
















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Instruction 

ABX 
ADC 

ADD 

AND 

ASl3 

ASR3,6 

BCC 

BCS 

BEQ 

BGE 

BGT 

BHI 

Notes 

Table 9-21. MC6809 Mnemonics (New and Modified Instructions are Shaded) 

Source Forms Instruction 

BlS 
ADCA 
ADCB BlT 
ADDA 
ADDB BMI 
ADDD 
ANDA BNE 
ANDB 

ANDCC BPl 
ASlA 
ASlB· BRA 
ASl 

ASRA 
ASRB 
ASR BSR 

�~�~�~� 
LBCC BVC 
BCS 

LBCS BVS 
BEQ 

.lBEQ ClR 
BGE 

·I..BGE 

BGT CMP3 
.· .• lBGT 

BHI 
lBHI 
BHS 
lBHS 
BITA 
BITB COM 
BlE 
lBlE 
BlO CWAI 

.LBlO DAA 

Source Forms 

BlS 
lBlS 
BlT 
lBlT 
BMI 
lBMI 
BNE 

······lBNE 

BPL. 
lBPl 
BRA 
lBRA 
BRN 
LBRN 
BSR 

. LSSR.' 
BVC , .. ,," 

LBVe 
BVS 

LI:lVS' 
ClRA 
ClRB 
ClR 

CMPA 
CMPB 
CMPO 
CMPS 

.CMPU 
CMPX7 

"CMPY 
COMA 
COMB 
COM 

Instruction Source Forms Instruction 

DEC DEC A OR 
DECB 
DEC 

EaR EaR A PSH 
EORB 

EXG Rl ,R2 PUl 
INC INCA 

JMP 

...... �,�.�"�J�S�~� 
lD 

'MUL4' 
. NEG3 

Nap 

INCB ROl 
INC 

lDA10 
lDB10 

lDD: 
lDS 

lDU. 
lDX 
LDY 
lEAS 
lEAU 
LEAX 
LEAY 
LSLA 
LSLB 
lSl 

lSRA 
LSRB 
lSR 

NEGA 
NEGB 

SUB3 

NEG SYNC 
TFR Rl, R2 

TST 

Source Forms 

ORA 
ORB 

ORCC 
PSHS1 .. 1 

PSHU 
PUlS12 

PULU 
ROlA 
ROlB 
ROl 

RORA 
RORB 
ROR 

SBCA 
SBCB 

STA10 

ST.Bl? 
STD 
STS 
srt)'" 

TSTA 
TSTB 
TST 

1. The un shaded instructions are described in the MC6800 section. They have the same object codes for both the MC6800 
and the MC6809 processors. 

2. R 1 and R2 may be any pair of 8-bit or 16-bit registers. The 8-bit registers are A, B, SR and BPR. The 16-bit registers are X, 
Y, U, SP, D, and PC. 

3. The Auxiliary or Half-Carry bit H is undefined for these cases. 

4. This MUl sets the Z bit if appropriate. The MC6801 MUl does not. 

5. This instruction does not affect the C bit. On the MC6800/6801 16802 it clears C. 

,6. These do not affect the overflow bit (V). On the MC6800/680116802 they may. 

7. This instruction correctly sets all flags. On the MC6800/6802 it does not. 

8. On the MC6809, the E status bit is checked during RTI to determine how much to unstack - the complete register comple­
ment or just the Stack register and Return Address. 

9. SWI sets bits F and I: SWI2 and SWI3 have no effect on F and I. 

.10. These instructions are implemented on the MC6800 with slightly different mnemonics, as discussed above. 

11. This instruction is implemented on the MC6800 as PSH. 

12. This instruction is implemented on the MC6800 as PUL. 

9-202 
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In Table 9-22. the following symbols are used in addition to those used in Table 9-1. 

ACD.D Accumulator D 
bO-b7 Bits of Post Byte or other registers 
U User Stack Pointer 
Y Y Index Register 
DP Direct Page Register. 

B4 
DISP16 
REG 

Instruction Byte 4 
A 16-bit. twos complement displacement 
A 16-bit register (S. U. X. or Y. as the context demands) 

[PC'] Contents of the Program Counter after it has "stepped over" the offset bytes in a multi-byte instruc­
tion - thus. PC' is the address of the next instruction in sequence. 

R1. R2 

LIST 

Register pairs. both 8-bit or both 16-bit 

List of registers to be stored on or retrieved from the Stack 

Effective Address EA 

OFFSET.R This symbology is used to denote all forms of indexed addressing and all forms of indirect addressing. For 
this addressing scheme. the total byte count is the sum of the base count indicated inTable 9-22 and the 
appropriate value from the following chart. 

Non-indirect Indirect 
1/1 1/1 

Type Form Assembler Post-Byte ~ Assembler Post-Byte 
CD 

>- >-
Form Op-code aI Form Op-code aI 

No Offset • A lAA00100 a L Al lAA10l00 a 
Constant Offset from A 

5-Bit Offset n. A OAAnnnnn a defaults to a-bit 
a-Bit Offset n. A lAA01000 1 [n.Al lAAll000 1 

16-Bit Offset n. A lAA0100l 2 [n.Al lAA11001 2 

A - Aegister Offset A.A lAAOOll0 a IA.Al lAA10110 b 
Accumulator Offset 

B '-- Aegister Offset B. A lAA00101 a [B. Al lAA10101 a 
from A 

o - Aegister Offset D. A lAA01011 a [D. Al lAA11011 a 

Increment by 1 • A + lAAOOOOO a not aI/owed 

Auto Increment/ Increment by 2 • A + + lAAOOOOl a [. A + +l lAA10001 0 

Decrement A Decrement by 1 • -A lAAOO010 a not aI/owed 

Decrement by 2 • --A lAAOOOll a L Al lAA10011 a 

a-Bit Offset n. PCA lXX01100 1 In. PCAl lXX11100 1 
Constant Offset from PC 

n.PCA lXXOll0l 2 In. PCAl lXXlll0l 2 1 6-Bit Offset 

Extended Indirect 16-Bit Address - - - [nl 10011111 2 

A = X. Y. U. or S 
X = Don't Care 

Note: This chart conforms to Motorola nomenclature; their use of square brackets [ 1 indicates to the assembler that the addressing 
mode is indirect - thus. their use of I 1 differs from the use in Table 9-22. 
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Table 9-22. A Summary of the New and Enhanced Instructions for the MC6809 

STATUS 
TYPE MNEMONIC OPERAND(S) BYTES OPERATION PERFORMED 

E F C Z S V H I 

LDD ADR8 2 X X 0 [ACA] +- [MEMl. [ACB] +- [MEM + 1] 

ADR16 3 Load double Accumulator using base page direct, extended direct, indirect or 

OFFSET,R 2+ indexed addressing. 
w 

ADR8 2 X X [MEM] +- [ACAl. [MEM + 1] +- [ACB] 0 STD 0 z 
ADR16 3 Store double Accumulator using direct, extended, indirect or indexed w 

a: 
OFFSET,R 2+ addressing. w 

u.. 
2 X X [REG(HIl] +- [MEMl. [REG(LO)] - [MEM + 1] w LDU ADR8 0 a: 

Load specified register (U or Yl using direct, extended, indirect or indexed ad-> ADR16 3 
a: OFFSET,R 2+ dressing. 0 
:E LDY ADR8 3 X X 0 Sign status reflects REG bit 15. 
w 

ADR16 4 :E 
> OFFSET,R 3+ 
a: 

STU ADR8 2 X X 0 [MEM] - [REG(Hlll. [MEM + 1] - [REG(LO)] ct 
:E ADR16 3 Store contents of specified register (U or Yl using direct, extended, indirect or a: 
D. OFFSET,R 2+ indexed addressing. Sign status reflects REG bit 15. 

STY 'ADR8 3 X X 0 
ADR16 4 

OFFSET,R 3+ 

ADDD ADR8 2 X X X X X (ACD] - (ACD] + [MEM]: (MEM + 1] 
ADR16 3 Add 1 6-bit value from locations MEM and MEM + 1 to D Accumulator using 

OFFSET, R 2+ direct, extended, indirect or indexed addressing. 
CMPD ADR8 3 X X X X [ACD]- [MEM]: [MEM + 1] 

w ADR16 4 Compares 16-bit number from locations M and M + 1 with contents of D Ac-
0 
z OFFSET,R 3+ cumulator and sets status bits as appropriate, Only Status register is affected. 
w 
a: W CMPS ADR8 3 X X X X [REG]- [MEM]: [MEM + 1] w 
u.. I- CMPU ADR16 4 Compares 16-bit number from locations M and M + 1 with contents of w ct a: a: CMPY OFFSET,R 3+ register (5, U, Y or Xl specified in the mnemonic and sets status bits as ap-
> w 
a: D. CMPX ADR8 2 X X X X propriate. Only Status register is affected. 
0 0 
:E > ADR16 3 
w a: OFFSET,R 2+ :E 0 

> ~ LSL ADR8 2 X X X X EJ<a-174 01'-0 0= b7.l1- b6 
a: :E ADR16 3 
ct-

2+ (M] Q OFFSET,R z Logical Shift Left. 
0 
0 

X [ACD]- (ACD]- [MEM]: [MEM + 1] w SUBD ADR8 2 X X X 
(I) 

ADR16 3 Subtract 16-bit number contained in locations MEM and MEM + 1 from num-

OFFSET,R 2+ ber contained in D Accumulator using direct, extended, indirect or indexed ad-
dressing. 
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Table 9-22. A Summary of the New and Enhanced Instructions for the MC6809 (Continued) 

STATUS 
TYPE MNEMONIC OPERAND(S) BYTES OPERATION PERFORMED 

E F C Z S V H I 

w LDD DATA16 3 X X 0 [ACA) - [B2). [ACB) - [B3) 
I- Load Accumulator immediate. Sign e( 

C LDU DATA16 3 X X 0 [U(HII) - [B2). [U(LOI) - [B3) status 
w 
~ Load User Pointer immediate. reflects 

~ bit 15 
LDY DATA16 4 X X 0 [Y(HII) - [B3). [Y(LO)) - [BA) 

ADDD DATA16 3 X X X X X [ACD) - [ACD) + [B2): [B3) 
Add 16-bit number following Op-code to contents of D Accumulator. 

w 
SUBD DATA16 3 X X X X [ACD) - [ACD) - [B2): [B3) l-

e( 
Subtract 16-bit number following Op-Code from contents of D Accumulator. a: 

w 
Q. 

0 CMPD DATA16 4 X X X X [ACD) - [B3]: [B4] 
w 
I- Compare immediate contents of D Accumulator and 16-bit number following 
e( 

C (two by tel Op-code. Only status bits are affected. 
w CMPS DATA16 4 X X X X [REG) - [B3): [B4) 
~ 

~ CMPU Compare immediate contents of designated Register (S. U. Y or xl specified 

CMPY in instruction with 16-bit number following (two by tel Op-code. Only Status 

CMPX DATA16 3 X X X X bits are affected. 

LBRA DISP16 3 [PC) - [PC') + DISP16 
Unconditional long branch relative to present Program Counter contents. 

Q. 
LBSR . DISP16 3 [[SP) - 1) - [PC(LOI), [[SP) - 2] - [PC(HII), [SP) - [SP) - 2 

~ 
::::I 

[PC) - [PC') + DISP16 -, 
Unconditional long branch to subroutine located relative to present Program 
Counter contents. 

[PC) - [PC') + DISP if condition true 

Z BHS DISP 2 C=O 
0 BLO DISP 2 C=1 
i= [PC) - [PC') + DISP 1 6 if condition true C 
Z 
0 
CJ 
Z 
0 
:J: 
CJ 
Z 
e( 
a: 
III 



co 
N 
o 
en 

TYPE 

~ 
Q) 
::J 

oS 
c 
0 g 
Z 
0 
i= 
C 
Z 
0 
CJ 
z 
0 
:t: 
CJ z 
4( 
a: 
a:I 

W 
0> 
1- 0 
a: ~ 
Wa: 
I-w 
~ti CJ_ 
WCJ 
a:w 

a: 

a: 
w 
I-
en 
S~ 
~~ 
a:w 
We.. 
ti° 
S 
w 
a: 

MNEMONIC 

LBCC 
LBCS 
LBEQ 
LBGE 
LBGT 
LBHI 
LBHS 
LBLE 
LBLO 
LBLS· 
LBLT 
LBMI 
LBNE 
LBPL 
LBVC 
LBVS 

EXG 

TFR 

ABX 

MUL 

SEX 

Table 9-22. A Summary of the New and Enhanced Instructions for the MC6809 (Continued) 

STATUS 
OPERAND(S) BYTES OPERATION PERFORMED 

E ·F C Z S .V H I 

DISP16 4 
DISP16 4 
DISP16 4 
DISP16 4 
DISP16 4 
DISP16 4 
DISP16 4 
DISP16 4 Conditions are the same as shown in the Branch On Condition Table for the 
DISP16 4 MC6800. 
DISP16 4 
DlSP16 4 
DISP16 4 
DlSP16 4 
DISP16 4 
DISP16 . 4 
DISP16 4 

Rl. R2 2 [Rl] -- [R2] 
Exchange contents of specified registers. Status register not affected unless 
R 1 or R2 is Status register. 

R1. R2 2 [R2]- [Rl] 
Transfer contents of Rl to R2. Status register is not affected unless R2 is 
Status register. 

1 [X) - [X) + [B) 
Add unsigned contents of B Accumulator to Index register. 

1 X [D) - [A) x [B) 
Multiply unsigned' numbers in Accumulators A and B and place result in D. 
Carry bit is set if Accumulator B bit 7 is set. 

1 X ;X 0 [A) - FF 1 6 if Accumulator B bit 7 = 1 
[A) - 00 l6if Accumulator B bit 7 = 0 

Transform an 8-bit twos complement number in B to a l6-bit twos comple-
ment number in D. 
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Table 9-22. A Summary of the New and Enhanced Instructions for the MC6809 (Continued) 

STATUS 
TYPE MNEMONIC OPERAND(S) BYTES OPERATION PERFORMED 

E F C Z S V H I 

LEAS OFFSET,R 2+ [S]-EA 

w LEAU OFFSET,R 2+ [U]-EA EA is the Effective .-
LEAX OFFSET,R 2+ [X]-EA Address ~ X a: 
LEAY OFFSET,R 2+ X [Y]-EA w 

Q. 

0 Form the Effective Address EA according to the addressing variation used. a: 
w Load this address into designated register (for later use) rather than output-.-
CI) ting it on Address Bus at this time. 
S 
w 

80-17 .. oJ.-o a: 
LSL ACX 1 X X X X ~ = b7 .lJ.b6 

(ACX) 

PSHS LIST 2 Test Post Byte and stack as follows. 
Condition: 
b7 = 1; [SP] - [SP] -1, [[SPll - [PC(LO)] 

[SP] - [SP] - 1, [[SPll - [PC(HIll 
b6 = 1; [SP] - [SP] - 1. [[SPll - [U(LO)] 

[SP] - [SP] - 1. [[SPll -[U(HIll 
b5 = 1; [SP] ...... [SP] - 1. [[SPll ...... [Y(LO)] 

[SP] ...... [SP] - 1. [[SPll ...... [Y(HIll 
b4 = 1; [SP] ...... [SP] - 1. [[SPll ...... [X(LO)] 

[SP] - [SP] - 1. [[SPll ...... [X(HIl] 
b3 = 1; [SP] ...... [SP] - 1. [[SPll - [DP] 
b2 = 1; [SP] ...... [SP] - 1. [[SPll ...... [B] 

~ b1 = 1; [SP]-[SP] - 1. [[SPll ...... [A] (,) 
~ bO = 1; [SP] ...... [SP]- 1. [[SPll ...... [SR] .-
CI) 

~ Push any. all. none or any subset of registers onto Hardware Stack (except the 
Hardware Stack Pointer itself). 
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Table 9-22. A Summary of the New and Enhanced Instructions for the MC68()9 (Continued) 

STATUS 
OPERAND(S) BYTES OPERATION PERFORMED 

E F C Z S V H I 

LIST 2 Test Post Byte and stack as follows. 
Condition: 
b7 = 1; [U) - [U) - 1. [[UJ) - [PC(lOI) 

[U) - [U) - 1. [[UJ) - [PC(HIl) 
b6 = 1; [U) - [U) - 1. [[UJ) - [SP(lO)) 

[U) - [U) - 1. [[UJ) - [SP(HI)) 
b5 = 1; [U)- [U) - 1. [[UJ) - [Y(lO)) 

[U) - [U) ~ 1. [[UJ) - [Y(HIl) 
b4 = 1; [U)-[U) - 1. [[UJ) - [X(lOI) 

[U) - [U) - 1. [[UJ) - [X(HIl) 
b3 = 1; [U) - [U) - 1. [[UJ) - [OP) 

. 

b2 = 1; [U) - [U) - 1. [[UJ) - [B) 
b1 = 1; [U)-[U)-l. [[UJ)-[A) 
bO = 1; [U) - [U) - 1. [[UJ) - [SR) 

Push any. all. none or any subset of registers onto User Stack (except the User 
Stack Pointer itself). 

LIST 2 Test Post Byte and unstack as follows. 
Condition: 
bO = 1; [SR) - [[SPJ). [SP) - [SP) + 1 
b1 = 1; [A) - [[SP)). [SP) - [SP) + 1 
b2 = 1; [B) - [[SP)). [SP) - [SP) + 1 
b3 = 1; [OP) - [[SP)). [SP) - [SP) + 1 
b4 = 1; [X(HIl) - [[SP)). [SP) - [SP) + 1 

[X(lO)) - [[SP)). [SP) - [SP) + 1 
b5 = 1; [Y(HIl) - [ISP)). [SP) - [SP) + 1 

. [Y(lOI) - [[SPJ). [SP) ~ [SP) + 1 
b6 == 1; [U(HIl) - [[SP)). [SP) - [SP) + 1 

[U(lOI) - [[SP)). [SP) - [SP) + 1 
b7 = 1; [PC(HIl) - [[SP)J. [SP) - [SP) + 1 

[PC(lOI) - [[SP)). [SP) - [SP) + 1 

Pull any. all. none or any subset of registers from Hardware Stack (except the 
Hardware Stack Pointer itselfl. The Status register bits are determined by 
byte pulled from Stack. -
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Table 9-22. A Summary of the New and Enhanced Instructions for the MC6809 (Continued) 

STATUS 
OPERAND(S) BYTES OPERATION PERFORMED 

E F C Z S V H I 

LIST 2 Test Post Byte and unstack as follows. 
Condition: 
bO = 1 ; [SRI - HU]l. [U] - [U] + 1 
b1 = 1; [A] - [[U]l. [U] - [U] + 1 
b2 = 1; [B] - [[Ull. [U] - [U] + 1 
b3 = 1; [DP] - [[Ull. [U] - [U] + 1 
b4 = 1; [X(HIl] - [[Ull. [U] - [U] + 1 

[X(lOI] - [[Ull, [U] - [U] + 1 
b5 = 1; [V(HIlI - [[Ull. IU] - [U] + 1 

[V(lOI] - [[Ull. [U] - [U] + 1 
b6 = 1; [SP(HIl] - [[UIl, [U] - [U] + 1 

[SP(lOI] - [[Ull. [U] - [U] + 1 
b7 = 1; [PC (Hill - [[Ull. [U] - [U] + 1 

[PC(lOI] - [[U]l. [U] - IU] + 1 

Pull any, all. none or any subset of registers from User Stack (except the User 
Stack Pointer its·elf): Status register bits are determined by byte pulled from 
Stack. 

1 Pull registers from Hardware Stack in accordance with value of E of Status 
Register. 

If E = 0, pull the subset. 
[SRI - [[SP]I. [SPI - [SP] + 1 
[PC(Hil] - [[SP]l. [SP] - [SP] + 1 
[PC(LO)] - [[SP]l. [SP] - [SP] + 1 

If E = 1, pull the full complement. 
[SRI - [[SP]I. [SP] - [SPI + 1 
[Ai - [[SP]I. [SP] - ISP] + 1 
[B] - [[SP]l. ISP] - [SP] + 1 
[DP] - [[SPll, [SP] - [SP] + 1 
[X(Hil]- [[SPIt [SP]-I.SP] + 1 
[X(lO)] - [[SPIl, [SP] - [SP] + 1 
[V(Hil] - [[SPIl. [SP] - ISP] + 1 
[V(lO)] - [[SPIt [SP] - [SP] + 1 
[U(HI)] - [[SPIt [SP] - [SP] + 1 
[U(lO)] - [[SPIl, [SP] - [SP] + 1 
[PC (Hill - [[SPIt [SP] - [SP] + 1 
[PC(lOI] - [[SP]l. [SP] - [SP] + 1 

Status bits are as received from Stack. 



'Table 9-22. A Summary of the New and Enhanced Instructions for the MC6809 (Continued) 

STATUS 
TYPE MNEMONIC OPERAND(S) BYTES OPERATION PERFORMED 

E F C Z S V H I 

[SR] - [SR] A [B2] This may clear SR bits. 

CWAI 2 E-1 

[SP] - [SP] - 1, [[SPJ] - [PC] 
[SP] - [SP] - 1, [[SPJ] - [PC] 
[SP] - [SP] - 1, [[SPJ] - [U] 
[SP] - [SP] - 1, [[SPJ] - [U] 
[SP] - [SP] - 1, [[SPJ] - [Y] 
[SP] - [SP] - 1, [[SPJ] - [Y] 
[SP] - [SP] -1, [[SPJ] - [X] 
[SP] - [SP] - 1, [[SPJ] - [X] 
[SP] - [SP] - 1, [[SPJ] - [OP] 
[SP] - [SP] - 1, [[SPJ] - [B] 
[SP] - [SP] - 1, [[SPJ] - [A] 

;:; [SP] - [SP] - 1, [[SPJ] - [SR] 
II) 

Pushes registers onto Stack and waits for an interrupt. When non-masked in-:s 

'E terrupt occurs, vectors to corresponding interrupt service routine. FIRQ enters c 
0 its serVice routine with all registers saved, but since E = 1, they will un stack 2 .- correctly on RT\' (System busses are not floated by CWAI.) 

Q. 

:l 
a: 
a: 
LLI .-
!: 
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Table 9-22. A Summary of the New and Enhanced Instructions for the MC6809 (Continued) 

STATUS 
TYPE MNEMONIC OPERAND(S) BYTES OPERATION PERFORMED 

E F C Z S V H I 

SWI 1 E-1 

[SP] - [SP] - 1, ([SP)) - [PC(lO)] 
[SP] - [SPl- 1, ([SP)) - [PC (Hill 
[SP] - [SP] - 1, ([SP)) - [U(lO)] 
[SP] - [SP] - 1, ([SP)) - [U(HIll 

t [SP] - [SP] - 1, ([SP)) - [Y(lO)) 
[SP] - [SP] - 1, ([SP)) - [Y(HIll 
[SP] - [SP] - 1, ([SP)) - [X(lO)) 
[SP] - [SP] - 1, ([SP)) - [X(HIll 
[SP] - [SP] - 1, ([SP)) - [DP] 
[SP] - [SP] - 1, ([SP)) - [B] 

-:c [SP] - [SP] - 1, ([SP)) - [A] GI 
:l [SP] - [SP] - 1, ([SP)) - [SRI c 
~ 

F - 1. [PC] - [FFFA]: [FFFB] c 1 -1. 0 g 
Transfer control to interrupt subroutine. 

l-e.. SWI2 2 E-1 ::l 
a: 
a: Push registers onto Hardware Stack (same as above). w -
I- [PC] - [FFF4]: [FFF5] 
!: Transfer control to interrupt subroutine. 

SWI3 2 E-1 

Push registers onto Hardware Stack (same as above). --
[PC]- [FFF2]: [FFF3] 

Transfer control to interrupt subroutine. 

SYNC 1 Stop processing instructions: float system busses: wait for an interrupt. When 
an interrupt occurs, resume processing as follows: 

j) If interrupt is enabled. transfer to the service routine. 

ij) If interrupt is disabled, continue execution at next instruction in sequence. 

(/) ANDCC DATA 2 1 [SR] - [SR] A DATA 
::l 

AND immediate. Used to clear SR bits. l-
e( 

ORCC DATA 2 [SR]- [SRI V DATA l-
(/) 

OR immediate. Used to set SR bits. 

BRN DISP 2 Branch Never. This is a No Operation 
lBN DlSP16 4 long Branch Never. This is a No Operation. 



DATA SHEETS 

This section contains specific electrical and timing data for the following devices: 

• MC6800 CPU 
• MC6802 CPU/RAM 
• MC6870A Clock 
• MC6871A Clock 
• MC6871 B Clock 
• MC6820 PIA 
• MC6850 ACIA 
• MC6852 SSDA 
• MC6840 PTM 
• MC6844 DMAC 
• MC6846 ROM-I/O-Timer 
• MC6801 One-Chip Microcomputer 
• MC6809 CPU 

9-01 

Volume 2 
Rev. A, Update 5 

7-79 



MC6800, MC68AOO, MC68BOO 

TABLE 1 - MAXIMUM RATINGS 

Rating Symbol 

Supply Voltage VCC 
Input Voltage Vin 

Operating Temperature Range-TL to TH TA 
MC6800, MC68AOO, MC68BOO 
MC6800C, MC68AOOC 
MC6800BQCS, MC6800CQCS 

Storage Temperature Range Tstg 
Thermal Resistance (JJA 

Plastic Package 
Ceramic Package 

Value 

-0.3 to +,7.0 

-0.3 to +7.0 

o to +70 
-40 to +85 
-55 to +125 

-55 to +150 

70 
50 

Unit 

Vdc 

Vdc 

°c 

°c 

°C/W 

This device contains circuitry to protect the 
inputs against damage due to high static voltages 
or electric fields; however, it is advised that 
normal precautions be taken to avoid appli­
cation of any voltage higher than maximum 
rated voltages to this high impedance circuit. 

TABLE 2 - ELECTRICAL CHARACTERISTICS (VCC = 5.0 V, ± 5%, VSS = 0, TA = TL to TH unless otherwise noted) 

Characteristic Symbol Min Typ Max Unit 

Input High Voltage Logic VIH VSS + 2.0 - VCC Vdc 

\ 
1/>1,1/>2 VIHC Vce -0.6 - VCC +.0.3 

Input Low Voltage Logic VIL VSS - 0.3 - VSS + 0.8 Vdc 

1/>1,1/>2 VILC VSS - 0.3 - Vss + 0.4 

Input Leakage Current lin /lAdc 
(Vin =0 to 5.25 V, VCC = max) Logic' - 1.0 2.5 
(V in = 0 to 5.25 V, VCC = 0.0 V) 1/>1,¢2 - - 100 

Three-State (Off State) Input Current 00-07 ITSI - 2.0 10 /lAdc 
(Vin = 0.4 to 2.4 V, VCC = max) AO-AI5,R/W - - 100 

Output High Voltage VOH Vdc 

(I Load = -205 /lAdc, VCC = min) 00-07 VSS + 2.4 - -
(I Load = -145 /lAdc, VCC = min) AO-AI5,R/W,VMA VSS + 2.4 - -
(I Load = -100 /lAdc, VCC = min) BA VSS + 2.4 - -

Output Low Voltage (I Load - 1.6 mAdc, VCC = min) VOL - - VSS + 0.4 Vdc 

Power Dissipation Po - 0.5 1.0 W 

Capacitance Cin pF 

(Vin = 0, T A = 250 C, f = 1.0 MHz) 1/>1 - 25 35 
¢2 - 45 70 

00-07 - 10 12.5 
Logic Inputs - 6.5 10 

AO-A 15,R/W, VMA Cout - - 12 pF 

TABLE 3 - CLOCK TIMING (VCC = 5.0 V, ± 5%, VSS = 0, T A = TL to TH unless otherwise noted) 

Characteristics Symbol Min Typ Max Unit 

Frequency of Operation MC6800 f 0.1 - 1.0 MHz 

MC68AOO 0.1 - 1.5 
MC68BOO 0.1 - 2.0 

Cycle Time (Figure 1) MC6800 tcyc 1.000 - 10 /lS 
MC68AOO 0.666 - 10 

MC68BOO 0.500 - 10 

Clock Pulse Width 1/>1,¢2 - MC6800 PW¢H 400 - 9500 ns 

:(Measured at VCC - 0.6 V) 1/>1,¢2 - MC68AOO 230 - 9500 
1/>1,¢2 - MC68BOO 180 - 9500 

Total 1/>1 and cf>2 Up Time MC6800 tut 900 - - ns 
MC68AOO 600 - -
MC68BOO 440 - -

Rise and Fall Times tl/>r, t¢f - - 100 ns 

(Measured between VSS + 0.4 and VCC - 0.6) 

Delay Time or Clock Separation (Figure 1) td - 9100 
ns 

(Measured at VOV = VSS + 0.6 V @ tr = tf .;; 100 ns) 0 

(Measured at VOV = VSS + 1.0 V @ tr = tf';; 35 ns) 0 - 9100 

Data sheets on pages 9-02 through 9-030 reprinted by permission of Motorola Semiconductor Products, Inc. 
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Me6809, MC68A09, MC68B09 

MAXIMUM RATINGS 
Rating Symbol Value Unit This device contains circuitry to protect the 

Supply Voltage VCC -0.3 to +7.0 Vdc inputs against damage due to high static 

~<?lta!l.e Vin -0.3 to +7.0 Vdc voltages or electric fields; however. it is 
Operating Temperature Range TA o to +10 uC advised that normal precautions be taken 

Storage Temperature Range TSl 9 -55 to +150 DC to avoid application of any voltage higher 

Thermal Resistance 8JA 70 DC/W than maximum rated voltages to this high 
impedance circuit. 

ELECTRICAL CHARACTERISTICS (Vcc = 5.0 V ±5%. VSS = O. TA = 0 to 70DC unless otherwise noted.) 

Characteristic Symbol Min Typ Max Unit 

Input High Voltage Logic. EXtal VIH VSS + 2.0 - VOO Vdc 
RESET VSS + 4.0 - VOO 

Input Low Voltage Logic. EXtal. RESET VIL VSS - 0.3 - VSS + O.B Vdc 

Input Leakage Current Logic lin - 1.0 2.5 pAdc 
IVin = 0 to 5.25 V. VCC = max) 

Output High Voltage VOH Vdc 
(I Load = -205 pAdc. VCC = min) DO·D7 VSS + 2.4 - -
(lLoad = ·145 pAdc. VCC = min) AO-A 15. R/w' O. E VSS + 2.4 - -
(ILoad = ·100 pAdc. VCC = min) BA. BS VSS + 2.4 - -

Output Low Voltage VOL - - VSS +0.5 Vdc 
(lLoad = 2.0 mAdc. VCC = min) 

Power Dissipation Po - - 1.0 W --
Capacitance # Cin pF 

IVin = O. T A = 25 0C. f = 1.0 MHz) DO-D7 - 10 15 
Logic Inputs. EXtal - 7 10 
AO-A15. R/W Cout - - 12 

Frequency of Operation MC6B09 f - - 4 MHz 
MC6BA09 fXTAL - - 6 

(Crystal or External Input) MC6BB09 fXTAL - - B 

Three-State (Off State) Input Current DO-D7 ITSI - 2.0 10 pAdc 
IVin = 0.4 to 2.4 V. VCC = max) AO·A15. R/W - - 100 

READ/WRITE TIMING (Reference Figures 1 and 2) 

MC6809 MC6BA09 MC68B09 

Characteristic Symbol Min Typ Max Min Typ Max Min Typ Max Unit 
Cycle Time tCYC 1000 - - 667 - - 500 - - ns 

Total Up Time tUT 975 - - 640 - - 4BO - - ns 
Peripheral Read Access Time tACC 695 - - 440 - - 320 - - ns 

tac = (tAO = tOSR) 
Data Setup Time (Read) tOSR BO - - 60 - - 40 - - ns 
Input Data Hold Time tOHR 10 - - 10 - - 10 - - ns 
Output Data Hold Time tOHW 30 - - 30 - - 30 - - ns 
Address Hold Time tAH 30 - - 30 - - 30 - - ns 

(Address. R/W) 

Address Delay tAO - - 200 - - 140 - - 110 ns 
Data Delay Time (Write) tDOW - - 225 - - 180 - - 145 ns 
Elow to Ohigh Time tAVS - - 250 - - 165 - - 125 ns 
Address Valid to Ohigh tAO 25 - - 25 - - 15 - - ns 
Processor Clock Low tPWEL 450 - - 295 - - 210 - - ns 
Processor Clock High tPWEH 450 - - 2BO - - 220 - - ns 
MRDY Set Up Time tPCSR 60 - - 60 - - 60 - - ns 
Interrupts Set Up Time tpcs 200 - - 140 - - 110 - - ns 

HAL T Set Up Time tPCSH 200 - - 140 - - 110 - - ns 

RESET Set Up Time tpCSR 200 - - 140 - - 110 - - ns 
DF:iiA/BRE(j Set Up Time tpCSO 125 - - 125 - - 125 - - ns 
Crystal Osc Start Time trc 100 - - 100 - - 100 - - ms 
E Rise and Fall Time tER. tEF 5 - 25 5 - 25 5 - 20 ns 
Processor Control Rise/Fal1 tPCR. - - 100 - - 100 - - 100 ns 

tPLF 
o Rise and Fall Time tOR. tOF 5 - 25 5 - 25 5 - 20 ns 
o Clock High tPWOH 450 - - 2BO - - 220 - - ns 

Data sheets on pages 9-031 through 9-039 reprinted by permission of Motorola Semiconductor Products. Inc. Volume 2 

Rev. A. Update 5 
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MC6809, MC68A09, MC68B09 

READ DATA FROM MEMORY OR PERIPHERALS 

~----------------- leye 

2.4 V 2.4 V 

IPWEH _____ .-! ~O:..:..5::....:.V---

2.4 V 
Q 

R/W 

AD DR 

lAce 

lAO 

DATA --------------------------------------~C\ 

MRDY 

~----------------------------------------------~~~~~---------

WRITE DATA TO MEMORY OR PERIPHERALS 

E 

Q 

AD DR 

BA. BS _--..:::.:.::....!.+l ....... 

DATA DATA VALID 
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MC6809, MC68A09, MC68B09 

BUS TIMING TEST LOAO 

4.75 V 
( 

RL=2.2K 

Test Point o-o-..... -..,.t ............. MM06150 
I" , ~ or Equiv. 

c = 30 pF for BA. BS 
130 pF for 00-07. E. Q 

90 pF for AO-A 15. R IW 

-
,~ MM07000 

~~ or Equlv. 

~ 

R= 11.7kOforOO-07 
16.5 kO for AO-A 15. E. Q 

24 kO for BA. BS 

9-033 
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RESET TIMING 

voo 

RESET· 

Add,,,,, rT"'rnC"t"""!~·!n-TT"",,, 
Bus 

BA ~~~~~~~ _____________________ H_'B_y_te __ L_O_By_t. _______ 'n_st_,uc_t'_on ______ ~~-----------------------------------------H,-BY-t,-. __ L"_8_"_' _______________ 1 

BS\SS\\W~ I \L ____________ ~rr~----------------------------~/ \L __________ I 

·Note Parts WIth dilte codes pref,xed by 7F WIll come out of Reset one cycle sooner than shown 

CRYSTAL CONNECTIONS AND OSCILLATOR START UP 

75 V 
Voo 

-+-----;~ 

Fmrr 
--------4-----~t~R-C---f~r-~-08V 

Yl em Cout 

8 MHz 18 pF 18 pF 

6 MHz 20 pF 20 pF 

4 MHz 24 pF 24 pF 

MC6809 

38 Yl 39 

D 
CI'I' 'I'l.O 

6809 Crystal Parameters' 

3.58 MHz 4.00 MHz 6.0 MHz 8.0 MHz 

RS 600 500 30-500 20-400 

Co 3.5 pF 6.5 pF 4-6 pF 4-6 pF 

C1 015 pF 025 pF 01-.02 pF 01- 02 pF 

Cin. Cout 25 pF 25 pF 25 pF 25 pF 

...U 40 K 30 K 20 K 20 K 
All Parameters Are· 10')-0 
"Note: These are representative AT-cut crystill parameters only. 
Crystals of other types of cut that work may also be lIsed 

38------11 D 1-1 -----39 

~~ 
3B~'E----J39 

Co 

s: 
(") 
en 
CO 
o 
!:D 
s: 
(") 
en 
CO 
:t> o 
!:O 
s: 
(") 
en 
CO 
CD 
o 
CD 



MC6809, MC68A09, MC68B09 

Q 

HALT 

Address 
Bus 

RN/ 

BA 

BS 

Data 
Bus 

2nd To Last Last Cycle 

H'A'tT AND SINGLE INSTRUCTION 
EXECUTION FOR SYSTEM DEBUG 

~~~Ir:~f Cu~r~nt Dead Dead Instruction Instruction Dead 

I 
Inst I Inst I Cycle I· _____ ~H:::al.:::te:::..d ______ .,If4 • ...:c:..:.y~Cle:......+,...:....:Fe:::tc::.:.h-r+..:E:.;.:x.:.:ec.::.ut.::.e~I_C...:.YC_le-lI~I_H_a_lt_ed_ .• ad •.• I.' ,"P ... I.' ... ..1 o. 

) 

C 

('l 

, 
( 

/ 
c.)2 

/ t'c.'l 

(' 

9-035 
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~ 
Fetch Execute 

~ 
/ 
/ 

~ 
Instruction 

Opcode 
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IRQ AND NMT INTERRUPT TI MING 

I--n -----/.- n , '--+-n '2--1-n 'J--!--n • '--!--n • 5--+-n • 6 -+-n • 7--j.-n • 8--1-n '9--+-n , lO+n , 11-\.-n , 12...j-n' 13--+-n , 14-1-n' 15../.·n' 16-1-n + 17.J..n • 18.J..n , 19.J..n , 20.J..n + 21..1 

AJdress -. ,--, r------. 
Bus 

SP 4 SP 7 SP B SP 9 SP 10 SP 11 SP 12 FFFC (NMll FFFO (NMII FFFF New PC New PCH 
FFF8 tiRO) FFF91IRO) I 

Next SP 2 SP 3 SP 5 FFFF SP· 1 

tPC'S ~ Fetch 

IROor I ~ 
Instruwon 

NMI ~O.~8V~ _____________________________ ___ 

Data Bus 

RIW~ 

8A:\\SSSS\, 

BS~ 

\~------------------------------------------------~/ 

RIW~ 

BA~ 

BS~ 

FiRCi INTERRUPT TIMING 

\'--___ ~r_ 

/ 

/ 

\~--------

Of Interrupt 
ServLce 
Routme 

'C 

\'--------

3: 
(") 
en 
CD 
o 
!.D 
3: 
(") 
en 
CD » o 
!.D 
3: 
(") 
en 
CD 
III o 
CD 



MC6809, MC68A09, MC68B09 

F\ 

0 I 
MRDY 

E/Q RELATIONSHIP 

51.1" "f C:yc!t· Elld "f Cyell' fL.llr" Dal,,) 

I I 

E ---{'----_----JI ~I....----
I_"vs-<{ I 
: ~-7-4V-----------'\~ ____ ~i ____ __ o 

I Add,,·s' V"I,d I 

FIGURE 13 MRDY TIMING 

I \ / \IS~ 1'-. ____ 
1 

\ / \ 1 

I 

\\\\\~ 
I 

"I 
I 
I 
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MC6S09, MC6SA09, MC6SB09 

TYPICAL DMA TIMING ("14 CYCLES) 

MPU DEAD DMA DEAD MPU 

Q 

r- 'peso 

SA. BS \~--

\'------.J1 
ADDRIMPU) __________________ ~)~----------------------------------------------------~~ 

ADDRIDMACI------------------------~(~ ________________________________________ _J)~------------I 
NOTE: 
5"MAViiiiA IS iI Signal which 

IS (h,v"lofJed ",wrnally bll' 
I~ (l svstt-!1l1 rp.qUHt>mt'nt for DMA 

AUTO-REFRESH DMA TIMING ( 14 CYCLES) 

I 1 I I 
IDEAD 1"1141-----------------14 DMA CYCLES-------------------~~IDEADI MPU DFADI.--DMA--' 

I I 1 I I 1 

1 I 1 I I 1 

Q 

I 
DMA BREO~~I ____________________________________________________ +I--~I--~I-----------------

I 
I I I I 

BA BS---1lr~----------------------------------------------~~r~~-----------

~ j ________________________________ ~\1 "I I~----------

D M A VM A "----/ "---../ "---../ 
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<0 

6 
w 
<0 

::0 
(I) 

:.:: 
}> 

~~ 
Q.c: 

~~~ ..... 

SYNC TIMING 

Last 
Cycle Of Sync 
Previous Opcode Dead 

1~.~ln~s~t~.+I.~F~et=c~h~.~I~.~E~xe=c~ut~e~.~I.~C~y~CI~e~.~I •• ____ ~~f-------_SYNCACK 

Q 

Address 

Data 

RM 

BA =x:==A'---____ ----'! l 

Dead 

-i- Cycle 

Instruct 

I 
Fetch I I.. •. 

Fetch 

BS~~ ____________________ ~~------+_----------------------------------
IRQ { 

FIRQ 
NMI 

NOTE: 
1. If the mask bit is set when the interrupt is requested 

processing will continue with instruction execution 
fetched from previous step. However, if an NMI or an 
unmasked FI RQ or IRQ caused interrupt, the address 
placed on bus from previous cycle 1M + 1) remains on 
bus and processing continues with this cycle as 
(m + 1) or (n + 1) of interrupt timing. 

2. If mask bits are clear IRQ & FIRQ must be held low 
for three cycles to guarantee interrupt to be taken, 
although only one cycle is necessary to bring the 
processor out of SYNC. 

See Note 2 

tPCS 

<O~ N ~ __________________________________________________________________________________________________________________ --J 
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ATTENTION WRITERS 

OSBORNE/McGraw-Hili is seeking qualified contributors to future updates of 
Volumes 2 and 3. Qualified contributors must have an excellent technical back­
ground, and they must be able to write clearly and without bias toward any manufac­
turer of products covered. Faculty at universities are particularly welcome as contribu­
tors. 

A contributor, when selected, will be assigned a specific category of parts to keep up­
dated. Keeping parts updated will include describing new parts in the category as they 
appear, and improving the description of parts that are already covered. Individual 
one-time contributions are also welcome. 

: If you would like to become a contributor to Volume 2 and/or Volume 3, please write 
stating your qualifications and the categories that you believe you could cover com­
petently. If possible, send us a sample of your work; we suggest two or three pages of 
a part description following the format presented in these books as closely as possi-
ble. Send material to: 

OSBORNE/McGraw-Hili 
630 Bancroft Way 

Berkeley, California 94710 

Attention: Volume 2/3 Contributors 
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