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—— SIMPLE BRANCHES ———

Mnemonic Opcode Cycles
BRA 20 3
BRN 21 3
BSR 8D 7

SIMPLE CONDITIONAL BRANCHES —

Test True Opcode False Opcode
N=1 BMI 2B BPL 2A
Z=1 BEQ 27 BNE 26
V=1 BVS 29 BVC 28
C=1 BCS 25 BCC 24

—— SIGNED CONDITIONAL BRANCHES —

Test True Opcode False Opcode
r>m BGT 2E BLE 2F
r=m BGE 2C BLT 2D
r=m BEQ 27 BNE 26
r<m BLE 2F BGT 2E
r<m BLT 2D BGE 2C

—— UNSIGNED CONDITIONAL BRANCHES —

Test True Opcode False Opcode
r>m BHI 22 BLS 23
r=m BHS/BCC 24 BLO/BCS 25
r=m BEQ 27 BNE 26
r<m BLS 23 BHI 22
r<m BLO/BCS 25 BHS/BCC 24

BIT MANIPULATION BRANCHES

BRCLR — Branch if all selected bits are clear
(opcode) (operand addr) (mask) (rel offset)
Memm =0? M =operand in memory; mm = mask

BRSET — Branch if all selected bits are set
(opcode) (operand addr) (rel offset)
(M)emm =0? M =operand in memory; mm = mask

16



Opcode vs Instruction Cross Reference

ADDR
Opcode | Operands Instruction Mode | Cycle
00 TEST INH —
01 NOP INH 2
02 IDIV INH 41
03 FDIV INH 1
04 LSRD INH 3
05 ASLD/LSLD INH 3
06 TAP INH 2
07 TPA INH 2
08 INX INH 3
09 DEX INH 3
0A CLv INH 2
0B SEV INH 2
oC CLC INH 2
oD SEC INH 2
OE cul INH 2
OF SEI INH 2
10 SBA INH 2
1 CBA INH 2
12| dd mm rr | BRSET (opr) DIR 6
(msk)
(rel)
13| dd mm rr | BRCLR (opr) DIR 6
(msk)
(rel)
14 | dd mm BSET (opr) DIR 6
{msk)
15| dd mm BCLR (opr) DIR 6
(msk)
16 TAB INH 2
17 TBA INH 2
18 (Page 2 Switch)
19 DAA INH 2
1A (Page 3 Switch)
1B ABA INH
1C | ff mm BSET (opr) IND,X 7
(msk)
1D | ff mm BCLR (opr) IND,X 7
(msk)
1E| ff mmrr BRSET (opr) IND,X 7
(msk)
(rel)
1F | ff mmrr BRCLR (opr) IND,X 7
{msk)

(rel)

17



Opcode vs Instruction Cross Reference

ADDR
Opcode | Operands Instruction Mode | Cycle
20| rr BRA (rel) REL 3
21| rr BRN (rel) REL 3
2 |rr BHI (rel) REL 3
23|rr BLS (rel) REL 3
24 |rr BCC/BHS (rel) REL 3
25| rr BCS/BLO (rel) REL 3
26| rr BNE (rel) REL 3
27| rr BEQ (rel) REL 3
28| rr BVC (rel) REL 3
29 rr BVS (rel) REL 3
2A | rr BPL (rel) REL 3
2B |rr BMI (rel) REL 3
2C|rr BGE (rel) REL 3
2D |rr BLT (rel) REL 3
2B BGT (rel) REL 3
2F | rr BLE (rel) REL 3
30 TSX INH 3
31 INS INH 3
32 L PULA INH 4
33 PULB INH 4
34 DES INH 3
35 TXS INH 3
36 PSHA INH 3
37 PSHB INH 3
38 PULX INH 5
39 RTS INH 5
3A ABX INH 3
3B RTI INH 12
3C PSHX INH 4
3D MUL INH 10
3E WAI INH 14
3F SWiI INH 14
40 NEGA INH 2
43 COMA INH 2
4 LSRA INH 2
46 RORA INH 2
47 ASRA INH 2
48 ASLA/LSLA INH 2
49 ROLA INH 2
4A DECA INH 2
4Cc INCA INH 2
4D TSTA INH 2
4F CLRA INH 2
50 NEGB INH 2

18



Opcodé vs Instruction Cross Reference

ADDR
Opcode | Operands Instruction Mode | Cycle
53 COMB INH 2
54 LSRB INH 2
56 RORB INH 2
57 ASRB/ASLB INH 2
58 LSLB INH 2
59 ROLB INH 2
5A DECB INH 2
5C INCB INH 2
5D TSTB INH 2
5F CLRB INH 2
60 | ff NEG (opr) IND,X 6
63 | ff COM (opr) IND,X 6
64 | ff LSR (opr) IND,X 6
66 | ff ROR (opr) IND,X 6
67 | ff ASR (opr) IND,X 6
68 | ff ASL/LSL (opr) IND,X 6
69 | ff ROL (opr) IND,X 6
6A | ff DEC (opr) IND,X 6
6C | ff INC (opr) IND,X 6
6D | ff TST (opr) IND,X 6
6E | ff JMP (opr) IND,X 3
6F | ff CLR (opr) IND,X 6
70 hh i NEG (opr) EXT 6
73 1 hh i COM (opr) EXT 6
74 | hh i LSR (opr) EXT 6
76 | hh li ROR (opr) EXT 6
77 | hh i ASR {opr) EXT 6
78 | hh li ASL/LSL (opr) EXT 6
79 | hh Il ROL (opr) EXT 6
7A | hhll DEC (opr) EXT 6
7C | hhll INC (opr) EXT 6
7D | hh i TST (opr) EXT 6
7E | hh i JMP (opr) EXT 3
7F | hh i CLR (opr) EXT 6
80 {ii SUBA (opr) IMM 2
81 |ii CMPA (opr) IMM 2
82 |ii SBCA (opr) IMM 2
83 | ji kk SUBD (opr) IMM 4
84 |ii ANDA (opr) IMM 2
85 | ii BITA (opr) IMM 2
86 | ii LDAA (opr) IMM 2
88 |ii EORA (opr) IMM 2
89 |ii ADCA (opr) IMM 2
8A | ii ORAA (opr) IMM 2
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Opcode vs Instruction Cross Reference

ADDR
Opcode | Operands Instruction Mode | Cycle
8B | ii ADDA (opr) IMM 2
8C | jj kk CPX (opr) IMM 4
8D |rr BSR (rel) REL 6
8E | jj kk LDS (opr) IMM 3
8F XGDX INH 3
90 | dd SUBA (opr) DIR 3
91| dd CMPA (opr) DIR 3
92| dd SBCA (opr) DIR 3
93 |dd SUBD (opr) DIR 5
94 | dd ANDA (opr) DIR 3
95 | dd BITA (opr) DIR 3
96 | dd LDAA (opr) DIR 3
97 | dd STAA (opr) | DIR 3
98 | dd EORA (opr) DIR 3
99 | dd ADCA (opr) DIR 3
9A | dd ORAA (opr) DIR 3
9B | dd ADDA (opr) DIR 3
9C { dd CPX (opr) DIR 5
9D | dd JSR (opr) DIR 5
9E | dd LDS (opr) DIR 4
9F | dd STS (opr) DIR 4
AO | ff SUBA (opr) IND,X 4
Al | ff CMPA (opr) IND,X 4
A2 | ff SBCA (opr) IND,X 4
A3 | ff SUBD (opr) IND,X 6
A4 | ff ANDA (opr) IND,X 4
Ab | ff BITA (opr) IND,X 4
A6 | ff LDAA (opr) IND,X 4
A7 | ff STAA (opr) IND, X 4
A8 | ff EORA (opr) IND, X 4
A9 | ff ADCA (opr) IND,X 4
AA | ff ORAA (opr) IND,X 4
AB | ff ADDA (opr) IND,X 4
AC | ff CPX (opr) IND,X 6
AD | ff JSR (opr) IND,X 6
AE | ff LDS (opr) IND, X 5
AF | ff STS (opr) IND,X 5
BO|hhll SUBA (opr) EXT 4
B1|hhll CMPA (opr) EXT 4
B2 | hhll SBCA (opr) EXT 4
B3| hhll SuUBD (opr) EXT 6
B4 | hhll ANDA (opr) EXT 4
BS | hhll BITA (opr) EXT 4
B6 | hh Il LDAA (opr) EXT 4




Opcode vs Instruction Cross Reference

ADDR
Opcode | Operands Instruction Mode | Cycle

B7 | hhll STAA (opr) EXT 4
B8 | hh i EORA (opr) EXT 4
B9 | hh Il ADCA (opr) EXT 4
BA | hhll ORAA (opr) EXT 4
BB | hh Il ADDA (opr) EXT 4
BC | hhll CPX (opr) EXT 6
BD | hh i JSR (opr) EXT 6
BE | hh il LDS (opr) EXT 5
BF | hh Il STS (opr) EXT 5
CO |ii SUBB (opr) IMM 2
C11ii CMPB (opr) IMM 2
C2|ii SBCB (opr) IMM 2
C3|jjikk ADDD (opr) IMM 4
Caiii ANDB (opr) IMM 2
C5|ii BITB (opr) IMM 2
C6 |ii LDAB (opr) IMM 2
C8|ii EORB (opr) IMM 2
C9 |ii ADCB (opr) IMM 2
CA |ii ORAB (opr) IMM 2
CB |ii ADDB (opr) IMM 2
CC | jj kk LDD (opr) IMM 3
CD| (Page 4 Switch)

CE | jj kk LDX (opr) IMM 3
CF STOP INH 2
DO | dd SUBB (opr) DIR 3
D1|dd CMPB (opr) DIR 3
D2 | dd SBCB (opr) DIR 3
D3| dd ADDD (opr) DIR 5
D4 | dd ANDB (opr) DIR 3
D5 | dd BITB (opr) DIR 3
D6 | dd LDAB (opr) DIR 3
D7 | dd STAB (opr) DIR 3
D8 | dd EORB (opr) DIR 3
D9 | dd ADCB (opr) DIR 3
DA | dd ORAB (opr) DIR 3
DB | dd ADDB (opr) DIR 3
DC | dd LDD (opr) DIR 4
DD | dd STD (opr) DIR 4
DE | dd LDX (opr) DIR 4
DF | dd STX (opr) . DIR 4
EO | ff SUBB (opr) IND,X 4
E1 | ff CMPB (opr) IND,X 4
E2 | ff SBCB (opr) IND,X 4
E3 | ff ADDD (opr) IND,X 6
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Opcode vs Instruction Cross Reference

ADDR
Opcode | Operands Instruction Mode | Cycle

E4 | ff ANDB (opr) IND,X 4
E5 | ff BITB (opr) IND, X 4
E6 | ff LDAB (opr) IND,X 4
E7 | ff STAB (opr) IND,X 4
E8 | ff EORB (opr) IND,X 4
E9 | ff ADCB (opr) IND,X 4
EA | ff ORAB (opr) IND,X 4
EB | ff ADDB (opr) IND,X 4
EC | ff LDD (opr) IND,X 5
ED | ff STD (opr) IND,X 5
EE | ff LDX (opr) IND,X 5
EF | ff STX (opr) IND, X 5
FO | hh Il SUBB (opr) EXT 4
F1{hhl CMPB (opr) EXT 4
F2hhll SBCB (opr) EXT 4
F3|hhll ADDD (opr) EXT 6
F4 | hh I ANDB (opr) EXT 4
F5 | hh i BITB (opr) EXT 4
F6 | hh 1l LDAB (opr) EXT 4
F7 | hh lI STAB (opr) EXT 4
F8 | hh i EORB (opr) EXT 4
F9 | hhll ADCB (opr) EXT 4
FA | hh I ORAB (opr) EXT 4
FB | hh i ADDB (opr) EXT 4
FC|hhi LDD (opr) EXT 5
FD [ hh il STD (opr) EXT 5
FE| hhli LDX (opr) EXT 5
FF|lhhll STX (opr) EXT 5
18 08 INY INH 4
18 09 DEY INH 4
18 1C | ff mm BSET (opr) IND,Y 8

] (msk)
18 1D | ff mm BCLR (opr) IND,Y 8

(msk)
18 1E | ff mm rr BRSET (opr) IND,Y 8

(msk)

(rel)

18 1F [ ff mm rr BRCLR (opr) IND,Y 8
(msk)

(rel)
18 30 TSY INH 4
18 36 TYS INH 4
18 38 PULY INH 6
18 3A ABY INH 4




Opcode vs Instruction Cross Reference

ADDR
Opcode | Operands Instruction Mode | Cycle
18 3C PSHY INH 5
18 60 | ff NEG (opr) IND,Y 7
18 63 | ff COM (opr) IND,Y 7
18 64 | ff LSR (opr) IND,Y 7
18 66 | ff ROR (opr) IND,Y 7
18 67 | ff ASR (opr) IND,Y 7
18 68 | ff ASL/LSL (opr) IND,Y 7
18 69 | ff ROL (opr) IND,Y 7
18 6A | ff DEC (opr) IND,Y 7
18 6C | ff INC (opr) IND,Y 7
18 6D | ff TST (opr) IND,Y 7
18 6E | ff JMP (opr) IND,Y 4
18 6F | ff CLR (opr) IND,Y 7
18 8C | jj kk CPY (opr) IMM 5
18 8F XGDY INH 4
18 9C | dd CPY (opr) DIR 6
18 AO | ff SUBA (opr) IND,Y 5
18 A1 | ff CMPA (opr) IND,Y 5
18 A2 | ff SBCA (opr) IND,Y 5
18 A3 | ff SUBD (opr) IND,Y 7
18 A4 | ff ANDA (opr) IND,Y 5
18 A5 | ff BITA (opr) IND,Y 5
18 A6 | ff LDAA (opr) IND,Y 5
18 A7 | ff STAA (opr) IND,Y 5
18 A8 | ff EORA (opr) IND,Y 5
18 A9 | ff ADCA (opr) IND,Y 5
18 AA | ff ORAA (opr) IND,Y 5
18 AB | ff ADDA (opr) IND,Y 5
18 AC | ff CPY (opr) IND,Y 7
18 AD | ff JSR (opr) IND,Y 7
18 AE | ff LDS (opr) IND,Y 6
18 AF | ff STS (opr) IND,Y 6
18 BC | hh 1l CPY (opr) EXT 7
18 CE | jj kk LDY (opr) IMM 4
18 DE | dd LDY (opr) DIR 5
18 DF { dd STY (opr) DIR 5
18 EO | ff SUBB (opr) IND,Y 5
18 E1 | ff CMPB (opr) IND,Y 5
18 E2 | ff SBCB (opr) IND,Y 5
18 E3 | ff ADDD (opr) IND,Y 5
18 E4 | ff ANDB (opr) IND,Y 5
18 Eb | ff BITB (opr) IND,Y 5
18 E6 | ff LDAB (opr) IND,Y 5
18 E7 | ff STAB (opr) IND,Y 5




Opcode vs Instruction Cross Reference

ADDR
Opcode | Operands Instruction Mode | Cycle

18 E8 | ff EORB (opr) IND,Y 5

18 E9 | ff ADCB (opr) IND,Y 5
18 EA | ff ORAB (opr) IND,Y 5

18 EB | ff ADDB (opr) IND,Y 5

18 EC | ff LDD (opr) IND,Y 6

18 ED | ff STD (opr) IND,Y 6

18 EE | ff LDY (opr) IND,Y 6

18 EF | ff STY (opr) IND,Y 6

18 FE|hh I LDY (opr) EXT 6

18 FF | hh i STY (opr) EXT 6

1A 83 | jj kk CPD (opr) IMM 5

1A 93| dd CPD (opr) DIR 6
1A A3 | ff CPD (opr) IND,X 7
1A AC | ff CPY (opr) IND, X 7
1A B3| hhii CPD (opr) EXT 7
1A EE | ff LDY (opr) IND,X 6
1A EF | ff STY (opr) IND,X 6
CD A3 | ff CPD (opr) IND,Y 7
CD AC | ff CPX (opr) IND,Y 7
CD EE | ff LDX (opr) IND,Y 6
CD EF | ff STX (opr) IND,Y 6

NOTES:

Operands:

dd  =8-bit direct address $0000-$00FF. (High byte as-

sumed to be $00.)
ff =8-bit positive offset $00 (0) to $FF (255) added to
index.

hh  =High order byte of 16-bit extended address.

ii = One byte of immediate data.

i = High order byte of 16-bit immediate data.

kk  =Low order byte of 16-bit immediate data.

Il = Low order byte of 16-bit extended address.

mm =8-bit mask (set bits to be affected).

m

= Signed relative offset $80 (—128) to $7F (+127).

Offset relative to the address following the machine

code offset byte.

Condition Codes:

Bit not changed
Always cleared (logic 0).
Always set (logic 1).

Bit cleared or set depending on operation.
Bit may be cleared, cannot become set.

- - O
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JSR, JUMP TO SUBROUTINE

1 e

DIRECT |
RTN
PC

INDXD, X
RTN
( PC

INDXD, Y 1
| RN
( PC

EXTND 1
[ RN

MAIN PROGRAM

$9D=-JSR

dd

NEXT MAIN INSTR.

MAIN PROGRAM

$AD=-JSR

ff

NEXT MAIN INSTR.

MAIN PROGRAM

$18=-PRE

$AD=-JSR

ff

NEXT MAIN INSTR.

MAIN PROGRAM

$BD = JSR

hh

NEXT MAIN INST.

BSR, BRANCH TO SUBROUTINE

PC

RTN

MAIN PROGRAM

$80=-BSR

4

NEXT MAIN INSTR.

RTS, RETURN FROM SUBROUTINE

PC

SUBROUTINE

$39=RTS

SWI, SOFTWARE INTERRUPT

PC
RTN

MAIN PROGRAM

$3F=SWI

WAI, WAIT FOR INTERRUPT

PC
RTN

MAIN PROGRAM

$3E=WAI

SPECIAL OPERATIONS

SP STACK
—»8§P-2
»[:::} sP-1 RTNR
sP RTN,
V
SP STACK
—» SP-2
[::> SP-1 RTNy
SP RN,
SP STACK
Q Sp
SP+1 RTNy
- SP+2 RTN,
SP STACK
— SP-9 .
SP-8 | CONDITION CODE
SP-7 ACMLTR B
SP-6 ACMLTR A
SP-5 | INDEX REGISTER (Xy)
SP-4 | INDEX REGISTER (X)
SP-3 | INDEX REGISTER (Yy)
SP-2 | INDEX REGISTER (Y()

RTNy

RTN,
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SPECIAL OPERATIONS

RTI, RETURN FROM INTERRUPT

INTERRUPT PROGRAM sP STACK
PC $3B=RTI Sp
lj SP+1 CONDITION CODE
SP+2 ACMLTR B
SP+3 ACMLTR A

SP+4 | INDEX REGISTER (Xy)
SP+5 | INDEX REGISTER (X()
SP+6 | INDEX REGISTER (Yy)
SP+7 | INDEX REGISTER (Y()

SP+8 RTNR
JMP, JUMP —> SP+9 RTN,
) MAIN PROGRAM
PC $6E=JMP
ff
INDXD, X | +

(]
| x+#f [ NEXT INSTRUCTION |
MAIN PROGRAM
¢ PC $18-PRE
$6E - JMP

INDXD, Y | ft
]
[ ]

[ )
( Y+ff [ NEXT INSTRUCTION |

MAIN PROGRAM
r PC $7E=-JMP

hh

]

EXTENDED T

C ph il [ NEXT INSTRUCTION |

LEGEND
RTN = Address of next instruction in Main Program to be executed upon
return from subroutine
RTN} = Most significant byte of Return Address
RTN|_ = Least significant byte of Return Address
—» = Stack Pointer After Execution
dd = 8-Bit Direct Address ($0000-$00FF) (High Byte Assumed to be $00)
ff = 8-Bit Positive Offset $00 (0) to $FF (256) (Is Added to Index)
hh = High Order Byte of 16-Bit Extended Address
Il = Low Order Byte of 16-Bit Extended Address
rr = Signed Relative Offset $80 (- 128) to $7F (+127)
(Offset Relative to the Address Following the Machine Code Offset Byte)
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$i000
$i001
$i002
$i003
$i004
$i005
$i006
$i007
$i008
$i009
$i00A
$i00B
$i00C
$i00D
$i00E
$i00F
$i010
$ion
$i012
$i013
$i014
$i015
$i016
$i017
$i018
$i019
$i01A
$i01B
$i01C
$i01D
$i01E

$i01F

REGISTER AND CONTROL

BIT SUMMARY
R I N I W X
N I N A N R I
[ sTAF] stai [cwom| HNDS| OIN [ PLS | EGA | INVB |
[ee7] - [ -] -] -]-1~=17s®ro]
[ee7] - [ -] - [ -] -] - [®sro]
(e - -1 -1-T-T-T8ro]
I [ 1T { [ [ | l
[e7] - [ - [ -] -]-1]-[sro]
[ [ [esf[ - [ -] -] -7s8ro]
L[ Jetsj -] -] -] - ]eskro |
[Be7] - [ - [ -] -1-1-[6sro]
[ Foct | Foc2 | Foc3 | Focs | Focs | | | B
[ ocim7{ocime{ocims jocimaocima| | | |
| oc1b7]{ocipe[ocips jocipajocips | { | 1
(s - T - T-T-T1-1-Tw®s]|
B[ = [ = =T -[-[-[e0o]
(s = [ - [ -T-T-1-Tees]]
Leez] - | - | -J]-]-1-]sio |]
(el - - [-T1-1-1-T®ms]|
(e e e B e B T )
{ R I I ) e e B |
(Leez{ - | - |- [ - [ - | - [sro |]
(e[ - - [-[-T-1-[ems]|
(Lee7] -] - ]1-1-[]-1]~- [&ro]]
[Be5] — | — [ = | — | = | — | 8ts |
R I R I e e B T
R I ) = I
([8t7] - [ - [-]-T-1]~- [ero |
N I I N I |
([eez | - [ - | -] -[-1]- [s&ro ]
el - - T-1-T-1-Tes]|
(o7 | - | - [ - [ - [ - [~ [B8ito ]
“Bt7 6 5 3 3 2 T BitO

PORTA
Reserved
PIOC
PORTC
PORTB
PORTCL
Reserved
DDRC
PORTD
DDRD
PORTE
CFORC
OC1M

0cC1D

TCNT

TIC1

TiC2

TIC3

TOC1

} TOC2

TOC3

TOC4

TOCsS



REGISTER AND CONTROL

Bit 7

BIT ASSIGNMENTS

6

5

4

3

2

1

Bit 0

$i020 | om2 | oL2 | om3 | OL3 [ OM4 | OL4 | OM5 | OLSJ

sio1 [ |

sioz2 [ ocu | ocai | ocai [oca [ocsi [ icu | ica | icar |

$i024

[EDG18 [EDG1A [EDG2B] EDG2A] EDG3B|EDG3A |

si23 [ oc1r | oczr | ocar [ ocar | ocsF [ ictF | ic2F | ic3F |
01 | RTH | PAOVI| PANl | | | Pr1 | PRO |

$i025- | TOF | RTIF |PAOVF| PAIF | I ] | ]
$i026 [DDRA7| PAEN [PAMODI|PEDGE | | | RTR1 [ RTRO |
|- [ - [ -] - [s8ro]

$i027 rBit7 L - | -

$i028 |7$P|E LSPE [owom [msTR ] CPOL [ cPHA| SPR1 | SPRO |

$i029 rSPIF LWCOL'

|MODF | T

I

|

$i02AIBit7I—|—’—l—l—l—]BitOl

sio28 | TCLR |

| scp1 [scpo | reks | scr2 | scr1 | scro |

sio2c | R8 | T8 |

sip | TE [ Tcie | mE | we | TE | Re | Rwu | sBK |
size [TDRE] TC [RORF [ DLE [ OR | NF | FE | |
sio2F [Bit7| — | - [ - | - | - | = [B8ito |
$i030 [ CcF | [SCAN [MULT| cD | cc | cB | CA |
si31 |87 - | - | - | - [ - | - |s8ito |
sioz2 [Be7] — | - [ - | -] -] - |sito |
sos (o] ~ [ - [ - [ -] - [ - Joo]
siosa [gt7] — | - [ - | - [ - | - [|sito |
sos [T T 1 T T T T ]
oo T T 1 T T T T |
sov T 1 1 T T T T ]
oo 1 1 [ [ T T [ |
sios9 |ADPU [ cseL | raE | pLy | cmE | | cr1 | cro |
sio3a [gt7| — | - | - | =] - [ - [|sio |
sio3g | opD | EVEN | [BYTE | ROW |ERASE|EELAT [EEPGM |
siosc [rRBOOT|sMoD| MDA | IRV [PsEL3|PsEL2 |PSEL1 [PsELO |

$i03D |RAM3 | RAM2 | RAM1 |RAMO |REG3 | REG2 | REG1 [REGO |

| m [wake] |

|

si03e |TILOP |

Si03F | 16

| occr [cByp [pisr | Fcm | Fecop |Tcon |

l

Bit 7

|
3

Inosec|No
3

2

1

Bit 0

TCTL1
TCTL2
TMSK1
TFLG1
TMSK2
TFLG2
PACTL
PACNT
SPCR
SPSR
SPDR
BAUD
SCCR1
SCCR2
SCSR
SCDR
ADCTL
ADR1
ADR2
ADR3
ADR4
Reserved
Reserved
Reserved
Reserved
OPTION
COPRST
PPROG
HPRIO
INIT

TEST1

COP[ROMON| EEON | CONFIG
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ADCTL

B7

A/D Control/Status Register

BO

$_030 | CCF

SCAN

MULT | CD

CC CB CA

CCF = Conversions Complete Flag

(Sets after fourth conversion)

SCAN = Continuous Scan Control
0=4 conversions and stop
1= Convert continuously
MULT = Multiple Channel/Single Channel Control
0= Convert single channel

1= Convert four channel group
CD - CA=Channel Select D thru A

Channel Result in ADRx
Ch|CC|CB|CA Signal if MULT = 1
0 0 0 0 ADO port E bit-0 ADR1
0 0 0 1 AD1 port E bit-1 ADR2
0 0 1 0 AD2 port E bit-2 ADR3
0 0 1 1 AD3 port E bit-3 ADR4
0 1 0 0 AD4 port E bit-4 ADR1
0 1 0 1 ADS5 port E bit-5 ADR2
0 1 1 0 ADG6 port E bit-6 ADR3
0 1 1 1 AD7 port E bit-7 ADR4
1 0 0 0 Reserved ADR1
1 0 0 1 Reserved ADR2
1 0 1 0 Reserved ADR3
1 0 1.4 1 Reserved ADR4
1 1 0 0 Vref hi ADR1
1 1 0 1 Vref low ADR2
1 1 1 0 Vref hi / 2 ADR3
1 1 1 1 Test/reserved * ADR4
*d

ADCTL

enotes used in product testing
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ADR1-ADR4

A/D Result Registers

B7 ADR1 BO
$_031| AD17 | AD16 | AD15 | AD14 | AD13 | AD12 | AD11 | AD10

B7 ADR2 BO

$_032 | AD27 | AD26 | AD25 | AD24 | AD23 | AD22 | AD21 | AD20

B7 ADR3 B0

$_033 | AD37 | AD36 | AD35 | AD34 | AD33 | AD32 | AD31 | AD30

B7 ADR4 BO

$_034 | AD47 | AD46 | AD45 | AD44 | AD43 | AD42 | AD41 | AD40

Analog Input to 8-Bit Result
Translation Table

Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bit1 | Bit0
% (1) | 50% | 25% | 12.5% | 6.25% | 3.12% | 1.56% | 0.78% | 0.39%
Volts (2)| 2.500 | 1.250 | 0.625 |0.3125|0.1562 | 0.0781|0.0391{0.0195

NOTES:
(1) % of VRH — VRL
(2) Volts for VR =0; VRH=5.0V

ADR1-ADR4
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BAUD

SCI Baud Rate Control Register

B7 BO
$_02B | TCLR SCP1 | SCPO | RCKB | SCR2 | SCR1 | SCRO
RESET= O 0 0 0 o u u ]

TCLR = Clear Baud Counter Chain (Test only)
RCKB = SCI Baud Rate Clock Test (Test only)
SCP1, SCPO=Serial Prescaler Selects
Highest Highest Highest

SS Baud Baud Baud

ccC Rate Rate Rate

P P | Divide Xtal = Xtal = Xtal=

10| Eby 223 8.0 MHz | 4.0 MHz

00 1 131.07 K — —

01 3 - — —

10 4 32.768 K - —

11 13 — 9600 4800

E= 2.1 MHz 2.0 MHz | 1.0 MHz
SCR2 — SCRO=SCI Rate Select bit 2 thru bit 0

S S S | Prescaler | Highest | Highest | Highest

cccC Output Baud Baud Baud

R R R | Divide-by Rate Rate Rate

210 Factor 32.768 K 9600 4800

000 1 32.768 K 9600 4800

001 2 — 4800 2400

010 4 8.192 K 2400 1200

011 8 — 1200 600

100 16 2.048 K 600 300

101 32 — 300 ~ -

110 64 512 — —

111 128 - - —

BAUD
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CFORC

Timer Compare Force Register

B7 BO
$_008| FOC1 | FOC2 | FOC3 | FOC4 | FOC5
RESET= O 0 0 0 0 0 0 0

Write 1's to force compare(s).

CONFIG
Configuration Control Register
B7 BO
$_03F NOSEC | NOCOP | ROMON | EEON

NOSEC = Security Mode Disable (available by MASK option)
0= Security mode (only if MASK option selected)
1= System operates normally (no security)

NOCOP =COP System Disable
0= COP System enabled (forces reset on timeout)
1=COP System disabled

ROMON = ROM Enable

0=ROM is not in the memory map
1=ROM on at $E000 to $FFFF

EEON = EEPROM Enable

0=EEPROM is not in the memory map
1=EEPROM is present at $B600 to $B7FF

NOTE

The bits of this register are implemented with EEPROM
cells. Programming and erasure follow normal EEPROM
procedures. The erased state of this location is $0F. A
new value programmed into this register is not readable
until after a subsequent reset sequence.

CONFIG



COPRST

Arm/Reset COP Timer Circuitry

B7 BO

som| - | - | - | -1 =1-1-1-

Write $565 and $AA to reset COP watchdog timer.

DDRC

Data Direction Register for Port C

B7 B0

$_007 | DDC7 | DDC6 | DDC5 | DDC4 | DDC3 | DDC2 | DDC1 | DDCO

RESET- O 0 0 0 0 0 0 0

O=Inputs
1=Outputs

DDRD

Data Direction Register for Port D

B7 ' BO

$_009 DDD5 | DDD4 | DDD3 | DDD2 | DDD1 | DDDO

RESET- O 0 0 0 0 0 0 0

0=Inputs
1=_Outputs .

nnepn
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HPRIO
Highest Priority Interrupt and Misc.

B7 BO
$_03C | RBOOT | SMOD | MDA IRV | PSEL3 | PSEL2 | PSEL1 | PSELO
RESET- - - - - 0 1 0 1

(Reset condition of RBOOT, SMOD, MDA, and IRV depend on
power-up initialization mode.)
RBOOT = Read Bootstrap ROM (Only writable if SMOD =1)
0=Boot ROM not in map (normal)
1=Boot ROM enabled
SMOD = Special Mode Select
MDA = Mode Select

Latched

Inputs Mode Description at Reset
MODB |MODA SMOD| MDA

1 0 |(0) Single chip 0 0

1 1 (1) Expanded multiplexed 0 1

0 0 Special bootstrap 1 0

0 1 Special test 1 1

IRV = Internal Read Visibility
(Reset: in test or boot mode — 1; in normal modes - 0)
0 — No visibility of internal reads on external bus.
1 — Data from internal reads is driven out data bus.
PSEL3 — PSELO = Priority Select bit 3 thru bit 0
(May only be written if | bit in CC Register is 1.)

Interrupt Source
PSEL3 | PSEL2 | PSEL1 | PSELO Promoted

Timer overflow

Pulse accum. overflow
Pulse accum. input edge
SPI serial xfer complete

SCI serial system

Reserved (default to IRQ)
IRQ (ext. pin or parallel 1/0)
Real time interrupt

Timer input capture 1
Timer input capture 2
Timer input capture 3
Timer output compare 1

Timer output compare 2
Timer output compare 3
Timer output compare 4
Timer output compare 5

mtamma|laaaa|looocoo|oocooo
2w ama|locoo0cO|amaaloocooco
2 =m00|mmoo|m=mo0c0o|w=00
2~ O0=moOo|mo0o=mwo|m0o=m0olmo=0

HPRIO
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INIT

RAM and I/0O Mapping Register

B7 B0
i_03D | RAM3 | RAM2 | RAM1 | RAMO | REG3 | REG2 | REG1 | REGO
{ESET- 0 0 0 0 0 0 0 1

(Time protected)

RAM3 - RAMO=RAM map position
REG3 — REGO = 64-byte register block map position

OC1D

Output Compare 1 Data Register

B7 BO
$_00D | 0C1D7 { 0OC1D6 | OC1D5 | 0C1D4 | OC1D3

If OC1Mx is set, data in OC1Dx is output to port A bit-x on
successful OC1 compares.

OC1M

Output Compare 1 Mask Register

B7 BO
$_00C | 0C1M7 | OC1M6 | OC1M5 | 0C1M4 | OC1M3
RESET- O 0 0 0 0 0 0 0

Set bit(s) to enable OC1 to control corresponding pin(s) of port
A.

0OC1M
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. OPTION

System Configuration Options

B7 BO
$_039 | ADPU | CSEL | IRQE DLY CME CR1 CRO
RESET= 0 0 0 1 0 0 0 0

APDU=A to D Power Up
0=A/D system powered down
1=A/D system powered up
CSEL = Clock Select .
(Should be set to one if E clock less than 1 MHz)
0=A/D and EE use system E clock
1=A/D and EE use an internal R-C clock
IRQE =IRQ Select Edge Sensitive Only (Time protected)
0=IRQ configured for low LEVEL
1=IRQ configured for falling EDGEs
DLY =Enable Oscillator Start-Up Delay (On exit from stop)
(Time protected)
0=No delay
1=A delay is imposed
CME = Clock Monitor Enable
0= Disabled
1=Slow or stopped clocks cause reset
CR1, CRO=COP Timer Rate Select Bits
(Time protected)

Xtal= Xtal= Xtal =
cc | E/21 223 8.0 MHz 4.0 MHz
R R | Divided Timeout Timeout Timeout
10 by —-0/+15.6 ms| —-0/+16.4 ms| —0/+32.8 ms
00 1 15.625 ms 16.384 ms 32.768 ms
01 4 62.5 ms 65.536 ms 131.07 ms
10 16 250 ms 262.14 ms 524.29 ms
11 64 1s 1.049 s 2.1s

E= 2.1 MHz 2.0 MHz 1.0 MHz
OPTION
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PACNT

Pulse Accumulator Count Register

B7 BO
$_027 | PCNT7 | PCNT6 | PCNT5 | PCNT4 | PCNT3 | PCNT2 | PCNT1 | PCNTO
(Readable and writable)
PACTL
Pulse Accumulator Control Register
B7 BO
$_026 | DDRA7 | PAEN | PAMOD | PEDGE RTR1 | RTRO
RESET= O 0 0 0 0 0 0 0
DDRA7 = Data Direction for Port A Bit 7
0=Input
1=Output
PAEN = Pulse Accumulator System Enable
0= Disabled
1=Enabled

PAMOD = Pulse Accumulator Mode
0= Event counter
1= Gated time accumulation
PEDGE = Pulse Accumulator Edge Control
0= Falling edges, high level enables accumulation
1=Rising edges, low level enables accumulation

RTR1, RTRO=RTI Interrupt Rate

PACTL

RR
TT Xtal = Xtal = Xtal =
R R | Divide 223 8.0 MHz | 4.0 MHz
10 E by
oo | 213 3.91 ms 4.10 ms 8.19 ms
01 214 7.81 ms 8.19 ms 16.38 ms
10 215 15.62 ms 16.38 ms 32.77 ms
11 216 31.25 ms 32.77 ms 65.54 ms
E= 2.1 MHz 2.0 MHz 1.0 MHz




PIOC

Parallel 1/0 Control Register

B7 BO
$_002 | STAF | STAI | CWOM | HNDS | OIN PLS EGA | INVB
RESET- O 0 0 0 0 ] 1 1

STAF = Strobe A Flag
0=Inactive
1=_Set at active edge of STRA pin
STAIl=Strobe A Interrupt Enable
0=No hardware interrupt generated
1=Hardware interrupt requested when STAF=1
CWOM = Port C Wire-OR Mode
0=Port C outputs normal
1=0pen-drain
HNDS = Handshake/Simple Strobe Mode Select
0= Simple strobe mode
1=Full handshake modes
OIN = Output/Input Handshake Select
0=Input
1=Output
PLS = Pulse Mode Select for STRB Output
0=STRB level active
1=STRB pulses
EGA = Active Edge Select for STRA
0=Hi to Lo (falling)
1=Lo to Hi (rising)
INVB = Invert STRB Output
0=STRB active low
1=STRB active high

PIOC
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PIOC

Parallel 1/0 Control Register

‘[ena) abpo
aAlRde je 8AIoe
Sopo 10U WY1S # VHlS ! 3s1nd 19140d
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Port A Data Register

PORTA

B7 BO
$_000| PA7 | PA6 | PAS5 | PA4 | PA3 | PA2 [ PA1 | PAD
PA7| PAB/  PA5/ PA4]  PA3] PA2/  PA1]  PAD|
PAl  0C2/ 0C3/ 0C4/ OC5/ IC1 IC2 IC3
oc1 oct oct  oc1  oC
RESET=  HiZ 0 0 0 0 HZ  HZ  HiZ
PORTB
Port B Data Register
B7 BO
$_004| PB7 | PB6 | PB5 | PB4 | PB3 | PB2 | PB1 | PBO
MODEO| PB7 PB6 PB5 PB4 PB3  PB2  PB1  PBO
or BOOT (RESET TO LOGIC ZEROS)
MODE 1| A15  A14  A13  A12 A1l A0 A9 A8
or TEST
PORTC
Port C Data Register
B7 BO
$_003| PCc7 | PC6 | PC5 | PC4 | PC3 | PC2 | PC1 | PCO
MODEO| PC7 PC6 PC5 PC4 PC3 PC2 PC1T  PCO
or BOOT (RESET TO HiZ INPUTS)
MODE 1| A7/ A8/ A5/ A4 A3 A2l A1l A0l
or TEST | D7 D6 D5 D4 D3 D2 D1 Do
PORTC
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PORTCL

Port C Latched Data Register

B7 BO

$_005| PCL7 | PCL6 | PCL5 | PCL4 | PCL3 | PCL2 | PCL1 | PCLO

(Writes affect port C pins, PORTCL address used in handshake clearing

mechanism.)
PORTD
Port D Data Register
B7 BO
$_008 PD5 PD4 PD3 PD2 PD1 PDO
MODE 0 PD5/ PD4/ PD3/ PD2/ PD1/  PDOJ
or BOOT| STRB STRA SS* SCK MOSI  MISO  TXD RXD
0 1
RESET Hiz Hiz HiZ HiZ Hiz HiZ
. 1 Pulse
MODE 1| RW AS PD5/ PD4/ PD3/ PD2/ PD1/  PDOJ
or TEST Ss* SCK MOSI  MISO  TXD RXD
PORTE
Port E Data Register
B7 B0

$_00A | PE7 PE6 PE5 PE4 PE3 PE2 PE1 PEO

PE7/  PE6/  PES/  PE4/  PE3/ PE2]  PE1  PEOQ/
AN7 AN6 AN5 AN4  AN3 AN2 ANT ANO
(Inputs only always HiZ)

PORTE

58



$_03B
RESET=

PPROG

EEPROM Programming Register

B7 BO
0DD | EVEN BYTE | ROW | ERASE | EELAT | EEPGM
0 0 0 0 0 0 0 0

ODD = Program odd rows in half of EEPROM (Test only)
EVEN = Program even rows in half of EEPROM (Test only)
BYTE = Byte/Other EEPROM Erase Mode
0=Row or all erase mode will be used
1=Erase only one byte of EEPROM
ROW = Row/All EEPROM Erase Mode
0=All 512 bytes of EEPROM to be erased
1=Erase only one 16 byte row of EEPROM
ERASE = Erase/Normal Control of EEPROM
0= Normal read or program mode
1=Erase mode
EELAT = EEPROM Latch Control
0=EEPROM addr and data bus configured for reads
1=EEPROM busses configured for program or erase
(EEPROM cannot be read while EELAT = 1)
EEPGM = EEPROM Program Command
(Writable only if EELAT=1)
0=Program (or erase) power switched off
1=Program (or erase) power switched on

NOTE

To program EEPROM, set EELAT, then write data to
desired address and then set EEPGM for the required
programming time. To erase EEPROM select ROW =0
or1,selectBYTE=0or 1, set ERASE=EELAT =1, write
to an EEPROM address to be erased, and set EEPGM
for the required erase time period.

PPROG

59



SCCR1

SCI Control Register 1

B7

BO
$_02C| RS T8 M WAKE
RESET= U u 0 0 1] 0 0 0
R8 = Receive bit 8
T8 =Transmit bit 8
M = Mode (select character format)
0=1 start, 8 data, 1 stop bit
1=1 start, 8 data, ninth data, 1 stop bit
WAKE =Wake up (by address mark/idle)
0=Wake up by idle line
1=Woake up by address mark
SCCR2
SCI Control Register 2
B7 BO
$_02D| TIE TCIE RIE ILIE TE RE RWU | SBK
RESET= 0 0 0 0 0 0 0 0

TIE=Transmit Interrupt Enable
TCIE = Transmit Complete Interrupt Enable
RIE = Receiver Interrupt Enable
ILIE=Idle Line Interrupt Enable
0= Inhibit interrupts
1= Enable interrupts
TE =Transmitter Enable
(Toggle to queue idle character)
RE =Receiver Enable
0=Off
1=0n
RWU = Receiver Wake-Up Control
0=Normal
1=Receiver asleep
SBK=Send Break

SCCR2
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SCDR

SCI Data Register

B7 B0
$_02F | R7/T7 | R6/T6 | R5/T5 | R4/T4 | R3/T3 | R2/T2 | R1/T1 [ RO/TO

(Receive and transmit double buffered)

SCSR
SCI Status Register
B7 BO
$_026 | TORE | TC | RDRF | IDLE | OR NF FE
RESET= 1 1 0 0 0 0 0 0

TDRE = Transmit Data Register Empty Flag
TC=Transmit Complete Flag

RDRF = Receive Data Register Full Flag
IDLE =Idle Line Detected Flag

OR = Over-Run Error Flag

NF = Noise Error Flag

FE = Framing Error Flag

SCSR



SPCR

SPI Control Register

B7 BO
$_028| SPIE | SPE | DWOM | MSTR | CPOL | CPHA | SPR1 | SPRO
RESET- 0 0 0 0 0 1 u u

SPIE = SPI Interrupt Enable
SPE=SPI System Enable
DWOM = Port D Wire-Or Mode
0=Port D outputs normal
1=0Open-drain
MSTR = Master/Slave Mode Select
0= Slave mode
1= Master mode
CPOL = Clock Polarity
CPHA = Clock Phase

SCK (CPOL=0) r—| l_-l |+| J—I I__I
SCK (CPOL=1) L_f l___l LJ_L_I l_l

|
SS* (SLAVES) _l |
1 Y {

|
|
SAMPLE INPUT : i ¥ i ¥
DATA OUT (CPHA=1)—®( MSB BIT-6 BIT-1 LSB
o )G X s -

| 1
SAMPLE INPUT | ¥ | ¥ ¥ ¥
DATA OUT (CPHA =0 mSB BIT-6 BIT-1 LSB )O—
)_mss X X
|

SPR1, SPRO=SPI Clock (SCK)
Rate Select Bits

E-Clock
SPR1 SPRO Divided-by
0 0 2
0 1 4
1 0 16
1 1 32

SPCR



SPDR

SPI Data Register

B7 BO
$_02A| SPD7 | SPD6 | SPD5 | SPD4 | SPD3 | SPD2 | SPD1 | SPDO
(Double buffered in, single buffered out)

SPSR

SPI Status Register

B7 B0
$_029 | SPIF | WCOL MODF
RESET=- 0 0 0 0 0 0 0 0

SPIF = SPI Interrupt Request
WCOL =Write Collision Status Flag
MODF = SPI Mode Error Interrupt Status Flag

TCNT

Timer Counter Register

B7 TCNT (HIGH) B0
$_00E | CNT15 [ CNT14 | CNT13 | CNT12 | CNT11 [ CNT10 | CNT9 | CNT8

B7 TCNT (LOW) B0
$_00F | CNT7 | CNT6 | CNT5 | CNT4 | CNT3 | CNT2 | CNT1 | CNTO

RESET: $0000 (Readable not writable)

TCNT
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TCTL1

Timer Control Register 1

B7 BO
$_020} OM2 | OL2 | OM3 | OL3 | OM4 | OL4 OM5 | OLS
RESET- O 0 0 0 0 0 0 0

Action Taken Upon
OMx | OLx Successful Compare

0 0 | Timer disconnected from output pin logic
0 1 Toggle OCx output line
1 0 Clear OCx output line to zero
1 1 Set OCx output line to one
TCTL2
Timer Control Register 2
B7 BO
$_021 EDG1B | EDG1A | EDG2B | EDG2A | EDG3B | EDG3A
RESET= O 0 0 0 0 0 0 0

Timer input capture edge specifications:

EDGxB | EDGxA Configuration
0 0 Capture disabled
0 1 Capture on rising edges only
1 0 Capture on falling edges only
1 1 Capture on any edge (rising or falling)

TCTL2



03
{ESET=

Factory Test Register

TEST1

B7 BO
TILOP OCCR | CBYP | DISR | FCM | FCOP | TCON
0 0 0 0 - 0 0 0

(Restricted test modes only)

TILOP =Test lllegal Opcode
OCCR = Output Condition Code Register status to timer port
CBYP = Timer Divider Chain Bypass
DISR = Disable Resets from COP and Clock Monitor
FCM = Force Clock Monitor failure

FCOP = Force COP Watchdog failure
TCON = Test Configuration

TEST1
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TFLG1

Main Timer Interrupt Flag Reg. 1

B7 . B0
$_023 | OC1F | OC2F | OC3F | OC4F | OCS5F | IC1 F | ic2r | 1c3F
RESET- O 0 c -0 0 0 0 0

OC1F-OC5F = Output Compare “‘x"* Flag
IC1F-IC3F = Input Capture ““x”’ Flag

(Write with bit(s) set to clear corresponding flag(s).)

TFLG2

Misc. Timer Interrupt Flag Reg. 2

B7 BO
$_025| TOF | RTIF | PAOVE | PAIF
RESET- 0 0 0 0 0 7o 0 0

TOF = Timer Overflow Flag

RTIF = Real Time (periodic) Interrupt Flag
PAOVF = Pulse Accumulator Overflow Flag
PAIF = Pulse Accumulator Input edge Flag

(Write with bit(s) set to clear corresponding flag(s).)

TFLG2




TIC1-TIC3

Timer Input Capture Registers

B7 TIC1 (HIGH) B0
$_010 | IC115 [ IC114 | 1IC113 [ IC112 | IC111 | IC110 | IC19 | IC18

B7 TIC1 (LOW) B0
$_011] Ic17 | Ic16 | IC15 | IC14 [ 1C13 | 1C12 [ IC11 | IC10

B7 TIC2 (HIGH) BO
$_012| Ic215 | 1C214 | 1C213 | IC212 | IC211 [ IC210 | IC29 | 1C28

B7 TIC2 (LOW) BO
$_013] 1C27 | IC26 | 1C25 | IC24 | 1C23 | IC22 | IC21 | IC20

B7 TIC3 (HIGH) BO
$_014 | IC315 | IC314 | IC313 | IC312 | IC311 [ IC310 | IC39 | IC38

B7 TIC3 (LOW) BO
$_015( 1C37 | 1C36 | IC35 | 1C34 | 1C33 | IC32 | IC31 | 1C30

TMSK1

Main Timer Interrupt Mask Reg. 1

B7 B0
$.022 | 0C1l | 0C21 | OC3I | OC4 | OC5 | IC1l ic2i IC3I
RESET=- O 0 0 0 0 0 0 0

OC11—0OC5I =Output Compare ““x"’ Interrupt enable
IC11—IC3l =Input Capture “‘x’* Interrupt enable

0= Interrupt inhibited

1=Interrupt requested if flag set

TMSK1
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TMSK2

$_024
RESET=

Misc. Timer Interrupt Mask Reg. 2
B7 BO

T0I RTIl | PAOVI [ PAIl PR1 PRO

0 0 0 0 0 0 0 0
TOI = Timer Overflow Interrupt enable
RTHI=RTI Interrupt enable
PAOV!I=Pulse Accumulator Overflow Interrupt enable
PAIll = Pulse Accumulator Input Interrupt enable
0 = Interrupt inhibited
1= Interrupt requested if flag set
PR1, PRO= Timer Prescaler select (Time protected)

PR1 PRO Prescale Factor

0 0 1
0 1 4
1 0 8
1 1 16
TOC1-TOCS
Timer Output Compare Registers
B7 TOC1 (HIGH) B0
$_016 | 0C115 | 0C114 | 0C113 | 0C112 | 0C111 [ 0C110 | OC19 | OC18
B7 TOC1 (LOW) BO
$_017| 0c17 | oc16 | OC15 | 0C14 | 0C13 | OC12 | OC11 | OC10
B7 TOC2 (HIGH) BO
$_018 | 0C215 | 0C214 | 0C213 | 0C212 | 0C211 [ 0C210 | 0C29 | 0C28
B7 T0OC2 (LOW) BO
$_019 | 0c27 | oc26 | 0C25 | 0C24 | 0c23 | 0C22 | 0c21 | 0C20
B7 TOC3 (HIGH) BO
$_01A | 0C315 | 0C314 | 0C313 | 0C512 | 0C311 [ 0C310 | 0C39 | 0C38
B7 T0C3 (LOW) BO
$_01B | 0C37 | 0C36 | 0C35 | 0C34 | 0C33 | 0C32 | 0C31 | 0C30
B7 T0C4 (HIGH) BO
$_01C | 0C415 | 0C414 | 0C413 | 0C412 | 0C411 [ 0C410 | 0C49 | 0C48
B7 T0C4 (LOW) B0
$_01D | 0c47 | 0C46 | 0C45 | OC44 | 0C43 | 0C42 | Oc41 | 0C40
B7 TOC5 (HIGH) BO
TOC1-TOCS
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MC68HC11A8

MICROCONTROLLER

PIN ASSIGNMENT

(DUAL-IN-LINE)

PA7/PAIIOC [
PA6/0C2/0C1 []
PA5/0C3/0C1 ]
PA4/0C4/0C1 []
PA3/0C5/0C1 []

PA2/C1 [

PA1/IC2[]
PAO/C3(]
PB7/A15(]
PB6/A14 ]
PB5/A13 ]
PB4/A12[]
PB3/A11]
PB2/A10 ]
PB1/A9 ]
PBO/AS [
PEO/ANO [
PE1/AN1 [
PE2/AN2 []
PE3/AN3 [
VRLL
VRH L

Vss [
MODB []

W 00 N OO0 & AW NN -

N N N NN e e o) oed ed emd oed ed = =
AW N =2, O W oo N oW N = O

48
47
46
45
44
43
42
41
40
39
38
37
36
35
34
33
32
31
30
29
28
27
26
25

1 VoD

] PD5/SS

] PD4/SCK
] PD3/MOS!I
] PD2/MISO
1 PD1/TxD
1] PDO/RXD
1 IRQ

1 XIRQ

] RESET

[1 PC7/AD7
1 PCGIADG
] PC5/ADS
] PC4/AD4
] PC3/AD3
1 PC2/AD2
1 PC1/AD1
] PCO/ADO
] XTAL

1 EXTAL

1 STRBIRIW
1 E

] STRAIAS
] MODALIR
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MC68HC11A8

MICROCONTROLLER
PIN ASSIGNMENT
(QUAD)
= « = ~N ® © o
- = S 3 o 2 22 2
< o = = 3 =T ===
= o X 5 o ¥ T o N ™ © N
X6 w =3 Ly oy
7 O = 47
xTaL s 1 46 [J PES/ANS
PCO/ADO ] ] PE1/AN
Pc1/AD1 G ) PE4/AN4
PC2/AD2 ) PEQ/ANO
PC3/AD3 ) PBO/AS
PC4/AD4 J PB1/AS
pC5/ADS [ 14 40 [ PB2/A10
pC6/ADG [ ) PB3IAT1
pc7/AD7 [ PB4/A12
RESET [ PB5/A13
XmRa [ PBG/IA14
R0 [J PB7/A15
PDORXD{ 20 34 [ PAONC3
2 27 33
UUEUUUUUUUUUU
223 5BB8sc s oo o 2
= = N 5 > © © © © 9 < =
=22 <58 =35 =s=52 3
e a3 8~ e 8888~ =
& & T @ 8 5 o
TEEEF
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MC68HC24

PORT REPLACEMENT
UNIT (PRU)

PIN ASSIGNMENT
(DUAL-IN-LINE)

IOTEST
A15[
A4
A13[0
A12[

STRA[]

pco [l
PC10
Pc2(
Pc3[
PC4l
PC5 (]

pce ]
PC7(
Vool
STRBL
PB7
PB6[
PB5 [
PBA[]

[=> B & 1 B S L I C R

~

10
"
12

13
14
15
16
17
18
19
20

\—

40
39
38

37
36
35

34
33
32
31
30
29
28
27
26
25
24
23
22
21

J TS

] MODE
] AS

0 E

J RW
] RESET
] ADO
J AD1
J AD2
] AD3
] AD4
) AD5

J AD6
] AD7
J Vss
0 RO
] PBO
] PB1
J PB2
PB3
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STRA
PCO
PC1
PC2
PC3
NIC
PC4
PC5
PC6
PC7

Vop

6 A12

STRB

MC68HC24

PORT REPLACEMENT

UNIT (PRU)
PIN ASSIGNMENT
(QUAD)
- < w2 .
Tz 38KBE 2.
nn <t ™ ™ N
<t <r

PB7

PB6 L} 20
PB5 L4 21
PB4 ] 22
NICL] 23
PB3L] 24
PB2L] 25
PB1

PBOLY 27

401 R/W

IRQ[] 28

[J RESET
J ADO
p AD1
] AD2
J AD3
N
0 AD4
] AD5
J AD6
0 AD7
0 vss
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HEXADECIMAL AND DECIMAL CONVERSION

How to use:

Conversion to Decimal: Find the decimal weights for corresponding
hexadecimal characters beginning with the least significant character.
The sum of the decimal weights is the decimal value of the hexadecimal
number.

Conversion to Hexadecimal: Find the highest decimal value in the table
which is lower than or equal to the decimal number to be converted.
The corresponding hexadecimal character is the most significant. Sub-
tract the decimal value found from the decimal number to be converted.
With the difference repeat the process to find subsequent hexadecimal
characters.

clojlv|lo~rNOM T OO NDOO—~NMT W
(V) Ll ol
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O
x
o
olm|Tlo~raNmdtmOoNODOOLCDOO WL
&
© N © © N <
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(= - = = = = — N
t )
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wl|o]o | < ON§§§®Nw g
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N NANNOMONO®
-
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3-—1 NtV ONOOLCDOO WLW
@
Nl o o §§<DN §§$N gg
Vo)
“EITE2RRAIECEREERRIF
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TOoNOeQIZNBILRBE S
-
®
£
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x
wlw|2
el Tlo~raimmtOoNO0OOLCD OO WL
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ASCIl CHART
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PROGRAMMING MODEL
CRYSTAL DEPENDENT TIMING
INTERRUPTS

MEMORY MAP
OPCODE MAPS

ADDRESSING MODES
EXECUTION TIMES
SPECIAL OPERATIONS

REGISTER AND
CONTROL BIT
ASSIGNMENTS

MECHANICAL DATA
HEX/DEC CONVERSION
ASCIl CHART

INSTRUCTIONS I
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PROGRAMMING MODEL

CRYSTAL DEPENDENT TIMING

INTERRUPTS

MEMORY MAP
OPCODE MAPS

- INSTRUCTIONS

' ADDRESSING MODES
EXECUTION TIMES
SPECIAL OPERATIONS

REGISTER AND
CONTROL BIT
ASSIGNMENTS

MECHANICAL DATA
HEX/DEC CONVERSION
ASCII CHART
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BLOCK DIAGRAM

(LIR) N
MODA MODB XTAL EXTAL E RO XIRQ RESET
o osc. | INTERRUPT
MODE CONTROL
CLOCK LOGIC | LOGIC ROM 8K BYTES
—
o | JMER 2 EEPROM 512 BYTES
g | S 1 & CPU CORE
=
g [ RAM 256 BYTES |
S ocr | S SERIAL SERIAL
s | PERIPHERAL ||  COMMUNICATION
S e BUS EXPANSION = INTERFACE
m ﬁ#ﬂ ADDRESS ADDRESS/DATA =) INTERFACE
Q —
=999 I 1111111 Y }
< STROBE AND HANDSHAKE o= — <_._.
- FIgggsace PARALLEL /0 3 RL
1118 aﬁ 1§ A-D CONVERTER
\ \ VYY) \ CONTROL
[ eora | | ports | PORT C * PORT D PORTE
WD i W Wi T
2 - 8 p—% HE8—% [ F
=
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ON 48-PIN
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Motorola reserves the right to make changes without further notice to any
product herein. Motorola makes no warranty, representation or guarantee
regarding the suitability of its products for any particular purpose, nor
does Motorola assume any liability arising out of the application or use of
any product or circuit, and specifically disclaims any and all liability,
including without limitation consequential or incidental damages. “Typical”
parameters which may be provided in Motorola data sheets and/or spec-
ifications can and do vary in different applications and actual performance
may vary over time. All operating parameters, including “Typicals” must
be validated for each customer application by customer's technical
experts. Motorola does not convey any license under its patent rights nor
the rights of others. Motorola products are not designed, intended, or
authorized for use as components in systems intended for surgical
implant into the body, or other applications intended to support or sustain
life, or for any other application in which the failure of the Motorola prod-
ucts could create a situation where personal! injury or death may occur.
Should Buyer purchase or use Motorola products for any such unintend-
ed or unauthorized application, Buyer shall indemnify and hold Motorola
and its officers, employees, subsidiaries, affiliates, and distributors harm-
less against all claims, costs, damages, and expenses, and reasonable
attomey fees arising out of, directly or indirectly, any claim of personal
injury or death associated with such unintended or unauthorized use,
even if such claim alleges that Motorola was negligent regarding the
design or manufacture of the part. Motorola and ) are registered trade-
marks of Motorola, Inc. Motorola, Inc. is an Equal Opportunity/Affirmative
Action Employer.

How to reach us:

USA/EUROPE/Locations Not Listed: Motorola Literature Distribution;
P.O. Box 5405, Denver, Colorado 80217. 303-675-2140 or
1-800-441-2447

Mfax™. RMFAX0@email.sps.mot.com — TOUCHTONE 602-244-6609
INTERNET: http://Design—NET.com

JAPAN: Nippon Motorola Ltd.; Tatsumi-SPD—-JLDC, 6F
Seibu-Butsuryu-Center, 3—14-2 Tatsumi Koto—Ku, Tokyo 135, Japan.
81-3-3521-8315

ASIA/PACIFIC: Motorola Semiconductors H.K. Ltd.; 8B Tai Ping

Industrial Park, 51 Ting Kok Road, Tai Po, N.T., Hong Kong.
852-26629298

(W mororoLa

MC68HC11AS8RG/AD
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