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Preface

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

The H8/3834 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, a three-channel serial

communication interface, and an A/D converter. This makes it 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: The terms 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 Series is 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 functions include five timers, a 14-bit pulse width
modulator (PWM), three serial communication interface channels, and an analog-to-digital (A/D)
converter. Together these functions make the H8/3834 Series ideally 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 a ZTAT™ version*, featuring a user-programmable on-
chip PROM.

Table 1.1 summarizes the features of the H8/3834 Series.
Note: * ZTAT is a trademark of Hitachi, Ltd.
Table 1.1 Features

Iltem Description

CPU High-speed H8/300L CPU

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

¢ Operating speed
O Max. operating speed: 5 MHz
O Add/subtract: 0.4 ps (operating at 5 MHz)
O Multiply/divide: 2.8 ps (operating at 5 MHz)
O 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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Table 1.1 Features (cont)

Iltem Description

CPU Typical instructions
* Multiply (8 bits x 8 bits)
» Divide (16 bits + 8 bits)
* Bit accumulator
» Reqgister-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
e Subsleep mode
* Subactive mode
« Active (medium-speed) mode

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

I/O ports 84 1/0 port pins
e 1/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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Table 1.1 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

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

0 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

0 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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Table 1.1 Features (cont)

Item 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)
HD6433835S5X
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-1008)
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

Figure 1.1 shows a block diagram of the H8/3834 Series.

Internal Block Diagram
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Figure 1.1 Block Diagram
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Pin Arrangement and Functions
The pin arrangement of the H8/3834 Series is shown in figures 1.2 and 1.3.

1.3.1 Pin Arrangement

1.3

97 ]
MOWL/CTd []
1HonL/FTd [
H4OWL/Td []

OINLETd []
NMd/"Td []
QINL/FOHISTd []
DINL/204H1°Td []
INL/EOHIATd [
E50S/%d []
axy/fvd [
axL/évd [
%o4I/fvd []
pv []

ONv/°ad []
Nv/*ad []
Nv/ad []
ENv/fad []
YNv/"ad []
SNv/ad []
9NvV/°ad []
INv/tad [
8NV/°0d []
SNv/*od [
OINV/20d []

75 [[] P97/SEG40/CL,
74 [] P9¢/SEG3e/CL,
73 [[] P95/SEG3g/DO
72 [[] P94/SEGz7/IM
71 [] P94/SEGg

70 [[] P9,/SEG3s

69 [] P9,/SEG3,

68 [ ] P9y/SEGs3

67 [_] P87/SEG3,

66 [ ] P8/SEGs;

65 [ ] P85/SEG3

64 [] P84/SEG,qg

63 [] P83/SEG,g

62 [ ] P8,/SEGy;

61 [] P8,/SEG,

60 [ ] P8y/SEGys

59 [ ] P74/SEGy,

58 [ ] P7¢/SEG,;3

57 [] P75/SEGy,

56 [ | P74/SEGy;

55 [ ] P74/SEGy
54 [ ] P7,/SEGg

53 [] P7,/SEGyg

52 [ ] P7¢/SEGy7

10099 98 97 96 95 94 93 92 91 90 89 88 87 86 85 84 83 82 81 80 79 78 77 76

] S'©3s/°9d

] "*o3s/59d

] €¥o3s/"9d

[] ¢*o3s/fad

] T'o3s/°9d

] %"o3s/*od

[ ] 693s/%d

] 8o3s/tdim/‘sd
] 493S/°dMM/°Sd
] 993S/5dMM/SSd
IRRESENICE
] "O3S/EdMM/ESd
] e93S/AdMM/PSd
] ¢oas/*dim/*sd
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] "Wo2/fvd

] °Wo2/*vd

] EW02/fvd

1 "WO2/fvd

] 2°A

1A

[1°A

[1EA

] SSA

1 S0/*ed

Avgs [] 2
TEST [ 3
X, []4

X, []5
Vss [ 6
osc, []7
0sc, [ 8
RES [] 9
MDO [] 10
111
P2,/UuD [] 12
P2, [] 13
P2; [] 14
P2, [] 15
P25 [] 16
P2 [] 17
P2, [] 18
P3¢/SCK; [] 19
P3,/Sl; [] 20

P3,/SO; [] 21

P34/SCK, [ 22
P3,/Sl, [] 23

P35/SO, [] 24
P35/STRB [] 2555 57 28 29 30 31 32 33 34 35 36 37 38 30 40 41 42 43 44 45 46 47 48 49 5051 [ ] P6//SEGss

PC3/ANy; [] 1

P2,/lRQ,/ADTRG
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1.3.2 Pin Functions

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

Table 1.2 Pin Functions

Type

Symbol

Pin No.

FP-100B
TFP-
100B

FP-

100A 1/0O

Name and Functions

Power
source pins

31,76

34,79 Input

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

6, 27

9, 30 Input

Ground: All V¢ pins should be
connected to the system power

supply (0 V)

AV

89

92

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¢q

Input

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

supply (0 V).

30,
29,
28

33,
32,
31

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
V2V, 2V,2V,2 V.

Clock pins

0sc,

10

Input

0SC,

11

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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Table 1.2 Pin Functions (cont)

Pin No.
FP-100B
Type Symbol TFP- FP-100A 1I/0O Name and Functions
100B
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
pins IRQ, 82 85 4: 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
WKP, 7: 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
ub 12 15 Input Timer C up/down select: This
pin selects whether the timer C
counter is used 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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Table 1.2 Pin Functions (cont)

Type

Symbol

Pin No.

FP-100B
TFP-
100B

FP-100A

110

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

110

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 1/0 port. Input
or output can be designated for each
bit by means of port control register A
(PCRA).

P1,to P1,

84 1t0 77

8710 80

110

Port 1: This is an 8-bit I1/0O port.
Input or output can be designated for
each bit by means of port control
register 1 (PCR1).

P2,to P2,

18to 11

21to 14

110

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,

26to0 19

2910 22

110

Port 3: This is an 8-bit I1/0O port.
Input or output can be designated for
each bit by means of port control
register 3 (PCR3).

P5, to P5,

4310 36

46 to 39

110

Port 5: This is an 8-bit 1/0O port.
Input or output can be designated for
each bit by means of port control
register 5 (PCR5).

10
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Table 1.2 Pin Functions (cont)

Type

Symbol

Pin No.

FP-100B

TFP-100BFP-100A 1I/0O

Name and Functions

I/O ports

P6, to P6,

51to 44

54 to 47 110

Port 6: This is an 8-bit 1/0 port. Input
or output can be designated for each
bit by means of port control register 6
(PCR®6).

P7,t0 P7,

59 to 52

62 to 55 1/10

Port 7: This is an 8-bit 1/0 port. Input
or output can be designated for each
bit by means of port control register 7
(PCRY).

P8, to P8,

67 to 60

70 to 63 110

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

P9, to P9,

75 to 68

7810 71 1/10

Port 9: This is an 8-bit 1/0 port. Input
or output can be designated for each
bit by means of port control register 9
(PCRY).

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 1/0 pin

Sl,

23

26

Input

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

SO,

24

27

Output

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

SCK,

22

25

110

SCI2 clock 1/O : This is the SCI2
clock 1/0 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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Table 1.2 Pin Functions (cont)

Pin No.
FP-100B
Type Symbol TFP-100BFP-100A I/0 Name and Functions
Serial com- TXD 87 90 Output SCI3 send data output: This is
munication the SCI3 data output pin
'g‘gface SCK, 85 88 110 SCI3 clock I/O : This is the SCI3
(SC) clock 1/O pin
A/D AN, to AN, 1,100t0904to 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 321035 3510 38 Output LCD common output: These are
controller/ COM, LCD common output pins
driver
SEG,t0 75t036 78 to 39 Output LCD segment output: These are
SEG, LCD 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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Section 2 CPU

2.1 Overview

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

2.1.1 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:
O Multiply and divide instructions
O Powerful bit-manipulation instructions
» Eight addressing modes
Register direct
Register indirect
Register indirect with displacement
Register indirect with post-increment or pre-decrement
Absolute address
Immediate
Program-counter relative
Memory indirect
e 64-kbyte address space
» High-speed operation
O All frequently used instructions are executed in two to four states
O High-speed arithmetic and logic operations
8- or 16-hit register-register add or subtrabt4 pus*
8 x 8-bit multiply: 2.8ps*
16 + 8-bit divide: 2.8us*
Note: * These values are @t= 5 MHz.
« Low-power operation modes
SLEEP instruction for transfer to low-power operation

g
O
g
O
g
O
g
O
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2.1.2 Address Space
The H8/300L CPU supports an address space of up to 64 kbytes for storing program code and data.

See 2.8, Memory Map, for details of the memory map.

2.1.3 Register Configuration

Figure 2.1 shows the register structure of the H8/300L CPU. There are two groups of registers:
the general registers and control registers.

General registers (Rn)

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

Control registers (CR)
15 0
PC | PC: Program Counter
76543210
ccr [1]ulH[u[n[z|v][c|  ccRr: condition Code Register
- Carry flag

—— Overflow flag

Zero flag

Negative flag

Half-carry flag

Interrupt mask bit
User bit
User bit

Figure 2.1 CPU Registers
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2.2 Register Descriptions

2.2.1 General Registers
All the general registers can be used as both data registers and address registers.

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

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

R7 also functions as the stack pointer (SP), used implicitly by hardware in exception processing
and subroutine calls. When it functions as the stack pointer, as indicated in figure 2.2, SP (R7)
points to the top of the stack.

Lower address side [H'0000]

Unused area

SP >
(R7)

Stack area

Upper address side [H'FFFF]

Figure 2.2 Stack Pointer

2.2.2 Control Registers

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

Program Counter (PC): This 16-bit register indicates the address of the next instruction the
CPU will execute. All instructions are fetched 16 bits (1 word) at a time, so the least significant
bit of the PC is ignored (always regarded as 0).

Condition Code Register (CCR): This 8-bit register contains internal status information,
including the interrupt mask bit (I) and half-carry (H), negative (N), zero (2Z), 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 this bit is set to 1, interrupts are masked. This bit is
set to 1 automatically at the start of exception handling. The interrupt mask bit may be read and
written by software. For further details, see section 3.3, Interrupts.

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

Bit 5—Half-Carry Flag (H): When the ADD.B, ADDX.B, SUB.B, SUBX.B, CMP.B, or
NEG.B instruction is executed, this flag is set to 1 if there is a carry or borrow at bit 3, and is
cleared to O otherwise.

The H flag is used 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 there is a
carry or borrow at bit 11, and is cleared to O otherwise.

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

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

Bit 2—Zero Flag (2): 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 0 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
e Subtract instructions, to indicate a borrow
* Shift and rotate instructions

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

Refer to theH8/300L Series Programming Mantfak the action of each instruction on the flag
bits.
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2.2.3 Initial Register Values

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

2.3 Data Formats

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

< 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.

e The MOV.W, ADD.W, SUB.W, CMP.W, ADDS, SUBS, MULXU (8 bits8 bits), and
DIVXU (16 bits+ 8 bits) instructions operate on word data.

« The DAA and DAS instructions perform decimal arithmetic adjustments on byte data in packed
BCD form. Each nibble of the byte is treated as a decimal digit.

17
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2.3.1 Data Formats in 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 Qn.’.t_g:grg ....................
.................................................... 7 0
1-bit data RoL i don'tcare | 7 \ 6 \ 5 \ 4 \ 3 \ 2 \ 1 \ 0 |
7 o
Byte data RnH |MsB ‘ ‘LSB| .................... d on'tcare
.................................................... 7 0
Byte data RnL §”_””_”_.m_”_.dgr.l.’g;g(g ................... |MSB‘ ‘LSB|
15 0
Word data Rn |MSB‘ ‘LSB|
7 4 3 o
4-bit BCD data RnH | , Upper digit. , Lower digit | .................... d on'tcare
.................................................... 7 4 3 0
4bitBCDdata  RnL | dontcare | Upperdigit Lower digit|
Notation:

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

Figure 2.3 Register Data Formats
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2.3.2 Memory Data Formats

Figure 2.4 indicates the data formats in memory. For access by the H8/300L CPU, word data
stored in memory must always begin at an even address. In word access the least significant bit of
the address is regarded as 0. If an odd address is specified, the access is performed at the preceding
even address. This rule affects the MOV.W instruction, and also applies to instruction fetching.

Data Type Address Data Format
7 0
1-bit data Addressn | 7|65 ]a]3][2]|1]0
Byte data Address n MSB: :LSB
MSB. Upper 8 bits
Word data ~ Cvenaddress |Mse_  Uppersbis
Odd address Lower 8 bits |LsB
MSB CCR LSB
Byte data (CCR) on stack ~ _venaddress mse =~ ceR
Odd address |MsB , CCR* LsB
MSB
Word data on stack Even address 1 1 —rt 1 1 1
Odd address LsB

CCR: Condition code register

Note: * Ignored on return

Figure 2.4 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.
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2.4  Addressing Modes

2.4.1 Addressing Modes

The H8/300L CPU supports the eight addressing modes listed in table 2.1. Each instruction uses a
subset of these addressing modes.

Table 2.1 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:The register field of the instruction specifies an 8- or 16-bit general
register containing the operand.

Only the MOV.W, ADD.W, SUB.W, CMP.W, ADDS, SUBS, MULXU (8 bits8 bits), and
DIVXU (16 bits + 8 bits) instructions have 16-bit operands.

2. Reqgister 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):The instruction has a second
word (bytes 3 and 4) containing a displacement which is added to the contents of the specified
general register to obtain the operand address in memory.

This mode is used only in MOV instructions. For the MOV.W instruction, the resulting address
must be even.
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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.
The register field of the instruction specifies a 16-bit general register containing the address of

the operand. After the operand is accessed, the register is incremented by 1 for MOV.B or 2 for
MOV.W. For MOV.W, the original contents of the 16-bit general register must be even.

* Register indirect with pre-decrement—@-Rn
The @-Rn mode is used with MOV instructions that store register contents to memory.
The register field of the instruction specifies a 16-bit general register which is decremented by 1
or 2 to obtain the address of the operand in memory. The register retains the decremented value.
The size of the decrement is 1 for MOV.B or 2 for MOV.W. For MOV.W, the original
contents of the register must be even.

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

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

For an 8-bit absolute address, the upper 8 bits are assumed to be 1 (H'FF). The address range 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) in its third and fourth bytes. Only MOV.W instructions
can contain 16-bit immediate values.

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

7. Program-Counter Relative—@(d:8, PC):This mode is 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 JMP 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'OOFF (0 to 255). Note that with the H8/300L Series, the lower end of the address area
is also used as a vector area. See 3.3, Interrupts, for details on the vector area.

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

2.4.2 Effective Address Calculation
Table 2.2 shows how effective addresses are calculated in each of the addressing modes.

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

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

Bit manipulation instructions use register direct (1), register indirect (2), or absolute addressing (8-
bit) (5) to specify a byte operand, and 3-bit immediate addressing (6) to specify a bit position in
that byte. The BSET, BCLR, BNOT, and BTST instructions can also use register direct addressing
(1) to specify the bit position.
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Table 2.2 Effective Address

Addressing Mode and

Calculation

Effective Address

Effective Address

HITACHI

No. Instruction Format Calculation Method (EA)
1 Register direct, Rn 3 0 3 0
rm rn
15 87 43 0 T T
op m | m -
Operand is contents of
registers indicated by rm/rn
2 Register indirect, @Rn 15
Contents (16 bits) of
register indicated by rm 15
15 76143 0 |
op rm
3 Register indirect with
displacement, @(d:16, Rn) 15 -
.| Contents (16 bits) of
register indicated by rm —L 15
15 7643 0 O
op rm disp J
disp T
4 Register indirect with
ti t RN+ 15 15
post-increment, @Rn Contents (16 bits) of
register indicated by rm
15 76143 0
op rm
lor2
Register indirect with
re-decrement, @—Rn 15
P ’ Contents (16 bits) of
register indicated by rm
I 15 0
15 76143 0 ;
op rm Incremented or
decremented by 1 if 1or2
operand is byte size, or
and by 2 if word size
23




Table 2.2 Effective Address Calculation (cont)

Addressing Mode and Effective Address Effective Address
No. Instruction Format Calculation Method (EA)
5 Absolute address 15 87
@aa:8 H'EE
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

15

Sign
15 87 0 extension

disp

op disp i
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Table 2.2 Effective Address Calculation (cont)

Addressing Mode and
No. Instruction Format

Effective Address
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: Operation field
disp: Displacement
IMM:  Immediate data
abs: Absolute address
25
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2.5 Instruction Set
The H8/300L Series can use a total of 55 instructions, which are grouped by function in table 2.3.

Table 2.3 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 4
Shift SHAL, SHAR, SHLL, SHLR, ROTL, ROTR, ROTXL, ROTXR 8
Bit manipulation BSET, BCLR, BNOT, BTST, BAND, BIAND, BOR, 14

BIOR, BXOR, BIXOR, BLD, BILD, BST, BIST
Branch Bcc*?, 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 Rnis 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 tables is as follows.
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Notation

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

(EAd), <EAd>

Destination operand

(EAs), <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|o4

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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2.5.1 Data Transfer Instructions

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

Table 2.4 Data Transfer Instructions

Instructio Size* Function
n
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 detalils.
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15 8 7 0o MOV

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

Figure 2.5  Data Transfer Instruction Codes
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2.5.2 Arithmetic Operations
Table 2.5 describes the arithmetic instructions.

Table 2.5 Arithmetic Instructions

Instruction Size* Function
ADD B/W Rd +Rs - Rd, Rd + #IMM - Rd
SUB Performs addition or subtraction on data in two general registers, or

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

registers.
ADDX B Rd+Rs+C - Rd,Rd+#MM+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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2.5.3 Logic Operations

Table 2.6 describes the four instructions that perform logic operations.

Table 2.6 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#MM - Rd
Performs a logical exclusive OR operation on a general register and
another general register or immediate data

NOT B ~Rd - Rd

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

Note: * Size: Operand size
Byte

B:

2.5.4 Shift Operations

Table 2.7 describes the eight shift instructions.

Table 2.7 Shift

Instructions

Instruction Size* Function

SHAL B Rd shift - Rd

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

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

ROTR Rotates general register contents

ROTXL B Rd rotate through carry - Rd

ROTXR Rotates general register contents through the C (carry) bit

Notes: * Size: Operand size

B:

Byte
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Figure 2.6 shows the instruction code format of arithmetic, logic, and shift instructions.

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

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

| MULXU, DIVXU

ADD, ADDX, SUBX,
CMP (#XX:8)

|AND, OR, XOR (Rm)

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

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

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

15 8 7 0
T T T T T T
| op rm ‘ m
15 8 7 0
T T T T T T
| op ‘ m
15 8 7 0
T T T T T T
| op ‘ rm ‘ m
15 8 7 0
T T T T T T T
| op m | IMM
15 8 7 0
T T T T T T
| op ‘ rm m
15 8 7 0
T T T T T T
| op m ‘ IMM
15 8 7 0
T T T T T T
| op m
Notation:

Figure 2.6 Arithmetic, Logic, and Shift Instruction Codes
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2.5.5 Bit Manipulations
Table 2.8 describes the bit-manipulation instructions. Figure 2.7 shows their object code formats.

Table 2.8 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>) - (<bhit-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 ~ (<hit-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 0(<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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Table 2.8 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 - (<bit-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
B: Byte

Certain precautions are required in bit manipulation. See 2.9.2, Notes on Bit Manipulation, for
details.
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15

op IMM ‘ m
15

op rm ‘ rn
15

op m 0 0 O

op IMM 0 0 O
15

op rn 0 0 O

op rm 0O 0 O
15

op abs

op MM |0 0 0
15

op abs

op rm \0 0 0
15

op IMM ‘ m
15

op rn 0 0 O

op IMM 0 0 O
15

op abs

op IMM 0 0 O
Notation:

op: Operation field
rm, rn: Register field

abs:  Absolute address
IMM:  Immediate data

BSET, BCLR, BNOT, BTST

Operand:
Bit No.:

Operand:
Bit No.:

Operand:
Bit No.:

Operand:
Bit No.:

Operand:
Bit No.:

Operand:
Bit No.:

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

Operand:
Bit No.:

Operand:
Bit No.:

Operand:
Bit No.:

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

register indirect (@Rn)

immediate (#xx:3)

absolute (@aa:8)

immediate (#xx:3)

Figure 2.7
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Bit Manipulation Instruction Codes
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BIAND, BIOR, BIXOR, BILD, BIST

15 7 0
‘ T T T Operand: register direct (Rn)
op ‘ IMM m Bit No.: immediate (#xx:3)
15 7 0
op m 0 0 O | Operand: register indirect (@Rn)
op ‘ IMM 0 0 O O|BitNo.: immediate (#xx:3)
15 7 0
op abs Operand: absolute (@aa:8)
op ‘ IMM 0 0 O O|BitNo.: immediate (#xx:3)
Notation:

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

Figure 2.7
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2.5.6 Branching Instructions
Table 2.9 describes the branching instructions. Figure 2.8 shows their object code formats.

Table 2.9 Branching Instructions

Instruction Size 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 coz=0
BLS Low or same coz=1
BCC (BHS) Carry clear (high or same) Cc=0
BCS (BLO) Carry set (low) c=1
BNE Not equal Z=0
BEQ Equal z=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 ZONOV)=0
BLE Less or equal ZONDOV)=1
JMP — Branches unconditionally to a specified address
BSR — Branches to a subroutine at a specified address
JSR — Branches to a subroutine at a specified address
RTS — Returns from a subroutine
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15 8 7 0

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

Figure 2.8 Branching Instruction Codes

38

HITACHI




2.5.7 $stem Control Instructions

Table 2.10 describes the system control instructions. Figure 2.9 shows their object code formats.
Table 2.10System Control Instructions
Instruction Size* Function
RTE — Returns from an exception-handling routine
SLEEP — Causes a transition from active mode to a power-down mode. See section
5, Power-Down Modes, for details
LDC B Rs - CCR, #MM - CCR
Moves immediate data or general register contents to the condition code
register
STC B CCR - Rd
Copies the condition code register to a specified general register
ANDC B CCRO#IMM - CCR
Logically ANDs the condition code register with immediate data
ORC B CCRO#IMM - CCR
Logically ORs the condition code register with immediate data
XORC B CCR UO#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
| | Coop | | RTE, SLEEP, NOP
15 8 7 0
B o m | LDC, STC (Rn)
15 | 8 1 | 0
| o MM | XORC, LDC (oce)
Notation:
op: Operation field
rn:  Register field
IMM: Immediate data

Figure 2.9 System Control Instruction Codes
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2.5.8 Block Data Transfer Instruction
Table 2.11 describes the block data transfer instruction. Figure 2.10 shows its object code format.
Table 2.11Block Data Transfer Instruction

Instructio Size Function

n
EEPMOV — If R4L # 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 EEPMOV instruction. See 2.9.3, Notes on Use of the
EEPMOV Instruction, for details.

15 8 7 0

Notation:
op: Operation field

Figure 2.10 Block Data Transfer Instruction Code
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2.6 Basic Operational Timing

CPU operation is synchronized by a system claglo a subclockgg). For details on these

clock signals see section 4, Clock Pulse Generators. The period from a rising edgengf; to

the next rising edge is called one state. A bus cycle consists of two states or three states. The cycle
differs depending on whether access is to on-chip memory or to on-chip peripheral modules.

2.6.1 Access to 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

g Write data
(write access)

Figure 2.11 On-Chip Memory Access Cycle
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2.6.2 Access to 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

< Tystate —»=—— Tpstate —»

@ 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)

Figure 2.12 On-Chip Peripheral Module Access Cycle (2-State Access)
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Three-State Access to On-Chip Peripheral Modules

Bus cycle

g )

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

@ or Psyp

Internal ! !
address bus >< Address _ ><

Internal
read signal

Internal
data bus

Read data
(read access) -

Internal
write signal

Internal
data bus
(write access)

1]

Write data

Figure 2.13 On-Chip Peripheral Module Access Cycle (3-State Access)

2.7 CPU States

2.7.1 Overview

There are four CPU states: the reset state, program execution state, program halt state, and
exception-handling state. The program execution state includes active (high-speed or medium-
speed) mode and subactive mode. In the program halt state there are a sleep mode, standby mode,
watch mode, and sub-sleep mode. These states are shown in figure 2.14.

Figure 2.15 shows the state transitions.

43
HITACHI



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

modes

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.
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Reset cleared

Y

Reset state )

et

Exception-handling state

Reset occurs

Reset
occurs

Interrupt

r
Reset source

occurs

Exception- | Exception-
handling handling
request complete

Program halt state Program execution state

SLEEP instruction executed

Figure 2.15 State Transitions

2.7.2 Program Execution State
In the program execution state the CPU executes program instructions in sequence.

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

2.7.3 Program Halt State

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

2.7.4 Exception-Handling State

The exception-handling state is 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

2.8.1 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
FIFFS0 2-b ial data buff
H'EFOF 32-byte serial data buffer
H'FFAQ
Internal I/O registers
(96 bytes)
H'FFFF
Note: * The LCD RAM addresses are the addresses after a reset.

Figure 2.16 H8/3832 Memory Map
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H'0000
Interrupt vector area
H0029 |
H'002A
24 kbytes
(24,576 bytes)
On-chip ROM
H'SFFF
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'EFOF -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.

Figure 2.17 H8/3833 Memory Map
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Note: * The LCD RAM addresses are the addresses after a reset.

H'0000

H'0029
H'002A

H'7FFF

H'F740

HF77F

H'FB80

HFF7F
H'FF80
H'FFOF
H'FFAO

H'FFFF

Interrupt vector area

On-chip ROM

Reserved

LCD RAM™ (64 bytes)

Reserved

On-chip RAM

32-byte serial data buffer

Internal I/O registers
(96 bytes)

32 kbytes
(32,768 hytes)

1,024 bytes

48

Figure 2.18
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H'0000
Interrupt vector area
HO0029 |
H'002A
40 kbytes
(40,960 bytes)
On-chip ROM
H'OFFF
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'FFAOQ
Internal I/O registers
(96 bytes)
H'FFFF

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

Figure 2.19 H8/3835 Memory Map
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H'0000

H'0029
H'002A

H'BFFF

H'F740

HF77F
H'F780

HFF7F
H'FF80

H'FFOF
H'FFAQ

H'FFFF

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

Interrupt vector area

On-chip ROM

Reserved

LCD RAM* (64 bytes)

On-chip RAM

32-byte serial data buffer

Internal I/O registers
(96 bytes)

48 kbytes
(49,152 bytes)

2,048 bytes

Figure 2.20
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H'0000
Interrupt vector area
HOO20 | ]
H'002A
60 kbytes
(60,928 hytes)
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'FFI9F
H'FFAO
Internal I/O registers
(96 bytes)
H'FFFF

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

Figure 2.21 H8/3837 Memory Map
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2.8.2 LCD RAM Address Relocation

After a reset, the LCD RAM area is located 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
— — — — — — RLCT1 RLCTO

Initial value 1 1 1 1 1 1 0 0

Read/Write — — — — — — RW RW

RLCTR is an 8-bit read/write register that selects the LCD RAM address space. Upon reset,
RLCTR is initialized to H'00.

Bits 7 to 2: Reserved Bits

Bits 7 to 2 are reserved; they are always read as 1, and cannot be modified.
Bits 1 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 HF97F*2

1 0 H'FB40 to H'FB7F*?
1 H'FD40 to HFD7F**?

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 RLCT1 to O are set to any value except 00, these on-
chip RAM addresses become inaccessible.
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2.9 Application Notes

2.9.1 Notes on Data Access

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

« Data transfer from CPU to empty area

The transferred data will be lost. This action may also cause the CPU to misoperate.
« Data transfer from empty area to CPU

Unpredictable data is transferred.

Access to Internal I/O Registers:Internal data transfer 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 I/O register area
Upper byte: Will be written to 1/O register.
Lower byte: Transferred data will be lost.
« Word access from I/O register to CPU
Upper byte: Will be written to upper part of CPU register.
Lower byte: Unpredictable data will be written to lower part of CPU register.

Byte size instructions should therefore be used when transferring data to or from 1/O 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 s
77777777777777777777 Word | Byte tates
H'0000
Interrupt vector area
Hoo2o | wabres
H'002A
32 kbytes*2 2
On-chip ROM
H7FFF2, 0y
Reserved — — —
WF7ao | |
LCD RAM*1(64 bytes) O O 2
HE?E
Reserved — — —
HFB8O3| 17
On-chip RAM 1,024 bytes*3 ¢ O 2
H'FF7F
H'FF80 . e | ]
HFFOF S2-byteserial databuffer ) X O 2
H'FFAQ x o 2
Internal I/O registers | HEFAS 7 < 5 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'9FFF.
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 H'EDFF.

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.

Figure 2.22 Data Size and Number of States for Access to and from
On-Chip Peripheral Modules
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2.9.2 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 care is 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 bits,
and when the instruction accesses an I/O.

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 Same 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
manipulation instruction accesses the timer load register and timer counter of a reloadable 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 a result, bits other than the intended bit in the timer load register may be
modified to the timer counter value.

R
Count clock — Timer counter

R: Read
Reload W: Write

w

Timer load register
Internal bus
Figure 2.23 Timer Configuration Example
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Example 2: When a BSET instruction is executed on port 3
Here a BSET instruction is executed designating port 3.

P3, and P3are designated as input pins, with a low-level signal inputzaiBa high-level
signal at P@ The remaining pins, R30 P3, are output pins and output low-level signals. In
this example, the BSET instruction is used to change pjtoRt8gh-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 level High Low level Low level Low level Low level Low level Low
level level
PCR3 0 0 1 1 1 1 1 1
PDR3 1 0 0 0 0 0 0 0

[B: BSET instruction executed]

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

[C: After executing BSET]

P3, P3s P3, P3, P3, P3, P3, P3,
Input/output Input Input Output  Output  Output Output Output Output
Pin state Low level High Low level Low level Low level Low level Low level High
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 P3and P3are 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 O of the read data to 1, changing the PDR3 data to H'41. Finally, the CPU
writes this value (H'41) to PDR3, completing execution of BSET.
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As a result of this operation, bit 0 in PDR3 becomes 1, ap@dwrfuts 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 data in a work area in memory. Perform the bit

manipulation on the data in the work area, then write this data to PDR3.

[A: Prior to executing BSET]

MOV. B #80, ROL
MOV. B ROL, @RAMO
MOV. B ROL, @PDR3

The PDR3 value (H'80) is written to a work area in memory
(RAMO) as well as to PDR3.

P3, P3, P3, P3, P3, P3, P3, P3,
Input/output Input Input Output  Output Output Output Output Output
Pin state Low level High Low level Low level Low level Low level Low level Low
level level
PCR3 0 0 1 1
PDR3 1 0 0 0
RAMO 1 0 0 0

[B: BSET instruction executed]

BSET #0 , @RAMO

[C: After executing BSET]

MOV. B @RAMO, ROL
MOV. B ROL, @PDR3

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

The work area (RAMO) value is written to PDR3.

P3, P3, P3, P3, P3, P3, P3, P3,
Input/output Input Input Output  Output Output Output Output Output
Pin state Low level High Low level Low level Low level Low level Low level High
level level
PCR3 0 0 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 a BCLR instruction is executed on PCR3 of port 3
In this example, the port 3 control register PCR3 is accessed by a BCLR instruction.

As in the examples above, Pghd P3are input pins, with a low-level signal input at,B8d a
high-level signal at R3The remaining pins, R30 P3, are output pins that output low-level
signals. In this example, the BCLR instruction is used to change pito B8 input port. It is
assumed that a high-level signal will be input to this input 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 level High Low level Low level Low level Low level Low level Low 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 , @PCR3 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 level High Low level Low level Low level Low level Low level High
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 a write-only
register, the CPU reads a value of H'FF, even though the PCR3 value is actually H'3F.

Next, the CPU clears bit 0 in the read data to 0, changing the data to H'FE. Finally, this value
(H'FE) is written to PCR3 and BCLR instruction execution ends.
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As a result of this operation, bit 0 in PCR3 becomes 0, makipgrPBput port. However, bits
7 and 6 in PCR3 change to 1, so that &8l P3 change from input pins to output pins.

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

[A: Prior to executing BCLR]

MOV. B #3F, ROL The PCR3 value (H'3F) is written to a work area in memory
MOV. B ROL, @RAMO (RAMO) as well as to PCR3.

MOV. B ROL, @PCR3

P3, P3, P3, P3, P3, P3, P3, P3,
Input/output Input Input Output  Output Output Output Output Output
Pin state Low level High Low level Low level Low level Low level Low level Low level
level
PCR3 0 0 1
PDR3 1 0 0 0 0 0 0 0
RAMO 0 0 1

[B: BCLR instruction executed]

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

[C: After executing BCLR]

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

P3, P3, P3, P3, P3, P3, P3, P3,
Input/output Input Input Output  Output Output Output Output Output
Pin state Low level High Low level Low level Low level Low level Low level High
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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Table 2.1Registers with 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 TCCITLC 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'FFD8
Port data register 6* PDR6 HFFD9
Port data register 7* PDR7 H'FFDA
Port data register 8* PDRS8 HFFDB
Port data register 9* PDR9 HFFDC
Port data register A* PDRA HFFDD
Note: * These port registers are used also for pin input.

Table 2.13Registers with write-only bits

Register Name Abbreviation Address
Port control register 1 PCR1 H'FFE4
Port control register 2 PCR2 H'FFES5
Port control register 3 PCR3 H'FFE6
Port control register 4 PCR4 HFFE7
Port control register 5 PCR5 H'FFES8
Port control register 6 PCR6 H'FFE9
Port control register 7 PCR7 HFFEA
Port control register 8 PCR8 HFFEB
Port control register 9 PCR9 HFFEC
Port control register A PCRA HFFED
Timer control register F TCRF H'FFB6
PWM control register PWCR H'FFDO
PWM data register U PWDRU HFFD1
PWM data register L PWDRL H'FFD2
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2.9.3 Notes on Use of the EEPMOV Instruction

« The EEPMOV instruction is a block data transfer instruction. It moves the number of bytes
specified by R4L from the address specified by R5 to the address specified by R6.

R5 - - R6

R5 + RAL -

~ R6 + R4AL

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

R5 - - R6

R5+ RAL - — 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 a reset or interrupt occurs. Table 3.1
shows the priorities of these two types of exception handling.

Table 3.1 Exception Handling Types and Priorities

Priority Exception Source Time of Start of Exception Handling

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

3.2.1 Overview

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

3.2.2 Reset Sequence

As soon as thBES 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.

e At power on: Hold th&kES pin low until the clock pulse generator output stabilizes.
* Resetting during operation: Hold tR&S pin low for at least 10 system clock cycles.

If the MDO pin is at the high level, reset exception handling begins wheRB®igin is held low

for a given period, then returned to the high level. If the MDO pin is low, however, whRES$he

pin is held low for a given 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.

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

« The PC is loaded 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, RIS 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
@ Processing g

High

Internal

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

Internal write
signal

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

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

Figure 3.1 Reset Sequence (when MDO Pin is High)
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Reset cleared

\J

! Program initial
! Vector fetch Internal ~ instruction prefetch
! | Processing @——

A
L

MDO : !
—
T M M

¢ o |

. 18,192 clock !

i ' cycles !

i -
Internal e —
address bus @) >< @ ><

Internal read
signal

Internal write
signal

Internal data
bus (16-bit)

(@ )—{ o )

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

Figure 3.2 Reset Sequence (when MDO Pin is Low)

3.2.3 Interrupt Immediately after Reset

After a reset, 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,
the initial program instruction is always executed immediately after a reset. This instruction should
initialize the stack pointer (e.g. MOV.W #xx: 16, SP).
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3.3 Interrupts

3.3.1 Overview

The interrupt sources include 13 external interrupts (WKRVKP,, 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:

* Both internal 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.

* The external interrupt pins IR@® IRQ, can each be set independently to either rising edge
sensing or falling edge sensing.

Table 3.2 Interrupt Sources and Priorities

Vector
Priority Interrupt Source Interrupt Number Vector
Address
High RES Reset 0 H'0000 to H'0001
IRQ, IRQ, 4 H'0008 to H'0009
IRQ, IRQ, 5 H'000A to H'000B
IRQ, IRQ, 6 H'000C to H'000D
IRQ, IRQ, 7 H'000E 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
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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Table 3.2 Interrupt Sources and Priorities (cont)

Vector
Priority Interrupt Source Interrupt Number Vector
Address
High Timer FL Timer FL compare match 14 H'001C to H'001D
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
(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.

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

Table 3.3 Interrupt Control Registers

Register Name Abbreviation R/W Initial Value Address
IRQ edge select register IEGR RW H'EO HFFF2
Interrupt enable register 1 IENR1 R/W H'00 H'FFF3
Interrupt enable register 2 IENR2 RW H'00 HFFF4
Interrupt request register 1 IRR1 R/W* H'20 HFFF6
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
— — — IEG4 IEG3 IEG2 IEG1 IEGO

Initial value 1 1 1 0 0 0 0 0

Read/Write — — — RW RW RW RW RW

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

Bits 7 to 5—Reserved BitsBits 7 to 5 are reserved; they are always read as 1, and cannot be
modified.

Bit 4—IRQ, Edge Select (IEG4):Bit 4 selects the input sensing of giRQ,/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 gRQ,/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 giRQ,/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 giRQ,/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

67
HITACHI



Bit 0—IRQ, Edge Select (IEGO0):Bit 0 selects the input sensing of @RQ,.

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 IENS1 IENWP IEN4 IEN3 IEN2 IEN1 IENO
Initial value 0 0 0 0 0 0 0 0

Read/Write RW RW RW RW RW 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 disables timer A overflow
interrupt requests.

Bit 7: IENTA Description

0 Disables timer A interrupts (initial value)

1 Enables timer A interrupts

Bit 6—SCI1 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 WKRo 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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Bits 4 to 0—IRQ, to IRQ, Interrupt Enable (IEN4 to IENO): Bits 4 to O enable or
disable IRQto IRQ, interrupt requests.

Bit n: IENN Description
0 Disables interrupt request IRQn (initial value)
1 Enables interrupt request IRQn
(n=4t00)
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—SCI2 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 disables timer 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):
compare match and overflow interrupt requests.

Bit 3: IENTFH Description

Bit 3 enables or disables timer FH

0 Disables timer FH interrupts

(initial value)

1 Enables timer FH interrupts

Bit 2—Timer FL Interrupt Enable (IENTFL):

compare match and overflow interrupt requests.

Bit 2: IENTFL Description

Bit 2 enables or disables timer FL

0 Disables timer FL interrupts

(initial value)

1 Enables timer FL interrupts

Bit 1—Timer C Interrupt Enable (IENTC): Bit 1 enables or disables timer 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 O 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.

70

HITACHI



Interrupt request register 1 (IRR1)

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*

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 a timer A,
SCI1, or IRQto IRQ, interrupt is requested. The flags are not cleared automatically when an
interrupt is accepted. It is necessary to write O 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 0 (initial value)
1 Setting conditions:

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

Bit 6—SCI1 Interrupt Request Flag (IRRS1)

Bit 6: IRRS1 Description

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

When an SCI1 transfer is completed

Bit 5—Reserved Bit: Bit 5 is reserved; it is always read as 1, and cannot be modified.
Bits 4 to 0—IRQ, to IRQ, Interrupt Request Flags (IRRI4 to IRRIO)

Bit n: IRRIn Description

0 Clearing conditions:
When IRRIn = 1, itis cleared by writing 0 to IRRINn (initial value)
1 Setting conditions:

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

(n=4t00)
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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 O 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 O (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—SCI2 Interrupt Request Flag (IRRS2)

Bit 5: IRRS2 Description

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

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)

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, itis cleared by writing 0 (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 0 (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 wheWKiPgo
WKP, are set to wakeup input and a pin receives a falling 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 (WKPF7 to WKPFO0)

Bit n: IWPFn Description

0 Clearing conditions:
When IWPFn = 1, it is cleared by writing O 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=7t00)

3.3.3 External Interrupts
There are 13 external interrupts, WKB WKP, and IRQ to IRQ,.

Interrupts WKP , to WKP,: Interrupts WKR to WKP, are requested by falling edge inputs at
pins WKP, to WKP,. When these pins are designatedVagP, 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 IENR1 to 0. It is also possible to mask all interrupts by
setting the CCR | bit to 1.
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When an interrupt exception handling request is received for interruptg WKHKP,, the CCR |
bit is set to 1. The vector number for interrupts WKPWKP, is 9. Since all eight interrupts are
assigned the same vector number, the interrupt source must be determined by the exception
handling routine.

Interrupts IRQ , to IRQ,: Interrupts IRQto IRQ, are requested by into pins inputdR®),
toIRQ,. 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 fRiG, to IRQ, in port mode registers 1 and 2 (PMR1 and
PMR2) and the designated edge is input, the corresponding bit in IRR1 is set to 1, requesting an
interrupt. Interrupts IRRto IRQ, can be disabled by clearing bits IENO to IEN4 in IENR1 to 0.

All interrupts can be masked by setting the | bit in CCR to 1.

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

3.3.4 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.
Individual 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.

3.3.5 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 bit is set to 1, an
interrupt request signal is sent to the interrupt controller.

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

« From among the interrupts with interrupt request flags set to 1, the interrupt controller selects
the interrupt request with the highest priority and holds the others pending. (Refer to
table 3.2 for a list of interrupt priorities.)

« The interrupt controller checks the | bit of CCR. If the | bit is 0, the selected interrupt request
is accepted; if the | bit is 1, the interrupt request is held pending.
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« If the interrupt 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 this time 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.

* The I bit of CCR is set to 1, masking all further interrupts.

e 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 address is
executed.

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

2. If the above clear operations are performed while | = 0, and as a result 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 EkiD*—’

internal

interrupts (I 4D_,_>

iD_:_» Interrupt
. request

Priority decision logic

External
interrupts or
internal
interrupt
enable
signals

i

| CCR (CPU)

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

IRRI1=1

No

| PC contents saved

1

| CCR contents saved

1

| -1

1

Branch to interrupt
handling routine

Notation:

PC: Program counter

CCR: Condition code register
I: | bit of CCR

Figure 3.4

Flow up to Interrupt Acceptance

HITACHI
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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.

* |gnored on return from interrupt.

Figure 3.5 Stack State after Completion of Interrupt Exception Handling

Figure 3.6 shows a typical interrupt sequence where the program area is in the on-chip ROM and
the stack area is in the on-chip RAM.
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Figure 3.6

Interrupt Sequence
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3.3.6 Interrupt Response Time

Table 3.4 shows the number of wait states after an interrupt request flag is set until the first
instruction of the interrupt handler is executed.

Table 3.4 Interrupt Wait States

Iltem States
Waiting time for completion of executing instruction* 1to 13
Saving of PC and CCR to stack 4
Vector fetch 2
Instruction fetch 4
Internal processing 4

Total 15 to 27

Note: * Not including EEPMOV instruction.

3.4  Application Notes

3.4.1 Notes on Stack Area Use

When word data is accessed in the H8/3834 Series, the least significant bit of the address is
regarded as 0. Access to the stack always takes place in word size, so the stack pointer (SP: R7)
should never indicate an odd address. Use PUSH Rn (MOV.W Rn, @-SP) or POP Rn (MOV.W
@SP+, Rn) to save or restore register values.

Setting an odd address in SP may cause a program to crash. An example is shown in figure 3.7.
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| PCH | SP - R1L H'FEFC
SP - PCL PCL H'FEFD
el I | nHFEFF
BSR instruction MOV. B R1L, @-R7
SP set to H'FEFF Stack accessed beyond SP Contents of PC are lost

Notation:

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

SP: Stack pointer

Figure 3.7  Operation when Odd Address is 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.

3.4.2 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 pindKQ, to IRQ,, andWKP, to WKP,), the interrupt request flag may be set to 1
at the time the pin function is switched, even if no valid interrupt is input at the pin. 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 this way.

81
HITACHI



Table 3.5 Conditions urder which Interrupt Request Flag is Set to 1

Interrupt
Request Conditions
Flags Set to 1
IRR1 IRRI4 When PMR2 bit IRQ4 is changed from 0 to 1 while pinIRQ, is low and
IEGR bit IEG4 = 0.
When PMR2 bit IRQ4 is changed from 1 to 0 while pinTRQ, is low and
IEGR bit IEG4 = 1.
IRRI3 When PMR1 hit IRQ3 is changed from 0 to 1 while pinIRQ; is low and
IEGR bit IEG3 = 0.
When PMR1 bit IRQ3 is changed from 1 to 0 while pinIRQ; is low and
IEGR bit IEG3 = 1.
IRRI2 When PMR1 hit IRQ2 is changed from 0 to 1 while pinIRQ, is low and
IEGR bit IEG2 = 0.
When PMR1 bit IRQ2 is changed from 1 to 0 while pinTRQ, is low and
IEGR bit IEG2 = 1.
IRRI1 When PMR1 bit IRQ1 is changed from 0 to 1 while pinIRQ, is low and
IEGR bit IEG1 = 0.
When PMR1 bit IRQ1 is changed from 1 to 0 while pinIRQ, is low and
IEGR bit IEG1 = 1.
IRRIO When PMR2 hit IRQO is changed from 0 to 1 while pinIRQ, is low and
IEGR bit IEGO = 0.
When PMR2 bit IRQO is changed from 1 to 0 while pinIRQ, 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 PMRS5 bit WKP6 is changed from 0 to 1 while pin WKP is low
IWPF5 When PMR5 bit WKPS5 is changed from 0 to 1 while pin WKP is low
IWPF4 When PMRS 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 PMRS 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
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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 conditions in 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,
| Execute NOP instruction | 77777777 first execute at least one instruction
(e.g., NOP), then clear the interrupt
‘ request flag to 0

| Clear interrupt request flag to 0 |

| CCR I bit - 0 | ffffffffff Interrupt mask cleared

Figure 3.8 Port Mode Register Setting and Interrupt Request Flag Clearing
Procedure
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4.1

Section 4 Clock Pulse Generators

Overview

Clock oscillator circuitry (CPG: clock pulse generator) is provided on-chip, including both a

system clock pulse generator and a subclock pulse generator. The system clock pulse generator
consists of a system clock oscillator and system clock dividers. The subclock pulse generator

consists of a subclock oscillator circuit and a subclock divider.

4.1.1 Block Diagram

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

System clock

Posc

System clock

1 ?
oscillator divider (1/2) System clock |#osc/16 |
(fosc) divider (1/8) |
‘ > @2
! Prescaler S |
System clock pulse generator ! (13 bits) 0
fffffffffffffffffffffffffffffffffffffffffffffffffffffffffffff : —> /8192
: > Pw
Pwi2 :
Pw >
Subclock Subclock | 5, /4 |
oscillator divider i > Psus
¢y |2 1, )| w8 B
(fw) > 02
: > 0,4
3 > @/8
| Prescaler W | |
Subclock pulse generator ; (5 bits) , o
——————————————————————————————————————————————————————————————— ‘ > ¢,,/128

Figure

4.1

Block Diagram of Clock Pulse Generators

4.1.2 System Clock and Subclock

The basic clock signals that drive the CPU and on-chip peripheral modulgarzsdey, ;. Four of
the clock signals have namesis the system clochg g is the subclockg,sc is the oscillator
clock, andg, is the watch clock.

The clock signals available for use by peripheral moduleg/@ren4, @8, @16, @32, @64,
@128, @256, @512, @1024, ¢@2048, @4096, @8192, @y, @ /2, @ul4, @y!8, @y/16, @132,
@y/64, andg,/128. The clock requirements differ from one module to another.

84

HITACHI




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 a typical method of connecting a

crystal oscillator.
0SC, }—77|7
0SC, R; =1 MQ +20%

C1 =Co =12 pF £20%

Figure 4.2 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.

0OSC; =-——¢ t+—> 0SC;

Figure 4.3 Equivalent Circuit of Crystal Oscillator

Table 4.1 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 a typical method of connecting a

ceramic oscillator.
Cy
0SC1 }—77|7
Ry [
0SC, }_77|7 Rf =1 MQ +20%
)

C; =30 pF £10%
C2 = 30 pF £10%
Ceramic oscillator: Murata

Figure 4.4 Typical Connection to Ceramic Oscillator

Notes on Board DesignWhen generating clock pulses by connecting a crystal or ceramic
oscillator, pay careful attention to the following points.

Avoid running signal lines close to the oscillator circuit, since the oscillator may be adversely
affected by induction currents. (See figure 4.5.)

The board should be designed so that the oscillator and load capacitors are located as close as
possible to pins OSGnd OSG

To be avoided | — Signal A Signal B

0SC,

7)7 ] ! : : 0SCq

Figure 4.5 Board Design of Oscillator Circuit
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External Clock Input Method: Connect an external clock signal to pin QSé&nd leave pin
OSC, open. Figure 4.6 shows a typical connection.

0osCy —— External clock input

OSCz2 ———— Open

Figure 4.6 External Clock Input (Example)

Frequency Oscillator Clock ( @psc)

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

C
ER
X2 %Cz)—% c, =

Co =15pF (typ.)

Figure 4.7 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)

Figure 4.8 Equivalent Circuit of 32.768-kHz Crystal Oscillator

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

« Circuit configuration
An external clock is input to the,Xpin. The X pin should be left open.
An example of the connection in this case is shown in figure 4.9.

External clock input

LTI

X2 ——— Open

Figure 4.9 Example of Connection when Inputting an External Clock

« External clock

Input a square waveform to the pin. When using the CPU, timer A, timer C, timer G, or
an LCD, with a subclock (gw) clock selected, do not stop the clock supply tq tie. X
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Figure 4.10 External Subclock Timing
The DC characteristics and timing of an external clock input to th@nXare shown in table 4.2.

Table 4.2 DC Characteristics and Timing
(Vge =27 V1055V, A =27V to55V, \{=AV,=00V, T, = -20C
to + 75°C, unless otherwise specified, including subactive mode)

Applicable Test Values
Iltem Symbol Pin Conditions Min Typ Max Unit Notes
Input high voltage Vi X, Ve 03 — Ve 103V Figure 4.10
Input low voltage V. -0.3 — 0.3
External subclock  t, — — 100 ns Figure 4.10
rise time
External subclock  t — — 100
fall time
External subclock  f, — 32768 — kHz
oscillation frequency
External subclock  t, 12.0 — — s Figure 4.10
high width
External subclock  t, 12.0 — — s
low width
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Pin Connection When Not Using SubclockWhen the subclock is not used, connect pin
X, to V¢ and leave pin Xopen, as shown in figure 4.9.

Vee

% Y

X2 B Open

Figure 4.9 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 S and prescaler W). Prescaler S is a 13-bit counter using the syster) elods (

input clock. Its prescaled outputs provide internal clock signals for on-chip peripheral modules.
Prescaler W is a 5-bit counter using a 32.768-kHz signal divided qay/4)(as its input clock. Its
prescaled outputs are used by timer A as a time base for timekeeping.

Prescaler S (PSS)Prescaler S is a 13-bit counter using the system clgckq its input
clock. It is incremented once per clock period.

Prescaler S is initialized to H'0000 by a reset, 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 is initialized to H'0000.

The CPU cannot read or write prescaler S.

The output from prescaler S is 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 prescalepg.i46.

Prescaler W (PSW):Prescaler W is a 5-bit counter using a 32.768 kHz signal divided by 4
(@y/4) as its input clock.

Prescaler W is initialized to H'00 by a reset, 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 pinand X.
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Prescaler W can be reset by setting 1s in bits TMA3 and TMA2 of timer mode register A (TMA).

Output from prescaler W can be used to drive timer A, in which case timer A functions as a time
base for timekeeping.

4.5 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

5.1 Overview

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

Table 5.1 gives a summary of the seven operation modes.

Table 5.1 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
states in each mode.
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Program execution state Program halt state

LSON =0, MSON =0

Reset state

Active (high-speed)

Sleep mode

Watch mode

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
: TMA3 =1
|
o
|
|
|
|

SSBY =0,
LSON =1,
SLEEP
instruction
Subsleep mode
____________________________ *2
I
| - __ oo ]
» . ) 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 o to WKP 7 interrupts
2. Timer A interrupt, timer C interrupt, timer G interrupt, IRQq to IRQ4 interrupts,
WKPq to WKP7 interrupts
3. All interrupts
4. IRQ interrupt, IRQ1 interrupt, WKPqy to WKP7 interrupts

Figure 5.1 Operation Mode Transition Diagram
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Table 5.2 Internal State in Each Operation Mode
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 RAM Retained  Retained Retained  Retained
Registers
110 Retained**
External IRQ, Functions Functions Functions Functions Functions Functions Functions
INerrupts g, Retained*®
IRQ, Retained**®
IRQ,
IRQ,
WKP, Functions Functions Functions Functions Functions Functions Functions
WKP,
WKP ,
WKP,
WKkP,
WKP
WKP
WKP,
Peripheral Timer A Functions Functions Functions Functions*® Functions*® Functions*® Retained
R]Jcr)\?:ttjilgns Timer B Retained Retained Retained
Timer C Functions/ Functions/
Retained*? Retained*?
Timer F Retained  Retained
Timer G Functions/ Functions/
Retained*® Retained*®
SCin Functions Functions Functions Retained Retained Retained Retained
SCI2
SCI3 Reset Reset Reset Reset
PWM Functions Functions Retained Retained Retained Retained Retained
AID 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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5.1.1 System Control Registers

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

Table 5.3 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 HFFF1

System Control Register 1 (SYSCR1)

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 RW RW — — —

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

Bit 7—Software Standby (SSBY):This bit designates transition to standby mode or watch
mode.

Bit 7. SSBY Description
0 « When a SLEEP instruction is executed in active mode, a transition 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 2 to 0 (STS2 to STSOThese 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 time is at least 10 ms.
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Bit 6: Bit 5: Bit 4: Description

STS2 STS1 STSO
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—Low Speed on Flag (LSON):This bit chooses the system cloal) (©r subclock
(@sup) 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 (@ ;)

Bits 2 to 0—Reserved BitsThese 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 SAl SAO0

Initial value 1 1 1 0 0 0 0 0

Read/Write — — — R/W R/W RW RW RW

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

Bits 7 to 5—Reserved BitsThese bits are reserved; they are always read as 1, and cannot be
modified.

Bit 4—Noise Elimination Sampling Frequency Select (NESEL):This bit selects

the frequency at which the watch clock sigral)(generated by the subclock pulse generator is
sampled, in relation to the oscillator cloalg{-) generated by the system clock pulse generator.
Whengysc = 2 to 10 MHz, clear NESEL to 0.
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Bit 4: NESEL Description

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

1 Sampling rate is @ /4

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

Bit 2: 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 SAQThese bits select the
CPU clock rateq, /2, @, /4, or @,/8) in subactive mode. SA1 and SAO cannot be modified in
subactive mode.
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Bit 1: SA1l Bit 0: SAO0 Description

0 0 @8 (initial value)
1 Q4
1 * @l2

Note: * Don't care

5.2 Sleep Mode

5.2.1 Transition to Sleep Mode

The system goes from active mode to sleep mode when a SLEEP instruction is executed while the
SSBY and LSON bits in system control register 1 (SYSCR1) 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.

5.2.2 Clearing Sleep Mode

Sleep mode is cleared by an interrupt (timer A, timer B, timer C, timer F, timer G6RRQ,,
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 =0 in
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 theRES pin goes low, the CPU goes into the reset state and
sleep mode is cleared.

5.3 Standby Mode

5.3.1 Transition to Standby Mode

The system goes from active mode to standby mode when a SLEEP instruction is executed while
the SSBY bit in SYSCR1 is set to 1, the LSON bit is cleared to 0, and bit TMAS3 in timer

register A (TMA) is cleared to 0. In standby mode the clock pulse generator stops, so the CPU and
on-chip peripheral modules stop functioning. As long as a minimum required voltage is applied,
the contents of CPU registers and some on-chip peripheral registers, and data in the on-chip RAM,
are retained. Data in the on-chip RAM will be retained as long as the specified RAM data retention
voltage is supplied. The 1/O ports go to the high-impedance state.
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5.3.2 Clearing Standby Mode

Standby mode is cleared by an interrupt (JRRQ,, WKP, to WKP,) or by input at th&RES
pin.

Clearing by Interrupt: When an interrupt is requested, the system clock pulse generator starts.
After the time set in bits STS2-STSO0 in SYSCRL1 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 SYSCR2, or active (medium-
speed) mode if MSON = 1. Standby 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: When theRES pin goes low, the system clock pulse generator
starts. After the pulse generator output has stabilized, R$epin 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, tRES pin should be kept at the low level until the pulse generator
output stabilizes.

5.3.3 Oscillator Settling Time after Standby Mode is Cleared
Bits STS2 to STSO in SYSCR1 should be set as follows.

* When a Crystal Oscillator is Used

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

Table 5.3 Clock Frequency and Settling Time (Times are in ms)

STS2 STS1 STSO Waiting Time 5 MHz 4 MHz 2 MHz 1 MHz 0.5

MHz

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 65.5 131.1 262.1

Note: * Don'’t care

*  When an External Clock is Used

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

99
HITACHI



5.3.4 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 0O,
and bit TMA3 in 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. This timing is shown in
figure 5.2.

@
Internal . . . . :
data bus >< SLEEP instruction fetch >< Next instruction fetch ><
SLEEP instruction Internal
execution processing !
- ———-——————
Port pins Output : High-impedance
Active (high-speed or medium-speed) mode . Standby mode

Figure 5.2  Transition to Standby Mode and Port Pin States

5.4 Watch Mode

5.4.1 Transition to Watch Mode

The system goes from active or subactive mode to watch mode when a SLEEP instruction is
executed while the SSBY bit in SYSCRL1 is set to 1 and bit TMA3 in TMA is set 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. As long as a 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. I/O ports keep the same states as before the
transition.
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5.4.2 Clearing Watch Mode

Watch mode is cleared by an interrupt (timer A, JROKP, to WKP,) or by a input at thBES
pin.

Clearing by Interrupt: Watch mode is cleared when an interrupt is requested. The mode to
which a transition is made depends on the settings of LSON in SYSCR1 and MSON in SYSCR2.
If both LSON and MSON are cleared to 0, transition is to 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 SYSCR1 bits STS2—
STSO 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 byRES pin is the same as for standby mode; see 5.3.2,
Clearing Standby Mode.

5.4.3 Oscillator Settling Time after Watch Mode is Cleared

The waiting time is the same as for standby mode; see 5.3.3, Oscillator Settling Time after
Standby Mode is Cleared.

5.5 Subsleep Mode

5.5.1 Transition to Subsleep Mode

The system goes from subactive mode to subsleep mode when a SLEEP instruction is executed
while the SSBY bit in SYSCR1 is cleared to 0, LSON bit in SYSCR1 is set to 1, and TMAS3 bit
in TMA is set to 1.

In subsleep mode, operation of on-chip peripheral modules other than timer A, timer C, timer G,
and the LCD controller is halted. As long as a 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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5.5.2 Clearing Subsleep Mode

Subsleep mode is cleared by an interrupt (timer A, timer C, timer G, tlRRQ,, WKP, to
WKP;) or by a low input at thBES 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 is set to 1 or the
particular interrupt is disabled in the interrupt enable register.

Clearing by RES Input: Clearing byRES pin is the same as for standby mode; see 5.3.2,
Clearing Standby Mode.

5.6 Subactive Mode

5.6.1 Transition to Subactive Mode

Subactive mode is entered from watch mode if a timer AyIBQNVKP, to WKP, interrupt is
requested while the LSON bit in SYSCR1 is set to 1. From subsleep mode, subactive mode is
entered if a timer A, timer C, timer G, IR® IRQ,, or WKP, to WKP, interrupt is requested.

A transition to subactive mode does not take place if the | bit of CCR is set to 1 or the particular
interrupt is disabled in the interrupt enable register.

5.6.2 Clearing Subactive Mode
Subactive mode is cleared by a SLEEP instruction or by a input RE§i@in.

Clearing by SLEEP Instruction: If a SLEEP instruction is executed while the SSBY bit in
SYSCR1is setto 1 and TMA3 bit in TMA is set to 1, subactive mode is cleared and watch mode
is entered. If a SLEEP instruction is executed while SSBY = 0 and LSON =1 in SYSCR1 and
TMA3 = 1 in TMA, subsleep mode is entered. Direct transfer to active mode is also possible; see
5.8, Direct Transfer, below.

Clearing by RES Pin: Clearing byRES pin is the same as for standby mode; see Clearing by
RES pin in section 5.3.2, Clearing Standby Mode.

5.6.3 Operating Frequency in Subactive Mode

The operating frequency in subactive mode is set in bits SA1 and SAO in SYSCR2. The choices
are@y/2, @,/4, andg, /8.

102
HITACHI



5.7 Active (medium-speed) Mode

5.7.1 Transition to Active (medium-speed) Mode

If the MSON bit in SYSCR2 is set to 1 while the LSON bit in SYSCR1 is cleared to 0, a
transition to active (medium-speed) mode results from,|RRD,, or WKP, to WKP, interrupts

in standby mode, timer A, IRQor 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 CCR is
set to 1 or the particular interrupt is disabled in the interrupt enable register.

5.7.2 Clearing Active (medium-speed) Mode
Active (medium-speed) mode is cleared by a SLEEP instruction or by a inpuR&Shmen.

Clearing by SLEEP Instruction: A transition to standby mode takes place if a SLEEP
instruction is executed while the SSBY bit in SYSCR1 is set to 1, the LSON bit in SYSCR1 is
cleared to 0, and TMA3 bit in TMA is cleared to 0. The system goes to watch mode if the SSBY
bit in SYSCR1 is set to 1 and TMA3 bit in TMA is set 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 theRES pin goes low, the CPU enters the reset state and active
(medium-speed) mode is cleared.

5.7.3 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
while the DTON bit in SYSCR2 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), a transition is made
instead to sleep mode or watch mode. Note that if a direct 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) Mode to Active (Medium-Speed)

Mode: When a SLEEP instruction is executed in active (high-speed) mode while the SSBY and
LSON bits in SYSCRL1 are cleared to 0, the MSON bit in SYSCR2 is set to 1, and the DTON bit
in SYSCR2 is set to 1, a transition is made to active (medium-speed) mode via sleep mode.

Direct Transfer from Active (Medium-Speed) Mode to Active (High-Speed)

Mode: When a SLEEP instruction is executed in active (medium-speed) mode while the SSBY
and LSON bits in SYSCR1 are cleared to 0, the MSON bit in SYSCR?2 is cleared to 0, and the
DTON bit in SYSCR2 is set to 1, a transition is made to active (high-speed) mode via sleep
mode.

Direct Transfer from Active (High-Speed) Mode to Subactive Mode:When a

SLEEP instruction is executed in active (high-speed) mode while the SSBY and LSON bits in
SYSCRL1 are set to 1, the DTON bit in SYSCR2 is set to 1, and TMA3 bit in TMA is set

to 1, a transition is made to subactive mode via watch mode.

Direct Transfer from Subactive Mode to Active (High-Speed) Mode:When a

SLEEP instruction is executed in subactive mode while the SSBY bit in SYSCRL1 is set to 1, the
LSON bit in SYSCR1 is cleared to 0, the MSON bit in SYSCR2 is cleared to 0, the DTON bit

in SYSCR2 is set to 1, and TMA3 bit in TMA is set to 1, a transition is made directly to active
(high-speed) mode via watch mode after the waiting time set in SYSCR1 bits STS2 to STSO has
elapsed.

Direct Transfer from Active (Medium-Speed) Mode to Subactive Mode:When a

SLEEP instruction is executed in active (medium-speed) while the SSBY and LSON bits in
SYSCRL1 are set to 1, the DTON bit in SYSCR2 is set to 1, and TMA3 bitin TMA is setto 1, a
transition is made to subactive mode via watch mode.

Direct Transfer from Subactive Mode to Active (Medium-Speed) Mode:When a

SLEEP instruction is executed in subactive mode while the SSBY bit in SYSCRL1 is set

to 1, the LSON bit in SYSCR1 is cleared to 0, the MSON bit in SYSCR2 is set to 1, the DTON
bit in SYSCR2 is set to 1, and TMAS3 bit in TMA is set to 1, a transition is made directly to
active (medium-speed) mode via watch mode after the waiting time set in SYSCR1 bits STS2 to
STSO has elapsed.
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5.8.2 Calculation of Direct Transfer Time before Transition

Time Required before Direct Transfer from Active (High-speed) Mode 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 bits in SYSCRL1 are cleared to 0, the MSON bit in SYSCR2 is set to 1, and the
DTON bit in SYSCR2 is set 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 . 1)

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 bits in SYSCR1 are cleared to 0, the MSON bit in SYSCR2 is
cleared to 0, and the DTON bit in SYSCR2 is set 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) Mode: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 SYSCRL1 is set to 1, the
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LSON bit in SYSCRL1 is cleared to 0, the MSON bit in SYSCR2 is cleared to 0, the DTON bit
in SYSCR2 is set to 1, and the TMAS3 bit in TMA is set 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.

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 gw/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

tcyc: System clock (¢) cycle time
tsubcyc: Subclock (@) cycle time

Time Required before Direct Transfer from Subactive Mode to Active (Medium-
Speed) ModeA 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 SYSCRL is set
to 1, the LSON bit in SYSCRL1 is cleared to 0, the MSON and DTON bits in SYSCR2 are set to
1, and the TMAS bit in TMA is set to 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 gw/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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Section 6 ROM

6.1 Overview

The HB8/3832 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 bhits)

(] (]

Internal data bus (lower 8 bits)

H'0000 H'0000 H'0001
H'0002 H'0002 H'0003
/—\
v
On-chip ROM
H'7FFE H'7FFE H'7FFF
Even-numbered Odd-numbered
address address

Figure 6.1 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.

Table 6.1 Setting to 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, as listed in table 6.2.

Figure 6.2 shows the pin-to-pin wiring of the socket adapter. Figure 6.3 shows a memory map.

Table 6.2 Socket Adapter

Package Socket Adapter
100-pin (FP-100B) HS3834ESHO1H
100-pin (FP-100A) HS3834ESFO1H

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 EQo 11
48 45 P6; EO; 12
49 46 P6, EO, 13
50 47 P63 EO3 15
51 48 P64 EQ,4 16
52 49 P65 EOs 17
53 50 P66 EOs 18
54 51 P6; EO; 19
70 67 P8; EAo 10
69 66 P8 EA; 9
68 65 P85 EA; 8
67 64 P8, EAs 7
66 63 P83 EA, 6
65 62 P8, EAs 5
64 61 P8, EAs 4
63 60 P8y EA; 3
55 52 P7o EAs 25
91 88 P43 EAo 24
57 54 P7, EA1o 21
58 55 P73 EAu 23
59 56 P74 EA1» 2
60 57 P75 EA13 26
61 58 P76 EA14 27
62 59 P77 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 PBg
13 10 MDO
81 78 P1;
82 79 P1,
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 Pls

Figure 6.2 Socket Adapter Pin Correspondence (with HN27C256)
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Address in MCU mode Address in PROM mode
H'0000 H'0000
On-chip PROM
H'7FFF H'7FFF

Figure 6.3 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 HB8/3834 Programming
The write, verify, and other modes are selected as shown in table 6.3 in H8/3834 PROM mode.

Table 6.3 Mode Selection in H8/3834 PROM Mode

Pin

Mode CE cc EO, to EO, EA,, to EA,

Write L cc Data input Address input

Verify H Data output Address input

el
°
(o]
(e}

I | T O‘
m
< I < <<

o
o

Programming disabled H cc High impedance Address input

Notation:

L: Low level
H: High level
Vel Vpp level
Vee! 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 data is 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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( Start )

Set write/verify mode

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

Address =0

e |

Yes

n+l-n

‘erte time tpyy =1 ms 5%

‘ Write time tgopy = 3n ms‘

No

Last address?

‘ Address + 1 — address

Set read mode
Vee =5.0V 0.5V, Vpp =Vce

112

All
Error
Yes
End
Figure 6.4 High-Performance Programming Flowchart
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Table 6.4 DC Characteristics

(Conditions: Ve = 6.0 V£0.25 V, Vep = 12.5 V0.3 V, Vsg= 0 V, T, = 25°C +5°C)

Test
Iltem Symbol Min  Typ Max Unit Conditions
Input high-  EO; to EQ,, 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 24 — — Y, on =—200 pA
level voltage
Output low- EO, to EQ, \ — — 0.45 \Y, lo. = 0.8 MA
level voltage
Input leakage EO,to EO,, EA,, to EA,, |l — — 2 HA V, =5.25V/
current E, CE 05V
V¢ current lec — — 40 mA
Ve current lop — — 40 mA
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Table 6.5 AC Characteristics

(Conditions: \.c = 6.0 V+0.25 V, V,p=12.5V+0.3 V, T, = 25C £5°C)

Iltem Symbol  Min Typ Max Unit Test
Conditions

Address setup time tas 2 — — us Figure 6.5**

OE setup time toes 2 — — us

Data setup time tos 2 — — ps

Address hold time tan 0 — — us

Data hold time ton 2 — — VIS

Data output disable time toe*? 0 — 130 ns

Ve Setup time typs 2 — — HS

Programming pulse width Gow 0.95 1.0 1.05 ms

CE pulse width for overwrite  tgp,*° 285 — 787 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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Address :>§

tas taH
1
Data _éE Input data Output data
Ibs toH or

Vep
Vep _/A tvps

Vee Vee tvcs

OE

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

Write Verify

Vee

N /
_tpw loEs  foe |
* L
_topw”

Figure 6.5 PROM Write/Verify Timing

6.3.2 Programming Precautions

Use the specified programming voltage and timing.

The programming voltage in PROM mode.@Ms 12.5 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 \bpof 12.5 V.

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.
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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.

Table 6.6 Setting to 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, as listed in table 6.7.

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

Table 6.7 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 Vep 1
47 44 P6, EQp 13
48 45 P6, EO; 14
49 46 P6, EO, 15
50 47 P6; EO, 17
51 48 P6, EO, 18
52 49 P65 EOs 19
53 50 P6g EOs 20
54 51 P6; EO, 21
70 67 P8, EA, 12
69 66 P8 EA; 11
68 65 P8s EA, 10
67 64 P8, EA; 9
66 63 P8 EA, 8
65 62 P8, EAs 7
64 61 P8, EAs 6
63 60 P8, EA; 5
55 52 P7, EAg 27
91 88 P4, EAg 26
57 54 P7, EAjg 23
58 55 P73 EAy 25
59 56 P7, EA;, 4
60 57 P7s EAs3 28
61 58 P76 EAL, 29
84 81 P1, EAss 3
85 82 Pl EAsg 2
62 59 P7, CE 22
56 53 P7, OE 24
83 80 P1; PGM 31

34,79 31,76 Vee Vee 32
92 89 AV
6 3 TEST
8 5 X1
99 96 PBs
13 10 MDO
81 78 P1,
82 79 P1,
86 83 Plg
9,30 6,27 Vss Vss 16
5 2 AVgs
97 94 PB,
98 95 PBs

Figure 6.6 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*
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'EEOO and higher addresses are programmed by mistake, it may
become impossible to program the PROM or verify the programmed data.
When programming, assign H'FF data to this address area (H'EEQO to H'1LFFFF).

Figure 6.7 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 mode.
Table 6.8 Mode Selection in H8/3837 PROM Mode

Pin
e EO, to EO, EA,, to EA,

Mode GM

Write c Data input Address input

Verify Data output Address input

el
o
[e]
(e}

Programming
disabled

cc High impedance Address input

o
o

T T|r ||| |O
m
I s I L I = O‘
m
I | T |||

Notation:

L: Low level
H: High level
Vopi Vpp level

Vee! Ve level

The specifications for writing and reading the on-chip PROM are identical to those for the standard
HN27C101 EPROM. Page programming is not supported, however. The PROM writer must not
be set to page mode. A PROM programmer that provides only page programming mode cannot be
used. When selecting a PROM programmer, 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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Set write/verify mode
Vee =6.0V0.25V, Vpp =125V 0.3V

1

Address 0

n+1l-n
Yes

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

No Go
Address + 1 - address

| Write time topy = 0.2n ms |

No

Last address?

Set read mode
Vee =5.0V+0.25V, Vpp = Ve

All addresses
read?

Figure 6.8 High-Speed, High-Reliability Programming Flow Chart

120
HITACHI




Table 6.9 and table 6.10 give the electrical characteristics in programming mode.

Table 6.9 DC Characteristics (preliminary)

(Conditions: Ve = 6.0 V+0.25 V, Vop = 12.5 V0.3 V, Vsg= 0 V, T, = 25°C +5°C)

Test
Iltem Symbol Min Typ Max Unit Conditions
Input high-  EO, to EQ,, EA; to EA,, V,, 24 — V+03 V
level voltage OE, CE, PGM
Input low- EO; to EQ,, EA 0 EA,, V. -0.3 — 0.8 \%
level voltage OE, CE, PGM
Output high- EO, to EQ, Vou 24 — — \Y, loy =—200 pA
level voltage
Output low-  EO, to EQ, Voo — — 0.45 \% lor = 0.8 MA
level voltage
Input leakage EO,to EQ,, EA to EA,, |l | — — 2 MA  V,=5.25V/
current OE, CE, PGM 05V
V¢ current lec — — 40 mA
Ve current lop — — 40 mA
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Table 6.10 AC Characteristics

(Conditions: \.c = 6.0 V+0.25 V, V,p=12.5V+0.3 V, T, = 25C £5°C)

Test

Iltem Symbol  Min Typ Max Unit Conditions
Address setup time tas 2 — — us Figure 6.9%*
OE setup time toes 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*? — — 130 ns

V., Setup time typs 2 — — ps

Programming pulse width tow 0.19 0.20 0.21 ms

PGM pulse width for overwrite topw™” 0.19 — 5.25 ms

programming

V¢ setup time tyes 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: 0.8V, 2.0V

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

3. toew 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 :>§
tas ‘ taH |
Data — Input data Outputdata | ——
tps ton =
- - - tor
Vep
Vep Vee /| tups
Vee +1
VCC cC _/ A
Vee ves
CE
tces
PGM 5& J
N 7
lhw loes _loE
OE topw™
Note: * topyy is defined by the value given in figure 6-8 high-speed, high-reliability
programming flow chart.
Figure 6.9 PROM Write/Verify Timing
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6.5.2 Programming Precautions

Use the specified programming voltage and timing.

The programming voltage in PROM mode.@Ms 12.5 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 \pp0f 12.5 V.

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

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

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

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

A highly effective way of assuring data retention characteristics after programming is to screen the
chips by baking them at a temperature of’CoMHigh-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

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

Y

Read and check program

Y

( Install )

Figure 6.10 @ Recommended Screening Procedure

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

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

7.1 Overview

The H8/3832, 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.

7.1.1 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
Av
On-chip RAM
H'FF7E H'FF7E H'FF7F
Even-numbered Odd-numbered
address address

Figure 7.1 RAM Block Diagram (H8/3834)
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Section 8 1/0O Ports

8.1 Overview

The HB8/3834 Series is provided with eight 8-bit I/O ports, one 4-bit 1/0O port, one 3-bit 1/0 port,
one 8-bit 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 data in PCR or PDR.

Ports 5, 6, 7, 8, 9, and A double as liquid 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, I/O Port Block Diagrams.

Table 8.1 Port Functions

Function
Switching
Port  Description Pins Other Functions Register
Port1 < 8-bit I/O port P1,to P1./ External interrupts 3 to 1 PMR1
« Input pull-up MOs  RQ: 10 IRQ/ et event input TMIF, TMIC, TCRF, TMC,
option TMIF, TMIC, T™IB T™B
TMIB
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
 High-current port ~ P2,/IRQ,/ External interrupt 4 and A/D PMR2
ADTRG converter external trigger AMR
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Table 8.1 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 t port ey (ScKa)
igh-current por P3,/SI,
P3,/SCK,
P3,/SO, SCI1 data output (SO,), data input PMR3
P3./S| (Sl,), clock input/output (SCK,)
1 1
P3,/SCK,
Port 4 < 1-bit input-only port P4,/IRQ, External interrupt O PMR2
« 3-bit /O port P4,/TXD SCI3 data output (TXD), data input SCR3
P4./JRXD (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; to WKP,/ Segment 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 SEG,, to SEG,
option
Port 7« 8-bit I/O 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 e« 4-bit input port PC, to PCy/ A/D converter analog input AMR
AN, to AN,
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8.2 Port 1

8.2.1 Overview

Port 1 is an 8-bit I1/O port. Figure 8.1 shows its pin configuration.

Port 1

P1,/IRQ3/TMIF
P16/IRQ2/TMIC
P15/IRQ./TMIB
P14/PWM
P13/TMIG
P1,/TMOFH
P1,/TMOFL
P1o/TMOW

Figure 8.1

8.2.2 Register Configuration and Description

Table 8.2 shows the port 1 register configuration.

Table 8.2 Port 1 Registers

Port 1 Pin Configuration

Name Abbrev. R/W Initial Value Address
Port data register 1 PDR1 RW H'00 H'FFD4
Port control register 1 PCR1 w H'00 H'FFE4
Port pull-up control register 1 PUCR1 RW H'00 H'FFEO
Port mode register 1 PMR1 RW H'00 HFFC8
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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 R/W R/W R/W R/W R/W RW R/W R/W

PDR1 is an 8-hit register that stores data for pinstftbugh Pg. If port 1 is read while PCR1
bits are set to 1, the values stored in PDR1 are read, regardless of the actual pin states. If port 1 is
read while PCR1 bits are cleared to 0, the pin states are read.

Upon reset, PDR1 is initialized to H'00.

Port Control Register 1 (PCR1)

Bit 7 6 5 4 3 2 1 0
PCR1, PCR1, PCRl, PCR1, PCR1, PCR1, PCR1, PCRI,

Initial value 0 0 0 0 0 0 0 0

Read/Write w w w w w w w w

PCR1 is an 8-bit register for controlling whether each of the port 1 pin® 1, 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 settings in PCR1 and in PDR1 are
valid only when the corresponding pin is designated in PMR1 as a general /O pin.

Upon reset, PCRL1 is initialized to H'00.
PCRL1 is a write-only register. All bits are read as 1.

Port Pull-Up Control Register 1 (PUCR1)

Bit 7 6 5 4 3 2 1 0
PUCR1, PUCR1l, PUCR1, PUCR1, PUCR1, PUCR1, PUCR1, PUCR]1,
Initial value 0 0 0 0 0 0 0 0

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

PUCR1 controls whether the MOS pull-up of each port 1 pin is on or off. When a PCR1 bit is
cleared to 0, setting the corresponding PUCRZ1 bit to 1 turns on the MOS pull-up for the
corresponding pin, while clearing the bit to 0 turns off the MOS pull-up.

Upon reset, PUCR1 is initialized 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 TMIG TMOFH TMOFL TMOW
Initial value 0 0 0 0 0 0 0 0

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

PMR1 is an 8-bit read/write register, controlling the selection of pin functions for port 1 pins.
Upon reset, PMRL1 is initialized to H'00.

Bit 7—P1,/IRQ,/TMIF Pin Function Switch (IRQ3): This bit selects whether pin
P1/IRQ,/TMIF is used as Rlor asIRQ,/TMIF.

Bit 7: IRQ3 Description
0 Functions as P1, I/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 Rlor 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 (IRQ1): This bit selects whether pin
P1/IRQ,/TMIB is used as PJor asIRQ,/TMIB.

Bit 5: IRQ1 Description
0 Functions as P1; I/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 PRWM
is used as Blor as PWM.

Bit 4: PWM Description
0 Functions as P1, I/O pin (initial value)
1 Functions as PWM output pin

Bit 3—P1,/TMIG Pin Function Switch (TMIG): This bit selects whether pin
PL/TMIG is used as Rlor as TMIG.

Bit 3: TMIG Description

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

1 Functions as TMIG input pin

Bit 2—P1,/TMOFH Pin Function Switch (TMOFH): This bit selects whether pin
P1/TMOFH is used as Rbr as TMOFH.

Bit 22 TMOFH Description

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

1 Functions as TMOFH output pin

Bit 1—P1,/TMOFL Pin Function Switch (TMOFL): This bit selects whether pin
PL/TMOFL is used as Rlor as TMOFL.

Bit 1: TMOFL Description

0 Functions as P1, I/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 Rbr 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 Port 1 Pin Functions

Pin

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** 0**
Pin function P1,input pin  P1, output pin TRQ, input pin  IRQ,/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 1RQ, input pin  IRQ,/TMIC

input pin

Note: When using as TMIC input pin, clear bit IEN2 in IENR1 to 0, 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

PCRL, 0 1 *

TMB2 to TMBO * Not 111 111
Pin function P1,input pin  P1, output pin IRQ, input pin  IRQ,/TMIB

input pin

Note: When using as TMIB input pin, clear bit IEN1 in IENR1 to 0, disabling
IRQ1 interrupts.

Note: * Don'’t care
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Table 8.3 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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8.2.4 Pin States

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

Pins Reset Sleep Subsleep Standby Watch Subactive Active

P1./IRQ,/TMIF  High- Retains Retains High- Retains Functional  Functional
P1/ARQJTMIC impedanc previous previous impedance previou
6 2

e state state * S 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.

8.2.5 MOS Input Pull-Up

Port 1 has a built-in MOS input pull-up function that can be controlled by software. When a
PCR1 bit is cleared to 0, setting the corresponding PUCRL1 bit to 1 turns on the MOS input pull-
up for that pin. The MOS input pull-up function is in 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 is an 8-bit I/O port. Figure 8.2 shows its pin configuration.

- P2;
-~ P2
- P2

- P2,

Port 2
- P2,
- P2,
<—— P2,/UD
~«—— P2,/IRQ4/ADTRG
Figure 8.2 Port 2 Pin Configuration

8.3.2 Register Configuration and Description

Table 8.5 shows the port 2 register configuration.

Table 8.5 Port 2 Registers

Name Abbrev. R/W Initial Value Address
Port data register 2 PDR2 R/W H'00 HFFD5
Port control register 2 PCR2 w H'00 H'FFE5
Port mode register 2 PMR2 RW H'CO HFFC9
Port mode register 4 PMR4 R/W H'00 HFFCB
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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 R/W R/W R/W RW RW R/W R/W R/W

PDR2 is an 8-hit register that stores data for pinstt®@ugh Pg If port 2 is read while PCR2
bits are set to 1, the values stored in PDR2 are read, regardless of the actual pin states. If port 2 is
read while PCR2 bits are cleared to 0, the pin states are read.

Upon reset, PDR2 is initialized 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-bit register for controlling whether each of the port 2 pin® 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 settings in PCR2 and in PDR2 are
valid only when the corresponding pin is designated in PMR2 as a general I/O pin.

Upon reset, PCR2 is initialized to H'00.
PCR2 is a write-only register. All bits are read as 1.

Port Mode Register 2 (PMR2)

Bit 7 6 5 4 3 2 1 0
— — POF2 NCS IRQO POF1 ub IRQ4

Initial value 1 1 0 0 0 0 0 0

Read/Write — — R/W R/W RW RW R/W R/W

PMRZ2 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 30, and P3/SO,, and controlling
the TMIG input noise canceller.

Upon reset, PMR2 is initialized to H'CO.
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Bits 7 to 6—Reserved BitsBits 7 to 6 are reserved; they are always read as 1, and cannot be
modified.

Bit 5—P3;/S0O, Pin PMOS Control (POF2): This bit controls the on/off state of the
PMOS transistor in the $G, 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 bit controls the noise canceller circuit
for input capture at pin TMIG.

Bit4: 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 PIRQ, is
used as Pdor asIRQ,,

Bit 3: IRQO Description

0 Functions as P4, input pin (initial value)

1 Functions as IRQ, input pin

Bit 2—P3,/S0O, Pin PMOS Control (POF1): This bit controls the on/off state of the
PMOS transistor in the RSO, 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 PRD is used
as P2 or as UD.

Bit 1: UD Description

0 Functions as P2, I/O 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 is used as Bdr asiRQ,/ADTRG.

Bit 0: IRQ4 Description

0 Functions as P2, I/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

PMRA4 is an 8-bit read/write register, used to select CMOS output or NMOS open drain output for
each port 2 pin.

Upon reset, PMRA4 is initialized to H'00.

Bit n—NMOS Open-Drain Output Select (NMODnN): This bit selects NMOS open-
drain output when pin R2s used as an output pin.

Bit n: NMODn Description

0 CMOS output

1 NMOS open-drain output

(n=7t00)
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8.3.3 Pin Functions

Table 8.6 shows the port 2 pin functions.

Table 8.6 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.
ub 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 TRQ,input pin IRQ,/ADTRG

input pin

Note: When using as ADTRG input pin, clear bit IEN4 in IENRL1 to 0, disabling
IRQ, interrupts.

Note: * Don't care

8.3.4 Pin States

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

Table 8.7 Port 2 Pin States

Pins Reset Sleep Subsleep Standby Watch Subactiv Active
e

P2,to P2, High- Retains  Retains High- Retains Functional Functional

P2 JUD impedance previous previous impedance previous

! state state state

P2,/IRQ,/

ADTRG
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8.4 Port 3

8.4.1 Overview

Port 3 is an 8-bit I/O port, configured as shown in figure 8.3.

Port 3

P3,/CS
P35/STRB
P35/SO,
P34/Sl,
P33/SCK
P3,/SO;
P3,/Sl;
P30/SCKy

Figure 8.3

Port 3 Pin Configuration

8.4.2 Register Configuration and Description

Table 8.8 shows the port 3 register configuration.

Table 8.8 Port 3 Registers

Name Abbrev. R/W Initial Value Address
Port data register 3 PDR3 R/W H'00 H'FFD6
Port control register 3 PCR3 w H'00 H'FFE6
Port pull-up control register 3 PUCR3 RW H'00 HFFE1
Port mode register 3 PMR3 RW 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 R/W R/W R/W R/W R/W RW R/W R/W

PDR3 is an 8-bit register that stores data for port 3 pinsoPR33. If port 3 is read while PCR3
bits are set to 1, the values stored in PDR3 are read, regardless of the actual pin states. If port 3 is
read while PCR3 bits are cleared to 0, the pin states are read.

Upon reset, PDR3 is initialized 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

PCR3 is an 8-bit register for controlling whether each of the port 3 pin® 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 settings in PCR3 and in PDR3 are
valid only when the corresponding pin is designated in PMR3 as a general /O pin.

Upon reset, PCR3 is initialized to H'00.
PCR3 is a write-only register. All bits are read 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, PUCRS,
Initial value 0 0 0 0 0 0 0 0

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

PUCRS3 bits control the on/off state of pin,PB3 MOS pull-ups. When a PCR3 bit is cleared to
0, setting the corresponding PUCR3 bit to 1 turns on the MOS pull-up for the corresponding pin,
while clearing the bit to 0 turns off the MOS pull-up.

Upon reset, PUCR3 is initialized to H'00.
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Port Mode Register 3 (PMR3)

Bit 7 6 5 4 3 2 1 0
(O] STRB SO2 SI2 SCK2 SO1 SI1 SCK1
Initial value 0 0 0 0 0 0 0 0

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

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

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

Bit 7: CS Description
0 Functions as P3, I/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 R®r as STRB.

Bit 6: STRB Description

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

1 Functions as STRB output pin

Bit 5—P3,/S0O, Pin Function Switch (SO2): This bit selects whether pin S0, is
used as P3r as SQ

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

Bit 4—P3,/Sl, Pin Function Switch (SI2): This bit selects whether pin PSI, is used
as P3oras Sl

Bit 4. SI2 Description
0 Functions as P3, I/O pin (initial value)
1 Functions as Sl, input pin
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Bit 3—P3;/SCK, Pin Function Switch (SCK2): This bit selects whether pin PSCK,
is used as Bdr as SCK

Bit 3: SCK2 Description

0 Functions as P3, /O pin (initial value)

1 Functions as SCK, I/O pin

Bit 2—P3,/S0O; Pin Function Switch (SO1): This bit selects whether pin #SO, is
used as P3or as SQ

Bit 2: SO1 Description
0 Functions as P3, I/O pin (initial value)
1 Functions as SO, output pin

Bit 1—P3,/SI, Pin Function Switch (SI1): This bit selects whether pin PSI, is used
as P3oras S|

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

Bit 0—P3,/SCK; Pin Function Switch (SCK1): This bit selects whether pin PSCK;
is used as R3r as SCK

Bit 0: SCK1 Description

0 Functions as P3, I/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.

Table 8.9 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

PCR3, 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./SO, 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 PCR3.

SO1 0 1

PCR3, 0 1 *

Pin function P3, input pin  P3, output pin SO, output pin
P3,/Sl; 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 PCR3,

in PCR3.

SCK1 0 1

CKS3 * 0 1

PCRS3, 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.
Table 8.10Port 3 Pin States

Pins Reset Sleep Subsleep Standby Watch Subactiv Active
e

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

state state state
P3,/SO,

P3,/Sl,
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.

8.4.5 MOS Input Pull-Up

Port 3 has a built-in MOS input pull-up function that can be controlled by software. When a
PCR3 bit is cleared to 0, setting the corresponding PUCR3 bit to 1 turns on the MOS pull-up for
that pin. The MOS pull-up function is in the off state after a reset.

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

n=7to0
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8.5 Port 4

8.5.1 Overview

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

~— P43/IRQg
~—— P4,/TXD
Port 4
- P4,/RXD

- P4,/SCK3

Figure 8.4 Port 4 Pin Configuration

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

Table 8.11Port 4 Registers

Name Abbrev. R/W Initial Value Address
Port data register 4 PDR4 R/W H'F8 HFFD7
Port control register 4 PCR4 W H'F8 HFFE7
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Port Data Register 4 (PDR4)

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 RW RW RW

PDR4 is an 8-bit register that stores data for port 4 pipsoF4,. If port 4 is read while PCR4
bits are set to 1, the values stored in PDR4 are read, regardless of the actual pin states. If port 4 is
read while PCR4 bits are cleared to 0, the pin states are read.

Upon reset, PDR4 is initialized 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

PCR4 controls whether each of the port 4 pinst®44, 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 I/O pin.

Upon reset, PCR4 is initialized to H'F8.

PCR4 is a write-only register. All bits are read as 1.
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8.5.3 Pin Functions

Table 8.12 shows the port 4 pin functions.

Table 8.12Port 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 PCRA4.

CKE1 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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8.5.4 Pin States

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

Table 8.13Port 4 Pin States

Pins Reset Sleep Subsleep Standby Watch Subactiv Active
e
P4./IRQ, High- Retains  Retains High- Retains Functional Functional
P4.JTXD impedance previous previous impedance previous
z state state state
P4,/RXD
P4,/SCK,
8.6 Port 5

8.6.1 Overview

Port 5 is an 8-bit I/O port, configured as shown in figure 8.5.

~—— P5,/WKP;/SEGg
<~ P5;/WKPg/SEG7
~——— P5;/WKP5/SEGg
Pots | ¥ " P5,4/WKP,4/SEG5
- P53/WKP3/SEG,4
- P5,/\WKP,/SEG;
~— P5;/WKP; /SEG,
-~ P5,/WKP,/SEG;

Figure 8.5 Port 5 Pin Configuration
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8.6.2 Register Configuration and Description
Table 8.14 shows the port 5 register configuration.

Table 8.14Port 5 Registers

Name Abbrev. R/W Initial Value Address
Port data register 5 PDR5 RW H'00 H'FFD8
Port control register 5 PCR5 w H'00 H'FFES
Port pull-up control register 5 PUCR5 R/W H'00 H'FFE2
Port mode register 5 PMR5 R/W H'00 HFFCC

Port Data Register 5 (PDR5)

Bit 7 6 5 4 3 2 1 0
P5, P5, P5, P5, P5, P5, P5, P5,

Initial value 0 0 0 0 0 0 0 0

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

PDRS5 is an 8-bit register that stores data for port 5 pinsoFB5. If port 5 is read while PCR5
bits are set to 1, the values stored in PDRS5 are read, regardless of the actual pin states. If port 5 is
read while PCR5 bits are cleared to 0, the pin states are read.

Upon reset, PDR5 is initialized 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

PCRS5 is an 8-bit register for controlling whether each of the port 5 pin® P% functions as

an input pin or output pin. Setting a PCR5 bit to 1 makes the corresponding pin an output pin,
while clearing the bit to 0 makes the pin an input pin. The settings in PCR5 and in PDR5 are
valid only when the corresponding pin is designated as a general I/O pin in PMR5 and in bits
SGS3 to SGSO of LPCR.

Upon reset, PCRS5 is initialized to H'00.

PCRS5 is a write-only register. All bits are read as 1.
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Port Pull-up Control Register 5 (PUCRS5)

Bit 7 6 5 4 3 2 1 0
PUCR5, PUCR5, PUCR5;, PUCR5, PUCR5, PUCR5, PUCR5, PUCRS5,
Initial value 0 0 0 0 0 0 0 0

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

PUCRS5 bits control the on/off state of pin,PBg MOS pull-ups. When a PCR5 bit is cleared to
0, setting the corresponding PUCRS5 bit to 1 turns on the MOS pull-up for the corresponding pin,
while clearing the bit to 0 turns off the MOS pull-up.

Upon reset, PUCRS is initialized to H'00.

Port Mode Register 5 (PMR5)

Bit 7 6 5 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 R/W R/W R/W R/W R/W

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

Bit n—P5,/WKP,/SEG,,, Pin Function Switch (WKPn): When pin PYWKP,/SEG,,,
is not used as a SEG pin, this bit selects whether it is used as
PS5, or aswWKP,.

Bit n: WKPn Description

0 Functions as P5, I/O pin (initial value)

1 Functions as WKP  input pin

(n=7t00)

Note: For information on use as a SEQin, 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.

Table 8.15Port 5 Pin Functions

Pin Pin Functions and Selection Method
P5./WKP.,/ The pin function depends on bit WKPn in PMR5, bit PCRS5, in PCR5, and bits
SEGgto P5,/ SGS3to SGSO0 in LPCR.
WKP ,/SEG, (n=7t04)
SGS3 to SGSO O*** LHx*
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 P5y/ SGS3to SGSO in LPCR.
WKP /SEG, (n=3100)
SGS3 to SGSO 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.

Table 8.16Port 5 Pin States

Pins Reset Sleep Subsleep Standby Watch Subactiv Active
e

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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8.6.5 MOS Input Pull-Up

Port 5 has a built-in MOS input pull-up function that can be controlled by software. When a
PCRS5 bit is cleared to 0, setting the corresponding PUCRS bit to 1 turns on the MOS pull-up for
that pin. The MOS pull-up function is in the off state after a reset.

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 is an 8-bit I/O port, configured as shown in figure 8.6.

<= P6,/SEG5
<= PB64/SEG5
-« PB5/SEG 4
ot | = P64/SEGs
<= PB3/SEG;
-« PB,/SEG;
< P6,/SEGyo

-— P6y/SEGy

Figure 8.6 Port 6 Pin Configuration
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8.7.2 Register Configuration and Description
Table 8.17 shows the port 6 register configuration.

Table 8.17Port 6 Registers

Name Abbrev. R/W Initial Value Address
Port data register 6 PDR6 R/W H'00 HFFD9
Port control register 6 PCR6 w H'00 H'FFE9
Port pull-up control register 6 PUCRG6 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 R/W R/W R/W R/W R/W RW R/W RW

PDRG6 is an 8-bit register that stores data for port 6 pinsoFBg. If port 6 is read while PCR6
bits are set to 1, the values stored in PDR6 are read, regardless of the actual pin states. If port 6 is
read while PCR6 bits are cleared to 0, the pin states are read.

Upon reset, PDRG6 is initialized to H'00.

Port Control Register 6 (PCR6)

Bit 7 6 5 4 3 2 1 0
PCR6, PCR6, PCR6, PCR6, PCR6, PCR6, PCR6, PCRS,

Initial value 0 0 0 0 0 0 0 0

Read/Write w w w w w w w w

PCRG6 is an 8-bit register for controlling whether each of the port 6 pin® P& 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 settings in PCR6 and in PDR6 are
valid only when the corresponding pin is designated in bits SGS3 to SGSO0 in LPCR as a general
1/0 pin.

Upon reset, PCRE6 is initialized to H'00.

PCRG6 is a write-only register. All bits are read as 1.
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Port Pull-Up Control Register 6 (PUCRG6)

Bit 7 6 5 4 3 2 1 0
PUCR6, PUCR6, PUCR6, PUCR6, PUCR6, PUCR6, PUCR6, PUCRS,
Initial value 0 0 0 0 0 0 0 0

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

PUCRG6 controls whether the MOS pull-up of each port 6 pirfg is on or off. When a PCR6
bit is cleared to 0, setting the corresponding PUCRS6 bit to 1 turns on the MOS pull-up for the
corresponding pin, while clearing the bit to 0 turns off the MOS pull-up.

Upon reset, PUCRG is initialized to H'00.

8.7.3 Pin Functions

Table 8.18 shows the port 6 pin functions.

Table 8.18Port 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 LPCR.
P6,/SEG,, (n=7t04)
SGS3to SGSO 00** or 010* 011* or 1***
PCR6n 0 1 *
Pin function P6n input pin  P6n output pin SEGnN+9 output pin

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

P6,/SEG, (n=3100)
SGS3to SGSO 00**, 010* or 0110 0111 or 1***
PCR6N 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.

Table 8.19%Port 6 Pin States

Pins Reset Sleep Subslee Standby Watch Subactiv Active
p e
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.

8.7.5 MOS Input Pull-Up

Port 6 has a built-in MOS input pull-up function that can be controlled by software. When a
PCRG6 bit is cleared to 0, setting the corresponding PUCRG6 bit to 1 turns on the MOS pull-up for
that pin. The MOS pull-up function is in the off state after a reset.

PCR®, 0 1
PUCS, 0 1 *
MOS 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 is an 8-bit 1/0 port, configured as shown in figure 8.7.

<~ P7,/SEGy4
<= P74/SEGy3
<= P75/SEGy;
port7 | = P74/SEGxn
<= P73/SEGy
~——= P7,/SEG1s
<= P7,/SEG13g

-— P7,/SEG17

Figure 8.7 Port 7 Pin Configuration

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

Table 8.20Port 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 HFFEA

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 RIW RIW RIW RIW RIW RIW RIW RIW

PDRY7 is an 8-bit register that stores data for port 7 pinsoFH¢,. If port 7 is read while PCR7
bits are set to 1, the values stored in PDR7 are read, regardless of the actual pin states. If port 7 is
read while PCR7 bits are cleared to 0, the pin states are read.
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Upon reset, PDRY7 is initialized 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-bit register for controlling whether each of the port 7 pin® P7, functions as

an input pin or output pin. Setting a PCR7 bit to 1 makes the corresponding pin an output pin,
while clearing the bit to 0 makes the pin an input pin. The settings in PCR7 and in PDR7 are
valid only when the corresponding pin is designated in bits SGS3 to SGSO0 in LPCR as a general
1/0 pin.

Upon reset, PCRY7 is initialized to H'00.

PCRY7 is a write-only register. All bits are read as 1.

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

Table 8.21Port 7 Pin Functions

Pin Pin Functions and Selection Method

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

(n=7to4)
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 LPCR.
P7,/SEG,;

(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.

Table 8.22Port 7 Pin States

Pins Reset Sleep Subslee Standby Watch Subactiv Active
p e
P7./SEG,, 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 is an 8-hit I/O port configured as shown in figure 8.9.

-— P8,/SEG3;

-— P8¢/SEG3;

-— P8/SEG3)

portg | == P84/SEGy

-— P83/SEG,g

-— PB,/SEGy7

-— P8,/SEGyg

-— PBy/SEG5

Figure 8.8 Port 8 Pin Configuration
8.9.2 Register Configuration and Description
Table 8.23 shows the port 8 register configuration.
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Table 8.23Port 8 Registers

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

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 R/W R/W R/W

PDRS8 is an 8-bit register that stores data for port 8 pin$oF83. If port 8 is read while PCR8
bits are set to 1, the values stored in PDRS8 are read, regardless of the actual pin states. If port 8 is
read while PCR8 bits are cleared to 0, the pin states are read.

Upon reset, PDR8 is initialized to H'00.

Port Control Register 8 (PCRS8)

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-bit register for controlling whether each of the port 8 pin® P& functions as

an input or output pin. Setting a PCR8 bit to 1 makes the corresponding pin an output pin, while
clearing the bit to 0 makes the pin an input pin. The settings in PCR8 and in PDRS8 are valid only
when the corresponding pin is designated in bits SGS3 to SGSO0 in LPCR as a general 1/0 pin.

Upon reset, PCR8 is initialized to H'00.

PCRS8 is a write-only register. All bits are read as 1.
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8.9.3 Pin Functions

Table 8.24 shows the port 8 pin functions.

Table 8.24Port 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 LPCR.
P8,/SEG,, (=710 4)
SGS3to SGSO 000* 001*, 01** 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 SGSO0 in LPCR.
P8,/SEG,; (n=3100)
SGS3to SGSO 000* or 0010 0011, 01** Qr 1***
PCR8n 0 1 *
Pin function P8n input pin  P8n output pin SEGn+25 output pin

Note: * Don't care

8.9.4 Pin States

Table 8.25 shows the port 8 pin states in each operating mode.

Table 8.25Port 8 Pin States

Pins Reset Sleep Subslee Standby Watch Subactiv Active
p e
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 is an 8-bit I/O port configured as shown in figure 8.9.

Port 9

P97/SEG40/CL4
P9s/SEG3g/CL
P95/SEG35/DO
P94/SEG37 /M
P93/SEG36
P9,/SEG3s5
P91/SEG34
P9y/SEG33

Figure 8.9

Port 9 Pin Configuration

8.10.2 Register Configuration and Description

Table 8.26 shows the port 9 register configuration.

Table 8.26Port 9 Registers

Name Abbrev. R/W Initial Value Address

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

Port control register 9 PCR9 H'00 HFFEC

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

P9, P9, P9, P9, P9, P9, P9, P9,

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

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

Port Control Register 9 (PCR9)

Bit 7 6 5 4 3 2 1 0
PCR9, PCRY, 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 w

PCR9 is an 8-bit register for controlling whether each of the port 9 pin® P% 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 settings in PCR9 and in PDR9 are valid only
when the corresponding pin is designated in bits SGS3 to SGSO0 in LPCR as a general 1/0 pin.

Upon reset, PCR9 is initialized to H'00.

PCR9 is a write-only register. All bits are read as 1.

8.10.3 Pin Functions
Table 8.27 shows the port 9 pin functions.

Table 8.27Port 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
SGSO0in LPCR.
SGS3to 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
SGSO0in LPCR.
SGS3to SGSO 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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Table 8.27Port 9 Pin Functions (cont)

Pin Pin Functions and Selection Method
P9./SEG,,/DO  The pin function depends on bit PCRY; in PCR9, and bits SGX and SGS3 to
SGSO0 in LPCR.
SGS3to SGSO 0000 Not 0000 *
SGX 0 0 1
PCR9Y, 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.
SGS3 to SGSO 0000 Not 0000 *
SGX 0 0 1
PCR9, 0 1 * *
Pin function P9, input P9, output  SEGS3, 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 LPCR.
P9,/SEG,, (n=3100)
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.

Table 8.28Port 9 Pin States

Pins Reset Sleep Subslee Standby Watch Subactiv Active
p e

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,,

8.11 Port A

8.11.1 Overview

Port A is a 4-bit 1/0 port, configured as shown in figure 8.10.

- PAJCOM,
Port A ~— PA,/COM 3
-~ PA,/COM,

- PA(/COM;,

Figure 8.10 Port A Pin Configuration
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8.11.2 Register Configuration and Description
Table 8.29 shows the port A register configuration.

Table 8.29Port A Registers

Name Abbrev. R/W Initial Value Address
Port data register A PDRA R/W H'FO HFFDD
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, PA, PA, PA,

Initial value 1 1 1 1 0 0 0 0

Read/Write — — — — R/W R/W RW RW

PDRA is an 8-bit register that stores data for port A pingtBRA,. If port A is read 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 is initialized 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 pindd®RA, 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 settings in PCRA and in PDRA are valid
only when the corresponding pin is designated in LPCR as a general 1/O pin.

Upon reset, PCRA is initialized to H'FO.

PCRA is a write-only register. All bits are read as 1.
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8.11.3 Pin F

unctions

Table 8.30 gives the port A pin functions.

Table 8.30Port 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 SGSO in LPCR.
CMX * 0 * 0 1 *
DTS1, DTSO **  Notll ** Notll Not 11 11
SGX 0 1 * 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 SGSO0 in LPCR.
CMX * 0 * 0 1 *
DTS1, DTSO ** 00or01 ** 00or01 00 or 01 Not 00 or 01
SGX 0 1 * 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 SGSO0 in LPCR.

CMX * 0 * 0 1 *

DTS1, DTSO * 00 > 00 00 Not 00

SGX 0 1 * 0 1 * 1 * 1 *

SGS3 to 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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Table 8.30Port 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.
SGS3to 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

8.11.4 Pin States

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

Table 8.31Port A Pin States

Pins Reset Sleep Subsleep Standby Watch Subactiv Active
e

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.

~———— PB7/AN;
<~ PBg/ANg
< PBs/ANs
potB |~ PBa/ANs
-~ PB3/AN3
-~ PB,/AN,
-~ PBy/AN;

< PBg/ANg

Figure 8.11 Port B Pin Configuration

8.12.2 Register Configuration and Description
Table 8.32 shows the port B register configuration.

Table 8.32Port 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 a port B pin is selected as an analog input
channel for the A/D converter by AMR bits CH3 to CHO, that pin reads 0 regardless of the input
voltage.
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8.13 Port C

8.13.1 Overview

Port C is a 4-bit input-only port, configured as shown in figure 8.12.

~—— PC3/AN;
-— PCy/AN

Port C 2 10
-~ PC;/ANg

~<——— PCy/ANg

Figure 8.12 Port C Pin Configuration

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

Table 8.33Port C Register

Name Abbrev. R/W Address

Port data register C PDRC R HFFDF

Port Data Register C (PDRC)

Bit 7 6 5 4 3 2 1 0

Read/Write — — — — R R R R

Reading PDRC always gives the pin states. However, if a port C pin is selected as an analog input
channel for the A/D converter by AMR bits CH3 to CHO, that pin reads 0 regardless of the input
voltage.
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Section 9 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.

Table 9.1 Timer Functions

Event Waveform
Name Functions Internal Clock Input Pin Output Remarks
Pin
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, — T™MOW
. @14 to @,/32
Clock output (8 choices)
Timer B« 8-bit timer @4 to @8192 T™MIB —
« 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-hit timer @2 to @32 TMIF TMOFL
* Event counter (4 choices) TMOFH
e Can be used as two
independent 8-bit timers
» Output compare
Timer G« 8-bit timer @2to @64, @,/2 TMIG — + Counter clear
* Input capture (4 choices) designation
P P possible
« Interval timer « Built-in noise
canceller
circuit for

input capture
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9.2 Timer A

9.2.1 Overview

Timer A is an 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.

* Choice of eight internal clock sourceg§192,@4096, @2048, @512, ¢256, 128, (32,
@8).

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

* Aninterrupt is requested when the counter overflows.

* 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 a block diagram of timer A.

P = 14 - PSW TMA = -
Bold
ow/32 9
o/16 °
P8 2
Pwl4 /128 Y =
- - - =
TMOW - - 4>| TCA I— 5
?;\NNMG PI8192, Y4096, P12048, % x| %o | %o =
AnlB 9I512, 256, P128, ool 8 .
| .|.
Pwl4 9/32, /8 LI A A
Q@ PSS |
L ~ 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.

Figure 9.1  Block Diagram of Timer A
Pin Configuration
Table 9.2 shows the timer A pin configuration.

Table 9.2 Pin Configuration

Name Abbrev. /0 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.

Table 9.3 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 TMAG6 TMAS5 — TMA3 TMA2 TMAL TMAO

Initial value 0 0 0 1 0 0 0 0

Read/Write RW RW RW — RW R/W R/W RW

TMA is an 8-bit read/write register for selecting the prescaler, input clock, and output clock.
Upon reset, TMA is initialized to H'10.

Bits 7 to 5—Clock Output Select (TMA7 to TMADS): Bits 7 to 5 choose which of

eight clock signals is 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: TMA6 Bit 5. TMA5 Clock Output

0 0 0 @32 (initial value)
1 @16
1 0 @8
1 @4
1 0 0 @132
1 @,/16
1 0 @,/8
1 @4

Bit 4—Reserved Bit: Bit 4 is reserved; it is always read as 1, and cannot be modified.
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Bits 3 to O—lInternal Clock Select (TMA3 to TMAO): Bits 3 to 0 select the clock
input to TCA.

Description
Bit 3: Bit 2: Bit 1: Bit 0: 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 TCAG6 TCA5 TCA4 TCA3 TCA2 TCA1 TCAO

Initial value 0 0 0 0 0 0 0 0

Read/Write R R R R R R R R

TCA is an 8-bit read-only up-counter, which is incremented 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 is cleared by setting bits TMA3 and TMA2 of TMA to 11.

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

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

Upon reset, TCA is cleared to H'00 and bit TMA3 is cleared to 0, so up-counting and interval
timing resume immediately. The clock input to timer A is selected by bits TMA2 to TMAO in
TMA,; any of eight internal clock signals output by prescaler S can be selected.

After the count value in TCA reaches H'FF, the next clock signal input causes timer A to
overflow, setting bit IRRTA to 1 in interrupt request register 1 (IRR1). If IENTA =1 in interrupt
enable register 1 (IENR1), a CPU interrupt is requested.*

At overflow, TCA returns to 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 TMA3 in TMA is set to 1, timer A
functions as a real-time clock time base by counting clock signals output by prescaler W.

The overflow period of timer A is set by bits TMA1 and TMAO in TMA. A choice of four periods
is available. 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
TMAY to TMAS 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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9.2.4 Timer A Operation States
Table 9.4 summarizes the timer A operation states.

Table 9.4 Timer A Operation States

Sub- Sub-
Operation Mode Reset Active Sleep Watch active sleep Standb
y
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

9.3.1 Overview

Timer B is an 8-bit timer that increments each time a clock pulse is input. This timer has two
operation modes, interval and auto reload.

Features
Features of timer B are given below.

« Choice of seven internal clock sourcg®8(92,@2048, @512, @256, @64, @16, @4) or an
external clock (can be used to count external events).

* Aninterrupt is requested when the counter overflows.
Block Diagram

Figure 9.2 shows a block diagram of timer B.
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| T™B

@ — PSS - a| TCB
A

TMIB O | TLB

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

: W ‘]7
Internal data bus

— IRRTB

Figure 9.2  Block Diagram of Timer B
Pin Configuration
Table 9.5 shows the timer B pin configuration.
Table 9.5 Pin Configuration

Name Abbrev. /O Function

Timer B event input TMIB Input Event input to TCB

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

Table 9.6 Timer B Registers

Name Abbrev. R/W Initial Value Address
Timer mode register B T™MB R/W H'78 HFFB2
Timer counter B TCB R H'00 H'FFB3
Timer load register B TLB W H'00 H'FFB3
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9.3.2 Register Descriptions

Timer Mode Register B (TMB)

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 RW — — — — RW RW RW

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

Bit 7—Auto-Reload Function Select (TMB7):Bit 7 selects whether timer B is used as
an 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 BitsBits 6 to 3 are reserved; they always read 1, and cannot be
modified.

Bits 2 to 0—Clock Select (TMB2 to 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 22 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 TCB1 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-bit read-only up-counter, which is incremented 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 bit in interrupt
request register 2 (IRR2) is set to 1.

TCB is allocated to the same address as timer load register B (TLB).
Upon reset, TCB is initialized to H'00.

Timer Load Register B (TLB)

Bit 7 6 5 4 3 2 1 0
TLB7 TLB6 TLBS 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

TLB is an 8-bit write-only register for setting the reload value of timer counter B.

When a reload value is 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 is loaded into TCB. Accordingly, overflow periods can be set within the
range of 1 to 256 input clocks.

The same address is allocated to TLB as to TCB.

Upon reset, TLB is initialized to H'00.
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9.3.3 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 is cleared 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 TMB2 to 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 returns to H'00 and starts counting up again.

During interval timer operation (TMB7 = 0), when a value is set in timer load register B (TLB),
the same value is set in 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 a reload value is set in TLB, the same value is loaded into
TCB, becoming the value from which TCB starts its count.

After the count value in TCB reaches H'FF, the next clock signal input causes timer B to
overflow. The TLB value is then loaded into TCB, and the count continues from that value. The
overflow period can be set within a range from 1 to 256 input clocks, depending on the TLB value.

The clock sources and interrupts in auto-reload mode are the same as in interval mode.

In auto-reload mode (TMB7 = 1), when a new value is set in TLB, the TLB value is also 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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9.3.4 Timer B Operation States

Table 9.7 summarizes the timer B operation states.

Table 9.7 Timer B Operation States

Sub- Sub-
Operation Mode Reset Active Sleep Watch active sleep Standb
y
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

9.4 Timer C

9.4.1 Overview

Timer C is an 8-bit timer that increments or decrements each time a clock pulse is input. This
timer has two operation modes, interval and auto reload.

Features

The main features of timer C are given below.

e Choice of seven internal clock sourc@i3(92, 2048, @512, 64, @16, @4, @,/4) or an
external clock (can be used to count external events).

* Aninterrupt is requested when the counter overflows.

« Can be switched between up- and down-counting by software or hardware.

* Wheng,/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 a block diagram of timer C.

TMC - -
|
Y
(2]
>
o
g
up O 3
| s
Y TCC S
) —| PSS - L
TMIC O———————» ? W
Bld - TLC -
. IRRTC
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
Figure 9.3  Block Diagram of Timer C
Pin Configuration
Table 9.8 shows the timer C pin configuration.
Table 9.8 Pin Configuration
Name Abbrev. 110 Function
Timer C event input TMIC Input Event input to TCC
Timer C up/down control ub Input Selection of counting direction

Register Configuration

Table 9.9 shows the register configuration of timer C.
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Table 9.9 Timer C Registers

Name Abbrev. R/W Initial Value Address
Timer mode register C T™C RW 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
T™MC7 TMC6 TMC5 — — T™MC2 TMC1 TMCO

Initial value 0 0 0 1 1 0 0 0

Read/Write RW RW RW — — R/W R/W RW

TMC is an 8-bit read/write register for selecting the auto-reload function, counting direction, and
input clock.

Upon reset, TMC is initialized to H'18.

Bit 7—Auto-Reload Function Select (TMCT7): Bit 7 selects whether timer C is used 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 bits 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 BitsBits 4 and 3 are reserved; they are always read as 1, and cannot
be modified.

Bits 2 to 0—Clock Select (TMC2 to TMCO0):Bits 2 to O select the clock input to TCC.
For external clock counting, either the rising or falling edge can be selected.

Bit 22 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 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

TCC is an 8-bit read-only up-/down-counter, which is incremented 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 is allocated to the same address as timer load register C (TLC).

Upon reset, TCC is initialized to H'0O.
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Timer Load Register C (TLC)

Bit 7 6 5 4 3 2 1 0
TLC7Y TLC6 TLCS5 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 is an 8-bit write-only register for setting the reload value of TCC.

When a reload value is set in TLC, the same value is loaded into timer counter C (TCC) as well,
and TCC starts counting up or down from that value. When TCC overflows or underflows during
operation in auto-reload mode, the TLC value is loaded into TCC. Accordingly, overflow and
underflow periods can be set within the range of 1 to 256 input clocks.

The same address is allocated to TLC as to TCC.

Upon reset, TLC is initialized to H'0O.

9.4.3 Timer Operation

Interval Timer Operation: When bit TMC7 in timer mode register C (TMC) is cleared to 0,
timer C functions as an 8-bit interval timer.

Upon reset, timer counter C (TCC) is initialized to H'00 and TMC to H'18. After a reset, 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 S and W, or an external clock
input at pin TMIC. The selection is made by bits TMC2 to TMCO in 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 causes timer 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 a value is set in timer load register C (TLC),
the same value is set in 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 causes timer C to function
as an 8-bit auto-reload timer. When a reload value is set in TLC, the same value is loaded into
TCC, becoming the value from which TCC starts its count.

After the count value in TCC reaches H'FF (H'00), the next clock signal input causes timer C to
overflow (underflow). The TLC value is then loaded TCC, and the count continues from that
value. The overflow (underflow) period can be set within a range from 1 to 256 input clocks,
depending on the TLC value.

The clock sources, up/down control, and interrupts in auto-reload mode are the same as in interval
mode.

In auto-reload mode (TMC7 = 1), when a new value is set in TLC, the TLC value is also set in
TCC.

Event Counter Operation: Timer C can operate as an event counter, counting an event signal
input at pin TMIC. External 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 IRQ?2 interrupt requests.

TCC Up/Down Control by Hardware: The counting direction of timer C can be controlled
by input at pin UD. When bit TMC6 in TMC is set 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 bit 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.

Table 9.10Timer C Operation States

Sub- Sub-

Operation Rese Active Sleep Watch active sleep Standb

Mode t y

TCC Interval Reset Functions Functions Halted Functions/ Functions/ Halted
Halted* Halted*

TCC Autoreload Reset Functions Functions Halted Functions/ Functions/ Halted
Halted* Halted*

T™C 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.

9.5 Timer F

9.5.1 Overview

Timer F is a 16-bit 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.

« Choice of four internal clock sourceg32, @16, @4, @2) or an external clock (can be used
as an external event counter).

e Output from pin TMOFH is toggled by one compare match signal (the initial value of the
toggle output can be set).

e 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-bit timer (clocked by timer FL overflow signals when timer F operates as a 16-bit timer).
» Choice of four internal clockap32, @16, @4, @/2).

e Output from pin TMOFH is toggled by one compare match signal (the initial value of the
toggle output can be set).

e Counter can be reset by the compare match signal.
« Two interrupt sources: counter overflow and compare match.

Timer FL

« 8-bit timer/event counter
* Choice of four internal clocksa32, @16, ¢4, @2) or event input at pin TMIF.

e Output from pin TMOFL is toggled by one compare match signal (the initial value of the
toggle output can be set).

e Counter can be reset by the compare match signal.
« Two interrupt sources: counter overflow and compare match.
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Block Diagram

Figure 9.4 shows a block diagram of timer F.
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Notation:
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TCRF: Timer control register F IRRTFH

TCSRF:
TCFH:
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IRRTFL:

PSS:

Timer control status register F
8-bit timer counter FH

8-bit timer counter FL

Output compare register FH
Output compare register FL
Timer FH interrupt request flag
Timer FL interrupt request flag
Prescaler S
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Pin Configuration
Table 9.11 shows the timer F pin configuration.

Table 9.11Pin Configuration

Name Abbrev. 110 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.

Table 9.12Timer 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 HFFB7
8-bit timer counter FH TCFH R/W H'00 H'FFB8
8-bit timer counter FL TCFL RW H'00 H'FFB9
Output compare register FH OCRFH R/W HFF HFFBA
Output compare register FL OCRFL R/W HFF H'FFBB
9.5.2 Register Descriptions
16-Bit Timer Counter (TCF)
8-Bit Timer Counter (TCFH)
8-Bit Timer Counter (TCFL)
TCF
Bit 5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Initial value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Read/Write RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

TCFH

HITACHI

TCFL
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TCF is a 16-bit 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 via a temporary 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, a CPU 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 CKSLO0).

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

TCSRF is set to 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) is set 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 5 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0

Initial value 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Read/Write RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RMW

OCRFH OCRFL
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OCREF is a 16-bit read/write output compare register consisting of two 8-bit read/write registers
OCRFH and OCRFL. It can be used as a 16-bit output compare register, with OCRFH as the
upper 8 bits and OCRFL as the lower 8 bits of the register, or OCRFH and OCRFL can be used
as independent 8-bit 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 a temporary 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 0 in timer control register F (TCRF). The
OCREF 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
request register 2 (IRR2) is set to 1. If bit IENTFH in interrupt enable register 2 (IENR2) is set
to 1, a CPU 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).

+ 8-bit mode (OCRFH, OCRFL)
Setting bit CKSH2 in TCRF to 1 results in 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 TCSRF is set to 1. Also, bit IRRTFH (IRRTFL) in interrupt request register 2 (IRR2) set
to 1. If bit IENTFH (IENTFL) in interrupt enable register 2 (IENRZ2) is set to 1 at this time, 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

TCREF is an 8-hit 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, TCREF is initialized to H'00.
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Bit 7—Toggle Output Level H (TOLH): Bit 7 sets the 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

Bits 6 to 4—Clock Select H (CKSH2 to CKSHO0):Bits 6 to 4 select the input to
TCFH from four internal clock signals or the overflow of TCFL.

Bit 6: Bit 5: Bit 4: Description
CKSH2 CKSH1 CKSHO
0 * * 16-bit 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 sets the 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

Bits 2 to 0—Clock Select L (CKSL2 to CKSLO0):Bits 2 to 0 select the input to TCFL
from four internal clock signals or external event input.
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Bit 2: CKSL2 Bit 1: CKSL1 Bit 0: CKSLO Description

0 * * External event (TMIF). Rising or falling edge
is counted** (initial value)
1 0 Internal clock: @32

0
1 Internal clock: @16
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
0to 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* RW RW
Note: * Only O can be written, to clear flag.

TCSREF is an 8-bit 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 is initialized to H'00.

Bit 7—Timer overflow flag H (OVFH): Bit 7 is a status flag indicating TCFH overflow
(H'FF to H'00). This flag 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 TCFH goes from H'FF to H'00

Bit 6—Compare Match Flag H (CMFH): Bit 6 is a status flag indicating a compare
match between TCFH and OCRFH. This flag is 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 Enable H (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 3 is a status flag indicating TCFL overflow
(H'FF to H'00). This flag 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 0 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 is a status flag indicating a compare match
between TCFL and OCRFL. This flag 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 0 to CMFL (initial value)
1 Setting conditions:

Set when the TCFL value matches the OCRFL value

Bit 1—Timer Overflow Interrupt Enable L (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 0 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 OCRF, 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 is written, the upper-byte data is loaded into the TEMP
register. Next when the lower byte is written, the data in 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'AA5S5 is written to TCF.
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Upper byte write

Q
Q
IS
CPU g Internal data bus
-
(HAA) 0
>
o
TEMP
(H'AA)
TCFH TCFL
« ) ¢ )
Lower byte write
[}
g Internal data bus
CPU 5
£
(H'55) *
>
M
TEMP
(HAA)
TCFH TCFL
(H'AA) (H'55)

Figure 9.5 TCF Write Operation (CPU - TCF)

Read AccessWhen the upper byte of TCF is read, the upper-byte data is sent directly to the
CPU, and the lower byte is loaded into TEMP. Next when the lower byte is read, the lower byte in
TEMP is sent to the CPU.

When the upper byte of OCRF is read, the upper-byte data is sent directly to the CPU. Next when
the lower byte is read, the lower-byte data is sent directly to the CPU.
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Figure 9.6 shows a TCF read operation when H'AAFF is read from TCF.

Upper byte read

Q
Q
©
CPU < Internal data bus
£
(H'AA) o
m
TEMP
(H'FF)
TCFH TCFL
(H'AA) (H'FF)
Lower byte read
8
&
CPU < Internal data bus
£
(H'FF) 2
>
o
TEMP
(H'FF)
TCFH TCFL
(AB)* (00)*

Note: * Becomes H'ABOO if counter is incremented once.

Figure 9.6 TCF Read Operation (TCF - CPU)
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9.5.4 Timer Operation

Timer F is a 16-bit 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 also 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.

e 16-bit timer mode

Timer F operates in 16-bit timer mode when the CKSH2 bit in timer control register F
(TCRF) is cleared to O.

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 external
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 as the
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 bit in TCSRF is set to 1. At this time if IENTFH of IENR2 is 1, a CPU interrupt is
requested and the output at pin TMOFH is toggled. If the CCLRH bit in TCSRF is 1, timer F
is 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 this time,
if the OVIEH bit in TCSRF and the IENTFH bit in IENR2 are both 1, a CPU interrupt is
requested.

* 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. The input clock of TCFH/TCFL is selected by bits CKSH2 to
CKSHO/CKSL2 to CKSLO in TCRF.

When TCFH/TCFL and the contents of OCRFH/OCRFL match, the CMFH/CMFL bit in
TCSRF is set to 1. If the IENTFH/IENTFL bit in IENR2 is 1, a CPU interrupt is requested
and the output at pin TMOFH/TMOFL is toggled. If the CCLRH/CCLRL bit in TCRF is 1,
TCFH/TCFL is cleared. The output at pin TMOFH/TMOFL can also be set by the
TOLH/TOLL bit in TCRF.

When TCFH/TCFL overflows from H'FF to H'00, the OVFH/OVFL bit in TCSRF is set to
1. At this time, 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 is incremented by each pulse of the input clock (internal or external
clock).

¢ Internal clock

The settings of bits CKSH2 to CKSHO or bits CKSL2 to CKSLO in TCRF select one of four
internal clock signals divided from the system clogk tamely,@32, @16, @4, or ¢2.

« External clock
External clock input is selected by clearing bit CKSL2 to 0 in 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 (@) cycles is 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 is
inverted. Figure 9.7 shows the output timing.

0 pEpEpNENnEREREN
mlgn IEG3 =1) ( ( | ' ST

Count input
clock g g Ls—ss—

TCF N X N+1

z
>
z
+
H

OCRF N

Compare match
signal

| ]
TMOFH, TMOFL : ! | .

Figure 9.7 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) are set to

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.

Table 9.13Timer F Operation States

Sub- Sub-
Operation Reset Active Sleep Watch active sleep Standb
Mode y
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

9.5.5 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 data is written in TCRF
by a MOV 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 a general input or output port.

If an OCRFL write occurs at the same time as a compare match signal, the compare match
signal is inhibited. 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.

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 a write to TCFL occurs at the same time
as an overflow signal, the overflow signal is not output.
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8-bit timer mode

ad

ad

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 data is 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 is inhibited. 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 data is 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 is inhibited. 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 is an 8-bit timer, with input capture functions for separately capturing the rising edge and
falling edge of pulses input 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.

* Choice of four internal clock sourceg4, @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.

« Two interrupt sources

Interrupts can be requested by input capture and by overflow. For input capture, the rising or
falling edge can be selected.

e Built-in noise-canceller circuit
The noise canceller circuit can eliminate high-frequency noise in the input capture signal.
« Operates in subactive and subsleep modes

Wheng, /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 a block diagram of timer G.

@ — PSS
I T™G Lﬁ‘:
. Level
L sense
> circuit
/2 [} )
Au =| ICRGF I : - 3
jL i 8
©
o
T
Edge g
Noise sense —>| TCG I ) E
TMIG canceller circuit Y
circuit ™
L | A
NCS 4>| ICRGR |—>
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
Figure 9.8  Block Diagram of Timer G
Pin Configuration
Table 9.14 shows the timer G pin configuration.
Table 9.14Pin 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.

Table 9.15Timer G Registers

Name Abbrev. R/W Initial Value Address
Timer mode register G T™MG RW 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 TCG1 TCGO

Initial value 0 0 0 0 0 0 0 0

Read/Write — — — — — — — —

Timer counter G (TCG) is an 8-bit up-counter which is incremented by an input clock. The input
clock signal is selected by bits CKS1 and CKSO0 in timer mode register G (TMG).

To use TCG as an input capture timer, set bit TMIG to 1 in PMR1; 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
settings in TMG.

When TCG overflows (goes from H'FF to H'00), if the timer overflow interrupt enable bit (OVIE)
is setto 1 in TMG, bit IRRTG in interrupt request register 2 (IRR2) is set to 1. If in addition bit
IENTG in interrupt enable register 2 (IENR2) is set 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 is initialized to H'00.

Note: * An input capture signal may be generated when TMIG is rewritten.
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Input capture register 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 value at that time is transferred to ICRGF. If the input capture interrupt select bit
(IEGS) is set to 1 in TMG, bit IRRTG in interrupt request register 2 (IRR2) is set to 1. If in
addition bit IENTG in interrupt 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 leagtdt 2@ .

Upon reset, ICRGF is initialized to H'00.

Input Capture Register GR (ICRGR)

Bit 7 6 5 4 3 2 1 0
ICRGR7 ICRGR6 ICRGR5 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-bit read-only register. When the rising edge of the input capture signal is detected,
the TCG value at that time is sent to ICRGR. If the IIEGS bit is cleared to 0 in TMG, bit IRRTG
in interrupt request register 2 (IRR2) is set to 1. If in addition bit IENTG in interrupt 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 leagtdt 2@ .

Upon reset, ICRGR is initialized 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 CCLR1 CCLRO CKS1 CKSO0
Initial value 0 0 0 0 0 0 0 0

Read/Write R/W* R/W* RW RW RW RW RW RIW

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

TMG is an 8-bit 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 is initialized to H'00.

Bit 7—Timer Overflow Flag H (OVFH): Bit 7 is a status flag indicating that TCG
overflowed (from H'FF to H'00) when the input capture signal was high. This flag 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 is a status 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 0 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
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Bit 4—Input Capture Interrupt Edge Select (IIEGS): Bit 4 selects the 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, CCLRO0):Bits 3 and 2 designate whether TCG
is cleared at the rising, falling, or both edges of the input capture signal, or is not cleared.

Bit 3: CCLR1 Bit 22 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, CKSO0)Bits 1 and O 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 Series is a 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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At: Selected by bits CKS1, CKSO0.

Figure 9.9 Block Diagram of Noise Canceller Circuit

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 CKSO0 in TMG becomes the sampling clock. The input signal is sampled at the rising
edge of this clock pulse. Data is 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
is initialized 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 ap teast 2
25 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 a typical timing diagram for the noise canceller circuit. In this example, a high-
level input at the input capture pin is rejected as noise because its pulse width is less than five
sampling clockp cycles.
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Figure 9.10 Noise Canceller Circuit Timing (Example)

9.6.4 Timer Operation

Timer G is an 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 an interval 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 a frequepdyvafed
by 64 (@64). Four other internal clocks can be selected using bits CKS1 and CKSO of TMG.

At the rising 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
IIEGS bit of TMG, then bit IRRTG is set to 1 in IRR2. If bit IENTG is also setto 1 in
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 is high, bit OVFH of TMG is set. If TCG overflows while the input capture
signal is low, bit OVFL of TMG is set. When either of these bits is set, if bit OVIE of TMG
is currently set to 1, then bit IRRTG is setto 1 in IRR2. If bit IENTG is also setto 1 in
IENRZ2, then timer G requests a CPU interrupt. For further details see 3.3, Interrupts.
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Timer G has a noise canceller circuit that rejects high-frequency pulse noise in the input to pin
TMIG. See 9.6.3, Noise Canceller Circuit, for details.

Note: *  Rewriting the TMIG bit may cause an internal input capture signal to be
generated.

Interval timer operation

Timer G functions as an interval timer when bit TMIG is cleared to 0 in PMR1. Following a
reset, TCG starts counting cycles of $ié4 internal clock. This is one of four internal clock
sources that can be selected by bits CKS1 and CKSO0 of TMG. TCG counts up according to the
selected clock source. When it overflows from H'FF to H'00, bit OVFL of TMG is set to 1. If

bit OVIE of TMG is currently set to 1, then bit IRRTG is set to 1 in IRR2. If bit IENTG is

also set to 1 in IENR2, then timer G requests a CPU interrupt. For further details see 3.3,
Interrupts.

Count Timing: TCG is incremented by input pulses from an internal clock. TMG bits CKS1
and CKSO select one of four internal clock#sé, @32, @2, @,/2) derived by dividing the
system clock @) or the watch clocke, ).

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

Figure 9.11 Input Capture Signal Timing (Noise Canceller Function
Disabled)

Timing with noise canceller function enabled

When input capture noise canceling is enabled, the external input capture signal is routed via
the noise canceller circuit, so the internal signals are delayed from the input edge by five
sampling clock cycles. Figure 9.12 shows the timing.
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External input
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Noise canceller
circuit output
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Figure 9.12 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

Figure 9.13 Input Capture Timing

215
HITACHI



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 i“
capture signal S

Internal input
capture signal F 5

Internal input
capture signal R S

TCG N >< H'00 N >< H'00

)7

Figure 9.14  TCG Clear Timing
Timer G Operation States: Table 9.16 summarizes the timer G operation states.

Table 9.16Timer G Operation Rates

Sub- Sub-
Operation Reset Active Sleep Watch active sleep Standb
Mode y
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*
T™G 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, @,/4, @,/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 cases in which TCG is incremented in the process. Table 9.17 shows the
relation between internal clock switchover timing (selected in bits CKS1 and CKS0) and TCG
operation. If an internal clock (derived from the system cipok subclockg,p) is used, an

increment pulse is generated when a falling edge of the internal clock is detected. For this reason,
in a case like No. 3 in table 9.17, where the clock is switched at a time such that the clock signal
goes from high level before switching to low level after switching, the switchover is seen as a
falling edge, a count clock pulse is generated, and TCG is incremented.

Table 9.17nternal Clock Switching and TCG Operation
Clock Level Before

and After Modifying
No. Bits CKS1 and CKSO TCG Operation

Goes from low level Clock before M
to low level switching

Clock after
switching

Count clock

TCG N >< | N +1 >C

2 Goes from low level |

. Clock before |

to high level switching J \—‘ \ﬁ—‘ L
Clock after /

|
Il
|
switching :
|
Count clock :
|
|
|
|
|
|

T

CKS bits modified

TCG N >< N +1 ><
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Table 9.17nternal Clock Switching and TCG Operation (cont.)

Clock Level Before
and After Modifying
No. Bits CKS1 and CKSO TCG Operation

Goes from high level
Clock before
to low level

switching

Clock after
switching

|
Count clock H m

TCG N X N 1 X N +2 >C

4 Goes from high level
. Clock before |
to high level switching |

Clock after ‘ |

switching |
|
|

Count clock ﬂ ﬂ |
|
|
Il
|
Il
|

TCG N >< N +1 >< N +2

?ﬁ

CKS bits modified

Note: * The switchover is seen as a falling edge of the clock pulse, and TCG is incremented.

Note on Rewriting Port Mode 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.

« 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.
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Table 9.18nput Capture Input Signal Input Edges and Conditions by
Switching of Input 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 O 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 O

TMIG pin level is low and NCS bit is changed from 0 to 1, then TMIG bit
is changed from O 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.

Table 9.19nput Capture Input 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 a false 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 this flag to 0 before using the interrupt function. Figure 9.15
shows the procedure for modifying port mode register settings and clearing the interrupt request
flag. The first step is to mask interrupts before modifying the port mode register. After
modifying 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 alternative procedure is to 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 bit of
TMG to select the edge opposite to the falsely generated edge.

Disable interrupts (or disable by clearing interrupt

| bi li R L )
Set ! bit t‘f in cC 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
Wait for TMIG to be recognized noise canceling is disabled; at least five sampling
clocks when noise canceling is enabled), then
\ clear interrupt request flag to O

Clear interrupt request flag to 0

Clear | bitto 0 in CCR Enable interrupts

Figure 9.15 Procedure for Modifying Port Mode Register and Clearing
Interrupt
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

Figure 9.16 Sample Timer G Application
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Section 10 Serial Communication Interface

10.1 Overview

The H8/3834 Series is provided with a three-channel serial communication interface (SCI). Table
10.1 summarizes the functions and features of the three SCI channels.

Table 10.1Serial Communication Interface 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 ~ ©Xternal 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
e 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

10.2 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

e Choice of eight internal clock sourceg024, @256, @64, @32, @16, @8, @4, @2) or an
external clock

« Interrupt requested at completion of transfer
Block Diagram

Figure 10.1 shows a block diagram of SCI1.

o —w PSS ;—L
Y >
SCK; O > SCR1 - -
Transmit/receive [ P _
control circuit - SCSR1 7)
N a
> ©
- - ©
P Transfer bit counter =
- c
)
E
o o SDRU D -
1
Ny SDRL B -
| ——
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

Figure 10.1 SCI1 Block Diagram

222
HITACHI




Pin Configuration
Table 10.2 shows the SCI1 pin configuration.

Table 10.2Pin Configuration

Name Abbrev. 110 Function

SCI1 clock pin SCK, 110 SCI1 clock input or output
SCI1 data input pin S, 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.

Table 10.3SCI1 Registers

Name Abbrev. R/W Initial Value Address
Serial control register 1 SCR1 R/W H'00 H'FFAQ
Serial control status register 1 SCSR1 R/W H'80 HFFAL
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 0
SNC1 SNCO — — CKS3 CKS2 CKS1 CKSO0
Initial value 0 0 0 0 0 0 0 0

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

SCRL1 is an 8-bit read/write register for selecting the operation mode, the transfer clock source, and
the prescaler division ratio.

Upon reset, SCRL1 is initialized to H'00. Writing to this register during a transfer stops the
transfer.
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Bits 7 and 6—Operation Mode Select 1, 0 (SNC1, SNCORits 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 BitsBits 5 and 4 are reserved, but they can be written and read.

Bit 3—Clock Source Select 3 (CKS3)Bit 3 selects the clock source and sets pin SCK
as an input or output pin.

Bit 3: CKS3 Description

0 Clock source is prescaler S, and pin SCK; is output pin (initial value)

1 Clock source is external clock, and pin SCK, is input pin

Bits 2 to 0—Clock Select 2 to 0 (CKS2 to CKS 0)When CKS3 = 0, bits 2 to 0
select the prescaler division ratio and the serial clock cycle.

Serial Clock Cycle

Bit 2: Bit 1: Bit O: Prescaler Division ¢@=5MHz ¢ =25
CKS2 CKS1 CKSO0 MHz
0 0 0 @1024 (initial value) 204.8 us 409.6 ps
1 @256 51.2 us 102.4 s
1 0 @64 12.8 ps 25.6 ps
1 @32 6.4 us 12.8 ys
1 0 0 @16 3.2 s 6.4 ps
1 @8 1.6 ps 3.2 us
1 0 @4 0.8 us 1.6 ps
1 @2 — 0.8 ps
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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 — RW R/(W)* — — — RW RW

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

SCSRL1 is an 8-bit read/write register indicating operation status and error status.
Upon reset, SCSRL1 is initialized to H'80.
Bit 7—Reserved Bit: Bit 7 is reserved; it is always read as 1, and cannot be modified.

Bit 6—Extended Data Bit (SOL): Bit 6 sets the SQoutput level. When read, SOL returns

the output level at the S@in. After completion of a transmission, S€ntinues to output the

value of the last bit of transmitted data. The, 8@put can be changed by writing to SOL before

or after a transmission. The SOL bit setting remains valid only until the start of the next
transmission. To control the level of the Sfn 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 is
in 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 a clock pulse is input after transfer completion, this bit is set to
1 indicating an overrun. If noise occurs during a transfer, causing an extraneous pulse to be
superimposed on the normal serial clock, incorrect data may be transferred.

Bit 5: ORER Description

0 Clearing conditions:
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 BitsBits 4 to 2 are reserved; they are always read as 0, and cannot be
modified.

Bit 1—Reserved Bit: Bit 1 is reserved; it should always be cleared to 0.

Bit 0—Start Flag (STF): Bit O controls the start of a transfer. Setting this bit to 1 causes
SCI1 to start transferring data.

During the transfer or while waiting for the first clock pulse, this bit 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 SDRU6 SDRUS5 SDRU4 SDRU3 SDRU2 SDRU1 SDRUO

Initial value  Not fixed Not fixed Not fixed Not fixed Not fixed Not fixed Not fixed Not fixed

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

SDRU is an 8-bit read/write register. It is used as the data register for the upper 8 bits in 16-bit
transfer (SDRL is used for the lower 8 bits).

Data written to SDRU is output to SDRL starting from the least significant bit (LSB). This data
is then replaced by LSB-first data input at pip 8hich is shifted in the direction from the most
significant bit (MSB) toward the LSB.

SDRU must be written or read only after data transmission or reception is complete. If this register
is written or read while a data transfer is in 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 R/W RW RW

SDRL is an 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 bits in 16-bit transfer (SDRU is used for the upper 8 bits).

In 8-bit transfer, data written to SDRL is output from pin, S@rting from the least significant
bit (LSB). This data is than replaced by LSB-first data input at pinMich is shifted in the
direction from the most significant bit (MSB) toward the LSB.

In 16-bit transfer, operation is the same as for 8-bit transfer, except that input data is fed in via
SDRU.

SDRL must be written or read only after data transmission or reception is complete. If this register
is read or written while a data transfer is in progress, the data contents are not guaranteed.

The SDRL value upon reset is not fixed.

10.2.3 Qperation

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 $6&comes 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 bits CKS2 to CKSO0 is output continuously from pin ,S@Ken an
external clock is used, pin SGk the clock input pin.

Data Transfer Format

Figure 10.2 shows the data transfer format. Data is sent and received starting from the least
significant bit, in LSB-first format. Transmit data is output from one falling edge of the serial
clock until the next falling edge. Receive data is latched at the rising edge of the serial clock.
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SCK;
sou/sl X Bito X Bit1 X Bit2 X Bit3 X Bit4 X Bit5 X Bit6 X Bit7

Figure 10.2  Transfer Format
Data Transfer Operations
Transmitting: A transmit operation is carried out as follows.

* Set bits SO1 and SCK1 in PMR3 TO 1 so that the respective pins function aadSCK.
If necessary, set bit POF1 in port mode register 2 (PMR2) for NMOS open drain output at pin
SO.

e Clear bit SNC1 in SCR1 to 0, and set bit SNCO to 1 or 0, 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 data in SDRL and SDRU, as follows.
O 8-bit transfer mode: SDRL
O 16-bit transfer mode: Upper byte in SDRU, lower byte in SDRL

e Setthe SCSR1 start flag (STF) to 1. SCI1 starts operating and outputs transmit data at pin
SO.

« After data transmission is complete, bit IRRS1 in interrupt request register 1 (IRR1) is set to
1.

When an internal clock is used, a serial clock is output from pin, 8C#ynchronization 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 this time, pin, 8@ntinues to output the value of the last
bit transmitted.

When an external clock is used, data is transmitted in synchronization with the serial clock input at
pin SCK,. After data transmission is complete, an overrun occurs if the serial clock continues to
be input; no data is transmitted and the SCSR1 overrun error flag (bit ORER) is set to 1.

While transmission is stopped, the output value of pin &®@ be changed by rewriting bit SOL
in SCSR1.

Receiving: A receive operation is carried out as follows.

* Set bits SI1 and SCK1 in PMR3 TO 1 so that the respective pins functionaaslSCK.

¢ Clear bit SNC1 in SCR1 to 0, and set bit SNCO to 1 or 0, 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.

e Set the SCSR1 start flag (STF) to 1. SCI1 starts operating and receives data at pin Sli
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» After data reception is complete, bit IRRS1 in interrupt request register 1 (IRR1) is set to 1.
* Read the received data from SDRL and SDRU, as follows.

O 8-bit transfer mode: SDRL

O 16-bit transfer mode: Upper byte in SDRU, lower byte in SDRL

« After data reception is complete, an overrun occurs if the serial clock continues to be input; no
data is 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.

« Set bits SO1, SlI1, and SCK1 in PMR3 to 1 so that the respective pins functior, &, SO
and SCK. If necessary, set bit POF1 in port mode register 2 (PMR2) for NMOS open drain
output at pin SQ

e Clear bit SNC1 in SCR1 to 0, and set bit SNCO to 1 or 0, 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 data in SDRL and SDRU, as follows.

O 8-bit transfer mode: SDRL
0 16-bit transfer mode: Upper byte in SDRU, lower byte in SDRL

» Set the SCSR1 start flag (STF) to 1. SCI1 starts operating. Transmit data is output at pin
SO.. Receive data is input at pin, Sl

« After data transmission and reception are complete, bit IRRS1 in IRR1 is set to 1.

* Read the received data from SDRL and SDRU, as follows.

O 8-bit transfer mode: SDRL
O 16-bit transfer mode: Upper byte in SDRU, lower byte in SDRL

When an internal clock is used, a serial clock is output from pin, 8Céynchronization 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 this time, pin, 8@ntinues to output the value of the last
bit transmitted.

When an external clock is used, data is 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 continues to be input; no data is transmitted or received and the SCSR1 overrun
error flag (bit ORER) is set to 1.

While transmission is stopped, the output value of pin &@ be changed by rewriting bit SOL
in SCSR1.
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10.2.4 Interrupts
SCI1 can generate an interrupt at the end of a data transfer.

When an SCI1 transfer is complete, bit IRRS1 in interrupt request register 1 (IRR1) is set to 1.
SCI1 interrupt requests can be enabled or disabled by bit IENS1 of interrupt enable register 1
(IENR1).

For further details, see 3.3, Interrupts.

10.2.5 Application Notes

When an external clock is input at pin SCEnd 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.

10.3 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 data in one operation.

Features
Features of SCI are listed below.

e Automatic transfer of up to 32 bytes of data

« Choice of seven internal clock source®266, @64, @32, @16, @8, @4, ¢@2) or an external
clock

* Interrupts requested at completion of transfer or when an error occurs

* Gaps of 56, 24, or 8 internal 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
oS foIE— control circuit - SCR2 -
. SCSR2 >

%
J

Internal data bus

Serial data buffer -

Shift register
L
y

’

sl, O—

> |[RRS2

Notation:

STAR: Start address register

EDAR: End address register

IRRS2: SCI2 interrupt request flag (IRR2)

PSS: Prescaler S

Figure 10.3 SCI2 Block Diagram
Pin Configuration
Table 10.4 shows the SCI2 pin configuration.
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Table 10.4Pin Configuration

Name Abbrev. /0 Function

SCI2 clock pin SCK, 110 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.

Table 10.5SCl2 Registers

Name Abbrev. R/W Initial Value Address

Start address register STAR R/W H'EO H'FFA4

End address register EDAR RW H'EO H'FFA5

Serial control register 2 SCR2 R/W H'EO H'FFAG6

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'FF9F

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 — — — RW RW RW RW RW

STAR is an 8-bit read/write register, for designating a transfer 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 bits 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 data is transferred.

Bits 7 to 5 are reserved; they are always read as 1, and cannot be modified.

Upon reset, STAR is initialized to H'EO.
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End Address Register (EDAR)

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 — — — RW RW RW RW RW

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 value is designated by STAR and EDAR, only 1 byte of data is transferred.

Bits 7 to 5 are reserved; they are always read as 1, and cannot be modified.
Upon reset, EDAR is initialized to H'EO.

Serial Control Register 2 (SCR2)

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 — — — RW RW RW RW RW

SCR2 is an 8-bit 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 is initialized to H'EO.

Bits 7 to 5—Reserved BitsBits 7 to 5 are reserved; they are always read as 1, and cannot be
modified.

Bits 4 and 3—Gap Select 1, 0 (GAP1 to GAPOWhen 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 SCKremains at the high level. When no gap is inserted, 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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Bits 2 to 0—Clock Select 2 to 0 (CKS2 to CKSO0)Bits 2 to O select one of seven
internal clock sources or an external clock as the transfer clock.

Bit 2: Bit 1. Bit O: Clock Prescaler Serial Clock Cycle
CKS2 CKS1 CKSO Pin SCK, Source Division =5 p= 25
MHz MHz
0 0 0 SCK, output Prescaler S @256 (initial value) 51.2 ps 102.4 ps
1 @64 12.8 us 25.6 ps
1 0 @32 6.4 ps 12.8 ps
1 @16 3.2 s 6.4 ps
1 0 0 @8 1.6 us 3.2pus
1 @4 0.8 us 1.6 ys
1 0 @2 — 0.8 ps
1 SCK, input  External — — —

clock

Serial Control/Status Register 2 (SCSR2)

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/(W)*  R/(W)* RI(W)* R/W

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

SCSR2 is an 8-bit register indicating SCI2 operation status and error status.
Upon reset, SCSR2 is initialized to H'EO.

Bits 7 to 5—Reserved BitsBits 7 to 5 are reserved; they are always read as 1, and cannot be
modified.

Bit 4—Extended Data Bit (SOL): Bit 4 sets the SQoutput level. When read, SOL returns

the transmitted data output at the, 3. After completion of a transmission, S€dntinues to

output the value of the last bit of transmitted data. Theds@ut can be changed by writing to

SOL before or after a transmission. The SOL bit setting remains valid only until the start of the
next transmission. To control the level of the,$ after transmission ends, it is necessary to

write to the SOL bit at the end of each transmission. Note that if the STF bit is cleared to 0 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 a clock pulse is input after transfer completion, this bit is set to
1 indicating an overrun. If noise occurs during a transfer, causing an extraneous pulse to be
superimposed on the normal serial clock, incorrect data may be transferred. Overrun errors are not
detected while pilES 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 a transfer was in progress, or while waitir@gsforput. The read or write
access is 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 tha€S went to high during data transfer. When
theCS input function is selected, if a high-level signal is detected af piduring a transfer, the
transfer is immediately 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 SCKand SQ go to the high-impedance state. Data in the (32-byte) serial data
buffer and values in 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 a transfer. If bit CS = 0 in PMR2,
setting bit STF to 1 causes SCI2 to start transferring data. If bit CS = 1 in PMR2, SCI2 starts
transferring data whe@S goes low. This bit stays at 1 during the transfer or while waiting $or
input; it is cleared to O after the transfer is completed or when the transfer is abazg&dtaman
therefore be used as a busy flag.

Clearing this bit to 0 during a transfer 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 Operaion

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 transmission is
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 aEirAbort is indicated by means of an abort
flag.

Clock

The serial clock can be selected from a choice of six internal clock sources or an external clock.
When an internal clock source is selected, pin Si@#€omes the clock output pin.
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Data Transfer Format

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 data is output from one falling edge of
the serial clock until the next falling edge. Receive data is 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 8Gigut 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 serial control register 2 (SCR2).
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Data Transfer Operations

SCI2 Initialization: Data transfer on SCI2 first of all requires that SCI2 be initialized by
software as follows.

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

functions is controlled in PMR3. CMOS output or NMOS open drain output can be selected in
PMR2. The serial 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
address is set smaller than the start address, as shown in figure 10.6, the transfer wraps around
from H'FF9F to H'FF80 and continues to the end address. If the start address and end address are
the same, only one byte of data will be transferred.

H'FF80
End End address
Start Start address
H'FFOF

Figure 10.6  Operation When End Address is 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, aa8CK.

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 in PMR3 to designate use @fStlmmd STRB pin functions.
Select the serial clock and, in the case of internal clock operation, the data gap in SCR2.
Write transmit data in the serial data buffer. This data will remain in the data buffer after
completion of the transfer. It is not necessary to rewrite the buffer when the same data is
retransmitted.

Set the start address in 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 = 0 in PMRS, transmission starts as soon as STF
is set to 1. If CS = 1 in PMR3, transmission starts wb&moes low.

After data transmission is complete, bit IRRS2 in interrupt request register 2 (IRR2) is

set to 1, and bit STF is cleared to 0.

240

HITACHI



When an internal clock is used, a serial clock is output from pin, 8Céynchronization with the
transmit data. After data transmission is completed, the serial clock is not output until bit STF is
set again. During this time, pin $@ontinues to output the value of the last bit transmitted.

When an external clock is used, data is transmitted in synchronization with the serial clock input at
pin SCK;. After data transmission is completed, an overrun occurs if the serial clock continues to
be input; no data is 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 &@ be changed by rewriting bit SOL
in SCSR2.

During a transmission or while waiting f66 input, the CPU cannot read or write the data buffer.
If a read instruction is executed, H'FF will be read; if a write 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 = 1 in PMR3 and during transmission a high-level signal is detected @$ pihe

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 SCKand SQ 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.

Receiving: A receive operation is carried out as follows.

» Set bits SI2 and SCK2 in port mode register 3 (PMR3) to 1, designating use ofdhe Si
SCK, pin functions. If necessary, set bit CS in PMR3 to selecEghpin function.

» Select the serial clock and, in the case of internal clock operation, the data gap in SCR2.

« Allocate an area to hold the received data in 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).

« Set the start/busy flag (bit STF) to 1. If bit CS = 0 in PMR3, receiving starts as soon as STF
is set. If CS = 1 in PMR3, receiving starts wi@shgoes low.

« After receiving is completed, bit IRRS2 in interrupt request register 2 (IRR2) is set to 1, and
bit STF is cleared to 0.

* Read the received data from the serial data buffer.

If an internal clock is used, a serial clock is output from pin S@ken the receive operation

starts. After receiving is completed, the serial clock is not output until bit STF is set again. When
an external clock source is used, data is 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 data is received and the SCSR2 overrun error flag (bit ORER) is set to 1. Overrun errors are
not detected when both p@S is high and bit CS = 1 in PMR3.
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While receiving or while waiting foES input, the CPU cannot read or write the data buffer. If a
read instruction is executed, H'FF will be read; if a write 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 = 1 in PMR3 and a high-level signal is detected a€Sinluring 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 O.
Pins SCK and SQ 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 theS§Cand SCK pin
functions. If necessary, set bit POF2 in port mode register 2 (PMR2) for NMOS open-drain
output at pin SQ and set bits CS and STRB to designate use af$hend STRB pin
functions.

« Select the transfer clock and, in the case of internal clock operation, the data gap in SCR2.

« Write transmit data in the serial data buffer. In simultaneous transmit/receive, received data
replaces transmitted data at the same buffer addresses.

» Set the transfer start address in 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 = 0 in PMRS3, the transfer starts as soon as
STF is set. If CS = 1 in PMRS3, transfer operations start \@i$egoes low.

« After data transfer is completed, bit IRRS2 in interrupt request register 2 (IRR2) is set to 1, and
bit STF is cleared to 0.

* Read the received data from the serial data buffer.

If an internal clock is used, a serial clock is output from pin Sen the transfer begins. After
the transfer is completed, the serial clock is not output until bit STF is set again. During this
time, pin SQ continues to output the value of the last bit transmitted.

When an external clock is used, data is transferred in synchronization with the serial clock input at
pin SCK,. After the transfer is completed, an overrun occurs if the serial clock continues to be
input; no transfer operation takes place and the SCSR2 overrun error flag (bit ORER) is set to 1.
Pin SQ continues to output the value of the last transmitted bit. Overrun errors are not detected
when both pirCS is high and bit CS = 1 in PMR3.

While data transfer is stopped, the output value of pincd® be changed by rewriting bit SOL in
SCSR2.
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During a transfer or while waiting f@S input, the CPU cannot read or write the data buffer. If a
read instruction is executed, H'FF will be read; if a write 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 = 1 in 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 SQ 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.

10.3.4 Interrupts

SCI2 can generate interrupts when a transfer is completed or when a transfer is aborted by CS.
These interrupts have the same vector address.

When the above conditions occur, bit IRRS2 in interrupt request register 2 (IRR2) is set 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 a transfer is aborted 6§, an overrun error occurs, or a read or write of the serial data buffer
is attempted during a transfer or while waiting @ 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.

10.3.5 Application Notes

When an external clock is input at pin SCKnd an external clock is selected for use as the clock
source bit STF in SCSR2 must first be set to 1 to start data transfer before inputting the external
clock.
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10.4 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
SCI3 features are listed below.

» Selection of asynchronous or synchronous mode
O Asynchronous mode

Serial 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.

« Data length: 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 a framing error occurs
O Synchronous mode

Serial data communication is synchronized with a clock signal. SCI3 can communicate
with other chips having a clocked synchronous communication function.

« Data length: eight bits
* Receive error 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.

< There are 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, 9116, 914, 9)
generator
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.. 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
Figure 10.7 SCI3 Block Diagram
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Pin Configuration
Table 10.6 shows the SCI3 pin configuration.

Table 10.6Pin Configuration

Name Abbrev. /0 Function

SCI3 clock SCK, 110 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.

Table 10.7SCI3 Registers

Name Abbrev. R/W Initial Value Address
Serial mode register SMR R/W H'00 H'FFA8
Bit rate register BRR RW HFF H'FFA9
Serial control register 3 SCR3 R/W H'00 HFFAA
Transmit data register TDR R/W HFF H'FFAB
Serial status register SSR R/W H'84 HFFAC
Receive data register RDR R H'00 HFFAD
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) is for receiving serial data.
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Serial data is input 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.

Receive Data Register (RDR)

Bit 7 6 5 4 3 2 1 0
RDR7 RDRG6 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

The receive data register (RDR) is an 8-bit register for storing received serial data.

Each time a byte of data is 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 is exclusively for receiving data and cannot be written by the CPU.

RDR is initialized 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) is for transmitting serial data.

Transmit data is first transferred from the transmit data register (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 is set in TDRE), there is
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 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 RW R/W R/W

The transmit data register (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 data transmission. 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 all times.

TDR is initialized 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 R/W 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.

SMR is initialized 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 data length 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
is to 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.

Bit 5: 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 is
to be added to transmitted data and checked in received data. The PM setting is valid 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 is invalid.

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 number.
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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 is ignored.

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 data is received, only the first stop bit is checked regardless of the stop bit length. If the
second stop bit value is 1 it is treated as a stop bit; if it is 0, it is treated 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 is valid 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, CKSO)Bits 1 and 0 select the clock source
for the built-in baud rate generator. A choicep4, 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
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 RW RW R/W R/W R/W

Serial control register 3 (SCR3) is an 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.

SCRa3is initialized 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 (TXI) request when data is transferred from TDR to TSR and the transmit data register
empty bit (TDRE) in the serial status register (SSR) is set to 1. The TXI interrupt can be cleared
by clearing bit TDRE to 0, or by clearing bit TIE to O.

Bit 7: TIE Description
0 Transmit data empty interrupt request (TXI) disabled (initial value)
1 Transmit data empty interrupt request (TXI) enabled

Bit 6—Receive Interrupt Enable (RIE): Bit 6 enables or disables the receive error

interrupt (ERI), and the receive data full interrupt (RXI) requested when data is transferred from
RSR to RDR and the receive data register full bit (RDRF) in the serial status register (SSR) is set
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 O.

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 a transmit operation.

Bit 5: 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 a receive 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. This bit is ignored
when COM is set to 1 or when bit MP is cleared to 0.

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 data in 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 TEl 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, CKEO):Bits 1 and O select the clock source
and enable or disable clock output at pin SCKie combination of bits CKE1 and CKEO
determines whether pin SGI§ a general 1/0 port, a clock output pin, or a clock input pin.

Note that the CKEO setting is valid only when operation is in asynchronous mode using an
internal clock (CKEL1 = 0). This bit is invalid in synchronous mode or when using an external
clock

(CKE1 = 1). In synchronous mode and in external clock mode, clear CKEO to 0. After setting bits
CKE1 and CKEQ, the operation mode must first be set in the serial mode register (SMR).

See table 10.9 in 10.4.3, Operation, for details on clock source selection.

Bit 1: CKE1l Bit 0: CKEO Communication Clock Source SCK ; Pin
Mode Function

0 0 Asynchronous Internal clock I/O 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. A clock 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
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Read/Write  R/I(W)* R/(W)* RIW)* RIW)* R/(W)* R R RIW
Note: * Only 0 can be written for flag clearing.
The serial status register (SSR) is an 8-bit register containing status flags for indicating SCI3
states, and containing the multiprocessor bits.

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 flags to 0 it is first necessary to read a
1. Bit 2 (TEND) and bit 1 (MPBR) are read-only bits and cannot be modified.

SSR is initialized 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 is a status 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
there is receive data in 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 is a status 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 a framing 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 0 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 3 is a status 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 is a status flag indicating that TDRE was set to 1
when the last bit of a transmitted character was sent. TEND is a read-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 O 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 a read-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 bit 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 BRR1 BRRO
Initial value 1 1 1 1 1 1 1 1

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

The bit rate register (BRR) is an 8-bit register which, together with the baud rate generator clock
selected by bits CKS1 and CKSO in the serial mode register (SMR), sets the transmit/receive bit
rate.

BRR can be read or written by the CPU at any time.

BRR is initialized 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 values in
table 10.8 are for active (high-speed) mode.
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Table 10.8BRR Settings and Bit Rates in Asynchronous Mode

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 0 255 0 1 103 +0.16 1 108 +0.21
300 0 103 +0.16 O 127 0 0 207 +0.16 O 217 +0.21
600 0 51 +0.16 O 63 0 0 103 +0.16 O 108 +0.21
1200 0 25 +0.16 0 31 0 0 51 +0.16 0 54 -0.70
2400 0 12 +0.16 O 15 0 0 25 +0.16 O 26 +1.14
4800 - - = 0 7 0 0 12 +0.16 O 13 -2.48
9600 —_ = = 0 0 —_ = = 0 6 —-2.48
19200 - - = 0 1 0 - - = - - =
31250 0 0 0 - - = 0 1 0 - - =
38400 —_- = = 0 0 0 —_ = = —_ = =

Table 10.88RR Settings and

Bit Rates in Asynchronous

Mode (cont)

0SC (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 O 1 155 +0.16 1 191 O 1 207 +0.16
300 0 255 0 1 77 +0.16 1 9%5 0 1 103 +0.16
600 0 127 O 0 155 +0.16 0 191 O 0 207 +0.16
1200 0 63 0 0 77 +0.16 O 9%5 0 0 103 +0.16
2400 0 31 0 0 38 +0.16 O 47 0 0 51 +0.16
4800 0 15 O 0 19 -2.34 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 -234 0 5 0 - - =
31250 —_- = — 0 0 —_- = - 0 3 0
38400 0 1 0 - = = 0 2 0 - = =
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Table 10.8BRR Settings and Bit Rates in Asynchronous Mode (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 O 0 129 +0.16
2400 0 63 0 0 64 +0.16
4800 0 31 0 0 32 -1.36
9600 0 15 O 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. BRR setting values are derived by the following equation.

-_ 0sc 106 -1
64 x 22" 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)

3. The error values in table 10.8 were derived by performing the following calculation and

rounding off to two decimal places.

B-R

Error (%) = 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 n is shown in table 10.9.

Table 10.9Relation between n and Clock

SMR Setting
n Clock CKS1 CKSO
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.

Table 10.10 Maximum Bit Rate at Selected Frequencies (Asynchronous Mode)

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. Values in table 10.11 are for
active (high-speed) mode.

Table 10.11 Typical BRR Settings and Bit Rates (Synchronous Mode)

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 4 0 9 — —
250K 0 0* 0 0 3 0 4
500K 0 o* 0 1 — —
Y 0 0* — —
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.

N:L x 106 -1
8x22"x B

B: Bit rate (bits/s)

N: BRR baud rate generator setting (0 < N < 255)

OSC: Value of g5 (MHZz)

n: Baud rate generator input clock number (n =0, 1, 2, 3)
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The meaning of n is shown in table 10.12.

Table 10.12 Relation between n and Clock

SMR Setting
n Clock CKS1 CKSO
0 [0} 0 0
1 @4 0 1
2 @16 1 0
3 @64 1 1

10.4.3 Operdion

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 CKEO in serial control register 3 (SCR3), as shown in
table 10.14.

Asynchronous Mode:

< Data length: choice of 7 bits or 8 bits

« Transmit/receive format options include addition of parity bit, multiprocessor bit, and one or
two stop bits (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 data is 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 a frequency 16 times the bit rate is
required (internal baud rate generator is not used).
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Synchronous Mode:

e Transfer format: 8 bits
« Overrun error can be detected when data is 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.

Table 10.13 SMR

Settings and SCI3 Communication Format

SMR Setting Communication Format
Bit Bit Bit Bi Bit 3: Multipro- Parity Stop
7: 6: 2: 5: STOP Mode Data cessor Bit Bit
COM CHR MP PE Length 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
Y mode 2 bits
1 * 0 (multiprocessor 5 it ata 1 bit
" 1 format) 72 bits
1 * 0 * * Synchronous  8-bit data No None
mode
Note: * Don't care
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Table 10.14 SMR and SCR3 Settings and Clock Source Selection

SMR SCR3 Transmit/Receive Clock
Bit 7: Bit 1: Bit O: Clock
COM CKE1 CKEO Mode Source Pin SCK; Function
0 0 0 Asynchronous Internal 1/0 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 Interrupts: Continuous transmit and
receive operations are possible with SCI3, using the RXI or TXI interrupts. Table 10.15 explains
this use of these interrupts.

Table 10.15 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, RDRFis setto 1. If RIEis RDR and clear RDRF to 0.
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 TIEis1 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
TEIE character has been sent, if TDRE is 1, bit of the TSR transmit character
then lis setin TEND. If TEIE is 1 at was sent, the next transmit data
this time, TEI is enabled and an had 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 O | pin O |
RDRF =0 RDRF <1
(RXI requested if RIE = 1)

Figure 10.8 (a) RDRF Setting and RXI Interrupt

TDR (next transmit data) TDR
o TSR | (transmission complete,
TSR (transmitting) next data transferred)
pn_ | o O~ [
pin pin
TDRE =0 TDRE <1

(TXI requested if TIE = 1)

Figure 10.8 (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)

Figure 10.8 (c) TEND Setting and TEI Interrupt
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10.4.4 Opeation 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)

Figure 10.9 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 is regarded as a start bit.

One character consists of a start 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 data is latched at its center.

Table 10.16 shows the 12 transmit/receive formats that can be selected in asynchronous mode. The
format is selected in the serial mode register (SMR).
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Table 10.16 Serial Communication Formats in Asynchronous Mode

SMR Settings Serial Transfer Format and Frame Length

CHR PE MP STOP 1 2 3 4 5 6

9 10 11 12

0 0 0 0 S 8-bit data STOP

0 0 0 1 S 8-bit data STOP STOP

0 1 0 0 S 8-hit data P sTOP

0 1 0 1 S 8-bit data P STOP STOP
1 0 0 0 S 7-bit data STOP

1 0 0 1 S 7-bit data STOP STOP

1 1 0 0 S 7-bit data P stopP

1 1 0 1 S 7-bit data P sToP sTOP

0 * 1 0 S 8-bit data MPB STOP

0 * 1 1 S 8-bit data MPB STOP STOP
1 * 1 0 S 7-bit data MPB STOP

1 * 1 1 S 7-bit data MPB STOP STOP
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 CKEQO in serial control
register 3 (SCR3). See table 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 gin SCK

When an external clock is input at pin SCK should have a frequency 16 times the desired bit
rate.

When an internal clock source is used, S@&Kused as the clock output pin. The clock output has
the same frequency as the serial bit rate, and is synchronized as in figure 10.10 so that the rising
edge of the clock occurs in the center of each bit of transmit/receive data.

Clock

Serial | o |po|p1|D2|D3|Da[D5|D6| D7 0] 1 1

1 character (1 frame)
™ ™

Figure 10.10 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 data is sent or received, bits TE and RE in serial control register 3
(SCR3) must be cleared to 0, 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 data register (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.
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Figure 10.11 shows a typical 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 CKEO (SCR3). Other bits must be cleared to 0.
If clock output is selected in asynchronous
| mode, a clock signal will be output as soon
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
‘ CKEDO, 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 TE or 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).

Figure 10.11 Typical Flow Chart when SCI3 Is Initialized
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Transmitting: Figure 10.12 shows a typical 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 0.

Yes

Write transmit data in TDR

Continue Yes

data transmission? 2. To continue transmitting data, read bit TDRE
No 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 0.

Read bit TEND in SSR

Yes
Break ? . .
3 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

Figure 10.12 Typical Data Transmission Flow Chart (Asynchronous Mode)

SCI3 operates as follows during data transmission.

270
HITACHI




SCI3 monitors bit TDRE in SSR. When this bit is cleared to 0, SCI3 recognizes that there is data
written in the transmit data register (TDR), which it transfers to the transmit shift register (TSR).
Then TDRE is set to 1 and transmission starts. If bit TIE in SCR3 is set to 1, a TXI interrupt is
requested.

Serial data is transmitted 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, data is transferred 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 SSR is 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 10.13 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
ge”a' 1|0|DO|D1||D7|0/1|1|0|D0|D1||D7|0/1|11
ata (C qd

| 1 frame | 1 frame |

I I |

(C

TDRE | )
TEND T T T
\ \

SCI3 TXI request TDRE cleared to 0 TXI request TEI request
operation

User Write data in TDR

processing

Figure 10.13 Typical Transmit Operation in Asynchronous Mode
(8-Bit Data, Parity Bit Added, and 1 Stop Bit)

Receiving: Figure 10.14 shows a typical 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

Read bit RDRF in SSR

No

RDRF =17
Yes

Read received data in RDR

4 ’ Receive error processing

Yes

Continue receiving?

No

®

Clear bit REin SCR3t0o 0

Start receive
error processing
@ Ye!

S

NO |«
=
No
Yes

Overrun error
processing

’—1

Ye
Break?

No

Framing error
processing

End receive error
processing

Clear bits OER, PER, and Parity error
FERin SSRto 0 processing
I

S

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 O.

3. To continue receiving data,

read bit RDRF and finish
reading RDR before the stop
bit of the present frame is
received.

When data is read from RDR,
RDRF is automatically cleared
to O.

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
the above bits all to 0.

Data receiving cannot be resumed

while any of bits OER, PER, or
FER is setto 1.

When a framing error occurs,
a break can be detected by
reading the RXD pin value.

®

Figure 10.14 Typical Seia Data Receiving Flow Chart in Asynchronous Mode
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SCI3 operates as follows when receiving serial data in asynchronous mode.

SCI3 monitors the communication line, and when a start bit (0) is detected it performs internal
synchronization and starts receiving. The communication format for data receiving is as outlined in
table 10.16. Received data is set in RSR from LSB to MSB, then the parity bit and stop bit(s) are
received. After receiving the data, SCI3 performs the following checks:

« Parity check: The number of 1s received is checked to see if it matches the odd or even parity
selected in bit PM of SMR.

« Stop bit check: The stop bit is checked for a value of 1. If there are two stop bits, only the first
bit is checked.

« Status check: The RDRF bit is checked for a value 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 data is
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 a receive error, the appropriate error flag (OER, PER, or FER) is set to 1.
RDREF retains the same value as before the data was received. If at this time 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 data in each
case.

Note: Data receiving cannot be continued while a receive error flag is set. Before continuing the
receive operation it is necessary to clear the OER, FER, PER, and RDRF flags to 0.

Table 10.17 Receive Error Conditions and Received Data Processing

Receive Abbrev. Detection Conditions Received Data
Error Processing
Overrun error  OER Receiving of the next data ends while Received data is not
bit RDRF in SSR is still setto 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 a typical 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)
seia 1] o [0 01| o7 on] 1| o [oo]or] Jor on] o1
data ) )

| 1 frame | 1 frame |

~ \ \

RDRF

R
| |

SCI3 operation RXI request RDRF cleared Detects stop bit=0
to0 ERI request due
to framing error
User processing Read RDR data Framing error
handling

Figure 10.15 Typical Receive Operation in Asynchronous Mode
(8-Bit Data, Parity Bit Added, and 1 Stop Bit)

10.4.5 Operation in Synchronous Mode

In synchronous mode, data is sent or received in synchronization with clock pulses. This mode is
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 Format

Figure 10.16 shows the general communication data format for synchronous communication.

* *

YAV aAVAVAVAY A w
LSB MSB

Serial data  Don't )< i >< i >< i >< ; >< ; >< ; >< ; >< . Don't

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.

Figure 10.16 Data Format in Synchronous Communication Mode

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, SCI3 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 is input
at pin SCK,. The choice of clock sources is designated by bit COM in SMR and bits CKE1 and
CKEO in serial control register 3 (SCR3). See table 10.14 for details on selecting the clock source.

When operation is based on an internal clock, a serial clock is output at pin 5 clock
pulses are output per character of transmit/receive data. When no transmit or receive operation is
being performed, the pin is 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 a typical 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.

Yes

Continue 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

Read bit TEND in SSR is automatically cleared to O.

No
TEND =17
Yes

Write 0 to bit TE in SCR3

End

Figure 10.17 Typical Data Transmission Flow Chart in Synchronous Mode
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SCI3 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 data register (TDR), which it transfers to the transmit shift register (TSR).
Then TDRE is set to 1 and transmission starts. If bit TIE in SCR3 is set to 1, a TXI interrupt is
requested.

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 data is transmitted 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, data is transferred
from TDR to TSR, and after the MSB (bit 7) is sent, transmission of the next frame starts. If
TDRE is 1, the TEND bit in SSR is set to 1, and after the MSB (bit 7) has been sent, the MSB
state is maintained. A TEI interrupt is requested in this state if bit TEIE in SCR3 is set to 1.

After data transmission ends, pin SG&held at the high level.

Note: Data transmission cannot take place while any of the receive error flags (OER, FER, PER)
is set to 1. Be sure to confirm that these error flags are cleared to 0 before starting
transmission.

Figure 10.18 shows a typical SCI3 transmit operation in synchronous mode.

clock
Serial data Bit 0 >< Bit 1 ><: >< Bit 7 Bit0>< Bit1 X X Bit6 X Bit7

1 frame 1 frame

- o -

TDRE T T ﬁ K -

g
\ \ \ ]

SCI3 TXI TDRE clearedto 0 TXI

operation request request TEI request
User Write data in TDR

processing

Figure 10.18 Typical SCI3 Transmit Operation in Synchronous Mode
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Receiving: Figure 10.19 shows a typical flow chart for receiving data. After SCI3 initialization,
follow the procedure below.

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 RDRE 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? When data is read from RDR, RDRF is
automatically cleared to O.
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 |Qverrun error processing| (bit 7) of the present frame is received.

- [ When data is read from RDR, RDRF is

Yes automatically cleared to O.

Continue

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
SSRt00
End overrun
error processing
Figure 10.19 Typical Data Receiving Flow Chart in Synchronous Mode
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SCI3 operates as follows when receiving serial data in synchronous mode.

SCI3 synchronizes internally with the input or output of the serial clock and starts receiving.
Received data is 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
the received data is stored in RDR. At this time, if bit RIE in SCR3 is set to 1, an RXI interrupt

is requested. If an overrun error is detected, OER is set to 1 and RDRF remains set to 1. Then if
bit RIE in SCR3 is set to 1, an ERI interrupt is requested.

For the overrun error detection conditions and receive data processing, see table 10.17.

Note: Data receiving cannot be continued while a receive error flag is set. Before continuing the
receive operation it is necessary to clear the OER, FER, PER, and RDRF flags to 0.

Figure 10.20 shows a typical receive operation in synchronous mode.

clock
Serial Bit7 Y Bit0 ><% >< Bit7 Y Bit0 >< Bit 1 >< %>< Bit 6 >< Bit 7
data | | ) | | I . | |

1 frame 1 frame

RDRF |_| )

|
oen il T —

-

(
)T

SCI3 RXI request RDRF cleared RXI 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)

Figure 10.20 Typical Receive Operation in Synchronous Mode
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Simultaneous Transmit/Receive:Figure 10.21 shows a typical 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 O.

1 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
2 Write transmit data in TDR I;ogn RDR, RDRF is automatically cleared

\ 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.
Y

4 |Overrun error processing
]

Continue
transmitting and
receiving?

Yes

No

Clear bits TE and
RE in SCR3t0 0

End

Figure 10.21 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 receiving, use the following
procedure.
« 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 0, set both TE
and RE to 1.

10.4.6 Multiprocessor Communication Function

The multiprocessor communication function enables several processors to share a single 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 serial
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 0 in a data-
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 a receiving processor receives data
with the multiprocessor bit set to 1, it compares the data with its own ID. If the data matches its
ID, the receiving processor continues to receive incoming data. If the data does not match its ID,
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 data in 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
Y Y Y Y
Receiving Receiving Receiving Receiving
processor A processor B processor C processor D
(ID=01) (ID=02) (ID = 03) (ID = 04)

[T NN

(MPB = 0)

Serial data J / H'01 /

(MPB = 1)

ID-sending cycle Data-sending cycle

(receiving processor (data sent to receiving

address) processor designated
by ID)

MPB: Multiprocessor bit

Figure 10.22 Example of Interprocessor Communication Using
Multiprocessor Format
(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.
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Transmitting Multiprocessor Data: Figure 10.23 shows a typical flow chart for
multiprocessor serial data transmission. 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

N MPBT (multiprocessor bit transmit) in SSR
¢ 0 to O 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

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 SCR3 to 0.

Break output?

SetPDR=0and PCR=1

\
Clear bit TE in SCR3 to 0

End

Figure 10.23 Typical Multiprocessor Data Transmission Flow Chart

283
HITACHI



SCI3 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 data register (TDR), which it transfers to the transmit shift register (TSR).
Then TDRE is set to 1 and transmission starts. If bit TIE in SCR3 is set to 1, a TXI interrupt is
requested.

Serial data is transmitted 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, data is transferred 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 SSR is set to 1, and after the stop bit is sent the output remains at 1 (mark
state). A TEIl interrupt is requested in this state if bit TEIE in SCR3 is set to 1.

Figure 10.24 shows a typical SCI3 operation in multiprocessor communication mode.

™ wee D St ™ e Do Lek
Serial1|0|D0|D1||D7|0/1|1|0|D0|D1||D7|0/1|1 1
data ‘ ‘ ‘

= 1 frame T 1 frame T

TDRE |

i — o

SCI3  TXlrequest TDRE cleared TXI TEI
operation to0 request request
User Write data in

processing TDR

Figure 10.24 Typical Multiprocessor Format Transmit Operation
(8-Bit Data, Multiprocessor Bit Added, and 1 Stop Bit)
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Receiving Multiprocessor Data:Figure 10.25 shows a typical flow chart for receiving data
using a multiprocessor format. After SCI3 initialization, follow the procedure below.

’4
1|  SetbitMPIEinSCR3t01 | _ o _
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 =1? 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
OER + FER = 17 Yes | reading the RXD pin value.
No
4|  ReadbitRDRFinSSR |
o
Yes
’ Read received data in RDR ‘
5 | Error processing
Yes
Continue receiving? —
: : Overrun error
‘ @ (Start receive error processm@ processing
| ClearbitREin SCR3t00 | @ Yes
End
No Ye
@ Yes Break?
No
No
. Framing error
C|I:eEa|£ bltSS(S)ET aond processing
in 00.
! L]
(End receive error processing)

Figure 10.25 Typical Flow Chart for Receiving Serial Data Using Multiprocessor Format
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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)
g:tga' 1|olpo[pa][ b7l 1 1]o|po|pi[ [D7] 0|1 1

! 1 frame | 1 frame |

(é

MPIE
RDRF /

/ /|
value X \ 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 £
Toto 1!0|D0|D1|{“|D7|1 1!0|D0|D1|J{|D7|0|1‘1

r 1 frame ! 1 frame !

(

MPIE ’ | { [

/

A —1L
/ / / 7

sguRe 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 a common
interrupt vector. Table 10.18 describes each interrupt.

Table 10.18 SCI3 Interrupts

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)

The interrupt requests are enabled and disabled by bits TIE and RIE of SCR3.

When bit TDRE in SSR is set to 1, TXI is requested. When bit TEND in SSR is set to 1, TEl is
requested. These two interrupt requests occur during data transmission.

The initial 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 data in TDR, TXI will be
requested even though no transmit data has been readied.

Likewise, the initial value of bit TEND is 1. Accordingly, if the transmit end interrupt request
(TEI) is enabled by setting bit TEIE to 1 in SCR3 before placing transmit data in TDR, TEI will
be requested even though no data has been transmitted.

These interrupt features can be used to advantage by programming the interrupt handler to move
the transmit data into 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 TEI interrupts.

When bit RDRF in SSR is set to 1, RXI is requested. When any of SSR bits OER, FER, or PER
is setto 1, ERI is requested. 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 SCI3, attention should be paid to the following matters.

Relation between Bit TDRE and Writing Data to TDR: Bit TDRE in the serial status
register (SSR) is a status flag indicating that TDR does not contain new transmit data. TDRE is
automatically cleared to 0 when data is written to TDR. When SCI3 transfers data from TDR to
TSR, bit TDRE is set to 1.

Data can be written to TDR regardless of the status of bit TDRE. However, if new data is written
to TDR while TDRE is cleared to 0, assuming the data held in TDR has not yet been shifted to
TSR, it will be lost. For this reason it is advisable to confirm that bit TDRE is set to 1 before
each write to 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 flags in SSR are set as shown in table
10.19. If an overrun error occurs, data is not transferred from RSR to RDR, and receive data is
lost.

Table 10.19 SSR Status Flag States and 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 (0] Framing error
0 0 0 1 (0] Parity error
1 1 1 0 X Overrun error + framing error
1 1 0 1 X Overrun error + parity error
0 0 1 1 (0] 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 ProcessingBreak signals can be detected by reading the RXD pin
directly when a framing error (FER) is detected. In the break state the input from the RXD pin
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consists of all 0s, so FER is set and the parity error flag (PER) may also 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.

Sending a Mark or Break Signal: When TE is cleared to 0 the TXD pin becomes an 1/O
port, the level and direction (input or output) of which are determined by the PDR and PCR bits.
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 a break 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 0 the transmitter is initialized, regardless of its current
state, so the TXD pin becomes an output port outputting the value O.

Receive Error Flags and Transmit Operation (Synchronous Mode Only):When a
receive 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 O does not clear the receive error flags.

Receive Data Sampling Timing and Receive Margin in Asynchronous Modeln
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 data is latched at the rising edge of the eighth base clock pulse. See figure
10.27.
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16 clock cycles ‘

8 clock cycles ‘

7‘ 1510 7 150

0
oo TN U AU
clock

Receive data ! Start bit
(RXD) _1:

Synchronization
sampling timing _H

Data sampling . .
timing H H

Figure 10.27 Receive Data Sampling Timing in Asynchronous Mode
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% .........vvvveeeeennnn... Equation (1)

: Receive margin (%)
Ratio of clock frequency to bit rate (N = 16)
Clock duty cycle (D =0.5t0 1)
Frame length (L =9 to 12)
Absolute value of clock frequency error

nrozs

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.

When D =0.5and F =0,

M ={0.5 - 1/(2 X 16)} X 100% = 46.875% ..........eoveeeeeeeeeeeeeeseeeeeenenn. Equation (2)

This value is theoretical. In actual system designs a margin of from 20 to 30 percent should be
allowed.

Relationship between Bit RDRF and Reading RDRWhile SCI3 is receiving, it
checks the RDRF flag. When a frame 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 is automatically cleared to 0 when the contents of RDR are read. 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
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RDR is read when reception of the next frame is just ending, data from the next frame may be read.
This is illustrated in figure 10.28.

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.

Figure 10.28 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 is to 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 bit 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; is used as a clock output pin by
SCI3 in synchronous mode and is then switched to a general input/output pin (a pin with a
different function), the pin outputs a low level signal for half a system clgokytle immediately
after it is switched.

This can be prevented by either of the following methods according to the situation.

1. When an SCKfunction 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
CKEL1 and CKEOQ in SCR3 to 1 and 0, respectively. In this case, bit COM in SMR should be
left 1. The above prevents S¢#om being used as a general input/output pin. To avoid an
intermediate level of voltage from being applied to $GKe line connected to SGKhould

be pulled up to the M level via a resistor, or supplied with output from an external device.
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2. When an SCKfunction is switched from clock output to general input/output
When stopping data transfer,
a. Issue one instruction to clear bits TE and RE to 0 and to set bits CKE1 and CKEQO in
SCR3 to 1 and 0, respectively.
b. Clear bit COM in SCR3to 0
c. Clear bits CKE1 and CKEO in SCR3 to 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 SCI3 in
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 clgcgycle immediately after it is
switched.
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Section 11 14-Bit PWM

11.1 Overview

The H8/3834 Series is provided with a 14-bit PWM (pulse width modulator) on-chip, which can
be used as a D/A converter by connecting a low-pass filter.

11.1.1 Features
Features of the 14-bit PWM are as follows.

» Choice of two conversion periods

A conversion period of 3,26@/with a minimum modulation width of @(PWCRO = 1), or a
conversion period of 16,384/with a minimum modulation width of @{PWCRO0 = 0), can
be chosen.

» Pulse division method for less ripple

11.1.2 Block Diagram

Figure 11.1 shows a block diagram of the 14-bit PWM.

PWDRL -

4{ PWDRU |<7

(2]
=}
o]
) Y 8
@12 PWM 3
waveform c_g
@4 L generator oy
£
I PWCR |<7
PWM -

Notation:

PWDRL: PWM data register L
PWDRU: PWM data register U
PWCR: PWM control register

Figure 11.1  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.

Table 11.1Pin Configuration

Name Abbrev. 1/0 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.

Table 11.2Register 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 HFFD1
PWM data register L PWDRL w H'00 H'FFD2

11.2 Register Descriptions

11.2.1 PWM Control Register (PWCR)
PWCR is an 8-bit write-only register for input clock selection.
Upon reset, PWCR is initialized to H'FE.

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

Bit 0—Clock Select 0 (PWCRO): Bit 0 seleds the dock supplied to the 14-bit PWM. This bit
is a wiite-only bit; it is always readas 1.

Bit 0: PWCRO Description

0 The input clock is @2 (telJ= 2/¢). The conversion period is 16,384/¢, with a
minimum modulation width of 1/¢ (initial value)
1 The input clock is @4 (te= 4/¢). The conversion period is 32,768/¢, with a

minimum modulation width of 2/¢@.

Note: te: Period of PWM input clock

294
HITACHI



11.2.2 PWM Data Registers U 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 bits to PWDRL. The value written to PWDRU and PWDRL gives the
total high-level width of one PWM waveform cycle.

When 14-bit data is 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. Write the lower 8 bits to PWDRL.
2. Write the upper 6 bits to PWDRU.

PWDRU and PWDRL are write-only registers. If they are read, all bits are read as 1.

Upon reset, PWDRU and PWDRL are initialized to H'C00O.

11.3 Operation
When using the 14-bit PWM, set the registers in the following sequence.

1. Set bit PWM in port mode register 1 (PMR1) to 1 so that pifPRIM is designated for
PWM output.

2. Set bit PWCRO in the PWM control register (PWCR) to select a conversion period of either
32,768k (PWCRO = 1) or 16,384/(PWCRO = 0).

3. Set the output waveform data in PWM data registers U and L (PWDRUJ/L). Be sure to write in
the correct sequence, first PWDRL then PWDRU. When data is 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. The total of the high-
level pulse widths during this period,(Tcorresponds to the data in PWDRU and PWDRL.
This relation can be represented as follows.

T, = (data value in PWDRU and PWDRL + 64) x tp/2

where tvis the PWM input clock period, either@bit PWCRO = 0) or 4 (bit PWCRO =
1).

Example: Settings in order to obtain a conversion period of 1892

When bit PWCRO = 0, the conversion period is 16,98%d ¢ must be 2 MHz. In
this caseqf = 128us, with 1 (resolution) = 0.5us.
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When bit PWCRO = 1, the conversion period is 32,0680 ¢ must be 4 MHz. In
this caseqf = 128us, with 2#p (resolution) = 0.5us.

Accordingly, for a conversion period of 8,1j92 the system clock frequenay (
must be 2 MHz or 4 MHz.

1 conversion period

tr te tt3 tte4

e S

:
:

thy th ths thes thea
Ty=tyttpp+tyg+ o Hea
bty =tp =tg ... =liga

296

Figure 11.2 PWM Output Waveform

HITACHI




Section 12 A/D Converter

12.1 Overview

The H8/3834 Series includes on-chip a resistance-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.

e 8-bit resolution

e 12 input channels

« Conversion time: approx. 124 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.

ADTRG O
A/D mode
¢ register
ANO O—»
ANl O—|
AN, O—»|
ANg3 O—=
ANy O—
ANs :: Multiplexer % A/D start
NG P register %)
AN~ O— Fi
ANg O—»| 9
ANg O— g
AN 10 O— z
AN 11 O—»| Y E
Q
Control logic [— | £
AVge O
Reference ‘
voltage
AVgg O - A/D result register -
— IRRAD

Figure 12.1 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.

Table 12.1Pin Configuration

Name Abbrev. /0O 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 0

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.

Table 12.2Register Configuration

Name Abbrev. R/W Initial Value Address
A/D mode register AMR R/W H'30 HFFC4
A/D start register ADSR R/W H'7F H'FFC6
A/D result register ADRR R Not fixed H'FFC5
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12.2 Register Descriptions

12.2.1 A/D Result Register (ADRR)

Bit 7 6 5 4 3 2 1 0
ADR7 ADRG6 ADRS5 ADR4 ADR3 ADR2 ADR1 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 analog-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
is held in ADRR until the next conversion operation starts.

ADRR is not cleared on reset.

12.2.2 A/ID Mode Register (AMR)

Bit 7 6 5 4 3 2 1 0
CKS TRGE — — CH3 CH2 CH1 CHO

Initial value 0 0 1 1 0 0 0 0

Read/Write R/W RW — — RW RW RW RW

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 is initialized to H'30.
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Bit 7—Clock Select (CKS):Bit 7 sets the A/D conversion speed.

Conversion Time

Bit 7: CKS Conversion Period ¢@=2 MHz @ =5 MHz
0 62/¢ (initial value) 31lyus 12.4 ps
1 3l/g 15.5 s —*

Note: * Operation is not guaranteed if the conversion time is less than 12.4 ps. 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 BitsBits 5 and 4 are reserved; they are always read as 1, and cannot
be modified.

Bits 3 to 0—Channel Select (CH3 to CHO)Bits 3 to 0 select the analog input channel.

The channel selection should be made while bit ADSF is cleared to O.
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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

12.2.3 A/D Start Register (ADSR)

Bit 7 6 5 4 3 2 1 0
ADSF — — — — — — —
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 data is set in the A/D result register (ADRR), and at the same time ADSF is cleared

to O.
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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 BitsBits 6 to 0 are reserved; they are always read 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 sets the A/D start flag (bit ADSF) to 1. Bit ADSF keeps a
value of 1 during A/D conversion, and is cleared to 0 automatically when conversion is complete.

The completion of conversion also sets bit IRRAD in interrupt request register 2 (IRR2) to 1. An
A/D conversion end interrupt is requested if bit IENAD in interrupt enable register 2 (IENR2) is
set to 1.

If the conversion time or input channel needs to be changed in the A/D mode register (AMR)
during A/D conversion, bit ADSF should first be cleared to 0, stopping the conversion operation,
in order to avoid malfunction.

12.3.2 Start of A/D Conversion by External Trigger Input

The A/D converter can be made to start A/D conversion by input of an external trigger signal.
External trigger input is enabled at pTRG when bit IRQ4 in port mode register 2 (PMR2) is
setto 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 &APIARG, 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

[
==

Figure 12.2 External Trigger Input Timing

12.4 Interrupts

When A/D conversion ends (ADSF changes from 1 to 0), bit IRRAD in interrupt request
register 2 (IRR2) is set to 1.

A/D conversion end interrupts can be enabled or disabled by means of bit IENAD in interrupt
enable register 2 (IENR2).

For further details see 3.3, Interrupts.

12.5 Typical Use

An example of how the A/D converter can be used is given below, using channel 1 (pin AN1) as
the analog input channel. Figure 12.3 shows the operation timing.

« Bits CH3 to CHO of the A/D mode register (AMR) are set to 0101, making pinth#eN
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 the idle state.

e BIit IENAD =1, so an A/D conversion end interrupt is requested.
* The A/D interrupt handling routine starts.

e The A/D conversion result is read and processed.

* The A/D interrupt handling routine ends.

If ADSF is set 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.

303
HITACHI



"alemyos Ag uonnoaxa uononsul sayealpul (4)  :910N

(2) ynsal uoisIaAu0d QN

X (T) 3Nsa1 UOISIBAUOD AN XXX

qyav

Nsal uoisieAu0d peay 4

alels uonelado

AL
}INSal UOISISAUOD pesay 4 N
i

alpl (z) uoisianuod gy} alpl (1) uoisianuoo gy alpl ('NY) T JouUeyD
4sav
SUEIS UOISIBAUOD /Y
+18s } +18s |}
_ avnal
+18s 4
(avud)
_l_ _l_ 1dnaiaiu]

Typical A/D Converter Operation Timing

Figure 12.3
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( Start )

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?

Figure 12.4 Flow Chart of Procedure for Using A/D Converter (1) (Polling
by Software)
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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?

Figure 12.5 Flow Chart of Procedure for Using A/D Converter (2) (Interrupts
Used)

12.6 Application Notes

Data in the A/D result register (ADRR) should be read only when the A/D start flag (ADSF) in

the A/D start register (ADSR) is cleared to 0.
Changing the digital input signal at an adjacent pin during A/D conversion may adversely affect

conversion accuracy.
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Section 13 LCD Controller/Driver

13.1 Overview

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.
e LCD RAM capacity

8 bitsx 64 bytes (512 bits)
* Word access to 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.

« Displays in all operation modes except standby mode.
e Choice of 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.

o

oV,
= LCD driver oV,
M power supply +—0V,
+—OvVss
@I2 10 9/256 —»| CL, ¢
Avto Ayld  —= = Common [—* Common [ COM:
»| data latch |—» driver |[‘= C6M4
™ ™ SEG40 /ICL 1
D LPCR } > SEG39/CL,
- - LCR gl | = SEGgg /DO
2 } = SEG3; /M
(0] - | - SEG36
< # ) ! ! |
° 40-bit | ! !
[ . I shift i | Segment | | !
s Display timing generator CL, register | driver | - !
E ¢ | o
— LCD RAM 3 L
64 bytes ! ! 1
—* = SEG,
SEG,, DO
Notation:

LPCR: LCD port control register
LCR: LCD control register

Figure 13.1 LCD Controller/Driver Block Diagram
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13.1.3 Pin Configuration
Table 13.1 shows the output pins assigned to the LCD controller/driver.

Table 13.1Pin Configuration

Name Abbrev. 1/0 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

COoM, connection is possible at static and 1/2 duty.
External segment CL, Output Display data latch clock; doubles as SEG,,
expansion signal CcL, 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 vV, 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.

Table 13.2Register Configuration

Name Abbrev. R/W Initial Value Address

LCD port control register LPCR RW H'00 HFFCO

LCD control register LCR R/W H'80 HFFC1

LCD RAM — RW Not fixed H'F740 to H'F77F*

Note: * Value after reset.
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13.2 Register Descriptions

13.2.1 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 is initialized to H'00.

Bits 7 to 5—Duty and Common Function Select (DTS1, DTS0, CMX)Bits 7 to

6 select a driver duty of static, 1/2, 1/3, or 1/4. Bit 5 determines whether the common pins not

used at a given duty are to be used as ports or, in order to increase the common driving capacity, as
multiple pins outputting the same waveform.

Bit 7: Bit 6: Bit 5:
DTS1 DTS0O 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
COM, to COM, COM, outputs the same waveform as
COM,, and COM, the same waveform as
CoMm,
1 0 0 1/3 duty COM,to COM, COM, usable as port
1 COM, to COM, COM, outputs a non-select waveforms?
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 SE£CL,,
SEG/CL,, SEG/DO, and SEG/M are used as segment pins (SEG SEG,) or as external
segment expansion pins (GICL,, 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 3 to 0—Segment Driver Select (SGS3 to SGSOBits 3 to 0 select the pins to be
used as segment drivers.
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Functions of Pins SEG ,, to SEG,,

Bit 4: Bit 3: Bit 2: Bit 1: Bit 0: SEG,, to SEG,, to SEG,, to SEG,; to SEG,, to
SGX SGS3 SGS2 SGS1 SGSO0 SEG,; SEG,; SEG,, SEG,; 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;

Bit 4: Bit 3: Bit 2: Bit 1: Bit 0: SEG,, to SEG,; to SEG,, to SEG,; to SEG, to
SGX SGS3 SGS2 SGS1 SGSO0 SEG,; SEG,; SEG, SEGg 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

13.2.2 LCD Control Register (LCR)

Bit 7 6 5 4 3 2 1 0
— PSW ACT DISP CKS3 CKS2 CKS1 CKSO0

Initial value 1 0 0 0 0 0 0 0

Read/Write — RW RW RW R/W R/W R/W RW

The LCD control register is an 8-bit read/write register for on/off control of the resistive voltage
divider used as the LCD driver power supply, for display data control, and for frame frequency
selection. Upon reset, LCR is initialized to H'80.

Bit 7—Reserved Bit: Bit 7 is reserved; it is always 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 is used for the LCD, the resistive voltage divider can be switched off. When
bit ACT = 0, or in standby mode, the resistive voltage divider is in 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 this bit is cleared to 0, the LCD controller/driver module halts operation, and the
resistive voltage divider provided for the LCD driver power supply goes to 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 (DISP): Bit 4 selects whether the LCD RAM contents are
displayed or blank data is displayed regardless of the LCD RAM contents. This bit is valid 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 3 to 0—Frame Frequency Select 3 to 0 (CKS3 to CKSOBits 3 to 0 select the

clock used by the LCD controller/driver, and the frame frequency. In subactive, watch, and subsleep
modes the system cloclg(is stopped, so there will be no display in these mod@® ifo @256

is chosen as the clock source. For display in these modesglfitlr @, /4 must be selected.
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Frame

Frequency **

Bit 3: Bit 2: Bit 1: Bit 0:

CKS3 CKS2 CKS1 CKSO0 Clock ¢ =5 MHz @ = 625 kHz**
0 * 0 0 Qu 128 Hz*? 128 Hz*2
0 * 0 1 Q.2 64 Hz 64 Hz

0 * 1 * @4 32 Hz 32 Hz

1 0 0 0 @2 — 610 Hz

1 0 0 1 w4 — 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 Settings Prior 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.

Hardware Settings

e Use at 1/2 duty

To use at 1/2 duty, connect ping &hd \4 as shown in figure 13.2.
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Vee
Vi

V2 j
V3

Vss

T

Figure 13.2 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 a large 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 GOROM, output the
same waveform, while at 1/2 duty pins COaMd COM output the CONMwaveform and pins
COM, and COM output the COMwaveform.

* Segment expansion
The HD66100 can be connected externally to expand the number of segments. See 13.3.3,
Connection to HD66100.

Software Settings

« Duty cycle selection
The duty cycle is 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 SGSO0.

* Frame frequency selection

The frame frequency is selected in bits CKS3 to CKSO0. 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 Relation of LCD RAM to Display

The relation 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 data to 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 SEG, as external segment expansion signal

pins. Data will be output starting from LCD RAM pin SEGNhen bits SGS3 to SGSO in

LPCR are set to 0000, data will 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, then if CL, =0, CL, = 0 and 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 a result 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

HF753* | SEGyo | SEGao | SEGao | SEGag | SEGag | SEGag | SEGag | SEGae

Area not used
for display

HF77F*

COM, COM; COM, COM; COM, COM; COM, COM;

Note: * Values immediately after reset.

Figure 13.3 LCD RAM Map: No External Segment Expansion (1/4 Duty)

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit1 Bit 0

H'F740* SEG, | SEG; | SEG;
Internal driver
display area
H'F753*
Area not used
for display
HF77F*

COM; COM, COM; COM; COM, COM,

Note: * Values immediately after reset.

Figure 13.4 LCD RAM Map: No External Segment Expansion (1/3 Duty)
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Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit1 Bit 0

HF740* | SEG, | SEG, | SEG; | SEG; | SEG, | SEG, | SEG, | SEG,

Internal driver
HF749* | SEG,o| SEGas| SEGae| SEGsg| SEGsg| SEGgs | SEGs, | SEG,, |  display area

Area not used
for display

HF77F*

COM, COM; COM, COM, COM, COM; COM,

coMm,
Note: * Values immediately after reset.

Figure 13.5 LCD RAM Map: No External Segment Expansion (1/2 Duty)

Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit1 Bit0

HF740* | SEGy | SEG; | SEGs | SEGs | SEG, | SEG,; | SEG, | SEG,

Internal driver
H'F744* | SEGu | SEGs9 | SEGzg | SEGs; | SEGzs | SEGgs

SEG4, | SEGys display area

Area not used
for display

HF77F*

COM,; COM; COM; COM; COM,; COM,; COM,
Note: * Values immediately after reset.

com,

Figure 13.6 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

H'F751* | SEGgs | SEGas | SEG3s | SEGss | SEG3s | SEGas | SEGas | SEGas

SEGss | SEGas | SEGss | SEGss | SEGs7 | SEGs7 | SEGs7 | SEGar | | Eviermal driver
HF75F* | SEGes | SEGes | SEGes | SEGes | SEGes | SEGes | SEGes | SEGes ?vlvsr?el;yglzesaQ»:CKSl:CKSO: 0

External driver
display area

HF77F* | SEG128| SEG128| SEG128| SEG128| SEG127| SEG127| SEG127| SEG 127

N

CcOM; COM3 COM, COM; COM; COM3; COM, COM;

Note: * Values immediately after reset.

Figure 13.7 LCD RAM Map: External Segment Expansion (1/4 Duty)

Bit7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit1 Bit 0

H'F740* SEG, | SEG, | SEG, SEG; | SEG; | SEG;
Internal driver
display area

H'F751* SEG36 | SEG3s | SEG36 SEG35 | SEG35 | SEG3s

SEG3g | SEG3g | SEG3g SEG3; | SEG37 | SEGy; External driver
, " display area

H'F75F SEGes | SEGes | SEGgy SEGg3 | SEGes | SEGg3 (when CKS3 = CKS1 = CKSO0 = 0)
External driver
display area

H'F77F* SEG128| SEG128| SEG1,g SEG1,7| SEG1o7| SEG,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 Bit0
H'F740* | SEG, | SEG, | SEG; | SEG; | SEG, | SEG, | SEG; | SEG, Internal driver
HF748* | SEGas | SEGas | SEGas | SEGas | SEGas | SEGss | SEGs; | SEG, | | JisPlay area
SEGo | SEG40 | SEGse | SEGag | SEGsg | SEGss | SEGs; | SEGa, W
External driver
display area
(when CKS3 = CKS1 = CKSO0 = 0)
H'F75F* | SEGy25| SEGysg| SEGi27 | SEGi27 | SEGi26 | SEG126| SEG125| SEG1s
External driver
display area
HF77F* | SEG,s6| SEGyss| SEGss | SEGyss | SEGpss | SEG 54| SEGs3| SEG,ss
COM, COM; COM, COM; COM, COM; COM, COM,

Note: * Values immediately after reset.

LCD RAM Map: External Segment Expansion (1/2 Duty)

Figure 13.9
Bit 7 Bit 6 Bit 5 Bit4 Bit 3 Bit 2 Bit 1 Bit 0
HF740* | SEGg | SEG; | SEG¢ | SEGs | SEG, | SEG3 | SEG, | SEG, Internal driver
SEG,o | SEG39| SEG35| SEG3; | SEG3s| SEG35| SEG3, | SEG3; display area
H'F744*
External driver
display area
(when CKS3 = CKS1 = CKS0 = 0)
H'F75F* | SEG 56| SEG 255| SEG 254| SEG253| SEG 257| SEG 51| SEG250| SEG 249
External driver
display area
H'F77F* | SEGs12| SEGs11| SEGs10| SEGs09| SEGs08| SEG507| SEG506| SEG 505
coM; COM; COM; COM; COM; COM; COM; COM;

Note: * Values immediately after reset.

LCD RAM Map: External Segment Expansion (Static Duty)

Figure 13.10
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Bit 7 Bit 6 Bit5 Bit4 Bit 3 Bit 2 Bit1 Bit 0

H'F740* | SEG, | SEG, | SEG, | SEG, | SEG, | SEG; | SEG; | SEG,

HF75F* | SEGg | SEGgs | SEGgs | SEGes | SEGes | SEGgs | SEGes | SEGes

HF77F* | SEG1.5| SEGiog | SEG128| SEG12g| SEG127| SEG127| SEG 17| SEG127

N

COM; COM; COM, COM; COM, COM; COM, COM,

Note: * Values immediately after reset.

External driver
display area
(when CKS3 = CKS1 = CKSO0 = 0)

External driver
display area

Figure 13.11 LCD RAM Map When All External Segments are Used

(Example: SGX = 1, SGS3 to SGSO =

HITACHI

0000, 1/4 Duty)
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1/3 bias; 1/4 duty or 1/3 duty

Vee Vee
Vl Vl
V2 V4
V3 _‘L V3
11 Vi
H8/3834 Vss LT || GND  HD66100
o
SHL
SEG 40/CL, CL;
SEG3o/CL, CL2
SEG 35/DO DI
SEGg; /M M
1/2 duty
Vee Vce
Vl ’ Vl
VZ L V4
V3 % P V3
V2
H8/3834 Vss i GND  HD66100
b
SHL
SEG 4/CL, CL;
SEG34/CL; CL>
SEG 35/DO DI
SEG37 /M M
Static
Vee Vce
Vl Vl
V2 L V4
Vi | = V3
o
H8/3834 Vss GND  Hp66100
o
SHL
SEG40/CL, CL;
SEG 39 /CL2 CL2
SEG 35/DO DI
SEG4; /M M
Figure 13.12 Connection to HD66100
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coMm;

COM, __

coms

com, [

Figure 13.13 (a)  Waveforms at 1/4 Duty

1 frame

Figure 13.13 (b) Waveforms at 1/3 Duty
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1 frame

Vi
- V2, Vs
- Vss
v

- Vp,V3
Vss

Figure 13.13 (c)

Waveforms at 1/2 Duty

1 frame

VA

Vss

Figure 13.13 (d)
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Table 13.30utput Levels

Data 0 0 1 1
M 0 1 0 1
Static Common output V, Vs V, Vgs
Segment output V, Vs Vgs V,
1/2 duty =~ Common output V,, V, V,, V, V, Vg
Segment output V, Vs Vs V,
1/3 duty Common output V, Vv, V, Vg
Segment output V, V, Vs V,
1/4 duty Common output V, V, V, Vgs
Segment output V, V, Vgs V,

13.3.4 Operation in Paver-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, ugigss @, /2 was selected

when setting bits CKS3 to CKSO0 in LCR. Since this may result in a direct current being applied
to the LCD panel, be sure to selegt or @, /2 as the 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.

Table 13.4.CD Controller/Driver Operation in Power-Down Modes

Mode Reset Active Sleep Watch Subactiv Subsleep Standby
e

Clock Q 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+3 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.
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13.3.5 Boosting the LCD Driver Power Supply

When a large LCD panel is driven, 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 aroufdt®.Q.3uF

to pins V, V,, and \4. Another approach, shown in figure 13.14 below, is to connect a resistive

voltage divider externally.

O
\Y
CcC R
Vi
R% R = several kQ
H8/3834 Vs
R
Vs C=0.1pyFto 0.3 uF
Vss R p—
TIT l l TIT
Figure 13.14 Connecting an External Resistive Voltage Divider
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Section 14 Electrical Characteristics

14.1 HB8/3832S, H8/3833S, H8/3834S, HB8/3835S, H8/3836S and
H8/3837S Absolute Maximum Ratings (Standard
Specifications)

Table 14.1 lists the absolute maximum ratings.

Table 14.1Absolute Maximum Ratings

Iltem Symbol Value Unit
Power supply voltage Ve -0.3t0 +7.0 \%
Analog power supply voltage AV . -0.3t0+7.0 \%
Input voltage Ports other than ports B and C V., -0.3to V. +0.3 \%
Ports B and C AV, -0.3t0 AV, +0.3 \%
Operating temperature Toor —20to +75 °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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14.2 H8/3832S, H8/3833S and HB8/3834S Electrical Characteristics
(Standard Specifications)

14.2.1 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

10.0 -
- 32.768 - ; : ;
N — I I I
s B
501 <
20F----- ‘ ‘ !
| | | | | |
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

50—

16.384 r----- f : !
= N ! ! !
T z : : :
S 25----- 2 } : :
s & 81921 F ]

4.096 —----1 |
05—---- | i | | | |
2.5 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)
625.0 - oooooo-
500.0 |- ‘
N | |
I ! |
~ i |
S 3125 ! !
625~ ‘ |
25 4.0 55
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— 625.0

5000 ‘ !
N = 1 :
g L < ! 3
s 2° S 3125 ; !
] | ‘ 625~ | |

25 4.0 5.5 25 4.0 5.5

AV (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.
Table 14.2DC Characteristics of H8/3832S, H8/3833S and H8/3834S

Vee=25V1055V, AL =25V1055V,¥=AV4=0.0V, T, =-20C to +75C,
including subactive mode, unless otherwise indicated.

Item Symbol Applicable Pins Min Typ Max Unit Test Condition Note
Input high  V,, RES, MDO, 08Ve —  Ve+03 V Vec=40Vt055V
voltage WKP, to WKP,,
IRQ, to IRQ,,
TMIB, TMIC, TMIF
CS, TMIG, 09V, — Vg, +03
SCK,, SCK,,
SCK,, ADTRG
UD,Sl, S, RXD 07V, — Vg, +03 V Vee=40Vit055V
08Ve —  Vg+03
0sc, Vee—=05 —  V+03 V Vee=40Vit055V
Vee—03 — Vg +03
P1,to P1, 07Vee —  Ve+03 V Vee=40Vit055V
P2, to P2,
P3,to P3;
P4, to P4,
P5, to P5,
P6, to P6, 08Ve — Ve +03
P7,to0 P7,
P8, to P8,
P9, to P9,
PA, to PA,
PB, to PB, 07Vee — AV, +03 V Vee=40Vit055V
PCoto PCs 08Vee — AV +03
Inputlow V. RES, MDO, -0.3 — 0.2V \ Vec=40V1io55V
voltage WKP, to WKP,,
IRQ, to IRQ,,
TMIB, TMIC, TMIF,
CS, TMIG, -0.3 — 01V
SCK,, SCK,,
SCK,, ADTRG
ub, Sl,, SI,, RXD  -0.3 — 03V \Y Ve =40V1t055V
-0.3 — 02V
0OsC, -0.3 — 0.5 \Y% Ve =40V1t055V
-0.3 — 0.3

Note: Connect pin TEST to V.
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Table 14.2DC Characteristics of H8/3832S, H8/3833S and H8/3834S (cont)

Vec=25V1055V, AL =25V 1055V, {s=AVs,=0.0V, T, =-20C to +75C,
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 — 03V % Vee=4.0Vto55V
voltage P2,to P2,
P3, to P3,
P4, to P4,
P5, to P5,
P6, to P6,
P7,to P7, -0.3 — 02V
P8, to P8,
P9, to P9,
PA, to PA,
PB, to PB,
PC,to PC,
Output Vou P1,to P1, Vee—10 — — \Y Vec=40Vt055V
high P2,to P2, —loy =1.0mA
voltage P3,to P3,
P4, to P4, Vee-05 —  — Vec=40Vt055V
P5, to P5, —lgy =0.5mA
P6, to P6,
P7,to0 P7, Vee=05 —  — —lgy =0.1mMA
P8, to P8,
P9, to P9,
PA, to PA,
Output VoL P1,to P1, — — 0.6 \Y Vc=40Vto55V
low voltage P4, to P4, loo =1.6 MA
— — 05 lo. =04 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=40Vt055V
P3, to P3, lo. =10 MA
— — 06 Ve =40V1055V
lo, = 1.6 MA
— — 05 lo. = 0.4 mA
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Table 14.2DC Characteristics of H8/3832S, H8/3833S and H8/3834S (cont)

Vee=25V1t055V, AL =25V1055V,¥=AV4=0.0V, T, =-20C to +75C,
including subactive mode, unless otherwise indicated.

Item Symbol Applicable Pins Min Typ Max Unit Test Condition Note
Input [ RES — — 1.0 PA  Vy=05Vto
leakage OSC,, MDO Vec—05V
current P1,to P1,
P2,to P2,
P3,to P3,
P4, to P4,
P5, to P5,
P6, to P6,
P7,t0 P7,
P8, to P8,
P9, to P9,
PA, to PA,
PB, to PB, — — 1.0 Vy =05V to
PC, to PC, AV -05V
Pull-up —Ip P1,to P1, 50.0 — 3000 pA V=5V,
MOS P3,to P3, Vi =0V
current P5, to P5, — 350 — A V=27V, Reference
P6, to P6, Vy =0V value
Input Cy All input pins — — 15.0 pF f=1MHz,
capaci- except power V=0V
tance supply T,=25°C
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Table 14.2DC Characteristics of H8/3832S, H8/3833S and H8/3834S (cont)

Vee=25V1t055V,AL:=25V1055V,¥=AVs=0.0V, T, =-20C to +75C,
including subactive mode, unless otherwise indicated.

Applicable
Item Symbol Pins Min Typ Max Unit Test Condition Note
Active mode lopeL Vee — 9.0 13.0 mA Active mode (high speed), 1,2
current Vee=5V, =10 MHz
dissipation l ope2 Vee — 17 3.0 mA Active mode (medium speed), 1,2
V=5V, f. =10 MHz
Sleep mode lsieep Vee — 40 70 mMA V=5V, f,,=10MHz 1,2
current
dissipation
Subactive mode |4, Vee — 30.0 65.0 pPA  V=27V,LCDon, 1,2
current 32-kHz crystal oscillator
dissipation (s = oni2)
— 220 — PA V=27V, LCDon, Reference
32-kHz crystal oscillator value
(s = I8) 1,2
Subsleep mode | gpgp Vee — 20.0 45.0 pPA  V=27V,LCDon,32-kHz 1,2
current crystal oscillator (¢y,5 = @V/2)
dissipation
Watch mode lwaten Vee — — 55 PA V=27V, LCD notused, 1,2
current 32-kHz crystal oscillator
dissipation
Standby mode  |ggy Ve — — 50 pA  32-kHz crystal oscillator not 1, 2
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 Vee  Open System clock oscillator: Crystal

Subclock oscillator: Crystal

Subsleep mode Only timer operates, V..  Open
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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Table 14.2DC Characteristics of H8/3832S, H8/3833S and H8/3834S (cont)

Vee=25V1t055V, AL =25V1055V,¥=AV4=0.0V, T, =-20C to +75C,
including subactive mode, unless otherwise indicated.

Item Symbol Applicable Pins Min Typ Max Unit Test Condition
Allowable output low 1 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 >, Output pins exceptin  — — 40.0 mMA  V,=40Vto55V
current (total) ports 2 and 3
Ports 2 and 3 — — 80.0 Vec=4.0Vio55V
All output pins — — 20.0
Allowable output high -l All output pins — — 2.0 mA V., =4.0V1to55V
current (per pin)
— — 0.2
Allowable output high  =-l, 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 14.3Control Signhal Timing of H8/3832S, H8/3833S and HB8/3834S

Vee=25V1t055V, AL .=25V1t055V,=AV,=0.0V, T, =-20C to +75C,
including subactive mode, unless otherwise specified.

Applicable Referenc
Item Symbol Pins Min Typ Max Unit Test Condition e Figure
System clock fosc 0sCc,,0sC, 20 — 100 MHz V., =40Vto55V
oscillation frequency 20 — 5.0
OSC clock (@sc) tosc 0sC,, OSC, 100.0 — 1000.0 ns Vec=40Vto55V 1
cycle time 2000 —  1000.0 Figure 14.1
System clock (¢ toe 2 — 16 tosc 1
cycle time _ 2000.0 ns
Subclock oscillation  f, Xy X, — 32768 — kHz
frequency
Watch clock (¢,) cycle t,, X1 X, — 305 — us
time
Subclock (@ys) cycle  tgeye 2 — 8 tw 2
time
Instruction cycle time 2 — — toe
tsubcyr:
Oscillation stabilization t,, osc, 0sC, — — 400 ms V., =40Vto55V
time (crystal oscillator) _ _ 60.0 Vee=27V1055V
- — 100.0
Oscillation stabilization t,, X1, X, - - 2 S
time
External clock high tepn 0sC, 40.0 — — ns Vec=4.0V1to55V  Figure 14.1
width 80.0 — _
External clock low tepl 0sC, 40.0 — — ns Vec=4.0V1to55V  Figure 14.1
width 80.0 — _
External clock rise time tp, - - 150 ns Vec=4.0V1to55V  Figure 14.1
- - 20.0
External clock fall time t. - - 150 ns Vec=4.0V1to55V  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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Table 14.3Control Signal Timing of H8/3832S, H8/3833S and H8/3834S

(cont)

Vee=25V1t055V, AL .=25V1t055V,¥=AVs=0.0V, T, =-20C to +75C,
including subactive mode, unless otherwise specified.

Iltem

Symbol

Applicable
Pins

Min Typ

Max

Unit

Test Condition

Referenc
e Figure

Pin RES low width

tREL

RES

10 —

t

cyc

Figure 14.2

Input pin high width

ty

1RQ, to IRQ,

2 —

WKP, to WKP,

ADTRG
TMIB, TMIC
TMIF, TMIG

t

cyc
t

subcyc

Figure 14.3

Input pin low width

tIL

IRQ, to IRQ,

2 —

WKP, to WKP,

ADTRG
TMIB, TMIC
TMIF, TMIG

toye
t

subcyc

Figure 14.3

Pin UD minimum
modulation width

tUDH

tUDL

uw

toye
t

subcyc

Figure 14.4
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Table 14.4Serial Interface (SCI1, SCI2) Timing of H8/3832S, H8/3833S and
H8/3834S

Vee=25V1t055V, AL =25V1055V, ¥ =AVs=0.0V, T, =-20C to +75C, unless
otherwise specified.

Applicable Referenc
Item Symbol Pins Min Typ Max Unit Test Condition e Figure
Input serial clock cyclet,, SCK,;, SCK, 2 — — toye Figure 14.5
time
Input serial clock tsckn SCK,, SCK, 04 — — tooye Figure 14.5
high width
Input serial clock tsc SCK,, SCK, 04 — — toeye Figure 14.5
low width
Input serial clock rise  tgcy, SCK,, SCK, — — 60.0 ns Vec=40V1to55V Figure 14.5
time . 80.0
Input serial clock fall  tqcy SCK,, SCK, — — 60.0 ns Vec=40V1to55V Figure 14.5
time . 80.0
Serial output data tsoo SO,, SO, - - 200.0 ns Vec=40V1to55V Figure 14.5
delay time . 350.0
Serial input data tas Sl,, Sl, 200.0 — — ns Vec=4.0V1to55V Figure 14.5
setup time 400.0 — N
Serial input data tom Sl,, Sl, 200.0 — — ns Vec=4.0V1to55V Figure 14.5
hold time 400.0 — N
CS setup time tess o3 2 — — g Figure 14.6
CS hold time tesh [e3) 2 — — g Figure 14.6
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Table 14.5Serial Interface (SCI3) Timing of H8/3832S, H8/3833S and
H8/3834S

Vee=25V1t055V, AL =25V1055V, ¥ =AVs=0.0V, T, =-20C to +75C, unless
otherwise specified.

Referenc
Item Symbo Min Typ Max Unit Test Condition e Figure
I

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 too — — 1 tye Vec=40V1055V 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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14.2.4 A/ID Converter Characteristics

Table 14.6 shows the A/D converter characteristics of the H8/3832S, H8/3833S and H8/3834S.

Table 14.6A/D Converter Characteristics of H8/3832S, H8/3833S and

H8/3834S

Vee=25V1055V,\{=AV,=0.0V, T, =-20C to +75C, unless otherwise specified.

Applicabl
Item Symbol e 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
PPy Algrops AV — 1500 — bA 2
Refere-
nce value
Alsrops  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 LSB
Quantization — — +0.5 LSB
error
Absolute — — 2.5 LSB V. =27Vto55V
accuracy AV =2.7V1t055V
— — +3.5 LSB
Conversion 124 — 124 us AV, .=45V1to55V
time 248 — 124 LS
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. Alg o, is the current at reset and in standby, watch, subactive, and subsleep modes

while the A/D converter is idle.
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14.2.5 LCD Characteristics

Table 14.7 lists the LCD characteristics, and table 14.8 lists the AC characteristics for external
segment expansion of the H8/3832S, H8/3833S and H8/3834S.

Table 14.7LCD Characteristics of H8/3832S, H8/3833S and H8/3834S

Vee=25V1t055V, AL =25V 1t055V, {=AV,=0.0V, T, =-20C to +75C,
including subactive mode, unless otherwise specified.

Applicable
Item Symbol Pins Min  Typ Max Unit Test Condition Note
Segment driver Vps SEG, to — — 06 V Ip =2pA 1
voltage drop SEG ,,
Common driver Vie COM; to — — 03 V Iy =2 pA 1
voltage drop COM,
LCD power supply R 100.0 300.0 600.0 kQ Between V, and Vgg
voltage divider
resistance
LCD power supply Vico V, 27 — Ve V 2
voltage

Notes: 1. These are the voltage drops between the voltage supply pins V,, V,, V,, and Vg, and
the segment pins or common pins.

2. WhenV , is supplied from an external source, the following relation must hold:
Vee2V,2V,2V, 2V
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Table 14.8AC Characteristics for External Segment Expansion of H8/3832S,
H8/3833S and H8/3834S

Vee=25V1t055V, AL .=25V1t055V,¥=AV,=0.0V, T, =-20C to +75C,
including subactive mode, unless otherwise specified.

Applicable Referenc

Item Symbol Pins Min Typ Max Unit Test Condition e
Figure

Clock high width town a,CL, 800.0 — — ns * Figure 14.9
Clock low width towt CcL, 800.0 — — ns * Figure 14.9
Clock setup time tesu a,CL, 500.0 — — ns * Figure 14.9
Data setup time tsy DO 300.0 — — 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 a,CL, — — 100.0 ns Figure 14.9

times

Note: * Value when the frame frequency is set to between 30.5 Hz and 488 Hz.

14.3 HB8/3835S, H8/3836S and H8/3837S Electrical Characteristics
(Standard Specifications)
14.3.1 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 below.

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 I I I
=3 < | | |
o 5.0 < | | |
3 2 1 1 1
20p----- ‘ : ‘ : } !
; ; | : : :
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 r----- [ ]
— ~N | | |
N I | | |
I < | | i
S 25— S } } :
N ¥ 819211 ]
4.096 —-----1 i
05 —---- | i | | | |
2.5 4.0 5.5 2.5 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 - ooooooo-
500.0 |- ‘
= | |
I ! |
= | !
S 3125 | ;
625 ‘ |
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

5.0 [ R e
500.0 —--=------mmoooe- ‘
N ~ | ;
I T ! I
= x | !
S 25T S 3125 ; ;
05 | ‘ 625 ‘ |
2.5 4.0 5.5 2.5 4.0 5.5
AVce (V) AVcc (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.

Table 14.9DC Characteristics of H8/3835S, H8/3836S and H8/3837S

Vee=25V 1055V, Al = 2.5V 1055V, U= AVss= 0.0 V, T, = —20C to +75C,

including subactive mode, unless otherwise indicated.

Item Symbol Applicable Pins Min Typ Max Unit Test Condition Note
Input high RES, MDO, 08Ve —  V+03 V Vc=40Vto55V
voltage WKP, to WKP,,
IRQ, to IRQ,,
TMIB, TMIC, TMIF
CsS, T™MIG, 09V — Ve +03
SCK,, SCK,,
SCK,, ADTRG
UD, Sl, SI, RXD 0.7V, —  V+03 V Vec=40Vt055V
08Ve — Ve +0.3
0SC, Vee—=05 — Vg +03 V Vec=40Vt055V
Vee—03 — Ve +0.3
P1,to P1, 0.7 Ve Vee+03  V Vec=40Vt055V
P2,to P2,
P3,to P3,
P4, to P4,
P5, to P5,
P6, to P6; 0.8V Ve +0.3
P7,to P7,
P8, to P8,
P9, to P9,
PA, to PA,
PB, to PB, 0.7Vge AV, +03 V Vec=40Vit055V
PCoto PCs 0.8V AV +03
Inputlow V. RES, MDO, -0.3 — 0.2V \Y Vec=40V1to55V
voltage WKP, to WKP,,
IRQ, to IRQ,,
TMIB, TMIC, TMIF,
CS, TMIG, -0.3 — 01V
SCK,, SCK,,
SCK,, ADTRG
uD, Sl,, Sl,, RXD 0.3 — 03V v Ve =40V1055V
-0.3 — 02V
0OscC, -0.3 — 0.5 \Y Vee=4.0Vto55V
-0.3 — 0.3
Note: Connect pin TEST to V.
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Table 14.9DC Characteristics of H8/3835S, H8/3836S and H8/3837S (cont)

Vee=25V1t055V, AL =25V1055V,¥=AV4=0.0V, T, =-20C to +75C,
including subactive mode, unless otherwise indicated.

Item Symbol Applicable Pins Min Typ Max Unit Test Condition Note
Inputlow  V, P1,to P1, -0.3 — 03V \Y Vee=4.0V1t055V
voltage P2, to P2,
P3,to P3,
P4, to P4,
P5,to P5;
P6,, to P6,
P7,to P7, -0.3 — 02V
P8, to P8,
P9, to P9,
PA, to PA,
PB, to PB,
PC, to PC,
Output Vo P1,to P1, Vee—=10 — — Y Vee=4.0V1t055V
high P2,to P2, —lgy =1.0mMA
voltage P3,to P3,
P4, to P4, Vee—05 —  — Vec=40V1t055V
P5, to P5, ~loy =05 MA
P6,, to P6,
P7,to P7, Vee—=05 — — —lg, =0.1mA
P8, to P8,
P9, to P9,
PA, to PA,
Output low Vg P1,to P1, — — 0.6 \% Vec=40Vto55V
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,t0 P7,
P8, to P8,
P9, to P9,
PA, to PA,
P2,to P2, — — 15 Vee=4.0V1055V
P3,to P3, lo. =10 MA
— — 06 Vee=4.0V1t055V
oo =1.6 MA
— — 05 lo. =0.4mA

Note: Connect pin TEST to V.
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Table 14.9DC Characteristics of H8/3835S, H8/3836S and H8/3837S (cont)

Vee=25V1t055V,AL:=25V1055V,¥=AVs=0.0V, T, =-20C to +75C,
including subactive mode, unless otherwise indicated.

Item Symbol Applicable Pins Min Typ Max Unit Test Condition Note
Input 1] RES — — 1.0 PA  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,to0 P7,
P8, to P8,
P9, to P9,
PA, to PA,
PB, to PB, — — 1.0 V, =05Vto
PC, to PC, AV -05V
Pull-up -1, P1,to P1, 50.0 — 3000 pPA V=5V,
MOS P3,to P3, Vy =0V
current P5,, to P5, — 350 — PA V=27V, Reference
P6, to P6, Vi =0V value
Input (oW All input pins — — 15.0 pF f=1MHz,
capaci- except power Vy =0V
tance supply T,=25°C
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Table 14.9DC Characteristics of H8/3835S, H8/3836S and H8/3837S (cont)

Vee=25V1055V, AL :=25V1055V,=AV,=0.0V, T, =-20C to +75C,
including subactive mode, unless otherwise indicated.

Applicable

Item Symbol Pins Min Typ Max Unit Test Condition Note

Active mode lope1 Ve — 9.0 13.0 mA Active mode (high speed), 1,2

current V=5V, foe. =10 MHz

dissipation lopeo Vee — 17 30 mA Active mode (medium speed), 1,2
V=5V, foe. =10 MHz

Sleep mode lsieep Ve — 40 70 mMA V. =5V,f,=10MHz 1,2

current

dissipation

Subactive lsus Vee — 30.0 65.0 pPA  V=27V,LCDon, 1,2

mode current 32-kHz crystal oscillator

dissipation (s = @niI2)

— 220 — PA V=27V, LCDon, Reference

32-kHz crystal oscillator value
(@us = @i8) 1,2

Subsleep I'sussp Vee — 20.0 45.0 pA V=27V, LCDon, 1,2

mode current 32-kHz crystal oscillator

dissipation (@us = i2)

Watch mode l\waTen Vee — — 55 pPA  V,=2.7V,LCD notused, 1,2

current 32-kHz crystal oscillator

dissipation

Standby lsray Vee — — 50 pA  32-kHz crystal oscillator not 1,2

mode current used

dissipation

RAM data Viram Vee 20 — — \ 1,2

retaining voltage

Notes: 1. Pin states during current measurement

Othe LCD Power

Mode Internal State r Supply Oscillator Pins
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 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 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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Table 14.9DC Characteristics of H8/3835S, H8/3836S and H8/3837S (cont)

Vee=25V 1055V, Al = 2.5V 1055V, U= AVss= 0.0 V, T, = —20C to +75C,

including subactive mode, unless otherwise indicated.

Item Symbol Applicable Pins Min Typ Max Unit Test Condition
Allowable output low 1, Output pins exceptin  — — 20 mMA  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 >, Output pins exceptin  — — 40.0 mMA V. =40Vto55V
current (total) ports 2 and 3
Ports 2 and 3 — — 80.0 Vec=40V1to55V
All output pins — — 20.0
Allowable output high -l All output pins — — 20 mMA V. =40Vto55V
current (per pin)
— — 0.2
Allowable output high  Z-l, All output pins — — 150 mA V. =40Vto55V
current (total)
— — 10.0

HITACHI
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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.

Table 14.10 Control Signal Timing of H8/3835S, H8/3836S and H8/3837S

Vee=25V1t055V, AL =25V1055V, ¥ =AVs,=0.0V, T, =-20C to +75C,
including subactive mode, unless otherwise specified.

Applicable Referenc
Item Symbol Pins Min Typ Max Unit Test Condition e Figure
System clock fosc 0sc,, 0sC, 20 — 100 MHz V., =40Vto55V
oscillation frequency 20 — 5.0
OSC clock (@sc) tosc 0sCc,, OSC, 100.0 — 1000.0 ns Voc=40Vto55V 1
cycle time 200.0 —  1000.0 Figure 14.1
System clock (@) e 2 — 16 tosc 1
cycle time _ 2000.0 ns
Subclock oscillation  f, Xi X, — 32768 — kHz
frequency
Watch clock (gq,) cycle t,, X1, X, — 305 — ps
time
Subclock (@5) cycle  tgpeye 2 — 8 tw 2
time
Instruction cycle time 2 — — tove
tsubcyc
Oscillation stabilization t, osc, 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=4.0V1to55V  Figure 14.1
width 80.0 — _
External clock low tepl 0sC, 40.0 — — ns Vec=4.0V1to55V  Figure 14.1
width 80.0 — _
External clock rise time t, - - 150 ns Vec=4.0V1to55V  Figure 14.1
- - 20.0
External clock fall time t - - 150 ns Vec=4.0V1to55V  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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Table 14.10 Control Signal Timing of H8/3835S, H8/3836S and H8/3837S
(cont)

Vee=25V1t055V, AL .=25V1t055V,¥=AV,=0.0V, T, =-20C to +75C,
including subactive mode, unless otherwise specified.

Applicable Referenc
Item Symbol Pins Min Typ Max Unit Test Condition e Figure
Pin RES low width treL RES 10 — — toye Figure 14.2
Input pin high width ty IRQ,t0 IRQ, 2 — — toe Figure 14.3

WKP, to WKP, tsupeye

ADTRG

TMIB, TMIC

TMIF, TMIG
Input pin low width t, IRQ,to IRQ, 2 — — toe Figure 14.3

WKP, to WKP, tsupcye

ADTRG

TMIB, TMIC

TMIF, TMIG
Pin UD minimum tuon w 4 — — toye Figure 14.4
modulation width tuoL teubeye
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Table 14.11 Serial Interface (SCI1, SCI2) Timing of H8/3835S, H8/3836S
and HB8/3837S

Vee=25V1t055V, AL =25V1055V, ¥ =AVs=0.0V, T, =-20C to +75C, unless
otherwise specified.

Applicable Referenc
Item Symbol Pins Min Typ Max Unit Test Condition e Figure
Input serial clock toeye SCK,, SCK, 2 — — toe Figure 14.5
cycle time
Input serial clock tsexn SCK,, SCK, 04 — — tocye Figure 14.5
high width
Input serial clock tsexe SCK,, SCK, 04 — — toeye Figure 14.5
low width
Input serial clock tsekr SCK,, SCK, — — 60.0 ns V. =40Vto55V Figure 145
rise
time _ _ 80.0
Input serial clock fall tgey SCK,, SCK, — — 60.0 ns V. =40Vto55V Figure 14.5
time _ _ 80.0
Serial output data tsop SO, SO, — — 2000 ns V. =4.0Vto55V Figure 14.5
delay time _ _ 350.0
Serial input data tas Sl,, Sl, 200.0 — — ns V. =40Vto55V Figure 14.5
setup time 400.0 — _
Serial input data tom Sl,, Sl, 200.0 — — ns V. =40Vto55V Figure 14.5
hold time 400.0 — _
CS setup time tess cs 2 — — e Figure 14.6
CS hold time teon 3] 2 — — g Figure 14.6
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Table 14.12 Serial Interface (SCI3) Timing of H8/3835S, H8/3836S and
H8/3837S

Vee=25V1t055V, AL =25V1055V, ¥ =AVs=0.0V, T, =-20C to +75C, unless
otherwise specified.

Referenc
Item Symbo Min Typ Max Unit Test Condition e Figure
I

Input clock cycle Asynchronous tooye 4 — — toye Figure 14.7

Synchronous 6 — —
Input clock pulse width tsckw 04 — 0.6ty Figure 14.7
Transmit data delay time tro — — 1 tye Vec=40V1055V Figure 14.8
(synchronous mode) _ _ 1
Receive data setup time trxs 200.0 — — ns Voc=4.0Vto55V Figure 14.8
(synchronous mode) 400.0 — _
Receive data hold time trxn 200.0 — — ns Voc=4.0Vto55V Figure 14.8
(synchronous mode) 400.0 — _
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14.3.4 A/ID 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 Charateristics of H8/3835S, H8/3836S and

H8/3837S

Vee=25V1055V,\{=AV,=0.0V, T, =-20C to +75C, unless otherwise specified.

Applicabl
Item Symbol e Pins Min Typ Max Unit Test Condition Note
Analog power AV . AV ¢ 25 — 55 \Y 1
supply voltage
Analog input AV AN,to AN, -0.3 — AV +03 V
voltage
Analog power  Algpe AV — — 15 mA AV =50V
supply current
PPy Algrops AV — 1500 — bA 2
Refere-
nce value
Alstops  AVcc _ _ 5.0 A 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 LSB
Quantization — — +0.5 LSB
error
Absolute — — +2.5 LSB V. =27Vto55V
accuracy AV . =27Vto55V
— — +3.5 LSB
Conversion 124 — 124 us AV, .=45Vto55V
time 248 — 124 1S
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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14.3.5 LCD Characteristics

Table 14.14 lists the LCD characteristics, and table 14.15 lists the AC characteristics for external
segment expansion of the H8/3835S, H8/3836S and H8/3837S.

Table 14.14 LCD Characteristics of H8/3835S, H8/3836S and H8/3837S

Vee=25V1t055V, AL =25V 1t055V, {s=AV,=0.0V, T, =-20C to +75C,
including subactive mode, unless otherwise specified.

Applicable
Item Symbol Pins Min  Typ Max Unit Test Condition Note
Segment driver Vs SEG, to — — 06 V Ip =2 pA 1
voltage drop SEG,,
Common driver Vi COM;, to — — 03 V Ip =2 pA 1
voltage drop COM ,
LCD power supply R 100.0 300.0 600.0 kQ Between V, and Vgg
voltage divider
resistance
LCD power supply Vico V, 27 — Ve V 2
voltage

Notes: 1. These are the voltage drops between the voltage supply pins V,, V,, V,, and Vg, and
the segment pins or common pins.

2. WhenV , is supplied from an external source, the following relation must hold:
Vee2V,2V,2V, 2V
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Table 14.15 AC Characteristics for External Segment Expansion of
H8/3835S, H8/3836S and HB8/3837S

Vee=25V1t055V, AL =25V1055V,¥=AVs,=0.0V, T, =-20C to +75C,
including subactive mode, unless otherwise specified.

Applicable Referenc

Item Symbol Pins Min Typ Max Unit Test e
Condition Figure

Clock high width town a,cL, 800.0 — — ns * Figure 14.9
Clock low width towt Cc, 800.0 — — ns * Figure 14.9
Clock setup time tesu a,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 a,cL, — — 100.0 ns Figure 14.9

times

Note: * Value when the frame frequency is set to between 30.5 Hz and 488 Hz.

14.4 HB8/3832S, H8/3833S, H8/3834S, HB8/3835S, H8/3836S and
H8/3837S Absolute Maximum Ratings (Wide Temperature
Range (I-Spec) Version)

Table 14.6 lists the absolute maximum ratings.

Table 14.6Absolute Maximum Ratings

Iltem Symbol Value Unit
Power supply voltage Ve -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, -0.3to AV +3.0 \%
Operating temperature Towr —40 to +85 °C
Storage temperature Ty -551to0 +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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14.5 H8/3832S, H8/3833S and H8/3834S Electrical Characteristics
(Wide Temperature Range (I-Spec) Version)

14.5.1 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

10.0 [F--mmmmmmm e
- 32.768 -~ ; : ;
N — | |
s B
501 <
20F----- ‘ ‘
| | | | | |
25 4.0 5.5 25 4.0 55
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

@ (MHz)

N
25—----
ol ; |
25 4.0 55
Vee (V)
« Active mode (high speed)
« Sleep mode (except CPU)
6250 -~
5000 —----------------- ‘
3125 | i
sl ; |
25 4.0 55
Vee (V)

« Active mode (medium speed)

16.384

8.192
4.096

3. Analog power supply voltage vs. A/D converter operating range

@ (MHz)

356

5.0

25

0.5

« Active (high speed) mode

« Sleep mode

55
AVce (V)

@(kHz)

625.0

500.0

3125

62.5
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25 4.0 55
Vee (V)
« Subactive mode
« Subsleep mode (except CPU)
* Watch mode (except CPU)
B ! i \
25 4.0 5.5
AVcc (V)

 Active (medium speed) mode



14.5.2 DC Characteristics

Table 14.17 lists the DC characteristics of H8/3832S, H8/3833S and H8/3834S (wide temperature
range (l-spec) version).

Table 14.17 DC Characteristics of H8/3832S, H8/3833S and H8/3834S (Wide
Temperature Range (I-Spec) Version)

Vec=25V1055V, AL =25V 1055V, \{s=AVs,=0.0V, T, =-40C to +85C,
including subactive mode, unless otherwise indicated.

Item Symbol Applicable Pins Min Typ Max Unit Test Condition Note
Input high ~ V,, RES, MDO, 08Ve —  Ve+03 V Vee=4.0Vt055V
voltage WKP, to WKP,,
IRQ, to IRQ,,
TMIB, TMIC, TMIF
CS, T™MIG, 09V, —  V+03
SCK,, SCK,,
SCK;, ADTRG
UD, S, SI,, RXD 0.7V —  V+03 V Vee=40Vt055V
08V, — Ve +0.3
0SC, Vee—05 — Vo +03 V Vee=40Vt055V
Vee—03 — Ve +0.3
P1,to P1, 07Ve —  Veet03 V Vee=40Vt055V
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, 07Ve — AV, +03 V Vee=40Vt055V
PCoto PCs 08Vee — AV +03
Inputlow V. RES, MDO, -0.3 — 0.2V \Y Vec=40V1to55V
voltage WKP, to WKP;,
IRQ, to IRQ,,
TMIB, TMIC, TMIF,
CS, TMIG, -0.3 — 01V
SCK;,, SCK,,
SCK;, ADTRG
uD, S, SI,, RXD  —0.3 — 03V, V Vee=4.0Vt055V
-0.3 — 02V

Note: Connect pin TEST to V.
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Table 14.17 DC Characteristics of H8/3832S, H8/3833S and H8/3834S (Wide
Temperature Range (I-Spec) Version]cont)

Vee=25V1t055V,A:=25V 1055V, {=AVs=0.0V, T, =-40C to +85C,
including subactive mode, unless otherwise indicated.

Item Symbol Applicable Pins Min Typ Max Unit Test Condition Note

Inputlow  V,, 0sC, 03 — 05 V Vee=40V1055V
voltage -0.3 _ 0.3

P1,to P1, -0.3 — 0.3V \ Vec=40V1t055V
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 \ P1,to P1, Vee-10 — — V. V,=40Vto55V
high P2, to P2, —lop = 1.OMA
voltage P3,to P3,
P4, to P4, Vee—-05 —  — Ve =40Vt055V
P5, to P5, —loy =0.5MA
P6, to P6,
P7,to P7, Vee—-05 —  — —loy =0.1MA
P8, to P8,
P9, to P9,
PA, to PA,

Output low Vg, P1,to P1, — — 0.6 \ Vc=40Vto55V
voltage P4, to P4, loo =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,
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Table 14.17 DC Characteristics of H8/3832S, H8/3833S and H8/3834S (Wide
Temperature Range (I-Spec) Versionjcont)

Vee=25V1t055V, AL .=25V1t055V,=AV,=0.0V, T, =-40C to +85C,
including subactive mode, unless otherwise indicated.

Iltem Symbol Applicable Min Typ Max Unit Test Condition Note
Pins
Output low Vg, P2,to P2, — — 15 \% Vec=40V1to55V
voltage P3,to P3, lo, =10 mA
— — 0.6 Vee=4.0Vto55V
lo. = 1.6 MA
— — 0.5 lo =0.4mA
Input/ ] RES — — 1.0 PA  V, =05Vto
output OSC ,, MDO Vec—05V
leakage P1,to P1,
current PZD to P27
P3,to P3,
P4, to P4,
P5, to P5,
P6, to P6,
P7,t0 P7,
P8, to P8,
P9, to P9,
PA, to PA,
PB, to PB, — — 1.0 Vy =0.5Vto
PC,to PC, AV —05V
Pull-up -l P1,to P1, 500  — 300.0 PA V=5V,
MOS P3,to P3, Vi =0V
current P5, to P5, — 350 — PA V=27V, Reference
P6, to P6, Vy =0V value
Input (0% All input pins — — 15.0 pF f=1MHz,
capaci- except power V=0V
tance supply T,=25°C
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Table 14.17 DC Characteristics of H8/3832S, H8/3833S and H8/3834S (Wide
Temperature Range (I-Spec) Version]cont)

Vee=25V1t055V, AL =25V1055V,=AVs,=0.0V, T, =-40C to +85C,
including subactive mode, unless otherwise indicated.

Applicable
Item Symbol Pins Min Typ Max Unit Test Condition Note
Active mode loper Vee — 9.0 13.0 mA Active mode (high speed), 1,2
current Vee=5V, f =10 MHz
dissipation lopea Vee — 17 30 mA Active mode (medium speed), 1,2
V=5V, fo =10 MHz
Sleep mode lsieep Vee — 40 70 mMA 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 (@us = @ni2)
— 220 — PA V=27V, LCDon, Reference
32-kHz crystal oscillator value
(@sus = @I8) 1,2
Subsleep l'sussp Vee — 20.0 45.0 pA  V,=27V,LCDon, 1,2
mode current 32-kHz crystal oscillator
dissipation (s = i2)
Watch mode l\watcn Vee — — 55 PA 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 — — \ 1,2
retaining voltage
Notes: 1. Pin states during current measurement
Othe LCD Power
Mode Internal State r Supply Oscillator Pins
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 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 and timers all Vee  Open System clock oscillator: Crystal
stop Subclock oscillator: Pin X; =V
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2. Excludes current in pull-up MOS transistors and output buffers.
Table 14.17 DC Characteristics of H8/3832S, H8/3833S and H8/3834S (Wide
Temperature Range (I-Spec) Versionjcont)

Vee=25V1t055V,AL:=25V1055V,¥=AVs=0.0V, T, =—40C to +85C,
including subactive mode, unless otherwise indicated.

Item Symbol Applicable Pins Min Typ Max Unit Test Condition
Allowable output low 1, Output pins exceptin  — — 20 mMA  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 >, Output pins exceptin  — — 40.0 mMA V. =40Vto55V
current (total) ports 2 and 3
Ports 2 and 3 — — 80.0 Vec=40V1to55V
All output pins — — 20.0
Allowable output high -l All output pins — — 20 mMA V. =40Vto55V
current (per pin)
— — 0.2
Allowable output high  Z-l, All output pins — — 150 mA V. =40Vto55V
current (total)
— — 10.0
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14.5.3 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 Control Signal Timing of H8/3832S, H8/3833S, and H8/3834S
(Wide Temperature Range (I-Spec) Version)

Vee=25V1055V, AL =25V 1055V, \{s=AVs,=0.0V, T, =-40C to +85C,
including subactive mode, unless otherwise specified.

Applicable Referenc
Item Symbol Pins Min Typ Max Unit Test Condition e Figure
System clock fosc 0sCc,,0sC, 20 — 10.0 MHz V,=40Vto55V
oscillation frequency 20 — 5.0
OSC clock (@) tosc 0OsC,, 0SC, 100.0 — 1000.0 ns Vec=40Vto55V 1
cycle time 200.0 —  1000.0 Figure 14.1
System clock (¢) tove 2 — 16 tosc 1
cycle time _ 2000.0 ns
Subclock oscillation  f,, X1, X, — 32.768 — kHz
frequency
Watch clock (gq,) cycle t,, X1, X, — 305 — ps
time
Subclock (@5) cycle  tgpeye 2 — 8 tw 2
time
Instruction cycle time 2 — — Lo

tsubcyc
Oscillation stabilization t,, osc, 0sCc, — — 400 ms V,=40Vto55V
time (crystal oscillator) _ 60.0 Vee=27V1055V
- - 100.0
Oscillation stabilization t X X, - - 2.0 s
time
External clock high tepn 0SsC, 40.0 — — ns Vec=4.0V1to55V  Figure 14.1
width 80.0 — _
External clock low tepL 0osC, 40.0 — — ns Vec=4.0V1to55V  Figure 14.1
width 80.0 — .
External clock rise time t, - - 150 ns Vec=40V1to55V 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) Versionjcont)

Vee=25V1t055V, AL .=25V1t055V,=AV,=0.0V, T, =-40C to +85C,
including subactive mode, unless otherwise specified.

Applicable Referenc
Item Symbol Pins Min Typ Max Unit Test Condition e Figure
External clock fall tcpr - — 15.0 ns Vc=4.0Vto Figure 14.1
time 55V

—_ - 20.0

Pin RES low width treL RES 0 — — teoye Figure 14.2
Input pin high width ~ t,, RQ,t0IRQ, 2 — — My Figure 14.3

WKP, to WKP, tubeye

ADTRG

TMIB, TMIC

TMIF, TMIG
Input pin low width t, IRQ,t0IRQ, 2 — — e Figure 14.3

WKP, to WKP, touboye

ADTRG

TMIB, TMIC

TMIF, TMIG
Pin UD minimum tuon uw 4 — — e Figure 14.4
modulation width tuoL toubeye
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Table 14.19 Serial Interface (SCI1, SCI2) Timing of H8/3832S, H8/3833S,
and H8/3834S (Wide Temperature Range (I-Spec) Version)

Vee=25V1t055V, AL =25V 1055V, =AVs=0.0V, T, =-40C to +85C, unless
otherwise specified.

Applicable Referenc

Item Symbo Pins Min Typ Max Unit Test Condition e Figure
I

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 tsexr SCK,, SCK, — — 60.0 ns Ve =4.0Vto55V Figure 14.5
rise
time _ _ 80.0
Input serial clock fall tgcy SCK,, SCK, — — 60.0 ns Vec=40V1to55V Figure 14.5
time _ _ 80.0
Serial output data tsop SO,, SO, — — 200.0 ns Vec=40V1to55V Figure 14.5
delay time _ _ 350.0
Serial input data tgis Sl;, Sl, 200.0 — — ns Vec=40V1to55V Figure 14.5
setup time 4000 — -
Serial input data tom Sl;, Sl, 200.0 — — ns Vec=40V1to55V Figure 14.5
hold time 4000 — _
CS setup time tess 3 2 — — e Figure 14.6
CS hold time tesy cs 2 — — My 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)

Vee=25V1t055V, AL =25V 1055V, =AVs=0.0V, T, =-40C to +85C, unless
otherwise specified.

Referenc
Item Symbo Min Typ Max Unit Test Condition e Figure
I

Input clock cycle Asynchronous tooye 4 — — toye Figure 14.7

Synchronous 6 — —
Input clock pulse width tsckw 04 — 0.6ty Figure 14.7
Transmit data delay time tro — — 1 tye Vec=40V1055V Figure 14.8
(synchronous mode) _ _ 1
Receive data setup time trxs 200.0 — — ns Voc=4.0Vto55V Figure 14.8
(synchronous mode) 400.0 — _
Receive data hold time trxn 200.0 — — ns Voc=4.0Vto55V Figure 14.8
(synchronous mode) 400.0 — _
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14.5.4 A/ID Converter Characteristics

Table 14.21 shows the A/D converter characteristics of H8/3832S, H8/3833S, and H8/3834S
(wide temperature range (I-spec) version).

Table 14.21 A/D Converter Characteristics of H8/3832S, H8/3833S, and
H8/3834S (Wide Temperature Range (I-Spec) Version)

Vee=25V1055V,\{=AV,=0.0V, T, =-40C to +85C, unless otherwise specified.

Applicable
Item Symbol Pins Min Typ Max Unit  Test Condition Note
Analog power AV . AV ¢ 25 — 5.5 \Y 1
supply voltage
Analog input AV AN to AN,; -03 — AV +03 V
voltage
Analog power  Algpe AV ¢ — — 15 mA AV =50V
supply current
pply Algrop; AV — 1500 — HA 2
Reference
value
Alstops  AVcc — - 5.0 PA 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 — — +2.5 LSB V., =27Vto55V
accuracy AV . =27Vto55V
+3.5
Conversion 124 — 124 ps 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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14.5.5 LCD Characteristics

Table 14.22 lists the LCD characteristics, and table 14.23 lists the AC characteristics for external

segment expansion of H8/3832S, H8/3833S, and H8/3834S (wide temperature range (I-spec)
version).

Table 14.22 LCD Characteristics of H8/3832S, H8/3833S, and H8/3834S
(Wide Temperature Range (I-Spec) Version)

Vee=25V1t055V, AL =25V 1t055V, {s=AV,=0.0V, T, =-40C to +85C,
including subactive mode, unless otherwise specified.

Applicable
Iltem Symbol Pins Min Typ Max Unit Test Condition Note
Segment driver Vs SEG, to — — 06 V Ip =2 pA 1
voltage drop SEG,,
Common driver Vie COM, to — — 03 V Ip =2pA 1
voltage drop COM,
LCD power supply Rico 100.0 300.0 600.0 kQ Between V, and Vgg
voltage divider
resistance
LCD power supply Vico V, 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 Vg, is supplied from an external source, the following relation must hold:
V2V, 2V, 2V, 2V
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Table 14.23 AC Characteristics for External Segment Expansion of 8/3832S,
H8/3833S, and HB8/3834S (Wide Temperature Range (I-Spec)
Version)

Vee=25V1055V, AL =25V 1055V, \{s=AVs,=0.0V, T, =-40C to +85C,
including subactive mode, unless otherwise specified.

Applicable Referenc

Item Symbol Pins Min  Typ Max Unit Test Condition e
Figure

Clock high width town a,cL, 800.0 — — ns * Figure 14.9
Clock low width towe c, 800.0 — — ns * Figure 14.9
Clock setup time tesu a,cL, 500.0 — — ns * Figure 14.9
Data setup time tsy DO 300.0 — — ns * Figure 14.9
Data hold time ton DO 3000 — — ns * Figure 14.9
M delay time tow M -1000 — 1000.0 ns Figure 14.9
Clockrise and fall ~ t a,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 HB8/3835S, 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 below.

1. Power supply voltage vs. oscillator frequency range of H8/3835S, H8/3836S, and H8/3837S

10.0 [F--mmmmmmm e
- 32.768 -~ ; : ;
N — |
s B
501 <
20F----- ‘
| | | | | |
25 4.0 5.5 25 4.0 55
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 r----- [ ]
— ~N | | |
N I | | |
I < | | i
S 25— S } : :
N ¥ 819211 ]
4.096 —-----1 i
05 —---- | i | | | |
2.5 4.0 5.5 2.5 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 - ooooooo-
500.0 |- ‘
= | |
I ! |
= | !
S 3125 | ;
625 ‘ |
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— 625.0
5000 ‘ !
N o 1 :
= . e | |
s 25 S 3125+ ; !
] | ‘ 625~ | |
25 4.0 5.5 25 4.0 5.5
AV (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 (I-spec) version).

Table 14.24 DC Characteristics of H8/3835S, H8/3836S and H8/3837S (Wide
Temperature Range (I-Spec) Version)

Vec=25V1055V, AL =25V 1055V, {=AVs,=0.0V, T, =-40C to + 85C,
including subactive mode, unless otherwise indicated.

Item Symbol Applicable Pins Min Typ Max Unit Test Condition Note

Input high  V,, RES, MDO, 08V —  Ve+03 V Vee=4.0Vt055V
voltage WKP, to WKP,,
1RQ, to IRQ,,
TMIB, TMIC, TMIF
CS, TMIG,
SCK,, SCK,,
SCK,, ADTRG

UD,Sl, SI,RXD  0.7Vee —  Vge+03 V Vi, =40Vto55V
08Vee —  Ve+03

0sc, Vee=05 —  Vee+03 V. Ve =40Vto55V
Vee—03 — Ve +03

P1,to P1, 07Vee — Vee#03 V. V=40Vto55V
P2, to P2,

P3,to P3,

P4, to P4,

P5, to P5; 08Vee —  Ve+03

P6, to P6,

P7,t0 P7,

P8, to P8,

P9, to P9,

PA, to PA,

PB, to PB, 07Vee — AVge+03 V  Voe=40Vt055V
PC,o 1o PC, 08V —  AVg+03

09Vee — Ve +03

Inputlow V. RES, MDO, -0.3 — 02V \Y Vee=4.0V1t055V
voltage WKP, to WKP,,
1RQ, to IRQ,,
TMIB, TMIC, TMIF,
CS, TMIG,
SCK,, SCK,,
SCK,, ADTRG
Note: Connect pin TEST to V.

-0.3 — 01V
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Table 14.24 DC Characteristics of H8/3835S, H8/3836S and H8/3837S (Wide
Temperature Range (I-Spec) Version) (cont)

Vee=25V1t055V, AL =25V 1055V, {=AV,=0.0V, T, =-40C to + 85C,
including subactive mode, unless otherwise indicated.

Item Symbol Applicable Pins Min Typ Max Unit Test Condition Note
Inputlow  V,. uD, Sl,, SI,, RXD 0.3 —  03Vg V Vee=4.0Vto55V
voltage 03 — 02V
0sC, -0.3 — 0.5 \% Ve =40V1055V
-0.3 — 0.3

P1,to P1, -0.3 — 0.3V \Y Vec=40Vto55V
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 high Vg, P1,to P1, Vee—10 — — \ Vec=40V1to55V
voltage P2,to P2, —loy =1.0mMA
P3,to P3,
P4, to P4, Vee=05 —  — Vee=4.0Vto55V
P5,, to P5, —lpy =0.5mA
P6, to P6, Vee—05 —  — ~loy =0.1MA
P7,t0 P7,
P8, to P8,
P9, to P9,
PA, to PA,

Output % P1,to P1, — — 06 v Vee=40V1055V
low voltage P4,to P4, loe =1.6 MA

— — 0.5 lor =04 mA

P5,, to P5, — — 05 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 (I-Spec) Version) (cont)

Vee=25V1t055V, AL =25V 1055V, {=AV,=0.0V, T, =-40C to + 85C,
including subactive mode, unless otherwise indicated.

Iltem Symbo Applicable Pins Min Typ Max Unit Test Condition Note
I
Output Voo P2,to P2, — — 15 \Y Vc=40Vto55V
low voltage P3,to P3, oo =10 MA
— — 06 Vee=40Vt055V
lo.=1.6 MA
— — 05 lo. = 0.4 mA
Input/output|l, | RES — — 10 PA  V,=05Vto
leakage 0OSC,, MDO Vee—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, — — 10 Vy =05Vto
PC, to PC, AV —-05V
Pull-up MOS—I, P1,to P1, 50.0 — 300.0 PA V=5V,
current P3,to P3, Vn =0V
PS5, to P5, — 350 — Ve =27V, Reference
P6, to P6, Vy =0V value
Input Gy All input pins — — 15.0 o8 f=1MHz,
capacitance except power Vy =0V
supply T,=25°C
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Table 14.24 DC Characteristics of H8/3835S, H8/3836S and H8/3837S (Wide

Temperature Range (I-Spec) Version) (cont)

Vee=25V1t055V, AL =25V 1055V, {=AV,=0.0V, T, =-40C to + 85C,
including subactive mode, unless otherwise indicated.

Applicable
Item Symbol Pins Min Typ Max Unit Test Condition Note
Active mode lope1 Ve — 9.0 13.0 mA Active mode (high speed), 1,2
current V=5V, foe. =10 MHz
dissipation lopeo Vee — 17 30 mA Active mode (medium speed), 1,2
Vee=5V, fo. = 10 MHz
Sleep mode lsieep Ve — 40 70 mMA 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 (s = @niI2)
— 220 — PA V=27V, LCDon, Reference
32-kHz crystal oscillator value
(@us = @iB) 1,2
Subsleep | susse Vee —  20.0 450 pA  V,.=27V,LCDon, 1,2
mode current 32-kHz crystal oscillator
dissipation (@ = @vi2)
Watch mode l\waten Vee — — 55 pPA V=27V, LCD notused, 1,2
current 32-kHz crystal oscillator
dissipation
Standby lsray Vee — — 50 pA  32-kHz crystal oscillator not 1,2
mode current used
dissipation
RAM data Veam Vee 20 — — V 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, =
VCC
Sleep mode Only timer operates Vee 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 timers all stop V¢ Open System clock oscillator: Crystal
Subclock oscillator: Pin X, =
VCC
2. Excludes current in pull-up MOS transistors and output buffers.
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Table 14.24 DC Characteristics of H8/3835S, H8/3836S and H8/3837S (Wide
Temperature Range (I-Spec) Version) (cont)

Vee=25V1t055V, AL =25V 1055V, {=AV,=0.0V, T, =-40C to + 85C,
including subactive mode, unless otherwise indicated.

Iltem Symbol Applicable Pins Min Typ Max Unit Test Condition
Allowable output low 1. Output pins exceptin  — — 2.0 mA  V,=40Vto55V
current (per pin) ports 2 and 3
Ports 2 and 3 —  — 100 Vee=4.0V1055V
All output pins — — 0.5
Allowable output low >, Output pins exceptin  — — 400 mMA  V, =40Vto55V
current (total) ports 2 and 3
Ports 2 and 3 — — 80.0 Vec=40V1t055V
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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14.6.3 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 Temperature Range (I-Spec) Version)

Vee=25V1055V, AL =25V1055V,¥g=AVs,=0.0V, T, =-40C to + 85C,
including subactive mode, unless otherwise specified.

Applicable Referenc
Item Symbol Pins Min Typ Max Unit Test Condition e Figure
System clock fosc 0osCc,,0sC, 20 — 10.0 MHz V. =4.0Vto55V
oscillation frequency 20 — 50
OSC clock (@e0) tosc 0SC,, 0SC, 100.0 — 1000.0 ns  V,=40Vto55V 1
cycle time 200.0 — 1000.0 Figure 14.1
System clock (¢) cycle t, 2 — 16 tosc 1
time —  — 20000 ns
Subclock oscillation  f,, X1 X, — 32768 — kHz
frequency
Watch clock (q,) tw X1, X, — 305 — ps
cycle time
Subclock (@,g) cycle tg ey 2 — 8 tw 2
time
Instruction cycle time 2 — — Lo

tsubcyc
Oscillation tee osc, 0sc, — — 40.0 ms V., =40Vto55V
e — = w0 Vem27vessy
- - 100.0

Oscillation [ X1 X, - - 2.0 s
stabilization time
External clock high  tepy 0SsC, 40.0 — — ns Vec=40V1t055V Figure 14.1
width 800 — _
External clock low tepl 0SsC, 40.0 — — ns Vec=40V1t055V Figure 14.1
width 800 — _
External clock rise tepr - - 150 ns Vec=40V1t055V Figure 14.1
time — 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 Temperature Range (I-Spec) Version) (cont)

Vee=25V1055V, AL =25V1055V,=AV4=0.0V, T, =-40C to +85C,
including subactive mode, unless otherwise specified.

Applicable Referenc
Item Symbol Pins Min Typ Max Unit Test Condition e Figure
External clock fall time t - - 150 ns Vec=40V1t055V  Figure 14.1

- = 20.0

Pin RES low width treL RES 10 — — tcyc Figure 14.2
Input pin high width ~ t,, IRQ, to IRQ, 2 — — toe Figure 14.3

WKP, to toubeye

WKP,

ADTRG

TMIB, TMIC

TMIF, TMIG
Input pin low width t, IRQ, to IRQ, 2 — — toe Figure 14.3

WKP, to tsupcye

WKP,

ADTRG

TMIB, TMIC

TMIF, TMIG
Pin UD minimum tuon u 4 — — toye Figure 14.4
modulation width tuoL teuboye
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Table 14.26 Serial Interface (SCI1, SCI2) Timing of H8/3835S, H8/3836S,
and H8/3837S (Wide Temperature Range (I-Spec) Version)

Vee=25V1t055V, AL =25V 1055V, =AVs=0.0V, T, =-40C to +85C, unless
otherwise specified.

Applicable Referenc
Item Symbol Pins Min Typ Max Unit Test Condition e Figure
Input serial clock toeye SCK,, SCK, 2 — — toye Figure 14.5
cycle time
Input serial clock tsexn SCK,, SCK, 04 — — tocye Figure 14.5
high width
Input serial clock low tgc, SCK,, SCK, 04 — — toeye Figure 14.5
width
Input serial clock rise tgq, SCK;, SCK, — — 60.0 ns Vc=40V1t0o55V Figure 14.5
time — — 80.0
Input serial clock fall tgcy SCK,, SCK, — — 60.0 ns Vc=40V1t0o55V Figure 14.5
time — — 80.0
Serial output data tsop SO,, SO, - — 200.0 ns Vc=40V1to55V Figure 14.5
delay time — — 350.0
Serial input data tgs Sl Sl, 200.0 — — ns Vc=40V1to55V Figure 14.5
setup time 200.0 — —
Serial input data hold tg, Sl Sl, 200.0 — — ns Vc=40V1to55V Figure 14.5
time 200.0 — —
CS setup time tess cs 2 — — g Figure 14.6
CS hold time tesy [e3) 2 — — g 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)

Vee=25V1t055V, AL =25V 1055V, =AVs=0.0V, T, =-40C to +85C, unless
otherwise specified.

Referenc

Item Symbol Min Typ Max Unit Test Condition e 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 tro — — 1 tye Vec=40V1055V  Figure 14.8
(synchronous mode) . . 1
Receive data setup time trs 200.0 — — ns Vec=4.0V1t055V Figure 14.8
(synchronous mode) 2000 — —
Receive data hold time Ry 200.0 — — ns Vec=40V1t055V  Figure 14.8
(synchronous mode) 2000 — —
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14.6.4 A/ID Converter Characteristics

Table 14.28 shows the A/D converter characteristics of the H8/3835S, H8/3836S, and H8/3837S
(wide temperature range (I-spec) version).

Table 14.28 A/D Converter Characteristics of H8/3835S, H8/3836S, and
H8/3837S (Wide Temperature Range (I-Spec) Version)

Vee=25V1055V, \{=AV,=0.0V, T, =-40C to +85C, unless otherwise specified.

Applicable

Item Symbol Pins Min Typ Max Unit  Test Condition Note
Analog power AV . AV ¢ 25 — 5.5 \Y 1
supply voltage
Analog input AV AN to AN,; -03 — AV +03 V
voltage
Analog power  Algpe AV ¢ — — 15 mA AV =50V
supply current

pply Algrop; AV — 1500 — HA 2

Reference
value
Alstops  AVcc — - 5.0 PA 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.
Quantization — — +0.5 LSB
error
Absolute — — +2.5 LSB V., =27Vto55V
accuracy AV . =27Vto55V
+3.5

Conversion 124 — 124 ps 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 external

segment expansion of the H8/3835S, H8/3836S, and H8/3837S (wide temperature range (I-spec)
version).

Table 14.29 LCD Characteristics of H8/3835S, H8/3836S, and H8/3837S
(Wide Temperature Range (I-Spec) Version)

Vee=25V1t055V, AL =25V 1t055V, {s=AV,=0.0V, T, =-40C to +85C,
including subactive mode, unless otherwise specified.

Applicable
Iltem Symbol Pins Min Typ Max Unit Test Condition Note
Segment driver Vs SEG, to — — 06 V Ip =2 pA 1
voltage drop SEG,,
Common driver Vie COM, to — — 03 V Ip =2pA 1
voltage drop COM,
LCD power supply Rico 100.0 300.0 600.0 kQ Between V, and Vgg
voltage divider
resistance
LCD power supply Vico V, 27— Ve V 2
voltage

Notes: 1. These are the voltage drops between the voltage supply pins V,, V,, V,, and Vg, and
the segment pins or common pins.

2. When V., is supplied from an external source, the following relation must hold:
V2V, 2V, 2V, 2V
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Table 14.30 AC Characteristics for External Segment Expansion of
H8/3835S, H8/3836S, and H8/3837S (Wide Temperature Range (I-
Spec) Version)

Vee=25V1055V, AL =25V 1055V, \{s=AVs,=0.0V, T, =-40C to +85C,
including subactive mode, unless otherwise specified.

Applicable Referenc

Item Symbol Pins Min  Typ Max Unit Test Condition e
Figure

Clock high width town a,cL, 800.0 — — ns * Figure 14.9
Clock low width towe c, 800.0 — — ns * Figure 14.9
Clock setup time tesu a,cL, 500.0 — — ns * Figure 14.9
Data setup time tsy DO 300.0 — — ns * Figure 14.9
Data hold time ton DO 3000 — — ns * Figure 14.9
M delay time tow M -1000 — 1000.0 ns Figure 14.9
Clockrise and fall ~ t a,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 HB8/3837
(Standard Specification) Absolute Maximum Ratings

Table 14.31 lists the absolute maximum ratings.

Table 14.31 Absolute Maximum Ratings

Iltem Symbol Value Unit
Power supply voltage Ve -0.3to +7.0 \Y,
Analog power supply voltage AV -0.3t0 +7.0 \%
Programming voltage Voo -0.3to +13.0 \%
Input voltage Ports other than ports B and C vV, -0.3t0 V.. +3.0 \Y,
Ports B and C AV, —0.3t0 AV +3.0 \Y,
Operating temperature Toor —20 to +75 °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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14.8 H8/3833 and H8/3834 Electrical Characteristics
(Standard Specifications)

14.8.1 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

10.0 F=mmmmm e
- 32.768 - ; : ;
N — I I I
s B
501 <
20F----- ‘ ‘
| | | | | |
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

50—

16.384 r----- f : !
= N ! ! !
T z : : :
S 25----- 2 } : :
s & 81921 F ]

4.096 —----1 |
05—---- | i | | | |
2.7 4.0 5.5 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 - oooooo-
500.0 |- ‘
N | |
I ! |
~ i |
S 3125 ! !
625~ ‘ |
2.7 4.0 55
Vee (V)

» Active mode (medium speed)

3. Analog power supply voltage vs. A/D converter operating range of H8/3833 and H8/3834

50— 6250
5000 ‘ !
~ < | !
s I e | |
s 2° S 3125 ; !
] | ‘ 625 | |
2.7 4.0 5.5 2.7 4.0 5.5
AVce (V) AVcc (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

Vee=27V1055V, Al =2.7 V10 5.5V, = AVss= 0.0 V, T, = —20C to +75C,

including subactive mode, unless otherwise indicated.

DC Characteristics of H8/3833 and H8/3834

Item Symbol Applicable Pins Min Typ Max Unit Test Condition Note
Input high  V, RES, MDO, 08V —  Ve+03 V Vee=40V1055V
voltage WKP, to WKP;,
IRQ, to IRQ,,
TMIB, TMIC, TMIF
TS, TMIG, 09V — Ve +0.3
SCK;, SCK,,
SCK,, ADTRG
UD,Sl, SL,RXD 0.7V, —  V+03 V V=40Vt055V
08V, — Ve +0.3
0sC, Vee—05 — V. +03 V V=40Vt055V
Vee—03 — Ve +0.3
P1,to P1, 07Vgee —  Ve+03 V V=40Vt055V
P2,to P2,
P3,to P3;
P4, to P4,
P5,to P5,
P6, to P6, 08V, — Vg +03
P7,t0 P7,
P8, to P8,
P9, to P9,
PA, to PA,
PB, to PB, 07Vee — AV +03 V V=40Vt055V
PC,to PC
0 3 08V — AV, +03
Inputlow V. RES, MDO, -0.3 —  02Vg \% Vee=40V1055V
voltage WKP, to WKP;,
IRQ, to IRQ,,
TMIB, TMIC, TMIF,
TS, TMIG, -0.3 — 0.1V
SCK;, SCK,,
SCK,, ADTRG
uD, SI,, S, RXD  -0.3 — 0.3V Y V=40Vt055V
-0.3 — 02V
0sC, -0.3 — 05 Y V=40Vt055V
-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)

Vee=27V1055V, AL =27V1055V,¥=AVs=0.0V, T, =-20C to +75C,
including subactive mode, unless otherwise indicated.

Item Symbol Applicable Pins Min Typ Max Unit Test Condition Note
Inputlow P1,to P1, -0.3 — 03V v Vee=4.0V1t055V
voltage P2,to P2,
P3,to P3,
P4, to P4,
P5, to P5, -0.3 — 02V
P6, to P6,
P7,to P7,
P8, to P8,
P9, to P9,
PA, to PA,
PB, to PB,
PC, to PC,
Output highVy, P1,to P1, Vee—10 — — \ Vec=40V1to55V
voltage P2,to P2, —loy =1.0mMA
P3,to P3,
P4, to P4, Vee—=05 —  — Ve =40V1t055V
PSO to P57 _IQH =0.5mA
P, to P6, Vee-05 —  — oy =0.1MA
P7,to P7,
P8, to P8,
P9, to P9,
PA, to PA,
Output VoL P1,to P1, — — 0.6 \% Vec=40Vto55V
low voltage P4, to P4, loe =1.6 MA
— — 05 lo.=0.4 mA
P5, to P5, — — 05 lo = 0.4 mA
P6, to P6,
P7,t0 P7,
P8, to P8,
P9, to P9,
PA, to PA,
P2, to P2, — — 15 V=40V1t055V
P3,to P3, lo. =10 mA
— — 06 Ve =40V1t055V
lo =16 MA
_ — 05 lo, = 0.4 mA

Note: Connect pin TEST to V.
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Table 14.32 DC Characteristics of H8/3833 and H8/3834 (cont)

Vee=27V1055V, AL =27V1055V,=AV4=0.0V, T, =-20C to +75C,
including subactive mode, unless otherwise indicated.

Item Symbol Applicable Pins Min Typ Max Unit Test Condition Note
Input/output|i, | RES, P4, — — 20.0 PA  V, =05Vto 2
leakage Vec—05V
current _ _ 1.0 1

0SC,, MDO — — 1.0 PA  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 Vi =05Vto

PC, to PC, AV —-05V
Pull-up MOS—I,, P1,to P1, 50.0 — 3000 pA V=5V,
current P3,to P3, Vi =0V

PS5, t0 PS, — 350 — Ve =27V, Reference

P6, to PG, Vy =0V value
Input Cy All input pins except — — 15.0 pF f=1MHz,
capacitance power supply, RES, Vy =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)

Vee=27V1055V, AL =27V1055V,¥=AVs=0.0V, T, =-20C to +75C,
including subactive mode, unless otherwise indicated.

Applicable
Item Symbol Pins Min Typ Max Unit Test Condition Note
Active mode loper Vee — 12.0 24.0 mA  Active mode (high speed), 3,4
current Vee=5V, foe =10 MHz
dissipation lopea Vee — 25 50 mA Active mode (medium speed), 3,4
V=5V, fo. =10 MHz
Sleep mode lsieep Vee — 50 10.0 mA V=5V, f,,=10MHz 3.4
current
dissipation
Subactive lsus Vee — 50.0 130.0 pA V=27V, LCDon, Reference
mode current 32-kHz crystal oscillator value
dissipation (s = @i2) 3,4
— 40.0 — VA V=27V, LCDon, Reference
32-kHz crystal oscillator value
(s = @I8) 3,4
Subsleep lsussp Vee — 40.0 90.0 pA  V.=2.7V,LCDon, Reference
mode current 32-kHz crystal oscillator value
dissipation (s = @i2) 3,4
Watch mode l\watcn Vee - - 6.0 PA V=27V, LCDnotused, Reference
current 32-kHz crystal oscillator value
dissipation 3,4
Standby lstay Vee - — 50 pA  32-kHz crystal oscillator not 3, 4
mode current used
dissipation
RAM data Virau Vee 20 — — \Y 3,4
retaining voltage
Notes: 3. Pin states during current measurement
LCD
Othe Power
Mode Internal State r Supply Oscillator Pins
Pins
Active mode (high Operates Vo Open System clock oscillator: Crystal
and medium speed) Subclock oscillator: Pin X; =V
Sleep mode Only timer operates Vo Open
Subactive mode Operates Vo Open System clock oscillator: Crystal
Subsleep mode Only timer operates, CPU V. Open  Subclock oscillator: Crystal
stops
Watch mode Only time-base clock Vo 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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Table 14.32

DC Characteristics of H8/3833 and H8/3834 (cont)

Vee=27V1055V, Al =2.7 V10 5.5V, = AVss= 0.0 V, T, = —20C to +75C,

including subactive mode, unless otherwise indicated.

Item Symbol Applicable Pins Min Typ Max Unit Test Condition
Allowable output low 1 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 >, Output pins exceptin  — — 40.0 mMA  V,=40Vto55V
current (total) ports 2 and 3
Ports 2 and 3 — — 80.0 Vec=40V1to55V
All output pins — — 20.0
Allowable output high -l All output pins — — 2.0 mMA V. =40Vto55V
current (per pin) . _ 0.2
Allowable output high >3-l All output pins — — 150 mA  V,=40Vto55V
current (total) . _ 10.0
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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 Control Signal Timing of H8/3833 and H8/3834

Vee=27V1t055V, AL .=27V1055V,¥=AVs,=0.0V, T, =-20C to +75C,
including subactive mode, unless otherwise specified.

Applicable Referenc
Item Symbol Pins Min Typ Max Unit Test Condition e Figure
System clock fosc 0sCc,,0sC, 20 — 100 MHz V. =40Vto55V
oscillation frequency 20 — 50
OSC clock (@sc) tosc 0sC,, OSC, 100.0 — 1000.0 ns Vec=40Vto55V 1
cycle time 2000 — 1000.0 Figure 14.1
System clock (¢ toe 2 — 16 tosc 1
cycle time — — 2000.0 ns
Subclock oscillation  f, Xy X, — 32768 — kHz
frequency
Watch clock (q,) tw X1 X, — 305 — ps
cycle time
Subclock (@ys) cycle  tgeye 2 — 8 tw 2
time
Instruction cycle time 2 — — tove
tsubcyc
Oscillation stabilization t,, osc,0sCc, — — 400 ms V,=40Vto55V
time (crystal oscillator) — 60.0
Oscillation stabilization t,, Xi X, - = 2.0 s
time
External clock high tepn 0OSsC, 40.0 — — ns Vec=40V1t055V Figure 14.1
width 80.0 — _
External clock low widthtp, 0OSsC, 40.0 — — ns Vec=40V1t055V Figure 14.1
80.0 — —
External clock rise time tqp, - = 150 ns Vec=40V1t055V Figure 14.1
— — 20.0
External clock fall time t.p - = 150 ns Vec=40V1t055V Figure 14.1
— — 20.0
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 14.33 Control Signal Timing of H8/3833 and H8/3834

Vee=27V1055V, AL =27V 1055V, \{s=AVs,=0.0V, T, =-20C to +75C,
including subactive mode, unless otherwise specified.

Item

Symbol

Applicable
Pins

Min Typ

Max Unit

Test Condition

Referenc
e Figure

Input pin high width

ty

IRQ, to IRQ,

2 —

WKP, to WKP,

ADTRG
TMIB, TMIC
TMIF, TMIG

toe
t

subcyc

Figure 14.3

Input pin low width

1RQ, to IRQ,

2 —

WKP, to WKP,

ADTRG
TMIB, TMIC
TMIF, TMIG

toe
t

subcyc

Figure 14.3

Pin UD minimum
modulation width

tUDH
tUDL

w

toye
t

subcyc

Figure 14.4
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Table 14.34 Serial Interface (SCI1, SCI2) Timing of H8/3833 and H8/3834

Vee=27V1055V, AL =2.7V1055V,¥=AV4=0.0V, T, =-20C to +75C, unless
otherwise specified.

Applicable Referenc
Item Symbol Pins Min Typ Max Unit Test Condition e Figure
Input serial clock toeye SCK,, SCK, 2 — — e 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 tgg,, SCK,, SCK, — — 60.0 ns Vec=40V1to55V Figure 14.5
time — 80.0
Input serial clock fall tgcy SCK,, SCK, — — 60.0 ns Vec=40V1to55V Figure 14.5
time — 80.0
Serial output data tsop SO,, SO, - - 200.0 ns Vec=40V1to55V Figure 14.5
delay time — 350.0
Serial input data tss Sl,, Sl, 200.0 — — ns Vec=40V1to55V Figure 14.5
setup time 400.0 — _
Serial input data hold tg, Sl,, S, 200.0 — — ns Vec=40V1to55V Figure 14.5
time 4000 —  —
CS setup time tess [¢3] 2 — — oty Figure 14.6
CS hold time tesn 3 2 — — e Figure 14.6
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Table 14.35 Serial Interface (SCI3) Timing of H8/3833 and H8/3834

Vee=27V1055V, AL =2.7V1055V,¥=AV4=0.0V, T, =-20C to +78C, unless
otherwise specified.

Referenc

Item Symbol Min  Typ Max Unit Test Condition e Figure
Input clock cycle Asynchronous toeye 4 — — Loy Figure 14.7

Synchronous 6 — —
Input clock pulse width tsckw 04 — 0.6  tyy Figure 14.7
Transmit data delay time tro — — 1 tye Vec=40V1055V  Figure 14.8
(synchronous mode) _ _ 1
Receive data setup time trxs 200.0 — — ns Vec=40V1t055V Figure 14.8
(synchronous mode) 2000 — _
Receive data hold time trxn 200.0 — — ns Vec=40V1t055V Figure 14.8
(synchronous mode) 2000 — _
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14.8.4 A/ID Converter Characteristics

Table 14.36 shows the A/D converter characteristics of the H8/3833 and H8/3834.

Table 14.36 A/D Converter Characteristics of H8/3833 and H8/3834

Vee=27V 1055V, \{=AV,=0.0V, T, =-20C to +75C, unless otherwise specified.

Applicable
Iltem 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  Algpee AV ¢ — — 15 mA AV, =50V
supply current Algrop; AV _ 1500 — LA 5
Reference
value
Alstops  AVcc — _ 5.0 HA 3

Analog input  C,y AN to AN, — — 30.0 pF
capacitance
Allowable signalR,y — — 10.0 kQ
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 .=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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14.8.5 LCD Characteristics

Table 14.37 lists the LCD characteristics, and table 14.38 lists the AC characteristics for external
segment expansion of the H8/3833 and H8/3834.

Table 14.31.CD Characteristics of H8/3833 and H8/3834

Vee=27V1055V,AL.=27V 1055V, {s=AV,=0.0V, T, =-20C to +75C,
including subactive mode, unless otherwise specified.

Applicable
Item Symbol Pins Min  Typ Max Unit Test Condition Note
Segment driver Vps SEG, to — — 06 V Ip =2pA 1
voltage drop SEG ,,
Common driver Vie COM; to — — 03 V Iy =2 pA 1
voltage drop COM,
LCD power supply R 50.0 300.0 900.0 kQ Between V, and Vgg
voltage divider
resistance
LCD power supply Vico V, 27 — Ve V 2
voltage

Notes: 1. These are the voltage drops between the voltage supply pins V,, V,, V,, and Vg, and
the segment pins or common pins.

2. WhenV, , is supplied from an external source, the following relation must hold:
Vee2V,2V,2V, 2V
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Table 14.38 AC Characteristics for External Segment Expansion of H8/3833
and H8/3834

Vee=27V1t055V, AL .=27V1055V,¥=AVs,=0.0V, T, =-20C to +75C,
including subactive mode, unless otherwise specified.

Applicable Referenc

Item Symbol Pins Min Typ Max Unit Test Condition e
Figure

Clock high width town a,cL, 800.0 — — ns * Figure 14.9
Clock low width towt Cc, 800.0 — — ns * Figure 14.9
Clock setup time tesu a,cL, 500.0 — — ns * Figure 14.9
Data setup time tsy DO 300.0 — — 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 ~ tq; a,cL, — — 100.0 ns Figure 14.9

times

Note: * Value when the frame frequency is set to between 30.5 Hz and 488 Hz.

397
HITACHI



14.9 HB8/3835 and H8/3836 and H8/3837 (Standard Specifications)
Electrical Characteristics

14.9.1 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 below.

1. Power supply voltage vs. oscillator frequency range of H8/3835, H8/3836 and H8/3837

10.0 -
- 32.768 - ; : ;
N — I I I
s B
501 <
20F----- ‘ ‘ !
| | | | | |
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 H8/3835, H8/3836 and H8/3837

50—

16.384 r----- f : !
= N ! ! !
T z : : :
S 25----- 2 } : :
s & 81921 F ]

4.096 —----1 |
05—---- | i | | | |
2.7 4.0 5.5 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 - oooooo-
500.0 |- ‘
N | |
I ! |
~ i |
S 3125 ! !
625~ ‘ |
2.7 4.0 55
Vee (V)

» Active mode (medium speed)

3. Analog power supply voltage vs. A/D converter operating range of H8/3835, H8/3836 and
H8/3837

50— 625.0

5000 ‘ !
N = 1 :
g L < ! 3
s 2° S 3125+ ; !
] | ‘ 625~ | |

2.7 4.0 5.5 2.7 4.0 5.5

AV (V) AVce (V)

« Active (high speed) mode * Active (medium speed) mode

« Sleep 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

Vee=27V1055V, AL =27V1055V,¥=AV4=0.0V, T, =-20C to +75C,
including subactive mode, unless otherwise indicated.

Item Symbol Applicable Pins Min Typ Max Unit Test Condition Note
Input high  V,, RES, MDO, 08Ve —  Ve+03 V Vec=40Vt055V
voltage WKP, to WKP,,
IRQ, to IRQ,,
TMIB, TMIC, TMIF
CS, TMIG, 09V, — Vg, +03
SCK,, SCK,,
SCK,, ADTRG
UD,Sl, S, RXD 07V, — Vg, +03 V Vee=40Vit055V
08Ve —  Vg+03
0sc, Vee—=05 —  V+03 V Vee=40Vit055V
Vee—03 — Vg +03
P1,to P1, 07Vee —  Ve+03 V Vee=40Vit055V
P2, to P2,
P3,to P3;
P4, to P4,
P5, to P5,
P6, to P6, 08Ve — Ve +03
P7,to0 P7,
P8, to P8,
P9, to P9,
PA, to PA,
PB, to PB, 07Vee — AV, +03 V Vee=40Vit055V
PCoto PCs 08Vee — AV +03
Inputlow V. RES, MDO, -0.3 — 0.2V \ Vec=40V1io55V
voltage WKP, to WKP,,
IRQ, to IRQ,,
TMIB, TMIC, TMIF,
CS, TMIG, -0.3 — 01V
SCK,, SCK,,
SCK,, ADTRG
ub, Sl,, SI,, RXD  -0.3 — 03V \Y Ve =40V1t055V
-0.3 — 02V
0OsC, -0.3 — 0.5 \Y% Ve =40V1t055V
-0.3 — 0.3

Note: Connect pin TEST to V.
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Table 14.39 DC Characteristics of H8/3835, H8/3836 and H8/3837 (cont)

Vec=27V1055V, AL =27V 1t055V,\{s=AVs,=0.0V, T, =-20C to +75C,
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 — 03V % Vee=4.0Vto55V
voltage P2,to P2,
P3, to P3,
P4, to P4,
P5, to P5,
P6, to P6,
P7,to P7, -0.3 — 02V
P8, to P8,
P9, to P9,
PA, to PA,
PB, to PB,
PC,to PC,
Output Vou P1,to P1, Vee—10 — — \Y Vec=40Vt055V
high P2,to P2, —loy =1.0mA
voltage P3,to P3,
P4, to P4, Vee-05 —  — Vec=40Vt055V
P5, to P5, —lgy =0.5mA
P6, to P6,
P7,to0 P7, Vee=05 —  — —lgy =0.1mMA
P8, to P8,
P9, to P9,
PA, to PA,
Output VoL P1,to P1, — — 0.6 \Y Vc=40Vto55V
low voltage P4, to P4, loo =1.6 MA
— — 05 lo. =04 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=40Vt055V
P3, to P3, lo. =10 MA
— — 06 Ve =40V1055V
lo, = 1.6 MA
— — 05 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)

Vee=27V1055V, AL =27V1055V,=AV4=0.0V, T, =-20C to +75C,
including subactive mode, unless otherwise indicated.

Item Symbol Applicable Pins Min Typ Max Unit Test Condition Note
Input/outpu I, | RES, P4, — — 20.0 PA  V, =05Vto 2
t leakage Vec—05V
current _ _ 1.0 1
0SC,, MDO — — 1.0 PA  Vy=05Vto
PL,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 Vi =05Vto
PC, to PC, AV .—05V
Pull-up —p P1,to P1, 50.0 — 3300 PA V=5V,
MOs P3,to P3, V=0V
current P5, to P5, — 350 — VA Vee=27V, Reference
P6, to P6, Vy =0V value
Input Cy All input pins — — 15.0 pF f=1MHz,
capaci- except power Vy =0V
tance 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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Table 14.39

DC Characteristics of H8/3835, H8/3836 and H8/3837 (cont)

Vee=27V1055V, AL =27V1055V,¥=AVs=0.0V, T, =-20C to +75C,
including subactive mode, unless otherwise indicated.

Applicable
Item Symbol Pins Min Typ Max Unit Test Condition Note
Active mode lopeL Vee — 13.5 24.0 mA  Active mode (high speed), 3,4
current Vee=5V, =10 MHz
dissipation l ope2 Vee — 25 50 mA Active mode (medium speed), 3,4
V=5V, f. =10 MHz
Sleep mode lsieep Vee — 50 10.0 mA V=5V, f,,=10MHz 3,4
current
dissipation
Subactive mode |4, Vee — 50.0 130.0 pA  V=2.7V,LCDon, Reference
current 32-kHz crystal oscillator value
dissipation (s = oni2) 3,4
— 40.0 — PA V=27V, LCDon, Reference
32-kHz crystal oscillator value
(@ue = @I8) 3,4
Subsleep mode | gpgp Vee — 40.0 — MA V=27V, LCDon, Reference
current 32-kHz crystal oscillator value
dissipation (s = @ni2) 3,4
Watch mode l\watch Ve — — 6.0 PA V=27V, LCD notused, Reference
current 32-kHz crystal oscillator value
dissipation 3,4
Standby mode  |ggy Ve — — 50 pA  32-kHz crystal oscillator not 3, 4
current used
dissipation
RAM data Viram Vee 20 — — \Y 3,4

retaining voltage

Notes: 3. Pin states during current measurement

Othe LCD Power

Mode Internal State r Supply Oscillator Pins
Pins

Active mode (high  Operates Vo 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 timers all Vo 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)

Vee=27V1055V, AL =27V 1055V, \{s=AVs,=0.0V, T, =-20C to +75C,
including subactive mode, unless otherwise indicated.

Item Symbol Applicable Pins Min Typ Max Unit Test Condition
Allowable output low 1. Output pins exceptin  — — 2.0 mA  V, =40Vto55V
current (per pin) ports 2 and 3
Ports 2 and 3 — — 10.0 Vee=4.0V1io55V
All output pins — — 0.5
Allowable output low 3, Output pins exceptin  — — 40.0 mMA  V,=40Vtob55V
current (total) ports 2 and 3
Ports 2 and 3 — — 80.0 Vec=40V1to55V
All output pins — — 20.0
Allowable output high  —Iq, All output pins — — 2.0 mA  V,=40Vto55V
current (per pin)
— — 0.2
Allowable output high >3-l All output pins — — 150 mA V. =40Vto55V
current (total)
— — 10.0
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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 Control Signal Timing of H8/3835, H8/3836 and H8/3837

Vee=27V1t055V, AL .=27V1055V,¥=AVs,=0.0V, T, =-20C to +75C,
including subactive mode, unless otherwise specified.

Applicable Referenc
Item Symbol Pins Min Typ Max Unit Test Condition e Figure
System clock fosc 0sc,, 0sC, 20 — 100 MHz V., =40Vto55V
oscillation frequency 20 — 5.0
OSC clock (@sc) tosc 0sCc,, OSC, 100.0 — 1000.0 ns Voc=40Vto55V 1
cycle time 200.0 —  1000.0 Figure 14.1
System clock (¢ toe 2 — 16 tosc 1
cycle time _ 2000.0 ns
Subclock oscillation  f, Xi X, — 32768 — kHz
frequency
Watch clock (q,) tw X1, X, — 305 — ps
cycle time
Subclock (@g) cycle  tg ey 2 — 8 tw 2
time
Instruction cycle time 2 — — tove
tsubcyc
Oscillation stabilization t, osc,0sCc, — — 400 ms V, =40Vto55V
time (crystal oscillator) _ 60.0
Oscillation stabilization t, Xi X, - = 2.0 s
time
External clock high tepu OSC, 40.0 — — ns Voc=40V1to55V Figure 14.1
width 800 — _
External clock low tepl OSC, 40.0 — — ns Voc=40V1to55V Figure 14.1
width 800 — _
External clock rise time tqp, - = 150 ns Voc=40V1to55V Figure 14.1
— — 20.0
External clock fall time tx - = 150 ns Voc=40V1to55V Figure 14.1
— — 20.0
Pin RES low width treL 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 Control Signal Timing of H8/3835, H8/3836 and HB8/3837 (cont)

Vee=27V1055V, AL =27V 1055V, \{s=AVs,=0.0V, T, =-20C to +75C,
including subactive mode, unless otherwise specified.

Applicable Referenc
Item Symbol Pins Min Typ Max Unit Test Condition e Figure
Input pin high width  t,, IRQ,to IRQ, 2 — — g Figure 14.3

WKP, to WKP, t

m subcyc

TMIB, TMIC

TMIF, TMIG
Input pin low width t, IRQ,t0IRQ, 2 — — e Figure 14.3

WKP, to WKP, tauncye

ADTRG

TMIB, TMIC

TMIF, TMIG
Pin UD minimum tuon uw 4 — — toe Figure 14.4
modulation width t t

uDL subcyc
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Table 14.41 Serial Interface (SCI1, SCI2) Timing of H8/3835, H8/3836 and
H8/3837

Vee=27V1055V, AL .=2.7V1055V,¥=AV4=0.0V, T, =-20C to +75C, unless
otherwise specified.

Applicable Referenc
Item Symbol Pins Min Typ Max Unit Test Condition e Figure
Input serial clock toeye SCK,, SCK, 2 — — e Figure 14.5
cycle time
Input serial clock tsexn SCK,, SCK, 04 — — tooye Figure 14.5
high width
Input serial clock tscxe SCK,, SCK, 04 — — toeye Figure 14.5
low width
Input serial clock rise tgqy, SCK;, SCK, — — 60.0 ns Vec=4.0V1to55V Figure 14.5
time . 80.0
Input serial clock fall tgy SCK,, SCK, — — 60.0 ns Vec=4.0V1to55V Figure 14.5
time . 80.0
Serial output data tsop SO,, SO, - - 200.0 ns Vec=4.0V1to55V Figure 14.5
delay time . 350.0
Serial input data tgs Sl Sl, 200.0 — — ns Vec=40V1to55V Figure 14.5
setup time 400.0 — N
Serial input data tom Sl Sl, 200.0 — — ns Vec=40V1to55V Figure 14.5
hold time 400.0 — N
CS setup time tess cs 2 — — e Figure 14.6
CS hold time tesn [e3) 2 — — e Figure 14.6
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Table 14.42 Serial Interface (SCI3) Timing of H8/3835, H8/3836 and
H8/3837

Vee=27V1055V, AL =2.7V1055V,¥=AV4=0.0V, T, =-20C to +75C, unless
otherwise specified.

Referenc
Item Symbo Min Typ Max Unit Test Condition e Figure
I

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 too — — 1 tye Vec=40V1055V 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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14.9.4 A/ID 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

V=27V 1055V, A=V, =0.0V, T, =-20C to +75C, unless otherwise specified.

Applicabl

Item Symbol e Pins Min Typ Max Unit Test Condition Note
Analog power AV . AV 4.0 — 5.5 \ 1
supply voltage
Analog input AV AN, to ANy, AVgy — AV, +03 V
voltage -03
Analog power  Algpe AV — — 15 mA AV =50V
supply current

PPy Algrops AV — 1500 — bA 2

Refere-
nce value
Alsrops  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 — — +2.5 LSB
accuracy
Conversion 124 — 124 us Vec=40V1o55V
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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14.9.5 LCD Characteristics

Table 14.44 lists the LCD characteristics, and table 14.45 lists the AC characteristics for external
segment expansion of the H8/3835, H8/3836 and H8/3837.

Table 14.44 LCD Characteristics of H8/3835, H8/3836 and H8/3837

Vee=27V1055V,AL.=27V 1055V, {s=AV,=0.0V, T, =-20C to +75C,
including subactive mode, unless otherwise specified.

Applicable
Item Symbol Pins Min  Typ Max Unit Test Condition Note
Segment driver Vps SEG, to — — 06 V Ip =2pA 1
voltage drop SEG ,,
Common driver Vie COM; to — — 03 V Iy =2 pA 1
voltage drop COM,
LCD power supply R 50.0 300.0 900.0 kQ Between V, and Vgg
voltage divider
resistance
LCD power supply Vico V, 27 — Ve V 2
voltage

Notes: 1. These are the voltage drops between the voltage supply pins V,, V,, V,, and Vg, and
the segment pins or common pins.

2. WhenV , is supplied from an external source, the following relation must hold:
Vee2V,2V,2V, 2V
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Table 14.45 AC Characteristics for External Segment Expansion of H8/3835,
H8/3836 and H8/3837

Vee=27V1055V, AL .=27V1055V,¥=AVs,=0.0V, T, =-20C to +75C,
including subactive mode, unless otherwise specified.

Applicable Referenc

Item Symbol Pins Min Typ Max Unit Test e
Condition Figure

Clock high width town a, cL, 800.0 — — ns * Figure 14.9
Clock low width towt Cc, 800.0 — — ns * Figure 14.9
Clock setup time tesu a, 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 tow M -1000 — 1000.0 ns Figure 14.9
Clock rise and fall ter a, cL, — — 100.0 ns Figure 14.9

times

Note: * Value when the frame frequency is set to between 30.5 Hz and 488 Hz.

14.10 H8/3833, H8/3834, H8/3835, H8/3836, and H8/3837
Absolute Maximum Ratings (Wide Temperature Range (I-
Spec) Version)

Table 14.46 lists the absolute maximum ratings.

Table 14.46 Absolute Maximum Ratings

Iltem Symbol Value Unit
Power supply voltage Vee -0.3t0 +7.0 \%
Analog power supply voltage AV . -0.3t0 +7.0 \%
Programming voltage Vop -0.3to +13.0 \%
Input voltage Ports other than ports B and C vV, —-0.3to V. +3.0 \%
Ports Band C AV, -0.3t0 AV + 3.0 \Y,
Operating temperature Toor —20to +75 °C
Storage temperature Tq —55 to +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)

14.11.1Power 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

10.0 - -
_ N (5 L =
g 0 : :
5 501 <
2.0 [ ‘
| | i i | | | |
2.7 4.0 45 5.5 2.7 40 45 55
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

50—
16384 =
= T 1 1
S < : :
2 25| 2 | !
S L 8192 —
4,096 [~ =
05 | |
! ! \ | ! ! \ \
2.7 4.0 45 5.5 2.7 40 45 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 -
500.0 |- ‘
= | 1
T | !
~ | |
S 3125 ! ;
6251 ! ! i ;
2.7 40 45 5.5
Vee (V)

« Active mode (medium speed)

3. Analog power supply voltage vs. A/D converter operating range

50— 6250

5000 ‘ !
N ~ i 1
I I | ‘
= L < w |
g 2° S 3125 | |
e L \ 6251 \ \ \ \

2.7 40 45 5.5 2.7 4.0 45 55

AVce (V) AVce (V)

« Active (high speed) mode * Active (medium speed) mode

* Sleep mode
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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 HB8/3834 (Wide Temperature
Range (I-Spec) Version)

Vec=45V1055V, AL =45V 1055V, ¥g=AVs,=0.0V, T, =-40C to + 85C,
including subactive mode, unless otherwise indicated.

Item Symbol Applicable Pins Min Typ Max Unit Test Condition Note

Input high  V,, RES, MDO, 08V —  Vg+03 V
voltage WKP, to WKP,,

1RQ, to IRQ,,

TMIB, TMIC, TMIF

CS, TMIG,

SCK,, SCK,,

SCK,, ADTRG

UD,Sl, S, RXD 07V, — Vg, +03 V

osc, Vee=05 —  Ve#03 V

P1,to P1, 07Ve —  Vgt+03 V
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, 07Vee — AV +03 V
PC, to PC,

Inputlow V. RES, MDO, -0.3 — 0.2V \
voltage WKP, to WKP,,

IRQ, to IRQ,,

TMIB, TMIC, TMIF,

CS, TMIG,

SCK,, SCK,,

SCK,, ADTRG

up, Sl,, S, RXD ~ —0.3 —  03Vg V
osc, -0.3 — 05 v

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=45V1t055V, AL =45V 1055V, {=AV,=0.0V, T, =-40C to + 85C,
including subactive mode, unless otherwise indicated.

Iltem Symbol Applicable Pins Min Typ Max Unit Test Condition Note

Inputlow V. P1,to P1, -0.3 — 0.3V \

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 Vou P1,to P1, Vee—10 — — \% —loy =1.0mMA
high P2,to P2,
voltage P3,to P3,
P4, to P4, Vec—05 — — —loy =0.5MA
P5,to P5,
P6 , to P6,
P7,to P7,
P8, to P8,
P9, to P9,
PA, to PA,

Output VoL P1,to P1, — — 06 % lo. = 1.6 MA
low voltage P4, to P4,

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 lo. =10 mA
P3,to P3; _ — 0.6 lo. =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=45V1t055V, AL =45V 1055V, {=AV,=0.0V, T, =-40C to + 85C,
including subactive mode, unless otherwise indicated.

Item Symbol Applicable Pins Min Typ Max Unit Test Condition Note
Input/outpu I, | RES, P4, — — 24.0 PA  V, =05Vto 2
t Vee—05V
leakage
current _ _ 20 1
0OsC,, MDO — — 2.0 PA Vi =05V to
P1,to P1, Ve —0.5V
P2, to P2,
P3,to P3,
P4, to P4,
P5, to P5,
P6, to P6,
P7,t0 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 — 330.0 PA Ve =5V,
MOS P3,to P3, V=0V
current P5, to P5,
P6, to P6,
Input Cy All input pins — — 15.0 o8 f=1MHz,
capaci- except power Vy =0V
tance 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)

Vec=45V1055V, AL =45V 1055V, {s=AVs,=0.0V, T, =-40C to + 85C,
including subactive mode, unless otherwise indicated.

Applicable
Iltem 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 Vee=5V, f. =10 MHz
dissipation lope2 Vee — 25 6.0 mA Active mode (medium speed), 1,2
Vee=5V, f . = 10 MHz
Sleep mode ls eep Vee — 50 120 mMA V=5V, f,=10MHz 1,2
current
dissipation
Subactive l'sus Vee — 100.0 — MA V=5V, LCDon, 1,2
mode current 32-kHz crystal oscillator Reference
dissipation (s = @N/2) value
— 700 — MA V=5V, LCDon, Reference
32-kHz crystal oscillator value
(@us = @I8) 1,2
Subsleep Isussp Vee — 60.0 — PA V=5V, LCDon, 1,2
mode current 32-kHz crystal oscillator Reference
dissipation (s = @N/2) value
Watch mode l\watcn Vee — 6.0 — MA V=5V, LCD not used, 1,2
current 32-kHz crystal oscillator Reference
dissipation value
Standby lsray Vee - — 10.0 pA  32-kHz crystal oscillator not 1,2
mode current used
dissipation
RAM data Vean Vee 20 — — V 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 Systemclock oscilator: Crystal
and medium speed) Subclock oscillator: RnX; =\l
Sleep mode Only timer operates Vee Open
Subactive mode Operates Vee Open Systemclock cscillator: Cry stal
Subsleep mode Only timer operates, CPU V. Open Subclock cscillator: Qystal
stops
Watch mode Only time-base clock Vee Open
operates, CPU stops
Standby mode CPU and timers all stop V¢ Open Systemclock cscillator: Cry stal

Subclock cscillator: 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=45V1t055V, AL =45V 1055V, {=AV,=0.0V, T, =-40C to + 85C,
including subactive mode, unless otherwise indicated.

Item Symbol Applicable Pins Min Typ Max Unit Test Condition
Allowable output low 1. Output pins exceptin  — — 2.0 mA
current (per pin) ports 2 and 3
Ports 2 and 3 — — 10.0
Allowable output low =, Output pins exceptin  — — 40.0 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 -l All output pins — — 150 mA

current (total)
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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, AL =27V1t055V,{s=AVs=0.0V, T, =-40C to + 85C,
including subactive mode, unless otherwise specified.

Applicable Referenc
Iltem Symbol Pins Min Typ Max Unit Test Condition e Figure
System clock fosc 0sCc,,0sC, 20 — 10.0 MHz
oscillation frequency
OSC clock (@) tosc 0OsC,, 0OSC, 100.0 — 1000.0 ns 1
cycle time Figure 14.1
System clock (@) tove 2 — 16 tosc 1
cycle time — — 2000.0 ns
Subclock oscillation  f, Xy, X, — 32768 — kHz
frequency
Watch clock (@) tw Xi X, — 305 — s
cycle time
Subclock (@g) cycle  tgeye 2 — 8 tw 2
time
Instruction cycle time 2 — — e

tsubcyc

Oscillation stabilization t,, osc, 0sCc, — — 40.0 ms
time (crystal oscillator)
Oscillation stabilization t,, X1, X, - - 2.0 s
time
External clock high tepn 0sC, 40.0 — — ns Figure 14.1
width
External clock low tepl 0sC, 40.0 — — ns Figure 14.1
width
External clock rise time tq, - - 150 ns Figure 14.1
External clock fall time t - - 150 ns Figure 14.1
Pin RES low width treL RES 0 — — 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, A =27V 1055V, s=AV4=0.0V, T, =-40C to +85C,
including subactive mode, unless otherwise specified.

Applicable Referenc
Item Symbol Pins Min Typ Max Unit Test Condition e Figure
Input pin high width ~t,, IRQ,t0IRQ, 2 — — e Figure 14.3
WKP, to WKP, toupeye
ADTRG
TMIB, TMIC
TMIF, TMIG
Input pin low width t, RQ,toRQ, 2 — —  ty Figure 14.3
WKP, to WKP, toubeye
ADTRG
TMIB, TMIC
TMIF, TMIG
Pin UD minimum tuon w 4 — — toye Figure 14.4

modulation width tuoL tubeye
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Table 14.49 Serial Interface (SCI1, SCI2) Timing of H8/3833 and H8/3834

(Wide Temperature Range (I-Spec) Version)

Vee=45V1t055V, AL =45V 1055V, =AVs=0.0V, T, =-40C to +85C, unless
otherwise specified.

Applicable Referenc
Item Symbol Pins Min  Typ Max Unit Test Condition e Figure
Input serial clock toeye SCK,, SCK, 2 — — e 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  tgcy, SCK,, SCK, — — 60.0 ns Figure 14.5
time
Input serial clock fall  tgcy 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 tsis Sl;, Sl, 200.0 — — ns Figure 14.5
setup time
Serial input data hold  tg,, Sl,, S, 200.0 — — ns Figure 14.5
time
CS setup time tess cs 2 — — oty Figure 14.6
CS hold time teon [e3) 2 — — e 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=45V1t055V, AL =45V 1055V, =AVs=0.0V, T, =-40C to +85C, unless
otherwise specified.

Referenc

Item Symbo Min Typ Max Unit Test Condition e Figure
I
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 o — — 1 toye Figure 14.8
(synchronous mode)
Receive data setup time trxs 200.0 — — ns Figure 14.8
(synchronous mode)
Receive data hold time TRy 200.0 — — ns Figure 14.8

(synchronous mode)
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14.11.4A/D Converter Characteristics

Table 14.51 shows the A/D converter characteristics of the H8/3833S and H8/3834S (wide
temperature range (I-spec) version).

Table 14.51 A/D Converter Characteristics of H8/3833 and H8/3834 (Wide
Temperature Range (I-Spec) Version)

V=45V 1055V, A=V, =0.0V, T, =-40C to +85C, unless otherwise specified.

Applicabl
Item Symbol e Pins Min Typ Max Unit  Test Condition Note
Analog power AV . AV ¢ 45 — 5.5 \Y 1
supply voltage
Analog input AV AN to AN,; -03 — AV ,+03 V
voltage
Analog power  Algpe AV ¢ — — 17 mA AV =50V
supply current Algrops  AVec N 1500 — LA 2
Referenc
e value
Algrop,  AVee - - 7.0 PA 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 — — 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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14.11.59.CD Characteristics

Table 14.52 lists the LCD characteristics, and table 14.53 lists the AC characteristics for external
segment expansion of the H8/3833 and H8/3834 (wide temperature range (l-spec) version).

Table 14.52 LCD Characteristics of H8/3833 and H8/3834 (Wide Temperature
Range
(I-Spec) Version)

Vee=45V1t055V, AL =45V 1055V, {=AV,=0.0V, T, =-40C to +85C,
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 Iy =2 pA 1
voltage drop SEG,,
Common driver Vi COM, to — — 0.3 \ Ip =2pA 1
voltage drop COM,
LCD power supply R/ 40.0 300.0 1000.0 kQ Between V, and Vg
voltage divider
resistance
LCD power supply Vo V, 45 — Vee \ 2
voltage

Notes: 1. These are the voltage drops between the voltage supply pins V,, V,, V,, and Vg, and
the segment pins or common pins.
2. When V , is supplied from an external source, the following relation must hold:
V2V, 2V,2V, 2V
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Table 14.53 AC Characteristics for External Segment Expansion of H8/3833
and H8/3834 (Wide Temperature Range (I-Spec) Version)

Vee=45V1t055V, AL =45V 1055V, =AVs,=0.0V, T, =-40C to +85C,
including subactive mode, unless otherwise specified.

Applicable Referenc

Item Symbol Pins Min Typ Max Unit Test Condition e
Figure

Clock high width town a,cL, 800.0 — — ns * Figure 14.9
Clock low width towt Cc, 800.0 — — ns * Figure 14.9
Clock setup time tesu a,cL, 500.0 — — ns * Figure 14.9
Data setup time tsy DO 300.0 — — 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 ~ tq; a,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, andH8/3837 Electrical Characteristics
(Wide Temperature Range (I-Spec) Version)

14.12.1Power 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

10.0 - -
_ 32.768 [~ - =
g 0 : :
5 501 <
20 ! !
| | i i | | | !
2.7 40 45 5.5 2.7 40 45 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

50—
16384 =
—~ N | |
: < -
S 25f o : :
s P 8192 e —_—
4,096 [~ =
05 | |
! ! \ | ! ! \ \
2.7 4.0 45 5.5 2.7 40 45 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 -
500.0 |- ‘
~N | :
T ! |
< | 1
S. 3125+ ! ;
6251 ! ! i ;
2.7 40 45 55
Vee (V)

» Active mode (medium speed)

3. Analog power supply voltage vs. A/D converter operating range

50— 6250
5000 ‘ !
N = | |
I w |
S L5l : | |
s 2° S 3125 | |
e L \ 6251 \ \ \ \
2.7 40 45 5.5 2.7 4.0 45 55
AVce (V) AVce (V)
« Active (high speed) mode * Active (medium speed) mode
* Sleep mode
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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 (I-Spec) Version)

Vee=45V1055V, AL =45V 1055V, \{s=AVs,=0.0V, T, =-40C to +85C,
including subactive mode, unless otherwise indicated.

Item Symbol Applicable Pins Min Typ Max Unit Test Condition Note

Input high  V,, RES, MDO, 08V —  Vg+03 V
voltage WKP, to WKP,,

1RQ, to IRQ,,

TMIB, TMIC, TMIF

CS, TMIG,

SCK,, SCK,,

SCK,, ADTRG

UD,Sl, S, RXD 07V, — Vg, +03 V

osc, Vee=05 —  Ve#03 V

P1,to P1, 07Ve —  Vgt+03 V
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, 07Vee — AV +03 V
PC, to PC,

Inputlow V. RES, MDO, -0.3 — 0.2V \
voltage WKP, to WKP,,

IRQ, to IRQ,,

TMIB, TMIC, TMIF,

CS, TMIG,

SCK,, SCK,,

SCK,, ADTRG

ub, Sl,, Sl,, RXD  —0.3 — 03V

0OSsC, -0.3 — 0.5

<

<

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 (I-Spec) Version) (cont)

Vee=45V1t055V, AL =45V 1055V, =AVs,=0.0V, T, =-40C to +85C,
including subactive mode, unless otherwise indicated.

Iltem Symbol Applicable Pins Min Typ Max Unit Test Condition Note

Inputlow V. P1,to P1, -0.3 — 0.3V \

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 Vou P1,to P1, Vee—10 — — \% —loy =1.0mMA
high P2,to P2,
voltage P3,to P3,
P4, to P4, Vec—05 — — —loy =0.5MA
P5,to P5,
P6 , to P6,
P7,to P7,
P8, to P8,
P9, to P9,
PA, to PA,

Output VoL P1,to P1, — — 06 % lo. = 1.6 MA
low voltage P4, to P4,

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 lo. =10 mA
P3,to P3; _ — 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 (I-Spec) Version) (cont)

Vee=45V1t055V, AL =45V 1055V, =AVs,=0.0V, T, =-40C to +85C,
including subactive mode, unless otherwise indicated.

Item Symbol Applicable Pins Min Typ Max Unit Test Condition Note
Input/outpu I, | RES, P4, — — 24.0 PA  V, =05Vto 2
t Vee—05V
leakage
current _ _ 20 1
0OsC,, MDO — — 2.0 PA Vi =05V to
P1,to P1, Ve —0.5V
P2, to P2,
P3,to P3,
P4, to P4,
P5, to P5,
P6, to P6,
P7,t0 P7,
P8, to P8,
P9, to P9,
PA, to PA,
PB,to PB, — — 2.0 Vy =05Vto
PC, to PC, AV —05V
Pull-up I P1,to P1, 20.0 — 330.0 PA Ve =5V,
MOS P3,to P3, V=0V
current P5, to P5,
P6, to P6,
Input Cy All input pins — — 15.0 o8 f=1MHz,
capaci- except power Vy =0V
tance 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 (wide temperature range version).
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Table 14.54 DC Characteristics of H8/3835, H8/3836, and H8/3837 (Wide
Temperature Range (I-Spec) Version) (cont)

Vee=45V1t055V, AL =45V 1055V, =AVs,=0.0V, T, =-40C to +85C,
including subactive mode, unless otherwise indicated.

Applicable
Item Symbol Pins Min Typ Max Unit Test Condition Note
Active mode lope1 Ve — 13,5 30.0 mA  Active mode (high speed), 1,2
current Vee=5V, fo. =10 MHz
dissipation lopea Vee — 25 6.0 mA Active mode (medium speed), 1,2
Vee=5V, f .. = 10 MHz
Sleep mode I eep Vee — 50 120 mMA V=5V, f,=10MHz 1,2
current
dissipation
Subactive l'sus Vee — 100.0 — MA V=5V, LCDon, 1,2
mode current 32-kHz crystal oscillator Reference
dissipation (s = @Ni2) value
— 70.0 — PA V=5V, LCDon, Reference
32-kHz crystal oscillator value
(@sus = QI8) 1,2
Subsleep l'sussp Ve — 60.0 — PA V=5V, LCDon, 1,2
mode current 32-kHz crystal oscillator Reference
dissipation (s = @N/2) value
Watch mode l\waten Vee — 6.0 — MA V=5V, LCD not used, 1,2
current 32-kHz crystal oscillator Reference
dissipation value
Standby lsray Vee - — 10.0 pA  32-kHz crystal oscillator not 1,2
mode current used
dissipation
RAM data Veau Vee 20 — — V 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 Systemclock cscillator: Cry stal
and medium speed) Subclock cscillator: Pin X =V
Sleep mode Only timer operates Vee Open
Subactive mode Operates Vee  Open  Systemclock cscillator: Crystal
Subsleep mode Only timer operates, CPU V. ~ Open  Subclock cscillator: Qystal
stops
Watch mode Only time-base clock Vee Open
operates, CPU stops
Standby mode CPU and timers all stop V. Open Systemclock cscillator: Cry stal

Subclock cscillator: Pin X =V

2. Excludes current in pull-up MOS transistors and output buffers.

HITACHI
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Table 14.54 DC Characteristics of H8/3835, H8/3836, and H8/3837 (Wide
Temperature Range (I-Spec) Version) (cont)

Vee=27V1055V, AL =2.7V1055V,=AVs,=0.0V, T, =-40C to +85C,
including subactive mode, unless otherwise indicated.

Item Symbol Applicable Pins Min Typ Max Unit Test Condition
Allowable output low 1. Output pins exceptin  — — 2.0 mA
current (per pin) ports 2 and 3
Ports 2 and 3 — — 10.0
Allowable output low =, Output pins exceptin  — — 40.0 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 -l All output pins — — 150 mA

current (total)
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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).

Table 14.55 Control Signal Timing of H8/3835, H8/3836, and H8/3837
(Wide Temperature Range (I-Spec) Version)

Vec=45V1055V, AL =45V 1055V, \{s=AVs=0.0V, T, =-40C to +85C,
including subactive mode, unless otherwise specified.

Applicabl Referenc
Iltem Symbol e Pins Min  Typ Max Unit Test Condition e Figure
System clock fosc osc,,0sC, 20 — 10.0 MHz
oscillation frequency
OSC clock (@) tosc osCc,, 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  f, Xy X, — 32.768 — kHz
frequency
Watch clock (@) tw X X, — 305 — ps
cycle time
Subclock (@g) cycle tgeye 2 — 8 tw 2
time
Instruction cycle time 2 — — toye

tsubcyc

Oscillation the 0sc,, 0sC, — — 40.0 ms
stabilization time
(crystal oscillator)
Oscillation te X5, X, — — 2.0 S
stabilization time
External clock high  to, 0sC, 40.0 — — ns Figure 14.1
width
External clock low tepl 0SsC, 40.0 — — ns Figure 14.1
width
External clock rise tepr — — 150 ns Figure 14.1
time
External clock fall tcpr — — 150 ns Figure 14.1
time
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 14.55 Control Signal Timing of H8/3835, H8/3836, and H8/3837
(Wide Temperature Range (I-Spec) Version) (cont)

Vee=45V1t055V, AL =45V 1055V, =AVs,=0.0V, T, =-40C to +85C,
including subactive mode, unless otherwise specified.

Iltem

Symbol

Applicable
Pins

Min Typ

Max Unit

Test

Condition

Referenc
e Figure

Input pin high width

ty

TRQ, to IRQ,

2 —

WKP, to WKP,

ADTRG
TMIB, TMIC
TMIF, TMIG

toye
t

subcyc

Figure 14.3

Input pin low width

tw

1RQ, to IRQ,

2 —

WKP, to WKP,

ADTRG
TMIB, TMIC
TMIF, TMIG

toe
t

subcyc

Figure 14.3

Pin UD minimum
modulation width

tUDH
tUDL

uw

t
t

cyc

subcyc

Figure 14.4
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Table 14.56 Serial Interface (SCI1, SCI2) Timing of H8/3835, H8/3836, and
H8/3837 (Wide Temperature Range (I-Spec) Version)

Vee=45V1t055V, AL =45V 1055V, =AVs=0.0V, T, =-40C to +85C, unless
otherwise specified.

Applicable Referenc
Item Symbol Pins Min  Typ Max Unit Test Condition e Figure
Input serial clock toeye SCK,, SCK, 2 — — e 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  tgcy, SCK,, SCK, — — 60.0 ns Figure 14.5
time
Input serial clock fall  tgcy 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 tsis Sl;, Sl, 200.0 — — ns Figure 14.5
setup time
Serial input data hold  tg,, Sl,, S, 200.0 — — ns Figure 14.5
time
CS setup time tess cs 2 — — oty Figure 14.6
CS hold time teon [e3) 2 — — e Figure 14.6
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Table 14.57 Serial Interface (SCI3) Timing of H8/3835, H8/3836, and
H8/3837 (Wide Temperature Range (I-Spec) Version)

Vee=45V1t055V, AL =45V 1055V, =AVs=0.0V, T, =-40C to +85C, unless
otherwise specified.

Referenc

Item Symbo Min Typ Max Unit Test Condition e Figure
I
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 o — — 1 toye Figure 14.8
(synchronous mode)
Receive data setup time trxs 200.0 — — ns Figure 14.8
(synchronous mode)
Receive data hold time TRy 200.0 — — ns Figure 14.8

(synchronous mode)
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14.12.4A/D Converter Characteristics

Table 14.58 shows the A/D converter characteristics of the H8/3835, H8/3836, and H8/3837 (wide
temperature range (I-spec) version).

Table 14.58 A/D Converter Characteristics of H8/3835, H8/3836, and
H8/3837 (Wide Temperature Range (I-Spec) Version)

V=45V 1055V, A=V, =0.0V, T, =-40C to +85C, unless otherwise specified.

Applicabl
Item Symbol e Pins Min Typ Max Unit  Test Condition Note
Analog power AV . AV ¢ 45 — 5.5 \Y 1
supply voltage
Analog input AV ANgto AN, AV — AV ,+03 V
voltage -0.3
Analog power  Algpe AV ¢ — — 17 mA AV =50V
supply current Algrops  AVec N 1500 — LA 2
Referenc
e value
Algrop,  AVee - - 7.0 PA 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 — — 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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14.12.59.CD Characteristics

Table 14.59 lists the LCD characteristics, and table 14.60 lists the AC characteristics for external

segment expansion of the H8/3835, H8/3836, and H8/3837 (wide temperature range (I-spec)
version).

Table 14.59.CD Characteristics of H8/3835, H8/3836, and H8/3837 (Wide
Temperature Range (I-Spec) Version)

Vee=45V1t055V, AL =45V 1055V, {=AV,=0.0V, T, =-40C to +85C,
including subactive mode, unless otherwise specified.

Applicable
Item Symbol Pins Min Typ Max Unit Test Condition Note
Segment driver Vs SEG, to — — 06 V Iy =2 pA 1
voltage drop SEG,,
Common driver Vi COM, to — — 03 V Ip =2pA 1
voltage drop CoMm,
LCD power supply Rico 40.0 300.0 100.0 kQ Between V, and Vg
voltage divider
resistance
LCD power supply Vico V, 45 — Vee V 2
voltage

Notes: 1. These are the voltage drops between the voltage supply pins V,, V,, V,, and Vg, and
the segment pins or common pins.

2. When V , is supplied from an external source, the following relation must hold:
V2V, 2V, 2V, 2V
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Table 14.60 AC Characteristics for External Segment Expansion of H8/3835,
H8/3836, and H8/3837 (Wide Temperature Range (I-Spec) Version)

Vee=45V1t055V, AL =45V 1055V, =AVs,=0.0V, T, =-40C to +85C,
including subactive mode, unless otherwise specified.

Applicable Referenc

Item Symbol Pins Min Typ Max Unit Test Condition e
Figure

Clock high width town a,cL, 800.0 — — ns * Figure 14.9
Clock low width towt Cc, 800.0 — — ns * Figure 14.9
Clock setup time tesu a,cL, 500.0 — — ns * Figure 14.9
Data setup time tsy DO 300.0 — — 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 ~ tq; a,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
—y——m———————————————————————————————————————————— -

[

0SC;

tcpH tepL

Lt -

— =—tepr ™ tepr

Figure 14.1 System Clock Input Timing

|

s
m
(@]

ViL

Figure 14.2 RES Low Width Timing

mo to m4 ( 5

WKPg to WKP, ViH
ADTRG

TMIB, TMIC Vi
TMIF, TMIG

tiH

Figure 14.3 Input Timing
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ViH

ub
ViL

tupL

tupH

—
-

oy
-

Figure 14.4 UD Pin Minimum Transition Width Timing
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tseye

Y

A

Vin C’rVOH*x / X /

SCK 1 X X /
SCK2 VL orVg *

tsckL tsckH
e I | el -
tsckf—= [=— —=| =—tgckr
tsop
| Emm—
V *
SO, VoL*

tsis

LsH

[\
o =

[

Notes: * Output timing reference levels
Output high: Vo =1.8V (Vcc=25V105.5V)/20V (Vcc=2.7V105.5V)
Output low: Vg =0.8V
Load conditions are shown in figure 14-10.

Figure 14.5  Serial Interface 1 and 2 Input/Output Timing
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L _\ ViH {
CS

Vi

tess tesH

(-~ (-~
" ViH
SCK,
Vi

Figure 14.6 Serial Interface 2 Chip Select Timing

tsckw

SCK3

tseyc

Figure 14.7  SCK Input Clock Timing
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tseye
Vin Or Vo \ Z
SCHKs ViL orVo *
— trxp
TXD Vor®
(transmit data) VoL*
el B 0D
(receive data) N 7

Notes: * Output timing reference levels
Output high: Vou=1.8V (Vcc=2.5V1t05.5V)/2.0V (Vcc=2.7V t0 5.5V)
Output low: Vg, =0.8V
Load conditions are shown in figure 14-10.

P
Yo

L~
be
b
I

N Ag

Figure 14.8 Input/Output Timing of Serial Interface 3 in Synchronous Mode

— ter
/A
Vee - 05V
CL1
0.4V
towH tewH
- - -
tcsu
|
EVCC_ 05V,
CL2 0.4V
tcsu tow

— - <7tCT

Vee —05V
Do >< 0.4V

tsu toH
(-

Figure 14.9 Segment Expansion Signal Timing
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14.14 Output Load Circuit

2.4 kQ

Output pin

30 pF 12 kQ

Figure 14.10 Output Load 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 hits)
Rn8/16 General register (8 or 16 bits)
CCR Condition code register
N (negative) flag in CCR
z Z (zero) flag in CCR
V (overflow) flag in CCR
C C (carry) flag in CCR
PC Program counter
SP Stack pointer
#xx: 3/8/16 Immediate data (3, 8, or 16 hits)
d: 8/16 Displacement (8 or 16 bits)
@aa: 8/16 Absolute address (8 or 16 bits)
+ Addition

- Subtraction

X Multiplication

+ Division

g Logical AND

ad Logical OR

ad Exclusive logical OR

- Move

Logical complement

Condition Code Notation

Symbol

A Modified according to the instruction result

* Not fixed (value not guaranteed)

0 Always cleared to 0

— Not affected by the instruction execution result
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Table A.1 lists the H8/300L CPU instruction set.

Table A.1 Instruction Set

Addressing Mode/
Instruction Length

Condition Code

(Bytes)
()
N - 3
7 © € Xo0 ]
Mnemonic 2 Operation o s @ 52 s ! HN ZV n
s ® c D g 0 g2 S
e X o xZ TE8so= S
o) £ r®00 Q0 E Z
MOV.B #xx:8, Rd B #xx:8 - Rd8 2 —— A A O —2
MOV.B Rs, Rd B Rs8 - Rd8 2 —— A AN O — 2
MOV.B @Rs, Rd B @Rs16 - Rd8 2 —— A A O — 4
MOV.B @(d:16, Rs), Rd B @(d:16, Rs16) - Rd8 4 —— AAO—6
MOV.B @Rs+, Rd B @Rsl1l6 - Rd8 2 —— A A O — 6
Rs16+1 - Rs16
MOV.B @aa:8, Rd B @aa8 - Rd8 2 —— A A O — 4
MOV.B @aa:16, Rd B @aa:16 - Rd8 4 —— A A O— 6
MOV.B Rs, @Rd B Rs8 - @Rd16 2 —— A AN O — 4
MOV.B Rs, @(d:16, Rd) B Rs8 - @(d:16, Rd16) 4 —— AANO—6
MOV.B Rs, @-Rd B Rd16-1 - Rd16 2 —— A A O— 6
Rs8 - @Rd16
MOV.B Rs, @aa:8 B Rs8 - @aa:8 2 —— A AN O — 4
MOV.B Rs, @aa:16 B Rs8 - @aa:16 4 —— A A O0O— 6
MOV.W #xx:16, Rd W #xx:16 - Rd 4 —— A A O — 4
MOV.W Rs, Rd W Rs16 - Rd16 2 —— A A O — 2
MOV.W @Rs, Rd W @Rsl1l6 - Rd16 2 —— A AN O — 4
MOV.W @(d:16, Rs), Rd W @(d:16, Rs16) — Rd16 4 —— AANO— 6
MOV.W @Rs+, Rd W @Rs16 - Rd16 2 —— A A O— 6
Rs16+2 - Rs16
MOV.W @aa:16, Rd W @aa:16 - Rd16 4 —— A A O — 6
MOV.W Rs, @Rd W Rsl1l6 - @Rd16 2 —— A AN O — 4
MOV.W Rs, @(d:16, Rd) W Rs16 — @(d:16, Rd16) 4 —— AANO—6
MOV.W Rs, @-Rd W Rd16-2 - Rd16 2 —— A AN O—6
Rs16 - @Rd16
MOV.W Rs, @aa:16 W Rsl16 - @aa:16 4 —— A A O— 6
POP Rd W @SP - Rd16 2 —— A A O— 6
SP+2 - SP
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Table A.1l Instruction Set (cont)
Addressing Mode/
Instruction Length Condition Code
(Bytes)
N = £ 4
0 © & © O s
Mnemonic 2 Operation o s ® 52 sl HN ZV CO
@ [¢9) = c .o §2 5
= .. c X < .
oy X c 2T 202 s
O fr®00 Q000 E z
PUSH Rs W SP-2 - SP 2 —— A A O—6
Rs16 - @SP
EEPMOV — if R4L#0 then 4 — — — — — @
Repeat @R5 - @R6
R5+1 - R5
R6+1 - R6
R4L-1 - R4L
Until R4L=0
else next;
ADD.B #xx:8, Rd B Rd8+#xx:8 - Rd8 2 —AAAAA 2
ADD.B Rs, Rd B Rd8+Rs8 - Rd8 2 —AAANANA 2
ADD.W Rs, Rd W Rd16+Rsl16 - Rd16 2 —DAAAA 2
ADDX.B #xx:8, Rd B Rd8+#xx:8 +C - Rd8 2 —AAQRQA A 2
ADDX.B Rs, Rd B Rd8+Rs8 +C - Rd8 2 —ANAQ@AA 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 —— A AAN— 2
DAABRd B Rd8 decimal adjust — Rd8 2 —* A A * (3 2
SUB.B Rs, Rd B Rd8-Rs8 - Rd8 2 —AAANANA 2
SUB.W Rs, Rd W Rd16-Rsl16 - Rd16 2 —VAAAA 2
SUBX.B #xx:8, Rd B Rd8—#xx:8 -C - Rd8 2 —AAQRQA A 2
SUBX.B Rs, Rd B Rd8-Rs8-C - Rd8 2 —ANAQ@AA 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 —— A AAN— 2
DAS.BRd B Rd8 decimal adjust — Rd8 2 —* AN * —2
NEG.B Rd B 0-Rd - Rd 2 —AAANANA 2
CMP.B #xx:8, Rd B Rd8-#xx:8 2 —AAAAA 2
CMP.B Rs, Rd B Rd8-Rs8 2 —AAANANA 2
CMP.W Rs, Rd W Rd16-Rs16 2 —WAAAA2
MULXU.B Rs, Rd B Rd8xRs8 - Rd16 A 14
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Table A.1l Instruction Set (cont)

Addressing Mode/
Instruction Length

Condition Code

(Bytes)
3 ~ * 7}
2 EC 00 %
Mnemonic g Operation o c @5 cg ! HN ZV n
5 NIRRT S
5 5000 000E S
DIVXU.B Rs, Rd B Rd16+Rs8 - Rd16 (RdH: 2 —— (B 6 ——14
remainder, RdL: quotient)
AND.B #xx:8, Rd B Rd8[#xx:8 —» Rd8 2 —— A A DO 2
AND.B Rs, Rd B Rd8[Rs8 - Rd8 2 —— A A O 2
OR.B #xx:8, Rd B Rd8[#xx:8 —» Rd8 2 —— A A DO 2
OR.BRs, Rd B Rd8[Rs8 - Rd8 2 —— A A O 2
XOR.B #xx:8, Rd B Rd8I#xx:8 — Rd8 2 —— A A DO 2
XOR.B Rs, Rd B Rd8[Rs8 - Rd8 2 —— A A DO 2
NOT.BRd B Rd ~Rd 2 —— AAO 2
SHAL.BRd B IIIIIIII 0 2 —— A A A 2
SHAR.B Rd B lIIIIIIII 2 —— A A DO 2
SHLL.B Rd B IIIIIIII 0 2 —— A A O 2
SHLR.B Rd B 0 IIIIIII 2 —— 0 A O 2
ROTXL.BRd B IIIIIIII 2 —— A A DO 2
b, b
ROTXR.B Rd B m»‘:h 2 —— A A DO 2
b, by C
ROTL.B Rd B IIIIIIII 2 —— A A O 2
g
b7 bo
ROTR.BRd B IIIIIIII 2 —— A A DO 2
g
b7 bo
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Table A.l Instruction Set (cont)
Addressing Mode/
Instruction Length Condition Code
(Bytes)
8 o 8
° o @90 g
Mnemonic 2 Operation o s ® 52 s ! HNZV CO
o ® _SeTage 5
g X o 27 T T ® o S
O t N ACECRCNCRCRC RS =z
BSET #xx:3, Rd B (#xx:30fRd8) ~ 1 2 e — = 2
BSET #xx:3, @Rd B (#xx:3 of @Rd16) ~ 1 4 = —— — — 8
BSET #xx:3, @aa:8 B (#xx:3 of @aa:8) ~ 1 4 = — — 8
BSET Rn, Rd B (Rn8ofRd8) ~ 1 2 ———— — — 2
BSET Rn, @Rd B (Rn8 of @Rd16) ~ 1 4  — e — — 8
BSET Rn, @aa:8 B (Rn8of @aa:8) ~ 1 4 - e — — — 8
BCLR #xx:3, Rd B (#xx:30of Rd8) ~ 0 2 == — — 2
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 (Rn8ofRd8) — 0 2 2
BCLR Rn, @Rd B (Rn8of @Rd16) ~ 0 4  — e — — 8
BCLR Rn, @aa:8 B (Rn8 of @aa:8) —~ 0 4 - e — — — 8
BNOT #xx:3, Rd B (#xx:3 of Rd8) - 2 == — 2
(#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 0 - - 8
(#xx:3 of @aa:8)
BNOT Rn, Rd B (Rn8of Rd8) 72 2
(Rn8 of Rd8)
BNOT Rn, @Rd B (Rn8 of @Rd16) 4 = — — — 8
(Rn8 of @Rd16)
BNOT Rn, @aa:8 B (Rn8 of @aa:8) — 4 — e — — — 8
(Rn8 of @aa:8)
BTST #xx:3, Rd B (#xx:30f Rd8) - Z 2 —_— — A —— 2
BTST #xx:3, @Rd B (#xx:3 of @Rd16) - Z 4 —— — A ——686
BTST #xx:3, @aa:8 B (#xx:3 of @aa:8) - Z 4 —— — A ——6
BTST Rn, Rd B (Rn8ofRRd8) » Z 2 - — A ——2
BTST Rn, @Rd B (Rn8of @Rd16) - Z 4 —— — AN —— 56
BTST Rn, @aa:8 B (Rn8of @aa:8) - Z 4 —— — A ——6
451

HITACHI



Table A.1l Instruction Set (cont)

Addressing Mode/
Instruction Length

Condition Code

(Bytes)

(]
& © ;:; é © O é
Mnemonic g Operation g S; % (.T\Of S;_ 3 E I HN ZV C §
5 x £ESf850% °
8 000 ®80E S
BLD #xx:3, Rd B (#xx:3 of Rd8) - C 2 == — — A 2
BLD #xx:3, @Rd B (#xx:3 of @Rd16) -~ C 4 — A 6
BLD #xx:3, @aa:8 B (#xx:3 of @aa:8) - C 4 e — ——— A 6
BILD #xx:3, Rd B (#xx:30fRd8) - C 2 = A 2
BILD #xx:3, @Rd B (#xx:3of @Rd16) - C 4 e A 6
BILD #xx:3, @aa:8 B (#xx:3of @aa8) - C 4 - A 6
BST #xx:3, Rd B C - (#xx:3 of Rd8) P e 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 e 2
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 == — — A 2
BAND #xx:3, @Rd B CO#xx:3 of @Rd16) - C 4 — A 6
BAND #xx:3, @aa:8 B CO#xx:3 of @aa:8) - C 4 e — —— A 6
BIAND #xx:3, Rd B CO#xx:30fRd8) - C 2 = A 2
BIAND #xx:3, @Rd B C(#xx:3 of @Rd16) - C 4 A 6
BIAND #xx:3, @aa:8 B C(#xx:3 of @aa8) - C 4 - A 6
BOR #xx:3, Rd B CO#xx:3 of Rd8) - C 2 == — — A 2
BOR #xx:3, @Rd B CO#xx:3 of @Rd16) - C 4 == = — — A 6
BOR #xx:3, @aa:8 B CO#xx:3 of @aa:8) - C 4 e — —— A 6
BIOR #xx:3, Rd B CO#xx:30fRd8) - C 2 = A 2
BIOR #xx:3, @Rd B CL(#xx:3 of @Rd16) - C i A 6
BIOR #xx:3, @aa:8 B C(#xx:3 of @aa8) - C 4 - A 6
BXOR #xx:3, Rd B CO@#xx:30f Rd8) - C 2 = —— A 2
BXOR #xx:3, @Rd B CO#xx:3 of @Rd16) —» C 4 = — — A 6
BXOR #xx:3, @aa:8 B CO(#xx:3 of @aa:8) - C 4 e — —— A 6
BIXOR #xx:3, Rd B CO(#xx:3of Rd8) - C 2 e A 2
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Table A.1l Instruction Set (cont)

Addressing Mode/

Instruction Length Condition Code
(Bytes)
]
a oL 4
2 © r®9P e
Mnemonic % Operatio  Branching g ‘u_?;" % > a sg ! HN ZVC @
5 n Condition ; £ 35 & g 2 S= S
) 0000 OE 2
BIXOR #xx:3, @Rd B CO(#xx:3 of @Rd16) - C 4 == — — A 6
BIXOR #xx:3, @aa:8 B CO(#xx:3 of @aa:8) — C 4 - — A 6
BRA d:8 (BT d:8) — PC — PC+d:8 2 — = 4
BRN d:8 (BF d:8) — PC — PC+2 2 - 4
BHI d:8 — |If coz=0 2 - — — 4
BLS d:8 — conditon COzZ=1 2 —————— 4
BCC d:8 (BHS d:8) — istrue C=0 2 — e — — — 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 — else next; V=0 2 e — — — 4
BVS d:8 — v=1 2 4
BPL d:8 — N=0 2 - — — 4
BMI d:8 — N=1 2 4
BGE d:8 — NOV=0 2 - — — — 4
BLT d:8 — NOV=1 2 - ——— — 4
BGT d:8 — ZONDOV)=0 2 - — 4
BLE d:8 — ZONOV)=1 2 - — 4
JMP @Rn — PC < Rn16 2 e e 4
JMP @aa:16 — PC ~ aa:16 4 e — 6
JMP @ @aa:8 — PC - @aa8 2 — e — 8
BSR d:8 — SP-2 - SP 2 = e 6
PC - @SP
PC ~ PC+d:8
JSR@Rn — SP-2 . SP 2 e e — 6
PC - @SP
PC ~ Rn16
JSR @aa:16 — SP-2 - SP 4 - - 8
PC - @SP
PC —~ aa:16
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Table A.1l Instruction Set (cont)
Addressing Mode/
Instruction Length Condition Code
(Bytes)
(]
N = 8
S o xE9P o
Mnemonic 2 Operation o s ® 52 sl HN ZV CO
IS 0 = c 7 o glQ b=
o s Fo¥ds@sa °
=y X 27T 20 o)
o x990 Q0QQE z
JSR @@aa:8 SP-2 - SP 2 - ———— 8
PC - @SP
PC - @aa:8
RTS — PC - @SP 2 — = — — — — 8
SP+2 - SP
RTE — CCR ~ @SP 2 A AAAAAT
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 AAANANAA2
LDC Rs, CCR B Rs8 - CCR 2 AANAAANA 2
STC CCR, Rd B CCR - Rd8 e 2
ANDC #xx:8, CCR B CCR#xx:8 - CCR 2 AANAAANA 2
ORC #xx:8, CCR B CCRI#xx:8 - CCR 2 AAANANAA2
XORC #xx:8, CCR B CCRO#xx:8 -» CCR 2 AANAAANA 2
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

454

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) Set to 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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Table A.2 Operation Code Map

‘suononasul AQW 01 abenfBue| auiyoew ul [eanuap! ae suoRdNIsUl dOd pue HSNd 8yl x 910N

AOW 3
anv 3
HOX a
¥o 5
xans g
dND v
xaav 6
aav 8
qiig _~[aNvid_-TaoXig_~| €oid
suopon.sul uopeIndiuew-ig AOWd33 AOW L
e ONVA | HOXE, MO8 1sia | wiom | long | 13s8
OW 9
158
wse de a1y | wuss | sl nxAlg | x| s
398 | 1o | 118 308 | ng 49 | saa | ona | ©3g | ana | sos | 008 | sig IHg Nug | g v
£
AOW
z
BE gIou _~TiI0Y - TavHS | TVAS
sva | xans e sans | o3a ans anv | wox ¥0 T
10N XLOu|_~IXLOM| ~HTHS |~ THS
wa | xaav AOW saav | oNI aav oal 7 oanv | ovox | owo | oa1 | ois | d3mis | don 0
4 3 a ) g v 6 8 L 9 5 v € z 1 0 ubH
Mo
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A.3 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 =1 xS, +JxS; +KxS +L xS +MxS,+NxS

Examples: When instruction is fetched from on-chip ROM, and an on-chip RAM is
accessed.

BSET #0, @FFO0

From table A.4:
I=L=2, J=K=M=N=0

From table A.3:
S=2 $=2

Number of states required for execution x2 +2x 2 =8

When instruction is fetched from on-chip ROM, branch address is read from on-chip ROM, and on-
chip RAM is used for stack area.

JSR @@ 30

From table A.4:
1=2, J=K=1, L=M=N=0

From table A.3:
S=§=%=2

Number of states required for execution x 2 + 1x 2+ 1x2 =8
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Table A.3 Number of Cycles in Each Instruction

Execution Status Access Location

(Instruction Cycle) On-Chip Memory On-Chip Peripheral
Module

Instruction fetch S, 2 —

Branch address read S,

Stack operation Sy

Byte data access S, 2o0r3*

Word data access Sy —

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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Table A.4 Number of Cycles in Each Instruction

Instructio
n

Mnemonic

Instructio Branch

n Fetch
|

J

Stack
Addr. Read Operation Access

K

Byte Data Word

L

Data
Access
M

Internal
Operatio

nN

ADD

ADD.B #xx:8, Rd
ADD.B Rs, Rd
ADD.W Rs, Rd

ADDS

ADDS.W #1, Rd
ADDS.W #2, Rd

ADDX

ADDX.B #xx:8, Rd
ADDX.B Rs, Rd

AND

AND.B #xx:8, Rd
AND.B Rs, Rd

ANDC

ANDC #xx:8, CCR

BAND

BAND #xx:3, Rd
BAND #xx:3, @Rd
BAND #xx:3, @aa:8

Bcc

BRA d:8 (BT d:8)
BRN d:8 (BF d:8)
BHI d:8

BLS d:8

BCC d:8 (BHS d:8)
BCS d:8 (BLO d:8)
BNE d:8

BEQ d:8

BVC d:8

BVS d:8

BPL d:8

BMI d:8

BGE d:8

BLT d:8

BGT d:8

BLE d:8

BCLR

BCLR #xx:3, Rd
BCLR #xx:3, @Rd
BCLR #xx:3, @aa:8
BCLR Rn, Rd

P NN RPINRNNMNNOMNNONNDNNNDRNONNMNRNDNDRNNDNDR[ RIP RIRP RPIR R[RP PR
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Table A.4 Number of Cycles in Each Instruction (cont)

Instructio Branch Stack Byte Data Word Internal
n Fetch Addr. Read Operation Access Data Operatio
Instructio Mnemonic | J K L Access n N
n M
BCLR BCLR Rn, @Rd 2
BCLR Rn, @aa:8 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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Table A.4 Number of Cycles in Each Instruction (cont)

Instructio Branch Stack Byte Data Word Internal
n Fetch Addr. Read Operation Access Data Operatio
Instructio Mnemonic | J K L Access nN
n M
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 1
BXOR #xx:3, @aa:8 2 1
CMP CMP. B #xx:8, Rd 1
CMP. B Rs, Rd 1
CMP.W Rs, Rd 1
DAA DAA.B Rd 1
DAS DAS.B Rd 1
DEC DEC.BRd 1
DIVXU DIVXU.B Rs, Rd 1 12
EEPMOV  EEPMOV 2 2n+2* 1
INC INC.B Rd 1
JMP JMP @Rn 2
JMP @aa:16 2
JMP @@aa:8 2 1
JSR JSR @Rn 2 1
JSR @aa:16 2 1 2
JSR @@aa:8 2 1 1
LDC LDC #xx:8, CCR 1
LDCRs, 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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Table A.4 Number of Cycles in Each Instruction (cont)

Instructio Branch Stack Byte Data Word Internal
n Fetch Addr. Read Operation Access Data Operatio
Instructio Mnemonic | J K L Access nN
n M

MOV MOV.B @Rs, Rd 1 1

MOV.B @(d:16, Rs),
Rd

MOV.B @Rs+, Rd
MOV.B @aa:8, Rd
MOV.B @aa:16, Rd
MOV.B Rs, @Rd

MOV.B Rs, @(d:16,
Rd)

MOV.B Rs, @-Rd
MOV.B Rs, @aa:8
MOV.B Rs, @aa:16
MOV.W #xx:16, Rd
MOV.W Rs, Rd
MOV.W @Rs, Rd

MOV.W @(d:16, Rs),
Rd

MOV.W @Rs+, Rd
MOV.W @aa:16, Rd
MOV.W Rs, @Rd

MOV.W Rs, @(d:16,
Rd)

MOV.W Rs, @—Rd
MOV.W Rs, @aa:16

N RPN PR RN
[ S S =

N RN R N P P NN PR
N
[ S = S S
N

[y
N

MULXU MULXU.B Rs, Rd

NEG NEG.B Rd

NOP NOP

NOT NOT.BRd

OR OR.B #xx:8, Rd
OR.BRs, Rd

ORC ORC #xx:8, CCR

POP POP Rd

PUSH PUSH Rs

ROTL ROTL.BRd

RPlRr|RP|RPIRPFP PIRPIRPIPIRL|N R

ROTR ROTR.B Rd
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Table A.4 Number of Cycles in Each Instruction (cont)

Instructio Branch Stack Byte Data Word Internal
n Fetch Addr. Read Operation Access Data Operatio

Instructio Mnemonic | J K L Access n N
n M
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
SUB 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 1/0 Registers (1)

Bit Names Module Name

Addres Registe Module
s r

(low) Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Name
HAO SCR1 SNC1 SNCO — — CKS3 CKS2 CKS1 CKSO SCI1
HA1l SCSR1 — SOL ORER — — — — STF

HA2 SDRU SDRU7 SDRU6 SDRU5 SDRU4 SDRU3 SDRU2 SDRUl SDRUO

HA3 SDRL SDRL7 SDRL6 SDRL5 SDRL4 SDRL3 SDRL2 SDRL1 SDRLO

HA4 STAR — — — STA4 STA3 STA2 STA1 STAO SCI2
HAS EDAR — — — EDA4 EDA3 EDA2 EDA1 EDAO

HAG6 SCR2 — — — GAP1 GAPO CKS2 CKS1 CKSO0

HA7 SCSR2 — — — SOL ORER WT ABT STF

HA8 SMR COM CHR PE PM STOP MP CKS1 CKSO SCI3
H'A9 BRR BRR7 BRR6 BRR5 BRR4 BRR3 BRR2 BRR1 BRRO

HAA SCR3 TIE RIE TE RE MPIE TEIE CKE1l CKEO

HAB TDR TDR7 TDR6 TDRS TDR4 TDR3 TDR2 TDR1 TDRO

HAC SSR TDRE RDRF OER FER PER TEND MPBR MPBT

HAD RDR RDR7 RDR6 RDR5 RDR4 RDR3 RDR2 RDR1 RDRO

HAE

HAF

HBO TMA TMA7 TMAG6 TMAS — TMA3 TMA2 TMAL TMAO Timer A
HB1 TCA TCA7 TCA6 TCA5 TCA4 TCA3 TCA2 TCA1 TCAO

HB2 T™MB TMB7 — — — — TMB2 TMB1 TMBO Timer B

HB3 TCB/TLB TCB7/ TCB6/ TCB5/  TCB4/ TCB3/ TCB2/ TCBl  TCBO/
TLB7 TLB6 TLB5 TLB4 TLB3 TLB2 TLB1 TLBO

HB4 T™C T™MC7 TMC6 TMC5 — — T™C2 T™MC1 TMCO Timer C

H'B5 TCC/TLC TCC7/ ~TCCe6/ TCCh5/  TCC4/ TCC3  TCC2/ TCCl  TCCO/
TLC7 TLC6 TLC5 TLC4 TLC3 TLC2 TLC1 TLCO

H'B6 TCRF TOLH CKSH2 CKSH1 CKSHO TOLL CKSL2 CKSL1 CKSLO Timer F

HB7 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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Addres Registe Bit Names Module Name Module
s r

(low) Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit O Name
HB9 TCFL TCFL7 TCFL6 TCFL5 TCFL4 TCFL3 TCFL2 TCFL1  TCFLO Timer F

HBA OCRFH OCRFH7 OCRFH6 OCRFH5 OCRFH4 OCRFH3 OCRFH2 OCRFH1 OCRFHO

HBB OCRFL OCRFL7 OCRFL6 OCRFL5 OCRFL4 OCRFL3 OCRFL2 OCRFL1 OCRFLO

HBC ™G OVFH OVFL OVIE IIEGS CCLR1 CCLRO CKS1 CKSO0 Timer G

HBD ICRGF ICRGF7 ICRGF6 ICRGF5 ICRGF4 ICRGF3 ICRGF2 ICRGF1 ICRGFO

HBE ICRGR ICRGR7 ICRGR6 ICRGR5 ICRGR4 ICRGR3 ICRGR2 ICRGR1 ICRGRO

HBF

HCO LPCR DTS1 DTSO CMX SGX SGS3 SGS2 SGS1 SGS0 LCD

HCL LR — PSW  ACT  DISP  CKS3 CKS2 CKSl  CKSO g‘r’icgro”e”
HC2

HC3

HC4 AMR  CKS  TRGE — — CH3 CH2 CHL CHO  AD

HC5  ADRR ADR7 ADR6 ADR5 ADR4 ADR3 ADR2 ADRl ADRo  converter

H'C6 ADSR ADSF — — — — — — —

HC7

H'C8 PMR1 IRQ3 IRQ2 IRQ1 PWM T™MIG TMOFH TMOFL TMOW I/O ports
HC9 PMR2 — — POF2 NCS IRQO POF1 w IRQ4

HCA PMR3 cs STRB S0O2 SI2 SCK2 SO1 SI1 SCK1

HCB PMR4 NMOD7 NMOD6 NMOD5 NMOD4 NMOD3 NMOD2 NMOD1 NMODO

HCC  PMRS  WKP, WKP, WKP, WKP, WKP, WKP, WKP, WKP,

HCD

HCE

HCF  RILCTR — — — — — — RLCT1 RLCTO

HDO  PWCR — — — — — — — PWCRO  14-bit
HD1  PWDRU — — PWDRU5 PWDRU4 PWDRU3 PWDRU2 PWDRUL PWDRUO "M
HD2  PWDRL PWDRL7 PWDRL6 PWDRL5 PWDRL4 PWDRL3 PWDRL2 PWDRL1 PWDRLO

HD3

HD4  PDR1  PI, P1, P1, P1, P1, P1, P1, P1, /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  Ps, P6, P6, P6, P6, P6, P6, P6,
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Bit Names Module Name

Addres Registe Module

S r

(low) Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit O 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, = 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, PUCRl, PUCR1, PUCR1, PUCR1, PUCR1, PUCR1, PUCRI,

HEL  PUCR3 PUCR3, PUCR3, PUCR3, PUCR3, PUCR3, PUCR3, PUCR3, PUCR3,

HE2  PUCR5 PUCR5, PUCR5, PUCR5, PUCR5, PUCR5, PUCR5, PUCR5, PUCR5,

HE3  PUCR6 PUCR6, PUCR6, PUCR6, PUCR6, PUCR6, PUCR6, PUCR6, PUCR6,

HE4 PCR1 PCRl, PCRl, PCR1, PCRl, 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 PCR5,

HE9 PCR6 PCR6, PCR6, PCR6, PCR6, PCR6, PCR6, PCR6, PCR6,

HEA PCR7 PCR7, PCR7, PCR7, PCR7, PCR7, PCR7, PCR7, PCR7,

HEB PCR8 PCR8, PCR8, PCR8, PCR8, PCRS, PCR8, PCR8, PCRS,

HEC PCR9  PCR9, PCR9, PCR9, PCR9, PCR9, PCR9, PCR9, PCRY,

HED PCRA — — — — PCRA, PCRA, PCRA, PCRA,

HEE

HEF

HFO  SYSCR1 SSBY STS2 STS1  STSO LSON — — — System

HFL  SYSCR2 — — — NESEL DTON MSON SAl SAO control

HF2  IEGR — — — IEG4 IEG3 IEG2 IEG1L  IEGO

HF3 IENRL IENTA IENS1 IENWP IEN4 IEN3  IEN2  IENL  IENO

HF4 IENR2 IENDT IENAD IENS2 IENTG IENTFH IENTFL IENTC IENTB

HF5

HF6  IRR1 IRRTA IRRS1 — IRRI4 IRRI3 IRRI2 IRRIL IRRI0  System

HF7  IRR2 IRRDT IRRAD IRRS2 IRRTG IRRTFH IRRTFL IRRTC IRRTB  CcON0Ol

HF8

HF9  IWPR  IWPF7 IWPF6 IWPF5 IWPF4 IWPF3 IWPF2 IWPF1 IWPFO  System
control
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Addres Registe Bit Names Module Name

s r
(low) Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit O Name

Module

HFA

HFB

HFC

HFD

HFE

HFF

HFF
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B.

2 1/O 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
Initial bit — ‘ T™MC7 ‘ TMC6 ‘ TMC5 ‘ — ‘ — ‘ T™MC2 ‘ TMC1 ‘ TMCO ‘,x
values Initial value 0 0 0 1 1 0 0 0 Names of the
Read/Write RIW RIW RIW — — RIW RIW RIW bits. Dashes
-1 1 [ (—) indicate
‘ reserved bits.
Clock select
0|0 |0 | Internal clock: /8192
Possible types of access 1| Internal clock: ¢/2048 Full name
R Read onIy 1|0 | Internal clock: @/512 of bit
. 1 | Internal clock: ¢/64
W | Write only 1|0 0] Internal clock: ¢/16 7\
R/W | Read and write 1 | Internal clock: ¢/4 o
10 | Internal clock: gw/4 Des_crlptlc_)ns
1 | External event (TMIC): Rising or falling edge of bit settings
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
0 | Interval function selected
1 | Auto-reload function selected
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SCR1—Serial control register 1 H'AOQ SCl1
Bit 7 6 5 4 3 2 1 0
‘ SNC1 ‘ SNCO ‘ — ‘ — ‘ CKS3 ‘ CKS2 ‘ CKs1 ‘ CKSO0 ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
A
|
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 ys 102.4 ps
1 0 @l64 12.8 pys 25.6 us
1 @I32 6.4 us 12.8 ps
1 0 0 |¢@/16 3.2us 6.4 us
1 I8 1.6 us 3.2us
1 0 Qla 0.8 us 1.6 pus
1 QI2 — 0.8 us
Clock source select
0 | Clock source is prescaler S, and pin SCK  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
1 | 16-bit synchronous transfer mode
1| 0 | Continuous clock output mode
1 | Reserved
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SCSR1—Serial control/status register 1 H'Al SCl1
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
\
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 data register U H'A2 SCl1

Bit 7 6 5 4 3 2 1 0

‘ SDRU7 ‘ SDRUG‘ SDRU5 ‘ SDRU4 ‘ SDRU3 ‘ SDRU2 ‘ SDRU1 ‘ SDRUO ‘
Initial value Not fixed Not fixed Not fixed Not fixed Not fixed Notfixed Not fixed Not fixed
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Stores transmit and receive data

8-bit transfer mode: Not used
16-bit transfer mode: Upper 8 bits of data

SDRL—Serial data register L H'A3 SCl1

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 Notfixed Notfixed Notfixed Not fixed Not fixed
Read/Write R/W R/W R/W RW R/W R/W RW R/W

Stores transmit and receive data

8-bit transfer mode: 8-bit data
16-bit transfer mode: Lower 8 bits of data

STAR—Start address register H'A4 SCl2
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

Transfer start address in range from
H'FF80 to H'FF9F
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EDAR—ENd address register H'A5 SCIl2
Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ — ‘ EDA4 ‘ EDAS3 ‘ EDA2 ‘ EDA1l ‘ 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'FFOF
SCR2—Serial control register 2 H'A6 SCI2
Bit 7 6 4 3 2 1 0
‘ — ‘ — ‘ — ‘ GAP1 ‘ GAPO ‘ CKS2 ‘ CKS1 ‘ CKSO0 ‘
Initial value 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 | Bit1l | 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 ps
1 @64 12.8 ps 25.6 ps
1 0 @32 6.4 us 12.8 pys
1 @16 3.2us 6.4 us
1 0 0 @8 1.6 pus 3.2us
1 @4 0.8 us 1.6 pus
1 0 @2 — 0.8 us
1 | SCKyinput | 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/status register 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 RI(W)y  R/(W)*  R/(WYy 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@input
Write | Starts a transfer operation
Abort flag
0 | [Clearing condition]
After reading 1, cleared by writing 0
1 | [Setting condition]
When CS goes high during a transfer

Wait flag

0 | [Clearing condition]
After reading 1, cleared by writing O

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 O

1 | [Setting condition]

Set if a clock pulse is input after transfer is complete, when an
external clock is used

Extended data bit

0

Read | SO, pin output level is low

Write | SO2 pin output level changes to low

Read | SO, 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 ‘ CKSO0 ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

- | | ‘ ‘

Clock select 0, 1

0|0 | ¢gclock
Multiprocessor mode 1| ¢/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 rate register 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 ‘ CKE1l ‘ CKEO ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
\ ‘ ‘
Clock enable
Bitl | BitO Description
CKE1 | CKEO | Communication Mode | Clock Source SCK3 Pin Function
0 0 Asynchronous Internal clock I/O 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 I/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
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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

477
HITACHI



SSR—Serial status register 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)* R/AW)* 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

[y

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 O.
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.

478
HITACHI



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 mode register A H'BO Timer A
Bit 7 6 5 4 3 2 1 0
‘ TMA7 ‘ TMAG ‘ TMAS ‘ — ‘ TMA3 ‘ TMA2 ‘ TMA1 ‘ TMAOQ ‘
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| @16 TMA3 | TMA2 | TMA1| TMAO | or Overflow Period Function
110/ g8 0 0 0 0 |PSS @/8192 Interval
1| o4 1 | PSS #4096 timer
1/0|0|@w/32 1 0 | PSS 92048
1| w16 1 | PSS @512
10| ows 1 0 0 PSS @256
1| owid 1 PSS @128
1 0 | PSS @/32
1 | PSS @I8
1 0 0 0 |PSW 1s Time
1 | PSW 05s base
1 0 | PSW 0.25s
1 | PSW 0.03125s
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 ‘ TCA5 ‘ TCA4 ‘ TCA3 ‘ TCA2 ‘ TCAl ‘ TCAO ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R R R R R R R R
|
Count value
TMB—Timer mode register 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
‘ I ‘ |
Auto-reload function select Clock select
0 | Interval timer function selected 0|0 |0 | 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 ‘ TLBS ‘ 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 mode register 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|0 0| Internal clock: @/16
1| Internal clock: @/4
1|0 Internal clock: @/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
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 ‘ CKSL1 ‘ 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

16-bit mode selected. TCFL overflow signals are counted.
Internal clock: ¢@/32

Internal clock: @/16

Internal clock: @/4

Internal clock: @/2

o
*
*

R O O

Note: * Don’t care
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TCSRF—Timer control/status register 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  RI(WF  RW RW  RIWYF RIWF  RW RIW

- | | ‘ ‘

Timer overflow interrupt enable H

\
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

16-bit mode: TCF clearing by compare match enabled
8-bit mode: TCFH clearing by compare match enabled

Counter clear L

0

TCFH overflow interrupt disabled 0

1

TCFH overflow interrupt enabled 1

TCFL clearing by compare match disabled

TCFL clearing by compare match enabled

Compare match flag H

0

[Clearing condition]
After reading CMFH = 1, cleared by writing 0 to CMFH

[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

[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
‘OCRFH7‘OCRFH6‘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? ‘ OCRFL6‘ 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 mode register 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

ReadWrite  R/I(W)* R/(W)* RW RW RW RW RW RW
- 7

\
‘ ‘ ‘ Clock select J

0 | 0 | Internal clock: ¢/64
1 | Internal clock: @/32
1|0 | Internal clock: @/2
Counter clear 1| Internal clock: @,/2

0| 0| TCG s not cleared
1| TCG is 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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ICRGF—Input capture register 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 capture register GR H'BE Timer G

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
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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 | Bit1l | BitO Functions of Pins SEGyg to SEG;
SEGyo to SEGag 10 [SEG3; t0 [SEGog t0 [SEG 4 t0|SEG2q t0 [SEG 16 10 |[SEG1, to [SEGgto|SEG4to
SGX | SGS3|SGS2|SGS1|SGS0 [SEG,y SEGss |SEGpy |SEGys [SEGp1 |SEGi7 |SEGis |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 ISEG Port Port Port Port Port
1 |SEG SEG SEG SEG ISEG SEG Port Port Port Port
1 0 |[SEG SEG SEG SEG ISEG SEG SEG Port Port Port
1 |[SEG SEG SEG SEG ISEG SEG SEG SEG Port Port
1 * * 0 [SEG SEG SEG SEG ISEG SEG SEG SEG SEG Port
1 |[SEG SEG SEG SEG ISEG SEG SEG SEG ISEG 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 ISEG SEG Port Port Port Port
lexpansion
1 0 |External segment |SEG SEG SEG ISEG SEG SEG Port Port Port
lexpansion
1 |External segment |SEG SEG SEG ISEG SEG SEG SEG Port Port
lexpansion
1 * * 0 |External segment [SEG SEG SEG SEG SEG SEG SEG SEG Port
lexpansion
1 |External segment |SEG SEG SEG ISEG SEG SEG SEG SEG SEG
lexpansion

Expansion signal select

0 | Pins SEGyq to SEG37

1 |Pins CLy, CLp, DO, and M

Duty and common function select

Bit7 | Bit6 | Bit5

DTS1|DTS0| CMX | Duty Common Driver | Other Uses
0 0 0 | Static COM; COM3, COM;, and COM; usable as ports
1 COM,4 to COM; | COM,4, COM3, and COM; output the same waveform as COM;
0 1 0 1/2 duty | COM5,, COM; COM, and COM3 usable as ports
1 COM,4 to COM; | COM4 outputs the same waveform as COMg3, and COM,, the same waveform as COM
1 0 0 |1/3duty | COM3to COM; | COMy usable as port
1 COM, to COM; | COMy outputs a non-select waveform
1 1 | 0 |14duty |COMstoCOMy |—
1
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LCR—LCD control register

Bit

H'C1 LCD

3

controller/driver

2 1 0

‘ CKS3 ‘ CKS2 ‘ CKs1 ‘ CKSO0 ‘

Initial value

7 6 5 4

‘ — ‘ PSW ‘ ACT ‘ DISP
1 0 0 0

— R/W R/W R/W

Read/Write

0
R/W

0 0 0
R/W R/W R/W

— ]

Frame frequency select

Bit3 | Bit2 | Bitl | BitO Frame Frequency
CKS3|CKS2 | CKS1|CKSO| 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 |gA4 — 305 Hz
1 0 |¢/8 — 153 Hz
1 | @16 610 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 mode register

Bit

Initial value
Read/Write

H'C4 A/D converter
7 6 5 4 3 2 1 0
‘ CKS ‘TRGE‘ — ‘ — ‘ CH3 ‘ CH2 ‘ CH1 ‘ CHO ‘
0 0 1 1 0 0 0 0
R/W R/W — — R/W R/W R/W R/W
\
Channel select
Bit3 | Bit2 | Bitl | BitO
CH3 | CH2 | CH1 | CHO | Analog input channel
0 0 * * No channel selected
1 0 0 ANg
1 AN 1
1 0 AN>
1 AN3
1 0 0 0 ANy4
1 ANs
1 0 ANg
1 AN~
1 0 0 ANg
1 | ANg
1 0 AN 19
1 AN 11

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 31/¢ 15.5 us —*1

Notes: * Don't care
1. Operation is not guaranteed if the conversion time is less than 12.4 ps.
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 ‘ ADRA4 ‘ 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
R N T N R R
Initial value 0 1 1 1 1 1 1 1
Read/Write R/W — — — — — — —

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 mode register 1 H'C8 /O ports

Bit 7 6 5 4 3 2 1 0
‘ IRQ3 ‘ IRQ2 ‘ IRQ1 ‘ PWM ‘ T™MIG ‘TMOFH ‘ TMOFL ‘ TMOW ‘
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
— | |

\
P1,/TMOW pin function switch

0 | Functions as P1j 1/O pin
1 | Functions as TMOW output pin

P1;/TMOFL pin function switch
0 | Functions as P1; 1/O pin
1 | Functions as TMOFL output pin

P1,/TMOFH pin function switch
0 | Functions as P1, I/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,/PWM pin function switch

0 | Functions as P1,4 I/O pin

1 | Functions as PWM output pin
P15/@1/TMIB pin function switch

0 | Functions as P15 I/O pin
1 | Functions as IRQ;/TMIB input pin

P15/IRQ,/TMIC pin function switch
0 | Functions as P1g I/O pin
1| Functions as IRQ,/TMIC input pin

P1;/IRQ3/TMIF pin function switch
0 | Functions as P15 1/O pin
1 | Functions as IRQ3/TMIF input pin
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PMR2—Port mode register 2

Bit

Initial value
Read/Write

H'C9 I/O ports
7 6 5 4 3 2 1 0
‘ — ‘ — ‘ POF2 ‘ NCS ‘ IRQO ‘ POF1 ‘ ub ‘ IRQ4 ‘
1 1 0 0 0 0 0 0

— R/W R/W R/W R/W R/W R/W

\
P27/IRQ4/ADTRG pin function switch

0 | Functions as P2j I/O pin

1 | Functions as IRQ4/ADTRG input pin

P2, /UD pin function switch

0

Functions as P2, 1/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 P43 1/O pin

1| Functions as IRQgq input pin

TMIG noise canceller select

0

Noise canceller function not selected

1

Noise canceller function selected

P35/SO5, pin PMOS control

0

CMOS output

1

NMOS open-drain output
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PMR3—Port mode register 3 H'CA /O 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
] ‘
\
P3¢/SCK 1 pin function switch
0 | Functions as P3, I/O pin
1 | Functions as SCK; /O pin
P31/Sl1 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
P3,4/Sl, pin function switch
0 | Functions as P34 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/O pin
1 | Functions as STRB output pin
P3,/CS pin function switch
0 | Functions as P37 1/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 ‘ NMOD6‘ 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 I/O ports
Bit 7 6 5 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 RIW R/IW R/W RIW RIW R/W R/W R/W

P5,/WKP, /SEG,, +1 pin function switch
0 | Functions as P5,, /0 pin
1| Functions as WKP,, input pin

RLCTR—LCD RAM relocation register H'CF
Bit 7 6 5 4 3 2 1 0
- — | — | = | = | — |recmn Rrwecro
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
T i e B e B e )

Initial value 1 1 1 1 1 1 1 0
Read/Write — — — — — — — w
—

Clock select
0 | The input clock is @/2 (tg* = 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 data register 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 data register 1 H'D4 I/O ports
Bit 7 6 5 4 3 2 1 0
‘ P1, ‘ Plg ‘ Plg ‘ P1, Pl, ‘ 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 I/O ports
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 R/W R/W R/W R/W R/W R/W R/W R/W
PDR3—Port data register 3 H'D6 /O ports
Bit 7 6 5 4 3 2 1 0
‘ P3, ‘ P3¢ P35 ‘ P3, P3; ‘ P3, P3, ‘ P3, ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
PDR4—Port data register 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 PS5 ‘ P5, P55 ‘ P5, P5, ‘ P50 ‘
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 data register 6 H'D9 /O ports
Bit 7 6 5 4 3 2 1 0
‘ P6, ‘ P6y P65 ‘ P6, ‘ P63 ‘ P6, P6, ‘ P6, ‘
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 /O ports
Bit 7 6 5 4 3 2 1 0
‘ P7, ‘ P7s P7s ‘ P7, ‘ P7, ‘ P7, P7, ‘ P7, ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
PDR8—Port data register 8 H'DB /O ports
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 R/W R/W R/W R/W R/W R/W R/W R/W
PDR9—Port data register 9 H'DC /O ports
Bit 7 6 5 4 3 2 1 0
‘ P9, ‘ P9% P95 ‘ 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 data register A H'DD /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 data register B H'DE I/O ports

Bit 7 6 5 4 3 2 1 0

‘ PB5 ‘ PBg ‘ PBsg ‘ PB, ‘ PB, ‘ PB, ‘ PB, ‘ PBg ‘
Initial value
Read/Write R R R R R R R R
PDRC—Port data register C H'DF /O ports
Bit 7 6 5 4 3 2 1 0

= = = = [ee [ eey [ eey | pey
Initial value
Read/Write — — — — R R R R
PUCR1—Port pull-up control register 1 H'EO I/O ports
Bit 7 6 5 4 3 2 1 0

‘PUCR17‘ PUCRI1g ‘ PUCRI1g ‘PUCR14 ‘PUCRls ‘PUCRlz ‘PUCRll ‘PUCRlO ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
PUCR3—Port pull-up control register 3 H'El I/O ports
Bit 7 6 5 4 3 2 1 0

‘ PUCR37‘ PUCR36‘ PUCR3; ‘ PUCR3, ‘ PUCR3, ‘PUCRSZ ‘ 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 I/O ports
Bit 7 6 5 4 3 2 1 0

‘ PUCR57‘ PUCR56‘ PUCR5g ‘ PUCR5, ‘ PUCR5, ‘PUCRSZ ‘ PUCR5, ‘ PUCR5,, ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
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PUCR6—Port pull-up control register 6 H'E3 /O ports
Bit 7 6 5 4 3 2 1 0
‘ PUCR67‘ PUCRGG‘ PUCR6g ‘ PUCR6, ‘ PUCR6, ‘PUCRGZ ‘ PUCR6, ‘ PUCR6, ‘
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 /O ports
Bit 7 6 5 4 3 2 1 0
‘ PCR1, ‘ PCR1g ‘ PCR1s ‘ 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
\
Port 1 input/output select
0 | Input pin
1 | Output pin
PCR2—Port control register 2 H'E5 /O ports
Bit 7 6 5 4 3 2 1 0
‘ PCR2; ‘ PCR2g ‘ PCR25 ‘ PCR2, ‘ PCR2, ‘ PCR2, ‘ PCR2; ‘ PCR2, ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write w w W w W w W W

Port 2 input/output select
0 | Input pin
1 | Output pin
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PCR3—Port control register 3 H'E6 I/O ports
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
|
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
= [ — [ = | = | = |rcre | rora | pora
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'ES8 I/O ports
Bit 7 6 5 4 3 2 1 0
‘ PCR5, ‘ PCR5g ‘ PCR5;g ‘ 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
|
Port 5 input/output select
0 | Input pin
1 | Output pin
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PCR6—Port control register 6 H'E9 /O ports
Bit 7 6 5 4 3 2 1 0
‘ PCR6, ‘ PCRGG‘ PCR6 ‘ PCR6 , ‘ PCR6 5 ‘ PCR6 , ‘ PCR6 ; ‘ 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 /O ports
Bit 7 6 5 4 3 2 1 0
‘ PCR7; ‘ PCR7g ‘ PCR7s ‘ 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
|
Port 7 input/output select
0 | Input pin
1 | Output pin
PCR8—Port control register 8 H'EB I/O ports
Bit 7 6 5 4 3 2 1 0
‘ PCRS, ‘ PCR8; ‘ PCR8s ‘ PCRS, ‘ PCR8, ‘ PCR8, ‘ PCRS8, ‘ 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

‘ PCRY, ‘ PCRY ‘ PCR9g ‘ PCR9, ‘ PCR9; ‘ PCR9, ‘ PCR9; ‘ PCR9, ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write W 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 /O ports
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

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| |+ | Wait time = 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 7 6 5 4 3 2 1 0

‘ — ‘ — ‘ — ‘ NESEL‘ DTON ‘ MSON ‘ SAl ‘ SAO0 ‘
Initial value 1 1 1 0 0 0 0 0
Read/Write — — — 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 pw/8
1 | Operates in active (medium-speed) mode 1| owld
1| * | owl2

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 @osc/4

Note: * Don’t care
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IEGR—IRQ edge select register

Bit

Initial value
Read/Write

506

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 IRQq pin input is detected
1 | Rising edge of IRQ pin input is detected

IRQ, edge select

0

Falling edge of IRQ;/TMIB pin input is detected

1

Rising edge of IRQ;/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 IRQ 4/ADTRG pin input is detected

1

Rising edge of IRQ 4,/ADTRG pin input is detected
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IENR1—Interrupt enable register 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
— | | ‘

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 WKP; to WKPq
1| Enables interrupt requests from WKP; to WKPq

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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IENR2—Interrupt enable register 2 H'F4 System control

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

— | |

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
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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 IRQg interrupt request flag

0 | [Clearing condition]

When IRRIn =1, it is cleared by writing O
1 | [Setting condition]

When pin IRQ,, is set to interrupt input and the designated signal edge is
detected

SCI1 interrupt request flag (n=41t00)
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 O
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*

] I \ ‘ ‘ ‘ ‘
\

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, it is 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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IWPR—Wakeup interrupt request register H'F9 System control

Bit 7 6 5 4 3 2 1 0
‘ IWPF7 ‘ IWPF6 ‘ IWPFS5 ‘ 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.

511
HITACHI



Appendix C

I/O Port Block Diagrams

C.1 Block Diagram of Port 1
SBY (low level during reset and in standby mode) Int |
nternal
data bus
@PUCRL} -
Vee
Vee
p—C 1 PMR1, =
P1,
°<} PDR1, =
Vss - | PCRI, |

PDR1: Port data register 1

PCR1: Port control register 1
PMR1: Port mode register 1
PUCR1: Port pull-up control register 1

n=5to7
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Figure C.1 (a) Port 1 Block Diagram (Pins Pl to Pl;)
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PWM module

-— PWM
SBY
Internal
data bus
<1¢7%PUCR14= Lt
Vee
Vee (
PMR1, = -
P1,
PDR1, =
Vss Iy —
PDR1: Port data register 1
PCR1: Port control register 1
PMRZ1: Port mode register 1
PUCR1: Port pull-up control register 1
Figure C.1 (b) Port 1 Block Diagram (Pin P1)
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(P {PUCRL~—=
VCC
VCC
PMR1, [+
o] 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

Internal
data bus

Timer G module

Figure C.1 (c)

514

Port 1 Block Diagram (Pin P1)
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Timer F module

| <— TMOFH (P1,)

TMOFL (P1,)
SBY
Internal
data bus
<1‘7%PUCR1,1= >
Vee
Vee (
PMR1,, = -
P1,
PDR1,, [~
Vss +— PCR1,, [=—

PDR1: Port data register 1

PCR1: Port control register 1
PMR1: Port mode register 1
PUCRL1: Port pull-up control register 1

Figure C.1 (d) Port 1 Block Diagram (Pins P1 and P1)
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SBY

Timer A module

Y

<EF’UCR10 -

PMR1, [+—

PDR1, [

+—{ PCR1, [

PDR1: Port data register 1

PCR1: Port control register 1
PMRZ1: Port mode register 1
PUCR1: Port pull-up control register 1

Internal
data bus

Figure C.1 (e)
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Port 1 Block Diagram (Pin PJ)

HITACHI




Block Diagram of Port 2

SBY

PMR4,

A

o]

PDR2,

PCR2,

PDR2: Port data register 2
PCR2: Port control register 2
PMR4: Port mode register 4

n=2to7

Internal
data bus

Figure C.2 (a)

Port 2 Block Diagram (Pins P2 to P2)

HITACHI
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PDR2:
PCR2:
PMR2:
PMRA4:

SBY

PMR4,

PMR2,

A

—&=
—C =

Vss

PDR2,

PCR2,

Port data register 2
Port control register 2
Port mode register 2
Port mode register 4

Internal
data bus

Timer C module
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Figure C.2 (b)

Port 2 Block Diagram (Pin P2)
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SBY
Internal

data bus

PMR4, [+

A
Y

PMR2,

o<} PDR2, |«

—&=
—(C =

Vss

+—{ PCR2,, =

T )

PDR2: Port data register 2
PCR2: Port control register 2
PMR2: Port mode register 2
PMR4: Port mode register 4

Figure C.2 (c) Port 2 Block Diagram (Pin Pg)
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C.3 Block Diagram of Port 3

SBY

@PUCR&

A

Vee
Vee
PMR3, [«
o PDR3, =
Vss +—{ PCR3; |

PDR3: Port data register 3

PCR3: Port control register 3
PMR3: Port mode register 3
PUCRS: Port pull-up control register 3

Internal
data bus

SCI2 module

Figure C.3 (a) Port 3 Block Diagram (Pin P3)
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SCI2 module

-— STRB
SBY
Internal
data bus
@PUCR%* >
Vee
(
PMR3, [« -
PDR3g [
Vss +— PCR3g +—
PDR3: Port data register 3
PCR3: Port control register 3
PMR3: Port mode register 3
PUCRS: Port pull-up control register 3
Figure C.3 (b) Port 3 Block Diagram (Pin P3)
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PDR3:
PCR3:
PMR3:
PMR2:
PUCRS: Port pull-up control register 3

SBY

SCI2 module

HZS02N

A

Y

PMR2,

PUCR3;

A

Y

PMR3;

Vee
(
!
—C1—
Vss

PDR3,

PCR3g

A

Port data register 3
Port control register 3
Port mode register 3
Port mode register 2

S0,

Internal
data bus
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Figure C.3 (c)

Port 3 Block Diagram (Pin P3)
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SBY
Internal
data bus
(@ |PUCR3;~ >
Vee
PMR3,, [~ >
o PDR3,, =
Vss +—| PCR3, |~
SCI module
e ) S —

PDR3: Port data register 3 R
PCR3: Port control register 3

PMRS3: Port mode register 3

PUCRS3: Port pull-up control register 3

n=14

Figure C.3 (d) Port 3 Block Diagram (Pins P3 and P3)

523
HITACHI




SBY

SCI module

| -— EXCK
L -«— SCKgq

A
y

( (S PUCR3,

Vee
PMR3, [<—»
1))
>
o]
s
©
o%} PDR3, [+
©
c
g
E
Vss | PCR3, |«

——= SCK,

PDR3: Port data register 3
PCR3: Port control register 3
PMR3: Port mode register 3
PUCRS: Port pull-up control register 3
n=30
Figure C.3 (e) Port 3 Block Diagram (Pins P3and P3)
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SCI1 module

~- SO,
@ PMR22 - -
Internal
data bus
(& |PUCR3,~ >
Vee
(
p_@ PMR3, [ >
: PDR3, (=
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

Figure C.3 (f) Port 3 Block Diagram (Pin P3)
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C.4 Block Diagram of Port 4

Internal
data bus
PMR2, |« >
P43 {>—>
p— ) SR — o
PMR2: Port mode register 2
Figure C.4 (a) Port 4 Block Diagram (Pin P4)
SBY
SCI3 module
Vee o
( -~ TE
-«— TXD
”””””””””
PDR4, (=
Internal
data bus
Vss | PCR4, |«
l/

PDR4: Port data register 4
PCR4: Port control register 4

Figure C.4 (b) Port 4 Block Diagram (Pin P4)
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SBY

SCI3 module
Vee
-— RE
——» RXD
o<} PDR4, (-
2]
]
Qo
©
5
Vss +— PCR4, |« K
c
]
£
PDR4: Port data register 4
PCR4: Port control register 4
Figure C.4 (c) Port 4 Block Diagram (Pin P4)
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SBY

SCI3 module
Ve —=— SCKIE
( —~— SCKOE
—~— SCKO

fffffffffffffffffff
‘ 9%} PDR4, {=

Vss +—{ PCR4,, =

Internal data bus

—m

PDR4: Port data register 4
PCR4: Port control register 4

Figure C.4 (d) Port 4 Block Diagram (Pin P4)
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C.5 Block Diagram of Port 5

SBY
Internal
data bus
<167%PUCR5n - -
Vee
‘ PMR5, | -
—— PDR5,, (=
!
~
Vss +—| PCR5,, |

Y D——————WKP,

PDR5: Port data register 5

PCR5: Port control register 5
PMRS5: Port mode register 5
PUCRS5: Port pull-up control register 5

n=0to7

Figure C.5 Port 5 Block Diagram
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C.6 Block Diagram of Port 6

SBY
Internal
data bus
( t PUCR6,[* st
Vee
—— PDR6,, =
Vss +— PCRG6, [

PDR6: Port data register 6
PCRG6: Port control register 6
PUCRA4: Port pull-up control register 6

n=0to7

Figure C.6  Port 6 Block Diagram
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C.7 Block Diagram of Port 7
SBY
Internal
data bus
Vee
——| PDR7, [«
P7,
PCR7, |=
Vss

PDR7: Port data register 7
PCR7: Port control register 7

n=0to7

Figure C.7  Port 7 Block Diagram

HITACHI
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C.8 Block Diagram of Port 8
SBY
Internal
data bus
Vee
— PDRS,, |=
P8,
PCRS,, =
Vss

PDRS8: Port data register 8
PCR8: Port control register 8

n=0to7
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Figure C.8 Port 8 Block Diagram
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C.9 Block Diagram of Port 9

SBY
Internal
data bus
Vee
PDR9, [~
P9,
PCR9, =
Vss
PDR9: Port data register 9
PCR9: Port control register 9
n=0to7
Figure C.9 Port 9 Block Diagram
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C.10 Block Diagram of Port A

SBY

—| PDRA, |~

PCRA, =

PDRA: Port data register A
PCRA: Port control register A

n=0to3

Internal
data bus
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Figure C.10 Port A Block Diagram
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C.11 Block Diagram of Port B

Internal
data bus
PB, N -
AD module
[JQ—O<F DEC | AMRO to AMR3
lﬁq - Viy
n=0to7
Figure C.11 Port B Block Diagram
C.12 Block Diagram of Port C
Internal
data bus
PC, ™ -
ADmodule
g°<F ' AMRO to AMR3
lﬁq =§ VIN
n=0to3

Figure C-12

Port C Block Diagram

HITACHI
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Appendix D Port States in the Different Processing States

Table D.1 Port States Overview

Port Reset Sleep Subsleep Standby  Watch SubactiveActive

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.

536

HITACHI



Appendix E List of Product Codes

Table E.1 H8/3834 Series Product Code Lineup

Package (Hitachi

Product Type Product Mask Code Package Code)
Code
H8/3837 PROM Standard HD6473837H HD6473837H 100 pin QFP (FP-100B)
versions  models |\ n5/73837F  HDB473837F 100 pin QFP (FP-100A)
HD6473837X  HD6473837X 100 pin TQFP (TFP-1008B)
I-Spec  HD6473837D HD6473837HI 100 pin QFP (FP-100B)
models 16473837 HDG473837F 100 pin QFP (FP-100A)
Mask ROM Standard HD6433837H HD6433837(** )H 100 pin QFP (FP-100B)
versions  models | hg/33837F  HDB433837(** )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 | ih6433837E  HDB433837(** )FI 100 pin QFP (FP-100A)
HD6433837L  HD6433837(*** )XI 100 pin TQFP (TFP-1008B)
H8/3836 Mask ROM Standard HD6433836H HD6433836(*** )H 100 pin QFP (FP-100B)
versions  models | hg/33836F  HDB433836(** )F 100 pin QFP (FP-100A)
HD6433836X HD6433836(*** )X 100 pin TQFP (TFP-1008B)
I-Spec  HD6433836D HD6433836(** )HI 100 pin QFP (FP-100B)
models  |1h6433836E  HDB433836(** )FI 100 pin QFP (FP-100A)
HD6433836L HD6433836(*** )XI 100 pin TQFP (TFP-1008B)
H8/3835 Mask ROM Standard HD6433835H HD6433835(*** )H 100 pin QFP (FP-100B)
versions  models | hg/33835F  HDB433835(** )F 100 pin QFP (FP-100A)
HD6433835X HD6433835(*** )X 100 pin TQFP (TFP-1008B)
I-Spec  HD6433835D HD6433835(** )HI 100 pin QFP (FP-100B)
models  |1h6433835F  HDBA33835(** )FI 100 pin QFP (FP-100A)
HD6433835L HD6433835(*** )XI 100 pin TQFP (TFP-1008B)

Note: For mask ROM versions, (*** ) is the ROM code

HITACHI
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Table E.1 H8/3834 Series Product Code Lineup (cont)

Package (Hitachi

Product Type Product Mask Code Package Code)
Code
H8/3834 PROM Standard HD6473834H HD6473834H 100 pin QFP (FP-100B)
versions  models \hs73834F  HDB473834F 100 pin QFP (FP-100A)
HD6473834X HD6473834X 100 pin TQFP (TFP-100B)
I-Spec  HD6473834D  HD6473834HI 100 pin QFP (FP-100B)
models 16473834 HDG473834F) 100 pin QFP (FP-100A)
Mask ROM Standard HD6433834H HD6433834(** )H 100 pin QFP (FP-100B)
versions  models \n5/33834F  HD6433834(** )E 100 pin QFP (FP-100A)
HD6433834X  HD6433834(*** )X 100 pin TQFP (TFP-100B)
I-Spec  HD6433834D  HD6433834(*** )HI 100 pin QFP (FP-100B)
models  1n6433834F  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 | 1n5/33833F  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  1n6433833E  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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Table E.2 H8/3834S Series Product Code Lineup

Package (Hitachi

Product Type Product Mask Code Package Code)
Code
H8/3837S Mask ROM Standard HD6433837SH HD6433837(*** )SH 100 pin QFP (FP-100B)
versions  models | ng/33837SF  HDB433837(*** )SF 100 pin QFP (FP-100A)
HD6433837SX HD6433837(*** )SX 100 pin TQFP (TFP-1008B)
I-Spec  HD6433837SD HD6433837(** )SHI 100 pin QFP (FP-100B)
models  |1h6433837SE HDB433837(** )SFI 100 pin QFP (FP-100A)
HD6433837SL HD6433837(** )SXI 100 pin TQFP (TFP-1008B)
H8/3836S Mask ROM Standard HD6433836SH HD6433836(*** )SH 100 pin QFP (FP-100B)
versions  models | 1ng/33836SF  HDB433836(*** )SF 100 pin QFP (FP-100A)
HD6433836SX HD6433836(*** )SX 100 pin TQFP (TFP-1008B)
I-Spec  HD6433836SD HD6433836(** )SHI 100 pin QFP (FP-100B)
models  |1h6433836SE HDB433836(** )SFI 100 pin QFP (FP-100A)
HD6433836SL HD6433836(** )SXI 100 pin TQFP (TFP-1008B)
H8/3835S Mask ROM Standard HD6433835SH HD6433835(*** )SH 100 pin QFP (FP-100B)
versions  models | g/33835SF HDBE433835(** )SF 100 pin QFP (FP-100A)
HD6433835SX HD6433835(*** )SX 100 pin TQFP (TFP-1008B)
I-Spec  HD6433835SD HD6433835(** )SHI 100 pin QFP (FP-100B)
models  |h6433835SE HDB433835(** )SFI 100 pin QFP (FP-100A)
HD6433835SL HD6433835(** )SXI 100 pin TQFP (TFP-1008B)
H8/3834S Mask ROM Standard HD6433834SH HD6433834(*** )SH 100 pin QFP (FP-100B)
versions  models | ng/33834SF  HDB433834(** )SF 100 pin QFP (FP-100A)
HD6433834SX HD6433834(*** )SX 100 pin TQFP (TFP-1008B)
I-Spec  HD6433834SD HD6433834(** )SHI 100 pin QFP (FP-100B)
models  |1h6433834SE HDB433834(** )SFI 100 pin QFP (FP-100A)
HD6433834SL HD6433834(*** )SXI 100 pin TQFP (TFP-1008B)

Note:

For mask ROM versions, (*** ) is the ROM code.

539

HITACHI



Table E.2 H8/3834S Series Product Code Lineup (cont)

Package (Hitachi

Product Type Product Mask Code Package Code)
Code
H8/3833S Mask ROM Standard HD6433833SH HD6433833(*** )SH 100 pin QFP (FP-100B)
versions  models | 1n5/33833SF  HDB433833(*** )SF 100 pin QFP (FP-100A)
HD6433833SX HD6433833(*** )SX 100 pin TQFP (TFP-1008B)
I-Spec  HD6433833SD HD6433833(*** )SHI 100 pin QFP (FP-100B)
models  |116433833SE HDB433833(*** )SFI 100 pin QFP (FP-100A)
HD6433833SL HD6433833(*** )SXI 100 pin TQFP (TFP-1008B)
H8/3832S Mask ROM Standard HD6433832SH HD6433832(*** )SH 100 pin QFP (FP-100B)
versions  models | ns/33830SF  HDB433832(*** )SF 100 pin QFP (FP-100A)
HD6433832SX HD6433832(*** )SX 100 pin TQFP (TFP-1008B)
I-Spec  HD6433832SD HD6433832(*** )SHI 100 pin QFP (FP-100B)
models  |116433832SE HDB433832(*** )SFI 100 pin QFP (FP-100A)
HD6433832SL HD6433832(*** )SXI 100 pin TQFP (TFP-1008B)

Note:
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For mask ROM versions, (*** ) is the ROM code.
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Appendix F Package Dimensions

Dimensional drawings of H8/3834 Series packages FP-100B, FP-100A, and TFP-100B are shown
in figures F.1, F.2, and F.3 below.

Unit: mm
16.0+0.3

(114 ‘
i
76 =
™ =
o =
+ =
o =
© =
= =
100 =
x
0.22 £ 0.05 (] o<
020+ 0,04~ P10.08 W 2 92
1.0 'C" < H|H 10,
N ™ ™~
|
Slo

—

0.12313

Dimension including the plating thickness
Base material dimension

Figure F.1 FP-100B Package Dimensions
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24.8+0.4 Unit: mm

20

- I][I[I[II]I]I]I]I][II][I[II][I[I[I[|l]ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂllé50

100yllllllllll llllllllllllllllllll[l[ll]]ﬂ]ﬂ[’[l[ﬂﬂ][ﬂfg3l

0.32 +0.08
030006 | P[013 M)

0.58

A N

Dimension including the plating thickness
Base material dimension

18.8+0.4
14
Ll
0.65

3.10 Max

2.70

, 0.17 £ 0.05
H 0.15 + 0.04

0.20%8:36

Figure F.2 FP-100A Package Dimensions
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Unit: mm

16.0+0.2
14

3 83
s oo
o |+
S o 1.0_ .
338 ~_[o-s
Y
! 05+01 | 14

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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