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Description 

The µPD70008 and µPD70008A are power saving, high 
performance, general purpose 8-bit microprocessor. It 
is a CMOS-process part with a standby mode that 
greatly reduces power consumption. 

Features 

D High performance µPD780 instruction set 
D Instruction cycle: 

1 µsat 4 MHz (µPD70008, µPD70008A-4) 
0.66 µs at 6 MHz (µPD70008A-6) 

D Direct addressing of up to 64 K bytes of memory 
D Memory refresh function 
D Interrupt functions: 

- Maskable external interrupt (INT) 
- Nonmaskable external interrupt (NMI) 

D Low-power standby mode (HALT) 
D CMOS standby mode (HALT) 
D Single power supply 

Ordering Information 
Part 
Number Package Type 

µPD70008G 40-pin plastic DIP 

µPD70008AG-4 40-pin plastic DIP 

µPD70008AG-6 40-pin plastic DIP 

µPD70008AG-4 44-pin plastic miniflat 

µPD70008AG-6 44-pin plastic miniflat 

µPD70008AL-6 44-pin PLCG 

Absolute Maximum Ratings 
TA;25°C 

Power supply voltage. Voo 

Input voltage, V1N 

Output voltage, Vo 

Operating temperature, Topr 
µPD70008 
µPD70008A 

Storage temperature, T STG 

Max Frequency 
of Operation 

4 MHz 

4 MHz 

6 MHz 

4 MHz 

6 MHz 

6 MHz 

-0.3Vto +7V 

-0.3Vtov00 +0.3V 

-0.3 v to v00 +0.3 v 

-10°C to +70°C 
-45°C to +85°C 

- 65°C to + 150°C 

Comment: Exposing the device to stresses above those listed in Abso­
lute Maximum Ratings could cause permanent damage. The device is 
not meant to be operated under conditions outside the limits de­
scribed in the operational sections of the specification. Exposure to 
absolute maximum rating conditions for extended periods may affect 
device reliability. 
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µPD70008#A 

Pin Identification 

40-Pin Plastic DIP 

Ne. Symbel 

1-5 A11-A15 

6 CLK 

7-10 D3-D6 

11 Voo 
12 D2 

13 D1 

14, 15 Do. D1 

16 INT 

17 NMI 

18 HALT 

19 MREO 

20 IORQ 

21 RD 

22 WR 

23 BU SAK 

24 WAIT 

25 BUSRQ 

26 RESET 

27 M1 

28 RFSH 

29 GND 

30-40 Ao-A10 

Pin Functions 

A1s-Ao (Address Bus) 

Function 

Address bus, high bits, outputs 

Clock input 

Data bus. bits 3-6, inputs/outputs 

Power supply 

Datra bus, bit 2, input/output 

Data bus, bit 7, input/output 

Data bus, bits 0, 1, inputs /outputs 

Interrupt input 

Nonmaskable interrupt input 

Halt I standby mode output 

Memory request outpu1 

I I 0 request output 

Read strobe output 

Write strobe output 

Bus acknowledge output 

Wait input 

Bus request input 

Reset input 

Machine cycle 1 output 

Refresh request output 

Ground 

Address bus, low bits, outputs 

These three-state output pins form a 16-bit address bus 
for addressing memory or peripheral devices. The ad­
dress bus enters the high impedance state when bus 
acknowledge is active. In the standby mode, these pins 
output high- or low-level signals. 

D1-Do (Data Bus) 

These three-state pins form an 8-bit bidirectional data 
bus. On this bus data is transferred between the 
µPD70008/ A and memory or peripheral devices. This 
bus enters the high impedance state when bus ac­
knowledge is active. In the standby mode, these pins 
are high-level. 

INT (Interrupt) 

This pin is an active-low interrupt input which can be 
masked by software. NMI has a lower priority than NMI 
and BUSRQ. INT releases the standby mode. 
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44-Pin Plastic Minlflat 

No. Symbol Function 

40-44 An-A15 Address bus, high bits, outputs 

1 CLK Clock input 

2-5 D3-D6 Data bus, bits 3-6, inputs /outputs 

6 Voo Power supply 

7 D2 Datra bus, bit 2, input/output 

8 D1 Data bus, bit 7, input/ output 

9-10 Do. D1 Data bus, bits 0, 1, inputs/outputs 

12 INT Interrupt input 

13 NMI Nonmaskable interrupt input 

14 HALT Halt/ standby mode output 

15 MREO Memory request output 

16 IORQ I / 0 request output 

18 RD Read strobe output 

19 WR Write strobe output 

20 BU SAK Bus acknowledge output 

21 WAIT Wait input 

22 BUSRQ Bus request input 

23 RESET Reset input 

24 M1 Machine cycle 1 output 

25 RFSH Refresh request output 

26 GNO Ground 

28-32' 34-38 Ao-A10 Address bus, low bits, outputs 

17 IC Internally connected 

11, 33, 39 NC Not connected 

NMI (Nonmaskable Interrupt) 

This pin inputs an interrupt which is not maskable by 
software. NMI is active-low in the µPD70008, and is fall­
ing edge triggered in the µPD70008A. NMI has a higher 
priority than INT, but a lower priority than BUSRQ and 
RESET. NMI releases the standby mode. 

MREQ (Memory Request) 

This three-state pin is an active-low output The 
µPD70008/ A asserts M REQ to indicate that the informa­
tion on the address bus is a memory address. This pin 
enters the high impedance state when bus acknowl­
edge is active. MREQ is inactive (high) in the standby 
mode. 
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Pin Functions (cont) 

IORQ (110 Request) 

This three-state pin is an active-low output. The 
µPD70008/ A asserts IORQ to indicate that the informa­
tion on the address bus is a peripheral device address. 
IORQ is also asserted during a maskable interrupt serv­
ice to request the interrupting device to output its inter­
rupt vector to the data bus. This pin enters the high 
impedance state when bus acknowledge is active. 
IORQ is inactive (high) in the standby mode. 

RD (Read Strobe) 

This three-state active-low output provides a read strobe 
for the memory and peripheral devices. The pin enters 
the high impedance state when the bus acknowledge is 
active. RD is inactive (high) in the standby mode. 

WR (Write Strobe) 

This three-state active-low output provides a write 
strobe for the memory and peripheral devices. This pin 
enters the high impedance state when bus acknowl­
edge is active. WR is inactive (high) in the standby 
mode. 

BUSRQ (Bus Request) 

This is an active-low input. Peripheral devices assert 
BUSRQ to request the µPD70008/ A to release control of 
the address bus (A15-Ao), data bus (D,-Do) and control 
bus (M REQ, IORQ, RD and WR) and assert bus acknowl­
edge. BUSRQ has a higher priority than either INT or 
NMI, but is lower in priority than RESET. BUSRQ will 
temporarily suspend the standby mode. The µPD70008/ 
A leaves standby mode when BUSRQ is asserted, but 
returns to the standby mode when BUSRQ is released. 

BUSAK (Bus Acknowledge) 

This active-low output indicates that the data bus 
(D7-Do), address bus (A15-Ao), and control bus (MREQ, 
IORQ, RD and WR) have entered the high impedance 
state. This releases the buses from CPU control and 
makes them available to the peripheral devices for data 
exchange. This state cannot be released by NMI or INT, 
but responds only to RESET or the release of BUSRQ. 

HALT (Halt/Standby Mode) 

This active-low output is asserted after the halt com­
mand has been executed and indicates that the 
µPD70008/ A has entered the standby mode. 

µPD70008#A 

WAIT(Wait) 

This pin is an active-low input. Memory and peripheral 
devices assert this signal to increase read or write ac­
cess time. When WAIT is asserted, the µPD70008/ A in­
serts wait states (TW) into the machine cycle until WAIT 
is released. 

RESET (Reset) 

This active-low input is used to reset the µPD70008/ A. 
The standby mode is released on Reset. Reset has the 
highest priority. 

INTI< NMI < BUSRQ <RESET 

RFSH (Refresh Request) 

This pin is an active-low output. The µPD70008/ A as­
serts RFSH to trigger the external memory refresh oper­
ation. When RFSH is low, the lower seven bits of the 
address bus (As-Ao) are a refresh address. This pin is 
inactive (high) in the standby mode. 

M1 (Machine Cycle 1) 

This pin is an active-low output. When M1 is asserted, it 
indicates that the µPD70008/ A is in the opcode fetch cy­
cle, M1. 

CLK(Clock) 

This pin is the system clock input. 

Voo (Power Supply) 

This pin is the +5 V power supply input. 

GND (Ground) 

This pin is the ground pin. 
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µPD70008/A 

Block Diagram 

07-Do 
Data Bus 

Buffer 

DC Characteristics 

Instruction 
Requester (3) 

Timing & Control 

µPD70008:TA= -10°Cto +70°C,µPD70008A:TA= -40°Cto +85°C, 
Voo= +5V±10% 

Umlts 
Test 

Plnuneter Symbol Min Typ Mu Unit CondHlon1 

Input voltage V1H1 2.2 Voo v Except CLK, 
high RESET 

V1H2 v00 -o.6 v00 +o.3 v CLK, RESET 

Input voltage V1L1 -0.3 0.8 v Except CLK, 
low RESET 

V1L2 -0.3 0.45 v CLK, RESET 

Output voltage VoH 2.4 v loH= -400µA 
high 

Output voltage Vol 0.4 v loL =2.5mA 
low 

Input leakage ILIH 10 µA V1=Voo 
current high 

Input leakage ILIL -10 µA V1N=OV 
current low 

Output leakage ILQH 10 µA Vo=Voo 
current high 

Output leakage ILOL -10 µA Vo=OV 
current low 
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Decoder 

Parameter 

Supply current 
(Note 1) 

µPD70008 

Symbol 

1001 

1002 

µPD70008A-4 1001 

1002 

µPD70008A-6 1001 

1002 

Note: 

Min 

l l I 
CLK Voo GND 

Limits 

Tfp Max 

10 30 

500 

9 20 

80 240 

14 30 

120 360 

(1) 1001 is normal operating current. 
1002 is standby mode current. 

ttiEC 

IY(l8) 

SP(18) 

Unit 

mA 

µA 

mA 

µA 

mA 

µA 

F' 

Main 
8x8 

Alt 
8x8 

83-0033648 

Tnt 
Conditions 

tcvK = 0.25 µ5 

tcvK=0.25µ5 

tcYK = 0 .25 µ5 

tcvK=0.25µ5 

tcvK=0.165µ5 

tcvK=0.165µ5 



fttf EC µPD70008/A 

Capacitance AC Test Points 
TA= 25°C, le= 1 MHz 

Limits RESET,CLK 
Test Voo-o.av Voo-o.av 

Parameter Symbol Min Typ Max Unit Conditions 

CLK input CK 35 pF (Note1) Test Points 

capacitance 0.45V 0.45V 

Input C1 pF (Note 1) OUTPUT, INPUT 

capacitance 2.2V 2.2V 
2.4 

Output Co 10 pF (Note 1) Test Poln1s 

capacitance OAS 
O.BV O.BV 

I/ 0 capacitance C10 10 pF (Note 1) 83·003888A 

Note: 
(1) All unmeasured pins returned to O V. 

II AC Characteristics 
µPD70008:TA= -10°Cto +70°C,l'PD70008A:TA= -40°Cto +85oC,Vcc=5V±10% 

Limits 

µPD700081A·4 µPD70008A·6 
Tell 

Signal Panimeter Symbol Min Max Min Max Unit Conditions 

CLK Clock period tcvK 0.25 (Note 1) 0.165 (NoteB) I'S 

Clock pulse width high IKKH 0.11 200 0.065 200 µS 

Clock pulse width low tKKL 110 2000 65 2000 ns 

Clock pulse rise and fall time IKR· tKF 30 20 ns 

Ats-Ao Address output delay taKA 110 90 ns CL =100pF 

Address delay to float IFKA 90 80 ns CL =100 pF 

Address Slable prior to MREO, ts AM (Note 2) (Note 9) ns CL=100pF 
memory cycle 

Address stable prior to IORQ in tsAI tcvK-70 (Note 10) ns CL =100 pF 
I /O cycle 

Address stable from RD, WR, IHRA (Note 3) (Note 11) ns CL =100pF 
IORQ, MREO 

Address stable from RD, WR tFCA (Note4) (Note 12) ns CL =100pF 
during float 

Dr Do Data output delay toKo 180 130 ns CL=100pF 

Delay to float during write cycle tFKD 90 80 ns CL =100 pF 

Data setup time to CLK during M1 tsoKR 35 30 ns CL =100 pF 
cycle 

Data setup time lo CLK during M2 lsDKF 50 40 ns CL=100pF 
to M5 cycles 

Data stable prior to WR (memory ls MOW tcvK-170 (Note 13) ns CL =100 pF 
cycle) 

Data stable prior to WR (I/ O ts1ow IKKL +!KR -170 (Note 14) ns CL=100pF 
cycle) 

Data stable trom WR tfCD (Note 5) (Note 15) ns CL =100pF 

WR WR delay from CLK t to WR low toKRWL 65 60 ns 

WR delay trom CLK +to WR low toKFWL 80 70 ns 

WR delay trom CLK +to WR high toKFWH 80 70 ns 

WR low pulse width twwL tcvK-30 (Note 18) ns 

M1 M1 delay trom CLK t to M 1 low toKM1L 100 80 ns CL =100 pf 

M1 delay lrom CLK t to Ml high toKM1H 100 80 ns CL =100 pF 
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µPD700081A NEC 
AC Characteristics (cont) 
µPD70008:TA= -10°Cto +70oC,µPD70008A:TA= -40°Cto +85°C,Vcc=5V±10% 

Limits 

µPD7000BlA·4 µPD70008A-6 
Teat 

Slgn1I Pll111met1r Symbol Min Ml• Min M11 Unit Conditions 

RFSH RFSH delay from CLK t to RFSH toKAFL 130 110 ns CL=100pF 
low 

RFSH delay from CLK t to RFSH toKRFH 120 100 ns CL =100pF 
high 

WAIT WAIT setup time to CLK • tsWTK 70 60 ns 

HALT HALT delay from CLK + toKHT 300 260 ns CL =100 pF 

INT I NT setup time to CLK t tslTK 80 70 ns 

NMI NMI low pulse width tNNL 80 70 ns 

BUSRQ BUSRQ setup time to CLK + tssaK 50 50 ns 

BU SAK BU SAK delay from CLK t to toKABA 100 90 ns CL =100pF 
BU SAK low 

BUSAK delay from CLK • to toKFBA 100 90 ns CL =100pF 
BUSAK high 

RESET RESET setup to CLK ts ASK 60 60 ns 

Other Delay to float (MREQ, iORll, RD, tFKC 80 70 ns 
WR) 

Ml stable prior to IORQ (interrupt tsM11 (Note 7) (Note 19) ns 
acknowledge) 

Hold time for setup time tH 0 0 ns 

MREO MREQ delay from CLK +to MREQ toKFML 85 70 ns CL =100pF 
low 

MREQ delay from GLK t to MREO toKRMH 85 70 ns CL =100 pF 
high 

MREQ delay from CLK + MREQ toKFMH 85 70 ns CL =100 pF 
high 

Pulse width M REQ low tMML tcvK-30 (Note 16) ns CL=100pF 

Pulse width MREQ high tMMH (Note 6) (Note 17) ns CL =100 pF 

IORQ IORQ delay from CLK t to IORQ toKRIL 75 65 ns CL =100 pF 
low 

IORQ delay from CLK +to IORQ 1oKFIL 85 70 ns CL=100pF 
low 

IORQ delay from CLK t to IORQ toKRIH 85 70 ns CL =100pF 
high 

IORQ delay from CLK +to IORQ toKFIH 85 70 ns CL =100 pF 
high 

Rii RD delay from CLK t to RD low toKRRL 85 70 ns CL =100pF 

RD delay from CLK +to RD low toKRFL 95 80 ns CL =100pF 

RD delay from CLK t to RD high toKRRH 85 70 ns CL=100pF 

RD delay from CLK +to RD high toKFRH 85 70 ns CL =100pF 

Note: (7) lsM11=21cvK +IKKH +IKF- 65 (14) ls1ow=IKKL +IKR-140 
(1) tcvK = tKKH +IKKL +tKR +IKF (8) lcvK = IKKH +IKKL + IKR + IKF (15) IFco=IKKL +IKR-55 
(2) tsAM = IKKH +IKF -65 (9) lsAM = IKKH + tKF - 50 (16) IMML = lcvK-30 
(3) IHRA = IKKL +IHR- 50 (10) tsAI = tcvK - 55 (17) IMMH = IKKH + IKF - 20 
(4) IFCA = IKKL + IKR - 45 (11) IHRA=IKKL +IKR-50 (18) twwL = tcvK - 30 
(5) IFCD = IKKL +IKR - 70 (12) IFcA=IKKL +IKR-40 (19) tsM11=21cvK +IKKH +IKF- 50 
(6) IMMH = IKKH +IKF-20 (13) lsMDW = tcvK -140 
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Timing Waveforms 
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µPD700081A 

Register Configuration 

Program Counter (PC) 

The 16-bit program counter contains the address of the 
next instruction to be fetched and executed. It is set to 
OOOOH at reset. 

Stack Pointer (SP) 

The 16-bit stack pointer stores the first address of the 
portion of main memory used as a LIFO stack. SP is de­
cremented when a CALL or PUSH is executed, or when 
an interrupt occurs. It is incremented when a RET, POP, 
or interrupt return is executed. 

Index Registers (IX, IV) 

These two 16-bit registers are used to perform indexed 
addressing. 

Accumulators (A, A') 

The µPD70008/ A has two 8-bit accumulators: the main 
accumulator (A) which is used to perform arithmetic 
and logic operations, and an alternate accumulator(A'). 
The contents of the main and alternate accumulators 
can be exchanged using the (EX) instruction. The alter­
nate accumulator can be used for background opera­
tion, or to save the data in the main accumulator when 
an interrupt is processed. 

Flag Registers (F, F') 

The µPD70008/A has two 8-bit flag registers: main (F) 
and alternate (F') of the format shown in figure 1. The 
main flag register (F) has the status flags resulting from 
normal operation. The contents of the main and alter­
nate registers can be exchanged using the exchange 
(EX) instruction. The alternate (F') register can be used 
for background operation, or to save the state of the 
main flag register when an interrupt is processed. 

Figure 1. Flag Register Format 
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General Purpose Registers 

The µPD70008/ A has twelve 8-bit general purpose regis­
ters: six main registers (B, C, D, E, H, and L) and six alter­
nate registers (B', C', D', E', H', and L'). Each register can 
be used individually as an 8-bit register, or can be used 
in pairs as 16-bit registers (BC, B'C', DE, D'E', HL, and 
H'L'). 

The main registers are used when instructions are exe­
cuted normally. The contents of the main and alternate 
registers are exchanged using the EX instruction. The 
alternate registers may be used for background opera­
tion or to save the contents of the main registers when 
an interrupt is processed. 

Interrupt Page Address Register (I) 

This 8-bit register is used to generate addresses in 
maskable interrupt mode 2. See figure 2. These ad­
dresses are used with externally input data to reference 
an interrupt start address table. 

This register is cleared to OOH at reset. 

Figure 2. Interrupt Reference Address 

15 8 7 1 0 

Input Data 

83·003890A 

Memory Refresh Register (R) 

This 7-bit register retains the refresh address for the ex­
ternal dynamic memory. The contents of this register 
are automatically incremented in each opcode fetch 
(M1) cycle. The contents of this register are output on 
the lower 7 bits of the address bus (At;-Ao). 

This register is cleared to OOH at reset. 

Timing 

This section describes read and write timing for mem­
ory and 1/0 devices in connection with CPU operation 
timing. A single clock cycle (from one leading edge to 
the next) is defined as one timing state. The nth state is 
represented as Tn. A single instruction consists of two 
to six machine cycles. A single machine cycle requires 
three to six timing states. The nth machine cycle is rep­
resented as Mn. 

Table 1 lists the number of states normally required by 
each cycle. 
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Table 1. Timing States per Cycle 

Cycle 

Opcode fetch 

Memory read 

Memory write 

l/Oread 

l/Owrite 

Number of Stal• 
per Machl1111 Cycle 

4 

3 

3 

4 

4 

The four states for 1/0 read and write include a single 
wait state (TW). The µPD70008/ A inserts one wait state 
in every 1/0 read or write. Slower external devices may 
assert the WAIT signal to request longer read and write 
access times. This time will be added to the original 
number of clock states. The WAIT signal is monitored 
on the trailing edge of clock state T2. If WAIT is as­
serted, a wait state (TW) is generated. The µPD70008/ A 
continues to monitor WAIT on the clock's trailing edge, 
and supplies additional wait states a long as that signal 
is asserted. When WAIT is released the µPD70008/ A 
proceeds to the T3 state. 

Figure 3. Opcode Fetch Cycle 
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µPD70008/A 

Opcode Fetch Cycle 

The first machine cycle of each instruction, M1, is the 
opcode fetch cycle. See figure 3. The opcode is fetched 
from memory during the first half of this cycle, and the 
dynamic memory is refreshed during the latter half. 

The memory outputs the opcode to the data bus when 
MREQ, RD, or M1 is asserted. It is then read into the CPU 
at the leading edge of clock state T3. 

The CPU outputs a refresh address onto AQ-Ao during 
T3. It is applied to the dynamic memory when RFSH or 
MREQ are asserted. 

Memory Read Cycle 

The memory contents are read out to the data bus when 
MREQ or RD is asserted. The µPD70008/A reads data 
from the data bus on the trailing edge ofT3. See figure 4. 

Memory Write Cycle 

Write data is output to the data bus between the last 
half of state T1 of the current machine cycle and the first 
half of state T1 of the next cycle. It is written to memory 
when WR or MREQ is asserted. See figures. 

Figure 4. Memory Read Cycle 

T1 T2 T3 T1 

D-r·Do ------<r----1. Read Data 

83-003B92A 
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µPD700081A 

Figure 5. Memory Write Cycle 

T1 T2 T3 T1 

Write Data 

83-003893A 

I/ 0 Read Cycle 

The contents of an 110 device are read out to the data 
bus when IORQ or RD is asserted. The µPD70008/A 
reads the data bus on the trailing edge of the T3 clock 
state. See figure 6. To compensate for 1/0 devices with 
longer access times, the µP070008/ A generates one 
wait state (TW) regardless of the condition of the WAIT 
signal. To extend the access time, the CPU must detect 
the WAIT signal asserted at the falling edge of TW. 

I/ 0 Write Cycle 

Write data is output to the data bus between the last 
half of state T1 of the current machine cycle and the first 
half of T1 of the next machine cycle. It is written to an 
1/0 device when IORQ or WR is asserted. As in the 1/0 
read cycle, one wait state is automatically inserted in 
the I/ 0 write cycle. See figure 7. The WAIT signal is used 
to insert additional wait states in the 1/0 write cycle in 
exactly the same way as in the read cycle. 
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Figure 6. 110 Read Cycle 

T1 T2 TW T3 T1 

CLK 

1/0 Device Number 

Input Da1a 

B3-003894A 

Figure 7. 110 Write Cycle 

T1 T2 TW T3 T1 

CLK 

WAIT 

A1-Ao I /O DeYice Number 

IORQ 

Wli 

0,-Do Output Data 

83-003895A 
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Bus Request State 

The bus request causes the µPD70008/ A address bus 
(A15-Ao). data bus (D7-DQ), and control bus (MREQ, 
IORQ, RD, and WR) pins to enter the high impedance 
state.This makes the buses available to external de­
vices for DMA access. 

The bus request state is controlled by the bus request 
(BUSRQ) signal. See figure 8. The µPD70008/ A detects 
BUSRQ at the rising edge of the last state of each ma­
chine cycle. If it is active (low) the µPD70008/ A does not 
move on the next machine cycle, but enters the bus re­
quest state. The µPD70008/ A asserts BUSAK to indi­
cate that the BUSRQ signal has been received, and the 
three buses have entered the high impedance state. 

BUSRQ is checked at the rising edge of all clock states. 
When it becomes inactive the µPD70008/ A leaves the 
bus request state, and proceeds to the next cycle. 

BUSRQ temporarily suspends the standby mode. When 
BUSRQ is asserted, the µPD70008/ A leaves the standby 
mode and enters the bus request state. When BUSRQ is 
released the µPD70008/ A returns to the standby mode. 

Interrupts are disabled during the bus request state. 

Interrupts 

The µPD70008/ A has two types of interrupt: maskable 
(INT) and nonmaskable (NMI). The nonmaskable inter­
rupt request cannot be masked by software. It will be ac­
knowledged unless the µPD70008/ A is in the bus 

flgure 8. Bus Request State 

Tn TLAST THLD 

CLK 

Address Bus 

Data Bus 

Control Bus 

µPD70008/A 

request state. The maskable interrupt can be masked by 
software. It is controlled by setting or resetting the inter­
rupt enable flip-flop (IFF) using the El or DI instructions. 
INT has a lower priority than the nonmaskable interrupt. 
The maskable interrupt will therefore not be acknowl­
edged if there is a nonmaskable interrupt, or if the 
µPD70008/A is in the bus request state. 

INTI< NMI < BUSRQ <RESET 

Nonmaskable Interrupt Operation 

The falling edge of NMI always sets the nonmaskable 
interrupt flip-flop. The µPD70008/A checks the flip-flop 

3 at the rising edge of the last clock state of an instruc-
tion. If it is set, the µPD70008/ A transfers control to the 
nonmaskable interrupt service routine. The interrupt 
process starts at the opcode fetch cycle, (M1, 5 states) 
but the opcode fetched at this point is ignored. The con-
tents of the PC are stored on the stack in the next two 
machine cycles (M2, 3 states and M3, 3 states). At the 
same time, the address 0066H is loaded into the PC, and 
the state of the interrupt enable flip-flop is saved to an 
exclusive flip-flop. The entire interrupt routine requires 3 
machine cycles (11 states). The contents of the PC and 
IFF are restored by the execution of the RETN instruc-
tion at the end of the interrupt procedure. 

THLD TI 

83·0038968 
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µPD700081A 

Maskable Interrupt Operation 

Maskable interrupts are processed in three modes. In 
each mode, the INT signal is detected at the rising edge 
of the last clock state of each instruction. The M1 in­
struction specifies which mode is to be used. 

Mode O. In this mode, the data placed on the bus by the 
interrupting device is treated as an instruction. It is 
fetched in the opcode fetch cycle (M1, 7 states) and exe­
cuted. The instruction used in this mode is usually a 
CALL (3 bytes) or RST (1 byte). 

If a 1-byte RST instruction is executed, the contents of 
the PC are saved to the stack. A fixed address specified 
by the opcode is loaded into the PC during the next M2 
(3 states) and M3 (3 states). The execution of this inter­
rupt requires 3 machine cycles or 13 states. 

If a 3-byte CALL instruction is executed, the second and 
third bytes are fetched during the M2 and M3 cycles (3 
states each). During M4 and M5 (3 states each), the con­
tents of the PC are saved to the stack and the second 
and third bytes of the CALL instruction are loaded into 
the PC. This interrupt requires 5 machine cyces and a 
total of 19 clock states. 

Mode 1. In this mode, the data fetched during M1 (7 
states) is ignored, and the µPD70008/ A proceeds to the 
next cycle. During the M2 and M3 machine cycles (3 
states each), the contents of the PC are saved to the 
stack and replaced by the interrupt address 0038H. This 
interrupt requires 3 machine cycles or 13 states. 

Mode 2. In this mode, the data fetched from the inter· 
rupting device and the contents of the interrupt page 
register (I) are used to reference an interrupt start ad· 
dress table. Program execution jumps to the 16-bit ad· 
dress referenced by the table. See figure 9. The data is 
fetched during the opcode fetch cycle (M1, 7 states). 
During M2 and M3 (3 states each) the contents of the PC 
are saved to the stack. During the M4 and M5 cycles, (3 
states each) the table is referenced and the contents of 
the table location are loaded into the PC. This interrupt 
requires 5 machine cycles or 19 states. 

Standby Mode 

The µPD70008/ A is provided with a standby mode 
(HALT). In the standby mode, power consumption is ap· 
proximately 2% of normal operating power consump· 
tion. The standby mode is set by executing the HALT 
instruction. 

In the standby mode, the state of the µPD70008/ A is re· 
tained. The contents of all registers and the state of all 
flags are retained as well. Clock signals are supplied 
only to indispensable circuits in the µPD70008/ A to min­
imize power consumption. 

3-14 
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Figure 9. Interrupt Address Table 

15 8 7 1 0 

I I I I 
Table Reference Address 

~8) Fetched Data(7) o• 

L _j 
•:NonnallyO 

Table 
7 0 

r+ Interrupt 
service Routine 

I ...., 

High-order 
Interrupt 
Address 

f--
Low-order 
Interrupt 
Addl918 

l...J 

83·003897A 

External operations such as memory access and mem­
ory refresh are not performed in the standby mode. 

Table 2 shows the state of each output pin in the 
standby mode. 

Table 2. Standby Mode 

Pin 

Data bus 
Dr Do 

Address bus 
A15-Ao 

Control bus 
RD, WR, MREO, IORO, M1 
RFSH 

Status 

High level, pulled up through internal 
resistance 

High or low level signals 

High level (inactive) 

High level (inactive) 

Low level (active) 

The standby mode is released when a reset or an inter­
rupt occurs. The standby mode is temporarily sus­
pended by a bus request, but not released. 

RESET in Standby Mode 

When the RESET signal becomes active (low) the 
standby mode is released and a normal reset is per­
formed. 

NMI in Standby Mode 

When the NM I signal is asserted (low) the standby mode 
is released and normal nonmaskable interrupt process· 
ing is performed. The interrupt is not performed in the 
bus request state. 



NEC 
INT in Standby Mode 

When the INT signal is asserted (low) the standby mode 
is released. If the interrupt is enabled, normal interrupt 
processing is performed. If the interrupt is disabled, ex­
ecution resumes at the instruction following the HALT 
instruction. 

BUSRQ in Standby Mode 

The~ signal is detected at the rising edge of each 
clock in the standby mode. If the BOfiliO signal is active 
(low) the l'PD70008/ A leaves the standby mode, and en­
ters the bus request state. When BUSRQ is released, the 
standby mode is resumed. The standby mode is not re­
leased by the BUSRQ signal. 

RESET 

The RESET signal must be asserted (low) for over 3 
clock cycles to be recognized. The following steps are 
the reset initialization process: 

• The program counter (PC) is cleared to OOOOH. 

• The interrupt enable flip-flop (IFF) is reset to 0, disa­
bling maskable interrupts.The interrupt mode is set 
too. 

• The interrupt page address register (I) is cleared to 
OOH. 

• The memory refresh register (R) is cleared to OOH. 

• The address bus (A-15-Ao) and data bus (DrDo) are . 
set to high impedance. 

• All control outputs are set in their inactive state. 

• The standby mode is released. 

The following registers are undefined at reset: 

Stack pointer (SP) 
Accumulators (A,A'} 
Flag registers (F,F') 
General purpose registers 

(B, B', C, C', D, D', E, E', H, H', L, L') 
Index registers (IX,IY) 

When RESET is released the program will begin execu· 
tion from location OOOOH. 

Instruction Set 

Each operand should be written in the operand column 
of an instruction according to the description in table 3. 
Capital letters are keywords and should be written as 
they appear. 

µPD70008/A 

Table 3. Operand Description 
lndentlfter Description 

addr 16·bit immediate data or label 

faddr OOH, 08H, 10H, 18H, 20H, 28H, 30H, 38H 
immediate data or label 

word 16·bit immediate data or label 

byte 8·bit immediate data or label 

bit 3·bit immediate data or label (bit specification of 
8·bit register I memory) 

d 8·bit displacement (signed 2's complement) 

A, B, C, D, E, H, L 

r' A', B', C', D' , E', H', L' 

II rp BC,DE,HL,AF 

rp1 BC,DE,HL,SP 

rp2 BC, DE, IX, SP 

rp3 BC, DE, IY, SP 

Displacement for relative jump (signed 2's 
complement) 

Selection of Register and Condition 
rp 1111 rpl 11,dd rp2 PP rp3 rr 

BC 00 BC 00 BC 00 BC 00 

DE 01 DE 01 DE 01 DE 01 

HL 10 HL 10 IX 10 IY 10 

AF 11 SP 11 SP 11 SP 11 

r,r' r,r' bit b r.ddr 

BB' 000 0 000 OOH 000 

CC' 001 001 OBH 001 

DD' 010 2 010 10H 010 

EE' 011 3 011 18H 011 

H H' 100 4 100 20H 100 

LL' 101 5 101 28H 101 

AA' 111 6 110 30H 110 

7 111 38H 111 

Flag Operation 

(Blank}: Flag not affected 

0: Flag reset 

1: Flag set 

X: Flag affected according to result of operation 

U: Flag unknown 

3-15 



µPD70008/A t-IEC 
Structure of Instruction Byte for Addressing 

Bytel Op~ I Byte I 
OX+d)or(IY+d)l OpC- I Op~ I Displacement I 

I Op Code I Op Code I Displacement l OpC- I 
ortrv:~:~:I Op~ I Op~ I Displacement I Byte I 

o=I OpC- I WonlL I Won!H I 
I OpC- I Op~ I WordL I Won!H I 

Addrl Op~ I Add'L I AddrH I 

el Op Com I e-2 I 
83-003898A 
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Instruction Set 

~ Operation Code No.of No.of Flag1 
Mnemonic 0Ptr11nd1 Operation 7 8 5 4 3 2 1 0 7 8 5 4 3 2 1 0 Clock1 Bytes s z H P/Y N c 
8-Bit Transfer Instructions 

LD r,r' r-r' 0 1 r r' 4 1 0 r, byte r-byte 0 0 r 1 1 0 7 2 

r, (HL) r-(HL) 0 1 r 1 1 0 7 1 

r, (IX +d) r - (IX + disp) 1 1 0 1 1 1 0 1 0 1 r 1 1 0 19 3 

disp 

r, (IV= d) r - (IV + disp) 1 1 1 1 1 1 0 1 0 1 r 1 1 0 19 3 

disp 

(HL), r (HL)-r 0 1 1 1 0 r 7 1 

(IX+ d), r (IX + disp) - r 1 1 0 1 1 1 0 1 0 1 1 1 0 r 19 3 

disp 

(IV+ d), r (IV + disp) - r 1 1 1 1 1 1 0 1 0 1 1 1 0 r 19 3 

disp 

(HL), byte (HL)-byte 0 0 1 1 0 1 1 0 10 

(IX + d), byte (IX + disp) - byte 1 1 0 1 1 1 0 1 0 0 1 1 0 1 1 0 19 4 

dlsp 

(IV + d), byte (IV + disp) - byte 1 1 1 1 1 1 0 1 0 0 1 1 0 1 1 0 19 4 

disp 

A, (BC) A-(BC) 0 0 0 0 1 0 1 0 7 

A, (DE) A-(DE) 0 0 0 1 1 0 1 0 7 1 

A, (word) A-(word) 0 0 1 1 1 0 1 0 13 3 

(BC), A (BC)-A 0 0 0 0 0 0 1 0 7 1 

(DE), A (DE)-A 0 0 0 1 0 0 1 0 7 1 

(word), A (word)-A 0 0 1 .1 0 0 1 0 13 3 

A, I A-I 1 1 1 0 1 1 0 1 0 1 0 1 0 1 1 1 9 2 x . x 0 IFF 0 

A,R A-R 1 1 1 0 1 1 0 1 0 1 0 1 1 1 1 1 9 2 x x 0 IFF 0 

l,A I-A 1 1 1 0 1 1 0 1 0 1 0 0 0 1 1 1 9 2 

R,A R-A 1 1 1 0 1 1 0 1 0 1 0 0 1 1 1 1 9 2 

0 d 0 
i::: 

rp1, word rp1-word 0 d 0 0 1 10 3 ,. 
IX, word IX-word 1 1 0 1 1 1 0 1 0 0 1 0 0 0 0 1 14 4 D 
IV, word IV-word 1 1 1 1 1 1 0 1 0 0 1 0 0 0 0 1 14 4 .... 

0 
HL, (word) H - (word + 1), 0 0 1 0 1 0 1 0 16 3 0 

L-(word) 0 
CD 

w -..'... ,.. 
-.J 
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C.:> Instruction Set (cont) i::: I 

c:n Operation Code Flags 
"D 

No.of No.of a 
Mnemonic Operands Operation 7 8 5 4 3 2 1 0 7 8 5 4 3 2 1 0 Clocks BJ1es s z H PlV N c ..... 
Sixteen-Bit Transfer Instructions 0 
LO rp1, (word) rp1H - (word + 1), 1 1 1 0 1 1 0 1 0 1 d d 1 0 1 1 20 4 0 

rp1L - (word) 0 
Cl) 

IX, (word) IXH - (word + 1), 1 1 0 1 1 1 0 1 0 0 1 0 1 0 1 0 20 4 -IXL -(word) ,. 
IV, (word) IVH - (word + 1), 1 1 1 1 1 1 0 1 0 0 1 0 1 0 1 0 20 4 

IVL -(word) 

(word), HL (word + 1) - H, 0 0 1 0 0 0 1 0 16 3 
(word)-L 

(word), rp1 (word + 1) - rp1H, 1 1 1 0 1 1 0 1 0 1 d d 0 0 1 1 20 4 
(word) - rp1L 

(word), IX (word + 1) - IXH, 1 1 0 1 1 1 0 1 0 0 1 0 0 0 1 0 20 4 
(word)-IXL 

(word), IV (word + 1) - IVH, 1 1 1 1 1 1 0 1 0 0 1 0 0 0 1 0 20 4 
(word}-IVL 

SP, HL SP-HL 1 1 1 1 1 0 0 1 6 

SP, IX SP-IX 1 1 0 1 1 1 0 1 1 1 1 1 1 0 0 1 10 

SP, IV SP-IV 1 1 1 1 1 1 0 1 1 1 1 1 1 0 0 1 10 

PUSH rp (SP-1)-fPL, 1 1 q a 0 1 0 1 11 
(SP - 2) - rpH, 
SP-SP - 2 

IX (SP - 1) - IXL, 1 1 0 1 1 1 0 1 1 1 1 0 0 1 0 1 15 
(SP - 2) - IXH, 
SP-SP- 2 

IV (SP - 1)- IVL, 1 1 1 1 1 1 0 1 1 1 1 0 0 1 0 1 15 
(SP - 2) - IVH, 
SP-SP- 2 

POP rp rpL -(SP), 1 1 q a 0 0 0 1 10 
rpH - (SP + 1), 
SP-SP= 2 

IX IXL -(SP), 1 1 0 1 1 1 0 1 1 1 1 0 0 0 0 1 14 
IXH - (SP + 1), 
SP-SP +2 

IV IVL -(SP), 1 1 1 1 1 1 0 1 1 1 1 0 0 0 0 1 14 2 

I IVH - (SP+ 1), 

~ 
SP-SP+ 2 

~ 



Instruction Set (cont) 

~ Operation Code No.of No.of Flags 
Mnemonic Operands Operation 7 8 5 4 3 2 1 0 7 6 5 4 3 2 1 0 Clocks Bytes s z H P/V N c 
Data Conversion Instructions 

EX DE, HL DE++HL 1 1 1 0 1 0 1 1 4 1 

~ AF, AF' A++A', F++F' 0 0 0 0 1 0 0 0 4 1 

EXX BC++BC', 1 1 0 1 1 0 0 1 4 
DE - DE' , HL ++ HL' 

EX (SP), HL (SP)++L, 1 1 1 0 0 0 1 1 19 
(SP+1)-H, 
SP-SP+ 2 

(SP), IX (SP)++ IXL, 1 1 0 1 1 1 0 1 1 1 1 0 0 0 1 1 23 
(SP + 1) ++ IXH, 
SP-SP +2 

(SP), IV (SP)-IYL, 1 1 1 1 1 1 0 1 1 1 1 0 0 0 1 1 23 
(SP+ 1) ++ IYH. 
SP-SP +2 

Block Transfer Instructions 

LOI (DE)-(HL), 1 1 1 0 1 1 0 1 1 0 1 0 0 0 0 0 16 2 0 x 0 
DE-DE +1, 
HL-HL +1, 
BC-BC-1 

LDIR (DE)-(HL), 1 1 1 0 1 1 0 1 1 0 1 1 0 0 0 0 21/16(1) 2 0 0 0 
DE-DE+1, 
HL-HL+1, 
BC-BC-1, 
End ii BC= 0 

LDD (DE)-(HL), 1 1 1 0 1 1 0 1 1 0 1 0 1 0 0 0 16 2 0 x 
DE-DE - 1, 
HL-HL-1, 
BC-BC-1 

LODA (DE)-(HL), 1 1 1 0 1 1 0 1 1 0 1 1 1 0 0 0 21/16(1) 2 0 0 0 
DE-DE-1, 
HL-HL-1, 
BC-BC -1, 
EndilBC=O 

Block Search Instructions i::: 
CPI A - (HL), 1 1 1 0 1 1 0 1 1 0 1 0 0 0 0 1 16 2 x x x x 1 "a 

HL-HL +1, c 
BC-BC-1 .... 

0 
CPIR A - (HL), 1 1 1 0 1 1 0 1 1 0 1 1 0 0 0 1 21/16(2) 2 x x x x 1 0 

HL-HL+1, 0 
BC-BC -1, CD 

c,.) End if A = (HL) or BC = 0 .... I 
~ ,.. 
<O 

m 



Ul Instruction Set (cont) i.:: I 
I\) ,, 
0 OperaUon Code Flags No.of No.of ID 

Mnemonic Operands OperaUon 7 8 5 4 3 2 1 0 7 8 5 4 3 2 1 0 Clocks Bytes s z H PIY N c .... 
Block Search Instructions (cont) 0 
CPD A - (HL), 1 1 1 0 1 1 0 1 1 0 1 0 1 0 0 1 16 2 x x x x 1 0 

HL-HL-1, 0 
BC-BC-1 Cl) -CPDR A - (HL), 1 1 1 0 1 1 0 1 1 0 1 1 1 0 0 1 21/16(2) 2 x x x x 1 ,. 
HL-HL-1, 
BC-BC -1, 
End if A = (HL) or BC = 0 

Eight-Bit Arithmetic Operation Instructions 

ADD A, r A-A+r 1 0 0 0 0 r 4 1 x x x v 0 

A, byte A-A +byte 1 1 0 0 0 1 1 0 7 2 x x x v 0 

A. (HL) A-A +(HL) 1 0 0 0 0 1 1 0 7 1 x x x v 0 x 
A, (IX +d) A - A +(IX + disp) 1 1 0 1 1 1 0 1 1 0 0 0 0 1 1 0 19 3 x x x v 0 

disp 

A, (IV+ d) A - A +(IV + disp) 1 1 1 1 1 1 0 1 1 0 0 0 0 1 1 0 19 3 x x x v 0 x 
disp 

ADC A, r A-A+r+CY 1 0 0 0 1 r 4 1 x x x v 0 x 
A, byte A - A + byte + CY 1 1 0 0 1 1 1 0 7 2 x x x v 0 x 
A, (HL) A - A + (HL) +CY 1 0 0 0 1 1 1 0 7 1 x x x v 0 

A, (IX+ d) A - A +(IX + disp) +CY 1 1 0 1 1 1 0 1 1 0 0 0 1 1 1 0 19 3 x x x v 0 

disp 

A, (IV +d) A - A +(IV + disp) +CY 1 1 1 1 1 1 0 1 1 0 0 0 1 1 1 0 19 3 x x x v 0 x 
disp 

SUB A, r A-A-r 1 0 0 1 0 r 4 1 x x x v 
A, byte A-A-byte 1 1 0 1 0 1 1 0 7 2 x x x v 
A, (HL) A-A- (HL) 1 0 0 1 0 1 1 0 7 1 x x x v 1 x 
A, (IX +d) A-A- (IX +disp) 1 1 0 1 1 1 0 1 1 0 0 1 0 1 1 0 19 3 x x x v 1 x 

disp 

A, (IV+ d) A-A -(IV+ disp) 1 1 1 1 1 1 0 1 1 0 0 1 0 1 1 0 19 3 x x x v 
dlsp 

~ n 



Instruction Set (cont) 

~ Operation Code No.of No.of Fl191 
Mnemonic Operands Operation 7 8 5 4 3 2 1 0 7 8 5 4 3 2 1 0 Clocks Bytes s z H PIV N c 
Eight-Bit Arithmetic Operation Instructions (cont) 

SBC A, r A-A- r- CY 1 0 0 1 1 r 4 1 x x x v 1 x 0 A, byte A - A - byte - CY 1 1 0 1 1 1 1 0 7 2 x x x v 1 x 
A, (HL) A - A - (HL) - CY 1 0 0 1 1 1 1 0 7 1 x x x v 
A, (IX +d) A - A - (IX + disp) - CY 1 1 0 1 1 1 0 1 1 0 0 1 1 1 1 0 19 3 x x x v 

disp 

A, (IV+ d) A - A - (IV + disp) - CY 1 1 1 1 1 1 0 1 1 0 0 1 1 1 1 0 19 3 x x x v 
disp 

Eight-Bit Logical Operation Instructions 

AND A, r A-AANDr 1 0 1 0 0 r 4 1 x x 1 p 0 

A, byte A-AAND byte 1 1 1 0 0 1 1 0 7 2 x x 1 p 0 0 

A, (HL) A-AAND(HL) 1 0 1 0 0 1 1 0 7 1 x x 1 p 0 0 

A, (IX+ d) A-AAND(IX +disp)- CY 1 1 0 1 1 1 0 1 1 0 1 0 0 1 1 0 19 3 x x 1 p 0 0 

disp 

A, (IV+ d) A - A AND (IV + disp) 1 1 1 1 1 1 0 1 1 0 1 0 0 1 1 0 19 3 x x 1 p 0 0 

disp 
--

OR A, r A-AORr 1 0 1 1 0 r 4 1 x x 0 p 0 

A, byte A-AOR byte 1 1 1 1 0 1 1 0 7 2 x x 0 p 0 0 

A, (HL) A-AOR(HL) 1 0 1 1 0 1 1 0 7 1 x x 0 p 0 0 

A, (IX +d) A-AOR(IX +disp) 1 1 0 1 1 1 0 1 1 0 1 1 0 1 1 0 19 3 x x 0 p 0 0 

disp 

A, (IV +d) A-A OR (IYJ + disp) 1 1 1 1 1 1 0 1 1 0 1 1 0 1 1 0 19 3 x x 0 p 0 

disp 

XOR A, r A-AXORr 1 0 1 0 1 r 4 1 x x 0 p 0 0 

A, byte A-AXOR byte 1 1 1 0 1 1 1 0 7 2 x x 0 p 0 0 

A, (HL) A-AXOR(HL) 1 0 1 0 1 1 1 0 7 1 x x 0 p 0 0 

A, (IX+ d) A - A XOR (IX + disp) 1 1 0 1 1 1 0 1 1 0 1 0 1 1 1 0 19 3 x x 0 p 0 0 

disp 

I 
i::: 

A, (IV+ d) A - A XOR (IV + disp) 1 1 1 1 1 1 0 1 1 0 1 0 1 1 1 0 19 3 x x 0 p 0 0 "V 
disp " .... 

0 
0 
0 
Q) 

(..) 

I -I ,. 
~ 
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w Instruction Set (cont) 1: I 

"Ill N 
N Operation Code No.of No.of Fl191 0 

Mnemonic Operands Opendlon 7 • 5 4 3 2 1 0 7 • 5 4 3 2 1 0 Clocks Brtes s z H PIY N c .... 
Eight-BH Logical Operation Instructions (cont) 0 
CP A, r A-r 1 0 1 1 1 r 4 1 x x x v 1 x 0 

0 
A, byte A - byte 1 1 1 1 1 1 1 0 7 2 x x x v 1 x C» 
A, (HL) A - (HL) 1 0 1 1 1 1 1 0 7 1 x x x v 1 x -> A, (IX +d) A - (IX + disp) 1 1 0 1 1 1 0 1 1 0 1 1 1 1 1 0 19 3 x x x v 

disp 

A, (IV +d) A - (IV + disp) 1 1 1 1 1 1 0 1 1 0 1 1 1 1 1 0 19 3 x x x v 1 x 
disp 

Elght-BH Increment/ Decrement Instructions 
INC r r-r+1 0 0 r 1 0 0 4 1 x x x v 0 

(HL) (HL) - (HL) + 1 0 0 1 1 0 1 0 0 11 1 x x x v 0 

(IX +d) (IX + disp) - (IX + disp) + 1 1 1 0 1 1 1 0 1 0 0 1 1 0 1 0 0 23 3 x x x v 0 

disp 

(IV+ d) (IV+ disp) - (IX+ disp) + 1 1 1 1 1 1 1 0 1 0 0 1 1 0 1 0 0 23 3 x x x v 
disp 

DEC r r-r-1 0 0 r 1 0 1 4 1 x x x v 
(HL) (HL) - (HL) - 1 0 0 1 1 0 1 0 1 11 1 x x x v 
(IX +d) (IX+ disp) - (IX+ disp) - 1 1 1 0 1 1 1 0 1 0 0 1 1 0 1 0 1 23 3 x x x v 

disp 

(IV+ d) (IV+ disp) - (IV+ disp) - 1 1 1 1 1 1 1 0 1 0 0 1 1 0 1 0 1 23 3 x x x v 
disp 

Sixteen-Bit Arithmetic Operation Instructions 
ADD HL, rp1 HL-HL +rp1 0 0 s s 1 0 0 1 11 1 u 0 

ADC HL, rp1 HL-HL+rp1+CV 1 1 1 0 1 1 0 1 0 1 s s 1 0 1 0 15 2 x x u v 0 

SBC HL, rp1 HL - HL - rp1 - CY 1 1 1 0 1 1 0 1 0 1 s s 0 0 1 0 15 2 x x u v 1 

ADD IX, rp2 IX-IX+ rp2 1 1 0 1 1 1 0 1 0 0 p p 1 0 0 1 15 2 u 0 

IV, rp3 IV-IV+ rp3 1 1 1 1 1 1 0 1 0 0 r r 1 0 0 1 15 2 u 0 

Sixteen-en Increment I Decrement Instructions 
INC rp1 rp1-rp1 +1 0 0 s s 0 0 1 1 6 

IX IX-IX+1 1 1 0 1 1 1 0 1 0 0 1 0 0 0 1 1 10 2 

~ IV IV-IY+1 1 1 1 1 1 1 0 1 0 0 1 0 0 0 1 1 10 2 

DEC rp1 rp1-rp1-1 0 0 s s 1 0 1 1 6 1 

IX IX-IX-1 1 1 0 1 1 1 0 1 0 0 1 0 1 0 1 1 10 2 

IV IV-IY-1 1 1 1 1 1 1 0 1 0 0 1 0 1 0 1 1 10 2 (') 
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Instruction Set (cont) 

Mnemonic Operandi Operation 

Accumulator Operation Instructions 

DAA Decimal adjust accumulator 

CPL A-:-A 

NEG A-P.+1 

CCF cv-cv 
SCF cv-1 
Rotate Instructions 

RLCA 

RLA 

RRCA 

RRA 

RLC 

(Hl) 

(IX +d) 

(IV +d) r, (HL), (IX + disp), (IV + dlsp) 

RL 

(Hl) 

(IX+ d) 

(IV+ d) r, (HL), (IX + disp), (IV + disp) 

RRC 

(Hl) 

(IX +d) 

(IV +d) r, (Hl), (IX + disp), (IV + disp) 

Operation Code 
7 • 5 4 3 2 1 0 7 • 5 4 

0 0 0 

0 0 0 

0 0 1 0 0 0 

0 

0 0 0 

0 0 0 0 0 

0 0 0 1 0 

0 0 0 0 

0 0 0 

0 0 0 0 0 0 0 

0 0 0 0 0 0 0 

0 0 1 0 0 

disp 0 0 0 0 

1 1 0 1 0 0 

disp 0 0 0 0 

0 0 1 0 0 0 0 

0 0 0 0 0 0 

0 0 1 0 

disp 0 0 0 1 

1 1 0 0 0 

dlsp 0 0 0 

0 0 1 0 0 0 0 0 

0 0 1 0 0 0 0 0 

0 1 1 1 0 0 0 

dlsp 0 0 0 0 

1 1 1 0 1 1 0 0 

disp 0 0 0 0 

3 2 

0 

0 

0 1 

0 

0 1 

0 

0 

0 

0 1 

0 

0 

0 

0 

0 

No.of 
0 Clocks 

4 

4 

0 0 8 

4 

4 

4 

4 

4 

4 

8 

0 15 

23 

0 

23 

0 

8 

0 15 

23 

0 

23 

0 

8 

0 15 

23 

0 

23 

0 

m 

No.of 
Bytes 

2 

4 

4 

4 

4 

2 

4 

4 

Flags 
s z H P/V N c 

x x 

x v 1 x 

u 0 

0 0 

0 0 x 

0 0 

0 0 

0 0 

0 0 x 
x x 0 p 0 x 

0 p 0 

x 0 p 0 

x x 0 p 0 x 
x 0 p 0 

x x 0 p 0 

0 0 

x 0 p 0 x 
0 p 0 

x x 0 p 0 x 

x x 0 p 0 x 

~ 
0 

i:: ,, 
" .... 
0 
0 
0 
CD -,. 



(,) Instruction Set (cont) i:: I 
I\:) ,. .,.. 

Operation Code Flags No.of No.of a 
Mnemonic Operands Operation 7 8 5 4 3 2 1 0 7 6 5 4 3 2 1 0 Clocks Byte1 s z H P/V N c .... 
Rotate Instructions (cont) 0 
RR r 1 1 0 0 1 0 1 1 0 0 0 1 1 r 8 2 x x 0 p 0 x 0 

0 
(HL) 1 1 0 0 1 0 1 1 0 0 0 1 1 1 1 0 15 2 x x 0 p 0 x Q) 
(IX+ d) 1 1 0 1 1 1 0 1 1 1 0 0 1 0 1 1 23 4 x x 0 p 0 x -

disp 0 0 0 1 1 1 1 0 
,. 

(IV+ d) r, (HL), (IX + disp), (IV + disp) 1 1 1 1 1 1 0 1 1 1 0 0 1 0 1 1 23 4 x x 0 p 0 

disp 0 0 0 1 1 1 1 0 

RLD 1 1 1 0 1 1 0 1 0 1 1 0 1 1 1 1 18 2 x x 0 p 

RRD 1 1 1 0 1 1 0 1 0 1 1 0 0 1 1 1 18 2 x x 0 p 0 

Shift Instructions 

SLA r 1 1 0 0 1 0 1 1 0 0 1 0 0 r 8 2 x x 0 p 0 

(HL) 1 1 0 0 1 0 1 1 0 0 1 0 0 1 1 0 15 2 x x 0 p 0 

(IX+ d) 1 1 0 1 1 1 0 1 1 1 0 0 1 0 1 1 23 4 x x 0 p 0 

disp 0 0 1 0 0 1 1 0 

(IV+ d) r, (HL), (IX + disp), (IV+ disp) 1 1 1 1 1 1 0 1 1 1 0 0 1 0 1 1 23 4 x x 0 p 0 

disp 0 0 1 0 

SRA r 1 1 0 0 1 0 1 1 0 0 1 0 1 r 8 2 x x 0 p 0 

(HL) 1 1 0 0 1 0 1 1 0 0 1 0 1 1 1 0 15 2 x x 0 p 0 

(IX+ d) 1 1 0 1 1 1 0 1 1 1 0 0 1 0 1 1 23 4 x x 0 p 

disp 0 0 1 0 1 1 1 0 

(IV+ d) r, (HL), (IX + disp), (IV + disp) 1 1 1 1 1 1 0 1 1 1 0 0 1 0 1 1 23 4 x x 0 

disp 0 0 1 0 1 1 1 0 

SRL r 1 1 0 0 1 0 1 1 0 0 1 1 1 r 8 2 x x 0 p 0 x 
(HL) 1 1 0 0 1 0 1 1 0 0 1 1 1 1 1 0 15 2 x x 0 p 0 x 
(IX+ d) 1 1 0 1 1 1 0 1 1 1 0 0 1 0 1 1 23 4 x x 0 p 0 

disp 0 0 1 1 1 1 1 0 

(IV+ d) r, (HL), (IX + disp), (IV + disp) 1 1 1 1 1 1 0 1 1 1 0 0 1 0 1 1 23 4 x x 0 p 0 x 
disp 0 0 1 1 1 1 1 0 I 

~ 
0 



Instruction Set (cont) 

~ Operation Code No.of No.of Flags 

Mnemonic Operands Operation 7 8 5 4 3 2 1 0 7 8 5 4 3 2 1 0 Clocks Brtes s z H PIY N c 
Bil Operation Instructions 
BIT bit, r z-rb 1 1 0 0 1 0 1 1 0 1 b r 8 2 u x 1 u 0 0 bit, (HL) Z-(HL)b 1 1 0 0 1 0 1 1 0 1 b 1 1 0 12 2 u x 1 u 0 

bit, (IX+ d) Z - (IX + disp)b 1 1 0 1 1 1 0 1 1 1 0 0 1 0 1 1 20 4 u x 1 u 0 

disp 0 1 b 1 1 0 

bit, (IY + d) Z - (IY + disp)b 1 1 1 1 1 1 0 1 1 1 0 0 1 0 1 1 20 4 u x 1 u 0 

disp 0 1 b 1 1 0 

SET bit, r rb-1 1 1 0 0 1 0 1 1 1 1 b r 8 

bit, (HL) (HL)b-1 1 1 0 0 1 0 1 1 1 1 b 1 1 0 15 

bit (IX+ d) (IX + disp)b - 1 1 1 0 1 1 1 0 1 1 1 0 0 1 0 1 1 23 4 

disp 1 1 b 1 1 0 

bit (IY + d) (IY + disp)b - 1 1 1 1 1 1 1 0 1 1 1 0 0 1 0 1 1 23 4 

disp 1 1 b 1 1 0 

RES bit, r rb-o 1 1 0 0 1 0 1 1 1 0 b r 8 2 

bit, (HL) (HL)b-o 1 1 0 0 1 0 1 1 1 0 b 1 1 0 15 2 

bit (IX+ d) (IX + diSP)b - 0 1 1 0 1 1 1 0 1 1 1 0 0 1 0 1 1 23 4 

disp 1 0 b 1 1 0 

bit(IY + d) (IY + disp)b - 0 1 1 1 1 1 1 0 1 1 1 0 0 1 0 1 1 23 4 

disp 1 0 b 1 1 0 

Jump Instructions 
JP addr PC-addr 1 1 0 0 0 0 1 1 10 3 

NZ, addr If Z = 0, PC - addr 1 1 0 0 0 0 1 0 10 3 

Z, addr lfZ = 1, PC-addr 1 1 0 0 1 0 1 0 10 

NC, addr lfC = O,PC-addr 1 1 0 1 0 0 1 0 10 3 

JP C, addr If C = 1, PC - addr 1 1 0 1 1 0 1 0 10 

PO, addr If P = 0, PC - addr 1 1 1 0 0 0 1 0 10 3 

PE, addr If P = 1, PC-addr 1 1 1 0 1 0 1 0 10 3 

P, addr If S = 0, PC - addr 1 1 1 1 0 0 1 0 10 3 

I 'l: 
M, addr If S = 1, PC - addr 1 1 1 1 1 0 1 0 10 3 "G a .... 

0 
0 
0 
CD 

(,) 

I -I ,.. l\J 
CTI 

I! 



(.o) Instruction Set (cont) i.:: r:, "G O> Opemlon Coclt Flags No.of No.of 0 
Mnemonic Operands Oper1tlon 7 • 5 4 3 2 1 0 7 • 5 4 3 2 1 0 Clocks Bytes s z H PIV N c ..... 
Jump Instructions (cont) 0 
JR e PC-PC+e a a a 1 1 0 0 0 12 2 0 

NZ, e If Z ; 0, PC - PC + e 0 0 1 0 0 0 0 0 12/7(3) 2 
0 
C» 

Z, e If Z; 1, PC - PC+ e 0 0 1 0 1 0 0 0 12/7(3) 2 -NC, e If C ; 0, PC - PC + e 0 0 1 1 0 0 0 0 12/7(3) 0 

,. 
C, e If C ; 1, PC - PC+ e 0 0 1 1 1 0 0 0 12/7(3) 

JP (HL) PC-HL 1 1 1 0 1 0 a 1 4 - 1 

(IX) PC-IX 1 1 0 1 1 1 0 1 1 1 1 0 1 0 0 1 8 2 

(IV) PC-IV 1 1 1 1 1 1 0 1 1 1 1 0 1 0 0 1 8 

DJNZ e B-B-1; a a 0 1 0 0 0 0 8/13(4) 2 
if B" 0, PC - PC + e 

Call Instructions 

CALL addr (SP - 1) - PCH, 1 1 0 0 1 1 0 1 17 3 
(SP - 2) - PCL, 
SP-SP- 2, 
PC-addr 

NZ, addr If conditions met, (SP - 1) - 1 1 0 0 0 1 0 0 17 /10(5) 3 
PCH, 
(SP - 2) - PCL, SP - SP - 2, 
PC-addr 

Z, addr If conditions met, (SP - 1) - 1 1 0 0 1 1 0 0 17 /10(5) 3 
PCH, 
(SP - 2) - PCL, SP - SP - 2, 
PC-addr 

NC, addr If conditions met, (SP - 1) - 1 1 0 1 0 1 0 0 17 /10(5) 
PCH, 
(SP - 2) - PCL, SP - SP - 2, 
PC-addr 

C, addr If conditions met, (SP - 1) - 1 1 0 1 1 1 0 0 17 /10(5) 3 
PCH, 
(SP - 2) - PCL, SP - SP - 2, 
PC-addr 

PO, addr If conditions met, (SP - 1) - 1 1 1 0 0 1 0 0 17 /10(5) 3 
PCH, 

I 

~ 
(SP - 2) - PCL, SP - SP - 2, 
PC-addr 

~ 



Instruction Set (cont) 

~ Opel'llllon Code No.of No.of Flags 

Mnemonic Opel'llnd1 Opel'llllon 7 8 5 4 3 2 1 0 7 8 5 4 3 2 1 0 Clocks Bytes s z H PIY N c 
Call Instructions (cont) 

CALL PE, addr If conditions met, (SP - 1) - 1 1 1 0 1 1 0 0 17 /10(5) 3 n PCH, 
(SP - 2) - PCL, SP - SP - 2, 
PC-addr 

P, addr If conditions met, (SP - 1) - 1 1 1 1 0 1 0 0 17 /10(5) 
PCH, 
(SP - 2) - PCL, SP - SP - 2, 
PC-addr 

M, addr If conditions met, (SP - 1) - 1 1 1 1 1 1 0 0 17110(5) 
PCH, 
(SP - 2) - PCL, SP - SP - 2, 
PC-addr 

RST faddr (SP - 1) - PCH, (SP - 2) - 1 1 t 1 1 1 11 
PCL, SP - SP - 2, PCH - 0, 
PCL - faddr 

Return Instructions 

RET PCL - (SP). PCH - (SP + 1). 1 1 0 0 1 0 0 1 10 
SP-SP +2 

NZ If conditions met, PCL - (SP), 1 1 0 0 0 0 0 0 11/5(6) 
PCH - (SP + 1). SP - SP + 2 

z If conditions met, PCL - (SP). 1 1 0 0 1 0 0 0 11/5(6) 
PCH - (SP + 1), SP - SP + 2 

NC If conditions met, PCL - (SP), 1 1 0 1 0 0 0 0 11/5(6) 
PCH - (SP + 1). SP - SP + 2 

c If conditions met, PCL - (SP), 1 1 0 1 1 0 0 0 11/5(6) 
PCH - (SP + 1), SP - SP + 2 

PO If conditions met, PCL - (SP), 1 1 1 0 0 0 0 0 11/5(6) 
PCH - (SP + 1), SP - SP + 2 

PE If conditions met, PCL - (SP), 1 1 1 0 1 0 0 0 11/5(6) 
PCH - (SP+ 1), SP - SP+ 2 

If conditions met, PCL - (SP), 1 1 1 1 0 0 0 0 11/5(6) 
PCH - (SP + 1), SP - SP + 2 

M If conditions met. PCL - (SP). 1 1 1 1 1 0 0 0 11/5(6) 1 "l: 
PCH - (SP + 1), SP - SP + 2 "D a 

RETI Return from interrupt 1 1 1 0 1 1 0 1 0 1 0 0 1 1 0 1 14 2 .... 
RETN Return from interrupt, 1 1 1 0 1 1 0 1 0 1 0 0 0 1 0 1 14 2 0 

nonmaskable 0 
0 
CD 

w 

I -I 
N • ..... 

m 



(,) Instruction Set (cont) "l: 
I ,. 

I\) 
00 Operation Code Flags a No.of No.of 

Mnemonic Operands Operation 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 Clocks Bytes s z H PIV N c .... 
Return Instructions (cont) 0 
IN A, byte A-(byte), 1 1 0 1 1 0 1 1 11 2 0 

0 A1-Ao - byte, m 
A15-As - byte -r, (C) r - (C), A1-Ao - C, 1 1 1 0 1 1 0 1 0 1 r 0 0 0 12 2 x x x p 0 ,. 
A15-As-B 

INI (HL) - (C), B - B - 1, 1 1 1 0 1 1 0 1 1 0 1 0 0 0 1 0 16 2 u x u u 
HL - HL + 1, A1-Ao - C, 
A15-As-B 

IND (HL) - (C), B - B - 1, 1 1 1 0 1 1 0 1 1 0 1 0 1 0 1 0 16 2 u x u u 
HL - HL - 1, ArAo - C, 
A15-As-B 

INIR (HL) - (C), B - B - 1, 1 1 1 0 1 1 0 1 1 0 1 1 0 0 1 0 21/16(7) 2 u 1 u u 
HL- HL +1, ArAo-C. 
A1s-As - B, End if B = 0 

INDR (HL) - (C}, B - B - 1, 1 1 1 0 1 1 0 1 1 0 1 1 1 0 1 0 21/16(7) 2 u 1 u u 
HL - HL - 1, ArAo - C, 
A15-A3 - B, End If B = 0 

OUT byte, A (byte} - A, ArAo - byte, 1 1 0 1 0 a 1 1 11 
A15-A3-B 

(C), r (C} - r, ArAo - C, 1 1 1 0 1 1 0 1 a 1 r 0 0 1 12 
A15-As-B 

OUTI (C} - (HL), B - B - 1, 1 1 1 0 1 1 0 1 1 0 1 0 0 0 1 1 16 2 u x u u 
HL-HL +1,ArAo-C. 
A15-A3-B 

OUTD (C) - (HL), B - B - 1, 1 1 1 0 1 1 0 1 1 0 1 0 1 0 1 1 16 2 u x u u 
HL- HL -1, ArAo-C. 
A15-As-B 

OUTIR (C} - (HL), B - B - 1, 1 1 1 0 1 1 0 1 1 0 1 1 0 0 1 1 21/16(7) 2 u 1 u u 
HL - HL + 1, ArAo - C, 
A15-A3 - B, End if B = 0 

OUTDR (C) - (HL). B - B - 1, 1 1 1 0 1 1 0 1 1 0 1 1 1 0 1 1 16 2 u 1 u u 
HL - HL - 1, ArAo - C, 
A15-A3 - 8, End if B = 0 

~ 
0 



c..> 
I 

N 
<O 

Instruction Set (cont) 

Mnemonic Operands Operation 

CPU Control Instructions 

NOP No operation 

HALT Halt 

DI Disable interrupts 
(IFF-0) 

El Enable interrupts 
(IFF-1) 

IM 0 Set interrupt mode O 

Set interrupt mode 1 

Set interrupt mode 2 

Note: 
(1) 2111 BC,. 0, 16 If BC = 0 

(2) 21 if BC,.OandA" (HL), 16 If BC= Oor A= (HL) 

(3) 12 if condition is met, 7 If not 

(4) 8 If B = 0, 13 if B,. 0 

(5) 17 if condition is met, 10 if not 

(6) 11 if condition is met, 5 if not 

(7) 21 if B = 0, 16 if B ,. 0 

7 8 5 4 3 2 

0 0 0 0 0 0 

0 1 1 1 0 1 

1 1 1 1 0 0 

1 1 1 1 1 0 

1 1 1 a 1 1 

1 1 1 a 1 1 

1 1 1 0 1 1 

Operation Code 
1 0 7 8 5 4 3 2 

0 0 

1 0 

1 1 

1 1 

0 1 0 1 a 0 0 1 

a 1 0 1 a 1 a 1 

0 1 0 1 0 1 1 1 

No.of No.of 
1 0 Clocks Bytes $ 

4 1 

4 1 

4 

4 

1 0 8 

1 0 8 

1 0 8 

m 

l'lags 
z H P/Y N c ~ 

0 

1::: 

CJ .... 
0 
0 
0 
CD -,. 


