655 1311 2621
0 1 1 65536 states 26.2  29.1 328 437 524 655 874 1311 2621 5243
1 0 0 131072 states 524 583 655 874 1049 1311 1748 2621 524.3 1048.6
1 0 1 262144 states 1049 1165 1311 1748 209.7 2621 3495 5243 10486 2097.1
1 1 0 1024 states 041 046 051 068 08 10 14 20 41 82*
1 1 1 lllegal setting

* Recommended setting
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19.4.4  Sample Application of Software Standby M ode

Figure 19.1 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 bit is set to 1 (selecting the rising edge) and the SSBY bit
isset 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.

oscitacor LTI e fHIInm

9 IEam UL
NMI o

NMIEG | ‘
SSBY [ ) | |
NMI interrupt Software standby  Oscillator NMI exception
handler mode (power- settling time handling
NMIEG =1 down state) (tosc2)
SSBY =1
SLEEP
instruction
Figure19.1 NMI Timingfor Software Standby Mode (Example)
1945 Note

The I/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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195 Hardware Standby Mode
1951 Transition to Hardware Standby Mode

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, and on-chip supporting modules. All modules are reset except the on-chip RAM. As
long as the specified voltage is supplied, on-chip RAM datais retained. 1/O ports are placed in the
high-impedance state.

Clear the RAME bit to 0in SYSCR before STBY goeslow to retain on-chip RAM data.

Theinputs at the mode pins (MD2 to MDOQ) should not be changed during hardware standby
mode.

1952 Exit from Hardware Standby Mode

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.

1953 Timingfor Hardware Standby Mode

Figure 19.2 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.

Clock
oscillator
RES
((
) ) !
STBY
( |
) ) | |
-
" Oscillator ‘
settling time
Reset
exception
handling

Figure19.2 Hardware Standby Mode Timing
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19.6  Module Standby Function

19.6.1 Module Standby Timing

The module standby function can halt several of the on-chip supporting modules (SCI1, SCIO, 16-
bit timer, 8-bit timer, 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.

19.6.2 Read/Writein Module Standby

When an on-chip supporting module isin module standby, read/write accessto its registersis
disabled. Read access always resultsin H'FF data. Write accessis ignored.

19.6.3 Usage Notes

When using the module standby function, note the following points.

On-chip Supporting Module Interrupts: Before setting a modul e standby bit, first disable
interrupts by that module. When an on-chip supporting moduleis placed in standby by the
modul e 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
moduleis placed in module standby. What happens after that depends on the particular pin. For
details, see section 7, 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 bit to O or taking other appropriate action.

Register Resetting: When an on-chip supporting module is halted by the modul e standby
function, al itsregisters are initialized. To restart the module, after its MSTCR bit is cleared to O,
its registers must be set up again. It is not possible to write to the registers while the MSTCR hit is
setto 1.
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19.7  System Clock Output Disabling Function

Output of the system clock (¢) can be controlled by the PSTOP bit in MSTCRH. When the
PSTOP bit isset to 1, output of the system clock halts and the ¢ pin is placed in the high-
impedance state. Figure 19.3 shows the timing of the stopping and starting of system clock output.
When the PSTOP bit is cleared to 0, output of the system clock is enabled. Table 19.4 indicates
the state of the @ pin in various operating states.

MSTCRH write cycle MSTCRH write cycle
(PSTOP = 1) (PSTOP =0)
T1 12 13 Ti T2 T3
High impedance SR S P A

Figure19.3 Starting and Stopping of System Clock Output

Table19.4 @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 20 Electrical Characteristics

20.1  Electrical Characteristics of Mask ROM Version (Preliminary)

20.1.1  Absolute Maximum Ratings

Table 20.1 lists the absolute maximum ratings.

Table20.1 Absolute Maximum Ratings — Preliminary —
Item Symbol Value Unit
Power supply voltage Vee -0.3t0 +7.0 \%
Input voltage (except for port 7) Vi, —0.3t0 V. +0.3 \%
Input voltage (port 7) Vi, —0.3t0 AV, +0.3 \%
Reference voltage Veee —0.3to AV +0.3 \%
Analog power supply voltage AV -0.3t0 +7.0 \%
Analog input voltage Van —0.3t0 AV, +0.3 \Y
Operating temperature Tor Regular specifications: —20 to +75 °C

Wide-range specifications: —40 to +85 °C

Storage temperature T —55 to +125 °C

Caution: Permanent damage to the chip may result if absolute maximum ratings are exceeded.
Note: 12V must not be applied to any pin, as this may cause permanent damage to the device.
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20.1.2 DC Characteristics

Tables 20.2 and 20.3 list the DC characteristics. Table 20.3 lists the permissible output currents.
Table20.2 DC Characteristics (1) — Preliminary —
Conditions. V= 5.0V +10%, AV =5.0V + 10%, Ve = 4.5V t0 AV,

Vss=AV =0V, T,=-20°C to +75°C (regular specifications),
T, =-40°C to +85°C (wide-range specifications)

Item Symbol Min Typ Max Unit Test Conditions
Schmitt trigger Port A, Vi 1.0 — — \Y
input voltages P8, to P8, Vv, . . Ve x07 V
Vi -V, 0.4 — — Y

Input high STBY, RES, V, Vee— 0.7 — Vec+03 V
voltage NMI, MD, to

MD,, FWE

EXTAL Ve X0.7 — Ve +03 V

Port 7 20 — AV, +03 V

Ports 1 to 6, 2.0 — Ve +03 V

P8,, P8,, P9,

to P9, port B
Input low RES, STBY, vV, -0.3 — 0.5 \%
voltage MD, to MD,,

NMI, EXTAL, -0.3 — 0.8 \Y

ports 1 to 7,

P8,, P8,, P9,

to P9, port B
Output high  All output pins  V, Vee—05 — — \% loy =—200 pA
voltage 35 - - Vo g =-1mA
Output low All output pins Vg, — — 0.4 \% lo, = 1.6 MA
voltage

Ports 1, 2, — — 1.0 \Y lop =10 MA

and 5
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Table20.2 DC Characteristics (1) (cont) — Preliminary —
Conditions. Vc=5.0V + 10%, AV =5.0V £ 10%, Vrer =45V 0 AV,
Vs =AV =0V, T,=-20°C to +75°C (regular specifications),
T, =-40°C to +85°C (wide-range specifications)
Item Symbol Min Typ Max Unit Test Conditions
Input leakage STBY, RES, 1] — — 1.0 HA V,=05Vto
current NMI, FWE, Vec—05V
MD, to MD,
Port 7 — — 1.0 HA V,=05Vto
AV, -05V
Three-state Ports 1to 6 [l — — 1.0 HA V,=05Vto
leakage Ports 8 to B Vee—05V
current
Input pull-up  Ports 2, 4, =, 50 — 300 HA V,=0V
MOS current and 5
Input FWE C. — — 80 pF V,=0V
capacitance f=1MHz
NMI — _ 50 pF T,=25°C
All input pins — — 15 pF
except NMI
Current Normal lec — TBD 100 mA =20 MHz
dissipation operation (5.0V)
Sleep mode — TBD 73 mA =20 MHz
(5.0Vv)
Module — TBD 51 mA =20 MHz
standby mode (5.0V)
Standby mode — TBD 5.0 HA T,<50°C
— — 20.0 MA  B0°C<T,
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Table20.2 DC Characteristics (1) (cont) — Preliminary —

Conditions. Vc=5.0V £ 10%, AV =5.0V £ 10%, Vger = 4.5V t0 AV,
Vs =AV =0V, T,=-20°C to +75°C (regular specifications),
T, =-40°C to +85°C (wide-range specifications)

Item Symbol Min Typ Max Unit Test Conditions
Analog power During A/D Al — TBD 15 mA
supply current conversion

During A/D — TBD 15 mA

and D/A

conversion

Idle — TBD 5.0 HA DASTE =0
Reference During A/D Al — TBD TBD mA
current conversion

During A/D — TBD TBD mA

and D/A

conversion

Idle — TBD TBD MA DASTE =0
RAM standby voltage Vieam 2.0 — — \Y

Note: I.. max. (normal operation) = 1.0 (mA) + 0.90 (MA/(MHz x V)) x V. x f
lc max. (sleep mode) = 1.0 (mA) + 0.65 (MA/(MHz x V)) x V. x f
lcc max. (sleep + module standby mode) = 1.0 (mA) + 0.45 (MA/(MHz x V)) x V. x f
* The Typ values for power consumption are reference values.
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Table20.2 DC Characteristics(2) — Preliminary —

Conditions. V= 3.0t05.5V,AV,=3.0t05.5V, Vg =3.0V t0 AV,
Vs =AV =0V, T,=-20°C to +75°C (regular specifications),
T, =-40°C to +85°C (wide-range specifications)

Item Symbol Min Typ Max Unit Test Conditions
Schmitt trigger P8, to P8,, \A Ve x02 — — \Y,
input voltages Port A = _ _ Ve x0.7 V
Vi =V, V. x0.07 — — Y
Input high RES, STBY, V, Ve 09 — Ve +03 V
voltage NMI, MD, to
MD,, FWE
EXTAL Ve 0.7 — Ve +03  V
Port 7 Ve x0.7 — AV, +03 V
Ports 1to 6 Ve x0.7 — Ve +03 V
P8,, P8,, P9,
to P9, port B
Input low STBY, RES, A -0.3 — Veex01 V
voltage FWE, MD, to
MD,
NMI, EXTAL, -0.3 — Ve X022V Ve <4.0V
ports 1to 7 0.8 V. V,=40to
P8,, P8,, P9, to 55V
P9,, port B '
Output high  All output pins Vg, Ve—05 — — \Y, loy =—200 pA
voltage
Vee—1.0 — — \Y, low = =1 mA
Output low All output pins V. — — 0.4 \% lo. = 1.6 MA
voltage
Ports 1, 2, — — 1.0 V oo =5 MA
and 5 Ve <4.0V)
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Table20.2 DC Characteristics(2) (cont)

— Preliminary —

Conditions. V= 3.0t05.5V,AV=3.0t055V, Vg =3.0V t0 AV,
Vs =AV =0V, T,=-20°Cto +75°C (regular specifications),
T, =-40°C to +85°C (wide-range specifications)

Item Symbol Min Typ Max Unit Test Conditions
Input leakage STBY, RES, 1] — — 1.0 HA V,=05Vto
current NMI, FWE Vec—05V
MD, to MD,
Port 7 — — 1.0 HA V,=05Vto
AV,.—-05V
Three-state Ports 1to 6 [l — — 1.0 HA V,=05Vto
leakage Ports 8 to B Vee—05V
current
Input pull-up  Ports 2, 4, =, 10 — 300 A V,=0V
MOS current and 5
Input FWE C. — — 80 pF V,=0V
capacitance f=1MHz
NMI — _ 50 pF T,=25°C
All input pins — — 15 pF
except NMI
Current Normal lec — TBD 66
dissipation operation 35V
Sleep mode — TBD 48
35V)
Module — TBD 34
standby mode (3.5V)
Standby mode — 001 50 HA T,<50°C
— — 20.0 MA  50°C=<T,
Flash memory — TBD 76 mA 0°C<T,<85°C
programming/
erasing
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Table20.2 DC Characteristics (2) (cont) — Preliminary —

Conditions. V= 3.0t05.5V,AV,=3.0t05.5V, Vg =3.0V t0 AV,
Vs =AV =0V, T,=-20°C to +75°C (regular specifications),
T, =-40°C to +85°C (wide-range specifications)

Item Symbol Min Typ Max Unit Test Conditions
Analog power During A/D Al — TBD TBD mA  AV.,=30V
supply current conversion

During A/D — TBD TBD mA AV, =30V

and D/A

conversion

Idle — TBD TBD HA DASTE =0
Reference During A/D Al — TBD TBD MA  Vge=3.0V
current conversion

During A/D — TBD TBD mA  Vg,=3.0V

and D/A

conversion

ldle — TBD TBD HA DASTE =0
RAM standby voltage Viram 2.0 — — \Y,
Note: I.. max. (normal operation) = 1.0 (mA) + 0.90 (MA/(MHz x V)) x V. x f

|

lc max. (sleep mode) = 1.0 (mA) + 0.65 (MA/(MHz x V)) x V. x f

lcc max. (sleep + module standby mode) = 1.0 (mA) + 0.45 (MA/(MHz x V)) x V. x f
* The Typ values for power consumption are reference values.
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Table20.3 Permissible Output Currents — Preliminary —

Conditions. V=45V t055V, AV =45V t055V, Vg =45V t0 AV,
Vs =AV =0V, T,=-40°C to +85°C (regular specifications),
T, =-40°C to +85°C (wide-range specifications)

Item Symbol Min  Typ Max Unit
Permissible output Ports 1, 2, and 5 lo — — 10 mA
low current (per pin) Other output pins — — 20 mA
Permissible output Total of 20 pins in 2o — — 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 | — — 2.0 mA
high current (per pin)

Permissible output Total of all output pins | Zlgy | — — 40 mA
high current (total)

Notes: 1. To protect chip reliability, do not exceed the output current values in table 20.3.
2. When directly driving a darlington pair or LED, always insert a current-limiting resistor in
the output line, as shown in figures 20.1 and 20.2.

H8/3064F

Port

Darlington pair

Figure20.1 Darlington Pair Drive Circuit (Example)
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HB8/3064F

Ports 1,2, 5

LED

600 Q

Figure20.2 SampleLED Circuit
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20.1.3 AC Characteristics

Clock timing parameters are listed in table 20.4, control signal timing parameters in table 20.5,
and bus timing parameters in table 20.6. Timing parameters of the on-chip supporting modules are
listed in table 20.7.

Table20.4 Clock Timing — Preliminary —

Condition: T,=-20°Cto +75°C (regular specifications), T, =—-40°C to +85°C (wide-range
specifications)

Condition A: Ve =3.0t055V, AV =3.0t055V, Veer = 3.010 AVe, Ves= AV = 0V,

fmax = TBD
Condition B: Vc=5.0V +10%, AV =50V + 10%, Vree =4.5t0 AV, Vis= AV =0V,

fmax = 20 MHz

Condition
A B Test

Item Symbol Min Max Min Max Unit  Conditions
Clock cycle time toye TBD 1000 50 1000 ns Figure 20.7 to
Clock pulse low width te, 18 — 15 — ns  figure 20.19
Clock pulse high width tey 18 — 15 — ns
Clock rise time te — 15 — 10 ns
Clock fall time ter — 15 — 10 ns
Clock oscillator settling tosc 20 — 20 — ms Figure 20.7
time at reset
Clock oscillator settling tosca 7 — 7 — ms

time in software standby
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Table20.5 Control Signal Timing

— Preliminary —

Condition: T,=-20°Cto +75°C (regular specifications), T, =—-40°C to +85°C (wide-range

specifications)

Condition A: V.=3.0t055V,AV=3.0t055V, Vg =3.0t0 AV, Vs=AV =0V,

fmax = TBD
Condition B: Vc=5.0V +10%, AV =50V + 10%, Vree =4.5t0 AV, Vis= AV =0V,

fmax =20 MHz

Condition
A B Test

Item Symbol Min Max Min Max Unit  Conditions
RES setup time tress 200 — 150 — ns Figure 20.8
RES pulse width tresw 20 — 20 — teye
Mode programming setup  typs 200 — 200 — ns
time
NMI, IRQ setup time tawis 200 — 150  — ns Figure 20.10
NMI, IRQ hold time [ 10 — 10 — ns
NMI, IRQ pulse width [ 200 — 200 — ns

RENESAS
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Table20.6 BusTiming — Preliminary —

Condition: T,=-20°Cto +75°C (regular specifications), T, = —40°C to +85°C (wide-range
specifications)

Condition A: V=3.0t055V,AV,=3.0t055V, Vg =3.0t0 AV, V= AV =0V,

fmax = TBD
Condition B: Vc=5.0V +10%, AV =50V = 10%, Vree =4.5t0 AV, Vis= AV =0V,
fmax = 20 MHz
Condition
A B Test
Item Symbol Min Max Min Max Unit  Conditions
Address delay time tao — 40 — 25 ns Figure 20.11,
Address hold time ta 05t, — 05t, — ns  figure 20.12
-35 -20
Read strobe delay time  tig, — 50 — 25 ns
Address strobe delay taso — 50 — 25 ns
time
Write strobe delay time  t,q; — 50 — 25 ns
Strobe delay time tsp — 50 — 25 ns
Write strobe pulse twswi 10t,, — 10t,, — ns
width 1 —-40 -25
Write strobe pulse twswz 15t, — 15t, — ns
width 2 —40 -25
Address setup time 1 tast 05t, — 05t, — ns
-35 -20
Address setup time 2 tasy 10t, — 10t,, — ns
-35 -20
Read data setup time tros 40 — 25 — ns
Read data hold time tron 0 — 0 — ns
Write data delay time twoo — 50 — 35 ns
Write data setup time 1 typq; 10t,, — 10t,, — ns
—-40 -30
Write data setup time 2 t,5q, 20t, — 20t,, — ns
—40 -30
Write data hold time twon 05t, — 05t, — ns
-25 -15
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Table20.6 BusTiming (cont)

— Preliminary —

Condition: T,=-20°Cto +75°C (regular specifications), T, =—-40°C to +85°C (wide-range
specifications)

Condition A: V.=3.0t055V,AV=3.0t055V, Vg =3.0t0 AV, Vs=AV =0V,

fmax = TBD
Condition B: Vc=5.0V +10%, AV =50V + 10%, Vree =4.5t0 AV, Vis= AV =0V,
fmax =20 MHz
Condition
A B Test

Item Symbol Min Max Min Max Unit Conditions
Read data access tacer — 2.0t,, — 20t,, ns Figure 20.11,
time 1 - 80 —-45 figure 20.12
Read data access taces — 3.0t — 3.0ty — ns
time 2 - 80 45
Read data access taces — 15t — 15t,— ns
time 3 - 80 45
Read data access tacca — 2.5, — 25t,, — ns
time 4 - 80 45
Precharge time 1 toc 10t, — 1.0t ns

-30 -20
Precharge time 2 tochs 05t, — 0.5t,, ns

- 40 -20
Wait setup time twrs 40 — 25 — ns Figure 20.13
Wait hold time torn 5 — 5 — ns
Bus request setup time  tgeoe 40 — 25 — ns Figure 20.14
Bus acknowledge delay tgucp, — 50 — 30 ns
time 1
Bus acknowledge delay  tgucp, — 50 — 30 ns
time 2
Bus-floating time tezm — 50 — 30 ns
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Table20.7 Timing of On-Chip Supporting Modules — Preliminary —

Condition: T,=-20°Cto +75°C (regular specifications), T, = —40°C to +85°C (wide-range
specifications)

Condition A: V=3.0t055V,AV,=3.0t055V, Vg =3.0t0 AV, V= AV =0V,

fmax = TBD
Condition B: Vc=5.0V +10%, AV =50V = 10%, Vree =4.5t0 AV, Vis= AV =0V,
fmax = 20 MHz
Condition
A B Test

Module Item Symbol Min Max Min Max Unit  Conditions
Ports Output data towo — 100 — 50 ns Figure 20.15
and delay time
TPC Input data setup  tprg 50 — 50 — ns

time

Input data hold tpru 50 — 50 — ns

time
16-bit  Timer output troco — 100 — 50 ns Figure 20.16
timer delay time

Timer input tres 50 — 50 — ns

setup time

Timer clock trexs 50 — 50 — ns Figure 20.17

input setup time

Timer  Single trcwn 15 — 15 — toye

clock edge

pulse gt t 25  — 25  — t

. TCKWL " " cyc

width edges
8-hit Timer output troco — 100 — 50 ns Figure 20.16
timer delay time

Timer input tres 50 — 50 — ns

setup time

Timer clock trexs 50 — 50 — ns Figure 20.17

input setup time

Timer  Single trcwn 15 — 15 — toye

clock edge

pulse  goih t 25  — 25  — t

. TCKWL ' ' cyc
width edges

524
RENESAS



Table20.7 Timing of On-Chip Supporting Modules (cont) — Preliminary —

Condition: T,=-20°Cto +75°C (regular specifications), T, =—-40°C to +85°C (wide-range
specifications)

Condition A: V.=3.0t055V,AV=3.0t055V, Vg =3.0t0 AV, Vs=AV =0V,

fmax = TBD
Condition B: Vc=5.0V +10%, AV =50V + 10%, Vree =4.5t0 AV, Vis= AV =0V,
fmax =20 MHz
Condition
A B Test
Module Item Symbol Min Max Min Max Unit  Conditions
SCI Input  Asyn- toeye 4 — 4 — toye Figure 20.18
clock  chronous
cycle gy 6 — 6 — tye
chronous
Input clock rise tscur 15 — 15 — toye
time
Input clock fall time tgg 15 — 15 — toye
Input clock tockw 0.4 0.6 0.4 0.6 tseye
pulse width
Transmit data trxo — 100 — 100 ns Figure 20.19
delay time
Receive data taxs 100 — 100 — ns
setup time
(synchronous)
Receive  Clock tg,y, 100 — 100 — ns
data hold input
time (Syn- - cjock 0 — 0 — ns

chronous) output
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C=90pF: ports1to6,8
H8/3064F C =30pF: ports 9, A, B
output pin _
putp R, =24KkQ
Ry=12kQ
c § Ry Input/output timing measurement levels

*Low: 0.8V
* High: 2.0V

T

Figure20.3 Output Load Circuit
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20.1.4 A/D Conversion Characteristics

Table 20.8 lists the A/D conversion characteristics.

Table20.8 A/D Conversion Characteristics

— Preliminary —

Condition: T,=-20°Cto +75°C (regular specifications), T, =—-40°C to +85°C (wide-range

specifications)

Condition A: V.=3.0t055V,AV=3.0t055V, Vg =3.0t0 AV, Vs=AV =0V,

fmax = TBD
Condition B: Vc=5.0V +10%, AV =50V + 10%, Vree =4.5t0 AV, Vis= AV =0V,
fmax =20 MHz
Condition
A B
Item Min  Typ Max Min  Typ Max Unit
Conver- Resolution 10 10 10 10 10 10 bits
siontime:  conversion time (single — — 134 — — 134 toye
134 states mode)
Analog input capacitance — — 20 — — 20 pF
Permissible ¢@<13MHz — — — — — 10 kQ
;ignal-source ©>13MHz — . . . . 5 kO
impedance
40V<AV,, —  — 10 S — kQ
<55V
27VSAV, — — 5 - - = kQ
<40V
Nonlinearity error — — +7.5 — — +3.5 LSB
Offset error — — +7.5 — — +3.5 LSB
Full-scale error — — 7.5 — — 3.5 LSB
Quantization error — — +0.5 — — +0.5 LSB
Absolute accuracy — — +8.0 — — 4.0 LSB
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Table20.8 A/D Conversion Characteristics (cont) — Preliminary —

Condition: T,=-20°Cto +75°C (regular specifications), T, = —40°C to +85°C (wide-range
specifications)

Condition A: V=3.0t055V,AV,=3.0t055V, Vg =3.0t0 AV, V= AV =0V,

fmax = TBD
Condition B: Vc=5.0V +10%, AV =50V = 10%, Vree =4.5t0 AV, Vis= AV =0V,
fmax = 20 MHz
Condition
A B
Item Min  Typ Max Min  Typ Max Unit
Conver- Resolution 10 10 10 10 10 10 bits
sion time: Conversion time (single — — 70 — — 70 toye
70 states mode)
Analog input capacitance — — 20 — — 20 pF
Permissible ¢@<13MHz — — — — — 5 kQ
;ignal-source ©>13MHz — . . _ _ 3 KO
impedance
40V<AV,, —  — 5 - - = kQ
<55V
27VSAV, — — 3 S — kQ
<40V
Nonlinearity error — — +155 — — 7.5 LSB
Offset error — — +155 — — 7.5 LSB
Full-scale error — — +155 — — 7.5 LSB
Quantization error — — +0.5 — — +0.5 LSB
Absolute accuracy — — +16 — — 8.0 LSB
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20.1.5

D/A Conversion Characteristics

Table 20.9 lists the D/A conversion characteristics.

Table20.9 D/A Conversion Characteristics

— Preliminary —

Condition: T,=-20°Cto +75°C (regular specifications), T, =—-40°C to +85°C (wide-range

specifications)

Condition A: V.=3.0t055V,AV=3.0t055V, Vg =3.0t0 AV, Vs=AV =0V,

fmax = TBD
Condition B: Vc=5.0V +10%, AV =50V + 10%, Vree =4.5t0 AV, Vis= AV =0V,
fmax =20 MHz
Condition
A
Item Min  Typ Max Min  Typ Max Unit Test Conditions
Resolution 8 8 8 8 8 8 bits
Conversion time — — 10 — — 10 Us 20 pF capacitive
(centering time) load
Absolute accuracy — 2.0 3.0 — 1.5 2.0 LSB 2 MQ resistive
load
— — +2.0 — — +1.5 LSB 4 MQ resistive

load
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20.1.6  Flash Memory Characteristics
Table 20.10 shows the flash memory characteristics.
Table 20.10 Flash Memory Characteristics (1) — Preliminary —

Conditions. V=4.5t055V, AV =45t055V,V=AV=0V

Test
Item Symbol Min Typ Max Unit Condition
Programming time***2** t, — TBD TBD ms/
32 bytes

Erase time*'*3*° te — TBD TBD ms/block
Reprogramming count Nyec — — 100 Times
Programming Wait time after SWE bit setting** x 1 — — us

Wait time after PSU bit setting** y 50 — — ps

Wait time after P bit setting*"** z 50 — 200 s

Wait time after P bit clear** a 5 — — us

Wait time after PSU bit clear** 5 — — us

Wait time after PV bit setting** vy 4 — — us

Wait time after H'FF dummy € 2 — — us

write* !

Wait time after PV bit clear** n 2 — — us

Maximum programming N — — 1000 Times

count* t**
Erase Wait time after SWE bit setting** x 1 — — Us

Wait time after ESU bit setting** y 100 — — us

Wait time after E bit setting***® z TBD — 10 ms

Wait time after E bit clear** a 10 — — Us

Wait time after ESU bit clear** 10 — — us

Wait time after EV bit setting*® vy 6 — — us

Wait time after H'FF dummy € 2 — — Us

write**

Wait time after EV bit clear** n 4 — — us

Maximum erase count**** N 100 — TBD 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 (FLMCR) is set. It does not include the programming
verification time.)
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3.

4.

Block erase time (Shows the total period for which the E-bit in FLMCR is set. It does not
include the erase verification time.)

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 (z) should be changed as follows according to the
programming counter value.

Programming counter value of 1 to 4: z=50us

Programming counter value of 5 to 403: z = 200 us

For the maximum erase time (t(max)), the following relationship applies between the
wait time after E bit setting (z) and the maximum erase count (N):

te(max) = Wait time after E bit setting (z) x maximum erase count (N)

To set the maximum erase time, the values of z and N should be set so as to satisfy the
above formula.
Examples: When z = TBD [ms], N = TBD times

When z = 10 [ms], N = 100 times
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Table 20.10 Flash Memory Characteristics (2) — Preliminary —

Conditions. V.=3.0t0TBDV,AV=3.0t0TBD V,V=AV=0V

Test
Item Symbol Min Typ Max Unit Condition
Programming time***2** t, — TBD TBD ms/
32 bytes

Erase time*'*3*° te — TBD TBD ms/block
Reprogramming count Nyec — — 100 Times
Programming Wait time after SWE bit setting** x 1 — — us

Wait time after PSU bit setting** y 50 — — ps

Wait time after P bit setting**** z 50 — 200 s

Wait time after P bit clear** a 5 — — us

Wait time after PSU bit clear** 5 — — us

Wait time after PV bit setting** vy 4 — — us

Wait time after H'FF dummy € 2 — — us

write**

Wait time after PV bit clear** n 2 — — us

Maximum programming N — — 1000 Times

count* t**
Erase Wait time after SWE bit setting** x 1 — — Us

Wait time after ESU bit setting** y 100 — — us

Wait time after E bit setting***® z TBD — 10 ms

Wait time after E bit clear** a 10 — — Us

Wait time after ESU bit clear** 10 — — us

Wait time after EV bit setting*® vy 6 — — us

Wait time after H'FF dummy € 2 — — Us

write**

Wait time after EV bit clear** n 4 — — us

Maximum erase count**** N 100 — TBD 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 (FLMCR) is set. It does not include the programming
verification time.)

3. Block erase time (Shows the total period for which the E-bit in FLMCR 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).
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The wait time after P bit setting (z) should be changed as follows according to the
programming counter value.

Programming counter value of 1 to 4: z=50ps
Programming counter value of 5 to 403: z =200 us

For the maximum erase time (t(max)), the following relationship applies between the
wait time after E bit setting (z) and the maximum erase count (N):

te(max) = Wait time after E bit setting (z) x maximum erase count (N)

To set the maximum erase time, the values of z and N should be set so as to satisfy the
above formula.

Examples: When z = TBD [ms], N = TBD times
When z = 10 [ms], N = 100 times
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20.2  Operational Timing

This section shows timing diagrams.

20.21 Clock Timing
Clock timing is shown as follows:

¢ Oscillator settling timing
Figure 20.4 shows the oscillator settling timing.

o MMM N NN N NN L

sv ]

tosc1 tosc1

] - e
RES J \ #

Figure20.4 Oscillator Settling Timing
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20.2.2  Control Signal Timing

Control signal timing is shown as follows:

e Resetinput timing
Figure 20.5 shows the reset input timing.
e Interrupt input timing
Figure 20.6 shows the interrupt input timing for NM1 and IRQs to IRQ,,.

¢ ﬂ
tReSS tRESS
(- |-
_ ()()
RES
tmbs tRESW

FWE
MDZ to MDO

Figure20.5 Reset Input Timing

o N/ N
tnmis | | tNMIH
|
NMI
tnmis | | tNMIH
e~
IRQ
tmis
||
IRQ,

IRQE: Edge-sensitive IRQ ;
IRQ : Level-sensitive IRQ; (i=0to 5)

tmiw
NMI : %

Figure20.6 Interrupt Input Timing
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20.3.3 BusTiming
Bustiming is shown as follows:

e Basic buscycle: two-state access

Figure 20.7 shows the timing of the external two-state access cycle.
e Basic huscycle: three-state access

Figure 20.8 shows the timing of the external three-state access cycle.
e Basic buscycle: three-state access with one wait state

Figure 20.9 shows the timing of the external three-state access cycle with one wait state
inserted.

* Bus-release mode timing
Figure 20.10 shows the bus-release mode timing.
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Ag3 to Ag,
CS,

RD
(read)

Di5to Dg
(read)

HWR, LWR
(write)

D15 to Dg
(write)

- T -l T2 -
- teye -
- feH i ter
/ N /] \ e
N /] N /]
~ taD _ gl ter t‘ ter
- cyc -
tpcH1
tasp tacca | tsp ‘ _ tan _
st N N
tASD taccs IRsSD, tecH2
tast| N T
- tacct ool fRDS troH”
tpcH1
tasp tsp [ tAH 7‘
Ctasi| /|
- > N
twswi
twop_ twos1 two

Note: * Specification from the earliest negation timing of A,3 to Ay, CSn, and RD.

Figure20.7 Basic BusCycle: Two-State Access
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I Ta e T2 P Ts _

A723 to Ao,
CSn ¥

A tacca .
AS

B tacca a
RD
(read) )

B taccz trDs

D15 to Do /
(read) \

_|twsp, twswe _
HWR, LWR tasy N
(write) - -

.| twop | twps2

Disto Do
(write) /

Figure20.8 Basic BusCycle: Three-State Access
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®
% to Ao,
Cs, >< ><
AS
RD (read)
D;5 to Dy
(read)
HWR, LWR
(write)
D5 to Dy
(write) >_
twrs| twrh tWTS*‘ T
| -
WAIT ﬂ / / \U
Figure20.9 Basic BusCycle: Three-State Accesswith One Wait State
—
¢ 5_/ N\ Y_/
— tBRQS — = 1gros
BREQ ¥ )
)) )
tgacp2
(« > = tgaco1
BACK
(J()
Ay to Ay, (« —™ tazp tgzp—* [
AS, RD, B 5
HWR, LWR R

Figure20.10 Bus-Release Mode Timing
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20.24 TPCand /O Port Timing

Figure 20.11 shows the TPC and 1/0 port input/output timing.

Ty Tz T3

e i S

. N ==
tprs tPRH

R s o B e
Port 1 to
B (read)

tpwp

Port 1 to
6,8to0B

(write)

Figure20.11 TPC and I/O Port Input/Output Timing

20.3.5 Timer Input/Output Timing

16-bit timer and 8-bit timer timing is shown below.

e Timer input/output timing
Figure 20.12 shows the timer input/output timing.
e Timer externa clock input timing
Figure 20.13 shows the timer external clock input timing.

troco
e B
Output >%
compare*!
trics
Input
capture*2

Notes: 1. TIOCAg to TIOCA2, TIOCBg to TIOCB2, TMOg, TMO2, TMIO1, TMIO3
2. TIOCAq to TIOCA, TIOCBg to TIOCB,, TMIO, TMIO3

Figure20.12 Timer Input/Output Timing
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trcks
o N N
treks
TCLKA to )
TCLKD { ~___
trekwe trekwH

Figure20.13 Timer External Clock Input Timing

20.3.6  SCI Input/Output Timing
SCI timing is shown as follows:

e SCI input clock timing
Figure 20.14 shows the SCI input clock timing.
e SCl input/output timing (synchronous mode)
Figure 20.15 shows the SCI input/output timing in synchronous mode.

tsckw

< ISCKr tscks

SCKg, SCKy
Figure20.14 SCI Input Clock Timing
tScyc
SCKO, i—/—\L/Zm
SCK, ~
trxp
TxDo, TXD; -
(transmit
(e X X X
s [

RxDg, RXDy el bl

(reie X ML X

Figure20.15 SCI Input/Output Timing in Synchronous Mode
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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

O Logical AND of the operands on both sides

d Logical OR of the operands on both sides

O 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
0 Changed according to execution result
* Undetermined (no guaranteed value)
0 Clearedto 0
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*]|
£
g 4
7} ~|4
5 = ® —~ 3
] &g g o T | 8
[ glh|x | & Condition Code c| 8
Slx|clu2/f|gI2® S| 3
Mnemonic O|#|x|®|® ® Q Q| 0| | |operation I/H|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, ERs), | B 4 @(d:16, ERs) — Rd8 —|—|t|t]|0|— 6
Rd
MOV.B @(d:24, ERs), | B 8 @(d:24,ERs) = Rd8 |—|—| 1t |1 |0|—]| 10
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|t]|0]|— 8
MOV.B Rs, @ERd B 2 Rs8 - @ERd —|—|t||0|— 4
MOV.B Rs, @(d:16, | B 4 Rs8 - @(d:16, ERd) —|—|t||0|— 6
ERd)
MOV.B Rs, @(d:24, | B 8 Rs8 — @(d:24,ERd) |—|—|t|1|0|—]| 10
ERd)
MOV.B Rs, @-ERd | B 2 ERd32-1 - ERd32 —|—|t|t]|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|t|0|— 6
MOV.B Rs, @aa:24 | B 6 Rs8 - @aa:24 —|—|t|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|t|0|— 4
MOV.W @(d:186, w 4 @(d:16,ERs) -~ Rd16 |—|—| t |t |0 |— 6
ERs), Rd
MOV.W @(d:24, w 8 @(d:24,ERs) - Rd16 |—|—| 1| t]|0|—| 10
ERs), Rd
MOV.W @ERs+, Rd |W 2 @ERs - Rd16 —|—|t|t]|0|— 6
ERs32+2 - @ERd32
MOV.W @aa:16, Rd | W 4 @aa:16 - Rd16 —|—|t|lt|0|— 6

545
RENESAS



TableA.1 Instruction Set (cont)

Addressing Mode and No. of
Instruction Length (bytes) States*}
£
Q 4
7 =|® -
o c 132 o @
g 5 g g |a T | Q
o gl | & Condition Code | &
SlxlcuE|i|g2 @ 5|3
Mnemonic O|%|2|®|®|®|®|®|Q| | |operation I/H|N|Z|V|Cc|Z|<
MOV.W @aa:24, Rd | W 6 @aa:24 - Rd16 —|—]t|t|0|— 8
MOV.W Rs, @ERd | W 2 Rs16 -~ @ERd —|—]t|t|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 Rsl16 - @aa:16 — =t ]t]|0|— 6
MOV.W Rs, @aa:24 | W 6 Rs16 - @aa:24 —|—t|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 —|—t|t]0|— 2
MOV.L @ERs, ERd L 4 @ERs - ERd32 —|—t|t]|0|— 8
MOV.L @(d:16, ERs), | L 6 @(d:16, ERs) - ERd32 | —|—| ¢t | ¢t |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 — =t | t]|0|— 8
MOV.L ERs, @(d:16, | L 6 ERs32 - @(d:16,ERd) |—|— |+ | ¢+ |0 |—]| 10
ERd)
MOV.L ERs, @(d:24, | L 10 ERs32 . @(d:24,ERd) |—|—| ¢ | ¢ |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 2 |@SP - Rnl16 —|—t|t]|0|— 6
SP+2 - SP
POPL ERnN L @SP - ERN32 —|—t|t]|0|— 10
4 |SP+4 - SP
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TableA.1 Instruction Set (cont)

Addressing Mode and No. of
Instruction Length (bytes) States*]
:
g o4
® =8 -
° > o @
3 &lE g la T2
g glhx | 8 Condition Code | £| &
SlxlcuZHg|IZ2 S|z
Mnemonic 0% |z|®|®|®|®|®|®| | |operation I|H|N|Z|V|Cc|Z|<
PUSH.W Rn w SP-2 - SP —|—]t|t|0|— 6
Rn16 - @SP
PUSH.L ERn L SP—4 - SP —|—]t]t]0|— 10
ERN32 -, @SP
MOVFPE @aa:16, B 4 Cannot be used in the | Cannot be used in the
Rd H8/3064F H8/3064F
MOVTPE Rs, B 4 Cannot be used in the | Cannot be used in the
@aa:16 H8/3064F H8/3064F
2. Arithmetic instructions
Addressing Mode and No. of
Instruction Length (bytes) States*!
p
g x
) =® -
o c2 o o}
S e la T| 2
© gl - | @ Condition Code | &
SlxlcluZli|g|lZ®© S 3
Mnemonic 0% |2|®|®|®|©®|®|®|| operation I|HIN|Z|V|C|Z|<
ADD.B #xx:8, Rd B|2 Rd8+#xx:8 — Rd8 — ]ttt 2
ADD.B Rs, Rd B 2 Rd8+Rs8 - Rd8 —lt |ttt 2
ADD.W #xx:16, Rd W\ 4 Rd16+#xx:16 —» Rd16 |—|(1)| ¢t | ¢ | t | ¢ 4
ADD.W Rs, Rd w 2 Rd16+Rs16 - Rd16 — @) |ttt 2
ADD.L #xx:32,ERd | L | 6 ERd32+#xx:32 - — @]t |t t] 2 6
ERd32
ADD.L ERs, ERd L 2 ERd32+ERs32 - — @]t |t t] 2 2
ERd32
ADDX.B #xx:8, Rd B|2 Rd8+#xx:8+C - Rd8 |— |t | ¢+ [(3)| ¢t | ¢ 2
ADDX.B Rs, Rd B 2 Rd8+Rs8 +C - Rd8 — |t t|@) |t 2
ADDS.L #1, ERd L 2 ERd32+1 - ERd32 el el el el el 2
ADDS.L #2, ERd L 2 ERd32+2 - ERd32 e e el el e 2
ADDS.L #4, ERd L 2 ERd32+4 - ERd32 — == |—|—|— 2
INC.B Rd B 2 Rd8+1 - Rd8 — =]t |t t|— 2
INC.W #1, Rd w 2 Rd16+1 - Rd16 — =t = 2
INC.W #2, Rd w 2 Rd16+2 - Rd16 — |t 2
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TableA.1

Instruction Set (cont)

Addressing Mode and No. of
Instruction Length (bytes) States*}|
2
8 x
7 =|® -
° S o @
g Rl & o T | 8
i gl | ® Condition Code | €| &
Slxlclulz|l |82 512
Mnemonic O|%||®©® 0666 ® Operation HIN|Z|V zZ| <
INC.L #1, ERd L 2 ERd32+1 - ERd32 —lt] ]t 2
INC.L #2, ERd L 2 ERd32+2 - ERd32 —|t] ]t 2
DAARd B 2 Rd8 decimal adjust o A A 2
- Rd8
SUB.B Rs, Rd B 2 Rd8-Rs8 - Rd8 I S 2
SUB.W #xx:16, Rd |W | 4 Rd16—#xx:16 — Rd16 @j e e 4
SUB.W Rs, Rd w 2 Rd16-Rs16 - Rd16 @j e e 2
SUB.L#xx:32,ERd | L | 6 ERd32—#xx:32 @) t] | 6
- ERd32
SUB.L ERs, ERd L 2 ERd32-ERs32 @]t 2
- ERd32
SUBX.B #xx:8, Rd B|2 Rd8—#xx:8—-C - Rd8 Tt |(3)] ¢ 2
SUBX.B Rs, Rd B 2 Rd8-Rs8-C - Rd8 tlt(3)] ¢t 2
SUBS.L #1, ERd L 2 ERd32-1 - ERd32 —|—|—|— 2
SUBS.L #2, ERd L 2 ERd32-2 - ERd32 ——|—|— 2
SUBS.L #4, ERd L 2 ERd32-4 - ERd32 ——|—|— 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 — |ttt 2
DEC.L #1, ERd L 2 ERd32-1 - ERd32 — |ttt 2
DEC.L #2, ERd L 2 ERd32-2 - ERd32 — |ttt 2
DAS.Rd B 2 Rd8 decimal adjust S A I 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 —|t|t|— 24
(signed multiplication)
DIVXU. B Rs, Rd B 2 Rd16 + Rs8 — Rd16 —|®) 7| — 14
(RdH: remainder, RdL:
quotient)
(unsigned division)
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TableA.1

Instruction Set (cont)

Addressing Mode and No. of
Instruction Length (bytes) States*!
2
2 I
(7} ~|8
o o9 |~ 3
c 5 = 8 © T| 2
o glh |z | Condition Code | &
Slxlcw=2Y 8= ® 5|3
Mnemonic O|¥z|® ®|® Q|81 Operation HIN|zZ|V|Cc|Z|<
DIVXU.W Rs, ERd |W ERd32 + Rs16 — ERd32 — 16| ()| —|—]| 22
(Ed: remainder,
Rd: quotient)
(unsigned division)
DIVXS.B Rs, Rd B 4 Rd16 + Rs8 - Rd16 — 87| —|—| 16
(RdH: remainder,
RdL: quotient)
(signed division)
DIVXS.WRs, ERd |W 4 ERd32 + Rs16 — ERd32 —1®)| @) —|—]| 24
(Ed: remainder,
Rd: quotient)
(signed division)
CMP.B #xx:8, Rd B|2 Rd8—#xx:8 F T I B 2
CMP.B Rs, Rd B 2 Rd8-Rs8 F I T I I 2
CMP.W #xx:16,Rd |W | 4 Rd16—#xx:16 @)+ t]t 4
CMP.W Rs, Rd W 2 Rd16-Rs16 @] t] ]2 2
CMPL #xx:32,ERd | L |6 ERd32—#xx:32 @)+ 1] 2 6
CMP.L ERs, ERd L 2 ERd32-ERs32 @] t] ]2 2
NEG.B Rd B 2 0-Rd8 - Rd8 F T I B A 2
NEG.W Rd w 2 0-Rd16 - Rd16 F I T I I 2
NEG.L ERd L 2 0-ERd32 - ERd32 E I 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) - —|t|t|0|— 2
(<bits 15 to 8> of Rd16)
EXTS.L ERd L 2 (<bit 15> of ERd32) - —|t|t|0|— 2
(<bits 31 to 16> of
ERd32)
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TableA.1 Instruction Set (cont)

3. Logicinstructions

Addressing Mode and No. of
Instruction Length (bytes) States*!
£
Q o
%] —~ 4
S|®| |~ 2
e o= O —| o
[} 0w . T | 2
o gl 8|l Condition Code £| @
2lxlcw|Zils|I2® 5|3
Mnemonic O|¥|x|®|®|®|®|® ®| | operation I/H|N|Z|V|Cc|2Z2|<
AND.B #xx:8, Rd B |2 Rd8[#xx:8 - Rd8 —|— 0 |— 2
AND.B Rs, Rd B 2 Rd8ORs8 - Rd8 — 0 2
AND.W #xx:16, Rd | W Rd16[#xx:16 — Rd16 — 0 4
AND.W Rs, Rd w 2 Rd1600Rs16 - Rd16 — 0 2
AND.L #xx:32, ERd L ERd320#xx:32 -~ ERd32 — 0 6
AND.L ERs, ERd L 4 ERd32[ERs32 - ERd32 — 0 4
OR.B #xx:8, Rd B Rd8#xx:8 - Rd8 — 0 2
OR.B Rs, Rd B 2 Rd8Rs8 - Rd8 — 0 2
OR.W #xx:16, Rd w Rd16#xx:16 — Rd16 — 0 4
OR.W Rs, Rd w 2 Rd16/Rs16 - Rd16 — 0 2
OR.L #xx:32, ERd L ERd324#xx:32 - ERd32 — 0 6
OR.L ERs, ERd L 4 ERd32ERs32 - ERd32 — 0 4
XOR.B #xx:8, Rd B Rd8#xx:8 —» Rd8 — 0 2
XOR.B Rs, Rd B 2 Rd8ORs8 - Rd8 — 0 2
XOR.W #xx:16, Rd | W Rd160#xx:16 — Rd16 — 0 4
XOR.W Rs, Rd w 2 Rd160Rs16 - Rd16 — 0 2
XOR.L #xx:32, ERd | L ERd320#xx:32 - ERd32 — 0 6
XOR.L ERs, ERd L 4 ERd320ERs32 - ERd32 — 0 4
NOT.B Rd B 2 ~Rd8 - Rd8 — 0 2
NOT.W Rd w 2 ~Rd16 - Rd16 — 0 2
NOT.L ERd L 2 ~Rd32 - Rd32 — 0 2
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TableA.1

4. Shift instructions

Instruction Set (cont)

Addressing Mode and No. of
Instruction Length (bytes) States*!
pa

; _ g .

2 | % o, - 7|

AR onpioncod® £ S

Mnemonic O|#|¢|®® 68888 Operation I|H|N|Z|V|C|Z|<
SHAL.B Rd B 2 — =] t] 1| 2
SHAL.W Rd w| |2 I vl e] e 2
SHAL.L ERd L 2 MSB LsSB — =]t s t] 2
SHAR.B Rd B 2 —|—|t|t|0|2 2
s Tw 12 E I [ o e pe ey re
SHAR.L ERd L 2 MSB LSB —|—|s|s]o]s| 2
SHLL.B Rd B 2 —|—|t|s]o]s| 2
SHLLW Rd wl| |2 I o 1 I P
SHLL.L ERd L 2 MSB LsB —|—|st|s]0]: 2
SHLR.B Rd B 2 —|—|st|s]o]s| 2
SHLR.W Rd wl| |2 o | =] :lslo]s] 2
SHLR.L ERd L 2 MSB LSB —|—|t|t]0]s 2
ROTXL.B Rd B 2 —|—]stlt]o|t]| 2
ROTXL.W Rd w 2 _ —|—|sls]o]s| 2
ROTXL.L ERd L 2 MSB=—"LSB |_|_|:|:1]|0|: 2
ROTXR.B Rd B 2 —|—|stls]o]s| 2
ROTXRWRd  |W 2 _ —|—|st|s]o]s| 2
ROTXRLERd |L 2 MSB — > LSB —|—|st|s]o]s| 2
ROTL.B Rd B 2 —|—|t|s]o]s| 2
ROTL.W Rd w 2 . —|—]tlt]o|t]| 2
ROTL.L ERd L 2 MSB=+—"1LSB | _|_|:|:]0]: 2
ROTR.B Rd B 2 —|—|t|s]o]s| 2
ROTR.W Rd w 2 . —|—ltlt]o|t]| 2
ROTR.L ERd L 2 MSB — > LSB —|—|t|t|0]s 2
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TableA.1

Instruction Set (cont)

5. Bit manipulation instructions

Addressing Mode and No. of
Instruction Length (bytes) States*!
£
Q o
%] —~ 4
S|®| |~ k5
T X |= (§) R
[} 0w . T | 2
o gl 8|l Condition Code £| @
2lxlcw|Zils|I2® 5|3
Mnemonic O|#|£|®®|® 6 ® 6 Operation HIN|[Z|V z| <
BSET #xx:3, Rd B (#xx:3 0of 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 — === 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 — === 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 — === 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 — === 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) - — === 8
~(#xx:3 of @ERd)
BNOT #xx:3, @aa:8 | B 4 (#xx:3 of @aa:8) - — === 8
~(#xx:3 of @aa:8)
BNOT Rn, Rd B 2 (Rn8 of Rd8) ~ — === 2
~(Rn8 of Rd8)
BNOT Rn, @ERd B 4 (Rn8 of @ERd) — === 8
~(Rn8 of @ERd)
BNOT Rn, @aa:8 B 4 (Rn8 of @aa:8) ~ — === 8
~(Rn8 of @aa:8)
BTST #xx:3, Rd B 2 ~(#xx:3 of Rd8) - Z — =t |— 2
BTST #xx:3, @ERd | B 4 ~(#xx:3 of @ERd) - Z — =t |— 6
BTST #xx:3, @aa:8 | B 4 ~(#xx:3 of @aa:8) -~ Z — =t |— 6
BTST Rn, Rd B 2 ~(Rn8 of @Rd8) - Z — =] t|— 2
BTST Rn, @ERd B 4 ~(Rn8 of @ERd) - Z — =t |— 6
BTST Rn, @aa:8 B 4 ~(Rn8 of @aa:8) -~ Z — =t |— 6
BLD #xx:3, Rd B 2 (#xx:3 of Rd8) -~ C — === 2
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TableA.1

Instruction Set (cont)

Addressing Mode and No. of
Instruction Length (bytes) States*!
+
g 2
3 W
2 F2 o e
§ . ﬁch ;: S:I_, 5 ;: é Condition Code E §
Mnemonic ol¥|E|0|0|0|0|0|0 Operation HiIN[z|vic| 2|2
BLD #xx:3, @ERd B 4 (#xx:3 of @ERd) - C — ===t 6
BLD #xx:3, @aa:8 B 4 (#xx:3 of @aa:8) - C — ===t 6
BILD #xx:3, Rd B 2 ~(#xx:3 of Rd8) - C — ===t 2
BILD #xx:3, @ERd B 4 ~(#xx:3 of @ERd) - C — ===t 6
BILD #xx:3, @aa:8 B 4 ~(#xx:3 of @aa:8) - C — ===t 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) B e el 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) B e el 8
BAND #xx:3, Rd B 2 CO#xx:3 of Rd8) - C — ===t 2
BAND #xx:3, @ERd | B 4 CO#xx:3 of @ERd24) - C — ===t 6
BAND #xx:3, @aa:8 | B 4 CO#xx:3 of @aa:8) - C — ===t 6
BIAND #xx:3, Rd B 2 CO (#xx:3 of Rd8) ~ C — ===t 2
BIAND #xx:3, @ERd | B 4 CID (#xx:3 of @ERd24) - C — ===t 6
BIAND #xx:3, @aa:8 | B 4 CD (#xx:3 of @aa:8) — C — ===t 6
BOR #xx:3, Rd B 2 C/#xx:3 of Rd8) -~ C — ===t 2
BOR #xx:3, @ERd B 4 C/#xx:3 of @ERdA24) - C — ===t 6
BOR #xx:3, @aa:8 B 4 C/#xx:3 of @aa:8) -~ C — ===t 6
BIOR #xx:3, Rd B 2 C/O#xx:30f Rd8) - C — ===t 2
BIOR #xx:3, @ERd | B 4 ¢/ O(#xx:3 of @ERdA24) — C — ===t 6
BIOR #xx:3, @aa:8 | B 4 C/ O(#xx:3 of @aa:8) - C — ===t 6
BXOR #xx:3, Rd B 2 CO@#xx:30f Rd8) - C — ===t 2
BXOR #xx:3, @ERd | B 4 CO(#xx:3 of @ERA24) - C — ===t 6
BXOR #xx:3, @aa:8 | B 4 CO(#xx:3 of @aa:8) -~ C — ===t 6
BIXOR #xx:3, Rd B 2 CO (#xx:3 of Rd8) -~ C — ===t 2
BIXOR #xx:3, @ERd | B 4 C (#xx:3 of @ERd24) ~ C — ===t 6
BIXOR #xx:3, @aa:8 | B 4 CD (#xx:3 of @aa:8) — C — ===t 6
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TableA.1

6. Branching instructions

Instruction Set (cont)

Addressing Mode and No. of
Instruction Length (bytes) States*]
+
3 &
@ |
, g x| 5 Siulg|s é . Branclh. Condition Code g g
Mnemonic O|¥||® QB0 6 Operation |Condition | | |[H|[N|Z|V|C|Z| <
BRAd:8 (BT d:8) — 2 If condition |Always B el el el 4
BRAd:16 (BT d:16) |— 4 ‘;‘C””f then N D
BRN d:8 (BF d:8) — 2 pC+d else |Never Bl el el e 4
BRN d:16 (BF d:16) |— 4 next; JEE DU DU U P 6
BHI d:8 — 2 ciz=0 |—|—|—|—|—|— 4
BHI d:16 — 4 = —=|=|=]|=| s
BLS d:8 — 2 cOz=1 |—|—|—|—|—|— 4
BLS d:16 — 4 == |=|=|=] s
BCC d:8 (BHS d:8) |— 2 c=0 == === 4
BCC d:16 (BHS d:16) | — 4 == === 6
BCS d:8 (BLOd:8) |— 2 c=1 — == === 4
BCS d:16 (BLO d:16) | — 4 === == 6
BNE d:8 — 2 Z=0 — == === 4
BNE d:16 — 4 — = —=|=|=]|—| s
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 —|—|=|=|=|—| s
BPL d:8 — 2 N=0 — == === 4
BPL d:16 — 4 — = =|=|=|—| s
BMI d:8 — 2 N=1 e e el el el 4
BMI d:16 — 4 == |=|=|=] s
BGE d:8 — 2 NOV=0 |—|—|—|—|—|—| 4
BGE d:16 — 4 == |=|=|=] s
BLT d:8 — 2 NOV=1 |—|—|—|—|—|—| 4
BLT d:16 — 4 == |=|=|=] s
BGT d:8 — 2 ZONOV) |—|—|—|—|—|—]| 4
BGT d:16 — 4 =0 === l=] s
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TableA.1

Instruction Set (cont)

Addressing Mode and No. of
Instruction Length (bytes) States*]
2
2 4
» =8 -
o c |2 ey )
c 5 c 8 © T| 2
o gl .| 8 Condition Code | £| &
Six|cwB|Y|8|2|® Branch 5|3
Mnemonic O|X|2|®|®|®|®|®|®| | |operation |Condition | | |[H|N|Z|V|C|Z]|<
BLE d:8 — 2 If condition |ZONOV)=1|—|—|—|—|—|— 4
BLE d:16 _ 4 is true then IR 6
PC — PC+d
else next;
JMP @ERn — 2 PC — ERn — == |=|=|=] 4
JMP @aa:24 — 4 PC ~ aa:24 — == === 6
JMP @ @aa:8 — 2 PC - @aa:8 —|—|—|—|—|—]| 8|10
BSR d:8 — 2 PC - @-SP —|—|—|—|—|—]| 6|8
PC ~ PC+d:8
BSR d:16 — 4 PC - @-SP —|—]—|—|—|—]| 8|10
PC ~ PC+d:16
JSR @ERn — 2 PC - @-SP ——|l—=|l=|—|—| 6|8
PC - @ERn
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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TableA.1

Instruction Set (cont)

7. System control instructions

Addressing Mode and No. of
Instruction Length (bytes) States*!
3
4 o
7} ~|4
- = ® —~ B
g &g g o T| 8
[ glhE - | & Condition Code | 8
8. § o |u S| g SIS 5 %
Mnemonic O % |¥x|®® 6 6 6 e Operation H{N|Z|V z| <
TRAPA #x:2 — PC - @-SP —|—|—|— 14| 16
CCR - @-SP
<vector> - PC
RTE — CCR —~ @SP+ I I 10
PC - @SP+
SLEEP — Transition to powerdown — == — 2
state
LDC #xx:8, CCR B|2 #xx:8 - CCR F B A 2
LDC Rs, CCR B 2 Rs8 - CCR FR I T B R 4 2
LDC @ERs, CCR w 4 @ERs - CCR FR I T B I 4 6
LDC @(d:16, ERs), |W 6 @(d:16, ERs) -~ CCR FR I T B A 4 8
CCR
LDC @(d:24, ERs), |W 10 @(d:24, ERs) ~ CCR RN 12
CCR
LDC @ERs+, CCR |W 4 @ERs - CCR F T A 3 8
ERs32+2 - ERs32
LDC @aa:16, CCR |W 6 @aa:16 -~ CCR F T I 8
LDC @aa:24, CCR |W 8 @aa:24 -~ CCR F I I 10
STC CCR, Rd B 2 CCR - Rd8 — === 2
STC CCR, @ERd w 4 CCR - @ERd — === 6
STC CCR, @(d:16, |W 6 CCR - @(d:16, ERd) — === 8
ERd)
STC CCR, @(d:24, |W 10 CCR - @(d:24, ERd) — === 12
ERd)
STCCCR, @-ERd |W 4 ERd32-2 — ERd32 e el Bt 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 FR I I I 4 2
ORC #xx:8, CCR B|2 CCR[#xx:8 - CCR bR I B I 2
XORC #xx:8, CCR B|2 CCRO#xx:8 - CCR bR I I I 4 2
NOP — PC - PC+2 — === 2
556

RENESAS




TableA.1 Instruction Set (cont)

8. Block transfer instructions

Addressing Mode and No. of
Instruction Length (bytes) States*!
=
I x
%] —~ |4
5 c|® —~ 3
x|= O —
S c|lw|& Q| - g | 2
o gl |8lglsls Condition Code £ | &
SlslclE|S|l|c(2|® 5|3
Mnemonic O|# |2 |®|®|®|®|® ®|| operation I|H|N|Z|V|C|2Z | <
EEPMOV. B — 4 |ifRAL#0 —|—=|—|—|—|—| 8+an*2
repeat @R5 -~ @R6
R5+1 -~ R5
R6+1 - R6
R4L-1 - R4L
until  R4L=0
else next;
EEPMOV. W — if R4#0 —|—|—|—=|—|—]| g+an*2
4 repeat @R5 - @R6
R5+1 -~ R5
R6+1 - R6
R4-1 - R4
until  R4L=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 set in register R4L or RA4.

1)
)
@)
(4)

()
(6)

()
(8)

Set to 1 when a carry or borrow occurs at bit 11; otherwise cleared to 0.
Set to 1 when a carry or borrow occurs at bit 27; otherwise cleared to 0.
Retains its previous value when the result is zero; otherwise cleared to 0.

Set to 1 when the adjustment produces a carry; otherwise retains its previous
value.

The number of states required for execution of an instruction that transfers data in
synchronization with the E clock is variable.

Set to 1 when the divisor is negative; otherwise cleared to 0.
Set to 1 when the divisor is zero; otherwise cleared to 0.
Set to 1 when the quotient is negative; otherwise cleared to 0.
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Operation Code M aps

A2

TableA.2 Operation Code Map (1)

AOW

anv

HOX

40

Xans

dNO

xaav

aav

(&)
2’V algeL

AOWd33

(@
Z'v elqel

(@

v alqeL

AOW

amga
ang

dNvId
adNvd

HoxId
doxg

doig
do4

AOW

1sig
1sg

anv

40X

40

1s1d

4104

1ONg

13s4

dasr

dsg

diAr

@
Z'v a|qeL

vdvdl

314

dsd

S1d

NXAIQ

NXINN

NXAIQ

NXINN

a4

199 114

3949 INg

1dd

SAd

OoNnd

ONg

ang

Siel:]

004

s

IHg

Nyg

vyg

g9'AON

@
2’V algeL

Xans

@

dino v algqeL

(@
Z'valqel

ans

(@
2’V alqelL

a9'aNvy

jsR=[0)¢

940

(@)
Z'val|qeL

@
2’V algeL

(@
2’V alqeL

(@
Z'valqel

@
Z'v a|qeL

xaav

@)

AOW c'valgqeL

(@
Z'V olqeL

aav

oan

OaNv

jol=[0)¢

jol-1e]

oan

ol1s

(@
Z'v alqeL

dON

E|

o} d

A4

HY
v

TSI HE JO 11q JUed 1B IS 1SOW UBYM UOTON.ISU|

'0'SI HE JO 11q JUed1UBIS JSOW UBUM UOTION.ISU|

19 [Hg

1V |HY

alAq puz

a1Aq 15T

©P0I uonanJsu|
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TableA.2 Operation Code Map (2)

ANV dOX 40 ans dND aav AOW A\ 72
ANV HOX <[e] ans dWD aavy AOW 6.
ERlc] 1949 179 399 INg 1d4g SAd oAd O3g 3Ng sSod 004 s1g IHEG Nyg vdd 89
dND Sva =1
03d o3da sdans o3da o3a sans a1
ans 23a vl
S1X3 S1X3 93N 93N nLx3 nLx3 1ON 1ON LT
d10d d10d dX10d dX10d €T
1104 L0y IX10d IX10d 1
HVHS dVHS HIHS HIHS T
IVHS IVHS TIHS TIHS 0T
AOW vva 40
ONI ONI saav ONI ONI saav 40
aav ONI Y0
. A EEEIS 2157047 NOW 10
4 3 d o) d v 6 8 L 9 S 14 € 4 T 0 Im_4< Hv
19 [HE | IV [HY
91Aq puz | @1Aq ST | BP02 UOIPNIISU|
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'p|al} SSaIppe aINnjosge ay) S| ee ‘g
‘play uoneubisap 1a)sIBai 8yl SI 4 T :SAION

41049 1ONd 13sg |z, leed.

1sig
4109 | LONg | 13S9 |z, 9eeds
1s9
atlig_~|anvia_~Tdoxig_~|dolg
1s1g 2, leeas
alg anvd |_~doxg dog
1sig 2. gee3,

d7109 1ONd l3asa |1, L00AL

1sig
41049 1ONdg 13sa |7, 90/aL

1sd

alig _~|anvia_~Tdoxig | doig
1s1g . L0101
alg aNvd |_~doxg dog

1s1g . 90101

aNv dOX 0 90410

SXAIQ SXIAIQ S0dT0

SXINW SXTINW S00T0

ols als als als

90¥T0
oan oal oan oan

HOT4a

Hav
4 3 a o) a v 6 8 L 9 S 14 € 4 T 0 HY

10

TableA.2 Operation Code Map (3)

T SI 0 1I0 JUedI1IUB IS 1SoW USUM U0 NONIISU| —»|
1STHQ 10 1qLELILDE B H totan sl 1A |HA | 10 [HO [ 19 [HE | 1V [HY

"0'S1 HQ 40 11g Jued1IubIs 1S0W UBYM Uo11oNnJisu | 91AqQ Uiy |e1Aq pig | @1Aq puz | 91AQ ST | BP0J UonoNIsu|
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A.3 Number of States Required for Execution

The tables in 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 S+ K xS +L xS+M xS, + N x G
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-bit bus width.

BSET #0, @FFFFC7:8

FromtableA4,1=L=2andJ=K=M=N=0
FromtableA.3,S5=4andS =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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Table A.3 Number of States per Cycle

Access Conditions

On-Chip Sup- External Device
porting Module 8-Bit Bus 16-Bit Bus
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 S
Byte data access S, 3 2 3+m
Word data access Sy 6 4 6 +2m
Internal operation Sy 1

Legend
m: Number of wait states inserted into external device access
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TableA.4 Number of Cyclesper Instruction

Instruction

Mnemonic

Instruction Branch

Fetch
|

Addr. Read Operation Access

J

Byte Data Word Data Internal
Operation

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

NRNNMNRNNMNRNONNMNNNNMNNMNNMNNMNNNMNNN | NNR [ R[([NORNRRPRIRPRRER[(RPR|([PORNRPR
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TableA.4 Number of Cyclesper Instruction (cont)

Instruction

Mnemonic

Instruction Branch

Fetch
|

J

Byte Data Word Data Internal
Addr. Read Operation Access

Operation

Bcc

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

N NNPNNDNNNDNNDMNNMNNMNNMMNNMMNNMMNNNNNNLZ

BCLR

BCLR #xx:3, Rd
BCLR #xx:3, @ERd
BCLR #xx:3, @aa:8
BCLR Rn, Rd
BCLR Rn, @ERd
BCLR Rn, @aa:8

BIAND

BIAND #xx:3, Rd
BIAND #xx:3, @ERd
BIAND #xx:3, @aa:8

BILD

BILD #xx:3, Rd
BILD #xx:3, @ERd
BILD #xx:3, @aa:8

BIOR

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

NN - NN NN - NN - NN NN - NNEFEF NN N NNNNNNNMNMNDMNDMMNMNMNDNNDDNDDN
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TableA.4 Number of Cyclesper Instruction (cont)

Instruction Branch Stack Byte Data Word Data Internal
Fetch Addr. Read Operation Access Access Operation

Instruction Mnemonic | J K L M
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
Advanced 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

RENESAS
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TableA.4 Number of Cyclesper Instruction (cont)

Instruction Branch Stack Byte Data Word Data Internal
Fetch Addr. Read Operation Access  Access Operation
Instruction Mnemonic | J K L M N

DEC DEC.B Rd
DEC.W #1/2, Rd
DEC.L #1/2, ERd

DIVXS DIVXS.B Rs, Rd
DIVXS.W Rs, ERd

12
20

12
20

DIVXU DIVXU.B Rs, Rd
DIVXU.W Rs, ERd

2n + 2*1
2n + 2*1

EEPMOV  EEPMOV.B
EEPMOV.W

EXTS EXTS.W Rd
EXTS.L ERd

EXTU EXTU.W Rd
EXTU.L ERd

INC INC.B Rd
INC.W #1/2, Rd
INC.L #1/2, ERd

JMP JMP @ERnN

JMP @aa:24

JMP @@aa:8 Normal

Advanced

JSR JSR @ERn Normal

Advanced

JSR @aa:24 Normal

Advanced

JSR @@aa:8 Normal

N[ R | NP |DN|P
N

Advanced

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

DAWNUUOWNRRE|[NININMINNINMNIMINNIMNIMNINRPRPRRPRP[PRIPRPRINNIRPRINN|RRPPR
N

N e
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TableA.4 Number of Cyclesper Instruction (cont)

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 RRPRREPRREPRRERRRERR

P RPRPRPRPRPPEPRPRPRPPRREPR

MOV.L #xx:32, ERd
MOV.L ERs, ERd

MOV.L @ERSs, ERd
MOV.L @(d:16, ERs), ERd 3
MOV.L @(d:24, ERs), ERd5
MOV.L @ERs+, ERd 2
MOV.L @aa:16, ERd 3
MOV.L @aa:24, ERd 4
MOV.L ERs, @ERd 2
MOV.L ERs, @(d:16, ERd) 3
MOV.L ERs, @(d:24, ERd)5
MOV.L ERs, @-ERd 2
MOV.L ERs, @aa:16 3
MOV.L ERs, @aa:24 4

NFP W WNRANRPONRPANRRPNONRPRERAENRPRONRREAMNRRR

N NDNNNNMNNDNNDNNDNNDNDNDDN
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TableA.4 Number of Cyclesper Instruction (cont)

Instruction Branch Stack Byte Data Word Data Internal
Fetch Addr. Read Operation Access Access  Operation
Instruction Mnemonic | J K L M N

MOVFPE MOVFPE @aa:16, Rd*? 1

MOVTPE MOVTPE Rs, @aa:16*? 1

MULXS MULXS.B Rs, Rd
MULXS.W Rs, ERd

12
20

MULXU MULXU.B Rs, Rd
MULXU.W Rs, ERd

12
20

NEG NEG.B Rd
NEG.W Rd
NEG.L ERd

NOP NOP

NOT 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

ORC ORC #xx:8, CCR

POP POP.W Rn
POP.L ERn

PUSH PUSH.W Rn
PUSH.L ERn

N - N
N N N N

ROTL ROTL.B Rd
ROTL.W Rd
ROTL.L ERd

ROTR ROTR.B Rd
ROTR.W Rd
ROTR.L ERd

ROTXL ROTXL.B Rd
ROTXL.W Rd
ROTXL.L ERd

ROTXR ROTXR.B Rd
ROTXR.W Rd
ROTXR.L ERd

2
2
2
2
1
1
1
1
1
1
1
1
1
1
1
2
1
3
OR.L ERs, ERd 2
1
1
2
1
2
1
1
1
1
1
1
1
1
1
1
1
1
2

RTE RTE
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TableA.4 Number of Cyclesper Instruction (cont)

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 1 2

Advanced 2 2

SHAL SHAL.B Rd
SHAL.W Rd
SHAL.L ERd

SHAR SHAR.B Rd
SHAR.W Rd
SHAR.L ERd

SHLL.W Rd
SHLL.L ERd

SHLR SHLR.B Rd
SHLR.W Rd
SHLR.L ERd

SLEEP SLEEP

STC STC CCR, Rd
STC CCR, @ERd
STC CCR, @(d:16, ERd)3
STC CCR, @(d:24, ERd)5
STC CCR, @-ERd 2
STC CCR, @aa:16
STC CCR, @aa:24

2
2
1
1
1
1
1
1
SHLL SHLL.B Rd 1
1
1
1
1
1
1
1
2

PR RPRPRPRPPR

SUB SUB.B Rs, Rd
SUB.W #xx:16, Rd
SUB.W Rs, Rd
SUB.L #xx:32, ERd
SUB.L ERs, ERd

SUBS SUBS #1/2/4, ERd

SUBX SUBX #xx:8, Rd
SUBX Rs, Rd

TRAPA TRAPA #x:2 Normal

Advanced

XOR XOR.B #xx:8, Rd
XOR.B Rs, Rd
XOR.W #xx:16, Rd
XOR.W Rs, Rd
XOR.L #xx:32, ERd
XOR.L ERs, ERd

NWRRNRR[NIN[RPRr[(PIPORNPR (MW

XORC XORC #xx:8, CCR 1

Notes: 1. nis the value set in register R4L or R4. The source and destination are accessed n + 1
times each.

2. Not available in the H8/3064F.
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Appendix B Internal 1/0 Registers

B.1 Addresses

Data .
Address Register Bus Bit Names
(Low) Name  width Bit7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Module Name
HEE000 P1DDR 8 P1,DDR P1,DDR P1DDR P1,DDR P1DDR P1,0DR P1DDR P1,DDR Port1
HEE001 P2DDR 8 P2,DDR P2,DDR P2DDR P2,DDR P2,DDR P2,0DR P2,DDR P2DDR Port2
HEE002 P3DDR 8 P3,DDR P3,DDR P3.DDR P3,0DR P3,DDR P3,DDR P3,DDR P3,DDR Port3
HEE003 P4DDR 8 P4DDR P4DDR P4DDR P4,DDR P4DDR P4,DDR P4 DDR P4,DDR Port4
HEE004 P5DDR 8 — — — — P5,DDR P5,DDR P5DDR P5DDR Port5
HEE005 P6DDR 8 — P6,DDR P6DDR P6,DDR P6,DDR P6,DDR P6DDR P6DDR Port6
HEE006 — — — — — — — — —
H'EE007 PSDDR 8 — — — P8,DDR P8,DDR P8,DDR P8DDR P8DDR Port8
HEE008 P9DDR 8 — — P9.DDR P9,DDR P9,DDR P9,DDR P9,DDR P9DDR Port9
HEE009 PADDR 8 PADDR PADDR PADDR PADDR PADDR PADDR PADDR PADDR PortA
HEEOOA PBDDR 8 PBDDR PBDDR PBDDR PBDDR PBDDR PBDDR PBDDR PBDDR PortB
HEEO0OB — — — — — — — — —
HEE00C — — — — — — — — —
HEEOOD — — — — — — — — —
HEEOOE — — — — — — — — —
HEEOOF — — — — — — — — —
HEE010 — — — — — — — — —
HEEO11 MDCR 8 — — — — — MDS2 MDS1 MDSO  System
HEE012 SYSCR 8 SSBY STS2 STS1  STSO  UE NMIEG SSOE RAME control
HEE013 BRCR 8 A23E  A22E  A2IE  A20E  — — — BRLE  Bus controller
HEE014 ISCR 8 — — IRQ5SC IRQ4SC IRQ3SC IRQ2SC IRQLSC IRQOSC Interrupt
H'EE015 IER 8 — — IRO5E  IRQ4E  IRQ3E IRQ2E IRQIE IRQOE controller
HEE016 ISR 8 — — IRQSF  IRQ4F  IRQ3F IRQ2F IRQLF  IRQOF
HEE017 — — — — — — — — —
HEEO18 IPRA 8 IPRA7 IPRA6 IPRA5 IPRA4 IPRA3 IPRA2 IPRAL IPRAO
HEEO19 IPRB 8 IPRB7 IPRB6 — — IPRB3 IPRB2 — —
HEEO1A DASTCR 8 — — — — — — — DASTE  DIA converter
HEEO1B DIVCR 8 — — — — — — DIVL  DIVO  System
HEE01C MSTCRH 8 PSTOP — — — — — MSTPH1 MSTPHo Ontro!
HEEOID MSTCRL 8 — — — MSTPL4 MSTPL3 MSTPL2 — MSTPLO
HEEOLIE ADRCR* 8 — — — — — — — ADRCTL Bus controller
HEEOIF CSCR 8 CS7E  CS6E CS5E  CS4E — — — —

Note: * The ADRCR register is provided only in the flash memory R version and mask ROM
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versions; it is not present in the flash memory version.
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Address
(Low)

Data
Bus
Width

Register
Name

Bit Names

Bit 7

Bit 6

Bit 5

Bit 4 Bit 3

Bit 2

Bit 1

Bit 0 Module Name

H'EE020

ABWCR 8

ABW7

ABW6

ABWS

ABW4  ABW3

ABW2

ABW1

ABWO Bus

H'EEO021

ASTCR

AST7

AST6

AST5

AST4 AST3

AST2

AST1

ASTO controller

H'EE022

WCRH

W71

W70

we1l

W60 W51

W50

w41

W40

H'EE023

WCRL

W31

W30

w21

W20 wil

W10

wo1

W00

H'EE024

© | | |

BCR

ICIS1

ICISO

*1 *1 *1

RDEA

WAITE

H'EE025

H'EE026 Reserved area (access prohibited)

H'EE027

H'EEO028

H'EE029

H'EEO2A

H'EE02B

H'EEO2C

H'EEO02D

H'EEO2E

H'EEO2F

H'EEO030

FLMCR** 8

FWE

SWE

ESU

PSU EV

PV

P Flash

H'EEO031

Reserved area (access prohibited)

memory**

H'EE032

EBR* 8

EB7

EB6

EB5

EB4 EB3

EB2

EB1

EBO

H'EEO33

Reserved area (access prohibited)

H'EE034

H'EE035

H'EE036

H'EEO037

H'EE038

H'EE039

H'EEO3A

H'EEO3B

H'EEO3C

P2PCR 8

P2.PCR

7

P2.,PCR

6

P2,PCR

P2,PCR P2,PCR

P2,PCR

P2,PCR

P2, PCR Port 2

H'EEO3D

H'EEO3E

P4PCR 8

P4,PCR

7

P4,PCR

6

P4,PCR

P4,PCR P4PCR

P4,PCR

P4 PCR

P4,PCR Port4

H'EEO3F

PSPCR 8

P5,PCR

P5,PCR

P5,PCR

P5,PCR Port5

Notes: 1. Writes to bits 5 to 3 of BCR are prohibited.

2. FLMCR and EBR are flash memory and flash memory R versions registers, and are not
provided in the mask ROM versions.

RENESAS
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Address
(Low)

Data
Register Bus

Name Width Bit7

Bit Names

Bit 6

Bit 5 Bit 4

Bit 3

Bit 2

Bit 1

Bit 0

Module
Name

H'EE040

H'EE041

H'EE042

H'EE043

H'EE044

H'EE045

H'EE046

H'EE047

H'EE048

H'EE049

H'EEO4A

H'EE04B

H'EE04C

H'EE04D

H'EEO4E

H'EEO4F

H'EE050

H'EE051

H'EE052

H'EE053

H'EE054

H'EE055

H'EE056

H'EE057

H'EE058

H'EE059

H'EEO5A

H'EEO5B

H'EEO5C

H'EEO5D

H'EEO5E

H'EEOSF
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Address
(Low)

Data
Register Bus

Name Width Bit7

Bit Names

Bit 6

Bit 5 Bit 4

Bit 3

Bit 2

Bit 1

Bit 0

Module
Name

H'EE060

H'EE061

H'EE062

H'EE063

H'EE064

H'EE065

H'EE066

H'EE067

H'EE068

H'EE069

H'EEOBA

H'EE06B

H'EE06C

H'EE06D

H'EEO6E

H'EEO6F

H'EEO070

H'EEO71

H'EE072

H'EE073

H'EE074

Reserved area (access prohibited)

H'EE075

H'EE076

H'EEO077

RAMCR* 8

RAMS

RAM2

RAM1

H'EE078

Reserved area (access prohibited)

H'EEO079

H'EEO7A

H'EEO7B

H'EEO7C

H'EEO7D

FLMSR* 8

FLER

H'EEO7E

H'EEO7F

H'EE080

H'EE081

Reserved area (access prohibited)

Flash
memory*

Note: * The RAMCR and FLMCR registers are used only in the flash memory and flash memory R
versions, and are not provided in the mask ROM versions.
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Data
Address Register Bus
(Low) Name Width Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Module Name

Bit Names

m Reserved area (access prohibited)
H'FFF21
H'FFF22
HFFF23
HFFF24
HFFF25
HFFF26
HFFF27
H'FFF28
H'FFF29
HFFF2A
HFFF2B
HFFF2C
H'FFF2D
HFFF2E
HFFF2F
HFFF30
H'FFF31
H'FFF32
HFFF33
HFFF34
HFFFS5
HFFF36
HFFFS7
H'FFF38
H'FFF39
HFFF3A
HFFF3B
HFFFSC
H'FFF3D
HFFFSE
H'FFF3F
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Address
(Low)

Data
Register Bus

Name Width Bit7

Bit Names

Bit 6

Bit 5 Bit 4

Bit 3

Bit 2

Bit 1

Bit 0

Module Name

H'FFF40

H'FFF41

H'FFF42

HFFF43

HFFF44

H'FFF45

H'FFF46

H'FFF47

H'FFF48

H'FFF49

H'FFF4A

H'FFF4B

HFFF4C

H'FFF4D

H'FFF4E

HFFF4F

H'FFF50

H'FFF51

H'FFF52

H'FFF53

H'FFF54

H'FFF55

H'FFF56

H'FFF57

H'FFF58

H'FFF59

H'FFF5A

H'FFF58

H'FFF5C

H'FFF5D

H'FFF5E

H'FFF5F

RENESAS
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Data

Address Register Bus Bit Names

(Low) Name Width Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Module Name
HFFF60 TSTR 8 — — — — — STR2 STRL STRO  16-bittimer,
HFFF6L TSNC 8 — — — — — SYNC2 SYNC1 synco (@ channels)
HFFF62 TMDR 8 — MDF  FDR  — - PWM2 PWML PWMO

HFFF63 TOLR 8 — — TOB2 TOA2 TOBL TOAlL TOBO TOAO

HFFF64 TISRA 8 — IMIEA2 IMIEAL IMIEAO — IMFA2  IMFAL  IMFAO

HFFF65 TISRB 8 — IMEB2 IMIEBL IMIEBO — IMFB2 IMFB1  IMFBO

HFFF66 TISRC 8 — OVIE2 OVIEL OVIE0 — OVF2 OVFL OVFO0

HFFF67

HFFF68 TCRO 8 — CCLRL CCLRO CKEGl CKEGO TPSC2 TPSC1 TPSCO 16-bit timer
HFFF69 TIORO 8 — I0B2  10B1  10BO  — I0OA2  I10AL  loap  channelO
HFFF6A TCNTOH 16

HFFF6B TCNTOL

HFFF6C GRAOH 16

HFFF6D GRAOL

HFFF6E GRBOH 16

HFFF6F GRBOL

HFFF70 TCR1 8 — CCLRL CCLRO CKEGl CKEGO TPSC2 TPSC1 TPSCO 16-bit timer
HFFF71 TIOR1 8 — IOB2  I10B1  I0BO  — I0A2  I10AL  1oa0  channell
HFFF72 TCNTIH 16

HFFF73 TCONTIL

HFFF74 GRAIH 16

HFFF75 GRAIL

HFFF76 GRBIH 16

HFFF77 GRBIL

HFFF78 TCR2 8 — CCLRL CCLRO CKEGl CKEGO TPSC2 TPSC1 TPSCO 16-bit timer
HFFF79 TIOR2 8 — I0B2 10B1  I0BO  — I0A2  I10AL  I0a0  channel2
HFFF7TA TCNT2H 16

HFFF7B TCNT2L

HFFF7C GRA2H 16

HFFF7D GRAZ2L

HFFF7E GRB2H 16

HFFF7F GRB2L
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Address
(Low)

Register
Name

Data
Bus
Width

Bit Names

Bit 7

Bit 6

Bit 5

Bit 4

Bit 3

Bit 2

Bit 1

Bit 0

Module Name

H'FFF80

TCRO

CMIEB

CMIEA

OVIE

CCLR1

CCLRO

CKS2

CKs1

CKSO0

8-bit timer

H'FFF81

TCR1

CMIEB

CMIEA

OVIE

CCLR1

CCLRO

CKS2

CKS1

CKSO0

channels 0

H'FFF82

TCSRO

CMFB

CMFA

OVF

ADTE

OIS3

0O1S2

0Os1

0So

H'FFF83

TCSR1

CMFB

CMFA

OVF

ICE

0OIS3

0IS2

0os1

0S0

H'FFF84

TCORAO

H'FFF85

TCORAL

H'FFF86

TCORBO

H'FFF87

TCORB1

H'FFF88

TCNTO

H'FFF89

TCNT1

0 |00 |0 |O (00 |00 [0 |0 | |

H'FFF8A

H'FFF8B

and 1

H'FFF8C

TCSR*

OVF

WTAT

H'FFF8D

TCNT*

H'FFF8E

H'FFF8F

RSTCSR*

WRST

RSTOE

WDT

H'FFF90

TCR2

CMIEB

CMIEA

OVIE

CCLR1

CCLRO

CKS2

CKS1

CKSO

8-bit timer

H'FFF91

TCR3

CMIEB

CMIEA

OVIE

CCLR1

CCLRO

CKS2

CKs1

CKSO0

channels 2

H'FFF92

TCSR2

CMFB

CMFA

OVF

OIs3

0olIs2

Os1

0S0

H'FFF93

TCSR3

CMFB

CMFA

OVF

ICE

OIS3

0O1S2

0Os1

0S0

H'FFF94

TCORA2

H'FFF95

TCORA3

H'FFF96

TCORB2

H'FFF97

TCORB3

H'FFF98

TCNT2

H'FFF99

TCNT3

Q |00 [CO |0 | |00 [00 |00 | CO |0 | O

H'FFF9A

H'FFF9B

and 3

H'FFFOC

DADRO

H'FFFOD

DADR1

H'FFFOE

DACR

8
8
8

DAOE1

DAOEO

DAE

H'FFFOF

8

D/A
converter

Note: * For write access to TCS
Access.

Legend:

WDT: Watchdog timer

RENESAS
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Data
Address Register Bus
(Low) Name Width Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Module Name

Bit Names

HFFFA0O TPMR 8 — — — — G3NOV G2NOV GINOV GONOV TPC

HFFFA1 TPCR G3CMS1 G3CMS0 G2CMS1 G2CMS0 G1CMS1 G1CMS0 GOCMS1 GOCMSO

H'FFFA2 NDERB NDER15 NDER14 NDER13 NDER12 NDER11 NDER10 NDER9 NDERS8

H'FFFA3 NDERA NDER7 NDER6 NDER5 NDER4 NDER3 NDER2 NDER1 NDERO

H'FFFA4 NDRB* NDR15 NDR14 NDR13 NDR12 NDR11 NDR10 NDR9 NDR8
NDR15 NDR14 NDR13 NDR12 — — — —

HFFFA5 NDRA* 8 NDR7 NDR6  NDR5 NDR4 NDR3  NDR2 NDR1 NDRO
NDR7 NDR6  NDR5 NDR4 — — — —

HFFFA6 NDRB* 8 — — — — — — — —
— — — — NDR11 NDR10 NDR9 NDR8

HFFFA7 NDRA* 8 — — — — — — — —
_ — — — NDR3 NDR2 NDR1  NDRO

HFFFA8 — — — — — — — — —

HFFFA9 — — — — — — — — —

HFFFAA — — — — — — — — —

HFFFAB — — — — — — — — —

HFFFAC — — — — — — — — —

HFFFAD — — — — — — — — —

HFFFAE — — — — — — — — —

HFFFAF — — — — — — — — —
HFFFBO SMR C/A CHR  PE OfE STOP  MP CKS1 CKSO  sCl

HFFFB1 BRR channel 0

HFFFB2 SCR TIE RIE TE RE MPIE TEIE CKE1 CKEO

HFFFB3 TDR

HFFFB4 SSR TDRE RDRF ORER FERERS PER TEND MPB MPBT

0 [0 |00 [0 |0 (0o

HFFFB5 RDR

HFFFB6 SCMR 8 — — — — SDIR SINV — SMIF

H'FFFB7 Reserved area (access prohibited)

HFFFB8 SMR 8 C/A CHR PE O/E STOP  MP CKs1 CKS0 SCI

H'FFFBY BRR channel 1
H'FFFBA SCR
H'FFFBB TDR
H'FFFBC SSR
H'FFFBD RDR
HFFFBE SCMR 8 — — — — SDIR  SINV. =~ — SMIF
H'FFFBF Reserved area (access prohibited)

Note: * The address depends on the output trigger setting.

TIE RIE TE RE MPIE TEIE CKE1 CKEO

TDRE RDRF  ORER FER PER TEND MPB MPBT

o [0 |0 |00 |

Legend:
TPC: Programmable timing pattern controller
SCIl:  Serial communication interface
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Address
(Low)

Register
Name

Data
Bus
Width Bit7

Bit Names

Bit 6

Bit 5

Bit 4

Bit 3

Bit 2

Bit 1

Bit 0

Module Name

H'FFFCO Reserved area (access prohibited)

HFFFCL

HFFFC2

HFFFC3

HFFFC4

H'FFFC5

HFFFC6

HFFFC7

H'FFFC8

HFFFC9

H'FFFCA

H'FFFCB

HFFFCC

H'FFFCD

H'FFFCE

HFFFCF

H'FFFDO

P1DR

P1

P1

P1

P1

P1

P1

Port 1

H'FFFD1

P2DR

P2

P2

P2

P2

P2

P2

Port 2

HFFFD2

P3DR

P3

P3

P3

P3

P3

P3

Port 3

H'FFFD3

P4DR

P4

P4

P4

P4

P4

P4

Port 4

H'FFFD4

P5DR

P5

P5

P5

P5

Port 5

HFFFD5

P6DR

P6

P6

P6

P6

P6

P6

Port 6

H'FFFD6

P7DR

P7

P7

4

P7

P7

P7

P7

Port 7

H'FFFD7

P8DR

P8

P8

P8

P8

P8

Port 8

HFFFD8

PODR

P9

P9

P9

P9

P9

P9

Port 9

H'FFFD9

PADR

PA,

PA,

PA,

PA.

PA

PA,

Port A

H'FFFDA

PBDR

0 | 0O | 0O | 0O | 0O 0O | OO |CO |[OO | OO | OO

PB

PB

PB

PB

PB

PB

Port B

HFFFDB

H'FFFDC

H'FFFDD

H'FFFDE

H'FFFDF

RENESAS
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Data

Address Register Bus Bit Names

(Low) Name Width Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Module Name
H'FFFEO ADDRAH 8 AD9 AD8 AD7 ADG6 AD5 AD4 AD3 AD2 AID
HFFFE1 ADDRAL 8 AD1  ADO  — — — — — — converter
H'FFFE2 ADDRBH 8 AD9 AD8 AD7 AD6 AD5 AD4 AD3 AD2

H'FFFE3 ADDRBL 8 AD1 ADO — — — — — —

H'FFFE4 ADDRCH 8 AD9 AD8 AD7 AD6 AD5 AD4 AD3 AD2

H'FFFES ADDRCL 8 AD1 ADO — — — — — —

H'FFFE6 ADDRDH 8 AD9 AD8 AD7 ADG6 AD5 AD4 AD3 AD2

H'FFFE7 ADDRDL 8 AD1 ADO — — —_ — — —

H'FFFE8 ADCSR 8 ADF ADIE ADST SCAN CKS CH2 CH1 CHO

H'FFFE9 ADCR 8 TRGE — — — — — — —
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B.2

Initial bit values —

Possible types of ~ —
access

R

Read only

W

Write only

R/W

Read and write

Functions

Name of on-chip
supporting module

Register abbreviation Address to which register
. is mapped
T Register name T
TIiER—Timer In{errupt Enable Register [ H"QOI FRT
{
Bit 7 6 5 4 3 2 1 0
= [ iciae | 1cise | icice [ ocipe] ociae] ocise | ovie | — |
Initial value 0 0 0 0 0 1 1 1
RIW: R/W RIW RIW RIW RIW RW RW ——

|

Timer overflow interrupt enable

0 |Interrupt requested by OVF flag is disabled

1 |Interrupt requested by OVF flag is enabled

Output compare interrupt B enable

0

Interrupt requested by OCFB flag is disabled

1

Interrupt requested by OCFB flag is enabled

Output compare interrupt A enable

0

Interrupt requested by OCFA flag is disabled

1

Interrupt requested by OCFA flag is enabled

Input capture interrupt D enable

0

Interrupt requested by ICFD flag is disabled

1

Interrupt requested by ICFD flag is enabled

RENESAS

Bit numbers

Names of the bits.
Dashes (—) indicate
reserved bits.

Full name of bit

Descriptions of
bit settings
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P1DDR—Port 1 Data Direction Register | HEE000 | Port 1

Bit 7 6 5 4 3 2 1 0
| P17DDR| P16DDR| P15DDR| P14DDR| P13DDR| P12DDR| P11DDR| PloDDR|

Initial value 1 1 1 1 1 1 1 1
Modes 110 4 { Read/write ~—— - — - — - — —

Initial value

0 0 0 0 0 0 0 0
Modes 5to 7 {Read/\Nrite w w w w W w w w

Port 1 input/output select

0 | Generic input

1 | Generic output

P2DDR—Port 2 Data Direction Register | HEE001 | Port2

Bit 7 6 5 4 3 2 1 0
| P27DDR| P26DDR| P25DDR| P24DDR| P23DDR| P22DDR| P21DDR| P20DDR‘

Initial value 1 1 1 1 1 1 1 1
Modes 110 4 § Read/write ~—— —_— —_— _ — — — —

o
o

Initial value 0

0 0 0 0
Modes 5to 7 {Read/Write w w w w w W w w

Port 2 input/output select

0 | Generic input

1 | Generic output
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P3DDR—Port 3 Data Direction Register ‘ H'EE002 ’ Port 3

Bit 7 6 5 4 3 2 1 0
| P37DDR| P36DDR| P35DDR| P34DDR| P33DDR| P32DDR| P31DDR| P30DDR|

Initial value 0 0 0 0 0 0 0 0
Read/Write w w w w w w w w
Port 3 input/output select
0 | Generic input
1 |Generic output
P4DDR—Port 4 Data Direction Register | HEE003 | Port 4
Bit 7 6 5 4 3 2 1 0

| F’47DDR| P46DDR| P45DDR| P44DDR| P43DDR| P42DDR| P41DDR| P40DDR|

Initial value 0 0 0 0 0 0 0 0
Read/Write W w W W W W W W

Port 4 input/output select

0 | Generic input

1 | Generic output
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PSDDR—Port 5 Data Direction Register | HEE004 | Port 5

Bit 7 6 5 4 3 2
| P53DDR| P52DDR| P51DDR| P50DDR|

Initial value 1 1 1 1 1 1 1 1
Modes 1 to 4 Read/Write o o o

Initial value 1 1 1 1 0 0 0 0
Modes 5 to 7 {Read/write e e e W w W W
Port 5 input/output select
0 | Generic input pin
1 | Generic output pin
P6DDR—Port 6 Data Direction Register | HEE005 | Port 6
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

Port 6 input/output select

0 | Generic input

1 | Generic output
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P8DDR—Port 8 Data Direction Register

\ H'EE007

’ Port 8

Bit 7 6 5 4

3

2 1

0

| —_— | —_— | — |P84DDR|P83DDR|P82DDR| P81DDR| P80DDR|

Initial value 1 1 1 1 0 0 0 0
Modes 1104 Readivriite ~— — — W w w w w
Initial value 1 1 1 0 0 0 0 0
Modes 5 to 7 {ReadNVrite - w w w w w
Port 8 input/output select
0 | Generic input
1 | Generic output
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PODDR—Port 9 Data Direction Register ‘ H'EE008 ‘ Port 9

Bit 7 6 5 4 3 2 1 0
| — | — |P95DDR| P94DDR| P93DDR| P92DDR| P91DDR| P90DDR|

Initial value 1 1 0 0 0 0 0 0
Read/Write — — N w w w w w w
Port 9 input/output select
0 | Generic input
1 | Generic output
PADDR—Port A Data Direction Register | HEE009 | PortA
Bit 7 6 5 4 3 2 1 0

’ PA7DDR‘ PAGDDR‘ PASDDR‘ PAADDR‘ PASDDR‘ PA2DDR‘ PA1DDR‘ PAODDR‘

Initial value 1
Modes 3, 4 { Read/write =~ ——

Modes {Initial value

so so
so so
so so
so so
so so
so so
so so

0
1, 2,5, 6,7 |Read/Write w

Port A input/output select

0 | Generic input

1 | Generic output

PBDDR—Port B Data Direction Register | HEE00A | PortB

Bit 7 6 5 4 3 2 1
| PB7DDR| PBsDDR| PBSDDR| PBADDR| PBsDDR| PBZDDR| PBlDDR| PBODDR|

Initial value 0 0 0 0 0 0 0 0
Read/Write W w w w w w w w

Port B input/output select

0 | Generic input

1 | Generic output
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MDCR—Mode Control Register ‘ H'EEO11 ‘ System control

Bit 7 6 5 4 3 2 1 0
| | | | | | MDS2 | MDSl| MDSO |

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

Mode select 2 to 0

Bit 2 Bit 1 Bit 0 .
! ! ! Operating Mode
MD2 MD1 MDo
0
0
1 Mode 1
0
1 0 Mode 2
1 Mode 3
0 Mode 4
0
1 1 Mode 5
0 Mode 6
1
1 Mode 7

Note: * Determined by the state of the mode pins (MD, to MDy).

587
RENESAS




SYSCR—System Control Register ‘ H'EE012 ‘ System control
Bit 6 5 4 3 2 1 0
’ SSBY ‘ STS2 ‘ STS1 ‘ STSO ‘ UE ‘ NMIEG‘ SSOE‘ RAME ‘
Initial value 0 0 0 1 0 0 1
Read/Write RIW RIW RIW RIW RIW RIW RIW

I
RAM enable
0 | On-chip RAM is disabled
1 On-chip RAM is enabled

Software standby output port enable

In software standby mode,
all address bus and bus
control signals are high-
impedance

In software standby mode,
address bus retains output
1 |state and bus control
signals are fixed high

NMI edge select

0

An interrupt is requested at the falling edge of NMI

1

An interrupt is requested at the rising edge of NMI

User bit enable

0 CCR bit 6 (Ul) is used as an interrupt mask bit
1 CCR bit 6 (Ul) is used as a user bit
Standby timer select 2 to 0
Bit 6 Bit5 Bit 4 Standby Timer
STS2 | STS1 | STSO
0 Waiting Time = 8,192 states
0 0 1 Waiting Time = 16,384 states
0 Waiting Time = 32,768 states
! 1 | Waiting Time = 65,536 states
0 Waiting Time = 131,072 states
1 0 1 Waiting Time = 26,2144 states
1 0 Waiting Time = 1,024 states
1 lllegal setting

Software standby

0

SLEEP instruction causes transition to sleep mode

1

SLEEP instruction causes transition to software standby mode
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BRCR—Bus Release Control Register ‘ H'EE013 ‘ Bus controller
Bit 7 6 5 4 3 2 1 0
| A23E | A22E | A21E | A20E | — | e | — | BRLE |
Modes Initial value 1 1 1 1 1 1 1 0
1,2,6,7 | Read/Write = —— e e o e o e R/W
Modes Initial value 1 1 1 0 1 1 1 0
3,4 Read/Write R/W R/W R/W —_— —_— —_— —_— R/W
Mode 5 Initial value 1 1 1 1 1 1 1 0
Read/Write R/W R/W R/W R/W —_— e —_— R/W
Address 23 to 20 enable Bus release enable
0 |Address output The bus cannot be
- 0 |released to an
1 | Other input/output external device
The bus can be
1 |released to an
external device
ISCR—IRQ Sense Control Register ‘ H'EEO014 ’ Interrupt Controller
Bit 7 6 5 4 3 2 1 0
| E— | E— | IRQSSC| IRQ4SC| IRQ3SC| IRQZSC| IRQlSC| 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

IRQs to IRQo sense control
0
1

Interrupts are requested when IRQs to IRQo are low

Interrupts are requested by falling-edge input at TRQs to TRQo
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IER—IRQ Enable Register ‘ H'EE015 ‘ Interrupt Controller

Bit 7 6 5 4 3 2 1 0
| —_— | — | IRQ5E | IRQ4E| IRQ3E | IRQ2E | IRQ1E| IRQOE ‘

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

IRQs to IRQo enable
0 |IRQsto IRQo interrupts are disabled

1 | IRQs to IRQo interrupts are enabled

ISR—IRQ Status Register ‘ H'EEO16 ’ Interrupt Controller

Bit 7 6 5 4 3 2 1 0
’ — ‘ — ‘ IRQSF‘ IRQ4F‘ IRQ3F‘ IRQZF‘ IRQlF‘ IRQOF‘

Initial value 0 0 0 0 0 0 0 0
Read/Write =~ —— —_— R/(W)*  R/(W)* R/(W)* R/(W)* R/(W)* R/(W)*

IRQ5 to IRQO flags
Bits 5to 0
IRQ5F to IRQOF

Setting and Clearing Conditions

[Clearing conditions]
* Read IRQnF when IRQnF = 1, then write 0 in IRQNF.
* IRQNSC =0, IRQn input is high, and interrupt exception

0
handling is being carried out.
« IRQNSC =1 and IRQn interrupt exception handling is being
carried out.
[Setting conditions]
1 * IRQNSC =0 and IRQn input is low.

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

(n=5t00)

Note: * Only 0 can be written to clear the flag.
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IPRA—Interrupt Priority Register A ’ H'EE018 ‘ Interrupt Controller

Bit 7 6 5 4 3 2 1 0
’ IPRA7 ‘ IPRAG ‘ IPRAS ‘ IPRA4‘ IPRA3 ‘ IPRAZ‘ IPRAl‘ IPRAO ‘

Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/IW R/IW R/IW R/W R/W RW R/W

|

Priority level A7 to AO
0 | Priority level O (low priority)

1 | Priority level 1 (high priority)

« Interrupt sources controlled by each bit

Bit Bit 7 Bit 6 Bit5 Bit4 Bit 3 Bit 2 Bit 1 Bit 0
i
IPRA7 IPRA6 | IPRA5 | IPRA4 IPRA3 IPRA2 IPRA1 IPRAO
PR IRQo IRQ1 IRQ2, IRQ4, |WDT, 16-bit 16-bit 16-bit
Interrupt IRQ3 IRQs A/D con- [timer timer timer
source verter channel 0| channel 1|channel 2
IPRB—Interrupt Priority Register B ’ H'EEO019 ‘ Interrupt Controller
Bit 7 6 5 4 3 2 1 0
| IPRB7 | IPRB6 | | | IPRB3 | IPRB2 | | |
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/IW
—l— —l—

Priority level B7, B6, B3, and B2

0 | Priority level O (low priority)

1 | Priority level 1 (high priority)

« Interrupt sources controlled by each bit

Bit Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
IPRB7 IPRB6 IPRB3 IPRB2
IPRB 8-bit timer|8-bit timer SCI SCI
Interrupt| .- nels lchannels channel 0 |channel 1
source
Oand1 |[2and3
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DASTCR—D/A Standby Control Register H'EEO1A D/IA

Bit 7 6 5 4 3 2 1 0
| — |l — [ — [ —— [ — ] — [oasre]
Initial value 1 1 1 1 1 1 1 0
Read/Write R/W
D/A standby enable

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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DIVCR—Division Control Register ‘ H'EEO1B ‘ System control
Bit 7 6 5 4 3 2 1 0
— T —] | o | owo |
Initial value 1 1 1 1 1 1 0 0
Read/Write R/W R/W

Division ratio bits 1 and 0

Bit 1 Bit 0
! ! Frequency Division Ratio
DIV1 DIVO
0 11 (Initial value)
0
1 1/2
0 1/4
1
1 1/8

RENESAS
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MSTCRH—Module Standby Control Register H ‘ H'EEOL1C ‘ System control

Bit 7 6 5 4 3 2 1 0

| PSTOP | —_— | —_— | —_— | —_— | —_— | MSTPH:L| MSTPHO|
Initial value 0 1 1 1 1 0 0 0
Read/Write R/W —_ —_— —_ —_— R/W R/W R/W

Module standby H1 to HO
Selection bits for placing modules
in standby state.

Reserved bits

@clock stop
Enables or disables g clock output.

MSTCRL—Module Standby Control Register L ‘ H'EEO1D ‘ System control
Bit 7 6 5 4 3 2 1 0
| — | — | — | MSTPL4| MSTPL3| MSTPL2 | — | MSTPLO|
Initial value 0 0 0 0 0 0 0 0
Read/Write RIW R/W R/W R/W R/W R/IW R/W RIW

Module standby L4 to L2, LO
Selection bits for placing modules
in standby state.

Reserved bits
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ADRCR—Address Control Register ‘ H'EEO1E ’ Bus controller

Bit 7 6 5 4 3 2 1 0
-1 -1 -1 =1 =1 =1 = [aren]

Initial value 1 1 1 1 1 1 1 1

Read/Write — — — — — — — R/W
Reserved bits Address control

Selects address update
mode 1 or address
update mode 2.

ADRCTL Description
0 Address update mode 2 is selected
1 Address update mode 1 is selected (Initial value)

Note: * This register is used only in the flash memory R version and mask ROM version.

CSCR—Chip Select Control Register ‘ H'EEO1F ’ Bus controller

Bit 7 6 5 4 3 2 1 0
[osre [ osee [ osse [ ose | — | — | | |

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

Bit n .
Description
CSnE
0 Output of chip select signal CSn is disabled (Initial value)
1 Output of chip select signal CSn is enabled
(n=7to4)
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ABWCR—Bus Width Control Register ‘ H'EE020 ‘ Bus controller

Bit 7 6 5 4 3 2 1
| ABW7 | ABW6 | ABW5| ABW4 | ABW3 | ABW2 | ABW1| ABWO |

Modes 1, 3, 5, 6, 7 Initial value 1 1
Modes 2, 4 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

Area 7 to 0 bus width control

Bits 7 to 0
ABW7 Bus Width of Access Area
to ABWO
0 Areas 7 to 0 are 16-bit access areas
1 Areas 7 to O are 8-bit access areas
ASTCR—Access State Control Register ‘ H'EEO021 ‘ Bus controller
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

Area 7 to 0 access state control

Bits 7to 0
AST7 Number of States in Access Area
to ASTO
0 Areas 7 to 0 are two-state access areas
1 Areas 7 to 0 are three-state access areas
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WCRH—Wait Control Register H ‘ H'EE022 ’ Bus controller

Bit 7 6 5 4 3 2 1 0
’ w71 ‘ W70‘ W61‘ WGO‘ W51‘ WSO‘ 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

|

Area 4 wait control 1 and 0

0 | No program wait is inserted
0 1 | 1 program wait state is inserted

0 | 2 program wait states are inserted
! 1 | 3 program wait states are inserted

Area 5 wait control 1 and 0

0 | No program wait is inserted

0 1 | 1 program wait state is inserted

1 0 | 2 program wait states are inserted
1 | 3 program wait states are inserted

Area 6 wait control 1 and 0

0 | No program wait is inserted

0 1 | 1 program wait state is inserted

1 0 | 2 program wait states are inserted
1 | 3 program wait states are inserted

Area 7 wait control 1 and 0

0 | No program wait is inserted

0 1 | 1 program wait state is inserted

1 0 | 2 program wait states are inserted
1 | 3 program wait states are inserted
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WCRL—Wait Control Register L ‘ H'EE023 ‘ Bus controller
Bit 7 6 5 4 3 2 1 0
| w31 | w30 | w21 | w20 | w11 | w10 | wo1 | W00 |
Initial value 1 1 1 1 1 1 1 1
Read/Write ~ R/W RIW RIW RIW RIW RIW RIW RIW

Area 0 wait control 1 and 0

0 [No program wait is inserted
0 1 |1 program wait state is inserted

0 |2 program wait states are inserted
. 1 |3 program wait states are inserted

Area 1 wait control 1 and 0

No program wait is inserted

1 program wait state is inserted

2 program wait states are inserted

3 program wait states are inserted

Area 2 wait control 1 and 0

0 [No program wait is inserted
0 1 |1 program wait state is inserted

0 |2 program wait states are inserted
. 1 |3 program wait states are inserted

Area 3 wait control 1 and 0

0 [No program wait is inserted
0 1 |1 program wait state is inserted

0 |2 program wait states are inserted
. 1 |3 program wait states are inserted
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BCR—Bus Control Register

‘ H'EE024 ‘ Bus controller

Bit 7 6 5 4 3 2 1 0

| ICIS1 | ICISO | — — | — | — | RDEA | WAITE |
Initial value 1 1 0* o* 0* 1 1 0
Read/Write R/W R/W R/W R/W

Idle cycle insertion 0

Wait pin enable

0 | WAIT pin wait input is disabled

1 | WAIT pin wait input is enabled

Area division unit select

0 |[Areadivisions are as follows:
Area0: 2 MB  Area 4: 1.93 MB
Areal:2 MB Areab5: 4 kB
Area2: 8 MB  Area 6: 23.75 kB
Area3:2MB Area7:22B

1 |Areas 0to 7 are the same size

(2 MB)

0 |[Noidle cycle is inserted in case of consecutive external read and write cycles

1 |Idle cycle is inserted in case of consecutive external read and write cycles

Idle cycle insertion 1

0 |[Noidle cycle is inserted in case of consecutive external read cycles for different areas

1 |lIdle cycle is inserted in case of consecutive external read cycles for different areas

Note: * These bits can be read and written, but must not be set to 1. Normal operation cannot be
guaranteed if 1 is written in these bits.

RENESAS
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FLMCR1—Flash Memory Control Register 1 ‘ H'EE030 ’ Flash Memory
Bit 7 6 5 4 3 2 0
| FWE | SWE | ESU PSU | EV | PV | E | P |
Modes 1to  Initial value 0 0 0 0 0 0 0 0
4,and 6 Read/Write R R/W RIW RIW RIW R/IW RIW RIW
Modes 5 Initial value 1/0 0 0 0 0 0 0 0
and 7 Read/Write R R/W RIW RIW RIW R/IW RIW RIW

— ]

Program mode

0 [Program mode cleared (Initial value)

1 |Transition to program mode
[Setting condition]
When FWE =1, SWE=1,and PSU =1

Erase mode

0 |[Erase mode cleared (Initial value)

1 | Transition to erase mode
[Setting condition]

When FWE =1, SWE =1, and ESU =1

Program-verify mode

0 | Program-verify mode cleared (Initial value)

1 | Transition to program-verify mode
[Setting condition]
When FWE =1 and SWE = 1

Erase-verify mode

0

Erase-verify mode cleared (Initial value)

1

Transition to erase-verify mode
[Setting condition]
When FWE =1 and SWE = 1

Program setup

0 | Program setup cleared (Initial value)

1 |Program setup
[Setting condition]
When FWE = 1 and SWE = 1

Erase setup

0 |Erase setup cleared (Initial value)

1 |Erase setup
[Setting condition]

When FWE =1 and SWE = 1

Software write enable bit

0

Write/erase disabled (Initial value)

1

Write/erase enabled
[Setting condition]
When FWE =1

Flash write enable bit

0 [When a low level is input to the FWE pin (hardware protection state)

1 | When a high level is input to the FWE pin

Note: This register is used only in the flash memory and flash memory R versions.
Reading the corresponding address in a mask ROM version will always return

1s, and writes to this address are disabled.

Fix the FWE pin low in mode 6.
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FLMCR2—Flash Memory Control Register 2 ‘ H'EE031 ‘ Flash Memory

Bit 7 6 5 4 3 2 1 0
(rer| = | - [ -] -] -] -1]-]
Initial value 0 0 0 0 0 0 0 0

Read/Write R — — — —

Reserved
Flash memory error
EBR1—Erase Block Register 1 ‘ H'EE032 ‘ Flash Memory
Bit 7 6 5 4 3 2 1 0
| EB7 | EB6 | EB5S | EB4 | EB3 | EB2 | EB1 | EBO |
Modes 1to Initial value 0 0 0 0 0 0 0 0
4, and 6 Read/Write R R/W R/W R/W R/W R/W R/W R/W
Modes 5 Initial value 0 0 0 0 0 0 0 0
to7 Read/Write R R/W R/W R/W R/W R/W R/W R/W
Block 7to 0

0 | Block EB7 to EBO is not selected (Initial value)
1 | Block EB7 to EBO is selected

Note: When not erasing flash memory, EBR should be cleared to H'00.

Note: This register is used only in the flash memory and flash memory R versions. Reading the
corresponding address in a mask ROM version will always return 1s, and writes to this
address are disabled.
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EBR2—Erase Block Register 2 ‘ H'EE033 ‘ Flash Memory

Bit 7 6 5 4 3 2 1 0
|_ | _ | _ | —|EBll|EBlO| EBQ|EBS|

Modes 1 Initial value 0 0 0 0 0 0 0 0
to4,and 6 Read/Write R R R R R R R R
Modes Initial value 0 0 0 0 0 0 0 0
57 Read/Write R/W R/W R/W R/IW R/IW R/W R/W R/W

Blocks 13to 8
0 | Block from EB13 to EB8 not selected  (Initial value)

1 |[Block from EB13 to EB8 selected

Note: When not performing an erase, clear the EBR bits to H'00.
In mode 6, a value of 1 cannot be set in this register.

P2PCR—Port 2 Input Pull-Up Control Register | HEE03C | Port 2

Bit 7 6 5 4 3 2 1 0
| P27PCR| P26PCR| P25PCR| P24PCR| P23PCR| P22PCR| P21PCR| P20PCR|

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 control 7 to 0

0 | Input pull-up transistor is off

1 |Input pull-up transistor is on

Note: Valid when the corresponding P2DDR bit is cleared to 0
(designating generic input).
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IOSCR1—I/O Size Control Register 1 H'EE038 Port

TBD

IOSCR2—I/O Size Control Register 2 H'EE039 Port
TBD

OSCCR—Oscillation Control Register H'EEOQ3A Port
TBD
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P4PCR—Port 4 Input Pull-Up Control Register | HEEO3E | Port4
Bt 7 6 5 4 3 2 1 0
| P47PCR| P46PCR| P45PCR| P44PCR| P43PCR| P42PCR| P41PCR| P40PCR|
Initial value 0 0 0 0 0 0 0 0
. R/W R/W R/W R/W R/W R/W R/W R/W
Read/Write

Port 4 input pull-up control 7 to 0

0 | Input pull-up transistor is off

1 | Input pull-up transistor is on

Note: Valid when the corresponding P4DDR bit is cleared to O
(designating generic input).

PSPCR—Port 5 Input Pull-Up Control Register | HEEO3F | Port 5
Bit 7 6 5 4 3 2 1 0
| | | | P53PCR| P52PCR| P51PCR| P50PCR|
Initial value 1 1 1 1 0 0 0 0
Read/Write R/W R/W R/W R/W

Port 5 input pull-up control 3 to 0

0 | Input pull-up transistor is off

1 |Input pull-up transistor is on

Note: Valid when the corresponding PSDDR bit is
cleared to 0 (designating generic input).
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RAMCR—RAM Control Register | HEE077 | Flash Memory

Bit 7 6 5 4 3 2 1 0
| — ‘ — ‘ — ‘ — ‘RAMS‘RAMZ‘RAMl‘ — |

Modes Initial value 1 1 1 1 0 0 0 1
1to 4 R/W — — — — R R R —
Modes Initial value 1 1 1 1 0 0 0 1
5t07 R/W — — — — R/W* R/W* R/W* —

| T

Reserved bits

RAM select, RAM2, RAM1

Bit3 | Bit2 | Bitl .
RAM Area RAM Emulation Status
RAMS| RAM2| RAM1
0 0/1 | 0/1 H'FFF000 to H'FFF3FF No emulation
1 0 0 H'000000 to H'0003FF Mapping RAM

1 H'000400 to H'0007FF

1 0 H'000800 to H'000BFF

1 H'000C00 to H'000FFF

Note: * In mode 6 (single-chip normal mode), flash memory emulation by RAM is not
supported; these bits can be modified, but must not be set to 1.

Note: This register is used only in the flash memory and flash memory R versions. Reading the
corresponding address in a mask ROM version will always return 1s, and writes to this
address are disabled.
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TSTR—Timer Start Register ‘ H'FFF60 ‘ 16-bit timer (all channels)

Bit 7 6 5 4 3 2 1 0
| — | — | — | = | — |stre|str|sTrO|

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

Reserved

Counter start 0
0 TCNTO is halted (Initial value)
1 TCNTO is counting

Counter start 1
0 TCNT1 is halted (Initial value)
1 TCNT1 is counting

Counter start 2
0 TCNT2 is halted (Initial value)
1 TCNT2 is counting
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TSNC—Timer Synchro Register ‘ H'FFF61 ’ 16-bit timer (all channels)

Bit 7 5 4 3 2 1 0
[ = ] — | — | — [svnca|svnct|svnoo]
Initial value 1 1 1 1 0 0 0
Read/Write — — — — R/W R/W R/W
Reserved
|
Timer sync 0
0 Channel 0 timer counter (TCNTO) operates
independently (TCNTO presetting/clearing is
independent of other channels) (Initial value)
1 Channel 0 operates synchronously
Synchronous presetting/synchronous clearing
of TCNTO is possible
Timer sync 1
0 Channel 1 timer counter (TCNT1) operates
independently (TCNT1 presetting/clearing is
independent of other channels) (Initial value)
1 Channel 1 operates synchronously
Synchronous presetting/synchronous clearing
of TCNTL1 is possible
Timer sync 2

0 Channel 2 timer counter (TCNT2) operates
independently (TCNT2 presetting/clearing is
independent of other channels) (Initial value)

1 Channel 2 operates synchronously
Synchronous presetting/synchronous clearing
of TCNT2 is possible
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TMDR—Timer Mode Register ‘ H'FFF62 ‘ 16-bit timer (all channels)

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 0

0 Channel 0 operates normally  (Initial value)

1 Channel 0 operates in PWM mode

PWM mode 1

0 Channel 1 operates normally  (Initial value)

1 Channel 1 operates in PWM mode

PWM mode 2

0 Channel 2 operates normally  (Initial value)

1 Channel 2 operates in PWM mode

Flag direction

0 OVFis setto 1in TISRC when TCNT2
overflows or underflows (Initial value)
OVFis setto 1in TISRC when TCNT2

1 overflows

Phase counting mode

0 Channel 2 operates normally (Initial value)

1 Channel 2 operates in phase counting mode
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TOLR—Timer Output Level Setting Register ‘ H'FFF63 ‘ 16-bit timer (all channels)

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

Output level setting A0
0 | TIOCAQisO

1 TIOCAO is 1

(Initial value)

Output level setting BO
0 TIOCBOis O

(Initial value)

1 TIOCBO is 1

Output level setting Al

0

TIOCAlis O

(Initial value)

1

TIOCAlis 1

Output level setting B1
0 | TIOCBlisO

1 TIOCBlis 1

(Initial value)

Output level setting A2

0

TIOCA2is 0

(Initial value)

1

TIOCA2is 1

Output level setting B2

0

TIOCB2is 0

(Initial value)

1

TIOCB2is 1
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TISRA—Timer Interrupt Status Register A ‘ H'FFF64 ‘ 16-bit timer (all channels)

Bit: 7 6 5 4 3 2 1 0
[ — [mea2imear]imieso] — [imra2[iMFAL[IMFAO]

Initial value: 1 0 0 0 1 0 0 0

ReadWrite:  — RMW_ RW_  RW  —  RIW)* RIW)* RIW)*

T ] ‘

T
Input capture/compare match flag AO

0 [Clearing conditions] (Initial value)
Read IMFAO when IMFAO=1, then write 0 in IMFAO
[Setting conditions]
« TCNTO=GRAO when GRAO functions as an output compare register.

1

« TCNTO value is transferred to GRAO by an input capture signal when
GRAO functions as an input capture register.

Input capture/compare match flag A1

0 [Clearing conditions] (Initial value)
Read IMFA1 when IMFA1=1, then write 0 in IMFA1
[Setting conditions]
« TCNT1=GRA1 when GRAL functions as an output compare register.

1

« TCNT1 value is transferred to GRA1 by an input capture signal when
GRAL1 functions as an input capture register.

Input capture/compare match flag A2

0 [Clearing conditions] (Initial value)
Read IMFA2 when IMFA2=1, then write 0 in IMFA2
[Setting conditions]
« TCNT2=GRA2 when GRAZ2 functions as an output compare register.

1

* TCNT2 value is transferred to GRA2 by an input capture signal when
GRAZ2 functions as an input capture register.

Input capture/compare match interrupt enable AO
0 | IMIAO interrupt requested by IMFAO flag is disabled (Initial value)
1 | IMIAO interrupt requested by IMFAO is enabled

Input capture/compare match interrupt enable A1
0 | IMIAL interrupt requested by IMFAL1 flag is disabled (Initial value)
1 | IMIAY1 interrupt requested by IMFAL is enabled

Input capture/compare match interrupt enable A2
0 | IMIA2 interrupt requested by IMFA2 flag is disabled (Initial value)
1 | IMIA2 interrupt requested by IMFA2 is enabled

Note: * Only 0 can be written to clear the flag.
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TISRB—Timer Interrupt Status Register B ‘ H'FFF65 ’ 16-bit timer (all channels)
Bit: 7 6 5 4 3 2 1 0
[ — [mies2)imieBi|imieBo] — [imFB2][IMFB1]IMFBO]
Initial value: 1 0 0 0 1 0 0 0
ReadWrite: ~— RW RW RW  — RAW)* RIW)* RIW)*

I ‘ ‘ ‘

T
Input capture/compare match flag BO

[Clearing condition]

(Initial value)

functions as an input capture register.

0

Read IMFBO when IMFB0=1, then write 0 in IMFBO.

[Setting conditions]

TCNTO0=GRBO0 when GRBO functions as an output compare register.
1

TCNTO value is transferred to GRBO by an input capture signal when GRBO

Input capture/compare match flag B1

0 [Clearing condition] (Initial value)
Read IMFB1 when IMFB1=1, then write 0 in IMFB1.
[Setting conditions]
« TCNT1=GRB1 when GRBL1 functions as an output compare register.

1

* TCNT1 value is transferred to GRB1 by an input capture signal when
GRBL1 functions as an input capture register.

Input capture/compare match flag B2

0 [Clearing condition] (Initial value)
Read IMFB2 when IMFB2=1, then write 0 in IMFB2.
[Setting conditions]
* TCNT2=GRB2 when GRB2 functions as an output compare register.

1

GRB2 functions as an input capture register.

* TCNT2 value is transferred to GRB2 by an input capture signal when

Input capture/compare match interrupt enable BO

0

IMIBO interrupt requested by IMFBO flag is disabled

(Initial value)

1

IMIBO interrupt requested by IMFBO is enabled

Input capture/compare match interrupt enable B1

0 | IMIB1 interrupt requested by IMFBL flag is disabled

(Initial value)

1 | IMIB1 interrupt requested by IMFB1 is enabled

Input capture/compare match interrupt enable B2

0

IMIB2 interrupt requested by IMFB2 flag is disabled

(Initial value)

1

IMIB2 interrupt requested by IMFB2 is enabled

Note : * Only 0 can be written to clear the flag.
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TISRC—Timer Interrupt Status Register C ‘ H'FFF66

‘ 16-bit timer (all channels)

Bit: 7 6 5 4 3 2 1 0
| — |oviez|ovier|ovieo| — [ovr2|ovr1 |ovro |
Initial value: 1 0 0 0 1 0 0 0
Read/Write: — RIW R/W R/W —  RI(W)* RI(W)* RI(W)*
T [ |
I
Overflow flag 0
0 [Clearing condition] (Initial value)
Read OVFO when OVFO = 1, then write 0 in OVFO.
1 [Setting condition]
TCNTO overflowed from H'FFFF to H'0000.
Overflow flag 1
0 [Clearing condition] (Initial value)
Read OVF1 when OVF1 = 1, then write 0 in OVF1.
1 [Setting condition]
TCNT1 overflowed from H'FFFF to H'0000.
Overflow flag 2
0 [Clearing condition] (Initial value)
Read OVF2 when OVF2 = 1, then write 0 in OVF2.
[Setting condition]
1 | TCNT2 overflowed from H'FFFF to H'0000, or underflowed from H'0000
to HFFFF.

Overflow interrupt enable 0

0 | OVIO interrupt requested by OVFO flag is disabled

(Initial value)

1 | OVIO interrupt requested by OVFO flag is enabled

Overflow interrupt enable 1

0 | OVI1 interrupt requested by OVF1 flag is disabled

(Initial value)

1 | OVI1 interrupt requested by OVF1 flag is enabled

Overflow interrupt enable 2

0 | OVI2 interrupt requested by OVF2 flag is disabled

(Initial value)

1 | OVI2 interrupt requested by OVF2 flag is enabled

Note : * Only O can be written to clear the flag.
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TCRO—Timer Control Register 0 ‘ H'FFF68 ‘ 16-bit timer channel 0

Bit 7 6 5 4 3 2
| - | 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 2 to 0
Bit 2 Bit 1 Bit 0 -
Description
TPSC2 TPSC1 TPSCO
0 0 Internal clock : @ (Initial value)
0 1 Internal clock : g/ 2
1 0 Internal clock : @/ 4
1 Internal clock : /8
0 0 External clock A : TCLKA input
1 1 External clock B : TCLKB input
1 0 External clock C : TCLKC input
1 External clock D : TCLKD input
Clock edge 1 and 0
Bit 4 Bit 3 L
Description
CKEG CKEGO
0 0 Rising edges counted (Initial value)
0 1 Falling edges counted
1 — Both edges counted
Counter clear 1 and 0
Bit 6 Bit 5 e
Description
CCLR1 CCLRO
0 0 TCNT is not cleared (Initial value)
1 TCNT is cleared by GRA compare match or input capture
1 0 TCNT is cleared by GRB compare match or input capture
Synchronous clear : TCNT is cleared in synchronization with other
! synchronized timers
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TIORO—Timer I/O Control Register 0 ‘ H'FFF69 ‘ 16-bit timer channel 0

Bitt 7 6 5 4 3 2 1 0
| — |ioB2 1081 [10B0 | — |10A2 [I10A1 |I10AO |
Initial value: 1 0 0 0 1 0 0 0
Read/Write: — RW  RW RW — RIW RW R/W

1/ O control A2 to A0

Bit 2 Bit 1 Bit 0 .
Description
10A2 I0A1 10A0
0 0 GRA is an output No output at compare match  (Initial value)
1 compare register 0 output at GRA compare match
0 0 1 output at GRA compare match
1 1 Output toggles at GRA compare match
(1 output on channel 2)
0 0 GRA is an input GRA captures rising edges of input
1 1 capture register GRA captures falling edges of input
1 0 GRB captures both edges of input
1

I/ O control B2 to BO

Bit 6 Bit 5 Bit 4 L
Description
10B2 10B1 I0BO
0 0 GRB is an output No output at compare match  (Initial value)
1 compare register 0 output at GRB compare match
0 0 1 output at GRB compare match
1 1 Output toggles at GRB compare match
(1 output on channel 2)
0 0 GRB is an input GRB captures rising edges of input
1 1 capture register GRB captures falling edges of input
1 0 GRB captures both edges of input
1
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TCNTO H/L—Timer Counter 0 H/L ‘ H'FFF6A, H'FFF6B \ 16-bit timer channel 0

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 0 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W RW R/W R/W RW R/W R/W R/W RW R/W R/W R/W R/W

Up - counter

GRAO H/L—General Register A0 H/L ‘ H'FFF6C, H'FFF6D ‘ 16-bit timer channel 0

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 RW R/W R/W R/W RW R/W R/W R/W R/W

Output compare or input capture register

GRBO H/L—General Register BO H/L ‘ H'FFF6E, H'FFF6F ‘ 16-bit timer channel 0

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 RW R/W R/W RW R/W RW R/W R/W

Output compare or input capture register
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TCR1 Timer Control Register 1 ‘ H'FFF70 ‘ 16-bit timer channel 1

Bit 7 6 5 4 3 2 1 0
| — |CCLR1 |CCLRO |CKEG1 |CKEGO |TPSCZ |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

*Bit functions are the same as for 16-bit timer channel 0.

TIOR1—Timer I/O Control Register 1 ‘ H'FFF71 ’ 16-bit timer channel 1
Bit 7 6 5 4 3 2 1 0
| — | 10B2 | 10B1 | 10BO | — | I0A2 | IOAl | I0AO0 |
Initial value 1 0 0 0 1 0 0 0
Read/Write — R/W R/W R/W — R/W R/W R/W

*Bit functions are the same as for 16-bit timer channel 0.

TCNT1 H/L—Timer Counter 1 H/L ‘ H'FFF72, H'FFF73 ’ 16-bit timer channel 1

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 0 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 RW R/W RW R/W R/W R/W R/W

*Bit functions are the same as for 16-bit timer channel 0.
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GRAL1 H/L—General Register A1 H/L ‘ H'FFF74, H'FFF75 ‘ 16-bit timer channel 1

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 RW R/W R/W RW R/W R/W R/W RW R/W R/W R/W R/W

*Bit functions are the same as for 16-bit timer channel 0.

GRB1 H/L—General Register B1 H/L ‘ H'FFF76, H'FFF77 ‘ 16-bit timer channel 1

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 RW RW RW R/W RW R/W R/W R/W R/W

*Bit functions are the same as for 16-bit timer channel 0.

TCR2 Timer Control Register 2 ‘ H'FFF78 ‘ 16-bit timer channel 2

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

*Bit functions are the same as for 16-bit timer channel 0.

Note : When phase counting mode is selected in channel 2, the settings of bits
CKEG1 and CKEGO and TPSC2 to TPSCO in TCR2 are ignored.
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TIOR2—Timer I/O Control Register 2 ‘ H'FFF79 ‘ 16-bit timer channel 2

Bit 7 6 5 4 3 2 1 0
| — | 10B2 | 10B1 | 10BO | — | I0A2 | I0A1 | I0OAOQ |
Initial value 1 0 0 0 1 0 0 0
Read/Write — R/W R/W R/W — R/W R/W R/W

*Bit functions are the same as for 16-bit timer channel 0.

16TCNT2 H/L—Timer Counter 2 H/L ‘ H'FFF7A, H'FFF7B ’ 16-bit timer channel 2

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 0 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 RW R/W R/W R/W R/W

Phase counting mode : up / down counter
Other mode : up - counter

GRA2 H/L—General Register A2 H/L ‘ H'FFF7C, H'FFF7D ’ 16-bit timer channel 2

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 RW R/W RW R/W R/W R/W R/W

*Bit functions are the same as for 16-bit timer channel 0.
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GRB2 HIL—General Register B2 HIL ‘ H'FFF7E, H'FFF7F \ 16-bit timer channel 2

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 RW R/W R/W RW R/W R/W R/W RW R/W R/W R/W R/W

*Bit functions are the same as for 16-bit timer channel 0.

619
RENESAS




8TCRO—Timer Control Register 0 H'FFF80 8-bit timer channel 0
8TCR1—Timer Control Register 1 H'FFF81 8-bit timer channel 1
Bit 7 6 5 4 3 2 1 0
’ CMIEB ‘ CMIEA‘ OVIE ‘ CCLRl‘ CCLRO‘ CKS2 ‘ CKS1 ‘ CKSO0 ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write ~ R/W RIW RW  RW RIW RIW RW  RW

Clock select 2to 0

0 | Clock input is disabled
0 1 Internal clock: counted on falling
edge of @/8
0 0 | Internal clock: counted on falling
1 edge of ¢/64
1 Internal clock: counted on falling
edge of ¢/8192
Channel 0:
Count on TCNT1 overflow signal*
o | Channel 1:
0 Count on TCNTO compare match
A*
1
1 | External clock: counted on falling edge
0 | External clock: counted on rising edge
1 1 External clock: counted on both
rising and falling edges

Notes: * If the clock input of channel 0 is the TCNT1
overflow signal and that of channel 1 is the
TCNTO compare match signal, no
incrementing clock is generated. Do not use
this setting.

Counter clear 1 and 0

0 0 Clearing is disabled
1 Cleared by compare match A

1 0 Cleared by compare match B/input capture B
1 Cleared by input capture B

Timer overflow interrupt enable

0 OVl interrupt requested by OVF is disabled

1 | OVlinterrupt requested by OVF is enabled

Compare match interrupt enable A

0 CMIA interrupt requested by CMFA is disabled

1 CMIA interrupt requested by CMFA is enabled

Compare match interrupt enable B

0 | CMIB interrupt requested by CMFB is disabled

1 | CMIB interrupt requested by CMFB is enabled
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8TCSRO—Timer Control/Status Register 0

‘ H'FFF82 ‘ 8-bit timer channel 0

Bit 7 6 5 4

3 2 1 0

‘ CMFB ‘ CMFA ‘ OVF ‘ ADTE ‘

0oIs3 ‘ ols2 ‘ 0os1 ‘ 0so ‘

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

0 0 0 0
R/W R/W R/W R/W

Output select A1 and A0
Bit 1| Bit 0
0S1 | 0S0
0 | No change at compare match A

Description

0

1 | 0 output at compare match A

0 | 1 output at compare match A

1 | Output toggles at compare
match A

Output/input capture edge select B3 and B2

ICEin | Bit3 | Bit2 Description
pti
TCSR1| OIS3 | OIS2 P
0 0 |No change at compare match B
1 |0 output at compare match B
0 0 |1 output at compare match B
1 1 Output toggles at compare match
0 |TCORB input capture on rising
0 edge
1 1 |TCORB input capture on falling
edge
1 0 |TCORB input capture on both
1 |rising and falling edges

AID trigger enable (TCSRO only)

Description

AID converter start requests by compare match
A or an external trigger are disabled

AID converter start requests by compare match
A or an external trigger are enabled

AID converter start requests by an external trigger are enabled

AID converter start requests by compare match A are enabled

TRoE<2| BIL4
ADTE
0
0
1
1 0
1
Note: * TRGE

Timer overflow flag

is bit 7 of the A/D control register (ADCR).

0

[Clearing condition]
Read OVF when OVF = 1, then write 0 in OVF.

[Setting condition]
TCNT overflows from H'FF to H'00.

Compare match flag A

[Clearing condition]

0 | Read CMFA when CMFA =

1, then write 0 in CMFA.

[Setting condition]
TCNT = TCORA

Compare match/input capture flag B

o |[Clearing condition]

Read CMFB when CMFB = 1, then write 0 in CMFB.

[Setting conditions]
1 TCNT = TCORB

« The TCNT value is transferred to TCORB by an input capture signal when
« TCORB functions as an input capture register.

2. TRGE is bit 7 of the A/D control register (ADCR).

Notes: 1. Only 0 can be written to bits 7 to 5 to clear these flags.
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8TCSR1—Timer Control/Status Register 1 ‘ H'FFF83 ’ 8-bit timer channel 1
Bit 7 6 5 4 3 2 1 0
’ CMFB ‘ CMFA‘ OVF ‘ ICE ‘ 0OIs3 ‘ 0olIs2 ‘ 0Os1 ‘ 0Sso0 ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write  R/(W)* R/(W)*  R/(W)* R/W R/IW R/W R/IW R/W
Output select A1 and AO
Bit 1| Bit 0 -
Description
0S1 | 0S0
0 0 | No change at compare match A
1 | O output at compare match A
0 | 1 output at compare match A
1 1 Output toggles at compare
match A

Output/input capture edge select B3 and B2

ICEin | Bit3 | Bit2 Description
TCSR1| 013 | OIS2 P
o 0 [No change at compare match B
1 |0 output at compare match B
0 0 |1 output at compare match B
1 1 Output toggles at compare match
o0 |TCORB input capture on rising
0 edge
1 1 TCORB input capture on falling
edge
0 |TCORB input capture on both
1 1 |rising and falling edges

Input capture enable

0

TCORB is a compare match register

1

TCORB is an input capture register

Timer overflow flag

0 [Clearing condition]
Read OVF when OVF = 1, then write 0 in OVF.

[Setting condition]
TCNT overflows from H'FF to H'00.

Compare match/input capture flag A

[Clearing condition]

0 Read CMFA when CMFA = 1, then write 0 in CMFA.

[Setting condition]
TCNT = TCORA

Compare match/input capture flag B

[Clearing condition]

0
Read CMFB when CMFB = 1, then write 0 in CMFB.
[Setting conditions]

1 | TCNT = TCORB

« The TCNT value is transferred to TCORB by an input capture signal when|
« TCORB functions as an input capture register.

Note: * Only O can be written to bits 7 to 5 to clear these flags.
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TCORAO—Time Constant Register A0 H'FFF84 8-bit timer channel 0
TCORA1—Time Constant Register A1l H'FFF85 8-bit timer channel 1

TCORAO TCORA1

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Iniialvalve 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Read/Write p)\w RIW R/W RW RW RMW RMW RW RW RW RMW RW RMW RW RMW R/W

TCORBO—Time Constant Register BO H'FFF86 8-bit timer channel 0
TCORB1—Time Constant Register B1 H'FFF87 8-bit timer channel 1
TCORBO TCORB1

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initalvalve 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Read/Write Ry RIW RIW RIW RIW R/W R/W RW RW RMW RMW RMW RW RW RMW RW

TCNTO—Timer Counter O H'FFF88 8-bit timer channel 0
TCNT1—Timer Counter 1 H'FFF89 8-bit timer channel 1
TCNTO TCNT1

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 0 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 RW R/W R/W
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8TCSR—Timer Control/Status Register ’ H'FFF8C ‘ WDT

Bit 7 6 5 4 3 2 1 0
| OVF | WTAT | TME | —| | CKS2 | CKS1 | CKSO0 |
Initial value 0 0 0 1 1 0 0 0
Read/Write  R/(W)* R/W R/W _ _ R/W R/W R/W
Clock select 2to 0
CKS2|CKS1|CKS0 Description
0 |@2
0
1 |@32
0
0 |q@64
1
1 |@128
0 |@256
0
1 |@512
1
0 |@2048
1
1 |@4096
Timer enable

Timer disabled
0 ¢ TCNT is initialized to H'00 and
halted

Timer enabled

* TCNT starts counting up

Timer mode select

Interval timer:
0 requests interval timer interrupts
Watchdog timer:
1 generates a reset signal
Overflow flag

[Clearing condition]

0 | Read OVF when OVF = 1, then write 0 in OVF
[Setting condition]

TCNT changes from H'FF to H'00

Note: * Only 0 can be written to clear the flag.
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8TCNT—Timer Counter | H'FFF8D (read), HFFFSC (write)) | WDT
Bit 7 6 5 4 3 2 1 0
Initial value 0 0 0 0 0 0 0 0
Read/Write RIW RIW RIW RIW RIW RIW RIW RIW
Count value
RSTCSR—Reset Control/Status Register ‘ H'FFF8F (read), H'FFF8E (write) ‘ WDT
Bit 7 6 5 4 3 2 1 0
| wrsT | RsTOE | | | | | | |
Initial value 0 0 1 1 1 1 1 1
Read/Write RI(W)* R/W

Reset output enable

0 | External output of reset signal is disabled

1 | External output of reset signal is enabled

Watchdog timer reset

0 [Clearing conditions]
* Reset signal at RES pin
* Read WRST when WRST = 1, then write 0 in WRST
[Setting condition]

1 TCNT overflow generates a reset signal

Note: * Only 0 can be written in bit 7 to clear the flag.
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TCR2—Timer Control Register 2 H'FFF90 8-bit timer channel 2
TCR3—Timer Control Register 3 H'FFF91 8-bit timer channel 3
Bit 7 6 5 4 3 2 1 0

| CMIEB | CMIEA| OVIE | CCLR1| CCLRO| CKS2 | CKS1 | CKS0 |

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

0 0 0 0 0
R/W R/IW R/W R/W R/IW
Clock select 2to 0
CSK2|CSK1 |CSKOo Description
0 | Clock input is disabled
0 1 Internal clock: counted on falling
edge of @8
0 Internal clock: counted on falling
0 1 edge of @64
1 Internal clock: counted on falling
edge of ¢/8192
Channel 2:
Count on TCNT3 overflow signal*
0 .
0 Channel 3:
Count on TCNT2 compare match A*
1 1 | External clock: counted on falling edge
0 | External clock: counted on rising edge
! 1 | External clock: counted on both
rising and falling edges

Counter clear 1 and 0

Note: * If the clock input of channel 2 is the TCNT3 overflow
signal and that of channel 3 is the TCNT2 compare
match signal, no incrementing clock is generated. Do
not use this setting.

0 | Clearing is disabled

0
1 | Cleared by compare match A

1 0 | Cleared by compare match B/input capture B
1 | Cleared by input capture B

Timer overflow interrupt enable

0

OVl interrupt requested by OVF is disabled

1

OVl interrupt requested by OVF is enabled

Compare match interrupt enable A

0 CMIA interrupt requested by CMFA is disabled

1 | CMIA interrupt requested by CMFA is enabled

Compare match interrupt enable B

0 CMIB interrupt requested by CMFB is disabled

1 CMIB interrupt requested by CMFB is enabled
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TCSR2—Timer Control/Status Register 2 H'FFF92 8-bit timer channel 2
TCSR3—Timer Control/Status Register 3 H'FFF93 8-bit timer channel 3
TCSR2 Bit 7 6 5 4 3 2 1 0
‘ CMFB CMFA ‘ OVF ‘ — ‘ 0oIs3 ‘ ol1s2 ‘ 0Os1 ‘ [oS]0] ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write  RI(W)* R/W)* RIW)* R/W RIW RIW RW  RW
TCSR3 Bit 7 6 5 4 3 2 1 0
‘ CMFB CMFA ‘ OVF ‘ ICE ‘ 0OIs3 ‘ ols2 ‘ Oos1 ‘ 0Oso ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write  RI(W)* R/W)* RIW)* R/W RIW RIW RW  RW
_Output select A1 and AQ
Bit1|Bit0 .
Description
0S1 | 0so
0 0 | No change at compare match A
1 |0 output at compare match A
0 | 1 output at compare match A
1 1 | Output toggles at compare
match A

Output/input capture edge select B3 and B2

ICEin | Bit3 |Bit3 Descrintion
ITCSR3| oIs3 | 0IS2 P
0 0 |No change at compare match B
1 |0 output at compare match B
0 0 |1 output at compare match B
1
1 Output toggles at compare match
B
0 TCORSB input capture on rising
0 edge
1 1 |TCORB input capture on falling
edge
1 0 |TCORB input capture on both
rising and falling edges

Input capture enable (TCSR3 only)

0 | TCORB is a compare match register

1 | TCORB is an input capture register

Timer overflow flag

0 [Clearing condition]
Read OVF when OVF = 1, then write 0 in OVF.

[Setting condition]
TCNT overflows from H'FF to H'00.

Compare match/input capture flag A

0

[Clearing condition]
Read CMFA when CMFA = 1, then write 0 in CMFA.

[Setting condition]
TCNT = TCORA

Compare match/input capture flag B

0

[Clearing condition]
Read CMFB when CMFB = 1, then write 0 in CMFB.

[Setting conditions]
* TCNT = TCORB
* The TCNT value is transferred to TCORB by an input capture signal when

TCORSB functions as an input capture register.

Note: * Only 0 can be written to bits 7 to 5 to clear these flags.
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TCORA2—Time Constant Register A2 H'FFF94 8-bit timer channel 2
TCORA3—Time Constant Register A3 H'FFF95 8-bit timer channel 3

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 RW R/W R/W R/W RW R/W RW R/W R/W

TCORB2—Time Constant Register B2 H'FFF96 8-bit timer channel 2
TCORB3—Time Constant Register B3 H'FFF97 8-bit timer channel 3
TCORB2 TCORB3

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

TCNT2—Timer Counter 2 H'FFF98 8-bit timer channel 2
TCNT3—Timer Counter 3 H'FFF99 8-bit timer channel 3
TCNT2 TCNT3

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 0 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 RW R/W R/W
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DADRO—D/A Data Register 0 | HFFF9C | DIA
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
D/A conversion data
DADR1—D/A Data Register 1 | HFFFOD | DIA
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

D/A conversion data
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DACR—DI/A Control Register

] H'FFF9E ‘ DIA

Bit 6 5 4 2 1 0
| DAOE1 | DAOEO | DAE | | | | |
Initial value 0 0 1 1 1 1
Read/Write R/W R/W R/W
D/A enable
Bit 7 Bit 6 Bit 5
Description
DAOE1 DAOEO DAE

0 0 D/A conversion is disabled
in channels 0 and 1
D/A conversion is enabled
in channel 0

0 1 0
D/A conversion is disabled
in channel 1

0 1 1 D/A conversion is enabled
in channels 0 and 1
D/A conversion is disabled
in channel 0

1 0 0
D/A conversion is enabled
in channel 1

1 0 1 D/A conversion is enabled
in channels 0 and 1

1 1 D/A conversion is enabled
in channels 0 and 1

D/A output enable 0

0 | DAo analog output is disabled

Channel-0 D/A conversion and DAo
analog output are enabled

D/A output enable 1

0

DA1 analog output is disabled

Channel-1 D/A conversion and DA1

analog output are enabled
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TPMR—TPC Output Mode Register ‘ H'FFFAOQ

TPC

Bit 7 6 5 4 3 2 1 0

’ — ‘ J— ‘ JE— ‘ — ‘GSNOV ‘ G2NOV‘ GlNOV‘ GONOV‘

Initial value 1 1 1 1 0 0 0 0
Read/Write ~ —— e R/W RIW RW R/IW

Group 0 non-overlap

Normal TPC output in group 0. Output values
0 | change at compare match A in the selected
16-bit timer channel

Non-overlapping TPC output in group 0,
1 | controlled by compare match A and B in the
selected 16-bit timer channel

Group 1 non-overlap

o Normal TPC output in group 1. Output values change
at compare match A in the selected 16-bit timer channel

1 Non-overlapping TPC output in group 1, controlled by
compare match A and B in the selected 16-bit timer channel

Group 2 non-overlap

0 Normal TPC output in group 2. Output values change at
compare match A in the selected 16-bit timer channel

1 Non-overlapping TPC output in group 2, controlled by
compare match A and B in the selected 16-bit timer channel

Group 3 non-overlap

o Normal TPC output in group 3. Output values change at
compare match A in the selected 16-bit timer channel

1 Non-overlapping TPC output in group 3, controlled by
compare match A and B in the selected 16-bit timer channel
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TPCR—TPC Output Control Register ‘ H'FFFA1 TPC
Bit 7 6 5 4 3 2 1 0
’ G3CMS1 ‘ G3CMS0 ‘ G2CMS1 ‘ G2CMSO0 ‘ G1CMS1 ‘ G1CMSO0 ‘ GOCMS1 ‘ GOCMSO0 ‘
Initial value 1 1 1 1 1 1 1 1
Read/Write RW R/W RIW R/W R/W R/W R/W R/W
Group 0 compare match select 1 and 0
Bit 1 Bit0
16-Bit Timer Channel Selected as Output Trigger
GOCMS1 |GOCMS0
o TPC output group 0 (TP3 to TPo) is triggered by
o compare match in 16-bit timer channel 0
TPC output group 0 (TP3 to TPo) is triggered by
1 compare match in 16-bit timer channel 1
1 0 TPC output group 0 (TP3 to TPo) is triggered by
1 compare match in 16-bit timer channel 2

Group 1 compare match select 1 and 0

it 3 Bit 2 16-Bit Timer Channel Selected as Output Trigger
G1CMS1 |G1CMSO0
TPC output group 1 (TP7 to TPa4) is triggered by
0 compare match in 16-bit timer channel 0
0 TPC output group 1 (TP7 to TP4) is triggered by
1 compare match in 16-bit timer channel 1
1 0 TPC output group 1 (TP7 to TP4) is triggered by
1 compare match in 16-bit timer channel 2

Group 2 compare match select 1 and 0

Bit5 Bit 4
16-Bit Timer Channel Selected as Output Trigger
G2CMS1 |G2CMS0
0 0 TPC output group 2 (TP11 to TPs) is triggered by compare match in 16-bit timer channel 0
1 TPC output group 2 (TP11 to TPs) is triggered by compare match in 16-bit timer channel 1
0
1 1 TPC output group 2 (TP11 to TPs) is triggered by compare match in 16-bit timer channel 2

Group 3 compare match select 1 and 0

Bit 7 Bit 6
16-Bit Timer Channel Selected as Output Trigger
G3CMS1 |G3CMS0
o 0 TPC output group 3 (TP1s to TP12) is triggered by compare match in 16-bit timer channel 0
1 TPC output group 3 (TP15 to TP12) is triggered by compare match in 16-bit timer channel 1
0
1 1 TPC output group 3 (TP1s to TP12) is triggered by compare match in 16-bit timer channel 2
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NDERB—Next Data Enable Register B | HFFFA2 | TPC

Bit 7 6 5 4 3 2 1 0

| NDER15| NDER14 | NDER13 | NDER12 |NDER11 | NDER10 | NDER9 | NDERS8 ‘

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 15to 8

Bits 7to O
Description
NDER15
to NDERS8
TPC outputs TP15 to TPs are disabled
0 (NDR15 to NDR8 are not transferred to PB7 to PBo)
1 TPC outputs TP15 to TPs are enabled
(NDR15 to NDRS are transferred to PB7 to PBo)
NDERA—Next Data Enable Register A | HFFFA3 | TPC
Bit 7 6 5 4 3 2 1 0

| NDER7 | NDER6 | 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 7 to 0

Bits 7t0 0
Description
NDER7
to NDERO
TPC outputs TP7 to TPo are disabled
0

(NDR7 to NDRO are not transferred to PA7 to PAo)

TPC outputs TP7 to TPo are enabled
(NDR7 to NDRO are transferred to PA7 to PAo)
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NDRB—Next Data Register B H'FFFA4/H'FFFA6 | TPC

« Same trigger for TPC output groups 2 and 3
O Address HFFFA4

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

Store the next output data for TPC output group 3  Store the next output data for TPC output group 2

00 Address H'FFFAG

Bit 7 6 5 4 3 2 1 0
Initial value 1 1 1 1 1 1 1 1
Read/Write

< Different triggers for TPC output groups 2 and 3
0 Address HFFFA4

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/IW R/W R/IW R/IW

Store the next output data for TPC output group 3

O Address H'FFFAB

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

Store the next output data for TPC output group 2
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NDRA—Next Data Register A H'FFFA5/H'FFFA7 | TPC
e Same trigger for TPC output groups 0 and 1
O Address H'FFFA5
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 RIW RIW RIW RIW RIW RIW RIW RIW

Store the next output data for TPC output group 1

0 Address H'FFFA7

Store the next output data for TPC output group 0

Bit 7 6 5 4 3 2 1 0
Initial value 1 1 1 1 1 1 1 1
Read/Write
< Different triggers for TPC output groups 0 and 1
O Address H'FFFA5
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
Store the next output data for TPC output group 1
O 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

Store the next output data for TPC output group O
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SMR—Serial Mode Register | HFFFBO | scio

Bit 7 6 5 4 3 2 1 0
| C/A | CHR | PE | OfE | STOP | MP | CKS1 | CKSO0 |
Initial value 0 0 0 0 0 0 0 0
Read/Write RIW RIW R/W RIW RIW R/W RIW R/W

Clock select 1 and 0
Bit1 | BitO
CKS1 | CKSO

Clock Source

0 |@clock

1 |@/4 clock
0 |@/16 clock
1 |@/64 clock

Multiprocessor mode

0 | Multiprocessor function disabled
1 | Multiprocessor format selected

Stop bit length

0 One stop bit

1 | Two stop bits

Parity mode

0 | Even parity

1 | Odd parity

Parity enable

0 | Parity bitis not added or checked

1 | Parity bitis added and checked

Character length

0 8-bit data

1 | 7-bitdata

Communication mode (for serial communication interface)

0 | Asynchronous mode

1 | Synchronous mode

GSM mode (for smart card interface)

0 | TEND flag is set 12.5 etu* after start bit

1 | TEND flag is set 11.0 etu* after start bit

Note: * etu: Elementary time unit (time required to transmit one bit)
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BRR—Bit Rate Register

\ H'FFFB1 ‘ SCIO

Bit

Initial value
Read/Write

7 6 5 4 3 2 1 0
1 1 1 1 1 1 1 1
R/W R/W R/W R/W R/W R/W RIW RIW

Serial communication bit rate setting
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SCR—Serial Control Register

\ H'FFFB2

‘ SCIo

Bit 7 6 5 4 3 1 0
’ TIE ‘ RIE ‘ TE ‘ RE ‘ MPIE ‘ TEIE ‘ CKE1l ‘ CKEO ‘
Initial value 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

Receive enable

Transmit enable

Receive interrupt enable

Clock enable 1 and 0

(for serial communication interface)

Description

Internal clock: SCK pin
available for generic 1/0

Internal clock: SCK pin
used for serial clock output

Internal clock: SCK pin
used for clock output

Internal clock: SCK pin
used for serial clock output

External clock: SCK pin
used for clock input

External clock: SCK pin
used for serial clock input

External clock: SCK pin
used for clock input

Receiving is , .
0| Bit1 | Bit0
disabled CKE1|CKEO
1 Receiving is
enabled o Asynchronous mode
Synchronous mode
0
Asynchronous mode
l 0 [Transmitting is disabled ] 1
[ 1 {Transmitting is enabled ] Synchronous mode
Asynchronous mode
0
Synchronous mode
1
Asynchronous mode
1

Synchronous mode

External clock: SCK pin
used for serial clock input

Clock enable 1 and 0 (for smart card interface)

SMR | Bit1 | BitO Description
GM |CKE1| CKEO
0 SCK pin available for generic I/O
0 0 1 SCK pin used for clock output
0 SCK pin output fixed low
0 1 SCK pin used for clock output
1 0 SCK pin output fixed high
! 1 SCK pin used for clock output

Transmit-end interrupt enable

0 | Transmit-end interrupt requests (TEI) are disabled

1 |Transmit-end interrupt requests (TEI) are enabled

Multiprocessor interrupt enable

0 [Multiprocessor interrupts are disabled (normal receive operation)

1 |Multiprocessor interrupts are enabled

l 0 ‘Receive-data—full (RXI) and receive-error (ERI) interrupt requests are disabled ]

[ 1 [Receive-data—full (RXI) and receive-error (ERI) interrupt requests are enabled ]

Transmit interrupt enable

[ 0 [Transmit-data—empty interrupt request (TXI) is disabled ]

[ 1 [Transmit-data—empty interrupt request (TXI) is enabled ]
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TDR—Transmit Data Register | HFFFB3 | scio
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

Serial transmit data
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SSR—Serial Status Register | HFFFB4 scio
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  R/(W)* RI(W)* RI(W)* RI(W)* RI(W)* R R RIW
Multiprocessor bit transfer
[ 0 [Multiprocessor bit value in transmit data is 0 [
[ 1 [Multiprocessor bit value in transmit data is 1 [
Multiprocessor bit
[ 0 [Multiprocessor bit value in receive data is 0 [
[ 1 [Multiprocessor bit value in receive data is 1 [
Transmit end (for serial communication interface)
0 [Clearing conditions]
Read TDRE when TDRE = 1, then write 0 in TDRE.
[Setting conditions]
« Reset or transition to standby mode
1 |*TEis cleared to 0 in SCR and FER/ERS is cleared to 0.
« TDRE is 1 when last bit of 1-byte serial character is
transmitted.
Transmit end (for smart card interface)
[Clearing conditions]
0 Read TDRE when TDRE = 1, then write 0 in TDRE.
[Setting conditions]
« Reset or transition to standby mode
1 |+ TEis cleared to 0 in SCR and FER/ERS is cleared to 0.
« TDRE is 1 and FER/ERS is 0 (normal transmission)
2.5 etu* (when GM = 0) or 1.0 etu (when GM = 1) after
1-byte serial character is transmitted.
Note: * etu: Elementary time unit (time required to transmit one bit)
Parity error
0 [Clearing conditions] * Reset or transition to standby mode
« Read PER when PER = 1, then write 0 in PER.
1 [Setting condition]  Parity error (parity of receive data does not match parity
setting of O/E bit in SMR)
Framing error (for serial communication interface)
0 [Clearing conditions] « Reset or transition to standby mode
+ Read FER when FER = 1, then write 0 in FER.
1 |[Setting condition] Framing error (stop bit is 0)
Error signal status (for smart card interface)
0 [Clearing conditions] < Reset or transition to standby mode
+ Read ERS when ERS = 1, then write 0 in ERS.
1 |[Setting condition] A low error signal is received.
Overrun error
0 [Clearing conditions] « Reset or transition to standby mode
+ Read ORER when ORER = 1, then write 0 in ORER.
1 |[Setting condition] QOverrun error (reception of the next serial data ends when RDRF = 1)
Receive data register full
0 [Clearing conditions] « Reset or transition to standby mode
« Read RDRF when RDRF = 1, then write 0 in RDRF.
1 |[Setting condition] Serial data is received normally and transferred from RSR to RDR.
Transmit data register empty
0 | [Clearing conditions] * Read TDRE when TDRE = 1, then write 0 in TDRE.

[Setting conditions]
*TEis0in SCR

+ Reset or transition to standby mode

« Data is transferred from TDR to TSR, enabling new data to be written in TDR

Note: * Only 0 can be written, to clear the flag.
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RDR—Receive Data Register | HFFFBS5 | scio
Bt 7 6 4 3 2 0

| | | | | | |
Initial value 0 0 0 0 0 0
Read/Write R R R R R R

Serial receive data
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SCMR—Smart Card Mode Register ‘ H'FFFB6 SCI0
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
Smart card interface mode select
0 | Smart card interface function is disabled  (Initial value)
1 Smart card interface function is enabled
Smart card data invert
Unmodified TDR contents are transmitted (Initial value)
0 Receive data is stored unmodified in RDR
1 Inverted 1/0 logic levels of TDR contents are transmitted

1/0 logic levels of received data are inverted before storage in RDR

Smart card data transfer direction

TDR contents are transmitted LSB-first (Initial value)
0

Receive data is stored LSB-first in RDR

TDR contents are transmitted MSB-first
1

Receive data is stored MSB-first in RDR
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SMR—Serial Mode Register | HFFFBS | sci
Bit 7 6 5 4 3 2 1 0
| C/A | CHR | PE | OfE | STOP | MP | CKS1 | CKSO0 ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write RIW RIW RIW RIW RIW RIW RIW RIW
Note: Bit functions are the same as for SCIO.
BRR—BIt Rate Register | HFFFBY | sci
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
Note: Bit functions are the same as for SCIO.
SCR—Serial Control Register | HFFFBA | sci
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 RIW R/W RIW RIW RIW RIW RIW RIW

Note: Bit functions are the same as for SCIO.
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TDR—Transmit Data Register | HFFFBB | sci
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
Note: Bit functions are the same as for SCIO.
SSR—Serial Status Register | HFFFBC | sci
Bit 7 6 5 4 3 2 1 0
| TDRE | RDRF | ORER | FER PER | TEND | MPB | MPBT |
Initial value 0 0 0 0 0 1 0 0
Read/Write R/(W)* R/(W)* R/(W)* R/(W)* R/(W)* R R R/W
Note: Bit functions are the same as for SCIO.
* Only 0 can be written to clear the flag.
RDR—Receive Data Register | HFFFBD | sci
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

Note: Bit functions are the same as for SCI0.
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SCMR—Smart Card Mode Register | HFFFBE | sci

Bit 7 6 5 4 3 2 1 0

| | | | [som | sw | —— | swr |
Initial value 1 1 1 1 0 0 1 0
Read/Write R/W R/W R/W

Note: Bit functions are the same as for SCIO.
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P1DR—Port 1 Data Register | HFFFDO | Port 1
Bit 7 6 5 4 3 2 1 0
| P17 | Ple Pls | Pla | P13 | P12 Pl1 | Plo
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 for port 1 pins
P2DR—Port 2 Data Register | HFFFD1 | Port2
Bit 7 6 5 4 3 2 1 0
| P27 | P26 P25 | P24 | P23 | P22 P21 | P20
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 for port 2 pins
P3DR—Port 3 Data Register ] H'FFED2 ‘ Port 3
Bit 7 6 5 4 3 2 1 0
| P37 | P36 P3s | P34 | P33 | P32 P31 | P30
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/IW

Data for port 3 pins
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P4DR—Port 4 Data Register | HFFFD3 | Port4
Bit 7 6 5 4 3 2 1 0
| P47 | P4s | P4s | P44 | P43 | P42 | P41 | P40 ‘
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 for port 4 pins
PSDR—Port 5 Data Register | HFFFD4 | Port 5
Bit 7 6 5 4 3 2 1 0
| | | | | pss | P | ps | Pso |
Initial value 1 1 1 1 0 0 0 0
Read/Write R/W R/W R/W R/W
Data for port 5 pins
P6DR—Port 6 Data Register | HFFFD5 | Port 6
Bit 7 6 5 4 3 2 1 0
| P67 | P66 | P65 | P64 | P63 | P62 | P61 | P6o ‘
Initial value * 0 0 0 0 0 0 0
Read/Write R RIW R/W R/W R/IW R/W R/W R/W

Data for port 6 pins

Note: * Determined by pin P67.
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P7DR—Port 7 Data Register | HFFFD6 | Port 7
Bit 7 6 5 4 3 2 1 0
| P77 | P76 | P7s | P74 | P73 P72 | P71 | P70 |
Initial value * * * * * * * *
Read/Write R R R R R R R R
Data for port 7 pins
Note: * Determined by pins P77 to P7o.
P8DR—Port 8 Data Register | HFFFD7 | Port 8
Bit 7 6 5 4 3 2 1 0
| | | | P84 | P83 | P82 | P81 | P8o |
Initial value 1 1 1 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W

Data for port 8 pins
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PODR—Port 9 Data Register | HFFFD8 | Port9
Bit 7 6 5 4 3 2 1 0
| E— | E— P9s | P94 | P93 | P92 | P91 | P90 ‘
Initial value 1 1 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W
Data for port 9 pins
PADR—Port A Data Register | HFFFDY | PortA
Bit 7 6 5 4 3 2 1 0
| PA7 | PAs PAs | PA4 | PA3 | PA2 | PA1 | PAo ‘
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 for port A pins
PBDR—Port B Data Register | HFFFDA | PortB
Bit 7 6 5 4 3 2 1 0
| PB7 | PBs PBs | PB4 | PB3 | PB2 | PB1 | PBo ‘
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 for port B pins
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ADDRA H/L—A/D Data Register A H/L ‘ H'FFFEO, H'FFFE1 ‘ A/D

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O
|AD9|AD8|AD7|AD6|AD5|AD4|AD3 |AD2|AD1|ADO| — | — | — | — | — | — |

Initalvave 0 0 O O O O O O O O O O O O O0 O
ReadWrte R R R R R R R R R R R R R R R R

ADDRAH ADDRAL

A/D conversion data
10-bit data giving an A/D conversion result

ADDRB H/L—A/D Data Register B H/L ‘ H'FFFE2, H'FFFE3 ‘ A/D

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O
|AD9|AD8|AD7|AD6|AD5|AD4|AD3 |AD2|AD1|ADO| — | — | — | — | — | — |

Initalvaue 0 0 0 O0 O O O O O O O O O O 0 ©
ReadWrte R R R R R R R R R R R R R R R R

ADDRBH ADDRBL

A/D conversion data
10-bit data giving an A/D conversion result
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ADDRC H/L—A/D Data Register C H/L ‘ H'FFFE4, H'FFFES ‘ A/D

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1
|AD9|AD8|AD7|AD6|AD5|AD4|AD3 |AD2|AD1|ADO| — | — | — | —| — | — |

Initalvalue 0 ©0 O O O O O O O O O O O O o0 o0
Readwrte R R R R R R R R R R R R R R R R

ADDRCH ADDRCL

A/D conversion data
10-bit data giving an A/D conversion result

ADDRD H/L—A/D Data Register D H/L ‘ H'FFFE6, H'FFFE7 ‘ A/D

Bit 15 14 13 12 11 10
|AD9|AD8|AD7|AD6|AD5|AD4|AD3 |AD2|AD1|ADO| — | — | — | —| — | — |

Initialvalue 0 0 0 O O O O O O O O O O O 0 O
Readwrte R R R R R R R R R R R R R R R R

ADDRDH ADDRDL

A/D conversion data
10-bit data giving an A/D conversion result

ADCR—A/D Control Register | HFFFE9 | AD
Bit 7 6 5 4 3 2 1 0
jmee | — | — | — | —|— | —]—]
Initial value 0 1 1 1 1 1 1 0
Read/Write R/W R/W

m

Trigger Enable

A/D conversion start by external trigger or 8-bit timer

0 compare match is disabled

A/D conversion is started by falling edge of external
trigger signal (ADTRG) or 8-bit timer compare match
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ADCSR—A/D Control/Status Register ’ H'FFFE8 A/D

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 RIW
I I
Clock select Channel select 2 to 0
0 Conversion time = (Group Selection| Channel Selection Description
134 states (maximum) CH2 |CH1|CHO|Single Mode| Scan Mode
1 Conversion time = 0 0 ANo ANo
70 states (maximum) 1 AN1 ANo, AN1
0 ;|0 | ANe ANo to AN2
1 AN3 ANo to AN3
0 0 AN4 AN4
Scan mode 1 | ANs AN4, AN5
0 | Single mode 1 L Lo | ANe AN4 to AN6
1 | Scan mode 1 AN7 AN4 to AN7

A/D start

0 | A/D conversion is stopped

1. Single mode: A/D conversion starts; ADST is automatically cleared to 0 when conversion ends
1 | 2. Scan mode: A/D conversion starts and continues, cycling among the selected channels ADST
is cleared to O by software, by a reset, or by a transition to standby mode

A/D interrupt enable
0 | A/D end interrupt request is disabled
1 A/D end interrupt request is enabled

A/D end flag
[Clearing condition]
Read ADF when ADF = 1, then write 0 in ADF

1 |[Setting conditions]
« Single mode: A/D conversion ends
« Scan mode: A/D conversion ends in all selected channels

Note: * Only 0 can be written to clear the flag.
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Appendix C 1/0O Port Block Diagrams

Cl Port 1 Block Diagram

Software
standby SSOE
Hardware standby Mode 6/7
External bus 5
released <
Mode 1 to 4 Reset s 3
| 2 2
R a a
% ke
Q ° @
P1,DDR IS K
IS IS
2 2
C £ £
\
WP1D
Reset
Mode 6/7 \
R
Pln P1,DR
Mode C‘Z
1to5 WP1
RP1
4' > L~
WP1D: Write to PIDDR
WP1: Write to port 1
RP1: Read port1
SSOE: Software standby output port enable
n=0to7
FigureC.1 Port 1 Block Diagram
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C.2 Port 2 Block Diagram
Software Reset
standby SSOE |
R =
[0}
g 0
E Q p2,pcr P ARE:
i b 2§
c b 3
\ o s
RP2P WP2P g g
Mode 6/7 | e g
Hardware standby Reset = =
External bus Mode 1 to 4 \
released R
Q p2,poR P[]
c
\
WP2D
Reset
Mode 6/7 ‘
R
P2, Q p2pr P
c
Mode \
1t05 WP2
4> ’\[CE— RP2

WP2P: Write to P2PCR

RP2P: Read P2PCR

WP2D: Write to P2DDR

WP2: Write to port 2

RP2: Read port 2

SSOE: Software standby output port enable
n=0to7
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FigureC.2 Port 2 Block Diagram
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C.3 Port 3 Block Diagram

s s
Reset s o
| o Py
Harc[izw;s\re sltandby R 2 2
xerna Mode 6/7 8 8
bus released Q D— |8 3
Write to external P3,DDR T T
address 5 5
c < <
\
WP3D
Reset
\
R
Mode 6/7
D
P3n Q P3,DR
Mode ?
1to5 WP3
RP3
Read external
address
L~
WP3D: Write to P3DDR
WP3: Write to port 3
RP3: Read port 3
n=0to7
Figure C.3 Port 3 Block Diagram
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CA4 Port 4 Block Diagram

8-bit bus 16-bit bus
mode mode

Mode 6/7 Mode
1to5

0, -

Hardware
standby

Write to external address

s

External bus released

P4,

Internal data bus (upper)

FCE RP4
™S
I/
Read external
address

WP4P: Write to PAPCR
RP4P: Read P4PCR
WP4D: Write to PADDR
WP4: Write to port 4
RP4: Read port 4
n=0to7

Internal data bus (lower)

FigureC.4 Port 4 Block Diagram
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C5 Port 5 Block Diagram

Software

standby SSOE

! . 5
Q.
Q (%]
> >3
Tn’ Ke]
(2]
2|8
8 S
Hardware standby Mode 6/7 ks =
External bus © IS
released Mode 1to 4 Reset GE, %
: £ =
R
QPSHDDR
C
T
WP5D
Reset
Mode 6/7 .
R
D E—
PSn Q P5,DR
C
T
Mode WP5
1to5
’J—@ RP5
™S
L L
WP5P: Write to PSPCR
RP5P: Read P5PCR
WP5D: Write to 