INSTRUCTIONS, ADDRESSING MODES, AND EXECUTION

TIMES
Addressing] Machine Coding Q
$ource Qpacation Boolean ode for {Hexadeclimal) Condition Codes
Forms Expreealon QOperand |Opcods Operend(e}l ® § X M ¢ 2 vV C
ABA Add Acourndators [A+B~ A Laal 18 12— &4 — 3 & 4 3
ABX AddB X £ ¢ QO ~o X [xal 3A § 13 o o o o o o o e
ABY AddBleY Ve 008 ~a IY N 18 JA 214 o o e —
ADCA {epd |Addwith Canyto A [AeMeC A A B a8l 218 =~ 48— & &4 & 4
A DR 89 dd 213
A EXT 88/hh & 314
A BNDX ARl 24
/ A NOY 18 ASiH 316
ADCE f{opd |Addwith Cany 0B [BeMeC B a8 84 Coit 212}~ & — & & & A
8 [ 2 D8 dd 213
&8 EXT Folhh & 314
8 MNDX €8} 214
8 BOY 18 £9 1 LR
ADOA  {opr} | Add Mematy i A Acb— A A Bad 8811 212}~ d& — 8 & & &
A R 88} dd 213
A EXT 88{hh & 314
A BNDX ABI 214
A NOY 18 ABI U 318
Addreasing] Mechlne Coding g
Source Qpecation Boolesn Maode for {Hexadecimal} = Conditlen Codes
Farma Exprassion Operand |Opcode Oparand(s)| & S X HENZIVC
ADDS AddMemocyio B [BeM 8 B8 B caii 2{2fj~—48 — 4 4 4 A
(ord o 8 R 08idd 213
8 EXT- FBlhh 8 34
8 #NOX E8(H 214
8 DY 18 €81 1 38
ADOD {opd) | Add 16-BR 10 D DeMMe1~mD B Cif & Fld = = a s A A
R 03} dd 218
EXT Fajnn 8 38
DX E3[6 2.8
DY 18 E3 i 37
ANDA (o AND A with Memory JA<M A A M 84l 212 A & O -
Sl A DR B4]dd 213
A EXT B4ihh § 314
A DX A4 214
A NDY 18 AStf 318
ANDS ) | AND B with Memory [BoM <8 a8 BAM Caji 212~~~ 4 & 0 —
(op) a8 (03] D4} dd 213
g EXT Féjhh 314
8 NOX E4i0 214
8 WNOY §8 E4ifl 38
ASL  (opr} | Adithmelic Stwft Laft R EXT 78ihh @ I3 G o om —— & & & &
E[ITTTLIITJo| ®ox | oot 2 s
o7 0 WY 16 68/ 1f 317
A BNH 48 112
8 BNH 8 t ]2
ABLD Arihenetic Shift Left L N a5 1T i3l & 4 & &
Double Ex{IT---TTko
B18 L
ASR  (opd | Adthmetic Shift P — EXT TTihh & 3G = 4 A A& &
Righ e | e | L) 2|
57 W DY 18 6711t 317
A BH 47 112
8 N §7 § 12
BCC  {rel} | Barnchi Cany Clear {7C =0 REL 24} [ 3 I T (S
BCLR {ope) | Clear Biys) W« (mm) o M o $5ldd  sm 3j6j—~— = a4 0 —
frnek) SNOX 107 n 317 -
BNDLY 18 1014 m¥n 418
8CS  {rel) (BanchiCoanySel (7C=1 REL 28w PR I Y DTS
BEQ  {rel} |Branchl = Zaro Tist REL 2Fiw P20 B T
OGE  {esl} | Branch i 2 Zeco THBVY={ REL 2]l 213 o oo o oo o o
BGT_ (rs0) | Branch @ » Zero 7Z+(MNEV)=0 AEL 2E|a 213 = F @ o e
B4 {rel} | Branch i Highec 7Cel=l REL 22]a 213 o om oo o o e P
BHS  (rel) |Branch il Highator | 7C=0 REL 24/% 213 [ e
Sams .

o



Add“'mg .‘::(CM“: CEM‘S’ é g Condllien Cod
8ource Oparation Boalean Mods exadecima on L1
Farma P Exprassion :Operend [Opcede Operand(s) 8 X HiNZVC
BITA  (opr) | Bil(s) Test A with Al A Bad 851 1218 = 3 8 0
Memacy A DR 85 dd 213
A EXT Bshh 8 34
A INDX AS] i 214
A BNDY 18 ASl i 318
8iTe Bi(s} Test B with Beld a8 s Csid 2 2 om e 44O ~—
{oed Mo(::\)on, 8 On 03/ dd 213
8 EXT F§ihh & I ] 4
8 X EslM 24
g8 Y 18 Esl i 35
BLE  {re} | Branch il 5 Zaro ?Z+(NOVIat REL 2Flw 213~ o o o o oo o -
BLO  {rel) | Branch  Lower 7Cat REL 28| w 213 Jrm o v e o o o
BLS  (re) |BranchiLloweroc [7CeZw1 REL 2w b 5 T
Same
BLY  (ref) | Beanchi < Zaco IN@Va=1 REL 20iw 213 o o o o o
86 {ref) | Beanch ¥ Minug TNt REL 2B 213 o o o o o o
BNE (rel) |Branchid Mot=Zero [22=0 REL 26| 213 jrm o o o o
8PL  {rel} |Branch ¥ Phs TNe0 REL 2Alw b < i P
BBA  {ref) | Branch Abways 1=t . REL 20w 23 [ o oo oo o
BRCLA (opr) | Branch ¥ Bilfs) Clear | 2 Memm =0 o2 13/dd men & | 4 | 8 | o o o o
{mak) BNOX tFIl mm g 4]7
{tel) ™Y WIFIH om & ] 518
B8N {cef} | Branch Nevar 1.0 REL 24w RIB = o o o o e e
BRSET (opd | Branch f Ba(s) Set T omma0 DR 12/dd mm & [ 418 |~ — on — — —
{msk} DX €I mwom o ® 417
{eed) NDY 18IEIH mm w | 5|8
83ET  (ops) | Set Bitfs) M o e ~o M [ 5] 141dd mm 6w om o e 3 A O -
{msk} BND X 1CHE awn 37
BNDY 18 1CIH  mem 418
BSR  freh} |Branch o See Special Ops REL 80w 2 1 8 Jom o w oo o o e o
Subtouting
BYC  {ref} | Branch § Ovediow V=0 REL 28iw 213 Jom o wm o o —— o —
Claac ¢
BYS  (ef) |Banchil Ovediow |7V ai REL 28w 213 | o o e o e
Sat
Caa Compare Ao B A8 (a8l ”,.. P 2 o o v o 8 A A &
e Cloac Casry Bt G- C [ {2 oc 112 o o o o v o
(e8] Clear lotarrupt Mask [0 ~ ¢ B QE 1 12— = o 0 o o e
CLR (opr} Clear Memory Byte [0 — M EXT ZEIhh 8 3|8 w01 0 0
. MO X sF1 U 218
oY 18 &F{ 11 I§7
CLRA Claar Accumutator A [0 — A A BNH 4F 112 rm o e e 0§ O 0
Addragsing Machine Coding g1 8
Sauice Qperation Booalsan bode for {Hexadecimal) b Conditien Codas
__Forms Expression Opersad |Opcode Opersnd(s)] ® | Sl g It N2V C
CLR8 Claac Accumwilalor B [0 -4 B 8 B 8F 12 |m =03 0 0
CLv Claar Ovediow Flag [0 -+ ¥ N 0A 112 fom o o e 0 o~
CMPA fopd | Compare A to A bd A B 8tli 212~ —— 4.4 & &
Mamorey A DR 81/dd 273
A EXT Bijhh & 34
A RMNDX Attt 214
A BDY 18 AtjH 315
CMP8  (opr) | Compare B to B-M 8 s Cili 2 2 -4 4 4 &
Memaory g om Ot d¢d 213
8  EXT Filhh 8 314 .
8 @#NOX Eiju 2 4
8  mDY 18 EL I 318
COM  {opd) | 1's Complement FF o M~ M EXT 73[bh @ 16 |~ om e~ 88 0 §
Memary Byte NDX 3l 2]6
MDY 18 63] 1 3|7
COMA Vs Comploment A |$FF A A A N 43 $ 128 | cmeme e 8 & 0 1§
comMB 1's Comgl {8 $FF-B—B 8 B’ §3 2 oo o 843 0
PO {opd} | Compare D to Dbdbet 8484 1A 83§ Kk A8 o e 404 & 2
Mamacy 16-84 ' oR 1A 83 dd 38
EXT 1ABI hh 8 417
BDX 1A AJjH 3|y
DY Co Al 3|z
CPX (op | Compare X io O~ bddd o 1 [ 8C ] J 4=~ 4 & & &
Memacy 16-B4 on 8C| dd 2.8
EXT BCihh § Iia
. MDX AL 2le
a0y COAGIHI 317
CPY  {opd [ Compam Y i & -Mbbet aad 188C § bk 418 e o e 4 4 4 &
kdomacy 16-B4 23] 18 #C dd Jie
EXT 18BCIhk § 417
MDX TAACH 3|7
RDY 18 ACHH 317
DAA Decimal Adjust A Adjust Sum to BCD - B 14 I8 )~ e 4 4 4 &
DEC {opd} | Decremant Memory | M~ 1o M EXT 74 50 SO I E R A
Byls DX GALT 2.8
MY 18 8ALH 317
DECA Decremant A=t A A B 4A LI I 3N D
Accurmadator A
D€EC8 Decramant B-f~8 8 B 6A LI I B D S
|| Accurnedalor -
DE€S Decramaent Stack SP - § -0 88 M 34 L - N DU
Polnter
DEX Decremand O § o X (33 (-1} L - N RN,
Inden Register X




: Addressing| Machins Coding
Source Opsration @oalean fode for {Hexadecimal) Condition Codes
Forme Expragalon Qpacand | Opcodes  Opecand(s) § K NI NZVC
EQRA {op) | Exchusive OR A with [AB M o A A B asle 212 |~ a8 4 0 —
Memory A OR 868 dd N 213
A EXT B8inh & 374
A 20X Agll 214
A BOY 18 ASJH I 8
EORB (opr) | Exclushe ORBwih (B8O M~ 8 8 B csit 2 12— ——440 —
Memory 8 ©ORr 08]dd 213
8 EXT Fainh § 314
8 8DX £8i it 214
] : 8 RODY 18 Eaj i als e
OV gu;::mdDMdcw DAX — DG 1~ D {338 [+ f It} o o o 4 4 ;
Y
oy l‘némco%ﬂdcwby A e D0 [ 32l 02 { jé4tj— o= o = =8 0 &
C  (opd | Increment Memory [Mef—4M EXT 7Cinh 8 3|6 - -8 4 a4 —
Byte DX &Cl i 216
R NOY 18 6Ci it 3417
NCA ncremaent As i A A 33 4C T @ jromom om e & 4 &~
Accumndator A
[ e ncremaent Be1-48 8 B 5C {2 |~ ~ = A A & —
Accurmdaior 8
NS fncrament SPet-SP 3 3] 31 $ 13 o o o e - — o
Pointar
X facrement [ % BY: [ 4] a8 T 13 [ e o e b e
indax Register X
™Y Incremaent LESE 8 18 08 214 jor o o e o Y. G —
index Register Y
JdP fopd) | Jump See Special Ops EXT TE hh & b I B B e s N
NOX BEH 213
BNOY 18 6E ! 314
JSR (opd | Jump ta Subrowtios | See Special Ops oR 90{dd 2 8|~ — = — - - -
EXT B0ihn 1 ale
0K ADLIE 216
wNOY 16 ADL 317
LOAA  (opd | Load Acoumulator A | M — A A B 8618 12 o B A O -
A o 21 861 dd 213
A EXT Beéjhh % 3i4
A IND X A6 214
A DY 18 AS| 318
LDAB  {opr} | Load Acourmudalor 8 [ M — 8 8 i Cé1i 212 jom e o 4 A O
8 R D6 dd 213
8 EXT F6lhh & 34
B DX E6iff 214
8 DY 18 £6] 1 <318
Addressing uachln; C,;odi‘r;s g & Conditlon Cod
s e Operation Boolean HMode for {Hexsdecima enditlon Codes
F?:r(:s g Expression Oparand | Opcode  Operand(s) « 2" § X HEINZVC
LDO  fogpr | Load Double Mo A Met~eB B CClj ik I3 o e = & & O —
DR oCidd 214
Accumidator D £XT £Clon 1 als
NDX ECIH 215
NDY 18 ECI 316
Point MM e t - P B BE|f bk FI3 e mr e~ & & O —
DS (opd) | Load Stack L L et o gE| dd 21 4
EXT 8Eihh & 318
DX AEHH 218
DY 18 AEHH 316
nd istar M ¢ 1 - IX B CEjj k G311 G o e o & A& O -
LOX  fopd) ".(oad ax Regi R DE] dd 214
EXT FEinh 1 318
DX EEIH 215
wNOY COEEH 3181
nde. ister MM o T~ IY B 18 CEL] ek 41 4o o o= & O
(DY (opr) |Load index Regisie ¢ oR 18 OE| dd 35
EXT 18 FE{hh 8 416
NDX 1A EE|#f 38
Y 18 EE 3.6 -
78[ht & 3jle|-———a s b
P
LSL (opr) | Logieal Shift Lakt ;'gx 68l 218
B TIITIT 0 sl
#OY 18 6aiit
3] L PR+ 48 12
g & 88 L E
Shil Latt e a8 i
LSLD Logical
Dovble - - -:Elgk"’
35
; EXT 74/hh ¢ 3|6|————0 4 a4
LSR  (opr | Logical St Rigit DX a4l 2le
e~ TTTTTTTHE #OY 18 64) € 37
' & " A B 44 ty2
8 84 LR
e rey) 04 $i3l—e —~0 & 4 A
LSRO Logical Right
Doutie o T - - {T_Ib;}-*@
15 "
ABD-HD B 30 tholm - m e o2l
ML Mchicty § by @ = paves 7|0k § 316 |- ———8& & & &
NEG  {opd | 28 Complemant Gt~ FOX soli 218
themary Brla Oy 18 60 1 3.7 -
40 {lajrmm—m ——~4& & &
NEGA 78 Complement A _0-A-0 A A g 12 e e e — & & & &
8 §¢
NEGA 78 Complement 8 10-8 4B Y Py f 2| e
O ta Cperasion tia Opacation




Addeeselng Maching Coding
Soucce Opaecstion Baolesn Mode for {HHenadecimal} Condition Codaes
Farme Expression Opecand Opcede Opecand(s) 8 X M NWZIVC
ORAA (opd | OR Acturmdator A [A el A A BAL AL 2R [rm e oo 4 A O
(nckaive) A DR §Aldd . 213
A BEXT BAIhh & 3} 4
A BOX AALH 24
A BOY 18 AA] 1 318
ORAB {opd | OR Accumedalor 8 |8 oM =B g A CAl R 212 =~ — 4 4 0 -
(inchamsive) g8 R DAl dd 213
8 EXY FAhh 314
g8 NOX EA[ff 2] 4
8  BOY 18 EA (1 38
PSHA Push A onlo Stack | ATSH SP=SP -1 A BN 26 L R R e T
PSHE Push Bonlo Slack BT S& 5P« 8P~ ¢ 8 ar RN e
PSHX Push Xonto Stack | IX TSk, 8P = 5P -2 (331 ac § 14 ] m = o e e
(Lo Fusl)
PSHY Push ¥ oolo Slack [ I¥ TSR P a 5P 2 NH 183C 2] 8 [ o o o o e e
{Lo Fist}
PULA Pult A from Stack SP=SP ¢+, ALSK A B 32 T {4 | = = e o o o
PULB Pl B from Stack SPwSF ¢ 1, 818K 8 B 37 T f 8 o o oo e o o —
PULX Pl X from Slack (16 | SP = 5P ¢ 2, IX L Stk [ 154 38 L I R
Fisl)
LY 2%Y(m$ud((}1i SP=SFPe2 0¥ 15K [ & 18 38 28 Jo o o e e
w1}
ROL  {opr} | Rotate Left EXT 79ihh & A B fom o o~ — A4 & &
le o | rex 6 2|6
%] %) Y 18 89/ 1 37
A N 49 112
8 Laal 59 t12
ROA  {op} | Rotats Right EXT Téinhh & 3/6 - — A 4 & &
bOrrrrrTTheH| kx| 2 e
LY 18 6611t 317
b7 b A H 46 12
8 -BH §6 112
an Return from Interrupt] See Spacial Ops (33! as 1f12ja 4 4 8 84 &4 &4 &
RTS Retum from See Special Ops N a9 T8 o o o e o o —
Subrouting
S8A Sublract B lrom A JA~B -~ A Laal 10 {12 Jmmom o b A & &
S8CA {op | Subtract with Caery [A-M-C A A M 82]% 212~ ——— 4 & & &
from A A DR 92idd 213
A EXT g2inh & 314
A #90 X A2l 214
A WNDY 18 A21 1 35
SBCB {opq) | Subtractwith Carry [B-M~C~B B B Cali 212 e - — 4 4 4 4
from B 8 DR 02idd 213
8 EXT F2ihh & I i 4
8 WOX E2jil 214
8 WOy 18 B2t 318
Addressing| Machine Coding g1 8
Source QOperation Boolean #ade far {Hexadecimal} %G Candilion Codes
Forms Exprassion Operand | Opcode Operand(s}] ® 6 S X HI N Z V C
SEC Set Carey TG BN o0 L I I R ——— 1
SEt Sat lotecrupt Mask 1§ 1 8 OF ]2 o o om § o o
SEV Set Ovediow Flag -tV o o8 T2 [ o oo oo e § -
STAA (opd) | Store Accumudator A] A~ M A DR 87| dd Ry Jome o om e 8 A O
A EXT B7ihh & 34
A N X AT 214
. A NDY 18 AT1i 318
STAB (opd) | Store Accumulator BB —+ M B R 07]dd 4213 e - — 4 40—
B EXT F7inh & 314
p g8 BX g7 24
. 8 NDY 8 E7 U 318
ST (opr) | Store Accumudalor DA~ M B~ M e § 3 3] 00} dd 2 8 o o e 4O —
EXT [RULLI | 3 |8
8 DX EQl 218 -
DY 18ED{H K]
STOP Stop Intemal Clocks Laal CF $ 12 Jom oo o o o e e
STS  {op) | Store Stack Pointec | SP s MM+ 1 o3l 8F| dd 214}~~~ —4 4 0 —
EXY BFInh & 38
BDX AFIH 218
aOY 18 AFIH 3.6
STX  {ope} | Store ndox Register| IX MM+ 1 o8 DF | dd 214 i e e f 4O -~
X EXT FFiAD 1 3.8
BOX EFHIE 2186
NDY COEF 3.8
STY  {opd | Stoce lndax Ragister] 1Y ~o bdd ¢ R 18 OF dd I I T R S W I
Y EXT 8FFihh 8 416
MNDX 1AEFIH 3]é
MNDY 18 EF Il 318
SUBA  (opd | Suwbtract Memory A-bh— A A 884 801 212 feme o om 8 4 A A
kom A A DR 80| dd 213
A EXT Bojhh £ 314
A BNDX Aojil 214
A BNDY 18 A0 318
SUEBE {opd | Sblract Memory B-M- 8 8 a4 Cals 2 2w e e a4 & 3
komB g R DOl dd 213
8  EXT Fojhh @ 314
g8 BDX Eof 24
8 - mNDY 18 €Ol 10 318
SUBD {opd | Sbuact Memaery Dot~ 0 884 831§ ek b I R - U Y- W {
feom D R 93 dd 218
EXT @3ihh 8 36
NDX Al 216
®DY 88014 a1z




B Addreveing] Machine Coding |3 :
Source Opatation Baolesn Hode foc {Hexadecimal) Conditlan Codes
Faerms Expresslen Operand | Opceds Oparand(aj| & 8§ X M I M Z ¥V C
Ta8a Transfer B 10 A B~ A 284 $7 § e T L
TEST TEST (Ordy In Test | Address Bus Counts L2 A (-1 1] o o o oo o -
tdodes) -
TeA Teansler CC Regivter] CCR < A BN Q7 ]2 o o e oo o o
o A
TST  {opd} | Testloc Zaca or -0 EXT 0ihh & Ij{8fj— b 4 O O
Hinws BNOX [1e1R1) 216
DY 18 60[ 1 3.7
TSTA A-0Q A B 40/ $ ]2 |~ om oA 4 @ 0
1578 8-0 8 M 80 § 12|~~~ 3 4 0 @
T8% Transler Slack SPel-iX 4 < 30 E 13 o o oo o o e
Pointer lo X
8Y Teansfer Stack SPetm Y 3 23 830 0000 J R4 e e omomm e om o e
Pointer o Y
T>S Trarsler X 1o Slack [ IX 1§ -~ SP {2 e} 351 L3 e e e e o o o o
Polnter
TYs Trarslee Yo Stack  (IY ~§ 5P [ 22} 1835] 000 2] 4| o e oo o o o o
Polater
WA Wail for Indemupt Siack Regs and WAIT [aa) FEL U e o e o e o o
XGOX Exchange Dwith X XD D~ [3al L1 R T B B B e e
XGOY Exchanga DwithY (YD D~ i [1:3:12) A N 5 (N0 TN S e
NOTES:
Cycle:
* = lndinity of untd fesel oocurs
= 12 cycles are used beginning with the opcode fatch. A walt state & entered which remalng In effect lor an integer numbar of MCU
E-clock cycles (n} untdl an inlerupt Is recognized. Finaly, heo addilional cycies aee used 1o beich the appeoprala internupt veclor
{iolal = 14 ¢+ 0).
Operands:
dd = B-bit diceet addeess $0000-FOOFF. {High byle assumad o be $00.)
#H = 8-bit positive olfsat $00 (0} to $FF (255) added lo Index.
bh = High ocder byte of 16-bd extendad address.
[ = (e byle of immediate data.
i = High ocder byte of 16-bd immediate dala.
kk = Low order byle of 16-bi immedlate data.
H = Low order byle of 16-bit extended address.
mn = B-Dit mask {sel bits ko be alfectad).
= Signad relative olfsat $80 (~128) to §7F {+ 127). Oflsat ralative lo the address following tha maching coda offsal byle.
Condition Codes:
— = B not changed
0 = Always cleared {logic 0).
H «  Always sol (logic 1}
A = Bit clearad or set depending on operation.
i = Bt may ba cleared, cannot become sel.

Simple Branches

Mnemonic ] Opcode } Cycles
BRA 20 3
BRN 21 3
B8SR 80 7
Simple Conditional Branches
True False
Test |Instruction]| Opcede |instruction]| Opcode
N=1 ami 28 BPL 2A
Z=1 BEQ 27 BNE 26
V=i 8vsS 29 Bve 28
C=1 8Cs 25 BCC 24
Signed Caonditional Branches
True False
Test |instruction] Opcode |instruction] Opcode
f>m BGT 28 BLE 2F
rzm BGE 2C 8LT 20
r=m, 8EQ 27 BNE 26
rsm BLE 2F 8GT 26
rem BLT 20 BGE 2C
Unsigned Conditional 8ranches
True False
Test |instructlon] Opcode |instruction| Opcode
F>m 8HI 22 BLS 23
rzm | BHS/BCC 24 BLOMBCS 25
f=m BEQ a7 BNE 26
rsm BLS 23 BH! 22
rem | BLO/BCS 25 BHS/BCC 24
Bit Manipulation Branches
BRCLR ~ Branch sl selected bits are clear {opcode)
{operand addr) (mask) {rel offset)
M s mm = 07 M = oparand in mamory; mm = mask
BRSET ~ Branch if all selected bits are get (opcode)
{oparard addr) (rel offset}




