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Mnemonic Sz OP-Code Clock 
Flags 
SZHPNC 

 
Effect  

LD A,N 2 3E XX 7 ------ A=N 

LD A,r 1 78+rb 4 ------ A=r 

LD A,(BC) 1 0A 7 ------ A=[BC] 

LD A,(DE) 1 1A 7 ------ A=[DE] 

LD A,(HL) 1 7E 7 ------ A=[HL] 

LD A,(IX+n) 3 DD 7E XX 19 ------ A=[IX+n] 

LD A,(IY+n) 3 FD 7E XX 19 ------ A=[IY+n] 

LD A,(NN) 3 3A XX XX 13 ------ A=[NN] 

      

LD B,N 2 06 XX 7 ------ B=N 

LD B,r 1 40+rb 4 ------ B=r 

LD B,(HL) 1 46 7 ------ B=[HL] 

LD B,(IX+n) 3 DD 46 XX 19 ------ B=[IX+n] 

LD B,(IY+n) 3 FD 46 XX 19 ------ B=[IY+n] 

      

LD C,N 2 0E XX 7 ------ C=N 

LD C,r 1 48+rb 4 ------ C=r 

LD C,(HL) 1 4E 7 ------ C=[HL] 

LD C,(IX+n) 3 DD 4E XX 19 ------ C=[IX+n] 

LD C,(IY+n) 3 FD 4E XX 19 ------ C=[IY+n] 

      

LD D,N 2 16 XX 7 ------ D=N 

LD D,r 1 50+rb 4 ------ D=r 

LD D,(HL) 1 56 7 ------ D=[HL] 

LD D,(IX+n) 3 DD 56 XX 19 ------ D=[IX+n] 

LD D,(IY+n) 3 FD 56 XX 19 ------ D=[IY+n] 

      

LD E,N 2 1E XX 7 ------ E=N 

LD E,r 1 58+rb 4 ------ E=r 

LD E,(HL) 1 5E 7 ------ E=[HL] 

LD E,(IX+n) 3 DD 5E XX 19 ------ E=[IX+n] 

LD E,(IY+n) 3 FD 5E XX 19 ------ E=[IY+n] 

      

LD H,N 2 26 XX 7 ------ H=N 

LD H,r 1 60+rb 4 ------ H=r 

LD H,(HL) 1 66 7 ------ H=[HL] 

LD H,(IX+n) 3 DD 66 XX 19 ------ H=[IX+n] 

LD H,(IY+n) 3 FD 66 XX 19 ------ H=[IY+n] 

      

LD L,N 2 2E XX 7 ------ L=N 

LD L,r 1 68+rb 4 ------ L=r 

LD L,(HL) 1 6E 7 ------ L=[HL] 

LD L,(IX+n) 3 DD 6E XX 19 ------ L=[IX+n] 

LD L,(IY+n) 3 FD 6E XX 19 ------ L=[IY+n] 
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Mnemonic Sz OP-Code Clock 
Flags 
SZHPNC 

 
Effect  

LD (NN),A 3 32 XX XX 13 ------ [NN]=A 

LD (BC),A 1 02 7 ------ [BC]=A 

LD (DE),A 1 12 7 ------ [DE]=A 

LD (HL),N 2 36 XX 10 ------ [HL]=N 

LD (HL),r 1 70+rb 7 ------ [HL]=r 

LD (IX+n),N 4 DD 36 XX XX 19 ------ [IX+n]=N 

LD (IX+n),r 3 DD 70+rb XX 19 ------ [IX+n]=r 

LD (IY+n),N 4 FD 36 XX XX 19 ------ [IY+n]=N 

LD (IY+n),r 3 FD 70+rb XX 19 ------ [IY+n]=r 

      

LD BC,NN 3 01 XX XX 10 ------ BC=NN 

LD DE,NN 3 11 XX XX 10 ------ DE=NN 

LD HL,NN 3 21 XX XX 10 ------ HL=NN 

LD IX,NN 4 DD 21 XX XX 14 ------ IX=NN 

LD IY,NN 4 FD 21 XX XX 14 ------ IY=NN 

LD SP,NN 3 31 XX XX 10 ------ SP=NN 

LD SP,HL 1 F9 6 ------ SP=HL 

LD SP,IX 2 DD F9 10 ------ SP=IX 

LD SP,IY 2 FD F9 10 ------ SP=IY 

      

LD BC,(NN) 4 ED 4B XX XX 20 ------ C=[NN],B=[NN+1] 

LD DE,(NN) 4 ED 5B XX XX 20 ------ E=[NN],D=[NN+1] 

LD HL,(NN) 3 2A XX XX 16 ------ L=[NN],H=[NN+1] 

LD HL,(NN) 4 ED 6B XX XX 20 ------ L=[NN],H=[NN+1] 

LD IX,(NN) 4 DD 2A XX XX 20 ------ IX=[NN,NN+1] 

LD IY,(NN) 4 FD 2A XX XX 20 ------ IY=[NN,NN+1] 

LD SP,(NN) 4 ED 7B XX XX 20 ------ SP=[NN,NN+1] 

      

LD (NN),BC 4 ED 43 XX XX 20 ------ [NN]=C, (NN+1)=B 

LD (NN),DE 4 ED 53 XX XX 20 ------ [NN]=E, (NN+1)=D 

LD (NN),HL 3 22 XX XX 16 ------ [NN]=L, (NN+1)=H 

LD (NN),IX 4 DD 22 XX XX 20 ------ [NN,NN+1]=IX 

LD (NN),IY 4 FD 22 XX XX 20 ------ [NN,NN+1]=IY 

LD (NN),SP 4 ED 73 XX XX 20 ------ [NN,NN+1]=SP 
 

 

 

 

 

r means register : B,C,D,E,H,L,A. Add to last byte of OP-Code: 

 

Reg     regbits 

B       0 

C       1 

D       2 

E       3 

H       4 

L       5  Note: Code 6 is typically the (HL) indirect operation 

A       7 

 

On    LD (IX+n),r    and    LD (IY+n),r    add it to the byte before the last.  
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Mnemonic Sz OP-Code Clock 
Flags 
SZHPNC 

 
Effect  

PUSH AF 1 F5 11 ------ -SP,[SP]=A,-SP,[SP]=F 

PUSH BC 1 C5 11 ------ -SP,[SP]=B,-SP,[SP]=C 

PUSH DE 1 D5 11 ------ -SP,[SP]=D,-SP,[SP]=E 

PUSH HL 1 E5 11 ------ -SP,[SP]=H,-SP,[SP]=L 

PUSH IX 2 DD E5 15 ------ -SP,-SP,[SP,SP+1]=IX 

PUSH IY 2 FD E5 15 ------ -SP,-SP,[SP,SP+1]=IY 

      

POP AF 1 F1 10 ****** F=[SP],SP+,A=[SP],SP+ 

POP BC 1 C1 10 ------ C=[SP],SP+,B=[SP],SP+ 

POP DE 1 D1 10 ------ E=[SP],SP+,D=[SP],SP+ 

POP HL 1 E1 10 ------ L=[SP],SP+,H=[SP],SP+ 

POP IX 2 DD E1 14 ------ IX=[SP,SP+1],SP+,SP+ 

POP IY 2 FD E1 14 ------ IY=[SP,SP+1],SP+,SP+ 

      

EX AF,AF' 1 08 4 ****** AF<->AF' 

EX DE,HL 1 EB 4 ------ DE<->HL 

EXX 1 D9 4 ------ BC<->BC',DE<->DE',HL<->HL' 

      

EX (SP),HL 1 E3 19 ------ [SP]<->HL 

EX (SP),IX 2 DD E3 23 ------ [SP]<->IX 

EX (SP),IY 2 FD E3 23 ------ [SP]<->IY 

      

LDD 2 ED A8 16 --0*0- [DE]=[HL],HL-=1,DE-=1,BC-=1 

LDDR 2 ED B8 21/16 --000- LDD until BC=0 

LDI 2 ED A0 16 --0*0- [DE]=[HL],HL+=1,DE+=1,BC=-1 

LDIR 2 ED B0 21/16 --000- LDI until BC=0 
 

 

 

 

 

 

 

 

 

 

 

 

 

In memory, the low byte of a 16-bit value comes first, then the high byte. 

e.g. after    LD (addr),BC    in memory,  [addr] = C  and  [addr+1] = B 

 

 

 

EX    instructions cannot work on IX, IY registers. 

 

 

 

Use    XOR A    as a faster alternative to    LD A,0    , and also clear flags 

 

 

 

Note the faster forms of    LD HL,(NN)    and    LD (NN),HL  
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Mnemonic Sz OP-Code Clock 
Flags 
SZHPNC 

 
Effect  

INC A 1 3C 4 ***V0- A=A+1 

INC B 1 04 4 ***V0- B=B+1 

INC C 1 0C 4 ***V0- C=C+1 

INC D 1 14 4 ***V0- D=D+1 

INC E 1 1C 4 ***V0- E=E+1 

INC H 1 24 4 ***V0- H=H+1 

INC L 1 2C 4 ***V0- L=L+1 

INC BC 1 03 6 ------ BC=BC+1 

INC DE 1 13 6 ------ DE=DE+1 

INC HL 1 23 6 ------ HL=HL+1 

INC IX 2 DD 23 10 ------ IX=IX+1 

INC IY 2 FD 23 10 ------ IY=IY+1 

INC SP 1 33 6 ------ SP=SP+1 

INC (HL) 1 34 11 ***V0- [HL]=[HL]+1 

INC (IX+n) 3 DD 34 XX 23 ***V0- [IY+n]=[IX+n]+1 

INC (IY+n) 3 FD 34 XX 23 ***V0- [IY+n]=[IY+n]+1 

      

DEC A 1 3D 4 ***V1- A=A-1 

DEC B 1 05 4 ***V1- B=B-1 

DEC C 1 0D 4 ***V1- C=C-1 

DEC D 1 15 4 ***V1- D=D-1 

DEC E 1 1D 4 ***V1- E=E-1 

DEC H 1 25 4 ***V1- H=H-1 

DEC L 2 2D 4 ***V1- L=L-1 

DEC BC 1 0B 6 ------ BC=BC-1 

DEC DE 1 1B 6 ------ DE=DE-1 

DEC HL 1 2B 6 ------ HL=HL-1 

DEC IX 2 DD 2B 10 ------ IX=IX-1 

DEC IY 2 FD 2B 10 ------ IY=IY-1 

DEC SP 1 3B 6 ------ SP=SP-1 

DEC (HL) 1 35 11 ***V1- [HL]=[HL]-1 

DEC (IX+n) 3 DD 35 XX 23 ***V1- [IX+n]=[IX+n]-1 

DEC (IY+n) 3 FD 35 XX 23 ***V1- [IY+n]=[IY+n]-1 

      

DJNZ n 2 10 XX 13/8 ------ B=B-1, if B != 0 then PC+=n 
 

 

 

 

 

 

 

 

 

There are undocumented instructions that operate on the high and low bytes of IX 

and IY, equivalent to operations on H and L. 

  

e.g.    LD A,IXL    LD IXH,A    LD IYL,n    LD B,IYH 

  

Also INC, DEC, ADD, ADC, SUB, SBC, AND, OR, XOR and CP 

wherever H or L could be used.  
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Mnemonic Sz OP-Code Clock 
Flags 
SZHPNC 

 
Effect  

NEG 2 ED 44 8 ***V1* A=-A      (negative) 

CPL 1 2F 4 --1-1- A=~A      (binary invert) 

      

SCF 1 37 4 --0-01 CY=1      (set carry) 

CCF 1 3F 4 --*-0* CY=~CY    (flip carry) 

DAA 1 27 4 ***P-* A=adjust result to BCD-format 

      

ADD A,N 2 C6 XX 7 ***V0* A=A+N 

ADD A,r 1 80+rb 4 ***V0* A=A+r 

ADD A,(HL) 1 86 7 ***V0* A=A+[HL] 

ADD A,(IX+n) 3 DD 86 XX 19 ***V0* A=A+[IX+n] 

ADD A,(IY+n) 3 FD 86 XX 19 ***V0* A=A+[IY+n] 

      

ADD HL,BC 1 09 11 --*-0* HL=HL+BC 

ADD HL,DE 1 19 11 --*-0* HL=HL+DE 

ADD HL,HL 1 29 11 --*-0* HL=HL+HL    (equiv. x2 or <<) 

ADD HL,SP 1 39 11 --*-0* HL=HL+SP 

ADD IX,BC 2 DD 09 15 --*-0* IX=IX+BC 

ADD IX,DE 2 DD 19 15 --*-0* IX=IX+DE 

ADD IX,IX 2 DD 29 15 --*-0* IX=IX+IX    (equiv. x2 or <<) 

ADD IX,SP 2 DD 39 15 --*-0* IX=IX+SP 

ADD IY,BC 2 FD 09 15 --*-0* IY=IY+BC 

ADD IY,DE 2 FD 19 15 --*-0* IY=IY+DE 

ADD IY,IY 2 FD 29 15 --*-0* IY=IY+IY    (equiv. x2 or <<) 

ADD IY,SP 2 FD 39 15 --*-0* IY=IY+SP 

      

ADC A,N 2 CE XX 7 ***V0* A=A+N+CY 

ADC A,r 1 88+rb 4 ***V0* A=A+r+CY 

ADC A,(HL) 1 8E 7 ***V0* A=A+[HL]+CY 

ADC A,(IX+n) 3 DD 8E XX 19 ***V0* A=A+[IX+n]+CY 

ADC A,(IY+n) 3 FD 8E XX 19 ***V0* A=A+[IY+n]+CY 

      

ADC HL,BC 2 ED 4A 15 ***V0* HL=HL+BC+CY 

ADC HL,DE 2 ED 5A 15 ***V0* HL=HL+DE+CY 

ADC HL,HL 2 ED 6A 15 ***V0* HL=HL+HL+CY 

ADC HL,SP 2 ED 7A 15 ***V0* HL=HL+SP+CY 
 

 

 

 

Use    NEG A    to Mathematically Negate A register 
 

Use    CPL      to Binary Invert A register, equivalent to    XOR $FF 
 

Use    CPL      to calculate    -A-1    as it is faster than    NEG A 

 

 

Use    SCF      to  Set   Carry Flag 
 

Use    AND A    to Clear  Carry Flag  e.g. before  SBC HL,BC 
 

Use    CCF      to Invert Carry Flag  
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Mnemonic Sz OP-Code Clock 
Flags 
SZHPNC 

 
Effect  

SUB N 2 D6 XX 7 ***V1* A=A-N 

SUB r 1 90+rb 4 ***V1* A=A-r 

SUB (HL) 1 96 7 ***V1* A=A-[HL] 

SUB (IX+n) 3 DD 96 XX 19 ***V1* A=A-[IX+n] 

SUB (IY+n) 3 FD 96 XX 19 ***V1* A=A-[IY+n] 

      

SBC A,N 2 DE XX 7 ***V1* A=A-N-CY 

SBC r 1 98+rb 4 ***V1* A=A-r-CY 

SBC (HL) 1 9E 7 ***V1* A=A-[HL]-CY 

SBC A,(IX+n) 3 DD 9E XX 19 ***V1* A=A-[IX+n]-CY 

SBC A,(IY+n) 3 FD 9E XX 19 ***V1* A=A-[IY+n]-CY 

      

SBC HL,BC 2 ED 42 15 ***V1* HL=HL-BC-CY 

SBC HL,DE 2 ED 52 15 ***V1* HL=HL-DE-CY 

SBC HL,HL 2 ED 62 15 ***V1* HL=HL-HL-CY 

SBC HL,SP 2 ED 72 15 ***V1* HL=HL-SP-CY 

      

AND N 2 E6 XX 7 ***P00 A=A&N 

AND r 1 A0+rb 4 ***P00 A=A&r      (AND A to clear CY) 

AND (HL) 1 A6 7 ***P00 A=A&[HL] 

AND (IX+n) 3 DD A6 XX 19 ***P00 A=A&[IX+n] 

AND (IY+n) 3 FD A6 XX 19 ***P00 A=A&[IY+n] 

      

OR N 2 F6 XX 7 ***P00 A=AvN 

OR r 1 B0+rb 4 ***P00 A=Avr     (OR A equiv. to CP 0) 

OR (HL) 1 B6 7 ***P00 A=Av[HL] 

OR (IX+n) 3 DD B6 XX 19 ***P00 A=Av[IX+n] 

OR (IY+n) 3 FD B6 XX 19 ***P00 A=Av[IY+n] 

      

XOR N 2 EE XX 7 ***P00 A=AxN 

XOR r 1 A8+rb 4 ***P00 A=Axr      (XOR A does A=0) 

XOR (HL) 1 AE 7 ***P00 A=Ax[HL] 

XOR (IX+n) 3 DD AE XX 19 ***P00 A=Ax[IX+n] 

XOR (IY+n) 3 FD AE XX 19 ***P00 A=Ax[IY+n] 
 

 

 

 

 

 

 

 

 

 

 

Use    ADD HL,HL    to double HL or shift it one bit left. 

 

 

With A reset to 0, use    SBC A,0    to sign-extend the Carry Flag into A, 

giving either $00 or $FF  



7 

Mnemonic Sz OP-Code Clock 
Flags 
SZHPNC 

 
Effect  

CP N 2 FE XX 7 ***V1* A-N           (sets CY if N>A) 

CP r 1 B8+rb 4 ***V1* A-r 

CP (HL) 1 BE 7 ***V1* A-[HL] 

CP (IX+n) 3 DD BE XX 19 ***V1* A-[IX+n] 

CP (IY+n) 3 FD BE XX 19 ***V1* A-[IY+n] 

      

CPI 2 ED A1 16 ****1- A-[HL],HL=HL+1,BC=BC-1 

CPIR 2 ED B1 21/16 ****1- CPI until A=[HL] or BC=0 

CPD 2 ED A9 16 ****1- A-[HL],HL=HL-1,BC=BC-1 

CPDR 2 ED B9 21/16 ****1- CPD until A=[HL] or BC=0 

      

JR n 2 18 XX 12 ------ PC=PC+n 

JR Z,n 2 28 XX 12/7 ------ If Z then PC=PC+n   (e.g. N=A) 

JR NZ,n 2 20 XX 12/7 ------ If !Z then PC=PC+n  (e.g. N<>A) 

JR C,n 2 38 XX 12/7 ------ If CY then PC=PC+n  (e.g. N>A) 

JR NC,n 2 30 XX 12/7 ------ If !CY then PC=PC+n (e.g. N<=A) 

      

JP NN 3 C3 XX XX 10 ------ PC=NN 

JP (HL) 1 E9 4 ------ PC=HL 

JP (IX) 2 DD E9 8 ------ PC=IX 

JP (IY) 2 FD E9 8 ------ PC=IY 

      

JP Z,NN 3 CA XX XX 10/10 ------ If Z then PC=NN     (e.g. N=A) 

JP NZ,NN 3 C2 XX XX 10/10 ------ If !Z then PC=NN    (e.g. N<>A) 

JP C,NN 3 DA XX XX 10/10 ------ If CY then PC=NN n  (e.g. N>A) 

JP NC,NN 3 D2 XX XX 10/10 ------ If !CY then PC=NN   (e.g. N<=A) 

JP P,NN 3 F2 XX XX 10/10 ------ If !S then PC=NN    (positive) 

JP M,NN 3 FA XX XX 10/10 ------ If S then PC=NN     (minus) 

JP PE,NN 3 EA XX XX 10/10 ------ If P then PC=NN     (overflow) 

JP PO,NN 3 E2 XX XX 10/10 ------ If !P then PC=NN    (not) 
 

 

The flag field contains one of the following: 

 

-     Flag unaffected 

*     Flag affected 

0     Flag reset 

1     Flag set 

?     Unknown 

P     Parity-Flag used as Parity 

V     Parity-Flag used as Overflow-Flag    (use like CY after 8-bit INC/DEC) 

 

Note that an 8-bit INC or DEC instruction does not trigger the carry flag CY, but 

it will trigger an overflow in the P/V flag if it rolls over. 

 

 

After a    CP N    instruction (equivalent flags to a    SUB N    instruction): 

 

Z     Zero  Flag    means    A == N 

C     Carry Flag    means    A < N     or    N > A 

NC    !Carry        means    A >= N    or    N <= A 

 

Where there are two numbers given for Clock, the highest is when the jump is taken.  
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Mnemonic Sz OP-Code Clock 
Flags 
SZHPNC 

 
Effect  

CALL NN 3 CD XX XX 17 ------ SP-=2,[SP+1,SP]=PC,PC=NN 

CALL Z,NN 3 CC XX XX 17/10 ------ If Z then [SP-=2]=PC,PC=NN 

CALL NZ,NN 3 C4 XX XX 17/10 ------ If !Z then [SP-=2]=PC,PC=NN 

CALL C,NN 3 DC XX XX 17/10 ------ If CY then [SP-=2]=PC,PC=NN 

CALL NC,NN 3 D4 XX XX 17/10 ------ If !CY then [SP-=2]=PC,PC=NN 

CALL P,NN 3 F4 XX XX 17/10 ------ If !S then [SP-=2]=PC,PC=NN 

CALL M,NN 3 FC XX XX 17/10 ------ If S then [SP-=2]=PC,PC=NN 

CALL PE,NN 3 EC XX XX 17/10 ------ If P then [SP-=2]=PC,PC=NN 

CALL PO,NN 3 E4 XX XX 17/10 ------ If !P then [SP-=2]=PC,PC=NN 

      

RET 1 C9 10 ------ PC=[SP,SP+1],SP+,SP+ 

RET Z 1 C8 11/5 ------ If Z then PC=[SP,SP+1],SP+=2 

RET NZ 1 C0 11/5 ------ If !Z then PC=[SP,SP+1],SP+=2 

RET C 1 D8 11/5 ------ If CY then PC=[SP,SP+1],SP+=2 

RET NC 1 D0 11/5 ------ If !CY then PC=[SP,SP+1],SP+=2 

RET P 1 F0 11/5 ------ If !S then PC=[SP,SP+1],SP+=2 

RET M 1 F8 11/5 ------ If S then PC=[SP,SP+1],SP+=2 

RET PE 1 E8 11/5 ------ If P then PC=[SP,SP+1],SP+=2 

RET PO 1 E0 11/5 ------ If !P then PC=[SP,SP+1],SP+=2 

RETI 2 ED 4D 14 ------ PC=[SP,SP+1],SP+,SP+ 

RETN 2 ED 45 14 ------ PC=[SP,SP+1],SP+,SP+ 

      

RST 0 1 C7 11 ------ -SP,-SP,[SP+1,SP]=PC,PC=00 

RST 8H 1 CF 11 ------ -SP,-SP,[SP+1,SP]=PC,PC=08 

RST 10H 1 D7 11 ------ -SP,-SP,[SP+1,SP]=PC,PC=10 

RST 18H 1 DF 11 ------ -SP,-SP,[SP+1,SP]=PC,PC=18 

RST 20H 1 E7 11 ------ -SP,-SP,[SP+1,SP]=PC,PC=20 

RST 28H 1 EF 11 ------ -SP,-SP,[SP+1,SP]=PC,PC=28 

RST 30H 1 F7 11 ------ -SP,-SP,[SP+1,SP]=PC,PC=30 

RST 38H 1 FF 11 ------ -SP,-SP,[SP+1,SP]=PC,PC=38 
 

 

 

 

The flag register contains the following bits: 

 

7          Sign Flag, 1=Minus, 0=Plus                     JP M  , JP P 

6          Zero Flag, 1 if result was zero                JP Z  , JP NZ 

-           Bit 5 Not Used 

4          Half-Carry Flag, 1 if Bit 3 carried 

-           Bit 3 Not Used 

2          Parity 1=Even, 0=Odd, or Overflow Flag         JP PE , JP PO 

1          Add / Subtract Flag 

0          Carry Flag                                     JP C  , JP NC , RR, RL 

 

 

Note that    JP (IX)    and    JP (IY)    do not include a '+n' offset. 

 

 

RST    is equivalent to a CALL, but to fixed addresses. 

 

 

Use    OR A    instead of    CP 0  
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Mnemonic Sz OP-Code Clock 
Flags 
SZHPNC 

 
Effect  

RLCA 1 07 4 --0-0* A={A}<< 

RLC r 2 CB 00+rb 8 **0P0* r={r}<< 

RLC (HL) 2 CB 06 15 **0P0* [HL]={[HL]}<< 

RLC (IX+n) 4 DD CB XX 06 23 **0P0* [IX+n]={[IX+n]}<< 

RLC (IY+n) 4 FD CB XX 06 23 **0P0* [IY+n]={[IY+n]}<< 

      

RRCA 1 0F 4 --0-0* A=>>{A} 

RRC r 2 CB 08+rb 8 **0P0* r=>>{r} 

RRC (HL) 2 CB 0E 15 **0P0* [HL]=>>{[HL]} 

RRC (IX+n) 4 DD CB XX 0E 23 **0P0* [IX+n]=>>{[IX+n]} 

RRC (IY+n) 4 FD CB XX 0E 23 **0P0* [IY+n]=>>{[IY+n]} 

      

RLA 1 17 4 --0-0* A={CY,A}<<CY 

RL r 2 CB 10+rb 8 **0P0* r={CY,r}<<CY 

RL (HL) 2 CB 16 15 **0P0* [HL]={CY,[HL]}<<CY 

RL (IX+n) 4 DD CB XX 16 23 **0P0* [IX+n]={CY,[IX+n]}<<CY 

RL (IY+n) 4 FD CB XX 16 23 **0P0* [IY+n]={CY,[IY+n]}<<CY 

      

RRA 1 1F 4 --0-0* A=CY>>{CY,A} 

RR r 2 CB 18+rb 8 **0P0* r=CY>>{CY,r} 

RR (HL) 2 CB 1E 15 **0P0* [HL]=CY>>{CY,[HL]} 

RR (IX+n) 4 DD CB XX 1E 23 **0P0* [IX+n]=CY>>{CY,[IX+n]} 

RR (IY+n) 4 FD CB XX 1E 23 **0P0* [IT+n]=CY>>{CY,[IY+n]} 

      

SLA r 2 CB 20+rb 8 **0P0* r=r*2 

SLA (HL) 2 CB 26 15 **0P0* [HL]=[HL]*2 

SLA (IX+n) 4 DD CB XX 26 23 **0P0* [IX+n]=[IX+n]*2 

SLA (IY+n) 4 FD CB XX 26 23 **0P0* [IY+n]=[IY+n]*2 

      

SRA r 2 CB 28+rb 8 **0P0* r=(signed)r/2 

SRA (HL) 2 CB 2E 15 **0P0* [HL]=(signed)[HL]/2 

SRA (IX+n) 4 DD CB XX 2E 23 **0P0* [IX+n]=(signed)[IX+n]/2 

SRA (IY+n) 4 FD CB XX 2E 23 **0P0* [IY+n]=(signed)[IY+n]/2 

      

SLL r 2 CB 30+rb 8 **0P0* r=r*2+1 

SLL (HL) 2 CB 36 15 **0P0* [HL]=[HL]*2+1 

SLL (IX+n) 4 DD CB XX 36 23 **0P0* [IX+n]=[IX+n]*2+1 

SLL (IY+n) 4 FD CB XX 36 23 **0P0* [IY+n]=[IY+n]*2+1 

      

SRL r 2 CB 38+rb 8 **0P0* r=(unsigned)r/2 

SRL (HL) 2 CB 3E 15 **0P0* [HL]=(unsigned)[HL]/2 

SRL (IX+n) 4 DD CB XX 3E 23 **0P0* [IX+n]=(unsigned)[IX+n]/2 

SRL (IY+n) 4 FD CB XX 3E 23 **0P0* [IY+n]=(unsigned)[IY+n]/2 

      

RLD 2 ED 6F 18 **0P0- {A[3:0],[HL]}={A[3:0],[HL]}<-4 

RRD 2 ED 67 18 **0P0- {A[3:0],[HL]}=4->{A[3:0],[HL]} 
 

 

Note that    RLCA    RRA    etc. are quicker than    RLC A    RR A    etc.  
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RLC    (Circular) 
 

 
 

RRC    (Circular) 
 

 
 

RL    (Rotate / With-Carry) 
 

 
 
 

RR    (Rotate / With-Carry) 
 

 
 
 

SLA    (Arithmetical / Signed) 
 

 
 

SRA    (Arithmetical / Signed) 
 

 
 
 

SLL    (Logical, +1 error) 
 

 
 

SRL    (Logical) 
 

 
 
 

 

RLC is a ‘Circular’ 8-bit rotate, whereas RL uses the Carry Flag as a ninth bit. 

 

 

Note  the flaw in    SLL    that inserts a 1 into the bottom bit. 
 
SLA    does the same job as    SLL    but without the +1 error. 

  

C 

C 

C 0 

C 

C 1 

0 C 

C 

C 
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Mnemonic Sz OP-Code Clock 
Flags 
SZHPNC 

 
Effect  

IN A,(N) 2 DB XX 11 ------ A=[N] / [AN] 

IN A,(C) 2 ED 78 12 ***P0- A=[C] / [BC] 

IN B,(C) 2 ED 40 12 ***P0- B=[C] / [BC] 

IN C,(C) 2 ED 48 12 ***P0- C=[C] / [BC] 

IN D,(C) 2 ED 50 12 ***P0- D=[C] / [BC] 

IN E,(C) 2 ED 58 12 ***P0- E=[C] / [BC] 

IN H,(C) 2 ED 60 12 ***P0- H=[C] / [BC] 

IN L,(C) 2 ED 68 12 ***P0- L=[C] / [BC] 

      

INI 2 ED A2 16 ***?1- [HL]=[C],HL=HL+1,B=B-1 

INIR 2 ED B2 21/16 01*?1- INI until B=0 

IND 2 ED AA 16 ***?1- [HL]=[C],HL=HL-1,B=B-1 

INDR 2 ED BA 21/16 01*?1- IND until B=0 

      

OUT (N),A 2 D3 XX 11 ------ [N]=A 

OUT (C),A 2 ED 79 12 ------ [C]=A 

OUT (C),B 2 ED 41 12 ------ [C]=B 

OUT (C),C 2 ED 49 12 ------ [C]=C 

OUT (C),D 2 ED 51 12 ------ [C]=D 

OUT (C),E 2 ED 59 12 ------ [C]=E 

OUT (C),H 2 ED 61 12 ------ [C]=H 

OUT (C),L 2 ED 69 12 ------ [C]=L 

      

OUTD 2 ED AB 16 ***?1- [C]=[HL],HL=HL-1,B=B-1 

OUTI 2 ED A3 16 ***?1- [C]=[HL],HL=HL+1,B=B-1 

OTDR 2 ED BB 21/16 01*?1- OUTD until B=0 

OTIR 2 ED B3 21/16 01*?1- OUTI until B=0 

      

BIT b,r 2 CB 40+8*b+rb 8 **1*0- r&{2^b} 

BIT b,(HL) 2 CB 46+8*b 12 **1*0- [HL]&{2^b} 

BIT b,(IX+n) 4 DD CB XX 46+8*b 20 **1*0- [IX+n]&{2^b} 

BIT b,(IY+n) 4 FD CB XX 46+8*b 20 **1*0- [IY+n]&{2^b} 

      

SET b,r 2 CB 80+8*b+rb 8 ------ r=r&{~2^b} 

SET b,(HL) 2 CB 86+8*b 15 ------ [HL]=[HL]&{~2^b} 

SET b,(IX+n) 4 DD CB XX 86+8*b 23 ------ [IX+n]=[IX+n]&{~2^b} 

SET b,(IY+n) 4 FD CB XX 86+8*b 23 ------ [IY+n]=[IY+n]&{~2^b} 

      

SET b,r 2 CB C0+8*b+rb 8 ------ r=rv{2^b} 

SET b,(HL) 2 CB C6+8*b 15 ------ [HL]=[HL]v{2^b} 

SET b,(IX+n) 4 DD CB XX C6+8*b 23 ------ [IX+n]=[IX+n]v{2^b} 

SET b,(IY+n) 4 FD CB XX C6+8*b 23 ------ [IY+n]=[IY+n]v{2^b} 
b means bit. Can be 0-7. Increase the last byte of OP-Code with 8*b. 

 

It is quicker to AND or Shift a byte to check the status of a bit. 

It is quicker to use OR or AND to set or clear a bit in the A register. 

 

Note when using IN A,(N) the 16-bit address AN is put on the address bus. 

When using IN r,(C) the 16-bit address BC is put on the bus. But some devices (e.g. 

Kempston joystick interfaces on IN 31) only care about the bottom 8 bits.  
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Mnemonic Sz OP-Code Clock 
Flags 
SZHPNC 

 
Effect  

NOP 1 00 4 ------  

      

DI 1 F3 4 ------ disable interrupts 

EI 1 FB 4 ------ enable interrupts 

      

HALT 1 76 4 ------ repeat NOP until interrupt 

      

LD A,I 2 ED 57 9 **0*0- A=I 

LD I,A 2 ED 47 9 ------ I=A 

      

IM 0 2 ED 46 8 ------ set interrupt 0 

IM 1 2 ED 56 8 ------ set interrupt 1 

IM 2 2 ED 5E 8 ------ set interrupt 2 

      

LD A,R 2 ED 5F 9 **0*0- A=R 

LD R,A 2 ED 4F 9 ------ R=A 
 

 

 

 

Interrupt Mode 1 uses the normal 50Hz Spectrum ROM interrupt routine at $0038 

(which is where a    RST 56    or    RST 38H    instruction will go to). 

 

Interrupt Mode 2 is the user-defined 50Hz vectored interrupt that typically 

requires a table 257 bytes long containing all the same value, starting on a 

256−byte page boundary.  
 

Set I to the high byte of the table address using    LD A,n    then    LD I,A 

The low byte of the table address is an unknown value when the interrupt occurs. 

The CPU will take two bytes from that address (low, then high) and jump to that 

address. 

 

 

 

Note that when an interrupt occurs, interrupts become disabled so an    EI    must 

be used before another interrupt can occur. 

 

If interrupts are disabled, or not re-enabled,    HALT    will hang forever. 
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Border and 48K Beeper: Port 0xFE (254), OUT 

 

Bit: 7 6 5 4 3 2 1 0 

 - - - 
EAR/ 
Spk 

MIC Border 

 

Bits 0-2 are the BORDER colour 0-7, equivalent to the Un-BRIGHT colours. 

 

Bit 3 activates the MIC output, bit 4 the EAR output and the speaker. Both outputs 

are linked so one output will also activate the other. EAR is generally the louder 

of the two outputs, so use that if you’re only setting one bit. 

 

 

The Keyboard: Port 0xFE (254), IN 

 

This reads the keyboard, as a 2-byte address, where 0xFE is the low byte. 

If using IN A,(254) then the value in A is used as the hi-byte of the address. 

If using IN r,(C) then the BC pair is used as a 16-bit address. 

 

Bit: 7 6 5 4 3 2 1 0 

 - EAR - (Inner) Keys (Outer) 

 

 

Keyboard addresses and keys, in order bits 0..4 

Bit reads low 0 if key is pressed, 1 otherwise. 

 
0xF7FE 1  2  3  4   5  0xEFFE   0      9   8  7  6 
0xFDFE A  S  D  F   G  0xDFFE   P      O   I  U  Y 
0xFBFE Q  W  E  R   T  0xBFFE ENTER    L   K  J  H 
0xFEFE V  C  X  Z  CAPS  0x7FFE SPACE  SYMB  M  N  B 

 

 

Note that the upper byte consists of a single 0 bit to indicate the row of keys to 

test. If more than one bit is set to 0 then a combination of rows is read the 

result ANDed together. Thus it is possible to scan the whole keyboard at once using 

address 0x00FE, and if bits 0..4 are all 1 then no key is being pressed. If any bit 

is 0 then at least one key is being pressed. 

 

Port 0xEFFE is used to scan Sinclair Joystick #1. 

Port 0xF7FE is used to scan Sinclair Joystick #2, but the bit order is reversed. 
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128K Memory Paging 

 

Simple 128K memory paging is controlled by OUT to address 0x7FFD (32765). Reading 

from this port does not return any useful information. The byte written controls 

the following features: 

 

 Bits 0..2: 16K RAM Page (0..7) to map into top of memory 0xC000 (49152) 

 Bit 3:  0=Show Normal Screen (Bank 5), 1=Show Shadow Screen (Bank 7) 

 Bit 4:  0=128K ROM, 1=48K ROM paged in at address 0x0000 

 Bit 5:  Disable all memory paging, until computer is reset 

 

There are eight 16K memory banks (numbered 0..7) that can be paged in at the top of 

the memory address space 0xC000 (49152). Bank 2 is always mapped in at address 

0x8000 (32768) and Bank 0 is mapped in at address 0xC000 (49152) at startup, and in 

48K mode. 

 

Note that regardless of which screen is displayed (Bank 5 or Bank 7), Bank 5 is 

always mapped in at address 0x4000 (16384). To write to the ‘Shadow Screen’ Bank 7 

must be mapped in at the top of memory. It is also possible to page Banks 2 or 5 in 

at the top of memory, even though they also appear elsewhere in the address space. 

 

Note that on a 128K or Grey +2 Spectrum, memory banks 1, 3, 5 & 7 are contended 

(odd numbers). On a Black +2A, +2B or +3 model, memory banks 4, 5, 6 and 7 are 

contended (upper half). Thus only banks 0 and 2 are always uncontended, and 5 and 7 

(the screens) are always contended. 

 

+2A and +3 machines have extra ROMs and paging arrangements controlled by port 

0x1FFD (8189), but these are not covered here. 

 

Note that the control address 0x7FFD is handled differently on different machines. 

On a 128K or +2, it simply detects that address bits A1 and A15 are low. The +2A 

and +3 also detect that address bit A14 is high. Thus it is possible to construct 

an address 0x3FFD that will work on a 128K/+2 but not on a +2A/+3. 

 

 

128K Sound 

 

The AY-3-8912 sound chip is controlled by two port addresses: 

 

 0xFFFD (65533) OUT: Select a register 0-14 

    IN: Read the value of the selected register 

 

 0xBFFD (49149) OUT: Write to the selected register 

 
Register Bits Function 

0 8 Channel A fine pitch   = [1773500 / (16 x Frq)] & 255 
1 4 Channel A coarse pitch = [1773500 / (16 x Frq)] >> 8 

2&3, 4&5 8 / 4 Channel B, C, fine & coarse pitch  
6 5 Noise pitch (0..31) 
7 6 Mixer: Bits 0,1,2=Tone A,B,C / Bits 3,4,5=Noise on A,B,C 

       0=enable, 1=disable. Set both upper bits to 0. 
8, 9, 10 5 0..15=Volume of Channel A,B,C / Bit 5=Use Envelope 

11 8 Envelope fine period   = [1773500 / (256 * Frq)] & 255 
12 8 Envelope coarse period = [1773500 / (256 * Frq)] >> 8 
13 4 Envelope shape: 0=Decay, 15=Up/Cutoff, 8=Sawtooth Dn, 

12=Sawtooth Up, 14=Triangle Up/Dn, 10=Triangle Dn/Up 
(Triangle forms use two periods per complete cycle) 

 

The AY-3-8912 sound chip runs at 1.7735 MHz, and sound periods are 1/16 of this. To 

calculate a setting to play a given frequency use the formula: 

 

  Register Value = 1773500 / (16 x Frq) 

 

And program the result as a 12-bit number into registers 1 (high) and 0 (low) for 

Channel A, Registers 3 & 2 for Channel B, or Registers 5 & 4 for Channel C.  
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Sinclair Joystick #1, read as per keyboard with: 

 

 LD BC,0xEFFE 

 IN A,C 

 

The A byte then contains the following bits. 0 for pressed, 1 for not pressed 

(note that on the DK’Tronics 2-Port interface, Sinclair Up/Down are reversed): 

 

Bit: 7 6 5 4 3 2 1 0 

Keyboard: - EAR - 6 7 8 9 0 

Joystick: - - - Left Right Down Up Fire 

 

 

Sinclair Joystick #2, read as per keyboard with: 

 

 LD BC,0xF7FE 

 IN A,C 

 

Although the key order, left-right for Left, Right, Down, Up, Fire is the same as 

Joystick #1, the left half of the keyboard return a mirrored pattern of bits. 

Therefore the A byte contains a different arrangement of bits. 0 for pressed, 1 for 

not pressed: 

 

Bit: 7 6 5 4 3 2 1 0 

Keyboard: - EAR - 5 4 3 2 1 

Joystick: - - - Fire Up Down Right Left 

 

 

Kempston Joystick only requires an 8-bit address, port 0x1F (31). The upper byte of 

the IN operation does not matter: 

 

 IN A,(31) 

 

The bottom 5 bits indicate the joystick input. These are 1 for pressed, 0 for not 

pressed (the reverse of the way the keyboard is read): 

 

Bit: 7 6 5 4 3 2 1 0 

Joystick: - - - Fire Up Down Left Right 

 

Note that reading from this port without an interface attached will result in 

random data. Most games will offer the user the option to choose Kempston Joystick 

control, and will not attempt to read the port until the game starts. Some games 

will scan the port for a short time and check it returns a stable value (e.g. 0), 

then choose to automatically enable the Kempston Joystick. 

 

 

A Cursor Joystick uses the following keys, which must be read using two inputs to 

read all the relevant keys (see previous section on The Keyboard): 

 

Keyboard: 5 6 7 8 0 

Joystick: Left Down Up Right Fire 
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Fuller Joystick also uses an 8-bit read address, port 0x7F (127): 
 
 IN A,(127) 
 
Like the keyboard and Sinclair joysticks, this returns 0 for a pressed joystick 
direction and 1 for not pressed: 
 

Bit: 7 6 5 4 3 2 1 0 

Joystick: Fire - - - Right Left Down Up 

 
 
Compatibility 
 
Note that Sinclair and Cursor joystick interfaces, or any interface that tries to 
simulate keypresses (e.g. COMCON) will not usually work with an original Sinclair 
128K (Toastrack) or +2 ZX Spectrum (Amstrad, Grey) without modification to some of 
the interface lines. And they are completely incompatible with the Amstrad-made +2A 
(Black), +2B and +3 (Disk) machines because of internal hardware changes. 
 
It is possible to physically modify these joystick interfaces to respond to 
different IN addresses, to get around these problems, or provide extra joystick 
inputs. Although this can lead to clashes with other hardware. Suggestions are as 
follows: 
 
 
Modification for Sinclair, Cursor, or Keyboard types: 
 
Inside the interface, swap the address lines A0 and A4 from the edge connector into 
the interface. This changes the low byte of the addresses from 0xFE to 0xEF. So, 
for example, the Sinclair port #1 moves from 0xEFFE to 0xEFEF 
 
 
K-55 Joystick - Modification for Kempston interface: 
 
This modification is only recommended for an official ‘Kempston’ branded flat 
joystick interface, as these detect the IN A,(31) operation by testing that address 
lines A7 + A6 + A5 are all 0. Most cheap clone interfaces only test A5. 
 
Inside the interface, cut the connection from the interface circuitry to address 
line A5 on the edge connector (e.g. drill out part of the circuit board track), 
then reconnect it to line A3 of the edge connector. The interface will now respond 
to address 0x37 (55) instead of 0x1F (31). 
 
 IN A,(55) 
 
Bit patterns for Fire, Up, Down, Left, Right are as per the Kempston joystick. 
 
It is possible to have a Kempston (or clone) interface and a K-55 adapted interface 
connected at the same time, and read them independently. So if a Fuller-compatible 
joystick interface is not available, K-55 is a viable option for a ‘fourth 
joystick’, after Kempston and Sinclair 1 & 2. 
 
 
Kempston Mouse 
 
The most common of the ZX Spectrum mice is read through three input ports. 
Horizontal and Vertical positions are represented by numbers 0-255 and wrap around 
as the mouse keeps moving. The buttons are read with bits going to 0 when pressed: 
 
 Horizontal Position (Left..Right):  0xFBDF  or 64479 
 Vertical Position (Top..Bottom):  0xFFDF  or 65503 

 Buttons:     0xFADF  or 64223 

 

   Left Button = Bit 7, Right Button = Bit 6 
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Screen Memory Address 

 

Bit: 15 14 13 12 11 10 9 8  7 6 5 4 3 2 1 0 

 0 1 0 
Screen 
Third 
0-2 

Pixel Row 
0-7 

 
 
 
 

Char Row 
0-7 

Char Column 0-31 

 

 

Attribute Memory Address 

 

Bit: 15 14 13 12 11 10 9 8  7 6 5 4 3 2 1 0 

 0 1 0 1 1 0 
Screen 
Third 
0-2 

 
 
 
 

Char Row 
0-7 

Char Column 0-31 

 

 

Down One Pixel Row (address in HL) 

 

 start  INC H 

   LD A,H 

   AND 7 

   JR NZ,end 

 

   LD A,L 

   ADD A,32 

   LD L,A 

JR C,end 

 

   LD A,H 

   SUB 8 

   LD H,A 

 end 

 

 

Up One Pixel Row (address in HL) 

 

 start  LD A,H 

   DEC H 

   AND 7 

   JR NZ,end 

 

   LD A,L 

   SUB 32 

   LD L,A 

   JR C,end 

 

   LD A,H 

   SUB 8 

   LD H,A 

 end 
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8-bit Multiply, H x E = HL 

 

  LD D,0 

  SLA H 

  SBC A,A 

  AND E 

  LD L,A 

 

  LD B,7 

 loop ADD HL,HL 

  JR NC,skip 

  ADD HL,DE 

 skip DJNZ loop 

 

 

8-16-bit Multiply, A x DE = AHL 

 

LD BC,7*256 

  LD H,C 

  LD L,C 

  ADD A,A 

  JR NC,loop 

  LD H,D 

  LD L,E 

 

 loop ADD HL,HL 

  RLA 

  JR NC,skip 

  ADD HL,DE 

  ADC A,C 

 skip DJNZ loop 

 

 

16-8-bit Divide, HL ÷ C = HL remainder A 

 

  XOR A 

  LD B,16 

 

 loop ADD HL,HL 

  RLA 

  JR C,skip 

  CP C 

  JR C,next 

 skip SUB C 

  INC L 

 next DJNZ loop 

 

 

24-8-bit Divide, EHL ÷ D = EHL remainder A 

 

  XOR A 

  LD B,24 

 

 loop ADD HL,HL 

  RL E 

  RLA 

  JR C,skip 

  CP D 

  JR C,next 

 skip SUB D 

  INC L 

 next DJNZ loop 
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Headerless LOAD Routine 

 

 LD IX,address 

 LD DE,length 

 LD A,255 

 SCF 

 CALL 1366 

 

Afterwards, a set carry flag CY indicates success. 

So JP NC to handle an error. 

 

 

Headerless SAVE Routine 

 

 LD IX,address 

 LD DE,length 

 LD A,255 

 AND A    (clear carry flag CY) 

 CALL 1218 

 

 

Tape Header Format 

 

17 bytes long. 

Program and Bytes only. BASIC variable arrays not covered) 

 
Byte Meaning 
 
0 

 
0 = Program 
3 = Bytes 

 
1..10 

 
Title (padded with spaces) 

 
11,12 

 
Length 

 
13,14 

 
Program: Start LINE number or >=32768 if none. 
Bytes: Start Address when saved. 

 
15,16 

 
Program: Start of variable area 
Bytes: 32768, always 
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