B=4+4
8=5+3
9=445
10=4+6

10=4+3+3
11=4+3+4
11=4+4+3
11=5+3+3
12=4+3+5
12=4+4+4
13=5+3+5

13=4+3+3+3

14=4+4+3+3

15=4+4+4+43

15=4+5+3+3

16=4+4+3+5 4.00
- Jo=briviné L

A
B
c
D
E
F
G
A
B
Cc
D
E
F

16=4+3+3+3+3 4.00
17=4+3+4+3+3 425
18=44+44+34+443 4,50
19=4+3+4+3+5 475
19=4+4+3+5+3 475
20=4+4+3+5+4 5.00
21=444+3+5+5 5.25
_21=4+5+3ff{§_ 5.25

lzT @ "mooO @ >

20=4+4+3+3+3+3 5.00
23=4+4+3+44345 5.75
23=4+4+3+5+4+3 5.7

10 m >

To Calculate Your Own Timing:
(4MHZ/Your MHZ)=Micro Sec. = Actual Microsec For Your Computer
(Make entry on right in chart above)




MATH INSTRUCTIONS

ADC —Add with Carry.
SBC—Subtract with Carry.
OFERJINDS:(I' =A B, C DE H! Dfl-.)

"'IA Hm-lvc

Aimm * HLDE*"

A,(HL)™ HLHL

A(I1X +d) " HLSP*C

A (1Y +d)"F Condition Set: YES

ADD—Add.
OPERANDS: (r = A, B, C,D,E H orl)

Art 1Y,BC*¢

Ajimm** L.DE IY,DE*°

A(HL)™ IY,1Y*

A(1X+d) = 1YSP“°

A(1Y+d)* Condition Set: YES
SUB—Subtract from Accumulator.

OPERANDS: (r = A, B, C, D, E, H, or L)

(HL)®  (IX+d)=  (IY+d)*"
_Condition Set: YES

DEC —Decrement.
INC —Increment.

OPERANDS: (r = A, B, C, D, E, H, or L)
r‘A BC 1c
(HL)*® DE'C
(IX+d)* HL'®
(IY+d)*™  Ix*

1y Condition Set: YES

Sp'c (Not for Register Pairs)

STORE REGISTER-INTO-MEMORY INSTRUCTIONS

LD—Store Register Into Memory.
OPERANDS: (r = A, B, C, D, E H orl)

(HL).r**  (addr)A**  (addr)IX™" (BC)A™"
(IX+d)r*  (addr),BC*" (addr)IY*" (DE),A**
(1Y +d)r"*  (addr)DE"* (addr),SP**
(addr),HL™" Condition Set: NO

'PUSH—Store Register Into Stack.
OPERANDS:
AF°" BC®™ DE®® HL™ Ix'° y*® Condition Set: NO

LOAD REGISTER INSTRUCTIONS

LD—Load Register.
OPERANDS: (r = A, B, C, D, E, H, or L)

et BC,mm*  A(addr)** SPHL'® A,(BC)** A"
r,imm™ DE.imm® BC,(addr)™  SP,IX** A(DE)** AR
r(HL)* HL,imm* DE.(addr)®  SPIY*" "
r(1X+d)* 1X,jmm*®  HL,(addr)™
(1Y +d)*= 1Y,imm*® X (addr)™
SPimm*  IY,(addr)* Condition Set: Yes
SP,(addr)*" (Only for LD Al and LD AR}

POP—Load Register from Stack.
OPERANDS:

AF™*  BC*™ DE™ HL™ X" y*® Condition Set: NO




MOVE MEMORY-TO-MEMORY INSTRUCTIONS

LD—Move to Memory from Immediate.
OPERANDS:

(HL),imm™"  (IX+d),imm*c (1Y +d),imm™" Condition Set: NO

LDD —Move (HL) to (DE). Decrement BC, DE, and HL.*"
LDDR—Move (HL) to (DE). Decrement BC, DE, and HL.
Repeat If: BC NOT = 0.°¢ /'F 8¢ = @ THew 49

LDl —Move (HL) to (DE). Decrement BC. Increment DE and HL.'*
LDIR—Move (HL) to (DE). Decrement BC. Increment DE and HL.
R.P‘.ll ": ac NOT - o.:-G tIF BC 0 THEN 4E)

OPERANDS: None Required. Condition Set: YES

_ EXCHANGE INSTRUCTIONS
EX—Exchange Register Data with Register or Stack.
OPERANDS:

AF,AF " DE,HL " (SP),HL™ (SP),IX"® (SP),IY*"
CDHd‘!Iﬂ Set: NO

EXX—Exchange Multiple Registers. .
BC with BC'. DE with DE’. HL with HL'.""

OPERANDS:  None Required. Condition Set: NO

SHIFT INSTRUCTIONS

RL —Shift Left thru Carry Flag.

Bit 7 goes to Carry Flag. Carry Flag goes to Bit 0.
RR —Shift Right thru Carry Flag.

Bit 0 goes to Carry Flag. Carry Flag goes to Bit 7.

RLC —Shift Left thru Carry Flag.

Bit 7 goes to Carry Flag and Bit 0.
RRC —Shift Right thru Carry Flag.

Bit 0 goes to Carry Flag and Bit 7.

SLA —Shift Left Arithmetic.

Zero Forced into Bit 0. Bit 7 goes to Carry Flag.
SRA —Shift Right Arithmetic.

Bit 7 not changed. Bit 0 goes to Carry Flag.

SRL —Shift Right Logical.
Zero Forced into Bit 7. Bit 0 goes to Carry Flag.

OPERANDS: (r=A B.C,D,E Horl)

rEHLC (X+d)* (1Y +d)"° ~ Condition Set: YES

RALA —Shift Accumulator Left thru Carry Flag.'”

Bit 7 goes to Carry Flag. Carry Flag goes to Bit 0.
RRA —Shift Accumulator Right thru Carry Flag.'”

Bit 0 goes to Carry Flag. Carry Flag goes to Bit 7.

RLCA —Shift Accumulator Left thru Carry Flag.'"
Bit 7 goes to Carry Flag and Bit 0.
RRCA—Shift Accumulator Right thru Carry Flag.'”
Bit 0 goes to Carry Flag and Bit 7.

RLD —Shift Left Half-Byte.”"
Bits 0-3 of (HL) go into Bits 4-7 of (HL).
Bits 4-7 of (HL) go into Bits 0-3 of A.
Bits 0-3 of A go into Bits 0-3 of (HL).
RRD —Shift Right Half-Byte.""
Bits 4-7 of (HL) go into Bits 0-3 of (HL).
Bits 0-3 of (HL) go into Bits 0-3 of A.
Bits 0-3 of A go into Bits 4-7 of (HL).

OPERANDS: Not Required. Condition Set: YES




COMPARE INSTRUCTIONS
BIT—Test Bit.

OPERANDS: (b =0,1,23,4,5,6 0r7)
_(r=AB,C D EHorl)

br*®  Bb(HL) b(IX4d)"" b(IY+d)”"  Condition Set: YES
CP—Compare to Accumulator.
OPERANDS: _ (r =A, B,C, D, E H, orL)

't imm* le.)* (I1X+d)*" (1Y+d)*  Condition Set: YES
CPD —Compare (HL) to Accumulator. Decrement HL and BC.**
CPDR—Compare (HL) to Accumulator. Decrement HL and BC.

Repeat if: BC NOT = 0 *’;"? ‘f_CCl.!IHU_I.ATOﬂ NOT = (HL).

CPI —Compare (HL) to Accumulator. Increment HL. Decrement BC.*
CPIR —Compare (HL) to Accumulator. increment HL. Decrement BC.
Repeat if: BC NOT = 0 AND ACCUMULATOR NOT = (HL).

OPERANDS:  None Required. Condition Set: YES

e ~ BRANCH INSTRUCTIONS
CALL—Branch and Link for Return.

OPERANDS:
UNCOND *® _
addr C.addr Zaddr PO,addr P,addr

S8 IF TRUE. 3A IF NOT

NCaddr NZaddr PEaddr M.addr
Condition Set: NO

DJNZ—D. t B. Branch if B NOT = 0.
OPERANDS:  addr’® '™ TRUE. 3C IF NoT TRUE  condition Set: NO
JP—Branch. -
OPERANDS:

UNCOND COND

lddrl-"‘ Caddr’ Zaddr' POaddr’* P,addr =

:ﬁ:}’rs‘ NC,addr " NZaddr'" PEaddr’" Maddr™

{1y)™ Condition Set: NO
JR—Branch, )
OPERANDS:

UNCOND ™ conp ™

addr C.addr Zaddr

NC,addr NZaddr
_C_o_nEi_!!'on Set: NO

IF TRUE, 2A IF NOT TRUE

RET—Return from Call.
OPERANDS:
Uncono COND
None [+ Z PO P

Required NC NZ PE M
Condition Set: NO

10 IF TRUE. 1B |F NOT TRUE

'RST—Branch to Special Address.
00H -or- 0 20H -or- 32
08H -or 8 28H -or- 40
10H -or- 16 30H -or- 48
18H -or 24 38H -or- 56 Condition Set: NO




DATA ALTERATION INSTRUCTIONS

AND —'AND' the A:cumullbr
OR —'OR' the Accumulator.
XOR —Exclusive 'OR’' the Accumulator.

OPERANDS: (r=AB,C, D, E H oorl)

' imm** (HL)™  (IX+d)™ (IY+d)” Condition Set: YES

RES —Reset Bit. (Set Bit off or Set Bit to 0).
SET —Set Bit (Set Bit on or Set Bit to 1).

OPERANDS: (b =0,1,2 34,5 6,0r7)
(r=AB CDEHorl)

h,r;‘-‘ b(HL)*™ b(IX+d)*= b(IY+d)* Condition Set: NO

CCF —Reverse the Carry Flag Bit."" Condition Set: YES
CPL —Reverse the Accum Bits.”* Condition Set: NO
DAA —Convert Accum from Binary to BCD.* Condition Set: YES
NEG —Reverse the Accum Numeric Value. © Condition Set: YES
NOP —No Operation. * Condition Set: NO
SCF —Turn on Carry Flag Bit (Set Bit to 1)."" Condition Set: NO

OPERANDS:  None Required.

/O INSTRUCTIONS

DI —Disable Maskable Intlrmpu."

El —Enable Maskable Interrupts.'”

HALT —Halt CPU until Inumlm or Reset is Recelved.
IM0 —Set Interrupt Mode o_

IM1  —Set Interrupt Mode 1.°

IM2 —Set Interrupt Mode 2.
RET! —Return from Interrupt.”*

(El Must Be Executed First to Re-Enable Interrupts.)
RETN—Return from Non-Maskable Interrupt.’”

OPERANDS:  None Required. Condition Set: NO

IND —Read Device (C) into (HL). Decrement B and HL." ]
OUTD—Write (HL) to Device (C). Decrement B and HL."

INI —Read Device (C) into (HL). Decrement B. increment HL."
OUTI —Write (HL) to Device (C). Decrement B. increment HL.*

INDR —Read Device (C) into (HL). Decremont B and HL.
Repeat if: BNOT =0." " ¢

OTDR—Write (HL) to Device (C). Decrumm B and HL.
Repeat if: B NOT = 0.7 '

INIR —Read Device (C) into u-n.) D t B. Inc t HL.
Repeat |f: B NOT = : "

OTIR—Write (HL) to Device (C] Decmmnl B. Increment HL.
Repeat if: B NOT = 0.7 ' ©

OPERANDS:  Not Required. Condition Set:
IN—Read Device (C) into Specified Register.
OPERANDS: (r=AB,C,D E Horl)

r(c)’" Condition Set:
OUT—Wirite to Device (C) from Specified Register.
(OPERANDS: (r = A, B, C,D.E.H, or L)

(c),r*" Condition Set:
IN—Read Device Specified into Accumulator.

OPERANDS:  A/(addr)™® Condition Set:
OUT—Write to Specified Device from Accumulator.
OPERANDS: (addr) A’ Condition Set:




No Carry

Carry

Parity Odd/No Oflo
Parity Even/Ofio
Not Zero

Zero

Positive

Negative

Sign Flag

Zero Flag
Hait-Carry Flag
Parity/Ofio Flag
Add/Subtract Flag
Carry Flag

"ﬂNsmaﬂg

TYPE OF INSTRUCTIONS CONDITIONS TO TEST
INSTRUCTION WHICH SET FLAGS NCCPOPENZZ P M

MATH ADC, ADD, SBC, SUB .. SN i
DEC, INC |Excluding regmtar Daursj..... g L

CPD. CPDFI CPI

LD!I
LD AR

LDD. LDi .
LDDR. LDIR

AND. OR XOFI ——

CCF. RLA, RLCA. RRA, FIHC.A
DAA, NEG, AL, RLC, AR, RAC
SLA, SRA SAL

ALD. RRD

IN [Except when dev. not spec. by (C))
IND, INI, OUTD. OUTI ____.
INDR, INIR, OTDR, OTIR ..

HEX/DEC CONVERSION CHART
8421 | 8421
DEC HEX DEC

0
16
32
48
64
80
96

I
M
L

TMOODPOE~NDNEW@N—=O
TMOODP>POE~NDO HWAN —O
MTMOODPOD~NDN BN =D




The following are what are described as undocumented and
unsupported instructions which may or may not occur in various
machine language chips or compilers.

They are documented here so that if you should encounter them, you
will be able to identify them, and possibly find a use for them.

On this page, they are listed by MNEMONIC sequence.
On the following page, they are listed by OPCODE sequence

IX and IY are 16-bit registers. Nowhere in the normal set is there a way
to address either of the B bits as though it were a single B-bit register.
Some of these instructions do allow this ability

In the MNEMONICS, the IX and 1Y registers are accessed as 4
individual 8-bit registers as follows

HX is the | of IX
LX is the X of IX

HY is the | of IY
LY is the Y of 1Y




Timing for these instructions is determined by adding 4 T-states to
each one which corresponds to a normal instruction of similar
structure using the H or L as an operand.

Additionally, there is a set of shift or rotate instructions added. We
have given them the mnemonic "SLL" because it seems most
appropriate.

SLL operates in this fashion:
The operand is shifted left 1 bit. Bit 7 goes to the carry flag and bit 0

becomes a 1. This is the same as doubling or multiplying the operand
by 2 and adding 1 after the multiplication.

Other instructions shown here are duplications of functions available
through the normal instruction set, shown for your knowledge.




008,111
oo’

JR NZ,addr
LD HL, imm
LD (addr), KL

| 034,224,202
035

1536
037

038; 414

233

UAT, ana
041
D43 sz, asa

a3

ax
0as
046,144
pav

046,382

D49, 444,844
050,282,282
o5y

DEC (HL)
LD (HL),imm

052
053

i

]

ADD HL,EP
+ (oddr)

Maasa

=

ANt eo oo s s o
monW»--rmmo N




man

B

=

aaa,saa
Aaa,ass

G R NG
=

L

203,001
203,002
203,003
203,004

203,057
203,098
201,09%

203,100

203,005
203,006
203,007
203,008

]

201,107
203,102
203,103

203, 104

203,509
203,00
203,011
203,012

Wi 0N
203,014
203,015
203,016

~HEmonor-—Mazmones=-rEzmnonos

203,077
201,08
203,019
203,020

L LR, NERTT T FERPAT NS Sy Sy s PR e P PRpREeRY PRI S S

oo

203,021
203,022
203,023
201,024

o o oo
=

=~

703,075
203,026
203,027
203,028
703,029
203,030
203,031
203,032

i

707,79
203,034
203,035
203,036

203,037
203,038
203,039
203,040

203,041
203,0

203,043
203,044

03,045
203,046
203,047
203,056

403,057
203,058
203,059
203,060

03,081
203,062
203,063
203,064

203,065
201,086
203,087
203,068

=
B

=

zmonEr~Memoner—HMEoonEpr-—MEMone > -—pemonn> =~ Homo oje >




203,dad, 118
L aad, 126
34, 124




203, ddd, 222
221,203 ,444,230
221,203 ,d444,238
221,203 ,d4d, 746

| 227,203, ddd, 354

+ 225
127
78

JP [HL)
JF PE,addr
EX DE,HL

PUSH AF
OR imm
RET 30H
RET M

Lo &F, HL

P M, adds

El

CALL M,ad
ADD 1Y,BC
ADD 1Y¥,DE
LD TY,imm
LD (addr),TY

asa.asa
L aaa,aan

1i1

aaa,san

CALL PE,addr
N E,(C)
QUT (C),B
SBC ML, BC

aaa,aan

LD (addri, BC
NEG

T,8aa a8

TR T

(17+d) ,imm

11¥+d],H
{1¥+d],L

LD (I¥+d] A
LD A,(1¥+d)
O A, (I¥+d)
A, l1Y+d)

3,142,444

LD BC, (addr}
RET1

LD R A

IK D, (C

.3aa,a3a

TIv=dl
A, LIYed)
(1¥=d)
{1y ed)

ooY {C).D
§BC HL,DE
LD {addr),DE

OR (1¥+d]
CP - (I¥+d)
HL (1Y)
RRC (1¥sd)

LD AR
IN H,I{C)

RL (Iv+d]
RE {I¥+d)
SLA (1¥+d)
ERA [I¥#d)

T3, 150, dda
253,158, dad
253, 166, ddd
?53_,_ "-‘_4_,6611

253,190,dadd
253,203, aad, 006
203, d4d,014

AT ICT, 0
EBC HL,HL

TIY+d]

o, (TY+d)
T, (2¥+d)
2, 11y+d)

203, ddd, 078
253,203, dad, 086

¥HaT

5, (T¥+d)
&, (T¥+8)

SBC HL,SP

LD Taddr],BP
™ A, LE)
OUT (C),A
ADC HL,5P

L 115, asa, ana
120
121

. 122

LD 5P, (addr)
LD1
[ =
IN1

PRFEPTTH T
+ Y60
£ 181

7 (1¥+d]
0, (TY+a)
1 r'i+|i|
¥+d) |
'\ f'f_hF!-_'_
4, (rvea) | 3
5, (T¥+d)
B, (174
T+
{T¥+d)
1, (1¥+4)
2, (1y+d)
]

I5Y, 703, da4, 054
253,203,444, 102
253,203, cdd 110

:Sl,ms,ddd.lze
253,203,444, 134
253,203,484, 142
253,201,344, 150
5V, 307, dad, 158
253,203,444, 166
253,203, d4d, 174
253,203,464, 182

I%Y, 203, dad, 150

2. 3, 203,444, 198
53,203 ,444,206
3,203,d44,274

ObTY
LOD
CFD
IKD

[1¥+d)
1¥+d}
(1Y+d}
1¥+d}

3,303;ddd,222
3,203 .ddd, 230
203,444,218

T, TV A

38,1
239
240

241
242,aaa,a0a
243
244, aaa, aaa




1%
.18
117
EH3

DOCBAATE
d71E

ddd, 086
add, Gae

-

S 108 ] 02 221,043
DocBadsE | 227, idd, 09 " d 253,043
FOCRAGSE




&4
45
ErdBasss

DD6GEAd
FUBGAd

o744

pETodd :

ooTiad E At L | Aan,aa8
bp72dd

| b¥3da

o734
Tddd
Sdd




1,137
3,138
L1189

140
1,141

T, 150

1,201, dd4, 150

3,201, 44
181

150

RLC
nLL

LI

nLC
WLe
nLC
BLE

i
[y
'y
»

o

CHROC
801
cBO2
cBol
cBO4
CBOS
By
EOEF

TETE
DDCBAATE
FOCBAAIE
cBwr
B8




(=21 ]
CBIC
cBiD

03,0
203,027
103,028

CBE} 203,227
CBE4 3,228
coEs

F

CBOE
DOCBAADE
FOCBAAOE |
CBOF

CROB

CBOS

CEOA

CBOB

CBOC
CBOD

Wy 04
221,203,4d4,
253.203,444,014

203,008
203,009
203,010
203,011
203,012
203,011

CBEE
DDCBALEE | 221,20],4dd,238
FODCBACEE | 253,203,444,2138
CBEF 203,239

CHEH
CEE9
CBEA
CBEB
CBEC
CBED

oF

015

EDET

cF
o7

7

237,103

1]
221,158, dd4
253,158, ddd
222,444

152
153
154
155
156
157

TEFE
DDCEAAFG LAdd, 246
FOCBAAFE | 253,203,d44d,746
CRF7T 203,247

CBFO 203,

CBF1 203,241

CBF2 203,242

CBF3 203,243

CBF4 203,244

CBFS 203,245

CEFE | 203,254
DDCBAAFE | 727,203, ddd, 254
POCRAAFE | 253,203, ddd, 254
CBFF 203,255

caFE 201,748

care 203,249

CEFA 203,250

CEFE 203,251

CBFC 203,252

CBFD 203,253

— 237,066

237,082
237,098

CHCE
DDCBAACE:
FOCBAACE
CBCT
CRCO
cBC1
CBC2
CBC3
CBC4
CBCS

203,d44,1%8
203,444,198

TB26 | 203,038
DDCBAAZE | 221,203 ,ddd,038
FOCBAd26 | 253,203 ,d4d,038
cB27 203,03%
CB20 1,032
CB21 203,033
CB22 203,034
cB23 203,035
CB24 203,036
cB2s

CBCE
DDCBAACE
FOCBAACE

444,206
,3dd,206

ddd,214
+ddd, 214

CBIE
DOCEA4IE 3,ddd, 046
FOCBAA2E 3,203,ddd, 046
CBIF
CBIE
CB29
CBIA
cB28
cBIC
CEID

CHIE
BoCB4dIE 1,ddd, 062
FOCBAAIE ddd, 062
CBIF F:
CEIA
cBI9
CB3A
CE3IB
CBiC
CBID

FDCRPAJDE
CRDF
CBDD
CBD5
CBDA
CBDB

203,322
221,203 444,222
+203,4d49,222
203,223
203;2%
203,217
203,218
201,219
203,220

,221

96
DD96dd
FO9%dd
DEii
97

S0

CBEE
DOCBAAES
FPOCBACES |
CBET |

2

303,730

221,203, 444,230

251,203,444,230
13,231

224




