HEXADECIMAL AND DECIMAL CONVERSION
i HEXADECIMAL COLUMNS
6 5 a 3 2 1
HEx | DEC  [Wex| opec [HEx| DEC |WEX| DEC |HEX] DEC |HEX] DEC
0 ol o o o ol o ol o oo o
1 1,048576| 1 65536 1 40961 256| 1 16| 1 1
2 2007152 2 131,072| 2 8192| 2 512( 2 3|2 2
3 3,145728| 3 196608/ 3 12288| 3 768 3 48| 3 3
4 4,194,304 | 4 262144 4 16384 4 1024| 4 64| 4 4
5 5242880| 5 327680/ 5 20480 5 1280| 5 80 |5 5
6 6,291,456| 6 393216/ 6 24576| 6 1536 6 96| 6 6
7 7.340,032| 7 458752| 7 28672 7 1792 7 w2 |7 7
8 8388608| 8 524288/ 8 32768 B 2048 8 128 | 8 8
9 9,437,184| 9 589824| 9 36864 9 2304| 9 144 |9 9
A 10,485,760 | A 655360| A 40960 A 2,560 | A 160 | A 10
B 11,534,336| B 720,896| B 45056| B 2816 B 176 | B 11
C 12,582912| C 788,432|C 49,152| C 3072( C 192 | C 12
D 13,631,488| D 851,968/ D 53,248| D 3328| D 208 | D 13
E 14,680,064 E 917,504| E 57344| E 3584 | E 224 | E 14
F 15728,640| F 983040| F 61440 F 3840| F 240 | F 15
7654 | 3210 7654 3210 7654 3210
Byte Byte Byte
POWERS OF 2 POWERS OF 16
2" n 2° =16 16" n
256 8 2' =16 1 0
512 9 2* =186 16 1
1024 10 2% = 181 256 2
2048 11 2 _ 1g¢ 4096 3
4096 12 20 _ g8 65536 4
8192 13 20— 1g° 1048576 5
16384 14 S 16777 216 6
32768 15 2,=18 268 435 456 7
65536 16 2 =16 4294967 296 8
131072 17 2* = 16° 68719 476 736 9
262144 18 24 = 16'° 1099511627 776 10
524288 19 24 - 16" 17592 186 044 416 11
1048576 20 2 _ 15" 281474 976 710 656 12
2097152 21 297 _ 161 4503599627370496 13
4194304 22 w15 72057594037927936 14
8388608 23 o~ 18 1| 1152921504606846976 15
16 777 216 24 2" =16
BACKWARD RELATIVE BRANCH TABLE
™Mo 1 2 3 4 5 65 7 8 9 A B C D EF
8 | 128 127 126 125 124 123 122 121 120 119 118 117 116 115 114 113
9 112 111 110 109 108 107 106 105 104 103 102 101 100 99 98 97
A 96 95 94 93 92 91 90 89 88 87 86 85 84 83 82 81
] 80 79 78 77 76 75 74 73 72 71 70 69 68 67 66 65
c 64 63 62 61 60 53 58 57 56 55 54 53 52 51 50 49
D 48 47 46 45 44 43 42 41 40 39 38 37 36 35 34 33
€ 32 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17
F 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1
FORWARD RELATIVE BRANCH TABLE
S 0 1 2 3 45 5 7 8 9 A B C D EF
0 00 1 2 3 4 5 B 7 8 9 10 W 12 1314 13
1 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
2 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47
3 48 49 50 51 52 53 54 55 56 57 58 53 60 61 62 63
4 64 65 66 67 58 69 70 71 72 73 74 75 76 77 78 79
5 80 81 82 83 84 85 86 87 88 89 90 91 92 93 94 95
6 96 97 98 99 100 101 102 103 104 105 106 107 108 109 110 111
7 | 112 113 114 115 116 117 118 119 120 121 122 123 124 125 126 127

ASCIlI CHARACTER SET (7-BIT CODE)

MSD 0 1 2 3 4 5 6 7
LSD 000 001 010 o1 100 101 110 111

0 0000 NUL DLE SP 0 @ P p
1 0001 SOH DC1 ! 1 A Q a q
2 0010 STX DC2 4 2 B R b r
3 0011 ETX DC3 # 3 C S c s
4 0100 EOT DC4 g 4 D T d t
5 | 0101 | ENO NAK % 5 E u e u |
[ 0110 ACK SYN & ] E v f v
T 0111 BEL ETB ' 7 G W g w
8 1000 BS CAN ( 8 H X h X
9 1001 HT EM ) 9 | Y i y
A 1010 LF SUB ‘ 1 J Z j z
B 1011 vI ESC + ; K [ k {
c 1100 | FF FS , < L \ I I
D 1101 CR GS - = M ] m }
E 1110 SO RS . > N t n ~
F 1111 S| VS ! ? 0] - ] DEL

NUL — Null DLE — DatalLink Escape

SOH — Start of Heading DC — Device Control

STX — Startof Text NAK — Negative Acknowledge

ETX — Endof Text SYN — Synchronous Idle

EOT — Endof Transmission ETB — £nd of Transmission Block

ENQ — Enquiry CAN — Cancel

ACK — Acknowledge EM — EndofMedium

BEL — Bell SUB — Substitute

BS — Backspace ESC — Escape

HT — Horizontal Tabulation FS — File Separator

LF —LlineFeed GS — Group Separator

VT  — Vertical Tabulation RS — Record Separator

FF — FormFeed US  — Unit Separator

CR — Carriage Return SP — Space{Blank)

SO — ShiftOut DEL — Delete

Sl — Shiftin

PUNCHED TAPE FORMAT (ASCII)

8¢ g o ooee 1
e 4 fL80

000 & 000 0 00t LN 1

o o 8

ess 308 2
° oooe 4 pMSD

° P
38:;—*1 \ OA = LF
3 =1 oD = CR
38 =8 Data P = Even Parity

OBJECT CODE RECORD FORMAT (ASCII)
1 2 n

P pum pian,
Data Record: ;NiNoAsA:A140D1DsD1Do .. . D1DoXsX2X1X-CR LF
Last Record: ;00C:C:CiCaXaXaXiXe
where:
Two hex digits (MSD & LSD) = 1 ASCII character
; = Start of record (ASCII ‘3B")

N:sNo = No. of data bytes in record (hex.) 18+s max.
= 00 for last record

AsA:A1Ao = Starting address (hex)

D:iDs = Two hexadecimal digits = One 8-bit databyte

XaX2X:1Xe = Record checksum (hex.) Hex sum of ail characters in the
record except ; and checksum, truncated to 16 bits (four
hex digits)

CsC4C:Co = Total number of records (hex)

CR = Carriage Return (ASCII '0D’)

LF = Line Feed (ASCII ‘0A’)
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RE6500/1 CONTROL REGISTER
The Control Register controls four Counter operating modes and three
maskable interrupts. It also reports the status of three interrupt conditions.

7 [} 5 4 G sk 1 [
[cTRo [ acEn [ atep [ cig | aoiE ] atte [ cMc1] cMco |

COUNTER MODE CONTROL

00 = Interval Timer

01 = Puige Generator

10 = Event Counter

11 = Pulse Widih Measurement

PA1INTERRUPT ENABLE

1 = Enable PA1 Interrupt
0 = Disable PA1 interrupt

PAO INTERRUPT ENABLE

1 = Enable PAQ Interrupt
0 = Disable PAQ Interrupt

COUNTER INTERRUPT ENABLE

1 = Enable Counter (nterrupt
0 = Disable Counter Interrupt

PA1 NEGATIVE EDGE DETECTED

1 = PAt Negative Edge Detected
0 = PA1 Negative Edge Not Detected

PAO POSITIVE EDGE DETECTED

1 = PAQ Posilive Edge Detected
0 = PAQ Positive Edge Nol Detected

COUNTER OVERFLOW

1 = Counter Overftow Occurred
0 = No Counter Overflow

RE500/1 COUNTER MODES

INTERVAL TIMER (MODE 0)

In this mode the Counter is free-running, and decrements at the #2 clock rate.
The CNTR line is held in the high state.

PULSE GENERATOR (MODE 1)

In this mode the Counter is free-running, and decrements at the @2 clock rate.
The CNTR line toggles from one state to the other when Counter overflow occurs.

EVENT COUNTER (MODE 2)
In this mode the CNTR line is used as an event input line. The Counter
decrements each time arising edge Is detected on CNTR.

PULSE WIDTH MEASUREMENT (MODE 3)

This mode allows accurate measurement of the duration of a low state on the
CNTR line. The Counter decrements at the @2 clock rate as long as the CNTR
is held in the low state, and stops when CNTR switches to the high state.

Note: in all modes Counter overflow sets the Control Register CTRO status
bit and causes the Counter to be preset to the Latch value.

. T

PROCESSOR PROGRAMMING MODEL

7 0
A ACCUMULATOR A

7 0

7 0

15 7 Q0
pCH Tl PCL ] PROGAAM COUNTER pg

a4 7 [
[r s ] STAGK POINTER g

7 0
N[V B(D|1]|]2Z|C PROCESSOR STATUS REG. -

\———0 GCARRY t = TRUE

————————p ZEROQ 1 = RESULT ZERO

L——————» IRQ DISABLE 1 = DISABLE
DECIMALMODE 1 = TRUE
t—————————> BRKCOMMAND 1 = BRK
OVERFLOW 1 = TRUE
—» NEGATIVE 1 = NEG.
MACHINE INSTRUCTIONS
ADC Add Memory to Accumulator LDX Load Index X with Memory
with Carry LDY Load Index Y with Memory
AND AND Memory with LSR Shift Right One Bit (Memory or

Accumulator Accumulatorn)
ASL Shift Left One Bit (Memory or NOP No Operation

Accumulator) 4
ORA OR Memory with Accumulator
BOG ‘Branohon Gamy Glaar PHA Push Accumulator on Stack
BOS Branch on Ganry Set PHP Push Processor Status on
BEQ Branchon Result Zero Stack
L TR S 217 Vil PLA Pull Accumulator from Stack

Accumulator
BMI Branch on Result Minus e g;:al::l;rocessor Statissfrom

BNE Branch on Result Not Zero
BPL Branch on Result Plus ROL Rotate One Bit Left (Memory or
BRK Force Break Accumulator)
BVC Branch on Overflow Clear ROR Rotate One Bit Right (Memory
BVS Branch on Overfiow Set - g\; I:c;?‘u'ng::‘altr?{) e

urn fr erru
gtg 8:2:; gg::riymlilla I\gdode RTS Return from Subroutine

CLI Clear interrupt Disable Bit SBC Subtract Memory from

CLV Clear Overflow Flag Accumulator with Borrow

CMP Compare Memory and SEC Set Garry Flag
Accumulator SED Set Decimal Mode

CPX GCompare Memory and Index X SE!  SetInterrupt Disable Status
CPY Compare Memory and Index Y STA Store Accumulator in Memory
STX Store Index X in Memory

DEC Decrement Memory by One

DEX Decrement Index X by One Sy Sl bian R ey

DEY Decrement index Y by One TAX f':"e‘s';' Accomplajar 1o

naex

EOR Exclusive-OR Memory with TAY Transfer Accumulator to
Accumulator Index Y

INC  Increment Memory by One TSX Transter Stack Pointer to

INX Increment index X by One Index X

INY Increment Index Y by One TXA Transfer Index X to

JMP Jump to New Location Accumulator
JSR Jump to New Location Saving TXS Transfer Index X to Stack

Return Address s _l:oint?r el
LDA Load Accumulator with ranster Index Y to
Memory Accumulator

COMPARE INSTRUCTION RESULTS

Condition N 4 [+
A, X, orY < Memory 0 0
A, X, orY = Memory 0 1 1
A, X, orY >Memory 0* 0 1

*N is valid only for 2's complement compare.




R6500 INSTRUCTION SET

IMETHUCTIONS IMMEDIATE | ABSOLUTE | ZERD PADE ACCUM IMPLIED {0, X) {INDy, ¥ 1 PAGE, X ABS. X RELATIVE INDIRECT 2 PABE. Y Egggswk ST

MNEMDKIC OPERATION P n | nfor{ n|afor|n|nlor a|xlor]| o] foF Tlr- or|n|aloe|n|alor|nls op] n |« |oe] |« orl ]« T is o c(.: % QI MNEMONIC
ADC A+MmsC=A w(|ea|2]2 [so] a|afes]sfz D 71152 || a2 Jrofa]a | | Nv...-2C| aDC
AND AaM—=A Mm|2e| 2|2 |20f 4|3 |s] 3|2 21 8|2 n 35|42 |a| 4fa M. .o+ 2«| AND
ASL (o2 00 OE| 6|3 |08 5|2 Joal 2(1 | w| 62 1E| T3 | He:.«:+ZC| ASL
BCC BRANCHONC =0 (2) w| 2|2 T M .| Bce
BCS BRANCHONC = 1 (2 Bo| 2| 2 I | |-+ -+ l8BCS
BEQ BRANCHONZ = 1 (2) Fof 2l 2 ] e s .- -l BEQ
BIT AAM 2c|4(af2¢|3]2 M M - ¢ 0 Z BT
BMI BRANCHONN = 1 (2) slal 2 e e e e BM
BNE BRANCHONZ = 0 () ool 2] 2 e e BNE
BPL BRANCHONN = 0 (2 10 2 A Y
BRK BREAK (See Fig 1) 0|7 |1 S o -1 e - .| BRK
BVC BRANCHONV =0 (2 50|22 e e - BYE
8vS BRANCHONV =1 (2 0]2|2 ce e - .| BYs
cLc 0-C 8|21 v - 0flcLe
cLD 0D D8f 2|1 .0 - -|lcLo
cLi 01 s8[ 21 s e 0. ] CL
cLv o-v 8§ 2| 1 P
cMP A-M co|2(2|cpf4fa]cs[3]|2 cij6|2 D1l 5|2fos/a]|2|oofa|3|osfa]a N-.-....2C|lCMP
cPX X-™ Eo| 2| 2(ec| 4 | 3|E4| 3|2 N.....2C|lCPX
cPY Y-M ool 2| 2jcc| 4| d]ce 3|2 N.....2clcpy
DEC M-1=M CE[6|3|C6| 5| 2 D6[ 6| 2f0E| 7 (3 N..--.2.|0DEC
DEX X-1=X ca| 2|1 Noew.-o2.|DEX
DEY ¥=1-¥ 88|21 N.....2.|DEY
EOR AYM—~A (|48 2| 2 |4D| 4 | 3|45} 3| 2 416 |2 S1|5|2]55|4a|2]|5D|4|3]|59|4|23 N+.+-.-+.2+.2-| EOR
INC M+ 1M EE| 8| 3|E6| 5| 2 Fe|6 | 2|FE| 7|3 N+« o+« Z«|INC
1N X X+ 1=X €| 21 NowooooZo| INX
INY Y4+1-Y calz2f1 N+ = «««Z2Z-l1INY
JIMP JUMP TO NEW LOC ac} 3|3 6C| 5|3 Y Y
ISR JUMP SUB {See Fig. 2) 20|63 e T T
LDA M=A () |as| 2| 2|ap| 4 |3]as| 3] 2 Alsl2 B1|5]|z|es[af2[BD|¢|3]B9|a|3 N+ - -z LDA
LDX M—X () |a2] 2| 2 |aE| a4 | 3|63 |2 BE|< |3 B[4 |2|N- ¢+ « - - Z | LDX
LDY M=y m |aol 2| 2 [ac| a | 3]ae| 3| 2 Bala|2|BC| 43 N+« Z+|0LDY
LS8R [ — 4E(6 (346 5| 2]eafl 21 56| 8| z|[s€| 7|3 0. ... 2C[LsSR
NOP NO OPERATION EA| 2|1 D v e s e sl NOP
ORA AVM=A 09) 2| 2]op|a|3]os[3]2 0162 11|85 2|15 4] 2|pfa]3]i9|a]a N-+--«7| ORA
PHA A=Ms §S-1-8§ 48|31 T . . . o« oowon] PH&E
PHP P-~Ms §-1-8 oa| 3f1 P e e el PEE
PLA S+1-8 Ms— A 68|41 N+ +ovzo|lPLa
PP $+1-8 Ms—~P 28|41 (RESTORED) RLE
ROL 26| 6326|5222 6|6|2]3€|7]3 | N+ - 2ClROL
ROR L o S o BE[ 6 [3[66f5]|26al 2|1 76| 6| 2|7€| 7|3 i N-= =+ 28 AOA
RTI RTAN INT (See Fig. 1) 40|61 (RESTORED) AT
ATS RATAN SUB (See Fig 2) 60[6 |1 | vowor & o doel BRE
$B8C A=~ M=C—-t (M |Eef 2|2 |ED| 4 | 3|ES| 3| 2 Ev| 8|2 Fif 5| 2(Fs| 4| 2|FD| 4|3 (F9|l 4|3 Nve -+ Zz@ 58C
SEC 1-C |21 o8 w e oo 2l BEG
SED 1-D P8l 2|1 | AR T I N
SEI 11 78[ 2 1 [ PRI T
STA A~M 8D[ 4 |3|8s5[ 3|2 81|62 916 |29s|afz2]ep]s|3|eaf5]3 slala e dew) B K
STX X~ M 8E| ¢ |alse| 3|2 ol al2]|. - o e wix]gTR
ST Y-M 8C{4 [3[B4[ 3|2 ) gafa|2 i P AP " K X
TAX A-X aal2 1| | | | | | { N= ve &% 20| Tax
TAY A=Y a8l 2|1 I WiE wd ke T o] TkE
TS X s-x 8al 2| (VET C S ,  2
TXA XA Bal 2| 1 Ros =ie o 0w | PR
TXS X=35 9a| 2|t | %8
TYA Y=A 98| 2|1 i | N~ e =« Zul TYR

{1} ADD110"N"IF PAGE BOUNDARY IS CROSSED % INDEX X +  ADD M,  MEMORY BIT 7

b ¢ woex v - swemer o wewor

3)  CARRYNOT = BORROW A ACCUMULATOR A AND n NO. CYCLES

e M MEMOSY PER EFFECTIVE ADDRESS v DR #  NO.BYTES

ACCUMULATOR MUST BE CHECKED FOR ZERO RESULT Ms ORY PER STACK POINTER ¥ EXCLUSIVEDR




OPERATION CODE TABLE

R6500/1 ONE-CHIP MICROCOMPUTER

R8500/1 MEMORY MAP

HEX
FFF
FFE
FFD
FFC
FFB
FFA
FF9

800
7FF

400

OBFW
08E

08B
08A
089
088
087
086
085
084
083
082
081

ROM

» Input/Output

080

03F
000

o 1 2 3 “ 5 ¢ L] 9 A < D E
so - s
0 R ORAIND X PH ASLA ORA-ABS ASL-AES 0
1| e ORAIND. ¥ ASLABS, X '
J5R ANTHIND X BITZ Pa PLP WIT.ABE ROL-ABS 2 — —
s i S : IRQ Vector High r_
o | wr PriA sna JumMPABS LsAAES . | IRQ Vector Low
2 i : _RES VectorHigh
8 sTve e STAZ PAGE THa ETvABS PR pe— » NMi Vector High
v | m STAIND ¥ STYZ Pag ZPAGE. X |6T1Z PAGE i STAABS. ¥ Tas ATAABS, X " NM| Vector Low
A LD L LDAND X Ox MM LOY.-I Page :IJAQ FaGe LDX.Z PAGE TAY LDA-SMM Tax LDV ABS LODA-ABS LDX-2B5 A i c
& | scs LOAIND Y LOY 2 Page. X |L0OAZ FAGE. X | LOX.Z PAGE ¥ o LOAABS ¥ Tax LOY-ABS. X | LOAABS.x | LOxaAss. Y 8 User Program
c CPY.aMM CMPIND X CPY-Z Page CMP-Z PAGE DEC Z PAGE NY CMP- M DEx CPY-ARS CMFE ABS DEC ABS c 4
o | ene CMREIND Y CHMP 2 PAGE X|DEC Z PAGE X cLo CMPAES, ¥ CMP.aBS. X | DECABS.X 0 i
E CPx-MM SBCIND X CPX-Z Page [SBC-Z PAGE  |INCZ PAGE X BEC MM NOP CRE-ABS 58C-ABS INC-ABS E R6500/1E User Program (1)
F BEQ SBCIND ¥ SHC-Z PAGE. X [INC-Z PAGE X SED EBC ABES. Y SBC-ABS, X INC-ABS, X F
Unassigned {
\ Control Register
ADDRESSING MODES 2 Unassigned {
IMM — IMMEDIATE ADDRESSING — The operand is contained in the second ABS, X - ABS, Y — ABSOLUTE INDEXED — The effective address is formed
byte of the instruction. by adding the index to the second and third byte of the instruction. S:Z: s:; seg sgge DDe'tectteg g;
ABS — ABSOLUTE ADDRESSING — The second byte of the instruction con- (IND, X) — INDEXED INDIRECT — The second byte of the instruction is add- ooer T e _?e °f°° = = B
tains the 8 low order bits of the effective address (EA). The third byte ed to the X index, discarding the carry. The result points to a location | ppec L ateh and TragisterLatol] to Ceamten ]
contains the 8 high order bits of the effective address. on page zero which contains the 8 low order bits of the EA. The next | Lower Count 3)
2 PAGE — ZERO PAGE ADDRESSING — Second byte contains the 8 low byte contains the 8 high order bits. Upper Count
order bits of the effective address. The 8 high order bits are zero. (IND), Y — INDIR.ECT,INDEXED — The second byte of the instruction points Lower Latch
A — ACCUMULATOR — One byte instruction operating on the accumulator. to a location in page zero. The contents of this memory location is Upper Latch
ZPAG G yeedns ‘:q P Thg ah added to the Y index, the resuit being the low order eight bits of the Pg‘;ﬁ D
E, X -Z PAGE, Y — ZERO PAGE INDEXED — The second byte of the in- EA. The carry from this operation Is added to the contents of the next
struction is added to the index (carry Is dropped) to form the low order page zero location, the result being the 8 high order bits of the EA. PORTC
byte of the EA. The high order byte of the EA is zeros. | PORTB
PORT A
2 Unassigned 3
FIG.1 IRQ, NMI, RTI, BRK OPERATION FIG.2 JSR, RTS OPERATION
User RAM
ADDRESS MEMORY ADDRESS MEMOAY i P e
ADH | ADL | MNEMONIC | OF CODE LOW MEMORY ADH | ADL || MNEMONIC | OP CODE LOW MEMORY Notes:
(1) Additional 1024 bytes are decoded for external memory addressing by the
0 | st 5P AFTER 1RQ OR NI o 1loe =3P AFTER JSR BUT BEFORE R6500/1E Emulator Device.
o BUT BEFOAE ATI o 1o [IFFEL 02 RETURN (RTS) {2) 110 command onty; i.e., no stored data.
o P D (i o SPBEFORE JRANDARTER (3) Clears Counter Overflow — Bit 7 in Control Register.
- RETURN (RTS) FROM
: N A
L | T T - o= o=
BC 03|00 JSR . JUMP TO SUBROUTINE
PC — o 3 00 e PC AT TIME OF iRQ OR e 3 01 ADL os
NMI — THIS INSTRUCTION
—_—0 3 (0 1 WILL COMPLETE BEFORE o3 0 2 ADH 04
INTERRUPT 1S SERVICED
RE N A BROUTINE TO
oa)o [ BETUR FROG N IE AR RN THIS ADDRES (PG AFTER ATS)
AFTERRTH
0 4 Q5 . INTERQUF‘I SERVICE
0 alos . MAIN BODY i b J, 1 il
040 7 RTI 40 RETURN FROM T T T T
INTERRUPT
L w0 4|0 5 SUBADUTINE MAIN
BODY
0 4 0 8 .
0 4o 7
F FIF K ADL ] NMIVECTOR 0 4]0 8 RTS 60 RETURN FROM SUBROUTINE
F F|F B ADH
L FF|F c| aoL ]
RES VECTOR
F F|F O ADH
F-F|F 8 ADL 05
Pk e B K ] 1RO VECTOR
L = Bl L] T

L re——
HIGH MEMORY






