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INSTRUCTION SET
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HCS03

CPUF§ 2%

Bit-Manipulaticon Branch Raad-Modify-Write Cantrol Registar/Memory

[[] 5 |10 5|20 an 40 1 |50 1 |60 5|70 4 180 9 |80 3 | A0 i 3 |co 4 |00 4 |EQ Fo 3
BRSETO | BSETO BRA MEG MEGA | NEGX MEG MEG ATI BGE sUB SUB SlUB sSUB SUB sUB
a DIR |2 DIR (2 REL |2 DIR (1 IMH |1 INH |2 %1 |1 ¥ 11 IMH |2 REL |2 MM |2 DIR |2 EXT (2 ¥z |2 %1 |1 I
01 5 (11 a5 3 EHE) 4 |51 4 (61 a5 5 1 & (91 3 | Al BAq a e 4 (D1 4 |Ed a | 3
BRCLRO | BCLRO ERN CBEQ | CBEQA | CBEQX | CBEQ CBEQ RTS BLT CMP CMP CMP CMP CMP CMP
2 DIR |2 DIR (2 REL |2 DIR (2 M |2 IMM (2 X1+ |2 ¥+ |1 IMH (2 REL (2 IMM |2 DIR |2 EXT (=2 ¥z |2 [¥1 |1 I
0z 3 (12 5|22 3 3 3 |52 G (62 1|72 1|8 az 3 |AZ 2 (B2 a|ce 4 (Dz 4 |E2 a|Fz 3
BRSET1 | BSETH BHI ‘w MLIL oy MNSa DA @ BGT SBC SBC SBC SBC SBC SBC

3 DIR |2 DIR (2 REL |2 1 INH |1 INH |1 IMH |1 INH |1 WA (2 REL (2 MM |2 DIR |2 EXT (2 ¥z |2 %1 |1 IX
03 3 (13 5|23 3|33 5 (43 1 |53 1 (63 5|73 4 |83 11 |83 3 |A3 2 |B=2 3 |Ca 4 |03 4 |Ea 3 |Fa 3
BRCLR1| BCLR1 BLS COmM COMA | COMX COmM COM SWI BLE CPX CFPX CPX CPX CFPX CPX
3 DIR |2 DIR (2 REL (2 DIR (1 INH |1 INH |2 [¥1 |1 * |1 INH (2 REL (2 IMM |2 DIR |2 EXT (2 ¥z |2 %1 |1 IX
04 5 (14 5|24 3|4 5 (44 1 |54 1 (64 5|74 4 |84 1 (94 2 | a4 B4 3 |C4 4 |04 4 |E4 2 |F4 3
BRSETZ | BSET2 BCC LSR LSRA LSRX L5R LSR TaP TXS AMND AMD AMD AND AMD AND
a DIR |2 DIR (2 REL (2 DR (1 IMH |4 INH |2 %1 |4 1% |1 IMH |4 IMH |2 IMM |2 DIR |2 EXT (2 ¥z |2 %1 |4 IX
05 3 (15 5|25 3 |35 4 (45 3 |55 4 (65 3|75 5 |85 1 (95 2 |AS Bs 3 |Cs 4 |D5 4 |E5 a3 |Fs 3
BRCLRZ | BCLR2 BCS STHX LDHX, LDOHX CPHX CPHX TRA, TSX BIT BIT IT BIT BIT BIT

a DIR |2 DIR (2 REL |2 DIR (2 MM |2 DIR (2 MM |2 DIR |1 IMH |4 IMH |2 IMM |2 DIR |2 EXT (2 ¥z |2 %1 |4 I
06 5 |16 5 |26 3|26 5|46 1 |56 1 |66 5|76 4 |86 3 |96 5 | A5 2 |Bs 3 |CE 4 D& 4 |E6 3 |F& 3
BRSET3 | BSET3 EME ROR RORA RORX ROR RCR FULA STHX, LA, LDA LA LA, LA LDA,

a DIR |2 DIR (2 REL |2 DIk (1 IMH |1 INH |2 %1 |1 % |1 INH |2 EXT (2 IMM |2 DIR |2 EXT (2 ¥z |2 X1 |1 I
o7 5 (17 5 |27 3|37 5 (47 1 |57 1 (67 5 |77 4 |87 2 (a7 1 |AT 2 (BT a|cT 4 (D7 4 |ET a |F7 2
BRCLR2| BCLR3 BEC ASR ASRA ASRX ASR ASR PSHA Tk alS STa STA STa STa STa

a DIR |2 DIR (2 REL (2 DIR (1 IMH |1 INH |2 %1 |1 ¥ 11 IMH |1 IMH |2 MM |2 DIR |2 EXT (2 ¥z |2 %1 |1 I
08 5 (18 5|28 3 |35 5 (48 1 |58 1 (68 78 4 |88 3 (98 1 |AS8 2 (Ba a|ca 4 (D& 4 |E& a |Fa 3
BRSET4 | BSET4 | BHCC L5SL L5La LSLX LSL L5L PULX CLC ECR ECR ECH ECRH ECRH ECR
3 DIR |2 DIR (2 REL |2 DIR (1 IMH |1 INH |2 [¥1 |1 ¥ |1 IMH |1 IMH |2 IMM |2 DIR |2 EXT (2 |¥2 |2 %1 |1 I¥
09 3 (19 5|29 3 |24 ] 1 |59 1 (68 K| 4 |89 2 (99 1 |A9 2 (Bao 3 |Co 4 (Do 4 |E9 3 |F3 3
BERCLR4 | BCLR4 | BHCS ROL ROLA ROLX ROL ROL PSHX SEC ADC ADC ADC ADC ADC ADC
3 DIR |2 DIR (2 REL |2 DIR (1 INH |1 INH |2 %1 |1 [* |1 IMH |1 IMH |2 MM |2 DIR |2 EXT (2 ¥z |2 %1 |1 IX
0A 3 (1A 5| 2A 3 |3A 5 [4A 1 |5A 1 [6A 5 |TA 4 |8A 3 [9A 1 |AA 2 |Ba 3 |CA 4 |DA 4 |EA 3 |FA 3
BRSETE | BSETS BFL DEC DECA DECX DEC DEC FULH CLI ORA ORA ORA ORA ORA ORA
3 DIR |2 DIR (2 REL (2 DIR (1 INH |1 INH |2 [¥1 |1 * |1 IMH |1 INH (2 IMM |2 DIR |2 EXT (2 ¥z |2 %1 |1 IX
1] 5 1B 5 |2B 2 |aB 7 |4B 4 |5B 4 |6B 7 |7B & |gB 2 |oB 1 |AB BE a |CB 4 |DB 4 |EE 2 |FB 3
BRCLRS | BCLAS EMI DEMNZ | DENZA | DEMNZX | DBMZ DEMZ PSHH SEl ADD ADD ADD ADD ADD ADD
a DIR |2 DIR (2 REL |2 DIR |2 IMH |2 INH (2 X1 |2 1% |1 IMH |4 IMH (2 IMM |2 DIR |2 EXT (2 ¥z |2 %1 |4 I
oG 5 |10 5 |2C 3 4 1 |5C 1 |65 7C 4 |8C 1 |ac 1 BC 3 |Cc 4 |DC 4 |E F 3
BRSETE | BSETS BMC NG INCA INCX INC INC CLRH RSP JMP m JMP JMP JMP

a DIR |2 DIR (2 REL |2 DIk (1 IMH |4 INH |2 %1 |4 % |1 IMH |4 IMH 2 DIR |2 EXY (2 | ¥z [¥1 Y4

ab 5 11D 5 (2D a3 |aD 40 1 |50 1 |6 70 3 1 |aD BD oo G i) 5J|FD 5
BRCLR& | BCLR& BMS TST TSTA TETx TST TST NOP BSH JSH S JSH JSH JSR

a DIR |2 DIR (2 REL |2 DIR (1 IMH |1 INH |2 %1 |1 [ 1 IMH |2 REL |2 DIR |2 T (2 ¥z |2 1 |1 I
nE 5 (1E 5 |2E 3 = 4E 5 |sE 5 [6E 4 |TE 5 |8aE 24 AE 2 (BE a |CE 4 [DE 4 |EE a |FE 3
BRSETT | BSETTY BIL @ MOV MOV MOV MOV STOP @ LD LD LD LD LD LD

2 DIR |2 DIR (2 REL |2 2 oD (2 DX+ |2 IMD (2 1X+D |1 IMH 2 IMM |2 DIR |2 EXT (=2 ¥z |2 [¥1 |1 I
aF 5 (1F 5 |2F a |aF 4F 1 |sF 1 [6F 5 |7F 4 |aF 2+ (aF 1 |AF 2 (BF a |CF 4 (DF 4 |EF a |FF 2
BRCLRT | BCLRT BIH CLR CLRA CLRX CLR CLR WalT Txa Al STX S s STX STX

3 DIR |2 DIR (2 REL |2 DIR (1 IMH |1 INH |2 [¥1 |1 ¥ |1 IMH |1 IMH |2 IMM |2 DIR |2 EXT (2 |¥2 |2 %1 |1 I¥




Bit-Manipulation Branch Raad-Modify-Write Control Reagistar/Meamory
9Eed & oEDD 5 |9EE0 4
MEG sSuB sSUB
a 5P 4 SPz |3 3P
9EE1 & 9EDM1 5 |9EE1 4
CBEQ CMP CMP
4 EM 4 SPz|a SM1
oED2 5 |9EE2 4
SBC SBC
4 SPz |3 3P
9Bz & 9ED3 5 |9EE2 4 |[9EF3 &
COM CPX CPX CPHX
2 EM 4 SPzfa S5SM |3 ESM
== oED4 5 |aEE4 4
LSRR AMD AMD
a 5P 4 SPz |3 3P
oEDs 5 |9EES 4
BIT BIT
4 SPz |3 SH
=G oEDe 5 |9EEs 4
ROR LDa LDa
2 5P 4 SPz |3 3M
9EET & oED? 5 |9EET 4
ASR STA STA
a 5P 4 SPz |3 SH
F=E oDz 5 |9EEs 4
L5SL ECR EOR
2 5P 4 SPz |3 3M
oEEd & oEDa 5 |9EE9 4
ROL ADC ADC
3 5P 4  SPz |3 5P
=T oEDa 5 |aEEA 4
DEC ORA ORA
2 EBM 4 5Pz |a 8P
9EEE 2 oEDE 5 [9EEE 4
DBEMZ ADD ADD
4 5P1 4  SPz |a 5P
9Ees 6
INCG
2 EBM
aEel 5
TST
a 5P - =
pOEAE 5 [9EBEE & [0ECE 5 [9EDE 5 [0EEE 4 [9EFE 5
LOHX LOHX LDHX LD LDX LOHX
2 1% [4 X2 |2 I¥1 |4 SPz |3 SP1 |2 EPM
9EEF & 9EDF 5 [oEEF 4 [9EE
CLR ~— ey | e
a 5P 4 SPz |3 5P |3 SP1
INH Inherant REL Relative sSP Stack Pointer, 2-Bit Offget
IMM  Immediate IX Indexed, No Offset SPz  Stack Pointer, 16-Bit Offset
DIR Diract X1 Indexed, 8-Bit Offset X+ Indexed, No Offset with
EXT Extended X2 Indexed, 16-Bit Offsat Post Increment
DD DIR to DIR IMD MM te DIR X1+ Indexed, 1-Byte Offset with
X+D X+ to DIR DIX+ DIR to X+ Post Increment
Motz: All Sheet 2 Opeodes are Preceded by the Page 2 Prabyte (9E) Prabyte (9E) and Opcode in
Hexadecimal [2E80 & [HCS08 Cycles
MEG  |Instruction Mnemonic
Mumber of Bytes |3 SP1 |Addressing Mode




Addressing Modes

INHERENT CLRA

IMMEDIATE LDA #3$12

DIRECT LDA $50

EXTENDED LDA $4000

INDEXED LDA 30000,X
LDA $8, X+

RELATIVE BNE LOOP



INSTRUCTION SET (By Functions)

Data Movement
Arithmetic

Logical

Data Manipulation (shift)
Bit Manipulation
Program Control

Binary Coded Decimal
Special



Data Movement
- Load CPU Registers -

Source Effect on CCR |Address| Bus
Forms Description Operation V[ Hl I| N| Z| C| Modes | Cycles
LDA #opr IMM 2
LDA opr DIR 3
LDA opr Load EXT 4
LDA opr,X IX2 4
LDA opr.X fccurl\r;lulator A <— (M) Ool-|-1VYylYy]|- IX1 3
LDA X rom Memory IX 5
LDA opr,SP SP1 4
LDA opr,SP SP2 5
LDX #opr IMM 2
LDX opr DIR 3
LDX opr EXT 4
LDX opr,X anq 't”d‘;x < < M . IX2 4
LDX opr,X feg'SMer — M YY) oixa 3
LDX X rom Memory IX 5
LDX opr,SP SP1 4
LDX opr,SP SP2 5
Load Index
LDHX #opr , _ _ _ IMM 3
LDHX opr Register H: X H: X <— (M:M + 1) Ol-|-|ylYyl|- DIR 4

from Memory




Data Movement
- Store CPU Registers -

Source Effect on CCR|Addres§ Bus
Forms Description Operation VIH I| N Z € Modes| Cycles
STA opr DIR 3
STA opr EXT 4
STA opr,X Store IX2 4
STA opr,X Accumulator in M < (A) O 411 Yy| X1 3
STA X Memory IX 2
STA opr,SP SP1 4
STA opr,SP SP2 5
STX opr DIR 3
STX opr EXT 4
STX opr,X Store Index IX2 4
STX opr,X Register X in M < (X) O 4 —4—1Yy| X1 3
STX X Memory IX 2
STX opr,SP SP1 4
STX opr,SP SP2 )
Store Index
STHX opr Register H: X in M:M+1 <— (H:X) O +4—4—1—Y| DIR 4
Memory




Data Movement

- Stack Operations -

Source Effect on CCR|Addres§ Bus

Forms Description Operation VIH I| N Z € Modes| Cycles
PSHA EﬁfthAtggEm“'ato Push (A); SP <— (SP —$01) 4+ 4 o = < y| INH 2
PSHH ﬁ“;r?té”ggﬁfeg Push (H); SP <— (SP —$01) + - - -{ - y| INH 2
PSHX pusnindex Reo 1 push (x); sp <— (5P —so1) 1 - -{ {y| INH 2
PULA fF;‘c‘)'rLASCt‘;‘éE‘“'ator SP <— (SP+$01); Pull (A) | 4+ - - {y] INH 2
PULH mgo'r?ng;‘aﬁfg SP <— (SP+$01); Pull(H) | + < - 4 dy]| INH 2
PULX ;‘:"rlo'r?]dgi(asfg SP <— (SP+$01); Pull (X) | +- - - - y] INH 2




Data Movement
- Register to Register -

Source Effect on CCR |Address| BUS
Forms Description Operation v| H 1| N| z| c| Modes| Cycles
Transfer Accumulator .
TAP to CCR CCR <— (A) -[-1-{-1-1Yy| INH 2
Transfer CCR to
TPA Accumulator A <= (CCR) [--1-|-|-|Y[ INH 1
Transfer A
TAX to Index X X <— (A) -[-1-1-1-1Yy| INH 1
Transfer Index
TXA X to A A <— (X) -[-1-1-1-1Yy|] INH 1
Transfer Index . ey
TXS Register to SP SPH:SP <— (H:X)-$0001 | -| - -|-|-|y| INH 2
TSX Transter SPto |, (spr.spy + s0001f -| - | -] -]- y[ INH [ 2

Index Register




Data Movement

- Memory to Memory -

Source Effect on CCR [Addresp Bus

Forms Description Operation vV |H!|1 IN |zl c| Modes| Cycles
MOV opr,opr L e DD S
MOV OBLXE (Mpbestinatiors = (MSource DIX+ A
MOV #opr,op} Move | O-1-1-1-1Y] mD 4
MOV X+,0pr H:X <— (H:X) + 1 in X+ modes IX+D 4

See Addressing Modes, Memory to Memory, for MOV instruction usage notes.



Arithmetic

- Addition -

Source Effect on CCHAddress| Bus

Forms Description Operation V| H || N| Z| C] Modes| Cycles
ADD #opr IMM 2
ADD opr DIR 3
ADD opr Add Memory to EXT 4
ADD opr,X A lat A <— (A) + (M X2 4
ADD opr,X coumu ator (A) + (M) T Y] xa 3
ADD X without Carry IX 5
ADD opr,SP SP1 4
ADD opr,SP SP2 5
ADC #opr IMM 2
ADC opr DIR 3
ﬁgg 88:)( Add Memory to :E)();T j
ADC opr X Aptcr:]u(gnulator A <—A)+ M)+ (C) 1YL xa 3
ADC X with Larty IX 2
ADC opr,SP SP1 4
ADC opr,SP SP2 )




Arithmetic
- Subtraction -

Source Effect on CCHAddresp Bus
Forms Description Operation V| H || N| Z| C] Modes| Cycles
SUB #opr IMM 2
SUB opr DIR 3
SUB opr EXT 4
Subtract
SUB opr,X IX2 4
SUB oBr X Memory from A <—(A) —(M) Ll YL ixa 3
SUB X ’ Apcumulator IX 5
SUB ;)pr,SP without Carry sSp1 4
SuB opr,SP SP2 )
SBC #opr IMM 2
SBC opr DIR 3
SBC opr EXT 4
Subtract
SBC opr,X IX2 4
SBC oBr X Memory from A <—((A)—(M) —(C) 11 1Y xa 3
SBC X ’ Apcumulator IX 5
SBC opr,SP with Carry SP1 4
SBC opr,SP SP2 )




Arithmetic

- Multiplication & Division -

Source Effect on CCR |Addre$sBus
Forms Description Operation VI H 1 NI Z] C| Mode$ Cycle
Unsigned
MUL 8-bit x 8-bit X:A <— (X) x (A) -10]-|-{-10] INH 5
Multiply
Unsigned A <— (H:A) -(X)
DIV 16-bit x 8-bit -l-1-1-1-1Yyl INH 7
Divide H <— Remainder
MUL

o X will contain the MSB of product
A will contain the LSB of product

DIV

e His MSB of dividend
e Ais LSB of dividend
X is unaffected




Arithmetic

- Increment & Decrement -

Source Effect on CCR [Addresp Bus

Forms Description Operation VI H 1| N| Z| C] Modes| Cycles
INC opr M <— (M) + 1 DIR 4
INCA A <— (A)+1 INH 1
INCX X <— (X)+1 Aol ] INH 1
INC oprx | 'merement M <— (M) + 1 Y] 1x1 4
INC X M <— (M) +1 IX 3
INC opr,SP M<—M)+1 SP1 5
DEC opr M <— (M) -1 DIR 4
DECA A <— (A)-1 INH 1
DECX X <— (X) -1 AU L iNe 1
DEC opr,x | Decrement M <— (M) -1 Y1 1x1 4
DEC ,X M <— (M) -1 IX 3
DEC opr,SP M<—(M)-1 SP1 )




Arithmetic
- Complement & Negation -

Source Effect on CCR|[Addres§ Bus

Forms Description Operation vV IH!|1 IN|Z!| cl Modes| Cycles
COM opr M <— $FF -(M) DIR 4
COMA A <— $FF -(A) INH 1
COMX ?C;’nrgf’;eme”t X <— $FF -(X) A I O O I N 1
COM opr,X Complement ) M <— $FF -(M) IX1 4
COM X P M <— $FF -(M) IX 3
COM opr,SP M <— $FF -(M) SP1 5
NEG opr M <— $00 -(M) DIR 4
NEGA A <— $00 -(A) INH 1
NEGX ('\'Tevs’g‘tse X <— $00 -(X) oL o NK 1
NEG opr,X Complement ) M <— $00 -(M) Y1 ixa 4
NEG ,X P M <— $00 -(M) IX 3
NEG opr,SP M <— $00 -(M) SP1 5

One’s Complement

Unsigned operation

Two’s Complement

Signed operation




Arithmetic

- Comparison -

Source Effect on CCR|Addres§ Bus

Forms Description Operation V [H|I [N|Z]| C|] Modes| Cycles
CMP #opr IMM 2
CMP opr DIR 3
CMP opr Compare EXT 4
CMP opr,X P IX2 4
CMP opr.X Accumulator A - (M) 101y ixa 3
CMP X ’ with Memory IX >
CMP opr,SP SP1 4
CMP opr,SP SP2 5
CPX #opr IMM 2
CPX opr DIR 3
CPX opr EXT 4
CPX opr,X Compare Index IX2 4
CPX X Memory IX 2
CPX opr,SP SP1 4
CPX opr,SP SP2 5

Compare Index

SEE& ﬁg[r)r Register H: X H:X -(M:M + 1) --1-1-1y B\/IIRI\/I 2

with Memory




Arithmetic
- Miscellaneous -

Source Effect on CCR |Address] Bus
Forms Description Operation V| H 1| N| Z| 4 Modes | Cycles
CLR opr M <— $00 DIR 3
CLRA A <— $00 INH 1
CLRX X <— $00 INH 1
CLRH Clear H <— $00 Of-|-10(2]|-] INH 1
CLR opr,X M <— $00 IX1 3
CLR X M <— $00 IX 2
CLR opr,SP M <— $00 SP1 4
TST opr (M) — $00 DIR 3
TSTA (A) — $00 INH 1
TSTX oror (X) - $00 oI | e 1
TST opr,X Zergo (M) - $00 Y|y IX1 3
TST X (M) — $00 IX 2
TST opr,SP (M) — $00 SP1 4
Add Immediate
AIS #opr Value (Signed) to | SPH:SP <— (SPH:SP)+ (16 <<ND)-|-|-|-|-| -] IMM 2
Stack Pointer
Add Immediate
AlX  #opr Value (Signed) to H: X <— (H:X) + (16 << M) --1=-1-1-|-] IMM 2

Index Register H: X




OOF7 XX

A

AlS (Add Imm to Sp)

AIS can be used to quickly allocate or deallocate stack space
« Temporary variables
 Procedure frames

temp 1

temp 2 msh

temp 2 Isb

temp 3

temp 4

temp 5

S

AlS #-6

SP

AlS #6

PC msb

OOFF| PClsb

SP

SUB1 AlS

AlS

#-6 ;Allocate 6 bytes
#6 ;Deallocate 6 bytes
RTS




AlX (Add Imm to H:X)

e Efficiently increment or decrement the H: X register
« AIX only affect the X register
e INCX/DECX affect the CCR, AlIX does not!

« INCX/DECX Looping over blocks of memory

* Indexed addressing with post increment only

o AlX, Only available for MOV and CBEQ instructions!



Logical Operators

Source Effect on CCR |Address| Bus
Forms Description Operation V[ H 1| N| Z| C|] Modes | Cycles
AND #opr IMM 2
AND opr DIR 3
ﬁ“g SBLX Logical AND F)éT 2
AND opr.X AcguMmuIator A <—(A)A (M) of-{-1-1-|Y] x1 3
AND X and viemroy IX 2
AND opr,SP SP1 4
AND opr,SP SP2 5
ORA #opr IMM 2
ORA opr DIR 3
ORA opr . EXT 4
Inclusive OR
ORA opr,X . IX2 4
ORA opr.X AcguMmulator A <— (A)+ (M) ol --|-[-|Y] X1 3
ORA X and Memory IX 2
ORA opr,SP SP1 4
ORA opr,SP SP2 5
EOR #opr IMM 2
EOR opr DIR 3
Egs SB;X Exclusive OR F)éT 2
’ Accumulator A <— (A) &) of-[-[-]-1]y
EOR opr,X d M X1 3
EOR X and Memory IX 2
EOR opr,SP SP1 4
EOR opr,SP SP2 5




Bit Manipulation

Source Effect on CCR |Address Bus
Forms Description Operation V[ H 1| N| Z| Q Modes | Cycles
BIT #opr IMM 2
BIT opr DIR 3
BIT opr Bit test (AND) EXT 4
BIT opr,X A mulator A A (M 0 IX2 4
BIT opr.X ceumulato M) 1YY ixa 3
BIT X with Memory IX 2
BIT opr,SP SP1 4
BIT opr,SP SP2 5
Clear bit nin
BCLR n,opr Memory Mnhn <— O -l1-1-|--|-1] DIR 4
Set bitnin
BSET n,opr Memory Mn <— 1 —-[-[-|-|-] DIR 4
CLC Clear Carry Bit C<—0 -l-{-1-|-10] INH 1
SEC Set Carry Bit C<—1 —|=1-|-1-121] INH 1
CLI Clear Interrupt Mask | <— 0 —|-{0|l-|-|-1] INH 2
SEI Set Interrupt Mask | <— 1 —=(21(-|-|—-] INH 2




Data Manipulation

- Shifts -
sSource Effect on CCR |Address BuUsS
Forms Description Operation VI Hl I [N |Z |C | Modes | Cycles
ASL opr DIR 4
ASLA . . INH 1
Arithmetic
ASEX Shift Left ] T T ~o |.|-|.|.| y | INH "
ASL opr,X b7 bo IX1 4
ASL X (Same as LSL) IX 3
ASL opr,SP SP1 5
ASR opr DIR 4
ASRA INH 1
ASRX Arithmetic |_>|'| T IT 1011 INH 1
ASR opr,X Shift Right - . Y1 ixa 4
ASR X IX 3
ASR opr,SP SP1 5
LSL opr DIR 4
LSLA ﬁ INH 1
LSLX : . .<—C |—0 INH 1
LSL opr.X Logical Shift Left C 5 HEEN lbO -1 1Y) ixa 1
LSL X IX 3
LSL opr,SP SP1 5
LSR opr DIR 4
LSRA INH 1
LSRX . - 0] M INH 1
LSR opr,X Logical Shift Right lb'/ HEEN 50 190 Y ) ixa 4
LSR X IX 3
LSR opr,SP SP1 5




Data Manipulation

- Rotates -

Source Effect on CCR Address] Bus

Forms Description Operation VI H 1| NI Z] C| modes | Cycle
ROL opr DIR 4
ROLA INH 1
ROLX Rotate Left L <J INH 1
ROLopr,X | through Carry @' ARNRER 111 Y xa 4
ROL ,X b7 b( IX 3
ROL opr,SP SP1 )
RORopr DIR 4
RORA INH 1
RORX Rotate Right | | | INH | 1
RORopr,X | through Carry aaiBNREER D 1€ 1711 Y] ixa 4
ROR,X b7 b0 | X 3
RORopr,SP SP1 )




Program Control

- Branches -
Instruction Mnemonic
Branch if Carry Clear BCC
Branch if Carry Set BCS
Branch if Equal BEQ
Branch if Greater Than or Equal (Signed) BGE
Branch if Greater Than (Signed) BGT
Branch if Half-Carry Clear BHCC
Branch if Half-Carry Set BHCS
Branch if Higher BHI
Branch if Higher or Same BHS (BCC)
Branch if Interrupt Line High BIH
Branch if Interrupt Line Low BIL

Branch if Less Than or Equal (Signhed) BLE



Program Control

- Branches -
Branch if Lower BLO (BCS)
Branch if Lower or Same BLS
Branch if Less Than (Signed) BLT
Branch if Interrupt Mask Clear BMC
Branch if Minus BMI
Branch if Interrupt Mask Set BMS
Branch if Not Equal BNE
Branch if Plus BPL
Branch Always BRA
Branch if Bit n in Memory Clear BRCLR
Branch if Bit n in Memory Set BRSET
Branch Never BRN

Branch to Subroutine

BSR



Program Control

- Branches -
Source Effect on CCR|Addres§ Bus
Forms Description Operation V| H 1| N| Z| C] Modes| Cycles
Branch if conditiop
IS true
(CC, CS, HCC, H(s, _ ed oL
Bcc rel HI HS.LO. LS. PL PC <— (PC) + $0002 + rel - cc y| REL 3
MI, EQ, NE, GE, GT,
LE, LT, IH, IL, MC,
MS)
BRA rel Branch Always PC <— (PC)+$0002 +rel | -[-|-]-|-|yl| REL 3
BRN rel Branch Never PC <— (PC) + $0002 -1-{-1-1-1y|] REL 3
Branch if Bit n in PC <— (PC) + $0003 + rel DIR/
BRCLRn,0pr.re Memory is Clear — Mn=0 | |7 ¥Y] rREL 0
Branch if Bit nin PC <— (PC) + $0003 + rel DIR/
BRSETn,opr.re Memory is Set —Mn=1 | || Y| rREL 0




Program Control

- Special Branching -

Source Effect on CCR |Address| Bus
Forms Description Operation V[ H || N| Z]| C| Modes | Cycles
CBEQ opr,rel PC <— (PC) + $0003 +rel DIR 5
? (A) - (M) =300
CBEQA #opr,rel PC <— (PC) + $0003 +rel IMM 4
? (A) - (M) =300
CBEQX #opr,rel PC <— (PC) + $0003 +rel IMM 4
Compare and ? (X) - (M) = $00 I I D O O
CBEQ X+, rel Branch if Equal PC <— (PC) + $0003 +rel IX+ 4
? (A) - (M) =300
CBEQ opr,X+,rel PC <— (PC) + $0002 +rel IX1+ 5
? (A) - (M) =300
CBEQ opr,SP,rel PC <— (PC) + $0004 +rel SP1 6
? (A) - (M) =300
DBNZ opr,rel M <— (M) -$01 DIR 5
PC <— (PC) +30003 +rel? (M) ° O
DBNZA rel A <— (A)-$01 INH 3
PC <— (PC) + $0002 + rel ? (A) ° 0}
DBNZX rel Decrement and X <— (X)-$01 INH 3
Branch if not PC <— (PC)+$0002+rel? (X)° O | | | | _|_
DBNZ X,rel Zero M <— (M) -$01 IX 4
PC <— (PC) +3%0002 +rel? (M) ° O
DBNZ opr,X,rel M <— (M) -$01 IX1 5
PC <— (PC) + 30003 +rel? (M) ° O
DBNZ opr,SP,re M <— (M) -$01 SP1 6
PC <— (PC) + $0004 +rel ? (M) ° O




CBEQ and DBNZ

CBEQ combines the CMP and BEQ instruction

e Faster table lookup/search operations

DBNZ combines the DEC and BNE instructions

e Faster more efficient looping



CBEQ Example

* Subroutine that searches a string for the next blank character
*and then points the H: X register to the character immediately
* following the blank.

*H:X is assumed to already point to a location in the string.

ORG  $00A0
String RMB 50 ;The character string
ORG  $6EO00
Search LDA  #3$20 ;Load search character
Loop CBEQ X+,0ut ;Match?
BRA Loop ;No match, do it again.

* X post increment will occur regardless of whether the branch is
* taken. Therefore when a match is found H:X already points to the
* next character.

Out RTS

How could you change this example to avoid searching past the
end of the string?




DBNZ Example

* Time delay routine
* Delay = N x (160.0+0.375) us for an 8 MHz CPU clock
* For example, for delay = 10ms N =63

N EQU 63 ;Loop counter for 10 ms delay
ORG $50

Count RMB 1 ;Loop counter
ORG $6E00

Delay LDA #N ;Set delay constant

Loop DBNZ Count,Loop ;Inner loop, Count starts at $00
DBNZA Loop
RTS

How were the values 160.0 and 0.375 derived?




Program Control
-Jumps and Subroutines -

Source Effect on CCHAddresp Bus
Forms Description Operation VI H 1| N| Z| C] Modes| Cycles
JMP opr DIR 2
JMP opr EXT 3
JMP opr,X | Jump to location PC <—Jump Address -1-1-1-1-1yl IX2 4
JMP opr,X IX1 3
JMP X IX 2
ISR opr PC <— (PC)+n (n=1,20rB) DIR 4
ISR opr Push (PCL); SP <— (SP) -] EXT [ 2
JSR opr,X | Jump to subroutine ' I-1-1---1Yy]| IX2 6
Push (PCH); SP <— (SP) -1
JSR opr,X PC <— U ditional Addrdsd IX1 S
JSR X nconditiona re¢ss IX 4
PC <— (PC) +2
Branch to Push (PCL); SP <—(SP)-1 | | | |.
BSR el subroutine Push (PCH); SP <— (SP) -1 y| REL 4
PC <— (PC) +rel
Return from SP <— (SP) + 1; Pull (PCH)
RTS subroutine SP <— (SP)+1: Pull(Pclh | |||~ | Y| 'NH 4




Program Control

- Interrupt -

Source Effect on CCHAddresfp Bus
N [Z |®1odes| Cycles

Forms Description Operation V| H

PC <— (PO)+1
Push (PCL); SP <— (SP) 41
Push (PCH); SP <— (SP) {1

Push (X); SP <— (SP) -1
Push (A); SP <— (SP) -1

SWI Software Interrugt Push (CCR); SP <— (SP) {1-| - | 1|-|-|Yy]| INH 9
| <—1
PCH <— Interrupt Vector High
Byte
PCL <— Interrupt Vector Lpw
Byte

SP <— (SP) + 1; Pull (CCR)
SP <— (SP) + 1; Pull (A)
SP <—(SP)+1;, PullX)| -1-1-1-1-yl| INH 7

SP <— (SP) + 1; Pull (PCH)

SP <— (SP) + 1; Pull (PCL)

Return from

RTI Interrupt




Binary Coded Decimal

Source Effect on CCR |Address| Bus
Forms Description Operation V| H || N| Z| C| Modes | Cycles
Decimal Adjust
DAA (A)10 U-|-{ylyly]| INH 2
Accumulator
Nibble Swap
NSA contents of A <— (A[3:0]:A[7:4]) -l-1-{--|-1 INH 3

Accumulator




Special Instructions

Source Effect on CCR |Addresy Bus
Forms Description Operation VIH Il N 4 ¢ Modes| Cycles
RSP Reset Stack Pointey SPL <— $FF - ={=[=|-|-] INH 1
NOP No Operation None --1-{-1-1-] INH 1
STOP Stop Processor ang | <— O 0 INH 1
wait for interrupt Stop Oscillator B
Halt Processor and
WAIT | <— 0 - —={O0[-=|-]-] INH 1

wait for interrupt

WAIT:

« CPUO08 stops processing instructions

e waits for an interrupt

STOP:

 CPUOS8 stops processing instructions
» Stops the oscillator circuit

— Puts MPU in low power state
o Waits for interrupt




