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Interrupt Vector Assignments

Vector cc Local

Address Interrupt Source Register Mask
Mask
FFCO, C1 | Reserved — —
° .
° o
FFD4, D5 | Reserved — —
FFD6, D7 | SCI Serial System I Bit See Table
FFD8, D9 | SPI Serial Transfer Complete | Bit SPIE
FFDA, DB} Pulse Accumulator Input Edge | Bit PAIlI
FFDC, DD} Pulse Accumulator Overflow | Bit PAOVI
FFDE, DF | Timer Overflow | Bit TOI
FFEO, E1 | Timer Input Capture 4/Output Compare 5 I Bit 14051
FFE2, E3 | Timer Output Compare 4 | Bit OC4i
FFE4, E5 | Timer Output Compare 3 I Bit (o]ox]]
FFE6, E7 | Timer Output Compare 2 | Bit oczi
FFES8, E9 | Timer Output Compare 1 | Bit ocC1l
FFEA, EB|] Timer Input Capture 3 | Bit IC3I
FFEC, ED| Timer Input Capture 2 | Bit [ovi]
FFEE, EF | Timer Input Capture 1 | Bit IC1l
FFFO, F1 | Real-Time Interrupt | Bit RTII
FFF2, F3 1TRQ (External Pin) I Bit None
SEE HPRIO REGISTER FOR HIGHEST PRIORITY I-BIT SOURCE

FFF4, F5 | XIRQ Pin (Pseudo Nonmaskable Interrupt) X Bit None
FFF6, F7 | SWI None None
FFF8, F9 | lilegal Opcode Trap None None
FFFA, FB | COP Failure (Reset) None NOCOP
FFFC, FD ] COP Clock Monitor Fail (Reset) None CME
FFFE, FF | RESET None None

SCI Serial System Interrupts

Interrupt Cause Local Mask
Receive Data Register Full RIE
Receiver Overrun RIE
Idle Line Detected ILIE
Transmit Data Register Empty TIE
Transmit Complete TCIE

HIGHEST e RELATIVE PRIORITY =3 | OWEST



DIR
, OPCODE MAP (PAGE 1) T o
INH INH REL INH | ACCA | AccB | INDX | EXT | IMM DIR ] INDX | EXT | IMM DIR | INDX | EXT
mss| oooo | ooo1 | o010 | o011 | o100 | o101 | o110 | o111 | 1000 | 1001 | 1010 | 1011 | 1100 | 1101 | 1110 ] 1N
LSB 0 1 2 3 4 5 6 7 8 9 A B C D E F
0000 | o J TEST SBA BRA. | TsX NEG SUB 0
0001 | 1] NoP | cBA | BRN INS CMP 1
0010 | 2] DIV FBRSET | BHI | PULA SBC 2
0011 | 3] Foiv I BRCLR | BLS | PuLB SUBD | ADDD 3
0100 | 4] LSRD J BSET ] BCC DES AND 4
0101 | 5] Astb | BCLR | BCS TXS BIT 5
0110 [ 6] TAP TAB BNE | PSHA LDA 6
0111 7] TPA TBA BEQ | PsHB STA STA 7
1000 | 8 ] INX PG2 | BvC | PULX ASL EOR 8
1001 [ 9] DEX | DAA | BVS RTS ROL ADC 9
1010 [A] cv | PG3 BPL ABX DEC ORA A
1011 [ B8] sev | ABA BMI RTI ADD B
1100 J C] cLc J BSET | BGE | PSHX INC CPX LDD C
1100 | D] sec | BCLR | BLT MUL TST BSR | JSR PG4 | STD D
11170 | E] cu ]BRSET ] BGT | WAl JMP LDS LDX E
1111 | F] SEI | BRCLR § BLE swi CLR XGDX STS STOP STX F
0 1 2 3 4 | s | 6 | 7 8 9 | A B C o | e | F

IND.X




\

EXPANDED
MULTIPLEXED

$O0OFF

$7000
STFFF

INTERNAL REGISTERS AND 10
§< BE MAPPED TO ANY 4K BOUNDARY
NG THE INIT REGISTER)

192 BYTE STATIC RAM
MAY BE MAPPED TO ANY 4K BOUNDARY
ING THE INIT REGISTER)

4K BYTES PROM (RO

PRESENT AT RESET AND MAY BE DISABLED BY
EPON (ROM ON) BIT IN CONFIG REGISTER.
INTERRUPT VECTORS ARE EXTERNAL.

MODB | MODA Mode Selected

Single-Chip (Mode 0)
Expanded Nonmulliplexed (Mode 1)
Spedial Boots¥ap

- O - O

$BFFF

g QO = -

Spedial Test

g

$8FCO | SPECIAL MODES

$FFFF

N saFFF | INTERRUPT VECTORS

4K BYTES
PROM (ROM)

$FFCO NORMAL MODES

N sFFFF | INTERRUPT VECTORS

dVIN AHOWN3IN
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SIMPLE BRANCHES

Mnemonic Opcode Cycles
BRA 20
BRN 21
BSR 8D

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) (mask) (rel offset).
(M)mm =0? M=operand in memory; mm mask




Opcode vs Instruction Cross Reference

Opcode | Operands Instruction ‘:zg‘: Cycle
00 TEST INH —
01 NOP INH 2
02 IDIV INH 41
03 FDIV INH 41
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 CLI 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 2
1C ff mm BSET (opr) IND,X 7
(msk)
1D ff mm BCLR (opr) IND,X 7
(msk)
1E ff  mm rr |BRSET (opr) IND, X 7
(msk)
(rel)
1F ff  mm rr |BRCLR (opr) IND,X 7

(msk)
(rel)




Opcode vs Instruction Cross Reference

. ADDR
Opcode | Operands Instruction Mode Cycle
20 rr BRA (rel) REL 3
21 rr BRN (rel) REL -3
22 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
2E re BGT (rel) REL 3
2F rr BLE (rel) REL 3
30 TSX INH 3
31 INS INH 3
32 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 SWI INH 14
40 NEGA INH 2
43 COMA INH 2
44 LSRA INH 2
46 RORA INH - 2
a7 ASRA INH 2
48 ASLA/LSLA INH 2
49 ROLA INH 2
4A DECA INH -2
4C INCA INH 2
4D TSTA INH 2
4F CLRA INH 2
50 NEGB INH 2




Opcode 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 1 NEG (opr) EXT 6
73 hh 1l COM (opr) EXT 6
74 hh 1l LSR (opr) EXT 6
76 hh 1l ROR (opr) EXT 6
77 hh I ASR (opr) EXT 6
78 hh 1l ASL/LSL (opr) EXT 6
79 hh 1l ROL (opr) EXT 6
7A hh I DEC (opr) EXT 6
7C hh 1l INC (opr) EXT 6
7D hh 1 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 i kk SUBD (opr) IMM 4
84 i 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




Opcode vs Instruction Cross Reference

Opcode | Operands Instruction ﬁn%?’g Cycle
8B ii ADDA (opr) IMM 2
8C i kk CPX (opr) IMM 4
8D rr BSR (rel) REL 6
8E i 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
ab dd JSR (opr) DIR 5
9E dd LDS (opr) DIR 4
9F dd STS (opr) DIR 4
A0 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
A5 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 hh 1l SUBA (opr) EXT 4
B1 hh i CMPA (opr) EXT 4
B2 hh i SBCA (opr) EXT 4
B3 hh 1l SUBD (opr) EXT 6
B4 hh i ANDA (opr) EXT 4
B5 hh i BITA (opr) EXT 4
B6 hh 1l LDAA (opr) EXT 4




Opcode vs Instruction Cross Reference

ADDR

Opcode | Operands Instruction Mode Cycle
B7 hh 1l STAA (opr) EXT 4
B8 hh Il EORA (opr) EXT 4
B9 hh 1l ADCA (opr) EXT 4
BA hh Il ORAA (opr) EXT 4
BB hh Il ADDA (opr) EXT 4
BC hh 1 CPX (opr) EXT 6
BD |hh i JSR (opr) EXT 6
BE hh i LDS (opr) EXT 5
BF hh 1l STS (opr) EXT 5
co ii SUBB (opr) IMM 2
C1 i CMPB (opr) IMM 2
C2 i SBCB (opr) IMM 2
C3 i kk ADDD (opr) IMM 4
Cc4 ii ANDB (opr) IMM 2
C5 ii BITB (opr) IMM 2
Cé6 ii LDAB (opr) IMM 2
cs i EORB (opr) IMM 2
C9 ii ADCB (opr) IMM 2
CA ii ORAB (opr) IMM 2
CcB ii ADDB (opr) IMM 2
cCc i kk LDD (opr) IMM 3
CD (Page 4 Switch)

CE i 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




Opcode vs Instruction Cross Reference

ADDR

Opcode | Operands Instruction Mode Cycle
E4 ff ANDB (opr) IND,X 4
ES ff BITB (opr) IND,X 4
E6 ff LDAB (opr) IND,X 4
E7 ff STAB (opr) IND,X 4
ES 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 1l SUBB (opr) EXT 4
F1 hh 1l CMPB (opr) EXT 4
F2 hh 11 SBCB (opr) EXT 4
F3 hh Il ADDD (opr) EXT 6
F4 hh 1l ANDB (opr) EXT 4
F5 hh 1l BITB (opr) EXT 4
F6 hh 1 LDAB (opr) EXT 4
F7 hh 1l STAB (opr) EXT 4
F8 hh 1l EORB (opr) EXT 4
F9 hh 1l ADCB (opr) EXT 4
FA hh 1l ORAB (opr) EXT 4
FB hh 11 ADDB (opr) EXT 4
FC hh |l LDD (opr) EXT 5
FD hh 1l STD (opr) EXT 5
FE hh 1I LDX (opr) EXT 5
FF hh 1l 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 35 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 A0 |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 I 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 E0 |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 E5 |[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 Il 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 |hh Il 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.

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

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

Il = Low-order by te of 16-bit extended address.

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

rr

Signed relative offset $80 ( 128) to $7F ( 127).
Offset relative to the address following the ma-
chine code offset byte.



5 |¢ |63 8| AanI g

v |z % | 63 X'aNI 9

v |¢ N uy | ed 1x3 1

3 I pp | 6a HIg g
sSsSsSs—s— z |z n | 62 WWI g a40+W+g g 01 Aued yum ppy|  (1do) goay

s |¢ 4 |ev 8] AaNI v

v |z 4 | ev X'aNl v

v |¢e Il uy | eg 1X3 v

3 I pp | 66 HIQ V
ssSsSs—s— z |z n | es WWI v VEI+IW+Y Vv 01 Ate) yum ppy | (1do) yogy
IIIIIIII v |z ve 8L|  HNI Al 4.8:00+Al A 01 g ppY AgY
IIIIIIII e | ve HNI X1 4.8:00+XI| X 01 g ppY Xgv
ssSsSSsS—s - z | a1 HNI veg+v sioje|nwinddy ppy vav
OANAZNIHX (s)puesadg | apoado puesadg

Olo uoissaidxy (s)wiog

< H

sepog uoppuog | S | R [ (lewspexey) 10} apopy weejoog uogesado a21nog
o 1@ Buipo) auiyoeyy | Burssesppy

SINIL NOILNIIXT ANV ‘SIAON DNISSIHAAY ‘SNOILONYLSNI




L ]€ 4 €3 8L| A'ONI
9 1]1¢ 4] €3 X'aNI
9 | € i wy €4 1X3
oo oo s|¢ pp | €4 Hia
H- S v |¢e w o I} ed WII aéL+W:N+Q aorug-9L ppy| (1do) gaav
S | € 4 183 8] A'ONI 9
v | ¢ 4|83 X'GNI 8
v | € I uy a4 iX3 9
- o oo - €1¢ PP | &84 Hig g
- = 2 |c n | ad WWI g aeN+8g g o1 Alowsy ppy| («do) gaav
S |¢€ 4 18v 8L| A'‘ONI V
720 X4 4| av X'ANI V¥
v | € 4y | 99 1X3 v
* s e s 2 X | a8 WL v VON+V v 01 Alowsy ppy|  (1do) yaay
OQANZNI HX (s)puesadQ | apoadQ
3 ..mv 3 .ﬂ“uhwnﬂ uotssaidig uonesadg (s)wio4
poQ uonipuo) s |2 (lewndapexay) ueajoog ] oin0g
o Buissaippy

Buipon auyose




0q —>»Giq 9

$SSS o S0 HNI os(I_--_T1e0 3|qnoQg Ya YIyS dnsWyIY aisv
z 1 85 HNI g g1sv
z | 8y HNI V g 9 9 VISV
L | e 5| 89 sL| Aanl o ([IIIII¢0
9 |z 4 | 89 X‘anl —_—>

s$SSS 9 | ¢ nouy | s 1X3 Yo7 YIys answyiy (4do) 1SV
s | ¢ B | va 8] Aani 8
v |¢ y | v3 X'aNl 8
v | ¢ oy | v 1X3 8
o 4 pp | va yia g

—0SSs 2 W4 w | vo WWI 8 genN-g Aloway yum g aNy|  (4do) gany
s | ¢ B | vv 8| AaGNI V¥
v |¢ y | v X'‘aNI V
v |¢ N uy | ve 1X3 Vv
e le pp | v6 Hia v

—0SS 2 W T I WII Vv VANV Alowsi yum v aNv|  (1do) vaNy




IIIIIIII o 4 u | ozz 134 0=2+2¢ 18y6iH J1 youesg (131) |Hg
IIIIIIII 3 4 u |3 134 0=N®N)+Z¢ 0437 < Ji Youeig (191) 198
IIIIIIII € |¢ u | oz 134 0=AD®N:¢ 0137 < Jl Ydueug (181) 309
IIIIIIII e |z SYR V¥4 134 1=2¢ 0187 = J1 Youeig (191) D38
IIIIIIII o 4 u | sz 134 1=2¢ 1ea|) Auie) 4 youeug (131) SO8
8 | v | ww y |aL 8] AaGNI
L le] wu gy la X'aNI (fsw)
— 0SS ————|9le|] wu pp | q ia N (Ww) o N (s)ng Jes;|  (1do) Y109
IIIIIIII S 4 u | v 134 0=21¢ 1e3]) Auied y1 youeug (131) 208
z | LS HNI g gysy
z |t Ly HNI V VHSV
. L
t|e w |29 8| aani m.ommnmmuu..ﬁ_
9 |z | L X'aNlI S —
sSsSsSs———— 9 |c¢ nouy | 1x3 WBIY YIYS dnBwyIIY (1do) ysy
OANZNIHXS| o || (sipuessdo |apoado | puesadg wosseadxg (s)utiog
< H
S3po) uonipuo) s W (lewoapexay) 10} apoyy ueajoog uonesado a0inog




IIIIIIII € |¢ uo | ve 134 0=N¢ snid J! youeig (184) 1d8
IIIIIIII €|z a9z 134 0=2:¢ 0197 =10N J! youeig (194) INg
IIIIIIII € |¢ u | az 134 L=N¢ SNUI §1 Youeig (194) INg
IIIIIIIII €|z u | az 134 L=A® N 0197 > J| youeig (191) 179
IIIIIIII € |¢ uol ez 134 L=2Z+0¢ 9WeS 10 JBMOT Ji Youeig (14) 518
IIIIIIII €|z u | gz 734 1=0¢ 1amo 41 Ysueug (131) 018
IIIIIIII N I uo| o4z 734 L=N®N)+Z¢ 0197 = JI Youeig (14) 378

s |¢ | s3 8| Aanl g

v |2 4| s3 X'aNI 9

v |e I uy | o 1X3 1

€ |¢ pp | ¢a 4ia g
—0S8S————| 7]z ol s WWI g W-g Aloway ynm g 1sa (s)ig (4do) g119

s |¢ 4| sv 8] Aanl v

v |¢ B | sv X'aNI v

v |€ I uy | sg X3 v

o 4 pp | g6 Hia v
—0SsSSsS—————| 2|z nl g8 WII v Wev Alowsy yum v 18 (s)ug (+do) v119
IIIIIIII € |¢ u |l v 134 0=0¢ awes 10 1aybiH 41 youeig (131) SHE




IIIIIIII e | u | ez 134 L=A¢ 189S MO|JIBAQ Ji Youeig (194) SAS
IIIIIIII e |z u | 8z 13y 0=A¢ 183]) MOIaAQ J Youelg (191) OAG
|||||||| 9 |¢ 41 ds 134 sdQ |etoads 985 aulnoigng o1 youeig (191) 4S9

8 |V wuw # JL 8L| A'GNI

L € wuw # ol X'aNI (Isw)
—0S8SS————| 9 |e]|] wu pp | vl HIa N ¢ ww+ N (sgres|  (1do) 1358

8 g pd4 ww H 3L 8L} A'GNI (184)

L ] v pruww i £l X'aNI (sw)
|||||||| 9 p prtww - pp cl Hid O=wuw -« (N) ¢ 18S (s)ug ! youeug (4do)135YHg
IIIIIIII e |z u |z 13y 0=1¢ 18A3N Youeig (194) NHg

8 g pd ww # 41 81| A'GNI (184)

L v psww H 4l X'aNI (sw)
|||||||| 9 | ¥ ppww  pp €l Hia O=wuw. A ¢ lea|) (sjug y youesg (4do)y104g
IIIIIIII e |z u | oz 13y L=1¢ shem|y youeig (191) vy

X s)puesad apoadQ
OQAZNIH S .m. .M (s) o pueiadQ uoissaidx3 ] (s)wii04
S3po) uonipuo) a |8 (lewdapexay) 10} 3po ueajoog uonesado #2inog
» Buissaippy

Buipo) auiyoe




s | ¢ B lwv s] AaNnt v
v |z B | v X'‘aNI ¥
v | ¢ N uy | 18 1X3 v
e |z pp | 16 4ig v
$ss————z]¢ T IR WIWI Vv W-V Atlows 01y asedwon| (4do) vdwWd
— - —— — — z | V0 HNI AdO Bej4 MO|HaAQ Je3|) AT1D
ooto————|z |1 45 HNI g qa40 g Jo1e|nWiNooy Jes|) a41d
ootLo————|z |1 4 HNI ¥V V40 V 101e|NWINddYy Jea|) V412
L ]¢ B | 49 st Aan
9 |z B | 49 X'aNl
0o0Lo0o————] 9]¢ nouy | 4 1X3 W40 a1Ag Aloway 1es|) (4do) y12
——— = 0———] 2 | 30 HNI 140 y¥sew 1dnuiaju sea|) 12
IIIIIII z | 20 HNI 240 ug Aue) ses|) 210
ssSs——1 2z ] LL HNI g-v g 01 y asedwo) va)d




L ]€ # | €v Aad| A'GNI

L ]€ # | ev viI] XaNI

L}V 4y €89 vi 1X3

9]¢ pp €6 Vvl did Hng-9l
sSsSsSs——— s |v o] e vi|  wwi L+W:N-a Asowspy 01 g ssedwio) (1do) add
L 0SS ——— z |1 €9 HNI 4 g 49-44% g uaws|dwo) sauQ awWod
L 0SS ——— Z | ey HNI Vv LA LAELS Vv uaws|dwo) sauQ VW02

L ] € # €9 8L| A'GNI

9 |z 3| €9 X'aNI olAg
L0SS——— 9 | € Yy | € 1X3 N ¢ W-44% Aloway wswajdwo) sauQ (1do) WOD

g € # l3 8L A'GNI 9

1728 A H L3 X'aNI 9

1728 IR > I uy L4 1X3 94

O 4 pp | LA dia 9
sSsSsSs——— 2 I ol 1o WWI 9 -9 Aroway 0} g ssedwoy|  (1do) g4WD

ZNI1IHX (s)puesadQ | apoadQ
2 A 9 .W.._ puesado uoissaidxg d (s)wa04
SapoY uonIpuo) 213 (lewdapexay) 104 spoy ueajoog uonesadQ a21nog
w | Buissaippy

buipo) auiyoey




IIIIIIII e | ve HNI dS41-dS 181u10d YoBIS JUBWaIaQ s3a
—®SSs———] 7| VS HNI geL-g g 1018|NWNDY 1UBWAI98( 8930
—S$SS———— | vy HNI veL-v V J0le|nwnddy Juswaioaq vo3a

L |e # | vo 8| AanI

9 |z 4| vo X'aNl
—SsSsS————| 9]¢ nouy | ve 1x3 WeL-IN a1Ag Aloway JuawWaI08Q (1do) 53q
SsSSsSs——— | 6l HNI @og 0} wng isnipy v 1snipy [ewdsq vva

L |e # |ov 8| Aani

> # |ov vi| xani

L]y It uy |og st 1x3

9 | ¢ pp | 06 8L HIa ug-gl
sSsSsSs———| s |v w0 os 8L WWI L+ N - Al Alowapy 01 A a1edwo) (1d0) AdD

L] $ |ov ad| AaNi

9 | ¢ 4 | ov X'aNlI

9 |¢ I uy | og 1x3

s |z pp | 06 Hia ng-9i
SSSsSs———| v |¢ w o] os WWI L+WIN - XI Atowsy 01 X asedwo) (1do) Xd2




$08————— w |t 20 HNI a4 X 4xra 9L Aq 91 apiAIq Jabay| AQl
ssSs——- |t €0 HNI a4 X 4xia 9L Aq 91 8pIAIQ |euonoR.4 AlQ4

s |¢ | 83 sL| Aanl g

v |z B | 83 X'aNl g

v |¢ I w | 84 1X3 8§

e |¢ pp | sa Hia g
—08SsS————2z|¢ n | 89 WII 8 genN D9 Alows |\ yum g YO anisnppx3|  (do) gHOo3

s |¢ B | 8v 8L| AGNIV

v |2 B | 8sv X'aNI v

v |¢ I uy | 88 1Xa v

3 4 pp | 86 Hia v
—08ss————| 2|z | ss WWI ¥ VINDY AlowaN Yum v 4O aAisnox3|  (1do) vHO3
- - v |¢ 60 8L HNI Al 4L=Al A 1915163y xapu| uawaidag A3a
—_ s ————— e |t 60 HNI X141 =Xl X 191168y xapu| Juswaidaq X3a
JAZNIHXS| o (s)puesadg | @p02d0 | puesed

< M “ . om_ uoissaidx3 uonesedo (s)wiog

sapo) uonipuo) o | ® (lewdapexaH) ) 3p uesjoog : a2inog
M Buipon aulyoeyy | Bulssaippy




L]e B lav si| AaNl

9 |z B |av X'aNl

9 |¢ I uy |asg 1x3
IIIIIIII s |z pp | a6 Hia sdQ [e10adg 898 aunnoigng o} dwnp (1do) ysr

v |¢ | 39 81| AGNI

e |z B | 39 X'aNI
IIIIIIII € |¢ ouy | 3 1x3 sdQ |etoadg 89S dwnr (4do) dir
- ———— v |z 80 8l HNI A€ L+AI A 1918168y x8pu| Juawalouy| ANI
——s————— e |t 80 HNI X1 4L+XI X 918169y xapu| Juswaiou| XNI
IIIIIIII e |t £ HNI dS 4 1+dS 131U104 Y2BIS JUBWaIdU| SNI
—S$SS———] 2| 25 HNI geL+g g 101e[NWNYJY JUBWAIOUY| 8ONI
—SSSsS——] | oY HNI VAaL+Y V 101B|NWNO0Y JUsWaIdu| VONI

L]¢ | o9 81| Aani

9 |z B | 09 X'GNI
—SSS———] 9]¢ nouy | oL 1x3 WL+ alAg Aloway JuswaIou| (4do) NI




9 |¢ B |03 81| AaNI
s |z B | o3 X'aNI
s |¢ I yy | o4 1x3
v |z pp | oa Hia
— 0SS ——— o I wo ]2 W GIL+-IN'VEN @ Jole|nwinddy s|gnoQ peo (4do) aa
s |¢ # |93 8| AaNI g
v |z B | 93 X'aNI g
v |¢ Il uy | 94 1x3 g
o 4 pp | 9a 4ia 9
—0S8SS——— A 4 nl 9 WWI 8 gen g J0le|nwnddy peol|  (ido) gyal
s |¢ | ov 8L] AGNI vV
v |¢ B | ov X'aNI ¥
v |e Il uy | 99 1X3 v
o W4 pp | 96 Hia v
—0SsSSsS——— 2N 4 n | 98 WWI v VN Vv lolejnwnady peoq|  (1do) yvQan
s)puesad apoad
OQANZNIHX .MOJ W (s)puesadQ | apoadQ ._u:a._cno worsseadxg (sJut1og
Sapo) uonipuo) o |o (lewoapexay) 104 9pO ueajoog uonesado 334nog
wn | @ Buipoy auyorpy buissaippy




zZ | 85 HNI 8 g1s1
zZ | 8p HNI v " Q5 V1S
L € 3 89 8L| A'GNI oo IIIIITTe0
9 |¢ 4 | 89 X'GNI —_—

s$sssS 9 | ¢ nouy | 8L 1X3 Yo7 YIys |eatboq (1do) 137
9 | ¢ ¥ | 33 8| AaNi
9 |¢ # 133 vi| Xani
9 | v oy | 34 81 1X3
G |¢ pp | 30 8L yia _

—0$Ss v |v N 130 8| WWI AMOL+NN A Jaisibay xapu| peo (4do) AQT
9 |¢ # | 33 a3 A'ani
s | # ]33 X‘GNI
G |¢ nouy | 34 1X3
v |C pp | 3@ Hia

—0sS e |e N m 13 WWI XI4L+NIN X 1915168y xapu| peo (4do) xa1
9 |¢ ¥ | 3Iv 8| A‘GNI
s | B |av X'GNI
s |¢ N uy | 39 1X3
v |2 PP | 36 Hia

—03S e le N i1 3s WWI dS4L+INN lajutod yoelg peo (4do) s@1




ssSsSs——— z |1 05 HNI 8 geg-0 g wawa|dwo) som] 893N
sssSsS——— z |1 oy HNI Y VeV -0 v wawajdwo) som| vO3N
L ]¢ 4 | o9 8| AGNI
9 |¢ 4| o9 X'GNI a1Ag
sssSs——— 9 |¢ nouy | oL 1X3 WOW-0 Alowsay Juswaldwo) som| (4do) 93N
s - F————-— oLt as HNI aeaxy 8 Aq g Aldninpy NN
0 09 «—Siq
ss$sso0——— o 0 HNI OeI__-_Tleo ajqnoq 1By Yys |eaibo| aysi
z 1 S HNI g€ gysi
AN’ 144 HNI Vv 9 09 L VHST
L ]¢€ # | ¥9 8L| AGNI OeOITITITT%0
9 |¢ B | v X'aNI «
sSsSsSo0——— 9 |¢ nouw | e 1X3 Wby Yiys |esibo (4do) ys
e o o a 09 —>5I9 0
$sss——— el S0 HNI o®I_ -0 a|qnoQ Y1 YIys (ea1bo aist
s)puesad apoad
D9ANZNIHX olw (s)p 0 |2p02d0 | puesadg woissaudxg —
s8po) uonipuo) 2 .w (lewidapexay) 10} 8po ueajoog uonesado aainog
o | @ Buipos auiyoep Buissaippy




87nd

IIIIIIII vl €€ HNI 8 NS #E'L+dS=dS ¥oBIS Woyj g |ind
IIIIIIII v |1 ze HNI v NS P V'L +dS=dS ¥oelIS woy v |Ind vind
llllllll I 4 ot 8l HNI Z—dS=dSNS 4 Al (1s414 07) yorIS OJUO A ysnd AHSd
IIIIIIII v |l o€ HNI Z-dS=dSNS 4 XI (18114 07) yoBIS OO X Yysng XHSd
IIIIIIII el LE HNI 8 L—dS=dsSMs4g yoeis ojuo g ysnd gHSd
IIIIIIII A 9 HNI v L—dS=dSNS eV ¥oelS 010 v ysng VHSd

S |¢ ¥ vl 8| AaNni g

v |2 4| v3 X‘aNI 9

v |€ houy | v 1x3 g

S 4 pp | va ¥ia g
—08SS————|2z]¢ n v WIWI 8 gen+9 (8A1sn|ou|) g Jo1eInWN20Y YO|  (4do) gvHO

S |¢ B vy 8| AGNI vV

v |z y |y X'aNI v

v |€ I yy | ve Ixa v

N 4 PP | V6 Hia v
—08SsS———- 2]z | vs WWI v VeW+Y (8nsnjou)) v Jolejnwinddy YO |  (4do) wwHO
IIIIIIII z | Lo HNI uonesadQ oN uonesadQ oN dON




ssSsSs——— 2} oL HNI veg-v v wouj g enqgns vas
|||||||| G L 6€ HNI sdQ |e10adg 9ag aunnougng wouy uinay S1Y
ssssss*tstal: gae HNI sdQ |etoadg aag 1dnuislu) wouy uimay 114
]l 99 HNI 4 8404
]t 14 ~_._z_ v 5 Q< 2 vHOY
L ]¢€ # 1 99 8L AGNI O« IIIII1ID .D
9 |2 3] 99 X'aNi
sSsSsSS———] 9]¢ TV =72 1x3 1yB1y aje10y (1do) oY
A ' 69 HNI 4 8704
A ¢ 6V HNI Vv 5 ™ a9 V104
L ]€ #4169 8L| AONI DuuHDuum
9 12 H ] 69 X'aNi Ly ‘o
sSsSsSSsS————] 9]¢ I uy 6L 1X3 Yo ajejoy (4do) 7104
|||||||| 9 |2 8¢ 8l HNI NS P AI'T+HdS=dS (¥sd14 1H) %9€15 woy A |ind AlNd
|||||||| S 11 8¢ HNI NS #XI'T+dS=dS (¥sd14 1H) y9€1S Wwoy X |Ind XNnd
OJAZNIHXS (slpuesadg | 8poadO | puesed
.w« L .._Hz cno%‘ uoissaidxg wonesadg (S)wio4
$apo) uolipuo) Fl I (lewoapexay) ueajoog : a2inog
o 1 Buipo) auiysepy Buissaippy




S |¢ B | v 8L AGNI VY

v |z | X'aNI v

v |e€ N yy | L8 X3 v
—0S8S————| ¢ ]z pp | L6 HIa v WV V Joje|nwnddy ai01g|  (1do) yyl1S
-l —————— z |t g0 HNI AL Bel4 mojpanQ 1es A3S
—— =1 ———l 2| 40 HNI 141 jysel 1dnuiaiuj 18S EN
| ——————— z | ao HNI 241 Auie) 198 J3s

s |¢ B |23 8] AaNI g

v |z T £ X'aNI g

v | € nouy | zd 1X3 8

o 4 pp | za Hia g
sSsSSS——— 2] nleo WWI g g40-N-19 g wouy Alled yum pengng|  (1do) gogs

s |¢ B |lev 8| AaGNl v

v |z TR A X‘GNI v

v |¢€ I uy | zg 1Xa v

€ |2 pp | z6 Hig v
sSSsSSs—— 7 ]¢ nl e WWI v VeI-N-V v woyy Auied yum pengng|  (1do) yogs




9 € Y] 43 ad| A‘GNI
] Z B 43 X'ani
q € ] yy 44 1X3
— 03 " —— — | ¢ Z pp 44 Hid L+W:IN €XI X 191168y xapu| 8101 (1do) X1S
9 € 4 iv 8l A‘GNI
q Z 3 v X'anli
g € 1l yy 49 1X3
—08sS————| v |¢ pp | 46 e L+WN:IN ¢dS 131U104 0BG 81015 (4do) 1S
|||||||| I l 40 HNI $%20() |euwsdiu| dOig d01S
9 € H ai si A'GNI
S c Y a3 X'ani
S € Il uy ad 1X3
—0SsSs————| v ]z pp | aa Hia L+Weg'NeY @ ‘o1e|NWNIVY 31015 (4do) a1s
] € 3 (3 8l A'‘GONI 8
14 4 Y] L3 X'aNI 9
14 € I uy & | 1X3 9
—0sSs————| ¢z pp | ¢a via g wesg g Joje|nwnooy ai01g|  (4do) gvis
OAZNI HX s)puesad apoad
5 Qlw “ 0 O puesado uoissasdxy (s)wio4
SapoH uonIpuo) mw .W (lewdapexay) 40} 3poN ueajoog uonesadQ a0inog
» » Buipo) auryoepy Buissaippy




— 0SS zZ | 91 HNI gev g 01y Jaysuel| avi
—_———— 1l L 4€ HNI sdQ |e1oadg aag 1dnuidlu| alemyos IMS
L]¢€ B lev 8] AaNI
9 |2 B |ev X'aNI
9 |¢ Il yy | €8 1x3
S |¢ pp | €6 HIa
ssssSs v | ¢ m o ] es WII aeL+W:N-a Q woyy Aloway engng|  (1do) aans
s |¢ B | 03 8] AGNI 8
v |2 4 | o3 X'aNI 8
v |¢€ Il 4y | od 1X3 8
o B4 pp | oq Hig g
4 2 4 T %) WWI 9 genN-g g wouy Aowsy wengng|  (1do) ggns
s |¢ B lov 8L AGNI V
v |2 | ov X'GNI v
v |€ Il 4y | og 1X3 v
€ |¢ pp | 06 Hig v
g A B4 n | os WWI v VeN-V v wouy Alowsy 1wenqng|  (1do) yans
9 |¢ B |43 8| AGNI
9 |¢ ¥ |43 vi] Xani
9 |t Il Yy | 44 81 1X3
—0SS G |¢ pp | 40 8l Hia L+WN 4 Al A Ja1sibay xapu| a1015 (4do) ALS




IIIIIIII S Ge HNI dsSeL-Xl 1a1ulod XIS 03 X Jdjsued) SX1
IIIIIIII v | e 0c 8l HNI Al 41+dS A 01 J2)ul0od $ElG Jysuel) ASL
IIIIIIII S 0 HNI Xl 41+dS X 01 J8)ul0d YoelS Jajsuel) XS1
oossS————— 7] as HNI 9 0-9 a1S1
oosses————lz]1 av HNI vV 0-Vv V1Sl

L ]¢ # 1 a9 sy AaNI

9 |¢ # | a9 X'GNI
00S8SS————] 9 |¢ oy | az 1X3 0-W SNUIIA 10 0137 10§ 1S9 (4do) yS1
|||||||| A L0 HNI v 4 42| v 01.81s1bay ) Joysues] vdl
IIIIIIII ¥ 11 00 HNI SJUN0) sng ssauppy (sapo 1s81 ut AjuQ) 1S3L 1s3L
—0S8SS———— ] L1 HNI veg v 01 g Jajsues] veal
sSsssSsSs*Sl e 90 HNI HOO 4V 1818160y 90 01\ J9jsuel] dvl

Il H X s)puesadg | apoadQ
IAZN S Ql|lw =) puesado uoissaidxg (S)wi04
$3po) uonipuo) m .m. (lewidapexay) 10} apow ueajoog uogesado 32inog
L Buipo) auyoep Buissaippy




189S 8W0%a( Jouued ‘paesld aq ued ug

uonesado uo Bujpuadap ‘19s 10 pases)d g
19s sAemie 1g

paiea|d sAemie ug

pabueyo jou ug

$8po) uonpuo)

| o — & »

(81Ag 19810 8p0J duIYdeN Yy Buimo||04 SSaIPPY aYl 01 dANe|aY 19SHQ)

(LZL ) 4.8 01 (821
(Pe10aYY aq O} Sug 19S) jse|N Hg-8

) 08$ 19S40 aAne|ay paubig

$S8IPPY papualIx3 Hg-g| JO 81AQ 18pIQ-MOT]
ejeq aleipaww| ig-gL JO 81Ag 19pIQ-MOT
eleq alelpaww| ug-9L JO a1Ag 19pJ0-YBIH

ejeQ alelpawiw| Jo 81Ag 8uQ

$saIppy Papuaix3 1g-9L JO a1Ag J8pI0-yBiH
(xapuj 0} PappY s|) (SGZ) 44$ O3 (0) 00$ 19SHO dANISOd HE-8
(00$ 89 01 pawnssy alAg YBIH) (4400$-000$) SSa1PPY 10211 UG-8

pp

spuesadQ

‘(je101 U + 1) 103994 1dnusaul areudosdde ayy yoiay 01 pasn ale $3|9Ad jeuonippe om) ‘Ajjeutd ‘paziubodal s idnaisiul ue jnun
(u) $819A2 %9019-3 NdIA JO 48quinu JabBajul Ue 10} 198)J8 Ul SUIBLWIAI YIIYM Palalua S| 91els JieM Y "Uyd1e) apoodo ayl yum Buluuibaq pasn aie s819A0 ZL y x
$1N200 18s8J [UN 10 Ajulyu|

'S3LON
IIIIIIII v |z 48 8L|  HNI Al4a QoA A Ym q aBueyoxz AQOX
llllllll e |1 48 HNI XI4a‘aex X yum q aBueyox3 Xaox
IIIIIIII *% | L ED HNI LIVM 1 sBay yoeig 1dn.ialu| 104 Jem IVM
llllllll v |z G€ 8L|  HNI dS4L-Al 191U10d YoBIS O} A Jajsuel] SAL




SPECIAL OPERATIONS

JSR, JUMP TO SUBROUTINE

MAIN PROGRAM
PC $9D =JSR
DIRECT dd
| RTN | NEXT MAIN INSTR.

__MAIN PROGRAM sp STACK
PC $AD = JSR —> SP-2
INDXD. X ft 4 E> SP-1 RTNH
RTN NEXT MAIN INSTR. SP RTNL

MAIN PROGRAM
(pc[  $18- PRE
$AD- JSR

f
RTN [ NEXT MAIN INSTR.

_MAIN PROGRAM
PC| $8D-BSR

hh

I

[RTN [ NEXT MAIN INSTR.

INDXD.Y |

EXTEND <

BSR, BRANCH TO SUBROUTINE

MAIN PROGRAM sp STACK

PC $8D=BSR —> Sp-2
v > P RTNH
RTN | NEXT MAIN INSTR. sp RTNL

RTS, RETURN FROM SUBROUTINE

SUBROUTINE sp STACK

pc[ sm- A1s = sP
SP+1 RTNH
SWI, SOFTWARE INTERRUPT > SP+2 RN,
MAIN PROGRAM P STACK

PC $3F = SWI C> —>SP-9
RTN SP-8| CONDITION CODE
SP-7 ACMLTR B
SP-6 ACMLTR A
SP -5 |INDEX REGISTER (X4 )
SP - 4 |INDEX REGISTER (X} )

WAI, WAIT FOR INTERRUPT SP -3 |INDEX REGISTER (Y )
MAIN PROGRAM SP- 2 |INDEX REGISTER (v )

PC|  $3E- WAI = RTNR

RTN sP RTNL




SPECIAL OPERATIONS

RTI, RETURN FROM INTERRUPT
INTERRUPT PROGRAM SP STACK

PC $3B = RTI E> SP
SP + 1] CONDITION CODE

SP+2 ACMLTRB
SP+3 ACMLTRA
SP + 4 |INDEX REGISTER (Xy)
SP + 6 |INDEX REGISTER (X )
SP + 6 | INDEX REGISTER (YH)
SP + 7 |INDEX REGISTER (Y )
SP+8 RTNH

->» SP+9 RTNL

JMP, JUMP
( MAIN PROGRAM
PC $6E = JMP

ft
INDXD, X § °

X + ff |NEXT INSTRUCTION}
) MAIN PROGRAM
[ PC $18 = PRE
$6E = JMP

f

[ ]

[ J

[ J
LY +1f [NEXT INSTRUCTION|
MAIN PROGRAM
( PC $7E = JMP
hh

1

INDXD, Y {

EXTND ¢

L hh Il [NEXT INSTRUCTION]

LEGEND:
RTN  Address of Next Instruction in Main Program To Be Executed
upon Return from Subroutine
RTNy  Most Significant Byte of Return Address
RTNL 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
I 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)



$0000
$0001
$0002
$0003
$0004
$0005
$0006
$0007
$0008
$0009
$000A
$000B
$000C
$000D

$000E
$000F

$0010
$0011

$0012
$0013

$0014
$0015

$0016
$0017

$0018
$0019

$001A
$001B

$001C
$001D

$001E
$001F

$0020

REGISTER AND CONTROL

Bt7 6 5 4 3 2 1  Bito
[Tpar [ pas [ pas | paa [ pas | paz | Par | a0 |
L [oo T
[Tpcr [ oo | pes | pea | pos | pe2 | por | poo |

pe7 | pes | PBs | pea | PB3 | PB2 | PBT | PBO

["ooe7 [ boss | poss | oosa | oos3 | oos2 | oot DoBO |
pDC7 | s | DDCs | DdCe | poca | pocz | poct | ooco |

P07 | PBs | PDs | PD4 | PD3 | PD2 | PD1 | PDo |
[ ooo7 | ooos | ooos | oobs | pops | po2 | oooi | pobo |
[Foct [ rocz [ rocs | Foca [Focs [ o | o | o |
[ocim7]ocime| ocims | ocimefocims| 0 | o 0 |
ocp7 | ocios | ocips | ocina [ ocip3| o 0 o |
Bit15 | Bit14 | Bit13 | Bit12 | Bit11 | Bit10 | Bit9 | Bits

git7 | Bits | Bits | Bita | Bit3 | Bit2 | Bit1 | Bit0

Bit15 | Bit14 | Bit13 | Bit12 | Bit11 | Bit10 | Bit9 | Bit8

Bit7 | Bite | Bit5 | Bita | Bit3 | Bit2 | Bit1 | Bito
Bit15 | Bit14 | Bit13 | Bit12 | Bit11 | Bit10 | Bit9 | Bits

Bit7 | Bits | Bits5 | Bita | Bit3 | Bit2 | Bit1 | Bito
Bit15 | Bit14 | Bit13 | Bit12 | Bit11 | Bit10 | Bit9 | Bit8

Bit7 | Bits | Bits | Bits | Bit3 | Bit2 | Bit1 | Bito
Bit 15 | Bit14 | Bit13 | Bit12 | Bit11 | Bit10 | Bit9 | Bits

Bit7 | Bit6 | Bits | Bita | Bit3 | Bit2 | Bit1 | Bito
Bit15 | Bit14 | Bit13 | Bit12 | Bit 11 | Bit10 | Bit9 | Bits

Bit7 | Bite | Bits | Bita | Bit3 | Bit2 | Bit1 | Bito
Bit15 | Bit14 | Bit13 | Bit12 | Bit11 | Bit10 | Bt | Bit8

Bit7 | Bit6 | Bits | Bita | Bit3 | Bit2 | Bit1 | Bito

Bit15 | Bit14 | Bit13 | Bit12 | 8it11 | Bit10 | Bit9 | Bit8

Bit7 | Bits | Bits | Bita | Bit3 | Bit2 | Bit1 | Bit0

Bit15 | Bit14 | Bit13 | Bit12 | Bit11 | Bit10 | Bits | Bits

git7 | Bits | Bits | Bita | Bit3 | Bit2 | Bit1 | Bit0

om2 | o2 | om3 | o3 | oms | ows | oms | ot

PORTA

Reserved

PioC

PORTC

PORTB

Reserved

DDRB

DDRC

PORTD

DDRD

Reserved

CFORC

0CiM

ocib

TCNT

TICt

TIC2

TIC3

TOC1

TOC2

ToCc3

T0C4

T1405

TCTLY



$0021
$0022
$0023
$0024
$0025
$0026
$0027
$0028
$0029
$002A
$0028
$002C
$002D
$002E
$002F

$0030

to
$0038

$0039
$003A
$003B
$003C
$003D
$003E

$003F

REGISTER AND CONTROL

BIT SUMMARY
ED648 | EDG4A | EDG1B | EDG1A | EDG28 | EDG2A [ EDGas [EnGaa |
octi | ocar | ocai | oca | wesi | e | ica [ rcar |
ociF | ocoF | ocsF | ocer | wose [ icir | icor [ icaF |
Toi | A [eaovi| pan [ o [ o [ eer [ pro |
Tor | RriE [paove| paF | o [ o [ o [ o |
DDRA7 | PAEN [PaMOD| PEDGE | DDRAS| 14/05 [ R7Ri | ArRo |
Bit7 | Bit6 | Bits | Bite | Bits | Btz | Bit1 | ito |
sl | spe |owom| msth | croL | cera | seri | spro |
spie Jweo| o [moor| o J o [ o [ o |
Bit7 | Bite | Bits | Bita | Bits | stz | 8it1 | Bito |
TciR | o | scer | scpo | Reks | scre | scar [ scro |
Lr [ [ o[ mJwae] o oo |
me | toe | RE | we | e | re | Awu | sek |
ToRe | Tc [ RoRF | oie | or | NF [ ke [ o |
Bit7 | Bite | Bits | Bita | Bits | Btz | Bit1 | Bito |
|
l |
o | o [mae] o [ome| o [ car [ cro |
Bit7 | Bits | mits | Bita | Bits | B2 | Bit1 | Bito |
Mee | o | ear [excoulexow] o [ o [eem |
RBOOT | smop | ma | iRvNE | psLs [ pseta [ pseut [ pseuo |
RAMS3 | Ram2 | Ram1 | Ramo | Recs | Reca | Rest | Reco |
TiLop [ €pTsT | occh [ cavp | oisk [ rom [Fcop [ o |
o [ o | o] o] o [nocor|eron=] o |

¥ — Not present in ROM-based MC68HC11D3
** — ROMON in MC68HC11D3

NOTE

The status and control register block is relocatable to any
4K boundary within the MC68HC711D3's 64K of address-
able memory using the REG3-REGO bits of the INIT reg-
ister. Reset locates this block at $0000-003F. The default
value is indicated by the use of a bold 0 at the beginning
of the address of any relocatable register.

TCTL2

TMSK1

TFLG1

TMSK2

TFLG2

PACTL

PACNT

SPCR

SPSR

SPDR

BAUD

SCCR1

SCCR2

SCSR

SCDR

Reserved

Reserved

OPTION

COPRST

PPROG*

HPRIO

INIT

TEST1

CONFIG



BAUD

SCI Baud Rate Control Register

$0028 TCLR 0 SCP1 | SCP0 | RCKB | SCR2 | SCR1 | SCRo
RESET: 0 0 0 0 0 U U U
TCLR — Clear Baud Counter Chain (Test Only)
RCKB — SCI Baud Rate Clock Test (Test Only)
SCP1, SCPO — Serial Prescaler Selects
s s Highest Highest Highest
L Baud Baud Baud
c C Divide
P P EB Rate Rate Rate
A ¥ Xtal= Xtal= Xtal=
223 8.0 MHz 4.0 MHz
0 O 1 131.07 K — —
0 1 3 — — —
1 0 4 32.768 K — —
1 1 13 — 9600 4800
E= 2.1 MHz 20MHz | 1.0 MHz
SCR2-SCRO — SCI Rate Select Bit 2 Through Bit 0
S S S | Prescaler Highest Highest Highest
c Cc C Output Baud Baud Baud
R R R | Divide-By Rate Rate Rate
2 1 0 Factor 32.768 K 9600 4800
0 0 O 1 32.768 K 9600 4800
0 0 1 2 — 4800 2400
0 1 O 4 8.192 K 2400 1200
0o 1 1 8 — 1200 600
1 0 O 16 2.048 K 600 300
1 0 1 32 - 300 —
1 1 0 64 512 — —
1T 1 1 128 —_ — —_

BAUD




CFORC

Timer Compare Force Register

$000B FOC1 | FOC2 | FOC3 | FOC4 | FOC5 0 0 0

RESET: 0 0 0 0 0 0 0 0
Write 1's to force compare(s).

CONFIG

Configuration Control Register

The configuration control register controls the presence of

PROM in the memory map and enables the COP watchdog
system.

$003F 0 0 0 0 0 |NOCOPJEPONT} O

RESET: 0 0 0 0 0 ¥ * 0

Bits 7-3 and 0 — Not implemented; always read zero.

NOCOP — Computer Operating Properly System Disable
This bit is cleared out of reset in normal modes (single
chip and expanded), enabling the COP system. It is writ-
able only once after reset in these modes (SMOD =0). In
the special modes (test and bootstrap) (SMOD = 1), this
bit comes out of reset set and is writable any time.

1=COP system is disabled.
0=COP system is enabled; reset is forced on timeout.

tEPON — PROM Enable (ROM Enable (ROMON) in the
MC68HC11D3)

This is the EPON bit in the MC68HC711D3. In the
MC68HC11D3, it is the ROMON bit. In either case, the
functionality is the same. This bit is set out of reset,
enabling the ROM or PROM in all modes. It is writable
once in normal modes (SMOD =0), but is writable at any
time in special modes (SMOD = 1).

1=PROM is present in the memory map.

0=PROM is disabled from the memory map.

NOTE

In expanded mode out of reset, the ROM or PROM is
located at $7000-$7FFF. In all other modes, the ROM
or PROM resides at $F000-$FFFF.

CONFIG



COPRST

Arm/Reset COP Timer Circuitry

$003A

Write $55 and $AA to reset COP watchdog timer.

DDRB
Port B Data Direction Register
$ooo6 | DDB7 | DDB6 | DDBS | DDB4 | DDB3 | DDB2 | DDB1 | DDBO
RESET: 0 0 0 0 0 0 0 0
0=Inputs 1=0utputs
DDRC
Port C Data Direction Register
$0007 | DDC7 | DDC6 | DDCs | DDC4 | DDC3 | DDC2 | DDC1 | DDCO
RESET: 0 0 0 0 0 0 0 0
0=Inputs 1=Outputs
DDRD
Port D Data Direction Register
$0003 | DDD7 | DDD6 | DDDS | DDD4 | DDD3 | DDD2 | DDD1 | DDDO
RESET: 0 0 0 0 0 0 0 0
0=Inputs 1=Outputs

DDRD




HPRIO

Highest Priority Interrupt and Misc.

Four bits of this register (PSEL3-PSELO) are used to select
one of the I-bit-related interrupt sources and to elevate it
to the highest I-bit-masked position of the priority reso-
lution circuit. In addition, four miscellaneous system con-
trol bits are included in this register.

$003C |RBOOT| SMOD | MDA | IRVNE | PSEL3 | PSEL2 | PSEL1 | PSELO

RESET: * * * * 0 1 0 1

*=The reset condition of bits 7, 6, 5, and 4 depends on
the mode selected at power-up initialization.

RBOOT — Read Bootstrap ROM
This bit can be read at any time. It can only be written
in special modes (SMOD = 1). In special bootstrap mode,
it is set during reset. Reset clears it in all other modes.
1=Bootloader ROM is enabled in the memory map at
$BFO0-$BFFF.
0=Bootloader ROM is disabled and is not in the mem-
ory map.

SMOD and MDA — Special Mode Select, Mode Select A
These two bits can be read at any time. They may only
be written in special modes (SMOD=1). MDA may be
written once with SMOD =0. These bits reflect the status
of the MODA and MODB input pins at the rising edge of
reset. SMOD cannot be written to a one after being cleared
without an interim reset. An interpretation of the values
of these two bits is shown in the following table:

. Latched
Input Pins
Mode Description at Reset
MODB | MODA SMOD | MDA
1 0 (0) Single Chip 0 0
1 (1) Expanded Multiplexed 0 1
0 0 Special Bootstrap 1 0
0 1 Special Test 1 1

HPRIO



"HPRIO

IRVNE — Internal Read Visibility Enable/Not E

This bit may be read at any time. It may only be written
once. IRVNE is set during reset in special mode and is

cleared by reset in all other modes.

IRVNE E-Clock IRV IRVNE
Mode Out of Out of Out of Affects
Reset Reset Reset Only
Single Chip 0 On Off E
Expanded 0 On Off IRV
Bootstrap 0 On Off E
Special Test 1 On On IRV

PSEL3-PSELO — Priority Select Bits 3-0
(May only be written if | bit in CCR=1)

PSEL3 | PSEL2 | PSEL1 | PSELO Interrupt Source
Promoted
0 0 0 0 |Timer Overflow
0 0 0 1 Pulse Accumulator Overflow
0 0 1 0 |Pulse Accumulator Input Edge
0 0 1 1 |SPI Serial Transfer Complete
0 1 0 0 |SCI Serial System
0 1 0 1 |Reserved (Default to IRQ)
0 1 1 0 |IRQ
0 1 1 1 |Real-Time Interrupt
1 0 0 0 |Timer Input Capture 1
1 0 0 1 |Timer Input Capture 2
1 0 1 0 [Timer Input Capture 3
1 0 1 1 |Timer Output Compare 1
1 1 0 0 [Timer Output Compare 2
1 1 0 1 |Timer Output Compare 3
1 1 1 0 [Timer Output Compare 4
1 1 1 1 |Timer Input Capture 4/Output
Compare 5

HPRIO




INIT

RAM and /O Mapping Register

$003D | RAM3 | RAM2 | RAM1 | RAMO | REG3 | REG2 | REG1 | REGO

RESET: 0 0 0 0 0 0 0 0
(Time protected)

RAM3-RAMO — RAM Map Position

REG3-REGO — 64-Byte Register Block Map Position

OC1D

Output Compare 1 Data Register

$000D | OC1D7|0C1D6|OCID5{0CID4J0OCID3| O 0 0

RESET: 0 0 0 0 0 0 0 0

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

OC1M

‘Output Compare 1 Mask Register

$000C |OCIM7]0CIM6|0CIM5{0CIM4{0CIM3] O 0 0

RESET: 0 0 0 0 0 0 0 0
REF: PAI/ 0C2Z 0C3/ 0C4 O0C5/IC4
oct  oct oct oct OC

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

OC1M



OPTION

System Configuration Options

$0039 0 0 IRQE | DLY | CME 0 CR1 | CRo

RESET: 0 0 0 1 0 0 0 0
Bits 7, 6, and 0 — Not implemented; always read zero.

IRQE — IRQ Select Edge Sensitive Only (Time Protected)
0=IRQ configured for low-level sensitivity
1=1IRQ configured for falling edge sensitivity

DLY — Enable Oscillator Startup Delay (On Exit from STOP)
(Time Protected)
0=No startup 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)

15 Xtal= Xtal= Xtal=
cc E/2 223 8.0 MHz 4.0 MHz
R R Divided ' ) )

1 0 B Timeout Timeout Timeout

y —0/+15.6 ms|—0/+16.4 ms| —0/+32.8 ms
0 0 1 15625 ms | 16.384 ms | 32.768 ms
0 1 4 62.5ms | 65536 ms | 131.07 ms
1 0 16 250 ms | 262.14ms | 524.29 ms
1 1 64 1s 1.049 s 2.1s

E= 2.1 MHz 2.0 MHz 1.0 MHz
PACNT

Pulse Accumulator Count Register

$0027 | PCNT7 | PCNT6 | PCNT5 | PCNT4 | PCNT3 | PCNT2 | PCNT1 | PCNTO

(Readable and writable; unaffected by reset)

PACNT



PACTL

Pulse Accumulator Control Register

$0026 0 PAEN |PAMOD] PEDGE | DDRA3| 14/05 | RTR1 | RTRO
RESET: 0 0 0 0 0 0 0 0
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

DDRA3 — Data Direction Control for Port A Bit 3
1=PA3 is an output.
0=PA3 is an input only.

14/05 — Input Capture 4/Qutput Compare 5
0= Output compare 5 function enable (no 1C4)
1=Input capture 4 function enable (no OC5)

RTR1, RTRO — RTI Interrupt Rate

R R

T T Divide Xtal= Xtal= Xtal=

R R E By 223 8.0 MHz 4.0 MHz

1 0 ,

0 0 213 3.91 ms 4.10 ms 8.19 ms

0 1 214 781ms | 8.19ms 16.38 ms

1 0 215 15.62 ms 16.38 ms 32.77 ms

1 1 216 3125ms | 3277ms | 6554 ms
E= 2.1 MHz 2.0 MHz 1.0 MHz

PACTL



PIOC

Parallel I/0 Control Register

$0002 0 0 jCwWOoM| O 0 0 0 0

RESET: 0 0 0 0 0 0 0 0
CWOM — Port C Wired-OR Mode Option Bit
1=All port C outputs act as open-drain ouputs.
0=All port C outputs are normal CMOS outputs.

Bits 7, 6, 4-0 are not used in this register.

PORTA

Port A Data Register

$0000 PA7 | PA6* | PAS | PA4* | PA3 | PA2 | PA1 | PAO

RESET: HiZ 0 0 0 HiZ HiZ HiZ HiZ

REF. PAI/ 0C2 0C3/ 0C4 O0CsIC4 IC1 IC2 IC3
0C1 0C1 0C1 0C1 1[0
*Not bonded on 40-pin DIP.

PORTB

Port B Data Register

$0004 PB7 | PB6 | PB5 | PB4 | PB3 | PB2 | PB1 | PBO

MODEO PB7 PB6 PB5 PB4 PB3 PB2 PB1 PBO
or BOOT (RESET to HiZ inputs)

MODE1 A5 A4 A13 A2 AN A10 A9 A8
or TEST (ADDRESS outputs during RESET)

PORTB



PORTC

Port C Data Register

$0003 PC7 | PC6 | PC5 | PC4 | PC3 | PC2 | PC1 | PCO

MODEO PC?7 PC6 PC5 PC4 PC3 PC2 PCl PCO
- or BOOT (RESET to HiZ inputs)

MODE1  AV/ A6/ A5/ A4/ A3/ A2/ Al/ A0/
or TEST D7 D6 D5 ]} D3 D2 D1 DO
(Multiplexed address/data outputs during RESET)

PORTD

Port D Data Register

$0008 PD7 | PD6 | PD5 | PD4 | PD3 | PD2 | PD1 | PDO

MODEO PD7 PD6 PD5 PD4 PD3 PD2 PD1  PDO

or BOOT (RESET to HiZ inputs)

MODE1 RW AS PD5 PD4 PD3 PD2 PD1 PDO
or TEST Outputs (RESET to HiZ inputs)

REF. SS SCK MOSI MISO TxD  RxD

PORTD



PPROG

EPROM Programming Control Register

This register is used to control the programming of the
PROM. PPROG is cleared on reset so that the PROM is
configured for normal read.

$003B MBE 0 ELAT | EXCOL JEXROW| 0 0 PGM

RESET: 0 0 0 0 0 0 0 0

MBE — Multiple Byte Program Enable
This bit is reserved for testing.

Bits 6, 2, and 1 — Not implemented; always read zero.

ELAT — EPROM (OTPROM) Latch Control
1 =PROM address and data bus are configured for pro-
gramming. Writes to PROM cause address and data
to be latched. The PROM cannot be read.
0=PROM address and data bus configured for normal
reads. PROM cannot be programmed.

EXCOL — Select Extra Columns
This bit is reserved for testing.

EXROW — Select Extra Row
This bit is reserved for testing.

PGM — EPROM (OTPROM) Program Command
This bit may be written only when ELAT=1.
1 =Programming power is switched on to PROM array.
0=Programming power is switched off.

NOTE
This is an unused location in the ROM-based MC68HC11D3.

PPROG



SCCR1

SCI Control Register 1

$002C R8 8 | 0 M |WAKE| O 0 0

RESET: U U 0 0 0 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 — Wakeup (By Address Mark/lIdle)

0=Wakeup by idle line
1=Wakeup by address mark

SCCR2
SCI Control Register 2

$002D 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=0ff
1=0n
RWU — Receiver Wakeup Control
0=Normal
1=Receiver asleep

SBK — Send Break

SCCR2



SCDR

SCI Data Register

$002F R7/T7 | R6/T6 | R5/T5 | R4/T4 | R3/T3 | R2T2 | R1/M1

RO/TO

(Receive and transmit double buffered)

SCSR

SCI Status Register

$002E TDRE| TC | RDRF | IDLE | OR NF FE

RESET: 1 1 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 — Overrun Error Flag

NF — Noise Error Flag

FE — Framing Error Flag

SCSR




SPI Control Register

SPCR

$0028 SPIE | SPE |DWOM| MSTR | CPOL | CPHA

SPR1

SPRO

RESET: 0 0 0 0 0 1

SPIE — SPI Interrupt Enable

SPE — SPI System Enable

DWOM — Port D Wired-OR Mode
0=Port D output normal
1=0pen drain (Bits 5-0 only)

MSTR — Master/Slave Mode Select
0=Slave mode
1=Master mode

CPOL — Clock Polarity

CPHA — Clock Phase

_N._.
eo-0) |} || L1 4 L1 L.____
(CPOLs=c1'§ ' |~
ol -
it ) Ms;s X BIT-6 X::r X BIT-1 X Lss >—
§ i : : SAMPLi INPUT : .
DATAOUT __! MS:B X BT-6 X ::X BIT-1 X LS8 D—

(CPHA=0) —

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

SPSR

TCNT

$002A SPD7 | SPD6 | SPD5 | SPD4 | SPD3 | SPD2 | SPD1 | SPDO
(Double buffered in, single buffered out)
SPI Status Register
$0029 SPIF | wCOL 0 MODF 0 0 0 0
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
Timer Count Register
B7 TCNT (HIGH) B0
$000E CNT15 | CNT14 | CNT13 | CNT12 | CNT11 | CNT10 | CNT9 | CNT8
B7 TCNT (LOW) B0
$000F CNT7 | CNT6 | CNT5 | CNT4 | CNT3 | CNT2 | CNT1 | CNTO

RESET: $0000 (Readable, not writable)

TCNT




TCTL1

Timer Control Register 1

$0020 OM2 | OL2 | OM3 | OL3 | OM4 | OL4 | OM5 | OLS

RESET: 0 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

$0021 | EDG4B | EDG4A | EDG1B | EDG1A | EDG2B | EDG2A | EDG3B | EDG3A

RESET: 0 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



TFLG1

Main Timer Interrupt Flag Reg. 1

$0023 OC1F | OC2F | OC3F | OC4F | 1405F | ICIF | IC2F | IC3F

RESET: 0 0 0 0 0 0 0 0
OC1F-0OC4F — Output Compare “x” Flag

1405F — Input Capture 4 or Output Compare 5 Flag
IC1F-IC3F — Input Capture ““x’’ Flag

(To clear flag(s), write with corresponding bit(s) set.)
1

TFLG2

Misc. Timer Interrupt Flag Reg. 2

$0025 TOF | RTIF | PAOVF| PAIF 0 0 0 0

RESET: 0 0 0 0 0 0 0 0
TOF — Timer Overflow Flag

RTIF — Real-Time (Periodic) Interrupt Flag

PAOVF — Pulse Accumulator Overflow Flag

PAIF — Pulse Accumulator Input Edge Flag

(To clear flag(s), write with corresponding bit(s) set.)

TFLG2




$0010

$0011

$0012

$0013

$0014

$0015

$001E

$001F

Timer Input Capture Registers

TIC1-TIC3

B7 TIC1 (HIGH) BO
Ic115 | 1c114 | 1c113 | ez | ic111 ficiio | ic1e | icis
B7 TIC1 (LOW) B0
Ic17 | 1c16 | 1c15 | 1c1a | 113 | ici2 | i | icio
B7 TIC2 (HIGH) Bo
Ic215 | 1c214 | 1c213 | 1c212 | 1c211 | 1c210 | 1c29 | 128
B7 TIC2 (LOW) Bo
Ic27 | 1c26 | 1c25 | 1c24 | 1c23 | 1c22 | 1c21 | ic20
B7 TIC3 (HIGH) B0
Ic315 | 1c314 | 1c313 | 16312 | 1c311 | 1c310 | 1c39 | 1c38
B7 TIC3 (LOW) BO
Ic37 | ic36 | 1c35 | ic3s | ics3 | ics2 | ic3t | icso
TI405

Timer Input Capture 4 or

Output Compare 5 Register
B7 (HIGH) B0
1015 | vo1a | o013 | o1z | o1t | woro | vos | vos
B7 (LOW) BO
107 | vos | o5 | vos | vo3 | o2 | wor | woo

T1405



TMSK1

Main Timer Interrupt Mask Reg. 1

$0022 OC11 | 0OC21 | OC3I | OCa4l | 14051 | IC1l § ic21 | Ic3l

RESET: 0 0 0 0 0 0 0 0
OC11-0C4l — Qutput Compare “x" Interrupt Enable
14051 — Input Capture 4 or Output Compare 5 Interrupt
IC11-IC3] — Input Capture ““x" Interrupt Enable

0=Interrupt inhibited
1=Interrupt requested if flag set

TMSK2

Misc. Timer Interrupt Mask Reg. 2

$0024 TOI | RTIl | PAOVI] PAIl 0 0 PR1 | PRO

RESET: 0 0 0 0 0 0 0 0
TOIl — Timer Overflow Interrupt Enable
RTIl — RTI Interrupt Enable
PAOVI — Pulse Accumulator Overflow Interrupt Enable
PAIl — Pulse Accumulator Input Interrupt Enable

0 =Interrupt inhibited

= 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

TMSK2



TOC1-TOC4

Timer Output Compare Registers

B7 TOC1 (HIGH) B0
$0016 | oc115 | oc11a | oc113 | oc112 | oc111 | oc110 | ocis | ocis

B T0C1 (LOW) BO
$0017 | oc17 | ocie | ocis | oc14 | oci3 | oci2 | oc11 | ocio

B7 T0C2 (HIGH) B0
$0018 | 0c215 | oc214 | 0c213 | oc212 | oc211 | oc210 | oc2s | oczs

B7 T0C2 (LOW) BO
$0019 | oc27 | oc26 | oc2s | oc24 | oc23 | oc22 | ocz1 | oc2e

B7 TOC3 (HIGH) B0
$001A | 0c315 | oc314 | 0c313 | oc312 | oc3i1 | oc3io | oc3s | ocss

B7 T0C3 (LOW) BO
$001B | 0c37 | oc36 | oc3s | oc34 | oc33 | ocs2 | oc31 | oc3o

B7 T0C4 (HIGH) B0
$001C | 0ca15 | 0c414 | 0c413 | oca12 | oca11 | ocato | ocas | ocas

B7 70C4 (LOW) BO
$001D | oc47 | oca6 | oces | ocas | oca3 | ocaz | ocar | ocao

TOC1-TOC4



PIN FUNCTIONS FOR EPROM
EMULATION MODE

A13 —

A4 —
GND —
GND —
GND —
GND —
GND —
GND —
GND —

ADO/PCO— — PDO
AD1/PC1 — - PD1
| AD2/PC2 — L PD2
AD3PC3—]| ON-CHIP |—pD3
AD4PC4— EPROM | —pD4
AD5/PC5 — L PD5
AD6/PC6 — __PD6
AD7/PC7 — __PD7
A8/PB0 —| |__PB7/A15
A9/PB1 — __XIRQ
A10/PB2 —] |_IRQ
A11/PB3 — L Vpp
A12/PB4 —| | Vgg
NC PA3
NC PA2
:ng MC68HC711D3 XTA;
EXTAL MCU PA4
MODA PAS5
MODB PA6
RESET PA1
PA7 PAO

— NC
— NC
—— NC
— NC
—— GND
— GND
— GND
—— NC
—— NC




MC68HC11D3FN or
MC68HC711D3FN (OTPROM)

s

5858 e

S Q = g4 = g

3828855k, ¢

4 43 40
PC4/AD4 PBO/A8
PCS5/ADS5 PB1/A9
PC6/AD6 PB2/A10
PC7/AD7 PB3/A11
XIRQ/Vpp PB4/A12
PD7RW PB5/A13
PD6/AS PB6/A14
RESET PB7/A15

IRQ N.C.

PDO/RXD PAO/IC3
PD1/TxD PA1/C2

71819?.02122232425262728
| WD ) (D [ WD S g G g S

v—"‘v-'-'-'-

VoD

PD4/SC

a3 a

PA3



MC68HC711D3S

(EPROM)
vss1 ~  w[]xa

PCO/ADO [] 2 39 [] EXTAL
pc1/aD1 [] 3 B[]E
PC2AD2 [] 4 37 [] MODALIR
PC3/AD3 [] 5 36 [] MODBNgTRY
PC4/AD4 [] 6 35 [] PBo/AS
PCs/ADS [ 7 34 [] pB1/A
pce/ADs [] 8 33 [] PB2/A10
pC7/AD7 [ 9 32 [] PBY/AI11
XirRanpp [] 10 31 [] PB4/A12
PD7RMW [ 11 30 [] peS/A13

PD6/AS [] 12 29 [] PBe/A14

RESET [] 13 28 [] PB7IOE

iRQ/CE [] 14 27 [] paoics
PDORXD [] 15 26 [] PAIAC2
PD1/TxD [] 16 25 [] paict
PD2MISO [] 17 24 [] PA3IC4/0C5/0CT
PD3MOSI [] 18 23 [] pasiocs/oct
PD4/SCK [] 19 22 [] PA7/PAIOCH

PD5/SS [] 20 21 ] Vpp

MC68HC11D3P or
MC68HC711D3P (OTPROM)

Vss E
PCO/ADO []
pPC1/AD1 [
PC2AD2 []
PC3/AD3 []
PC4/AD4 ]
PCS/ADS ]
PCe/ADS [
PC7/ADT []

XRQVpp [
PO7TRW [
PD6/AS []
RESET []

"G []
PDORXD []
PD1/TXD []

PD2MISO [
PD3MOSI []
PD4/SCK [

PD5/SS []

\J 40

39
38
37
36
35
34
33
32
3
30
2
28
27
26
25
24
23
2
21

W O N O N &~ W NN -

- h eh A A A edh o eh
B(om\lmoub.wm—no

] xTAL

] EXTAL

] E

] MODALIR

] MODBNsTRY
] PBO/AS

] PB1/A9

] PB2/A10

] PB3/A11

] Pa/at2

] PBs/A13

] PB6/A14

] PB7/A1S

] PAoic3

] patnc2

] PA21Ct

] PA3nC4/OCS/OCH
] Pasioc3/oct
] PA7PAVOCH

1 Voo




ASCIil CHART
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HEXADECIMAL AND DECIMAL CONVERSION

How to use:

Conversion to Decimal: Find the decimal weights for cor-
responding 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. Subtract the decimal value
found from the decimal number to be converted. With the
difference repeat the process to find subsequent hexadeci-
mal characters.
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Motorola reserves the right to make changes without further notice to any products
herein to improve reliability, function or design. Motorola does not assume any liability
arising out of the application or use of any product or circuit described herein: neither
does it convey any license under its patent rights nor the rights of others. Motorola
products are not authorized for use as components in life support devices or systems
intended for surgical implant into the body or intended to support or sustain life. Buyer
agrees to notify Motorola of any such intended end use whereupon Motorola shall
determine availability and suitability of its product or products for the use intended.
Motorola and [\’AR) are registered trademarks of Motorola. Inc. Motorola. Inc. is an
Equal Employmént Opportunity Affirmative Action Employer.

Literature Distribution Centers:
USA: Motorola Literature Distribution

PO. Box 20912; Phoenix, Arizona 85036
EUROPE: Motorola Ltd.; European Literature Center

88 Tanners Drive, Blakelands, Milton Keynes, MK14 5BP. England
ASIA PACIFIC: Motorola Semiconductors H.K. Ltd.

P.O. Box 80300; Cheung Sha Wan Post Office; Kowloon Hong Kong
JAPAN: Nippon Motorola Ltd.

3-20-1 Minamiazabu, Minato-ku, Tokyo 106 Japan
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