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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

b0-b7 Bits of Post Byte or other registers

] User Stack Pointer

Y Y Index Register

DP Direct Page Register .

B4 Instruction Byte 4

DISP16 A 16-bit, twos complement displacement

REG 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 Register pairs, both 8-bit or both 16-bit

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

EA Effective Address ’

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 in Table 9-22 and the
appropriate value from the following chart.

Non-indirect Indirect
[ [’
Type Form Assembler Post-Byte 2 | Assembier, Post-Byte g
Form Op-code @ Form Op-code @
No Offset .R 1RR00100 0 [.RI] 1RR10100 (o]
5-Bit Offset n, R ORRnnnnn 0 defaults to 8-bit
Constant Offset from R 8-Bit Offset nR 1RRO1000 | 1 (nR] 1RR11000 | 1
16-Bit Offset n R 1RR01001 2 [n,R] 1RR11001 2
A — Register Offset AR 1RR00110 0 [AR] 1RR10110 0
f““';“'m' Offset B — Register Offset B,R - 1RR00101 0 (8, R] 1RR10101 0
rom "D — Register Offset D, R 1RR01011 0 [D, R] 1RR11011 0
Increment by 1 R+ 1RR0O0000 0 not allowed
Auto Increment/ Increment by 2 LR+ + 1RR0O0001 O LR+ +] 1RR10001 .| O
Decrement R Decrement by 1 .-R 1RRO0010 0 not allowed
' Decrement by 2 ,--R 1RR00011 0 [. R] 1RR10011 0
8-Bit Offset n, PCR 1XX01100 1 [n, PCRI] 1XX11100 1
Constant Offset from PC
16-Bit Offsat n, PCR 1xX01101 | 2 | n, PCRI 1XX11101 | 2
Extended Indirect 16-Bit Address — — - [n] 10011111 2

R=X,Y,U,orS
X =Don’t Care

Note: This chart conforms to Motorola nomenclature; their use of square brackets [ ] indicates to the assembler that the addressing
mode is indirect — thus, their use of [] differs from the use in Table 9-22.

9-203
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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
LDD ADR8 2 X | x [ACA] — [MEM], [ACB] — [MEM + 1]
ADR16 3 Load double Accumulator using base page direct, extended direct, indirect or
w OFFSET,R 2+ indexed addressing.
o STD ADR8 2 X | x [MEM] — [ACA], [MEM + 1] — [ACB]
E ADR16 3 Store double Accumulator using direct, extended, indirect or indexed
& OFFSET R 2+ addressing.
w LDU ADR8 2 XX [REG(HI)] ~— [MEM], [REG(LO)] — [MEM + 1]
> ADR16 3 Load specified register (U or Y) using direct, extended, indirect or indexed ad-
no: OFFSET.R 2+ dressing.
2 LDY ADRS8 3 XX Sign status reflects REG bit 15.
S ADR16 4 - :
E OFFSET,R 3+
< STU ADR8 2 XX [MEM] — [REG(HI)], [MEM + 1] — [REG(LO)]
E ADR16 3 Store contents of specified register (U or Y) using direct, extended, indirect or
o OFFSET.R 2+ indexed addressing. Sign status reflects REG bit 15.
STY ‘ADR8 3 XX
ADR16 4
OFFSET R 3+
ADDD ADRS 2 XX [ACD] — [ACD] + [MEM]: [MEM + 1]
ADR16 3 Add 16-bit value from locations MEM and MEM + 1 to D Accumulator using
OFFSET, R 2+ direct, extended, indirect or indexed addressing.
CMPD ADRS8 3 X | X [ACD] — [MEM]: [MEM + 1]
3 ADR16 4 Compares 16-bit number from locations M and M + 1 with contents of D Ac-
E OFFSET,R 3+ cumulator and sets status bits as appropriate. Only Status register is affected.
T CMPS ADR8 3 X 1X [REG] — [MEM]: [MEM + 1]
5 '; CMPU ADR16 4 Compares 16-bit number from locations M and M + 1 with contents of
e E CMPY QFFSET,R 3+ register (S, U, Y or X) specified in the mnemonic and sets status bits as ap-
E g CMPX ADRS 2 X | X: propriate. Only Status register is affected. i
o
s > ADR16 3
g S OFFSETR 2+
> B Lst _ADRS 2 xx »<— |7 =— olw—0 0=by¥%bg
‘5 2 ADR16 3
a - OFFSET,R 2+ : M
F Logical Shift Left.
é SUBD ADRS8 2 XX [ACD] — [ACD] - [MEMI: [MEM + 1]
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.




Copyright © 1979 McGraw-Hill, Inc.

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

S0Z-6
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6L-L

STATUS
TYPE | MNEMONIC OPERAND(S) OPERATION PERFORMED
z|s
w LDD DATA16 X | X. [ACA] — [B2], [ACB] — [B3]
'; Load Accumulator immediate. Sign
2 Loy DATA16 x| x [U(HI)] — [B2], [U(LO)] — [B3] s“f’:“s
] Load User Pointer immediate. re ects
2 bit 15
LDy DATA16 [Y{H))] — [B3], [Y(LO)] — [BA]
ADDD DATA16 [ACD] — [ACD] + [B2]: {B3]
Add 16-bit number following Op-code to contents of D Accumulator.
= SUBD DATA16 X |x [ACD] — [ACD] - [B2]: [B3]
é Subtract 16-bit number following Op-Code from contents of D Accumulator.
w
e
° CMPD DATA16 X | x [ACD] — [83]: [B4]
';.. Compare immediate contents of D Accumulator and 16-bit number following
a (two byte) Op-code. Only status bits are affected.
g CMPS DATA16 X | X [REG] ~ [B3]: [B4]
= CMPU Compare immediate contents of designated Register (S, U, Y or X) specified
- CMPY in instruction with 16-bit number following (two byte) Op-code. Only Status
CMPX DATA16 X | x bits are affected. :
LBRA DISP16 [PC] —[PC’] + DISP16
Unconditional long branch relative to present Program Counter contents.
% LBSR " DISP16 [[SP] - 1] — [PC(LO)], IISP] - 2] — [PC(HI)], [SP] —[SP] - 2
3 [PC] — [PC’] + DISP16
Unconditional long branch to subroutine located relative to present Program
Counter contents.
[PC] «— [PC’] + DISP if condition true
= BHS DISP C=0
] BLO DISP c=1
5 [PC] — [PC’] + DISP16 if condition true
2
[=]
(3]
=
(=]
- 4
o
2
<
o
o
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Table 9-22. A Summary of the New and Enhanced Instructions for the MC6809 (Continued)‘

" REGISTER-REGISTER
OPERATE

STATUS
TYPE MNEMONIC OPERAND(S) BYTES z1ls OPERATION PERFORMED
. LBCC DISP16 4
k] LBCS DISP16 4
H LBEQ DISP16 4
"g LBGE DISP16 4
(3] LBGT DISP16 4
2 LBH! DISP16 4
f-_’ LBHS DISP16 4 ]
g LBLE DISP16 4 Conditions are the same as shown in the Branch On Condition Table for the
3 LBLO DISP16 4 MCE800.
o LBLS - DISP16 4
2 LBLT DISP16 a
< LBMI DISP16 4
g . LBNE DISP16 4
g LBPL DISP16 4
@ LBVC DISP16 4
LBVS DISP16 4
o2 EXG R1, R2 2 [R1} ——[R2] —
- 'g Exchange contents of specified registers. Status register not affected unless
& « R1 or R2 is Status register.
hu TFR R1, R2 2 IR2] — [R1]
é g Transfer contents of R1 to R2. Status register is not affected unless R2 is
o w Status register.
ABX 1 [X] —[X] + [B]
Add unsigned contents of B Accumulator to Index register.
MUL 1 X [D) — (Al 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.
SEX 1 X |:X [A] — FF1g if Accumulator B bit 7 =1

[A] — 004 g if Accumulator B bit 7 =0 )
Transform an 8-bit twos complement number in B to a 16-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)

TYPE

MNEMONIC

OPERAND(S)

BYTES

OPERATION PERFORMED

REGISTER OPERATE

LEAS
LEAU

LEAX
LEAY

LSL

OFFSET,R
OFFSET.R

OFFSET,R
OFFSET,R

ACX

2+
2+

2+
2+

[S] —EA

U] —EA EA is the Effective

[X] — EA Address

Y] —EA

Form the Effective Address EA according to the addressing variation used.
Load this address into designated register (for later use) rather than output-

ting it on Address Bus at this time.
0}a—o0 0=b;¥bg

(=

(ACX)

LOZ-6 .
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STACK

PSHS

LIST

Test Post Byte and stack as follows.
Condition:
b7 = 1; [SP] — [SP] -1, [[SP]] — [PC(LO)]
[SP] — [SP] - 1, [[SP]] — [PC(HI)]
b6 = 1; ISP] — [SP] - 1, [[SP]] — [U(LO}]
[SP] — [SP] - 1, [(SP]] —[U{HI)]
bs = 1; [SP] —{SP] - 1, [[SP]] — [Y(LO)]
[SP] —(SP] - 1, [[SP}] — [Y(HI}]
b4 = 1; [SP] — [SP] - 1, [[SP]] — [X{LO)]
[SP] — [SP] - 1, [[SP]] — [X{H))]
b3 = 1; [SP] —{SP] - 1, [[SP)] — [DP}
b2 = 1; [SP] — [SP] - 1, [[SP]] — [B]
b1 =1; [SP] —[SP] - 1, [[SP]] —[A]
b0 = 1; [SP] — [SP] - 1, [[SP]] — [SR]
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 MC6809 (Continued)

. STATUS
| TYPE | MNEMONIC ‘| OPERAND(S) |}BYTES 715 OPERATION PERFORMED
PSHU LIST 2 Test Post Byte and stack as follows.
Condition:
b7 = 1; [U] —[U] - 1, [[U]] — [PC(LO)]
[U] —[U] -1, [[U]] — [PC(HI}]
b6 = 1; [U] —{U] - 1, [[U]] —[SP(LO}]
. [U] — U] - 1, [[Ul] — [SP(HI)]
b5 = 1; [Ul —[U] - 1, [[U]] —[Y(LO}
[Ul —[U] - 1, [[U]] —[Y{HI)]
b4 = 1; [U] —[U] - 1, [[U]] —[X({LO)]
[U]l — [U] - 1, [[U]] — [X{H)]
b3 =1;[Ul—I[U]-1, [lUN—[DP]
b2 =1; Ul —[U]- 1. [lUN —[B] ~
bt = 1; [U] — (U] - 1, [[U]] —[A]
b0 = 1; [U] —[U] - 1, [[U)] —[SR]
Push any, all, none or any subset of registers onto User Stack (except the User
— Stack Pointer itself).
3 .
g o
-§ PULS LIST 2 Test Post Byte and unstack as follows.
§ Condition:
= b0 = 1; [SR] — [[SP]], [SP] —{SP] + 1
5 b1 = 1; [A] —[[SP]], [SP] —[SP] + 1
E b2 = 1; [B] —[[SP]), [SP] —[SP] + 1 -

b3 = 1; [DP] — [[SP]], [SP] — [SP] + 1
b4 = 1; [X(HN] — {{SPI], [SP] —[SP] + 1
[X(LO)] — (ISP, [SP] —[SP] + 1
b5 = 1; [Y(HN] — [ISP]], [SP] — [SP] + 1
. Iyo) —1sPll, [SP) — [SP] + 1
b6 = 1; [U(HI)] — [[SP]], [SP] —~[SP] + 1
[U(LON — [ISPI], [SP] —[SP] + 1
b7 = 1; [PC(HI] —[[SPI], [SP] — [SP] + 1
[PC(LO)] — [[SP]], [SP] —[SP] + 1

Pull any, all, none or any subset of registers from Hardware Stack {except the
Hardware Stack Pointer itself). 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)

TYPE

MNEMONIC

OPERAND(S)

BYTES

STATUS

z

S

OPERATION PERFORMED

STACK (Continued)

PULU

LIST

Test Post Byte and unstack as follows.

Condition:

b0 = 1; [SR] —[(U]], (U] —[U] + 1

b1 =1; [Al —[[U]], [U)—[U] + 1

b2 =1; [B] — [[U]], [U] —[U] + 1

b3 = 1; [DP] — [{U]], (U] — U] + 1

b4 = 1; [X(HI)] — [{U]L, [U] —[U] + 1
[X{LoN —[[ull, (U} — U] + 1

b5 = 1; [Y(HN] —{[Ul], [U] —[U] + 1
[Y{LO)] — [{U]], [U] —[U] + 1

b6 = 1; [SP(HN] — [[U]], [U] — (U] + 1
[SP(LO)] — [[U]), [U] —[U] + 1

b7 = 1; [PC(HN] —[[U]], (U] —[U] + 1
[PC(LON] «— [[U]], [U] — U] + 1

Pull any, all, none or any subset of registers from User Stack {except the User
Stack Pointer itself). Status register bits are determined by byte pulled from
Stack.

INTERRUPT

RTI

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

If E =0, pull the subset.
[SR] — [[SP]), [SP] — [SP] + 1
[PC(HN] — [ISP]], [SP] —[SP] + 1
[PC(LO)] — [ISP]), [SP] —[SP] + 1
If E =1, pull the full complement.
[SR] — [[SP]], [SP] —[SP] + 1
[A] — [[SP]], [SP] — [SP] + 1
[B] — [[SPII, [SP] — [SP] + 1
[DP] ~—[[SP]], [SP] — [SP] + 1
[X(HN)] — ({SP]], [SP] —.[SP] + 1
[X(LON — [[SP]], [SP] —[SP] + 1
[Y(HD] — [[SP]], [SP] — [SP] + 1
[Y(LO)] — [[SP]), [SP] —[SP] + 1
[U(HN)} — [ISP]), [SP] +— [SP] + 1
[U(LO) — [ISPI}, [SP] —[SP] + 1
[PC(HI)] — [ISP]), [SP] —[SP] + 1
[PC(LO)] —[ISP]}, [SP] — [SP] + 1

Status bits are as received from Stack.
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Table 9-22. A Summary of the New and Enhi_anbced Instructions fdr fhe MC6809 (Continued)

TYPE

MNEMONIC

OPERAND(S)

BYTES

STATUS

z

S

OPERATION PERFORMED

INTERRUPT (Continued)

CWAI

[SR] — [SR] A (B2] This may clear SR bits.
Ee—1

[SP] —[SP] - 1, [[SP]] — [PC]
[SP] — [SP] - 1, [[SP]] —— [PC]
[SP] — [SP] - 1, [[SP]] — [U]
[SP] — [SP] - 1, [ISP]] — [U]
[SP] — [SP] - 1, [ISP]] — (Y]
[sP] —[SP]- 1, ([SPI — Y} . -
[SP1 «— [SP] - 1, [[SP1] — [X]
[SP] « [SP] - 1, [[SP]] — [X] _
[SP] «—[SP] - 1, [[SP]] — [DP]

{SP] —[SP] - 1, [[SP]] —[B]

[SP]1 — [SP] - 1, [ISP1} — [A]
[SP] — [SP] - 1, [[SP]] — [SR]}

Pushes registers onto Stack and waits for an interrupt. When non-masked in-
terrupt occurs, vectors to corresponding interrupt service routine. FIRQ enters
its service routine with all registers saved, but since E = 1, they will unstack
correctly on RT!. (System busses are not floated by CWAL)
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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}JF|C|]Z|S|V]|H]I

L1126

SWiI 1 . E—1
[SP] — [SP] - 1, [ISP]] — [PC(LO)] \
[SP] — [SP] - 1, [[SP]] — [PC(HN]
[SP} —[SP] - 1, {[SP]] — [U(LO)]
[SP] — [SP] - 1, {[SP]] — [U(HI))
[SP] — [SP] - 1, [[SP]] — {Y(LO}
[SP] — [SP] - 1, [[SPI] — [Y(HI)] >
[SP] — [SP] - 1, [[SP]] — [X(LO}
{SP] — [SP] - 1, [[SP1l — [X(HI)]
[SP] — [SP] - 1, [[SP]] — [DP]

iSP] — [SP] - 1, [[SP]] — [B]

[SP] — [SP] - 1, [[SP]] — [A]

[SP} —[SP]- 1, [[SPI] —[SR]  /

1—1, F—1, [PCl — [FFFAL: [FFFB]
Transfer control to interrﬁpt subroutine.

SWI2 2 E—1

Push registers onto Hardware Stack (same as above). <@——

[PC) — [FFF4): [FFF5]
Transfer control to interrupt subroutine.

Swi3 2 E—1

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

Transfer control to interrupt subroutine.

INTERRUPT (Continued)

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

i) If interrupt is enabled, transfer to the service routine.

ii} If interrupt is disabled, continue execution at next instruction in sequence.

ANDCC DATA 2 1 [SR] ~— [SR] A DATA

AND immediate. Used to clear SR bits.
ORCC DATA 2 [SR] — [SR]1 V DATA

OR immediate. Used to set SR bits.

STATUS

G elepdn ‘v "Asy
Z awnjop

6L-L

BRN DISP 2 Branch Never. This is a No Operation
LBN DISP16 4 Long Branch Never. This is a No Operation.
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This section contains specific electrical and timing data for the following devices:

« MC6800 CPU
« MC6802 CPU/RAM
« MC6870A Clock
© « MC6871A Clock
« MC6871B Clock
» MC6820 PIA
- MC6850 ACIA
« MC6852 SSDA
« MC6840 PTM
» MC6844 DMAC
« MC6846 ROM-I/O-Timer
» MC6801 One-Chip Microcomputer
- MC6809 CPU
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MC6800, MC68A00, MC68B00

TABLE 1 — MAXIMUM RATINGS

Rating Symbol Value Unit
Supply Voltage vee -0.3to +7.0 Vdc
Input Voltage Vin -0.3t0+7.0 Vde
Operating Temperature Range—T|_ to TH TA °c
MC6800, MC68A00, MCE8B00 0to+70
MC6800C, MCE8A00C ~40 to +85
MC6800BQCS, MC6800CQCS -55 to +125
Storage Temperature Range Tstg -55 to +150 oc
Thermal Resistance BJA °c/w
Plastic Package 70
Ceramic Package 50

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 (Voo =50V, 6%, Vgs =0, Ta = T to Ty unless otherwise noted)

Characteristic Symbol Min Typ Max Unit
Input High Voltage Logic ViH Vgs +2.0 - Vee Vdc
N 1,02 ViHC Veg-06 - Vcg +.0.3
Input Low Voltage Logic ViL Vgs-0.3 - Vgs +08 Vdc
01,02 ViLe Vgg-0.3 - Vgg +0.4
Input Leakage Current lin uAdc
(Vin =0t06.25 V, Vg = max) Logic* - 10 25
(Vin=010525V,Vcc=0.0V) 01,02 - - 100
Three-State {Off State) Input Current D0-D7 151 - 20 10 nAde
{Vin =0.4t0 2.4 V, Vo = max) AD-A15,R/W - - 100
Output High Voltage VoH Vdc
(I pad = =205 puAdc, Vg = min) D0-D7 Vgs+2.4 - -
{ILoad = -145 pAdc, Ve = min) A0-A15,R/W,VMA Vgg+2.4 - -
{ILoad = =100 nAdc, Vg = min) BA Vgs +2.4 - -
Output Low Voltage {I_gag = 1.6 mAde, Vg = min} VoL - - Vgs+0.4 Vdc
Power Dissipation Pp - 0.5 10 w
Capacitance Cin PF
(Vin =0, Tp = 26°C, f = 1.0 MHz) ®1 - 25 35
92 - 45 70
DO0-D7 - 10 125
Logic Inputs - 6.5 10
A0-A15,R/W,VMA Cout - - 12 pF
TABLE 3 — CLOCK TIMING (Ve = 5.0V, £5%, Vgs = 0, Ta = T to T unless otherwise noted)
Characteristics Symbol Min Typ Max Unit
Frequency of Operation MC6800 f 0.1 - 10 MHz
MCE8A00 0.1 - 15
MC68B00 0.1 - 2.0
Cycle Time (Figure 1) MC6800 teye 1.000 - 10 us
MC6E8A00 0.666 - 10
MC68800 0.500 - 10
Clock Pulse Width ¢1,62 — MCE800 PWon 400 - 9500 ns
(Measured at Vg - 0.6 V) 1,02 — MCE8A00 230 - 9500
¢1,02 — MC68B00 180 - 9500
Total 1 and $2 Up Time MC6800 tut 900 - - ns
MCE8A00 600 - -
MC68B00 440 - -
Rise and Fall Times tor, tof - - 100 ns
(Measured between Vgg + 0.4 and Vg - 0.6}
Delay Time or Clock Separation (Figure 1} tq _ 9100 ns
(Measured at Voy = Vgg + 0.6 V @ t; = t; < 100 ns)
(Measured at Voy = Vgg + 1.0 V @ t, = t; < 35 ns) 0 - 9100

Data sheets on pages 9-D2 through 9-D30 reprinted by permission of Motorola Semiconductor Products, Inc.
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MC6809, MC68A09, MC68B09

MAXIMUM RATINGS

Rating Symbol Value Unit This device contains circuitr
y to protect the
Supply Voltage Vce -0.310+7.0 Vvdc inputs against damage due to high static
input Voltage Vin -0.31t0 +7.0 Vdc voltages or electric fields; however, it is
Operating Temperature Range TA Oto +70 o°C advised that normal precautions be taken
Storage Temperature Range Tstg .55 to +150 oC 13 avoid application of any voltage higher
- - than maximum rated voltages to this high
0
Thermal Resistance A 70 C/W impedance circuit.
ELECTRICAL CHARACTERISTICS (Vcc =50V +5%, Vss = 0, Ta = 0 to 70°C unless otherwise noted.)
Characteristic Symbol Min Typ Max Unit
Input High Voltage Logic, EXtal ViH Vss +2.0 - Vbb Vdc
RESET Vss +4.0 — Voo
Input Low Voltage Logic, EXtal, RESET ViL Vss - 0.3 — |vss+08 Vdc
Input Leakage Current Logic lin — 10 2.5 pAdc
{Vin =010 5.25 V, Vcc = max)
Output High Voltage VOH Vdc
(ILoad = -205 pAdc, Vcg = min) DO-D7 _ Vss +2.4 — —_
(lLoad = -145 pAdc, Vce = min) A0-A15,R/W, Q, E Vss+24 — —
(ILoad = -100 pAdc, Vce = min) BA, BS Vss +24 — —
Output Low Voltage VoL — — |Vss +05 Vdc
(ILoad = 2.0 mAdc, V¢ = min)
Power Dissipation PD — — 1.0 w
Capacitance # Cin pF
(Vin =0, TA = 25°C, f = 1.0 MH2) D0-D7 - 10 15
Logic Inputs, EXtal — 7 10
AO-A15, R/W Cout - - 12
Frequency of Operation MC6809 f — - 4 MHz
MC68A09 fXTAL — — 6
(Crystal or External Input) MC68B09 fXTAL — — 8
Three-State (Off State) Input Current DO-D7 Iys) — 20 10 UAdC
{(Vin=04t0 24V, Vcc = max) AQ0-A15, R/W — — 100
READ/WRITE TIMING (Reference Figures 1 and 2)
MC6809 MC68A09 MC68B09
Characteristic Symbol | Min Typ Max Min Typ Max Min Typ Max Unit
Cycle Time tcyc 1000 — — 667 — — 500 — — ns
Total Up Time T 975 — — 640 — — 480 — — ns
Peripheral Read Access Time | tACC 695 — — 440 — — 320 — — ns
tac = (tAD = tDSR)
Data Setup Time (Read) tDSR 80 — — 60 — — 40 — — ns
Input Data Hold Time tDHR 10 — — 10 — — 10 — — ns
Output Data Hold Time IDHW 30 - — 30 — — 30 — — ns
Address Hold Time tAH 30 — — 30 — — 30 —_ — ns
(Address, R/W)
Address Delay tAD — — 200 — — 140 — — 110 ns
Data Delay Time (Write) tDDW — — 225 — — 180 — — 145 ns
Elow to Qhigh Time tAVS — — 250 —_ — 165 — —_ 125 ns
Address Valid to Qnigh tAQ 25 — — 25 — — 15 — — ns
Processor Clock Low tPWEL 450 — — 295 — — 210 — — ns
Processor Clock High IPWEH 450 — — 280 — —_ 220 — — ns
MRDY Set Up Time tPCSR 60 — — 60 — — 60 — — ns
Interrupts Set Up Time tpCS 200 —_ —_ 140 — — 110 — — ns
HALT Set Up Time tPCSH 200 — — 140 — — 110 — — ns
RESET Set Up Time PCSR 200 — — 140 — — 110 — — ns
DMA/BREQ Set Up Time tPCSD 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/Fall tPCR. — — 100 — — 100 — — 100 ns
tPLF
Q Rise and Fall Time tQR. tQF 5 — 25 5 - 25 5 — 20 ns
Q Clock High tPWQH 450 — — 280 — — 220 — —_ ns
Data sheets on pages 9-D31 through 9-D39 reprinted by permission of Motorola Semiconductor Products, Inc. Volume 2
Rev. A, Update 5
9-D31 7-79



MC6809, MC68A09, MCE8B09

READ DATA FROM MEMORY OR PERIPHERALS

< i tcve
. 24 v’\“‘—“‘PWEL —® f7av TAV X
3 O5V . 05V Zq.__ PWEH ————3» Y05V
tut

(A
24V AR

ADDR 05V

- tacc
> et
l— tAD tosn-p‘ DHR

g " +»-taQ 20V

DATA m DATA VALID
os8v

| |
e Wy
m NOT VALID . | 4;'— tpcs

WRITE DATA TO MEMORY OR PERIPHERALS

tcye

. tER l— — terF

— \24 v . 24V T 24V X"-
E 0.5V 05V ! Lo5 v
. 1
le——tays ——ppl@——PWaH
la-1QR — taF
74V 24V
a 0.5V : - Nosv
1 )
RAW 05V
tAD ~po]
. taQ —» e 1aH
24V :
ADDR
BA, BS 05V . g
l¢——10oW———p] ' ~ —P [ 'DHW
—T 24V , = 24V
DATA o DATA VALID

- 05V = 0.5V

N NOT VALID

9-D32



MC6809, MC68A09, MC68B09

BUS TIMING TEST LOAD
475V

RL=22K

MMD6150
or Equiv.

Test Point

MMD7000
or Equiv.

C = 30 pF for BA, BS R = 11.7 k2 for DO-D7
130 pF for DO-D7, E, Q 16.5 kQ for AO-A15. E, Q
90 pF for AO-A15, R/W 24 k(1 for BA, BS

9-D33
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RESET TIMING

I f

fo—n-—efen s i-ofens2-efens3—efenta—efenr5-eleniGefens 7—ofenip-af o m efemetofemi2efemizefemisofems +m'5+m'7+m'3+m*9+m'|0’{

b |

3.0v //]/ a0V wesn

0.8V 08V

EEANNMNWED € 6 €59 €0 € €5 T Gl i S G G Gl €0 G € €10 G I T T,
.
R ARV XXX XY '

Data
Bus
New PC New PC VMA Fiest NewPC New PC VMA First

;.m HiByte  LoByte Instruction HiByte Lo Byie Instruction
A

24 AN

EEAINANIANNNY / \ p /S

"Note Parts with date codes prefixed by 7F will come out of Reset one cycle sooner than shown

CRYSTAL CONNECTIONS AND OSCILLATOR START UP

4 75 v —§5— 6809 Crystal Parameters*
VoD /- 3.58 MHz | 4.00 MHz | 6.0 MHz | 8.0 MHz
RS 60 Q 50 Q 30-50 Q 20-40Q
E I I I I | Co 3.5 pF 6.5 pF 4-6 pF 4-6 pF
J) Cq .015 pF 025 pF .01-.02 pF | .01-02 pF
Cin. Cout| 25 pF 25 pF 25 pF 25 pF
Q 40 K 30K 20K 20K
All Parameters Are * 10%
RESE Jf_éa'g’\;/,’/__ *Note: These are representative AT-cut crystal parameters only
tRC 7 Crystals of other types of cut that work may also be used

38 " D | 39
MC6809
Y1 Cin' Cout 38 n 39 M
8MHz | 18pF 18 pF o Rg
6 MHz | 20pF 20 pF 38 : 39
4 MHz 24 pF 24 pF L

T T g

6089890 ‘60V890N ‘60890



MC6809, MCE8A09, MCE8B09

HALT AND SINGLE INSTRUCTION
EXECUTION FOR SYSTEM DEBUG
2nd To Last Last Cycle

fe Of
((::‘:Jcneem Cu?r'ent Dead Dead  tnsteuction Instruction  Dead
tost Inst Cycle Halted | Cvcle | Fetch | Execute | Cycle Halted
e T ! 1 ol
o}
| | |
e L L L LT
}“PCSH tPCSH
1PCH PCr " tPCf
20v 20V s
HALT 08V N, 08V. 08V

tPCSH

Address >< > < ; < AN )
Bus Fetch Execute
w XX D— TN

<¢

BA / \ /

8S / \ /
Data b))
Bus (¢

Instruction
Opcode

Volume 2
Rev. A, Update 5
9-D35 7-79
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. IRQ AND NMI INTERRUPT TIMING
fon—sbe s 1osfen s 2—eben s 3wbern s dmslern s 5efen ¢ 6 umn » 7efemn + 8o+ Sosben + 10-wben + T1wben s 12wben s 1o ¢ 1acsdan < 150den o 16becn + 170ban « 18-0ban ¢ 19-slen + 200k ¢ 210

AJEdress X X

us.
| Next FFFF SP-1 SP-2 P 3 SP 4 S5 SP-6 se 7 SP-8 SP 9 SP 10 sP 11 SP 12 FFFF_FFFC (NMI) FFFD (NMI) EEFF NewPC  New PCH

Instruction FFF8 (1RO} FFFY (IRQ}

'15—1 r— Fetch
1RQor
NMU 08V RN
VMA PCLO PCHY usLo USHI Y REGLO Y-REGHI X REGLO X-REGHI oP ACCE ACCA CCR VMA  NewPCHi NewPCLg  VMA O‘,Iﬂ nst. .
nterrupt

Instruction

Service
Routine

S N\\N\\ N\ / A=

FIRQ INTERRUPT TIMING
o m b + 1-sbemm + 2-sha—m ¢ 3-ebe-m + d—wfa—m + S-tbeerm + Gwhe—m + 7= + Bfain « G-sbans » 10w - 11-ebem o 170

2 1 e s Y I O S N I I [ B

Address
Bus
Next FFFF ) 5] S 3 FFFF FFFG FFFT FFFF NewPC NewPC+ 1
Insteuction
tpcs Fetch
FIRQ 0.8V
!
Data Bus
Instruction VMA PCLO  PCHi CCR VMA  NewPCH] NewPCLO VMA Istinst
Of Interrupt
Service Row

N\\\\% ./ N

55 T, _/ N\

60889JIN ‘60V890N ‘60890




MC6809, MC68A09, MC68B09

E/Q RELATIONSHIP
Start of Cycle End of Cycle (Latch Datad

[ Address Vahd |

FIGURE 13 MRDY TIMING

N2 N A
|
|
|

(G 1PCSH
|

- o, /S

Volume 2
Rev. A, Update 5
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MC6809, MC68A09, MC68B09

TYPICAL DMA TIMING (- 14 CYCLES)

MPU DEAD DMA DEAD MPU

/L S S S S
SN\ /////j

4" l—'PCSD
| .
BA. BS . 7' . \
— 'AD

@~ 'PCSD

ADDR(MPU) >— {
ADDRIDMAC) J 3————'
\
NOTE:
DMAVMA s a signal which
1s developed externally but
15 a system reguirement for DMA
AUTO-REFRESH DMA TIMING ( 14 CYCLES)
I [
lDEAD,':— 14 DMA CYCLES - —|DEAD| MPU DEADkE——DMA ——g»

: J ~ —
DMAVMA_L/ . )

.9-D38
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6L-L

S eepdn ‘v “Asy

Z swn|op

Last
Cycle Of Sync R
Previous  Opcode Dead

1, Inst  _ Fetch , Execute | Cycle

SYNC TIMING

SYNC ACK

Instruct

i_Cycle N Fetch N

>

R

X M )(ij/— <

Address X X

‘\/ M+ 1 See:‘lo\ex X—___

Fetch

Data g
a x X X X /‘ 30—

(X XX

v X X Y N —s

N

X

8s X % ‘c

See Note 2

IRQ —55-

FIRQ

NMI { o.sm
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 FIRQ or IRQ caused interrupt, the address
placed on bus from previous cycle(M + 1)remains on
bus and processing continues with this cycle as
(m+ 1) or (n +1) of interrupt timing.

2. 1f 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.

’-IPCS

609890 ‘60V890N ‘60890
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ATTENTION WRITERS

OSBORNE/McGraw-Hill 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 umversrtles are partrcularly welcome as contnbu-j

tors

A contrrbutor when selected wrll be assngned a specrfrc category of parts to keep up-
dated Keeplng parts updated will include describing new parts in the category as they
‘appear, and improving the descrlptlon of parts that are already covered. Individual

;one trme contrlbutrons are also welcome

If you would like to become a contrrbutor to Volume 2 and/or Volume 3, please write
stating your quallfrcatlons 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 descrrptron followmg the format presented in these books as closely as possr-,
ble Send ma erlal to: - : ;

'oseoeNE‘/Mcer‘z‘s"w Hill
- 630 Bancroft Way
Berkeley, Callfornla 94710

Attentron Volume 2/3 Contnbutors L
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