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Notice

When using this document, keep the following in mind:
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2.

This document may, wholly or partialy, be subject to change without notice.

All rights are reserved: No oneis permitted to reproduce or duplicate, in any form, the whole
or part of this document without Hitachi’s permission.

Hitachi will not be held responsible for any damage to the user that may result from accidents
or any other reasons during operation of the user’s unit according to this document.

Circuitry and other examples described herein are meant merely to indicate the characteristics
and performance of Hitachi’s semiconductor products. Hitachi assumes no responsibility for
any intellectual property claims or other problems that may result from applications based on
the examples described herein.

No licenseis granted by implication or otherwise under any patents or other rights of any third
party or Hitachi, Ltd.

MEDICAL APPLICATIONS: Hitachi’s products are not authorized for usein MEDICAL
APPLICATIONS without the written consent of the appropriate officer of Hitachi’s sales
company. Such useincludes, but is not limited to, use in life support systems. Buyers of
Hitachi’ s products are requested to notify the relevant Hitachi sales offices when planning to
use the productsin MEDICAL APPLICATIONS.




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 compeatible
with the H8/300 CPU.

The H8/3834 Series has a system-on-a-chip architecture that includes such peripheral functions as
an LCD controller/driver, five types of timers, a 14-bit PWM, athree-channel serial
communication interface, and an A/D converter. This makesit ideal for use in systems requiring
an LCD display.

This manual describes the hardware of the H8/3834 Series. For details on the H8/3834 Series
instruction set, refer to the H8/300L Series Programming Manual .

Note Theterms H8/3834, H8/3834S, and H8/3834 Series used in the text refer to the products

shown below.
1. H8/3834: HD6433837, HD6433836, HD6433835, HD6433834, HD6433833,
HD6473837, HD6473834
2. H8/3834S: HD6433837S, HD6433836S, HD6433835S, HD6433834S, HD6433833S,
HD6433832S

3. H8/3834 Series. All products, including the H8/3834 and H8/3834S
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Section 1 Overview

1.1 Overview

The H8/300L Seriesis a series 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 H8/3834 Series features an on-chip liquid crystal display (LCD)
controller/driver. Other on-chip peripheral functionsinclude five timers, a 14-hit pulse width
modulator (PWM), three serial communication interface channels, and an anal og-to-digital (A/D)
converter. Together these functions make the H8/3834 Seriesideally suited for embedded control
of systems requiring an LCD display. On-chip memory is 16 kbytes of ROM and 1 kbyte of RAM
in the H8/3832S, 24 kbytes of ROM and 1 kbyte of RAM in the H8/3833(S), 32 kbytes of ROM
and 1 kbyte of RAM in the H8/3834(S), 40 kbytes of ROM and 2 kbytes of RAM in the
H8/3835(S), 48 kbytes of ROM and 2 kbytes of RAM in the H8/3836(S), and 60 kbytes of ROM
and 2 kbytes of RAM in the H8/3837(S).

The H8/3834 and H8/3837 both include aZTAT™ version*, featuring a user-programmable on-
chip PROM.

Table 1.1 summarizes the features of the H8/3834 Series.
Note: * ZTAT isatrademark of Hitachi, Ltd.
Tablel.l Features

Item Description

CPU High-speed H8/300L CPU

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

e Operating speed
O Max. operating speed: 5 MHz
O Add/subtract: 0.4 us (operating at 5 MHz)
O Multiply/divide: 2.8 ps (operating at 5 MHz)
0 Can run on 32.768 kHz subclock

¢ Instruction set compatible with H8/300 CPU
O Instruction length of 2 bytes or 4 bytes
0 Basic arithmetic operations between registers
O MOV instruction for data transfer between memory and registers
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Tablel.1 Features(cont)

Item Description

CPU Typical instructions
e Multiply (8 bits %8 bits)
e Divide (16 bits + 8 bits)
e Bit accumulator
« Register-indirect designation of bit position

Interrupts 33 interrupt sources
¢ 13 external interrupt pins: IRQ, to IRQ,, WKP, to WKP,
¢ 20 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 Six power-down modes
¢ Sleep mode
¢ Standby mode
¢« Watch mode
¢ Subsleep mode
e Subactive mode
¢ Active (medium-speed) mode

Memory Large on-chip memory
e H8/3832S: 16-kbyte ROM, 1-kbyte RAM
e HB8/3833(S): 24-kbyte ROM, 1-kbyte RAM
e HB8/3834(S): 32-kbyte ROM, 1-kbyte RAM
* HB8/3835(S): 40-kbyte ROM, 2-kbyte RAM
* H8/3836(S): 48-kbyte ROM, 2-kbyte RAM
» H8/3837(S): 60-kbyte ROM, 2-kbyte RAM

I/O ports 84 1/0 port pins
e /O pins: 71
¢ Input pins: 13

Timers Five on-chip timers
e Timer A: 8-bit timer
Count-up timer with selection of eight internal clock signals divided

from the system clock (@* and four clock signals divided from the
watch clock (@,)*

Note: * pand ¢, are defined in section 4, Clock Pulse Generators.
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Tablel.1l Features(cont)

Iltem

Description

Timers

Timer B: 8-bit timer
O Count-up timer with selection of seven internal clock signals or
event input from external pin

O Auto-reloading
Timer C: 8-bit timer

0 Count-up/count-down timer with selection of seven internal clock
signals or event input from external pin

O Auto-reloading
Timer F: 16-bit timer
0 Can be used as two independent 8-bit timers.

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

O Compare-match function with toggle output

Timer G: 8-bit timer

O Count-up timer with selection of four internal clock signals
O Input capture function with built-in noise canceller circuit

Serial communication
interface

Three channels on chip

SCI1: synchronous serial interface

Choice of 8-bit or 16-bit data transfer

SCI2: 8-bit synchronous serial interface

Automatic transfer of 32-byte data segments

SCI3: 8-bit synchronous or asynchronous serial interface
Built-in function for multiprocessor communication

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 resolution:
8 bits

12-channel analog input port
Conversion time: 31/ or 62/ @ per channel

LCD controller/driver

Up to 40 segment pins and 4 common pins

Choice of four duty cycles (static, 1/2, 1/3, 1/4)
Segments can be expanded externally

Segment pins can be switched to general-purpose ports in groups of
four
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Tablel.1 Features(cont)

Iltem

Description

Product lineup

Product Code

Mask ROM Version ZTAT™ Version Package ROM/RAM Size
HD6433832SH — 100-pin QFP (FP-100B) ROM: 16 kbytes
HD6433832SF — 100-pin QFP (FP-100A) RAM: 1 kbyte
HD6433832SX — 100-pin TQFP (TFP-100B)

HD6433833H — 100-pin QFP (FP-100B) ROM: 24 kbytes
HD6433833SH RAM: 1 kbyte
HD6433833F — 100-pin QFP (FP-100A)

HD6433833SF

HD6433833X — 100-pin TQFP (TFP-100B)

HD6433833SX

HD6433834H HD6473834H 100-pin QFP (FP-100B) ROM: 32 kbytes
HD6433834SH RAM: 1 kbyte
HD6433834F HD6473834F 100-pin QFP (FP-100A)

HD6433834SF

HD6433834X HD6473834X 100-pin TQFP (TFP-100B)

HD6433834SX

HD6433835H — 100-pin QFP (FP-100B) ROM: 40 kbytes
HD6433835SH RAM: 2 kbytes
HD6433835F — 100-pin QFP (FP-100A)

HD6433835SF

HD6433835X — 100-pin TQFP (TFP-100B)

HD6433835SX

HD6433836H — 100-pin QFP (FP-100B) ROM: 48 kbytes
HD6433836SH RAM: 2 kbytes
HD6433836F — 100-pin QFP (FP-100A)

HD6433836SF

HD6433836X — 100-pin TQFP (TFP-100B)

HD6433836SX

HD6433837H HD6473837H 100-pin QFP (FP-100B) ROM: 60 kbytes
HD6433837SH RAM: 2 kbytes
HD6433837F HD6473837F 100-pin QFP (FP-100A)

HD6433837SF

HD6433837X HD6473837X 100-pin TQFP (TFP-100B)

HD6433837SX

HD6433832SD — 100-pin QFP (FP-100B) ROM: 16 kbytes
HD6433832SE — 100-pin QFP (FP-100A) RAM: 1 kbyte
HD6433832SL — 100-pin TQFP (TFP-100B)  WTR (I-spec)
HD6433833D — 100-pin QFP (FP-100B) ROM: 24 kbytes
HD6433833SD RAM: 1 kbyte
HD6433833E — 100-pin QFP (FP-100A) WTR (I-spec)
HD6433833SE

HD6433833L — 100-pin TQFP (TFP-100B)

HD6433833SL

HD6433834D HD6473834D 100-pin QFP (FP-100B) ROM: 32 kbytes
HD6433834SD RAM: 1 kbyte
HD6433834E HD6473834E 100-pin QFP (FP-100A) WTR (I-spec)
HD6433834SE

HD6433834L — 100-pin TQFP (TFP-100B)

HD6433834SL

HD6433835D — 100-pin QFP (FP-100B) ROM: 40 kbytes
HD6433835SD RAM: 2 kbytes
HD6433835E — 100-pin QFP (FP-100A) WTR (I-spec)
HD6433835SE

HD6433835L — 100-pin TQFP (TFP-100B)

HD6433835SL

HD6433836D — 100-pin QFP (FP-100B) ROM: 48 kbytes
HD6433836SD RAM: 2 kbytes
HD6433836E — 100-pin QFP (FP-100A) WTR (I-spec)
HD6433836SE

HD6433836L — 100-pin TQFP (TFP-100B)

HD6433836SL

HD6433837D HD6473837D 100-pin QFP (FP-100B) ROM: 60 kbytes
HD6433837SD RAM: 2 kbytes
HD6433837E HD6473837E 100-pin QFP (FP-100A) WTR (I-spec)
HD6433837SE

HD6433837L HD6473837L 100-pin TQFP (TFP-100B)

HD6433837SL
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1.2 Internal Block Diagram

Figure 1.1 shows a block diagram of the H8/3834 Series.
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Pin Arrangement and Functions

13

Pin Arrangement

131

The pin arrangement of the H8/3834 Seriesis shownin figures 1.2 and 1.3.
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Figure1.2 Pin Arrangement (FP-100B, TFP-100B: Top View)
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Figure 1.3 Pin Arrangement (FP-100A: Top View)
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1.3.2 Pin Functions

Table 1.2 outlines the pin functions of the H8/3834 Series.

Tablel.2 Pin Functions

Type Symbol

TFP-100B FP-100A

I/0

Name and Functions

Power Ve
source pins

Input

Power supply: All V. pins should be
connected to the system power
supply (+5 V)

Input

Ground: All Vg pins should be
connected to the system power

supply (0 V)

AV

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).

AV

Input

Analog ground: This is the A/D
converter ground pin. It should be
connected to the system power

supply (0 V).

Input

LCD power supply: These are
power supply pins for the LCD
controller/ driver. A built-in resistor
divider is provided for the power
supply, so these pins are normally left
open.

Power supply conditions are
Vee2V,2V,2V,2 V.

Clock pins  OSC,

Input

0SC,

Output

This pin connects to a crystal or
ceramic oscillator, or can be used to
input an external clock.

See section 4, Clock Pulse
Generators, for a typical connection
diagram.

Input

Output

This pin connects to a 32.768-kHz
crystal oscillator.

See section 4, Clock Pulse
Generators, for a typical connection
diagram.
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Tablel1.2

Pin Functions (cont)

Pin No.
FP-100B
Type Symbol TFP-100B FP-100A 1/O Name and Functions
System RES 9 12 Input Reset: When this pin is driven low,
control the chip is reset

MDO 10 13 Input Mode: This pin controls system clock
oscillation in the reset state

TEST 3 6 Input Test: This is a test pin, not for use in
application systems. It should be
connected to V.

Interrupt IRQ, 88 91 Input External interrupt request 0 to 4:
pins IRQ, 82 85 These are input pins for external

IRQ, 83 86 interrupts for which there is a choice

IRQ, 84 87 between rising and falling edge

IRQ, 11 14 sensing

WKP,to  43to 36 46 to 39 Input Wakeup interrupt request 0 to 7:

WKP, These are input pins for external
interrupts that are detected at the
falling edge

Timer pins  TMOW 77 80 Output  Clock output: This is an output pin
for waveforms generated by the timer
A output circuit

TMIB 82 85 Input Timer B event counter input: This is
an event input pin for input to the
timer B counter

TMIC 83 86 Input Timer C event counter input: This is
an event input pin for input to the
timer C counter

ubD 12 15 Input Timer C up/down select: This pin
selects whether the timer C counter
isused for up- or down-counting. At
high level it selects up-counting, and
at low level down-counting.

TMIF 84 87 Input Timer F event counter input: This is
an event input pin for input to the
timer F counter

TMOFL 78 81 Output  Timer FL output: This is an output

pin for waveforms generated by the
timer FL output compare function
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Tablel1.2

Type

Pin Functions (cont)

Symbol

Pin No.

FP-100B
TFP-100B

FP-100A

I/0

Name and Functions

Timer pins

TMOFH

79

82

Output

Timer FH output: This is an output
pin for waveforms generated by the
timer FH output compare function

TMIG

80

83

Input

Timer G capture input: This is an
input pin for the timer G input capture
function

14-bit PWM
pin

PWM

81

84

Output

14-bit PWM output: This is an output
pin for waveforms generated by the
14-bit PWM

I/O ports

PB, to PB,

97 to 90

100 to 93

Input

Port B: This is an 8-bit input port

PC, to PC,

1,100 to
98

4t01

Input

Port C: This is a 4-bit input port

P4,

88

91

Input

Port 4 (bit 3): This is a 1-bit input
port

P4, to P4,

87 to 85

90 to 88

I/0

Port 4 (bits 2 to 0): This is a 3-bit I/O
port. Input or output can be
designated for each bit by means of
port control register 4 (PCR4).

PA, to PA,

321035

3510 38

110

Port A: This is a 4-bit I/O port. Input
or output can be designated for each
bit by means of port control register A
(PCRA).

P1, to P1,

84to 77

87 to 80

110

Port 1: This is an 8-bit I/O port. Input
or output can be designated for each
bit by means of port control register 1
(PCR1).

P2, to P2,

18to 11

21t0 14

I/0

Port 2: This is an 8-bit I/O port. Input
or output can be designated for each
bit by means of port control register 2
(PCR2).

P3, to P3,

26t0 19

291to 22

I/0

Port 3: This is an 8-bit I/O port. Input
or output can be designated for each
bit by means of port control register 3
(PCR3).

P5, to P5,

43 to 36

46 to 39

I/10

Port 5: This is an 8-bit I/0O port. Input
or output can be designated for each
bit by means of port control register 5
(PCRS5).

10
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Tablel1.2

Type

Pin Functions (cont)

Symbol

Pin No.

FP-100B

TFP-100B FP-100A

1’0

Name and Functions

I/O ports

P6, to P6,

51to 44

54 to 47

I/0

Port 6: This is an 8-bit I/O port. Input
or output can be designated for each
bit by means of port control register 6
(PCR®).

P7, to P7,

59 to 52

62 to 55

I/0

Port 7: This is an 8-bit I/0O port. Input
or output can be designated for each
bit by means of port control register 7
(PCRY7).

P8, to P8,

67 to 60

70 to 63

I/0

Port 8: This is an 8-bit I/O port. Input
or output can be designated for each
bit by means of port control register 8
(PCRS).

P9, to P9,

7510 68

78t0 71

I/10

Port 9: This is an 8-bit I/0O port. Input
or output can be designated for each
bit by means of port control register 9
(PCR9).

Serial com-
munication
interface
(SCI)

20

23

Input

SCI1 receive data input: This is the
SCI1 data input pin

21

24

Output

SCI1 send data output: This is the
SCI1 data output pin

SCK,

19

22

110

SCI1 clock I/O : This is the SCI1 clock
I/O pin

sl,

23

26

Input

SCI2 receive data input: This is the
SCI2 data input pin

S0,

24

27

Output

SCI2 send data output: This is the
SCI2 data output pin

SCK,

22

25

110

SCI2 clock I/O : This is the SCI2 clock
I/0 pin

26

29

Input

SCI2 chip select input: This pin
controls the start of SCI2 transfers

STRB

25

28

Output

SCI2 strobe output: This pin outputs
a strobe pulse each time a byte of
data is transferred

RXD

86

89

Input

SCI3 receive data input: This is the
SCI3 data input pin

HITACHI
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Table1.2 Pin Functions(cont)

Pin No.
FP-100B
Type Symbol TFP-100B FP-100A 1/O Name and Functions
Serial com- TXD 87 90 Output  SCI3 send data output: This is the
munication SCI3 data output pin
'rg(e:rlface SCK, 85 88 110 SCI3 clock /0 : This is the SCI3 clock
(SC1) I/O pin
A/D AN,; to AN, 1,100t0 904 to 1 Input Analog input channels 0 to 11:
converter 100 to 93 These are analog data input channels
to the A/D converter
ADTRG 11 14 Input A/D converter trigger input: This is
the external trigger input pin to the A/D
converter
LCD COM, to 32to 35 3510 38 Output LCD common output: These are
controller/ COM, LCD common output pins
driver
SEG,,to 7510 36 78 to 39 Output LCD segment output: These are LCD
SEG, segment output pins
CL, 75 78 Output  LCD latch clock: This is the display
data latch clock output pin for external
segment expansion
CL, 74 77 Output  LCD shift clock: This is the display
data shift clock output pin for external
segment expansion
DO 73 76 Output LCD serial data output: This is the
serial display data output pin for
external segment expansion
M 72 75 Output  LCD alternating signal output: This
is the LCD alternating signal output pin
for external segment expansion
12
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Section2 CPU

Overview

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

211

Features

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

» General-register architecture
Sixteen 8-bit general registers, also usable as eight 16-bit general registers
» Instruction set with 55 basic instructions, including:

g
ad

Multiply and divide instructions
Powerful bit-manipulation instructions

» Eight addressing modes

OooOoo0oooogad

O

Register direct

Register indirect

Register indirect with displacement

Register indirect with post-increment or pre-decrement
Absolute address

Immediate

Program-counter relative

Memory indirect

» 64-kbyte address space
» High-speed operation

ad
g

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 ps

16 + 8-hit divide: 2.8 us

Note: * Thesevaluesareat =5 MHz.

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

13
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212 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.

213 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 Ri1L
R2H R2L
R3H R3L
R4H RAL
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

—r——— Half-carry flag

Interrupt mask bit
User bit
User bit

Figure2.1 CPU Registers

14
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2.2 Register Descriptions

221 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, asindicated in figure 2.2, SP (R7)
points to 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

222 Control Registers

The CPU control registersinclude a 16-hit 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).

Condition Code Register (CCR): This 8-bit register containsinternal statusinformation,
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 instructions). The N, Z, V, and C flags are used as branching conditions for
conditional branching (Bcc) instructions.

15
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Bit 7—Interrupt Mask Bit (I): When thisbit isset to 1, interrupts are masked. Thishitissetto 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): Whenthe ADD.B, ADDX.B, SUB.B, SUBX.B, CMP.B, or NEG.B
instruction is executed, thisflag isset to 1 if thereis acarry 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 0 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.

Bit 2—Zero Flag (Z): Set to 1 to indicate 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): Set to 1 when operation execution generates a carry, and cleared to 0
otherwise. Used by:

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

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

16
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223 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) isnot initialized. To prevent
program crashes the stack pointer should be initialized by software, by the first instruction
executed after areset.

2.3 Data Formats

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

data.

Bit manipulation instructions operate on 1-bit data specified as bit n in a byte operand
(n=0,1,2,..,7).
All arithmetic and logic instructions except ADDS and SUBS can operate on byte data.

The MOV.W, ADD.W, SUB.W, CMP.W, ADDS, SUBS, MULXU (8 hits x 8 hits), and
DIV XU (16 bits + 8 hits) instructions operate on word data.

The DAA and DAS instructions perform decimal arithmetic adjustments on byte datain
packed BCD form. Each nibble of the byteis treated as a decimal digit.

HITACHI
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231 Data Formatsin General Registers

The general register data formats are shown in figure 2.3.

Data Type Register No. Data Format
7 o
1-bit data RnH | 7 ‘ 6 ‘ 5 ‘ 4 ‘ 3 ‘ 2 ‘ 1 ‘ 0 | .................... d ontcare
.................................................... 7 0
1-bit data RnL .................... d an;_gqrg ................... | 7 ‘ 6 ‘ 5 ‘ 4 ‘ 3 ‘ 2 ‘ 1 ‘ 0 |
7 o
Byte data RnH |msB. ‘LSB| .................... d gn.’;.ggrg_ ....................
.................................................... 7 0
Byte data RnL .................... dgp’p_g@rg ................... |MSB‘ ‘LSB|
15 0
Word data Rn |MSB‘ ‘LSB|
7 4 3 o
4bitBCDdata  RnH |  Upperdigit Lowerdgt | don'tcare
..................................................... 7 4 3 0
4bitBCD data  RnL | don't care | Upperdigit Lower digit

Notation:

RnH: Upper byte of general register
RnL: Lower byte of general register
MSB: Most significant bit

LSB: Least significant bit

Figure2.3 Register Data Formats

18
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232 Memory Data For mats

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 addressis regarded as 0. If an odd address is 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 Addressn | 7[6[5][4]3]2]1]0
Byte data Address n MSB: :LSB
Word data Even address MSB} } l}Jpper}Bblt}s .
Odd address Lower 8 bits LsB
MSB CCR LSB
Byte data (CCR) on stack Even address —tt
Odd address |MSB, , CCR* LsB
MSB
Word data on stack Even address —ttttt
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. For the CCR, the same value is stored in the upper 8 bits and lower 8 bits as word data.
On return, the lower 8 bits are ignored.

19
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2.4 Addressing M odes

241 Addressing M odes

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 @Rn
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: Theregister 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 bits + 8 bits) instructions have 16-bit operands.

2. Register Indirect—@Rn: The register 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): Theinstruction has a second word
(bytes 3 and 4) containing a displacement which is added to the contents of the specified genera
register to obtain the operand address in memory.

Thismode is used only in MOV instructions. For the MOV .W instruction, the resulting address
must be even.

20
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4. Register Indirect with Post-Increment 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 general 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.
Theregister 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 absolute address of the
operand in memory.

The absolute address may be 8 bitslong (@aa:8) or 16 bitslong (@aa:16). The MOV .B and bit
mani pulation instructions can use 8-bit absolute addresses. The MOV.B, MOV.W, IMP, 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 addressrange is
H'FF00 to H'FFFF (65280 to 65535).

6. Immediate—#xx:8 or #xx:16: The instruction 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 instructionsimplicitly contain the value 1 or 2 asimmediate data. Some bit
manipulation instructions contain 3-bit immediate data in the second or fourth byte of the
instruction, specifying a bit number.

7. Program-Counter Relative—@(d:8, PC): This modeis used 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 area
isalso used as avector 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.

242 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 (8-
bit) (5) to specify abyte 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
(2) to specify the bit position.

22
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Table2.2

Addressing Mode and

Effective Address Calculation

Effective Address

HITACHI

No. Instruction Format Calculation Method Effective Address (EA)
1 Register direct, Rn 3 0 3 0
rm m
15 87 43 0 T T
op rm | m -
Operand is contents of
registers indicated by rm/rn
2 Register indirect, @Rn 15 0
Contents (16 bits) of
register indicated by rm 15 0
15 7643 0 |
op rm
3 Register indirect with
displacement, @(d:16, Rn) 15 - 0
Contents (16 bits) of
register indicated by rm —i 15 0
15 76,43 0 P
op m disp J
disp ?
4 Reg|§ter indirect w:;h . 15 0 15 0
post-increment, @Rn Contents (16 bits) of
register indicated by rm
15 76143 0
op rm
1or2-
Register indirect with
re-decrement, @-Rn 15 0
P ’ Contents (16 bits) of
register |ndr:ated by rm 15 0
15 76 43 0 :
op rm Incremented or
decremented by 1 if 1 Zj
operand is byte size, or
and by 2 if word size
23



Table2.2 Effective Address Calculation (cont)

Addressing Mode and Effective Address
No. Instruction Format Calculation Method Effective Address (EA)
5 Absolute address 15 87
@aa:8 H'EF
15 87 0 T
op abs
aa:16
@ 15
15 0
op
abs T
6 Immediate
#xx:8
15 87 0
op IMM
#xx:16 Operand is 1- or 2-byte
15 0 immediate data
op
IMM
7 Program-counter relative 15 0
@(d:8, PC) PC contents
Wv 15
P—-»
Sign disp j
15 87 0 extension
op disp !

24
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Table2.2

Addressing Mode and

Effective Address Calculation (cont)

Effective Address

No. Instruction Format Calculation Method Effective Address (EA)
8 Memory indirect, @ @aa:8
15 87
op abs
15 87 i 0
H'00 abs
15 0
Memory contents
(16 bits)

Notation:

rm, rn: Register field

op:
disp:
IMM:
abs:

Operation field
Displacement

Immediate data
Absolute address

HITACHI
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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*!, POP** 1
Arithmetic operations ADD, SUB, ADDX, SUBX, INC, DEC, ADDS, SUBS, 14
DAA, DAS, MULXU, DIVXU, CMP, NEG
Logic operations AND, OR, XOR, NOT
Shift SHAL, SHAR, SHLL, SHLR, ROTL, ROTR, ROTXL, 8
ROTXR
Bit manipulation BSET, BCLR, BNOT, BTST, BAND, BIAND, BOR, 14
BIOR, BXOR, BIXOR, BLD, BILD, BST, BIST
Branch Bce*?, JMP, 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 machine language is also the same.
2. Bcc is the generic term for conditional branch instructions.

The functions of the instructions are shown in tables 2.4 to 2.11. The meaning of the operation
symbols used in the tablesis as follows.
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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 (carry) flag of CCR

PC

Program counter

SP

Stack pointer

#MM

Immediate data

disp

Displacement

Addition

Subtraction

Multiplication

Division

AND logical

OR logical

O|a|.O

Exclusive OR logical

Move

Logical negation (logical complement)

3-bit length

8-bit length

16

16-bit length

(), <>

Contents of operand indicated by effective address

HITACHI
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251 Data Transfer Instructions

Table 2.4 describes the data transfer instructions. Figure 2.5 shows their object code formats.

Table2.4 DataTransfer 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.

Note: * Size: Operand size
B: Byte
W:  Word

Certain precautions are required in data access. See 2.9.1, Notes on Data Access, for details.

28
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15 8 7 MOV
op ‘ rm ‘ m | Rm-Rn
15 8 7
op rm ‘ m | @RmM <~ -Rn
15 8 7
op rm ‘ m
@(d:16, Rm) - - Rn
disp
15 8 7
T T T T T T T T @Rm+ - Rn, or
op m ‘ m RN - @—-Rm
15 8 7
op rn ‘ abs | @aa:8 - -Rn
15 8 7
op m
@aa:16 -~ - Rn
abs
15 8 7
op rn IMM #xx:8 5 Rn
15 8 7
op mn
#xx:16 - Rn
IMM
15 8 7
T T T T T T T T PUSH' POP
op 1 1 1 ‘ m @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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252 Arithmetic Operations

Table 2.5 describes the arithmetic instructions.

Table2.5 ArithmeticInstructions

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 or borrow on byte data in
two general registers, or addition or subtraction 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 immediate data to or from data in a general register.
The immediate data must be 1 or 2.

DAA B Rd decimal adjust - Rd

DAS Decimal-adjusts (adjusts to packed 4-bit 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 the result is stored 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

Note: * Size: Operand size
B: Byte
W: Word
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253 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#IMM - 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 #IMM - 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

Note: * Size: Operand size
B: Byte
254 Shift Operations

Table 2.7 describes the eight shift instructions.

Table2.7  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 8 7 0

| ‘ o m ‘ | |ADD, SUB, CMP,
P ADDX, SUBX (Rm)

15 8 7 0

| ‘ N — ‘ T | ADDS, SUBS, INC, DEC,
P DAA, DAS, NEG, NOT

15 8 7 0
| op ‘ rm ‘ M | MULXU, DIVXU

15 8 7 0
| ) - ‘ ‘ VYR — ] ADD, ADDX, SUBX,

P CMP (#XX:8)

15 8 7 0
| op | rm m | AND, OR, XOR (Rm)

15 8 7 0
| op m ‘ IMM |AND, OR, XOR (#xx:8)

15 8 7 0
| ‘ ;A — T | SHAL, SHAR, SHLL, SHLR,

P ROTL, ROTR, ROTXL, ROTXR

Notation:

op: Operation field

rm, rn: Register field

IMM:

Immediate data

32
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255 Bit Manipulations

Table 2.8 describes the hit-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 to 1 in a general register or memory operand. The
bit number is specified by 3-bit immediate data or the lower three bits
of a general register.

BCLR B 0 - (<bit-No.> of <EAd>)
Clears a specified bit to 0 in a general register or memory operand.
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 operand. 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 operand 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 O (<bit-No.> of <EAd>) - C
ANDs the C flag with a specified bit in a general register or memory
operand, 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 operand, 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
operand, 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 operand, and stores the result in the C flag.

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

Note: * Size: Operand size

B:

Byte
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Table2.8 Bit-Manipulation Instructions (cont)

Instruction Size* Function

BXOR B C O (<bit-No.> of <EAd>) - C
XORs the C flag with a specified bit in a general register or memory
operand, 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 operand, 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 operand to the C
flag.

BILD B ~ (<bit-No.> of <EAd>) -~ C
Copies the inverse of a specified bit in a general register or memory
operand 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
operand.

BIST B ~C - (<hit-No.> of <EAd>)

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

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

Note: * Size: Operand size
Byte

B:

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
‘ r T T Operand:
op M m Bit No.:

15 0
‘ 0‘ ‘ r‘m ‘ r‘n ‘ Operand:
P Bit No.:

15 0
op rn 0 O O O|Operand:
op | MM [0 0 0 ofsitNo:

15 0
op rn 0 O O O|Operand:
op rm 0 0 O O|BitNo.:

15 0
op abs Operand:
op ‘ IMM ‘ 0 0 O O|BitNo.:

15 0
op abs Operand:
op m |0 0 0 0|BitNo:

15 0
‘ T T T Operand:
op ‘ IMM ‘ m Bit No.:

15 0
op rn 0 O O O|Operand:
op ‘ IMM 0 0 0 O0BitNo.-

15 0
op abs Operand:
op | MM [0 0 0 ofsitNo:

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)

Bit Manipulation Instruction Codes

HITACHI
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BIAND, BIOR, BIXOR, BILD, BIST

15 0
‘ . [ T Operand:
op IMM m Bit No.:
15 0
op rn 0 0 O O|Operand:
op IMM 0 0O O O]|BitNo.:
15 0
op abs Operand:
op IMM 0 0 O O]|BitNo.:
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)

Figure2.7 Bit Manipulation Instruction Codes (cont)
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256

Table 2.9 describes the branching instructions. Figure 2.8 shows their object code formats.

Table2.9

Instruction Size

Branching Instructions

Branching I nstructions

Function

Bcc — Branches to the designated address if the specified condition 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 coz=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
BVC 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 ZONNDOV)=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

HITACHI
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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 ‘ rm 0 0 0 O | 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
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257 System Control I nstructions

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, #IMM - 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 O#IMM - CCR
Logically ANDs the condition code register with immediate data
ORC B CCR O#IMM - CCR
Logically ORs the condition code register with immediate data
XORC B CCR O #IMM - CCR
Logically exclusive-ORs the condition code register with immediate data
NOP — PC+2 - PC

Only increments the program counter

Note: * Size: Operand size

B: Byte
15 8 7 0
| op | RTE, SLEEP, NOP
15 8 7 0
| op rn | LDC, STC (Rn)
15 8 7 0
‘ ‘ ‘ ‘ ‘ —] ANDC, ORC,
| op MM | XORC, LDC (#xx:8)
Notation:

op: Operation field

rn:  Register field

IMM: Immediate data

Figure2.9 System Control Instruction Codes
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258 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 RAL # 0 then
repeat @R5+ - @R6+
R4L -1 - R4L
until R4L =0
else next;

Block transfer instruction. Transfers the number of bytes specified by
RA4L, from locations starting at the address specified by R5, to locations
starting at the address specified by R6. On completion of 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
EEPMOV Instruction, for details.

Notation:

op: Operation field

15
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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 a subclock (¢,g). For details on these
clock signals see section 4, Clock Pulse Generators. The period from arising edge of gor @ gto
the next rising edge is called one state. A bus cycle consists of two states or three states. The cycle
differs depending on whether accessis to on-chip memory or to on-chip peripheral modules.

26.1 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 —»=— T,state —»

@ or Psyp

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

(read access)

Internal write signal

Internal data bus

: Write data
(write access)

n

Figure2.11 On-Chip Memory Access Cycle
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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 bits,
S0 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

«— T;state —=—— T,state —»

@ Or Psyp

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

(read access)

Internal write signal

Internal data bus

- Write data
(write access)

Figure2.12 On-Chip Peripheral Module Access Cycle (2-State Access)
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Three-State Accessto On-Chip Peripheral Modules

Bus cycle

-
~4

-
)

«— T;state —==—— T,state —»==—— Tystate —

@ or Psys

Internal ><
address bus ' _ Address

Internal
read signal

Internal
data bus

]

Read data

(read access) :

Internal : h
write signal :

Internal
data bus

T

(write access) :

Write data

Figure2.13 On-Chip Peripheral Module Access Cycle (3-State Access)

2.7 CPU States

271 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 mode, standby mode,

watch mode, and sub-sleep mode. These states are shown in figure 2.14.

Figure 2.15 shows the state transitions.

HITACHI
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CPU state

Reset state

The CPU is initialized.

Program

execution state

Active
(high speed) mode

The CPU executes successive program
instructions at high speed,
synchronized by the system clock

Active
(medium speed) mode

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

Subactive mode

Program halt state

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

A state in which some
or all of the chip
functions are stopped
to conserve power

Sleep mode

Standby mode

Watch mode

Subsleep mode

Exception-

handling state

A transient state entered when the CPU changes the processing
flow due to a reset or interrupt exception handling source.

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

44

Figure2.14 CPU Operation States
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Reset cleared

Reset state | Exception-handling state

Reset occurs

Reset
occurs

Interrupt

source
Reset

occurs

Exception- | Exception-
handling handling
request complete

Program halt state Program execution state

SLEEP instruction executed

Figure2.15 State Transitions

272 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.

273 Program Halt State

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

274 Exception-Handling State

The exception-handling state is a transient 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, Exception Handling.
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2.8 Memory Map

281 Memory Map

Figure 2.16 shows the H8/3832 memory map. Figure 2.17 shows the H8/3833 memory map.
Figure 2.18 shows the H8/3834 memory map. Figure 2.19 shows the H8/3835 memory map.
Figure 2.20 shows the H8/3836 memory map. Figure 2.21 shows the H8/3837 memory map.

H'0000
Interrupt vector area
H0029 |
H'002A 16 kbytes
(16,384 bytes)
On-chip ROM
H'3FFF
Reserved
H'F740
LCD RAM” (64 bytes)
H'F77F
Reserved
H'FB80
On-chip RAM 1,024 bytes
H'FF7F
FIFFE0 32-b ial data buff
H'EFOE -byte serial data buffer
H'FFAOQ
Internal I/O registers
(96 bytes)
H'FFFF

Note: * The LCD RAM addresses are the addresses after a reset.

Figure2.16 H8/3832 Memory Map
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H'0000
Interrupt vector area
HOO20 |
H'002A
24 kbytes
(24,576 bytes)
On-chip ROM
H'5FFF
Reserved
H'F740
LCD RAM® (64 bytes)
HF77F
Reserved
H'FB80
On-chip RAM 1,024 bytes
H'FF7F
H'FF80 b 21 data buff
HEFOF 32-byte serial data buffer
H'FFAO
Internal I/O registers
(96 bytes)
H'FFFF

Note: * The LCD RAM addresses are the addresses after a reset.

Figure2.17 H8/3833 Memory Map
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H'0000
Interrupt vector area
HO0029 |
H'002A
32 kbytes
(32,768 bytes)
On-chip ROM
H'7FFF
Reserved
H'F740
LCD RAM™ (64 bytes)
H'F77F
Reserved
H'FB80
On-chip RAM 1,024 bytes
H'FF7F
FIPFe0 2-b ial data buff
HEEOF 32-byte serial data buffer
H'FFAO
Internal I/O registers
(96 bytes)
H'FFFF

Note: * The LCD RAM addresses are the addresses after a reset.

Figure2.18 H8/3834 Memory Map
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H'0000
Interrupt vector area
HOO29 ]
H'002A
40 kbytes
(40,960 bytes)
On-chip ROM
H'9FFF
Reserved
H'F740
LCD RAM* (64 bytes)
HF77F
H'F780
On-chip RAM 2,048 bytes
H'FF7F
H'FF80
32-byte serial data buffer
H'FFIOF
H'FFAO
Internal I/O registers
(96 bytes)
H'FFFF

Note: * The LCD RAM addresses are the addresses after a reset.

Figure2.19 H8/3835 Memory Map
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H'0000
Interrupt vector area
HOO29 ]
H'002A
48 kbytes
(49,152 bytes)
On-chip ROM
H'BFFF
Reserved
H'F740
LCD RAM* (64 bytes)
H'F77F
H'F780
On-chip RAM 2,048 bytes
H'FF7F
H'FF80
32-byte serial data buffer
H'FFIOF
H'FFAO
Internal I/O registers
(96 bytes)
H'FFFF

Note: * The LCD RAM addresses are the addresses after a reset.

Figure2.20 H8/3836 Memory Map
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H'0000
Interrupt vector area
HO0O20 | ]
H'002A
60 kbytes
(60,928 bytes)
On-chip ROM
H'EDFF
Reserved
H'F740
LCD RAM* (64 bytes)
H'F77F
H'F780
On-chip RAM 2,048 bytes
H'FF7F
H'FF80
32-byte serial data buffer
H'FFOF
H'FFAO
Internal I/O registers
(96 bytes)
H'FFFF

Note: * The LCD RAM addresses are the addresses after a reset.

Figure2.21 H8/3837 Memory Map
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2.8.2 LCD RAM Address Relocation

After areset, the LCD RAM areaislocated at addresses H'F740 to H'F77F. However, this area
can be relocated by setting the LCD RAM relocation register (RLCTR) bits. The LCD RAM
relocation register is explained below.

LCD RAM relocation register (RLCTR: H'FFCF)

Bit 7 6 5 4 3 2 1 0
- - -] =] = | — |recmn|recio]

Initial value 1 1 1 1 1 1 0 0

Read/Write — — — — — — R/W R/W

RLCTR is an 8-hit read/write register that selectsthe LCD RAM address space. Upon reset,
RLCTR isinitialized to H'0O.

Bits 7 to 2: Reserved Bits

Bits 7 to 2 are reserved; they are always read as 1, and cannot be modified.
Bits1 and 0: LCD RAM relocation select (RLCT1, RLCTO)

Bits 1 and O select the LCD RAM address space.

Bit 1: RLCT1 Bit 0: RLCTO Description

0 0 H'F740 toH'F77F (initial value)
1 H'F940 to H'F97F**

1 0 H'FB40 to HFB7F**
1 H'FD40 to H'FD7F*"?

Notes: 1. In devices with 1,024-byte RAM, if RLCT1 to O are set to 11, on-chip RAM addresses
H'FB80 to H'FD7F become inaccessible.

2. In devices with 2,048-byte RAM, if RLCTL1 to O are set to any value except 00, these on-
chip RAM addresses become inaccessible.
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2.9 Application Notes

29.1 Notes on Data Access

Accessto Empty Areas. The address space of the H8/300L CPU includes empty areasin 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

Thetransferred datawill be lost. This action may also cause the CPU to misoperate.
» Datatransfer from empty areato CPU

Unpredictable datais transferred.

Accessto Internal 1/0O Registers: Internal datatransfer to or from on-chip modules other than the
ROM and RAM areas makes use of an 8-bit data width. If word access is attempted to these areas,
the following results will occur.

»  Word access from CPU to /O register area
Upper byte: Will be written to 1/0 register.
Lower byte: Transferred datawill belost.
*  Word access from 1/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 datato or from 1/0O registers
other than the on-chip ROM and RAM areas. Figure 2.22 shows the data size and number of states
in which on-chip peripheral modules can be accessed.
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Access

77777777777777777777 Word | Byte States
H'0000
Interrupt vector area
Hoozs | webres |
H'002A
32 kbytes™2 o © 2
On-chip ROM
H7FFF2) 0
Reserved — — —
WF740 |
LCD RAM*1 (64 bytes) o ¢) 2
HEE
Reserved — — _
HFBSO3
On-chip RAM 1,024 bytes*3 o) o) 2
H'FF7F
H'FF80 o
HEFOE S2-byteserial databuffer ) X O 2
H'FFAO O
Internal I/O registers HFFA8 T " - 3
(96 bytes) |HFFAD -
HFFFF x | O] 2
Notes: The above example is a description of the H8/3834.
1. The indicated addresses for the LCD RAM area are initial values after system reset.
2. The H8/3832 has 16 kbytes of on-chip ROM, and its ending address is H'3FFF.
The H8/3833 has 24 kbytes of on-chip ROM, and its ending address is H'5FFF.
The H8/3835 has 40 kbytes of on-chip ROM, and its ending address is H'OFFF.
The H8/3836 has 48 kbytes of on-chip ROM, and its ending address is H'BFFF.
The H8/3837 has 60 kbytes of on-chip ROM, and its ending address is HEDFF.
3. The H8/3832 and H8/3833 have 1,024 bytes of on-chip RAM and its starting address
is H8/3834.
The H8/3835, H8/3836, and H8/3837 each have 2,048 bytes of on-chip RAM, and
their starting address is H'F780.
Figure2.22 Data Sizeand Number of Statesfor Accessto and from
On-Chip Peripheral Modules
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292 Notes on Bit Manipulation

The BSET, BCLR, BNOT, BST, and BIST instructions read one byte of data, modify the data,
then write the data byte again. Special careis required when using these instructions in cases
where two registers are assigned to the same address, in the case of registers that include write-
only hits, and when the instruction accesses an |/0O.

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

Bit Manipulation in Two Registers Assigned to the Aame Address
Example 1: Timer load register and timer count bit manipulation

Figure 2.23 shows an example in which two timer registers share the same address. When a bit
mani pulation instruction accesses the timer load register and timer counter of areloadable 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. As aresult, 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
Rel ;
eload W: Write
w
Timer load register
Internal bus

Figure2.23 Timer Configuration Example
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Example 2: When a BSET instruction is executed on port 3
Here aBSET instruction is executed designating port 3.

P3, and P3; are designated as input pins, with alow-level signal input at P3, and a high-level
signal at P3;. The remaining pins, P3; to P3,, are output pins and output low-level signas. In this
example, the BSET instruction is used to change pin P3, to high-level output.

[A: Prior to executing BSET]

P3, P3; 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

[B: BSET instruction executed]

’ BSET #0 , @°DR3 ‘ The BSET instruction is executed designating port 3.

[C: After executing BSET]

P3, P3; 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 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 P3; are input pins, the CPU reads the pin states (low-level and high-level input). P3;
to P3, are output pins, so the CPU reads the value in PDR3. In this example PDR3 has a value 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
writesthis 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 bit
mani pulation on the datain the work area, then write this data to PDR3.

[A: Prior to executing BSET]

MOV. B #80, ROL The PDR3 value (H'80) is written to awork areain memory
MOV. B ROL, @RAMD (RAMO) aswell asto PDR3.
MOV. B ROL, @DR3
P3, P3; 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 1 0 0 0 0 0 0 0

[B: BSET instruction executed]

BSET #0 , @AM

[C: After executing BSET]

MOV. B @RAMD, ROL

The BSET instruction is executed designating the PDR3
work area (RAMO).

Thework area (RAMO) value is written to PDR3.

MOV. B ROL, @DR3
P3, P3; 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 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
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Bit Manipulation in a Register Containing a Write-Only Bit
Example 3: When aBCLR instruction is executed on PCR3 of port 3
In this example, the port 3 control register PCR3 is accessed by a BCLR instruction.

Asin the examples above, P3; and P3; are input pins, with alow-level signal input at P3; and a
high-level signal at P3,. The remaining pins, P3; to P3,, are output pins that output low-level
signals. In this example, the BCLR instruction is used to change pin P3, to an input port. It is
assumed that a high-level signal will be input to thisinput pin.

[A: Prior to executing BCLR]

P3, P3; 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

[B: BCLR instruction executed)]

BCLR #0 , @CR3 ‘ The BCLR instruction is executed designating PCR3.

[C: After executing BCLR]

P3, P3; P3, P3, P3, P3, P3, P3,
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 is awrite-only
register, the CPU reads a value of H'FF, even though the PCR3 value is actually H'3F.

Next, the CPU clears hit 0 in the read data to 0, changing the data to H'FE. Finaly, thisvalue
(H'FE) iswritten to PCR3 and BCLR instruction execution ends.
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Asaresult 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
mani pulation on the datain the work area, then write this data to PCR3.

[A: Prior to executing BCLR]

MOV. B #3F, ROL The PCR3 value (H'3F) iswritten to awork area in memory
MOV. B ROL, @RAMD (RAMO) aswell asto PCR3.

MOV. B ROL, @CR3

P3, P3; 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

[B: BCLR instruction executed]

BCLR #0 , @RAMD The BCLR instruction is executed designating the PCR3
work area (RAMO).

[C: After executing BCLR]

MOV. B @RAMD, ROL The work area (RAMO) value is written to PCR3.
MOV. B ROL, @CR3

P3, P3; 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 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 registers that share the same address, and table 2.13 lists registers that contain
write-only bits.
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Table2.12 Registerswith shared addresses

Register Name Abbreviation Address
Timer counter B and timer load register B TCB/TLB H'FFB3
Timer counter C and timer load register C TCC/TLC H'FFB5
Port data register 1* PDR1 H'FFD4
Port data register 2* PDR2 H'FFD5
Port data register 3* PDR3 H'FFD6
Port data register 4* PDR4 H'FFD7
Port data register 5* PDR5 H'FFDS8
Port data register 6* PDR6 H'FFD9
Port data register 7* PDR7 H'FFDA
Port data register 8* PDR8 H'FFDB
Port data register 9* PDR9 H'FFDC
Port data register A* PDRA H'FFDD
Note: * These port registers are used also for pin input.

Table2.13 Registerswith write-only bits

Register Name Abbreviation Address
Port control register 1 PCR1 H'FFE4
Port control register 2 PCR2 H'FFE5
Port control register 3 PCR3 H'FFE6
Port control register 4 PCR4 H'EFE7
Port control register 5 PCR5 H'FFES
Port control register 6 PCR6 H'EFE9
Port control register 7 PCR7 H'FFEA
Port control register 8 PCRS8 H'FFEB
Port control register 9 PCR9 H'EFEC
Port control register A PCRA H'EFED
Timer control register F TCRF H'FFB6
PWM control register PWCR H'FFDO
PWM data register U PWDRU H'FED1
PWM data register L PWDRL H'FFD2
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2.9.3 Notes on Use of the EEPM OV Instruction

e« The EEPMOV instruction is ablock data transfer instruction. It moves the number of bytes
specified by R4AL from the address specified by R5 to the address specified by R6.

R5 - - R6

R5+ RAL - — R6 + RAL

»  When setting R4AL 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 H8/3834 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

3.21 Overview

A reset is the highest-priority exception. The internal state of the CPU and the registers of the on-
chip peripheral modules are initialized.

322 Reset Sequence
As soon asthe RES pin goes low, all processing is stopped and the H8/3834 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.
* Resetting during operation: Hold the RES pin low for at least 10 system clock cycles.

If the MDO pin is at the high level, reset exception handling begins when the RES pin is held low
for agiven period, then returned to the high level. If the MDO pin is low, however, when the RES
pinisheld low for agiven period and then returned to high level, the reset is not cleared
immediately. First the MDO pin must go from low to high, then after 8,192 clock cycles the reset
is cleared and reset exception handling begins.
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Reset exception handling takes place as follows.

« The CPU interna state and the registers of on-chip peripheral modules are initialized, with the
| bit of the condition code register (CCR) set to 1.

» ThePC isloaded from the reset exception handling vector address (H'0000 to H'0001), after
which the program starts executing from the address indicated in PC.

When system power is turned on or off, the RES pin should be held low.

Figures 3.1 and 3.2 show the reset sequence.

Reset cleared

\j

Program initial
Vector fetch Internal instruction prefetch
la—— pf Processing ja— ]

Internal

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

Internal write

signal

Internal data

bus (16-bit) i (2) @
(1) Reset exception handling vector address (H'0000)
(2) Program start address
(3) Firstinstruction of program

Figure3.1 Reset Sequence (when MDO Pin isHigh)
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Reset cleared

Y

Program initial

Vector fetch Internal

instruction prefetch

s}
m
w

@ Processing jq—————p

| cycles !
Internal e t—
address bus @) >< @) ><

Internal read
signal

Internal write

signal
Internal data ) ) >_<
bus (16-bit) ) v (2) (3)

(1) Reset exception handling vector address (H'0000)

(2) Program start address

(3) Firstinstruction of program

Figure3.2 Reset Sequence (when M DO Pin isLow)
323 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 all 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).

HITACHI

65




3.3

331

Interrupts

Overview

Theinterrupt sources include 13 external interrupts (WKP, to WKP;, IRQ, to IRQ,), and 20
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:

« Bothinternal and external interrupts can be masked by the | bit of CCR. When this bit is set to

1, interrupt request flags are set but interrupts are not accepted.

« Theexterna interrupt pins IRQ, to IRQ, can each be set independently to either rising edge

sensing or falling edge sensing.

Table3.2 Interrupt Sourcesand Priorities
Vector
Priority Interrupt Source Interrupt Number Vector Address
High RES Reset 0 H'0000 to H'0001
1 IRQ, IRQ, 4 H'0008 to H'0009
IRQ, IRQ, 5 H'0O00A to H'000B
IRQ, IRQ, 6 H'000C to H'000D
IRQ, IRQ, 7 H'0O00E to H'000F
IRQ, IRQ, 8 H'0010 to H'0011
WKP, WKP, 9 H'0012 to H'0013
WKP, WKP,
WKP, WKP,
WKP, WKP,
WKP, WKP,
WKP, WKP,
WKP, WKP,
WKP, WKP,
SCI1 SCI1 transfer complete 10 H'0014 to H'0015
Timer A Timer A overflow 11 H'0016 to H'0017
v Timer B Timer B overflow 12 H'0018 to H'0019
Low Timer C Timer C overflow or underflow 13 H'001A to H'001B
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Table3.2 Interrupt Sourcesand Priorities (cont)

Vector
Priority Interrupt Source Interrupt Number Vector Address
High Timer FL Timer FL compare match 14 H'001C to H'001D
4 Timer FL overflow
Timer FH Timer FH compare match 15 H'001E to H'001F
Timer FH overflow
Timer G Timer G input capture 16 H'0020 to H'0021
Timer G overflow
SCI2 SCI2 transfer complete 17 H'0022 to H'0023
SCI2 transfer abort
SCI3 SCI3 transmit end 18 H'0024 to H'0025
SCI3 transmit data empty
SCI3 receive data full
SCI3 overrun error
SCI3 framing error
SCI3 parity error
A/D converter A/D conversion end 19 H'0026 to H'0027
v (SLEEP instruction  Direct transfer 20 H'0028 to H'0029

Low executed)

Note: Vector addresses H'0002 to H'0007 are reserved and cannot be used.

332 Interrupt Control Registers
Table 3.3 lists the registers that control interrupts.

Table3.3 Interrupt Control Registers

Register Name Abbreviation R/W Initial Value  Address
IRQ edge select register IEGR R/W H'EO H'FFF2
Interrupt enable register 1 IENR1 R/W H'00 H'FFF3
Interrupt enable register 2 IENR2 R/W H'00 H'FFF4
Interrupt request register 1 IRR1 R/W* H'20 H'FFF6
Interrupt request register 2 IRR2 R/W* H'00 H'FFF7
Wakeup interrupt request register IWPR R/W* H'00 H'FFF9

Note: * Write is enabled only for writing of O to clear a flag.
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IRQ Edge Select Register (IEGR)

Bit 7 6 5 4 3 2 1 0

. — | — | — | Eca | EG3 | [EG2 | IEGL | IEGO |
Initial value 1 1 1 0 0 0 0 0
Read/Write — — — R/W R/W R/W R/W R/W

IEGR is an 8-bit read/write register, used to designate whether pins IRQ, to IRQ, are set to rising
edge sensing or falling edge sensing.

Bits 7 to 5—Reserved Bits: Bits 7 to 5 are reserved; they are awaysread as 1, and cannot be
modified.

Bit 4—IRQ, Edge Select (IEG4): Bit 4 selects the input sensing of pin IRQ,/ADTRG.

Bit 4: IEG4 Description
0 Falling edge of IRQ,/ADTRG pin input is detected (initial value)
1 Rising edge of IRQ,/ADTRG pin input is detected

Bit 3—IRQ, Edge Select (IEG3): Bit 3 selects the input sensing of pin IRQ/TMIF.

Bit 3: IEG3 Description
0 Falling edge of IRQ,/TMIF pin input is detected (initial value)
1 Rising edge of IRQ,/TMIF pin input is detected

Bit 2—IRQ, Edge Select (IEG2): Bit 2 selects the input sensing of pin IRQ,/TMIC.

Bit 2: IEG2 Description
0 Falling edge of IRQ,/TMIC pin input is detected (initial value)
1 Rising edge of IRQ,/TMIC pin input is detected

Bit 1—IRQ, Edge Select (IEG1): Bit 1 selects the input sensing of pin IRQ,/TMIB.

Bit 1: IEG1 Description

0 Falling edge of IRQ,/TMIB pin input is detected (initial value)
1 Rising edge of IRQ,/TMIB pin input is detected
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Bit 0—IRQ, Edge Select (IEGO): Bit 0 selects the input sensing of pin IRQ,.

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

Interrupt Enable Register 1 (IENR1)

Bit 7 6 5 4 3 2 1 0

| IENTA | IENSL | IENWP | IEN4 | IEN3 | IEN2 | IEN1 | IENO |
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

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

Bit 7—Timer A Interrupt Enable (IENTA): Bit 7 enables or disablestimer A overflow interrupt
requests.

Bit 7: IENTA Description
0 Disables timer A interrupts (initial value)
1 Enables timer A interrupts

Bit 6—SCI 1 Interrupt Enable (IENS1): Bit 6 enables or disables SCI1 transfer complete
interrupt requests.

Bit 6: IENS1 Description
0 Disables SCI1 interrupts (initial value)
1 Enables SCI1 interrupts

Bit 5—Wakeup Interrupt Enable (IENWP): Bit 5 enables or disables WKP, to WKP, interrupt
requests.

Bit 5: IENWP Description

0 Disables interrupt requests from WKP, to WKP, (initial value)

1 Enables interrupt requests from WKP, to WKP,
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Bits4 to 0—IRQ, to IRQ, Interrupt Enable (IEN4 to | ENO): Bits 4 to 0 enable or disable IRQ,
to IRQ, interrupt requests.

Bit n: IENn Description
0 Disables interrupt request IRQn (initial value)
1 Enables interrupt request IRQn
(n=4100)
Interrupt Enable Register 2 (IENR2)
Bit 7 6 5 4 3 2 1 0
| IENDT | IENAD | IENS2 | IENTG | IENTFH | IENTFL | IENTC | IENTB |
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

IENR2 is an 8-bit read/write register that enables or disables interrupt requests.

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

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—SCI 2 Interrupt Enable (IENS2): Bit 5 enables or disables SCI2 transfer complete and
transfer abort interrupt requests.

Bit 5: IENS2 Description

0 Disables SCI2 interrupts (initial value)
1 Enables SCI2 interrupts
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Bit 4—Timer G Interrupt Enable (IENTG): Bit 4 enables or disablestimer G input capture and
overflow interrupt requests.

Bit 4: IENTG Description
0 Disables timer G interrupts (initial value)
1 Enables timer G interrupts

Bit 3—Timer FH Interrupt Enable (IENTFH): Bit 3 enables or disables timer FH compare
match and overflow interrupt requests.

Bit 3: IENTFH Description

0 Disables timer FH interrupts (initial value)

1 Enables timer FH interrupts

Bit 2—Timer FL Interrupt Enable (IENTFL): Bit 2 enables or disables timer FL compare
match and overflow interrupt requests.

Bit 2: IENTFL Description

0 Disables timer FL interrupts (initial value)

1 Enables timer FL interrupts

Bit 1—Timer C Interrupt Enable (IENTC): Bit 1 enables or disablestimer C overflow or
underflow interrupt requests.

Bit 1: IENTC Description
0 Disables timer C interrupts (initial value)
1 Enables timer C interrupts

Bit 0—Timer B Interrupt Enable (IENTB): Bit 0 enables or disables timer B overflow or
underflow interrupt requests.

Bit 0: IENTB Description
0 Disables timer B interrupts (initial value)
1 Enables timer B interrupts

SCI3 interrupt control is covered in 10.4.2, in the description of serial control register 3.
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Interrupt request register 1 (IRR1)

Bit

Initial value
Read/Write

7 6 5 4 3 2 1 0

| IRRTA | IRRS1 | — | IRRI4 | IRRI3 | IRRI2 | IRRIL | IRRIO |
0 0 1 0 0 0 0 0
RIWE  RW*  — RW*  RMW*  RW*  RMW* R

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

IRR1 is an 8-bit read/write register, in which the corresponding bit is set to 1 when atimer A,
SCI1, or IRQ, to IRQ, interrupt is requested. The flags are not cleared automatically when an
interrupt is accepted. It is necessary to write 0 to clear each flag.

Bit 7—Timer A Interrupt Request Flag (IRRTA)

Bit 7: IRRTA Description
0 Clearing conditions:

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

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

Bit 6—SCI 1 Interrupt Request Flag (IRRS1)

Bit 6: IRRS1 Description
0 Clearing conditions:

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

When an SCI1 transfer is completed

Bit 5—Reserved Bit: Bit 5isreserved; it isawaysread as 1, and cannot be modified.

Bits4to 0—IRQ, to IRQ, Interrupt Request Flags (IRRI4 to IRRIO0)

Bit n: IRRIn Description
0 Clearing conditions:

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

IRRIN is set when pin IRQ, is set to interrupt input, and the designated signal

edge is detected

(n=41t00)
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Interrupt Request Register 2 (IRR2)

Bit 7 6 5 4 3 2 1 0
] IRRDT ] IRRAD \ IRRS2 \ IRRTG ‘ IRRTFH‘ IRRTFL’ IRRTC ] IRRTB \
Initial value 0 0 0 0 0 0 0 0

Read/Write R/W* R/W* R/W* R/W* R/W* R/W* R/W* R/W*

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

IRR2 is an 8-bit read/write register, in which the corresponding bit is set to 1 when a direct
transfer, A/D converter, SCI2, timer G, timer FH, timer FL, timer C, or timer B interrupt is
requested. The flags are not cleared automatically when an interrupt is accepted. It is necessary to
write 0 to clear each flag.

Bit 7—Direct Transfer Interrupt Request Flag (IRRDT)

Bit 7. IRRDT Description
0 Clearing conditions:

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

When DTON = 1 and a direct transfer is made immediately after a SLEEP
instruction is executed

Bit 6—A/D Converter Interrupt Request Flag (IRRAD)

Bit 6: IRRAD Description
0 Clearing conditions:

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

When A/D conversion is completed and ADSF is reset

Bit 5—SCI 2 Interrupt Request Flag (IRRS2)

Bit 5: IRRS2 Description
0 Clearing conditions:

When IRRS2 =1, it is cleared by writing 0 (initial value)
1 Setting conditions:

When an SCI2 transfer is completed or aborted
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Bit 4—Timer G Interrupt Request Flag (IRRTG)

Bit 4: IRRTG Description
0 Clearing conditions:

When IRRTG =1, it is cleared by writing O (initial value)
1 Setting conditions:

When pin TMIG is set to TMIG input and the designated signal edge is
detected

Bit 3—Timer FH Interrupt Request Flag (IRRTFH)

Bit 3: IRRTFH Description
0 Clearing conditions:

When IRRTFH =1, it is cleared by writing O (initial value)
1 Setting conditions:

When counter FH matches output compare register FH in 8-bit timer mode, or
when 16-bit counter F (TCFL, TCFH) matches output compare register F
(OCRFL, OCRFH) in 16-bit timer mode

Bit 2—Timer FL Interrupt Request Flag (IRRTFL)

Bit 2: IRRTFL Description
0 Clearing conditions:

When IRRTFL = 1, it is cleared by writing O (initial value)
1 Setting conditions:

When counter FL matches output compare register FL in 8-bit timer mode

Bit 1—Timer C Interrupt Request Flag (IRRTC)

Bit 1: IRRTC Description
0 Clearing conditions:
When IRRTC =1, it is cleared by writing O (initial value)
1 Setting conditions:
When the timer C counter value overflows (goes from H'FF to H'00) or
underflows (goes from H'00 to H'FF)
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Bit 0—Timer B Interrupt Request Flag (IRRTB)

Bit 0: IRRTB Description
0 Clearing conditions:

When IRRTB =1, it is cleared by writing O (initial value)
1 Setting conditions:

When the timer B counter value overflows (goes from H'FF to H'00)

Wakeup Interrupt Request Register (IWPR)

Bit 7 6 5 4 3 2 1 0
] IWPF7 ] IWPF6 \ IWPF5 \ IWPF4‘ IWPF3 ‘ IWPF2 ] IWPF1 ] IWPFO \
Initial value 0 0 0 0 0 0 0 0

Read/Write R/W* R/W* R/W* R/W* R/W* R/W* R/W* R/W*

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

IWPR is an 8-bit read/write register, in which the corresponding bit is set to 1 when pins WKP, to
WKP, are set to wakeup input and a pin receives afalling edge input. The flags are not cleared
automatically when an interrupt is accepted. It is necessary to write O to clear each flag.

Bits 7 to 0—Wakeup Interrupt Request Flags (WK PF7 to WK PFO0)

Bit n: IWPFn Description

0 Clearing conditions:
When IWPFn = 1, it is cleared by writing 0 to IWPFn

1 Setting conditions:
IWPFn is set when pin WKP , is set to wakeup interrupt input, and a falling edge
input is detected at the pin

(n=71t00)

333 External Interrupts
There are 13 externa interrupts, WKP, to WKP, and IRQ, to IRQ,.

Interrupts WK P, to WK P;: Interrupts WK P, to WKP; are requested by falling edge inputs at
pins WKP, to WKP,. When these pins are designated as WKP, to WKP,, pins in port mode register
5 (PMR5) and falling edge input is detected, the corresponding bit in the wakeup interrupt request
register (IWPR) is set to 1, requesting an interrupt. Wakeup interrupt requests can be disabled by
clearing the IENWP bit in IENRZ1 to 0. It is also possible to mask all interrupts by setting the CCR
| bitto 1.
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When an interrupt exception handling request is received for interrupts WKP, to WKP,, the CCR |
bit is set to 1. The vector number for interrupts WKP, to WKP; is 9. Since all eight interrupts are
assigned the same vector number, the interrupt source must be determined by the exception
handling routine.

InterruptsIRQ, to IRQ,: Interrupts IRQ, to IRQ, are requested by into pinsinputs to IRQ, to
IRQ,. These interrupts are detected by either rising edge sensing or falling edge sensing,
depending on the settings of bits IEGO to IEG4 in the edge select register (IEGR).

When these pins are designated as pins IRQ, to IRQ, in port mode registers 1 and 2 (PMR1 and
PMR?2) and the designated edge is input, the corresponding bit in IRR1 is set to 1, requesting an
interrupt. Interrupts IRQ, to IRQ, can be disabled by clearing bits IENO to IEN4 in IENR1 to O.
All interrupts can be masked by setting the | bitin CCR to 1.

When IRQ, to IRQ, interrupt exception handling isinitiated, the | bit is set to 1. Vector numbers 4
to 8 are assigned to interrupts IRQ, to IRQ,. The order of priority isfrom IRQ, (high) to IRQ,
(low). Table 3.2 gives details.

334 Internal Interrupts

There are 20 internal interrupts that can be requested by the on-chip peripheral modules. When a
peripheral module requests an interrupt, the corresponding bit in IRR1 or IRR2 is set to 1.
Individua interrupt requests can be disabled by clearing the corresponding bit in IENR1 or IENR2
to 0. All interrupts can be masked by setting the | bit in CCR to 1. When an internal interrupt
request is accepted, the | bit is set to 1. Vector numbers 10 to 20 are assigned to these interrupts.
Table 3.2 shows the order of priority of interrupts from on-chip peripheral modules.

335 Interrupt Operations

Interrupts are controlled by an interrupt controller. Figure 3.3 shows a block diagram of the
interrupt controller. Figure 3.4 shows the flow up to interrupt acceptance.

Interrupt operation is described as follows.

« When an interrupt condition is met while the interrupt enable register bitissetto 1, an
interrupt request signal is sent to the interrupt controller.

* When theinterrupt 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 the | bitis 0, the selected interrupt request is
accepted; if the | bitis 1, the interrupt request is held pending.
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« 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 thistime is shown in figure 3.5.
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 all 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 bits in an interrupt enable register, or when
clearing bitsin an interrupt request register, always do so while interrupts are masked
(1=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.

External or
internal

interrupts D 4D+>

iD;» Interrupt
X request

Priority decision logic

External
interrupts or

-
CH—

internal Di |
——

interrupt
enable
signals

| CCR (CPU)

Figure 3.3 Block Diagram of Interrupt Controller
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| Program execution state |

IRRI2Z=1

No

| PC contents saved |

v

| CCR contents saved |
v

| |1 |
1

Branch to interrupt
handling routine

Notation:

PC: Program counter

CCR: Condition code register
I: I bit of CCR

Figure3.4 Flow up to Interrupt Acceptance
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SP-4 SP (R7) — CCR

SP-3 SP+1 CCR*

SP-2 SP+2 PCy

SP-1 SP+3 PC,

SP (R7) — SP+4 Even address
Stack area

/\/ /\/

Prior to start of interrupt ————————— After completion of interrupt
exception handling PC and CCR exception handling

saved to stack
Notation:
PCy: 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.

* Ignored on return from interrupt.

Figure3.5 Stack State after Completion of Interrupt Exception Handling

Figure 3.6 shows atypical interrupt sequence where the program areaisin the on-chip ROM and
the stack areaisin the on-chip RAM.
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Figure3.6 Interrupt Sequence
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336 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.

Table3.4 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.

34 Application Notes

34.1 Notes on Stack Area Use

When word datais accessed in the H8/3834 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 exampleis shown in figure 3.7.

81
HITACHI



| PCx | SP - R1L H'FEFC
SP - PCL PCL H'FEFD
el I | HFEFF
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

Figure3.7 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.

34.2 Notes on 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 these pins (IRQ, to IRQ,, and WKP, to WKP,), the interrupt request flag may be set to 1
at the time the pin function is switched, even if no valid interrupt isinput at the pin. Be sure to
clear the interrupt request flag to 0 after switching pin functions. Table 3.5 shows the conditions
under which interrupt request flags are set to 1 in thisway.
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Table 3.5

Interrupt Request

Conditions under which Interrupt Request Flagis Set to 1

Flags Set to 1 Conditions
IRR1 IRRI4 «  When PMR2 bit IRQ4 is changed from 0 to 1 while pin IRQ, is low and
IEGR bit IEG4 = 0.
*  When PMR2 bit IRQ4 is changed from 1 to 0 while pin IRQ, is low and
IEGR bit IEG4 = 1.
IRRI3 *  When PMR1 bit IRQ3 is changed from 0 to 1 while pin IRQ, is low and
IEGR bit IEG3 = 0.
+  When PMR1 bit IRQ3 is changed from 1 to 0 while pin IRQ, 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 PMR1 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 PMR1 bit IRQ1 is changed from 1 to 0 while pin IRQ, is low and
IEGR bit IEG1 = 1.
IRRIO «  When PMR2 bit IRQO is changed from 0 to 1 while pin IRQ, is low and
IEGR bit IEGO = 0.
*  When PMR2 bit IRQO is changed from 1 to 0 while pin IRQ, is low and
IEGR bit IEGO = 1.
IWPR IWPF7 When PMR5 bit WKP7 is changed from 0 to 1 while pin WKP, is low
IWPF6 When PMR5 bit WKP6 is changed from 0 to 1 while pin WKP; is low
IWPF5 When PMR5 bit WKP5 is changed from 0 to 1 while pin WKP, is low
IWPF4 When PMR5 bit WKP4 is changed from 0 to 1 while pin WKP, is low
IWPF3 When PMR5 bit WKP3 is changed from 0 to 1 while pin WKP, is low
IWPF2 When PMR5 bit WKP2 is changed from 0 to 1 while pin WKP, is low
IWPF1 When PMR5 bit WKP1 is changed from 0 to 1 while pin WKP, is low
IWPFO When PMR5 bit WKPO is changed from 0 to 1 while pin WKP,, is low

HITACHI
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Figure 3.8 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. If the instruction to clear the flag is executed immediately after
the port mode register access without executing an intervening instruction, the flag will not be
cleared.

An alternative 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 conditionsin table 3.5 do not occur.

Interrupts masked. (Another possibility
| CCR | bit ~ 1 | —————————— is to disable the relevant interrupt in
‘ interrupt enable register 1.)

| Set port mode register bit |

‘ After setting the port mode register bit,

| 77777777 first execute at least one instruction
(e.g., NOP), then clear the interrupt

‘ request flag to 0

| Clear interrupt request flag to 0 |

| Execute NOP instruction

| CCR I bit - 0 | ffffffffff Interrupt mask cleared

Figure3.8 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 pul se generator
consists of a system clock oscillator and system clock dividers. The subclock pul se generator
consists of a subclock oscillator circuit and a subclock divider.

411 Block Diagram

Figure 4.1 shows a block diagram of the clock pulse generators.

: Posc/2 !
| Posc . >
OSC1 =™ system clock System clock L 16 ®
osc., < | oscillator divider (1/2) System clock |Posc/™0 |
2 (fosc) divider (1/8) e
| ! 2
! ! Prescaler S | @
! System clock pulse generator (13bits) | ©
> /8192
| 1 - o
! Py/2 |
‘ Ow > |
X1 = subclock Subclock | ¢, g |
: oscillator divider > > Psus
Xp < (112, 1/4, 1/8)| Pw/8 !
: (fw) > @12
| : > 0,4
3 : > /8
! ! Prescaler W || o
. Subclock pulse generator | (5 bits) !
> ¢,,/128

Figure4.1 Block Diagram of Clock Pulse Generators

412 System Clock and Subclock

The basic clock signals that drive the CPU and on-chip peripheral modules are gand ¢y . Four of
the clock signals have names: @isthe system clock, @5 isthe subclock, @« isthe oscillator
clock, and @, isthe watch clock.

The clock signals available for use by peripheral modules are @2, @4, @8, @16, @32, (64,
@128, 256, @512, 1024, (12048, 4096, @8192, @y, @2, @4, @./8, @, /16, @,/32, @,/64,
and @,/128. The clock requirements differ from one module to another.
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4.2 System Clock Generator

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

Connecting a Crystal Oscillator: Figure 4.2 shows atypical method of connecting acrystal
oscillator.

0SC, }—77|7

0SC, R; =1 MQ +£20%
C1 =Cy =12 pF £20%

Figure4.2 Typical Connection to Crystal Oscillator

Figure 4.3 shows the equivalent circuit of a crystal oscillator. An oscillator having the
characteristics given in table 4.1 should be used.

OSC; =—¢ t+—> 0SC;

Figure4.3 Equivalent Circuit of Crystal Oscillator

Table4.1 Crystal Oscillator Parameters

Frequency (MHz) 2 4 8 10
R, (max) 500 Q 100 Q 50 Q 30Q
C, (max) 7 pF 7 pF 7 pF 7 pF
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Connecting a Ceramic Oscillator: Figure 4.4 shows atypical method of connecting a ceramic
oscillator.

0SC1 }—77‘7

0SC, Rf =1 MQ +20%
C1 =30 pF £10%
C2 =30 pF +10%
Ceramic oscillator: Murata

Figure4.4 Typical Connection to Ceramic Oscillator

Notes on Board Design: When generating clock pulses by connecting acrystal 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 designed 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 ! 0OSCy

Figure4.5 Board Design of Oscillator Circuit
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External Clock Input Method: Connect an external clock signal to pin OSC,, and leave pin
OSC, open. Figure 4.6 shows atypical connection.

0SC,

0SsC»

— External clock input

Open

Figure4.6 External Clock Input (Example)

Frequency Oscillator Clock (¢hsc)

Duty cycle 45% to 55%

4.3 Subclock Generator

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. Following the same
connection precautions as mentioned in section 4.2.3, Notes on Board Design.

X1

X2

Cy
R
1
02}77‘7 Cy =Cy, =15pF (typ.)

Figure4.7 Typical Connection to 32.768-kHz Crystal Oscillator
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Figure 4.8 shows the equivalent circuit of the 32.768-kHz crystal oscillator.

Co Co =1.5pFtyp
Rg =14 kQ typ
fw = 32.768 kHz
Crystal oscillator: MX38T
(Nihon Denpa Kogyo)

Figure4.8 Equivalent Circuit of 32.768-kHz Crystal Oscillator

2. Inputting an external clock (H8/3832S, H8/3833S, H8/3834S, H8/3835S, H8/3836S, H8/3837S
only)

(2) Circuit configuration
An externa clock isinput to the X, pin. The X, pin should be left open.

An example of the connection in this case is shown in figure 4.9.

External clock input

L TIIL

X2 B Open

Figure4.9 Example of Connection when Inputting an External Clock
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(2) External clock

Input a square waveform to the X, pin. When using the CPU, timer A, timer C, timer G, or an
LCD, with a subclock (ew) clock selected, do not stop the clock supply to the X, pin.

Figure4.10 External Subclock Timing
The DC characteristics and timing of an external clock input to the X, pin are shown in table 4.2.
Table4.2 DC Characteristicsand Timing

(Ve =27V 1055V, AV =27V 1t055V,V=AV=0.0V, T,=-20°C to + 75°C, unless
otherwise specified, including subactive mode)

Applicable Test Values
Item Symbol Pin Conditions Min Typ Max Unit Notes
Input high voltage Viy X, Ve —03 — Ve 103  V Figure 4.10
Input low voltage Vi -0.3 — 0.3
External subclock t, — — 100 ns Figure 4.10
rise time
External subclock t — — 100
fall time
External subclock f, — 32.768 — kHz
oscillation frequency
External subclock ty 12.0 — — Mus  Figure 4.10
high width
External subclock to 12.0 — — us
low width
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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

% Y

X2 —————— Open

Figure4.9 Pin Connection when Not Using Subclock

4.4 Prescalers

The H8/3834 Series is equipped with two on-chip prescalers having different input clocks
(prescaler Sand prescaler W). Prescaler Sis a 13-bit counter using the system clock (¢) asits
input 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.

Prescaler S (PSS): Prescaler Sisa 13-hit 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 timer A, timer B, timer C, timer F, timer G, SCI1, SCI2,
SCI3, the A/D converter, LCD controller, and 14-bit PWM. The divider ratio can be set separately
for each on-chip peripheral function.

In active (medium-speed) mode the clock input to prescaler Sis @,s-/16.

Prescaler W (PSW): Prescaler W is a5-bit counter using a 32.768 kHz signal divided by 4 (@,/4)
asitsinput 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 X, and X.,.
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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 functionsasatime
base for timekeeping.

45 Note on Oscillators

Oscillator characteristics of both the masked ROM and ZTAT™ versions are closely related to
board design and should be carefully evaluated by the user, referring to the examples shown in this
section. Oscillator circuit constants will differ depending on the oscillator element, stray
capacitance in its interconnecting 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

51 Overview

The H8/3834 Series has seven modes of operation after areset. These include six power-down
modes, in which power dissipation is significantly reduced.

Table 5.1 gives a summary of the seven operation modes.

Table5.1 Operation Modes

Operating Mode Description

Active (high-speed) mode The CPU runs on the system clock, executing program
instructions at high speed

Active (medium-speed) mode The CPU runs on the system clock, executing program
instructions at reduced speed

Subactive mode The CPU runs on the subclock, executing program instructions
at reduced speed

Sleep mode The CPU halts. On-chip peripheral modules continue to
operate on the system clock.

Subsleep mode The CPU halts. Timer A, timer C, timer G, and the LCD
controller/driver continue to operate on the subclock.

Watch mode The CPU halts. The time-base function of timer A and the LCD

controller/driver continue to operate on the subclock.

Standby mode The CPU and all on-chip peripheral modules stop operating

All the above operating modes except active (high-speed) mode are referred to as power-down
modes.

In this section the two active modes (high-speed and medium-speed) are referred to collectively as
active mode.

Figure 5.1 shows the transitions among these operation modes. Table 5.2 indicates the internal
statesin each mode.
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Program execution state Program halt state

Reset state
LSON =0, MSON =0

Active (high-speed)

Sleep mode

Watch mode

P I

SSBY =0,
LSON =1,
TMA3 =1
SLEEP
instruction
Subsleep mode
R 1 ! *2
! |
I
- . . C] Power-down mode
—: Transition caused by exception handling

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

Details on the mode transition conditions are given in the explanations of each mode, in sections 5.2
through 5.8.

Notes: 1. Timer Ainterrupt, IRQ o interrupt, WKP ¢ to WKP 7 interrupts
2. Timer Ainterrupt, timer C interrupt, timer G interrupt, IRQ to IRQy interrupts,
WKPq to WKP7 interrupts
3. All interrupts
4. IRQgq interrupt, IRQ1 interrupt, WKPqy to WKP7 interrupts

Figure5.1 Operation Mode Transition Diagram
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Tableb.2

Internal Statein Each Operation Maode

Active Mode
High Medium Sleep Watch Subactive Subsleep Standby
Function Speed Speed Mode Mode Mode Mode Mode
System clock oscillator Functions Functions Functions Halted Halted Halted Halted
Subclock oscillator Functions Functions Functions Functions Functions Functions Functions
CPU Instructions Functions  Functions Halted Halted Functions Halted Halted
operation  paw Retained  Retained Retained  Retained
Registers
110 Retained*!
External  IRQ, Functions  Functions Functions Functions Functions Functions Functions
interrupts IRQ, Retained*®
IRQ, Retained*®
IRQ;
IRQ,
WKP, Functions  Functions Functions Functions Functions Functions Functions
WKP,
WKP,
WKP,
WKP,
WKP,
WKPg
WKP,
Peripheral Timer A Functions Functions Functions Functions*® Functions*® Functions*®> Retained
fmu(r:gtLilcl)is Timer B Retained Retained Retained
Timer C Functions/ Functions/
Retained*? Retained*2
Timer F Retained  Retained
Timer G Functions/ Functions/
Retained*® Retained*?
SCi1 Functions Functions Functions Retained Retained Retained Retained
SCI2
SCI3 Reset Reset Reset Reset
PWM Functions Functions Retained Retained Retained Retained Retained
A/ID Functions Functions Functions Retained Retained Retained Retained
LCD Functions Functions Functions Functions/ Functions/ Functions/ Retained
Retained** Retained** Retained**
Notes: 1. Register contents held; high-impedance output.
2. Functions only if external clock or @,/4 internal clock is selected; otherwise halted and retained.
3. Functions only if @,/2 internal clock is selected; otherwise halted and retained.
4. Functions only if @, or @,/2 internal clock is selected; otherwise halted and retained.
5. Functions when timekeeping time-base function is selected.
6. External interrupt requests are ignored. The interrupt request register contents are not affected.
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511 System Control Registers

The operation mode is selected using the system control registers described in table 5.3.

Table5.3 System Control Register

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
System Control Register 1 (SYSCR1)
Bit 7 6 5 4 2 1 0
| SSBY | STS2 | STS1 | STSO | LSON | — - | = ]
Initial value 0 0 0 0 1 1 1

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

SYSCRL1 is an 8-hit read/write register for control of the power-down modes.

R/W —

Bit 7—Softwar e 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 is made

to sleep mode

(initial value)

* 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.

Bits 6 to 4—Standby Timer Select 2to 0 (STS2to 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.
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Bit 6: STS2 Bit5: STS1 Bit4: STSO Description

0 0 0 Wait time = 8,192 states (initial value)
1 Wait time = 16,384 states
1 0 Wait time = 32,768 states
1 Wait time = 65,536 states
1 * * Wait time = 131,072 states

Note: * Don't care

Bit 3—L ow Speed on Flag (L SON): This bit chooses the system clock (¢) or subclock (¢y,g) as
the CPU operating clock when watch mode is cleared. 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 (¢yz)

Bits 2 to 0—Reserved Bits: These bits are reserved; they are always read as 1, and cannot be
modified.

System Control Register 2 (SYSCR2)

Bit 7 6 5 4 3 2 1 0

. — | — | — |NEsEL| DTON | MsON| sA1 | sa0 |
Initial value 1 1 1 0 0 0 0 0
Read/Write — — — R/W R/W R/W R/W R/W

SYSCR2 is an 8-hit read/write register for power-down mode control.

Bits 7 to 5—Reserved Bits. These hits 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 (@) generated by the system clock pulse generator. When @ =
210 10 MHz, clear NESEL to 0.

Bit 4. NESEL Description

0 Sampling rate is @,s./16 (initial value)

1 Sampling rate is @,s./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 is made to
standby mode, watch mode, or sleep mode. (initial value)

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

Bit 22 MSON Description
0 Operation is in active (high-speed) mode (initial value)
1 Operation is in active (medium-speed) mode

Bits 1 and 0—Subactive Mode Clock Select (SA1 and SAQ): These bits select the CPU clock
rate (@,/2, @,/4, or @,/8) in subactive mode. SA1 and SAO cannot be modified in subactive mode.

Bit 1: SAl Bit 0: SAO Description

0 0 @,/8 (initial value)
1 Q4

1 * @ul2

Note: * Don'’t care

98
HITACHI



5.2 Sleep Mode

521 Transition to Sleep Mode

The system goes from active mode to sleep mode when a SLEEP instruction is executed while the
SSBY and LSON bitsin system control register 1 (SY SCR1) are cleared to 0. In sleep mode CPU
operation is halted but the on-chip peripheral functions other than PWM are operational. The CPU
register contents are retained.

522 Clearing Sleep M ode

Sleep mode is cleared by an interrupt (timer A, timer B, timer C, timer F, timer G, IRQ, to IRQ,,
WKP, to WKP;, SCI1, SCI2, SCI3, A/D converter) or by input at the RES pin.

Clearing by Interrupt: When an interrupt is requested, sleep mode is cleared and interrupt
exception handling starts. Operation resumes in active (high-speed) mode if MSON = 0in
SYSCR2, or active (medium-speed) mode if MSON = 1. 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.

5.3 Standby Mode

531 Transition to Standby Mode

The system goes from active mode to standby mode when a SLEEP instruction is executed while
the SSBY hitin SYSCR1 isset to 1, the LSON hit is cleared to 0, and bit TMA3 in timer

register A (TMA) iscleared to 0. In standby mode the clock pulse generator stops, so the CPU and
on-chip peripheral modules stop functioning. Aslong as a minimum required voltage is applied,
the contents of CPU registers and some on-chip peripheral registers, and datain the on-chip RAM,
areretained. Datain the on-chip RAM will be retained as long as the specified RAM data
retention voltage is supplied. The I/O ports go to the high-impedance state.
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532 Clearing Standby Mode
Standby mode is cleared by an interrupt (IRQ,, IRQ;, WKP, to WKP,) or by input at the RES pin.

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 mode is cleared, and interrupt exception handling starts.
Operation resumes in active (high-speed) mode if MSON = 0 in SY SCR2, or active (medium-
speed) mode if MSON = 1. Standby mode is not cleared if the | bit of CCR isset 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 pulse
generator starts functioning, the RES pin should be kept at the low level until the pulse generator
output stabilizes.

533 Oscillator Settling Time after Standby Mode is Cleared
Bits STS2 to STSO in SY SCR1 should be set as follows.

e When aCrystal Oscillator is Used

The table below gives settings for various operating frequencies. Set bits STS2 to STS0 for a
waiting time of at least 10 ms.

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
1 16,384 states 3.2 4.1 8.2 16.4 32.8
1 0 32,768 states 6.6 8.2 16.4 32.8 65.5

1 65,536 states 13.1 16.4 32.8 65.5 131.1

1 * * 131,072 states 26.2 32.8 65.5 1311 262.1

Note: * Don'’t care

*  When an External Clock is Used
Any values may be set. Normally the minimum time (STS2 = STS1 = STS0 = 0) should be set.
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534 Transition to Standby Mode and Port Pin States

The system goes from active (high-speed or medium-speed) mode to standby mode when a
SLEEP instruction is executed while the SSBY bit in SYSCR1 is set to 1, the LSON bit is cleared
to 0, and bit TMA3in TMA is cleared to 0. Port pins (except those with their MOS pull-up turned
on) enter high-impedance state when the transition to standby mode is made. Thistiming is shown
infigure 5.2,

2
Internal . . . )
data bus ><SLEEP|nstruct|on fetch >< Next instruction fetch ><
SLEEP instruction Internal
execution processing !
- -
Port pins Output >< High-impedance

Active (high-speed or medium-speed) mode : Standby mode

Figure5.2 Transition to Standby Mode and Port Pin States

54 Watch Mode

54.1 Transition to Watch M ode

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 isset to 1.

In watch mode, operation of on-chip peripheral modules other than timer A and the LCD
controller is halted. The LCD controller can be selected to operate or to halt. Aslong asa
minimum required voltage is applied, the contents of CPU registers and some registers of the on-
chip peripheral modules, and the on-chip RAM contents, are retained. 1/0 ports keep the same
states as before the transition.
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54.2 Clearing Watch Mode

Watch modeis cleared by an interrupt (timer A, IRQ,, WKP, to WKP;) or by ainput at the RES
pin.

Clearing by Interrupt: Watch mode is cleared when an interrupt is requested. The mode to which
atransition 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-STSO0 has
elapsed, a stable clock signal is supplied to the entire chip, 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 is the same as for standby mode; see 5.3.2,
Clearing Standby Mode.

54.3 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 Mode is Cleared.

55 Subsleep M ode

551 Transition to Subsleep M ode

The system goes from subactive mode to subsleep mode when a SLEEP instruction is executed
while the SSBY bit in SYSCR1 iscleared to 0, LSON bit in SYSCR1isset to 1, and TMA3 bitin
TMA issetto 1.

In subsleep mode, operation of on-chip peripheral modules other than timer A, timer C, timer G,
and the LCD controller is halted. Aslong as aminimum required voltage is applied, the contents
of CPU registers and some registers of the on-chip peripheral modules, and the on-chip RAM
contents, are retained. 1/0 ports keep the same states as before the transition.
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55.2 Clearing Subsleep Mode

Subsleep mode is cleared by an interrupt (timer A, timer C, timer G, IRQ, to IRQ,, WKP, to
WKP;) 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 mode is not cleared if the | bit of CCR isset 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.

5.6 Subactive Mode

56.1 Transition to Subactive Mode

Subactive mode is entered from watch mode if atimer A, IRQ,, or WKP, to WKP;, interrupt is
requested while the LSON bhit in SY SCR1 is set to 1. From subsleep mode, subactive modeis
entered if atimer A, timer C, timer G, IRQ, to IRQ,, or WKP, to WKP; interrupt is requested.
A transition to subactive mode does not take placeif the | bit of CCR is set to 1 or the particular
interrupt is disabled in the interrupt enable register.

5.6.2 Clearing Subactive M ode
Subactive mode is cleared by a SLEEP instruction or by ainput at the RES pin.

Clearing by SLEEP Instruction: If a SLEEP instruction is executed while the SSBY bitin
SYSCR1issetto 1l and TMA3bitin TMA isset to 1, subactive mode is cleared and watch mode
isentered. If aSLEEP instruction is executed while SSBY =0 and LSON =1 in SYSCR1 and
TMA3=1in TMA, subsleep mode is entered. Direct transfer to active mode is also possible; see
5.8, Direct Transfer, below.

Clearing by RES Pin: Clearing by RES pin isthe same as for standby mode; see Clearing by
RES pinin section 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 SAQ in SY SCR2. The choices
are @,/2, @,/4, and @,/8.
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5.7 Active (medium-speed) Mode

571 Transition to Active (medium-speed) M ode

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

572 Clearing Active (medium-speed) M ode
Active (medium-speed) mode is cleared by a SLEEP instruction or by ainput at the RES pin.

Clearing by SLEEP Instruction: A transition to standby mode takes place if a SLEEP
instruction is executed while the SSBY bit in SYSCR1 isset to 1, the LSON bit in SYSCR1is
cleared to 0, and TMAS3 bitin TMA iscleared to 0. The system goes to watch mode if the SSBY
bitin SYSCR1issetto 1 and TMA3 bitin TMA isset to 1 when a SLEEP instruction is executed.
Sleep mode is entered if both SSBY and LSON are cleared to 0 when a SLEEP instruction is
executed. 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.

573 Operating Frequency in Active (medium-speed) Mode

In active (medium-speed) mode, the CPU is clocked at 1/8 the frequency in active (high-speed)
mode.

5.8 Direct Transfer

5.8.1 Direct Transfer Overview

The CPU can execute programs in three modes: active (high-speed) mode, active (medium-speed)
mode, and subactive mode. A direct transfer is a transition 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 SY SCR2 is set to 1. After the mode transition, direct transfer interrupt
exception handling starts.
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If the direct transfer interrupt is disabled in interrupt enable register 2 (IENR2), atransition is
made instead to sleep mode or watch mode. Note that if adirect transition is attempted while the |
bit in CCRis 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) Modeto Active (M edium-Speed) Mode: When a
SLEEP instruction is executed in active (high-speed) mode while the SSBY and LSON bitsin
SYSCR1 are cleared to 0, the MSON bit in SYSCR2 isset to 1, and the DTON bit in SYSCR2 is
set to 1, atransition is made to active (medium-speed) mode via sleep mode.

Direct Transfer from Active (Medium-Speed) Modeto Active (High-Speed) Mode: When a
SLEEP instruction is executed in active (medium-speed) mode while the SSBY and LSON hitsin
SY SCR1 are cleared to 0, the MSON bit in SYSCR2 is cleared to 0, and the DTON bit in
SYSCR2 isset to 1, atransition is made to active (high-speed) mode via sleep mode.

Direct Transfer from Active (High-Speed) Mode to Subactive M ode: When a SLEEP
instruction is executed in active (high-speed) mode while the SSBY and LSON bitsin SY SCR1
aresetto 1, the DTON bit in SYSCR2 isset to 1, and TMA3 bit in TMA is set

to 1, atransition is made to subactive mode via watch mode.

Direct Transfer from Subactive Mode to Active (High-Speed) M ode: When a SLEEP
instruction is executed in subactive mode while the SSBY hit in SYSCR1 isset to 1, the LSON bit
in SYSCR1 iscleared to 0, the MSON bit in SYSCR2 is cleared to 0, the DTON bit in SYSCR2 is
setto 1, and 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 STSO0 has el apsed.

Direct Transfer from Active (Medium-Speed) Modeto Subactive M ode: When a SLEEP
instruction is executed in active (medium-speed) while the SSBY and LSON hitsin SYSCRL1 are
setto 1, the DTON hitin SYSCR2issetto 1, and TMA3 bitin TMA isset to 1, atransition is
made to subactive mode via watch mode.

Direct Transfer from Subactive M ode to Active (M edium-Speed) M ode: When a SLEEP
instruction is executed in subactive mode while the SSBY bit in SY SCR1 is set

to 1, the LSON bit in SYSCR1 is cleared to 0, the MSON bit in SYSCR2 isset to 1, the DTON bit
in SYSCR2issetto 1, and 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 el apsed.
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5.8.2 Calculation of Direct Transfer Time before Transition

Time Required before Direct Transfer from Active (High-speed) M ode to Active (Medium-
Speed) Mode: A direct transfer is made 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 bitsin SY SCR1 are cleared to 0, the MSON bit in SYSCR2 isset to 1, and the DTON hit in
SYSCR2isset to 1. A direct transfer time, that is, the time from SLEEP instruction execution to
interrupt exception handling completion is calculated by expression (1) below.

Direct transfer time = (number of states for SLEEP instruction execution + number of
states for internal processing) x tcyc before transition + number of
states for interrupt exception handling execution x tcyc after
transiton . Q)

Example: Direct transfer time for the H8/3834 Series
= (2 + 1) x 2tosc + 14 x 16tosc = 230 tosc

Notation:
tosc: OSC clock cycle time
tcyc: System clock (@) cycle time

Time Required before Direct Transfer from Active (Medium-Speed) Mode to Active (High-
Speed) Mode: A direct transfer is made 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 SCRL1 are cleared to 0, the MSON bit in SYSCR2 is cleared to 0, and the DTON
bitin SYSCR2 isset to 1. A direct transfer time, that is, the time from SLEEP instruction
execution to interrupt exception handling completion is calculated by expression (2) below.

Direct transfer time = (number of states for SLEEP instruction execution + number of
states for internal processing) x tcyc before transition + number of
states for interrupt exception handling execution x tcyc after
transiton . (2)

Example: Direct transfer time for the H8/3834 Series
=(2 + 1) x 16tosc + 14 x 2tosc = 76 tosc

Notation:
tosc: OSC clock cycle time
tcyc: System clock (@) cycle time

Time Required before Direct Transfer from Subactive Mode to Active (High-Speed) M ode:
A direct transfer is made from subactive mode to active (high-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 SYSCR1 iscleared to 0, the MSON hit in SYSCR2 is cleared to 0, the DTON hit in SYSCR2 is
set to 1, and the TMA3 bit in TMA isset to 1. A direct transfer time, that is, the time from SLEEP
instruction execution to interrupt exception handling completion is calculated by expression (3)
below.
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Direct transfer time = (number of states for SLEEP instruction execution + number of
states for internal processing) x tsubcyc before transition + (wait
time designated by STS2 to STSO bits in SCR + number of states
for interrupt exception handling execution) x tcyc after transition

...... ©)

Example: Direct transfer time for the H8/3834 Series
(when CPU clock frequency is @w/8 and wait time is 8192 states)
=(2 +1) x 8tw + (8192 + 14) x 2tosc = 24tw + 16412tosc

Notation:

tosc: OSC clock cycle time

tw: Watch clock cycle time
teyc: System clock (¢) cycle time

tsubcyc: Subclock (¢,z) cycle time

Time Required before Direct Transfer from Subactive M ode to Active (M edium-Speed)
Mode: A direct transfer is made from subactive mode to active (medium-speed) mode when a
SLEEP instruction is executed in subactive mode while the SSBY bit in SYSCR1 isset to 1, the
LSON hitin SYSCRL1 is cleared to 0, the MSON and DTON bitsin SY SCR2 are set to 1, and the
TMA3bitin TMA issetto 1. A direct transfer time, that is, the time from SLEEP instruction
execution to interrupt exception handling completion is calculated by expression (4) below.

Direct transfer time = (number of states for SLEEP instruction execution + number of
states for internal processing) x tsubcyc before transition (wait time
designated by STS2 to STSO bits in SCR + number of states for
interrupt exception handling execution) x tcyc after transition

Example: Direct transfer time for the H8/3834 Series
(when CPU clock frequency is @w/8 and wait time is 8192 states)
=(2 +1) x 8tw + (8192 + 14) x 16tosc = 24tw + 131296tosc

Notation:
tosc: OSC clock cycle time
tw: Watch clock cycle time

teyc: System clock (¢) cycle time
tsubcyc: Subclock (¢,) cycle time
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Section6 ROM

6.1 Overview

The H8/3832 has 16 kbytes of on-chip ROM, while the H8/3833 has 24 kbytes, the H8/3834 has
32 kbytes, the H8/3835 has 40 kbytes, the H8/3836 has 48 kbytes, and the H8/3837 has 60 kbytes.
The ROM is connected to the CPU by a 16-bit data bus, allowing high-speed 2-state access for
both byte data and word data. The ZTAT™ versions of the H8/3834 and H8/3837 each have 32
kbytes and 60 kbytes of PROM.

With regard to ZTAT versions of the H8/3832S, H8/3833S, H8/3834S, H8/3835S, H8/3836S, and
H8/3837S, the ZTAT versions of the H8/3834 and H8/3837 should be used.

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
Av
On-chip ROM
H'7FFE H'7FFE H'7FFF
Even-numbered Odd-numbered
address address

Figure6.1 ROM Block Diagram (H8/3834)
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6.2 H8/3834 PROM Mode

6.2.1 Setting to 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
HN27C256. Table 6.1 shows how to set the chip to PROM mode.

Table6.1 Settingto PROM Mode

Pin Name Setting
TEST High level
PB,/AN, Low level
PB./AN,

PB¢/AN 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 28 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
100-pin (FP-100B) HS3834ESHO1H
100-pin (FP-100A) HS3834ESF0O1H

100-pin (TFP-100B) HS3834ESNO1H
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H8/3834

EPROM socket

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

FP-100A FP-100B Pin Pin HN27C256
12 9 RES Vpp 1
47 44 P6y EOq 11
48 45 P6; EO; 12
49 46 P6, EO, 13
50 47 P63 EO3 15
51 48 P64 EO, 16
52 49 P65 EOs 17
53 50 P6s EOg 18
54 51 P6; EO7 19
70 67 P8, EAo 10
69 66 P8 EA; 9
68 65 P8s EA; 8
67 64 P8, EA3 7
66 63 P83 EA4 6
65 62 P8, EAs 5
64 61 P8; EAs 4
63 60 P8y EA; 3
55 52 P70 EAg 25
91 88 P43 EAg 24
57 54 P7, EA1o 21
58 55 P73 EAn 23
59 56 P74 EA1» 2
60 57 P75 EA13 26
61 58 P76 EA14 27
62 59 P7; CE 20
56 53 P7, OE 22

34,79 31,76 Vee Vee 28
92 89 AVce
6 3 TEST
8 5 X1
99 96 PBs
13 10 MDO
81 78 P1;
82 79 P1, e
83 80 P13
9,30 6, 27 Vss Vss 14
5 2 AVss
97 94 PB4
98 95 PBs
84 81 P14
85 82 Pls
86 83 Plg

Figure6.2 Socket Adapter Pin Correspondence (with HN27C256)

HITACHI
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Address in MCU mode
H'0000

H7FFF

On-chip PROM

Address in PROM mode
H'0000

H7FFF

Figure6.3 H8/3834 Memory Map in PROM Mode

Note:  When programming with a PROM programmer, be sure to specify addresses from H'0000

to H'7FFF.
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6.3 H8/3834 Programming
The write, verify, and other modes are selected as shown in table 6.3 in H8/3834 PROM maode.

Table6.3 Mode Selection in H8/3834 PROM M ode

Pin
Mode CE OE V. Vee EO, to EQ, EA,, to EA,
Write L H Vo Ve Data input Address input
Verify H L Vep Vee Data output Address input
Programming disabled H H Voo Vee High impedance Address input
Notation:
L:  Low level
H: High level

Vee: Vpp level
V! Ve level

The specifications for writing and reading the on-chip PROM are identical to those for the
standard HN27C256 EPROM .

6.3.1 Writing and Verifying

An efficient, high-performance programming 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. H'FF datais written in unused address areas.

The basic flow of this high-performance programming method is shown in figure 6.4. Table 6.4
and table 6.5 give the electrical characteristics in programming mode. Figure 6.5 shows a
write/verify timing diagram.
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Y

( Error

( Start )

Set write/verify mode

Vec =6.0V+0.25V, Vpp =125V + 0.3V

Address =0
n=0

Yes

n+l-n

|Write time tpy, = 1 ms + 5%

’ Write time topyw = 3N ms‘

Last address?

No

’ Address + 1 - address

Set read mode

Vee = 50V+0.5Y, Vpp =Vce

All
addresses read?
Yes

End

114

HITACHI

Figure6.4 High-Performance Programming Flowchart




Table6.4 DC Characteristics

(Conditions: V. =6.0V £0.25V, V=125V 03V, V=0V, T,=25°C £5°C)

Test
Item Symbol Min  Typ Max Unit Conditions
Input high- EO;, to EO,, EA,, to EA,, V,, 24 — Ve +03 V
level voltage OE, CE
Input low- EO, to EQ,, EA, tO EA,, V. -0.3 — 0.8 \%
level voltage OE, CE
Output high- EO, to EO, Vou 2.4 — — \Y loy = =200 pA
level voltage
Output low-  EO, to EO, Vo, — — 0.45 \% lo, = 0.8 MA
level voltage
Input leakage EO, to EO,, EA,, to EA,, |l | — — 2 AV, =5.25V/
current OE, CE 05V
V¢ current lee — — 40 mA
V., current lop — — 40 mA
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Table6.5 AC Characteristics

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

Item Symbol Min Typ Max Unit Test Conditions
Address setup time tas 2 — — us Figure 6.5*!
OE setup time tocs 2 — — us

Data setup time tos 2 — — us

Address hold time tan 0 — — us

Data hold time ton 2 — — us

Data output disable time toe*? 0 — 130 ns

V., setup time typs 2 — — us

Programming pulse width tow 0.95 1.0 1.05 ms

CE pulse width for overwrite topn*> 2.85 — 78.7 ms

programming

V. setup time tyes 2 — — us

Data output delay time toe 0 — 500 ns

Notes: 1. Input pulse level: 0.8 Vto 2.2V
Input rise time/fall time < 20 ns

Timing reference levels: Input:  1.0V,2.0V

Output: 0.8V,2.0V

2. t 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-performance programming flow

chart.
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Write Verify

Address :>§

tas tan
Data —éé Input data 3 Output data

tps  IbH Ior
Vep
Vep _/ tws
Vee Vee tves
~E -\
CE N /1
fpw loEs  toe

__ —
OE lopw” L /

Note: * topy is defined by the value given in figure 6-4 high-performance programming flow chart.

6.3.2

Figure6.5 PROM Write/Verify Timing

Programming Precautions

e Usethe specified programming voltage and timing.

The programming voltage in PROM mode (V) 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 HN27C256 will result in a
correct Ve Of 125V.

» 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 during programming, since this may cause contact
faults and write errors.

HITACHI
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6.4 H8/3837 PROM Mode

6.4.1 Setting to 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. However, page programming is not supported. Table 6.6 shows how to set
the chip to PROM mode.

Table6.6 Settingto PROM Mode

Pin Name Setting
TEST High level
PB,/AN, Low level
PB./AN,

PB./AN, High level

6.4.2 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 6.7.

Figure 6.6 shows the pin-to-pin wiring of the socket adapter. Figure 6.7 shows a memory map.

Table6.7 Socket Adapter

Package Socket Adapter
100-pin (FP-100B) HS3836ESHO1H
100-pin (FP-100A) HS3836ESFO1H

100-pin (TFP-100B)  HS3836ESNO1H
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H8/3837

EPROM socket

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

FP-100A FP-100B Pin Pin HN27C101 (32 pins)
12 9 RES Vpp 1
47 44 P6, EOQ, 13
48 45 P6, EO, 14
49 46 P6, EO, 15
50 47 P64 EO; 17
51 48 P6, EO, 18
52 49 P65 EOg 19
53 50 P6g EQq 20
54 51 P6, EO, 21
70 67 P8, EAo 12
69 66 P8 EA; 11
68 65 P8; EA, 10
67 64 P8, EA; 9
66 63 P8, EA, 8
65 62 P8, EAg 7
64 61 P8, EAg 6
63 60 P8, EA; 5
55 52 P7, EAg 27
91 88 P4, EAy 26
57 54 P7, EAq 23
58 55 P7; EAy 25
59 56 P7, EA., 4
60 57 P75 EA3 28
61 58 P7s EAy4 29
84 81 P1, EAss 3
85 82 Pls EAsg 2
62 59 P7, CE 22
56 53 P7, OE 24
83 80 Pl PGM 31

34,79 31,76 Vee Vee 32
92 89 AV
6 3 TEST
8 5 Xy
99 96 PBg
13 10 MDO
81 78 P1, . ]
82 79 P1,
86 83 Plg
9,30 6,27 Vss Vss 16
5 2 AVgg
97 94 PB,
98 95 PBg

Figure6.6 Socket Adapter Pin Correspondence (with HN27C101)
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Address in Address in

MCU mode PROM mode
H'0000 H'0000
On-chip PROM
H'EDFF H'EDFF

I
I
I
Missing area* X
I
I
I

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'EEQO 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).

Figure6.7 H8/3837 Memory Map in PROM Mode
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6.5 H8/3837 Programming
The write, verify, and other modes are selected as shown in table 6.8 in H8/3837 PROM maode.

Table6.8 Mode Selection in H8/3837 PROM M ode

Pin

Mode CE OE PGM V. Vee EO, to EQ, EA, to EA,
Write L H L Vo Ve Data input Address input
Verify L L H Vep Ve Data output Address input
Programming L L L Vop Vee High impedance Address input
disabled L H H

H L L

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

Vee: Vpp level
Voo 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.

6.5.1 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 6.8.
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No
%

Set write/verify mode
Veoc =6.0V+£0.25V, Vpp =125V 0.3V

'

Address =

=]

Yes

> | Write time tpyy = 0.2 ms = 5%

Address + 1 - address

“°

| Write time tgpyy = 0.2n ms |

No

Last address?

Set read mode
VCC =50V +0.25 V, VPP = VCC

No
All addresses

read?

Figure6.8 High-Speed, High-Reliability Programming Flow Chart
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Table 6.9 and table 6.10 give the electrical characteristicsin programming mode.

Table6.9 DC Characteristics (preliminary)

(Conditions: V. =6.0V £0.25V, V=125V 03V, V=0V, T,=25°C £5°C)

Test
Item Symbol Min  Typ Max Unit Conditions
Input high- EO, to EQ,, EA; t0 EA,, V, 2.4 — Ve +03 V
level voltage OE, CE, PGM
Input low- EO; to EQ,, EA 0 EA,, V. -03 — 0.8 \Y,
level voltage E, CE, PGM
Output high- EO, to EO, Vou 2.4 — — \Y loy = =200 pA
level voltage
Output low-  EO, to EO, Vo, — — 0.45 \Y, lo, = 0.8 MA
level voltage
Input leakage EO, to EO,, EAto EA,, |1 — — 2 HA V,,=5.25V/
current E, CE, PGM 05V
V. current lee — — 40 mA
V., current lop — — 40 mA
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Table6.10 AC Characteristics

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

Test

Item Symbol Min Typ Max Unit Conditions
Address setup time tas 2 — — ps Figure 6.9*"
OE setup time toes 2 — — Us

Data setup time tos 2 — — ps

Address hold time tan 0 — — ps

Data hold time ton 2 — — Hs

Data output disable time toe*? — — 130 ns

V., setup time tups 2 — — ps

Programming pulse width tow 0.19 0.20 0.21 ms

PGM pulse width for overwrite topw™> 019 — 5.25 ms

programming

V. setup time tues 2 — — ps

CE setup time tees 2 — — us

Data output delay time toe 0 — 200 ns

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

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

3. topy IS defined by the value given in figure 6.8 high-speed, high-reliability programming
flow chart.
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Figure 6.9 shows a write/verify timing diagram.

Write Verify
Address X
be 2
Data — Input data > Output data | )——
tps ton i
-~ - - DF
Vep
V
PP Vee _/Atvps‘
Vee +1
Vee Vv _/ tves
cc PR
CE
tces
PGM — /
N /!
- w loes _loE
__ _
OE topw™

Note: * topyy is defined by the value given in figure 6-8 high-speed, high-reliability

programming flow chart.

Figure6.9 PROM Write/Verify Timing
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6.5.2 Programming Precautions

» Usethe specified programming voltage and timing.
The programming voltage in PROM mode (V) 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 0f 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'EEQO 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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6.6 Reliability of Programmed Data

A highly effective way of assuring data retention characteristics after programming is to screen the
chips by baking them at atemperature of 150°C. High-temperature baking is a screening method
that quickly eliminates PROM memory cells prone to initial data retention failure.

Figure 6.10 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 )

Figure6.10 Recommended Screening Procedure

If write errors occur repeatedly while the same PROM programmer is being used, stop
programming and check for problemsin 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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Section7 RAM

71 Overview

The H8/3832, H8/3833 and H8/3834 have 1 kbyte of high-speed static RAM on-chip, while the
H8/3835, H8/3836, and H8/3837 each have 2 kbytes. 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.

711 Block Diagram

Figure 7.1 shows a block diagram of the on-chip RAM.

Internal data bus (upper 8 bits)

[ ] [ ]

Internal data bus (lower 8 bits)

H'FB80 H'FB80 H'FB81
H'FB82 H'FB82 H'FB83
L —
S ——
On-chip RAM
HFF7E H'FF7E HFF7F
Even-numbered Odd-numbered
address address

Figure7.1 RAM Block Diagram (H8/3834)
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Section 8 /0O Ports

8.1 Overview

The H8/3834 Seriesis provided with eight 8-bit 1/O ports, one 4-bit 1/0O port, one 3-bit 1/0 port,
one 8-hit input-only port, one 4-bit input-only port, and one 1-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-manipulation instructions
to write datain PCR or PDR.

Ports 5, 6, 7, 8,9, and A double asliquid crystal display segment pins and common pins. The
choice of pin functions can be made in 4-bit groupings.

Block diagrams of each port are given in Appendix C, 1/0 Port Block Diagrams.

Table8.1 Port Functions

Function
Switching
Port Description Pins Other Functions Register
Port1 < 8-bit I/O port P1,to P1,/ External interrupts 3to 1 PMR1
« Input pull-up MOS  1RQ: 0 IRQ/ gimer event input TMIF, TMIC, TCRF,
option TMIF, TMIC, TMIB TMC,
TMIB T™MB
P1,/PWM 14-bit PWM output PMR1
P1,/TMIG Timer G input capture PMR1
P1,, P1,/ Timer F output compare PMR1
TMOFH, TMOFL
P1,/TMOW Timer A clock output PMR1
Port 2 < 8-bit I/O port P2, to P2, None
¢ Open drain output  P2,/UD Timer C count-up/down selection PMR2
option
e High-current port ~ P2,/IRQ,/ External interrupt 4 and A/D PMR2
ADTRG converter external trigger AMR
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Table8.1

Port Functions (cont)

Function
Switching
Port Description Pins Other Functions Register
Port3 « 8-bit I/O port P3,/CS SCI2 chip select input (CS), strobe  PMR3
« Input pull-up MOS ~ P3,/STRB output (STRB), data output (SO,),
; data input (Sl,), clock input/output
option P3./SO
High 5 2 (SCK,)
* High-current port P3,/Sl,
P3,/SCK,
P3,/SO, SCI1 data output (SO,), data input ~ PMR3
P3./SI (SI), clock input/output (SCK,)
1 1
P3,/SCK,
Port4 « 1-bit input-only port P4./IRQ, External interrupt 0 PMR2
« 3-bit I/O port P4,/TXD SCI3 data output (TXD), data input SCR3
P4./RXD (RXD), clock input/output (SCK,) SMR3
1
P4,/SCK,
Port5 < 8-bit I/O port P5, to P5,/ » Wakeup input (WKP, to WKP,) PMR5
« Input pull-up MOs ~ WKP; 10 WKP/ | geament output (SEG, to SEG,)  LPCR
opti SEG, to SEG,
ption
Port 6 < 8-bit I/O port P6, to P6,/ Segment output (SEG,, to SEG,) LPCR
« Input pull-up MOS ~ SEG16 10 SEG,
option
Port 7 < 8-bit I/0 port P7,to P7,/ Segment output (SEG,, to SEG,,) LPCR
SEG,, to SEG,,
Port 8 < 8-bit I/O port P8, to P8,/ Segment output (SEG,, to SEG,;) LPCR
SEG,, to SEG,,
Port9 < 8-bit I/O port P9,/SEG,/CL,  * Segment output (SEG,, to SEG,;,) LPCR
P9,/SEG,,/CL, -« Latch clock (CL,), for external
P9./SEG../DO segment expansion, shift clock
s % (CL,), display data port (DO), and
P9,/SEG/M alternating signal (M)
P9, to P9,/ « Segment output (SEG,;, to SEG.,)
SEG,, to SEG.,
Port A« 4-bit I/O port PA, to PA,/ Common output (COM, to COM,) LPCR
COM, to COM,
Port B« 8-bit input port PB, to PB,/ A/D converter analog input AMR
AN, to AN,
Port C « 4-bit input port PC, to PC,/ A/D converter analog input AMR
AN, to AN,
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8.2 Port 1

821 Overview

Port 1 isan 8-bit I/O port. Figure 8.1 shows its pin configuration.

Port 1

P1,/1RQ3/TMIF
P16/IRQ,/TMIC
P15/IRQ1/TMIB
P1,/PWM
P13/TMIG
P1,/TMOFH
P1,/TMOFL
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 Port1Registers

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'FFEOQ
Port mode register 1 PMR1 R/W H'00 H'FFC8
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Port Data Register 1 (PDR1)

Bit 7 6 5 4 3 2 1 0
‘ P1, ] P1, ] P1, \ P1, \ P1, ‘ P1, ‘ P1, ] P1,

Initial value 0 0 0 0 0 0 0 0

Read/Write RW RW RW RW RW RW RW  RW

PDR1 isan 8-bit register that stores data for pins P1, through 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 1 isread
while PCRL1 bits are cleared to 0, the pin states are read.

Upon reset, PDR1 isinitialized to H'00.

Port Control Register 1 (PCR1)

Bit 7 6 5 4 3 2 1 0

‘ PCR1, | PCR1, | PCR1, | PCR1, | PCR1, | PCR1, | PCR1, | PCR1,
Initial value 0 0 0 0 0 0 0 0
Read/Write w w w w w w w w

PCRL1 is an 8-hit register for controlling whether each of the port 1 pins P1, to 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.
PCR1 isawrite-only register. All bitsareread as 1.

Port Pull-Up Control Register 1 (PUCR1)

Bit 7 6 5 4 3 2 1 0
‘ PUCR1, | PUCR1,| PUCR1,| PUCR1,| PUCR1,| PUCR1,| PUCR1, | PUCR1,
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

PUCRL1 controls whether the MOS pull-up of each port 1 pinison or off. When a PCR1 bitis
cleared to O, setting the corresponding PUCRL1 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, PUCR1 isinitialized to H'00.
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Port Mode Register 1 (PMR1)

Bit 7 6 5 4 3 2 1 0

] IRQ3 ] IRQ2 \ IRQ1 \ PWM ‘ T™IG ‘TMOFH’ TMOFL’ TMOW‘
Initial value 0 0 0 0 0 0 0 0
Read/Write RW RW RW RW RW RW RW RW

PMR1 is an 8-bit read/write register, controlling the selection of pin functions for port 1 pins.
Upon reset, PMR1 isinitialized to H'00.

Bit 7—P1,/IRQ,/TMIF Pin Function Switch (IRQ3): This hit selects whether pin
P1,/IRQ,/TMIF isused as P1, or as IRQy/TMIF.

Bit 7: IRQ3 Description
0 Functions as P1, 1/O pin (initial value)
1 Functions as IRQ,/TMIF input pin

Note: Rising or falling edge sensing can be designated for IRQ,/TMIF.
For details on TMIF pin settings, see 9.5.2 (3), timer control register F (TCRF).

Bit 6—P1/IRQ,/TMIC Pin Function Switch (IRQ2): This bit selects whether pin
P1/IRQ,/TMIC is used as P1, or asIRQ,/TMIC.

Bit 6: IRQ2 Description
0 Functions as P1, I/O pin (initial value)
1 Functions as IRQ,/TMIC input pin

Note: Rising or falling edge sensing can be designated for IRQ,/TMIC.
For details on TMIC pin settings, see 9.4.2 (1), timer mode register C (TMC).

Bit 5—P1,/IRQ,/TMIB Pin Function Switch (IRQZ1): This bit selects whether pin
P1,/IRQ,/TMIB is used as P1; or as IRQ,/TMIB.

Bit 5: IRQ1 Description
0 Functions as P1; 1/O pin (initial value)
1 Functions as IRQ,/TMIB input pin

Note: Rising or falling edge sensing can be designated for IRQ,/TMIB.
For details on TMIB pin settings, see 9.3.2 (1), timer mode register B (TMB).
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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, 1/O pin (initial value)
1 Functions as PWM output pin

Bit 3—P1,/TMI1G Pin Function Switch (TMIG): This bit selects whether pin P1,/TMIG is used
asPl;or asTMIG.

Bit 3: TMIG Description
0 Functions as P1, 1/O pin (initial value)
1 Functions as TMIG input pin

Bit 2—P1,/TMOFH Pin Function Switch (TM OFH): This bit selects whether pin PL,/TMOFH
isused as P1, or as TMOFH.

Bit 2: TMOFH Description

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

1 Functions as TMOFH output pin

Bit 1: P1,/TMOFL Pin Function Switch (TMOFL)
This bit selects whether pin P1,/TMOFL isused as P1, or as TMOFL.

Bit 1: TMOFL Description

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

1 Functions as TMOFL output pin

Bit 0—P1,/TMOW Pin Function Switch (TMOW): This bit selects whether pin P1/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
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8.2.3

Pin Functions

Table 8.3 shows the port 1 pin functions.

Table 8.3

Pin

Port 1 Pin Functions

Pin Functions and Selection Method

P1,/IRQ,/TMIF

The pin function depends on bit IRQ3 in PMR1, bits CKSL2 to CKSLO in TCRF,
and bit PCR1, in PCR1.

IRQ3 0 1

PCR1, 0 1 *

CKSL2 to CKSLO * Not 0** o**

Pin function P1, input pin | P1, output pin| IRQ; input pin | TRQ,/TMIF
input pin

Note: When using as TMIF input pin, clear bit IEN3 in IENRL1 to 0, disabling
IRQ, interrupts.

P1,/IRQ,/TMIC

The pin function depends on bit IRQ2 in PMR1, bits TMC2 to TMCO in TMC, and
bit PCR1, in PCR1.

IRQ2 0 1

PCR1, 0 1 *

TMC2 to TMCO * Not 111 111

Pin function P1, input pin | P1, output pin| IRQ, input pin | TRQ,/TMIC
input pin

Note: When using as TMIC input pin, clear bit IEN2 in IENR1 to 0O, disabling
IRQ, interrupts.

P1/IRQ,/TMIB

The pin function depends on bit IRQ1 in PMR1, bits TMB2 to TMBO in TMB, and
bit PCR1, in PCR1.

IRQ1 0 1

PCR1, 0 1 *

TMB2 to TMBO * Not 111 111

Pin function P1, input pin | P1, output pin| IRQ, input pin | TRQ,/TMIB
input pin

Note: When using as TMIB input pin, clear bit IEN1 in IENRL1 to 0, disabling

IRQ1 interrupts.

Note: * Don'’t care
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Table8.3 Port 1 Pin Functions (cont)
Pin Pin Functions and Selection Method
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./TMIG The pin function depends on bit TMIG in PMR1 and bit PCR1, in PCR1.
TMIG 0 1
PCR1, 0 1 *
Pin function P1, input pin | P1, output pin TMIG input pin
P1,/TMOFH The pin function depends on bit TMOFH in PMR1 and bit PCR1, in PCR1.
TMOFH 0 1
PCR1, 0 1 *
Pin function P1, input pin | P1, output pin TMOFH output pin
P1,/TMOFL The pin function depends on bit TMOFL in PMR1 and bit PCR1, in PCR1.
TMOFL 0 1
PCR1, 0 1 *
Pin function P1, input pin | P1, output pin TMOFL output pin
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
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8.24 Pin States

Table 8.4 shows the port 1 pin states in each operating mode.
Table84 Port 1Pin States

Pins Reset Sleep Subsleep Standby Watch  Subactive Active

P1,/IRQ,/TMIF High- Retains  Retains High- Retains Functional Functional
P1/IRQ/TMIC mpedance previous previous impedance* previous
6 2!

state state state
P1,/IRQ,/TMIB

P1,/PWM
P1,/TMIG
P1,/TMOFH
P1,/TMOFL
P1,/TMOW

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

825 MOSInput Pull-Up

Port 1 has abuilt-in MOS input pull-up function that can be controlled by software. When a PCR1
bit is cleared to 0, setting the corresponding PUCR1 bit to 1 turns on the MOS input pull-up for
that pin. The MOS input pull-up function isin the off state after a reset.

PCR1, 0 1
PUCR1, 0 1 *
MOS input pull-up Off On Off
Note: * Don't care

n=7to4
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8.3 Port 2

8.3.1 Overview

Port 2 isan 8-hit I/O port. Figure 8.2 shows its pin configuration.

Port 2

- P2,
- P2
- P2g
-~ P2,
-~ P2,

-~ P2,

P2,/UD
P2,/IRQ4/ADTRG

Figure8.2 Port 2 Pin Configuration

8.3.2 Register Configuration and Description

Table 8.5 shows the port 2 register configuration.

Table85 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'FFE5
Port mode register 2 PMR2 R/W H'CO H'FFC9
Port mode register 4 PMR4 R/W H'00 H'FFCB
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Port Data Register 2 (PDR2)

Bit 7 6 5 4 3 2 1 0

] P2, ] P2, \ P2, \ P2, ‘ P2, ‘ P2, ] P2, ] P2, \
Initial value 0 0 0 0 0 0 0 0
Read/Write RW RW RW RW RW RW RW  RW

PDR2 is an 8-bit register that stores data for pins P2, through 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 isread
while PCR2 hits are cleared to 0, the pin states are read.

Upon reset, PDR2 isinitialized to H'00.

Port Control Register 2 (PCR2)

Bit 7 6 5 4 3 2 1 0

’ PCR2, | PCR2, | PCR2, | 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

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 in PDR2 are valid only
when the corresponding pin is designated in PMR2 as a general /O pin.

Upon reset, PCR2 isinitialized to H'00.
PCR2 isawrite-only register. All bitsareread as 1.

Port Mode Register 2 (PMR2)

Bit 7 6 5 4 3 2 1 0

] — ] — \ POF2 \ NCS \ IRQO ‘ POF1 ] uD ] IRQ4 \
Initial value 1 1 0 0 0 0 0 0
Read/Write — — R/W R/W R/W R/W R/W R/W

PMR2 is an 8-bit read/write register, controlling the selection of pin functions for pins P2,
P2,,and P4,, controlling the PMOS on/off option for pins P3.,/SO, and P3,/SO,, and controlling the
TMIG input noise canceller.

Upon reset, PMR2 isinitialized to H'CO.
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Bits 7 to 6—Reserved Bits. Bits 7 to 6 are reserved; they are dwaysread as 1, and cannot be
modified.

Bit 5—P3,/SO, Pin PMOS Control (POF2): This bit controls the on/off state of the PMOS
transistor in the P35/SO, pin output buffer.

Bit 5: POF2 Description
0 CMOS output (initial value)
1 NMOS open-drain output

Bit 4—TMIG Noise Canceller Select (NCS): This hit controls the noise canceller circuit for
input capture at pin TMIG.

Bit 4: NCS Description
0 Noise canceller function not selected (initial value)
1 Noise canceller function selected

Bit 3—P4,/IRQ, Pin Function Switch (IRQO): This bit selects whether pin P4,/IRQ, is used as
P4, or asIRQ,.

Bit 3: IRQO Description
0 Functions as P4, input pin (initial value)
1 Functions as IRQ, input pin

Bit 2—P3,/SO, Pin PMOS Control (POF1): Thisbit controls the on/off state of the PMOS
transistor in the P3,/SO, pin output buffer.

Bit 2: POF1 Description
0 CMOS output (initial value)
1 NMOS open-drain output

Bit 1—P2,/UD Pin Function Switch (UD): This bit selects whether pin P2,/UD is used as P2, or
asUD.

Bit 1: UD Description

0 Functions as P2, 1/0O pin (initial value)
1 Functions as UD input pin
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Bit 0: P2/IRQ,/ADTRG Pin Function Switch (IRQ4): This bit selects whether pin
P2/IRQ,/ADTRG isused as P2, or asIRQ,/ADTRG.

Bit 0: IRQ4 Description
0 Functions as P2, 1/O pin (initial value)
1 Functions as IRQ,/ADTRG input pin

Note: See 12.3.2, Start of A/D Conversion by External Trigger Input, for the ADTRG pin setting.

Port Mode Register 4 (PMR4)

Bit 7 6 5 4 3 2 1 0

] NMOD, | NMOD, | NMOD, | NMOD, | NMOD, | NMOD, | NMOD, | NMOD,
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

PMR4 is an 8-bit read/write register, used to select CMOS output or NMOS open drain output for
each port 2 pin.

Upon reset, PMR4 isinitialized to H'00.

Bit n—NM OS Open-Drain Output Select (NMODnN): This hit selects NMOS open-drain output
when pin P2, is used as an output pin.

Bit n: NMODn Description

0 CMOS output

1 NMOS open-drain outputNMOS open-drain output

(n=7100)
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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 P2, Input or output is selected as follows by the bit settings in PCR2.
(n=2t07)
PCR2n 0 1
Pin function P2, input pin P2, output pin
P2,/UD The pin function depends on bit UD in PMR2 and bit PCR2, in PCR2.
uD 0 1
PCR2, 0 1 *
Pin function P2, input pin | P2, output pin UD input pin

P2,/IRQ,/ADTRG The pin function depends on bit IRQ4 in PMR2, bit TRGE in AMR, and bit

PCR2, in PCR2.

IRQ4 0 1

PCR2, 0 1 *

TRGE * 0 1

Pin function P2, input pin | P2, output pin| IRQ,input pin | IRQ,/ADTRG
input pin

Note: When using as ADTRG input pin, clear bit IEN4 in IENR1 to 0, disabling
IRQ, interrupts.

Note: * Don't care

8.34 Pin States

Table 8.7 shows the port 2 pin states in each operating mode.

Table8.7 Port 2 Pin States
Pins Reset Sleep Subsleep Standby Watch  Subactive Active
P2,to P2, High- Retains  Retains High- Retains Functional Functional
P2./UD impedance previous previous impedance previous
! state state state
P2,/IRQ,/
ADTRG
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8.4 Port 3

84.1 Overview

Port 3 isan 8-hit 1/O port, configured as shown in figure 8.3.

Port 3

P3,/CS
P3¢/STRB
P35/S0,
P34/SI,
P33/SCK
P3,/SO;
P3,/Sly
P3¢/SCK4

Figure8.3 Port 3 Pin Configuration

84.2 Register Configuration and Description

Table 8.8 shows the port 3 register configuration.

Table8.8 Port 3Registers

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 PUCRS3 R/W H'00 H'FFE1
Port mode register 3 PMR3 R/W H'00 H'FFCA
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Port Data Register 3 (PDR3)

Bit 7 6 5 4 3 2 1 0

‘ P3, ] P3, ] P3, \ P3, \ P3, ‘ P3, ‘ P3, ] P3, \
Initial value 0 0 0 0 0 0 0 0
Read/Write RW RW RW RW RW RW RW  RW

PDR3isan 8-bit register that stores data for port 3 pins P3; to P3,. If port 3 isread 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.

Port Control Register 3 (PCR3)

Bit 7 6 5 4 3 2 1 0

‘ PCR3, | PCR3; | PCR3, | PCR3, | PCR3, | PCR3, | PCR3, | PCR3,
Initial value 0 0 0 0 0 0 0 0
Read/Write w w w w w w w w

PCRS3 is an 8-hit register for controlling whether each of the port 3 pins P3; to P3, functions as an
input pin or output pin. Setting a PCR3 bit 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 pinis designated in PMR3 as ageneral 1/0 pin.

Upon reset, PCR3 isinitialized to H'00.
PCR3 isawrite-only register. All bitsareread as 1.

Port Pull-Up Control Register 3 (PUCR3)

Bit 7 6 5 4 3 2 1 0

‘ PUCR3, | PUCR3,| PUCR3;| PUCR3, | PUCR3;| PUCR3, | PUCR3, | PUCR3,
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 bits control the on/off state of pin P3,—P3, MOS pull-ups. When a PCR3 bit is cleared to
0, setting the corresponding PUCRS3 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, PUCR3 isinitialized to H'00.
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Port Mode Register 3 (PMR3)

Bit 7 6 5 4 3 2 1 0

| Cs | STRB| s02 | sl2 | sck2 | so1 | sSi | SCKL |
Initial value 0 0 0 0 0 0 0 0
Read/Write RW RW RW RW RW RW RW RW

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

Bit 7—P3,/CS Pin Function Switch (CS): This bit selects whether pin P3,/CS is used as P3; or
asCS.

Bit 7: CS Description
0 Functions as P3, 1/O pin (initial value)
1 Functions as CS input pin

Bit 6—P3,/STRB Pin Function Switch (STRB): This bit selects whether pin P3;/STRB is used
as P3; or as STRB.

Bit 6: STRB Description
0 Functions as P3 I/O pin (initial value)
1 Functions as STRB output pin

Bit 5—P3/S0, Pin Function Switch (SO2): This bit selects whether pin P3,/SO, is used as P3, or
as SO,

Bit 5: SO2 Description
0 Functions as P3; 1/O pin (initial value)
1 Functions as SO, output pin

Bit 4—P3,/Sl, Pin Function Switch (SI2): This bit selects whether pin P3,/Sl, is used as P3, or
as Sl,.

Bit 4. SI2 Description
0 Functions as P3, 1/O pin (initial value)
1 Functions as Sl, input pin
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Bit 3—P3,/SCK, Pin Function Switch (SCK2): This hit selects whether pin P3,/SCK, isused as
P3; or as SCK,,.

Bit 3: SCK2 Description
0 Functions as P3, 1/O pin (initial value)
1 Functions as SCK, 1/O pin

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, 1/O pin (initial value)
1 Functions as SO, output pin

Bit 1—P3,/Sl; Pin Function Switch (Sl 1): This bit selects whether pin P3,/Sl; is used as P3, or
as Sl;.

Bit 1: SI1 Description
0 Functions as P3, 1/O pin (initial value)
1 Functions as Sl, input pin

Bit 0—P3,/SCK; Pin Function Switch (SCK 1): This bit selects whether pin P3,/SCK, isused as
P3, or as SCK ;.

Bit 0: SCK1 Description

0 Functions as P3, 1/O pin (initial value)
1 Functions as SCK, 1/O pin
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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
P3,/CS The pin function depends on bit CS in PMR3 and bit PCR3, in PCR3.

Cs 0 1

PCR37 0 1 *

Pin function P3, input pin | P3, output pin CS input pin
P3,/STRB The pin function depends on bit STRB in PMR3 and bit PCR3, in PCR3.

STRB 0 1

PCR3, 0 1 *

Pin function P3; input pin | P3, output pin STRB output pin
P3./S0O, The pin function depends on bit SO2 in PMR3 and bit PCR3; in PCR3.

SO2 0 1

PCR3, 0 1 *

Pin function P3; input pin | P3; output pin SO, output pin
P3,/Sl, The pin function depends on bit SI2 in PMR3 and bit PCR3, in PCR3.

SI2 0 1

PCR3, 0 1 *

Pin function P3, input pin | P3, output pin Sl, input pin
P3,/SCK, The pin function depends on bit SCK2 in PMR3, bits CKS2 to 0 in SCR2, and bit

PCR3, in PCR3.

SCK2 0 1

CKS2 to CKS0 * Not 111 111

PCR3, 0 1 * *

Pin function P3, input P3, output | SCK, output | SCK, input
pin pin pin pin

Note: * Don'’t care
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Table 8.9

Port 3 Pin Functions (cont)

Pin Pin Functions and Selection Method
P3,/SO, The pin function depends on bit SO1 in PMR3 and bit PCR3, in PCRS3.

SO1 0 1

PCR3, 0 1 *

Pin function P3, input pin | P3, output pin SO, output pin
P3,/SI, The pin function depends on bit SI1 in PMR3 and bit PCR3, in PCR3.

Si1 0 1

PCR3, 0 1 *

Pin function P3, input pin | P3, output pin Sl, input pin
P3,/SCK, The pin function depends on bit SCK1 in PMR3, bit CKS3 in SCR1, and bit

PCRS3, in PCR3.

SCK1 0 1

CKS3 * 0 1

PCR3, 0 1 * *

Pin function P3, input P3, output SCK, output SCK, input
pin pin pin pin

Note: * Don'’t care
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8.4.4 Pin States

Table 8.10 shows the port 3 pin states in each operating mode.
Table8.10 Port 3Pin States

Pins Reset Sleep Subsleep Standby Watch  Subactive Active

P3,/CS High- Retains  Retains High- Retains Functional Functional
pP3/STRB IMmpedance previous previous  impedance* previous
6

state state state
P3,/SO,

P3,/SI,
P3,/SCK,
P3,/SO,
P3,/SI,
P3,/SCK,

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

845 MOSInput 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 0, setting the corresponding PUCR3 hit 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
PUCRS3, 0 1 *
MOS input pull-up Off On Off
Note: * Don't care

n=7t0
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8.5 Port 4

85.1 Overview

Port 4 consists of a 3-bit 1/O port and a 1-bit input port, and is configured as shown in figure 8.4.

<~ P4;3/IRQ,
< P4,/TXD
Port 4

<> P4,/RXD

<> P4,/SCK3

Figure8.4 Port 4 Pin Configuration

852 Register Configuration and Description
Table 8.11 shows the port 4 register configuration.

Table8.11 Port 4 Registers

Name Abbrev. R/W Initial Value Address
Port data register 4 PDR4 R/W H'F8 H'FFD7
Port control register 4 PCR4 w H'F8 H'FFE7
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Port Data Register 4 (PDR4)

Bit 7 6 5 4 3 2 1 0
== = = e [ e | Pa | Pa

Initial value 1 1 1 1 1 0 0 0

Read/Write — — — — R R/W R/W R/W

PDR4 is an 8-bit register that stores data for port 4 pins P4, to P4, If port 4 isread while PCR4
bits are set to 1, the values stored in PDR4 are read, regardless of the actua pin states. If port 4 is
read while PCR4 hits are cleared to 0, the pin states are read.

Upon reset, PDR4 isinitialized to H'F8.

Port Control Register 4 (PCR4)

Bit 7 6 5 4 3 2 1 0

. — | — | — | — | — | PCR4, PCR4, | PCR4,
Initial value 1 1 1 1 1 0 0 0
Read/Write — — — — — W w w

PCRA4 controls whether each of the port 4 pins P4, to P4, functions as an input pin or output pin.
Setting a PCR4 bit to 1 makes the corresponding pin an output pin, while clearing the bit to 0
makes the pin an input pin. The settings in PCR4 and in PDR4 are valid only when the
corresponding pin is designated in SCR3 as a general /O pin.

Upon reset, PCR4 isinitialized to H'F8.

PCR4 isawrite-only register. All bitsareread as 1.
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853

Pin Functions

Table 8.12 shows the port 4 pin functions.

Table8.12 Port 4 Pin Functions

Pin Pin Functions and Selection Method
P4./IRQ, The pin function depends on the IRQO bit setting in PMR2.

IRQO 0 1

Pin function P4, input pin IRQ, input pin
P4,/TXD The pin function depends on bit TE in SCR3 and bit PCR4, in PCRA4.

TE 0 1

PCR4, 0 1 *

Pin function P4, input pin | P4, output pin TXD output pin
P4,/RXD The pin function depends on bit RE in SCR3 and bit PCR4, in PCRA4.

RE 0 1

PCR4, 0 1 *

Pin function P4, input pin | P4, output pin RXD input pin
P4,/SCK, The pin function depends on bits CKE1 and CKEO in SCR3, bit COM in SMR,

and bit PCR4,, in PCR4.

CKE1l 0 1

CKEO 0 1 *

COM 0 1 * *

PCR4, 0 1 * *

Pin function P4, input P4, output SCK, output SCK, input
pin pin pin pin

Note: * Don't care
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854 Pin States

Table 8.13 shows the port 4 pin states in each operating mode.

Table8.13 Port 4 Pin States

Pins Reset Sleep Subsleep Standby Watch  Subactive Active
P4./1IRQ, High- Retains  Retains High- Retains Functional Functional
P4./TXD impedance previous previous impedance previous

z state state state
P4,/RXD
P4,/SCK,
8.6 Port 5

8.6.1 Overview

Port 5 isan 8-bit 1/O port, configured as shown in figure 8.5.

Port 5

-— P5,/WKP;/SEGg
- P54/ WKPs/SEG7
- P5;/WKP5/SEGg
-—— P5,/WKP,/SEG5
-~ P5./WKP3/SEG,
- P5,/WKP,/SEG;
- P5,;/WKP; /SEG,
- P5,/WKP,/SEG,

Figure8.5 Port 5 Pin Configuration
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8.6.2 Register Configuration and Description
Table 8.14 shows the port 5 register configuration.

Table8.14 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'FFE8
Port pull-up control register 5 PUCR5 R/W H'00 H'FFE2
Port mode register 5 PMR5 R/W H'00 H'FFCC

Port Data Register 5 (PDR5)

Bit 7 6 5 4 3 2 1 0

‘ PS5, ] PS5, \ PS5, \ PS5, \ PS5, ‘ PS5, ‘ PS5, ] PS5, \
Initial value 0 0 0 0 0 0 0 0
Read/Write RW RW RW RW RW RW RW  RW

PDR5 is an 8-bit register that stores data for port 5 pins P5, to P5,. If port 5 isread while PCR5
bits are set to 1, the values stored in PDR5 are read, regardless of the actual 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.

Port Control Register 5 (PCR5)

Bit 7 6 5 4 3 2 1 0

‘ PCR5, | PCR5; | PCR5, | PCR5, | PCR5, | PCR5, | PCR5, | PCR5,
Initial value 0 0 0 0 0 0 0 0
Read/Write w w w w w w w w

PCR5 is an 8-hit register for controlling whether each of the port 5 pins P5, to P5, functions as an
input pin or output pin. Setting a PCR5 hit to 1 makes the corresponding pin an output pin, while
clearing the bit to 0 makes the pin an input pin. The settingsin PCR5 and in PDR5 are valid only
when the corresponding pin is designated as a general 1/0O pinin PMR5 and in bits SGS3 to SGSO
of LPCR.

Upon reset, PCR5 isinitialized to H'00.

PCRS isawrite-only register. All bitsareread as 1.
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Port Pull-up Control Register 5 (PUCR5)

Bit 7 6 5 4 3 2 1 0
’PUCR57 PUCR5, | PUCRS5, | PUCR5,| PUCRS5, | PUCRS5,| 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

PUCRS bits control the on/off state of pin P5,—P5, MOS pull-ups. When a PCR5 bit is cleared to
0, setting the corresponding PUCRS 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, PUCRS isinitialized to H'00.

Port Mode Register 5 (PMR5)

Bit 7 6 5 4 3 2 1 0

| WKP7 | WKP6 | WKP5 | WKP4 | WKP3 | WKP2 | WKPL | WKPO |
Initial value 0 0 0 0 0 0 0 0
Read/Write RW RW RW RW RW RW RW RW

PMRS5 is an 8-bit read/write register, controlling the selection of pin functions for port 5 pins.
Upon reset, PMR5 isinitialized to H'00.

Bit n—P5,/WKP,/SEG,,,; Pin Function Switch (WK Pn): When pin P5/WKP,/SEG,,,, is not
used as a SEG,,; pin, this bit selects whether it is used as

P5,, or as WKP,.

Bit n: WKPn Description

0 Functions as P5, 1/O pin (initial value)
1 Functions as WKP, input pin

(n=71t00)

Note: For information on use as a SEG,,, pin, see 13.2.1, LCD Port Control Register (LPCR).
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8.6.3 Pin Functions

Table 8.15 shows the port 5 pin functions.

Table8.15 Port 5 Pin Functions

Pin Pin Functions and Selection Method
P5./WKP./ The pin function depends on bit WKPn in PMR5, bit PCR5, in PCR5, and bits
SEGgto P5,/ SGS3to SGS0 in LPCR.
WKP,/SEG, (n=7to4)
SGS3to SGSO O**=* 1H*x*
WKPN 0 1 *
PCR5, 0 1 * *
Pin function P5, input P5, output WKP, input | SEG,,, output
pin pin pin pin
P5./WKP./ The pin function depends on bit WKP, in PMR5, bit PCR5n in PCR5, and bits
SEG, to P5,/ SGS3to SGS0 in LPCR.
WKP,/SEG, (n=3100)
SGS3to SGSO0 0*** or 1**0 1**1
WKPn 0 1 *
PCR5n 0 1 * *
Pin function P5, input P5, output WKP,, input | SEG,,, output
pin pin pin pin

Note: * Don'’t care

8.6.4 Pin States
Table 8.16 shows the port 5 pin states in each operating mode.

Table8.16 Port 5Pin States

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

WKP/SEG, state state state

Note: * A high-level signal is output when the MOS pull-up is in the on state.
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865  MOSInput 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=7t0

8.7 Port 6

8.7.1 Overview

Port 6 isan 8-bit I/O port, configured as shown in figure 8.6.
-— P67/SEG 4
- P64/SEG 5
- PG65/SEG 4

Port 6 - PB64/SEG13

B P63/SEG 12
-— P6,/SEG;
-— > P6,/SEGqg
- P6y/SEGgq

Figure8.6 Port 6 Pin Configuration
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8.7.2 Register Configuration and Description
Table 8.17 shows the port 6 register configuration.

Table8.17 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
Port pull-up control register 6 PUCR6 R/W H'00 H'FFE3

Port Data Register 6 (PDR6)

Bit 7 6 5 4 3 2 1 0

‘ P6, ] P6, ] P6, \ P6, \ P6, ‘ P6, ‘ P6, ] P6, \
Initial value 0 0 0 0 0 0 0 0
Read/Write RW RW RW RW RW RW RW  RW

PDR6 is an 8-bit register that stores data for port 6 pins P6, to P6,. If port 6 isread while PCR6
bits are set to 1, the values stored in PDR6 are read, regardless of the actual pin states. If port 6is
read while PCR6 hits are cleared to 0, the pin states are read.

Upon reset, PDR6 isinitialized to H'00.

Port Control Register 6 (PCR6)

Bit 7 6 5 4 3 2 1 0

‘ PCR6, | PCR6, | PCR6, | PCR6, | PCR6, | PCR6, | PCR6, | PCR6,
Initial value 0 0 0 0 0 0 0 0
Read/Write w w w w w w w w

PCR®6 is an 8-hit register for controlling whether each of the port 6 pins P6, to P6, functions as an
input pin or output pin. Setting a PCR6 bit to 1 makes the corresponding pin an output pin, while
clearing the bit to 0 makes the pin an input pin. The settingsin PCR6 and in PDR6 are valid only
when the corresponding pin is designated in bits SGS3 to SGS0 in LPCR as a general /O pin.

Upon reset, PCR6 isinitialized to H'00.

PCR®6 is awrite-only register. All bitsareread as 1.
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Port Pull-Up Control Register 6 (PUCR6)

Bit 7 6 5 4 3 2 1 0
’PUCR67 PUCR6, PUCRS6,| PUCRS,| PUCR6,| PUCR6,| PUCR6, | PUCRS,

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

PUCR®6 controls whether the MOS pull-up of each port 6 pin P66, is on or off. When a PCR6
bit is cleared to 0, setting the corresponding PUCRS 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, PUCRG6 isinitialized to H'00.

8.7.3 Pin Functions
Table 8.18 shows the port 6 pin functions.

Table8.18 Port 6 Pin Functions

Pin Pin Functions and Selection Method

P6,/SEG,, to The pin function depends on bit PCR6, in PCR6 and bits SGS3 to SGSO0 in
P6,/SEG,, LPCR.

(n=7to4)
SGS3to SGSO 00** or 010* 011* or 1***
PCR6N 0 1 *
Pin function P6n input pin | P6n output pin SEGn+9 output pin

P6,/SEG,, to The pin function depends on bit PCR6,, in PCR6 and bits SGS3 to SGSO0 in
P6,/SEG, LPCR.

(n=31t00)
SGS3 to SGSO0 00**, 010* or 0110 0111 or 1***
PCR6nN 0 1 *
Pin function P6n input pin | P6n output pin SEGn+9 output pin
Note: * Don'’t care
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8.7.4 Pin States

Table 8.19 shows the port 6 pin states in each operating mode.

Table8.19 Port 6 Pin States

Pins Reset Sleep Subsleep Standby Watch  Subactive Active
P6,/SEG to High- Retains  Retains High- Retains Functional Functional
P6,/SEG, 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.

8.75 MOS Input Pull-Up

Port 6 has a built-in MOS input pull-up function that can be controlled by software. When a PCR6
bit is cleared to O, setting the corresponding PUCRSG bit to 1 turns on the MOS pull-up for that pin.
The MOS pull-up function isin the off state after areset.

PCR6, 0 1
PUC6, 0 1 *
MQOS input pull-up Off On Off
Note: * Don'’t care

n=7t0
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8.8 Port 7

8.8.1 Overview

Port 7 isan 8-bit 1/O port, configured as shown in figure 8.7.

<= P7,/SEGyy
<~ P74/SEGy;
<~ P75/SEGy,
Port7 | = P74/SEGa
<= P73/SEGy
<= P7,/SEGyq
<= P7,/SEGg

- P74/SEG7

Figure8.7 Port 7 Pin Configuration

8.8.2 Register Configuration and Description
Table 8.20 shows the port 7 register configuration.

Table8.20 Port 7 Registers

Name Abbrev. R/W Initial Value Address
Port data register 7 PDR7 R/W H'00 H'FFDA
Port control register 7 PCR7 W H'00 H'FFEA

Port Data Register 7 (PDR7)

Bit 7 6 5 4 3 2 1 0

] P7, \ P7, \ P7. \ P7, ‘ P7, ‘ P7, ] P7, \ P7, \
Initial value 0 0 0 0 0 0 0 0
Read/Write RW RW RW RW RW RW RW  RW

PDRY is an 8-bit register that stores data for port 7 pins P7, to P7,. If port 7 isread 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 bits are cleared to 0, the pin states are read.
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Upon reset, PDR7 isinitialized to H'00.

Port Control Register 7 (PCR7)

Bit 7 6 5 4 3 2 1 0

‘ PCR7, | PCR7, | PCR7, | PCR7, | PCR7, | PCR7, | PCR7, | PCR7,
Initial value 0 0 0 0 0 0 0 0
Read/Write w w w w w w w w

PCRY7 is an 8-hit register for controlling whether each of the port 7 pins P7 to P7, functions as an
input pin or output pin. Setting a PCRY bit to 1 makes the corresponding pin an output pin, while
clearing the bit to 0 makes the pin an input pin. The settingsin PCR7 and in PDR7 are valid only
when the corresponding pin is designated in bits SGS3 to SGS0 in LPCR as ageneral 1/0 pin.

Upon reset, PCR7 isinitialized to H'00.

PCR7 isawrite-only register. All bitsare read as 1.

8.8.3 Pin Functions
Table 8.21 shows the port 7 pin functions.
Table8.21 Port 7 Pin Functions

Pin Pin Functions and Selection Method

P7./ISEG,, to The pin function depends on bit PCR7, in PCR7 and bits SGS3 to SGSO0 in
P7,/SEG,, LPCR.

(n=7to04)
SGS3to SGSO 00** 01** or 1***
PCR7n 0 1 *
Pin function P7n input pin | P7n output pin SEGn+17 output pin

P7.,/SEG,, to The pin function depends on bit PCR7, in PCR7 and bits SGS3 to SGSO0 in
P7,/SEG,, LPCR.

(n=31t00)
SGS3to SGSO 00** or 0100 0101, 011* or 1****
PCR7n 0 1 *
Pin function P7n input pin | P7n output pin SEGn+17 output pin

Note: * Don'’t care
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8.8.4 Pin States
Table 8.22 shows the port 7 pin states in each operating mode.

Table8.22 Port 7 Pin States

Pins Reset Sleep Subsleep Standby Watch  Subactive Active
P7,/ISEG,, to High- Retains  Retains High- Retains Functional Functional
P7.,/SEG,, impedance previous previous impedance previous

state state state
8.9 Port 8

8.9.1 Overview

Port 8 isan 8-bit I/0O port configured as shown in figure 8.9.

<= P8,/SEG3,
<= PB84/SEG3;
<= P85/SEG30
portg | = PB84/SEGgg
<= P83/SEGg
<~ P8,/SEGy;
<= P8,/SEGy

-— PBy/SEG5

Figure8.8 Port 8 Pin Configuration

8.9.2 Register Configuration and Description
Table 8.23 shows the port 8 register configuration.

Table8.23 Port 8 Registers

Name Abbrev. RIW 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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Port Data Register 8 (PDRS8)

Bit 7 6 5 4 3 2 1 0

‘ P8, ] P8, ] P8, \ P8, \ P8, ‘ P8, ‘ P8, ] P8, \
Initial value 0 0 0 0 0 0 0 0
Read/Write RW RW RW RW RW RW RW  RW

PDR8 is an 8-bit register that stores data for port 8 pins P8, to P8,. If port 8 isread 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 hits are cleared to 0, the pin states are read.

Upon reset, PDR8 isinitialized to H'00.

Port Control Register 8 (PCR8)

‘ PCR8, | PCR8; | PCR8, | PCR8, | PCR8, | PCR8, | PCR8, | PCRS,
Initial value 0 0 0 0 0 0 0 0
Read/Write W W W W W W w w

PCRS8 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 hit to 1 makes the corresponding pin an output pin, while
clearing the bit to 0 makes the pin an input pin. The settingsin PCR8 and in PDR8 are valid only
when the corresponding pin is designated in bits SGS3 to SGS0 in LPCR as ageneral 1/0 pin.

Upon reset, PCR8 isinitialized to H'00.

PCR8 isawrite-only register. All bitsareread as 1.
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8.9.3 Pin Functions

Table 8.24 shows the port 8 pin functions.

Table8.24 Port 8 Pin Functions

Pin Pin Functions and Selection Method
P8,/SEG,, to The pin function depends on bit PCR8, in PCR8 and bits SGS3 to SGSO0 in
P8,/SEG,, LPCR.
(n=7to4)
SGS3 to SGSO 000* 001*, O1** or 1***
PCR8n 0 1 *
Pin function P8n input pin | P8n output pin SEGN+25 output pin

P8,/SEG,, to

The pin function depends on bit PCR8, in PCR8 and bits SGS3 to SGSO in

P8,/SEG,; LPCR.
(n=3t00)
SGS3to SGSO 000* or 0010 0011, 01** or 1***
PCR8n 0 1 *
Pin function P8n input pin | P8n output pin SEGn+25 output pin
Note: * Don'’t care
8.94 Pin States
Table 8.25 shows the port 8 pin states in each operating mode.
Table8.25 Port 8 Pin States
Pins Reset Sleep Subsleep Standby Watch  Subactive Active
P8,/SEG,, to High- Retains  Retains High- Retains Functional Functional
P8,/SEG impedance previous previous impedance previous
state state state
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8.10 Port 9

8.10.1 Overview

Port 9 isan 8-hit I/O port configured as shown in figure 8.9.

Port 9

<= P9,/SEG,q/CL,
-~ P94/SEG39/CL,
<= P95/SEG33/DO
-~ P9,/SEG37/M
-~ P93/SEG3s
-~ PY,/SEG3s5
-~ P9,/SEG3,

~— P9y/SEG33

Figure8.9 Port 9 Pin Configuration

8.10.2 Register Configuration and Description
Table 8.26 shows the port 9 register configuration.

Table8.26 Port 9 Registers

Name Abbrev. R/W Initial Value Address

Port data register 9 PDR9 R/W H'00 H'FFDC

Port control register 9 PCR9 W H'00 H'FFEC

Port Data Register 9 (PDR9)
Bit 7 6 5 4 3 2 1 0

P9, | P9, | P9, | P9, | P9, | P9, | P9, | P9, |

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 is an 8-bit register that stores data for port 9 pins P9, to P9, If port 9 isread while PCR9
bits are set to 1, the values stored in PDR9 are read, regardless of the actual pin states. If port 9 is
read while PCR9 bits are cleared to 0, the pin states are read.
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Upon reset, PDR9 isinitialized to H'00.

Port Control Register 9 (PCR9)

Bit

Initial value
Read/Write

7 6 5 4 3 2 0

] PCR9, | PCR9, | PCRY, | PCRY, | PCR9, | PCRY9, | PCR9, | PCRY,
0 0 0 0 0 0 0
W W W W W w W

PCRO9 is an 8-hit register for controlling whether each of the port 9 pins P9; to P9, functions as an
input or output pin. Setting a PCR9 bit to 1 makes the corresponding pin an output pin, while
clearing the bit to 0 makes the pin an input pin. The settingsin PCR9 and in PDR9 are valid only
when the corresponding pin is designated in bits SGS3 to SGS0 in LPCR as ageneral 1/O pin.

Upon reset, PCR9 isinitialized to H'00.

PCR9 isawrite-only register. All bitsareread as 1.

8.10.3

Pin Functions

Table 8.27 shows the port 9 pin functions.

Table8.27 Port 9 Pin Functions

Pin Pin Functions and Selection Method
P9,/SEG,,/CL, The pin function depends on bit PCR9, in PCR9, and bits SGX and SGS3 to
SGSO0 in LPCR.
SGS3 to SGSO 0000 Not 0000 *
SGX 0 0 1
PCR9, 0 1 * *
Pin function P9, input P9, output | SEG,, output | CL, output
pin pin pin pin
P9,/SEG,/CL, The pin function depends on bit PCR9, in PCR9, and bits SGX and SGS3 to

SGSO0 in LPCR.

SGS3 to SGSO0 0000 Not 0000 *

SGX 0 0 1

PCRY, 0 1 * *

Pin function P9, input P9 output | SEG,, output | CL, output
pin pin pin pin

Note: * Don'’t care
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Table8.27 Port 9 Pin Functions (cont)

Pin Pin Functions and Selection Method
P9./SEG,/DO  The pin function depends on bit PCR9, in PCR9, and bits SGX and SGS3 to
SGSO0 in LPCR.
SGS3to SGSO 0000 Not 0000 *
SGX 0 0 1
PCR9, 0 1 * *
Pin function P9 input P9, output | SEG,; output DO output
pin pin pin pin
P9,/SEG,,/M The pin function depends on bit PCR9, in PCR9, and bits SGX and SGS3 to
SGSO0 in LPCR.
SGS3to SGSO0 0000 Not 0000 *
SGX 0 0 1
PCR9, 0 1 * *
Pin function P9, input P9, output | SEGS, output M output
pin pin pin pin
9,/SEG,, to The pin function depends on bit PCR9, in PCR9 and bits SGS3 to SGSO0 in
P9,/SEG., LPCR.
(n=31t00)
SGS3to SGSO 0000 Not 0000
PCR9, 0 1 *
Pin function P9, input pin | P9, output pin SEG,.,; output pin

Note: * Don'’t care
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8.10.4 Pin States

Table 8.28 shows the port 9 pin states in each operating mode.

Table8.28 Port 9 Pin States

Pins Reset Sleep Subsleep Standby Watch  Subactive Active
P9,/SEG,,/CL, High- Retains  Retains High- Retains Functional Functional
P9 /SEG./CL. impedance previous previous impedance previous

° e state state state

P9./SEG,,/DO

P9,/SEG,,/M

P9,/SEG to

P9,/SEG,,

811 PortA

8.11.1 Overview

Port A isa4-bit 1/0 port, configured as shown in figure 8.10.

<= PAJCOM,
ot | ¥ PAJCOM3
<~ PA4/COM,

- PA(/COM;

Figure8.10 Port A Pin Configuration
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8.11.2 Register Configuration and Description
Table 8.29 shows the port A register configuration.

Table8.29 Port A Registers

Name Abbrev. R/W Initial Value Address
Port data register A PDRA R/W H'FO H'FFDD
Port control register A PCRA W H'FO H'FFED

Port Data Register A (PDRA)

Bit 7 6 5 4 3 2 1 0
= = = = [ Pa [ P Pa | PA

Initial value 1 1 1 1 0 0 0 0

Read/Write — — — — R/W R/W R/W R/W

PDRA isan 8-hit register that stores data for port A pins PA; to PA,. If port A isread while PCRA
bits are set to 1, the values stored in PDRA are read, regardless of the actual pin states. If port A is
read while PCRA bits are cleared to 0, the pin states are read.

Upon reset, PDRA isinitialized to H'FO.

Port Control Register A (PCRA)

Bit 7 6 5 4 3 2 1 0

. — | — | — | — |PcRA | PCRA, | PCRA, | PCRA,
Initial value 1 1 1 1 0 0 0 0
Read/Write — — — — w w W W

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

Upon reset, PCRA isinitialized to H'FO.

PCRA isawrite-only register. All bitsare read as 1.
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8.11.3

Pin Functions

Table 8.30 gives the port A pin functions.

Table8.30 Port A Pin Functions

Pin Pin Functions and Selection Method
PA,/COM, The pin function depends on bit PCRA,; in PCRA and bits DTS1, DTS0, CMX,
SGX, and SGS3 to SGS0 in LPCR.
CMX * 0 * 0 1 *
DTS1, DTSO ** | Notll1 |**| Not1ll Not 11 11
SGX 01 * 01 * 1 * 1 *
SGS3to SGSO 0000 | Not | 0000 | Not | 0000 | Not | 0000 | Not
0000 0000 0000 0000
PCRA, 0 1 *
Pin function PA, input pin | PA, output pin COM, output pin
PA,/COM, The pin function depends on bit PCRA, in PCRA and bits DTS1, DTS0, CMX,
SGX, and SGS3 to SGS0 in LPCR.
CMX * 0 * 0 1 *
DTS1, DTSO **1 00or01 |**| 00or01 00 or 01 Not 00 or 01
SGX 01 * 0|1 * 1 * 1 *
SGS3to SGSO 0000 | Not | 0000 | Not | 0000 | Not | 0000 | Not
0000 0000 0000 0000
PCRA, 0 1 *
Pin function PA, input pin | PA, output pin COM, output pin
PA,/COM, The pin function depends on bit PCRA, in PCRA and bits DTS1, DTS0, CMX,
SGX, and SGS3 to SGS0 in LPCR.
CMX * 0 * 0 1 *
DTS1, DTSO *x 00 *x 00 00 Not 00
SGX 01 * 01 * 1 * 1 *
SGS3to SGSO 0000 | Not | 0000 | Not | 0000 | Not | 0000 | Not
0000 0000 0000 0000
PCRA, 0 1 *
Pin function PA, input pin | PA,; output pin COM, output pin
Note: * Don't care
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Table8.30 Port A Pin Functions (cont)

Pin Pin Functions and Selection Method

PA,/COM, The pin function depends on bit PCRAO in PCRA, and bits SGX and SGS3 to
SGSO0 in LPCR.
SGS3 to SGSO 0000 0000 Not 0000
SGX 0 1 *
PCRA, 0 1 *
Pin function PA, input pin | PA, output pin COM, output pin

Note: * Don'’t care

8114 Pin States
Table 8.31 shows the port A pin states in each operating mode.

Table8.31 Port A Pin States

Pins Reset Sleep Subsleep Standby Watch  Subactive Active
PA,/COM, High- Retains  Retains High- Retains Functional Functional
PA,/COM, impedance previous previous impedance previous

state state state
PA,/COM,
PA,/COM,
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8.12 Port B

8.12.1 Overview

Port B is an 8-bit input-only port, configured as shown in figure 8.11.

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

~<——— PBy/ANg

Figure8.11 Port B Pin Configuration
8.12.2 Register Configuration and Description
Table 8.32 shows the port B register configuration.
Table8.32 Port B Register

Name Abbrev. R/W Address

Port data register B PDRB R H'FFDE

Port Data Register B (PDRB)

Bit 7 6 5 4 3 2 1 0
. PB, | PB, | PB, | PB, | PB, | PB, | PB, | PB, |
Read/Write R R R R R R R R

Reading PDRB always 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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8.13 Port C

8.13.1 Overview

Port C isa4-bit input-only port, configured as shown in figure 8.12.

-~ PC3 /AN 11
-— PC,/AN

Port C 2 10
~—— PC;/ANg

~— PCy/ANg

Figure8.12 Port C Pin Configuration

8.13.2 Register Configuration and Description
Table 8.33 shows the port C register configuration.

Table8.33 Port C Register

Name Abbrev. R/W Address

Port data register C PDRC R H'FFDF

Port Data Register C (PDRC)

Bit 7 6 5 4 3 2 1 0
‘—’—’—‘—‘PC:S‘PCZ‘PCI’PCO‘

Read/Write — — — — R R R R

Reading PDRC aways gives the pin states. However, if aport C 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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Section9 Timers

9.1 Overview

The H8/3834 Series provides five timers (timers A, B, C, F, and G) on-chip.

Table 9.1 outlines the functions of timers A, B, C, F, and G.

Table9.1 Timer Functions
Event Waveform
Name  Functions Internal Clock Input Pin  Output Pin Remarks
Timer A« 8-bit timer @8 to @8192 — —
« Interval timer (8 choices)
« 8-bit timer @,/128 — —
« Time base (choice of 4
overflow periods)
« 8-bit timer @4 to @32, — TMOW
/4 to @,/32
« Clock @u'5 10
Clock output (8 choices)
Timer B« 8-bit timer @4 to 8192 TMIB —
« Interval timer (7 choices)
» Event counter
Timer C « 8-bit timer @4 to @8192, TMIC — Counting
« Interval timer @,/4 (7 choices) direction can
be controlled
* Event counter by software or
» Choice of up- or down- hardware
counting
Timer F  « 16-bit timer @2to @32 TMIF TMOFL
« Event counter (4 choices) TMOFH
» Can be used as two
independent 8-bit timers
¢ Output compare
Timer G« 8-bit timer @2 to @64, @,/2 TMIG — « Counter clear

« Input capture
« Interval timer

(4 choices)

designation
possible

* Built-in noise
canceller
circuit for
input capture

HITACHI
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9.2 Timer A

921 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.

Features
Features of timer A are given below.

» Choiceof eight internal clock sources (¢78192, @4096, (72048, (7512, @256, @128, @32, @8).

* Choice of four overflow periods (1 s, 0.5, 0.25 s, 31.25 ms) when timer A isused as aclock
time base (using a 32.768 kHz crystal oscillator).

e Aninterrupt is requested when the counter overflows.

* 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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Block Diagram

Figure 9.1 shows ablock diagram of timer A.

PSW | TMA |‘—>

Y

Dy — 1/4

(%3]
>
o)
oo
[
o
o128 | s
o
o/16 @I8192, PIA096, Y2048, | 4| ol %o IS
w8 @512, 9256, @128, o 8 1
| N
w4 w32, ¢f8 Y Y Y ¥
¢ 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 (¢,/128) is used as the TCA input clock.

Figure9.1 Block Diagram of Timer A
Pin Configuration
Table 9.2 shows the timer A pin configuration.

Table9.2 Pin Configuration

Name Abbrev. 11O Function
Clock output TMOW Output Output of waveform generated by timer A output
circuit
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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

Timer Mode Register A (TMA)

Bit 7 6 5 4 3 2 1 0

| TMA7 | TMA6 | TMA5 | — | TMA3 | TMA2 | TMAL | TMAO |
Initial value 0 0 0 1 0 0 0 0
Read/Write RW  RW  RMW _ RW RW  RW  RW

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 signal divided by 32, 16, 8, or 4 can be output in
active mode, sleep mode, and subactive mode.

Bit 7: TMA7 Bit 6: TMAG6 Bit 5: TMAS5 Clock Output

0 0 0 @32 (initial value)
1 @16
1 0 @8
1 @4
1 0 0 @132
1 @116
1 0 @8
1 Q4

Bit 4—Reserved Bit: Bit 4 isreserved; it isalwaysread as 1, and cannot be modified.
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Bits 3to O—Internal Clock Select (TMA3to TMADOQ): Bits 3 to 0 select the clock input to TCA.

Description
Bit 3: Bit 2: Bit 1: Bit O: Prescaler and Divider Ratio
TMA3 TMA2 TMA1 TMAO or Overflow Period Function
0 0 0 0 PSS, ¢8192 (initial value)  Interval timer
1 PSS, ¢4096
1 0 PSS, ¢/2048
1 PSS, @512
1 0 0 PSS, ¢256
1 PSS, ¢/128
1 0 PSS, ¢32
1 PSS, ¢/8
1 0 0 0 PSW, 1s Clock time base
1 PSW, 0.5s
1 0 PSW, 0.25 s
1 PSW, 0.03125 s
1 0 0 PSW and TCA are reset
1
1 0
1

Timer Counter A (TCA)

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

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 bit in interrupt request register 1 (IRR1) is set to 1.

TCA iscleared by setting bits TMA3 and TMA2 of TMA to 11.

Upon reset, TCA isinitialized to H'00.
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9.2.3 Timer Operation

Interval Timer Operation: When bit TMA3 in timer mode register A (TMA) iscleared to O,
timer A functions as an 8-bit interval timer.

Upon reset, TCA iscleared to H'00 and bit TMAS3 is cleared to 0, so up-counting and interval
timing resume immediately. The clock input to timer A is selected by bits TMA2to TMAQ 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 1 in interrupt request register 1 (IRR1). If IENTA = 1in interrupt
enableregister 1 (IENR1), a CPU interrupt is requested.*

At overflow, TCA returnsto H'00 and starts counting up again. In this mode timer 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.

Real-Time Clock Time Base Operation: When bit TMA3in TMA isset to 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 TMAOin TMA. A choice of four periods
isavailable. In time base operation (TMA3 = 1), setting bit TMA2 to 1 clears both TCA and
prescaler W to their initial values of H'00.

Clock Output: Setting bit TMOW in port mode register 1 (PMR1) 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, and subactive mode.
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9.24 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 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.

9.3 Timer B

93.1 Overview

Timer B is an 8-bit timer that increments each time a clock pulseisinput. Thistimer hastwo
operation modes, interval and auto reload.

Features
Features of timer B are given below.

» Choice of seven internal clock sources (¢/8192, (2048, @512, @256, @64, @16, @4) or an
external clock (can be used to count external events).

e Aninterrupt is requested when the counter overflows.
Block Diagram

Figure 9.2 shows ablock diagram of timer B.
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| T™B -~ -
1))
>
o)
o
©
PSS - —
¢ —= - TCB S
' c
)
e
TMIB O | TLB |=

] -— = |RRTB
Notation:

TMB:  Timer mode register B

TCB: Timer counter B

TLB:  Timer load register B

IRRTB: Timer B overflow interrupt request flag
PSS: Prescaler S

Figure9.2 Block Diagram of Timer B
Pin Configuration
Table 9.5 shows the timer B pin configuration.

Table9.5 Pin Configuration

Name Abbrev. 110 Function

Timer B event input TMIB Input Event input to TCB

Register Configuration
Table 9.6 shows the register configuration of timer B.

Table9.6 Timer B Registers

Name Abbrev. R/W Initial Value Address
Timer mode register B TMB R/W H'78 H'FFB2
Timer counter B TCB R H'00 H'FFB3
Timer load register B TLB W H'00 H'FFB3
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932 Register Descriptions

Timer Mode Register B (TMB)

Bit 7 6 5 4 3 2 1 0

' tmMB7 | — | — | — | — | T™MB2 | TMBL | TMBO |
Initial value 0 1 1 1 1 0 0 0
Read/Write R/W — — — — R/W R/W R/W

TMB is an 8-bit read/write register for selecting the auto-reload function and input clock.
Upon reset, TMB isinitialized to H'78.

Bit 7—Auto-Reload Function Select (TMB7): Bit 7 selects whether timer B is used asan
interval timer or auto-reload timer.

Bit 7: TMB7 Description
0 Interval timer function selected (initial value)
1 Auto-reload function selected

Bits 6 to 3—Reserved Bits: Bits 6 to 3 are reserved; they always read 1, and cannot be modified.

Bits2to 0—Clock Select (TMB2to TMBO): Bits 2 to 0 select the clock input to TCB. For
external event counting, either the rising or falling edge can be selected.

Bit 2: TMB2 Bit 1: TMB1 Bit 0: TMBO Description

0 0 0 Internal clock: @8192 (initial value)
1 Internal clock: @2048
1 0 Internal clock: @512
1 Internal clock: @256
1 0 0 Internal clock: @64
1 Internal clock: ¢/16
1 0 Internal clock: @4
1 External event (TMIB): rising or falling edge*

Note: * The edge of the external event signal is selected by bit IEG1 in the IRQ edge select register
(IEGR). See 3.3.2, Interrupt Control Registers, for details on the IRQ edge select register.
Be sure to set bit IRQ1 in port mode register 1 (PMR1) to 1 before setting bits TMB2 to
TMBO to 111.
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Timer Counter B (TCB)

Bit 7 6 5 4 3 2 1 0

| TcB7 | TCB6 | TCB5 | TCB4 | TCB3 | TCB2 | TCBL | TCBO
Initial value 0 0 0 0 0 0 0 0
Read/Write R R R R R R R R

TCB is an 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 TMB2 to TMBO in timer mode
register B (TMB). TCB values can be read by the CPU at any time.

When TCB overflows from H'FF to H'00 or to the value set in TLB, the IRRTB hit in interrupt
request register 2 (IRR2) isset to 1.

TCB isdlocated to the same address as timer |oad register B (TLB).
Upon reset, TCB isinitialized to H'00.

Timer Load Register B (TLB)

Bit 7 6 5 4 3 2 1 0

| TLB7 | TLB6 | TLBS | TLB4 | TLB3 | TLB2 | TLBL | TLBO |
Initial value 0 0 0 0 0 0 0 0
Read/Write w w W W W W w w

TLB isan 8-bit write-only register for setting the reload value of timer counter B.

When areload valueis set in TLB, the same value is loaded into timer counter B (TCB) as well,
and TCB starts counting up from that value. When TCB overflows during operation in auto-reload
mode, the TLB value isloaded into TCB. Accordingly, overflow periods can be set within the
range of 1 to 256 input clocks.

The same address is allocated to TLB asto TCB.

Upon reset, TLB isinitialized to H'00.
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9.33 Timer Operation

Interval timer Operation: When bit TMB7 in timer mode register B (TMB) is cleared to 0, timer
B functions as an 8-bit interval timer.

Upon reset, TCB iscleared to H'00 and bit TMB?7 is cleared to 0, so up-counting and interval
timing resume immediately. The clock input to timer B 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
TMB2to TMBO of TMB.

After the count value in TCB reaches H'FF, the next clock signal input causes timer B to overflow,
setting bit IRRTB to 1 in interrupt request register 2 (IRR2). If IENTB = 1 in interrupt enable
register 2 (IENR2), a CPU interrupt is requested.*

At overflow, TCB returnsto H'00 and starts counting up again.

During interval timer operation (TMB7 = 0), when avalueis set in timer load register B (TLB),
the same valueissetin TCB.

Note: * For details on interrupts, see 3.3, Interrupts.

Auto-Reload Timer Operation: Setting bit TMB7 in TMB to 1 causes timer B to function as an
8-bit auto-reload timer. When areload value is set in TLB, the same valueisloaded into TCB,
becoming the value from which TCB startsits count.

After the count value in TCB reaches H'FF, the next clock signal input causes timer B to overflow.
The TLB value isthen loaded into TCB, and the count continues from that value. The overflow
period can be set within arange from 1 to 256 input clocks, depending on the TLB value.

The clock sources and interrupts in auto-rel oad mode are the same as in interval mode.

In auto-reload mode (TMB7 = 1), when anew valueisset in TLB, the TLB valueisalso set in
TCB.

Event Counter Operation: Timer B 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 TMB2 to TMBO in timer mode register B to all 1s (111).

When timer B is used to count external event input, bit IRQ1 in port mode register 1 (PMR1)
should be set to 1, and bit IEN1 in interrupt enable register 1 (IENR1) should be cleared to 0 to
disable IRQ, interrupt requests.
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9.34 Timer B Operation States

Table 9.7 summarizes the timer B operation states.

Table9.7 Timer B Operation States

Sub- Sub-
Operation Mode Reset Active Sleep Watch active sleep Standby
TCB Interval Reset Functions Functions Halted Halted Halted Halted
Auto reload Reset Functions  Functions Halted Halted Halted Halted
TMB Reset Functions Retained Retained Retained Retained Retained
94 Timer C

9.4.1 Overview

Timer C isan 8-hit timer that increments or decrements each time aclock pulseisinput. This
timer has two operation modes, interval and auto reload.

Features

The main features of timer C are given below.

» Choice of seven internal clock sources (¢/8192, (2048, @512, @64, @16, @4, @,/4) or an
external clock (can be used to count external events).

e Aninterrupt is requested when the counter overflows.
» Can be switched between up- and down-counting by software or hardware.

*  When @,/4 is selected as the internal clock source, or when an external clock is selected, timer
C can function in subactive mode and subsleep mode.
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Block Diagram

Figure 9.3 shows ablock diagram of timer C.
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Notation:

TMC: Timer mode register C

TCC: Timer counter C

TLC: Timer load register C

IRRTC: Timer C overflow interrupt request flag
PSS: Prescaler S
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Figure9.3 Block Diagram of Timer C

Pin Configuration
Table 9.8 shows the timer C pin configuration.

Table9.8 Pin Configuration

Name Abbrev. 110 Function
Timer C event input TMIC Input Event input to TCC
Timer C up/down control ubD Input Selection of counting direction

Register Configuration

Table 9.9 shows the register configuration of timer C.

HITACHI
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Table9.9 Timer C Registers

Name Abbrev. R/W Initial Value Address
Timer mode register C T™MC R/W H'18 H'FFB4
Timer counter C TCC R H'00 H'FFB5
Timer load register C TLC W H'00 H'FFB5

9.4.2 Register Descriptions

Timer Mode Register C (TMC)

Bit 7 6 5 4 3 2 1 0

| TMC7 | TMC6 | TMC5 | — | — | TMC2 | TMC1 | TMCO |
Initial value 0 0 0 1 1 0 0 0
Read/Write RW  RW  RMW _ _ RW  RW  RMW

TMC isan 8-hit read/write register for selecting the auto-reload function, counting direction, and
input clock.

Upon reset, TMC isinitialized to H'18.

Bit 7—Auto-Reload Function Select (TMC7): Bit 7 selects whether timer C isused as an
interval timer or auto-reload timer.

Bit 7: TMC7 Description
0 Interval timer function selected (initial value)
1 Auto-reload function selected

Bits 6 and 5—Counter Up/Down Control (TMC6 and TMC5): These hits select the counting
direction of timer counter C (TCC), or allow hardware to control the counting direction using pin
uD.

Bit 6: TMC6 Bit 5: TMC5 Description

0 0 TCC is an up-counter (initial value)
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.

Note: * Don'’t care
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Bits 4 and 3—Reserved Bits: Bits4 and 3 are reserved; they are alwaysread as 1, and cannot be
modified.

Bits2to 0—Clock Select (TMC2to TMCOQ): Bits 2 to 0 select the clock input to TCC. For
external clock counting, either the rising or falling edge can be selected.

Bit 2: TMC2 Bit 1: TMC1 Bit 0: TMCO Description

0 0 0 Internal clock: @8192 (initial value)
1 Internal clock: ¢'2048
1 0 Internal clock: @512
1 Internal clock: @64
1 0 0 Internal clock: @16
1 Internal clock: @4
1 0 Internal clock: @,/4
1 External event (TMIC): rising or falling edge*

Note: * The edge of the external event signal is selected by bit IEG2 in the IRQ edge select register
(IEGR). See 3.3.2, for details on the IRQ edge select register. Be sure to set bit IRQ2 in
port mode register 1 (PMR1) to 1 before setting bits TMC2 to TMCO to 111.

Timer Counter C (TCC)

Bit 7 6 5 4 3 2 1 0

| Tcc7 | Tcce | Tocs | Tec4 | Tces | Tccz | Tect | Tcco |
Initial value 0 0 0 0 0 0 0 0
Read/Write R R R R R R R R

TCC isan 8-hit read-only up-/down-counter, which isincremented or decremented by internal or
external clock input. The clock source for input to this counter is selected by bits TMC2 to TMCO
in timer mode register C (TMC). TCC values can be read by the CPU at any time.

When TCC overflows (from H'FF to H'00 or to the value set in TLC) or underflows (from H'00 to
H'FF or to the value set in TLC), the IRRTC bit in interrupt request register 2 (IRR2) is set to 1.

TCC isalocated to the same address astimer |oad register C (TLC).

Upon reset, TCCisinitialized to H'00.
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Timer Load Register C (TLC)

Bit 7 6 5 4 3 2 1 0

| TLc7 | TLCe | TLCS | TLc4 | TLC3 | TLC2 | TLC1 | TLCO |
Initial value 0 0 0 0 0 0 0 0
Read/Write R R R R R R R R

TLC isan 8-hit write-only register for setting the reload value of TCC.

When areload valueis set in TLC, the same value isloaded into timer counter C (TCC) aswell,
and TCC starts counting up or down from that value. When TCC overflows or underflows during
operation in auto-reload mode, the TLC value isloaded into TCC. Accordingly, overflow and
underflow periods can be set within the range of 1 to 256 input clocks.

The same address is dlocated to TLC asto TCC.

Upon reset, TLC isinitialized to H'00.

943 Timer Operation

Interval Timer Operation: When bit TMC7 in timer mode register C (TMC) is cleared to O,
timer C functions as an 8-bit interval timer.

Upon reset, timer counter C (TCC) isinitialized to H'00 and TMC to H'18. After areset, the
counter continues uninterrupted incrementing as an interval up-counter. The clock input to timer C
is selected from seven internal clock signals output by prescalers Sand W, or an external clock
input at pin TMIC. The selection is made by bits TMC2to TMCOin TMC.

Either software or hardware can control whether TCC counts up or down. The selection is made
by TMC bits TMC6 and TMC5.

After the count value in TCC reaches H'FF (H'00), the next clock signal input causestimer C to
overflow (underflow), setting bit IRRTC to 1 in interrupt request register 2 (IRR2). If IENTC =1
in interrupt enable register 2 (IENR2), a CPU interrupt is requested.

At overflow or underflow, TCC returns to H'00 or H'FF and starts counting up or down again.

During interval timer operation (TMC7 = 0), when avalueis set in timer load register C (TLC),
thesamevalueissetin TCC.

Note: * For details on interrupts, see 3.3, Interrupts.
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Auto-Reload Timer Operation: Setting bit TMC7 in TMC to 1 causestimer C to function as an
8-bit auto-reload timer. When areload value is set in TLC, the same value is loaded into TCC,
becoming the value from which TCC startsits count.

After the count value in TCC reaches H'FF (H'00), the next clock signal input causestimer C to
overflow (underflow). The TLC value isthen loaded TCC, and the count continues from that
value. The overflow (underflow) period can be set within arange from 1 to 256 input clocks,
depending on the TLC value.

The clock sources, up/down control, and interrupts in auto-rel oad mode are the same asin interval
mode.

In auto-reload mode (TMC7 = 1), when anew valueisset in TLC, the TLC valueisalso set in
TCC.

Event Counter Operation: Timer C can operate as an event counter, counting an event signal
input at pin TMIC. Externa event counting is selected by setting TMC bits TMC2 to TMCO to all
1s(111). TCC counts up or down at the rising or falling edge of the input at pin TMIC.

When timer C is used to count external event inputs, bit IRQ2 in port mode register 1 (PMR1)
should be set to 1, and bit IEN2 in interrupt enable register 1 (IENR1) should be cleared to 0 to
disable IRQ2 interrupt requests.

TCC Up/Down Control by Hardwar e: The counting direction of timer C can be controlled by
input at pin UD. When bit TMC6 in TMC isset to 1, high-level input at the UD pin selects down-
counting, while low-level input selects up-counting.

When using input at pin UD for this control function, set the UD hit in port mode register 2
(PMR2) to 1.
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9.4.4 Timer C Operation States
Table 9.10 summarizes the timer C operation states.

Table9.10 Timer C Operation States

Sub- Sub-

Operation Mode Reset Active Sleep Watch active sleep Standby

TCC Interval Reset Functions Functions Halted Functions/ Functions/ Halted
Halted* Halted*

TCC Autoreload Reset Functions Functions Halted Functions/ Functions/ Halted
Halted* Halted*

TMC Reset Functions Retained Retained Functions Retained Retained

Note: When @,/4 is selected as the internal clock of TCC 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.

* When timer C is operated in subactive mode or subsleep mode, either an external clock
or the @,/4 internal clock must be selected. The counter will not operate in these modes if
another clock is selected. If the internal @,/4 clock is selected when @,/8 is being used as
the subclock @, the lower 2 bits of the counter will operate on the same cycle, with the

least significant bit not being counted.

95 Timer F

95.1 Overview

Timer Fisal16-hit timer with an output compare function. Compare match signals can be used to
reset the counter, request an interrupt, or toggle the output. Timer F can also be used for external
event counting, and can operate as two independent 8-bit timers, timer FH and timer FL.

Features

Features of timer F are given below.

e Choiceof four internal clock sources (@32, @16, @4, @2) or an externa clock (can be used as

an external event counter).

e Output from pin TMOFH istoggled by one compare match signal (theinitial value of the

toggle output can be set).
* Counter can be reset by the compare match signal.
* Two interrupt sources: counter overflow and compare match.

» Can operate as two independent 8-bit timers (timer FH and timer FL) in 8-bit mode.
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Timer FH

» 8-hit timer (clocked by timer FL overflow signals when timer F operates as a 16-bit timer).
» Choice of four internal clocks (¢/32, ¢/16, @4, @?2).

e Output from pin TMOFH istoggled by one compare match signal (theinitial value of the
toggle output can be set).

» Counter can be reset by the compare match signal.
e Two interrupt sources: counter overflow and compare match.

Timer FL

*  8-bit timer/event counter
» Choiceof four internal clocks (@32, ¢/16, @4, @2) or event input at pin TMIF.

e Output from pin TMOFL istoggled by one compare match signal (theinitia value of the
toggle output can be set).

» Counter can be reset by the compare match signal.
e Two interrupt sources: counter overflow and compare match.
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Block Diagram

Figure 9.4 shows ablock diagram of timer F.
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Notation:

TCRF:  Timer control register F
TCSRF: Timer control status register F
TCFH:  8-bit timer counter FH

TCFL:  8-bit timer counter FL
OCRFH: Output compare register FH
OCRFL: Output compare register FL
IRRTFH: Timer FH interrupt request flag
IRRTFL: Timer FL interrupt request flag
PSS: Prescaler S

Figure9.4 Block Diagram of Timer F
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Pin Configuration

Table 9.11 shows the timer F pin configuration.

Table9.11 Pin Configuration

Name Abbrev. I/10 Function

Timer F event input TMIF Input Event input to TCFL
Timer FH output TMOFH Output Timer FH toggle output
Timer FL output TMOFL Output Timer FL toggle output

Register Configuration:

Table 9.12 shows the register configuration of timer F.

Table9.12 Timer F Registers

Name Abbrev. R/W Initial Value Address
Timer control register F TCRF w H'00 H'FFB6
Timer control/status register F TCSRF R/W H'00 H'FFB7
8-bit timer counter FH TCFH R/W H'00 H'FFB8
8-bit timer counter FL TCFL R/W H'00 H'FFB9
Output compare register FH OCRFH R/W H'FF H'FFBA
Output compare register FL OCRFL R/W H'FF H'FFBB
9.5.2 Register Descriptions
16-Bit Timer Counter (TCF)
8-Bit Timer Counter (TCFH)
8-Bit Timer Counter (TCFL)
TCF
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Initial value o o o o o o o o0 o o o o o o0 o0 o0

Read/Write R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W RW RW RW R/W R/W R/W

-« TCFH

HITACHI
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TCF is a 16-hit read/write up-counter consisting of two cascaded 8-bit timer counters, TCFH and
TCFL. TCF can be used as a 16-bit counter, with TCFH as the upper 8 bits and TCFL as the lower
8 bits of the counter, or TCFH and TCFL can be used as independent 8-bit counters.

TCFH and TCFL can be read and written by the CPU, but in 16-bit mode, data transfer with the
CPU takes place viaatemporary register (TEMP). For details see 9.5.3, Interface with the CPU.

Upon reset, TCFH and TCFL are each initialized to H'00.

16-bit mode (TCF)

16-bit mode is selected by clearing bit CKSH2 to 0 in timer control register F (TCRF). The
TCF input clock is selected by TCRF bits CKSL2 to CKSLO.

Timer control status register F (TCSRF) can be set so that counter TCF will be cleared by
compare match.

When TCF overflows from H'FFFF to H'0000, the overflow flag (OVFH) in TCSRF is set to 1.
If bit OVIEH in TCSRF is set to 1 when an overflow occurs, bit IRRTFH in interrupt request
register 2 (IRR2) will be set to 1; and if bit IENTFH in interrupt enable register 2 (IENR2) is
set to 1, aCPU interrupt will be requested.

8-bit mode (TCFH, TCFL)

When bit CKSH2 in timer control register F (TCRF) is set to 1, timer F functions as two
separate 8-bit counters, TCFH and TCFL. The TCFH (TCFL) input clock is selected by TCRF
bits CKSH2 to CKSHO (CKSL2 to CKSLO).

TCFH (TCFL) can be cleared by a compare match signal. This designation is made in bit
CCLRH (CCLRL) in TCSRF.

When TCFH (TCFL) overflows from H'FF to H'00, the overflow flag OVFH (OVFL) in
TCSRFissetto 1. If bit OVIEH (OVIEL) in TCSRF is set to 1 when an overflow occurs, bit
IRRTFH (IRRTHL) in interrupt request register 2 (IRR2) will be set to 1; and if bit IENTFH
(IENTFL) in interrupt enable register 2 (IENR2) isset to 1, a CPU interrupt will be requested.

16-Bit Output Compare Register (OCRF)
8-Bit Output Compare Register (OCRFH)
8-Bit Output Compare Register (OCRFL)

OCRF

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

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

P OCRFH —N— OCRFL o
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OCRF is a 16-hit read/write output compare register consisting of two 8-hit read/write registers
OCRFH and OCRFL. It can be used as a 16-bit output compare register, with OCRFH asthe
upper 8 bits and OCRFL as the lower 8 bits of the register, or OCRFH and OCRFL can be used as
independent 8-hit registers.

OCRFH and OCRFL can be read and written by the CPU, but in 16-bit mode, data transfer with
the CPU takes place via atemporary register (TEMP). For details see 9.5.3, Interface with the
CPU.

Upon reset, OCRFH and OCRFL are each initialized to H'FF.

* 16-bit mode (OCRF)
16-bit mode is selected by clearing bit CKSH2 to O in timer control register F (TCRF). The
OCRF contents are always compared with the 16-bit timer counter (TCF). When the contents
match, the compare match flag (CMFH) in TCSRF is set to 1. Also, IRRTFH in interrupt
regquest register 2 (IRR2) isset to 1. If bit IENTFH ininterrupt enable register 2 (IENR2) is set
to 1, aCPU interrupt is requested.
Output for pin TMOFH can be toggled by compare match. The output level can also be set to
high or low by bit TOLH of timer control register F (TCRF).

e 8-bit mode (OCRFH, OCRFL)
Setting bit CKSH2 in TCRF to 1 resultsin two 8-bit registers, OCRFH and OCRFL.
The OCRFH contents are always compared with TCFH, and the OCRFL contents are always
compared with TCFL. When the contents match, the compare match flag (CMFH or CMFL) in
TCSRFissetto 1. Also, bit IRRTFH (IRRTFL) in interrupt request register 2 (IRR2) set to 1.
If bit IENTFH (IENTFL) in interrupt enable register 2 (IENR?2) isset to 1 at thistime, a CPU
interrupt is requested.
The output at pin TMOFH (TMOFL) can be toggled by compare match. The output level can
also be set to high or low by bit TOLH (TOLL) of the timer control register (TCRF).

Timer Control Register F (TCRF)

Bit 7 6 5 4 3 2 1 0

| TOLH | CKSH2 | CKSH1 | CKSHO | TOLL | CKSL2 | CKSL1 | CKSLO |
Initial value 0 0 0 0 0 0 0 0
Read/Write W w w w w W W W

TCRF isan 8-bit write-only register. It is used to switch between 16-bit mode and 8-bit mode, to
select among four internal clocks and an external clock, and to select the output level at pins
TMOFH and TMOFL.

Upon reset, TCRF isinitialized to H'00.
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Bit 7—Toggle Output Level H (TOLH): Bit 7 setsthe output level at pin TMOFH. The setting
goes into effect immediately after this bit is written.

Bit 7: TOLH Description
0 Low level (initial value)
1 High level

Bits6to 4—Clock Select H (CKSH2 to CKSHO): Bits 6 to 4 select the input to TCFH from four
internal clock signals or the overflow of TCFL.

Bit 6: CKSH2 Bit5: CKSH1 Bit4: CKSHO Description

0 * * 16-hit mode selected. TCFL overflow signals
are counted (initial value)
1 0 0 Internal clock: @32
1 Internal clock: @/16
1 0 Internal clock: @4
1 Internal clock: @2

Note: * Don'’t care

Bit 3—Toggle Output Level L (TOLL): Bit 3 setsthe output level at pin TMOFL. The setting
goes into effect immediately after this bit is written.

Bit 3: TOLL Description
0 Low level (initial value)
1 High level

Bits2to 0—Clock Select L (CKSL2to CKSLO): Bits2to 0 select the input to TCFL from four
internal clock signals or external event input.
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Bit 2. CKSL2 Bitl: CKSL1 Bit0: CKSLO Description

0 * * External event (TMIF). Rising or falling edge
is counted** (initial value)
1 0 0 Internal clock: @32
1 Internal clock: ¢@/16
1 0 Internal clock: @4

1 Internal clock: @2

Note: 1. The edge of the external event signal is selected by bit IEG3 in the IRQ edge select
register (IEGR). See 3.3.2, for details on the IRQ edge select register. Note that
switching the TMIF pin function by changing bit IRQ3 in port mode register 1 (PMR1)
from O to 1 or from 1 to O while the TMIF pin is at the low level may cause the timer F
counter to be incremented.

* Don't care

Timer Control/Status Register F (TCSRF)

Bit 7 6 5 4 3 2 1 0
] OVFH ] CMFH \ OVIEH \ CCLRH‘ OFL ‘ CMFL ] OVIEL ] CCLRL‘
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/IW R/W
Note: * Only O can be written, to clear flag.

TCSRF is an 8-hit read/write register. It is used for counter clear selection, overflow and compare
match indication, and enabling of interrupts caused by timer overflow.

Upon reset, TCSRF isinitialized to H'00.

Bit 7—Timer overflow flag H (OVFH): Bit 7 isastatus flag indicating TCFH overflow (H'FF to
H'00). Thisflagis set by hardware and cleared by software. It cannot be set by software.

Bit 7: OVFH Description
0 Clearing conditions:

After reading OVFH = 1, cleared by writing 0 to OVFH (initial value)
1 Setting conditions:

Set when the value of TCFH goes from H'FF to H'00

Bit 6—Compare Match Flag H (CMFH): Bit 6 isastatus flag indicating a compare match
between TCFH and OCRFH. Thisflagis set by hardware and cleared by software. It cannot be set
by software.
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Bit 6: CMFH Description

0 Clearing conditions:
After reading CMFH = 1, cleared by writing 0 to CMFH (initial value)
1 Setting conditions:

Set when the TCFH value matches OCRFH value

Bit 5—Timer Overflow Interrupt EnableH (OVIEH): Bit 5 enables or disables TCFH
overflow interrupts.

Bit 5: OVIEH Description
0 TCFH overflow interrupt disabled (initial value)
1 TCFH overflow interrupt enabled

Bit 4—Counter Clear H (CCLRH): In 16-bit mode, bit 4 selects whether or not TCF is cleared
when a compare match occurs between TCF and OCRF.

In 8-bit mode, bit 4 selects whether or not TCFH is cleared when a compare match occurs between
TCFH and OCRFH.

Bit 4: CCLRH Description

0 16-bit mode: TCF clearing by compare match disabled (initial value)
8-bit mode: TCFH clearing by compare match disabled

1 16-bit mode: TCF clearing by compare match enabled
8-bit mode: TCFH clearing by compare match enabled

Bit 3—Timer Overflow Flag L (OVFL): Bit 3isastatus flag indicating TCFL overflow (H'FF
to H'00). Thisflag is set by hardware and cleared by software. It cannot be set by software.

Bit 3: OVFL Description
0 Clearing conditions:

After reading OVFL = 1, cleared by writing O to OVFL (initial value)
1 Setting conditions:

Set when the value of TCFL goes from H'FF to H'00

Bit 2—Compare Match Flag L (CMFL): Bit 2 isastatus flag indicating a compare match
between TCFL and OCRFL. Thisflag is set by hardware and cleared by software. It cannot be set
by software.
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Bit 2: CMFL Description

0 Clearing conditions:
After reading CMFL = 1, cleared by writing O to CMFL (initial value)
1 Setting conditions:

Set when the TCFL value matches the OCRFL value

Bit 1—Timer Overflow Interrupt EnableL (OVIEL): Bit 1 enables or disables TCFL overflow
interrupts.

Bit 1: OVIEL Description
0 TCFL overflow interrupt disabled (initial value)
1 TCFL overflow interrupt enabled

Bit 0—Counter Clear L (CCLRL): Bit O selects whether or not TCFL is cleared when a
compare match occurs between TCFL and OCRFL.

Bit 0: CCLRL Description

0 TCFL clearing by compare match disabled (initial value)

1 TCFL clearing by compare match enabled

9.5.3 Interface with the CPU

TCF and OCREF are 16-bit read/write registers, whereas the data bus between the CPU and on-chip
peripheral modules has an 8-bit width. For this reason, when the CPU accesses TCF or OCREF, it
makes use of an 8-bit temporary register (TEMP).

In 16-bit mode, when reading or writing TCF or writing OCRF, always use two consecutive byte
size MOV instructions, and always access the upper byte first. Data will not be transferred
properly if only the upper byte or only the lower byte is accessed. In 8-bit mode there is no such
restriction on the order of access.

Write Access. When the upper byte iswritten, the upper-byte datais loaded into the TEMP
register. Next when the lower byte is written, the datain TEMP goes to the upper byte of the
register, and the lower-byte data goes directly to the lower byte of the register. Figure 9.5 shows a
TCF write operation when H'AAS5 iswritten to TCF.
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Upper byte write

]
Q
8
CPU < Internal data bus
-
(HAA) 0
>
o
TEMP
(HAA)
TCFH TCFL
C ) C )
Lower byte write
S
i
CPU < Internal data bus
£
(H'55) @
>
o
TEMP
(H'AA)
TCFH TCFL
(H'AA) (H'55)

Figure9.5 TCF Write Operation (CPU - TCF)

Read Access. When the upper byte of TCF isread, the upper-byte dataiis sent directly to the CPU,
and the lower byte isloaded into TEMP. Next when the lower byte isread, the lower bytein
TEMP s sent to the CPU.

When the upper byte of OCRF isread, the upper-byte datais sent directly to the CPU. Next when
the lower byte isread, the lower-byte datais sent directly to the CPU.
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Figure 9.6 shows a TCF read operation when H'AAFF isread from TCF.

Upper byte read

[}
Q
®
CPU < Internal data bus
£
(HAA) o
o
TEMP
(H'FF)
TCFH TCFL
(H'AA) (H'FF)
Lower byte read
8
i
CcPU b Internal data bus
=
(HFF) ';
>
o
TEMP
(H'FF)
TCFH TCFL
(AB)* (00)*

Note: * Becomes H'ABOO if counter is incremented once.

Figure9.6 TCF Read Operation (TCF - CPU)
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954 Timer Operation

Timer Fisa 16-hit timer/counter that increments with each input clock. The value set in output
compare register F is constantly compared with the value of timer counter F, and when they match
the counter can be cleared, an interrupt can be requested, and the port output can be toggled. Timer
F can a'so be used as two independent 8-bit timers.

Timer F Operation: Timer F can operate in either 16-bit timer mode or 8-bit timer mode. These
modes are described below.

¢ 16-bit timer mode

Timer F operatesin 16-bit timer mode when the CKSH2 bit in timer control register F (TCRF)
iscleared to 0.

A reset initializes timer counter F (TCF) to H'0000, output compare register F (OCRF) to
H'FFFF, and timer control register F (TCRF) and timer control status register F (TCSRF) to
H'00. Timer F begins counting external event input signals (TMIF). The edge of the externa
event signal is selected by the IEG3 bit in the IRQ edge select register (IEGR).

Any of four internal clocks output by prescaler S, or an external clock, can be selected asthe
timer F operating clock by bits CKSL2 to CKSLO in TCRF.

TCF is continuously compared with the contents of OCRF. When these two values match, the
CMFH bitin TCSRF isset to 1. At thistimeif IENTFH of IENR2is1, a CPU interrupt is
reguested and the output at pin TMOFH istoggled. If the CCLRH bitin TCSRF is 1, timer Fis
cleared. The output at pin TMOFH can also be set by the TOLH bit in TCRF.

If timer F overflows (from H'FFFF to H'0000), the OVFH bit in TCSRF is set. At thistime, if
the OVIEH bit in TCSRF and the IENTFH bit in IENR2 are both 1, a CPU interrupt is
requested.

o 8-bit timer mode
When the CKSH2 bit in TCRF is set to 1, timer F operates as two independent 8-bit timers,
TCFH and TCFL. Theinput clock of TCFH/TCFL is selected by bits CKSH2 to
CKSHO/CKSL2 to CKSLOin TCRF.

When TCFH/TCFL and the contents of OCRFH/OCRFL match, the CMFH/CMFL bitin
TCSRFissetto 1. If the IENTFH/IENTFL bitin IENR2is1, a CPU interrupt is requested and
the output at pin TMOFH/TMOFL istoggled. If the CCLRH/CCLRL bitin TCRFis1,
TCFH/TCFL iscleared. The output at pin TMOFH/TMOFL can also be set by the
TOLH/TOLL bitin TCRF.

When TCFH/TCFL overflows from H'FF to H'00, the OVFH/OVFL bit in TCSRF is set to 1.
At thistime, if the OVIEH/OVIEL bit in TCSRF and the IENTFH/IENTFL bit in IENR2 are
both 1, a CPU interrupt is requested.
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TCF Count Timing: TCF isincremented by each pulse of the input clock (internal or external
clock).

* Interna clock
The settings of bits CKSH2 to CKSHO or bits CKSL2 to CKSL0 in TCRF select one of four
internal clock signals divided from the system clock (¢), namely, ¢/32, @16, ¢4, or @2.

» External clock
External clock input is selected by clearing bit CKSL2 to 0in TCRF. Either rising or falling
edges of the clock input can be counted. The edge of an external event is selected by bit IEG3
in the interrupt controller’ s IEGR register. An external event pulse width of at least two system
clock (@) cyclesis necessary for correct operation of the counter.

TMOFH and TMOFL Output Timing: The outputs at pins TMOFH and TMOFL are the values
set in bits TOLH and TOLL in TCRF. When a compare match occurs, the output value isinverted.
Figure 9.7 shows the output timing.

o pEpEpNnNEERERES
(when IEG3 = 1) N L

Count input ,—L
clock 3 3 —i—

TCF N X N+1

P4
>
2
+
[EnY

OCRF N

Compare match
signal

[
TMOFH, TMOFL ) ) | .

Figure9.7 TMOFH, TMOFL Output Timing
TCF Clear Timing: TCF can be cleared at compare match with OCRF.

Timer Overflow Flag (OVF) Set Timing: OVF is set to 1 when TCF overflows (goes from
H'FFFF to H'0000).
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Compare Match Flag Set Timing: The compare match flags (CMFH or CMFL) aresetto 1
when a compare match occurs between TCF and OCRF. A compare match signal is generated in
the final state in which the values match (when TCF changes from the matching count value to the
next value). When TCF and OCRF match, a compare match signal is not generated until the next
counter clock pulse.

Timer F Operation States: Table 9.13 summarizes the timer F operation states.

Table9.13 Timer F Operation States

Sub- Sub-
Operation Mode Reset Active Sleep Watch active sleep Standby
TCF Reset Functions Functions Halted Halted Halted Halted
OCRF Reset Functions Retained Retained Retained Retained Retained
TCRF Reset Functions Retained Retained Retained Retained Retained
TCSRF Reset Functions Retained Retained Retained Retained Retained

955 Application Notes
The following conflicts can arise in timer F operation.

* 16-bit timer mode
The output at pin TMOFH toggles when all 16 bits match and a compare match signal is
generated. If the compare match signal occurs at the same time as new datais written in TCRF
by aMQV instruction, however, the new value written in bit TOLH will be output at pin
TMOFH. The TMOFL output in 16-bit mode is indeterminate, so this output should not be
used. Use the pin as ageneral input or output port.

If an OCRFL write occurs at the same time as a compare match signal, the compare match
signal isinhibited. If a compare match occurs between the written data and the counter value,
however, acompare match signal will be generated at that point. The compare match signal is
output in synchronization with the TCFL clock, so if this clock is stopped no compare match
signal will be generated, even if acompare match occurs.

Compare match flag CMFH is set when all 16 bits match and a compare match signal is
generated; bit CMFL is set when the setting conditions are met for the lower 8 bits.

The overflow flag (OVFH) is set when TCF overflows; bit OVFL is set if the setting
conditions are met when the lower 8 bits overflow. If awriteto TCFL occurs at the sametime
as an overflow signal, the overflow signal is not outpuit.
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8-bit timer mode

O

O

TCFH and OCRFH

The output at pin TMOFH toggles when there is a compare match. If the compare match
signal occurs at the same time as new datais written in TCRF by a MOV instruction,
however, the new value written in bit TOLH will be output at pin TMOFH.

If an OCRFH write occurs at the same time as a compare match signal, the compare match
signal isinhibited. If a compare match occurs between the written data and the counter
value, however, a compare match signal will be generated at that point. The compare match
signal is output in synchronization with the TCFH clock.

If a TCFH write occurs at the same time as an overflow signal, the overflow signal is not
output.

TCFL and OCRFL

The output at pin TMOFL toggles when there is a compare match. If the compare match
signal occurs at the same time as new datais written in TCRF by a MOV instruction,
however, the new value written in bit TOLL will be output at pin TMOFL.

If an OCRFL write occurs at the same time as a compare match signal, the compare match
signal isinhibited. If a compare match occurs between the written data and the counter
value, however, a compare match signal will be generated at that point. The compare match
signal is output in synchronization with the TCFL clock, so if this clock is stopped no
compare match signal will be generated, even if a compare match occurs.

If a TCFL write occurs at the same time as an overflow signal, the overflow signal is not
output.
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9.6 Timer G

9.6.1 Overview

Timer G isan 8-bit timer, with input capture functions for separately capturing the rising edge and
falling edge of pulsesinput at the input capture pin (input capture input signal). Timer G has a
built-in noise canceller circuit that can eliminate high-frequency noise from the input capture
signal, enabling accurate measurement of its duty cycle. When timer G is not used for input
capture, it functions as an 8-bit interval timer.

Features
Features of timer G are given below.

e Choice of four internal clock sources (@64, @32, @2, @,/2)
 Input capture function
Separate input capture registers are provided for the rising and falling edges.
» Counter overflow detection
Can detect whether overflow occurred when the input capture signal was high or low.
« Choice of counter clear triggers
The counter can be cleared at the rising edge, falling edge, or both edges of the input capture
signal.
e Two interrupt sources
Interrupts can be requested by input capture and by overflow. For input capture, the rising or
falling edge can be selected.
* Built-in noise-canceller circuit
The noise canceller circuit can eliminate high-frequency noise in the input capture signal.
o Operatesin subactive and subsleep modes

When @,/2 is selected as the internal clock source, timer G can operate in the subactive and
subsleep modes.
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Block Diagram

Figure 9.8 shows ablock diagram of timer G.

) JE— PSS
I ™G ':_‘7—>
' Level
sense
circuit
i 111 4
P - ICRGF | ~ 3
] [ g
©
©
Edge g
Noise sense %| TCG I ) £
T™IG canceller circuit N /]
circuit j e
¥ g
NCS ] ICRGR E—
IRRTG
Notation:

TMG:  Timer mode register G

TCG:  Timer counter G

ICRGF: Input capture register GF
ICRGR: Input capture register GR
IRRTG: Timer G interrupt request flag
NCS:  Noise canceller select

PSS: Prescaler S

Figure9.8 Block Diagram of Timer G
Pin Configuration
Table 9.14 shows the timer G pin configuration.
Table9.14 Pin Configuration

Name Abbrev. 110 Function

Timer G capture input TMIG Input Timer G capture input
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Register Configuration
Table 9.15 shows the register configuration of timer G.

Table9.15 Timer G Registers

Name Abbrev. R/W Initial Value Address
Timer mode register G TMG R/W H'00 H'FFBC
Timer counter G TCG — H'00 —

Input capture register GF ICRGF R H'00 H'FFBD
Input capture register GR ICRGR R H'00 H'FFBE

9.6.2 Register Descriptions

Timer Counter G (TCG)

Bit 7 6 5 4 3 2 1 0

| TCG7 | TCG6 | TCG5 | TCG4 | TCG3 | TCG2 | TCGL | TCGO |
Initial value 0 0 0 0 0 0 0 0
Read/Write — — — — — — — —

Timer counter G (TCG) is an 8-bit up-counter which isincremented by an input clock. The input
clock signal is selected by bits CKS1 and CKS0 in timer mode register G (TMG).

To use TCG as an input capture timer, set bit TMIG to 1in PMRL; to use TCG as an interval
timer, clear bit TMIG to 0.* When TCG is used as an input capture timer, the TCG value can be
cleared at the rising edge, falling edge, or both edges of the input capture signal, depending on
settingsin TMG.

When TCG overflows (goes from H'FF to H'00), if the timer overflow interrupt enable bit (OVIE)
issetto 1in TMG, bit IRRTG in interrupt request register 2 (IRR2) is set to 1. If in addition bit
IENTG in interrupt enable register 2 (IENR2) isset to 1, a CPU interrupt is requested. Details on
interrupts are given in 3.3, Interrupts.

TCG cannot be read or written by the CPU.
Upon reset, TCG isinitialized to H'00.

Note: * Aninput capture signal may be generated when TMIG is rewritten.
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Input captureregister GF (ICRGF)

Bit 7 6 5 4 3 2 1 0
| ICRGF7 | ICRGF6 | ICRGF5| ICRGF4 | ICRGF3 | ICRGF2| ICRGF1 | ICRGFO

Initial value 0 0 0 0 0 0 0 0

Read/Write R R R R R R R R

ICRGF is an 8-bit read-only register. When the falling edge of the input capture signal is detected,
the TCG vaue at that time is transferred to ICRGF. If the input capture interrupt select bit (IIEGS)
issetto 1in TMG, bit IRRTG in interrupt request register 2 (IRR2) is set to 1. If in addition bit
IENTG ininterrupt enable register 2 (IENR2) is set to 1, a CPU interrupt is requested. Details on
interrupts are given in 3.3, Interrupts.

To ensure proper input capture when the noise canceller is not used, the pulse width of the input
capture signal should be at least 2¢or 2@y .

Upon reset, ICRGF isinitialized to H'00.

Input Capture Register GR (ICRGR)

Bit 7 6 5 4 3 2 1 0
|ICRGR? | ICRGR6 | ICRGRS | ICRGR4 | ICRGR3 | ICRGR2 | ICRGR1 | ICRGRO

Initial value 0 0 0 0 0 0 0 0

Read/Write R R R R R R R R

ICRGR is an 8-hit read-only register. When the rising edge of the input capture signal is detected,
the TCG vaue at that time is sent to ICRGR. If the IEGS bit iscleared to 0 in TMG, bit IRRTG
in interrupt request register 2 (IRR2) isset to 1. If in addition bit IENTG in interrupt enable
register 2 (IENR2) isset to 1, a CPU interrupt is requested. Details on interrupts are givenin 3.3,
Interrupts.

To ensure proper input capture when the noise canceller is not used, the pulse width of the input
capture signal should be at least 2¢or 2¢y .

Upon reset, ICRGR isinitialized to H'00.
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Timer Bode Register G (TMG)

Bit 7 6 5 4 3 2 1 0
‘ OVFH ] OVFL ] OVIE \ IIEGS \ CCLRl‘ CCLRO‘ CKS1 ] CKS0 \
Initial value 0 0 0 0 0 0 0 0

Read/Write R/W* R/W* R/W R/W R/W R/W R/W R/W

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

TMG is an 8-hit read/write register. It controls the choice of four input clocks, counter clear
selection, and edge selection for input capture interrupt requests. It also indicates overflow status
and enables or disables overflow interrupt requests.

Upon reset, TMG isinitialized to H'00.

Bit 7—Timer Overflow Flag H (OVFH): Bit 7 isa status flag indicating that TCG overflowed
(from H'FF to H'00) when the input capture signal was high. Thisflag is set by hardware and
cleared by software. It cannot be set by software.

Bit 7: OVFH Description
0 Clearing conditions:

After reading OVFH = 1, cleared by writing 0 to OVFH (initial value)
1 Setting conditions:

Set when the value of TCG overflows from H'FF to H'00

Bit 6—Timer Overflow Flag L (OVFL): Bit 6 isastatus flag indicating that TCG overflowed
(from H'FF to H'00) when the input capture signal was low, or in interval timer operation. This
flag is set by hardware and cleared by software. It cannot be set by software.

Bit 6: OVFL Description
0 Clearing conditions:

After reading OVFL = 1, cleared by writing O to OVFL (initial value)
1 Setting conditions:

Set when the value of TCG overflows from H'FF to H'00

Bit 5—Timer Overflow Interrupt Enable (OVIE): Bit 5 enables or disables TCG overflow
interrupts.

Bit 5: OVIE Description

0 TCG overflow interrupt disabled (initial value)
1 TCG overflow interrupt enabled

214

HITACHI



Bit 4—Input Capture Interrupt Edge Select (I1EGYS): Bit 4 selectsthe input signal edge at
which input capture interrupts are requested.

Bit 4: IIEGS Description
0 Interrupts are requested at the rising edge of the input capture signal

(initial value)
1 Interrupts are requested at the falling edge of the input capture signal

Bits 3, 2—Counter Clear 1, 0 (CCLR1, CCLRO): Bits 3 and 2 designate whether TCG is
cleared at therising, falling, or both edges of the input capture signal, or is not cleared.

Bit 3: CCLR1 Bit 2: CCLRO Description

0 0 TCG is not cleared (initial value)
1 TCG is cleared at the falling edge of the input capture
signal
1 0 TCG is cleared at the rising edge of the input capture
signal
1 TCG is cleared at both edges of the input capture signal

Bits 1, 0—Clock Select (CKS1, CKS0): Bits 1 and 0 select the clock input to TCG from four
internal clock signals.

Bit 1: CKS1 Bit 0: CKSO Description

0 0 Internal clock: @64 (initial value)
1 Internal clock: @32

1 0 Internal clock: @2
1 Internal clock: @,/2

9.6.3 Noise Canceller Circuit

The noise canceller circuit built into the H8/3834 Seriesisa digital low-pass filter that rejects
high-frequency pulse noise in the input at the input capture pin. The noise canceller circuit is
enabled by the noise canceller select (NCS)* bit in port mode register 2 (PMR2).

Figure 9.9 shows a block diagram of the noise canceller circuit.
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Figure9.9 Block Diagram of Noise Canceller Cir cuit

The noise canceller consists of five latch circuits connected in series, and a match detection

circuit. When the noise canceller function is disabled (NCS = 0), the system clock is selected as
the sampling clock. When the noise canceller is enabled (NCS = 1), the internal clock selected by
bits CKS1 and CKS0 in TMG becomes the sampling clock. The input signal is sampled at the
rising edge of this clock pulse. Datais considered correct when the outputs of all five latch circuits
match. If they do not match, the previous value is retained. Upon reset, the noise canceller output
isinitialized after the falling edge of the input capture signal has been sampled five times.
Accordingly, after the noise canceller function is enabled, pulses that have a pulse width five times
greater than the sampling clock will be recognized as input capture signals.

If the noise canceller circuit is not used, the input capture signal pulse width must be at least 2¢or
2,5 in order to ensure proper input capture operation.

Note: * Rewriting the NCS bit may cause an internal input capture signal to be generated.

Figure 9.10 shows atypical timing diagram for the noise canceller circuit. In this example, a high-
level input at the input capture pinis rejected as noise because its pulse width isless than five
sampling clock @cycles.
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Figure9.10 Noise Canceller Circuit Timing (Example)

9.64 Timer Operation

Timer G isan 8-bit timer with input capture and interval timer functions.

Timer G Functions: Timer G is an 8-bit timer/counter that functions as an input capture timer or
aninterval timer. These two functions are described below.

* Input capture timer operation

Timer G functions as an input capture timer when bit TMIG of port mode register 1 (PMR1) is
setto 1.*

At reset, timer mode register G (TMG), timer counter G (TCG), input capture register GF
(ICRGF), and input capture register GR (ICRGR) are all initialized to H'00.

Immediately after reset, TCG begins counting an internal clock with afrequency of @divided
by 64 (¢@64). Four other internal clocks can be selected using bits CKS1 and CKS0 of TMG.

At therising edge/falling edge of the input capture signal input to pin TMIG, the value of TCG
is copied into ICRGR/ICRGF. If the input edge is the same as the edge selected by the IEGS
bit of TMG, then bit IRRTG issetto 1in IRR2. If bit IENTG isaso setto 1in IENR2, a CPU
interrupt is requested. For details on interrupts, see section 3.3, Interrupts.

TCG can be cleared to 0 at the rising edge, falling edge, or both edges of the input capture
signal as determined with bits CCLR1 and CCLRO of TMG. If TCG overflows while the input
capture signal ishigh, bit OVFH of TMG is set. If TCG overflows while the input capture
signal islow, bit OVFL of TMG is set. When either of these bitsis set, if bit OVIE of TMG is
currently setto 1, then bit IRRTG issetto 1in IRR2. If bit IENTG isasosetto1in IENR2,
then timer G requests a CPU interrupt. For further details see 3.3, Interrupts.

Timer G has anoise canceller circuit that rejects high-frequency pulse noise in the input to pin
TMIG. See 9.6.3, Noise Canceller Circuit, for details.

217
HITACHI




Note: * Rewriting the TMIG bit may cause an internal input capture signal to be generated.

e Interval timer operation
Timer G functions as an interval timer when bit TMIG is cleared to 0 in PMRL1. Following a
reset, TCG starts counting cycles of the ¢/64 internal clock. Thisis one of four internal clock
sources that can be selected by bits CKS1 and CKS0 of TMG. TCG counts up according to the
selected clock source. When it overflows from H'FF to H'00, bit OVFL of TMG isset to 1. If
bit OVIE of TMG iscurrently setto 1, then bit IRRTG isset to 1in IRR2. If bit IENTG isaso
set to 1in IENR2, then timer G requests a CPU interrupt. For further details see 3.3, Interrupts.

Count Timing: TCG isincremented by input pulses from an internal clock. TMG bits CKS1 and
CK S0 select one of four internal clocks (@64, @32, @2, @,/2) derived by dividing the system
clock (¢) or the watch clock (@y).

Timing of Internal Input Capture Signals:

« Timing with noise canceller function disabled

Separate internal input capture signals are generated from the rising and falling edges of the
external input signal.
Figure 9.11 shows the timing of these signals.

External input
capture signal

T

Internal input
capture signal F

\

Internal input
capture signal R

Figure9.11 Input Capture Signal Timing (Noise Canceller Function Disabled)

» Timing with noise canceller function enabled
When input capture noise cancelling is enabled, the external input capture signal is routed via
the noise canceller circuit, so theinternal signals are delayed from the input edge by five
sampling clock cycles. Figure 9.12 shows the timing.
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Figure9.12 Input Capture Signal Timing (Noise Canceller Function Enabled)

Timing of Input Capture: Figure 9.13 shows the input capture timing in relation to the internal
input capture signal.

Internal input
capture signal

TCG N-1 >< N >< N +1

Input capture H'XX >< N
register

Figure9.13 Input Capture Timing
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TCG Clear Timing: TCG can be cleared at the rising edge, falling edge, or both edges of the
external input capture signal. Figure 9.14 shows the timing for clearing at both edges.

External input
capture signal

Internal input
capture signal F

Internal input
capture signal R

TCG

!

X

H'00

(C

Figure9.14 TCG Clear Timing

Timer G Operation States: Table 9.16 summarizes the timer G operation states.

Table9.16 Timer G Operation States

Sub- Sub-
Operation Mode Reset Active Sleep Watch  active sleep Standby
TCG Input Reset Functions* Functions* Halted Functions/ Functions/ Halted
capture Halted* Halted*
Interval Reset Functions* Functions* Retained Functions/ Functions/ Halted
Halted* Halted*
ICRGF Reset Functions* Functions* Retained Functions/ Functions/ Retained
Halted* Halted*
ICRGR Reset Functions* Functions* Retained Functions/ Functions/ Retained
Halted* Halted*
TMG Reset Functions Retained Retained Functions Retained Retained

Note: * In active mode and sleep mode, if @,/2 is selected as the TCG internal clock, since the
system clock and internal clock are not synchronized with each other, a synchronization
circuit is used. This may result in a count cycle error of up to 1/¢(s). In subactive mode and
subsleep mode, if @,/2 is selected as the TCG internal clock, regardless of the subclock
@ sus (@2, @,l4, @,/8) TCG and the noise canceller circuit run on an internal clock of @,/2. If
any other internal clock is chosen, TCG and the noise canceller circuit will not run, and the
input capture function will not operate.
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9.6.5 Application Notes

Input Clock Switching and TCG Operation: Depending on when the input clock is switched,
there will be casesin which TCG isincremented in the process. Table 9.17 shows the relation
between internal clock switchover timing (selected in bits CKS1 and CK S0) and TCG operation.

If an internal clock (derived from the system clock gor subclock ¢y g) is used, an increment pulse
is generated when afalling edge of the internal clock is detected. For this reason, in a case like No.
3intable 9.17, where the clock is switched at atime such that the clock signal goes from high
level before switching to low level after switching, the switchover is seen as afalling edge, a count
clock pulseis generated, and TCG is incremented.

Table9.17 Internal Clock Switching and TCG Operation

Clock Level Before
and After Modifying

No. Bits CKS1 and CKSO TCG Operation

1 Goes from low level Clock before
to low level switching

Clock after
switching

Count clock

TCG

CKS bits modified

2 Goes from low level Clock bef
to high level switching

Clock after
switching

Count clock

TCG

w

W R

N >< N +1 >< N +2 >C

CKS bits modified
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Table9.17

Clock Level Before
and After Modifying

Internal Clock Switching and TCG Operation

No. Bits CKS1 and CKSO TCG Operation
3 Goes from high level :
t0 low level Clock belore m
|
Swiching | |
SG)
Count clock @ 1
TCG N X nNu ; X N +2 X
CKS bits L’nodified
4 Goes from high level :

to high level

Clock before
switching

Clock after
switching

Count clock

TCG

N >< N +1 N+2 ! >C

CKS bits modified

Note: * The switchover is seen as a falling edge of the clock pulse, and TCG is incremented.

Note on Rewriting Port M ode Registers: When a port mode register setting is modified to
enable or disable the input capture function or input capture noise canceling function, note the
following points.
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Switching the function of the input capture pin

When the function of the input capture pin is switched by modifying the TMIG bit in port
mode register 1 (PMR1) an input capture edge may be recognized even though no valid signal
edge has been input. This occurs under the conditions listed in table 9.18.

HITACHI



Table9.18 Input Capture Input Signal Input Edges and Conditions by Switching of I nput
Capture Pin Function

Input Capture Edge Conditions

Rising edge recognized  TMIG pin level is high, and TMIG bit is changed from 0 to 1

TMIG pin level is high and NCS bit is changed from 0 to 1, then TMIG
bit is changed from 0 to 1 before noise canceller circuit completes five
samples

Falling edge recognized  TMIG pin level is high, and TMIG bit is changed from 1 to 0

TMIG pin level is low and NCS bit is changed from 0 to 1, then TMIG
bit is changed from 0 to 1 before noise canceller circuit completes five
samples

TMIG pin level is high and NCS bit is changed from 0 to 1, then TMIG
bit is changed from 1 to 0 before noise canceller circuit completes five
samples

Note: When pin P1, is not used for input capture, the input capture signal input to timer G is low.

» Switching the input capture noise canceling function
When modifying the NCS bit in port mode register 2 (PMR2) to enable or disable the input
capture noise canceling function, first clear the TMIG bit to 0. Otherwise an input capture edge
may be recognized even though no valid signal edge has been input. This occurs under the
conditions listed in table 9.19.

Table9.19 Input Capturelnput Signal Input Edges and Conditions by Switching of Noise
Canceling Function

Input Capture Edge Conditions

Rising edge recognized  TMIG bit is set to 1 and TMIG pin level changes from low to high, then
NCS bit is changed from 1 to 0 before noise canceller circuit completes
five samples

Falling edge recognized  TMIG bit is set to 1 and TMIG pin level changes from high to low, then
NCS bit is changed from 1 to 0 before noise canceller circuit completes
five samples

If switching of the pin function generates afalse input capture edge matching the edge selected
by the input capture interrupt edge select bit (IIEGS), the interrupt request flag will be set to 1,
making it necessary to clear thisflag to O before using the interrupt function. Figure 9.15
shows the procedure for modifying port mode register settings and clearing the interrupt
request flag. Thefirst step isto mask interrupts before modifying the port mode register. After
maodifying the port mode register setting, wait long enough for an input capture edge to be
recognized (at least two system clocks when noise canceling is disabled; at least five sampling
clocks when noise canceling is enabled), then clear the interrupt request flag to 0 (assuming it
has been set to 1). An aternative procedureisto avoid having the interrupt request flag set
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when the pin function is switched, either by controlling the level of the input capture pin so
that it does not satisfy the conditions in tables 9.18 and 9.19, or by setting the IIEGS hit of
TMG to select the edge opposite to the falsely generated edge.

Set | bit to 1 in CCR Disable i_nt_err_upts (or disable by plearing interrupt
: enable bit in interrupt enable register 2)

Modify port mode register Modify port mode register setting, wait for TMIG

\ to be recognized (at least two system clocks when
noise canceling is disabled; at least five sampling
clocks when noise canceling is enabled), then

\ clear interrupt request flag to 0

Wait for TMIG to be recognized

Clear interrupt request flag to 0

Clear | bitto 0 in CCR Enable interrupts

Figure9.15 Procedurefor Modifying Port Mode Register and Clearing I nterrupt
Request Flag

9.6.6 Sample Timer G Application

The absolute values of the high and low widths of the input capture signal can be measured by
using timer G. The CCLR1 and CCLRO bits of TMG should be set to 1. Figure 9.16 shows an
example of this operation.

Input capture
signal

H'FF
Input capture
register GF

Input capture
register GR

H'00

Counter cleared

Figure9.16 Sample Timer G Application
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Section 10 Serial Communication Interface

10.1 Oveview

The H8/3834 Seriesis provided with a three-channel serial communication interface (SCI). Table
10.1 summarizes the functions and features of the three SCI channels.

Table10.1 Serial Communication |nterface Functions

Channel Functions Features
SCI1 Synchronous serial transfer » Choice of 8 internal clocks (¢@1024 to ¢/2)
« Choice of 8-bit or 16-bit data or external clock
length » Open drain output possible
« Continuous clock output * Interrupt requested at completion of
transfer
SCI2 Synchronous serial transfer » Choice of 7 internal clocks (@256 to ¢/2) or

« Automatic transfer of up to 32 bytes external clock

of data (send, receive, or * Open drain output possible
simultaneous send/receive) * Interrupt requested at completion of
. Ch|p select input transfer or error
» Strobe pulse output
SCI3 Synchronous serial transfer * Built-in baud rate generator
« 8-bit data transfer * Receive error detection
« Send, receive, or simultaneous * Break detection
send/receive * Interrupt requested at completion of
Asynchronous serial transfer transfer or error

* Multiprocessor communication
function

« Choice of 7-bit or 8-bit data length

» Choice of 1-bit or 2-bit stop bit
length

« Parity addition

102 SCI1

10.2.1 Overview

Serial communication interface 1 (SCI1) performs synchronous serial transfer of 8-bit or 16-bit
data
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Features

» Choice of 8-bit or 16-bit data length

» Choiceof eight internal clock sources (¢/1024, @256, @64, /32, @16, @8, ¢4, ¢2) or an

external clock

e Interrupt requested at completion of transfer

Block Diagram

Figure 10.1 shows a block diagram of SCI 1.

o —» PSS =j—
Y »
ScKy o= - SCR1 - -
Transmit/receive [
control circuit > SCSR1 -
_ “|  Transfer bit counter
S © _ SDRU - -
1
Ny SDRL D >
- -
SO; O
» |RRS1
Notation:

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

Internal data bus

Figure10.1 SCI1 Block Diagram
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Pin Configuration
Table 10.2 shows the SCI 1 pin configuration.

Table10.2 Pin Configuration

Name Abbrev. I/10 Function

SCI1 clock pin SCK, 1/0 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

Register Configuration
Table 10.3 shows the SCI1 register configuration.

Table10.3 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'80 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
Serial Control Register 1 (SCR1)
Bit 7 6 5 4 3 2 1
] SNC1 \ SNCO \ — \ — ‘ CKS3 ‘ CKS2 ] CKS1 \ CKSO \
Initial value 0 0 0 0 0 0 0

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

SCR1 isan 8-hit read/write register for selecting the operation mode, the transfer clock source,

and the prescaler division ratio.

R/W R/W R/W

R/W

Upon reset, SCR1 isinitialized to H'00. Writing to this register during atransfer stops the transfer.

HITACHI
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Bits 7 and 6—Operation Mode Select 1, 0 (SNC1, SNCO0): Bits 7 and 6 select the operation
mode.

Bit 7: SNC1 Bit 6: SNCO Description

0 0 8-bit synchronous transfer mode (initial value)
1 16-bit synchronous transfer mode

1 0 Continuous clock output mode**
1 Reserved+’

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.

Bits 5 and 4—Reserved Bits: Bits5 and 4 are reserved, but they can be written and read.

Bit 3—Clock Source Select 3 (CK S3): Bit 3 selects the clock source and sets pin SCK, asan
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

Bits2to 0—Clock Select 2t0 0 (CKS2to CKS0): When CKS3 =0, hits 2 to 0 select the
prescaler division ratio and the serial clock cycle.

Serial Clock Cycle

Bit 2: CKS2 Bit1: CKS1 Bit0: CKSO Prescaler Division ®=5MHz @=25MHz

0 0 0 @1024 (initial value) 204.8 ps 409.6 ps
1 @256 51.2 Us 102.4 us
1 0 @64 12.8 ps 25.6 ps
1 @32 6.4 us 12.8 ps
1 0 0 @16 3.2pus 6.4 us
1 @8 1.6 ps 3.2 us
1 0 @4 0.8 ps 1.6 us
1 @2 — 0.8 us
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Serial Control/Status Register 1 (SCSR1)

Bit 7 6 5 4 3 2 1 0

] — ] soL \ ORER \ — ‘ — ‘ — ] — ] STF \
Initial value 1 0 0 0 0 0 0 0
Read/Write — R/W R/(W)* — — — R/W 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'80.
Bit 7—Reserved Bit: Bit 7 isreserved; it isalwaysread 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.
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

Bit 5—Overrun Error Flag (ORER): When an external clock is used, bit 5 indicates the
occurrence of an overrun error. If aclock pulseisinput after transfer completion, thisbit isset to 1
indicating an overrun. If noise occurs during atransfer, causing an extraneous pulse to be
superimposed on the normal serial clock, incorrect data may be transferred.

Bit 5: ORER Description
0 Clearing conditions:
After reading ORER = 1, cleared by writing 0 to ORER (initial value)
1 Setting conditions:
Set if a clock pulse is input after transfer is complete, when an external clock is
used
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Bits 4 to 2—Reserved Bits. Bits4 to 2 are reserved; they are adways read as 0, and cannot be
modified.

Bit 1—Reserved Bit: Bit 1 isreserved; it should always be cleared to 0.

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, thisbit remains set to 1. It is cleared
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

Serial Data Register U (SDRU)

Bit 7 6 5 4 3 2 1 0

| SDRU7 | SDRUG | SDRU5 | SDRU4 | SDRU3 | SDRU2 | SDRUL | 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 is used 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). This datais
then replaced by L SB-first datainput at pin Sl,, 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.
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Serial Data Register 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 RW RW RW RW RW RW RW RW

SDRL isan 8-bit read/write register. It is used 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, data written to SDRL is output from pin SO, starting from the least significant bit
(LSB). This dataisthan replaced by L SB-first datainput at pin Sl,, which is shifted in the
direction from the most significant bit (M SB) toward the LSB.

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.

10.2.3 Operation

Data can be sent and received in an 8-bit or 16-bit format, synchronized to an internal or external
serial clock. Overrun errors can be detected when an external clock is used.

Clock

The serial clock can be selected from a choice of eight internal clocks and an external clock. When
an internal clock source is selected, pin SCK,; becomes the clock output pin. When continuous
clock output mode is selected (SCR1 bits SNC1 and SNCO are set to 10), the clock signal (¢/1024
to @’2) selected in hits CKS2 to CK S0 is output continuously from pin SCK;. When an external
clock isused, pin SCK, isthe clock input pin.

Data Transfer For mat

Figure 10.2 shows the data transfer format. Data is sent and received starting from the least
significant bit, in LSB-first format. Transmit datais output from one falling edge of the seria
clock until the next falling edge. Receive datais latched at the rising edge of the serial clock.
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SCK1
sou/sly X Bito X Bit1 X Bit2 X Bit3 X Bit4 X Bit5 X Bit6 X Bit7

Figure10.2 Transfer Format
Data Transfer Operations
Transmitting: A transmit operation is carried out as follows.

e Sethits SO1 and SCK1in PMR3 TO 1 so that the respective pins function as SO, and SCK,. If
necessary, set bit POF1 in port mode register 2 (PMR2) for NMOS open drain output at pin
SO,.

e Clear bit SNC1in SCR1t0 0, and set bit SNCO to 1 or O, designating 8- or 16-bit synchronous
transfer mode. Select the serial clock in bits CKS3 to CKS0. Writing data to SCR1 initializes
the internal state of SCI1.

*  Write transmit datain SDRL and SDRU, asfollows.

O 8-bit transfer mode: SDRL

O 16-bit transfer mode: Upper byte in SDRU, lower bytein SDRL
e Setthe SCSR1 start flag (STF) to 1. SCI1 starts operating and outputs transmit data at pin SO;.
» After datatransmission is complete, bit IRRSL in interrupt request register 1 (IRR1) isset to 1.

When an internal clock is used, aserial clock isoutput from pin SCK, in synchronization with the
transmit data. After data transmission is complete, the serial clock is not output until the next time
the start flag is set to 1. During thistime, 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 occursif the serial clock continuesto be
input; no datais transmitted 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.

Recelving: A receive operation is carried out as follows.

e SethitsSI1and SCK1in PMR3 TO 1 so that the respective pins function as Sl; and SCK ;.

e Clear bit SNC1in SCR1to 0, and set bit SNCO to 1 or O, designating 8- or 16-bit synchronous
transfer mode. Select the serial clock in bits CKS3 to CKS0. Writing datato SCR1 initializes
the internal state of SCI1.

e Setthe SCSR1 start flag (STF) to 1. SCI1 starts operating and receives data at pin Sl ;.
« After datareception is complete, bit IRRSL in interrupt request register 1 (IRR1) isset to 1.
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* Read the received data from SDRL and SDRU, as follows.
O 8-hit transfer mode: SDRL
O 16-bit transfer mode: Upper bytein SDRU, lower bytein SDRL

» After datareception is complete, an overrun occursiif the serial clock continues to be input; no
datais received and the SCSR1 overrun error flag (bit ORER) is set to 1.

Simultaneous transmit/receive: A simultaneous transmit/receive operation is carried out as
follows.

e Set bits SO1, SI1, and SCK1in PMR3to 1 so that the respective pins function as SO,, Sl,, and
SCK ;. If necessary, set bit POF1 in port mode register 2 (PMR2) for NMOS open drain output
at pin SO,.

* Clear bit SNC1in SCR1t0 0, and set bit SNCO to 1 or O, designating 8- or 16-bit synchronous
transfer mode. Select the serial clock in bits CKS3 to CKS0. Writing datato SCR1 initializes
theinternal state of SCI1.

*  Writetransmit datain SDRL and SDRU, asfollows.

O 8-bit transfer mode: SDRL
O 16-bit transfer mode: Upper bytein SDRU, lower bytein SDRL

» Setthe SCSR1 start flag (STF) to 1. SCI1 starts operating. Transmit data is output at pin SO,.
Receive dataisinput at pin Sl,.

» After datatransmission and reception are complete, bit IRRS1in IRR1isset to 1.

* Read the received data from SDRL and SDRU, asfollows.

O 8-bit transfer mode: SDRL
O 16-bit transfer mode: Upper bytein SDRU, lower bytein SDRL

When an internal clock is used, aserial clock isoutput from pin SCK, in synchronization with the
transmit data. After data transmission is complete, the seria clock is not output until the next time
the start flag is set to 1. During thistime, 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 data transmission and reception are complete, an overrun occurs if
the serial clock continuesto 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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10.24  Interrupts
SCI1 can generate an interrupt at the end of adatatransfer.

When an SCI 1 transfer is complete, bit IRRSL in interrupt request register 1 (IRR1) isset to 1.
SCI1 interrupt requests can be enabled or disabled by bit IENSL of interrupt enable register 1
(IENR1).

For further details, see 3.3, Interrupts.

10.25 Application Notes

When an external clock isinput at pin SCK,, and an external clock is selected for use as the clock
source bit STF in SCSR1 must first be set to 1 to start data transfer before inputting the external
clock.

103 SCi2

10.3.1 Overview

Serial communication interface 2 (SCI2) has a 32-bit data buffer for synchronous serial transfer of
up to 32 bytes of datain one operation.

Features
Features of SCI are listed below.

* Automatic transfer of up to 32 bytes of data

« Choice of seven internal clock sources (@256, @64, 32, @16, @8, @4, ¢2) or an external
clock

» Interrupts requested at completion of transfer or when an error occurs

« Gapsof 56, 24, or 8interna clock cycles can be inserted between successive bytes of
transferred data.

« Transfer can be started by chip select input.
« A strobe pulse can be output for each byte transferred.
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Block Diagram

Figure 10.3 shows a block diagram of SCI2.

PSS
SCK> O<—¢
Y
- STAR -
STRB O=«——
- EDAR -
Transmit/receive
CS o——» control circuit B -
SCR2 ”
>
o
-~ SCSR2 - g
©
O ©
SO, ] ‘ GE)
E
5]
@
c) .
G . Serial data buffer -
£
e
n
St » |RRS2

Notation:

STAR: Start address register

EDAR: End address register

IRRS2: SCI2 interrupt request flag (IRR2)
PSS: Prescaler S

Figure10.3 SCI2 Block Diagram

Pin Configuration

Table 10.4 shows the SCI2 pin configuration.
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Table10.4 Pin Configuration

Name Abbrev. I/10 Function

SCI2 clock pin SCK, I/0 SCI2 clock input/output
SCI2 data input pin Sl, Input SCI2 receive data input
SCI2 data output pin SO, Output SCI2 transmit data output
SCI2 strobe pin STRB Output SCI2 strobe signal output
SCI2 chip select pin CS Input SCI2 chip select signal input

Register Configuration
Table 10.5 shows the SCI2 register configuration.
Table10.5 SCI2 Registers

Name Abbrev. R/W Initial Value Address

Start address register STAR R/W H'EO H'FFA4

End address register EDAR R/W H'EO H'FFA5

Serial control register 2 SCR2 R/W H'EO H'FFA6

Serial control/status register 2 SCSR2 R/W H'EO H'FFA7

Serial data buffer (32 bytes) — R/W Not fixed H'FF80 to H'FFOF

10.3.2 Register Descriptions

Start Address Register (STAR)

Bit 7 6 5 4 3 2 1 0

. — | — | — | sTA4 | STA3 | STA2 | STAL | STAO |
Initial value 1 1 1 0 0 0 0 0
Read/Write — — — R/W R/W R/W R/W R/W

STAR isan 8-bit read/write register, for designating atransfer start address in the address space
(H'FF80 to H'FF9F) allocated to the 32-byte data buffer. The lower 5 bits of STAR correspond to
the lower 5 hits of the address. The extent of continuous data transfer is defined in STAR and in
the end address register (EDAR). If the same value is designated by STAR and EDAR, only 1 byte
of dataistransferred.

Bits 7 to 5 are reserved; they are always read as 1, and cannot be modified.
Upon reset, STAR isinitialized to H'EOQ.
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End Address Register (EDAR)

Bit 7 6 5 4 3 2 1 0

| — | — | — | Epa4 | EDA3 | EDA2 | EDAL | EDAO |
Initial value 1 1 1 0 0 0 0 0
Read/Write — — — R/W R/W R/W R/W R/W

EDAR is an 8-bit read/write register, for designating a transfer end address in the address space
(H'FF80 to H'FF9F) allocated to the 32-byte data buffer. The lower 5 bits of EDAR correspond to
the lower 5 bits of the address. The extent of continuous data transfer is defined in STAR and in
EDAR. If the same valueis designated by STAR and EDAR, only 1 byte of datais transferred.

Bits 7 to 5 are reserved; they are always read as 1, and cannot be modified.
Upon reset, EDAR isinitialized to H'EOQ.

Serial Control Register 2 (SCR2)

Bit 7 6 5 4 3 2 1 0
. — | — | — | GAPL | GAPO | CKS2 | CKS1 | CKSO |

Initial value 1 1 1 0 0 0 0 0

Read/Write — — — R/W R/W R/W R/W R/W

SCR2 is an 8-hit read/write register for selecting the serial clock, and for setting the gap inserted
between data during continuous transfer when SCI2 uses an internal clock.

Upon reset, SCR2 isinitialized to H'EQ.

Bits 7 to 5—Reserved Bits: Bits 7 to 5 are reserved; they are dwaysread as 1, and cannot be
modified.

Bits4 and 3—Gap Select 1, 0 (GAP1 to GAPQ): When SCI2 uses an internal clock, gaps can be
inserted between successive data bytes. Bits 4 and 3 designate the length of these gaps. During a
gap, pin SCK, remains at the high level. When no gap isinserted, the STRB signal stays at the low
level.

Bit 4: GAP1 Bit 3: GAPO Description

0 0 No gaps between bytes (initial value)
1 A gap of 8 clock cycles is inserted between bytes

1 0 A gap of 24 clock cycles is inserted between bytes
1 A gap of 56 clock cycles is inserted between bytes
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Bits2to 0—Clock Select 210 0 (CK S2 to CK S0): Bits 2 to 0 select one of seven internal clock
sources or an external clock as the transfer clock.

Serial Clock Cycle

Bit2: Bitl: BitO: Clock Prescaler
CKS2 CKS1 CKSO Pin SCK, Source Division @=5MHz ¢@=2.5MHz
0 0 0 SCK, output Prescaler S @256 (initial value) 51.2 ps 102.4 ps
1 @64 12.8 ps 25.6 us
1 0 @32 6.4 us 12.8 ps
1 @16 3.2 us 6.4 us
1 0 0 @8 1.6 us 3.2 us
1 @4 0.8 ps 1.6 us
1 0 @2 — 0.8 us
1 SCK, input  External — — —

clock

Serial Control/Status Register 2 (SCSR2)

Bit 7 6 5 4 3 2 1 0

. — | — | — | soL |oRER| wr | ABT | STF |
Initial value 1 1 1 0 0 0 0 0
Read/Write — — — RIW  RIW)*  RIW)* RIW)*  RW

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

SCSR2 is an 8-hit register indicating SCI2 operation status and error status.
Upon reset, SCSR2 isinitialized to H'EO.

Bits 7 to 5—Reserved Bits: Bits 7 to 5 are reserved; they are awaysread as 1, and cannot be
modified.

Bit 4—Extended Data Bit (SOL): Bit 4 sets the SO, output level. When read, SOL returns the
transmitted data output 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 hit setting remains valid only until the start of the next
transmission. To control the level of the SO, pin after transmission ends, it is necessary to writeto
the SOL bit at the end of each transmission. Note that if the STF bit is cleared to O to terminate a
transmission in progress, the transmitted data will be modified when the bit is cleared.
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Bit 4: 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

Bit 3—Overrun Error Flag (ORER): When an external clock is used, bit 3 indicates the
occurrence of an overrun error. If aclock pulseisinput after transfer completion, thisbit isset to 1
indicating an overrun. If noise occurs during atransfer, causing an extraneous pulse to be
superimposed on the normal serial clock, incorrect data may be transferred. Overrun errors are not
detected while pin CS is at the high level.

Bit 3: ORER Description
0 Clearing conditions:
After reading ORER = 1, cleared by writing 0 to ORER (initial value)
1 Setting conditions:
Set if a clock pulse is input after transfer is complete, when an external clock is
used

Bit 2—Wait Flag (WT): Bit 2 indicates that an attempt was made to read or write the 32-byte
serial data buffer while atransfer wasin progress, or while waiting for CS input. The read or write
accessis not carried out, and this bit is set to 1.

Bit 2: WT Description
0 Clearing conditions:

After reading WT = 1, cleared by writing 0 to WT (initial value)
1 Setting conditions:

An attempt was made to read or write the (32-byte) serial data buffer during a
transfer operation or while waiting for CS input

Bit 1—Abort Flag (ABT): Bit 1 indicates that CS went to high during data transfer. When the CS
input function is selected, if ahigh-level signal is detected at pin CS during a transfer, the transfer
isimmediately aborted and this bit is set to 1. At the same time bit IRRS2 in interrupt request
register 2 (IRR2) is set

to 1, and pins SCK, and SO, go to the high-impedance state. Data in the (32-byte) serial data
buffer and valuesin the internal registers other than SCSR2 remain unchanged.

Transfer cannot take place while this bit is set to 1. It must be cleared to 0 before resuming the
transfer.
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Bit 1: ABT Description

0 Clearing conditions:
After reading ABT = 1, cleared by writing O to ABT (initial value)
1 Setting conditions:

When pin CS goes high during a transfer

Bit 0—Start Flag (STF): Bit 0 controls the start of atransfer. If bit CS=0in PMR2, setting bit
STF to 1 causes SCI2 to start transferring data. If bit CS=1in PMR2, SCI2 starts transferring
datawhen CS goes low. This bit stays at 1 during the transfer or while waiting for CS input; it is
cleared to 0 after the transfer is completed or when the transfer is aborted by CS. It can therefore
be used as a busy flag.

Clearing this bit to 0 during atransfer aborts the transfer. The contents of the (32-byte) serial data
buffer and of internal registers other than SCSR2 remain unchanged.

Bit 0: STF Description

0 Read: Indicates that transfer is stopped (initial value)

Write: Stops a transfer operation

1 Read: Indicates transfer in progress or waiting for CS input

Write: Starts a transfer operation

10.3.3 Operation

SCI2 has a 32-byte serial data buffer, making possible continuous transfer of up to 32 bytes of data
with one operation. SCI2 transmits and receives data in synchronization with clock pulses.
Depending on register settings, it can transmit, receive, or transmit and receive simultaneously.
When transmission is set, the serial data buffer values are retained after the transmissionis
completed.

Either an internal clock or external clock may be selected as the serial clock. When an internal
clock is selected, gaps may be inserted between the data bytes. It is also possible to output a strobe
signal at pin STRB. When an external clock is selected, the overrun flag allows detection of
erroneous operation due to unwanted clock input.

Transfers can be started or aborted by input at pin CS. Abort isindicated by means of an abort
flag.

Clock
The seria clock can be selected from a choice of six internal clock sources or an external clock.

When an internal clock sourceis selected, pin SCK, becomes the clock output pin.
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Data Transfer For mat

Figure 10.4 and figure 10.5 show the SCI2 data transfer format. Data is 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 falling edge. Receive datais latched at the rising edge of the serial
clock.

When SCI2 operates on an internal clock, a gap can be inserted between each byte of transferred
data and the next, as shown in figure 10.5. During this gap, pin SCK 2 output remains high. Also, a
strobe pulse can be output at pin STRB.

The length of the gap is designated in bits GAP1 and GAPO in seria control register 2 (SCR2).
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Data Transfer Operations

SCI2 Initialization: Datatransfer on SCI2 first of al requiresthat SCI2 beinitialized by software
asfollows.

With bit STF cleared to 0 in SCSR2, select pin functions and the transfer mode in registers
PMR2, PMR3, STAR, EDAR, and SCR2.

The SCI2 pins double as general input/output ports. Switching between port and SCI2
functionsis controlled in PMR3. CMOS output or NMOS open drain output can be selected in
PMR2. The seria clock and gaps between transferred bytes are set in SCR2.

The start and end addresses of the transfer data area are set in STAR and EDAR. If the end
addressis set smaller than the start address, as shown in figure 10.6, the transfer wraps around
from H'FFIF to H'FF80 and continues to the end address. If the start address and end address
are the same, only one byte of datawill be transferred.

H'FF80
End End address
Start Start address
H'FFOF

Figure10.6 Operation When End Addressis Smaller than Start Address

Transmitting: A transmit operation is carried out as follows.

Set bits SO2 and SCK2 in PMR3 TO 1 so that the respective pins function as SO, and SCK,. If
necessary, set bit POF2 in port mode register 2 (PMR2) for NMOS open-drain output at pin
S0,, and set bits CS and STRB in PMR3 to designate use of the CS and STRB pin functions.
Select the serial clock and, in the case of internal clock operation, the data gap in SCR2.
Write transmit datain the serial data buffer. This datawill remain in the data buffer after
completion of the transfer. It is not necessary to rewrite the buffer when the same datais
retransmitted.

Set the start addressin the lower 5 bits of STAR, and the end address in the lower 5 bits of
EDAR.

Set the start/busy flag (STF) to 1. If bit CS=0in PMR3, transmission starts as soon as STF is
setto 1. If CS=1in PMR3, transmission starts when CS goes low.

After datatransmission is complete, bit IRRS2 in interrupt request register 2 (IRR2) is

setto 1, and bit STFiscleared to O.
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When an internal clock is used, aseria clock is output from pin SCK, in synchronization with the
transmit data. After data transmission is completed, the serial clock is not output until bit STFis
set again. During thistime, 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 completed, an overrun occurs if the serial clock continues to
be input; no datais transmitted and the SCSR2 overrun error flag (bit ORER) is set to 1. Pin SO,
continues to output the value of the last preceding bit. Overrun errors are not detected when both
pin CS is at the high level and PMR3 bit CS=1.

While transmission is stopped, the output value of pin SO, can be changed by rewriting bit SOL in
SCSR2.

During atransmission or while waiting for CS input, the CPU cannot read or write the data buffer.
If aread instruction is executed, H'FF will be read; if awrite instruction is executed, the buffer
contents will not change. In either case the wait flag (bit WT) in SCSR2 will be set to 1.

If bit CS=1in PMR3 and during transmission a high-level signal is detected at pin CS, the
transmit operation will immediately be aborted, setting the abort flag (bit ABT) to 1. At the same
time bit IRRS2 in interrupt request register 2 (IRR2) will be set to 1, and bit STF will be cleared to
0. Pins SCK, and SO, will go to the high-impedance state. Data transfer is not possible while bit
ABT issetto 1. It must be cleared before resuming the transfer.

Recelving: A receive operation is carried out as follows.

e Set bits SI2 and SCK2 in port mode register 3 (PMR3) to 1, designating use of the S, and
SCK, pin functions. If necessary, set bit CSin PMR3 to select the CS pin function.

» Select the serial clock and, in the case of internal clock operation, the data gap in SCR2.

» Allocate an areato hold the received datain the serial data buffer by designating the receive
start address in the lower 5 bits of the start address register (STAR) and the receive end address
in the lower 5 bits of the end address register (EDAR).

e Set the start/busy flag (bit STF) to 1. If bit CS=0in PMR3, receiving starts as soon as STF is
set. If CS=1in PMR3, receiving starts when CS goes low.

» After receiving is completed, bit IRRS2 in interrupt request register 2 (IRR2) is set to 1, and bit
STFiscleared to 0.

» Read the received datafrom the serial data buffer.

If an internal clock isused, aseria clock isoutput from pin SCK, when the receive operation
starts. After receiving is completed, the seria clock is not output until bit STF is set again. When
an external clock sourceis used, datais received in synchronization with the clock input at pin
SCK,. After receiving is completed, an overrun occurs if the serial clock continues to be input; no
further datais received and the SCSR2 overrun error flag (bit ORER) is set to 1. Overrun errors
are not detected when both pin CS is high and bit CS=1in PMR3.
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While receiving or while waiting for CS input, the CPU cannot read or write the data buffer. If a
read instruction is executed, H'FF will be read; if awrite instruction is executed the buffer contents
will not change. In either case the wait flag (bit WT) in SCSR2 will be set.

If bit CS=1in PMR3 and ahigh-level signal is detected at pin CS during receiving, the receive
operation will immediately be aborted, setting the abort flag (bit ABT) to 1. At the same time bit
IRRS2 in interrupt request register 2 (IRR2) will be set to 1, and bit STF will be cleared to 0. Pins
SCK, and SO, will go to the high-impedance state. Data transfer is not possible while bit ABT is
set to 1. It must be cleared before resuming the transfer.

Simultaneous Transmit/Receive: A simultaneous transmit/receive operation is carried out as
follows.

e Set bits SO2, SI2, and SCK2 in PMR3 to 1, designating use of the SO,, Sl,, and SCK, pin
functions. If necessary, set bit POF2 in port mode register 2 (PMR2) for NMOS open-drain
output at pin SO,, and set bits CS and STRB to designate use of the CS and STRB pin
functions.

» Select the transfer clock and, in the case of internal clock operation, the data gap in SCR2.

» Writetransmit datain the serial data buffer. In simultaneous transmit/receive, received data
replaces transmitted data at the same buffer addresses.

» Set thetransfer start addressin the lower 5 bits of STAR, and the transfer end address in the
lower 5 bits of EDAR.

e Set the start/busy flag (bit STF) to 1. If bit CS= 0in PMR3, the transfer starts as soon as STF
isset. If CS=1in PMR3, transfer operations start when CS goes low.

» After datatransfer is completed, bit IRRS2 ininterrupt request register 2 (IRR2) isset to 1, and
bit STF iscleared to 0.

* Read the received data from the serial data buffer.

If an internal clock isused, aseria clock isoutput from pin SCK, when the transfer begins. After
the transfer is completed, the serial clock is not output until bit STF is set again. During thistime,
pin SO, continues to output the value of the last bit transmitted.

When an external clock is used, datais transferred in synchronization with the serial clock input at
pin SCK,. After the transfer is completed, an overrun occursiif the serial clock continuesto be
input; no transfer operation takes place and the SCSR2 overrun error flag (bit ORER) is set to 1.
Pin SO, continues to output the value of the last transmitted bit. Overrun errors are not detected
when both pin CS is high and bit CS= 1in PMR3,

While data transfer is stopped, the output value of pin SO, can be changed by rewriting bit SOL in
SCSR2.
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During atransfer or while waiting for CS input, the CPU cannot read or write the data buffer. If a
read instruction is executed, H'FF will be read; if awrite instruction is executed the buffer contents
will not change. In either case the wait flag (bit WT) in SCSR2 will be set.

If bit CS=1in PMR3 and during the transfer a high-level signal is detected at pin CS, the transfer
will immediately be aborted, setting the abort flag (bit ABT) to 1. At the same time bit IRRS2 in
interrupt request register 2 (IRR2) will be set to 1, and bit STF will be cleared to 0. Pins SCK, and
SO, will go to the high-impedance state. Data transfer is not possible while bit ABT isset to 1. It
must be cleared before resuming the transfer.

10.3.4  Interrupts

SCI2 can generate interrupts when atransfer is completed or when atransfer is aborted by CS.
These interrupts have the same vector address.

When the above conditions occur, bit IRRS2 in interrupt request register 2 (IRR2) isset to 1. SCI2
interrupt requests can be enabled or disabled in bit IENS2 of interrupt enable register 2 (IENR2).
For further details, see 3.3, Interrupts.

When atransfer is aborted by CS, an overrun error occurs, or aread or write of the serial data
buffer is attempted during atransfer or while waiting for CS input, the ABT, ORER, or WT bit in
SCSR2 is set to 1. These bits can be used to determine the cause of the error.

10.35 Application Notes

When an external clock isinput at pin SCK,, and an external clock is selected for use as the clock
source bit STFin SCSR2 must first be set to 1 to start data transfer before inputting the external
clock.
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104 SCI3

10.4.1 Overview

Serial communication interface 3 (SCI3) has both synchronous and asynchronous serial data
communication capabilities. It also has a multiprocessor communication function for serial data
communication among two or more processors.

Features
SCI 3 features are listed bel ow.

» Selection of asynchronous or synchronous mode
O Asynchronous mode

Seria data communication is performed using an asynchronous method in which
synchronization is established character by character.

SCI3 can communicate with a UART (universal asynchronous receiver/transmitter), ACIA
(asynchronous communication interface adapter), or other chip that employs standard
asynchronous serial communication. It can also communicate with two or more other
processors using the multiprocessor communication function. There are twelve selectable
serial data communication formats.

» Datalength: seven or eight bits
» Stop bit length: one or two bits
» Parity: even, odd, or none
» Multiprocessor bit: one or none
» Receive error detection: parity, overrun, and framing errors
» Break detection: by reading the RXD level directly when aframing error occurs
0 Synchronous mode
Serial data communication is synchronized with a clock signal. SCI3 can communicate
with other chips having a clocked synchronous communication function.
« Datalength: eight bits
* Receive eror detection: overrun errors
e Full duplex communication
The transmitting and receiving sections are independent, so SCI3 can transmit and receive
simultaneously. Both sections use double buffering, so continuous data transfer is possible in
both the transmit and receive directions.
« Built-in baud rate generator with selectable bit rates.
« Internal or external clock may be selected as the transfer clock source.
» Thereare six interrupt sources: transmit end, transmit data empty, receive data full, overrun
error, framing error, and parity error.
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Block Diagram

Figure 10.7 shows a block diagram of SCI3.

External
clock Internal clock
SCK3
Baud rate (9/64, @16, ¢4, ¢
generator
BRC <—| BRR |<—>
Clock
<—| SMR |<—>
> 3
Transmit/receive =
<—| SCR3 |<—> <
control §
— SSR el
()
Y | £
TXD O TSR - TDR -
RXD O - RSR - RDR -
. Interrupt
requests
(TEL, TXI,
Notation: RXI, ERI)
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
Figure10.7 SCI3 Block Diagram
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Pin Configuration
Table 10.6 shows the SCI3 pin configuration.

Table10.6 Pin Configuration

Name Abbrev. I/0 Function

SCI3 clock SCK, /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

Register Configuration
Table 10.7 shows the SCI3 internal register configuration.

Table10.7 SCI3 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 status register SSR R/W H'84 H'FFAC
Receive data register RDR R H'00 H'FFAD
Transmit shift register TSR * — _
Receive shift register RSR * — —
Bit rate counter BRC * — —
Note: —: Cannot be read or written.
10.4.2 Register Descriptions
Receive Shift Register (RSR)
Bit 7 6 5 4 3 2 1
Read/Write — — — — — — _

The receive shift register (RSR) isfor receiving seria data.
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Seria dataisinput in LSB (bit 0) order into RSR from pin RXD, converting it to parallel data.
After each byte of data has been received, the byte is automatically transferred to the receive data
register (RDR).

RSR cannot be read or written directly by the CPU.

Recelve Data Register (RDR)

Bit 7 6 5 4 3 2 1 0

| RDR7 | RDR6 | RDR5 | RDR4 | RDR3 | RDR2 | RDRL | RDRO |
Initial value 0 0 0 0 0 0 0 0
Read/Write R R R R R R R R

The receive dataregister (RDR) is an 8-hit register for storing received seria data

Each time a byte of datais received, the received data is transferred from the receive shift register
(RSR) to RDR, completing a receive operation. Thereafter RSR again becomes ready to receive
new data. RSR and RDR form a double buffer mechanism that allows data to be received
continuously.

RDR isexclusively for receiving data and cannot be written by the CPU.

RDRisinitialized to H'00 upon reset or in standby mode, watch mode, subactive mode, or
subsleep mode.

Transmit Shift Register (TSR)

Bit 7 6 5 4 3 2 1 0

Read/Write — — — — — — — _

The transmit shift register (TSR) isfor transmitting seria data.

Transmit dataisfirst transferred from the transmit dataregister (TDR) to TSR, then is transmitted
from pin TXD, starting from the LSB (bit 0).

After one byte of data has been sent, the next byte is automatically transferred from TDR to TSR,
and the next transmission begins. If no data has been written to TDR (1 isset in TDRE), thereis
no data transfer from TDR to TSR.

TSR cannot be read or written directly by the CPU.
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Transmit Data Register (TDR)

Bit 7 6 5 4 3 2 1 0

| TDR7 | TDR6 | TDRS | TDR4 | TDR3 | TDR2 | TDR1 | TDRO |
Initial value 1 1 1 1 1 1 1 1
Read/Write RW RW RW RW RW RW RW  RW

The transmit dataregister (TDR) is an 8-bit register for holding transmit data.

When SCI3 detects that the transmit shift register (TSR) is empty, it shifts transmit data written in
TDR to TSR and starts serial datatransmission. While TSR is transmitting serial data, the next
byte to be transmitted can be written to TDR, realizing continuous transmission.

TDR can be read or written by the CPU at al times.

TDRisinitialized to H'FF upon reset or in standby mode, watch mode, subactive mode, or
subsleep mode.

Serial Mode Register (SMR)

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 RW RW RW RW RW RW RW RW

The serial mode register (SMR) is an 8-bit register for setting the serial data communication
format and for selecting the clock source of the baud rate generator. SMR can be read and written
by the CPU at any time.

SMRiisinitialized to H'00 upon reset or in standby mode, watch mode, subactive mode, or
subsleep mode.

Bit 7—Communication Mode (COM): Bit 7 selects asynchronous mode or synchronous mode as
the serial data communication 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 bits or 8 bits as the datalength in
asynchronous mode. In synchronous mode the data length is always 8 bits regardless of the setting
here.

Bit 6: CHR Description
0 8-bit data (initial value)
1 7-bit data*

Note: * When 7-bit data is selected as the character length in asynchronous mode, the MSB (bit 7)
in the transmit data register is not transmitted.

Bit 5—Parity Enable (PE): In asynchronous mode, bit 5 selects whether or not a parity bit isto
be added to transmitted data and checked in received data. In synchronous mode there is no adding
or checking of parity regardless of the setting here.

Bit5: PE Description
0 Parity bit adding and checking disabled (initial value)
1 Parity bit adding and checking enabled*

Note: * When PE is set to 1, then either odd or even parity is added to transmit data, depending on
the setting of the parity mode bit (PM). When data is received, it is checked for odd or even
parity as designated in bit PM.

Bit 4—Parity Mode (PM): In asynchronous mode, bit 4 selects whether odd or even parity isto
be added to transmitted data and checked in received data. The PM setting isvalid only if bit PE is
set to 1, enabling parity adding/checking. In synchronous mode, or if parity adding/checking is
disabled in asynchronous mode, the PM setting isinvalid.

Bit 4: PM Description
0 Even parity+* (initial value)
1 Odd parity*?

Notes: 1. When even parity is designated, a parity bit is added to the transmitted data so that the
sum of 1s in the resulting data is an even number. When data is received, the sum of 1s
in the data plus parity bit is checked to see if the result is an even number.

2. When odd parity is designated, a parity bit is added to the transmitted data so that the
sum of 1s in the resulting data is an odd number. When data is received, the sum of 1s
in the data plus parity bit is checked to see if the result is an odd humber.
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Bit 3—Stop Bit Length (STOP): Bit 3 selects 1 bit or 2 bits as the stop bit length in
asynchronous mode. This setting is valid only in asynchronous mode. In synchronous mode a stop
bit is not added, so this bit isignored.

Bit 3: STOP Description

0 1 stop bit** (initial value)

1 2 stop bits*?

Notes: 1. When data is transmitted, one 1 bit is added at the end of each transmitted character as
the stop bit.

2. When data is transmitted, two 1 bits are added at the end of each transmitted character
as the stop bits.

When datais received, only thefirst stop bit is checked regardless of the stop bit length. If the
second stop bit valueis 1 it istreated as a stop bit; if itisO, it istreated as the start bit of the next
character.

Bit 2—Multiprocessor Mode (MP): Bit 2 enables or disables the multiprocessor communication
function. When the multiprocessor communication function is enabled, the parity enable (PE) and
parity mode (PM) settings are ignored. The MP bit isvalid only in asynchronous mode; it should
be cleared to 0 in synchronous mode.

See 10.4.6, for details on the 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 1, 0 (CKS1, CK S0): Bits 1 and O select the clock source for the built-
in baud rate generator. A choice of @64, @16, @4, or @is made in these bits.

See 8, Bit rate register (BRR), below for information on the clock source and bit rate register
settings, and their relation to the baud rate.

Bit 1: CKS1 Bit 0: CKSO Description

0 0 ¢ clock (initial value)
1 @4 clock

1 0 @16 clock
1 @64 clock
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Serial Control Register 3 (SCR3)

Bit 7 6 5 4 3 2 1 0

| TE | RE | TE | RE | MPIE | TEIE | CKEl | CKEO |
Initial value 0 0 0 0 0 0 0 0
Read/Write RW RW RW RW RW RW RW RW

Serial control register 3 (SCR3) isan 8-bit register that controls SCI3 transmit and receive
operations, enables or disables serial clock output in asynchronous mode, enables or disables
interrupts, and selects the serial clock source. SCR3 can be read and written by the CPU at any
time.

SCR3isinitialized to H'00 upon reset or in standby mode, watch mode, subactive mode, or
subsleep mode.

Bit 7—Transmit Interrupt Enable (TIE): Bit 7 enables or disables the transmit data empty
interrupt (TX1) request when dataistransferred from TDR to TSR and the transmit data register
empty bit (TDRE) in the seria status register (SSR) is set to 1. The TXI interrupt can be cleared
by clearing bit TDRE to O, or by clearing bit TIE to 0.

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 enables or disables the receive error interrupt
(ERYI), and the receive data full interrupt (RX1) requested when data is transferred from RSR to
RDR and the receive data register full bit (RDRF) in the serial status register (SSR) isset to 1.
There are three kinds of receive error: overrun, framing, and parity. RXI and ERI interrupts can be
cleared by clearing SSR flag RDRF, or flags FER, PER, and OER to 0, or by clearing bit RIE to 0.

Bit 6: RIE Description

0 Receive data full interrupt request (RXI) and receive error interrupt request
(ERI) disabled (initial value)

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 enables or disables the start of atransmit operation.

Bit5: TE Description
0 Transmit operation disabled+" (TXD is a general I/O port) (initial value)
1 Transmit operation enabled+* (TXD is the transmit data pin)

Notes: 1. The transmit data register empty bit (TDRE) in the serial status register (SSR) is fixed
at 1.

2. In this state, writing transmit data in TDR clears bit TDRE in SSR to 0 and starts serial
data transmission.

Before setting TE to 1 it is necessary to set the transmit format in SMR.

Bit 4—Receive Enable (RE): Bit 4 enables or disables the start of areceive operation.

Bit 4: RE Description
0 Receive operation disabled+* (RXD is a general I/O port) (initial value)
1 Receive operation enabled+* (RXD is the receive data pin)

Notes: 1. When RE is cleared to 0, this has no effect on the SSR flags RDRF, FER, PER, and
OER, which retain their states.

2. Serial data receiving begins when, in this state, a start bit is detected in asynchronous
mode, or serial clock input is detected in synchronous mode.

Before setting RE to 1 it is necessary to set the receive format in SMR.

Bit 3—Multiprocessor Interrupt Enable (MPIE): Bit 3 enables or disables multiprocessor
interrupt requests. This setting is valid only in asynchronous mode, and only when the
multiprocessor mode bit (MP) in the serial mode register (SMR) is set to 1. Thisbit isignored
when COM isset to 1 or when bit MPis cleared to O.

Bit 3: MPIE Description

0 Multiprocessor interrupt request disabled (ordinary receive operation)
(initial value)

Clearing condition:
Multiprocessor bit receives a data value of 1

1 Multiprocessor interrupt request enabled*

Note: * SCI3 does not transfer receive data from RSR to RDR, does not detect receive errors, and
does not set status flags RDRF, FER, and OER in SSR. Until a multiprocessor bit value of 1
is received, the receive data full interrupt (RXI) and receive error interrupt (ERI) are
disabled and serial status register (SSR) flags RDRF, FER, and OER are not set. When the
multiprocessor bit receives a 1, the MPBR bit of SSR is set to 1, MPIE is automatically
cleared to 0, RXI and ERI interrupts are enabled (provided bits TIE and RIE in SCR3 are
set to 1), and setting of the RDRF, FER, and OER flags is enabled.
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Bit 2—Transmit End Interrupt Enable (TEIE): Bit 2 enables or disables the transmit end
interrupt (TEI) requested if there is no valid transmit datain TDR when the MSB is transmitted.

Bit 2: TEIE Description
0 Transmit end interrupt (TEI) disabled (initial value)
1 Transmit end interrupt (TEI) enabled*

Note: * A TEI interrupt can be cleared by clearing the SSR bit TDRE to 0 and clearing the transmit
end bit (TEND) to O, or by clearing bit TEIE to 0.

Bits 1 and 0—Clock Enable 1, 0 (CKE1, CKEOQ): Bits 1 and O select the clock source and enable
or disable clock output at pin SCK ;. The combination of bits CKE1 and CKEOQ determines whether
pin SCK;isagenera 1/0 port, aclock output pin, or aclock input pin.

Note that the CKEO setting is valid only when operation is in asynchronous mode using an internal
clock (CKEL = 0). Thishit isinvalid in synchronous mode or when using an external clock
(CKEL =1). In synchronous mode and in external clock mode, clear CKEO to 0. After setting bits
CKE1 and CKEDQ, the operation mode must first be set in the serial mode register (SMR).

Seetable 10.9in 10.4.3, Operation, for details on clock source selection.

Bit1: CKE1 Bit0: CKEO Communication Mode Clock Source SCK, Pin Function

0 0 Asynchronous Internal clock I/0 port+*
Synchronous Internal clock Serial clock output**
0 1 Asynchronous Internal clock Clock output+?
Synchronous Reserved Reserved
1 0 Asynchronous External clock Clock input*?
Synchronous External clock Serial clock input
1 1 Asynchronous Reserved Reserved
Synchronous Reserved Reserved
Notes: 1. Initial value
2. Aclock is output with the same frequency as the bit rate.
3. Input a clock with a frequency 16 times the bit rate.
Serial Status Register (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)* R/(W)* RI(W)* R R R/W

Note: * Only O can be written for flag clearing.
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The serial status register (SSR) is an 8-bit register containing status flags for indicating SCI3
states, and containing the multiprocessor hits.

SSR can be read and written by the CPU at any time, but the CPU cannot write a 1 to the status
flags TDRE, RDRF, OER, PER, and FER. To clear these flagsto O it isfirst necessary toread a 1.
Bit 2 (TEND) and bit 1 (MPBR) are read-only bits and cannot be modified.

SSRisinitialized to H'84 upon reset or in standby mode, watch mode, subactive mode, or
subsleep mode.

Bit 7—Transmit Data Register Empty (TDRE): Bit 7 isastatus flag indicating that data has
been transferred from TDR to TSR.

Bit 7. TDRE Description

0 Indicates that transmit data written to 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 Indicates that no transmit data has been written to TDR, or the transmit data
written to TDR has been transferred to TSR (initial value)

Setting conditions:
When bit TE in SCR3 is cleared to 0.
When data is transferred from TDR to TSR.

Bit 6—Receive Data Register Full (RDRF): Bit 6 is a status flag indicating whether thereis
receive datain RDR.

Bit 6: RDRF Description

0 Indicates there is no receive data in RDR (initial value)

Clearing conditions:
After reading RDRF = 1, cleared by writing O to RDRF.
When data is read from RDR by an instruction.

1 Indicates that there is receive data in RDR

Setting condition:
When receiving ends normally, with receive data transferred from RSR to RDR

Note: If a receive error is detected at the end of receiving, or if bit RE in serial control register 3
(SCR3) is cleared to 0, RDR and RDRF are unaffected and keep their previous states. An
overrun error (OER) occurs if receiving of data is completed while bit RDRF remains set
to 1. If this happens, receive data will be lost.
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Bit 5—Overrun Error (OER): Bit 5 isastatus flag indicating that an overrun error has occurred
during data receiving.

Bit 5: OER Description

0 Indicates that data receiving is in progress or has been completed+" (initial value)

Clearing condition:
After reading OER = 1, cleared by writing 0 to OER

1 Indicates that an overrun error occurred in data receiving**

Setting condition:
When data receiving is completed while RDRF is set to 1

Notes: 1. When bit RE in serial control register 3 (SCR3) is cleared to 0, OER is unaffected and
keeps its previous state.

2. RDR keeps the data received prior to the overrun; data received after that is lost. While
OER is set to 1, data receiving cannot be continued. In synchronous mode, data
transmitting cannot be continued either.

Bit 4—Framing Error (FER): Bit 4 is a status flag indicating that aframing error has occurred
during asynchronous receiving.

Bit 4. FER Description

0 Indicates that data receiving is in progress or has been completed+" (initial value)

Clearing condition:
After reading FER = 1, cleared by writing O to FER

1 Indicates that a framing error occurred in data receiving

Setting condition:
The stop bit at the end of receive data is checked for a value of 1 and found to be
0*?

Notes: 1. When bit RE in serial control register 3 (SCR3) is cleared to 0, FER is unaffected and
keeps its previous state.
2. When two stop bits are used only the first stop bit is checked, not the second. When a
framing error occurs, receive data is transferred to RDR but RDRF is not set. While
FER is set to 1, data receiving cannot be continued. In synchronous mode, data
transmitting cannot be continued either.
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Bit 3—Parity Error (PER): Bit 3isastatus flag indicating that a parity error has occurred during
asynchronous receiving.

Bit 3: PER Description

0 Indicates that data receiving is in progress or has been completed+" (initial value)

Clearing condition:
After reading PER = 1, cleared by writing 0 to PER

1 Indicates that a parity error occurred in data receiving**

Setting condition:
When the sum of 1s in received data plus the parity bit does not match the parity
mode bit (PM) setting in the serial mode register (SMR)

Notes: 1. When bit RE in serial control register 3 (SCR3) is cleared to 0, PER is unaffected and
keeps its previous state.

2. When a parity error occurs, receive data is transferred to RDR but RDRF is not set.
While PER is set to 1, data receiving cannot be continued. In synchronous mode, data
transmitting cannot be continued either.

Bit 2—Transmit End (TEND): Bit 2 isastatus flag indicating that TDRE was set to 1 when the
last bit of atransmitted character was sent. TEND isaread-only bit and cannot be modified
directly.

Bit 2: TEND Description

0 Indicates that transmission is in progress

Clearing conditions:
After reading TDRE = 1, cleared by writing 0 to TDRE.
When data is written to TDR by an instruction.

1 Indicates that a transmission has ended (initial value)

Setting conditions:
When bit TE in SCR3 is cleared to 0.
If TDRE is set to 1 when the last bit of a transmitted character is sent.

Bit 1—Multiprocessor Bit Receive (MPBR): Bit 1 holds the multiprocessor bit in data received
in asynchronous mode using a multiprocessor format. MPBR is aread-only bit and cannot be
modified.

Bit 1: MPBR Description
0 Indicates reception of data in which the multiprocessor bit is 0* (initial value)
1 Indicates reception of data in which the multiprocessor bit is 1

Note: * If bit RE is cleared to 0 while a multiprocessor format is in use, MPBR retains its previous
state.
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Bit 0—Multiprocessor Bit Transmit (MPBT): Bit 0 holds the multiprocessor hit to be added to
transmitted data when a multiprocessor format is used in asynchronous mode. Bit MPBT is
ignored when synchronous mode is chosen, when the multiprocessor communication function is
disabled, or when data transmission is disabled.

Bit 0: MPBT Description
0 The multiprocessor bit in transmit data is 0 (initial value)
1 The multiprocessor bit in transmit data is 1

Bit Rate Register (BRR)

Bit 7 6 5 4 3 2 1 0

| BRR7 | BRR6 | BRR5 | BRR4 | BRR3 | BRR2 | BRRL | BRRO
Initial value 1 1 1 1 1 1 1 1
Read/Write RW RW RW RW RW RW RW RW

The bit rate register (BRR) is an 8-bit register which, together with the baud rate generator clock
selected by bits CKS1 and CKS0 in the serial mode register (SMR), sets the transmit/receive bit
rate.

BRR can be read or written by the CPU at any time.

BRRisinitialized to H'FF upon reset or in standby mode, watch mode, subactive mode, or
subsleep mode.

Table 10.8 gives examples of how BRR is set in asynchronous mode. The valuesin
table 10.8 are for active (high-speed) mode.
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Table10.8 BRR Settingsand Bit Ratesin Asynchronous M ode

OSC (MHz)
2 2.4576 4 4.194304
Bit Rate Error Error Error Error
(bits/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 O 255 0 1 103 +0.16 1 108 +0.21
300 0 103 +0.16 0 127 0O 0 207 +0.16 0 217 +0.21
600 0 51  +0.16 0 63 O 0 103 +0.16 0 108 +0.21
1200 0 25 +0.16 O 31 0 0 51 +0.16 O 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 0 - = = - = =
31250 0 0 0 _ = - 0 1 0 _ = -
38400 - = - 0 0 0 - = - - = -
Table10.8 BRR Settingsand Bit Ratesin Asynchronous M ode (cont)
OSC (MHz)
4.9152 6 7.3728 8
Bit Rate Error Error Error Error
(bits/s) n N (%) n N (%) n N (%) n N (%)
110 1 174 -0.26 1 212 +0.03 2 64 +0.70 2 70 +0.03
150 1 127 0 1 155 +0.16 1 191 O 1 207 +0.16
300 0 255 0 1 77 +0.16 1 95 O 1 103 +0.16
600 0 127 0 0 155 +0.16 O 191 0 0 207 +0.16
1200 0 63 O 0 77 +0.16 O 95 0 0 103 +0.16
2400 0 31 O 0 38 +0.16 0 47 0 0 51 +0.16
4800 0 15 0 0 19 -234 0 23 0 0 25 +0.16
9600 0 7 0 0 -234 0 1 0 0 12 +0.16
19200 0 3 0 0 4 —-2.34 0 5 0 —_ = —
31250 - = = 0 2 0 - = = 0 3 0
38400 0 1 0 - - = 0 2 0 - - =
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Table10.8 BRR Settingsand Bit Ratesin Asynchronous M ode (cont)

OSC (MHz)
9.8304 10

Bit Rate Error Error
(bits/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 O 0 64 +0.16
4800 0 31 0 0 32 -1.36
9600 0 15 0 0 15  +1.73
19200 0 7 0 0 7 +1.73
31250 0 4 -1.70 0 4 0
38400 0 3 0 0 3 +1.73

Notes: 1. Settings should be made so that error is within 1%.

2.

3.

BRR setting values are derived by the following equation.

N:L x 106 -1
64 x 22N x B

B: Bit rate (bits/s)

N: BRR baud rate generator setting (0 < N < 255)

OSC: Value of @ (MHZ)

n: Baud rate generator input clock number (n =0, 1, 2, 3)

The error values in table 10.8 were derived by performing the following calculation and
rounding off to two decimal places.

-R

Error (%) = B x 100

B: Bit rate found from n, N, and OSC
R: Bit rate listed in left column of table 10.8
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The meaning of nisshown in table 10.9.

Table10.9 Relation between n and Clock

SMR Setting
n Clock CKs1 CKSO0
0 0] 0 0
1 @4 0 1
2 @16 1 0
3 @64 1 1

Table 10.10 shows the maximum bit rate for selected frequencies in asynchronous mode. Values
in table 10.10 are for active (high-speed) mode.

Table10.10 Maximum Bit Rate at Selected Frequencies (Asynchronous M ode)

Setting

OSC (MHz) Maximum Bit Rate (bits/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 10.11 shows typical BRR settings in synchronous mode. Valuesin table 10.11 are for active
(high-speed) mode.

Table10.11 Typical BRR Settings and Bit Rates (Synchronous M ode)

OSC (MHz)
Bit Rate 2 4 8 10
(bits/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 0 0 19 0 24
100K — — 0 0 9 — —
250K 0 0* 0 0 3 0 4
500K 0 0* 0 1 — —
M 0 o* — —
2.5M
Note: Blank: Cannot be set

* -

Can be set, but error will result

Continuous transfer not possible at this setting

BRR setting values are derived by the following equation.

B:
N:

8x22"xB

0osC x 1061

Bit rate (bits/s)

BRR baud rate generator setting (0 < N < 255)

OSC: Value of @, (MHZ)

n:

Baud rate generator input clock number (n =0, 1, 2, 3)
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The meaning of nisshownin table 10.12.

Table10.12 Relation between n and Clock

SMR Setting
n Clock CKs1 CKSO0
0 0] 0 0
1 @4 0 1
2 @16 1 0
3 @64 1 1

10.4.3 Operation

SCI3 supports serial data communication in both asynchronous mode, where each character
transferred is synchronized separately, and synchronous mode, where transfer is synchronized by
clock pulses.

The choice of asynchronous mode or synchronous mode, and the communication format, is made
in the serial mode register (SMR), as shown in table 10.13. The SCI3 clock source is determined
by bit COM in SMR and bits CKE1 and CKEOQ in serial control register 3 (SCR3), as shown in
table 10.14.

Asynchronous M ode;

» Datalength: choice of 7 bits or 8 hits

« Transmit/receive format options include addition of parity bit, multiprocessor bit, and one or
two stop hits (character length depends on this combination of options).

e Framing error (FER), parity error (PER), overrun error (OER), and line breaks can be detected
when datais received.

» Clock source: Choice of internal clocks or an external clock
When an internal clock is selected: Operates on baud rate generator clock. A clock can be
output with the same frequency as the bit rate.

When an external clock is selected: A clock input with afrequency 16 times the bit rateis
required (internal baud rate generator is not used).
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Synchronous M ode:

* Transfer format: 8 bits
e Overrun error can be detected when datais received.
» Clock source: Choice of internal clocks or an external clock

When an internal clock is selected: Operates on baud rate generator clock, and outputs a serial

clock.

When an external clock is selected: The internal baud rate generator is not used. Operation is

synchronous with the input clock.

Table10.13 SMR Settings and SCI3 Communication For mat

SMR Setting Communication Format
Bit 7: Bit 6: Bit 2: Bit5: Bit 3: Multipro-  Parity Stop Bit
COM CHR MP PE STOP Mode Data Length cessor Bit Bit Length
0 0 0 0 0 Asynchronous 8-bit data No No 1 bit
1 mode 2 bits
1 0 Yes 1 bit
1 2 bits
1 0 0 7-bit data No 1 bit
1 2 bits
1 0 Yes 1 bit
1 2 bits
0 1 * 0 Asynchronous 8-bit data Yes No 1 bit
1 mode 2 bits
1 * 0 (multiprocessor 7 pjt gata 1 bit
" 1 format) 72 bits
1 * 0 * * Synchronous  8-bit data No None
mode
Note: * Don’t care
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Table10.14 SMR and SCR3 Settings and Clock Sour ce Selection

SMR SCR3 Transmit/Receive Clock
Bit 7: Bit1: BitO: Clock
COM CKE1 CKEO Mode Source Pin SCK, Function
0 0 0 Asynchronous Internal 1/O port (SCK, function not used)
1 mode Outputs clock with same frequency as
bit rate
1 0 External  Clock should be input with frequency
16 times the desired bit rate
1 0 0 Synchronous Internal Outputs a serial clock
1 0 mode External  Inputs a serial clock
0 1 1 Reserved (illegal settings)
1 0
1 1 1

Continuous Transmit/Receive Operation Using I nterrupts: Continuous transmit and receive
operations are possible with SCI3, using the RX| or TXI interrupts. Table 10.15 explains this use
of these interrupts.

Table10.15 Transmit/Receive Interrupts

Interrupt Flag Interrupt Conditions Remarks
RXI RDRF  When serial data is received normally  The RXI interrupt handler routine
RIE and receive data is transferred from should read the receive data from
RSR to RDR, RDRF is setto 1. If RIE RDR and clear RDRF to 0.
is 1 at this time, RXI is enabled and an Continuous receiving is possible if
interrupt occurs. (See figure these operations are completed
10.8 (a).) before the next data has been
completely received in RSR.
TXI TDRE  When TSR empty (previous trans- The TXI interrupt handler routine
TIE mission complete) is detected and the should write the next transmit data
transmit data set in TDR is transferred to TDR and clear TDRE to
to TSR, TDRE issetto 1. If TIEis 1 at 0.Continuous transmission is
this time, TXI is enabled and an possible if these operations are
interrupt occurs. (See figure 10.8 (b).) completed before the data
transferred to TSR has been
completely transmitted.
TEI TEND  When the last bit of the TSR transmit ~ TEI indicates that, when the last bit
TEIE character has been sent, if TDRE is 1, of the TSR transmit character was
then 1lis setin TEND. If TEIE is 1 at sent, the next transmit data had
this time, TEl is enabled and an not been written to TDR.
interrupt occurs. (See figure 10.8 (c).)
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RDR RDR

RSR (receiving) RSR 1 (received and transferred)
RXD RXD
pin | pin |
RDRF =0 RDRF <1
(RXI requested if RIE = 1)
Figure10.8 (a) RDRF Setting and RXI Interrupt
TDR (next transmit data) TDR
o TSR | (transmission complete,
TSR (transmitting) next data transferred)
i | o O~ [
pin pin
TDRE =0 TDRE ~1
(TXI requested if TIE = 1)
Figure10.8 (b) TDRE Setting and TXI Interrupt
TDR TDR
TSR (transmitting) TSR (transmission end)
TXD | TXD |
pin pin
TEND =0 TEND ~1

(TEl requested if TEIE = 1)

Figure10.8 (c) TEND Settingand TEI Interrupt

269
HITACHI




10.4.4  Operation in Asynchronous Mode

In asynchronous communication mode, a start bit indicating the start of communication and a stop
bit indicating the end of communication are added to each character that is sent. In this way
synchronization is achieved for each character as a self-contained unit.

SCI3 consists of independent transmit and receive modules, giving it the capability of full duplex
communication. Both the transmit and receive modules have a double-buffer configuration,
allowing data to be read or written during communication operations so that data can be
transmitted and received continuously.

Transmit/Receive Formats

Figure 10.9 shows the general format for asynchronous serial communication.

(LSB) (MSB) 1
Serial Start Transmit or receive data Parity|  Stop bit ~ Mark
data bit bit state
1 bit
or lor2
1 bit 7 or 8 bits none bits

One unit of data (character or frame)

Figure10.9 Data Format in Asynchronous Serial Communication Mode

The communication line in asynchronous communication mode normally stays at the high level, in
the“mark” state. SCI3 monitors the communication line, and begins serial data communication
when it detects a“space” (low-level signal), which isregarded as a start bit.

One character consists of astart bit (low level), transmit/receive data (in LSB-first order: starting
with the least significant bit), a parity bit (high or low level), and finally a stop bit (high level), in
this order.

In asynchronous data receiving, synchronization is with the falling edge of the start bit. SCI3
samples data on the 8th pulse of a clock that has 16 times the frequency of the bit rate, so each bit
of dataislatched at its center.

Table 10.16 shows the 12 transmit/receive formats formats that can be selected in asynchronous
mode. The format is selected in the serial mode register (SMR).
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Table10.16 Serial Communication Formatsin Asynchronous Mode

SMR Settings Serial Transfer Format and Frame Length
CHR PE MP STOP ‘1‘2‘3‘4‘5‘6 7‘8‘9‘10‘11‘12‘
o 0o 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 ‘STOPlSTOP
1 0 0 0 ’ S 7-bit data ‘ STOP
1 0 0 1 ’ S ‘ 7-bit data ‘STOP’STOP
1 1 0 0 ’ S ‘ 7-bit data ‘ P ’STOP
1 1 0 1 ’ S ‘ 7-bit data ‘ P ’STOP‘STOP
0 * 1 0 ’ S ‘ 8-bit data ’MPB‘STOP
0 * 1 1 ’ S ‘ 8-bit data ’MPB‘STOPlSTOP
1 * 1 0 ’ S ‘ 7-bit data ‘MPB’STOP
1 * 1 1 ’ S ‘ 7-bit data ‘MPB’STOP‘STOP
Notation:
S: Start bit
STOP: Stop bit
P: Parity bit

MPB: Multiprocessor bit

Note: * Don"t care

HITACHI
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Clock

The clock source is determined by bit COM in SMR and bits CKE1 and CKEQ in serial control
register 3 (SCR3). Seetable 10.14 for the settings. Either an internal clock source can be used to
run the built-in baud rate generator, or an external clock source can be input at pin SCK..

When an external clock isinput at pin SCK, it should have a frequency 16 times the desired bit
rate.

When an internal clock sourceis used, SCK; is used as the clock output pin. The clock output has
the same frequency as the seria bit rate, and is synchronized asin figure 10.10 so that therising
edge of the clock occurs in the center of each bit of transmit/receive data.

Clock ,_|,—|,—|,—|,—|,—|,—|

Serial | o |po|p1|D2|D3|D4|D5| D6 | D7 |01 ] 1 1

1 character (1 frame)

Figure10.10 Phase Relation of Output Clock and Communication Data in Asynchronous
Mode (8-Bit Data, Parity Bit Added, and 2 Stop Bits)

Data Transmit/Receive Operations

SCI3 Initialization: Before datais sent or received, bits TE and RE in seria control register 3
(SCR3) must be cleared to O, after which initialization can be performed using the procedure
shown in figure 10.11.

Note:  When modifying the operation mode, transfer format or other settings, always be sure to
clear bits TE and RE first. When TE is cleared to 0, bit TDRE will be set to 1. Clearing
RE does not clear the status flags RDRF, PER, FER, or OER, or alter the contents of the
receive dataregister (RDR).

When an external clock is used in asynchronous mode, do not stop the clock during
operation, including during initialization. When an external clock is used in synchronous
mode, do not supply the clock during initialization.

272
HITACHI




Figure 10.11 shows atypical flow chart for SCI3 initialization.

Clear TE and RE to 0 in SCR3

|

1. Select the clock in serial control register 3
1 Set bits CKE1 and CKEOQ (SCR3). Other bits must be cleared to 0.
If clock output is selected in asynchronous
‘ mode, a clock signal will be output as soon
o ] as CKE1 and CKE2 have been set.
2 | Select communication format in SMR During reception in synchronous mode, if
clock output is selected by bits CKE1 and
| CKEQ, a clock signal will be output as soon
as RE is setto 1.

3 Set BRR value 2.

Set the transmit/receive format in the serial
Wait mode register (SMR).

Set the bit rate register (BRR) to the value
giving the desired bit rate.

This step is not required when an external
clock source is used.

Has a 1-bit
interval elapsed?

4.
Wait for at least a 1-bit interval, then set
Set bits RIE, TIE, TEIE, and MPIE bits RIE, TIE, TEIE, and MPIE, and set bit
4 in SCR3, and set TEor REto 1 TE or RE in SCR3 to 1. Setting TE or RE

enables SCI3 to use the TXD or RXD pin.
The initial states in asynchronous mode
End are the mark transmit state and the idle
receive state (waiting for a start bit).

Figure10.11 Typical Flow Chart when SCI3 IsInitialized

273
HITACHI




Transmitting: Figure 10.12 shows atypical flow chart for data transmission. After SCI3
initialization, follow the procedure below.

1 Read bit TDRE in SSR 1. Read the serial status register (SRR),
and after confirming that bit TDRE =1,
write transmit data in the transmit data

No register (TDR). When data is written to
TDR, TDRE is automatically cleared to O.

Yes

Write transmit data in TDR

Continue Yes

data transmission? 2. To continue transmitting data, read bit TDRE

to make sure it is set to 1, then write the
\ next data to TDR. When data is written to
TDR, TDRE is automatically cleared to O.

Read bit TEND in SSR

Yes
3 Break output? . -
3. To output a break signal when transmission
Yes ends, first set the port values PCR = 1 and

PDR = 0, then clear bit TE in SCR3 to 0.
SetPDR=0and PCR=1

Clear bit TE in SCR3to 0

End

Figure10.12 Typical Data Transmission Flow Chart (Asynchronous Mode)

SCI 3 operates as follows during data transmission.
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SCI3 monitors bit TDRE in SSR. When this bit is cleared to 0, SCI3 recognizes that there is data
written in the transmit dataregister (TDR), which it transfers to the transmit shift register (TSR).
Then TDRE is set to 1 and transmission starts. If bit TIEin SCR3issetto 1, a TXI interrupt is
requested.

Serial dataistransmitted from pin TXD using the communication format outlined in
table 10.16. Next, TDRE is checked as the stop bit is being transmitted.

If TDRE isO, dataistransferred from TDR to TSR, and after the stop bit is sent, transmission of
the next frame starts. If TDRE is 1, the TEND bit in SSRis set to 1, and after the stop bit is sent
the output remains at 1 (mark state). A TEI interrupt is requested in this state if bit TEIE in SCR3
issettol.

Figure 10.13 shows a typical operation in asynchronous transmission mode.

Start Transmit Parity Stop Start Transmit Parity Stop Mark
bit data bit bit bit data bit bit  state
g:tr;a' 1|0|D0|D1|”|D7|0/1|1|0|D0|Dl|::|D7|0/1|1 1

| 1 frame | 1 frame |

{5
TDRE |

TEND T T T

SCI3 TXI request TDRE cleared to O TXI request TEI request
operation

User Write data in TDR

processing

Figure10.13 Typical Transmit Operation in Asynchronous Mode
(8-Bit Data, Parity Bit Added, and 1 Stop Bit)

Recelving: Figure 10.14 shows atypical flow chart for receiving serial data. After SCI3
initialization, follow the procedure below.
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[

Read bits OER, PER, and
FER in SSR

OER + PER +
FER=1
No

2 Read bit RDRF in SSR

No
RDRF =1?
Yes

Read received data in RDR

4 ’ Receive error processing

1. Read bits OER, PER, and

FER in the serial status
register (SSR) to
determine if a receive
error has occurred.

If a receive error has
occurred, receive error
processing is executed.

2. Read the serial status register

(SSR), and after confirming
that bit RDRF = 1, read
received data from the receive
data register (RDR).

When RDR data is read, RDRF
is automatically cleared to 0.

3. To continue receiving data,

read bit RDRF and finish
reading RDR before the stop
bit of the present frame is

Yes .
3 Continue receiving? received. .
When data is read from RDR,
No RDRF is automatically cleared
| @ to 0.

Clear bit RE in SCR3 to 0 4. When a receive error occurs,
read bits OER, PER, and FER
in SSR to determine which

error (s) occurred.
After the necessary error
- processing, be sure to clear
4 the above bits all to 0.
error processing ‘ Data receiving cannot be resumed
Yes Overrun error while any of bits OER, PER, or
processing FER is setto 1.
When a framing error occurs,
No a break can be detected by
Yes Ye reading the RXD pin value.
Break?
NO |« No
Yes Framing error
processing
I
No (e
Clear bits OER, PER, and Parity error
FER in SSRto 0 processing
End receive error
®
Figure10.14 Typical Serial Data Receiving Flow Chart in Asynchronous Mode
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SCI 3 operates as follows when receiving serial datain asynchronous mode.

SCI3 monitors the communication line, and when a start bit (0) is detected it performsinternal
synchronization and starts receiving. The communication format for data receiving is as outlined
intable 10.16. Received datais set in RSR from LSB to MSB, then the parity bit and stop bit(s)
arereceived. After receiving the data, SCI3 performs the following checks:

e Parity check: The number of 1sreceived is checked to seeif it matches the odd or even parity
selected in bit PM of SMR.

» Stop hit check: The stop bit is checked for avalue of 1. If there are two stop bits, only the first
bit is checked.

» Status check: The RDRF bit is checked for avalue of 0 to make sure received data can be
transferred from RSR to RDR.

If no receive error is detected by the above checks, bit RDRF is set to 1 and the received datais
stored in RDR. At that time, if bit RIE in SCR3 is set to 1, an RXI interrupt is requested. If the
error check detects areceive error, the appropriate error flag (OER, PER, or FER) isset to 1.
RDREF retains the same value as before the data was received. If at thistime bit RIE in SCR3 is set
to 1, an ERI interrupt is requested.

Table 10.17 gives the receive error detection conditions and the processing of received datain
each case.

Note: Datareceiving cannot be continued while areceive error flag is set. Before continuing the
receive operation it is necessary to clear the OER, FER, PER, and RDRF flagsto 0.

Table10.17 Receive Error Conditions and Received Data Processing

Receive Error Abbrev. Detection Conditions Received Data Processing
Overrun error  OER Receiving of the next data ends while Received data is not
bit RDRF in SSR is still set to 1 transferred from RSR to RDR
Framing error  FER Stop bitis 0 Received data is transferred
from RSR to RDR
Parity error PER Received data does not match the Received data is not
parity (odd/even) set in SMR transferred from RSR to RDR
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Figure 10.15 shows atypical SCI3 data receive operation in asynchronous mode.

Start Receive Parity Stop Start Receive Parity Stop Mark

bit data bit bit  bit data bit bit (idle state)
Serial 1 | 0 | DO | D1 |“| D7 | 0/1 | 1 | 0 | DO | D1 | [| D7 | 0/1 | 0 | 1
data 7

| 1 frame | 1 frame |
RDRF

s f

FER T T

SCI3 operation

RXI request

RDRF cleared

Detects stop bit = 0

to0 ERI request due
to framing error
Read RDR data Framing error

User processing
handling

Figure10.15 Typical Receive Operation in Asynchronous Mode
(8-Bit Data, Parity Bit Added, and 1 Stop Bit)

1045 Operation in Synchronous Mode

In synchronous mode, datais sent or received in synchronization with clock pulses. This modeis
suited to high-speed serial communication.

SCI3 consists of independent transmit and receive modules, so full duplex communication is
possible, sharing the same clock between both modules. Both the transmit and receive modules
have a double-buffer configuration. This allows data to be written during a transmit operation so
that data can be transmitted continuously, and enables data to be read during a receive operation so
that data can be received continuously.
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Transmit/Receive For mat

Figure 10.16 shows the general communication data format for synchronous communication.

AV aVaVavaValaww
LSB MSB
seriardata 09 | mio Y st ) mio ) sia ) sia ) mis ) ses ) w7 | 00U
[ care Bit 0 Bit 1 Bit 2 Bit 3 Bit 4 Bit 5 Bit 6 Bit 7 care
8 bits

One unit of communication data (character or frame)

Note: * At high level except during continuous transmit/receive.

Figure10.16 Data Format in Synchronous Communication M ode

In synchronous communication, data on the communication line is output from one falling edge of
the serial clock until the next falling edge. Data is guaranteed valid at the rising edge of the serial
clock.

One character of data starts from the LSB and ends with the MSB. The communication line retains
the MSB state after the MSB is output.

In synchronous receive mode, SCI 3 latches receive data in synchronization with the rising edge of
the serial clock.

The transmit/receive format is fixed at 8-bit data. No parity bit or multiprocessor bit is added in
this mode.

Clock

Either an internal clock from the built-in baud rate generator is used, or an external clock isinput
at pin SCK ;. The choice of clock sourcesis designated by bit COM in SMR and bits CKE1 and
CKEO in serial control register 3 (SCR3). See table 10.14 for detail s on selecting the clock source.

When operation is based on an internal clock, a serial clock isoutput at pin SCK ;. Eight clock
pulses are output per character of transmit/receive data. When no transmit or receive operation is
being performed, the pinis held at the high level.
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Data Transmit/Receive Operations

SCI3 Initialization: Before transmitting or receiving data, follow the SCI3 initialization
procedure explained under 10.4.4, SCI3 Initialization, and illustrated in figure 10.10.

Transmitting: Figure 10.17 shows atypical flow chart for data transmission. After SCI3
initialization, follow the procedure below.

( Start )

1 Read bit TDRE in SSR 1. Read the serial status register (SSR),
and after confirming that bit TDRE = 1,

write transmit data in the transmit
data register (TDR).
No When data is written to TDR, TDRE is
automatically cleared to 0 and data
Yes transmission begins.
If clock output has been selected, after

data is written to TDR, the clock is
Write transmit data in TDR output and data transmission begins.

i T Yes
Continue data transmission?

2. To continue transmitting data, read
bit TDRE to make sure it is setto 1,

‘= then write the next data to TDR.
When data is written to TDR, TDRE
Read bit TEND in SSR is automatically cleared to O.

No
Yes

Write O to bit TE in SCR3

End

Figure10.17 Typical Data Transmission Flow Chart in Synchronous Mode
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SCI 3 operates as follows during data transmission in synchronous mode.

SCI3 monitors bit TDRE in SSR. When this bit is cleared to 0, SCI3 recognizes that there is data
written in the transmit dataregister (TDR), which it transfers to the transmit shift register (TSR).
Then TDRE is set to 1 and transmission starts. If bit TIEin SCR3issetto 1, aTXI interrupt is
reguested.

If clock output is selected, SCI3 outputs eight serial clock pulses. If an external clock is used, data
is output in synchronization with the clock input.

Serial dataistransmitted from pin TXD in order from LSB (bit 0) to MSB (bit 7).

Then TDRE is checked as the MSB (bit 7) is being transmitted. If TDRE is 0, datais transferred
from TDR to TSR, and after the MSB (bit 7) is sent, transmission of the next frame starts. If
TDRE is1, the TEND bit in SSRis set to 1, and after the MSB (bit 7) has been sent, the MSB
stateis maintained. A TEl interrupt is requested in this state if bit TEIE in SCR3 isset to 1.

After datatransmission ends, pin SCK; is held at the high level.

Note: Datatransmission cannot take place while any of the receive error flags (OER, FER, PER)
isset to 1. Be sure to confirm that these error flags are cleared to O before starting
transmission.

Figure 10.18 shows atypical SCI3 transmit operation in synchronous mode.

clock
Serial data Bit 0 >< Bit 1 ><: >< Bit 7 Bit0>< Bit1 X )-( Bit 7

1 frame 1 frame

- o -

TDRE T T ﬁ ! -
TEND

.
\ . \

SCI3 TXI TDRE clearedto 0 TXI

operation request request TEI request
User Write data in TDR

processing

Figure10.18 Typical SCI3 Transmit Operation in Synchronous M ode
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Recelving: Figure 10.19 shows atypical flow chart for receiving data. After SCI3 initialization,
follow the procedure below.

i

1 Read bit OER in SSR 1. Read bit OER in the serial status register (SSR)
to determine if an error has occurred. If an

Yes overrun error has occurred, overrun error
processing is executed.
No

2 Read bit RDRF in SSR 2. Read the serial status register (SSR), and after
confirming that bit RDRF = 1, read received

No data from the receive data register (RDR).
RDRF = 1?7 When data is read from RDR, RDRF is
automatically cleared to 0.
Yes

Read received data in RDR 3

. To continue receiving data, read bit RDRF and
read the received data in RDR before the MSB
4 |Overrun error processing| (bit 7) of the present frame is received.
\ When data is read from RDR, RDRF is
automatically cleared to 0.

Continue Yes

3 receiving?
No 4. When an overrun error occurs, read bit OER in
SSR. After the necessary error processing,
Clear bit RE in SCR3 to 0 be sure to clear OER to 0.

Data receiving cannot be resumed while bit
OER s setto 1.

End

Start overrun
processing

Overrun error
processing

Clear bit OER in
SSRto 0

End overrun
error processing

Figure10.19 Typical Data Receiving Flow Chart in Synchronous M ode
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SCI 3 operates as follows when receiving serial datain synchronous mode.

SCI3 synchronizes internally with the input or output of the serial clock and starts receiving.
Received datais set in RSR from LSB to MSB.

After data has been received, SCI3 checks to confirm that the value of bit RDRF is 0 indicating
that received data can be transferred from RSR to RDR. If this check passes, RDRF is set to 1 and
thereceived datais stored in RDR. At thistime, if bit RIE in SCR3 isset to 1, an RX| interrupt is
requested. If an overrun error is detected, OER is set to 1 and RDRF remains set to 1. Then if bit
RIEin SCR3isset to 1, an ERI interrupt is requested.

For the overrun error detection conditions and receive data processing, see table 10.17.

Note: Datareceiving cannot be continued while areceive error flag is set. Before continuing the
receive operation it is necessary to clear the OER, FER, PER, and RDRF flagsto 0.

Figure 10.20 shows atypical receive operation in synchronous mode.

clock
Serial Bit7 ) BitO >< >< Bit7 \ BitO >< Bit 1 >< ' >< Bit 6 >< Bit 7
data I | I I | | I

1 frame 1 frame

RDRF |_|

,, |
L ” -
RX

SCI3 RXI request RDRF cleared | request ERI request due

operation to 0 to overrun error

User Read data RDR data Overrun error

processing from RDR not read handling
(RDRF = 1)

Figure10.20 Typical Receive Operation in Synchronous M ode
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Simultaneous Transmit/Receive: Figure 10.21 shows atypical flow chart for transmitting and
receiving simultaneously. After SCI3 synchronization, follow the procedure below.

1. Read the serial status register (SSR),

and after confirming that bit TDRE = 1,
- write transmit data in the transmit data
1 Read bit TDRE in SSR register (TDR). When data is written to
TDR, TDRE is automatically cleared to 0.

No 2. Read the serial status register (SSR),
TDRE =17 - - ; _
and after confirming that bit RDRF = 1,
Yes read the received data from the receive
data register (RDR). When data is read

from RDR, RDRF is automatically cleared
to O.

2 Write transmit data in TDR

\ 3. To continue transmitting and receiving
. . serial data, read bit RDRF and finish
Read bit OER in SSR reading RDR before the MSB (bit 7) of the

present frame is received. Also read bit
Yes TDRE, check that it is set to 1, and write
OER =17 the next data in TDR before the MSB of
the current frame has been transmitted.
No When data is written to TDR, TDRE is

automatically cleared to 0; and when data
Read RDRF in SSR is read from RDR, RDRF is automatically
cleared to 0.

No 4. When an overrun error occurs, read bit
@ OER in SSR. After the necessary error
processing, be sure to clear OER to 0.

Yes Data transmission and reception cannot

) ) take place while bit OER is set to 1. See
Read received data in RDR figure 10.19 for overrun error processing.

4 |Overrun error processing
]

Continue Yes
transmitting and
receiving?

No

Clear bits TE and
RE in SCR31t0 0

End

Figure10.21 Simultaneous Transmit/Receive Flow Chart in Synchronous Mode
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Notes: 1. To switch from transmitting to simultaneous transmitting and receiving, use the
following procedure.

e First confirm that TDRE and TEND are both set to 1 and that SCI3 has finished
transmitting. Next clear TE to 0. Then set both TE and RE to 1.

2. To switch from receiving to simultaneous transmitting and rceiving, use the following
procedure.

e After confirming that SCI3 has finished receiving, clear RE to 0. Next, after
confirming that RDRF and the error flags (OER FER, PER) are all O, set both TE
and RE to 1.

10.4.6  Multiprocessor Communication Function

The multiprocessor communication function enables several processors to share asingle serial
communication line. The processors communicate in asynchronous mode using a format with an
additional multiprocessor bit (multiprocessor format).

In multiprocessor communication, each receiving processor is addressed by an ID code. A seria
communication cycle consists of two cycles: an ID-sending cycle that identifies the receiving
processor, and a data-sending cycle. The ID-sending cycle and data-sending cycle are
differentiated by the multiprocessor bit. The multiprocessor bit is 1 in an ID-sending cycle, and O
in adata-sending cycle.

The transmitting processor starts by sending the ID of the receiving processor with which it wants
to communicate as data with the multiprocessor bit set to 1. Next the transmitting processor sends
transmit data with the multiprocessor bit cleared to 0. When areceiving processor receives data
with the multiprocessor bit set to 1, it compares the data with its own ID. If the data matchesits
ID, the receiving processor continues to receive incoming data. If the data does not match its 1D,
the receiving processor skips further incoming data until it again receives data with the
multiprocessor bit set to 1. Multiple processors can send and receive datain this way.

Figure 10.22 shows an example of communication among different processors using a
multiprocessor format.
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Transmitting

processor
v Communication line
/ / / /
Receiving Receiving Receiving Receiving
processor A processor B processor C processor D
(ID=01) (ID=02) (ID = 03) (ID = 04)

IEraVa Ve

(MPB = 0)

Serial data / / H'01 /

(MPB = 1)

ID-sending cycle Data-sending cycle

(receiving processor (data sent to receiving

address) processor designated
by ID)

MPB: Multiprocessor bit

Figure10.22 Example of Interprocessor Communication Using Multiprocessor For mat
(Data H'AA Sent to Receiving Processor A)

Four communication formats are available. Parity-bit settings are ignored when a multiprocessor
format is selected. For details see table 10.16.

For a description of the clock used in multiprocessor communication, see 10.4.4, Operation in
Asynchronous Mode.

286
HITACHI




Transmitting Multiprocessor Data: Figure 10.23 shows atypical flow chart for multiprocessor
serial datatransmission. After SCI3 initialization, follow the procedure below.

-

1 Read bit TDRE in SSR 1. Read the serial status register (SSR), and
after confirming that bit TDRE = 1, set bit

MPBT (multiprocessor bit transmit) in SSR
¢ No to 0 or 1, then write transmit data in the
transmit data register (TDR).
Yes When data is written to TDR, TDRE is
automatically cleared to 0.

Set bit MPBT in SSR
\

Write transmit data to TDR

Continue Yes

transmitting?

2. To continue transmitting data, read bit
NO TDRE to make sure it is set to 1, then
— write the next data to TDR.

When data is written to TDR, TDRE

Read bit TEND in SSR is automatically cleared to O.

3. To output a break signal at the end of data
transmission, first set the port values
PCR =1 and PDR = 0, then clear bit TE
in SCR3to 0.

Break output?

SetPDR=0and PCR=1
\
Clear bit TE in SCR3to 0

End

Figure 10.23 Typical Multiprocessor Data Transmission Flow Chart
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SCI 3 operates as follows during data transmission using a multiprocessor format.

SCI3 monitors bit TDRE in SSR. When this bit is cleared to 0, SCI3 recognizes that there is data
written in the transmit dataregister (TDR), which it transfers to the transmit shift register (TSR).
Then TDRE is set to 1 and transmission starts. If bit TIE in SCR3issetto 1, aTXI interrupt is
reguested.

Seria dataistransmitted from pin TXD using the communication format outlined in
table 10.16.

Next, TDRE is checked as the stop bit is being transmitted. If TDRE is 0, dataistransferred from
TDR to TSR, and after the stop bit is sent, transmission of the next frame starts. If TDRE is 1, the
TEND hit in SSRis set to 1, and after the stop bit is sent the output remains at 1 (mark state). A
TEI interrupt is requested in this state if bit TEIE in SCR3 is set to 1.

Figure 10.24 shows atypical SCI3 operation in multiprocessor communication mode.

Start Transmit Stop Start Transmit Stop Mark

bit data MPB Wit bit data MPB bit state
Serial1|0|D0|D1||D7|0/1|1|0|D0|D1||D7|0/1|1 1
data

B D |

‘ 1 frame ‘ 1 frame ‘

TDRE |

T

SCI3  TXlrequest TDRE cleared TXI TEI
operation to 0 request request
User Write data in

processing TDR

Figure10.24 Typical Multiprocessor Format Transmit Operation
(8-Bit Data, Multiprocessor Bit Added, and 1 Stop Bit)
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Recelving M ultiprocessor Data: Figure 10.25 shows atypical flow chart for receiving data using
amultiprocessor format. After SCI3 initialization, follow the procedure below.

1|  SetbitMPIEin SCR3t01 |

” 1. Set bit MPIE in serial control register 3 (SCR3) to 1.
2 | Read bits OER and FER in SSR . ) . .
’ ‘ 2. Read bits OER and FER in the serial status register (SSR)
Yes to determine if an error has occurred. If a receive error has
OER + FER =17 occurred, receive error processing is executed.
No 3. Read the serial status register (SSR) and confirm that
3 ’ Read bit RDRF in SSR ‘ RDRF = 1. If RDRF = 1, read the data in the received data
register (RDR) and compare it with the processor’s own ID.
No If the received data does not match the ID, set bit MPIE to
1 again. Bit RDRF is automatically cleared to 0 when data
Yes in the received data register (RDR) is read.
’ Read received data in RDR ‘ 4. Read SSR, check that bit RDRF = 1, then read received
data from the receive data register (RDR).
No
Own ID? > 5. If areceive error occurs, read bits OER and FER in SSR
Yes to determine which error occurred. After the necessary
error processing, be sure to clear the error flags to 0.
Serial data transfer cannot take place while
Read bits OER and FER in SSR bit OER or FER is set to 1.
When a framing error occurs, a break can be detected by
Yes i i
OER + FER = 1? - reading the RXD pin value.
No
4|  ReadbitRDRFinSSR |
0
Yes
’ Read received data in RDR ‘

5 | Error processing

Yes

A

Continue receiving?

Overrun error

(Start receive error processin@

processing
| ClearbitREin SCR3t00 |
Ye
Break?
No

- Framing error
Clear bits OER and processing

FER in SSR to 0.

I
(End receive error processing)

Figure10.25 Typical Flow Chart for Receiving Serial Data Using M ultiprocessor For mat
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Figure 10.26 gives an example of data reception using a multiprocessor format.

Start Receive Stop Start Receive Stop Mark
bit data (ID1) MPB bit  bit data (data 1) MPB bit (idle state)
Se”a' 1lo|oo|[p1| b7 1 1 |ofpo|lpa| |D7] o021 1
ata — 55 L= 55 .
1 frame | 1 frame |

(

MPIE

/ /

A
RDR
value \ ID1
SCI3 operation RXI request RDRF cleared to 0 No RXI request
MPIE cleared to O RDR state retained
User processing Read data from RDR  If not own ID,

set MPIE to 1 again

(a) Data does not match own ID

Start Receive Stop Start Receive Stop  Mark

bit data (ID2) MPB bit  bit data (data 2) MPB bit (idle state)
Serial 5 55
ot 1L0|DO|D1|{J|D7|1 1‘l‘0|D0|D1|5{|D7|0|1M 1

! 1 frame ! 1 frame !

MPIE ' | ) [

/

Y e — 1L
/ /o 7 e

RDR

value ID1 X ID2 X  Data2

SCI3 operation RXI request RDRF cleared to 0 RXI RDRF

MPIE cleared to O request cleared
to0
User processing Read data from RDR  If own ID, continue Read data
receiving from RDR
and set
MPIE to 1
again
(b) Data matches own ID
Figure 10.26 Example of Multiprocessor Format Receive Operation
(8-Bit Data, Multiprocessor Bit Added, and 1 Stop Bit)
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10.4.7  Interrupts

SCI3 has six interrupt sources:. transmit end, transmit data empty, receive data full, and the three
receive error interrupts (overrun error, framing error, and parity error). All share acommon
interrupt vector. Table 10.18 describes each interrupt.

Table 10.18 SCI3Interrupts

Interrupt Description Vector Address
RXI Interrupt request due to receive data register full (RDRF) H'0024

TXI Interrupt request due to transmit data register empty (TDRE)

TEI Interrupt request due to transmit end (TEND)

ERI Interrupt request due to receive error (OER, FER, or PER)

Theinterrupt requests are enabled and disabled by bits TIE and RIE of SCR3.

When bit TDRE in SSRisset to 1, TXI isrequested. When bit TEND in SSRissetto 1, TEl is
requested. These two interrupt requests occur during data transmission.

Theinitial value of bit TDRE is 1. Accordingly, if the transmit data empty interrupt request (TXI)
is enabled by setting bit TIE to 1 in SCR3 before placing transmit datain TDR, TXI will be
requested even though no transmit data has been readied.

Likewise, theinitia value of bit TEND is 1. Accordingly, if the transmit end interrupt request
(TEI) isenabled by setting bit TEIE to 1 in SCR3 before placing transmit datain TDR, TEI will be
reguested even though no data has been transmitted.

These interrupt features can be used to advantage by programming the interrupt handler to move
the transmit datainto TDR. When this technique is not used, the interrupt enable bits (TIE and
TEIE) should not be set to 1 until after TDR has been loaded with transmit data, to avoid
unwanted TXI and TEl interrupts.

When bit RDRF in SSRis set to 1, RX1 isrequested. When any of SSR bits OER, FER, or PER is
set to 1, ERI isrequested. These two interrupt requests occur during the receiving of data.

Details on interrupts are given in 3.3, Interrupts.
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10.4.8 Application Notes
When using SCI 3, attention should be paid to the following matters.

Relation between Bit TDRE and Writing Data to TDR: Bit TDRE in the seria status register
(SSR) isastatus flag indicating that TDR does not contain new transmit data. TDRE is
automatically cleared to O when data is written to TDR. When SCI 3 transfers data from TDR to
TSR, bit TDRE issetto 1.

Data can be written to TDR regardless of the status of bit TDRE. However, if new datais written
to TDR while TDRE is cleared to 0, assuming the data held in TDR has not yet been shifted to
TSR, it will belost. For thisreason it is advisable to confirm that bit TDRE is set to 1 before each
writeto TDR and not write to TDR more than once without checking TDRE in between.

Operation when Multiple Receive Errors Occur at the Same Time: When two or more receive
errors occur at the same time, the status flagsin SSR are set as shown in table 10.19. If an overrun
error occurs, datais not transferred from RSR to RDR, and receive datais|ost.

Table10.19 SSR Status Flag Statesand Transfer of Receive Data

SSR Status Flags Receive Error Status

RDRF OER FER PER (RSR - RDR) Receive Data Transfer

*

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

Notation:
O: Receive data transferred from RSR to RDR
x: Receive data not transferred from RSR to RDR

Note: * RDRF keeps the same state as before the data was received. However, if due to a late read
of received data in one frame an overrun error occurs in the next frame, RDRF is cleared to
0 when RDR is read.

Break Detection and Processing: Break signals can be detected by reading the RXD pin directly
when aframing error (FER) is detected. In the break state the input from the RXD pin consists of
all Os, so FER is set and the parity error flag (PER) may aso be set. In the break state SCI3
continues to receive, so if the FER bit is cleared to O it will be set to 1 again.
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Sending a Mark or Break Signal: When TE is cleared to 0 the TXD pin becomes an /O port, the
level and direction (input or output) of which are determined by the PDR and PCR hits. This
feature can be used to place the TXD pin in the mark state or send a break signal.

To place the serial communication line in the mark (1) state before TE is set to 1, set the PDR and
PCR bits both to 1. Since TE is cleared to 0, TXD becomes a general output port outputting the
value 1.

To send abreak signal during data transmission, set the PCR bit to 1 and clear the PDR bit to O,
then clear TE to 0. When TE is cleared to O the transmitter isinitialized, regardless of its current
state, so the TXD pin becomes an output port outputting the value 0.

Recelve Error Flags and Transmit Operation (Sysnchronous Mode Only): When areceive
error flag (ORER, PER, or FER) is set to 1, SCI3 will not start transmitting even if TDRE is
cleared to 0. Be sure to clear the receive error flags to 0 when starting to transmit. Note that
clearing RE to 0 does not clear the receive error flags.

Receive Data Sampling Timing and Receive Margin in Asynchronous Mode: In asynchronous
mode SCI3 operates on a base clock with 16 times the bit rate frequency. In receiving, SCI3
synchronizes internally with the falling edge of the start bit, which it samples on the base clock.
Receive datais latched at the rising edge of the eighth base clock pulse. See figure 10.27.

16 clock cycles ‘

8 clock cycles ‘

7‘ 151 0 7 150

0
ook o (ML AR
clock

Receive data _“| Start bit

(RXD) | i | Do .. | D1
Synchronization ‘ o
sampling timing j L L
Data sampling M A
timing H H
Figure 10.27 Receive Data Sampling Timingin Asynchronous Mode
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The receive margin in asynchronous mode can therefore be derived from the following equation.

M ={(0.5—1/2N) = (D = 0.5) / N = (L = 0.5) F} X 100% ........cvvvervrrrrrrrnrn. Equation (1)

: Receive margin (%)
Ratio of clock frequency to bit rate (N = 16)
Clock duty cycle (D =0.51t0 1)
Frame length (L = 9 to 12)
Absolute value of clock frequency error

nmrozg

In equation (1), if F (absolute value of clock frequency error) = 0 and D (clock duty cycle) = 0.5,
the receive margin is 46.875% as given by equation (2) below.

WhenD =0.5and F=0,

M = {0.5 — 1/(2 X 16)} X 100% = 46.875% ......vververeeeeeereesreeereeseessreson Equation (2)

Thisvaueistheoretical. In actual system designs a margin of from 20 to 30 percent should be
allowed.

Relationship between Bit RDRF and Reading RDR: While SCI3 isreceiving, it checksthe
RDRF flag. When aframe of data has been received, if the RDRF flag is cleared to O, data
receiving ends normally. If RDRF is set to 1, an overrun error occurs.

RDRF isautomatically cleared to 0 when the contents of RDR areread. If RDR is read more than
once, the second and later reads will be performed with RDRF cleared to 0. While RDRF is 0, if
RDR isread when reception of the next frameisjust ending, data from the next frame may be
read. Thisisillustrated in figure 10.28.
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Frame 1 Frame 2 Frame 3

L

communica- | Data 1 | Data 2 | Data 3
tion line

RDRF |

RDR X Data 1 X Data2
RDR read RDR read

At(A), data 1 is read.
At (B), data 2 is read.

Figure10.28 Relationship between Data and RDR Read Timing

To avoid the situation described above, after RDRF is confirmed to be 1, RDR should only be read
once and should not be read twice or more.

When the same data must be read more than once, the data read the first time should be copied to
RAM, for example, and the copied data should be used. An alternative isto read RDR but leave a
safe margin of time before reception of the next frame is completed. In synchronous mode, all
reads of RDR should be completed before hit 7 is received. In asynchronous mode, all reads of
RDR should be completed before the stop bit is received.

Caution on Switching of SCK; Function: If pin SCK; isused as a clock output pin by SCI3in
synchronous mode and is then switched to a general input/output pin (a pin with a different
function), the pin outputs alow level signal for half a system clock (¢) cycleimmediately after it is
switched.

This can be prevented by either of the following methods according to the situation.

1. When an SCK; function is switched from clock output to non clock-output
When stopping data transfer, issue one instruction to clear bits TE and RE to 0 and to set bits
CKE1 and CKEO in SCR3to 1 and 0, respectively. In this case, bit COM in SMR should be
left 1. The above prevents SCK, from being used as a general input/output pin. To avoid an
intermediate level of voltage from being applied to SCK, the line connected to SCK, should
be pulled up to the V. level viaaresistor, or supplied with output from an external device.
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2. When an SCK function is switched from clock output to general input/output
When stopping data transfer,
a. Issueoneinstruction to clear bits TE and RE to 0 and to set bits CKE1 and CKEO in SCR3
to 1 and O, respectively.
b. Clear bit COM in SCR3t00
c. Clear bits CKE1 and CKEQin SCR3to 0

Note that special care is also needed here to avoid an intermediate level of voltage from being
applied to SCK .

Caution on Switching TxD Function: If pin TxD is used as a data output pin by SCI3in
synchronous mode and is then switched to a general input/output pin (a pin with a different
function), the pin outputs a high level signal for one system clock (¢) cycleimmediately after it is
switched.
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Section 11  14-Bit PWM

11.1 Oveview

The H8/3834 Seriesis provided with a 14-bit PWM (pulse width modulator) on-chip, which can
be used as a D/A converter by connecting alow-pass filter.

11.1.1 Features
Features of the 14-bit PWM are as follows.

» Choice of two conversion periods
A conversion period of 3,268/¢, with a minimum modulation width of 2/¢ (PWCRO = 1), or a
conversion period of 16,384/ ¢ with a minimum modulation width of 1/¢(PWCRO = 0), can be
chosen.

e Pulsedivision method for less ripple

11.1.2 Block Diagram

Figure 11.1 shows a block diagram of the 14-bit PWM.

4{ PWDRL |<7

PWDRU - %)
=}
o
| I | s
@12 PWM 3
j:]X'—» waveform c_cvs
@la ' generator 5
E
PWCR -

PWM —=

Notation:

PWDRL: PWM data register L
PWDRU: PWM data register U
PWCR: PWM control register

Figure11l.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

11.2  Register Descriptions

11.21 PWM Control Register (PWCR)
PWCR isan 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 dwaysread as 1, and cannot be
modified.

Bit 0—Clock Select 0 (PWCRO0): Bit 0 €eds he dock supplied to the 14-bit PWM. This hbit isa
write-only bit; it is dways reed & 1

Bit 0: PWCRO Description

0 The input clock is @2 (tdJ= 2/¢). The conversion period is 16,384/ ¢, with a
minimum modulation width of 1/¢. (initial value)
1 The input clock is @4 (tdJ= 4/¢). The conversion period is 32,768/, with a

minimum modulation width of 2/¢.

Note: tg: Period of PWM input clock
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11.22 PWM Data RegistersU and L (PWDRU, PWDRL)

PWDRU and PWDRL form a 14-bit write-only register, with the upper 6 bits assigned to PWDRU
and the lower 8 bitsto 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, first to PWDRL and then to PWDRU.

1. Writethe lower 8 bitsto PWDRL.
2. Write the upper 6 bitsto PWDRU.

PWDRU and PWDRL are write-only registers. If they areread, all bitsare read as 1.

Upon reset, PWDRU and PWDRL are initialized to H'C00O.

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/ (PWCRO = 1) or 16,384/ (PWCRO = 0).

3. Set the output waveform datain PWM dataregisters U and L (PWDRUY/L). Be sureto writein
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 (T,) corresponds to the datain PWDRU and PWDRL.
This relation can be represented as follows.

T,, = (data value in PWDRU and PWDRL + 64) x tp/2

where tpisthe PWM input clock period, either 2/¢@ (bit PWCRO = 0) or 4/¢(bit PWCRO = 1).

Example: Settingsin order to obtain a conversion period of 8,192 us:
When bit PWCRO = 0, the conversion period is 16,384/¢, so ¢ must be 2 MHz. In
this case t;, = 128 us, with /@ (resolution) = 0.5 ps.
When bit PWCRO = 1, the conversion period is 32,768/ ¢, so ¢ must be 4 MHz. In
this case t;, = 128 s, with 2/@(resolution) = 0.5 ps.
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Accordingly, for a conversion period of 8,192 s, the system clock frequency (¢)
must be 2 MHz or 4 MHz.

1 conversion period

th1 tho ths thes thea
Ty=tyttpptiyg+t o Hea
th=tp =tg ... =liga

Figure11.2 PWM Output Waveform
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Section 12 A/D Converter

121 Overview

The H8/3834 Series includes on-chip aresistance-ladder-based successive-approximation analog-

to-digital converter, and can convert up to 12 channels of analog input.

12.1.1 Features

The A/D converter has the following features.

8-bit resolution
12 input channels

Conversion time: approx. 12.4 s 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.

Multiplexer

Reference
voltage

AVgs O™

A/D mode
register

A/D start
register

Y

Control logic

Internal data bus

Y

A/D result register

— |IRRAD

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 pin AV, Input  Power supply and reference voltage of analog part
Analog ground pin AV Input  Ground and reference voltage of analog part
Analog input pin 0 AN, Input  Analog input channel O

Analog input pin 1 AN, Input  Analog input channel 1

Analog input pin 2 AN, Input  Analog input channel 2

Analog input pin 3 AN, Input  Analog input channel 3

Analog input pin 4 AN, Input  Analog input channel 4

Analog input pin 5 AN, Input  Analog input channel 5

Analog input pin 6 AN, Input  Analog input channel 6

Analog input pin 7 AN, Input  Analog input channel 7

Analog input pin 8 AN, Input  Analog input channel 8

Analog input pin 9 AN, Input  Analog input channel 9

Analog input pin 10 AN, Input  Analog input channel 10

Analog input pin 11 AN, Input  Analog input channel 11

External trigger input pin  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

1221 A/D Result Register (ADRR)

Bit 7 6 5 4 3 2 1 0

| ADR7 | ADR6 | ADR5 | ADR4 | ADR3 | ADR2 | ADRL | ADRO |
Initial value — — — — — — — —
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 data
isheld in ADRR until the next conversion operation starts.

ADRR isnot cleared on reset.

1222 A/D Mode Register (AMR)

Bit 7 6 5 4 3 2 1 0

| CKS | TRGE| — | — | CH3 | CH2 | CHl | 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 is an 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.
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Bit 7—Clock Select (CKS): Bit 7 setsthe A/D conversion speed.

Conversion Time

Bit 7: CKS Conversion Period ¢@=2MHz @=5MHz
0 62/ @ (initial value) 31 s 12.4 ps
1 3l/e 155 ps —*

Note: * Operation is not guaranteed if the conversion time is less than 12.4 us. Set bit 7 for a value
of at least 12.4 ps.

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 INTEG4 of the IRQ edge select
register (IEGR). See 3.3.2, Interrupt Edge Select Register (IEGR), for details.

Bits 5 and 4—Reserved Bits: Bits5 and 4 are reserved; they are alwaysread as 1, and cannot be
modified.

Bits 3to 0—Channel Select (CH3to CHO): Bits 3 to 0 select the analog input channel.

The channel selection should be made while bit ADSF is cleared to O.
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Bit 3: Bit 2: Bit 1: Bit O:

CH3 CH2 CH1 CHO Analog Input Channel
0 0 * * No channel selected (initial value)
1 0 0 AN,
1 AN,
1 0 AN,
1 AN,
1 0 0 0 AN,
1 AN,
1 0 AN,
1 AN,
1 0 0 AN,
1 AN,
1 0 AN,
1 AN,,

Note: * Don't care

12.23 A/D Start Register (ADSR)

Bit 7 6 5 4 3 2 1 0
pose | — | — [ = [ =] = — | — |
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.
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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 0 are reserved; they are waysread as 1, and cannot be
modified.

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 O, 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 IRQ4 in port mode register 2 (PMR2) is
set to 1, and bit TRGE in AMR is set to 1. Then when the input signal edge designated in bit IEG4
of the IRQ edge select register (IEGR) is detected at pin ADTRG, bit ADSF in ADSR will be set
to 1, starting A/D conversion.

Figure 12.2 shows the timing.
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Pin ADTRG
(when bit y

IEG4 = 0) \

ADSF

A/D conversion

[
==

Figure12.2 External Trigger Input Timing

124 Interrupts

When A/D conversion ends (ADSF changes from 1 to 0), bit IRRAD in interrupt request
register 2 (IRR2) isset to 1.

A/D conversion end interrupts can be enabled or disabled by means of bit IENAD in interrupt
enableregister 2 (IENR2).

For further details see 3.3, Interrupts.

125 Typical Use

An example of how the A/D converter can be used is given below, using channel 1 (pin AN1) as
the analog input channel. Figure 12.3 shows the operation timing.

» BitsCH3to CHO of the A/D mode register (AMR) are set to 0101, making pin AN, 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.

*  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 same time ADSF is cleared to 0, and the A/D
converter goes to theidle state.

» BIitIENAD =1, so an A/D conversion end interrupt is requested.
» TheA/D interrupt handling routine starts.

» TheA/D conversion result isread and processed.

e 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.

307
HITACHI




‘aJemjos Ag uonnaaxa uononnsul sarealpul (4) 4 :810N

(2) ynsal uoisiaAuod /Y

XX (T) ynsai uoisIaAU0d QRX

Jdav

NSl UOISIBAUOD peay A

arels uonesado

3Pl

N }Nsal UoISIoAU0D peay »

(2) uoisianuod QZ/AT alpl

\/LV/ (T) UOISIAAUOD QE/AT alpl

(*Nv) T [suueyd

x18S 4

4sav
S1IeIS UOISISAU0D A/

x18S 4

_ avnal

x18S 4

(avyun

L
L

1dnuisiu]

Figure12.3 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) (Interrupts Used)

12.6  Application Notes

« 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 O.

« Changing the digital input signal at an adjacent pin during A/D conversion may adversely
affect conversion accuracy.
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Section 13 LCD Controller/Driver

13.1 Oveview

The H8/3834 Series has an on-chip segment-type LCD controller circuit, LCD driver, and power
supply circuit, for direct driving of an LCD panel.

13.1.1 Features
Features of the LCD controller/driver are as follows.

» Display capacity
External Segment

Duty Internal Driver Expansion Driver
On-chip driver only — 40 segments 0
Use with external segment Static 36 segments 476 segments
expansion driver

1/2 36 segments 220 segments

1/3 36 segments 92 segments

1/4 36 segments 92 segments

The HD66100 can be used for external expansion of the number of segments.

* LCD RAM capacity
8 hits x 64 bytes (512 hits)

* Word accessto LCD RAM

* Segment output pins can be switched to general-purpose ports in groups of 4

»  Unused common output pins can be used either for boosting common output (by parallel
connection) or as ports.

» Displaysin all operation modes except standby mode.

e Choiceof 11 frame frequencies

* Internal voltage divider for liquid crystal driver power supply
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13.1.2 Block Diagram

Figure 13.1 shows a block diagram of the LCD controller/driver.

I

@2 to /256 —»|

Byto @yls —=]

CcL,

oV,
oV,
¢ —O V3
-0 Vgs

LPCR

vy

Common [ COMy

— COM,

LCR

!

Internal data bus

Display timing generator

Segment

cL,

'

LCD RAM
64 bytes

Notation:

LPCR: LCD port control register
LCR: LCD control register

= SEG,/CL,
T~ SEG39/CL,
= SEG35/DO
= SEG3; /M
™ SEG36
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13.1.3  Pin Configuration

Table 13.1 shows the output pins assigned to the LCD controller/driver.

Table13.1 Pin Configuration

Name Abbrev. I/0 Function
LCD segment output SEG,,to  Output Liquid crystal segment driver pins. All pins can be
SEG, programmed also as ports.
LCD common output COM,to  Output Liquid crystal common driver pins. Parallel
COM, connection is possible at static and 1/2 duty.
External segment CL, Output  Display data latch clock; doubles as SEG,,
expansion signal CL, Output  Display data shift clock; doubles as SEG,,
M Output  LCD alternating signal; doubles as SEG,,
DO Output  Serial display data; doubles as SEG,;,
LCD power supply V., V,, V, Input For external connection to bypass capacitor or for

use of external power supply circuit

13.1.4 Register Configuration

Table 13.2 shows the register configuration of the LCD controller/driver.

Table13.2 Register Configuration

Name Abbrev. R/W Initial Value Address

LCD port control register LPCR R/W H'00 H'FFCO

LCD control register LCR R/W H'80 H'FFC1

LCD RAM — R/W Not fixed H'F740 to H'F77F*

Note: * Value after reset.
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13.2  Register Descriptions

13.21 LCD Port Control Register (LPCR)

The LCD port control register is an 8-bit read/write register, used for selecting the duty cycle and
the LCD driver and pin functions, etc. Upon reset, LPCR isinitialized to H'00.

Bits 7 to 5—Duty and Common Function Select (DT S1, DTS0, CM X): Bits7to 6 select a
driver duty of static, 1/2, 1/3, or /4. Bit 5 determines whether the common pins not used at a
given duty areto be used as ports or, in order to increase the common driving capacity, as multiple
pins outputting the same waveform.

Bit 7: Bit6: Bit5:
DTS1 DTSO CMX Duty Common Driver**  Other Uses

0 0 0 Static COM, (initial value) COM,, COM, and COM, usable as ports
1 COM, to COM, COM,, COM, and COM, output the same
waveform as COM,
0 1 0 1/2 duty COM, to COM, COM, and COM, usable as ports
1 COM, to COM, COM, outputs the same waveform as
COM,, and COM, the same waveform as
COoM,
1 0 0 1/3 duty COM, to COM, COM, usable as port
1 COM, to COM, COM, outputs a non-select waveform+?
1 1 0 1/4 duty COM, to COM, —
1

Notes: 1. Pins COM, to COM, become ports when bit SGX = 0 and bits SGS3 to SGS0 = 0000.
Otherwise the common drivers are as indicated in the table above.

2. A non-select waveform is always output at pin COM,, which therefore should not be
used.

Bit 4—Expansion Signal Select (SGX): Bit 4 selects whether pins SEG,/CL;, SEG,/CL ,,
SEG,/DO, and SEG,,/M are used as segment pins (SEG,, to SEG;,) or as external segment
expansion pins (CL,, CL,, DO, M).

Bit 4: SGX Description
0 Pins SEG,, to SEG,,* (initial value)
1 Pins CL,, CL,, DO, M

Note: * Selected as ports when bits SGS3 to SGS0 = 0000.

Bits 3to 0—Segment Driver Select (SGS3to SGS0): Bits 3 to 0 select the pinsto be used as
segment drivers.
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Functions of Pins SEG,, to SEG,,

Bit4: Bit3: Bit2: Bitl: Bit0: SEG,to SEG;;to SEG;,to SEG,to SEG,,to
SGX SGS3 SGS2 SGS1 SGSO0 SEG,, SEG,, SEG,, SEG,5 SEG,, Remarks
0 0 0 0 0 Port Port Port Port Port (initial value)
0 0 0 1 SEG SEG Port Port Port
0 0 1 0 SEG SEG SEG Port Port
0 0 1 1 SEG SEG SEG SEG Port
0 1 0 0 SEG SEG SEG SEG SEG
0 1 0 1 SEG SEG SEG SEG SEG
0 1 1 0 SEG SEG SEG SEG SEG
0 1 1 1 SEG SEG SEG SEG SEG
1 * * 0 SEG SEG SEG SEG SEG
1 * * 1 SEG SEG SEG SEG SEG
1 0 0 0 0 External  Port Port Port Port
segment
expansion
0 0 0 1 External SEG Port Port Port
segment
expansion
0 0 1 0 External SEG SEG Port Port
segment
expansion
0 0 1 1 External SEG SEG SEG Port
segment
expansion
0 1 0 0 External SEG SEG SEG SEG
segment
expansion
0 1 0 1 External SEG SEG SEG SEG
segment
expansion
0 1 1 0 External SEG SEG SEG SEG
segment
expansion
0 1 1 1 External SEG SEG SEG SEG
segment
expansion
1 * * 0 External SEG SEG SEG SEG
segment
expansion
1 * * 1 External SEG SEG SEG SEG
segment
expansion
Note: * Don'’t care
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Functions of Pins SEG,, to SEG,

Bit4: Bit3: Bit2: Bitl: Bit0: SEG, to SEG,;to SEG,,to SEGgto SEG,to
SGX SGS3 SGS2 SGS1 SGS0 SEG,, SEG,, SEG, SEG; SEG, Remarks

0 0 0 0 0 Port Port Port Port Port (initial value)
0 0 0 1 Port Port Port Port Port
0 0 1 0 Port Port Port Port Port
0 0 1 1 Port Port Port Port Port
0 1 0 0 Port Port Port Port Port
0 1 0 1 SEG Port Port Port Port
0 1 1 0 SEG SEG Port Port Port
0 1 1 1 SEG SEG SEG Port Port
1 * * 0 SEG SEG SEG SEG Port
1 * * 1 SEG SEG SEG SEG SEG
1 0 0 0 0 Port Port Port Port Port
0 0 0 1 Port Port Port Port Port
0 0 1 0 Port Port Port Port Port
0 0 1 1 Port Port Port Port Port
0 1 0 0 Port Port Port Port Port
0 1 0 1 SEG Port Port Port Port
0 1 1 0 SEG SEG Port Port Port
0 1 1 1 SEG SEG SEG Port Port
1 * * 0 SEG SEG SEG SEG Port
1 * * 1 SEG SEG SEG SEG SEG

Note: * Don'’t care

13.22 LCD Control Register (LCR)

Bit 7 6 5 4 3 2 1 0

| — | PSW | ACT | DISP | CKS3 | CKS2 | CKS1 | CKSO |
Initial value 1 0 0 0 0 0 0 0
Read/Write — RW RW RW RW RW RW  RW

The LCD control register is an 8-bit read/write register for on/off control of the resistive voltage
divider used asthe LCD driver power supply, for display data control, and for frame frequency
selection. Upon reset, LCR isinitialized to H'80.

Bit 7—Reserved Bit: Bit 7 isreserved; it isaways read as 1, and cannot be modified.
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Bit 6—Power Switch (PSW): Bit 6 switches the resistive voltage divider provided to power the
LCD driver on/off. In low-power modes when the LCD display is not used, or when an external
power supply isused for the LCD, the resistive voltage divider can be switched off. When bit
ACT =0, or in standby mode, the resistive voltage divider isin the off state regardless of the bit 6
Setting.

Bit 6: PSW Description
0 LCD power supply resistive voltage divider off (initial value)
1 LCD power supply resistive voltage divider on

Bit 5:—Display Active (ACT): Bit 5 selects whether the LCD controller/driver is used or not.
When thisbit is cleared to 0, the LCD controller/driver module halts operation, and the resistive
voltage divider provided for the LCD driver power supply goesto the off state regardless of the
PSW setting. However, register contents are retained.

Bit 5: ACT Description
0 LCD controller/driver operation stopped (initial value)
1 LCD controller/driver operational

Bit 4—Display Data Control (DI SP): Bit 4 selects whether the LCD RAM contents are
displayed or blank datais displayed regardiess of the LCD RAM contents. Thisbit isvalid also
when the HD66100 is used for external segment expansion.

Bit 4: DISP Description
0 Blank data displayed (initial value)
1 LCD RAM data displayed

Bits 3to O—Frame Frequency Select 3to 0 (CKS3to CKS0): Bits 3 to 0 select the clock used
by the LCD controller/driver, and the frame frequency. In subactive, watch, and subsleep modes
the system clock (¢) is stopped, so there will be no display in these modes if @2 to @256 is chosen
as the clock source. For display in these modes, clock @,/2 or @,/4 must be selected.
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Bit 3: Bit 2: Bit 1: Bit O: Frame Frequency*®

CKS3 CKS2 CKS1 CKSO0 Clock @=5MHz @=625 kHz**
0 * 0 0 @y 128 Hz** 128 Hz*2
0 * 0 1 @2 64 Hz 64 Hz

0 * 1 * Q4 32 Hz 32 Hz

1 0 0 0 @2 — 610 Hz

1 0 0 1 @4 — 305 Hz

1 0 1 0 @8 — 153 Hz

1 0 1 1 @16 610 Hz 76.3 Hz
1 1 0 0 @32 305 Hz 38.1 Hz
1 1 0 1 @64 153 Hz —

1 1 1 0 @128 76.3 Hz —

1 1 1 1 @256 38.1Hz —_

Notes: * Don't care
1. Frame frequency in active (medium-speed) mode when ¢=5 MHz
2. Only the upper 32 bytes of the display RAM are used.

3. When a duty cycle of 1/3 is chosen, the frame frequency will be 4/3 times the
frequencies shown in the above table.

13.3  Operation

13.3.1  SettingsPrior to LCD Display

Various decisions related to hardware and software must be made before using the LCD
controller/driver with an LCD display. The settings are described below.

Hardwar e Settings

e Useat 1/2 duty
To use at 1/2 duty, connect pinsV, and V as shown in figure 13.2.
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V2 j
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Vss

T

Figure13.2 LCD Driver Power Supply Processing at 1/2 Duty

Large-panel display

Because of the large impedance of the built-in resistive voltage divider, the H8/3834 Series
LCD controller/driver is not well suited to driving large-panel displays. If use of alarge panel
leads to an unclear display, refer to 13.3.5 Boosting the LCD Driver Power Supply. At static
and 1/2 duty it is possible to boost the common output driving capacity. Set bit CMX to 1
when selecting the duty cycle. In this mode, at static duty pins COM, to COM, output the same
waveform, while at 1/2 duty pins COM, and COM, output the COM; waveform and pins
COM, and COM, output the COM, waveform.

Segment expansion

The HD66100 can be connected externally to expand the number of segments. See 13.3.3,
Connection to HD66100.

Softwar e Settings

Duty cycle selection

The duty cycleis selected in bits DTS1 and DTSO0, with a choice of static, 1/2, 1/3, or 1/4 duty.
Segment driver selection

The segment drivers to be used are selected in bits SGS3 to SGSO.

Frame frequency selection

The frame frequency is selected in bits CKS3 to CK S0. The frame frequency should be
selected depending on the specification of the LCD panel to be used. Refer to 13.3.4,
Operation in Power-Down Modes, for information on clock selection in watch mode, subactive
mode, and subsleep mode.
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13.3.2 Reation of LCD RAM to Display

Thereation of the LCD RAM to segments depends on the duty cycle. LCD RAM memory maps
for each duty cycle when segments are not expanded externally are shown in figures 13.3 to 13.6.
When segments are expanded externally, the LCD RAM memory maps for each duty cycle are as
shown in figures 13.7 to 13.10. It is also possible to use only external segments and not use the

segment pins on this chip, in which case the LCD RAM memory map is as shown in figure 13.11.

After setting the registers that control the LCD display, write datato the area corresponding to the
duty cycle selected, using the same instructions as for the ordinary RAM. If the display is switched
on, the data will be displayed automatically. Both word and byte access instructions can be used
for writing to the LCD RAM.

13.3.3 Connection to HD66100

To expand the number of segments externally, connect the H8/3834 Series to the HD66100
segment chip. The HD66100 chip provides an additional 80 segments. When external segments
are used, set bit SGX in LPCR for use of pins SEG,, to SEG;; as external segment expansion
signal pins. Datawill be output starting from LCD RAM pin SEG,,. When bits SGS3 to SGS0 in
LPCR are set to 0000, datawill be output starting from LCD RAM pin SEG,.

Figure 13.12 shows typical connections to the HD66100. The output level is determined by the
combination of data pins and pin M; but that combination differs between the H8/3834 Series and
the HD66100. Table 13.3 shows the output level of the LCD driver power supply.

Figure 13.13 shows the common and segment waveforms at each duty.

If bit ACT =0, thenif CL,=0, CL, =0and M =0, DO stops with the data output at that moment
(1 or 0). In standby mode the expansion pins are in the high-impedance (floating) state.

External expansion increases the load on the LCD panel, as aresult of which the internal power
supply may not have sufficient capacity. In that case refer to 13.3.5, Boosting the LCD Driver
Power Supply.
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Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

HF740* | SEG, | SEG, | SEG, | SEG, | SEG; | SEG; | SEG; | SEG,

Internal driver
display area

L

HF753* | SEGyo | SEGao | SEGao | SEGao | SEGag| SEGag | SEGag | SEGas

J

Area not used
for display

HF77F*

coOM, COM3 COM, COM; COM; COM3; COM, COM;

Note: * Values immediately after reset.

Figure13.3 LCD RAM Map: No External Segment Expansion (1/4 Duty)

Bit 7 Bit6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

H'F740* SEG, | SEG, | SEG, SEG, | SEG; | SEG;

Internal driver
display area

HF753* SEGyo | SEG4o SEGgg | SEGgg

Area not used
for display

HF77F*

COM; COM, COM; COM; COM, COM;

Note: * Values immediately after reset.

Figure13.4 LCD RAM Map: No External Segment Expansion (1/3 Duty)
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Bit 3 Bit 2 Bit 1 Bit 0

Bit6 Bit5 Bit4
SEG, | SEG, | SEG;

SEG; | SEG; | SEG,

Bit 7

HF740* | SEG, | SEG,
Internal driver

display area

SEGg | SEGss | SEGy; | SEG

SEGyq| SEGag | SEGag

HF749* | SEG4

Area not used
for display

HF77F*

COM, COM,; COM, COM; COM, COM,; COM, COM,

Note: * Values immediately after reset.

LCD RAM Map: No External Segment Expansion (1/2 Duty)

Figure 13.5

Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

SEGs | SEG, | SEG, Internal driver
display area

Bit7 Bit6  Bit5
SEGg | SEGs | SEG,

HF740* | SEGs | SEG,
SEGgg | SEGa; | SEGg| SEGas | SEGa, | SEGs;

HF744* | SEG,q | SEGy

Area not used
for display

H'F77F*

COM; COM,

COM; COM; COM;

COM; COM; COM;

Note: * Values immediately after reset.

Figure13.6 LCD RAM Map: No External Segment Expansion (Static Duty)
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Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

H'F740* SEG, | SEG, | SEG, | SEG, | SEG: | SEG: | SEG:1 | SEG;

Internal driver
display area

HF751* | SEG3s | SEG 36 | SEG 36 | SEG3s | SEGss | SEG3s | SEG3s | SEG3s

SEGas | SEGas | SEGag | SEG3s | SEG37 | SEG37 | SEG37 | SEGs7 External driver
H'F75F* | SEGes | SEGes | SEGes | SEGes | SEGes | SEGes | SEGes | SEGes ?varf’éiycaées%: CKSL = CKS0 = 0)

External driver
display area

HF77F* SEG128 | SEG128| SEG128| SEG128| SEG127| SEG127| SEG127| SEG127

NN

coM; COM3; COM, COM; COM4; COM3 COM; COM;

Note: * Values immediately after reset.

Figure13.7 LCD RAM Map: External Segment Expansion (1/4 Duty)

Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

H'F740* SEG, | SEG, | SEG, SEG; | SEG; | SEG;
Internal driver
display area

H'F751* SEGg36 | SEG3s | SEG36 SEG3s5 | SEG3s | SEG35

SEG3g | SEG3g | SEG3g SEG37 | SEG3;7 | SEG3y External driver
, * display area
H'F75F SEGes | SEGgs | SEGey SEGe3 | SEGes | SEGe3 (when CKS3 = CKS1 = CKSO0 = 0)
External driver
display area
HF77F* SEG18| SEG128| SEG128 SEG;57| SEG17| SEG1,7
COM3 COM, COM; COM; COM, COM;

Note: * Values immediately after reset.

Figure 13.8 LCD RAM Map: External Segment Expansion (1/3 Duty)
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Bit 7 Bit 6 Bit5 Bit4 Bit 3 Bit 2 Bit 1 Bit 0
H'F740* | SEG, | SEG, | SEG; | SEG; | SEG; | SEG, | SEG; | SEG; Internal driver
HF748° | SEGsg | SEGsg | SEGas | SEGas | SEGas | SEGas | SEGss | SEGss | | GiSPiay area
SEGyo | SEG4o | SEG3g | SEGze | SEG3g | SEGgs | SEG37 | SEG3; W
External driver
display area
(when CKS3 = CKS1 = CKS0 = 0)
H'F75F* | SEG1g| SEG128| SEG127 | SEG127 | SEG126 | SEG126| SEG125| SEG15
External driver
display area
H'F77F* SEG256 SEste SEsts SEG255 SEG254 SE6254 SEG253 SEG253
COM, COM; COM, COM; COM, COM; COM, COM;

Note: * Values immediately after reset.

Figure13.9 LCD RAM Map: External Segment Expansion (1/2 Duty)

Bit 7 Bit 6 Bit5 Bit4 Bit 3 Bit 2 Bit1 Bit0
HF740* | SEGg | SEG; | SEGg | SEGs | SEG, | SEG3 | SEG, | SEG, Internal driver
SEGyq | SEG3g| SEGag| SEGs; | SEGss| SEGas| SEGs, | SEGas display area
H'F744*
External driver
display area
(when CKS3 = CKS1 = CKSO0 = 0)
H'F75F* | SEG 55| SEG 255| SEG 254| SEG 53| SEG 252| SEG 251| SEG250| SEG 249
External driver
display area
H'F77F* SEG512 SEG511 SEG510 SEG509 SEG503 SEG507 SEG5()6 SEG505
cCOM; COM; COM; COM; COM; COM; COM; COM;

Note: * Values immediately after reset.

Figure13.10 LCD RAM Map: External Segment Expansion (Static Duty)
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Bit 7 Bit 6 Bit5 Bit4 Bit3 Bit 2 Bit1 Bit0

H'F740* | SEG, | SEG, | SEG, | SEG, | SEG, | SEG; | SEG; | SEG,

External driver
display area
(when CKS3 = CKS1 = CKSO0 = 0)

HF75F* | SEG SEG SEG SEG SEG SEG SEG SEG
64 64 64 64 63 63 63 63 External driver

display area

HF77F* | SEG1s8| SEGi2g | SEG128| SEG128| SEG127 | SEG127| SEG 17| SEG1p7

N

COM, COM; COM, COM; COM, COM; COM, COM;

Note: * Values immediately after reset.

Figure13.11 LCD RAM Map When All External Segmentsare Used
(Example: SGX =1, SGS3to SGS0 = 0000, 1/4 Duty)
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1/3 bias; 1/4 duty or 1/3 duty

Vee Vce
Vl Vl
VZ V4
V3 J_ V3
ITT b
H8/3834 Vss GND  HD66100
i
SHL
SEG 40 /CL]_ CL]_
SEG34/CL, CL
SEG 33/DO DI
SEG37 /M M
1/2 duty
Vee Vce
Vl Vl
V2 L V4
i =t
V2
H8/3834 Vss il GND  HD66100
e
SHL
SEG 40 /CL]_ CI-l
SEG39/CL, CL;
SEG 35/DO DI
SEG3; /M M
Static
Vee Vee
Vl V]_
V2 L V4
V3 p— V3
ot
H8/3834 Vss GND  HD66100
e
SHL
SEG 40 /CLl CL]_
SEG 39 /CL2 CL2
SEG35/DO DI
SEGg, /M M
Figure13.12 Connection to HD66100
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1 frame

Data

com;

COM, __

coMs _J

comM, L[ [ [ T~ ]

1 frame

Figure 13.13 (b) Waveformsat 1/3 Duty

HITACHI

327




1 frame

v,
- V2, V3
- Vss
- v
- V2,V3

Figure13.13 (c) Waveformsat 1/2 Duty

1 frame

VA

Vss

" V]_

Vss

Figure13.13 (d) Waveformsat Static Duty
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Table13.3 Output Levels

Data 0 0 1 1
M 0 1 0 1
Static Common output V, Vg \'A Vs
Segment output V, Vs Vs \'A
1/2 duty Common output V,, V, V,, V, V, Vs
Segment output V, Vs Vg V,
1/3 duty Common output V, \'A V, Vs
Segment output V, V, Vgs V,
1/4 duty Common output V, V, \'A Vs
Segment output V V \% \%

N
w
@
h

13.34  Operation in Power-Down Modes

The LCD controller/driver can be operated in the low-power modes, as shown in table 13.4.

In the subactive, watch, and subsleep modes, the system clock pulse generator stops running, so no
clock signal will be supplied and the display will be stopped, unless @, or @,/2 was selected when
setting bits CKS3 to CKS0 in LCR. Since this may result in a direct current being applied to the
LCD panel, be sure to select @, or @,/2 asthe clock if these modes are used. In active (medium-
speed) mode the system clock is changed, making it necessary to adjust the frame frequency
setting (in bits CKS3 to CKS0) to avoid a change in frame frequency.

Table13.4 LCD Controller/Driver Operation in Power-Down M odes

Mode Reset Active  Sleep Watch  Subactive Subsleep Standby
Clock (1) Running Running Running Stopped Stopped Stopped Stopped
@y Running Running Running Running Running Running Stopped*"
Display ACT =0 Stopped Stopped Stopped Stopped Stopped Stopped Stopped**
ACT =1 Stopped On On on*? on+? on+*? Stopped**

Notes: 1. The subclock pulse generator does not stop, but clock supply is stopped.
2. The LCD driver power supply resistive voltage divider is off regardless of bit PSW.
3. The display will not function unless @, or @,/2 is selected as the clock.

329
HITACHI



13.35 Boosting the LCD Driver Power Supply

When alarge LCD panel isdriven, or if segments are expanded externally, the built-in power
supply capacity may be insufficient, making it necessary to lower the power supply impedance.
One method, shown in figure 13.12, is to connect a bypass capacitor of around 0.1 pF to 0.3 pF to
pinsV,, V,, and V. Another approach, shown in figure 13.14 below, isto connect aresistive
voltage divider externaly.

@)
V,
cc R
Vi
R% R = several kQ
H8/3834 V,
R
Vs C=0.1pyFto 0.3 pF
Vss R l l T
TIT TIT

Figure13.14 Connecting an External Resistive Voltage Divider
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Section 14 Electrical Characteristics

141  H8/3832S, H8/3833S, H8/3834S, H8/3835S, H8/3836S and H8/3837S
Absolute Maximum Ratings (Standar d Specifications)

Table 14.1 lists the absolute maximum ratings.

Table14.1 Absolute Maximum Ratings

Item Symbol Value Unit
Power supply voltage Ve -0.3t0 +7.0 \%
Analog power supply voltage AV . -0.3to +7.0 Y,
Input voltage Ports other than ports B and C Vi, —-0.3to V. +0.3 \Y
Ports Band C AV, —-0.3t0 AV, +0.3 \Y
Operating temperature Topr —-20to +75 °C
Storage temperature Tag -55to +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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14.2 H8/3832S, H8/3833S and H8/3834S Electrical Characteristics
(Standard Specifications)
14.21  Power Supply Voltage and Operating Range

The power supply voltage and operating range of the H8/3832S, H8/3833S and H8/3834S are
indicated by the shaded region in the figures below.

1. Power supply voltage vs. oscillator frequency range of H8/3832S, H8/3833S and H8/3834S

100~
R 32.768 ----- I : !
N — | I I
I N
= <
“g 50—---- =
2.0 777777 I I
| | | | | |
25 4.0 5.5 25 4.0 5.5
Vee (V) Vee (V)
« Active mode (high speed) * All operating modes
 Sleep mode
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2. Power supply voltage vs. clock frequency range of H8/3832S, H8/3833S and H8/3834S

5.0
16.384 | ----- ; : ]
= N | | |
T < ! ! !
S 25---- 4 } } :
s & 8192~} ]
4.096 —---- |
05+---- | i | | | |
25 4.0 55 25 4.0 55
Vee (V) Vee (V)
« Active mode (high speed) « Subactive mode
« Sleep mode (except CPU) « Subsleep mode (except CPU)
« Watch mode (except CPU)
625.0 [~
5000 ‘
~ | |
I ! |
e~ | !
S 3125+ ! !
2.5 4.0 5.5
Vee (V)

» Active mode (medium speed)

3. Analog power supply voltage vs. A/D converter operating range of H8/3832S, H8/3833S and
H8/3834S

50— 6250
5000 oo ‘ !
N ~ | ;
T T ! I
= x | |
S 2°r S 31251 ! !
05 o | ‘ 625 | |
25 4.0 55 25 4.0 55
AVce (V) AVce (V)
« Active (high speed) mode * Active (medium speed) mode
« Sleep mode
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14.2.2 DC Characteristics
Table 14.2 lists the DC characteristics of the H8/3832S, H8/3833S and H8/3834S.
Table14.2 DC Characteristics of H8/3832S, H8/3833S and H8/3834S

Vee=25V1055V,AV =25V 1055V, Ve =AV =0.0V, T,=-20°C to +75°C, including
subactive mode, unless otherwise indicated.

Item Symbol Applicable Pins Min Typ Max Unit Test Condition Note
Input high VvV, RES, MDO, 08V — Vec 03V Vee=4.0Vito55V
voltage WKP, to WKP,,
IRQ, to IRQ,,
TMIB, TMIC, TMIF
CS, TMIG, 09V —  Ve+03
SCK,, SCK,,
SCK,, ADTRG
uDb, Sl,, SI,,RXD 0.7V, — Vec+03 V Vec=4.0Vto55V
08V — Vee +0.3
0SsC, Vee—05 — Vec 03  V Vec=4.0Vto55V
Vee—03 — Vee +0.3
P1,to P1, 0.7V, — Vec+03  V Vec=4.0Vto55V
P2, to P2,
P3, to P3,
P4, to P4,
P5, to P5,
P6, to P6, 08V — Vec +0.3
P7,to P7,
P8, to P8,
P9, to P9,
PA, to PA,
PB, to PB, 0.7Vee — AV +03 V Vec=4.0Vto55V
PCoto PCs 08V, — AV +03
Inputlow V. RES, MDO, -0.3 — 0.2V \ Vec=4.0Vto55V
voltage WKP, to WKP,,
IRQ, to IRQ,,
TMIB, TMIC, TMIF,
CS, TMIG, -0.3 — 0.1V
SCK,, SCK,,
SCK,, ADTRG
ub, sl,, SI,, RXD  -0.3 — 0.3 Ve \Y Vee=4.0Vto55V
-0.3 — 0.2V
0OSsC, -0.3 — 0.5 \Y Vee=4.0Vto55V
-0.3 — 0.3

Note: Connect pin TEST to V.
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Table14.2 DC Characteristics of H8/3832S, H8/3833S and H8/3834S (cont)

Vee=25V1055V,AV, =25V 1055V, Ve =AVg =0.0V, T,=-20°C to +75°C, including
subactive mode, unless otherwise indicated.

Item Symbol Applicable Pins Min Typ Max Unit Test Condition Note
Inputlow V. P1,to P1, -0.3 — 0.3V \Y Vec=40Vt055V
voltage P2,to P2,
P3,to P3,
P4, to P4,
P5, to P5,
P6, to P6,
P7,to P7, -0.3 — 0.2V
P8, to P8,
P9, to P9,
PA, to PA,
PB, to PB,
PC, to PC,
Output Vou P1,to P1, Vee—1.0 — — \ Vec=4.0V1to55V
high P2,to P2, —loy = 1.0 MA
voltage P3, to P3,
P4, to P4, Vee— 05 — — Vec=4.0V1to55V
P5, to P5, —loy = 0.5 mA
P6, to P6,
P7,to P7, Vee—05 — — —loy = 0.1 mA
P8, to P8,
P9, to P9,
PA, to PA,
Output Voo P1,to P1, — — 0.6 \ Vec=40V1to55V
low voltage P4, to P4, lop =1.6 MA
— — 0.5 lop = 0.4 mA
P5, to P5, — — 0.5 lo =0.4 mA
P6, to P6,
P7,to P7,
P8, to P8,
P9, to P9,
PA, to PA,
P2, to P2, — — 15 Vec=4.0V1to55V
P3, to P3, lop =10 mA
— — 0.6 Vec=40V1to55V
lop =1.6 MA
— — 0.5 lop = 0.4 mA
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Table14.2 DC Characteristics of H8/3832S, H8/3833S and H8/3834S (cont)

Ve =25V 1055V, AV =25V 1055V, Vs =AV=0.0V, T, =-20°C to +75°C, including
subactive mode, unless otherwise indicated.

Item Symbol Applicable Pins Min Typ Max Unit Test Condition Note
Input [ RES — — 1.0 MA  V,=05Vto
leakage 0SC,, MDO Vec— 05V
current P1,to P1,
P2, to P2,
P3, to P3,
P4, to P4,
P5, to P5,
P6, to P6,
P7,to P7,
P8, to P8,
P9, to P9,
PA, to PA,
PB, to PB, — — 1.0 Viy=05Vto
PC, to PC, AV, -05V
Pull-up —lp P1,to P1, 50.0 — 300.0 MA V=5V,
MOS P3, to P3, Vin=0V
current PS5, to P5, — 350 — PA V=27V, Reference
P6, to P6, Vin=0V value
Input Cn All input pins — — 15.0 pF f=1 MHz,
capaci- except power Vy=0V
tance supply T,=25°C
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Table14.2 DC Characteristics of H8/3832S, H8/3833S and H8/3834S (cont)

Vee=25V1055V,AV, =25V 1055V, Ve =AVg =0.0V, T,=-20°C to +75°C, including
subactive mode, unless otherwise indicated.

Applicable
Item Symbol Pins Min  Typ Max Unit Test Condition Note
Active mode lope1 Vee — 9.0 13.0 mA Active mode (high speed), 1,2
current Vee =5V, fy. =10 MHz
dissipation lopes Vee — 1.7 30 mA Active mode (medium speed), 1,2
Ve =5V, f,, = 10 MHz
Sleep mode Isi eep Vee — 40 70 mA V. =5V,f,=10MHz 1,2
current
dissipation
Subactive mode Ig g Vee — 30.0 65.0 pA V., =2.7V,LCDon, 1,2
current 32-kHz crystal oscillator
dissipation (@5 = @n/2)
— 220 — MA V=27V, LCDon, Reference
32-kHz crystal oscillator value
(@syg = Qw/8) 1,2
Subsleep mode  Iggsp Vee — 20.0 450 pA  V=27V,LCDon, 32-kHz 1,2
current crystal oscillator (@ s = @w/2)
dissipation
Watch mode lwaTch Vee — — 55 PA V=27V, LCD notused, 1,2
current 32-kHz crystal oscillator
dissipation
Standby mode  lgrgy Vee — — 5.0 MA  32-kHz crystal oscillator not 1, 2
current used
dissipation
RAM data Vaan Vee 20 — — V 1,2

retaining voltage

Notes: 1. Pin states during current measurement

Other LCD Power

Mode Internal State Pins Supply Oscillator Pins
Active mode (high  Operates Ve  Open System clock oscillator: Crystal
and medium speed) Subclock oscillator: Pin X; = V¢
Sleep mode Only timer operates V..  Open
Subactive mode Operates Ve  Open System clock oscillator: Crystal
Subsleep mode Only timer operates, V.. Open Subclock oscillator: Crystal
CPU stops
Watch mode Only time-base clock V..  Open
operates, CPU stops
Standby mode CPUandtimersall V.. Open System clock oscillator: Crystal

stop

Subclock oscillator: Pin X; = V¢

2. Excludes current in pull-up MOS transistors and output buffers.
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Table14.2 DC Characteristics of H8/3832S, H8/3833S and H8/3834S (cont)

Ve =25V 1055V, AV =25V 1055V, Vs =AV=0.0V, T, =-20°C to +75°C, including
subactive mode, unless otherwise indicated.

Item Symbol Applicable Pins Min  Typ Max Unit Test Condition
Allowable output low g, Output pins exceptin  — — 2.0 mA  V,=40Vto55V
current (per pin) ports 2 and 3
Ports 2 and 3 — — 10.0 Vec=4.0Vto55V
All output pins — — 0.5
Allowable output low Xl Output pins exceptin  — — 400 mMA V, =40Vto55V
current (total) ports 2 and 3
Ports 2 and 3 — — 80.0 Vec=4.0V1Io55V
All output pins — — 20.0
Allowable output high -l All output pins — — 2.0 mA V., =40Vto55V
current (per pin)
— — 0.2
Allowable output high =, All output pins — — 150 mA V. =40Vto55V
current (total)
— — 10.0
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14.2.3 AC Characteristics

Table 14.3 lists the control signal timing, and tables 14.4 and 14.5 list the serial interface timing of
the H8/3832S, H8/3833S and H8/3834S.

Table 14.3 Control Signal Timing of H8/3832S, H8/3833S and H8/3834S

V=25V 1055V, AV, =25V 1t055V,Vs=AV=0.0V, T,=-20°Cto +75°C, including
subactive mode, unless otherwise specified.

Applicable Reference
Item Symbol Pins Min  Typ Max  Unit Test Condition Figure
System clock fosc 0sC,,0S8C, 20 — 10.0 MHz V., =40Vto55V
oscillation frequency 20 — 5.0
OSC clock (¢hsc) tosc 0ScC,, OSC, 100.0 — 1000.0 ns Vec=4.0Vto55V 1
cycle time 2000 —  1000.0 Figure 14.1
System clock (¢) toye 2 — 16 tosc 1
cycle time . 2000.0 ns
Subclock oscillation fw X, X, — 32.768 — kHz
frequency
Watch clock (@,) cycle t,, X, X, — 305 — ps
time
Subclock (@se) cycle  typeyc 2 — 8 tw 2
time
Instruction cycle time 2 — — teye
Lubeye
Oscillation stabilization t. 0sC,0sC, — — 400 ms V. =40Vto55V
time (crystal oscillator) . 60.0 Vee=27V1055V
- - 100.0
Oscillation stabilization t. X, X, - = 2 s
time
External clock high tepn 0SC, 40.0 — — ns Voc=4.0V1t055V Figure 14.1
width 80.0 — _
External clock low tepL 0SC, 40.0 — — ns Voc=4.0Vt055V Figure 14.1
width 80.0 — _
External clock rise time t.p, - - 150 ns Voc=4.0Vt055V Figure 14.1
— — 20.0
External clock fall time  t.p - - 150 ns Voc=4.0Vt055V Figure 14.1
— — 20.0

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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Table14.3 Control Signal Timing of H8/3832S, H8/3833S and H8/3834S (cont)

Ve =25V 1055V, AV =25V 1055V, Vs =AV=0.0V, T, =-20°C to +75°C, including
subactive mode, unless otherwise specified.

Applicable Reference
Item Symbol Pins Min  Typ Max Unit Test Condition Figure
Pin RES low width treL RES 10 — — toye Figure 14.2
Input pin high width ty IRQ,to IRQ, 2 — — toye Figure 14.3
WKP, to WKP, tupeye
ADTRG
TMIB, TMIC
TMIF, TMIG
Input pin low width t, IRQ,t0IRQ, 2 — — te Figure 14.3
WKP, to WKP, tupeye
ADTRG
TMIB, TMIC
TMIF, TMIG
Pin UD minimum tuon ub 4 — — toye Figure 14.4
modulation width tuoL teuboye
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Table14.4 Serial Interface (SCI1, SCI2) Timing of H8/3832S, H8/3833S and H8/3834S

Vee=25V 1055V, AV =25V 1055V, V= AV = 0.0V, T, = —20°C to +75°C, unless

otherwise specified.

Applicable Reference

Iltem Symbol Pins Min  Typ Max Unit Test Condition Figure

Input serial clock cycle tg, SCK,, SCK, 2 — — toye Figure 14.5

time

Input serial clock tsckn SCK,, SCK, 04 — — toeye Figure 14.5

high width

Input serial clock tscrL SCK,, SCK, 04 — — toeye Figure 14.5

low width

Input serial clock rise  tgey, SCK,, SCK, — — 60.0 ns Ve =4.0V1to 55V Figure 14.5

time _ 80.0

Input serial clock fall  tgey SCK,, SCK, — — 60.0 ns Ve =4.0V1to 55V Figure 14.5

time _ 80.0

Serial output data tsob SO,, SO, - = 200.0 ns Ve =4.0V1to 55V Figure 14.5

delay time _ 350.0

Serial input data tsis Sl,, Sl, 200.0 — — ns Ve =4.0V1to 55V Figure 14.5

setup time 400.0 — _

Serial input data tsim Sl,, Sl, 200.0 — — ns Ve =4.0V1to 55V Figure 14.5

hold time 400.0 — _

CS setup time tess CS 2 — — oty Figure 14.6

CS hold time tesn [ 2 — — oty Figure 14.6
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Table14.5 Serial Interface (SCI3) Timing of H8/3832S, H8/3833S and H8/3834S

Vee=25V 1055V, AV =25V 1055V, V= AV = 0.0V, T, =-20°C to +75°C, unless

otherwise specified.

Reference

Item Symbol Min  Typ Max Unit Test Condition Figure
Input clock cycle  Asynchronous teye 4 — — toye Figure 14.7

Synchronous 6 — —
Input clock pulse width tsckw 04 — 0.6ty Figure 14.7
Transmit data delay time trxo — — 1 tye Vec=4.0V1055V Figure 14.8
(synchronous mode) _ _ 1
Receive data setup time trxs 200.0 — — ns Vec=4.0V1to 55V Figure 14.8
(synchronous mode) 400.0 — _
Receive data hold time trxn 200.0 — — ns Vec=4.0V1to 55V Figure 14.8
(synchronous mode) 400.0 — _
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14.2.4 A/D Converter Characteristics

Table 14.6 shows the A/D converter characteristics of the H8/3832S, H8/3833S and H8/3834S.

Table14.6 A/D Converter Characteristics of H8/3832S, H8/3833S and H8/3834S

V=25V 1t055V,Vi=AV =00V, T,=-20°Cto+75°C, unless otherwise specified.

Applicable
Item Symbol Pins Min Typ Max Unit Test Condition Note
Analog power AV AV 25 — 5.5 \ 1
supply voltage
Analog input AV AN,to AN, -03 — AV, +03 V
voltage
Analog power  Algpe AV — — 15 mA  AV,=50V
supply current 5 Av . — 1500 — HA 2
Reference
value
Algrop,  AVcc - - 5.0 HA 3

Analog input Can AN, to AN;; — — 30.0 pF
capacitance
Allowable Ran — — 10.0 kQ
signal source
impedance
Resolution — — 8 bit
(data length)
Non-linearity — — +2.0 LSB V,c=27Vto55V
error AV =27V1055V

— — +3.0 LSB
Quantization — — +0.5 LSB
error
Absolute — — +2.5 LSB V., =27Vto55V
accuracy AV =27Vt055V

— — +3.5 LSB
Conversion 124 — 124 us AV, c=45Vto55V
time 248 — 124 ps
Notes: 1. Set AV.. = V.. When the A/D converter is not used.

2. Algop, is the current in active and sleep modes while the A/D converter is idle.

3. Algop, is the current at reset and in standby, watch, subactive, and subsleep modes

while the A/D converter is idle.
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14.25 LCD Characteristics

Table 14.7 lists the LCD characteristics, and table 14.8 lists the AC characteristics for externa
segment expansion of the H8/3832S, H8/3833S and H8/3834S.

Table14.7 LCD Characteristics of H8/3832S, H8/3833S and H8/3834S

Vee=25V 1055V, AV, =25V 1055V, Vs=AV=0.0V, T,=-20°Cto +75°C, including
subactive mode, unless otherwise specified.

Applicable
Item Symbol Pins Min  Typ Max Unit Test Condition Note
Segment driver Vps SEG, to — — 06 V lpb =2 pA 1
voltage drop SEG,,
Common driver Voc COM, to — — 03 V Ib =2 pA 1
voltage drop COoM,
LCD power supply Rico 100.0 300.0 600.0 kQ  Between V, and
voltage divider Vss
resistance
LCD power supply Vico \A 27 — Vee V 2
voltage

Notes: 1. These are the voltage drops between the voltage supply pins V,, V,, V,, and V¢, and
the segment pins or common pins.

2. WhenV ; is supplied from an external source, the following relation must hold:
Ve 2V, 2V, 2V, 2V

Table14.8 AC Characteristicsfor External Segment Expansion of H8/3832S, H8/3833S
and H8/3834S

V=25V 1055V, AV, =25V 1t055V,Vs=AV=0.0V, T,=-20°Cto +75°C, including
subactive mode, unless otherwise specified.

Applicable Reference
Item Symbol Pins Min Typ Max Unit Test Condition Figure
Clock high width tewn CL, CL, 800.0 — — ns * Figure 14.9
Clock low width towt CL, 800.0 — — ns * Figure 14.9
Clock setup time tesu CL, CL, 500.0 — — ns * Figure 14.9
Data setup time tsy DO 300.0 — — ns * Figure 14.9
Data hold time ton DO 300.0 — — ns * Figure 14.9
M delay time tom M -1000 — 1000.0 ns Figure 14.9
Clock rise and fall ter CL, CL, — — 100.0 ns Figure 14.9

times

Note: * Value when the frame frequency is set to between 30.5 Hz and 488 Hz.
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143 HB8/3835S, H8/3836S and H8/3837S Electrical Characteristics
(Standard Specifications)
1431 Power Supply Voltage and Operating Range

The power supply voltage and operating range of the H8/3835S, H8/3836S and H8/3837S are
indicated by the shaded region in the figures bel ow.

1. Power supply voltage vs. oscillator frequency range of H8/3835S, H8/3836S and H8/3837S

100"
R 32.768 ----- I : !
N — | I I
I N
= <
g 50 —---- =
2.0 777777 I I
| | i ‘ ‘ ‘
25 4.0 5.5 25 4.0 5.5
Vee V) Vee V)
 Active mode (high speeds) « All operating modes
« Sleep mode
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2. Power supply voltage vs. clock frequency range of H8/3835S, H8/3836S and H8/3837S

@ (MHz)

@ (kHz)

50
25—----
o ; |
25 4.0 5.5
Vee (V)
« Active mode (high speed)
« Sleep mode (except CPU)
625.0 -~
5000 - ‘
3125 1 ;
25) ; |
25 4.0 5.5
Vee (V)

» Active mode (medium speed)

16.384

8.192
4.096

¢ Subactive mode

4.0

55
Vee (V)

» Subsleep mode (except CPU)

» Watch mode (except

CPU)

3. Anaog power supply voltage vs. A/D converter operating range of H8/3835S, H8/3836S and
H8/3837S

50— 6250
5000 ‘ !
~ < | ‘
s L z ‘ :
s 2%° S 3125 : ;
el o \ \ 6251 | i ;
25 4.0 5.5 25 4.0 55
AVce (V) AVee (V)
« Active (high speed) mode * Active (medium speed) mode
* Sleep mode
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14.3.2 DC Characteristics

Table 14.9 lists the DC characteristics of the H8/3835S, H8/3836S and H8/3837S.

Table14.9 DC Characteristics of H8/3835S, H8/3836S and H8/3837S

Vee=25V1055V,AV =25V 1055V, Ve =AVg =0.0V, T,=-20°C to +75°C, including
subactive mode, unless otherwise indicated.

Item Symbol Applicable Pins Min Typ Max Unit Test Condition Note
Input high  V, RES, MDO, 08V, — Vec+03  V Vec=40V1to55V
voltage WKP, to WKP,,
IRQ, to IRQ,,
TMIB, TMIC, TMIF
CS, T™MIG, 09Vee — Vg +03
SCK,, SCK,,
SCK,, ADTRG
uDb, Sl;, SI,,RXD 0.7V — Vec+03  V Vec=40V1to55V
08V, — Ve + 0.3
0SsC, Vec— 05 — Vec+03  V Vec=40V1to55V
Vec— 03 — Ve +0.3
P1,to P1, 0.7Vee — Vec+03  V Vec=40V1to55V
P2,to P2,
P3,to P3,
P4, to P4,
P5, to P5,
P6, to P6, 0.8Ve — Vee +0.3
P7,to P7,
P8, to P8,
P9, to P9,
PA, to PA,
PB, to PB, 0.7 V¢ AV +0.3 V Vec=4.0V1to55V
PCo 0 PCs 08Vee — AV +0.3
Inputlow V. RES, MDO, -0.3 — 0.2 Ve \ Vec=4.0V1to55V
voltage WKP, to WKP,,
IRQ, to IRQ,,
TMIB, TMIC, TMIF,
CS, TMIG, -0.3 — 0.1V,
SCK,, SCK,,
SCK;, ADTRG
ub, SlI;, SI,,RXD -0.3 — 0.3V \Y Vee=4.0Vto55V
-0.3 — 0.2 Ve
0SsC, -0.3 — 0.5 \Y Vee=4.0Vto55V
-0.3 — 0.3

Note: Connect pin TEST to V.
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Table14.9 DC Characteristics of H8/3835S, H8/3836S and H8/3837S (cont)

Ve =25V 1055V, AV =25V 1055V, Vs =AV=0.0V, T, =-20°C to +75°C, including
subactive mode, unless otherwise indicated.

Item Symbol Applicable Pins Min Typ Max Unit Test Condition Note
Inputlow V. P1,to P1, -0.3 — 0.3V \Y Vec=40Vto55V
voltage P2, to P2,
P3, to P3,
P4, to P4,
P5, to P5,
P6, to P6,
P7,to P7, -0.3 — 0.2V
P8, to P8,
P9, to P9,
PA, to PA,
PB, to PB,
PC, to PC,
Output Vou P1,to P1, Vee—10 — — v Ve =4.0Vto55V
high P2, to P2, —loy = 1.0 MA
voltage P3, to P3,
P4, to P4, Vee-05 — — Ve =4.0Vt055V
P5, to P5, —lgy = 0.5 mA
P6, to P6,
P7,to P7, Vee—05 —  — —loy = 0.1 mA
P8, to P8,
P9, to P9,
PA, to PA,
Output low Vg, P1,to P1, — — 0.6 \Y Vec=4.0V1to55V
voltage P4,to P4, lo. = 1.6 MA
— — 05 lo. = 0.4 mA
P5, to P5, — — 05 lo. = 0.4 MA
P6, to P6,
P7,to P7,
P8, to P8,
P9, to P9,
PA, to PA,
P2, to P2, — — 15 Vec=40Vto55V
P3, to P3, lo, = 10 mA
— — 06 Vee=4.0V1t055V
loo =1.6 MA
— — 05 lo. = 0.4 mA

Note: Connect pin TEST to V.
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Table14.9 DC Characteristics of H8/3835S, H8/3836S and H8/3837S (cont)

Vee=25V1055V,AV, =25V 1055V, Ve =AVg =0.0V, T,=-20°C to +75°C, including
subactive mode, unless otherwise indicated.

Item Symbol Applicable Pins Min Typ Max Unit Test Condition Note
Input [ RES — — 1.0 HA  V,=05Vto
leakage 0SC,, MDO Vee—05V
current P1,to P1,
P2, to P2,
P3, to P3,
P4, to P4,
P5, to P5,
P6, to P6,
P7,to0 P7,
P8, to P8,
P9, to P9,
PA, to PA,
PB, to PB, — — 1.0 Viy=05Vto
PC, to PC, AV, -05V
Pull-up —lp P1,to P1, 50.0 — 3000 MA V=5V,
MOS P3,to P3, V=0V
current P5, to P5, — 350 — PA V=27V, Reference
P6, to P6, V=0V value
Input Cn All input pins — — 15.0 pF f=1 MHz,
capaci- except power V=0V
tance supply T,=25°C
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Table14.9 DC Characteristics of H8/3835S, H8/3836S and H8/3837S (cont)

Vee=25V1055V,AV, =25V 1t055V,Vs=AV=0.0V, T,=-20°Cto +75°C, including
subactive mode, unless otherwise indicated.

Applicable

Item Symbol Pins Min  Typ Max Unit Test Condition Note

Active mode lope1 Vee — 9.0 13.0 mA Active mode (high speed), 1,2

current Ve =5V, T, =10 MHz

dissipation lopes Vee — 17 3.0 mA Active mode (medium speed), 1,2
Ve =5V, f. =10 MHz

Sleep mode Isieep Vee — 40 70 mA V=5V, f, =10 MHz 1,2

current

dissipation

Subactive lsus Vee — 30.0 650 PA  V,=2.7V,LCDon, 1,2

mode current 32-kHz crystal oscillator

dissipation (s = @I2)

— 220 — MA  Vc=2.7V,LCDon, Reference

32-kHz crystal oscillator value
(@sus = W/B) 1,2

Subsleep lsussp Vee — 20.0 450 MpA V=27V, LCDon, 1,2

mode current 32-kHz crystal oscillator

dissipation (s = @I2)

Watch mode lwaten Vee — — 55 MA V=27V, LCD not used, 1,2

current 32-kHz crystal oscillator

dissipation

Standby lstay Vee — — 5.0 MA  32-kHz crystal oscillator not 1, 2

mode current used

dissipation

RAM data Viram Vee 20 — — \Y 1,2

retaining voltage

Notes: 1. Pin states during current measurement

Other LCD Power

Mode Internal State Pins Supply Oscillator Pins

Active mode (high  Operates Vee  Open System clock oscillator: Crystal
and medium speed) Subclock oscillator: Pin X; = V¢
Sleep mode Only timer operates V..  Open

Subactive mode Operates Ve Open System clock oscillator: Crystal
Subsleep mode Only timer operates, V.. Open Subclock oscillator: Crystal

CPU stops

Watch mode Only time-base clock V.. Open
operates, CPU stops
Standby mode CPU andtimersall V.. Open System clock oscillator: Crystal

stop

Subclock oscillator: Pin X; = V¢

2. Excludes current in pull-up MOS transistors and output buffers.
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Table14.9 DC Characteristics of H8/3835S, H8/3836S and H8/3837S (cont)

Vee=25V1055V,AV, =25V 1055V, Ve =AVg =0.0V, T,=-20°C to +75°C, including
subactive mode, unless otherwise indicated.

Item Symbol Applicable Pins Min  Typ Max Unit Test Condition
Allowable output low Iy, Output pins exceptin ~ — — 20 mMA V., =40Vto55V
current (per pin) ports 2 and 3
Ports 2 and 3 — — 10.0 Vec=4.0Vto55V
All output pins — — 0.5
Allowable output low I, Output pins exceptin ~ — — 400 mA V., =40Vto55V
current (total) ports 2 and 3
Ports 2 and 3 — — 80.0 Vec=4.0V1io55V
All output pins — — 20.0
Allowable output high —Ig, All output pins — — 20 mMA V., =40Vto55V
current (per pin)
— — 0.2
Allowable output high =, All output pins — — 150 mA V,=40Vto55V
current (total)
— — 10.0
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14.3.3 AC Characteristics

Table 14.10 lists the control signal timing, and tables 14.11 and 14.12 list the serial interface
timing of the H8/3835S, H8/3836S and H8/3837S.

Table14.10 Control Signal Timing of H8/3835S, H8/3836S and H8/3837S

V=25V 1055V, AV, =25V 1t055V,Vs=AV=0.0V, T,=-20°Cto +75°C, including
subactive mode, unless otherwise specified.

Applicable Reference
Item Symbol Pins Min  Typ Max  Unit Test Condition Figure
System clock fosc 0SsC,0s8C, 20 — 100 MHz V., =40Vto55V
oscillation frequency 20 — 5.0
OSC clock (@sc) tosc 0SsC,, 0OSC, 100.0 — 1000.0 ns Vec=4.0V1to55V 1
cycle time 200.0 — 1000.0 Figure 14.1
System clock (¢) toye 2 — 16 tosc 1
cycle time _ 2000.0 ns
Subclock oscillation fw Xy, X, — 32.768 — kHz
frequency
Watch clock (@,) cycle t, Xy, X, — 305 — us
time
Subclock (@s) cycle  topeye 2 — 8 tw 2
time
Instruction cycle time 2 — — toye
tsubcyc
Oscillation stabilization t 0sC,0sC, — — 400 ms V, =40Vto55V
time (crystal oscillator) N N 60.0 Vee=27V1055V
- - 100.0
Oscillation stabilization t. X, X, - = 2.0 s
time
External clock high tepn 0SC, 400 — — ns Ve =4.0V1t055V Figure 14.1
width 800 — _
External clock low tepL 0SC, 400 — — ns Ve =4.0V1t055V Figure 14.1
width 800 — _
External clock rise time t.p, - - 150 ns Ve =4.0V1t055V Figure 14.1
- - 20.0
External clock fall time  t.p - - 150 ns Ve =4.0V1t05.5V Figure 14.1
- - 20.0

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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Table14.10 Control Signal Timing of H8/3835S, H8/3836S and H8/3837S (cont)

Ve =25V 1055V, AV =25V 1055V, V=AVg=0.0V, T, =-20°C to +75°C, including
subactive mode, unless otherwise specified.

Iltem Symbol

Applicable
Pins

Min  Typ

Max

Unit

Test Condition

Reference
Figure

Pin RES low width toel

RES

100 —

t

cyc

Figure 14.2

Input pin high width iy

IRQ, to IRQ,

2 —

WKP, to WKP,

ADTRG
TMIB, TMIC
TMIF, TMIG

t

cyc

tsubcyc

Figure 14.3

Input pin low width £

L

IRQ, to IRQ,

2 —

WKP, to WKP,

ADTRG
TMIB, TMIC
TMIF, TMIG

t

cyc

tsubcyc

Figure 14.3

Pin UD minimum tuon
modulation width tuoL

ub

t

cyc

ts;ubcyc

Figure 14.4
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Table14.11 Serial Interface (SCI1, SCI2) Timing of H8/3835S, H8/3836S and H8/3837S

Vee=25V 1055V, AV =25V 1055V, V= AV = 0.0V, T, =-20°C to +75°C, unless

otherwise specified.

Applicable Reference
Item Symbol Pins Min  Typ Max Unit Test Condition Figure
Input serial clock toeye SCK,, SCK, 2 — — toye Figure 14.5
cycle time
Input serial clock tsckn SCK,, SCK, 04 — — teye Figure 14.5
high width
Input serial clock tscxL SCK,, SCK, 04 — — teye Figure 14.5
low width
Input serial clock rise tgqy, SCK,, SCK, — — 60.0 ns V., =4.0Vto55V Figure 14.5
time - _ 80.0
Input serial clock fall  tgoy SCK,, SCK, — — 60.0 ns V., =4.0Vto55V Figure 145
time - _ 80.0
Serial output data tsop SO,, SO, — — 2000 ns V., =4.0Vto55V Figure 14.5
delay time - _ 350.0
Serial input data tsis Sl,, Sl, 200.0 — — ns V. =40Vto55V Figure 14.5
setup time 400.0 — _
Serial input data tsim Sl,, Sl, 200.0 — — ns Ve, =40Vto55V Figure 14.5
hold time 400.0 — _
CS setup time tess [ 2 — — oty Figure 14.6
CS hold time tesy cs 2 — — oty Figure 14.6
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Table14.12 Serial Interface (SCI3) Timing of H8/3835S, H8/3836S and H8/3837S

Ve =25V 1055V, AV =25V 1055V, V= AV =0.0V, T, =—20°C to +75°C, unless
otherwise specified.

Reference

Iltem Symbol Min  Typ Max Unit Test Condition Figure
Input clock cycle  Asynchronous teye 4 — — toye Figure 14.7

Synchronous 6 — —
Input clock pulse width tsckw 04 — 0.6ty Figure 14.7
Transmit data delay time trxo — — 1 tye Vec=4.0V1t0o55V Figure 14.8
(synchronous mode) _ _ 1
Receive data setup time trxs 200.0 — — ns Vo =4.0Vto55V Figure 14.8
(synchronous mode) 400.0 — _
Receive data hold time trxn 200.0 — — ns Vo =4.0Vto55V Figure 14.8
(synchronous mode) 400.0 — _
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14.3.4 A/D Converter Characteristics

Table 14.13 shows the A/D converter characteristics of the H8/3835S, H8/3836S and H8/3837S.

Table 14.13 A/D Converter Characteristics of H8/3835S, H8/3836S and H8/3837S

V=25V 1t055V,Vi=AV =00V, T,=-20°Cto+75°C, unless otherwise specified.

Applicable
Item Symbol Pins Min Typ Max Unit Test Condition Note
Analog power AV AV 2.5 — 5.5 \ 1
supply voltage
Analog input AV, AN, to AN;; -03 — AV, +03 V
voltage
Analog power  Algpe AV — — 15 mA AV, =50V
supply current Al AVec _ 150.0 — WA 2
Reference
value
Algrop,  AVcc - - 5.0 HA 3

Analog input Can AN, to AN;; — — 30.0 pF
capacitance
Allowable Ran — — 10.0 kQ
signal source
impedance
Resolution — — 8 bit
(data length)
Non-linearity — — +2.0 LSB V,c=27Vto55V
error AV,c=27V1t055V

— — 3.0 LSB
Quantization — — +0.5 LSB
error
Absolute — — 25 LSB V., =27Vto55V
accuracy AV =27Vt055V

— — 35 LSB
Conversion 124 — 124 ps AV, c=45Vt055V
time 248 — 124 us
Notes: 1. Set AV = V.. when the A/D converter is not used.

2. Algop, is the current in active and sleep modes while the A/D converter is idle.

3. Algp, is the current at reset and in standby, watch, subactive, and subsleep modes

while the A/D converter is idle.
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14.35 LCD Characteristics

Table 14.14 lists the LCD characteristics, and table 14.15 lists the AC characteristics for externa
segment expansion of the H8/3835S, H8/3836S and H8/3837S.

Table14.14 LCD Characteristics of H8/3835S, H8/3836S and H8/3837S

V=25V 1055V, AV, =25V 1055V, Vs=AV=00V, T,=-20°Cto +75°C, including
subactive mode, unless otherwise specified.

Applicable
Item Symbol Pins Min  Typ Max Unit Test Condition Note
Segment driver Vps SEG, to — — 06 V lpb =2 pA 1
voltage drop SEG,,
Common driver Vpe COM, to — — 03 V Ib =2 pA 1
voltage drop COM,
LCD power supply Rico 100.0 300.0 600.0 kQ Between V, and
voltage divider Vss
resistance
LCD power supply Vico \A 27 — Ve V 2
voltage

Notes: 1. These are the voltage drops between the voltage supply pins V,, V,, V;, and V¢, and
the segment pins or common pins.

2. When V ; is supplied from an external source, the following relation must hold:
Ve 2V, 2V, 2V, 2V

Table14.15 AC Characteristicsfor External Segment Expansion of H8/3835S, H8/3836S
and H8/3837S

V=25V 1055V, AV, =25V 1t055V,Vs=AV=0.0V, T,=-20°Cto +75°C, including
subactive mode, unless otherwise specified.

Applicable Reference
Item Symbol Pins Min Typ Max Unit Test Condition Figure
Clock high width town CL, CL, 800.0 — — ns * Figure 14.9
Clock low width towL CL, 800.0 — — ns * Figure 14.9
Clock setup time tesu CL, CL, 500.0 — — ns * Figure 14.9
Data setup time tsy DO 3000 — — ns * Figure 14.9
Data hold time ton DO 3000 — — ns * Figure 14.9
M delay time tom M -1000 — 1000.0 ns Figure 14.9
Clock rise and fall ter CL, CL, — — 100.0 ns Figure 14.9

times

Note: * Value when the frame frequency is set to between 30.5 Hz and 488 Hz.
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14.4  HB8/3832S, H8/3833S, H8/3834S, H8/3835S, H8/3836S and H8/3837S
Absolute Maximum Ratings (Wide Temperature Range (I-Spec)
Version)

Table 14.6 lists the absolute maximum ratings.

Table14.6 Absolute Maximum Ratings

Item Symbol Value Unit
Power supply voltage Vee -0.3t0 +7.0 \%
Analog power supply voltage AV . -0.3t0 +7.0 \%
Input voltage Ports other than ports B and C Vi —-0.3to V. +3.0 \%
Ports B and C AV, —0.3t0 AV, +3.0 \%
Operating temperature Topr —40 to +85 °C
Storage temperature Ty -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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145

1451

H8/3832S, H8/3833S and H8/3834S Electrical Characteristics (Wide
Temperature Range (I-Spec) Version)

Power Supply Voltage and Operating Range

The power supply voltage and operating range of the H8/3832S, H8/3833S, and H8/3834S (wide
temperature range (I-spec) version) are indicated by the shaded region in the figures below.

1. Power supply voltage vs. oscillator frequency range

fosc (MHz)

10.0

5.0

2.0

32.768

fw (kHz)

2.5 4.0

 Active mode (high speeds)
« Sleep mode

55
Vee (V)
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2.5 4.0

« All operating modes

5.5
Vee (V)
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2. Power supply voltage vs. clock frequency range

@ (MHz)

¢ (kHz)

5.0

25

0.5

625.0

500.0

312.5

62.5

4.0

« Active mode (high speed)
« Sleep mode (except CPU)

55
Vee (V)

25

« Active mode (medium speed)

16.384

8.192
4.096

3. Anaog power supply voltage vs. A/D converter operating range

@ (MHz)

360

50

25—

05—

« Active (high speed) mode
« Sleep mode

55
AVcc (V)

@(kHz)

625.0

500.0

3125

62.5
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* Subactive mode
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145.2 DC Characteristics

Table 14.17 lists the DC characteristics of H8/3832S, H8/3833S and H8/3834S (wide temperature
range (I-spec) version).

Table 14.17 DC Characteristics of H8/3832S, H8/3833S and H8/3834S (Wide Temperature
Range (1-Spec) Version)

Vee=25V1t055V,AV, =25V 1t055V,V=AV=0.0V, T,=-40°Cto +85°C, including
subactive mode, unless otherwise indicated.

Iltem Symbol Applicable Pins Min Typ Max Unit Test Condition Note
Input high  V,,, RES, MDO, 08Vee —  V+03 V Vec=4.0V1t055V
voltage WKP, to WKP,,
IRQ, to IRQ,,
TMIB, TMIC, TMIF
CS, TMIG, 09V, — Ve +03
SCK,, SCK,,
SCK,, ADTRG
UD, Sl;, SI,,RXD  0.7Vee — Ve +03 V Vee=40V1055V
08Vye —  V+03
0SsC, Vee=05 —  V+03 V Vee=40V1055V
V=03 —  V,+03
P1,to P1, 07Vee —  Vee+03 V Vee=40V1055V
P2, to P2,
P3,to P3,
P4, to P4,
P5, to P5,
P6, to P6, 08Vee — Ve + 0.3
P7, to P7,
P8, to P8,
P9, to P9,
PA, to PA,
PB, to PB, 07Vee — AV, +03 V Vee=4.0V1055V
PCo 0 PCs 08Vee — AV +0.3
Inputlow  V, RES, MDO, -0.3 — 0.2V v Vee=4.0V1055V
voltage WKP, to WKP,,
IRQ, to IRQ,,
TMIB, TMIC, TMIF,
CS, TMIG, -0.3 — 0.1V
SCK,, SCK,,
SCK;, ADTRG
upD, Sl,, Sl,,RXD  -0.3 — 0.3V v Ve =4.0V1055V
-0.3 — 0.2 Ve

Note: Connect pin TEST to V.
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Table14.17 DC Characteristics of H8/3832S, H8/3833S and H8/3834S (Wide Temperature
Range (1-Spec) Version) (cont)

V=25V 1055V, AV, =25V 1t055V,Vs=AV=0.0V, T,=-40°Cto +85°C, including
subactive mode, unless otherwise indicated.

Item Symbol Applicable Pins Min Typ Max Unit Test Condition Note

Inputlow V. 0SsC, -0.3 — 0.5 \Y Vec=4.0V1to55V
voltage -0.3 — 0.3

P1,to P1, -0.3 — 0.3 Ve \ Vee=4.0Vto55V
P2, to P2,

P3,to P3,

P4, to P4,

P5, to P5,

P6, to P6,

P7,to P7, -0.3 — 0.2V
P8, to P8,

P9, to P9,

PA, to PA,

PB, to PB,

PC, to PC,

Output Vou P1,to P1, Vee—1.0 — — \% Vec=4.0Vt05.5V
high P2, to P2, —loy =1.0mMA
voltage P3, to P3,

P4, to P4, Vee—05 — — Ve =4.0Vto55V

P5, to P5, —lgy =0.5mA

P6, to P6,

P7,to P7, Vee—05 — — —loy =0.1 mA

P8, to P8,

P9, to P9,

PA, to PA,

Output low Vg, P1,to P1, — — 0.6 \% Vec=4.0V1Io55V
voltage P4, to P4, lo. = 1.6 MA

— — 05 o, = 0.4 MA

P5, to P5, — — 0.5 lo. = 0.4 mA
P6, to P6,
P7,to P7,
P8, to P8,
P9, to P9,
PA, to PA,
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Table 14.17 DC Characteristics of H8/3832S, H8/3833S and H8/3834S (Wide Temperature

Range (1-Spec) Version) (cont)

V=25V 1055V, AV, =25V 1t055V,Vs=AV=0.0V, T,=-40°C to +85°C, including
subactive mode, unless otherwise indicated.

Item Symbol Applicable Pins  Min Typ Max Unit Test Condition Note
Output low Vg, P2, to P2, — — 15 \Y, Vec=4.0Vto55V
voltage P3, to P3, lo. = 10 mA
— — 0.6 Ve =4.0Vto55V
lo. = 1.6 MA
— — 0.5 lo. = 0.4 mA
Input/ [ RES — — 1.0 MA  V,=05Vto
output 0SC,, MDO Ve —05V
leakage P1,to P1,
current P20 to P27
P3,to P3,
P4, to P4,
P5, to P5,
P6, to P6,
P7,to P7,
P8, to P8,
P9, to P9,
PA, to PA,
PB, to PB, — — 1.0 Vy=05Vto
PCD to PC3 Avcc -05V
Pull-up —lp P1,to P1, 50.0 — 3000 MA V=5V,
MOS P3, to P3, Vin=0V
current P5, to P5, — 350 — HA V=27V, Reference
P6, to P6, Vy=0V value
Input Cn All input pins — — 15.0 pF f=1MHz,
capaci- except power Vy=0V
tance supply T,=25°C
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Table14.17 DC Characteristics of H8/3832S, H8/3833S and H8/3834S (Wide Temperature

Range (1-Spec) Version) (cont)

V=25V 1055V, AV, =25V 1t055V,Vs=AV=0.0V, T,=-40°Cto +85°C, including
subactive mode, unless otherwise indicated.

Applicable

Item Symbol Pins Min  Typ Max Unit Test Condition Note

Active mode lope1 Vee — 9.0 13.0 mA Active mode (high speed), 1,2

current Vee =5V, fi. =10 MHz

dissipation lopes Vee — 17 30 mA Active mode (medium speed), 1,2
Ve =5V, f. =10 MHz

Sleep mode Isi eep Vee — 40 70 mA V=5V, f, =10MHz 1,2

current

dissipation

Subactive lsus Vee — 30.0 65.0 pA V., =27V,LCDon, 1,2

mode current 32-kHz crystal oscillator

dissipation (@5 = @/2)

— 220 — MA V=27V, LCDon, Reference

32-kHz crystal oscillator value
(@syp = @w/8) 1,2

Subsleep lsussp Vee — 20.0 450 pA  V,=2.7V,LCDon, 1,2

mode current 32-kHz crystal oscillator

dissipation (s = @I2)

Watch mode lwatcn Vee — — 55 MA V=27V, LCD notused, 1,2

current 32-kHz crystal oscillator

dissipation

Standby lstay Vee — — 5.0 MA  32-kHz crystal oscillator not 1, 2

mode current used

dissipation

RAM data Viram Vee 20 — — \Y 1,2

retaining voltage

Notes: 1. Pin states during current measurement

Other LCD Power

Mode Internal State Pins Supply Oscillator Pins

Active mode (high  Operates Vee  Open System clock oscillator: Crystal
and medium speed) Subclock oscillator: Pin X; = V¢
Sleep mode Only timer operates V..  Open

Subactive mode Operates Ve Open System clock oscillator: Crystal
Subsleep mode Only timer operates, V.. Open Subclock oscillator: Crystal

CPU stops

Watch mode Only time-base clock V.. Open
operates, CPU stops
Standby mode CPU and timersall V.. Open System clock oscillator: Crystal

stop

Subclock oscillator: Pin X; = V¢

2. Excludes current in pull-up MOS transistors and output buffers.
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Table 14.17 DC Characteristics of H8/3832S, H8/3833S and H8/3834S (Wide Temperature
Range (1-Spec) Version) (cont)

V=25V 1055V, AV, =25V 1t055V,Vs=AV=0.0V, T,=-40°C to +85°C, including
subactive mode, unless otherwise indicated.

Item Symbol Applicable Pins Min  Typ Max Unit Test Condition
Allowable output low 1o Output pins exceptin ~ — — 20 mMA V., =40Vto55V
current (per pin) ports 2 and 3
Ports 2 and 3 — — 10.0 Vec=4.0V1io55V
All output pins — — 0.5
Allowable output low Xl Output pins exceptin ~ — — 40.0 mA V. =40Vto55V
current (total) ports 2 and 3
Ports 2 and 3 — — 80.0 Vec=40Vto55V
All output pins — — 20.0
Allowable output high -l All output pins — — 20 mMA  V, =40Vto55V
current (per pin)
— — 0.2
Allowable output high =, All output pins — — 150 mA V,=40Vto55V
current (total)
— — 10.0
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1453

AC Characteristics

Table 14.18 lists the control signal timing, and tables 14.19 and 14.20 list the serial interface
timing of the H8/3832S, H8/3833S, and H8/3834S (wide temperature range (I-spec) version).

Table 14.18 Controal Signal Timing of H8/3832S, H8/3833S, and H8/3834S (Wide
Temper ature Range (I-Spec) Version)

Vee=25V1055V,AV, =25V t055V,V=AV=0.0V, T,=-40°Cto +85°C, including
subactive mode, unless otherwise specified.

Applicable Reference
Item Symbol Pins Min  Typ Max Unit Test Condition Figure
System clock fosc 0sC,0sC, 20 — 100 MHz V., =40Vto55V
oscillation frequency 20 — 5.0
OSC clock (@sc) tosc 0OsC,, OSC, 100.0 — 1000.0 ns Vee=40Vio55V 1
cycle time 200.0 — 1000.0 Figure 14.1
System clock (¢) toye 2 — 16 tosc 1
cycle time _ 2000.0 ns
Subclock oscillation fw Xy, X, — 32768 — kHz
frequency
Watch clock (@,) cycle t, X, X, — 305 — us
time
Subclock (¢ys) cycle  typeye 2 — 8 tw 2
time
Instruction cycle time 2 — — toye

tsubcyc
Oscillation stabilization t. 0sC,0sC, — — 400 ms V, =40Vto55V
time (crystal oscillator) _ . 60.0 Vee=27V1055V
- - 100.0
Oscillation stabilization t,, X1, X, - - 2.0 s
time
External clock high tepn 0SC, 40.0 — — ns Vec=4.0V1t0 55V Figure 14.1
width 800 — -
External clock low tepL 0SC, 40.0 — — ns Vec=4.0V1t0 55V Figure 14.1
width 800 — -
External clock rise time tgp, - - 150 ns Vec=4.0V1t0 55V Figure 14.1
- — 20.0

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 control register 2 (SYSCR2).
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Table 14.18 Control Signal Timing of H8/3832S, H8/3833S, and H8/3834S (Wide
Temperature Range (I-Spec) Version) (cont)

V=25V 1055V, AV, =25V 1t055V,Vs=AV=0.0V, T,=-40°C to +85°C, including
subactive mode, unless otherwise specified.

Applicable Reference
Item Symbol Pins Min Typ Max Unit Test Condition Figure
External clock fall time . - — 15.0 ns Vec =4.0Vio Figure 14.1

55V
— — 20.0

Pin RES low width treL RES 10 — — toye Figure 14.2
Input pin high width ~ t,, IRQ,t0IRQ, 2 — — e Figure 14.3

WKP, to WKP, tupeye

ADTRG

TMIB, TMIC

TMIF, TMIG
Input pin low width ty IRQ,toIRQ, 2 — — toye Figure 14.3

WKP, to WKP, tupeye

ADTRG

TMIB, TMIC

TMIF, TMIG
Pin UD minimum tuon ub 4  — — toye Figure 14.4
modulation width tuoL tubeye

367

HITACHI



Table14.19 Serial Interface (SCI1, SCI2) Timing of H8/3832S, H8/3833S, and H8/3834S

(Wide Temperature Range (I-Spec) Version)

Vee=25V 1055V, AV

otherwise specified.

=25V 1t055V,V=AV =00V, T,=-40°Cto +85°C, unless

Applicable Reference
Item Symbol Pins Min  Typ Max Unit Test Condition Figure
Input serial clock toeye SCK,, SCK, 2 — — teye Figure 14.5
cycle time
Input serial clock tsckn SCK,, SCK, 04 — — toeye Figure 14.5
high width
Input serial clock tsoxL SCK,, SCK, 04 — — toeye Figure 14.5
low width
Input serial clock rise tggy, SCK,, SCK, — — 60.0 ns Vo =4.0V1t055V Figure 14.5
time _ _ 80.0
Input serial clock fall  tgey SCK,, SCK, — — 60.0 ns Vo =4.0Vt055V Figure 14.5
time _ _ 80.0
Serial output data tsop SO, SO, — — 200.0 ns Vo =4.0Vt055V Figure 14.5
delay time _ _ 350.0
Serial input data tss Sl Sl, 200.0 — — ns Vo =4.0Vt055V Figure 14.5
setup time 400.0 — _
Serial input data s Sl Sl, 200.0 — — ns Vo =4.0Vt055V Figure 14.5
hold time 400.0 — _
CS setup time tess CS 2 — — oty Figure 14.6
CS hold time tesn CS 2 — — Figure 14.6
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Table 14.20 Serial Interface (SCI3) Timing of H8/3832S, H8/3833S, and H8/3834S (Wide
Temperature Range (I-Spec) Version)

V=25V 1055V,AV, =25V 1t055V,V=AV=0.0V, T,=-40°C to +85°C, unless
otherwise specified.

Reference

Item Symbol Min  Typ Max Unit Test Condition Figure
Input clock cycle  Asynchronous teye 4 — — toye Figure 14.7

Synchronous 6 — —
Input clock pulse width tscrw 04 — 0.6ty Figure 14.7
Transmit data delay time trxo — — 1 toye Ve =4.0Vto55V Figure 14.8
(synchronous mode) _ _ 1
Receive data setup time trxs 200.0 — — ns Ve =4.0Vto55V Figure 14.8
(synchronous mode) 400.0 — _
Receive data hold time trxn 200.0 — — ns Ve =4.0Vto55V Figure 14.8
(synchronous mode) 400.0 — _
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14.5.4 A/D Converter Characteristics

Table 14.21 shows the A/D converter characteristics of H8/3832S, H8/3833S, and H8/3834S
(wide temperature range (1-spec) version).

Table14.21 A/D Converter Characteristics of H8/3832S, H8/3833S, and H8/3834S (Wide
Temper ature Range (I-Spec) Version)

V=25V 1t055V,Vi=AV=0.0V, T, =-40°C to +85°C, unless otherwise specified.

Applicable
Item Symbol Pins Min Typ Max Unit Test Condition Note
Analog power AV AV 25 — 5.5 \ 1
supply voltage
Analog input AV AN, to AN,; -03 — AV +03 V
voltage
Analog power  Algpe AV — — 15 mA AV, =50V
supply current
PRy Algrops  AVgc — 1500 — A 2
Reference
value
Alstop,  AVcc — — 5.0 HA 3
Analog input Can AN, to AN,; — — 30.0 pF
capacitance
Allowable Ran — — 10.0 kQ
signal source
impedance
Resolution — — 8 bit
(data length)
Non-linearity — — 2.0 LSB V,=27Vto55V
error AV =27Vto55V
— — +3.0
Quantization — — +0.5 LSB
error
Absolute — — 25 LSB V,=27Vto55V
accuracy AV, =27Vto55V
35
Conversion 124 — 124 us AV =45Vto55V
time 248 — 124

Notes: 1. Set AV = V.. when the A/D converter is not used.
2. Algop, is the current in active and sleep modes while the A/D converter is idle.

3. Algop, is the current at reset and in standby, watch, subactive, and subsleep modes
while the A/D converter is idle.
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1455 LCD Characteristics

Table 14.22 lists the LCD characteristics, and table 14.23 lists the AC characteristics for externa
segment expansion of H8/3832S, H8/3833S, and H8/3834S (wide temperature range (I-spec)
version).

Table14.22 LCD Characteristics of H8/3832S, H8/3833S, and H8/3834S (Wide
Temper ature Range (I-Spec) Version)

V=25V 1055V,AV, =25V t055V,Vs=AV=0.0V, T,=-40°C to +85°C, including
subactive mode, unless otherwise specified.

Applicable
Item Symbol Pins Min  Typ Max Unit Test Condition Note
Segment driver Vps SEG,; to — — 06 V Ib =2 pA 1
voltage drop SEG,,
Common driver Vpe COM; to — — 03 V Ip =2 pA 1
voltage drop COM,
LCD power supply Rico 100.0 300.0 600.0 kQ Between V, and
voltage divider Vgs
resistance
LCD power supply Vico A 27 — Ve V 2
voltage

Notes: 1. These are the voltage drops between the voltage supply pins V,, V,, V,, and V¢, and
the segment pins or common pins.

2. When V., is supplied from an external source, the following relation must hold:
Vee2V,2V,2V, 2V
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Table14.23 AC Characteristicsfor External Segment Expansion of 8/3832S, H8/3833S, and
H8/3834S (Wide Temperature Range (I-Spec) Version)

V=25V 1055V, AV, =25V 1t055V,Vs=AV=0.0V, T,=-40°Cto +85°C, including
subactive mode, unless otherwise specified.

Applicable Reference
Item Symbol Pins Min Typ Max Unit Test Condition Figure
Clock high width tewn CL, CL, 800.0 — — ns * Figure 14.9
Clock low width tow CL, 800.0 — — ns * Figure 14.9
Clock setup time tesu CL, CL, 500.0 — — ns * Figure 14.9
Data setup time tsy DO 300.0 — — ns * Figure 14.9
Data hold time ton DO 300.0 — — ns * Figure 14.9
M delay time tom M -1000 — 1000.0 ns Figure 14.9
Clock rise and fall ~ t.; CL, CL, — — 100.0 ns Figure 14.9

times

Note: * Value when the frame frequency is set to between 30.5 Hz and 488 Hz.
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14.6  H8/3835S, H8/3836S and H8/3837S Electrical Characteristics (Wide
Temperature Range (I-Spec) Version)
14.6.1 Power Supply Voltage and Operating Range

The power supply voltage and operating range of the H8/3835S, H8/3836S, and H8/3837S are
indicated by the shaded region in the figures bel ow.

1. Power supply voltage vs. oscillator frequency range of H8/3835S, H8/3836S, and H8/3837S

100"
R 32.768 ----- I : !
N — | I I
I N
= <
“g 50—---- =
2.0 777777 I I
| | | | | |
25 4.0 5.5 25 4.0 5.5
Vee (V) Vee (V)
 Active mode (high speeds) « All operating modes
« Sleep mode
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2. Power supply voltage vs. clock frequency range of H8/3835S, H8/3836S, and H8/3837S

50—
16.384 (----- f ]
—~ ~ ! ; w
N T I I I
z < ‘ : ‘
S 25 2 | 3 |
s & 8192 —---- :
4.096 —----1 |
05+---- | i | | | |
25 4.0 5.5 25 4.0 55
Vee (V) Vee (V)
« Active mode (high speed) » Subactive mode
« Sleep mode (except CPU) » Subsleep mode (except CPU)
» Watch mode (except CPU)
6250
5000 ‘
o) | |
I ‘ !
= I ,
25) ; |
25 4.0 5.5
Vee (V)

» Active mode (medium speed)

3. Analog power supply voltage vs. A/D converter operating range of H8/3835S, H8/3836S, and
H8/3837S

50— 6250
5000 oo ‘ !
~ < | !
T T ! I
= 3 | |
S S 31251 ! !
05— | | 62.5 - | | ‘
25 4.0 55 25 4.0 55
AVce (V) AVce (V)
« Active (high speed) mode * Active (medium speed) mode
« Sleep mode
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14.6.2 DC Characteristics

Table 14.24 lists the DC characteristics of the H8/3835S, H8/3836S and H8/3837S (wide
temperature range (I1-spec) version).

Table 14.24 DC Characteristics of H8/3835S, H8/3836S and H8/3837S (Wide Temperature
Range (1-Spec) Version)

Vee=25V1055V,AV, =25V 1t055V,Vs=AV =00V, T,=-40°Cto+ 85°C,
including subactive mode, unless otherwise indicated.

Iltem Symbol Applicable Pins Min Typ Max Unit Test Condition Note
Input high  V,,, RES, MDO, 08Vee —  Ve+03 V Vee=4.0Vit055V
voltage WKP, to WKP,,

IRQ, to IRQ,,

TMIB, TMIC, TMIF
CS, TMIG,

SCK,, SCK,,
SCK,, ADTRG
UD,Sl;,SL,RXD 0.7V, — Ve +03 V Vee=40Vt055V

08Vee — Ve +03
osc, Vee—=05 —  Vee+#03 V. V,=40Vto55V
Vee—03 —  V,+03

P1,to P1, 0.7Vee — Ve 03V Vec=4.0Vto55V
P2,to P2,
P3,to P3,
P4, to P4,

09Vee — Ve +03

P5, to P5; 08V, — Ve +0.3
P6, to P6,
P7,to P7,
P8, to P8,
P9, to P9,
PA, to PA,

PB, to PB, 0.7Vee — AV, +0.3 V Vec=4.0Vto55V
PC, to PC, 0.8 Ve _ AV +0.3

Inputlow V. RES, MDO, -0.3 — 02V Y Vee=40Vto55V
voltage WKP, to WKP,,
IRQ, to IRQ,,
TMIB, TMIC, TMIF,
CS, T™MIG,
SCK,, SCK,,
SCK,, ADTRG
Note: Connect pin TEST to V.

-03 — 01V
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Table14.24 DC Characteristics of H8/3835S, H8/3836S and H8/3837S (Wide Temperature
Range (1-Spec) Version) (cont)

Vee=25V1055V,AV, =25V 1t055V,V=AV=00V, T,=-40°Cto+ 85°C,
including subactive mode, unless otherwise indicated.

Item Symbol Applicable Pins Min Typ Max Unit Test Condition Note

Inputlow  V, up, S, Sl,, RXD  -0.3 — 03Vee V. Ve =40Vto55V

voltage 03 — 02V
. . cc

0sc, 0.3 — 05 V.  Ve=40Vto55V

-0.3 — 0.3

P1,to P1, -0.3 — 0.3V \Y Vee=4.0Vt055V
P2,to P2,
P3, to P3,
P4, to P4,
P5, to P5,
P6, to P6,

P7O to P77 -0.3 - 0.2 Vcc
P8, to P8,
P9, to P9,
PA, to PA,
PB, to PB,
PC, to PC,

Output high Vg P1,to P1, Vee—1.0 — — \Y Vec=4.0Vto55V
voltage P2, to P2, —loy =1.0mA

P3, to P3,

P4, to P4, Vee—05 —  — Vee=40Vt055V
P5, to P5, ~lg = 0.5 MA

P6, to P6, Vee—05 — — —loy = 0.1 mA
P7,to P7,

P8, to P8,
P9, to P9,
PA, to PA,

Output VoL P1,to P1, — — 0.6 \% Ve =40Vto55V
low voltage P4, to P4, loe =1.6 MA

— — 05 lo, = 0.4 MA

P5, to P5, — — 0.5 lo =0.4mA
P6, to P6,
P7,to P7,
P8, to P8,
P9, to P9,
PA, to PA,

Note: Connect pin TEST to V.
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Table 14.24 DC Characteristics of H8/3835S, H8/3836S and H8/3837S (Wide Temperature

Range (1-Spec) Version) (cont)

V=25V 1055V,AV, =25V 1t055V,V=AV=00V, T,=-40°Cto+ 85°C,
including subactive mode, unless otherwise indicated.

Item Symbol Applicable Pins  Min Typ Max Unit Test Condition Note
Output VoL P2,to P2, — — 15 \Y Vec=40Vt055V
low voltage P3, to P3, lor =10 mA
— — 0.6 Vec=40V1to55V
lop =1.6 MA
— — 0.5 lop = 0.4 mA
Input/output |I, | RES — — 10 PA  V,=05Vto
leakage 0SC,, MDO Ve — 05V
current P1,to P1,
P2,to P2,
P3, to P3,
P4, to P4,
P5, to P5,
P6, to P6,
P7,to0 P7,
P8, to P8,
P9, to P9,
PA, to PA,
PB, to PB, — — 1.0 Viy=05Vto
PC,to PC, AV, -05V
Pull-up —lp P1,to P1, 50.0 — 300.0 MA V=5V,
MOS P3Q to P37 V|N =0V
current PS5, to PS5, - 350 — Ve =27V, Reference
P6, to P6, V=0V value
Input Cn All input pins — — 15.0 pF f=1 MHz,
capacitance except power V=0V
supply T,=25°C
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Table14.24 DC Characteristics of H8/3835S, H8/3836S and H8/3837S (Wide Temperature
Range (1-Spec) Version) (cont)

Vee=25V 1055V, AV =25V 1055V, Veg= AV = 0.0V, T, =—40°C to + 85°C,

including subactive mode, unless otherwise indicated.

Applicable
Item Symbol Pins Min  Typ Max Unit Test Condition Note
Active mode lope1 Vee — 9.0 13.0 mA Active mode (high speed), 1,2
current Ve =5V, T, =10 MHz
dissipation lopes Vee — 17 3.0 mA Active mode (medium speed), 1,2
Ve =5V, f. =10 MHz
Sleep mode Isieep Vee — 40 70 mA V=5V, f, =10 MHz 1,2
current
dissipation
Subactive lsus Vee — 30.0 650 PA  V,=2.7V,LCDon, 1,2
mode current 32-kHz crystal oscillator
dissipation (s = @I2)
— 220 — MA  Vc=2.7V,LCDon, Reference
32-kHz crystal oscillator value
(@sys = @/8) 1,2
Subsleep lsussp Vee — 20.0 450 MpA V=27V, LCDon, 1,2
mode current 32-kHz crystal oscillator
dissipation (@sus = @iI2)
Watch mode lwaten Vee — — 55 HA V=27V, LCD notused, 1,2
current 32-kHz crystal oscillator
dissipation
Standby lstay Vee — — 5.0 pA  32-kHz crystal oscillator not 1, 2
mode current used
dissipation
RAM data Viram Vee 20 — — \Y 1,2
retaining voltage
Notes: 1. Pin states during current measurement
LCD
Other Power
Mode Internal State Pins  Supply Oscillator Pins
Active mode (high  Operates Vee Open System clock oscillator: Crystal
and medium speed) Subclock oscillator: Pin X; = V¢
Sleep mode Only timer operates Vee Open
Subactive mode Operates Vee Open System clock oscillator: Crystal
Subsleep mode Only timer operates, Vee Open Subclock oscillator: Crystal
CPU stops
Watch mode Only time-base clock V¢ Open

operates, CPU stops

Standby mode

CPU and timers all stop V¢

Open

System clock oscillator: Crystal

Subclock oscillator: Pin X; = V¢

2. Excludes current in pull-up MOS transistors and output buffers.

378

HITACHI



Table 14.24 DC Characteristics of H8/3835S, H8/3836S and H8/3837S (Wide Temperature
Range (1-Spec) Version) (cont)

V=25V 1055V,AV, =25V 1t055V,V=AV=00V, T,=-40°Cto+ 85°C,
including subactive mode, unless otherwise indicated.

Item Symbol Applicable Pins Min  Typ Max Unit Test Condition
Allowable output low 1o Output pins exceptin  — — 2.0 mA V., =40Vto55V
current (per pin) ports 2 and 3
Ports 2 and 3 — — 10.0 Vec=4.0V1t055V
All output pins — — 0.5
Allowable output low Xl Output pins exceptin  — — 400 mMA V. =40Vtob55V
current (total) ports 2 and 3
Ports 2 and 3 — — 80.0 Vec=40Vto55V
All output pins — — 20.0
Allowable output high -l All output pins — — 2.0 mA V. =40Vto55V
current (per pin) _ _ 0.2
Allowable output high  >—Ig, All output pins — — 150 mA V. =40Vto55V
current (total) _ — 100
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14.6.3

AC Characteristics

Table 14.25 lists the control signal timing, and tables 14.26 and 14.27 list the serial interface
timing of the H8/3835S, H8/3836S, and H8/3837S (wide temperature range (I-spec) version).

Table 14.25 Control Signal Timing of H8/3835S, H8/3836S, and H8/3837S (Wide
Temper ature Range (I-Spec) Version)

Vee=25V1055V,AV, =25V t055V,V=AV =00V, T,=-40°Cto+ 85°C,
including subactive mode, unless otherwise specified.

Applicable Reference
Item Symbol Pins Min  Typ Max  Unit Test Condition Figure
System clock fosc 0SsC,,0SC, 20 — 100 MHz V., =40Vto55V
oscillation frequency 20 — 50
OSC clock (hsc) tosc OsC,, OSC, 100.0 — 1000.0 ns Vec=4.0Vto55V 1
cycle time 2000 —  1000.0 Figure 14.1
System clock (¢) cycle t,. 2 — 16 tosc 1
time — = 2000.0 ns
Subclock oscillation  f,, X, X, — 32768 — kHz
frequency
Watch clock (@) tw X, X, — 305 — us
cycle time
Subclock (gsye) cycle  typeyc 2 — 8 tw 2
time
Instruction cycle time 2 — — toye

Lubeye
Oscillation stabilization t,, 0sc,,0sC, — — 40.0 ms V., =40Vto55V
time (crystal oscillator) — 60.0 Vee=27V 1055V
— — 100.0
Oscillation stabilization t,, X, X, - = 2.0 s
time
External clock high tepy 0SsC, 400 — — ns Ve =4.0Vto55V Figure 14.1
width 800 — —
External clock low tepL 0SsC, 400 — — ns Vec=4.0Vto55V Figure 14.1
width 800 — —
External clock rise timet., - = 150 ns Vec=4.0Vto55V Figure 14.1
— — 20.0

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 control register 2 (SYSCR2).
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Table 14.25 Control Signal Timing of H8/3835S, H8/3836S, and H8/3837S (Wide
Temper ature Range (I-Spec) Version) (cont)

Vee=25V1055V,AV, =25V t055V,V=AV4=0.0V, T,=-40°C to +85°C, including
subactive mode, unless otherwise specified.

Iltem Symbol

Applicable
Pins

Min  Typ Max

Unit

Test Condition

Reference
Figure

External clock fall time tey

— — 15.0

ns

Vee=4.0Vt055V

Figure 14.1

- - 20.0

Pin RES low width trer

RES

100 — —

tcyc

Figure 14.2

Input pin high width ~ t,,

IRQ, to IRQ,
WKP, to
WKP,
ADTRG
TMIB, TMIC
TMIF, TMIG

2 — —

t

cyc

tsubcyc

Figure 14.3

Input pin low width t

IRQ, to IRQ,
WKP, to
WKP,
ADTRG
TMIB, TMIC
TMIF, TMIG

2 — —

tcyc

tsubcyc

Figure 14.3

Pin UD minimum tuon

modulation width tuoL

ub

t

cyc

tsubcyc

Figure 14.4
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Table14.26 Serial Interface (SCI1, SCI2) Timing of H8/3835S, H8/3836S, and H8/3837S

(Wide Temperature Range (I-Spec) Version)

Ve =25V 1055V, AV =25V 1055V, Veg= AV = 0.0V, T, = —40°C to +85°C, unless

otherwise specified.

Applicable Reference
Item Symbol Pins Min  Typ Max Unit Test Condition Figure
Input serial clock toeye SCK,, SCK, 2 — — toye Figure 14.5
cycle time
Input serial clock tsckn SCK,, SCK, 04 — — toeye Figure 14.5
high width
Input serial clock low tgq,, SCK,, SCK, 04 — — toeye Figure 14.5
width
Input serial clock rise tggy, SCK,, SCK, — — 60.0 ns Vec=4.0V1to 55V Figure 14.5
time _ — 80.0
Input serial clock fall  tgey SCK,, SCK, — — 60.0 ns Vec=4.0V1to 55V Figure 14.5
time _ — 80.0
Serial output data tsop SO,, SO, — — 200.0 ns Vec=4.0V1to 55V Figure 14.5
delay time _ — 350.0
Serial input data setuptgg Sl,, S, 200.0 — — ns Vec=4.0V1to 55V Figure 14.5
time 4000 —  —
Serial input data hold tg,, Sl,, S, 200.0 — — ns Vec=4.0V1to55V Figure 14.5
time 4000 —  —
CS setup time tess Ccs 2 — — oty Figure 14.6
CS hold time tesn [ 2 — — Figure 14.6
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Table 14.27 Serial Interface (SCI3) Timing of H8/3835S, H8/3836S, and H8/3837S (Wide
Temperature Range (I-Spec) Version)

Ve =25V 1055V, AV =25V 1055V, Ves= AV = 0.0V, T, = —40°C to +85°C, unless

otherwise specified.

Reference

Item Symbol Min  Typ Max Unit Test Condition Figure
Input clock cycle  Asynchronous toeye 4 — — teye Figure 14.7

Synchronous 6 — —
Input clock pulse width tscrw 04 — 0.6ty Figure 14.7
Transmit data delay time trwo — — 1 teye Vec=4.0V1to55V Figure 14.8
(synchronous mode) _ — 1
Receive data setup time trxs 200.0 — — ns Vec=4.0V1to55V Figure 14.8
(synchronous mode) 2000 — —
Receive data hold time trxn 200.0 — — ns Vec=4.0V1to55V Figure 14.8
(synchronous mode) 2000 — —
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14.6.4 A/D Converter Characteristics

Table 14.28 shows the A/D converter characteristics of the H8/3835S, H8/3836S, and H8/3837S
(wide temperature range (1-spec) version).

Table 14.28 A/D Converter Characteristics of H8/3835S, H8/3836S, and H8/3837S (Wide
Temper ature Range (I-Spec) Version)

V=25V 1055V,Vi=AV=0.0V, T, =-40°C to +85°C, unless otherwise specified.

Applicable
Item Symbol Pins Min Typ Max Unit Test Condition Note
Analog power AV AV 25 — 5.5 \ 1
supply voltage
Analog input AV AN, to AN,; -03 — AV +03 V
voltage
Analog power  Algpe AV — — 15 mA AV, =50V
supply current
PRy Algrops  AVgc — 1500 — A 2
Reference
value
Alstop,  AVcc — — 5.0 HA 3
Analog input Can AN, to AN,; — — 30.0 pF
capacitance
Allowable Ran — — 10.0 kQ
signal source
impedance
Resolution — — 8 bit
(data length)
Non-linearity — — 2.0 LSB V,=27Vto55V
error AV =27Vto55V
— — +3.0
Quantization — — +0.5 LSB
error
Absolute — — 25 LSB V,=27Vto55V
accuracy AV, =27Vto55V
35
Conversion 124 — 124 us AV =45Vto55V
time 248 — 124

Notes: 1. Set AV = V.. when the A/D converter is not used.
2. Algop, is the current in active and sleep modes while the A/D converter is idle.

3. Algop, is the current at reset and in standby, watch, subactive, and subsleep modes
while the A/D converter is idle.
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14.6.5 LCD Characteristics

Table 14.29 lists the LCD characteristics, and table 14.30 lists the AC characteristics for externa
segment expansion of the H8/3835S, H8/3836S, and HB8/3837S (wide temperature range (I-spec)
version).

Table14.29 LCD Characteristics of H8/3835S, H8/3836S, and H8/3837S (Wide
Temper ature Range (I-Spec) Version)

V=25V 1055V,AV, =25V t055V,Vs=AV=0.0V, T,=-40°C to +85°C, including
subactive mode, unless otherwise specified.

Applicable
Item Symbol Pins Min  Typ Max Unit Test Condition Note
Segment driver Vps SEG,; to — — 06 V Ib =2 pA 1
voltage drop SEG,,
Common driver Vpe COM; to — — 03 V Ip =2 pA 1
voltage drop COM,
LCD power supply Rico 100.0 300.0 600.0 kQ Between V, and
voltage divider Vgs
resistance
LCD power supply Vico A 27 — Ve V 2
voltage

Notes: 1. These are the voltage drops between the voltage supply pins V,, V,, V,, and V¢, and
the segment pins or common pins.

2. When V., is supplied from an external source, the following relation must hold:
Vee2V,2V,2V, 2V
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Table14.30 AC Characteristicsfor External Segment Expansion of H8/3835S, H8/3836S,
and H8/3837S (Wide Temperatur e Range (1-Spec) Version)

V=25V 1055V, AV, =25V 1t055V,Vs=AV=0.0V, T,=-40°Cto +85°C, including
subactive mode, unless otherwise specified.

Applicable Reference
Item Symbol Pins Min Typ Max Unit Test Condition Figure
Clock high width tewn CL, CL, 800.0 — — ns * Figure 14.9
Clock low width tow CL, 800.0 — — ns * Figure 14.9
Clock setup time tesu CL, CL, 500.0 — — ns * Figure 14.9
Data setup time tsy DO 300.0 — — ns * Figure 14.9
Data hold time ton DO 300.0 — — ns * Figure 14.9
M delay time tom M -1000 — 1000.0 ns Figure 14.9
Clock rise and fall ~ t.; CL, CL, — — 100.0 ns Figure 14.9

times

Note: * Value when the frame frequency is set to between 30.5 Hz and 488 Hz.
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14.7  H8/3833, H8/3834, H8/3835, H8/3836, and H8/3837 (Standard
Specification) Absolute Maximum Ratings

Table 14.31 lists the absol ute maximum ratings.

Table14.31 Absolute Maximum Ratings

Item Symbol Value Unit
Power supply voltage Ve -0.3t0 +7.0 \%
Analog power supply voltage AV -0.3t0 +7.0 \%
Programming voltage Vep -0.3t0 +13.0 \%
Input voltage Ports other than ports B and C Vi, —-0.3to V. +3.0 \Y
Ports Band C AV, —-0.3t0 AV, +3.0 \Y
Operating temperature Topr —-20to +75 °C
Storage temperature Tag -55to +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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14.8 H8/3833 and H8/3834 Electrical Characteristics
(Standard Specifications)

1481 Power Supply Voltage and Operating Range

The power supply voltage and operating range of the H8/3833 and H8/3834 are indicated by the
shaded region in the figures below.

1. Power supply voltage vs. oscillator frequency range of H8/3833 and H8/3834

100~
R 32.768 ----- I : !
N — | I I
I N
= <
“g 50—---- =
2.0 777777 I I
| | | | | |
2.7 4.0 5.5 2.7 4.0 5.5
Vee (V) Vee (V)
« Active mode (high speed) * All operating modes
 Sleep mode
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2. Power supply voltage vs. clock frequency range of H8/3833 and H8/3834

5.0
16.384 | ----- ; : ]
= N ! ! !
T < ! ! !
S 25---- 4 } : :
s & 8192~} ]
4.096 —----f i
05+---- | i | | | |
2.7 4.0 55 2.7 4.0 55
Vee (V) Vee (V)
« Active mode (high speed) « Subactive mode
« Sleep mode (except CPU) « Subsleep mode (except CPU)
« Watch mode (except CPU)
625.0 [~
5000 ‘
~ | |
I ! |
e~ | !
S 3125+ ! !
2.7 4.0 5.5
Vee (V)

» Active mode (medium speed)

3. Analog power supply voltage vs. A/D converter operating range of H8/3833 and H8/3834

50— 625.0 -
O :
~ = | !
T T ! |
S L. x | !
S 25 S 3125 ; ;
R I o \ \ 6251 \ i ;
2.7 4.0 5.5 2.7 4.0 5.5
AVcce (V) AVce (V)
« Active (high speed) mode * Active (medium speed) mode
* Sleep mode
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14.8.2 DC Characteristics
Table 14.32 lists the DC characteristics of the H8/3833 and H8/3834.
Table 14.32 DC Characteristics of H8/3833 and H8/3834

Ve =27V 1055V, AV =27V 1055V, Ve =AVg=0.0V, T, = -20°C to +75°C, including
subactive mode, unless otherwise indicated.

Item Symbol Applicable Pins Min Typ Max Unit Test Condition Note
Input high  V, RES, MDO, 08Vee — Vee+03  V Vec=4.0V1io55V
voltage WKP, to WKP,,
IRQ, to IRQ,,
TMIB, TMIC, TMIF
TS, TMIG, 09V, — Ve +0.3
SCK,, SCK,,
SCK,, ADTRG
ub, Sl,, SI,, RXD 0.7V, — Veet03  V Vec=4.0Vio55V
08Vee — Ve +0.3
OSsC, Vee—05 — Veet03  V Vec=4.0V1io55V
Vee—03 — Ve +0.3
P1,to P1, 07Vee — Veet03  V Vec=4.0V1io55V
P2, to P2,
P3,to P3,
P4, to P4,
P5, to P5,
P6, to P6, 08Vee — Vee +0.3
P7,to P7,
P8, to P8,
P9, to P9,
PA, to PA,
PB, to PB, 07Vee — AV +03 V Vec=4.0V1i0o55V
PCo to PC, 08Vee — AV +0.3
Input low V. RES, MDO, -0.3 — 0.2 Ve \Y Vec=4.0Vto55V
voltage WKP, to WKP,,
IRQ, to IRQ,,
TMIB, TMIC, TMIF,
TS, TMIG, -0.3 — 0.1V
SCK,, SCK,,
SCK,, ADTRG
upb, Sl Sl,, RXD  -0.3 — 0.3V \Y Vec=4.0V1i0o55V
-0.3 — 0.2V
OSsC, -0.3 — 0.5 \Y Vec=4.0V1io55V
-0.3 — 0.3

Note: Connect pin TEST to V.
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Table 14.32 DC Characteristics of H8/3833 and H8/3834 (cont)

Ve =27V 1055V, AV =27V 1055V, Vs =AVg=0.0V, T, =-20°C to +75°C, including
subactive mode, unless otherwise indicated.

Item Symbol Applicable Pins Min Typ Max Unit Test Condition Note
Input low V. P1,to P1, -0.3 — 0.3V \Y Vec=40Vto55V
voltage P2,to P2,
P3,to P3,
P4, to P4,
P5, to P5, -0.3 — 0.2 Ve
P6, to P6,
P7,to P7,
P8, to P8,
P9, to P9,
PA, to PA,
PB, to PB,
PC, to PC,
Output highV, P1,to P1, Vee—1.0 — — \Y, Vec=4.0Vto55V
voltage P2, to P2, —loy =1.0MA
P3, to P3,
P4, to P4, Vee— 05 — — Vec=4.0Vto55V
P5, to P5, —loy =0.5mA
P6, to P6, Vee—05 — — —lgy = 0.1 mA
P7,to P7,
P8, to P8,
P9, to P9,
PA, to PA,
Output Voo P1,to P1, — — 0.6 \ Vec=4.0Vto55V
low voltage P4, to P4, lo. =1.6 MA
— — 0.5 lop =0.4 mA
P5, to P5, — — 0.5 lop = 0.4 mA
P6, to P6,
P7,to P7,
P8, to P8,
P9, to P9,
PA, to PA,
P2, to P2, — — 15 Vec=4.0Vto55V
P3, to P3, lor =10 MA
— — 0.6 Vec=4.0Vto55V
lop =1.6 MA
— — 0.5 lop = 0.4 mA

Note: Connect pin TEST to V.
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Table14.32 DC Characteristics of H8/3833 and H8/3834 (cont)

Ve =27V 1055V, AV =27V 1055V, V=AVg=0.0V, T, =-20°C to +75°C, including
subactive mode, unless otherwise indicated.

Item Symbol Applicable Pins Min Typ Max Unit Test Condition Note
Input/output |1, | RES, P4, — — 20.0 MA  V,=05Vto 2
leakage Vec— 05V
current _ _ 1.0 1
0OSC,, MDO — — 1.0 MA  V,=05Vto
P1,to P1, Vec— 0.5V
P2, to P2,
P3, to P3,
P4, to P4,
P5, to P5,
P6, to P6,
P7,to P7,
P8, to P8,
P9, to P9,
PA, to PA,
PB, to PB, — — 1.0 V,y=05Vto
PC, to PC, AV, -05V
Pull-up —lp P1,to P1, 50.0 — 300.0 MA V=5V,
MOS P3, to P3, Vin=0V
current P5, 10 P5, — 350 — Vee =27V, Reference
P6, to P6;, V=0V value
Input Cn All input pins except — — 15.0 pF f=1 MHz,
capacitance power supply, RES, V=0V
P4, pin T,=25°C
RES — — 60.0 2
— — 15.0 1
P4, — — 30.0 2
— — 15.0 1

Notes: 1. Applies to HD6433833 and HD6433834.
2. Applies to HD6473834.
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Table 14.32 DC Characteristics of H8/3833 and H8/3834 (cont)

Ve =27V 1055V, AV =27V 1055V, Vs =AVg=0.0V, T, =-20°C to +75°C, including
subactive mode, unless otherwise indicated.

Applicable
Item Symbol Pins Min  Typ Max Unit Test Condition Note
Active mode loper Vee — 12.0 240 mA Active mode (high speed), 3,4
current Ve =5V, fioo =10 MHz
dissipation lopes Voo — 25 50 mA Active mode (medium speed), 3,4
Ve =5V, fo. =10 MHz
Sleep mode ls eep Vee — 50 100 mA V=5V, f, =10 MHz 3,4
current
dissipation
Subactive lsus Ve — 50.0 130.0 pA  V=2.7V, LCDon, Reference
mode current 32-kHz crystal oscillator value
dissipation (g = @/2) 3,4
— 400 — MA V=27V, LCDon, Reference
32-kHz crystal oscillator value
(Psyp = @/8) 3,4
Subsleep lsussp Vee — 40.0 90.0 pA V=27V, LCDon, Reference
mode current 32-kHz crystal oscillator value
dissipation (g = @i/2) 3,4
Watch mode lwatcn Ve — — 6.0 PA  V,=2.7V,LCD notused, Reference
current 32-kHz crystal oscillator value
dissipation 3,4
Standby lstay Vee — — 5.0 pA  32-kHz crystal oscillator not 3, 4
mode current used
dissipation
RAM data Viam Vee 20 — — \Y, 3,4
retaining voltage
Notes: 3. Pin states during current measurement
LCD
Other Power
Mode Internal State Pins Supply Oscillator Pins
Active mode (high Operates Ve Open System clock oscillator: Crystal
and medium speed) Subclock oscillator: Pin X; = V¢
Sleep mode Only timer operates Ve Open
Subactive mode Operates Ve. Open  System clock oscillator: Crystal
Subsleep mode Only timer operates, CPU V.. Open  Subclock oscillator: Crystal
stops
Watch mode Only time-base clock Ve Open
operates, CPU stops
Standby mode CPU and timers all stop V.. Open System clock oscillator: Crystal

Subclock oscillator: Pin X; = V¢

4. Excludes current in pull-up MOS transistors and output buffers.
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Table14.32 DC Characteristics of H8/3833 and H8/3834 (cont)

Ve =27V 1055V, AV =27V 1055V, V=AVg=0.0V, T, =-20°C to +75°C, including
subactive mode, unless otherwise indicated.

Item Symbol Applicable Pins Min  Typ Max Unit Test Condition
Allowable output low g, Output pins exceptin  — — 2.0 mA V. =40Vto55V
current (per pin) ports 2 and 3
Ports 2 and 3 — — 10.0 Vec=40Vto55V
All output pins — — 0.5
Allowable output low Xl Output pins exceptin  — — 400 mMA V,=40Vto55V
current (total) ports 2 and 3
Ports 2 and 3 — — 80.0 Vec=40Vt055V
All output pins — — 20.0
Allowable output high -l All output pins — — 2.0 mA V., =40Vto55V
current (per pin) _ — 0.2
Allowable output high 2, All output pins — — 150 mA V. =40Vto55V
current (total) _ — 100
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14.8.3

AC Characteristics

Table 14.33 lists the control signal timing, and tables 14.34 and 14.35 list the serial interface

timing of the H8/3833 and H8/3834.

Table 14.33 Contral Signal Timing of H8/3833 and H8/3834

Ve =27V 1055V, AV, =27V 1t055V,Vs=AV=0.0V, T,=-20°Cto +75°C, including
subactive mode, unless otherwise specified.

Applicable Reference
Item Symbol Pins Min  Typ Max  Unit Test Condition Figure
System clock oscillation fogc 0sC,,0S8C, 20 — 100 MHz V., =40Vto55V
frequency 20 — 50
OSC clock (¢hsc) tosc 0ScC,, OSC, 100.0 — 1000.0 ns Vec=40Vto55V 1
cycle time 2000 —  1000.0 Figure 14.1
System clock (¢) toye 2 — 16 tosc 1
cycle time —_- - 2000.0 ns
Subclock oscillation fw X, X, — 32.768 — kHz
frequency
Watch clock (@) tw X, X, — 305 — us
cycle time
Subclock (@se) cycle  typeyc 2 — 8 tw 2
time
Instruction cycle time 2 — — toye
tsubcyc
Oscillation stabilization t. 0sC,0sC, — — 400 ms V,=40Vto55V
time (crystal oscillator) — 60.0
Oscillation stabilization t. X1, X, - - 2.0 S
time
External clock high tepn 0SC, 400 — — ns Vec=40V1to55V Figure 14.1
width 800 — —
External clock low widtht.g, 0SC, 400 — — ns Vec=40V1to55V Figure 14.1
80.0 — —
External clock rise time t.p, - - 150 ns Vec=40V1to55V Figure 14.1
— — 20.0
External clock fall time  t - - 150 ns Vec=40V1to55V Figure 14.1
— — 20.0
Pin RES low width tred RES 10 — — tcyc Figure 14.2

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 control register 2 (SYSCR2).
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Table 14.33 Control Signal Timing of H8/3833 and H8/3834

Ve =27V 1055V, AV =27V 1055V, V=AVg=0.0V, T, =-20°C to +75°C, including
subactive mode, unless otherwise specified.

Applicable Reference
Item Symbol Pins Min Typ Max Unit Test Condition Figure
Input pin high width ~ t,, IRQ,t0IRQ, 2 — — e Figure 14.3
WKP, to WKP, tubeye
ADTRG
TMIB, TMIC
TMIF, TMIG
Input pin low width t, RQ,0RQ, 2 — — e Figure 14.3
WKP, to WKP, tubeye
ADTRG
TMIB, TMIC
TMIF, TMIG
Pin UD minimum tuon ub 4 — — toye Figure 14.4
modulation width tuoL toubeye
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Table14.34 Serial Interface (SCI1, SCI2) Timing of H8/3833 and H8/3834

Vee=27V 1055V, AV =27V 1055V, V= AV = 0.0V, T, = —20°C to +75°C, unless

otherwise specified.

Applicable Reference
Iltem Symbol Pins Min  Typ Max Unit Test Condition Figure
Input serial clock toeye SCK,, SCK, 2 — — toye Figure 14.5
cycle time
Input serial clock tscrn SCK,, SCK, 04 — — toeye Figure 14.5
high width
Input serial clock low tgq, SCK,, SCK, 04 — — teye Figure 14.5
width
Input serial clock rise tgy, SCK,, SCK, — — 60.0 ns Vec=4.0Vto55V Figure 14.5
time — 80.0
Input serial clock fall  tgqy SCK,, SCK, — — 60.0 ns Vec=4.0Vto55V Figure 14.5
time — 80.0
Serial output data tsop SO,, SO, - = 200.0 ns Vec=4.0Vto55V Figure 14.5
delay time _ 350.0
Serial input data tgs Sl,, Sl, 200.0 — — ns Vec=4.0Vto55V Figure 14.5
setup time 200.0 — —
Serial input data hold tg, Sl,, Sl, 200.0 — — ns Vec=4.0Vto55V Figure 14.5
time 200.0 — _
CS setup time tess CS 2 — — My Figure 14.6
CS hold time tesn CS 2 — — e Figure 14.6
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Table14.35 Serial Interface (SCI3) Timing of H8/3833 and H8/3834

Vee=27V 1055V, AV =27V 1055V, V= AV = 0.0V, T, =—20°C to +75°C, unless

otherwise specified.

Reference

Item Symbol Min  Typ Max Unit Test Condition Figure
Input clock cycle  Asynchronous toeye 4 — — toye Figure 14.7

Synchronous 6 — —
Input clock pulse width tsckw 04 — 0.6ty Figure 14.7
Transmit data delay time trxo — — 1 tye Vec=40Vto55V Figure 14.8
(synchronous mode) _ _ 1
Receive data setup time trxs 200.0 — — ns Vec=4.0Vto55V Figure 14.8
(synchronous mode) 2000 — —
Receive data hold time trxH 200.0 — — ns Vec=4.0Vto55V Figure 14.8
(synchronous mode) 2000 — —

398

HITACHI



14.8.4 A/D Converter Characteristics

Table 14.36 shows the A/D converter characteristics of the H8/3833 and H8/3834.

Table14.36 A/D Converter Characteristics of H8/3833 and H8/3834

Ve =27V 1055V, Vi=AV=0.0V, T,=-20°C to +75°C, unless otherwise specified.

Applicable
Item Symbol Pins Min Typ Max Unit Test Condition Note
Analog power AV AV 4.0 — 5.5 \ 1
supply voltage
Analog input AV AN, to AN,; -03 — AV +03 V
voltage
Analog power Al gpe AV — — 15 mA AV, =50V
supply current Algrop,  AVec . 150.0 — LA >
Reference
value
Algrop,  AVcc - - 5.0 HA 3
Analog input  C, ANy to AN, — — 30.0 pF
capacitance
Allowable Ran — — 10.0 kQ
signal source
impedance
Resolution — — 8 bit
(data length)
Non-linearity — — +2.0 LSB
error
Quantization — — +0.5 LSB
error
Absolute — — +2.5 LSB
accuracy
Conversion 124 — 124 us AV, c=45V1to55V
time 248 — 124

Notes: 1.

Set AV . = V. when the A/D converter is not used.

2. Algp, is the current in active and sleep modes while the A/D converter is idle.
3. Algop, is the current at reset and in standby, watch, subactive, and subsleep modes

while the A/D converter is idle.
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14.85 LCD Characteristics

Table 14.37 lists the LCD characteristics, and table 14.38 lists the AC characteristics for externa

segment expansion of the H8/3833 and H8/3834.

Table14.37 LCD Characteristics of H8/3833 and H8/3834

Ve =27V 1055V, AV, =27V 1055V, Vs=AV=0.0V, T,=-20°Cto +75°C, including
subactive mode, unless otherwise specified.

Applicable
Item Symbol Pins Min  Typ Max Unit Test Condition Note
Segment driver Vps SEG, to — — 06 V lpb =2 pA 1
voltage drop SEG,,
Common driver Voc COM, to — — 03 V Ib =2 pA 1
voltage drop COoM,
LCD power supply Rico 50.0 300.0 900.0 kQ  Between V, and
voltage divider Vss
resistance
LCD power supply Vico \A 27 — Vee V 2

voltage

Notes: 1. These are the voltage drops between the voltage supply pins V,, V,, V,, and V¢, and
the segment pins or common pins.

2. When V ; is supplied from an external source, the following relation must hold:

Ve 2V, 2V, 2V, 2V

Table14.38 AC Characteristicsfor Exter nal Segment Expansion of H8/3833 and H8/3834

Ve =27V 1055V, AV =27V 1055V, Vs =AVg=0.0V, T, =-20°C to +75°C, including
subactive mode, unless otherwise specified.

Applicable Reference
Item Symbol Pins Min Typ Max Unit Test Condition Figure
Clock high width town CL, CL, 800.0 — — ns * Figure 14.9
Clock low width towt CL, 800.0 — — ns * Figure 14.9
Clock setup time tesu CL, CL, 500.0 — — ns * Figure 14.9
Data setup time tsy DO 3000 — — ns * Figure 14.9
Data hold time ton DO 300.0 — — ns * Figure 14.9
M delay time tom M -1000 — 1000.0 ns Figure 14.9
Clockrise and fall ~ t.; CL, CL, — — 100.0 ns Figure 14.9

times

Note: * Value when the frame frequency is set to between 30.5 Hz and 488 Hz.
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149 H8/3835 and H8/3836 and H8/3837 (Standar d Specifications)
Electrical Characteristics

149.1 Power Supply Voltage and Operating Range

The power supply voltage and operating range of the H8/3835, H8/3836 and H8/3837 are
indicated by the shaded region in the figures bel ow.

1. Power supply voltage vs. oscillator frequency range of H8/3835, H8/3836 and H8/3837
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2. Power supply voltage vs. clock frequency range of H8/3835, H8/3836 and H8/3837
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¢ Subactive mode
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14.9.2 DC Characteristics

Table 14.39 lists the DC characteristics of the H8/3835, H8/3836 and H8/3837.

Table 14.39 DC Characteristics of H8/3835, H8/3836 and H8/3837

Ve =27V 1055V, AV =27V 1055V, V=AVg=0.0V, T, =—-20°C to +75°C, including
subactive mode, unless otherwise indicated.

Item Symbol Applicable Pins Min Typ Max Unit Test Condition Note
Input high  V, RES, MDO, 08V, — Vec+03  V Vec=40V1to55V
voltage WKP, to WKP,,
IRQ, to IRQ,,
TMIB, TMIC, TMIF
CS, TMIG, 09V — Ve +03
SCK,, SCK,,
SCK;, ADTRG
uDb, Sl;, SI,,RXD 0.7V, — Vec+03 V Vec=4.0V1to55V
08V — Ve +0.3
0SC, Vee— 05 — Vec+03  V Vec=4.0V1to55V
Ve —03 — Ve + 0.3
P1,to P1, 0.7Vee — Vec+03 V Vec=4.0V1to55V
P2,to P2,
P3, to P3,
P4, to P4,
P5, to P5,
P6, to P6, 08V, — Ve +0.3
P7,to P7,
P8, to P8,
P9, to P9,
PA, to PA,
PB, to PB, 0.7Vee — AV +0.3 V Vec=4.0V1to55V
PCoto PCs 08V, — AV +03
Inputlow V. ES, MDO, -0.3 — 0.2 Ve \ Vec=4.0V1to55V
voltage WKP, to WKP,,
IRQ, to IRQ,,
TMIB, TMIC, TMIF,
CS, TMIG, -0.3 — 0.1V
SCK,, SCK,,
SCK;, ADTRG
ub, SlI;, SI,,RXD -0.3 — 0.3V \Y Vee=4.0Vto55V
-0.3 — 0.2 Ve
0SsC, -0.3 — 0.5 \Y Vee=4.0Vto55V
-0.3 — 0.3

Note: Connect pin TEST to V.
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Table14.39 DC Characteristics of H8/3835, H8/3836 and H8/3837 (cont)

Ve =27V 1055V, AV =27V 1055V, V=AVg=0.0V, T, =-20°C to +75°C, including
subactive mode, unless otherwise indicated.

Item Symbol Applicable Pins Min Typ Max Unit Test Condition Note
Inputlow V. P1,to P1, -0.3 — 0.3V \Y Vec=40Vto55V
voltage P2, to P2,
P3, to P3,
P4, to P4,
P5, to P5,
P6, to P6,
P7,to P7, -0.3 — 0.2V
P8, to P8,
P9, to P9,
PA, to PA,
PB, to PB,
PC, to PC,
Output Vou P1,to P1, Vee—1.0 — — \ Vee=4.0Vt0o55V
high P2, to P2, —loy = 1.0 MA
voltage P3, to P3,
P4, to P4, Vec—05 — — Vec=4.0Vto55V
P5, to P5, —loy =0.5mA
P6, to P6,
P7,to P7, Vee—05 — — —loy = 0.1 mA
P8, to P8,
P9, to P9,
PA, to PA,
Output Voo P1,to P1, — — 0.6 \ Vee=4.0Vto55V
low voltage P4,to P4, lo. = 1.6 MA
— — 0.5 lo. = 0.4 mA
P5, to P5, — — 0.5 lo. = 0.4 mA
P6, to P6,
P7,to P7,
P8, to P8,
P9, to P9,
PA, to PA,
P2, to P2, — — 15 Vec=4.0Vto55V
P3, to P3, lo. =10 mA
— — 0.6 Vee=4.0Vto55V
lo. = 1.6 mMA
— — 0.5 lo. = 0.4 mA

Note: Connect pin TEST to V.
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Table 14.39 DC Characteristics of H8/3835, H8/3836 and H8/3837 (cont)

Ve =27V 1055V, AV =27V 1055V, Vs =AVg=0.0V, T, =-20°C to +75°C, including
subactive mode, unless otherwise indicated.

Item Symbol Applicable Pins Min Typ Max Unit Test Condition Note
Input/output |1, | RES, P4, — — 20.0 MA  V,=05Vto 2
leakage Vec— 05V
current _ _ 1.0 1
0SC,, MDO — — 1.0 HA  V,=05Vto
P1,to P1, Vee—05V
P2, to P2,
P3,to P3,
P4, to P4,
P5, to P5,
P6, to P6,
P7, to P7,
P8, to P8,
P9, to P9,
PA, to PA,
PB, to PB, — — 1.0 V,y=05Vto
PC, to PC, AV . —-05V
Pull-up —lp P1,to P1, 50.0 — 330.0 MA V=5V,
MOS P3, to P3, Vin=0V
current P5, to P5, — 350 — LA V=27V, Reference
P6, to P6, V=0V value
Input Cn All input pins — — 15.0 pF f=1MHz,
capacitance except power V=0V
supply, RES, T,=25°C
P4, pin
RES — — 60.0 2
— — 15.0 1
P4, — — 30.0 2
— — 15.0 1

Notes: 1. Applies to HD6433835, HD6433836 and HD6433837.
2. Applies to HD6473837.
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Table14.39 DC Characteristics of H8/3835, H8/3836 and H8/3837 (cont)

Ve =27V 1055V, AV =27V 1055V, V=AVg=0.0V, T, =-20°C to +75°C, including
subactive mode, unless otherwise indicated.

Applicable
Item Symbol Pins Min  Typ Max Unit Test Condition Note
Active mode lope1 Vee — 135 240 mA Active mode (high speed), 3,4
current Vee =5V, fi. =10 MHz
dissipation lope2 Vee — 25 50 mA Active mode (medium speed), 3,4
Ve =5V, f,, = 10 MHz
Sleep mode Isi eep Vee — 50 100 mA V=5V, f, =10 MHz 3,4
current
dissipation
Subactive mode g g Vee — 50.0 130.0 pA V=27V, LCDon, Reference
current 32-kHz crystal oscillator value
dissipation (s = @I2) 3,4
— 400 — MA V=27V, LCDon, Reference
32-kHz crystal oscillator value
(@syp = @w/8) 3,4
Subsleep mode  Iggsp Vee — 40.0 — MA V=27V, LCDon, Reference
current 32-kHz crystal oscillator value
dissipation (g = @I2) 3,4
Watch mode lwaTch Vee — — 6.0 PA V=27V, LCD notused, Reference
current 32-kHz crystal oscillator value
dissipation 3,4
Standby mode  lgrgy Vee — — 5.0 MA  32-kHz crystal oscillator not 3, 4
current used
dissipation
RAM data (A Vee 20 — — V 3,4

retaining voltage

Notes: 3. Pin states during current measurement

Other LCD Power

Mode Internal State Pins Supply Oscillator Pins

Active mode (high  Operates Ve Open System clock oscillator: Crystal
and medium speed) Subclock oscillator: Pin X; = V¢
Sleep mode Only timer operates V.. Open

Subactive mode Operates Vee  Open System clock oscillator: Crystal
Subsleep mode Only timer operates, V.. Open Subclock oscillator: Crystal

CPU stops

Watch mode Only time-base clock V.. Open
operates, CPU stops
Standby mode CPU andtimersall V.. Open System clock oscillator: Crystal

stop

Subclock oscillator: Pin X; = V¢

4. Excludes current in pull-up MOS transistors and output buffers.
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Table 14.39 DC Characteristics of H8/3835, H8/3836 and H8/3837 (cont)

Ve =27V 1055V, AV =27V 1055V, Vs =AVg=0.0V, T, =-20°C to +75°C, including
subactive mode, unless otherwise indicated.

Item Symbol Applicable Pins Min  Typ Max Unit Test Condition
Allowable output low Iy, Output pins exceptin  — — 2.0 mA V., =40Vto55V
current (per pin) ports 2 and 3
Ports 2 and 3 — — 10.0 Vec=4.0Vto55V
All output pins — — 0.5
Allowable output low I, Output pins exceptin  — — 400 mMA V,=40Vto55V
current (total) ports 2 and 3
Ports 2 and 3 — — 80.0 Vec=4.0V1io55V
All output pins — — 20.0
Allowable output high —Ig, All output pins — — 2.0 mA V., =40Vto55V
current (per pin)
— — 0.2
Allowable output high =, All output pins — — 150 mA V. =40Vto55V
current (total)
— — 10.0

HITACHI
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14.9.3 AC Characteristics

Table 14.40 lists the control signal timing, and tables 14.41 and 14.42 list the serial interface
timing of the H8/3835, H8/3836 and H8/3837.

Table 14.40 Controal Signal Timing of H8/3835, H8/3836 and H8/3837

Ve =27V 1055V, AV, =27V 1t055V,Vs=AV=0.0V, T,=-20°Cto +75°C, including
subactive mode, unless otherwise specified.

Applicable Reference
Item Symbol Pins Min  Typ Max Unit Test Condition Figure
System clock fosc 0SsC,0sC, 20 — 100 MHz V., =40Vto55V
oscillation frequency 20 — 5.0
OSC clock (¢hse) tosc 0SC,, 0SC, 100.0 — 1000.0 ns Vec=40Vto55V 1
cycle time 200.0 — 1000.0 Figure 14.1
System clock (¢) toye 2 — 16 tosc 1
cycle time _ 2000.0 ns
Subclock oscillation  f,, Xy, X, — 32.768 — kHz
frequency
Watch clock (@) tw Xi, X, — 305 — us
cycle time
Subclock (gse) cycle  tipeye 2 — 8 tw 2
time
Instruction cycle time 2 — — toye
tsuhcyc
Oscillation stabilization t, 0sC,0sC, — — 400 ms V, =40Vto55V
time (crystal oscillator) N N 60.0
Oscillation stabilization t, X1 X, - - 2.0 S
time
External clock high tepn 0SC, 400 — — ns Vec=4.0V1t0o55V Figure 14.1
width 800 — _
External clock low tepL 0OsC, 40.0 — — ns Vec=4.0V1t0o55V Figure 14.1
width 800 — _
External clock rise time tcp, - - 150 ns Vec=4.0V1t0o55V Figure 14.1
- - 20.0
External clock fall time  teg - - 150 ns Vec=4.0V1t0o55V Figure 14.1
- - 20.0
Pin RES low width toel RES 10 — toye Figure 14.2

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 control register 2 (SYSCR2).
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Table 14.40 Controal Signal Timing of H8/3835, H8/3836 and H8/3837 (cont)

Ve =27V 1055V, AV =27V 1055V, Vs =AVg=0.0V, T, =-20°C to +75°C, including
subactive mode, unless otherwise specified.

Applicable Reference
Iltem Symbol Pins Min Typ Max Unit Test Condition Figure
Input pin high width IRQ,t0lRQ, 2 — — oty Figure 14.3

WKP, to WKP, Louneye

ADTRG

TMIB, TMIC

TMIF, TMIG
Input pin low width t, IRQ,t0IRQ, 2 — — oty Figure 14.3

WKP, to WKP, Luneye

ADTRG

TMIB, TMIC

TMIF, TMIG
Pin UD minimum tuon ub 4 — — toye Figure 14.4
modulation width t

UDL tsubcyc
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Table14.41 Serial Interface (SCI1, SCI2) Timing of H8/3835, H8/3836 and H8/3837

Vee=27V 1055V, AV =27V 1055V, V= AV = 0.0V, T, =—20°C to +75°C, unless

otherwise specified.

Applicable Reference
Item Symbol Pins Min  Typ Max Unit Test Condition Figure
Input serial clock toeye SCK,, SCK, 2 — — toye Figure 14.5
cycle time
Input serial clock tsckn SCK,, SCK, 04 — — toeye Figure 14.5
high width
Input serial clock tscxL SCK,, SCK, 04 — — toeye Figure 14.5
low width
Input serial clock rise tgqy, SCK,, SCK, — — 60.0 ns Ve =4.0V1to 55V Figure 14.5
time _ 80.0
Input serial clock fall  tgoy SCK,, SCK, — — 60.0 ns Ve =4.0V1to 55V Figure 14.5
time _ 80.0
Serial output data tsop SO,, SO, - = 200.0 ns Ve =4.0V1to 55V Figure 14.5
delay time _ 350.0
Serial input data tsis Sl,, Sl, 200.0 — — ns Ve =4.0V1to 55V Figure 14.5
setup time 400.0 — _
Serial input data tsim Sl,, Sl, 200.0 — — ns Ve =4.0V1to 55V Figure 14.5
hold time 400.0 — _
CS setup time tess [ 2 — — oty Figure 14.6
CS hold time tesy cs 2 — — oty Figure 14.6
410

HITACHI



Table14.42 Serial Interface (SCI3) Timing of H8/3835, H8/3836 and H8/3837

Ve =27V 1055V, AV =27V 1055V, V= AV =0.0V, T, =—20°C to +75°C, unless
otherwise specified.

Reference

Iltem Symbol Min  Typ Max Unit Test Condition Figure
Input clock cycle  Asynchronous teye 4 — — toye Figure 14.7

Synchronous 6 — —
Input clock pulse width tsckw 04 — 0.6ty Figure 14.7
Transmit data delay time trxo — — 1 tye Vec=4.0V1t0o55V Figure 14.8
(synchronous mode) _ _ 1
Receive data setup time trxs 200.0 — — ns Vo =4.0Vto55V Figure 14.8
(synchronous mode) 400.0 — _
Receive data hold time trxn 200.0 — — ns Vo =4.0Vto55V Figure 14.8
(synchronous mode) 400.0 — _
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14.9.4 A/D Converter Characteristics
Table 14.43 shows the A/D converter characteristics of the H8/3835, H8/3836 and H8/3837.
Table 14.43 A/D Converter Characteristics of H8/3835, H8/3836 and H8/3837

Ve =27V 1055V, AV,=V=0.0V, T, =-20°C to +75°C, unless otherwise specified.

Applicable
Item Symbol Pins Min Typ Max Unit Test Condition Note
Analog power AV AV 4.0 — 5.5 \ 1
supply voltage
Analog input AV, AN, t0 AN;; AV — AV, +03 V
voltage -0.3
Analog power  Algpe AV — — 15 mA AV, =50V
supply current Al AVec _ 150.0 — WA 2
Reference
value
Algrop,  AVcc - - 5.0 HA 3
Analog input Can AN, to AN;; — — 30.0 pF
capacitance
Allowable Ran — — 10.0 kQ
signal source
impedance
Resolution — — 8 bit
(data length)
Non-linearity — — +2.0 LSB
error
Quantization — — +0.5 LSB
error
Absolute — — 25 LSB
accuracy
Conversion 124 — 124 ps Vec=4.0V1Io55V
time 248 — 124

Notes: 1. Set AV = V.. Wwhen the A/D converter is not used.
2. Algop, is the current in active and sleep modes while the A/D converter is idle.

3. Algp, is the current at reset and in standby, watch, subactive, and subsleep modes
while the A/D converter is idle.
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1495 LCD Characteristics

Table 14.44 lists the LCD characteristics, and table 14.45 lists the AC characteristics for externa
segment expansion of the H8/3835, H8/3836 and H8/3837.

Table14.44 LCD Characteristics of H8/3835, H8/3836 and H8/3837

Ve =27V 1055V, AV, =27V 1055V, Vs=AV=0.0V, T,=-20°Cto +75°C, including
subactive mode, unless otherwise specified.

Applicable
Item Symbol Pins Min  Typ Max Unit Test Condition Note
Segment driver Vps SEG, to — — 06 V lpb =2 pA 1
voltage drop SEG,,
Common driver Vpe COM, to — — 03 V Ib =2 pA 1
voltage drop COM,
LCD power supply Rico 50.0 300.0 900.0 kQ Between V, and
voltage divider Vss
resistance
LCD power supply Vico \A 27 — Ve V 2
voltage

Notes: 1. These are the voltage drops between the voltage supply pins V,, V,, V;, and V¢, and
the segment pins or common pins.

2. When V ; is supplied from an external source, the following relation must hold:
Ve 2V, 2V, 2V, 2V

Table14.45 AC Characteristicsfor External Segment Expansion of H8/3835, H8/3836 and
H8/3837

Ve =27V 1055V, AV, =27V 1t055V,Vs=AV=0.0V, T,=-20°Cto +75°C, including
subactive mode, unless otherwise specified.

Applicable Reference
Item Symbol Pins Min Typ Max Unit Test Condition Figure
Clock high width town CL, CL, 800.0 — — ns * Figure 14.9
Clock low width towL CL, 800.0 — — ns * Figure 14.9
Clock setup time tesu CL, CL, 500.0 — — ns * Figure 14.9
Data setup time tsy DO 3000 — — ns * Figure 14.9
Data hold time ton DO 3000 — — ns * Figure 14.9
M delay time tom M -1000 — 1000.0 ns Figure 14.9
Clock rise and fall ter CL, CL, — — 100.0 ns Figure 14.9

times

Note: * Value when the frame frequency is set to between 30.5 Hz and 488 Hz.

413
HITACHI



14.10 H8/3833, H8/3834, H8/3835, H8/3836, and H8/3837 Absolute
Maximum Ratings (Wide Temper atur e Range (1-Spec) Version)

Table 14.46 lists the absolute maximum ratings.

Table14.46 Absolute Maximum Ratings

Item Symbol Value Unit
Power supply voltage Ve -0.3t0 +7.0 \%
Analog power supply voltage AV -0.3t0 +7.0 \%
Programming voltage Ve -0.3to0 +13.0 \%
Input voltage Ports other than ports B and C Vi, —-0.3to V. +3.0 \Y
Ports Band C AV, —-0.3t0 AV +3.0 \Y
Operating temperature Topr —201t0 +75 °C
Storage temperature Ty -55to +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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14.11 H8/3833 and H8/3834 Electrical Characteristics (Wide Temperature
Range (I-Spec) Version)
14.11.1 Power Supply Voltage and Operating Range

The power supply voltage and operating range of the H8/3833 and H8/3834 (wide temperature
range (I-spec) version) are indicated by the shaded region in the figures below.

1. Power supply voltage vs. oscillator frequency range
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2. Power supply voltage vs. clock frequency range
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¢ Subactive mode

» Subsleep mode (except CPU)

* Watch mode (except CPU)

. Analog power supply voltage vs. A/D converter operating range
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14.11.2 DC Characteristics

Table 14.47 lists the DC characteristics of the H8/3833 and H8/3834 (wide temperature range (I-

Spec) version).

Table 14.47 DC Characteristics of H8/3833 and H8/3834 (Wide Temperature Range

(I-Spec) Version)

Vee=45V 1055V, AV =45V 1055V, V= AV = 0.0V, T, = -40°C to + 85°C,

including subactive mode, unless otherwise indicated.

Item Symbol Applicable Pins

Min

Typ

Max

Unit

Test Condition Note

Input high  V,, RES, MDO,
voltage WKP, to WKP,,
IRQ, to IRQ,,
TMIB, TMIC, TMIF
CS, TMIG,
SCK;, SCK,,
SCK,, ADTRG

0.8 V.

Vee +0.3

\%

uD, Sl,, Sl,, RXD

0.7 Ve

Vee +0.3

osc,

Vee—0.5

Ve +0.3

P1,to P1,
P2, to P2,
P3,to P3,
P4, to P4,
P5, to P5,
P6, to P6,
P7,to P7,
P8, to P8,
P9, to P9,
PA, to PA,

0.7 Ve

Vee +0.3

PB, to PB,
PC, to PC,

0.7 Ve

AVe +03 V

Inputlow V. RES, MDO,
voltage WKP, to WKP,,
IRQ, to IRQ,,
TMIB, TMIC, TMIF,
CS, TMIG,
SCK,, SCK,,
SCK,, ADTRG

0.2 Ve

\Y

ub, Sl,, Sl,, RXD

-0.3

0.3 Ve

<

osc,

-0.3

0.5

Note: Connect pin TEST to V.
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Table 14.47 DC Characteristics of H8/3833 and H8/3834 (Wide Temperature Range

(I-Spec) Version) (cont)

Vee=45V1055V,AV =45V 1t055V,V=AV=00V, T,=-40°Cto+ 85°C,
including subactive mode, unless otherwise indicated.

Item Symbol  Applicable Pins

Min Typ Max Unit Test Condition Note

Inputlow V. P1,to P1,
voltage P2,to P2,
P3, to P3,
P4, to P4,
P5, to P5,
P6, to P6,
P7, to P7,
P8, to P8,
P9, to P9,
PA, to PA,
PB, to PB,
PC, to PC,

-0.3 — 03V, V

Output Vou P1,to P1,
high P2, to P2,
voltage P3, to P3,
P4, to P4,
P5, to P5,
P6, to P6,
P7,to P7,
P8, to P8,
P9, to P9,
PA, to PA,

Vee—10 — — V. -y =1.0mA

Vee—-05 —  — Iy = 0.5 mA

Output VoL P1,to P1,
low voltage P4, to P4,

— — 06 V. g =16mA

P5, to P5,
P6, to P86,
P7,to P7,
P8, to P8,
P9, to P9,
PA, to PA,

— — 05 o, = 0.4 MA

P2, to P2,
Pso to P37

— — 15 o, = 10 MA

— — 06 o = 1.6 MA

Note: Connect pin TEST to V.
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Table 14.47 DC Characteristics of H8/3833 and H8/3834 (Wide Temperature Range

(I-Spec) Version) (cont)

Vee=45V1055V,AV, =45V 1t055V,V=AV=00V, T,=-40°Cto+ 85°C,
including subactive mode, unless otherwise indicated.

Item Symbol Applicable Pins Min Typ Max Unit Test Condition Note
Input/output |1, | RES, P4, — — 24.0 MA  V,=05Vto 2
leakage Vec— 05V
current _ _ 20 1
OSC,, MDO — — 2.0 MA  V,=05Vto
P1,to P1, Vee—0.5V
P2, to P2,
P3, to P3,
P4, to P4,
P5, to P5,
P6, to P6,
P7,to P7,
P8, to P8,
P9, to P9,
PA, to PA,
PB, to PB, — — 2.0 Vy=05Vto
PC, to PC, AV, —-05V
Pull-up —lp P1,to P1, 20.0 — 3300 MA V=5V,
MOS P3,to P3, Vin=0V
current P5, to P5,
P6, to P6,
Input Cn All input pins — — 15.0 pF f=1 MHz,
capacitance except power V=0V
supply, RES, T,=25°C
P4, pin
RES — — 60.0 2
— — 15.0 1
P4, — — 30.0 2
— — 15.0 1
Notes: 1. Applies to HD6433833 and HD6433834 (wide temperature range version).
2. Applies to HD6473834 (wide temperature range version).
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Table 14.47 DC Characteristics of H8/3833 and H8/3834 (Wide Temperature Range
(I-Spec) Version) (cont)

Vee=45V 1055V, AV =45V 1055V, Vo= AV = 0.0V, T, =—40°C to + 85°C,

including subactive mode, unless otherwise indicated.

Applicable
Item Symbol Pins Min  Typ Max Unit Test Condition Note
Active mode lope1 Vee — 12.0 30.0 mA Active mode (high speed), 1,2
current Ve =5V, T, =10 MHz
dissipation lopes Vee — 25 6.0 mA Active mode (medium speed), 1,2
Ve =5V, f. =10 MHz
Sleep mode Isieep Vee — 50 120 mA V=5V, f,, =10 MHz 1,2
current
dissipation
Subactive lsus Vee — 100.0 — MA V=5V, LCDon, 1,2
mode current 32-kHz crystal oscillator Reference
dissipation (s = @I2) value
— 700 — MA V=5V, LCDon, Reference
32-kHz crystal oscillator value
(@sys = @/8) 1,2
Subsleep lsussp Vee — 60.0 — MA V=5V, LCDon, 1,2
mode current 32-kHz crystal oscillator Reference
dissipation (@sus = @iI2) value
Watch mode lwaTch Vee — 6.0 — MA V=5V, LCD not used, 1,2
current 32-kHz crystal oscillator Reference
dissipation value
Standby lstay Vee — — 10.0 pA  32-kHz crystal oscillator not 1, 2
mode current used
dissipation
RAM data Viram Vee 20 — — \Y 1,2
retaining voltage
Notes: 1. Pin states during current measurement
LCD
Other Power
Mode Internal State Pins Supply Oscillator Pins
Active mode (high Operates Vee Open System clock oscillator: Crystal
and medium speed) Subclock oscillator: Pin X; = V¢
Sleep mode Only timer operates Vee Open
Subactive mode Operates Ve Open  System clock oscillator: Crystal
Subsleep mode Only timer operates, Voc Open Subclock oscillator: Crystal
CPU stops
Watch mode Only time-base clock Vee  Open
operates, CPU stops
Standby mode CPU and timers all stop V¢ Open System clock oscillator: Crystal

Subclock oscillator: Pin X; = V¢

2. Excludes current in pull-up MOS transistors and output buffers.
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Table 14.47 DC Characteristics of H8/3833 and H8/3834 (Wide Temperature Range
(I-Spec) Version) (cont)

Vee=45V1055V,AV, =45V 1t055V,V=AV=00V, T,=-40°Cto+ 85°C,
including subactive mode, unless otherwise indicated.

Item Symbol Applicable Pins Min  Typ Max Unit Test Condition
Allowable output low 1o Output pins exceptin  — — 2.0 mA
current (per pin) ports 2 and 3
Ports 2 and 3 — — 10.0
Allowable output low Xl Output pins exceptin = — — 400 mA
current (total) ports 2 and 3
Ports 2 and 3 — — 80.0
Allowable output high -l All output pins — — 2.0 mA
current (per pin)
Allowable output high  >—Ig, All output pins — — 150 mA

current (total)

HITACHI
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14.11.3 AC Characteristics

Table 14.48 lists the control signal timing, and tables 14.49 and 14.50 list the serial interface
timing of the H8/3833 and H8/3834 (wide temperature range (I-spec) version).

Table 14.48 Control Signal Timing of H8/3833 and H8/3834 (Wide Temperature Range
(I-Spec) Version)

Vee=27V1055V,AV =27V 1t055V,Vs=AV =00V, T,=-40°Cto+ 85°C,
including subactive mode, unless otherwise specified.

Applicable Reference
Item Symbol Pins Min  Typ Max Unit Test Condition Figure
System clock fosc 0sC,0sC, 20 — 10.0 MHz
oscillation frequency
OSC clock (@sc) tosc 0OSC,, OSC, 100.0 — 1000.0 ns 1
cycle time Figure 14.1
System clock (¢) toye 2 — 16 tosc 1
cycle time — — 2000.0 ns
Subclock oscillation T X1, X — 32.768 — kHz
frequency
Watch clock (@) tw X1 X, — 305 — us
cycle time
Subclock (gse) cycle  typeyc 2 — 8 tw 2
time
Instruction cycle time 2 — — toye

tsubcyc

Oscillation stabilization t, 0sC,0sC, — — 40.0 ms
time (crystal oscillator)
Oscillation stabilization t, Xy, X, - = 2.0 5
time
External clock high tepy 0SsC, 400 — — ns Figure 14.1
width
External clock low tepL 0SC, 40.0 — — ns Figure 14.1
width
External clock rise time tcp, - - 150 ns Figure 14.1
External clock fall time  tep - = 150 ns Figure 14.1
Pin RES low width trel RES 10 — — tcyc Figure 14.2

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 control register 2 (SYSCR2).
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Table 14.48 Control Signal Timing of H8/3833 and H8/3834 (Wide Temperature Range
(I-Spec) Version) (cont)

Vee=27V1055V,AV, =27V 1t055V,Vs=AV=0.0V, T,=-40°C to +85°C, including
subactive mode, unless otherwise specified.

Applicable Reference
Item Symbol Pins Min Typ Max Unit Test Condition Figure
Input pin high width ty IRQ;toIRQ, 2 — — toye Figure 14.3

WKP, to WKP, tubeye

ADTRG

TMIB, TMIC

TMIF, TMIG
Input pin low width t, IRQ;tolRQ, 2 — — toye Figure 14.3

WKP, to WKP, tubeye

ADTRG

TMIB, TMIC

TMIF, TMIG
Pin UD minimum tuon ub 4 — — toye Figure 14.4
modulation width tuoL toubeye
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Table14.49 Serial Interface (SCI1, SCI2) Timing of H8/3833 and H8/3834 (Wide

Temperature Range (I-Spec) Version)

Vee=45V 1055V, AV =45V 1055V, Veg= AV = 0.0V, T, = —40°C to +85°C, unless

otherwise specified.

Applicable Reference
Item Symbol Pins Min  Typ Max Unit Test Condition Figure
Input serial clock toeye SCK,, SCK, 2 — — toye Figure 14.5
cycle time
Input serial clock tsexn SCK,, SCK, 04 — — teye Figure 14.5
high width
Input serial clock low  tgqy SCK,, SCK, 04 — — teye Figure 14.5
width
Input serial clock rise  tgey, SCK,, SCK, — — 60.0 ns Figure 14.5
time
Input serial clock fall  tgqy SCK,, SCK, — — 60.0 ns Figure 14.5
time
Serial output data tsop SO,, SO, — — 200.0 ns Figure 14.5
delay time
Serial input data tys Sl,, Sl, 200.0 — — ns Figure 14.5
setup time
Serial input data hold  tg, Sl,, Sl, 200.0 — — ns Figure 14.5
time
CS setup time tess CS 2 — — oty Figure 14.6
CS hold time tesk CS 2 — — oty Figure 14.6
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Table 14.50 Serial Interface (SCI3) Timing of H8/3833 and H8/3834 (Wide Temperature
Range (I-Spec) Version)

Vee=45V1055V,AV, =45V t055V,V=AV=0.0V, T,=-40°C to +85°C, unless
otherwise specified.

Reference
Item Symbol Min  Typ Max Unit Test Condition Figure
Input clock cycle  Asynchronous teye 4 — — toye Figure 14.7

Synchronous 6 — —
Input clock pulse width tscrw 04 — 0.6ty Figure 14.7
Transmit data delay time trxo — — 1 toye Figure 14.8
(synchronous mode)
Receive data setup time trxs 200.0 — — ns Figure 14.8
(synchronous mode)
Receive data hold time taxn 200.0 — — ns Figure 14.8
(synchronous mode)
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14.11.4 A/D Converter Characteristics

Table 14.51 shows the A/D converter characteristics of the H8/3833S and H8/3834S (wide
temperature range (I1-spec) version).

Table14.51 A/D Converter Characteristics of H8/3833 and H8/3834 (Wide Temperature
Range (1-Spec) Version)

V=45V 1055V, AV,=V=0.0V, T, =-40°C to +85°C, unless otherwise specified.

Applicable
Item Symbol Pins Min Typ Max Unit Test Condition Note
Analog power AV AV 4.5 — 55 \ 1
supply voltage
Analog input AV AN, to AN,; -03 — AV, +03 V
voltage
Analog power  Algpe AV — — 1.7 mA AV, =50V
supply current AV, — 1500 — LA 2
Reference
value
Algrop,  AVc — — 7.0 HA 3
Analog input Can AN, to AN;; — — 30.0 pF
capacitance
Allowable Ram — — 10.0 kQ
signal source
impedance
Resolution — — 8 bit
(data length)
Non-linearity — — +2.0 LSB
error
Quantization — — +0.5 LSB
error
Absolute — — +2.5 LSB
accuracy
Conversion 124 — 124 ps
time

Notes: 1. Set AV.. = V.. when the A/D converter is not used.
2. Algop is the current in active and sleep modes while the A/D converter is idle.

3. Algop, IS the current at reset and in standby, watch, subactive, and subsleep modes
while the A/D converter is idle.
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14.11.5 LCD Characteristics

Table 14.52 lists the LCD characteristics, and table 14.53 lists the AC characteristics for externa
segment expansion of the H8/3833 and H8/3834 (wide temperature range (I-spec) version).

Table 14.52 LCD Characteristics of H8/3833 and H8/3834 (Wide Temperature Range
(I-Spec) Version)

Ve =45V 1055V, AV, =45V 1055V, V=AV=0.0V, T,=-40°C to +85°C, including
subactive mode, unless otherwise specified.

Applicable
Item Symbol Pins Min  Typ Max Unit Test Condition Note
Segment driver Vos SEG,; to — — 0.6 \Y Ib =2 pA 1
voltage drop SEG,,
Common driver Voc COM; to — — 0.3 \Y Ib =2 pA 1
voltage drop COoM,
LCD power supply R cp 40.0 300.0 1000.0 kQ Between V; and
voltage divider Ves
resistance
LCD power supply  V,¢p \A 45 — Vee \Y 2
voltage

Notes: 1. These are the voltage drops between the voltage supply pins V,, V,, V,, and V¢, and
the segment pins or common pins.

2. When V., is supplied from an external source, the following relation must hold:
Vee2V,2V,2V, 2V

427
HITACHI



Table14.53 AC Characteristicsfor External Segment Expansion of H8/3833 and H8/3834
(Wide Temperature Range (I-Spec) Version)

Vee=45V1055V,AV, =45V 1t055V,V=AV=0.0V, T,=-40°C to +85°C, including
subactive mode, unless otherwise specified.

Applicable Reference
Item Symbol Pins Min Typ Max Unit Test Condition Figure
Clock high width tewn CL, CL, 800.0 — — ns * Figure 14.9
Clock low width tow CL, 800.0 — — ns * Figure 14.9
Clock setup time tesu CL, CL, 500.0 — — ns * Figure 14.9
Data setup time tsy DO 300.0 — — ns * Figure 14.9
Data hold time ton DO 300.0 — — ns * Figure 14.9
M delay time tom M -1000 — 1000.0 ns Figure 14.9
Clock rise and fall ~ t.; CL, CL, — — 100.0 ns Figure 14.9

times

Note: * Value when the frame frequency is set to between 30.5 Hz and 488 Hz.
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14.12 H8/3835, H8/3836, and H8/3837 Electrical Characteristics (Wide
Temperature Range (I-Spec) Version)

14.12.1 Power Supply Voltage and Operating Range

The power supply voltage and operating range of the H8/3835, H8/3836, and H8/3837 (wide
temperature range (I-spec) version) are indicated by the shaded region in the figures below.

1. Power supply voltage vs. oscillator frequency range

100~

fosc (MHz)

20 ‘

50~

2.7 40 45 55
Vee (V)

« Active mode (high speeds)
« Sleep mode

32.768

fw (kHz)
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2. Power supply voltage vs. clock frequency range
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. Analog power supply voltage vs. A/D converter operating range
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14.12.2 DC Characteristics

Table 14.54 lists the DC characteristics of the H8/3835, H8/3836, and H8/3837 (wide temperature

range (I-spec) version).

Table 14.54 DC Characteristics of H8/3835, H8/3836, and H8/3837 (Wide Temperature
Range (1-Spec) Version)

Vee=45V1t055V,AV, =45V 1t055V,V=AV,=0.0V, T,=-40°Cto +85°C, including
subactive mode, unless otherwise indicated.

Item Symbol Applicable Pins

Min Typ Max

Unit Test Condition Note

Input high  V,, RES, MDO,
voltage WKP, to WKP,,
IRQ, to IRQ,,
TMIB, TMIC, TMIF
CS, TMIG,
SCK;, SCK,,
SCK,, ADTRG

08Ve — Vg +03

\%

uD, Sl,, Sl,, RXD

07Vee — Vg +03

osc,

Vee—=05 — Ve +03

P1,to P1,
P2, to P2,
P3,to P3,
P4, to P4,
P5, to P5,
P6, to P6,
P7,to P7,
P8, to P8,
P9, to P9,
PA, to PA,

07Vee — Vg +03

PB, to PB,
PC, to PC,

07Vee — AV +03 V

Inputlow V. RES, MDO,
voltage WKP, to WKP,,
IRQ, to IRQ,,
TMIB, TMIC, TMIF,
CS, TMIG,
SCK,, SCK,,
SCK,, ADTRG

-0.3 — 02V

\Y

ub, Sl,, Sl,, RXD

-0.3 — 03V

<

osc,

-0.3 — 0.5

Note: Connect pin TEST to V.

HITACHI
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Table14.54 DC Characteristics of H8/3835, H8/3836, and H8/3837 (Wide Temperature
Range (1-Spec) Version) (cont)

V=45V 1055V,AV =45V 1t055V,V=AV =00V, T,=-40°Cto +85°C, including
subactive mode, unless otherwise indicated.

Item Symbol Applicable Pins Min Typ Max Unit Test Condition Note

Inputlow V. P1,to P1, -0.3 — 0.3 Ve \Y

voltage P2,to P2,
P3, to P3,
P4, to P4,
P5, to P5,
P6, to P6,
P7, to P7,
P8, to P8,
P9, to P9,
PA, to PA,
PB, to PB,
PC, to PC,

Output Vo P1,to P1, Vee—10 —  — V. —lgy=1.0mA
high P2, to P2,
voltage P3, to P3,

P4, to P4, Vee—05 —  — —lgy =0.5mA
P5, to P5,
P6, to P86,
P7,to P7,
P8, to P8,
P9, to P9,
PA, to PA,

Output VoL P1,to P1, — — 0.6 \Y lo =1.6 MA
low voltage P4, to P4,

P5, to P5, — — 05 lo. = 0.4 mA
P6, to P86,
P7,to P7,
P8, to P8,
P9, to P9,
PA, to PA,

P2, to P2, — — 15 o, = 10 MA

P3, to P37 _ — 0.6 lo. = 1.6 mA

Note: Connect pin TEST to V.
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Table 14.54 DC Characteristics of H8/3835, H8/3836, and H8/3837 (Wide Temperature
Range (1-Spec) Version) (cont)

V=45V 1055V,AV =45V 1t055V,V=AV =00V, T,=-40°Cto +85°C, including
subactive mode, unless otherwise indicated.

Item Symbol Applicable Pins Min Typ Max Unit Test Condition Note
Input/output |1, | RES, P4, — — 24.0 MA  V,=05Vto 2
leakage Vec— 05V
current _ _ 20 1
0OSC,, MDO — — 2.0 MA  V,y=05Vto
P1,to P1, Vec— 0.5V
P2,to P2,
P3, to P3,
P4, to P4,
P5, to P5,
P6, to P6,
P7,to P7,
P8, to P8,
P9, to P9,
PA, to PA,
PB, to PB, — — 2.0 Viy=05Vto
PC, to PC, AV, -05V
Pull-up -l P1,to P1, 20.0 — 330.0 MA V=5V,
MOS P3,to P3, Vin=0V
current P5, to P5,
P6, to P6,
Input Cn All input pins — — 15.0 pF f=1 MHz,
capacitance except power V=0V
supply, RES, T,=25°C
P4, pin
RES — — 60.0 2
— — 15.0 1
P4, — — 30.0 2
— — 15.0 1

Notes: 1. Applies to HD6433835, HD6433836,

version).

2. Applies to HD6473837 (wide temperature range version).
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Table14.54 DC Characteristics of H8/3835, H8/3836, and H8/3837 (Wide Temperature
Range (1-Spec) Version) (cont)

V=45V 1055V,AV =45V 1t055V,V=AV =00V, T,=-40°Cto +85°C, including
subactive mode, unless otherwise indicated.

Applicable
Item Symbol Pins Min  Typ Max Unit Test Condition Note
Active mode lope1 Vee — 13,5 30.0 mA Active mode (high speed), 1,2
current Ve =5V, T, =10 MHz
dissipation lopes Vee — 25 6.0 mA Active mode (medium speed), 1,2
Ve =5V, f. =10 MHz
Sleep mode Isieep Vee — 50 120 mA V=5V, f,, =10 MHz 1,2
current
dissipation
Subactive lsus Vee — 100.0 — MA V=5V, LCDon, 1,2
mode current 32-kHz crystal oscillator Reference
dissipation (s = @I2) value
— 700 — MA V=5V, LCDon, Reference
32-kHz crystal oscillator value
(¢sus = w/8) 1,2
Subsleep lsussp Vee — 60.0 — MA V=5V, LCDon, 1,2
mode current 32-kHz crystal oscillator Reference
dissipation (@sus = @iI2) value
Watch mode lwaTch Vee — 6.0 — MA V=5V, LCD not used, 1,2
current 32-kHz crystal oscillator Reference
dissipation value
Standby lstay Vee — — 10.0 pA  32-kHz crystal oscillator not 1, 2
mode current used
dissipation
RAM data Viram Vee 20 — — \Y 1,2

retaining voltage

Notes: 1. Pin states during current measurement

LCD

Other Power

Mode Internal State Pins Supply Oscillator Pins

Active mode (high Operates Vee  Open System clock oscillator: Crystal
and medium speed) Subclock oscillator: Pin X; = V¢
Sleep mode Only timer operates Vee  Open

Subactive mode Operates Vee Open System clock oscillator: Crystal

Subsleep mode

Only timer operates, CPU V¢
stops

Open Subclock oscillator: Crystal

Watch mode

Only time-base clock Vee
operates, CPU stops

Open

Standby mode

CPU and timers all stop V¢

Open System clock oscillator: Crystal
Subclock oscillator: Pin X; = V¢

2. Excludes current in pull-up MOS transistors and output buffers.
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Table 14.54 DC Characteristics of H8/3835, H8/3836, and H8/3837 (Wide Temperature
Range (1-Spec) Version) (cont)

Ve =27V 1055V, AV, =27V 1t055V,Vs=AV=0.0V, T,=-40°C to +85°C, including
subactive mode, unless otherwise indicated.

Item Symbol Applicable Pins Min  Typ Max Unit Test Condition
Allowable output low 1o Output pins exceptin  — — 2.0 mA
current (per pin) ports 2 and 3
Ports 2 and 3 — — 10.0
Allowable output low Xl Output pins exceptin = — — 400 mA
current (total) ports 2 and 3
Ports 2 and 3 — — 80.0
Allowable output high -l All output pins — — 2.0 mA
current (per pin)
Allowable output high  >—Ig, All output pins — — 150 mA

current (total)

HITACHI
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14.12.3 AC Characteristics

Table 14.55 lists the control signal timing, and tables 14.56 and 14.57 list the serial interface
timing of the H8/3835, H8/3836, and H8/3837 (wide temperature range (I-spec) version).

Table14.55 Control Signal Timing of H8/3835, H8/3836, and H8/3837 (Wide Temperature
Range (1-Spec) Version)

Ve =45V 1t055V,AV, =45V t055V,V=AV=0.0V, T,=-40°Cto +85°C, including
subactive mode, unless otherwise specified.

Applicable Reference
Item Symbol Pins Min  Typ Max Unit Test Condition Figure
System clock fosc 0sC,,0SC, 20 — 10.0 MHz
oscillation frequency
OSC clock (@sc) tosc 0sc,, 0SC, 100.0 — 1000.0 ns 1
cycle time Figure 14.1
System clock (¢) toye 2 — 16 tosc 1
cycle time — — 2000.0 ns
Subclock oscillation X1, X, — 32.768 — kHz
frequency
Watch clock (@) tw X1, X, — 305 — us
cycle time
Subclock (gse) cycle  tpeyc 2 — 8 tw 2
time
Instruction cycle time 2 — — toye

tsut:rcyc

Oscillation te 0SC,, 0sC, — — 400 ms
stabilization time
(crystal oscillator)
Oscillation te X, X, — — 2.0 s
stabilization time
External clock high tepn 0SC, 400 — — ns Figure 14.1
width
External clock low tepL 0SsC, 400 — — ns Figure 14.1
width
External clock rise tepr — — 150 ns Figure 14.1
time
External clock fall teps — — 150 ns Figure 14.1
time
Pin RES low width treL RES 10 — — teyc Figure 14.2

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 control register 2 (SYSCR2).
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Table 14.55 Controal Signal Timing of H8/3835, H8/3836, and H8/3837 (Wide Temperature
Range (1-Spec) Version) (cont)

Vee=45V1055V,AV =45V t055V,V=AV=0.0V, T, =-40°C to +85°C, including
subactive mode, unless otherwise specified.

Applicable Reference
Item Symbol Pins Min Typ Max Unit Test Condition Figure
Input pin high width t IRQ,toIRQ, 2 — — toye Figure 14.3

WKP, to WKP, tupeye

ADTRG

TMIB, TMIC

TMIF, TMIG
Input pin low width t, IRQ;t0olRQ, 2 — — toye Figure 14.3

WKP, to WKP, tupcye

ADTRG

TMIB, TMIC

TMIF, TMIG
Pin UD minimum tuon ub 4  — — toye Figure 14.4
modulation width tuoL tboye
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Table14.56 Serial Interface (SCI1, SCI2) Timing of H8/3835, H8/3836, and H8/3837 (Wide
Temperature Range (I-Spec) Version)

Vee=45V1055V,AV =45V 1t055V,V=AV=0.0V, T,=-40°C to +85°C, unless
otherwise specified.

Applicable Reference
Item Symbol Pins Min  Typ Max Unit Test Condition Figure
Input serial clock toeye SCK,, SCK, 2 — — toye Figure 14.5
cycle time
Input serial clock tsexn SCK,, SCK, 04 — — teye Figure 14.5
high width
Input serial clock low  tgqy SCK,, SCK, 04 — — teye Figure 14.5
width
Input serial clock rise  tgey, SCK,, SCK, — — 60.0 ns Figure 14.5
time
Input serial clock fall  tgqy SCK,, SCK, — — 60.0 ns Figure 14.5
time
Serial output data tsop SO,, SO, — — 200.0 ns Figure 14.5
delay time
Serial input data tys Sl,, Sl, 200.0 — — ns Figure 14.5
setup time
Serial input data hold  tg, Sl,, Sl, 200.0 — — ns Figure 14.5
time
CS setup time tess CS 2 — — oty Figure 14.6
CS hold time tesk CS 2 — — oty Figure 14.6
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Table14.57 Serial Interface (SCI3) Timing of H8/3835, H8/3836, and H8/3837 (Wide
Temperature Range (I-Spec) Version)

Vee=45V1055V,AV, =45V t055V,V=AV=0.0V, T,=-40°C to +85°C, unless
otherwise specified.

Reference
Item Symbol Min  Typ Max Unit Test Condition Figure
Input clock cycle  Asynchronous teye 4 — — toye Figure 14.7

Synchronous 6 — —
Input clock pulse width tscrw 04 — 0.6ty Figure 14.7
Transmit data delay time trxo — — 1 toye Figure 14.8
(synchronous mode)
Receive data setup time trxs 200.0 — — ns Figure 14.8
(synchronous mode)
Receive data hold time taxn 200.0 — — ns Figure 14.8
(synchronous mode)
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14.12.4 A/D Converter Characteristics

Table 14.58 shows the A/D converter characteristics of the H8/3835, H8/3836, and H8/3837 (wide
temperature range (I1-spec) version).

Table14.58 A/D Converter Characteristics of H8/3835, H8/3836, and H8/3837 (Wide
Temper ature Range (I-Spec) Version)

V=45V 1055V, AV=V=0.0V, T, =-40°C to +85°C, unless otherwise specified.

Applicable
Item Symbol Pins Min Typ Max Unit Test Condition Note
Analog power AV AV 4.5 — 55 \ 1
supply voltage
Analog input AV AN, to AN;; AVgy — AV, +03 V
voltage -0.3
Analog power  Algpe AV — — 1.7 mA AV, =50V
supply current o) AV — 1500 — UA 2
Reference
value
Algrop,  AVc — — 7.0 HA 3
Analog input Can AN, to AN;; — — 30.0 pF
capacitance
Allowable Ram — — 10.0 kQ
signal source
impedance
Resolution — — 8 bit
(data length)
Non-linearity — — +2.0 LSB
error
Quantization — — +0.5 LSB
error
Absolute — — +2.5 LSB
accuracy
Conversion 124 — 124 ps
time

Notes: 1. Set AV.. = V.. when the A/D converter is not used.
2. Algop is the current in active and sleep modes while the A/D converter is idle.

3. Algop, IS the current at reset and in standby, watch, subactive, and subsleep modes
while the A/D converter is idle.
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14.125 LCD Characteristics

Table 14.59 lists the LCD characteristics, and table 14.60 lists the AC characteristics for externa
segment expansion of the H8/3835, H8/3836, and H8/3837 (wide temperature range (I-spec)
version).

Table14.59 LCD Characteristics of H8/3835, H8/3836, and H8/3837 (Wide Temperature
Range (1-Spec) Version)

V=45V 1055V, AV, =45V 1055V, V=AV=0.0V, T,=-40°C to +85°C, including
subactive mode, unless otherwise specified.

Applicable
Item Symbol Pins Min  Typ Max Unit Test Condition Note
Segment driver Vps SEG,; to — — 06 V Ib =2 pA 1
voltage drop SEG,,
Common driver Vpe COM; to — — 03 V Ip =2 pA 1
voltage drop COM,
LCD power supply Rico 40.0 300.0 100.0 kQ Between V, and
voltage divider Vgs
resistance
LCD power supply Vico A 45 — Ve V 2
voltage

Notes: 1. These are the voltage drops between the voltage supply pins V,, V,, V,, and V¢, and
the segment pins or common pins.

2. When V., is supplied from an external source, the following relation must hold:
Vee2V,2V,2V, 2V
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Table14.60 AC Characteristicsfor External Segment Expansion of H8/3835, H8/3836, and
H8/3837 (Wide Temperature Range (I-Spec) Version)

Vee=45V1055V,AV, =45V 1t055V,V=AV=0.0V, T,=-40°C to +85°C, including
subactive mode, unless otherwise specified.

Applicable Reference
Item Symbol Pins Min Typ Max Unit Test Condition Figure
Clock high width tewn CL, CL, 800.0 — — ns * Figure 14.9
Clock low width tow CL, 800.0 — — ns * Figure 14.9
Clock setup time tesu CL, CL, 500.0 — — ns * Figure 14.9
Data setup time tsy DO 300.0 — — ns * Figure 14.9
Data hold time ton DO 300.0 — — ns * Figure 14.9
M delay time tom M -1000 — 1000.0 ns Figure 14.9
Clock rise and fall ~ t.; CL, CL, — — 100.0 ns Figure 14.9

times

Note: * Value when the frame frequency is set to between 30.5 Hz and 488 Hz.
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14.13 Operation Timing

Figures 14.1 to 14.9 show timing diagrams.

tosc

0sc,
Figure14.1 System Clock Input Timing
RES
ViL
tREL
Figure14.2 RES Low Width Timing
mo to m4 / \
WKP, to WKP; ViH N
ADTRG
TMIB, TMIC Vi
TMIF, TMIG

tiL tiH

Figure14.3 Input Timing
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ub
ViL

tupL tubH

— oy
- |

Figure14.4 UD Pin Minimum Transition Width Timing
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tseye

Y

A

MOV o | / \ [
o T N

ViL orVo N ]

tsckL  tsckw
tsekf—= =— —» =—tgckr
tsop
[ E—
V *
SO, VoL*

tsis

tsin

[\
o -

(U

Notes: * Output timing reference levels
Output high: Vg = 1.8V (Vee=2.5V 10 5.5V)/2.0V (Vee= 2.7 V 10 5.5 V)
Output low: Vg5 =0.8V
Load conditions are shown in figure 14-10.

Figure14.5 Serial Interface 1 and 2 Input/Output Timing
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™V ((

tess tesh

Y

- el
- ViH
SCK,
Vi

Figure14.6 Serial Interface 2 Chip Select Timing

tsckw

SCK3

tseyc
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Figure14.7 SCK,Input Clock Timing
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tseye
e M EE——
Vig orVor® '\ Z
SCKs Vi orVg *

—™ trxp
*
*

V
TXD o
(transmit data) VoL

trRxs| | tRxH

e

Notes: * Output timing reference levels
Output high: Vou=1.8V (Vee=2.5V105.5V)/2.0V (Vee=2.7V 10 5.5V)
Output low: Vo, =0.8V
Load conditions are shown in figure 14-10.

Figure14.8 Input/Output Timing of Serial Interface 3 in Synchronous Mode

- ter
y I\
Vee —0.5V
CL1
0.4V
tewH tewn
tesu
R E—
&VCC—O.SV
CL2 0.4V N
tesu tewL
(- |

— {7

Vec —05V ><
Do >< 0.4V

tsu tpH

tDM—» |-—

Figure 149 Segment Expansion Signal Timing
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14.14 Output Load Circuit

2.4kQ

Output pin

30 pF 12 kQ
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Figure 14.10 Output L oad Condition
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Appendix A CPU Instruction Set

Al Instructions

Operation Notation

Rd8/16 General register (destination) (8 or 16 bits)
Rs8/16 General register (source) (8 or 16 bits)
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 bits)
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

) Modified according to the instruction result
* Not fixed (value not guaranteed)

0 Always cleared to 0

— Not affected by the instruction execution result

HITACHI
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Table A.1 lists the H8/300L CPU instruction set.

TableA.1 Instruction Set
Addressing Mode/
Instruction Length (Bytes) | Condition Code
(0]
N =&l | _ 3
(73] © rix Qo i
Mnemonic 2 Operation o S 5% sl |HIN|Z|V n
o © DSl <2 s 2 G
g Xl 22T &2 e S
8 £/® 00 6 E Z
MOV.B #xx:8, Rd B | #xx:8 -~ Rd8 2 —|—1 111210 2
MOV.B Rs, Rd B|Rs8 - Rd8 2 —|—ltl11]0 2
MOV.B @Rs, Rd B| @Rs16 - Rd8 2 —|—] |10 4
MOV.B @(d:16, Rs), Rd | B | @(d:16, Rs16) - Rd8 4 —|—ltl11]0 6
MOV.B @Rs+, Rd B| @Rs16 - Rd8 2 —|—] |10 6
Rs16+1 - Rs16
MOV.B @aa:8, Rd B| @aa:8 -~ Rd8 2 —|— 1]/ t0 4
MOV.B @aa:16, Rd B| @aa:16 — Rd8 4 —|—]t|%l0 6
MOV.B Rs, @Rd B|Rs8 - @Rd16 2 —|—|t| 7|0 4
MOV.B Rs, @(d:16, Rd) | B|Rs8 — @(d:16, Rd16) 4 —|—|t] 70 6
MOV.B Rs, @-Rd B|Rd16-1 — Rd16 2 —|l—lt|f]0 6
Rs8 - @Rd16
MOV.B Rs, @aa:8 B|Rs8 — @aa:8 2 —|—lt| 70 4
MOV.B Rs, @aa:16 B|Rs8 - @aa:16 4 —|—1 711210 6
MOV.W #xx:16, Rd W | #xx:16 — Rd 4 —|—lt| 70 4
MOV.W Rs, Rd W | Rs16 - Rd16 2 —|—ltl1]0 2
MOV.W @Rs, Rd W | @Rs16 — Rd16 2 —|—] |70 4
MOV.W @(d:16, Rs), Rd |W | @(d:16, Rs16) — Rd16 4 —|—ltl1]0 6
MOV.W @Rs+, Rd W | @Rs16 — Rd16 2 —|—] |70 6
Rs16+2 — Rs16
MOV.W @aa:16, Rd W | @aa:16 - Rd16 4 —|—] |10 6
MOV.W Rs, @Rd W | Rsl1l6 -~ @Rd16 2 —|—|t|%]0 4
MOV.W Rs, @(d:16, Rd) |W | Rs16 - @(d:16, Rd16) 4 —|—] |10 6
MOV.W Rs, @-Rd W | Rd16-2 — Rd16 2 —|—]t|7l0 6
Rs16 — @Rd16
MOV.W Rs, @aa:16 W |Rs16 - @aa:16 4 —|—]t|%l0 6
POP Rd W | @SP - Rd16 2 —|l—lt|f]0 6
SP+2 . SP
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TableA.1

Instruction Set (cont)

Addressing Mode/
Instruction Length (Bytes) | Condition Code
(&) + %]
N =l c [¢]
7 ° gl © %) T
Mnemonic 2 Operation o s|® S sl 3 HIN|Z|V|C|®¥
8 © el o g2 kS
- .. j Xl < =
o X 28T 3280 2 S
o) N ACICSICICICIEIE z
PUSH Rs W|SP-2 - SP 2 —|—t|t|0|—|6
Rsl16 - @SP
EEPMOV — | if R4L#0 then 4 |—|—|—|—|—|—|@®
Repeat @R5 - @R6
R5+1 - R5
R6+1 - R6
R4L-1 - RAL
Until R4L=0
else next;
ADD.B #xx:8, Rd B | Rd8+#xx:8 — Rd8 2 —[ 131122
ADD.B Rs, Rd B | Rd8+Rs8 - Rd8 2 — et 2
ADD.W Rs, Rd W | Rd16+Rs16 — Rd16 2 —@ ittt 2
ADDX.B #xx:8, Rd B | Rd8+#xx:8 +C - Rd8 2 — 1 tt@ )t 2
ADDX.B Rs, Rd B | Rd8+Rs8 +C — Rd8 2 — 1t t@ )t 2
ADDS.W #1, Rd W | Rd16+1 - Rd16 2 —|—=|—=|—=]—|—] 2
ADDS.W #2, Rd W | Rd16+2 - Rd16 2 — == ]=]—|—] 2
INC.B Rd B|Rd8+1 - Rd8 2 —|— -] 2
DAA.B Rd B | Rd8 decimal adjust — Rd8 2 —|* 12171 *|3)]2
SUB.B Rs, Rd B | Rd8-Rs8 - Rd8 2 — et 2
SUB.W Rs, Rd W | Rd16-Rs16 — Rd16 2 —@ ittt 2
SUBX.B #xx:8, Rd B | Rd8—#xx:8 -C — Rd8 2 — 1ttt )2
SUBX.B Rs, Rd B | Rd8—Rs8 —C — Rd8 2 —[It@ 1t 2
SUBS.W #1, Rd W | Rd16-1 - Rd16 2 —|—|—|—=]—|—] 2
SUBS.W #2, Rd W |Rd16-2 - Rd16 2 — == ]=]—|—] 2
DEC.B Rd B |Rd8-1 - Rd8 2 —|— |t t]—]2
DAS.B Rd B | Rd8 decimal adjust — Rd8 2 —[* =2
NEG.B Rd B|0-Rd - Rd 2 —| 3Tttt 2
CMP.B #xx:8, Rd B | Rd8—#xx:8 2 —[ 131122
CMP.B Rs, Rd B | Rd8—Rs8 2 — et 2
CMP.W Rs, Rd W | Rd16-Rs16 2 —@ ittt 2
MULXU.B Rs, Rd B|Rd8 x Rs8 - Rd16 2 —|—|—=|—|—|—|14
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TableA.1 Instruction Set (cont)

Addressing Mode/
Instruction Length (Bytes)

Condition Code

3 ot g
2 A4 %
Mnemonic g Operation 3 s ® g a c|B||H|N|Z|V|C 2]
5 T lelsels g 8a s
5 HEESEEHSHE g
DIVXU.B Rs, Rd B| Rd16+Rs8 - Rd16 (RdH: 2 —|—|(5)(6) —|—|14
remainder, RdL: quotient)
AND.B #xx:8, Rd B | RA8[#xx:8 - Rd8 2 ——| 1] 7l0]—|2
AND.B Rs, Rd B | Rd8[Rs8 - Rd8 2 ——] 1] 7/0]—|2
OR.B #xx:8, Rd B | RA8[#xx:8 - Rd8 2 ——| 1] 7l0]—|2
OR.B Rs, Rd B | Rd8[Rs8 - Rd8 2 ——] 1] 7/0]—|2
XOR.B #xx:8, Rd B | Rd8[0#xx:8 - Rd8 2 ——| 1] 7l0]—|2
XOR.B Rs, Rd B | Rd8JRs8 - Rd8 2 ——] 1] 7/0]—|2
NOT.B Rd B|Rd - Rd 2 —|—] | 1l0]|—|2
SHAL.B Rd B II II 0 2 — =311 21212
SHAR.B Rd B lIIIIIIII 2 —|—]7]7/0]|7]|2
SHLL.BRd B IIIIIIII 0 2 —|—]7/7/0]2]2
SHLR.B Rd B 0 IIIIIII 2 —|—]0]7]0]|7]|2
ROTXL.B Rd B IIIIIIII 2 —|—]7]7/0]%]2
b, b
ROTXR.B Rd B m 2 ——]3]2/0]7]2
b, by C
ROTL.BRd B IIIIIIII 2 —|—]7]7/0]|7]|2
g
ROTR.BRd B IIIIIIII 2 —|—]7]7/0]%]2
g
b, bo
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TableA.1

Instruction Set (cont)

Addressing Mode/
Instruction Length (Bytes) | Condition Code
] + »
N o~ b4
= © & & 99 g
Mnemonic 2 Operation o s|® S s/ 8| |H|N|Z|V|C®
®© 5} S| | g Q —
© .. Sl g5 = S
o X228 71|38 ® S
8 SHEEICIEEIRE S
BSET #xx:3, Rd B | (#xx:30fRd8) ~ 1 2 e i el el e el 4
BSET #xx:3, @Rd B | (#xx:3 of @Rd16) ~ 1 4 — | —|—|—|—|—18
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 e i el el e el 4
BCLR #xx:3, @Rd B | (#xx:3 of @Rd16) —~ 0 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 e i el el e el 4
(#xx:3 of Rd8)
BNOT #xx:3, @Rd B | (#xx:3 of @Rd16) ~ 4 —|—|—|—|—|—| 8
(#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 RA8)
BNOT Rn, @Rd B | (Rn8 of @Rd16) ~ 4 —|—|—|—|—|—| 8
(Rn8 of @Rd16)
BNOT Rn, @aa:8 B | (Rn8 of @aa:8) 4 —|—|—|—|—|—| 8
(Rn8 of @aa:8)
BTST #xx:3, Rd B | (#xx:3 of 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
BTST Rn, 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 —|—|=| ¢ |—|—| 6
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TableA.1

Instruction Set (cont)

Addressing Mode/
Instruction Length (Bytes)

Condition Code

S —~ * 0

& o S &lelc g

Mnemonic g Operation S < % % SC"_ g B I{HIN|Z|V|C|®

3 i E3% §503 2

¢) £|z|® 080860 E Z

BLD #xx:3, Rd B | (#xx:3 of Rd8) - C 2 —|—|=]=—] %2
BLD #xx:3, @Rd B | (#xx:3 of @Rd16) - C 4 —|—|—|—|—1] 1|6
BLD #xx:3, @aa:8 B | (#xx:3 of @aa:8) -~ C 4 —|—|—|—|—| |6
BILD #xx:3, Rd B| (#xx:3 0f Rd8) —~ C 2 —|—=|—=|—|—|%]2
BILD #xx:3, @Rd B | (#xx:3 of @Rd16) - C 4 —|—=|—|——| 3|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 — | —|—|—=|—=|—12
BIST #xx:3, @Rd B|C - (#xx:3 of @Rd16) 4 —|—|—|—|—|—|8
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 —|—|=]=—] %2
BAND #xx:3, @Rd B | CO#xx:3 of @Rd16) - C 4 —|—|—=|—=|—] %6
BAND #xx:3, @aa:8 B | CO#xx:3 of @aa:8) - C 4 —|—|—|—|—| |6
BIAND #xx:3, Rd B| CO(#xx:30of Rd8) - C 2 —|——|=|=] ]2
BIAND #xx:3, @Rd B | CO(#xx:3 of @Rd16) — C 4 —|—=|—|—|—| 3|6
BIAND #xx:3, @aa:8 B | CO(#xx:3 of @aa:8) -~ C 4 —|—|—|—|—]t|®6
BOR #xx:3, Rd B | CO#xx:3 of Rd8) - C 2 —|—=|=]=]—] 1] 2
BOR #xx:3, @Rd B | CO#xx:3 of @Rd16) —» C 4 —|—|—=|—=|—] %6
BOR #xx:3, @aa:8 B | CO#xx:3 of @aa:8) - C 4 —|—|—|—|—| |6
BIOR #xx:3, Rd B | CO(#xx:3 of Rd8) — C 2 —|—=|=|—|—] 112
BIOR #xx:3, @Rd B | CO(#xx:3 of @Rd16) — C 4 —|—=|—|—|—| 3|6
BIOR #xx:3, @aa:8 B | CO(#xx:3 of @aa:8) -~ C 4 —|—|—|—|—]t|®6
BXOR #xx:3, Rd B | CO#xx:3 of Rd8) - C 2 —|—|=]=—]t]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:30of Rd8) - C 2 —|—=|—|—|— %2
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TableA.1 Instruction Set (cont)

Addressing Mode/
Instruction Length (Bytes) | Condition Code
(&) + %]
N -~ 3
m © AN g
Mnemonic -?U Operation | Branching o‘:o' g‘ % > a s Q| /H|N|Z]VIC e
= Condition |5 clie| g8 8= S
L X 28T |38 0= S
o SHEEICIEEIRE S
BIXOR #xx:3, @Rd B | CO(#xx:3 of @Rd16) - C 4 —|—|—|—|—| 1|6
BIXOR #xx:3, @aa:8 B | CO(#xx:3 of @aa:8) -~ C —|—|—|—|—] 1|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 cOoz=0 2 —|—|—=|—=|—=|—] 4
BLS d:8 — | conditon |COZ=1 2 —|—|—=|—|—|—| 4
BCC d:8 (BHS d:8) —|is true CcC=0 2 — | —|—|—|—=|— 4
BCS d:8 (BLO d:8) — | then c=1 2 — | —|—|—|—|—] 4
BNE d:8 —|PC « Z=0 2 —|—|—=|—=|—=|—] 4
BEQ d:8 —| PC+d:8 z=1 2 —|—|—|—=|—|—] 4
BVC d:8 —elsenext; |[V=0 2 — | —|—|—=|—|—4
BVS d:8 — V=1 2 | |—=|=]|—1] 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 — ZONOV)=1 2 —|—|—|—=|—|—] 4
JMP @Rn —|PC « Rn16 2 —|—|—|—|—|—] 4
JMP @aa:16 —|PC ~ aa:16 4 —|—|—|—|—|—| 6
JMP @@aa:8 —| PC « @aa:8 2 —|—]—|—|—]|—1 8
BSR d:8 —|SP-2 - SP 2 — | —|—|—|—|—1|#6
PC - @SP
PC ~ PC+d:8
JSR @Rn —|SP-2 - SP 2 —|—|—|—|—|—|6
PC - @SP
PC ~ Rn16
JSR @aa:16 —|SP-2 - SP 4 —|—|—|—|—|—| 8
PC - @SP
PC ~ aa:l6
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TableA.1 Instruction Set (cont)
Addressing Mode/
Instruction Length (Bytes) | Condition Code
]
N SN 8
= o A ENS g
Mnemonic 2 Operation o s ® S s/Z||H|N|Z]V|C|®
© [o9) | S| | @ Q “6
a .. j - X o 'O a )
o X228 T|s28® )
8 S IEICIEIEIE 2
JSR @@aa:8 SP-2 - SP 2 —|—|—|—|—|—| 8
PC - @SP
PC - @aa:8
RTS —|PC - @SP 2 |—|—|—|—|—|—]| 8
SP+2 ~ SP
RTE —|CCR ~ @SP P28 O Ol B Bl O R K [
SP+2 - SP
PC - @SP
SP+2 ~ SP
SLEEP — | Transit to power-down 2 |—|—|—|—|—|—|2
state
LDC #xx:8, CCR B | #xx:8 - CCR 2 TPt T2
LDC Rs, CCR B | Rs8 - CCR 2 2
STC CCR, Rd B|CCR - Rd8 2 —|—|—=]=|—]—12
ANDC #xx:8, CCR B | CCRO#xx:8 — CCR 2 JON O NNON IRON N BON 72
ORC #xx:8, CCR B | CCR#xx:8 -» CCR 2 TIP3t 2
XORC #xx:8, CCR B | CCRO#xx:8 - CCR 2 JON O NNON IRON N BON 72
NOP —|PC « PC+2 2 |—|—|—|—|—|—| 2

Notes: (1) Setto 1 when there is a carry or borrow from bit 11; otherwise cleared to O.
(2) If the result is zero, the previous value of the flag is retained; otherwise the flag is

cleared to 0.

(3) Set to 1 if decimal adjustment produces a carry; otherwise retains value prior to
arithmetic operation.

(4) The number of states required for execution is 4n + 9 (n = value of R4L).
(5) Setto 1 if the divisor is negative; otherwise cleared to 0.
(6) Set to 1 if the divisor is zero; otherwise cleared to 0.
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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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TableA.2 Operation Code Map

‘suononisul AOW 01 abenbue| auiyoew Uil [eanusp! e suondNIsul JOd pPue HSNd 8yl « 910N

AOW 4
anv 3
HOX a
%) o)
xans g
dWD v
xaav 6
aav 8
qld _~[aNvia_~Hoxia_~| 90/
suogonAsu uone|ndiurew-ig AOWd33 AOW L
Fw_m._m_ ANvE | “HOXE |~ ¥O8| |59 | yiog | lONg | 13sd
LAOW 9
1s8
use dwr ETR yss | s AXAId | NXINI 5
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A3 Number of Execution States

The tables here can be used to calculate the number of states required for instruction execution.
Table A-3 indicates the number of states required for each cycle (instruction fetch, data read/write,
etc.) in instruction execution, and 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:

Execution states = I xS, + I xS; + KxS, +L xS +MxS,, + NxS
Examples: When instruction is fetched from on-chip ROM, and an on-chip RAM is accessed.
BSET #0, @FF00

From table A .4:
I=L=2, J=K=M=N=0

From table A.3:
S5=2 S§=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:
1=2, J=K=1, L=M=N=0

From table A.3:
S5=5=%=2

Number of states required for execution=2x2+1x2+1x2=38

459
HITACHI



TableA.3 Number of Cyclesin Each Instruction

Execution Status
(Instruction Cycle)

Access Location

On-Chip Memory On-Chip Peripheral Module

Instruction fetch

Branch address read

[

Stack operation

Byte data access

~

Word data access

U)(/)x(/)(/)(/)

M

2 —

2 or 3*

Internal operation

Sy

1

Note: * Depends on which on-chip module is accessed. See 2.9.1, Notes on Data Access for

details.
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TableA.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
BVvVC 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 N N PN DN DN DN DN DNDNDNDNDDNDDNDNDDNDDNDDNDNMNDNDNMDNDNMDNDMDNDMNDNDPIRPIPRP PP PP PP P P
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TableA.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 1
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

BIST #xx:3, @aa:8 2
BIXOR BIXOR #xx:3, Rd 1

BIXOR #xx:3, @Rd 2 1

BIXOR #xx:3, @aa:8 2 1
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

BNOT #xx:3, @aa:8 2

BNOT Rn, Rd 1

BNOT Rn, @Rd 2 2

BNOT Rn, @aa:8 2 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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TableA.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
BST #xx:3, @aa:8 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
BXOR #xx:3, @aa:8 2
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 2
JMP @ @aa:8 2 1 2
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

Note: n: Initial value in R4L. The source and destination operands are accessed n + 1 times each.
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TableA.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 @Rs, Rd 1 1
MOV.B @(d:16, Rs), 2 1
Rd
MOV.B @Rs+, Rd 1 1 2
MOV.B @aa:8,Rd 1 1
MOV.B @aa:16, Rd 2 1
MOV.B Rs, @Rd 1 1
MOV.B Rs, @(d:16, 2 1

Rd)

MOV.B Rs, @-Rd 1

MOV.B Rs, @aa:8 1

MOV.B Rs, @aa:16 2

MOV.W #xx:16, Rd 2
1
1
2

=
N

MOV.W Rs, Rd
MOV.W @Rs, Rd

MOV.W @(d:16, Rs),
Rd

MOV.W @Rs+, Rd
MOV.W @aa:16, Rd
MOV.W Rs, @Rd

MOV.W Rs, @(d:16,
Rd)

MOV.W Rs, @—Rd
MOV.W Rs, @aa:16

N RPN R
[ = 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

POP POP Rd

PUSH PUSH Rs

ROTL ROTL.B Rd

RlRr|RPr[RPR[PRPR RPR[RP|R[RP|RL[N R

ROTR ROTR.B Rd
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TableA.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
ROTXL ROTXL.B Rd 1
ROTXR ROTXR.B Rd 1
RTE RTE 2 2 2
RTS RTS 2 1 2
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
SuUB SUB.B Rs, Rd 1

SUB.W Rs, Rd 1
SUBS SUBS.W #1, Rd 1

SUBS.W #2, Rd 1
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 On-Chip Registers

B.1 1/O Registers(1)

Bit NamesModule Name

Address Register Module
(low) Name Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit1 Bit 0 Name
H'AO SCR1 SNC1 SNCO — — CKS3 CKS2 CKS1 CKSO0 SCI1
H'Al SCSR1 — SOL ORER — — — — STF
H'A2 SDRU SDRU7 SDRU6 SDRUS5 SDRU4 SDRU3 SDRU2 SDRU1 SDRUO
H'A3 SDRL SDRL7 SDRL6 SDRL5 SDRL4 SDRL3 SDRL2 SDRL1 SDRLO
H'A4 STAR — — — STA4 STA3 STA2 STAl STAO SCI2
H'A5 EDAR — — — EDA4 EDA3 EDA2 EDA1 EDAO
H'A6 SCR2 — — — GAP1 GAPO CKS2 CKS1 CKSO0
H'A7 SCSR2 — — — SOL ORER WT ABT STF
H'A8 SMR COM CHR PE PM STOP MP CKS1 CKSO0 SCI3
H'A9 BRR BRR7 BRR6 BRR5 BRR4 BRR3 BRR2 BRR1 BRRO
H'AA SCR3 TIE RIE TE RE MPIE TEIE CKE1 CKEO
H'AB TDR TDR7 TDR6 TDR5 TDR4 TDR3 TDR2 TDR1 TDRO
H'AC SSR TDRE RDRF OER FER PER TEND MPBR  MPBT
H'AD RDR RDR7 RDR6 RDRS RDR4 RDR3 RDR2 RDR1 RDRO
H'AE
H'AF
H'BO TMA TMA7 TMA6 TMAS — TMA3 TMA2 TMAL1 TMAO Timer A
H'B1 TCA TCA7 TCA6 TCAS5 TCA4 TCA3 TCA2 TCAl TCAO
H'B2 TMB TMB7 — — — — TMB2 TMB1 TMBO Timer B
H'B3 TCB/TLB TCB7/ TCB6/ TCB5/ TCB4/ TCB3/ TCB2/ TCBl1/ TCBO/

TLB7 TLB6 TLB5 TLB4 TLB3 TLB2 TLB1 TLBO
H'B4 T™MC TMC7 TMC6 TMC5 — — TMC2 TMC1 TMCO Timer C
H'B5 TCC/TLC TCC7/ TCCé/ TCC5/ TCC4/ TCC3/ TCC2/ TCCl/ TCCO/

TLC7 TLC6 TLC5 TLC4 TLC3 TLC2 TLC1 TLCO
H'B6 TCRF TOLH CKSH2 CKSH1 CKSHO TOLL CKSL2 CKSL1 CKSLO TimerF
H'B7 TCSRF OVFH CMFH OVIEH CCLRH OVFL CMFL OVIEL CCLRL
H'B8 TCFH TCFH7 TCFH6 TCFH5 TCFH4 TCFH3 TCFH2 TCFH1 TCFHO

Notation:

SCI1: Serial communication interface 1
SCI2: Serial communication interface 2
SCI3: Serial communication interface 3
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Bit NamesModule Name

Address Register Module
(low) Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Name
HB9 TCFL  TCFL7 TCFL6 TCFL5 TCFL4 TCFL3 TCFL2 TCFL1 TCFLO  TimerF
HBA  OCRFH OCRFH7 OCRFH6 OCRFH5 OCRFH4 OCRFH3 OCRFH2 OCRFH1 OCRFHO
HBB OCRFL OCRFL7 OCRFL6 OCRFL5 OCRFL4 OCRFL3 OCRFL2 OCRFL1 OCRFLO
HBC  TMG OVFH OVFL OVIE IIEGS CCLR1L CCLRO CKS1 CKSO  TimerG
HBD ICRGF ICRGF7 ICRGF6 ICRGF5 ICRGF4 ICRGF3 ICRGF2 ICRGF1 ICRGFO
HBE ICRGR ICRGR7 ICRGR6 ICRGR5 ICRGR4 ICRGR3 ICRGR2 ICRGR1 ICRGRO
H'BF
H'CO LPCR DTSL1 DTSO CMX SGX  SGS3 SGS2 SGS1 SGSO  LCD
HCl LCR  — PSW ACT  DISP CKS3 CKS2 CKSL CKSO g(r’icgro”e”
H'C2
H'C3
HC4 AMR CKS  TRGE — — CH3 CH2 CH1 CHO A/D
HC5 ADRR ADR7 ADR6 ADRS ADR4 ADR3 ADR2 ADRL ADRo  converter
H'C6 ADSR ADSF — — — — — — —
H'C7
HC8 PMRL I[RQ3 IRQ2 IRQL PWM TMIG TMOFH TMOFL TMOW  I/O ports
HC9 PMR2 — — POF2 NCS I[RQ0O POF1 UD IRQ4
HCA PMR3 CS STRB  SO2 sI2 SCK2  so1 si1 SCK1
HCB PMR4 NMOD7 NMOD6 NMOD5 NMOD4 NMOD3 NMOD2 NMOD1 NMODO
H'CC PMR5  WKP, WKP, WKP, WKP, WKP, WKP, WKP, WKP,
H'CD
H'CE
HCF RLCTR — — — — — — RLCT1 RLCTO
HDO PWCR — — — — — — — PWCRO  14-bit
HD1  PWDRU — — PWDRU5 PWDRU4 PWDRU3 PWDRU2 PWDRU1 PWDRU0 PWM
HD2 PWDRL PWDRL7 PWDRL6 PWDRL5 PWDRL4 PWDRL3 PWDRL2 PWDRL1 PWDRLO
H'D3
HD4 PDR1 P1, P1, P1, P1, P1, P1, P1, P1, 1/O ports
HD5 PDR2 P2, P2, P2, P2, P2, P2, P2, P2,
HD6 PDR3  P3, P3, P3, P3, P3, P3, P3, P3,
HD7 PDR4 — — — — P4, P4, P4, P4,
HD8 PDR5  P5, P5, P5, P5, P5, P5, P5, P5,
HD9 PDR6  P6, P6, P6, P6, P6, P6, P6, P6,
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Bit NamesModule Name

Address Register Module

(low) Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Name

HDA PDR7 P7, P7, P7, P7, P7, P7, P7, P7, /O ports

HDB PDR8 P8, P8, P8, P8, P8, P8, P8, P8,

HDC PDR9 P9, P9, P9, P9, PO, P9, P9, P9,

HDD PDRA — — — — PA, PA, PA, PA,

HDE PDRB PB, PB, PB, PB, PB, PB, PB, PB,

HDF PDRC — — — — PC, PC, PC, PC,

HEO  PUCR1 PUCR1, PUCR1, PUCR1, PUCRI1, PUCR1, PUCR1, PUCR1, PUCRI,

HE1  PUCR3 PUCR3, PUCR3, PUCR3, PUCR3, PUCR3, PUCR3, PUCR3, PUCRS,

HE2 PUCR5 PUCR5, PUCR5, PUCR5, PUCR5, PUCR5, PUCR5, PUCR5, PUCRS,

HE3 PUCR6 PUCR6, PUCR6, PUCR6, PUCR6, PUCR6, PUCR6, PUCR6, PUCRS,

HE4 PCR1 PCR1, PCR1, PCRl, PCR1, PCR1, PCR1, PCR1, PCRI,

HE5 PCR2 PCR2, PCR2, PCR2, PCR2, PCR2, PCR2, PCR2, PCR2,

HE6 PCR3 PCR3, PCR3, PCR3, PCR3, PCR3, PCR3, PCR3, PCR3,

HE7 PCR4 — — — — — PCR4, PCR4, PCR4,

HE8 PCR5 PCR5, PCR5, PCR5, PCR5, PCR5, PCR5, PCR5 PCRS5,

HES PCR6 PCR6, PCR6, PCR6, PCR6, PCR6, PCR6, PCR6, PCR6,

HEA PCR7 PCR7, PCR7, PCR7, PCR7, PCR7, PCR7, PCR7, PCR7,

HEB PCR8 PCR8, PCRS, PCR8, PCR8, PCR8, PCR8, PCR8, PCRS,

HEC PCR9 PCR9, PCR9, PCRY, PCR9, PCR9, PCR9, PCR9, PCRY,

HED PCRA — — — — PCRA, PCRA, PCRA, PCRA,

H'EE

HEF

HFO  SYSCR1 SSBY STS2 STS1  STSO LSON — — — System

HF1  SYSCR2 — — — NESEL DTON MSON SAl SAO control

HF2 IEGR — — — IEG4 IEG3 IEG2 IEG1  IEGO

HF3 IENRL IENTA [ENS1 IENWP IEN4 IEN3 IEN2 IEN1  IENO

HF4 IENR2 IENDT IENAD IENS2 IENTG IENTFH IENTFL IENTC IENTB

H'F5

HF6 IRR1  IRRTA IRRS1 — IRRI4 IRRI3 IRRI2 IRRIL IRRI0  System

HF7 IRR2  IRRDT IRRAD IRRS2 IRRTG IRRTFH IRRTFL IRRTC IRRTB  control

H'F8

HF9  IWPR IWPF7 IWPF6 IWPF5 IWPF4 IWPF3 IWPF2 IWPFL IWPFO  System
control
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Address Register Bit NamesModule Name Module
(low) Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Name
H'FA

HFB

HFC

HFD

H'FE

H'FF

H'FF
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B.2 1/0 Registers(2)

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
numbe;\
Bit 7 6 5 4 3 2 1 0
Initial bit — ‘ TMC7 ‘ 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 — — RW  RW  RW bits. Dashes
T 1 \ (—) indicate
‘ reserved bits.
Clock select

0|0 |0 | Internal clock: ¢/8192

Possible types of access 1 | Internal clock: ¢/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: gw/4
1 | External event (TMIC): Rising or falling edge

Counter up/down control

0| 0| TCC is an up-counter

1| TCCis 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
Interval function selected
Auto-reload function selected

o

=
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SCR1—Serial control register 1 H'AO SCil
Bit 7 6 5 4 3 2 1 0
‘ SNC1 ‘ SNCO ‘ — ‘ — ‘ CKS3 ‘ 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
A L

Clock Select (CKS2 to CKSO0)

Serial Clock Cycle
Bit2 | Bitl | BitO | prescaler Synchronous
CKS2 | CKS1|CKSO0| Division | ¢=5MHz | ¢=2.5MHz
0 0 0 | @/1024 204.8 ps 409.6 ps
1 | @/256 51.2 us 102.4 ps
1 0 |¢l6d 12.8 ps 25.6 ps
1 @132 6.4 us 12.8 ps
1 0 0 @I16 3.2us 6.4 us
1 QI8 1.6 us 3.2 us
1 0 @la 0.8 us 1.6 us
1 |@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

Operation mode select

0|0

8-bit synchronous transfer mode

16-bit synchronous transfer mode

Continuous clock output mode

1
1/0
1

Reserved

HITACHI
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SCSR1—Serial control/statusregister 1 H'Al SCi1
Bit 7 6 5 4 3 2 1 0
. — | so. |orer| — | — | — | — | stF
Initial value 1 0 0 0 0 0 0 0
Read/Write — R/W R/(W)* — — — — R/W
\
Start flag
0 | Read | Indicates that transfer is stopped
Write | Invalid
1| Read | Indicates transfer in progress
Write | Starts a transfer operation

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

SO1 pin output level is low

Write

SO1 pin output level changes to low

1| Read

SO1 pin output level is high

Write

SO1 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'A2 SCil

Bit 7 6 5 4 3 2 1 0

‘ SDRU7 ‘ SDRU6 ‘ SDRUS5 ‘ SDRU4 ‘ SDRU3 ‘ SDRU2 ‘ SDRU1 ‘ SDRUO ‘
Initial value Not fixed Not fixed Not fixed Not fixed Notfixed Notfixed Not fixed Not fixed
Read/Write R/W RW R/W R/W RW R/W R/W RW

Stores transmit and receive data

8-bit transfer mode: Not used
16-hit transfer mode: Upper 8 bits of data

SDRL—Serial dataregister L H'A3 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 Notfixed Notfixed Not fixed Not fixed
Read/Write RW RW R/W R/W RW R/W R/W RW

Stores transmit and receive data

8-bit transfer mode: 8-bit data
16-bit transfer mode: Lower 8 bits of data

STAR—Start addressregister H'A4 SCi2
Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ — ‘ STA4 ‘ STA3 ‘ STA2 ‘ STA1 ‘ STAO ‘
Initial value 1 1 1 0 0 0 0 0
Read/Write — — — R/W R/W R/W R/W R/W

Transfer start address in range from
H'FF80 to H'FF9F
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EDAR—ENd addressregister H'A5 SCI2
Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ — ‘ EDA4 ‘ EDA3 ‘ EDA2 ‘ EDA1 ‘ EDAO ‘
Initial value 1 1 1 0 0 0 0 0
Read/Write — — — R/W R/W R/W R/W R/W

Transfer end address in range from
H'FF80 to H'FF9F

SCR2—Serial control register 2 H'A6 SCI2
Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ — ‘ GAP1 ‘ GAPO ‘ CKS2 ‘ CKS1 ‘ CKSO0 ‘
Initial value 1 1 1 0 0 0 0 0
Read/Write — — — R/W R/W R/W R/W R/W
| |
Clock Select (CKS2 to CKSO0)
Bit2 | Bitl | BitO Prescaler Serial Clock Cycle
CKS2 | CKS1|CKS0| PinSCK, | Clock Source | Division @=5MHz | ¢=2.5MHz
0 0 0 SCK, output | Prescaler S | ¢/256 51.2 us 102.4 us
1 @64 12.8 ps 25.6 ps
1 0 @32 6.4 us 12.8 pys
1 @16 3.2 us 6.4 us
1 0 0 @8 1.6 ps 3.2 s
1 @4 0.8 us 1.6 us
1 0 @2 — 0.8 us
1 SCK, input | External clock| — — —
Gap select
0 | 0 | No gaps between bytes
1 | Agap of 8 clock cycles is inserted between bytes
1|0 | Agap of 24 clock cycles is inserted between bytes
1| Agap of 56 clock cycles is inserted between bytes
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SCSR2—Serial control/statusregister 2

H'A7 SCI2

Bit 7 6 5 4 3 2 1 0
‘—‘—‘—‘SOL‘ORER‘WT‘ABT‘STF
Initial value 1 1 1 0 0 0 0 0
Read/Write — — — R/W R/(Wy  R/(W)* R/I(W} R/W
‘ |
\
Start flag
0 | Read | Indicates that transfer is stopped
Write | Stops a transfer operation
1 | Read | Indicates transfer in progress or waiting for CS input
Write | Starts a transfer operation
Abort flag

0 | [Clearing condition]
After reading 1, cleared by writing O

1 | [Setting condition]
When CS goes high during a transfer

Wait flag

0 | [Clearing condition]

After reading 1, cleared by writing 0

1 | [Setting condition]

An attempt was made to read or write the (32-byte) serial data buffer
during a transfer or while waiting for CS input

Overrun error flag

0

[Clearing condition]

After reading 1, cleared by writing 0

[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

Read

SO2 pin output level is high

Write

SO> pin output level changes to high

Note: * Only a write of O for flag clearing is possible.
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SMR—Serial mode register H'A8 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, 1
0|0 | gclock
Multiprocessor mode 1| @l/4 clock
0 | Multiprocessor communication function disabled 1|0 | ¢/16 clock
1 | Multiprocessor communication function enabled 1| ¢/64 clock
Stop bit length
0 | 1 stop bit
1| 2 stop bits
Parity mode
0 | Even parity
1| Odd parity
Parity enable
0 | Parity bit adding and checking disabled
1 | Parity bit adding and checking enabled
Character length
0 | 8-bit data
1| 7-bit data
Communication mode
0 | Asynchronous mode
1| Synchronous mode
BRR—BIt rateregister H'A9 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'AA 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 | Bit0O Description
CKE1 | CKEO | Communication Mode | Clock Source SCK3 Pin Function
0 0 Asynchronous Internal clock 1/0O port
Synchronous Internal clock Serial clock output
1 Asynchronous Internal clock Clock output
Synchronous Reserved Reserved (Do not set
this combination)
1 0 Asynchronous External clock Clock input
Synchronous External clock Serial clock input
1 Asynchronous Reserved Reserved
Synchronous Reserved (Do not set | Reserved (Do not set
this combination) this combination)
Transmit end interrupt enable
0 | Transmit end interrupt (TEI) disabled
1 | Transmit end interrupt (TEI) enabled

Multiprocessor interrupt enable

[Clearing condition]
Multiprocessor bit receives a data value of 1

0 | Multiprocessor interrupt request disabled (ordinary receive operation)

1 | Multiprocessor interrupt request enabled

OER are not set.

Until a multiprocessor bit value of 1 is received, the receive data full interrupt (RXI) and receive
error interrupt (ERI) are disabled, and serial status register (SSR) flags RDRF, FER, and

Receive enable

0 | Receive operation disabled (RXD is a general /O port)

1 | Receive operation enabled (RXD is the receive data pin)

Transmit enable

0 | Transmit operation disabled (TXD is a general 1/O port)

1 | Transmit operation enabled (TXD is the 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

HITACHI

477



TDR—Transmit data register H'AB 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 to be transferred to TSR

478
HITACHI



SSR—Serial statusregister H'AC 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)* RIW)* RI(W)* R R RIW
[ \ ‘ ‘ ‘ ‘
| |
Multiprocessor bit receive Multiprocessor bit transmit

0| Indicates reception of data in which the multiprocessor bitis 0 | |0| The multiprocessor bit in transmit data is 0
1|Indicates reception of data in which the multiprocessor bitis 1 | |1| The multiprocessor bit in transmit data is 1

Transmit end
0| Indicates that transmission is in progress

[Clearing conditions] After reading TDRE = 1, cleared by writing O to TDRE.
When data is written to TDR by an instruction.

1|Indicates that a transmission has ended

[Setting conditions] ~ When bit TE in serial control register 3 (SCR3) is 0.
If TDRE is set to 1 when the last bit of a transmitted character is sent.

Parity error
0| Indicates that data receiving is in progress or has been completed
[Clearing conditions]  After reading PER = 1, cleared by writing O

=

Indicates that a parity error occurred in data receiving

[Setting conditions] ~ When the sum of 1s in received data plus the parity bit does not match
the parity mode bit (PM) setting in the serial mode register (SMR)

Framing error
0| Indicates that data receiving is in progress or has been completed
[Clearing conditions] After reading FER = 1, cleared by writing O

=

Indicates that a framing error occurred in data receiving
[Setting conditions] ~ The stop bit at the end of receive data is checked and found to be 0

Overrun error
0/|Indicates that data receiving is in progress or has been completed
[Clearing conditions] After reading OER = 1, cleared by writing 0

=

Indicates that an overrun error occurred in data receiving
[Setting conditions] ~ When data receiving is completed while RDRF is set to 1

Receive data register full
0| Indicates there is no receive data in RDR

[Clearing conditions]  After reading RDRF = 1, cleared by writing 0.
When data is read from RDR by an instruction.

1|Indicates that there is receive data in RDR
[Setting conditions] ~ When receiving ends normally, with receive data transferred from RSR to RDR

Transmit data register empty
0| Indicates that transmit data written to TDR has not been transferred to TSR
[Clearing conditions]  After reading TDRE = 1, cleared by writing 0.
When data is written to TDR by an instruction.
1|Indicates that no transmit data has been written to TDR, or the transmit data written to TDR has been transferred to TSR

[Setting conditions] ~ When bit TE in serial control register 3 (SCR3) is 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'AD 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'BO Timer A
Bit 7 6 5 4 3 2 1 0
‘ TMA7 ‘ TMAG ‘ TMA5 ‘ — ‘ TMA3 ‘ TMA2 ‘ TMA1 ‘ 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| @6 TMA3| TMA2 | TMAL| TMAO| or Overflow Period Function
10| g8 0 0 0 0 | PSS @/8192 Interval
1| o4 1 | PSS #14096 timer
1/0/|0 | ow/32 1 0 PSS @/2048
1| ow/16 1 PSS @512
10/ ows 1 0 0 PSS @256
1] owia 1 PSS @/128
1 0 PSS @I32
1 PSS @/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'B1 Timer A
Bit 7 6 5 4 3 2 1 0
‘ TCA7 ‘ TCA6 ‘ TCAS5 ‘ TCA4 ‘ TCA3 ‘ TCA2 ‘ TCA1l ‘ TCAO ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R R R R R R R R
Count value
TMB—Timer moderegister B H'B2 Timer B
Bit 7 6 5 4 3 2 1 0
‘ TMB7 ‘ — ‘ — ‘ — ‘ — ‘ TMB2 ‘ TMB1 ‘ TMBO ‘
Initial value 0 1 1 1 1 0 0 0
Read/Write R/W — — — — R/W R/W R/W
| | |
Auto-reload function select Clock select
0 | Interval timer function selected 0|00 | Internal clock: ¢/8192
1 | Auto-reload function selected 1 | Internal clock: /2048
1|0 | Internal clock: @/512
1 | Internal clock: /256
1|0 |0 Internal clock: @/64
1 | Internal clock: @/16
1|0 | Internal clock: @/4
1| External event (TMIB): Rising or falling edge
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TCB—Timer counter B H'B3 Timer B
Bit 7 6 5 4 3 2 1 0
‘ TCB7 ‘ TCB6 ‘ TCB5 ‘ TCB4 ‘ TCB3 ‘ TCB2 ‘ TCB1 ‘ TCBO ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R R R R R R R R
Count value
TLB—Timer load register B H'B3 Timer B
Bit 7 6 5 4 3 2 1 0
‘ TLB7 ‘ TLB6 ‘ TLB5 TLB4 ‘ TLB3 ‘ TLB2 TLB1 ‘ TLBO ‘
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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TMC—Timer moderegister C H'B4 Timer C
Bit 7 6 5 4 3 2 1 0
‘ TMC7 ‘ TMC6 ‘ TMC5 ‘ — ‘ — ‘ TMC2 ‘ TMC1 ‘ TMCO ‘
Initial value 0 0 0 1 1 0 0 0
Read/Write R/W R/W R/W — — R/W R/W R/W
| |
\
Clock select
0| 0|0 | Internal clock: /8192
1 | Internal clock: ¢/2048
Auto-reload function select 1|0 | Internal clock: ¢/512
0 | Interval timer function selected 1 | Internal clock: ¢/64
1 | Auto-reload function selected 1|00/ Internal clock: ¢/16
1 | Internal clock: @/4
1|0 | Internal clock: ¢y/4
1 | External event (TMIC): Rising or falling edge
Counter up/down control
0| 0| TCC is an up-counter
1| TCC is a down-counter
1| * | TCC up/down operation is hardware-controlled by
input at the UD pin. TCC is a down-counter if the UD
input is high, and an up-counter if the UD input is low.
Note: * Don't care
TCC—Timer counter C H'B5 Timer C
Bit 7 6 5 4 3 2 1 0
‘ TCC7 ‘ TCC6 ‘ TCC5 ‘ TCC4 ‘ TCC3 ‘ TCC2 ‘ TCC1 ‘ TCCO ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R R R R R R R R
Count value
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TLC—Timer load register C H'B5 Timer C

Bit 7 6 5 4 3 2 1 0

‘ TLC7 ‘ TLC6 ‘ TLC5 ‘ TLC4 ‘ TLC3 ‘ TLC2 ‘ TLC1 ‘ TLCO ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write W W W W W W W W

Reload value

TCRF—Timer control register F H'B6 Timer F
Bit 7 6 5 4 3 2 1 0
‘ TOLH ‘ CKSH2 ‘ CKSH1 ‘ CKSHO‘ TOLL ‘ CKSL2 ‘ CKsSL1 ‘ CKSLO ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write W w W w W W w W
]
|
Toggle output level H Clock select L
0 | Low level 0 | = | = | External event (TMIF): Rising or falling edge
1| High level 1|0/ 0| Internal clock: @/32
1| Internal clock: @/16
1|0 | Internal clock: @/4
1 | Internal clock: @/2
Toggle output level L
0 | Low level
1| High level

Clock select H

0 | * | * | 16-bit mode selected. TCFL overflow signals are counted.
Internal clock: @/32

Internal clock: @/16

Internal clock: @/4

Internal clock: @/2

[EnY
R OO

Note: * Don’t care
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TCSRF—Timer control/statusregister F H'B7 Timer F

Bit 7 6 5 4 3 2 1 0

‘ OVFH ‘ CMFH ‘ OVIEH ‘ CCLRH‘ OVFL ‘ CMFL ‘ OVIEL ‘ CCLRL‘
Initial value 0 0 0 0 0 0 0 0
Read/Write RI(WY  R/(WY R/W R/W R/(WYy  R/(WY) R/W R/W

— | | ‘ ‘

\
Timer overflow interrupt enable L

0 | TCFL overflow interrupt disabled
1| TCFL overflow interrupt enabled

Compare match flag L

0 | [Clearing condition]
After reading CMFL = 1, cleared by writing 0 to CMFL
1 | [Setting condition]
When the TCFL value matches the OCRFL value
Timer overflow flag L
0 | [Clearing condition]
After reading OVFL = 1, cleared by writing 0 to OVFL
1 | [Setting condition]
When the value of TCFL goes from H'FF to H'00
Counter clear H

0 | 16-bit mode: TCF clearing by compare match disabled
8-bit mode: TCFH clearing by compare match disabled

1| 16-bit mode: TCF clearing by compare match enabled
8-bit mode: TCFH clearing by compare match enabled

Timer overflow interrupt enable H Counter clear L

0 | TCFH overflow interrupt disabled 0 | TCFL clearing by compare match disabled
1| TCFH overflow interrupt enabled 1 | TCFL clearing by compare match enabled

Compare match flag H

0 | [Clearing condition]

After reading CMFH = 1, cleared by writing 0 to CMFH
1 | [Setting condition]

When the TCFH value matches the OCRFH value

Timer overflow flag H
0 | [Clearing condition]
After reading OVFH = 1, cleared by writing 0 to OVFH
1 | [Setting condition]
When the value of TCFH goes from H'FF to H'00

Note: * Only a write of O for flag clearing is possible.
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TCFH—8-bit timer counter FH H'B8 Timer F

Bit 7 6 5 4 3 2 1 0
‘ TCFH7 ‘ TCFH6 ‘ TCFH5 ‘ TCFH4 ‘ TCFH3 ‘ TCFH2 ‘ TCFH1 ‘ TCFHO ‘
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
TCFL—8-bit timer counter FL H'B9 Timer F
Bit 7 6 5 4 3 2 1 0
‘ TCFL7 ‘ TCFL6 ‘ TCFL5 ‘ TCFL4 ‘ TCFL3 ‘ TCFL2 ‘ TCFL1 ‘ TCFLO ‘
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
OCRFH—Output compare register FH H'BA Timer F
Bit 7 6 5 4 3 2 1 0
‘OCRFH?‘OCRFHS‘OCRFHS‘OCRFH4‘OCRFH3‘OCRFH2‘OCRFHl‘OCRFHO‘
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
OCRFL—Output compare register FL H'BB Timer F
Bit 7 6 5 4 3 2 1 0
‘OCRFL? ‘ OCRFLG‘ OCRFLS‘ OCRFL4‘ OCRFL3 ‘OCRFLZ ‘ OCRFL1 ‘ OCRFLO‘
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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TMG—Timer moderegister G H'BC Timer G

Bit 7 6 5 4 3 2 1 0
‘ OVFH ‘ OVFL ‘ OVIE ‘ IIEGS ‘CCLRl ‘ CCLRO‘ CKS1 ‘ CKSO0 ‘
Initial value 0 0 0 0 0 0 0 0

Read/Write  R/W)* RI(W)*  R/W RW RW  RW RW  RW
I —

[
‘ ‘ ‘ Clock select J

0 | 0 | Internal clock: @/64
1 | Internal clock: @/32
1| 0| Internal clock: ¢@/2
Counter clear 1| Internal clock: @\y/2

0| 0| TCG is not cleared
1| TCGis cleared at the falling edge of the input capture signal
1| 0| TCGis cleared at the rising edge of the input capture signal
1| TCG is cleared at both edges of the input capture signal

Input capture interrupt edge select
0 | Interrupts are requested at the rising edge of the input capture signal
1 | Interrupts are requested at the falling edge of the input capture signal

Timer overflow interrupt enable
0 | TCG overflow interrupt disabled
1| TCG overflow interrupt enabled

Timer overflow flag L

0 | [Clearing condition]

After reading OVFL = 1, cleared by writing 0 to OVFL
1 | [Setting condition]

When the value of TCG goes from H'FF to H'00

Timer overflow flag H
0 | [Clearing condition]
After reading OVFH = 1, cleared by writing 0 to OVFH
1 | [Setting condition]
When the value of TCG goes from H'FF to H'00

Note: * Only a write of O for flag clearing is possible.
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| CRGF—Input captureregister GF H'BD Timer G

Bit 7 6 5 4 3 2 1 0
‘ ICRGF7 ‘ ICRGF6 ‘ ICRGFS‘ ICRGF4‘ ICRGF3 ‘ ICRGF2 ‘ ICRGF1 ‘ ICRGFO ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R R R R R R R R
ICRGR—Input captureregister GR H'BE Timer G
Bit 7 6 5 4 3 2 1 0
‘ ICRGR?‘ ICRGRG‘ ICRGRS‘ ICRGR4‘ ICRGR3 ‘ ICRGR2 ‘ ICRGR1 ‘ ICRGRO‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R R R R R R R R
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. f .
LPCR—LCD port control register H'CO  LCD controller/driver
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
Segment driver select
Bit4 | Bit3 | Bit2 | Bitl | BitO Functions of Pins SEGyg to SEG;
SEGy0 t0 SEGgg t0|[SEG3; t0 [SEG,g 10 |SEG24 10 [SEG,0 t0|SEG16 10 [SEG to |SEGgt0 [SEG4t0
SGX |SGS3|SGS2|SGS1 |SGS0 [SEGs, SEGgs |SEGag [SEGps |SEGy |SEGy; |SEGys |SEGy  [SEGs [SEG; |Remarks
0 0 0 0 0 |Port Port Port Port Port Port Port Port Port  |Port ((initial value)
1 |SEG SEG Port Port Port Port Port Port Port Port
1 0 |[SEG SEG SEG Port Port Port Port Port Port Port
1 |SEG SEG SEG SEG Port Port Port Port Port Port
1 0 0 |[SEG SEG SEG SEG SEG Port Port Port Port Port
1 |SEG SEG SEG SEG SEG SEG Port Port Port Port
1 0 |[SEG SEG SEG SEG SEG SEG SEG Port Port Port
1 |SEG SEG SEG SEG SEG SEG SEG SEG Port Port
1 * * 0 |[SEG SEG SEG SEG SEG SEG SEG SEG SEG  |Port
1 |[SEG SEG SEG SEG SEG SEG SEG SEG SEG SEG
1 0 0 0 0 |External segment [Port Port Port Port Port Port Port Port  |Port
lexpansion
1 |External segment |SEG Port Port Port Port Port Port Port  |Port
lexpansion
1 0 |External segment [SEG SEG Port Port Port Port Port Port Port
lexpansion
1 |External segment [SEG SEG SEG Port Port Port Port Port Port
lexpansion
1 0 0 |External segment [SEG SEG SEG SEG Port Port Port Port Port
lexpansion
1 |External segment |SEG SEG SEG SEG SEG Port Port Port Port
lexpansion
1 0 |External segment |SEG SEG ISEG SEG SEG SEG Port Port Port
lexpansion
1 |External segment [SEG SEG SEG SEG SEG SEG ISEG Port Port
lexpansion
1 * * 0 |External segment |SEG SEG SEG SEG SEG SEG SEG SEG Port
lexpansion
1 |External segment [SEG SEG SEG SEG SEG SEG SEG SEG SEG
lexpansion

Expansion signal select
0 | Pins SEGyg to SEGg7
1| Pins CL4, CLj, DO, and M

Duty and common function select

Bit7 | Bit6 | Bit5
DTS1|DTSO | CMX | Duty Common Driver | Other Uses
0 0 0 | Static COM; COMg3, COM_, and COM; usable as ports
1 COM, to COM; | COMj, COMg, and COM, output the same waveform as COM .
0 1 0 1/2 duty | COM,, COMy COM, and COM3 usable as ports
f COM, to COM; | COM4 outputs the same waveform as COM3, and COM; the same waveform as COMq
1 0 0 |1/3duty |COM3to COM; |COMjy usable as port
1 COM, to COM; | COM, outputs a non-select waveform
1 1 0 |1/4duty |COM,to COM; |—
1
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LCR—LCD contral register

Bit

Initial value
Read/Write

H'C1 LCD controller/driver

7 6 5 4 3 2 1 0
‘ — ‘ PSW ‘ ACT ‘ DISP ‘ CKS3 ‘ CKS2 ‘ CKs1 ‘ CKSO0 ‘
1 0 0 0 0 0 0 0
— R/W R/W R/W R/W R/W R/W R/W
é
\
Frame frequency select
Bit3 | Bit2 | Bitl | BitO Frame Frequency
CKS3 | CKS2|CKS1|CKSO0| Clock | ¢ =5 MHz ‘ @ =625Hz
0 * 0 0 |ow 128 Hz (initial value)
1 | ow 64 Hz
1 * owl2 | 32Hz
1 0 0 0 |@?2 — 610 Hz
1 @l4 — 305 Hz
1 0 | @8 — 153 Hz
1 |@/l6 610 Hz 76.3 Hz
1 0 0 |@/32 305 Hz 38.1 Hz
1 | @64 153 Hz —
1 0 |@/128 | 76.3Hz —
1 | @256 |38.1Hz —

Display data control

0 | Blank data displayed

1| LCD RAM data displayed

Display active

0 | LCD controller/driver operation stopped

1 | LCD controller/driver operational

Power switch

0

LCD power supply resistive voltage divider off

1

LCD power supply resistive voltage divider on

Note: * Don't care
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AMR—A/D moder egister H'C4 A/D converter
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
Channel select
Bit3 | Bit2 | Bitl | Bit0O
CH3 | CH2 | CH1 | CHO | Analog input channel
0 * * No channel selected
1 0 0 | ANg
1 | AN;
1 0 | AN
1 | ANj3
0 0 0 | ANy
1 | ANg
1 0 | ANg
1 | ANy
1 0 0 | ANg
1 | ANg
1 0 | ANjo
1 | ANy
External trigger select
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 | =5 MHz
0 |62/¢ 31ps 12.4 ps
1 3l/g 15.5 ps —*1

Notes: * Don't care

1. Operation is not guaranteed if the conversion time is less than 12.4 pus.
Set bit 7 for a value of at least 12.4 ps.
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ADRR—A/D result register H'C5 A/D converter

Bit 7 6 5 4 3 2 1 0

‘ ADR7 ‘ ADR6 ‘ ADR5 ‘ 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'C6 A/D converter

Bit 7 6 5 4 3 2 1 0
T N N e

Initial value 0 1 1 1 1 1 1 1

Read/Write R/W — — — — — — —
T

A/D status flag

0 | Read | Indicates the 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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PMR1—Port moderegister 1 H'C8 I/0 ports
Bit 7 6 5 4 3 2 1
‘ IRQ3 ‘ IRQ2 ‘ IRQ1 ‘ PWM ‘ TMIG ‘TMOFH ‘ TMOFL ‘ TMOW ‘
Initial value 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W
— | |

\
P1o/TMOW pin function switch

0 | Functions as P1, I/O pin

1 | Functions as TMOW output pin

P1,/TMOFL pin function switch

0

Functions as P1; I/O pin

1

Functions as TMOFL output pin

P1,/TMOFH pin function switch

0 | Functions as P1, 1/O pin

1 | Functions as TMOFH output pin

P13/TMIG pin function switch

0 | Functions as P13 I/O pin

1 | Functions as TMIG input pin

P1,4/PWM pin function switch

0 | Functions as P1, I/O pin

1 | Functions as PWM output pin

P15/IRQ1/TMIB pin function switch

0 | Functions as P1g I/O pin

1| Functions as IRQ4/TMIB input pin

P1g/IRQ,/TMIC pin function switch

0 | Functions as P1g 1/0O pin

1 | Functions as IRQ,/TMIC input pin

P1,/IRQ3/TMIF pin function switch

0

Functions as P17 I/O pin

1

Functions as IRQ3/TMIF input pin
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PMR2—Port mode register 2

Bit

Initial value
Read/Write

494

H'C9 I/O ports
7 6 5 4 3 2 1 0

‘ — ‘ — ‘ POFZ‘ NCS ‘ IRQO ‘ POFl‘ ub ‘ IRQ4 ‘
1 1 0 0 0 0 0 0

— R/W R/W R/W R/W R/W R/W

\77
P2¢/IRQ4/ADTRG pin function switch

0 | Functions as P2j I/0 pin
1| Functions as IRQ4/ADTRG input pin

P2,/UD pin function switch

0

Functions as P2; I/O pin

1

Functions as UD input pin

P3,/SO; pin PMOS control

0 | CMOS output

1 | NMOS open-drain output

P43/IRQq pin function switch

0 | Functions as P4 3 1/O pin

1 | Functions as IRQq input pin

TMIG noise canceller select

0

Noise canceller function not selected

1

Noise canceller function selected

P35/SO, pin PMOS control

0

CMOS output

1

NMOS open-drain output
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PMR3—Port mode register 3 H'CA I/0 ports
Bit 7 6 5 4 3 2 1 0
‘ Cs ‘ STRB ‘ SO2 ‘ SI2 ‘ SCK2 ‘ SO1 ‘ Si1 ‘ SCK, ‘
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
e
\
P3y/SCK 4 pin function switch
0 | Functions as P3 I/0 pin
1| Functions as SCK; 1/O pin
P3,/Sl; pin function switch
0 | Functions as P34 I/O pin
1| Functions as Sl; input pin
P3,/SO; pin function switch
0 | Functions as P35 I/0 pin
1 | Functions as SO, output pin

P33/SCK, pin function switch

0 | Functions as P33 I/O pin

1 | Functions as SCK, I/O pin

P34/Sl, pin function switch

0 | Functions as P3,4 I/O pin

1 | Functions as Sl input pin

P35/SO, pin function switch

0

Functions as P35 I/O pin

1

Functions as SO, output pin

P3g/STRB pin function switch

0 | Functions as P3¢ I/0 pin

1 | Functions as STRB output pin

P3,/CS pin function switch

0

Functions as P3; I/O pin

1

Functions as CS input pin
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PMR4—Port mode register 4 H'CB I/O ports

Bit 7 6 5 4 3 2 1 0

‘ NMOD7 ‘ NMODG‘ NMODS‘ NMOD4‘ NMOD3 ‘ NMOD2 ‘ NMOD1 ‘ NMODO ‘
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

0 | P2,, has CMOS output
1 | P2, has NMOS open-drain output

PMR5—Port mode register 5 H'CC [/O ports
Bit 7 6 3] 4 3 2 1 0
‘ WKP7 ‘ WKP6 ‘ WKP5 ‘ WKP4 ‘ WKP3 ‘ WKP2 ‘ WKP1 ‘ WKPO ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W RIW R/W R/W RIW R/W

P5,/WKP,, /SEG,, +1 pin function switch
0 | Functions as P5,, I/0 pin
1 | Functions as WKP,, input pin

RLCTR—LCD RAM relocation register H'CF
Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ — ‘ — ‘ — ‘ — ‘ RLCT1 ‘ RLCTO‘
Initial value 1 1 1 1 1 1 0 0
Read/Write — — — — — — R/W R/W
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PWCR—PWM control register H'DO 14-bit PWM
Bit 7 6 5 4 3 2 1 0
I e e e e
Initial value 1 1 1 1 1 1 1 0
Read/Write — — — — — — — w
Clock select =

0 | The input clock is @/2 (t¢* = 2/¢). The conversion period is 16,384/,
with a minimum modulation width of 1/¢

1| The input clock is @/4 (t¢* = 4/¢). The conversion period is 32,768/,
with a minimum modulation width of 2/¢

Note: * tg: Period of PWM input clock

PWDRU—PWM data register U H'D1 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'D2 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 dataregister 1 H'D4 I/O ports
Bit 7 6 5 4 3 2 1 0
‘ P1, ‘ Plq ‘ Plg ‘ P1, P1, ‘ P1, 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 R/W
PDR2—Port data register 2 H'D5 [/O ports
Bit 7 6 5 4 3 2 1 0
‘ P2, ‘ P24 ‘ P2 ‘ P2, P2, ‘ P2, P2, ‘ P2, ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
PDR3—Port dataregister 3 H'D6 [/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
PDR4—Port dataregister 4 H'D7 I/O ports
Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ — ‘ — P4, ‘ P4, P4, ‘ P4, ‘
Initial value 1 1 1 1 1 0 0 0
Read/Write — — — — R R/W R/W R/W
PDR5—Port data register 5 H'D8 [/O ports
Bit 7 6 5 4 3 2 1 0
‘ P5, ‘ PS5 ‘ P5s ‘ P5, P5, ‘ P5, P5, ‘ PS5, ‘
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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PDR6—Port dataregister 6 H'D9 I/0 ports
Bit 7 6 5 4 3 2 1 0
‘ P6, ‘ P6g ‘ P65 P6, ‘ P6, ‘ P6, ‘ P6, ‘ P86, ‘
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—Port data register 7 H'DA I/O ports
Bit 7 6 5 4 3 2 1 0
‘ P7, ‘ P7s P7s P7, ‘ P7, ‘ P7, ‘ P7, ‘ P75 ‘
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'DB 1/0O 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
PDR9—Port dataregister 9 H'DC I/0O ports
Bit 7 6 5 4 3 2 1 0
‘ P9, ‘ P9 P9 P9, ‘ P9, ‘ P9, ‘ P9, ‘ P9, ‘
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
PDRA—Port dataregister A H'DD I/O ports
Bit 7 6 5 4 3 2 1 0
‘ — ‘ — — — ‘ PA, ‘ PA, ‘ PA, ‘ PA, ‘
Initial value 1 1 1 1 0 0 0 0
Read/Write — — — — R/W R/W R/W R/W
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PDRB—Port dataregister B H'DE I/O ports

Bit 7 6 5 4 3 2 1 0
‘ PB-, ‘ PBg ‘ PBg ‘ PB, ‘ PB4 ‘ PB, ‘ PB4 ‘ PBg ‘
Initial value
Read/Write R R R R R R R R
PDRC—Port dataregister C H'DF [/O ports
Bit 7 6 5 4 3 2 1 0
== = = fee [ ee [ pey | Pey
Initial value
Read/Write — — — — R R R R
PUCR1—Port pull-up control register 1 H'EO [/O ports
Bit 7 6 5 4 3 2 1 0
‘PUCR17‘ PUCR1, ‘ PUCR1; ‘PUCR14 ‘PUCR13 ‘Pucm2 ‘PUCRll ‘PUCRIO ‘
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'E1l I/O ports
Bit 7 6 5 4 3 2 1 0
‘PUCR37‘ PUCR36‘ PUCR3g ‘ PUCR3, ‘ PUCR3, ‘PUCR32 ‘ PUCR3, ‘ PUCR3, ‘
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
PUCR5—Port pull-up control register 5 H'E2 [/O ports
Bit 7 6 5 4 3 2 1 0
‘ PUCR57‘ PUCRSG‘ PUCRS5g ‘ PUCR5, ‘ PUCR5, ‘PUCRSZ ‘ PUCR5, ‘ PUCRS5, ‘
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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PUCR6—Port pull-up control register 6 H'E3 I/0 ports

Bit 7 6 5 4 3 2 1 0

‘ PUCR67‘ PUCR66‘ PUCRG6; ‘ PUCR6, ‘ PUCRG6, ‘PUCRGZ ‘ PUCR6, ‘ PUCRG6, ‘
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

PCR1—Port control register 1 H'E4 1/0 ports

Bit 7 6 5 4 3 2 1 0

‘ PCR1, ‘ PCR1g ‘ PCR1g ‘ PCR1, ‘ PCR13 ‘ PCR1, ‘ PCR1; ‘ 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
PCR2—Port control register 2 H'E5 1/0O ports
Bit 7 6 5 4 3 2 1 0
‘ PCR2;, ‘ PCR2g4 ‘ PCR2; ‘ 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
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PCR3—Port control register 3 H'E6 I/O ports

Bit 7 6 5 4 3 2 1 0

‘ PCR3, ‘ PCR3q ‘ PCR3y ‘ PCR3, ‘ PCR3; ‘ PCR3, ‘ PCR3; ‘ PCR3, ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write w W W w W w w w

Port 3 input/output select

0 | Input pin
1 | Output pin
PCR4—Port control register 4 H'E7 I/O ports
Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ — ‘ — ‘ — ‘ PCR4, ‘ PCR4, ‘ PCR4, ‘
Initial value 1 1 1 1 1 0 0 0
Read/Write — — — — — w w w

Port 4 input/output select

0 | Input pin
1| Output pin
PCR5—Port control register 5 H'E8 [/O ports
Bit 7 6 5 4 3 2 1 0
‘ PCR5; ‘ PCR5g ‘ PCR5g ‘ PCR5, ‘ PCR5; ‘ PCR5, ‘ PCR5; ‘ PCR5q ‘
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'E9 I/0 ports

Bit 7 6 5 4 3 2 1 0

‘ PCR6, ‘ PCRGG‘ PCR6 ‘ 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'EA 1/O ports
Bit 7 6 5 4 3 2 1 0
‘ PCR7; ‘ PCR7g ‘ PCR7g ‘ PCR7, ‘ PCR74 ‘ PCR7, ‘ PCR7, ‘ PCR7q ‘
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'EB 1/0 ports
Bit 7 6 5 4 3 2 1 0
‘ PCRS; ‘ PCRS; ‘ PCRS; ‘ PCR8, ‘ PCRS, ‘ PCRS, ‘ PCRS, ‘ 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'EC

I/O ports
Bit 7 6 5 4 3 2 1 0
‘ PCR9, ‘ PCR9 ‘ PCR9; ‘ PCR9, ‘ PCR9; ‘ PCR9, ‘ PCR9; ‘ PCR9, ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write \ W W W w W W W
|
Port 9 input/output select
0 | Input pin
1 | Output pin
PCRA—Port control register A H'ED I/O ports
Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ — ‘ — ‘ PCRA3 ‘ PCRA, ‘ PCRA; ‘ PCRA, ‘
Initial value 1 1 1 1 0 0 0 0
Read/Write — — — — W \W W W

Port A input/output select
0 | Input pin
1| Output pin
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SYSCR1—System control register 1 H'FO System control

Bit 7 6 5 4 3 2 1 0

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

Low speed on flag
0 | The CPU operates on the system clock (¢)
1 | The CPU operates on the subclock (@syg)

Standby timer select 2to 0
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

0 | When a SLEEP instruction is executed in active mode, a transition 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.

Note: * Don't care
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SYSCR2—System control register 2 H'F1 System control

Bit

Initial value
Read/Write

7 6 5 4 3 2 1 0
‘ — ‘ — ‘ — ‘ NESEL‘ DTON ‘ MSON ‘ SAl ‘ SAO0 ‘
1 1 1 0 0 0 0 0

— — — R/W R/W R/W R/W R/W

Medium speed on flag

Subactive mode clock select

0

Operates in active (high-speed) mode 0|0 | @8

1

Operates in active (medium-speed) mode 1| owla

1| owl/2

Direct transfer on flag

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.

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 @osc/16

1

Sampling rate is gogc/4

Note: * Don't care
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I[EGR—IRQ edge select register

Bit

Initial value
Read/Write

H'F2 System control
7 5 4 3 2 1 0

‘ _ ‘ _ ‘ — ‘ IEG4 ‘ IEG3 ‘ IEG2 ‘ IEG1 ‘ IEGO ‘
1 1 0 0 0 0 0

R/W R/W R/W R/W R/W

IRQ3 edge select

\
IRQq edge select

0 | Falling edge of IRQg pin input is detected

1| Rising edge of IRQ pin input is detected

IRQ; edge select

0

Falling edge of IRQ1/TMIB pin input is detected

1

Rising edge of IRQ1/TMIB pin input is detected

IRQ, edge select

0

Falling edge of IRQ,/TMIC pin input is detected

1

Rising edge of IRQ,/TMIC pin input is detected

0

Falling edge of IRQ3/TMIF pin input is detected

1

Rising edge of IRQ3/TMIF pin input is detected

IRQ4 edge select

0

Falling edge of IRQ4/ADTRG pin input is detected

1

Rising edge of IRQ ,/ADTRG pin input is detected

HITACHI
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|ENR1—Interrupt enableregister 1 H'F3 System control

Bit 7 6 5 4 3 2 1 0
‘ IENTA ‘ IENS1 ‘ IENWP‘ IEN4 ‘ IEN3 ‘ IEN2 ‘ IEN1 ‘ IENO ‘
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
e | ‘

IRQ4 to IRQgq interrupt enable
0 | Disables interrupt request IRQ
1 | Enables interrupt request IRQ ,,

(n=41t00)

Wakeup interrupt enable
0 | Disables interrupt requests from WKP7 to WKP
1 | Enables interrupt requests from WKP; to WKP

SCI1 interrupt enable
0 | Disables SCI1 interrupts
1 | Enables SCI1 interrupts

Timer A interrupt enable
0 | Disables timer A interrupts
1 | Enables timer A interrupts
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|ENR2—Interrupt enable register 2

Bit

Initial value
Read/Write

H'F4 System control
7 6 5 4 3 2 1 0

‘ IENDT ‘ IENAD ‘ IENS2 ‘ IENTG ‘IENTFH ‘ IENTFL‘ IENTC ‘ IENTB ‘
0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W

— | |

Timer B interrupt enable

0 | Disables timer B interrupts

1 | Enables timer B interrupts

Timer C interrupt enable

0 | Disables timer C interrupts

1| Enables timer C interrupts

Timer FL interrupt enable

0

Disables timer FL interrupts

1

Enables timer FL interrupts

Timer FH interrupt enable

0 | Disables timer FH interrupts

1 | Enables timer FH interrupts

Timer G interrupt enable

0

Disables timer G interrupts

1

Enables timer G interrupts

SCI2 interrupt enable

0 | Disables SCI2 interrupts

1| Enables SCI2 interrupts

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

HITACHI
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IRR1—Interrupt request register 1 H'F6 System control

Bit 7 6 5 4 3 2 1 0
‘ IRRTA ‘ IRRS1 ‘ — ‘ IRRI4 ‘ IRRI3 ‘ IRRI2 ‘ IRRI1 ‘ IRRIO ‘
Initial value 0 0 1 0 0 0 0 0
Read/Write R/W* R/W* — R/W* R/W* R/W* R/W* R/W*
— T

IRQ4 to IRQq interrupt request flag

0 | [Clearing condition]

When IRRIn =1, it is cleared by writing O

1| [Setting condition]

When pin @n is set to interrupt input and the designated signal edge is
detected

SCI1 interrupt request flag (n=4100)
0 | [Clearing condition]

When IRRS1 =1, it is cleared by writing O

1 | [Setting condition]

When an SCI1 transfer is completed

Timer A interrupt request flag

0 | [Clearing condition]

When IRRTA = 1, it is cleared by writing 0

1 | [Setting condition]

When the timer A counter 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'F7 System control

Bit 7 6 5 4 3 2 1 0

‘ IRRDT ‘ IRRAD ‘ IRRS2 ‘ IRRTG ‘IRRTFH ‘ IRRTFL‘ IRRTC ‘ IRRTB ‘
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*

‘ [ | | \ ‘ ‘ ‘
\

Timer B interrupt request flag

0 | [Clearing condition] When IRRTB = 1, it is cleared by writing 0

1 | [Setting condition] When the timer B counter overflows from
H'FF to H'00

Timer C interrupt request flag
0 | [Clearing condition] When IRRTC =1, itis cleared by writing O

1 | [Setting condition] When the timer C counter overflows from H'FF to H'00
or underflows from H'00 to H'FF

Timer FL interrupt request flag
0 | [Clearing condition] When IRRTFL =1, it is cleared by writing O

1 | [Setting condition]  When counter FL matches output compare register FL
in 8-bit mode

Timer FH interrupt request flag
0 | [Clearing condition] When IRRTFH =1, it is cleared by writing 0

1| [Setting condition] When counter FH matches output compare register FH in
8-bit mode, or when 16-bit counter F (TCFL, TCFH)
matches 16-bit output compare register F (OCRFL,
OCRFH) in 16-bit mode

Timer G interrupt request flag

0 | [Clearing condition] When IRRTG = 1, it is cleared by writing 0

1| [Setting condition]  When pin TMIG is set to TMIG input and the
designated signal edge is detected

SCI2 interrupt request flag

0 | [Clearing condition] When IRRS2 =1, it is cleared by writing O

1| [Setting condition] When an SCI2 transfer is completed or aborted
A/D converter interrupt request flag

0 | [Clearing condition] When IRRAD =1, itis cleared by writing O

1 | [Setting condition]  When A/D conversion is completed and ADSF is reset
Direct transfer interrupt request flag

0 | [Clearing condition] When IRRDT =1, it is cleared by writing O

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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|WPR—Wakeup interrupt request register H'F9 System control

Bit 7 6 5 4 3 2 1 0
‘ IWPF7 ‘ IWPF6 ‘ IWPF5 ‘ IWPF4 ‘ IWPF3 ‘ IWPF2 ‘ IWPF1 ‘ IWPFO ‘
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*

Wakeup interrupt request flag

0 | [Clearing condition]

When IWPFn = 1, it is cleared by writing 0

1 | [Setting condition]

When pin WKP,, is set to interrupt input and a falling signal edge is detected
(n=71t00)

Note: * Only a write of O for flag clearing is possible.
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Appendix C /O Port Block Diagrams

C1l Block Diagram of Port 1

SBY (low level during reset and in standby mode)
Internal

data bus

A
Y

@PUCRln

p_@ PMR1, | -

o<} PDR1, |«

Vss - | PCRI, |

PDR1: Port data register 1

PCR1: Port control register 1
PMR1: Port mode register 1
PUCRZ1: Port pull-up control register 1

n=5to7

FigureC.1(a) Port 1 Block Diagram (Pins P1,to Ply)
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PWM module

-— PWM
SBY
Internal
data bus
< § PUCR1,= -
Vee
Vee (
PMR1, = -
P1,
PDR1, =
Vss +—| PCR1, [
PDR1: Port data register 1
PCR1: Port control register 1
PMR1: Port mode register 1
PUCR1: Port pull-up control register 1
FigureC.1(b) Port 1 Block Diagram (Pin P1,)
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(T |PUCRI[=

Vee
PMR1, [=
o PDRI, |«

Vss

PCR1,

PDR1:
PCR1:
PMR1:
PUCR1:

Port data register 1

Port control register 1

Port mode register 1

Port pull-up control register 1

Internal
data bus

Timer G module

FigureC.1(c) Port 1 Block Diagram (Pin P1,)
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Timer F module

- TMOFH (P1,)
TMOFL (P1,)

SBY
Internal
data bus
<:(°:PUCR1n -
Vee
Vee (
PMR1, [« Lot
P1,
PDR1,, =
Vss +—{ PCR1,, |

PDR1: Port data register 1

PCR1: Port control register 1
PMR1: Port mode register 1
PUCRZ1.: Port pull-up control register 1

FigureC.1(d) Port 1 Block Diagram (PinsP1, and P1,)
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Timer A module

--— TMOW
SBY
Internal
data bus
<:[C:PUCR10 - >
Vee
Vee (
PMR1, = -
PDR1, (=
Vss t—| PCR1, |«
PDR1: Port data register 1
PCR1: Port control register 1
PMR1: Port mode register 1
PUCRZ1: Port pull-up control register 1
FigureC.1(e) Port 1 Block Diagram (Pin P1,)
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C.2 Block Diagram of Port 2

Internal
data bus

SBY

A
Y

PMR4,,

o<} PDR2,, |

Vss +— PCR2,

A

PDR2: Port data register 2
PCR2: Port control register 2
PMR4: Port mode register 4

n=2to7

FigureC.2 (@) Port 2 Block Diagram (Pins P2, to P2,)
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PDR2:
PCR2:
PMR2:
PMR4:

SBY

Y

PMR4,

A

PMR2,

PDR2,

PCR2,

A

A

Port data register 2
Port control register 2
Port mode register 2
Port mode register 4

Internal
data bus

Timer C module

FigureC.2 (b) Port 2 Block Diagram (Pin P2))
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PDR2:
PCR2:
PMR2:
PMR4:

SBY

PMR4,

Y

PMR2,

A

PDR2,

A

A

—) S — )

Port data register 2
Port control register 2
Port mode register 2
Port mode register 4

Internal
data bus
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FigureC.2 (c) Port 2 Block Diagram (Pin P2,)
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C.3 Block Diagram of Port 3

SBY
Internal
data bus
e PUCR3, [ >
Vee
Vee
PMR3; [« -
o<} PDR3; (=
Vss - PCR3, =
SCI2 module

PDR3: Port data register 3 b
PCR3: Port control register 3

PMR3: Port mode register 3

PUCRS3: Port pull-up control register 3

FigureC.3(a) Port 3 Block Diagram (Pin P3,)
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SCI2 module

SBY
<:(°:PUCR36‘ >
Vee
(
PMR3, [« >
PDR3g |
Vss +—{ PCR3 =

PDR3:
PCR3:
PMR3:

PUCRS3:

Port data register 3

Port control register 3

Port mode register 3

Port pull-up control register 3

Internal
data bus
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SCI2 module

-«— HZS02N
- SOZ
SBY PMR2g fe— |
Internal
data bus
< E PUCR3; = -
Vee
Vee (
( PMR3; (= -
¢ PDR3g |
Vss | PCR3; |
PDR3: Port data register 3
PCR3: Port control register 3
PMR3: Port mode register 3
PMR2: Port mode register 2
PUCRS3: Port pull-up control register 3
FigureC.3(c) Port 3 Block Diagram (Pin P3;)
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SBY
Internal
data bus
@PUCRgn - -
VCC
PMR3,, [ -
o] PDR3,, [«
Vss +— PCR3,, |«
SCI module
— 1 .y

PDR3: Port data register 3 b
PCR3: Port control register 3

PMR3: Port mode register 3

PUCRS3: Port pull-up control register 3

n=14

FigureC.3(d) Port 3 Block Diagram (PinsP3, and P3,)
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SCI module

—<— EXCK
SBY = SCKg
= SCK
(@ |PUCR3,~—
VCC
PMR3,, [+
[%2]
>
o]
]
o
o&} PDR3, [+——T
©
c
[J]
£
Vss | PCR3, |«

PDR3: Port data register 3

PCR3: Port control register 3
PMR3: Port mode register 3
PUCRS3: Port pull-up control register 3

n=3,0

FigureC.3(e) Port 3 Block Diagram (Pins P3; and P3,)
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SCI1 module

- SOl
SBY PMR2, = L
Internal
data bus
Ce PUCR3, |« >
Vee
(
W PMR3, (= >
| PDR3, |-
Vss | PCR3, [«

PDR3: Port data register 3

PCR3: Port control register 3
PMR3: Port mode register 3

PMR2: Port mode register 2
PUCRS: Port pull-up control register 3

FigureC.3 (f) Port 3 Block Diagram (Pin P3,)
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C4 Block Diagram of Port 4

Internal
data bus
PMR2, (= -
P4, {>—>
— 9%+,
PMR2: Port mode register 2
FigureC.4 (a) Port 4 Block Diagram (Pin P4,)
SBY
SCI3 module
Vee o
( ~-— TE
-«— TXD
******************
PDR4, (=
Internal
data bus
Vss +—| PCR4,, |«
I/
PDR4: Port data register 4
PCR4: Port control register 4

FigureC.4 (b) Port 4 Block Diagram (Pin P4,)
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SBY

SCI3 module
Vee |
-— RE
——m= RXD
o<} PDR4, =
E
ol
g
Vss +— PCR4, = E
g
c

— D

PDR4: Port data register 4
PCR4: Port control register 4

FigureC.4 (c) Port 4 Block Diagram (Pin P4,)
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o
~
o

SBY

Ay

PDR4,, |«

+— PCR4, (=

Internal data bus

——

PDR4: Port data register 4
PCR4: Port control register 4

SCI3 module
< SCKIE
<— SCKOE
~— SCKO

FigureC.4 (d) Port 4 Block Diagram (Pin P4,)
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C5 Block Diagram of Port 5

A

SBY
<1°jPUCR5n
VCC

‘ PMR5,
—{ PDR5,

e

~
Vss +— PCR5;,

PDR5: Port data register 5

PCR5: Port control register 5
PMR5: Port mode register 5
PUCRS5: Port pull-up control register 5

n=0to7

Internal
data bus

Y= WKP,

FigureC.5 Port 5Block Diagram
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C.6 Block Diagram of Port 6

Internal
data bus

<1‘7%PUCR6n - -

——| PDR6;, =

+— PCRG6, (=

PDR6: Port data register 6
PCRG6: Port control register 6
PUCRA4: Port pull-up control register 6

n=0to7

FigureC.6 Port 6 Block Diagram
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C.7 Block Diagram of Port 7

SBY

]
~
=}

PDR7,

PCR7,

PDR7: Port data register 7
PCR7: Port control register 7

n=0to7

Internal
data bus

FigureC.7 Port 7 Block Diagram
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C.8 Block Diagram of Port 8

SBY
Internal
data bus
VCC
PDRS,, |-
P8,
PCRS,, |-«
Vss
PDR8: Port data register 8
PCRS8: Port control register 8
n=0to7
FigureC.8 Port 8 Block Diagram
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C.9 Block Diagram of Port 9

SBY

PDR9;, (=

PCR9,, (=

PDRO: Port data register 9
PCR9: Port control register 9

n=0to7

Internal
data bus

FigureC.9 Port 9 Block Diagram
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C.10 Block Diagram of Port A

SBY
Internal
data bus
VCC
PDRA, |
PA,
PCRA, |
Vss
PDRA: Port data register A
PCRA: Port control register A
n=0to3
Figure C.10 Port A Block Diagram
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C.11 Block Diagram of Port B

Internal
data bus

A/D module

DgO<F , DEC | AMRO to AMR3
T g

n=0to7

FigureC.11 Port B Block Diagram

C.12 Block Diagram of Port C

Internal
data bus
an '\ -
A/Dmodule
DJQ—O<F : DEC AMRO to AMR3
i
n=0to3

FigureC-12 Port C Block Diagram
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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 P1, High Retained Retained High Retained  Functions Functions
impedance impedance*

P2,to P2, High Retained Retained High Retained  Functions Functions
impedance impedance*

P3,to P3, High Retained Retained High Retained  Functions Functions
impedance impedance*

P4,to P4, High Retained Retained High Retained  Functions Functions
impedance impedance*

P5,to P5, High Retained Retained High Retained  Functions Functions
impedance impedance*

P6,to P6, High Retained Retained High Retained  Functions Functions
impedance impedance*

P7,to P7, High Retained Retained High Retained  Functions Functions
impedance impedance*

P8, to P8, High Retained Retained High Retained  Functions Functions
impedance impedance*

P9, to P9, High Retained Retained High Retained  Functions Functions
impedance impedance*

PA; to PA, High Retained Retained High Retained  Functions Functions
impedance impedance*

PB, to PB, High High High High High High High
impedance impedance impedance impedance* impedance impedance impedance

PC,to PC, 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 List of Product Codes

TableE.1 H8/3834 Series Product Code Lineup

Product Type

Product Code Mask Code

Package (Hitachi
Package Code)

H8/3837 PROM  Standard HD6473837H HD6473837H 100 pin QFP (FP-100B)

versions  models \\ne473837F  HD6473837F 100 pin QFP (FP-100A)
HD6473837X HD6473837X 100 pin TQFP (TFP-100B)

I-Spec  HD6473837D HD6473837HI 100 pin QFP (FP-100B)

models  |h6473837E  HD6473837F 100 pin QFP (FP-100A)

Mask ROM Standard HD6433837H HDG6433837(***)H 100 pin QFP (FP-100B)

versions  models | \neaa3837F  HD6E433837(***)F 100 pin QFP (FP-100A)
HD6433837X HD6433837(***)X 100 pin TQFP (TFP-100B)

I-Spec  HD6433837D HD6433837(***)HI 100 pin QFP (FP-100B)

models  |1h6433837E  HD6433837(***)FI 100 pin QFP (FP-100A)
HD6433837L HD6433837(***)XI 100 pin TQFP (TFP-100B)

H8/3836 Mask ROM Standard HD6433836H HD6433836(***)H 100 pin QFP (FP-100B)

versions  models | \neaa3836F  HDE433836(***)F 100 pin QFP (FP-100A)
HD6433836X HD6433836(***)X 100 pin TQFP (TFP-100B)

I-Spec  HD6433836D HD6433836(***)HI 100 pin QFP (FP-100B)

models  |1h6433836E  HD6433836(***)FI 100 pin QFP (FP-100A)
HD6433836L HD6433836(***)XI 100 pin TQFP (TFP-100B)

H8/3835 Mask ROM Standard HD6433835H HD6433835(***)H 100 pin QFP (FP-100B)

versions  models | \neaaag35r  HDE433835(***)F 100 pin QFP (FP-100A)
HD6433835X HD6433835(***)X 100 pin TQFP (TFP-100B)

I-Spec  HD6433835D HD6433835(***)HI 100 pin QFP (FP-100B)

models  |h6433835E  HD6433835(***)FI 100 pin QFP (FP-100A)
HD6433835L HD6433835(***)XI 100 pin TQFP (TFP-100B)

Note: For mask ROM versions, (***) is the ROM code.
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TableE.1 H8/3834 Series Product Code Lineup (cont)

Package (Hitachi

Product Type Product Code Mask Code Package Code)

H8/3834 PROM  Standard HD6473834H HD6473834H 100 pin QFP (FP-100B)

versions  models nea73834F  HDB473834F 100 pin QFP (FP-100A)
HD6473834X HD6473834X 100 pin TQFP (TFP-100B)

I-Spec  HD6473834D HD6473834HI 100 pin QFP (FP-100B)

modelS  \1n6473834E  HD6473834F 100 pin QFP (FP-100A)

Mask ROM Standard HD6433834H HD6433834(***)H 100 pin QFP (FP-100B)

versions  models | n6433834F  HD6433834(***)F 100 pin QFP (FP-100A)
HD6433834X HD6433834(***)X 100 pin TQFP (TFP-100B)

I-Spec  HD6433834D HD6433834(***)HI 100 pin QFP (FP-100B)

Models  |1h6433834E  HD6433834(**)FI 100 pin QFP (FP-100A)
HD6433834L HD6433834(***)XI 100 pin TQFP (TFP-100B)

H8/3833 Mask ROM Standard HD6433833H HD6433833(***)H 100 pin QFP (FP-100B)

versions  models | n6433833F  HD6433833(***)F 100 pin QFP (FP-100A)
HD6433833X HD6433833(***)X 100 pin TQFP (TFP-100B)

I-Spec  HD6433833D HD6433833(***)HI 100 pin QFP (FP-100B)

models  |1h6433833E  HD6433833(***)FI 100 pin QFP (FP-100A)
HD6433833L HD6433833(***)XI 100 pin TQFP (TFP-100B)

Note: For mask ROM versions, (***) is the ROM code.
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TableE.2 HB8/3834S Series Product Code Lineup

Product Type

Product Code

Package (Hitachi

Mask Code Package Code)

H8/3837S Mask ROM Standard HD6433837SH HD6433837(***)SH 100 pin QFP (FP-100B)

versions  models |\ne133837SF HD6E433837(***)SF 100 pin QFP (FP-100A)
HD6433837SX HD6433837(***)SX 100 pin TQFP (TFP-100B)

I-Spec  HD6433837SD HD6433837(***)SHI 100 pin QFP (FP-100B)

models  |116433837SE HD6433837(***)SFI 100 pin QFP (FP-100A)
HD6433837SL HD6433837(***)SXI 100 pin TQFP (TFP-100B)

H8/3836S Mask ROM Standard HD6433836SH HD6433836(***)SH 100 pin QFP (FP-100B)

versions  models | nea33836SF HDE433836(***)SF 100 pin QFP (FP-100A)
HD6433836SX HD6433836(***)SX 100 pin TQFP (TFP-100B)

I-Spec  HD6433836SD HD6433836(***)SHI 100 pin QFP (FP-100B)

models  |116433836SE HD6433836(***)SFI 100 pin QFP (FP-100A)
HD6433836SL HD6433836(***)SXI 100 pin TQFP (TFP-100B)

H8/3835S Mask ROM Standard HD6433835SH HD6433835(***)SH 100 pin QFP (FP-100B)

versions  models |\nea338350F HDE433835(***)SF 100 pin QFP (FP-100A)
HD6433835SX HD6433835(***)SX 100 pin TQFP (TFP-100B)

I-Spec  HD6433835SD HD6433835(***)SHI 100 pin QFP (FP-100B)

models  |116433835SE HD6433835(***)SFI 100 pin QFP (FP-100A)
HD6433835SL HD6433835(***)SXI 100 pin TQFP (TFP-100B)

H8/3834S Mask ROM Standard HD6433834SH HD6433834(***)SH 100 pin QFP (FP-100B)

versions  models | \neA33834SF HD6E433834(***)SF 100 pin QFP (FP-100A)
HD6433834SX HD6433834(***)SX 100 pin TQFP (TFP-100B)

I-Spec  HD6433834SD HD6433834(***)SHI 100 pin QFP (FP-100B)

models

HD6433834SE

HD6433834(***)SFI 100 pin QFP (FP-100A)

HD6433834SL

HD6433834(***)SXI 100 pin TQFP (TFP-100B)

Note:
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TableE.2 HB8/3834S Series Product Code Lineup (cont)

Package (Hitachi

Product Type Product Code Mask Code Package Code)
H8/3833S Mask ROM Standard HD6433833SH HD6433833(***)SH 100 pin QFP (FP-100B)
versions  models | ne 1338335 HD6E433833(***)SF 100 pin QFP (FP-100A)
HD6433833SX HD6433833(***)SX 100 pin TQFP (TFP-100B)
I-Spec  HD6433833SD HD6433833(***)SHI 100 pin QFP (FP-100B)
models  |1h6433833SE HD6433833(***)SFI 100 pin QFP (FP-100A)
HD6433833SL HD6433833(***)SX| 100 pin TQFP (TFP-100B)
H8/3832S Mask ROM Standard HD6433832SH HD6433832(***)SH 100 pin QFP (FP-100B)
versions  models |\neaa3830SF HD6E433832(***)SF 100 pin QFP (FP-100A)
HD6433832SX HD6433832(***)SX 100 pin TQFP (TFP-100B)
I-Spec  HD6433832SD HD6433832(***)SHI 100 pin QFP (FP-100B)
models

HD6433832SE

HD6433832(***)SFI 100 pin QFP (FP-100A)

HD6433832SL

HD6433832(***)SXI 100 pin TQFP (TFP-100B)

Note:

For mask ROM versions, (***) is the ROM code.
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Appendix F Package Dimensions

Dimensiona drawings of H8/3834 Series packages FP-100B, FP-100A, and TFP-100B are shown
infiguresF.1, F.2, and F.3 below.

Unit: mm

16.0+0.3
014

16.0+0.3

100

0.22 +0.05 3 wls
020004~ 1P]0.08 W) = S|9
B 1.0 R 8 2% 1.0
. ~ Q9 H|+ le
N ™ ™~
|
oo
5%
[qV]
—
PR

Dimension including the plating thickness
Base material dimension

FigureF.1 FP-100B Package Dimensions
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24.8+0.4 Unit: mm
20

81

18.8+0.4
14

4100
N 1 30
0.32 +0.08
0.30 = 0.06

Jéﬁm A

Dimension including the plating thickness
Base material dimension

o

o

o]
2.70
3.10 Max

, 0.17 +0.05
H 0.15+0.04

0.207339

FigureF.2 FP-100A Package Dimensions
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Unit: mm

16.0+0.2
[]14

76

16.0+0.2

1.0

T 0°-8°

1.20 Max
0.17 £0.05
0.15+£0.04

—
o
9]
+
o
[

0.10+0.10

Dimension including the plating thickness
Base material dimension

Figure F.3 TFP-100B Package Dimensions

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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