HD641180X, HD643180X, HD647180X—
MCU (Micro Controller Unit)

B DESCRIPTION

The HD643180X provides instruction compatibility with the
HD64180 and incorporates a 16-kbyte Mask ROM, 512-byte RAM,
memory management unit (MMU), DMA controller, timer, asyn-
chronous serial communications interface (ASCI). clocked serial
1/0 ports (CSI/O). analog comparator and parallel 1/O pins on a
single chip.

The HD647180X incorporates a 16-kbyte PROM instead of mask
ROM.

The internal PROM can be programmed and verified under the
same specifications as the 27256 type EPROM (Vppl2.5V) using a
general-purpose PROM writer.

In addition, the HD643180X and HD647180X are functionally
identical except for their internal ROMs.

The HD641180X functions in the same way as the HD643180X or
HD647180X, except that the HD641180X has no internal ROM.

W FEATURES

Software
* Instruction set compatible with the HD64180

Hardware

e 16-kbyte ROM (HD643180X and HD647180X) and 512-byte
RAM
e Timer
—One-channel 16-bit timer with input capture, output
compare, and timer overflow functions
—Two-channel 16-bit reload timer
Six-channel analoag comparator
54 parallel 1/0 pins
—Includes eight high current pins (Io;. = [0mA)
MMU with 1-Mbyte memory physical address space
Two-channel DMA controller
Two-channel ASCI
One-channel CSI/O
Four external and eleven internal interrupts
DRAM refresh controller and low speed memory. [/O
interface
Operating frequency up to 8 MHz (¢ clock)
Low power operation
* Four operation modes (HD643180X and HD647180X)
—Mode 0: single-chip mode
—Mode 1: expanded mode (internal ROM disabled)
—Mode 2: expanded mode (internal ROM enabled)
—Mode 3: PROM programming mode (HD647180X only)
¢ Internal ROM data protect function (HD647180X only)
* Packages
—80-pin quad flat package
—84-pin plastic leaded chip carrier
—90-pin dual inline package
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B BLOCK DIAGRAM

The HD647180X combines a high-performance CPU core with
many of the systems and 1/O resources required by a broad
range of applications (figure 2).

The CPU core consists of five functional blocks:
* Clock generator

* Bus state controller

¢ Interrupt controller

* Memory management unit (MMU)

¢ Central processing unit (CPU)

The Integrated 170 resources comprise the remaining four

functional blocks:

o DMA controller (DMAC: two channels)

o Asynchronous serial communication interface (ASCI: two
channels)

» Clocked serial I/O port {CS1/O: one channel)

¢ Programmable reload timer (PRT: two channels)

* Programmable timer 2 (PT2: one channel)

* Analog comparator (six channels)

* [/O ports

The memory consists of:

* RAM (512 bytes)

s PROM (16 kbyte): HD647180X

¢ Mask ROM (16 kbyte): HD643180X
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(FP-80B) (CP-84)

(DP-903) (CG-84)
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B Pin Assignment

Figure 1 shows a top view of the HD641180X, HD643180X and HD647180X packages. Table 1
shows the pin functions in the four modes.
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Figure 1. Pin Assignment
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Figure 2. Block Diagram (HD643180X, HD647180X)
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Table 1 Pin Function (HD643180X, HD647180X)

Pin No. Operating
Operating Operating Operating Mode 3
rr.808| €98 'pp gos Mode 0 Mode 1 Mode 2 (HD847180X
cP-84 only)
1 10 9 | NMI — - Ao
2 1 10 |INT, — —_ -
3 12 13 |INT, — — -
4 13 14 |INT: — —_ -
5 14 15 | PEs ST —_ -
6 15 16 | PCo Ao — —_
7 16 17 | PC, Ay — -
8 17 18 [ PC A, — —
9 18 19 |PCa As — —
10 19 20 |Vss — — —
11 20 21 PC4 A — —_
12 21 22 PCs As - —
13 23 24 | PCs As — —
14 24 25 PC; A; — —
15 25 26 PDo Ag Ag/PDg As
16 26 27 PD; Ag Ao/PD, -
17 27 28 PD: Ao A40/PD> Ao
18 28 29 PD; Ay A11/PD; Ay
19 29 30 PD4 A A12/PD, Az
20 30 31 PDs Aia A13/PDs Aya
21 31 32 PDs Aia A14/PDg Al
22 32 33 PD~ Ais A15/PDz OE
23 33 36 |PEo Aie A16/PEo CE
24 34 37 PE A A17/PE, -
25 35 38 PE: Avs A+g/PE2 -
26 36 39 TOUT1 — — -
27 37 40 Vee — — —
28 38 41 PE, Ao A9/PE2 —
29 39 42 Vss — — —
30 40 43 PFo Do — Qo
31 41 44 PF, D — (o
32 42 45 PF; D2 — O:
33 44 46 PF3 Ds b Q3
34 45 47 | PF, D. — O,
35 46 48 PFs Ds — Os
36 47 49 PFs Ds — Oe
37 48 50 | PF; D; — 0
38 49 51 Vss — — —
39 50 52 PGo/ANo — —_ -
40 51 53 PG /AN, — — -
41 52 54 PG2/AN2 —_ — -

Notes: «~— Same as previous column
— No function
For the HD641180X pin function, please refer to table heading Operation Mode 1.
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Table 1 Pin Function (HD643180X, HD647180X) (cont.)

Pin No. Operating
Operating Operating Operating Mode 3
rp.soe| €984 |pp.gos Mode 0 Mode 1 Mode 2 (HD647180X
cP-84 only}
42 53 55 |PGs/ANs - - -
43 54 58 |PGJ/AN. — - -
44 55 59 |PGs/ANs - — -
45 56 60 |RTSo - — -
46 57 61 |CTSo — — -
47 58 62 |DCDo — - -
48 59 63 | TXAo — — -
49 60 64 |RXAo - — -
50 61 65 |CKAo/DREQo - — -
51 62 66 |TOUT2 — — -
52 63 67 |TOUT3 — — -
53 65 69 |IC - — -
54 66 70 | TXA:/PAo - — -
55 67 71 | RXA4/PA, — — -
56 68 72 | CKA/TENDo/PAz | — — -
57 69 73 | TXS/PA; — — -
58 70 74 | RXS/CTS/PA. — - -
59 71 75 | CKS/PAs - — -
60 72 76 | DREQ/PAg - — -
61 73 77 | TEND/PA; — — -
62 74 78 |PB; HALT - -
63 75 81 |PBs REF — -
64 76 82 |PBs fOE — -
65 77 83 |PB. ME — -
66 78 84 |PBs E — -
67 79 85 |PB: TR — -
68 80 86 |PB; WR — -
69 81 87 |PBo RD - -
70 82 88 |Vss — - -
71 83 88 (¢ — — -
72 84 80 |MP; — - —
73 2 1 |MPo — — —
74 3 2 | XTAL - — —
75 4 3 | EXTAL — - -
76 5 4 Vee —_ — —
77 6 5 |PE; WAIT - -
78 7 6 |PEs BUSACK - -
79 8 7 | PEs BUSREQ — -
80 9 8 |RESET — — Vep
- - 23 |Vss - - -
- - 68 |Vss — — -
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B CPU Architecture

The five CPU core functional blocks are described in this section.
Clock Generator

The clock generator generates the system clock (¢) from an external crystal or ex-
ternal clock input. Also, the system clock is programmably prescaled to generate
timing for the on-chip I/O and system support devices.

Bus State Controller

The bus state controller performs all status/control bus activity. This includes exter-
nal bus cycle wait state timing, RESET, DRAM refresh, and master DMA bus ex-
change. Generates ‘dual-bus’ control signals for compatibility with peripheral de-
vices.

Interrupt Controller

The interrupts controller monitors and prioritizes the four external and eight internal
interrupt sources. A variety of interrupt response modes are programmable.

Memory Management Unit (MMU)

Maps the CPU 64-kbyte logical memory address space into a 1-Mbyte physical
memory address space. The MMU organization preserves software object code com-
patibility while providing extended memory access and uses an efficient ‘common
area—bank area’ scheme. /O accesses (64-kbyte 1/0 address space) bypass the
MMU.

Central Processing Unit (CPU)

The CPU is microcoded to implement an upward-compatible superset of the 8-bit
standard sofiware instruction set. Many instructions require fewer clock cycles for
execution and seven new instructions are added.

Mode Selection

Mode program pins, MPy and MP: determine the operation mode of the LSI (table
4).

B I/0 Resources

DMA Controller (DMAC)

The two channel DMAC provides high speed memory to/from memory, memory

@ HITACHI
704 Hitachi America, Ltd. = Hitachi Plaza » 2000 Sierra Point Pkwy.  Brisbane, CA 94005-1819 » (415) 589-8300



HD641180X, HD643180X, HD647180X

to/from 1/0. and memory to/from memory-mapped /O transfers. The DMAC fea-
tures edge or level sense request input, address increment/decrement/no-change
and (for memory to/from memory transfers) programmable burst or cycle steal
transfer. In addition, the DMAC can directly access the full 1-Mbyte of physical
memory address space (the MMU is bypassed during DMA) and transfers (up to
64-kbyte in length) can cross 64-kbyte boundaries.

Asynchronous Serial Communication Interface (ASCI)

The ASCI provides two separate full-duplex UARTs and includes a programmable
baud rate generator, modem control signals, and a multiprocessor communication
format. The ASCI can use the DMAC for high-speed serial data transfer, reducing
CPU overhead.

Clocked Serial 1/0 Port (CSI/O)

The CSI/O half-duplex clocked serial transmitter and receiver can be used for sim-
ple. high-speed connection to another microprocessor or microcomputer.

Programmable Reload Timer ( PRT)

The PRT contains two separate channels, each consisting of 16-bit timer data and
16-bit timer reload registers. The time base is the system clock divided by 20 (fixed)
and PRT channel 1 has an optional output allowing waveform generation.

Programmable Timer 2 (PT2)

The PT2 16-bit programmable timer can measure an input wavelform and generate
two independent output waveforms. The pulse widths of both input/output wave-
forms vary from microseconds to seconds.

Analog Comparator

The HD641180X/HD643180X/HD647180X provides an analog comparator with 6
channels. Each channel can be programmed as a reference voltage (Vref) input pin
or a compared voltage (Vin) input pin.

Input Output Port (I/O Port)

The HD643180X/HD647180X provides seven 1/O ports. (port A—G). Each port
consists of a data direction register (DDR) to determine the directions of the in-
dividual pins, an output data register (ODR) to hold output data and an input data
register (IDR) to latch input date. However, Port G does not have a DDR or ODR since it is an
input-only port.
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B Pins Signal Description

XTAL, EXTAL: Crystal (Input)

XTAL and EXTAL are the crystal oscillator connections. An external TTL clock
can be input on EXTAL. XTAL should be left open if an external TTL clock is
used. Note that XTAL. XTAL is schmitt triggered. See DC characteristics.

¢ (OUT)

¢ is the system clock output. Its frequency is equal to one-half of the crystal oscilla-
tor’s.

RESET: CPU Reset (Input)

When RESET is low, it initializes the HD641180X/HD643180X/HD647180X CPU.
All output signals are held inactive during reset.

Ay-A,q: Address Bus (Output, Three-State)
The address bus enters the high-impedance state during reset and when another de-

vice acquires the bus as indicated by BUSREQ and BUSACK low. During reset, the
address function is selected.

D,-D;: Data Bus (Input/Output, Three-State)

The bidirectional 8-bit data bus enters the high-impedance state during reset and
when another device acquires the bus as indicated by BUSREQ and BUSACK low.

RD: Read (Output, Three-State)

During a CPU read cycle, RD enables transfer from the external memory or /O
device to the CPU data bus.

WR: Write (Output, Three-State)

During a CPU write cycle, WR enables transfer from the CPU data bus to the ex-
ternal memory or 1/0 device.

ME: Memory Enable (Output, Three-State)

ME indicates memory read or write operations. The HD641180X/HD643180X/
HD647180X asserts ME low in the following cases.
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When fetching instructions and operands
When reading or writing memory data
During DM A memory access cycles
During dynamic RAM refresh cycles

10E: I/O Enable (Output, Three-State)

JOE indicates 1/0 read or write operations. The HD641180X/HD643180X/
HD647180X asserts IOE low in the following cases:

When reading or writing 1/0 data

During DMA 1/O access cycles

During INTs acknowledge cycle

WAIT: Bus Cycle Wait (Input)

WAIT introduces wait states to extend memory and 1/0O cycles. If low at the falling
edge of T2, a wait state (Tw) is inserted. Wait states will continue to be inserted
until the WAIT input is sampled high at the falling edge of Tw, at which time the
bus cycle will proceed to completion.

E: Enable (Output)

E is a synchronous clock for connection to HD63X X series and other 6800/6500
series compatible peripheral LSIs.

BUSREQ: Bus Request (Input)

Another device may request use of the bus by asserting BUSREQ low. The CPU
will stop executing instructions and place the address bus, data bus, RD, WR, ME,
and IOE in the high-impedance state.

BUSACK: Bus Acknowledge (Output)

When the CPU completes bus release (in response to BUSREQ low), it will assert
BUSACK low. This acknowledges that the bus is free for use by the requesting de-
vice.

HALT: Halt/Sleep Status (Output)

HALT is asserted low after execution of the HALT or SLP instructions. Used with
LIR and ST output pins to encode CPU status (table 2).

LIR: Load Instruction Register (Output)

LIR is asserted low when the current cycle is an opcode fetch cycle. Used with
HALT and ST output pins to encode CPU status (table 2).
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ST: Status (Output)

ST is used with the HALT and LIR output pins to encode CPU status (table 2).
Table 2 Status Summary

ST HALT LIR  Operation

0 1 0 CPU operation
(1st opcode fetch)
1 1 0 CPU operation

(2nd opcode and
3rd opcode fetch)

1 1 1 CPU operation
(MC except for opcode fetch)
0 X 1 DMA operation
0 0 0 Halt mode
1 0 1 Sleep mode (including

System stop mode)

Note X: Don't care
MC: Machine cycle

EF: Refresh (Output)

When low, REF indicates that the CPU is in a dynamic RAM refresh cycle and the
low-order 8 bits (Ao-A7) of the address bus contain the refresh address.

NMI: Non-Maskable Interrupt (Input)

When high to low is detected, it forces the CPU to save certain state information
and vector to an interrupt service routine at address 0066H. The saved state infor-
mation is restored by executing the RETN (return from non-maskable interrupt) in-
struction.

INT,: Maskable Interrupt Level 0 (Input)

When low, INTo requests a CPU interrupt (unless masked) and saves certain state
information unless masked by software. INTo requests service using one of three
software programmable interrupt modes (table 3).
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Table 3 Interrupt Modes

Mode Operation

0 Instruction fetched and executed from data bus

1 Instruction fetched and executed from address 0038H

2 Vector system: Low-order 8 bits of vector table address fetched from data bus

In all modes, the saved state information is restored by executing the RETI (return
from interrupt) instruction.

INT,, INT,: Maskable Interrupt Levels 1, 2 (Input)

When low, INT: and INT: request a CPU interrupt (unless masked) and save cer-
tain state information unless masked by software. INT: and INT: (and internally
generated interrupts) request interrupt service using a vector system similar to mode
2 of INTo.

DREQ, DMA Request—Channel 0 (Input)

DREQu low (programmable edge or level sense) requests DMA transfer service
from channel 0 of the HD641180X/HD643180X/HD647180X DMAC. DREQu is
used for channel 0 memory to/from [/O and memory to/from memory-mapped /O
transfers. DREQo is not used for memory to/from memory transfers. This pin is
multiplexed with CKAuw.

TEND,: Transfer End—Channel 0 (Output)

TEND, is asserted low synchronous with the last write cycle of channel 0 DMA
transfer to indicate DMA completion to an external device. This pin is multiplexed
with CKA1.

DREQ,: DMA Request—Channel 1 (Input)
DREQ: low (programmable edge or level sense) requests DMA transfer service

from channel 1 of the HD641180X/HD643180X/HD647180X DMAC. Channel 1
supports memory to/from 1/0 transfers.

TEND,: Transfer End— Channel 1 (Output)

TEND: is asserted low synchronous with the last write cycle of channel 1 DMA
transfer to indicate DMA completion to an external device.
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TXA,: Asynchronous Transmit Data—Channel 0 (Output)

TXAo is the asynchronous transmit data from channel 0 of the asynchronous serial
communication interface (ASCI).

RXA,: Asynchronous Receive Data—Channel 0 (Input)
RXAo is the asynchronous receive data to channel 0 of the ASCL
CKA,: Asynchronous Clock—Channel 0 (Input/Output)

CKAu is the clock input/output for channel 0 of the ASCIL. This pin is multiplexed
(software selectable) with DREQu.

RTS,: Request to Send—Channel 0 (Output)

RTSy is the programmable modem control output signal for channel 0 of the ASCL
CTS,: Clear to Send—Channel 0 (Output)

CTSy is the modem control input signal for channel 0 of the ASCI.
DCD,: Data Carrier Detect—Channel 0 (Output)

DCDy is the modem control input signal for channel 0 of the ASCI.
TXA,: Asynchronous Transmit Data—Channel 1 (Qutput)

TXA. is the asynchronous transmit data from channel 1 of the ASCL
RXA,: Asynchronous Receive Data—Channel 1 (Input)

RXA: is the asynchronous receive data to channel 1 of the ASCL
CKA,: Asynchronous Clock—Channel 1 (Input/QOutput)

CKA. is the clock input/output for channel 1 of the ASCI. This pin is multiplexed
(software selectable) with TENDo.

CTS;: Clear to Send—Channel 1 (Input)

CTS: is the modem control input signal for channel 1 of the ASCL This pin is
multiplexed (software selectable) with RXS.
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TXS: Clocked Serial Transmit Data (Output)
Clocked serial transmit data from the Clocked Serial 1/0 Port (CS1/0).
RXS: Clocked Serial Receive Data (Input)

Clocked serial receive data to the CSI/O. This pin is multiplexed (software selecta-
ble) with ASCI channel 1 CTS: modem control input.

CKS: Serial Clock (Input/Output)

Input or output clock for the CSI/0O.

TOUT1: Timer Output (Output)

Pulse output from Programmable Reload Timer channel 1.
AN,-AN;: Comparator (Input)

ANo-AN; input data to the analog comparator. Select two of these pins and apply
the reference voltage (Vref) and the voltage to be compared (Vin) to them.

PA,-PA,, PB-PB;, PC,-PC;, PDy-PD;, PE,, PE; PF,-PF,: Paraliel Ports A-F
(Input/Output)

Ports A-F are 8-bit I/O ports. Each pin of each port can be individually configured
as an input or output depending on the port data direction register. At reset, each
port is initialized as an input port.

PG,-PGs: Parallel Port G (Input)

Port G is a 6-bit input port.

IC: Input Capture (Input)

IC inputs the input capture signal for timer 2.

TOUT2, TOUT3: Timer Output 2, 3 (Output)

TOUT2 and TOUTS3 are timer 2’s outputs.

MP,, MP,: Mode Program 0, 1 (Input)

The mode program pins, MPy and MP1, determine the operation mode of the MPU

as shown in table 4.
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Table 4. Operating Mode Selection n

MP, MP ROM RAM Operating Mode

Applicable Wide-Range

0 0 | | 0; Single chip mode HD643180X
HD647180X
0 1 E ] 1; Expanded mode 1 HD643180X
HD647180X
HD641180X
1 0 | 2; Expanded mode 2 HD643180X
HD647180X
1 1 | — 3; PROM programming mode HD647180X

{(HDB47180X only)

I: Iinternal E: External
Select mode 1 (MP1 = 0, MP2 = 1) for the HD641180X.

Vce, Vss: Power

VCC is power supply. VSs is the ground.

B Multiplexed Pins

PAo/TXA1, PA1/RXA1, PA3/TXS, PAs/CKS, PAs/DREQ1, PA7/TEND;

Atreset, PAo/TXA1, PAI/RXA1, PAs/TXS, PA:/CKS, PAs/DREQ:, and PA7/TEND,
are configured as port A input. They can be used as TXA:, RXA:, TXS, CKS, DREQ:,
and TEND: by setting the corresponding bit in the port A disable register to 1.

PA2/CKA1/TENDo

At reset, PA:/CKA1/TENDy is configured as a port A input. The function of this
pin depends on the combination of bit 2 in the port A disable register (DERA2)
and the CKAILD bit in the ASCI control register channel 1 (table 5).

Table 5. PA2/CKA1/TENDo State

DERA2  CKA1D Pin Function
0 0,1 PA.:
1 0 CKA:
1 TEND,
@ HITACHI
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PA4/RXS/CTS1

At reset, PA4/RXS/CTS: is configured as a port A input. The function of this pin depends
on the combination of bit 4 in the port A disable register (DERA4) and the CTS1E bit in

the ASCI status register channel 1 (table 6).

Table 6. PAs/RXS/CTS1 State

DERA4 CTS1E Pin Function
0 0,1 PAs
1 0 RXS

1 CTS:
CKAo/DREQo

CK Ao/DREQu is configured as the CK Ao at reset. When either the DM1 or SM1 bit of
the DM A mode registers 1, this bit is forcibly configured as the DREQo input, even if it

has been configured as an output pin.

PGo/ANo, PG1/AN1, PG2/AN2, PGs/ANs, PGa/AN4, PGs/ANs

These pins cannot be configured as parallel port input pins (TTL-level input pins) al-
ternate with analog comparator input pins. When using these pins as a TTL input

port, read the port G input data register (IDRG).

When using these pins as an analog comparator’s channel input, read the compara-
tor control/status register (CCSR).
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B Absolute Maximum Ratings

item Symbol Value Unit
Supply Voltage Vee —03to+70 Vv
Input Voltage Vin —03toVeet+03 vV
Operating Temperature Topr —20to +75 °C
Storage Temperature Teig —55 to + 150 °C

Note: Permanent LSI damage may occur if maximum ratings are exceeded. Normal operation should
be under recommended operating conditions. If these conditions are exceeded, it could effect
reliability of LSI.

Storage Temperature of the HD647180X is Tstg = —55 ~ +125°C.

B ELECTRICAL CHARACTERISTICS
* DC Characteristics (Vcc =5V +10%, Vgs =0V, Ta=-20 to +75 °C, unless
otherwise noted)

Symbol tem Min Typ Max Unit Condition
ViH Input High Voltage _ Vee— 06 - Vee+0.3 v
RESET, EXTAL, NMi
Vi Input High Voltage L 20 - Vet 0.3 v
Except RESET, EXTAL, NMI
ViLy input Low Voltage —03 - 06 \
RESET, EXTAL, NMi
Vi2 Input Low Voltage . —03 - 08 \
Except RESET, EXTAL, NMI
Vou Output High Voltage 24 - — Vv oy = —200 uA
All outputs VCC_ 1.2 — - loy = — 20 wA
Voo Output Low Voltage - - 045 Vv lop = 22 mA
All Outputs
b Input Leakage - - 10 wA Vin=05 to Voec — 05V

Current All Inputs
Except XTAL, EXTAL, RESET

by Three State Leakage — - 10 wA Vin=05 to Vg —~ 05V
Current
lee Power Dissipation — 20 40 mA f= 4 MHz
{Note) {Normal Operation) — 25 50 f= 6 MHz
— 30 60 f= 8 MHz
Power Dissipation - 5 10 mA f= 4 MHz
{System Stop Mode) - 6.3 125 f= 6 MHz
_ 75 15 f= 8 MHz
Cp Pin RESET - — 120 pF Vin=0V, f=1 MHz
Capacitance Except 20 Ta=25°C
RESET

Note: Vigmin = Vee = 1.0V, Vipmgy = 08V (All input pins except RESET, EXTAL NMI)
Vitimin = VCC — 06V, ViLmax = 06V (RESET, EXTAL, NMI)
{all output terminals are at no load)
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Symbol Item Min Typ Max Unit Congdition

Val Input 2.0 - VCC + 03 v
High-Level
Voltage

VlLP |nput —03 — 08 A"
Low-Level
Voltage

VOHP Output 24 - - \ |0H= —200 }.LA
High-Level
Vol‘tage VCC_ 12 - - I0H= —20 ,uA

Vorp Qutput bt - 045 Vv " |0|__= 22 mA
Low-Level
Voltage - - 10 "l =10 mA

Vin Analog High level Vit 01 — - \)
Comparator

Input Level
Viof Voltage V1H 0 - VeeX 08 v

Low level - - Vier— 0.1

p Input Leak - — 1.0 nA Vin=05 to
L
Current Vee — 05

Note: *: Port A-F
**: Port F only
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* AC Characteristics (Vss =0V, Ta=-20 to +75°C, unless otherwise noted)

HD641180X-4 HD641180X-6 HD641180X-8L
HD643180X-4 HD643180X-6 HDE643180X-8L
HD647180X-4 HD647180X-6 HD647180X-8L

Symbol Item min max min max min max unit

Vee Power Supply 45 55 45 55 475 5.25 Vv

teye Clock Cycle Time 250 2000 162 250 125 250 ns

tenw Clock High Puilse Width 110 - 65 - 50 - ns

touw Clock Low Pulse Width 110 - 65 - 50 - ns

tes Clock Fall Time - 15 - 15 - 15 ns

ter Clock Rise Time - 15 - 15 — 16 ns

tecyc External Ciock Cycle Time 125 1000 81 125 62.5 125 ns

texHw External Clock 50 - 30 - 25 - ns
High Pulse Width

texLw Extemal Clock 50 — 30 - 25 - ns
Low Pulse Width

tex: External Clock - 25 - 25 - 25 ns

{Note 1) Rise Time

texs Extemal Clock - 25 - 25 - 25 ns

{Note 1) Fall time

tAD Address Delay Time — 100 - 75 - 65 ns

tas Address Set-up Time 50 — 30 - 20 — ns
(ME or TOE |)

tpeDs ME Delay Time 1 - 75 - 45 - 45 ns

tRoD1 RD Delay Time 1 ioC=1 - 75 - 45 - 45 ns

ioc=0 - 80 - 50 - 45
o [R Delay Time 1 - 100 - 80 - 70 ns
{Note 2)

taH Address Hold Time 1 80 - 35 - 20 - ns
(VE, iOE, RD or WR 1)

tmED2 ME Delay Time 2 - 75 - 45 - 45 ns

thoD2 RD Delay Time 2 - 75 - 45 - 45 ns

" to2 TR Delay Time 2 - 100 - 80 - 70 ns
{Note 2)

tors Data Read Set-up Time 60 - 55 - 45 - ns

toRH Data Read Hold Time 0 - 0 - 0 - ns

tstD1 ST Delay Time 1 - 110 - 90 - 70 ns

tsTp2 ST Delay Time 2 - 110 - 90 - 70 ns

tws WAIT Set-up Time 80 - 40 - 40 - ns

tyym WAIT Hold Time 70 - 40 - 40 - ns

twpz Write Data Floating - 100 - 95 -~ 70 ns
Delay Time

tWRD 1 WR Delay Time 1 - 80 - 50 - 45 ns

twop Write Data Delay Time - 110 - 90 - 80 ns

twos Wirite Data Set-up Time 60 - 40 - 20 - ns
WR |)

Note 1: External clock nse-fall time {t,,, %) may be shortened for satisfying external clock pulse width (. texow!
Note 2: For a loading capacitance of less than or equal to 40 picofarads and operating temperature from O to 50 degrees, substract 10 nanoseconds
from the value given in the maximum columns
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HD641180X-4 HD641180X-6 HD641180X-8L
HD643180X-4 HD643180X-6 HD643180X-8L
HDE47180X-4 HDE47180X-6 HD647180X-8L

Symbol Item min max min max min max unit
twRD2 WR Delay Time 2 - 80 - 50 - 45 ns
twrp WR Puise Width 280 - 170 - 130 - ns
twWDH Write Data Hold Time 60 - 40 - 15 - ns
{(WR 1)
tiop1 OF Delay Time 1 ioc=1 - 75 - 45 - 45 ns
oc=0 - 80 - 50 - 45
toD2 OE Delay Time 2 - 75 - 45 - 45 ns
Y003 IO Delay Time 3 540 - 340 - 250 - ns
R |)
tinTs INT Set-up Time 80 - 50 - 40 - ns
@ P
tNTH INT Hold Time 70 - 40 - 40 - ns
(]
MW NMI Pulse Width 120 - 120 - 100 - ns
tgrs BUSREQ Set-up Time 80 - 50 - 40 - ns
b |)
tpaH BUSREQ Hold Time 70 - 40 - 40 - ns
@
taaD1 BUSACK Delay Time 1 - 100 - 95 - 70 ns
teaD2 BUSACK Delay Time 2 - 100 - 95 - 70 ns
tazp Bus Floating Delay Time - 130 - 125 - 80 ns
VEWH ME Pulse Width (HIGH) 200 - 110 - 80 — ns
- ME Pulse Width (LOW) 210 - 125 - 100 - ns
treD1 REF Delay Time 1 - 110 - 90 - 80 ns
tarp2 REF Delay Time 2 — 110 - 90 - 80 ns
thAD1 HALT Delay Time 1 - 110 - 90 — 80 ns
tHAD2 HALT Delay Time 2 - 110 - 90 - 80 ns
toras DREQi Set-up Time 80 - 50 - 40 - ns
toraH DREQY Hold Time 70 - 40 - 40 - ns
trept TENDI Delay Time 1 - 85 - 70 - 60 ns
tep2 TENDI Delay Time 2 - 85 - 70 - 60 ns
tep1 Enable Delay Time 1 - 100 - 95 - 70 ns
ten2 Enable Delay Time 2 - 100 - 96 - 70 ns
PweH E Pulse Width (HIGH) 150 - 75 - 65 - ns
PweL E Pulse Width {LOW) 300 - 180 - 130 - ns
@ HITACHI

Hitachi America, Ltd. * Hitachi Plaza » 2000 Sierra Point Pkwy. ¢ Brisbane, CA 94005-1819 = (415) 583-8300 717



HD641180X, HD643180X, HD647180X

HD641180X-4 HD641180X-6 HD641180X-8L
HD643180X-4 HD643180X-6 HD643180X-8L
HD647180X-4 HD647180X-6 HD647180X-8L

Symbol Item min max min max min max unit

ter Enable Rise Time - 25 — 20 - 20 ns

ter Enable Fall Time - 25 - 20 - 20 ns

trop Timer Output Delay Time - 300 - 300 - 200 ns

tsTol CSI/O Transmit Data Delay Time — 200 - 200 - 200 ns
{Internal Clock Operation)

tsToE CSKO Transmit Data Delay Time - 75Bteye  — 75tcyc — 75tcyc ns
(External Clock Operation) + 300 + 300 +200

tsRs) CSI/O Receive Data Set-up Time 1 - 1 - 1 - teyc
(intemal Clock Operation)

tsRMI CSV/O Receive Data Hold Time 1 - 1 - 1 - teye
(intemal Clock Operation)

tspsE CSI/O Receive Data Set-up Time 1 - 1 - 1 - teyc
{External Clock Operation)

tSRHE CSI/O Receive Data Hold Time 1 - 1 - 1 - tcye
{External Clock Operation)

tRes RESET Set-up Time 120 - 120 - 100 - ns

tren RESET Hold Time 80 - 80 - 70 - ns

tosc Oscillator Stabilization Time - 20 - 20 - 20 ms

tex, Extemal Clock Rise Time (EXTAL) - 25 - 25 - 25 ns

5% External Clock Fall Time (EXTAL) — 25 - 25 - 25 ns

tar RESET Rise Time - 50 - 50 - 50 ms

tas RESET Fall Time - 50 - 50 - 50 ms

iy Input Rise Time - 100 - 100 - 100 ns
{except EXTAL, RESET)

¢ Input Fall Time - 100 - 100 - 100 ns
(except EXTAL, RESET)

tpwD Port Data Output Delay - 110 - 90 — 80 ns
Time

trosu Port Data Input Setup 80 - 50 - 50 - ns
Time

teoH Port Data input Hold 60 - 40 - 40 - ns
Time

The HD643180X differs from HDB47180X in chip design and manufacturing process. Be careful when using the HD647180X system for the HD643180X
since characteristics values are not exactly the same though guarantesd values are identical.
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Opcode Fetch Cycle . I/0 Write Cycle
- (YO Read Cycle)
T1 T2 TW Ta Tl T2 Tw T3 T1
tenwliteLw
 \ tof '
DAY AVAYAVAWA
¢_/tcvc - L/
tap[]
ADDRESS )gt \ 1[(
X
tws, |twH tws| | "WH
WAIT 1 l;_} {
tas tmED21AH
=
t tas ! |
MED1 tIQDZtAH
10E . "\ "
AH
tigp1
trbD2 = |
Ty \ t
AH
troD1 rete
[‘_\.%Rm twRD2
- twre il
WR V( ‘l_
|tp2
OR—
tLQ
tsTD2
ST
tsm\k
" tbrs| |toRH| |twpz

prs toRH ,._]_
KD
twos AW -
Data WDD
ouT d
! |
tRES, | —tREH
=kin

=\ wpw

r+ trr

TN
TN

tREH

-
0
m
o
3

*1 Output buffer is off at this point.

Figure 4. CPU Timing (Opcode Fetch Cycle)
I/0 Write Cycle (1/0 Read Cycle)
When I0OC = 1
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"1 during INTo acknowledge cycle
*2 during refresh cycle
*3 Output buffer is off at this point.

Figure 5. CPU Timing (INT, Acknowledge Cycle,
Refresh Cycle,
Bus Release Mode,
Halt Mode,
Sleep Mode, _
System Stop Mode When IOC = 1)
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Figure 6. CPU Timing (IOC = 0)
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L e

4.5V
Vee ; More than max value of Tosc

Figure 7. CPU Timing
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Figure 9A. E Clock Timing (Minimum Timing Example
of PweL and Pwen)
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Figure 10. Timer Output Timing
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tewD

Port
output

teosu | {trOH
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Figure 13. Port Input and Output Timing

tecve

ViH1  Vin

texHw

Figure 14. External Clock Rise Time Figure 15. Input Rise Time and Fall
and Fall Time Time
(Except EXTAL, RESET
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Vee
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152074 @
CT ¥R ¥ or Equiv.

Test Point

C = 90pF, R= 12kQ
R, = 1.6 kQ

Figure 16. Bus Timing Test Load (TTL Load)

><2.0 Vv 20V 24V 24V
08V 08V o8V 08V

Figure 17. Reference Level (Input) Figure 18. Reference Level (Output)
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B INSTRUCTION SET

Register

g, 8, WW, XX, yy, and zz specify a register to be used. g and g’ specify an 8-bit regis-
ter. ww, XX, yy, and zz specify a 16-bit pair of 8-bit registers. Table 7 shows the

correspondence between symbols and registers.

Table 7 Register Specification

g9 Reg. ww Reg. xx Reqgq. yy Reg zz Reg.

000 B 00 BC 00 BC 0C BC 00 BC

o1 C 01 DE 01 DE 01 DE 01 DE

010 D 10 HL 10 IX 10 1Y 10 HL

011 E 11 SP 11 §SP 11 SP 11 AF

100 H

101 L Note: H and L suffixed to ww,xx,yy,zz {ex. wwH, IXL) indicate upper
1M1 A and lower 8 bits of the 16-bit register, respectively.

Bit

b specifies a bit to be manipulated in the bit manipulation instruction. Table 8 shows
the correspondence between b and bits.

Table 8 Bit Specification

b Bit
000 O
001 1
010 2
011 3
100 4
101 5
110 6
11 7
Condition

f specifies the condition in program control instructions. Table 9 shows the
correspondence between f and conditions.
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Table 9 Condition Specification

f Condition

000 NZ non zero
001 Z zero

010 NC non carry
o1 C cany

100 PO parity odd
101 PE parity even
110 P sign plus
111 M sign minus

Restart Address

v specifies a restart address. Table A-4 shows the correspondence between v and re-
start addresses.

Table 10 Restart Address Specification

v Address
000 OOH
001 O8H
010 10H
011 18H
100 20H
101 28H
110 30H
111 38H

Flag
The following symbols show the flag conditions:

- : not affected
1 : affected

X : undefined
S:settol

R :resetto 0
P : parity

V : overflow

@ HITACHI
Hitachi America, Ltd. ® Hitachi Plaza ® 2000 Sierra Point Pkwy. * Brisbane, CA 94005-1819 » (415) 589-6300 731



HD641180X, HD643180X, HD647180X

Miscellaneous

()M : Data in the memory address
( )p:Data in the I/O address

m or n : 8-bit data

mn : 16-bit data

r : 8-bit register

R : 16-bit register

b-( )M : Contents of bit b in the memory address
b-gr : Contents of bit b in the register gr
d or j : 8-bit signed displacement

S : Source addressing mode

D : Destination addressing mode

- : AND operation

+ : OR operation

+ : EXCLUSIVE OR operation

** . Added new instructions to Z80
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Instruction Summary

Data Manipulation Instructions

Table 11 Arithmetic and Logical Instructions (8 Bit)

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

Addressing Fiag
Oparation 7 6 4 21 0
Nams | Mnemonics | Opcods INMED) IND | REG | REGI| IMP | REL | Bytes | States Opaerati § Z HPNN C
ADD ADD Ag 10 000 g s D 1 & | Artgi—Ar 11 1V R I
ADD A,(HL) 10 000 110 s | D 1 § | Arr(HL)~Ar 1 i 1V R I
ADD Am 11000 110 D ? 6 | ArtmeAr 11 1 vV R I
oom o
ADD A(IX+d) | 11 01 10} s D 3 W | A X+dhAr 111 VR I
10 000 110
o d >
ADD A(IY+d} | 11 111 W1 s D 3 U | Art Y +dla~Ar f 11 VvV R I
10 000 110
< d >
ADC ADC Ag 100 g 3 i D 1 t | Arrgrec—Ar 11 1 VR I
ADC A (HL! 10 001 110 ; s ;D L 6 Ar+ (HLiy+e—Ar I 1 1 vV R !
ADC Am 11 001 110 i D 2, 6 Ar+m+c~Ar I+ 1 vV R I
«m o> | )
ADC ALK+ | 20 01101 s | 1D 3 W | Ac+iKedhyremAr {11 1 VORI
19 001 110 | ool ; | |
cq | | Co : 1 |
ADCAMY+d | HLIN | LS !'D 30 M AtV sdirendr [t 1 1 vV R !
10 001 116 o ] ) i
cd l i i | | l ;
AND ANDg 10500 g P s | 1D | 1§ 4 |ArgeAr 1 1 s P RR
AND “HL' | 10 100 110 Co s 1D 1 ' 6 | AriHLI—Ar 1 1§ P R R
AND m 11 100 126 ! A ip ! 206 ArmeAr i1 1 8 P R R
Lemo L i : |
AND X+ fmOI . S ., D L3 M lA-dX+dw=Ar |l 1 S8 P R R
lowene || o o |
Podo | ‘ : ‘ ; ‘ | .
| ; i
CANDAY-d: LI L s S 3 WA IY +diAr 1 1 s P R R
lowene & 1 0
SRR — ]
Compare [{Pg RN ; | l [ ©D 1 ¢ L Ar-gr S S L A T |
CP HL: onine | s . D S § | Ar- HLi Pror VoS
CPm e 1 | D P2 6 Ar-m 1 vos
Dom o .
CP X+ oo 1 s g0 L3 A X di i1 VoS
|10 111 10 | co : ; |
i cd o i l | i ! ‘ ! |
CP Y+ 111 ! 5 £ D I T A P11 VoS
10 111 110 | ‘ . b : ‘
N ! ' | i 1 H !
b A P ;
Comple- | cpi 00 101 111 Lo sl s e 5 s
ment ; i ; ; ; j ! ; ;
DEC DEC g wg w0 | | . sm. | Ty ig-lem P L1 v s
DEC (L' wiow | L | |sbp T R VS E. SO N R I
DEC (IX+) 1 01l 101 : sD| . RN S 1 vos
00 110 §01 ) ! | | | i i I
cd oo i ! i R ; ! i .
DEC (1Y ~d) 1L 111 101 | sb, |4 3008 LYl by vo1 v s
00 110 101 o ‘ ‘ | | Y =diu
oo || I A
T T + +
INC INCg Wg 100 ‘ | s/p ! 1 s @l 1 1 1 VR
INC HL) 00 116 100 ! ‘sm\ I \ I 10| iHL* 1B 1 1 1 VR
INC (IX+d) 11 011 101 \ S/D‘ | ool s s | axedert 111 VR
00 110 100 | ‘ ‘ { i ‘ 1 I X+d)
<Ay ‘ | i | ! |
@ HITACHI
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Table 11 Arithmetic and Logical Instructions (8 Bit) (cont)

Addressing Flay
Operation 7 6 4 21 0
Name Mnsmonics | Opcode IND | REG | REGI| MMP | REL | Bytes | States Operation § Z HP/VN C
MULT MLT ww ** 11 191 101 S/D H 17 wHrx wwlrsww,
ol wwl 100
Negate NEG 11 101 W1 S/D 2 ] 0-Ar—Ar 11 1 Vv 8 1
o1 090 100
OR ORg ey S D 1 1 Ardgr—~Ar ! 1 R PRR
OR (HL) 0 110 110 s | D 1 $ Ar+ (HL)y=Ar 1 1T R PR R
OR m 11 110 110 D 2 [ Ar4+m—Ar 1 1 R P R R
«<m
OR (IX+d) 11 011 101 s D 3 14 Ar+ (X +d)u—Ar I T R P R R
10 110 110
«d>
OR (IY+d) 11 111 101 S D 3 M Ac+{IY +d)uAr ! 1T R PR R
10 110 110
<4
SUB SUB g 10010g S D 1 4 Ar-gr—Ar 111 v s 1
SUB (HL) 10 010 110 S 1 D 1 6 Ar- (HL) y~Ar 1t 1 v s
SUBm 11 010 110 D H 6 Ar-m—Ar 111 vos 1
{m>»
SUB (IX+d} 11 011 101 S D 3 u Ar- (IX+dlu—~Ar 11 vos o
10 010 110
«d >
SUB (IY +d) 1 111 101 ] D 3 14 Ar—{IY +d)u~Ar 11 1 v s 1
10 010 110
«d>
SUBC SBC Ag nolg $ D 1 [ Ar—gr—c—Ar 11 1 vV s 1
SBC A,(HL! 10 011 11¢ s | D 1 6 Ar- (HL}y~c—Ar 111 v s 1
SBC Am 11 011 110 D H 6 Ar—m-c—Ar 11 1 v s 1
om
SBC AIX+d} | 11011 101 S D 3 M Ar-X+dly—cAr |1 1 I V § 1
19 011 119
T d >
SBCAUY+d |1l 111101 5 D 3 1 Ar—{IY+dly—c—Ar |1 1 1 V § 1
10011 130
« d
Test TSTg™** 11 101 101 s H ? Argr 1 1 S PRR
wg 100
TST (HL)** 11 101 101 S H 10 Ar(HL)y 1 1 $ P RR
00 116 100
TSTm** 11 101 1 3 9 Ar'm 1 1 § P R R
01 100 100
¢ m >
XOR XOR g 16 101 g 3 D 1 4 Argr—Ar ! 1 R P R R
XOR (HL) 10 101 110 S| D 1 6 Ar@®(HL)y~Ar ! 1T R P R R
XORm 11 101 110 D H 6 ArBm—Ar I 1 R P R R
«m >
XOR (IX+d) 11 611 101 [ D 3 " AfB(IX +d)u—Ar 1 1 R P R R
10 101 110
< do
XOR (1Y +d) u il 5 D 3 i ArB(IY +d)u—Ar 1 1 R P R R
10 101 110
< d >
O HITACH!
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Table 12 Rotate and Shift Instructions

Addressing

L]
-
~N
-

Name Mansmonics | Opcode [IMMED| EXT | IND | REG REGI| IMP | REL | Bytes | States Operation
Rotate RLA ®© 8¢ 111 S/D 1 3 .+« R - R
and RLg 11 0ot 411 S/D 2 7 T ha——w | | kK P R
Shift oo g
Data RL (HL) 11 901 011 S/D 2 13 {1 | R P R !
00 010 110
RL (IX+d} 11 011 01 S/D [] 19 I I R P R I
11 001 611
¢d >
00 010 110
RL (IY+d) 1111118 S/D 4 19 ! 1 R P R I
11 001 011
< d >
00 010 110
RLCA 00 000 L1} $/D 1 amiﬁ“ﬁ_l“n-nl
RLC¢ 11 001 01 S/D 2 7 C W lrr—— 1 1 R P R 1
00 000 g
RLC (HL) 11 00 011 S/D H 13 t 1 kB B R I
00 006 110
RLC (IX+d) 1011 /D { 19 1 | R P R !
11 001 011
< d>
00 000 110
RLC (1Y +d) 11 111 101 S/D 4 19 1t 1 R P R 1
11 601 011
< d> EE[I]]:];]N
00 000 110

RLD 11 181 101 S/D 2 15 (4 ] 1 ¢ R P R
0101 111
RRA 00 011 11t S/D 1 3 L
RRg 11 081 011 $/D H H © ——— R 11
0ol g
RR {HL) 11 00§ 011 s/D 2 13 t 1 R P R 1!
0b 011 110
RR {(IX+d) 11 011 101 S/D [} 14 t 1 R P R I
11 001 011
< d >
00 011 110
RR {IY+d) 11110 S/D { 19 1 1 R P R I
11 001 011
[N
o 011 110
RRCA 00 001 114 /D 1 3 « + R - R 1
RRC g 11 001 011 5D H 7 S &t 1 R PRI
00 00t g
RRC (HL) 11 001 011 S/D 2 13 t{ 1 R P R !
00 081 110
RRC (IX+d) 11 011 101 S/D 4 1% 1 I R P R I
11 001 011
< d >
00 001 110
RRC {IY +4) 111110 S$/D 4 19 1 I R P R I
11 001 011
« d >
00 801 110

N~
N
-
h:J
-~
<
4
- -~ |Oe

Lol
- .
-~ o=

{continued)
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Table 12 Rotate and Shift Instructions (cont)

736

Mnemonics

Opcode

i

Addressing

REG | REGI| IMP | REL

Rotate

Shift
Data

RRD
SLA g
SLA (HL)

SLA {IX+d)

SLA (IY +d)

SRA g

SRA (HL)

SRA (IX+d)

SRA (Y +d)

SRLg

SRL (HL)

SRL (IX +d)

SRL (1Y +d}

11 101 30
o1 100 111
11 601 011
00100 g
11 601 011
0 100 110
1ol 10
11 901 011
<d >
00 100 11¢
1t 1110
11 001 011
cd
00109 110
11 901 011
01l
1L 001 011
00 101 110
1 10
11 004 011
«d>
00 101 120
111 o
11 001 011
<d >
0 101 110
1001 011
0 illg
11 061011
0 111 110
11 oL 108
11 %01 011
< d >
0111 119
1111 101
11 001 011
«d >
00 113 110

$/D

S/D

S/D

S/D

$/D

S/b

S/D

S/D

S/D

$/D

S/D

/D

S/D

- [oe

O HITACHI
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Table 13 Bit Manipulation Instructions

] 1 .
l Addressing ‘ . Fla

Operation . |
Name ™M i Opcode MMED] EXT | IND | REG | REGI| IMP | REL | Bytes States Qperation
Bit Set SET bg 11 001 011 S/D 2 7 1-b-gr
11b g
SET b,(HL) 11 001 011 S/D 2 13 1-b- (HL}w
1Nb 10
SET b,(X+d) 11 011 101 S/D ] 19 1-b- (IX+d)u
11 001 011
¢ d >
b 10
SET b,(iY +d) 11 11110 S/D | 4 19 1-b-(IY +d)u
11 001 011 ‘
|

b 10 ] o
Bit Reset | RES bg 11 001 811 /D | 1 b .
b g
RES b.(HL) 11 001 011 ‘
Wb 10 ‘
RESBAIX+d) | 11 011 101 /D i 1| 0-b (IX+dhw
11 001 011
< d > |

0l
N|®
-4
hd
-3
<
F A

:

S/D 2 13 0—b- (HL)w

06 110
RES bil¥+dl | 1111101 /D 1 9 e=b (Y +d)
11 001 011 ’

«d> ‘
0b 10

Bit Test | BIT bg 11 01 1 5 2 5 |ba X 1 s X R
ny g
| BIT b(HL) HEEN s 7 s | BTl X 1§ xR
ob o
BITb(X+d | 110110 s 4 5 | b da— X 1§ X R
11001 601
«d > i ;
ooy 1 | |

BTbIY+d) | 11101101 s ‘ ‘

11 001 011 ‘ }
i

4 15 b- (1Y +dhy—2 X I § X R

< d >
ok 1o

@ HITACHI
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Table 14 Arithmetic Instructions (16 Bit)

[ Addressing 1 Flag
Openation 76 4 2 10
Nams Mnemonics | Opcode  IMMED! EXT | IND | REG | REGI| iMP | REL | Bytes | States Operation § Z HP/IVN C
ADD ADD HLww 00 wwl 001 ] D 1 7 HLy+ww,~HL, X - R 1
ADD IX.xx 11 011 101 S D 2 10 e+ xxe=1X, X - R 1
00 xx1 001
ADD IY.yy 11111 10 S D 2 10 Yoty - - X R
00 yyl 001
ADC ADC HLww 11101 101 S D 2 10 HLe+wwe +c~HL, t 1 X V R 1
01 wwl 010
DEC DEC ww 0 wwlill $/D 1 ] ww,~1-sww,
DEC IX 11 011 101 S/D 2 7 LA ) &
00 101 011
DECIY 11 111 101 $/D 2 7 Yo - 1Y,
00 101 011
INC INC ww 00 w011 S/D 1 4 wwe+ l—ww,
INCIX 11 011 100 $/D 2 1 Xy +1-+1X,
00 100 01]
INCIY 1111110 S/D z 7 IV, +1-1Y,
00 100 011
SBC SBC HL.ww 11 101 101 S D 2 10 HLy~wwy~c—~HL, 11 X v §8 1
&1 wwl 010
® HITACHI
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Data Transfer Instructions

Table 15 8-Bit Load

Addressing Flag
7 6 4 2 1 0
Name Mn i Opcod IMMED| EXT | IND | REG | REGI| WP | REL | Bytes | States Operation S Z HP/VNN C
Load LD A} 11 101 101 S/D H 6 Ir—~Ar 1 1 RIERR
8-Bit Data 0} 010 111
LDAR 11 101 19 S/D H [ Rr—Ar 1 1 RERR
01 013 311
LD A.(BC) 00 001 010 S D 1 6 (BC)y~Ar {Note 1)
LD A, (DE) 00 011 010 S D 1 & (DE}u—*Ar
LD A, {mn) o0 111 010 S D k) b+ (mn)y—+Ar
«n
(m >
Lb1A 11 101 101 S/D H 6 Ar-lr
01000 121
LDRA 11 101 101 S/D H [] Ar-Rr
01 001 11
1D (BC}A 00 000 010 DS 1 7 Ar—+(BCly
LD (DE)A 00 010 010 D[S 1 1 Ar~+(DE)u
LD {mn).A 0 110 010 D S 3 13 Ar—(mn}y
¢ no3 N
«m >
LDeg Ng ¢ $/D 1 ] Pt
LD g (HL) g 10 D{S 1 [ (HL)wgr
LDgm wg 110 S D 2 [ m-gr
«m >
LD g X +d) 11 011 10t s | D 3 1] (IX+dhigr
Hg L6
«d >
LD g, (1Y +4) 11 11l 101 S| D 3 M (1Y +d)u—gr
ng ue
«d
LD (HL)m o0 110 110 ] D H L] m—~(HL)u
{m >
LD {(IX+d)m naol § D ] 15 m-{IX+d)u
00 110 110
4>
¢m>
LD (Y +d\m 1t 111 101 S D [ 15 m- (Y +d}y
00 110 110
¢ d>
«m >
LD (KL)g oll0g S| D 1 ? g—{Hl)y
LD (IX+d) g 11 011 101 D | S 3 15 g (X+d)y
01110 g
<« d >
LD (IY+d) g i 111 101 D | S 3 15 g +d)u
niwg
4

Note: 1 Interrupts are not sampled at the end of LD A, lor LD A, R.
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Table 16 16-Bit Load

740

Addressing Flog
Operation 7 8 4 210
Neme Mnemonics | Opcode IND | REG | REGI| IMP | REL | Bytes | States Operation 8 T HPVYNC
Load LD ww.mn 00 ww0 801 D 3 ] R,
16-Bit Data JEPEN
< m>
LD Xmn 11 011 108 b 1 12 ma—IX,
00 100 d0L
«n)
¢m>
LD Y ma 11 11 101 D [ iz oY,
% 100 001
«n>
¢ m
LD SPHL 11 111 001 S/D 1 ] HL,-+5P,
LD SPIX 1oL S/D H 7 1Xq~SPe
11111 001
LD SPIY 111 1m S/D ? 7 1Y, ~5P, .
11 111 o1
LD ww, (mn) 11 10 i D [} 18 (mn+1)y—wwlr
01 wwl 011 (ma) y—~wwlr
[ I
«m>
LD HL, {mn) 00 101 010 D 3 15 {mn+1e—~Hr
<n (mn}u—Lr
¢m>
LD IX, (mn) 1016 D ] bt ] (mn+1)u—IXHr
00 191 010 (ma)u—~IXLr
0o
«mo
LD IY, (rm) 11 11 1 D 4 18 (mn+ i) y—IYHr
0 101 010 {omlu—~IYLr
«m
(m>
LD (mn},ww 11 101 301 S [} 1 wwhr—{mn+1)y
01 ww 011 wwlr-+imnlx
[38 I
< m>
LD (mo) HL 00 100 010 -] 3 16 Hr-<(mn+1)y
<0 Lr—{mn}w
¢m
LD (o) IX 11011 101 S 4 19 IXHr-{mn+1}y
00 100 010 IXLr-+(nm)y
¢
«mo
LD (ma) JY 11 111 11 ] [} 1 IYHr—+(mn+1)y
0 100 010 TYLr—{mn)y
¢
cmo
@ HITACHI

Hitachi America, Ltd. = Hitachi Plaza » 2000 Sierra Point Pkwy. « Brishane, CA 94005-1819 e (415) 589-8300




HD641180X, HD643180X, HD647180X

Table 17 Block Transfer
Addressing Flag
Openstion 8 4 21
Name Mnemonics | Opcode WD | REG | AEGI| IMP | REL [ Bytes | States Operation 2 HP/VN
Block 3 2
Transfer | CFD 1 101 381 S -] 12 Ar—(HL)s r 11 8
Search 10 101 801 BC,—1-BC,
Data Hi,—1-HL. 3 2
CPDR 11 101 101 S s I BC,#0 Ar#(HL)w t 1 1 S
10 111 001 12 BCy=0 or Ar=(HL)w
Ar-(HL )u
Q| BC,-1-BC,
HL,-1-HL;
Repeat Q until
Ar= (HL)g o BG=0 3 H
CM 11 101 101 $ 1S 12 Ar-(HL)w 111 s
10 100 001 BCy—1-BCe
HLy+1-HLa 3 2
CPIR 11 101 100 s | s 1 BCe#9 Ars (HL)w 1118
10 110 001 12 BCy=0 or Ar= (HLu
Ar—(HL )u
Q| BC-t—BCy
Hip+1-HL,
Repeat Q until
Ar=(HL)u or BC:=0 ?
LDD I 191 101 S/D 12 (HL)w~(DE)u R I R
10 101 000 BC,-1-+BCy
DE, — i—DEg
HL.-1=HL:
LDDA 1 10110 S$/D 14 (BC, ) (HL)w—+(DE)n R R R
10 111 000 12 (BCy=0) q BC, ~1-BCy
DE, —1-~DEe
HL,-1-HL,
Repeat Q until
BC,=0 2
LD 11 161 101 S/D 12 (HL)W—~{DE}u R ! R
10 100 000 BCy-1-BCy
DE,+1—+DEy
HL,+1-HL.
LDIR 11 101 101 $/D 14 (BC,#0)] | (HL)w~+(DE)u R R R
10 110 000 12 (BC,=0| | BC;—1-+BCu
N DE, +1-+DEs
HL,+1-HL,
Repeat Q until
BC=0
Note: 2 P/V=0:BCg—1=0
P/V = 1: BCg—1# 0
3 Z=1: Ar= (HL)y
Z= 0 Ar# (HL)y
® HITACHI

Hitachi America, Ltd. ® Hitachi Plaza ¢ 2000 Sierra Point Pkwy. * Brisbane, CA 94005-1819 « (415} 589-8300

741




HD641180X, HD643180X, HD647180X

Table 18 Stack and Exchange

J Addressing { [ ‘ Flag
Operation | i 7 64 21 0
Name Mnemonics | Opcode |IMMED| EXT | IND | REG | REGI] IMP | REL | Bytes | States |  Operation $§ Z HPIVN €
PUSH | PUSH=z Lzdion | i T R I | akisP-2a

Lo i ‘ 22Hr—+{SP-1hy
i o | 5Py ~2-5P,
PUSH IX no W . /D ' 2 W | IXLe~(3P-2is
11 100 101 A R : ’ ‘ ’ IXHr-+(SP- L)
: b l | | SPy-2+SP,
| PUSH IY Lo | D | 2 U | WLewiSP-2
| 11108 101 | | IYHr=/SP-1h ¢
; \ . | s
POP PPz 1120 01 | | D s | 1 9 [ISP+la—ur 4

_ ; | ‘ | | | i$PYvzzlr

I ! \ N | SPy2SP,

[ 1 POP IX L1101 101 P | /D [T I | ISPeL-IXHr

"1 100 001 ; ; | (SPh~IXLr ‘
: i ; I 1 ; : i | SPy +2-SP, ;
| pop 1v fnurm | ‘ /D P2 2 | (SP+LyeIVHr
i 11 100 001 o | SPly=I¥Lr ;
| f I 1 | ! | SPet2-5P, !
Exchange |EXAFAF  lovolow | . | | sol 0 |4 aR-aR |
: EX DEHL 11001 | | \ ' ‘ $/D | &t ' 3 |DE-HL e
EXX 11011 001 o P | $/D L] 3 IBGe-Bey
i i i ! - DEy-DE/ |
i ‘ ‘ ! i ‘ ‘ | HLa~HLy :
VEXSPLHL | inweon | P $/D 1 | ! Hr-iSP+1),
! 1 o : ; LeiSPY, !
EX ‘SPiIX worw L S/D Loz B IXBr-iSP+1), P
’ {11100 011 o | \ L IXLr-5p3, ‘
(EXSSPUY 1 HLI | o sml e ivHeseen, |

[ | o | e | | I¥Lr= 8Pty ‘

Note: 4 In the case of POP AF, Flag is written a curremt contents of the stack.
S HiITACHI
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Program Control Instructions

Table 19 Program Control

Addressing Fisg
Operation 7 8 4 2 1 90
Name Mnemonics | Opcod: EXT | IND | REG | REGI| WP | REL |Bytes | States Operation § Z HPVN C
Call CALL mn 11 081 10t D 3 16 PCHr—(SP-1)u N R
¢ PCLr—(SP-2)u
(m> wn-+PCy
SP,—2-+8Py
CALL fan 1nf iw D 3 6 (- fadae} | contioue  f is falee
«n > 16 (£ true) | CALL mn - f s true
(m)
Jump DINZ 0 010 0 D 2 9 (Br0) | Be—i—Br
(9734 2 7 (Br=0) | contime : Br=¢
PCy+j+PCy B0
JPimn n{ oo D 3 6 {f: false) | mm—=PCy . {5 true
¢ n 3 | 9(f: true) | comtinue : f s fale
¢ m )
JP o 11 000 011 D 3 9 PGy
¢n
«m>
JP (HL) 11 101 01 D 1 3 HLe~PCy
JP{IX) 11 011 101 D 2 [ IXa—PCe
11 101 001
P (Y) 11w D 2 § IYa—PCe
11 101 001
Ri 00 011 990 D F3 L] PCe+j~PC
G2
RCy 00 111 000 D 2 ] continue - C=0
> 2 8 PCa+jPCa 1 C=1
JR NCj 00 110 090 D 2 [ continue . C=1
G 1 ] PCy+i—PCy : C=0
JRZj 00 101 000 D H 6 continve : 2=0
(32> 2 8 PCy+iPCe 1 2=1
JRNZj 00 100 000 D H [} continue : Z2=1
2> 2 3 PCu+i=PCy 1 2=0
Return RET 11 001 %01 D 1 3 (SP)w=PCLr
(SP+1}y~PCHr
SPy+2-+5P,
RET it D 1 5 (1 faise) | continue : f is falee
1 10 (F - true} | RET : {is true
RET1 11 191 101 D H 2 (SP)y—PCLx
01 001 10i (SP+1)y—~PCHr
SP,+2-8P;
RETN 11 101 100 D 2 12 {SP)y—~+PCLr
01 000 101 (SP+1)y=PCHr
SP, +2-SFy
IEF,~IEF,
Restart RST v flv 11 D 1 1 PCHr=~(SP-1)u
BCLr—(SP-2)u
0-PCHr
v=+PCLr
SP,—2-SP,
@ HITACHI
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/0 instructions

Table 20 1/O

l ; R ‘ : T [ Flag
Operstion L Addressing | : "—"————7 6§ 3 2 1 o
Name Mnemonics . Opcode |MMED| EXT | IND _ REG | REGI, IMP | 1/O ' Bytes | States | Operation § Z HP/VN C
Input IN A.(m) 11 011 011 D S 2 9 {Am),—~Ar .

(mo m=A~A,
A=A~ A,
IN g (C) 11 101 101 D S 2 ] (BC)—~gr
0lg 000 g=110 Only the t 1 R P R
flags will
change.
Cr—A,~A,
BrA ~A,
INO g,{m) ** 110110 D S 3 12 (00m) —=gr I 1 R P R
Wg 000 g=110: Only the
m > flags will
charge.
m—A,~A, 1
W-A,~Ay I 5 6
IND 1110] 10 D S H 12 [(BC),~{HLl\ X I X X 1 x
10 101 010 HLe-1-Hi,
Br-1—+Br
Cr=A,~A;
Br—A,~ A, 6
INDR 11 101 101 D 5 2 14(Br+0} ‘CBC}.*(HU. X 5§ X X 1 x
10 111 0l¢ 12(Br=0) Q‘ HL.~1-HL,
UBr—1-Br
Repeat Q until
Br=0
Cr—~A.~A,
! Br—+A~ A
: 5 [
INI 11 101 1M | D S 2 12 :BCh~{HL)w X I X X 1 X
10 100 010 i HL,+1-HL,
Br-1-+Br
‘ | CrA,~A,
| Br—A,~A; | 6
INIR 11 101 101 D : S 2 I 14{Br=0) | {BCH = (HL)y (X § X X : X
10 130 010 ‘ I | 12(Br=0) | G| HLy+1~HL, ‘
| : ‘ ' Br—1-Br i
| " Repeat Q unti)
} | ‘ Br=0 ’
i . ! | CrvAg~A, !
L | 1 i | BroAAs l
Note: 5 Z= 1. Br—1=0 {continued}

Z=0Br—1%0
6 N = 1. MSB of Data = 1
N = 0: MSB of Data = 0
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Table 20 /O (cont)
Addressing Flog
Operation 7 6 4 21 0
Neme Mnemonics wmnnmmmsmnuo-mwm Operation 8§ Z HPIVN C
Output OUT (m) A HE U S D 2 U] Ar—{(Am),
< m) mAe~Ar
} Ar-+Ag-Ay
T O 11 101 161 -] D 2 10 gr-(BC),
g ol Cr=As~Ar
Be—Ay~Au
QUTO (m)g** 11101100 S D 3 13 o~ (00m},
Wwg W m—A,~ A
«m) 00—Ay~As 5 6
OTDM ** 11 01 5 ] 2 M (HL)u—1{00C), U S S N B
10 001 Q1 HL,-1-HLe
Ce-1-Cr
Be~1-+Br
CroAy~Ar
00—A,~ Ay 3
OTDMR ** 11 101 101 H D 7| 16{Br20) (HL)u—(00C}, R § R S I R
10 011 01t 14(Br=0) Hl.-1-HL
U et
Be-1-Br
Repest Q until
Br=0
CroAs~A:
00-+A,~ Ay []
OTDR 11 101 101 S D z W(Brz0) (HL}u~(BC)s X S X ¥ 1t X
10 111 01 12(Be=0) | Q| Hle~1~Hly
Br—1-+Be
Repeat Q watil
Br=0
Cr+Ay~ Ay
BrAc~Au 5 6
oUTl 11101 101 H D 2 1 tHL)u~ (BCY, X 1 x X 1 X
10 100 Q21 HLe+1-<HL,
Be-1-Br
C-A~ A
BesAy~A, 6
OTIR 11100 101 S D 2 | WU(Brd) (HL)u—(BC) ¥ s X X1 X
10 110 611 12(Br=0) | Q| Hip+1~HLs
Br-1-Br
Repeat Q until
Br=0
CrAs~A
Be—+Ay~Au
TSTIOm** 11 101 101 s S 3 12 (00C), - m 1 1§ P R R
ol 110 100 Cr=As~As
«m > WA~ Ay 5 ]
oTIM ** 11 101 101 5 D H 7l {HL) = {00C), [ S T S S |
10 000 011 HLy+1-HLy
Cr+1-Cr
Be-1-Br
Cr—+As~As
00-A~As 6
OTIMR ** 11 201 101 S D H 16(Be#0) (HL)u—(00C}, R S R S I R
10 010 011 W(Br=0) Hl.+1-HL,
q Cr+1-+Cr
Br-1-Br
Repeat Q until
Br=¢
CrAe~Ay
0-A~Au § 6
ouUTD 11 101 301 S D 3 12 (HL)W~+(BC}, X1 XX 1 X
10 101 011 HL,-1—-HLe
Br-1-Br
C\‘"ﬂc"Av
Br—As~Au
Note: 5§ Z=1:Br—1 =0
Z=0:Br—1# 0
6 N= | MSBof Data = 1
N = 0: MSB of Data = 0
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Special Control Instructions

Table 21 Special Control

T ; i ‘ T ! Flag
Addressing |
Operation 1 | ‘ , C ! 76 & 2 1 o
Name Mnemonics ' Opcode |MMED] EXT | IND | REG | REG)| IMP REL Bytes States Operation 8§ Z HPIWVN C
Special | DAA [ 00 100 121 S/D ! 4 | Decimai PP
Function Adjust
Accumulator
Carry CCF 00 11 111 1 3 C—C - - R - R !
Control SCF 60 110 13t L 3 1-C . - R - R §
CPU DI 11 110 011 1 3 0-~IEF,, 0—IEF, 7
Control El 11 111 011 1 3 |~+IEF,. 1-[EF, 7
HALT 01 110 110 1 3 CPU halted
M0 11161 101 | 2 [} Interrupt
01 000 110 ! mode §
M1 11 101 101 2 6 Interrupt
01 010 110 ode 1
M2 11 101 101 2 1 Interrupt
101 011 110 miode 2
NOP 00 000 060 | i i 3 | No operation
SLP** 11 101 101 2 3 Sleep
; 0} 110 116 :
1
|
| :
L
Note: 7 Interrupts are not sampled at the end of DI or E1.
@ HITACHI
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B INSTRUCTION SUMMARY IN ALPHABETICAL ORDER

MNEMONICS Bytes Machine Cycles States
ADC Am 2 2 6
ADC Ag 1 2 4
ADC A, (HL) 1 2 6
ADC A, (X+d) 3 6 14
ADC A, (IY+d) 3 6 14
ADD Am 2 2
ADD Ag 1 2
ADD A, (HL) 1 2
ADD A, (IX+d) 3 6 14
ADD A, (iY+d) 3 6 14
ADC HLww 2 6 10
ADD HLww 1 5 7
ADD IX,xx 2 6 10
ADD IY,yy 2 6 10
AND m 2 2
AND g 1 2
AND (HU) 1 2 6
AND (X+d) 3 6 14
AND (Y+d) 3 6 14
BIT b, (HL) 2 3 9
BIT b, (IX+d) 4 5 15
BIT b, (IY+d) 4 5 15
BIT b.g 2 2 6
CALL f.mn 3 2 6

(tf condition is false)
3 6 16
(if condition is true)
Note » : New instructions added to Z80 foontinec]
@ HITACHI

Hitachi America, Ltd. ® Hitachi Plaza » 2000 Sierra Point Plowy. ® Brisbane, CA 94005-1819 o (415) 589-8300

747



HD641180X, HD643180X, HD647180X

748 Hitachi America, Ltd. e Hitachi Plaza ® 2000 Sierra Point Pkwy. * Brisbane, CA 94005-1819 « (415) 589-8300

MNEMONICS Bytes Machine Cycles States
CALL mn 3 6 16
CCF 1 1 3
CPD 2 6 12
CPDR 2 8 14
(f BCr#0 and Ar# (HL))
2 6 12
(if BCR=0 or Ar= {HL)y)
CP (HU) 1 2 6
CPI 2 6 12
CPIR 2 8 14
(f BCr#0 and Ar¥ (HL)w)
2 6 12
(f BCR=0 or Ar={HL}
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
DEC g 1 2 4
DEC ww 1 2 4
DI 1 1 3
{continued)
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MNEMONICS Bytes Machine Cycles States

DJNZ j 2 5 9 (if Br+0)
2 3 7 (f Br=0)

El 1 1 3

EX AFAF 1 2 4

EX DE,HL 1 1 3

EX (SP)LHL 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

IM 1 2 2 6

M 2 2 2 6

INC g 1 2 4

INC (HL) 1 4 10

INC ((X+d) 3 8 18

INC (IY+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

IN g.(C) 2 3 9

INI 2 4 12

INIR 2 6 14 (if Br+0)
2 4 12 (if Br=0)

IND 2 4 12

INDR 2 6 14 {if Br+0)

fcontinued)
@ HITACHI
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MNEMONICS Bytes Machine Cycles States
INDR 2 4 12 (i Br=0)
INO g,(m)** 3 4 12
JP £mn 3 2 6

{if f is false)
3 3 9
(If f is true)
JP {HU) 1 1 3
JP {IX) 2 2 5]
JP {ly) 2 2 6
JP mn 3 3 9
JRj 2 4 8
JRC,j 2 2 6
{if condition is false)
2 4 8
{if condition is true)
JR NC,j 2 2 6
(if condition is false)
2 4 8
(if condition is true)
JR Z,j 2 2 6
{If condition is faise)
2 4 8
{if condition is true)
JR NZ,j 2 2 6
(if condition is false)
2 4 8
(If condition is true)
{continued)
@ HITACHI
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MNEMONICS Bytes Machine Cycles States

LD A, (BC) 1 2 6

LD A, (DE} 1 2 6

LD Al 2 2 6

LD A, (mn) 3 4 12

LD AR 2 2 6

LD (BC).A 1 3 7

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 BCR#0)
2 4 12 {if BCr=0)

LD (HU.m 2 3 9

LD HL,(mn) 3 5 15

LD (HL\,g 1 3 7

LDI 2 4 12

LD LA 2 2 6

LDIR 2 6 14 (if BCr+0)
2 4 12 {If BCrg=0)

LD IX,mn 4 4 12

LD IX,(mn) 4 6 18

LD (X+d),m 4 5 15

LD X+ d).g 3 7 15

LD IY,.mn 4 4 12

LD IY,{mn) 4 6 18

LD (y+dl.m 4 5 15

LD (Y+d).g 3 7 15

continued)
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MNEMONICS Bytes Machine Cycles States

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),ly 4 7 19

LD RA 2 2 6

LD g,{HL) 1 2 6

LD g,IX+d) 3 6 14

tD g.(Y+d) 3 6 14

LD gm 2 2 6

LD g.g’ 1 2 a

LD SPHL 1 2 4

LD SP,IX 2 3 7

LD SPIY 2 3 7

MLT ww** 2 13 17

NEG 2 2 6

NOP 1 1 3

OR (HL) 1 2 6

OR (IX+d) 3 6 14

OR (IY+d) 3 6 14

OR m 2 2

ORg 1 2 4

OTDM** 2 6 14

OTDMR** 2 8 16 (if Br+0)
2 6 14 {if Br=0)

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

icontinued)
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MNEMONICS Bytes Machine Cycles States
OoTIM™* 2 6 14
OTIMR*™* 2 8 16 (If Br+0)
2 6 14 (f Br=0)
OTIR 2 6 14 (if Br¥0)
2 4 12 (if Br=0)
ouTD 2 4 12
OuUTI 2 4 12
OUT (m},A 2 4 10
OuUT (Clg 2 4 10
OuUTO (m),g** 3 5 13
POP X 2 4 12
POP IY 2 4 12
POP 2z 1 3 9
PUSH IX 2 6 14
PUSH IY 2 6 14
PUSH zz 1 5 11
RES b, (HL) 2 5 13
RES b, X+ d) 4 7 19
RES b,{lY+d) 4 7 19
RES b,g 2 3 7
RET 1 3 9
RET f 1 3 5
(If condition is false)
1 4 10
(If condition is true)
RET! 2 10 22
RETN 2 4 12

(continued}
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754

MNEMONICS Bytes Machine Cycles States
RLA 1 1 3
RLCA 1 1 3
RLC {HL) 2 5 13
RLC X+ d) 4 7 19
RLC (Y+d) 4 7 19
RLC g 2 3 7
RLD 2 8 16
RL (HL) 2 5 13
RL X+ d) 4 7 19
RL Y+ d) 4 7 19
RL g 2 3 7
RRA 1 1 3
RRCA 1 1 3
RRC (HL) 2 5 13
RRC (IX+d) 4 7 19
RRC (IY+d) 4 7 19
RRC g 2 3 7
RRD 2 8 16
RR (HL) 2 5 13
RR (IX+d) 4 7 19
RR (IY+d) 4 7 19
RR g 2 3 7
RST v 1 5 1
SBC A,(HL) 1 2 6
SBC A,(IX+d) 3 6 14
SBC A,(Y+d) 3 8 14
SBC Am 2 2 6

{continued)
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MNEMONICS Bytes Machine Cycles States
SBC Ag 1 2 a4
SBC HLww 2 6 10
SCF 1 1 3
SET b,{HL) 2 5 13
SET b,(IX+d) 4 7 19
SET b,(Y+d) 4 7 19
SET b.g 2 3 7
SLA (HL) 2 5 13
SLA (IX+d) 4 7 19
SLA {IY+d) 4 7 19
SLA g 2 3 7
SLP** 2 2 8
SRA (HUL) 2 5 13
SRA (IX+d) 4 7 19
SRA (IY+d) 4 7 19
SRA g 2 3 7
SRL (HL) 2 5 13
SRL (IX+d} 4 7 19
SRL {IY+d) 4 7 19
SRL g 2 3 7
SUB (HL) 1 2 6
SUB (IX+d) 3 6 14
SUB (IY+d) 3 6 14
SUB m 2 2 6
SUB g 1 2 4

*TSTIO m 3 4 12
*TSTg 2 3 7

{continued)
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MNEMONICS Bytes Machine Cycles States
TST m** 3 3 9
TST (HU" 2 4 10
XOR (HL) 1 2 6
XOR (IX+d) 3 6 14
XOR (iY+d) 3 6 14
XOR m 2 2 6
XOR g 1 2
G HiTaAcH
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B OPCODE MAP

Table 22 First Opcode Map

Instruction format: XX

wwile = All lo=0-17
BC [ OE [ HL | SP BCTDE |HL | AF | =
lo=0-17 NZ | NC | PO P f
B D H [(HL)| B D H [{(HL) 00H | 10H | 20H | 30H v
Hi 10000 | 0001|0010 | 0011|0100 010110110{0111{ 1000} 1001 | 1010 1011 1100[ 1101 [ 1110} 1111
LO 0 1 2 3 4 [] 6 7 8 9 A B C D E F
B 1 0000] O | NOP [DINZ|[JRNZ; JRNG, | . \ RET f [4]
C [0001] 1 LD ww, mn {iNote 1) POP 2z 1
D |0010| 2 [LD(ww), A LO{mn)JLD {mn), ) JP f, mn 2
HL A | TP mn|OUTm)IEX(SP); DI 3
E [o0011] 3 INC ww LD gs \ ADD AJSUB s{AND s|OR s A HL
H |0100] 4 INC g \{Note 1) | s CALL f mn 4
L _[ol01] & DEG g WMewed| ___________ : R O R PUSH z 5
_[HLjo10] & LDgm TNote 1] Note2) ____[HALT iNote 2ifiNote 2)ivote 2)|Mote 2300 An[SUB m[AND m{OR m| 6
2 A lont| 7 RLCA[] RLA | DAA | SCF RST v 7
v{ B [1000] 8 EXaF AF] JR j [JRZ 1R C,j RET 1 8
£ C 1001} 9 ADD HL, ww RET | EXX [P (HU|LDSP.| ©
D 11010 A |LD A, (ww)|LDHL LD Al HL
@ () 1 (mn) JP f,mn A
E [1011]| B DEC ww LD gs ADG AJSBC AJ/XOR s|{ CP s |Table lek(m)[E)'DEHL[ El B
H [1100| C INC g s [ GALL f.mn C
L 111011 D DECg | e mem——- AR N I N CALL m]iate 3)[Table 3|tNote 3] D
(HL)| 1110] E \Dgm | ___ MNoe2) | (Nate 21liNote 2){INote 2)|Note 2) 3G Am|BCAm|XORm[CP m| E
A 11111 ]| F |RRCA| RRA | CPL CCF RST v F
0 1 2 3 4 5 6 7 8 9 A B C o] E F
C E L A Cc E L A z C PE M
gllo=8 —F 08H | 18H [ 28H 1 38H | v
ilo=8—-F
Notes: 1. {HL) replaces g.

2. (HL) replaces s.

3. If DDH is added as first opcode for the instructions which have HL or (HU) as an operand
in table 1, the instructions are executed replacing HL with IX and (HL) with (IX + d).

ex:

22H: LD (mn), HL

DDH 22H: LD (mn), iX

If FDH is added as first opcode for the instructions which have HL or (HL) as an operand
in table 1, the instructions are executed replacing HL with IY and (HU with (IY + d).

ex:

34H: INC (HL)

FDH 34H: INC {(IY + d)

However, JP (HL) and EX DE, HL are exceptions. Note the followings:

If DDH is added as first opcode for JP (HL), (IX) replaces (HL) as operand and JP (X} is
executed.
If FDH is added as first opcode for JP (HL), {IY) replaces {HL) as operand and JP {y) is
executed.
Even if DDH or FDH is added as first opcode for EX DE, HL, HL is not replaced and the
instruction is regarded as illegal.

® HITACHI

Hitachi America, Ltd. e Hitachi Piaza + 2000 Sierra Point Pkwy. ® Brisbane, CA 94005-1819 » (415) 589-8300 757



HD641180X, HD643180X, HD647180X

Table 23 Second Opcode Map
Instruction format: CB XX

bflo=0 -7
0 2 4 6 0 2 4 (3] 0 2 4 6
HI {0000|0001{0010{001110100{01010110{0111{1000/1001{1010[1011]1100[1101] 1110|1111

LO 0 1 2 3 4 5 (3] 7 8 9 | A|B | C]|D E F
B {0000| © 0
C |0001] 1 ]
D [0010] 2 2
E |0oO11| 3 3
H |0100| 4 |RLCg{RL g|Stag BIT b,g RES b,g SET b,g 4
L [0t101] 5 5
2[(HD)[O110 6 [More Howrs it 1)1~ """ Wote T |77 TivotedT T TRow i T8
gL A o117 7
£| B [1000] 8 8
C (1001 9 9
wi{ D [1010] A A
E |1011]| B B
H [1100] C |RRC g|RR g|SRA g|SAL ¢ BIT b,g RES b.g SET b,g C
L [1101] D O R R I A D
(HL)[1110] E tNéx{ﬁS_I}I;m—l_)Ed;te_ﬁ@om 1_)___::‘@0_151_)___; _ __:_(Nétg W MNote1) | E
A 1M1} F N e F

0 1 2 3 4 5 8 7 8 9 Al B|]C]|]D]|E F

1 3 5 7 1 3 5 7 1 3 5 7

b{lo=8— nf

Note: 1. f DDH is added as first opcode for the instructions which have (HL) as operand in table 2, the instructions are executed replacing (ML) with {iX +
d}.
If FDH is added as first opcode for the instructions which have (HL) as operand in table 2, the instructions are executed replacing (ML} with (IY +
d).

Table 24 Second Opcode Map
Instruction format: ED XX

ww {Lo = Al}
BC [ DE [ HL | SP
I lo=0-7)
B]OJH 8D H
Hi [0000]0001[0010[0011]0100][0101[0110]071111006]1001]1010] 1071]1100] 11071 (1110|1111
Lo 0 1 2 |3 4567 B8 AlBIC|DIET]TF
0000 0 INO g, (m) INg, (C) LDt [LDIR 0
0001 | 1 OUTO (m).g ] ouT (C).g | CPl |CPIR 1
0010 2 SBGC HL, ww iINI [ INIR 2
0011} 3 LD {mn), ww OTIM]OTIMR| OUTIT | OTIR 3
0100 4 TST g [TSTHI| NEG ITST m[ TS0 m 4
0101 B RETN 5
0110 6 IMQ[TM 1 SLP | 8
0111 7 LD LATLD AT RRD 7
1000 | 8 INO g, (m) IN g, (C) LDD [LDDR 8
100t ] 9 ouTe {m),g OUT (C).g CPD [CPDR 9
1010 A ADC HL,ww IND [INDR A
1011 B LD ww, (mn) 0TDM[OTOMR QUTD|OTDR 8
100 C TST g MLT ww C
1101 D RETI D
1110 E M2 E
11| F LDRAJLDAR{ RLD F
0 i 2 |3/ 4]15 6| 7] 8] [A[BJ]CI[DIETTF
ClEJLTATCITEC] A
g lo=8B-F

G rHiTacH
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B BUS AND CONTROL SIGNAL CONDITION IN EACH MACHINE CYCLE

Machine
Instruction Cycle States Addvess Data RD WR ME I0E LR HALT ST
ADD HL, ww MC, T:T2Ts 1st opcode 1st 0 1 0 1 0 1 0
Address opcode
MC.-— TiTiTiTi . z 1 1 1 1 1 1 1
MCs
ADD X, xx MC+ T:T2Ta 1st opcode 1st 4] 1 0 1 0 1 0
ADDIY.yy Address opcode
MC> T1T:Ts 2nd opcode 2nd 0 ] 0 1 0 1 1
Address opcode
MCa— TIiTiTiTi * z 1 1 1 1 1 1 1
MCe
ADC HLww MC, T+T2Ts 1st opcode 1st 0 1 0 1 o] 1 0
SBC HL, ww Address opcode
MC: TaT2Ta 2nd opcode 2nd o] 1 0 1 0 1 1
Address opcode
MCa— TiTiTiTi . z 1 1 1 1 1 1 1
MCs
ADD Ag MC: T:T2Ta 1st opcode 1st o} 1 0 1 0 1 o}
ADC A9 Address opcode
SuBg
SBCAg MC: Ti * z 1 1 1 1 1 1 1
AND g
ORg
XORg
CPg
ADD Am MC, T1T2Ta 1st opcode ist 0 1 0 1 0 1 [¢]
ADC Am Address opcode
SuUBm
SBC A,m MC: T T2Ts 1st operand m 4] 1 0 1 1 1 1
ANDm Address
ORm
XORm
CPm
ADD A, (HU MC, T1T2Ts 1st opcode st 0 1 0 1 0 1 0
ADC A, (HL) Address opcode
SUB (HU
SBC A, (HU MC: T4T2Ts HL Data 0 1 0 1 1 1 1
AND (HL)
OR (HU)
XOR (HL}
CP (HU
ADD A, (IX+ d} MC, T1T2Ts 1st opcode 1st 0 1 0 1 0 1 0
ADD A, {iy+d) Address opcode
ADC A, X+ d)
ADC A, {iY+d) MC: TT2Ta 2nd opcode 2nd 0 1 0 1 0 1 1
SUB (IX+d) Address opcode
SUB (IY+d)
SBC A, X+ d)
tinued)
Note: - {Address): Invalid feontinu
2 {Data): High impedance.
«=: New instructions added to ZBO
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Machine
Instruction Cycle States Address Data RD WR ME IOE LR HALT ST
SBC A, {IY+d) MC:  T.T:Ts 1st operand d 1 0 1 1 1 1
AND {IX+d} Address
AND {IY+d}
OR (IX+d) MC.— TiTi * z 1 1 1 1 1 1 1
OR (IY+d) MCs
XOR {IX+d)
XOR (v +d} MCe TiTLTa IX+d Data 0 1 [0} 1 1 1 1
CP (IX+d) IY+d
CP (IY+d)
BiT b,g MC, T1iToTs 1st opcode 1st 0 1 0 1 4] 1 o}
Address opcode
MC2 T4T2Ts 2nd opcode 2nd 0 1 0 1 0 1 1
Address opcode
BIT b, (HL) MC TiToTs 1st opcode st o} 1 0 1 4] 1 0
Address opcode
MC: T1T:Ta 2nd opcode 2nd [¢] 1 o] 1 o] 1 1
Address opcode
MC3 T4T:T3 HL Data 4] 1 1 1 1 1
BIT b, (IX+d) MC TiT2Ts 1st opcode 1st 1 1 0 1 0
BIT b, (¥+d Address opcode
MC: T1T2Ts 2nd opcode 2nd 0 1 0 1 0 1 1
Address opcode
MC3 TiT2Ts 1st operand d 0 1 0 1 1 1 1
Address
MCa T:T2Ta 3rd opcode 3rd 0 1 0 1 0 1 1
Address opcode
MCs T:T2Ta IX+d Data 8] 1 0 1 1 1 1
IY+d
CALL mn MC TT:Ts 1st opcode 1st o] 1 0 1 ¢ 1 0
Address opcode
MC. T1T2Ta 1st operand n o] 1 o] 1 1 1 1
Address
MC TaT2Ts 2nd operand m 4] 1 0 1 1 1 1
Address
MC, Ti * Z 1 1 1 1 1 1 1
MCs TT:Ts SP—1 PCH 1 0] 0 1 1 1 1
MCe TiT2Ts SP—~2 PCL 1 0 4] 1 1 1 1
CALL f,mn MC T:T2Ts 1st opcode 1st 0 1 0 1 0 1 0
{f condition Address opcode
is faise) MC. T1ToT3 1st operand n 4] 1 0 1 1 1 1
Address
(continued)
O HITACHI
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Machines
Instruction Cycle States Address Data RO WR ME OE LIR HALT ST
CALL fmn MC TTeTa 1st opcode 1st o] 1 0 1 0 1 0
If condition Address opcode
is true] MC: TiT:Ts 15t operand n 0 1 0 1 1 1 1
Address
MCs T:T:Ta 2nd operand m 0 1 0 1 1 1 1
Address
MCa Ti * F4 1 1 1 1 3 1 1
MCs T:.T:T3 SP—-1 PCH 1 0 0 1 1 1 1
MCs TiToTas SP—2 PCL 1 0 o] 1 1 1 1
CCF MC T:T:Ta 1st opcode 1st o] 1 0 ] o] 1 0
Address opcode
CP1 MCH T:T2Ta 1st opcode 1st 0 1 0 1 0 1 0
CPD Address opcode
MC- TiT2Ts 2nd opcode 2nd [¢] 1 0 1 0 1 1
Address opcode
MCa T TeTa HL Data 0 1 0 1 1 1 1
MCs—  TiTiTi . z 1 1 1 1 1 1 1
MCs
CPIR MC. T1T2Ta 1st opcode 1st 0 1 0 1 0 1 0
CPDR Address opcode
i BC#0and  pc,  T.T:Ts Znd opcode 2nd 0 1 0 1 0 1 1
Ar (HUh) Address opcode
MC3> TiT:Ta HL Data 0 1 0 1 1 1 1
MC.— TiTiTiTTi * z 1 1 1 1 1 1 1
MCs
CPIR MC T1T2Ta 1st opcode 1st 0 1 0 1 o] 1 0
CPDR Address opcode
if BCx=0 or MC: T.T:Ts 2nd opcode 2nd 0 1 0 1 0 1 1
Ar= (Huw) Address opcode
MC; T.T:Ta HL Data 4] 1 0 1 1 1 1
MCs-— TiTiTi * z 1 1 1 1 1 1 1
MCe
CPL MC T:T:T3 1st opcode 1st 0 1 0 1 o} 1 0
Address opcode
DAA MC, T:1ToTs 1st opcode 1st 0 1 0 1 0 1 0
Address opcode
MC: Ti * z 1 1 1 1 1 1 1
DI (Note 1) MC TiT2Ta 1st opcode 1st 0 1 4] 1 0 1 0
Address opcode
{continued)

Note: 1. Interrupt request is not sampled.
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DJNZ j MC, T:T2Ts 1st opcode 1st 0 1 0 1 1 0
{If Br=0) Address opcode
MC: Ti (Note 2) * 2z 1 1 1 1 1 1 1
MCa T1T2Ts 1st operand 2 0 1 0 1 1 1 1
Address
MC:— TiTi . F4 1 1 1 1 1 1 1
MCS
DJNZ j MC TaT:Ta 1st opcode 1st 0 1 0 1 0 1 0
{tt Br=0) Address opcode
MC: Ti(Note 1) °* z 1 1 1 1 1 1 1
MC3 T1T2Ta 1st operand j-2 o] 1 0 1 1 1 1
Address
Et {Note 3) MC, TiT:Ts 1st opcode 1st 0 1 0 1 4] 1 0
Address opcode
EX DE, HL MC. TiT2Ta 1st opcode 1st 0 1 o] 1 o] i o]
EXX Address opcode
EX AF, AF MC, TiT:Ta 1st opcode 1st 0 1 0 1 0 1 0
Address opcode
MC: Ti . 2 1 1 1 1 1 1 1
EX (SP), HL MC, T:T:Ts 1st opcode 1st o] 1 0 1 0 1 0
Address opcode
MC: TiT2Ts SP Data 1 1 1 1 1
MCs TiTaTa SP+1 Data 1 0 1 1 1 1
MC, Ti . z 1 1 1 1 1 1 1
MCs T:T2Ts SP+1 H 1 o] 0 1 1 1 1
MCs T4T2Ts SP L 1 0 0 1 1 1
EX (SP),IX MC T:T2Ta 1st opcode ist 0 1 0 1 0 1 4]
EX (SP) Y Address opcode
MC. T4T:Ts 2nd opcode 2nd 0 1 0 1 8] 1 1
Address opcode
MCa T:T2T, SP Data 1 1 1 1 1
MC. T:T2Ts SP+1 Data 1 1 1 1 ]
MCs Ti N Z 1 1 1 1 1 1 1
{continued)

Note: 2 DMA, refresh, or bus release cannot be executed after this state. {Request is ignored.)

3 Interrupt request is not sampled,

762

@ HITACHI

Hitachi America, Ltd.  Hitachi Plaza » 2000 Sierra Point Pkwy. * Brisbane, CA 94005-1819 = (415) 589-8300



HD641180X, HD643180X, HD647180X

Machine
Instruction Cycle States Address Data RO WR ME iOE LR HALT ST
EX (SP), IX MCs T4T2Ta SP+ 1 IXH 0 0 1 1 1 1
EX (SP), 1Y fYH
MC~ T1T2T3 SP IXL 1 o} 0 1 1 1 1
YL
HALT MC. T1T2Ta 1st opcode 1st 0 1 0 1 0 1 0
Address opcode
Next opcode Next 0 1 (o] 1 o 0 0
Address opcode
MO MC. T1T2Ta 1st opcode 1st o] 1 ] 1 0 1 0
M1 Address opcode
M2 MC: TT:Ts 2nd opcode 2nd 0 1 0 1 0 1 1
Address opcode
INC g MC T1T2Ta 1st opcode st 0 1 0 1 0 1 0
DEC g Address opcode
MC: Ti N z 1 1 1 1 1 1 1
INC (HL} MC, TyT:Ta 1st opcode 1st 0 1 0 1 0 1 Q0
DEC {HU Address opcode
MC: T:T:Ta HL Data 4] 1 0 1 1 1 1
MC3 Ti * z 1 1 1 1 1 1 1
MC. T4T2Ta HL Data 1 0 0 1 1 1 1
INC X+ d) MC T1.T:Ta 1st opcode 1st 0 1 0 1 0 1 0
INC (Y +d) Address opcode
MC: T:T:Ta 2nd opcode 2nd 0 1 0 1 o] 1 1
DEC (X+d) Address opcode
DEC (Y +d)
MCa T4T2Ta 1st operand d 0 1 0 1 1 1 1
Address
MCa— TiTi . Z 1 1 1 1 1 1 1
MCs
MCs T1T2Ta IX+d Data o) 1 0 1 1 1 1
+d
MC» Ti * z 1 1 1 1 1 1 1
MCs T1T2Ts IX+d Data 1 0 4] 1 1 1 1
fy+d
INC ww MC 1 TiT2Ta 1st opcode 1st 0 1 0 1 0 1 0
DEC ww Address opcode
MC: Ti * 4 1 1 1 1 1 1
INC IX MC T1ToTs 1st opcode 1st 4] 1 0 1 0] 1 0
INC 1Y Address opcede
MC: T.T2Ta 2nd opcode 2nd 0 1 0 1 0 1 1
DEC IX Address opcode
DEC IY
MC Ti ° z 1 1 1 1 3 1 1
{continued}
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IN A, (m) MC, TiF:Ta 15t opcode 1st 0 1 0 1 0 1 o]
Address opcode
MC: T4T2Ts 1st operand m o] 1 o] 1 1 1 1
Address
MC; T:ToT, m to Ac—Ar Data 0 1 1 0 1 1 1
Ato Ag—Ais
IN g.(C) MC T:T2Ts 1st opcode 1st 0 1 0 1 o] 1 0
Address opcode
MC: T:T.Ts 2nd opcode Znd 0 1 s} 1 0 1 1
Address opcode
MC3 TiT2Ta BC Data 4] 1 1 0 1 1 1
INO g.{m}** MC, TiT:Ts 1st opcode 1st 0 1 0 1 0 1 0
Address opcode
MC: TiT2Ts 2nd opcode 2nd 0 1 o} 1 o} 1 1
Address opcode
MC, TT:Ts 1st operand m 0] 1 0 1 1 1 1
Address
MC. TT2Ts mto Ag— A7 Data 9] 1 ] 0 1 1 1
OCOH to As—A ;s
INI MC, TiT2Ty 1st opcode 1st 0 1 0 1 ] 1 0
IND Address opcode
MC: TT:Ts 2nd opcode 2nd 0 1 0 1 0 1 1
Address opcode
MCs TaT:Ta BC Data 0 1 1 0 1 1 1
MC 4 TiT:Ta HL Data 1 o] [¢] 1 1 1 1
INIR MC T:T2Ts 1st opcode 1st 0 1 0 1 ¢} 1 0
INDR Address opcode
(it Br=0} MC:  T.T.Ts 2nd opcode 2nd 0 1 0 1 0 1 1
Address opcode
MC3 TiT2Ta BC Data 0 1 1 0 1 1 1
MC. TT:Ts HL Data 1 [0] 0 i 1 1 1
MCs;— TiTi * Z 1 1 1 1 1 1 1
MCs
INIR MC, T:iT:Ts 1st opcode 1st 0 1 o] 1 0] 1 0
INDR Address opcode
it 8r=0 MC:  T.T.T, 2nd opcode 2nd 0 1 o 1 0 1 1
Address opcode
MCa TiToTs 8C Data 0 1 1 0] 1 1 1
MC. T:T2Ts HL Data 1 o} 0 1 1 1 1
{continued)
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JP mn MCH T1T2Ts 1st opcode 1st 0 1 0 1 4] 1 0
Address opcode
MC: T:T2Ts 1st operand n 0 1 0 1 1 1 1
Address
MC3 TiT2Ta 2nd operand m 0 1 0 1 1 1 1
Address
JP fmn MC T:T2Ta 1st opcode 1st 0 1 o] 1 o] 1 0
{if fis false) Address opcode
MC: T:T:Ta 1st operand n 0 1 o] 1 1 1 1
Address
JP f,mn MC, T1T:Ta 1st opcode 1st 0 1 0 1 0 1 ]
{if f is true) Address opcode
MC2 T1T2Ta 1st operand n 0 1 0 1 1 1 1
Address
MCs TT2Ts 2nd operand m 0 1 0 1 1 1 1
Address
JP {HL} MC ThT2Ta 1st opcode st o] 1 0 1 0 1 (4]
Address opcode
JP (IX) MC, T4T2Ta 1st opcode 1st 0 1 0 1 [¢] 1 0
JP (Y} Address opcode
MC: T1TeTa 2nd opcode 2nd 0 1 4] 1 0 1 1
Address opcode
JRj MC T:T2Ts 1st opcode 1st o] 1 0 1 0 1 0
Address opcode
MC: T:T:Ts 1st operand 2 0 1 0 1 1 1 1
Address
MCs— TiTi * Z 1 1 1 1 1 1 1
MC.s
JRC,j JRNC, MC TiT2Ta 1st opcode 1st 0 1 0 1 0 1 0
JR Zj JRNZ} Address opcode
(If condition MC:  TiT:Ta 15t operand i-2 0 1 0 1 1 1 1
is false} Address
JRCj JRNGC) MC TiT:2Ta 1st opcode 1st 0 i [¢) 1 Q 1 o)
JR Zj JRNZj Address opcode
{if condition MC;  TiT:Ts 1st operand i-2 o 1 o 1 1 1 1
is true) Address
MCa— TiTi ' FA 1 1 1 1 1 1 1
MC.
LD 9.9 MC, T:T2Ta 1st opcode st 0 1 4] 1 4] 1 o
Address opcode
MC: Ti * 4 1 1 1 1 1 1 1
LD gm MCh T4T2Ta 1st opcode 1st 0 1 0 1 1 0
Address opcode
MC:2 T1T:T3 1st operand m 0 1 0 1 1 1 1
Address
{continued)
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LD g, (HU MC, T+T2Ts 1st opcode 1st 0 1 0 1 0 1 0
Address opcode
MC: TiTaT3 HL Data 1 1 1 1
LD g, X+ d) MC, T:T:Ts 1st opcode 1st 1 1 0 1 0
LD g, {Iv+ad) Address opcode
MC: T4T2Ts 2nd opcode 2nd 0 1 0 1 o] 1 1
Address opcode
MC; TiT:Ts 1st operand d 0 1 0 1 1 1 1
Address
MC:— TiTi . z 1 1 1 1 1 1 1
MC:
MCe TiT2Ta IX+d Data 0 1 0 1 1 1 1
IY+d
LD (HU.g MC, T T:Ta 1st opcode 1st 0 1 o] 1 0 1 0
Address opcode
MC: Ti * F4 1 1 1 1 1 1 1
MC, T+T2Ts HL g 1 o] 1 1 1 1
LD 0X+dlg MC, T1T2Ts 1st opcode 1st 0 1 1 o] 1 0
LD ty+d).g Address opcode
MC: T4T2Ta 2nd opcode 2nd 0 1 0 1 0 1 1
Address opcode
MC; TT2Ts 1st operand d 0 1 0 1 1 1 1
Address
MC4— TiTiTi . z 1 1 1 1 1 1 1
MCs
MC» TT2Ta iX-+d g 1 0 0 1 1 1 1
IY+d
LD {HU.m MC T:T2Ta 1st opcode 1st 0 1 0 1 0 1 0
Address opcode
MC:2 TT:Ta 1st operand m o] 1 0 1 1 1 1
Address
MC3 TiT2Ta HL Data 1 0 ¢} 1 1 1 1
LD iX+dim MC, TiT2Ts 1st opcode 1st 0 1 1 0 1 ¢}
LD (iVv+d),m Address opcode
MC: TiT2Ta 2nd opcode 2nd 0 1 0 1 0 1 1
Address opcode
MCs T1T2Ta 1st operand d 0 1 0 1 1 ¥ 1
Address
MC. T4T2Ts 2nd operand m 0 1 0 1 1 1 1
Address
MCs T1T2Ta IX+d Data 1 o 0 1 1 1 1
IY+d
LD A, (BC) MC TiT:Ta 1st opcode 1st 0 1 0 1 0 1 (o}
LD A, (DE) Address opcode
(continued)
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LD A, (BC) MC: TT2T3 BC Data 0 1 0 1 1 1 1
LD A, (DE) DE
LD A, (mn} MC T4T2Ta 1st opcode 1st 0 1 4] 1 0 1 o]
Address opcode
MC: TiT.T3 1st operand n 4] 1 0 1 1 1 1
Address
MCa T1T2Ta 2nd operand m v] 1 0 1 1 1 1
Address
MC. T:T2Ts mn Data 0 1 0 ] 1 1 1
LD (BC).A MC T1T2Ta 1st opcode 1st o} 1 0 1 Q 1 o]
LD {DE).A Address opcode
MC: Ti * Z 1 1 1 1 1 1 1
MC3 T4T2T2 BC A 1 ¢} 0 1 1 1 1
DE
LD {mn),A MC: T+T2Ta 1st opcode 1st 0 1 0 1 4] 1 0
Address opcode
MC: T:T:Fa 1st operand n 0 1 0 1 1 1 1
Address
MC3 T4T:Ts 2nd operand m 0 1 o] 1 1 1 1
Address
MC, Ti . 4 1 1 1 1 1 1 1
MCs TiTeTs mn A 1 0 0 1 1 1 1
LD Al (Noted MC, T T2Ta 1st opcode 1st 0 1 0] 1 0 1 0
LD AR Address opcode
LD LA MC: T1ToTa 2nd opcode 2nd 0 1 4] 1 0 1 1
LD RA Address opcode
LD ww, mn MC, TT:T3 1st opcode 151 0 1 0 1 0 1 [¢]
Address opcode
MC: TaiTeTa 1st operand n o] 1 0 1 1 1 1
Address
MCs T:T2Ts 2nd operand m 0 i 0 1 1 1 1
Address
LD IX,mn MC T1T2T3 1st opcode 1st 0 1 0 1 0 1 0
LD Y, mn Address opcode
MC: T T:Ta 2nd opcode 2nd ¢} 1 0 1 0 1 1
Address opcode
MC. T:T:Ta 1st operand n 0 1 4] 1 1 1 1
Address
MC.s T1T2Ts 2nd operand m 0 1 0 1 1 1 1
Address
LD HL, {mn) MC, T.T:Ts 1st opcode 1st 0 1 0 1 0 1 0
Address opcode
MC: T1T:Ta 1st operand n 4] 1 4] 1 1 1 1
Address
{continued)
Note: 4 Interrupt request is not sampled.
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LD HL, (mn} MCs T T2Ts 2nd operand m o] 1 0 1 b 1 1
Address
MC, TiT2Ts mn Data 4] 1 1 1 1 1
MCs T1T2Ts mn+ 1 Data o] 1 0 1 1 1
LD ww, (mn) MC: TiT:Ts 1st opcode 15t 0 1 0 1 (o] 1 0
Address opcode
MC: T1T2Ts 2nd opcode 2nd 0 1 o] 1 0 1 1
Address opcode
MCs TT:Ts 1st operand n 0 1 o] 1 1 1 1
Address
MC. T4T:T3 2nd operand m 0 1 0 1 1 1 1
Address
MCs TiT2Ts mn Data 1 1 1 1 1
MCs TiT2Ta mn+ 1 Data 1 1 1 1
LD IX,{mn) MC, T T:Ta 1st opcode 1st 1 1 (o] 1 0
LD I¥,{mn) Address opcode
MC: T1T:Ta 2nd opcode 2nd 0 1 o) 1 o] t 1
Address opcode
MCa TiT:Ts 1st operand n 0 1 0 1 1 1 1
Address
MC. T4T2Ta 2nd operand m 0 t 4] 1 L 1 1
Address
MCs TiT2Ta mn Data 1 0 1 1 1 1
MCs TiT2Ta mn+ 1 Data 1 1 1 1
LD {mn),HL MC, TaT2Ts 1st opcode Ist 0 1 1 0 1 0
Address opcode
MC: TT2Ta 1st operand n 0 1 4] 1 1 1 1
Address
MCa T1T2Ta 2nd operand m 0 1 0 1 1 1 1
Address
MC. Ti * Zz 1 1 1 1 1 1 1
MC; T:T2Ta mn 1 1 1 1 1
MC: T1T:Ta mn+ 1 H 1 1 1 1 1
Icontinued)
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LD (mn},ww MC T1T2Ts 1st opcode 1st 0 1 0 1 o] 1 0
Address opcode
MC: TiT2Ta 2nd opcode 2nd 0 1 0 1 o] 1 1
Address optode
MCa TaT2Ta 1st operand n [¢] 1 o] 1 1 1 1
Address
MC., TT:Ts 2nd operand m o] 1 0 1 1 1 1
Address
MCs Ti * 4 1 1 1 1 1 1 1
MCs T4T2Ta mn wwlL 1 o] 0 1 1 ] 1
MC- T1T2Ts mn+ 1 wwH 1 0 C 1 1 1 1
LD (mn}IX MC TiT2Ts 1st opcode 1st 0 1 0 1 0 1 0
LD (mnLlY Address opcode
MC: TiT2Ta 2nd opcode 2nd 0 1 0 1 (s} 1 1
Address opcode
MCa T:i7:Ts 1st operand n o] 1 0 1 1 1 1
Address
MC, TiT:Ts 2nd operand m 0 1 0 1 1 1 1
Address
MCs Ti : b4 1 1 1 1 1 1 1
MCs T:T:Ts mn IXL 1 0] 0 1 1 1 1
vl
MC- T:TeTa mn+ 1 IXH 1 0 0 1 1 1 1
IYH
LD SP, HL MC+ TT2Ts 1st opcode 1st 0 1 0 1 o] 1 0
Address opcode
MC: Ti - z 1 1 1 1 1 1 1
LD SP.IX MCh T T2Ts 1st opcode 1st 0 1 0 1 0 1 0
LD SPIY Address opcode
MC: TTeTs 2nd opcode 2nd 0 1 0 1 4] 1 1
Address opcode
MCs Ti * Zz 1 i 1 1 1 1 1
DI MC T1T2Ta 1st opcode 1st 0 1 o] 1 0 1 0
LDD Address opcode
MC- TT2Ts 2nd opcode 2nd 0 1 0 1 o} 1 1
Address opcode
MC; TiT:Ts HL Data 0 1 0] 1 1 1 1
MC. T:T:Ts DE Data 1 0 0 1 1 1 1
{continued)
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LDIR MC, T T2Ts 1st opcode 1st [+] 1 0 1 o] 1 ]
LDDR Address opcode
i 8Ca7=0) MC:  T:ToTs  2ndopcode  2nd o 1 o 1 o 1 1
Address opcode
MC; TiT:Ts HL Data 4] 1 (¢} 1 1 1 1
MC. TiT2Ts DE Data 1 Q o] 1 1 1 1
MCs— TiTi . z 1 1 1 1 1 1 1
MCs
LDIR MC, T1T2Ta 1st opcode 1st 8] 1 0 1 4] 1 o
LDDR Address opcode
(f BG,=0) MC:  TiTeTs 2nd opcode 2nd 0 1 0 1 0 1 1
Address opcode
MC3 T:T.Ta HL Data 4] 1 1 1 1 1
MC, TiT:Ts DE Data 1 0 0 1 1 1 1
MLT ww™ MC, T:T2Ta 1st opcode 1st 0 1 1 0 1 o]
Address opcode
MC: TiT2T, 2nd opcode 2nd (8] 1 0 1 0 1 1
Address opcode
MCsz— TiTiTiTi * F4 1 1 1 1 1 1 1
MCia TiTiTiTi
TiTiTi
NEG MC, TiT2Ts 1st opcode 1st o] 1 ] 1 0 1 0
Address opcode
MC: T1T2Ts 2nd opcode 2nd 0 1 o] 1 (4] 1 1
Address opcode
NOP MC, T1T2Ta 1st opcode 1st 0 1 0 1 0 1 0
Address opcode
OUT (m),A MC, TiT2Ta 1st opcode 1st 0 1 0 1 0 1 o]
Address opcode
MC: T:TeTs 1st operand m 0 1 0 1 1 1 1
Address
MC» Ti * z 1 1 1 1 1 1 1
MC, T1T:Ta mto Ap— Az 1 () 1 o]} 1 1 1
A to Ag— A, 5
{continued)
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oUT {Cl.g MC TT2Ta 1st opcode 1st 0 1 0 1 o] 1 0
Address opcode
MC: TTTa 2nd opcode 2nd 0 1 0 1 0 1 1
Address opcode
MC3 Ti * z 1 1 1 1 1 1 1
MC.4 T1T2Ta BC g 1 0 1 (o} 1 ] 1
QUTO {m).g** MC TT2Ta 1st opcode 1st 0 1 0 1 ¢} 1 0
Address opcode
MC2 T1T=Ta 2nd opcode 2nd (o} 1 0 1 0 1 1
Address opcode
MCs TiT2Ta 1st operand m 0 1 0 1 1 1 1
Address
MC. Ti * Z 1 1 1 1 1 1 1
MCs TiT2Ta m to Ao— A7 g 1 0 1 0 1 1 1
O0H to Ag—A:s
oTInM** MC, TiT:Ts 1st opcode 1st 0 1 0 1 0 1 0
OTDM** Address opcode
MC> T1T2Ta 2nd opcode 2nd 0 1 4] i 0 1 1
Address opcode
MC3 Ti * Zz 1 1 1 1 1 1 1
MCa T1T2Ta HL Data 0 1 0 1 1 1 1
MCs T:T:Ts C to Ao—Ar Data 1 0 1 (¢} 1 1 1
Q0H to As—Ass
MCs Ti M 4 1 1 1 1 1 1 1
OTIMR** MC, TiT2Ta 1st opcode 1st 0 1 o} 1 0 1 0
OTDMR** Address opcode
i Br#0) MC.  TiT:Ts 2nd opcode 2nd 0 1 0 1 0 1 1
Address opcode
MC3s Ti * 4 1 1 1 1 1 1 1
MC4 T1T2Ta HL Data 0 1 0 1 1 1 1
MCs TiT2Ta C to Ao—As Data 1 0 1 0 1 1 1
OOH to As—A1s
MCs— TiTiTi * Z 1 1 k] 1 1 1 1
MCse
OTIMR"* MC, T:T2Ta 1st opcode 1st 0 1 0 1 0 1 0
OTDMR** Address opcode
{tf Br="0 MC: TiTeTs 2nd opcode 2nd 0 1 0 1 0 1 1
Address opcode
MC 3 Ti " z 1 1 1 1 1 1 1
MC. T:T2Ta HL Data 0 1 0 1 1 1 1
MCs TT:Ta Cto Ag—Ar Data 1 ¢} 1 0 1 1 1
OOM to As—A1s
MCe Ti * Z 1 1 1 1 1 1 1
{continued)
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oun MC, TiT2Ta 1st opcode 1st o] 1 o] 1 1 o]
ouTD Address opcode
MC. T1T2Ts 2nd opcode 2nd 0 1 0 1 0 1 1
Address opcode
MC, TT.T3 HL Data 0 1 o} 1 1 1 1
MC. T1T2Ta BC Data 1 (o] 1 0 1 1
OTIR MC, T1T.Ts 1st opcode tst 0 1 0 1 1) 1 0
OTDR Address opcode
it Br=0) MC:  TiT:Ts 2nd opcode 2nd 0 1 0 1 o 1 1
Address opcode
MC, T T2Ta HL Data 8] 1 Q 1 1 1
MC. TyT2Ta BC Data 1 0 1 o 1 1 1
MCs— TiTi * Z 1 1 1 1 1 1 1
MCe
OTR MC, TiT2Ts 1st opcode 1st 0 1 [+] 1 0 1 o)
OTDR Address opcode
U 8e=0) MC:  T.T.T, 2nd opcode 2nd 0 1 0 1 0 1 1
Address opcode
MC; TiT2Ta HL Data o} 1 0 1 1 1 1
MC, T1T2Ty BC Data 0 1 ] 1
POP 2z MC; TiT:Ts 1st opcode 1st 0 1 ] 1 0 1 4]
Address opcode
MC; T1T2Ta SP Data 1 1 1 1 1
MCa T1T2Ta SP+1 Data 1 1 1
POP IX MC, TT:T3 1st opcode 1st o] 1 0 1 [4) 1 [o]
POP Y Address opcode
{continued)
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POP IX MC: TiT:Ta 2nd opcode 2nd 1 [¢] 1 Q 1 1
POP 1Y Address opcode
MCa T1T2Ts SP Data 1 1 1 1 1
MCa T1T2Ts SP+1 Data 1 1 1 1 1
PUSH 2z MC TiT=Ts 1st opcode 1st 0] 1 0 1 0 1 0
Address opcode
MC.— TiTi * 4 1 1 1 1 1 1 1
MC3
MC.4 T:T:Ts SP—1 z2zH 1 o] o} 1 1 1 1
MCs TT2¥s SP—2 zzb 1 0 o] 1 1 1 i]
PUSH 1IX MC. TTeTs 15t opcode 1st 0 1 9] 1 0 1 0
PUSH IY Address opcode
MC: TyT2T3 2nd opcode 2nd 0 1 0 1 0 1 i
Address opcode
MCi— TiTi . Z 1 1 1 1 1 1 1
MC 4
MCs T.T2T3 SP—1 IXH 1 o] o] 1 1 1 1
IYH
MCs T.T2Ts Sp—2 XL 1 o} 0 1 1 1 1
IYL
RET MC T:T2Ta 1st opcode 1st 0 1 [¢] 1 0 1 [¢]
Address opcode
MC: T T2Ts sP Data 0 1 0 1 1 1 1
MCs T.T:Ts SP+1 Data 0 1 0 1 1 1 1
RET ¢ MC, TiT:Ts 1st opcode 1st 4] 1 0 1 0 1 0
{if condition Address opcode
is false) MC:— TiTi . z 1 1 1 1 1 1 1
MCa
RET f MCi TT2Ta 1st opcode 1st 0 1 o] 1 0 1 0
{if condition Address opcode
is true) MC: Ti . z 1 1 1 1 1 1 1
MCa T:T:Ts SP Data [0} 1 0 1 1 1 1
MCa ThT2Ta SP+1 Data [¢] 1 0] 1 1 1 1
{continued)
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RETI MC, TT:Ta 1st opcode 1st 4] 1 0 1 Qs 1 o]
Address opcode 1
MC 2 TToTs 2nd opcode 2nd 0 1 o] 1 0 1 1
Address opcode 1
MCs;— TiTiTi N 4 1 1 1 1 1s 1 i
MCs 1
MCe T:T2Ta 1st opcode 1st [¢] 1 Q 1 0s 1 1
Address opcode o]
MC, Ti * z 1 1 1 1 15 1 1
1
MCs T4T:Ta 2nd opcode 2nd 8] 1 0 1 05 1 1
Address opcode 1
MCq TT2Ta SP Data 0 1 0 1 1s 1 1
1
MC o T4T2Ta SP+1 Data [¢] 1 0 1 15 1 1
1
RLCA MC, T:T:Ts 1st opcode 1st [¢] 1 [¢] 1 0 1 0
RLA Address opcode
RRCA
RRA
RLC g MC 4 T:T:Ts 1st opcode 1st 0 1 0 1 o] 1 0
RL g Address opcode
RRC g MC:  TiToTs 2nd opcode 2nd 0 1 0 1 0 1 1
RR g Address opcode
SLA g - -
SRA g MC3 Ti Z 1 1 1 1 1 1 1
SRL g
RLC (HL) MC T4T2Ta 1st opcode ist 0 1 ¢] 1 0 1 4]
AL (HL) Address opcode
RAC (HL) MC:  TiTeTs 2nd opcode 2nd 0 1 ) 1 ) 1 1
RR (HL) Address opcode
SLA [HL)
SRA (HL) MC 3 TT2Ts HL Data 0 1 o] B 1 1 1
SRL {HL) MC, Ti ° z 1 1 1 1 1 1 1
MCs  TiT.Tq HL Data 1 0 0 1 1 1 1
(continued)

Note: 5 The upper and lower data show the state of LIR when LIRE = 1 and URE = 0 respectively.
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Machine
Instruction Cycle States Address Data RD WR ME IOE OUR HALT ST
RLC (X + d) MC T4T2Ta 1st opcode 1st 0 1 0 1 4] 1 0
RLC ity + d) Address opcode
RLOX + d MC:  TiTeTa 2nd opcode 2nd o 1 o t o 1 1
RL Y + d) Address opcode
RAC (IX + d
RRC UV + d) MCs T1T2Ta 1st operand d [o] 1 0 1 1 1 1
RR UX + d) Address _
RR Iy + d) MC. TiT2Ta 3rd opcode 3rd 0 1 (0] 1 4] 1 1
SLA (X + d) Address opcode
SLA (Y + d) MCs TiTzTa ix+d Data 0 1 0 1 1 1 1
SRA X + d Iv+d
SRA (Y + d) - -
SRL (X + d MCe Ti z 1 1 1 1 1 1 1
SRL {Y + d} MC~ TT2T> IX+d Data 1 [4) 0 1 1 1 1
Iy+d
RLD MC T4T2Ts 1st opcode 1st 0 1 0 1 0 1 0
RAD Address opcode
MC: T1TaTs 2nd opcode 2nd 4] 1 0 1 [4) 1 1
Address opcode
MCa T:T:Ta HL Data 0 1 4] 1 1 1 1
MC:— TiTiTiTi * z 1 1 1 1 1 1 1
MC
MCa TT2Ts HL Data 1 4] 0 1 1 1 1
RST v MC, T:T:Ta 1st opcode 1st V] 1 0 1 0 1 0
Address opcode
MC.— TiTi * z 1 1 1 1 1 1 1
MCa
MC. TT:Ta SP—1 PCH 1 o] 4] 1 1 1 1
MCs T4T2Ta SP—2 PCL 1 0 0 1 1 1 1
SCF MC, TT:Ta 1st opcode 1st o} 1 o] 1 o] 1 o]
Address opcode
SET b.g MC TiT2Ta 1st opcode 1st 0 1 0 1 0 1 4]
RES b.g Address opcode
2nd opcode 2nd
MC2 T:T2T3 Address opcode 8] 1 0 1 4] 1 1
MC Ti * Z 1 1 1 1 1 1 1
SET b, (HU) MC TT2Ts 1st opcode 1st o] 1 0 1 0 1 0
RES b, (HL} Address opcode
MC:2 TiT2Ta 2nd opcode 2nd 0 1 0 1 o] 1 1
Address opcode
MCs T1T2T3 HL Data o] 1 [4) 1 1 1 1
MC4 Ti M F4 1 1 1 1 1 1 1
MCs T:T2Ts HL Data 1 0 0 1 1 1 1
{continued)
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Machine
Instruction Cycle States Address Data RD WR ME OE UR HALT sT
SET b, (X+d) MC TiT2Ts 1st opcode 1st 1 0 1 o} 1 0
SET b, (Iv+d) Address opcode
RES b, (IX+d) MC:  T.T.T, 2nd opcode 2nd 0 1 0 1 0 1 1
RES b, {iYy+d} Address opcode
MCs TT2T; 1st operand d o] 1 0 1 1 1 1
Address
MC. TaT2Ts 3rd opcode 3rd 0 1 0 1 0 1 1
Address opcode
MCs TaT:Ts IX+d Data 0 1 0 1 1 1 1
IY+d
MCs Ti ’ z 1 1 1 1 1 1 1
MC- TiT2Ts IX+d Data 1 0 0 1 1 1 1
IY+d
SLP* MC, TiT=Ts 1st opcode 1st 0 1 0 1 0 1 0
Address opcode
MC: T:iTaTs 2nd opcode 2nd 0 1 0 1 0 1 1
Address opcode
- - FFFFFH z 1 1 1 1 1 0 1
TSTIC m** MC; T4T2Ts 1st opcode 1st 0 1 0 1 0 1 0
Address opcode
MC: TiT2Ts 2nd opcode 2nd o] 1 0 1 o] 1 1
Address opcode
MC; T:T-Ts 1st operand m 0 1 0 1 1 1 1
Address
MC. TiT2Ta C to Ao—A7 Data 0 1 1 0 1 1 1
OOH to Ag—A s
TST g™ MC+ TiT:Ta 1st opcode 1st 0 1 0 1 0 1 0
Address opcode
MC: T+T2Ts 2nd opcode 2nd o} 1 0 1 0 1 1
Address opcode
MC3 Ti * P4 1 1 1 1 1 1 1
TST m** MC T:TeTs 1st opcode 1st 0 1 0 1 0] 1 0
Address opcode
MC.> TiT:Ta 2nd opcode 2nd 0 1 0 1 0 1 1
Address opcode
MC3 TT:Ts 1st operand m o] 1 [0} 1 1 1 1
Address
TST (HU** MC TiT2Ta 1st opcode 1st 0 1 0 1 0 1 0
Address opcode
MC» TaToTs 2nd opcode 2nd 0 1 4] 1 G 1 1
Address opcode
MC; Ti * Z 1 1 1 1 1 1 1
MC, TyT2Ta HL Data 0 1 0 1 1 1 1
(continued)
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INTERRUPT
Machine
Instruction Cycle States Address Data A0 WR ME OE TUR HALT ST
o] MC,  TiT2Ts Next opcode z 0 1 0 1 0 1 o}
Address {PC)
MCo— TiTi * z 1 1 1 1 1 1 1
MCs
MC. T1T2Ta SP—1 PCH 1 o] 0 1 1 1 1
MCs TiT2Ta SP—2 PCL 1 o} 4] 1 1 1 1
INTo Mode O MC T T2Tw Next opcode 1st 1 1 1 0 0 1 0
{(RST Inserted) TwTa Address (PC) opcode
MCo— TiTi . 2 1 1 1 1 1 1 1
MCs
MC. T1TeTa SP—1 PCH 1 4] 0 1 1 1 1
MCs TiT:Ta SP—2 PCL 1 0 0 1 1 1 1
INT, Mode O MC T TTw Next opcode 1st 1 1 1 0 0 1 0
(CALL TwTa Address {PC) opcode
Inserted) MC:2 T1T:Ta PC n 4] 1 0 1 1 1 1
MC3 T:.T:Ta PC+1 m o] 1 0 1 1 1 1
MC. Ti * z 1 1 1 1 1 1 1
MCs T.T2Ta SP—1 PC+ 2(H) 1 0 Q 1 i 1 ]
MCe TaT2Ts spP—2 PC+2{) 1 0 0 1 1 1 1
INTo Mode 1 MC T T2Tw Next opcode z 1 1 1 0 o] 1 0
TwTs Address (PC)
MC» T T:Ts sP—1 PCH 1 o] 0 1 1 1 1
MCa TTeTa SP—2 PCL 1 o]} 0 1 1 1 1
TNTo Mode 2 MC: TiTeTw Next opcode Vector 1 1 1 0 0 1 0
TwTa Address (PC)
MC: Ti ¢ Z 1 1 1 1 1 1 1
MCs T:T:Ta SP—1 PCH 1 0 0 1 1 1 1
MC. T:1F2Ta sP—2 PCL 1 0 0 1 1 1 1]
MCs T:T2T3 I, Vector Data 0 1 0 1 1 1 1
MCs¢ T:T:Ta |, Vector+ 1 Data 0 1 0 1 1 1 1
) MC,  TiTeTw Next opcode z 1 1 1 1 1 1 0
INT> Tw T3 Address (PC)
Internal MC; T . z 1 1 1 1 1 1 1
Interrupts
MCa T:T2Ta SP—1 PCH 3 (4] 0 1 1 1 1
MC. T4T2Ts SP—2 PCL 1 0 43 1 1 1 1
MCs T1T:Ta 1, Vector Data 1 (o] ] 1 1 1
MCs TT2Ta 1, Vector+ 1 Data o] 1 0 1 1 1 1
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B OPERATING MODES

Request Acceptance in Each Operating Mode

Table 25 Request Acceptance
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Request Priority

The HD643180X/HD647180X has the following three types of requests.

Type 1: To be accepted in specified state .........oeiiiiiii WAIT

Type 2: To be accepted in each machinecycle ......... ... oot Refresh Req.
DMA Req.
Bus Regq.

Type 3: To be accepted in each INStruction ...........oovevnevevens Interrupt Req.

Type 1, type 2, and type 3 request priority is as follows:

Highest priority Type 1 > Type 2 > Type 3 Lowest priority

Type 2 request priority is as follows:

Highest priority Bus Req. > Refresh Req. > DMA Reg. Lowest priority

Note : If Bus Req. and Refresh Req. occurs simultaneously, Bus Req. is accepted.

Refer to *‘Section 8, Interrupts’’ for type 3 request priority.

Type 4: To be accepted in last machine cycle

Highest priority Bus Req. from Bus masters > Interrupt Req.
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Operation Mode Transition

Normal
{Note1)

0 = d1S0l /
L = d1S0l

YO Stop

Normal
(Note 1)

Reset

Refresh
Release

780

Figure 19. Operation Mode Transitions
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Notes © 1. Normal: CPU executes instructions normally in normal mode.

2. DMA request: DMA is requested in the following cases.
(1) DREQo, DREQ: = 0 (memory to/from (memory-mapped) /O DMA transfer)
(2) DEO = 1 (memory to/from memory DMA transfer)

3. DMA end: DMA ends in the following cases.
(1) DREQo, DREQ: = 1 {memory to/from (memory-mapped) 1/O DMA transfer)
(2) BCRO, BCR1 = QOOQOH (all DMA transfers)
(3) NMi = O (all DMA transfers)

The following operation mode transitions are also possible.
Halt - DMA
Refresh

Bus Release

/0 Stop > DMA
Refresh
Bus Release

—_—

Sleep . Bus Release

System Stop - Bus Release
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Status

Table 26. shows pin outputs in each operating mode

Table 2

Signals

6 Pin Outputs

.

Address Data

Mode IR ME IOE RD WR REF RALTBUSACK ST Bus Bus
CPU Opcode Fetch 0 0 1 0 1 1 1 1 0 A In
operation (1st opcode)
Opcode Fetch 0 0 1 0 1 1 1 1 1 A In
(except 1st
opcode)
Memory Read 1 0 1 0 1 1 1 1 1 A In
Memory Write 1 0 1 1 0 1 1 1 1 A Out
1/0 Read 1 1 0 ; 1 1 1 1 1 A In
170 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 1 1 0 1 1 * A In
Interrupt NMI 0 1 0 1 1 1 1 0 A In
Acknow- g o 1 o 1 T 1 1 1 0 A In
ledge Cycle ————
(1st INT1, INT2 & 1 1 1 1 1 1 1 1 0 A In
machine Internal Interrupts
cycle)
Bus Release 1 Z z z 4 1 1 0 * Z In
Halt 0 0 1 1 1 0 1 0 A In
Sleep 1 1 1 1 1 1 0 1 1 i In
Internal Memory Read 1 0 1 1] 1 1 * 1 0 A IN
DMA Memory Write 1 6 1 1 0 1 . 1 0 A Out
1/0 Read 1 1 0 0 1 1 * 1 0 A In
1/0 Write 1 1 0 1 0 1 * 1 0 A Out
Reset 1 1 1 1 1 1 1 1 1 Z In
Note 1 : High
0: Low
A : Programmable
Z : High Impedance
In ! Input
Out : Qutput
= Invalid
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M INTERNAL /O REGISTERS

By programming I0A7 in the I/O control register, internal 1/0 register addresses are
relocatable within ranges from 0000H to 00FFH in the I/0 address space.

Register l Mnemonic Address Remarks
ASCI Control Register A Channel O 00 MPBR/
{CNTLAO) bit MPE | RE | TE |RTSO| g |MOD2 [MOD1 MODO
During reset 0 0 0 1 invalid 0 ¢} 0
R/W RW | R'W | R'W | R'W | R'W | R'W | R'W | R'W
LMode Selection
Multi Processor Bit Receive/
Error Flag Reset
Request To Send
Transmit Enable
Receive Enable
Multi Processor Enable
ASCI Control Register A Channel 1 01
{CNTLA1)
bit MPE | RE | TE [CKATD M:FBRR/ MOD2 [MOD1 {MODO
During reset 0 0 0 1 invaiid 0 0 0
R/W RW | R'W |RW | R'W | R’'W | R'W | R'W | R/'W
l T— Mode Selection
Mutti Processor Bit Receive/
Error Flag Reset
CKA1 Disable
Transmit Enable
Receive Enable
Multi Processor Enable
MQD2, 1, O:
000 Start + 7 bit Data + 1 Stop
001 Start + 7 bit Data + 2 Stop
010 Start + 7 bit Data + Parity + 1 Stop
011 Start + 7 bit Data + Parity + 2 Stop
100 Start + 8 bit Data + 1 Stop
101 Start + B bit Data + 2 Stop
110 Start + 8 bit Data + Parity + 1 Stop
111 Start + 8 bit Data + Parity + 2 Stop
IASC! Control Register B Channet O 02 cT5/
i MPBT R 2 | 831 550
{CNTLBO) bit BT| MP | " | PEO | DR | SS 5
During reset |invalid o] . 0 0 1 1 1
R/W R'W | RRW | RW | R'W | RP'W | R/'W | R’'W | R'W

Clock Source and
Speed Select
Divide Ratio
Parity Even or Odd
Clear To Send/Prescale
Multi Processor
Multi Processor Bit Transmit

* CTS: Depends on the condition of CTS Pin.
PS: Cleared to O

{continued)
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Register ] Mnemonic Address Remarks
ASCI Controi ister B Channel 1 03 g
et B T8 bt (MPBT | Mp |2 | PEo | DR | ss2 |ss1 | sso
Ouring reset |invalid | © 0 o} 0 1 1 1
RW |RW |RW |R'W | R'W |R'W | R'W | R'W | R/W
L Clock Source and
Speed Select
Divide Ratio
Parity Even or Odd
Clear To Send/Prescale
Multi Processor
Multi Processor Bit Transmit
General PS =20 PS =1
divide ratio {divide ratio = 10) (divide ratio = 30}
§82,1.0 DR = 0(X 16){DR = 1(X 64}|DR = 0{x 16) [DR = 1({X 64)
000 é+ 160 ¢+ 640 ¢+ 480 14+ 1920
001 + 320 + 1280 + 960 + 3840
010 + 640 + 2560 + 1920 + 7680
011 + 1280 + 5120 + 3840 + 15360
100 + 2660 + 10240 + 7680 + 30720
101 + 5120 + 20480 + 15360 + 61440
110 + 10240 + 40960 +30720 + 122880
111 Extemnal clock (frequency < ¢ + 40)
ASCI Status Register Channel 0 0 a4 bit RDRF {OVRN | PE FE RE | DCDO|TORE | TIE
(STATO) During reset | O 0 0 0 0 . e 0
R/W R R R R R/W R R R/W
I
Transmit
Interrupt
Enable
Transmit Data
Register Empty
Data Carrier Detect
Receive InterTupt Enable
L— Framing Emor
—Parity Error =» TTSo Pin| TDRE
I~ Over Run Error [N 1
l— Receive Data Register Full
* BCDho : Depends on the condition of DCDg Pin. H 0
ASCI Status Register Channel 1 05 bit RDRF [OVRN | PE FE RIE |CTS1E|TDRE | TIE
{STAT1) During reset 0 ] 0 o] 0 o] 1 0
R/W R R R R RW | R/'W R R/W
Transmit
Interrupt
Enable
Transmit Data
Register Empty
CTS1 Enable
Receive Interrupt Enable
— Framing Error
L— Parity Error
— Over Run Eror
- Receive Data Register Full
{continued)
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Register Mnemonic Address Remarks
ASCI Transmit Data Register Channel 06
0
{TDRO}
ASCI Transmit Data Register Channel o7
1
(TDR1)
ASCI Receive Data Register Channel 0 8
o}
(TSRO}
ASCI| Receive Data Register Channel 08
1
(TSR1)
CSVO Control Register CNTR) oA bit EF | €E | RE | TE | — |SS2 | SS1 | SSO
During reset 0 0 o] 0 1 1 1 1
R/W R R'W | RW | R/W R/W | R'W | R'W
t L Speed Select
Transmit Enable
Receive Enable
End Interrupt Enable
End Flag
$5210 | BaudRate | $5210 | BeudRate
000 &+ 20 100 ¢+ 320
001 + 40 101 + 640
010 + 80 110 + 1280
11 +160 111 Extemal
(frequency < + 20)
CSI/O Transmit/Receive Data o8B
Register
(TROR)
Timer Data Register Channel OL 0cC
(TMDROLU)
Timer Data Register Channel OH oD
(TMDROH)
Timer Reload Register Channel OL 0 E
(RLDROL)
Timer Reload Register Channel OH 0 F
(RLDROH)
Timer Control Register el 10 bit TF1 | TiFo | TIET | TIEO [TOC1 | TOCO | TDE1 | TDEO
During reset 0 0 0 0 0 0 0 0
R/W R R RW | RW | RW | R'W | R'W | R/W
LTimer Down
Count Enable 1,0
Tirmer Output Control 1,0
L Timer Interrupt Enable 1,0
Timer Interrupt Flag 1,0
Tocio | TouTH
00 1
01 Toggle
10 0
11 1
{continued)
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1H
(AR TH}

Register I Mnemonic Address Remarks
Timer Data Register Channel 1L t 4
(TMDR1U
Timer Data Register Channel 1H 15
(TMDR1H)
Timer Reload Register Channel 1L 18
(RLDRIL
Timer Reload Register Channel 1H 17
(RLOR1H}
free Running Counter 18 Raad only
(FRC)
DMA Source Address Register 20
Channel OL
(SAROL}
DMA Scurce Address Register 21
Channel OH
{SAROH)
DMA Source Address Register 22 Bits O-3 are used for SAROB.
Channel 08 Ao, Ag, Az, Ass | DMA Transfer Request
(SAROB) X X 0 0 BREQ, (external
X X 0 1 RDRO (ASCIO)
X X 1 0 RDR1 (ASCH1)
DMA Destination Address Register 23 X X 1 1 Not Used
[Channel OL
{DAROL}
DMA Destination Address Register 2 4
Channe!l OH
{DAROH}
DMA Destination Address Register 25 Bits 0-3 are used for DAROB.
Channel OB Ais, Aia, Az, Ass | DMA Transfer Request
{DAROB) X X 0 © DREQ. (external)
X X 0 1 TDRO {ASCIKD)
X X 1 0 TDR1 (ASCIt)
DMA Byte Count Register Channel 26 X X 1 1 Not Used
oL
(BCROL
DMA Byte Count Register Channel 27
OH
(BCROH)
DMA Memory Address Register 28
Channel 1L
(MAR1L)
DMA Memory Address Register 29
Channel 1H
(MAR1H)
DMA Memory Address Register 2 A Bits 0-3 are used for MAR1B.
Channei 1B
(MAR1B)
DMA /O Address Register Channel 2B
1L
IARTL}
DMA /O Address Register Channel 2 C
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Register Mnemonic Address Remarks
DMA. Byte Count Register Channel 2 E
1L
{BCR1L)
DMA Byte Count Register Channel 2 F
1H
(BCR1H)
DMA Status Register 30 bit DE1 | DEQ |DWET |[DWEOD | DIEY | DEO | — | DME
(DSTAT)
During reset 0 0 1 1 (o} 0 1 0
R/W R/W | R'W W w RW | R'W R
l-DMA
Master
Enable
L JMA Intemupt Enable 1,0
DMA Enable Bit Write Enable 1.0
DMA Enable ch 1.0
DMA Mode Register 3 i
(DMODE) bit - ~ | DM1 | DMO | SM1 | SMO jMMOD| -
During reset 1 1 o 0 0 0 [+] 1
R/W R/W | R\W | RP'W | R'W | R'W
L Memory
Mode
Select
Ch O Source
Maode 1,0
|— Ch O Destination
Mode 1, O
DM1, O] Destination| Address SM1, 0 ISourceI Address
00 M DARO+ 1 00 M SARO+ 1
01 M DARO— 1 01 SARO—1
10 M DARO fixed 10 M SARO fixed
11 Vo DARO fixed 11 e} SARO fixed
MMOD l Mode
o) Cycle Stesl Mode
1 Burst Mode
[continued)
@ HITACHI

787



HD641180X, HD643180X, HD647180X

788

Register Mnemonic Address Remarks
DMA/Wait Contro! Resiter 3 2 bit MW [MWIO | WIT1 | W10 [DMS1 {DMSO | DIM1 | DIMO
([DCNTU During reset { 1 1 1 1 0 0 0 )
R/W RW | R'W |RW | R'W [ RW | R'W | R'W | RW
[DMA Cht
/O Memory
. Mode Select
DREQI Select, i = 1,0
— /0 Wait Insertion
— Memory Wait insertion
Number of Nurnber of
MWI1,0 wait states WI1,0 wait states
00 (o} 00 1
01 1 01 2
10 2 10 3
11 3 11 4
oMSi | Sense
1 Edge sense
o Leve! sense
DIM1,0 |Transfer Mode| Address increment/Decrement
00 M—IQ MAR1T+ 1 IAR1 fixed
01 M—l0 MAR1—1 I1AR1 fixed
10 /O—M 1AR1 fixed MAR1+1
11 VO—M IAR1 fixed MAR1—1
Interrupt Vector Low Register 33 bit w7 e L5 _ _ _ _ _
u During reset 0 0 0 0 0 0 0 0
RW RW | R'W | R/'W
Llnterrupt Vector Low
INT/TRAP Contro! Register 34 bit TRAP | UFO | - - — | me2 | mE1 | mEO
e During reset ] 0 1 1 1 o] o} 1
R/W R/W R R'W | R'W | R'W
' L I-WT Enable 2,1,0
Undefined Fetch Object
|—TRAI"‘
Refresh Control Register ACR) 3 6 bit REFE |REFW | — - - - |cyer jeyco
During reset 1 1 * 1 1 1 0 [4]
R/W R'W | R'W R'W | R'W
‘ Cycle Select
h Wait State
Refresh Enable
cYc10 | interval of Refresh Cycle
00 10 States
o1 20
10 40
1 80
{continued}
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Register Mnemonic Address Remarks
MMU Common Base i .
Rogister (CBRY 38 bit CB7 | CB6 | CB5 | CB4 | CB3 | CB2 | CB1 | CBO
During reset | © 0 0 o 0 0 0 0
R/W RW | RW | R'W | R'W | R'W | R'W | R'W | R/W
L MMU Common Base Register
MMU i
Bonk Base Regster  cem) 39 bit @87 | BB6 | BBS | BB4 | BB3 | BB2 | BB1 | BEO
During reset 0 0 (o] 0 0 8] 0 0
R/W RW | RW | R'W | R'W | R/'W | R'W | R'W | R'W
E__ MMU Bank Base Register
MMU C /Bank Area Regi
U Comman/Bank Ares o aR) 3 A bit cA3 | Caz | CA1 | CAO | BA3 | BA2 | BA1 | BAO
During reset 1 1 1 1 0 0 0 4]
R/W RW | RW | RW | BPW | R'W | R/W | RW | RW
L MMU Bank
Area Register
MMU Common
Area Register
Operation Mode Control Register 3 E bit URE | LRTE | o€ — — — B _
(OMCR} Duri
uring reset 1 1 1 1 1 1 1 1
R'W R'W w R'W
L L 1’0 Compatibility
LIR Temporary Enable
LIR Enable
/0 Control Register 3 F
{ICR) bit 10A7 - [lO8TP| -— - — - -
During reset [¢] 1 o] 1 1 1 1 1
R/W RW R/W
I—I/O Stop
/0 Address
Timer 2 Free-Running Counter L 4 0 bit
(TZFRCL) T2FRCL? | T2FRCLE | T2FRCLS | T2FRCLA T2FRCL3 | T2FRCLZ | T2FRCLY | T2FRCLD
During reset 0 0 0 0 0 o} 0 0]
R/W RW | Rw | RW | R'W | RP'W | R'W | R'W | R'W
Timer 2 Free-Running Counter H 4 1 bit - ; " o
(TZFRCH) 2FRCH7 | T2FRCHE | TZFRCHS T2FRCH4 | T2FRCH3 2FRCH2 | T2FRCH T2FRC|
During reset 0 0 0 0 0 0 0 0
R/W rRwW | rw | W | RW | R'W | R'W | RW | RIW
Timer 2 Output Compare Register 1L 4 2 bit 1 o Traommes [rrog |rzocate
(TzocR.] u T20CR1ILT §T20CRILG | T20CR1LS | T20CR1LE | T2Z0CRIL3 20CR1L.2 L L0
During reset 1 1 1 1 1 i 1 1
R/W RW I R/wW | Rw [ rR'W | W | /W | RW | R'W
Timer 2 OUtPUt COmpal’e RegiSter H 4 3 b‘t T 117 {T20CR T2OCR1HS [ T20CR1H4 |T20CR1H3 T20CR1K2 [T20CR1H1 | T20CRTHO
(T20CR1H) il i 5
During reset 1 1 1 1 1 1 1 1
R/W AW | Rw | rw | R'w | R'W | AW | R/W | R'W
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Register I Mnemonic Address Remarks
Timer 2 Output Compare Register 2L 4 4 .
bit T20CR2L7 | T20CR21L6 | T200R2LS | T20CR2L4 | T20CA2L3 | T20CR2L2 | T20CR2LY | T20CR2L0
(T20CR21)
During reset 1 1 1 1 1 1 1 1
R/W R'W | RRW | RW | R'W | R'W | R/'W | R'W | R/'W
Timer 2 Qutput Compare Register 2H 4 5 .
bit T20CR2H7? | T20CR2HS | T20CR2HS | TZO0CR2HA t TZOCR2HI | T20CH2H2 | T20CH2M1 | TZOCR2HO
{T2OCR2H)
During reset 1 1 1 1 1 1 1 1
R/W R'W | RW | R'W | R'W | R'W | R'W | R'W | R'W
Timer 2 Input Capture Reg's(t:;'énu 46 bit T21CAL7 | T2CRLE | T2ICRLS | T2ICRLS | T2CRL | T2KCRL2 | T2ICRLY | T2ICRLO
During reset o] 0] (¢} 0 o} 0 0 0
R'W R R R R R R R R
Timer 2 Input Capture Ragl?:';gnm 47 bit T2ICRHT [ T2KCRHE | T21CRHS | T2ICRRA [ T2ICRHA | T2ICRMZ | T2ICRHY | T2ICRHO
During reset 0 0 0 4] 0 0 o] 0
R'W R R R R R R R R
Timer 2 Control/status Register 1 48 bit icF | ock1 | tor | mci [ Eoct | ETol | IEDG | OLvLt
(T2CSR1)
During reset 0 0 0 (o] 0 0 [¢] 0
R/W R R R RW | RRW | R'W | R'W | R'W
Timer 2 Control/status Register 2 4 9 .
(T2CSR2) bit ICF OCF1 | OCFr2 - EOCI2 | OLvL2 - -
During reset 0 0 0 1 0 0 0 0
R'W R R R - RW | R'W | R/'W { R'W
Comparator Controljstatus Regser, | ° © bit RBIT | — | AN2 | AINT | AINO | REF2 | REF1 | REFO
During reset Note 1 1 0 1 1 0 0
R/W R R'W | R'W | R'W | A"W | R/'W | R/'W
Note: Undefined until the first comparison resuit is stored
RAM Control Register—— emcmr |~ bit RMCR7|RMCRE[RMCREIRMCRE] - | - | - | -
During reset o] 4] [+] 0 1 1 1 1
R/W R'W | RR'W | R'W | R'W
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Register I Mnemonic Address Remarks
Port A Disable Register IDERA} 5 3 bit TEND1E | DREQ1E | CKSE RXSE TXS€ | CKATE | RXATE | TXATE
During reset o] 0 0 0 0 0 0 0
RIW AW | RRW | RW | RW | R'W | R/W | R'W | RIW
Port A Input Data Register DRA) 60 bit IDRAT I IDRAG [ IDRAS I DRA4 I IDRA3 I [DRA2 I IDRA1 I IDRAQ
During reset (Note 1)
R/W RIRIHIRIR]RIRIR
Port A Output Data Register {ODRA) 60 bit QDRA? I ODRAB l ODRAS | ODRA4 ] ODRA3 I ODRA2 [ ODRA1 ] ODRAO
During reset {Note 2}
R/W RW | RW [ RW | AW [ rw TrRwW | RW [ rw
Port B Input Data Register IDRE) & 1 pit IDRE7 | 1DRB6 | IDRBS | IDRB4 [ 1ore3 | R | IDRBT [ DREO
During reset {Note 1)
R'W R | R [ R | ® [ r [ = | R | ®
Port B Output Data Register (ODRE} 6 1 bit 0DRB7 | 0DRBE | ODRES | oDRB4 | opAe3 [ oDRe2 | 0DRB1 [ coreo
During reset {Note 2}
RW Rw | RwW | RW [ RW | RW [ rw [ RW [ rW
Port C Input Data Register IDRC) & 2 bit rRC7 | RCs | 1DRCS | IDRCA [ ibre3 [ pAc2 | DRCT [ oRCO
During reset {Note 1)
R/W R [ R ] R | R [ R | R | R | R
Port C Output Data Register (ODRC) 6 2 bit opRC7] 0DRC6 ] ODRCS | ODRC4 | opRC3 [ ODRC2] ODRCT | ODRCO
During reset {Note 2}
RW rRw [ rw | rRw | rw | rRw | RW [ RwW | RW
Port D Input Data Register R0} 6 3 bit /ORD7 | 1DR0S | 1DRDS | 1DRD4 | IDRD3 | DAD2 [ IDRD1 | 1DRDO
During reset {Note 1)
R/W R R | R [ R ] R [ R] R | R
Port D Output Data Register (ODRD) 6 3 bit 0oro7 | 0DRDS | 0DRDS | opApa | oDRD3 | 00RD2| ODRD! [ ooroo
During reset (Note 2)
R/W w[w[w]w]w[w]w]w
Port E Input Data Register (DRE] 6 4 bit IDRE7 | IDREG | IDRES [ wres | ioRes [ orez T ioren [ orE0
During reset (Note 1)
RW R ] R | R | R k R \ R | R | R
Port OUtDU! Data RegiSter (ODRE) & 4 bit QDRE7 l QDRES l OQDRES l QDRE4 I QDRE3 [ QDREZ ‘ ODRE1 I QDRED
During reset {Note 2)
R'W R/wlmw[n/wlmwlwlw]w|w
Port F Input Data Register (IDRF) 6 5 bit IDRF7 | IDRF6 | orrs ] IORE4 | 1DRF3 | ORF2 | DRF1 | IDRFO
During reset {Note 1)
RIW R|R]R[R[R]R|R]R
Port F Output Data Register 6 6 bit ODRF7 | ODRF& | OORFS5 | ODRF4 [ ODRF3 | ODRF2 | ODRF1 | ODRFO
(ODRF) During reset {Note 2
RAW AW | mw | RW ] AW [ RW ] RW] AW ] RW
Note: 1. Fetches terminal status.
2. Undefined untit data is written.
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Register l Mremonic Address Remarks
Port G Input Data Register IDRGI 6 6 bit - - [oras [ iRG4 [ ioRE3 [ 1DRG2 | 10RG? | IDRGO
During reset 1 1 (Note 1)
RW R RTRTJTR]RI]R
Note: 1. Fetches terminal status
Port A Data Direction Register 70 .
(DDRA) bit DDRA7 | DDRAG | DDRAS | DDRA4 | DDRA3 | DDRA2 | DDRA! | DDRAO
During reset 9] 0] 0 0 0 0 0 0
R/W W w w w w w W w
Port B Data Direction Register 71 .
(DDRB) bit DDRBY | DDRE6 | DORBS | DDRB4 | DDRB3 | DDRB2 | DDRB1 | DDRBO
During reset 0 0 0 0 0 0 0 0
R/W W w w W W w w w
Port C Data Direction Register 7 2 .
{DDRC) bit ODRC7 | DDRCG | DDRCS | DDRC4 | DORC3 | DORC2 | DDRCT | DORCO
During reset 0 0 0 0 0 0 ¢} 0
R/W w w W W w w w w
Port D Data Direction Register 7 3
(DDRD) bit DDRD7 | DDRD6 | DDADS | DORD4 | DDRD3 | DOAD2 | DDRD1 | DDRBO
During reset o} o} 0 0 0 0 0 0
R/W wW w w w W w w w
Port E Data Direction Register 7 4 .
(DDRE) bit DDRE7 | DDRE6 | DDRES | DDRE4 | DDRE3 | DDREZ | DDRE! | DDREO
During reset 0 0 0 0 0 ¢} 0 0
R/W w W w w W W w W
Port F Data Direction Register 7 5
{ODRF) bit DORF7 | DDRF6 | DDRFS | DDRF4 | DDRF3 | DDRF2 | DDRF1 | DDRFO
During reset 0 0 0 0 0 0 o} 0
R/W W W i 4 W W W W
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