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

W 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

B BLOCK DIAGRAM

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

The CPU core consists of {ive functional blocks:

single chip. ¢ Clock generator
The HD647180X incorporates a 16-kbyte PROM instead of mask e Bus state controlier
ROM. e Interrupt controller

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 The Integrated 1/0 resources comprise the remaining four
identical except for their internal ROMs. functional blocks:

The HD641180X functions in the same way as the HD643180X or e DMA controller (DMAC: two channels)

e Memory management unit (MMU)
e Central processing unit (CPU)

HD647180X, except that the HD641180X has no internal ROM. o Asynchronous serial communication interface (ASCI: two
channels)
8 FEATURES e Clocked serial /O port (CSI/O: one channel)
Software o Programmable reload timer (PRT: two channels)
o Instruction set compatible with the HD64180 e Programmable timer 2 (PT2: one channel)
e Analog comparator (six channels)

Hardware * /0 ports
o 16-kbyte ROM (HD643180X and HD647180X) and 512-byte sists of

RAM The memory consists of:
e Timer * RAM (512 bytes)

* PROM (16 kbyte): HD647180X

—-One-channel 16-bit timer with input capture, output « Mask ROM (16 kbyte): HD643180X

compare, and timer overflow functions
—Two-channel 16-bit reload timer
Six-channel analoag comparator
54 parallel /O pins
—Includes eight high current pins (Iop. = 10mA)
MMU with 1-Mbyte memory physical address space
Two-channel DMA controller
Two-channe! ASCI
One-channe!l 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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HD641180X, HD643180X, HD647180X

(FP-80B) (CP-84)

(DP-90S) (CG-84)
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HD641180X, HD643180X, HD647180X

W 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.

MPo 1 o o[ MPy
XTALC? M=l
EXTALC)> 0[] Vss
VeeGs o] PBo
PE; s se[0 P8
PEe e [ PB2
PEsC]” s PB3
RESET ] PR
NMI e 2] PBs
NTo (10 8] PBe
Nedo sl NC
NC e [ NC
=} [ PBy
INT2 ]+ 270) TEND1/PA?
PE4 (s o[ DREQ1/PAs
PCo s 5[] CKS/PA:
PCy ] =] RXS/CTE/PAL
PC2]'s 7] TXS/PA3.
PCaC)se 72 CKA1/TENDo/PA2
vss e 71 RXA/PAY
PCa T} 0[] TXA1/PA0
PCs 22 eJIC
Vss CJz2 a8 ] Vss
PCe ]2« e[3 TOUT3
A=l 86 ] TOUT2
PDo{J2s 5[] CKAo/DREQ0
PO1CJ77 ] RXA0
PD2 os =]
PD32s 2[3 DCDo
PDa % [ €150
PDs a1 sof ] RTSo
PDe s3]0 ANs/PGs
PO7 5 ss[) ANa/PGa
NC CJae sEINC
NC G ssFINC
PEo 3 ss[ ] AN3/PG3
PE o7 5[0 AN2/PG2
3= s3] AN1 /PGy
TOUT1{Jae s2[] ANo/PGo
Vee e s vss
PE3 CJer sof ) PF7
Vs C+2 s[rre
PFo % [ PFs
PFy Cu < PFs
PRz (s «[JPF3
(DP-90S)

Note} NC: Not connected. Please leave the NC pins open.
Note) CG-84: HD647180X only

Figure 1. Pin Assignment
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Figure 2. Block Diagram (HD643180X, HD647180X)
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Figure 3. Block Diagram (HD641180X)
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702

Table 1 Pin Function (HD643180X, HD647180X)

Pin No. Operating
Op ing Operating Operating Mode 3
rr-808| €684 ' pp_ gos Mode 0 Mode 1 Mode 2 (HDB47180X
CP-84 only}
1 10 9 | NM — — As
2 11 10 |WNT, - — -
3 12 13 |INT, — — -
4 13 14 |INT: — - -
5 14 15 PE, ST — -
6 15 16 PCo Ao — —
7 16 17 PC, A, -— -
8 17 18 PC. Az — —
9 18 19 PCs Aj — —
10 19 20 Vvss — — -—
11 20 21 PCa Aa — —
12 21 22 PCs As — —
13 23 24 PCe As — —
14 24 25 PC~ Az — —
15 25 26 PDo As Ae/PDo As
16 26 27 PD Asg Ag/PD: -
17 27 28 PD: Ao A10/PD>2 Ao
18 28 29 PD3 A A11/PD3 Ay
19 29 30 PD4 A A12/PDas Az
20 30 31 PDs Aia A13/PDs A
21 31 32 PDe Aia A14/PDs Al
22 32 33 PD~ Ais A1s5/PD7 OE
23 33 36 PEo Ais Ai6/PEo CE
24 34 37 PE, Az A+7/PE, -
25 35 38 PE2 Ais A1e/PE> -
26 36 39 | TOUT1 — — -
27 37 40 Vce — - —
28 38 41 PEs Aig A1o/PEa -
29 39 42 Vss — — —
30 40 43 PFo Do — Oo
31 41 44 PF, D - (o)
32 42 a5 PF» D2 — 02
33 44 46 PF3 Ds - O3
34 45 47 PF4 Da — Os
35 46 48 PFs D« — Os
36 47 49 PFes Ds — Os
37 48 50 PF7 D; — O,
38 49 51 Vss — — —
39 50 52 PGo/ANo — — —
40 51 563 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.

Hitachi America, Ltd.  Hitachi Plaza » 2000 Sierra Point Pkwy. * Brisbane, CA 94005-1819 « (415) 589-8300
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HD641180X, HD643180X, HD647180X

Table 1 Pin Function (HD643180X, HD647180X) (cont.)

Pin No. Operating
Operating Operating Operating Mode 3
rp-808| S8 |pp.g0s Mode 0 Mode 1 Mode 2 (HD647180X
CP-84 only)

42 53 55 |PGa/AN; — — -

43 54 58 |PGWJ/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 | CKA/DREQo - — -

51 62 66 |ToUuT2 — — -

52 63 67 |TOUT3 — — -

53 65 69 |IC — — —

54 66 70 | TXA/PA, — — -

55 67 71 | RXA/PA, — — -

56 68 72 | CKA+TENDo/PAz | — — -

57 69 73 | TXS/PAs — — -

58 70 74 |RXS/CTS/PAs — — -

59 71 75 | CKS/PAs — — -

60 72 76 | DREQ:/PAs —_— — -

61 73 77 | TEND/PA; — — -

62 74 78 |PB7 HALT — -

63 75 81 |PBe REF — —

64 76 82 |PBs iOE — -

65 77 83 |[PB. ME — — 3
66 78 84 |[PB; E — —

67 79 85 |[PB: TR — —

68 80 86 |PB; WR — —

69 81 87 |PBo RD - —

70 82 88 Vss - — —

71 83 89 |¢ — — -

72 84 80 |MP, — — —

73 2 1 MPo — — —

74 3 2 | XTAL — — —

75 4 3 EXTAL — — —

76 5 4 Vcc — — —

77 6 5 PE; WAIT - -

78 7 6 |PEs BUSACK - -

79 8 7 PEs BUSREQ — -

80 9 8 |RESET — — Ve

- - 23 Vss - — —

- - 68 Vss — — -
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HD641180X, HD643180X, HD647180X

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/0 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. 1/0 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 software instruction set. Many instructions require fewer clock cycles for
execution and seven new instructions are added.

Mode Selection

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

H 1/O Resources

DMA Controller (DMAC)

The two channel DMAC provides high speed memory to/from memory, memory
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HD641180X, HD643180X, HD647180X

to/from 1/O. and memory to/from memory-mapped 1/0 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/0)

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 waveform and generate
two independent output waveforms. The pulse widths of both input/output wave-
forms vary {rom 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 (/O Port)

The HD643180X/HD647180X provides seven 1/0 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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HD641180X, HD643180X, HD647180X

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.

Aq-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 1/0
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 /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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HD641180X, HD643180X, HD647180X

When fetching instructions and operands
When reading or writing memory data
During DM A memory access cycles
During dynamic RAM refresh cycles

JOE: I/0 Enable (Output, Three-State)

TOE 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 1/0 access cycles

During TNTo acknowledge cycle

WAIT: Bus Cycle Wait (Input)

WAIT introduces wait states to extend memory and 1/O cycles. If low at the falling
edge of T, 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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HD641180X, HD643180X, HD647180X

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

6] 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

REF: Refresh (Output)

When low, REF indicates that the CPU is in a dynamic RAM refresh cycle and the
low-order 8 bits (Ao-Az) 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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HD641180X, HD643180X, HD647180X

Table 3 Interrupt Modes

Mode Operation

o] 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)

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

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 CKA:.

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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HD641180X, HD643180X, HD647180X

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)
RXAuo 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 DREQs.

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

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

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

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

TXA.u is the asynchronous transmit data from channel 1 of the ASCI.
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/Output)

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

CTS,: Clear to Send—Channel 1 (Input)

CTS: is the modem control input signal for channel 1 of the ASCI. 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/O.

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,, PBy-PB; PC,-PC;, PDo-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,-PGj: 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)

TOUT?2 and TOUT3 are timer 2’s outputs.

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

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

as shown in table 4.
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HD641180X, HD643180X, HD647180X

Table 4. Operating Mode Selection n

MP, MPy 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

(HD647180X only)

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

Vcce, Vss: Power

VcCcC is power supply. VSS is the ground.

H Multiplexed Pins

PAo/TXA1, PA1/RXA1, PA3/TXS, PAs/CKS, PAs/DREQ1, PA7/TEND1

Atreset, PAo/TXA1, PAI/RXA1, PAs/TXS, PA:/CKS, PAs/DREQ1, and PA-/TEND:
are configured as port A input. They can be used as TXA:, RXA1, TXS, CKS, DREQ;,
and TEND: by setting the corresponding bit in the port A disable register to 1.

PA2/CKA1/TENDo

At reset, PA:/CKAI/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 (DERA?2)
and the CKA1D 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 TENDo
G 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. PA4/RXS/CTS: State

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

1 CTS:
CKAo/DREQo

CKAo/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 DREQq input, even if it
has been configured as an output pin.

PGo/ANo, PG1/AN1, PG2/AN2, PG3/AN3, 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 \
Input Voltage Vin —03toVect+03 VvV
Operating Temperature Topr —20to +75 °C
Storage Temperature Tstg —55 to +150 °C

Note: Permanent LS| 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 (Vec =5V +10%, Vss =0V, Ta=-20 to +75 °C, unless
otherwise noted)

Symbol Item Min Typ Max Unit Condition
ViH1 Input High Voltage Vec— 06 - Vee+0.3 \
RESET, EXTAL, NMi
Vinz Input High Voltage . 20 - Veet 03 \
Except RESET, EXTAL, NMI
Vi Input Low Voltage —03 - 0.6 v
RESET, EXTAL, NMI
Vi2 Input Low Voitage o —03 - 08 \7
Except RESET, EXTAL, NMI
Vow Output High Voltage 24 — — \% lon = —200 uA
All outputs Vee— 12 - - loy = —20 uA
Vou Output Low Voitage - - 045 A\ lop = 22 mA
All Outputs
" Input Leakage - - 1.0 A Vin=05 to V¢ — 05V

Current All Inputs
Except XTAL, EXTAL, RESET

b Three State Leakage - - 1.0 mA Vin=0.5 to Vgc — 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: Viymin = Ve ~ 1.0V, Viimax = 0.8V (All input pins except RESET, EXTAL NMI)

Virmin = Vee — 0.8V, Viinax = 0.6 V (RESET, EXTAL, NMI)
{all output terminals are at no load.)
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Symbol Item

Min

Typ

Max

Unit

Condition

Vinp

Input
High-Level
Voltage

20

Vee + 03

Y

Viee

Input
Low-Level
Voltage

—03

08

Vonp

OQutput
High-Level
Voltage

low=—200 A

lon=— 20 uA

Vorp

Output
Low-Level
Voltage

045

1.0

“l=22 mA

I, =10 mA

Vin

Vret

Analog
Comparator
Input Level
Voltage

High level

Low level

Vier— 0.1

V1

VeeX 0.8

he

Input Leak
Current

10

Va=05 to
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 HD643180X-8L
HD647180X-4 HD647180X-6 HD647180X-8L

Symbol Item min max min max min max unit

Vee Power Supply 45 55 45 55 4.75 5.25 \

toye Clock Cycle Time 250 2000 162 250 125 250 ns

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

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

tef Clock Fall Time - 15 - 15 - 15 ns

tor Clock Rise Time - 15 — 15 — 15 ns

tecye External Ciock Cycle Time 125 1000 81 125 625 125 ns

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

texiw Extemal Clock 50 - 30 - 25 - ns
Low Pulse Width

texy External Clock - 25 — 25 - 25 ns

{Note 1) Rise Time

texe 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 |)

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

trRoD1 RD Delay Time 1 iOC=1 - 75 - 45 - 45 ns

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

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

tMED2 ME Delay Time 2 - 75 - 45 - 45 ns

tROD2 RD Delay Time 2 — 75 - 45 - 45 ns

"tp2 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 — [o] — ns

tsTp1 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

tywm WAIT Hold Time 70 - 40 - 40 - ns

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

tWRD1 WR Delay Time 1 - 80 — 50 - 45 ns

twop Write Data Delay Time - t10 - 90 - 80 ns

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

Note 1: External clock nse-fall time (e, tex,) May be shortened for satistying external clock pulse width (tey,y. tex !
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
HD647180X-4 HD647180X-6 HD647180X-8L

Symbol Item min max min max min max unit
twWRD2 WR Delay Time 2 - 80 - 50 - 45 ns
twrP WR Pulse Width 280 - 170 - 130 — ns
twDH Write Data Hold Time 60 - 40 - 15 - ns
(WR 1)
tioD1 TOE Delay Time 1 ioc=1 - 75 - 45 - 45 ns
oc=0 - 80 - 50 - 45
top2 OE Delay Time 2 - 75 - a5 - 45 ns
toD3 IOE Delay Time 3 540 - 340 - 250 - ns
LR )
tNTS INT Set-up Time 80 - 50 - 40 - ns
@}
HNTH iNT Hold Time 70 - 40 - 40 — ns
@ |)
tanw NMI Pulse Width 120 - 120 — 100 - ns
tars BUSREQ Set-up Time 80 - 50 - 40 - ns
o |)
tgRH BUSREQ Hold Time 70 - 40 - 40 - ns
@
teaD1 BUSACK Delay Time 1 - 100 - 95 - 70 ns
tgap2 BUSACK Delay Time 2 - 100 - 95 - 70 ns
tszp Bus Floating Delay Time - 130 - 126 - 90 ns
MEWH ME Pulse Width (HIGH) 200 - 110 - 90 — ns
tMEWL ME Pulse Width (LOW) 210 — 125 — 100 — ns
tReD1 REF Delay Time 1 - 110 - 90 - 80 ns
tarD2 REF Delay Time 2 — 110 - 90 - 80 ns
1HAD1 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 DREQi Hold Time 70 - 40 - 40 - ns
trept TENDi Delay Time 1 - 85 - 70 - 60 ns
trep2 TENDi Delay Time 2 - 85 - 70 - 60 ns
D1 Enable Delay Time 1 - 100 - 95 - 70 ns
tep2 Enable Delay Time 2 - 100 - 95 - 70 ns
Pwen E Pulse Width (HIGH) 150 - 75 - 65 - ns
PweL E Pulse Width (LOW) 300 - 180 - 130 - ns
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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

tsToI CSI/O Transmit Data Delay Time — 200 - 200 - 200 ns
(Internal Clock Operation)

tsTDE CSI/O Transmit Data Delay Time — 75tcyc  — 75tcyc  — 7.5tcyc ns
(External Clock Operation) + 300 + 300 + 200

tsgs CSI/O Receive Data Set-up Time 1 - 1 - 1 — tcyc
(internal Clock Operation)

tspH CSV/O Receive Data Hold Time 1 - 1 - 1 - teyc
(intemal Clock Operation)

tsRse CSIO Receive Data Set-up Time 1 - 1 - 1 - tcyc
(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

tReH RESET Hold Time 80 - 80 - 70 — ns

tosc Oscillator Stabilization Time - 20 - 20 — 20 ms

texr Extemal Clock Rise Time (EXTAL) - 25 - 25 - 25 ns

text External Clock Fall Time (EXTAL) — 25 - 25 - 25 ns

tRr RESET Rise Time — 50 - 50 - 50 ms

ta¢ RESET Fall Time - 50 - 50 - 50 ms

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

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

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

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

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

The HDB43180X differs from HD647180X in chip design and manufacturing process. Be careful when using the HD847180X system for the HD643180X
since characteristics values are not exactly the same though guaranteed values are identical.
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Opcode Fetch Cycle 1/O Write Cycle

i .
(/O Read Cycle)
T, T2 Tw Ts T T2 Tw Ts T
tenwitcLw
£\t f J{_\_/_\—/—! V-
B YA A &3
¢_/.cv§3ﬁ“ 7 A
AD !

ADDRESS 1 M \(‘-
X

WH tywsl| twH

St Usa

H-tas tmeED2tAH
e
\
l

-
-4
(]

tMED1 topztan
TOE | {r =
taH ,Sk ‘
l“’ tion }
trRoD2 ;
RD \ —\ .—t_
twRrD1 twRD2
WR ' twre V———
X
LT
m—}
o
tsTD2
ST
tSTD\& } i
t t
r toRs toRH pRs| [torH| |twoz
fl)“ata ya4 /L\
twps n
Wb, WDH
Data ﬁ—
ouT A

tRes, | F—tREH

tRe -l &tm

*1 Output buffer is off at this point.

po]
m
%
-~
P
m
_{n
LY

tre ’. I+ tRr

Figure 4. CPU Timing (Opcode Fetch Cycle)
1/0 Write Cycle (/0 Read Cycle)
When 1OC = 1
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WA VAVAVAVAVAVAVAVAE

t,
tnTS . INTH
INTi
W

thmi

TR *1 \
A
top3

tors| |
tm
Data i L { X 3
IN *1 \
tMEWH tMED2 [oel
ME *2 / jr
tRED1 MEWL | itReD2
EF *2
t T
ters, [ o ters, |{ |FBRH
BUSREQ ; —

tBap1 BAD2

\ t
ADDRESS Bzp 87D
DATA

~

1 tHAD2

*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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i g g

Address

Figure 6. CPU Timing (IOC = 0)
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¢ T,/ \+/—\_/_\_/—

1 5.5V
5%

4.5v
Vee ; More than max value of Tosc

ZO.GV

—f

Figure 7. CPU Timing
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Example
VO Read

— Opcode fetch

E
(I/O Write)

tep1

Figure 9A. E Clock Timing (Minimum Timing Example
of PweL and Pwen)

TOUT1
TOUT2
TOUT3

SN\

Timer Data
Reg. = OOOOH

trop

Figure 10. Timer Output Timing
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Next opcode fetch
Y_/_-\_/ T‘ Tz
thaD2,

Y
z
E ]
[l 1 _-,_Ev_
A g 1 || |

X
i

T

SLP Instruction fetch
Ts
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tewp

teosu | {troH

s
Input ><
K

Figure 13. Port Input and Output Timing

| tecvc

text te e

EXTAL \z  FVien  Vim

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
Ru

152074 @
CTF#R ¥ or Equiv.

Test Point

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

Figure 16. Bus Timing Test Load (TTL Load)

20V 20V 24V 24V
08V 08 V 0.8 V 0.8V

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

Register

g, g’, 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

9.9° Reg. ww Reg. xx Reg. vyy Reg. 2z Reg.

000 B 00 BC 00 BC 00 BC 00 BC

001 C 01 DE 01 DE 01 DE 01 DE

010 D 10 HL 10 IX 10 Y 10 HL

011 E 11 SP 11 SP 11 SP 11 AF

100 H

___101 L Note: H and L suffixed to ww,xx,yy,zz {ex. wwH, IXL) indicate upper
11 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
111 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
011 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

\

000
001
010
011

Address
OOH
o8H
10H

18H 3

100
101
110
111

Flag

20H
28H
30H
38H

The following symbols show the flag conditions:

- : not affected
1 : affected
X : undefined
isetto 1

: reset to 0

: parity

: overflow

<Tm»
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Miscellaneous

( )M : Data in the memory address
( )1 : 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)
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Addressing Fisg
Operation 7 6 4 2 1 0
Name - i Opcods [IMMED IND | REG | REGI| IMP | REL | Bytes | States Operati § Z HPIVN C
ADD ADD Ag 10000 g s D 1 4 | Artg—Ar 11 1 VR I
ADD A, (L) 10 000 110 s | D 1 6 | Ar+(HLIu=Ar 11t VR I
ADD Am 11000 120 D 2 6 | Artm—Ar 1 1 1 VR I
«m >
ADD A.(IX+d) | 11011 101 s D 3 M| Art(X+d)—Ar 11 1 VR I
10 000 110
«d >
ADD AIY+d) | 11 111 101 s D 3 M | Ar(V+dlu—Ar 111t vV oR I
10 000 120
<« d >
ADC ADC Ag 10001 g s D 1 1 AregricoAr 1 1 1 V R I
ADC A.(HL: 10 001 120 : S | D 1 6 | Ar+(HLiu+c=Ar 111 VvV R
ADC Am 11001 110 | i D H 6 | Artmec~Ar 111 VR I
«m o> 1 ‘ i i
ADC A(IX+d | 11011101 s | I i D 3 U |Ar+(X+diete=Ar |1 1 1V R I
10 001 110 | ' b
T | ; i H !
ADC AMIY+d) |11 111101 LS i D C3 | W [ArtilVedeesAr Loo1 1 VR
10 001 110 ol i : ! |
4o N T S NS R S ‘ |
AND ANDg [10100g i : sl i D 1§ 4 | AvgAr 1 1S P RR
AND “HL: | 10 100 110 : | I s 1D P16 L ArHLIAr ‘ t 1 8§ P R R
| ANDm U1 100 120 T Y It 1 s P RR
Tt S | |
UAND dX+di (100100 LS , D {3 % W lArdX+dw—Ar |} 1 S P R R:
| 110 100 120 P! ' ot i \
1 [ ! ! i i , i i
" AND (Y +d: nuwn IS C D b3 M ATV A i 1 s P R R
l0w00m0 ! | i i ! ;
cd o l # : ' ,
Compare | CPg joig ; ! [ LD b A 1oL vos ot
CP IHL: ronne | ; | s b S 6 | Ar- HLi P11 VoSt
CPm e | ! ‘ [ P2 . 6 L Ar-m P11 vV s 1t
fom oo | . H : .
CPiIX+d fnom } pos ) ot P03 M Ar-IXedi P vos
iommo | l S ; | |
oo i i ‘ i i
CP Y +d) nmw | ! s | D 300 M A IV 4d t1 o1 ovos
wmw || oo : )
SRR I S S P ’ i
Comple- | cp 00 101 111 [ ! I | Yy B T B Y s S
ment ; i ! . ; i i ; ;
DEC DEC g wg 01 | I . i s/ P T 4 gl fhor 1 Vs
DEC {HL: wiow | | ; | sp [ N S ] HLw- 1 ~(HL)x 1o ves
DEC (IX +d) 11 011 101 } ! (S| : ; s b Xednls [ S 2
00110 101 | : | : i ' ; i i IX+di
<d o i i ! i X i ! | ?
DEC (IY +d) 1111 10 ‘ ‘ ismy [ I 111 Vs
00110101 | ‘ t Lo | | i | W wdin
TSN N N U N O B ; |
INC INCg Wg 10 | ‘ ! I's/p R | jEnw T 1 1 Vv R
INC {HL) w1010 | l ! s/D ‘ I | 1w | {HL)u# 1 ~(HL)x 11 1 VR
INC (IX+d) 11 011 101 \ s/D ‘ ‘ ol s b s Laxeder= 111 VR
00 110 100 \ ! ‘ ‘ ‘ | i | | I 1X+d)u
cAa | | i | : !
G HITACHI
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Table 11 Arithmetic and Logical Instructions (8 Bit) (cont)

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

Addressing Flag
Operation 6 4 2 1 0
Name M Opcode EXT | IND | REG | REGI| MMP | REL | Bytes | States O Z HP/VN C
MULT MLT ww ** 11103 101 S/D 2 17 | wwHrxwwle~ww, .
0 wwl 100
Negate NEG 1 101 101 S/D 2 6 0-Ar—Ar 1 1 v.s 1
01 000 100
OR ORg wneg s D 1 1 Ardgr—Ar ! R P R R
OR (HL) 10 110 110 s | D 1 6 Ar+ (HL)y~Ar I 8 P R R
ORm 11 110 110 D 2 6 Ar+m—Ar 1 R P R R
«m)
OR (IX+d) 11 011 101 3 D 3 u Ar+(IX+d)u—Ar ! R P R R
10 110 110
« d
OR (IY+d) 1111 101 3 D 3 u Ar+(IY +d)u—Ar 1 R P R R
10 110 110
<4
SUB SUBg 10010g S D 1 4 Ar-gr—Ar t 1 v.s 1
SUB (HL) 10 010 110 s | p 1 6 Ar— (HL)u—Ar 11 v st
SUBm 11 010 110 D 2 6 Ar—m—Ar 11t vs 1
< m >
SUB (IX+d) 11011 101 S D 3 u Ar- (IX+d)u—Ar 11 vV s 1
10 010 110
<« 4 "
SUB (IY +d) 11 111 101 S D 3 1 Ar—{IY +d}u—Ar 11 ovos
10 010 110
< d>
SUBC SBC Ag 0og s D 1 ] Ar—gr—c—Ar 11 Vs 1
SBC A.(HL) 10 011 110 s |{D 1 6 Ar— (HL)u—c—Ar 11 VoS 1
SBC Am 1101 10 D H 6 Ar—m-c—Ar 11 V.S 1
< m >
SBC A{IX+d) |11 011 101 S D 3 i Ar=—(IX+d)u—c—Ar 11 v.s 1
10 011 110
< d >
SBC A(IY+d) | 11 111 101 s D 3 u Ar—(IY +d)u—c—Ar 11 VoS 1
10 011 10
< d>
Test TSTg** 11 101 100 s H ? Argr 1 S P R R
w0g 100
TST (HL)** 11 101 101 s H 10 | Ar(HL)x I S P RR
00 110 100
TSTm** 11 101 101 3 9 Ar'm 1 §$ P R R
01 100 100
< m >
XOR XOR g 10101 g S D 1 ‘ Argr—Ar ! R P R R
XOR (HL) 10 101 110 s | D 1 6 Af®(HL)w—Ar ! R P R R
XOR m 1t 101 110 D 2 6 ArOm—Ar ! R P R R
«<m )
XOR (IX+d) 11 011 101 s D 3 u AD(IX +d)u—Ar ! R P R R
10101 110
< d>
XOR (IY+d) 1111 100 S D 3 U | A(Y+d)u—Ar 1 R P R R
10101 120
<« d >
@ HITACHI
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Table 12 Rotate and Shift Instructions

Opcode

Addressing

IMMED| EXT

REL |Bytes | States

QOperation

~

Rotate

Shift

RLA
RLg

RL (HL)

RL (IX+d)

RL {IY+d)

RLCA
RLCg

RLC (HL)

RLC (IX+d)

RLC (IY+d)

RLD

RRA
RRg

RR (HL}

RR (IX+d)

RR (IY +d)

RRCA
RRC g

RRC (HL)

RRC (IX+d)

RRC {IY +d)

®© 86 111
11 %01 011
w0 g
11 801 011
00 010 110
11 011 101
11 001 011
¢ d >
00 010 110
1numm
11 001 011
<« d
00 010 110
00 000 111
11 001 011
06 000 g
11 001 011
00 000 110
11011 101
11 001 011
< d >
00 000 110
11 111 101
11 001 011
Cd >
00 000 110
11101 11
01 10t 111
00 011 111
11 001 011
00olg
11 001 011
00 011 110
11 011 101
11 001 011
«d o>
00 011 110
1110
11 001 011
[
0 01 110
00 001 111
11 001 011
00 001 g
11 001 011
00 001 110
11011 101
11 001 011
< d >
00 001 110
11 111 101
11 001 011
< d >
00 901 110

S/D

S/D

S/D

S/D

S/D

S/D

$/D

$/D

$/D

S/D

S/D

S/D

S/D

S/D

$/D

S/D

S/D

S/p

S/D

S/D

S/D

T 8 —

T Va———h

N —

3

x

hd

s

<
w2
- -0l

Powered by | Cnminer.comEl ectronic-Library Service CopyRi ght 2003
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Table 12 Rotate and Shift Instructions (cont)

Opcode

i

Addressing

REG | REGI| IMP | REL | Bytes

” | |-

Rotate

Shift
Data

RRD
SLA g
SLA (HL)

SLA (IX+d)

SLA (IY +d)

SRA g

SRA (HL)

SRA (IX+d)

SRA (IY +d)

SRLg

SRL (HL)

SRL (IX+d)

SRL (1Y +d}

11 101 101
o1 100 111
11 001 011
0100 g
11 001 011
00100 120
11011 101
11 001 011
«d>
00 100 110
111 10
11 001 011
cd >
00100 110
11 001 011
01lg
11 001 011
00 101 110
11 011 101
11 001 011
«d >
00 101 120
11 111 100
11 001 011
< d>
00 101 110
11 001 011
wilg
11 001 011
00 111 110
11 011 101
11 001 011
«d>
00 111 110
11 11 101
11 001 011
< d >
00 113 110

S/D

S/D

S/D

S/D

$/D

S/D

S/D 2

S/D 2

S$/D 2

S/D 2

S/D 2

S/D 2

S

736
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Table 13 Bit Manipulation Instructions

T T H Fl

| . ag

Operation | Addressing | i 6 4 2
r4

7
Name Mnemonics | Opcode [IMMED| EXT | IND | REG | REGI| IMP | REL Byut! States O i 'S
Bit Set SET bg 11 001 011 S/D 2 7 1-b-gr
b g
SET b,(HL) 11 061 011 S/D 2 3 1-b-(HL)u
11b U0
SET b,(IX+d) 11 011 101 S/D 4 19 1-b- (IX+d)u
11 001 011
< d >
b 10
SET b,{iY +d) 1111110 S/D | 4 19 1-b-(IY +d)u
11 001 011
[
b 10

Bit Reset | RES bg 11 001 011
0b g
RES b,(HL) 11 001 011

|
[
|
Wb 1o ! “
|
i
|

S/iD 2 7 |0=bgr

S/D 2 13 0—b- (HL)w

1 13 0-b-{IX+d)u

RES b.{IX+d) 11 011 101
11 001 011

I l <d >
| 0b 110

RES b,{1Y+d) 11 111 101

11 001 011

4 19 O—b- (1Y +d)u

I

«d o> {
106 110

{
Bit Test |BITbg } 11 001 011 N
|

7!

'z
0y g

| BIT b,{HL) 11 001 011
oib 10
BIT b.(IX+d) |11 011 104
11 001 011
«d >

b 10
BITbAY+d) | 11113100
11 001 011 \ \

L] 15 b (1Y +d)u—z

[
b 10

\
| |
‘ \

2 9 |bTHDw-z X 1 S X R
% [ 15 | b iX+de—z \x 1S X R
'~ \

@ HTACHI
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Table 14 Arithmetic Instructions (16 Bit)

738
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T Flag
on ’ Addressing 7 6 4 2 1 0
Name [ Opcode MMED! EXT | IND | REG | REGI| IMP | REL | Bytes | States O ti § Z HPWVN C
ADD ADD HLww 00 wwl 001 S D 1 7 HLy+ww,—HL, . X - R 1!
ADD IXxx 11011 100 S D 2 10 X +xxa~1Xy X - R I
00 xx1 001
ADD IY,yy 111 S D 2 10 Natyn—~IY, X R
00 yy1 001
ADC ADC HLww 11101 101 S D 2 10 HLy+wwg +c~HL, ! 1 X V R 1!
01 wwl 010
DEC DEC ww 00 ww1011 S/D 1 4 wwy =~ lww,
DEC IX 11 011 101 S/D 2 7 Xy - 11X,
00 101 011
DEC1Y 1 im S/D 2 7 1Y, - 1-1Y,
00 101 011
INC INC ww 00 ww( 011 S/D 1 4 WwWy+ 1—ww,
INCIX 11 11 101 S/D 2 7 Xa+1-1Xq
00 100 011
INCTY 11111 101 S/D 2 7 1Yo +1-IY,
00 100 011
SBC SBC HL.ww 11 10t 101 S D 2 10 HLy—ww,—c—~HL, I 1 X Vv §8 1
01 ww0 010
© HITACHI
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Data Transfer Instructions

Table 15 8-Bit Load

F
Operation Addressing 7 6 4 2 1 0
Name M | Opmummmnscnsolnnnnym States Operation $§ 2 HP/VN C
Load LDA} 11 201 201 S/D 2 ¢ Ir~Ar 1 1 RIERR
8-Bit Data 01 010 111
LDAR 11 101 101 S/D 2 § Rr—Ar 1 1 RIERR
01011 311
LD A.(BC) 00 001 010 S D 1 ] (BC)u~Ar (Note 1)
LD A,(DE) 00 011 010 s | D 1 6 {DE)u~As
LD A, (mn)} 00 111 010 S D 3 2 [L N
«n >
«m )
LDIA 11101 101 S/D 2 6 Ar-lr
01 000 11
LDRA 11101 101 S/D 2 6 Ar—Rr
o1 001 1M1
LD (BC) A 00 000 010 Dl s 1 Ar—+(BC)x
LD (DE) A 00 010 010 D[S 1 7 Ar—~(DE)u
LD (mn).A 0 110 010 D ] 3 13 | Are(mo
«n ) |
«m)>
LDgg g ¢ S/D 1 ‘ w5
LD g.(HL) g 10 D| S 1 $ (HL)u=gr
LD gm wg 10 S D 2 1] m-gr
«m )
LD g iIX +d) 11 011 101 s | D 3 u (IX+dhugr
ng 10
«d>
LD g.(IY +d) 11 111 101 s | D 3 M (Y +d)u—gr
g 10
< d
LD (KL)m 00 110 110 S D H 9 m—(HL)x
«<m >
LD (X +d\m 101 10 ] D [ 15 jme(X+de
0 110 110
<4
«¢m >
LD (IY+d}m 11 111 101 S D ‘ 15 | m-(Y+d)
00 110 110
< d>
< m >
LD (HL) g 00g s | D 1 7 g (Hl)u
LD (iX+d) g 1t 011 101 D | S 3 15 | g~X+da
010g
<d >
LD (IY+d)g 1 111 101 D[S 3 15 | p-Y+du
0log
<d>

Note: 1 Interrupts are not sampled at the end of LD A,lor LD A, R.

@ HITACHI
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Table 16 16-Bit Load

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

Addressing Flog
Operation 7 64 2 10
Neme M Opcode IND | REG | REGI| WP | REL | Bytes | States Oy 8 Z HPVN C
Load LD ww,mn 00 ww0 901 D 3 ) mo—eww, . .
16-Bit Data Cn oy
<m>
LD Xma 11011 100 D [ 12 |me-iX,
00 100 001
< n
¢ m>
LD IY,ma 11110 ] ‘ 12 fmo-IYe
0 100 001
< n >
< m >
LD SPHL 11 111 001 S/D 1 4 HL,~SP,
LD SPIX 1o 10 S/D 2 7 1X4—SPy
11111 001
LD SPIY 11 111 101 S/D H 7 IY,~SP, ‘
11111 001
LD ww, (ma) 11101 101 D ‘ 18| (o0t Da—wwHr
01 wwl 011 () uwwls
< n >
«m>
LD HL, (mn) 00 101 010 D 3 15 (ma+ Du—Hr
< n oy (mn}u—Lr
< m)
LD IX, (ma) 110110 D ‘ 18| (ma+i).~IXHr
0 101 020 (ma)~IXLe
<« n
<(m)
LD IY, () 1t 111 101 D ‘ B | (mo+DuYHr
101 010 (mn)u—IYLr
«n >
<m)
LD (ma),ww 11 301 101 s ‘ 1B | wwHr=(ma+l)y
01 wwr0 011 wwlr—{(maly
<n>
«m )
LD (ma)HL 00 100 010 s 3 16 | He<(ma+Da
< B> Le—{maj,
<m
LD (mn) X 101t 100 s ‘ 19 | IXHr<(ma+Dy
00 100 010 IXLr—(mn)y
«n >
<mo>
LD (ma) JY 11111 100 S ¢ 19 IYHr—~(mn+1)s
00 100 020 TYLr—(mn),
«n )
«<m>
@ HITACHI
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Table 17 Block Transfer
Flag
Addressing 7 6 4 2 10
m‘"u Opcode EXT | D | REG | REGI| IMP | REL | Bytes | States Operation S Z HP/IVN C
Block 3 2
Transfer | CPD 11101 101 s |s 2 12 |Ar-(HL)a 111 ots
Search 10 101 001 BC—1-BC
Deta HLo-1~HLa 3
CPDR 11 101 101 s |s 2 U | BCh#0 Ar# (HL) 1t ot 1 1S
10 111 001 12 | BCa=0or Ar=(HL)
Ar-(HL)u
Q| BC-1-BCe
HL.-1-~HL,
Repeat Q until
Ar=(Hi)g or BC=0 3 2
o 11 101 101 s |s 2 12 |Ac-(HLW t 11 1S
10 100 001 BCy-1-BCe
HLe+1~HL 3 2
CPIR 11101 101 s|s 2 U | BGsearsL TS
10 110 001 2 |BGzoa A=
Ar—(HL )u
Q| BCu-1-BC:
Hie+1-HLe
Repeat Q until
Ac=(HL}u or BC,=0 2
LDD 11101 101 S/D 2 12 | (HLu~(DB)u . - R I R
10 101 900 BC,-1-BCs
DE—1-DEq
HL.-1-HL:
LDDA 11101 100 S/D 2 [l (BG#0| | (HLW=(DE) - - R R R
10 111 000 12 (BGy=0)| o | BG,-1-BG,
DE,—1-+DEe
HLe-1-~HLy
Repeat Q until
BC=0 2
Lot 11101 101 s/D 2 12 | HDW— DB . - R U R
10 100 000 BC,-1-BC
DE, +1-+DEs
HL+1-HLs
LDIR 11 101 101 s/D 2 |14 (BG#0)| [ (HLIa~(DE)e . - R R R
16 110 000 12 (BCo=0)| , | BC,—1-BCa
DE, +1-DEs
HL,+1-~HL,
Repeat Q until
BC,=0
Note: 2 P/V=0:BCr—1=0
P/V = I: BCg—1# 0
3 Z=1: Ar= (HLm
Z =0 Ar # (HL)y
© HITACHI

Hitachi America, Ltd. » Hitachi Plaza e 2000 Sierra Point Pkwy. © Brisbane, CA 94005-1819 « (415) 589-8300 741

Powered by | Cnminer.comEl ectronic-Library Service CopyRi ght 2003



HD641180X, HD643180X, HD647180X

Table 18 Stack and Exchange

J Addressing Flag
Operation 6 4 2 1 0
Name Mnemonics | Opcode [MMED] EXT | IND | REG | REGI| IMP | REL | Bytes | States Operation Z HP/VN C
PUSH | PUSHz mmo T | [ s 1 ['p ] 1 U | zlee(SP-2) R

| ‘ S 22Hr+{SP- 1w

! | ‘ ! P SPy~2-4SP,

i PUSH IX fnwm | [ s/D ‘ 2 I | XL (SP-2)0

i 111100 101 ‘ i ‘ { ) IXHr—(SP~1)

) : ! i . ‘ ! | : i SPa—2-+SPy

| PUSH 1Y [nnre \ ; | S - 2 W IYLe~(SP-2)

! 11 100 101 ‘ Pl " ‘ [ | IYHr—(SP- 1)

‘ ; L L | . | i | SPa-2-5Ps | |

\ POP | POP 22 [z [ T77 D | [ s | 19 | (SP+DuzHr S

i I P i | iSP1zeLr i

} | I i i ; . ! i i | | SPy+2-+SPy |

\ | Por 1x L on 01 L R Y S 2l | SP+lIXHr -

i ! L1100 01 ‘ Pl | | SP)u-IXLr i

: 1 . Pl i i | SP,+2-+5P, !
| Pop 1Y [ | | |sm] e | on | (SP+1iu—IVHr I
| w0 Co L 1 {SPIIYLr ;

| | ! ! [ R ! | SPa+2-SP, |

| Exchange | EX AFAF' Too 001 000 | . [ Tsm | Ul AReaR ! |

. EX DEHL nion ! : ‘ } ! fsoi 11 3 [DEeHL i -

EXX | 11 011 001 ‘ : : i N 1|3 |BGeBG L
‘ i i t i i ! - DE=DEy’ i i
‘ i ‘ S I I | HL-HLy !
VEXSPLHL fmweon 0 0 o L /D S | 16 ! HreiSP+1), : ;
| o | T e |
’EX SPIIX 11 011 101 ] ! ! | : S/D | C2 19 IXHr—(SP+D i
fneoon P ‘ ‘ i | L IXLe- 3Py )
(EXGSPLY i a ‘ ‘ C D! | 2 | 18| IYHr-iSPeb I -
| liwen |11 | ; | 1YL SPty :
Note: 4 In the case of POP AF, Flag is written a current contents of the stack.
@ HITACHI
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Program Control Instructions

Table 19 Program Control

Flag
opertion Addressing 7 6 4 21 0
M Opcode EXT | IND | REG | REGI[ WAP | REL | Bytes | States Operati § 2Z HPVN C
Call CALL mn 11 001 101 D 3 16 PCHr—(SP-1)u .
o) PCLr—~+(SP-2)u
¢« m) mn-+PCy
SPy—2-+SP:
CALL fan nf D 3 |6 (6: falee) | continue - { is false
< B> 16 (f © true) | CALL mn - f is true
«(m)
Jump DINZ j 0 010 0% D 2 | 9(Br20) | Br—i-Br
G 2 | 7(Br=0) | continue : Br=¢
PCo+i—~PCy : Be#d
P fon nf oo D 3 |6 (f: false) | mo—~PCe: fistrue
< 3 |96 true) | continue : f is false
¢ m )
JPma 11 000 011 D 3 9 ma—PCy
<n>
«m >
JP (HL) 11 101 001 D 1 3 HLe—PCy
JP (IX) 11 011 101 D 2 6 IXa~PCe
11 101 001
P aY) 110 D 2 6 IYa~PCe
11 101 001
Rj 0 011 090 D H [] PCa+j~PCy
G2
RCj 0 111 000 ] 2 6 continue : C=0
42> 2 8 PCu+j+PCa 1 C=1
JRNCj 00 110 090 D 2 § continue - C=1
G2y 2 8 PCy+i~PCy 1 C=0
JRZj 0 101 000 D H 6 contioue : Z=0
G2y 2 8 PCy+i=PCy 1 Z=1
JRNZj 00 100 000 D 2 6 continue : Z=1
G2y 2 ] PCy+i=PCa 1 220
Retumn RET 11 001 ®1 D 1 ] (SP)u=PCLs
(SP+1)y—PCHr
5Py +2+5P,
RET{ ut oo D 1 15 taise) | contioue : { is falee
1 [10 (F:true) | RET : fis true
RETI 11 101 101 D 2 2 (SP)u—PCLr
01 001 101 (SP+1)u—PCHr
SPy+2-8P,
RETN 11 101 101 D 2 2 (SP)u~PCLs
01 000 101 (SP+1)u—+PCHr
SP,+2-5Ps
IEF,~[EF,
Restart | RSTv v m D 1 il PCHr—(SP-1)u
PCLr—~(SP-2)u
4-PCHr
v-PCLr
SPy—2-5P;
G HITACHI
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1/O Instructions

Table 20 I/O

Operation
Name

Mnemonics

J Opcode

Addressing |

IMMED| EXT

IND

. REG | REGI, IMP | 1/0 Bytes

States

Operation

Input

IN A,(m)

INg

INO g, (m) **

IND

INDR

INI

INIR

o on
«m >

11 101 101
0lg 000

11101 101
wg 000
«m >

1101 11
10 101 010

11 101 101

10 111 010

11 101 101

10 100 010

11101 101
10 110 010

D S

2

2

. 12(Br=0) |

14(Br0}
12(Br=0)

4{Brz0)

(Am) —~Ar
m—A,~A,
Ar=Ac~Ay,
(BC)i—gr
g=110 ' Only the
flags will
change.
CreAs~A,
Br—A~A,
(00m; x—~gr
£=110: Only the
flags will
change.
m—A,~A,
WN-A~A,
(BC)~(HL)u
HLe-1-HL.
Br-1—+Br

BrA,~A,

| (BC}~(HL)w
QHL-1-HL

{Br-1-Br
Repeat Q until
Br=0
Cr—A~A,
Br—A,~Ax

:BCH~{HL)u
HL, +1-HL,
Br-1-Br
CrsA,~A,
Br~A,~A,

| {BC),~(HL)x
Q| HLy+1~HL,

! Br-1-Br

! Repeat Q until

Br=0
CrA,~A,
Br=A,~A,

Note: 5

z

ZZN

=1
0:

=1
=0

Br—1=0
Br—1 ¥ 0
MSB of Data = 1
MSB of Data = 0

@ HITACHI
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Table 20 I/O (cont)
Addressi Flag
Operation "9 7 86 4 21 0
" Opcode [WMED] EXT | IND | REG [ REGI] P | /O | Bytes | States Operati 8§ Z HPVN C
Output | OUT (m)A 11 010 011 s | o 2 10 | Are(Am), .
«m?> m—Ay~A,
. ArvA~Ay
OUT (Og 110 s p| 2 10 | g0,
g 09 CrAe~As
BroAu~Au
OUTO (mig®™ {11101 100 s D 3 13| g(omm),
Wg W m~A,~A,
«<m) 00—As~As 5 6
oTDM ** 110 0 s D | 2 U | (HL(000), [ S T I B
10 001 011 HLe-1-HLe
Ce-1-Cr
Be-1-Be
CrA~Ar
00-A~As 6
OTDMR ** 1101 101 s D | 2 [16Be#0) | ((HL)a=(00C) R S RS 1 R
10 011 011 14(Br=0) | | HLo-1-HLs
Q em1mcr
Be-1~Br
Repeat Q until
Be=0
CroAe~Ar
00-+A~Au 6
OTDR 1t 101 101 s [ 2 | WBes0) | [ (HLI~(BO), X s X X 1 X
10 111 o1 128e=0) | Q| HLe~1~HLe
Br-1-Br
Repeat Q until
Br=0
CreA~A,
Be+Ac~Au H 6
ouT! 11 101 101 s D 2 12 | (HLW=(BO) X 1 X X 1 X
10 100 011 HLe+1-HLa
Be-1-Be
Cr-A~Ar
Be—Ay~Au 6
OTIR 101 101 s D 2 | WBr£0) | ((HL)u=(BO) X s X X 1 X
10 110 011 12(Be=0) | Q| HLo+1~HLa
Be-i-+Br
Repeat Q until
Be=0
CroA~As
Br—A~Au
STIOm** nwwo | s s 3 12 |00 m 1 1 s P RR
o1 110 100 CrAy~As
«m> 00—=A,~ Ay 5 []
oTIM ** 11 101 101 s D 2 W | (HLW—(®0), (ST T N B
10 000 011 HLo+1~HLe
Cr1-Cr
Be-1~Be
CrAu~As
00-A~Ay 6
OTIMR ** 11 101 10 S D | 2z |16Bes0) | [ (HLI—(000), RS RS 1 R
10 010 011 14(Br=0) | | HLa+1~HLy
A ert1er
Be-1-Be
Repeat Q until
Br=0
Cr—Ae~As
0-A~Au 5 6
ouTD 1101 101 s D 2 12 | (HLW(BC) X 1 X X 1 X
10 101 011 HLe-1~Hle
Be-1~Br
Cr=A~A;
Br-oAc~Au

Note: § Z= 1:Br—1 =10
Z=0:Br—1#0

6 N= 1. MSBof Daia = 1

N = 0: MSB of Data = 0

O HITACHI
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Special Control Instructions

Table 21 Special Control

: Addressi ! ' T 5 Flag
Opertion s 1 ostne , | [76 s 21 o
Name Mnemonics ' Opcode |MMED] EXT | IND | REG | REG)| IMP _ REL . Bytes : States Operation S Z HPIVN C
Special DAA 00 100 121 S/D 1 4 Decimal [ T T 4 1
Function Adjust
Accumulator
Carry CCF 00 131 111 i 3 [ - - R - R I
Control | SCF 00 110 111 1 3 1-C « - R - R S
CPU Dl 11 110 011 1 3 0~IEF,. 0~IEF, 1
Control | EI 11 111 011 1 3 1~IEF, 1-[EF, 1
HALT 01 130 120 1 3 CPU halted
Mo 11101 101 | H 6 Interrupt
01 000 110 ! mode 0
M1 11101 101 2 6 Interrupt
0t 010 120 mode 1
M2 11 101 101 2 6 Interrupt
01 011 110 mode 2
NOP 00 000 000 1 3 No operation
SLP** 11 101 101 2 8 Sleep
01 110 110 !
i
[
!
HEn
N
Note: 7 Interrupts are not sampled at the end of DI or El.
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H INSTRUCTION SUMMARY IN ALPHABETICAL ORDER

MNEMONICS Bytes Machine Cycles States
ADC A,m 2 2 6
ADC Ag 1 2 4
ADC A, {HL) 1 2 6
ADC A, (IX+d) 3 6 14
ADC A, iY+d) 3 6 14
ADD A,m 2 2 6
ADD Ag 1 2
ADD A, (HL) 1 2 6
ADD A, (IX+d) 3 6 14
ADD A, (Y+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 (HL) 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, (Y+d) 4 5 15
BIT bg 2 2 6
CALL fmn 3 2 6

(if condition is false)
3 6 16
(¥ condition is true)

Note »+ : New instructions added to Z80

@ HITACHI
Hitachi America, Ltd. » Hitachi Plaza » 2000 Sierra Point Pkwy, © Brishane, CA 84005-1819 » (415) 589-8300 747

Powered by | Cnminer.comEl ectronic-Library Service CopyRi ght 2003



HD641180X, HD643180X, HD647180X

748 Hitachi America, Ltd.  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 14
(if BCR#0 and Ar# (HL)y)
2 6 12
(If BCR=0 or Ar=(HL)\)
CP (HL) 1 2 6
CPI 2 12
CPIR 2 8 14
(If BCR#0 and Ar# (HL)y)
2 6 12
{if BCR=0 or Ar=(HL)y)
CP (IX+d) 3 14
CP (Y+d) 3 6 14
CPL 1 1 3
CPm 2 2 6
CPg 1 2 4
DAA 1 2 4
DEC (ML) 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)
O HITACH!

Powered by | Cnminer.comEl ectronic-Library Service CopyRi ght 2003




HD641180X, HD643180X, HD647180X

MNEMONICS Bytes Machine Cycles States

DJUNZ 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),HL 1 6 16

EX (SP).IX 2 7 19

EX (SP),IY 2 7 19

EXX 1 1 3

HALT 1 1 3

M O 2 2 6

IM 1 2 2 6

M 2 2 2 6

INC g 1 2 4

INC (HU) 1 4 10

INC {IX+d) 3 8 18

INC (IY+d) 3 8 18

INC ww 1 2 4

INC IX 2 3 7

INC IY 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)

{continued)
G HITACHI
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750 Hitachi America, Ltd. ¢ Hitachi Plaza » 2000 Sierra Point Pkwy. ® Brisbane, CA 94005-1819  (415) 589-8300

MNEMONICS Bytes Machine Cycles States
INDR 2 4 12 (if Br=0)
INO g.(m)** 3 4 12
JP f,mn 3 2 6

(If f is false)
3 3 9
{If f is true)
JP (HU) 1 1 3
JP (1X) 2 2 6
JP {IY) 2 2 6
JP mn 3 3 9
JRj 2 4 8
JR C,j 2 2 6
{Iif 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 Zj 2 2 6
{If condition is false)
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)
G 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 (HL),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 (f BCR#0)
2 4 12 (If BCg=0)

LD IX,mn 4 4 12

LD IX,(mn) 4 6 18

LD (IX+d),m 4 5 15

LD 0X+d.g 3 7 15

LD IY,mn 4 4 12

LD IY,(mn) 4 6 18

LD (iY+d)m 4 5 15

LD (¥+d.g 3 7 15

@ HITACHI
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752 Hitachi America, Ltd.  Hitachi Plaza ® 2000 Sierra Point Pkwy. e Brishane, CA 94005-1819 e (415) 589-8300

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),IY 4 7 19

LD RA 2 2 6

LD g.(HL) 1 2 6

LD g,IX+d) 3 6 14

LD g.0Y+d) 3 6 14

LD g.m 2 2 6

LD g.g’ 1 2 4

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 (Y+d) 3 6 14

ORm 2 2

ORg 1 2

OTDM** 2 6 14

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

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

{continued)
@ HITACH!
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MNEMONICS Bytes Machine Cycles States
oTIM** 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)
ouTDh 2 4 12
ouT! 2 4 12
OUT (m),A 2 4 10
OouT (C).g 2 4 10
OUTO (m).g*" 3 5 13
POP IX 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 12
(continued)
@ HITACHI
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MNEMONICS Bytes Machine Cycles States
RLA 1 1 3
RLCA 1 1 3
RLC {HL) 2 5 13
RLC (IX+d) 4 7 19
RLC (IY+d) 4 7 19
RLC g 2 3 7
RLD 2 8 16
RL (HL) 2 5 i3
RL (X+d) 4 7 19
RL IY+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,lIY+d) 3 6 14
SBC Am 2 2 6

{continued)
G HITACHI
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MNEMONICS Bytes Machine Cycles States
SBC Ag 1 2 4
SBC HLww 2 6 10
SCF 1 1 3
SET b,(HL) 2 5 13
SET b, X+ d} 4 7 19
SET b,(Y+d) 4 7 19
SET b,g 2 3 7
SLA (HL) 2 5 13
SLA (X+d) 4 7 19
SLA (IY+d) 4 7 19
SLA g 2 3 7
SLP** 2 2 8
SRA (HU 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 3 7

@ HITACHI
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MNEMONICS Bytes Machine Cycles States
TST m** 3 3 9
TST (HL)* 2 4 10
XOR (HL) 1 2 6
XOR (X+d) 3 6 14
XOR (iY+d) 3 6 14
XOR m 2 2 6
XOR g 1 2

G HITACHI
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H OPCODE MAP

Table 22 First Opcode Map

Instruction format: XX

wwito = Al | lo=0-17

BC | OE [ HL | SP | BC | DE | HL | AF | 2z
lo=0-17 NZ |[NC | PO | P f
BT 0 [ R W] B8 [ D] H [HY OOH | 10H [ 20H [ 30H | v

17 6000|0001 0010|0011 | 0100|0101 0110] 0111|1000} 1001} 1010 7011 1100[ 1101 [1110] 1111

Lo 9 1 2 3 4 [ 5 6 7 8 9 A | B C D | E F
B 1 0000] O | NOP [DINZ}{JRNZ[JRNC. : : RET f 0
C Jooot] 1 LD ww, mn [Note 1) POP 2z 1
D 00101 2 | LD(ww), A [LD)[LD({m), | JP . mn 2
l HL l A \ P m|OUT(m.JEX(SP)| DI 3

E (0011] 3 INC ww LD gs . ADD AJSUB s|AND s|OR s A | H

H_|0100] 4 INC g WNote 1) | s CALL f,mn 4
L [ol01] 5 DEC g Wote V| _____ : (R TN D PUSH zz 5
_[[HL)jo110] € iDgm TNote 1)) tNote2) ___ _[HALT nots 21fiNote 21{Note 2)|dNote 21[AD0 An[SUB m[AND m[ORm| 6
S A [0111] 7 |RLCA[RLA]DAA | SCF RST v 7
w8 o000 8 [pwar| JR [ [JRZ{RCj RET { 8
£ C [1001] 9 ADD HL, ww RET ‘ EXX lJP (HL)lLD EANE

w| D [0 A LD A, (ww) [LDHL[LD A HL
() | (mn} JP _f, mn A
E [1011] B DEC ww LD gs ADG AJSBC AXOR s| CP s [Tabe 2[NAm[BOER] EI [ B
H_[1100] C INC g s s CALL f.mn [9
L [1101] D DEC g | o] _______-________GALLm(yoma)[Tabhsl(Nom:i) 3]
(HL)[1110] E LDgm | _____ Note2) | iNote 2){{Note 2)|iNote 21|MNote 21| ADC A n| SBC An XORm|CP m| E
A |1111| F |RRCA[RRA ] CPL | CCF RST v F

0 1 2 3 4 | 5 |67 8 9 Al B [ E F

c E L Al C | E | L]A Z C [PE| M [
gllo=8 —F 08H | 18H | 28H [ 38H | v |
lo=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 (HL) as an operand
in table 1, the instructions are executed replacing HL with IX and (HL) with (X + 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 (HL) with (Y + 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 {IX} 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
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Table 23 Second Opcode Map
Instruction format: CB XX

bllo=0—-7

"] 2 4 8 0 2 4 3] 0 2 4 8

HI |0000|0001/0010{0011{0100{0101[0110[0111]1000[1001{1010[1011[1100[1101[1110|1111

LO 0 1 2 3 4 5 8 7 8 9 A B C D E F
B |0000{ O 0
C [0001] 1 1
D |0010] 2 2
E [0011] 3 3
H ]0100| 4 [RLC g|RL g|Stag BIT b,g RES b,g SET b,g 4
Ljovovy s | 4 | __ | o 5
% [(HD]O110] 6 Jnore Dot iivore 1) |~~~ “ote 1177777 Nowt) T Wowwd) " T°6
nA_Jo1t 7 7
£ B j1000] 8 8
C |1001] 9 9
w{ D [1010] A A
E [1011] B B
H [1100] C [RRC g{RR g|SRA g{SRL g BIT b,g RES b,g SET b,g C
L [1101] D I I S N E D
(HL)] TTT0] E "Inots 1fnote nfivete iiers 0/~ "~ 7 Wote )~ | " __ Noten) 7|~ Noten) T E
A 1111} F F

o1 2 | 83/ 475]6[7 | 8]9A[B|[C[DIE]JF

138713571357

b{lo= 8 — nf)

Note: 1. If DDH is added as first opcode for the instructions which have (HL) as operand in table 2, the i ions are d ing (HL) with (X +

d).
If FDH is added as first opcode for the instructions which have (HL} as operand in table 2, the instructions are executed replacing (HL) with (IY +
d.

Table 24 Second Opcode Map
Instruction format: ED XX

ww {Lo = Al
| BC [ DE [ HL [ SP
lo=0-7)
B[ D] H B[ D]H
Hi ] 0000 0001]0010]0011/0100[0101{0110]0111[1000]1001] 1010]1011] 1100[1101[1110] 1111
Lo 0 1 2 1 3 458 6 7 8 | 9 A B C[D]J]E]F
0000] O INO g, (m) IN g, (C) LDt [LDIR 0
0001 | 1 oUTo (m).g | ouT (C).g | CPI |CPIR 1
0010 2 SBC HL, ww INI_[INIR 2
0011 3 LD (mn), ww OTIM[OTIMR[ OUTT | OTIR 3
0100 4 TST g [TSTHI] NEG 7ST m[T5TOm 4
0101 5 RETN 5
0110] 6 IMO[IM1] SLP 6
otiT] 7 LD, A[LDAI[RRD] 7
1000 | 8 INO g, (m) IN g (C) LDD [LDDR 8
1001 ] 9 ouTo (m).g OUT (C).g CPD |CPDR| 9
1010 A ADC_HL, ww IND [ INDR A
1011 B LD ww, (mn) OTDM[OTOMR|OUTD|OTDR 8
1100 C TST g MLT ww [
1101 D RETI D
1110] E M 2 E
11| F LDRA/LD AR[ RLD F
0 [ 12314567819 A[BJ]CI[DJET]TF
C | EJL|ATC[E]CLC]A
g lo=8-F
@ HITACHI
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B BUS AND CONTROL SIGNAL CONDITION IN EACH MACHINE CYCLE

Machine
Instruction Cycle States Address Data RD WR M™ME IOE UR HALT ST
ADD HLww MC T1T2Ts 1st opcode 1st o] 1 0o 1 0 1 0
Address opcode
MC.— TiTiTiTi : z 1 1 1 1 1 1 1
MCs
ADD IX,xx MC+ TiT2Ts 1st opcode 1st o 1 0 1 0 1 o]
ADD IY.yy Address opcode
MC: T1T2Ta 2nd opcode 2nd 0 1 0 1 o 1 1
Address opcode
MCs— TiTiTiTi . z 1 1 1 1 1 1 1
MCe
ADC HLww MC. TiTeTs 1st opcode 1st (o] 1 4] 1 [¢] 1 [6]
SBC HL ww Address opcode
MC: TaT2Ta 2nd opcode 2nd (o] 1 (o} 1 o} 1 1
Address opcode
MCs— TiTiTiTi . z 1 1 1 1 1 1 1
MCe
ADDAg MC. ARLELF] 1st opcode 1st o 1 0 1 0 1 (o}
ADCAg Address opcode
SuBg
SBCAg MC: Ti . z 1 1 1 1 1 1 1
AND g
ORg
XOR g
CPg
ADD Am MC. T1T2Ta 1st opcode ist o} 1 o} 1 0 1 [}
ADC Am Address opcode
sSuUBm
SBC Am MC: TiT2Ts 1st operand m (o] 1 o] 1 1 1 1
AND m Address
ORm
XORm
CPm
ADD A, HL MC. T:T2Ta 1st opcode st (o] 1 0 1 [o} 1 [o}
ADC A, (HL} Address opcode
SUB (HL
SBC A, (HU MC: T4T2Ta HL Data o] 1 o] 1 1 1 1
AND (HL)
OR (HL)
XOR (HL}
CP (HU)
ADD A, (IX+d) MC, TT2Ts 1st opcode 1st (4] 1 o] 1 ¢} 1 (o}
ADD A, tY+d) Address opcode
ADC A, 1X+d)
ADC A, IiY+d) MC: TiT2Ta 2nd opcode 2nd o 1 0 1 s} 1 1
SuB (IX+d) Address opcode
SuB (Y +d)
SBC A, (IX+d)
tinued)
Note: « (Address): invalid {continu
2 (Data): High impedance.
«: New instructions added to Z8BO
@ HITACH!
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Machine
Instruction Cycle States Address Data RD WR ME OE LR HALT ST
SBC A, (IY+d) MC: TiT2T3 1st operand d 1 [o] 1 1 1 1
AND {X+d} Address
AND {IY+ d)
OR {IX+d) MC.— TiTi * 4 1 1 1 1 1 1 1
OR (IY+d) MCs
XOR {IX+d)
XOR (IY+d) MCs TiT2Ta IX+d Data o] 1 [o} 1 1 1 1
CP (IX+d) IY+d
CP (iy+d)
BIT bg MC. ThT2T3 1st opcode st o] 1 0 1 o} 1 o}
Address opcode
MC: TaTeTs 2nd opcode 2nd 0 1 o] 1 0] 1 1
Address opcode
BIT b, (HL) MC+ TiT2Ta 1st opcode 1st 0 1 o] 1 (¢} 1 0
Address opcode
MC:> T1T2Ta 2nd opcode 2nd o 1 (o) 1 0 1 1
Address opcode
MC; T:T.Ta HL Data 1 1 1 1 1
BIT b, (IX+d) MC; TiT2Ta 1st opcode 1st 1 1 [o] 1 o)
BT b, (IY+d) Address opcode
MC: T1T2Ts 2nd opcode 2nd o 1 o] 1 0 1 1
Address opcode
MCa TT2Ts 1st operand d (] 1 (o) 1 1 1 1
Address
MC. T:T2Ta 3rd opcode 3rd 0 1 o 1 0 1 1
Address opcode
MCs T:T2Ts IX+d Data o} 1 [¢) 1 1 1 1
IY+d
CALL mn MC, T1TTs 1st opcode st (¢} 1 e} 1 o 1 0
Address opcode
MC: Ty T2Ts 1st operand n o] 1 4] 1 1 1 1
Address
MCa TT2Ta 2nd operand m 0 1 0 1 1 1 1
Address
MC, Ti * 4 1 1 1 1 1 1 1
MCs T4T2Ts SP—1 PCH 1 o o 1 1 1 1
MCe TiT2Ts SP—2 PCL 1 o] o] 1 1 1
CALL f,mn MC. T:T2Ts 1st opcode 1st o] 1 0 1 [o] 1 [o]
(if condition Address opcode
is faise) MC:  T.T:Ta 1st operand n o 1 0 1 1 1 1
Address
{continued)
@ HITACHI
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Machines
Instruction Cycle States Address Data AfD WR ME OE LR HALT ST
CALL fmn MC TiTeTs 1st opcode st o} 1 [o] 1 1 (o]
f condition Address opcode
is true) MC:  TiT:Ts 1st operand n 0 1 ) 1 1 1 1
Address
MCs T1T2Ta 2nd operand m o} i [o] 1 1 1 1
Address
MCa Ti * Z 1 1 1 1 1 1 1
MCs TT2T3 SP—1 PCH 1 o} [¢] 1 1 1 1
MCs TiT2Ts SP—2 PCL 1 ] o] 1 1 1 1
CCF MC. TiT.Ts 1st opcode 1st o 1 0 1 o} 1 0
Address opcode
CP1 MC TiT2Ta 1st opcode st [ 1 [} 1 (o] 1 (o]
CPD Address opcode
MC: TaT2Ts 2nd opcode 2nd o 1 [0} 1 [o] 1 1
Address opcode
MCa TaT:Ts HL Data o] 1 o 1 1 1 1
MCs— TiTiTi * 4 1 1 1 1 1 1
MCs
CPIR MC, T1T2Ta 1st opcode 1st o} 1 ) 1 o] 1 o
CPDR Address opcode
#BCGFO0and  mc,  TT.Ta 2nd opcode 2nd 0 1 0 1 0 1 1
Ar (Huw} Address opcode
MCa TiT2Ta HL Data o 1 o] 1 1 1 1
MC.— TiTiTiTiTi N z 1 1 1 1 1 1 1
MCs
CPIR MC. T:T2Ta 1st opcode ist o} 1 [s] 1 o 1 o]
CPDR Address opcode
(f BG=0 or MC:  T.T:Ts 2nd opcode 2nd ) 1 0 1 0 1 1
Ar= (HUw) Address opcode
MCs TT2T3 HL Data (o} 1 o} 1 1 1 1
MCs— TiTiTi N z 1 1 1 1 1 1
MCe
CPL MC, TT2Ts 1st opcode st o 1 (o] 1 [} 1 (0]
Address opcode
DAA MC. TToTs 1st opcode 1st 0 1 0 1 o} 1 0
Address opcode
MC: Ti * 4 1 1 1 1 1 1 1
DI (Note 1) MC TaT2Ts 1st opcode 1st o] 1 o} 1 [o] 1 o)
Address opcode
. {continued)
Note: 1. Interrupt request is not sampled.
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Instruction Cycle States Address Data RD WR ME iOE LR HALT ST
DJUNZ j MC, T:T2Ts 1st opcode 1st o 1 0 1 1 0
(If Br#0) Address opcode
MC: Ti (Note 2) * z 1 1 1 1 1 1 1
MCa TiT2Ta 1st operand -2 (o} 1 (o] 1 1 1 1
Address
MC:— TiTi N 4 1 1 1 1 1 1 1
MCs
DJUNZ § MC. TiT=Ta 1st opcode 1st (o] 1 o 1 0 1 [o]
{if Br=0) Address opcode
MC: Ti (Note 1) * z 1 1 1 1 1 1 1
MCs TiT2Ts 1st operand 2 o} 1 ¢} 1 1 1 1
Address
El {Note 3) MC, T1T:Ts 1st opcode 1st o] 1 o 1 0 1 0]
Address opcode
EX DE, HL MC, TiToTs 1st opcode 1st 0 1 (o} 1 [¢] 1 o]
EXX Address opcode
EX AF, AF' MC, TiT2Ta 1st opcode ist o] 1 o]} 1 0 1 0
Address opcode
MC: Ti * 2 1 1 1 1 1 1 1
EX (SP), HL MC. TiTTs 1st opcode 1st [¢] 1 [o] 1 [o] 1 [¢]
Address opcode
MC: T:T2Ta SP Data o 1 o] 1 1 1 1
MCs TT2Ta SP+1 Data o 1 o] 1 1 1 1
MC, Ti * r4 1 1 1 1 1 1 1
MCs TyT2Ts SP+1 H 1 [o] o] 1 1 1 1
MCs TiT2Ta SP L 1 [d] o] 1 1 1 1
EX (SP)LIX MC T:T2Ta 1st opcode ist (o] 1 o] 1 0 1 [o]
EX (SP)lY Address opcode
MC: TiTTs 2nd opcode 2nd 0 1 (o) 1 (o] 1 1
Address opcode
MCs TiT2Ts SP Data (o} 1 o] 1 1 1 1
MC. TiT2Ts SP+ 1 Data (o} 1 [¢] 1 1 1 1
MCs Ti * 4 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.
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EX (SP), IX MCe T4T2Ta SP+1 IXH 1 [o] 0 1 1 1 1
EX (SP), IY IYH
MC~ TiT2Ta SP IXL 1 0 o] 1 1 1 1
YL
HALT MC TiTTa 1st opcode 1st [¢] 1 o) 1 [o] 1 0
Address opcode
Next opcode Next [o] 1 [o} 1 o [o] o
Address opcode
MO MC T1T2Ts 1st opcode 1st o 1 [o] 1 o] 1 o]
M1 Address opcode
M2 MC:  TiT:eTs 2nd opcode 2nd o 1 0 1 0 1 1
Address opcode
INC g MC TiT2Ts 1st opcode st [0} 1 [o] 1 ¢} 1 [o]
DEC g Address opcode
MC: T M z 1 1 1 1 1 1 1
INC (HL} MC, T4T2Ts 1st opcode 1st 0 1 o] 1 o] 1 (o]
DEC (HL) Address opcode
MC: T1T2Ts HL Data 0 1 0 1 1 1 1
MCs Ti * z 1 1 1 1 1 1 1
MC. TiT2Ta HL Data 1 0 0 1 1 1 1
INC (IX+d) MC+ TiT2Ts3 1st opcode st o] 1 (o] 1 [o] 1 0
INC (IY+d) Address opcode
MC:2 TaT2Ts 2nd opcode 2nd o] 1 (o] 1 o} 1 1
DEC X+ d) Address opcode
DEC (iY+d)
MCs TT2Ts 1st operand d [o] 1 o] 1 1 1 1
Address
MC.— TiTi : 4 1 1 1 1 1 1 1
MCs
MCe T1T2Ta IX+d Data o 1 0 1 1 1 1
Y+d
MCr Ti * z 1 1 1 1 1 1 1
MCs TaT2Ts IX+d Data 1 [o] (o] 1 1 1 1
tY+d
INC ww MC TiT2Ta 1st opcode 1st (&) 1 o] 1 0 1 o]
DEC ww Address opcode
MC: Ti N 4 1 1 1 1 1 1 1
INC IX MC TaT2Ts 1st opcode st [¢] 1 0 1 [o] 1 0
INC IY Address opcode
MC: TT:Ts 2nd opcode 2nd (o] 1 o) 1 (o] 1 1
DEC IX Address opcode
DEC IY
MCa Ti * z 1 1 1 1 1 1 1
{continued)
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IN A, (m) MC. TiT2Ta 1st opcode 1st 1 (0] 1 o] 1 &}
Address opcode
MC: TaTeTs 1st operand m o 1 (o) 1 1 1 1
Address
MC; TiTeTs m to Ao—A7 Data o] 1 1 o 1 1 1
Ato As—Ais
IN g.(C) MC T:T2Ts 1st opcode 1st [¢] 1 o] 1 [¢] 1 0
Address opcode
MC: TaT.Ts 2nd opcode 2nd o 1 o 1 [o] 1 1
Address opcode
MC, TiT2Ta BC Data 1 1 o) 1 1 1
INO g,(m)** MC, TT2Ts 1st opcode st 1 [¢] 1 o] 1 [o]
Address opcode
MC: TiT2Ts 2nd opcode 2nd o] 1 o] 1 o} 1 1
Address opcode
MCs TiT2Ts 1st operand m o] 1 [0} 1 1 1 1
Address
MC. TiT2Ts mto Ac—A7 Data o} 1 1 [¢] 1 1 1
OOH to Ag—Ais
INI MC, T:T2Ta 1st opcode 1st o] 1 (o) 1 o] 1 o]
IND Address opcode
MC: TT2Ts 2nd opcode 2nd [o] 1 (o) 1 [¢) 1 1
Address opcode
MCs TaToTs BC Data [¢] 1 o) 1 1 1
MC. TaToTs HL Data 1 o) 1 1 1 1
INIR MC TiT2Ts 1st opcode 1st o] 1 1 o 1 [¢]
INDR Address opcode
{it Br0) MC:  TiT:Ts 2nd opcode 2nd o 1 0 1 o 1 1
Address opcode
MCa TiT.Ts BC Data 0 1 1 o} 1 1 1
MC. TiT:Ta HL Data 1 0 o) 1 1 1 1
MCs— TiTi N z 1 1 1 1 1 1 1
MCs
INIR MC TaT.Ts 1st opcode 1st o] 1 [} 1 0 1 [¢]
INDR Address opcode
r8r=0 MC:  TiToTs 2nd opcode 2nd 0 1 o 1 o 1 1
Address opcode
MC» TiT2Ta 8C Data o] 1 1 (0] 1 1 1
MC. T:T2T3 HL Data 1 0 0 1 1 1 1
{continued)
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JP mn MC. TiT2Ta 1st opcode 1st o 1 0 1 (o] 1 [o]
Address opcode
MC: TiT2Tas 1st operand n o 1 [0} 1 1 1 1
Address
MCa TiT2Ts 2nd operand m [¢] 1 o] 1 1 1 1
Address
JP fmn MC, T:T2Ta 1st opcode 1st 0 1 (o] 1 o 1 o
(if f is false) Address opcode
MC: TiT2Ts 1st operand n o 1 [¢] 1 1 1 1
Address
JP fmn MC, T:T2Ta 1st opcode ist (o] 1 0 1 (o] 1 [o]
f f is true) Address opcode
MC: TT2Ts 1st operand n o] 1 (o] 1 1 1 1
Address
MCa TT2Ts 2nd operand m o 1 [o] 1 1 1 1
Address
JP {HL} MC TiT2Ts 1st opcode ist o] 1 o} 1 [o] 1 o]
Address opcode
JP (1X) MC TsT2Ta 1st opcode 1st o 1 0 1 ¢} 1 [o}
JP (Y} Address opcode
MC: TiT2Ta 2nd opcode 2nd o] 1 o 1 [o] 1 1
Address opcode
JRj MC TaT2Ts 1st opcode 1st o 1 [o] 1 0 1 0]
Address opcode
MC: T1T2Ts 1st operand -2 o} 1 [o] 1 1 1 1
Address
MCs— TiTi * z 1 1 1 1 1 1 1
MC.
JRC,j JRNC, MC, T.TTa 1st opcode 1st [¢] 1 (¢} 1 (o} 1 (o}
JR Zj JRNZ} Address opcode
(If condition MC:  T.T:Ts 15t operand i-2 0 1 o 1 1 1 1
is false) Address
JRCj JRNC; MC TaT2Ta 1st opcode 1st 0 1 o 1 o 1 o
JR Z,j JR NZj Address opcode
(i condition MC:  TiT:Ts 1st operand -2 o 1 o 1 1 1 1
is true) Address
MC,— TiTi * 4 1 1 1 1 1 1 1
MC.s
LD 9.9’ MC TiT2Ts 1st opcode st o 1 o 1 o 1 (o]
Address opcode
MC: Ti . z 1 1 1 1 1 1 1
LD gm MC- TaT2Ts 1st opcode ist o 1 [o] 1 [o] 1 o]
Address opcode
MC: TiT2Ts 1st operand m 0 1 o] 1 1 1 1
Address
{continued)
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LD g, (HL MC, T4T2Ts 1st opcode 1st (o} 1 4] 1 [o} 1 o
Address opcode
MC TiT2Ta HL Data 1 4] 1 1 1 1
LD g IX+d) MC, TiT:Ts 1st opcode 1st o 1 1 0 1 0
LD g, {IY+d) Address opcode
MC T1T2Ts 2nd opcode 2nd (o] 1 o] 1 0 1 1
Address opcode
MC3; TT2Ts 1st operand d 0 1 0o 1 1 1 1
Address
MC.— TiTi . b4 1 1 1 1 1 1 1
MCs
MCs TiTeTa IX+d Data (o} 1 0o 1 1 1 1
Y+d
LD (HU.g MC, TT2Ta 1st opcode 1st (o] 1 [o] 1 (o} 1 0
Address opcode
MC: Ti . z 1 1 1 1 1 1
MC, T+T2Ta HL g 1 o 1 1 1
LD 0X+dhg MC, TiT2Ts 1st opcode 1st (o] 1 0 1 0 1 0
LD (ty+d.g Address opcode
MC: T+T2Ta 2nd opcode 2nd o 1 o] 1 (o} 1 1
Address opcode
MCs TT2Ta 1st operand d o] 1 0 1 1 1 1
Address
MC4— TIiTiTi . z 1 1 1 1 1 1 1
MCs
MC- Ti¥eTa IX+d g 1 (o] o] 1 1 1 1
IY+d
LD (HU.m MC TiT:Ts 1st opcode 1st o 1 (o} 1 0 1 o}
Address opcode
MC2 T1T2Ta 1st operand m o 1 0 1 1 1 1
Address
MCa TiT2Ta HL Data 1 0 [¢] 1 1 1 1
LD X+ d)m MC, T1T2Ta 1st opcode 1st o 1 o] 1 0 1 (o]
LD (iY+d),m Address opcode
MC. TiT2Ts 2nd opcode 2nd 0 1 0 1 0 1 1
Address opcode
MCs TiT2Ta 1st operand d o] 1 0 1 1 1 1
Address
MC 4 TiTeTs 2nd operand m o} 1 0o 1 1 1 1
Address
MCs T1T2Ta X+d Data 1 (o] o] 1 1 1 1
IY+d
LD A, (BC) MC. TiTeTs 1st opcode 1st (o] 1 (o] 1 o 1 (o]
LD A, (DE} Address opcode
(continued)
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LD A, (BC) MC: ThT2Ta 8C Data (4] 1 [ 1 1 1 1
LD A, (DE) DE
LD A.(mn} MC TiT2Ts 1st opcode 1st o] 1 o] 1 [0} 1 o}
Address opcode
MC: T1T2T3 1st operand n o 1 (o] 1 1 1 1
Address
MCa TiT2Ta 2nd operand m ] 1 [o] 1 1 1 1
Address
MC. T1T2Ts mn Data 1 1 1 1 1
LD (BC)L.A MC T1T2Ts 1st opcode 1st o 1 1 [¢] 1 0
LD {DELA Address opcode
MC: Ti * z 1 1 1 1 1 1 1
MC3 T1T2Ta BC A 1 [¢] 0 1 1 1 1
DE
LD {mn),A MC. TyT2Ts 1st opcode 1st o] 1 o] 1 (¢} 1 4]
Address opcode
MC: T1T2Ts 1st operand n o 1 [o] 1 1 1 1
Address
MC3 T4T2Ts 2nd operand m [o] 1 [o} 1 1 1 1
Address
MC. T . z 1 1 1 1 1 1
MCs TiTeTs mn A (o] 0 1 1 1 1
LD Al (Note 4 MC: TiT2Ts 1st opcode 1st [o] 1 1 [ 1 v}
LD AR Address opcode
LD LA MC: TiT:Ts 2nd opcode 2nd 0o 1 o} 1 (o} 1 1
LO RA Address opcode
LD ww, mn MC, T T2Ts 1st opcode 1st o] 1 o] 1 o] 1 o]
Address opcode
MC: T1T2Ta 1st operand n o 1 o] 1 1 1 1
Address
MC3s TT2Ta 2nd operand m 0 1 0 1 1 1 1
Address
LD IX,mn MC TiT2Ta 1st opcode 1st 0o 1 0 1 o] 1 0
LD Y, mn Address opcode
MC: TiTeTa 2nd opcode 2nd (o] 1 0 1 0 1 1
Address opcode
MCa T:T2Ta 1st operand n [0} 1 e} 1 1 1 1
Address
MC T1T2Ts 2nd operand m 0 1 [o] 1 1 1 1
Address
LD HL, (mn) MC TaT2Ta 1st opcode 1st o} 1 [o] 1 o] 1 o]
Address opcode
MC: TaT2Ts 1st operand n 0 1 o 1 1 1 1
Address
{continued)
Note: 4 Interrupt request is not sampled.
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LD HL, {mn} MCs TiTeTs 2nd operand m o 1 [o] 1 1 1 1
Address
MC. TiT2Ts mn Data ] 1 (4] 1 1 1
MCs TiT2Ts mn+ 1 Data (] 1 4] 1 1 1
LD ww,{mn} MC. TiToTa 1st opcode 1st o] 1 o] 1 (o] 1 o]
Address opcode
MC: TiT2Ta 2nd opcode 2nd o 1 [s] 1 [o] 1 1
Address opcode
MCs TT2Ta 1st operand n o 1 o] 1 1 1 1
Address
MC, TiT2Ta 2nd operand m (o] 1 [+] 1 1 1 1
Address
MCs TiT2Ts mn Data (o] 1 (o] 1 1 1 1
MCs TiT2Ta mn+ 1 Data (V] 1 (o] 1 1 1 1
LD IX,(mn) MC, TaT2Ta 1st opcode st 1 o] 1 o] 1 (o]
LD IY {mn) Address opcode
MC: TiT2Ta 2nd opcode 2nd (o] 1 o] 1 0 1 1
Address opcode
MCa T1T:Ta 1st operand n o} 1 o] 1 1 1 1
Address
MC. TiTTs 2nd operand m o] 1 o 1 1 1 1
Address
MCs TT2Ta mn Data (o] 1 1 1 1 1
MCs T1T2Ts mn+1 Data (o] 1 [0} 1 1
LD {mn),HL MC, TiT2Ts 1st opcode st o} 1 1 0 1 0
Address opcode
MC: T:T2Ts 1st operand n 0 1 [ 1 1 1 1
Address
MCa T1T2Ta 2nd operand m o 1 o] 1 1 1 1
Address
MC. Ti . z 1 1 1 1 1
MCs T:TTs mn L 1 o (o] 1 1 1 1
MCs TiT2Ta mn+ 1 H 1 (o] o] 1 1 1 1
(continued)
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LD {mn),ww MC. TiT2Ts 1st opcode 1st o 1 o] 1 1 0
Address opcode
MC: TaTeTs 2nd opcode 2nd 0 1 0] 1 (o] 1 1
Address opcode
MCa TiT2Ta 1st operand n &) 1 o 1 1 1 1
Address
MC. TiT:Ta 2nd operand m ¢} 1 [¢] 1 1 1 1
Address
MCs Ti * 4 1 1 1 1 1 1 1
MCe TT2Ts mn wwl 1 [0} [ 1 1 1 1
MC» TT2Ts mn+ 1 wwH 1 o] [¢) 1 1 1 1
LD (mn}IX MC T:T2Ts 1st opcode 1st o] 1 0 1 [o] 1 o]
LD (mn)lY Address opcode
MC: TT2Ta 2nd opcode 2nd 0 1 o] 1 (o] 1 1
Address opcode
MCs TT2Ts 1st operand n ¢} 1 0 1 1 1 1
Address
MC. T:T2Ts 2nd operand m o) 1 [¢) 1 1 1 1
Address
MCs Ti * 4 1 1 1 1 1 1 1
MCs TaT2Ts mn IXL 1 ¢} 0 1 1 1 1
149
MC~ TiT2Ta mn+ 1 IXH 1 o} [o] 1 1 1 1
IYH
LD SP, HL MC TiT2Ts 1st opcode 1st o] 1 0 1 4] 1 0
Address opcode
MC: Ti N z 1 1 1 1 1 1 1
LD SP.IX MC, T:T2Ts 1st opcode 1st o] 1 o] 1 0 1 [¢]
LD SPIY Address opcode
MC: T:T2Ts 2nd opcode 2nd o] 1 0 1 o] 1 1
Address opcode
MC3 Ti * b4 1 1 1 1 1 1 1
LDl MC TiT2Ta 1st opcode 1st [¢] 1 0 1 [¢] 1 (o]
LDOD Address opcode
MC: T:T2Ts 2nd opcode 2nd (o) 1 0 1 o] 1 1
Address opcode
MC s TiT=Ts HL Data 0 1 1 1 1 1
MC. T:T:Ts DE Data 1 o] 1 1 1 1
(continued)
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LDIR MC, T1T2Ta 1st opcode 1st o] 1 o} 1 0 1 o
LDDR Address opcode
# BCa7=0) MC:  TiT.T, 2nd opcode 2nd © 1 0o 1 o 1 1
Address opcode
MCs T1iT2Ts HL Data o] [¢] 1 1 1 1
MC. T1T2Ts DE Data 1 o [¢] 1 1 1 1
MCs— TiTi : z 1 1 1 1 1 1 1
MCe
LDIR MC, T+T2T3 1st opcode 1st 0 1 o] 1 o 1 o
LDDR Address opcode
It BG,=0) MC:  TT:Ta 2nd opcode 2nd ) 1 0 1 o 1 1
Address opcode
MCa TaT2Ta HL Data o 1 [0} 1 1 1 1
MC, TiT2Ts DE Data o] [o] 1 1 1 1
MLT ww** MC, TT2Ta 1st opcode 1st o] 1 o] 1 o} 1 ¢}
Address opcode
MC: TiT2Ta 2nd opcode 2nd (o] 1 [0} 1 0 1 1
Address opcode
MCa— TiTiTiTi N 4 1 1 1 1 1 1 1
MCa TiTiTiTi
TiTiTi
NEG MC, TaT2T3 1st opcode 1st 0 1 o 1 o} 1 o]
Address opcode
MC. T1T2Ta 2nd opcode 2nd o 1 o} 1 ¢} 1 1
Address opcode
NOP MC. T1T2Ta 1st opcode Ist o 1 [o] 1 (o) 1 [o]
Address opcode
OUT (m),A MCH T1T2Ta 1st opcode Ist o 1 [o] 1 [¢] 1 [o]
Address opcode
MC: TiT2Ta 1st operand m o] 1 0 1 1 1 1
Address
MCa Ti . 2 1 1 1 1 1 1
MC, T1T2Ta m to Ap—A7 A 1 ] 1 o 1 1 1
A to Ag—A1s
{continued)
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OUT (Cl.g MC TiT2Ta 1st opcode 1st o} 1 0 1 (o] 1 o]
Address opcode
MC: ThT2Ts 2nd opcode 2nd [} 1 o 1 o] 1 1
Address opcode
MCs Ti * 4 1 1 1 1 1 1 1
MC. TaT2Ts BC g 1 o} 1 o 1 1 1
QUTO (m).g** MC TaTeTa 1st opcode 1st o} 1 [¢] 1 o 1 o]
Address opcode
MC: T1T:Ts 2nd opcode 2nd o 1 0 1 0 1 1
Address opcode
MCa T1T2Ta 1st operand m o} 1 (8] 1 1 1 1
Address
MC. Ti * 4 1 1 1 1 1 1 1
MCs TaT2Ts m to Ao—A7 ] 1 o} 1 o] 1 1 1
OOH to As—As
oTmM** MC, T1T2Ts 1st opcode 1st 0 1 0 1 o] 1 [o]
OTDM** Address opcode
MC2 T+T2Ta 2nd opcode 2nd [o] 1 0 1 0 1 1
Address opcode
MCs Ti ° z 1 1 1 1 1 1 1
MC4 T1T2Ts HL Data o 1 0 1 1 1 1
MCs TaT2Ts C to Ao—Ar Data 1 [} 1 [} 1 1 1
OOH to As—Ass
MCs Ti * 4 1 1 1 1 1 1 1
OTIMR*" MC TaT2Ts 1st opcode 1st 0 1 o 1 [¢] 1 o
OTDMR** Address opcode
{if Br0) MC.  TiTeTs 2nd opcode 2nd ) 1 0 1 o 1 1
Address opcode
MCs Ti * 4 1 1 1 1 1 1 1
MCa TaT2Ts HL Data o 1 [o] 1 1 1 1
MCs TaTeTs C to Ao—A7 Data 1 0 1 0 1 1 1
OOH to As—Ais
MCe— TiTiTi ¢ z 1 1 1 1 1 1 1
MCs
OTIMR** MC T.T2Ts 1st opcode 1st o} 1 [o] 1 o] 1 o]
OTDMR** Address opcode
tf Br=0) MC:  TiT:Ts 2nd opcode 2nd 0 1 0 1 0 1 1
Address opcode
MC» Ti * 4 1 1 1 1 1 1 1
MC.4 TaT2Ts HL Data 0 1 [o] 1 1 1 1
MCs T1T2Ta C to Ao—A7 Data 1 [} 1 [o] 1 1 1
OOH to As—A1s
MCs Ti ¢ 4 1 1 1 1 1 1 1
{continued)
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oumn MC, T:T2Ts 1st opcode 1st o] 1 [} 1 0 1 (o]
ouTD Address opcode
MC:  TiT.Ts 2nd opcode 2nd o 1 4] 1 0 1 1
Address opcode
MC, T T2Ta HL Data [+ 1 (o] 1 1 1 1
MCs  TiT.Ts BC Data [} 1 0 1 1 1
OTR MC, TiT2Ts 1st opcode ist o 1 4] 1 0 1 0
OTDR Address opcode
# Brz0) MC:  TiToTs 2nd opcode 2nd ) 1 o 1 0 1 1
Address opcode
MCs  TiT.Ts HL Data o 1 0 1 1 1
MC, TiT2Ta BC Data 1 [¢] o 1 1 1
MCs—  TiTi . z 1 1 1 1 1 1 1
MCe
OTR MC, TiTeTs 1st opcode 1st o] 1 [¢] 1 0 1 o]
OTDR Address opcode
(f Br=0) MC:  T.T.T, 2nd opcode 2nd 0 1 0 1 ) 1 1
Address opcode
MCs  TiT.Ts HL Data (o] 0 1 1 1
MCs  TiT:Ts BC Data 1 o) 0 1
POP zz MC TiT2Ts 1st opcode 1st (o] 1 [ 1 0 1 0
Address opcode
MC:  TiT.Ta spP Data o] 1 o] 1 1 1 1
MCs  TiT:Ts SP+1 Data (o} 1 o 1 1 1 1
POP IX MC, TiT2Ts 1st opcode 1st 0 1 o 1 0 1 o
POP IY Address opcode
(continued)
@ HITACH!
772 Hitachi America, Ltd. e Hitachi Plaza ® 2000 Sierra Point Pkwy. ® Brisbane, CA 94005-1819 o (415) 589-8300

Powered by | Cnminer.comEl ectronic-Library Service CopyRi ght 2003



HD641180X, HD643180X, HD647180X

Machine
Instruction Cycle States Address Data RD WR ME IOE LIR HALT ST
POP IX MC: T:T=Ts 2nd opcode 2nd 0 1 ] 1 1 1
POP IY Address opcode
MC3s TaT2Ts SP Data (] 1 (o} 1 1 1 1
MC. T4T2Ts SP+1 Data 0 1 1 1 1 1
PUSH 2z MC, T:T2Ta 1st opcode 1st 1 1 ] 1 o]
Address opcode
MCz— TiTi N 4 1 1 1 1 1 1 1
MCs
MC. TiT2Ts SP—1 z2zH 1 [o] 1 1 1 1
MCs T+T2Ts SP—2 zzL o] 1 1 1 1
PUSH 1X MC TT2Ta 1st opcode 1st [} ¢ 1 o} 1 0]
PUSH IY Address opcode
MC: TyT2Ts 2nd opcode 2nd [¢] 1 [o] 1 o] 1 1
Address opcode
MC3;— TiTi M 4 1 1 1 1 1 1 1
MCs
MCs TiTeTa SP—-1 IXH 1 o (o] 1 1 1 1
YH
MCs TiTeTs SP—2 XL 1 [¢] o] 1 1 1 1
YL
RET MC T1T2Ta 1st opcode 1st 0 1 ¢} 1 0 1 ¢
Address opcode
MC: T:T=Ts SP Data 1 1 1 1 1
MCs AELEAE] SP+1 Data o] 1 1 1 1 1
RET f MC TTTa 1st opcode 1st o 1 1 [o] 1 [o]
{if condition Address opcode
is false) MCa— TiTi . z 1 1 1 1 1 1 1
MC3
RET f MC T T=Ts 1st opcode 1st o] 1 [y} 1 [o] 1 o]
(if condition Address opcode
is true) MC: i . z 1 1 1 1 1 1 1
MCa T:T2Ta SP Data 0 1 1 1 1 1
MC.s TaT2Ts SP+1 Data [¢] 1 1 1 1 1
{continued)
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Machine
Instruction Cycle States Address Data RD WR ME OE ©UR HALT ST
RETI MC. ThT2Ts 1st opcode Ist o 1 o 1 0s 1 o)
Address opcode 1
MC: TToTs 2nd opcode 2nd o] 1 o} 1 0s 1 1
Address opcode 1
MCa— TiTiTi N z 1 1 1 1 1s 1 3
MCs 1
MCe TiT2Ts 1st opcode 1st (o] 1 0 1 Os 1 1
Address opcode (o]
MC~ Ti . 4 1 1 1 1 1s 1 1
1
MCsq T1T2Ta 2nd opcode 2nd o 1 [} 1 0s 1 1
Address opcode 1
MCsq T:T2Ta SP Data 0 1 (o} 1 15 1 1
1
MC o T1T2Ta SP+1 Data [¢] 1 [0} 1 15 1 1
1
RLCA MC, T:T=Ta 1st opcode 1st [¢] 1 o} 1 [¢) 1 [o]
RLA Address opcode
RRCA
RRA
RLC g MC T:T2Ta 1st opcode 1st 0 1 [o] 1 ¢} 1 0
RL g Address opcode
RRC g MC:  TiTeTs 2nd opcode 2nd 0 1 ;) 1 0 1 1
RR g Address opcode
SLA g
SRA g MCs Ti * 4 1 1 1 1 1 1 1
SRL
RLC (HL) MC T1T2Ta 1st opcode st o 1 o] 1 (¢} 1 0
RL (HL) Address opcode
RRC (HL) MC:  TiTeTs 2nd opcode 2nd o 1 0 1 o 1 1
RR (HU Address opcode
SLA (HL)
SRA (HL MCs; TT2Ta HL Data ] 1 (o} 1 1 1 1
SRL {(HL) MC. Ti - z 1 1 1 1 1 1 1
MCs TaT2Ta HL Data 1 [0} [¢) 1 1 1 1
(continued)

Note: 6 The upper and lower data show the state of LIR when LIRE = 1 and LIRE = O respectively.
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Machine
Instruction Cycle States Address Data R0 WR ME OE UR HALT ST
RLC (X + d} MC ARLELE 1st opcode 1st o 1 o] 1 [o] 1 o]
RLC (Y + d) Address opcode
AL (X + o MC:  TiTeTs 2nd opcode 2nd ) 1 0 1 0 1 1
RL (Y + d) Address opcode
RRC (X + o T
RRC Y + d) MCs T1T2Ta 1st operand d [} 1 o] 1 1 1 1
RR (X + d) Address
RR (Y + d) MC4 T1T2Ta 3rd opcode 3rd o} 1 [} 1 0 1 1
SLA (IX + d} Address opcode
SLA (Y + d) MCs TiT:Ta X+d Data 0 1 0 1 1 1 1
SRA (X + d) v+d
SRA (Y + d) . "
SRL X + d MCse Ti z 1 1 1 1 1 1
SRL (Y + d} MC+ TiT2Ts IX+d Data 1 [o] 0 1 1 1 1
Iy+d
RLD MC T4T2Ts 1st opcode ist 0 1 0 1 0 1 0
RRD Address opcode
MC: T1iT2Ts 2nd opcode 2nd ] 1 0 1 o 1 1
Address opcode
MCs T1T2Ts3 HL Data o] 1 o} 1 1 1 1
MC.— TiTiTiTi * r4 1 1 1 1 1 1
MC~
MCa ThT2Ts HL Data 1 o] 1 1 1 1
RST v MC T4T2Ta 1st opcode 1st (o] 1 1 o] 1 o]
Address opcode
MC.— TiTi N r4 1 1 1 1 1 1 1
MC»
MC. T1T2Ta SP—1 PCH 1 o] 1 1 1 1
MCs TsTLTs SP—2 PCL o 1 1 1 1
SCF MC TyT2Ta 1st opcode 1st o] 0 1 o 1 [o}
Address opcode
SET b.g MC+ T:T2Ta 1st opcode 1st o} 1 [} 1 o 1 (o]
RES bg Address opcode
2nd opcode 2nd
MC: T1T2Ta Address opcode [+] 1 [o] 1 ¢} 1 1
MCs Ti N 4 1 1 1 1 1 1 1
SET b, (HU MC T1T2Ts 1st opcode 1st 0 1 o] 1 o} 1 o]
RES b, (HL} Address opcode
MC: T4T2Ts 2nd opcode 2nd o 1 o] 1 o] 1 1
Address opcode
MCs T1T2Ta HL Data o 1 [} 1 1 1 1
MC4 Ti * z 1 1 1 1 1 1
MCs T1T2Ts HL Data 1 o} 0 1 1 1 1
(continued)
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Machine
Instruction Cycle States Address Data RD WR ME 1IOE LR HALT ST
SET b, UX-+d) MC. T1T2Ts 1st opcode 1st o] 1 [¢] 1 o] 1 0]
SET b, (iy+d) Address opcode
RES D, IX+d) e, T1.7.Ts 2nd opcode 2nd o 1 o 1 o 1 1
RES b, {iv+d) Address opcode
MC3 TaT.T3 1st operand d [¢] 1 0 1 1 1 1
Address
MC, T:T2Ta 3rd opcode 3rd o] 1 0 1 [0] 1 1
Address opcode
MCs TaTeTs IX+d Data o] 1 o} 1 1 1 1
IY+d
MCs Ti * z 1 1 1 1 1 1
MC- TaT2Ts iX+d Data 1 0 [0} 1 1 1 1
IY+d
SLP* MC, TiT2Ts 1st opcode st 0 1 (o) 1 (o] 1 o}
Address opcode
MC: TiT.Ts 2nd opcode 2nd o] 1 0 1 [¢] 1 1
Address opcode
- - FFFFFH z 1 1 1 1 o] 1
TSTIO m** MC, T1T2T3 1st opcode 1st 0 1 o] 1 o] 1 0
Address opcode
MC: TaT2Ts 2nd opcode 2nd o] 1 (&) 1 [¢] 1 1
Address opcode
MC3 T:T2Ta 1st operand m [¢] 1 0 1 1 1 1
Address
MC. TiTTs C to Ao—A7 Data 0 1 1 o] 1 1 1
OOH to Ag—A;s
TST g™ MC . TiT2Ta 1st opcode 1st 0 1 [¢] 1 0 1 0
Address opcode
MC> ThT2Ta 2nd opcode 2nd ] 1 o 1 0 1 1
Address opcode
MCs Ti * b4 1 1 1 1 1 1 1
TST m** MC, TiT2Ta 1st opcode 1st (o] 1 o} 1 0 1 (0]
Address opcode
MC: TaT:Ts 2nd opcode 2nd o] 1 0 1 0 1 1
Address opcode
MCs T1T:Ts 1st operand m (o] 1 (o] 1 1 1 1
Address
TST (HU** MC, TiT2Ts 1st opcode st 0 1 o] 1 0 1 (o}
Address opcode
MC: T:T2T3 2nd opcode 2nd (o] 1 (o) 1 (¢} 1 1
Address opcode
MCa Ti * z 1 1 1 1 1 1 1
MC., TaT2Ta HL Data o] 1 o) 1 1 1 1
(continued)
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INTERRUPT
Machine __
Instruction Cycle States Address Data RD WR ME IOE UR HALT ST
NI MC TiT2Ts Next opcode z o 1 0 1 o 1 [
Address (PC)
MC.— TiTi . z 1 1 1 1 1 1 1
MCs
MC. TT2Ta sSP—1 PCH 1 o [} 1 1 1 1
MCs TiT2Ts SP—2 PCL 1 0 o 1 1 1 1
INTo Mode O MC, TiToTw Next opcode 1st 1 1 1 [o] [o] 1 0
(RST Inserted) TwTa Address (PC) opcode
MCo—  TiTi ¢ 4 1 1 1 1 1 1 1
MCs
MC. T+T2Ta SP—1 PCH 1 [+] [0} 1 1 1 1
MCs T1T2Ta SP—2 PCL 1 o [o] 1 1 1 1
INTo Mode O MC TaT2Tw Next opcode ist 1 1 1 [o] 0 1 (o]
{CALL TwTa Address (PC) opcode
Inserted) MC: T1T2Ta PC n o 1 0 1 1 1 1
MCa T:T2Ta PC+1 m o] [o] 1 1 1 1
MC.4 Ti N 4 1 1 1 1 1 1 1
MCs TiT2Ta SP—1 PC+ 2(H) 1 o] o 1 1 1 1
MCe T:T2Ts sP—2 PC+2{) 1 o} 0 1 1 1 1
INTo Mode 1 MC T ToTw Next opcode 4 1 1 1 0 0 1 o]
TwTs Address (PC)
MC:> TaT2Ts SP—1 PCH 1 0 [o] 1 1 1 1
MCa ARLEAF] sP—2 PCL 1 o 0 1 1 1 1
INTo Mode 2 MC TiT2Tw Next opcode Vector 1 1 1 0 0 1 0
TwTs Address (PC)
MC: Ti ¢ Z 1 1 1 1 1 1 1
MCa T1T2Ta SP—1 PCH 1 [0} [} 1 1 1 1
MC. T:T2Ts SP—2 PCL 1 o [o] 1 1 1 1
MCs T:T2Ts I, Vector Data o 1 0] 1 1 1 1
MCs TT2Ts 1, Vector+ 1 Data 0 1 o] 1 1 1 1
INT, MC» TaToTw Next opcode z 1 1 1 1 1 1 o]
INT> TwTs Address (PC)
Intermal MC: Ti . z 1 1 1 1 1 1 1
Interrupts
MCa TiTeTa SP—1 PCH 1 [s] 0 1 1 1 1
MC. TaTeTs sP—2 PCL 1 (o] o 1 1 1 1
MCs T:T2Ts 1, Vector Data [0} 1 o 1 1 1 1
MCs TToTa 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 . ... WAIT

Type 2: To be accepted in each machine cycle ........ ... oo Refresh Req.
DMA Req.
Bus Req.

Type 3: To be accepted in each instruction .......... ...t 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 Req. 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)

d1sol /

0=

Normal
{Note 1)

Reset

Refresh

Release

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) DREQ,., DREQ: = O {(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) I/O DMA transfer)
(2) BCRO, BCR1 = OOOOH (ali DMA transfers)
(3) NMi = O (all DMA transfers)

The following operation mode transitions are also possible.

Halt " DMA
{Refresh

Bus Release

Refresh

/O Stop ———~ (DMA l
Bus Release

—

Sleep -— Bus Release

System Stop - Bus Release
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Status Signals
Table 26. shows pin outputs in each operating mode.

Table 26 Pin Outputs

Address Data

Mode LIR ME IOE RD WR REF HALT BUSACK 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 Qut
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 0 1 1 1 0 1 1 * A In
Interrupt NMi 0 0 1 0 1 1 1 1 0 A In
Acknow- INTo 0 1 0 1 1 1 1 1 0 A In
ledge Cycle ————
(1st INT1, INT2 & 1 1 1 1 1 1 1 1 ¢} A In
machine internal interrupts
cycle)
Bus Release 1 Z z z Zz 1 1 o] * z In
Halt 0 0 1 0 1 1 [¢] 1 0 A In
Sleep 1 1 1 1 1 1 o] 1 1 1 In
Internal Memory Read 1 0 1 (] 1 1 * 1 0 A iN
DMA Memory Write 1 0 1 1 o 1 * 1 0 A Out
/O Read 1 1 0 (¢} 1 1 * 1 0 A in
1/0 Write 1 1 0 1 0 1 * 1 [} 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 : Output
* ¢ Invalid
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W INTERNAL V/O REGISTERS

By programming IOA7 in the I/O control register, internal 1/0 register addresses are
relocatable within ranges from 0000H to 00FFH in the 1/O address space.

Register ] Mnemonic Address Remarks
ASCI Control Register A Channel O 00 MPBR/
(CNTLAO) bit MPE | RE TE |RTSO| grg |MOD2 |MOD1 |MODO
During reset [o] 0 o] 1 invalid 0 o] o]
R/W RW | R'W | RW | R'W | R’'W | R’'W | R/'W | R/W
[ EMode Selection
Multi Processor Bit Receive/
Error Flag Reset
Request To Send
Transmit Enable
Receive Enable
Multi Processor Enable
ASCI Control Register A Channel 1 o1
(CNTLA1)
bit mpe | Re | TE |cka10|MPENiMop2 |MOD1 [MODO
During reset 0 (o] 0 1 invalid 0 o] [o]
R/W RW | R'W | R/W | R’'W | R/'W | R'W | R'W | R'W
L Mode Selection
Mutti Processor Bit Receive/
Error Flag Reset
CKA1 Disable
Transmit Enable
Receive Enable
Mutti Processor Enable
MOD2, 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 + 8 bit Data + 2 Stop
110 Start + 8 bit Data + Parity + 1 Stop
111 Start + 8 bit Data + Parity + 2 Stop
IASC! Control Register B Channel O 0 2 . CTS/
(CNTLBO} bit MPBT | MP PS PEO DR $S2 | SS1 | SsO
During reset | invalid (o) . 0 o] 1 1 1
R/W RW |RW | RW | R'W | R’'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

Hitachi America, Ltd.  Hitachi Plaza « 2000 Sierra Point Pkwy. ® Brisbane, CA 94005-1819  (415) 589-8300
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Register l Mnemonic Address Remarks
ASC! Control ister B Channel 1 o 3 T8
Reg (CNTLB1) bit MPBT | MP CPS/ PEO | DR SS2 | §st1 | SSO
Ouring reset |invalid [ © 0 0 o 1 1 1
RW  |RW |RW |RW [RW |RW | RW [ RW | RW
L Clock Source and
Speed Select
Divide Ratio
Parity Even or Odd
Clear To Send/Prescale
Muiti Processor
Multi Processor Bit Transmit
General PS =0 PS =1
divide ratio (divide ratio = 10) (divide ratio = 30}
$S82,1.0 DR = 0(X 16)[DR = 1(X 64)|DR = O(X 16) DR = 1(x 64)
000 ¢+ 160 ¢+ 640 ¢+ 480 [+ 1920
001 + 320 + 1280 + 960 + 3840
010 + 640 + 2560 + 1920 + 7680
ot1 + 1280 + 5120 + 3840 + 16360
100 + 2560 + 10240 + 7680 + 30720
101 + 5120 + 20480 + 16360 + 61440
110 + 10240 + 40960 + 30720 + 122880
111 Extemal clock (frequency < o -+ 40)
ASC) Status Register Channel 0 0 a bit RDRF {OVRN | PE FE RIE | DCDO| TORE | TIE
(STATO) During reset 4] [¢] [} [} (o] . . o]
RW R R R R R/W R R RW
Transmit
Interrupt
Enable
Transmit Data
Register Empty
Data Cairier Detact
Receive Interrupt Enable
Framing Emor
—Parity Error s CTSo Pin| TDRE
'— Over Run Error C 1
L— Receive Data Register Full
* BCDo : Depends on the condition of DCDo Pin. H o]
JASCI Status Register Channel 1 05 bit RDRF [OVRN | PE FE RIE |CTS1E| TDRE TIE
(STAT1) During reset [*] 0 0 [s] 0 0 1 [¢]
RW R R R R RW | R'W R R/W
Transmit
Interrupt
Enable
Transmit Data
Register Empty
CTS1 Enable
Receive Interrupt Enable
— Framing Error
Parity Error
‘— Over Run Ermor
L Receive Data Register Full
{continued)
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Register Mnemonic Address Remarks
ASCI Transmit Data Register Channel 0 6
(¢}
{TDRO)
ASCI Transmit Data Register Channel o 7
1
(TDR1)
ASCI Receive Data Register Channel 0 8
(o]
(TSRO}
ASCI Receive Data Register Channel 09
1
(TSR1}
CSVO Control Register CNTR) 0 A bit eF | eE | RE | TE | — |SS2 | SS1 |SSO
During reset (o] [o] 0 [o] 1 1 1 1
R/W R R/W | RW | AW RW | RW | R'W
L Speed Select
Transmit Enable
Receive Enable
End Interrupt Enable
End Flag
$5210 | BaudRate | s5210 | BaudRate
000 ¢+ 20 100 o+ 320
001 + 40 101 + 640
010 + 80 110 + 1280
o111 +160 111 External
(frequency < + 20)
CSVO Transmit/Receive Data o8B
Register
(TROR}
Timer Data Register Channel OL 0o C
(TMDROL)
Timer Data Register Channel OH oD
(TMDROH)
Timer Reload Register Channel OL 0O E
(RLDROL)
Timer Reload Register Channel OH o F
(RLDROH)
Timer Control Register TCR) 10 bit TF1 | w0 | TIET | TIEO |TOC1 | TOCO | TDE1 | TDEO
During reset [*] [*] [¢] 0 o] (¢} o] 0
R/W R R RW | RW [ RW | RW | RW | RIW |
LTimer Down
Count Enable 1,0
Timer Output Control 1,0
Timer Interrupt Enable 1,0
Timer Interrupt Flag 1,0
TOC1.0 TOUT1
00 1
01 Toggle
10 o]
11 1
(continued)
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Register l Mnemonic Address Remarks
Timer Data Register Channel 1L 1 4
(TMDR1L)
Timer Data Register Channel 1H 15
(TMDR1H)
Timer Reioad Register Channel 1L 16
(RLDR1L)
Timer Reload Register Channel 1H 17
(RLDR1H}
Free Running Counter 18 Read only
(FRC)
DMA Source Address Register 20
Channel OL
(SAROL}
DMA Source Address Register 21
Channel OH
(SAROH)
DMA Source Address Register 22 Bits 0-3 are used for SAROB.
Channel 0B Ao, Ais, Az, Aws | DMA Transfer Request
{SAROE) X X 0 0 DREQ, (extemal)
X X o 1 RDRO (ASCIO)
X X 1 [o] RDR1 (ASCI1)
[DMA Destination Address Regi 23 X X 1 1 Not Used
R [Channel OL
(DAROL)
DMA Destination Address Regi 2 4
Channel OH
(DAROH)
DMA Destination Address Register 25 Bits 0-3 are used for DAROB.
Channel OB Ass. Ais, Az, Ais | DMA Transfer Request
(DAROB) X X 0 o BREQ, (external)
X X o 1 TDRO (ASCIO)
X X 1 0 TDR1 (ASCI1)
DMA Byte Count Register Channel 2 6 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.
Channel 1B
(MAR1B)
DMA /O Address Register Channel 2 B
L
IAR1L}
DMA /O Address Register Channel 2 C

1H
(IARTH)
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Register l Mnemonic Address Remarks
DMA Byte Count Register Channel 2 E
LI
(BCR1L)
DMA Byte Count Register Channel 2 F
1H
(BCR1H)
DMA Status Register OSTAT) 30 bit DE1 | DEO |DWE1 |DWEO | DIEY | DIEO | — | DME
During reset (] [+] 1 1 o] o] 1 [¢]
R/W R/W | R'W w W R/W | R'W R
I-OMA
Master
Enable
L DMA interrupt Enable 1,0
DMA Enabie Bit Write Enable 1.0
DMA Enable ch 1,0
DMA Mode Register 31
(DMODE) bit - — | DM1 | DMO | SM1 | SMO [MMOD| —
During reset 1 1 o} o] o] [o] [o] 1
R/W RW | R'W | R’W | R/'W | R'W
L
Memory
Mode
Select
Ch O Source
Mode 1,0
L Ch O Destination

Mode 1, 0
DM1, 0| Destination| Address SM1, 0 | Source | Address
00 M DARO+ 1 00 M SARO+ 1
01 M DARO— 1 01 M SARO— 1
10 M DARO fixed 10 M SARO fixed
11 VO DARO fixed 11 7{e] SARO fixed

MMOD ‘ Mode

(¢] Cycle Steal Mode
1 Burst Mode

(continued)

@ HITACHI
Hitachi America, Ltd. » Hitachi Plaza ® 2000 Sierra Point Pkwy. e Brisbane, CA 94005-1819 « (415) 589-8300 787

Powered by | Cnminer.comEl ectronic-Library Service CopyRi ght 2003



HD641180X, HD643180X, HD647180X

Register Mnemonic Address Remarks
DMA/Wait Contro! Resiter 3 2 bit MW [MWIO | WIT | WIO [DMS1 {DMSO | DM1 | DIMO
(DCNTU During reset 1 1 1 1 0 [o] [¢] [¢]
RW RW | R'W |R'W | R'W [RW | R'W | R'W | R'W
[DMA Ch 1t
/O Memory
Mode Select
DREQI Select, i = 1,0
L—1/0 Wait Insertion
Memory Wait insertion
Number of Number of
MW11,0 wait states w10 wait states
oo o 00 1
01 1 o1 2
10 2 10 3
11 3 11 4
Y Level sense
DM1,0 |Transfer Mode Add [ /D it
00 M—VO MAR1+1 IAR1 fixed
01 M—VO MAR1—1 1AR1 fixed
10 /0—M 1AR1 fixed MAR1+ 1
1 /0—M IAR1 fixed MAR1— 1
Interrupt Vector Low Register 33 bit w7 e s - - - - -
w During reset 0 o] [+] [+] [+} [} (¢} 0
RW RW | RW | AW
Interrupt Vector Low
INT/TRAP Controi Register 34 bit TRAP | UFO | -~ - - | me2 | me1 | mmEO
o) During reset o o} 1 1 1 o o] 1
R/W R/W R RW | RW | R'W
, [ INT Enable 2,1,0
Undefined Fetch Object
I-—TRAP
Refresh Control Register AcR) 36 bit REFE [REFW [ — - - — |ecver |eyeo
During reset 1 1 1 1 1 1 (o] [}
RW RW | R/'W RW | AW
Cycle Select
LRefresh Wait State
L_Refresh Enabie
CYC1,0 interval of Refresh Cycle
00 10 States
01 20
10 40
11 80
{continued)
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Register Mnemonic Address Remarks
MMU Common Base Register (CBR) 38 bit CB7 | CB6 | CB5 | CB4 | CB3 | CB2 | CB1 | CBO
Ouring reset 0 o] ) e} 0 0 0 (o]
R/W RW | RW [ RR'W | RW | RW | R’'W | R'W | R/'W
L MMU Common Base Register
ML Bonk Bess Regater o 39 bit 887 | BBG | B85 | BB4 | BB3 | BB2 | BB1 | BBO
During reset 0 [o] (o] [¢] 0 (o] 0 0
R/W RW | RW | RW | AW | R'W | AW | R'W | R/W
L___ MMU Bank Base Register
" .
MU CommenBSak Area Re(gclth::R) 3 A bit CA3 CA2 | CAl CAO BA3 BA2 | BA1 BAO
During reset 1 1 1 1 [¢) o] [¢] o
R/W RW | RW | RW | RW | R'W | R'W | RW [ R'W
L MMU Bank
Area Register
MMU Common
Area Register
Operation Mode Control Register 3 E bit URE | LRTE | ioc — — — _ —
(OMCR} During reset 1 1 1 1 1 1 1 1
R'W R'W W RW
L L 1’0 Compatibility
LIR Temporary Enable
TR Enable
/0 Control Register 3 F
(ICR) bit 10A7 — |losTP| -— — — - -
During reset 0 1 o 1 1 1 1 1
R/W R/W RW
I-I/O Stop
I/Q Address
Timer 2 Free—Running Counter L 4 0 b|l T2FRCL7 | T2FRCLE | T2FRCLS | T2FRCL4A T2FRCL3 | T2FRCL2 | T2FRCLT | T2FRCLO
(T2FRCL)
During reset [o] [¢] (o] o] (o] (0] (o] o]
R/W RW | RwW | RrW | R'W | RW | R'W R/W | R'W
Timer 2 FreeAHunning COU?;@ZTFSCH) 4 ! bit T2FACH7 | T2FRCHE | T2FRCHS | T2FRCHA T2FRCH3 | T2FRCH2 | T2FRCH1 | T2FRCHO
During reset o [¢] [¢] o] o] [¢] o] [*]
R'W RW | R'W | AW | R'W | R/W | R/W R/W | R'W
Timer 2 OU(pUt Compare(:zeg(s:t’:; l:I)L 4 2 b“ T20CR1L7 } T20CR1L6 | T20CRILS | T20CR1L4 T20CR1L3 | T20CR1L2 {T20CR1L1 | T20CRILO
During reset 1 1 1 1 1 1 1 1
R/W RW | rw | rw | RW | RW | RW | RW R/W
Timer 2 ou'pl‘n Compareﬁﬂ;gz;e;':"H 4 3 b“ T20CR1H7 { T20CR1H6 | T20CR1HS | T20CR1H4 | T20CR1H3 [ T20CR1H2 [T20CRIH1 | T20CR1HO
During reset 1 1 1 1 1 1 1 1
R/W RW | RW | W | Rw | RRW | RPW | R'W | R'W
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Register ] Mnemonic Address Remarks
Timer 2 Output Compare Register 21 4 4 b
it T20CR2L7 | T20CR216 | T20CR2LS5 | T20CR214 | T20CA2L3 | T20CR21.2 | T20CR2LY | T20CR2L0
(F20CR201)
During reset 1 1 1 1 1 1 1 1
R/W RW | RW | R'W | R'W | R/'W | R'W | R/'W | R/W
Timer 2 Output Compare Register 2H 4 5 bit
(T20CR2H) T20CA2H7 | T20CR2HE | T20CR2HS | T20CR2H4 { T20CR2H3 | T20CR2H2 | T20CR2H1 | T20CR2HO
During reset 1 1 1 1 1 1 1 1
R/W R'W | RRW | R'W | R'W | R'W | R'W | R'W | R/'W
Timer 2 Input Capture Reg'srt:;'(":nu 4 6 bit T21CRL7 | T2ICRL6 | T2ICRLS | T2ICRL4 | T2CRL3 | T21CRL2 | T2ICRL1 [ T21CRL0
During reset (o] [} o o] o] (o] ¢} (o]
R'W R R R R R R R R
Timer 2 Input Capture Rag'?glgnm 47 bit T2ICRH7 | T2ICRHE | T21CRHS | T2ICRH4 | T21CRM3 | T21cRH2 | T21CRH1 | T2ICRHO
During reset o] [0} o} [¢] [o] [o] 0 [o]
RW R R R R R R R R
Timer 2 Control/status Re%sg;m) 48 bit iIcF | ocF1 | ToF | eici | EoCi1 | ETOI | IEDG | OLVL1
During reset (o] [o] [o] o [o] o] o] o]
R'W R R R R/W | R'W | R'W | R'W | R/W
Timer 2 Control/status Register 2 4 9 .
(T2CSR2) bit ICF | OCF1 | OCF2 - JEoc2 |ow2| - -
During reset o] 0 0 1 0 [o] (o] o)
R'W R R R - RW | R'W | R'W | R'W
Comparator Control/status R‘(’g'é's‘:) 50 bit RBIT | — | AINZ | AINT | AINO | REFZ | REF1 | REFO
During reset Note 1 1 [¢] 1 1 o] [o)
R/W R R'W | R'W | R'W | R"'W | R'W | R/'W
Note: Undefined until the first comparison result is stored
RAM Control Register evea | 2 bit RMCR7|RMCRERMCRSRMCR4] - | - | - | -
During reset (¢] o o [0} 1 1 1 1
R/W RW | RRW | R'W | R'W
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Register l Mnemonic Remarks
Port A Disable Register bit
(DERA) TEND1E | DREQ1E | CKSE RXSE TXSE CKAIE RXA1E TXATE
During reset o} 0 o] o] (o] 0 (0] o]
RIW RW | RW | RW | RW | AW | RW | RIW | RIW
Port A |npu‘ Data RegiSte’ uDRA) bit IDRA7 | IDRAG l IDRAS I DR(A4 | IDH)A3 I IDRA2 I IDRA1 [ IDRAO
During reset Note 1
R/W RIRIR|R}R[R|R[R
Port A Output Data Register (ODRA) bit oDRA7 | oDRAG | ODRAS [ ODRAZ ] OD)RAB [ooraz [ oorat | oprao
During reset (Note 2
R/W RwW | RW [ RW | RIW [rw [ rwW [ RW [ RW
Port B Input Data Register (DRE) bit DRE7 | DRB6 | IDRBS | IDR(BA I |m:aa [orez | oR81 | iDRBO
During reset Note 1
RW R | R | R | R [rR]w [rR] R
Port B Output Data Register ODRE) bit oRB7 | 0DRB6 | ODRES | 0DRBA | 0DAB3 Joore2] obre1 | ooreo
During reset {Note 2)
R/W rRW [ RW | RW | RW [ RW [ AW [ rw [ rw
Port € Input Data Register (IDRC) bit DRC7 | IDRCS | 1DRCS [ orca | ipRca | mRC2 [ pAc1 | 10RO
During reset (Note 1)
R/W R [ R | R [ R ] R [R [ R] R
Port C Output Data Register (ODRC) bit ODRC7 | ODRCE | ODRCS | 0051(04{ opRC3 | oDRC2[ ODRC1 [ ODRCO
During reset Note 2}
R/W rw [ RwW [ RW [ rw ] rw [ AW [ rw [ rw
Port D input Data Register (IDRD) bit IORD7 | IDRDG | 1DRDS | 1DRD4 | 1DRD3 | IDRD2 [ 1oRo1 ] oRDO
During reset {Note 1)
R/W R [ R[] R [ R rR ] R [ R]r
Port D Output Data Register (ODRD) bit 00R07 ]| 0DRDE [ ODRDS | ODRD4 | oo;ana [ooroz[ opro1 | 0DRDO
During reset (Note 2
R/W w[w]w[w]w[w{w]w
Port E Input Data Register (DRE) bit 'DRE7 | IDREG | IDRES | IDRES [ 1ores [ ore2  iore1 | oRe0
During reset {Note 1)
R/W RIRIRER‘R!RlRlR
Port E Output Data Register (ODRE) bit ODRE7 | ODRES | ODRES | QDF:EA ] oo)laea [ oore2 [ oore1 | ooreo
During reset Note 2
RIW R/WIR/W]R/W]R/W[W[W]W|W
Port F Input Data Register (IDRF) bit DRF7 | 1DRF6 | 1DRFS | IDR(FA [ lo«:Fa [ ore2 ] oRF1 [ orro
During reset (Note 1
RIW nlnlalanlRlan
Port F Output Data Register bit ODRF7 | ODRF6 ] ODRF5 | ODRF4 [ opRes3 | ODRF2 | ODRF1] ODRFO
(ODRF) During reset {Note 2)
RIW R/wln/w]R/w[n/wlﬁ/w]R/w]R/W]R/w
Note: 1. Fetches terminal status.
2. Undefined untit data is written.
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Register ] Mnemonic Address Remarks
Port G Input Data Register 6 6 .
(DRG) bit - - | oras | rea [10ra3 [ ibRG2 | 10RGT [ DRGO
During reset 1 1 (Note 1)
R/W RT RTRJITRTTRIT]R
Note: 1. Fetches terminal status
Port A Data Direction Register 7 0 .
(DDRA) bit DDRA7 | DDRA6 | DDRAS | DDRA4 | DDRA3 | DDRA2 | DDRA1 | DDRAO
During reset o] o] o] [¢] 0] [o] 0 [¢]
R/W w w w w w w w w
Port B Data Direction Register 71 .
(DDRB) bit DDRB7 | DDRB6 | DDRBS | DDRB4 | DDRB3 | DDRB2 | DDRB1 | DDRBO
During reset o] o] [0} [} [0} [¢] 0 (0]
R/W w w ' w w w w w
Port C Data Direction Register 7 2 .
(DDRC) bit ODRC7 | DDRC6 | DDRCS | DDRC4 | DDRC3 | DDRC2 | DDRC1 | DORCO
During reset o] o} o} o} (¢} o) 0] o]
R/W w w w w w w w w
Port D Data Direction Register 7 3
(DDRD) bit DDRD7 | DDRD6 | DDRDS | DDRD4 { DORD3 | DORD2 | DDRE1 | DDRDO
During reset ] o} o 0 (o} 0 (0] [¢]
R/W w w w w w w W w
Port E Data Direction Register 7 4 .
(DDRE) bit DDRE7 | DDRE6 | DDRE5 | DDRE4 | DDRE3 | DDRE2 | DDRE1 | DDREC
During reset 0 0 (o} 0 (o} [¢] 0 0
R/W w w w w w w w w
Port F Data Direction Register 7 5
(ODRF) bit DDRF7 | DDRF6 | DDRF5 | DDRF4 | DDRF3 | DDRF2 | DDRF1 | DDRFO
During reset [o] ] o} [o] 0 (o) (o] [¢]
R'W W W W W wW W W wW
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