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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 H8/3802 Series has a system-on-a-chip architecture that includes such peripheral functions as
an LCD controller/driver, three timers, atwo-channel 10-bit PWM, a serial communication
interface, and an A/D converter. This allows H8/3802 Series devices to be used as embedded
microcomputers in systems requiring LCD display.

This manual describes the hardware of the H8/3802 Series. For details on the H8/3802 Series
instruction set, refer to the H8/300L Series Programming Manual.
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Sectionl Overview

1.1 Overview

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

Within the H8/300L Series, the H8/3802 Series comprises single-chip microcomputers equipped
with a controller/driver. Other on-chip peripheral functions include three timers, a two-channel
10-bit pulse width modulator (PWM), a serial communication interface, and an A/D converter.
Together, these functions make the H8/3800 Series ideally suited for embedded applicationsin
systems requiring low power consumption and LCD display. Modelsin the H8/3802 Series are
the H8/3802, with on-chip 16-kbyte ROM and 1-kbyte RAM, the H8/3801, with 12-kbyte ROM
and 512 byte RAM, and the H8/3800, with 8-kbyte ROM and 512 byte RAM.

The H8/3802 is also availablein aZTAT ™* version with on-chip PROM which can be
programmed as required by the user.

Table 1.1 summarizes the features of the H8/3802 Series.

Note: * ZTAT (Zero Turn Around Time) is atrademark of Hitachi, Ltd.
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Tablel.l Features

Iltem Specification

CPU High-speed H8/300L CPU

* General-register architecture

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

e Operating speed

O Max. operating speed: 8 MHz

0 Add/subtract: 0.25 ps (operating at 8 MHz)

O Multiply/divide: 1.75 ps (operating at 8 MHz)

O Can runon 32.768 kHz or 38.4 kHz subclock
* Instruction set compatible with H8/300 CPU

O Instruction length of 2 bytes or 4 bytes

O Basic arithmetic operations between registers

O MOV instruction for data transfer between memory and registers
e Typical instructions

O Multiply (8 bits x 8 bits)

O Divide (16 bits + 8 bits)

O Bit accumulator

O Register-indirect designation of bit position

Interrupts 18 interrupt sources
e 11 external interrupt sources (IRQq, IRQq, WKP; to WKPg, IRQAEC)
e 7 internal interrupt sources

Clock pulse generators  Two on-chip clock pulse generators
e System clock pulse generator: 1.0 to 16 MHz
e Subclock pulse generator: 32.768 kHz, 38.4 kHz

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

HITACHI



Item Specification
Memory Large on-chip memory
e H8/3802: 16-kbyte ROM, 1-kbyte RAM
e HB8/3801: 12-kbyte ROM, 512 byte RAM
« HB8/3800: 8-kbyte ROM, 512 byte RAM
1/0O ports 50 pins
e 391/0 pins
* 5input pins
e 6 output pins
Timers Three on-chip timers

e Timer A: 8-bit timer
Count-up timer with selection of eight internal clock signals divided

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

« Asynchronous event counter: 16-bit timer

O Count-up timer able to count asynchronous external events
independently of the MCU's internal clocks

Asynchronous external events can be counted (both rising and falling
edge detection possible)

e Timer F: 16-bit timer
O Can be used as two independent 8-bit timers
O Count-up by an event input from the four internal clocks

O Provision for toggle output by means of compare-match function

Serial communication
interface

e SCI3: 8-hit synchronous/asynchronous serial interface
Incorporates multiprocessor communication function

10-bit PWM

Pulse-division PWM output for reduced ripple

e Can be used as a 10-bit D/A converter by connecting to an external
low-pass filter.

A/D converter

Successive approximations using a resistance ladder
e 4-channel analog input pins
e Conversion time: 31/g or 62/@ per channel
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Item

Specification

LCD
controller/driver

LCD controller/driver equipped with a maximum of 25 segment pins and four

common pins

» Choice of four duty cycles (static, 1/2, 1/3, or 1/4)
» Segment pins can be switched to general-purpose port function in 4-bit units

Product lineup

Product Code

ROM/RAM Size

ROM 16 kbytes
RAM 1 kbytes

ROM 12 kbytes
RAM 512 bytes

Mask ROM

Version ZTAT Version  Package
HD6433802H HD6473802H 64-pin QFP (FP-64A)
HD6433802FP HD6473802FP  64-pin LQFP (FP-64E)
HD6433802P HD6473802P 64-pin DILP (DP-64S)
HD6433801H  — 64-pin QFP (FP-64A)
HD6433801FP — 64-pin LQFP (FP-64E)
HD6433801P  — 64-pin DILP (DP-64S)
HD6433800H — 64-pin QFP (FP-64A)
HD6433800FP — 64-pin LQFP (FP-64E)
HD6433800P — 64-pin DILP (DP-64S)

ROM 8 kbytes
RAM 512 bytes

Note: * See section 4, Clock Pulse Generator, for the definition of g and. g,,.
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Internal Block Diagram

Figure 1.1 shows a block diagram of the H8/3802 Series.

X1
X2

osc,
osc,

P3,/TMOFL
P3,/TMOFH
P3,

P3,

P3,
P34/AEVH
P3,/AEVL

P4,/SCK 3,
P4,/RXD,,
P4,/TXD;,

P4,/RQ,

PSo/WKP/SEG,
P51/WKP,/SEG,
P52/WKP,/SEG,
P5s/WKP,/SEG,
P54/WKP,/SEGs
P5s/WKP/SEG,
P56/WKP/SEG,
P5//WKP,/SEG,

P6,/SEG,
P6,/SEG,,
P6,/SEG,,
P6,/SEG,,
P6,/SEG,,
P6:/SEGy,
P64/SEG,5
P6,/SEG,

- =
— Sub Clock H8/300L DERLR
CC
~ OSsC CPU < RES_
~— TEST
- PA,/COM
— System Clock < PAJCOM,
- RAM 5 2 ot
OSC S [=>PAJcOM,
- PA,/COM,
> -<— IRQAEC
-
-V,
- M ROM ...........SS......-
~|E -
- A . 5 P9, .
Serial P
- communication >
interface (SCI3 > Po/PwM2
- « ( ) —> P9,/PWM1
- .
| 2 Timer - A ©
%’ ~—> P8y/SEG,;
o
~—>|
~—>- P7,/SEG,,
. 10-bit PWM1 > PTe/SEC,
Lo ~ - P74/SEG,,
5 ) — | P7,SEG,,
>l g Timer - F O |~ P7,/SEG,,
O | <> P7,/SEG,,
i -— P7,/SEG
- 10-bit PWM2 e PTJSEG.
-] 5]
%z -~V
—~>| [=%
Q-% -V,
> o Asynchronous 8% |«— v,
= counter (16 bit) LCD <— PB,/AN,/RQT
| Controller @ |«— PByAN,
-~ [Driver S [« PBJ/AN,
- O |<— PByAN,
AVce — > A/D.
(20 bit)

D Large-current (25 mA/pin) high-voltage open-drain pin (7 V)

High-voltage (7 V) input pin

E Large-current (10 mA/pin) high-voltage open-drain pin (7 V)

Figure

1.1 Block Diagram
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Pin Arrangement

Pin Arrangement and Functions

The H8/3802 Series pin arrangement is shown in figures 1.2 and 1.3.
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P40/SCKa2 [| 57 (Top View) 24[ ] P80/SEGz25
P41/RXD32 [| 58 23] PA0/COM1
P42/TXD32 [| 59 221 PAl/ICOM2
P43/IRQo [ 60 21[] PA2/ICOM3
AVee [ 61 20[_] PA3/COM4
PBo/ANo [| 62 19[ ] vs
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Figure1.2 Pin Arrangement (FP-64A, FP-64E: Top View)
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Uy uoyygygyuyoUy

Figure1.3 Pin Arrangement (DP-64S: Top View)
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1.3.2 Pin Functions

Table 1.2 outlines the pin functions of the H8/3802 Series.

Tablel.2 Pin Functions

Pin No.
FP-64A
Type Symbol FP-64E DP-64S 1/O Name and Functions
Power Vee 16 24 Input  Power supply: All V¢ pins should be
source pins connected to the system power supply.

Vss 4(=AVg) 12 (= Input  Ground: All Vgg pins should be

55 AV) connected to the system power supply
63 V).

AVce 61 5 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.

AVgg 4(=Vg) 12 (=Vg) Input Analog ground: This is the A/D
converter ground pin. It should be
connected to the system power supply
ov).

Vq 17 25 Input LCD power supply: These are the

Vo 18 26 power supply pins for the LCD

V3 19 27 controller/driver.

Clock pins  0OSC; 6 14 Input  These pins connect to a crystal or
0sC, 5 13 Output ceramic oscillator, or can be used to
input an external clock. See section 4,
Clock Pulse Generators, for a typical
connection diagram.
X1 10 Input  These pins connect to a 32.768-kHz or
X, 11 Output 38.4-kHz. crystal oscillator.
See section 4, Clock Pulse
Generators, for a typical connection
diagram.
System RES 8 16 Input  Reset: When this pin is driven low, the
control chip is reset
TEST 7 15 Input  Test pin: This pin is reserved and

cannot be used. It should be connected
to Vss.
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Pin No.

FP-64A

Type Symbol FP-64E DP-64S  I/O Name and Functions

Interrupt IRQq 60 4 Input  IRQ interrupt request 0 and 1: These

pins IRQ, 1 9 are input pins for edge-sensitive
external interrupts, with a selection of
rising or falling edge

IRQAEC 56 64 Input  Asynchronous event counter event
signal: This is an interrupt input pin for
enabling asynchronous event input.

WKP;,to 41to48 49t0o 56 Input Wakeup interrupt request 0to 7:

WKPg These are input pins for rising or falling-
edge-sensitive external interrupts.

Timer pins  AEVL 15 23 Input  Asynchronous event counter event

AEVH 14 22 input: This is an event input pin for
input to the asynchronous event
counter.

TMOFL 9 17 Output Timer FL output: This is an output pin
for waveforms generated by the timer
FL output compare function.

TMOFH 10 18 Output Timer FH output: This is an output pin
for waveforms generated by the timer
FH output compare function.

10-bit PWM1 49 57 Output 10-bit PWM output: These are output

PWM pin PWM2 50 58 pins for waveforms generated by the
channel 1 and 2 10-bit PWMs.

1/O ports P3;to P3; 15t09 23t0 17 1/O Port 3: This is an 7-bit I/O port. Input or
output can be designated for each bit by
means of port control register 3 (PCR3).

P43 60 4 Input  Port 4 (bit 3): This is a 1-bit input port.

P4,to P4y 59to57 3tol I/0 Port 4 (bits 2 to 0): This is a 3-bit /O
port. Input or output can be designated
for each bit by means of port control
register 4 (PCR4).

P5;to P59 41to 48 49t056 1/O Port 5: This is an 8-bit I/0 port. Input or

output can be designated for each bit by
means of port control register 5 (PCR5).
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Pin No.
FP-64A
Type Symbol FP-64E DP-64S 110 Name and Functions
1/O ports P6,to P6g 33t040 41to48 1/O Port 6: This is an 8-bit I/O port. Input or
output can be designated for each bit by
means of port control register 6 (PCR6).
P7,t0 P7q 25t032 33to40 |I/O Port 7: This is an 8-bit I/0 port. Input or
output can be designated for each bit by
means of port control register 7 (PCR7).
P8g 24 32 110 Port 8: This is an 8-bit I/O port. Input or
output can be designated for each bit by
means of port control register 8 (PCRS8).
P95 to P9y 541049 62to57 Output Port 9: This is a 6-bit output port.
PAsto PA; 20t023 28to31 1/O Port A: This is a 4-bit I/O port. Input or
output can be designated for each bit by
means of port control register A (PCRA).
PB3to PBy 1,64t062 9to6 Input  Port B: This is a 4-bit input port.
Serial RXD35 58 2 Input  SCI3 receive data input:
communi- This is the SCI3 data input pin.
f:atlon TXD3, 59 3 Output SCI3 transmit data output:
Lr;tgrlf)ace This is the SCI3 data output pin.
SCK3, 57 1 1/0 SCI3 clock I/O:
This is the SCI3 clock I/O pin.
A/D AN3to An0 1 9to 6 Input  Analog input channels 3 to O:
converter 64 to 62 These are analog data input channels to
the A/D converter
LCD COM, to 20t0 23 28to31 Output LCD common output: These are the
controller/  COM; LCD common output pins.
driver SEG,sto  24t048 32t056 Output LCD segment output: These are the
SEG, LCD segment output pins.
10
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Section2 CPU

Overview

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

211

Features

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

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

d
U

Multiply and divide instructions
Powerful bit-manipulation instructions

« Eight addressing modes

OoOo0ooogoo

O

Register direct

Register indirect

Register indirect with displacement

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

Immediate

Program-counter relative

Memory indirect

e 64-kbyte address space
« High-speed operation

O

d
U
d
U

All frequently used instructions are executed in two to four states
High-speed arithmetic and logic operations

8- or 16-hit register-register add or subtract: 0.25 ps*

8 x 8-bit multiply: 1.75 ps*

16 + 8-bit divide: 1.75 ps*

Note: * Thesevaluesare at @ = 8 MHz.

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

11
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212 Address Space

The H8/300L CPU supports an address space of up to 64 kbytes for storing program code and
data

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

213 Register Configuration

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

General registers (Rn)

7 07 0
ROH ROL
R1H R1L
R2H R2L
R3H R3L
R4H RA4L
R5H R5L
R6H R6L
R7H (SP) R7L SP: Stack pointer

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

— Overflow flag

Zero flag

Negative flag

Half-carry flag

Interrupt mask bit
User bit
User bit

Figure2.1 CPU Registers

12
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2.2 Register Descriptions

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

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

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

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

Lower address side [H'0000]

/—\/

Unused area

SP (R7) —

Stack area

Upper address side [H'FFFF]

Figure2.2 Stack Pointer

222 Control Registers

The CPU control registersinclude a 16-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 atime, so the least significant bit of
the PC isignored (always regarded as 0).

Condition Code Register (CCR): This 8-hit register contains internal status information,
including the interrupt mask bit (1) and half-carry (H), negative (N), zero (Z), overflow (V), and
carry (C) flags. These hits can be read and written by software (using the LDC, STC, ANDC,
ORC, and XORC instructions). TheN, Z, V, and C flags are used as branching conditions for
conditional branching (Bcc) instructions.

13
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Bit 7—Interrupt Mask Bit (1): When thisbit is set to 1, interrupts are masked. Thisbitisset to 1
automatically at the start of exception handling. The interrupt mask bit may be read and written
by software. For further details, see section 3.3, Interrupts.

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

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

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

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

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

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

Bit 2—Zero Flag (Z): Set to 1 to indicate a zero result, and cleared to 0 to indicate a non-zero
result.

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

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

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

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

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

223 Initial Register Values

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

14
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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).

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

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

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

HITACHI
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231 Data Formatsin General Registers

Data of all the sizes above can be stored in general registers as shown in figure 2.3.

Data Type

1-bit data

1-bit data

Byte data

Byte data

Word data

4-bit BCD data

4-bit BCD data

Notation:

Register No.

Data Format

7 0
R [7]6[5]alaf2]afo]  dontcae
..................................................... 7 0
RoL :  dontcare l7/6/s5[af3f[2]1]0]
7 O
RnH MSB: :'-SB| ,,,,,,,,,,,,,,,,,,,, don'tcare !
.................................................... 7 0
RnL ,,,,,,,,,,,,,,,,,,,, don'tcare |'V'SB: :'-SB|
15 0
RN |MSB: :'—SB|
7 4 3 o
RnH | :Uppe:rdigit: :Lowe:rdigit: | .................... d .()_n.’_t.(.;gfg ....................
..................................................... 7 4 3 0
RnL : don't care | :Uppe:rdigit: :Lowe:rdigit:

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

MSB: Most significant bit
LSB: Least significant bit

16

Figure2.3 Register Data Formats

HITACHI




232 Memory Data For mats

Figure 2.4 indicates the data formats in memory. The H8/300L CPU can access word data stored
in memory (MOV.W instruction), but the word data must always begin at an even address. If word
data starting at an odd address is accessed, the least significant bit of the addressis regarded as 0,
and the word data starting at the preceding address is accessed. The same applies to instruction
codes.

Data Type Address Data Format
7 0
1-bit data Address n 7|6|5|4|3|2|1|0
Byte data Address n MSB: :LSB
MSB Upper 8 bits
Word data ~ Cenaddress |MSe_  Upperdbis
Odd address Lower 8 bits |LsB
MSB CCR LSB
Byte data (CCR) on stack Even address e N e e S
Odd address |MsB, , CCR* LsB
MSB
Word data on stack Even address —ttt
Odd address ,LsB

CCR: Condition code register

Note: * Ignored on return

Figure2.4 Memory Data Formats

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

17
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24 Addressing M odes

241 Addressing Modes

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

subset of these addressing modes.

Table2.1 Addressing Modes

No. Address Modes Symbol

1 Register direct Rn

2 Register indirect @Rn

3 Register indirect with displacement @(d:16, Rn)

4 Register indirect with post-increment @Rn+
Register indirect with pre-decrement @-Rn

5 Absolute address @aa:8 or @aa:16
6 Immediate #xx:8 or #xx:16

7 Program-counter relative @(d:8, PC)

8 Memory indirect @@aa:8

1. Register Direct—Rn: Theregister field of the instruction specifies an 8- or 16-bit general

register containing the operand.

Only the MOV.W, ADD.W, SUB.W, CMP.W, ADDS, SUBS, MULXU (8 hits x 8 bits), and

DIV XU (16 bits + 8 hits) instructions have 16-bit operands.

2. Register Indirect—@Rn: Theregister field of the instruction specifies a 16-bit general

register containing the address of the operand in memory.

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

general register to obtain the operand address in memory.

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

must be even.

18
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. Register Indirect with Post-Increment or Pre-Decrement—@Rn+ or @—Rn:
0 Register indirect with post-increment—@Rn+
The @Rn+ mode is used with MOV instructions that load registers from memory.
Theregister field of the instruction specifies a 16-bit general register containing the address
of the operand. After the operand is accessed, the register isincremented by 1 for MOV.B
or 2 for MOV.W. For MOV.W, the original contents of the 16-bit general register must be
even.
0 Register indirect with pre-decrement—@-Rn
The @-Rn modeis 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.
. Absolute Address—@aa:8 or @aa: 16: The instruction specifies the absolute address of the
operand in memory.
The absolute address may be 8 bitslong (@aa:8) or 16 bitslong (@aa:16). The MOV .B and bit
mani pulation instructions can use 8-bit absolute addresses. The MOV.B, MOV.W, JMP, and
JSR instructions can use 16-bit absolute addresses.
For an 8-hit 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).
. 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) initsthird and fourth bytes. Only MOV .W instructions can
contain 16-bit immediate values.
The ADDS and SUBS instructionsimplicitly contain the value 1 or 2 asimmediate data. Some
bit manipulation instructions contain 3-bit immediate data in the second or fourth byte of the
instruction, specifying a bit number.
. Program-Counter Relative—@(d:8, PC): Thismode 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.
. Memory Indirect—@@aa: 8: This mode can be used by the IMP and JSR instructions. The
second byte of the instruction code specifies an 8-bit absolute address. The word located at this
address contains the branch destination address.
The upper 8 bits of the absolute address are assumed to be 0 (H'00), so the addressrange is
from H'0000 to H'00FF (0 to 255). Note that with the H8/300L Series, the lower end of the
address areais also used as avector area. See 3.3, Interrupts, for details on the vector area.

If an odd addressis specified as a branch destination or as the operand address of aMOV.W
instruction, the least significant bit is regarded as 0, causing word access to be performed at the
address preceding the specified address. See 2.3.2, Memory Data Formats, for further information.
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24.2 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 can use register direct (1), register indirect (2), or 8-bit absolute
addressing (5) to specify the operand. Register indirect (1) (BSET, BCLR, BNOT, and BTST
instructions) or 3-bit immediate addressing (6) can be used independently to specify abit position
in the operand.
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25 Instruction Set

The H8/300L Series can use atotal of 55 instructions, which are grouped by function in table 2.3.

Table2.3 Instruction Set

Function Instructions Number
Data transfer MOV, PUSH™, POP™* 1
Arithmetic operations ADD, SUB, ADDX, SUBX, INC, DEC, ADDS, SUBS, DAA, 14

DAS, MULXU, DIVXU, CMP, NEG
Logic operations AND, OR, XOR, NOT 4
Shift SHAL, SHAR, SHLL, SHLR, ROTL, ROTR, ROTXL, ROTXR
Bit manipulation BSET, BCLR, BNOT, BTST, BAND, BIAND, BOR, BIOR, 14

BXOR, BIXOR, BLD, BILD, BST, BIST
Branch Bcc'?, IMP, BSR, JSR, RTS 5
System control RTE, SLEEP, LDC, STC, ANDC, ORC, XORC, NOP 8
Block data transfer EEPMOV 1

Total: 55

Notes: 1. PUSH Rnis equivalent to MOV.W Rn, @-SP.

POP Rn is equivalent to MOV.W @SP+, Rn. The same applies to the machine

language.

2. Bcc is a conditional branch instruction in which cc represents a condition code.

The following sections give a concise summary of the instructions in each category, and indicate

the bit patterns of their object code. The notation used is defined next.
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Notation

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

(EAd), <EAd>

Destination operand

(EAS), <EAs>

Source operand

CCR

Condition code register

N (negative) flag of CCR

Z (zero) flag of CCR

V (overflow) flag of CCR

C C (carry) flag of CCR

PC Program counter

SP Stack pointer

#IMM Immediate data

disp Displacement

+ Addition

- Subtraction

x Multiplication

+ Division

O AND logical

O OR logical

O Exclusive OR logical

5 Move

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

8 8-bit length

16 16-bit length

(), <> Contents of operand indicated by effective address

HITACHI
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251 Data Transfer Instructions

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

Table2.4 DataTransfer Instructions

Instruction Size* Function

MOV B/W (EAs) - Rd, Rs - (EAd)
Moves data between two general registers or between a general
register and memory, or moves immediate data to a general
register.
The Rn, @Rn, @(d:16, Rn), @aa:16, #xx:16, @—Rn, and @Rn+
addressing modes are available for word data. The @aa:8
addressing mode is available for byte data only.
The @—-R7 and @R7+ modes require word operands. Do not
specify byte size for these two modes.

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

PUSH W Rn - @-SP

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

Notes: * Size: Operand size

B: Byte
W:  Word

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

26
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15 8 7 0o MOV

op ‘ rm ‘ mn | Rm-Rn
15 8 7 0
op ‘ rm ‘ m | @RmM< -Rn
15 8 7 0
op ‘ rm ‘ m
@(d:16, Rm) - -Rn
disp
15 8 7 0
T \0 T T T ‘ \rm T ‘ r\n T @Rm_'__’Rn, or
P RN - @-Rm
15 8 7 0
op rn ‘ abs | @aa:8 .~ -Rn
15 8 7 0
op m
@aa:16 — -Rn
abs
15 8 7 0
op m 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 11 1 \ m @SP+ _ Rn, or

Rn - @-SP

Notation:

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

Figure2.5 Data Transfer Instruction Codes

HITACHI
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252 Arithmetic Operations
Table 2.5 describes the arithmetic instructions.

Table2.5 Arithmetic Instructions

Instruction Size* Function

ADD SuB B/W Rd + Rs - Rd, Rd + #IMM - Rd

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 SUBX B Rd+Rs+C - Rd,Rd £ #IMM = C - Rd

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 DEC B Rd+1 - Rd

Increments or decrements a general register by 1.
ADDS SUBS W Rd+1 - Rd,Rd+2 - Rd

Adds or subtracts 1 or 2 to or from a general register
DAA DAS B Rd decimal adjust - Rd

Decimal-adjusts (adjusts to 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 indicates the result in the
CCR. Word data can be compared only between two general
registers.

NEG B 0-Rd - Rd

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

Notes: * Size: Operand size
B: Byte
W:  Word
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253 L ogic Operations
Table 2.6 describes the four instructions that perform logic operations.

Table2.6 Logic Operation Instructions

Instruction Size* Function

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

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

OR B Rd ORs - Rd, Rd O#IMM - Rd

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

XOR B RdORs - Rd, Rd O #IMM - Rd

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

NOT B ~Rd - Rd

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

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

Table 2.7 describes the eight shift instructions.

Table2.7 Shift Instructions

Instruction Size* Function

SHAL B Rd shift - Rd

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

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

ROTR Rotates general register contents

ROTXL B Rd rotate through carry — Rd

ROTXR

Rotates general register contents through the C (carry) bit

Notes: * Size: Operand size
B: Byte
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Figure 2.6 shows the instruction code format of arithmetic, logic, and shift instructions.

15

8 7 0

| ‘ o . ‘ o ADD, SUB, CMP,
P ADDX, SUBX (Rm)
15 8 7 0
| ‘ o I ‘ o ADDS, SUBS, INC, DEC,
P DAA, DAS, NEG, NOT
15 8 7 0
| op ‘ rm ‘ m | MULXU, DIVXU
15 8 7 0
— T ‘ ‘ ‘ ADD, ADDX, SUBX,
| op m | MM CMP (#XX:8)
15 8 7 0
| op ‘ rm rn |AND, OR, XOR (Rm)
15 8 7 0
| op m | IMM | AND, OR, XOR (#xx:8)
15 8 7 0
| ‘ o A SHAL, SHAR, SHLL, SHLR,
P ROTL, ROTR, ROTXL, ROTXR
Notation:
op: Operation field
rm, rn: Register field
IMM:  Immediate data
Figure2.6 Arithmetic, Logic, and Shift Instruction Codes
30
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255

Bit Manipulations

Table 2.8 describes the bit-manipulation instructions. Figure 2.7 shows their object code formats.

Table2.8

Instruction

Size*

Bit-Manipulation I nstructions

Function

BSET

B

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

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

BCLR

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

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

BNOT

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

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

BTST

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

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

BAND

BIAND

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

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

C O[~ (<bit-No.> of <EAd>)] —~ C

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

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

BOR

BIOR

C 0 (<hit-No.> of <EAd>) - C

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

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

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

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

Notes:

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

Byte

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

details.
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15

| op v m
15 0
op rm ‘ m
15 0
op m 0O 0 0 O
op \ MM |0 0 0 O
15 0
op m 00 0 0
op m 0 0 0 O
15 0
op abs
op ‘ IMM ‘ 00 00
15 0
op abs
op rm ‘ 00 00
15 0
op ‘ IMM ‘ mn
15 0
op m 0 0 O
op ‘ MM |0 0 0 O
15 0
op abs
op ‘ MM |0 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)

Figure2.7

Bit Manipulation Instruction Codes

HITACHI
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15 0
op IMM m
15 0
op m 0 0 0 O
op IMM 0 0 0 O
15 0
op abs
op IMM 0O 0 0 O
Notation:

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

BIAND, BIOR, BIXOR, BILD, BIST

Operand:
Bit No.:

Operand:
Bit No.:

Operand:
Bit No.:

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

register indirect (@Rn)

immediate (#xx:3)

absolute (@aa:8)

immediate (#xx:3)

Figure2.7 Bit Manipulation Instruction Codes (cont)
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256 Branching Instructions

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

Table2.9 BranchingInstructions
Instruction Size Function
Bcc — Branches to the designated address if condition cc is true. The
branching conditions are given below.
Mnemonic Description Condition
BRA (BT) Always (true) Always
BRN (BF) Never (false) Never
BHI High ciz=0
BLS Low or same coz=1
BCC (BHS) Carry clear (high or same) C=0
BCS (BLO) Carry set (low) c=1
BNE Not equal Z=0
BEQ Equal Zz=1
BVC Overflow clear V=0
BVS Overflow set V=1
BPL Plus N=0
BMI Minus N=1
BGE Greater or equal NOV=0
BLT Less than NOV=1
BGT Greater than ZONOV)=0
BLE Less or equal ZONOV)=1
JMP — Branches unconditionally to a specified address
BSR — Branches to a subroutine at a specified address
JSR — Branches to a subroutine at a specified address
RTS — Returns from a subroutine

HITACHI
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15 8 7 0

| | o‘p éc | ‘ | dfsp | | | Bcc
15 8 7 0
| | ‘op‘ - ‘ ‘rm‘ O‘O‘O‘O|JMP(@Rm)
15 8 7 0
‘ ‘ dp ‘ ‘
JMP (@aa:16)
abs
15 8 7 0
| | o‘p | ‘ | abs | | JMP (@ @aa:8)
15 8 7 0
| | o‘p | ‘ | disp | | | BSR
15 8 7 0
| | ‘op‘ - ‘ ‘rm‘ 0‘0‘0‘0|JSR(@Rm)
15 8 7 0
‘ ‘ dp ‘ ‘
JSR (@aa:16)
abs
15 8 7 0
| | o‘p | | abs | | JSR (@@aa:8)
15 8 7 0
| | | o‘p | | | RTS

Notation:

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

Figure2.8 Branching Instruction Codes
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257

System Control Instructions

Table 2.10 describes the system control instructions. Figure 2.9 shows their object code formats.

Table2.10 System Control Instructions

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

B:

Byte
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15 8 7 0

| op | RTE, SLEEP, NOP
15 8 7 0
| op m | LDC, STC (Rn)
15 8 7 0
| o 'y ANDC, ORC,

XORC, LDC (#xx:8)

Notation:

op: Operation field
rn:  Register field

IMM: Immediate data

Figure2.9 System Control Instruction Codes

2.5.8 Block Data Transfer Instruction

Table 2.11 describes the block data transfer instruction. Figure 2.10 shows its object code format.

Table2.11 Block Data Transfer Instruction

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

Block transfer instruction. Transfers the number of data bytes
specified by R4L from locations starting at the address indicated by
R5 to locations starting at the address indicated by R6. After the
transfer, the next instruction is executed.

Certain precautions are required in using the EEPMQV instruction. See 2.9.3, Notes on Use of the
EEPMOQV Instruction, for details.

38
HITACHI




15 8 7

Notation:
op: Operation field

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

CPU operation is synchronized by a system clock (@) or a subclock (gsyg). For details on these
clock signals see section 4, Clock Pulse Generators. The period from arising edge of @ or ggyg 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 accessis to on-chip memory or to on-chip peripheral modules.

26.1 Accessto On-Chip Memory (RAM, ROM)

Access to on-chip memory takes place in two states. The data bus width is 16 bits, allowing
access in byte or word size. Figure 2.11 shows the on-chip memory access cycle.

Bus cycle

4— T, state — m—a—— T, state —»

2 or gsup

Address

Internal address bus
Internal read signal
Internal data bus Read data

(read access)

Internal write signal

Write data

Internal data bus
(write access)

Figure2.11 On-Chip Memory Access Cycle
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26.2 Accessto On-Chip Peripheral Modules

On-chip peripheral modules are accessed in two states or three states. The data bus width is 8 bits,
so access is by byte size only. This means that for accessing word data, two instructions must be
used. Figures2.12 and 2.13 show the on-chip peripheral module access cycle.

Two-state access to on-chip peripheral modules

Bus cycle

- .

< Tystate — =< T,state —»

2 or ﬂSUB

Internal address bus Address

Internal read signal

Internal data bus :>—< Read data
(read access) ; -

Internal write signal

Write data

Internal data bus
(write access)

Figure2.12 On-Chip Peripheral Module Access Cycle (2-State Access)
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Three-state access to on-chip peripheral modules

Bus cycle

-

Lt

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

@ 0or gsup

Internal ><
address bus ]

Address

Internal
read signal

Internal
data bus

Read data

(read access)

Internal
write signal

Internal
data bus

e

Write data

(write access)

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

271 Overview

There are four CPU states: the reset state, program execution state, program halt state, and
exception-handling state. The program execution state includes active (high-speed or medium-
speed) mode and subactive mode. In the program halt state there are a sleep (high-speed or
medium-speed) mode, standby mode, watch mode, and sub-sleep mode. These states are shown in
figure 2.14. Figure 2.15 shows the state transitions.

CPU state Reset state

The CPU is initialized

Program Active
execution state (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 ‘

The CPU executes
successive program
instructions at reduced '
speed, synchronized {1 modes !
by the subclock [

Sleep (high-speed)
[ ]

A state in which some

or all of the chip Sleep (medium-speed)
functions are stopped mode

to conserve power 3

—{ Standby mode ‘
—{ Watch mode ‘
—{ Subsleep mode ‘ *****

Exception-
handling state

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

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

Figure2.14 CPU Operation States
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Reset cleared

Y

Reset state ) e Exception-handling state

Reset occurs

Reset Interrupt

occurs source .

Reset ocCUrs Interrupt Exception-

occurs source handling
occurs complete

Program halt state Program execution state

SLEEP instruction executed

Figure2.15 State Transitions

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

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

273 Program Halt State

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

274 Exception-Handling State

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

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

281 Memory Map

The memory map of the H8/3802 is shown in figure 2.16 (1), that of the H8/3801 in figure 2.16

(2), and that of the H8/3800

infigure 2.16 (3).

H'0000

H'0029
H'002A

H'3FFF

H'F740

HF74C

H'FB80

HFF7F
H'FF80

HFFFF

Interrupt vector area

On-chip ROM

Not used

LCD RAM
(13 bytes)

Not used

On-chip RAM

Internal 1/0 registers
(128 bytes)

16 kbytes
(16384 bytes)

1024 bytes

Figure2.16 (1) H8/3802 Memory Map
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H'0000

H'0029
H'002A

H'2FFF

H'F740

H'F74C

H'FD80

HFF7F
H'FF80

HFFFF

Interrupt vector area

On-chip ROM

Not used

LCD RAM
(13 bytes)

Not used

On-chip RAM

Internal I/O registers
(128 bytes)

12 kbytes
(12288 hytes)

512 bytes

46
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H'0000
Interrupt vector area
H'0029
H'002A
8 kbytes
On-chip ROM (8192 bytes)

H'1FFF

Not used
H'F740

LCD RAM

(13 bytes)
H'F74C

Not used
H'FD80

On-chip RAM 512 bytes
H'FF7F
H'FF80
Internal I/O registers

(128 bytes)

H'FFFF

Figure2.16 (3) H8/3800 Memory Map
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2.9 Application Notes

29.1 Notes on Data Access

1. Accessto 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.

Datatransfer from CPU to empty area:
The transferred datawill be lost. This action may also cause the CPU to misoperate.
Datatransfer from empty areato CPU:
Unpredictable datais transferred.
2. Accessto Internal I/0O Registers:

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

Word access from CPU to I/O register area:
Upper byte: Will be written to 1/0 register.
Lower byte: Transferred datawill be lost.
Word access from |/O register to CPU:
Upper byte: Will be written to upper part of CPU register.
Lower byte: Unpredictable datawill be written to lower part of CPU register.

Byte size instructions should therefore be used when transferring data to or from 1/O registers
other than the on-chip ROM and RAM areas. Figure 2.17 shows the data size and number of
states in which on-chip peripheral modules can be accessed.
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Access
States
~ Word Byte
H'0000
Interrupt vector area
42 bytes
H'0029 (42 bytes)
H'002A
16 kbytes O O 2
On-chip ROM
*1
H'3FFF
Not used — — —
H'F740
LCD RAM
(13 bytes) O O 2
H'F74C
Not used — — —
H'FB80
On-chip RAM 1024 bytes O O 2
H'FF7F*2
WFFgo | (- x O 2
internal /0 regist H'FF98 to H'FF9F x O 3
nternal registers [Tttt TTTTTTTTTT
(128 bytes) e X O 2
H'FFAS8 to H'FFAF x O 3
H'FFFF x 9] 2

Notes: The example of the H8/3802 is shown here.
1. This address is H'3FFF in the H8/3802 (16-kbyte on-chip ROM), H'2FFF in the H8/3801
(12-kbyte on-chip ROM), H'1FFF in the H8/3800 (8-kbyte on-chip ROM).
2. This address is H'FD80 to H'FF7F in the H8/3801 and H8/3800 (512 bytes of on-chip RAM).

Figure2.17 Data Sizeand Number of Statesfor Accessto and from
On-Chip Peripheral Modules
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292 Notes on Bit Manipulation

The BSET, BCLR, BNOT, BST, and BIST instructions read one byte of data, modify the data,
then write the data byte again. Specia careis required when using these instructionsin cases
where two registers are assigned to the same address, in the case of registers that include write-
only bits, and when the instruction accesses an 1/0 port.

Order of Operation Operation

1 Read Read byte data at the designated address

2 Modify Modify a designated bit in the read data

3 Write Write the altered byte data to the designated address

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

Figure 2.18 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 rel oadable timer,
since these two registers share the same address, the following operations take place.

Order of Operation Operation

1 Read Timer counter data is read (one byte)

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

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

Read
Count clock ——— Timer counter
Reload
Write
Timer load register
Internal bus

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

P37 and P3¢ are designated as input pins, with alow-level signal input at P37 and a high-level
signal at P3g. Theremaining pins, P35 to P34, are output pins and output low-level signals. Inthis
example, the BSET instruction is used to change pin P31 to high-level outpuit.

[A: Prior to executing BSET]

P3, P3g P35 P3, P3, P3, P3; —
Input/output Input Input Output Output  Output  Output Output —
Pin state Low level High level Low level Low level Low level Low level Low level —
PCR3 0 0 1 1 1 1 1 1
PDR3 1 0 0 0 0 0 0 1

[B: BSET instruction executed]

BSET #1 , @DR3 The BSET instruction is executed designating port 3.

[C: After executing BSET]

P3, P36 P35 P3, P3; P3, P3,; —
Input/output Input Input Output Output  Output  Output  Output —
Pin state Low level High level Low level Low level Low level Low level High level —
PCR3 0 0 1 1 1 1 1 1
PDR3 0 1 0 0 0 0 1 1

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

Since P37 and P35 are input pins, the CPU reads the pin states (low-level and high-level input).
P35 to P34 are output pins, so the CPU reads the value in PDR3. In this example PDR3 has a
value of H'81, but the value read by the CPU isH'41.

Next, the CPU sets bit 1 of the read datato 1, changing the PDR3 datato H'43. Finally, the CPU
writes this value (H'43) to PDR3, completing execution of BSET.

Asaresult of this operation, bit 1 in PDR3 becomes 1, and P31 outputs a high-level signal.
However, bits 7 and 6 of PDR3 end up with different values.

To avoid this problem, store a copy of the PDR3 datain awork areain memory. Perform the bit
manipulation on the data in the work area, then write this data to PDR3.
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[A: Prior to executing BSET]

MOV. B #81, ROL The PDR3 value (H'81) iswritten to awork areain memory
MOV. B ROL, @RAMD (RAMO) aswell asto PDR3
MOV. B ROL, @DR3

P3; P36 P35 P3, P33 P3, P3,; —
Input/output Input Input Output Output  Output Output Output —
Pin state Low level High level Low level Low level Low level Low level Low level —
PCR3 0 0 1 1 1 1 1 1
PDR3 1 0 0 0 0 0 0 1
RAMO 1 0 0 0 0 0 0 1

[B: BSET instruction executed)]

BSET #1 , @GRAMD The BSET instruction is executed designating the PDR3

work area (RAMO).

[C: After executing BSET]

MOV. B @RAMD, ROL The work area (RAMO) value is written to PDR3.
MOV. B ROL, @PDR3

P3; P3g P35 P34 P33 P3, P3, —
Input/output Input Input Output Output  Output Output Output —
Pin state Low level High level Low level Low level Low level Low level High level —
PCR3 0 0 1 1 1 1 1 1
PDR3 1 0 0 0 0 0 1 1
RAMO 1 0 0 0 0 0 1 1
52
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2. Bit manipulation in aregister containing awrite-only bit
Example 3: BCLR instruction executed designating port 3 control register PCR3

Asin the examples above, P37 and P3g are input pins, with alow-level signal input at P37 and a
high-level signal at P3g. The remaining pins, P35 to P34, are output pins that output low-level
signals. In this example, the BCLR instruction is used to change pin P3; to an input port. Itis
assumed that a high-level signal will be input to thisinput pin.

[A: Prior to executing BCLR]

P3, P3g P35 P3, P3, P3, P3; —
Input/output Input Input Output Output  Output  Output Output —
Pin state Low level High level Low level Low level Low level Low level Low level —
PCR3 0 0 1 1 1 1 1 1
PDR3 1 0 0 0 0 0 0 1

[B: BCLR instruction executed)]

BCLR #1 , @°CR3 The BCLR instruction is executed designating PCR3.

[C: After executing BCLR]

P3; P3g P35 P3, P33 P3, P3; —

Input/output Output  Output  Output Output  Output  Output  Input —

Pin state Low level High level Low level Low level Low level Low level High level —

PCR3 1 1 1 1 1 1 0 1

PDR3 1 0 0 0 0 0 0 1

[D: Explanation of how BCLR operates]

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

Next, the CPU clears bit 1 in the read data to O, changing the datato H'FD. Finally, thisvalue
(H'FD) iswritten to PCR3 and BCLR instruction execution ends.

Asaresult of this operation, bit 1 in PCR3 becomes 0, making P31 an input port. However, bits 7
and 6 in PCR3 change to 1, so that P37 and P3g change from input pins to output pins.

To avoid this problem, store a copy of the PCR3 datain awork areain memory. Perform the bit
manipulation on the data in the work area, then write this datato PCR3.
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[A: Prior to executing BCLR]

MOV. B #3F, ROL The PCR3 value (H'3F) iswritten to awork areain memory
MOV. B ROL, @RAMD (RAMO) aswell asto PCR3.
MOV. B ROL, @°CR3

P3; P3g P35 P34 P33 P3, P3; —
Input/output Input Input Output Output  Output Output Output —
Pin state Low level High level Low level Low level Low level Low level Low level —
PCR3 0 0 1 1 1 1 1 1
PDR3 1 0 0 0 0 0 0 1
RAMO 0 0 1 1 1 1 1 1
[B: BCLR instruction executed]
BCLR #1 , @RAM The BCLR instruction is executed designating the PCR3
work area (RAMO).
[C: After executing BCLR]
MOV. B @RAMD, ROL The work area (RAMO) value is written to PCR3.
MOV. B ROL, @CR3
P3; P3g P35 P34 P33 P3, P3; —
Input/output Input Input Output Output  Output Output Output —
Pin state Low level High level Low level Low level Low level Low level High level —
PCR3 0 0 1 1 1 1 0 1
PDR3 1 0 0 0 0 0 0 1
RAMO 0 0 1 1 1 1 0 1
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Table 2.12 lists the pairs of registers that share identical addresses. Table 2.13 lists the registers
that contain write-only bits.

Table2.12 Registerswith Shared Addresses

Register Name Abbreviation Address
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 H'FFD9
Port data register 7* PDR7 H'FFDA
Port data register 8* PDR8 H'FFDB
Port data register A* PDRA H'FFDD

Note: * Port data registers have the same addresses as input pins.

Table2.13 Registerswith Write-Only Bits

Register Name Abbreviation Address
Port control register 3 PCR3 H'FFE6
Port control register 4 PCR4 H'FFE7
Port control register 5 PCR5 H'FFE8
Port control register 6 PCR6 H'FFE9
Port control register 7 PCR7 H'FFEA
Port control register 8 PCRS8 H'FFEB
Port control register A PCRA H'FFED
Timer control register F TCRF H'FFB6
PWM1 control register PWCR1 H'FFDO
PWML1 data register U PWDRU1 H'FFD1
PWM1 data register L PWDRL1 H'FFD2
PWM2 control register PWCR2 H'FFCD
PWM2 data register U PWDRU2 H'FFCE
PWM2 data register L PWDRL2 H'FFCF
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2.9.3 Notes on Use of the EEPM OV Instruction

e The EEPMOQV instruction isablock data transfer instruction. It moves the number of bytes
specified by R4AL from the address specified by R5 to the address specified by R6.

RS - -~ R6

R5 + R4L -

~ R6 + R4L

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

R5 -
— R6

R5 + RAL -

Not allowed «~ R6 + R4L
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Section 3 Exception Handling

31 Overview

Exception handling is performed in the H8/3802 Series when areset or interrupt occurs. Table 3.1
shows the priorities of these two types of exception handling.

Table3.1 Exception Handling Typesand Priorities

Priority Exception Source Time of Start of Exception Handling

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

321 Overview

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

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

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

Reset exception handling takes place as follows.

* 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.

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

Figure 3.1 shows the reset sequence starting from RES input.

— » Reset cleared

! Program initial
! Vector fetch Internal ~ instruction prefetch
| l«— | Processing ja——p|

3
m
(2]
—~—

Internal

address bus : @ >< 2) ><
Internal read \ / \ [\
signal |

Internal write
signal

Internal data !
bus (16-bit) ; (@) L@

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

Figure3.1 Reset Sequence
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323 Interrupt Immediately after Reset

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

3.3 Interrupts

331 Overview

Theinterrupt sources include 11 external interrupts (WKP; to WK Py, IRQq to IRQp, IRQAEC)
and 7 internal interrupts from on-chip peripheral modules. Table 3.2 shows the interrupt sources,
their priorities, and their vector addresses. When more than one interrupt is requested, the interrupt
with the highest priority is processed.

The interrupts have the following features:

e Internal and external interrupts can be masked by the | bit in CCR. When the | bit is set to 1,
interrupt request flags can be set but the interrupts are not accepted.

¢ |IRQAEC, IRQ1 to IRQy, and WKP; to WK P, can be set to either rising edge sensing or falling
edge sensing.
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Table3.2

Interrupt Sourcesand Their Priorities

Interrupt Source  Interrupt Vector Number Vector Address  Priority
RES Reset 0 H'0000 to H'0001 High
IRQq IRQq 4 H'0008 to H'0009 A
IRQ, IRQ; 5 H'000A to H'000B
IRQAEC IRQAEC 6 H'000C to H'000D
WKPq WKP 9 H'0012 to H'0013
WKP, WKP4
WKP, WKP,
WKP4 WKP3
WKP4 WKP,4
WKPs WKP5
WKPg WKPg
WKP-, WKP+
Timer A Timer A overflow 11 H'0016 to H'0017
Asynchronous Asynchronous event 12 H'0018 to H'0019
event counter counter overflow
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
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 A/D conversion end 19 H'0026 to H'0027 y
(SLEEP instruction Direct transfer 20 H'0028 to H'0029 Low
executed)
Note: Vector addresses H'0002 to H'0007, H'O00E to H'0011, H'0014 to H'0015, H'001A to
H'001B, and H'0020 to H'0023 are reserved and cannot be used.
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332 Interrupt Control Registers
Table 3.3 lists the registers that control interrupts.

Table3.3 Interrupt Control Registers

Name Abbreviation R/W Initial Value Address
IRQ edge select register IEGR R/W — H'FFF2
Interrupt enable register 1 IENR1 R/W — H'FFF3
Interrupt enable register 2 IENR2 R/W — H'FFF4
Interrupt request register 1 IRR1 R/W* — H'FFF6
Interrupt request register 2 IRR2 R/W* — H'FFF7
Wakeup interrupt request register IWPR R/W* H'00 H'FFF9
Wakeup edge select register WEGR R/W H'00 H'FF90
Note: * Write is enabled only for writing of O to clear a flag.
1. IRQ edge select register (IEGR)
Bit 7 6 5 4 3 2 1 0
e e e N
Initial value 1 1 1 — — — 0 0
Read/Write — — — w w w R/W R/W

IEGR is an 8-bit read/write register used to designate whether pins IRQq and IRQg are set to rising

edge sensing or falling edge sensing.

Bits 7 to 5: Reserved hits

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

Bits 4 to 2: Reserved bits

Bits 4 to 2 are reserved; only 0 can be written to these bits.
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Bit 1: IRQ; edge select (IEG1)

Bit 1 selects the input sensing of the IRQ; pin.

Bit 1

IEG1 Description

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

Bit 0: IRQy edge select (IEGO)

Bit 0 selects the input sensing of pin IRQ.

Bit 0

IEGO Description

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

2. Interrupt enable register 1 (IENR1)

Bit 7 6 5 4 3 2 1 0

‘ IENTA ‘ — ‘ IENWP‘ — ‘ — ‘IENECZ‘ IEN1 ‘ IENO ‘
Initial value 0 — 0 — — 0 0 0
Read/Write R/W w R/W w W R/W R/W R/W

IENRL is an 8-hit read/write register that enables or disables interrupt requests.
Bit 7: Timer A interrupt enable (IENTA)

Bit 7 enables or disablestimer A overflow interrupt requests.

Bit 7

IENTA Description

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

Bit 6: Reserved hit

Bit 6 is reserved; only O can be written to this bit.
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Bit 5: Wakeup interrupt enable (IENWP)

Bit 5 enables or disables WKP; to WK Py interrupt requests.

Bit 5

IENWP Description

0 Disables WKP- to WKP, interrupt requests (initial value)
1 Enables WKP; to WKP interrupt requests

Bits4 and 3: Reserved bits
Bits 4 and 3 are reserved; only 0 can be written to these bits.
Bit 2: IRQAEC interrupt enable (IENEC2)

Bit 2 enables or disables IRQAEC interrupt requests.

Bit 2

IENEC2 Description

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

Bits1 and 0: IRQ1 and IRQq interrupt enable (IEN1 and IENQ)

Bits 1 and 0 enable or disable IRQq and IRQq interrupt requests.

Bit n
IENN Description
0 Disables interrupt requests from pin IRQn (initial value)
1 Enables interrupt requests from pin IRQn
(n=21or0)
3. Interrupt enable register 2 (IENR2)
Bit 7 6 5 4 3 2 1 0
‘ IENDT ‘ IENAD ‘ — ‘ — ‘ IENTFH ‘ IENTFL ‘ — ‘ IENEC ‘
Initial value 0 0 — — 0 0 — 0
Read/Write R/W R/W W W R/W R/W w R/W
IENR2 is an 8-hit read/write register that enables or disables interrupt requests.
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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

Bits5 and 4: Reserved bits

Bits 5 and 4 are reserved; only 0 can be written to these bits.

Bit 3: Timer FH interrupt enable (IENTFH)

Bit 3 enables or disablestimer FH compare match and overflow interrupt requests.

Bit 3

IENTFH Description

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

Bit 2: Timer FL interrupt enable (IENTFL)

Bit 2 enables or disablestimer FL compare match and overflow interrupt requests.

Bit 2

IENTFL Description

0 Disables timer FL interrupt requests (initial value)
1 Enables timer FL interrupt requests
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Bit 1. Reserved bit
Bit 1 isreserved; only O can be written to this bit.
Bit 0: Asynchronous event counter interrupt enable (IENEC)

Bit O enables or disables asynchronous event counter interrupt requests.

Bit 0

IENEC Description

0 Disables asynchronous event counter interrupt requests (initial value)
1 Enables asynchronous event counter interrupt requests

For details of SCI3 interrupt control, see 10.2.6. Serial control register 3 (SCR3).

4. Interrupt request register 1 (IRR1)

Bit 7 6 5 4 3 2 1 0

\ IRRTA‘ — \ — \ — \ — ‘IRRECZ‘ IRRI1 \ IRRIO \
Initial value 0 — 1 — — 0 0 0
Read/Write RW* w — w w RW*  RW" RW*

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

IRR1 is an 8-hit read/write register, in which a corresponding flag is set to 1 when atimer A,
IRQAEC or IRQ, IRQq 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: (initial value)
When IRRTA =1, itis cleared by writing O

1 Setting conditions:

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

Bits 6, 4, and 3: Reserved bits
Bits 6, 4, and 3 are reserved; only 0 can be written to these bits.
Bit 5: Reserved hit

Bit 5isreserved; it isalways read as 1 and cannot be modified.
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Bit 2: IRQAEC interrupt request flag (IRREC2)

Bit 2

IRREC2 Description

0 Clearing conditions: (initial value)
When IRREC2 =1, it is cleared by writing 0

1 Setting conditions:
When pin IRQAEC is designated for interrupt input and the designated signal edge is
input

Bits1 and 0: IRQq and IRQq interrupt request flags (IRRI1 and IRRIO)

Bit n

IRRIN Description

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

1 Setting conditions:
When pin IRQn is designated for interrupt input and the designated signal edge is
input

(n=1o0r0)
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5. Interrupt request register 2 (IRR2)

Bit

Initial value
Read/Write

7 6 5 4 3 2 1 0
\ IRRDT \ IRRAD‘ — \ — ‘IRRTFH \ IRRTFL‘ — \ IRREC \

0 0 — — 0 0 — 0

RW*  RW* W W RW* RW* W R/W *

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

IRR2 is an 8-bit read/write register, in which a corresponding flag is set to 1 when a direct
transfer, A/D converter, Timer FH, or Timer FL asynchronous event counter 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: (initial value)
When IRRDT =1, it is cleared by writing 0

1 Setting conditions:

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

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

Bit 6

IRRAD Description

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

1 Setting conditions:
When A/D conversion is completed and ADSF is cleared to 0 in ADSR

Bits5 and 4: Reserved bits

Bits 5 and 4 are reserved; only O can be written to these bits.
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Bit 3: Timer FH interrupt request flag (IRRTFH)

Bit 3

IRRTFH Description

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

1 Setting conditions:

When TCFH and OCRFH match in 8-bit timer mode, or when TCF (TCFL, TCFH)
and OCRF (OCRFL, OCRFH) match in 16-bit timer mode

Bit 2: Timer FL interrupt request flag (IRRTFL)

Bit 2

IRRTFL Description

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

1 Setting conditions:

When TCFL and OCRFL match in 8-bit timer mode

Bit 1: Reserved bit
Bit 1 isreserved; only O can be written to this bit.

Bit 0: Asynchronous event counter interrupt request flag (IRREC)

Bit 0

IRREC Description

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

1 Setting conditions:
When ECH overflows in 16-bit counter mode, or ECH or ECL overflows in 8-bit
counter mode
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6. Wakeup Interrupt Request Register (IWPR)

Bit 7 6 5 4 3 2 1 0

\ IWPF7 \ IWPFG‘ IWPF5 \ IWPF4 \ IWPF3 \ IWPF2 \ IWPF1 \ IWPFO \
Initial value 0 0 0 0 0 0 0 0
Read/Write RW*  RW* RW" RW" RW" RW* RW* RW"

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

IWPR is an 8-hit read/write register containing wakeup interrupt request flags. When one of pins
WKP- to WKPy is designated for wakeup input and arising or falling edge isinput at that pin, the
corresponding flag in IWPR isset to 1. A flag is not cleared automatically when the
corresponding interrupt is accepted. Flags must be cleared by writing O.

Bits 7 to 0: Wakeup interrupt request flags (IWPF7 to IWPFO)

Bit n
IWPFn Description
0 Clearing conditions: (initial value)
When IWPFn= 1, it is cleared by writing O
1 Setting conditions:
When pin WKP,, is designated for wakeup input and a rising or falling edge is input at
that pin
(n=7100)
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7. Wakeup Edge Select Register (WEGR)

Bit 7 6 5 4 3 2 1 0
‘WKEGS?‘WKEGS#WKEGSS‘WKEGS4‘WKEGS3‘WKEGSZ‘WKEGSl‘WKEGSO‘

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

WEGR is an 8-hit read/write register that specifiesrising or falling edge sensing for pins WKPn.
WEGR isinitialized to H'00 by areset.
Bit n: WKPn edge select (WKEGSN)

Bit n selects WKPn pin input sensing.

Bitn
WKEGSnh Description
0 WKPn pin falling edge detected (initial value)
1 WKPn pin rising edge detected
(n=7100)

333 External Interrupts
There are 11 externa interrupts: WKP7 to WK Py, IRQ1 to IRQp, and IRQAEC.
1. Interrupts WKP7 to WKPq

Interrupts WK P7 to WK Py are requested by either rising or falling edge input to pins WKP5 to
WKPy. When these pins are designated as pins WKP to WKPg in port mode register 5 and a
rising or falling edge isinput, the corresponding bit in IWPR is set to 1, requesting an interrupt.
Recognition of wakeup interrupt requests can be disabled by clearing the IENWP bitto 0 in
IENR1. Theseinterrupts can all be masked by setting the | bitto 1in CCR.

When WK P to WKPg interrupt exception handling is initiated, the | bit isset to 1in CCR. Vector
number 9 is assigned to interrupts WKP; to WKPy. All eight interrupt sources have the same
vector number, so the interrupt-handling routine must discriminate the interrupt source.
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2. Interrupts IRQ4 and IRQq

Interrupts IRQ; and IRQq are requested by input signals to pins IRQ and IRQg. These interrupts
are detected by either rising edge sensing or falling edge sensing, depending on the settings of hits
IEG1 and IEGOin IEGR.

When these pins are designated as pins IRQ; and IRQg in port mode register B and 2 and the
designated edge is input, the corresponding bit in IRR1 is set to 1, requesting an interrupt.
Recognition of these interrupt requests can be disabled individually by clearing bits IEN1 and
IENO to 0 in IENRL. Theseinterrupts can all be masked by setting the | bitto 1in CCR.

When IRQ1 and IRQq interrupt exception handling isinitiated, the | bit is set to 1 in CCR. Vector
numbers 5 and 4 are assigned to interrupts IRQ and IRQgq. The order of priority isfrom IRQq
(high) to IRQq (low). Table 3.2 gives details.

3. IRQAEC Interrupt

The IRQAEC interrupt is requested by an input signal to pin IRQAEC. Thisinterrupt is detected
by rising edge, falling edge, or both edge sensing, depending on the settings of bits AIAGSL and
AIAGS0 in AEGSR.

When bit IENEC2 in IENRL1 is 1 and the designated edge is input, the corresponding bitin IRR1 is
set to 1, requesting an interrupt.

When IRQAEC interrupt exception handling isinitiated, the| bitissetto 1in CCR. Vector
number 6 is assigned to the IRQAEC interrupt. Table 3.2 gives details.

334 Internal Interrupts

There are 7 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.
Recognition of individual interrupt requests can be disabled by clearing the corresponding bit in
IENR1 or IENR2. All these interrupts can be masked by setting the | bit to 1 in CCR. When
internal interrupt handling isinitiated, the | bit isset to 1 in CCR. Vector numbers from 20 to 18,
15, 14, 12, and 11 are assigned to these interrupts. Table 3.2 shows the order of priority of
interrupts from on-chip peripheral modules.

71
HITACHI



335 Interrupt Operations

Interrupts are controlled by an interrupt controller. Figure 3.2 shows a block diagram of the
interrupt controller. Figure 3.3 shows the flow up to interrupt acceptance.

Interrupt controller

internal
interrupts

External or EkiD4—>
|: . TD—> Interrupt
‘ , request

Priority decision logic

External
interrupts or
internal
interrupt
enable
signhals

i

| CCR (CPU)

Figure3.2 Block Diagram of Interrupt Controller
Interrupt operation is described as follows.

*  When an interrupt condition is met while the interrupt enable register bit isset to 1, an
interrupt request signal is sent to the interrupt controller.

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

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

» Theinterrupt controller checksthe | bit of CCR. If thel bitis0, the selected interrupt request
isaccepted; if thel bit is 1, the interrupt request is held pending.
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e |f theinterrupt is accepted, after processing of the current instruction is completed, both PC
and CCR are pushed onto the stack. The state of the stack at thistime is shown in figure 3.4.
The PC value pushed onto the stack is the address of the first instruction to be executed upon
return from interrupt handling.

e Thel bit of CCR isset to 1, masking further interrupts.

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

Notes:

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

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

’ Program execution state ‘

No

’ PC contents saved ‘

i

’ CCR contents saved ‘
1

| 1 |
1

Branch to interrupt
handling routine

Notation:

PC: Program counter

CCR: Condition code register
I: I bit of CCR
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SP-4 SP (R7) — CCR
SP-3 SP+1 CCR*
SP-2 SP+2 PCh
SP-1 SP+3 PC_
SP (R7) — SP+4

Stack area

/\/ /\/

Prior to start of interrupt ——————— After completion of interrupt

PC and CCR

exception handling
saved to stack

Notation:

PC4:  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
return from the interrupt handling routine.

exception handling

be executed upon

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

starting from an even-numbered address.
* |gnored on return.

Even address

Figure3.4 Stack State after Completion of Interrupt Exception Handling

Figure 3.5 shows atypical interrupt sequence.
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Figure3.5 Interrupt Sequence
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3.36 Interrupt Response Time

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

Table3.4 Interrupt Wait States

Item States Total
Waiting time for completion of executing instruction* 1to 13 15to 27
Saving of PC and CCR to stack 4

Vector fetch

Instruction fetch

i~ DN

Internal processing

Note: * Not including EEPMOV instruction.
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34 Application Notes

34.1 Notes on Stack Area Use

When word data is accessed in the H8/3802 Series, the least significant bit of the addressis
regarded as 0. Access to the stack always takes place in word size, so the stack pointer (SP: R7)
should never indicate an odd address. Use PUSH Rn (MOV.W Rn, @-SP) or POP Rn (MOV.W
@SP+, Rn) to save or restore register values.

Setting an odd address in SP may cause a program to crash. An exampleis shownin figure 3.6.

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

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

SP: Stack pointer

Figure3.6 Operation when Odd Addressis Setin 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.
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34.2 Noteson Rewriting Port Mode Registers

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

When an external interrupt pin function is switched by rewriting the port mode register that
controls pins IRQAEC, TIRQ1, IRQq, WKP to WKPy, the interrupt request flag may be set to 1 at
the time the pin function is switched, even if no valid interrupt isinput at the pin. Be sureto clear
the interrupt request flag to O after switching pin functions. Table 3.5 shows the conditions under
which interrupt request flags are set to 1 in thisway.

Table3.5 Conditionsunder which Interrupt Request Flagis Set to 1

Interrupt Request
Flags Setto 1 Conditions

IRR1 IRREC2 When the edge designated by AIEGS1 and AIEGSO0 in AEGSR is input while
IENEC2 in IENRI is setto 1.

IRRI1 When PMRB bit IRQ1 is changed from 0 to 1 while pin IRQ; is low and IEGR

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

IRRIO When PMR2 bit IRQO is changed from 0 to 1 while pin TRQq is low and IEGR
bit IEGO = 0.
When PMR2 bit IRQO is changed from 1 to 0 while pin IRQq is low and IEGR
bit IEGO = 1.

IWPR IWPF7 When PMR5 bit WKP7 is changed from 0 to 1 while pin WKP+ is low.

IWPF6 When PMR5 bit WKP6 is changed from 0 to 1 while pin WKPg is low.

IWPF5 When PMR5 bit WKPS5 is changed from 0 to 1 while pin WKP5 is low.

IWPF4 When PMR5 bit WKP4 is changed from 0 to 1 while pin WKPy is low.

IWPF3 When PMR5 bit WKP3 is changed from 0 to 1 while pin WKP3 is low.

IWPF2 When PMR5 bit WKP2 is changed from 0 to 1 while pin WKP,, is low.

IWPF1 When PMR5 bit WKP1 is changed from 0 to 1 while pin WKP is low.

IWPFO When PMR5 bit WKPO is changed from 0 to 1 while pin WKP is low.

Figure 3.7 shows the procedure for setting a bit in a port mode register and clearing the interrupt
request flag.

When switching a pin function, mask the interrupt before setting the bit in the port mode register.
After accessing the port mode register, execute at least one instruction (e.g., NOP), then clear the
interrupt request flag from 1 to 0. 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.
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An aternative method is to avoid the setting of interrupt request flags when pin functions are
switched by keeping the pins at the high level so that the conditionsin table 3.5 do not occur.

Interrupts masked. (Another possibility
| CCR I 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 |

| CCRIbit -0 | ffffffffff Interrupt mask cleared

Figure3.7 Port Mode Register Setting and Interrupt Request Flag Clearing Procedure

343 Interrupt Request Flag Clearing Method

Use the following recommended method for flag clearing in the interrupt request registers (IRR1,
IRR2, and IWPR).

Recommended M ethod: Perform flag clearing with only one instruction. Either a bit
mani pulation instruction or a data transfer instruction in bytes can be used. Two examples of
coding for clearing IRRI1 (bit 1 in IRR1) are shown below:

* BCLR#1,@RR1:8
* MOV.BRIL,@IRR1:8 (Set B’'11111101 into R1L in advance)

Malfunction Example: When flag clearing is performed with several instructions, aflag, other
than the intended one, which was set while executing one of those instructions may be accidentally
cleared, and thus cause incorrect operations to occur.

An example of coding for clearing IRRI1 (bit 1 in IRR1), in which IRRIO is also cleared and the
interrupt becomes invalid is shown below.

MOV. B @RR1: 8, RIL At this point, IRRO is O.
AND. B #B' 11111101, RIL | RRIO becones 1 here.
MOV. B RIL, @RR1: 8 IRRIO is cleared to 0.
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In the above example, an IRQO interrupt occurs while the AND.B instruction is executed. Since
not only the original target IRRI1, but also IRRIO is cleared to O, the IRQO interrupt becomes
invalid.
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Section 4 Clock Pulse Generators

41 Overview

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

411 Block Diagram

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

! Zoscl2 !
| @, -
OSC1— = System clock | °; | System clock t F0sc/128|- P
030243— oscillator (foso) divider (1/2) System  |Posc/64 | |
1 d(':IQde Posc/32 | PrescalerS |~ ?0/2
VST leosc/16 | | (13bits) 1 o102
System clock pulse generator ‘
o2 N =~ Pw
X1—» subclock |2w Sg-b%OCk 2w /4 - .y
- illator vicer o2y /8 " > PsuB
X2=i— osci (tw) |(1/2, 1/4, 1/8)| 2w /2
‘ - By
> EW/4
/8
Prescaler W + tféw

Subclock pulse generator . ‘
; _Subclock | pulse generator (5bits) | '» g, /128

Figure4.1 Block Diagram of Clock Pulse Generators

4.1.2 System Clock and Subclock

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

The clock signals available for use by peripheral modules are @/2, @/4, @/8, @/16, @/32, @/64, 1128,
21256, 9/512, @/1024, 912048, @/4096, 2/8192, @\, Gw/2, dw/4, ow/8, aw/16, o /32, &y /64, and
2w/128. The clock reguirements differ from one module to another.
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4.2 System Clock Gener ator

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

1. Connecting acrystal oscillator

Figure 4.2 shows atypical method of connecting a crystal oscillator.

R¢ = 1 MQ +20%

Cy
0SsC, }—77‘7 c. G,
Ry [ Cry_stal Recommendation
0SC, }_77|7 Frequency | oscillator value
G,

4.19 MHz |NDK 12 pF +20%

Figure4.2 Typical Connection to Crystal Oscillator

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

0SC; =1 $—= 0SC,

Figure4.3 Equivalent Circuit of Crystal Oscillator

Table4.1 Crystal Oscillator Parameters

Frequency (MHz) 4.193
RS max (Q) 100
Cgo max (pF) 16
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2. Connecting a ceramic oscillator

Figure 4.4 shows atypical method of connecting a ceramic oscillator.

0OSC,

OSC,

R¢ = 1 MQ +20%

C1
Ry [ }_77|7
Frequency
L

Clv CZ
Ceramic Recommendation
oscillator value
4.0 MHz Murata 30 pF £10%

Figure4.4 Typical Connection to Ceramic Oscillator

3. Notes on board design

When generating clock pulses by connecting acrystal or ceramic oscillator, pay careful attention

to the following points.

Avoid running signal lines close to the oscillator circuit, since the oscillator may be adversely

affected by induction currents. (Seefigure4.5.)

The board should be designed so that the oscillator and load capacitors are located as close as

possible to pins OSC4 and OSC,.

To be avoided | — > Signal A Signal B

0sC,

0SC;

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

Connect an external clock signal to pin OSCy, and leave pin OSC, open. Figure 4.6 shows a
typical connection.

0osCy (— External clock input

0SC; ——— Open

Figure4.6 External Clock Input (Example)

Frequency Oscillator Clock (gpsc)

Duty cycle 45% to 55%

Note: The circuit parameters above are recommended by the crystal or ceramic oscillator
manufacturer.

The circuit parameters are affected by the crystal or ceramic oscillator and floating
capacitance when designing the board. When using the oscillator, consult with the crystal
or ceramic oscillator manufacturer to determine the circuit parameters.
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4.3 Subclock Generator
1. Connecting a 32.768 kHz/38.4 kHz crystal oscillator

Clock pulses can be supplied to the subclock divider by connecting a 32.768 kHz/38.4 kHz crystal
oscillator, as shown in figure 4.7. Follow the same precautions as noted under 3. notes on board
design for the system clock in 4.2.

Cy =C, =15pF (typ.)

C1
S IS S
(- Frequency | Crystal oscillator Products Name
Xy | }—77|7 32.768 kHz | Nihon Denpa Kogyo |MX73P
C

38.4 kHz Seiko Instrument Inc. | VTC-200

Figure4.7 Typical Connection to 32.768 kHz/38.4 kHz Crystal Oscillator (Subclock)

Figure 4.8 shows the equivalent circuit of the 32.768 kHz/38.4 kHz crystal oscillator.

Co Co = 1.5 pF typ
Rs =14 kQ typ
fy = 32.768 kHz/38.4kHz

Figure 4.8 Equivalent Circuit of 32.768 kHz/38.4 kHz Crystal Oscillator
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2. Pin connection when not using subclock
When the subclock is not used, connect pin X4 to GND and leave pin X5 open, as shown in

figure 4.9.

X
' 747 GND

Xy ——— Open

Figure4.9 Pin Connection when not Using Subclock
3. External clock input

Connect the external clock to the X1 pin and leave the X2 pin open, as shown in figure 4.10.

T Vcc
X1

External clock input

X2 ———————— Open

Figure4.10 Pin Connection when Inputting External Clock

Frequency Subclock (gw)
Duty 45% to 55%
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4.4 Prescalers

The H8/3802 Seriesis equipped with two on-chip prescalers having different input clocks
(prescaler Sand prescaler W). Prescaler Sisa13-bit counter using the system clock () asits
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 or 38.4 kHz signal divided by 4 (ay/4) asits
input clock. Its prescaled outputs are used by timer A as atime base for timekeeping.

1. Prescaler S(PSS)

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

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

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

The CPU cannot read or write prescaler S.

The output from prescaler Sis shared by timer A, timer F, SCI3, the A/D converter, the LCD
controller, and the 10-bit PWM. The divider ratio can be set separately for each on-chip
peripheral function.

In active (medium-speed) mode the clock input to prescaler Sis gosc/16, gosc/32, gosc/64, or
20sc/128.

2. Prescaler W (PSW)

Prescaler W isa 5-bit counter using a 32.768 kHz/38.4 kHz signal divided by 4 (g,/4) asitsinput
clock.

Prescaler W isinitialized to H'00 by areset, and starts counting on exit from the reset state.

Even in standby mode, watch mode, subactive mode, or subsleep mode, prescaler W continues
functioning so long as clock signals are supplied to pins X1 and X2.

Prescaler W can be reset by setting 1sin 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 functionsasatime
base for timekeeping.
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45 Note on Oscillators

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

Pe3 | ] =
=
X2 |’\ 2
Vss :I i
0sC2 :F/—T—T—T

OSC1 |’\

TEST || =i

(Vss)

Figure4.11 Exampleof Crystal and Ceramic Oscillator Element Arrangement

451 Definition of Oscillation Settling Standby Time

Figure 4.12 shows the oscillation waveform (OSC2), system clock (@), and microcomputer
operating mode when a transition is made from standby mode, watch mode, or subactive mode, to
active (high-speed/medium-speed) mode, with an oscillator element connected to the system clock
oscillator.

Asshown in figure 4.12, as the system clock oscillator is halted in standby mode, watch mode,
and subactive mode, when atransition is made to active (high-speed/medium-speed) mode, the
sum of the following two times (oscillation settling time and standby time) is required.
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1. Oscillation settling time (t,.)

The time from the point at which the system clock oscillator oscillation waveform starts to change
when an interrupt is generated, until the amplitude of the oscillation waveform increases and the
oscillation frequency stabilizes.

2. Standby time

The time required for the CPU and peripheral functions to begin operating after the oscillation
waveform frequency and system clock have stabilized.

The standby time setting is selected with standby timer select bits 2 to 0 (STS2 to STS0) (bits6 to
4 in system control register 1 (SY SCRL1)).

Oscillation
waveform
(0sc2)

System clock
(2) !

Oscillation
settling time

Standby time

Standby mode,
Operating  watch mode,
mode or subactive
mode

Active (high-speed) mode or

Oscillation settling standby time active (medium-speed) mode

Interrupt accepted

Figure4.12 Oscillation Settling Standby Time

When standby mode, watch mode, or subactive mode is cleared by an interrupt or reset, and a
transition is made to active (high-speed/medium-speed) mode, the oscillation waveform begins to
change at the point at which the interrupt is accepted. Therefore, when an oscillator element is
connected in standby mode, watch mode, or subactive mode, since the system clock oscillator is
halted, the time from the point at which this oscillation waveform starts to change until the
amplitude of the oscillation waveform increases and the oscillation frequency stabilizes—that is,
the oscillation settling time—is required.
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The oscillation settling time in the case of these state transitions is the same as the oscillation
settling time at power-on (the time from the point at which the power supply voltage reaches the
prescribed level until the oscillation stabilizes), specified by "oscillation settling timetyc" in the
AC characteristics.

Meanwhile, once the system clock has halted, a standby time of at least 8 statesis necessary in
order for the CPU and peripheral functions to operate normally.

Thus, the time required from interrupt generation until operation of the CPU and peripheral
functionsis the sum of the above described oscillation settling time and standby time. This total
timeis called the oscillation settling standby time, and is expressed by equation (1) below.

Oscillation settling standby time = oscillation settling time + standby time
=t _+(8t016,384 states) ... (@)

Therefore, when atransition is made from standby mode, watch mode, or subactive mode, to
active (high-speed/medium-speed) mode, with an oscillator element connected to the system clock
oscillator, careful evaluation must be carried out on the installation circuit before deciding on the
oscillation settling standby time. In particular, since the oscillation settling time is affected by
installation circuit constants, stray capacitance, and so forth, suitable constants should be
determined in consultation with the oscillator element manufacturer.

452 Noteson Use of Crystal Oscillator Element (Excluding Ceramic Oscillator
Element)

When amicrocomputer operates, the internal power supply potential fluctuates dightly in
synchronization with the system clock. Depending on theindividual crystal oscillator element
characteristics, the oscillation waveform amplitude may not be sufficiently large immediately after
the oscillation settling standby time, making the oscillation waveform susceptible to influence by
fluctuations in the power supply potential. In this state, the oscillation waveform may be
disrupted, leading to an unstable system clock and erroneous operation of the microcomputer.

If erroneous operation occurs, change the setting of standby timer select bits2to 0 (STS2 to
STS0) (bits 6 to 4 in system control register 1 (SY SCR1)) to give alonger standby time.

For example, if erroneous operation occurs with a standby time setting of 16 states, check the
operation with a standby time setting of 1,024 states or more.

If the same kind of erroneous operation occurs after areset as after a state transition, hold the RES
pin low for alonger period.
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Section 5 Power-Down Modes

51 Overview

The H8/3802 Series has nine modes of operation after areset. These include eight power-down
modes, in which power dissipation is significantly reduced. Table 5.1 gives a summary of the eight
operating modes.

Table5.1 Operating Modes

Operating Mode Description

Active (high-speed) mode The CPU and all on-chip peripheral functions are operable on
the system clock in high-speed operation

Active (medium-speed) mode The CPU and all on-chip peripheral functions are operable on
the system clock in low-speed operation

Subactive mode The CPU is operable on the subclock in low-speed operation

Sleep (high-speed) mode The CPU halts. On-chip peripheral functions are operable on
the system clock

Sleep (medium-speed) mode The CPU halts. On-chip peripheral functions operate at a
frequency of 1/64, 1/32, 1/16, or 1/8 of the system clock
frequency

Subsleep mode The CPU halts. The time-base function of timer A, timer F,
SCI3, AEC and LCD controller/driver are operable on the
subclock

Watch mode The CPU halts. The time-base function of timer A, timer F,
AEC and LCD controller/driver are operable on the subclock

Standby mode The CPU and all on-chip peripheral functions halt

Module standby mode Individual on-chip peripheral functions specified by software

enter standby mode and halt

Of these nine operating modes, al but the active (high-speed) mode are power-down modes. In
this section the two active modes (high-speed and medium speed) will be referred to collectively
as active mode.
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Figure 5.1 shows the transitions among these operation modes. Table 5.2 indicates the internal
states in each mode.

Reset state

Program Program
execution state halt state

. SLEEP | i
Active \ instruction™® | Sleep i
Program (high-speed) [+ | (high-speed) :
halt state mode : o o mode :
e A ' Q,Q/O ! '
A - o ' %\’\)CQ ' '
1 asSl [as 1 e 1 i
i Standby E-AR T N i ! '
' we| |wo 28.X¢.
' mode Wsl |4Ys , Sz, Q(\ ,
- a5 |75 0 :
, £ £ ) % % '
| \ ! \ SLEEP ! :
' Active ! instruction™; Sleep :
' (medium-speed) |_; 31| (medium-speed) |
, mode mode '
: i ;
, = e |
: hs| e ;
: 4 La’ i '
1 El |pE '
: g7 :
5 J :
' Subactive Subsleep ;
1 : ; mode mode '
D Power-down modes
Mode Transition Conditions (1) Mode Transition Conditions (2)
LSON MSON SSBY TMA3 DTON Interrupt Sources
a 0 0 0 0O 0 1 Timer A, Timer F interrupt, IRQ, interrupt, WKP- to
b 0 1 0 O 0 WKPy interrupts
c 1 0 0 1 0 2 Timer A, Timer F, SCI3 interrupt, IRQ; and IRQ
d 0 0 1 0 0 interrupts, IRQAEC, WKP-, to WKPy, interrupts, AEC
e 0 0 1 1 0 3 All interrupts
f 0 0 0 0 1 IRQ, or IRQq interrupt, WKP; to WKP, interrupts
g 0 1 0 O 1
h 0 1 1 1 1
i 1 g 1 1 1
j 0 0 1 1 1
* : Don't care
Notes: 1. A transition between different modes cannot be made to occur simply because an interrupt

request is generated. Make sure that interrupt handling is performed after the interrupt is
accepted.

Details on the mode transition conditions are given in the explanations of each mode,

in sections 5-2 through 5-8.
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Table5.2 Internal Statein Each Operating Mode

Active Mode Sleep Mode
High- Medium- High- Medium- Watch Subactive Subsleep  Standby
Function Speed Speed Speed Speed Mode Mode Mode Mode
System clock oscillator Functions Functions Functions Functions Halted Halted Halted Halted
Subclock oscillator Functions Functions Functions Functions Functions  Functions  Functions  Functions
CPU Instructions Functions Functions Halted Halted Halted Functions  Halted Halted
operations RAM Retained Retained Retained Retained Retained
Registers
1/0 ports Retained™*
External IRQ, Functions Functions Functions Functions Functions  Functions  Functions  Functions
interrupts  IRQ, Retained"
IRQAEC Retained™
WKP, Functions Functions Functions Functions Functions  Functions  Functions  Functions
WKP,
WKP,
WKP,
WKP,
WKP,
WKPg
WKP,
Peripheral Timer A Functions Functions Functions Functions Functions™ Functions™ Functions™ Retained
functions ~ Asynchronous Functions™ Functions  Functions  Functions®
counter
Timer F Functions/  Functions/  Functions/  Retained
Retained”” Retained” Retained”
SCI3 Reset Functions/  Functions/ Reset
Retained” Retained™
PWM Retained Retained Retained Retained
A/D converter Retained Retained Retained Retained
LCD Functions/  Functions/  Functions/ Retained
Retained® Retained® Retained™
Notes: 1. Register contents are retained, but output is high-impedance state.
2. Functions if @,,/2 is selected as the internal clock; otherwise halted and retained.
3. Functions if @, @,,/2 or 8,,/4 is selected as the operating clock; otherwise halted and retained.
4. Functions if the timekeeping time-base function is selected.
5. External interrupt requests are ignored. Interrupt request register contents are not altered.
6. Incrementing is possible, but interrupt generation is not.
7. Functions if the @,,/4 internal clock is selected; otherwise halted and retained.
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511 System Control Registers

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

Table5.3 System Control Registers

Name Abbreviation R/W Initial Value Address
System control register 1 SYSCR1 R/W H'07 H'FFFO
System control register 2 SYSCR2 R/W H'FO H'FFF1
1. System control register 1 (SYSCR1)
Bit 7 6 5 4 3 2 1 0
‘ SSBY ‘ STS2 ‘ STS1 ‘ STSO ‘ LSON ‘ — ‘ MA1 ‘ MAO ‘
Initial value 0 0 0 0 0 1 1 1
Read/Write R/W R/W R/W R/W R/W — R/W R/W
SYSCRL1 is an 8-hit read/write register for control of the power-down modes.
Upon reset, SY SCR1 isinitialized to H'07.
Bit 7: Software standby (SSBY)
This bit designates transition to standby mode or watch mode.
Bit 7
SSBY Description
0 * When a SLEEP instruction is executed in active mode, (initial value)
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
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Bits 6 to 4: Standby timer select 2t0 0 (STS2 to STS0)

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

Bit 6 Bit 5 Bit 4

STS2 STS1 STSO Description

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

0 1 0 Wait time = 1,024 states

0 1 1 Wait time = 2,048 states

1 0 0 Wait time = 4,096 states

1 0 1 Wait time = 2 states (External clock mode)
1 1 0 Wait time = 8 states

1 1 1 Wait time = 16 states

Note: In the case that external clock is input, set up the “Standby timer select” selection to
External clock mode before Mode Transition. Also, do not set up to external clock mode, in
the case that it does not use external clock.

Bit 3: Low speed on flag (LSON)

This bit chooses the system clock (@) or subclock (gsyg) 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 (gSUB)

Bits 2: Reserved hit

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

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

Bit 1 Bit 0

MA1 MAO Description

0 0 Bos/16

0 1 Bosd!32

1 0 Bosc/64

1 1 Bosd128 (initial value)

2. System control register 2 (SYSCR2)

Bit 7 6 5 4 3 2 1 0

‘ — ‘ — ‘ — ‘ NESEL‘ DTON ‘ MSON ‘ SAl ‘ SAO0 ‘
Initial value 1 1 1 1 0 0 0 0
Read/Write — — — R/W R/W R/W R/W R/W

SYSCR2 is an 8-hit read/write register for power-down mode control.
Bits 7 to 5: Reserved bits

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

This bit selects the frequency at which the watch clock signal () generated by the subclock
pulse generator is sampled, in relation to the oscillator clock (8psc) generated by the system clock
pulse generator. When gosc = 2t0 16 MHz, clear NESEL to 0.

Bit 4

NESEL Description

0 Sampling rate is @ogc/16

1 Sampling rate is @osc/4 (initial value)
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Bit 3: Direct transfer on flag (DTON)

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

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

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

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

* When a SLEEP instruction is executed in subactive mode, a direct transition is
made to active (high-speed) mode if SSBY =1, TMA3 =1, LSON =0, and MSON
=0, orto 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 in active (high-speed) mode (initial value)
1 Operation in active (medium-speed) mode
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Bits 1 and 0: Subactive mode clock select (SA1 and SA0)

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

Bit 1 Bit 0
SA1 SAO0 Description
0 0 2\w/8 (initial value)
0 1 owl4
1 * owl2

* : Don’t care
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5.2 Sleep Mode

521 Transition to Sleep Mode
1. Trangition to sleep (high-speed) mode

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

2. Transition to sleep (medium-speed) mode

The system goes from active mode to sleep (medium-speed) mode when a SLEEP instruction is
executed while the SSBY and LSON bitsin SY SCR1 are cleared to 0, the MSON bit in SY SCR2
issetto 1, and the DTON hit in SY SCR2 is cleared to 0. In sleep (medium-speed) mode, asin
sleep (high-speed) mode, CPU operation is halted but the on-chip periphera functions are
operational. The clock frequency in sleep (medium-speed) mode is determined by the MA1 and
MADO bitsin SYSCR1. CPU register contents are retained.

Furthermore, it sometimes acts with half state early timing at the time of transition to sleep
(medium-speed) mode.

522 Clearing Sleep Mode

Sleep modeis cleared by any interrupt (timer A, timer F, asynchronous counter, IRQAEC, IRQ1,
IRQp, WKP; to WK Py, 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. A
transition is made from sleep (high-speed) mode to active (high-speed) mode, or from sleep
(medium-speed) mode to active (medium-speed) mode. Sleep modeis 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.

Interrupt signal and system clock are mutually asynchronous. Synchronization error timein a
maximum is 2/g (s).

e Clearing by RES input

When the RES pin goes low, the CPU goes into the reset state and sleep mode is cleared.

101
HITACHI



523 Clock Frequency in Sleep (M edium-Speed) Mode

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

53 Standby Mode

531 Transition to Standby Mode

The system goes from active mode to standby mode when a SLEEP instruction is executed while
the SSBY bit in SYSCR1isset to 1, the LSON bit in SYSCR1 is cleared to O, and bit TMA3in
TMA iscleared to 0. In standby mode the clock pulse generator stops, so the CPU and on-chip
peripheral modules stop functioning, but as long as the rated voltage is supplied, the contents of
CPU registers, on-chip RAM, and some on-chip peripheral module registers are retained. On-chip
RAM contents will be further retained down to a minimum RAM data retention voltage. The 1/O
ports go to the high-impedance state.

532 Clearing Standby M ode

Standby mode is cleared by an interrupt (IRQ; or IRQg), WKP7 to WKPy or by input at the RES
pin.

» Clearing by interrupt

When an interrupt is requested, the system clock pulse generator starts. After the time set in bits
STS2to STS0 in SY SCR1 has elapsed, a stable system clock signal is supplied to the entire chip,
standby modeis cleared, and interrupt exception handling starts. Operation resumesin active
(high-speed) mode if MSON = 0 in SY SCR2, or active (medium-speed) mode if MSON = 1.
Standby 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 the RES pin goes low, the system clock pulse generator starts. After the pulse generator
output has stabilized, if the RES pin is driven high, the CPU starts reset exception handling. Since
system clock signals are supplied to the entire chip as soon as the system clock pul se generator
starts functioning, the RES pin should be kept at the low level until the pulse generator output
stabilizes.
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533 Oscillator Settling Time after Standby Mode is Cleared
Bits STS2 to STS0 in SY SCR1 should be set as follows.

¢ When acrystal oscillator is used

The table below gives settings for various operating frequencies. Set bits STS2 to STSO for a

waiting time at least as long as the oscillation settling time.

Table5.4 Clock Frequency and Settling Time (timesarein ms)

STS2 STS1 STSO Waiting Time 5 MHz 2 MHz
0 0 0 8,192 states 1.638 4.1

0 0 1 16,384 states 3.277 8.2

0 1 0 1,024 states 0.205 0.512
0 1 1 2,048 states 0.410 1.024
1 0 0 4,096 states 0.819 2.048
1 0 1 2 states 0.0004 0.001

(Use prohibited)

1 1 0 8 states 0.0002 0.004
1 1 1 16 states 0.003 0.008

* When an external clock is used

STS2=1,STS1 =0, and STSO = 1 should be set. Other values possible use, but CPU sometimes

will start operation before waiting time completion.

HITACHI
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534 Standby Mode Transition and Pin States

When a SLEEP instruction is executed in active (high-speed) mode or active (medium-speed)
mode while bit SSBY isset to 1 and bit LSON iscleared to 0 in SY SCR1, and bit TMA3 is
clearedto 0in TMA, atransition is made to standby mode. At the same time, pins go to the high-
impedance state (except pins for which the pull-up MOS is designated as on). Figure 5.2 shows
thetiming in this case.

Internal data bus ><SLEEP instruction fetch ><Fetch of next instruction ><

SLEEP instruction execution Internal prbcessing
Pins Port output >< High-impedance
Active (high-speed) mode or active (medium-speed) mode Standby mode

Figure5.2 Standby Mode Transition and Pin States
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535 Notes on External Input Signal Changes befor e/after Standby M ode

1. When external input signal changes before/after standby mode or watch mode

When an external input signal such asIRQ, WKP, or IRQAEC isinput, both the high- and
low-level widths of the signal must be at least two cycles of system clock @ or subclock gy
(referred to together in this section asthe internal clock). Astheinternal clock stopsin
standby mode and watch mode, the width of external input signals requires careful attention
when atransition is made via these operating modes. Ensure that external input signals
conform to the conditions stated in 3, Recommended timing of external input signals, below

2. When external input signals cannot be captured because internal clock stops
The case of falling edge capture isillustrated in figure 5.3
As shown in the case marked " Capture not possible," when an external input signal fals
immediately after atransition to active (high-speed or medium-speed) mode or subactive
mode, after oscillation is started by an interrupt via a different signal, the external input signal
cannot be captured if the high-level width at that point islessthan 2t or 2 ty...

3. Recommended timing of external input signals
To ensure dependable capture of an external input signal, high- and low-level signal widths of
at least 2t or 2ty are necessary before atransition is made to standby mode or watch
mode, as shown in "Capture possible: case 1."
External input signal capture is also possible with the timing shown in "Capture possible: case
2" and "Capture possible: case 3," inwhich a2 t,,. or 2ty level width is secured.
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Operatin Active (high-speed, Wait for | Active (high-speed,
pd 9 medium-speed) mode Standby mode | oscillation| medium-speed) mode
mode or subactive mode or watch mode |to settle | or subactive mode
Clye | feye teye | ! - leye !
: tsubcyc : tsubcyc tsubcyc: : | tsubcyc :
| | -]
| | |
(( (( 1 1
V) [ I

External input signal |

|
|
@ or gSUB [ ] | |
|
|
|
|
|
|
|

possible

|
|
|
l
|
Capture possible: (( (( |
case 1 ! ! ! X R
| | | | | T
Capture possible: 1 1 1 (¢ 1 ( 1 1
case 2 SN S A
| | | | | | |
Capture possible: | | } ()() } ()() } } }
case 3 : 1 : : : -
| | | ( ( | ( ( | | |
Capture not | ] )7 T | |
l l l l
| | | |

Interrupt by different
signall

Figure5.3 External Input Signal Capturewhen Signal Changes befor e/after
Standby Mode or Watch Mode

4. Input pinsto which these notes apply:
IRQ, to IRQ,, WKP, to WKP,, IRQAEC
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54 Watch Mode

541 Transition to Watch M ode

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

In watch mode, operation of on-chip peripheral modulesis halted except for timer A, timer F,
AEC and the LCD controller/driver (for which operation or halting can be set) is halted. Aslong
as aminimum required voltage is applied, the contents of CPU registers, the on-chip RAM and
some registers of the on-chip peripheral modules, are retained. 1/O ports keep the same states as
before the transition.

5.4.2 Clearing Watch Mode

Watch mode is cleared by an interrupt (timer A, timer F, IRQgq, or WKP; to WKPg) or by input at
the RES pin.

» Clearing by interrupt

When watch mode is cleared by interrupt, the mode to which a transition is made depends on the
settings of LSON in SYSCR1 and MSON in SY SCR2. 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 SY SCR1 bits STS2 to STS0 has elapsed, a stable clock signal is
supplied to the entire chip, watch modeis cleared, and interrupt exception handling starts. Watch
mode is not cleared if the | bit of CCR isset to 1 or the particular interrupt is disabled in the
interrupt enable register.

« Clearing by RES input

Clearing by RES pin isthe same as for standby mode; see 2. Clearing by RES pinin 5.3.2,
Clearing Standby Mode.

54.3 Oscillator Settling Time after Watch Modeis Cleared

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

5.4.4 Notes on External Input Signal Changes befor e/after Watch Mode

See 5.3.5, Notes on External Input Signal Changes before/after Standby Mode.
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55 Subsleep Mode

551 Transition to Subsleep Mode

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

552 Clearing Subsleep Mode

Subsleep modeis cleared by an interrupt (timer A, timer F, asynchronous counter, SCI3,
IRQAEC, IRQ1, IRQg, WKP; to WKR,) or by alow input at the RES pin.

» Clearing by interrupt

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

Interrupt signal and system clock are mutually asynchronous. Synchronization error timein a
maximum is 2/@gg (9).

» Clearing by RES input

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

56.1 Transition to Subactive Mode

Subactive mode is entered from watch mode if atimer A, timer F, IRQq, or WKP; to WKPy
interrupt is requested while the LSON bit in SYSCR1 isset to 1. From subsleep mode, subactive
mode is entered if atimer A, timer F, asynchronous event counter, SCI3, IRQAEC, IRQ1, IRQq,
or WKP7 to WKPy 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 M ode
Subactive mode is cleared by a SLEEP instruction or by alow input at the RES pin.
¢ Clearing by SLEEP instruction

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

« Clearing by RES pin

Clearing by RES pin isthe same as for standby mode; see Clearing by RES pinin 5.3.2, Clearing
Standby Mode.

5.6.3 Operating Frequency in Subactive Mode

The operating frequency in subactive modeis set in bits SA1 and SA0 in SY SCR2. The choices
are g\/2, aw/4, and gy /8.
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5.7 Active (M edium-Speed) Mode

571 Transition to Active (Medium-Speed) M ode

If the RES pin is driven low, active (medium-speed) mode is entered. If the LSON bit in SY SCR2
isset to 1 while the LSON bit in SYSCR1 iscleared to 0, a transition to active (medium-speed)
mode results from IRQq, IRQ; or WKP; to WK Py interrupts in standby mode, timer A, timer F,
IRQq, or WKP7 to WKPy 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 CCRis set to 1 or the particular
interrupt is disabled in the interrupt enable register.

Furthermore, it sometimes acts with half state early timing at the time of transition to active
(medium-speed) mode.

57.2 Clearing Active (M edium-Speed) Mode
Active (medium-speed) mode is cleared by a SLEEP instruction.
» Clearing by SLEEP instruction

A transition to standby mode takes place if the SLEEP instruction is executed while the SSBY bit
in SYSCR1issetto 1, the LSON bit in SYSCR1 iscleared to 0, and the TMA3 bitin TMA is
cleared to 0. The system goes to watch mode if the SSBY bit in SYSCR1 isset to 1 and bit TMA3
in TMA isset to 1 when a SLEEP instruction is executed.

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

» Clearing by RES pin

When the RES pinis driven low, atransition is made to the reset state and active (medium-speed)
modeis cleared.

573 Operating Frequency in Active (M edium-Speed) M ode

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

58.1 Overview of Direct Transfer

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

If the direct transfer interrupt is disabled in interrupt enable register 2, atransition is made instead
to sleep mode or watch mode. Notethat if adirect transition is attempted whilethe | bitin 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
bitsin SYSCR1 are cleared to 0, the MSON hit in SYSCR2 isset to 1, and the DTON bit in
SYSCR2 is set to 1, atransition is made to active (medium-speed) mode via sleep mode.

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

When a SLEEP instruction is executed in active (medium-speed) mode while the SSBY and
L SON hitsin SYSCRL1 are cleared to 0, the MSON bit in SY SCR2 is cleared to 0, and the DTON
bitin SYSCR2 isset to 1, atransition is made to active (high-speed) mode via sleep mode.

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

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

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

When a SLEEP instruction is executed in subactive mode while the SSBY bit in SYSCR1 is set to
1, the LSON hit in SY SCR1 is cleared to O, the MSON bit in SY SCR2 is cleared to O, the DTON
bitin SYSCR2 isset to 1, and the TMA3 bitin TMA is set to 1, atransition is made directly to
active (high-speed) mode via watch mode after the waiting time set in SY SCR1 bits STS2 to STSO
has elapsed.
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 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 SYSCR1 are set to 1, the DTON bit in SYSCR2 is set to 1, and the TMA3 bit in TMA is set to
1, atransition 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 SYSCR1 is set to
1, the LSON hit in SYSCR1 iscleared to 0, the MSON bit in SYSCR2 isset to 1, the DTON hit in
SYSCR2isset to 1, and the TMA3 bitin TMA isset to 1, atransition is made directly to active
(medium-speed) mode viawatch mode after the waiting time set in SY SCR1 bits STS2 to STSO
has el apsed.

5.8.2 Direct Transition Times
1. Timefor direct transition from active (high-speed) mode to active (medium-speed) mode

A direct transition from active (high-speed) mode to active (medium-speed) mode is performed by
executing a SLEEP instruction in active (high-speed) mode while bits SSBY and LSON are both
cleared to 0 in SY SCR1, and bits MSON and DTON are both set to 1 in SYSCR2. The time from
execution of the SLEEP instruction to the end of interrupt exception handling (the direct transition
time) is given by equation (1) below.

Direct transition time = { (Number of SLEEP instruction execution states) + (humber of internal
processing states) } x (tcyc before transition) + (number of interrupt
exception handling execution states) x (tcyc after transition)

Example: Direct transition time = (2 + 1) x 2tosc + 14 x 16tosc = 230tosc (when 2/8 is selected
as the CPU operating clock)

Notation:
tosc: OSC clock cycletime
tcyc: System clock (@) cycle time
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2. Timefor direct transition from active (medium-speed) mode to active (high-speed) mode

A direct transition from active (medium-speed) mode to active (high-speed) mode is performed by
executing a SLEEP instruction in active (medium-speed) mode while bits SSBY and LSON are
both cleared to 0 in SY SCR1, and bit MSON is cleared to 0 and bit DTON is set to 1 in SY SCR2.
The time from execution of the SLEEP instruction to the end of interrupt exception handling (the
direct transition time) is given by eguation (2) below.

Direct transition time = { (Number of SLEEP instruction execution states) + (number of internal
processing states) } x (tcyc before transition) + (number of interrupt
exception handling execution states) x (tcyc after transition)

Example: Direct transition time = (2 + 1) x 16tosc + 14 x 2tosc = 76tosc (when ¢/8 is selected as
the CPU operating clock)

Notation:
tosc: OSC clock cycletime
teyc: System clock (@) cycletime

3. Timefor direct transition from subactive mode to active (high-speed) mode

A direct transition from subactive mode to active (high-speed) mode is performed by executing a
SLEEP instruction in subactive mode while bit SSBY isset to 1 and bit LSON isclearedto Oin
SYSCRL, bit MSON is cleared to 0 and bit DTON isset to 1in SYSCR2, and bit TMA3issetto 1
in TMA. Thetime from execution of the SLEEP instruction to the end of interrupt exception
handling (the direct transition time) is given by equation (3) below.

Direct transition time = { (Number of SLEEP instruction execution states) + (number of internal
processing states) } x (tsubcyc before transition) + { (wait time setin
STS2 to STSO) + (number of interrupt exception handling execution
states) } x (tcyc after transition) (©)]

Example: Direct transition time = (2 + 1) x 8tw + (8192 + 14) x 2tosc = 24tw + 16412tosc (when
aw/8 is selected as the CPU operating clock, and wait time = 8192 states)

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

teyc: System clock (@) cycletime
tsubcyc: Subclock (aSUB) cycle time
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4. Timefor direct transition from subactive mode to active (medium-speed) mode

A direct transition from subactive mode to active (medium-speed) mode is performed by
executing a SLEEP instruction in subactive mode while bit SSBY is set to 1 and bit LSON is
cleared to 0in SY SCR1, bits MSON and DTON are both set to 1 in SY SCR2, and bit TMA3 is set
to1in TMA. Thetime from execution of the SLEEP instruction to the end of interrupt exception
handling (the direct transition time) is given by equation (4) below.

Direct transition time = { (Number of SLEEP instruction execution states) + (number of internal
processing states) } x (tsubcyc before transition) +{ (wait time setin
STS2 to STSO0) + (number of interrupt exception handling execution
states) } x (tcyc after transition) 4

Example: Direct transition time = (2 + 1) x 8tw + (8192 + 14) x 16tosc = 24tw + 131296tosc
(when gw/8 or 28 is selected as the CPU operating clock, and wait time = 8192 states)

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

teyc: System clock (@) cycletime
tsubcyc: Subclock (aSUB) cycle time

583 Notes on External Input Signal Changes befor e/after Direct Transition

1. Direct transition from active (high-speed) mode to subactive mode

Since the mode transition is performed via watch mode, see 5.3.5, Notes on External Input
Signal Changes before/after Standby Mode.

2. Direct transition from active (medium-speed) mode to subactive mode

Since the mode transition is performed via watch mode, see 5.3.5, Notes on External | nput
Signal Changes before/after Standby Mode.

3. Direct transition from subactive mode to active (high-speed) mode

Since the mode transition is performed via watch mode, see 5.3.5, Notes on External Input
Signal Changes before/after Standby Mode.

4. Direct transition from subactive mode to active (medium-speed) mode

Since the mode transition is performed via watch mode, see 5.3.5, Notes on External | nput
Signal Changes before/after Standby Mode.
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5.9 Module Standby M ode

591 Setting Module Standby M ode

Module standby mode is set for individual peripheral functions. All the on-chip peripheral
modules can be placed in module standby mode. When a module enters modul e standby mode,
the system clock supply to the module is stopped and operation of the module halts. This state is
identical to standby mode.

Module standby mode is set for a particular module by setting the corresponding bit to 0 in clock
stop register 1 (CKSTPRL1) or clock stop register 2 (CKSTPR2). (Seetable 5.5.)

592 Clearing M odule Standby M ode

Module standby mode s cleared for a particular module by setting the corresponding bitto 1in
clock stop register 1 (CKSTPRL) or clock stop register 2 (CKSTPR2). (Seetable5.5.)

Following areset, clock stop register 1 (CKSTPR1) and clock stop register 2 (CKSTPR2) are both
initialized to H'FF.

Table5.5
Register Name Bit Name Operation
CKSTPR1 TACKSTP 1 Timer A module standby mode is cleared
0 Timer A is set to module standby mode
TFCKSTP 1 Timer F module standby mode is cleared
0 Timer F is set to module standby mode
ADCKSTP 1 A/D converter module standby mode is cleared
0 A/D converter is set to module standby mode
S32CKSTP 1 SCI3 module standby mode is cleared
0

SCI3 is set to module standby mode
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Register Name Bit Name

Operation

CKSTPR2 LDCKSTP 1 LCD module standby mode is cleared
0 LCD is set to module standby mode
PW1CKSTP 1 PWM1 module standby mode is cleared
0 PWML1 is set to module standby mode
AECKSTP 1 Asynchronous event counter module standby mode
is cleared
0 Asynchronous event counter is set to module standby
mode
PW2CKSTP 1 PWM2 module standby mode is cleared
0 PWM2 is set to module standby mode
Note: For details of module operation, see the sections on the individual modules.
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Section6 ROM

6.1 Overview

The H8/3802 has 16 kbytes of on-chip mask ROM, the H8/3801 has 12 kbytes, and the H8/3800
has 8 kbytes. The ROM is connected to the CPU by a 16-bit data bus, allowing high-speed two-

state access for both byte data and word data. The H8/3802 hasa ZTAT™ version with 16-kbyte
PROM.

6.1.1 Block Diagram

Figure 6.1 shows a block diagram of the on-chip ROM.

Internal data bus (upper 8 bits)

[ ] ]

Internal data bus (lower 8 bits)

H'0000 H'0000 H'0001
H'0002 H'0002 H'0003
A
e ———
On-chip ROM
H'3FFE H'3FFE H'3FFF
Even-numbered Odd-numbered
address address

Figure6.1 ROM Block Diagram (H8/3802)
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6.2 H8/3802 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 alows the PROM to be programmed in the same way as the standard
HN27C101 EPROM. However, page programming is not supported. Table 6.1 shows how to set
the chip to PROM maode.

Table6.1 Settingto PROM Mode

Pin Name Setting
TEST High level
PBo/ANg Low level
PB1/AN;

PleANZ ngh level

6.2.2 Socket Adapter Pin Arrangement and Memory Map

A standard PROM programmer can be used to program the PROM. A socket adapter is required
for conversion to 32 pins.

Figure 6.2 shows the pin-to-pin wiring of the socket adapter. Figure 6.3 shows a memory map.
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H8/3802

EPROM socket

FP-64A, FP-64E DP-64S Pin
8 16 RES
40 48 P6o
39 47 P61
38 46 P62
37 45 P63
36 44 P64
35 43 P6s
34 42 P6e
33 41 P67
57 P4o
58 P41
10 18 P32
11 19 P33
12 20 P34
13 21 P3s
14 22 P3s
15 23 P37
32 40 P70
60 4 P4s
30 38 P72
29 37 P73
28 36 P74
27 35 P7s
26 34 P7s
52 60 P93
53 61 P92
25 33 P77
31 39 P71
51 59 P92
16 24 Vce
61 5 AVcc
15 TEST
10 X1
64 8 PB2
49 57 P9
50 58 P91
54 62 P9s
55 63 Vss
4 12 AVss
62 PBo
63 PB1

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

Pin HN27C101 (32-pin)
Vep 1
EQOo 13
EO: 14
EO:2 15
EOs 17
EOa4 18
EOs 19
EOs 20
EO7 21
EAo 12
EAL 11
EA2 10
EA3 9
EA4 8
EAs 7
EAe 6
EA7 5
EAs 27
EA9 26
EA10 23
EAn 25
EA12 4
EA13 28
EA14 29
EA1s
EA1e
CE 22
OE 24
PGM 31
Vce 32
Vss 16

Figure6.2 Socket Adapter Pin Correspondence (with HN27C101)

HITACHI

119




Note: *

Address in Address in

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

H'3FFF | | H'3FFF
i Uninstalled area*
boserossssesosescesoeesod HIFFFR

The output data is not guaranteed if this address area is read in PROM mode. There-
fore, when programming with a PROM programmer, be sure to specify addresses
from H'0000 to H'3FFF. If programming is inadvertently performed from H'4000 on-
ward, it may not be possible to continue PROM programming and verification.

When programming, H'FF should be set as the data in this address area (H'4000 to
H'1FFFF).
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6.3 H8/3802 Programming
The write, verify, and other modes are selected as shown in table 6.2 in H8/3802 PROM mode.

Table6.2 Mode Selection in PROM M ode (H8/3802)

Pins

Mode CE OE PGM  Vpp Vee EO; to EQq EAq to EAq
Write L H L Vpp Vee Data input Address input
Verify L L H Vpp Vee Data output Address input
Programming L L L Vpp Vee High impedance  Address input
disabled L H H

H L L

H H H
Notation
L: Low level

H: High level
Vpp: Vpp level
VCC: VCC level

The specifications for writing and reading are identical to those for the standard HN27C101
EPROM. However, page programming is not supported, and so page programming mode must not
be set. A PROM programmer that only supports page programming mode cannot be used. When
selecting a PROM programmer, ensure that it supports high-speed, high-reliability byte-by-byte
programming. Also, be sure to specify addresses from H'0000 to H'3FFF.

6.3.1 Writing and Verifying

An efficient, high-speed, high-reliability method is available for writing and verifying the PROM
data. This method achieves high speed without voltage stress on the device and without lowering
the reliability of written data. The basic flow of this high-speed, high-reliability programming
method is shown in figure 6.4.
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Set write/verify mode

Ve =6.0V+0.25V, Vpp =125V + 03V

Address =0

| Write time tpy = 0.2 ms + 5% |

| Write time tgpy = 0.2n ms |

No

| Address + 1 — address

Last address?

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

Read all
addresses?
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Table 6.3 and table 6.4 give the electrical characteristics in programming mode.

Table 6.3

DC Characteristics

(Conditions: Ve = 6.0V +0.25V, Vpp=125V 0.3V, Vsg= 0V, Ty = 25°C +5°C)

Test
Iltem Symbol Min Typ Max Unit Condition
Input high- @7£EOO, EA16t0 EAg Vi 2.4 — Vec+03 V
level voltage OE, CE, PGM
Input low- @7£EOO, EA16 to EAO V||_ -0.3 — 0.8 \Y
level voltage OE, CE, PGM
Output high- EO; to EOg Von 2.4 — — \ loq =—200 pA
level voltage
Output low-  EO7 to EOQg VoL — — 0.45 \% lor = 0.8 mA
level voltage
Input leakage EO5 to EQgq, EAjgto EAq |l — — 2 MA V|, =5.25V/
current OE, CE, PGM 05V
Ve current lee — — 40 mA
Vpp current |pp — — 40 mA

HITACHI
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Table6.4 AC Characteristics

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

Iltem Symbol  Min Typ Max Unit Test Condition
Address setup time tas 2 — — us Figure 6.5™
OE setup time toes 2 — — us

Data setup time tbs 2 — — ps

Address hold time taH 0 — — Hs

Data hold time toH 2 — — ps

Data output disable time tpr” — — 130 ns

Vpp setup time tvps 2 — — Hs

Programming pulse width tpw 0.19 0.20 0.21 ms

PGM pulse width for overwrite  topy 019 — 5.25 ms

programming

CE setup time tces 2 — — us

Ve setup time tves 2 — — ps

Data output delay time tog 0 — 200 ns

Notes: 1. Input pulse level: 0.45Vt0 2.2V
Input rise time/fall time < 20 ns

Timing reference levels Input: 0.8V,2.0V
Output: 0.8V, 2.0V
2. tpris defined at the point at which the output is floating and the output level cannot be

read.

3. topw is defined by the value given in figure 6.4, High-Speed, High-Reliability

Programming Flow Chart.
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Figure 6.5 shows a PROM write/verify timing diagram.

Address ><

Data

Vcce

Vep
Vcc

Vce*

Vcc

PGM

Note:

Write Verify
y
N
tas tAH
— Input d b { outputd
L nput data s i utput data
tos toH toF
v
tvps
1 s
—/ tves
X
tces
\ Zl
tpw toes toe
—
topw* /

* topwis defined by the value shown in figure 6.4, High-Speed, High-Reliability Programming Flowchart.

Figure6.5 PROM Write/Verify Timing
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6.3.

126

2 Programming Precautions

Use the specified programming voltage and timing.

The programming voltage in PROM mode (Vpp) is 12.5 V. Use of ahigher 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 Vppof 125V.

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

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

Take care when setting the programming mode, as page programming is not supported.

When programming with a PROM programmer, be sure to specify addresses from H'0000 to
H'3FFF. If programming is inadvertently performed from H'4000 onward, it may not be
possible to continue PROM programming and verification. When programming, H'FF should
be set asthe data in address area H'4000 to H'1FFFF.
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6.4 Reliability of Programmed Data

A highly effective way to improve data retention characteristics is to bake the programmed chips
at 150°C, then screen them for data errors. This procedure quickly eliminates chips with PROM
memory cells prone to early failure.

Figure 6.6 Shows the recommended screening procedure.

Program chip and verify
programmed data

Bake chip for 24 to 48 hours at
125°C to 150°C with power off

Read and check program

( Install )

Figure6.6 Recommended Screening Procedure

If aseries of programming errors occurs while the same PROM programmer isin use, stop
programming and check the PROM programmer and socket adapter for defects. Please inform
Hitachi of any abnormal conditions noted during or after programming or in screening of program
data after high-temperature baking.
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Section 7 RAM

71 Overview

The H8/3802 has 1 kbyte of high-speed static RAM on-chip, and the H8/3801 and H8/3800 have
512 bytes. The RAM is connected to the CPU by a 16-bit data bus, allowing high-speed 2-state
access for both byte data and word data.

711 Block Diagram

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

Internal data bus (upper 8 bits)

[ ] [ ]

Internal data bus (lower 8 bits)

H'FB80 H'FB80 H'FB81
H'FB82 H'FB82 H'FB83
L —
e ———
On-chip RAM
H'FF7E H'FF7E H'FF7F
Even-numbered Odd-numbered
address address

Figure7.1 RAM Block Diagram (H8/3802)
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8.1

Overview

Section 8

1/O Ports

The H8/3802 Series is provided with three 8-bit I/O ports, one 7-bit 1/0 port, one 4-bit 1/0 port,
one 3-hit 1/0 port, one 1-hit 1/0O port, one 4-bit input-only port, one 1-bit input-only port, and one
6-bit output-only port. Table 8.1 indicates the functions of each port.

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

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

Ports 5, 6, 7, 8, and A are also used asliquid crystal display segment and common pins, selectable
in 4-bit units.

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

Table8.1 Port Functions
Function
Switching
Port Description Pins Other Functions Registers
Port3 « 7-bit I/O port P37/AEVL Asynchronous event counter PMR3
«  MOS input pull-up P3g/AEVH event inputs AEVL, AEVH
i P35 P34 P33
option ’ '
e Large-current port
P3,, TMOFH Timer F output compare PMR3
P31, TMOFL output
Port4 « 1-bitinput port P43/1IRQq External interrupt O PMR2
e 3-bit I/O port P4,/TXD35 SCI3 data output (TXD3)), SCR3
P4,/RXD3s data input (RXD3,), clock SMR
P4,/SCK3, input/output (SCK3,)
Port5 « 8-bit I/O port P57 to P5¢/ Wakeup input (WKP+ to PMRS5
. . ) WKP; to WKPy/  WKPy), segment output LPCR
MOS inputpullup o5 0 SEG,  (SEGg to SEG,)
option
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Function

Switching
Port Description Pins Other Functions Registers
Port6 « 8-bit I/O port P6; to P6¢/ Segment output (SEG;¢ to LPCR
«  MOS input pull-up SEG16 10 SEGe SEGy)
option
Port7 « 8-bit I/O port P7;t0 P7¢o/ Segment output (SEG,,4 to LPCR
SEG24 to SEG]_7 SEG]_7)
Port8 =« 1-bit I/O port P8,/SEG s, Segment output LPCR
Port9 « 6-bitoutputport P9 to P9, None
« High-voltage, large- P9,, P9,/ 10-bit PWM output PMR9
current port PWM2, PWM1
» High-voltage port IRQAEC None
Port A 4-bit I/0 port PA3 to PAy/ Common output (COM,4 to LPCR
COM4 to COM]_ COMl)
Port B 4-bit input port PB3 to PBgy/ A/D converter analog input ~ AMR
AN3 to ANO
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8.2 Port 3

821 Overview

Port 3isa 7-hit I/O port, configured as shown in figure 8.1.

-~ P3,/AEVL
<= P34/AEVH
-~ = P3s

Port3 | == P34

- = P33
<~ P3,/TMOFH
~— P3,/TMOFL

Figure8.1 Port 3 Pin Configuration

8.2.2 Register Configuration and Description
Table 8.2 shows the port 3 register configuration.

Table8.2 Port 3Registers

Name Abbrev. R/W Initial Value  Address
Port data register 3 PDR3 R/W — H'FFD6
Port control register 3 PCR3 W — H'FFE6
Port pull-up control register 3 PUCR3 R/W — H'FFE1
Port mode register 3 PMR3 R/W — H'FFCA
Port mode register 2 PMR2 R/W — H'FFC9
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1. Port dataregister 3 (PDR3)

Bit 7 6 5 4 3 2 1 0
 P3; | P% | P3% | P3, | P3| P% | P8 | —

Initial value 0 0 0 0 0 0 0 —

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

PDR3isan 8-bit register that stores data for port 3 pins P37 to P3;. If port 3 isread while PCR3
bits are set to 1, the values stored in PDR3 are read, regardless of the actual pin states. If port 3is
read while PCR3 hits are cleared to 0, the pin states are read.

2. Port control register 3 (PCR3)

Bit 7 6 5 4 3 2 1 0

‘ PCR3; ‘ PCR36‘ PCR35 ‘ PCR34 ‘ PCR33 ‘ PCR3, ‘ PCR3; ‘ — ‘
Initial value 0 0 0 0 0 0 0 —
Read/Write w W W w W W W W

PCR3 is an 8-hit register for controlling whether each of the port 3 pins P37 to P3; functions as an
input pin or output pin. Setting a PCR3 bit to 1 makes the corresponding pin an output pin, while
clearing the bit to 0 makes the pin an input pin. The settingsin PCR3 and in PDR3 are valid only
when the corresponding pin is designated in PMR3 as ageneral 1/0 pin.

PCR3isawrite-only register. Bits 7 to 1 are always read as 1. Bit O isreserved; only O can be
written to this bit.

3. Port pull-up control register 3 (PUCR3)

Bit 7 6 5 4 3 2 1 0
‘PUCR37 ‘ PUCRSG‘ PUCR35‘ PUCR34 ‘ PUCR33 ‘ PUCR3, ‘ PUCR3; ‘ — ‘

Initial value 0 0 0 0 0 0 0 —

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

PUCR3 controls whether the MOS pull-up of each of the port 3 pins P37 to P3; ison or off. When
aPCR3 hit is cleared to O, setting the corresponding PUCR3 bit to 1 turns on the MOS pull-up for
the corresponding pin, while clearing the bit to 0 turns off the MOS pull-up.

Bit O is reserved; only O can be written to this bit.
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4. Port mode register 3 (PMR3)

Bit 7 6 5 4 3 2 1 0

‘ AEVL ‘ AEVH ‘ — ‘ — ‘ — ‘TMOFH ‘ TMOFL ‘ — ‘
Initial value 0 0 — — — 0 0 —
Read/Write R/W R/W w w w R/W R/W w

PMR3 is an 8-hit read/write register, controlling the selection of pin functions for port 3 pins.

Bit 7: P37;/AEVL pin function switch (AEVL)

This bit selects whether pin P37;/AEVL isused as P37 or asAEVL.

Bit 7

AEVL Description

0 Functions as P35 1/O pin (initial value)

1 Functions as AEVL input pin

Bit 6: P3g/AEVH pin function switch (AEVH)

This bit selects whether pin P3g/AEVH is used as P3g or as AEVH.

Bit 6

AEVH Description

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

1 Functions as AEVH input pin

Bits5to 3: Reserved bits

Bits 5 to 3 are reserved; only 0 can be written to these bits.

Bit 2: P3,/TMOFH pin function switch (TMOFH)

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

Bit 2

TMOFH Description

0 Functions as P35 1/O pin

1 Functions as TMOFH output pin (initial value)
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Bit 1: P3;/TMOFL pin function switch (TMOFL)

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

Bit 1

TMOFL Description

0 Functions as P34 I/O pin (initial value)
1 Functions as TMOFL output pin

Bit 0: Reserved bit
Bit O isreserved; only O can be written to this bit.

5. Port mode register 2 (PMR2)

Bit 7 6 5 4 3 2 1 0
- —Jeom | — | — | — | - | R |

Initial value 1 1 0 1 1 — — 0

Read/Write — — R/W — — W W R/W

PMR2 is an 8-hit read/write register controlling the PM OS on/off state for the P3; pin.
Bit 5: P3; pin PMOS control (POF1)

This bit controls the on/off state of the P3; pin output buffer PMOS.

Bit 5

POF1 Description

0 CMOS output (initial value)
1 NMOS open-drain output
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8.2.3

Table 8.3 shows the port 3 pin functions.

Pin Functions

Table83 Port 3 Pin Functions
Pin Pin Functions and Selection Method
P37/AEVL The pin function depends on bit AEVL in PMR3 and bit PCR3, in PCRS3.
AEVL 0 1
PCR3; 0 1 *
Pin function P35 input pin P35 output pin AEVL input pin
P3g/AEVH The pin function depends on bit AEVH in PMR3 and bit PCR3, in PCR3.
AEVH 0 1
PCR3g¢ 0 1 *
Pin function P3g input pin P3g output pin AEVH input pin
P35 to P3, The pin function depends on the corresponding bit in PCR3.
PCR3n 0 1
Pin function P3,, input pin P3,, output pin
(n=51t03)
P35,/ TMOFH The pin function depends on bit TMOFH in PMR3 and bit PCR3, in PCR3.
TMOFH 0 1
PCR3, 0 1 *
Pin function P3, input pin P35 output pin | TMOFH output pin
P3,/TMOFL The pin function depends on bit TMOFL in PMR3 and bit PCR3, in PCR3.
TMOFL 0 1
PCR3; 0 1 *
Pin function P3; input pin P3, output pin THOFL output pin

HITACHI

*: Don't care
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8.24 Pin States

Table 8.4 shows the port 3 pin states in each operating mode.

Table8.4 Port 3 Pin States

Pins Reset Sleep Subsleep Standby Watch  Subactive Active
P37/AEVL High- Retains Retains  High- Retains Functional Functional
P3g/AEVH impedance previous previous impedance* previous

P35 state state state

P34

P33

P3,/TMOFH

P3,/TMOFL

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

825  MOSInput Pull-Up

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

PCR3, 0 0 1
PUCR3, 0 1 *
MOS input pull-up Off On Off
(n=7to1)
*: Don't care
138

HITACHI



8.3 Port 4

83.1 Overview

Port 4 isa 3-bit I/O port and 1-bit input port, configured as shown in figure 8.2.

-— P43/IRQq
> P4, [TXD3,
Port 4
~— P4, /RXD3,

~— P4,/SCKj3,

Figure8.2 Port 4 Pin Configuration

8.3.2 Register Configuration and Description
Table 8.5 showsthe port 4 register configuration.

Table85 Port 4 Registers

Name Abbrev. R/W Initial Value  Address
Port data register 4 PDR4 R/W H'F8 H'FFD7
Port control register 4 PCR4 W H'F8 H'FFE7
Port mode register 2 PMR2 R/W — H'FFC9

1. Port dataregister 4 (PDR4)

Bit 7 6 5 4 3 2 1 0
= = = = [ pas | pay | Pay | pay |

Initial value 1 1 1 1 1 0 0 0

Read/Write — — — — R R/W R/W R/W

PDR4 is an 8-bit register that stores data for port 4 pins P4, to P4q. If port 4 isread while PCR4
bits are set to 1, the values stored in PDR4 are read, regardless of the actual pin states. If port 4is
read while PCR4 bits are cleared to 0, the pin states are read.

Upon reset, PDR4 isinitialized to H'F8.
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2. Port control register 4 (PCR4)

Bit 7 6 5 4 3 2 1 0
= [ — 1 — 1 = ] — rcre ] rcra | porao

Initial value 1 1 1 1 1 0 0 0

Read/Write — — — — — w w w

PCR4 is an 8-hit register for controlling whether each of port 4 pins P4, to P4q 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. PCR4 and PDR4 settings are valid when the
corresponding pins are designated for general-purpose input/output by SCR3-2.

Upon reset, PCR4 isinitialized to H'F8.
PCR4 isawrite-only register, which isawaysread asal 1s.

3. Port mode register 2 (PMR2)

Bit 7 6 5 4 3 2 1 0
- —Jeom | — | — | — | - | R |

Initial value 1 1 0 1 1 — — 0

Read/Write — — R/W — — W W R/W

PMR2 is an 8-bit read/write register controlling the selection of the P43/IRQq pin function and the
PMOS on/off state for the P35 pin. Upon reset, PMR2 isinitialized to H'DE.

Bits 7, 6, 4, and 3: Reserved bits
Bits 7, 6, and 4 to 1 are reserved; they are aways read as 1 and cannot be modified.
Bit 5: P3; pin PMOS control (POF1)

This bit controls the on/off state of the P3; pin output buffer PMOS.

Bit 5

POF1 Description

0 CMOS output (initial value)
1 NMOS open-drain output

Bits2 and 1: Reserved bits

Bits 2 and 1 are reserved; only O can be written to these bits.
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Bit 0: P4,/IRQ, pin function switch (IRQ,)

This bit selects whether pin P4,/IRQ, is used as P4, or asIRQ,,

Bit 0

IRQ, Description

0 Functions as P4, input pin (initial value)
1 Functions as IRQ, input pin

8.3.3 Pin Functions
Table 8.6 shows the port 4 pin functions.

Table8.6 Port 4 Pin Functions

Pin Pin Functions and Selection Method
P44/1IRQy The pin function depends on bit IRQO in PMR2.
IRQO 0 1
Pin function P44 input pin IRQg input pin
P4,/TXD35 The pin function depends on bit TE in SCR3, bit SPC32 in SPCR, and bit PCR4,
in PCRA4.
SPC32 0 1
TE 0 1
PCR4, 0 1 *
Pin function P4, input pin P4, output pin TXD3, output pin
P4,/RXD3, 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 RXD3, input pin
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Pin Pin Functions and Selection Method
P4,/SCK3, The pin function depends on bit 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 pin | P4q output pin| SCK3, output| SCK3, input
pin pin
*: Don't care

8.34 Pin States

Table 8.7 shows the port 4 pin states in each operating mode.

Table8.7 Port 4 Pin States

Pins Reset Sleep Subsleep Standby Watch  Subactive Active
P43/IRQ High- Retains Retains  High- Retains Functional Functional
P4,/TXD3, impedance previous previous impedance previous

P4,/RXD3, state state state

P4,/SCK3,
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8.4 Port 5

84.1 Overview

Port 5is an 8-bit 1/0 port, configured as shown in figure 8.3.

Port 5

P5,/WKP-/SEGg
P5g/WKP/SEG-
P55/WKP5/SEGg
P54,/ WKP4/SEG5
P55/WKP4/SEG,
P5,/WKP,/SEG4
P5,/WKP1/SEG,
P5,/WKPy/SEG,

Figure8.3 Port 5 Pin Configuration

8.4.2 Register Configuration and Description
Table 8.8 showsthe port 5 register configuration.

Table8.8 Port 5 Registers

Name Abbrev. R/W Initial Value  Address
Port data register 5 PDR5 R/W H'00 H'FFD8
Port control register 5 PCR5 W H'00 H'FFE8
Port pull-up control register 5 PUCR5 R/W H'00 H'FFE2
Port mode register 5 PMR5 R/W H'00 H'FFCC
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1. Port dataregister 5 (PDR5)

Bit 7 6 5 4 3 2 1 0

‘ P57 ‘ P5¢ ‘ P55 ‘ P54 ‘ P53 ‘ P5, ‘ P5, ‘ P59 ‘
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

PDR5S is an 8-bit register that stores data for port 5 pins P57 to P5q. If port 5isread while PCR5
bits are set to 1, the values stored in PDR5 are read, regardless of the actual pin states. If port5is
read while PCR5 hits are cleared to 0, the pin states are read.

Upon reset, PDR5 isinitialized to H'00.

2. Port control register 5 (PCR5)

Bit 7 6 5 4 3 2 1 0

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

PCR5 is an 8-hit register for controlling whether each of the port 5 pins P57 to P5q functions as an
input pin or output pin. Setting a PCRS5 bit to 1 makes the corresponding pin an output pin, while
clearing the bit to 0 makes the pin an input pin. PCR5 and PDR5 settings are valid when the
corresponding pins are designated for general-purpose input/output by PMR5 and bits SGS3 to
SGS0in LPCR.

Upon reset, PCR5 isinitialized to H'00.
PCRS5 isawrite-only register, which isawaysread asall 1s.

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

Bit 7 6 5 4 3 2 1 0
‘PUCR57 ‘ PUCRSG‘ PUCR5s ‘ PUCR5, ‘ PUCRS53 ‘PUCRSZ ‘ PUCR5 ‘PUCRSO ‘

Initial value 0 0 0 0 0 0 0 0

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

PUCRS5 controls whether the MOS pull-up of each of port 5 pins P57 to P5gison or off. When a
PCRS bit is cleared to 0, setting the corresponding PUCRS 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, PUCR5S isinitialized to H'00.
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4. Port mode register 5 (PMR5)

Bit 7 6 5 4 3 2 1 0

‘ WKP, ‘ WKPg ‘ WKPg ‘ WKP,4 ‘ WKP3 ‘ WKP, ‘ WKP4 ‘ WKP ‘
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-hit read/write register, controlling the selection of pin functions for port 5 pins.
Upon reset, PMR5 isinitialized to H'00.

Bit n: P5/WKP/SEGp+1 pin function switch (WKPn)

When pin Psn/WKPn/SEGn+1 is not used as SEG+1, these hits select whether the pin is used as

P5n or WKP;,.
Bit n
WKPnN Description
0 Functions as P5n I/O pin (initial value)
1 Functions as WKP,, input pin

(n=7100)
Note: For use as SEG,;1, see 13.2.1, LCD Port Control Register (LPCR).
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84.3

Pin Functions

Table 8.9 shows the port 5 pin functions.

Table89 Port 5 Pin Functions
Pin Pin Functions and Selection Method
P5,/WKP-/ The pin function depends on bit WKP, in PMRS5, bit PCR5,, in PCR5, and bits
SEGg to SGS3 to SGSO in LPCR.
P5o/WKP o/
SEG, P5, to P5, (n=7to4)
SGS3to SGSO Other than 0010, 0011, 0100, 0101, 0110, | 0010, 0011,
0111, 1000, 1001 0100, 0101,
0110, 0111,
1000, 1001
WKP, 0 1 *
PCR5, 0 1 * *
Pin function P5,, input pin |P5,, output pin| WKPn input SEGn+1
pin output pin
P5, to P5, (m=3to 0)
SGS3to SGSO Other than 0001, 0010, 0011, 0100, 0101, | 0001, 0010,
0110, 0111, 1000 0011, 0100,
0101, 0110,
0111, 1000
WKP 1 *
PCR5, 0 1 * *
Pin function P5, input pin | P5, output | WKPm output] SEGm+1
pin pin output pin
*: Don't care
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8.4.4 Pin States

Table 8.10 shows the port 5 pin states in each operating mode.

Table8.10 Port 5Pin States

Pins Reset Sleep Subsleep Standby Watch  Subactive Active
P5,/WKP-/ High- Retains Retains  High- Retains Functional Functional
SEGg to P5y/ impedance previous previous impedance* previous

WKPo/SEG, state state state

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 5 has a built-in MOS input pull-up function that can be controlled by software. When a
PCRS 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 isin the off state after areset.

PCR5, 0 0 1
PUCRS5, 0 1 *
MOS input pull-up Off On Off

(n=7100)
*: Don't care
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8.5 Port 6

85.1 Overview

Port 6 is an 8-bit 1/0 port. The port 6 pin configuration is shown in figure 8.4.

-~ P6,/SEGy
<~ P64/SEG5
-~ P6¢/SEGy,
port6 | = PB4/SEG1s
<= PB4/SEGy,
-« PB,/SEGy;
~—— P6,/SEGy,

- P60/SEGg

Figure8.4 Port 6 Pin Configuration

852 Register Configuration and Description
Table 8.11 shows the port 6 register configuration.

Table8.11 Port 6 Registers

Name Abbrev. R/W Initial Value Address
Port data register 6 PDR6 R/W H'00 H'FFD9
Port control register 6 PCR6 W H'00 H'FFE9
Port pull-up control register 6 PUCRG6 R/W H'00 H'FFE3
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1. Port dataregister 6 (PDR6)

Bit 7 6 5 4 3 2 1 0

‘ P67 ‘ P6g ‘ P65 ‘ P64 ‘ P63 ‘ P6, ‘ P6, ‘ P6g ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

PDR6 is an 8-bit register that stores data for port 6 pins P67 to P6g.

If port 6 isread while PCR6 bits are set to 1, the values stored in PDRG6 are read, regardless of the
actu