65C816 Data Shelet

Operation, Operation Codes, and Status Register

PROCESSOR
> STATUS CODE MNE-
MNE- e Bt e » = wlol7 6543210 MONIC
eS| o[ | o) | Flom — ] - "
MONIC «|almlo|<|- |28 |5 |s|a|Z|7||=|2|E|E|L|* 72|  mVvwxD Tz -0
OFERATION STz 13135 (617 8|9 w0 wz|wa||1s 617|819 f20fa1[22]23[24|NV 1 BD | Z CIE= 1
ADC A+M+C—A €9 |80 | BF |65 7V |77 61 |75 70 [7F |79 72 |67 63 |73 NV ... 2C ADC
AND AAM — A 29|20 | 2F |25 31 (37|21 ]|3s aD |aF |39 az |27 23 |33 N . - z . AND
ASL c- [i57__0) -0 0E 06 |0A 16 1E N . I 2 ) ASL
BCC BRANCHIFC = 80 3 P BCC
BCS BRANCHIFC =1 8o BCS
BEQ BRANCH IF Z =1 FO e E T BEQ
BIT AAM [NOTE 1) 89 | 2C 24 34 ac 1 MiMe . .. BIT
BMI BRANCH IF N =1 30 L % i BMI
BNE BRANCHIF Z =0 po I i G BNE
aPL BRANCH IFN =0 10 ‘ . BPL
BRA BRANCH ALWAYS B0 i w3 3t . BRA
BAK BREAK (NOTE 2) o0 .. 001 . . BRK
BRL BRANCH LONG ALWAYS 82 co W w16 08 e § BRAL
8vC BRANCHIFV =0 50 i oE e . . 8ve
BVS BRANCHIFV =1 70 1 J . avs
CLC 0-C 18 1 = i a . 0 CLC
CLD 0-D D8 . . e . . CcLD
CLl 0-1 58 L R cLl
cLV o=V 88 .0 ARy cLV
CMP A-M C9|CD|CF |C5 o1 |ov|cr|os oD |DF [D8 Dz |[C7 c3 (D3 N . .. 2C CMP
cor CO-PROCESSOR 02 I . 0 b, * COP
CPX X-M EO|EC Ed N . ... 2C CPX
CPY Y-M CojCC C4 N . . zZC cPY
DEC DECREMENT CE C6 [3A D6 DE N . i z . DEG
DEX X-1-=X CA N . 4 DEX
DEY Y-1-% 88 [+ R & . DEY
EOQR AN — A 49 | 4D | 4F | 45 51|57 41]55 5D |5F | 58 52 |47 43 |53 N . . . Iy A EOR
INC INCREMENTS EE EB | 1A Fé FE N oL . INC
INX Xa1=X EB N . T 4 INX
INY ¥el—¥ cs N . ik INY
ML JUMP LONG TO NEW LOC. DC .o . S T
JMP JUMP TO NEW LOC. 4C|5C BC c e i i JMP
JSL JUMP LONG TO SUB. ' 22 . 3 e JSL
JSR JUMP TO SUB. 20 FC . . e JSA
LDA M= A A9| AD| AF | AS B1|B7|A1]BS BD |BF | B9 B2 |A7 a3 |B3 N ) . 2 LDA
LDX M — X AZ| AE AB 86 BE M - d N LDx
LDY M-—Y a0|AC Ad B4 BC N % F- LDY
LSA o— [1857 0] -C 4E 45 |44 56 SE o . zZcC LSR
MYN M — M BACKWARD s4) . 5 i .o |® MM
MVP M — M FORWARD a4 . e mve
NOP NO OPERATION EA . . NOP
ORA AVM — A 09| oD | oF | 05 nlirjor|s 10 [1F |18 12 |o7 0313 N .. 2 ORA
PEA Mpc + 1, Mpc + 2 — Ms - 1, Ms i F4 . 3 PEA
$5-2-§
PEI M(d), M(d + 1) — M5 - 1, Ms {s11 @ PEI
§-2—-8§ 4
PER Mpc +rl, Mpc +rl+1—Ms -1, Ms 1 62 u 50 B PER
5-2-8§
PHA A—Ms5-1-5 a0 e e s U PHA
PHB DBA—Ms, $-1—8§ 88 % : i PHB
PHD D—Ms,Ms-1,8-2—8S o8 e 4 e e o« . .|* PHD
PHK PBR—Ms,§-1-§ 48 v E el d Lo PHK
PHP P~Ms,S-1-§ 08 . . . 5 PHP
PHX X—-Ms.S-1—-8 DA ... . |e PHX
PHY Y- Ms, S-1—-S SA SR . .|e PHY
PLA S+1—~8 Ms—A 68 N . .. T PLA
PLE §+1— S, Ms— DBR AB Ni oo oo« Z..[% PLB
PLD S+2—8 Ms-1, Ms—D 28 N o 5 G Z .|* PwD
PLP S+1-85 Ms—P 1 NVMXDI ZC PLP
PLX S+1—85 Ms~X FA N N ow b 7 PLX
PLY 5+1—-S Ms—Y TA NERTEE z . PLY
REP MAP - P cz NVMXDI 2 C|* REP
ROL 157 0] ~-C 2E 26 |2A 36 IE N zZcC ROL
ROR c— BE] |68 ]6A | |7E N. ... .zc|l nom
ATI RTRN FROM INT, 40 NVMXDI) ZC ATI
RTL RTRN FROM SUB. LONG -1} . a w4 . . |® AIL
RTS RTRN SUBROUTINE 80 P m E e W G ATS
SBC A-M-C-— E8| ED| EF | ES F1|FT| E1| F5 FO |FF| Fa F2 |E7 E3 |Fa NV . ZC SBC
SEC 1-C 33 : v v om o SEC
SED 1-D Fe P & b g LR SED
SEI 11 78 A I SEI
SEP MVP — P E2 NVMXDI ZCl* SEP
STA A—=M 8D| 8F | 85 91 |97|81]95 9D |oF | 99 g2 | 87 B3 |93 .k B8 .. STA
STP STOF (1 — ¢2) L] ’ e e e . s STP
5TX X=M 8E 86 96 D B B oA STX
5TY ¥ =M 8C 84 a4 e e e e e STY
572 00— M 9C B4 74 9E i i . 4 . .|® sTZ
TAX A= X A N . z TAX
TAY A=Y AB N e o B TAY
TCD c-D 58 N vw . . 2 .|*® TCD
TCS -5 18 ] . E . .|® TCS
TDC o-¢ 78 i N . .. Z .|* T1DC
TRE 1c 14 L s Z .|l TRB
TSB AVM — M 0C 04 5 T4 2 Z .|o TsB
T5C s-¢C 3B N . . Z .|* 150G
TSK 5% BA N . BT T5%
TxA x— A BA N . - z TXA
TXS X—=5 LTS . i . TXS
TXY X—=Y 98 N . L. 2o e TXY
TYA Y= 98 N . L2 TYA
TYX ¥—X 88 N . . .. Z .|*® Tvx
WAL 0- RDY cB e e . . s WAl
WOM NO OPERATION (RESERVED) 42 ol 3 . . *  wom
XBA B— A EB N . Z . |* xBA
XCE C—E FB .+ . « . . . E|® XCE
Noles: B 3. % = New W65C816/802 Instructions + Add Vv OR
1. Bit immediate N and V flags nol alfecldd. When M = 0, M15 — N and M14 —V. ® = New W65C02 Instructions - Subtract % Exclusive OR
2. Break Bil {B) in Slatus regisler indicatés hardware or sofiware break, Blank = NMOS 6502 A AND




65C816 Data SheetI ?

Detailed Instruction Operation

ADDRESS MODE CYCLE VP, ML, VDA,VPA ADDRESS BUS DATA BUS R/W ADORESS MODE CYCLE VP, ML VDA.VPA ADDRESS BUS DATA BUS
1. Immediate # .1 1 1 1 PBRPC Op Code 1 7. Oirect Indirect Indexed (d).y 2 N S $32'§8., 830“"
(LDY.CPY.CPX,LDX,0RA, 2, 1 1 0 1 PBRPC+ 0L 1 {ORA.AND,EOR.ADC, 2 1 3 o 0 PBRPCH 0
AND.EOR,ADC,BIT,LDA, (1)(8) 2a 1 1+ 0 1 PBRPCs2 IDH 1 STA.LDA,CMP.SBC) @ gn- P39 ¢ oo AL
CMP,SBC REP,SEP) (8 Sn Codes) " 131 o O:D‘Doﬂ pved
(14 Op Codes) B Beycimy (4) 42 1 1 0 O DBRAAHAALSYLIO
(2and 3 bytes) - 5., 1 1 1 0O DBRAASY  Datalow
(2and 3 cycles) o God \ () 52 1 1 1 O DBRAA+Y+1 DatsHigh

2a. Absolule & N 1 1 1 PBR,PC P L] .

(BIT,STY,STZ.LDY. 2. 1 1 0 1 PBAPCH AAL 1 8. Direct |nc:nrac| y ; : : ; : gg:.:g.‘ &r_a)Codo
CPY.CPX,STX,LDX, 3. 1 1 0 1 PBRAPCH AAH 1 Indexed Long (d].y 5 o VR o ranpeu o
ORA.AND,EOR,ADC, 4. 1 1 1 0 DBRAA Data Low 1/0 {ORA.AND.EOR,ADC, () 2a .

A CMP s ! i o STA.LDA.CMP,SBC) 3 1 1 1 0 0D+DO AAL
STA,LDA.CMP,SBC) (1) 4. 1 1 1 0 DBRAA+ Data High 1/ ppSeiaui 3 B S - o
{18 Op Codes) I (2 byles) ! 5. 1 1 1 0 0D+«DO+2 AAB
{3 bytes) i {6.7 and B cycles)  -; 6. 1T 1 1 0 AABAA+Y Data Low
(4 and 5 cycles) perrC | OpCods ; ' y L P () 6a. 1 1 1 0 AABAAsY»1  DataHigh

. : o ! )

2 Absolute (AAW) & 5 T P:R:PCM AL 1 9. Direct Indexed Indirect (d,x) 1. 1 1 1 1 PBRPC Op Code
(ASL,ROL,LSR.ROR a 1 1 © 1 PBRPC+2 AAH 1 (ORA,AND,EOR.ADC, 2, 10 1 zs:,::g:: %o
DEC,INC,TSB,TRB) 4. 1 0 1 0 DBRAA Dala Low 1 STA.LDA.CMP,SBC) 2 220 1 1V 0 0 PB P °
{6 Op Codes) (1) 4. 1 0 1 0 DBRAA+I %ﬂla High : tg 3;5;2‘18!) 3 : : ? g ;%F:-Do’x oL
3 byles 3) 5. 1 0 0 0 DBRAA I . . ,

:s aZd B)cycles) §1; 6a 10 1 0 DBRAA Dala High 0 (6.7 and B cycles S. t1ro1 oo %g;‘?&"‘*‘ 3:: o
6. 1 0 1 0 DBRAA Dala Low 0 g; 1 : : g DoR Aast Data Hi:n
2c. Absolute (JUMP) & 1 1 1 1 1 PBRPC Op Code 1 _ , M 6a conpe on Cod
(JMPH4C) 2, 1 1 0 1 PBR,PC+ NEW PCL 1 10a, Direct.X d,x " 1. LI | 1 1 ‘PC~1 Dg ]
(10p Code) 4 1 1 0 1 PBRPC:2 NEWPCH 1 (BIT.STZSTY.LOY, 2.1 1 0 ';Bg'pc,‘ o
(3 bytes) 1 1 1 1 % PBR,NEWPC OpCode 1 ORA.AND.EOR.ABDC. 2) ga : : g : P:R-ch o
(3 cycles) oo e & 1 1 1 0 0DeDOX  Datalow
2d. Absolute (Jump lo . ¥ Ao PERPG Op CGods ! (2 bytes) () 4 1 1 1 0 00+DO+Xs1  DataHigh
subroutine) a 2. 11 0 1 PBRPC+ NEW PCL 1 (4,5 and 6 cycles)
(JSR) 3 1 1 0 1 PBRPC+2 NEW PCH 1 g . PBAPC o0 Code
(1 0p Code} 4 T 1 © 0 PBRPC+ 10 1 10b. Direct,X(R-M-W) d,x 1. (I | : : panlpcn DS
(3 byles) 5, i1 1 0 0S PCH [} (ASL,ROL.LSR,ROR, 2. LI | - PaRIPCH o
(6 cycles) 6. 11 1 0 0851 PCL 0 DEC.INC) (@) 2a. : : g 9 reRpoe °
(ditferent order from N6502) 1 1 1 1 1 PBRNEWPC NextOpCode 1 (g bof’I Codes) i- LIERINE - A S0 ata Low
#3a. Absolute Long al 1 1 1 1 1 PBRAPC Op Code 1 :e 71‘:‘)‘1 8 cycios) ) 4 1 0 1 0 0DWDOs1  Databign
(ORAAND,EOR.ADC 2. 1 1 0 1 PBRAPCH AAL 1 gb @ 5 1.0 0 0 0DDOel 10
STA.LDA,CMP,SBC) 3 1 1 0 1 PBRPC+2 AAH 1 M B2 1 0 1 0 0D'DOX-l  Dat High
(8 Op Codes) 4. 1 1 0 1 PBAPC+3 AAB 1 b4 1 0 U ' 0DDOX Data Low
(4 bytes) 5. 1 1 1 0 AABAA Data Low 110 - 00 oua e
(5 and 6 cyclas) (1) sa. 1 1 1 0 AABAA+I Dala High 170 11, Direct.Y dyy ; : : ; : ﬁ::-m'1 Dg o
*3b. Absolule Long (JUMP) al 1. t 1 1 1 PBRPC Op Code 1 gg‘*&’;’es) @ 2a 3 U8 B poRPe s
(JMP) 2 1 1 0 1 PBRPC+ NEW PCL 1 25 Ples) > t 1 & ' PBR PO 0
(1 Op Code) 3 1 U 94 PEAPC2 NEWPCH 1 4.5 and 6 cycles) L1 1 1 0 000 Data Low
(4 bytes) 4 : : ? : :23}?&: - NEVé Bdn ! ' 4 () ¢ 1 1 1 O 0D+DO+Ys!  DataHigh
(eyctes) ! i Op Gode 1 12a. Absotute,X a,x 1. 1 ; 1 ﬁg:.l;g 2:LCOGO
(BITLDY,STZ, 2, 1o 1 PC1
: -+, A
#*3c, Absolule Long (Jump lo 1. 1 1 1 1 PBRPG Op Code 1 gskAL‘:J'iD(I:EI\fPRéAB%?' @ g; ! : g ; gg:";i: AL xt Ig
Subroutine Long) sl 2 L r o 1 reApPen NewpcL 1 {11 0p Codes) & 1 1 1 0 DBRAAX Dats Low
ety 3 b oo 1 PBRRG NEWPCH 3 bytes] . () 4. 1 1 1 0 DBRAAX+1 Data High
(1 0p Code) 4 11 1 0 08 PBR 0 (‘ SY‘ e cycios : -
(4 bytes) 5. 11 0 0 0S8 10 1 (45andBoycles)
(7 cycies) 6. 1 1 0 1 PBRPCH NEW PBR 1 12b. Absoiule,X(R-M-W) a,i 1. A | 1 1 PBR,PC Op Code
7. 11 1 0 08 PCH 0 (ASL,AOL.LSR,ROR, 2 1 1 0 1 PBAPCH AAL
8. 11 1 0 082 PCL 0 DEC.INC) 3. 1 % 0 1 PBRPC2 AAH
1. 1 1t 1 1 NEWPBRPC NextOpCode 1 (6 Op Codes) 4, 1 1 0 0 DBAAAHAAL+XL |Io .
.

4a Directd 1. 1 1 1 1 PBRPC; Op Code 1 “3 bY‘:;’ | m g'a : g : : gg:-::';ﬂ g:l: H?:n
(BIT.STZ,STY,LOY. 2. 1t 1 0 1 PBRPCH Do 1 (7:and 9 cycles) @ 6 10 0 0 DBAAAN 10
CPY.CPX,STX,LOX, 2) 2a. 1 1 0 0 PBRPCH 0 1 1) 78 1 0 1 0 DBRAAKer Daa High
ORA.AND,EOR,ADC, 3. 1 1 1 0 00+00 Dalalow  1/0 7 Y 8 1 & DBRAAK Pt
STA.LDA,CMP.SBC) i 3% 1 t 1 0 0D+DO+1 DalaHigh  1/0 -

{18 Op Codes) %13, Absolute Long,X alx LA 11 1 1 PBR.PC Op Code
(2 bytes) (ORA.AND,EOR.ADC, 2 1 1 0 1 PBAPCH AAL
(3,4 and 5 cycles) STA,LDA.CMPSBC) 3 LA R B | PBI:‘.:gQ IA\::

4b. Direct (R-M-W) d 1 " 1t 1 1 PBRPO Op Code | (3 b°° Codes) ‘; : : ? |1: ;ﬁB-M:;’( oA ow
(ASL.ROL,LSR,AOR 2 1 1 0 1 PBRPC» Do 1 (5 Y‘;;’ oal’ v o LI AN - wetiied
DEC.INC.TSB.TRB) (2) 2a 1 1 0 0 PBRPC+ 10 1 (5 and 6 cycles)- M sa - 0
{6 Op Codes) 3 1 0 1 0 0D+00 Dala Low 1 14. Absolule.Y a,y 1. 1 1 1 1 PBRPC Op Code
(2 bytes) (1) 2a 1 0 1 0 0D+DO Data High 1 (LDX,0RA,AND,.EOR,ADC, 2 1 1 @ 1 PBRPC+ AAL
(5,67 and 8 cycles) {3) 4 1T 0 0 0 00D+00+1 10 1 STA,LDA,.CMP,5BC) a 11 0 1 PBRAPC+2 AAH

(M 5a. 1 0 1 0 00+00+ Data High 0 {9 Op Codes) 4y 3a 1 1 0 0 DBRAAHAAL+YLIO
5 1 @ 1 0 0D+0O Data Low (1] (3 bytes) 4, 1 1 1 0 DBRAAY Data L9w

5. Accumulator A 1 P 1 1 PBR.PC Op Coda 1 (4.5 and 6 cycles) (1) 4a. LI | 1 0 DBRAA+Y» Data High
(ASLINC,ROL.DEC,LSR.ACR) 2 1 1 0 0 PBRPCH 10 | 15, Relative ¢ 1 1 1 1 1 PBRPC Op Code
(6 Op Codes) (BPL.BMI.BVC,BVS,BCC, 2. 1 1 6 1 PBAPCe Offset
(1 byte) BCS.BNE,BEQ,BRA) 15) 23 1 1 0 © PBAPCH 19
(2 cycles) (9 Op Codes) 6} 2b. 1 1 0 0 PBRPC+ 10

6a implied | 1. 1 1 1 1 PBAPC Op Code 1 (g gylesld | i 1 1 1 1 PBRPC+OHset Op Code
{DEY, INY. INX, DEX, NOP, 2 1 1 B 0 PBRPGCH 10 1 (2,3 and 4 cycles)

XCE, TYA, TAY,TXA, TXS, #16. Relative Long o 1. " 1 1 1 PBAPC Op Code
TAX,TSX,TCS,TSC.TCD, (BAL) 2, 1 1 0 1 PBRPCH Ottset Low
TDC.TXY,TYX,CLC.SEC, (1 Op Code) |, 3, T 1 0 1 PBRPCs2 Offset High
CLI,SEI.CLV.CLD,SED) (3 bytes) 4. 1 1 0 0 PBRPC+2 10
{25 Op Codes) (4 cycles) 1. | B | 1 1 PBA,PC+Offsat Op Code
(1 byte) 17a, Absolule Indirect (a) 1. 1 1 1 1 PBAPC Op Code
(2 cycles) (JMP) 2. 1 1 0 1 PBAPCH AAL
*6b, Implied | 1 1 1 1 1 PBRPC Op Code 1 (10p Code) | 3. 1 1t 0 1 PBAPCe2 AAH
(XBA) 2 1 1 0 O PBRPC+ 10 1 (3 bytes) 4. 11 1 0 0AA NEW PCL
(1 Op Code) 3 T 1 0 0 PBRPCH 10 1 {5 cycies) L 5. 11 1 0 0AA+Y NEW PCH
{1 byta) 1. 1 1 % 1 PBRNEWPC OpCode
(3 cycies) #*17b, Absolute Indirect (8) 1. 1 1 1 1 PBRPC Op Code
RDY 2. 1t 0 1 PBRPCH AAL
® 6¢. Wait For Interrupt (UML) a. 11 0 1 PBR.PC*2 AAH
(WAN 1. 1.7 1 1 1 PBAPC Op Code 1 {1 Op Code) 4 11 1 0 0AA NEW PCL
{1 Op Code) 9 2 1 1 0 0 1 PBRAPCH 1O 1 (3 bytes) S5 1 1 1 0 0AAn NEW PCH
(1byte) —__ 3 1 1 0 0 0 PBAPCH 1 (6 cycles) 6. 1 1 1 0 0AA«2 NEW PBR
(3 cyctas) {RQ.NMI 1 L B R PBF‘R,PCH IRQ(BRK) 1 1 1 1 1 1 NEWPBRPC Op Code
® 6d. Slop-The-Clock ® 18 Direct Indirect (d) 1. 1 1 1 1 PBRPC Op Code
{STP) ' 1% 1 1 1 PBRPC Op Code 1 (ORA,AND.EOR,ADC, 2. 1T 1 0 1 PBRPCH [s]e]
(10p Code) ! 1 0 @ 1 PBRPC+1 10 ! STA.LDA.CMP,SBC) {2 22 1 1 0 0 PBRPCs 10
(1 byte) ' 1 0 0 1 PBRPC+t 10 ! (8 Op Codes) a, 11 1 0 0000 AAL
(3 cycles) 1 1t 0 0 1 PBRPC+ RES(BRK) 1 (2 bytes) 4 1 1 1 0 0D+00" AAH
' 1 0 0 1 PBRPCs! RES(BRK) 1 (5.6 and 7 cycles) 5. 1 1 1 0 DBRAA Data Low
1 1 0 0 1 PBRPC+1 RES(BRK) 1 20 . () S& 1 1t 1 0 DBRAA Dats Low
See 21a Stack 1 L | 1 1 1 PBR.PC» BEGIN 1
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*19

*20b

21

21b

21

a

21d

*21e

21

219

*21h

w21

0

w22,

ADDRESS MODE

Direct indirect Long {d]
{ORA,AND.EOR.ADC
STALDA.CMP.SBC) )
(8 Op Codes}

(2 bytes)

(6.7 and 8 cycles)

(1)
Absolute indexed Indirect (a,k}
(JMP}
11 Op Code)
(3 byles)
{6 cycles)

Absolule Indexed Indirect
{Jump lo Subrouline Indexed
Indirect) (a,x)

{JSR)

(1 Op Code)

(3 bytas)

(8 cycles)

Slach (Hardware

Interrupls) s (3}
{IRQ.NMI,LABORT,RES) n
(4 hardware interrupls)

(0 bytes)

(7 and 8 cycles)

Stack (Soltware

interrupls) 8 (3)
(BRK,COP) 4]
(2 Op Codes)

(2 bytes)

(7 and 8 cycies)

Stack {Return from

Interrupt) s

(ATH 3)
{1 Cp Code)

(1 byle)

{6 and 7 cycles)

{dillerenl order irom N6502) (T}

Stack (Relurn Irom
Subroutine) »
{RTS)

(1 Op Code)

(1 byte)

(6 cycles)

Stack (Relurn from
Subroutine Long)
(ATL)

(1 Op Code)

{1 byte)

{6 cycles)

Stack (Push) s
(PHP.PHA,PHY PHX,
PHD,PHK,PHB) (1)
{7 Op Codes)

{1 byte)

(3 and 4 cycles)

Stack (Pull} s
(PLP,PLA,PLY.PLX,PLD.PLB)
(Diiferent than N6502)

(6 Op Codes)

(1 byte) [43)
(4 and 5 cycles)

Stackh (Push Etleclive

Indirect Address) »

(PE1) (2)
(1 Op Code)

(2 bytes)

{6 and 7 cycles)

Slack (Push Efteclive
Absolute Address) s
(PEA)

(1 Op Code)

(3 bytes)

{5 cycles)

Stack (Push Eftective
Program Counter Relalive
Address) s

(PER)

(1 Op Code)

(2 bytes)

(6 cyclas)

Stack Relative d.8
{OAA AND,EQOR.ADL,
STA.LDA.CMP,SDC}
(8 Op Codes)

(2 bytes)

(4 and S cycles)

CYCLE

PRRCE
bl -l

oA L

raum= @

BEN e D MALGNS POMAONS FNONAGNS SHNIRAUNS SENAOAUNS S ESAR AN SonsOR T powna

prwrna

e T .k

VP,
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1]
o
1
1
1
1
1
1
1
(4]
o
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

Detailed Instruction Operation (continued)

L. VDA .VPA ADDRESS BUS DATA BUS

1 1 1 PBRPC Op Code

1 o 1 PBR,PC+Y DO

1 © 0 PBRPCH [[o]

1 1 0 0,0+DO AAL

1 1 0 0.D«DO*1 AAH

1 1 0 0.0+DOs2 AAB

1 1 0 AABAA Data Low

1) 1 0  AAB.AA*1 Data High

1 |l ' PBRPC Op Code

1 1] 1 PBR,PC+1 AAL

1 0 1 RBRPGe2 AAH

LI - B - BR.PC+2 e

1 0 1 RBRAAsX NEW PCL

1 o 1 RBRAAX*1 NEW PCH

1 1 1 RBR NEWPC Op Code

1 1 1 RBRPC Op Code

1 o 1 PBR,PC+1 AAL

1 1 o 0S8 PCH

1 1 ¢ 05-1 PCL

i) 1] 1 PBR.PC+2 AAH

1 0 0 PBRPC:2 10

1 o 1 PBRAA+X NEW PCL

1 o 1 PBRAA+X# NEW PCH

1 1 1 PBRNEWPC  NexlOpCode
1 1 1 PBR,PC 10

1 @ 0 PBRPC 10

i 1 0 0S8 PBR

1 1 0 0S-1 PCH

1 1 0 0S-2 PCL

1 1 0 0S-3 P

1 1 0 O0VA AAVL

1 1 0 OVA+1 AAVH

1 1 1 0.AAV Nexi Op Code
1 1 1 PBRPC Op Code

1 0 1 PBRPCH Signature

1 1 0 0S PBR

1 1 o 051 PCH

i 1 0 0S8-2 PCL

1 1 0 0.S-3 (COP Latches) P

) T 0 OVA AAVL

1 1 0 OVA+l AAVH

1 1 1 DAAV Next Op Code
1 1 1 PBRPC Op Code

1 0 0 PBAPCH 10

1 0 0 PBRPCH 10

1 1 0 0841 P

1 10 0542 PCL

1 L) 0 0S+3 PCH

1 1 0 0.5+4 P8R

1 1 1 APBR PC New Op Code
1 1 1 PBRPC Op Code

1 0 0 PBRPC+ 10

1 © 0 PBAPCH [[e}

1 1 0 0S8+ PCL

1 1 0 08+2 PCH

1 0 0 08¢2 10

1 1 1 PBR,PC Op Code

1 1 1 PBRPC Op Code

1" @ 0 PBRPCH [[¢]

" 0 0 PBRPCH 10

1 1 0 0.5+ NEW PCL

1 1 0 05+2 NEW PCH

1 1 0 053 NEW PBR

t 1 1 NEWPBRPC NextOpCode
1 1 1 PBRPC Op Code

1 0 0 PBRPCH 10

1 1 0 0S8 Registar High
1 1 o 0S-1 Register Low
1 1 1 PBRPC Op Code

1 0 0 PBRPCH 10

i 0 0 PBAPCH o

1 1 0 0.5+ Regisier Low
1 1 0 0.S¢2 Regisler High
1 1 1 PBR.PC Op Code

1 0 1 PBRPC+Y DO

1 0 ©0 PBRPCe [[e]

1 1 0 0.0:D0 AAL

1 1 0 0,D+DO#1 AAH

1 1 o 05 AAH

1 1 o 05-1 AAL

1 1 1 PBRPC Op Code

1 0 1 PBRPC+ AAL

1 1] 1 PBR,PC+2 AAH

1 1. 0 0S8 AAH

1 1 0 058 AAL
1 1 1 PBRPC Op Code

1 0 1 PBRPCet Offset Low

1 0 1 PBRPC+2 Ofttset High

1 0 0 PBRPCe2 10

1 1 0 08 PCH*OFf+

CARRY

1 1 ] ‘0.5-| PCL+OFFSET
LI | 1 PBRPC Op Code

1 0 1 PBAPCH1 50

1 [/} 0 PBRPC# 10

1 1 005480 Data Low

I 1 0 0.5¢5041 Data High

RAW

1
1
1
1
1
1
1/
\
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ADDRESS MODE CYCLE VP, ML, VDA, VPA ADDRESS BUS DATABUS R/W
%23. Stack Relative Indirect 1. L T | 1 1 PBRPC Op Code 1
Indexed (d.8).y 2. 1 1 0 1 PBAPCH SO 1
(ORA,AND.EOR,ADC, 3. 1 1 0 0 PBR¢PCH (] 1
STALDA,CMP,SDC) 4. 1 1 1 0 08+S0 AAL 1
{8 Op Codes) s A | 1 0 05+S0+*1 AAH 1
(2 byles) 6. 1 0 0 05+5041 10 1
(7 and 8 Cycles) 7. L | 1 0 DBR.AA+Y Dala Low 1/0
M e 11 1 0 DBRAA+Y* Deta High 1/0
*24a. Block Mova Posilive 1. 1 1 1 1 PBAPC Qp Code 1
{lorward) xyc 2. 1 1 0 1 PBRPCH1 DBA 1
(MVP) | 3. 1 1 0 1 PBRPCe2 SBA 1
{1 Op Coge) N-2 | 4. o T | 1 0 SBAX Source Data 1
13 bytes) | Byle | 5. L | 1 0 DBAY Dest. Data [}
{7 cycios) C=2|6. 1 1 0 0 DBAY 10 1
x = Soutch Addross 7. T 1 0 0 DBAY 10 1
¥y Dnnrrnuon M. LI | 1 1 PBRPC Op Code 1
¢ =Number of Byles lo Move -1 2. 1 1 0 1 PBRPC+1 DBA il
x,y Decrement 3. 1 1 0@ 1 PBRPC+2 SBA Ll
MVP s used when the N-1 | 4. L | T 0 SBAX-1 Source Data 1
destination startaddress  Byte | 5. 11 1 0 DBAYA Dest. Data o
1s highor {more positive) C=1]6. 11 0 0 DBAY-) 10 4
than the source starl address.  LT- 11 0 0 DBAYA 10 '
M. 101 1 1 PBRPC Op Code 1
FFFFFF 2. 1 1 0 1 PBRPCH DBA 1
Dest. Start N Byte | 3. A | 0 1 PBR,PC+2 SBA 1
Last | 4. 11 1 0 SBAX-2 Source Dala 1
urce Starl C=0| 5. 1 1 0 DBAY-2 Dest. Data ]
Dogt. End 6. L | 0 0 DBAY-2 10 1
Source End 7 LI | 0 O DBAY-2 10 1
LL 1Y 1 PBR.PC+3 Next Op Code 1
*24b. Block Move Nogalive M. 1 1 1 1 PBRPC Op Code 1
(backward) xyc 2. 1 1 0 1 PBRPCH DBA 1
(MVN) N-2 | 3. 1 1 0 1 PBAPC+2 SBA 1
{1 Op Code) Byte | 4. 11 1 0 SBAX Source Data 1
13 bytes) C=2|5. 1 1 1 0 DBAY Desl, Data 0
7 cycles) 6. 1 1 0 0 DBAY 0 1
x * Source Address L7. 1 1 0 0 DBAY 10 1
y * Destination -
¢ * Numbar of Bytes 1o Move -1 | I- 1 1 1 1 PBRPC Op Code '
x.y Increment 2, 1 1% 0 1 PBRPC+ DBA 1
FFFFEE N-1 ] 3. AT | 0 1 PBR,PC+2 SBA 1
Source End Byte | 4. 1 1 0 SBAX#1 Source Dala 1
C=1}5. 1 1 0 DBAY#1 Desl. Dala o
6. 1 % 0 0 DBAYY 10 1
l I‘\lgl’“' End L7, 1 1 0 0 OBAYH 0 1
Source Start
Dest. Start M. L | 1 1 PBR.PC Op Code 1
2. 11 o 1 PBR.PC+1 DBA 1
N Byte | 3. 1 1 0 1 PBRPC+2 SBA '
2000 c=0 |4 1 1 1 0 SBAX2 Source Data 1
MVN 1s used when the 5. 11 1 D DBAY+2 Dest Data o
deslinalion stan address 6. 1 1 0 0 DBAYe2 0 1
Is lower {more negalive) L’l 11 0 0 DBAY+2 10 1
lhan the source slart 1. 1 1 1 1 PBRPC+3 NextOp Code 1
address.’
Notes:

(1) Add 1 byte {for immediate only) for M=0 or X=0 (1.e. 16 bil data), add 1 cycie for M=0 or X=0.
(2) Add 1 cycle for direct register low (DL) not equal 0.

(3) Special case for aborling insiruction. This s the last cycle which may be aborted or lhe Slalus,
PBR or DBR registers will be updated.

{4) Add 1 cycle for indexing across page boundares, or wrile, or X=0. When X=1 or in the
emulation mode, Lhis cycle contains invahid addresses.

(5} Add 1 cycle it branch s taken

(6) Add 1 cycle il branch is 1aken across page boundaries 1n 6502 emulation mode (E=1}

(7) Subtract 1 cycle for 6502 emulation mode (E=1).

{8) Add 1 cycle for REP.SEP.

(9) Wail al cycle 2 for 2 cycles after NMI or TRQ active inpul.

Abbrevialions:
AAB Absolule Address Bank
AAH Absolute Address High
AAL Absolute Address Low
AAVH Absolute Address Veclor High
AAVL Absolute Address Vector Low
C Accumulalor
, D Direct Register
DBA Destination Bank Address
DBR Data Bank Regisler
DO Direct Otfsel
IDH Immediata Data High
IDL Immediate Data Low
(O Intarnal Operation
Stalus Regisler
PBR Program Bank Register
PC Progrem Counter
R-M-W Read-Modily-Write
S Slack Address
SBA Source Bank Address
SO Stack Offset
VA Vector Address
xy Index Regisiars
* = New WBE5CB16/802 Addressing Modes
® = New WE5C02 Addressing Modes
Blank = NMOS 6502 Addresaing Modes

v
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Recommended W65C816 and W65C802 Assembler
Syntax Standards

Directives

Assembler directives are those parts of the assembly language source
program which give directions to the assembler; this includes the defini-
tion of data area and constants within a program. This standard excludes
any definitions of assembler directives.

Comments !

An assembler should provide a way to use any line of the source program
as a comment. The recommended way of doing this isto treatany blank
line, or any line that starts with a semi-colon oran astérisk as acomment.
Other special characters may be used as well. o

The Source Line

Any line which causes the generation of a single W65C816 or W65C802
machine language instruction should be divided into four fields: a label
field, the operation code, the operand, and the comment field.

The Label Fleld—The label field begins in column one of the line. Alabel
must start with an alphabetic character, and may be followed by zero or
more alphanumeric characters. An assembler may define an upper limit
on the number of characters that can be in a label, so long as that upper
limit is greater than or equal to six characters. An assembler may limit
the alphabetic characters to upper-case characters if desired. If lower-
case characters are allowed, they should be treated as identical to their
upper-case equivalents. Other characters may be allowed in the label, so
long as their use does not conflict with the coding of operand fields.

The Operatlon Code Field—The operation code shall consist of a three
character sequence (mnemonic) from Table 3. it shall start no sooner
than column 2 of the line, or one space after the label if a label is coded.

Many of the operation codes in Table 3 have duplicate mnemonics; when
two or more machine language instructions have the same mnemonic,
the assembler resolves the difference based on the operand.

If an assembler allows lower-case letters in labels, it must also altow
lower-case letters in the mnemonic. When lower-case letters are used in
the mnemonic, they shall be treated as equivatent to the upper-case
counterpart. Thus, the mnemonics LDA, Ida, and LA must all be recog-
nized, and are equivalent.

In addition to the mnemonics shown in Table 3, an assembler may pro-
vide the alternate mnemonics shown in Table 6.

Alternate Mnemonics

Standard Alias
BCC BLT
BCS BGE
CMP A CMA
DEC A DEA
INC A INA
JSL JSR
JML JMP
TCD TAD
TCS TAS
TDC TDA
TSC TSA
XBA SWA

JSL should be recognized as equivalentto JSR whenp it is specified witha
long absolute address. JML is equivalent to JMP with long addressing
forced.

The Operand Field—The operand field may start no sooner than one
space after the operation code field. The assembler must be capable of
at least twenty-four bit address calculations. The assembler should be
capable of specifying addresses as labels, integer constants, and hexa-
decimal constants. The assembler must allow addition and subtraction
in the operand field. Labels shall be recognized by the fact that they start
alphabetic characters. Decimal numbers shall be recognized as contain-
ing anly the decimal digits 0...9. Hexadecimal constants shall be recog-
nized by prefixing the constant with a “$" character, followed by zero or
more of either the decimal digits or the hexadecimal digits “A”... “F". If
lower-case letters are allowed in the label field, then they shall also be
allowed as hexadecimal digits.

All constants, no matter what their format, shall provide at least enough
precision to specify all values that can be represented by a twenty-four
bit signed or unsigned integer represented in two's complement notation.

Table 8 shows the operand formats which shall be recognized by the
assembler. The symbol d is a label or value which the assembler can
recognize as being less than $100. The symbol ais a label or value which
the assembler can recognize as greater the $FF but less than $10000; the
symbol al is a label or value that the assembler can recognize as being
greater than $FFFE. The symbol EXT is a label which cannot be located
by the assembler at the time the instruction is assembled. Unless in-
structed otherwise,;:an assembler shall assume that EXT labels are two
bytes long. The sy;mbols rand rl are 8 and 16 bit signed displacements
calculated by the a‘issembler.

Note that the operand does not determine whether or not immediate
addressing loads one or two bytes; this is determined by the setting of
the status registér. This forces the requirement for a directive or directives
that tell the assembler to generate one or two bytes of space for imme-
diate loads. The directives provided shall allow separate settings for the
accumulator and index registers.

The assembler shall use the <, >, and A characters after the # character
inimmediate address to specify which byte or bytes will be selected from
the value of the operand. Any calculations in the operand must be per-
formed before the byte selection takes place. Table 7 defines the action
taken by each operand by showing the effect of the operator on an ad-
dress. The column that shows a two byte immediate value show the bytes
inthe order in which they appear in memory. The coding of the operand
is for an assembler which uses 32 bit address calculations, showing the
way that the address should be reduced to a 24 bit value.

Byte Selection Operator

Operand One Byte Result Two Byte Result
#$01020304 04 04 03
#<$01020§04 04 04 03
#>>$01020304 03 03 02
#/$01020304 02 02 01

Inany location in an operand where an address, or expresslon resulting in
an address, can be coded, the assembler shail recognize the prefix char-
acters <,|, and >, which force one byte (direct page), two byte (absolute)
orthree byte (long absolute) addressing. In cases where the addressing
mode is not forced, the assembler shall assume that the address is two
bytes unless the assembler is able to determine the type of addressing re-
quired by contbxt, in which case that addressing mode will be used. Ad-
dresses shall Be truncated without error if an addressing mode is forced
which does not require the entire value of the address. For example,

LDA 30203 LDA |$010203

are completely equivalent. If the addressing mode is not forced, and the
type of addressing cannot be determined from context, the assembler
shall assume that a two byte address is to be used. If an instruction does
not have a short addressing mode (as in LDA, which has no direct page
indexed by Y) and a short address is used in the operand, the assembler
shall automatically extend the address by padding the most significant
bytes with zeross in order to extend the address to the length needed. As
with immediate addressing, any expression evaluation shall take place
before the address is selected; thus, the address selection character is
only used once, before the address of expression.

The! (exclamation point) character should be supported as an alternative
to the | (vertical bar).

Along indirectaddressis indicated in the operand field of an instruction
by surroundinb the direct page address where the indirect address is
found by square brackets; direct page addresses which contain sixteen-
bit addresses are indicated by being surrounded by parentheses.

The operands of a block move instruction are specified as source bank,
destination bank—the opposite order of the object bytes generated.

Comment Fleld—The comment field may start no sooner than one space
after the operation code field or operand field depending on instruction
type. ‘
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Addressing Mode
Immediate

Absolute

Absolute Long

Direct Page

Accumulator

Implied Addressing

Direct indirect
Indexed

Direct Indirect
Indexed Long

Direct Indexed

Indirect

Direct Indexed by X

Direct Indexed by Y

Absolute Indexed by X

Format

#d

#a

#al
H#HEXT
H#<d
#<a
#<al
HZEXT
#>d
H>a
#>al
#>EXT
#nd
#Aa
#aal
HAEXT
'd

la

a

lal
\EXT
EXT
>d

>a

>al

al
>EXT
d

<d

<a

<al
<EXT
A

(no operand)
(d)y
(<d)y
(<a)y
(<al),y
(<KEXT).y
[d}y
[<d)y
[<aly
[<all,y
[KEXTl.y
(d.x)
(<d.x)
(<a.x)
(<al,x)
(<EXT,x)
d,x
<d,x
<a,x
<al,x
<EXT,x
d-y
<dy
<ay
<aly
<EXTy
d.x

Id,x

a,x

la,x
lal,x
1EXT,x
EXT,x

Address Mode Formats

AddressingiMode
Absolute ingexed by Y

1
A i
[
Absolute Lgng Indexed
by X i

Program Counter
Relative and
Program{Counter
Relative Long

Absolute Indirect

Direct Indirect

'
3
'

Direct Indirect Long
i

Absolute Indexed

i

i
!

Stack Addi"essing
Stack Relative
Indirect Indexed

Vo
v

Biock Move

Note: The alternate ! (exclamation point) is used in place of the| (vertical bar).

23

Format
idy

dy

ay

lay

laly
IEXTY
EXTy
>d.x
>a,X
>al.x
al,x
SEXT,x
d (the assembler calculates
a randrl)
al

EXT

(d)

(1d)

(a)

(ta}

(tal)
(EXT)
(d)

(<a)
(<al)
(KEXT)
[d]

[<a]
[<al}
[<EXT)
(d)x)
(1d,x)
(a.x)
(la,x)
(1al,x)
(EXTx)
(IEXT,x)
(no operand)
(d.s)y
(<d.s)y
(<as)y
(<al,s)y
(<EXT.s).y
d.d

d.a

d,al
d,EXT
a,d

aa

aal
a,EXT
al,d

al,a

al,al
al,EXT
EXT.d
EXT,a
EXT,al
EXT.EXT
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Addressing Mode Summary

Memory Utilization
| Instruction Times in Number of Program
| In Memory Cycles Sequence Bytes
! Orlginal | New Original New
Address Mode | 8BIt NMOS We5C816 8BitNMOS W65C816
o 6502 gt 6502
1. Immediate P 2 e 2 20)
2. Absolute 4(5) i’ 4(35) 3 3
3. Absolute Long — 4 5(3) = 4
4. Direct 3(5) 1'9(3.4.5) 2 2
5. Accumulator 2 .2 1 1
6. Implied 2 . 2 1 1
7. Direct Indirect indexed (d),y 51 5(1.3.4) 2 2
8. Direct Indirect Indexed Long [d], ¥ — §(3.4) — 2
9. Direct Indexed Indirect (d,x) 6 6(3.4) 2 2
10. Direct, X 415 4(3.4.5) 2 2
11. Direct, Y 4 4(3.4) 2 2
12. Absolute, X 4(1.5) 4(13.5) 3 3
13. Absolute Long, X = 5(3) —_ 4
14. Absolute, Y 4M 401.3) 3 3
15. Relative 2(1.2) 2(2) 2 2
16. Relative Long —_ 3 — 3
17. Absolute Indirect (Jump) 5 5 3 3
18. Direct Indirect — | 534 - 2
19. Direct Indirect Long = © i34 —_ 2
20. Absolute Indexed Indirect (Jump) —_ . 6 — 3
21. Stack 3-7 . 3-8 1-3 1-4
22. Stack Relative - " 40 — 2
23. Stack Relative Indirect indexed ¥ s 73 — 2
24. Block Move X, Y, C (Source, Destination, Block Length) —_ 7 —_ 3
NOTES:
1. Page boundary, add 1 cycle if page boundary is crossed when forming address.
2. Branch taken, add 1 cycle if branch is taken.
3. M=0or X =0, 16 bit operation, add 1 cycle, add 1 byte forimmediate.
4, Direct register low (DL) not equai zero, add 1 cycle.
5. Read-Modify-Write, add 2 cycles for M = 1, add 3 cycles for M= 0.
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Caveats and Application Information

Stack Addressing

When in the Native mode, the Stack may use memory {ocations 000000
to OOFFFFF. The effective address of Stack, Stack Relative, and Stack
Relative Indirect Indexed addressing modes will always be within this
range. In the Emulation mode, the Stack address, range is 000100 to
0001FF. The tollowing opcodes and addressing modes will increment or
decrement beyond this range when accessing tlwo or three bytes:

JSL; JSR(a,x); PEA; PEI; PER; PHD; PLD; RTL; d.s; (d.s).y

Direct Addressing

The Direct Addressing modes are often used to access memory registers
and pointers. The effective address generated by Direct; Direct,X and
Direct,Y addressing modes will always be in the Native mode range
000000 to OOFFFF. When in the Emulation mode, the direct addressing
range is 000000 to 0000FF, except for [Direct] and [Direct],Y addressing
modes and the PEI instruction which will increment from 0000FE or
O0000FF into the Stack area.

When in the Emulation mode and DH is not equal to zero, the direct
addressing range is 00DHO00 to 00DHFF, except for [Direct) and [Direct],Y
addressing modes and the PEI instruction which will increment from
OODHFE or O0ODHFF into the next higher page.

When in the Emulation mode and DL in not equal to zero, the direct
addressing range is 000000 to OOFFFF.

Absolute Indexed Addressing (W65C816 Only)

The Absolute Indexed addressing modes are used to address data out-
side the direct addressing range. The W65C02 and W65C802 addressing
range is 0000 to FFFF. Indexing from page FFXX may result in a 00YY
data fetch when using the W65C02 or W65CB802. In contrast, indexing
from page ZZFFXX may resultin 2ZZ+1,00YY when using the W65C816.

Future Microprocessors (i.e., W65C832)
Future WDC microprocessors will support all current W65C816 operat-
ing modes for both index and offset address generation.

ABORT Input (W65C816 Only)

ABORT should be held low for a period not to exceed one cycle. Also, it

ABORT is held low during the Abort Interrupt sequence, the Abort Inter-

rupt will be aborted. It is not recommended to abort the Abort Interrupt.

The ABORT internallatch is cleared during the second cycle of the Abort

Interrupt. Asserting the ABORT input after the following instruction

cycles will cause registers to be modified:

o Read-Modity-Write: Processor status modified if ABORT is asserted
after a modify cycle,

e RTI: Processor status will be modified if ABORT is asserted after
cycled.

* |IRQ, NMI, ABORT BRK, COP: When ABORT is asserted after cycle 2,
PBR and DBR will become 00 (Emulation mode) or PBR will become
00 (Native mode).

The Abort tnterrupt has been designed for virtual memory systems. For
this reason, asynchronous ABORT's may cause undesirable results due
to the above conditions.

\éDIA;and VPA Valid Memory Address Output Signals (W65C816
nly

When VDA or VPA are high and during all write cycles, the Address Bus
is always valid. VDA and VPA should be used to qualify all memory cycles.
Note that when VDA and VPA are both low, invalid addresses may be
generated. The Page and Bank addresses could also be invalid. This will
be due to low byte addition only. The cycle when only low byte addition
occursis an optional cycie forinstructions whichread memory when the
Index Register consists of 8 bits. This optional cycle becomes a standard
cycle for the Store instruction, all instructions using the 16-bit Index
Register mode, and the Read-Modify-Write instruction when using 8- or
16-bit Index Register modes.

Apple Il, lle, lic and 11+ Disk Systems (W65C816 Only)

VDA and VPA should not be used to qualify addresses during disk opera-
tion on Appie systems. Consult your Apple representative for hardware/
software configurations,

DB/BA Operation when RDY is Pulled Low (W65C816 Only)
When RODY is low, the Data Bus is held in the data transfer state (i.e., ¢2
high). The Bank address external transparent latch should be latched
when the ¢2 clock or RDY is low.

M/X Output (W65C816 Only)

The M/X output reflects the value of the M and X bits of the processor
Status Register. The REP, SEP and PLP instructions may change the
state of the M and X bits. Note that the M/X output is invalid during the
instruction cycle following REP, SEP and PLP instruction execution.
This cycle IS used as the opcode fetch cycle of the next instruction.

All Opcodes Function in All Modes of Operation

It should be noted that all opcodes function in all modes of operation.
However, some instructions and addressing modes are intended for
W65CB16 24-bit addressing and are therefore less useful for the W65C802.
The following is a list of instructions and addressing modes which are
primarity intended for W65C816 use:

JSL; RTL; {d]; [d].y: JMP al; JML; al; al,x
The following Instructions may be used with the W65C802 even though
a Bank Address is not multiplexed on the Data Bus:
] PHK; PHB; PLB
The following instructions have “limited” use in the Emulation mode:

e The REP and SEP instructions cannot modify the M and X bits whenin
the Emulation mode. In this mode the M and X bits will always be high
(logic 1).

When in the Emulation mode, the MVP and MVN instructions use the
X and Y Index Registers for the memory address. Also, the MVP and
MVN instructions can only move data within the memory range 0000
(Source Bank) to 00FF (Destination Bank) for the W65C816, and 0000
to OOFF for the W65C802.

Indirect Jumps

The JMP (a) and JML (a) instructions use the direct Bank for indirect
addressing, while JMP {a,x) and JSR (a,x) use the Program Bank for in-
direct address tables.

Switching Modes

When switching from the Native mode to the Emulation mode, the X and
M bits of the Status Register are set high (logic 1), the high byte of the
Stack is set to 01, and the high bytes of the X and Y index Registers are
set to 00. To save previous values, these bytes must always be stored
before changing modes. Note that the low byte of the S, X and Y Registers
and the low and high byte of the Accumulator (A and B) are not affected
by a mode change.

How Hardware Interrupts, BRK, and COP Instructions Affect
the Program Bank and the Data Bank Registers

When in the Native mode, theé Program Bank register (PBR) is cleared to
00 when a hardware interrupt, BRK or COP is executed. In the Native
mode, previous PBR contents is automatically saved on Stack.

In the Emulation mode, the PBR and DBR registers are cleared to 00 when
ahardware interrupt, BRK or COP is executed. In this case, previous con-
tents of the PBR are not automatically saved.

Npte that a Return from Interrupt (RTI) shouid always be executed from
the same "mode"” which originally generated the interrupt.

Binary Mode
The Binary mode is set whenever a hardware or software interrupt is
executed. The D flag within the Status Register is cleared to zero.

WAI Instrucllon

The WAL instruction pulls RDY low and places the processor in the WA
"low power” mode. NMI, IRQ or RESET will terminate the WAl condition
and transfer control to the interrupt handler routine. Note that an ABORT
input will abort the WAL instruction, but will not restart the processor.
When the Status Register | flag is set (IRQ disabled), the TRQ interrupt
will cause the next instruction (following the WAl instruction) to be
executed without going to the TRQ interrupt handier. This method re-
sults in the highesl speed response to an IRQ input. When an interrupt
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