




























































































































































































































































































































































































































































































































































































































































































































































































































High-Performance ·16-Bit Microprocessor 

• Standby Function 

The LH70108 has a standby mode to reduce 
power consumption during program wait states. 
This mode is set by the HALT instruction in both 
the native and the emulation mode. 

In the standby mode, the internal clock is sup­
plied only to those circuits related to functions reo 
quired to release this mode and bus hold control 
functions. As a result, power consumption can be 
reduced to 1110 the level of normal operation in 
either native or emulation mode. 

The standby mode is released by inputting a RE­
SET .signal or an external interrupt (NMI, INT). 

The bus hold function is effective during stand­
by mode. The CPU returns to standby mode when 
the bus hold request is removed. 

During standby mode, all control outputs are dis­
abled and the address/data bus will be at either 
high or low levels. 

390 
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• I/O Address Reservation 

Reserve upper 256 bytes of I/O address 
(FFOOH-FFFH) in case it may be used in future. 



High-Performance 16-Bit Microprocessor 

• Timing Diagram 

(1 ) AC test input waveform 
(Except CLK) 

2.4 V 2.2 V 2.2 V 

==>¢> Test Points <L 
0.4 V 

0.8 V 0.8 V 

(2) AC output test points 

2.2 V 2.2 V =x> Test P(lints «<=: 
0.8 V 0.8 V 

(3) Clock timing 

CLK 

tKKL 

(4) Wait (Ready) ti~ing 

Tl T2 T3 

CLK 

Ready -----,. 

* Read signal must be held at LOW 
or HIGH during this period. 

tSRYHK 

TW 

(5) POLL, NMI, INT input timing 

Tn 

CLK~ 
]Fl ~ 

POLL ~~ 
NMI.INT ~ ___ _ 

T4 

LH70108(V20) 

(6) BUSLOCK output timing 

CLK~J}{\-
~DF- tDrt-_A ___ _ 

BUSLOCK ~II if. 

(7) Read timing (small scale) 

T4 Tl T2 T3 T4 
CLK 

AD7-ADo 

ASTB 

BUFEN 

BUFR/W 

RD 

101M 

A15-As __ ''''" __________ --''1-'-

.-......-.--.--_...-.--$HARP ---------------
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High-Performance 16-Bit Microprocessor 

(8) Write timing (small scale) 

T4 Tl T2 T3 T4 

eLK 

A15- As :-----1' '--+--+-,--,----+---1---1' 

AD7-ADo Data Output 

ASTB 

-1-
tDKCT 

BUFEN 

BUFR/W 

WR-,-----·-f:~w=r 
LB~-V V-­

IO/M .../\~------~~ 

(9) Read timing (large scale) 

eLK 

LBSo 

ADrADo 

ASTB 
(71088 

Output) 

392 
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(10) Write timing (large scale) 

eLK 

Al9/PS3 
-AI6/PSo 

LBSo 

AD,-ADo 

ASTB 
(71088 

Output) 

BS,-BSo 

QSI-QSO 

T4 

\ 

Tl T2 

-tHKA 
_tDKD 

T3 

Data Output 

Bus Status 7 

T4 

~ _____ ~>C AI5-As ==x 



High-Performance 16-Bit Microprocessor LH70108(V20) 

(11) Interrupt acknowledge timing 

CLK 

AD7-ADo 

ASTB 

1NTAK 

BUFEN 

BUFR/W 

101M tOKA 

BUSLOCK' tFKA 

AIS-As ~}=-:--------------------­
* Large Scale Mode Only 

(12) Hold request/acknowledge timing (small scale) 

lor 2 

SLK 

HLDRQ 

HLDAK 
--------1" 

* ____ ~70~1~O~8 __ ~~E_x_t_er_n_a_I_M_a_st_e_'r, ~ 

... ________________ *_A_19/_P_S_3-_A_l_6/_P_S_o.~A_,_15-_A_8_._A_D~7--A-D-O-.-R-D-.-L-S-B--O.--10-/-~-.-B-U--F-R-/W--. ___________ ~ I:I~ __ WR BUFEN 

(13) Bus request/acknowledge timing (large scale) 

CLK 

::=G-
Pulse 2 AK Pulse 3 RQ 

_
_______ ~~~ ______ ,r-_7_01_0_'-__ 0U~-:-~-FK-A-,---\~7~O~1_08_1_n~p_ut~ __ 

x= :~ Coprocessor 
Ii 

* AI9/PS3-A16/PSo. AIS-As. AD7-ADo. BS2-BSo. RD. BUS LOCK 

-~-'-----SHARP---~-'-""---
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High-Performance 16-Bit. Microprocessor 

• Instruction Set 
The following tables briefly describe the 

LH70I08's instruction set. 
D Operation and Operand Type-'defines abbrevia­

tions used in the Instruction Set table. 
D Flag Operations-defines the symbols used to de­

scribe flag operations. 
D Memory Addressing-shows how mem and mod­

combinations specify memory addressing 
modes. 

D Selection of 8-and I6-Bit Registers-shows how 
reg and W select a register when mod = 111. 

D Selection of Segment Registers-shows how sreg 
selects a segment register. 

D Instruction Set-shows the instruction mnemo­
nics, their sffect, their operation codes the num­
ber of bytes in the instruction, the number of 
clocks required for execution, and the effect on 
the LH70I08 flags. 

LH70108(V20) 

Table 1 Operand Types 

Identifier Description 

reg 8- or 16-bit general-purpose register 

reg8 8-bit general-pourpose register 

reg16 16-bit general-purpose register 

dmem 8- or 16-bit direct memory location 
mem 8- or 16-bit memory location 

mem8 8-bit memory location 

mem16 16-bit memory location 

mem32 32 - bit memory location 

imm Constant (0 to FFFFH) 
imm16 Constant (0 to FFFFH) 
imm8 Constant (0 to FFH) 

imm4 Constant (0 to FH) 
imm3 Constant (0 to 7) 

ace A W or AL register 
sreg Segment register 

src-table Name of 256-byte translation table 
src-block Name of block addressed by the IX 

register 
dst-block Name of block addressed by the IY 

register 
near-proc Procedure within the current program 

segment 
far-proc Procedure located in another program 

segment 
near-label Label in the current program segment 

short-label Label between -128 and + 127 bytes 
from the end of instruction 

far-label Label in another program segment 
memptr16 Word containing the offset of the 

memory location whin the current 

program segment to which control is to 

be transferred 
memptr32 Double word containing the offset and 

segment base address of the memory 

location to which control is to be 
transferred 

regptr16 16-bit register containing the offset of 
the memory location within the 

program segment to which control is to 

be transferred 
pop-value Number of bytes of the stack to be 

discarded (0 to 64K bytes, usually 

even addresses) 
fp-op Immediate data to identify the 

instruction code of the external float-
ing point operation 

--.-.-.--------$HARP ....-..-.---------.-
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High-Performance 16-Bit Microprocessor LH70108(V20) 

Table 2 Operation Code Types 
Identifier Description Identifier Description 

R Register set tmpcy Temporary carry flag (1 bit) 

W Word/byte field (0 to 1) seg Immediate segment data (16 bits) 

reg Register field (000 to 111) offset Immediate offset data (16 bit) 

mem Memory field (000 to 111) +- Transfer direction 

mod Mode field (00 to 10) + Addition 

S:W When S: W=Ol or 11, data=J6 bits. - Su btraction 

At all other times, data = 8 bits. X Multiplication 

X,XXX, Data to identify the instruction code of Division 

YYY, ZZZ the external floating point arithmetic % Modulo 

chip AND A Logical product 
OR V Logical sum 

Table 3 Operational Description XOR V- Exclusive logical sum 

Identifier Description 
AW Accumulator (16 bits) 

XXH Two-digit hexadecimal value 
XXXXH Four-digit hexadecimal value 

AH Accumulator (high byte) Table 4 Flag Operations 
AL Accumulator (low byte) 

BW BW register (16 bits) Identifier Description 

CW CW register (16 bits) (blank) No change 

CL CW register (low byte) 0 Cleared to 0 

DW DW register (16 bits) 1 Set to 1 

BP Base pointer (16 bits) X Set or cleared according to the result 

SP Stack pointer (16 bits) U Undefined 

PC Program counter (16 bits) R Value saved earlier is restored 

PSW Program status word (16 bits) 
IX Index register (source)(16 bits) 

Table 5 Memory Addressing 

IY Index register (destination)( 16 bits) mod 

PS Program segment register (16 bit) men 00 01 10 

SS Stack segment register (16 bits) 000 BW+IX BW+IX+disp8 BW+IX+disp16 

DSo · Data segment 0 register (16 bits) 001 BW+IY BW+IY+disp8 BW+IY+disp16 

DS1 Data segment 1 register (16 bits) 010 BP+IX BP + IX + disp8 BP+IX+disp16 

AC Auxiliary carry flag 011 BP+IY BP + IY + disp8 BP+IY+disp16 

CY Carry flag 100 IX IX+disp8 IX+disp16 

P Parity flag 101 IY IY+disp8 IY+disp16 

S Sign flag 110 Direct address BP+disp8 BP+disp16 

Z Zero flag 111 BW BW+disp8 BW+displ6 

DlR Direction flag 
IE Interrupt enable flag 
V Overflow flag 
BRK Break flag 
MD Mode flag 
( ... ) Values in parentheses are memory 

contents 
disp Displacement (8 or 16 bits) 
ext-disp8 16-bit displacement (sign -extension 

byte + 8" bit displacement) 
temp Temporary register (8/16/32 bit) 

TA: Temporary resister A (16 bits) 
TB: Temporary resister B (16 bits) 
TC: Temporary resister C (16 bits) 

....-....... -------$HARP------------
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High-Performance 16":'Bit Microproc~ssor 

Table 6 Selection of 8- and 16-Bit Registers 
(mod 11) 

reg w=o W=l 
000 AL AW 
001 CL CW 
010 OL OW 
011 BL BW 
100 AH SP 
101 CH BP 
no OH IX 

.111 BH IY 

Table 7 Selection of Segment Registers 
sreg 

00 
01 PS 
10 SS 
11 OSo 
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The table on the following pages shows the in­
struction set. 

At "No. of Clocks," for instructions referencing 
memory operands, the left side of the slash (/) is . 
the number of clocks for byte opereands and the 
right side is for word operands. For conditional 
control transfer instructions, the left side of the 
slash (I) is· the number of clocks if a control trans­
fer takes place. The right side is the number of 
clocks when no control transfer or branch occurs. 
Some instructions show a range of clock times, 
separated by a hyphen. The execution time of these 
instructions varies from the minimum value to the 
maximum, depending on the operands involved. 
"No. of Clocks"includes these times: 
• Decoding 
· Effective address generation 
• Operand fetch 
• Execution 

It assumes that the instruction bytes have been 
prefetched. 
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Mnemonic Operation 

Data Transfer Instructions 
MOV reg, reg reg-reg 

mem reK (mem)-reg 
reg, mem reg-(mem) 
mem imm (mem)-imm 
reg, imm reg-imm 
ace, dmem When W - 0 AL-(dmem) 

When W= 1 AH-(dmem+ll. AL-(dmem) 
dmen, acc When W-O (dmem)-AL 

When W=1 (dmem+l)-AH.(dmem)-AL 
sreg, regl6 sreg-reg16 sreg: SS DSO DSI 
sreg,meml6 sreg-(mem16) sreg: SS DSO DSI 
regl6 sreg reg16-sreg 
mem16 sre~ (memI6)-sreg 
DSO, reg16, reg16-(mem32) 
mem32 DSO-(mem32 + 2) 
DSl, reg16, regI6-(mem32) 
mem32 DS1-(mem32 + 2) 
AH PSW AH -S Z x AC x P x CY 
PSW AH S Z x AC x P x CY-AH 

LDEA reg16 mem16 regl6-meml6 
TRANS src-table AL-(BW+AL) 
XCH reg, reg reg-reg 

mem, reg (mem)-reg 
or reg, mem 
AW, reg16 or AW-regl6 
reg16 AW 

Repeat Prefixes 
REPC While CWo!O, the next byte of the primitive 

block transfer instruction is executed and 
CW is decremented (-1). If there is a wait· 
ing interrupt, it is processed. When CYo! I, 
exit the loop. 

REPNC While CWo!O, the next byte of the primitive 
block transfer instruction is executed and 
CW is decremented (-1). If there is await· 
ing interrupt, it is processed.When CYo!O, 
exit the loop. 

Operation Code 
7 6 5 4 3 2 1 017 6 5 4 3 2 1 0 S Z 

1 0 0 0 1 0 1 W 1 1 reg reg 2 2 
1 0 0 0 1 0 o W mod reg mem 9113 2-4 
1 0 0 0 1 0 1 W mod reg mem 11/15 2-4 
1 1 0 0 0 1 1 W mod 0 0 0 mem 11/15 3-6 
1 0 1 1 W reg 4 2-3 
1 0 1 0 0 0 o W 10/14 3 

1 0 1 0 0 0 1 W 9113 3 

1 0 0 0 1 1 1 0 1 1 0 sreg reg 2 2 
1 0 0 0 1 1 1 0 mod 0 sreg mem 15 2-4 
1 0 0 0 1 1 0 0 1 1 0 sreg reg 2 2 
1 0 0 0 1 1 0 0 mod 0 sreg mem 14 2-4 
1 1 0 0 0 1 0 1 mod reg mem 26 2-4 

1 1 0 0 0 1 0 0 mod reg mem 26 2-4 

1 0 0 1 1 1 1 1 2 1 x x x x x 
1 0 0 1 1 1 1 0 3 1 x x x x x 
1 0 0 0 1 1 0 1 mod reg mem 4 2-4 
1 1 0 1 0 1 1 1 9 1 
1 0 0 0 0 1 1 W 1 1 reg reg 3 2 
1 0 0 0 0 1 1 W mod reg mem 16124 2-4 

1 0 0 1 0 reg 3 1 

0 1 1 0 0 1 0 1 2 1 

0 1 1 0 0 1 0 0 2 1 

I~ 

Ii 
Ii 
I ~ 

Ii 
I 

I 

I 
Ii 
I~ 
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Mnemonic 1 Operand . Operation 

Repeat Prefixes (cont) 
REP While cw=lo, the next byte of the primitive 
REPE block transfer instruction is executed and 
REPZ CW is decremented (-1). If there is a wait· 

ing interrupt, If is processed. If the primi· 
tive block transfer instruction is CMPBK or 
CMPM and Z=lI exit the loop. 

REPNE While cw=lo, the next byte of the primitive 
REPNZ block transfer instruction is executed and 

CW is decremented (-1). If there is a wait· 
ing interrupt, it is processed.!f the primitive 
block transfer instruction is CMPBK or 
CMPM and z=lo exit the loop. 

Primitive Block Transfer InstructIOns 
MOVBK dst-block, When W= 0 (IY)-(IX) 

src-block DIR=O: IX-IX + 1, IY-IY + 1 
DIR=l: IX-IX-I, IY-IY-1 

When W= I(IY + 1,IY)-(IX + 1,IX) 
DIR=O: IX-IX+2, IY-IY+2 
DIR=1: IX-IX-2 IY-2 

CMPBK src-block, When W -0 (IX)-(IY) 
dst-block DIR=O: IX-IX+1, IY-IY+1 

DIR=I: IX-IX-I, IY-IY-t 
When W=1 (IX+1, IX)-(IY+I, IY) 

DIR = 0: IX -IX + 2, IY -IY + 2 
DIR=1: IX-IX,--2 IY-IY-2 

CMPM dst-block When W=O AL-(IY) 
DIR=O: IY-IY+1; DIR=1: IY-IY-1 

When W=1 AW-(IY+1, IY) 
DIR=O: IY-IY+2; DIR=1: IY-IY-2 

10M src-block WhenW=O AL-(IX) 
DIR=O: IX-IX+1; DIR=1: IX-IX-1 

When W=1 AW-(IX+1, IX) 
DIR=O: IX-IX+2; DIR=1: IX-IX-2 

STM dst-block When W-O (IY)-AL 
DIR=O: IY-IY + 1; DIR= 1: IY-IY-I 

When W=1 (IY+1, IY)-AW 
DIR=O: IY-IY+2- DIR=i: IY-IY-2 

--

Operation Code 
S Z 7 6 5 4 3 2 1 017 6 5 4 3 2 1 0 

1 1 1 1 o 0 1 1 2 1 

1 1 1 1 0 0 1 0 2 1 

1 0 1 0 0 1 o W 11+8n 1 

11 + 16n 

1 0 1 0 o 1 1 W 7+14n 1 x x x x x x 

7+22n 

1 0 1 0 1 1 1 W 7+10n 1 x x x x x x 

7+14n 

1 0 1 0 1 1 o W 7+9n 1 

7+13n 

1 0 1 0 1 0 1 W 7+4n 1 

n: number of transfers 
7+8n 

I~ 

If 
U 
I ~ 

Ii 
I 
I 
I 
Ii 
I~ 
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Mnemonicl Over and Operation 

Bit Field Instructions 
INS reg8, reg8 16-Bit field+-AW 

reg8, imm4 16-Bit field+-AW 

Bit Field Transfer Instructions (cont) 
EXT reg8, reg8 AW+-16-Bit field 

reg8, imm4 AW+-16-Bit filed 

II 0 Instructions 
IN acc, imm8 When W -0 AL+-(imm8) 

When W=1 AH+-(imm8+1), AL+-(imm8) 
acc, OW When W=O AL+-(OW) 

When W=1 AH+-(OW+l), AL+-(OW) 
OUT imm8, acc When W=O (imm8)+-AL 

When W=1 (imm8+1)+-AH (imm8)+-AL 
DW, acc When W -0 (DW)+-AL 

When W=1 (OW+l)+-AH (OW)+-AL 
Primitive 110 Instrctions 

INM dst-block, DW When W -0 (lY)+-(DW) 
DIR=O: IY+-IY+l; DIR=I: IY+-IY-l 

When W=1 (IY+l, IY)+-(OW+l, OW) 
DIR=O: IY+-IY+2; DIR=1: IY+-IY-2 

OUTM DW,src-block When W=O (OW)+-(lX) 
DIR=O: IX+-IX+l; DIR=I: IX+-IX-l 

When W=1 (DW+l, OW)+-(IX+l, IX) 
DIR=O: IX+-IX+2; DIR=1: IX+-IX-2 

Addition/Subtraction Instructions 
ADO reg, reg reg+-reg+reg 

mem reg (mem)+-(mem) + reg 
reg,mem reg+-reg + (mem~ 
regm imm reg+-reg+imm 
mem jrnm (mem)+-(mem) + imm 
acc,imm When W=O AL+-AL+imm 

When W=1 AW+-AW+imm 
ADDC reg, reg reg+-reg+reg+CY 

mem reg (mem)+-(mem) + reg+ CY 
reg, mem reg+-reg+ (mem) +CY 
reg, imm reg+-reg+ imm + CY 
mem imm (mem)+-(meml+imm +CY 

OJ 
11111111 

Overation Code 
7 6 5 4 3 2 1 017 6 5 4 3 2 1 0 S Z 

0 0 0 0 1 1 1 1 0 0 1 1 0 0 0 1 35-133 3 
1 1 reg reg 
0 0 0 0 1 1 1 1 0 0 1 1 1 0 0 1 35-133 4 
1 1 0 0 0 reg 

0 0 0 0 1 1 1 1 o 0 1 1 0 0 1 1 34-59 3 
1 1 reg reg 
0 0 0 0 1 1 1 1 0 0 1 1 1 0 1 1 34-59 4 
1 1 0 0 0 reg 

1 1 1 0 0 1 o W 9113 2 

1 1 1 0 1 1 o W 8112 1 

1 1 1 0 0 1 1 W 8112 2 

1 1 1 0 1 1 1 W 8/12 1 

0 1 1 0 1 1 o W 9+8n 1 

9+16n 

0 1 1 0 1 1 1 W 9+8n 1 

n: number I of transfers 
9+16n 

0 0 0 0 0 0 1 W 1 1 reg reg 2 2 x x x x x x 
0 0 0 0 0 0 o W mod reg mem 16/24 2-4 x x x x x x 
0 0 0 0 0 0 1 W mod reg mem 11/15 2-4 x x x x x x 
1 0 0 0 0 0 S W 1 1 0 0 0 reg 4 3-4 x x x x x x 
1 0 0 0 0 0 S W mod reg mem 18/26 3-6 x x x x x x 
0 0 0 0 0 1 o W 4 2-3 x x x x x x 

0 0 0 1 0 0 1 W 1 1 reg reg 2 2 x x x x x x 
0 0 0 1 0 0 o W mod reg mem 16124 2-4 x x x x x x 
0 0 0 1 0 0 1 W mod reg mem 11/15 2-4 x x x x x x 
1 0 0 0 0 0 S W 1 1 0 1 0 reg 4 3-4 x x x x x x 
1 0 0 0 0 0 S W mod 0 1 0 mem 18/26 3-6 x x x x x x 

I~ 

Ii 
B 
If 
P 
I 
I 
I 
II 
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Mnemonicl Ooerand Operation 

Addition/Subtraction Instructions (cont) 
ADDC ace, imm When W-O AL-AL+imm+CY 

When W='=1 AW-AW+imm+CY 
SUB reg, reg reg-reg- reg 

mem reg (mem)-(mem)-reg 
reg, mem reg-reg-(mem~ 

reg, imm reg-reg- imm 
mem imm (mem)-(mem)-imm 
acc, imm When W -0 AL-AL-imm 

When W=1 AW-AW-imm 
SUBC reg, reg reg-reg-reg-CY 

mem reg (mem)-(mem) - reg-CY 
reg, mem reg-reg-(mem)-CY 
reg, imm reg-reg-imin-CY 
mem imm (mem)-(mem)-imm -CY 
acc, imm When W=O AL-AL-imm-CY 

When W=1 AW-AW-imm-CY 
----

BCD Operation InstructIOns 
ADD4S dst BCD string-dst BCD string 

+ src BCD string 
SUB4S dst BCD string-dst BCD string 

-src BCD string 
CMP4S dst BCD string-scrBCD string 

ROL4 reg8 reg 

L 4-bits 4-bits 
~upperILowe1j 

mem8 mem 

L 4-bits 4-bits ~upperILowe:l-] 

ROR4 reg8 reg 

ALL 4-bits 4-bits ~upperILowe~ 

mem8 mem 

L 4J~~ts 4-bits 

Ooeration Code 
S Z 7 6 5 4 3 2 1 017 6 5 4 3 2 1 0 

0 0 0 1 0 1 o W 4 2-3 x x x x x x 

0 0 1 0 1 0 1 W 1 1 reg reg 2 2 x x x x x x 
0 0 1 0 1 0 o W mod reg mem 16/24 2-4 x x x x x x 
0 0 1 0 1 0 1 W mod reg mem 11115 2-4 -x x x x x x 
1 0 0 0 0 0 S W 1 1 1 0 1 reg 4 3-4 x x x x x x 
1 0 0 0 0 0 S W mod 1 0 1 mem 18/26 3-6 x x x x x x 
0 0 1 0 1 1 o W 4 2-3 x x x x x x 

0 0 0 1 1 0 1 W 1 1 reg reg 2 2 x x x x x x 
0 0 0 1 1 0 o W mod reg_ mem 16/24 2-4 x x x x x x 
0 0 0 1 1 0 1 W mod reg mem 11/15 2-4 x x x x x 
1 0 0 0 0 0 S W 1 1 0 1 1 reg 4 3-4 x x x x x x 
1 0 0 0 0 0 S W mod 0 1 1 mem 18/26 3-6 x x x x x x 
0 0 0 1 1 1 o W 4 2-3 x x x x x x 

--- ----- -- ---

0 0 0 0 1 1 1 1 0 0 1 0 0 0 0 0 7+19n 2 u x u u u x 

0 0 0 0 1 1 1 1 0 0 1 0 0 0 1 0 7+19n 2 u x u u u x 

0 0 0 0 1 1 1 1 0 0 1 0 0 1 1 0 7+19n 2 u x u u u x 
n: number of BCD digits divided by 2 

0 0 0 0 1 1 1 1 0 0 1 0 1 0 0 0 13 3 
1 1 0 0 0 reg 

0 0 0 0 1 1 1 1 0 0 1 0 1 0 0 0 28 3-5 
mod 0 0 mem 

0 0 0 0 1 1 1 1 0 0 1 0 1 0 1 0 17 3 
1 1 0 0 0 reg 

0 0 0 0 1 1 1 1 0 0 1 0 1 0 1 0 32 3-5 
mod 0 0 0 mem 

I~ 

If 
n I ~ en 

0 
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Mnemonicl Ooerand Operation 

Increment/Decrement Instructions (cont) 
INC reg8 reg8 ..... reg8 + 1 

mem (mem) ..... (mem)+ 1 
reg16 reg16-regI6+ 1 

DEC reg8 regS ..... regS-l 
mem (mem) ..... imem)-1 
reg16 regI6 ..... regI6-1 

Multiplication Instructions 
MULU regS AW ..... AL X regS 

AH=O: CY-O. V-O 
AH~O: CY-l V-I 

mem8 AW-ALX (mem8) 
AH=O: CY-O. V-O 
AH~O: CY-l V-I 

reg16 DW. AW-AWXregI6 
DW=O: CY ..... O. V ..... O 
DW~O: CY-l.V ..... l 

mem16 DW. AW-AWX(memI6) 
DW=O: CY-O. V ..... O 
DW~O: CY-l.V-l 

MUL regS AW+-ALXregS 
AH=AL sign expansion: CY+-O. V+-O 
AH ~ AL sign exoansion: CY +-1 V +-1 

memS AW+-ALX(mem)S 
AH=AL sign expansion: CY+-O. V+-O 
AH~AL sign exoansion: CY-l V+-l 

reg16 DW. AW-AWXregS 
DW=AW sign expansion: CY+-O. V+-O 
DW~AW sign exoansion: CY+-l V+-l 

mem16 DW. AW-AWX(mem)8 
DW=AW sign expansion: CY+-O. V+-O 
DW~AW sign expansion: CY+-l V+-l 

regl6. regl6+-regl6 XimmS 
(regI6.) Product~16 bits: CY+-O. V+-O 
imm8 Product>16 bits: CY+-l V-I 
regl6. regI6+-(memI6)XimmS 
meml6. Product~16 bits: CY+-O. V+-O 
imm8 Product>16 bits: CY+-l V+-l 
regl6. regl6+-regl6 X imm16 
(regI6.) Product~16 bits: CY+-O. V+-O 
imm16 Product> 16 bits: CY+-l V+-l 
regl6. regI6+-(memI6) Ximm16 
meml6, Product~ 16 bits: CY+-O. V+-O 
imm16 Product> 16 bits: CY+-l V+-l 

OJ 
11111111 

Ooeration Code 
7 6 5 4 3 2 1 017 6 5 4 3 2 1 0 s z 

1 1 1 1 1 1 1 0 1 1 0 0 0 reg 2 2 x x x x x 
1 1 1 1 1 1 1 W mod 0 0 0 mem 16/24 2-4 x x x x x 
0 1 0 0 0 reg 2 1 x x x x x 
1 1 1 1 1 1 1 0 1 1 0 0 1 reg 2 2 x x x x x 
1 1 1 1 1 1 1 W mod 0 0 1 mem 16/24 2-4 x x x x x 
0 1 0 0 1 reg 2 1 x x x x x 

1 1 1 1 0 1 1 0 1 1 1 0 0 reg 21-22 2 u x x u u u 

1 1 1 1 0 1 1 0 mod 1 0 0 mem 27-28 2-4 u x x u u u 

1 1 1 1 0 1 1 1 1 1 1 0 0 reg 29-30 2 u x x u u u 

1 1 1 1 0 1 1 1 mod 1 0 0 mem 39-40 2-4 u x x u u u 

1 1 1 1 0 1 1 0 1 1 1 0 1 reg 33-39 2 u x x u u u 

1 1 1 1 0 1 1 0 mod 1 0 1 mem 39-45 2-4 u x x u u u 

1 1 1 1 0 1 1 1 1 1 1 0 1 reg 41-47 2 u x x u u u 

1 1 1 1 0 1 1 1 mod 1 0 1 mem 51-57 2-4 u x x u u u 

0 1 1 0 1 0 1 1 1 1 reg reg 2S-34 3 u x .x u u u 

0 1 1 0 1 0 1 1 mod reg mem 38-44 3-5 u x x u u u 

0 1 1 0 1 0 0 1 1 1 reg reg 36-42 4 u x x u u u 

0 1 1 0 1 0 0 1 mod reg mem 46-52 4-6 u x x u u u 

I~ 
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Mnemonic Operation 

Unsigned Division Instructions 
DIVU regS temp+--AW 

When temp-;-re,gS~FFH 
AH+--temp%regS, AL+--temp-;-regS 
When temp-;-regS > FFH 
TA+--(OOIH, OOOH), TC+--(003H, 002H) 
SP+--SP- 2,(SP+ 1, SP)+--PSW, IE+--O, BRK +--0 
SP+--SP- 2,(SP+ 1, SP)+--PS, PS+--TC 
SP+--SP- 2.(SP+ 1, SP)+--PC PC+--TA 

memS temp+--AW 
When temp-;-(memS)~FFH 
AH+--temp%(memS), AL+--temp-;-(memS) 
When temp-;-(memS»FFH 
TA+--(OOlH, OOOH), TC-(003H, 002H) 
SP-SP-2,(SP+1, SP)-PSW, lE-O, BRK-O 
SP-SP-2,(SP+ 1, SP)-PS; PS-TC 
SP-SP-2,(SP+1 SP)-PC PC-TA 

reg16 temp+--DW, A W 
When temp-;-regI6~FFFFH 
DW+--temp%regI6, AW+--temp-;-regI6 
When temp-;-regI6>FFFFH 
TA+--(OOIH, OOOH), TC+--(003H, 002H) 
SP+--SP-2,(SP+ 1, SP)+--PSW, !E+--O, BRK+--O 
SP+--SP-2,(SP+ 1, SP)+--PS, PS+--TC 
SP+--SP- 2,{SP+ 1 SP)+--PC PC+--TA 

mem16 temp+--DW, A W 
When temp-;-(memI6)~FFFFH 
DW+--temp%(memI6),A W+--temp-;-(memI6) 
When temp-;-(memI6) > FFFFH 
TA+--(OOIH, OOOH), TC+--(003H, 002H) 
SP+--SP-2,(SP+ I,SP)+--PSW, !E+--O, BRK +--0 
SP+--SP-2,(SP+ 1, SP)+--PS, PS+--TC 
SP+--SP-2,(SP+ 1 SP)+--PC PC+--TA -

Signed Division Instructions 
DIV regS temp-AW 

When temp7regS>0, temp7regS~7FH or 
temp7regS<0, temp7regS>0-7FH-1, 
AH-temp%regS, AL-temp7regS 
When temp7regS>0, temp7regS>7FH or 
temp7 regS < 0, temp7tempS~0-7FH-1, 
TA-(OOlH, OOOH), TC-(003H, 002H) 
SP-SP-2,(SP+1, SP)-PSW, IE-O, BRK-O 
SP-SP- 2,(SP+ 1, SP)-PS,PS-TC 
SP-SP-2.(SP+ 1 SP)-PC PC-TA 

S Z 
Operation Code 

7 6 5 4 3 2 1 017 6 5 4 3 2 1 0 

1 1 1 1 0 1 1 0 1 1 1 1 0 reg 19 2 u u u u u u 

1 1 1 1 0 1 1 0 mod 1 1 0 mem 24 2-4 u u u u u u 

1 1 1 1 0 1 1 1 1 1 1 1 0 reg 25 2 u u u u u u 

1 1 1 1 0 1 1 1 mod 1 1 0 mem 34 2-4 u u u u u u 

1 1 1 1 0 1 1 0 1 1 1 1 1 reg 29-34 2 u u u u u u 

I~ 

Ii 
I ! 
I·~~ 

If 
P 
I 
I 
I 
Ii 
I~ 



I 
I 
I--

I 
I 
I 
I 
I 

~ 
I 
I 
I 
I 
I 
I 
I 

.". I' 8 

Mnemonic Operation 

Signed Division Instructions (cont) 
DIV mem8 temp+-AW 

When temp7(mem8»O, temp7(mem8)~7FH or. 
temp7(mem8)< 0, temp7(mem8) >0 -7FH-1 
AH-temp%(mem8), AL-temp7(mem8) 
When temp7(mem8»O, temp7(mem8»7FH or 
temp7(mem8)< 0, temp7(mem8)~0-7FH-1 
TA-(001H, OOOH), TC-(003H, 002H) 
SP-SP-2,(SP+1, SP)-PSW, IE-O, BRK-O 
SP-SP-2,(SP+1, SP)-PS, PS-TC 
SP-SP-2.(SP+1 SP)-PC PC-TA 

regI6 temp-DW,AW 
When temp7reg16>O, temp7reg16~7FFFH or 
temp7reg16<O, temp7reg16>O-7FFFH-1 
DW-temp%reg16, AW-temp7reg16 
When temp7reg16>O, temp7reg16>7FFFH 
temp7reg16<O, temp7reg16~O-7FFFH-1 
TA-(001H, OOOH), TC-(003H, 002H) 
SP-SP-2,(SP+1, SP)-PSW, IE-O, BRK-O 
SP+-SP-2,(SP+ 1, SP)-PS, PS-TC 
SP-SP-2,(SP+1 SP)-PC PC-TA 

memI6 temp-DW,AW 
When temp7(mem16»O, temp7(mem16)~7FFFH or 
temp7(mem16)<O, temp7(mem16»0-7FFFH-1 
DW-temp%(mem16), AW+-temp7(mem16) 
When temp7(mem16»O, temp7(mem16»7FFFH or 
temp7(mem16)<O, temp7(mem16)~0-7FFFH-1 
TA-(001H, OOOH), TC-(003H, 002H) 
SP-SP-2,(Spt 1, SP)-PSW,IE-O, BRK-O 
SP-SP-2,(Spt 1, SP)-PS, PS-TC 
SP-SP-2,(Spt1 SP)-PC PC-TA 

BCD Adjust Instructions 
ADJBA When (AL AND OFH»9 or AC=I, 

AL-AL+6, AH-AH+I, AC-I, 
CY-AC AL-AL AND OFH 

ADJ4A When (AL AND OFH»9 or AC-I, 
AL--AL+6, AC-I, 
When AL>9FH, or CY=I 
AL-AL+60H CY-I 

ADJSB When(AL AND OFH»9 or AC=I, 
AL-AL-6, AH-AH-I, AC-I, 
CY-AC AL-AL AND OFH 

ADJ4S When (AL AND OFH»9 or AC=1, 
AL-AL-6, AC-I 
When AL>9FH or CY=I 
AL-AL-60H CY-I 

II~.I 

Operation Code 
7 6 5 4 3 2 I 017 6 5 4 3 2 I 0 

I I I I 0 I I 0 mod I I I mem 

I 1 I I 0 I I 1 I I I I 1 reg 

I I I I 0 I I I mod I I 1 mem 

0 0 I I 0 I I' I 

0 0 I 0 0 I I I 

0 0 I I I I I I 

0 0 I 0 I I 1 I 

34-39 2-4 u u 

38-43 2 u u 

-
47-52 2-4 u u 

7 I x x 

3 I x x 

7 I x x 

3 I x x 

u u u 

u u u 

u u u 

u u u 

u x x 

u u u 

u x x 

z 

u 

u 

u 

u 

x 

u 

x 
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Mnemonic Operation 

Data Conversion Instructions 
CVTBD AH-AL=OAH AL-AL%OAH 
CVTDB AH-O AL-AHXOAH+AL 
CVTBW When AL<SOH, AH-O, 

all other times AH-FFH 
CVTWL When AL<SOOOH, DW-O, 

all other times DW +-FFFFH 
Comparison InstructIOns 
CMP reg, reg reg-reg 

mem reg (mem)-reg 
reg, mem reg-(mem) 
reg, imm reg-imm 
mem imm (mem)-imm 
acc, imm When W -0, AL-imm 

When W=l AW-imm _ .. -

Complement Instru.ctlOns 
NOT reg reg-reg 

mem (mem)+-(inem) 
NEG reg reg+-reg+1 

mem (mem)+-(mem)+ 1 
Logical Operation InstructIOns 
TEST reg, reg reg AND reg 

mem, reg (mem) AND reg 
or reg, mem 
reg, imm reg AND imm 
mem imm (mem) AND imm 
acc, imm When W - 0, AL AND immS 

When W=l AW AND immS 
AND reg, reg reg+-reg AND reg 

mem reg (mem)+-(mem) AND reg 
reg, mem reg+-reg AND (mem) 
reg, imm reg+-reg AND imm 
mem imm . (mem)+-(mem} AND imm 
ace, imm When W -0, AL+-AL AND immS 

When W=l AW+-AW AND imm16 
OR reg, reg reg+-rell OR reg 

mem reg (mem)+-(mem) OR reg 
reg, mem reg+-reg OR (mem) 
reg, imm reg+-reg OR imm 
mem imm (mem)+-(mem) OR imm 
ace, imm When W=O, AL+-AL OR immS 

--- ~--

When W=l, AW+-AW or imm16 

Operation Code 
7 6 5 4 3 2 1 017 6 5 4 3 2 1 0 S Z 

1 1 0 1 0 1 0 0 0 0 0 0 1 0 1 0 15 2 u u u x x x 
1 1 0 1 0 1 0 1 0 0 0 0 1 0 1 0 7 2 u u u x x x 
1 0 0 1 1 0 0 0 2 1 

1 0 0 1 1 0 0 1 4-5 1 
-- - ---_ .. _-- - ... _----- .... _-- -- ... - ~-

0 0 1 1 1 0 1 W 1 1 reg reg 2 2 x x x x x x 
0 0 1 1 1 0 o W mod reg mem 11/15 2-4 x x x x x x 
0 0 1 1 1 0 1 W mod reg mem 11/15 2-4 x x x x x x 
1 0 0 0 0 0 S W 1 1 1 1 1 reg 4 3-4 x x x x x x 
1 0 0 0 0 0 S W mod 1 1 1 mem 13/17 3-6 x x x x x x 
0 0 1 1 1 1 o W 4 2-3 x x x x x x 
~- - -- - - --- --

1 1 1 1 0 1 1 W 1 1 0 1 0 rell 2 2 
1 1 1 1 0 1 1 W mod 0 1 0 mem 16/24 2-4 
1 1 1 1 0 1 1 W 1 1 0 1 1 reg 2 2 x x x x x x 
1 1 1 1 0 1 1 W mod 0 1 1 mem 16/24 2-4 x x x x x x 

1 0 0 0 0 1 o W 1 1 reg reg 2 2 u 0 0 x x x 
1 0 0 0 0 1 o W mod reg mem 10/14 2-4 u 0 0 x x x 

1 1 1 1 0 1 1 W 1 1 0 0 0 reg 4 3-4 u 0 0 x x x 
1 1 1 1 0 1 1 W mod 0 0 0 mem 11/15 3-6 u 0 0 x x x 
1 0 1 0 1 0 o W 4 2-3 u 0 0 x x x 

0 0 1 0 0 0 1 W 1 1 reg reg 2 2 u 0 0 x x x 
0 0 1 0 0 0 o W mod reg mem 16124 2-4 u 0 0 x x x 
0 0 1 0 0 0 1 W mod reg mem 11/15 2-4 u 0 0 x x x 
1 0 0 0 0 0 o W 1 1 1 0 0 reg 4 3-4 u 0 0 x x x 
1 0 0 0 0 0 o W mod 1 0 0 mem lS126 3-6 u 0 0 x x x 
0 0 1 0 0 1 o W 4 2-3 u 0 0 x x x 

0 0 0 0 1 0 1 W 1 1 reg reK 2 2 u 0 0 x x x 
0 0 0 0 1 0 o W mod reg mem 16124 2-4 u 0 0 x x x 
0 0 0 0 1 0 1 W mod reK mem 11/15 2-4 u 0 0 x x x 
1 0 0 0 0 0 o W 1 1 0 0 1 reg 4 3-4 u 0 0 x x x 
1 0 0 0 0 0 o W mod 0 0 1 mem lS/26 3-6 u 0 0 x x x 
0 0 0 0 1 1 1 W 4 2-3 u 0 0 x x x 
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Mnemonic Operation 

Logical Operation Instructions (cont) 
XOR reg, reg reg-reg XOR reg 

mem reg (mem)-(mem) XOR reg 
reg, mem reg-regXOR (mem) 
reg, imm reg-reg XOR imm 
mem imm (mem)-(mem) XOR imm 
ace, imm When W -0, AL-AL XOR imm8 

When W=l, AW-AW XOR immI6 
Bit Operation InstructIOns 

TEST! reg8, CL reg8 bit no. CL=O: Z-I 
reg8 bit no. CL= 1: 2-0 

mem8,CL (mem8) bit no. CL=O: Z-I 
(mem8) bit no. CL=I: 2-0 

regI6, CL regI6 bit no. CL-O: 2-1 
regI6 bit no. CL= I: Z-O 

memI6,CL (memI6) bit no. CL-O: Z-I 
(memI6) bit no. CL=I: Z-O 

reg8, iinm3 reg8 bit no. imm3=0: Z-I 
reg8 bit no. imm3=I: Z-O 

mem8, imm3 (mem8) bit no. imm3=0: Z-I 
(mem8) bit no. imm3 = 1: Z-O 

regI6, imm4 regI6 bit no. imm4-0: Z-I 
regI6 bit no. imm4=1: Z-O 

memI6, imm4 (memI6) bit no. imm4-0: 2-1 
(memI6) bit no. imm4=I: Z-O 

NOT! reg8 CL reg8 bit no. CL-reg8 bit no. CL 
mem8 CL (mem8jbit no. CL+-'(mem8) bit no. CL 
regI6 CL regI6 bit no. CL-regI6 bit no. CL 
memI6 CL (memI6) bit no. LC-(memI6) bit no. CL 
reg8 imm3 reg8 bit no. imm3-reg8 bit no. imm3 
mem8 imm3 (mem8) bit no. imm3-(mem8) bit no. imm3 
regI6 imm4 regl6 bit no. imm4-JregI61bit no. imm4 
memI6, imm4 (memI6) bit no. imm4-(mem16) bit no. 

imm4 

Cy CY-Cy 

m 
11111111 

Operation Code 
7 6 5 4 3 2 1 017 6 5 4 3 2 1 0 S Z 

0 0 1 1 0 0 1 W 1 1 reg reg 2 2 u 0 0 x x x 
0 0 1 1 0 0 o W mod reg_ mem 16124 2-4 u 0 0 x x x 
0 0 1 1 0 0 1 W mod reg mem 11115 2-4 u 0 0 x x x 
1 0 0 0 0 0 o W 1 1 1 1 0 reg 4 3-4 u 0 0 x x x 
1 0 0 0 0 0 o W mod 1 1 0 mem 18126 3-6 u 0 0 x x x 
0 0 1 1 0 1 o W 4 2-3 u 0 0 x x x 

2nd byte* 3rd byte* 
I 

I 
I , I , 

0 0 0 1 0 0 0 0 1 1 0 0 0 reg 3 3 u 0 0 u u x 

0 0 0 1 0 0 0 1 mod 0 0 0 mem 8 3-5 u 0 0 u u x 

0 o 0 1 0 0 0 1 1 1 0 0 0 reg 3 3 u 0 0 u u x 

0 0 0 1 0 0 0 0 mod 0 0 0 mem 12 3-5 u 0 0 u u x 

0 0 0 1 1 0 0 0 1 1 0'0 0 reg 4 4 u 0 0 u u x 

0 0 0 1 1 0 0 0 mod 0 0 0 mem 9 4-6 u 0 0 u u x 

0 0 0 1 1 0 0 1 1 1 0 0 0 reg 4 4 u 0 0 u u x 

0 0 0 1 1 0 0 1 mod 0 0 0 mem 13 4-6 u 0 0 u u x 
I I ( 

, I 
I 

I 

2nd byte* 3rd byte* 

*Note: First byte=OFH 

2nd byte* 3rd byte* 
, I 

I I 
I 

I 
0 0 0 1 0 1 1 0 1 1 0 0 0 reg 4 3 
0 0 0 1 0 1 1 0 mod 0 0 0 mem 13 3-5 
0 0 0 1 0 1 1 1 1 1 0 0 0 reg 4 3 
0 0 0 1 0 1 1 1 mod 0 0 0 mem 21 3-5 
0 0 0 1 1 1 1 0 1 1 0 0 0 reg 5 4 
0 0 0 1 1 1 1 0 mod 0 0 0 mem 14 4 6 
0 0 0 1 1 1 1 1 1 1 0 0 0 reg 5 4 
0 0 0 1 1 1 1 1 mod 0 0 0 mem 22 46 , 

2nd'byte* 
I , 

3rd byte* 
I 

*Note: First byte=OFH 
1 1 1 1 0 1 0 1 2 1 x 

I~ 
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Mnemonic Operation 

Bit Operation Instructions (cont) 

CLRI re~B CL re~B bit no. CL-O 
memB CL (memB) bit no. CL-O 
regI6 CL reg16 bit no. CL .... O 
mem16 CL (memI6) bit no. CL-O 
regB imm3 regS bit no. imm3-0 
memSimm3 (mein8) bit no. imm3-0 
re~16 imm4 regl6 bit no. imm4-0 
memI6, imm4 (memI6) bit no. imm4-0 

CY CY-O 
DIR DIR-O 

SET 1 regS CL reg8 bit no. CL-l 
memS'CL (memS) bit no. CL-l 
reg16 CL reg16 bit no. CL-l 
mem16 CL (memI6) bit no. CL-l 
reg8 imm3 re~S bit no. imm3-1 
memS imm3 (memS) bit no. imm3-1 
regI6 imm4 reg16 bit no. imm4-1 
memI6, imm4 (memI6) bit no. imm4-1 

*Note: First byte=OFH 

CY CY-I 
DIR DIR-I 

Shift Instructions 
SHL reg, 1 CY-MSB or reg, re~-X2 

When.MSB of reg/= Y, V-I 
When MSB of reg=CY V-O 

mem, 1 CY-MSB or (mem), (me~-(mem)X2 
When MSB or ~men;I¥=C , V-I 
When MSB of mem =CY V-O 

reg, CL temp-CL, while temp/=O, 
repeat this operation, CY-MSB or reg, 
reg-regX2 temp-temp-l 

mem,CL temp-CL, while telllp/=O, . 
&epe~~ ~~is 0fl~ration, CY-MSBof (mem), 
mem - mem X 2· temo-temo-l 

reg, immS' temp-imm8, while tem~/=O, 
repeat this operation, C -MSB or reg, 
rei1:-re~X2 temo-temo-l 

mem, imm8 temp-immS, while tem~/=O, 
repeat this 0seration, C -MSB or (mem), 
(mem)-(mem X 2, temo-temo-l 

Ooeration Code 
S Z 7 6 5 4 3 2 1 017 6 5 4 3 2 1 0 

2nd byte* 3rd byte* 
I 

I 
I I 

I 
I 

0 0 0 1 0 0 1 0 1 1 0 0 0 reg 5 3 
0 0 0 1 0 0 1 0 mod 0 0 0 mem 14 3-5 
.0 0 0 1 0 0 1 1 1 1 0 0 0 reg 5 3 
0 0 0 1 0 0 1 1 mod 0 0 0 mem 22 3-5. 
0 0,0 1 1 0 1 0 1 1 0 0 0 reg 6 4 
0 0 0 1 1 0 1 0 mod 0 0 0 mem 15 4-6 
0 .0 0 1 1 0 1 1 1 1 00 0 reg 6 4 
0 0 0 I 1 0 1 1 mod o 0 0 mem 23 4-6 
I 

I 
I I 

I 
I 

2nd byte* 3rd byte* 
*Note: First byte=OFH 
1 1 1 1 1 0 0 0 2 1 0 
I I 1 1 1 1 0 0 2 1 
0 0 0 1 0 1 0 0 1 1 0 0 0 reg 4 3 
00 0 1 0 1. 0 0 mod 0 0 0 mem 13 3-5 
0 0 0 1 0 1 0 1 1 1 0 0 0 re~ 4 3 
0 0 0 1 0 1 0 1 mod 0 0 0 mem 21 3-5 
0 0 0 1 1 1 0 0 1 1 0 0 0 reg 5 4 
.0 .0 0 1 1 1 0 0 mod 0 0 0 mem 14 4-6 
0 0 0 1 1 1 0 1 1 1 0 0 0 reg 5 4 
0 0 0 1 1 1 0 1 mod 0 0 0 mem 22 4-6 
I 

I 
I I 

I 
I 

2nd byte* 3rd byte* 

I I 1. I I 0 0 1 2 1 1 
I I I I I 1 0 I - --------- ------ 2 1 

1 1 0 1 0 0 o W 1 1 1 0 0 reg 2 2 u x x x x x 

1 1 .0 1 0 0 o W mod 1 0 0 mem 16124 2-4 u x x x x x 

1 1 0 1 0 0 1 W 1, 1 1 0 0 reg 7+n 2 u x u x x x 

1 1 0 1 0 0 1 W mod 1 0 0 mem 19/27+n 2-4 u x u x x x 

1 1 0 0 0 0 o W 1 1 1 0 0 reg 7+n 3 u x u x x x 

1 1 0 0 0 0 OW mod 1 0 0 mem 19127+n 3-5 u x u x x x 

n: number of shifts 

I~ (Q 

I ~ CD 

II o· CD' ... 
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Mnemonic Operation 

Shift Instructions (cont) 
SHR reg, 1 CY +-LSB of reg, reg+-reg72 

When MSB of reg", bit following MSB of reg: V+-l 
When MSB of rel!= bit followinl! MSB of rel!: V+-O 

mem, I CY+-LSB of (mem), (mem)+-(mem)-:-2 
When MSB of (mem),pbit following MSB of 
(mem): V+-I 
When MSB of (mem)=bit following MSB of 
(mem): V+-O 

reg, CL temp+-CL, while time,pO, 
repeat this operation, CY+-LSB or reg, 
reg+-reg-:-2 temp+-temp-I 

mem,CL temp+-Cr,., while temp,pO 
repeat this operation, CY+-LSB or (mem), 
(mem)+-(mem)-:- 2 temp+-temp-l 

reg, immB temp+-immB, while temp,pO, 
repeat this operation, CY+-LSB or reg, 
reg+-reg-:-2 temp+-temp-l 

mem, immB temp+-immB, while temp,pO 
repeat this operation, CY+-LSB of (mem), 
(mem)+-(mem)-:- 2 temp+-temp-l 

SHRA reg, 1 CY+-LSB of reg, reg+-reg-:-2,V+-0 
MSB of operand does not change 

mem, 1 CY+-LSB of (mem), (mem)+-(mem)-:-2, 
V+-O MSB of operand does not change 

reg, CL temp+-CL, while temp,pO, 
repeat this operation, CY+-LSB of reg, 
reg+-reg-:-2, temp+-temp-l 
MSB of operand does not change 

mem,CL temp+-CL, while temp,pO, 
repeat this operation, CY+-LSB of (mem), 
(mem)+-(mem)-:- 2, temp+-temp-l 
MSB of operand does not change 

reg, immB . temp+-imm8, while temp,pO; 
repeat this operation, CY+-LSB of reg, 
reg+-reg-:-2, temp+-temp-l 
MSB of operand does not change 

mem, immB temp+-imm8, while tempoFO, 
repeat this operation, CY+-LSB of (mem), 
(mem)+-(mem)-:- 2, temp+-temp-l 
MSB of operand does not change 

OJ 
11111111 

S Z 
Operation Code 

7 6 5 4 3 2 1 017 6 5 4 3 2 1 0 

1 1 0 1 0 0 o W 1 1 1 0 1 reg 2 2 u x x x x x 

1 1 0 1 0 0 o W mod 1 0 1 mem 16124 2-4 u x x X X x 

I I 0 I 0 0 o W 1 1 1 0 1 reg 7+n 2 u x u x x x 

I I 0 1 0 0 1 W mod 1 0 1 mem 19127+n 2-4 u x u x x x 

1 1 0 0 0 0 o W 1 1 1 0 1 reg 7+n 3 u x u x x x 

1 1 0 0 0 0 o W mod 1 0 1 mem 19127tn 3-5 u x u x x x 

n: number of shifts 

1 1 0 1 0 0 o W I I I 1 1 reg 2 2 u x 0 x x x 

1 1 0 1 0 0 o W mod 1 1 1 mem 16124 2-4 u x 0 x x x 

1 1 0 1 0 0 1 W 1 1 1 1 1 reg 7+n 2 u x u x x x 

1 1 0 1 0 0 1 W mod 1 1 1 mem 19127+n 2-4 u x u x x x 

1 1 0 0 0 0 o W 1 1 1 1 1 reg 7+n 3 u x u x x x 

1 1 0 0 0 0 o W mod 1 1 1 mem 19/27tn 3-5 u x u x x x 

n: number of shifts 
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Rotation Instructions 
ROL reg, 1 

mem, 1 

reg, CL 

mem,CL 

reg, imm8 

mem, imm8 

ROR reg, I 

mem, 1 

reg, CL 

mem,CL 

Operation 

CY +-MSB of reg, reg+-reg X 2 + CY 
MSB of reg1oCY: V+-I 
MSB of reg=CY: V+-O 
CY-MSB of (mem), 
(mem)+-(mem) X 2 + CY 
MSB of (mem)1oCY: V+-I 
MSB of (mem)=CY: V+-O 
temp+-CL, while temp100, 
repeat this operation, CY +-MSB of reg, 
reg+-reg X 2 + CY 
temp+-temp-l 
temp+-CL, while temp100, 
repeat this operation, CY+-MSB of (mem), 
(mem)+-(mem) X 2 +CY 
temp+-temp-I 
temp+-imm8, whiletemp100, 
repeat this operation, CY +-MSB of reg, 
reg+-reg X 2 + CY 
temo+-temo-l 
temp+-imm8, while temp100, 
repeat this operation, CY+-MSB of (mem), 
(mem)+-(mem) X 2 + CY 
temp+-temp-l 
CY+-LSB of reg, reg+-reg-;- 2 
MSB of reg+-CY 
MSB of reg 10 bit following MSB of reg: V+-l 
MSB of reg=bit following MSB of reg: V+-O 
CY +-LSB of (mem),(mem)+-(mem)-;- 2 
MSB of (mem)+-CY 
MSB of (mem)1obit following MSB of (mem): 
V+-l 
MSB of (mem)=bit following MSB of (mem): 
V+-O 
temp+-CL, while temp100, 
repeat this operation, CY +-LSB of reg, 
reg+-reg-;- 2, MSB of leg+-CY 
temp+-temp-l 
temp+-CL, while temp100, 
repeat this operation, CY+-LSB of (mem), 
(mem)+-(mem)-;-2, M~B of (mem)+-CY 
temp+-temp-l 

Ooeration Code 
7 6 5 4 3 2 1 017 6 5 4 3 2 1 0 

1 1 0 1 0 0 o W 1 1 0 0 0 reg 2 2 x x 

I 1 0 I 0 0 o W mod 0 0 0 mem 16/24 2-4 x x 

I I 0 1 0 0 1 W I 1 0 0 0 reg 7+n 2 x u 

1 1 0 1 0 0 1 W mod 0 0 0 reg 19/27+n 2-4 x u 

1 1 0 0 0 0 o W I 1 0 0 0 reg 7+n 3 x u 

1 1 0 0 0 0 o W mod 0 0 0 mem 19/27+n 3-5 x u 

n: number of shifts 

I I 0 I 0 0 o W I I 0 0 1 reg 2 2 x x 

1 1 0 1 0 0.0 W mod 0 0 1 mem 16/24 2-4 x x 

1 1 0 1 0 0 1 W 1 1 0 0 1 reg 7+n 2 x u 

1 1 0 1 0 0 1 W mod 0 0 1 mem 19127+n 2-4 x u 

n: number of shifts 

S z I ~ 
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Mnemonic OperatiC'') 

Rotation Instructions (cont) 
ROR reg, imm8 temp+-imm8, while temp #0 0, 

repeat this operation, CY +-LSB of reg, 
reg+-reg-;- 2, MSB of reg-CY 
temp+-temp-I 

mem, imm8 temp-imm8, while temp #0 0, 
repeat this operation, CY-LSB of (mem), 
(mem)+-(mem)-;- 2, 
teinp+-temp-I 

Rotation Instructions 
ROLC reg, I tmpcy-CY, CY-MSB of reg 

reg-reg X 2 +tmpcy 
MSB of reg=CY: V-O 
MSB of refI,#oCY: V-I 

mem, 1 tmpcy-CY, CY+-MSB of (mem) 
(mem)-(mem) X 2 +tmpcy 
MSB of (mem)=CY: V-O 
MSB of {mem)#oCY: V-I 

reg, CL temp-CL, while temp#oO 
repeat this operation, tmpcy-CY, 
CY-MSB of reg, reg-reg X 2+tmpcy 
temp-temp-I 

mem,CL temp-CL, while temp#oO 
repeat this operation, tmpcy-CY, 
CY-MSB of (mem), 
(mem)-(mem) X 2 +tmpcy 
temo-temo-I 

reg, imm8 temp-imm8, while temp #0 0 
repeat this operation, tmpcy-CY, 
CY-MSB of reg, reg-reg X 2+tmpcy 
temp-temp-I 

mem, imm8 temp-imm8, while temp#oO 
repeat this operation, tmpcy-CY, 
CY-MSB of (lIlem) 
(mem)-(mem)X2+tmpcy 
temo-temo-I 

Ooeration Code 
7 6 5 4 3 2 I 017 6 5 4 3 2 I 0 

I I 0 0 0 0 o W I I 0 0 I reg 7+n 3 x u 

I I 0 0 0 0 o W mod 0 0 I mem 19/27+n 3-5 x u 

n: number of shifts 

I I 0 I 0 0 o W I I 0 I 0 reg 2 2 x x 

. 

1 1 0 I 0 0 o W mod 0 I 0 mem 16/24 2-4 x x 

I I 0 I 0 0 1 W I I 0 I 0 reg 7+n 2 x u 

I I 0 I 0 0 I W mod 0 I 0 mem 19/27+n 2-4 x u 

I I 0 0 0 0 OWl I 0 I 0 reg 7+n 3 x u 

I I 0 0 0 0 o W mod 0 I 0 mem 19/27+n 3-5 x u 

n: number of shifts 

S z I ~ 
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Mnemonic Operation 

Rotation Instructions (cont) 
RORC reg, 1 tmpcy+-CY, CY+-LSB of reg 

reg+-:reg-;- 2, MSB of reg+-tmpcy 
MSB of regi= bit following MSB of reg: V +-1 
MSB of rel<=bit followinl< MSB of reI<: V+-l 

mem, 1 tmpey+-CY, CY+-LSB of (mem) 
(mem)+-(mem)-;-2, MSB of (mem)+-tmpey 
MSB of (mem)i=bit following MSB 
of (mem): V +-1 
MSB of (mem)=bit following MSB 
of (mem): V+-O 

reg, CL temp+-CL, while tempi=O, 
repeat this operatios, tmpey+-CY, 
CY +-LSB of reg, reg+-reg-;- 2, 
MSB of reg+-tmpey, temp+-temp-l 

mem,CL temp+-CL, while tempi=(), 
repeat this operation, tmpey+-CY, 
CY+-LSB of (mem), (mem)+-(mem)-;-2, 
MSB of (mem)+-tmpey, temp+-temp-l 

reg, imm8 temp+-imm8, while tempi=O 
repeat this operation, tmpey+-CY, 
CY +-LSB of reg, reg-reg-;- 2, 
MSB of rel<+-tmpey, tem~+-temp:-l 

mem, imm8 temp+-imm8, while tempi=O, 
repeat this operation, tmpey+-CY, 
CY+-LSBof (mem), (mem)+-(mem)-;-2 
MSB of (mem)+-tmpey, temp+-temp-l 

Subroutine Control Instructions 
CALL near-proe (SP-l, SP-2)+-PC, SP+-SP-2 

PC+-PC+disp 
regptr16 (SP-l, SP-2)+-PC, SP+-SP-2 

PC+-rel<ptr 16 
memptr16 (SP-l, SP-2)+-PC, SP+-SP-2 

PC+-(memptr 16) 
far-proe (SP-l, SP 2)+-PS, (SP-3, SP 4)+-PC 

SP+-SP-4 PS+-sel<. PC+-offset 
memptr32 (SP-l, SP-2)-PS, (SP-3, SP-4)-PC 

SP-SP-4, PS-(memptr32 + 2) 
PC-(memotr32) 

Operation Code 
7 6 5 4 3 2 1 017 6 5 4 3 2 1 0 S Z 

1 1 0 1 0 0 o W 1 1 1 0 1 reg 2 2 x x 

1 1 0 1 0 0 o W mod 0 1 1 mem 16/24 2-4 x x 

1 1 0 1 0 0 1 W 1 1 0 1 1 reg 7+n 2 x u 

1 1 0 1 0 0 1 W mod 0 1 1 mem 19/27+n 2-4 x u 

1 1 0 0 0 0 o W 1 1 0 1 1 reg 7+n 3 x u 

1 1 0 0 0 0 o W mod 0 1 1 mem 19127+n 3-5 x u 

n: number of shifts 

1 1 1 0 1 0 0 0 20 3 

1 1 1 1 1 1 1 1 1 1 0 1 0 reg 18 2 

1 1 1 1 1 1 1 1 mod 0 1 0 mem 31 2-4 

1 0 0 1 1 0 1 0 29 5 

1 1 1 1 1 1 1 1 mod 0 1 1 mem 47 2-4 

I~ 
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Mnemonicl Ooerand Operation 

Subroutine Control Instructions (cant) 
RET PC+-{SP+ 1 SP), SP+-SP+ 2 

pop-value PC+-(SP+ 1, SP), 
SP+-SP+ 2 SP+-SP+pop-value 
PC+-(SP + 1, SP), PS+-(SP + 3, SP + 2) 
SP-SP+4 

pop-value PC-(SP + 1, SP), PS+-(SP + 3, SP + 2) 
SP-SP+4 SP-SP+pop-value 

Stack Manipulation InstructIOns 
PUSH mem16 SP-SP-2 (SP+ 1, SP)-{memI6) 

reg16 SP-SP - 2 {SP + 1 SP)-reg 16 
sreg SP-SP- 2 (SP+ 1 SP)+-sreg 
PSW SP-SP- 2 {SP+ 1 SP)-PSW 
R Push registers on the stack 
imm (SP-l, SP-2)+-imm 

SP-SP-2, when S=1 sign extension 
POP mem16 (memI6)-{SP+l SP), SP-SP+2 

reg16 reg 16-(SP+l, SPl. SP+-SP+2 
sreg sreg+-(SP+ 1, SP) sreg: SS, DSO DSI 

SP-SP+2 
PSW PSW -(SP + 1 SP), SP-SP + 2 
R PoP registers from the stack 

PREPARE imm16,imm8 Prepare new stack frame 

DISPOSE Disoose of stack frame 
Branch InstructIOns 

BR near-label PC-PC+disp 
short~ label PC-PC+ext-diso8 
regptr16 PC-regptr 16 
memptr16 PC+-{memptr 16) 
far-label PS-seg, PC-offset 

---
memptr32 PS-(memptr32 + 2), PC-(memptr32) 

Conditional Branch Instructions 
BV short label if V-I PC+-PC+ext-diso8 
BNV short-label if V-O PC-PC+ext-disp8 
BC,BL short-label if CY -1 PC-PC+ext-disp8 
BNCBNL short-label if CY=O PC-PC+ext-disp8 
BEBZ short-label if Z-1 PC+-PC+ext-disp8 
BNEBNZ short-label if Z=O PC"-PC+ext-disp8 
BNH short-label if CY OR Z-I, PC-PC+ext-disp8 
BH short-iabel if CY OR Z-O PC-PC+disp8 
BN short-label if S-1 PC-PC+ext-disp8 
BP short-label if S-O PC+-PC+ext-disp8 

OJ 
11111111 

Ooeration Code 
7 6 5 4 3 2 1 017 6 5 4 3 2 1 0 S Z 

1 1 0 0 0 0 1 1 19 1 
1 1 0 0 0 0 1 0 24 3 

1 1 0 0 1 0 1 1 29 1 

1 1 0 0 1 0 1 0 32 3 

1 1 1 1 1 1 1 1 mod 1 1 0 mem 26 2-4 
0 1 0 1 0 reg 12 1 
0 0 o sr~ 1 1 0 12 1 
1 0 0 1 1 1 0 0 12 1 
0 1 1 0 o 0 0 0 67 1 
0 1 1 0 1 0 S 0 11112 2-3 

1 0 0 0 1 1 1 1 mod 0 0 0 mem 25 2-4 
0 1 0 1 1 r~ 12 1 
0 0 o sreg 1 1 1 12 1 

1 0 0 1 1 1 0 1 12 1 R R R R R R 
0 1 1 0 0 0 0 1 75 1 
1 1 0 0 1 0 0 0 * 4 
*: imm8<0: 16 

imm8<1: 23+16 (imm8-1) 
_Ll_O 0 1 0 0 11 10 1 

-- -----

1 1 1 0 1 0 0 1 13 3 
1 1 1 0 1 0 1 1 12 2 
1 1 1 1 1 1 1 1 1 1 1 0 0 reg 11 2 
1 1 1 1 1 1 1 1 mod 1 0 0 mem 24 2-4 
1 1 1 0 1 0 1 0 15 5 
1 1 1 1 1 1 1 1 mod 1 0 1 mem 35 2-4 

0 1 1 1 0 0 0 0 14/4 2 
0 1 1 1 0 0 0 1 14/4 2 
0 1 1 1 0 0 1 0 14/4 2 
0 1 1 1 0 0 1 1 14/4 2 
0 1 1 1 0 1 0 0 14/4 2 
0 1 1 1 0 1 0 1 14/4 2 
0 1 1 1 0 1 1 0 14/4 2 
0 1 1 1 0 1 1 1 14/4 2 
0 1 1 1 1 0 0 0 14/4 2 
0 1 1 1 1 0 0 1 14/4 2 
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Mnemonicl Operand Operation 

Conditional Branch Instructions (cont) 
BPE short-label if P=l PC-PC+ext-disp8 
BPO short-label if P=O PC-PC+ext-di~8 
BLT short-label if S XOR V-I PC-PC+ext-disp8 
BGE short-label if S XOR V=O PC-PC+ext-disp8 
BLE short-label if (S XOR V) OR 2= 1, PC-PC+ext-disp8 
BGT short-label if (S XOR V) OR 2=0 PC-PC+ext-disp8 
DBN2NE short-label CW-CW-1 

if 2=0 and CW=/=O, PC-PC+ext-disp8 
DBN2E short-label CW-CW-1 

if 2=1 and CW=/=O, PC-PC+ext-disp8 
DBN2 short-label CW-CW-1 

if CW=/=O PC-PC+ext-disp8 
BCW2 short-label if CW=O. PC-PC+ext-disp8 

Interrupt Instructions 
BRK 3 TA+-(OODH, OOCH), TA+-(OOFH, OOEH) 

SP+-SP-2, (SH 1, SP)-PSW, IE-O, BRK+-O 
SP+-SP- 2, (SH 1, SP)-PS, PS+-TC 
sP+-sP-z (SP+1, SP)+-PC, PC+-TA 

imm8 TA-(4n+l, 4n), TC-(4n+3, 4n+Z) n=Imm8 
(=/= 3) SP-SP-2, (SHI, SP)-PSW, IE+-O, BRK+-O 

SP+-SP-Z, (SH 1, SP)-PS, PS+-TC 
SP+-SP-2, (SP+1 SP)-PC, PC+-TA 

BRKV When V-I 
TA+-(OllH. 010H), TC+-(013H, 012H) 
SP+-SP-2, (SH I, SP)-PSW, !E+-O, BRK+-O 
SP-SP- 2, (SH I, SP)-PS, PS+-TC 
SP-SP-2 (SH1 SP)-PC PC-TA 

RETI PC-(SP+1, SP), PS-(SP+3, SP+2), 
PSW-(SP+5 SP+4), SP-SP+6 

CHKIND reg16, When (mem32»reg 16 or (mem3Z+2)<regI6 
mem32 TA-(4n+ I, 4n), TC-(4n+3, 4n+2) n=imm8 

SP-SP~2, (SH I, SP)-PSW, MD-O 
MD Bit Write Enable 
SP-SP-2, (SH I, SP)+-PS, PS-TC 
SP+-SP- 2, (SH I, SP)+-PC, PC-T A 

BRKEM imm8 TA-(OI5H, OI4H), TC+-(OI7H, OI6H) 
SP-SP-2, (SHI, SP)-PSW, IE+-O, BRK+-O 
SP+-SP-2, (SH 1, SP)+-PS, PS+-TC 
SP+-SP- 2. (SH 1. SP)+-PC, PC+-T A 

Operation Code 
7 6 5 4 3 2 1 017 6 5 4 3 2 1 0 

0 1 1 1 1 0 1 0 14/4 
0 1 1 1 1 0 1 1 14/4 
0 1 1 1 1 1 0 0 14/4 
0 1 1 1 1 1 0 1 14/4 
0 1 1 1 1 1 1 0 14/4 
0 1 1 1 1 1 1 1 14/4 
1 1 1 0 0 0 0 0 14/5 

1 1 1 0 0 0 0 1 14/5 

1 1 1 0 0 0 1 0 13/5 

1 1 1 0 0 0 1 1 13/5 

1 1 o 0 1 1 o 0 50 

1 1 o 0 1 1 0 1 50 

1 1 o 0 1 1 1 0 5213 

1 1 o 0 1 1 1 1 39 

0 1 1 000 1 0 mod reg mem 73-76/ 
26 

o 0 0 0 1 1 1 1 1 1 1 1 1 1 l' 1 50 

-- -----
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Mnemonic Operation 

CPU Control Instructions 
HALT CPU Halt 
BUSLOCK Bus Lock Prefix 
FPOl fo-oo No Ooeration 

fo-oo, mem data bus+-(meml 
FP02 fp-op No Operation 

fp-op, mem data bus+-(mem) 
POLL Poll and wait 

n: number of times POLL pin is sampled 
NOP No Operation 
DI IE+-O 
EI IE+-l 

8080 Mode Instructions 
RETEM PC+-(SP+l, SP), PS+-(SP+3, SP+2), 

PSW+-(SP+5, SP+4), SP+-SP+6, MD Bit 
Write Disable 

CALLN imm8 TA+-(4n+l, 4n), TC+-(4n+3, 4n+2) n=imm8 
SP+-SP- 2, (SP+ I, SP)+-PSW, MD+-l 
SP+-SP-2, (SP+ I, SP)+-PS, PS+-TC 
SP+-SP-2 (SP+l SP)+-PC PC+-TA 

Ooeration Code 
7 6 5 4 3 2 1 017 6 5 4 3 2 1 0 S Z 

1 1 1 1 0 1 0 0 2 1 
1 1 1 1 0 0 0 0 2 1 
1 1 0 1 1 X X X 1 1 Y Y Y Z Z Z 2 2 
1 1 0 1 1 X X X mod Y Y Y mem 15 2-4 
0 1 1 0 0 1 1 X 1 1 Y Y Y Z Z Z 2 2 
0 1 1 0 0 1 1 X mod Y Y Y mem 15 2-4 
1 0 0 1 1 0 1 1 2+5n 1 

1 0 0 1 0 0 0 0 3 1 
1 1 1 1 1 0 1, 0 2 1 
1 1 1 1 1 0 1 1 2 1 

1 1 1 0 1 1 0 1 1 1 1 1 1 1 0 1 39 2 R R R R R R 

1 1 1 0 1 1 0 1 1 1 1 0 1 1 0 1 58 3 
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High-Performance 16-Bit Microprocessor 

LH70116 (V30) 
• Description 

The LH70116 (V30) is a CMOS 16-bit miCro­
processor with internal 16-bit architecture and a 
16-bit external data bus. The LH70116 addi­
tionally has a powerful instruction set including bit 
processing, packed BCD operations, and high-spee­
d multiplication!division operations. The 
LH70116 can also execute the entire 8080 in­
struction set and comes with a standby mode that 
significantly reduces power consumption. It is soft­
ware-compatible with the LH70108 16-bit mic­
roprocessor. 

• Features 

1. Minimum instruction execution time: 250ns (at 
8MHz) 

2. Maximum addressable memory: 1 Mbyte 
3. Abundant memory addressing modes 
4. 14 X 16-bit register set 
5. 101 instructions 
6. Bit, byte, word, and block operations 
7. Bit field operation instructions 
B. Packed BCD instructions 
9. Multiplication! division instruction execution 

time: 2.4,u s to 7.1,u s (at 8MHz), 3.B,u s to 
11.4,u s (at 5MHz) 

10. High-speed block transfer instructions: 
2 Mbyte !s (at 8MHz) 

11. High-speed calculation of effective addresses: 
2 clock cycles in any addressing mode 

12. Maskable (lNT) and nonmaskable (NMI) inter-
rupt inputs 

13. IEEE-796 bus compatible interface 
14. BOBO emulation mode 
15. CMOS technology 
16. Low-power consumption 
17. Low-power standby mode 
18. Single power supply 
19. 5MHz or BMHz clock 
20. 40-pin DIP (DIP40-P-600) 
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LH70116 (V30) 

High-Performance 
16-Bit Microprocessor 

• Pin Connections 

AD7 32 RD 

AD6 31 'HLDRQ(RQ!AKo) 

30 HLDAK(RQJAI\d 

AD. 29 WR(BUSLOCK) 
AD3 

AD. 27 BUFR/W(BS,) 
AD, 26 BUFEN(BSo) 

ADo 25 ASTB(QSo) 

NMI 24 INTAK(QSd 

INT 

CLK 

GND 

. Top View 

• Ordering Information 

LH70116-X T FreQuency 
5: 5MHz 
8: BMHz 

Model No. 

* V30 is a trademark of NEe corporatioD_ 



High-Performance 16-Bit Microprocessor 

• Block Diagram 

ADl1 

AD9 

AD,. 

Internal Address/Data Bus 
(IADo-IAD'9) 

,­
I 

--------------- I 

I , , 
Bus : 

Control I 
Unit , 
Q3~~J 

Execution 
Unit 

(EXU)' 

Sub DaTa Bus (16) 

LC 
PC 
AW 
BW 
CW 
DW 
LX 
IY 
BP 
SP 

PSW 

, 
I 
I 
I 
L 

Main Data Bus (16) 

Status 
Control 

Effective Address 
Generator 

§ 

:1 t 
o U) 
.~ Micro-

LH70116 (V30) 

READY 

RESET 

POLL 

3 HLDRQ(RQ/AKo) 

NMI 

INT 

CLK 

::E instruction 

Microsequence 
Control 

Instruction Decoder 

--.-~-.----SHARP.-.--- ............ .----.-. 
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High-'Performance.16-Bit Microprocessor 

• Pin Identification 

No. ~ymbol Direction Function 
1 IC· Internally connected 
2-8 AD14 -ADs Out Address bus , middle 

bits 
9-16 AD7 -ADo In/Out Address/ data bus 
17 NMI In Nonmaskable interrupt 

input 
18 INT ~ In Maskable interrupt input 
19 CLK In Clock input 
20 GND Ground potential 
21 RESET In Reset input 
22 READY In Ready input 
23 POLL In Poll input 
24 INTAK Out Interrupt acknowledge 

(QS1) output (queue status bit 1 
output) 

25 ASTB Out Address strobe output 
(QSo) (queue status bit 0 

output) 
26 BUFEN Out Buffer enable output 

(BSo) (bus status bit 0 output) 
27 BUFR/W Out Buffer read/write output 

(BS1) (bus status bit 1 output) 
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LH70116 (V30) 

No. ~ymbol Direction Function 
28 10/M Out . Access is I/O or memory 

(BS2) (bus status bit 2 
output) 

29 WR Out W rite strobe output. 
(BUS LOCK) (bus lock output) 

30 HLDAK Out Hold acknowledge output, 
(RQ/AK1 ) (In/Out) (bus hold request input/ 

acknowledge output 1) 
31 HLDRQ In Hold request input (bus 

(RQ/AKo) (In/Out) hold request input/ack-
nowledge output 0) 

32 RD Out Read strobe output 

33 S/L~ In Small-scale/large-scale 
system input 

34 UBE Out Latched bus status out-
put 0 (always high in 
large-scale systems) 

35-38 A19/PS3 - Out Address bus, high bits 
AI6/PSO or processor status 

output 
39 AD15 Out Address bus, bit 15 
40 VDD Power supply 

Notes: * Ie should be connected to g~ound. 
Where pins have different functions in small-and 
large-systems. the large-scale system pin symbol and 
function are in parentheses. 
Unused input pills should be tied.to ground or VDD to 
minimize power dissipation and prevent the flow of 
potentially harmful currents. 



High-Performance 16-Bit Microprocessor LH70116 (V30) 

• Absolute Maximum Ratings 
Parameter Symbol Ratings Units 

Supply voltage VOD -0.5 to +7.0 V 
Power dissipation PDMAX · 0.5 W 

Input voltage VI -0.5 to Voo+0.3 V 
CLK input voltage VK -0.5 to VDO +1.0 V 
Output voltage Vo -0.5 to Voo +0.3 V 

Operating temperature Topr -40 to +85 °C 

Storage temperature Tstg -65 to + 150 °C 

• Capacitance 
Parameter Symbol Conditions MIN. MAX. Unit 

Input 
CI 

fc=lMHz 
capacitance Unmeasured 
I/O pins returned 
capacitance 

CIO 
to OV 

• DC Characteristics 

Parameter Symbol 
Input HIGH voltage VIH 

Input LOW voltage VIL 
CLK input HIGH voltage VKH 
CLK input LOW voltage VKL 

Output HIGH voltage VOH 
Output LOW voltage VOL 
Input leakage HIGH current IUH 
Input leakage LOW current IUL 
Output leakage HIGH current lLOH 
Output leakage LOW current lLOL 

Supply current IDD 

15 pF 

15 pF 

(LH70116-5, Ta=-40·C to +85·C, VDD =+5V±10%) 

(LH70116-8, Ta=-10t to +70t, VOD = +5V±5%) 

Conditions MIN. TYP. MAX. Unit 

2.2 VDD +0.3 V 

-0.5 0.8 V 

3.9 VDD + 1.0 V 

-0.5 0.6 V 

IoH =-400pA 0.7VDD V 

IOL =2.5mA 0.4 V 

VI=VOD 10 pA 

VI=OV -10 pA 

VO=VDO 10 pA 

Vo=OV -10 pA 

Normal operation 70108-5 30 60 rnA 

Standby mode 5MHz 5 10 rnA 

Normal operation 70108-8 45 80 rnA 

Standby mode 8MHz 6 12 rnA 
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High-Performance 16-Bit Microprocessor 

• AC Characteristics 

LH70116 (V30) 

(LH70116-5, Ta=-,-40·C to +85t, VDD =+5V±10%) 

(LH70116-8, Ta=-10t to +70t, VDD =+5V±5%) 

Parameter Conditions Unit 

Small/Larg Scale 
Clock cycle tCYK 200 500 125 500 ns 
Clock pulse HIGH width tKKH VKH=3.0V 69 ( 44 ns 

Clock pulse LOW width tKKL VKL =1.5V 90 60 ns 
Clock rise time tKR 1.5V to 3.0V 10 10 ns 
Clock fall time tKF 3.0V to 1.5V 10 10 ns 

READY inactive setup to CLK ! tSRYLK -8 -8 ns 
READY incative hold after CLK t tHKRYH 30 20 ns 

READY active setup to CLK t tSRYHK tKKL -8 tKKL -8 ns 
READY active hold after CLK t tHKRYL 30 20 ns 

Data setup time to CLK ! tSDK 30 20 ns 

Data hold time after CLK ! tHKD 10 10 ns 
NMI, INT, POLL setup time to 

tSIK 30 15 ns 
CLK t 
Input rise time (except CLK) tIR 0.8V to 2.2V 20 20 ns, 

Input fall time (except CLK) tIF 2.2V to 0.8V 12 12 ns 
Output rise time tOR 0.8V to 2.2V 20 20 ns 
Output fall time tOF 2.2V to 0.8V 12 12 ns 

Small Scale 

Address delay time from CLK ! tDKA 10 90 10 60 ns 

Address hold time CLK ! tHKA 10 10 ns 
PS delay time from CLK ! tDKP 10 90 10 60 ns 
PS float delay time from CLK t tFKP ' 10 80 10 60 'ns 

Address setup time to ASTB ! tSAST KKL -60 KKL -30 ns 

Address float delay time from 
tFKA - CL=100pF 

tHKA 80 tHKA 60 
CLK! 

ns 

ASTB t delay time from CLK ! tDKSTH 80 50 ns 
ASTB ! delay time from CLK t tDKSTL 85 55 ns 
ASTB HIGH width tSTST KKL -20 KKL -10 ns 

Address hold time from ASTB ! tHSTA tKKH-I0 tKKH-I0 ns 
Control delay time from CLK tDKCT 10 110 10 65 ns 
Address float to RD! tAFRL 0 0 ns 
RD ! delay time from CLK ! tDKRL 10 165 10 80 ns 
RD t delay time from CLK ! tDKRH 10 150 10 80 ns 

Address delay time from RD t tDRHA tcYK-45 tcYC 40 ns 
RD LOW width tRR 2tcYK-75 21cvK-50 ns 
Data output delay time from 

CL =100pF 

CLK! tDKD 10 90 10 60 ns 

Data float delay time from CLK ! tFKD 10 80 10 60 ns 
WR LOW width tww 21cvK-60 2tCYK-40 ns 
HLDRQ setup time to CLK t tSHQK 35 20 ns 
HLDAK delay time from CLK ! tDKHA 10 160 10 100 ns 
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• AC Characteristics (Cont) 

LH70116 (V30) 

(LH70ll6-5, Ta=-40·C to +S5t, Voo =+5V±10%) 

(LH70ll6-S, Ta=-10·C to +70t, Voo =+5V±5%) 

Parameter Conditions Unit 

Large Scale 

Address delay time from CLK tOKA 10 90 10 60 ns 

Address hold time from CLK tHKA 10 10 ns 

PS delay time from CLK ~ tOKP 10 90 10 60 ns 

PS float delay time from CLK t tFKP 10 SO 10 60 ns 

Address float delay time from 
tFKA tHKA SO tHKA 60 ns 

CLK ~ 

Address delay time from RD t tORHA tcYK-45 tcYK-40 ns 

ASTB delay time from BS ~ tOBST 15 15 ns 

BS ~ delay time from CLK t tOKBL 10 llO 10 60 ns 

BS t delay time from CLK ~ tOKBH 10 130 10 65 ns 

RD ~ delay time from address 
CL = 100pF 0 

, 
0 tOAFRL ns 

float 

RD ~ delay time from CLK ~ tOKRL 10 165 10 SO ns 

RD t delay time from CLK ~ tOKRH 10 150 10 SO ns 

RD LOW width tRR 2bK-75 2tCYK -50 ns 

Data output delay time from 
tOKO 10 90 10 60 ns 

CLK ~ 

Data float delay time from CLK t tFKO 10 SO 10 60 ns 

AK delay time from CLK ~ tOKAK 70 50 ns 

RQ setup time to CLK t tSRQK 20 10 ns 

RQ hold time after CLK ~ tHKRQl 0 0 ns 

RQ hold time after CLK t tHKRQ2 40 30 ns 

....-.---.------SHARP-.-----~-

419 



High-Performance Hi-Bit Microprocessor . . LH70116 (V30) 
~ ..... .....,.....,~~ ..... ~.....,.....,.....,~.....,.....,.....,.....,.....,~ 
• Pin Functions 

Some pins of the LH70116 have different func­
tions according to whether the microprocessor is 
used in a small- or large.,.scale system. Other pins 
function the same way in either type of system. 

AD15-ADo (Address/Data Bus) 
For small and large scale systems 
The AD15-ADo is a time-multiplexed Address/ 

Data bus. This performs output of lower 16 bits of 
20 bits address information and input/output of 
byte or word data; The LH70116 locates memory 
and 110 operand to a byte-data bank to be acces­
sed with even address (ADo=O) and a byte-data 
bank to be accessed with odd address (ADo= 1). 
The LSB (ADo) has no meaning as a word data 
address but used for selecting the odd or even 
address bank. The UBE (Upper Byte Enable) signal 
is provided to access byte/word data besides ADo. 
This is used as the combination of the following 
table. 

Operand UBE ADo ~o. of bus cycle 
Word of Even Address 0 0 1 
Word of Odd Address 0 1* 2 

1 0** 
Byte of Even Address 1 0 1 
Byte of Odd Address 0 1 1 

*First time, **Second time 

A word operand in odd address is performed via 
two continuous access of odd-byte bank and even-­
byte bank. In this case, first ADo= 1 showing odd 
bank is output, and second ADo= 1 showing con­
tinuous .even bank is output automatically. These 
outputs are held to high or low level in the standby 
mode. These are 3-state output and becomes high 
impedance in the hold acknowledge and interrupt 
acknowledge states. 

NMI (Nonmaskable Interrupt) 
For small- and large-scale systems. 
This pin is useo to input nonmaskable interrupt 

requests. NMI cannot be masked by software. This 
input is positive edge triggered and must be held 
high for five clocks to guarantee recognition. 
Actual interrupt processing begins, however,after 
completion of the instruction in progress. 

The contents of interrupt vector 2 determine the 
starting address for the interrupt-servicing 
routine. Note that a hold request will be accepted 
even during NMI acknowledge. 

This interrupt will cause the LH70116 to exit 
the standby mode. 
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INT (Maskable Interrupt) 
For small- and large-scale systems. 
This pin is an interrupt request that can be 

masked by software. 
·INT is active high level and is sensed during the 

last clock of the instruction. The interrupt will be 
accepted if the interrupt enable flag IE is set. The 
CPU outputs the INT AK signal. to inform external 
devices that the interrupt request has been 
granted. INT must be asserted until the interrupt 
acknowledge is returned. 

If NMI and INT interrupts occur at the same 
time, NMI has higher priority than INT and INT· 
cannot be accepted. A hold request will be accepted 
during INT acknowledge. 

This interrupt causes the LH70116 to exit the 
standby mode. 

ClK (Clock) 
For small- and large-scale systems. 
This pin is used for external clock input. 

RESET (Reset) 
For small- and large-scale systems. 
This pin is used for the CPU reset sigl).al. It is an 

active high level. Input of this signal has priority 
over all other operations. After the reset signal in­
put returns to a low level, the CPU begins execu­
tion of the program starting at address FFFFOH. 

In addition to causing normal CPU start, RESET 
input will cause the LH70116 to exit the standby 
mode. 

READY (Ready) 
For small- and large~scale systems. 
When the memory or 110 device being accessed 

cannot complete data read or write within the CPU 
basic access time, it can generate a CPU wait state 
(Tw) by setting'this signal to inactive (low level) 
and requesting a read/write cycle delay. 

If the READY signal is active (high level) during 
either the T3 or Tw state, the CPU will not gener­
ate a wait state. 

This signal must be input in synchronization 
with external clock signals to satisfy the setupl 
hold time for normal operation. 

POll (Poll) 
For small- and large-scale systems. 
The CPU checks this input upon execution of the 

POLL instruction. If the input is low, then execu­
tion continues; If the input is high, the CPU will 
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check the POLL input every five clock cycles until 
the input bec.omes low again. 

The POLL and READY functions are used to 
synchronize CPU program execution with the op­
eration of external devices. 

RD (Read Strobe) 
For small- and large-scale systems. 
The CPU outputs this strobe signal during data 

read from an I/O device or memory. The 101M sig­
nal is used to select between I/O and memory. 

The three-state output is held high during stand­
by mode and enters the high-impedance state dur­
ing hold acknowledge. 

S/LG (Small/Large) 
For small- and large-scale systems. 
This signal determines the operation mode of the 

CPU. This signal is fixed at either a high or low 
level. When this signal is a high level, the CPU will 
operate in small-scale system mode, and when low, 
in the large-scale system mode.Pins 24 to 31 and 
34 function differently depending on the operating 
mode of the CPU. Separate nomenclature is adopted 
for these signals in the two operating modes. 

Pin No. 
Function 

S/LG-high 
24 INTAK 
25 ASTB 
26 BUFEN 
27 BUFR/W 

28 101M 

29 WR 
30 HLDAK 
31 HLDRQ 

INTAK (Interrupt Acknowledge) 
For small-scale systems. 

S/LG-low 
QSl 
QSo 
BSo 
BS1 

BSz 
BUS LOCK 
RQ/AKI 

RQ/AKo 

The CPU generates the 1NT AK signal low when 
it accepts an 1NT signal. 

The interrupting device synchronizes with this 
signal and outputs the interrupt vector to the CPU 
via the data bus (AD7 - ADo). 

ASTB (Address Strobe) 
For small-scale systems. 
The CPU outputs this strobe signal to latch 

address information at an external latch. 
ASTB is held at a low level after held at a high 

level for a half clock cycle during standby mode. 

BUFEN (Buffer Enable) 
For small-scale systems 
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This is used as the output enable signal for an 
external bidirectional buffer. The CPU genarates 
this signal during data transfer operations with ex­
ternal memory or I/O devices or during input of an 
interrupt vector. 

This three-state output is held high during 
standby mode and enters the high-impedance state 
during hold acknowledge. 

BUFR/W (Buffer Read/Write) 
For small-scale systems. 
The output of this signal determines the direc­

tion of data transfer· with an external bidirectional 
buffer. A high output causes transmission from the 
CPU to the external device; a low signal causes 
data transfer from the external device to the CPU. 

BUFR/W is a three-state output and becomes 
high impedance during hold acknowledge. 

IO/M (lO/Memory) 
For small-scale systems. 
The CPU generates this signal to specify either 

I/O access or memory access. A high-level output 
specifies memory and a low-level signal specifies 
I/O. 

IO/M's output is three state and becomes high 
impedance during hold acknowledge. 

WR (Write strobe) 
For small-scale systems. 
The CPU generates this strobe signal during 

data write to an I/O device or memory. Selection of 
either I/O or memory is performed by the 101M 
signal. 

This three-state output is held high during 
standby mode and enters the high-impedance state 
during hold acknowledge. 

HLDAK (Hold Acknowledge) 
For small-scale systems. 
The HLDAK signal is used to indicate that the 

CPU accepts the hold request signal (HLDRQ). 
When this signal is a high level, the address bus, 
address I data bus, and the control lines become 
high impedance. 

HLDRQ (Hold Request) 
For small-scale systems. 
This input signal is used by external devices to 

request the CPU to release the address bus, 
addressl data bus, and the control bus. 

This signal must be input in synchronization 
with external clock signals to satisfy the setupl 
hold time for normal operation. 

-----.-.-----------SHARP .-.----------
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UBE (Upper Byte Enable) 
For small- and large-scale systems. 
This output indicates the use of the upper 8 bits 

(AD 15 -AD s) of the Address/Data bus during 
T2-T4 of bus cycle. This signal is active low and 
output during TI-T4 of the bus cycle. Bus cycles 
in which the UBE is active are shown in the follow­
ing table. 

Operand UBE ADo' No. of bus cycle 

Word of Even Address 0 0 1 

Word of Odd Address 0 1* 2 

1 0** 

Byte of Even Address 1 0 1 

Byte of Odd Address 0 1 1 

*First time, **Second time 

The UBE signal goes low level continuously dur­
ing interrupt acknowledge state (because of ne­
cessity of word access of even address for vector 
read). 

This signal is held to high level in the standby 
mode. The UBE is 3-state output and becomes high 
impedance during hold acknowledge. 

A19/PS3-A1S/PSO (Addre.ss Bus/Processor 
Status) 

For small-and large-scale systems. 
These pins are time multiplexed to operate as an 

address bus and as proccessor status signals. 
When used as the address bus, these pins are the 

high 4 bits of the 20-bit memory address. During 
I/O access, all 4 bits output data O. 

The proccessor status signals are provided for 
both memory and I/O use. PS3 is always 0 in the 
native mode and 1 in 8080 emulation mode. The 
interrupt enable flag (IE) is output to PS2• Pins PSI 
and PSo indicate which memory segment is being 
accessed. 

A17/PS, A'6/PSO Segment 

0 0 Data segment 1 

0 1 Stack segment 
1 0 Program segment 
1 1 Data segment 0 

The output of these pins is three state and be­
comes high impedance during hold acknowledge. 

OSlo aso (Queue Status) 
For large-scale systems. 
The CPU uses these signals to allow external de­

vices, such as the floating-point arithmetic proces­
sor chip, about the status of the internal CPU in­
struction queue. 
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QS, QSo Instruction Queue Status 
0 0 NOP (Queue does not change) 

0 1 First byte of instruction 
1 0 Queue empty 
1 1 Subsequent bytes of instruction 

The instruction queue status indicated by these 
signals is the status when the execution unit (EXU) 
accesses the instruction queue. The data output 
from these pins is therefore valid only for one 
clock cycle immediately following queue access. 
These status signals are provided so that the 
floating-point processor chip can monitor the 
CPU's program execution status and synchronize 
its operation with the CPU when control is passed 
to it by the FPO (Floating Point Operation) instruc­
tions. 

BS2-BSo (Bus Status) 
For large-scale systems. 
The CPU uses these status signals to allow an 

external bus controller to monitor what the current 
bus cycle is. 

The external bus controller decodes these sig­
nals and generates the control signals required to 
perform access of the memory or I/O device. 

BS2 BS, BSo Bus Cycle 

0 0 0 Interrupt acknowledge 
0 0 1 110 read 
0 1 0 110 write 

0 1 1 Halt 
1 0 0 Program fetch 
1 0 1 Memory read 
1 1 0 Memory write 
1 1 1 Passive state 

The output of these signals is three state and be­
comes high impedance during hold acknowledge. 

These signals will be high from the rising edge 
of clock immediately after RESET signal is active 
to the next clock rise. 

BUSLOCK (Bus Lock) 
For large-scale systems. 
The CPU uses this signal to secure the bus while 

executing the instruction immediately' following the 
BUSLOCK prefix instruction, or during an inter­
rupt acknowledge cycle. It is a status signal to the 
other bus masters in a multiprocessor system, in­
hibiting them from using the system bus during 
this time. 

The output of this signal is three state and be­
comes high impedance during hold acknowledge. 

---.-.-..-------SHARP,-~.--.---.-
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BUSLOCK is high during standby mode except if 
the HALT instruction has a BUSLOCK prefix. 

RQ/AK1, RQ/AKo (Hold Request/Acknow­
ledge) 

For large-scale systems. 
-.Ihese pins function as bus hold request inputs 
(RQ)~d as bus hold acknowledge outputs (AK). 
RQ/ AKo has a higher priority than RQ/ AK j • 

These pins have three-state outputs with 
on-chip pull-up resistors which keep the pin at a 
high level when the output is high impedance. 

Bus Hold Request Input (RQ) must be input in 
synchronization with external clock signal to satis­
fy the setup/hold time for normal operation. 

Voo (Power Supply) 
For small- and large-scale systems. 
This pin is used for the + 5V power supply. 

GNO (Ground) 
For small- and large-scale systems. This pin is 

used for ground. 

IC (Internally Connected) 
The LH70116 is used with this pin at grouwd 

potential. 

• Register Configuration 

Program Counter (PC) 
The program counter is a 16-bit binary counter 

that contains the segment offset address of the next 
instruction which the EXU is to execute. 

The PC increments each time the microprogram 
fetches an instruction from the instruction queue. 
A new location value is loaded into the PC each 
time a branch, call, return, or break instruction is 
executed. At this time, the contents of the PC are 
the same as the Prefetch Pointer (PEP). 

Prefetch Pointer (PFP) 
The prefetch pointer (PFP) is a 16-bit binary 

counter which contains a segment offset which is 
used to calculate a program memory address that 
the bus control unit (BCU) uses to prefetch the next 
byte for the instruction queue. The contents of PFP 
are an offset from the PS (Program Segment) reg­
ister. 

The PFP is incremented each time the BCU pre­
fetches an instruction from the program memory. A 
new location will be loaded into the PFP whenever 
a branch, call, return, or break instruction is ex­
ecuted. At that time the cOJ;ltents of the PFP will be 
the same as those of the PC (Program Counter) . 
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Segmet Registers (PC, SS, OSo, and OS1) 
The memory addresses accessed by the 

LH70116 are divided into 64K-byte logical seg­
ments. The starting (base) address of each segment 
is specified by a 16-bit segment register, and the 
offset from this starting address is specified by the 
contents of another register or by the effective 
address. 

These are the four types of segment registers 
used. 

Segment Register Default Offset 

PS (Program Segment) PFP 
SS (Stack Segment) PS, effective address 

DSo (Data Segment 0) IX, effective address 

DS1 (Data Segment 1) IY 

General-Purpose Registers (AW, BW, CW, and 
OW) 

There are four 16-bit general-purpose regis­
ters. Each one can be used as one 16-bit register 
or as two 8-bit registers by dividing them into 
their high and low bytes (AH, AL, BH, BL, CH, CL, 
DH, DL). 

Each register is also used as a default register 
for processing specific instructions. The default 
assignments are: 
A W: Word multiplication/division, word I/O, 

data conversion 
AL: Byte multiplication/division, byte I/O, BCD 

rotation, data conversion, translation 
AH: Byte multiplication/division 
BW: Translation 
CW: Loop control branch, repeat prefix 
CL: Shift instructions, rotation instructions, BCD 

operations 
DW: Work multiplication/division, indirect 

addressing I/O 

Pointers (SP, BP) and Index Registers (IX, IV) 
These registers serve as base pointers or index 

registers when accessing the memory using based 
addressing, indexed addressing, or based indexed 
addressing. 

These registers can also be used for data trans­
fer and arithmetic and logical operations in the 
same manner as the general-purpose registers. 
They cannot be used as 8-bit registers. 

Also, each of these registers acts as a default 
register for specific operations, The default assign­
ments are: 
SP: Stack operations 
IX: Block transfer (source), BCD string opera­

tions 

...-....-..-------........ ........ SHARP--'-----~ 
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IY:' Block transfer (destination), BCD string op­
erations 

Program Status Word (PSW) 
The program status word consists of the follow­

ing six status and four control flags. 
Status Flags Contro! Flags 
• V (Overflow) • MD (Mode) 
• S (Sign) • DIR (Direction) 
• Z (Zero) • IE (Interrupt Enable) 
• AC (Auxiliary Carry) • BRK (Break) 
• P (Parity) 
• CY (Carry) 

When the PSW is pushed on the stack, the word 
images of the various flags are as shown here. 
PSW 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 
M IVDIBSZOAOP C 
DIE R C Y 

R K 

The status flags are set and reset depending 
upon the result of each type of instruction ex­
ecuted. 

Instructions are provided to set, reset, and com­
plement the CY flag directly. 

Other instructions set and reset the control flags 
and control the operation of the CPU. 

0 0-05 (PrefetchOueue) 
The LH70116 haS 6 byte instruction queue 

(FIFO), and it can store up to 6 instruction byte 
prefetched by the BCU. The instruction codes 
stored in the queue are fetched and executed by the 
EXU. The queue is cleared and prefetched with 
branch, call, return, or break instruction has been 
executed and when external interrupt has been 
acknowledged. Normally, the LH70108 prefetches 
if the queue has one word (two bytes) or more 
space. If the time required to prefetch the instruc­
tion code from the external memory is less than the 
mean execution time of instructions which .are ex­
ecuted sequentially, then the actual instructions cy­
cle will be shortened by this amount of time i. e. the 
instruction code to be next executed by the EXU 
can be available in the queue immediately after the 
completion of one instruction. As the result, pro­
cessing speed is highly upgraded compared with 
the conventional CPU which fetch and execute in­
structions one by one. Queuing effect is lowered if 
there were many instructions which clears queue 
like the branch instruction or in the case of con­
tinuous instructions with too short instruction 
time. 
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DP (Data POinter) 
The data pointer is a 16-bit register indicates 

read/write addresses of variables. Effective 
address made in the effective address generator 
and the register contents including memory 
address offsets are transferred to the DP. 

TEMP (Temporary Communication Register) 
This is a 16-bit temporary register used by 

communications between external data bus and the 
EXU. The TEMP can be read or written by upper 
byte or lewer byte independently for byte access. 
Basically, the EXU completes write operation with 
transferring data to the TEMP and completes read 
operation with recognizing the data has been trans­
ferred to the TEMP from external data bus. 

EAG (Effective Address Generator) 
The Effective Address Generator (EAG) per­

forms high-speed effective address calculation 
necessary for memory access. This completes all 
the calculations with 2 clocks for every addressing 
mode. 

This fetches the instruction byte (2nd or 3rd 
byte) which has operand specifying field, if the in­
struction needs memory access., Then calculates 
effective address and transfers it to the DP (Data 
Pointer) and generates control signals relating to 
handling AL U and corresponding registers. In 
addition, if it is necessary, the EAG requests to the 
BCU for starting the bus cycle (memory read). 

Instruction Decoder 
The Instruction Decoder classifies 1st byte of an 

instruction code into some groups with specific 
function and holds them during micro-instruction 
execution. 

Microaddress Register 
The microaddress register specifies the address 

of a microinstruction ROM to be next executed. At 
starting of a microinstruction execution, the 1st 
byte of instruction bytes stored in the queue. is 
fetched in this register and it specifies a start 
address of the corresponding microinstruction 
sequence. 

Microinstruction ROM 
The Microinstruction ROM has 1024 words by 

29 bits of microinstructions. 

Microinstruction Sequencer 
The Microinstruction Sequencer controls the 

microaddress register operation, microinstruction 

------.----~----SHARP .....-------------
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ROM output, and synchronizing the EXU with 
BCU. 

ADM (Address Modifier) 
Address Modifier performs the generation of 

physical address (adding segment register and PFP 
or DP) and increment of PFP (Prefetch Pointer). 

TAlTB (Temporary Register/Shifter A, B) 
The TA/TB are 16-bit temporary register/shif­

ter used with execution of multiply/divided and 
shift/rotate (including BCD rotate) instructions. 
When executing multiply or divide instruction T A 
+TB operates as a 32-bit temporary register/ 
shifter when executing shift/rotate instructions. 
Both the T A and TB can be read or written to and 
from the internal bus by upper byte or lower byte 
independently. The contents of the T A and TB are 
input to the ALU. 

TC (Temporary Register C) 
The TC is a 16-bit temporary register used with 
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internal processing like the mUltiply or divide op­
eration, etc. The TC content is output to the ALU. 

ALU (Arithmetic & Logic Unit) 
The Arithmetic and Logic Unit consists of a full 

adder and logical operation circuit and performs 
these operations: 
1) Arithmetic operation (Add, Subtract, Multiply, 

Divide, increment, decrement, and complement) 
2) Logical operation (test, AND, OR, XOR and bit 

test, set, clear, and complement) 

LC (Loop Counter) 
The Loop Counter (LC) is a 16-bit register 

which counts below items. 
1) Loop number of the primitive block transfer and 

input/output instructions (MOVBK, OUTM, etc.) 
controlled with repeat prefix instructions (REP, 
REPC, etc.). 

2) Shift number of the multi -bit shiftlrotate in­
structions. 

.--------SHARP'----------
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• High-Speed Execution of Instructions 

This section highlights the major architectural 
features that enhance the performance of the 
LH701l6. 
• Dual data bus in EXU 
• Effective address generator 
• 16/32-bit temporary registers/shifters (TA, TB) 
• 16-bit loop counter 
• PC and PFP 

Dual Data Bus Method 
To reduce the number of processing steps for in­

struction execution, the dual data bus method has 
been adopted for the LH70116 (figure 1). The two 
data buses (the main data bus and the subdata bus) 
are both 16 bits wide. For addition/subtraction 
and logical and comparison operations, processing 
time has been speeded up some 30% over sing­
le-bus systems. 

Registers 

Subdata bus Main data bus 

Fig. 1 Dual Data Buses 
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Example 
ADD AW, BW; AW+-AW+BW 

Single Bus Dual Bus 
Step 1 TA+-AW TA+-AW, TB+-BW 
Step 2 TB+-BW AW+-TA+TB 
Step 3 AW+-TA+TB 

Effective Address Generator 
This circuit (figure 2) performs high-speed pro­

cessing to calculate effective addresses for acces­
sing memory. 

Calculation an effective address by the micro­
programming method normally requires 5 to 12 
clock cycles. This circuit requires only two clock 
cycles for address to be generated for any addres­
sing mode. Thus, processing is several times faster. 

First and second byte of instruction 

EA Generator 

Effecti ve address 

Fig. 2 Effective Address Generator 

16/32-Bit Temporary Registers/Shifters (TA, 
TB) 

These 16-bit temporary registers/shifters (T A, 
TB) are provided for multiplication/division and 
shift/ rotation instructions. 

These circuits have decreased the execution time 
of multiplication/division instructions. In fact, 
these instructions can be executed about four times 
faster than with the microprogramming method. 

TA+TB: 32-bit temporary register/shifter for 
multiplication and division instructions. 

TB 16-bit temporary register/shifter for shift/ 
rotation instructions. 

---~------SHARP-'-------
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Loop Counter (LC) 
This counter is used to count the number of 

loops for a primitive block transfer instruction 
controlled by a repeat prefix instruction and the 
number of shifts that will be performed for a multi­
ple bit shift/rotation instruction_ 

The processing performed for a multiple bit rota­
tion of a register is shown below. The average 
speed is approximately doubled over the micropro­
gram method. 
Example 

RORC AW, CL; CL=5 
Microprogram LC method 
method 
8+(4X5)=28 clocks 7+5=12 clocks 

Program Counter and Prefetch Pointer (PC and 
PFP) 

The LH70 116 microprocessor has a program 
counter (PC), which addresses the program memory 
location of the instruction to be executed next, and 
a prefetch pointer (PFP), which addresses the prog­
ram memory location to be accessed next. Both 
functions are provided in hardware. A time saving 
of several clocks is realized for branch, call, re­
turn, and break instruction execution, compared 
with microprocessors that have only one instruc­
tion pointer. 
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• Unique Instructions 

Variable Length Bit Field Operation Instruc­
tions 

This category has two instructions: INS (insert 
Bit Field) and EXT (Extract Bit Field). These in­
structions are highly effective for computer 
graphics and high-,-level languages. They can, for 
example, be used for data structures such as pack­
ed arrays and record type data used in PASCAL. 
(1) INS regS, regS/INS regS, imm4 

This instruction (figure 3) transfers low bits 
from the 16-bit AW register (the number of bits is 
specified by the second operand) to the memory 
location specified by the segment base (DS 1 regis­
ter) pulse the byte offset (IY register). The starting 
bit position within this byte is specified as an 
offset by the lower 4 bits of the first operand. 

After each complete data transfer, the IY regis­
ter and the register specified by the first operand 
are automatically updated to point to the next bit 
field. 

Either immediate data or a register may specify 
the number of bits transferred (second operand). 
Because the maximum transferable bit length is 
16 bits, only the lower 4 bits of the specified regis­
ter (OOH to OFH) will be valid. 

Bit field data may overlap the byte boundary of 
memory. 

Fig. 3 Bit Field Insertion 

....---.-----SHARP--~--..-.----.-
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,:1 .il: ~' Bito_ ,[, ""'0:;." 
'r--.. --+---~ -------l.<fI~· . ~-+--I ------\:~ 

j By!< Bo~d,ry ",_tb~ 1l)S 0: 

15 0 

AWL-I _O_......L_~~· 

Fig. 4 Bit Field Extraction 

(2) EXT reg8, reg8/EXT reg8. imm4 
This instruction (figure 4) loads to the A W reg· 

ister the bit field data whose bit length is spe~ified 
by the second operand of the instruction from the 
memory location that is specified by the DSo seg· 
ment register (segment base), the IX index register 
(byte offset). and the lower 4 bits of the first oper­
and (bit offset). 

Packed BCD Operation Instructions 
The instructions described here process packed 

BCD data either as strings (ADD4S, SUB4S, 
CMP4S) or byte-format operands (ROR4, ROL4). 
After the transfer is complete, the IX register and 
the lower 4 bits of the first operand are automati­
cally updated to point to the next bit field. 

Either immediate data or a register may be speci­
fied for the second operand. Because the maximum 
transferrable bit length is 16 bits, however, only 
the lower 4 bits of the specified register (OR to 
OFR) will be valid. 

Bit field data may overlap the byte boundary of 
memory. 
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(1) ADD4S 
This instruction adds the packed BCD string 

addressed by the IX index register to the packed 
BCD string addressed by the IY index register; and 
stores the result in the string addressed by the IY 
register. The length of the string (number of BCD 
digits) is specified by the CL register, and the re­
sult of the operation will affect the overflow flag 
(V), the carry flag (CY), and zero flag (2). 

BCD string (lY, CL)+-BCD string (IY, CL)+BCD 
string (IX, CL) 
(2) SUB4S 

This instruction subtracts the packed BCD 
string addressed by the IX index register from the 
packed BCD string addressed by the IY register, 
and stores the result in the string addressed by the 
IY register. The length of the string (number of 
BCD digits) is specified by the CL register, and the 
result of the operation will affect the overflow flag 
(V), the carry flag (CY), and zero flag (2). 

BCD string (IY. CL)+-BCD string (IY, CL)-BCD 
String (IX, CL) 
(3) CMP4S 

This instruction performs the same operation as 
SUB4S except that the result is not stored and only 
the overflow (V), carry flags (CY) and zero flag (2) 
are affected. 

BCD string (IY, CL)-BCD string (IX, CL) 

I-
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(4) ROL4 
This instruction (Fig. 5) treats the byte data of 

the register or memory directly specified by the in· 
struction byte as BCD data and uses the lower 
4-bits of the AL register (ALd to rotate that data 
one BCD digit to the left. 

Fig. 5 BCD Rotate Left (ROL4) 

procedure R ; 
var f, g ; 
begin 

d: =a+f+g; 
end; 

begin 
R; 
b:=d+e; 

end; 
begin 

a; =b+c; 
Q: 

end; 
('main program') 

begin 
p-

end. 

LH70116 (V30) 

Note: The variables are defined as the words. 

This program is an example of a procedure block 
(5) ROR4 with a triple nesting. 

This instruction (Fig. 6) treats the byte data of 
the register or memory directly specified by the in­
struction byte as BCD data and uses the lower 
4-bits of the AL register (ALd to rotate the data 
one BCD digit to the right 

Fig. 6 BCD Rotate Right (ROR4) 

Stack Operation Instruction 
(1) PREPARE imm16, immS 

This instruction is used to generate "stack 
frames" required by the block structures of high­
level languages such as Pascal and Ada. The stack 
frame includes a local variable area as well as 
pointers. These frame pointers point to the frame 
containing the variables that can be referenced 
from the current procedure. 

The program example based upon Pascal lan­
guage is shown below. 

program EXAMPLE; 
procedure P ; 

var a, b, c ; 
procedure Q ; 

var d, e ; 

Procedure Variables 
P a, b, c 
Q d, e 
R f, g 

Accordingly, the global variables of a, band c 
are referenced from the procedure Q, and a, b, c, d 
and e from the procedure R. 

This instruction copies frame-pointers to re­
serve the local variable area and to enable global 
variable references. The first operand (16-bit im­
mediate data) specifies (in bytes) the size of the loc­
al variable area. The second operation (8-bit im­
mediate data) specifies the depth (or lexical level) 
of the procedure block. The frame base address ~ 
generated by this instruction is set in the BP base B -~= 
pointer. 

To compile the EXAMPLE program follows the 
assembler program shown next. (The DISPOSE in­
struction in the assembler program is used to re­
turn the stack pointer SP and the base pointer BP 
to the state just before the PREP ARE instruction is 
executed. See DISPOSE section mentioned later.) 
ST ART: MOV SP, SPTOP 

P: 

MOV BP, SP ; CD 
CALL P ;@ 
BR 
PREPARE 
MOV 
ADD 
MOV 
CALL 

-DISPOSE 
RET 

SYSTEM 
6,1 ;QD 
AW, [BPIIB+BLEVELX2] 
AW, [BPIIC+CLEVELX2] 
[BPIIA + ALE VEL X 2[, A W 
Q 
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Q: PREPARE 4, 2 ;@ 
CALL R 
MOV AW,IBPHD+DLEVELX2j 
ADD AW,IBPHE+ELEVELX2j 
MOV IY, IBPHBLEVELX 2j 
MOV SS: IIYHB+BLEVELX2j, AW 
DISPOSE 
RET 

R: PREPARE 4,3 ;@ 
MOV AW,IBPHF+FLEVELX2j 
ADD AW,IBPHG+GLEVELX2j 
MOV IY,IBPHALEVELX 2j 
ADD AW, SS: IIYHA+ALEVELX2j 
MOV IY,IBPHDLEVELX2j 
MOV SS: IIYHD+DLEVELX2j, AW 
DISPOSE 
RET 

;A=-2 ALEVEL=-1 
;B=-4 BLEVEL=-1 
;C=-6 CLEVEL=-1 
;D=-2 DLEVEL=-2 
;E=-4 ELEVEL=-2 
;F=-2 FLEVEL=-3 
;G=-4 GLEVEL=-3 

The process of the generation of the stack frame 
according to the program is shown next. The num· 
bers are referred to that in the program. 

8 I 
I 
p.. 
rJl 

0.: 
o:l 

I~I 
~1 

IP-. 
o:l 
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II 
I 

J 
<ll"d u.o'" [III 

j 6 16 
@ E-< E-< 

[.l.l [.l.l 

~ ~ 

~ 
I 

---l I 
J 

be 4-< <ll"O u.o '" [III 
61 6 

0 E-< E-< E-< 
[.l.l [.l.l [.l.l 
~ ~ ~ 

First the old BP value is saved to the stack. This 
is done so that BP of the calling procedure can be 
restored when the called procedure terminates. 
The frame pointer (BP value saved to the stack) 
that indicates the range of variables that can be reo 
ferenced by the called procedure is placed on the 
stack. This range is always a value one less than 
the stack. This range is always a value one less 
than the lexical level of the procedure. 

If the lexical level of a procedure is greater than 
1, the pointers of that procedure will also be saved 
on the stack. This is so that the frame pointer of 
the calling procedure can also be copied when 
frame pointer copy is performed within the called 
procedure. 

Next the new frame pointer value is set in BP 
and the area for . local variables used by the proce, 
dure is reserved in the stack. In other words, SP is 
decremented only for the amount of stack memory 
required by the local variables. 

display = 2nd operand 
dynamics= 1st operand 

SP=SP-2 ; 
(SP)=BP; 
temp=SP; 
if display >0 then begin 

, repeat display -1 times 
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begin 
SP=SP-2 ; 
SP=BP-2 ; 
(SP)=(BP) ; 

end; 
SP=SP-2 ; 
(SP)=temp; 
end; 

BP=temp; 
SP=SP-dynamics 

Mode Operating Instructions 
The LH70116 has two operating modes (Fig. 7). 

One is the native mode, the other is the emulation 
mode in which the instruction set of the 8080A is 
emulated. A mode flag (MD) is provided to select 
between these two modes. Native mode is selected 
when MD is 1 and emulation mode when MD is O. 
MD is set and reset, directly and indirectly, by ex­
ecuting the mode manipulation instructions. 

Two instructions are provided to switch opera­
tion from the native mode to the emulation mode 
and back: BRKEM (Break for Emulation), and RE­
TEM (Return from Emulation). 

Two instructions are used to switch from the 
emulation mode to the native mode and back: 
CALLN (Call Native Routine), and RETI (Return 
from Interrupt). 

The system will return from the 8080 emulation 
mode to the native mode when the RESET signal is 
present, or when an external interrupt (NMI or 
INT) is present. 

RESET, NMI, INT 

BRKEM 

I~ Emulation mode 

Fig. 7 V30 Modes 

Data Acce.ss 
(1) Local variable access 

The local variables are assigned in the frame of 
the procedure. The effective address EA. L of the 
local variables is defined by the formula: 

LH70116 (V30) 

EA. L=SS : (BP+offset) 
The offset value is defined as the sum of the 

frame size (referenced frame base) and the variable 
from the base of the local variable area. 
(2) Global variable access 

The global variable is located at the address 
added by the offset of variables which are refer­
enced to the accessed value of the base pointer of 
the old one saved on the stack frame. 

The effective address EA. G is defined as below. 
EA. G=SS : ((SS : (BP+offset 1)) + offset 2) 

The offset 1 is defined by the offset value from 
the frame base (BP) to the address stored by the 
base address of the frame including the global vari­
ables. 

The offset 2 is defined by the offset value from 
the frame base including variables t,o be referenced 
to the variables. 

DISPOSE 
I 

This instruction releases the last stack frame 
generated by the PREP ARE i.nstruction. It returns 
the stack and base pointers to the values they had 
before the PREP ARE instruction was used to call a 
procedure. 

SP=BP; 
BP=(SP) ; 
SP=SP+2 

Check Array Boundary Instruction 
This instruction is used to verify that index 

values pointing to the elements .of an array data 
structure ate within the defined range. The lower 
limit of the array should be in memory location 
mem32, the upper limit in mem32 + 2. If the index 
value in reg16 is not between these limits when 
CHKIND is executed, a BRK 5 will occur. This 
causes a jump to the location in interrupt vector 5. 

CHKIND regl6, mem32 
When (mem32»regI6 or (mem32+2)<regI6 

TA+-c(015H,014H) 
TC-(017H,016H) 
SP-SP-2, (SP+l, SP)-PSW 
IE-O, BREK-O 
SP-SP-2, (SP+ I, SP)+--PS 
PS+--TC 

=BRK 5 

SP+--SP- 2, (SP+ 1, SP)+--PC 
PC+--TA 
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(1) BRKEN immS 
This is the basic instruction, used to start the 

8080' emulation mode. This instruction operates 
exactly the same as the BRK instruction, except 
that BRKEM resets the mode flag (MO) to O. PSW, 
PS, and PC are saved to the stack. MO is then reset 
and, the interrupt vector specified by the operand 
imm8 of this command is load,ed into PS and PC. ' 

The instruction codes of the interrupt processing 
routine jumped to are then fetched. Then the CPU 
executes these codes as 8080A instructions. 

,In 8080 emulation mode, registers and flags of 
the 8080A are performed by the following regis­
ters and flags of the LH70116 

8080A LH70116 
Registers: A AL 

B CH 
C CL 
D DH 
E DL 
H BH 
L BL 

SP BP 
PC PC 

Flags: C CY 
Z Z 
S S 
P P 

AC AC 

In the native mode, SP is used for the stack poin­
ter. In the 8080 emulation mode this function is 
performed by BP. 

The use of independent stack pointers allows in­
dependent stack areas to be secured for each mode 
and keeps the stack of one, of the modes from being 
destroyed by an erroneous stack operation in the 
other mode. 

The SP, IX, IY and AH registers and the four 
segment registers (PS, SS, DSo, and OSl) used in 
the native mode are not affected by operations in 
8080 emulation mode. 

In the 8080 emulation mode, the segment regis­
ter for instructions is determined by the' PS regis­
ter (set automatically by the interrupt vector) and 
the segment register for data is the OSo 'register 
(set by the, programmer immediately before the 
8080 emulation mode is entered). 

It is prohibited to nest BRKEM instructions. 
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(2) RETEM (no operand) 
When RETEM is executed in 8080 emulation 

mode (interpreted by the CPU as' an 8080A in­
s~ruction), the CPU restores PS, PC, andPSW (as it 
would when returning from an interrupt proces­
sing routine), and returns to the native mode. At 
the same time, the contents of the mode flag (MO) 
which was saved to the stack by the BRKEM in­
struction, is restored to MO= 1. The CPU is set to 
the native mode. 
(3) CALLN immS 

This instruction makes it possible to call the na­
tive mode subroutines from the 8080 emulation 
mode. To return from subroutine to the emulation 
mode, the RET! instruction is used. 

The processing performed when this instruction 
is executed in the 8080 emulation mode (it is inter­
preted by the CPU as 8080A instruction), is simi­
lar to that performed when a BRK instruction is 
executed in the native mode. The imm8 operand 
specifies an interrupt vector type. The contents of 
PS, PC, and PSW are pushed on the stack and an 
MO flag value of 0 is saved. The mode flag is set to 
1 and the interrupt vector specified by the operand 
is loaded into PS and PC. 
(4) RETl(no operand) 

This is a general-purpose instruction used to ,re­
turn from interrupt routines entered by theBRK 
instruction or by an external interrupt in the na­
tive mode. When this instruction is executed at the 
end of a subroutine entered by the execution of the 
CALLN instruction, the operation that restores PS, 
PC, and PSW is exactly the same as the the native 
mode execution. When PSW is restored, however, 
the 8080 emulation mode value of the mode flag 
(MO) is restored, the CPU is set in emulation mode, 
and all subsequent instructions are interpreted and 
executed as 8080A instructions. 

RETI is also used to return from an interrupt 
procedure initiated by an NMI or INT interrupt in 
the emuiation mode. 

• Floating Point Operation Chip Instruc­
, tions FP01 fp-op, mem/FP02 fp-op, 
mem 

These instructions are used for the external 
floating point processor. The floating point opera­
tion is passed to the floating point processor when 
the CPU f~tches one of these instructions. From 
this point the CPU performs only the necessary au­
xiliary processing (effective address calculation, 
generation of physical addresses, and start-up of 
the memory read cycle). 

The floating point processor always monitors the 
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instructions fetched by the CPU. When it inter· 
prets one as an instruction to itself, it performs the 
appropriate processing. At this time, the floating 
point processor chip uses either the address alone 
or both the address and read data of the memory 
read cycle executed by the CPU. This difference in 
the data used depends on which of these instruc· 
tions is executed. 
Note: During the memory read cycle initiated by 

the CPU for FP01 or FP02 execution, the 
CPU does not accept any read data on the 
data bus from memory. Although the -CPU 
generates the memory address, the data is 
used by the floating point processor. 

• Interrupt Operation 

The interrupts used in the LH70116 can be di­
vided into two types: interrupts generated by ex­
ternal interrupt requests and interrupts generated 
by software processing. These are the classifica­
tions. 
(1) External Interrupts 
(a) NMI input (nonmaskable) 
(b) INT input (maskable) 
(2) Software Processing 
As the result of instruction execution 
• When a divide error occurs during execution of 

the DIV or DIVU instruction 
• When a memory-boundary-over error is de­

tected by the CHKIND instruction 
Conditional break instruction 
• When V= 1 during execution of the BRKV in-

struction 
Unconditional break instructions 
• 1 -byte break instruction: BRK3 
• 2-byte break instruction: BRKimmS 

Flag processing 
• When stack operaitons are used to set the BRK 

flag 
SOSO Emulation mode instructions 
• BRKEM immS 
• CALLN immS 

Interrupt Vectors 
Starting addresses for interrupt processing 

routines are either determined automatically by a 
single location of the interrupt vector table or 
selected each time interrupt processing is entered. 

The interrupt vector table is shown in figure S. 
The table uses 1 K bytes of memory addresses 
OOOH to 3FFH and can store starting address data 
for a maximum of 256 vectors (4 bytes per vector). 

The correponding interrupt sources for vectors 
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o to 5 are predetermined and vectors 6 to 31' are 
reserved These vectors consequently cannot be 
used for general applications 

The BRKEM instruction and CALLN instruction 
(in the emulation mode) and the INT input are 
available for general applications for vectors 32 to 
255. 

A single interrupt vector is made up of 4 bytes 
(Fig. 9). The 2 bytes in the low addresses of mem­
ory are loaded into PC as the offset, and the high 2 
bytes are loaded into PS as the base address. The 
bytes are combined in reverse order. The lower­
order bytes in the vector become the most signifi­
cant bytes in the PC and PS, and the higher-order 
bytes become the least significant bytes. 

I 
Vector 0 

004 H 
Vector I 

008 H 
Vector 2 

00 CI i 
Vector 3 

010 H 
Vector 4 

1114 H 
Vector ;; 

1118 I i 
Vector 6 

07n I 
'" ector :-11 

080 H 
Vector 32 

3FCH 
Vector 255 

Diyic1e Error 

Break Flag 

NMI Input 
Dedicated 

BRK :l Instruction 

CIIKIND Instruction 

1"'""'" 1 General Use 

* BRK imm g Instruction 

* BRKEM Instruction 

*INT Input I External I ~ 

,L-__________________ *_C_'A_L_L_N __ I_ns_'tr_u_ct_it_)Jl ________ ~ ~ 

Fig. 8 Interrupt Vector Table 

Vector 0 

000 H 001 H 

002 H 003 H 

PS<-- (003 H, 002 H) 
PC<-- (001 H, 000 H) 

Fig. 9 Interrupt Vector 0 

-----------~SHARP-~-------
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Based on this format, the contents of each vector 
should be initialized at the beginning of the 
program. 

The basic steps to jump' to an interrupt proces-
sing routine are now shown. 

TA-vector low bytes (offset) 
TC-vector high bytes (segment base) 
SP-SP - 2, (SP + 1, SP)-PSW 
IE-O, BRK +-'-0, MD-O 
SP-SP-2, (SP+1, SP)-PS 
PS-TC 
SP-SP-2, (SP+ 1, SP)-PC 
PC-TA 

• Standby Function 

The LH70116 has a standby mode to reduce 
power consumption during program wait states. 
This mode is set by the HALT instruction in both 
the native and the emulation mode. 

LH70116 (V30) 

In the standby mode, the internal clock is sup­
plied only to those circuits related to· functions re­
quired to release this mode and bus hold control 
functions. As a result, power consumption can be 
reduced to 1110 the level of normal operation in 
either native or emulation mode. 

The standby mode is released by inputting a RE­
SET signal or an external interrupt (NMI, INT). 

The bus hold function is effective during stand­
by mode. The CPU returns to standby mode when 
the bus hold request is removed. 

During standby mode, all control outputs are dis­
abled and the address/data bus will be at either 
high or low levels. 

• I/O Address Reservation 

Reserve upper 256 bytes of I/O address 
(FFOOH-FFFFH) in case it may be used in future. 

-----.--.--------SHARP-~-,-----
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• Timing Diagram 

(1) AC Test Input Waveform 

(Except CLK) 

2.4 V 2.2 V 2.2 V =x> Test Points <:><:= 
0.4 V 

0.8 V 0.8 V 

(2) AC Output Test Points 

2.2 V 2.2 V 

==>¢> Test Points «<= 
0.8 V 0.8 V 

(3) Clock Timing 

CLK 

tKKL 

(4) Wait (Ready) Timing 

Tl T2 T3 TW 
CLK 

Ready--~ 

tSRYHK 

T4 

*Read signal must be held at LOW or HIGH during this period. 

(5) POLL, NMI, INT InputTiming 

Tn 

CLK~ 
j~~l -

POLL ~~------
NMI.INT ~ ______ __ 
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(6) BUSLOCK Output Timing 

CLK~0r-
~Df-. tD]ct--_A ___ _ 

BUSLOCK ~'I If 

(7) Read Timing (Small Scale) 

T4 Tl T2 T4 

-'-------....-.-.--SHARP ---------.-..... 
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(8) Write Timing (Small Scale) 

T4 Tl T2 T3 T4 
eLK 

UBE 

AD7-ADo Data Output 

ASTB 

I-tDKCT 
BUFEN 

BUFR/W tDKCT 

WR - f:tWW-JCT 

IO/M"J( 

(9) Read Timing (Large Scale) 

eLK 

ASTB 
(71088 

Output) 

T4 Tl T2 T3 T4 
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(10) Write Timing (Large Scale) 

T4 Tl T2 T3 T4 
eLK 

A19-PS3 ----1\1-,.r-:~--:-==:-'Ii:____\ 
Program Status 

A16/PSO 

ASTB 
(71088 

Output) 

BS2-BSo \ Bus Status / 

'-~--------SHARP-'-''--------~ 
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(11) Interrupt Acknowledge Timing 

BUFR/W 

IO/M 

~B-U-SL~O~C-K-'--------~ ________________ ~/~---------------

(12) Hold RequesVAcknowledge Timing (Small Scale) 

CLK 

HLDRQ 

HLDAK ~ ________ -I" 

* ------______ ~~~~~~JI 

* A'9/PS3-A'6/PSo, AD'5-ADo, RD, UBE 0, IO/M, BUFR/W, 

WR BUFEN ~ 
~---------I B~_ 

(13) Bus RequesVAcknowledge Timing (Large Scale) 

CLK 

RQ/AK 
~ __ ~~~~ __ -¥~~ ___ k_Y_'~ 

'Pulse 1 RQ Pulse 2 AK Pulse 3 RQ 
.70116 Input 70116 Output 70116 Input 

70116 .. ",'; Jr-~_t_FK_A ____ ~~",?<"," _______ _ 

.'. ~ :::; Coprocessor 

-.----~-------SHARP~.--.--.---
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Table 1 Operand Types Table 2 Operation COde Types 

Identifier Description Identifier Description 
reg .a-or 16-bit general-purpose register W Word/byte field (0 to 1) 
reg8 8-bit general-pourpose register reg Register field (000 to 111) 
reg16 ' 16-bit general-purpose register mem Memory field (000 to 111) 
dmem 8-or 16-bit direot memory location mod Mode field (00 tQ 10) 
mem 8 -or 16-bit memory location S:W When S: W=Ol or 11, data=16 bits. 
mem8 8-bit memory location At all other tii)les, data = 8 bits. 
mem16 16-bit memory locotion X,XXX, Data to identify the instruction code of 
mem32 32-bit memory location YYY, ZZZ the external floating point arithmetic 
imm Constant (0 to FFFFH) chip 
imm16 Constant (0 to FFFFH) 
imm8 Constant (0 to FFH) 
imm4 Constant (0 to FH) 
imm3 Constant (0 to 7) 

Table 3 Operational Description Types 

acc A W or AL register Identifier Description 

sreg Segment register AW Accumulator (16 bits) 

sr.c-table Name of. 256-byte translation table AH Accumulator (high byte) 

src-block Name of block addressed by the IX AL Accumulator (low byte) 

register.' BW BW register (16 bits) 

dst-block Name of block addressed by the IY CW CW register (16 bits) 

register CL CW register (low byte) 

near-proc Procedure within the current program DW DW register (16 bits) 

segment SP Stack pointer (16 bits) 

far-proc Procedure located in another program PC Program counter (16 bits) 

segment PSW Program status word (16 bits) 

near-label Label in the current program segment IX Index register (source 16 bits) 

short-label Label between - i 28 and + 127 bytes IY Index register (destination 16 bits) 

from tbe end of instruction PS Program segment register (16 bits) 

far-label Label in another program segment SS Stack segment register (16 bits) 

memptr16 Word containing the offset of the DSo Data segment 0 register (16 bits) 

memory location within the current DS, Data segment 1 register (16 bits) 

program segment to which control is to AC Auxiliary carry flag 

be transferred CY Carry flag 

memptr32 Double word containing the offset and P Parity flag 

segment base address of the memory S Sign flag 

location to which control is to be Z Zero flag 

transferred DIR . Direction flag 

regptr16 16-bit register containing the offset of IE Interrupt enable flag 

the memory location within the V Overflow flag 

program segment to which control-is to BRK Break flag 

be transferred MD Mode flag 

pop-value Number of bytes of the stack to be ( ... ) Values in p~rentheses are memory 

discarded (0 to 64K bytes, usually contents 

even addresses) disp Displacement (8 or 16 bits) 

fp-op Immediate data to identify the ext-disp8 16-bit displacement (sign-extension 

instruction code of the external float- byte + 8-bit,displacement) 

ing point operation temp Temporary register (8/16/32 bits) 

R Register set TA: Temporary register A (16 bits) 
TB: Temporary register B (16 bits) 
TC: Temporary register C (16 bits) 
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Operational Description Types (cont) 

Identifier Description 
tmpcy Temporary carry flag (1 bit) 
seg Immediate segment data (16 bits) 
offset Immediate offset data (16 bits) 
<- Transfer direction 

+ Addition 
- Subtraction 
X Multiplication 

Division 

% Modulo 

AND Logical prod uct 
OR Logical sum 

XOR Exclusive logical sum 
XXH Two-digit hexadecimal value 

XXXXH Four-digit hexadecimal value 

Table 4 Operations 

Identifier Description 
(blank) No change 

a Cleared to a 
1 Set to 1 
X Set or cleared according to the result 

U Undefind 
R Value seved earlier is restored 

Table 5 Memory Address 

mod 
mem 

00 01 10 
000 BW+IX BW + IX + disp8 BW + IX +disp16 
001 BW+IY BW + IY + disp8 BW+IY+disp16 

010 BP+IX BP+ IX +disp8 BP+ IX +disp16 
011 BP+IY BP+IY+disp8 BP+IY+disp16 
100 IX IX+disp8 IX+disp16 
101 IY IY+disp8 IY+disp16 

110 Direct address BP+disp8 BP+disp16 
111 BW BW+disp8 BW+disp16 

Table 6 Selection of a-and 16-Bit Registers (mod 11) 

reg w=o W=l 

000 AL AW 
001 CL CW 

010 DL DW 

011 BL BW 

100 AH SP 

101 CH BP 
110 DH IX 

111 BH IY 

LH70116 (V30) 

Table 7 Selection of Segment Registers 

sreg 

00 

01 PS 

10 SS 
11 DSo 

The table on the following pages shows the in­
struction set. 

At "No. of Clocks," for instructions referencing 
memory operands, the left side of the slash (I) is 
the number of clocks for byte operands and the 
right side is for word operands. For conditional 
control transfer instructions, the left side of the 
slash (/) is the number of clocks if a control trans­
fer takes place. The right side is the number of 
clocks when no control transfer or branch occurs. 
Some instructions show a range of clock times, 
separated by a hyphen. The execution time of these 
instructions varies from the minimum value to the 
maximum, depending on the operands involved. 
Note: Add four clocks these times for each word transfer made to 

an odd ad.dress. 

"No. of Clocks" includes these times: 
Decoding 

• Effective address generation 
Operand fetch 
Execution 

It assumes that the instruction bytes have been 
prefetched. 
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Table 8 Primitive Block Transfer Instructions (n: number of transfers) 

Mnemonic 
Byte clocks Word clock (W=I) 

(W=O) Odd, Odd address Odd, Even address Even, Even address 
. MOVBK .11 +Sn 11 +16n 11+12n l1+Sn 

(11) (19) (15) (11) 

CMPBK 7+14n 7+22n 7+1Sn 7+14n 
(13) (21) (17) (13) 

Note: Values in parentheses apply to the case of single processing. 

Table 9 Primitive 1/0 Instructions (n: number of transfers) 

Mnemonic 
Byte clocks Word clock (W=l) 

(W=O) Odd address Even address 
CMPM 7+10n 7+14n 7+10n 

(7) (11) (7) 

LDM 7+9n 7+13n 7+9n 
(7) (11) (7) 

STM 7+4n 7+Sn 7+4n 
(7) (11) (7) 

INM 9+Sn 9+16n 9+Sn 
(10) (IS) (10) 

OUTM 9+Sn 9+16 9+S 
(10) (IS) (10) 

Note: Values in parentheses apply to the case of single proccesing. 

-'-'---~----SHAR-P--~--~----~~ 
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Mnemonic Operation 

Oata Transfer Instructions 
MOV reg,reg reg+-reg 

mem reg (mem)+-rell; 
reg, mem reg+-(mem) 
mem, imm (mem)+-imm 
reg, imm reg .... imm 
acc, dmem When W -0 AL+-(dmem) 

When W=1 AH+-(dmem+ll. AL+-(dmem) 
dmem, acc When W=O (drem)+-AL 

When W=1 (dmem+l)+-AH (dmem)+-AL 
sreg, reg16 sreg+-regl6 sreg: SS OSO OSI 
sreg, mem16 sreg+-(memI6) sreg:SS OSO OSI 
reg16 sreg reg16+-sreg 
mem16 sreg (mem 16)+-sreg 
OSO, regl6, regI6+-(mem32) 
mem32 ~ OSO+-(mem32 + 2) 
OSI, regl6, regI6+-(mem32) 
mem32 OSI+-(mem32+2) 
AH PSW AH+-S Z x AC x P x CY 
PSW AH S Z x AC x P x CY+-AH 

LOEA rel<16 mem16 red6<--'meml6 
TRANS src-table AL+-(BW + AL) 
XCH reg, reg reg .......... reg 

mem, reg (mem)-reg 
or reg, mem 
AW,reg16 AW .......... regl6 
or rel<16 AW 

---

Repeat Prefixes 
REPC While CW =/= 0, the next byte of the primitive 

block transfer instruction is executed and 
CW is decremented (-1). If there is a wait~ 
ing interru pt, it is processed. When CY =/= 1, 
exit the loop. 

REPNC While CW =/= 0, the next byte of the primitive 
block transfer instruction is executed and 
CW is decremented (-1). If there is a wait-
ing interrupt, it is processed. When CY=/=O, 
exit the loop. 

REP While CW=/=O, the next byte of the primitive 
REPE block transfer instruction is executed and 
REPZ CW is decremented (-1). If there is a wait~ 

ing interrupt, it is processed. If the primi· 
tive block transfer instruction is CMPBK or 
CMPM and Z=/= 1 exit the loop. 

OJ 
11111111 

Ooeration Code 
7 6 5 4 3 2 1 017 6 5 4 3 2 1 0 S Z 

1 0 0 0 1 0 1 W 1 1 reg reg 2 2 
1 0 0 0 1 0 o W mod reg mem 9/13 2-4 
1 0 0 0 1 0 1 W mod reg mem 11115 2-4 
1 1 0 0 0 1 1 W mod 0 0 0 mem 11115 3-6 
1 0 1 1 W reg 4 2-3 
1 0 1 0 0 0 o W 10/14 3 

1 0 1 0 0 0 1 W 9/13 3 

1 0 0 0 1 1 1 0 1 1 0 sreg reg 2 2 
1 0 0 0 1 1 1 0 mod 0 sreg mem 11/15 2-4 
1 0 0 0 1 1 0 0 1 1 0 sreg reg 2 2 
1 0 0 0 1 1 0 0 mod 0 sreg mem 10/14 2-4 
1 1 0 0 0 1 0 1 mod reg mem 18/26 2-4 

1 1 0 0 0 1 0 0 mod reg mem 18126 2-4 

1 0 0 1 1 1 1 1 2 1 x x x x x 
1 0 0 1 1 1 1 0 3 1 x x x x x 
1 0 0 0 1 1 0 1 mod reg mem 4 2-4 
1 1 0 1 0 1 1 1 9 1 
1 0 0 0 0 1 1 W 1 1 reg reg 3 2 
1 0 0 0 0 1 1 W mod reg mem 16124 2-4 

1 0 0 1 0 reg 3 1 
---_._- - ----=---------

0 1 1 0 0 1 0 1 2 1 

0 1 1 0 0 1 0 0 2 1 

1 1 1 1 0 0 1 1 2 1 

I~ 

If 
I ~ 
I ~ 
I !-

I) 
I 
I 
I 
U 
I~ 
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Mnemonicl Ooerand Operation 

Repeat Prefixes (cont) 
REPNE While cw =fo 0, the next byte of the primitive 
REPNZ block transfer instruction is executed and 

CW is decremented (-1). If there is a wait-
ing interrupt, it is processed. If the primi-
tive block transfer instruction is CMPBK or 
CMPM and Z =fo 0 exit the 1000. 

Primitive Block Transfer Instructions 
MOVBK dst-block, When W=O (IY)+-(IX) 

DIR=O: IX+-IX+I, IY+-IY+1 
DIR=I: IX+-IX-l, IY+-IY-l 

src-block When W=1 (IY+l, IY)+-(IX+l, IX) 
DIR=O: IX+-IX+2, IY+-IY+2 
DIR=1:IX+-IX-2 IY+-IY-2 

CMPBK src-block, When W -0 (IX)-(IY) 
DIR=O: IX+-IX+l, IY+-IY+1 
DIR=I: IX+-IX-l, IY+-IY-l 

dst-block When W = 1 (IX + 1, IX)+-(IY + 1, IY) 
DIR=O: IX+-IX+2, IY+-IY+2 
DIR=I: IX+-IX-2 IY+-IY-2 

CMPM dst-block When W=O AL-(IY) 
DIR=O: IY+-IY+1; DIR=l:IY+-IY-1 

When W=1 AW-(IY+l, IY) 
DIR = 0: IY +-IY + 2; DIR = l:IY +-IY - 2 

LDM src-block When W-O AL-(IX) 
DIR=O: IX+-IX+l; DIR=I:IX+-IX-1 

When W=1 AW+-(IX+l, IX) 
DIR = 0: IX +-IX + 2; DIR = 1:1 X +-IX - 2 

STM dst-block When W=O (IY)+-AL 
DIR=O: IY+-IY+I; DIR=l:IY+-IY-1 

When W=I(IY+l, IY)+-AW 
DIR=O: IY+-IY+2; DIR=l:IY+-IY-2 

Bit Field Transfer Instructions 
INS reg8, reg8 16-Bit field+-AW 

reg8, imm4 16-Bit field-AW 

EXT reg8, reg8 AW+-16-Bit field 

reg8, imm4 AW+-16-Bit field 

Ooeration Code 
7 6 5 4 3 2 1 017 6 5 4 3 2 1 0 

1 1 1 1 0 0 1 0 

1 0 1 0 0 1 o W 

1 0 1 0 0 1 1 W 

1 0 1 0 1 1 1 W 

1 0 1 0 1 1 o W 

1 0 1 0 1. 0 1 W 

n: number of transfers 

0 0 0 0 1 1 1 1 0 0 1 1 0 0 0 1 
1 1 reg reg 
0 0 0 0 1 1 1 1 0 0 1 1 1 0 0 1 
1 1 0 0 0 reg 
0 0 0 0 1 1 1 1 0 0 1 1 0 0 1 1 
1 1 reR reK 
0 0 0 0 1 1 1 1 0 0 1 1 1 0 1 1 
1 1 0 0 0 reg 

2 1 

See 1 
Table 8 

7+13n 1 x 

7+21n 

See 1 x 
Table 
7-9 

See 1 
Table 
7-9 

See 1 
Table 
7-9 

31-117 3 
35-133 
31-117 4 
35-133 
26-55 3 
134-59 
26-55 4 
134-59 

S Z 

x x x x x 

x x x x x 

I~ 

If 
Ii 
I f 

Ii 
I 
I 
I 
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Mnemonic Operation 

II 0 Instructions 
IN ace, imm8 When W=O AL+-(imm8) 

When W=1 AH+-(imm8+1), AL+-(imm8) 
ace, DW When W=O AL+-(DW) 

- When W=1 AH+-(DW+l), AL+-(DW) 
OUT imm8, ace When W=O (imm8)+-AL 

When W=1 (imm8+1)+-AH (imm8)+-AL 
DW, ace When W -0 (DW)+-AL 

When W= 1 (DW + 1)+-AH, (DW)+-AL 
Primitive 110 InstructIOns 

INM dst-block, DW When W -0 (IY)+-(DW) 
DIR=O: IY+-IY+1; DIR=l:IY+-IY-1 

When W=1 (IY+1, IY)+-(DW+1, DW) 
DIR=O: IY..-IY+2· DIR=l:IY+-IR-2 

OUTM DW,src-block When W=O (DW)+-(IX) 
DIR=O: IX+-IX + 1; DIR= l:IX+-IX-1 

When W=1 (DW+1, DW)+-(IX+1, IX) 
DIR=O: IX+-IX+2; DIR=1:IX+-IX-2 

Addition/Subtraction InstructIOns 
ADD r~, reg reg+-reg+ reg 

mem reg (mem)+-(mem) + reg 
reg, mem reg+-reg+(mem) 
r~m imm reg+-reg + imm 
mem imm (mem)+-(mem) + imm 
ace, imm When W=O AL+-AL+imm 

When W=1 AW+-AW+imm 
ADDC reg, reg reg+-reg+reg+CY 

mem rel( (mem)+-(mem)+ reg+ CY 
reg, mem reg+-reg+ (mem) +CY 
reg, imm reg+-reg + imm + CY 
mem imm (mem)+-(mem) + imm + CY 
ace, imm When W-OAL+-AL+imm+CY 

When W=1 AW+-AW+imm+CY 
SUB reg, reg reg+-reg - reg 

mem reg (mem)+-(mem) - reg 
reg, mem reg+-reg- (mem) 
reg, imm reg+-reg-imm 
mem imm (mem)+-(mem)-imm 
ace, imm When W=O AL+-AL-imm 

When W=1 AW+-AW-imm 

m 
11111111 

Operation Code 
7 6 5 4 3 2 1 017 6 5 4 3 2 1 0 

1 1 1 0 0 1 o W 

1 1 1 0 1 1 o W 

1 1 1 0 0 1 1 W 

1 1 1 0 1 1 1 W 

0 1 1 0 1 1 o W 

0 1 1 0 1 1 1 W 

n: number of transfers 

0 0 0 0 0 0 1 W 1 1 reg reg 
0 0 0 0 0 0 o W mod reg mem 
0 0 0 0 0 0 1 W mod reg mem 
1 0 0 0 0 0 S W 1 1 0 0 0 reg 
1 0 0 0 0 0 S W mod reg mem 
0 0 0 0 0 1 o W 

0 0 0 1 0 0 1 W 1 1 reg reg 
0 0 0 1 0 0 o W mod reg mem 
0 0 0 1 0 0 1 W mod reg mem 
1 0 0 0 0 0 S W 1 1 0 1 0 reg 
1 0 0 0 0 0 S W mod 0 1 0 mem 
0 0 0 1 0 1 o W 

0 0 1 0 1 0 1 W 1 1 reg reg 
0 0 1 0 1 0 o W mod reg mem 
0 0 1 0 1 0 1 W mod reg mem 
1 0 0 0 0 0 S W 1 1 1 0 1 reg 
1 0 0 0 0 0 S W mod 1 0 1 mem 
0 0 1 0 1 1 o W 

9/13 2 

8/12 1 

8/12 2 

8/12 1 

See 1 
Table 
7-9 

See 1 
Table 
7-9 

2 2 x 
16/24 2-4 x 
11/15 2-4 x 
4 3-4 x 
18126 3-6 x 
4 2-3 x 

2 2 x 
16/24 2-4 x 
11/15 2-4 x 
4 3-4 x 
18/26 3-6 x 
4 2-3 x 

2 2 x 
16/24 2-4 x 
11/15 2~4 x 
4 3-4 x 
18126 3-6 x 
4 2-3 x 

S Z 

x x x x x 
x x x x x 
x x x x x 
x x x x x 
x x x x x 
x x x x x 

x x x x x 
x x x x x 
x x x x x 
x x x x x 
x x x x x 
x x x x x 

x x x x x 
x x x x x 
x x x x x 
x x x' x x 
x x x x x 
x x x x x 

I~ 

Ii 
Ii 
I ~ 
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Mnemonicl Operand Operation 

Addition/Subtraction Instructions (cont) 
SUBC reg. reg reg+-reg-reg:-CY 

mem reg (mem\+-(mem\-rel!-CY 
rel!. mem rel!+-rel!-(mem\-CY 
rel!. imm reg+-reg- imm - CY 
mem imm (meml-(mem\-imm -CY 
ace, imm When W-O AL+-AL-imm-CY 

When W=1 AW+-AW-imm~CY 
BCD Operation InstructIOns 
ADD4S . dst BCD string+-dst BCD string 

+ src BCD string 
SUB4S dst BCD string+-dst BCD string 

-src BCD string 
CMP4S dst BCD string-scr BCD string 

ROL4 reg8 . reg 
~upperILowe~ L 4bits "bits 

mem8 mem 

. L .bits 4bits ~upperlLoweJj 

. -
ROR4 reg8 reg 

ALL 4bits 4bits ~upperlLowe:l-j 

mem8 mem 
~UpperlLowerh 

. L_.- (bits .. bits . 

Increment/Decrement Instructions 
INC reg8 reg8 .... reg8 + 1 

mem (mem)+-(mem)+ 1 
red6 red 6+-red 6 + 1 

DEC reg8 reg8+-reg8 -1 
mem (mem)+-(mem)-1 
red6 red6+-rel!16-1 

Operation Code 
7 6 5 4 3 2 1 017 6 5 4 3 2 1 0 

0 0 0 1 1 0 1 W 1 1 reg reI! 
0 0 0 1 1 0 o W mod reg mem 
0 0 0 1 1 0 1 W mod r~ mem 
1 0 0 0 0 0 S W 1 1 0 1 1 reg 
1 0 0 0 0 0 S W mod 0 1 1 mem 
0 0 0 1 1 1 o W 

0 0 0 0 1 1 1 1 0 0 1 0 0 0 0 0 

0 0 0 0 1 1 1 1 0 0 1 0 0 0 1 0 

0 0 0 0 1 1 1 1 0 0 1 0 0 1 1 0 
n: number of :sCD digits divided by 2 

0 0 0 0 1 1 1 1 0 0 1 0 1 0 0 0 
1 1 0 0 0 reg 

0 0 0 0 1 1 1 1 0 0 1 0 1 0 0 0 
nod 0 0 mem 

0 0 0 0 1 1 1 1 0 0 1 0 1 0 1 0 
1 1 0 0 0 reg 

0 0 0 0 1 1 1 1 0 0 1 0 1 0 1 0 
~od 0 0 0 mem 

1 1 1 1 1 1 1 0 1 1 0 0 0 reg 
1 1 1 1 1 1 1 W mod 0 0 0 mem 
0 1 0 0 0 reg 
1 1 1 1 1 1 1 0 1 1 0 0 1 reg 
1 1 1 1 1 1 1 W mod o 0 1 mem 
0 1 0 0 1 reg 

2 2 x x x 
16/24 2 4 x x x 
11/15 2-4 x x x 
4 3-4. x x x 
18/26 3-6 . x x x 
4 2-3 x x x 

7+19n 2 u x u 

7+19n 2 u x u 

7+19n 2 u x u 

13 3 

28 3-5 

17 3 

32 3-5 

2 2 x x 
16/24 2-4 x x 
2 1 x x 
2 2 x x 
16124 2-4 x x 
2 1 x x 

S Z 

x x x 
x x x 
x x 
x x ~ 
x x x 
x x x 

u u x 

u u x 

u u x 

x x x 
x x x 
x x x 
x x' ,x 
x x x 
x x x 

I~ 
I ~ 

Ii 19> 
~ 

I~ 
I~ 

P 
I: 

I 
I 
I 
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Mnemonic Operation 

Multiplication Instructions 
MULU reg8 AW-ALX reg8 

AH=O: CY-O, V-O 
AHfo: CY-l V-I 

mem8 AW-ALX (memS) 
AH=O: CY-O, V-O 
AHfo: CY-l V-I 

reg16 DW, AW-AWXregI6 
DW=O: CY-O, V-O 
Dwfo: CY-l V-I 

mem16 DW, AW-AWX(memI6) 
DW=O: CY-O, V-O 
Dwfo: CY-l V-l 

MUL regS AW-AL X regS 
AH=AL sign expansion: CY-O, V-O 
AH f AL sign expansion: CY -I V-I 

mem8 AW-ALX (mem)S 
AH = AL sign expansion: CY -0, V-O 
AH f AL sign expansion: CY -I V-I 

reg16 DW, AW-ALX (reg)S 
DW = A W sign expansion: CY -0, V-O 
DwfAW sign expansion: CY-l V-I 

mem16 DW, AW-ALX(mem)8 
DW=AW sign expansion: CY-O, V-O 
DwfAW sign expansion: CY-l V-I 

regl6, regl6-regl6 X immS 
(regI6,) Product~16 bits: CY-O, V-O 
immS Product>16 bits: CY-l V-I 
regl6, regI6-(memI6)XimmS 
mem16, Product~16 bits: CY-O, V-O 
immS Product> 16 bits: CY-l V-I 
regl6, regl6-regl6 Ximm16 
(regI6,) Product~16 bits: CY-O, V-O 
imm16 Product> 16 bits: CY-l V-I 
regl6, regI6-(memI6) Ximm16 
meml6, Product~ 16 bits: CY -0, V-O 
imm16 PrQ9J!ct> 16!:>its: CY -1, V-I 

ODeration Code 
s z 7 6 5 4 3 2 1 017 6 5 4 3 2 1 0 

1 1 1 1 0 1 1 0 1 1 1 0 0 reg 21-22 2 u x x u u u 

1 1 1 1 0 1 1 0 mod 1 0 0 mem 27-2S 2-4 u x x u u u 

1 1 1 1 0 1 1 1 1 1 1 0 0 reg 29-30 2 u x x U u u 

1 1 1 1 0 1 1 1 mod 1 0 0 mem 35-36 2-4 u x x u u u 
139-40 

1 1 1 1 0 1 1 0 1 1 1 0 1 reg 33-39 2 u x x U u u 

1 1 1 1 0 1 1 0 mod 1 0 1 mem 39-45 2-4 u x x u u u 

1 1 1 1 0 1 1 1 1 1 1 0 1 reg 41-47 2 u x x u u u 

1 1 1 1 0 1 1 1 mod 1 0 1 mem 47-53 2-4 u x x u u u 
151-57 

0 1 1 0 1 0 1 1 1 1 reg reg 2S-34 3 u x x u u u 

0 1 1 0 1 0 1 1 !Dod reg mem 34-40 3-5 u x x U U u 
13S-44 

0 1 1 0 1 0 0 1 1 1 reg reg 36-42 4 u x x U U u 

0 1 1 0 1 0 0 1 mod reg mem 42-48 4-6 u x x U U u 
146-52 

--

I~ 

If 
U 
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Mnemonic Operation 
Unsigned Division Instructions 
DIVU reg8 temp-AW 

When temp+regS~FFH 
AH-temp%regS, AL-temp+regS 
When temp+regS>FFH 
TA-(001H, OOOH), TC-(003H, 002H) 
SP-SP-2, (SP+1, SP)-PSW, IE-O, BRK-O 
SP-SP-2, (SH 1, SP)-PS, PS-TC 
SP-SP-2 (SH1 SP)-PC PC-TA 

memS temp-AW 
When temp+(memS)~FFH 
AH-temp%(memS), AL-temp+(memS) 
When temp+(memS»FFH 
TA-(001H, OOOH), TC-(003H, 002H) 
SP-SP-2, (SP+1, SP)-PSW, IE-O, BRK-O 
SP-SP-2, (SH1, SP)-PS, PS-TC 
SP-SP-2. (SH1 SP)-PC,PC-TA 

reg16 temp-DW, AW 
When temp+reg16~FFFFH 
DW-temp%reg16, AW-temp+reg16 
When temp+reg16>FFFFH 
TA~(001H, OOOH), TC-(003H, 002H) 
SP-SP-2, (SP+1, SP)-PSW, IE-O, BRK-O 
SP-SP- 2, (SH 1, SP)-PS, PS-TC 
SP-SP-2 (SH1 SP)-PC PC-TA 

mem16 temp-DW, AW 
When temp+(mem16)~FFFFH 
DW-temp%(mem16), AW-temp+(mem16) 
When temp+(mem16»FFFFH 
TA-(OOlH, OOOH), TC-(003H, 002H) 
SP-SP-2, (SP+ I, SP)-PSW, IE-O, BRK-O 
SP"=-SP-2, (SP+ I, SP)-PS, PS-TC 
SP-SP-2 (SP+1 SP)-PC PC-TA 

Signed Oi vision InstructIOns 
DIV reg8 temp-AW 

When temp+regS>O, temp+regS~7FH or 
temp+regS<O, temp+regS>O-7FH-1 
AH-temp%regS, AL-temp+regS 
When temp+regS>O, temp+regS>7FH or 
temp+regS<O, temp+regS~O-7FH-1 
TA-(001H, OOOH), TC-(003H, 002H) 
SP-SP-2, (SP+1, SP)-PSW, IE-O, BRK-O 
SP-SP-2, (SP+l, SP)-PS, PS-TC 
SP-SP- 2 (SP+ 1 SPl-PC PC-TA 

Operation Code 
7 6 5 4 3 2 1 017 6 5 4 3 2 1 0 

1 1 1 1 0 1 1 0 1 1 1 1 0 reg 

1 1 1 1 0 1 1 0 mod 1 1 0 mem 

1 1 1 1 0 1 1 1 1 1 1 1 0 reg 

1 1 1 1 0 1 1 1 mod 1 1 0 mem 

1 1 1 1 0 1 1 0 1 1 1 1 1 reg 

-

19 2 u u u 

25 2-4 u u u 

25 2 u u u 

34 2-4 u u u 

29-34 2 u u u 

u 

u 

u 

u 

u 

S Z 

u u 

u u 

u u 

u u 

u u 
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Mnemonic Operation 

Signed Division Instructions (cont) 
DIV mem8 temp+-AW 

When temp-:-(mem8)>0, temp-:-(mem8);;;;7FH or 
temp-:-(mem8)<O, temp-:-(mem8) >0 -7FH-l 
AH+-temp%(mem8), AL+-temp-:-(mem8) 
When temp-:-(mem8)>0, temp-:-(mem8»7FH or 
temp-:-(mem8)<O, temp-:-(mem8) >0 -7FH-l 
TA+-(OOIH, OOOH), TC+-(003H, 002H) 
SP+-SP-2, (SH1, SP)+--PSW, IE+-O, BRK+-O 
SP+-SP-2, (SP+!, SP)+--PS, PS+-TC 
SP+-SP-2, (SP+l SP)+--PC PC+-TA 

reg16 temp+-DW, A W 
When temp-:-reg16>O, temp-:-regI6;:i;7FFFH or 
temp-:-reg16<O, temp-:-regl6 >0 -7FFFH-l 
DW+-temp%regI6, AW+-temp-:-regI6 
When temp-:-regl6>O, temp-:-regI6>7FFFH or 
temp-:-regI6<O, temp-:-regI6<O-7FFFH-l 
TA+-i001H, OOOH), TC+-i003H, 002H) 
SP+-SP-2, (SP+!, SP)+-PSW, IE+-{), BRK+-{) 
SP+-SP-2, (SP+!, SP)+-PS, PS+-TC 
SP+-SP-2 (SP+! SP)+-PC PC+-TA 

mem16 temp+-DW, A W 
When temp-:-(memI6)>O, temp-:-(memI6);:i;7FFFH or 
temp-:-(memI6)<O, temp"'imemI6)>O-7FFFH-l 
DW +1emp%(memI6), A W +1emp"'imemI6) 
When temp"'imemI6)>O, temp"'imemI6»7FFFH or 
temp-:-(memI6)<O, temp"'imemI6)<O-7FFFH-l 
TA+-{OOIH, OOOH), TC+-i003H, 002H) 
SP+-SP-2, (SP+l, SP)+-PSW, IE+-{), BRK+-{) 
SP+-SP-2, (SP+!, SP)+-PS, PS+-TC 
SP+-SP-2, (SP+l SP)+-PC PC+-TA 

BCD Adjust Instructions 
ADJBA When(AL AND OFH»9 or AC-1, 

AL-AL+6, AH-AH+1, AC-1, 
CY-AC AL-AL AND OFH 

ADJ4A When (AL AND OFH»9 or AC=1, 
AL-AL+6, AC-1, 
When,AL>9FH, or CY=1 
AL-AL+60H CY-l 

ADJBS When (AL AND OFH»9 or AC-1, 
AL-AL-6, AH-AH -1, AC-1, 
CY-AC AL-AL AND OFH 

ADJ4S When (ALAND OFH»9 or AC=1, 
AL-AL-6, AC-1 
When AL>9FH or CY=1 
AL-AL-60H CY-1 

uru 

Operation Code 
7 6 5 4 3 2 1 017 6 5 4 3 2 1 0 

1 1 1 1 0 1 1 0 mod 1 1 1 mem 

1 1 1 1 0 1 1 1 1 1 1 1 1 reg 

1 1 1 1 0 1 1 1 mod 1 1 1 mem 

0 0 1 1 0 1 1 1 

0 0 1 0 0 1 1 1 

0 0 1 1 1 1 1 1 

0 0 1 0 1 1 1 1 

34-39 2-4 u u u 

38-43 2 u u u 

43-48 2-4 u u u 
147-52 

7 1 x x u 

3 1 x x u 

7 1 x x u 

3 1 x x u 

S Z 

u u u 

u u u 

u u u 

u u u 

x x x 

u u u 

x x x 
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Mnemonic 

Rotation Instructions 
ROL reg, 1 

mem, 1 

reg, CL 

mem,CL 

reg, imm8 

mem, imm8 

ROR reg, 1 

mem, 1 

reg, CL 

mem,CL 

Operation 

CY-MSBof reg, reg-regX2+CY 
MSB of reg+CY: V-I 
MSB of reg=CY:V-O 
CY -MSB of (mem), 
(mem)""':'(mem) X 2+ CY 
MSB of (mem)+CY:V-l 
MSB of (mem)=CY:V-O 
temp-CL, while temp+O, 
repeat this operation, CY-MSB of reg, 
reg-reg X 2 + CY 
temp-temp-l 
temp-CL, while temp+O, 
repeat this operation, CY-MSB of (mem), 
(mem)-(mem) X 2 + CY 
temp-temp -1 
temp-imm8, while temp+O, 
repeat this operation, CY-MSB of reg, 
reg-reg X 2 + CY 
temp-temp-l 
temp-imm8, while temp+O, 
repeat this operation, CY-MSB of (mem), 
(mem)-(mem) X 2 +CY 
temp-temp-l 
CY-LSB of reg-reg-;-2 
MSB of reg-CY 
MSB of reg+bit following MSB of reg: V-I 
MSB of reg=bit following MSB of reg: V-O 
CY-LSB of (mem),(mem)-(mem)-;-2 
MSB of (mem) X CY 
MSB of (mem)+bit following MSB 
of (mem): V-I 
MSB of (mem)=bit following MSB 
of (mem): V-O 
temp-CL, while temp+O, 
repeat this operation, CY-LSB of reg, 
reg-reg-;- 2, MSB of reg-CY 
temp-temp-l 
temp-CL, while temp+O, 
repeat this operation, CY-LSB of (mem), 
(mem)-(mem)-;-2, MSB of (mem)-CY 
temn-temn-l 

--- -----------

Operation Code 
7 6 5 4 3 2 1 017 6 5 4 3 2 1 0 

1 1 0 1 0 0 o W 1 1 0 o 0 reg 

1 1 0 1 0 0 o W mod 0 0 0 mem 

1 1 0 1 0 0 1 W 1 1 0 0 0 reg 

1 1 0 1 0 0 1 W mod 0 0 0 reg 

1 1 0 0 0 0 o W 1 1 0 00 reg 

1 1 0 0 0 0 o W mod 0 0 0 mem 

n: number of shifts 

1 1 0 1 0 0 o W 1 1 0 0 1 reg 

1 1 0,1 0 0 o W mod 0 Q 1 mem 

1 1 0 1 0 0 1 W 1 1 0 0 1 reg 

1 1 0 1 0 0 1 W ' mod 0 0 1 mem 

n: number of shifts 
--------- ~~----- .. -

2 2 

16 2-4 

7+n 2 

19+n 2-4 

7+n 3 

19+n 3-5 

2 2 

16 2-4 

7+n 2 

19+n 2-4 

x x 

x x 

x u 

x u 

x u 

x u 

x x 

x x 

x u 

x u 

S Z I~ 
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n 
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Mnemonic Operation 

Rotation Instructions (cont) 
ROR reg, imm8 temp+-imm8, while temp+O, 

repeat this operation, CY +-LSB of reg, 
reg+-reg-;- 2, MSB of reg+-CY 
temp+-temp-l 

mem, imm8 temp+-imm8, while temp+O, 
repeat this operation, CY+-LSB of (mem), 
(mem)+-(mem) -;- 2, 
temp+-temp -1 

ROLC reg, 1 tmpcy+-CY, CY+-MSB of reg 
reg+-regX 2+tmpcy 
MSB of reg=CY: V+-O 
MSB of reg+CY: V+-l 

mem, 1 tmpcy+-CY, CY+-MSB of (mem) 
(mem)+-(mem) X 2 + tmpcy 
MSB of (mem)=CY: V+-O 
MSB of (mem)+CY: V+-l 

reg, CL temp+-CL, while temp+O, 
repeat this operation, tmpcy+-CY, 
CY+-MSB of reg, reg+-regX2+tmpcy 
temp+-temp-l 

mem,CL temp+-CL, while temp+O, 
repeat this operation, tmpcy+-CY, 
CY +-MSB of (mem), 
(mem)+-(mem) X 2 +tmpcy 
temp+-temp-l 

reg, imm8 temp+-imm8, while temp+O, 
repeat this operation, tmpcy+-CY, 
CY+-MSB of reg, reg+-regX2+tmpcy 
temp+-temp-l 

mem, imm8 temp+-imm8, while temp+O, 
repeat this operation, tmpcy+-CY, 
CY +-MSB of (mem) 
(mem)+-(mem) X 2 +tmpcy 
temp+-temn-1 

OJ 
11111111 

Operation Code Flal!s 
ACCY V P S Z 7 6 5 4 3 2 1 017 6 5 4 3 2 1 0 

1 1 0 0 0 0 o W 1 1 0 0 1 reg 7+n 3 x u 

1 1 0 0 0 0 o W mod 0 0 1 mem 19+n 3-5 x u 

n: number of shifts 

1 1 0 1 0 0 o W 1 1 0 1 0 reg 2 2 x x 

1 1 0 1 0 0 o W mod 0 1 0 mem 16 2-4 x x 

1 1 0 1 0 0 1 W 1 1 0 1 0 reg 7+n 2 x u 

1 1 0 1 0 0 1 W mod 0 1 0 mem 19+n 2-4 x u 

1 1 0 0 0 0 o W 1 1 0 1 0 reg 7+n 3 x u 

1 1 0 0 0 0 o W mod 0 1 0 mem 19+n 3-5 x u 

n: number of shifts 

I~ 
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Mnemonic Operation 

Rotation Instructions (cont) 
RORC reg, 1 tmpcy-CY, CY-LSB of reg 

reg-reg72, MSB of reg-tmpcy 
MSB of regi' bit following MSB of reg: V-I 
MSB of reg=bit following MSB of r~ V-O 

mem, 1 tmpcy-CY, CY-LSB of (mem) 
(mem)-(mem)72,MSB of (mem)-tmpcy 
MSB of (mem)i'bit following MSB 
of (mem): V-I 
MSB of (mem)=bit following MSB 
of (mem): V-O 

reg, CL temp-CL, while tempi'O, 
repeat this operation, tmpcy-CY, 
CY-LSB of reg, reg-reg72, 
MSB of reg-tmp_CYi temp-temp-l 

mem,CL temp-CL, while tempi'O, 
repeat this operation, tmpcy-CY, 
CY-LSB of (mem), (mem)-(mem)72 
MSB of (mem)-tmpcy. temp-temp-l 

reg, imm8 temp-imm8, while tempi'O 
repeat this operation, tmpcy-CY, 
CY -LSB of reg, reg-r~g7 2 
MSB of reg-tmpcy. temp-temp-l 

mem, imm8 temp-imm8, while tempi'O, 
repeat this operation, tmpcy-CY, 
CY-LSB of (mem), (mem)-(mem)72 
MSB of (mem)+'-tmpcy, temp-temp-l 

Subroutine Control Instructions 
CALL near-proc (SP-l, SP-2)-PC, SP-SP-2 

PC-PC+disp 
regptr16 (SP-:-l, SP- 2)-PC, SP-SP- 2 

PC-regptr 16 
memptr16 (SP-l, SP-2)-PC, SP-SP-2 

PC-(memptr 16) 
far-proc (SP-l, SP-2)-PS, (SP-3, SP-4)-PC 

SP-SP-4 PS-seg, PC-offset 
memptr32 (SP-I, SP-2)-PS, (SP-3, SP-4)+-PC 

SP-SP-4, PS-(memptr32 + 2), 
PC-(memptr32) 

Operation Code 
7 6 5 4 3 2 1 017 6 5 4 3 2 1 0 

1 1 0 1 0 0 o W 1 1 1 0 1 reg 

1 1 0 1 0 0 o W mod 0 1 1 mem 

11 0 1 0 0 1 W 1 1 0 1 1 reg 

1 1 0 1 0 0 1 W mod 0 1 1 mem 

1 1 0 0 0 0 o W 1 1 0 1 1 reg 

1 1 0 0 0 0 o W mod 0 1 1 mem 

n: number of shifts 

1 1 1 0 1 0 0 0 

1 1 1 1 1 1 1 1 1 1 0 1 0 reg 

1 1 1 1 1 1 1 1 mod 0 1 0 mem 

1 0 0 1 1 0 1 0 

1 1 1 1 1 1 1 1 mod 0 1 1 mem 

2 2 

16 2-4 

7+n 2 

19+n 2-4 

7+n 3 

19+n 3-5 

16 3 

14 2 

23 2-4 

21 5 

31 2-4 

x x 

x x 

x u 

x u 

x u 

x u 
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Mnemonicl Ooerand Operation 

Subroutine Control Instructions (cant) 
RET PC-(SP+ 1 SP), SP-SP+ 2 

pop-value PC-(SP+ I, SP), 
SP-SP + 2 SP + DoD-value 
PC-(SP+l, SP), PS-(SP+3, SP+2) 
SP-SP+4 

pop-value PC+---(SP+l, SP), PS-(SP+3, SP+2) 
SP-SP + 4 SP-SP + oop-value 

--

Stack Manipulation InstructIOns 
PUSH mem16 SP-SP-2 (SP+ 1 SP)-(memI6) 

red6 SP-SP-2 (SP+l SP)-reg16 
sreg SP-SP - 2 (SP + 1 SP)-sreg 
PSW SP-SP-2 (SP+ 1 SP)-PSW 
R Push registers on the stack 
imm (SP-l, SP-2)-imm 

SP-SP-2 When S=1 sign extension 
POP mem16 (memI6)-(SP+l SP), SP-SP+2 

reg16 regI6-(SP+ 1 SP). SP-SP+ 2 
sreg- sreg+-(SP+ I, SP) sreg: SS, DSO, DSI 

SP-SP+2 
PSW PSW -(SP + 1 SP).SP-SP + 2 
R POD registers from the stack 

PREPARE imm16, imm8 Prepare new stack frame 

DISPOSE 
- Disj)os~ of stack frame 

Branch InstructIOn 
BR near-label PC-PC+disp 

short-label PC-PC+ext-disp8 
regptr16 PC-regptrl6 
memptr16 PC-(mem~trI61 
far-label PS-seg. PC-offset 
memptr32 PS-(memptr32+ 2). PS-(memptr32) 

Conditional Branch Instructions 
BV short-label if V=1 PC-PC+ext-disp8 
BNV short-label if V=O PC-PC+ext-disp8 
BC BL short-label if CY= 1 PC-PC+ext-disp8 
BNCBNL short-label if CY -0 PC-PC+ext-disp8 
BE BZ short-label if Z= 1 PC-PC+ext-disp8 
BNEBNZ short-label if Z=O PC-PC+ext-disp8 
BNH short-label if CY OR Z-1 PC-PC+ext-disp8 
BH short-label if CY OR Z=O PC-PC+ext-disp8 
BN short-label if S= 1 PC-PC+ext-disp8 
BP short-label if S=O PC-PC+ext-disp8 
BPE short-label if P= 1 PC-PC+ext-diso8 

Ooeration Code 
7 6 5 4 3 2 1 017 6 5 4 3 2 1 0 

1 1 0 0 0 0 1 1 
1 1 0 0 0 0 1 0 

1 1 0 0 1 0 1 1 

1 1 0 0 1 0 1 0 
- - - ~-

1 1 1 1 1 1 1 1 mod 1 1 0 mem 
0 1 0 1 0 reg 
0 0 o sreg 1 1 0 
1 0 0 1 1 1 0 0 
0 1 1 0 0 0 0 0 
0 1 1 0 1 0 S 0 

1 0 0 0 1 1 1 1 mod 0 0 0 mem 
0 1 0 1 1 reg 
0 0 o sreg 1 1 1 

1 0 0 1 1 1 0 1 
0 1 1 0 0 0 0 1 
1 1 0 0 1 0 0 0 *: imm8<0: 16 

imm8<1: 23+16 (imm8-1) 
1 1 0 0 1 0 0 1 I - -

1 1 1 0 1 0 0 1 
1 1 1 0 1 0 1 1 
1 1 1 1 1 1 1 1 1 1 1 0 0 reg 
1 1 1 1 1 1 1 1 mod 1 0 0 mem 
1 1 1 0 1 0 1 0 
1 1 1 1 1 1 1 1 mod 1 0 1 mem 

0 1 1 1 0 0 0 0 
0 1 1 1 0 0 0 1 
0 1 1 1 0 0 1 0 
0 1 1 1 0 0 1 1 
0 1 1 1 0 1 0 0 
0 1 1 1 0 1 0 1 
0 1 1 1 0 1 1 0 
0 1 1 1 0 1 1 1 
0 1 1 1 1 0 0 0 
0 1 1 1 1 0 0 1 
0 1 1 1 1 0 1 0 

15 1 
20 3 

21 1 

24 3 
- - L- __ 

18 2-4 
8 1 
8 1 
8 1 
35 1 
7 or 8 2-3 

17 2-4 
8 1 
8 1 

8 1 
43 1 

* 4 

6 1 
- -

13 3 
12 2 
11 2 
20 2-4 
15 5 
27 2-4 

14/4 2 
14/4 2 
14/4 2 
14/4 2 
14/4 2 
14/4 2 
14/4 2 
14/4 2 
14/4 2 
14/4 2 
14/4 2 

S Z 

R R R R R R 
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Mnemonicl Ooerand Operation 

Conditional Branch Instructions (cont) 
BPO short-label if P=O PC-PC+ext-diso8 
BLT short~ label if S XOR V-I PC-PC+ext-diso8 
BGE short-label if S XOR V -0 PC-PC+ext-disp8 
BLE short-label if (S XORV) OR 2=1 PC-PC+ext-disp8 
BGT short-label if (S XOR V) OR 2=0 PC-PC+ext-disp8 
DBNZNE short~label CW-CW-l 

if 2=0 and CW+O PC-PC+ext-disp8 
DBN2E short-label CW-CW-l 

if 2= 1 and CW+O PC-PC+ext-disp8 
DBN2 short-label CW-CW-l 

if CW+O PC-PC+ext-diso8 
BCW2 short~label if CW -0, PC-PC+ext-disp8 

Interrupt Instructions 
BRK 3 TA+-(OODH, OOCH), TA+-(OOFH, OOEH) 

SP+-SP-2, (SP+ 1, SP)-PSW, IE+-O, BRK +-0 
SP-SP-2, (SP+l, SP)-PS, PS-TC 
SP-SP-2 (SP+l SP)-PC PC-TA 

imm8 TA+-(4n+1, 4n), TC+-(4n+3, 4n+2) n-Imm8 
(+3) SP+-SP-2, (SH1, SP)+-PSW, IE+-O, BRK+-O 

SP+-SP-2, (SH 1, SP)+-PS, PS+-TC 
SP+-SP-2. (SP+1 SP)+-PC PC+-TA 

BRKV WhenV=l 
TA+-(OllH, 010H), TC+-(013H, 012H) 
SP+-SP-2, (SH1, SP)+-PSW, IE+-O, BRK+-O 
SP+-SP-2, (SP+ 1, SP)+-PS, PS+-TC 
SP+-SP~2 (SH1 SP)+-PC PC+-TA 

RETI PC-(SP+1, SP), PS-(SP+3, SP+2), 
PSW-(SP+5 SP+4), SP-SP+6 

CHKIND reg16, When (mem32»reg16 or (mem32+2)< 
mem32 reg16 

TA+-(4n+1, 4n), TC+-(4n+3, 4n+2) n= 
imm8 
SP-SP- 2, (SP+ 1, SP)+-PSW, MO+-O 
MD Bit Write Enable 
SP-SP- 2, (SP+ 1, SP)-PS, PS+-TC 
SP-SP-2 (SP+1 SP)-PC PC+-TA 

BRKEM imm8 TA+-(015H, 014H), TC+-(017H, 016H) 
SP-SP-2, (SH 1, SP)+-PSW, IE-O, BRK-O 
SP-SP-2, (SH 1, SP)-PS, PS-TC 
SP-SP-2 (SP+ 1 SP)+-PC PC-TA 

Ooeration Code 
7 6 5 4 3 2 1 017 6 5 4 3 2 1 0 

0 1 1 1 1 0 1 1 
0 1 1 1 1 1 0 0 
0 1 1 1 1 1 0 1 
0 1 1 1 1 1 1 0 
0 1 1 1 1 1 1 1 
1 1 1 0 0 0 0 0 

1 1 1 0 0 0 0 1 

1 1 1 0 0 0 1 0 

1 1 1 0 0 0 1 1 

1 1 o 0 1 1 o 0 

1 1 o 0 1 1 0 1 

1 1 o 0 1 1 1 0 

1 1 o 0 1 1 1 1 

0 1 1 000 1 0 mod reg mem 

o 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 

14/4 2 
14/4 2 
14/4 2 
14/4 2 
14/4 2 
14/5 2 

14/5 2 

13/5, 2 

13/5 2 

38 1 

38 2 

40/3 1 

27 1 

53-56/ 2-4 
18 

38 3 

S 2 

R R R R R R 
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Mnemonic Operation 

CPU Control Instructions 
HALT CPU Halt 
BUS- Bus Lock Prefix 
LOCK 
FPOI fp-op No Operation 

fp-op, mem data bns+-(meml 
FP02 fp-op No Operation 

fp-op, mem data bus+-(meml 
POLL Poll and wait 

NOP No Operation 
DI IE+-O 
EI IE+-l 

SOSO Mode InstructIOns 
RETEM PC+-(SP+ I, SP), PS+-(SP+ 3, SP+ 2), 

PSW+-(SP+5, SP+4), SP+-SP+6, MD Bit 
Write Disable 

CALLN immS TA+-(4n+1, 4n), TC+-(4n+3, 4n+2) n=imm8 
SP<-SP-2, (SP+1, SP)<-PSW, MD<-l 
SP<-SP-2, (SP+1, SP)<-PS, PS<-TC 
SP+-SP-2, (SP+1 SPj+-PC PC+-TA 

Data Conversion Instructions 
CVTBD AH+-AL=OAH AL+-AL%OAH 
CVTDB AH+-O AL+-AHXOAH+AL 
CVTBW When AL<SOH, AH+-O, 

all other times AH+-FFH 
CVTWL When AL<SOOOH, DW+-O, 

all other times DW +-FFFFH 
---

Comparaision InstructIOns 
CMP reg, reg reg-reg 

mem reg (memj-reg 
- reg, mem reg-(mem) 

reg, imm reg-imm 
mem imm (memj-imm 
acc, imm When W=O, AL-imm 

When W=I, AW-imm 
Complement Instructions 

NOT r~ reg+-reg 
mem (memj+-(meni) 

NEG reg reg+-reg+ 1 
mem (memj+-(meml±1 

OJ 
11111111 

Operation Code 
7 6 5 4 3 2 1 DI7 6 5 4 3 2 1 0 S Z 

1 1 1 1 0 1 0 0 2 1 
1 1 1 1 0 0 0 0 2 1 

1 1 0 1 1 X X X 1 1 Y Y Y Z Z Z 2 2 
1 1 0 1 1 X X X mod Y y y mem 11 2-4 
0 1 1 0 0 1 1 X 1 1 y y y Z Z Z 2 2 
0 1 1 0 0 1 1 X mod Y Y Y mem 11 2-4 
1 0 0 1 1 0 1 1 2+5n 1 

n: number of times POLL pin is sampled 
1 0 0 1 0 0 0 01 3 1 
1 1 1 1 1 0 1 01 2 1 
1 1 1 1 1 0 1 1 1 2 1 

1 1 1 0 1 1 0 1 1 1 1 1 1 1 0 1 27 2 R R R R 'R R 
-

1 1 1 0 1 1 0 1 1 1 1 0 1 1 0 1 3S 3 

1 1 0 1 0 1 0 0 0 0 0 0 1 0 1 0 15 2 u u u x x x 
1 1 0 1 0 1 0 1 0 0 0 0 1 0 1 0 7 2 u u u x x x 
1 0 0 1 1 0 0 0 2 1 

1 0 0 1 1 0 0 1 4-5 1 
-- - -- --------

0 0 1 1 1 0 1 W 1 1 reg reg 2 2 x x x x x x 
0 0 1 1 1 0 o W mod reg mem 11/15 2-4 x x x x x x 
0 0 1 1 1 0 1 W mod reg mem 11115 2-4 x x x x x x 
1 0 0 0 0 0 S W 1 1 1 1 1 reg 4 3-4 x x x x x x 
1 0 0 0 0 0 S W mod 1 1 1 mem 13/17 3-6 x x x x x x 
0 0 1 1 1 1 o W 4 2-3 x x x x x x 

--- --

1 1 1 1 0 1 1 W 1 1 0 1 0 reg 2 2 
1 1 1 1 0 1 1 W mod 0 1 0 mem 16 2-4 
1 1 1 1 0 1 1 W 1 1 0 1 1 reg 2 2 x x x x x x 
1 1 1 1 0 1 1 W mod 0 1 1 mem 16/24 2:4.. .x......l' x x x x 

I~ 
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n 
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Mnemonic Operation 

Logical Operation Instructions 
TEST reg, reg reg AND reg 

·mem, reg (mem) AND reg 
or reg, mem 
reg, imm reg AND imm 
mem imm (mem) AND imm 
ace, imm When W = 0, AL AND imrriS. 

When W=I AW AND immS. 
AND reg, reg reg-reg AND reg 

mem reg (mem)-(mem) AND reg 
reg, mem reg-reg AND (mem) 
reg, imm reg-reg AND imm 
mem imm (mem)-(mem) AND imm 
ace, imm When W - 0, AL AND immS. 

When W=1 AW-AW AND imm16 
Logical Operation Instructions (cont) 
OR reg, reg reg-reg OR reg 

mem reg (mem)-(mem) OR reg 
reg, mem reg-reg OR (mem) 
reI[, imm reg-reg OR imm 
mem imm (mem)-(mem) OR imm 
ace, imm When W=O, AL-AL OR immS 

When W=I AW+'-AW ORimm16 
XOR reg, reg reg+-reg XOR reg 

mem reg (mem)-(mem) XOR reg 
reg, mem reg+-reg XOR (mem) 
reg, imm reg+-reg XOR imm 
mem imm (mem)-(mem) XOR imm 
ace, imm When W=O, AL-AL XOR immS 

When W=1 AW-AW XOR imm16 
Bit Operation Instructions 

TEST! regS, CL regS. bit no, CL=O: Z-1 
regS bit noCL= 1: Z-O 

niemS,CL (memS) bit no. CL=O: Z-1 
(memSlbit no. CL=I: z-o 

reg16, CL reg16 bit no. CL-O: Z-I 
regI6 bit no. CL=1: Z-O 

.meml6, CL (memI6) bit no. CL-O: Z-I 
(memI6) bit no. CL= 1: Z-O 

regS., imm3 regS. bit no. imm3=0: Z-1 
rel[S bit no. imm3=1: Z-O 

Operation Code 
7 6 ~ 4 3 2 1 017 6 5 4 3 2 1 0 S Z 

1 0 0 0 0 1 o W 1 1 reg . reg 2 2 uO o . x x x 
1 0 0 00 1 o W mod reg mem 10/14 2-4 u 0 0 x x, x 

1 1 1 1 0 1 1 W 1 1 0 0 0 reg 4 3-4 u .0 0 x x x 
1 1 1 1 0 1 1 W mod 0 0 0 mem 11115 3-6 u 0 0 x x x 
1 0 1 0 1 0 o W 4 2-3 . u 0 0 x x x 

0 0 1 0 0 0 1 W 1 1 reg reg 2 2 u 0 0 x x x 
0 0 1 0 0 0 o W mod reg mem 16124 2-4 u 0 0 x x x 
0 0 1 0 0 0 1 W mod reg mem 11115 2-4 u 0 0 x x x 
1 0 0 0 0 0 o W 1 1 1 0 0 reg 4 3-4 u 0 0 x x x 
1 0 0 0 0 0 o W mod 1 0 0 mem 1S./26 3-6 u 0 0 x x x 
0 0 i 0 0 1 o W 4 2-3 u 0 0 x x x 

.0 0 0 0 1 0 1 W 1 1 reg .reg 2 2 u 0 0 x x x 
0 0 0 0 1 0 o W mod reg mem 16124 2-4 'u 0 0 x x x 
0 0 0 0 1 0 1 W mod reI[ mem 11115 2-4 u 0 0 x x x 
1 0 0 0 0 0 o W 1 1 0 0 1 reg 4 3~4 u 0 0 x x x 
1 0 0 0 0 0 o W mod 0 0 1 mem IS/26 3-6 u 0 0 x x x 
0 0 0 0 1 1 1 W 4 2-3 u 0 0 x x x 

-

0 0 1 1 0 0 1 W 1 1 reg reg 2 2 u 0 0 x x x 
0 0 1 1 0 0 o W mod reg mem 16/24 2-4 u 0 0 x x x 
0 0 1 1 0 0 1 W mod reg mem 11115 2-4 u 0 o x x x 
1 0 0 0 0 0 o W 1 1 1 1 0 reg 4 3-4 u 0 0 x x x 
1 0'0 0 0 o 0 W mod 1 1 0 mem IS/26 3-6 u 0 0 x x.- x 
0 0 1 1 0 1 o W 4 2-3 u 0 0 x x x , 

2nd byte* 3rd byte* 
I I 

10 0 0 1 0 0 0 0"1 1 0 0 0 reg I 3 3 u 0 0 u u x 

0 0 0 1 0 0 0 1 mod o 0 0 mem S 3-5 u 0 0 u u x 

0 0 0 1 0 0 0 1 1 1 0 0 0 reg 3 3 u 0 0 u u x 

0 Q 0 1 0 0 0 0 mod 0 0 0 mem SI12 3-.5 u 0 0 u u x 

0 0 0 1 1 0 0 0 1 1 0 0 0 reg 4 4 u 0 0 u u x 

'I~ 

II 
Ii 
I ~ 
I~ 

P 
I 
I 
I 
U 
I~ 
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Mnemonic Operation 

Bit Operation Instructions(cont) 
memS, imm3 (memS) bit no. imm3=0: 2-1 

(memS) bit no. imm3=1: 2-0 
TESTl reg16, imm4 reg16 bit no. imm4=0: 2-1 

reg16 oit no. imm4=1: 2-0 
mem16, imm4 (mem16) bit no. imm4=0: 2-1 

(mem16) bit no. imm4=1: 2-0 

NOTl reg8 CL regS bit no. CL-regS bit no. CL 
memS CL (memS) bit no. CL-{memS) bit no. CL 
reg16 CL reg16 bit no. CL-reg16 bit no. CL 
mem16 CL (mem16) bit no. LC-(mem16) bit no. CL 
reg8 imm3 regS bit no. imm3-regS bit no. imm3 
memS imm3 (memS) bit no. imm3-{memS)bit no. imm3 
rei(16 imm4 rei(16 bit no. imm4-(reg16) bit no.imm4 
mem16, imm4 (rnem16) bit no. irnrn4+-(mem16) bit no. imm4 

Cy CY-CY 

CLR1 regS CL regS bit no. CL-O 
memS CL (memS) bit no. CL-O 
rei(16 CL reg16 bit no. CL+-O 
mern16 CL (mem16) bit no. CL+-O 
regS imm3 regS bit no. irnm3-0 
mernS imm3 (mernS) bit no. irnm3-0 
reg16 imm4 reg 16 bit no. irnm 4-0 
mem16, imm4 (mem16) bit no. imm4-0 

Cy CY-O 
DIR DIR-O 

OJ 
11111111 

Operation Code 
7 6 5 4 3 2 1 017 6 5 4 3 2 1 0 

0 0 0 1 1 0 0 0 mod 0 0 0 mem 

0 0 0 1 1 0 0 1 1 1 0 0 0 reg 

10 0 0 1 1 0 0 1'1 mod 0 0 0 mem l 
1 I 

2nd byte* 3rd byte* 

*Note: First byte=OFH 

2nd byte* 3rd byte* 
I I 

10 0 0 1 0 1 1 0' '1 1 0 0 0 reg I 

0 0 0 1 0 1 1 0 mod 0 0 0 mem 
0 0 0 1 0 1 1 1 1 1 0 0 0 reg 
0 0 0 1 0 1 1 1 mod 0 0 0 mem 
0 0 0 1 1 1 1 0 1 1 0 0 0 reg 
0 0 0 1. 1 1 1 0 mod 0 0 0 mem 
0 0 0 1 1 1 1 1 1 1 0 0 0 reg 

,0 0 0 1 1 1 1 1'1 mod 0 0 0 mern, , , 
2nd byte* 3rd byte* 

*Note: First byte=OFH 

1 1 1 1 0 1 0 1 
2nd byte* 3rd byte* 

I I 
10 0 0 1 0 0 1 0' '1 1 0 0 0 reg I 

0 0 0 1 0 0 1 0 mod 0 0 0 mem 
0 0 0 1 0 0 1 1 1 1 0 0 0 reg 
0 0 0 1 0 0 1 1 mod 0 0 0 mem 
0 0 0 1 1 0 1 0 1 1 0 0 0 reg 
0 0 0 1 1 0 1 0 mod 0 0 0 mem 
0 0 0 1 1 0 1 1 1 1 0 0 0 reg 

10 0 0 1 1 0 1 11 I mod 0 0 0 mem l , I 
2nd byte* 3rd byte* 

*Note: First byte=OFH 
1 1 1 1 1 0 0 0 
1 1 1 1 1 1 0 0 

9 4-6 u 

4 4 u 

9/13 4-6 u 

4 3 
13 3 5 
4 3 
13/21 3-5 
5 4 
14 4 6 
5 4 
14122 4-6 

2 1 

5 3 
14 3-5 
5 3 
14122 3-5 
6 4 
15 4-6 
6 4 
15123 4-6 

2 1 
2 1 

0 0 u u 

0 0 u u 

0 0 u u 

x 

-

0 

2 

x 

x 

x 

I~ 

Ii 
Ii 
I ~ 
Ii 
I 

I 
I 
I 
U 
I~ 
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Mnemonic Operation 

Bit Operation Instructions (cant) 
SET! rellS CL rellS bit no. CL-l 

memS CL (memS) bit no. CL-l 
reg16 CL regl6 bit no. CL-l 

- mem16 CL (Iileml6l bit no. CL-l 
regS imm3 regS bit no. imm3-1 
memS imm3 (memS) bit no. imm3-1 
reg16 imm4 rellI6 bit no. imm4-1 
mem16, imm4 (memI6) bit no. imm4-1 

CY CY-l 
DIR DIR-l 

Shift Instructions 
SHL reg, 1 CY-MSB or reg, reg-X 2 

When MSB of reg=FCY, V-I 
When MSB of reg=CY V-O 

mem, 1 CY -MSB or (mem),(mem)-(mem) X2 
When MSB of (mem)=FCY, V-I 
When MSB of (mem)=CY' V-O 

reg, CL temp-CL, while temp=FO, 
repeat this operation, CY-MSB or reg, 
reg-regX2 teIilo-temp-l 

mem,CL temp-CL, while temp=FO, 
repeat this operation, CY-MSB of (mem); 
(mem)-(mem) X 2 temp-temp-l 

reg, immS temp-immS, While temp=FO, 
repeat this operation, CY-MSB of reg, 
reg-regX2 temp-temp-l 

mem, immS temp-immS, while temp=FO, 
repeat this operation, CY-MSB or (mem), 
(mem)-(mem)X2 temp-temp-l 

SHR reg, 1 CY-LSB of reg, -reg+2 
When MSB of reg;Fbit following MSB of reg: V-I 
When MSB of fe'1=bit following MSB of reg: V-o 

Ooeration Code 
7 6 5 4 3 2 1 0[7 6 ij 4 3 2 1 0 

0 0 0 1 0 1 0 0 1 1 0 0 0 reg 
0 0 0 1 0 1 0 0 mod 0 0 0 mem 
0 0 0 1 0 1 0 1 1 1 0 0 0 rell 
0 0 0 1 0 1 0 1 mod 0 0 0 mem 
0 0 0 1 1 1 0 0 1 1 0 0 0 reg· 
0 0 0 1 1 1 0 0 mod 0 0 0 mem 
0 0 0 1 1 1 0 1 1 1 0 0 0 reg 

,0 0 0 1 1 1 0 1" mod 0 0 0 mem, 
j j 

2nd byte* 
*Note: First byte=OFH 

3rd byte* 

1 1 1 1 1 0 0 1 
1 1 11 1 1 0 1 

--- ..... 

1 1 0 1 0 0 o W 1 1 1 0 0 reg 

1 1 0 1 0 0 o W mod 1 0 0 mem 

1 1 0 1 0 0 1 W 1 1 1 0 0 reg 

1 1 0 1 0 0 1 W mod 1 0 0 mem 

1 1 0 0 0 0 o W 1 1 1 0 0 reg 

1 1 0 0 0 0 o W mod 1 0 0 mem 

n: number of shifts 
1 1 0 1 0 0 OWl 1 1 0 1 reg 

4 3 
13 3-5 
4 3 
13121 3-5 
5 4 
14 4-6 
5 4 
14 4-6 

2 1 1 
2 1 

2 2 u x 

16/24 2-4 u x 

7+n 2 u x 

19127+n 2-4 u x 

7+n 3 u x 

19127+n 3-5 u x 

2 2 u x 

x x 

x x 

u x 

u x 

u x 

u x 

x x 

S Z 

x x 

x x 

x x 

x x 

x x 

x x 

x x 

I~ 

Ii 
Ii 
I ~ 

11 
I 
I 
I 
I~ 
·1 ~ 
I~ 
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Mnemonic 

Shift Instructions (cant) 
SHR mem, 1 

reg, CL 

mem,CL 

reg,imm8 

mem, imm8 

SHRA reg, 1 

mem, 1 

reg, CL 

mem,CL 

reg, imm8 

mem, imm8 

Operation 

CY-LSB of (mem), (mem)-(mem)-:-2 
When MSB of (mem)*bit following MSB 
of (mem): V-I 
When MSB of (mem)=bit following MSB 
of (mem): v-a 
temp-CL, while time*O, 
repeat this operation, CY-LSB or reg, 
reg-reg-:- 2 temp-temp-l 
teinp+-CL, while temp*O, 
repeat this operation, CY-LSB or (mem), 
(mem)+-(mem) -:- 2 temp-temp-l 
temp+-imm8, while temp*O, 
repeat this operation, CY-LSB of reg, 
reg-reg-:- 2 temp-temp-l 
temp-imm8, while temp*O, 
repeat this operation, CY-LSB of (mem), 
(mem)-(mem)-:- 2 temo-temp-l 
CY-LSB of reg, reg-reg-:-2, v-a 
MSB of operand does not change 
CY':--LSB of (merri), (mem)-(mem)-:-2, 
v-a MSB ofooerand does not change 
temp+-CL, while temp*O, 
repeat this operation, CY-LSB of reg, 
reg-reg-:- 2, temp-temp-l 
MSB of operand does not change 
temp-CL, while temp*O, 
repeat this operation, CY -LSB of (mem), 
(mem)+-(mem) -:- 2, temp-temp-l 
MSB of operand does not change 
temp+-imm8, while temp*O, 
repeat this operation, CY -LSB of reg, 
reg-reg-:- 2, temp-temp-l 
MSB of operand does not change 
temp+-imm8, while temp*O, 
repeat this operation, CY-LSB of (mem), 
(mem)+-(mem) -:- 2, temp-temp-l 
MSB of operand does not change 

Operation Code 
7 6 5 4 3 2 1 017 6 5 4 3 2 1 a 

1 1 a 1 a a a W mod 1 a 1 mem 

1 1 a 1 a ° a W 1 1 1 a 1 reg 

1 1 0 1 a a 1 W mod 1 a 1 mem 

1 1 a ° a ° o W 1 1 1 0 1 reg 

1 1 0 0 a a ° W 
mod 1 0 1 mem 

n: number of shifts 

1 1 0 1 0 a ° W 
1 1 1 1 1 reg 

1 1 a 1 a a a W mod 1 1 1 mem 

1 1 a 1 a a 1 W 1 1 1 1 1 reg 

1 1 a 1 a 0 1 W mod 1 1 1 mem 

1 1 a a a ° o W 1 1 1 1 1 reg 

1 1 a a a ° a W mod 1 1 1 mem 

n: number of shifts 

S Z 

16/24 2-4 u x x x x x 

7+n 2 u x u x x x 

19127+n 2-4 u x u x x x 

7+n 3 u x u x x x 

19127+n 3-5 u x u x x x 

2 2 u x a x x x 

16 2-4 u x a x x x 

7+n 2 u x u x x x 

19+n 2-4 u x u x x x 

7+n 3 u x u x x x 

19+n 3-5 u x u x x x 

I~ 
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SHARP 
SHARP CORPORATION Japan 
IC SALES DEPARTMENT 
INTERNATIONAL SALES & MARKETING GROUP 
-IC/ELECTRONIC COMPONENTS 
2613·1 ICHINOMOlO·CHO TENRI·CITY NAAA 632, JAPAN 
PHONE: (07436) 5·1321 
TELEX: LABOMETA·B J63428 
FACSIMILE: (07436) 5·1532 

NORTH AMERICA: SHARP ELECTRONICS CORPORATION 
Microelectronics Division 
Sharp Plaza, Mahwah, New Jersey 07430·2135, U.S.A. 
PHONE: (201) 529·8757 
TELEX: 134327 (SHARP AM MAWA)/426903 (SHARPAM MAWA) 
FACSIMILE: (201) 529·8759 

EUROPE: SHARP ELECTRONICS (EUROPE) GmbH 
Microelectronics Division 
SonninstraBe 3, 200Q Hamburg 1, F. A. Germany 
PHONE: (40) 23·775·216 
TELEX: 2161867 (HEEG D) 
FACSIMILE: (40) 23·775·232 

HONG KONG: SHARP·ROXV (HONG KONG) LTD. 
1701·1710, Admiralty Centre, Tower 1, 
Harcourt Road, Hong Kong 
PHONE: (5) 8229379 
TELEX: 61950 (SRHL HX) 
FACSIMILE: (5) 8660779 

SINGAPORE: SHARP·ROXY SALES (SINGAPORE) PTE, LTD. 
100G Pasir Panjang Road, Singapore 0511 
PHONE: 4731911 
TELEX: 55504 (SRSSIN RS) 
FACSIMILE: 4794105 

KOREA: SHARP ELECTRONICS INDUSTRIAL CORPORATION 
4F. Dae San Bldg. 14·27 Yeoyido·dong, 
Young Deung Po·ku, Seoul, Korea 
PHONE: 782-8637 -40 
TELEX: SHARPEI K26754 
FACSIMILE: (02) 782-5070 
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MICROCOMPUTERS DATA BOOK 

Microelectronics Group 
5700 Northwest, Pacific Rim Boulevard - Suite 20 
Camas, Washington 98607, U.S.A. 
PHONE: (206) 834-2500 
TELEX: 49608472 SHARP CAM 
FAX: (206) 834-8903 

EUROPE: SHARP ELECTRONICS (EUROPE) GmbH 
Microelectronics Division 
SonninstraBe 3, 2000 Hamburg 1, F.R. Germany 
PHONE: (040) 23775-286 
TELEX: 2161867 (HEEG 0) 
FAX: (40) 231480 

HONG KONG: SHARP-ROXY (HONG KONG) LTD. 
3rd Business Division, 
Room 1701-1 710, Admiralty Centre, Tower 1, 
Harcourt Road, Hong Kong 
PHON E: 8229311 /8229348 
TELEX: 74258 SRHL HX 
FAX: 5297561 /8660779 

SINGAPORE: SHARP-ROXY SALES (SINGAPORE) PTE. LTD. 
100G Pasir Panjang Road, Singapore 0511 
PHONE: 4731911 
TELEX: 55504 (SRSSIN RS) 
FAX: 4794105 

KOREA: SHARP ELECTRONICS INDUSTRIAL CORPORATION 
4th Floor Daesan Bldg., 14-27, Yeo Yido-dong, 
Youngdungpo-gu, Seoul 150-010, Korea 
PHONE: (782) 8637-40 
TELEX: SHARPEI K26754 
FAX: (782) 5070 
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