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Cautions

Keep safety firstin your circuit designs!

1

Renesas Technology Corporation puts the maximum effort into making semiconductor products better and more reliable, but
thereis aways the possibility that trouble may occur with them. Trouble with semiconductors may lead to persona injury, fire
or property damage.

Remember to give due consideration to safety when making your circuit designs, with appropriate measures such as (i)
placement of substitutive, auxiliary circuits, (ii) use of nonflammable material or (iii) prevention against any malfunction or
mishap.

Notes regarding these materias

1

These 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, algorithms, or circuit application examples contained in
these materias.

All information contained in these materials, including product data, diagrams, charts, programs and a gorithms represents
information on products at the time of publication of these materia's, 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 a 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 al of theinformation contained in these materids, including product data, diagrams, charts, programs, and
algorithms, please be sure to evauate al information as atotal system before making a final 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 a device 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, medical, aerospace, nhuclear, 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 regul ations 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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Preface

The H8/300L Series of single-chip microcomputers has the high-speed H8/300L CPU at its core,
with many necessary peripheral functions on-chip. The H8/300L CPU instruction set is compatible
with the H8/300 CPU.

The H8/3657 Series has a system-on-a-chip architecture that includes such peripheral functionsas a
five timers, a 14-bit PWM, atwo-channel serial communication interface, and an A/D converter.
This makesit ideal for use in advanced control systems.

This manual describes the hardware of the H8/3657 Series. For details on the H8/3657 Series
instruction set, refer to the H8/300L Series Programming Manual .
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Section 1 Overview

1.1 Overview

The H8/300L Seriesis aseries of single-chip microcomputers (MCU: microcomputer unit), built
around the high-speed H8/300L CPU and equipped with peripheral system functions on-chip.

Within the H8/300L Series, the H8/3657 Series of microcomputers are equipped with a UART
(Universal Asynchronous Receiver/Transmitter). Other on-chip peripheral functionsinclude five
timers, a 14-bit pulse width modulator (PWM), two serial communication interface channels, and an
A/D converter. Together, these functions make the H8/3657 Series ideally suited for embedded
applications in advanced control systems. The ZTATTM* versions of the H8/3657 come with user-
programmable PROM. Table 1 summarizes the features of the H8/3657 Series..

Table 1 summarizes the features of the H8/3657 Series.
Note: * ZTAT isatrademark of Hitachi, Ltd.

Table1-1 Features

Item Description
CPU High-speed H8/300L CPU

» General-register architecture

General registers: Sixteen 8-bit registers (can be used as eight 16-bit
registers)

e Operating speed
— Max. operating speed: 5 MHz
— Add/subtract: 0.4 ps (operating at 5 MHz)
— Multiply/divide: 2.8 ps (operating at 5 MHz)
— Can run on 32.768 kHz subclock
* Instruction set compatible with H8/300 CPU
— Instruction length of 2 bytes or 4 bytes
— Basic arithmetic operations between registers
— MOV instruction for data transfer between memory and registers
e Typical instructions
— Multiply (8 bits x 8 hits)
— Divide (16 bits + 8 bits)
— Bit accumulator

— Register-indirect designation of bit position




Table1-1 Features(cont)

Iltem Description

Interrupts 33 interrupt sources
12 external interrupt sources (IRQz to IRQg, INT to INTy)

» 21 internal interrupt sources

Clock pulse generators Two on-chip clock pulse generators
» System clock pulse generator: 1 to 10 MHz

» Subclock pulse generator: 32.768 kHz

Power-down modes Seven power-down modes
* Sleep (high-speed) mode
 Sleep (medium-speed) mode
» Standby mode
» Watch mode
» Subsleep mode
» Subactive mode

 Active (medium-speed) mode

Memory Large on-chip memory

» HB8/3657: 60-kbyte ROM, 2-kbyte RAM
H8/3656: 48-kbyte ROM, 2-kbyte RAM
H8/3655: 40-kbyte ROM, 2-kbyte RAM
» HB8/3654: 32-kbyte ROM, 1 kbyte RAM
H8/3653: 24-kbyte ROM, 1 kbyte RAM
H8/3652: 16-kbyte ROM, 1 kbyte RAM

I/O ports 67 pins

» 59 1/0 pins

* 8input pins
Timers Five on-chip timers

» Timer A: 8-bit timer

Count-up timer with selection of eight internal clock signals divided from
the system clock (2)* and four clock signals divided from the watch clock

(Bu)*
» Timer B1: 8-bit timer

— Count-up timer with selection of seven internal clock signals or event
input from external pin

— Auto-reloading

Note: * g and @y are defined in section 4, Clock Pulse Generators.




Table1-1 Features(cont)

Item

Description

Timers

e Timer V: 8-bit timer

— Count-up timer with selection of six internal clock signals or event input
from external pin

— Compare-match waveform output
— Incrementing specifiable by external trigger input
» Timer X: 16-bit timer

— Count-up timer with selection of three internal clock signals or event
input from external pin

— Output compare (2 output pins)
— Input capture (4 input pins)
* Watchdog timer

— Reset signal generated by 8-bit counter overflow

Serial communication
interface

Two channels on chip
« SCI1: synchronous serial interface
Choice of 8-bit or 16-bit data transfer
» SCI3: 8-bit synchronous/asynchronous serial interface

Incorporates multiprocessor communication function

14-bit PWM

Pulse-division PWM output for reduced ripple

» Can be used as a 14-bit D/A converter by connecting to an external
low-pass filter.

A/D converter

Successive approximations using a resistance ladder
» 8-channel analog input pins

» Conversion time: 31/g or 62/g per channel




Table1-1 Features(cont)

Iltem

Specification

Product lineup

Product Code

Mask ROM  ZTAT™

Version Version Package ROM/RAM Size
HD6433657W HDG6473657W  80-pin  TQFP (TFP-80C)  ROM 60 kbytes
HD6433657X  HD6473657X  80-pin TQFP (TFP-80F)  RAM 2 kbytes
HD6433657H HD6473657H  80-pin  QFP (FP-80A)

HD6433657F HD6473657F  80-pin QFP (FP-80B)

HD6433656W — 80-pin  TQFP (TFP-80C)  ROM 48 kbytes
HD6433656X — 80-pin TQFP (TFP-g0F)  RAM 2 kbytes
HD6433656H — 80-pin  QFP (FP-80A)

HD6433656F — 80-pin  QFP (FP-80B)

HD6433655W — 80-pin  TQFP (TFP-80C)  ROM 40 kbytes
HD6433655X — 80-pin TQFP (TFP-g80F)  RAM 2 kbytes
HD6433655H — 80-pin  QFP (FP-80A)

HD6433655F — 80-pin  QFP (FP-80B)

HD6433654W — 80-pin  TQFP (TFP-80C)  ROM 32 kbytes
HD6433654X — 80-pin TQFP (TFP-80F)  "AM1kbyte

HD6433654H — 80-pin  QFP (FP-80A)

HD6433654F — 80-pin QFP (FP-80B)

HD6433653W — 80-pin  TQFP (TFP-80C)  ROM 24 kbytes
HD6433653X — 80-pin TQFP (TFP-goF)  RAM1kbyte

HD6433653H — 80-pin  QFP (FP-80A)

HD6433653F — 80-pin QFP (FP-80B)

HD6433652W — 80-pin  TQFP (TFP-80C)  ROM 16 kbytes
HD6433652X — 80-pin TQFP (TFP-goF)  RAM1Kbyte

HD6433652H — 80-pin  QFP (FP-80A)

HD6433652F — 80-pin QFP (FP-80B)




1.2 Internal Block Diagram

Figure 1-1 shows a block diagram of the H8/3657 Series.
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1.3 Pin Arrangement and Functions
1.3.1 Pin Arrangement

The H8/3657 Series pin arrangement is shown in figures 1-2 (TFP-80C, TFP-80F, FP-80A), and in
figures 1-3 (FP-80B).
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1.3.2 Pin Functions
Table 1-2 outlines the pin functions of the H8/3657 Series.

Table1-2 Pin Functions

Pin No.
TFP-80C,
TFP-80F,
Type Symbol FP-80A FP-80B 1/O Name and Functions
Power Vee 13, 53 15, 55 Input Power supply: All V¢ pins should be
source pins connectedto the system power supply
(+5V)
Vgg 9, 52 11,54 Input Ground: All Vgg pins should be connected
to the system power supply (0 V)
AVcc 76 78 Input Analog power supply: This is the power
supply pin for the A/D converter. When the
A/D converter is not used, connect this pin
to the system power supply (+5 V).
AVgg 5 7 Input Analog ground: This is the A/D converter
ground pin. It should be connected to the
system power supply (0 V).
Clock pins  OSC, 10 12 Input System clock: These pins connect to a
crystal or ceramic oscillator, or can be
0SC, 11 13 Output  used to input an external clock.
See section 4, Clock Pulse Generators,
for a typical connection diagram.
X1 8 10 Input Subclock: These pins connect to a
32.768-kHz crystal oscillator. See section
X5 7 9 Output 4, Clock Pulse Generators, for a typical
connection diagram.
System RES 12 14 Input Reset: When this pin is driven low,
control the chip is reset
TEST 6 8 Input Test: This is a test pin, not for use in
application systems. It should be
connected to Vgg.
Interrupt IRQq 19 21 Input IRQ interrupt request 0 to 3: These are
pins IRQq 73 75 input pins for edge-sensitive external
IRQ, 74 76 interrupts, with a selection of rising or
IRQ3 75 77 falling edge
INT,to  27to 29to Input INT interrupt request 0 to 7: These are
INT, 20 22 input pins for edge-sensitive external
interrupts, with a selection of rising or
falling edge
Timer pins  TMOW 68 70 Output  Clock output: This is an output pin for

waveforms generated by the timer A output
circuit




Table 1-2 Pin Functions (cont)

Pin No.
TFP-80C,
TFP-80F,
Type Symbol FP-80A FP-80B I/O Name and Functions
Timer pins  TMIB 26 28 Input Timer B1 event counter input: This is an
event input pin for input to the timer B1
counter
TMOV 42 44 Output  Timer V output: This is an output pin for
waveforms generated by the timer V output
compare function
TMCIV 41 43 Input Timer V event input: This is an event
input pin for input to the timer V counter
TMRIV 40 42 Input Timer V counter reset: This is a counter
reset input pin for timer V
TRGV 75 77 Input Timer V counter trigger input: Thisis a
trigger input pin for the timer V counter and
realtime output port
FTCI 44 46 Input Timer X clock input: This is an external
clock input pin for input to the timer X
counter
FTOA 45 47 Output  Timer X output compare A output:
This is an output pin for timer X output
compare A
FTOB 46 48 Output  Timer X output compare B output:
This is an output pin for timer X output
compare B
FTIA 47 49 Input Timer X input capture A input: This is an
input pin for timer X input capture A
FTIB 48 50 Input Timer X input capture B input: This is an
input pin for timer X input capture B
FTIC 49 51 Input Timer X input capture C input: This isan
input pin for timer X input capture C
FTID 50 52 Input Timer X input capture D input: This is an
input pin for timer X input capture D
14-bit PWM 72 74 Output  14-bit PWM output: This is an output pin
PWM pin for waveforms generated by the 14-bit
PWM
1/O ports PB- to 77t080, 79t080 Input Port B: This is an 8-bit input port
PBg lto4 1to6
P1;to 75to 7710 1/0 Port 1: This is a 8-bit I/0 port. Input or
P1, 68 70 output can be designated for each bit by

means of port control register 1 (PCR1)




Table1-2 Pin Functions (cont)

Pin No.
TFP-80C,
TFP-80F,
Type Symbol FP-80A FP-80B 1/O Name and Functions
I/O ports P2, to 67 to 69 to I/0 Port 2: This is a 8-bit I/O port. Input or
P2, 60 62 output can be designated for each bit by
means of port control register 2 (PCR2)
P35 to 59 to 61to I/0 Port 3: This is a 6-bit I/O port. Input or
P3y 54 56 output can be designated for each bit by
means of port control register 3 (PCR3)
P5; to 27to 29to I/0 Port 5: This is an 8-bit I/O port. Input or
P5q 20 22 output can be designated for each bit by
means of port control register 5 (PCR5)
P6; to 35to 37 to I/0 Port 6: This is an 8-bit I/O port. Input or
P6, 28 30 output can be designated for each bit by
means of port control register 6 (PCR6)
P7;to 43 to 45 to I/O Port 7: This is a 8-bit I/O port. Input or
P7q 36 38 output can be designated for each bit by
means of port control register 7 (PCR7)
P8 to 51to 53to I/0 Port 8: This is an 8-bit I/O port. Input or
P8, 44 46 output can be designated for each bit by
means of port control register 8 (PCR8)
P9, to 18to 20 to I/0 Port 9: This is a 5-bit I/O port. Input or
P9y 14 16 output can be designated for each bit by
means of port control register 9 (PCR9)
Serial Sl 55 57 Input SCI1 receive data input:
communi- This is the SCI1 data input pin
_catlon SO, 56 58 Output  SCI1 transmit data output:
interface L .
(SCl) This is the SCI1 data output pin
SCK; 54 56 I/O SCI1 clock /O :
This is the SCI1 clock I/O pin
RXD 61 63 Input SCI3 receive data input:
This is the SCI3 data input pin
TXD 62 64 Output  SCI3 transmit data output:
TThis is the SCI3 data output pin
SCK, 60 62 I/O SCI3 clock I/0:
This is the SCI3 clock 1/0O pin
A/D AN5 to 77t080, 79,80 Input Analog input channels 7 to O:
converter Ang lto4 1to6 These are analog data input channels to
the A/D converter
ADTRG 25 27 Input A/D converter trigger input:

This is the external trigger input pin to the
A/D converter
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Section2 CPU

2.1 Overview

The H8/300L CPU has sixteen 8-hit general registers, which can aso be paired as eight 16-bit
registers. Its concise instruction set is designed for high-speed operation.

2.1.1 Features
Features of the H8/300L CPU are listed below.

e Genera-register architecture
Sixteen 8-hit general registers, also usable as eight 16-bit general registers

e Instruction set with 55 basic instructions, including:
— Multiply and divide instructions
— Powerful bit-manipulation instructions

e Eight addressing modes
— Register direct
— Register indirect
— Register indirect with displacement
— Register indirect with post-increment or pre-decrement
— Absolute address
— Immediate
— Program-counter relative
— Memory indirect

e 64-kbyte address space

e High-speed operation
— All frequently used instructions are executed in two to four states
— High-speed arithmetic and logic operations
— 8- or 16-hit register-register add or subtract: 0.4 ps*
— 8 x 8-bit multiply: 2.8 us*
— 16 + 8-bit divide: 2.8 us*

e Low-power operation modes
SLEEP instruction for transfer to low-power operation

Note: * Thesevaluesareat =5 MHz.
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2.1.2 Address Space

The H8/300L CPU supports an address space of up to 64 kbytes for storing program code and data.
See 2.8, Memory Map, for details of the memory map.

2.1.3 Register Configuration

Figure 2-1 shows the register structure of the H8/300L CPU. There are two groups of registers: the
general registers and control registers.

General registers (Rn)

7 07 0
ROH ROL
R1H R1L
R2H R2L
R3H R3L
R4H R4L
R5H R5L
R6H R6L
R7H (SP) R7L SP: Stack pointer

Control registers (CR)
15 0
PC | PC: Program counter
76543210
CCR | | |U|H|U|N|Z|V|C| CCR: Condition code register
- Carry flag

——— Overflow flag

Zero flag

Negative flag

Half-carry flag

Interrupt mask bit
User bit
User bit

Figure2-1 CPU Registers
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2.2 Register Descriptions
2.2.1 General Registers
All the general registers can be used as both data registers and address registers.

When used as data registers, they can be accessed as 16-bit registers (RO to R7), or the high bytes
(ROH to R7H) and low bytes (ROL to R7L) can be accessed separately as 8-bit registers.

When used as address registers, the general registers are accessed as 16-bit registers (RO to R7).

R7 aso functions as the stack pointer (SP), used implicitly by hardware in exception processing and
subroutine calls. When it functions as the stack pointer, as indicated in figure 2-2, SP (R7) pointsto
the top of the stack.

Lower address side [H'0000]

/\/

Unused area

SP (R7) —=

Stack area

Upper address side [H'FFFF]

Figure2-2 Stack Pointer
2.2.2 Control Registers

The CPU control registersinclude a 16-bit program counter (PC) and an 8-bit condition code
register (CCR).

Program Counter (PC): This 16-hit register indicates the address of the next instruction the CPU
will execute. All instructions are fetched 16 bits (1 word) at atime, so the least significant bit of the
PC isignored (always regarded as 0 when the instruction code is read).
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Condition Code Register (CCR): This 8-bit register contains internal status information, including
the interrupt mask bit (1) and half-carry (H), negative (N), zero (Z), overflow (V), and carry (C)
flags. These bits can be read and written by software (using the LDC, STC, ANDC, ORC, and
XORC ingtructions). TheN, Z, V, and C flags are used as branching conditions for conditional
branching (Bcc) instructions.

Bit 7—Interrupt Mask Bit (1): When thisbit isset to 1, interrupts are masked. This bit is set to 1
automatically at the start of exception handling. The interrupt mask bit may be read and written by
software. For further details, see section 3.3, Interrupts.

Bit 6—User Bit (U): Can be used freely by the user.

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 thereisacarry or borrow at bit 3, and is cleared to O
otherwise.

The H flag isused implicitly by the DAA and DAS instructions.

When the ADD.W, SUB.W, or CMP.W instruction is executed, the H flag is set to 1 if thereisa
carry or borrow at bit 11, and is cleared to O otherwise.

Bit 4—User Bit (U): Can be used freely by the user.

Bit 3—Negative Flag (N): Indicates the most significant bit (sign bit) of the result of an
instruction. Storesthe value of the most significant bit.

Bit 2—Zero Flag (Z): Setto 1toindicate a zero result, and cleared to O to indicate a non-zero
result.

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

Bit 0—Carry Flag (C): Setto 1 when acarry occurs, and cleared to O otherwise. Used by:

e Addinstructions, to indicate a carry
e Subtract instructions, to indicate a borrow
*  Shift and rotate instructions, to store the value shifted out of the end bit

The carry flag is also used as a bit accumulator by bit manipulation instructions.
Some instructions leave some or all of the flag bits unchanged.

Refer to the H8/300L Series Programming Manual for the action of each instruction on the flag bits.
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2.2.3 Initial Register Values

When the CPU isreset, the program counter (PC) isinitialized to the value stored at address H'0000
in the vector table, and the | bit in the CCR is set to 1. The other CCR bits and the general registers
are not initialized. In particular, the stack pointer (R7) is not initialized. The stack pointer should be
initialized by software, by the first instruction executed after a reset.

2.3 Data Formats

The H8/300L CPU can process 1-bit data, 4-bit (BCD) data, 8-bit (byte) data, and 16-bit (word)
data.

e Bit manipulation instructions operate on 1-bit data specified as bit n in a byte operand
n=012..,7).

e All arithmetic and logic instructions except ADDS and SUBS can operate on byte data.

e TheMOV.W, ADD.W, SUB.W, CMP.W, ADDS, SUBS, MULXU (8 bits x 8 hits), and
DIVXU (16 bits + 8 bits) instructions operate on word data.

¢ TheDAA and DAS instructions perform decimal arithmetic adjustments on byte data in packed
BCD form. Each nibble of the byteistreated as a decimal digit.
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2.3.1 Data Formatsin General Registers

Data of all the sizes above can be stored in general registers as shown in figure 2-3.

Data Type Register

Notation:

MSB: Most significant bit
LSB: Least significant bit

4-bitBCDdata  RnL

No. Data Format

1-bit data R |7 6 ]s5]al3]2[1]o] dontcare
7777777777777777777777777777777777777777777777777777 7 0

1-bit data RnL 77777777777777777777 d 9’,‘,’?,9?‘?9 7777777777777777777 | 7 ‘ 6 ‘ 5 ‘ 4 ‘ 3 ‘ 2 ‘ 1 ‘ 0 |
7 o

Byte data RnH MSB: :LSB| 77777777777777777777 dontcare
7777777777777777777777777777777777777777777777777777 7 0

Byte data RnL 77777777777777777777 don'tcare |MSB: :LSB|
15 0

Word data Rn |MSB: :LSB|
7 4 3 o

4-bit BCD data RnH | :Uppe:rdigit: :Loweirdigil: | 77777777777777777777 d ontcare
7 4 3 0

T T T T T T
don’t care | Upper digit Lower digit
L L L L L L

RnH: Upper byte of general register
RnL: Lower byte of general register

Figure2-3 Register Data Formats
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2.3.2 Memory Data Formats

Figure 2-4 indicates the data formats in memory. For access by the H8/300L CPU, word data stored
in memory must always begin at an even address. In word access the least significant bit of the
addressisregarded as 0. If an odd addressis specified, the accessis performed at the preceding
even address. Thisrule affects the MOV.W instruction, and also applies to instruction fetching.

Data Type Address Data Format
7 0
1-bit data Address n 7|6|5|4|3|2|1|0
Byte data Address n MSB: :LSB
MSB e
Word data Even address [MS . l}Jpper}Sblt? } }
Odd address Lower 8 bits LsB
MSB CCR LSB
Byte data (CCR) on stack ~ _venaddress Mse =~ ceR
Odd address |MsB CCR* LsB
s
Word data on stack Even address M B: 1 1 1 1 1 1
Odd address LsB

CCR: Condition code register

Note: * Ignored on return

Figure2-4 Memory Data Formats

When the stack is accessed using R7 as an address register, word access should always be
performed. When the CCR is pushed on the stack, two identical copies of the CCR are pushed to
make a complete word. When they are restored, the lower byteisignored.
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2.4 Addressing Modes
2.4.1 Addressing Modes

The H8/300L CPU supports the eight addressing modes listed in table 2-1. Each instruction uses a
subset of these addressing modes.

Table2-1 Addressing Modes

No. Address Modes Symbol
1 Register direct Rn
2 Register indirect @RnN
3 Register indirect with displacement @(d:16, Rn)
4 Register indirect with post-increment @RN+
Register indirect with pre-decrement @-Rn
5 Absolute address @aa:8 or @aa:16
6 Immediate #xx:8 or #xx:16
7 Program-counter relative @(d:8, PC)
8 Memory indirect @@aa:8

1. Register Direct—Rn: The register field of the instruction specifies an 8- or 16-bit general
register containing the operand.

Only the MOV.W, ADD.W, SUB.W, CMP.W, ADDS, SUBS, MULXU (8 bits x 8 hits), and
DIV XU (16 hits+ 8 hits) instructions have 16-bit operands.

2. Register Indirect—@Rn: Theregister field of the instruction specifies a 16-bit general
register containing the address of the operand in memory.

3. Register Indirect with Displacement—@(d: 16, Rn): The instruction has a second word
(bytes 3 and 4) containing a displacement which is added to the contents of the specified
general register to obtain the operand address in memory.

Thismodeisused only in MOV instructions. For the MOV.W instruction, the resulting address
must be even.
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4. Register Indirect with Post-1ncrement or Pre-Decrement—@Rn+ or @-Rn:
¢ Register indirect with post-increment—@Rn+
The @Rn+ mode is used with MOV instructions that load registers from memory.

Theregister field of the instruction specifies a 16-bit genera register containing the address
of the operand. After the operand is accessed, the register isincremented by 1 for MOV.B
or 2 for MOV.W. For MOV.W, the original contents of the 16-bit general register must be
even.

¢ Register indirect with pre-decrement—@-Rn
The @-Rn mode is used with MOV instructions that store register contents to memory.

The register field of the instruction specifies a 16-bit general register which is decremented
by 1 or 2 to obtain the address of the operand in memory. The register retains the
decremented value. The size of the decrement is 1 for MOV.B or 2 for MOV.W. For
MOV.W, the original contents of the register must be even.

5. Absolute Address—@aa:8 or @aa: 16: The instruction specifies the absol ute address of the
operand in memory.

The absolute address may be 8 bitslong (@aa:8) or 16 bits long (@aa:16). The MOV .B and bit
mani pulation instructions can use 8-hit absolute addresses. The MOV.B, MOV.W, JMP, and
JSR instructions can use 16-bit absolute addresses.

For an 8-bit absolute address, the upper 8 bits are assumed to be 1 (H'FF). The addressrangeis
H'FFO00 to H'FFFF (65280 to 65535).

6. Immediate—#xx:8 or #xx:16: Theinstruction contains an 8-bit operand (#xx:8) in its second
byte, or a 16-bit operand (#xx:16) inits third and fourth bytes. Only MOV .W instructions can
contain 16-bit immediate values.

The ADDS and SUBS instructions implicitly contain the value 1 or 2 as immediate data. Some
bit manipulation instructions contain 3-bit immediate datain the second or fourth byte of the
instruction, specifying a bit number.

7. Program-Counter Relative—@(d:8, PC): Thismode isused in the Bcc and BSR instructions.
An 8-bit displacement in byte 2 of the instruction code is sign-extended to 16 bits and added to
the program counter contents to generate a branch destination address. The possible branching
range is—126 to +128 bytes (—63 to +64 words) from the current address. The displacement
should be an even number.
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8. Memory Indirect—@@aa: 8: This mode can be used by the IMP and JSR instructions. The
second byte of the instruction code specifies an 8-bit absolute address. The word located at this
address contains the branch destination address.

The upper 8 bits of the absolute address are assumed to be 0 (H'00), so the address range is
from H'0000 to H'00FF (O to 255). Note that with the H8/300L Series, the lower end of the
address areais also used as a vector area. See 3.3, Interrupts, for details on the vector area.

If an odd address is specified as a branch destination or as the operand address of aMOV.W
instruction, the least significant bit is regarded as 0, causing word access to be performed at the
address preceding the specified address. See 2.3.2, Memory Data Formats, for further
information.

2.4.2 Effective Address Calculation
Table 2-2 shows how effective addresses are calculated in each of the addressing modes.

Arithmetic and logic instructions use register direct addressing (1). The ADD.B, ADDX, SUBX,
CMP.B, AND, OR, and XOR instructions can also use immediate addressing (6).

Data transfer instructions can use all addressing modes except program-counter relative (7) and
memory indirect (8).

Bit manipulation instructions use register direct (1), register indirect (2), or absolute addressing (5)
to specify a byte operand, and 3-bit immediate addressing (6) to specify abit position in that byte.
The BSET, BCLR, BNOT, and BTST instructions can also use register direct addressing (1) to
specify the bit position.
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2.5 Instruction Set
The H8/300L Series can use atotal of 55 instructions, which are grouped by function in table 2-3.

Table2-3 Instruction Set

Function Instructions Number
Data transfer MOV, PUSH"1, POP*1 1
Arithmetic operations ADD, SUB, ADDX, SUBX, INC, DEC, ADDS, 14
SUBS, DAA, DAS, MULXU, DIVXU, CMP, NEG
Logic operations AND, OR, XOR, NOT
Shift SHAL, SHAR, SHLL, SHLR, ROTL, ROTR,
ROTXL, ROTXR
Bit manipulation BSET, BCLR, BNOT, BTST, BAND, BIAND, BOR, 14
BIOR, BXOR, BIXOR, BLD, BILD, BST, BIST
Branch Bcc™2, IMP, BSR, JSR, RTS 5
System control RTE, SLEEP, LDC, STC, ANDC, ORC, XORC, NOP 8
Block data transfer EEPMOV 1
Total: 55

Notes: 1. PUSH Rn is equivalent to MOV.W Rn, @—-SP.
POP Rn is equivalent to MOV.W @SP+, Rn. The same applies to the machine language.
2. Bcc is a conditional branch instruction in which cc represents a condition code.

The following sections give a concise summary of the instructions in each category, and indicate the
bit patterns of their object code. The notation used is defined next.
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Notation

Rd General register (destination)
Rs General register (source)
Rn General register

(EAd), <EAd>

Destination operand

(EASs), <EAs>

Source operand

CCR

Condition code register

N (negative) flag of CCR

Z (zero) flag of CCR

\% V (overflow) flag of CCR

C C (carry) flag of CCR

PC Program counter

SP Stack pointer

#IMM Immediate data

disp Displacement

+ Addition

- Subtraction

X Multiplication

+ Division

O AND logical

O OR logical

O Exclusive OR logical

- Move

~ Logical negation (logical complement)
3 3-bit length

8 8-bit length

:16 16-bit length

0O, <> Contents of operand indicated by effective address
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2.5.1 Data Transfer Instructions

Table 2-4 describes the data transfer instructions. Figure 2-5 shows their object code formats.

Table2-4 Data Transfer Instructions

Instruction Size*

Function

MOV B/W (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.
The Rn, @Rn, @(d:16, Rn), @aa:16, #xx:16, @—Rn, and @Rn+
addressing modes are available for byte or word data. The @aa:8
addressing mode is available for byte data only.
The @—-R7 and @R7+ modes require word operands. Do not specify
byte size for these two modes.

POP w @SP+ - Rn
Pops a 16-bit general register from the stack. Equivalent to MOV.W
@SP+, Rn.

PUSH w Rn - @-SP

Pushes a 16-bit general register onto the stack. Equivalent to MOV.W
Rn, @-SP.

Notes: * Size: Operand size

B: Byte
W:  Word

Certain precautions are required in data access. See 2.9.1, Notes on Data Access, for details.
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15 8 7 0 MOV

op ‘ rm ‘ rn | Rm - Rn
15 8 7 0
op ‘ rm ‘ rn | @RmM <~ -Rn
15 8 7 0
op ‘ rm ‘ m
@(d:16, Rm) —« - Rn
disp
15 8 7 0
T \0 T T T ‘ \rm T ‘ r\n T @Rm+—>Rn, or
p Rn -~ @-Rm
15 8 7 0
op rn ‘ abs | @aa:8 - -Rn
15 8 7 0
op rn
@aa:16 -« - Rn
abs
15 8 7 0
op rn IMM #xx:8 -~ Rn
15 8 7 0
op ‘ mn
#xx:16 - Rn
IMM
15 8 7 0
T T T T T T T T T PUSH, POP
op 1 1 1 ‘ rn @SP+ - Rn, or

RN - @-SP

Notation:

op: Operation field
rm, rn: Register field
disp: Displacement
abs:  Absolute address
IMM:  Immediate data

Figure2-5 Data Transfer Instruction Codes
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2.5.2 Arithmetic Operations

Table 2-5 describes the arithmetic instructions.

Table2-5 Arithmetic Instructions

Instruction  Size* Function

ADD B/W Rd £ Rs - Rd, Rd + #IMM - Rd

SUB Performs addition or subtraction on data in two general registers, or
addition on immediate data and data in a general register. Immediate
data cannot be subtracted from data in a general register. Word
data can be added or subtracted only when both words are in general
registers.

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

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

INC B Rd+1 - Rd

DEC Increments or decrements a general register

ADDS w Rd+1 - Rd,Rd+2 - Rd

SUBS Adds or subtracts 1 or 2 to or from a general register

DAA B Rd decimal adjust -~ Rd

DAS Decimal-adjusts (adjusts to packed BCD) an addition or subtraction
result in a general register by referring to the CCR

MULXU B Rd xRs - Rd
Performs 8-bit x 8-bit unsigned multiplication on data in two general
registers, providing a 16-bit result

DIVXU B Rd+Rs - Rd
Performs 16-bit + 8-bit unsigned division on data in two general registers,
providing an 8-bit quotient and 8-bit remainder

CMP B/W Rd — Rs, Rd — #IMM
Compares data in a general register with data in another general register
or with immediate data, and indicates the result in the CCR. Word data
can be compared only between two general registers.

NEG B 0-Rd - Rd

Obtains the two's complement (arithmetic complement) of data in a
general register

Notes: * Size:
B:
W:

Operand size

Byte
Word
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2.5.3 Logic Operations
Table 2-6 describes the four instructions that perform logic operations.

Table2-6 Logic Operation Instructions

Instruction Size* Function

AND B Rd ORs - Rd, Rd O#MM - Rd

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

OR B 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 RdORs - Rd, Rd O #MM - Rd

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

NOT B ~Rd - Rd

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

Notes: * Size: Operand size
B: Byte

2.5.4 Shift Operations
Table 2-7 describes the eight shift instructions.

Table 2-7 Shift Instructions

Instruction Size* Function

SHAL B Rd shift - Rd

SHAR Performs an arithmetic shift operation on general register contents
SHLL B Rd shift - Rd

SHLR Performs a logical shift operation on general register contents
ROTL B Rd rotate - Rd

ROTR Rotates general register contents

ROTXL B Rd rotate through carry — Rd

ROTXR

Rotates general register contents through the C (carry) bit

Notes: * Size: Operand size
B: Byte
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Figure 2-6 shows the instruction code format of arithmetic, logic, and shift instructions.

15

ADD, SUB, CMP,
ADDX, SUBX (Rm)

ADDS, SUBS, INC, DEC,
DAA, DAS, NEG, NOT

| MULXU, DIVXU

IMM

ADD, ADDX, SUBX,

CMP (#XX:8)

|AND, OR, XOR (Rm)

IMM

| AND, OR, XOR (#xx:8)

T T
| o
15
T T
| op
15
T T
| op
15
T T T
| op m
15
T T
| op
15
T T T
| op m
15
T T
| op

m

SHAL, SHAR, SHLL, SHLR,
ROTL, ROTR, ROTXL, ROTXR

Notation:

op: Operation field
rm, rn: Register field
IMM:  Immediate data

Figure2-6 Arithmetic, Logic, and Shift Instruction Codes
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2.5.5 Bit Manipulations
Table 2-8 describes the bit-manipulation instructions. Figure 2-7 shows their object code formats.

Table2-8 Bit-Manipulation Instructions

Instruction Size* Function

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

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

BCLR B 0 - (<hit-No.> of <EAd>)

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

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

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

BAND B C 0O(<bit-No.> of <EAd>) - C

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

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

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

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

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

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

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

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

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

Notes: * Size: Operand size
B: Byte
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Table 2-8 Bit-Manipulation Instructions (cont)

Instruction Size* Function
BXOR B C U (<bit-No.> of <EAd>) - C
XORs the C flag with a specified bit in a general register or memory, and
stores the result in the C flag.
BIXOR B C O [~(<bit-No.> of <EAd>)] - C
XORs the C flag with the inverse of a specified bit in a general register or
memory, and stores the result in the C flag.
The bit number is specified by 3-bit immediate data.
BLD B (<bit-No.> of <EAd>) - C
Copies a specified bit in a general register or memory to the C flag.
BILD B ~ (<bit-No.> of <EAd>) - C
Copies the inverse of a specified bit in a general register or memory to
the C flag.
The bit number is specified by 3-bit immediate data.
BST B C - (<bit-No.> of <EAd>)
Copies the C flag to a specified bit in a general register or memory.
BIST B ~C - (<bit-No.> of <EAd>)

Copies the inverse of the C flag to a specified bit in a general register or
memory.

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

Notes: * Size:
B:

Operand size

Byte

Certain precautions are required in bit manipulation. See 2.9.2, Notes on Bit Manipulation, for

details.
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BSET, BCLR, BNOT, BTST

register direct (Rn)
immediate (#xx:3)

register direct (Rn)
register direct (Rm)

register indirect (@Rn)

immediate (#xx:3)

register indirect (@Rn)

register direct (Rm)

absolute (@aa:8)

immediate (#xx:3)

absolute (@aa:8)

register direct (Rm)

BAND, BOR, BXOR, BLD, BST

15 0
‘ T T A T Operand:
op ‘ IMM ‘ m Bit No.:
15 0
‘ ‘ ‘ ‘ T Operand:
op m ‘ m Bit No.:
15 0
op m 0 0 O O]|Operand:
op ‘ IMM 0 0O O O]BitNo.:
15 0
op m 0 0 O O|Operand:
op rm 0 0 0 O|BitNo.:
15 0
op abs Operand:
op ‘ IMM ‘ 0 0 0 0|BitNo-
15 0
op abs Operand:
op rm ‘ 0 0 0 O|BitNo.:
15 0
‘ T [ T Operand:
op ‘ IMM ‘ m Bit No.:
15 0
op mn 0 0 O O/|Operand:
op ‘ IMM 0 0O O O]BitNo.:
15 0
op abs Operand:
op ‘ MM |0 0 0 O0BgitNo.
Notation:

op: Operation field
rm, rn: Register field
abs:  Absolute address
IMM:  Immediate data

register direct (Rn)
immediate (#xx:3)

register indirect (@Rn)

immediate (#xx:3)

absolute (@aa:8)

immediate (#xx:3)

Figure 2-7

Bit Manipulation Instruction Codes
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15 7

op ‘ IMM n
15 7

op ‘ rn 0 0 O

op ‘ MM |0 0 O
15 7

op ‘ abs

op ‘ MM |0 0 O
Notation:

op: Operation field
rm, rn: Register field
abs:  Absolute address
IMM:  Immediate data

BIAND, BIOR, BIXOR, BILD, BIST

Operand:
Bit No.:

Operand:
Bit No.:

Operand:
Bit No.:

register direct (Rn)
immediate (#xx:3)

register indirect (@Rn)

immediate (#xx:3)

absolute (@aa:8)

immediate (#xx:3)

Figure 2-7

Bit Manipulation Instruction Codes (cont)
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2.5.6 Branching Instructions
Table 2-9 describes the branching instructions. Figure 2-8 shows their object code formats.

Table2-9 Branching Instructions

Instruction Size Function

Bcc — Branches to the designated address if condition cc is true. The branching
conditions are given below.
Mnemonic Description Condition
BRA (BT) Always (true) Always
BRN (BF) Never (false) Never
BHI High ciz=0
BLS Low or same chz=1
BCC (BHS) Carry clear (high or same) 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 ZONOV)=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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15 8 7 0

op cc ‘ disp | Bcc
15 8 7 0
op ‘ rm 0 0 0 O | JMP (@Rm)
15 8 7 0
op
JMP (@aa:16)
abs
15 8 7 0
op ‘ abs | JMP (@ @aa:8)
15 8 7 0
op ‘ disp | BSR
15 8 7 0
op ' 0 0 0 0|JSR(@Rm)
15 8 7 0
op
JSR (@aa:16)
abs
15 8 7 0
op abs | JSR (@@aa:8)
15 8 7 0
op | RTS
Notation:

op: Operation field
cc: Condition field
rm: Register field
disp: Displacement
abs: Absolute address

Figure2-8 Branching Instruction Codes
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2.5.7 System Control Instructions

Table 2-10 describes the system control instructions. Figure 2-9 shows their object code formats.

Table2-10 System Control Instructions

Instruction Size*  Function
RTE — Returns from an exception-handling routine
SLEEP — Causes a transition from active mode to a power-down mode. See
section 5, Power-Down Modes, for details.
LDC B Rs - CCR, #MM - CCR
Moves immediate data or general register contents to the condition code
register
STC B CCR - Rd
Copies the condition code register to a specified general register
ANDC B CCR U#IMM - CCR
Logically ANDs the condition code register with immediate data
ORC B CCR U#IMM - CCR
Logically ORs the condition code register with immediate data
XORC B CCR U #IMM - CCR
Logically exclusive-ORs the condition code register with immediate data
NOP — PC+2 - PC

Only increments the program counter

Notes: * Size:
B:

Operand size

Byte
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15 8 7 0

| | | dp | | | RTE, SLEEP, NOP
15 8 7 0

| | dp - Hn | | LDC, STC (Rn)
15 8 7 0

| ‘ o‘p ‘ ‘ IMM ‘ | ANDC, ORC,

XORC, LDC (#xx:8)

Notation:

op: Operation field
rn:  Register field

IMM: Immediate data

Figure2-9 System Control Instruction Codes
2.5.8 Block Data Transfer Instruction
Table 2-11 describes the block data transfer instruction. Figure 2-10 shows its object code format.

Table2-11 Block Data Transfer Instruction

Instruction Size Function

EEPMOV — If R4L # 0 then
repeat @R5+ - @R6+
R4L -1 - R4L
until R4L =0
else next;

Block transfer instruction. Transfers the number of data bytes specified by
RA4L from locations starting at the address indicated by R5 to locations
starting at the address indicated by R6. After the transfer, the next
instruction is executed.

Certain precautions are required in using the EEPM OV instruction. See 2.9.3, Notes on Use of the
EEPMOQV Instruction, for details.
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15 8 7

Notation:
op: Operation field

Figure2-10 Block Data Transfer Instruction Code
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2.6 Basic Operational Timing

CPU operation is synchronized by a system clock (@) or asubclock (gg,g). For details on these
clock signals see section 4, Clock Pulse Generators. The period from arising edge of @ or gg g to
the next rising edge is called one state. A bus cycle consists of two states or three states. The cycle
differs depending on whether access is to on-chip memory or to on-chip peripheral modules.

2.6.1 Accessto On-Chip Memory (RAM, ROM)

Access to on-chip memory takes place in two states. The data bus width is 16 bits, allowing access
in byte or word size. Figure 2-11 shows the on-chip memory access cycle.

Bus cycle

< T;state —»a— T,state —»

@ or sy

Internal address bus Address
Internal read signal
Internal data bus Read data

(read access)

Internal write signal

Write data

Internal data bus
(write access)

x

Figure2-11 On-Chip Memory Access Cycle

40



2.6.2 Accessto On-Chip Peripheral Modules

On-chip peripheral modules are accessed in two states or three states. The data bus width is 8 hits,
so access is by byte size only. This means that for accessing word data, two instructions must be
used. Figures 2-12 and 2-13 show the on-chip peripheral module access cycle.

Two-state access to on-chip peripheral modules

Bus cycle

< Tstate — == T,state —»

@Ordg g

Address

Internal address bus
Internal read signal
Internal data bus Read data

(read access)

Internal write signal

Write data

Internal data bus
(write access)

x
)

Figure2-12 On-Chip Peripheral Module Access Cycle (2-State Access)

41



Three-state access to on-chip peripheral modules

Bus cycle

-

@ 0or gsup

Lt

< Tystate — == T,state — == Tsstate — =

Internal ><
address bus ]

Address

Internal
read signal

Internal
data bus

Read data

(read access)

Internal
write signal

Internal
data bus

e

Write data

(write access)

Figure2-13 On-Chip Peripheral Module Access Cycle (3-State Access)
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2.7 CPU States
2.7.1 Overview

There are four CPU states: the reset state, program execution state, program halt state, and
exception-handling state. The program execution state includes active (high-speed or medium-
speed) mode and subactive mode. In the program halt state there are a sleep (high-speed or
medium-speed) mode, standby mode, watch mode, and sub-sleep mode. These states are shown in

figure 2-14. Figure 2-15 shows the state transitions.

CPU state

Reset state

The CPU is initialized

Active
(high speed) mode

Program
execution state

The CPU executes success
instructions at high speed,
synchronized by the system

ive program

clock

Active
(medium speed) mode

The CPU executes success
program instructions at

by the system clock

reduced speed, synchronized

ive

Subactive mode

The CPU executes
successive program
instructions at reduced
speed, synchronized
by the subclock

Sleep (high-speed)
mode

Program halt state

A state in which some

or all of the chip Sleep (medium-speed)

functions are stopped mode i
to conserve power :
— Standby mode
— Watch mode

Subsleep mode

Exception-
handling state

A transient state in which the CPU changes
the processing flow due to a reset or an interrupt

Note: See section 5, Power-Down Modes, for details on the modes and their transitions.

Figure2-14 CPU Operation States

43




Reset cleared

\l

Reset state ) - Exception-handling state

Reset occurs

i
Reset Interrupt
Reset oceurs 222&?2 Interrupt Exception-
occurs source handling
occurs complete

Program halt state Program execution state

SLEEP instruction executed

Figure2-15 State Transitions
2.7.2 Program Execution State
In the program execution state the CPU executes program instructions in sequence.

There are three modes in this state, two active modes (high speed and medium speed) and one
subactive mode. Operation is synchronized with the system clock in active mode (high speed and
medium speed), and with the subclock in subactive mode. See section 5, Power-Down Modes for
details on these modes.

2.7.3 Program Halt State

In the program halt state there are four modes: two sleep modes (high speed and medium speed),
standby mode, watch mode, and subsleep mode. See section 5, Power-Down Modes for details on
these modes.

2.7.4 Exception-Handling State

The exception-handling state is atransient state occurring when exception handling is started by a
reset or interrupt and the CPU changes its normal processing flow. In exception handling caused by
an interrupt, SP (R7) is referenced and the PC and CCR values are saved on the stack.

For details on interrupt handling, see section 3.3, Interrupts.
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2.8 Memory Map

Figure 2-16 shows a memory map of the H8/3657 Series.

H8/3652 HB8/3653 H8/3654 HB8/3655 H8/3656  HB8/3657

H'0000
Interrupt vectors
HO002F | ]
H'0030
16 kbytes
24 kbytes
H3FFF | ] ‘b
32
ytes 40 kbytes
48 kbytes
On-chip ROM 60 kbytes
HSFFF | ]
H7FFF | ]
HOFFF | ]
HBFFF | ]
H'EDFF
H'EEQO Reserved
H'F770
Internal 1/O registers

(16 bytes)
H'F77F
H'F780

2 kbytes
HFB8O [~~~
On-chip RAM 1 kbytes

H'FF7F
H'FF80

Reserved
H'FF9F
H'FFAO

Internal 1/O registers

(96 bytes)

H'FFFF

Figure2-16 HB8/3657 SeriesMemory Map
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2.9 Application Notes
2.9.1 Noteson Data Access

1. The address space of the H8/300L CPU includes empty areas in addition to the RAM, registers,
and ROM areas available to the user. If these empty areas are mistakenly accessed by an
application program, the following results will occur.

Datatransfer from CPU to empty area:

The transferred datawill be lost. This action may aso cause the CPU to misoperate.
Datatransfer from empty areato CPU:

Unpredictable datais transferred.

2. Internal datatransfer to or from on-chip modules other than the ROM and RAM areas makes
use of an 8-hit datawidth. If word accessis attempted to these areas, the following results will
occur.

Word access from CPU to I/0 register area:

Upper byte: Will be written to 1/0 register.
Lower byte: Transferred datawill be lost.

Word access from |/O register to CPU:

Upper byte: Will be written to upper part of CPU register.
Lower byte: Unpredictable datawill be written to lower part of CPU register.

Byte size instructions should therefore be used when transferring data to or from 1/0O registers other
than the on-chip ROM and RAM areas. Figure 2-17 shows the data size and number of statesin
which on-chip peripheral modules can be accessed.
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Access
777777777777777777777777 Word | Byte States
H'0000
Interrupt vector area
Hoo2F | | (48bytes) |
H'0030
O O 2
On-chip ROM
HEDFF |
Reserved - - -
WE7?TO ||
Internal 1/O registers *
(16 bytes) x| O] 3
HE/E
H'F780
On-chip RAM 2 kbytes O O 2
H'FF7F
HFF8O |
Reserved — — —
HFFOF | 1
H'FFAO
Internal I/O registers 9
(96 bytes) X O |20r3
H'FFFF

Notes: The H8/3657 is shown as an example.
* Internal I/O registers in areas assigned to timer X (H'F770 to H'F77F),
SCI3 (H'FFA8 to H'FFAD), and timer V (H'FFB8 to H'FFBD) are accessed in
three states.

Figure2-17 Data Size and Number of Statesfor Accessto and from
On-Chip Peripheral Modules
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2.9.2 Noteson Bit Manipulation

The BSET, BCLR, BNOT, BST, and BIST instructions read one byte of data, modify the data, then
write the data byte again. Specia careis required when using these instructionsin cases where two
registers are assigned to the same address, in the case of registers that include write-only bits, and
when the instruction accesses an 1/O port.

Order of Operation Operation

1 Read Read byte data at the designated address

2 Modify Modify a designated bit in the read data

3 Write Write the altered byte data to the designated address

1. Bit manipulation in two registers assigned to the same address
Example 1: timer load register and timer counter

Figure 2-18 shows an example in which two timer registers share the same address. When a bit
manipul ation instruction accesses the timer load register and timer counter of arel oadable timer,
since these two registers share the same address, the following operations take place.

Order of Operation Operation

1 Read Timer counter data is read (one byte)

2 Modify The CPU modifies (sets or resets) the bit designated in the instruction
3 Write The altered byte data is written to the timer load register

The timer counter is counting, so the value read is not necessarily the same as the value in the timer
load register. Asaresult, bits other than the intended bit in the timer load register may be modified
to the timer counter value.

R
Count clock —» Timer counter
R: Read
Reload W: Write
w
Timer load register

Internal data bus

Figure2-18 Timer Configuration Example
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Example 2; BSET instruction executed designating port 3

P3; and P34 are designated as input pins, with alow-level signal input at P3; and a high-level signal
at P3g. Theremaining pins, P35 to P3, are output pins and output low-level signals. Inthis
example, the BSET instruction is used to change pin P3; to high-level output.

[A: Prior to executing BSET]

P3, P3g P35 P3, P33 P3, P3; P3g
Input/output Input Input Output  Output Output Output Output Output
Pin state Low High Low Low Low Low Low Low

level level level level level level level level
PCR3 0 0 1 1 1 1 1 1
PDR3 1 0 0 0 0 0 0 0

[B: BSET instruction executed)]

‘ BSET #0 , @PDR3 ‘ The BSET instruction is executed designating port 3.

[C: After executing BSET]

P3, P3¢ P3g P3, P35 P3, P3; P3,
Input/output Input Input Output  Output Output Output Output Output
Pin state Low High Low Low Low Low Low High

level level level level level level level level
PCR3 0 0 1 1 1 1 1 1
PDR3 0 1 0 0 0 0 0 1

[D: Explanation of how BSET operates]
When the BSET instruction is executed, first the CPU reads port 3.

Since P3; and P3g are input pins, the CPU reads the pin states (low-level and high-level input).
P35 to P3; are output pins, so the CPU reads the value in PDR3. In this example PDR3 has avalue
of H'80, but the value read by the CPU is H'40.

Next, the CPU sets bit 0 of the read datato 1, changing the PDR3 datato H'41. Finally, the CPU
writes this value (H'41) to PDR3, completing execution of BSET.
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Asaresult of this operation, bit 0 in PDR3 becomes 1, and P3; outputs a high-level signal.
However, bits 7 and 6 of PDR3 end up with different values.

To avoid this problem, store a copy of the PDR3 datain awork areain memory. Perform the hit
manipulation on the data in the work area, then write this data to PDR3.

[A: Prior to executing BSET]

MOV. B #80, ROL
MOV. B ROL, @RAMD
MOV. B ROL, @°DR3

The PDR3 value (H'80) iswritten to awork areain memory
(RAMO) aswell asto PDR3.

P3; P3¢ P35 P34 P35 P3, P3; P3g
Input/output Input Input Output  Output Output Output Output  Output
Pin state Low High Low Low Low Low Low Low

level level level level level level level level
PCR3 0 0 1 1 1 1 1 1
PDR3 1 0 0 0 0 0 0 0
RAMO 1 0 0 0 0 0 0 0

[B: BSET instruction executed]

BSET #0 , @GRAMD

The BSET instruction is executed designating the PDR3
work area (RAMO).
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[C: After executing BSET]

MOV. B @RAMD, ROL The work area (RAMO) value is written to PDR3.
MOV. B ROL, @DR3
P3, P3¢ P3g P3, P35 P35 P3; P3,
Input/output Input Input Output  Output Output Output Output Output
Pin state Low High Low Low Low Low Low High
level level level level level level level level
PCR3 0 0 1 1 1 1 1 1
PDR3 1 0 0 0 0 0 0 1
RAMO 1 0 0 0 0 0 0 1

2. Bitmanipulationin aregister containing awrite-only bit
Example 3: BCLR instruction executed designating port 3 control register PCR3

Asin the examples above, P3; and P3g are input pins, with alow-level signal input at P3; and a
high-level signal at P3g. The remaining pins, P35 to P3,, are output pins that output |ow-level
signals. Inthis example, the BCLR instruction is used to change pin P3; to an input port. Itis
assumed that a high-level signal will be input to thisinput pin.

[A: Prior to executing BCLR]

P3, P3¢ P3g P3, P35 P3, P3; P3,
Input/output Input Input Output  Output Output Output Output Output
Pin state Low High Low Low Low Low Low Low

level level level level level level level level
PCR3 0 0 1 1 1 1 1 1
PDR3 1 0 0 0 0 0 0 0

[B: BCLR instruction executed]

BCLR #0 , @CR3 The BCLR instruction is executed designating PCR3.
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[C: After executing BCLR]

P3; P3¢ P35 P3, P35 P3, P3; P3y
Input/output Output  Output Output Output Output Output Output Input
Pin state Low High Low Low Low Low Low High

level level level level level level level level
PCR3 1 1 1 1 1 1 1 0
PDR3 1 0 0 0 0 0 0 0

[D: Explanation of how BCLR operates]

When the BCLR instruction is executed, first the CPU reads PCR3. Since PCR3 isawrite-only
register, the CPU reads a value of H'FF, even though the PCR3 value is actually H'3F.

Next, the CPU clears bit 0 in the read data to 0, changing the datato H'FE. Finally, thisvalue
(H'FE) iswritten to PCR3 and BCLR instruction execution ends.

As aresult of this operation, bit 0 in PCR3 becomes 0, making P3, an input port. However, bits 7
and 6 in PCR3 change to 1, so that P3; and P3¢ change from input pins to output pins.

To avoid this problem, store a copy of the PCR3 datain awork areain memory. Perform the bit
manipulation on the data in the work area, then write this data to PCR3.

[A: Prior to executing BCLR]

MOV. B #3F, ROL The PCR3 value (H'3F) is written to awork areain memory
MOV. B ROL, @RAMD (RAMO) aswell asto PCR3.
MOV. B ROL, @CR3
P3, P3g P3; P3, P3, P3, P3, P3,
Input/output Input Input Output  Output Output Output Output Output
Pin state Low High Low Low Low Low Low Low
level level level level level level level level
PCR3 0 0 1 1 1 1 1 1
PDR3 1 0 0 0 0 0 0 0
RAMO 0 0 1 1 1 1 1 1
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[B: BCLR instruction executed]

BCLR #0 , @RAMD

[C: After executing BCLR]

MOV. B @RAMD, ROL
MOV. B ROL, @°CR3

The BCLR instruction is executed designating the PCR3
work area (RAMO).

The work area (RAMO) value is written to PCRS.

P3, P3¢ P3g P3, P35 P3, P3; P3,
Input/output Input Input Output  Output Output Output Output Output
Pin state Low High Low Low Low Low Low High

level level level level level level level level
PCR3 0 0 1 1 1 1 1 0
PDR3 1 0 0 0 0 0 0 0
RAMO 0 0 1 1 1 1 1 0

Table 2-12 lists the pairs of registers that share identical addresses. Table 2-13 lists the registers that

contain write-only bits.

Table2-12 Registerswith Shared Addresses

Register Name

Abbreviation Address

Output compare register AH and output compare register BH (timer X) OCRAH/OCRBH H'F774

Output compare register AL and output compare register BL (timer X) OCRAL/OCRBL H'F775

Timer counter B1 and timer load register B1 (timer B1) TCB1/TLB1 H'FFB3
Port data register 1* PDR1 H'FED4
Port data register 2* PDR2 H'FED5
Port data register 3* PDR3 H'EED6
Port data register 5* PDR5 H'FFD8
Port data register 6* PDR6 H'FED9
Port data register 7* PDR7 H'EEDA
Port data register 8* PDRS H'FFDB
Port data register 9* PDR9 H'EEDC

Note: * Port data registers have the same addresses as input pins.
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Table2-13 Registerswith Write-Only Bits

Register Name Abbreviation Address
Port control register 1 PCR1 H'FFE4
Port control register 2 PCR2 H'FFES
Port control register 3 PCR3 H'FFE6
Port control register 5 PCR5 H'FFE8
Port control register 6 PCR6 H'FFE9
Port control register 7 PCR7 H'FFEA
Port control register 8 PCR8 H'FFEB
Port control register 9 PCR9 H'FFEC
PWM control register PWCR H'FFDO
PWM data register U PWDRU H'FFD1
PWM data register L PWDRL H'FFD2

2.9.3 Noteson Use of the EEPM OV Instruction

« The EEPMOV instruction isablock datatransfer instruction. It moves the number of bytes
specified by R4L from the address specified by R5 to the address specified by R6.

RS - -~ R6

R5 + R4L -

<~ R6 + R4L

e When setting R4L and R6, make sure that the final destination address (R6 + R4L) does not
exceed H'FFFF. The value in R6 must not change from H'FFFF to H'0000 during execution of
the instruction.

RS - - R6

R5+ R4L - — R6 + RAL

Not allowed
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Section 3 Exception Handling

3.1 Overview

Exception handling is performed in the H8/3657 Series when areset or interrupt occurs. Table 3-1
shows the priorities of these two types of exception handling.

Table3-1 Exception Handling Typesand Priorities

Priority Exception Source Time of Start of Exception Handling

High Reset Exception handling starts as soon as the reset state is cleared
Interrupt When an interrupt is requested, exception handling starts
after execution of the present instruction or the exception
Low handling in progress is completed
3.2 Reset

3.2.1 Overview

A reset isthe highest-priority exception. Theinternal state of the CPU and the registers of the on-
chip peripheral modules are initialized.

3.2.2 Reset Sequence

1. Reset by RES pin

As soon as the RES pin goes low, all processing is stopped and the chip enters the reset state.
To make sure the chip is reset properly, observe the following precautions.

+ At power on: Hold the RES pin low until the clock pulse generator output stabilizes.

« At power on, when using an external clock: Hold the RES pin low for the ceramic oscillator
oscillation stabilization time shown in table 13.7 in the Electrical Characteristics section.

*  Resetting during operation: Hold the RES pin low for at least 18 system clock cycles.

Reset exception handling begins when the RES pin is held low for a given period, then returned to
the high level.

Reset exception handling takes place as follows.

e« TheCPU interna state and the registers of on-chip peripheral modules areinitialized, with the |
bit of the condition code register (CCR) set to 1.

e ThePCisloaded from the reset exception handling vector address (H'0000 to H'0001), after
which the program starts executing from the address indicated in PC.
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When system power is turned on or off, the RES pin should be held low.

Figure 3-1 shows the reset sequence starting from RES input.

—— » Reset cleared

Program initial
Vector fetch Internal instruction prefetch
@« »| Processing @ »|

3
m
[72)
—~—

Uy e

o

Internal ‘

address bus : @ >< @ ><
Internal read \ / \ /[ \
signal |

Internal write
signal

Internal data |
bus (16-bit) | 2) )

(1) Reset exception handling vector address (H'0000)
(2) Program start address
(3) First instruction of program

Figure 3-1 Reset Sequence
2. Reset by watchdog timer

The watchdog timer counter (TCW) starts counting up when the WDON bit isset to 1 in the
watchdog timer control/status register (TCSRW). If TCW overflows, the WRST hitissetto 1in
TCSRW and the chip enters the reset state. While the WRST bit isset to 1 in TCSRW, when TCW
overflows the reset state is cleared and reset exception handling begins. The same reset exception
handling is carried out as for input at the RES pin. For details on the watchdog timer, see 9.11,
Watchdog Timer.

56



3.2.3 Interrupt Immediately after Reset

After areset, if an interrupt were to be accepted before the stack pointer (SP: R7) was initialized,
PC and CCR would not be pushed onto the stack correctly, resulting in program runaway. To
prevent this, immediately after reset exception handling al interrupts are masked. For this reason,
theinitial program instruction is always executed immediately after areset. Thisinstruction should
initialize the stack pointer (e.g. MOV.W #xx: 16, SP).

3.3 Interrupts
3.3.1 Overview

Theinterrupt sourcesinclude 12 external interrupts (IRQz to IRQp, INT; to INTy) and 21 internal
interrupts from on-chip peripheral modules. Table 3-2 shows the interrupt sources, their priorities,
and their vector addresses. When more than one interrupt is requested, the interrupt with the highest
priority is processed.

The interrupts have the following features:

e Internal and external interrupts can be masked by the | bitin CCR. Whenthel bitissetto 1,
interrupt request flags can be set but the interrupts are not accepted.

*  IRQ3t0IRQgand INT; to INT, can be set independently to either rising edge sensing or falling
edge sensing.
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Table3-2 Interrupt Sourcesand Their Priorities

Interrupt Source Interrupt Vector Number Vector Address  Priority
RES Reset 0 H'0000 to H'0001  High
IRQ, IRQq 4 H'0008 to H'0009 A
IRQ, IRQ; 5 H'000A to H'000B
IRQ, IRQ, 6 H'000C to H'000D
IRQ, IRQ; 7 H'000E to H'000F
INTo INT, 8 H'0010 to H'0011
INT, INT,
INT, INT,
INT3 INT,
INT, INT,
INTg INT
INTg INT,
INT, INT,
Timer A Timer A overflow 10 H'0014 to H'0015
Timer B1 Timer B1 overflow 11 H'0016 to H'0017
Timer X Timer X input capture A 16 H'0020 to H'0021
Timer X input capture B
Timer X input capture C
Timer X input capture D
Timer X compare match A
Timer X compare match B
Timer X overflow
Timer V Timer V compare match A 17 H'0022 to H'0023
Timer V compare match B
Timer V overflow
SCI1 SCI1 transfer complete 19 H'0026 to H'0027
SCI3 SCI3 transmit end 21 H'002A to H'002B
SCI3 transmit data empty
SCI3 receive data full
SCI3 overflow error
SCI3 framing error
SCI3 parity error
AID A/D conversion end 22 H'002C to H'002D Y
(SLEEP instruction  Direct transfer 23 H'002E to H'002F Low
executed)

Note: * Vector addresses H'0002 to H'0005, H'0024 to H'0025, H'0028 to H'0029 are reserved and
cannot be used.
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3.3.2 Interrupt Control Registers
Table 3-3 lists the registers that control interrupts.

Table 3-3 Interrupt Control Registers

Name Abbreviation R/W Initial Value Address
Interrupt edge select register 1 IEGR1 R/W H'70 H'FFF2
Interrupt edge select register 2 IEGR2 R/W H'00 H'FFF3
Interrupt enable register 1 IENR1 R/W H'10 H'FFF4
Interrupt enable register 2 IENR2 R/W H'00 H'FFF5
Interrupt enable register 3 IENRS3 R/W H'00 H'FFF6
Interrupt request register 1 IRR1 R/W* H'10 H'FFF7
Interrupt request register 2 IRR2 R/W* H'00 H'FFF8
Interrupt request register 3 IRR3 R/W* H'00 H'FFF9

Note: * Write is enabled only for writing of O to clear a flag.

1. Interrupt edge select register 1 (IEGR1)

Bit 7 6 5 4 3 2 1 0

‘ — ‘ — ‘ — ‘ — ‘ IEG3 ‘ IEG2 ‘ IEG1 ‘ IEGO ‘
Initial value 0 1 1 1 0 0 0 0
Read/Write — — — — R/W R/W R/W R/W

IEGRL is an 8-bit read/write register used to designate whether pins IRQ3 to IRQ are set to rising
edge sensing or falling edge sensing. Upon reset, IEGR1 isinitialized to H'70.

Bit 7: Reserved bit
Bit 7 isreserved: it is always read as 0 and cannot be modified.
Bits 6 to 4: Reserved bits

Bits 6 to 4 are reserved; they are always read as 1, and cannot be modified.
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Bit 3: IRQ; edge select (IEG3)

Bit 3 selects the input sensing of pin IRQ3.

Bit 3

IEG3 Description

0 Falling edge of IRQ3 pin input is detected (initial value)
1 Rising edge of IRQ3 pin input is detected

Bit 2: IRQ, edge select (IEG2)

Bit 2 selects the input sensing of pin IRQ,.

Bit 2

IEG2 Description

0 Falling edge of IRQ, pin input is detected (initial value)
1 Rising edge of IRQ, pin input is detected

Bit 1: IRQ, edge select (IEG1)

Bit 1 selects the input sensing of pin IRQ;.

Bit 1

IEG1 Description

0 Falling edge of IRQ pin input is detected (initial value)
1 Rising edge of IRQ; pin input is detected

Bit 0: IRQ, edge select (IEGO)

Bit 0 selects the input sensing of pin IRQy.

Bit 0

IEGO Description

0 Falling edge of IRQ pin input is detected (initial value)
1 Rising edge of IRQq pin input is detected
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2. Interrupt edge select register 2 (IEGR2)

Bit 7 6 5 4 3 0

‘ INTEG7 ‘ INTEGG‘ INTEGS‘ INTEG4‘ INTEG3 ‘ INTEG2 ‘ INTEG1 ‘ INTEGO ‘
Initial value 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W

IEGR2 is an 8-bit read/write register, used to designate whether pinsINT, to INTg, TMIY, and
TMIB are set to rising edge sensing or falling edge sensing. Upon reset, IEGR2 isinitiaized to

H'00.
Bit 7: INT, edge select (INTEG7)

Bit 7 selects the input sensing of the INT, pin and TMIY pin.

Bit 7

INTEG7 Description

0 Falling edge of INT; and TMIY pin input is detected (initial value)
1 Rising edge of INT; and TMIY pin input is detected

Bit 6: INTg edge select (INTEG6)

Bit 6 selects the input sensing of the INT¢ pin and TMIB pin.

Bit 6

INTEG6 Description

0 Falling edge of INTg and TMIB pin input is detected (initial value)
1 Rising edge of INTg and TMIB pin input is detected

Bit 5: INT5 edge select (INTEGS)

Bit 5 selects the input sensing of the INT5 pin and ADTRG pin.

Bit 5

INTEG5 Description

0 Falling edge of INT5 and ADTRG pin input is detected (initial value)
1 Rising edge of INT5 and ADTRG pin input is detected
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Bits4to 0: INT,to INT edge select (INTEG4 to INTEGO)

Bits 4 to 0 select the input sensing of pinsINT 4 to INT,,.

Bit n
INTEGn Description
0 Falling edge ofWTn pin input is detected (initial value)
1 Rising edge of INT,, pin input is detected
(n=4100)
3. Interrupt enable register 1 (IENR1)
Bit 7 6 5 4 3 2 1 0
‘ IENTB1 ‘ IENTA ‘ — ‘ — ‘ IEN3 ‘ IEN2 ‘ IEN1 ‘ IENO ‘
Initial value 0 0 0 1 0 0 0 0
Read/Write R/W R/W — — R/W R/W R/W R/W

IENRL1 is an 8-bit read/write register that enables or disables interrupt requests. Upon reset, IENR1

isinitialized to H'10.
Bit 7: Timer B1 interrupt enable (IENTB1)

Bit 7 enables or disables timer B1 overflow interrupt requests.

Bit 7

IENTB1 Description

0 Disables timer B1 interrupt requests (initial value)
1 Enables timer B1 interrupt requests

Bit 6: Timer A interrupt enable (IENTA)

Bit 6 enables or disablestimer A overflow interrupt requests.

Bit 6

IENTA Description

0 Disables timer A interrupt requests (initial value)
1 Enables timer A interrupt requests
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Bit 5: Reserved bit

Bit 5isreserved: it is always read as 0 and cannot be modified.
Bit 4: Reserved hit

Bit 4 isreserved; it isalwaysread as 1, and cannot be modified.
Bits 3 to 0: IRQ3 to IRQg interrupt enable (IEN3 to IENO)

Bits 3 to 0 enable or disable IRQ; to IRQ interrupt requests.

Bit n
IENN Description
0 Disables interrupt requests from pin IRQ,, (initial value)
1 Enables interrupt requests from pin IRQ,,
(n=3t00)
4. Interrupt enable register 2 (IENR2)
Bit 7 6 5 4 3 2 1 0
‘ IENDT ‘ IENAD ‘ — ‘ IENS1 ‘ — ‘ — ‘ — ‘ — ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W — R/W — — — —

IENR2 is an 8-bit read/write register that enables or disablesinterrupt requests. Upon reset, IENR2
isinitialized to H'00.

Bit 7: Direct transfer interrupt enable (IENDT)

Bit 7 enables or disables direct transfer interrupt requests.

Bit 7

IENDT Description

0 Disables direct transfer interrupt requests (initial value)
1 Enables direct transfer interrupt requests
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Bit 6: A/D converter interrupt enable (IENAD)

Bit 6 enables or disables A/D converter interrupt requests.

Bit 6

IENAD Description

0 Disables A/D converter interrupt requests (initial value)
1 Enables A/D converter interrupt requests

Bit 5: Reserved bit

Bit 5isreserved: it is always read as 0 and cannot be modified.

Bit 4: SCI1 interrupt enable (IENSL)

Bit 4 enables or disables SCI1 transfer complete interrupt requests.

Bit 4

IENS1 Description

0 Disables SCI1 interrupt requests (initial value)
1 Enables SCI1 interrupt requests

Bits 3to O: Reserved bits

Bits 3to O are reserved: they are always read as 0 and cannot be modified.
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5. Interrupt enable register 3 (IENR3)

Bit 7 6 5 4 3 2 1 0

‘ INTEN7 ‘ INTENG‘ INTENS‘ INTEN4‘ INTEN3 ‘ INTEN2 ‘ INTEN1 ‘ INTENO ‘
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

IENRS is an 8-bit read/write register that enables or disables INT, to INT, interrupt requests. Upon
reset, IENR3 isinitialized to H'00.

Bits 7to 0: INT, to INTq interrupt enable (INTEN7 to INTENO)

Bits 7 to 0 enable or disable INT; to INT, interrupt requests.

Bit n
INTENN Description
0 Disables interrupt requests from pin W (initial value)
1 Enables interrupt requests from pin m
(n=71t00)

6. Interrupt request register 1 (IRR1)

Bit 7 6 5 4 3 2 1 0
‘IRRTBl‘ IRRTA‘ — \ — \ IRRI3 \ IRRI2 \ IRRI1 \ IRRIO \

Initial value 0 0 0 1 0 0 0 0

Read/Write RW*  RW" — — RW*  RW" RW* RW"

Note: * Only a write of O for flag clearing is possible

IRR1 is an 8-hit read/write register, in which a corresponding flag is set to 1 when atimer B1, timer
A, timer Y, or IRQ3 to IRQg interrupt is requested. The flags are not cleared automatically when an
interrupt is accepted. It is necessary to write 0 to clear each flag. Upon reset, IRR1 isinitialized to
H'10.

Bit 7: Timer B1 interrupt request flag (IRRTB1)

Bit 7
IRRTB1 Description

0 Clearing conditions: (initial value)
When IRRTB1 = 1, it is cleared by writing O

1 Setting conditions:
When the timer B1 counter value overflows from H'FF to H'00
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Bit 6: Timer A interrupt request flag (IRRTA)

Bit 6

IRRTA Description

0 Clearing conditions: (initial value)
When IRRTA =1, it is cleared by writing O

1 Setting conditions:

When the timer A counter value overflows from H'FF to H'00

Bit 5: Reserved bit

Bit 5isreserved: it is always read as 0 and cannot be modified.

Bit 4: Reserved bit

Bit 4 isreserved; it is always read as 1, and cannot be modified.

Bits 3to 0: IRQ3 to IRQq interrupt request flags (IRRI3 to IRRIO)

Bit n

IRRIN Description

0 Clearing conditions: (initial value)
When IRRIn =1, it is cleared by writing O

1 Setting conditions:

When pin IRQ,, is designated for interrupt input and the designated signal edge is input

(n=3100)
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7. Interrupt request register 2 (IRR2)

Bit

Initial value
Read/Write

7 6 5 4 3 2 1 0
\ IRRDT \ IRRAD‘ — \ IRRS1 \ — ‘ — ‘ — ‘ — ‘

0 0 0 0 0 0 0 0

RW*  RW* — RW* — — — _

Note: * Only a write of O for flag clearing is possible

IRR2 is an 8-bit read/write register, in which a corresponding flag is set to 1 when a direct transfer,
A/D converter, or SCI1 interrupt is requested. The flags are not cleared automatically when an
interrupt is accepted. It is necessary to write O to clear each flag. Upon reset, IRR2 isinitialized to

H'00.

Bit 7: Direct transfer interrupt request flag (IRRDT)

Bit 7

IRRDT Description

0 Clearing conditions: (initial value)
When IRRDT = 1, it is cleared by writing 0

1 Setting conditions:

When a direct transfer is made by executing a SLEEP instruction while DTON =1 in
SYSCR2

Bit 6: A/D converter interrupt request flag (IRRAD)

Bit 6

IRRAD Description

0 Clearing conditions: (initial value)
When IRRAD =1, it is cleared by writing O

1 Setting conditions:

When A/D conversion is completed and ADSF is cleared to 0 in ADSR

Bit 5: Reserved bit

Bit 5isreserved: it is always read as 0 and cannot be modified.
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Bit 4: SCI1 interrupt request flag (IRRS1)

Bit 4

IRRS1 Description

0 Clearing conditions: (initial value)
When IRRS1 =1, it is cleared by writing 0

1 Setting conditions:

When an SCI1 transfer is completed

Bits 3to 0: Reserved hits
Bits 3to 0 are reserved: they are always read as 0 and cannot be modified.

8. Interrupt request register 3 (IRR3)

Bit 7 6 5 4 3 2 1 0
\ INTF7 \ INTF6 \ INTF5 \ INTF4 \ INTF3 \ INTF2 | INTF1 \ INTFO \

Initial value 0 0 0 0 0 0 0 0

Read/Write RW*  RW" RW' RW' RW' RW'  RW"' RW"

Note: * Only a write of O for flag clearing is possible

IRR3 is an 8-bit read/write register, in which a corresponding flag is set to 1 by atransition at pin
INT; to INT,. The flags are not cleared automatically when an interrupt is accepted. It is necessary
to write 0 to clear each flag. Upon reset, IRR3 isinitialized to H'00.

Bits7to 0: INT, to INTy interrupt request flags (INTF7 to INTFO)

Bit n

INTFn Description

0 Clearing conditions: (initial value)
When INTFn = 1, it is cleared by writing 0

1 Setting conditions:

When the designated signal edge is input at pin INT,

(n=71t00)

3.3.3 External Interrupts
There are 12 external interrupts: IRQz to IRQp and INT to INT,,
1. Interrupts IRQzto IRQg

Interrupts IRQ3 to IRQq are requested by input signalsto pins IRQs to IRQg. These interrupts are
detected by either rising edge sensing or falling edge sensing, depending on the settings of bits IEG3
to IEGOin IEGRL.
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When these pins are designated as pins IRQ; to IRQg in port mode register 1 and the designated
edge isinput, the corresponding bit in IRR1 is set to 1, requesting an interrupt. Recognition of these
interrupt requests can be disabled individually by clearing bits IEN3 to IENO to O in IENR1. These
interrupts can al be masked by setting the | bit to 1 in CCR.

When IRQ3 to IRQ interrupt exception handling isinitiated, the | bitisset to 1in CCR. Vector
numbers 7 to 4 are assigned to interrupts IRQ3 to IRQ,. The order of priority is from IRQq (high) to
IRQ3 (low). Table 3-2 gives details.

2. INT interrupts

INT interrupts are requested by input signalsto pins INT to INT,. These interrupts are detected by
either rising edge sensing or falling edge sensing, depending on the settings of bits INTEG?7 to
INTEGO in IEGR2.

When the designated edge is input a pins INT; to INT, the corresponding bit in IRR1 is set to 1,
requesting an interrupt. Recognition of these interrupt requests can be disabled individually by
clearing bits INTEN7 to INTENO to 0 in IENR3. These interrupts can all be masked by setting the |
bitto 1in CCR.

When INT interrupt exception handling isinitiated, the | bitisset to 1 in CCR. Vector number 8 is
assigned to the INT interrupts. All eight interrupts have the same vector number, so the interrupt-
handling routine must discriminate the interrupt source.

Note: PinsINT- to INTq are multiplexed with port 5. Even in port usage of these pins, whenever
the designated edge isinput or output, the corresponding bit INTFn is set to 1.

3.3.4 Internal Interrupts

There are 21 internal interrupts that can be regquested by the on-chip peripheral modules. When a
peripheral module requests an interrupt, the corresponding bit in IRR1 or IRR2 is set to 1.
Recognition of individual interrupt requests can be disabled by clearing the corresponding bit in
IENR1 or IENR2. All these interrupts can be masked by setting the | bit to 1 in CCR. When internal
interrupt handling isinitiated, the | bit isset to 1 in CCR. Vector numbers from 23 to 9 are assigned
to these interrupts. Table 3-2 shows the order of priority of interrupts from on-chip periphera
modules.
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3.3.5 Interrupt Operations

Interrupts are controlled by an interrupt controller. Figure 3-2 shows a block diagram of the
interrupt controller. Figure 3-3 shows the flow up to interrupt acceptance.

' Interrupt controller

External or iD+V

internal

interrupts 4D+>

ﬁ;’ Interrupt
, request

Priority decision logic

External ' ,
interrupts or '
internal _— ' '
interrupt ' '
enable '
signals ' '

| CCR (CPU)

Figure 3-2 Block Diagram of Interrupt Controller

Interrupt operation is described as follows.

When an interrupt condition is met while the interrupt enable register hit is set to 1, an interrupt
reguest signal is sent to the interrupt controller.

When the interrupt controller receives an interrupt request, it sets the interrupt request flag.

From among the interrupts with interrupt request flags set to 1, the interrupt controller selects
the interrupt request with the highest priority and holds the others pending. (Refer to
table 3-2 for alist of interrupt priorities.)

Theinterrupt controller checksthe | bit of CCR. If thel bit is 0O, the selected interrupt request is
accepted; if the | bit is 1, the interrupt request is held pending.
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e If theinterrupt is accepted, after processing of the current instruction is completed, both PC and
CCR are pushed onto the stack. The state of the stack at thistimeis shown in figure 3-4. The
PC value pushed onto the stack is the address of the first instruction to be executed upon return
from interrupt handling.

e Thel bit of CCRisset to 1, masking further interrupts.

¢ The vector address corresponding to the accepted interrupt is generated, and the interrupt
handling routine located at the address indicated by the contents of the vector addressis
executed.

Notes:

1. When disabling interrupts by clearing bitsin an interrupt enable register, or when clearing bits
in an interrupt request register, always do so while interrupts are masked (I = 1).

2. If the above clear operations are performed while | = 0, and as aresult a conflict arises between
the clear instruction and an interrupt request, exception processing for the interrupt will be
executed after the clear instruction has been executed.
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'

’ Program execution state ‘

IRRDT =1

No

Yes

’ PC contents saved ‘

i

’ CCR contents saved ‘
1

| -1 |
1

Branch to interrupt
handling routine

Notation:

PC: Program counter

CCR: Condition code register
I: | bit of CCR

Figure3-3 Flow up to Interrupt Acceptance
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SP-4
SP-3
SP-2
SP-1
SP (R7) —
Stack area
- T~
Prior to start of interrupt
exception handling
Notation:

_—
PC and CCR

SP (R7) — CCR
SP+1 CCR
SP+2 PCx
SP+3 PC_
SP +4

saved to stack

PCh:  Upper 8 bits of program counter (PC)
PC.: Lower 8 bits of program counter (PC)

CCR: Condition code register
SP: Stack pointer

Notes: 1. PC shows the address of the first instruction to be executed upon

return from the interrupt handling routine.

2. Register contents must always be saved and restored by word access,

starting from an even-numbered address.

/\/

After completion of interrupt
exception handling

Even address

Figure3-4 Stack State after Completion of Interrupt Exception Handling

Figure 3-5 shows atypical interrupt sequence where the program areaisin the on-chip ROM and

the stack areaisin the on-chip RAM.
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3.3.6 Interrupt Response Time

Table 3-4 shows the number of wait states after an interrupt request flag is set until the first
instruction of the interrupt handler is executed.

Table 3-4 Interrupt Wait States

Item States
Waiting time for completion of executing instruction* 1to13
Saving of PC and CCR to stack 4
Vector fetch 2
Instruction fetch 4
Internal processing 4

Total 15to 27

Note: * Not including EEPMOV instruction.
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3.4 Application Notes
3.4.1 Noteson Stack Area Use

When word data is accessed in the H8/3657 Series, the least significant bit of the addressis
regarded as 0. Access to the stack always takes place in word size, so the stack pointer (SP: R7)
should never indicate an odd address. Use PUSH Rn (MOV.W Rn, @-SP) or POP Rn (MOV.W
@SP+, Rn) to save or restore register values.

Setting an odd address in SP may cause a program to crash. An example is shown in figure 3-6.

| PCh | SP - R1L H'FEFC
SP - PCL PCL H'FEFD
e ] ] | werF
BSR instruction MOV. B R1L, @-R7
SP set to H'FEFF Stack accessed beyond SP Contents of PCy are lost
Notation:

PCy: Upper byte of program counter
PC_: Lower byte of program counter
R1L: General register R1L

SP: Stack pointer

Figure3-6 Operation when Odd Addressis Set in SP

When CCR contents are saved to the stack during interrupt exception handling or restored when
RTE is executed, this also takes place in word size. Both the upper and lower bytes of word data
are saved to the stack; on return, the even address contents are restored to CCR while the odd
address contents are ignored.

76



3.4.2 Noteson Rewriting Port Mode Registers

When a port mode register is rewritten to switch the functions of external interrupt pins, the
following points should be observed.

When an external interrupt pin function is switched by rewriting the port mode register that controls
pins IRQ; to IRQ,, the interrupt request flag may be set to 1 at the time the pin function is switched,
even if no valid interrupt is input at the pin. Table 3-5 shows the conditions under which interrupt
request flags are set to 1 in thisway.

Table 3-5 Conditionsunder which Interrupt Request Flagis Set to 1

Interrupt Request
Flags Setto 1 Conditions

IRR1 IRRI3 When PMRL1 bit IRQ3 is changed from 0 to 1 while pin IRQ3 is low and IEGR
bit IEG3 = 0.

When PMRL1 bit IRQ3 is changed from 1 to 0 while pin IRQg is low and IEGR
bit IEG3 = 1. *

IRRI2 When PMR1 bit IRQ2 is changed from 0 to 1 while pin IRQ, is low and IEGR
bit IEG2 = 0.

When PMRL1 bit IRQ2 is changed from 1 to 0 while pin IRQ, is low and IEGR
bit IEG2 = 1. —

IRRI1 When PMR1 bit IRQ1 is changed from 0 to 1 while pin IRQ; is low and IEGR
bit IEG1 = 0.

When PMRL1 bit IRQ1 is changed from 1 to 0 while pin IRQq is low and IEGR
bit IEG1 = 1.

Figure 3-7 shows the procedure for setting a bit in a port mode register and clearing the interrupt
request flag.

When switching a pin function, mask the interrupt before setting the bit in the port mode register.
After accessing the port mode register, execute at least one instruction (e.g., NOP), then clear the
interrupt request flag from 1 to 0. Be sureto clear the flag is executed immediately after the port
mode register access without executing an intervening instruction, the flag will not be cleared.

An aternative method is to avoid the setting of interrupt request flags when pin functions are
switched by keeping the pins at the high level so that the conditions in table 3-5 do not occur.
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Interrupts masked. (Another possibility

CCRIbit -1 | —————————— is to disable the relevant interrupt in

interrupt enable register 1.)

Set port mode register bit |

‘ After setting the port mode register bit,

first execute at least one instruction

Execute NOP instruction | ”””” (e.g., NOP), then clear the interrupt

‘ request flag to 0

Clear interrupt request flag to 0 |

CCRIbit -0 | ffffffffff Interrupt mask cleared

Figure3-7 Port Mode Register Setting and Interrupt Request Flag
Clearing Procedure
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Section 4 Clock Pulse Generators

4.1 Overview

Clock oscillator circuitry (CPG: clock pulse generator) is provided on-chip, including both a system
clock pulse generator and a subclock pulse generator. The system clock pulse generator consists of
asystem clock oscillator and system clock dividers. The subclock pulse generator consists of a
subclock oscillator circuit and a subclock divider.

4.1.1 Block Diagram

Figure 4-1 shows a block diagram of the clock pulse generators.

! Zoscl2
osc ! Yosc |
17" System clock System clock L Posc/1281 I’
0OSC,=— oscillator divider (1/2) System clock s
| (fosc) divider [ 20sc/64 L - g/2
! (1/64, 1/32, |Posc/32_ Prescalers |~ -
1/16,1/8) |Bosc/16 | ! A3bits) | Zie192
__System clock pulse generator | L o
! oy /2 !
X1—> subclock | Pw_| Subclock oy /4 |
‘ . divider - > OsuB
Xga==— oscillator | ) (1/2, 1/4, 1/8) /8 !
! , , gl - Z\N/Z
- 2 /4
/8
Prescaler W + fé”

! Subclock pulse generator ‘ . !
o pulse generator (5bits) [ . @,,/128

Figure4-1 Block Diagram of Clock Pulse Generators
4.1.2 System Clock and Subclock

The basic clock signals that drive the CPU and on-chip peripheral modules are @ and ggg. Four of
the clock signals have names: @ is the system clock, g g is the subclock, o is the oscillator
clock, and @ is the watch clock.

The clock signals available for use by peripheral modules are @/2, @/4, @18, @116, @32, &/64, a/128,
@256, 9512, /1024, /2048, 2/4096, &/8192, @&/2, B/4, 2/8, /16, &,/32, 2,,/64, and
2/128. The clock requirements differ from one module to another.
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4.2 System Clock Generator

Clock pulses can be supplied to the system clock divider either by connecting a crystal or ceramic
oscillator, or by providing external clock input.

1. Connecting a crystal oscillator

Figure 4-2 shows a typical method of connecting a crystal oscillator.

Ci
0SC, }—77|7
R; [

0SC, 1 Rt =1 MQ +20%
CZ’;‘, C1 = Cp = 12 pF 20%

Figure4-2 Typical Connection to Crystal Oscillator

Figure 4-3 shows the equivalent circuit of acrystal oscillator. An oscillator having the
characteristics given in table 4-1 should be used.

— 000 — |

0SC; =% $+— 0SC,

Figure4-3 Equivalent Circuit of Crystal Oscillator

Table4-1 Crystal Oscillator Parameters

Frequency (MHz) 2 4 8 10
Rg max (Q) 500 100 50 30
Co (PF) 7 pF max
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2. Connecting a ceramic oscillator

Figure 4-4 shows atypical method of connecting a ceramic oscillator.

0OSC, }—7)7

0SC», R¢ =1 MQ +20%
C1 =30 pF £10%
C, =30 pF £10%
Ceramic oscillator: Murata

Figure4-4 Typical Connection to Ceramic Oscillator
3. Noteson board design

When generating clock pulses by connecting a crystal or ceramic oscillator, pay careful attention to
the following points.

Avoid running signal lines close to the oscillator circuit, since the oscillator may be adversely
affected by induction currents. (Seefigure 4-5.)

The board should be desighed so that the oscillator and load capacitors are located as close as
possible to pins OSC, and OSC..

To be avoided | — Signal A Signal B

0SC;

7)7 (I ! 0OSC1

Figure4-5 Board Design of Oscillator Circuit
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4. External clock input method

Connect an external clock signal to pin OSC,, and leave pin OSC, open. Figure 4-6 shows atypical
connection.

0osC; — External clock input

0SC; |——— Open

Figure4-6 External Clock Input (Example)

Frequency Oscillator Clock (gpsc)
Duty cycle 45% to 55%
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4.3 Subclock Generator
1. Connecting a 32.768-kHz crystal oscillator

Clock pulses can be supplied to the subclock divider by connecting a 32.768-kHz crystal oscillator,
as shown in figure 4-7. Follow the same precautions as noted under 4.2.3, Note on board design, for
the system clock.

Cy
X1 T' }—7)7
O
X %
’ Lk ci=cs =1spF @)

Figure4-7 Typical Connection to 32.768-kHz Crystal Oscillator

Figure 4-8 shows the equivalent circuit of the 32.768-kHz crystal oscillator.

X; =1 t= X,

Co Co =15 pF typ
Rg =14 kQ typ
fw = 32.768 kHz
Crystal oscillator: MX38T
(Nihon Denpa Kogyo)

Figure4-8 Equivalent Circuit of 32.768-kHz Crystal Oscillator
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2. Pin connection when not using subclock

When the subclock is not used, connect pin X to V¢ and leave pin X, open, as shown in
figure 4-9.

Vee

X2 f———— Open

Figure4-9 Pin Connection when not Using Subclock
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4.4 Prescalers

The H8/3657 Seriesis equipped with two on-chip prescalers having different input clocks (prescaler
Sand prescaler W). Prescaler Sisa 13-bit counter using the system clock (@) asitsinput clock. Its
prescaled outputs provide internal clock signals for on-chip peripheral modules. Prescaler W isa5-
bit counter using a 32.768-kHz signal divided by 4 (,/4) asitsinput clock. Its prescaled outputs
are used by timer A as atime base for timekeeping.

1. Prescaler S(PSS)

Prescaler Sisa13-bit counter using the system clock () asitsinput clock. It isincremented once
per clock period.

Prescaler Sisinitialized to H'0000 by areset, and starts counting on exit from the reset state.

In standby mode, watch mode, subactive mode, and subsleep mode, the system clock pulse
generator stops. Prescaler S also stops and isinitialized to H'0000.

The CPU cannot read or write prescaler S.

The output from prescaler Sis shared by the on-chip peripheral modules. The divider ratio can be
set separately for each on-chip peripheral function.

In active (medium-speed) mode the clock input to prescaler Sis determined by the division factor
designated by MA1 and MAO.

2. Prescaler W (PSW)
Prescaler W is a 5-bit counter using a 32.768 kHz signal divided by 4 (g,/4) asits input clock.
Prescaler W isinitialized to H'00 by areset, and starts counting on exit from the reset state.

Even in standby mode, watch mode, subactive mode, or subsleep mode, prescaler W continues
functioning so long as clock signals are supplied to pins X4 and X,.

Prescaler W can be reset by setting 1sin bits TMA3 and TMAZ2 of timer mode register A (TMA).

Output from prescaler W can be used to drive timer A, in which case timer A functions asatime
base for timekeeping.
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4.5 Noteon Oscillators

Oscillator characteristics are closely related to board design and should be carefully evaluated by
the user for both mask ROM and ZTAT™ versions, referring to the oscillator element connection
examples shown in this section. Oscillator circuit constants will differ depending on the oscillator
element, stray capacitance in itsinterconnecting circuit, and other factors. Suitable constants should
be determined in consultation with the oscillator element manufacturer. Design the circuit so that
the oscillator element never receives voltages exceeding its maximum rating.
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Section 5 Power-Down Modes

5.1 Overview

The H8/3657 Series has eight modes of operation after areset. These include seven power-down
modes, in which power dissipation is significantly reduced. Table 5-1 gives a summary of the eight

operating modes.

Table5-1 Operating Modes

Operating Mode

Description

Active (high-speed) mode

The CPU and all on-chip peripheral functions are operable on the
system clock

Active (medium-speed) mode

The CPU and all on-chip peripheral functions are operable on the
system clock, but at 1/64, 1/32, 1/6, or 1/8" the speed in active
(high-speed) mode

Subactive mode

The CPU, and the time-base function of timer A are operable on
the subclock

Sleep (high-speed) mode

The CPU halts. On-chip peripheral functions except PWM are
operable on the system clock

Sleep (medium-speed) mode

The CPU halts. On-chip peripheral functions except PWM are
operable on the system clock, but at 1/64, 1/32, 1/6, or 1/8" the
speed in active (high-speed) mode

Subsleep mode

The CPU halts. The time-base function of timer A are operable on
the subclock

Watch mode

The CPU halts. The time-base function of timer A is operable on
the subclock

Standby mode

The CPU and all on-chip peripheral functions halt

Note: * Determined by the value set in bits MA1 and MAO of system control register 1 (SYSCR1).

Of these eight operating modes, all but the active (high-speed) mode are power-down modes. In this
section the two active modes (high-speed and medium speed) will be referred to collectively as
active mode, and the two sleep modes (high-speed and medium speed) will be referred to

collectively as sleep mode.
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Figure 5-1 shows the transitions among these operation modes. Table 5-2 indicates the internal
states in each mode.

Program Program
C Reset state execution state halt state
: | SLEEP ! 5
° . ' Active i instruction™® . Sleep |
Program oSS, (highspeed) | | (high-speed) | :
halt state g ' mode o st mode
N : ! Y . éo. S ,
| . i 5| las \ \u & |
| Standby ; ! 2| e : oS !
! mode ) . 3 |4S ! ‘5‘/»(6\6\ :
' ' ‘u:) ns (/o,. D '
[ ] ' (2] " 7 ]
i ' , £ £ ' 9 % '
: : . \ | \ SLEEP _ | :
' ' : Active \_instruction™® ! Sleep '
' ' e i | (medium-speed) | «3_1_| (medium-speed) | ;
! : mode : mode 1
: ; Y :
' ' £ i ' ,
i , c c 1 i
: : 5 gl b i ;
: - ! S| |42 : -
, ' ' = 0n4g ' H
: : : 2l 2 : :
' g i y i :
: Y SLEEP _ SLEEP :
E Watch <E nstruction . Subactive instruction - Subsleep :
: mode ; * mode -2 mode :
C] Power-down modes
Mode Transition Conditions (1) Mode Transition Conditions (2)
LSON MSON SSBY TMA3 DTON Interrupt Sources
a 0 0 0 0 0 Timer A interrupt, IRQq interrupt
b 0 1 0 O 0 Timer A interrupt, IRQ; to IRQ, interrupts,
c 1 O 0 1 0 INT interrupt
d 0 O 1 0 0 3 All interrupts
e g O 1 1 0 IRQ; or IRQy interrupt
f 0 0 0 O 1
g 0 1 0 O 1
h 0 1 1 1 1
i 1 O 1 1 1
J 0 0 1 1 1
0O Don't care

Notes: 1. A transition between different modes cannot be made to occur simply because an interrupt
request is generated. Make sure that interrupt handling is performed after the interrupt is
accepted.

2. Details on the mode transition conditions are given in the explanations of each mode,
in sections 5-2 through 5-8.

Figure5-1 Mode Transition Diagram
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Table5-2 Internal Statein Each Operating Mode

Active Mode Sleep Mode
High- Medium- High- Medium-  Watch Subactive Subsleep Standby

Function Speed Speed Speed Speed Mode Mode Mode Mode
System clock oscillator Functions  Functions  Functions Functions Halted Halted Halted Halted
Subclock oscillator Functions  Functions  Functions Functions Functions Functions Functions Functions
CPU Instructions  Functions  Functions  Halted Halted Halted Functions  Halted Halted
operations Registers Retained Retained Retained Retained  Retained

RAM

1/0 ports Retained*!
External IRQ, Functions  Functions  Functions Functions Functions Functions Functions Functions
interrupts IRQ; Retained*2

IRQ, Retained*?

IRQ,

INT, Functions  Functions  Functions Functions Retained*2 Functions Functions Retained*2

INT,

INT,

INT,

INT,

INT

INTg

INT,
Peripheral  Timer A Functions  Functions  Functions Functions Functions*3 Functions™3 Functions*3 Retained
functions Timer B1 Retained Retained Retained

Timer V Reset Reset Reset Reset

Timer X

Watchdog Retained Retained Retained Retained

timer

SCI1

SCI3 Reset Reset Reset Reset

PWM Retained Retained Retained Retained Retained Retained

A/D converter Functions  Functions

Notes: 1. Register contents are retained, but output is high-impedance state.

2. External interrupt requests are ignored. Interrupt request register contents are not altered.

3. Functions if timekeeping time-base function is selected.
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5.1.1 System Control Registers
The operation mode is selected using the system control registers described in table 5-3.

Table5-3 System Control Registers

Name Abbreviation R/W Initial Value Address
System control register 1 SYSCR1 R/W H'07 H'FFFO
System control register 2 SYSCR2 R/W H'EO H'FFF1

1. System control register 1 (SY SCR1)

Bit 7 6 5 4 3 2 1 0

‘ SSBY ‘ STS2 ‘ STS1 ‘ STSO ‘ LSON ‘ — ‘ MA1 ‘ MAO ‘
Initial value 0 0 0 0 0 1 1 1
Read/Write R/W R/W R/W R/W R/W — R/W R/W

SYSCR1 is an 8-hit read/write register for control of the power-down modes.
Upon reset, SY SCR1 isinitialized to H'07.
Bit 7: Software standby (SSBY)

This bit designates transition to standby mode or watch mode.

Bit 7
SSBY Description
0 * When a SLEEP instruction is executed in active mode, a transition (initial value)
is made to sleep mode
* When a SLEEP instruction is executed in subactive mode, a transition is made to
subsleep mode
1 « When a SLEEP instruction is executed in active mode, a transition is made to standby

mode or watch mode

* When a SLEEP instruction is executed in subactive mode, a transition is made to
watch mode
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Bits 6 to 4: Standby timer select 2to 0 (STS2 to STS0)

These bits designate the time the CPU and peripheral modules wait for stable clock operation after
exiting from standby mode or watch mode to active mode due to an interrupt. The designation
should be made according to the clock frequency so that the waiting timeis at least 10 ms.

Bit 6 Bit 5 Bit 4
STS2 STS1 STSO Description

0 0 0 Wait time = 8,192 states (initial value)
0 0 1 Wait time = 16,384 states

0 1 0 Wait time = 32,768 states

0 1 1 Wait time = 65,536 states

1 * * Wait time = 131,072 states

Note: * Don't care
Bit 3: Low speed on flag (LSON)

This bit chooses the system clock (@) or subclock (2gg) as the CPU operating clock when watch
modeiscleared. The resulting operation mode depends on the combination of other control bits and
interrupt input.

Bit 3

LSON Description

0 The CPU operates on the system clock (@) (initial value)
1 The CPU operates on the subclock (ggg)

Bits 2: Reserved hits
Bit 2 isreserved: it is always read as 1 and cannot be modified.
Bits 1 and 0: Active (medium-speed) mode clock select (MA1, MAOQ)

Bits 1 and 0 choose 2,4/128, 7,4/64, B,5./32, Or B4/ 16 as the operating clock in active (medium-
speed) mode and sleep (medium-speed) mode. MA1 and MAO should be written in active (high-
speed) mode or subactive mode.

Bit 1 Bit 0

MA1 MAO Description

0 0 Bsc/16

0 1 Bosc!32

1 0 Bsc/64

1 1 Bsc/128 (initial value)
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2. System control register 2 (SY SCR2)

Bit 7 6 5 4 3 2 1 0

‘ — ‘ — ‘ — ‘ NESEL‘ DTON ‘ MSON ‘ SAl ‘ SAOQ ‘
Initial value 1 1 1 0 0 0 0 0
Read/Write — — — R/W R/W R/W R/W R/W

SY SCR2 is an 8-hit read/write register for power-down mode control.
Upon reset, SY SCR2 isinitialized to H'EQ.

Bits 7 to 5: Reserved hits

These bits are reserved; they are always read as 1, and cannot be modified.
Bit 4: Noise elimination sampling frequency select (NESEL)

This bit selects the frequency at which the watch clock signal () generated by the subclock pulse
generator is sampled, in relation to the oscillator clock (@ngc) generated by the system clock pulse
generator. When gogc = 2 to 10 MHz, clear NESEL to O.

Bit 4

NESEL Description

0 Sampling rate is 8ogc/16 (initial value)
1 Sampling rate is Bogc/4
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Bit 3: Direct transfer on flag (DTON)

This bit designates whether or not to make direct transitions among active (high-speed), active
(medium-speed) and subactive mode when a SLEEP instruction is executed. The mode to which
the transition is made after the SLEEP instruction is executed depends on a combination of this and
other control bits.

Bit 3
DTON Description
0 * When a SLEEP instruction is executed in active mode, a transition (initial value)
is made to standby mode, watch mode, or sleep mode
» When a SLEEP instruction is executed in subactive mode, a transition is made to
watch mode or subsleep mode
1 * When a SLEEP instruction is executed in active (high-speed) mode, a direct transition

is made to active (medium-speed) mode if SSBY = 0, MSON =1, and LSON =0, or to
subactive mode if SSBY =1, TMA3 =1, and LSON =1

* When a SLEEP instruction is executed in active (medium-speed) mode, a direct
transition is made to active (high-speed) mode if SSBY = 0, MSON = 0, and LSON =
0, or to subactive mode if SSBY =1, TMA3 =1, and LSON =1

* When a SLEEP instruction is executed in subactive mode, a direct transition is made
to active (high-speed) mode if SSBY =1, TMA3 = 1, LSON =0, and MSON =0, or to
active (medium-speed) mode if SSBY =1, TMA3 =1, LSON =0, and MSON =1

Bit 2: Medium speed on flag (MSON)

After standby, watch, or sleep mode is cleared, this bit selects active (high-speed) or sleep (high-
speed) mode, and active (medium speed) or sleep (medium-speed) mode.

Bit 2
MSON Description
0 « After standby, watch, or sleep mode is cleared, operation is in active (high-speed)
mode
«When a SLEEP instruction is executed in active mode, a transition is made to sleep
(high-speed) mode
1 « After standby, watch, or sleep mode is cleared, operation is in active (medium-speed)

mode
«When a SLEEP instruction is executed in active mode, a transition is made to sleep
(medium-speed) mode
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Bits 1 and 0: Subactive mode clock select (SA1 and SAQ)

These bits select the CPU clock rate (a,/2, /4, or 8,,/8) in subactive mode. SA1 and SAO cannot
be modified in subactive mode.

Bit 1 Bit 0

SAl SAO Description

0 0 2\/8 (initial value)
0 1 o\/4

1 * B\l2

Note: * Don't care
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5.2 Sleep Mode
5.2.1 Transition to Sleep Mode
1. Transition to sleep (high-speed) mode

The system goes from active mode to sleep (high-speed) mode when a SLEEP instruction is
executed while the SSBY and LSON bitsin SY SCR1 and the MSON and DTON bitsin SY SCR2
are dl cleared to 0. In sleep (high-speed) mode CPU operation is halted but the on-chip periphera
functions other than PWM are operational. CPU register contents are retained.

2. Transition to sleep (medium-speed) mode

The system goes from active mode to sleep (medium-speed) mode when a SLEEP instruction is
executed while the SSBY and LSON bitsin SYSCRL1 are cleared to 0, the MSON hit in SYSCR2 is
set to 1, and the DTON bit in SY SCR2 is cleared to 0. In deep (medium-speed) mode, asin sleep
(high-speed) mode, CPU operation is halted but the on-chip peripheral functions other than PWM
are operational. The clock frequency in sleep (medium-speed) mode is determined by the MA1 and
MAO bitsin SYSCR1. CPU register contents are retained.

5.2.2 Clearing Sleep Mode

Sleep mode is cleared by any interrupt (timer A, timer B1, timer X, timer V, IRQ3 to IRQg, INT- to
INTq, SCl3, SCl4, or A/D converter), or by input at the RES pin.

e Clearing by interrupt

When an interrupt is requested, sleep mode is cleared and interrupt exception handling starts. A
transition is made from sleep (high-speed) mode to active (high-speed) mode, or from sleep
(medium-speed) mode to active (medium-speed) mode. Sleep mode is not cleared if the | bit of the
condition code register (CCR) is set to 1 or the particular interrupt is disabled in the interrupt enable
register.

»  Clearing by RES input
When the RES pin goes low, the CPU goes into the reset state and sleep mode is cleared.
5.2.3 Clock Frequency in Sleep (M edium-Speed) M ode

Operation in sleep (medium-speed) mode is clocked at the frequency designated by the MA1 and
MAO bitsin SYSCRL1.
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5.3 Standby Mode
5.3.1 Transition to Standby Mode

The system goes from active mode to standby mode when a SLEEP instruction is executed while
the SSBY bit in SYSCR1 isset to 1, the LSON bit in SY SCR1 is cleared to O, and bit TMA3in
TMA iscleared to 0. In standby mode the clock pulse generator stops, so the CPU and on-chip
peripheral modules stop functioning, but as long as the rated voltage is supplied, the contents of
CPU registers, on-chip RAM, and some on-chip peripheral module registers are retained. On-chip
RAM contents will be further retained down to a minimum RAM data retention voltage. The I/O
ports go to the high-impedance state.

5.3.2 Clearing Standby Mode
Standby mode is cleared by an interrupt (IRQq or IRQg) or by input at the RES pin.
e Clearing by interrupt

When an interrupt is requested, the system clock pulse generator starts. After the time set in bits
STS2-STS0 in SY SCR1 has elapsed, a stable system clock signal is supplied to the entire chip,
standby modeis cleared, and interrupt exception handling starts. Operation resumesin active (high-
speed) mode if MSON = 0 in SY SCR2, or active (medium-speed) mode if MSON = 1. Standby
modeis not cleared if the | bit of CCR is set to 1 or the particular interrupt is disabled in the
interrupt enable register.

*  Clearing by RES input

When the RES pin goes low, the system clock pulse generator starts. After the pulse generator
output has stabilized, if the RES pin is driven high, the CPU starts reset exception handling. Since
system clock signals are supplied to the entire chip as soon as the system clock pul se generator
starts functioning, the RES pin should be kept at the low level until the pulse generator output
stabilizes.
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5.3.3 Oscillator Settling Time after Standby Modeis Cleared

Bits STS2 to STS0 in SY SCR1 should be set as follows.

e Whenacrystal oscillator is used

The table below gives settings for various operating frequencies. Set bits STS2 to STSO for a
waiting time of at least 10 ms.

¢ When an external clock is used

Any values may be set. Normally the minimum time (STS2 = STS1 = STS0 = 0) should be set.

Table5-3 Clock Frequency and Settling Time (timesarein ms)

STS2 STS1 STSO Waiting Time 5MHz 4MHz 2MHz 1MHz 0.5MHz
0 0 0 8,192 states 1.6 2.0 4.1 8.2 16.4

0 0 1 16,384 states 3.2 4.1 8.2 16.4 32.8

0 1 0 32,768 states 6.6 8.2 32.8 65.5

0 1 1 65,536 states 13.1 16.4 32.8 65.5 131.1

1 * * 131,072 states ~ 26.2 32.8 65.5 131.1 262.1

Note: * Don't care
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5.4 Watch Mode
5.4.1 Transition to Watch Mode

The system goes from active or subactive mode to watch mode when a SLEEP instruction is
executed while the SSBY bit in SYSCR1 isset to 1 and bit TMA3in TMA issetto 1.

In watch mode, operation of on-chip peripheral modules other than timer A ishalted. Aslong asa
minimum required voltage is applied, the contents of CPU registers, the on-chip RAM and some
registers of the on-chip peripheral modules, are retained. 1/0 ports keep the same states as before
the transition.

5.4.2 Clearing Watch Mode
Watch mode is cleared by an interrupt (timer A or IRQg) or by alow input at the RES pin.
»  Clearing by interrupt

When watch mode is cleared by atimer A interrupt or IRQg interrupt, the mode to which a
transition is made depends on the settings of LSON in SY SCR1 and MSON in SY SCR2. If both
LSON and MSON are cleared to O, transition isto active (high-speed) mode; if LSON = 0 and
MSON = 1, transition is to active (medium-speed) mode; if LSON = 1, transition is to subactive
mode. When the transition is to active mode, after the time set in SY SCR1 bits STS2-STS0 has
elapsed, a stable clock signal is supplied to the entire chip, watch mode is cleared, and interrupt
exception handling starts. Watch mode is not cleared if the | bit of CCR is set to 1 or the particular
interrupt is disabled in the interrupt enable register.

*  Clearing by RES input
Clearing by RES pin isthe same as for standby mode; see 5.3.2, Clearing Standby Mode.
5.4.3 Oscillator Settling Time after Watch Modeis Cleared

The waiting time is the same as for standby mode; see 5.3.3, Oscillator Settling Time after Standby
Modeis Cleared.
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5.5 Subsleep Mode
5.5.1 Transition to Subsleep Mode

The system goes from subactive mode to subsleep mode when a SLEEP instruction is executed
while the SSBY bit in SYSCR1 iscleared to O, LSON hit in SYSCR1 isset to 1, and TMA3 bit in
TMA issetto 1. In subsleep mode, operation of on-chip peripheral modules other than timer A and
timer Cishalted. Aslong asaminimum required voltage is applied, the contents of CPU registers,
the on-chip RAM and some registers of the on-chip peripheral modules are retained. 1/0 ports keep
the same states as before the transition.

5.5.2 Clearing Subsleep Mode

Subsleep mode is cleared by an interrupt (timer A, IRQ3 to IRQq, INT, to INT) or by alow input
at the RES pin.

¢ Clearing by interrupt

When an interrupt is requested, subsleep mode is cleared and interrupt exception handling starts.
Subsleep modeis not cleared if the | bit of CCR isset to 1 or the particular interrupt isdisabled in
the interrupt enable register.

¢ Clearing by RES input

Clearing by RES pin isthe same as for standby mode; see 5.3.2, Clearing Standby Mode.
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5.6 Subactive Mode
5.6.1 Transition to Subactive Mode

Subactive mode is entered from watch modeif atimer A or IRQq interrupt is requested while the
LSON hitin SYSCR1issetto 1. From subsleep mode, subactive mode is entered if atimer A,
IRQ3to IRQg, or INT to INT interrupt is requested. A transition to subactive mode does not take
placeif thel bit of CCRisset to 1 or the particular interrupt is disabled in the interrupt enable
register.

5.6.2 Clearing Subactive Mode
Subactive mode is cleared by a SLEEP instruction or by alow input at the RES pin.
e Clearing by SLEEP instruction

If a SLEEP instruction is executed while the SSBY bit in SYSCR1 isset to 1 and TMA3 bitin
TMA isset to 1, subactive modeis cleared and watch mode is entered. If a SLEEP instruction is
executed while SSBY =0 and LSON = 1in SYSCR1 and TMA3 =1in TMA, subsleep modeis
entered. Direct transfer to active mode is also possible; see 5.8, Direct Transfer.

e Clearing by RES pin
Clearing by RES pin isthe same as for standby mode; see 5.3.2, Clearing Standby Mode.
5.6.3 Operating Frequency in Subactive Mode

The operating frequency in subactive modeis set in bits SA1 and SA0 in SYSCR2. The choices are
a/2, By/4, and g,,/8.

100



5.7 Active (Medium-Speed) Mode
5.7.1 Transition to Active (Medium-Speed) Mode

If the LSON bit in SYSCR2 is set to 1 while the LSON hit in SYSCR1 iscleared to 0, atransition to
active (medium-speed) mode results from IRQg or IRQ; interruptsin standby mode, timer A or
IRQy interrupts in watch mode, or any interrupt in sleep (medium-speed) mode. A transition to
active (medium-speed) mode does not take place if the | bit of CCR is set to 1 or the particular
interrupt is disabled in the interrupt enable register.

5.7.2 Clearing Active (M edium-Speed) Mode
Active (medium-speed) mode is cleared by a SLEEP instruction or by alow input at the RES pin.
¢ Clearing by SLEEP instruction

A transition to standby mode takes place if the SLEEP instruction is executed while the SSBY bit in
SYSCRLlissetto 1, the LSON bit in SYSCR1 is cleared to 0, and the TMA3 bit in TMA is cleared
to 0. The system goes to watch mode if the SSBY hit in SYSCR1 isset to 1 and bit TMA3in TMA
isset to 1 when a SLEEP instruction is executed.

When both SSBY and LSON are cleared to 0 in SY SCR1 and a SLEEP instruction is executed,
sleep (high-speed) modeis entered if MSON is cleared to 0 in SY SCR2, and sleep (medium-speed)
mode is entered if MSON is set to 1. Direct transfer to active (high-speed) mode or to subactive
mode is also possible. See 5.8, Direct Transfer, below for details.

¢ Clearing by RES pin

When the RES pin goes low, the CPU enters the reset state and active (medium-speed) modeis
cleared.

5.7.3 Operating Frequency in Active (Medium-Speed) M ode

Operation in active (medium-speed) mode is clocked at the frequency designated by the MA1 and
MAO bitsin SY SCR1.
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5.8 Direct Transfer

The CPU can execute programsin three modes: active (high-speed) mode, active (medium-speed)
mode, and subactive mode. A direct transfer is atransition among these three modes without the
stopping of program execution. A direct transfer can be made by executing a SLEEP instruction
whilethe DTON bit in SYSCR2 is set to 1. After the mode transition, direct transfer interrupt
exception handling starts.

If the direct transfer interrupt is disabled in interrupt enable register 2, atransition is made instead to
sleep mode or watch mode. Note that if adirect transition is attempted while the | bit in CCR is set
to 1, sleep mode or watch mode will be entered, and it will be impossible to clear the resulting mode
by means of an interrupt.

»  Direct transfer from active (high-speed) mode to active (medium-speed) mode

When a SLEEP instruction is executed in active (high-speed) mode while the SSBY and LSON bits
in SYSCR1 are cleared to 0, the MSON bit in SYSCR2 is set to 1, and the DTON bit in SY SCR2 is
set to 1, atrangition is made to active (medium-speed) mode via sleep mode.

« Direct transfer from active (medium-speed) mode to active (high-speed) mode

When a SLEEP instruction is executed in active (medium-speed) mode while the SSBY and LSON
bitsin SY SCR1 are cleared to 0, the MSON bit in SYSCR2 is cleared to 0, and the DTON bit in
SYSCR2isset to 1, atransition is made to active (high-speed) mode via sleep mode.

»  Direct transfer from active (high-speed) mode to subactive mode

When a SLEEP instruction is executed in active (high-speed) mode while the SSBY and LSON bits
in SYSCR1 are set to 1, the DTON bit in SYSCR2 is set to 1, and the TMA3 bitin TMA isset to 1,
atransition is made to subactive mode via watch mode.

« Direct transfer from subactive mode to active (high-speed) mode

When a SLEEP instruction is executed in subactive mode while the SSBY bit in SYSCR1 is set to
1, the LSON hit in SYSCR1 iscleared to 0, the MSON bit in SY SCR2 is cleared to O, the DTON bit
in SYSCR2issetto 1, and the TMA3 bitin TMA isset to 1, atransition is made directly to active
(high-speed) mode via watch mode after the waiting time set in SY SCR1 bits STS2 to STSO has
elapsed.
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e Direct transfer from active (medium-speed) mode to subactive mode

When a SLEEP instruction is executed in active (medium-speed) while the SSBY and LSON bitsin
SYSCR1 areset to 1, the DTON bit in SYSCR2 is set to 1, and the TMA3 bitin TMA issetto 1, a
transition is made to subactive mode via watch mode.

e Direct transfer from subactive mode to active (medium-speed) mode

When a SLEEP instruction is executed in subactive mode while the SSBY bit in SY SCR1 is set to
1, the LSON hit in SY SCR1 iscleared to 0, the MSON bit in SYSCR2 isset to 1, the DTON hit in
SYSCR2issetto 1, and the TMA3 bitin TMA isset to 1, atransition is made directly to active
(medium-speed) mode via watch mode after the waiting time set in SY SCR1 bits STS2 to STSO has
elapsed.

103



Section6 ROM

6.1 Overview

The H8/3657 has 60 kbytes of on-chip mask ROM or PROM. The H8/3656 has 48 kbytes of mask
ROM. The H8/3655 has 40 kbytes of mask ROM. The H8/3654 has 32 kbytes of on-chip mask
ROM. The H8/3653 has 24 kbytes of mask ROM. The H8/3652 has 16 kbytes of mask ROM. The
ROM is connected to the CPU by a 16-bit data bus, allowing high-speed two-state access for both
byte data and word data.

6.1.1 Block Diagram

Figure 6-1 shows a block diagram of the on-chip ROM.

Internal data bus (upper 8 bits)

(] ]

Internal data bus (lower 8 bits)

H'0000 H'0000 H'0001
H'0002 H'0002 H'0003
A
v
On-chip ROM
H'EDFE H'EDFE H'EDFF
Even-numbered Odd-numbered
address address

Figure6-1 ROM Block Diagram (H8/3657)
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6.2 PROM Mode
6.2.1 Settingto PROM Mode

If the on-chip ROM is PROM, setting the chip to PROM mode stops operation as a microcontroller
and allows the PROM to be programmed in the same way as the standard HN27C101 EPROM.
Table 6-1 shows how to set the chip to PROM mode.

Table6-1 Settingto PROM Mode

Pin Name Setting
TEST High level
PB4/AN, Low level
PBg/ANg

PBg/ANg High level

6.2.2 Socket Adapter Pin Arrangement and Memory Map

A standard PROM programmer can be used to program the PROM. A socket adapter is required for
conversion to 32 pins, aslisted in table 6-2.

Figure 6-2 shows the pin-to-pin wiring of the socket adapter. Figure 6-3 shows a memory map.

Table6-2 Socket Adapter

Package Socket Adapter
80-pin (TFP-80F)

80-pin (TFP-80C)

80-pin (FP-80A)

80-pin (FP-80B)
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H8/3657

TFP-80C, TFP-80F

EPROM socket

FP-80A FP-80B Pin
12 14 RES
28 30 P6o
29 31 P6;
30 32 P6,
31 33 P63
32 34 P6,
33 35 P6s
34 36 P66
35 37 P6;
51 53 P8,
50 52 P8
49 51 P85
48 50 P8,
47 49 P8,
46 48 P8,
45 47 P8,
a4 46 P8y
73 75 P15
19 21 IRQ,
75 77 P1;
39 a1 P75
40 42 P74
41 43 P7s
42 a4 P76
54 56 P3,
55 57 P3;
43 45 P7;
74 76 Pls
62 64 P2,

13,53 15, 55 Vee
76 78 AVcc
6 8 TEST
10 X1
78 80 PBe
60 62 P2,
61 63 P2,
56 58 P3;
9,52 11, 54 Vss
5 7 AVss
80 2 PB4
79 1 PBs

Note: Pins not indicated in the figure should be left open.

Pin HN27CI01 (32-pin)
Vpp 1
EO, 13
EO, 14
EO, 15
EO, 17
EO, 18
EOs 19
EO, 20
EO, 21
EA, 12
EA, 11
EA, 10
EA, 9
EA, 8
EAs 7
EAs 6
EA, 5
EAg 27
EAg 26
EAs 23
EA.; 25
EAs, 4
EAs3 28
EAL, 29
EAs 3
EAsg 2
CE 22
OE 24
PGM 31
Vee 32
Vss 16

Figure6-2 Socket Adapter Pin Correspondence (with HN27C101)
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Address in
MCU mode

H'0000

H'EDFF

On-chip PROM

Missing area *

Address in
PROM mode

H'0000

H'EDFF

H'1FFFF

Note: * If read in PROM mode, this address area returns unpredictable output data.
When programming with a PROM programmer, be sure to specify addresses

from H'0000 to H'EDFF.

If address H'EEOQO and higher addresses are programmed by mistake, it may
become impossible to program the PROM or verify the programmed data.

When programming, assign H'FF data to this address area (H'EEQO to H'1FFFF).

Figure6-3 Memory Map in PROM Mode
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6.3 Programming
The write, verify, and other modes are selected as shown in table 6-3 in H8/3657 PROM mode.

Table6-3 Mode Selection in H8/3657 PROM M ode

Pin

Mode CE OE PGM Vpp Ve EO; to EOy EA;gto EAg
Write L H L Vpp Vee Data input Address input
Verify L L H Vpp Vee Data output Address input
Programming L L L Vep Ve High impedance  Address input
disabled L H H

H L L

H H H
Notation
L:  Low level
H:  High level

Vpp: Vpp level
Vee: Ve level

The specifications for writing and reading the on-chip PROM are identical to those for the standard
HN27C101 EPROM. Page programming is not supported, however. The PROM writer must not be
set to page mode. A PROM programmer that provides only page programming mode cannot be
used. When selecting a PROM programer, check that it supports a byte-by-byte high-speed, high-
reliability programming method. Be sure to set the address range to H'0000 to H'EDFF.

6.3.1 Writing and Verifying

An efficient, high-speed, high-reliability method is available for writing and verifying the PROM
data. This method achieves high speed without voltage stress on the device and without lowering
the reliability of written data. The basic flow of this high-speed, high-reliability programming
method is shown in figure 6-4.
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Set write/verify mode
Vee=6.0V£0.25V, Vpp =125V 03V

Yes

No
%> | Write time tpy = 0.2 ms + 5%

”°

Address + 1 — address

| Write time topyy, = 0.2n ms |

No
Last address?

Set read mode
Vee =50V £0.25V, Vpp = Ve

No
All addresses
read?

Figure6-4 High-Speed, High-Reliability Programming Flow Chart
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Table 6-4 and table 6-5 give the electrical characteristics in programming mode.

Table6-4 DC Characteristics

(Conditions: Ve =6.0V +0.25V, Vpp =125V 20.3V, Vgg= 0V, T, = 25°C +5°C)

Item

Test
Unit Conditions

Input high-
level voltage

EO; to EOy, EAq to EAg
OE, CE, PGM

\Y

Input low-
level voltage

EO, to EOp, EAq to EA,
OE, CE, PGM

\Y

Output high-
level voltage

EO; to EQ

\Y IOH =-200 I.lA

Output low-
level voltage

EO7 to EOO

Vo =0.8mA

Input leakage

current

EO; to EOy, EAq to EAg
OE, CE, PGM

LAV, =5.25V/
0.5V

Ve current

mA

Vpp current

mA




Table6-5 AC Characteristics

(Conditions: Vcc=6.0V £0.25V,Vpp =125V +0.3V, T,=25°C +5°C)

Test

Item Symbol Min Typ Max Unit Conditions
Address setup time tas 2 — — us Figure 6-5*1
OE setup time toes 2 — — ps

Data setup time tos 2 — — s

Address hold time tAn 0 — — ps

Data hold time toH 2 — — ps

Data output disable time tpe 2 — — 130 ns

Vpp setup time typs 2 — — ps

Programming pulse width tow 0.19 0.20 0.21 ms

PGM pulse width for overwrite topw 3 019 — 5.25 ms

programming

V¢ setup time tycs 2 — — ps

CE setup time tces 2 — — ps

Data output delay time tog 0 — 200 ns

Notes: 1. Input pulse level: 0.45V t0 2.4V
Input rise time/fall time < 20 ns
Timing reference levels Input: 0.8V, 2.0V
Output: 0.8V, 2.0V

2. tpg is defined at the point at which the output is floating and the output level cannot be
read.

3. topw is defined by the value given in figure 6-4 high-speed, high-reliability programming
flow chart.
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Figure 6-5 shows awrite/verify timing diagram.

Data

OE

Address :>§

PGM

Note: *

Write Verify
tas LA_H.,
— Input data Output data | ——
bs ton i
- - - - e
Vep
Vee _/Atvps N
Ve +1
Vee _/Atvcs‘
tces
- X
N /
lhw loes - foe
topw*
topw is defined by the value given in figure 6-4 high-speed, high-reliability

programming flow chart.

Figure6-5 PROM Write/Verify Timing
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6.3.2 Programming Precautions

Use the specified programming voltage and timing.

The programming voltage in PROM mode (Vpp) is12.5 V. Use of a higher voltage can
permanently damage the chip. Be especially careful with respect to PROM programmer
overshoot.

Setting the PROM programmer to Hitachi specifications for the HN27C101 will result in
correct Vpp of 12.5V.

Make sure the index marks on the PROM programmer socket, socket adapter, and chip are
properly aligned. If they are not, the chip may be destroyed by excessive current flow. Before
programming, be sure that the chip is properly mounted in the PROM programmer.

Avoid touching the socket adapter or chip while programming, since this may cause contact
faults and write errors.

Select the programming mode carefully. The chip cannot be programmed in page programming
mode.

When programming with a PROM programmer, be sure to specify addresses from H'0000 to
H'EDFF. If address H'EEOO and higher addresses are programmed by mistake, it may become
impossible to program the PROM or verify the programmed data. When programming, assign
H'FF data to the address area from H'EEQO to H'1FFFF.
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6.4 Reliability of Programmed Data

A highly effective way of assuring data retention characteristics after programming isto screen the
chips by baking them at atemperature of 150°C. This quickly eliminates PROM memory cells
proneto initial dataretention failure.

Figure 6-6 shows a flowchart of this screening procedure.

Write program and verify contents

Y

Bake at high temperature with power off
125°C to 150°C, 24 hrs to 48 hrs

Y

Read and check program

Y

( Install )

Figure6-6 Recommended Screening Procedure

If write errors occur repeatedly while the same PROM programmer is being used, stop
programming and check for problems in the PROM programmer and socket adapter, etc.

Please notify your Hitachi representative of any problems occurring during programming or in
screening after high-temperature baking.
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Section 7 RAM

7.1 Overview

The H8/3657 Series has 1 kbyte or 2 kbytes of high-speed static RAM on-chip. The RAM is
connected to the CPU by a 16-bit data bus, allowing high-speed 2-state access for both byte data
and word data.

7.1.1 Block Diagram

Figure 7-1 shows ablock diagram of the on-chip RAM.

Internal data bus (upper 8 bits)

[ ] ]

Internal data bus (lower 8 bits)

H'E780 H'F780 H'F781
H'F782 H'F782 H'F783
A
e
On-chip RAM
H'FF7E H'FF7E H'FF7F
Even-numbered Odd-numbered
address address

Figure7-1 RAM Block Diagram (Example of 2 kbytes ROM)
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Section 8 /O Ports

8.1 Overview

The H8/3657 Seriesis provided with six 8-bit 1/0 ports, one 6-bit 1/0 port, one 5-hit 1/0 ports, and
one 8-bit input-only port. Table 8-1 indicates the functions of each port.

Each port has of a port control register (PCR) that controls input and output, and a port data register
(PDR) for storing output data. Input or output can be assigned to individual bits.

See 2.9.2, Notes on Bit Manipulation, for information on executing bit-manipul ation instructions to
write datain PCR or PDR.

Block diagrams of each port are givenin Appendix C.

Table8-1 Port Functions

Function
Switching
Port Description Pins Other Functions Register
Port 1 * 8-bit 1/O port P1,/IRQ3/TRGV  External interrupt 3, timer V trigger PMR1
* MOS input pull-up Plgto P1lg/ input
option IRQ, to IRQq External interrupts 2 and 1
P1,/PWM 14-bit PWM output PMR1
P1;to P1;
P1y/TMOW Timer A clock output PMR1
Port 2 * 8-bit 1/0 port P2, to P23
P2,/TXD SCI3 data output PMR7
P2,/RXD SCI3 data input SCR3
P24/SCKy SCI3 clock input/output SCR3,
SMR
Port 3 * 6-bit 1/0 port P35 to P33
: ('\)"‘zgn'”p”t pulkup b3 150, SCI1 data output (SO,), data input  PMR3
P P3,/Sly (Sly), clock input/output (SCK;)
P3y/SCK,
Port 5 * 8-bit 1/0 port P5; /[INT, INT interrupt 7
* MOS inputpull-up o5 i INT interrupt 6
TMIB Timer B 1 event input
P5g/INTs/ INT interrupt 5
ADTRG A/D converter external trigger input
P5, to P5y/ INT interrupts 4 to O
INT, to INT,
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Table8-1 Port Functions (cont)

Function
Switching
Port Description Pins Other Functions Register
Port 6 * 8-bit I/O port P6- to PGy
Port 7 * 8-bit I/O port P74
P7¢/TMOV Timer V compare-match output TCSRV
P75/TMCIV Timer V clock input
P7,4TMRIV Timer V reset input
P75 to P7q
Port 8 * 8-bit I/O port P8,
P8¢/FTID Timer X input capture D input
P8s/FTIC Timer X input capture C input
P8,/FTIB Timer X input capture B input
P84/FTIA Timer X input capture A input
P8,/FTOB Timer X output compare B output TOCR
P8,/FTOA Timer X output compare A output TOCR
P8y/FTCI Timer X clock input
Port 9 * 5-bit /O port P9y to P9,
Port B « 8-bit input port PB- to PBy/ A/D converter analog input
AN; to AN, (AN to ANp)
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8.2 Port 1

8.2.1 Overview

Port 1isa8-hit I/O port. Figure 8-1 shows its pin configuration.

Port 1

P1,/IRQ3/TRGV
P16/IRQ,
P15/IRQ;
P14/PWM

Pl;

P1,

P1,

P1o/TMOW

Figure8-1 Port 1 Pin Configuration

8.2.2 Register Configuration and Description

Table 8-2 shows the port 1 register configuration.

Table8-2 Port 1 Registers

Name Abbrev. R/W Initial Value Address
Port data register 1 PDR1 R/W H'00 H'FFD4
Port control register 1 PCR1 w H'00 H'FFE4
Port pull-up control register 1 PUCR1 R/W H'00 H'FFED
Port mode register 1 PMR1 R/W H'04 H'FFFC
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1. Port dataregister 1 (PDR1)

Bit 7 6 5 4 3 2 1 0

‘ P1- ‘ Plg ‘ Pls ‘ Pl,4 ‘ Pl ‘ P1, ‘ P1; ‘ — ‘
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 —

PDR1 isan 8-bit register that stores data for port 1 pins P1; and P1,. If port 1 isread while PCR1
bits are set to 1, the values stored in PDR1 are read, regardless of the actual pin states. If port 1is
read while PCR1 hits are cleared to 0, the pin states are read.

Upon reset, PDR1 isinitialized to H'00.

2. Port control register 1 (PCR1)

Bit 7 6 5 4 3 2 1 0

‘ PCR17 ‘ PCR1g ‘ PCR1sg ‘ PCR14 ‘ PCng‘ PCRlz‘ PCRll‘ PCR1g ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write W w W W W w W W

PCR1 is an 8-hit register for controlling whether each of the port 1 pins P1; and P1; functions as an
input pin or output pin. Setting a PCR1 bit to 1 makes the corresponding pin an output pin, while
clearing the bit to 0 makes the pin an input pin. The settingsin PCR1 and in PDR1 are valid only
when the corresponding pin is designated in PMR1 as ageneral 1/0 pin.

Upon reset, PCR1 isinitialized to H'00.

PCRL1 isawrite-only register, which isalwaysread as all 1s.
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3. Port pull-up control register 1 (PUCRL)

Bit 4 6 5 4 3 2 1 0
‘PUCR17 ‘ PUCRle‘ PUCR1s ‘ PUCR14‘ PUCng‘ PUCRlz‘ PUCRll‘ — ‘

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

PUCRL controls whether the MOS pull-up of each of the port 1 pins P1; and Pl is on or off. When
aPCR1 hit is cleared to O, setting the corresponding PUCRL1 bit to 1 turns on the MOS pull-up for
the corresponding pin, while clearing the bit to 0 turns off the MOS pull-up.

Upon reset, PUCR1 isinitialized to H'00.

4. Port moderegister 1 (PMR1)

Bit 7 6 5 4 3 2 1 0

‘ IRQ3 ‘ IRQ2 ‘ IRQ1 ‘ PWM ‘ — ‘ — ‘ — ‘ TMOW ‘
Initial value 0 0 0 0 0 1 0 0
Read/Write R/W R/W R/W R/W — — — R/W

PMR1 is an 8-hit read/write register, controlling the selection of pin functions for port 1 pins.
Upon reset, PMR1 isinitialized to H'04.
Bit 7: P1,/IRQ4/TRGV pin function switch (IRQ3)

This bit selects whether pin P1,/IRQ4/TRGV is used as P1, or as IRQy/TRGV.

Bit 7

IRQ3 Description

0 Functions as P1; I/O pin (initial value)
1 Functions as IRQ3/TRGV input pin

Note: Rising or falling edge sensing can be designated for IRQ3. Rising, falling, or both edge
sensing can be designated for TRGV. For details on TRGV settings, see 9.8.2 (5), Timer
Control Register V1 (TCRV1).
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Bit 6: P14/IRQ, pin function switch (IRQ2)

This bit selects whether pin P1¢/IRQ, is used as P1g or as IRQs.

Bit 6

IRQ2 Description

0 Functions as P14 I/O pin (initial value)
1 Functions as IRQ, input pin

Note: Rising or falling edge sensing can be designated for IRQ.

Bit 5: P15/IRQ; pin function switch (IRQ1)

This bit selects whether pin P1g/IRQ; is used as P15 or as IRQ;.

Bit 5

IRQ1 Description

0 Functions as P15 I/O pin (initial value)
1 Functions as IRQ input pin

Note: Rising or falling edge sensing can be designated for IRQ;.

Bit 4: P1,/PWM pin function switch (PWM)

This bit selects whether pin P1,/PWM is used as P1, or as PWM.

Bit 4

PWM Description

0 Functions as P1, I/O pin (initial value)
1 Functions as PWM output pin

Bit 3: Reserved bit
Bit 3isreserved: it is always read as 0 and cannot be modified.
Bit 2: Reserved hit
Bit 2 isreserved: it is always read as 1 and cannot be modified.
Bit 1. Reserved hit

Bit 1 isreserved: it is always read as 0 and cannot be modified.
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Bit 0: P1y/TMOW pin function switch (TMOW)

This bit selects whether pin P1o/TMOW is used as P1, or as TMOW.

Bit 0

TMOW Description

0 Functions as P1; I/O pin (initial value)
1 Functions as TMOW output pin

8.2.3 Pin Functions
Table 8-3 shows the port 1 pin functions.

Table8-3 Port 1 Pin Functions

Pin Pin Functions and Selection Method
P1,/IRQ3/TRGV The pin function depends on bit IRQ3 in PMR1 and bit PCR1; in PCR1.

IRQ3 0 1
PCR1, 0 1 *
Pin function P1, input pin |P1; output pin IRQ3/TRGV input pin
P1¢/IRQ, The pin function depends on bits IRQ2 and IRQ1 in PMR1 and bit PCR1,, in PCR1.
P15/IRQq (M=n-4,n=86,5)
IRQM 0 1
PCR1, 0 1 *
Pin function P1, input pin |P1, output pin IRQy, input pin
P1,/PWM The pin function depends on bit PWM in PMR1 and bit PCR1, in PCR1.
PWM 0 1
PCR1, 0 1 *
Pin function P1, input pin |P1, output pin PWM output pin
P1;to P1; The pin function depends on bit PCR1n in PCR1.
(n=3to1)
PCR1n 0 1
Pin function P1, input pin P1,, output pin
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Table8-3 Port 1 Pin Functions (cont)

Pin Pin Functions and Selection Method
P1,/TMOW The pin function depends on bit TMOW in PMR1 and bit PCR1, in PCR1.
TMOW 0 1
PCR1, 0 1 *
Pin function P1, input pin |P1 output pin TMOW output pin

Note: * Don'’t care
8.2.4 Pin States
Table 8-4 shows the port 1 pin states in each operating mode.

Table8-4 Port 1 Pin States

Pins Reset Sleep Subsleep Standby Watch  Subactive Active
P1,/IRQ4/TRGV High- Retains  Retains High- Retains  Functional Functional
P1¢/IRQ, impedance previous previous impedance* previous

P1:/IRQq state state state

P1,/PWM

P1;to P1;

P1ly/TMOW

Note: * A high-level signal is output when the MOS pull-up is in the on state.
8.25 MOSInput Pull-Up

Port 1 has a built-in MOS input pull-up function that can be controlled by software. When a PCR1
bit is cleared to 0, setting the corresponding PUCRL bit to 1 turns on the MOS input pull-up for that
pin. The MOS input pull-up function isin the off state after areset.

PCR1, 0 1
PUCR1, 0 1 *
MOS input pull-up Off On Off

Note: * Don’t care
n=7t0
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8.3 Port 2
8.3.1 Overview

Port 2 isa 8-hit 1/0 port, configured as shown in figure 8-2.

- P2,
- P2
- = P2
Port2 | == P2
- P23
- P2,/TXD
<~ P2,/RXD
P2,/SCK3

Figure8-2 Port 2 Pin Configuration
8.3.2 Register Configuration and Description
Table 8-5 shows the port 2 register configuration.

Table8-5 Port 2 Registers

Name Abbrev. R/W Initial Value Address
Port data register 2 PDR2 R/W H'00 H'FFD5
Port control register 2 PCR2 W H'00 H'FFES

1. Port dataregister 2 (PDR2)

Bit 7 6 5 4 3 2 1 0
‘ P2, ‘ P2g ‘ P2g ‘ P24 ‘ P23 ‘ P2, ‘ P24, ‘ P2y ‘
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

PDR2 isan 8-hit register that stores data for port 2 pins P2; to P2,. If port 2 is read while PCR2
bits are set to 1, the values stored in PDR2 are read, regardless of the actual pin states. If port 2 is
read while PCR2 bits are cleared to 0, the pin states are read.

Upon reset, PDR2 isinitialized to H'00.
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2  Port control register 2 (PCR2)

Bit 7 6 5 4 3 2 1 0

‘ PCR2; ‘ PCR24 ‘ PCR25‘ PCR24‘ PCR24 ‘ PCR2, ‘ PCR2, ‘ PCRZO‘
Initial value 0 0 0 0 0 0 0 0
Read/Write W W w W W w W W

PCR2 is an 8-hit register for controlling whether each of the port 2 pins P2; to P2, functions as an
input pin or output pin. Setting a PCR2 bit to 1 makes the corresponding pin an output pin, while
clearing the bit to 0 makes the pin an input pin. The settingsin PCR2 and PDR2 are valid only
when the corresponding pin is designated in SCR3 as ageneral 1/O pin.

Upon reset, PCR2 isinitialized to H'00.

PCR2 isawrite-only register, which is alwaysread as all 1s.
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8.3.3 Pin Functions

Table 8-6 shows the port 2 pin functions.

Table8-6 Port 2 Pin Functions

Pin Pin Functions and Selection Method
P2, to P25 The pin function depends on bit PCR2,, in PCR2.
(n=71t03)
PCR2, 0 1
Pin function P2, input pin P2, output pin
P2,/TXD The pin function depends on bit TXD in PMR7 and bit PCR2, in PCR2.
TXD 0 1
PCR2, 0 1 *
Pin function P2, input pin | P2, output pin TXD output pin
P2,/RXD The pin function depends on bit RE in SCR3 and bit PCR2; in PCR2.
RE 0 1
PCR2; 0 1 *
Pin function P2, input pin |P2,; output pin RXD input pin
P2,/SCK3 The pin function depends on bits CKE1 and CKEO in SCR3, bit COM in SMR, and
bit PCR2; in PCR2.
CKE1 0 1
CKEO 0 1 *
COM 0 * *
PCR2, 0 1 * *
Pin function | P2, input pin |P2 output pin |SCK5 output pin | SCKj input pin

Note: * Don't care
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8.3.4 Pin States
Table 8-7 shows the port 2 pin states in each operating mode.

Table 8-7 Port 2 Pin States

Pins Reset Sleep Subsleep Standby Watch  Subactive Active
P2, to P25 High- Retains  Retains High- Retains  Functional  Functional
P2,/TXD impedance previous previous impedance previous

P2,/RXD state state state

P24/SCK;
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8.4 Port 3

8.4.1 Overview

Port 3 isa 6-hit 1/0 port, configured as shown in figure 8-3.

Port 3

P35
P3,

P33
P3,/SO,
P34/SI,
P30/SCK1

Figure8-3 Port 3 Pin Configuration

8.4.2 Register Configuration and Description

Table 8-8 shows the port 3 register configuration.

Table8-8 Port 3 Registers

Name Abbrev. R/W Initial Value Address
Port data register 3 PDR3 R/W H'00 H'FFD6
Port control register 3 PCR3 W H'00 H'FFE6
Port pull-up control register 3 PUCR3 R/W H'00 H'FFEE
Port mode register 3 PMR3 R/W H'00 H'FFFD
Port mode register 7 PMR7 R/W H'F8 H'FFFF
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1. Port dataregister 3 (PDR3)

Bit 7 6 5 4 3 2 1 0

\ — \ — \ P35 \ P34 \ P33 \ P3, \ P3; \ P3o \
Initial value o* 0* 0 0 0 0 0 0
Read/Write — — RIW R/W RIW RIW R/W RIW

Note: * Bits 7 to 3 are reserved; they are always read as 0 and cannot be modified.

PDR3 is an 8-bit register that stores data for port 3 pins P35 to P3,. If port 3 is read while PCR3
bits are set to 1, the values stored in PDR3 are read, regardless of the actual pin states. If port 3is
read while PCR3 hits are cleared to 0, the pin states are read.

Upon reset, PDR3 isinitialized to H'00.

2. Port control register 3 (PCR3)

Bit 7 6 5 4 3 2 1 0

‘ — ‘ — ‘ PCR35‘ PCR34‘ PCng‘ PCR32 ‘ PCR3; ‘ PCR3p ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write — — W W w w W \W

PCR3is an 8-bit register for controlling whether each of the port 3 pins P35 to P3; functions as an
input pin or output pin. Setting a PCR3 hit to 1 makes the corresponding pin an output pin, while
clearing the bit to 0 makes the pin an input pin. The settingsin PCR3 and in PDR3 are valid only
when the corresponding pin is designated in PMR3 as ageneral 1/0 pin.

Upon reset, PCR3 isinitialized to H'00.

PCR3 isawrite-only register, which isalwaysread as all 1s.
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3. Port pull-up control register 3 (PUCR3)

Bit 7 6 5 4 3 2 1 0

‘ — ‘ — ‘ PUCR35‘ PUCR34‘ PUCR33‘PUCR32 ‘ PUCR3; ‘PUCR30 ‘
Initial value 0* o* 0 0 0 0 0 0
Read/Write — — R/W R/W R/W R/W R/W R/W

Note: * Bits 7 to 3 are reserved; they are always read as 0 and cannot be modified.

PUCRS controls whether the MOS pull-up of each of the port 3 pins P35 to P3; is on or off. When
aPCR3 hit is cleared to O, setting the corresponding PUCR3 bit to 1 turns on the MOS pull-up for
the corresponding pin, while clearing the bit to 0 turns off the MOS pull-up.

Upon reset, PUCR3 isinitialized to H'00.

4. Port mode register 3 (PMR3)

Bit 7 6 5 4 3 2 1 0
] — ] — ] =] = ]sot] sn|sox]

Initial value 0 0 0 0 0 0 0 0

Read/Write — — — — — R/W R/W R/W

PMR3 is an 8-hit read/write register, controlling the selection of pin functions for port 3 pins.
Upon reset, PMR3 isinitialized to H'00.

Bits 7 to 3: Reserved bits

Bits 7 to 3 are reserved: they are always read as 0 and cannot be modified.

Bit 2: P3,/SO, pin function switch (SO1)

This bit selects whether pin P3,/SO is used as P3, or as SO;.

Bit 2

SO1 Description

0 Functions as P3, I/O pin (initial value)
1 Functions as SO, output pin
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Bit 1: P3,/SI, pin function switch (SI1)

This bit selects whether pin P3,/Sl isused as P3; or as Sl ;.

Bit 1

Si1 Description

0 Functions as P3; I/O pin (initial value)
1 Functions as Sl; input pin

Bit 0: P3y/SCK 4 pin function switch (SCK1)

This bit selects whether pin P3/SCK 4 is used as P3; or as SCK.

Bit 0

SCK1 Description

0 Functions as P3; I/O pin (initial value)
1 Functions as SCK; 1/O pin

5. Port mode register 7 (PMR7)

Bit 7 6 5 4 3 2 1 0
- -] -1 - - ™| — | por|

Initial value 1 1 1 1 1 0 0 0

Read/Write — — — — — R/W — R/W

PMR? is an 8-bit read/write register that turns the PMOS transistors of pins and P3,/SO; on and off.
Upon reset, PMRY7 isinitialized to H'F8.

Bits 7 to 3: Reserved bits

Bits 7 to 3 are reserved; they are always read as 1, and cannot be modified.

Bit 2: P2,/TXD pin function switch (TXD)

Bit 2 selects whether pin P2,/TXD isused as P2, or as TXD.

Bit 2

TXD Description

0 Functions as P2, I/O pin (initial value)
1 Functions as TXD output pin
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Bit 1: Reserved bit
Bit 1isreserved: it is always read as 0 and cannot be modified.

Bit 0: P3,/SO; pin PMOS control (POF1)

This bit controls the PMOS transistor in the P3,/SO, pin output buffer.

Bit 0
POF1 Description
0 CMOS output (initial value)
1 NMOS open-drain output
8.4.3 Pin Functions
Table 8-9 shows the port 3 pin functions.
Table89 Port 3 Pin Functions
Pin Pin Functions and Selection Method
P35 to P33 The pin function depends on bit PCR3n in PCR3.
(n=51t03)
PCR3n 0 1
Pin function P3,, input pin P3,, output pin
P3,/SO4 The pin function depends on bit SO1 in PMR3 and bit PCR3, in PCR3.
SO1 0 1
PCR3, 0 1 *
Pin function P3, input pin |P3, output pin SO, output pin
P3,/Sly The pin function depends on bit SI1 in PMR3 and bit PCR3, in PCRS3.
Si1 0 1
PCR3; 0 1 *
Pin function P3, input pin |P3; output pin Sl input pin
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Table8-9 Port 3 Pin Functions (cont)

Pin Pin Functions and Selection Method
P34/SCK, The pin function depends on bit SCK1 in PMRS3, bit CKS3 in SCR1, and bit
PCR3; in PCR3.
SCK1 0 1
CKS3 * 0 1
PCR3, 0 1 * *
Pin function P3g input pin | P3, output pin [SCK; output pin | SCK; input pin

Note: * Don't care

8.4.4 Pin States
Table 8-10 shows the port 3 pin states in each operating mode.

Table8-10 Port 3 Pin States

Pins Reset Sleep Subsleep Standby Watch  Subactive Active
P35 to P33  High- Retains  Retains High- Retains Functional Functional
P3,/SO, impedance previous previous impedance* previous

P34/SI4 state state state

P3,/SCK,

Note: * A high-level signal is output when the MOS pull-up is in the on state.
8.4.5 MOS Input Pull-Up

Port 3 has a built-in MOS input pull-up function that can be controlled by software. When a PCR3
bit is cleared to O, setting the corresponding PUCR3 bit to 1 turns on the MOS pull-up for that pin.
The MOS pull-up function isin the off state after areset.

PCR3, 0 1
PUCR3,, 0 1 *
MOS input pull-up Off On Off
Note: * Don't care (n=51t00)
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8.5 Port 5

8.5.1 Overview

Port 5 is an 8-hit 1/0 port, configured as shown in figure 8-4.

Port 5

P5,/INT,
P5¢/INTg/TMIB
P55/INTs/ADTRG
P5,/INT,
P55/INT3
P5,/INT,
P5,/INT,
P5¢/INT,

Figure8-4

Port 5 Pin Configuration

8.5.2 Register Configuration and Description

Table 8-11 shows the port 5 register configuration.

Table8-11 Port 5 Registers

Name Abbrev. R/W Initial Value Address
Port data register 5 PDR5 R/W H'00 H'FFD8
Port control register 5 PCR5 w H'00 H'FFES8
Port pull-up control register 5 PUCR5 R/W H'00 H'FFEF
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1. Port dataregister 5 (PDR5)

Bit 7 6 5 4 3 2 1 0

‘ P57 ‘ PS¢ ‘ P5g ‘ P54 ‘ P53 ‘ PS5, ‘ P51 ‘ PSo ‘
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

PDRS is an 8-bit register that stores data for port 5 pins P5; to P5q. If port 5 is read while PCR5
bits are set to 1, the values stored in PDR5 are read, regardless of the actua pin states. If port 5is
read while PCR5 bits are cleared to 0, the pin states are read.

Upon reset, PDR5 isinitialized to H'00.

2. Port control register 5 (PCR5)

Bit 7 6 5 4 3 2 1 0

‘ PCR57 ‘ PCR5¢ ‘ PCR55 ‘ PCR54 ‘ PCR53 ‘ PCR5; ‘ PCR5; ‘ PCR5g ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write w w W w W w w w

PCRS5 is an 8-bit register for controlling whether each of the port 5 pins P5; to P5, functions as an
input pin or output pin. Setting a PCR5 bit to 1 makes the corresponding pin an output pin, while
clearing the bit to 0 makes the pin an input pin.

Upon reset, PCR5 isinitialized to H'00.
PCRS is awrite-only register, which isalwaysread as all 1s.

3. Port pull-up control register 5 (PUCR5)

Bit 7 6 5 4 3 2 1 0
‘PUCR57 ‘ PUCRSG‘ PUCR5s ‘ PUCR54 ‘ PUCR53 ‘PUCRSZ ‘PUCR51 ‘PUCRSO ‘

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

PUCRS controls whether the MOS pull-up of each port 5 pinison or off. When aPCRS5 hit is
cleared to 0, setting the corresponding PUCRS5 hit to 1 turns on the MOS pull-up for the
corresponding pin, while clearing the bit to 0 turns off the MOS pull-up.

Upon reset, PUCR5 isinitialized to H'00.
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8.5.3 Pin Functions

Table 8-12 shows the port 5 pin functions.

Table8-12 Port 5 Pin Functions

Pin

Pin Functions and Selection Method

P5,/INT

The pin function depends on bit PCR5; in PCR5.

PCRS5; 0

1

P55 input pin

P55 output pin

Pin function

INT- input pin

P5¢/INTE/TMIB

The pin function depends on bit PCR54 in PCRS5.

PCR5¢ 0 1
) ) P5¢ input pin P5¢ output pin
Pin function — - - -
INTg input pin and TMIB input pin

P55/INT5/ The pin function depends on bit PCR55 in PCRS5.
ADTRG
PCR5g 0 1
) ) P55 input pin P55 output pin
Pin function - - - -
INT5 input pin and ADTRG input pin
P5,/INT4 to The pin function depends on bit PCR5,, in PCR5.
P5¢/INT (n=4100)
PCR5, 0 1
] ) P5,, input pin P5,, output pin
Pin function X X
INT,, input pin
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8.5.4 Pin States
Table 8-13 shows the port 5 pin states in each operating mode.

Table8-13 Port 5 Pin States

Pins Reset Sleep Subsleep Standby Watch  Subactive Active
P5,/INT;to  High- Retains  Retains High- Retains  Functional Functional
P5/INT, impedance previous previous impedance* previous

state state state

Note: * A high-level signal is output when the MOS pull-up is in the on state.
8.5.5 MOS Input Pull-Up

Port 5 has a built-in MOS input pull-up function that can be controlled by software. When a PCR5
bit is cleared to 0, setting the corresponding PUCRS hit to 1 turns on the MOS pull-up for that pin.
The MOS pull-up function isin the off state after areset.

PCR5, 0 1
PUCR5, 0 1 *
MOS input pull-up Off On Off
Note: * Don't care (n=71t00)
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8.6 Port 6

8.6.1 Overview

Port 6 is an 8-hit 1/0 port. The port 6 pin configuration is shown in figure 8-5.

Port 6

P6;
P66
P6s
P6,
P63
P6,
P6,
P6,

Figure8-5 Port 6 Pin Configuration

8.6.2 Register Configuration and Description
Table 8-14 shows the port 6 register configuration.

Table8-14 Port 6 Registers

Name Abbrev. R/W Initial Value Address
Port data register 6 PDR6 R/W H'00 H'FFD9
Port control register 6 PCR6 w H'00 H'FFE9
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1. Port dataregister 6 (PDR6)

Bit 7 6 5 4 3 2 1 0

‘ P6, ‘ P6g ‘ P65 ‘ P64 ‘ P63 ‘ P6, ‘ P6, ‘ P6q ‘
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

PDRG6 is an 8-bit register that stores data for port 6 pins P6; to P6,.
Upon reset, PDR6 isinitialized to H'00.

2. Port control register 6 (PCR6)

Bit 7 6 5 4 3 2 1 0

‘ PCR6- ‘ PCR6g ‘ PCR65 ‘ PCR6,4 ‘ PCR63 ‘ PCR6, ‘ PCR6, ‘ PCR6q ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write w w w w w w w w

PCRG6 is an 8-bit register for controlling whether each of the port 6 pins P6; to PG, functions as an
input pin or output pin.

Upon reset, PCR6 isinitialized to H'00.

PCRG6 is awrite-only register, which aways reads all 1s.
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8.6.3 Pin Functions
Table 8-15 shows the port 6 pin functions.

Table8-15 Port 6 Pin Functions

Pin Pin Functions and Selection Method
P6- to PG, The pin function depends on bit PCR6,, in PCR6
(n=7100)
PCR6,, 0 1

Pin function P6,, input pin |P6,, output pin

8.6.4 Pin States
Table 8-16 shows the port 6 pin states in each operating mode.

Table8-16 Port 6 Pin States

Pin Reset Sleep Subsleep Standby Watch Subactive Active
P6- toP6, High- Retains  Retains High- Retains Functional Functional
impedance previous previous impedance* previous
state state state

Note: * A high-level signal is output when the MOS pull-up is in the on state.
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8.7 Port 7

8.7.1 Overview

Port 7 is an 8-bit 1/O port, configured as shown in figure 8-6.

Port 7

P7,
P76/ TMOV
P75/TMCIV
P74/TMRIV
P73
P7,
P7,
P70

Figure8-6 Port 7 Pin Configuration

8.7.2 Register Configuration and Description
Table 8-17 shows the port 7 register configuration.

Table8-17 Port 7 Registers

Name Abbrev. R/IW Initial Value Address
Port data register 7 PDR7 R/IW H'00 H'FFDA
Port control register 7 PCR7 w H'00 H'FFEA
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1. Port dataregister 7 (PDR7)

Bit 7 6 5 4 3 2 1 0

‘ P74 ‘ P76 ‘ P75 ‘ P74 ‘ P73 ‘ P72 ‘ P74 ‘ P7q ‘
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

PDR7 is an 8-bit register that stores data for port 7 pins P7; to P7,. If port 7 is read while PCR7
bits are set to 1, the values stored in PDR7 are read, regardless of the actual pin states. If port 7 is
read while PCR7 hits are cleared to 0, the pin states are read.

Upon reset, PDR7 isinitialized to H'00.

2. Port control register 7 (PCR7)

Bit 7 6 5 4 3 2 1 0

‘ PCR77 ‘ PCR7g ‘ PCRT7s ‘ PCR74 ‘ PCR73 ‘ PCR7, ‘ PCR71‘ PCR?O‘
Initial value 0 0 0 0 0 0 0 0
Read/Write w W W W W W \W W

PCRY is an 8-bit register for controlling whether each of the port 7 pins P7 to P7, functions as an
input pin or output pin. Setting a PCR7 bit to 1 makes the corresponding pin an output pin, while
clearing the bit to O makes the pin an input pin.

Upon reset, PCR7 isinitialized to H'00.

PCR7 isawrite-only register, which always reads as al 1s.
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8.7.3 Pin Functions

Table 8-18 shows the port 7 pin functions.

Table8-18 Port 7 Pin Functions
Pin Pin Functions and Selection Method
P74, The pin function depends on bit PCR7,, in PCRY7.
P75 t0 (n=7o0r3to00)
P7q PCR7, 0 1
Pin function P7, input pin |P7, output pin
P75/ TMOV The pin function depends on bit PCR7g in PCR7 and bits OS3 to OS0 in TCSRV.
0S3 to OSO 0000 Not 0000
PCR7g 0 1 *
Pin function P7¢ input pin |P7¢ output pin TMOV output pin
P75/TMCIV The pin function depends on bit PCR7g in PCR7.
PCR7g 0 1
) ) P75 input pin | P75 output pin
Pin function ) ]
TMCIV input pin
P7,4TMRIV The pin function depends on bit PCR7, in PCRY7.

PCR7,

0

1

Pin function

P7, input pin

P7, output pin

TMRIV input pin

Note: * Don't care

8.7.4 Pin States

Table 8-19 shows the port 7 pin states in each operating mode.

Table8-19 Port 7 Pin States

Pins Reset Sleep Subsleep Standby Watch  Subactive Active
P7; High- Retains  Retains High- Retains  Functional Functional
P75/ TMOV impedance previous previous impedance previous

P75/TMCIV state state state

P7,4TMRIV

P75 to P7q
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8.8 Port 8

8.8.1 Overview

Port 8 isan 8-hit I/O port configured as shown in figure 8-7.

Port 8

P8,
P84/FTID
P8s/FTIC
P8,/FTIB
P84/IFTIA
P8,/FTOB
P8,/FTOA
P8,/FTCI

Figure8-7 Port 8 Pin Configuration

8.8.2 Register Configuration and Description
Table 8-20 shows the port 8 register configuration.

Table8-20 Port 8 Registers

Name Abbrev. R/W Initial Value Address
Port data register 8 PDR8 R/W H'00 H'FFDB
Port control register 8 PCR8 w H'00 H'FFEB
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1. Port dataregister 8 (PDR8)

Bit 7 6 5 4 3 2 1 0
Cpe, | Pas | P | Pas | Pas | Pe, | Pey | 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

PDRS8 is an 8-bit register that stores data for port 8 pins P8, to P8,. If port 8 is read while PCR8
bits are set to 1, the values stored in PDR8 are read, regardless of the actual pin states. If port 8is
read while PCR8 bhits are cleared to 0, the pin states are read.

Upon reset, PDR8 isinitialized to H'00.

2. Port control register 8 (PCR8)

Bit 7 6 5 4 3 2 1 0

‘ PCR87 ‘ PCR8g ‘ PCR8s ‘ PCR84 ‘ PCR83 ‘ PCR8, ‘ PCR8; ‘ PCR8g ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write w w w w w w w w

PCR8 is an 8-hit register for controlling whether each of the port 8 pins P8; to P8 functions as an
input or output pin. Setting a PCR8 bit to 1 makes the corresponding pin an output pin, while
clearing the bit to 0 makes the pin an input pin.

Upon reset, PCR8 isinitialized to H'00.

PCR8 isawrite-only register, which isalwaysread asall 1s.
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8.8.3 Pin Functions

Table 8-24 shows the port 8 pin functions.

Table8-21 Port 8 Pin Functions

Pin Pin Functions and Selection Method
P8, The pin function depends on bit PCR8-, in PCR8.
PCR8, 0 1
Pin function P85 input pin | P8, output pin
P8¢/FTID The pin function depends on bit PCR8g in PCRS.
PCR8g 0 1
) ) P8¢ input pin | P8¢ output pin
Pin function
FTID input pin
P85/FTIC The pin function depends on bit PCR85 in PCR8.
PCR8;y 0 1
) ) P85 input pin | P85 output pin
Pin function
FTIC input pin
P8,4/FTIB The pin function depends on bit PCR8, in PCRS.
P8, 0 1
) ) P8, input pin | P8, output pin
Pin function ) )
FTIB input pin
P8/FTIA The pin function depends on bit PCR83 in PCRS.
PCR83 0 1
) ) P85 input pin | P85 output pin
Pin function
FTIA input pin
P8,/FTOB The pin function depends on bit PCR8, in PCR8 and bit OEB in TOCR.

OEB 0 1
PCRS, 0 1 *
Pin function P8, input pin | P8, output pin FTOB output pin

Note: * Don't care
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Table8-21 Port 8 Pin Functions (cont)

Pin Pin Functions and Selection Method
P8,/FTOA The pin function depends on bit PCR8, in PCR8 and bit OEA in TOCR.
OEA 0 1
PCR8; 0 1 *
Pin function P8, input pin | P8, output pin FTOA output pin
P8y/FTCI The pin function depends on bit PCR8, in PCRS.

PCR8,

0 1

P8y input pin | P8, output pin

Pin function

FTCI input pin

Note: * Don't care

8.8.4 Pin States

Table 8-22 shows the port 8 pin states in each operating mode.

Table8-22 Port 8 Pin States

Pins

Reset Sleep

Subsleep Standby

Watch

Subactive Active

P8g/FTID
P8L/FTIC
P8,/FTIB
P8,/FTIA
P8,/FTOB
P8,/FTOA
P8,/FTCI

High- Retains
impedance previous
state

Retains High-
previous  impedance
state

Retains
previous
state

Functional  Functional
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8.9 Port 9
8.9.1 Overview

Port 9 isa5-hit 1/0 port, configured as shown in figure 8-8.

- P9j
Port 9 - P9,
-~ P9,

- P9,

Figure8-8 Port 9 Pin Configuration
8.9.2 Register Configuration and Description
Table 8-23 shows the port 9 register configuration.

Table8-23 Port 9 Registers

Name Abbrev. R/W Initial Value Address
Port data register 9 PDR9 R/W H'CO H'FFDC
Port control register 9 PCR9 w H'CO H'FFEC

1. Port dataregister 9 (PDR9)

Bit 7 6 5 4 3 2 1 0
— | — | — | po | Pos | Pe, | Po, | P |

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

Read/Write — — — R/W R/W R/W R/W R/W

Note: * Bits 7 to 6 are reserved; they are always read as 1 and cannot be modified.

** Bjt 5 is reserved; it is always read as 0 and cannot be modified.

PDR9 is an 8-bit register that stores data for port 9 pins P9, to P9,. If port 9 is read while PCR9
bits are set to 1, the values stored in PDR9 are read, regardless of the actual pin states. If port 9is
read while PCR9 bits are cleared to 0, the pin states are read.

Upon reset, PDR9 isinitialized to H'CO.
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2. Port control register 9 (PCR9)

Bit 7 6 5 4 3 2 1 0
— | — | — | po | Pos | pe, | Po, | Po |

Initial value 1 1 0 0 0 0 0 0

Read/Write — — — w W w w W

PCR9 controls whether each of the port 9 pins P9, to P9, functions as an input pin or output pin.
Setting a PCR9 hit to 1 makes the corresponding pin an output pin, while clearing the bit to 0 makes

the pin an input pin.

Upon reset, PCR9 isinitialized to H'CO.

PCR9 isawrite-only register, which isalwaysreadsasall 1.

8.9.3 Pin Functions

Table 8-24 shows the port 9 pin functions.

Table8-24 Port 9 Pin Functions

Pin Pin Functions and Selection Method
P9, The pin function depends on bit PCR9,, in PCR9.
(n=4100)
PCR9, 0 1
Pin function P9,, input pin P9,, output pin
8.9.4 Pin States

Table 8-25 shows the port 9 pin states in each operating mode.

Table8-25 Port 9 Pin States

Pins Reset Sleep Subsleep Standby Watch  Subactive Active
P9,to P9y High- Retains  Retains High- Retains Functional Functional
impedance previous previous impedance previous
state state state
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8.10 Port B
8.10.1 Overview

Port B isan 8-bit input-only port, configured as shown in figure 8-9.

-~ PB,/AN,
<~ PBg/ANg
-~ PBs/ANs
pot | © PBa/ANg
< PB3/ANs
< PB,/AN,
- PBy/AN;

~———— PBy/ANg

Figure8-9 Port B Pin Configuration
8.10.2 Register Configuration and Description
Table 8-26 shows the port B register configuration.

Table8-26 Port B Register

Name Abbrev. R/W Address

Port data register B PDRB R H'FFDD

Port Data Register B (PDRB)

Bit 7 6 5 4 3 2 1 0
‘ PB~ ‘ PBg ‘ PBsg ‘ PB4 ‘ PB3 ‘ PB2> ‘ PB1 ‘ PBo ‘
Read/Write R R R R R R R R

Reading PDRB aways gives the pin states. However, if aport B pin is selected as an analog input
channel for the A/D converter by AMR bits CH3 to CHO, that pin reads O regardless of the input
voltage.
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8.10.3 Pin Functions
Table 8-27 shows the port B pin functions.

Table8-27 Port B Pin Functions

Pin Pin Functions and Selection Method
PB,/AN, Always as below.
(n=7100)

Pin function PB,, input pin or AN, input pin ‘
8.10.4 Pin States
Table 8-28 shows the port B pin states in each operating mode.
Table8-28 Port B Pin States
Pin Reset Sleep Subsleep  Standby Watch Subactive  Active
PB,/AN; High- High- High- High- High- High- High-
to impedance impedance impedance impedance impedance impedance impedance
PBo/AN,

8.11 Usage Notes
The following points should be noted when using /O ports.

(1) Handling of unused pinsin input ports

Unused pinsin an input port should be connected to the power supply (V¢ or Vgg) S0 that the

pins do not go to the floating (high-impedance) state.

(2) Handling of unused pins in input/output ports

Unused pinsin an input/output port should be connected to the power supply (V¢ or Vgg), of
€else designated as output pins by setting the corresponding port control register bits by software
immediately after reset release, so that the pins do not go to the floating (high-impedance) state.
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Section9 Timers

9.1 Overview

The H8/3657 Series provides fivetimers: timers A, B1, V, X, and awatchdog timer. The functions
of these timers are outlined in table 9-1.

Table9-1 Timer Functions

Event Waveform
Name Functions Internal Clock Input Pin Output Pin  Remarks
Timer A« 8-bit interval timer 2/8 to 9/8192 — —
(8 choices)
* Time base 2,/128 (choice of
4 overflow periods)
« Clock output a/4 to 8/32 — TMOW
/4 to @,,/32
(8 choices)
Timer B1 < 8-bit reload timer a/4 to 8/8192 TMIB —
« Interval timer (7 choices)
 Event counter
TimerV < 8-bit timer ol4 to 8/128 TMCIV TMOV
» Event counter (6 choices)
 Output control by
dual compare match
 Counter clearing
option
» Start of incrementing
specifiable by external
trigger input
Timer X ¢ 16-bit free-running 2/2 to /32 FTCI FTOA
timer (3 choices) FTIA FTOB
2 output compare FTIB
channels FTIC
* 4 input capture FTID
channels
 Counter clearing
option
» Event counter
Watchdog < Reset signal /8192 — —
timer generated when
8-bit counter
overflows
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9.2 Timer A
9.2.1 Overview

Timer A isan 8-bit timer with interval timing and real-time clock time-base functions. The clock
time-base function is available when a 32.768-kHz crystal oscillator is connected. A clock signal
divided from 32.768 kHz or from the system clock can be output at the TMOW pin.

1. Features
Features of timer A are given below.
*  Choice of eight internal clock sources (2/8192, @/4096, &/2048, 2/512, &/256, &/128, &/32, ¢/8).

e Choice of four overflow periods (1 s, 0.5 s, 0.25 s, 31.25 ms) when timer A is used as a clock
time base (using a 32.768 kHz crystal oscillator).

* Aninterrupt is requested when the counter overflows.

e Any of eight clock signals can be output from pin TMOW: 32.768 kHz divided by 32, 16, 8, or
4 (1 kHz, 2 kHz, 4 kHz, 8 kHz), or the system clock divided by 32, 16, 8, or 4.
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2. Block diagram

Figure 9-1 shows a block diagram of timer A.

By —= 1/4 - PSW TMA |‘—>

o\wl4

]
>
Qo
©
g
o2\/128 =
c
TMOW | TCA I—H 5
c
/32 218192, 3/4096, 3/2048, . & B -
/16 /512, 5/256, 51128, o o o &
2/8 9132, 2/8
a4 Y y y
2 - - PSS |

—— IRRTA

Notation:

TMA:  Timer mode register A

TCA: Timer counter A

IRRTA: Timer A overflow interrupt request flag
PSW: Prescaler W

PSS: Prescaler S

Note: * Can be selected only when the prescaler W output (2\/128) is used as the TCA input clock.

Figure9-1 Block Diagram of Timer A
3. Pinconfiguration
Table 9-2 shows the timer A pin configuration.

Table9-2 Pin Configuration

Name Abbrev. 1/O Function

Clock output  TMOW  Output  Output of waveform generated by timer A output circuit
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4. Register configuration
Table 9-3 shows the register configuration of timer A.

Table9-3 Timer A Registers

Name Abbrev. R/W Initial Value Address
Timer mode register A TMA R/W H'10 H'FFBO
Timer counter A TCA R H'00 H'FFB1

9.2.2 Register Descriptions

1. Timer moderegister A (TMA)

Bit 7 6 5 4 3 2 1 0

‘ TMA7 ‘ TMAG ‘ TMAS ‘ — ‘ TMA3 ‘ TMA2 ‘ TMAL1 ‘ TMAO ‘
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

TMA isan 8-hit read/write register for selecting the prescaler, input clock, and output clock.
Upon reset, TMA isinitialized to H'10.
Bits 7 to 5: Clock output select (TMA7 to TMAD)

Bits 7 to 5 choose which of eight clock signalsis output at the TMOW pin. The system clock
divided by 32, 16, 8, or 4 can be output in active mode and sleep mode. A 32.768 kHz signa
divided by 32, 16, 8, or 4 can be output in active mode, sleep mode, and subactive mode.

Bit 7 Bit 6 Bit 5
TMA7 TMA6  TMA5 Clock Output

0 0 0 /32 (initial value)
1 /16
1 0 2/8
1 /4
1 0 0 a/32
1 /16
1 0 o\/8
1 gyl
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Bit 4: Reserved bit
Bit 4 isreserved; it isawaysread as 1, and cannot be modified.
Bits 3to O: Internal clock select (TMA3to TMADO)

Bits 3to 0 select the clock input to TCA. The selection is made as follows.

Description
Bit3 Bit2 Bitl BitO Prescaler and Divider Ratio
TMA3 TMA2 TMA1l TMAO  or Overflow Period Function
0 0 0 0 PSS, /8192 (initial value) Interval timer
1 PSS, 2/4096
1 0 PSS, 2/2048
1 PSS, 9/512
1 0 0 PSS, 2/256
1 PSS, 2/128
1 0 PSS, 9/32
1 PSS, /8
1 0 0 0 PSW, 1s Clock time
1 PSW, 0.5 s base
1 0 PSW, 0.25 s
1 PSW, 0.03125 s
1 0 0 PSW and TCA are reset
1
1 0
1
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2. Timer counter A (TCA)

Bit 7 6 5 4 3 2 1 0

‘ TCA7 ‘ TCAG6 ‘ TCA5 ‘ TCA4 ‘ TCA3 ‘ TCA2 ‘ TCAl ‘ TCAO ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R R R R R R R R

TCA isan 8-hit read-only up-counter, which isincremented by internal clock input. The clock
source for input to this counter is selected by bits TMA3 to TMAO in timer mode register A (TMA).
TCA values can be read by the CPU in active mode, but cannot be read in subactive mode. When
TCA overflows, the IRRTA hit in interrupt request register 1 (IRR1) isset to 1.

TCA iscleared by setting bits TMA3 and TMA2 of TMA to 11.
Upon reset, TCA isinitialized to H'00.

9.2.3 Timer Operation

1. Interva timer operation

When bit TMA3 in timer mode register A (TMA) is cleared to 0, timer A functions as an 8-bit
interval timer.

Upon reset, TCA is cleared to H'00 and bit TMA3 is cleared to 0, so up-counting and interval timing
resumeimmediately. The clock input to timer A is selected by bits TMA2to TMAO in TMA; any
of eight internal clock signals output by prescaler S can be selected.

After the count value in TCA reaches H'FF, the next clock signal input causestimer A to overflow,
setting bit IRRTA to 1ininterrupt request register 1 (IRR1). If IENTA = 1ininterrupt enable
register 1 (IENRL), a CPU interrupt is requested.*

At overflow, TCA returnsto H'00 and starts counting up again. In this modetimer A functions as
an interval timer that generates an overflow output at intervals of 256 input clock pulses.

Note: * For details on interrupts, see 3.3, Interrupts.
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2. Real-time clock time base operation

When bit TMA3in TMA issetto 1, timer A functions as areal-time clock time base by counting
clock signals output by prescaler W. The overflow period of timer A is set by bits TMA1 and
TMAOQOIn TMA. A choice of four periodsisavailable. Intime base operation (TMA3 = 1), setting
bit TMAZ2 to 1 clears both TCA and prescaler W to their initial values of H'00.

3. Clock output

Setting bit TMOW in port mode register 1 (PMRL) to 1 causes a clock signal to be output at pin
TMOW. Eight different clock output signals can be selected by means of bits TMA7 to TMAS5 in
TMA. The system clock divided by 32, 16, 8, or 4 can be output in active mode and sleep mode. A
32.768 kHz signal divided by 32, 16, 8, or 4 can be output in active mode, sleep mode, subactive
mode, and subsleep mode.

9.2.4 Timer A Operation States
Table 9-4 summarizes the timer A operation states.

Table9-4 Timer A Operation States

Sub- Sub-
Operation Mode Reset Active Sleep Watch active sleep Standby
TCA Interval Reset Functions Functions Halted Halted Halted Halted

Clock time base Reset Functions Functions Functions Functions Functions Halted

TMA Reset Functions Retained Retained Functions Retained Retained

Note: When the real-time clock time base function is selected as the internal clock of TCA in active
mode or sleep mode, the internal clock is not synchronous with the system clock, so it is
synchronized by a synchronizing circuit. This may result in a maximum error of 1/@ (s) in the
count cycle.
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9.3 Timer B1

9.3.1 Overview

Timer B1 isan 8-bit timer that increments each time a clock pulseisinput. Thistimer has two
operation modes, interval and auto reload.

1. Features
Features of timer B1 are given below.

e Choice of seveninternal clock sources (2/8192, /2048, @/512, &/256, @/64, @/16, @/4) or an
external clock (can be used to count external events).

* Aninterrupt is requested when the counter overflows.
2. Block diagram

Figure 9-2 shows a block diagram of timer B1.

| TMB1 |<—>
2]
>
o
IS
©
o —- PSS - —
4>| TCB1 =
A £
[0
=
T™IB O | TLB1 |<

Notation: — IRRTB1

TMB1: Timer mode register B1
TCB1: Timer counter B1

TLB1: Timer load register B1
IRRTB1: Timer B1 interrupt request flag
PSS: Prescaler S

Figure9-2 Block Diagram of Timer B1
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3. Pinconfiguration
Table 9-5 shows the timer B1 pin configuration.

Table9-5 Pin Configuration

Name Abbrev. 110 Function

Timer B1 event input TMIB Input Event input to TCB1

4. Register configuration
Table 9-6 shows the register configuration of timer B1.

Table9-6 Timer B1 Registers

Name Abbrev. R/W Initial Value Address
Timer mode register B1 TMB1 R/W H'78 H'FFB2
Timer counter B1 TCB1 R H'00 H'FFB3
Timer load register B1 TLB1 w H'00 H'FFB3

9.3.2 Register Descriptions

1. Timer moderegister B1 (TMB1)

Bit 7 6 5 4 3 2 1 0

‘ TMB17 ‘ — ‘ — ‘ — ‘ — ‘ TMB12 ‘ TMB11 ‘ TMB10 ‘
Initial value 0 1 1 1 1 0 0 0
Read/Write R/W — — — — R/W R/W R/W

TMBL1 is an 8-bit read/write register for selecting the auto-reload function and input clock.
Upon reset, TMBL1 isinitialized to H'78.
Bit 7: Auto-reload function select (TMB17)

Bit 7 selects whether timer B1 is used as an auto-reload timer.

Bit 7

TMB17 Description

0 Interval timer function selected (initial value)
1 Auto-reload function selected
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Bits 6 to 3: Reserved hits
Bits 6 to 3 are reserved; they are always read as 1, and cannot be modified.
Bits2to 0: Clock select (TMB12 to TMB10)

Bits 2 to 0 select the clock input to TCB1. For external event counting, either the rising or falling
edge can be selected.

Bit 2 Bit 1 Bit 0
TMB12 TMB11 TMB10 Description

0 0 0 Internal clock: 2/8192 (initial value)
0 0 1 Internal clock: /2048

0 1 0 Internal clock: g/512

0 1 1 Internal clock: 8/256

1 0 0 Internal clock: g/64

1 0 1 Internal clock: 2/16

1 1 0 Internal clock: g/4

1 1 1 External event (TMIB): rising or falling edge*

Note: * The edge of the external event signal is selected by bit INTEGS6 in interrupt edge select
register 2 (IEGR2). See 3.3.2, Interrupt Control Registers, for details.

2. Timer counter B1 (TCB1)

Bit 7 6 5 4 3 2 1 0

‘ TCB17 ‘ TCB16 ‘ TCB15 ‘ TCB14 ‘ TCB13 ‘ TCB12 ‘ TCB11 ‘ TCB10 ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R R R R R R R R

TCBL1isan 8-hit read-only up-counter, which isincremented by internal clock or external event
input. The clock source for input to this counter is selected by bits TMB12 to TMB10 in timer
mode register B1 (TMB1). TCB1 values can be read by the CPU at any time.

When TCB1 overflows from H'FF to H'00 or to the value set in TLB1, the IRRTB1 bitin IRR1 is
setto 1.

TCB1isallocated to the same address as TLB1.

Upon reset, TCB1 isinitialized to H'00.
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3. Timer load register B1 (TLB1)

Bit 7 6 5 4 3 2 1 0

‘ TLB17 ‘ TLB16 ‘ TLB15 ‘ TLB14 ‘ TLB13 ‘ TLB12 ‘ TLB11 ‘ TLB10O ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write W W W W W W W W

TLB1 isan 8-bit write-only register for setting the reload value of timer counter B1 (TCB1).

When areload value is set in TLB1, the same value isloaded into timer counter B1 (TCB1) aswell,
and TCBL1 starts counting up from that value. When TCB1 overflows during operation in auto-
reload mode, the TLB1 valueisloaded into TCB1. Accordingly, overflow periods can be set within
the range of 1 to 256 input clocks.

The same addressis allocated to TLB1 asto TCB1.
Upon reset, TLB1 isinitialized to H'00.

9.3.3 Timer Operation

1. Interval timer operation

When bit TMB17 in timer mode register B1 (TMB1) iscleared to 0, timer B1 functions as an 8-hit
interval timer.

Upon reset, TCB1 is cleared to H'00 and bit TMB17 is cleared to O, so up-counting and interval
timing resume immediately. The clock input to timer B1 is selected from seven internal clock
signals output by prescaler S, or an external clock input at pin TMIB. The selection is made by bits
TMB12 to TMB10 of TMBL1.

After the count value in TCB1 reaches H'FF, the next clock signal input causestimer B1to
overflow, setting bit IRRTB1 to 1 ininterrupt request register 1 (IRR1). If IENTB1 = 1ininterrupt
enable register 1 (IENR1), a CPU interrupt is requested.*

At overflow, TCB1 returns to H'00 and starts counting up again.

During interval timer operation (TMB17 = 0), when avalue is set in timer load register B1 (TLB1),
the same valueisset in TCB1.

Note: * For details on interrupts, see 3.3, Interrupts.
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2. Auto-reload timer operation

Setting bit TMB17 in TMB1 to 1 causes timer B1 to function as an 8-bit auto-reload timer. When a
reload valueis set in TLB1, the same value isloaded into TCB1, becoming the value from which
TCB1 starts its count.

After the count value in TCB1 reaches H'FF, the next clock signal input causestimer B1 to
overflow. The TLB1 valueisthen loaded into TCB1, and the count continues from that value. The
overflow period can be set within arange from 1 to 256 input clocks, depending on the TLB1 value.

The clock sources and interrupts in auto-reload mode are the same as in interval mode.

In auto-reload mode (TMB17 = 1), when anew valueissetin TLB1, the TLB1 valueisalso set in
TCB1.

3. Event counter operation

Timer B1 can operate as an event counter, counting rising or falling edges of an external event
signal input at pin TMIB. External event counting is selected by setting bits TMB12 to TMB10 in
timer mode register B1 to all 1s(111).

When timer B1 is used to count external event input, bit INTENG in IENR3 should be cleared to 0
to disable INTg interrupt requests.

9.3.4 Timer B1 Operation States
Table 9-7 summarizes the timer B1 operation states.

Table9-7 Timer B1 Operation States

Sub- Sub-
Operation Mode Reset Active Sleep Watch active sleep Standby
TCB1 Interval Reset Functions Functions Halted Halted Halted Halted
Auto reload Reset Functions Functions Halted Halted Halted Halted
TMB1 Reset Functions Retained Retained Retained Retained Retained

166



94 Timer V
9.4.1 Overview

Timer V isan 8-bit timer based on an 8-bit counter. Timer V counts external events. Also compare
match signals can be used to reset the counter, request an interrupt, or output a pulse signal with an
arbitrary duty cycle. Counting can be initiated by atrigger input at the TRGV pin, enabling pulse
output control to be synchronized to the trigger, with an arbitrary delay from the trigger input.

1. Features
Features of timer V are given below.

e Choice of six internal clock sources (2/128, @/64, @132, @/16, @/8, @/4) or an external clock (can
be used as an external event counter).

e Counter can be cleared by compare match A or B, or by an external reset signal. If the trigger
function is selected, the counter can be halted when cleared.

e Timer output is controlled by two independent compare match signals, enabling pul se output
with an arbitrary duty cycle, PWM output, and other applications.

e Threeinterrupt sources: two compare match, one overflow

e Counting can be initiated by trigger input at the TRGV pin. Therising edge, falling edge, or
both edges of the TRGV input can be selected.
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2. Block diagram

Figure 9-3 shows a block diagram of timer V.

J

TCRV1

TCORB
TRGV Trigger
control

l Comparator

|

TMCIV o—— = Clock select —>‘ TCNTV }—

g —— PSS

Internal data bus

TMRIV o—— - Clear control TCRVO | l

T [} Interrupt
request
control

TMOV ce—— | Output TCSRV
control
— CMIA

Notation: L~ CMIB
TCORA: Time constant register A = ovi
TCORB: Time constant register B

TCNTV: Timer counter V

TCSRV: Timer control/status register V

TCRVO: Timer control register VO

TCRV1: Timer control register V1

PSS: Prescaler S

CMIA:  Compare-match interrupt A

CMIB:  Compare-match interrupt B

oVI: Overflow interrupt

Figure 9-3 Block Diagram of Timer V
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3. Pinconfiguration

Table 9-8 shows the timer V pin configuration.

Table9-8 Pin Configuration

Name Abbrev. I/10 Function

Timer V output TMOV Output Timer V waveform output
Timer V clock input TMCIV Input Clock input to TCNTV

Timer V reset input TMRIV Input External input to reset TCNTV
Trigger input TRGV Input Trigger input to initiate counting

4. Register configuration

Table 9-9 shows the register configuration of timer V.

Table9-9 Timer V Registers

Name Abbrev. R/W Initial Value Address
Timer control register VO TCRVO R/W H'00 H'FFB8
Timer control/status register V TCSRV R/(W)* H'10 H'FFB9
Time constant register A TCORA R/W H'FF H'FFBA
Time constant register B TCORB R/W H'FF H'FFBB
Timer counter V TCNTV R/W H'00 HFFBC
Timer control register V1 TCRV1 R/W H'E2 H'FFBD

Note: * Bits 7 to 5 can only be written with 0, for flag clearing.
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9.4.2 Register Descriptions

1. Timer counter V (TCNTV)

Bit 7 6 5 4 3 2 1 0

‘ TCNTV; ‘ TCNTV6‘ TCNTV5‘ TCNTV, ‘ TCNTV; ‘ TCNTV, ‘ TCNTV, ‘ TCNTV, ‘
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

TCNTYV is an 8-bit read/write up-counter which isincremented by internal or external clock input.
The clock source is selected by bits CKS2 to CKS0 in TCRVO0. The TCNTV value can be read and
written by the CPU at any time. TCNTV can be cleared by an external reset signal, or by compare
match A or B. The clearing signal is selected by bits CCLR1 and CCLRO in TCRVO.

When TCNTV overflows from H'FF to H'00, OVF issetto 1in TCSRV.

TCNTV isinitialized to H'00 upon reset and in standby mode, watch mode, subsleep mode, and
subactive mode.

2. Time constant registers A and B (TCORA, TCORB)

Bit 7 6 5 4 3 2 1 0
‘ TCORNy ‘ TCORnG‘ TCORn5‘ TCORN, ‘ TCORN3 ‘TCORnZ ‘ TCORN, ‘ TCORnNg ‘
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
n=AorB

TCORA and TCORB are 8-hit read/write registers.

TCORA and TCNTV are compared at al times, except during the T state of a TCORA write cycle.
When the TCORA and TCNTV contents match, CMFA issetto 1in TCSRV. If CMIEA isaso set
to 1in TCRVO, aCPU interrupt is requested.

Timer output from the TMOV pin can be controlled by asignal resulting from compare match,
according to the settings of bits OS3to OS0in TCSRV.

TCORA isinitialized to H'FF upon reset and in standby mode, watch mode, subsleep mode, and
subactive mode.

TCORB issimilar to TCORA.
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3. Timer control register VO (TCRV0)

Bit 7 6 5 4 3 2 1 0

‘ CMIEB ‘ CMIEA‘ OVIE ‘ CCLR1 ‘ CCLRO ‘ CKS2 ‘ CKS1 ‘ CKSO ‘
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

TCRVO is an 8-hit read/write register that selectsthe TCNTV input clock, controls the clearing of
TCNTV, and enables interrupts.

TCRVOisinitialized to H'00 upon reset and in standby mode, watch mode, subsleep mode, and
subactive mode.

Bit 7: Compare match interrupt enable B (CMIEB)

Bit 7 enables or disables the interrupt request (CMIB) generated from CMFB when CMFB is set to
1in TCSRV.

Bit 7

CMIEB Description

0 Interrupt request (CMIB) from CMFB disabled (initial value)
1 Interrupt request (CMIB) from CMFB enabled

Bit 6: Compare match interrupt enable A (CMIEA)

Bit 6 enables or disables the interrupt request (CMIA) generated from CMFA when CMFA is set to
1in TCSRV.

Bit 6

CMIEA Description

0 Interrupt request (CMIA) from CMFA disabled (initial value)
1 Interrupt request (CMIA) from CMFA enabled

Bit 5: Timer overflow interrupt enable B (OVIE)

Bit 5 enables or disables the interrupt request (OV1) generated from OVF when OVFissetto 1in
TCSRV.

Bit 5

OVIE Description

0 Interrupt request (OVI) from OVF disabled (initial value)
1 Interrupt request (OVI) from OVF enabled
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Bits 4 and 3: Counter clear 1 and 0 (CCLR1, CCLRO0)

Bits 4 and 3 specify whether or not to clear TCNTV, and select compare match A or B or an
external reset input.

When clearing is specified, if TRGE issetto 1in TCRV 1, then when TCNTV iscleared it isaso
halted. Counting resumes when atrigger edge isinput at the TRGV pin.

If TRGE iscleared to O, after TCNTYV is cleared it continues counting up.

Bit 4 Bit 3

CCLR1 CCLRO Description

0 0 Clearing is disabled (initial value)
0 1 Cleared by compare match A

1 0 Cleared by compare match B

1 1 Cleared by rising edge of external reset input

Bits2to0 0: Clock select 2 to 0 (CKS2 to CKS0)
Bits2to 0 and bit ICKS0in TCRV 1 select the clock input to TCNTV.

Six internal clock sources divided from the system clock () can be selected. The counter
increments on the falling edge.

If the external clock is selected, there is afurther selection of incrementing on the rising edge,
falling edge, or both edges.

If TRGE iscleared to O, after TCNTYV iscleared it continues counting up.

TCRVO TCRV1

Bit 2 Bit 1 Bit 0 Bit 0
CKS2 CKS1 CKSO0 ICKSO Description

0 0 0 — Clock input disabled (initial value)

Internal clock: @/4, falling edge

Internal clock: /8, falling edge

Internal clock: @/16, falling edge

Internal clock: /32, falling edge

Internal clock: @/64, falling edge

P | O, |O|FL|O

Internal clock: @/128, falling edge

— Clock input disabled

— External clock: rising edge

— External clock: falling edge

P|lRP|P|P|O|lO|O|O|O|O
Rrlkr|lOo|lO|Rr|R|R|R|O|O
Rrlo|lr|O|RP|RP|O|O|F |k

— External clock: rising and falling edges
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4. Timer control/status register V (TCSRV)

Bit 7 6 5 4 3 2 1 0

‘ CMFB ‘ CMFA‘ OVF ‘ — ‘ 0S3 ‘ 0S2 ‘ 0s1 ‘ 0Sso0 ‘
Initial value 0 0 0 1 0 0 0 0
Read/Write R/I(WY*  RI(W)*  R/(W)* — R/W R/W R/W R/W

Note: * Bits 7 to 5 can be only written with 0, for flag clearing.

TCSRV isan 8-hit register that sets compare match flags and the timer overflow flag, and controls
compare match output.

TCSRV isinitialized to H'10 upon reset and in standby mode, watch mode, subsleep mode, and
subactive mode.

Bit 7: Compare match flag B (CMFB)

Bit 7 isastatus flag indicating that TCNTV has matched TCORB. Thisflag is set by hardware and
cleared by software. It cannot be set by software.

Bit 7

CMFB Description

0 Clearing conditions: (initial value)
After reading CMFB = 1, cleared by writing 0 to CMFB

1 Setting conditions:

Set when the TCNTV value matches the TCORB value

Bit 6: Compare match flag A (CMFA)

Bit 6 isastatus flag indicating that TCNTV has matched TCORA. Thisflag is set by hardware and
cleared by software. It cannot be set by software.

Bit 6

CMFA Description

0 Clearing conditions: (initial value)
After reading CMFA = 1, cleared by writing 0 to CMFA

1 Setting conditions:

Set when the TCNTV value matches the TCORA value
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Bit 5: Timer overflow flag (OVF)

Bit 5isastatusflag indicating that TCNTV has overflowed from H'FF to H'00. Thisflag is set by
hardware and cleared by software. It cannot be set by software.

Bit 5

OVF Description

0 Clearing conditions: (initial value)
After reading OVF = 1, cleared by writing 0 to OVF

1 Setting conditions:

Set when TCNTV overflows from H'FF to H'00

Bit 4: Reserved bit
Bit 4 isreserved; it is always read as 1, and cannot be modified.
Bits 3to 0: Output select 3 to 0 (OS3 to OS0)

Bits 3 to 0 select the way in which the output level at the TMOV pin changes in response to
compare match between TCNTV and TCORA or TCORB.

0OS3 and OS2 select the output level for compare match B. OS1 and OS0 select the output level for
compare match A. The two levels can be controlled independently.

If two compare matches occur simultaneously, any conflict between the settingsis resolved
according to the following priority order: toggle output > 1 output > O output.

When OS3 to OS0 are all cleared to 0, timer output is disabled.

After areset, the timer output is O until the first compare match.

Bit 3 Bit 2

0s3 0S2 Description

0 0 No change at compare match B (initial value)
0 1 0 output at compare match B

1 0 1 output at compare match B

1 1 Output toggles at compare match B

Bit 1 Bit 0

0Os1 0S0 Description

0 0 No change at compare match A (initial value)
0 1 0 output at compare match A

1 0 1 output at compare match A

1 1 Output toggles at compare match A
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5. Timer control register V1 (TCRV 1)

Bit 7 6 5 4 3 2 1 0

‘ — ‘ e ‘ — ‘ TVEG1 ‘ TVEGO ‘ TRGE ‘ — ‘ ICKSO ‘
Initial value 1 1 1 0 0 0 1 0
Read/Write — — — R/W R/W R/W — R/W

TCRV1isan 8-hit read/write register that selects the valid edge at the TRGV pin, enables TRGV
input, and selects the clock input to TCNTV.

TCRV1lisinitialized to H'E2 upon reset and in watch mode, subsleep mode, and subactive mode.
Bits 7 to 5: Reserved hits

Bit 7 to 5 are reserved; they are always read as 1, and cannot be modified.

Bits4 and 3: TRGV input edge select (TVEG1, TVEGO)

Bits 4 and 3 select the TRGV input edge.

Bit 4 Bit 3

TVEG1 TVEGO Description

0 0 TRGYV trigger input is disabled (initial value)
0 1 Rising edge is selected

1 0 Falling edge is selected

1 1 Rising and falling edges are both selected

Bit 2: TRGV input enable (TRGE)

Bit 2 enables or disables TCNTV counting to be triggered by input at the TRGV pin, and enables or
disables TCNTV counting to be halted when TCNTYV iscleared by compare match. TCNTV stops
counting when TRGE is set to 1, then starts counting when the edge selected by bits TVEGL1 and
TVEGO isinput at the TRGV pin.

Bit 2

TRGE Description

0 TCNTV counting is not triggered by input at the TRGV pin, and does not stop when
TCNTV is cleared by compare match (initial value)

1 TCNTV counting is triggered by input at the TRGV pin, and stops when TCNTV is

cleared by compare match
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Bit 1: Reserved hit
Bit 1 isreserved; it isalwaysread as 1, and cannot be modified.
Bit 0: Internal clock select O (ICKS0)

Bit 0 and bits CKS2 to CKS0 in TCRVO select the TCNTV clock source. For details see 9.8.2 (3),
Timer control register VO.

9.4.3 Timer Operation
1. TimerV operation

A reset initializes TCNTV to H'00, TCORA and TCORB to H'FF, TCRVO0 to H'00, TCSRV to H'10,
and TCRV1to H'E2.

Timer V can be clocked by one of six internal clocks output from prescaler S, or an external clock,
as selected by bits CKS2 to CKS0 in TCRVO0 and bit ICKS0 in TCRV 1. The valid edge or edges of
the external clock can also be selected by CKS2 to CKS0. When the clock source is selected,
TCNTYV starts counting the selected clock input.

The TCNTV contents are always compared with TCORA and TCORB. When a match occurs, the
CMFA or CMFB hitissetto 1in TCSRV. If CMIEA or CMIEB issetto 1in TCRVO, aCPU
interrupt is requested. At the same time, the output level selected by bits OS3to OS0in TCSRV is
output from the TMQOV pin.

When TCNT overflows from H'FF to H'00, if OVIE is1in TCRVO, a CPU interrupt is requested.

If bits CCLR1 and CCLRO in TCRVO0 are set to 01 (clear by compare match A) or 10 (clear by
compare match B), TCNTV is cleared by the corresponding compare match. If these bits are set to
11, TCNTV iscleared by input of arising edge at the TMRIV pin.

If bit TRGE issetto 1in TCRV1, when TCNTV is cleared by the event selected by bits CCLR1 and
CCLRO, itisaso halted. TCNTV starts counting when the signal edge selected by bits TVEGL1 and
TVEGOin TCRV1isinput at the TRGV pin.
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2. TCNTV increment timing

TCNTV isincremented by an input (internal or external) clock.

Internal clock

One of six clocks (2/128, @/64, a/32, a/16, @8, @/4) divided from the system clock (@) can be
selected by bits CKS2 to CKS0 in TCRVO and bit ICKS0 in TCRV 1. Figure 9-4 showsthe
timing.

Internal |
clock e

FRC k‘
input
5

TCNTV
input

¢
::)

TCNTV N-1 . N
)

E”

>< N-1

Figure9-4 Increment Timing with Internal Clock
External clock

Incrementation on the rising edge, falling edge, or both edges of the external clock can be
selected by bits CKS2 to CKS0 in TCRVO.

The external clock pulse width should be at least 1.5 system clocks (@) when asingle edgeis
counted, and at least 2.5 system clocks when both edges are counted. Shorter pulses will not be
counted correctly.

Figure 9-5 shows the timing when both the rising and falling edges of the external clock are
selected.
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TMCIV
(external clock % |
)]

input pin)

TCNTV
input clock { i
N-1 ><

TCNTV

Figure9-5 Increment Timingwith External Clock
3. Overflow flag set timing

The overflow flag (OVF) is set to 1 when TCNTV overflows from H'FF to H'00. Figure 9-6 shows
the timing.

- e

TCNTV H'FF >< H'00

Overflow

Sona N
.

Figure9-6 OVF Set Timing
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4. Compare match flag set timing

Compare match flag A or B (CMFA or CMFB) is set to 1 when TCNTV matches TCORA or
TCORB. The internal compare-match signal is generated in the last state in which the values match
(when TCNTV changes from the matching value to a new value). Accordingly, when TCNTV
matches TCORA or TCORB, the compare match signa is not generated until the next clock input to
TCNTV. Figure 9-7 shows the timing.

- Uy

TCNTV N >< N+1
TCORA or N
TCORB

Compare
match signal

CMFA or |
CMFB

Figure9-7 CMFA and CMFB Set Timing
5. TMOV output timing

The TMQV output responds to compare match A or B by remaining unchanged, changing to O,
changing to 1, or toggling, as selected by bits OS3 to OS0 in TCSRV. Figure 9-8 shows the timing
when the output is toggled by compare match A.

Compare
match A «

signal \ \A
((
)]

Timer V |
output pin

Figure9-8 TMOV Output Timing

179



6. TCNTV clear timing by compare match

TCNTYV can be cleared by compare match A or B, as selected by bits CCLR1 and CCLRO in
TCRVO. Figure 9-9 shows the timing.

° UL
Compare
match A signal

\

TCNTV N >< H'00

Figure9-9 Clear Timing by Compare Match
7. TCNTV clear timing by TMRIV

TCNTYV can be cleared by arising edge at the TMRIV pin, as selected by bits CCLR1 and CCLRO
in TCRVO. A TMRIV input pulse width of at least 1.5 system clocks is necessary. Figure 9-10
shows the timing.

° B s A S o

Compare
match A signal

Timer V

output pin
TCNTV N-1 >< N >< H'00

Figure9-10 Clear Timing by TMRIV Input
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9.4.4 Timer V Operation Modes

Table 9-10 summarizes the timer V operation states.

Table9-10 Timer V Operation States

Sub- Sub-
Operation Mode Reset Active Sleep Watch  active sleep Standby
TCNTV Reset Functions Functions  Reset Reset Reset Reset
TCRVO, TCRV1 Reset Functions Functions Reset Reset Reset Reset
TCORA, TCORB Reset Functions Functions  Reset Reset Reset Reset
TCSRV Reset Functions Functions  Reset Reset Reset Reset

9.4.5 Interrupt Sources

Timer V has three interrupt sources: CMIA, CMIB, and OVI. Table 9-11 lists the interrupt sources
and their vector address. Each interrupt source can be enabled or disabled by an interrupt enable bit
in TCRVO. Although all three interrupts share the same vector, they have individua interrupt flags,
so software can discriminate the interrupt source.

Table9-11 Timer V Interrupt Sources

Interrupt Description Vector Address
CMIA Generated from CMFA H'0022

CMIB Generated from CMFB

ovi Generated from OVF
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9.4.6 Application Examples
1. Pulseoutput with arbitrary duty cycle

Figure 9-11 shows an example of output of pulses with an arbitrary duty cycle. To set up this
output:

e Clear bit CCLR1to 0 and set bit CCLROto 1in TCRVO so that TCNTV will be cleared by
compare match with TCORA.

e SetbitsOS3to OS0to 0110in TCSRV so that the output will go to 1 at compare match with
TCORA and to 0 at compare match with TCORB.

e SethitsCKS2 to CKS0in TCRVO0 and bit ICKS0in TCRV 1 to select the desired clock source.

With these settings, awaveform is output without further software intervention, with a period
determined by TCORA and a pulse width determined by TCORB.

TCNTV
HEF o
vﬁCounter clearedﬁ
TCORA ¢ *
TCORB -~ / ”””””””””””””””” /
H00 e
TMOV

Figure9-11 Pulse Output Example
2. Single-shot output with arbitrary pulse width and delay from TRGV input

The trigger function can be used to output a pulse with an arbitrary pulse width at an arbitrary delay
from the TRGV input, as shown in figure 9-12. To set up this output:

e Setbit CCLR1to 1 and clear bit CCLROto 0in TCRVO so that TCNTV will be cleared by
compare match with TCORB.

e Set bitsOS3to OS0 to 0110 in TCSRV so that the output will go to 1 at compare match with
TCORA and to 0 at compare match with TCORB.

e SetbitsTVEG1 and TVEGO to 10 in TCRV1 and set TRGE to 1 to select the falling edge of
the TRGV input.

e SetbitsCKS2to CKS0in TCRVO and bhit ICKS0 in TCRV 1 to select the desired clock source.

182



After these settings, a pulse waveform will be output without further software intervention, with a
delay determined by TCORA from the TRGV input, and a pulse width determined by (TCORB —
TCORA).

TMOV
)
\j Y
Compare match Ay Compare match Ay
Compare match B Compare match B
clears and halts clears and halts
TCNTV TCNTV

Figure9-12 Pulse Output Synchronized to TRGV Input
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9.4.7 Application Notes
The following types of contention can occur in timer V operation.
1. Contention between TCNTV write and counter clear

If aTCNTV clear signal is generated in the T3 state of a TCNTV write cycle, clearing takes
precedence and the write to the counter is not carried out. Figure 9-13 shows the timing.

TCNTV write cycle by CPU

Address >< TCNTV address ><

Internal write
signal

Counter clear
signal

TCNTV N >< H'00

Figure9-13 Contention between TCNTV Write and Clear
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2. Contention between TCNTV write and increment

If aTCNTV increment clock signal is generated in the T state of a TCNTV write cycle, the write
takes precedence and the counter is not incremented. Figure 9-14 shows the timing.

TCNTV write cycle by CPU
Ty T T3
z L
Address >< TCNTV address ><
Internal write
signal
TCNTV clock
TCNTV N >< o M
K TCNTV write data

Figure9-14 Contention between TCNTV Writeand Increment
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3. Contention between TCOR write and compare match

If acompare match is generated in the T state of a TCORA or TCORB write cycle, the write to
TCORA or TCORB takes precedence and the compare match signal is inhibited. Figure 9-15 shows
the timing.

TCORA write cycle by CPU

LE T2 T3

-~ = == =
o L
Address >< TCORA address ><
Internal write
signal
TCNTV N >< N+1
TCORA N >< fodl M

K

TCORA write data

Compare match ' ;
signal : I 4\

Inhibited

Figure9-15 Contention between TCORA Write and Compare Match
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4. Contention between compare match A and B

If compare match A and B occur simultaneously, any conflict between the output selections for
compare match A and compare match B is resolved by following the priority order in table 9-12.

Table9-12 Timer Output Priority Order

Output Setting Priority
Toggle output High

1 output

0 output T

No change Low

5. Internal clock switching and counter operation

Depending on the timing, TCNTV may be incremented by a switch between different internal clock
sources. Table 9-13 shows the relation between internal clock switchover timing (by writing to bits
CKS1 and CKS0) and TCNTV operation.

When TCNTV isinternally clocked, an increment pulse is generated from the falling edge of an
internal clock signal, which is divided from the system clock (@). For thisreason, in acase like No.
3intable 9-13 where the switch is from a high clock signal to alow clock signal, the switchover is
seen as afalling edge, causing TCNTV to increment.

TCNTV can aso be incremented by a switch between internal and external clocks.
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Table9-13 Internal Clock Switchingand TCNTYV Operation

Clock Levels Before
and After Modifying

No. Bits CKS1 and CKSO TCNTV Operation
1 Goes from low level to ‘
low | [*¥1 Clock before 1
owleve switching |
Clock after i
switching '
Count clock i _|
TCNTV N X N+1 X

Write to CKS1 and CKSO

2 Goes from low to high*2

Clock before |
switching |

Clock after i

switching !

Count clock | _|
TCNTV N X N+1 X1 N+2 X

Write to CKS1 and CKSO

Notes: 1. Including a transition from the low level to the stopped state, or from the stopped state to
the low level.
2. Including a transition from the stopped state to the high level.
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Table 9-13 Internal Clock Switchingand TCNTV Operation (cont)

Clock Levels Before
and After Modifying
No. Bits CKS1 and CKSO TCNTV Operation

3 Goes from high level to

Clock before i
low level"! switching |

Clock after
switching
*2
Count clock @
N
TCNTV N X on+1 Y N+2 X

Write to CKS1 and CKS0O

4 Goes from high to high

Clock before i

switching

Clock after
switching

Count clock

TCNTV N X N +1 X N2 X

Write to CKS1 and CKSO

Notes: 1. Including a transition from the high level to the stopped state.
2. The switchover is seen as a falling edge, and TCNTV is incremented.
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95 Timer X
9.5.1 Overview

Timer X is based on a 16-bit free-running counter (FRC). It can output two independent waveforms,
or measure input pulse widths and external clock periods.

1. Features
Features of timer X are given below.

e Choice of threeinternal clock sources (@/2, @/8, @/32) or an external clock (can be used as an
external event counter).

«  Two independent output compare waveforms.

«  Four independent input capture channels, with selection of rising or falling edge and buffering
option.

e Counter can be cleared by compare match A.

e Seven independent interrupt sources. two compare match, four input capture, one overflow
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2. Block diagram

Figure 9-16 shows a block diagram of timer X.

E— ICRA S
FIAO—————~ .
O Input L ICRC —
EI:E capture
O ™ control )
FTIDO——— — ICRB ]
> ICRD E—
! TCRX =
. OCRB |«
' ’
| Comparator |7 a
. t 5 g
——3 FRC = =
FTCIO———>| v =
|  Comparator | £
| i |
o[ pss i OCRA -
\
FTOA O - ,
FTOB O ! TOCR R
[
TCSRX I
EEEERR
TIER
| N
» Interrupt
Notation: request

TIER: Timer interrupt enable register
TCSRX: Timer control/status register X
FRC: Free-running counter

OCRA: Output compare register A
OCRB: Output compare register B
TCRX:  Timer control register X
TOCR: Timer output compare control register
ICRA: Input capture register A

ICRB: Input capture register B

ICRC: Input capture register C

ICRD: Input capture register D

PSS: Prescaler S

Figure9-16 Block Diagram of Timer X
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3. Pinconfiguration
Table 9-14 shows the timer X pin configuration.

Table9-14 Pin Configuration

Name Abbrev. /0 Function

Counter clock input FTCI Input Clock input to FRC

Output compare A FTOA Output Output pin for output compare A
Output compare B FTOB Output Output pin for output compare B
Input capture A FTIA Input Input pin for input capture A
Input capture B FTIB Input Input pin for input capture B
Input capture C FTIC Input Input pin for input capture C
Input capture D FTID Input Input pin for input capture D
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4. Register configuration
Table 9-15 shows the register configuration of timer X.

Table9-15 Timer X Registers

Name Abbrev. R/W Initial Value Address
Timer interrupt enable register TIER R/W H'01 H'F770
Timer control/status register X TCSRX R/(W)*1 H'00 HF771
Free-running counter H FRCH R/W H'00 HF772
Free-running counter L FRCL R/W H'00 H'F773
Output compare register AH OCRAH R/W H'FF H'F774*2
Output compare register AL OCRAL R/W H'FF H'F775"2
Output compare register BH OCRBH R/W H'FF HF774"2
Output compare register BL OCRBL R/W H'FF H'F775"2
Timer control register X TCRX R/W H'00 H'F776
Timer output compare control TOCR R/W H'EO H'F777
register

Input capture register AH ICRAH R H'00 H'F778
Input capture register AL ICRAL R H'00 H'F779
Input capture register BH ICRBH R H'00 HF77A
Input capture register BL ICRBL R H'00 H'F77B
Input capture register CH ICRCH R H'00 HF77C
Input capture register CL ICRCL R H'00 H'F77D
Input capture register DH ICRDH R H'00 H'F77E
Input capture register DL ICRDL R H'00 H'F77F

Notes: 1. Bits 7 to 1 can only be written with 0 for flag clearing. Bit 0 is a read/write bit.
2. OCRA and OCRB share the same address. They are selected by the OCRS bit in TOCR.

193



9.5.2 Register Descriptions

1. Free-running counter (FRC)
Free-running counter H (FRCH)
Free-running counter L (FRCL)

FRC

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 RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RMW
| Il J

FRCH FRCL

FRC is a 16-bit read/write up-counter, which is incremented by internal or external clock input. The
clock sourceis selected by bits CKS1 and CKS0 in TCRX.

FRC can be cleared by compare match A, depending on the setting of CCLRA in TCSRX.

When FRC overflows from H'FFFF to H'0000, OVF issetto 1in TCSRX. If OVIE=1inTIER, a
CPU interrupt is requested.

FRC can be written and read by the CPU. Since FRC has 16 bits, datais transferred between the
CPU and FRC viaatemporary register (TEMP). For details see 9.5.3, CPU Interface.

FRC isinitialized to H'0000 upon reset and in standby mode, watch mode, subsleep mode, and
subactive mode.

2. Output compareregisters A and B (OCRA, OCRB)
Output compare registers AH and BH (OCRAH, OCRBH)
Output compare registers AL and BL (OCRAL, OCRBL)

OCRA, OCRB
I I
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 RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW
\ I |

OCRAH, OCRBH OCRAL, OCRBL

There are two 16-bit read/write output compare registers, OCRA and OCRB, the contents of which
are always compared with FRC. When the values match, OCFA or OCFB issetto 1 in TCSRX. If
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OCIAE=1o0r OCIBE=1inTIER, aCPU interrupt is requested.

When a compare match with OCRA or OCRB aoccurs, if OEA =1 or OEB = 1in TOCR, the value
selected by OLVLA or OLVLB in TOCR isoutput at the FTOA or FTOB pin. After areset, the
output from the FTOA or FTOB pin is O until the first compare match occurs.

OCRA and OCRB can be written and read by the CPU. Since they are 16-hit registers, datais
transferred between them and the CPU via atemporary register (TEMP). For details see 9.5.3, CPU
Interface.

OCRA and OCRB areinitiaized to H'FFFF upon reset and in standby mode, watch mode, subsleep
mode, and subactive mode.

3. Input capture registers A to D (ICRA to ICRD)
Input capture registers AH to DH (ICRAH to ICRDH)
Input capture registers AL to DL (ICRAL to ICRDL)

ICRA, ICRB, ICRC, ICRD
I I
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value 0 0 0

Read/Write R R R R R R R R R R R R R R R R
| Il J

ICRAH, ICRBH, ICRCH, ICRDH ICRAL, ICRBL, ICRCL, ICRDL

There are four 16-bit read only input capture registers, ICRA to ICRD.

When the falling edge of an input capture signal isinput, the FRC value is transferred to the
corresponding input capture register, and the corresponding input capture flag (ICFA to ICFD) is set
to 1in TCSRX. If the corresponding input capture interrupt enable bit (ICIAEto ICIDE) is1in
TIER, a CPU interrupt is requested. The valid edge of the input signal can be selected by bits
IEDGA to IEDGD in TCRX.

ICRC and ICRD can also be used as buffer registers for ICRA and ICRB. Buffering is enabled by
bits BUFEA and BUFEB in TCRX.

Figure 9-17 shows the interconnections when ICRC operates as a buffer register of ICRA (when
BUFEA = 1). In buffered input capture operations, both the rising and falling edges of the external
input signal can be selected simultaneously, by setting IEDGA # IEDGC. If IEDGA = IEDGC, then
only one edge is selected (either the rising edge or falling edge). See table 9-16.

Note: The FRC valueistransferred to the input capture register (ICR) regardless of the value of the
input capture flag (ICF).
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IEOGA BUFEA IEDGC

P

Edge detector
FTIA > and internal

capture signal
generator

ICRC ICRA FRC

Figure9-17 Buffer Operation (Example)

Table9-16 Input Edge Selection during Buffer Operation

IEDGA IEDGC Input Edge Selection

0 0 Falling edge of input capture A input signal is captured  (initial value)
0 1 Rising and falling edge of input capture A input signal are both captured
1 0

1 1 Rising edge of input capture A input signal is captured

ICRA to ICRD can be written and read by the CPU. Since they are 16-bit registers, datais
transferred from them to the CPU via atemporary register (TEMP). For details see 9.5.3, CPU
Interface.

To assure input capture, the pulse width of the input capture input signal must be at least 1.5 system
clocks (9) when asingle edge is selected, or at least 2.5 system clocks (g) when both edges are
selected.

ICRA to ICRD areinitialized to H'0000 upon reset and in standby mode, watch mode, subsleep
mode, and subactive mode.
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4. Timer interrupt enable register (TIER)

Bit 7 6 5 4 3 2 1 0

‘ ICIAE ‘ ICIBE ‘ ICICE ‘ ICIDE ‘ OCIAE ‘ OCIBE ‘ OVIE ‘ — ‘
Initial value 0 0 0 0 0 0 0 1
Read/Write R/W R/W R/W R/W R/W R/W R/W —

TIER is an 8-bit read/write register that enables or disables interrupt requests.

TIER isinitialized to H'01 upon reset and in standby mode, watch mode, subsleep mode, and
subactive mode.

Bit 7: Input capture interrupt A enable (ICIAE)

Bit 7 enables or disables the ICIA interrupt requested when ICFA issetto 1in TCSRX.

Bit 7

ICIAE Description

0 Interrupt request by ICFA (ICIA) is disabled (initial value)
1 Interrupt request by ICFA (ICIA) is enabled

Bit 6: Input capture interrupt B enable (ICIBE)

Bit 6 enables or disablesthe ICIB interrupt requested when ICFB isset to 1 in TCSRX.

Bit 6

ICIBE Description

0 Interrupt request by ICFB (ICIB) is disabled (initial value)
1 Interrupt request by ICFB (ICIB) is enabled

Bit 5: Input capture interrupt C enable (ICICE)

Bit 5 enables or disables the ICIC interrupt requested when ICFC isset to 1 in TCSRX.

Bit 5

ICICE Description

0 Interrupt request by ICFC (ICIC) is disabled (initial value)
1 Interrupt request by ICFC (ICIC) is enabled
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Bit 4: Input capture interrupt D enable (ICIDE)

Bit 4 enables or disables the ICID interrupt requested when ICFD isset to 1 in TCSRX.

Bit 4

ICIDE Description

0 Interrupt request by ICFD (ICID) is disabled (initial value)
1 Interrupt request by ICFD (ICID) is enabled

Bit 3: Output compare interrupt A enable (OCIAE)

Bit 3 enables or disables the OCIA interrupt requested when OCFA isset to 1in TCSRX.

Bit 3

OCIAE Description

0 Interrupt request by OCFA (OCIA) is disabled (initial value)
1 Interrupt request by OCFA (OCIA) is enabled

Bit 2: Output compare interrupt B enable (OCIBE)

Bit 2 enables or disables the OCIB interrupt requested when OCFB is set to 1 in TCSRX.

Bit 2

OCIBE Description

0 Interrupt request by OCFB (OCIB) is disabled (initial value)
1 Interrupt request by OCFB (OCIB) is enabled

Bit 1: Timer overflow interrupt enable (OVIE)

Bit 1 enables or disables the FOVI interrupt requested when OVF isset to 1 in TCSRX.

Bit 1

OVIE Description

0 Interrupt request by OVF (FOVI) is disabled (initial value)
1 Interrupt request by OVF (FOVI) is enabled

Bit O0: Reserved bit

Bit Oisreserved; it is always read as 1, and cannot be modified.
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5. Timer control/status register X (TCSRX)

Bit 7 6 5 4 3 2 1 0
‘ ICFA ‘ ICFB ‘ ICFC ‘ ICFD ‘ OCFA ‘ OCFB ‘ OVF ‘CCLRA‘
Initial value 0 0 0 0 0 0 0 0

Read/Write  RIW)* RIW)* RIW)* RIW)* RIW)* RIW)* RI(W)* RW

Note: * Bits 7 to 1 can only be written with O for flag clearing.

TCSRX isan 8-bit register that selects clearing of the counter and controls interrupt request signals.

TCSRX isinitialized to H'00 upon reset and in standby mode, watch mode, subsleep mode, and
subactive mode. Other timing is described in section 9-6-3, Timer Operation.

Bit 7: Input capture flag A (ICFA)

Bit 7 isa status flag that indicates that the FRC value has been transferred to ICRA by an input
capture signa. If BUFEA isset to 1 in TCRX, ICFA indicates that the FRC value has been
transferred to ICRA by an input capture signal and that the ICRA value before this update has been
transferred to ICRC.

Thisflag is set by hardware and cleared by software. It cannot be set by software.

Bit 7

ICFA Description

0 Clearing conditions: (initial value)
After reading ICFA = 1, cleared by writing O to ICFA

1 Setting conditions:

Set when the FRC value is transferred to ICRA by an input capture signal

Bit 6: Input capture flag B (ICFB)

Bit 6 is a status flag that indicates that the FRC value has been transferred to ICRB by an input
capture signal. If BUFEB isset to 1in TCRX, ICFB indicates that the FRC value has been
transferred to ICRB by an input capture signal and that the ICRB value before this update has been
transferred to ICRD.

Thisflag is set by hardware and cleared by software. It cannot be set by software.

Bit 6

ICFB Description

0 Clearing conditions: (initial value)
After reading ICFB = 1, cleared by writing 0 to ICFB

1 Setting conditions:

Set when the FRC value is transferred to ICRB by an input capture signal
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Bit 5: Input capture flag C (ICFC)

Bit 5 is a status flag that indicates that the FRC value has been transferred to ICRC by an input
capture signal. If BUFEA isset to 1in TCRX, ICFC is set by the input capture signal even though
the FRC valueis not transferred to ICRC. In buffered operation, |CFC can accordingly be used as
an external interrupt, by setting the ICICE bit to 1.

Thisflag is set by hardware and cleared by software. It cannot be set by software.

Bit 5

ICFC Description

0 Clearing conditions: (initial value)
After reading ICFC = 1, cleared by writing 0 to ICFC

1 Setting conditions:

Set by input capture signal

Bit 4: Input capture flag D (ICFD)

Bit 4 is a status flag that indicates that the FRC value has been transferred to ICRD by an input
capture signal. If BUFEB issetto 1in TCRX, ICFD is set by the input capture signal even though
the FRC valueis not transferred to ICRD. In buffered operation, ICFD can accordingly be used as
an external interrupt, by setting the ICIDE bit to 1.

Thisflag is set by hardware and cleared by software. It cannot be set by software.

Bit 4

ICFD Description

0 Clearing conditions: (initial value)
After reading ICFD = 1, cleared by writing O to ICFD

1 Setting conditions:

Set by input capture signal

Bit 3: Output compare flag A (OCFA)

Bit 3isastatus flag that indicates that the FRC value has matched OCRA. Thisflagis set by
hardware and cleared by software. It cannot be set by software.

Bit 3

OCFA Description

0 Clearing conditions: (initial value)
After reading OCFA = 1, cleared by writing 0 to OCFA

1 Setting conditions:

Set when FRC matches OCRA
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Bit 2: Output compare flag B (OCFB)

Bit 2 is a status flag that indicates that the FRC value has matched OCRB. Thisflag is set by
hardware and cleared by software. It cannot be set by software.

Bit 2

OCFB Description

0 Clearing conditions: (initial value)
After reading OCFB = 1, cleared by writing 0 to OCFB

1 Setting conditions:

Set when FRC matches OCRB

Bit 1. Timer overflow flag (OVF)

Bit 1 is a status flag that indicates that FRC has overflowed from H'FFFF to H'0000. Thisflag is set
by hardware and cleared by software. It cannot be set by software.

Bit 1

OVF Description

0 Clearing conditions: (initial value)
After reading OVF = 1, cleared by writing 0 to OVF

1 Setting conditions:

Set when the FRC value overflows from H'FFFF to H'0000

Bit 0: Counter clear A (CCLRA)

Bit O selects whether or not to clear FRC by compare match A (when FRC matches OCRA).

Bit 0

CCLRA Description

0 FRC is not cleared by compare match A (initial value)
1 FRC is cleared by compare match A
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6. Timer control register X (TCRX)

Bit 7 6 5 4 3 2 1 0

‘ IEDGA ‘ IEDGB ‘ IEDGC ‘ IEDGD ‘ BUFEA ‘ BUFEB ‘ 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

TCRX isan 8-bit read/write register that selects the valid edges of the input capture signals, enables
buffering, and selects the FRC clock source.

TCRX isinitialized to H'00 upon reset and in standby mode, watch mode, subsleep mode, and
subactive mode.

Bit 7: Input edge select A (IEDGA)

Bit 7 selects the rising or falling edge of the input capture A input signal (FTIA).

Bit 7

IEDGA Description

0 Falling edge of input A is captured (initial value)
1 Rising edge of input A is captured

Bit 6: Input edge select B (IEDGB)

Bit 6 selectstherising or falling edge of the input capture B input signal (FTIB).

Bit 6

IEDGB Description

0 Falling edge of input B is captured (initial value)
1 Rising edge of input B is captured

Bit 5: Input edge select C (IEDGC)

Bit 5 selects the rising or falling edge of the input capture C input signal (FTIC).

Bit 5

IEDGC Description

0 Falling edge of input C is captured (initial value)
1 Rising edge of input C is captured
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Bit 4: Input edge select D (IEDGD)

Bit 4 selectsthe rising or falling edge of the input capture D input signal (FTID).

Bit 4

IEDGD Description

0 Falling edge of input D is captured (initial value)
1 Rising edge of input D is captured

Bit 3: Buffer enable A (BUFEA)

Bit 3 selects whether or not to use ICRC as a buffer register for ICRA.

Bit 3

BUFEA Description

0 ICRC is not used as a buffer register for ICRA (initial value)
1 ICRC is used as a buffer register for ICRA

Bit 2: Buffer enable B (BUFEB)

Bit 2 selects whether or not to use ICRD as a buffer register for ICRB.

Bit 2

BUFEB Description

0 ICRD is not used as a buffer register for ICRB (initial value)
1 ICRD is used as a buffer register for ICRB

Bits 1 and 0: Clock select (CKS1, CKS0)

Bits 1 and O select one of three internal clock sources or an external clock for input to FRC. The

external clock is counted on the rising edge.

Bit 1 Bit 0

CKs1 CKSO0 Description

0 0 Internal clock: @/2 (initial value)
0 1 Internal clock: @/8

1 0 Internal clock: @/32

1 1 External clock: rising edge
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7. Timer output compare control register (TOCR)

Bit 7 6 5 4 3 2 1 0

‘ — ‘ — ‘ — ‘ OCRS ‘ OEA ‘ OEB ‘ OLVLA ‘ OLVLB ‘
Initial value 1 1 1 0 0 0 0 0
Read/Write — — — R/W R/W R/W R/W R/W

TOCR isan 8-bit read/write register that selects the output compare output levels, enables output
compare output, and controls access to OCRA and OCRB.

TOCR isinitialized to H'EO upon reset and in standby mode, watch mode, subsleep mode, and
subactive mode.

Bits 7 to 5: Reserved bits
Bit 7 to 5 are reserved; they are always read as 1, and cannot be modified.
Bit 4: Output compare register select (OCRS)

OCRA and OCRB share the same address. OCRS selects which register is accessed when this
address iswritten or read. It does not affect the operation of OCRA and OCRB.

Bit 4

OCRS Description

0 OCRA is selected (initial value)
1 OCRSB is selected

Bit 3: Output enable A (OEA)

Bit 3 enables or disables the timer output controlled by output compare A.

Bit 3

OEA Description

0 Output compare A output is disabled (initial value)
1 Output compare A output is enabled
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Bit 2: Output enable B (OEB)

Bit 2 enables or disables the timer output controlled by output compare B.

Bit 2

OEB Description

0 Output compare B output is disabled (initial value)
1 Output compare B output is enabled

Bit 1: Output level A (OLVLA)

Bit 1 selects the output level that isoutput at pin FTOA by compare match A (when FRC matches
OCRA).

Bit 1

OLVLA Description

0 Low level (initial value)
1 High level

Bit 0: Output level B (OLVLB)

Bit O selects the output level that isoutput at pin FTOB by compare match B (when FRC matches
OCRB).

Bit 0

OoLVLB Description

0 Low level (initial value)
1 High level

9.5.3 CPU Interface

FRC, OCRA, OCRB, and ICRA to ICRD are 16-hit registers, but the CPU is connected to the on-
chip peripheral modules by an 8-bit data bus. When the CPU accesses these registers, it therefore
uses an 8-bit temporary register (TEMP).

These registers should always be accessed 16 bits at atime. If two consecutive byte-size MOV
instructions are used, the upper byte must be accessed first and the lower byte second. Data will not
be transferred correctly if only the upper byte or only the lower byte is accessed.
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1. Write access

Write access to the upper byte results in transfer of the upper-byte write datato TEMP. Next, write
access to the lower byte results in transfer of the datain TEMP to the upper register byte, and direct
transfer of the lower-byte write data to the lower register byte.

Figure 9-18 shows an example of the writing of H'AA55 to FRC.

Write to upper byte

Module data bus

CPU S|
(H'AA) interface

FRCH FRCL
C ) «C )

Write to lower byte

Module data bus

CPU ﬁ Bus
(H'55) interface

TEMP
(HAA)

FRCH FRCL
(H'AA) (H'55)

Figure9-18 Write Accessto FRC (CPU - FRC)
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2. Read access

In accessto FRC and ICRA to ICRD, when the upper byteis read the upper-byte datais transferred
directly to the CPU and the lower-byte data is transferred to TEMP. Next, when the lower byteis

read, the lower-byte datain TEMP is transferred to the CPU.

In accessto OCRA or OCRB, when the upper byte is read the upper-byte datais transferred directly
to the CPU, and when the lower byte is read the lower-byte data is transferred directly to the CPU.

Figure 9-19 shows an example of the reading of FRC when FRC contains HAAFF.

CPU
(H'AA)

CPU
(H'FF)

Read upper byte

)

Read lower byte

Module data bus

FRCL
(HFF)

o

Bus
interface
FRCH
(H'AA)
Bus
interface

Module data bus

FRCH
(AB)

FRCL
(00)

Note: * H'ABOO if counter has been updated once.

Figure9-19 Read Accessto FRC (FRC - CPU)
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9.5.4 Timer Operation

1. Timer operation

Output compare operation

Following areset, FRC isinitialized to H'0000 and starts counting up. Bits CKS1 and CKS0 in
TCRX can select one of threeinternal clock sources or an external clock for input to FRC. The
FRC contents are compared constantly with OCRA and OCRB. When a match occurs, the
output at pin FTOA or FTOB goesto the level selected by OLVLA or OLVLB in TOCR.
Following areset, the output at both FTOA and FTOB is 0 until the first compare match. If
CCLRA issetto 1in TCSRX, compare match A clears FRC to H'0000.

Input capture operation

Following areset, FRC isinitialized to H'0000 and starts counting up. Bits CKS1 and CKS0 in
TCRX can select one of three internal clock sources or an external clock for input to FRC.
When the edges selected by bits [IEDGA to IEDGD in TCRX areinput at pins FTIA to FTID,
the FRC value istransferred to ICRA to ICRD, and ICFA to ICFD are set in TCSRX. If bits
ICIAEto ICIDE are setto 1in TIER, a CPU interrupt is requested.

If bits BUFEA and BUFEB are set to 1 in TCRX, ICRC and ICRD operate as buffer registers
for ICRA or ICRB. When the edges selected by bits IEDGA to IEDGD in TCRX areinput at
pins FTIA and FTIB, the FRC value istransferred to ICRA or ICRB, and the previous valuein
ICRA or ICRB istransferred to ICRC or ICRD. Simultaneously, ICFA or ICFB isset in
TCSRX. If bit ICIAE or ICIBE issetto 1 in TIER, a CPU interrupt is requested.
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2. FRC count timing

FRC isincremented by clock input. Bits CKS1 and CKS0 in TCRX can select one of three internal
clock sources (@/2, @/8, @/32) or an external clock.

¢ Internal clock

Bits CKS1 and CKS0 in TCRX select one of three internal clock sources (a@/2, 2/8, a/32)
created by dividing the system clock (@). Figure 9-20 shows the increment timing.

Internal _I |
clock ((
)]
FRC input
clock (C
)]
: :S
FRC N-1 . N
)

E”

>< N+1

Figure9-20 Increment Timing with Internal Clock
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External clock

External clock input is selected when bits CKS1 and CK S0 are both set to 1 in TCRX. FRC
increments on the rising edge of the external clock. An external pulse width of at least 1.5
system clocks (@) is necessary. Shorter pulses will not be counted correctly. Figure 9-21 shows
the timing.

FTCI 95
(external clock | L

input pin) \ ) \

FRC input
clock ( 56

(« (
)7 )

FRC N >< N-1
(« (
)T )

Figure9-21 Increment Timing with External Clock
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3. Output compare timing

When a compare match occurs, the output level selected by the OLVL bit in TOCR is output at pin
FTOA or FTOB. Figure 9-22 shows the output timing for output compare A.

FRC

N >< N+1
(( ((
)7 )7

OCRA

N >< N+1
N

Compare
match A

. (( ((
signal \ )T )T

Clear*
5 i

OLVLA

FTOA

(output compare

A output pin)

Note: * By execution of a software instruction.

Figure9-22 Output Compare A Output Timing
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4. FRC clear timing

FRC can be cleared by compare match A. Figure 9-23 shows the timing.

g S s
Compare
match A signal X

FRC N >< H'0000

Figure9-23 Clear Timing by Compare Match A
5. Input capture timing
e Input capturetiming

Therising or falling edge is selected for input capture by bits IEDGA to IEDGD in TCRX.
Figure 9-24 shows the timing when the rising edge is selected (IEDGA/B/C/D = 1).

Input capture |
pin (
Internal input
capture signal o
)]

Figure9-24 Input Capture Signal Timing (Normal Case)

If the input at the input capture pin occurs while the upper byte of the corresponding input
capture register (ICRA to ICRD) is being read, the internal input capture signal is delayed by
one system clock (). Figure 9-25 shows the timing.
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ICRA-ICRD upper byte read cycle

Input capture |
Pin g
Internal input RRRRRRR —L
capture signal (« :

Figure9-25 Input Capture Signal Timing (during | CRA-ICRD Read)
Buffered input capture timing

Input capture can be buffered by using ICRC or ICRD as a buffer for ICRA or ICRB.
Figure 9-26 shows the timing when ICRA is buffered by ICRC (BUFEA = 1) and both
the rising and falling edges are selected (IEDGA =1 and IEDGC =0, or IEDGA = 0 and
IEDGC =1).

o LT LT LU L L L LIl

FTIA _| }
= -

Internal input
capture signal £
¥
FRC n X n+1 . N XN+1

((
ICRA M \&n :: n ¥ N
)]
m >< M

ICRC

Figure9-26 Buffered Input Capture Timing (Normal Case)
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When ICRC or ICRD is used as a buffer register, the input capture flag is till set by the
selected edge of the input capture input signal. For example, if ICRC isused to buffer ICRA,
when the edge transition selected by the IEDGC bit occurs at the input capture pin, ICFC will
be set, and if the ICIEC bit is set to 1, an interrupt will be requested. The FRC value will not be
transferred to ICRC, however.

In buffered operation, if the upper byte of one of the two registers that receives a data transfer
(ICRA and ICRC, or ICRB and ICRD) is being read when an internal input capture signal
would normally occur, the internal input capture signal will be delayed by one system clock (g).
Figure 9-27 shows the case when BUFEA = 1.

ICRA or ICRC upper byte read cycle by CPU

FTIA —|
Internal input N \>:- ........
capture signal [

Figure9-27 Buffered Input Capture Signal Timing (during ICRA or ICRC Read)
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6. Input capture flag (ICFA to ICFD) set timing

Figure 9-28 shows the timing when an input capture flag (ICFA to ICFD) is set to 1 and the FRC
value istransferred to the corresponding input capture register (ICRA to ICRD).

Internal input
capture signal

ICFA to ICFD

’ S A v B
[
\

FRC

|
>

ICRA to ICRD >< N

Figure9-28 ICFA toICFD Set Timing
7. Output compare flag (OCFA or OCFB) set timing

OCFA and OCFB are set to 1 by internal compare match signals that are output when FRC matches
OCRA or OCRB. The compare match signal is generated in the last state during which the values
match (when FRC is updated from the matching value to a new value). When FRC matches OCRA
or OCRB, the compare match signal is not generated until the next counter clock. Figure 9-29
shows the OCFA and OCFB set timing.
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FRC N >< N+1

OCRA, OCRB N

Internal compare ,—l
match signal

OCFA, OCFB |

Figure9-29 OCFA and OCFB Set Timing
8. Overflow flag (OVF) set timing

OVF is set to 1 when FRC overflows from H'FFFF to H'0000. Figure 9-30 shows the timing.

. L

FRC H'FFFF >< H'0000

Overflow signal

OVF

Figure9-30 OVF Set Timing
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9.5.5 Timer X Operation Modes

Figure 9-17 shows the timer X operation modes.

Table9-17 Timer X Operation Modes

Sub- Sub-
Operation Mode Reset Active Sleep Watch  active sleep Standby
FRC Reset Functions Functions Reset Reset Reset  Reset
OCRA, OCRB Reset Functions Functions Reset Reset Reset Reset
ICRA to ICRD Reset  Functions Functions  Reset Reset Reset  Reset
TIER Reset Functions Functions  Reset Reset Reset  Reset
TCRX Reset Functions Functions Reset Reset Reset Reset
TOCR Reset Functions Functions  Reset Reset Reset  Reset
TCSRX Reset Functions Functions Reset Reset Reset  Reset

9.5.6 Interrupt Sources

Timer X has three types of interrupts and seven interrupt sources: ICIA to ICID, OCIA, OCIB, and
FOVI. Table 9-18 lists the sources of interrupt requests. Each interrupt source can be enabled or
disabled by an interrupt enable bit in TIER. Although all seven interrupts share the same vector,
they have individual interrupt flags, so software can discriminate the interrupt source.

Table9-18 Timer X Interrupt Sources

Interrupt Description Vector Address
ICIA Interrupt requested by ICFA H'0020

ICIB Interrupt requested by ICFB

ICIC Interrupt requested by ICFC

ICID Interrupt requested by ICFD

OCIA Interrupt requested by OCFA

ocCiB Interrupt requested by OCFB

FOVI Interrupt requested by OVF
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9.5.7 Timer X Application Example

Figure 9-31 shows an example of the output of pulse signals with a 50% duty cycle and arbitrary
phase offset. To set up this output:

e Sethit CCLRA to1in TCSRX.
« Have softwareinvert the OLVLA and OLVLB bits at each corresponding compare match.

FTOB

Figure9-31 Pulse Output Example

218



9.5.8 Application Notes
The following types of contention can occur in timer X operation.
1. Contention between FRC write and counter clear

If an FRC clear signal is generated in the T5 state of awrite cycle to the lower byte of FRC, clearing
takes precedence and the write to the counter is not carried out. Figure 9-32 shows the timing.

FRC lower byte write cycle

Address >< FRC address ><

Internal write
signal

Counter clear
signal

FRC N >< H'0000

Figure9-32 Contention between FRC Writeand Clear
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2. Contention between FRC write and increment

If an FRC increment clock signal is generated in the T5 state of awrite cycle to the lower byte of
FRC, the write takes precedence and the counter is not incremented. Figure 9-33 shows the timing.

FRC lower byte write cycle

Ty T2 T3

-~ == e -
o L
Address >< FRC address ><
Internal write
signal
FRC input clock
FRC N >< ~ M

K

FRC write data

Figure9-33 Contention between FRC Write and I ncrement
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3. Contention between OCR write and compare match

If acompare match is generated in the T state of awrite cycle to the lower byte of OCRA or
OCRSB, the write to OCRA or OCRB takes precedence and the compare match signal is inhibited.

Figure 9-34 shows the timing.

OCR lower byte write cycle
LK T2 T3

e
: L
Address >< OCR address ><
Internal write
signal
FRC N >< N+1
OCR N >< e M

K Write data
Internal compare T
match signal : - ﬁ
Inhibited

Figure9-34 Contention between OCR Write and Compare Match
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4. Internal clock switching and counter operation

Depending on the timing, FRC may be incremented by a switch between different internal clock
sources. Table 9-19 shows the relation between internal clock switchover timing (by writing to bits
CKS1 and CKS0) and FRC operation.

When FRC isinternally clocked, an increment pulse is generated from the falling edge of an internal
clock signal, which is divided from the system clock (@). For thisreason, in acase like No. 3in
table 9-19 where the switch is from a high clock signal to alow clock signal, the switchover is seen
as afalling edge, causing FRC to increment.

FRC can a so be incremented by a switch between internal and external clocks.

Table9-19 Internal Clock Switching and FRC Operation

Clock Levels Before
and After Modifying

No. Bits CKS1 and CKSO FRC Operation
1 Goes from low level to ‘
low level Clock before |

switching |
Clock after ;
switching | L
Count clock 3 _|
FRC N N+1 X

Write to CKS1 and CKS0O

2 Goes from low to high

Clock before |
switching |

Clock after :

switching ! I
Count clock | _|

FRC N X N+1 X N+2 X

Write to CKS1 and CKSO
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Table 9-19 Internal Clock Switching and FRC Operation (cont)

Clock Levels Before
and After Modifying

No. Bits CKS1 and CKSO FRC Operation
3 Goes from high level to ‘
low level Clock before i
switching 3
Clock after |
switching 3
Count clock @ _|
V
FRC N X ne1 X N+2 X
Write to CKél and CKSO
4 Goes from high to high

Clock before i

switching

Clock after
switching

Count clock

FRC N X N+1 X N+2 X

Write to CKS1 and CKSO

Note: * The switchover is seen as a falling edge, and FRC is incremented.
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9.6 Watchdog Timer
9.6.1 Overview

The watchdog timer has an 8-bit counter that isincremented by an input clock. If a system runaway
allows the counter value to overflow before being rewritten, the watchdog timer can reset the chip
internally.

1. Features
Features of the watchdog timer are given below.
* Incremented by internal clock source (2/8192).

* Areset signd is generated when the counter overflows. The overflow period can be set from
from 1 to 256 times 8192/ (from approximately 2 msto 500 ms when g = 4.19 MHz).

2. Block diagram

Figure 9-35 shows a block diagram of the watchdog timer.

PN
TCSRW - -
¢ ®
>
o)
/8192 - > %
g ——— PSS > TCW -
©
S
Q
£
Notation: N
TCSRW: Timer control/status register W — Reset signal

TCW: Timer counter W
PSS: Prescaler S

Figure9-35 Block Diagram of Watchdog Timer
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3. Register configuration
Table 9-20 shows the register configuration of the watchdog timer.

Table9-20 Watchdog Timer Registers

Name Abbrev. R/W Initial Value Address
Timer control/status register W TCSRW R/W H'AA H'FFBE
Timer counter W TCW R/W H'00 H'FFBF

9.6.2 Register Descriptions

1. Timer control/status register W (TCSRW)

Bit 7 6 5 4 3 2 1 0

‘ B6WI ‘ TCWE ‘ B4AWI ‘TCSRWE‘ B2WI ‘ WDON ‘ BOWI ‘ WRST ‘
Initial value 1 0 1 0 1 0 1 0
Read/Write R R/W* R R/W™ R R/W* R R/W*

Note: * Write is permitted only under certain conditions, which are given in the descriptions of
the individual bits.

TCSRW is an 8-bit read/write register that controls write access to TCW and TCSRW itself,
controls watchdog timer operations, and indicates operating status.

Bit 7: Bit 6 write inhibit (B6WI)

Bit 7 controls the writing of datato bit 6 in TCSRW.

Bit 7

BeWI Description

0 Bit 6 is write-enabled

1 Bit 6 is write-protected (initial value)

Thisbit isalwaysread as 1. Data written to this bit is not stored.
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Bit 6: Timer counter W write enable (TCWE)

Bit 6 controls the writing of datato TCW.

Bit 6

TCWE Description

0 Data cannot be written to TCW (initial value)
1 Data can be written to TCW

Bit 5: Bit 4 write inhibit (B4WI)

Bit 5 controls the writing of datato bit 4 in TCSRW.

Bit 5

B4WI Description

0 Bit 4 is write-enabled (initial value)
1 Bit 4 is write-protected

Thisbit isaways read as 1. Data written to this bit is not stored.

Bit 4: Timer control/status register W write enable (TCSRWE)

Bit 4 controls the writing of datato TCSRW bits 2 and 0.

Bit 4

TCSRWE Description

0 Data cannot be written to bits 2 and 0 (initial value)
1 Data can be written to bits 2 and 0

Bit 3: Bit 2 write inhibit (B2WI)

Bit 3 controls the writing of datato bit 2in TCSRW.

Bit 3

B2WI Description

0 Bit 2 is write-enabled

1 Bit 2 is write-protected (initial value)

Thishit isawaysread as 1. Data written to this bit is not stored.
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Bit 2: Watchdog timer on (WDON)

Bit 2 enables watchdog timer operation.

Bit 2

WDON Description

0 Watchdog timer operation is disabled (initial value)
Clearing conditions:
Reset, or when TCSRWE = 1 and 0 is written in both B2WI and WDON

1 Watchdog timer operation is enabled

Setting conditions:
When TCSRWE =1 and 0 is written in B2WI and 1 is written in WDON

Counting starts when this bit is set to 1, and stops when this bit is cleared to 0.
Bit 1: Bit O write inhibit (BOWI)

Bit 1 controls the writing of datato bit 0 in TCSRW.

Bit 1

BOWI Description

0 Bit O is write-enabled

1 Bit O is write-protected (initial value)

This bit is always read as 1. Data written to this bit is not stored.
Bit 0: Watchdog timer reset (WRST)

Bit O indicates that TCW has overflowed, generating an internal reset signal. The internal reset
signal generated by the overflow resets the entire chip. WRST is cleared to O by areset from the
RES pin, or when software writes 0.

Bit 0

WRST Description

0 Clearing conditions: (initial value)
* Reset by RES pin
* When TCSRWE =1, and 0 is written in both BOWI and WRST

1 Setting conditions:

When TCW overflows and an internal reset signal is generated
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2. Timer counter W (TCW)

Bit 7 6 5 4 3 2 1 0

‘ TCW7 ‘ TCW6 ‘ TCW5 ‘ TCW4 ‘ TCW3 ‘ TCW2 ‘ TCW1 ‘ TCWO ‘
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

TCW is an 8-hit read/write up-counter, which isincremented by internal clock input. The input
clock is @/8192. The TCW value can always be written or read by the CPU.

When TCW overflows from H'FF to H'00, an internal reset signal is generated and WRST issetto 1
in TCSRW. Upon reset, TCW isinitialized to H'00.

9.6.3 Timer Operation

The watchdog timer has an 8-bit counter (TCW) that isincremented by clock input (2/8192). When
TCSRWE = 1in TCSRW, if O iswrittenin B2WI and 1 is simultaneoudly written in WDON, TCW
starts counting up. When the TCW count value reaches H'FF, the next clock input causes the
watchdog timer to overflow and generates an internal reset signal. The internal reset signal is output
for 512 clock cycles of the gogc clock. It is possible to write to TCW, causing TCW to count up
from the written value. The overflow period can be set in the range from 1 to 256 input clocks,
depending on the value written in TCW.
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Figure 9-36 shows an example of watchdog timer operations.
Example. @=4 MHz and the desired overflow period is 30 ms.

4 x 106

3 =
8192 x 30 x 10~ 14.6

The value set in TCW should therefore be 256 — 15 = 241 (H'F1).

TCW overflow

TCW count
value

A A

H'F1 written H'F1 written in TCW Reset
in TCW
Internal reset
signal
il —— -

512 gpgc clock cycles

Figure9-36 Typical Watchdog Timer Operations (Example)
9.6.4 Watchdog Timer Operation States
Table 9-21 summarizes the watchdog timer operation states.

Table9-21 Watchdog Timer Operation States

Sub- Sub-
Operation Mode Reset Active Sleep Watch active sleep Standby
TCW Reset Functions Functions Halted Halted Halted Halted
TCSRW Reset Functions Functions Retained Retained Retained Retained
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Section 10 Serial Communication Interface

10.1 Overview

The H8/3657 Seriesis provided with atwo-channel serial communication interface (SCI). Table
10-1 summarizes the functions and features of the two SCI channels.

Table10-1 Serial Communication I nterface Functions

Channel Functions Features

SCl1 Synchronous serial transfer ¢ Choice of 8 internal clocks (8/1024 to g/2) or

* Choice of 8-bit or 16-bit data length external clock

 Continuous clock output * Open drain output possible

« Interrupt requested at completion of transfer

SCI3 Synchronous serial transfer * On-chip baud rate generator
* 8-bit data length * Receive error detection
» Send, receive, or simultaneous « Break detection

send/receive * Interrupt requested at completion of transfer
Asynchronous serial transfer or error

» Multiprocessor communication

» Choice of 7-bit or 8-bit data length

 Choice of 1 or 2 stop bits

* Parity addition

10.2 SCI1
10.2.1 Overview

Serial communication interface 1 (SCI1) performs synchronous seria transfer of 8-bit or 16-bit
data. SSB (Synchronized Serial Bus) communication is aso provided, enabling multiple ICs to be
controlled.

1. Features
e Choice of 8-hit or 16-bit datalength

e Choice of eight internal clock sources (2/1024, &/256, 2164, @/32, 216, &/8, @/4, @/2) or an
external clock

e Interrupt requested at completion of transfer

¢ Choice of HOLD mode or LATCH mode in SSB mode
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2. Block diagram

Figure 10-1 shows a block diagram of SCI 1.

SCR1: Serial control register 1
SCSR1: Serial control/status register 1
SDRU: Serial data register U

SDRL: Serial data register L

IRRS1: SCI1 interrupt request flag
PSS: Prescaler S

s o pss il
Y B
SCK, O SCR1 - -
Transmit/receive [ B -
control circuit - SCSR1 - o
B P Transfer bit counter
s, © - SDRU D -
=\ SDRL B -
- [

SO; -
» |RRS1

Notation:

Internal data bus

Figure10-1 SCI1 Block Diagram
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3. Pinconfiguration
Table 10-2 shows the SCI 1 pin configuration.

Table10-2 Pin Configuration

Name Abbrev. I/0 Function

SCI1 clock pin SCK; /0 SCI1 clock input or output
SCI1 data input pin Sl Input SCI1 receive data input
SCI1 data output pin SO, Output SCI1 transmit data output

4. Register configuration
Table 10-3 shows the SCI 1 register configuration.

Table 10-3 SCI1 Registers

Name Abbrev. R/W Initial Value Address
Serial control register 1 SCR1 R/W H'00 H'FFAO
Serial control status register 1 SCSR1 R/W H'9C H'FFA1
Serial data register U SDRU R/W Not fixed H'FFA2
Serial data register L SDRL R/W Not fixed H'FFA3

10.2.2 Register Descriptions

1. Serial control register 1 (SCR1)

Bit 7 6 5 4 3 2 1 0

‘ SNC1 ‘ SNCO ‘MRKON‘ LTCH ‘ CKS3 ‘ CKS2 ‘ CKs1 ‘ CKSO0 ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

SCR1 is an 8-hit read/write register for selecting the operation mode, the transfer clock source, and
the prescaler division ratio.

Upon reset, SCR1 isinitialized to H'00. Writing to this register during atransfer stops the transfer.
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Bits 7 and 6: Operation mode select 1, 0 (SNC1, SNCO)

Bits 7 and 6 select the operation mode.

Bit 7 Bit 6

SNC1 SNCO Description

0 0 8-bit synchronous transfer mode (initial value)
0 1 16-bit synchronous transfer mode

1 0 Continuous clock output mode*1

1 1 Reserved*?2

Notes: 1. Pins Sl; and SO, should be used as general input or output ports.
2. Don't set bits SNC1 and SNCO to 11.

Bits5: TAIL MARK control (MRKON)

Bit 5 controls TAIL MARK output after an 8- or 16-bit data transfer.

Bit 5

MRKON Description

0 TAIL MARK is not output (synchronous mode) (initial value)
1 TAIL MARK is output (SSB mode)

Bits4: LATCH TAIL select (LTCH)

Bit 4 selects whether LATCH TAIL or HOLD TAIL isoutput as TAIL MARK when bit MRKON
isset to 1 (SSB mode).

Bit 4

LTCH Description

0 HOLD TAIL is output (initial value)
1 LATCH TAIL is output

Bit 3: Clock source select (CKS3)

Bit 3 selects the clock source and sets pin SCK 4 as an input or output pin.

Bit 3

CKS3 Description

0 Clock source is prescaler S, and pin SCK; is output pin (initial value)
1 Clock source is external clock, and pin SCK; is input pin*

Note: * Input an external clock equivalent to a frequency lower than g/4.
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Bits 2to 0: Clock select (CKS2to CKS0)

When CKS3 =0, bits 2 to 0 select the prescaler division ratio and the serial clock cycle.

Bit 2 Bit 1 Bit 0 Serial Clock Cycle

CKS2 CKS1 CKSO Prescaler Division g =5MHz g =2.5MHz
0 0 0 /1024 (initial value) 204.8 us 409.6 ps

0 0 1 /256 51.2 pys 102.4 ps

0 1 0 /64 12.8 us 25.6 us

0 1 1 2/32 6.4 us 12.8 pys

1 0 0 /16 3.2 us 6.4 ps

1 0 1 2/8 1.6 us 3.2 s

1 1 0 al4 0.8 us 1.6 ps

1 1 1 a/2 — 0.8 us
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2. Seria control/status register 1 (SCSR1)

Bit 7 6 5 4 3 2 1 0

‘ — ‘ SOL ‘ ORER ‘ — ‘ — ‘ — ‘ MTRF ‘ STF ‘
Initial value 1 0 0 1 1 1 0 0
Read/Write — R/W R/(W)* — — — R R/W

Note: * Only a write of O for flag clearing is possible.
SCSR1 is an 8-hit read/write register indicating operation status and error status.
Upon reset, SCSR1 isinitialized to H'9C.
Bit 7: Reserved bit
Bit 7 isreserved; it is always read as 1, and cannot be modified.
Bit 6: Extended data bit (SOL)

Bit 6 sets the SO output level. When read, SOL returns the output level at the SO, pin. After
completion of atransmission, SO, continues to output the value of the last bit of transmitted data.
The SO, output can be changed by writing to SOL before or after atransmission. The SOL bit
setting remains valid only until the start of the next transmission. The setting is also invalid in SSB
mode. To control the level of the SO, pin after transmission ends, it is necessary to write to the SOL
bit at the end of each transmission. Do not write to this register while transmission isin progress,
because that may cause a malfunction.

Bit 6

SOL Description

0 Read: SO, pin output level is low (initial value)
Write: SO, pin output level changes to low

1 Read: SO pin output level is high

Write: SO, pin output level changes to high
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Bit 5: Overrun error flag (ORER)

When an external clock is used, bit 5 indicates the occurrence of an overrun error. If aclock pulse
isinput after transfer completion, this bit is set to 1 indicating an overrun. If noise occurs during a
transfer, causing an extraneous pulse to be superimposed on the normal serial clock, incorrect data
may be transferred.

Bit 5

ORER Description

0 Clearing conditions: (initial value)
After reading ORER = 1, cleared by writing 0 to ORER

1 Setting conditions:

Set if a clock pulse is input after transfer is complete, when an external clock is used

Bits4 to 2: Reserved bits
Bits4 to 2 arereserved. They are always read as 0, and cannot be modified.
Bit 1: TAIL MARK transmit flag (MTRF)

When bit MRKON is set to 1, bit 1 indicatesthat TAIL MARK isbeing sent. Bit 1isaread-only
bit and cannot be modified.

Bit 1

MTRF Description

0 Idle state, or 8- or 16-bit data is being transferred (initial value)
1 TAIL MARK is being sent

Bit 0: Start flag (STF)
Bit O controls the start of atransfer. Setting this bit to 1 causes SCI1 to start transferring data.

During the transfer or while waiting for the first clock pulse, this bit remainsset to 1. It iscleared to
0 upon completion of the transfer. It can therefore be used as a busy flag.

Bit 0

STF Description

0 Read: Indicates that transfer is stopped (initial value)
Write: Invalid

1 Read: Indicates transfer in progress

Write: Starts a transfer operation
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3. Seria dataregister U (SDRU)

Bit 7 6 5 4 3 2 1 0

‘ SDRU7 ‘ SDRUG‘ SDRUS ‘ SDRU4 ‘ SDRU3 ‘ SDRU2 ‘ SDRU1 ‘ SDRUO ‘
Initial value Not fixed Not fixed Not fixed Not fixed Not fixed Not fixed Not fixed Not fixed
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

SDRU is an 8-hit read/write register. It isused as the data register for the upper 8 bitsin 16-bit
transfer (SDRL is used for the lower 8 hits).

Data written to SDRU is output to SDRL starting from the least significant bit (LSB). Thisdatais
then replaced by L SB-first datainput at pin SI1, which is shifted in the direction from the most
significant bit (M SB) toward the L SB.

SDRU must be written or read only after data transmission or reception is complete. If this register
iswritten or read while a data transfer isin progress, the data contents are not guaranteed.

The SDRU value upon reset is not fixed.

4, Seriad dataregister L (SDRL)

Bit 7 6 5 4 3 2 1 0

‘ SDRL7 ‘ SDRL6‘ SDRL5 ‘ SDRL4 ‘ SDRL3 ‘ SDRL2 ‘ SDRL1 ‘ SDRLO ‘
Initial value Not fixed Not fixed Not fixed Not fixed Not fixed Not fixed Not fixed Not fixed
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

SDRL isan 8-bit read/write register. It isused as the data register in 8-bit transfer, and as the data
register for the lower 8 bitsin 16-bit transfer (SDRU is used for the upper 8 hits).

In 8-bit transfer, datawritten to SDRL is output from pin SO, starting from the least significant bit
(LSB). Thisdataisthen replaced by L SB-first datainput at pin Sl4, which is shifted in the direction
from the most significant bit (MSB) toward the L SB.

In 16-bit transfer, operation is the same as for 8-bit transfer, except that input dataisfed in via
SDRU.

SDRL must be written or read only after data transmission or reception is complete. If this register
isread or written while a data transfer isin progress, the data contents are not guaranteed.

The SDRL value upon reset is not fixed.
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10.2.3 Operation in Synchronous Mode

Data can be sent and received in an 8-bit or 16-bit format, synchronized to an internal or external
seria clock. Overrun errors can be detected when an external clock is used.

1. Clock

The serial clock can be selected from a choice of eight internal clocks and an external clock. When
aninternal clock source is selected, pin SCK 4 becomes the clock output pin. When continuous
clock output mode is selected (SCR1 bits SNC1 and SNCO are set to 10), the clock signal (2/1024 to
2/2) selected in bits CKS2 to CK S0 is output continuously from pin SCK;. When an external clock
is used, pin SCK isthe clock input pin.

2. Datatransfer format

Figure 10-2 shows the data transfer format. Datais sent and received starting from the least
significant bit, in LSB-first format. Transmit datais output from one falling edge of the serial clock
until the next rising edge. Receive datais latched at the rising edge of the serial clock.

SCK1

sously X Bito X Bit1 X Bit2 X Bit3 X Bit4 X Bit5 X Bit6 X Bit7

Figure10-2 Transfer Format
3. Datatransfer operations
e Transmitting
A transmit operation is carried out as follows.

1. Setbits SO1 and SCK1to 1 in PMR3 to select the SO, and SCK 4 pin functions. If necessary,
set bit POF1 in PMR7 for NMOS open-drain output at pin SO;.

2. Clear bit SNC1in SCR1t0 0, set bit SNC0 to 0 or 1, and clear bit MRKON to 0, designating 8-
or 16-bit synchronous transfer mode. Select the serial clock in bits CKS3 to CKS0. Writing
datato SCR1 when bit MRKON in SCR1 iscleared to O initializes the internal state of SCI1.

3. Writetransmit datain SDRL and SDRU, asfollows.

8-bit transfer mode:  SDRL
16-bit transfer mode:  Upper byte in SDRU, lower byte in SDRL
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4. Setthe SCSR1 start flag (STF) to 1. SCI1 starts operating and outputs transmit data at pin SO;.

5. After datatransmission is complete, bit IRRSL in interrupt request register 2 (IRR2) is
setto 1.

When an internal clock is used, a serial clock is output from pin SCK in synchronization with the
transmit data. After datatransmission is complete, the serial clock is not output until the next time
the start flag is set to 1. During this time, pin SO, continues to output the value of the last bit
transmitted.

When an external clock is used, datais transmitted in synchronization with the serial clock input at
pin SCK. After datatransmission is complete, an overrun occurs if the serial clock continues to be
input; no dataistransmitted and the SCSR1 overrun error flag (bit ORER) isset to 1.

While transmission is stopped, the output value of pin SO, can be changed by rewriting bit SOL in
SCSR1.

e Receiving
A receive operation is carried out as follows.
1. SetbitsSI1and SCK1to1in PMR3to select the SI; and SCK4 pin functions.

2. Clear bit SNC1in SCR1t0 0, set bit SNCO to 0 or 1, and clear bit MRKON to 0, designating 8-
or 16-hit synchronous transfer mode. Select the serial clock in bits CKS3 to CKS0. Writing
datato SCR1 when bit MRKON in SCR1 is cleared to O initializes the internal state of SCI1.

3. Setthe SCSR1 start flag (STF) to 1. SCI1 starts operating and receives data at pin Sl 4.
4. After datareception is complete, bit IRRSL in interrupt request register 2 (IRR2) is set to 1.
5. Read the received data from SDRL and SDRU, asfollows.

8-bit transfer mode:  SDRL
16-bit transfer mode:  Upper bytein SDRU, lower byte in SDRL

6. After datareception is complete, an overrun occursif the serial clock continuesto be input; no
datais received and the SCSR1 overrun error flag (bit ORER) is set to 1.
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Simultaneous transmit/receive

A simultaneous transmit/receive operation is carried out as follows.

1

Set bits SO1, SI1, and SCK1 to 1in PMRS3 to select the SO4, Sl4, and SCK4 pin functions. If
necessary, set bit POF1 in PMR7 for NMOS open-drain output at pin SO;.

Clear bit SNC1 in SCR1to 0, set bit SNCOto 0 or 1, and clear bit MRKON to 0O, designating 8-
or 16-bit synchronous transfer mode. Select the serial clock in bits CKS3 to CKS0. Writing
datato SCR1 when bit MRKON in SCR1 iscleared to O initializes the internal state of SCI1.

Write transmit datain SDRL and SDRU, asfollows.

8-bit transfer mode:  SDRL
16-bit transfer mode:  Upper byte in SDRU, lower byte in SDRL

Set the SCSR1 start flag (STF) to 1. SCI1 starts operating. Transmit data is output at pin SO;.
Receive dataisinput at pin Sl,.

After data transmission and reception are complete, bit IRRS1 in IRR2 is set to 1.
Read the received datafrom SDRL and SDRU, asfollows.

8-hit transfer mode: SDRL
16-bit transfer mode:  Upper byte in SDRU, lower bytein SDRL

When aninternal clock is used, aserial clock is output from pin SCK in synchronization with the
transmit data. After datatransmission is complete, the serial clock is not output until the next time
the start flag is set to 1. During this time, pin SO, continues to output the value of the last bit
transmitted.

When an external clock is used, datais transmitted and received in synchronization with the serial
clock input at pin SCK ;. After datatransmission and reception are complete, an overrun occurs if
the serial clock continues to be input; no datais transmitted or received and the SCSR1 overrun
error flag (bit ORER) is set to 1.

While transmission is stopped, the output value of pin SO; can be changed by rewriting bit SOL in
SCSR1.
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10.2.4 Operation in SSB Mode

SSB communication uses two lines, SCL (Seria Clock) and SDA (Serial Data), and enables
multiple ICs to be connected as shown in figure 10-3.

In SSB mode, TAIL MARK is sent after an 8- or 16-bit data transfer. HOLD TAIL or LATCH
TAIL can be selected as TAIL MARK.

SCL

H8/3657 SCK,

Series LSI 50, SDA

a < o < 4 <

O 0O O 0O O A

n n 0 n o
IC-A IC-B IC-C

Figure 10-3 Example of SSB Connection

1. Clock

The transfer clock can be selected from eight internal clocks or an externa clock, but since the
H8/3657 Series uses clock output, an external clock should not be selected. The transfer rate can be
selected by bits CKS2 to CKS0 in SCR1. Sincethisisalso the TAIL MARK transfer rate, the
setting should be made to give atransfer clock cycle of at least 2 ps.
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2. Datatransfer format

Figure 10-4 shows the SCI 1 transfer format. Datais sent starting from the least significant bit, in
LSB-first format. TAIL MARK issent after an 8- or 16-bit data transfer.

o U UL LU LT L L

U 7
ee
TAIL MARK
\

1 frame

Figure10-4 Transfer Format (When SNC1=0, SNCO0=1, MRKON =1)
3. TAIL MARK

TAIL MARK can be either HOLD TAIL or LATCH TAIL. The output waveforms of HOLD TAIL
and LATCH TAIL are shown in figure 10-5. Timet in the figure is determined by the transfer
clock cycle set in bits CKS2 to CKS0 in SCR1.

< HOLD TAIL > < LATCH TAIL >

SCK, SCK,
tlt]t] 2t |t t]t t]t]t] 2t

I | | l |
SOy Bit 14 XBit 15 / Bit 0 SO, Bit 14 XBit 15 /

Figure10-5 HOLD TAIL and LATCH TAIL Waveforms
4. Transmitting
A transmit operation is carried out as follows.
1. Sethit SOL in SCSR1to 1.

2. Setbits SO1 and SCK1to 1in PMR3 to select the SO; and SCK; pin functions. Set bit POF1
in PMRY7 to 1 for NMOS open-drain output at pin SO;.
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3. Clear hit SNC1in SCR1 to 0 and set hit SNCO to 0 or 1, designating 8-bit mode or 16-bit mode.
Set bit MRKON in SCR1 to 1, selecting SSB mode.

4, Writetransmit datain SDRL and SDRU asfollows, and select TAIL MARK with bit LTCH in
SCR1.

8-bit mode: SDRL
16-bit mode: Upper byte in SDRU, lower bytein SDRL

5. Setthe SCSR1 start flag (STF) to 1. SCI1 starts operating and outputs transmit data at pin SO;.

6. After 8- or 16-bit datatransmission is complete, bit STF in SCSR1 is cleared to 0 and bit
IRRSL1 in interrupt request register 2 (IRRSL) isset to 1. The selected TAIL MARK is output
after the data transmission. During TAIL MARK output, bit MTRF in SCSR1 isset to 1.

Data can be sent continuously by repeating steps 4 to 6. Check that SCI1 isin theidle state before
rewriting bit MRKON in SCR1.

10.2.5 Interrupts
SCI1 can generate an interrupt at the end of a data transfer.

When an SCI 1 transfer is complete, bit IRRSL1 in interrupt request register 2 (IRR2) isset to 1.
SCI1 interrupt requests can be enabled or disabled by bit IENSL of interrupt enable register 2
(IENR2).

For further details, see 3.3, Interrupts.
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10.3 SCI3
10.3.1 Overview

Serial communication interface 3 (SCI3) can carry out serial data communication in either
asynchronous or synchronous mode. It isalso provided with a multiprocessor communication
function that enables serial data to be transferred among processors.

1. Features

Features of SCI3 are listed below.

e Choice of asynchronous or synchronous mode for serial data communication
- Asynchronous mode

Serial data communication is performed asynchronously, with synchronization provided
character by character. In this mode, seria data can be exchanged with standard
asynchronous communication L SIs such as a Universal Asynchronous Receiver/Transmitter
(UART) or Asynchronous Communication Interface Adapter (ACIA). A multiprocessor
communication function is also provided, enabling serial data communication among
processors.

There is achoice of 12 data transfer formats.

Data length 7 or 8 bits

Stop bit length 1 or 2 bits

Parity Even, odd, or none

Multiprocessor bit “1” or “0”

Receive error detection Parity, overrun, and framing errors

Break detection Break detected by reading the RXD pin level directly when a

framing error occurs

- Synchronous mode

Seria data communication is synchronized with aclock. In hismode, serial data can be
exchanged with another L SI that has a synchronous communication function.

Data length 8 bits

Receive error detection Overrun errors
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Full-duplex communication

Separate transmission and reception units are provided, enabling transmission and reception to
be carried out simultaneously. The transmission and reception units are both double-buffered,
allowing continuous transmission and reception.

On-chip baud rate generator, allowing any desired bit rate to be selected
Choice of aninterna or external clock as the transmit/receive clock source

Six interrupt sources: transmit end, transmit data empty, receive data full, overrun error,
framing error, and parity error
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2. Block diagram

Figure 10-6 shows a block diagram of SCI3.

RSR:  Receive shift register
RDR:  Receive data register
TSR: Transmit shift register
TDR:  Transmit data register
SMR:  Serial mode register
SCR3: Serial control register 3
SSR: Serial status register
BRR:  Bit rate register

BRC: Bit rate counter

External «—— Internal clock (o/64, 2/16, g/4, )
SCK20 clock Baud rate generator
BRC <—| BRR |<+
Clock
<—| SMR |<—> *
a
Transmit/receive P
control circuit - SCR3 |‘_> g
g
=
Y
TXD OH—| TSR |<—| TDR |«»
RXD O——>| RSR | 4>| RDR |<—>
Interrupt request
(TEI, TXI, RXI, ERI)
Notation:

Figure 10-6 SCI3 Block Diagram
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3. Pinconfiguration
Table 10-4 shows the SCI3 pin configuration.

Table10-4 Pin Configuration

Name Abbrev. I/0 Function

SCI3 clock SCK3 1/0 SCI3 clock input/output
SCI3 receive data input RXD Input SCI3 receive data input
SCI3 transmit data output TXD Output SCI3 transmit data output

4. Register configuration
Table 10-5 shows the SCI 3 register configuration.

Table10-5 Registers

Name Abbrev. R/W Initial Value Address
Serial mode register SMR R/W H'00 H'FFA8
Bit rate register BRR R/W H'FF H'FFA9
Serial control register 3 SCR3 R/W H'00 H'FFAA
Transmit data register TDR R/W H'FF H'FFAB
Serial data register SSR R/W H'84 H'FFAC
Receive data register RDR R H'00 H'FFAD
Transmit shift register TSR Protected — —
Receive shift register RSR Protected — —

Bit rate counter BRC Protected — —

10.3.2 Register Descriptions

1. Receive shift register (RSR)

Bit 7 6 5 4 3 2 1 0

Read/Write — — — — — — — _

RSR isaregister used to receive serial data. Serial datainput to RSR from the RXD pinisset in the
order in which it is received, starting from the LSB (bit 0), and converted to parallel data. When
one byte of datais received, it istransferred to RDR automatically.

RSR cannot be read or written directly by the CPU.
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2. Receive dataregister (RDR)

Bit 7 6 5 4 3 2 1 0

‘ RDR7 ‘ RDR6 ‘ RDR5 ‘ RDR4 ‘ RDR3 ‘ RDR2 ‘ RDR1 ‘ RDRO ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R R R R R R R R

RDR is an 8-hit register that stores received seria data

When reception of one byte of datais finished, the received datais transferred from RSR to RDR,
and the receive operation is completed. RSR isthen enabled for reception. RSR and RDR are
double-buffered, allowing consecutive receive operations.

RDR is aread-only register, and cannot be written by the CPU.
RDR isinitialized to H'00 upon reset, and in standby, watch, subactive, or subsleep mode.

3. Transmit shift register (TSR)

Bit 7 6 5 4 3 2 1 0

Read/Write — — — — — — — _

TSR isaregister used to transmit serial data. Transmit dataisfirst transferred from TDR to TSR,
and seria datatransmission is carried out by sending the data to the TXD pin in order, starting from
the LSB (bit 0). When one byte of datais transmitted, the next byte of transmit datais transferred to
TDR, and transmission started, automatically. Datatransfer from TDR to TSR is not performed if
no data has been written to TDR (if bit TDRE is set to 1 in the serial status register (SSR)).

TSR cannot be read or written directly by the CPU.
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4, Transmit dataregister (TDR)

Bit 7 6 5 4 3 2 1 0

‘ TDR7 ‘ TDR6 ‘ TDR5 ‘ TDR4 ‘ TDR3 ‘ TDR2 ‘ TDR1 ‘ TDRO ‘
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

TDR isan 8-bit register that stores transmit data. When TSR isfound to be empty, the transmit data
written in TDR istransferred to TSR, and seria datatransmission is started. Continuous
transmission is possible by writing the next transmit datato TDR during TSR serial data
transmission.

TDR can beread or written by the CPU at any time.
TDRisinitialized to H'FF upon reset, and in standby, watch, subactive, or subsleep mode.

5. Serial moderegister (SMR)

Bit 7 6 5 4 3 2 1 0

‘ COM ‘ CHR ‘ PE ‘ PM ‘ 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

SMR isan 8-bit register used to set the serial data transfer format and to select the clock source for
the baud rate generator.

SMR can be read or written by the CPU at any time.
SMRisinitialized to H'00 upon reset, and in standby, watch, subactive, or subsleep mode.
Bit 7: Communication mode (COM)

Bit 7 selects whether SCI3 operates in asynchronous mode or synchronous mode.

Bit 7

COM Description

0 Asynchronous mode (initial value)
1 Synchronous mode
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Bit 6: Character length (CHR)

Bit 6 selects either 7 or 8 bits as the data length to be used in asynchronous mode. In synchronous
mode the data length is always 8 hits, irrespective of the bit 6 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)
Bit 5 selects whether a parity bit isto be added during transmission and checked during reception in

asynchronous mode. In synchronous mode parity bit addition and checking is not performed,
irrespective of the bit 5 setting.

Bit 5

PE Description

0 Parity bit addition and checking disabled (initial value)
1 Parity bit addition and checking enabled*

Note: * When PE is set to 1, even or odd parity, as designated by bit PM, is added to transmit
data before it is sent, and the received parity bit is checked against the parity designated
by bit PM.

Bit 4: Parity mode (PM)

Bit 4 selects whether even or odd parity isto be used for parity addition and checking. The PM bit
setting is only valid in asynchronous mode when bit PE is set to 1, enabling parity bit addition and
checking. The PM bit setting isinvalid in synchronous mode, and in asynchronous mode if parity
bit addition and checking is disabled.

Bit 4

PM Description

0 Even parity*1 (initial value)
1 Odd parity*2

Notes: 1. When even parity is selected, a parity bit is added in transmission so that the total
number of 1 bits in the transmit data plus the parity bit is an even number; in reception, a
check is carried out to confirm that the number of 1 bits in the receive data plus the parity
bit is an even number.

2. When odd parity is selected, a parity bit is added in transmission so that the total number
of 1 bits in the transmit data plus the parity bit is an odd number; in reception, a check is
carried out to confirm that the number of 1 bits in the receive data plus the parity bit is an
odd number.
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Bit 3: Stop bit length (STOP)

Bit 3 selects 1 hit or 2 bits as the stop bit length is asynchronous mode. The STOP hit setting is
only valid in asynchronous mode. When synchronous mode is selected the STOP hit setting is
invalid since stop bits are not added.

Bit 3

STOP Description

0 1 stop bit*? (initial value)
1 2 stop bits*2

Notes: 1. Intransmission, a single 1 bit (stop bit) is added at the end of a transmit character.
2. In transmission, two 1 bits (stop bits) are added at the end of a transmit character.

In reception, only thefirst of the received stop bits is checked, irrespective of the STOP hit setting.
If the second stop bitis 1 it istreated asastop bit, but if O, it istreated as the start bit of the next
transmit character.

Bit 2: Multiprocessor mode (MP)

Bit 2 enables or disables the multiprocessor communication function. When the multiprocessor
communication function is disabled, the parity settings in the PE and PM bitsareinvalid. The MP
bit setting is only valid in asynchronous mode. When synchronous mode is selected the MP bit
should be set to 0. For details on the multiprocessor communication function, see 10.3.6,
Multiprocessor Communication Function.

Bit 2

MP Description

0 Multiprocessor communication function disabled (initial value)
1 Multiprocessor communication function enabled

Bits 1 and 0: Clock select (CKS1, CKS0)
Bits 1 and O choose ¢/64, 2/16, @/4, or g as the clock source for the baud rate generator.

For the relation between the clock source, bit rate register setting, and baud rate, see 8, Bit rate
register (BRR).

Bit 1 Bit 0

CKS1 CKSO Description

0 0 g clock (initial value)
0 1 @/4 clock

1 0 2/16 clock

1 1 2/64 clock
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6. Seria control register 3 (SCR3)

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/W R/W R/W R/W R/W R/W R/W

SCR3 is an 8-hit register for selecting transmit or receive operation, the asynchronous mode clock
output, interrupt request enabling or disabling, and the transmit/receive clock source.

SCRS3 can be read or written by the CPU at any time.
SCR3 isinitialized to H'00 upon reset, and in standby, watch, subactive, or subsleep mode.
Bit 7: Transmit interrupt enable (TIE)

Bit 7 selects enabling or disabling of the transmit data empty interrupt request (TXI) when transmit
dataistransferred from the transmit data register (TDR) to the transmit shift register (TSR), and bit
TDRE inthe seria status register (SSR) is set to 1.

TXI can be released by clearing bit TDRE or bit TIE to O.

Bit 7

TIE Description

0 Transmit data empty interrupt request (TXI) disabled (initial value)
1 Transmit data empty interrupt request (TXI) enabled

Bit 6: Receive interrupt enable (RIE)

Bit 6 selects enabling or disabling of the receive data full interrupt request (RX1) and the receive
error interrupt request (ERI) when receive datais transferred from the receive shift register (RSR) to
the receive dataregister (RDR), and bit RDRF in the serial statusregister (SSR) issetto 1. There
are three kinds of receive error: overrun, framing, and parity.

RXI and ERI can be released by clearing bit RDRF or the FER, PER, or OER error flag to O, or by
clearing bit RIE to 0.

Bit 6

RIE Description

0 Receive data full interrupt request (RXI) and receive error interrupt (initial value)
request (ERI) disabled

1 Receive data full interrupt request (RXI) and receive error interrupt

request (ERI) enabled
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Bit 5: Transmit enable (TE)

Bit 5 selects enabling or disabling of the start of transmit operation.

Bit 5

TE Description

0 Transmit operation disabled*! (TXD pin is transmit data pin) (initial value)
1 Transmit operation enabled*2 (TXD pin is transmit data pin)

Notes: 1. Bit TDRE in SSR is fixed at 1. Transmission operation is disabled, but the TXD pin
functions as the transmit data pin. To use the TXD pin as an I/O pin, clear bit TXD in

PMR7 to 0.
2. When transmit data is written to TDR in this state, bit TDR in SSR is cleared to 0 and

serial data transmission is started. Be sure to carry out serial mode register (SMR)
settings to decide the transmission format before setting bit TE to 1.

Bit 4: Receive enable (RE)

Bit 4 selects enabling or disabling of the start of receive operation.

Bit 4

RE Description

0 Receive operation disabled*l (RXD pin is I/O port) (initial value)
1 Receive operation enabled*2 (RXD pin is receive data pin)

Notes: 1. Note that the RDRF, FER, PER, and OER flags in SSR are not affected when bit RE is
cleared to 0, and retain their previous state.
2. In this state, serial data reception is started when a start bit is detected in asynchronous
mode or serial clock input is detected in synchronous mode. Be sure to carry out serial
mode register (SMR) settings to decide the reception format before setting bit RE to 1.
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Bit 3: Multiprocessor interrupt enable (MPIE)

Bit 3 selects enabling or disabling of the multiprocessor interrupt request. The MPIE bit setting is
only valid when asynchronous mode is selected and reception is carried out with bit MPin SMR set
to 1. The MPIE bit setting isinvalid when bit COM isset to 1 or bit MPiscleared to 0.

Bit 3

MPIE Description

0 Multiprocessor interrupt request disabled (normal receive operation) (initial value)
Clearing conditions:
When data is received in which the multiprocessor bit is set to 1

1 Multiprocessor interrupt request enabled”

Note: * Receive data transfer from RSR to RDR, receive error detection, and setting of the

RDRF, FER, and OER status flags in SSR is not performed. RXI, ERI, and setting of the
RDRF, FER, and OER flags in SSR, are disabled until data with the multiprocessor bit
setto 1 is received. When a receive character with the multiprocessor bit set to 1 is
received, bit MPBR in SSR is set to 1, bit MPIE is automatically cleared to 0, and RXI
and ERI requests (when bits TIE and RIE in serial control register 3 (SCR3) are set to 1)
and setting of the RDRF, FER, and OER flags are enabled.

Bit 2: Transmit end interrupt enable (TEIE)

Bit 2 selects enabling or disabling of the transmit end interrupt request (TEI) if thereisno valid
transmit datain TDR when MSB dataisto be sent.

Bit 2

TEIE Description

0 Transmit end interrupt request (TEI) disabled (initial value)
1 Transmit end interrupt request (TEI) enabled”

Note: * TEI can be released by clearing bit TDRE to 0 and clearing bit TEND to 0 in SSR, or by

clearing bit TEIE to 0.
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Bits 1 and 0: Clock enable 1 and 0 (CKEL, CKEQ)

Bits 1 and O select the clock source and enabling or disabling of clock output from the SCK 5 pin.
These bits determine whether the SCK 5 pin functions as an /O port, a clock output pin, or aclock

input pin.

The CKEO bit setting isonly valid in case of internal clock operation (CKEL = 0) in asynchronous
mode. In synchronous mode, or when external clock operation is used (CKEL = 1), bit CKEO
should be cleared to 0.

After setting bits CKE1 and CKEQ, set the operating mode in the serial mode register (SMR).

For details on clock source selection, see table 10-10 in 10.3.3, Operation.

Bit 1 Bit 0 Description

CKE1 CKEO Communication Mode Clock Source SCKj3 Pin Function

0 0 Asynchronous Internal clock I/O port™1
Synchronous Internal clock Serial clock output*l

0 1 Asynchronous Internal clock Clock output*2
Synchronous Reserved

1 0 Asynchronous External clock Clock input*3
Synchronous External clock Serial clock input

1 1 Asynchronous Reserved
Synchronous Reserved

Notes: 1. Initial value

2. A clock with the same frequency as the bit rate is output.

3. Input a clock with a frequency 16 times the bit rate.
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7. Serid statusregister (SSR)

Bit 7 6 5 4 3 2 1 0

‘ TDRE ‘ RDRF ‘ OER ‘ FER ‘ PER ‘ TEND ‘ MPBR ‘ MPBT ‘
Initial value 1 0 0 0 0 1 0 0
Read/Write RI(W)*  RI(W)* RI(W)* RIW)* R/(W)* R R R/W

Note: * Only a write of O for flag clearing is possible.

SSRis an 8-bit register containing status flags that indicate the operational status of SCI3, and
multiprocessor hits.

SSR can be read or written by the CPU at any time, but 1 cannot be written to bits TDRE, RDRF,
OER, PER, and FER. In order to clear these bits by writing 0, 1 must first be read.

Bits TEND and MPBR are read-only bits, and cannot be modified.

SSRisinitialized to H'84 upon reset, and in standby, watch, subactive, or subsleep mode.

Bit 7: Transmit dataregister empty (TDRE)

Bit 7 indicates that transmit data has been transferred from TDR to TSR.

Bit 7

TDRE Description

0 Transmit data written in TDR has not been transferred to TSR
Clearing conditions:
* After reading TDRE = 1, cleared by writing O to TDRE
* When data is written to TDR by an instruction

1 Transmit data has not been written to TDR, or transmit data written in

TDR has been transferred to TSR

Setting conditions:

* When bit TE in SCR3 is cleared to 0

* When data is transferred from TDR to TSR (initial value)
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Bit 6: Receive dataregister full (RDRF)

Bit 6 indicates that received datais stored in RDR.

Bit 6
RDRF Description
0 There is no receive data in RDR (initial value)
Clearing conditions:
« After reading RDRF = 1, cleared by writing 0 to RDRF
* When RDR data is read by an instruction
1 There is receive data in PDR
Setting conditions:
When reception ends normally and receive data is transferred from RSR to RDR
Note: If an error is detected in the receive data, or if the RE bit in SCR3 has been cleared to 0,

RDR and bit RDRF are not affected and retain their previous state.
Note that if data reception is completed while bit RDRF is still set to 1, an overrun error
(OER) will result and the receive data will be lost.

Bit 5: Overrun error (OER)

Bit 5 indicates that an overrun error has occurred during reception.

Bit 5
OER Description
0 Reception in progress or completed*?! (initial value)
Clearing conditions:
After reading OER = 1, cleared by writing 0 to OER
1 An overrun error has occurred during reception”2
Setting conditions:
When reception is completed with RDRF set to 1
Notes: 1. When bit RE in SCR3 is cleared to 0, bit OER is not affected and retains its previous

state.

RDR retains the receive data it held before the overrun error occurred, and data received
after the error is lost. Reception cannot be continued with bit OER set to 1, and in
synchronous mode, transmission cannot be continued either.
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Bit 4: Framing error (FER)

Bit 4 indicates that a framing error has occurred during reception in asynchronous mode.

Bit 4
FER Description
0 Reception in progress or completed*! (initial value)
Clearing conditions:
After reading FER = 1, cleared by writing 0 to FER
1 A framing error has occurred during reception*2
Setting conditions:
When the stop bit at the end of the receive data is checked for a value
of 1 at the end of reception, and the stop bit is 0*2
Notes: 1. When bit RE in SCR3 is cleared to 0, bit FER is not affected and retains its previous

state.

Note that, in 2-stop-bit mode, only the first stop bit is checked for a value of 1, and the
second stop bit is not checked. When a framing error occurs the receive data is
transferred to RDR but bit RDRF is not set. Reception cannot be continued with bit FER
setto 1. In synchronous mode, neither transmission nor reception is possible when bit
FER is setto 1.

Bit 3. Parity error (PER)

Bit 3 indicates that a parity error has occurred during reception with parity added in asynchronous

mode.
Bit 3
PER Description
0 Reception in progress or completed*! (initial value)
Clearing conditions:
After reading PER = 1, cleared by writing 0 to PER
1 A parity error has occurred during reception*2
Setting conditions:
When the number of 1 bits in the receive data plus parity bit does not
match the parity designated by bit PM in the serial mode register (SMR)
Notes: 1. When bit RE in SCR3 is cleared to 0, bit PER is not affected and retains its previous
state.
2. Receive data in which it a parity error has occurred is still transferred to RDR, but bit

RDREF is not set. Reception cannot be continued with bit PER set to 1. In synchronous
mode, neither transmission nor reception is possible when bit FER is set to 1.
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Bit 2: Transmit end (TEND)
Bit 2 indicates that bit TDRE is set to 1 when the last bit of atransmit character is sent.

Bit 2 isaread-only bit and cannot be modified.

Bit 2
TEND Description
0 Transmission in progress
Clearing conditions:
« After reading TDRE = 1, cleared by writing 0 to TDRE
* When data is written to TDR by an instruction
1 Transmission ended (initial value)

Setting conditions:
¢ When bit TE in SCR3 is cleared to 0
* When bit TDRE is set to 1 when the last bit of a transmit character is sent

Bit 1: Multiprocessor bit receive (MPBR)

Bit 1 stores the multiprocessor bit in areceive character during multiprocessor format reception in
asynchronous mode.

Bit 1 isaread-only bit and cannot be modified.

Bit 1

MPBR Description

0 Data in which the multiprocessor bit is 0 has been received” (initial value)
1 Data in which the multiprocessor bit is 1 has been received

Note: * When bit RE is cleared to 0 in SCR3 with the multiprocessor format, bit MPBR is not
affected and retains its previous state.

Bit 0: Multiprocessor bit transfer (MPBT)

Bit O stores the multiprocessor bit added to transmit data when transmitting in asynchronous mode.
The bit MPBT setting isinvalid when synchronous mode is sel ected, when the multiprocessor
communication function is disabled, and when not transmitting.

Bit 0

MPBT Description

0 A 0 multiprocessor bit is transmitted (initial value)
1 A 1 multiprocessor bit is transmitted
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8. Bitrateregister (BRR)

Bit 7 6 5 4 3 2 1 0

‘ BRR7 ‘ BRR6 ‘ BRR5 ‘ BRR4 ‘ BRR3 ‘ BRR2 ‘ BRR1 ‘ BRRO ‘
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 isan 8-bit register that designates the transmit/receive bit rate in accordance with the baud rate
generator operating clock selected by bits CKS1 and CK S0 of the serial mode register (SMR).

BRR can be read or written by the CPU at any time.
BRRisinitialized to H'FF upon reset, and in standby, watch, subactive, or subsleep mode.

Table 10-6 shows examples of BRR settings in asynchronous mode. The values shown are for
active (high-speed) mode.

Table10-6 Examplesof BRR Settingsfor Various Bit Rates (Asynchronous M ode) (1)

OSC (MHz)
2 2.4576 4 4.194304

R Bit Rate Error Error Error Error
(bit/s) n N (%) n N (%) n N (%) n N (%)
110 1 70 +0.03 1 86 +0.31 1 141 +0.03 1 148 -0.04
150 0 207 +0.16 0 255 0 1 103 +0.16 1 108 +0.21
300 0 103 +0.16 0 127 0 0 207  +0.16 0 217 +0.21
600 0 51 +0.16 0 63 0 0 103  +0.16 0 108 +0.21
1200 0 25 +0.16 0 31 0 0 51 +0.16 0 54 -0.70
2400 0 12 +0.16 0 15 0 0 25  +0.16 0 26 +1.14
4800 - = — 0 0 0 12 +0.16 0 13 -2.48
9600 —_ - — 0 3 0 — — — 0 6 —2.48
19200 - - — 0 1 0 — — — - - —
31250 0 0 0o — — — 0 1 0 - - —
38400 —_ - — 0 0 0 — — — — — —
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Table10-6 Examplesof BRR Settingsfor Various Bit Rates (Asynchronous Mode) (2)

0SC (MHz)
4.9152 6 7.3728 8

R Bit Rate Error Error Error Error
(bit/s) n N (%) n N (%) n N (%) n N (%)
110 1 174 -026 1 212 +0.03 2 64 +0.70 2 70 +0.03
150 1 127 0 1 155 +0.16 1 191 0 1 207 +0.16
300 0 255 0 1 77 +0.16 1 95 0 1 103 +0.16
600 0 127 0 0 155 +0.16 0 101 0 0 207 +0.16
12000 0 63 0 0 77 +0.16 0 95 0 0 103 +0.16
2400 0 31 0 0 38 +0.16 0 47 0 0 51 +0.16
4800 0 15 0 0 19 -2.34 0 23 0 0 25 +0.16
9600 0 0 o —2.34 0 11 0 0 12 +0.16
19200 0 3 0 o 4 234 0 5 o - — —
31250 — — — 0 2 [ J— — — 0o 3 0
38400 0 1 o — — — 0 2 o - — -

Table10-6 Examplesof BRR Settingsfor Various Bit Rates (Asynchronous Mode) (3)

OSC (MHz)

9.8304 10
R Bit Rate Error Error
(bit/s) n N (%) n N (%)
110 2 86 +0.31 2 88 -0.25
150 1 255 0 2 64 +0.16
300 1 127 0 1 129 +0.16
600 0 255 0 1 64 +0.16
1200 0 127 0 0 129 +0.16
2400 0 63 0 0 64 +0.16
4800 0 31 0 0 32 -1.36
9600 0 15 0 0 15 +1.73
19200 0 0 0 +1.73
31250 0 4 -1.70 0 0
38400 0 3 0 0 +1.73
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Notes: 1. The setting should be made so that the error is not more than 1%.
2. Thevauesetin BRR isgiven by the following equation:

N—Lxlofi_l

" (64x 221 x B)
where
B: Bit rate (bit/s)
N: Baud rate generator BRR setting (0 < N < 255)
OSC: Value of gogc (MH2Z)
n: Baud rate generator input clock number (n=0, 1, 2, or 3)
(The relation between n and the clock is shown in table 10-7.)

Table10-7 Relation between n and Clock

SMR Setting
n Clock CKs1 CKSO0
0 (o] 0 0
1 a/4 0 1
2 216 1 0
3 /64 1 1

3. Theerror in table 10-6 is the value obtained from the following equation, rounded to
two decimal places.

B (rate obtained from n, N, OSC) — R(bit rate in left-hand column in table 10-6.) x 1

0p) =
Error (%) R (bit ratein left-hand column in table 10-6.)

00
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Table 10-8 shows the maximum bit rate for each frequency. The values shown are for active (high-
speed) mode.

Table10-8 Maximum Bit Rate for Each Frequency (Asynchronous M ode)

Maximum Bit Rate Setting
OSC (MHz) (bit/s) n N
2 31250 0 0
2.4576 38400 0 0
4 62500 0 0
4.194304 65536 0 0
4.9152 76800 0 0
6 93750 0 0
7.3728 115200 0 0
8 125000 0 0
9.8304 153600 0 0
10 156250 0 0
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Table 10-9 shows examples of BRR settings in synchronous mode. The values shown are for active
(high-speed) mode.

Table 10-9 Examples of BRR Settingsfor Various Bit Rates (Synchronous M ode)

OSC (MHz)
B Bit Rate 2 4 8 10
(bit/s) n N n N n N n N
110 — — — — — — — —
250 1 249 2 124 2 249 — —
500 1 124 1 249 2 124 — —
1k 0 249 1 124 1 249 — —
2.5k 0 99 0 199 1 99 1 124
5k 0 49 0 99 0 199 0 249
10k 0 24 0 49 0 99 0 124
25k 0 0 19 0 39 0 49
50k 0 4 0 0 19 0 24
100k — — 0 0 9 — —
250k 0 0* 0 0 3 0 4
500k 0 0" 0 1 — —
M 0 0 — —
2.5M

Blank: Cannot be set.
—: A setting can be made, but an error will result.
* 1 Continuous transmission/reception is not possible.
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Notes. Thevalueset in BRR isgiven by the following equation:

N OsC
(8 x 22n x B)

x1060—1

where

B: Bit rate (bit/s)

N: Baud rate generator BRR setting (0 < N < 255)

OSC: Value of gggc (MHZ)

n: Baud rate generator input clock number (n =0, 1, 2, or 3)

(The relation between n and the clock is shown in table 10-10.)

Table10-10 Relation between n and Clock

SMR Setting
n Clock CKS1 CKSO0
0 o] 0 0
1 o/4 0 1
2 216 1 0
3 2/64 1 1
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10.3.3 Operation

SCI3 can perform serial communication in two modes. asynchronous mode in which
synchronization is provided character by character, and synchronous mode in which
synchronization is provided by clock pulses. The serial mode register (SMR) is used to select
asynchronous or synchronous mode and the data transfer format, as shown in table 10-11.

The clock source for SCI3 is determined by bit COM in SMR and bits CKE1 and CKEOQ in SCR3,
as shown in table 10-12.

1. Synchronous mode
e Choice of 7- or 8-bit datalength

e Choice of parity addition, multiprocessor bit addition, and addition of 1 or 2 stop bits. (The
combination of these parameters determines the data transfer format and the character length.)

e Framing error (FER), parity error (PER), overrun error (OER), and break detection during
reception

¢ Choiceof internal or external clock as the clock source

When internal clock is selected: SCI3 operates on the baud rate generator clock, and a clock
with the same frequency as the bit rate can be output.

When external clock is selected: A clock with afrequency 16 times the bit rate must be input.
(The on-chip baud rate generator is not used.)

2. Synchronous mode

¢ Datatransfer format: Fixed 8-bit data length

e Overrun error detection during reception

e Choice of internal or external clock as the clock source

When internal clock is selected: SCI3 operates on the baud rate generator clock, and a serial
clock is output.

When external clock is selected: The on-chip baud rate generator is not used, and SCI3 operates
on the input serial clock.
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Table10-11 SMR Settingsand Corresponding Data Transfer Formats

SMR Data Transfer Format
bit7 bit6 bit2 bit5 bit3 Data Multiprocessor Parity Stop Bit
COM CHR MP PE STOP Mode Length Bit Bit Length
0 0 0 0 0 Asynchronous 8-bitdata No No 1 bit
g Mode 2 bits
1 0 Yes 1 bit
1 2 bits
1 o o 7-bit data No  1bit
1 2 bits
1 0 Yes 1 bit
1 2 bits
0 1 * 0 Asynchronous 8-bitdata Yes No 1 bit
’ ! ?r]r?jteiprocessor 2 bits
1 * 0 format) 7-bit data 1 bit
* 1 2 bits
1 * 0 * * Synchronous  8-bitdata No No No
mode

Table10-12 SMR and SCR3 Settings and Clock Sour ce Selection

SMR  SCR3
bit7 bitl bit0 Transmit/Receive Clock
COM CKE1CKEO Mode Clock Source SCKj Pin Function
0 0 0 Asynchronous Internal I/0 port (SCKj3 pin not used)
17 mode Outputs clock with same frequency as bit rate
1 0 External Outputs clock with frequency 16 times bit rate
1 0 0 Synchronous  Internal Outputs serial clock
1 0 mode External Inputs serial clock
0 1 1 Reserved (Do not specify these combinations)
0 1
1 1 1
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3. Interrupts and continuous transmission/reception

SCI3 can carry out continuous reception using RX1 and continuous transmission using TXI. These
interrupts are shown in table 10-13.

Table 10-13 Transmit/Receive Interrupts

Interrupt Flags

Interrupt Request Conditions

Notes

RXI RDRF  When serial reception is performed The RXI interrupt routine reads the
RIE normally and receive data is receive data transferred to RDR and
transferred from RSR to RDR, bit clears bit RDRF to 0. Continuous
RDREF is setto 1, and if bit RIE is reception can be performed by repeating
set to 1 at this time, RXI is enabled the above operations until reception of
and an interrupt is requested. the next RSR data is completed.
(See figure 10-7 (a).)
TXI TDRE  When TSR is found to be empty The TXI interrupt routine writes the next
TIE (on completion of the previous transmit data to TDR and clears bit TDRE
transmission) and the transmit data to 0. Continuous transmission can be
placed in TDR is transferred to TSR, performed by repeating the above
bit TDRE is setto 1. If bit TIE is set operations until the data transferred to
to 1 at this time, TXI is enabled and TSR has been transmitted.
an interrupt is requested.
(See figure 10-7 (b).)
TEI TEND  When the last bit of the character in  TEI indicates that the next transmit data
TEIE TSR is transmitted, if bit TDRE is set has not been written to TDR when the

to 1, bit TEND is set to 1. If bit TEIE
is set to 1 at this time, TEl is
enabled and an interrupt is
requested. (See figure 10-7 (c).)

last bit of the transmit character in TSR
is sent.
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RDR RDR

| | | |

RSR (reception in progress) RSR1 (reception completed, transfer)

RXD pin o—>| ‘ ‘ RXD pin o—»’

RDRF =0 RDRF ~ 1
(RXI request when RIE = 1)

Figure 10-7 (a) RDRF Setting and RXI Interrupt

TDR (next transmit data) TDR
TSR (transmission in progress) TSR (transmission completed, transfer)
momor L] | |/ vown o [
TDRE =0 TDRE ~ 1

(TXI request when TIE = 1)

Figure 10-7 (b) TDRE Setting and TXI Interrupt

TDR TDR
TSR (transmission in progress) TSR (reception completed)
TXD pin 0<—| ‘ ‘ TXD pin 0<—‘ ‘
TEND =0 TEND ~ 1

(TEl request when TEIE = 1)

Figure 10-7 (c) TEND Setting and TEI Interrupt
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10.3.4 Operation in Asynchronous Mode

In asynchronous mode, serial communication is performed with synchronization provided character
by character. A start bit indicating the start of communication and one or two stop bits indicating
the end of communication are added to each character before it is sent.

SCI 3 has separate transmission and reception units, allowing full-duplex communication. Asthe
transmission and reception units are both double-buffered, data can be written during transmission
and read during reception, making possible continuous transmission and reception.

1. Datatransfer format

The general data transfer format in asynchronous communication is shown in figure 10-8.

(LSB) (MSB) 1
Serial | Start . . Parity Stop Mark
data bit Transmit/receive data bit bit(s) state
1 bit 7 or 8 bits “1bit | Lor2hbits
or none
One transfer data unit (character or frame)

Figure 10-8 Data Format in Asynchronous Communication

In asynchronous communication, the communication line is normally in the mark state (high level).
SCI3 monitors the communication line and when it detects a space (low level), identifiesthisasa
start bit and begins serial data communication.

One transfer data character consists of a start bit (low level), followed by transmit/receive data
(LSB-first format, starting from the least significant bit), a parity bit (high or low level), and finally
one or two stop hits (high level).

In asynchronous mode, synchronization is performed by the falling edge of the start bit during
reception. The datais sampled on the 8th pulse of a clock with a frequency 16 times the bit period,
so that the transfer data is latched at the center of each bit.
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Table 10-14 shows the 12 data transfer formats that can be set in asynchronous mode. Theformat is
selected by the settings in the serial mode register (SMR).

Table10-14 Data Transfer Formats (Asynchr onous M ode)

SMR Serial Data Transfer Format and Frame Length

CHR PE MP STOP ‘1‘2‘3‘4‘5‘6‘7‘8‘9‘10‘11‘12‘
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 |sToP

0 1 0 1 |S 8-bit data P STOP‘STOP
1 0 0 o0 E 7-bit data 1o

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

* Dont' care

Notation:
S: Start bit
STOP: Stop bit

P: Parity bit

MPB: Multiprocessor bit
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2. Clock

Either an internal clock generated by the baud rate generator or an external clock input at the SCK 3
pin can be selected as the SCI3 transmit/receive clock. The selection is made by means of bit COM
in SMR and bits SCE1 and CKEOQ in SCR3. Seetable 10-12 for details on clock source selection.

When an external clock isinput to the SCK pin, the input clock frequency should be 16 times the
bit rate used.

When SCI3 operates on an internal clock, the clock can be output at the SCK 4 pin. In this case the
frequency of the output clock is the same as the bit rate, and the phase is such that the clock rises at
the center of each bit of transmit/receive data, as shown in figure 10-9.

Clock

serial | 0 |Do|D1|D2|D3|D4a|D5 | D6 D7 0] 1 1
data

‘ 1 character (1 frame)
\ \

Figure 10-9 Phase Relationship between Output Clock and Transfer Data
(Asynchronous M ode) (8-bit data, parity, 2 stop bits)

3. Datatransfer operations
e SCl3initidization

Before datais transferred on SCI 3, bits TE and RE in SCR3 must first be cleared to 0, and then
SCI3 must be initialized as follows.

Note: If the operation mode or data transfer format is changed, bits TE and RE must first be
cleared to O.

When bit TE iscleared to O, bit TDRE is set to 1.

Note that the RDRF, PER, FER, and OER flags and the contents of RDR are retained when
RE iscleared to 0.

When an external clock is used in asynchronous mode, the clock should not be stopped
during operation, including initialization. When an external clock is used in synchronous
mode, the clock should not be supplied during operation, including initialization.
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Figure 10-10 shows an example of aflowchart for initializing SCI3.

( Start )

Clear bits TE and
RE to 0 in SCR3

Set bits CKE1
and CKEO

Set data transfer
format in SMR

Set value in BRR

Wait

Has 1-bit period
elapsed?

Yes

Set bits TIE, RIE,

MPIE, and TEIE in

SCR3, and set bits

TXD and TE or RE
to 1in PMR7

End

Set clock selection in SCR3. Be sure to
clear the other bits to 0. If clock output
is selected in asynchronous mode, the
clock is output immediately after setting
bits CKE1 and CKEO. If clock output is
selected for reception in synchronous
mode, the clock is output immediately
after bits CKE1, CKEOQ, and RE are
setto 1.

Set the data transfer format in the serial
mode register (SMR).

Write the value corresponding to the
transfer rate in BRR. This operation is
not necessary when an external clock
is selected.

Wait for at least one bit period, then set

bits TIE, RIE, MPIE, and TEIE in SCR3,

and set bits TXD and TE or RE to 1 in PMRY7.
Setting bits TE and RE enables the TXD

and RXD pins to be used. In asynchronous
mode the mark state is established when
transmitting, and the idle state waiting for

a start bit when receiving.

Figure10-10 Example of SCI 3 Initialization Flowchart
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e Transmitting

Figure 10-11 shows an example of aflowchart for data transmission. This procedure should be
followed for data transmission after initializing SCI3.

R it TDRE . .
1 ead bit 1. Read the serial status register (SSR)

in SSR and check that bit TDRE is setto 1,
then write transmit data to the transmit

\
data register (TDR). When data is
No written to TDR, bit TDRE is cleared to O
automatically.
Yes 2. When continuing data transmission,
be sure to read TDRE = 1 to confirm that

Write transmit a write can be performed before writing

data to TDR data to TDR. When data is written to
TDR, bit TDRE is cleared to 0
automatically.

3. If a break is to be output when data
transmission ends, set the port PCR to 1
and clear the port PDR to 0, then clear bit
TXD in PMR7 and bit TE in SCR3 to 0.

Continue data
transmission?

Read bit TEND
in SSR

Break output?

Set PDR =0,
PCR=1

Clear bit TEto 0
in SCR3

End

Figure10-11 Example of Data Transmission Flowchart (Asynchronous Mode)
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SCI3 operates as follows when transmitting data.

SCI3 monitors bit TDRE in SSR, and when it is cleared to 0, recognizes that data has been written
to TDR and transfers datafrom TDR to TSR. It then sets bit TDRE to 1 and starts transmitting. |If
bit TIE in SCR3 isset to 1 at thistime, a TXI request is made.

Seria dataistransmitted from the TXD pin using the relevant data transfer format in table 10-14.
When the stop hit is sent, SCI3 checks bit TDRE. If bit TDRE is cleared to 0, SCI3 transfers data
from TDR to TSR, and when the stop bit has been sent, starts transmission of the next frame. If bit
TDRE issetto 1, lissetin TEND in SSR, and the mark state, in which 1s are transmitted, is
established after the stop bit has been sent. If bit TEIE in SCR3isset to 1 at thistime, a TEI request
is made.

Figure 10-12 shows an example of the operation when transmitting in asynchronous mode.

Start Transmit Parity Stop Start Transmit Parity Stop Mark
bit data bit  bit bit data bit  bit state
) )
serial 1 | 0 |[po[p1|  [p7]oa] 1o |po|p1]| D7 [on] 1 1
data
\ 1 frame | 1 frame |

TDRE ) | :
TEND ? ? )] ? )

LSI TXI request TDRE TXI request TEI request
operation cleared to O

User Data written

processing to TDR

Figure 10-12 Example of Operation when Transmitting in Asynchronous Mode
(8-bit data, parity, 1 stop bit)
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¢ Receiving

Figure 10-13 shows an example of aflowchart for data reception. This procedure should be
followed for data reception after initializing SCI 3.

( Start )

Read bits OER,
PER, FER in SSR

OER + PER
+FER =17

Read receive data

Clear bit RE to
0in SCR3

End

in SSR
No
e
Yes
Read receive
data in RDR
4 Receive error
processing
\
3 Continue data Yes
reception?
No
(A

Read bits OER, PER, and FER in the
serial status register (SSR) to determine
if there is an error. If a receive error has
occurred, execute receive error
processing.

Read SSR and check that bit RDRF is
setto 1. Ifitis, read the receive data
in RDR. When the RDR data is read,
bit RDRF is cleared to 0 automatically.

When continuing data reception, finish
reading of bit RDRF and RDR before
receiving the stop bit of the current
frame. When the data in RDR is read,
bit RDRF is cleared to 0 automatically.

Figure 10-13 Example of Data Reception Flowchart (Asynchronous M ode)
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Start receive
error processing

Overrun error

processing
]
No Break?
Yes
No
No
Framing error
PER = 17 Yes processing
No

Clear bits OER, PER,
FER to 0in SSR

End of receive
error processing

Parity error
processing

4.

Yes

(A)

If a receive error has
occurred, read bits OER,
PER, and FER in SSR to
identify the error, and after
carrying out the necessary
error processing, ensure
that bits OER, PER, and
FER are all cleared to 0.
Reception cannot be
resumed if any of these
bits is setto 1. In the case
of a framing error, a break
can be detected by reading
the value of the RXD pin.

Figure 10-13 Example of Data Reception Flowchart (Asynchronous M ode) (cont)
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SCI 3 operates as follows when receiving data.

SCI3 monitors the communication line, and when it detects a 0 start bit, performs internal
synchronization and begins reception. Reception is carried out in accordance with the relevant data
transfer format in table 10-14. The received dataisfirst placed in RSR in LSB-to-M SB order, and
then the parity bit and stop bit(s) are received. SCI3 then carries out the following checks.

e Parity check

SCI 3 checks that the number of 1 bits in the receive data conforms to the parity (odd or even)
set in bit PM in the serial mode register (SMR).

e Stop hit check
SCI3 checks that the stop bit is 1. If two stop bits are used, only thefirst is checked.
e Status check

SCI3 checks that bit RDRF is set to 0, indicating that the receive data can be transferred from
RSR to RDR.

If no receive error is found in the above checks, bit RDRF is set to 1, and the receive datais stored
in RDR. If bit RIEissetto1in SCR3, an RXI interrupt isrequested. If the error checks identify a
receive error, bit OER, PER, or FER is set to 1 depending on the kind of error. Bit RDRF retainsits
state prior to receiving the data. If bit RIE isset to 1 in SCR3, an ERI interrupt is requested.

Table 10-15 shows the conditions for detecting areceive error, and receive data processing.

Note: No further receive operations are possible while areceive error flag is set. Bits OER, FER,
PER, and RDRF must therefore be cleared to 0 before resuming reception.

Table10-15 Receive Error Detection Conditions and Receive Data Processing

Receive Error Abbreviation Detection Conditions Receive Data Processing

Overrun error OER When the next date receive Receive data is not transferred
operation is completed while  from RSR to RDR
bit RDRF is still setto 1 in

SSR
Framing error FER When the stop bit is 0 Receive data is transferred from RSR
to RDR
Parity error PER When the parity (odd or even) Receive data is transferred from

set in SMR is different from RSR to RDR
that of the received data
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Figure 10-14 shows an example of the operation when receiving in asynchronous mode.

Start Receive Parity Stop Start Receive Parity Stop  Mark state
bit data bit  bit bit data bit  bit (idle state)
) )
Serial 1 | o [po|p1] | [p7]oa] 1] o [po[p1] | [o7om] o] 1
data ' !
| 1 frame | 1 frame |

RDRF ) N
\
FER N ? ? n

‘ | | ‘ f
LSI RXl request RDRF O stop bit ERIrequestin
operation cleared to O detected response to
framing error
User RDR data read Framing error

processing processing

Figure 10-14 Example of Operation when Receiving in Asynchronous Mode
(8-bit data, parity, 1 stop bit)

10.3.5 Operation in Synchronous M ode

In synchronous mode, SCI3 transmits and receives data in synchronization with clock pulses. This
mode is suitable for high-speed serial communication.

SCI3 has separate transmission and reception units, allowing full-duplex communication with a
shared clock.

Asthe transmission and reception units are both double-buffered, data can be written during
transmission and read during reception, making possible continuous transmission and reception.

280



1. Datatransfer format

The general datatransfer format in asynchronous communication is shown in figure 10-15.

* *

Serial
clock \_/—\_/_\_/—\_/_\_/—\_/W ;

‘ LSB MSB
Serial Bt 0 Bit 1 Bit 2 Bit 3 Bit 4 Bit 5 Bit 6 Bit 7
data 4
Don't 8 bits Don't
care care

One transfer data unit (character or frame)

Note: High level except in continuous transmission/reception

Figure 10-15 Data Format in Synchronous Communication

In synchronous communication, data on the communication line is output from one falling edge of
the serial clock until the next falling edge. Data confirmation is guaranteed at the rising edge of the
serial clock.

One transfer data character begins with the LSB and ends with the MSB. After output of the MSB,
the communication line retains the MSB state.

When receiving in synchronous mode, SCI3 latches receive data at the rising edge of the serial
clock.

The data transfer format uses a fixed 8-bit data length.
Parity and multiprocessor bits cannot be added.
2. Clock

Either an internal clock generated by the baud rate generator or an external clock input at the SCK4
pin can be selected as the SCI3 serial clock. The selection is made by means of bit COM in SMR
and bits SCE1 and CKEOQ in SCR3. Seetable 10-12 for details on clock source selection.

When SCI3 operates on an internal clock, the serial clock is output at the SCK5 pin. Eight pulses of
the serial clock are output in transmission or reception of one character, and when SCI3 is not
transmitting or receiving, the clock isfixed at the high level.
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3. Datatransfer operations
e SCl3initiadization

Datatransfer on SCI3 first of al requires that SCI3 beinitialized as described in 10.3.4, 3. SCI3
initialization, and shown in figure 10-10.

e Transmitting

Figure 10-16 shows an example of aflowchart for data transmission. This procedure should be
followed for data transmission after initializing SCI3.

) 1. Read the serial status register (SSR) and
Rea‘_’ bit TDRE check that bit TDRE is set to 1, then write
in SSR transmit data to the transmit data register

(TDR). When data is written to TDR, bit
TDRE is cleared to 0 automatically, the
No clock is output, and data transmission is
started.
Yes 2. When continuing data transmission, be
sure to read TDRE = 1 to confirm that

Write transmit a write can be performed before writing
data to TDR data to TDR. When data is written to
TDR, bit TDRE is cleared to 0 automatically.

Continue data
transmission?

Read bit TEND
in SSR

No

Yes

Clear bit TEto O
in SCR3

Figure 10-16 Example of Data Transmission Flowchart (Synchronous M ode)
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SCI 3 operates as follows when transmitting data.

SCI3 monitors bit TDRE in SSR, and when it is cleared to 0, recognizes that data has been written
to TDR and transfers datafrom TDR to TSR. It then setsbit TDRE to 1 and starts transmitting. If
bit TIE in SCR3 isset to 1 at thistime, a TXI request is made.

When clock output mode is selected, SCI3 outputs 8 serial clock pulses. When an external clock is
selected, data is output in synchronization with the input clock.

Serial datais transmitted from the TXD pin in order from the LSB (bit 0) to the MSB (bit 7). When
the MSB (bit 7) is sent, checks bit TDRE. If bit TDRE is cleared to 0, SCI3 transfers datafrom
TDRto TSR, and starts transmission of the next frame. If bit TDRE is set to 1, SCI3 sets hit TEND
to 1in SSR, and after sending the MSB (bit 7), retains the MSB state. If bit TEIE in SCR3 is set to
1 at thistime, a TEI request is made.

After transmission ends, the SCK3 pinisfixed at the high level.

Note: Transmission isnot possible if an error flag (OER, FER, or PER) that indicates the data
reception statusis set to 1. Check that these error flags are al cleared to O before a transmit
operation.

Figure 10-17 shows an example of the operation when transmitting in synchronous mode.

Serial — ¢ —
clock \_/—\_/_\J/_\_/—\ W
S . | \U \)7
ena Bito X Bit1 Bit7 [} BitO Bit 1 Bit 6 Bit 7
data X S
1 frame 1 frame
TDRE :
TEno ! . ! .
| | | i
LSI TXI request TDRE cleared  TXI request TEI request
operation to0
User Data written
processing to TDR

Figure 10-17 Example of Operation when Transmitting in Synchronous Mode
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e Receiving

Figure 10-18 shows an example of aflowchart for data reception. This procedure should be
followed for data reception after initializing SCI3.

¢

Read bit OER . . . .
1 in SSR 1. Read bit OER in the serial status register
(SSR) to determine if there is an error.
If an overrun error has occurred, execute
overrun error processing.
Yes
2. Read SSR and check that bit RDRF is
setto 1. Ifitis, read the receive data in
No RDR. When the RDR data is read, bit
RDREF is cleared to 0 automatically.
Read bit RDRF
2 in SSR 3. When continuing data reception, finish
reading of bit RDRF and RDR before
receiving the MSB (bit 7) of the current
frame. When the data in RDR is read,
No bit RDRF is cleared to 0 automatically.
4. If an overrun error has occurred, read bit
Yes OER in SSR, and after carrying out the
necessary error processing, clear bit OER
Read receive to 0. Reception cannot be resumed if bit
data in RDR OERis set to 1.
4 Overrun error
processing
e
3 Continue data

reception?

Clear bit RE to 4 Start overrun
0in SCR3 error processing
End Overrun error
processing

Clear bit OER to
0in SSR

End of overrun
error processing

Figure 10-18 Example of Data Reception Flowchart (Synchronous M ode)

284



SCI 3 operates as follows when receiving data.

SCI3 performs internal synchronization and begins reception in synchronization with the serial
clock input or output.

Thereceived datais placed in RSR in LSB-to-MSB order.

After the data has been received, SCI3 checks that bit RDRF is set to 0, indicating that the receive
data can be transferred from RSR to RDR.

If this check shows that there is no overrun error, bit RDRF is set to 1, and the receive datais stored
in RDR. If bit RIE issetto 1in SCR3, an RXI interrupt isrequested. If the check identifiesan
overrun error, bit OER is set to 1.

Bit RDRF remainssetto 1. If bit RIEisset to 1in SCR3, an ERI interrupt is requested.
See table 10-15 for the conditions for detecting a receive error, and receive data processing.

Note: No further receive operations are possible while areceive error flag is set. Bits OER, FER,
PER, and RDRF must therefore be cleared to 0 before resuming reception.

Figure 10-19 shows an example of the operation when receiving in synchronous mode.

Serial /—\_/_\
clock \—/_\%8/_\—/_\ \_/
Serial ¢ ¢
ena Bit7 X Bit0 Bit 7 Bit 0 Bit 1 Bit6 Bit 7
data I I -
1 frame 1 frame
).
RDRF ) ‘
1
OER /A ¢ ¢
LSI RXI request RDREF cleared RXI request ERI request in
operation to0 response to
overrun error
User _ RDR data read RDR data has Overrun error
processing not been read processing
(RDRF = 1)

Figure 10-19 Example of Operation when Receiving in Synchronous M ode
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*  Simultaneous transmit/receive

Figure 10-20 shows an example of aflowchart for a simultaneous transmit/receive operation. This
procedure should be followed for simultaneous transmission/reception after initializing SCI3.

:

1 Read bit TDRE 1. Read the serial status register (SSR) and
in SSR check that bit TDRE is set to 1, then write
transmit data to the transmit data register
(TDR). When data is written to TDR, bit
No TDRE is cleared to 0 automatically.
TDRE =172
2. Read SSR and check that bit RDRF is set
Yes to 1. Ifitis, read the receive data in RDR.
When the RDR data is read, bit RDRF is
Write transmit cleared to 0 automatically.
data to TDR - - .
3. When continuing data transmission/reception,
finish reading of bit RDRF and RDR before
] receiving the MSB (bit 7) of the current frame.
Read bit OER Before receiving the MSB (bit 7) of the current
in SSR frame, also read TDRE = 1 to confirm that a
write can be performed, then write data to TDR.
When data is written to TDR, bit TDRE is cleared
Yes to 0 automatically, and when the data in RDR is
OER = 1? read, bit RDRF is cleared to 0 automatically.
No 4. If an overrun error has occurred, read bit OER
in SSR, and after carrying out the necessary
. error processing, clear bit OER to 0. Transmission/
2 ReaciinngRRDRF reception cannot be resumed if bit OER is set to 1.
See figure 10-18 for details on overrun error
processing.
No
Yes
Read receive data
in RDR
Overrun error
4 processing
I
Continue data Yes

transmission/reception?

Clear bits TE and
RE to 0 in SCR3

End

Figure 10-20 Example of Simultaneous Data Transmission/Reception
Flowchart(Synchronous M ode)
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Notes. 1. When switching from transmission to simultaneous transmission/reception, check that
SCI3 has finished transmitting and that bits TDRE and TEND are set to 1, clear bit TE
to 0, and then set bits TE and RE to 1.

2. When switching from reception to simultaneous transmission/reception, check that
SCI3 has finished receiving, clear bit RE to 0, then check that bit RDRF and the error
flags (OER, FER, and PER) are cleared to 0, and finally set bits TE and RE to 1.

10.3.6 Multiprocessor Communication Function

The multiprocessor communication function enables data to be exchanged among a number of
processors on a shared communication line. Serial data communication is performed in
asynchronous mode using the multiprocessor format (in which a multiprocessor bit is added to the
transfer data).

In multiprocessor communication, each receiver isassigned itsown ID code. The serial
communication cycle consists of two cycles, an ID transmission cycle in which the receiver is
specified, and a data transmission cycle in which the transfer data is sent to the specified receiver.
These two cycles are differentiated by means of the multiprocessor bit, 1 indicating an ID
transmission cycle, and 0, a data transmission cycle.

The sender first sends transfer data with a 1 multiprocessor bit added to the ID code of the receiver
it wants to communicate with, and then sends transfer data with a 0 multiprocessor bit added to the
transmit data. When areceiver receives transfer data with the multiprocessor bit set to 1, it
compares the ID code with its own ID code, and if they are the same, receives the transfer data sent
next. If the ID codes do not match, it skips the transfer data until data with the multiprocessor bit
setto 1issent again.

In thisway, a number of processors can exchange data among themselves.

Figure 10-21 shows an example of communication between processors using the multiprocessor
format.

287



Sender

Communication line

Bt

Receiver A | Receiver B| | Receiver C| | Receiver D|
(ID=01) (ID=02) (ID=03) (ID=04)
Serial
data / H'01 / H'AA
(MPB =1) (MPB =0)

‘ ID transmission cycle Data transmission cycle ‘
(specifying the receiver) (sending data to the receiver
specified buy the ID)

MPB: Multiprocessor bit

Figure10-21 Example of Inter-Processor Communication Using Multiprocessor For mat
(Sending data H'AA to receiver A)

Thereisachoice of four datatransfer formats. If amultiprocessor format is specified, the parity bit
specification isinvalid. Seetable 10-14 for details.

For details on the clock used in multiprocessor communication, see 10.3.4, Operation in
Synchronous Mode.

e Multiprocessor data transmitting

Figure 10-22 shows an example of aflowchart for multiprocessor data transmission. This procedure
should be followed for multiprocessor data transmission after initializing SCI3.
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|
Read bit TDRE

in SSR
No
Yes
Set bit MPBT
in SSR

Write transmit
data to TDR

Continue data
ransmission?

Read bit TEND
in SSR

Break output?

Set PDR =0,
PCR=1

Clear bit TE to
0in SCR3

End

1. Read the serial status register (SSR)

and check that bit TDRE is setto 1,

then set bit MPBT in SSRto 0 or 1 and
write transmit data to the transmit data
register (TDR). When data is written to
TDR, bit TDRE is cleared to 0 automatically.

When continuing data transmission, be
sure to read TDRE =1 to confirm that a
write can be performed before writing data
to TDR. When data is written to TDR, bit
TDRE is cleared to 0 automatically.

If a break is to be output when data
transmission ends, set the port PCR to 1
and clear the port PDR to 0, then clear bit
TE in SCR3to 0.

Figure 10-22 Example of Multiprocessor Data Transmission Flowchart
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SCI3 operates as follows when transmitting data.

SCI3 monitors bit TDRE in SSR, and when it is cleared to 0, recognizes that data has been written
to TDR and transfers datafrom TDR to TSR. It then sets bit TDRE to 1 and starts transmitting. |If
bit TIE in SCR3 isset to 1 at thistime, a TXI request is made.

Seria dataistransmitted from the TXD pin using the relevant data transfer format in table 10-14.
When the stop hit is sent, SCI3 checks bit TDRE. If bit TDRE is cleared to 0, SCI3 transfers data
from TDR to TSR, and when the stop bit has been sent, starts transmission of the next frame. If bit
TDRE issetto 1, lissetin TEND in SSR, and the mark state, in which 1s are transmitted, is
established after the stop bit has been sent. If bit TEIE in SCR3isset to 1 at thistime, a TEI request
is made.

Figure 10-23 shows an example of the operation when transmitting using the multiprocessor format.

Start Transmit Stop Start Transmit Stop Mark
bit data MPB bit  bit data MPB bit state
b)) )]
serial 1 | 0 |[po[p1]|  [p7]on] 1o |po|p1]  [p7foa] 1 1
data
| <

1 frame | 1 frame |
\

TDRE ) |

TEND ? ? ) ? )

LSI TXlrequest TDRE TXI request TEI request
operation cleared to O

User Data written

processing to TDR

Figure 10-23 Example of Operation when Transmitting Using M ultiprocessor For mat
(8-bit data, multiprocessor bit, 1 stop bit)

e Multiprocessor receiving

Figure 10-24 shows an example of aflowchart for multiprocessor data reception. This procedure
should be followed for multiprocessor data reception after initializing SCI 3.
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Start

'

Set bit MPIE to 1
in SCR3

[

Read bits OER
and FER in SSR

Yes

OER + FER =17

No

Read bit RDRF
in SSR

Yes

Read receive
data in RDR

No

Own ID?

Yes
—

Read bits OER
and FER in SSR

No

Read bit RDRF
in SSR

Yes

Read receive

data in RDR 5 Receive error

processing

Continue data Yes

reception?

No

Clear bit RE to
0in SCR3

End

QY

Set bit MPIE to 1 in SCR3.

Read bits OER and FER in the serial
status register (SSR) to determine if

there is an error. If a receive error has
occurred, execute receive error processing.

Read SSR and check that bit RDRF is
setto 1. Ifitis, read the receive data in
RDR and compare it with this receiver's
own ID. If the ID is not this receiver's,
set bit MPIE to 1 again. When the RDR
data is read, bit RDRF is cleared to 0
automatically.

Read SSR and check that bit RDRF is
set to 1, then read the data in RDR.

If a receive error has occurred, read bits
OER and FER in SSR to identify the error,
and after carrying out the necessary error
processing, ensure that bits OER and FER
are both cleared to 0. Reception cannot be
resumed if either of these bits is set to 1.

In the case of a framing error, a break can
be detected by reading the value of the
RXD pin.

Figure 10-24 Example of Multiprocessor Data Reception Flowchart
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Start receive ]
error processing
Overrun error
processing

]

No Break?
Yes
No

Clear bits OER and
FER to 0 in SSR

Yes

No

Framing error
processing

)

End of receive
error processing

Figure 10-24 Example of Multiprocessor Data Reception Flowchart (cont)

Figure 10-25 shows an example of the operation when receiving using the multiprocessor format.
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Start Receive Stop Start Receive data Stop Mark state
bit data (ID1) MPB bit bit (Datal) MPB bit  (idle state)
) )
Serial 1 | o [po|p1]|  [p7]1]1]of[pofp1]  [p7]o |1 1
data '

L 1 frame | 1 frame |
\ \ \

MPIE ‘ \ (

RDRF L / ’—‘
.

i
(

RDR ID1
value
LSl RXI request RDREF cleared No RXI request
operation MPIE cleared to0 RDR retains
to0 previous state
User RDR data read When data is not
processing this receiver's ID,
bit MPIE is set to
1 again
(a) When data does not match this receiver's ID
Start Receive Stop Start Receive data Stop Mark state
bit data (ID2) MPB bit bit (Data2) MPB bit  (idle state)
) )
Serial 1 |0 [po|[p1]  [o7[1]1]o[pof[pr]  [p7][o0 1 1
data !
\ 1 frame | 1 frame |
\ \ \
).
MPIE ‘ - ’7

RDRF ’ / \ 2
/ / gt

RDR ID1 ID2 Data2 \
value
LSI RXI request RDRF cleared RXl request RDRF cleared
operation MPIE cleared to0 to0
to0
User RDR data read When data is RDR data read
processing this receiver's Bit MPIE set to
ID, reception 1 again
is continued

(b) When data matches this receiver's ID

Figure 10-25 Example of Operation when Receiving using M ultiprocessor Format
(8-bit data, multiprocessor bit, 1 stop bit)
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10.3.7 Interrupts

SCI 3 can generate six kinds of interrupts. transmit end, transmit data empty, receive datafull, and
three receive error interrupts (overrun error, framing error, and parity error). These interrupts have
the same vector address.

The various interrupt requests are shown in table 10-16.

Table10-16 SCI3Interrupt Requests

Interrupt

Abbreviation Interrupt Request Vector Address
RXI Interrupt request initiated by receive data full flag (RDRF) H'0024

TXI Interrupt request initiated by transmit data empty flag (TDRE)

TEI Interrupt request initiated by transmit end flag (TEND)

ERI Interrupt request initiated by receive error flag

(OER, FER, PER)

Each interrupt request can be enabled or disabled by means of bits TIE and RIE in SCR3.

When bit TDRE isset to 1in SSR, a TXI interrupt is requested. When bit TEND issetto 1in SSR,
aTEl interrupt isrequested. These two interrupts are generated during transmission.

Theinitial value of bit TDRE in SSRis 1. Therefore, if the transmit data empty interrupt request
(TXI) isenabled by setting bit TIE to 1 in SCR3 before transmit dataistransferred to TDR, a TXI
interrupt will be requested even if the transmit datais not ready.

Also, theinitia value of bit TEND in SSRis 1. Therefore, if the transmit end interrupt request
(TEI) isenabled by setting bit TEIE to 1 in SCR3 before transmit datais transferred to TDR, a TEI
interrupt will be requested even if the transmit data has not been sent.

Effective use of these interrupt requests can be made by having processing that transfers transmit
datato TDR carried out in the interrupt service routine.

To prevent the generation of these interrupt requests (TXI and TEI), on the other hand, the enable
bits for these interrupt requests (bits TIE and TEIE) should be set to 1 after transmit data has been
transferred to TDR.

When bit RDRF isset to 1 in SSR, an RXI interrupt is requested, and if any of bits OER, PER, and
FER issetto 1, an ERI interrupt is requested. These two interrupt requests are generated during
reception.

For further details, see 3.3, Interrupts.
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10.3.8 Application Notes
The following points should be noted when using SCI 3.
1. Relation between writesto TDR and bit TDRE

Bit TDRE in the serial status register (SSR) is a status flag that indicates that data for serial
transmission has not been prepared in TDR. When dataiswritten to TDR, bit TDRE is cleared to O
automatically. When SCI3 transfers datafrom TDR to TSR, bit TDRE is set to 1.

Data can be written to TDR irrespective of the state of bit TDRE, but if new datais written to TDR
while bit TDRE is cleared to O, the data previously stored in TDR will be lost of it has not yet been
transferred to TSR. Accordingly, to ensure that serial transmission is performed dependably, you
should first check that bit TDRE is set to 1, then write the transmit datato TDR once only (not two
or more times).

2. Operation when a number of receive errors occur simultaneously

If anumber of receive errors are detected simultaneously, the status flagsin SSR will be set to the
states shown in table 10-17. If an overrun error is detected, data transfer from RSR to RDR will not
be performed, and the receive datawill be lost.

Table10-17 SSR Status Flag States and Receive Data Transfer

SSR Status Flags Receive Data Transfer

RDRF* OER FER PER RSR - RDR Receive Error Status

1 1 0 0 X Overrun error

0 0 1 0 @) 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

O: Receive data is transferred from RSR to RDR.

x : Receive data is not transferred from RSR to RDR.

Note: * Bit RDRF retains its state prior to data reception.
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3. Break detection and processing

When aframing error is detected, a break can be detected by reading the value of the RXD pin
directly. Inabreak, the input from the RXD pin becomes all 0s, with the result that bit FER is set
and bit PER may also be set.

SCI 3 continues the receive operation even after receiving abreak. Note, therefore, that even though
bit FER iscleared to O it will be set to 1 again.

4, Mark state and break detection

When bit TE iscleared to 0, the TXD pin functions as an I/O port whose input/output direction and
level are determined by PDR and PCR. Thisfact can be used to set the TXD pin to the mark state,
or to detect a break during transmission.

To keep the communication line in the mark state (1 state) until bit TE isset to 1, set PCR = 1 and
PDR = 1. Sincehit TE iscleared to O at thistime, the TXD pin functionsasan I/O port and 1 is
output.

To detect abreak, clear bit TE to 0 after setting PCR =1 and PDR =0.

When bit TE is cleared to 0, the transmission unit isinitialized regardless of the current transmission
state, the TXD pin functions as an 1/0 port, and 0 is output from the TXD pin.

5. Receive error flags and transmit operation (synchronous mode only)

When areceive error flag (OER, PER, or FER) is set to 1, transmission cannot be started even if bit
TDRE iscleared to 0. Thereceive error flags must be cleared to 0 before starting transmission.

Note also that receive error flags cannot be cleared to 0 even if bit RE is cleared to 0.
6. Receive data sampling timing and receive margin in asynchronous mode

In asynchronous mode, SCI3 operates on a basic clock with afrequency 16 times the transfer rate.
When receiving, SCI3 performs internal synchronization by sampling the falling edge of the start bit
with the basic clock. Receive datais latched internally at the 8th rising edge of the basic clock.
Thisisillustrated in figure 10-26.
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16 clock pulses ‘

8 clock pulses

0 7

e Juuuttuuryuuvuutiuvrurivvyuviuuuu UL
basic clock o =i I

Receive data ﬂ §Start bit ] DO | b1

(RXD)

Synchronization b
sampling timing ;

Data sampling = s
timing H H

Figure10-26 Receive Data Sampling Timingin Asynchronous Mode

Consequently, the receive margin in asynchronous mode can be expressed as shown in equation (1).

D—05 (L —0.5) F} 0 100 [%]

_ 1, D—-05
M ={(0.5— on) T N b= 09R a0y Equation (1)

where

M: Receive margin (%)

N: Ratio of bit rateto clock (N = 16)

D: Clock duty (D = 0.5t0 1.0)

L: Framelength (L = 9to 12)

F: Absolute value of clock frequency deviation

Substituting O for F (absolute value of clock frequency deviation) and 0.5 for D (clock duty) in
equation (1), areceive margin of 46.875% is given by equation (2).

When D =0.5and F=0,
M ={0.5— 1/(2 0 16)} O 100 [%]
=46875% .. Equation (2)

However, thisis only a computed value, and a margin of 20% to 30% should be allowed when
carrying out system design.
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7. Relation between RDR reads and bit RDRF

In areceive operation, SCI3 continually checks the RDRF flag. If bit RDRF is cleared to O when
reception of one frame ends, normal data reception is completed. If bit RDRFisset to 1, this
indicates that an overrun error has occurred.

When the contents of RDR are read, bit RDRF is cleared to 0 automatically. Therefore, if bit RDR
is read more than once, the second and subsequent read operations will be performed while bit
RDRF iscleared to 0. Notethat, when an RDR read is performed while bit RDRF is cleared to O, if
the read operation coincides with completion of reception of aframe, the next frame of data may be
read. Thisisillustrated in figure 10-27.

| Frame 1 | Frame 2 | Frame 3

Communication
. Data 1 ‘
line

Data 2 ‘ Data 3

RDR Data 1 Data 3

L wle

RDR read RDR read

Data 1 is read at point (A)
Data 2 is read at point (B)

Figure 10-27 Relation between RDR Read Timing and Data

In this case, only asingle RDR read operation (not two or more) should be performed after first
checking that bit RDRF isset to 1. If two or more reads are performed, the data read the first time
should be transferred to RAM, etc., and the RAM contents used. Also, ensure that thereis sufficient
margin in an RDR read operation before reception of the next frame is completed. To be precisein
terms of timing, the RDR read should be completed before hit 7 istransferred in synchronous mode,
or before the STOP bit is transferred in asynchronous mode.
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Section 11  14-Bit PWM

11.1 Overview

The H8/3657 Seriesis provided with a 14-bit PWM (pulse width modulator) on-chip, which can be
used as a D/A converter by connecting a low-passfilter.

11.1.1 Features
Features of the 14-bit PWM are asfollows.
e Choice of two conversion periods

A conversion period of 32,768/, with a minimum modulation width of 2/g or a conversion period
of 16,384/g, with a minimum modulation width of 1/g can be chosen.

e Pulsedivision method for lessripple
11.1.2 Block Diagram

Figure 11-1 shows a block diagram of the 14-bit PWM.

4{ PWDRL |<7

PWDRU - o)

>

o

y y 8

©

/2 PWM o

[

/4 ] generator 5

E

PWCR -

PWM —
Notation:

PWDRL: PWM data register L
PWDRU: PWM data register U
PWCR: PWM control register

Figure11-1 Block Diagram of the 14 bit PWM
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11.1.3 Pin Configuration
Table 11-1 shows the output pin assigned to the 14-bit PWM.

Table11-1 Pin Configuration

Name Abbrev. 110 Function

PWM output pin PWM Output Pulse-division PWM waveform output

11.1.4 Register Configuration
Table 11-2 shows the register configuration of the 14-bit PWM.

Table11-2 Register Configuration

Name Abbrev. R/W Initial Value Address
PWM control register PWCR W H'FE H'FFDO
PWM data register U PWDRU W H'CO H'FFD1
PWM data register L PWDRL W H'00 H'FFD2
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11.2 Register Descriptions

11.2.1 PWM Control Register (PWCR)

Bit 7 6 5 4 3 2 1 0
I e B e e B R )

Initial value 1 1 1 1 1 1 1 0

Read/Write — — — — — — — W

PWCR is an 8-bit write-only register for input clock selection.
Upon reset, PWCR isinitialized to H'FE.

Bits 7 to 1: Reserved bits

Bits 7 to 1 are reserved; they are always read as 1, and cannot be modified.

Bit 0: Clock select 0 (PWCRO)

Bit 0 selects the clock supplied to the 14-bit PWM. Thisbit isawrite-only bit; it is aways read

asl.

Bit O
PWCRO Description

0 The input clock is 8/2 (t, = 2/@). The conversion period is 16,384/g, (initial value)

with a minimum modulation width of 1/a.

1 The input clock is @/4 (t, = 4/@). The conversion period is 32,768/g, with a minimum

modulation width of 2/g@.

Notation:
ty: Period of PWM input clock
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11.2.2 PWM Data RegistersU and L (PWDRU, PWDRL)

PWDRU
Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘PWDRUS‘PWDRU4‘PWDRU3‘PWDRU2‘PWDRUl‘PWDRUO‘
Initial value 1 1 0 0 0 0 0 0
Read/Write — — w w W w w W
PWDRL
Bit 7 6 5 4 3 2 1 0
‘PWDRL7‘ PWDRLG‘ PWDRLS‘ PWDRL4‘PWDRL3‘PWDRL2‘PWDRLl‘PWDRLO‘
Initial value 0 0 0 0 0 0 0 0
Read/Write w w w w W w w W

PWDRU and PWDRL form a 14-bit write-only register, with the upper 6 bits assigned to PWDRU
and the lower 8 hitsto PWDRL. The value written to PWDRU and PWDRL gives the total high-
level width of one PWM waveform cycle.

When 14-bit datais written to PWDRU and PWDRL, the register contents are latched in the PWM
waveform generator, updating the PWM waveform generation data. The 14-bit data should always
be written in the following sequence:

1. Writethe lower 8 bitsto PWDRL.
2. Write the upper 6 bits to PWDRU.
PWDRU and PWDRL are write-only registers. If they areread, all bitsareread as 1.

Upon reset, PIWDRU and PWDRL are initialized to H'C000.
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11.3 Operation
When using the 14-bit PWM, set the registersin the following sequence.

1. Set bit PWM in port mode register 1 (PMR1) to 1 so that pin P1,/PWM is designated for PWM
output.

2. Set bit PWCRO in the PWM control register (PWCR) to select a conversion period of either
32,768/g (PWCRO = 1) or 16,384/g (PWCRO = 0).

3. Set the output waveform datain PWM dataregisters U and L (PWDRU/L). Besuretowritein
the correct sequence, first PWDRL then PWDRU. When datais written to PWDRU, the data
in these registers will be latched in the PWM waveform generator, updating the PWM
waveform generation in synchronization with internal signals.

One conversion period consists of 64 pulses, as shown in figure 11-2. Thetotal of the high-
level pulse widths during this period (Ty) corresponds to the datain PWDRU and PWDRL.
Thisrelation can be represented as follows.

Ty = (datavaluein PWDRU and PWDRL + 64) x t,/2
where tisthe PWM input clock period, either 2/g (bit PWCRO = O) or 4/@ (bit PWCRO = 1).
Example: Settingsin order to obtain a conversion period of 8,192 ps:

When bit PWCRO = 0, the conversion period is 16,384/g, so g must be 2 MHz. In
this case ty,, = 128 ps, with 1/g (resolution) = 0.5 ps.

When bit PWCRO = 1, the conversion period is 32,768/@, so g must be 4 MHz. In
this case ty,, = 128 ps, with 2/g (resolution) = 0.5 ps.

Accordingly, for aconversion period of 8,192 ps, the system clock frequency ()
must be 2 MHz or 4 MHz.

303



1 conversion period

e el e e

th1 tha thes
Th=turt gt tyg+ o thea
th=tp =tg .. =liga

Figure11-2 PWM Output Waveform
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Section 12 A/D Converter

12.1 Overview

The H8/3657 Series includes on-chip aresistance-ladder-based successive-approximation anal og-to-
digital converter, and can convert up to 8 channels of analog input.

12.1.1 Features

The A/D converter has the following features.

8-bit resolution

Eight input channels

Conversion time: approx. 12.4 ps per channel (at 5 MHz operation)
Built-in sample-and-hold function

Interrupt requested on completion of A/D conversion

A/D conversion can be started by external trigger input

12.1.2 Block Diagram

Figure 12-1 shows a block diagram of the A/D converter.

¢ AMR

ANg O— :
ANg Multiplexer % ADSR

Internal data bus

Control logic [
AVee O
Reference
voltage
AVgs © ADRR
Notation: — IRRAD

AMR:  A/D mode register
ADSR: A/D start register
ADRR: A/D result register

Figure12-1 Block Diagram of the A/D Converter
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12.1.3 Pin Configuration

Table 12-1 shows the A/D converter pin configuration.

Table12-1 Pin Configuration

Name Abbrev. /O Function

Analog power supply AVce Input Power supply and reference voltage of analog part
Analog ground AVgg Input  Ground and reference voltage of analog part
Analog input O ANg Input  Analog input channel O

Analog input 1 ANy Input  Analog input channel 1

Analog input 2 AN, Input  Analog input channel 2

Analog input 3 ANz Input  Analog input channel 3

Analog input 4 ANy Input  Analog input channel 4

Analog input 5 ANg Input  Analog input channel 5

Analog input 6 ANg Input  Analog input channel 6

Analog input 7 AN Input  Analog input channel 7

External trigger input ADTRG  Input External trigger input for starting A/D conversion

12.1.4 Register Configuration

Table 12-2 shows the A/D converter register configuration.

Table12-2 Register Configuration

Name Abbrev. R/W Initial Value Address
A/D mode register AMR R/W H'30 H'FFC4
A/D start register ADSR R/W H'7F H'FFC6
A/D result register ADRR R Not fixed H'FFC5
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12.2 Register Descriptions

12.2.1 A/D Result Register (ADRR)

Bit 7 6 5 4 3 2 1 0

‘ ADR7 ‘ ADR6 ‘ ADRS5 ‘ ADR4 ‘ ADR3 ‘ ADR2 ‘ ADR1 ‘ ADRO ‘
Initial value Not fixed Not fixed Not fixed Not fixed Not fixed Not fixed Not fixed Not fixed
Read/Write R R R R R R R R

The A/D result register (ADRR) is an 8-bit read-only register for holding the results of anal og-to-
digital conversion.

ADRR can be read by the CPU at any time, but the ADRR values during A/D conversion are not
fixed.

After A/D conversion is complete, the conversion result is stored in ADRR as 8-bit data; this datais
held in ADRR until the next conversion operation starts.

ADRR isnot cleared on reset.

12.2.2 A/D Mode Register (AMR)

Bit 7 6 5 4 3 2 1 0

‘ CKsS ‘ TRGE ‘ — ‘ — ‘ CH3 ‘ CH2 ‘ CH1 ‘ CHO ‘
Initial value 0 0 1 1 0 0 0 0
Read/Write R/W R/W — — R/W R/W R/W R/W

AMR isan 8-bit read/write register for specifying the A/D conversion speed, external trigger option,
and the analog input pins.

Upon reset, AMR isinitialized to H'30.
Bit 7: Clock select (CKS)

Bit 7 setsthe A/D conversion speed.

Conversion Time

Bit 7

CKS Conversion Period g =2 MHz @ =5 MHz
0 62/g (initial value) 31l us 12.4 ps

1 31l/a 15.5 ps *

Note: * Operation is not guaranteed if the conversion time is less than 12.4 uys. Set bit 7 for a value
of at least 12.4 ps.
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Bit 6: External trigger select (TRGE)

Bit 6 enables or disables the start of A/D conversion by external trigger input.

Bit 6
TRGE Description
0 Disables start of A/D conversion by external trigger (initial value)
1 Enables start of A/D conversion by rising or falling edge of external trigger at pin
ADTRG*
Note: * The external trigger (ADTRG) edge is selected by bit INTEG5 of IEGR2. See 3.3.2 for
details.

Bits5 and 4: Reserved hits

Bits 5 and 4 are reserved; they are alwaysread as 1, and cannot be modified.
Bits 3to 0: Channel select (CH3 to CHO)

Bits 3 to 0 select the analog input channel.

The channel selection should be made while bit ADSF is cleared to O.

Bit 3 Bit 2 Bit 1 Bit O
CH3 CH2 CH1 CHO Analog Input Channel

0 0 * * No channel selected (initial value)
0 1 0 0 ANg

0 1 0 1 AN,

0 1 1 0 AN,

0 1 1 1 ANg

1 0 0 0 AN,

1 0 0 1 ANg

1 0 1 0 ANg

1 0 1 1 AN,

1 1 0 0 Reserved
1 1 0 1 Reserved
1 1 1 0 Reserved
1 1 1 1 Reserved

Note: * Don't care
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12.2.3 A/D Start Register (ADSR)

Bit 7 6 5 4 3 2 1 0
osf | — | — | — | = | =] -] -]

Initial value 0 1 1 1 1 1 1 1

Read/Write R/W — — — — — — _

The A/D start register (ADSR) is an 8-bit read/write register for starting and stopping A/D
conversion.

A/D conversion is started by writing 1 to the A/D start flag (ADSF) or by input of the designated
edge of the external trigger signal, which also sets ADSF to 1. When conversion is complete, the
converted datais set in the A/D result register (ADRR), and at the same time ADSF is cleared

to 0.

Bit 7: A/D start flag (ADSF)

Bit 7 controls and indicates the start and end of A/D conversion.

Bit 7

ADSF Description

0 Read: Indicates the completion of A/D conversion (initial value)
Write: Stops A/D conversion

1 Read: Indicates A/D conversion in progress

Write: Starts A/D conversion

Bits 6 to 0: Reserved bits

Bits 6 to O are reserved; they are always read as 1, and cannot be modified.
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12.3 Operation
12.3.1 A/D Conversion Operation

The A/D converter operates by successive approximations, and yields its conversion result as 8-bit
data.

A/D conversion begins when software setsthe A/D start flag (bit ADSF) to 1. Bit ADSF keeps a
value of 1 during A/D conversion, and is cleared to 0 automatically when conversion is complete.

The completion of conversion also sets bit IRRAD in interrupt request register 2 (IRR2) to 1. An
A/D conversion end interrupt is requested if bit IENAD in interrupt enable register 2 (IENR2) is set
to 1.

If the conversion time or input channel needs to be changed in the A/D mode register (AMR) during
A/D conversion, bit ADSF should first be cleared to 0, stopping the conversion operation, in order
to avoid malfunction.

12.3.2 Start of A/D Conversion by External Trigger Input

The A/D converter can be made to start A/D conversion by input of an external trigger signal.
External trigger input is enabled at pin ADTRG when bit TRGE in AMR isset to 1. Then when the
input signal edge designated in bit INTEG5 of interrupt edge select register 2 (IEGR2) is detected at
pin ADTRG, bit ADSF in ADSR will be set to 1, starting A/D conversion.

Figure 12-2 shows the timing.

Pin ADTRG
(when bit Y

INTEGS = 0) \

ADSF

A/D conversion

Figure12-2 External Trigger Input Timing
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12.4 Interrupts

When A/D conversion ends (ADSF changes from 1 to 0), bit IRRAD in interrupt request
register 2 (IRR2) is set to 1.

A/D conversion end interrupts can be enabled or disabled by means of bit IENAD in interrupt
enable register 2 (IENR2).

For further details see 3.3, Interrupts.

12.5 Typical Use

An example of how the A/D converter can be used is given below, using channel 1 (pin AN,) asthe
analog input channel. Figure 12-3 shows the operation timing.

1. BitsCH3to CHO of the A/D mode register (AMR) are set to 0101, making pin AN1 the analog
input channel. A/D interrupts are enabled by setting bit IENAD to 1, and A/D conversion is
started by setting bit ADSF to 1.

2. When A/D conversion is complete, bit IRRAD is set to 1, and the A/D conversion result is
stored in the A/D result register (ADRR). At the sametime ADSF iscleared to 0, and the A/D
converter goesto theidle state.

3. BIitIENAD =1, so an A/D conversion end interrupt is requested.

4. TheA/D interrupt handling routine starts.

5. The A/D conversion result is read and processed.

6. TheA/D interrupt handling routine ends.

If ADSF isset to 1 again afterward, A/D conversion starts and steps 2 through 6 take place.

Figures 12-4 and 12-5 show flow charts of procedures for using the A/D converter.
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Figure 12-3 Typical A/D Converter Operation Timing
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Set A/D conversion speed
and input channel

Disable A/D conversion
end interrupt

Start A/D conversion

Read ADSR

Read ADRR data

Perform A/D
conversion?

Figure12-4 Flow Chart of Procedurefor Using A/D Converter (1) (Polling by Softwar €)
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( Start )

Set A/D conversion speed
and input channels

Enable A/D conversion
end interrupt

Start A/D conversion

A/D conversion
end interrupt?

Clear bit IRRAD to
0in IRR2

Read ADRR data

Yes

Perform A/D
conversion?

Figure12-5 Flow Chart of Procedurefor Using A/D Converter (2) (InterruptsUsed)

12.6 Application Notes

o Datainthe A/D result register (ADRR) should be read only when the A/D start flag (ADSF) in
the A/D start register (ADSR) iscleared to 0.

»  Changing the digital input signal at an adjacent pin during A/D conversion may adversely affect
conversion accuracy.
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Section 13 Electrical Characteristics

13.1 Absolute Maximum Ratings
Table 13-1 lists the absolute maximum ratings.

Table13-1 Absolute Maximum Ratings

Item Symbol Value Unit
Power supply voltage Vee -0.3t0 +7.0 \%
Analog power supply voltage AVcce -0.3t0 +7.0 \%
Programming voltage Vpp -0.3to +13.0 \%
Input voltage Ports other than Port B Vin —0.3t0 V¢ +0.3 V
Port B —0.3t0 AV +0.3 Vv
Operating temperature Topr —20to +75 °C
Storage temperature Tstg —551t0 +125 °C

Note: Permanent damage may occur to the chip if maximum ratings are exceeded. Normal
operation should be under the conditions specified in Electrical Characteristics. Exceeding
these values can result in incorrect operation and reduced reliability.
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13.2 Electrical Characteristics

13.2.1 Power Supply Voltage and Operating Range

The power supply voltage and operating range are indicated by the shaded region in the figures

below.

1. Power supply voltage vs. oscillator frequency range

10.0 ----------
~
I
2
o 50
(%]
“_O
20" T : ‘
| i \
2.2% 2.7 4.0 55
Vee (V)

« Active mode (high speed)
« Sleep mode (high speed)

Note: * The oscillation start voltage is 2.5 V.

32.768

fw (kHz)
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Power supply voltage vs. clock frequency range

50—~
16.384 ----- [ 1 ]
= ) | ‘ |
T i—‘E, | | !
S 25 3 | | |
S & 8192 - : ]
4.096 —-----1 : i
05---- ‘ i i ‘ 1 ! 1
22 27 4.0 5.5 2.2 4.0 5.5
Vee (V) Vee (V)
« Active (high speed) mode * Subactive mode
« Sleep (high speed) mode (except CPU) * Subsleep mode (except CPU)
« Watch mode (except CPU)
78.125 -
39.0625 —----- ‘ !
78125 | |
2.7 4.0 55
Vee (V)

« Active (medium speed) mode
« Sleep (medium speed) mode (except CPU)

Analog power supply voltage vs. A/D converter operating range

5.0 [
~
I
= 250 - Don't use in these modes.
= « Active (medium speed) mode
* Sleep (medium speed) mode
o R L \
22 27 40 45 55
AVce (V)

« Active (high speed) mode
« Sleep (high speed) mode
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13.2.2 DC Characteristics (HD6473657)
Table 13-2 lists the DC characteristics of the HD6473657.
Table13-2 DC Characteristics

Vee=AVe =22V 1055V, Vgg=AVgg =00V, T,=-20°C to +75°C unless otherwise indicated.

Values

Item Symbol Applicable Pins Min Typ Max Unit Test Condition Notes

Input high V)4 RES, 09Vee — Vee+03  V
voltage INT, to INT-,

IRQ to IRQ,

ADTRG,

TMIB,

TMRIV, TMCIV,

FTCI, FTIA,

FTIB, FTIC, FTID,

SCKy, SCKs,

TRGV

Sly, RXD, 08Vee — Vec+03

P1,to P1,

P2, to P25,

P3, to P3g,

P5, to P55,

P6, to P65,

P7,to P75,

P8, to P8,

P9, to P9,

PB, to PB;, 08Vee —  AVgc+03
osc, Vee—05 —  Vee+03 V Vec=40V1t055V
Vee—-03 — Ve +03

Note: Connect the TEST pin to Vgs.
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Table 13-2 DC Characteristics (cont)

Ve =AV( =22V 1055V,Vgg=AVgg=0.0V, T,=-20°C to +75°C unless otherwise indicated.

Values
Iltem Symbol Applicable Pins Min Typ Max Unit  Test Condition Notes

Input low V||_ E, - -0.3 — 0.1 VCC Vv
voltage INT, to INT,
IRQq to IRQg,
ADTRG,
TMIB,
TMRIV, TMCIV,
FTCI, FTIA,
FTIB, FTIC, FTID,
SCK;, SCK3,
TRGV
Sly, RXD, -0.3 — 0.2 Ve \Y
P1yto P1,,
P2, to P2,
P3, to P35,
P54 to P5;,
P6q to P65,
P74to P7,
P8, to P8,
P9y to P9,,
PBg to PB;

0sc, -03 — 05 V  Vec=40Vto55V
-03 — 03
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Table13-2 DC Characteristics (cont)

Vec=AV( =22V 1055V,Vgg=AVgg=0.0V, T,=-20°C to +75°C unless otherwise indicated.

Values

Item Symbol Applicable Pins Min Typ Max Unit Test Condition Notes
Output VOH Plo to P17, VCC -10 — — \% VCC =40Vto55V
high P2, to P2, —loy = 1.0 MA
voltage P3, to P3g, Vee-05 —  — Vec =40V 1055V

P5q to P5, —loy =0.5mA

POo to P67, Vee— 04 loy = 0.1 mA

P7,to P75, cemPE — “lon =0.4m

P8, to P8,

P9, to P9,
Output VoL P1,to P1,, — — 0.6 \% Vee=4.0Vito55V
low P20 to P27, IOL =1.6 mA
voltage P3q to P3g,

P5, to P5,

P60 to P67, — — 0.4 IOL =0.4mA

P7,to P7,,

P8, to P8,

P9, to P9,
Input/ [ 1| 0SCy, — — 1 HA V;,=05Vto
output Plo to P17, (VCC -05 V)
leakage P2, to P2,
current P3, to P3s,

P5, to P5,

P6, to P6-,

P7,to P7,,

P8, to P8,

P9y to P9,

PB, to PB; — — 1 Vi, =0.5Vto

AVee—-05V
Input I I|L | RES, mo — — 20 HA Vin =0.5Vto
leakage (Vec —0.5V)
current
Pull-up —lp P1,to P1,, 50 — 300 HA Vee =5V,
MOS P3, to P3s, Vi,n=0V
current PSo 1o PS, — 25 — Vee =27V, Reference
Vi, =0V value
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Table 13-2 DC Characteristics (cont)

Ve =AV( =22V 1055V,Vgg=AVgg=0.0V, T,=-20°C to +75°C unless otherwise indicated.

Values
Iltem Symbol Applicable Pins Min  Typ Max Unit Test Condition Notes
Input Cin All input pins — — 15 pF f=1 MHz,
capacitance except RES Vip=0V,
T,=25°C
RES — — 60
IRQg — — 30
Active lopPE1 Vee — 10 15 mA Active (high-speed) mode 1,2
mode Vcc =5 V, fosc =10 MHz
current
— 5 — Ve =27V, fosc =10 MHz 1,2
dissipation ce osc
— 2 — Vee =22V, fogc =5 MHz Reference
value
lope2 Vee — 15 25 mA Active (medium-speed) mode 1, 2
Vee =5V, fose = 10 MHz
(2 OSC/128)
— 08 — Ve =27V, fosc =10MHz 1,2
(g OSC/128) Reference
— 04 — Vee =22V, fose=5MHz  Value
(2 OSC/128)
Sleep Isteepr Vee — 45 65 mA Sleep (high-speed) mode 1,2
mode Vcc =5 V, fosc =10 MHz
current
— 22 — Ve =27V, fosc =10 MHz 1,2
dissipation ce osc
— 09 — Vee =22V, fogc =5 MHz Reference
value
Isieep, Ve — 14 24 mA Sleep (medium-speed) mode 1, 2
Vee =5V, fose = 10 MHz
(2 OSC/128)
— 0.7 — Ve =27V, fosc =10 MHz 1,2
(g OSC/128) Reference
— 04 — Vee=22V, fosc =5 MHz  value
(2 OSC/128)
Subactive Igyp Vee — 20 30 HA Vee =27V 1,2
mode 32-kHz crystal oscillator
current (2sug = Bw/2)
dissipation . 15 Vee =22V 1,2
32-kHz crystal oscillator Reference
(sus = 9w/2) value
— 9 — Vec =22V

32-kHz crystal oscillator
(Fsup = 2w/8)
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Table13-2 DC Characteristics (cont)

Vec=AV( =22V 1055V,Vgg=AVgg=0.0V, T,=-20°C to +75°C unless otherwise indicated.

Values
Item Symbol Applicable Pins Min Typ Max Unit Test Condition Notes
Subsleep ISUBSP VCC — 10 20 HA VCC =27V 1,2
mode 32-kHz crystal oscillator
current (9sup = Bw/2)
dissipation _ 7 . Vee=22V 1,2
32-kHz crystal oscillator Reference
(ﬂSUB = ﬂwlz) value
Watch lwatcH  Vee — 75 9 MA Vec =27V 1,2
mode 32-kHz crystal oscillator
zgrrgnt ' — 6 — Vee =22V 1,2
Issipation 32-kHz crystal oscillator Reference
value
Standby IstRY Vee - - 5 MA 32-kHz crystal oscillator 1,2
mode not used
current
dissipation
RAM data Vgam Vee 2 — — \
retaining
voltage

Notes: 1. Pin states during current measurement are given below.
2. Excludes current in pull-up MOS transistors and output buffers.

Mode RES Pin Internal State Other Pins  Oscillator Pins
Active (high-speed) Vee Operates Vee System clock oscillator:
mode ceramic or crystal
Active (medium-speed) Operates Subclock oscillator:
mode (80SC/128) Pin X; = Ve
Sleep (high-speed) Vee Only timers operate V¢
mode
Sleep (medium-speed) Only timers operate
mode (80SC/128)
Subactive mode Vee Operates Vee System clock oscillator:
Subsleep mode Vee Only timers operate, V¢ ceramic or crystal

CPU stops Subclock oscillator:
Watch mode Vee Only time base Vee crystal

operates, CPU stops
Standby mode Vee CPU and timers Vee System clock oscillator:

both stop

ceramic or crystal

Subclock oscillator:

Pin X; = Ve
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Table 13-2 DC Characteristics (cont)

Vec =AV( =22V 1055V,Vgg=AVgg=0.0V, T,=-20°Cto +75°C, unless otherwise indicated.

Values

Iltem Symbol Min Typ Max Unit Test Condition
Allowable output All output pins loL — — 2 mA Vec=4.0Vto55V
low current (per pin) _ — 05

Allowable output All output pins > loL — — 40 mA Vec=40Vto55V
low current (total) — — 20

Allowable output All output pins —lon — — 2 mA Vee=4.0Vto 55V
high current (per pin) _ — 0.2

Allowable output All output pins > —lon — — 15 mA Vec=4.0Vto55V
high current (total) _ _ 10
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13.2.3 AC Characteristics (HD6473657)

Table 13-3 lists the control signal timing, and tables 13-4 and 13-5 list the seria interface timing of
the HD6473657.

Table13-3 Control Signal Timing

Vee=AVc=22V1055V,Vgg=AVgg=0.0V, T,=-20°Cto +75°C, unless otherwise specified.

Applicable Val$ Reference
Item Symbol Pins Min Typ Max Unit Test Condition Figure
System clock fosc 0sCc,,0s8C, 2 — 10 MHz Vcc=27Vto55V
oscillation frequency 2 . 5
OSC clock (Bosc)  tosc 0sC,,0SC, 100 — 1000 ns Vee=27Vto55V 1
cycle time 200 — 1000 Figure 13-1
System clock () teye 2 — 128  tose 1
cycle time _ 255 s
Subclock oscillation  fyy X1, X5 — 32,768 — kHz
frequency
Watch clock () tw X1, X5 — 305 — ps
cycle time
Subclock (ggyg) tsubcyc 2 — 8 tw 2
cycle time
Instruction cycle 2 — — teye
time tsubcyc
Oscillation tre 0sc,,08C, — — 40 ms  Vgc=40Vto55V
stablllzatloq time . 60 Vec =25V 1055V
(crystal oscillator)
Oscillation tre 0sc,,0sC, — — 20 ms Vec=40Vto55V
stab|||z§1t|0n time _ 40 Vee=25V105.5V
(ceramic oscillator)
Oscillation tre X1, Xs - — 2 s Vec=25Vto55V
stabilization time
External clock high  tcpy 0SsC, 40 — — ns Vec=2.7V1t055V  Figure 13-1
width 80 — —
External clock low  tcp 0sCc, 40 — — ns Vee=2.7V1t055V Figure 13-1
width 80 — -
External clock rise  tcp, - — 15 ns Vec=27Vt055V
time _ 20
External clock fall tepr - — 15 ns Vec=27Vto55V
time — — 20
Pin RES low width  tgg ES 18 — — teye Figure 13-2

t

subcyc

Notes: 1. A frequency between 1 MHz to 10 MHz is required when an external clock is input.
2. Selected with SA1 and SAO of system clock control register 2 (SYSCR2).
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Table 13-3 Control Signal Timing (cont)

Ve =AVe =22V 1055V,Vgg=AVg=0.0V, T,=-20°Cto +75°C, unless otherwise specified.

Item Symbol

Applicable
Pins Min Typ

Values

Max

Unit

Test Condition

Reference
Figure

Oscillation start Vstart
voltage

0SC,,0SC, 25 —

X1, X, 25 —

\Y

Input pin high width

RQut0TRQ;, 2 —
INT, to INT,

ADTRG,

TMIB,

TMCIV,

TMRIV, FTCI,

FTIA, FTIB,

FTIC, FTID,

TRGV

tcyc
tsubcyc

Figure 13-3

Input pin low width  t.

IRQytoIRQ3, 2 —
INT, to INTS,

ADTRG,

TMIB,

TMCIV,

TMRIV, FTCI,

FTIA, FTIB,

FTIC, FTID,

TRGV

tcyc
t

subcyc

Figure 13-3
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Table13-4 Serial Interface (SCI1) Timing
Vee=AV =22V 1055V,Vgg=AVgg=0.0V, T,=-20°C to +75°C, unless otherwise specified.

Values

Applicable e Reference
Iltem Symbol Pins Min Typ Max Unit Test Condition Figure
Input serial clock tseye SCK; 4 — — teye Figure 13-4
cycle time
Input serial clock tsckH SCK, 04 — — tseyc
high width
Input serial clock tsckL SCK, 04 — — tseyc
low width
Input serial clock tsckr SCK; — — 60 ns Vec=4.0Vito 55V
rise time _ 80
Input serial clock tscks SCK; - — 60 ns Vec=4.0Vito55V
fall time _ 80
Serial output data  tgop SO, - — 200 ns Vec=4.0Vto55V
delay time . 350
Serial input data tsis S 200 — — ns Vec=4.0Vto 55V
setup time 400 — —
Serial input data tsiH Sl 200 — — ns Vec=4.0Vito55V
hold time 400 — —

Table13-5 Serial Interface (SCI3) Timing

Ve =AVc =22V 1055V,Vgg=AVgg=0.0V, T,=-20°C to +75°C, unless otherwise
specified.

Values

Reference
Item Symbol Min Typ Max  Unit Test Conditions Figure
Input clock  Asynchronous  ts.c 4 — — teye Figure 13-5
cycle Synchronous 6 — —
Input clock pulse width tsckw 0.4 — 0.6 tseye Figure 13-5
Transmit data delay time trxp — — 1 toe Vec=4.0V1055V  Figure 13-6
(synchronous) . . 1
Receive data setup time trxs 200 — — ns Vee=4.0V1t055V  Figure 13-6
(synchronous) 400 _ .
Receive data hold time tRxH 200 — — ns Vec=4.0V1to 55V  Figure 13-6
(synchronous) 400 . .
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13.2.4 DC Characteristics (HD6433657, HD6433656, HD6433655, HD6433654, HD6433653,
HD6433652)

Table 13-6 lists the DC characteristics of the HD6433657, the HD6433656, the HD6433655, the
HD6433654, the HD6433653, and the HD6433652.

Table13-6 DC Characteristics

Ve =AVc =22V t055V,Vgg=AVg5=0.0V, T,=—-20°C to +75°C unless otherwise
indicated.

Values

Item Symbol Applicable Pins Min Typ Max Unit Test Condition Notes

Input high V|4 RES, 09Vee — Vec#03  V
voltage INT to INT-,

IRQq to IRQ3,

ADTRG,

TMIB,

TMRIV, TMCIV,

FTCI, FTIA,

FTIB, FTIC, FTID,

SCK;, SCKa,

TRGV

Sl;, RXD, 08Vee —  Vee+03 V

P1,to P1,,

P20 to P27,

P3, to P3s,

P5, to P5,

P60 to P67,

P7,to P7,

P8, to P8;

Pgo to P94

PB, to PB; 08Vee —  AVec+03
osc, Vec—05 —  Vee+03 V. Vec=40Vto55V

Note: Connect the TEST pin to Vgg.
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Table13-6 DC Characteristics (cont)

Vec=AV( =22V 1055V,Vgg=AVgg=0.0V, T,=-20°C to +75°C unless otherwise indicated.

Values

Item Symbol Applicable Pins Min Typ Max Unit Test Condition Notes

Input low V”_ m, -0.3 — 0.1 VCC \%
voltage INT, to INT,
IRQy to IRQg,
ADTRG,
TMIB,
TMRIV, TMCIV,
FTCI, FTIA,
FTIB, FTIC, FTID,
SCKy, SCKa,
TRGV
Sy, RXD, -0.3 — 02V V
P1, to P1,,
P2, to P2,,
P3q to P3g,
P5, to P5;,
P6y, to P6;,
P7,to P75,
P8, to P8,
P9, to PY,,
PB, to PB,

0sc, -0.3 — 05 V. Vec=40Vto55V
-03 — 03

Note: Connect the TEST pin to Vgs.
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Table 13-6 DC Characteristics (cont)

Ve =AV( =22V 1055V,Vgg=AVgg=0.0V, T,=-20°C to +75°C unless otherwise indicated.

Values
Iltem Symbol Applicable Pins Min Typ Max Unit Test Condition Notes
Output VOH Plo to P17, VCC -10 — — Vv Vcc =40Vto55V
high P2, to P2, —lop=1.0mA
voltage P3, to P3;, Vec-05 —  — Ve =40V105.5V
PSq to P57, —loy = 0.5 mA
P60 to P67,
Vec—04 — — —loy = 0.1 mA
P7,to P75, ce OH
P8, to P85,
P9y to P9,
Output VoL P1,to P1,, — — 0.6 \Y Vee=4.0Vio55V
low P20 to P27, IOL =1.6 mA
voltage P3y to P35,
P54 to P55,
P60 to P67, —_— —_— 0.4 IOL =0.4mA
P7, to P7-,
P8, to P8,
P9, to P9,
Input/ | e | 0SC,, — — 1 HA V;,=0.5Vto
output Plo to P17, (VCC -05 V)
leakage P2, to P2,
current P3,to P35,
P5q to P5,
P6, to P6-,
P7,to P75,
P8, to P87,
P9y to P9,
PBg to PB, — — 1 Vi, =05Vto
AVec-05V
Input [l RES, IRQ, — — 1 MA  V;,=05Vto
leakage (Ve —0.5V)
current
Pull-up =lp P1yto P1,, 50 — 300 MA Vee =5V,
MOS P3, to P3;, Vi, =0V
current PS, to PS; — 25 — Vee =27V, Reference
Vi, =0V value
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Table13-6 DC Characteristics (cont)

Vec=AV( =22V 1055V,Vgg=AVgg=0.0V, T,=-20°C to +75°C unless otherwise indicated.

Values
Item Symbol Applicable Pins Min  Typ Max Unit Test Condition Notes
Input Ci All input pins — — 15 pF f=1MHz,
capacitance except RES Vin=0V,
T,=25°C
RES — — 15
IRQq — — 15
Active lope1 Vee — 10 15 mA Active (high-speed) mode 1,2
mode Vee =5V, fosc =10 MHz
current
— 5 — Vec =27V, fosc=10MHz 1,2
dissipation cc osc
— 2 — Vec =22V, fosc =5MHz  Reference
value
lope2 Vee — 1.5 25 mA Active (medium-speed) mode 1, 2
VCC =5V, fosc =10 MHz
(2 OSC/128)
— 0.8 — VCC =27 V, fosc =10 MHz 1, 2
(8 OSC/128) Reference
— 04 — Vee =22V, fose =5 MHz ~ Value
(2 OSC/128)
Sleep Isteepr Vee — 45 6.5 mA Sleep (high-speed) mode 1,2
mode Vee =5V, fosc =10 MHz
current
— 22 — Vec =27V, fosc=10MHz 1,2
dissipation cc osc
— 09 — Vec =22V, fosc =5MHz  Reference
value
IsLEEP2 Vee — 14 24 mA Sleep (medium-speed) mode 1, 2
VCC =5V, fosc =10 MHz
(2 OSC/128)
— 0.7 — VCC =27 V, fosc =10 MHz 1, 2
(8 OSC/128) Reference
— 04 — Vee =22V, fosc=5MHz ~ valUe
(2 OSC/128)
Subactive ISUB VCC — 20 30 HA VCC =27V 1, 2
mode 32-kHz crystal oscillator
current (Bsus = Bw/2)
dissipation _ 15 — Vee=22V 1.2
32-kHz crystal oscillator Reference
(9su = 2w/2) value
— 9 — Ve =22V

32-kHz crystal oscillator
(Zsup = 2w/8)
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Table 13-6 DC Characteristics (cont)

Ve =AV( =22V 1055V,Vgg=AVgg=0.0V, T,=-20°C to +75°C unless otherwise indicated.

Values
Item Symbol  Applicable Pins Min  Typ Max Unit Test Condition Notes
Subsleep  Igygsp Vee — 10 20 MA V=27V 1,2
mode 32-kHz crystal oscillator
current (Fsus = Bw/2)
dissipation o 7 _ Vee =22V 1,2
32-kHz crystal oscillator Reference
(Fsu = BwW/2) value
Watch lwaATCH Vee — 75 9 MA V=27V 1,2
mode 32-kHz crystal oscillator
ZF‘”?”‘ _ — 6 - Vee =22V 1,2
Issipation 32-kHz crystal oscillator Reference
value
Standby  Istpy Vee — — 5 WA 32-kHz crystal oscillator 1,2
mode not used
current
dissipation
RAM data VRAM VCC 2 —_— —_— \
retaining
voltage

Notes: 1. Pin states during current measurement are given below.
2. Excludes current in pull-up MOS transistors and output buffers.

Mode RES Pin Internal State Other Pins  Oscillator Pins
Active (high-speed) Vee Operates Vee System clock oscillator:
mode ceramic or crystal
Active (medium-speed) Operates Subclock oscillator:
mode (80SC/128) Pin X; =Vcc
Sleep (high-speed) Vee Only timers operate V¢
mode
Sleep (medium-speed) Only timers operate
mode (80OSC/128)
Subactive mode Vee Operates Vee System clock oscillator:
Subsleep mode Vee Only timers operate, Ve ceramic or crystal

CPU stops Subclock oscillator:

. crystal

Watch mode Vee Only time base Vee

perates, CPU stops
Standby mode Vee CPU and timers Vee System clock oscillator:

both stop

ceramic or crystal

Subclock oscillator:

Pin Xl = VCC

331



Table13-6 DC Characteristics (cont)

Vee=AV( =22V 1055V,Vgg=AVg=0.0V, T,=-20°C to +75°C, unless otherwise indicated.

Values

Item Symbol Min Typ Max Unit Test Condition
Allowable output All output pins loL — — 2 mA Vec=4.0Vto55V
low current (per pin) _ — 05

Allowable output All output pins > oL — — 40 mA Vec=40Vto55V
low current (total) — — 20

Allowable output All output pins —lon — — 2 mA Vee=4.0Vito 55V
high current (per pin) _ — 0.2

Allowable output All output pins > —lon — — 15 mA Vec=4.0Vto55V
high current (total) _ _ 10
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13.2.5 AC Characteristics (HD6433657, HD6433656, HD6433655, HD6433654, HD6433653,
HD6433652)

Table 13-7 lists the control signal timing, and tables 13-8 and 13-9 list the serial interface timing of
the HD6433657, the HD6433656, the HD6433655, the HD6433654, the HD6433653, and the

HD6433652.

Table 13-7 Control Signal Timing

Vee=AVe =22V 1055V, Vgg=AVgg= 0.0V, T,=-20°C to +75°C, unless otherwise specified.

Applicable Values Reference
Item Symbol Pins Min Typ Max Unit Test Condition Figure
System clock fosc 0sc,,0sC, 2 — 10 MHz Vec=27Vto55V
oscillation frequency > . 5
OSC clock (Bosc)  tosc 0sC,, 08C, 100 — 1000 ns Vee=27V1to55V 1
cycle time 200 — 1000 Figure 13-1
System clock () teye 2 — 128 tosc 1
cycle time - — 255 s
Subclock oscillation  fyy X1, X — 32.768 — kHz
frequency
Watch clock (ayy) tw X1, X — 305 — ps
cycle time
Subclock (ggyg) tsubeye 2 — 8 tw 2
cycle time
Instruction cycle 2 — — teye
time tsubeyc
Oscillation tre 0sc,,0sC, — — 40 ms Vec=40Vto55V
stablllzatloq time _ 60 Vee=25V1055V
(crystal oscillator)
Oscillation tre 0sC;,08C, — — 20 ms Vec=40Vito55V
stablllzgtlon t_lme . 40 Vee=25V105.5V
(ceramic oscillator)
Oscillation tre Xq, Xy —_- — 2 s Vec=25Vto55V
stabilization time
External clock high  tcpy 0SsC, 40 — — ns Vec=2.7Vt055V Figure 13-1
width 80 — .
External clock low  tcp. 0SsC, 40 — — ns Ve =2.7Vt055V  Figure 13-1
width 80 — _
External clock rise  tep, - — 15 ns Vec=2.7Vt055V
time . 20
External clock fall teps — — 15 ns Vec=2.7Vt055V
time _ 20
Pin RES low width  tgg, RES 18 — — teye Figure 13-2
tsubcyc

Notes: 1. A frequency between 1 MHz to 10 MHz is required when an external clock is input.
2. Selected with SA1 and SAO of system clock control register 2 (SYSCR2).
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Table13-7 Control Signal Timing (cont)
Vee=AV =22V 1055V,Vgg=AVgg=0.0V, T,=-20°C to +75°C, unless otherwise specified.

Applicable
Iltem Symbol Pins

Values

Min Typ Max

Reference
Unit Test Condition Figure

Oscillation start Vstart 0SC,, OSC,

25 — —

voltage Xy, X,

25 — —

\%

Input pin high width  t IRQ to IRQ3,
INT, to INT,
ADTRG,
TMIB,
TMCIV,
TMRIV, FTCI,
FTIA, FTIB,
FTIC, FTID,
TRGV

2 —

teye Figure 13-3
tsubcyc

Input pin low width  t,. IRQq to IRQg3,
INT to INT-,
ADTRG,
TMIB,
TMCIV,
TMRIV, FTCI,
FTIA, FTIB,
FTIC, FTID,
TRGV

teye Figure 13-3
t

subcyc
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Table 13-8 Serial Interface (SCI1) Timing
Vee =AV( =22V 1055V,Vgg=AVgg=0.0V, T,=-20°Cto +75°C, unless otherwise specified.

Values

Applicable = Reference
Item Symbol Pins Min Typ Max Unit Test Condition Figure
Input serial clock tseye SCK; 4 — — teye Figure 13-4
cycle time
Input serial clock tsckH SCK; 04 — — tseye
high width
Input serial clock tsckL SCK; 04 — — tseye
low width
Input serial clock tsckr SCK; — — 60 ns Vec=4.0Vto55V
rise time _ 80
Input serial clock tscks SCK; - — 60 ns Vec=40Vto55V
fall time . 80
Serial output data  tgop SO, - — 200 ns Vec=40Vio55V
delay time . 350
Serial input data tsis Sly 200 — — ns Vec=4.0Vto55V
setup time 400 — —
Serial input data tsiH SIN 200 — — ns Vec=4.0Vto55V
hold time 400 — _

Table13-9 Serial Interface (SCI3) Timing

Ve =AVeec =22V 1055V,Vgg=AVgs=0.0V, T,=-20°C to +75°C, unless otherwise
specified.

Values

Reference
Item Symbol Min Typ Max  Unit Test Conditions Figure
Input clock ~ Asynchronous  tgc 4 — — teye Figure 13-5
cycle Synchronous 6 — —
Input clock pulse width tsckw 0.4 — 0.6 tseye Figure 13-5
Transmit data delay time trxp — — 1 tye Vec=40V1to55V  Figure 13-6
(synchronous) _ - 1
Receive data setup time trxs 200 — — ns Vec=4.0Vto 55V  Figure 13-6
(synchronous) 400 B .
Receive data hold time tRxH 200 — — ns Vec=4.0Vto 55V  Figure 13-6
(synchronous) 400 _ _
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13.2.6 A/D Converter Characteristics

Table 13-10 shows the A/D converter characteristics of the HD6473657, the HD6433657, the
HD6433656, the HD6433655, the HD6433654, the HD6433653, and the HD6433652.

Table13-10 A/D Converter Characteristics

Vee=AVc=22V1055V,Vgg=AVgg=0.0V, T,=-20°Cto +75°C, unless otherwise specified.

Values

Applicable Reference
Item Symbol Pins Min Typ Max Unit Test Condition Figure
Analog power AVcc AVcc 2.2 — 55 \ 1
supply voltage
Analog input  AV|y ANgto AN;  AVgg—0.3 — AVcc+03  V
voltage
Analog power  Algpg AVcc — — 15 mA AV =5V
supply current Alsrop;  AVee . 150 — LA 2
Reference
value
Alstopz  AVcc — — 5 HA 3
Analog input  Cpn ANgto AN; — — 30 pF
capacitance
Allowable Rain — — 5 kQ
signal source
impedance
Resolution — — 8 bit
(data length)
Nonlinearity — — +2.0 LSB
error
Quantization — — +0.5 LSB
error
Absolute — — +2.5 LSB
accuracy
Conversion 12.4 — 124 us AVcc=2.7t055V
time 24.8 — 124

Notes: 1. Always set AVcc = V¢ for the analog power supply voltage.
2. Algtops Is the current in active and sleep modes while the A/D converter is idle.
3. Alstop» is the current at reset and in standby, watch, subactive, and subsleep modes while the A/D

converter is idle.
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13.3 Operation Timing

Figures 13-1 to 13-9 show timing diagrams.

ViH
0OSsC1
Vi

Figure13-1 System Clock Input Timing

RES
ViL

Figure 13-2

RES Low Width Timing

IRQo 10 IRQs
INTq to INT;
ADTRG
TMIB, FTIA
FTIB
TMCIV, FTIC
FTID
TMRIV
FTCI, TRGV

ViH

ViL

[

tiH

A
Y

Figure 13-3 Input Timing
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tseyc

[}

Vi or VOH*X

SCK1 X

tsckL  Usckn
tsckf—=1 [=— —»| =—tgckr
tsop
V *
e OH
VoL *
tsis
I
tsi
siy

Notes: * Output timing reference levels

Output high: Vo, =2.0V
Output low: Vo, =0.8V

Load conditions are shown in figure 13-7.

Figure 13-4 SCI 1, SCI2 Input/Output Timing
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tsckw

SCK3
tseyc
-y~
Figure13-5 SCKgjInput Clock Timing
> ISCyC “
VIH or VOH*
SCK3 V) orVo_* Z
trxp
-
TXD Vor
(transmit data) VoL
trxs
-

e ) () X

Note: * Output timing reference levels
Output high Voy =20V
Output low VoL =08V
Load conditions are shown in figure 13-7.

Figure13-6 Serial Interface 3 Synchronous Mode Input Output Timing
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13.4 Output Load Circuit

Output pin

30 pF

12 kQ

2.4kQ

Figure 13-7 Output Load Condition
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Appendix A CPU Instruction Set

A.1 Instructions

Operation Notation

Rd8/16 General register (destination) (8 or 16 bits)
Rs8/16 General register (source) (8 or 16 bhits)
Rn8/16 General register (8 or 16 bits)

CCR Condition code register

N (negative) flag in CCR
Z (zero) flag in CCR
V (overflow) flag in CCR

C C (carry) flag in CCR

PC Program counter

SP Stack pointer

#xx: 3/8/16 Immediate data (3, 8, or 16 hits)
d: 8/16 Displacement (8 or 16 bits)
@aa: 8/16 Absolute address (8 or 16 bits)
+ Addition

- Subtraction

X Multiplication

+ Division

O Logical AND

O Logical OR

O Exclusive logical OR

- Move

Logical complement

Condition Code Notation

Symbol

0 Modified according to the instruction result
* Not fixed (value not guaranteed)

0 Always cleared to 0

— Not affected by the instruction execution result
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Table A-1 lists the H8/300L CPU instruction set.

Table A-1 Instruction Set
Addressing Mode/
Instruction Length (bytes)
5 =] [~ 4
¥ X|o|O ©
= g %) @ o:c: o o2 &
g @ |2 &l 52| =|2| condition Code | T
s X227 s2 02 S
Mnemonic O| Operation ¥ ®Q® OO El|HINZ|VICZ
MOV.B #xx:8, Rd B | #xx:8 — Rd8 2 —|—]t [t |0]|—]|2
MOV.B Rs, Rd B | Rs8 -~ Rd8 2 —|—|t|t|0|—|2
MOV.B @Rs, Rd B | @Rs16 - Rd8 2 —|—|t |t |0|—|4
MOV.B @(d:16, Rs), Rd | B | @(d:16, Rs16) -~ Rd8 4 —|—|t|t|0|—|6
MOV.B @Rs+, Rd B | @Rs16 - Rd8 2 —|—|t|t|0|—|6
Rs16+1 - Rs16
MOV.B @aa:8, Rd B | @aa:8 - Rd8 —|—|t|t]|0|—|4
MOV.B @aa:16, Rd B | @aa:16 — Rd8 4 —|—|t]1]|0|—|6
MOV.B Rs, @Rd B | Rs8 -~ @Rd16 2 —|—|t |t |0|—|4
MOV.B Rs, @(d:16, Rd) | B | Rs8 -~ @(d:16, Rd16) 4 —|—|t|t|0|—|6
MOV.B Rs, @-Rd B | Rd16-1 - Rd16 2 —|—|t|t|0|—|6
Rs8 - @Rd16
MOV.B Rs, @aa:8 B | Rs8 - @aa:8 —|—|t]1]|0|—|4
MOV.B Rs, @aa:16 B | Rs8 - @aa:16 4 —|—|t|t|0|—|6
MOV.W #xx:16, Rd W | #xx:16 —» Rd 4 —|—|t|t]|0|—|4
MOV.W Rs, Rd W| Rs16 - Rd16 2 —|—|t|t|0|—|2
MOV.W @Rs, Rd W | @Rs16 - Rd16 2 —|—|t |t |0|—|4
MOV.W @(d:16, Rs), Rd |W | @(d:16, Rs16) —» Rd16 4 —|—|t|t|0|—|6
MOV.W @Rs+, Rd W| @Rs16 - Rd16 2 —|—|t|t|0|—|6
Rs16+2 - Rs16
MOV.W @aa:16, Rd W| @aa:16 - Rd16 4 —|—|t|t|0|—|6
MOV.W Rs, @Rd W| Rs1l6 -~ @Rd16 2 —|—|t |t |0|—|4
MOV.W Rs, @(d:16, Rd) |W | Rs16 - @(d:16, Rd16) 4 —|—|t|t|0|—|6
MOV.W Rs, @-Rd W| Rd16-2 - Rd16 2 —|—|t|t|0|—|6
Rs16 -~ @Rd16
MOV.W Rs, @aa:16 W | Rsl6 - @aa:16 4 —|—|t]1|0|—|6
POP Rd W| @SP - Rd16 2 — =]t —1|6
SP+2 - SP
PUSH Rs W| SP-2 -, SP 2 —|—|t|t]0|—|6
Rs16 - @SP
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Table A-1 Instruction Set (cont)

Addressing Mode/
Instruction Length (bytes)

(]

G AN g

2 g © @ o:o| CL_ ] 2]

g ‘: £ 2 0? i it é % Condition Code |G
Mnemonic S Operation F£|®0®0 QO E|I|lH|NzZ|lv ic|2
ADD.B #xx:8, Rd B | Rd8+#xx:8 — Rd8 2 —| |||t 2
ADD.B Rs, Rd B | Rd8+Rs8 - Rd8 —ltls]e||1]2
ADD.W Rs, Rd W | Rd16+Rs16 - Rd16 2 —|@) ||t |2
ADDX.B #xx:8, Rd B | Rd8+#xx:8 +C - Rd8 2 —| @12
ADDX.B Rs, Rd B | Rd8+Rs8 +C — Rd8 2 —|t]t]@))]1]2
ADDS.W #1, Rd W | Rd16+1 - Rd16 2 —|—|—|—|—]—] 2
ADDS.W #2, Rd W | Rd16+2 - Rd16 2 — == |—|—]—12
INC.B Rd B | Rd8+1 - Rd8 2 — =]ttt |—]2
DAA.B Rd B | Rd8 decimal adjust -~ Rd8 2 —|* |t |*|3)2
SUB.B Rs, Rd B | Rd8—Rs8 - Rd8 2 —t|t |||t |2
SUB.W Rs, Rd W | Rd16—-Rs16 - Rd16 2 —@) st |r]2
SUBX.B #xx:8, Rd B | Rd8—#xx:8 -C -~ Rd8 2 —| @2
SUBX.B Rs, Rd B | Rd8—Rs8 —C - Rd8 2 —| | |@)) 1|2
SUBS.W #1, Rd W | Rd16-1 - Rd16 2 —|—|—|—=|—]—]2
SUBS.W #2, Rd W | Rd16-2 - Rd16 2 —|—|—|—|—]—1 2
DEC.B Rd B | Rd8-1 - Rd8 2 — =]ttt |—2
DAS.B Rd B | Rd8 decimal adjust - Rd8 2 —(* |t |*|—|2
NEG.B Rd B| 0-Rd - Rd 2 —(t|t|t]s|t)|2
CMP.B #xx:8, Rd B | Rd8—#xx:8 2 —| |||t 2
CMP.B Rs, Rd B | Rd8—Rs8 2 —ltls]t||1]2
CMP.W Rs, Rd W | Rd16-Rs16 —l@|s]tls]|s]2
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Table A-1 Instruction Set (cont)

Addressing Mode/

Instruction Length (bytes)

N + 0
D = g —~ %
T 9 Il &
g ® Gl2¥w g 5
= » c|Z|& 5|2 |8|=| Condition Code |©
s Llel22|T|s|2 Q= S
Mnemonic O| Operation £z|®0® OO E|I|HINZ|VICIZ
MULXU.B Rs, Rd B | Rd8 x Rs8 - Rd16 2 —|—|—|—|—|—|14
DIVXU.B Rs, Rd B | Rd16+Rs8 - Rd16 2 —|—|(5)|(6)|—|—|14
(RdH: remainder,
RdL: quotient)
AND.B #xx:8, Rd B | Rd8[#xx:8 —» Rd8 2 —|—]t |t |0]|—]|2
AND.B Rs, Rd B | Rd8[JRs8 - Rd8 2 —|—|t]|t|0|—|2
OR.B #xx:8, Rd B | Rd8[#xx:8 » Rd8 2 —|—|t|t]0]|]—|2
OR.B Rs, Rd B | Rd8Rs8 - Rd8 2 —|—[t]1]|0]|—|2
XOR.B #xx:8, Rd B | Rd80#xx:8 - Rd8 2 —|—]t [t |0]|—]|2
XOR.B Rs, Rd B | Rd8[IRs8 - Rd8 —|—]t |t |0]|—]|2
NOT.B Rd B|Rd - Rd —|—]t|t]|0|—|2
SHAL.B Rd B 2 —|—lt|t]t|1]2
L[ o
b7 bo
SHAR.B Rd B IIIIIIII I 2 —|—]t|[t|0]|t]|2
l C
b7 bo
SHLL.B Rd B 2 —|—|t|t|0|1|2
L[ o
b7 bo
SHLR.BRd B 2 —|—|0|t|0|1|2
o~ [ [[[[]]]
ROTXL.B Rd B 2 —|—|t|t|0|1|2
1IN
ROTXR.B Rd B M'[h 2 —|—|t|t|0|1|2
b, bp C
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Table A-1 Instruction Set (cont)

Addressing Mode/
Instruction Length (bytes)

8 |+ »
o g€ |o|C 3
2 g © @ o:o| e g2 o
g @ c |28l |2 8|2 condition Code |G
g X 287|820 2 S
Mnemonic O'| Operation £r®0®® QI E|I|HIN|Z|VIC|z
ROTL.B Rd B 2 —|—]t|t|0]1]2
L
by bo
ROTR.B Rd B 2 —|—]t|t|0]1]2
rLLLLL LT
by bo
BSET #xx:3, Rd B | (#xx:3 of Rd8) ~ 1 2 —|—|—|=]—|—12
BSET #xx:3, @Rd B | (#xx:3 of @Rd16) ~ 1 4 —|—|—|—|—|—|8
BSET #xx:3, @aa:8 B | (#xx:3 of @aa:8) ~ 1 4 —|—|—|—|—|—|8
BSET Rn, Rd B | (Rn8 of Rd8) - 1 2 —|—=|—=|—=|—]—]2
BSET Rn, @Rd B | (Rn8 of @Rd16) ~ 1 4 —|—|—=|—|—|—| 8
BSET Rn, @aa:8 B | (Rn8 of @aa:8) ~ 1 4 —|—|—|—|—|—|8
BCLR #xx:3, Rd B | (#xx:3 of Rd8) ~ 0 2 —|—|—|=]——12
BCLR #xx:3, @Rd B | (#xx:3 of @Rd16) ~ O 4 —|—|—|—|—|—| 8
BCLR #xx:3, @aa:8 B | (#xx:3 of @aa:8) —~ 0 4 —|—|—|—|—|—|8
BCLR Rn, Rd B | (Rn8 of Rd8) ~ 0 2 —|—=|—=|—=|—]—]2
BCLR Rn, @Rd B | (Rn8 of @Rd16) —~ 0 4 —|—|—=|—|—|—| 8
BCLR Rn, @aa:8 B | (Rn8 of @aa:8) ~ 0 4 —|—|—|—|—|—|8
BNOT #xx:3, Rd B | (#xx:3 of Rd8) 2 —|—|—|=]—|—12
(#xx:3 of Rd8)
BNOT #xx:3, @Rd B | (#xx:3 of @Rd16) 4 —|—|—|—|—|—18
(#xx:3 of @Rd16)
BNOT #xx:3, @aa:8 B | (#xx:3 of @aa:8) 4 —|—|—|—|—|—| 8
(#xx:3 of @aa:8)
BNOT Rn, Rd B | (Rn8 of Rd8) 2 —|—=|=|—=|—]—]2
(Rn8 of Rd8)
BNOT Rn, @Rd B | (Rn8 of @Rd16) 4 —|—|—|—|—|—|8
(Rn8 of @Rd16)
BNOT Rn, @aa:8 B | (Rn8 of @aa:8) — 4 —|—|—|—|—|—18
(Rn8 of @aa:8)
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Table A-1 Instruction Set (cont)

Addressing Mode/
Instruction Length (bytes)

5 Zlilelo :

= g © @ o:o| e sl n

S 2 I g Q:T i ; s %_ Condition Code |G
Mnemonic & Operation Xz|®0|® Q8 ElI|H|INZ|V|c|2
BTST #xx:3, Rd B | (#xx:30of Rd8) - Z 2 —|—=]=|t |—|—]| 2
BTST #xx:3, @Rd B | (#xx:3 of @Rd16) - Z 4 —|—=|—]t|—|—]|6
BTST #xx:3, @aa:8 B | (#xx:3 of @aa:8) - Z 4 —|—|—|t |—|—|®6
BTSTRn, Rd B | (Rn8 of Rd8) - Z 2 — ==t |—|—| 2
BTST Rn, @Rd B | (Rn8 of @Rd16) - Z 4 —|—|—] t|—|—]|6
BTST Rn, @aa:8 B | (Rn8 of @aa:8) - Z 4 —|—|—|t |—|—|®6
BLD #xx:3, Rd B | (#xx:3 of Rd8) -~ C 2 —|—=|—=|—|—] 1|2
BLD #xx:3, @Rd B | (#xx:3 of @Rd16) -~ C 4 —|—|—|—|—|1t |6
BLD #xx:3, @aa:8 B | (#xx:3 of @aa:8) - C 4 —|—|—=|—|—| 1|6
BILD #xx:3, Rd B | (#xx:30f Rd8) - C 2 — = ===t |2
BILD #xx:3, @Rd B | (#xx:3 of @Rd16) - C 4 —|—|—|—|—]t |6
BILD #xx:3, @aa:8 B | (#xx:3 of @aa:8) -~ C 4 —|—|—|—|—]t |6
BST #xx:3, Rd B| C - (#xx:3 of Rd8) 2 — == |=]=|—]2
BST #xx:3, @Rd B| C - (#xx:3 of @Rd16) 4 —|—|—=|—|—|—| 8
BST #xx:3, @aa:8 B | C - (#xx:3 of @aa:8) 4 —|—|—|—|—|—|8
BIST #xx:3, Rd B | C - (#xx:3 of Rd8) 2 — == |=]=|—]2
BIST #xx:3, @Rd B| C - (#xx:3 of @Rd16) 4 —|—|—|—|—|—18
BIST #xx:3, @aa:8 B | C - (#xx:3 of @aa:8) 4 —|—|—|—|—|—|8
BAND #xx:3, Rd B | CO#xx:3 of Rd8) - C 2 —|—|—|—]—]t |2
BAND #xx:3, @Rd B | CO(#xx:3 of @Rd16) — C 4 —|—|—|—|—|1t |6
BAND #xx:3, @aa:8 B | CO#xx:3 of @aa:8) - C 4 —|—|—=|—|—| 1|6
BIAND #xx:3, Rd B | CO#xx:3 of Rd8) - C 2 S R [ .
BIAND #xx:3, @Rd B | CO{#xx:3 of @Rd16) - C 4 —|—|—|—|—]t |6
BIAND #xx:3, @aa:8 B | CO(#xx:3 of @aa:8) ~ C 4 —|—|—|—|—| |6
BOR #xx:3, Rd B | CO#xx:3 of Rd8) - C 2 —|—|—=|—=]—]t |2
BOR #xx:3, @Rd B | CO(#xx:3 of @Rd16) — C 4 —|—|—|—|—|1t |6
BOR #xx:3, @aa:8 B | CO#xx:3 of @aa:8) - C 4 —|—|—=|—|—| 1|6
BIOR #xx:3, Rd B | CO#xx:3 of Rd8) - C 2 — = ===t ]2
BIOR #xx:3, @Rd B | CO{#xx:3 of @Rd16) - C 4 —|—|—|—|—]t |6
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Table A-1 Instruction Set (cont)

Addressing Mode/
Instruction Length (bytes)
(]
+ 0
G £l&lelT 3
g % ] % B ; ©| B . ua_
g,_ Branching | C cls nlf g 5 té) = Condition Code Z
Mnemonic O'| Operation | Condition |# | |®|®|®|®|®|Q|E|I|H|N|Z|V|C|Z
BIOR #xx:3, @aa:8 B | CO(#xx:3 of @aa:8) ~ C 4 —|—|—|—]— 6
BXOR #xx:3, Rd B | CO#xx:30f Rd8) - C 2 —|—|—|—]— 2
BXOR #xx:3, @Rd B | CO(#xx:3 of @Rd16) - C 4 —|—|—|—|— 6
BXOR #xx:3, @aa:8 B | CO(#xx:3 of @aa:8) —~ C 4 —|—|—|—]— 6
BIXOR #xx:3, Rd B | CO(#xx:3 of Rd8) -~ C 2 —|—|—|—|— 2
BIXOR #xx:3, @Rd B | CO(#xx:3 of @Rd16) —~ C 4 —|—|—|—|— 6
BIXOR #xx:3, @aa:8 B | CO(#xx:3 of @aa:8) » C 4 —|—|—|—|— 6
BRA d:8 (BT d:8) —| PC «~ PC+d:8 2 — || === 4
BRN d:8 (BF d:8) —| PC « PC+2 2 — === 4
BHI d:8 — If coz=0 2 — === 4
BLS d:8 . F:ondmon coz=1 2 RREEE 4
is true
BCC d:8 (BHS d:8) — | then C=0 2 —|—|=|=|— 4
BCS d:8 (BLO d:8) —| PC ~ c=1 2 | == |=|—| 4
] PC+d:8 ~
BNE d:8 | else next; Z=0 2 = 4
BEQ d:8 — Z=1 2 —|—|—|—]— 4
BVC d:8 — V=0 2 —|—|—|—|— 4
BVS d:8 — V=1 2 —|—|—|—]— 4
BPL d:8 — N=0 2 —|—|—|—]— 4
BMI d:8 — N=1 2 —|—|—|—|— 4
BGE d:8 — NOV =0 2 —|—|—|—]— 4
BLT d:8 — NOV =1 2 —|—|—|—]— 4
BGT d:8 — ZONOV)=0 2 —|— === 4
BLE d:8 — ZONNOV)=1 2 —|—|—|—]— 4
JMP @Rn —| PC « Rn16 2 —|—|=|=|— 4
JMP @aa:16 —| PC ~ aa:16 4 === 6
JMP @@aa:8 —| PC - @aa:8 2 — = === 8
BSR d:8 —| SP-2 - SP 2 — === 6
PC - @SP
PC —~ PC+d:8
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Table A-1 Instruction Set (cont)

Addressing Mode/
Instruction Length (bytes)
] + 0
@ & olo 2
E 9 “log o
g S Sl s|g|0 " -
o) iy c || | |= |8 |=| Condition Code | o
3 Xlel22Ts12®2 S
Mnemonic O | Operation £rx|®® 8O E|I|H|N|z|V|C|Z
JSR @Rn —| SP-2 - SP 2 —|—|—|—|—|—| 6
PC - @SP
PC — Rnl16
JSR @aa:16 —|SP-2 . SP 4 —|—|—|—|—|—| 8
PC - @SP
PC — aa:16
JSR @@aa:8 SP-2 - SP 2 —|—|—|—|—|—| 8
PC - @SP
PC - @aa:8
RTS —|PC - @SP 2 |—|—|—|—|—|—|8
SP+2 - SP
RTE —| CCR ~ @SP 20ttt |t |t]|1t]|10
SP+2 - SP
PC -« @SP
SP+2 - SP
SLEEP —| Transit to sleep mode. 2 |—|—|—|—|—|—]| 2
LDC #xx:8, CCR B | #xx:8 - CCR 2 2 T T O O I O 4
LDC Rs, CCR B | Rs8 - CCR E T T T A A
STC CCR, Rd B| CCR - Rd8 —|—|—=|—=|—|— 2
ANDC #xx:8, CCR B | CCR#xx:8 - CCR 2 T T O O I 4
ORC #xx:8, CCR B | CCRO#xx:8 - CCR E T T T A A
XORC #xx:8, CCR B | CCRO#xx:8 - CCR 2 E T T T A A
NOP —| PC « PC+2 —|—=|—=|—=|—|— 2
EEPMOV —| if R4L#0 4 |—|—|—|—|—|—| 4
Repeat @R5 -~ @R6
R5+1 - R5
R6+1 - R6
R4L-1 - RA4L
Until R4L=0
else next;
Notes: (1) Setto 1 when there is a carry or borrow from bit 11; otherwise cleared to 0.

@)
(©)
4)
&)
(6)
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If the result is zero, the previous value of the flag is retained; otherwise the flag is cleared to 0.
Set to 1 if decimal adjustment produces a carry; otherwise retains value prior to arithmetic operation.
The number of states required for execution is 4n + 9 (n = value of R4L).

Set to 1 if the divisor is negative; otherwise cleared to 0.
Set to 1 if the divisor is zero; otherwise cleared to 0.



A.2 Operation Code Map

Table A-2 is an operation code map. It shows the operation codes contained in the first byte of the
instruction code (bits 15 to 8 of the first instruction word).

#7 Instruction when first bit of byte 2 (bit 7 of first instruction word) is 0.

~=— | nstruction when first bit of byte 2 (bit 7 of first instruction word) is 1.
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A.3 Number of Execution States

The tables here can be used to cal culate the number of states required for instruction execution.
Table A-3 indicates the number of states required for each cycle (instruction fetch, branch address
read, stack operation, byte data access, word data access, internal operation).

Table A-4 indicates the number of cycles of each type occurring in each instruction. The total
number of states required for execution of an instruction can be calculated from these two tables as
follows:

Executionstates=1x 5 +Jx S;+ K xS +L xS + M x §, + N x S
Examples: When instruction is fetched from on-chip ROM, and an on-chip RAM is accessed.

BSET #0, @FFO0

From table A-4:

I=L=2, J=K=M=N=0

From table A-3:

S=2, 9§ =2

Number of statesrequired for execution=2x2+2x2=8

When instruction is fetched from on-chip ROM, branch addressis read from on-chip ROM, and on-
chip RAM isused for stack area.

JSR @@ 30

From table A-4:

=2, J=K=1, L=M=N=0

From table A-3:

§=5=%=2

Number of states required for execution=2x2+1x2+1x2=8
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Table A-3 Number of Cyclesin Each Instruction

Execution Status Access Location

(instruction cycle) On-Chip Memory On-Chip Peripheral Module
Instruction fetch S 2 —

Branch address read S;

Stack operation Sk

Byte data access S. 2 or 3*

Word data access Sum —

Internal operation SN 1

Note: * Depends on which on-chip module is accessed. See 2.9.1, Notes on Data Access for
details.
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Table A-4 Number of Cyclesin Each Instruction

Instruction Branch Stack Byte Data Word Data Internal
Fetch Addr. Read Operation Access Access Operation
Instruction Mnemonic | J K L M N

ADD ADD.B #xx:8, Rd
ADD.B Rs, Rd
ADD.W Rs, Rd

ADDS ADDS.W #1, Rd
ADDS.W #2, Rd

ADDX ADDX.B #xx:8, Rd
ADDX.B Rs, Rd

AND AND.B #xx:8, Rd
AND.B Rs, Rd

ANDC ANDC #xx:8, CCR

BAND BAND #xx:3, Rd
BAND #xx:3, @Rd
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

BCLR BCLR #xx:3, Rd
BCLR #xx:3, @Rd
BCLR #xx:3, @aa:8
BCLR Rn, Rd

P RNNRPINNRNNRNMNRNDMNRNDNNNRNDNNRNDNRNDINDNDPRIRPIP PP RPIRP PP P P
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Table A-4 Number of Cyclesin Each Instruction (cont)

Instruction Branch

Stack

Byte Data Word Data Internal

Fetch Addr. Read Operation Access Access Operation
Instruction Mnemonic | J K L M N
BCLR BCLR Rn, @Rd 2 2
BCLR Rn, @aa:8 2 2
BIAND BIAND #xx:3, Rd 1
BIAND #xx:3, @Rd 2 1
BIAND #xx:3, @aa:8 2 1
BILD BILD #xx:3, Rd 1
BILD #xx:3, @Rd 2 1
BILD #xx:3, @aa:8 2
BIOR BIOR #xx:3, Rd 1
BIOR #xx:3, @Rd 2 1
BIOR #xx:3, @aa:8 2 1
BIST BIST #xx:3, Rd 1
BIST #xx:3, @Rd 2 2
BIST #xx:3, @aa:8 2 2
BIXOR BIXOR #xx:3, Rd 1
BIXOR #xx:3, @Rd 2 1
BIXOR #xx:3, @aa:8 2
BLD BLD #xx:3, Rd 1
BLD #xx:3, @Rd 2 1
BLD #xx:3, @aa:8 2 1
BNOT BNOT #xx:3, Rd 1
BNOT #xx:3, @Rd 2 2
BNOT #xx:3, @aa:8 2 2
BNOT Rn, Rd 1
BNOT Rn, @Rd 2
BNOT Rn, @aa:8 2
BOR BOR #xx:3, Rd 1
BOR #xx:3, @Rd 2 1
BOR #xx:3, @aa:8 2 1
BSET BSET #xx:3, Rd 1
BSET #xx:3, @Rd 2 2
BSET #xx:3, @aa:8 2 2
BSET Rn, Rd 1
BSET Rn, @Rd 2 2
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Table A-4 Number of Cyclesin Each Instruction (cont)

Instruction Branch Stack Byte Data Word Data Internal
Fetch Addr. Read Operation Access Access Operation
Instruction Mnemonic | J K L M N
BSET BSET Rn, @aa:8 2 2
BSR BSR d:8 2 1
BST BST #xx:3, Rd 1
BST #xx:3, @Rd 2 2
BST #xx:3, @aa:8 2 2
BTST BTST #xx:3, Rd 1
BTST #xx:3, @Rd 2 1
BTST #xx:3, @aa:8 2 1
BTST Rn, Rd 1
BTST Rn, @Rd 2 1
BTST Rn, @aa:8 2 1
BXOR BXOR #xx:3, Rd 1
BXOR #xx:3, @Rd 2 1
BXOR #xx:3, @aa:8 2 1
CMP CMP. B #xx:8, Rd 1
CMP. B Rs, Rd 1
CMP.W Rs, Rd 1
DAA DAA.B Rd 1
DAS DAS.B Rd 1
DEC DEC.B Rd 1
DIVXU DIVXU.B Rs, Rd 1 12
EEPMOV EEPMOV 2 2n+2* 1
INC INC.B Rd 1
JMP JMP @Rn 2
JMP @aa:16 2
JMP @@aa:8 2 1
JSR JSR @Rn 2 1
JSR @aa:16 2 1 2
JSR @@aa:8 2 1 1
LDC LDC #xx:8, CCR 1
LDC Rs, CCR 1
MOV MOV.B #xx:8, Rd 1
MOV.B Rs, Rd 1
MOV.B @Rs, Rd 1 1

Note: n: Initial value in R4L. The source and destination operands are accessed n + 1 times each.
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Table A-4 Number of Cyclesin Each 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 @(d:16, Rs), Rd
MOV.B @Rs+, Rd
MOV.B @aa:8, Rd
MOV.B @aa:16, Rd
MOV.B Rs, @Rd
MOV.B Rs, @(d:16, Rd)
MOV.B Rs, @-Rd
MOV.B Rs, @aa:8
MOV.B Rs, @aa:16
MOV.W #xx:16, Rd
MOV.W Rs, Rd
MOV.W @Rs, Rd
MOV.W @(d:16, Rs), Rd
MOV.W @Rs+, Rd
MOV.W @aa:16, Rd

N = T = T =

MOV.W Rs, @(d:16, Rd)
MOV.W Rs, @—Rd
MOV.W Rs, @aa:16

N S S N

MULXU MULXU.B Rs, Rd 12

NEG NEG.B Rd

NOP NOP

NOT NOT.B Rd

OR OR.B #xx:8, Rd
OR.B Rs, Rd

ORC ORC #xx:8, CCR

ROTL ROTL.B Rd

ROTR ROTR.BRd

ROTXL ROTXL.B Rd

ROTXR ROTXR.B Rd

RTE RTE

2
1
1
2
1
2
1
1
2
2
1
1
2
1
2
MOV.W Rs, @Rd 1
2
1
2
1
1
1
1
1
1
1
1
1
1
1
2
2

RTS RTS
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Table A-4 Number of Cyclesin Each Instruction (cont)

Instruction Branch Stack Byte Data Word Data Internal
Fetch Addr. Read Operation Access Access Operation

Instruction Mnemonic | J K L M N
SHLL SHLL.B Rd 1
SHAL SHAL.B Rd 1
SHAR SHAR.B Rd 1
SHLR SHLR.B Rd 1
SLEEP SLEEP 1
STC STC CCR, Rd 1
SUB SUB.B Rs, Rd 1

SUB.W Rs, Rd 1
SUBS SUBS.W #1, Rd 1

SUBS.W #2, Rd 1
POP POP Rd 1 1 2
PUSH PUSH Rs 1 1 2
SUBX SUBX.B #xx:8, Rd 1

SUBX.B Rs, Rd 1
XOR XOR.B #xx:8, Rd 1

XOR.B Rs, Rd 1
XORC XORC #xx:8, CCR 1
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Appendix B Internal |/O Registers

B.1 Addresses
Register Bit Names Module
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Name
HF740
HF741
HF742
HF743
H'F744
H'F770  TIER ICIAE ICIBE ICICE ICIDE OCIAE OCIBE OVIE — Timer X
H'F771  TCSRX ICFA ICFB ICFC ICFD OCFA OCFB OVF CCLRA
H'F772 FRCH FRCH7 FRCH6 FRCH5 FRCH4 FRCH3 FRCH2 FRCH1 FRCHO
H'F773 FRCL FRCL7 FRCL6 FRCL5 FRCL4 FRCL3 FRCL2 FRCL1 FRCLO
H'F774  OCRAH/ OCRAH7/ OCRAH6/ OCRAH5/ OCRAH4/ OCRAH3/ OCRAH2/ OCRAH1/ OCRAHO/
OCRBH OCRBH7 OCRBH6 OCRBH5 OCRBH4 OCRBH3 OCRBH2 OCRBH1 OCRBHO
H'F775 OCRAL/ OCRAL7/ OCRAL6/ OCRAL5/ OCRAL4/ OCRAL3/ OCRAL2/ OCRAL1l/ OCRALO/
OCRBL OCRBL7 OCRBL6 OCRBL5 OCRBL4 OCRBL3 OCRBL2 OCRBL1 OCRBLO
H'F776  TCRX IEDGA IEDGB IEDGC I[EDGD BUFEA BUFEB CKS1 CKSO0
HF777  TOCR — — — OCRS OEA OEB OLVLA OLVLB
H'F778 ICRAH ICRAH7 ICRAH6 ICRAH5 ICRAH4 ICRAH3 ICRAH2 ICRAH1 ICRAHO
H'F779 ICRAL ICRAL7 ICRAL6 ICRAL5 ICRAL4 ICRAL3 ICRAL2 ICRAL1 ICRALO
FF77A  ICRBH ICRBH7 ICRBH6 ICRBH5 ICRBH4 ICRBH3 ICRBH2 ICRBH1 ICRBHO
FF77B ICRBL ICRBL7 ICRBL6 ICRBL5 ICRBL4 ICRBL3 ICRBL2 ICRBL1 ICRBLO
H'F77C  ICRCH ICRCH7 ICRCH6 ICRCH5 ICRCH4 ICRCH3 ICRCH2 ICRCH1 ICRCHO
HF77D  ICRCL ICRCL7 ICRCL6 ICRCL5 ICRCL4 ICRCL3 ICRCL2 ICRCL1 ICRCLO
H'F77E  ICRDH ICRDH7 ICRDH6 ICRDH5 ICRDH4 ICRDH3 ICRDH2 ICRDH1 ICRDHO
H'F77F  ICRDL ICRDL7 ICRDL6 ICRDL5 ICRDL4 ICRDL3 ICRDL2 ICRDL1 ICRDLO
HFFAO SCR1 SNC1 SNCO MRKON LTCH CKS3 CKS2 CKS1 CKSO0 SCI1
HFFA1 SCSR1 — SOL ORER — — — MTRF STF
H'FFA2  SDRU SDRU7 SDRU6 SDRU5 SDRU4 SDRU3 SDRU2 SDRU1 SDRUO
H'FFA3  SDRL SDRL7 SDRL6 SDRL5 SDRL4 SDRL3 SDRL2 SDRL1  SDRLO
H'FFA4
H'FFAS
H'FFAG
H'FFA7
HFFA8 SMR COM CHR PE PM STOP MP CKS1 CKS0 SCI3
HFFA9  BRR BRR7 BRR6 BRR5 BRR4 BRR3 BRR2 BRR1 BRRO
H'FFAA  SCR3 TIE RIE TE RE MPIE TEIE CKE1 CKEO
HFFAB  TDR TDR7 TDR6 TDR5 TDR4 TDR3 TDR2 TDR1 TDRO
Notation

SCI1: Serial communication interface 1
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Bit Names Module

Register
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Name

HFFAC SSR TDRE RDRF OER FER PER TEND MPBR MPBT SCI3
HFFAD RDR RDR7 RDR6 RDR5 RDR4 RDR3 RDR2 RDR1 RDRO

HFFAE
H'FFAF

HFFBO TMA  TMA7  TMA6  TMA5  — TMA3  TMA2  TMAL  TMAO  TimerA
HFFB1  TCA TCA7 TCA6  TCA5 TCA4 TCA3  TCA2 TCAl  TCAO

HFFB2 TMB1  TMB17 — — — — TMB12 TMB11 TMBIO  Timer Bl

HFFB3  TCB1l/ TCB17/ TCB16/ TCB15/ TCB14/ TCB13/ TCB12/ TCB11/ TCB10/
TLB1 TLB17 TLB16 TLB15 TLB14  TLB13  TLB12 TLB11  TLB10O

H'FFB4
H'FFB5
H'FFB6
HFFB7

HFFB8 TCRVO CMIEB CMIEA OVIE CCLR1 CCLRO CKS2 CKS1 CKSO0 Timer V
HFFB9 TCSRV CMFB CMFA OVF — 0S3 0S2 0Os1 0Sso

HFFBA TCORA TCORA7 TCORA6 TCORA5 TCORA4 TCORA3 TCORA2 TCORAl TCORAO

HFFBB TCORB TCORB7 TCORB6 TCORB5 TCORB4 TCORB3 TCORB2 TCORB1 TCORBO

HFFBC TCNTV ~ TCNTV7 TCNTV6 TCNTVS5 TCNTV4 TCNTV3 TCNTV2 TCNTV1 TCNTVO

HFFBD TCRV1 — — — TVEG1 TVEGO TRGE — ICKSO

HFFBE TCSRW B6WI ~ TCWE B4Wl  TCSRWE B2WI  WDON BOWI  WRST  Watchdog
HFFBF TCW TCW7 TCW6 TCW5 TCW4 TCW3 TCW2 TCwi Tcwo  tmer

H'FFCO
HFFC1
HFFC2
HFFC3

HFFC4 AMR  CKS  TRGE — — CH3 ~ CH2 CHL  CHO  AD
HFFC5 ADRR ADR7 ADR6 ADR5 ADR4 ADR3 ADR2 ADRL  ADRQ  comverer
HFFC6 ADSR  ADSF  — — — — — — —

HFFC7
HFFC8
HFFC9
H'FFCA
HFFCB
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Bit Names

Register Module
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Name
H'FFCC
HFFCD
H'FFCE
H'FFCF
H'FFDO PWCR — — — — — — — PWCRO  14-bit
HFFD1 PWDRU — — PWDRU5 PWDRU4 PWDRU3 PWDRU2 PWDRU1 PWDRUO PWM
HFFD2 PWDRL PWDRL7 PWDRL6 PWDRL5 PWDRL4 PWDRL3 PWDRL2 PWDRL1 PWDRLO
H'FFD3
HFFD4 PDR1 P1, Pl Pls P1, Pl, P1, P1, Pl 1/O ports
HFFD5 PDR2 P2, P2 P2s P2, P2, P2, P2, P2,
HFFD6 PDR3  — — P3; P3, P3; P3, P3, P3,
H'FFD7
HFFD8 PDR5 PS5, P5g P5; P5, P5; P5, P5, P5,
HFFD9 PDR6  P6, P6g P6; P6, P6; P6, P6, P6,
H'FFDA  PDRY P7, P7g P75 P7, P75 P7, P7, P7q
HFFDB PDR8 P8, P8q P8, P8, P8, P8, P8, P8,
HFFDC PDR9  — — — P9, P9, P9, P9, P9
HFFDD PDRB PB-, PBg PBs PB, PB3 PB, PB, PBg
H'FFDE
H'FFDF
H'FFEO I/0 ports
HFFEL
HFFE2
HFFE3
HFFE4 PCR1  PCRl, PCRlg PCRl; PCRl, PCRl; PCRl, PCR1; PCRIl,
HFFE5S PCR2  PCR2, PCR2s PCR2; PCR2, PCR2; PCR2, PCR2; PCR2,
HFFE6 PCR3  — — PCR3; PCR3, PCR3; PCR3, PCR3; PCR3,
HFFE7
HFFE8 PCR5  PCR5, PCR5; PCR5; PCR5, PCR5; PCR5, PCR5; PCR5,
HFFE9 PCR6  PCR6, PCR6; PCR6; PCR6, PCR6; PCR6, PCR6; PCR6,
HFFEA PCR7  PCR7; PCR7g PCR7; PCR7, PCR7; PCR7, PCR7; PCR7,
HFFEB PCR8 PCR8, PCR8; PCR8; PCR8, PCR8; PCR8, PCR8;, PCRS,
HFFEC PCR9  — — — PCR9, PCR9; PCR9, PCR9; PCR9,
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Bit Names Module

Register
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Name

HFFED PUCR1 PUCR1, PUCRI; PUCR1; PUCR1, PUCR1; PUCR1, PUCR1; PUCR1, /O ports
HFFEE PUCR3 — — PUCR3; PUCR3, PUCR3; PUCR3, PUCR3, PUCR3,
HFFEF PUCR5 PUCR5, PUCR5, PUCR5; PUCR5, PUCR5, PUCR5, PUCR5; PUCR5,

HFFFO SYSCRL SSBY  STS2  STSI  STSO  LSON  — MA1 MAO System
HFFF1  SYSCR2 — — — NESEL DTON  MSON  SAl SAO control
HFFF2 IEGR1 — — — — IEG3  IEG2  IEGL  IEGO

HFFF3 IEGR2 INTEG7 INTEG6 INTEGS INTEG4 INTEG3 INTEG2 INTEGL1 INTEGO

HFFF4 IENR1  IENTB1 IENTA — — IEN3 IEN2 IEN1 IENO

HFFF5 IENR2 IENDT IENAD — IENSI  — — — —

HFFF6 IENR3  INTEN7 INTEN6 INTEN5 INTEN4 INTEN3 INTEN2 INTEN1 INTENO

HFFF7 IRR1  IRRTB1 IRRTA — — IRRI3  IRRI2  IRRIL  IRRIO

HFFF8 IRR2  IRRDT IRRAD — IRRS1I  — — — —

HFFF9 IRR3  INTF7  INTF6  INTF5  INTF4 INTF3  INTF2  INTFL  INTFO

HFFFA

HFFFB

HFFFC PMR1 IRQ3  IRQ2  IRQ1  PWM  — — — TMOW  1/O ports
HFFFD PMR3  — — — — — so1 si1 SCK1

HFFFE

HFFFF  PMR7  — — — — — TXD — POFL /O ports
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B.2 Functions

Register Register Address to which the Name of
acronym name register is mapped on-chip
supporting
module
TMC—Timer moderegister C H'B4 Timer C
Bit
numbeg\
Bit 7 6 5 4 3 2 1
Initial bit — ‘ T™MC7 ‘ TMC6 ‘ TMC5 ‘ — ‘ — ‘ T™MC2 ‘ TMC1 ‘ TMCO ‘,x
values Initial value 0 0 0 1 1 0 0 0 Names of the
Read/Write RW  RW  RW — — RIW RW  RW bits. Dashes
1 [ (—) indicate
‘ reserved bits.
Clock select

0|0 |0 | Internal clock: 2/8192

Possible types of access 1| Internal clock: 8/2048
R |Read only 1|0 Internal clock: @/512
- 1| Internal clock: /64
W | Write only 1|0]|0]| Internal clock: /16
R/W | Read and write 1 | Internal clock: /4
10| Internal clock: g/4
1 | External event (TMIC): Rising or falling edge

Counter up/down control

0| 0| TCCis an up-counter

1| TCC is a down-counter

1| * | TCC up/down control is determined by input at pin
UD. TCC is a down-counter if the UD input is high,
and an up-counter if the UD input is low.

Auto-reload function select
0 | Interval timer function selected
Auto-reload function selected

[

Note: * Don't care
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TIER—Timer interrupt enableregister H'F770 Timer X

Bit 7 6 5 4 3 2 1 0

‘ ICIAE ‘ ICIBE ‘ ICICE ‘ ICIDE ‘ OCIAE ‘ OCIBE ‘ OVIE ‘ — ‘
Initial value 0 0 0 0 0 0 0 1
Read/Write R/W R/W R/W R/W R/W R/W R/W —

Timer overflow interrupt enable
0 | Interrupt request (FOVI) by OVF is disabled
1| Interrupt request (FOVI) by OVF is enabled

Output compare interrupt B enable
0 | Interrupt request (OCIB) by OCFB is disabled
1 | Interrupt request (OCIB) by OCFB is enabled

Output compare interrupt A enable
0 | Interrupt request (OCIA) by OCFA is disabled
1| Interrupt request (OCIA) by OCFA is enabled

Input capture interrupt D enable
0 | Interrupt request (ICID) by ICFD is disabled
1| Interrupt request (ICID) by ICFD is enabled

Input capture interrupt C enable
0 | Interrupt request (ICIC) by ICFC is disabled
1 | Interrupt request (ICIC) by ICFC is enabled

Input capture interrupt B enable
0 | Interrupt request (ICIB) by ICFB is disabled
1 | Interrupt request (ICIB) by ICFB is enabled

Input capture interrupt A enable
0 | Interrupt request (ICIA) by ICFA is disabled
1| Interrupt request (ICIA) by ICFA is enabled
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TCSRX—Timer control/statusregister X H'F771 Timer X

Bit 7 6 5 4 3 2 1 0
‘ ICFA ‘ ICFB ‘ ICFC ‘ ICFD ‘ OCFA ‘ OCFB ‘ OVF ‘ CCLRA ‘
Initial value 0 0 0 0 0 0 0 0

ReadWrite  RIW)*  RIWY*  RIW)*  RIW)* RIAW)* RIW)* RIW)* R/W
|

I
Counter clear A
0| FRC is not cleared by compare match A
1| FRC is cleared by compare match A

Timer overflow

0| [Clearing condition]

After reading OVF = 1, cleared by writing O to OVF

1| [Setting condition]

Set when the FRC value goes from H'FFFF to H'0000

Output compare flag B

0| [Clearing condition]

After reading OCFB = 1, cleared by writing 0 to OCFB
1| [Setting condition]

Set when FRC matches OCRB

Output compare flag A

[Clearing condition]

After reading OCFA = 1, cleared by writing 0 to OCFA
[Setting condition]

Set when FRC matches OCRA

o

=

=3

put capture flag D

[Clearing condition]

After reading ICFD = 1, cleared by writing 0 to ICFD
1| [Setting condition]
Set by input capture signal

o

E}

put capture flag C

[Clearing condition]

After reading ICFC = 1, cleared by writing 0 to ICFC
1| [Setting condition]

Set by input capture signal

o

=

put capture flag B
[Clearing condition]
After reading ICFB = 1, cleared by writing 0 to ICFB
1| [Setting condition]
When the value of FRC is transferred to ICRB by the input
capture signal

o

S

put capture flag A

[Clearing condition]

After reading ICFA = 1, cleared by writing O to ICFA
[Setting condition]

When the value of FRC is transferred to ICRA by the input
capture signal

o

[y

Note: * Only O can be written, to clear the flag.
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FRCH—Free-running counter H H'F772 Timer X

Bit 7 6 5 4 3 2 1 0
‘ FRCH7 ‘ FRCH6 ‘ FRCH5 ‘ FRCH4 ‘ FRCH3 ‘ FRCH2 ‘ FRCH1 ‘ FRCHO ‘
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
Count value
FRCL—Free-running counter L H'F773 Timer X
Bit 7 6 5 4 3 2 1 0
‘ FRCL7 ‘ FRCL6 ‘ FRCL5 ‘ FRCL4 ‘ FRCL3 ‘ FRCL2 ‘ FRCL1 ‘ FRCLO ‘
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
Count value
OCRAH—Output compare register AH H'F774 Timer X
Bit 7 6 5 4 3 2 1 0
‘OCRAH?‘OCRAHﬁ‘OCRAHS‘OCRAH4‘OCRAH3‘OCRAH2‘OCRAHI‘OCRAHO‘
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
OCRBH—Output compareregister BH H'F774 Timer X
Bit 7 6 5 4 3 2 1 0
‘OCRBH?‘OCRBHG‘OCRBHS‘OCRBH4‘OCRBH3‘OCRBH2‘OCRBHl‘OCRBHO‘
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
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OCRAL—Output compareregister AL H'F775 Timer X

Bit 7 6 5 4 3 2 1 0
‘ OCRAL7 ‘ OCRAL6 ‘ OCRALS‘ OCRAL4‘ OCRAL3 ‘ OCRAL2 ‘ OCRAL1 ‘ OCRALO ‘
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
OCRBL—Output compareregister BL H'F775 Timer X
Bit 7 6 5 4 3 2 1 0
‘ OCRBL7 ‘ OCRBL6 ‘ OCRBLS‘ OCRBL4‘ OCRBL3 ‘ OCRBL2 ‘ OCRBL1 ‘ OCRBLO ‘
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
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TCRX—Timer control register X H'F776 Timer X
Bit 7 6 5 4 3 2 1 0
‘ IEDGA ‘ IEDGB ‘ IEDGC ‘ IEDGD ‘ BUFEA ‘ BUFEB ‘ 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
]
Clock select

0| 0| Internal clock: @/2

Internal clock: @/8

1
1| 0 | Internal clock: g/32
1 | External clock: rising edge

Buffer enable B

0 | ICRD is not used as a buffer register for ICRB

1 | ICRD is used as a buffer register for OCRB

Buffer enable A

0 | ICRC is not used as a buffer register for ICRA

1| ICRC is used as a buffer register for OCRA

Input edge select D
0 | Falling edge of input D is captured
1| Rising edge of input D is captured

Input edge select C
0 | Falling edge of input C is captured
1| Rising edge of input C is captured

Input edge select B
0 | Falling edge of input B is captured
1 | Rising edge of input B is captured

Input edge select A
0 | Falling edge of input A is captured
1 | Rising edge of input A is captured
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TOCR—Timer Output compar e control register H'F777 Timer X

Bit 7 6 5 4 3 2 1 0

‘ — ‘ — ‘ — ‘ OCRS ‘ OEA ‘ OEB ‘ OLVLA ‘ OLVLB ‘
Initial value 1 1 1 0 0 0 0 0
Read/Write — — — R/W R/W R/W R/W R/W

Output level B
0 | Low level
1 | High level

Output level A
0| Low level

1| High level

Output enable B
0 | Output compare B output is disabled
1| Output compare B output is enabled

Output enable A
0 | Output compare A output is disabled
1 | Output compare A output is enabled

Output compare register select
0 | OCRA is selected

1| OCRB is selected
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ICRAH—Input captureregister AH H'F778 Timer X

Bit 7 6 5 4 3 2 1 0

‘ ICRAH7 ‘ ICRAH6 ‘ ICRAHS‘ ICRAH4‘ ICRAH3 ‘ ICRAH2 ‘ ICRAHl‘ ICRAHO ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R R R R R R R R

ICRAL—Input captureregister AL H'F779 Timer X
Bit 7 6 5 4 3 2 1 0

‘ ICRAL7 ‘ ICRALG6 ‘ ICRALS ‘ ICRAL4 ‘ ICRAL3 ‘ ICRAL2 ‘ ICRAL1 ‘ ICRALO ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R R R R R R R R

| CRBH—Input captureregister BH H'F77A Timer X
Bit 7 6 5 4 3 2 1 0

‘ ICRBH7 ‘ ICRBH6 ‘ ICRBHS‘ ICRBH4‘ ICRBH3 ‘ ICRBH2 ‘ ICRBHl‘ ICRBHO ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R R R R R R R R

| CRBL—Input captureregister BL H'F77B Timer X
Bit 7 6 5 4 3 2 1 0

‘ ICRBL7 ‘ ICRBL6 ‘ ICRBLS‘ ICRBL4‘ ICRBL3 ‘ ICRBL2 ‘ ICRBL1 ‘ ICRBLO ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R R R R R R R R
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| CRCH—Input captureregister CH H'F77C Timer X

Bit 7 6 5 4 3 2 1 0
‘ ICRCH7 ‘ ICRCH6 ‘ ICRCHS‘ ICRCH4‘ ICRCH3 ‘ ICRCH2 ‘ ICRCHl‘ ICRCHO ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R R R R R R R R
ICRCL—Input captureregister CL H'F77D Timer X
Bit 7 6 5 4 3 2 1 0
‘ ICRCL7 ‘ ICRCL6 ‘ ICRCL5 ‘ ICRCL4‘ ICRCL3 ‘ ICRCL2 ‘ ICRCL1 ‘ ICRCLO ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R R R R R R R R
| CRDH—Input captureregister DH H'F77E Timer X
Bit 7 6 5 4 3 2 1 0
‘ ICRDH7 ‘ ICRDH6 ‘ ICRDH5‘ ICRDH4‘ ICRDH3 ‘ ICRDH2 ‘ ICRDHl‘ ICRDHO ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R R R R R R R R
ICRDL—Input captureregister DL H'F77F Timer X
Bit 7 6 5 4 3 2 1 0
‘ ICRDL7 ‘ ICRDL6 ‘ ICRDL5 ‘ ICRDL4‘ ICRDL3 ‘ ICRDL2 ‘ ICRDL1 ‘ ICRDLO ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R R R R R R R R
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SCR1—Serial control register 1 H'FFAQ SCi1

Bit 7 6 5 4 3 2 1 0

‘ SNC1 ‘ SNCO ‘MRKON‘ LTCH ‘ CKS3 ‘ CKS2 ‘ CKs1 ‘ CKSO0 ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

] ‘

Clock select (CKS2 to CKSO0)

Serial Clock Cycle
Bit2 | Bitl | BitO | prescaler Synchronous
CKS2 | CKS1|CKSO0| Division |g=5MHz |g=25MHz
0 0 0 |@/1024 204.8 ps 409.6 ps
1 /256 51.2 us 102.4 ps
1 0 /64 12.8 ps 25.6 us
1 2/32 6.4 ps 12.8 ps
1 0 0 /16 3.2 us 6.4 us
1 2/8 1.6 us 3.2us
1 0 al4 0.8 us 1.6 us
1 a/2 — 0.8 us

Clock source select
0 | Clock source is prescaler S, and pin SCK 4 is output pin
1| Clock source is external clock, and pin SCK is input pin*
Note: * Input an external clock equivalent to a frequency lower than g/4.
LATCH TAIL select
0 | HOLD TAIL is output
1 | LATCH TAIL is output

TAIL MARK control
0 | TAIL MARK is not output (synchronous mode)
1 | TAIL MARK is output (SSB mode)

Operation mode select 1, 0

0 | 0 | 8-bit mode

1 | 16-bit mode

1| 0 | Continuous clock output mode
1| Reserved
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SCSR1—Serial control/statusregister H'FFAL SCil

Bit 7 6 5 4 3 2 1 0

‘ — ‘ SOL ‘ ORER ‘ — ‘ — ‘ — ‘ MTRF ‘ STF ‘
Initial value 1 0 0 1 1 1 0 0
Read/Write — R/W R/(W)* — — — R R/W

1

Start flag

0 | Read | Indicates that transfer is stopped
Write | Invalid
1| Read | Indicates transfer in progress
Write | Starts a transfer operation

TAIL MARK transmit flag

0 | Idle state and 8- or -16-bit data transfer in progress

1| TAIL MARK transmission in progress

Overrun error flag
0 | [Clearing condition]
After reading 1, cleared by writing O
1 | [Setting condition]
Set if a clock pulse is input after transfer
is complete, when an external clock is used

Extended data bit
0 | Read | SO; pin output level is low
Write | SO, pin output level changes to low
1| Read | SO pin output level is high
Write | SO4 pin output level changes to high

Note: * Only a write of O for flag clearing is possible.
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SDRU—Serial dataregister U H'FFA2 SCI1

Bit 7 6 5 4 3 2 1 0

‘ SDRU7 ‘ SDRUG‘ SDRU5 ‘ SDRU4 ‘ SDRU3 ‘ SDRU2 ‘ SDRU1 ‘ SDRUO ‘
Initial value Not fixed Not fixed Not fixed Not fixed Notfixed Notfixed Not fixed Not fixed
Read/Write RW RW R/W RW R/W R/W RW R/W

Stores transmit and receive data

8-bit transfer mode: Not used
16-bit transfer mode: Upper 8 bits of data

SDRL—Serial data register L H'FFA3 SCi1

Bit 7 6 5 4 3 2 1 0

‘ SDRL7 ‘ SDRL6 ‘ SDRL5 ‘ SDRL4 ‘ SDRL3 ‘ SDRL2 ‘ SDRL1 ‘ SDRLO ‘
Initial value Not fixed Not fixed Not fixed Not fixed Not fixed Notfixed Not fixed Not fixed
Read/Write RW RW R/W RW R/W RW RW R/W

Stores transmit and receive data

8-bit transfer mode: 8-bit data
16-bit transfer mode: Lower 8 bits of data
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SMR—Serial mode register H'FFA8 SCI3

Bit 7 6 5 4 3 2 1 0

‘ COM ‘ CHR ‘ PE ‘ PM ‘ STOP ‘ MP ‘ CKS1 ‘ CKSO ‘
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

]

—

Clock select

0 @ clock

@/4 clock

2/16 clock

R O | O

0
1
1 /64 clock

Multiprocessor mode

0 | Multiprocessor communication
function disabled

1| Multiprocessor communication
function enabled

Stop bit length
0| 1 stop bit
1| 2 stop bits

Parity mode

0 | Even parity
1| Odd parity
Parity enable
0 | Parity bit addition and checking disabled
1| Parity bit addition and checking enabled

Character length
0| 8-bit data
1| 7-bit data

Communication mode
0| Asynchronous mode
1| Synchronous mode
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BRR—BIt rate register H'FFA9 SCI3

Bit 7 6 5 4 3 2 1 0

‘ BRR7 ‘ BRR6 ‘ BRR5 ‘ BRR4 ‘ BRR3 ‘ BRR2 ‘ BRR1 ‘ BRRO ‘
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
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SCR3—Serial control register 3 H'FFAA SCI3
Bit 7 6 5 4 3 2 1 0
‘ TIE ‘ RIE ‘ TE RE ‘ MPIE ‘ TEIE ‘ CKE1 ‘ CKEO ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
Clock enable
Bitl | BitO Description
CKE1 | CKEO | Communication Mode Clock Source SCK3 Pin Function
0 0 Asynchronous Internal clock 1/0 port
Synchronous Internal clock Serial clock output
0 1 Asynchronous Internal clock Clock output
Synchronous Reserved (Do not specify this combination)
1 0 Asynchronous External clock Clock input
Synchronous External clock Serial clock input
1 1 Asynchronous Reserved (Do not specify this combination)
Synchronous Reserved (Do not specify this combination)

Transmit end interrupt enable

0 | Transmit end interrupt request (TEI) disabled

1 | Transmit end interrupt request (TEI) enabled

Multiprocessor interrupt enable

0 | Multiprocessor interrupt request disabled (normal receive operation)
[Clearing conditions]
When data is received in which the multiprocessor bit is set to 1

1 | Multiprocessor interrupt request enabled
The receive interrupt request (RXI), receive error interrupt request (ERI), and setting of the
RDRF, FER, and OER flags in the serial status register (SSR), are disabled until data with
the multiprocessor bit set to 1 is received.

Receive enable

0 | Receive operation disabled (RXD pin is I/O port)

1 | Receive operation enabled (RXD pin is receive data pin)

Transmit enable

0 | Transmit operation disabled (TXD pin is transmit data pin)

1 | Transmit operation enabled (TXD pin is transmit data pin)

Receive interrupt enable

0 | Receive data full interrupt request (RXI) and receive error interrupt request (ERI) disabled

1 | Receive data full interrupt request (RXI) and receive error interrupt request (ERI) enabled

Transmit interrupt enable

0

Transmit data empty interrupt request (TXI) disabled

1

Transmit data empty interrupt request (TXI) enabled
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TDR—Transmit data register H'FFAB SCI3

Bit 7 6 5 4 3 2 1 0

‘ TDR7 ‘ TDR6 ‘ TDR5 ‘ TDR4 ‘ TDR3 ‘ TDR2 ‘ TDR1 ‘ TDRO ‘
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

Data for transfer to TSR
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SSR—Serial statusregister H'FFAC SCI3
Bit 7 6 5 4 3 2 1 0

\ TDRE \ RDRF \ OER \ FER \ PER \ TEND \ MPBR \ MPBT \
Initial value 1 0 0 0 0 1 0 0
Read/Write RI(W)  RIW) RIW) R/(W) RIW) R R RIW

— ]

Multiprocessor bit transfer

0 A 0 multiprocessor bit is transmitted

1 A 1 multiprocessor bit is transmitted

Multiprocessor bit receive

0 Data in which the multiprocessor bit is 0 has been received
1 Data in which the multiprocessor bit is 1 has been received

Transmit end

0 Transmission in progress
[Clearing conditions] « After reading TDRE = 1, cleared by writing 0 to TDRE
« When data is written to TDR by an instruction

1 Transmission ended
[Setting conditions]  * When bit TE in serial control register 3 (SCR3) is cleared to 0
« When bit TDRE is set to 1 when the last bit of a transmit character is sent

Parity error

0 Reception in progress or completed normally

[Clearing conditions] After reading PER = 1, cleared by writing 0 to PER

-

A parity error has occurred during reception

designated by the parity mode bit (PM) in the serial mode register (SMR)

[Setting conditions] When the number of 1 bits in the receive data plus parity bit does not match the parity

Framing error

0 Reception in progress or completed normally
[Clearing conditions] After reading FER = 1, cleared by writing 0 to FER
1 A framing error has occurred during reception

[Setting conditions] When the stop bit at the end of the receive data is checked for a value of 1 at completion of

reception, and the stop bit is 0

Overrun error

0 Reception in progress or completed
[Clearing conditions] After reading OER = 1, cleared by writing O to OER
1 An overrun error has occurred during reception

[Setting conditions] When the next serial reception is completed with RDRF set to 1

Receive data register full

0 There is no receive data in RDR
[Clearing conditions] « After reading RDRF = 1, cleared by writing 0 to RDRF
+ When RDR data is read by an instruction
1 There is receive data in RDR

[Setting conditions] When reception ends normally and receive data is transferred from RSR to RDR

Transmit data register empty

0

Transmit data written in TDR has not been transferred to TSR
[Clearing conditions] « After reading TDRE = 1, cleared by writing 0 to TDRE

* When data is written to TDR by an instruction

Transmit data has not been written to TDR, or transmit data written in TDR has been transferred to TSR
[Setting conditions] « When bit TE in serial control register 3 (SCR3) is cleared to 0

* When data is transferred from TDR to TSR

Note: * Only a write of O for flag clearing is possible.
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RDR—Receive data register H'FFAD SCI3
Bit 7 6 5 4 3 2 1 0
‘ RDR7 ‘ RDR6 ‘ RDR5 ‘ RDR4 ‘ RDR3 ‘ RDR2 ‘ RDR1 ‘ RDRO ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R R R R R R R R
TMA—Timer moderegister A H'FFBO Timer A
Bit 7 6 5 4 3 2 1 0
‘ TMA7 ‘ TMAG ‘ TMAS5 ‘ — ‘ TMA3 ‘ TMA2 ‘ TMAL ‘ TMAO ‘
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

Clock output select Internal clock select

0(0|0| @32 Prescaler and Divider Ratio
1| g/16 TMA3 | TMA2 | TMA1| TMAO | or Overflow Period Function
110/ e/8 0 0 0 0 | PSS /8192 Interval
11 g4 1 |Pss /4096 timer
1/0|0]| gy/32 1 0 PSS /2048
1| oy/16 1 PSS /512
10| oy/8 1 0 0 PSS 21256
1| oyl 1 PSS /128
1 0 PSS /32
1 PSS 2/8
1 0 0 0 PSW 1ls Time
1 | Psw 05s base
1 0 PSW 0.25s
1 PSW 0.03125 s
1 0 0 PSW and TCA are reset
1
1 0
1
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TCA—Timer counter A H'FFB1 Timer A
Bit 7 6 5 4 3 2 1 0
‘ TCA7 ‘ TCA6 ‘ TCA5 ‘ TCA4 ‘ TCA3 ‘ TCA2 ‘ TCAl ‘ TCAO ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R R R R R R R R
Count value
TMB1—Timer moderegister B1 H'FFB2 Timer B1
Bit 7 6 5 4 3 2 1 0
‘ TMB17 ‘ — ‘ — ‘ — ‘ — ‘ TMB12 ‘ TMB11 ‘ TMB10 ‘
Initial value 0 1 1 1 1 0 0 0
Read/Write R/W — — — — R/W R/W R/W
\

Auto-reload function select

0 | Interval timer function selected

1 | Auto-reload function selected

Clock select

0| 0|0 | Internal clock: 2/8192

Internal clock: @/2048

Internal clock: @/512

Internal clock: @/256

Internal clock: @/64

Internal clock: @/16

Internal clock: @/4

[y
o
ok |o|lkr|o|r

External event (TMIB): Rising or falling edge

380



TCB1—Timer counter B1 H'FFB3 Timer B1

Bit 7 6 5 4 3 2 1 0

‘ TCB17 ‘ TCB16 ‘ TCB15 ‘ TCB14 ‘ TCB13 ‘ TCB12 ‘ TCB11 ‘ TCB10 ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R R R R R R R R

Count value

TLB1—Timer load register B1 H'FFB3 Timer B1
Bit 7 6 5 4 3 2 1 0

‘ TLB17 ‘ TLB16 ‘ TLB15 ‘ TLB14 ‘ TLB13 ‘ TLB12 ‘ TLB11 ‘ TLB10 ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write W W W W w W W w

Reload value
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TCRVO—Timer control register VO H'FFB8 Timer V
Bit 7 6 5 4 3 2 1 0
‘ CMIEB ‘ CMIEA‘ OVIE ‘ CCLR1 ‘ CCLRO ‘ CKS2 ‘ CKS1 ‘ CKSO0 ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

— |

Clock select
TCRVO TCRV1
Bit2 |Bit1 |Bit0 | BitO Description
CKS2|CKS1|CKSO0|ICKSO
0 0 0 — | Clock input disabled
1 0 | Internal clock: /4, falling edge
1 | Internal clock: 2/8, falling edge
1 0 0 | Internal clock: /16, falling edge
1 | Internal clock: /32, falling edge
1 0 | Internal clock: g/64, falling edge
1 | Internal clock: /128, falling edge
1 0 0 — | Clock input disabled
1 — | External clock: rising edge
1 0 — | External clock: falling edge
1 — | External clock: rising and falling edges

Counter clear 1 and 0

0 | Clearing is disabled

Cleared by compare match A

1| Cleared by compare match B

Cleared by rising edge of external reset input

Timer overflow interrupt enable

0 | Interrupt request (OVI) from OVF disabled

1| Interrupt request (OVI) from OVF enabled

Compare match interrupt enable A
0 | Interrupt request (CMIA) from CMFA disabled
1 | Interrupt request (CMIA) from CMFA enabled

Compare match interrupt enable B
0 | Interrupt request (CMIB) from CMFB disabled
1| Interrupt request (CMIB) from CMFB enabled
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TCSRV—Timer control/statusregister V H'FFB9 Timer V
Bit 7 6 5 4 3 2 1 0
‘ CMFB ‘ CMFA ‘ OVF ‘ — ‘ 0S3 ‘ 0S2 ‘ OS1 ‘ 0Sso
Initial value 0 0 0 1 0 0 0 0
Read/Write RI(W)*  RIW)*  R/(W)*  — R/W R/W RIW R/W

Output select

0 | 0 | No change at compare match A

0 output at compare match A

1 output at compare match A

1
1|0
1 | Output toggles at compare match A

Output select

0 | 0 | No change at compare match B

0 output at compare match B

1 output at compare match B
Output toggles at compare match B

1
1/0
1

Timer overflow flag

0

[Clearing condition]
After reading OVF = 1, cleared by writing 0 to OVF

[Setting condition]
Set when TCNTV overflows from H'FF to H'00

Compare match flag A

0 | [Clearing condition]

After reading CMFA = 1, cleared by writing 0 to CMFA

1 | [Setting condition]

Set when the TCNTV value matches the TCORA value

Compare match flag B

0 | [Clearing condition]
After reading CMFB = 1, cleared by writing 0 to CMFB

1| [Setting condition]

Set when the TCNTV value matches the TCORB value

Note: * Only a write of O for flag clearing is possible.
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TCORA—Timeconstant register A H'FFBA Timer V

Bit 7 6 5 4 3 2 1 0
‘TCORA? ‘ TCORAG6 ‘ TCORAS‘ TCORA4‘ TCORA3 ‘ TCORA2 ‘ TCORA1 ‘ TCORAO ‘
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
TCORB—Time constant register B H'FFBB Timer V
Bit 7 6 5 4 3 2 1 0
‘TCORB?‘TCORBG‘TCORBS‘TCORB4‘TCORBS‘TCORBZ‘TCORBl‘TCORBO‘
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
TCNTV—Timer counter V H'FFBC Timer V
Bit 7 6 5 4 3 2 1 0
‘ TCNTV7 ‘ TCNTV6 ‘ TCNTVS‘ TCNTV4‘ TCNTV3 ‘ TCNTV2 ‘ TCNTV1 ‘ TCNTVO ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
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TCRV1—Timer control register V1 H'FFBD Timer V

Bit 7 6 5 4 3 2 1 0

‘ — ‘ — ‘ — ‘ TVEG1 ‘ TVEGO ‘ TRGE ‘ — ‘ ICKSO0 ‘
Initial value 1 1 1 0 0 0 1 0
Read/Write — — — R/W R/W R/W — R/W

Internal clock select

Selects the TCNTV clock source, with bits
CKS2 to CKSO0 in TCRVO

TRGV input enable

0 | TCNTV counting is not triggered by input at the TRGV pin, and
does not stop when TCNTV is cleared by compare match

1| TCNTV counting is triggered by input at the TRGV pin, and
stops when TCNTV is cleared by compare match

TRGV input edge select

0 | 0| TRGYV trigger input is disabled
1| Rising edge is selected
1|0 | Falling edge is selected
1 | Rising and falling edges are both selected
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TCSRW—Timer control/statusregister W H'FFBE Watchdog timer

Bit 7 6 5 4 3 2 1 0
‘ B6WI ‘ TCWE‘ B4WI ‘TCSRWE‘ B2wWI ‘WDON‘ BOWI ‘WRST‘

Initial value 1 0 1 0 1 0 1 0

Read/Write R RI(W)* R RI(W)* R RI(W)* R RI(W)*

Watchdog timer reset

0 | [Clearing conditions]

« Reset by RES pin

* When TCSRWE =1, and 0 is written in both BOWI and WRST
1 | [Setting condition]

When TCW overflows and a reset signal is generated

Bit O write inhibit
0 | Bit O is write-enabled
1| Bit O is write-protected

Watchdog timer on
0 | Watchdog timer operation is disabled
1 | Watchdog timer operation is enabled

Bit 2 write inhibit
0 | Bit 2 is write-enabled
1| Bit 2 is write-protected

Timer control/status register W write enable
0 | Data cannot be written to TCSRW bits 2 and 0
1 | Data can be written to TCSRW bits 2 and 0

Bit 4 write inhibit
0 | Bit 4 is write-enabled
1 | Bit 4 is write-protected

Timer counter W write enable
0 | Data cannot be written to TCW bit 8

1 | Data can be written to TCW bit 8

Bit 6 write inhibit
0 | Bit 6 is write-enabled
1 | Bit 6 is write-protected

Note: * Write is permitted only under certain conditions.
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TCW—Timer counter W H'FFBF Watchdog timer

Bit 7 6 5 4 3 2 1 0
‘ TCW7 ‘ TCW6 ‘ TCW5 ‘ TCW4 ‘ TCW3 ‘ TCW2 ‘ TCW1 ‘ TCWO ‘
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
Count value
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AMR—A/D moderegister H'FFC4 A/D converter
Bit 7 6 5 4 3 2 1 0
‘ CKS ‘ TRGE ‘ — ‘ — CH3 ‘ CH2 ‘ CH1 ‘ CHO ‘
Initial value 0 0 1 1 0 0 0 0
Read/Write R/W R/W — — R/W R/W R/W R/W

Channel select

Bit3 | Bit2 | Bitl | BitO
CH3 | CH2 | CH1 | CHO | Analog Input Channel
0 0 * * No channel selected
1 0 0 ANg
1 AN
1 0 AN >
1 AN3
1 0 0 0 AN4
1 AN5
1 0 | ANg
1 AN~
1 0 0 Reserved
0 1 Reserved
1 0 Reserved
1 1 Reserved

External trigger select

* Don’t care

0 | Disables start of A/D conversion by external trigger

1 | Enables start of A/D conversion by rising or falling edge
of external trigger at pin ADTRG

Clock select

Bit 7 Conversion Time
CKS | Conversion Period | =2 MHz | g =5 MHz
0 |62/g 31lpus 12.4 ys

1 | 3l/e 15.5 us —1

Note: * Operation is not guaranteed with a conversion time of less than 12.4 us.
Select a setting that gives a conversion time of 12.4 us or more.
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ADRR—A/D result register H'FFC5 A/D converter

Bit 7 6 5 4 3 2 1 0

‘ ADR7 ‘ ADR6 ‘ ADRS5 ‘ ADR4 ‘ ADR3 ‘ ADR2 ‘ ADR1 ‘ ADRO ‘
Initial value Not fixed Not fixed Not fixed Not fixed Not fixed Not fixed Not fixed Not fixed
Read/Write R R R R R R R R

A/D conversion result

ADSR—A/D start register H'FFC6 A/D converter

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

Initial value 0 1 1 1 1 1 1 1

Read/Write R/W — — — — — — —
f

A/D status flag

0 | Read | Indicates completion of A/D conversion
Write | Stops A/D conversion

1 | Read | Indicates A/D conversion in progress
Write | Starts A/D conversion
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PWCR—PWM control register H'FFDO 14-bit PWM

Bit 7 6 5 4 3 2 1 0
I B B R e R =)

Initial value 1 1 1 1 1 1 1 0
Read/Write — — — — — — — w
I

Clock select

0 | The input clock is @/2 (te* = 2/@). The conversion period is 16,384/g,
with a minimum modulation width of 1/g.

1| The input clock is @/4 (tg* = 4/@). The conversion period is 32,768/g,
with a minimum modulation width of 2/a.

Note: * tg: Period of PWM input clock

PWDRU—PWM data register U H'FFD1 14-bit PWM
Bit 7 6 5 4 3 2 1 0

‘ — ‘ — ‘ PWDRU5 ‘ PWDRU4 ‘ PWDRU3 ‘ PWDRU2 ‘ PWDUR1 ‘ PWDRUO ‘
Initial value 1 1 0 0 0 0 0 0
Read/Write — — W W W W W W

Upper 6 bits of data for generating PWM waveform

PWDRL—PWM dataregister L H'FFD2 14-bit PWM
Bit 7 6 5 4 3 2 1 0

‘ PWDRL7 ‘ PWDRLG‘ PWDRL5 ‘ PWDRL4 ‘ PWDRL3 ‘ PWDRL2 ‘ PWDRL1 ‘ PWDRLO ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write w w W w W w W w

Lower 8 bits of data for generating PWM waveform
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PDR1—Port data register 1 H'FFD4 /O ports
Bit 7 6 5 4 3 2 1 0
‘ P1, ‘ Plg Pig ‘ P1, P1, ‘ P1, ‘ PL, P1, ‘
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
PDR2—Port data register 2 H'FFD5 I/O ports
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
PDR3—Port data register 3 H'FFD6 I/0O ports
Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ P35 ‘ P3, P33 ‘ P3, ‘ P3; P3, ‘

Initial value 0 0 0 0 0 0 0 0
Read/Write — — R/W R/W R/W R/W R/W R/W
PDR5—Port data register 5 H'FFD8 I/O ports

Bit 7 6 5 4 3 2 1 0

‘ P5, ‘ PS5 P5s P5, P5; ‘ P5, P5, ‘ P5 ‘

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
PDR6—Port data register 6 H'FFD9 /O ports

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
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PDR7—Port dataregister 7 H'FFDA I/O ports

Bit 7 6 5 4 3 2 1 0
‘ P74 ‘ P7¢ ‘ P7g ‘ P7, ‘ P75 ‘ P7, ‘ P7, ‘ P7, ‘
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
PDR8—Port dataregister 8 H'FFDB I/0O ports
Bit 7 6 5 4 3 2 1 0
‘ P8, ‘ P8g ‘ P8y ‘ P8, ‘ P8, ‘ P8, ‘ P8, ‘ P8, ‘
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
PDR9—Port dataregister 9 H'FFDC I/0 ports
Bit 7 6 5 4 3 2 1 0
— | — | — | po, | Pe | Py, | Py | Py
Initial value 0 0 0 0 0 0 0 0
Read/Write — — — R/W R/W R/W R/W R/W
PDRB—Port data register B H'FFDD I/O ports
Bit 7 6 5 4 3 2 1 0
‘ PB-, ‘ PBg ‘ PBg ‘ PB, ‘ PB, ‘ PB, ‘ PB4 ‘ PBg ‘
Initial value
Read/Write R R R R R R R R
PCR1—Port control register 1 H'FFE4 I/O ports
Bit 7 6 5 4 3 2 1 0
‘ PCR1, ‘ PCR1, ‘ PCR1s ‘ PCR1, ‘ PCRlS‘ PCRlZ‘ PCRll‘ PCR1, ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write w w w w w w W w

Port 1 input/output select
0 | Input pin
1| Output pin
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PCR2—Port control register 2 H'FFE5 I/0O ports

Bit 7 6 5 4 3 2 1 0

‘ PCR27‘ PCRZG‘ PCR25‘ PCR2, ‘ PCR2, ‘ PCR2, ‘ PCR2; ‘ PCR2, ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write W W w w W W w W

Port 2 input/output select

0 | Input pin
1 | Output pin
PCR3—Port control register 3 H'FFE6 I/0O ports
Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ PCR35‘ PCR34‘ PCR33‘ PCR3, ‘ PCR3,; ‘ PCR3, ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write — — w W W w w w
PCR5—Port control register 5 H'FFES8 [/0O ports
Bit 7 6 5 4 3 2 1 0
‘ PCR5; ‘ PCR5¢ ‘ PCR5g ‘ PCR5, ‘ PCR53 ‘ PCRS5, ‘ PCR5; ‘ PCR5g ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write W W w W w W W w

Port 5 input/output select
0 | Input pin
1| Output pin
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PCR6—Port control register 6 H'FFE9 1/0O ports

Bit 7 6 5 4 3 2 1 0

‘ PCR6, ‘ PCR66‘ PCR65 ‘ PCR6 4 ‘ PCR6 5 ‘ PCR6, ‘ PCR6 4 ‘ PCR6 ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write w w w w w w w w

Port 6 input/output select

0 | Input pin
1| Output pin
PCR7—Port control register 7 H'FFEA I/O ports
Bit 7 6 5 4 3 2 1 0
‘ PCR7, ‘ PCR7g ‘ PCR7g ‘ PCR7, ‘ PCR75 ‘ PCR72‘ PCR?l‘ PCRT7, ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write W W W W W w w W

Port 7 input/output select

0 | Input pin
1| Output pin
PCR8—Port control register 8 H'FFEB I/O ports
Bit 7 6 5 4 3 2 1 0
‘ PCRS8, ‘ PCR8g ‘ PCR8g ‘ PCR8, ‘ PCR8; ‘ PCRS8, ‘ PCR8; ‘ PCRS, ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write W W w W W W W W

Port 8 input/output select
0 | Input pin
1 | Output pin
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PCR9—Port control register 9 H'FFEC I/0O ports

Bit 7 6 5 4 3 2 1 0

‘ — ‘ — ‘ — ‘ PCR94‘ PCR93‘ PCR9, ‘ PCR9, ‘ PCR9, ‘
Initial value 1 1 0 0 0 0 0 0
Read/Write — — — w w w w w

Port 9 input/output select

0 | Input pin
1| Output pin
PUCR1—Port pull-up control register 1 H'FFED I/0O ports
Bit 7 6 5 4 3 2 1 0
‘PUCR17‘ PUCRI1g ‘ PUCR1g ‘ PUCR1, ‘ PUCRls‘ PUCRlZ‘ PUCRll‘PUCRlo ‘
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
PUCR3—Port pull-up control register 3 H'FFEE I/O ports
Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ PUCRSS‘ PUCR34‘ PUCR33‘ PUCR3, ‘PUCRSl‘PUCRBO‘
Initial value 0 0 0 0 0 0 0 0
Read/Write — — R/W R/W R/W R/W R/W R/W
PUCR5—Port pull-up control register 5 H'FFEF I/0O ports
Bit 7 6 5 4 3 2 1 0
‘ PUCR57‘ PUCRSS‘ PUCRSS‘ PUCR5, ‘ PUCR5, ‘PUCRSZ ‘ PUCRS5, ‘ PUCR5, ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
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SYSCR1—System control register 1 H'FFFO System control
Bit 7 6 5 4 3 2 1 0
‘ SSBY ‘ STS2 ‘ STS1 ‘ STSO ‘ LSON ‘ — ‘ MA1 ‘ MAO
Initial value 0 0 0 0 0 1 1 1
Read/Write R/W R/W R/W R/W R/W — R/W R/W
Active (medium-speed)
mode clock select
0|0 | Bosc/16
01| dosc/32
1|0 | Gosc/64
11| Posc/128
Low speed on flag
0 | The CPU operates on the system clock (@)
1 | The CPU operates on the subclock (gsyg)
Standby timer select
0| 0| 0| Wait time = 8,192 states
1 | Wait time = 16,384 states
1|0 | Wait time = 32,768 states
1 | Wait time = 65,536 states
1|~*|*| Waittime =131,072 states

Software standby

made to sleep mode

0 | * When a SLEEP instruction is executed in active mode, a transition is

*« When a SLEEP instruction is executed in subactive mode, a transition
is made to subsleep mode

1|+ When a SLEEP instruction is executed in active mode, a transition is
made to standby mode or watch mode

*« When a SLEEP instruction is executed in subactive mode, a transition
is made to watch mode

Note: * Don't care
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SY SCR2—System control register 2 H'FFF1 System control

Bit

Initial value
Read/Write

7 6 5 4 3 2 1 0
‘ — ‘ — ‘ — ‘ NESEL‘ DTON ‘ MSON ‘ SAl ‘ SAO ‘
1 1 1 0 0 0 0 0

— — — RW RW RW  RW  RW
\

Direct transfer on flag

Medium speed on flag

Subactive mode clock select
00| @y/8

1| gyl/4

1| oawl/2

0 | « Operates in active (high-speed) mode after exit from standby, watch, or sleep
mode

Operates in sleep (high-speed) mode if a SLEEP instruction is executed in
active mode

1| « Operates in active (medium-speed) mode after exit from standby, watch,

or sleep mode

Operates in sleep (medium-speed) mode if a SLEEP instruction is executed
in active mode

0 | = When a SLEEP instruction is executed in active mode, a transition is
made to standby mode, watch mode, or sleep mode
When a SLEEP instruction is executed in subactive mode, a transition is
made to watch mode or subsleep mode

1 When a SLEEP instruction is executed in active (high-speed) mode, a direct

transition is made to active (medium-speed) mode if SSBY = 0, MSON =1, and
LSON =0, or to subactive mode if SSBY =1, TMA3 =1, and LSON =1

When a SLEEP instruction is executed in active (medium-speed) mode, a direct
transition is made to active (high-speed) mode if SSBY = 0, MSON = 0, and
LSON = 0, or to subactive mode if SSBY =1, TMA3 =1, and LSON =1

When a SLEEP instruction is executed in subactive mode, a direct

transition is made to active (high-speed) mode if SSBY =1, TMA3 =1, LSON =0,
and MSON = 0, or to active (medium-speed) mode if SSBY =1, TMA3 =1,

LSON =0,and MSON =1

Noise elimination sampling frequency select

0

Sampling rate is Gosc/16

1

Sampling rate is Gpsc/4

Note: * Don’t care
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IEGR1—Interrupt edge select register 1 H'FFF2 System control

Bit 7 6 5 4 3 2 1 0

‘ — ‘ — ‘ — ‘ — ‘ IEG3 ‘ IEG2 ‘ IEG1 ‘ IEGO ‘
Initial value 0 1 1 1 0 0 0 0
Read/Write — — — — R/W R/W R/W R/W

IRQq edge select
0 | Falling edge of IRQgq pin input is detected
1 | Rising edge of IRQq pin input is detected

IRQ, edge select

0

Falling edge of IRQ4 pin input is detected

1

Rising edge of IRQ; pin input is detected

IRQ, edge select

0 | Falling edge of IRQ, pin input is detected

1 | Rising edge of IRQ, pin input is detected

IRQ3 edge select

0

Falling edge of IRQ3 pin input is detected

1

Rising edge of IRQ3 pin input is detected
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|[EGR2—Interrupt edge select register 2 H'FFF3 System control

Bit 7 6 5 4 3 2 1 0

‘ INTEG7 ‘ INTEGG‘ INTEGS‘ INTEG4‘ INTEG3 ‘ INTEG2 ‘ INTEG1 ‘ INTEGO ‘
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

INT4 to INTg edge select

0 | Falling edge of INT,, pin input is detected

1 | Rising edge of INT,, pin input is detected
(n=4100)

INT5 edge select

0 | Falling edge of INT5 and ADTRG pin input is detected

1 | Rising edge of INT5 and ADTRG pin input is detected

(n=51t00)
INTg edge select

0 | Falling edge of INTg and TMIB pin input is detected
1 | Rising edge of INTg and TMIB pin input is detected

INT, edge select
0 | Falling edge of INT; and TMIY pin input is detected
1 | Rising edge of INT; and TMIY pin input is detected
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IENR1—Interrupt enableregister 1 H'FFF4 System control

Bit 7 6 5 4 3 2 1 0

‘ IENTBl‘ IENTA ‘ — ‘ — ‘ IEN3 ‘ IEN2 ‘ IEN1 ‘ IENO ‘
Initial value 0 0 0 1 0 0 0 0
Read/Write R/W R/W — — R/W R/W R/W R/W

IRQ3 to IRQq interrupt enable
0 | Disables IRQ3 to IRQq interrupt requests
1 | Enables IRQ3 to IRQq interrupt requests

Timer A interrupt enable
0 | Disables timer A interrupt requests
1 | Enables timer A interrupt requests

Timer B1 interrupt enable
0 | Disables timer B1 interrupt requests
1| Enables timer B1 interrupt requests
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|ENR2—Interrupt enableregister 2 H'FFF5 System control

Bit 7 6 5 4 3 2 1 0

‘ IENDT ‘ IENAD‘ — ‘ IENS1 ‘ — ‘ — ‘ — ‘ — ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W — R/W — — — —

SCI1 interrupt enable
0 | Disables SCI1 interrupt requests
1 | Enables SCI1 interrupt requests

A/D converter interrupt enable
0 | Disables A/D converter interrupt requests

1 | Enables A/D converter interrupt requests

Direct transfer interrupt enable
0 | Disables direct transfer interrupt requests
1 | Enables direct transfer interrupt requests

|ENR3—Interrupt enableregister 3 H'FFF6 System control
Bit 7 6 5 4 3 2 1 0

‘ INTEN7 ‘ INTENG6 ‘ INTENS‘ INTEN4‘ INTEN3 ‘ INTEN2 ‘ INTEN1 ‘ INTENO ‘
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

INT; to INTg interrupt enable
0 | Disables INT7 to INT interrupt requests
1 | Enables INT; to INTq interrupt requests
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IRR1—Interrupt request register 1 H'FFF7 System control

Bit

Initial value
Read/Write

7 6 5 4 3 2 1 0
MRRTBl‘IRRTA‘ — \ — ‘IRRB ‘IRRQ ‘IRRH ‘IRRW \
0 0 0 1 0 0 0 0
RIW* RIW* — — RW* RMW* RW* RMW*

JT

IRQ3 to IRQq interrupt request flag

0

[Clearing condition]
When IRRIn =1, it is cleared by writing O

[Setting condition]
When pin IRQn is set for interrupt input and the designated signal
edge is input

(n=3100)

Timer A interrupt request flag

0

[Clearing condition]
When IRRTA =1, it is cleared by writing O

[Setting condition]
When timer counter A overflows from H'FF to H'00

Timer Bl interrupt request flag

0

[Clearing condition]

When IRRTB1 = 1, it is cleared by writing O

[Setting condition]

When timer counter B1 overflows from H'FF to H'00

Note: * Only a write of O for flag clearing is possible.
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IRR2—Interrupt request register 2 H'FFF8 System control

Bit 7 6 5 4 3 2 1 0

‘ IRRDT ‘ IRRAD ‘ — ‘ IRRS1 ‘ — ‘ — ‘ — ‘ —
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W* R/W* — R/W™ — — — —

-

SCI1 interrupt request flag
0| [Clearing condition]
When IRRS1 =1, it is cleared by writing 0

1| [Setting condition]
When an SCI1 transfer is completed

A/D converter interrupt request flag
0| [Clearing condition]
When IRRAD =1, it is cleared by writing O

[Setting condition]
When A/D conversion is completed and ADSF is cleared to 0 in ADSR

[EnY

Direct transfer interrupt request flag

0 | [Clearing condition]
When IRRDT = 1, it is cleared by writing 0

1| [Setting condition]
A SLEEP instruction is executed when DTON = 1 and a direct transfer is made

Note: * Only a write of O for flag clearing is possible.
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IRR3—Interrupt request register 3 H'FFF9 System control

7 6 5 4 3 2 1 0
\ INTE7 \ INTF6 \ INTF5 \ INTF4 \ INTE3 \ INTE2 \ INTF1 \ INTFO \

tial value 0 0 0 0 0 0 0 0
sad/Write RW* RW* RW* RMW RW* RW* RW* RW*

INT to INTq interrupt request flag

0 | [Clearing condition]

When INTF,, = 1, it is cleared by writing O

1 | [Setting condition]

When the designated signal edge is input at pin INT,,
(n=7100)

te: * Only a write of O for flag clearing is possible.
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Bit

Initial value

PMR1—Port moderegister 1 H'FFFC I/O ports
7 6 5 4 3 2 1 0
‘ IRQ3 ‘ IRQ2 ‘ IRQ1 ‘ PWM ‘ — ‘ — ‘ — ‘ TMOW ‘
0 0 0 0 0 1 0 0
R/W R/W R/W R/W — — — EIVL

Read/Write

— ]

P1o/TMOW pin function switch

0 | Functions as P1; I/O pin

1 | Functions as TMOW output pin

P1,/PWM pin function switch
0 | Functions as P1,4 I/O pin
1| Functions as PWM output pin

P15/IRQq pin function switch
0 | Functions as P15 I/O pin
1 | Functions as IRQ; input pin

P16/IRQ, pin function switch
0 | Functions as P1¢ I/O pin
1| Functions as IRQ, input pin

P1,/IRQ3/TRGV pin function switch

0

Functions as P1; I/O pin

1

Functions as IRQ3/TRGV input pin
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PMR3—Port mode register 3 H'FFFD I/0O ports
Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ — ‘ — ‘ — ‘ SO1 ‘ Si1 ‘ SCK1 ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write — — — — — R/W R/W R/W

P3¢/SCK, pin function switch

0 | Functions as P3( I/O pin

1 | Functions as SCK; I/O pin

P34/Sl; pin function switch

0 | Functions as P3; I/O pin

1 | Functions as Sl4 input pin

P3,/S0O; pin function switch

0 | Functions as P3, I/O pin

1 | Functions as SO, output pin

PMR7—Port mode register 7 H'FFFF I/O ports
Bit 7 5 4 3 2 1 0
- - - -~ [me | — [pom]
Initial value 1 1 1 1 0 0 0
Read/Write — — — — R/W — R/W

P3,/SO; pin PMOS control

0 | CMOS output

1 | NMOS open-drain output

P2,/TXD pin function switch (TXD)

0

Functions as P2, I/O pin

1

Functions as TXD output pin
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Appendix C /O Port Block Diagrams

C.1 Block Diagramsof Port 1

SBY RES
(low level
during reset
and in standby
mode) 18 PUCR1,
Vcc >
Vee $
o | PMR1;
I
Internal
Vss »—| PCR1
l/
J%p—» IRQ3

Timer V module

PDR1: Port data register 1 ! TRGV
PCR1: Port control register 1 !
PMR1: Port mode register 1 L
PUCR1: Port pull-up control register 1

FigureC-1(a) Port 1 Block Diagram (Pin P1;)
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PDR1:
PCR1:
PMR1:
PUCRL:

SBY E
(low level
during reset

]

and in standby
mode) 18 PUCR1g
Vee .
Vee %
[ PMRLg
>—Q<} PDR1g
Vss +— PCRlg [«
l/

Port data register 1

Port control register 1

Port mode register 1

Port pull-up control register 1

Internal
data bus

FigureC-1 (b)

Port 1 Block Diagram (Pin Plg)
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PDR1:
PCR1:
PMR1:
PUCRL:

SBY

|

By}
m
(]

(low level during
reset and in
standby mode)
zﬁ ; PUCR1g =
Vee
| PMR1s |« -
® <II Internal
PDR1
Vss »— PCR1j
[/

42@—>WQ1

Port data register 1

Port control register 1

Port mode register 1

Port pull-up control register 1

FigureC-1(c) Port 1 Block Diagram (Pin Plg)
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PDR1:
PCR1:
PMR1:
PUCR1:

SBY

(low level during
reset and in
standby mode)

Port data register 1

Port control register 1

Port mode register 1

Port pull-up control register 1

PUCR1,4
Vee
- !
| PMR1,4
PDR1,4
VSS " PCR14
l/

Internal
data bus

Figure C-1(d)

Port 1 Block Diagram (Pin P1,)
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|

SBY
(low level during
reset and in

s}
m
(7]

standby mode)
18 PUCR1,
Vee
Vee 1
Q |
P1, ._Q<} PDR1, |«
Vss »— PCR1,
l/

PDR1: Port data register 1
PCR1: Port control register 1
PUCRL1: Port pull-up control register 1

n=3to1

Internal
data bus

FigureC-1 (e

Port 1 Block Diagram (Pins P15 to P1,)
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PDR1:
PCR1:
PMR1:
PUCR1:

SBY

(low level during
reset and in
standby mode)

PUCR1g
© oG
|o—QO—< PMR1,
PDR1,
Vas +— PCR1,
l/

Port data register 1

Port control register 1

Port mode register 1

Port pull-up control register 1

Internal
data bus

Figure C-1 ()

Port 1 Block Diagram (Pin P1lg)
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C.2 Block Diagramsof Port 2

PDR2:
PCR2:

n=7to3

SBY
(low level during
reset and in
standby mode)

Vee
I@
O<} PDR2,
VSS | PCRZn
l/

Port data register 2
Port control register 2

Internal
data bus

FigureC-2(a) Port 2 Block Diagram (Pins P2; to P23)
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PMR7,
sci3
v,
e {& module
'“qo—< { TXD
PDR2 Internal
VSS >—| PCR22 -
l/

PDR2: Port data register 2
PCR2: Port control register 2
PMR7: Port mode register 7

FigureC-2 (b) Port 2 Block Diagram (Pin P2,)
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PDR2:
PCR2:

Vee

SCI3
module

O<} PDR2;

— PCR21

Port data register 2
Port control register 2

Internal
data bus

FigureC-2 (c)

Port 2 Block Diagram (Pin P2,)
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PDR2:
PCR2:

SCI3
module

{ SCKIE

! SCKOE

PDR2
Vss | PCR2
l/
\ D

Port data register 2
Port control register 2

; SCKO

Internal
data bus

FigureC-2(d) Port 2 Block Diagram (Pin P2y)
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C.3 Block Diagramsof Port 3

SBY RES
(low level during
reset and in
standby mode)
j i PUCR3,
Vee
Vee 1
Q |
|
P3n —O< PDR3, |«
Vss »— PCR3,
l/

PDR3: Port data register 3
PCR3: Port control register 3
PUCRS3: Port pull-up control register 3

n=5to 3

Internal
data bus

FigureC-3(a) Port 3 Block Diagram (Pins P35 to P33)
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PDR3:
PCR3:
PMR3:
PMR7:
PUCRS3:

RES
SBY
(low level during
reset and in PMR7o
standby mode)
PUCR3,
>
|<}QO—< PMR3,
PDR3,
Vss PCR3,
[/

Port data register 3

Port control register 3

Port mode register 3

Port mode register 7

Port pull-up control register 3

Internal
data bus

FigureC-3 (b) Port 3 Block Diagram (Pin P3,)
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PDR3: Port data register 3

PCR3: Port control register 3
PMR3: Port mode register 3
PUCRS3: Port pull-up control register 3

SBY RES
(low level
during reset
and in standby
mode) 18 PUCR3;
|o—@©—< PMR3;
® <II Internal
Vss »— PCR3;
L~ sci1
module
I B :
} SI1

FigureC-3(c)

Port 3 Block Diagram (Pin P3,)
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SBY

(low level during
reset and in
standby mode)

sl
m
(7]

SCI1
module

PUCR3g

PMR3,

Vss

B

PDR3g

+— PCR3g

PDR3: Port data register 3
PCR3: Port control register 3
PMR3: Port mode register 3

PUCR3: Port pull-up control register 3

Internal data bus

D

Figure C-3(d)

Port 3 Block Diagram (Pin P3p)
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C.4 Block Diagramsof Port 5

SBY
(low level RES
during reset
and in standby
mode) 18 PUCRS;,
Vee
Ve —(
. -
|
PS5, ._@<} PDR5;,
VSS — PCR5n
[/

Internal data bus

INT
module

n=7,4t00

PDR5: Port data register 5
PCR5: Port control register 5
PUCRS5: Port pull-up control register 5

FigureC-4 (a) Port 5Block Diagram (Pins P5; and P5, to P5)
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SBY

(low level
during reset
and in standby
mode)

<@

PUCRS5g

Vss

PDR5g

PCR5g

PDR5: Port data register 5
PCR5: Port control register 5
PUCRS5: Port pull-up control register 5

Internal data bus

Timer B1
module

INT

module

Figure C-4 (b) Port 5 Block Diagram (Pin P5)
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SBY

(low level
during reset

o]
m
(%]

and in standby
mode) 18 PUCRS5;5
Vee
T —(|
»—o<} PDR5s
—C1
Vas +—| PCRS5s
L~

Internal data bus

— ADTRG

INT

PDR5: Port data register 5
PCR5: Port control register 5
PUCRS5: Port pull-up control register 5

module

FigureC-4 (¢)

Port 5 Block Diagram (Pin P55)
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C.5 Block Diagram of Port 6

Vee

SBY
(low level during reset
and in standby mode)

PDR6: Port data register 6
PCR6: Port control register 6

n=7t00

O<} PDR6,,
Vss +— PCRS6,
l/

Internal
data bus

FigureC-5

Port 6 Block Diagram (Pins P6; to P6)
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C.6 Block Diagramsof Port 7

SBY
(low level during reset
and in standby mode)

Vee

7, QQ PDR7,

Vss +—| PCR7, |=

PDR7: Port data register 7
PCR7: Port control register 7

n=7or3t00

Internal
data bus

FigureC-6 (a) Port 7 Block Diagram (Pins P7; and P73 to P7g)
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SBY
(low level during reset
and in standby mode)

Vee

Timer V
module

PDR7: Port data register 7
PCR7: Port control register 7

PDR7g
Vss PCR7g
l/

Internal
data bus

Figure C-6 (b) Port 7 Block Diagram (Pin P7g)
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SBY

(low level during reset
and in standby mode)

i ]

o~
OQ PDR75
VSS * PCR75
l/

PDR7: Port data register 7
PCR7: Port control register 7

Internal
data bus

FigureC-6 (c) Port 7 Block Diagram (Pin P7s)
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SBY
(low level during reset
and in standby mode)

i —(]

Y

Q<} PDR7,4 Internal

Vss 4| PCR74

L~ Timer V
module

PDR7: Port data register 7
PCR7: Port control register 7

Figure C-6 (d) Port 7 Block Diagram (Pin P7,)
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C.7 Block Diagramsof Port 8

Vee

SBY
(low level during reset
and in standby mode)

Vss

PDRS;

PCRS;

PDRS8: Port data register 8
PCR8: Port control register 8

Internal
data bus

FigureC-7(a) Port 8 Block Diagram (Pin P8;)
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SBY
(low level during reset
and in standby mode)

P8 PDR8g Internal

+—| PCRSg

L Timer X
module

PDRS8: Port data register 8
PCR8: Port control register 8

Figure C-7 (b) Port 8 Block Diagram (Pin P8g)

430




SBY
(low level during reset
and in standby mode)

P8s O<} PDRS8s Internal

+—| PCRS; |«

PDRS8: Port data register 8
PCRS8: Port control register 8

FigureC-7 (c) Port 8 Block Diagram (Pin P8s)
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SBY
(low level during reset
and in standby mode)

-]
P8, Q<} PDR8, Internal
VSS >— PCR84 i
| Timer X
module

PDRS8: Port data register 8
PCRS8: Port control register 8

FigureC-7 (d) Port 8 Block Diagram (Pin P8,)
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SBY
(low level during reset
and in standby mode)

¢ (]

Vss

PDR8;

PCR83

PDRS8: Port data register 8
PCRS8: Port control register 8

Internal
data bus

Timer X
module

FigureC-7 (e)

Port 8 Block Diagram (Pin P83)
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SBY
(low level during reset
and in standby mode)

Timer X
Vee _Mmodule
' FTOB
P8, PDR8,
Vss ¢+ PCR8, Internal
data bus
l/

PDRS8: Port data register 8
PCRS8: Port control register 8

Figure C-7 (f) Port 8 Block Diagram (Pin P8,)
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SBY
(low level during reset
and in standby mode)

Timer X
Vee module

PDRS;
Vss s PCR8; Internal
data bus
l/

PDRS8: Port data register 8
PCRS8: Port control register 8

FigureC-7(g) Port 8 Block Diagram (Pin P8,)
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SBY
(low level during reset
and in standby mode)

& (]

O<} PDRS8, Internal

+— PCR8g

Y

Vss

Timer X
module

PDRS8: Port data register 8
PCRS8: Port control register 8

Figure C-7 (h) Port 8 Block Diagram (Pin P8p)
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C.8 Block Diagram of Port 9

Vee

SBY
(low level during reset
and in standby mode)

Vss

»—QQ PDROY;,

+— PCROY,

]

PDR9: Port data register 9
PCR9: Port control register 9

n=4to0

L~

Internal
data bus

FigureC-8

Port 9 Block Diagram (Pins P9, to P9y)
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C.9 Block Diagram of Port B

PBp

DEC

Internal
data bus

A/D module

n=7t0

L
S

FigureC-9 Port B Block Diagram (Pins PB to PBg)
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Appendix D Port Statesin the Different Processing States

TableD-1 Port States Overview

Port Reset Sleep Subsleep Standby  Watch Subactive Active

P1;to High Retained Retained High Retained  Functions Functions

Pl impedance impedance*

P2, to P2, High Retained Retained High Retained  Functions Functions
impedance impedance

P35 to P3; High Retained Retained High Retained  Functions Functions
impedance impedance*

P5; to P5, High Retained Retained High Retained  Functions Functions
impedance impedance*

P6, to P6y High Retained Retained High Retained  Functions Functions
impedance impedance

P7,to P7, High Retained Retained High Retained  Functions Functions
impedance impedance

P8, to P8y High Retained Retained High Retained  Functions Functions
impedance impedance

P9, to P9y High Retained Retained High Retained  Functions Functions
impedance impedance

PB; to PBy, High High High High High High High

impedance impedance impedance impedance impedance impedance impedance

Note: * High level output when MOS pull-up is in on state.
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Appendix E Product Code Lineup

TableE-1 Product Lineup

Package (Hitachi

Product Type Product Code Mark Code Package Code)
H8/3657 ZTAT Standard  HD6473657W HD6473657W 80-pin TQFP (TFP-80C)
products 156473657 HD6473657X 80-pin TQFP (TFP-80F)
HD6473657H HD6473657H 80-pin QFP (FP-80A)
HD6473657F HD6473657F 80-pin QFP (FP-80B)
Mask ROM HD6433657W HD6433657(**)W  80-pin TQFP (TFP-80C)
version HD6433657X HD6433657(**)X  80-pin TQFP (TFP-80F)
HD6433657H HD6433657(**)H  80-pin QFP (FP-80A)
HD6433657F HD6433657(**)F  80-pin QFP (FP-80B)
H8/3656 Mask ROM HD6433656W HD6433656(**)W  80-pin TQFP (TFP-80C)
version HD6433656X HD6433656(**)X  80-pin TQFP (TFP-80F)
HD6433656H HD6433656(**)H  80-pin QFP (FP-80A)
HD6433656F HD6433656(**)F  80-pin QFP (FP-80B)
H8/3655 Mask ROM HD6433655W HD6433655(**)W  80-pin TQFP (TFP-80C)
version HD6433655X HD6433655(**)X  80-pin TQFP (TFP-80F)
HD6433655H HD6433655(**)H  80-pin QFP (FP-80A)
HD6433655F HD6433655(**)F  80-pin QFP (FP-80B)
H8/3654 Mask ROM HD6433654W HD6433654(**)W  80-pin TQFP (TFP-80C)
version HD6433654X HDG6433654(**)X  80-pin TQFP (TFP-80F)
HD6433654H HD6433654(**H  80-pin QFP (FP-80A)
HD6433654F HD6433654(**)F  80-pin QFP (FP-80B)
H8/3653 Mask ROM HD6433653W HD6433653(**)W  80-pin TQFP (TFP-80C)
version HD6433653X HD6433653(**)X  80-pin TQFP (TFP-80F)
HD6433653H HD6433653(**)H  80-pin QFP (FP-80A)
HD6433653F HD6433653(**)F  80-pin QFP (FP-80B)
H8/3652 Mask ROM HD6433652W HD6433652(**)W  80-pin TQFP (TFP-80C)
version HD6433652X HD6433652(**)X  80-pin TQFP (TFP-80F)
HD6433652H HD6433652(**)H  80-pin QFP (FP-80A)
HD6433652F HD6433652(**)F  80-pin QFP (FP-80B)

Note: (***) indicates the ROM code.
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Appendix F Package Dimensions

Dimensional drawings of H8/3657 Series packages TFP-80C, TFP-80F, FP-80A, and FP-80B are
shown in figures F-1 to F-4 below.

Note: In case of inconsistencies arising within figures, dimensional drawings listed in the Hitachi
Semiconductor Packages Manual take precedence and are considered correct.
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