





Low Bit Set:
Decimal Hex
72 48
73 49
74 4A
75 4B
76 4C
77 4D
78 4E
79 4F
80 50
81 51
82 52
83 53
84 54
85 55
86 56
87 57
88 58
89 59
90 5A
91 5B
92 5C
93 5D
94 5E
95 5F
96 60
97 61
98 62
99 63
100 64
101 65
102 66
103 67
104 68
105 69
106 6A
107 6B
108 6C
109 6D
110 6E
111 6F

F The ASCII Character Set

High Bit Set:

Decimal Hex
200 C8
201 C9
202 CA
203 CB
204 cc
205 CD
206 CE
207 CF
208 DO
209 DI
210 D2
211 D3
212 D4
213 D5
214 D6
215 D7
216 D8
217 D9
218 DA
219 DB
220 DC
221 DD
222 DE
223 DF
224 EO
225 El
226 E2
227 E3
228 E4
229 E5
230 E6
231 E7
232 E8
233 E9
234 EA
235 EB
236 EC
237 ED
238 EE
239 EF

Character

s NKXsSs<<CH®OIO TOZZIMXAT —I

—

- oQ —HD® o O T o >

© > 3Pk X

Names

Left bracket
Backslash

597

Right bracket

Caret
Underscore
Accent grave

Continued.
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Low Bit Set: High Bit Set:

Decimal Hex Decimal Hex Character Names
112 70 240 FO P
113 71 241 Fl q
114 72 242 F2 r
115 73 243 F3 s
116 74 244 F4 t
117 75 245 F5 u
118 76 246 F6 v
119 77 247 F7 w
120 78 248 F8 X
121 79 249 F9 y
122 7A 250 FA z
123 7B 251 FB { Left brace
124 7C 252 FC 1 Vertical line
125 7D 253 FD 3 Right brace
126 7E 254 FE ~ Tilde

127 TF 255 FF DEL delete, rubout



Index

see |

#,109, 367

$, 8, 78

%, 78, 181

<, 109, 201-203

>, 109, 132, 134, 143, 201-203
|, 117, 122, 201-202

A register, see Accumulator
Abort signal, 64, 65, 261, 522, 548
Accumulator, 15, 26-27, 56, 91
16-bit, 51
A, 58, 96, 102
in emulation mode, 69
B, 58, 95-97, 100, 102
in emulation mode, 69
C, 58, 100, 102, 103-104
in emulation mode, 69

Accumulator/Memory select flag, 56, 67,

71, 109, 112
Addition, 30, 151-165, 423
Address 5
lines, 545
notation, 81
space, 6502, 27
Addresses, direct page, 81, 116
Addressing Modes, 26
6502, 34
6502 addressing modes on the 65816,
59
65C02, 46
65C02 on the 65816, 59
65816/65802, 61
absolute, 34, 35, 61, 108, 111-114
absolute indexed, 29, 46
absolute indexed indirect, 197,
210-212
with JSR, 230-231

absolute indexed with X, 34, 120-123,

187
absolute indexed with Y, 34, 197,
120-123
absolute indirect, 34, 141, 142
absolute indirect long, 61, 62
absolute long, 61, 62, 108, 130-135
absolute long indexed with X, 61, 62,
134-135, 197
accumulator, 34, 35, 108, 126-127

Index
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block move, 61, 62, 108, 137

complex, 197-223

direct page, 34, 108, 114-117, 197

direct page indexed indirect with X,
34, 197, 206-210

direct page indexed with X, 34, 197,
123-126

direct page indexed with Y, 34, 197,
123-126

direct page indexed, 29

direct page indirect indexed with Y,
34, 197, 203-206

direct page indirect long indexed
with Y, 61, 62, 197, 212-214

direct page indirect long, 61, 62, 108,
135-137

direct page indirect, 46, 108, 128-130

for accumulator operations, 28

immediate, 34, 35, 61, 108-111

implications of, 109-111

implied, 34, 35, 108, 127

indexed, 61, 122

indexed indirect, 29

indirect indexed, 29

postindexed, see Addressing Modes,
direct page indirect indexed with
Y

postindexed long, see Addressing
Modes, direct page indirect long
indexed with Y

preindexed, see Addressing Modes,
direct page indexed indirect with
X

program counter relative long, 61, 62

program counter relative, 34, 35

simple, 107-138

stack, 34, 35, 108, 127

stack relative indirect indexed with Y,
61, 62, 197, 216-217

stack relative, 61, 62, 197, 213-215

syntax summary, 108, 197

zero page, see Addressing Modes,
direct page

Addressing

direct page, 55, 198
long, 130-138
used with the 65802, 132

And, 9-10, 181-183, 187, 189, 193
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Apple Il, 45, 48,71, 75, 78, 278, 301, 302,
319, 333, 552
40-column screen, 205
keyboard, 149
screen memory, 183-184
Architecture,
6502, 25-44
65C02, 45-48
65816/65802, 49-72
Arithmetic instructions, 156
Arithmetic, 155-178
multiple precision, 15, 30, 163-166
signed, 170-174
unsigned, 161-166
Array, 117
ASCII, 3, 8
chart, 595-598
Assembler
addressing mode assumptions,
overriding, 200-203
macro, 17
special syntax, immediate addressing,
109
Assembler, ORCA/M, 78, 366
Assembler directives, 18
ANOP, 81
DS, 80
GEQU, 79
LONGA, 110-111, 112
LONGI, 110-111, 112
ORG, 79
Assembler syntax, 117, 132, 134, 366
Assemblers, 16
Assembly language, 16
Asserted, 179

b, see Break flag
B register, sec Data bank register
Back space, 8
Bank, memory, 6, 53, 114
Bank address lines, 547
Bank byte, 53, 132
Bank change, as result of indexing,
119-120
Bank-independent, 132
Bank registers, 65
see also Data bank register or Program
bank register
Bank zero, 55, 141, 143
interrupt vectors, 251

use for direct page, 199
BASIC, 15

BBR, R65C02 instruction, 561, 562
BBS, R65C02 instruction, 561, 563
Benchmarks, 293-298
Binary Coded Decimal (BCD) numbers,
3, 14, 31, 176, 284, 442
Binary
arithmetic, 15
digit, 4
division, 273
number systems, 3
Bit, 4
inversion, 185
manipulation, 187-189, 193
numbering, 6, 179
testing, 431, 513-514
Bit-field, 179
Bit-manipulation instructions, 180
Bit-reset, 513
Bit-set, 514
Bitwise, 9, 181
Block move, 69, 103, 466-467, 468-469
see also Addressing Modes, block
move
see also Instructions, MVN
see also Instructions, MVP
Boolean logic, see Logical operations
Borrow, 30-31, 165
Branch
conditional, 20, 29, 1143-1151
branch always, synthesis, 148
branch to subroutine, synthesis, 232,
234-235
instructions, 20, 139, 140, 143-153
limitations, 150-151
timing of, 144
unconditional, 47, 151-153
Break flag, 29, 30, 42, 58, 67, 71,
253-254, 436
BRK, used in debugging, 300, 332
BRK vector, 253

Bugs
6502, 43
65C02, 48

65816/65802, 72
Bus enable signal, 549
Byte, 5, 56
Byteworks, 78



¢, see Carry flag
C accumulator, 374
C programming language, 285, 287
Carriage return, 8
Carry, 30
Carry bit, 15
Carry flag, 29, 144, 147-148, 174, 189,
428, 429, 441, 497, 499
as source of error, 362
effect of comparison on, 167
in decimal mode, 176
use in arithmetic, 162-166
Chip packaging, 543
Clearing memory, 507
Clock signal, 40
CMOS, 43, 45, 47
Comments, in source code, 17, 370
Compare instructions, 156
Comparison, 166-170, 445, 449, 450
signed, 174-175
Compatibility, 65816 with 6502, 67
Compilers, 16, 285
Complement, 11
Constant data, 108
Context-saving, 277
Control codes, 8
COP vector, 253
Co-processor, 447
Cycle count,
branch instructions, 144
reduced on some 65816 instructions, 165

d, see Decimal flag
D register, see Direct page register
Data bank register, 53, 55, 114, 130, 477,
484
Data Bus Enable signal, 545
Data lines, 545
DBR, see Data bank register
DEBUG16, 299-359
Debuggers, 299
Debugging, 369
checklist, 362-370
Decimal adjustment, 176-177
Decimal flag, 31, 176, 262, 442, 500
as source of error, 362
effect of interrupt, 251
Decimal mode, 31, 176-177, 284
Decimal numbers, 13

Index 601

Decrement, 28, 156-161, 451, 452, 453
Differences between processors and
modes, 68
Direct page, 49, 124, 374
addresses, 81, 116
addressing, 55, 198
addressing modes, see Addressing
modes, direct page
as pointer to stack, 281
direct page offset, 116
errors in using, 365
relocating, 198-200
set to page boundary, 199-200
VS. zero page, 60
Direct page register, 53, 55, 116, 124,
478, 485
Disassembly, 299
Division, 183, 272-277
binary, 273
by powers of two, 191, 193
not built in, 155
on 6502, 273
on 65C02, 275
on 65802 and 65816, 275-277
Documentation, 369
of subroutines, 236
Double byte, 5, 56

e, see Emulation flag
Effective address, 26
Eight-bit registers, 364
Emulation flag, 58, 69, 148, 480, 486
Emulation mode, 50, 61, 64, 67, 148,
364, 374
switching to native mode from, 525
Emulation signal, 549
Eratosthenes sieve program, 293-298
Error messages, 18
Exchanges, 102-103
Exclusive or, 9-11, 185-187, 454
Execution
selection between paths, 19
straight-line, 18
External events, synchronization, 522

False, 179

Flags, status, 29-31, 53-54, 56-57,
58-59

Flow of control, 139-153
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Group [ instructions, 122, 567, 568-569
Group II instructions, 567, 569-570

Hardware signals, see Signals
Hexadecimal, 7

notation, 321

number systems, 3
High-order

bit, 171

byte, 53, 131

value, 4

i, see Interrupt Flag
Increment, 28, 156-161, 456, 457, 458
instructions, 156
sixteen-bits, 158
Index register mode select flag, 56, 71,
77, 109, 112
Index registers, 27-28, 51
Index signal, 549
Indexed addressing, 61, 122
Indexing, 35, 36, 117-119, 156
across banks, 119-120, 126
past end of direct page 124-126,
209-210
step value, 156
Indirect address, 118, 128, 130
Indirection, 35, 37
Input/Output, 42, 250
Instruction groups, 567-571
Instruction sets, 421-525
Instructions
ADC, 156, 161, 163-165, 172, 176,
423-424
AND, 180, 426
ASL, 180, 189, 427
BCC, 147-148, 167-168, 428
BCS, 147-148, 167-168, 429
BEQ, 140, 146-147, 166, 430
BGE, 168, 429
BIT, 180, 187-188, 431, 439, 440
BLT, 168, 428
BMI, 149, 171, 432
BNE, 146-147, 433
BPL, 149, 171, 434
BRA, 140, 151-153, 435
BRK, 64, 139, 249, 255, 436-437
BRL, 140, 153, 438
BVC, 150, 439
BVS, 150, 440

CLC, 249, 262, 423, 441
use in addition, 163

CLD, 249, 262, 442

CLI, 249, 262-263, 443

CLV, 249, 263, 439, 440, 444

CMP, 156, 167-170, 174, 176, 445-446

COP, 64, 65,139, 249, 255, 261, 447-448

CPX, 156, 170, 449

CPY, 156, 170, 450

DEC, 156-161, 451

DEX, 156-161, 452

DEY, 156-161, 453

EOR, 180, 454-455

INC, 156-161, 456

INX, 156-161, 457

INY, 156-161, 458

JML, 139, 143, 459

JMP, 139, 140-143, 459

JSL, 140, 226, 231-232, 460

JSR, 140, 225-248, 461

LDA, 84, 462

LDX, 84, 463

LDY, 84, 464

LSR, 180, 189, 465

MVN, 104-105, 466-467, 85

MVP, 105-106, 468-469, 85

NOP, 249, 263-264, 470

ORA, 180, 471

PEA, 84, 94, 218-219, 473

PEI, 84, 94, 218, 220, 474

PER, o4, 84, 94, 218, 221-223, 232,
234-235, 475

PHA, 84, 91, 476

PHB, 84, 91, 93, 477

PHD, 84, 94, 478

PHK, 84, 93, 479

PHP, 84, 480

PHX, 84, 91, 481

PHY, 84, 91, 482

PLA, 84, 91

PLB, 84, 91, 94, 484

PLD, 84, 94, 198, 485

PLP, 84, 91, 486

PLX, 84, 91, 487

PLY, 84, 91, 488

REP, 58, 75, 77, 86, 112, 249, 262, 489

ROL, 180, 189, 490

ROR, 180, 189, 491

RTI, 139, 249, 251, 254-255, 259, 262,
492-493



RTL, 139, 140, 226, 231-233, 254-255,
494-495
RTS, 77, 140, 225-248, 254-255, 496
SBC, 156, 161, 166-167, 172, 174, 176,
497-498

SEC, 166-167, 249, 262, 497, 499

SED, 176, 249, 262, 500

SEI, 249, 262-263, 501

SEP, 58, 75, 77, 86, 112, 249, 262, 502

STA, 84, 108, 503

STP, 249, 260-261, 504

STX, 84, 108, 505

STY, 84, 108, 506

STZ, 85, 103, 507

SWA, 524

TAD, 510

TAS, 511

TAX, 84, 95, 508

TAY, 84, 95, 509

TCD, 84, 99, 198, 510

TCS, 84, 100, 511

TDA, 512

TDC, 84, 99, 512

TRB, 180, 188-189, 513

TSA, 515

TSB, 180, 188-189, 514

TSC, 85, 100, 515, 516

TSX, 84, 95, 516

TXA, 84, 95, 517

TXS, 84, 95, 518

TXY, 85, 101, 519

TYA, 84, 95, 520

TYX, 85, 101, 521

WAI, 249, 260, 522

WDM, 249, 264, 523

XBA, 85, 95, 102, 524

XCE, 58, 85, 102, 441, 525
Instructions

6502, 38-39, 65C02, 47

65816/65802, 63

arithmetic, 156

bit manipulation, 180

data movement, 84

flow of control, 140

interrupts, 249

logic, 180

R65C02, 561-565

subroutines, 226

system control, 249

unimplemented, 44, 48, 72, 264
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Intel, 41, 42, 88, 91
Interpreters, 16
Interrupt, 30, 32, 42, 58, 64, 65,
249-253, 300, 363
hardware, 250, 253, 443
instructions, 139
latency, 43, 260, 522
maskable, 42
nonmaskable, 43, 251
processing, 251, 256-259
response time, 259-260
service routine, 42
software, 42, 251, 253, 436-437, 447
vector locations, 42, 64, 69, 251, 253
Interrupt flag, 31, 262-263, 436, 443, 501
effect of interrupt, 251
flag, effect upon IRQ, 251
1/0, memory-mapped, 42
IRQ signal, 31, 64, 250, 253, 436, 443,
501, 522, 546
IRQ vector, 253
Iteration, 20

Jump, 20, 139
indexed indirect, 210-212
indirect, using RTS, 228, 230
indirect long, 54
indirect vs. indexed indirect, bank
assumptions, 212
long, 54
subroutine, 21, 93
Jump instructions, 140-143
Jump long instructions, 139

K register, see Program bank register
Kilobyte, 6

Labels, 17, 79, 112

Line feed, 8

Linked list, 147

Logic, 9

Logic instructions, 180-181
Logical false, 9

Logical operations, 179-189
Logical true, 9

Loop control, 160
Looping, 20, 139, 146
Low-order, 4

m, see Accumulator/memory select flag
Machine language, 15



604 Programming the 65816

Macro instructions, 17
Mask, 77, 181
Maskable interrupt, 42
Masking bit fields, 180
Megahertz, 40, 545
Memory, 26
addressable, 65802, 49
addressable, 65816, 49
bank, 6, 53, 114
high-low order, 41
low-high order, 41
order of multi-byte values, 41
page, 35, 53, 114
stack, 90
Memory Lock signal, 544-545
Memory-mapped 1/O, 42
Memory models, 286
Memory signal, 549
Mensch, William D., Jr., 64
Mixing
eight- and sixteen-bit registers, 364
emulation and native code, 364
6502 and 65816 code, 277
Mnemonic, 16
Mode
8-bit, 112
16-bit, 112
differences, 68
flags, 98
select, 31
Modular programming, 368-369
Modulus, 183, 193
Motorola, 41, 42, 88, 91
Move block, see Block move
Multiple precision arithmetic, 15, 30,
163-166
Multiplication, 183, 268-272
by powers of two, 191-193
by ten, 192
not built in, 155
on 6502, 269
on 65C02, 269, 270
on 65802 and 65816, 269, 271
signed, 185-187
MVN/MVP, errors in using, 365-366

n, see Negative flag

Native mode, 50, 51, 61, 64, 67, 148, 364
differences on 65802 and 65816, 374
register size combinations, 57
switching to emulation, 525

Negated, 179

Negation, subroutine, 235-237

Negative flag, 29, 144, 157-161,

171, 187, 188, 431, 432, 434

effect of comparison on, 167

Nibble, 321

NMI signal, 64, 251, 522, 546

NMI vector, 253

NMOS, 43

Nonmaskable interrupt, 43, 251

Number systems, 3

Object code, 17
Off, 179
On, 179
Opcode, 16
Opcode, reserved, 523
Opcodes, unimplemented, 51
Operand, 16
Operand symbols, 375
Operation code, see Opcode
Operations,

6502, 36

65C02, 46
Or, 9-10, 183-185, 188
ORCA/M assembler, 78, 366
Overflow,

arithmetic, 30

two's complement, 30

Overflow flag, 29, 144, 150, 172-175,
187, 188, 263, 431, 439, 440, 444

decimal mode, 176
Overflow signal, 150

P register, see Status register
Packaging, chip, 543
Page, memory, 35, 53, 114
Page wraparound, 60
Page zero, see Zero page
Parameter passing, 237-248, 283
Pascal, 15, 287
PBR, see Program bank register
PC, see Program counter
Phase one signal, 545
Phase two signal, 545
Phase zero signal, 545
Pinout, 544
6502, 49, 544
65802, 49, 544
Pipelining, 40, 41



Pointers, in C, 285
Polling, 256
Position independence, 151-153
Positional notation, 4, 7
Power consumption, 64, 260-261, 504,
522
Processor status register, see Status
register
Processor type, 284-285
Processors,
16-bit, 49
differences, 68
Program bank register, 53-54, 114, 139,
479
Program counter, 19, 27, 33
Program counter relative, 144
Program loop, 159-161
Programming, structured, 225
Programming model,
6502, 27, 375
65C02, 375
65802 native mode, 66, 376
65816 emulation mode, 70, 378
65816 native mode, 52, 377
Pull, 31, 91
Push, 31, 89, 92
Push effective address instructions, 94,
216, 218-222

R65C02, 561-565

RDY signal, 260, 522, 545

Read-modify-write instructions, 126,
157

Read/Write signal, 545

Recursion, 228, 247, 287

Reentrancy, 228, 230, 247, 259

Register-oriented machines, 26

Register size, switching, 58

Register transfers, 94

Registers, 15, 26

Relocatable code, 151-153, 222-223, 232,
234-235, 435, 475

Relocatable module, 17

Remainder, 193

Reset signal, 4, 42, 64, 161, 179, 253,
262, 504, 522, 546

Reset vector, 253

Return, 21, 32

long, 54
Return address, 460, 461

Index

RMB, R65C02 instruction, 561, 564
Rockwell, see R65C02
Rotates and shifts, 30, 61, 180, 189-195,
427, 465
in multiplication, 269

S register, see Stack pointer
Selection between paths, 139, 144
Sequential execution, 139
Set, 4, 179
Set Overflow signal, 263, 439, 440, 444,
546
Shifts and rotates, see Rotates and shifts
Sieve of Eratosthenes, 293-298
Sign extension, 174, 187-188
Sign flag, 171, 179, 284
Signals,
abort, 64, 65, 261, 522, 548
bus enable, 549
clock, 40
data Bus Enable, 545
emulation, 549
index, 549
IRQ, 31, 64, 250, 253, 436, 443, 501,
522, 546
memory, 549
memory lock, 544-545
NMI, 64, 251, 522, 546
overflow, 150
phase one, 545
phase two, 545
phase zero, 545
RDY, 260, 522, 545
read/write, 545
reset, 4, 42, 64, 161, 179, 253, 262, 504,
522, 546
set overflow, 263, 439, 440, 444, 546
valid data address, 548
valid program address, 548
vector pull, 256-257, 548
Signed arithmetic, 170-174
Signed comparisons, 174-175
as source of error, 363
Signed numbers, 12, 171
Significance, 4
Single-stepping, 300
Sixteen-bit registers, 364
Small C programming language, 285
SMB, R65C02 instruction, 561, 565
Sorting routine, 168-170

605
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Source program, 17, 18
Stack, 6502, 31, 277
Stack memory, 90
Stack pointer, 27, 31, 49, 55, 89, 100,
511, 518
6502, 31, 277
errors in initialization, 367
relocating, 281
overflow, 365
Status flags, routine to display, 193-195
Status register, 27, 29, 58, 480, 486, 489,
502
control instructions, 249, 262-264
emulation mode, 69
flags, 144
native mode, 53-54, 58-59
Step-and-trace, 299
Structured programming, 368-369
Subroutine, 140, 225-248, 460, 461, 494,
496
branch-to, synthesis, 232, 234-235
Subroutines, 20, 32
documentation, 236
libraries, 21, 235
parameter-passing, 237-248
when to use, 235-237
Subtraction, 30, 161, 165-167, 497
Support chips, 551-559
Switching between native and
emulation modes, 71, 76, 283
Switching register size, 58
Switching to emulation mode, 283
Symbolic labels, see Labels
Synchronization with external events,
522

Test and set instruction, 188-189
Timing, 51

65816 instruction execution

improvements, 165

branch instructions, 144
Top-down programming, 368-369
Transfers, 94
True, 179
Truth table, 10

and, 10, 425

complement, 12

exclusive or, 11, 454

or, 11, 471

Two's complement, 12
notation, 171
number, 148-149
overflow, 30

Unary operations, 126
Unsigned arithmetic, 161-166

v, see Overflow flag

Valid data address signal, 548
Valid program address signal, 548
Vector pull signal, 256-257, 548

Western Design Center, 78, 366
Word size, 5, 49, 56

X, see Index register mode select flag
X register, 27-28, 56, 91, 103-104

Y register, 27-28, 56, 91, 103-104

z, sec Zero flag
Z80 processor, 40, 41
Zero bank, see Bank zero
Zero flag, 29, 144, 146-147, 157-161, 166,
187, 188, 430, 433
effect of comparison on, 167
Zero page, 15, 35, 277
no longer special on 65816/65802,
200-202
vs. direct page, 60
Zeroing memory, 507
Zilog, 41, 42

65x support chips, 551-559
6502
address space, 27
architecture, 25-44
bugs, 43
difference from emulation mode, 374
division routine, 273-275
existing 6502 applications running on
65816, 277-284, 308, 319
instructions, 38-39
Jump bug, 363
multiplication routine, 269, 270
operations, 36
pinout, 49, 544
programming model, 27-28, 375
signals, 545
stack, 31, 277



6502 emulation mode on 65816/65802,
see Emulation mode

65C02
architecture, 45-48
bugs, 48

difference from emulation mode, 374
division routine, 275
instructions, 47
multiplication routine, 269
operations, 46
pinout, 544, 546
programming model, 375
Rockwell version, 561-565
signals, 546
6521 PIA IC, 551, 556-558
6522 Versatile Interface Adapter,
257-259
6551 ACIA IC, 551, 552-556
65802/65816,
16-bit accumulator, 51
16-bit index registers, 51
architecture, 49-72
bugs, 72
compatibility with 6502, 67
division routine, 275-277
instructions, 63

Index
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multiplication routine, 269, 271
native mode, see Native mode
65802
addressable memory, 49
pinout, 49
programming model, native mode,
66, 376
signals, 547
65816
addressable memory, 49
compiler-generated code, 285-291
programming model
emulation mode, 70, 378
native mode, 52, 377
signals, 547

68xx processors, 88, 91, 363
6800 processor, 35, 41, 53
6809 processor, 41, 53
68000 processor, 40, 41

80xx processors, 88, 91, 363
MOV instruction, 88

8080 processor, 40, 41

8086 processor, 41
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