Notation Used in Instruction Set Summary

CPU Register Notation Machine Coding
Accumulator A— Aora dd — 8-bit direct address $0000 to $00FF (high byte assumed to be $00).
Accumulator B—B or b ee — High-order byte of a 16-bit constant offset for indexed addressing.
Accumulator D — D or d eb — Exchange/Transfer post-byte.
Index Register X — X or x ff — Low-order 8 bits of a 9-bit signed constant offset for indexed addr.,
Index Register Y — Y ory or low-order byte of a 16-bit constant offset for indexed address.
Stack Pointer — SP, sp, or s hh  — High-order byte of a 16-bit extended address.
Program Counter — PC, pc, or p ii — 8-bit immediate data value.
Condition Code Register — CCR or ¢ ji — High-order byte of a 16-bit immediate data value.
kk  — Low-order byte of a 16-bit immediate data value.
Explanation of Italic Expressions in Source Form Column Ib — Loop primitive (DBNE) post-byte.
abc — AorBorCCR Il — Low-order byte of a 16-bit extended address.
abcdxys — Aor B or CCRor D or X or Y or SP mm — 8-bit immediate mask value for bit manipulation instructions.
abdxys — AorBorDor XorY or SP Set bits indicate bits to be affected.
msk8 — 8-bit mask (some assemblers require #msk8) r — Signed relative offset $80 (—128) to $7F (+127). Offset relative to
opr8i — 8-bit immediate value the byte following the relative offset byte.
opr16i — 16-bitimmediate value xb  — Indexed addressing post-byte.
opr8a — 8-bit address used with direct address mode
opr1i6a — 16-bit address value
oprx0_xysp — Indexed addressing postbyte code:

oprx3,—xys Predecrement XorYorSPby1...8
oprx3,+xys Preincrement Xor YorSP by 1...8
oprx3,xys— Postdecrement Xor YorSPby1...8

oprx3,xys+ Postincrement XorYorSPby1...8 Operators
oprx5,xysp 5-bit constant offset from X or Y or SP or PC + — Addition
abd, xysp Acc. A or B or D offset from X or Y or SP or PC —  Subtraction

oprx3 — Any positive integer 1. . . 8 for pre/post increment/decrement
oprx5 — Any integer in the range =16 . . . +15
oprx9 — Any integer in the range -256 . . . +255 — Logical exclusive OR
oprx16 — Any integer in the range —32,768 . . . 65,535 Multiplication
rel9 — Label of branch destination within 512 to +511 locations + — Division
xys — XorY or SP

— Logical AND
— Logical OR (inclusive)
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M — Negation. One’s complement (invert each bit of M)
xysp — XorY orSPor PC . _  Concatenate
= —
Address Mode Notation - E;i?gs;e
INH — Inherent; no operands in object code
IMM  — Immediate; operand in object code Condition Codes Columns
DIR — Direct; operand is the lower byte of an addr. from $0000 to $00FF - — Status bit not affected by operation
BXT — Ope:'and is a 16-bit addl.'ess ) ) 0 — Status bit cleared by operation.
REL — Two’s complement relative offset; for branch instructions 1 — Status bit set by operation
IDX — Indexed (no extension bytes); includes: A — Status bit affected by oper;ation
5-bit cons_tant offset from X, Y, SP, or PC 4 — Stat. bit may be cleared or remain set,
Pre/post increment/decrementby 1...8 but is not set by operation
.Ac.cumulator A, B, or D offset ) ? — Status bit may be set or remain cleared,
IDX1  — 9-bit signed offset from X, Y, SP, or PC; 1 extension byte but is not cleared by operation
IDX2 — 16-bit signed offset from X, Y, SP, or PC; 2 extension bytes 2 —  Status bit may be changed by operation
[IDX2] — Indexed-indirect; 16-bit offset from X, Y, SP, or PC '

o but the final state is not defined
[D, IDX]  — Indexed-indirect; accumulator D offset from X, Y, SP, or PC



Source Form Operation Addr. Machine Code [Exec.|SXH I|INZV C Source Form Operation Addr. Machine Code |Exec.|SXHI|INZVC
Mode (hex) T (clk) Mode (hex) T (clk)
ABA (A)+(B)=>A INH |18 06 2 |- - A—-AAAA||ASL opri6a 4+— EXT (78 hhll 4 |-——-—-HAAAA
Add Accumulators A and B ASL 0prx0_xysp (Je—{TTTTTTT 4o IDX |68 xb 3
ABX (B) + (X) > X IDX |1AE5 2 |- - - -~ - - —||ASL oprx9,xysp c b7 b0 IDX1 |68 xb ff 4
Translates to LEAX B,X ASL oprx16,xysp Arithmetic Shift Left IDX2 (68 xb ee ff 5
ABY B)+ (Y)Y IDY |19ED 2 |--- - ———||ASL[Dxysp] [D,IDX] |68 xb 6
Translates to LEAX B,Y ASL [oprx16,xysp] [IDX2] |68 xb ee ff 6
ADCA #opr8i (A)+ (M) +C=A IMM |89 i T |--a-{aanns|AStA Avrithmetic Shift Left Accumulator A INH 148 !
ADCA opr8a Add with Carry to A DIR  199dd 3 ASLB Arithmetic Shift Left Accumulator B INH 158 1
ADCA opr16a EXT B9 hhill 3 ASLD <4+ <4— INH 59 1 ———JAAAA
ADCA oprx0_xysp IDX [A9 xb 3 (e T T« 1T 11 ]e& 0
ADCA oprx9_xysp IDX1 [A9 xb ff 3 c b7 A b0 b7 B b
ADCA oprx16,xysp IDX2 [A9 xb ee ff 4 . . .
ADCA [D.xysp] [D.IDX] |A9 xb 6 Arithmetic Shift Left Double
ASR oprl6a — EXT |77 hhll 4 |-—--AAAA
ADCA [oprx16,xysp] [IDX2] |A9 xb ee ff 6 ASR om0, 355p LT‘[I:I:I:I:I:DH—'D e N
ADCB #opr8i (B)+(M)+C =B IMM  [C9ii T == A A AAANCE oo s DXL |67 xb ff 2
ADCB opréa Add with Carry to B DIR |D9dd 3 PrXE.XySP b7 bo c
ASR oprx16,xysp Arithmetic Shift Right IDX2 |67 xb ee ff 5
ADCB opr16a EXT |F9hhll 3 ASR [D.xysp] [D,IDX] |67 xb 6
ADCB oprx0_xysp IDX |9 xb 3 ASR [oprx16,xysp] (IDX2] |67 xb ee ff 6
ADCB oprx9_xysp IDX1  |E9 xb ff 3 '
ADCB oprx16,xysp DX2 |E9 xb ee ff 4 ASRA Arithmetic Shift Right Accumulator A INH 147 1
ADCB [D,xysp] [D,IDX] |E9 xb 6 ASRB Arithmetic Shift Right Accumulator B INH |57 1
ADCB [oprx16,xysp] [IDX2] |E9 xb ee ff 6 BCC rel8 Branch if Carry Clear (if C = 0) REL |241r 31V |- - - - —-— -
ADDA #opr8i (A)+ (M) = A MM [8Bii 1 |= — A —|A A A Al||BCLR opr8a, msk8 (M) * (mm) =>M DIR |4D dd mm 4 |--—-——-AAO0-
ADDA opr8a Add without Carry to A DIR |9Bdd 3 BCLR oprl6a, msk8 Clear Bit(s) in Memory EXT (1D hhllmm 4
ADDA opr16a EXT |BBhhII 3 BCLR oprx0_xysp, msk8 IDX  [0D xb mm 4
ADDA oprx0_xysp IDX |AB xb 3 BCLR oprx9,xysp, msk8 IDX1 [OD xb ff mm 4
ADDA 0prx9_xysp IDX1 |AB xb ff 3 BCLR oprx16,xysp, msk8 IDX2 |0D xb ee ff mm 6
ADDA oprx16,xysp IDX2 |AB xb ee ff 4 BCS rel8 Branch if Carry Set (if C=1) REL |251r 31V |- - - - —-— -
ADDA [D,xysp] [D,IDX] |AB xb 6 BEQ rel8 Branch if Equal (if Z=1) REL |271r 31V |- —— - —— -
ADDA [0prx16,xysp] [IDX2] |AB xb ee ff 6 BGE rel8 Branch if Greater Than or Equal REL [2Crr 3/1Y |- - = - —— -
ADDB #opr8i (B)+(M)=B IMM  |CBiii 1 |--A-AAAA (if N @ V = 0) (signed)
ADDB opr8a Add without Carry to B DIR DB dd 3 BGT rel8 Branch if Greater Than REL [2Er kR e
ADDB opr16a EXT |FBhhI 3 (if Z+ (N @ V) = 0) (signed)
ADDB oprx0_xysp IDX [EBxb 3 BHI rel8 Branch if Higher REL |221r 3/1Y |- - = - —— -
ADDB oprx9_xysp IDX1 [EB xb ff 3 (if C + Z = 0) (unsigned)
ADDB oprx16,xysp IDX2 |EB xb ee ff 4 BHS rel8 Branch if Higher or Same REL (241r 31Y |- - — - - = -
ADDB [D,xysp] [D,IDX] [EB xb 6 (if C = 0) (unsigned) same as BCC
ADDB [oprx16,xysp] [IDX2] |EB xb ee ff 6 BITA #opr8i (A) = (M) IMM |85 1 |---—-AA0-
ADDD #opr16i (AB) + (M:M+1) = AB IMM  |C3 jj kk 2 |---—|AAAA|BITAOpr8a Logical AND A with Memory DIR |95 dd 3
ADDD opr8a Add 16-Bit to D (A:B) DIR |D3dd 3 BITA oprl6a Does not change Accumulator or EXT |[B5hhll 3
ADDD opri16a EXT |F3hhll 3 BITA oprx0_xysp Memory IDX  |A5 xb 3
ADDD oprx0_xysp IDX [E3xb 3 BITA oprx9,xysp IDX1 |[A5 xb ff 3
ADDD oprx9_xysp IDX1 [E3 xb ff 3 BITA oprx16,xysp IDX2 |[A5 xb ee ff 4
ADDD oprx16,xysp IDX2 |E3 xb ee ff 4 BITA [D,xysp] [D,IDX] |A5 xb 6
ADDD [D,xysp] [D,IDX] [E3 xb 6 BITA [oprx16,xysp] [IDX2] |AS5 xb ee ff 6
ADDD [oprx16,xysp] [IDX2] |E3xb ee ff 6 BITB #opr8i (B)* (M) IMM |C5iii 1 |----Aaa0-
ANDA #opr8i (A)«(M)=A IMM |84 i 1 |----AAO0-|BITB opr8a Logical AND B with Memory DIR |D5dd 3
ANDA opr8a Logical AND A with Memory DIR (94 dd 3 BITB oprl6a Does not change Accumulator or EXT |[F5hhll 3
ANDA opr16a EXT |B4hhll 3 BITB oprx0_xysp Memory IDX  |E5xb 3
ANDA oprx0_xysp IDX [Ad4 xb 3 BITB oprx9,xysp IDX1 |[E5 xb ff 3
ANDA oprx9,xysp IDX1 [A4 xb ff 3 BITB oprx16,xysp IDX2 |E5 xb ee ff 4
ANDA oprx16,xysp IDX2 [A4 xb ee ff 4 BITB [D,xysp] [D,IDX] |E5 xb 6
ANDA [D,xysp] [D,IDX] (A4 xb 6 BITB [oprx16,xysp] [IDX2] |E5 xb ee ff 6
ANDA [oprx16,xysp] [IDX2 [A4 xb ee ff 6 BLE rel8 Branch if Less Than or Equal REL |2Fr 1Y |- - = o= - = -
ANDB #opr8i (B)+(M)=B IMM  |C4ii 1 |---—-AAO0- (if Z+ (N @ V) = 1) (signed)
ANDB opr8a Logical AND B with Memory DIR |D4 dd 3 BLO rel8 Branch if Lower REL (251 319 |- - - |- —— =
ANDB opr16a EXT [F4hhll 3 (if C = 1) (unsigned) same as BCS
ANDB 0prx0_xysp IDX  |E4 xb 3 BLS rel8 Branch if Lower or Same REL |25rr 31V - —— - —— -
ANDB oprx9,xysp IDX1 [E4 xb ff 3 (if C + Z = 1) (unsigned)
ANDB oprx16,xysp IDX2  |E4 xb ee ff 4 BLT rei8 Branch if Less Than REL |2Drr 319 |- —— - —— -
ANDB [D,xysp] [D,IDX] [E4 xb 6 (if N @ V = 1) (signed)
ANDB [0prx16, xysp] IDX2 |B4xb ee ff 6 BMI rel Branch if Minus (if N = 1) REL [2Brr ETEl I N
ANDCC #opréi (CCR) * (M)= CCR IMM |10 T (e UL 8L aNE rei Branch if Not Equal (if Z = 0) REL |26 1r 3y |- - - —— -
Logical AND CCR with Memory

Y 3/1 indicates this instruction takes 3 cycles to refill the instruct. queue if the branch is taken and 1cycle if the branch is not taken.



Source Form Operation Addr. Machine Code [Exec.|SXHI|INZVC Source Form Operation Addr. Machine Code |Exec.|SXH IINZVC
Mode (hex) T (clk) Mode (hex) T (clk)
BPL rel8 Branch if Plus (if N = 0) REL |2Arr 3/1" |- — — |- — — —||CPD #opr16i (A:B) — (M:M+1) IMM  |8C jj kk 2 |--—-—-AAAA
BRA rel8 Branch Always (if 1 =1) REL |20rr 3 |-----—-—-—||CPDopr8a Compare D to Memory (16-Bit) DIR |9C dd 3
BRCLR opr8a, msk8, rel8 Branch if (M) + (mm) = 0 DIR |4Fddmmr 4 |-----—--—|CPDopri6a EXT |BChhli 3
BRCLR opr16a, msk8, rel8 (if All Selected Bit(s) Clear) EXT |1F hhllmmrr 5 CPD oprx0_xysp IDX  |AC xb 3
BRCLR oprx0_xysp, msk8, rel8 IDX  |OF xb mm rr 4 CPD oprx9,xysp IDX1  |AC xb ff 3
BRCLR oprx9,xysp, msk8, rel8 IDX1  [OF xb ff mm rr 5 CPD oprx16,xysp IDX2 |AC xb ee ff 4
BRCLR oprx16,xysp, msk8, rel8 IDX2 |[OF xb ee ffmmrr| 6 CPD [D,xysp] [D,IDX] [AC xb 6
BRSET opr8, msk8, rel8 Branch if (M) + (mm) = 0 DIR |4E dd mmrr 4 |- - - - — - —|[CPD [oprx16,xysp] [IDX2] |AC xb ee ff 6
BRSET opr16a, msk8, rel8 (if All Selected Bit(s) Set) EXT [1Ehhlimmrr 5 CPS #opr16i (SP) — (M:M+1) IMM  [8F jj kk 2 [--—-—-AAAA
BRSET oprx0_xysp, msk8, rel8 IDX |OE xb mm rr 4 CPS opr8a Compare SP to Memory (16-Bit) DIR |9F dd 3
BRSET oprx9,xysp, msk8, rel8 IDX1 [OE xb ff mm rr 5 CPS opr16a EXT |BFhhil 3
BRSET oprx16,xysp, msk8, rel8 IDX2 |[OE xbeeffmmrr| 6 CPS oprx0_xysp IDX |AF xb 3
BSET opr8, msk8 (M) + (mm)= M DIR |4Cdd mm 4 |- —— —A A0 —|CPS oprx9,xysp IDX1  |AF xb ff 3
BSET opr16a, msk8 Set Bit(s) in Memory EXT |1Chhllmm 4 CPS oprx16,xysp IDX2  |AF xb ee ff 4
BSET oprx0_xysp, msk8 IDX |0C xb mm 4 CPS [D,xysp] [D,IDX] |AF xb 6
BSET oprx9,xysp, msk8 IDX1  |0C xb ff mm 4 CPS [oprx16,xysp] [IDX2] |AF xb ee ff 6
BSET oprx16,xysp, msk8 IDX2 |0C xb ee ff mm 6 CPX #opr16i (X) = (M:M+1) IMM  [8E jj kk 2 |[---—-AAAA
BSR rel8 (SP) - 2= SP; REL |07 rr 4 |- —-—- - —-_- _|CPXopr8a Compare X to Memory (16-Bit) DIR |9E dd 3
RTNH:RTNL= M(SP):M(SP+1); CPX opr16a EXT |BEhhll 3
Subroutine address= PC CPX oprx0_xysp IDX  |AE xb 3
Branch to Subroutine CPX oprx9,xysp IDX1 |AE xb ff 3
BVC rel8 Branch if Overflow Bit CIr (V=0) REL |28 31" |- — - ] —— _||CPX oprx16,xysp IDX2  |AE xb ee ff 4
BVS rel8 Branch if Overflow Bit Set (V=1) REL |29 311" |— — — J— — — _||CPX[D.xysp] [D,IDX] |AE xb 6
CBA (A) - (B) INH |18 17 > |- —— A A A|CPX [OP/‘X76':X}’SP] [IDX2] |AE xb ee f 6
Compare 8-Bit Accumulators CPY #opr16i (Y) = (M:M+1) IMM  |8D jj kk 2 |-———-HAAAA
cLC 0> C MM |10 FE P R Y CPY opr8a Compare X to Memory (16-Bit) DIR |9D dd 3
Translates to ANDCC #$FE CPY opri6a EXT [BDhhll 3
cL 0= | IMM |10 EF T |- =< o= —— —||CPY oprx0_xysp IDX  (AD xb 3
Translates to ANDCC #SEF CPY oprx9,xysp IDX1 | AD xb ff 3
(enables I-bit interrupts) CPY oprx16,xysp IDX2 |AD xb ee ff 4
CLR opr16a 0= M Clear Memory Location EXT |79hhl 3 [--——-Jo1o00 gsi [D.xysp] [D.IDX] |AD xb 6
CLR oprx0_xysp DX 169 xb 2 [oprx16,xysp] : : : [IDX2] |AD xb ee ff 6
CLR oprx9,xysp DX1 |69 xb ff 3 DAA Adjust Sum to BCD (Decimal Adj. Acc.A)| inh |18 07 3 |----AA?A
CLR o0prx16,xysp IDX2 |69 xb ee ff 3 DBEQ abdxys, rel9 (cntr) — 1=cntr REL |[041brr 3 |- o=
CLR [D,xysp] [D,IDX] |69 xb 4 if (cntr) = Q, then Bran_ch; . (9-bit)
CLR [oprx16,xysp] [IDX2] |69 xb ee ff 4 else Continue to next |nstruct|on_
CLRA 0= A Clear Accumulator A INH |87 1 Decrement Counter and Branch if = 0
CLRB 0= B Clear Accumulator B INH__|C7 1 (cnir =A, B, D, X, Y or SP) T
cLv 05V Translates to ANDCC #$FD IMM__ |10 FD 1 = = — = o _||PBNE abdxys, rel9 (entr) — 1= cntr REL rr 3 ———J---C
CMPA #opr8i A)-M) MM 181 ii 1 ———JdAArn |f|(cntr) ngt =0, then B.ranch; . (9-bit)
CMPA opr8a Compare Accumulator A with Memory DIR |91dd 3 else Continue to next mstructlon.
oa letwn | 3 Do Cotr s ranch £
gm.'iﬁ Zzzg}?/ss,f ,3?1 21 iz & 3 DEC opri6a (M) - $01= M . EXT [73hnhll 4 |-——Jaan-
CMPA 0prx16,xysp DX2  |A1 xb ee ff 4 DEC oprx0_xysp Decrement Memory Location IDX |63 xb 3
CMPA [D,xysp] [D,IDX] |A1 xb 6 DEg 0prx9,Xysp IDX1 |63 xb ff 4
CMPA [0prx16,xysp] [IDX2] |A1xb ee ff 6 BEC E’g’)’(‘y’;j‘ysﬁ [||3D|§<] gg iﬁ eeff g
i ® - M MM \Ct i Tl A A4 Alokc opr6 sl [IDX2] |63 xb ee ff 6
CMPB opr8a Compare Accumulator B with Memory DIR |D1dd 3
CMPB opr16a EXT |F1hhil 3 DECA (A)—$01= A Decrement A INH |43 1
CMPB 0prx0_xysp DX |E1xb 3 DECB (B)—$01=B Decrement B INH |53 1
CMPB 0prx9,xysp Dx1 |E1xb & 3 DES (SP) - $0001= SP IDX [1B9F 2 |---4----
CMPB oprx16,xysp DX2 |E1 xb ee ff 4 Translates to LEAS —1,SP
CMPB [D,xysp] [D.IDX] |E1 xb 6 DEX (X) — $0001=> X INH 09 1 [-—-=-—-H-A--
CMPB [oprx16,xysp] [IDX2] |E1xb ee ff 6 Decrement Index Register X
COM opri16a (M) = M equivalent to $FF — (M)= M EXT |71hh1l 4 |——_ A A0 1]|PEY : (Y) —$0001= Y Decrement Ind. Reg. Y INH 03 _ 1 |[-—-=——4-A-=
COM oprx0_xysp 1’s Complement Memory Location IDX |61 xb 3 EORA #opréi A O M=A IMM (88 1 |----A40-
COM oprx9,xysp IDX1 |61 xb ff 4 EORA opr8a Exclusive-OR A with Memory DIR |98dd 3
COM oprx16,xysp IDX2 |61 xb ee ff 5 EORA opri6a EXT |B8hhll 3
COM [D,xysp] [D,IDX] |61 xb 6 EORA oprx0_xysp IDX [A8 xb 3
COM [oprx16,xysp] (&) = A Complement Acc. A [IDX2] |61 xb ee ff 6 EORA oprx9,xysp IDX1 | A8 xb ff 3
COMA = INH |41 1 EORA oprx16,xysp IDX2 |A8 xb ee ff 4
COMB (B) = B Complement Acc. B INH |51 ) EORA [D,xysp] [D.IDX] |A8 xb 5
EORA [0prx16,xysp] [IDX2] |A8 xb ee ff 6




Source Form Operation Addr. Machine Code [Exec.|SXHI|INZVC Source Form Operation Addr. Machine Code |Exec.|SXH IINZVC
Mode (hex) T (clk) Mode (hex) T (clk)
EORB #opr8i (B)® (M)=>B IMM  |C8iii 1 |----A A0 —|LDAB #opr8i (M)=>B IMM  |C6ii 1 |--=--AA0-
EORB opr8a Exclusive-OR B with Memory DIR D8 dd 3 LDAB opr8a Load Accumulator B DIR |D6dd 3
EORB opr16a EXT |F8hhll 3 LDAB opr16a EXT |F6hhll 3
EORB oprx0_xysp IDX [E8 xb 3 LDAB oprx0_xysp IDX |E6 xb 3
EORB oprx9,xysp IDX1 |E8 xb ff 3 LDAB oprx9,xysp IDX1 |E6 xb ff 3
EORB oprx16,xysp IDX2 |[E8 xb ee ff 4 LDAB oprx16,xysp IDX2 |E6 xb ee ff 4
EORB [D,xysp] [D,IDX] |E8 xb 6 LDAB [D,xysp] [D,IDX] |E6 xb 6
EORB [oprx16,xysp] [IDX2] |E8 xb ee ff 6 LDAB [oprx16,xysp] [IDX2] [E6 xb ee ff 6
EXG abcdxys,abcdxys (r1)e (r2) (if r1 and r2 same size) or INH |B7eb 1 |---—-- - - —|LDD #opr16i (M:M+1)= A:B IMM |CC jj kk 2 |---—-AAO0-
$00:(r1)= r2 (if r1=8-bit; r2=16-bit) or LDD opr8a Load Double Accumulator D (A:B) DIR |DCdd 3
(rliow)e (r2) (if r1=16-bit; r2=8-bit) LDD opr16a EXT [FChhil 3
r1 and r2 may be LDD oprx0_xysp IDX |EC xb 3
A,B,CCR, D, X, Y, or SP LDD oprx9,xysp IDX1 |[EC xb ff 3
FDIV (D) + (X)= X; Remainder= D INH |18 11 12 |- — = -|- A A A|LDD oprx16,xysp IDX2  |EC xb ee ff 4
16 by 16 Bit Fractional Divide LDD [D,xysp] [D,IDX] [EC xb 6
IBEQ abdxys, rel9 (cntr) + 1= cntr REL |04 1brr 3 |- -~ -~ - - —[|LDD [oprx16,xysp] [IDX2] |EC xb ee ff 6
If (cntr) = 0, then Branch; (9-bit) LDS #opr16i (M:M+1)= SP IMM  |CF jj kk 2 |-—-—-——-HAAO0-
else Continue to next instruction LDS opr8a Load Stack Pointer DIR |DF dd 3
Increment Counter and Branch if = 0 LDS opr16a EXT |FFhhl 3
(cntr = A, B, D, X, Y, or SP) LDS oprx0_xysp IDX |EF xb 3
IBNE abdxys, rel9 (ontr) + 1= ontr REL |041brr 3 |- - - - —— —|-DS opOxysp IDX1 - |EF xb ff 3
if (cntr) not = 0, then Branch; (9-bit) LDS oprx16,xysp IDX2 |EF xb ee ff 4
else Continue to next instruction LDS D xysp] [D,IDX] | EF xb 6
. LDS [oprx16,xysp] [IDX2] [EF xb ee ff 6
Increment Counter and Branch if # 0 LDX #opri6i (M:M#+1)=> X MM |CE jj kk > |——_—JdAanro0-
(cntr=A, B, D, X, Y'. or SP) LDX opr8a Load Index Register X DIR |DE dd 3
IDIV (D) + (X):_X; Remamggr: D . INH [1810 12 |-----A04| px opri6a EXT |FEhhil 3
e (1'\(/3|)by ;§1B|t ’I\;]teger Divide (unsigned) T ; LDX oprx0_xysp DX |EE xb 3
opri6a + = ————AAA-
INC oprx0_xysp Increment Memory Byte IDX |62 xb 3 ::gi EZ;;(?’;O)/(;Z;) :gi; EE itl: :e f i
INC oper,xySp IDX1 62 xb ff 4 LDX [D,xysp] [D,|DX] EE xb 6
:Eg E’g’”@fysp [||3D|)|;§< : g; XE eeff 2 LDX [oprx16,xysp] [IDX2] |EE xb ee ff 6
XYSP. , X LDY #opr16i M:M+1)= Y IMM  |CD jj kk 2 |----aAr0-
INC [oprx16,xysp] [IDX2] |62 xb ee ff 6 LDY opr8a (Load Inzex Register Y DIR |DDdd 3
INCA (A) +$01= A Increment Acc. A INH |42 1 LDY opri6a EXT |FDhhil 3
INCB (B) + $01= B Increment Acc. B INH |52 1 LDY oprx0_xysp DX |ED xb 3
INS (SP) + $0001= SP INH |1B 81 2 |---—-----|LDpY 0oprx9,xysp IDX1 |ED xb ff 3
Translates to LEAS 1,SP LDY oprx16,xysp IDX2 |ED xb ee ff 4
INX (X) + $0001= X INH |08 1 |- ----A--||LDY [D,xysp] [D,IDX] |ED xb 6
Increment Index Register X LDY [oprx16,xysp] [IDX2] |ED xb ee ff 6
INY (Y)+$0001 =Y INH 02 1 |- -- - A-—||LEAS oprx0_xysp Effective Address= SP IDX |1Bxb R e
Increment Index Register Y LEAS oprx9,xysp Load Effective Address into SP IDX1 |1B xb ff 2
JMP opr16a Routine address= PC EXT |06 hhil 3 |- == —-———|LEAS oprx16,xysp IDX2 |1B xb ee ff 2
JMP oprx0_xysp IDX |05 xb 3 LEAX oprx0_xysp Effective Address= X IDX [1Axb 2 |- d----
JMP oprx9,xysp Jump IDX1 |05 xb ff 3 LEAX oprx9,xysp Load Effective Address into X IDX1  [1A xb ff 2
JMP oprx16,xysp IDX2 |05 xb ee ff 4 LEAX oprx16,xysp IDX2 |1A xb ee ff 2
JMP [D,xysp] [D,IDX] {05 xb 6 LEAY oprx0_xysp Effective Address= Y IDX (19 xb 2 |--=----=--
JMP [oprx16,xysp] [IDX2] |05 xb ee ff 6 LEAY oprx9,xysp Load Effective Address into Y IDX1 |19 xb ff 2
JSR opr8a (SP)—2= SP; DIR |17 dd 4 |- - - - — = —[[LEAY oprx16,xysp IDX2 |19 xb ee ff 2
JSR opr16a RTNH:RTNL= M(SP):M(SP+1); EXT |16 hhll 4 LSL opr16a +— EXT |78hhll 4 |———JAAAA
JSR oprx0_xysp Subroutine address= PC IDX |15 xb 4 LSL oprx0_xysp (J&{TTITII1] le0o DX |68 xb 3
JSR oprx9,xysp IDX1 |15 xb ff 4 LSL oprx9,xysp c b7 b0 IDX1 |68 xb ff 4
JSR oprx16,xysp Jump to Subroutine IDX2 |15 xb ee ff 5 LSL oprx16,xysp Loaical Shift Left IDX2 |68 xb ee ff 5
JSR [D,xyspl [D.IDX] |15 xb 6 LSL [D.xysp] ogical Snitt L& [D,IDX] |68 xb 6
JSR [oprx16, xysp] [IDX2] |15 xb ee ff 6 LSL [oprx16,xysp] same function as ASL [IDX2] |68 xb ee ff 6
LDAA #opr8i M)= A IMM |86 1 |---—-AAO0—|LSLA Logical Shift Accumulator A to Left INH |48 1
LDAA opr8a Load Accumulator A DIR |96 dd 3 LSLB Logical Shift Accumulator B to Left INH |58 1
LDAA opr16a EXT |B6hhll 3 LSLD < < INH |59 1 |—=-==dAAAA
LDAA oprx0_xysp IDX [A6 xb 3 (e T T« TT] 1 l& 0
LDAA oprx9,xysp IDX1 |A6 xb ff 3 c b7 A b0 b7 B b0
LDAA oprx16,xysp IDX2 A6 xb ee ff 4 Logical Shift Left D Accumulator
LDAA D, xysp] [D.IDX] | A6 xb 6 Same function as ASLD
LDAA [oprx16,xysp] [IDX2] |A6 xb ee ff 6




Source Form Operation Addr. Machine Code |Exec.|S XH I|[NZV C| Source Form Operation Addr. Machine Code |Exec.|SXH IINZV C
Mode (hex) T (clk) Mode (hex) T (clk)
LSR opr16a —> EXT |74 hhll 4 |- —-— -0 AAA||PSHX (SP) — 2= SP; (XH:XL)= Msp):M(sp+1) INH |34 2 |-—-=——-=---
LSR oprx0_xysp 0 [ [T TH»] IDX |64 xb 3 Push Index Register X onto Stack
LSR oprx9,xysp b7 bo c IDX1 |64 xb ff 4 PSHY (SP) — 2= SP; (Y1:Y0)= MispyMspe INH |35 2 |-—-—J----
LSR oprx16,xysp IDX2 |64 xb ee ff 5 Push Index Register Y onto Stack
LSR [D,xysp] Logical Shift Right [D,IDX] |64 xb 6 PULA (Msp)= A; (SP) + 1= SP INH |32 3 |[-=-==-=-=--
LSR [oprx16,xysp] [IDX2] |64 xb ee ff 6 Pull Accumulator A from Stack
LSRA Logical Shift Accumulator A to Right INH (44 1 PULB (Msp))= B; (SP) + 1= SP INH |33 fc T S
LSRB Logical Shift Accumulator B to Right INH |54 1 Pull Accumulator B from Stack
LSRD 0 —» — INH 149 1 |----04aAaAlpyLc (Mspy)= CCR; (SP) + 1= SP INH |38 3 [AULAAAAAA
L[ [TH [T [TH»] Pull CCR from Stack
b7 A b0 b7 B b0 C PULD (Mspy:Migpsn)= A:B; (SP) + 2= SP INH [3A 3 |-——J----
Logical Shift Right D Accumulator Pull D from Stack
MOVB #opr8, opr16a® (My)= M, IMM-EXT|[18 0B ii hh Il 4 |---—----|[puLx (MspyMspen)=> Xu:XL; (SP) + 2= SP INH |30 I D
MOVB #opr8i, oprx0_xysp? Memory to Memory Byte-Move (8-Bit) | IMM-IDX |18 08 xb i 4 Pull Index Register X from Stack
MOVB opr16a, opr16a” EXT-EXT|18 0C hh Il hh I 6 PULY (MpyMspen)= YeYo; (SP) + 2= SP INH |31 3 |———|-——_
MOVB opr16a, oprx0_xysp® EXT-IDX {18 09 xb hh I 5 Pull Index Register Y from Stack
MOVB oprx0_xysp, opr16a® IDX-EXT (18 0D xb hh I 5 ROL opr16a EXT |75hhil 4 |———Jaaaa
MOVB oprx0_xysp,0prx0_xysp® IDX-IDX |18 OA xb xb 5 ROL oprx0_xysp ’@mqj IDX |65 xb 3
MOVW #oprx16, opr16a? ) (M:M+1,)= M:M+1, IMM-EXT|18 03 jj kk hh I 5 |- --~--~-~|[RoOL oprx9,xysp c b7 ) IDX1 |65 xb ff 4
MOVW #opr16i, oprx0_xysp’ Memory to Memory Word-Move (16-Bit) | IMM-IDX |18 00 xb jj kk 4 ROL oprx16,xys
MOVW opr16a, opr16a” EXT-EXT|18 04 hhlihhil | 6 ROL [5 xysp] P Rotate Memory Left through Carry [é%fq 22 iz et 2
MOVW opr16a, oprx0_xysp? EXT-IDX [18 01 xb hh Il 5 ROL [oprx16,xysp] [IDX2] |65 xb ee ff 6
MOVW oprx0_xysp, opr16a? IDX-EXT [18 05 xb hh II 5 ROLA Rotate A Left through Carry INH |45 1
MOVW oprx0_xysp,oprx0_xysp®) IDX-IDX |18 02 xb xb 5 ROLB Rotate B Left through Carry INH |55 1
MUL (A) x (B) = A:B - 8 x 8 Unsigned INH 12 1 |- ---- - - A||ROR opr16a EXT |76hhl 4 |-——-aAraa
Multiply ROR 0prx0_xysp L.mﬂj IDX |66 xb 3
mgg OP”ga 0 - (M)= M equivalent to (M) + 1= M 'f;; Zg h:)‘ I g =77 A A A AlIROR oprx9,xysp b7 b0 C IDX1 |66 xb ff 4
oprx0_xysp , X .
NEG oo Tia' Complement Nogete X1 [s0s0 : ROR opn6 o Rotato emory Righ trough Cary | 10X (08 beett | 5
NEG oprx16,xysp IDX2 160 xb ee ff 5 ROR [oprx16,xysp] [IDX2] (66 xb ee ff 6
NEG [D,xysp] [D,IDX] (60 xb 6 RORA Rotate A Right through Carry INH |46 1
NEG [oprx16,xysp] [IDX2] |60 xb ee ff 6 RORB Rotate B Right through Carry INH |56 1
NEGA 0 - (A)= A equivalent to (A) + 1= A INH 140 1 RTI (M= CCR; (SP) + 1 = SP INH |0B 8 [atasaaaan
Negate Accumulator A (Msp):Msps+1))= B:A; (SP) + 2 = SP 10
NEGB 0 — (B)= B equivalent to (E) +1=>B INH 50 1 (Mspy:Msp+1))= Xi:X(; (SP) + 4 = SP .With
Negate Accumulator B (MspyMsp+1))= PCL:PCy; (SP) — 2=5SP inter-
NOP No Operation INH |A7 1 |- == (MispMspen)= YeiY0 (SP) +4 = SP ;:ﬁt_
ORAA #opr8i (A)+(M)=A IMM |8Aii 1 |[--———-AA0- Return from Interrupt ding
ORAA opr8a Logical OR A with Memory DIR |9A dd 3 RTS (MspyMsp+1))= PC:PCy; INH (3D 5 |———]-—-—-_—
ORAA opri6a EXT BA hhll 3 (SP) +2= SP
ORAA oprx0_xysp IDX " |AAxb 3 Return from Subroutine
ORAA oprx9,xysp IDX1 | AA xb ff 8 SBA (A)-(B)= A Subtract B from A INH _[1816 2 |-——-Jaaaa
ORAA oprx16,xysp IDX2 JAA XD ee ff 4 SBCA #opr8i (A) - (M)—C= A MM (82 i 1 [-——Jaaaa
ORAA D, xysp] [D.IDX] |AA xb 6 SBCA opr8a Subtract with Borrow from A DIR |92dd 3
ORAA [0prx16,xysp] [IDX2 |AAxb ee ff 8 SBCA opri6a EXT [B2hhil 3
ORAB #0pr8i (B)+(M)= B IMM | CAii 1= == 2 20 -lisBcA oprxo_xysp IDX |A2xb 3
ORAB opr8a Logical OR B with Memory DIR (DA dd 3 SBCA oprx9,_xysp IDX1 |A2 xb ff 3
ORAB opr16a EXT [FAhhIl 3 SBCA oprx16,xysp IDX2 |A2 xb ee ff 4
ORAB o0prx0_xysp IDX |EA xb 3 SBCA [D,xysp] [D,IDX] [A2 xb 6
ORAB 0prx9,xysp IDX1 EA Xb ff 3 SBCA [oprx16,xysp] [IDX2] |A2 xb ee ff 6
ORAB 0prx16,xysp IDX2 EA xb ee ff 4 SBCB #opréi (B)—(M)—C=B MM |C2ii 1 |-—-Jaaaa
ORAB [D, xysp] [D,IDX] 1EA xb 6 SBCB opr8a Subtract with Borrow from B DR |D2dd 3
ORAB [0prx16,xysp] [IDX2] |EAxb ee ff 6 SBCB opr16a EXT |F2hhil 3
ORCC #opr8i (CCR) + M= CCR MM |14 ii 1|t = 100001 1l SECR oprao xysp DX |E2 xb 3
Logical OR CCR with Memory SBCB oprx9,xysp IDX1  |E2 xb ff 3
PSHA (SP) - 1= SP; (A)=> Mse) INH 136 2 |==-=--——~|/SBCB oprx16,xysp IDX2 |E2 xb ee ff 4
Push Accumulator A onto Stack SBCB [D,xysp] [D,IDX] [E2 xb 6
PSHB (SP) — 1= SP; (B)= Msp) INH |37 2 |- -- - - - —||SBCB [oprx16,xysp] [IDX2] |E2 xb ee ff 6
Push Accumulator B onto Stack SEC 1> C Translates to ORCC #$01| IMM__ |14 01 1 |===-]=-==1
PSHC (SP) - 1= SP; (CCR)= M) INH |39 2 |------- sl 1= I; (inhibit I interrupts) MM |14 10 1 |-——1----
Push CCR onto Stack Translates to ORCC #$10
PSHD (SP) - 2= SP; (AB)= MseyMses1) INH |38 2 |--------|sev 1=V Translates to ORCC #502| IMM_[14 02 1 -—-J--1-

Push D Accumulator onto Stack

2 The first operand in the source code statement specifies the source for the move.




Source Form Operation Addr. Machine Code [Exec.|SXH I|INZVC Source Form Operation Addr. Machine Code |Exec.|SXH IINZV C
Mode (hex) T (clk) Mode (hex) T (clk)
STAA opr8a (A)=>M DIR |5Add 2 |- --—-A A0 —|SUBB #opr8i (B)-(M)=B IMM  |COii 1 |-=-=-AAAA
STAA opri6a Store Accumulator A to Memory EXT |7Ahhll 3 SUBB opr8a Subtract Memory from Accumulator B DIR |DOdd 3
STAA oprx0_xysp IDX [6Axb 2 SUBB opr16a EXT |FOhhII 3
STAA oprx9,xysp IDX1 [6A xb ff 3 SUBB oprx0_xysp IDX |EO xb 3
STAA oprx16,xysp IDX2 [BA xb ee ff 3 SUBB oprx9,xysp IDX1 |EO xb ff 3
STAA [D,xysp] [D,IDX] [6A xb 4 SUBB oprx16,xysp IDX2 |EO xb ee ff 4
STAA [oprx16,xysp] [IDX2] |6A xb ee ff 4 SUBB [D,xysp] [D,IDX] |EO xb 6
STAB opr8a (B)=M DIR |5B dd 2 |- -- A AO —|SUBB [oprx16,xysp] [IDX2] |EQxb ee ff 6
STAB opr16a Store Accumulator B to Memory EXT |7Bhhll 3 SUBD #opr16i (D) — (M:M+1)= D IMM |83 jj kk 2 [--=--AAAA
STAB oprx0_xysp IDX [6B xb 2 SUBD opr8a Subtract Memory from D (A:B) DIR |93 dd 3
STAB oprx9,xysp IDX1 [6B xb ff 3 SUBD opr16a EXT |B3hhll 3
STAB oprx16,xysp IDX2 |[6B xb ee ff 3 SUBD oprx0_xysp IDX |A3xb 3
STAB [D,xysp] [D,IDX] (6B xb 4 SUBD oprx9,xysp IDX1  |A3 xb ff 3
STAB [oprx16,xysp] [IDX2] |6B xb ee ff 4 SUBD oprx16,xysp IDX2 |A3 xb ee ff 4
STD opr8a (A= M, (B)=> M+1 DIR |5C dd 2 |[----A A0 -||SUBD [D,xysp] [D,IDX] A3 xb 6
STD opri6a Store Double Accumulator EXT |7Chhll 3 SUBD [oprx16,xysp] [IDX2] |A3 xb ee ff 6
STD oprx0_xysp IDX |6C xb 2 swi (SP) - 2= SP; INH |[3F 9 |-—=-1----
STD oprx9,xysp IDX1 [6C xb ff 3 RTN:RTN = M(sp):M(sp+1);
STD oprx16,xysp IDX2 |[6C xb ee ff 3 (SP) — 2= SP; (Y1:YL)= Msp):Msp+1y;
STD [D,xysp] [D,IDX] |6C xb 4 (SP) — 2= SP; (Xi:X0)= Msp):Msp+1y;
STD [oprx16,xysp] [IDX2] |6C xb ee ff 4 (SP) — 2= SP; (B:A)= Msp):M(sp+1);
STOP (SP) - 2= SP; INH |18 3E g |-F---4---- (SP) — 1= SP; (CCR)= Mgp,
RTN:RTN = Msp):M(sp1); (ente- 1= [; (SWI Vector)= PC
(SP) — 2= SP; (Yi:YL)=> Mgp):Msps1y; ring) Software Interrupt
(SP) — 2= SP; (Xi:XL)= Msp):Mgp+1y; 6 (exi- TAB (A)>B INH (18 OE 2 [---—-AAO0-
(SP) — 2= SP; (B:A)= Msp):M(sp+1y; ting) Transfer Ato B
(SP) — 1= SP; (CCR)= Msp); ) TAP (A)> CCR INH |B702 1 |[ALAAAAAA
STOP All Clocks (con- Translates to TFR A, CCR
Registers stacked to allow quicker tinue) TBA (B)=>A INH 18 OF 2 |—==—=AAO -
recovery by interrupt. ) Transfer B to A
If S control bit = 1, the STOP instruction d.2 ('g TBEQ abdxys,rel9 If (cntr) = 0, then Branch; REL |041brr 3 [--------
is disabled and acts like a 2-cycle NOP. isab.) else Continue to next instruction (9-bit)
STS opr8a (SP4:SPL)= M:M+1 DIR 5F dd 2 |[---—-AA0-
STS opriéa Store Stack Pointer EXT |7Fhhll 3 Test Counter and Branch if Zero
STS oprx0_xysp IDX |6F xb 2 (cntr= A, B, D, XY, or SP)
STS oprx9,xysp IDX1 |6F xb ff 3 TBNE abdxys,rel9 If (cntr) not = 0, then Branch; REL |04 1brr 3 ---—d|----
STS oprx16,xysp IDX2 |6F xb ee ff 3 else Continue to next instruction (9-bit)
STS [D.xyspl [D.IDX] |6F xb 4 Test Counter and Branch if Not Zero
STS [oprx16,xysp] [IDX2] |6F xb ee ff 4 (cntr = A, B, D, X,Y, or SP)
STX opréa (XX )= M:M+1 DIR  (5E dd 2 |=---AA0—7FR abcdxys,abcdxys (r1)=r2or INH [B7eb 1 |=====-===
STX opr16a Store Index Register X EXT |7EhhI 3
STX 0prx0_xysp IDX {6E xb 2 Transfer Register to Register
STX oprx9,xysp IDX1 1 6E xb ff 3 r1,r2 may be A, B, CCR, D, X, V, or SP
STX oprx16,xysp IDX2 |[6E xb ee ff 3 TPA (CCR)= A INH B7 20 P
STX D xysp] [D.IDX] |6E xb 4 Translates to TFR CCR ,A
STX [oprx16,xysp] [IDX2] 6Exb ee 4 TST opri6a (M)—-0 EXT |[F7hhll 3 -——-aao0o0
STY opréa (ViYo)= M:MH_ DIR 5D dd N i L F oprx0_xysp Test Memory for Zero or Minus IDX |E7 xb 3
STY opri6a Store Index Register Y EXT 7D hh i 3 TST 0prx9, xysp (A)— 0 Test A for Zero or Minus DX |E7 xb ff 3
STY 0prx0_xysp IDX 16D xb 2 TST oprx16,xysp (B) - 0 Test B for Zero or Minus IDX2 |E7 xb ee ff 4
STY oprx9,xysp IDX1 6D xb ff 3 TST [D,xysp] [D.IDX] |E7 xb 6
STY oprx16,xysp IDX2 |[6D xb ee ff 3 TST [oprx16,xysp]
, XY'SP. [IDX2] [E7 xb ee ff 6
STY [D,xysp] [D,IDX] (6D xb 4 TSTA INH |97 1
STY [oprx16,‘xysp] [IDX2] 6D3(b ee ff 4 TSTB INH D7 1
SUBA #opr8i (A)—=(M)=A IMM |80 1 |-=-=--AAAA TSX (SP)= X INH _|B775 P
SUBA opr8a Subtract Memory from Accumulator A DIR |90 dd 3 Translates to TFR SP.X
SUBA opr16a EXT |BOhhIl 3 *
TSY (SP)=>Y INH |B776 1 |—==--=---
SUBA 0prx0_xysp IDX |AOxb 3 Translates to TFR SP,Y
SUBA oprx9,xysp IDX1 [AO xb ff 3 ;
SUBA oprx16,xysp DX2 A0 xb ee ff 4 TXS (X)= SP Translates to TFR X,SP INH |B757 1 |-—-=——-]--=--
SUBA [D,xysp] [D,IDX] |AQ xb 6 TYS (Y)= SP Translates to TFR Y,SP INH |B767 1 |--=——-]--=--
SUBA [oprx16,xysp] [IDX2] |AO xb ee ff 6 XGDX D)= (X) Translates to EXG D, X INH |B7C5 1 |--=——-]--=--
XGDY (D)o (Y) Translates to EXG D, Y INH |B7 C6 1 |--=--]-=-=-=






