HD648180W

MCU (Micro Controller Unit)

#l DESCRIPTION

The HD648180W is an 8-bit CMOS microcontroller in the
HD64180 family. Its instruction set is upward-compatible
with the HD64180Z, hence with the Z-80. Twelve instruc-
tions (seven types) have been added, bringing the total num-
ber of instructions to 165.

Compared with the HD64180Z, the HD648180W also has
more peripheral functions. In addition to a refresh controller
and wait-state controller for memory access support, and a
memory management unit (MMU) and DMA controller
(DMAC) for processing large quantities of data, the
HD64180W has on-chip RAM, EEPROM, and an A/D con-
verter. Timer and 1/O-port functions have also been en-
hanced.

Figure 1 shows the HD64180 family. Table 1 lists the fea-
tures of the HD64180W.

(FP-80A)

B ORDERING INFORMATION

Speed and Package

4 MHz 84-pin PLCC
6 MHz 84-pin PLCC
4 MHz 80-pin QFP
6 MHz 80-pin QFP

—
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HaskPow
EEPROM
AD converter
HDE641180X
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HD647180X
Type No.
- HD648180WOCP4
T L smoseos ] HD648180WOCP6
s m. m“m communications interface HD648180W0F4
» HD648180WOF6
HD64180 family
Figure 1 HD64180 Family
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HD648180W

Table 1 HD648180W Features

Item Description

CPU .

Instruction set upward-compatible with HD64180Z
Maximum operating speed: 6.144 MHz

MMU » 1-Mbyte physical address space
Memory + 256-byte EEPROM on-chip
—Byte or page write
« 1-kbyte static RAM on-chip
—Provides work area, stack area for interrupts, etc.
Timers « 186-bit free-running timer (1 channel) on-chip

(4 channels)

—Input capture function for measuring input pulse width
—Output compare function for generating waveforms

16-bit reload timers (3 channels) on-chip
—Toggle function for square-wave output with 50% duty cycle

Serial communi-
cation interface
(2 channels)

Asynchronous or clocked synchronous mode

+ Simultaneous transmit and receive (full duplex communication)

On-chip baud rate generator

DMA controller
(2 channels)

Directly addresses 1-Mbyte address space (without using MMU)

+ Directly addresses 64-kbyte /O address space

Can transfer 64-kbyte data continuously

Data transfer speed {memory-to-memory): six system clocks/byte

A/D converter
(8-bit resolution)

Four analog input channels

« Absolute precision: 2.0 LSB

Conversion time: 17 ps (at 6 MHz)

/O ports « 30 input/output lines (including 10 with direct LED driving capability:
'OL =10 mA)
» 4input lines
* 1 output line
Wait-state - Wait states can be inserted by external signal input or by software
controller
Refresh + Outputs 8-bit refresh addresses
controller

+ Programmable refresh interval
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Table 1 HD648180W Features (cont)

item Description

Interrupts « Four external interrupt lines: NMI, INT,, INTy, INT,
» Ten on-chip interrupt sources

Special CPU + Low-power modes (standby modes)

modes + Sleep mode
+ Halt mode
+ Bus-release mode

Other features  » On-chip clock oscitllator

Interfaces directly with Z-80 peripheral chips
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B Block Diagram

Figure 2 is a block diagram of the HD648180W.
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Figure 2 HD648180W Block Diagram
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HD648180W

M Pin Descriptions

¢ Pin Arrangement

Figure 3 shows the pin arrangement of the HD648180W in the FP-80A package. Figure 4 shows
the pin arrangement in the CP-84 package.
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Figure 4 Pin Arrangement (CP-84)

G HITACHI
Hitachi America, Ltd. o Hitachi Plaza 2000 Sierra Point Pkwy.  Brisbane, CA 94005-1819 e (415) 589-8300




HD648180W

¢ Pin Functions

Table 2 Pin Functions

Pin Number

Type Signal FP-80A PC-84 Vo Name and Pin Function

Power supply Vee 14,56 26,70 Input Power Supply: Connect all V¢ pins to

GND system power supply (+5 V).

Vss 10,31, 21,44 Input Ground: Connect all Vgg pins to system
59 73 power supply (0 V).

XTAL XTAL 57 71 Input Connect to crystal oscillator with twice

clock system clock (¢) frequency.
When inputting external clock at EXTAL,
jeave XTAL open.

EXTAL 58 72 Input Connect to crystal oscillator or external
clock. External clock frequency should
be 2 times system clock.

CL,
extAL — U1/ Externai clock EXTAL —I—I }—r‘T
input
O
XTAL |——Open XTAL J—{ l—;,T
CL,
Oscillator circuit examples

o 61 75 Output System Clock: Supplies system clock to
peripheral devices.

Reset RESET 60 74 Input Reset: Chip is reset when this pin is
dropped low.
Addressbus AgtoA;g 1109, 1to Output Address Bus: For memory access.

70 to 80 20, 84 (Tri-state) These lines go to high impedance only in
the following cases.

a. During reset

b. When bus control is granted to
another device (when BUSACK
drops low because of low input at
BUSREQ).
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Table 2 Pin Functions (cont)

Pin Number
Type Signal  FP-80A PC-84 Vo Name and Pin Function
Data bus DotoD; 15t0 2710 Input/ Data Bus: 8-bit, bidirectional data bus
22 34 Output
Memory 1’0 RD 68 82 Output Read: Indicates chip is in read cycle.
interface (Tri-state) At this time, data bus is in input mode.
signal WR 67 81 Output  Write: Indicates chip is in write cycle.
(Tri-state) At this time, data bus is in output mode.
ME 65 79 Output Memory Enable: Indicates memory
(Tri-state) read/write is being performed. Goes low
in the following cases:
a. Instruction fetch and operand read
b. Data read/write by memory reference
instruction
c. Memory access during DMA cycle
d. Refresh cycle
I0E 64 78 Output /O Enable: Indicates /O read/write is
(Tri-state) being performed. Goes low in the
following cases:
a. Data read/write by 1/O instruction
execution
b. /0 access during DMA cycle
c. INT, acknowledge cycle
WAIT 13 25 Input Wait: Used to extend memory and I/O
read/write cycles. If low at the falling
clock edge in a T, or Ty state, a Ty
state is inserted next.
System BUSREQ 11 23 Input Bus Request: Used by another device
control to issue a bus request. When this pin
signals goes low, CPU terminates instruction
execution and sets address bus, data
bus, and some memory interface signals
(RD, WR, ME, 10E) to high impedance.
@ HITACHI
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Table 2 Pin Functions (cont)

Pin Number
Type Signal  FP-80A PC-84 Tle] Name and Pin Function

System BUSACK 12 24 Output Bus Acknowledge: Indicates receipt of

control BUSREQ signal by CPU and release of

signals bus. Notifies device that output
BUSREQ signal that bus is under its
control.

HALT 63 77 Output HALT: Goes low when CPU executes
HALT or SLP instruction to indicate that
CPU is in halt or sleep mode. Used
together with ST and LIR signals
(described below) to indicate operational
status of internal DMA and CPU mode.

|

O
By

66 80 Output Load Instruction Register: Indicates
ongoing cycle is op code fetch cycle.

ST 62 76 Output Status: Indicates operational status. Do
not connect pull-down resistance to this

pin.

ST HALT LIR Operation Mode
0

0o 1 CPU operation
(1st op-code fetch
cycle)

101 0 CPU operation

{2nd, 3rd op-code
fetch cycle)

1 1 1 CPU operation
(machine cycles
other than op-
code fetch cycles)

0 Undefined 1 DMA

0 © 0  Halt mode

1 0 1 Sleep mode
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Table 2 Pin Functions (cont)

Type

Signal

Pin Number

FP-80A PC-84

o)

Name and Pin Function

System
control
signals

REF

69 83

Output

Refresh: Low level indicates CPU is in
DRAM refresh cycle. Refresh address is
output on lower 8 bits of address bus

{Ag through A5). Refresh cycle interval
can be programmed to 10, 20, 40, or 80
states.

Interrupt
signals

44 57

Input

Non-Maskable Interrupt: Non-maskable
interrupt request pin.

45 58

Input

Interrupt 0: Maskable interrupt level 0
request pin. Level 0 has 3 modes.

Mode  Meaning

0 Execute instruction on data
bus

1 Execute instructions starting
from address 0038H

2 Vectored

INT,

48 61

Input

INT

N

46 59

Input

Interrupt 1, 2: Maskable interrupt Level 1
and 2 request pins. Vectored.

DMA signals DREQ,

33 46

Input

DMA Request for Channel 0: Asks
internal DMAC to perform transfer on
channet 0. Enables internal DMAC to
synchronize with external I/O device.
Internal DMAC channel 0 supports the
following transfers.

a. Memory <> Memory
b. Memory < 11O
¢. Memory < Memory-mapped /0
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Table 2 Pin Functions (cont)

Pin Number
Type Signal  FP-80A PC-84 10 Name and Pin Function
DMA signals TEND, 32 45 Output  Transfer End for Channel 0: Internal
DMAC channel 0 transfer end signal.
This signal goes low at write cycle of final
data transfer.

DREQ; 35 48 Input DMA Request for Channel 1: Asks
internal DMAC to perform transfer on
channel 1. Channel 1 supports
Memory « /O transfers only.

TEND, 34 47 Output  Transfer End for Channel 1: Internal
DMAC channel 1 transfer end signal.
This signal goes low at write cycle of final
data transfer.

Serial TXg 43 56 Output  Transmit Data for SCI Channel 0: SCI

communi- channel 0 transmit data pin.

cations RXo 42 55 inpt  Receive Data for SCI Channel 0: SCI
channel 0 receive data pin.

SCKq 41 54 Input/ Serial Clock for SCI Channel 0: SCI

Output channe! 0 clock input/output pin.

X, 40 53 Output  Transmit Data for SCI Channel 1: SCI
channel 1 transmit data pin.

RX, 39 52 Input Receive Data for SCI Channel 1: SCI
channel 1 receive data pin.

SCK; 38 51 input/ Serial Clock for SCI Channel 1: SCi

Output channel 1 clock input/output pin.
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Table 2 Pin Functions (cont)

Pin Number

Type Signal

FP-80A PC-84

7o)

Name and Pin Function

Timers TIN, 35 48

Input

Timer Input for Channel 1: Input signal
pin for timer 1 input capture. Signal
transitions at this pin transfer free-
running counter value to input capture
register.

TOUT, 37 50

Output

Timer Output for Channel 1: Timer 1
waveform output pin. When output
compare register and free-running
counter match, value of OLVL bit of timer
control/status register 1 is output from
this pin.

TOUT, 36 49

Output

Timer Output for Channel 2: Timer 2
waveform output pin. When timer 2 time
constant register and timer 2 up-counter
match, value selected by bit 2 and bit 3
of timer control/status register 2 is output
from this pin.

TOUT, 32 45

Output

Timer Output for Channel 3: Timer 3
waveform output pin. When timer 3 time
constant register and timer 3 up-counter
match, value selected by bit 2 and bit 3
of timer control/status register 2 is output
from this pin.

TOUT, 34 47

Output

Timer Output for Channel 4: Timer 4
waveform output pin. When timer 4 time
constant register and timer 4 up-counter
match, value selected by bit 2 and bit 3
of timer control/status register 4 is output
from this pin.

804
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Table 2 Pin Functions (cont)

Pin Number
Type Signal FP-80A PC-84 Vo Name and Pin Function
AD AVgg 55 69 Input Analog Ground: A/D converter power
converter supply (ground)

AVee 50 63 Input Analog Power Supply: A/D converter
power supply (+6 V). Connect to system
power supply (Vec)-

ANy to AN 51to 6510 Input Analog Input: A/D converter input signal

54 68 pins
ADT 48 61 Input A/D Trigger: External trigger input pin to
start A/D converter
EEPROM Vpp 49 62 Output Test pin. Do not connect.
Parallel VO POyto PO; 23to 35t Input/ Port 0: 8-bit parallel /O port. Switched
30 42 Output between input and output by data
direction register 0 (DDRO).

P1otoP1; 36to 4910 Input/ Port 1: 8-bit parallel /O port. Switched

43 56 Output between input and output by data
direction register 1 (DDR1).

P2gtoP2s 6109 1710 Input/ Port 2: 7-bit parallel /O port. Switched

11,12, 20 Output between input and output by data
69 23, 24, direction register 2 (DDR2).
83 P26 is output only.
P3,to P3; 32to 4510 Input/ Port 3: 8-bit parallel /O port. Switched
35 48 Output between input and output by data
45t0 58to direction register 3 (DDR3).
48 61
P4,to P43 51to 6510 input Port 4: 4-bit input-only port.
54 68
@ HITACHI
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B Basic CPU Architecture

The HD648180W has an advanced, high-speed, eight-bit CPU. Its instruction set is
upward-compatible with the HD64180Z.

¢ Features

The HD648180W CPU has the following features.
» CPU architecture based on the Z-80

* Expanded instruction set with instructions for:

~— Input from on-chip I/0

~— Output to on-chip I/O

— Block transfer between memory and on-chip I/O
~— 8-bit x 8-bit multiplication

— AND operations on on-chip I/O

— AND operations on accumulator A

— Transition to sleep mode

+ Eight addressing modes

— Implied

— Register direct
— Register indirect
— Indexed

— Extended

— Immediate

— Relative

— I/O

* Maximum operating speed: 6.144 MHz
* Special CPU operating modes

— Low-power modes (standby modes)
Software standby mode
Hardware standby mode

— Sleep mode

— Halt mode

— Bus-release mode
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e Address Space

The HD648180W CPU has a 64-kbyte logical address space and 64-kbyte I/O address space.

The 64-kbyte logical address space is mapped into a 1-Mbyte physical address space by the memory

management unit (MMU). For details, see Memory Management Unit (MMU).

The 64-kbyte 1/0 address space is assigned to on-chip and off-chip I/O. For details, see On-Chip 1/0

Address Space Map.

e Register Configuration

The CPU includes two general register sets (GR and GR’), and a single special-purpose register

set. Register sets GR and GR’ each include an accumulator, a flag register, and six general-
purpose registers. The special-purpose register set consists of an interrupt vector register, an R
counter, two 16-bit index registers, a stack pointer, and a program counter.

Register set GR Special-purpose registers
Accumulator | Flag register Interrupt
A F vector R counter
B register | C register regllster R
; ; General-purpose Index register IX
D register | E register register set Index register 1Y
. . Stack pointer SP
H register | L register Brogram counter PC
Register set GR’
Accumulator | Flag register
Al Fl
B' register | C’ register
D’ register | E’ register General-purpose
register set
H’ register | L’ register

Hitachi America, Ltd. ®

Figure 5 CPU Register Configuration
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® Register Descriptions

The following table describes the function of each register. Unless otherwise specified, register
content is undefined following a reset.

Register Name

Symbol

Function

Accumulators

A A

Accumulators are registers in which 8-bit arithmetic
operations, logical operations, and shifts are performed.
Accumulator A’ is used in place of accumulator A following
execution of the instruction EX AF, AF’.

Flag registers

Flag registers store the status of operations. Flag register F’
is used in place of flag register F following execution of the
instruction EX AF, AF’.

General-purpose
registers

The registers in register set GR can be used as 8-bit
registers (B, C, D, E, H, L) or 16-bit registers (BC, DE, HL).
They can be used to execute operations or store
addresses.

The registers in register set GR’ supplement the GR
registers. The two register sets can be swapped using the
EXX instruction.

Interrupt vector
register

This 8-bit register stores the upper 8 bits of the 16-bit vector
produced by an interrupt. Vectors are used for INT, mode 2,
INT,, INT,, and internal interrupts (7 sources).

A reset initializes this register to OOH.

R counter

This 8-bit register counts the number of op-code fetch cycles
performed. The content of this counter is unrelated to the
refresh address, which is generated by another on-chip
counter that cannot be accessed by the user. A reset
initializes this register to 00H.

Index registers

X, 1Y

These 16-bit registers are used for indexed addressing and
16-bit operations. In indexed addressing, the base address
is stored in the index registers. A signed 8-bit displacement
is added to the base address to generate the operand’s
effective address. In 16-bit operations that involve the index
registers, a general-purpose register {except HL), the index
registers, or the stack pointer can be used for the other
operand.

Stack pointer

SP

This 16-bit register stores the top address of the stack area.
A reset initializes this register to 00H.

Program counter

PC

This 16-bit register stores the logical address of the next
instruction to be executed. This register is normally
incremented by 1 each time a 1-byte instruction code is
accessed, but execution of a jump instruction causes the
address of the jump destination to replace the current content
of the program counter. A reset initializes this register to
0000H.

@ HITACHI
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» Flag Register

The flag register (F) contains individual flags that are set and reset to represent the status of the
result of an 8-bit or 16-bit operation. This register is referenced by extended arithmetic
instructions and conditional jump instructions.

7 6 5 4 3 2 1 0
Flag register s Z _ H _ PN N c
F
Flag Name Symbol Function
Sign S Bit 7 is set when an operation produces a negative result
(MSB = 1) and reset by a positive result (MSB = 0).
Zero Z Bit 6 is set when an instruction execution produces a zero

result, and reset by any other result.

Half-carry H Bit § is set when an operation results in a carry or borrow from
the 4th bit. The half-carry flag is reset when neither a carry nor
borrow is generated. This flag is referenced for adjustment of
decimal operations (DAA instruction).

Parity/overflow PN Bit 2 can be used as either a parity or an overflow flag.

The parity flag indicates the parity of the data stored in the
accumulator following execution of a logical operation. An even
number of 1s in the accumulator value sets the parity flag, while
an odd number of 1s resets it.

The overflow flag is set when the result of a signed arithmetic
operation exceeds the range of +127 through -1 28 for an 8-bit
operation, or the range of +32767 through ~32768 for a 16-bit
operation. Results within these ranges reset the overflow flag.

Negate N Bit 1 is set by execution of a subtraction instruction (examples:
SUB, DEC, CP) and reset by an addition instruction {examples:
ADD, INC).

Carry C Bit 0 is set when an operation results in a carry or borrow from

the most significant bit. Any other result resets this flag. The
following lists the various types of carries and borrows.

« Carry produced by an addition result
« Borrow produced by a subtraction result
- Carry produced by a shift or rotate
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Addressing Modes

The CPU instruction set has eight addressing modes.

1.

Implied Addressing (IMP)

This addressing mode is based on data included within op codes. It is used by instructions
that manipulate bit positions specified by the accumulator (A), index registers (IX, IY), stack
pointer (SP), HL general-purpose register, or op codes.

Register Direct Addressing (REG)

In this addressing mode, 8-bit and 16-bit registers are specified by op code fields g, g’, ww,
XX, yy, and zz. The following tables show the relationships between field codes and registers.

8-Bit Register Specification

g or g’ Field Specified Register

000

001

010

011

100

101

T|lZT(MIOjO|m

110

111

810
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16-bit Register Specification

ww Fleld Specified Register xx Field Specifled Register
00 BC 00 BC

01 DE 01 DE

10 HL 10 IX

11 sP 11 SP

yy Fleld Specified Register 2z Field Specified Ragister
00 BC 00 BC

01 DE 01 DE

10 Y 10 HL

1 SP 1 AF

3. Register Indirect Addressing (REGI)

In this addressing mode, general-purpose registers are used as 16-bit address registers for
specification of operands in memory.

T

+

BC

DE \

HL Operand
Memory

@ HITACHI
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4. Indexed Addressing (INDX)

In this addressing mode, effective addresses are generated by adding a displacement

(d: signed 8-bit value) to the index registers (IX, IY).

Op code 1

Op code 2

Displacement (d)

IXorlY

5. Extended Addressing (EXT)

Sign extension

T

Operand

Memory

With this addressing mode, 2 bytes (m, n) following the op code are used as a 16-bit address
for direct specification of an operand in memory.

Op code

812 Hitachi America, Ltd. e Hitachi Plaza 2000 Sierra Point Pkwy. * Brisbane,
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Immediate Addressing IMMED)

With this addressing mode, 1 byte (m) or 2 bytes (m, n) following the op code are used as a

direct operand.
Op code
m } 8-bit operand
Relative Addressing (REL)

Op code

n

16-bit operand

m

This addressing mode can be used with branching instructions only. A displacement (j:
signed 8-bit value) is added to the program counter (PC) to generate a branch address. In the
case of a conditional branch, the branch is taken only when a condition is satisfied.

Op code

Sign extension

Displacement (j)

Program counter (PC)
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8. 1/O Addressing

This addressing mode can be used with 1/O instructions only. The specified address is an 1/O
address (TIOE = 0). One of the following addresses is output by this addressing mode.

* An address formed by the content of the operand, which is output to A through A,, and
the content of accumulator A, which is output to Ag through Ajs.

* An address formed by the content of register C, which is output to A, through A, and the
content of register B, which is output to Ag through As.

* An address formed by the content of the operand, which is output to A, through A,, and
00H, which is output to Ag through A,s. This is convenient for accessing on-chip 1/O
registers.

* An address formed by the content of register C, which is output to A, through A,, and
00H, which is output to Ag through A;s. This is convenient for accessing on-chip I/O
registers.
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Instruction Set Overview

The CPU instruction set for this chip can be broken down as follows.

»  Operation instructions

o Load instructions

+ Program control instructions

« I/O instructions

»  Special control instructions

These instructions consist of 1 to 4 bytes. Typical examples are shown below.

1-byte instruction

2-byte instruction

3-byte instruction

4-byte instruction

See Instruction Set Lists for further details.

4 3 2 0
g
4 3 2 0
g 1 0
m
5 4 3 2 0
1 1 1 1
o] 1 o]
d
5 4 3 2 0
o 1 1 1 1
10 1 0
d
m
@ HITACHI

LDg, g

LDg,m

Immediate data

LD g, (IX + d)

Displacement

LD (IX +d), m

Displacement

Immediate data
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Conditional Jump and Conditional Call Instruction Precautions

The following illustrates operation when the conditional jump instruction JP f, mn is executed.
Note the difference in operation when the condition tests true and when it tests false.

Example

When the instruction JP NZ, 6000H is at address S000H (MMU sets base register to O0H).

5000H JP NZ, (C2H)
5001H 00H
5002H 60H
5003H SLP (EDH)

L 76H L

I~ —~
6000H LD (32H)
6001H 00

70

T . T3 T Th a9 Ty, b T Ty T, Tz T, T
o U UYWLt

Condition | Address_ X__5000H  X__5001H __X___5002H___X__ 6000H__ X

tests true
es Data ) (oon) (60R) (32H)

Condition | Address_ X 5000H X 5001H__X__ 5003H___X__ 5004H X

tests false
Data {C2H) {00H) {EDH) {76H)

Note that when the condition tests false, execution proceeds to the next instruction without
reading the 2nd operand of JP f, mm. This is also true in the case of the conditional call:
CALL f, mn.

GO HITACHI
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B Absolute Maximum Ratings

item Symbol Rating Unit
Analog supply voltage AVee -0.3t0+7.0 A
Input voltage (port 4) Vin1 -0.3t0 AVgg +0.3 v
Analog input voltage A —0.310 AVgc + 0.3 vV
Total current inflow ZloL 80 mA*2
Total current outflow Yloul 30 mA*3

Notes: 1. AVgc must equal Vec.

2. Total current inflow is the total

output buffers to the HD648180W'’s Vgg.
3. Total current outflow is the total current sourced simultaneously from the HD648180W's

Vg via output buffers to all input/output pins.

@ HITACHI

| current sunk simultaneously from all input/output lines via
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B Electrical Characteristics

DC Characteristics (Voe =5V £10%, Vgg =0 V, T, = =20 to +75°C unless
otherwise noted)

Item Symbol Test Conditions Min Typ Max Unit

Input high voltage level Vi Vec-06 — Vgc+03 V

for RESET, EXTAL, NMI,

STBY

Input high voltage level ViHz 2.0 — Vgc+03 V

for other pins

Input low voltage level ViLy -0.3 — 06 v

for RESET, EXTAL, NMI,

STBY

Input low voltage level ViLz -0.3 — 0.8 \Y

for other pins

Output high voltage level Vg lon = —200 pA 2.4 - - \

for all output pins lop = —20 pA Vee-12 — —

Output low voltage level Vau lop =2.2 mA — — 045 \'

for all output pins

Input leakage current for hw Vihn=05t0 Vg - 05 — — 1.0 HA

all input pins except XTAL

and EXTAL

Tri-state leakage current o Vih=05t0Vee-05 — — 1.0 HA

Current consumption lcc f=4 MHz — 15 30 mA
ion)N

(normal operation)Note f = 6 MHz _ 20 40 mA

Current consumption lccstRY — — 10 20 A

(standby mode)Note

Pin capacitance Cp Vin=0V,f=1MHz — — 15 pF

T,=25°C
Note: Signal levels:

818

RESET, EXTAL, NMI: Vjymin = Vo - 0.6 V, V; max = 0.6 V
Other pins: Vjymin = Vg - 1.0V, Vymax = 0.8 V

All output pins are unloaded.
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¢ DC Characteristics (I/O ports) (Vec=5V £10%, Vgs=0 V, T,=-20 to +75°C unless otherwise

noted)

ltem Symbol Test Conditions Min Typ Max Unit
Input high Ports0to4 Vigp 20 —  Vgc+03 V
voltage

{input low PortsO0to4 V) p -0.3 — 08 Vv
voltage

Output hlgh Ports 0 to 3 VOHP IOH =—200 pA 24 - —_ \
voltage lon = —20 HA Veg-12 — —

Output low Ports0to3 Vgp lop =2.2mA — — 045 \'
voltage Port 0 lo_ = 10 mA — — 10

Input leakage hpl Vin=05to — — 1.0 uA
current Vee — 0.5

A/D Conversion Characteristics (AV¢cc= Ve, Vss=0V, Ty=-20 to +75°C unless otherwise

noted)
item Symbol Test Conditions Min Typ Max Unit
Analog input voltage AV, AVgg —  AVee \'
Analog input leakage current i} — — 10 A
Resolution — 8 — Bit
Input hold time A/D conversion 166 — — us
(conversion time) clock = ¢/3 = 2.048 MHz

when ¢ = 6,144 MHz
Number of inputs 0 — Channel
Absolute precision Ta=25°C, Ve =50V — — 20 LSB

Note: AVcc must equal Vee.
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AC Characteristics (Voo =5V 0%, Vgg =0 V, T, = 20 to +75°C unless

otherwise noted)

HD648180W-4 HD648180W-6
ltem Symbol Test Conditions Min Typ Max Min Typ Max Unit
Clock cycle time teye Figure 6 250 — 333 162 — 333 ns
Clock high pulse tonw M0 — — 65 — — ns
duration
Clock low puise tow 10 — — 65 — — ns
duration
Clock fall time tes - — 15 — — 15 npns
Clock rise time ter - — 15 — — 15 ns
External clock cycle tecye Figure 18 126 — — 81 — — ns
time
External clock high texHw 50 -~ — 32 — — ns
pulse duration
External clock low texiw 5 — — 32 — — ns
pulse duration
External clock rise time  tgy,*! Figure 18 _— — 25 —= — 25 9 ns
External clock fall time  tgy*1 - — 25 — — 25 ns
Address delay time 11%)) Figure 6 — — 10 — — 90 ns
Address setup time tas 560 — — 30 — — ns
{measured from ME
or 1OE falling edge)

ME delay time 1 tMED1 Figure 6, 7, — — 86 — — 60 ns
RD  (whenlOC=1) tgpp, Figure 6 — — 8 — — 60 ns
delay {when I0C = 0) Figure 8 — — 8 — — 865 ns
time 1

LIR delay time 1 1 D4 Figure 6 — — 100 — — 80*2 ns
Address hold time  tay 80 — — 3 — — ns
(measured from ME, IOE,

RD, or WR rising edge)

ME delay time 2 tMED2 Figure 6, 7 -~ — 8 — — 80 ns
RD delay time 2 tRoD2 Figure 6 — — 8 — — B0 ns
LR delay time 2 o2 — — 100 — — 80" ns

Notes: 1. If external clock pulse duration specifications (tgxw. texLw) are not satisfied, adjust

texy and texy.

2. tp1 (t.p2) = 60 ns when bus timing test load capacitance C = 40 pF.

G HITACHI
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AC Characteristics (Vo =5 V $10%, Vg = 0V, T, = =20 to +75°C unless
otherwise noted) (cont)

HD648180W-4 HD648180W-6

Item Symbol Test Conditions Min Typ Max Min Typ Max Unit
Data read setup time tprs Figure 6, 7 50 — — 40 — — ns
Data read hold time toRH 0O — — 0 — — ns
ST delay time 1 tsTD4 Figure 6 — — 110 — — 90 ns
ST delay time 2 tsTD2 Figure 10 — — 110 — — 90 ns
WAIT setup time tws Figure 6 80 — — 40 — — ns
WAIT hold time twh 70 — — 40 — — ns
Wirite data floating twpz Figure 6 — — 100 — — 95 ns
delay time -
WR delay time 1 twRD1 — — 90 — — 65 ns
Write data delay time twob — — 10 — — 90 ns
Write data setup time twos 60 — — 40 — — ns
(measured from WR
falling edge)
WR delay time 2 twRD2 — — 90 — — 80 ns
WR pulse duration twrp 280 — — 170 — — ns
Write data hold time twDH 60 — — 40 — — ns
(measured from WR
rising edge)
IOE  (whenTOC=1) tops Figure 6 — — 8 — — 60 ns
delay hen TOC = 0) Figure 8 — — 8 — — 65 ns
time 1
JOE delay time 2 tiop2 Figure 6 — — 8 — — 60 ns
1OE delay time 3 tiona Figure 7 540 — — 340 — — ns
(measured from LIR
falling edge)
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AC Characteristics (Voc =5 V10%, Vgs =0 V, T, = -20 to +75°C unless
otherwise noted) (cont)

HD648180W-4 HD648180W-6

Iltem Symbol Test Conditions Min Typ Max Min Typ Max Unit
INT setup time tiNTS Figure 7 80 — — 40 — — s
(measured from ¢ falling edge) Figure 13
iNT hold time YNTH 79 — — 40 — — ns
(measured from ¢ falling edge)
NMI pulse duration tNMIW 120 — — 120 — — ns
BUSREQ setup time taRs Figure 7 80 — — 40 —~ — ns
(measured from ¢ falling edge)
BUSREQ hold time taRH 70 — — 40 — — ns
(measured from ¢ falling edge)
BUSACK delay time 1 teAD1 — — 100 — — 95 ns
BUSACK delay time 2 taaD2 — — 100 — — 95 ns
Bus floating delay time 82D — — 130 — — 125 ns
ME pulse duration (high) tMEWH 200 — — 10 — — ns
ME pulse duration (low) tMEWL 210 — — 125 — — ns
Port data output tpwo Figure 13 - — 110 — — 90 ns
delay time
Port data input teps Figure 13 180 — —~— 150 — — ns
setup time
Port data input tPDH Figure 13 60 — — 40 — — ns
hold time
REF delay time 1 tRED1 Figure 7 — — 110 — — 90 ns
REF delay time 2 taFD2 — — 110 — — 90 ns
HALT delay time 1 tHAD1 Figure 7 — — 110 — - 90 ns
HALT delay time 2 tHAD2 Figure 12 — — 110 — — 90 ns
DREQ: setup time 1 tbRas Figure 10 80 — — 40 — — ns
DREQI hold time 1 toRaH 7 — — 40 — — ns
TENDi delay time 1 YEDY — — 8 — — 70 ns
TEND:I delay time 2 t1ED2 — — 8 — — 70 ns
G rHiTaACHI
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AC Characteristics (Vee =5V #10%, Vg = 0 V, T, = =20 to +75°C unless

otherwise noted) (cont)

HD648180W-4 HD648180W-6
ltem Symbol Test Conditions Min Typ Max Min Typ Max Unit
Timer output delay time  tyop Figure 11 — — 300 — — 300 ns
SCl input clock cycle tseyc Figure 17 40 — — 40 — — ity
{clocked synchronous
mode)

SCltransmit datadelay trxp — — 200 — — 200 ns
time (clocked syn-

chronous mode)

SCireceive data setup  tgpx Figure 17 260 — — 260 — — ns
time (clocked syn-

chronous mode)

SCl receive data hold tHRX 100 — — 100 — — ns
time (clocked syn-

chronous mode)

SCl input clock pulse tpwscxH Figure 14 0.4*1— 0.6" 0.4"1— 0.6" tg
duration tPWSCXL

Timer 1 input clock tPwTH Figure 15 8§ — — 8 — — iy
pulse duration tPwTL

RESET sstup time tRES Figure 15 120 — — 120 — — ns
RESET hold time tReH 80 — — 8 — — ns
RESET rise time tr — — 502 — — 502 ms
RESET fall time tre — — 502 — — 502 ms
Input pin rise time ty Figure 19 — — 1002 — — 100*2 ns
(other than RESET)

Input pin fall time ¢ — — 1002 — — 1002 ns
(other than RESET)

ADT input pulse tPwADH Figure 15 8 — — 8 — — iy
duration tPWADL

STBY input delay tsTBYD Figure 6 o — — 0 — — ns
duration

Oscillation stabilization  tgsc Figure 9 — — 20 — — 20 ms

time

Notes: 1. Set so: (tpwscxH) + (tewscxu) + (tir) + (tiF) = tscye-
2. | these rise and fall times are satisfied, but other specifications are not satisfied, adjust

these rise and fall times to satisfy the other specifications.
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Note: Output buffer off point.

Op-Code Fetch Cycle and I/O Write Cycle
(//O Read Cycle) when IOC = 1

Op-code fetch cycle | 11O write cycle (/O read cycle)
T T, Tw Ts T4 T, Tw Ts T
%ﬂ tlouw
—
s 2 Ve VavaVaVava
tc:ycxy‘;\K \\_}V K
tap !
—
Address ;x‘ )k
twH T+
tws| [ tws<{ B[ 1Y
T X
tas tmep2 tan
_ \ y
WE \ I
tMEDS tas tiop2 ta
— '
IOE taq
- lioo1 /
| tRbD2
tAH
= Y Y I\ /
tRpD1 tWRD1 twRD2
twrp Cl——
J— \ 1Y
WR KL :
tLp2~ [-- *
wo [y y
tLoy | |IsTo2
ST _}K / tors tt'?FlH
tsTD1 tors toRH twpz -
. v 7\; ;L/ AN
Data in
twos M
twon
twop —\
Data out 1>'
Note ¢
t
IRes = lREs < FtHEH
RESET
tat ‘J Ltnr tR tai

Figure 6 CPU Timing (1)
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tars— [ [N
INTi q
tlew
NMI
—_— N
LR’ \1 /
tiops )
e 4\ /
tors
: a2 . Vo
Datain*’ | MED1 4
N AN
IMEWH tMED2

VE / N

tarp1 tMEWL tRrD2
REF "2 l/

t 1 [ tean taRs tr—‘eRH

BUSREQ q

tBaD1 tsan2
BUSACK V( ;
Address tezo tazo
Data__ j; 2(
ME,RD_
WR, IOE tes

tHADY tHAD2
HALT }

t

STRY i STBYD

Notes: 1. For INTo acknowledge cycle

2. For refresh cycle

3. Output buffer off point

INT, Acknowledge Cycle, Refresh Cycle, Bus Release Mode,
Halt Mode, sleep Mode, and System Stop Mode

Figure 7 CPU Timing (2)
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Figure 8 CPU Timing (3)
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] J/
RESET ( { 0.6V

[ N

Figure 9 CPU Timing (4)

CPU or DMA read/write cycle
(TEND; applicable in DMA write cycle only)

Ty T2 Tw T3 T4

toraH" !
toras
DREQ; :!

(level input) ----------==-=sspesssoopee- - t -
- toras DRGH

orEG, | S o N
(edge input) ~"TTTTTTTTTTTTIIETTTT Al Dt ¥ ey

TED! tTED2
TEND; ) q ‘_;L———
| tsTD1”3
ST ]F—

Notes: 1. Prescribed for clock rising edge immediately before T,
2. Prescribed for each clock rising edge
3. T, of DMA cycle start
4. T, of CPU cycle start

Figure 10 DMA Control Signals
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Timer data
register = OOO0H
trop
Figure 11 Timer Output
SLP instruction fetch Next op-code fetch
Ty T, T, Ts Ts T T, T,
A V_\_/‘

LINTH

Z
J

@‘ OR. 4
D / / thaD1 thabz

Figure 12 SLP Execution Cycle
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Ts Ty T, Ta
’ \_/_\_
town
Port
output
trosu | | teoH
Input
Figure 13 Port I/O Timing
t scyc |
tpwscxH |
SCKOo,
SCKi1
™~ |
tpwsext
Figure 14 SCI Clock Input Timing
tewTH
TIN,

towrL

Figure 15 Timer 1 Input Pulse Duration
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! pWADH

A

t pwabL

Figure 16 ADT Input Pulse Duration

tscyc

’ -/ L_]/ (__/—\
"J L trxp
Transmit 3{ j(

data
tsrx tHRX
Receive { H 3—
data
Figure 17 SCI Clocked Synchronous Timing (direct phase)
| tecve
EXTAL

Figure 18 Rise and Fall Times for External Clock Input Signal
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Figure 19 Rise and Fall Times for Input Signals (except EXTAL AND RESET)

Vee

Rp

Test point
c R 152074 ®
or equivalent
C =90 pf
R=12kQ
R =1.6kQ

Figure 20 Bus Timing Test Load (TTL load)

20V 20V 24V 24V
08V 08V 08V 08V

Input signal reference levels Output signal reference levels

Figure 21 Reference Levels
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B Instruction Set Lists

The following explains the symbols used throughout the instruction set lists contained in this
appendix.

1. Register Specification

The register specification symbols are: g, g’, ww, xx, yy, and zz. The symbols g and g’
represent 8-bit registers, while ww, xx, yy, and zz represent 16-bit registers, as shown below.

9,9 Reg. ww  Reg. XX Reg. yy Reg. zz Reg.

000 B 00 BC 00 BC 00 BC 00 BC
6o1 C 01 DE 01 DE 01 DE 01 DE
010 D 10 HL 10 IX 10 Y 10 HL
011 E 11 SP 11 SP 11 SP 11 AF
100 H
101 L
111 A

Note: The letters “H” (high) and “L” (low) are appended to the 16-bit register symbols to indicate
the upper 8 bits and lower 8 bits. For example: wwH, IXL.

2. Bit Specification

The symbol b in the bit operand of a bit manipulation instruction, specifies the bit location as
shown below.

o
o
—

000
001
010
011
100
101
110
111

Njojunn|A([Wivi—|O

G HITACHI
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3. Condition Specification

The symbol f specifies the condition against which the result of an operation is compared to
determine the next instruction to be executed, as shown below.

f Conditien

000 NZ nonzero

001 Z zero

010 NC noncarry

011 C carry
100 PO parity odd
101 PE parity even

110 P sign plus

111 M sign minus

4. Restart Address

The symbol v specifies the restart address for a restart instruction, as shown below.

v Address
000 OOH
001 08H
010 10H
011 18H
100 20H
101 28H
110 3CH
111 38H

5. Flags

The following symbols are used to denote changes in flags.

—:  Flag not affected

Flag change undefined

Flag affected according to operation result
Flag setto 1

Flag reset to 0

Flag changes as a parity flag

Flag changes as an overflow flag

< VRLEOX

@ HITACHI
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6. Other Symbols

( )m: Parentheses contain memory address
( ) Parentheses contain I/O address

mor n: 8-bit value

mn: 16-bit value

r: rsuffix indicates 8-bit register

R: R suffix indicates 16-bit register

b« ( )m: b-th bit of memory address in parentheses
b« gr: b-th bit of general register gr

dorj: Signed 8-bit displacement

S: Source addressing mode

D: Destination addressing mode

. AND operation

+: OR operation

@: XOR operation

@ HITACHI
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¢ Data Manipulation Instructions

1. Arithmetic and Logical Instructions (8-bit)

Addressing Flag
Q
Oparation %;50?9&_. 7 6 4 2 10
Name  |Mnemonis OpCode |Z|&|=|E ||| |Bytes | States Operation S Z HPVN C
ADD ADDAg 10000 g S D 1 4 ArvgroAr 111 VR
ADDA (HL} | 10000110 S{D 1 6 Ars (Hiy o Ar t$t ¢t VAR
ADDA M 1000110 |8 D 2 e Ar+mo Ar
<m>
ADD A, (IX+d) | 11011 101 S D 3 |14 Are(X+dyoA |31 T 3T V R 3
10000 110
<>
ADD A, (IY +4) | 11111101 S D 3 |14 Ar+(iY+dyoAr [T T TV RS
10000 110
<d>
ADC ADC A g 10001 g S D 1 4 Aregrec o Ar t1 11 VA
ADCA (HL) | 10001110 s|D 1 6 Ar+ (Hy+c—A | T T 1
ADCA m 11001110 | S D 2 6 Arems+c—Ar 111t VR
<m>
ADC A, {IX+d) | 11011 101 S D 3 |14 Are(X+dy+c—oAr|T T T V R ¢
10001 110
<>
ADCA, (IY +d) | 11111101 S D 3 |14 Ars(Y+dy+c—oA| T T T VR 3
10001 110
<d>
AND ANDg 10100g S D 1 4 Argr— Ar 1 18P
AND (HL) 10100 110 s’|D 1 6 Ar{RL)y = Ar 1 18P
AND m 11100110 |S D 2 |s Arm — Ar 11 S P
<m>
AND(IX+d) | 11011101 [ D 3 |14 Ar(IX + djy o Ar 1t 1 S P RR
10100 110
<«d>
AND(IY +d) | 11111101 S D 3 |4 Ar(lY + djy — Ar 1 1S PRA
10 100 110
<d>
Compare (CPg 101M1¢g S D 1 4 Ar-gr 1 11 vs§s 1
CP (HL) 10 111 110 siD 1 6 Ar-(HL)y 7t 1t vst
CPm 1111110 S D 2 6 Ar-m 111 s 1
<m>
GO HITACHI
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1. Arithmetic and Logical Instructions (8-bit) (cont)

Addressing Flag
(o]
Operation SleiB(el8lals s 421
Name | Mnemonics OpCode |Z|5|Z|& | |=|& |Bytes | States Operation S Z HPV N C
Compare | CP (IX +d) 11011101 S D 3 | Ar (X + d)yy S A S Y
10111 110
<>
CP(IY +d) 11111101 S D 3 14 Ar-(IY + d)y tttvs g
10111110
<d>
Comple- | CPL 00101 111 SO |1 3 Ar - Ar — — S — 8§ —
ment
DEC DECg 00g 101 SD 1 4 gr-1-gr 113 -
DEC (HL) 00 110 101 ) 1 10 (HUm -1 = (HLm 111 -
DEC(IX+d) [ 11011 101 sD 3 18 (X+dy-1- 1112 —
00110 101 (X + djy
<«d>
DEC(IY+d) | 11111101 sD 3 18 (Y+dy-1- 111 vs
00 110 101 {IY + d)y
<>
INC INCg 00g 100 SD 1 4 gr+1—ogr 111 -
INC (HL) 00 110 100 s 1 10 (HDp + 1 - (HLy 111 -
INC (X +d) 11011 101 sD 3 18 (IX+djy+1— 112 R —~
00 110 100 (X + d)y
<«d>
INC (IY +d) 111110 sD 3 18 (Y+dy+t o 13T 1 VR~
00 110 100 (Y +d)y
<d>
MULT MLT ww 11 101 101 SO 2 17 wwHexwwlr oww | — — — — — —
01 ww1 100
NEGATE | NEG 11101101 sD 2 6 0-Ar— Ar 1t 31 vs 1
01 000 100
OR ORg 10110 g S D 1 4 Ar+gr— Ar T3
OR (HL) 10110110 s|D 1 6 Ars (HUy — Ar 13
ORm 1110110 | S D 2 6 Ar+m - Ar T3 R
<m>
OR (IX + d) 11011 101 S D 3 |14 Ar+ (IX + djy — Ar 1 1 RPRR
10110 110
<«d>
OR(IY +d) 1110 S D 3 14 Ar+ (IY + d)y - Ar 1 1 RPARR
10 110 110
<>
@ HITACHI
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1. Arithmetic and Logical Instructions (8-bit) (cont)

Addressing Flag
. [ — 7 6 4 2 1 0
Operation 2l=|8|218 el
Name | Mnemonics OpCode |E|&|Z |8 |& | = |2 |Bytes| States Operation S Z HPV N C
suB SUBg 100109 S h] 1 4 Ar-gr o Ar 1 131 vs?
SUB (HL) 10010 110 s|D 1 s Ar- (HL)y - Ar 111 vst
SUBm 1010110 | S D 2 6 Ar-m — Ar t 11 v st
<m>
SUB(IX+d) | 11011101 S D 3 114 AM-(X+dy—oA [T T T V S 1
10010 110
<«d>
SUB (IY + d) 11 111101 ] D 3 14 Ar-(IY + d)yy — Ar 1t 1t vs 1t
10010 110
<>
SUBC SBCA, g 10011 g S D 1 4 Ar-gr-c > Ar 1t 11 v st
SBCA (HL) | 10011110 s|D 1 |s A-(Hy-c—oA [T 1T 1T V S8 1
SBCA m 1011110 | S D 2 6 Ar-m-c¢— Ar 1t 11 Vv St
<m>
SBCA, (X +d) | 11011101 S D 3 j14 A-(X+dy-co AT T T vV 8 3
10011 110
<«d>
SBCA, (IY +d) | 11111101 S D 3 14 A-(Y+dy-coAf 2 T T vV 8§ 1
10011 110
<d>
TEST TSTg 1110110 S 2 7 Argr t 1 S P RR
00g 100
TST (HL) 11101 101 S 2 10 Ar(HL)y 1 1 S P RR
00110100 _
TSTm 11 101 101 S 3 9 Arm 1 1§ P RR
01100100
<m>
XOR XOR g 10101¢g S 0 1 4 Ar® gr — Ar 1 1 R P RR
XOR (HL) 10101 110 s|D 1 6 Ar® (HL)y — Ar t 1 RPRR
XORm 1101110 | S D 2 6 A®m— Ar t 1 R P RR
<m>
XOR (IX + d) 11011101 S D 3 14 At (IX+d)y — A t 1 RP RR
10 101 110
<d>
XOR (IY + d) 11111101 S D 3 14 Are {IY + d)y — Ar 1 1 R PRR
10 101 110
<d>
G HITACHI
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2. Rotate and Shift Instructions

Addressing Flag
o
Operation ;J;goa&_, 1210
Name | Mnemonics OpCode (Z(&|Z|&|&|Z|H |Bytes | States Operation HPN N C
Roate  |RLA 00 010 111 sD 1 3 R —R I
and T o e———u
X ALg 11001 011 sD 2 7 R PR I
shift data 000109
RL (HL) 11001 011 s 2 13 R PR I
00 010 110
RL (IX + d) 11011 101 s 4 19 R PR
11001 011
<«d>
00 010 110
RL(IY + d) 11111 101 SD 4 19 R PR
11001 011
<«d>
00 010 110
RLCA 00 000 111 SD 1 3 - bt
RLCg 11,001 011 ) 2 7 C P 1
00000 g
RLC (HL) 11001 011 sD 2 13 R PR !
00 000 110
RLC (IX + d) 11011 101 sD 4 19 R PR I
11,001 011
<d>
00 000 110
RLC (IY + d) 11111 101 SD 4 19 a8 A RPR I
11001 011 S '
<> I (HUy
00000 110 Vi
RLO 11101 101 so| {2 16 R PR —
01101 111
RRA 00 011 111 sof |1 3 - 1
RRg 11,001 011 sD 2 7 B ———w © P 1
000119
AR (HL) 11001 011 sD 2 13 R PR I
00011 110
RR (IX + d) 11011 101 sD 4 19 R PR I
11,001 011
<>
00 011 110
RR(IY + d) 1111101 SD 4 19 R PR I
11001 011
<«d>
00011 110
RRCA 00 001 111 sD 1 3 — 1
RRC g 11001 011 SD 2 7 B————® & P 1
0000t g
G HITACHI
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2. Rotate and Shift Instructions (cont)

Operation
Name

Mnemonics

Op Code

Operation

(-3

(2]

Rotate
and
shift data

ARC (HL)

RAC (IX+d)

RRC (IY +d)

RRD
SLAg
SLA (HL)

SLA (X +d)

SLA(IY +4)

SRAg
SRA (HL)

SRA(IX + d)

SRA(IY +d)

SRLg
SRL (HL)

SRL(IX + d)

SRL(IY +4d)

11 001 011
00001 110

11011101
11001 011
<d>

00 001 110

11 111 104
11001 011
<«

00001 110

11101 101
01100 111

11001 011
00100 g

11 001 011
00 100 110

11011101
11001 011
<d>

00 100 110

11 111 101
11001 011
<g>

00100 110

11001 011
0011019

11 001 011
00101 110

11011 101
11001 011
<d>

00 101 110

1111101
14001011
<«d>

00101 110

11 001 011
00111 g

11 001 011
00 111 110

11 011 101
11 001 011
<«d>

00 111 110

11111 101
11 001 011
«d>

00 111 110

§gg§§5ym8mu
s

oo

b7 o) C

b7 ]

[

L g

G HITACHI
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3. Bit Manipulation Instructions

Operation

Name

Mnemonics

Op Code

Addressing

IMMED
EXT

INDX

REG!
iMP
REL

Bytes | States

Operation

Bit set

SETb, g

SETb, (HL)

SETb, (IX +d)

SETD, (IY +d)

11001 011
b g

11001 011
11b 110

11 011 11
11 001 011
<d>

11b 110

11111 101
11001 011
<d>

1b 110

2 [ReG

g

1 —bgr
1> b(HL)M

1 > b (IX+d)y

1 b(Y + dy

Bit reset

RESb, g

RES b, (HL)

RESDb, (IX + d)

RESDb, (IY +d)

11 001 011
10b g

11001 011
10b 110

11011 101
11 001 011
<d>

10b 110

1111101
11 001 011
<d>

10b 110

0-bygr
0 — b{HL)y

0 - b(IX+dy

0> b(lY+dy

Bit test

BITb, g

BIT b, (HL)

BT b, (IX+d)

BT b, (IY + d)

11001 011
01b ¢

11001 011
01b 110

11 011 101
11 001 011
<d>

0tb 110

1111101
11 001 011
<d>

01b 110

bor oz
b(Hly -2

b{Xs oz

b(lY +d)y oz

840
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4, Arithmetic Instructions (16-bit)

Addressing Fiag
Operation i § ﬁ E ,‘ ¢ 2, 1_. °
Nemo  |Mnamonies | Op Coce B %% |oye|owes  |oporon 8 Z HPVN C
ADD ADDHL, ww | 00 wwi 001 8 D 1 7 Hig+wwp—Hlg |— = X = R ¢
ADD IX, xx 11011 101 § D 2 [0 IXg + Xxg = IXg - =X -=R1
00 xx1 001
ADD Y, yy 1111101 ] D 2 |10 YR +yyg = YR - =X =R1
00 yy1 001
ADC ADCHL ww | 11101101 s D 2 |10 HLg+wwgeCoHlg |3 3 X V R 1
01 ww1 010
DEC DEC ww 00 wwi 011 sD 1 ¢ WWR-i—sWWR = — — — — =
DEC IX 11011 101 so| |2 |7 Kg-1-lXg  |[— = = = = =
00 101 011
DECIY 1111101 so| 2 |7 Ng-1olyg = = — = — ~
00 101 011
INC INC ww 00 wwo 011 s 1 4 wWgelowwg | — — — — — =
INC 1X 11011 104 so| |2 |7 gty = - - — = =
00100 011
INCIY 11111 104 so| |2 |7 Ng+1oltg  [— — — — — =
00 100 011
SBC SBCHL ww | 11101101 S ) 2 |10 Hig-wwg-coHg [T 1T X V 8§ 1
01 ww0 010
@ HITACHI
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¢ Data Transfer Instructions

1. 8-BitLoad
Addressing Flag
=
Operation g;gcam—‘ 7 6 4 2 10
Name Mnemonics Op Code E|l|(z|E|E|(Z & Bytes | States Operation S Z HPN N C
Load LDA I 11101 101 SD 2 6 Ir— Ar 1 ¢t RIER, R —
8-bit data 01010 111
LDAR 11101 101 SD 2 6 Rr— Ar 1 1 RIEFR; R —
01011 111
LD A, (BC) 00 001 010 1 6 (BC)y — AriNote} | . . _ _ _
LD A, (DE) 00 011 010 1 s OEy—A [ — - — — — —
LD A, (mn) 00 111 010 S 3 12 (mnjy oA | = — — — — —
<>
<m>
LDI A 11101101 SD 2 6 Aol = = - = = o
01 000 111
LDR, A 11101 101 sD 2 6 ARt = - - = - =
01001111
LD (8C), A 00 000 010 S 1 7 A @BCy |- — = — — —
LD (DE), A 00010010 s| |r |7 Ao DBy |- — — - — —
LD (mn), A 00 110 010 D 3 13 Alsmry  |— — — - — —
<>
<m>
LDg g 01g ¢ SD 1 4 grogr 0 = e - = = =
LD g, (HL) 01g 110 S 1 6 Hijy-9r = |— = — — — —
LDg m 00g 110 S 2 6 mog 000 - - - — - —
<m>
LD g, (X +d) 11011 101 S|{D 3 14 X+dy—-g |~ — — — — —
o1g 110
<d>
g (Y+d) | 11111101 s|p 3 14 NWedy—og |- — — — — —
o1g 110
<«d>
LD (HL), m 00110110 | S D 2 o moH)yy |- - - = - =
<>
WX+d,m [1o11101 |s D 4 15 moXedyy |- — — — — —
00110 110
<«d>
<m>
LD(Y+d,m [11111101 | D 4 |15 moMedy |- — — — — —
00 110 110
<d>
<m>
Note: Interrupts are not detected at the end of the LD A, 1 and LD A, R instructions.
G HITACHI
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1. 8-Bit Load (cont)

Addressing Flag
2 1
Operation g;goa&_. 7642 0
Name | Mnemonics OpCode |Z|X|Z|&|&|Z|& |Byes| Sates Operation S Z HPN N C
Load LD (HL), g 011109 S|D 1 7 gl | ----=-
Bbitdata | (x4 q,g | 11011101 D|s 3 |5 goXedy |- — - — — -
011109
«d>
DY +d)g | 11111101 D[S 3 15 groWsdy |- - - - - -
011109
<d>
2. 16-Bit Load
Addressing Flag
o
Operation giéoa&_, 76 4 2 10
Name | Mnemonics OpCode |Z|&5|Z|E|&|Z | |Byes| States Operation S Z HPV N C
Load LD ww, mn 00Oww0 00t | S 0 3 9 mowwy 0 |- = - = — —
16-bit data <n>
<m>
LD IX, mn 11011101 S D 4 12 m-aXg - - - -
00 100 001
<n>
<m>
LD IY, mn N1 1S D 4 |12 molyg |- = = = = =
00 100 001
<>
<m>
LD SP, HL 11111 001 so| |1 4 Hg-oSq  |—— — — — —
LD SP, IX 11011 101 sol |2 7 XgoSPR @ |—— - — — -
11 111 001
LDSP,IY 11111101 so| |2 |7 NS  |— - — — — —
11 111 001
1D ww, {mn} 11101101 S D 4 18 (mn+ )y owwdr [ — — — — — —
01 wwi 011
<m
<m>
LDHL, {mn) | 00101010 S D 3 15 mnst)yoH - - = — =~
<> (mnjy — Lr
<m>
@ HITACHI

Hitachi America, Ltd. ® Hitachi Plaza e 2000 Sierra Point Pkwy. * Brisbane, CA 84005-1819 (415) 589-8300 843



HD648180W

2. 16-Bit Load (cont)

844

Addressing Flag
o
Operation %;EOGQ-J 7 6 4 2 10
Name | Mnemonics OpCode |Z|&[Z|&|&|Z|&|Bytes|States Operation S Z HPV N C
Load LD IX, (mn) 11011 101 S D 4 18 (mn+ 1)y —-XH | — — — — — _—
16-bit data 00101 010 {mn)y — XLr
<>
<m>
LD Y, {mn) 1111110 S D 4 18 (mn+1)y-o¥Hr | — — — — — —
00 101 010 (mn)y o YLr
<>
<m>
LD (mn), ww 11101101 D S 4 19 wwHr> mn+t)y | — — - — — —
01 ww0 01t wwbhr — {mn)y
<n>
<m>
LD (mn),HL | 00100010 D s 3 {18 Hrosmnetly |~ — — — — —
<m Lr — {mn)y
<m>
LD (mn), IX 11011 101 D S 4 19 XHr s (mnset)y  |— —~ — - — —
00100 010 IXLr — (mn)p
<n>
<m>
LD {mn), IY 11111 101 D S 4 19 YHrs{mn+tl)y |— — — — — —
00 100 010 IYLr — (mnjy
<n>
<m>
@ HITACHI
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3. Block Transfer

Addressing Flag
Operation %;gca&_, 764210
Name |Mnemonics OpCode |Z|&|Z|& | |Z | |Bytes] Sates Operation S Z HPV N C
Block 2 “
transfer | eppy 11101 101 s|s| |2 [ Ar- (HUy 11118 —
search 10 101 001 BCR-1-»B8Cq
data HLR—1—<)HLR 2 “
CPDR 11 101101 S{S 2 14 BCr#0Ar=(HL)y 11118 —
10 111 001 12 BCq=0orAr=(HL)y
Ar- (HUg
o[ BCr-1— BCR
Hlg-1 —HLg 2 g
Repeat Q until
Ar=(HyorBCg=0 | I 3 T S —
CPI 11101101 SiS 2 12 Ar—{HUpm 11118 —
10 100 001 BCr-1—BCy
HLg +1 - HLR 20
CPIR 11101 101 s|s 2 |1 BCReOAr2(Hy |1 3 T T S —
10 110 001 12 BCRr=0o0rAr=(Hl)y
Ar- (HU)y
Q[ BCR—1 - BCR
Hlg+1 > HLg
Repeat Q until
Ar= (HL)M ofr BCR =0 “
LOD 11101 101 ) 2 12 {HL)y — (DE)w — — R 1t R —
10 101 000 BCR—1 - BCR
DEg-t - DER
Hig-1—HLg
LDDR 11101 101 sD 2 l1a@Cca=0)| ¢ HUy—OB |- — R R R —
10111 000 12(BCr=0){Q| BCR-1 —BCR
DEg- 1 — DEg
HLR—1—-)HLR
Repeat Q until
BCgr=0 4
LDI 11101101 SD 2 |12 (HU)y = (OB} — - R ! R -
10 100 000 BCR—1 - BCR
DER + 1 — DER
Hlg+1 > HLg
LDIR 11101 101 sD 2 |14(BCR=0)| ( (HUy—>(DEy |- — R R R —
10 110 000 12(BCR=0)|Q] BCj-1—BCy
DER+1—)DER
Hlg +1 > HLg
Repeat Q until
BCR=0

Notes: 1. PNV =0: BCg-1=0
PN =1: BCR-1=0
2. Z=1: Ar=(HUy
2=0 Arz (HL)M

@ HITACHI
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4. Stack and Exchange

Addressing Flag
[a]
Operation uf;?:‘aan.—' 7 6 4 2 10
Name | Mnemonics OpCode |Z|&|Z|& | |Z | |Bytes|States Operation S Z HPN N C
PUSH  |PUSHzz 11220 101 s D LI Y e (P-2)y |- — — — — —
zzHr — (SP- 1)y
SPp-2 - SPg
PUSH IX 11011 101 so 2 14 XLr>(SP-2)y |— — — — — —
11100 101 IXHr — (SP- 1)y
SPr-2 - 8Pg
PUSH IY 11 111101 sD 2 14 Nlr—s(SP-2)y |— - — — — —
11100 101 IYHr — (SP- 1)y
SPR -2 SPR
POP POP 2z 11 220 001 D S 1 9 (SP+1)y—»zzHiNoe} | — .
{SP)y — 2zLr
SPH +2-5 SPR
POP IX 11 011 101 SO 2 12 SP+)y-sXH - — — — — —
11100 001 (SPyy = Xr
SPp+2 — SPg
POP IY 11111 101 so| |2 |42 SPetiyo WH | — — — — — —
11100 001 (SP)y — IYLr
SPR +2 SPR
Exchange | EX AF, AF' 00 001 000 SO 1 4 AFR s AFR | — — — — — —
EXDE, HL 11101 011 SD 1 3 DEg-Hlg = |[— — — — — —
EXX 11011001 sof |1 |3 BCR-BCR |- — — — — —
DER -DEg | = = - - - =
HLg - HLg'
EX (SP), HL 11100 011 sD 1 16 H-{SP+t)y | — — — — — —
Lr- (SPhy
EX (SP), iX 11011 101 sp 2 19 XHr-(SP+1)y | — - — — — —
11100 014 IXLr~ (SP)y
EX(SP), IY 111110 sD 2 19 WHI-(SP+1)y | — — — — — —
11100011 IYLr- (SP)y
Note: POP AF writes stack contants to flag.
@ HITACHI
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e Program Control Instructions

Addressing Flag
=)
Operation g;’éggmd 76 4 2 10
Name Mnemonics Op Code |5 | 2| |ax|= | |Byes| States Operation S Z HPV N C
Call CALL mn 11001 101 D 3 16 PCHr 5 (SP-1)y |— — — — — —
<n> PCLr — (SP -2}y
<m> mn— PCq
SPg-2- SPg
CALLf, mn 14 100 D 3 6(: fase) |continue: fisfake |— — — — — —
<n> 16 (f: true) |CALL mn: fistrue
<m>
Jump | DINZj 00 010 000 Dl2 |9@r=0) [Br-1oB @ |- — — — — —
G- 2 7(Br=0) {continue: Br=0
PCp+j—PCg: Br=0
JP{, mn 1{ 010 b 3 6 (i false) |mn—PCq fistue |— — — — — —
< 3 9(f: true) |continue: fis talse
<m>
JPmn 11 000 011 D 3 9 mo>PCR - = - = — —
<>
<m>
JP (HL) 11 101 001 D 1 3 HgoPCg  |— — = — — —
JP(IX) 11 011 10t o] 2 6 Xg—-PCR |- == - - -
11101 001
JP (1Y} 1111101 D 2 6 Wg—-PCR  |———— — —
11 101 001
JRj 00 011 000 D|2 8 PCrej—PCV  |[— — — — — —
<G 2>
JRC,j 00 111 000 D}2 6 continue; C=0 |~ — — — — —
<t2> 2 8 PCRr+]—PCR C=1
JANC,j 00 110 000 D2 6 continge;: C=1 | — — — — — —
2 2 {8 PCh+j— PCq C=0
JRZj 00 101 000 D|2 6 continge: Z=0  |— — — — — —
<}2> 2 8 PCr+j—PCR: Z=1
JRNZ j 00 100 000 D2 6 continve: Z=1 | — — — — —
2> 2 |8 PCR+j—PCR Z=0
Return RET 11 001 001 D 1 9 (SPy-PCLr | — — — = — =
(SP + 1)y = PCHr
SPR+2 o SPg
RET{ 1t 000 D |1 5( false) |continue: fisfalse [— — — — — —
1 10 (f: true) |RET: fistrue
RETI 11101 101 o| |2 |2@ SP-rcr |- - — - — —
01001 101 12 (R1) (SP + 1)y = PCHr
SPR +2- SPR
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¢ Program Control Instructions (cont)

Addressing Flag
[ ]
Operation “z’;éggn.ﬁg 7.6 4 2 1 0
Name Mnemonics Op Code =i = (e (e |= | ec | Bytes | States Operation S Z HPVN C
Retumn RETN 11101101 D 2 12 (SPjy—-PCLr |- — — — — _—
01000 101 {SP + 1)y = PCHr
SPg+2 - SPg
[EF2 — IEF1
Restan RSTv ftv 1M D 1 1 PCHr—»(SP-Y)M ——————
PCLr — (SP - 2)y,
0 —3 PCHr
v— PCLr
SPR-2 >8P
¢ 1/O Instructions
Addressing Flag
o
Operation ggggal_, 76 421
Name | Mnemonics OpCode |Z|&|Z|& &= |&|Bytes | States Operation S Z HPNN C
put | INA (m) 11011011 D[si2 | AmyA = = - - —
<m> m— Agto Ay
N—)AGlOAls
INg. () 11101101 D sfe |o (BC), — gr
otg 000 g=110: only the 1 T RPR —
flags will change.
Cr— Ayt Ay
Br—)AleAw
ING g, (m) 11 101 101 D S8 12 (00m); — gr {1 1 RPR —
00g 000 g =110: only the
<m> flags will
change.
m— Ayto Ay
00 > Agto Agg “ 2
IND 11101 101 D Si2 12 {BC) - (HLM X1 X X 1 X
10101010 HLg-1—HLp
Br-1—Br
Cr— Agto A;
BI‘—)AGIOA15 2
Notes: 1. Z=1:Br-1=0
Z=0:Br-1»0
2. N=1: MSBof data =1
N =0: MSB of data = 0
@ HITACHI
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e [/O Instructions (cont)

Addressing Flag
(]
Operation gggggmd 6 4 2 1
Name Mnemonics Op Code = |L| € ||| = | |Bytes| States Operation Z HPNN
npt | INDR 11101101 D s|2  [14(Br=0) (BC), - (HLy s X Xt X
10 111010 12 (Br=0) o[ Hlg-1 > HLg
Br-1-Br
Repeat Q until
Br=0
CroAgto Ay
Br— AGIO A15
1 ‘2
INI 11101 101 D sl2 |12 (BC), — (HLiy X 1 X X 1 X
10 100010 HLR+1 —)HLR
Br-1—-Br
Cr—Agto Ay
Br— Agto Ayg 2
INIR 11101 101 D Sl2 14 (Br=0) (BC); - (HUm X s X X 1 X
10110010 12 (Br =0) o[ Hig +1 - Hig
Br-1—Br
Repeat Q until
Br=0
Cr—Agto Ay
Bf—)AelO A|5
Output | OUT (m), A 11010011 s|D|2 10 A (Am)y = = = = = =
' <m> m - Agto A
Ar— AGIO A|5
ouT(C). ¢ 11101101 $ D|2 10 g®y |- ==
01g 001 CroAgto Ay
Br— Agto Ayg
OUTO (m), g 11101101 S D3 13 gro0omy = - - = -
00g 001 m— Agto Ay
<m> 00 -—)Aﬁlo A15 ‘1 2
OTDM 11101101 S D|2 14 (HL))4 — (00C), b S S < A S
10001 011 Hig-1 —HLg
Cr-1-Cr
Br-1-Br
CroAgto Ay
00 — Ag 1o Ays 2
OTDMR 11101 101 S D|2 16 (Br=0) {HL)y — (00C), R SR S T R
10011 011 14(Br=0) |Q| HLg-1 - HLg
Cr-1-Cr
Br-1-Br
Repeat Q until
Br=0
Cr—Agto Ay
00 —»Aelo A15 2
Notes: 1. Z=1:Br-1=0
Z=0:Br-1=20
2. N=1: MSBofdata=1
N =0: MSBof data=0
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¢ [/O Instructions (cont)

Operation

Name

Mnemonics

Op Code

Addressing

IMMED
EXT
INDX
REG

MP

Bytes

States

Operation

Flag

4 2

H PN

z

Output

OTDR

ouTi

OTIR

TSTIOm

OTIM

OTIMR

ouTD

11101 101
10111011

11101101
10 100 011

11101 101
10110 011

11101 101
01110100
<m>

11101 101
10 000 011

11101 101
10010011

11101 101
10101 011

» | REGI

O | REL

14 (Br=0)
12(Br=0}

14 (Br=0)
12 (Br=0)

16 (Br = 0)
14 (Br=0)

HLp-1 > HLp

Br-1—8r
Repeat Q until
Br=0
CroAgto Ay
BY—DAGIOA“

(HL)m - (BCYy
Hip +1 2 HLg
Br-1—-Br

CI‘—)AolOA7
Bf—)AGIOAﬁ

[ (HUw — (BC)
Q

[ (HL)w - (BC),
Q

HLR+1 —)HLR

Br-1-5Br
Repeat Q until
Br=0
Cr—)Ao10A7
B’—)ASIO A‘s

(00C)ym
Cro Ao to A7
00— AG to A15

(HL)w - (00C),
HLR+1 - Hig
Cret 5Cr
Br-t 8
CroAgto Ay
00 —)A6t0A15

(HL)y — (00CY
Q HLR +1 -5 HLR
Cr+1>Cr
Br-1—Br
Repeat Q until
Br=0
Cro Ao 1o A7
00 - Agto Ag

{HL}y — (BC),
HLg-1 - HLg
Br-1—Br
Cr— Aolo A7
Br— AG o A|5

‘1

X 1

X X

2

2

Notes: 1.
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e Special Control Instructions

Addressing Flag
[=
Operation g - ’o‘ o g ela 6 4 2 1 0
Name Mnemonics Op Code = |L|€|x|x|=Z|x|Byes| States Operation S Z HPN N C
Special | DAA 00 100 111 SO 1 4 Decimal 1t P -1
function adjust
accumulator
Camy  |CCF 00 114 114 1 |3 C-¢C — — R - R
contol | g 00 110 111 Rk 15C — —R—RS
CPU DI 11 110 011 1 3 0~ IEF, 0 IEF,Nowl — — — — — —
control | gy 11 111 011 1|3 1> [EFy t > IEF N8 — — — — — —
HALT 01110 110 1 3 CPUhalted @ |— — — — ~— —
MO 11 101 101 2 6 nterupt = | = - = = = —
01 000 110 mode 0
M1 11101101 2 6 Interupt | = - = = = —
01010 110 mode 1
M2 11 101 101 2 6 et | = = - = = —
01011 110 mode 2
NOP 00 000 000 1 3 Nooperaton |— — — — — —
SLP 11 101 101 2 8 Seep @020 |=- === - -
01110110

Note: Interrupts are not detected at the end of the DI or E! instruction.

G HITACHI
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B Alphabetical Instruction List

Mnemonics Bytes Machine Cycles States
ADCA, m 2 2 6
ADCA, g 1 2 4
ADC A, (HL) 1 2 6
ADCA, (IX + d) 3 6 14
ADCA, (IY + d) 3 6 14
ADC HL, ww 2 6 10
ADDA, m 2 2
ADDA, g 1 2
ADD A, (HL) 1 2
ADD A, (IX + d) 3 6 14
ADD A, (IY + d) 3 6 14
ADD HL, ww 1 5 7
ADD IX, xx 2 6 10
ADD 1Y, yy 2 6 10
AND m 2 2 6
AND g 1 2 4
AND (HL) 1 2 6
AND (IX + d) 3 6 14
AND (lY + d) 3 6 14
BIT b, (HL) 2 3 9
BITb, (IX + d) 4 5 15
BITb, (IY + d) 4 5 15
BITb, g 2 2 6
CALL f, mn 3 2 6 (lf condition is false)
3 6 16 (lf condition is true)
CALL mn 3 6 16
CCF 1 1 3
CPD 2 6 12
CPDR 2 8 14 (If BCr # 0 and Ar # (HL)),)
2 6 12 (If BCR = 0 or Ar = (HL)p)
GO HITACH)
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Mnemonics Bytes Machine Cycles States

CP (HL) 2 6

CPI 2 6 12

CPIR 2 8 14 (I BCRr # 0 and Ar # (HL)y)
2 6 12 (F BCR = 0 or Ar = (HL)y)

CP (IX + d) 3 6 14

CP (IY + d) 3 6 14

CPL 1 1 3

CPm 2 2 6

CPg 1 2 4

DAA 1 2 4

DEC (HL) 1 4 10

DEC IX 2 3 7

DEC IY 2 3 7

DEC (IX + d) 3 8 18

DEC (IY + d) 3 8 18

DECg 1 2 4

DEC ww 1 2 4

DI 1 1 3

DJNZ j 2 5 9 (If Br+0)
2 3 7 (fBr=0)

El 1 1 3

EX AF, AF’ 1 2 4

EX DE, HL 1 1 3

EX (SP), HL 1 6 16

EX (SP), IX 2 7 19

EX (SP), IY 2 7 19

EXX 1 1 3

HALT 1 1 3

MO 2 2 6

M1 2 2 6

M2 2 2 6

GO HITACHI
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Mnemonics Bytes Machine Cycles States

INCg 1 2 4

INC (HL) 1 4 10

INC (IX + d) 3 8 18

INC (1Y + d) 3 8 18

INC ww 1 2 4

INC IX 2 3 7

INC 1Y 2 3 7

IN A, (m) 2 3 9

INg, (C) 2 3 9

INI 2 4 12

INIR 2 6 14 (lf Br«0)

INIR 2 4 12 (if Br = 0)

IND 2 4 12

INDR 2 6 14 (If Br# 0)
2 4 12 (if Br = 0)

INO g, (m) 3 4 12

JP f, mn 3 2 6 (If f is false)
3 3 9 (If fis true)

JP (HL) 1 1 3

JP (IX) 2 2 6

JP (1Y) 2 2 6

JP mm 3 3 9

JRj 2 4 8

JRC,j 2 2 6 (If condition is false)
2 4 8 (If condition is true)

JRNC,j 2 2 6 (If condition is false)
2 4 8 (If condition is true)

JRZ,j 2 2 6 (If condition is false)
2 4 8 (If condition is true)

JRNZ, | 2 2 6 (If condition is false)
2 4 8 (If condition is true)

LD A, (BC) 1 2 6

LD A, (DE) 1 2 6

@ HITACHI
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Mnemonics Bytes Machine Cycles States

LD A, I 2 2 6

LD A, (mm) 3 4 12

LD AR 2 2

LD (BC), A 1 3

LDD 2 4 12

LD (DE), A 1 3 7

LD ww, mn 3 3 9

LD ww, (mn) 4 6 18

LDDR 2 6 14 (if BCg = 0)
2 4 12 (If BCR = 0)

LD (HL), m 2 3 9

LD HL, (mn) 3 5 15

LD (HL), g 1 3 7

LDI 2 4 12

LDI, A 2 2 6

LDIR 2 6 14 (f BCg # 0)
2 4 12 (f BCr=0)

LD IX, mn 4 4 12

LD IX, (mn) 4 6 18

LD (IX +d), m 4 5 15

LD (IX+d), g 3 7 15

LD 1Y, mn 4 4 12

LD 1Y, (mn) 4 6 18

LD (IY +d), m 4 5 15

LD (Y +d), g 3 7 15

LD (mn), A 3 5 13

LD (mn), ww 4 7 19

LD (mn), HL 3 6 16

LD (mn), IX 4 7 19

LD (mn), IY 4 7 19

LDR,A 2 2 6

LD g, (HL) 1 2 6

Hitachi America, Lid. ® Hitachi Plaza » 2000 Sierra Point Pkwy. e Brisbane, CA 94005-1819 e (415) 589-8300
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Mnemonics Bytes Machine Cycles States

LD g, (IX + d) 3 6 14

LD g, (lY +d) 3 6 14

LDg,m 2 2 6

LDg,g 1 2 4

LD SP, HL 1 2 4

LD SP, IX 2 3 7

LD SP, IY 2 3 7

MLT ww 2 13 17

NEG 2 2

NOP 1 1

OR (HL) 1 2

OR (IX + d) 3 6 14

OR(lY + d) 3 6 14

ORm 2 2

ORg 1 2

OTDM 2 6 14

OTDMR 2 8 16 (If Br# 0)
2 6 14 (If Br = 0)

OTDR 2 6 14 (If Br # 0)
2 4 12 ()f Br = 0)

OTIM 2 6 14

OTIMR 2 8 16 (If Br = 0)
2 6 14 (lf Br = 0)

OTIR 2 6 14 (If Br = 0)
2 4 12 (If Br = 0)

OouUTD 2 4 12

ouTI 2 4 12

OUT (m), A 2 4 10

OUT (C), g 2 4 10

OuUTo (m), g 3 5 13

POP IX 2 4 12

POP IY 2 4 12
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Mnemonics Bytes Machine Cycles States
POP zz 1 3 9
PUSH IX 2 6 14
PUSH Y 2 6 14
PUSH zz 1 5 11
RES b, (HL) 2 5 13
RES b, (IX +d) 4 7 19
RES b, (IY +d) 4 7 19
RES b, g 2 3 7
RET 1 3 9
RET { 1 3 5 (If condition is false)
1 4 10 (If condition is true)
RETI 2 10 (2) 22 (2)
4 (R1) 12 (R1)
RETN 2 4 12
RLA 1 1 3
RLCA 1 1 3
RLC (HL) 2 5 13
RLC (IX + d) 4 7 19
RLC (IY + d) 4 7 19
RLCg 2 3 7
RLD 2 8 16
RL (HL) 2 5 13
RL (IX + d) 4 7 19
RL (1Y + d) 4 7 19
RLg 2 3 7
RRA 1 1 3
RRCA 1 1 3
RRC (HL) 2 5 13
RRC (IX + d) 4 7 19
RRC (lY + d) 4 7 19
RRCg 2 3 7
G HITACHI
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Mnhemonics Bytes Machine Cycles States
RRD 2 8 16
RR (HL) 2 5 13
RR (IX + d) 4 7 19
RR (IY + d) 4 7 19
RRg 2 3 7
RSTv 1 5 11
SBC A, (HL) 1 2 6
SBC A, (IX +d) 3 6 14
SBC A, (IY + d) 3 6 14
SBCA m 2 2 6
SBCA, g 1 2 4
SBC HL, ww 2 6 10
SCF 1 1 3
SET b, (HL) 2 5 13
SETb, (IX + d) 4 7 19
SET b, (IY + d) 4 7 19
SETb, g 2 3 7
SLA (HL) 2 5 13
SLA (IX + d) 4 7 19
SLA (IY + d) 4 7 19
SLAg 2 3 7
SLP 2 2 8
SRA (HL) 2 5 13
SRA (IX + d) 4 7 19
SRA (IY + d) 4 7 19
SRAg 2 3 7
SRL (HL) 2 5 13
SRL (IX + d) 4 7 19
SRL (IY + d) 4 7 19
SRLg 2 3 7
SUB (HL) 1 2 6

@ HITACHI
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Mnemonics Bytes Machine Cycles States
SUB (IX + d) 3 6 14
SUB (IY +d) 3 6 14
SUB m 2 2 6
SuUBg 1 2
TSTIOm 3 4 12
TSTg 2 3
TSTm 3 3
TST (HL) 2 4 10
XOR (HL) 1 2 6
XOR (IX + d) 3 6 14
XOR (IY + d) 3 6 14
XORm 2 2
XOR g 1 2

@ HITACHI
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B Bus Cycle Conditions

A hyphen in the Address column indicates that address output is undefined. A “Z” in the Data
column indicates that the data pin is at high impedance.

Machine -
Instruction Cycle States Address Data RD WR ME IOE LIR HALT ST
ADD HL, ww MC; T,T,T; 1stop-code 1st o 1 0 1 o 1 0

address op-code

MC,to TITiTiITT — z 1 1 1 1 1 1 1

MC;
ADD IX, ww MC, TyT,Ta 1stop-code 1st o1 o0 1 o 1 0
ADD IY, yy address op-code

MC, T,ToT3 2nd op-code 2nd 0o 1 0 1 o 1 1
address op-code

MCsto TITiTiTIi — z 1 1 1 1 1 1 1
MCq
ADC HL, ww MC, T,ToT3 1stop-code 1st 0 1 o 1 o 1 0
SBC HL, ww address op-code
MC, T,T,T3 2nd op-code 2nd 0 1 o 1 o 1 1
address op-code
MCsto TiTiTiTi — z 1 1 1 1 1 1 1
MCg
ADDA, g MC; T,ToT;3 1stop-code 1st o1 0 1 0 1 0
ADCA, g address op-code
SUBg _
SBCA. g MC, Ti Z 1 1 1 1 1 1 1
AND g
ORg
XORg
CPg
ADD A, m MC, T,T,T3 1stop-code 1st 0 1 o 1 o 1 0
ADCA, m address op-code
A MC, T,T,T, 2ndoperand 2od ©0 1 0 1 1 1 1
AND m address op-code
ORm
XORm
CPm
O HITACHI
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Machine e
Instruction Cycle States Address Data RD WR ME IOE LIR HALT ST
ADD A, (HL) MC, T,T,T; 1stop-code 1st ot 0 1 o 1 0
ADC A, (HL) address op-code
SUB (HL)
SBC A, (HL) MCZ T1T2T3 HL Data 0 1 0 1 1 1 1
AND (HL)
OR (HL)
XOR (HL)
CP (HL)
ADD A, (IX+d) MC, T,T,T; 1stop-code 1st o 1 o0 1 0o 1 0
ADD A, (IY + d) address op-code
ADCA, (X+d) Yo ™ T 1T 2ndopcode 2nd O 1 0 1 0O 1
ADC A, (IY +d) address op-code
SUB (IX + d)
SuB (lY + d) MCa T1T2T3 1st operand d 0 1 0 1 1 1 1
SBC A, (IX + d) address
SBC A, (IY + d) _
AND (X + d) mgno T y4 11 1 1 11 1
AND (IY + d) S
OR (IX + d) MCq T,ToT3 IX+d Data 0o 1 0 1 1 1 1
OR (IY + d) Y +d
XOR (X + d)
XOR (1Y + d)
CP (IX + d)
CP (IY + d)
BiTb, g MC, T,T,T3 1istop-code 1st o 1 o 1 o 1 0
address op-code
MC, T,T,T; 2ndop-code 2nd o 1 0o 1 0o 1 1
address op-code
BIT b, (HL) MC, T,T,T; 1stop-code 1st o 1 o 1 o 1 0
address op-code
MC, T,T,T; 2nd op-code 2nd o 1t 0 1 0 1 1
address op-code
MC, T,T,T3 HL Data 0 1 o 1 1 1 1
GO HITACHI
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Machine —
Instruction Cycle States Address Data RD WR ME IOE LIR HALT ST
BITDb, (IX+d) MC; T,T,T; 1stopcode tst 0o 1 c 1 0 1 0
BITb, (IY + d) address op-code
MC, T1T>T3 2nd op-code 2nd 0 1 o 1 0o 1 1
address op-code
MC, T,T,T; 1stoperand d 0 1 0 1 1 1 1
address
MC, T4T,T; 3rd op-code 3rd 0 1 o 1 o 1 1
address op-code
MCs TToT; IX+d Data 0 1 0o 1 1 1 1
Y +d
CALL mn MC, T,T,T3 1stop-code 1st 0 1 0 1 o 1 0
address op-code
MC, T,T,T3 1stoperand n 0 1 o 1 11 1
address
MC, TyT,T3 2ndoperand m 0 1 o 1 1 1 1
address
MC, Ti - Y4 11 11 1 1 1
MCs T,ToT3 SP -1 PCH 1 06 0 1 1 1 1
MCg T,T,T; SP-2 PCL 1 0 0 1 11 1
CALLt, mn MC, T,T,T; 1stop-code 1st o 1 o0 1 0o 1 0
(K condition address op-code
Is false) MC, T.T,Tz3 1stoperand n o 1 0o 1 1 1 1
address
CALLt, mn MC, T,ToT; 1stop-code 1st o1 o0 1 0o 1 0
.( If condition address op-code
Is false) MC, TyT,T; 1stoperand n 0o 1 o 1 1 1 1
address
MC, T,T,T; 2ndoperand m o1t o 1 1 1 1
address
MC, Ti — Y4 1 1 T 1 1 1 1
MCs T,T,T3 SP-1 PCH 1t 0 0 1 1 1 1
MCg T,T,T; SP-2 PCL 1 0 0 1 1 1 1
G HITACHI
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Machine i
Instruction Cycle States Address Data RD WR ME IOE LIR HALT ST
CCF MC, T,T,T; 1istop-code 1st 0 1 o 1 0o 1 0
address op-code
CPI MC, T,T,T; 1stop-code 1st 0 1 0o 1 0o 1 0
CPD address op-code
MC, T,ToT;3 2nd op-code 2nd 0o 1 0 1 0 1 1
address op-code
MC, T,T,T3 HL Data o 1 o 1 1 1 1
MC,to TiTiTi - z 1 1 1 i1 1
MCg
CPIR MC, T,T,T3 1stop-code 1st 0 1 o 1 0 1 0
CPDR address op-code
gfric(ﬁso)a”d MC,  T,T,T, 2ndopcode 20d 0 1 0 1 0 1 1
M address op-code
M03 T1T2T3 HL Data 0 1 0 1 1 1 1
MC,to  TITiTiTiTi — Y4 11 11 1 1 1
MCq
CPIR MC, T,T,T; 1stop-code 1st o 1 0 1 o 0
CPDR address op-code
glffC(S:)o)or MC, T,T,T; 2ndop-code 2nd o 1 o 1 o 1 1
= M address op-code
MC; T,T,T3 HL Data o1 o 1 1 1 1
MC,to TiTiTiTiTi — z 11 1 1 11 1
MCg
CPL MC, T,T,T; 1stop-code 1st o 1 o 1 o 1 0
address op-code
DAA MC, T,T,T3 1stop-code 1st 0 1 o 1 o 1 0
address op-code
MC, Ti — z 11 1 1 1 1 1
DiNote MC; T,T,Ta 1stop-code 1st ot o0 1 0o 1 0
address op-code
Note: Interrupts are not detected at the end of the DI instruction.
@ HITACHI
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Machine -
Instruction Cycle States Address Data RD WR ME IOE LIR HALT ST
DJNZ MC, T,T,T; 1stop-code 1st o 1 o 1 0 1 0
(if Br=0) address op-code
MC, ™ — Y4 1 1 101 1 1 1
MC, T,T,T3 1stoperand j-2 o 1t 0 1 11 1
address
MC,to TiTi —_ p4 1 1 1 1 11 1
MCsg
DJNZ MC, T,T,T3 1stop-code 1st 0o 1 o0 1 o 1 0
(fBr=0) address op-code
MC, T —_ Y4 1 1 1 1 1 1 1
MC,3 T,T,T; 1stoperand j-2 0 1 o 1 1 1 1
address
El*2 MC, T,T,Ta 1stopcode 1st 0 1 0 1 0 1 0
address op-code
EX DE, HL MC, TyT,T3 1stop-code 1st 0o 1 0 1 0 1 0
EXX address op-code
EX AF, AF MC, T,ToT; 1istop-code 1st 0o 1 0 1 0o 1 0
address op-code
MC, Ti — Y4 1 1 1 1 1 1 1
EX (SP), HL MC, T,To,T3 1stop-code 1st 0 1 o o 1 0
address op-code
MC, T,T,T3 SP Data 0 1 o 1 1 1 1
MC, TyToTg SP +1 Data 0 1 0 1 1 1 1
MC, Ti - z Tt 1 1 1 11 1
MC5 T1 T2T3 SP +1 H 1 0 0 1 1 1 1
MCg T,T,T; SP L 1 0 o0 1 1 1 1

Notes: 1. Immediately after this state, DMA, refresh, and bus release cannot be executed. Any
such requests are ignored.
2. Interrupts are not detected at the end of the El instruction.
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EX (SP), IX MC, T,T,T; 1stop-code 1st 0o 1 o 1 o 1 0
EX (SP), IY address op-code
MC, T,T,T; 2ndop-code 2nd 0 1 0o 1 o 1 1
address op-code
MC, T,T,T3 SP Data 0 0o 1 11 1
MC, T,T,T3 SP+1 Data 0o 1 0o 1 11 1
MCs Ti —_ z 11 1 1 11 1
MCg T,T,T; SP+1 IXH 1 0 0 1 11 1
IYH
MC, T,T,T3 SP IXL 1 0 0 1 1 1 1
YL
HALT MC, T,T,T3 1stop-code 1st o 1 0o 1 0 1 0
address op-code
— — Next op-code Next o 1 0o 1 0 0 0
address op-code
MO MC, T,T,T; 1stop-code 1st o 1 0 1 o 1 0
M1 address op-code
M2 MC, T,T,T; 2ndop-code 2nd o 1 o 1 o 1 1
address op-code
INCg MC, T,T,T; 1stop-code 1st 0 1 0o 1 o 1 0
DECg address op-code
MC, Ti — Z 11 1 1 1 1
INC (HL) MC, T,T,Ty 1stop-code 1st o 1 0o 1 0o 1 0
DEC (HL) address op-code
M02 T1T2T3 HL Data 0 1 0 1 1 1 1
MC, Ti — Z 11 1 1 1
MC, T,T,T3 HL Data 11 11 11 1
INC (IX + d) MC, T,T,T; 1stop-code 1st 0 1 0o 1 o 1 0
INC (1Y + d) address op-code
DEC (IX + d)
DEC (IY + d) MC, T,T,T; 2ndop-code 2nd 0o 1 0o 1 0 1 1
address op-code
MC, Ti 1st operand d 0 1 o 1 1 1 1
address
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INC (IX +d) MC,to  TiTi —_— 4 1 1 1 1 1 1 1
INC (IY + d) MCqg
DEC {IX + d)
DEC (IY + d) MCG T1T2T3 IX+d Data 0 1 0 1 1 1 1
Y +d
MC, Ti — Y4 1 1 1 1 1 1 1
MCgq T,To,T3 IX+d Data 1 0 0 1t 1 1 1
Y +d
INC ww MC, TiToT;3 1stop-code 1st 0o 1 0 1 0o 1 0
DEC ww address op-code
MC, Ti — z 1 1 1 1 1 1 1
INC IX MC, TyToT3  1stop-code 1st 0 1 o 1 0 1 0
INC Y address op-code
DEC IX
MC, T,T,T3 2nd op-code 2nd 0 1 o 1 o 1 1
INC 1Y
address op-code
MC; T — z 11 1 1 1
IN A, (m) MC; T,T,T; 1stop-code 1st o 1 0o 1 o 1 0
address op-code
MC, T,T,T3 1stoperand m 0o 1 o 1 11 1
address
MC, T,ToT; mtoAg-A; Data 0o 1 1 0 1 1 1
Ato AB—A15
INg, (C) MC, T,T,T; 1stop-code 1st 0 1 0o 1 0 1 0
address op-code
MC, T,T,T3 2nd op-code 2nd 0 1 0o 1 0 1 1
address op-code
MC3 T1 T2T3 BC Data 0 1 1 0 1 1
INO g, (m) MC, T,T,T;3 1stop-code 1st 0o f o 1 o 1 0
address op-code
MC, T,T,T3 2ndop-code 2nd o 1 o 1 o 1 1
address op-code
MC, T,ToT; 1stoperand m 0 1 0 1 1 1 1
address
MC, T,T,T3 mioA;-A; Data 0 t 1 0 1 1 1
O0H to
Ag-Ais
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INI MC, T,T,T3 1stop-code 1ist 0 1 o o 1 0
IND address op-code
MC, T,T,T3 2nd opcode 2nd o1 0 1 o 1 1
address op-code
MC, T,T,T; BC Data 0 1 0 1 1 1
MC4 T1 T2T3 HL Data 0 0 1 1 1 1
INIR MC, T,T,Ts 1stop-code 1st 0 o 1t 0 1 0
INDR address op-code
(1 Br=0) MC, T,T,T; 2ndop-code 2nd o 1 0 1 o 1 1
address op-code
MCy T,T,T3 BC Data o 1 1 0 1 1 1
MC, T,T,T3 HL Data 0 o 11 1
MCsto TiTi — zZ 1 1 1 1 1
MCg
INIR MC, T,T,T3 1stop-code 1st c 1 o 1t o0 1 ]
INDR address op-code
( Br=0)
MC, T,T,T3 2ndop-code 2nd 0o 1 o 1 o 1 1
address op-code
MC; T T,T; BC Data ©0 1 1 0 1 1 1
MC4 T1T2T3 HL Data 1 0 1 1 1 1
JP mn MC, T,ToT3 1stop-code 1st 0o 1 1 0o 1 0
address op-code
MC, T,T,T; 1istoperand n 0 1 o 1 i1 1
address
MC; T,T,T3 2ndoperand m 0 1 0o 1 1 1 1
address
JP{, mn MC, T,T,T; 1stop-code 1ist 0o 1 0o 1 o 1 0
(It is false) address op-code
MC, T,T,T; 1istoperand n o 1 o 1 11 1
address
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JP{, mn MC, T,T,T; 1stop-code {st 0 1 o 1 0 1 0
(If is true) address op-code
MC, T,ToT3 1stoperand n o 1 0 1 1 1 1
address
MC,4 T,T,T3 2nd operand m o 1 1 1 11 1
address
JP (HL) MC, TT,T; 1stop-code 1st 0o 1 0 1 o 1 0
address op-code
JP (IX) MC, T,T,T; 1stop-code 1st o 1 0o 1 0 1 0
JP (IY) address op-code
MC, TiTo,Ts 2nd op-code 2nd 0o 1 o 1 o 1 1
address op-code
JRj MC, T,T,T; 1stop-code 1st 0o 1 o 1 0o 1 0
address op-code
MC, T,ToT; 1stoperand j-2 0 1 o 1 1 1 1
address
MCsto TiTi - z 1T 1 1 1t 1 1 1
MC,
JRC,jJRNC,j MC, T,ToT; 1stop-code 1st 01 0 1 0 1 0
JRZ,jJRNZ, j address op-code
{If condition .
is false) MC, T,T,T; 1stoperand j-2 0 1 0 1 L 1
address
JRC,jJRNC,j MC, TiT,T3 1stop-code 1st c 1t o 1 0 {1 0
JRZ jJRNZ | address op-code
(If condition T
is true) MC, T,T,T; 1stoperand j-2 0 1 0o 1 1 1 1
address
MCato TiTi — Y4 11 1 1 1 1 1
MC,
LDg,g MC, T,T,T; 1stop-code 1st 0 1 o 1 0o 1 0
address op-code
MC, Ti — z 1 1 1 1 1 1 1
LDg,m MC; T,T,T; 1stopcode 1st ot o0 1 0 1 0
address op-code
MC, T,To,T3 1stoperand m 0o 1 0o 1 1 1 1
address
LD g, (HL) MC, T,T,T3 1stop-code 1st 0 1 o 1 0 1 0
address op-code
M02 T1 T2T3 HL Data 0 1 0 1 1 1 i
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LDg, (IX+d) MC, T,T,T; 1stop-code 1st 0o 1 0o 1 c 1 0
LD g, (IY + d) address op-code
MC, T,T,T3 2nd op-code 2nd 0o 1 0 1 0o 1 1
address op-code
MCs T,T,T; 1stoperand d o 1 o 1 1 1 1
address
MC,to TiTi - V4 1 1 1 1 1 1 1
MCy
MCsg T,T,T3 IX+d Data 0o 1 o 1 1 1 1
IY +d
LD (HL), g MC, T,T,T3 1stop-code 1ist 0 1 o 1 0o 1 0
address op-code
MC, Ti —_ Zz 1t 1 1 1 1 1 1
MC, T,T,T3 HL 9 1 0 o0 1 11 1
LD (IX+d).g MC, T,T,T; 1stop-code 1ist o 1 o 1 0o 1 0
LD (IY +d), g address op-code
MC, T,T,T3 2nd op-code 2nd o 1 0o 1 o 1 1
address op-code
MC, T,T,T3 1stoperand d o 1 o 1 101 1
address
MC,to TiTiTi — z 101 1 1 1 1 1
MCg
MC, T,T,T; IX+d g 1 0 o0 1 1 1 1
Y+d
LD (HL), m MC, T,T,T; 1stop-code 1st o 1 o 1 0o 1 0
address op-code
MC, T,T,T3 1stoperand m c 1 0o 1 11 1
address
MC3 T1 T2T3 HL Data 1 0 0 1 1 1 1
LD (X +d),m MC, T,T,T3 1stop-code 1st 0 1 o 1 0 1 0
LD (IY +d), m address op-code
MC, T,T,T; 2ndop-code 2nd 0o 1 o 1 6 1 1
address op-code
MC, T,T,T; 1istoperand d 0 1 o 1 1 1 1
address
MC, T,T,T; 2ndoperand m o 1 0 1 1 1 1
address
MCs T,T,Ta IX+d Data 1 0 0 1 1 1 1
Y +d
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LD A, (BC) MC, T,T,T; 1stop-code 1st 0 1 0o 1 o 1 0
LD A, (DE) address op-code
MC2 T1T2T3 BC Data 0 1 (o} 1 1 1 1
DE
LD A, (mn) MC, T,T,T3 1stop-code 1st 0o 1 o 1 o 1 0
address op-code
MC, T,T,T; 1stoperand n c 1 0o 1 1 1 1
address
MC, T,ToT3 2nd operand m 0 1 o 1 1 1
address
MC, T,T,T3 mn Data L 1 1 1 1
LD (BC), A MC, T,ToT; 1stop-code 1ist 01 0 1 0 1 0
LD (DE), A address op-code
MC, T — V4 11 1 1 1 1 1
MC, T,T,T3 BC A 1 0 0 1 1 1 1
DE
LD (mn), A MC, T,T,T3 1stop-code 1st o 1 0o 1 o 1 0
address op-code
MC, T,T,T3 1stoperand n 0 1 0 1 1 1 1
address
MC; T,T,T3 2ndop-code m 0o 1 0 1 1 1 1
address
MC, Ti - Y4 11 11 11 1
MCS T1T2T3 mn A 1 0 0 1 1 1 1
LD A, INote MC, TT,T3 1stop-code 1st 01 o0 1 0 1 0
LD A, RNote address op-code
D A MC, TT,T; 2ndopcode 2d 0 1 0 1 o0 4 1
' address op-code
LD ww, mn MC, T,T,T; 1stop-code 1st o 1 o 1 o 1 0
address op-code
MC, T,T,T; 1stoperand n o 1 o0 1 1 1 1
address
MC; T,T,T3 2nd op-code m 0 1 0o 1 11 1
address

Note: Interrutps are not detected at the end of the LD A, lor LD A, R instruction.
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LD IX, mn MC, T,T,T; 1stop-code 1st 0 1 o 1 c 1 0
LD 1Y, mn address op-code
MC, T,T,T; 2nd op-code 2nd 0 1 0 1 o 1 1
address op-code
MC, T,T,T; 1stoperand n o 1t o0 1 11 1
address
MC, T,T,T3 2nd operand m 0 1 0 1 1 1 1
address
LD HL, (mn) MC; T,T,T3 1stop-code 1st o 1 o 1 o 1 0
address op-code
MC, T,T,T; 1istoperand n 0o 1 0o 1 1 1 1
address
MC, T,T,T3 2ndoperand m 0 1 0 1 1 1 1
address
MC, T,T,Tz3 mn Data 0o 1 o 1 11 1
MCq T,T,T3 mn+1 Data o 1 0o 1 1 A1 1
LD ww, (mn) MC, T,ToT; 1stop-code 1st o 1 o 1 o 1 0
address op-code
MC, T,T,T; 2ndop-code 2nd 0 1 0o 1 o 1 1
address op-code
MC, T,T,T3 1stoperand n o 1 o 1 1 1 1
address
MC, T,T,T3 2ndoperand m c 1 o 1 11 1
address
MCsq T,T,T3 mn Data 0o 1 0o 1 1 1 1
MCsg T,T,T3 mn+1 Data o 1 o 1 1 1 1
LD IX, (mn) MC, T,T,T3 1stop-code 1st o 1 0 1 o 1 0
LD IY, (mn) address op-code
MC, T,T,T; 2ndop-code 2nd 0 1 o 1 0o 1 1
address op-code
MC, T,T,T; 1stoperand n 0 1 o 1 1 1 1
address
MC, T,T,Ts 2ndoperand m o 1 o 1 1 1 1
address
MCS T1T2T3 mn Data 0 1 0 1 1 1 1
MCs T,T,T3 mn+1 Data o 1 0o 1 11 1
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LD (mn), HL MC, T,T,T; 1stop-code 1st 0 1 o 1 o 1 0
address op-code
MC, TyT,T3 1stoperand n 0 1 0 i 1 1 1
address
MC, T,T,T3 2ndoperand m o 1 0o 1 1 1 1
address
MC, Ti —_ Z 11 1 1 11 1
MCs T1T2T3 mn L 1 0 0 1 1 1 1
MCgq TiToT3 mn+1 H i 0 0 1 1 1 1
LD (mn), ww MC, T,T,T3 1stop-code 1st 0 1 c 1 0o 1 0
address op-code
MC, T,ToT3  2nd op-code 2nd 0 o 1 o 1 1
address op-code
MC,3 T,T,T3 1stoperand n o 1 o 1 1 1 1
address
MC, T,T,T3 2nd operand m o 1 0 1 1 1 1
address
MCs Ti — Y4 11 11 11 1
MCq T,T,T3 mn wwl 1 0 0 1 1 1 1
MC, T,T,T; mn+1 wwH 1 0 0 1 1 1 1
LD (mn), IX MC; T,T,T; 1stop-code 1st 0 1 0 1 o 1 0
LD (mn), IY address op-code
MC, T,T,T3 2ndop-code 2nd o 1 0 1 0 1 1
address op-code
MC, T,T, T3 1stoperand n 0o 1 0o 1t 1 1 1
address
MC, T,T,T3 2ndoperand m 0o 1 o 1 1 1 1
address
MCsg Ti — V4 1 1 1 1 1 1 1
MCg T,T,T;3 mn IXL 1t 0 0 1 1 1 1
YL
MC, TiToTz mn+ 1 IXH 1 0 0 1 1 1 1
IYH
@ HITACHI
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LD SP, HL MC, T,T,Ts 1stop-code 1st 0 1 o 1 o 1 0
address op-code
MC, T — V4 1 1 1 1 0 1
LD SP, IX MC, T,T,T; 1stop-code 1st 0 1 o 1 o 1 0
LD SP, IY address op-code
MC, T,T,T3 2nd op-code 2nd o 1 o 1 o 1 1
address op-code
MC; T - z 11 1t 1 1A
LDI MC, T,T,Ta 1stop-code 1st 0 1 0o 1 0o 1 o
LDD address op-code
MC, T,T,T; 2nd op-code 2nd o 1 o t o 1 1
address op-code
MCy T,T,T3 HL Data 0 1 0 1 11 1
MC, T,T,Ta DE Data 1 0o o0 1 11 1
LDIR MC, T,T,T; 1stop-code 1st o1 0 1 o 1 0
LDDR address op-code
(fBCR#0) Yo ™ T1,1,T, 2ndopcode 2nd O 1 O 1 0 1 f
address op-code
M03 T1T2T3 HL Data 0 1 0 1 1 1 1
MC4 T1 T2T3 DE Data 1 0 0 1 1 1 1
MCsto TiTi — V4 11 1 1 1 1 1
MCg
LDIR MC, T,T,T; 1stop-code 1st o1 o t 0 0
LDDR address op-code
(FBCR=0) o™ 11,7, 2ndopcode 2.d 0 1 0 1 0 1 1
address op-code
MC, T,T,T3 HL Data o 1 0 1 11 1
MC4 T1 T2T3 DE Data 1 0 0 1 1 1 1
MLT ww MC, T,T,Ty 1stop-code 1st o 1 0o 1 o 1 0
address op-code
MC, T,T,T3 2ndop-code 2nd 0o 1 o 1 0o 1 1
address op-code
MCsto TITiTITIi — Y4 11 101 11 1
MC,; TITiTiTi
TiTiTi
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NEG MC, T,T,T; 1stop-code 1st 0 1 0o 1 0 1 0
address op-code
MC, T,T,T3 2ndop-code 2nd 0 1 0o 1 0o 1 1
address op-code
NOP MC, T,T,T3 1stop-code 1st 0o 1 0 1 o t 0
address op-code
OUT (m), A MC, T.T,T3 1stop-code 1st o 1 0 1 0 1 0
address op-code
MC, T,T,T; 1stoperand m 0o 1 0 1 1 1 1
address
MC3 Ti — Y4 1 1 1 1 LR 1
MC, T,T,T3 mtoAs-A; A 1 0 1 0 1 1 1
Ato A8—A15
OUT (C). g MC; T,T,Ts 1stop-code 1st 0 1 o 1 o 1 0
address op-code
MC, T:T,T3 2nd op-code 2nd 0o t o 1 o 1 1
address op-code
MC, Ti — Y4 101 1 1 1 1 1
MC, T,T,Ta BC g 1 0 1 0 1 1 1
OuUTo (m), g MC, T,T,T; 1stop-code 1st o 1 0 1 0 1 0
address op-code
MC, T,To.T3 2ndop-code 2nd 0 1 o 1 0 1 1
address op-code
MC4 T,T,T; 1stoperand m 0 1 0 1 1 1 1
address
MC, Ti — z 1 1 1 1 LR 1
MCS T1 T2T3 mto AO—A7 g 1 0 1 0 1 1 1
OOH to
Ag—Aqs
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OTIM MC, T,T,T; 1stop-code ist o 1 o 1 o 1 0
OTDM address op-code
MC, T,T,T3 2nd opcode 2nd 0o 1 0o 1 o 1 1
address op-code
MC, Ti —_ z 11 1t 1 1 1 1
MC4 T1 T2T3 HL Data 0 1 0 1 1 1 1
MCS T1T2T3 Cto Ao—A7 Data 1 0 1 0 1 1 1
OOH to
AgAss
MCg Ti — z 1 1 1 1 1 1 1
OTIMR MC, T,T,T3 1stop-code 1st o 1 o 1 o 1 0
OTDMR address op-code
(fBr0) MC,  T,T,T; 2ndopcode 2d O 1 0 1 0 1 1
address op-code
MC; T — Z 11 1 1 1 1 1
MC, T,T,T3 HL Data o 1 0 1 11 1
MCS T1 T2T3 Cto AO—A7 Data 1 0 1 0 1 1 1
OO0H to
Ag—Ass
MCgto TiTiTi — z 11 1 1 1 1 1
MCg
OTIMR MC; T,T,T; 1stop-code 1st o 1t 0 1 0o 1 0
OTDMR address op-code
(if Br = 0) MC, T,T,T, 2ndop-code 2nd o1 0 1 0 1 1
address op-code
MC; Ti — z 11 1 1 1 1 1
MC, T,T,T; HL Data o 1 o 1 11 1
MCq T,T,T; CtoAg-A; Data 1 0 1 O 11 1
OOH to
Ag—A1s
MCgto Ti — z 11 1 1 1 1 1
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OuUTI MC, T,T,T; 1stop-code 1st 0 1 0 1 0o 1 0
OuTD address op-code
MC, T,ToT3 2ndop-code 2nd o 1 0 1 0o 1 1
address op-code
M03 T1 T2T3 HL Data 0 1 0 1 1 1 1
MC, T,T,T3 BC Data 1 0 1 0 1 1 1
OTIR MC, T,T,T; 1istop-code 1st o 1 o0 1 o 1 0
OTDR address op-code
(If Br0) MC, T,T,T; 2ndopcode 2d 0 1 0 1 0 1 1
address op-code
MC3 T1 T2T3 HL Data 0 1 0 1 1 1 1
MC, T,T,T3 BC Data 1 0 1 0 1 1 1
MCgto TiTi — V4 1 1 1 1 1 1 1
MCq
OTIR MC, T,T,T; 1stop-code 1st 61 o 1 0o 1 0
OTDR address op-code
(if Br = 0) MC, T,T,Ts 2ndopcode 2.d 0 t 0 1 0 1 1
address op-code
MCa T1 T2T3 HL Data 0 1 0 1 1 1 1
MC, T,T,T; BC Data 1 0 1 O 1 1
POP zz MC, TyT,T; 1stop-code 1st 0o 1 0 1 c 1 0
address op-code
MC2 T1 T2T3 SP Data 0 1 0 1 1 1 1
MCa T1T2T3 SP +1 Data 0 1 0 1 1 1
POP IX MC, T,T,T3 1stop-code 1st 0 1 o 1 0 1 0
POP IY address op-code
MC, T,T,T3 2nd op-code 2nd 0o 1 c 1 o 1 1
address op-code
MC, T,T,T3 SP Data 0 1 0o 1 1 1 1
MC, T,T-T3 SP+1 Data 0o 1 o 1 1 1 1
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PUSH zz MC, T,T,T3 1stop-code 1st o1 o 1 0o 1 0
address op-code
MC,to Tili — p4 1 1 1 1 1 1 1
MC3
MC, T,T,T3 SP-1 zzH 1 0 o0 1 101 1
MCs T,ToT3 SP-1 zzL i 0 0 1 11 1
PUSH IX MC, T,T,T3 1stop-code 1st 0 o 1 0 1 0
PUSH 1Y address op-code
MC, T,T,T3 2nd op-code 2nd 0o 1 o 1 o 1 1
address op-code
MCzto TiTi — Y4 1 1 11 11 1
MC,
MC;s T,T,T3 SP-1 IXH i 0 0 1 11 1
IYH
MCg TT,Ta SP-2 IXL t 0o 0 1 1 1 1
‘ IYL
RET MC, T,T,Ta 1stop-code 1st o 1 0 1 0 1 0
address op-code
MC2 T1T2T3 SP Data 0 1 1 1 1 1
MCS T1 T2T3 SP+2 Data 0 1 1 1 1 1
RET f MC, T,T,T3 tstop-code 1st 0o 1 o 1 0o 1 0
(If condition address op-code
is false) MC,to TT  — z 11 1 1 1 11
MC,
RET f MC, T,T,T; 1stop-code tst 0o 1 o 1 0 1 0
(if condition address op-code
Is true) MC, Ti — z T 11 1 1 1
MC3 T1T2T3 SP Data 0 1 0 1 1 1 1
MC, T,T,T3 SP+1 Data 0o 1 0o 1 1 1 1
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RETI (R1) MC, T,ToT3 1stop-code 1st o 1 0 1 0 1 0
RETN address op-code
MC, T,T,T3 2nd op-code 2nd o 1 0o 1 0o 1 1
address op-code
M03 T1 T2T3 SP Data 0 1 0 1 1 1 1
MC, TiTo,T3 SP+1 Data 0 1 0o 1 11 1
RETI(2) MC, T,T,T3 1stop-code 1st oNote
address opcode 0 1 0o 1 1 1 0
MC, T,ToT; 2nd op-code 2nd ONote
address op-code 0 1 0 1 1 1 1
MCyto TITITIi @ — Y4 1Note
MCg 1 1 1 1 1 1 1
MCq T,T,T; 1stopcode 1st QNote
address opcode 0O 1 0o 1 0o 1 1
MC, T — z 1Note
1 1 11 11 1
MCg T,T,T3 2nd op-code 2nd ONote
address opcode 0 1 0o 1 0 1 1
1Note
MCQ T1T2T3 SP Data 0 1 0 1 1 1 1
1Note
MCy,, Ty T,T3 SP+1 Data 0 1 0o 1 101 1
RLCA MC, T,T,T3 1stop-code 1st 0 1 0o 1 0 1 0
RLA address op-code
RRCA
RRA
RLCg MC, T,T,T3 1stop-code 1st o1 0 1 0 1 0
RLg address op-code
RRCg
RRg MC, T;T,T3 2nd op-code 2nd o1 o0 1 o 1 1
SLAg address op-code
SRAg MC,3 Ti — Y4 1 1 1 1 1 1 1
SRLg

Note: Upper value is LIR status when LIRE = 1. Lower value is LIR status when LIRE = 0.
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Machine
Instruction Cycle States Address Data RD WR ME IOE LIR HALT ST
RLC (HL) MC; T,T,T; 1stop-code 1st o1t o 1 0 1 0
RL (HL) address op-code
22%_5[{)1') MC, T,T,T; 2nd op-code 2nd o 1 0 1 0 1 1
SLA (HL) address op-code
SRA (HL) MC, T,T,T3 HL Data o1 0 1 101 1
SRL (HL) MC, Ti — z 11 1 1 1 1 1
MCsg T,T,T3 HL Data 1t 0 0 1 1 1 1
RLC (IX + d) MC, T,T,T; 1stop-code 1st o1 0 1 0 1 0
RLC (IY + d) address op-code
iy 82; ' g; MC,  T,T,T, 2ndopcode 2ad © 1 0 1 0 1 1
RRC (IX + d) address op-code
RRC (1Y + d) MC, T,T,T; 1stoperand d 0 1 o 1 11 1
RR (IX + d) address
RR(Y+d)  Mc,  T,T,T; 3rdop-code 3rd o1 0o 1 o0 1 1
SLA (IX +d) address op-code
SLA (IY + d)
SRA(IX+d) MCs  T,T,T; IX+d Data o1 o 1 1 1 1
SRA (IY + d) Y +d
SRL(IX+d)  mc, T — pa 11 1 1 11 1
SRL (IY + d)
MC, T,T,T3 IX+d Data 1 0 0 1 11 1
IY +d
RLD MC, T,T,T; 1stop-code 1st 0o 1 0 1 o 1 0
RRD address op-code
MC, T,T,T3 2ndop-code 2nd o 1 0 1 0 1 1
address op-code
MC3 T1 T2T3 HL Data 0 1 0 1 1 1 1
MC,to TiTITiTIi — z 1 1 101 1 1 1
MC,
MCB T1T2T3 HL Data 1 0 0 1 1 1 1
G HITACHI
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Machine e
instruction Cycle States Address Data RD WR ME IOE LIR HALT ST
RSTv MC, T,T,T3 1stop-code 1st 0o 1 o 1 o 1 0

address op-code

MC,to TiTi — z 1 1 1 1 1 1 1

MC,3

MC, T,T,T; SP-1 PCH 1 1 1 1 1

MCs TT,T3 SP-2 PCL 1 1 1 1
SCF MC; T T, T3 1stop-code 1st 0 1 o 1 0

address op-code
SETb, g MC; T.T,T; 1stop-code 1st 0 1 o o 1 0
RES b, g address op-code

MC, T,T,T3 2ndop-code 2nd o 1 o 1 o 1 1

address op-code

MC,3 Ti — Y4 1 1 1 1 1
SET b, (HL) MC, T.T,T3 1stop-code 1st 0 1 o 1 0 1 o
RES b, (HL) address op-code

MC, T,T,T; 2ndop-code 2nd o 1 0o 1 0 1 1

address op-code

MC, T:T,T3 HL Data o 1 0 1 11 1

MC, Ti — Y4 1 1 1 1 1 1 1

MCg T;T,T3 HL Data 1 0 0 1 1 1 1
SET b, (IX+d) MC, T.ToTys 1stop-code 1st 0 1 0o 1 0o 1 0
SETb, (IY +d) address op-code
RES b, (IX + d)

RES b, (IY + d) MC, T,T,T; 2nd op-code 2nd 0 o 1 o 1 1
address op-code

MC, T,T,Ta 1stoperand d 0o 1 0o 1 1 1 1

address

MC, T,T,T3 3rdop-code 3rd ot 0 1 0o 1 1

address op-code

MCg T, ToTy3 IX+d Data 0o 1 o 1 1 1 1

IY+d
MCq Ti — Y4 1 1 1 1 1 1 1
MC, TiToTs IX+d Data 1 0 0 1 1 1 1
IY+d
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Machine -
Instruction Cycle States Address Data RD WR ME IOE LIR HALT ST
SLP MC;, T,T,T3 1stop-code 1st 0o 1 0 1 0 1 0
address op-code
MC, T{T,T3 2nd op-code 2nd 0 1 o 1 0 1 1
address op-code
- — FFFFFH Zz 11 1 1 1 0
TSTIOm MC, T,T,T; 1stop-code 1st o1 0 1 0 1 0
address op-code
MC, T,T,T; 2ndop-code 2nd 0 1 0 1 0 1 1
address op-code
MC; T4T,T; 1stoperand m 0 1 o 1 1 1 1
address
MC4 T1 T2T3 Cto AO—A7 Data 0 1 1 1 1 1 1
00H to
Ag—As
TSTg MC;, TT,T; 1stop-code 1st o1t 0 1 o 1 0
address op-code
MC, T,T,T; 2nd op-code 2nd o1 0 1 0 1 1
address op-code
MC,3 Ti - Y4 11 1 1 11 1
TSTm MC, T.T,Ts 1stop-code 1st 0 1 0o 1 0 1 0
address op-code
MC, T4T,T3 2nd op-code 2nd 0o 1 0o 1 o 1 1
address. op-code
MC, T,T,T; 1stoperand m 11 1 1 1 1 1
address
TST (HL) MC, T4T,Tz 1stop-code 1st o 1 o 1 0 1 0
address op-code
MC, T,T,T; 2nd op-code 2nd 6 1 0 1 o 1 1
address op-code
MCy Ti — z Tt 1 1 1 1 1 1
MC, T,T,T3 HL Data 0o 1 o 1 1 1 1
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Machine -
Instruction Cycle States Address Data RD WR ME IOE LIR HALT ST
NMI MC, T,T,T; Nextop-code o1 0 1 o0 1 0
address (PC)
MCyto TiTi — z 11 11 1 1 1
MC;
MC, T,T,T3 SP-1 PCH 1 1 1 1 1
MCs T,T,T3 SP-2 PCL 1 1 1 1 1
INTomode 0 MC, T,T,Tw Nextop-code 1st 1 1 0 0 1 0
(RST inserted) TwT3  address (PC) op-code
MCyto TiTi — z 1 1 1 1 11 1
MC;
MC, TT, T, SP-1 PCH 1 1 1 1 1
MCg T,T,T; SP-2 PCL 1 1 1 1
INT,mode 0 MC, T,T,Tw Next op-code 1st 1 1 0 0 1t 0
(CALL inserted) TwTa address (PC) op-code
MC2 T1T2T3 PC n 0 1 0 1 1 1 1
MC3 T1 T2T3 PC +1 m 0 1 0 1 1 1 1
MC, Ti — Z 11 1 1 1 1 1
MGy T,T,T3 SP-1 PC+2(H)1 0o o0 1 11 1
MCg T,T,T3 SP-2 PC+2(L)t o o0 1 1 1 1
INT,mode 1 MC, T,T,Tw Next op-code 11 1 0 0 1 0
TwTa address (PC)
MC, T,T,T; SP-1 PCH 1 1 1 1 1
MC, T,T,T; SP+2 PCL 1 0 1 1
INT, mode 2 MC, T,T,Tw Nextop-code vector 1 0o o t
TwTa address (PC)
MC, Ti — Z 11 1 1 1 1 1
MC, T,T,T3 SP-1 PCH 1 0 0 1 1 1 1
MC, T,T,T, SP-2 PCL i 0 0 1 11 1
MCsg T4T,T3 |, vector Data 0 1 o 1 1 1 1
MCg T,T,T3 | vector+1 Data 0 1 0 1 1 1 1
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Machine L
Instruction Cycle States Address Data RD WR ME 1OE LIR HALT ST
INT,, MC, T,T,Tw Nextop-code 11 11 11 0
INT,, TwTa address (PC)
internal
interrupts MC, Ti - Z 11 1 111 1
MC, T,T,¥3 SP-1 PCH i 0 0 1 1 1 1
MC, T,ToT3 SP-2 PCL 1 0o o0 1 1 1 1
MCqg T,T,T3 |, vector Data 0 1 0 1 1 1 1
MCg T,T,T; | vector+1 Data o 1t o0 1 1 1 1
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B Acceptable Requests in Each Mode

Current Status

Normal Mode Interrupt Bus
Action (CPU Mode)  Wait Refresh Acknowl- DMA Release Sleep  Standby
Request (IOSTOP Mode) State Cycle edge Cycle Cycle Mode Mode Mode
WAIT Accepted Accepted Not Accepted  Accepted Not Not Not
accepted accepted accepted accepted
Refresh Refreshcycle  Not Not Refresh Refresh  Not Not Not
request inserted at accepted accepted cycle cycle accepted accepted accepted
(request machine cycle inserted at  inserted at
for break machine machine
insertion cycle break cycle break
of refresh
cycle by
on-chip
refresh
circuit)
DREGQ, DMA cycle Accepted, Accepted DMA cycle Accepted Accepted  Not Not
1 inserted at but DMA * Follow- inserted at  (Consult * Following accepted accepted
machine cycle cyclenot ing machine this completion
break inserted completion cycle break manual of bus
until of refresh for full release
machine  cycle, 1 details.) cycle, 1
cycle machine machine
break cycleis cycle is
executed executed
and then and then
DMA cycle DMA cycle
is inserted. is inserted.
BUSREQ Bus Not Not Bus Bus Bus Accepted Accepted
release accepted accepted release release release
mode entered mode mode mode
at machine entered at entered at continues
cycle break machine  machine

cycle break cycle break

Note: * Not accepted when DREQ, and DREQ; are set for level detection.
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Current Status
Normal Mode Interrupt Bus
Action (CPUMode)  Wait Refresh  Acknowl- DMA Release  Sleep Standby
Request (IOSTOP Mode) State Cycle edge Cycle Cycle Mode Mode Mode
£INT,  Accepted in Accepted  Not Not Not Not Accepted, Not
£ INT,, final machine in final accepted accepted  accepted accepted  sleep accepted
2INT, cyceof machine mode
- instruction cycle of exited
instruction and
normal
status
recovered
Inter- Accepted in Accepted  Not Not Not Not Accepted, Not
nal /O final machine  in final accepted  accepted  accepted accepted  sleep accepted
inter-  cycle of machine mode
rupt  instruction cycle of exited
request instruction and
normal
status
recovered
NMI  Accepted in Accepted  Not Not Accepted, Not Accepted, Accepted,
final machine  in final accepted  accepted DMA accepted  sleep standby
cycle of machine *+Accepted suspend- mode mode
instruction cycle of in final ed exited exited
instruction machine and and
cycle of normal normal
instruction status status
following recovered recovered.
completion Note
of acknowl- that
edge cycle. IOSTOP
bit
remains
setto 1.

Note: ** Accepted when iNT, is being used in mode 0. The NMI acknowledge cycle begins following
execution of the instruction placed on the bus.
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B Request Priority Sequence

Three types of requests can be input to the CPU.

1.

Requests that can be accepted and executed at the end of a state (WAIT)

2. Requests that can be accepted and executed at the end of a machine cycle (refresh requests,

890

DMA requests, BUSREQ)
Requests that can be accepted and executed at the end of an instruction (all interrupts)
Basically, the priority sequence gives 1 the highest priority, and 3 the lowest.

Within group 2 above, the descending priority sequence is:
BUSREQ

Refresh request
DMA request

If a BUSREQ and refresh request are input simultaneously, the BUSREQ is given priority.

For the priority sequence of the interrupts in group 3 above, see the section of this manual
that details interrupt operations.

Among requests that are accepted and executed in the final machine cycle of an instruction,
the descending priority sequence is:

Bus requests (BUSREQ, refresh request, DMA request)

Interrupt
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B Mode Transitions

RESET = 1
Reset RESET =0
=~

‘\ RESET =0
\

RESET =0

e

Hardware D
standby release Refresh

Notes: 1. Normal: Normal CPU instruction execution mode
2. DMA request: DREQ, or DREQ, = 0 (for memory & (memory-mapped) I/O
transters)
DEO = 1 (for Memory « Memory transfers)
3. DMA end: DREQ, or DREQ, = 1 (for memory & (memory-mapped) I/O transfers)
BCRO and BCR1 = 0000H (for all transter modes)
NMi = 0 {for all transfer modes)
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In addition to the above, the following mode transitions are also possible.
1. From halt to DMA, refresh, or bus release, and vice versa.

2. From sleep to bus release, and vice versa.
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B Status Signal List

The following list shows the status signal output for each mode.

Address Data

Mode LIR ME IOE RD WR REF HALT BUSACK ST Bus Bus
CPU istopcode 0 0 1 o 1 1 1 1 0 A In
operation fetch
Other op 0o o 1 0o 1 1 1 1 i A In
code fetch
Memory 1 o 1 o 1 1 1 1 1 A In
read
Memory 1 0 1 1 0 1 1 1 1 A Out
write
IO read 1 1 0 o 1 1 1 1 1 A In
/O write 1 1 0 1 0 1 1 1 1 A Out
Internal 1 1 1 1 1 1 1 1 1 A In
operation
Refresh 1 o 1 1 1 0 1 1 * A In
Interrupt  NMI o o 1 0 1 1 1 1 0 A In
acknowl- o
odge (1st iNT, o 1t o 1 1 1 1 1 0 A In
machine INT{,INT,, 1 1 1 1 1 1 1 1 0 A In
cycle) and
internal
interrupts 3
Bus release 1 Z Z zZ Z 1 1 0 * Z In
Halt o 0 1 0 1 1 0 1 0 A In
Sleep 1 1 1 1 1 1 0 1 1 1 In
Internal  Memory 1 0 1 0o 1 1 * 1 0 A In
DMA read
Memory 1 o 1 1 0 1 * 1 o A Out
write
17O read 1 1 0 o 1 1 * 1 0 A In
/O write 1 1 0 i 0 1 1 1 0 A Out
Reset 1 1 11 1 1 1 1 1 1 2 In

1 = high level; 0 = low level; * = undefined; A = any value; Z = high impedance; IN = input; OUT =
output
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B Internal I/O Register Reference

The upper 8 bits of the I/O register address are all 0. The most significant bit of the lower 8 bits
can be set using the IOA7 bit of the IO control register. The table below shows the addresses
when IOA7 = 0.

Register Address Remarks
DMA source address | 20
register

channel 0 L: SAROL
DMA source address 21

register

channel 0 H: SAROH

DMA source address 22 Only bits 0, 1, 2, and 3 are used

register Ao, A, Aq7, Ajg DMA Transfer Request

channel 0 B: SAROB

X x 0 0 DREQ (external)
X X 0 1 Not used
X X 1 0  Notused
X X 1 1 Not used

DMA destination 23
address register
channel 0 L: DAROL

DMA destination 24
address register
channel 0 H: DAROH

DMA destination 25 Only bits 0, 1, 2, and 3 are used
address register
channel 0 B: DAROB Ay, A, Ay7, Ay DMA Transfer Request
X x 0 0 DREQ (external)
X X 0 1 Not used
X X 1 0  Notused
X X 1 1 Not used
DMA byte count register| 26
channel 0 L: BCROL
DMA byte count register| 27
channel 0 H: BCROH
G HiTACHI
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Register Address Remarks

DMA memory address |28
register
channel 1 L: MAR1L

DMA memory address |29

register

channel 1 H: MAR1H

DMA memory address | 2A Only bits 0, 1, 2, and 3 are used
register

channel 1 B: MAR1B

DMA /O address 2B

register

channel 1 L: IAR1L

DMA /O address 2C

register

channel 1 H: IAR1H

DMA byte count register| 2E
channel 1 L: BCRI1L

DMA byte count register| 2F
channel 1 H: BCR1H

DMA status 30 Bit 7 6 5 4 3 2

1
register: DSTAT [DE1 | OEo | DWE1 | DWED | DIEY | DIEO [ — [ome]
. Initial value 0 0 1 1 [} 0 1 0
ReadMrite  RW  RW W W  RW RW - R
DMA mode 31 Bit 7 6 5 4 3 2 1 0
register: DMODE [ = T — Tom [om [ sw [ sw [wwoo] — |
Initial value 1 1 ) [) ) 0 ) 3
Read/Write - — RW RW RW RW RW —
DMA/WAIT control 32 Bit 7 s 5 4 3 2 1 0
register: DCNTL [mwir | mwio [ wit [ wio | omst [ omso [ omn | oo |
Initial value 1 i 1 1 0 [} 0 0

Read/Write AW RW RW RW RW RW RW RW

Interrupt vector low 33 Bit 7 6 5 4 3 2 1 0
register: IL (o [ [w ] -] =[-1-1-1
Initial value 0 0 0 1 1 1 1 1
Read/Write RW RW AW — —_ - —_ —
Arbitrary values Fixed code
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Register Address Remarks
INT/TRAP control 34 Bit 7 6 5 4 3 2 1 0
register: ITC [tRap Jwro | — [ — [ — [ mez | met | meo |
initial value 0 [} 1 1 1 0 0 1
Read/Write Aaw R - -— - RW RW RW
Refresh control 36 Bit | 7 i L | 5 | 4 3 | 2 T 1 I o |
" . REFE REFW —_ —_ — - CYCt cYCo
register: RCR Initial value 1 1 1 1 1 1 0 [
Read/Write W RW — - - -— RW RW
MMU common base 38 8it | 7 l 6 | 5 I 4 3 | 2 1 l L |
. . cB? CBé cBs CB4 cB3 cB2 CB1 CBo
register: CBR Initial value ) 0 0 0 0 0 0 0
Read/Write RW AW RW RwW RW RW Rw RW
MMU bank base 39 Bit [ 7 | 6 I 5 [ 4 3 l 2 1 | 0 |
. . BB7 BB6 BBS BB4 B8B83 BB2 BB1 BBO
reglsmr' BBR Initial value [ 0 0 0 0 0 0 [
Read/Write RwW RW RW RwW AW RW RW W
MMU common/bank 3A Ba | 7 | L I s 1 4 3 l 2 1 I 0 5
. . CA3 CA2 CA1 CAO BA3 BA2 BA1 BAO
area register: CBAR Initial value 1 1 1 1 [ [ [} [}
Read/Write RW RW W RW RW RW RW RW
Operating mode control | 3E Bi 7 6 5 4 3 2 i 0
register. OMCR (wejome]oe [ - [ -] - [ -1 -]
Initial value 1 1 1 1 1 1 1 1
Read/Write RW w RW —_ — —_ — —
17O control 3F Bit 7 6 5 4 3 2 U 0
register: IOCR o] — Josof] — [ - [ =T~ 1~
Initial value [} 1 0 1 1 1 1 1
Read/Write RW — RW —_ —_ -— — —
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Register Address Remarks
Free-runnin 40 Bit 7 s 4 3 2 1 0
counter H: fg:RCH [Frc1s | FRG14 | FRC1 | FRC12 | FRCT1 | FRG10 | FRCS | FRCS
' Initial value 0 0 ] 0 [ ° [ °
ResdWite AW RW RW RW RW RW RW RW
Free-running 41 Bit 7 ] s 4 3 2 1 0
counter L: FRCL [FRc7 | FRes | FRes | FAcs | FRC3 [ PRz | FRCY | FRCO |
) Initial value 0 [ [ [ [ ° [ [
ResdWrite  RW RW RW RW RW RW RW RW
Timer control/status 42 Bt 7 5 4 3 2 1 0
register 1: TCSR1 [Ticr [ ocr | 1or | et | EOCH [ero | oG [ ov |
: Initial veiue [ [ ] [} [} [ 0 0
ReadMWrite R R R RW RW AW RW RW
Output compare 43 8it 7 ] 5 ‘4 3 2 1 0
re i‘;‘e” H? OCR1H [ocRis | ocAta] ocR13 | ocA12 | 0CAI1 | OCR10 | OCRS [ OCRS |
9 ' Initisl value 1 1 1 1 1 1 1 1
ResdWrite RW RW AW RW RW RW RW AW
Output compare 44 Bit 7 s 5 4 3 2 1 0
register 1 L: OCRI1L [Tocr7 [ ocre | ocms | ocre | 0cRs | OCRe | OCRt | ocRo !
Initial value 1 1 1 1 1 t 1 1
ReadWite @RW RW RW RW RW AW RW RW
Input capture 45 Bit 7 ] 5 4 3 2 1 0
register H: ICRHNote [crs T 1cR14 | IcR13 [icri2 | IcR11 [icrio [ icre [ icrs ]
: tnitial value . . . . . . . .
Read/Write R R R R R R R R
+ Undefined
Input capture 46 Bit 7 6 5 4 3 2 1 0
reqister L: ICRLNote [(crr [ iche | i1crs | icrs | IoR3 [crz [ icr1 [ icro |
9 ' Initial value . . . . . . . .
Read/Write R R R R R R R R
* Undefined
Note: ICRH and ICRL are not initialized by reset.
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Register Address Remarks

Transmit/receive 47 ™ LRD:!FOI oai&ol TD:EOI R:Eo [ Reo | 'nzeo I T:so [ W‘:JO ]

control/status register N S 5 - > = 5 5 >

A 0: TRCSRAO Read/Write R R R RW RW RW RW RW

Transmit/receive 48 Bi 7 L s 4 3 2 1 0

control/status register | rorro [ orreo| TDREo [ Pero [ — [ PeNo | Eopo | sBlo |
Initial value 0 0 1 0 1 0 0 [}

B 0: TRCSRBO Read/Write R R R R — RW RW AW

Rate/mode control 49 Bit [ 7 [ ) 1 ss«"oz l cgoz ] c:o‘ | c:m l s;m | ss"oo |

reg'Ster 0: RMCRO Initial value 1 1 [} [} 0 0 ) [}
Resd/Write - — AW RW RW AW RW AW

Receive data 4A
register 0: RDRO

Transmit data 4B
register 0: TDRO

Serial port control 4C Ba 7 s 5 4 3 2 i )
register: SCIPCR ) [sckHLo]souTMO] siNMo [ sckmo [scKrL1]soutmi] sinm | sokmi ]
Initial value ) ) ) [ 0 ) ° )

Read/Write 244 %) RW W RW RW RW RW

A/D control 4D Bt | 7 | 6 | 5 l 4 | 3 l 2 J 1 | 0 |
ister: - - - - — — | ANE |AVAEF
register: ADCR Initial value 1 1 i 1 1 1 ° 0
Read/Write — - — — —_ —_ AW RW
A/D control/status 4E Bit [ AD7EF | A;s | EA-; a ca I c:‘ l cz I c1s E :so ]
f . H2 1 HO 1
register: ADCSR N = = 5 . : . a 2
Read/Write R RW RW RW RW RW AW RW
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Register Address Remarks
A/D result register: 4F Bt [Ao7 G 6“"] o:msI o:w[AD: | Dz l 1 l 0 3
AR7 | ADRI A Al R3 | ADRR2 | ADRR1 | ADRRO
ADRR Initial value . . . . . . . .
Read/Write R R R R R R R R
¢ Undefined
Transmit/receive 50 Bit [RD;F IOG 1 5E l a:e l R3E i T"’E l “‘E | o ]
N 1 RFE1 | TDRE1 1 1 IE1 1 wu1
con'troI/status register el valus 5 5 ; 5 5 5 5 5
A 1 TRCSRA1 Read/Write R R R RW RW RW RW AW
Transmit/receive 51 Bt 7 s 5 4 3 2 1 0
. [ RoRe1 [ orFe1] TOREY | PERT [ = [ rem | eors [ saLt |
control/status register el value 5 5 ] 5 - 5 S 5
B 1: TRCSRB1 Read/Write R R R R - AW RW AW
Rate/mode control 52 Bit 7 L ] 4 3 2 0
register 1: RMCR1 — | = Jss12] core [Tcern ] ceto | sste [ ss1o |
g ) Initial value 1 1 0 [ 0 [ )
Read/Write — — W W RW RW RW RW
Receive data 53
register 1: RDR1
Transmit data 54
register 1: TDR1
Timer 2 up-counter 55 > [Tz<7:15 | Tz(sm | 72(5:13 { 72;12 ] 12:;11 [ T2<2:1o | T;cs | th:aJ
H: TchTH Initial value [} [} 0 0 [ 0 [} 0
Read/Write RW RW RW RW RW RW RW RW
Timer 2 up-counter 56 ™ ( 'rz7c7 | T:cs [ T:cs j 7;04 | Tz::;s i T:CZ [ 72101 [ TZ(:DO |
L: TZCNTL Inttial value 0 [} 0 [} [} [} [ [}
Read/Write RwW W RW RW RW RW RW RW
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Register Address Remarks
Timer 2 time constant |57 Bit r 07 l 6 l 5~ [ 4 w 3 ]TZ: l 2; l °N ]
. . 2CN15 | T2CN14{ T2CN13 | T2CN12 | T2CN11 N10 | T2CN® | T2CN8
register H: T2CONRH Initial value 1 1 1 1 1 1 1 1
Read/Write w w w w w w w w
Timer 2 time constant | 58 Bit { g | GN l s E 4 E 3 l : l 1~ E 0 l
. . ‘ T2CN7 | T2CN6 | T2CN5 | T2CN4 | T2CN3 | T2CN2 | T2CN1 2CNO
register L: T2CONRL el valuo - » : : ; - : :
Read/MWrite w w w w w w w w
Timer control/status 59 Bit = 7 C 6 l 5 l 4 I 3 E 2 l 1 l 0 ]
. . MF2 CM2! — - T2081 2080 | CK281 | CK2S0
register 2: TCSR2 Initial value 0 [ 1 1 ) 0 o o

Read/Write RW RW W RW RW RW

Timer 3 up-counter 5A ™ ]T;s[724]7£ ]'rs:: ]Tatss JT:;OI Ts‘c | T:::e]
) 3C15 | TacH 13 | Tac12 | Tac11 1 9
H: T3CNTH Initial value 0 o ° ° o ) ° 0

Read/Write RW RW RW W AW RW RW RW

Bit 7 6 5 4 3 2 1 )
Timer 3 up-counter 5B [ 7307 | Tace | Tacs | Tace | Taca | Tace | act | 7aco |
L: T3CNTL Initial value 0 ) 0 0 ° ° 0 0

Read/Write RW RW AW RW RW RW RW 24

Timer 3 time constant {5C Bit 7N - 6 - s - 4 3 2 1 0
i TaCN15 3 3 N
register H: T3CONRH . | TacN1s] TacN14] TacN13] TacN12] Tach11 [TacNTo [ TacNe | Tacs |
Initial value 1 1 t 1 1 1 1
ReadWrte W w w wooow w wooow

Timer 3 time constant | 5D Bit E 7 E L I Z l 4 I 3 E 2 E 1 I 0 ]

. . 3CN7 3CN6 | T3CN5 | T3CN4 | T3CN3 3CN2 3CNt | TICNO
register L: T3SCONRL Inial valve : : : : 3 ;
Read/Write w w w w w w w w

Timer control/status 5E Bit , ';F f 6 | 5 [ 4 E 3 [ ;SO [ 1 l 0 )
. . CMF3 | ECM3I | — — | 13081 [ T3 - -
rengter 3 TCSRs Initial value 0 0 1 1 0 0 1 1
Read/Write RwW RW —_ _ RW RW -_ —

S HITACH!
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Reglster Address Remarks
Timer 4 up-counter SF | T4<7:15 [ ‘r«en | 14213 | T4::12 [ 'ma:n [ T4(2:10 | 'r:co | ’u‘::e |
4
H: TACNTH Initiel value 0 [} [ [ 0 [ [} )
Read/Write RW RW RW RW RW RW RW RW
Timer 4 up-counter | 60 > Crier T rass s [ Teea [ aca [ aor | oo |
. 4Ce 4C4 | T4 4 4Ct | T4
L: TACNTL Initial value [} 0 [} [ ] [} 0 [
Read/MWite RW RW RW RW PRW RW RW RW
Timer 4 time constant | 61 Bit 0 c7N chsu = 5 i 4 Q 3 1 02 1 i | o 1
. . 4CN15 | TACN14| TACN13 | TACN12 | TACN11 { TACN10 | T4CNO | TACN8
register H: TACONRH Initial value 1 1 1 1 1 1 1 1
Read/Write w w w w w w w w
Timer 4 time constant | 62 Bit E ém E ZN | Tz | 4 | 3 | <2: | ;N 1 2 J
X ) 4 4CNG | TACNS | TACN4 | TACN3 | TACN2 | TACN1 | TACNO
reg'Ster L: TACONRL Initial value 1 4 1 1 1 1 1
Read/Write w w w w w w w w
Timer controlistatus 63 > [ CI;FA } EC‘:MI | > [ * [T ;s [T c2>so | cx1s [cxzso |
. R —_ —_ 4081 4 481
register 4. TCSR4 Initial value 0 [} 1 1 0 0 [} [
Read/MWrite RW  RW - - AW RW RW AW
Output data 64 > [ ooRo loo;o [oosno !oo‘no ]oo::ao ]oofao [oo;o [oo?ao |
H . 7 6 5 4 3 2 1 0
register 0: ODRO initial value [ 0 0 [ [ [} [ 0
Read/Wite AW RW RW RW RW RW RW RW
Note: Reading obtains input port values.
Output data 65 oo, [oomms] oonrs [aonm [ooars [ s  coms [ooro]
. i ODR1; 16 15 14 | ODR15 | ODR1, | ODR1, | ODR1 g
register 1: ODR1 Initial value [} 0 0 [ 0 [ ) )
Read/Write AW RW RW AW RW RW RW RW
Note: Reading obtains input port values.
Output data 66 Bt [ 7 | 6 | 5 l 4 l 3 | 2 l 1 | 0 ]
; . — | ODR2s | ODR2g | ODR2, | ODR2; | ODR2, | ODR2, | ODR2¢
register 2: ODR2 Initial value 1 0 ) [} [ 0 0 [}
Read/Write - RW RW PRW RW RW RW AW
Note: Reading obtains input port values.
@ HITACHI
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Register Address Remarks
Output data 67 Bt E ! o s l s [ 4 | 3 | ODZ I ! l < 1
) . ODR3; | ODR3s | ODR3s | ODR3, | ODR3, | ODR3, | ODR3, | ODR3,
reQISter 3 ODR3 Initial value 0 [} 1] [} 0 0 0 0
ReadWite ~RW AW RW RW RW RW RW AW
Note: Reading obtains input port values.
Port 4: PORT4 68
Port 0 data direction 69 Bt L P B 32 ! 0
ister: DDRO [ ooRo; | DoRos | 00RO | DOR04 | DDR0S | DDRY | DORO, | DDRO |
register: tnitial value 0 o 0 0 0 ° o 3
Read/Write w w w w w w w w
Port 1 data direction 6A > | DDl721 | DD:1 | Dofm I oo:n IDD:h [ ooin | DD:m ] DD?M ]
. . 7 [ S5 4 3 2 1 0
l'eg'Ster' DDR1 Initiad value 0 ] [ [} 0 Q 0
ReadMrite W w w w w w w w
Port 2 data direction 6B Bt r 7 ! L l s | 4 l 3 | 2 I ! | 0 |
S - ~ | oDRe2s | DDR24 | DDR2, | DDR2, | DDR2, | DOR2,
reglster. DDR2 Inttial value — — 0 [ 0 0 0 [
ReadWite ~ — - W w w w w w
Port 3 data direction 6C B L°°7 | DD; | Dia l 4 I 3 I 2 i ! ’ Ll
, R R3; 3¢ | DDR3s | DDR3, | DDR3, | DDR3, [ DOR3, | DDR3,
reg‘Ster' DDR3 Initial value 0 0 [+] 0 [+] 0 ] 0
Read/Write w w w w w w w w
170 port control 6D Bit 7 6 5 4 3 2 ! 0
register 1: IOPCR1 [preQE[TENDGE] P2sk [ BUSE [AOUTE [ToUT E] SCK £ | SCKeE |
9 : Initial value 0 0 0 0 0 0 [} )
ReadWite ~RW AW RW RW RW RW RW AW
110 port control 6E Bit ? E__S 4 3 2 ! 0
. : [ = [ Pasc1 [ pssco | NTsE | INT4E | Pasct [ Pasco [TEND, €
reQISter 2' IOPCR2 Initial value 1 0 0 o o 1] 0 0
ReadWite ~ — AW RW RW RW RW AW RW
@ HITACHI
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Register Address Remarks
EEPROM control 70 Ba 7 ] 5 4 3 2 1 0
register 1: EEC1 (eosv [ B fremm] — [ - [ - [ =T -]
Initial value [} 0 0 1 1 1 1 1
Read/Write R RW RW — — —_ -— —
EEPROM control 71 &t 7 6 5 4 3 2 1 )
register 2: EEC2 N [ew ] -] = -1 - - | - -]
Initial value 0 1 1 1 1 1 1 1
Read/Write w — - — —_ — —-— -
Memory relocate 72 Bit 7 s 5 4 3 2 1 0
register: MRR [AMRa | RmRz | AMR1 | AMRo | EPRS [ epre [ ePRt | EPRo |
' Initial value 0 0 0 0 [} 0 ° [}
Read/Write RW RW RW RW RW RW RW RwW
System control 7F ™ [ Rame | i | i -4- is‘r;vel c:cz | cr<101 | c:co ]
regISter: SYSCR Initial value 0 1 1 1 0 [} 0 0

Read/Write RW

AW

RW  RW

W
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