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TABLE 10 - MC146805 CMOS INSTRUCTION SET OPCODE MAP 

�~� 

1 
IXXll 

2 
0010 

3 
0011 

4 
0100 

5 
0101 

6 
0110 

7 
0111 

8 
1000 

9 
1001 

A 
1010 

B 
1011 

C 
1100 

o 
1101 

E 
1110 

F 
1111 

Bit ManiPulation Branch 
�I�n�B�~� RFl o , 2 
0000 0001 0010 

�~� 'r-- 3 BRSETl BSETl BHI 
3 BTB 2 BSC 2 AEL 

DIR 
3 
0011 

INH 
4 

0100 

�R�e�a�d�-�M�o�d�l�f�y�~�W�r�i�t�e� 

INH IXl 
5 6 

0101 0110 

5,---- 51 31 51 31 3 BRCLRl BCLRl BLS COM COMA COM X COM 
3 BTB 2 BSC 2 AEL 2 DIR 1 INH 1 INH 12 IXI I 1 

LSR 
IXI I 1 

51 51 31 51 31 31 BRSET2 BSET2 BCC LSR LSRA LSRX 
3 BTB 2 Bse 2 REL 2 DTA 1 INH 1 INH I 2 

�~� 
5G-3 

BRCLR2 BCLR,2 BCS 
3 BTB 2 SSC 2 REL " I 51 -- 3<[ 5 j 3 j 31 BRSET3 BSET3 BNE ROR RORA RORX ROR 
3 BTB 2 JiSC 2 REL 2 DlB 1 INH 1 INH 2 IXI I 1 

BRCLR3, 5,' �r�~�L�R�3� 51 �~�~� 31 �A�S�~� ,,5 [ ASRA-
3

1 ASRX 31 ASR 
3 __ BJ8 2 ....B.S..C. 2 RaJ 2 DIA 1 INH 1 INH 2 IX 1 I 1 

LSLX 
INH I 2 

LSL 
IXI I 1 

BRSET4
5 I �B�~�~�T�4� 5 I BHCC 3 I �L�S�~�-�,� 51 �L�S�~�;�-�3� I �~� I 

3 BTB 2 BSC 2 AEL 2 DIR 1 INH I 1 
51 51 31 - 51 --3 BRCLR4 BCLR4 BHCS ROL ROLA I ROLX 

3 BTB 2 sse 2 REL 2 DIR 1 INH 1 INH I 2 
ROL 

IXI I 1 

I 
�B�R�S�E�T�5�5�r�-�;�;�E�T�5�,�,�5�1�-�-�~� 31 �~� 51 DECA 3

1
' DECX 3 

, BTB 1 2 o'''-llSC 2 REL 2 DIA 1 INH 1 INH I 2 DEC ,X1 I 1 

BRCLR5
5 I BCLR551 BMI 

3 BTB 2 BSC 2 AEL 
5 3 

BRSET6 INCA INCX INC 
3 BTB INH I 1 INH I 2 IXI I 1 

5 3 

I �,�B�R�C�L�~�T�6�B� 12 �B�C�L�~�~�e� 12 �B�M�~�E�L� 12 �T�S�T�D�~� �T�S�T�~�N�H� 11 �T�S�T�~�N�H� 12 TST 
IXI I 1 

BRSET751 BSET7 51 BIL 
3 BTB 2 Bse 2 AEL 

BRCLRl �~�R�;�~�I� BIH-} 
3 BTB 1 2 O\"L BSC 2 AEL I 2 

j I 3 CLR CLRA CLRX 
DIR I, INH 1 INH I 2 

CLR 
IXI I I 

Abbreviations for Address Modes 

INH 
A 
X 
IMM 
DIR 

EXT 
REL 
BSC 
BTB 
IX 
IXl 
IX2 

Inherent 
Accumulator 
Index Register 
Immediate 
Direct 
Extended 
Relative 
Bit Setl Clear 
Bit Test and Branch 
Indexed INo Offset! 
Indexed, 1 Byte IB-Bitl Offset 
Indexed, 2 Byte 116-Bitl Offset 

IX 
7 

0111 
5 I 

Control 
INH INH 
8 9 

1000 1001 

RTI 

RTS 
INH 

IMM 
A 

1010 

DIR 
B 

lOll 

Reaister {Memory 
EXT I 1X2 
C 0 

1100 1101 

IX' 
E 

1110 

I? �S�U�~�M�M� SUB,X1 I 1 
2 4 

CMP,X2 12 CMP,X1 I I CMP 
IMM I 2 CMPDIR 13 �C�M�~�X�T� I 3 

SBC 
IMM I 2 

31 SBC SBC 
DIA 3 EXT I 3 �~

�4� 

SBC SBC 
IX2 2 IXI I 1 

IX 
F 

1111 

SUB 

CMP 

II( 
3 

IX 
3 

SBC 
IX 

�~� 
o 

...lXm.. 

1 
0001 

2 
0010 

51 10 COM SWI CPX 3 I CPX CPX CPX CPX 
"3 

CPX 3 
0011 

LSR 

ROR 

ASR 

LSL 

ROL 

DEC 

INC 

TST 

IX 1 INH 

IX I 11 

STOP 
INH 

IMM 12 DIR 3 EXT I 3 IX2 2 IXI I 1 ,,----- 5 I 

2 AN?MM 1 2 ANDDIf< 1 3 �A�N�~�X�T� 1 3 AND,x2 1 2 AND,X1 I 1 

21 J I 41 51 BIT BIT BIT BIT BIT 
I ? IMM 2 DIA 3 EXT 3 IX2 2 IXI I 1 

21 3r-- 41- 51 --4 
LOA 

IMM 12 

TAX,NH I 12 

21 CLC EOR 
INH 2 IMM I 2 

21 
SEC

'NH 
12 

Cli 
INH 12 
'2 

SEI 
INH 12 

RSP 
INH 

NOP 
INH 12 

ADC 
IMM 12 

ORA 
IMM 12 

ADD 
IMM 12 

BSR 
AEL I 2 

LOX 
IMM 12 

LOA 
DIA I 3 

STA 
DIA 13 

EOR 
DIA 13 

LOA 
EXT I 3 , 

STA 
EXT I 3 

EOR 
EXT I 3 

ADCDIR 1 3 �A�D�~�X�T� I 3 
31 

ORADIH 1 j �O�R�~�X�T� I 3 

�~
�<�~� 

ADD ADD 
DIA 3 EXT I 3 
21--

JMP 
DIA I 3 

JSR 
DIA I 3 
3 

LOX 
DIA I 3 

JMP 
EXT I 3 

JSR 
EXT I 3 .. 

LOX 
EXT I 3 

LOA LOA 
IX2 I 2 IXI I 1 
T 

STA STA 
IX2 I 2 IXI I 1 

EOR 
IX2 I 2 

ADC,X2 1 2 ADC,X1 I I 

ORA ORA 
51 - 4 

IX2 2 IXI I 1 

ADD ADD 
51 -4 

IX2 2 IXI I 1 
�4�-�~�3� 

JMP JMP 
IX2 2 IXI I 1 

JSR 
IX2 I 2 
"0 

LOX 
IX2 I 2 

'6 
JSR 

IXI I 1 

LOX 
IXI I 1 

IX 

AND 
IX 

BIT 

LOA 
IX 

STA 
IX 

EOR 
IX 
"3 

ADC 
IX 
--:r 

ORA 
IX 
-3 

ADO 
IX 
'2 

JMP 

"0 
JSR 

LOX 

4 
0100 

5 
0101 

6 
0110 

7 
0111 

B 
1000 

9 
1001 

A 
1010 

B 
lOll 

C 
1100 

o 
1101 

E 
1110 

51 L CLR WAIT TXA 
INH 

STX STX STX STX STX F 
1111 1 INH 11 DIA I 3 EXT I 3 IX2 I 2 IXI I I 

LEGEND 

�~�.�~�+�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�~� 
Opcode in Hexadecimal 

Mnemonic �~�.� �~� 1 �~� 
Bytes 1 �~�X�_� 0000 ..-=-: 

Opcode in Binary 

# of Cycles �-�-�-�-�-�-�~� " Address Mode 

3: 
(') 

"""" �~� 
Q) 
Q) 
o 
UI 
m 
N 
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FIGURE 20 - CONNECTION TO CMOS PERIPHERALS 

Chip 
Enable 

MC146805E2 
CMOS 

Microprocessor 

BO-B7 

TYPical CMOS 
Penpheral 

(MC146818 etc) 

ADO-AD7 

AS~ __ ~A~d~d~re~s~s~S~tr~o~b~e __ ~IMAS 

OS Data Strobe OS 

R/W Read/Write R/W 

IRQ Interrupt IRQ 

OSC1 .! 19~H3.. CKOUT (MC146818) 

RESET RESET 

FIGURE 21 - CONNECTION TO CMOS MULTIPLEXED MEMORIES 

MC146805E2 CMOS 
Multiplexed 

A8- Memory 
A 10 (MCM65516) 

ADQO-AD07 

Address Strobe 
AS~--~~~~~~--~M 

OS Data Strobe G 

R/W Read/Write Vi 
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MC146805E2 

FIGURE 22 - CONNECTION TO M6800 PERIPHERALS 

MC146805E2 

AS 

DS~ ____ ~D~a~ta~S~tr~o~be~ __ ~ 

R/W ~ ____ --,R..:.;e::.::a:.::d:.../W,-,,-,ri,,-,te~ __ ~R/W 

IRQ Interrupt IRQ 

RESET RESET 

M6800 
Peripherals 

NOTE: In some cases, pullup resistors or other level 

shifting techniques may be required on signals 
going from NMOS to CMOS parts. 

FIGURE 23 - CONNECTION TO LATCHED NON-MULTIPLEXED CMOS ROM AND EPROM 

BO-B7 Address/Data 8us 

MC146805E2 

A8-A12 t--------.., 

R/W~----... 

DSr-------~~ ______ ~ 

Data QO-07 

CMOS 
Non-Muxed 

AO-A7 Memory 

A8 

Output 
Enable S 

Chip 
Enable 

AS~--------------------------------~ 
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FIGURE 24 - CONNECTION TO STATIC CMOS RAMS 

MC146805E2 
CMOS 

Microprocessor 

A8-A12 

DS~a-----------~ 

R/W 

DO-D7 

AO-A7 

A8 
A9 

I---~E 

CMOS 
Static 
RAMs 

FIGURE 25 - CONNECTION TO LATCHED NON-MULTIPLEXED CMOS RAM 

Addressl Data Bus 

MC146805E2 

A8A12 

DS 

R/W 

AS 

3-691 

Data 00-07 

Chip 
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TABLE 11 - SUMMARY OF CYCLE-BY-CYCLE OPERATION 

Address Mode 
Cycles Cycle # Address Bus 

R/W LI 
Data Bus 

Instructions Pin Pin 

Inherent 

LSR LSL 
ASR NEG 1 Op Code Address 1 1 Op Code 
CLR ROL 3 2 Op Code Address + 1 1 0 Op Code Next Instruction 
COM ROR 3 Op Code Address + 1 1 0 Op Code Next Instruction 
DEC INC TST 

TAX CLC SEC 
1 Op Code Address 1 1 Op Code 

STOP CLI SEI 2 
RSP WAIT NOP TXA 

2 Op Code Address + 1 1 0 Op Code Next Instruction 

1 Op Code Address 1 1 Op Code 
2 Op Code Address + 1 1 0 Op Code Next Instruction 

RTS 6 
3 Stack Pointer 1 0 Irrelevant Data 
4 : Stack Pointer + 1 1 0 Irrelevant Data 
5 i Stack Pointer + 2 1 0 Irrelevant Data 

I 
6 New Op Code Address 1 0 New Op Code 

1 Op Code Address 1 1 Op Code 
2 Op Code Address + 1 1 0 Op Code Next Instruction 
3 Stack Pointer 0 0 Return Address (LO Byte) 
4 Stack Pointer - 1 0 0 Return Address (HI Byte) 

SWI 10 
5 Stack Pointer - 2 0 0 Contents of Index Register 
6 Stack Pointer - 3 0 0 Contents of Accumulator 
7 Stack Pointer - 4 0 0 Contents of CC Register 
8 Vector Address 1 FFC (Hex) 1 0 Address of Int. Routine (HI Byte) 
9 Vector Address 1 FFD (Hex) 1 0 Address of Int. Routine (LO Byte) 
10 Interrupt Routine Starting Address 1 0 Interrupt Routine First Opcode 

1 Op Code Address 1 1 Op Code 
2 Op Code Address + 1 1 0 Op Code Next Instruction 
3 Stack Pointer 1 0 Irrelevant Data 
4 Stack Pointer + 1 1 0 Irrelevant Data 

RTI 9 5 Stack Pointer + 2 1 0 Irrelevant Data 
6 Stack Pointer + 3 1 0 Irrelevant Data 
7 Stack Pointer +4 1 0 Irrelevant Data 
8 Stack Pointer + 5 1 0 Irrelevant Data 
9 New Op Code Address 1 0 New Op Code 

Immediate 
ADC EOR CPX 
ADD LDA LOX 

2 
1 Op Code Address 1 1 Op Code 

AND ORA BIT 2 Op Code Address + 1 1 0 Operand Data 
SBC CMP SUB 
Bit Setl Clear 

1 Op Code Address 1 1 Op Code 

BSET n 
2 Op Code Address + 1 1 0 Address of Operand 

BelR n 
5 3 Address of Operand 1 0 Operand Data 

4 Address of Operand 1 0 Operand Data 
5 Address of Operand 0 0 Manipulated Data 

Bit Test and Branch 

1 Op Code Address 1 1 Op Code 

BRSET n 
2 Op Code Address + 1 1 0 Address of Operand 

BRCLR n 
5 3 Address of Operand 1 0 Operand Data 

4 Op Code Address + 2 1 0 Branch Offset 
5 Op Code Address + 2 . 1 0 Branch Offset 

Relative 

BeC BHI BNE BEQ 
1 Op Code Address 1 1 Op Code 

BeS BPL BHCC BLS 
BIL BMC BRN BHCS 3 2 Op Code Address + 1 1 0 Branch Offset 

BIH BMI BMS BRA 3 Op Code Address + 1 1 0 Branch Offset 

1 Op Code Address 1 1 Op Code 
2 Op Code Address + 1 1 0 Branch Offset 

BSR 6 3 Op Code Address + 1 1 0 Branch Offset 
4 Subroutine Starting Address 1 0 First Subroutine Op Code 
5 Stack Pointer 0 0 Return Address (LO Byte) 
6 Stack Pointer - 1 0 0 Return Address (HI Byte) 
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TABLE 11 - SUMMARY OF CYCLE-BY-CYCLE OPERATION (CONTINUED) 
Address Mode 

Cycles Cycle # Address Bus R/W LI 
Data Bus Instructions Pin Pin 

Direct 

JMP 2 
1 Op Code Address 1 1 Op Code 
2 Op Code Address + 1 1 0 Jump Address 

ADC EOR CPX 
1 Op Code Address 1 1 Op Code 

ADD LDA LDX 
AND ORA BIT 

3 2 Op Code Address + 1 1 0 Address of Operand 

SBC CMP SUB 
3 Address of Operand 1 0 Operand Data 

1 Op Code Address 1 1 Op Code 

TST 4 
2 Op Code Address + 1 1 0 Address of Operand 
3 Address of Operand 1 0 Operand Data 
4 Op Code Address + 2 1 0 Op Code Next Instruction 

1 Op Code Address 1 1 Op Code 
STA 

4 
2 Op Code Adrress + 1 1 0 Address of Operand 

STX 3 Op Code Address + 1 1 0 Address of Operand 
4 Address of Operand 0 0 Operand Data 

LSL LSR DEC ·1 Op Code Address 1 1 Op Code 

ASR NEG INC 2 Op Code Address + 1 1 0 Address of Operand 

CLR ROL 
5 3 Operand Address 1 0 Current Operand Data 

COM ROR 
4 Operand Address 1 0 Current Operand Data 
5 Operand Address 0 0 New Operand Data 

I 
1 Op Code Address 1 1 Op Code 
2 Op Code Address + 1 1 0 Subroutine Address (LO Byte) 

JSR 5 3 Subroutine Starting Address 1 0 1st Subroutine Op Code 
4 Stack Pointer 0 0 Return Address (LO Byte) 
5 Stack Pointer - 1 0 0 Return Address (HI Byte) 

Extended 
1 Op Code Address 1 1 Op Code 

JMP 3 2 Op Code Address + 1 1 0 Jump Address (HI Byte) 
3 Op Code Address + 2 1 0 Jump Address (LO Byte) 

ADC BIT ORA 1 Op Code Address 1 1 Op Code 
ADD CMP LDX 

4 
2 Op Code Address + 1 1 0 Address Operand (HI Byte) 

AND EOR SBC 3 Op Code Address + 2 1 0 Address Operand (LO Byte) 
CPX LDA SUB 4 Address of Operand 1 0 Operand Data 

1 Op Code Address 1 1 Op Code 

STA 
2 Op Code Address + 1 1 0 Address of Operand (HI Byte) 

STX 
5 3 Op Code Address + 2 1 0 Address of Operand (LO Byte) 

4 Op Code Address + 2 1 0 Address of Operand (LO Byte) 
5 Address of Operand 0 0 Operand Data 

1 Op Code Address 1 1 Op Code 
2 Op Code Address + 1 1 0 Address of Subroutine (HI Byte) 

JSR 6 
3 Op Code Address + 2 1 0 Address of Subroutine (LO Byte) 
4 Subroutine Starting Address 1 0 1st Subroutine Op Code 
5 Stack Pointer 0 0 Return Address (LO Byte) 
6 Stack Pointer - 1 0 0 Return Address (HI Byte) 

Indexed, No-Offset 

JMP 2 
1 Op Code Address 1 1 Op Code 
2 Op Code Address + 1 1 0 Op Code Next Instruction 

ADC EOR CPX 
1 Op Code Address 1 1 Op Code 

ADD LDA LDX 
AND ORA BIT 

3 2 Op Code Address + 1 1 0 Op Code Next Instruction 

SBC CMP SUB 
3 Index Register 1 0 Operand Data 

1 Op Code Address 1 1 Op Code 

TST 4 
2 Op Code Address + 1 1 0 Op Code Next Instruction 
3 Index Register 1 0 Operand Data 
4 Op Code Address + 1 1 0 Op Code Next Instruction 

1 Op Code Address 1 1 Op Code 
STA 

4 2 Op Code Address + 1 1 0 Op Code Next Instruction 
STX 3 Op Code Address + 1 1 0 Op Code Next Instruction 

4 Index Register 0 0 Operand Data 

LSL LSR DEC 
1 Op Code Address 1 1 Op Code 

ASR NEG INC 
2 Op Code Address + 1 1 0 Op Code Next Instruction 

CLR ROL 
5 3 Index Register 1 0 Current Operand Data 

COM ROR 
4 I ndex Register 1 0 Current Operand Data 
5 Index Register 0 0 New Operand Data 

1 Op Code Address 1 1 Op Code 
2 Op Code Address + 1 1 0 Op Code Next Instruction 

JSR 5 3 Index Register 1 0 1st Subroutine Op Code 
4 Stack POinter 0 0 Return Address (LO Byte) 
5 Stack POinter - 1 0 0 Return Address (HI Byte) 

3-693 



MC146805E2 

TABLE 11 - SUMMARY OF CYCLE-BY-CYCLE OPERATION (CONTINUED) 

Address Mode 
Cycles Cycle # Address Bus 

R/W LI 
Data Bus Instructions Pin Pin 

Indexed 8-Bit Offset 

1 Op Code Address 1 1 Op Code 
JMP 3 2 Op Code Address + 1 1 0 Offset 

3 Op Code Address + 1 1 0 Offset 

ADC EOR CPX 1 Op Code Address 1 1 Op Code 
ADD LOA LOX 

4 
2 Op Code Address + 1 1 0 Offset 

AND ORA CMP 3 Op Code Address + 1 1 0 Offset 
SUB BIT SBC 4 Index Register + Offset 1 0 Operand Data 

1 Op Code Address 1 1 Op Code 

STA 
2 Op Code Address + 1 1 0 Offset 

STX 
5 3 Op Code Address + 1 1 0 Offset 

4 Op Code Address + 1 1 0 Offset 

I 
5 Index Register + Offset 0 0 Operand Data 

1 Op Code Address 1 1 Op Code 
2 Op Code Address + 1 1 0 Offset 

TST 5 3 Op Code Address + 1 1 0 Offset 
4 Index Register + Offset 1 0 Operand Data 
5 Op Code Address + 2 1 0 Op Code Next Instruction 

LSL LSR 1 Op Code Address 1 1 Op Code 

ASR NEG 
2 Op Code Address + 1 1 0 Offset 

CLR ROL 6 3 Op Code Address + 1 1 0 Offset 

COM ROR 
4 Index Register + Offset 1 0 Current Operand Data 

DEC INC 
5 Index Register + Offset 1 0 Current Operand Data 
6 Index Register + Offset 0 0 New Operand Data 

1 Op Code Address 1 1 Op Code 
2 Op Code Address + 1 1 0 Offset 

JSR 6 
3 Op Code Address + 1 1 0 Offset 
4 Index Register + Offset 1 0 1st Subroutine Op Code 
5 Stack Pointer 0 0 Return Address LO Byte 
6 Stack Pointer - 1 0 0 Return Address HI Byte 

Indexed, 16-Bit Offset 

1 Op Code Address 1 1 Op Code 

JMP 4 2 Op Code Address + 1 1 0 Offset (HI Byte) 
3 Op Code Address + 2 1 0 Offset (LO Byte) 
4 Op Code Address + 2 1 0 Offset (LO Byte) 

ADC CMP SUB 1 Op Code Address 1 1 Op Code 
ADD EOR SBC 2 Op Code Address + 1 1 0 Offset (HI Byte) 
AND ORA 5 3 Op Code Address + 2 1 0 Offset (LO Byte) 
CPX LOA 4 Op Code Address + 2 1 0 Offset (LO Byte) 
BIT LOX 5 Index Register + Offset 1 0 Operand Data 

1 Op Code Address 1 1 Op Code 
2 Op Code Address + 1 1 0 Offset (HI Byte) 

STA 
6 3 Op Code Address + 2 1 0 Offset (LO Byte) 

STX 4 Op Code Address + 2 1 0 Offset (LO Byte) 
5 Op Code Address + 2 1 0 Offset (LO Byte) 
6 Index Register + Offset 0 0 Operand Data 

1 Op Code Address 1 1 Op Code 
2 Op Code Address + 1 1 0 Offset (HI Byte) 
3 Op Code Address + 2 1 0 Offset (LO Byte) 

JSR 7 4 Op Code Address + 2 1 0 Offset (LO Byte) 
5 Index Register + Offset 1 0 1st Subroutine Op Code 
6 Stack Pointer 0 0 Return Address (LO Byte) 
7 Stack Pointer - 1 0 0 Return Address (HO Byte) 
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TABLE 11 - SUMMARY OF CYCLE-BY-CYCLE OPERATION (CONTINUED) 

Instructions Cycles Cycle # Address Bus 
RESET R/W LI Data Bus 

Pin Pin Pin 

Other Functions 

$1 FFE 0 1 0 Irrelevant Data 

$1 FFE 0 1 0 Irrelevant Data 

1 $1 FFE 1 1 0 Irrelevant Data 
--

Hardware RESET 5 2 $lFFE 1 1 0 Irrelevant Data 

3 $1 FFE 1 1 0 Vector High 

4 $1 FFF 1 1 0 Vector Low 

5 Reset Vector 1 1 0 Op Code 

1 $1 FFE 1 1 0 Irrelevant Data 

· · · · · · • · • · · • · · · · · • 
Power on Reset 1922 

1919 $1 FFE 1 1 0 Irrelevant Data 

1920 $1 FFE 1 1 0 Vector High 

1921 $1 FFF 1 1 0 Vector Low 

1922 Reset Vector 1 1 0 Op Code 

Instruction Cycles Cycles # Address Bus 
IRQ R/W LI Data Bus 
Pin Pin Pin 

Lase Cycle of Previous 
0 X 0 X Instruction 

1 Next Op Code Address 0 1 0 Irrelevant Data 

2 Next Op Code Address X 1 0 Irrelevant Data 

3 SP X 0 0 Return Address (LO Byte) 
-
IRQ Interrupt 

10 
4 SP-1 X 0 0 Return Address (HI Byte) 

(Timer Vector $1 FF8, $1 FF9) 5 SP-2 X 0 0 Contents Index Reg 

6 SP-3 X 0 0 Contents Accumulator 

7 SP-4 X 0 0 Contents CC Register 

8 $lFFA X 1 0 Vector High 

9 $1 FFB X 1 0 Vector Low 

10 IRQ Vector X 1 0 Int Routine First 

APPENDIX 

MCl46805E2 INTERRUPT CLARIFICATION 

Under certain circumstances, the MC146805E2 (BP4XXXX 
and AW9XXXX) 8-bit Microprocessor Unit IRQ interrupt 
does not conform to the operation described in this 
Advanced Information Sheet. 

1. The level sensitive IRQ mode, which is by far the most 
frequently used, is FULLY OPERATIONAL: thus, most 
MC146805E2 applications are unaffected. However, 
the edge-triggeredlRO interrupt mode MIGHT NOT BE 
SERVICED under certain programming circumstances; 
therefore, it is recommended that the edge-triggered 
mode not be used. 

2. An interrupt-vector address CAN BE improperly 
generated in some circumstances. There is a possibility 
that when an external interrupt (fRQ) and timer inter­
rupt occur during the WAIT mode (following wait 
instruction), address locations $lFF2 and $lFF3 are 
selected instead of vector locations $1 FF6 and $1 FF7. 
There are three specific examples listed below; two of 

3·695 

these require no action and the third has a recommend­
ed solution. 

a. Those not using the'WAIT mode need not take any 
action. 

b. If the WAIT mode is used without external interrupt 
(IRQ pin held high), no precautions are required. 

c. When IRQ can be active (low) during the WAIT 
mode, the vector in locations $lFF6 and $lFF7 (the 
WAIT mode timer interrupt vector) should be 
duplicated in $1 FF2 and $1 FF3. In this way the cir­
cumstances that caused selection of the second 
vector do not disturb normal program execution. 

On future MC146805E2 parts, no special actions will be 
necessary. If you have questions, contact your Motorola 
distributor or Motorola sales office, or contact Motorola 
Microprocessor Applications Engineering in Austin, Texas. 

II 
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® MOTOROLA 

Product Preview 

a-BIT MICROPROCESSOR UNIT 

The MC146805E3 Microprocessor Unit (MPU) belongs to the M6805 
Family of microcomputers. This 8-bit fully static and expandable 
microprocessor contains a CPU, on-chip RAM, I/O, and TIMER. Opera­
tion is identical to the MC146805E2 except that this device includes a 
64K memory addressing capability. 

The MC146805E3 is a low-power, low-cost processor designed for 
low-end to mid-range applications in the consumer, automotive, in­
dustrial and communications markets where very low power consump­
tion constitutes an important factor. 

HARWARE FEATURES 
• Typical Full Speed Operating Power of 35 mW @ 5 V 

• Typical WAIT Mode Power of 5 mW 

• Typical STOP Mode Power of 25 ,...W 

• 112 Bytes of On-Chip RAM 

• 16 Bidirectional I/O Lines 

• Internal 8-Bit Timer with Software Programming 7-Bit Prescaler 

• External Timer Input 
• Full External and Timer Interrupts 

• Multiplexed Address/Data Bus 
• Master Reset and Power-On Reset 
• Capable of Addressing Up to 64K Bytes of External Memory 

• Single 3- to 6-Volt Supply 

• On-Chip Oscillator 

SOFTWARE FEATURES 

• Similar to the MC6800 
• Efficient Use of Program Space 

• Versatile Interrupt Handling 

• True Bit Manipulation 

• Addressing Modes with Indexed Addressing for Tables 

• Efficient Instruction Set 

• Memory Mapped I/O 
• Two Power Saving Standby Modes 

GENERAL DESCRIPTION 

The MC146805E3 MPU, an expanded version of the MC146805E2 MPU, 
includes a 64K memory addressing capability. The following paragraph 
explains the modifications made to the MC146805E2 and reference 
should be made to the MC146805E2 Advance Information Data Sheet 
(ADI-850-R2) for detailed information. 

Port A bits 5, 6, and 7 have been replaced by high-byte ad­
dress bits 13, 14, and 15. The new address pins will behave 
identically to the current high address pins (A8-A 121. Port 
A bits 5 through 7 will be seen as "read only" bits and will 
be read as zeros facilitating "all zero" or "anyone" testing. 
Port A data direction bits 5 through 7 will be seen as "read 
only" bits and will be read as ones, indicating that they are 
outputs. 

This document contains information on a product under development. Motorola reserves the 
right to change or discontinue this product without notice 

3-696 

MC146805E3 

CMOS 
(HIGH PERFORMANCE SILICON GATE) 

a-BIT 
MICROPROCESSOR 

ri1\11\11111\~1 
S SUFFIX 

CERDIP PACKAGE 

CASE 734 

9M' LSUFFIX 
r CERAMIC PACKAGE 

tf·~ CASE 715 

~l'llill ~i\ 'CA:T~U::;~AGE ~W\1'\~ CASE711 

l"ill~ r 

Z SUFFIX 
CHIP CARRIER 

CASE 761 

PIN ASSIGNMENT 

RESET VOO 

IRQ OSCl 

LI OSC2 

OS TIMER 

R/W PBO 

AS PBl 

A15 PB2 

A14 PB3 

A13 PB4 

PA4 PB5 

PA3 PB6 

PA2 PB7 

PAl BO 

PAO Bl 

A12 B2 

All B3 

Al0 B4 

A9 B5 

A8 B6 

VSS B7 



® MOTOROLA 

Advance Information 

REAL-TIME CLOCK PLUS RAM (RYC) 
Advance Information Data Sheet 

ADI-856-Rl 

MCl46818 
Addendum 

The following information is an addition to POWER-DOWN CONSIDERATIONS 
found on page 11 of the MC146818 Advance Information Data Sheet (ADI-856-Rl). 

MC146818s with the date code of 3N46XXXX and GC6XXXX require a synchroni­
zation of the CE pin with address strobe. The following circuit will satisfy that condi­
tion, and also show a typical application of power-down circuitry. 

If EE is grounded at all times (no power down required) the following circuit need 
not be used. 
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+5V MCl46818 STATEK 

470 k 32.768 kHz CXIVor 
4 

OSC2 Equivalent 
ADO ADO 

MBD701 ADl ADl 
(Schottky) 6 

BBV* AD2 AD2 

AD3 AD3 
lN4148 8 

3.9V AD4 AD4 OSCl 
(Si) 9 ~10PF 

AD5 AD5 BBV 
10 

AD6 AD6 

l 
11 

AD7 AD7 

AS 
14 

AS 100 k 

17 
DS 

PS 

R/W 
15 

R/W RESET 

13 
EE 

~50PF 

BBV 

1M >Of---f +5V 

MC74HC373 (See Note 1) 

1M 

+12V(>BBV)~-J~rv--__ ~~~~ 

® 39 k ® 20k 

(See Note 2) 

* BBV = Battery Backup Voltage 

NOTES: 
1. All unused inputs of the MC74HC373 must be grounded. 
2. If point ® equals 12 V point ® should be equal to 4.06 V. If point ® equals 10 V point ® should be equal to 3.38 V with © set 

for 3.18 V. 
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Advance Information 

REAL-TIME CLOCK PLUS RAM (RTC) 

The MC146818 Real-Time Clock plus RAM is a peripheral device 
which includes the unique MOTEL concept for use with various 
microprocessors, microcomputers, and larger computers. This part 
combines three unique features: a complete time-of-day clock with 
alarm and one hundred year calendar, a programmable periodic inter­
rupt and square-wave generator, and 50 bytes of low-power static 
RAM. The MC146818 uses high-speed CMOS technology to interface 
with 1 MHz processor buses, while consuming very little power. 

The Real-Time Clock plus RAM has two distinct uses. First. it is 
designed as a battery powered CMOS part lin an otherwise NMOS/TTL 
system) including all the common battery backed-up functions such as 
RAM, time, and calendar. Secondly, the MC146818 may be used with a 
CMOS microprocessor to relieve the software of the timekeeping 
workload and to extend the available RAM of an MPU such as the 
MC146805E2. 

• Low-Power, High-Speed, High-Density CMOS 

• Internal Time Base and Oscillator 

• Counts Seconds, Minutes, and Hours of the Day 

• Counts Days of the Week, Date, Month, and Year 

• 3 V to 6 V Operation 

• Time Base Input Options: 4.194304 MHz, 1.048576 ivlHz, or 
32.768 kHz 

• Time Base Oscillator for Parallel Resonant Crystals 

• 40 to 200 J.LW Typical Operating Power at Low Frequency Time Base 

• 4.0 to 20 mW Typical Operating Power at High Frequency Time 
Base 

• Binary or BCD Representation of Time, Calendar, and Alarm 

• 12- or 24-Hour Clock with AM and PM in 12-Hour Mode 

• Daylight Savings Time Option 

• Automatic End of Month Recognition 

• Automatic Leap Year Compensation 

• Microprocessor Bus Compatible 

• MOTEL Circuit for Bus Universality 

• Multiplexed Bus for Pin Efficiency 

• Interfaced with Software as 64 RAM Locations 

• 14 Bytes of Clock and Control Registers 

• 50 Bytes of General Purpose RAM 

• Status Bit Indicates Data Integrity 

• Bus Compatible Interrupt Signals IIRQ) 

• Three Interrupts are Separately Software Maskable and Testable 

Time-of-Day Alarm, Once-per-Second to Once-per-Day 

Periodic Rates from 30.5 J.LS to 500 ms 

End-of-Clock Update Cycle 

• Programmable Square-Wave Output Signal 

• Clock Output May Be Used as Microprocessor Clock Input 

At Time Base Frequency + 1 or +4 

• 24-Pin Dual-In-Line Package 

• Chip Carrier Also Available 

This document contains information on a new product. Specifications and information herein 
are subiect to change without notice. 
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CMOS 

I HIGH-PERFORMANCE 
SILICON-GATE COMPLEMENTARY MOS) 

REAL-TIME CLOCK 
PLUS RAM 

L SUFFIX 
CERAMIC PACKAGE 

CASE 716 

..,. P SUFFIX 
PLASTIC PACKAGE 

CASE 709 

S SUFFIX ~ CERDIP PACKAGE 
CASE 623 

Z SUFFIX <:> CHIP CARRIER 
CASE 761 

PIN ASSIGNMENT 

NC VDD 

OSC1 SOW 

OSC2 PS 

ADO CKOUT 

AD1 CKFS 

AD2 IRO 

AD3 RESET 

AD4 DS 

AD5 NC 

AD6 R/W 

AD? AS 

VSS IT 

Pin numbers in parentheses represent equivalent Z 
suffix chip carrier pins. Pins that have not been 
designated for the chip carrier are not connected. 

• 
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OSCl 

OSC2 

VDD ---. 

Vss-----' 

Bus 
Interface 

MAXIMUM RATINGS (Voltages referenced to VSS) 

Ratings Symbol 

Supply Voltage VDD 

FIGURE 1 - BLOCK DIAGRAM 

Clock I 
Calendar 
Update 

BCDI 
Binary 

Increment 

Value 

-0.3 to +8.0 

Unit 

V 

All Input Voltages Except OSCl Vin VSS-0.5 to VDD+0.5 V 

Current Drain per Pin Excluding 
I 10 mA 

VDO and VSS 

Operating Temperature Range 
MC146818 TL to TH 
MC146818C (VDD = 3.0 to 5.5 V TA o to 70 DC 

operation) -40 to 85 

Storage Temperature Range Tstg -55 to + 150 DC 

THERMAL CHARACTERISTICS 
Characteristic Symbol Value Unit 

Thermal Resistance 
Plastic 120 
Cerdip ()JA 65 DC/W 
Ceramic 50 
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Registers A, B, C, D 
(4 Bytes) 

Clock, Alarm, 
Calendar RAM 

(10 Bytes) 

User RAM 
(50 Bytes) 

CKOUT 

CKFS 

sow 

RESET 

PS 

This device contains circuitry to protect the in­
puts against damage due to high static voltages 
or electric fields; however, it is advised that nor­
mal precautions be taken to avoid application of 
any voltage higher than maximum rated voltages 
to this high-impedance circuit. For proper opera­
tion it is recommended that Vin and Vout be con­
strained to the range VSS~(Vin or Vout) 
~ VDD. Reliability of operation is enhanced if 
unused inputs are tied to an appropriate logic 
voltage level (e.g., either VSS or VDD)· 
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DC ELECTRICAL CHARACTERISTICS (VOO= 3 Vdc, VSS = 0 Vdc T A = h to TH unless otherwise noted) 

Characteristics Symbol Min Max Unit 

Frequency of Operation lose 32.768 32.768 kHz 

Output Voltage VOL - 0.1 
V 

ILoad< 10 p.A VOH VOO-Ol -

100 - Bus Idle 
CKOUT = fosc, CL = 15 pF; SQW Disabled, CE= VOO- 0.2; CL (OSC2) = 10 pF 
fosc =32.768 kHz 1003 - 50 I'A 

100 - Quiescent 1004 - 50 p.A 
fosc= DC; OSCl = DC; 
All Other Inputs=VOO-0.2 V; 
No Clock 

Output High Voltage 
(LLoad = - 0.25 mA, All Outputs) VOH 2.7 - V 

Output Low Voltage 
(ILoad=0.25 mA, All Outputs) VOL - 0.3 V 

Input High Voltage AOO-A07, OS, AS, R/W, CE, VIH 2.1 VOO V 
RESET, CKFS, PS, OSCl 2.5 VOO 

Input Low Voltage (All Inputs) VIL VSS 0.5 V 

Input Curren! All Inputs lin - ±1 I'A I 
Three-State Leakage IRQ, AOO-A07 ITSL - ±10 I'A 

DC ELECTRICAL CHARACTERISTICS (VOO = 5 Vdc + 10%, VSS = 0 Vdc, T A = TL to T H unless otherwise noted) -

Characteristics Symbol Min Max Unit 

Frequency of Operation fosc 32.768 4194.304 kHz 

Output Voltage VOL - 0.1 
V 

ILoad< 10 p.A VOH VOO-Ol -

100 - Bus Idle (External Clock) 
CKOUT = fosc, CL = 15 pF; SQW Disabled, CE = VOO - 0.2; CL (OSC2) = 10 pF 
fosc =4.194304 MHz 1001 - 3 mA 

fosc= 1.048516 MHz 1002 - 800 I'A 
fosc =32.768 kHz 1003 - 50 I'A 

100 - Quiescent 1004 - 50 I'A 
fosc= DC; OSCl = DC; 
All Other Inputs=VOO-0.2 V; 
No Clock 

Output High Voltage 
(ILoad= -1.6 mA, AOO-A07, CKOUT) VOH 4.1 - V 
(ILoad= -1.0 mA, SQW) 

Output Low Voltage 
(ILoad= 1.6 mA, AOO-A07, CKOUT) VOL - 0.4 V 
(lLoad= 1.0 mA, IRQ and SQW) 

Input High Voltage CKFS, AOO-A07, OS, AS, R/W, CE, PS VOO-2.0 VOO 
RESET VIH VOO-0.8 VOO V 
OSCl VOO-l.0 VOO 

Input Low Voltage AOO-A07, OS, AS, R/W, CE VSS 0.8 
CKFS, PS, RESET VIL VSS 0.8 V 

OSCl VSS 0.8 

Input Current All Inputs lin - ±1 p.A 

Three-State Leakage IRQ, AOO-A07 ITSL - ±10 I'A 
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BUS TIMING 

VOO=3.0 V 

Ident. 50 pF Load 

Number Characteristics Symbol Min Max 

1 Cycle Time tcyc 5000 -

2 Pulse Width, DS/E Low or RD/WR High PWEL 1000 -

3 Pulse Width, DS/E High or RD/WR Low PWEH 1500 -

4 Input Rise and Fall Time tr, tf - 100 

8 R/W Hold Time tRWH 10 -
13 R/W Setup Time Before DS/E tRWS 200 -

14 Chip Enable Setup Time Before ASI ALE Fall tcs 200 * 
15 Chip Enable Hold Time tCH 10 -

18 Read Data Hold Time tDHR 10 1000 

21 Write Data Hold Time tDHW 100 -

24 Muxed Address Valid Time to ASI ALE Fall tASL 200 -

25 Muxed Address Hold Time tAHL 100 -

26 Delay TimeDS/E to AS/ALE Rise tASD 500 -
27 Pulse Width, ASI ALE High PWAS H 600 -

28 Delay Time, ASI ALE to DSI E Rise tASED 500 -

30 Peripheral Output Data Delay Time from DS/E or RD tDDR 1300 -

31 Peripheral Data Setup Time tDSW 1500 -

NOTE: DeSignations E, ALE, RD, and WR refer to signals from alternative microprocessor signals. 
* Refer to IMPORTANT NOTICES appearing on page 20 of this data sheet. 

AS 

DS 

R/W 

ADO­
AD7 

WRITE 

ADO­
AD7 

READ 

FIGURE 2 - MCl46818 BUS TIMING 

NOTE VHIGH=VDD-20 V, VLOW=08 V, for VDD=50 V ± 10% 
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VOO=5.0 V 
±10% 

2 TTL and 
130 pF Load 

Min Max Unit 

953 dc ns 

300 - ns 

325 - ns 

- 30 ns 

10 - ns 

80 - ns 

55 * ns 

0 - ns 

10 100 ns 

0 - ns 

50 - ns 

20 - ns 

50 - ns 

135 - ns 

60 - ns 

20 240 ns 

200 - ns 
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ALE (Address Latch Enable) 
(AS Pin) 

RD (Read Output Enable) 
(OS Pin) 

WR (Write Enable) 
(R/W Pin) 

CE (Chip Enable) 

ADO-AD7 
(Address/ Data Bus) 

FIGURE 3 - BUS READ TIMING COMPETITOR MULTIPLEXED BUS 

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

FIGURE 4 - BUS WRITE TIMING COMPETITOR MULTIPLEXED BUS 

ALE (Address Latch Enable) 
(AS Pin) 

R1S (Read Output Enable) 
(OS Pin) 

WR (Write Enable) 
(R/W Pin) 

CE(ChiPE_n_a_bl_e_) ____ ~~~~~~~~~~~--_r~----------------------------~_r~~~~~~ 

ADO-AD7 
(Address/ Data;:..:;;B.:;:.us~) _____________________ _< I 

NOTE VHIGH=VOD-20 V, VLOW=08 V, for VDD=50 V ± 10% 
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TABLE 1 - SWITCHING CHARACTERISTICS (V OO =5.0 Vdc ± 10%, VSS=O Vdc, T A = TL to THI 

Description 

Oscillator Startup 

Reset Pulse Width 

Reset Oelay Time 

Power Sense Pulse Width 

Power Sense Delay Time 

IRQ Release from OS 

IRQ Release from RESET 

VRT Bit Delay 

FIGURE 5 - IRQ RELEASE DELAY 

OS 
~r- VLOW 

RESET 

A. 

) VHIGH 
.. 

IRO 

tlROS 

NOTE: VHIGH=VOD-20 V, VLOW=0.8 V, for VOO=50 V ± 10% 

Test 
Point 

Vi 

130 pF 

All Outputs Except OSC2 (See Figure 101 

FIGURE 6 - TIL EQUIVALENT TEST LOAD 

2k 

MMD7000 
or Equivalent 
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\r-

Symbol Min Max 

tRC - 100 

tRWL 5 -
tRLH 5 -

tpWL 5 -
tPLH 5 -

tlROS - 2 

tlRR - 2 

tVRTD - 2 

}'-

tlRR 

VOO 

(IRa Only) 

Test Point .0-----. 

Unit 

ms 

p's 

p's 

p's 

p's 

p's 

p's 

p's 

402 k 
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FIGURE 7 - POWER-UP 

VDD Pin 
OV __ ---J/T-----~s~s ---

RESET Pin 

CKOUT Pin 

FIGURE 8 - CONDITIONS THAT CLEAR VRT BIT 

VDD Pin 

OV 

PS Pin 

VRT Bit 

G) The VRT bit is set to a "1" by reading Register d. The VRT bit can only be cleared by pufling the PS pin low (see REGISTER t> ($00)). 
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MOTEL 

The MOTEL circuit is a new concept that permits the 
MC146818 to be directly interfaced with many types of 
microprocessors. No external logic is needed to adapt to the 
differences in bus control signals from common multiplexed 
bus microprocessors. 

Practically all microprocessors interface with one of two 
synchronous bus structures. One bus was originated by the 
Motorola MC6800 and the other by the Intel 8080 and its 
companion part, the 8228. 

The MOTEL circuit (for MOTorola and IntEl. bus com­
patibility) is built into peripheral and memory ICs to permit 
direct connection to either type of bus. An industry standard 

bus structure is now available. The MOTEL concept IS 

shown logically in Figure 9. 
MOTEL selects one of two interpretations of two pins. In 

the Motorola case, OS and R/W are gated together to pro­
duce the internal read enable. The internal write enable is a 
similar gating of the inverse of Riw. With competitor buses, 
the inversion of RO and WR create functionally identical in­
ternal read and write enable signals. 

The MC146818 automatically selects the processor type by 
using ASI ALE to latch the state of the OS/RD pin. Since OS 
is always low and R15 is always high during AS and ALE, the 
latch automatically indicates which processor type is con­
nected. 

FIGURE 9 - FUNCTIONAL DIAGRAM OF MOTEL CIRCUIT 

Motorola Type 
MPU Signals 

Competitor Type 
MPU Signals 

MC146818 
Pin Signals Competitive Bus 

Internal 
Signals 

AS . ALE AS 

o 
t---+----I C 

Q 

Motorola 
Bus 

OS, E, or <1>2 OS 

R/W WR R/W 

SIGNAL DESCRIPTIONS 

The block diagram in Figure 1, shows the pin connection 
with the major internal functions of the M C146818 Real-Time 
Clock plus RAM. The following paragraphs describe the 
function of each pin. 

Voo,VSS 
OC power is provided to the part on these two pins, VOO 

being the more positive voltage. The minimum and maxi­
mum voltages are listed in the Electrical Characteristics 
tables. 

OSC1, OSC2 - TIME BASE, INPUTS 

The time base for the time functions may be an external 
signal or the crystal oscillator. External square waves at 
4.194304 MHz, 1.048576 MHz, or 32.768 kHz may be con­
nected to OSC1 as shown in Figure 10. The internal time­
base frequency to be used is chosen in Register A. 

The on-chip oscillator is designed for a parallel resonant 
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Read Enable 

Write Enable 

AT cut crystal at 4.194304 MHz or 1.048576 MHz frequen­
cies. The crystal connections are shown in Figure 11 and the 
crystal characteristics in Figure 12. 

CKOUT - CLOCK OUT, OUTPUT 

The CKOUT pin is an output at the time-base frequency 
divided by 1 or 4. A major use for CKOUT is as the input 
clock to the microprocessor; thereby saving the cost of a se­
cond crystal. The frequency of CKOUT depends upon the 
time-base frequency and the state of the CKFS pin as shown 
in Table 2. 

CKFS - CLOCK OUT FREOUENCY SELECT, INPUT 

When the CKFS pin is tied to VOO it causes CKOUT to be 
the same frequency as the time base at the OSC1 pin. When 
CKFS is tied to VSS, CKOUT is the OSC1 time-base fre­
quency divided by four. Table 2 summarizes the effect of 
CKFS. . 
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FIGURE 10 - EXTERNAL TIME-BASE CONNECTION 

J
VOO 

Optional 

(VOO-1.0 V) 

I 
I 

OSC1 

4.194304 MHz 
or 

1048576 MHz 
or 

32.768 kHz 
(Open) OSC2 

MC146818 

FIGURE 11 - CRYSTAL OSCILLATOR CONNECTION 

~--------------e-------~--~ OSC1 
4.194304 MHz, 
1.048576 MHz, 

or 
32.768 kHz 

Rf 

.... 'VV'v-.... ---i OSC2 

C
outT MC146818 

*32.768 kHz Only - Consult Crystal Manufacturer's Specification 

FIGURE 12 - CRYSTAL PARAMETERS 

Crystal Equivalent Circuit 

------tID~1 --
fosc 4.194304 MHz 1.048576 MHz 32.768 kHz 

RS (Maximum) 75 {} 700 {} 50 k 

CO (Maximum) 7 pF 5 pF 1.7 pF 

C1 0.012 pF 0.008 pF 0.003 pF 
Q 50 k 35 k 30 k 

Cin/Cout 15-30 pF 15-40 pF 10-22 pF 

R - - 300-470 k 

Rf 10 M 10M 22 M 
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TABLE 2 - CLOCK OUTPUT FREQUENCIES 

Time Base Clock Frequency Clock Frequency 
(OSC1) Select Pin Output Pin 

Frequency (CKFS) (CKOUT) 

4.194304 MHz High 4.194304 MHz 

4.194304 MHz Low 1.048576 MHz 

1.048576 MHz High 1.048576 MHz 

1.048576 MHz Low 262.144 kHz 

32.768 kHz High 32.768 kHz 

32.768 kHz Low 8.192 kHz 

SQW - SQUARE WAVE, OUTPUT 

The SQW pin can output a signal from one of the 15 taps 
provided by the 22 internal-divider stages. The frequency of 
the SQW may be altered by programming Register A, as 
shown in Table 5. The SQW signal may be turned on and off 
using the SQWE bit in Register B. 

ADO-AD7 - MULTIPLEXED BIDIRECTIONAL AD­
DRESS/DATA BUS 

Multiplexed bus processors save pins by presenting the 
address during the first portion of the bus cycle and using 
the same pins during the second portion for data. Address­
then-data multiplexing does not slow the access time of the 
MC146818 since the bus reversal from address to data is oc­
curring during the internal RAM access time. 

The address must be valid just prior to the fall of AS/ ALE 
at which time the MC146818 latches the address from ADO 
to AD5. Valid write data must be presented and held stable 
during the latter portion of the DS or WR pulses. In a read 
cycle, the MC146818 outputs eight bits of data during the 
latter portion of the DS or RD pulses, then ceases driving the 
bus (returns the output drivers to the high-impedance state) 
when DS falls in the Motorola case of MOTEL or RD rises in 
the other case. 

AS - MULTIPLEXED ADDRESS STROBE, INPUT 

A positive going multiplexed address strobe pulse serves 
to demultiplex the bus. The falling edge of AS or ALE causes 
the address to be latched within the MC146818. The 
automatic MOTEL circuit in the MC146818 also latches the 
state of the DS pin with the falling edge of AS or ALE. 

DS - DATA STROBE OR READ, INPUT 

The DS pin has two interpretations via the MOTEL circuit. 
When emanating from a Motorola type processor, DS is a 
positive pulse during the latter portion of the bus cycle, and 
is variously called DS (data strobe), E (enable), and 4>2 (4)2 
clock). During read cycles, DS signifies the time that the 
RTC is to drive the bidirectional bus. In write cycles, the trail­
ing edge of DS causes the Real-Time Clock plus RAM to 
latch the written data. 

The second MOTEL interpretation of DS is that of RD, 
MEMR, or I/OR emanating from the competitor type pro­
cessor. In this case, DS identifies the time period when the 
real-time clock plus RAM drives the bus with read data. This 
interpretation of DS is also the same as an output-enable 
Signal on a typical memory. 

The MOTEL circuit, within the MC146818, latches the 
state of the DS pin on the falling edge of AS/ ALE. When the 
Motorola mode of MOTEL is desired DS must below during 
AS/ ALE, which is the case with the Motorola multiplexed 
bus processors. To ensure the competitor mode of MOTEL, 
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the DS pin must remain high during the time AS/ ALE is 
high. 

R/W - READ/WRITE, INPUT 

The MOTEL circuit treats the R/W pin in one of two ways. 
When a Motorola type processor is connected, R/W is a 
level which indicates whether the current cycle is a read or 
write. A read cycle is indicated with a high level on R/W 
while DS is high, whereas a write cycle is a low on R/W dur­
ing DS 

The second interpretation of R/W is as a negative write 
pulse, WR, MEMW, and IIOW from competitor type pro­
cessors. The MOTEL circuit in !l:!!s mode gives R/W pin the 
same meaning as the write (W) pulse on many generic 
RAMs. 

CE - CHIP ENABLE, INPUT 
The chip-enable (EE) signal must be asserted (low) for a 

bus cycle in which the MC146818 is to be accessed. EE is not 
latched and must be stable during DS and AS (Motorola 
case of MOTEU and during RD and WR (in the other 
MOTEL case). Bus cycles which take place without asserting 
CE cause no actions to take place within the MC146818. 
When CE is high, the multiplexed bus output is in a high­
impedance state. 

When IT is high, all address, data, DS, and R/W inputs 
from the processor are disconnected within the MC146818. 
This permits the MC146818 to be isolated from a powered­
down processor. When CE is held high, an unpowered 
device cannot receive power through the input pins from the 
real-time clock power source. Battery power consumption 
can thus be reduced by using a pullup resistor or active 
clamp on CE when the main power is off. When CE is not us­
ed, it should be grounded. 

IRQ - INTERRUPT REQUEST, OUTPUT 

The IRQ pin is an active low output of the MC146818 that 
may be used as an interrupt input to a processor. The IRQ 
output remains low as long as the status bit causing the in­
terrupt is present and the corresponding interrupt-enable bit 
is set. To clear the IRQ pin, the processor program normally 
reads Register C. The RESET pin also clears pending inter­
rupts. 

When no interrupt conditions are present, the IRQ level is 
in the high-impedance state. Multiple interrupting devices 
may thus be connected to an IRQ bus with one pull up at the 
processor. 

RESET - RESET, INPUT 

The RESET pin does not a.ffect the clock, calendar, or 
RAM functions. On powerup, the RESET pin must be held 
low for the specified time, tRLH, in order to allow the power 
supply to stabilize. Figure 13 shows a typical representation 
of the RESET pin circuit. 

When RESET is low the following occurs: 
a) Periodic Interrupt Enable (PIE) bit is cleared to zero, 
b) Alarm Interrupt Enable (AlE) bit is cleared to zero, 
el Update ended Interrupt Enable (UIE) bit is cleared to 

zero, 
d) Update ended Interrupt Flag (UF) bit is cleared to zero, 
e) Interrupt Request status Flag (lRQF) bit is cleared to 

zero, 
f) Periodic Interrupt Flag (PF) bit is cleared to zero, 
g) The part is not accessible. 
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FIGURE 13 - TYPICAL POWERUP DELAY 

CIRCUIT FOR RESET 

01 02 

System __ ..... ,...._-1 ... __ ... __ -+._ Battery 
VOO Backup 

03 

Voo 

10 k MC146818 

I 0.005 I'F VSS 

01 = MB0701 (Schottky) or Equivalent 
02 = 03 = 1 N4148 or Equivalent 

Note: If the RTC is isolated from the MPU or MCU power by a 
diode drop, care must be taken to meet Vin requirements. 

FIGURE 14 - TYPICAL POWERUP DELAY CIRCUIT 

FOR POWER SENSE 

01 02 

System _ ... *"""_~ .... _____ ~ ...... _ ......... _ Battery 
VOO Backup 

PS 

MC146818 

0.0051'F 

I VSS 

01 = MB0701 (Schottky) or Equivalent 
02= 1N4148 or Equivalent 

g) Alarm Interrupt Flag (AF) bit is cleared to zero, 
h) IRO pin is in high-impedance state, and 

Square Wave output Enable (SOWE) bit is cleared to 
zero. 

PS - POWER SENSE, INPUT 
The power-sense pin is used in the control of the valid 

RAM and time (VRT) bit in Register D. When the PS pin is 
low the VRT bit is cleared to zero. 

When using the VRT feature during powerup, the PS pin 
must be externally held low for the specified tpLH time. As 
power is applied, the VRT bit remains low indicating that the 
contents of the RAM, time registers, and calendar are not 
guaranteed. PS must go high after powerup to allow the 
VRT bit to be set by a read of register D. 

POWER-DOWN CONSIDERATIONS 

In most systems, the MC146818 must continue to keep 
time when system power is removed. In such systems, a 
conversion from system power to an alternate power supply, 
usually a battery, must be made. During the transition from 
system to battery power, the designer of a battery backed-up 
RTC system must protect data integrity, minimize power 
consumption, and ensure hardware reliability. 

The chip enable (eE) pin controls all bus inputs (R/W, DS, 
AS, ADO-AD7). eE, when negated, disallows any unintend­
ed modification of the RTC data by the bus. eE also reduces 
power consumption by reducing the number of transitions 
seen internally. 

Power consumption may be further reduced by removing 
resistive and capacitive loads from the clock out (CKOUT) 
pin and the squarewave (SOW) pin. 

During and after the power source conversion, the VIN 
maximum specification must never be exceeded. Failure to 
meet the VIN maximum specification can cause a virtual 
SCR to appear which may result in excessive current drain 
and destruction of the part. 

ADDRESS MAP 

Figure 15 shows the address map of the MC146818. The 
memory consists of 50 general purpose RAM bytes, 10 RAM 
bytes which normally contain the time, calendar, and alarm 
data, and four control and status bytes. All 64 bytes are 
directly readable and writable by the processor program ex­
cept for the following: 1) Registers C and D are read only, 2) 

bit 7 of Register A is read only, and 3) the high-order bit of 
the seconds byte is read only. The contents of four control 
and status registers (A, B, C, and D) are described in 
REGISTERS. 

TIME, CALENDAR, AND ALARM LOCATIONS 

The processor program obtains time and calendar infor­
mation by reading the appropriate locations. The program 
may initialize the time, calendar, and alarm by writing to 
these RAM locations. The contents of the 10 time, calendar, 
and alarm bytes may be either binary or binary-coded deci­
mal (BCD). 
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Before initializing the internal registers, the SET bit in 
Register B should be set to a "1" to prevent time/calendar 
updates from occurring. The program initializes the 10 loca­
tions in the selected format (binary or BCD), then indicates 
the format in the data mode (OM) bit of Register B. All 10 
time, calendar, and alarm bytes must use the same data 
mode, either binary or BCD. The SET bit may now be cleared 
to allow updates. Once initialized the real-time clock makes 
all updates in the selected data mode. The data mode cannot 
be changed without reinitializing the 10 data bytes. 

Table 3 shows the binary and BCD formats of the 10 time, 
calendar, and alarm locations. The 24112 bit in Register B 
establishes whether the hour locations represent 1-to-12 or 

0-to-23. The 24/12 bit cannot be changed without reinitializ­
ing the hour locations. When the 12-hour format is selected 
the high-order bit of the hours byte represents PM when it is 
a "1". 

The time, calendar, and alarm bytes are not always ac­
cessable by the processor program. Once-per-second the 10 
bytes are switched to the update logic to be advanced by one 
second and to check for an alarm condition. If any of the 10 
bytes are read at this time, the data outputs are undefined. 
The update lockout time is 248 /Ls at the 4.194304 MHz and 
1.048567 MHz time bases and 1948 P.s for the 32.768 kHz 
time base. The Update Cycle section shows how to accom­
modate the update cycle in the processor program. 

FIGURE 15 - ADDRESS MAP 

14 

63 

Address 
Location 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

14 
Bytes 

50 
Bytes 
User 
RAM 

00 

OD 

OE 

3F 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

Seconds 

Seconds Alarm 

Minutes 

Minutes Alarm 

Hours 

Hours Alarm 

Day of Week 

Date of Month 

Month 

Year 

Register A 

Register B 

Register C 

Register D 

TABLE 3 - TIME, CALENDAR, AND ALARM DATA MODES 

Decimal Range 
Function 

Range Binary Data Mode BCD Data Mode 

Seconds 0-59 $00-$3B $00-$59 

Seconds Alarm 0-59 $00-$3B $00-$59 

Minutes 0-59 $00-$3B $00-$59 

Minutes Alarm 0-59 $00-$3B $00-$59 

Hours 
1-12 $Ol-$OC (AM) and $01-$12 (AM) and 

(12 Hour Mode) $81-$8C (PM) $81-$92 (PM) 

Hours 
(24 Hour Mode) 

0-23 $00-$17 $00-$23 

Hours Alarm 
1-12 $Ol-$OC (AM) and $01-$12 (AM) and 

(12 Hour Mode) $81-$8C (PM) $81-$92 (PM) 

Hours Alarm 
0-23 $00-$17 $00-23 (24 Hour Mode) 

Day of the Week 
1-7 $01-$ 07 $01-$07 

Sunday= 1 

Date of the Month 1-31 $01-$1 F $01-$31 

Month 1-12 $Ol-$OC $01-$12 

Year 0-99 $00-$63 $00-$99 

'Example: 5:58:21 Thursday 15 February 1979 (time is AM) 
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The three alarm bytes may be used in two ways. First, 
when the program inserts an alarm time in the appropriate 
hours, minutes, and seconds alarm locations, the alarm 
interrrupt is initiated at the specified time each day if the 
alarm enable bit is high. The second usage is to insert a 
"don't care" state in one or more of three alarm bytes. The 
"don't care" code is any hexadecimal byte from CO to FF. 
That is, the two most-significant bits of each byte, when set 
to "1", create a "don't care" situation. An alarm interrupt 
each hour is created with a "don't care" code in the hours 
alarm location. Similarly, an alarm is generated every minute 
with "don't care" codes in the hours and minutes alarm 
bytes. The" don't care" codes in all three alarm bytes create 
an interrupt every second. 

STATIC CMOS RAM 

The 50 general purpose RAM bytes are not dedicated 
within the MC146818. They can be used by the processor 
program, and are fully available during the update cycle. 

When time and calendar information must use battery 
back-up, very frequently there is other non-volatile data that 
must be retained when main power is removed. The 50 user 
RAM bytes serve the need for low-power CMOS battery­
backed storage, and extend the RAM available to the pro­
gram. 

When further CMOS RAM is needed, additional 
MC146818s may be included in the system. The time/calen­
dar functions may be disabled by holding the DVO-DV2 
dividers, in Register A, in the reset state by setting the SET 
bit in Register B or by removing the oscillator. Holding the 
dividers in reset prevents interrupts or SQW output from 
operating while setting the SET bit allows these functions to 
occur. With the dividers clear, the available user RAM is ex­
tended to 59 bytes. The high-order bit of the seconds byte, 
bit 7 of Register A, and all bits of Registers C and 0 cannot 
effectively be used as general purpose RAM. 

INTERRUPTS 

The RTC plus RAM includes three separate fully automatic 
sources of interrupts to the processor. The alarm interrupt 
may be programmed to occur at rates from once-per-second 
to one-a-day. The periodic interrupt may be selected for 
rates from half-a-second to 30.517 JLs. The update-ended 
interrupt may be used to indicate to the program that an up­
date cycle is completed. Each of these independent interrupt 
conditions are described in greater detail in other sections. 

The processor program selects which interrupts, if any, it 
wishes to receive. Three bits in Register B enable the three 
interrupts. Writing a "1" to a interrupt-enable bit permits 
that interrupt to be initiated when the event occurs. A "0" in 
the interrupt-enable bit prohibits the IRQ pin from being 
asserted due to the interrupt cause 

If an interrupt flag is already set when the interrupt 
becomes enabled, the IRQ pin is immediately activated, 
though the interrupt initiating the event may have occurred 
much earlier. Thus, there are cases where the program 
should clear such earlier initiated interrupts before first 
enabling new interrupts. 
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When an interrupt event occurs a flag bit is set to a "1" in 
Register C. Each of the three interrupt sources have separate 
flag bits in Register C, which are set independent of the state 
of the corresponding enable bits in Register B. The flag bit 
may be used with or without enabling the corresponding 
enable bits. 

In the software scanned case, the program does not 
enable the interrupt. The "interrupt" flag bit becomes a 
status bit, which the software interrogates, when it wishes. 
When the software detects that the flag is set, it is an indica­
tion to software that the "interrupt" event occurred since the 
bit was last read. 

However, there is one precaution. The flag bits in Register 
C are cleared (record of the interrupt event is erased) when 
Register C is read. Double latching is included with Register 
C so the bits which are set are stable throughout the read 
cycle. All bits which are high when read by the program are 
cleared, and new interrupts (on any bits) are held until after 
the read cycle. One, two, or three flag bits may be found to 
be set when Register C is read. The program should inspect 
all utilized flag bits every time Register C is read to insure 
that no interrupts are lost. 

The second flag bit usage method is with fully enabled 
interrupts. When an interrupt-flag bit is set and the cor­
responding interrupt-enable bit is also set, the I RQ pin is 
asserted low. IRQ is asserted as long as at least one of the 
three interrupt sources has its flag and enable bits both set. 
The IRQF bit in Register C is a "1" whenever the IRQ pin is 
being driven low. 

The processor program can determine that the RTC 
initiated the interrupt by reading Register C. A "1" in bit 7 
(IRQF bit) indicates that one or more interrupts have been 
initiated by the part. The act of reading Register C clears all 
the then-active flag bits, plus the IRQF bit. When the pro­
gram finds IRQF set, it should look at each of the individual 
flag bits in the same byte which have the corresponding 
interrupt-mask bits set and service each interrupt which is 
set. Again, more than one interrupt-flag bit may be set. 

DIVIDER STAGES 

The MCl46818 has 22 binary-divider stages following the 
time base as shown in Figure 1. The output of the dividers is 
a 1 Hz signal to the update-cycle logic. The dividers are con­
troller by three divider bus (oV2, DV1, and DVO) in Register 
A. 

DIVIDER CONTROL 
The divider-control bits have three uses, as shown in Table 

4. Three usable operating time bases may be selected 
(4.194304 MHz, 1.048576 MHz, or 32.768 kHz). The divider 
chain may be held reset, which allows precision setting of 
the time. When the divider is changed from reset to an 
operating time base, the first update cycle is one-half second 
later. The divider-control bits are also used to facilitate 
testing the MC146818. 
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TABLE 4 - DIVIDER CONFIGURATIONS 

Time-Base Divider Bits Operation Divider Bypass First 
Frequency Register A Mode Reset N-Divider Bits 

DV2 DV1 DVO 

4.194304 MHz 0 0 0 Yes - N=O 

1.048576 MHz 0 0 1 Yes - N=2 

32.768 kHz 0 1 0 Yes - N=7 

Any 1 1 0 No Yes -

Any 1 1 1 No Yes -

Note: Other combinations of divider bits are used for test purposes only. 

SQUARE-WAVE OUTPUT SELECTION 

Fifteen of the 22 divider taps are made available to a 
1-of-15 selector as shown in Figure 1. The first purpose of 
selecting a divider tap is to generate a square-wave output 
signal at the SOW pin. The RSO-RS3 bits in Register A 
establish the square-wave frequency as listed in Table 5. The 
SOW frequency selection shares the 1-of-15 selector with 
periodic interrupts. 

Once the frequency is selected, the output of the SOW pin 
may be turned on and off under program control with the 
square-wave enable (SOWE) bit in Register B. Altering the 
divider, square-wave output selection bits, or the SOWE 
output-enable bit may generate an asymmetrical waveform 
at the time of execution. The square-wave output pin has a 
number of potential uses. For example, it can serve as a fre­
quency standard for external use, a frequency synthesizer, or 
could be used to generate one or more audio tones under 
program control. 

PERIODIC INTERRUPT SELECTION 

The periodic interrupt allows the IRO pin to be triggered 
from once every 500 ms to once every 30.517 p,s. The 
periodic interrupt is separate from the alarm interrupt which 
may be output from once-per-second to once-per-day. 

Table 5 shows that the periodic interrupt rate is selected 
with the same Register A bits which select the square-wave 
frequency. Changing one also changes the other. But each 
function may be separately enabled so that a program could 
switch between the two features or use both. The SOW pin 
is enabled by the SOWE bit in Register B. Similarly the 
periodic interrupt is enabled by the PIE bit in Register B. 

Periodic interrupt is usable by practically all real-time 
systems. It can be used to scan for all forms of inputs from 
contact closures to serial receive bits or bytes. It can be used 
in multiplexing displays or with software counters to mea­
sure inputs, create output intervals, or await the next needed 
software function. 

TABLE 5 - PERIODIC INTERRUPT RATE AND SQUARE WAVE OUTPUT FREQUENCY 

4.194304 or 1.048576 MHz 32.768 kHz 

Select Bits Time Base Time Base 

Register A Periodic Periodic 

RS3 RS2 RS1 RSO 
Interrupt Rate SQW Output Interrupt Rate SQW Output 

tpi Frequency tPI Frequency 

0 0 0 0 None None None None 

0 0 0 1 30.517 P.s 32.768 kHz 3.90625 ms 256 Hz 

0 0 1 0 61.035 P.s 16.384 kHz 7.8125 ms 128 Hz 

0 0 1 1 122.070 ILS 8.192 kHz 122.070 uS 8.192 kHz 

0 1 0 0 244.141 P.s 4.096 kHz 244.141 P.s 4.096 kHz 

0 1 0 1 488.281 p's 2.048 kHz 488.281 P.s 2.048 kHz 

0 1 1 0 976.562 p's 1.024 kHz 976.562 P.s 1.024 kHz 

0 1 1 1 1.953125 ms 512 Hz 1.953125 ms 512 Hz 

1 0 0 0 3.90625 ms 256 Hz 3.90625 ms 256 Hz 

1 0 0 1 7.8125 ms 128 Hz 7.8125 ms 128 Hz 

1 0 1 0 15.625 ms 64 Hz 15.625 ms 64 Hz 

1 0 1 1 31.25 ms 32 Hz 31.25 ms 32 Hz 

1 1 0 0 62.5 ms 16 Hz 62.5 ms 16 Hz 

1 1 0 1 125 ms 8 Hz 125 ms 8 Hz 

1 1 1 0 250 ms 4 Hz 250 ms 4 Hz 

1 1 1 1 500 ms 2 Hz 500 ms 2 Hz 
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UPDATE CYCLE 
The MC146818 executes an update cycle once-per­

second, assuming one of the proper time bases is in place, 
the DVO-DV2 divider is not clear, and the SET bit in Register 
B is clear. The SET bit in the "1" state permits the program 
to initialize the time and calendar bytes by stopping an exist­
ing update and preventing a new one from occurring. 

The primary function of the update cycle is to increment 
the seconds byte, check for overflow, increment the minutes 
byte when appropriate and so forth through to the year of 
the century byte. The update cycle also compares each 
alarm byte with the corresponding time byte and issues an 
alarm if a match or if a "don't care" code (11XXXXXX) is 
present in all three positions. 

With a 4.194304 MHz or 1.048576 MHz time base·the up­
date cycle takes 248 p.s while a 32.768 kHz time base update 
cycle takes 1984 p.s. During the update cycle, the time, calen­
dar, and alarm bytes are not accessable by the processor 
program. The MC146818 protects the program from reading 
transitional data. This protection is provided by switching 
the time, calendar, and alarm portion of the RAM off the 
microprocessor bus during the entire update cycle. If the 
processor reads these RAM locations before the update is 
complete the output will be undefined. The update in pro­
gress (UIP) status bit is set during the interval. 

A program which randomly accesses the time and date in­
formation finds data unavailable statistically once every 4032 
attempts. Three methods of accommodating nonavailability 
during update are usable by the program. In discussing the 
three methods it is assumed that at random points user pro­
grams are able to call a subroutine to obtain the time of day. 

The first method of avoiding the update cycle uses the 
update-ended interrupt. If enabled, an interrupt occurs after 
every update cycle which indicates that over 999 ms are 
available to read valid time and date information. During this 
time a display could be updated or the information could be 
transfered to continuously available RAM. Before leaving the 
interrupt service routine, the IRQF bit in Register C should be 
cleared. 

The second method uses the update-in-progress bit (UIP) 
in Register A to determine if the update cycle is in progress 
or not. The UIP bit will pulse once-per-second. Statistically, 
the UIP bit will indicate that time and date information is 
unavailable once every 2032 attempts. After the UIP bit goes 
high, the update cycle begins 244 p's later. Therefore, if a low 
is read on the UIP bit, the user has at least 244 p's before the 
time/calendar data will be changed. If a "1" is read in the 
UIP bit, the time/calendar data may not be valid. The user 
should avoid interrupt service routines that would cause the 

time needed to read valid time/ calendar data to exceed 
244 p.s. 

The third method uses a periodic interrupt to determine if 
an update cycle is in progress. The UIP bit in Register A is set 
high between the setting of the PF bit in Register C (see 
Figure 16). Periodic interrupts that occur at a rate of greater 
than tBUC + tuc allow valid time and date information to be 
read at each occurrence of the periodic interrupt. The reads 
should be completed within (T PI -+- 2) + tBUC to ensure that 
data is not read during the update cycle. 

To properly setup the internal counters for daylight sav­
ings time operation, the user must set the time at least two 
seconds before the rollover will occur. Likewise, the time 
must be set at least two seconds before the end of the 29th 
or 30th day of the month. 

REGISTERS 
The MC146818 has four registers which are accessible to 

the processor program. The four registers are also fully ac­
cessible during the update cycle. 

REGISTER A ($OA) 
Read/Write 

Register 
except UIP 

UIP - The update in progress (UIP) bit is a status flag that 
may be monitored by the program. When UIP is a "1" the 
update cycle is in progress or will soon begin. When UIP is a 
"0" the update cycle is not in progress and will not be for at 
least 244 P.s (for all time bases). This is detailed in Table 6. 
The time, calendar, and alarm information in RAM is fully 
available to the program when ihe UIP bit is zero - it is not 
in transition. The UIP bit is a read-only bit, and is not af­
fected by Reset. Writing the SET bit in Register B to a "1" 
inhibit any update cycle and then clear the UIP status bit. 

TABLE 6 UPDATE CYCLE TIMES -
Minimum Time 

Time Base Update Cycle Time Before Update UIP Bit (OSC1) (tUC) Cycle (tBUC) 

1 4.194304 MHz 248 p.s -
1 1.048576 MHz 248 p's -

1 32.768 kHz 1984 p's -
0 4.194304 MHz - 244 P.s 

0 1.048576 MHz - 244 P.s 

0 32.768 kHz - 244 P.s 

FIGURE 16 - UPDATE-ENDED AND PERIODIC INTERRUPT RELATIONSHIPS 

UIP bit in __________________ -:~I---------
Register A_\.-_ 

UFb" m 'BUe l ~. ww

tU 

.... 

c 

_______ _ 
Register C . _ 

~r __ tpi ------'-~r· tPI+2 ~ tPI+2 

P~ bit In flmITI 
Register C L-_________ ---' 

tpi = Periodic Interrupt Time Interval (500 ms, 250 ms, 125 ms, 62.5 ms, etc. per Table 5) 
tUC= Update Cycle Time (248 P.s or 1984 p.s) 
tBUC = Delay Time Before Update Cycle (244 P.5) 
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DV2, DV1, DVO - Three bits are used to permit the pro­
gram to select various conditions of the 22-stage divider 
chain. The divider selection bits identify which of the three 
time-base frequencies is in use. Table 4 shows that time 
bases of 4. 194304 MHz, 1.048576 MHz, and 32.768 kHz may 
be used. The divider selection bits are also used to reset the 
divider chain. When the time/ calendar is first initialized, the 
program may start the divider at the precise time stored in 
the RAM. When the divider reset is removed the first update 
cycle begins one-half second later. These three read/write 
bits are not affected by R"E'SIT. 

RS3, RS2, RS1, RSO - The four rate selection bits select 
one of 15 taps on the 22-stage divider, or disable the divider 
output. The tap selected may be used to generate an output 
square wave (SOW pin) and/ or a periodic interrupt. The pro­
gram may do one of the following: 1) enable the interrupt 
with the PIE bit, 2) enable the SOW output pin with the 
SQWE bit, 3) enable both at the same time at the same rate, 
or 4) enable neither. Table 5 lists the periodic interrupt rates 
and the square-wave frequencies that may be chosen with 
the RS bits. These four bits are read/write bits which are not 
affected by RESET. 

REGISTER B ($OB) 

Read/Write 

Register 

SET - When the SET bit is a "0", the update cycle func­
tions normally by advancing the counts once-per-second. 
When the SET bit is written to a "1", any update cycle in 
progress is aborted and the program may initialize the time 
and calendar bytes without an update occurring in the midst 
of initializing. SET is a read/write bit which is not modified 
by RESET or internal functions of the MC146818. 

PIE - The periodic interrupt enable (PIE) bit is a 
read/write bit which allows the periodic-interrupt flag (PF) 
bit in Register C to cause the IRO pin to be driven low. A pro­
gram writes a "1" to the PIE bit in order to receive periodic 
interrupts at the rate specified by the RS3, RS2, RS1, and 
RSO bits in Register A. A zero in PIE blocks IRO from being 
initiated by a periodic interrupt, but the periodic flag (PF) bit 
is still set at the periodic rate. PI E is not modified by any in­
ternal MC146818 functions, but is cleared to "0" by a 
RESET. 

AlE - The alarm interrupt enable (AlE) bit is a read/write 
bit which when set to a "1" permits the alarm flag (AF) bit in 
Register C to assert IRO. An alarm interrupt occurs for each 
second that the three time bytes equal the three alarm bytes 
(including a "don't care" alarm code of binary llXXXXXX). 
When the AlE bit is a "0", the AF bit does not initiate an IRO 
signal. The RESET pin clears AlE to "0". The internal func­
tions do not affect the AlE bit. 

UIE - The UIE (update-ended interrupt enable) bit is a 
read/write bit which enables the update-end flag (UF) bit in 
Register C to assert IRO. The RESET pin going low or the 
SET bit going high clears the UIE bit. 

SQWE - When the square-wave enable (SOWE) bit is set 
to a "1" by the program, a square-wave Signal at the fre-
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quency specified in the rate selection bits (RS3 to RSOl ap­
pears on the SOW pin. When the SOWE bit is set to a zero 
the SOW pin is held low. The state of SOWE is cleared by 
the RESET pin. SOWE is a read/write bit. 

DM - The data mode (OM) bit indicates whether time 
and calendar updates are to use binary or BCD formats. The 
DM bit is written by the processor program and may be read 
by the program, but is not modified by any internal functions 
or RESET. A "1" in DM signifies binary data, while a "0" in 
DM specifies binary-coded-decimal (BCD) data. 

24/12 - The 24/12 control bit establishes the format of 
the hours bytes as either the 24-hour mode (a "1") or the 
12-hour mode (a "0"). This is a read/write bit, which is af­
fected only by software. 

DSE - The daylight savings enable (oSE) bit is a 
read/write bit which allows the program to enable two 
special updates (when DSE is a "1"). On the last Sunday in 
April the time increments from 1:59:59 AM to 3:00:00 AM. 
On the last Sunday in October when the time first reaches 
1 :59:59 AM it changes to 1 :00:00 AM. These special updates 
do not occur when the DSE bit is a "0". DSE is not changed 
by any internal operations or reset. 

REGISTER C ($OC) 

... M_s_B-.-_-.-_--..._--,.---_..--_~--r--L-S__,B Read-Only 

Register 

IRQF - The interrupt request flag !lROF) is set to a "1" 
when one or more of the following are true: 

PF=PIE="l" 

AF= AIE= "1" 

UF= UIE= "1" 

i.e., IRQF= PF·PIE+ AF·AIE+ UF·UIE 

Any time the IROF bit is a "1", the IRO pin is driven low. 
All flag bits are cleared after Register C is read by the pro­
gram or when the RESET pin is low. 

PF - The periodic interrupt flag (PF) is a read-only bit 
which is set to a "1" when a particular edge is detected on 
the selected tap of the divider chain. The RS3 to RSO bits 
establish the periodic rate. PF is set to a "1" independent of 
the state of the PIE bit. PF being a "1" initiates an IRO Signal 
and sets the IROF bit when PIE is also a "1". The PF bit is 
cleared by a RESET or a software read of Register C. 

AF - A "1" in the AF (alarm interrupt flag) bit indicates 
that the current time has matched the alarm time. A "1" in 
the AF causes the IRQ pin to go low, and a "1" to appear in 
the IRQF bit, when the AlE bit also is a "1." A RESET or a 
read of Register C clears AF. 

UF - The update-ended interrupt flag (UF) bit is set after 
each update cycle. When the UIE bit is a "1", the "1" in UF 
causes the IRQF bit to be a "1", asserting IRO. UF is cleared 
by a Register C read or a RESET. 

b3 TO bO - The unused bits of Status Register" are read 
as "0' s". They can not be written. 
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REGISTER D ($OD) 

MSB LSB 

I Vb:T I b06 I :5 I :4 I b: I :2 I bl I :0 I :::~st~~IY 

VRT - The valid RAM and time (VRT) bit indicates the 
condition of the contents of the RAM, provided the power 
sense (PS) pin is satisfactorily connected. A "0" appears in 
the VRT bit when the power-sense pin is low. The processor 
program can set the VRT bit when the time and calendar are 
initialized to indicate that the RAM and time are valid. The 
VRT is a read only bit which is not modified by the RESET 
pin. The VRT bit can only be set by reading Register D. 

b6 TO bO - The remaining bits of Register D are unused. 
They cannot be written, but are always read as "O's." 

TYPICAL INTERFACING 
The MC146818 is best suited for use with microprocessors 

which generate an address-then-data multiplexed bus. 
Figures 17 and 18 show typical interfaces to bus-compatible 

processors. These interfaces assume that the address 
decoding can be done quickly. However, if standard metal­
gate CMOS gates are used the TI setup time may be 
violated. Figure 19 illustrates an alternative method of chip 
selection which will accommodate such slower decoding. 

The MC146818 can be interfaced to single-chip microcom­
puters (MCU) by using eleven port lines as shown in Figure 
20. Non-multiplexed bus microprocessors can be interfaced 
with additional support. 

There is one method of uSing the multiplexed bus 
MC146818 with non-multiplexed bus processors. The inter­
face uses available bus control signals to multiplex the 
address and data bus together. 

An example using either the Motorola MC6800, MC6802, 
MC6808, or MC6809 microprocessor is shown in Figure 21. 

Figure 22 illustrates the subroutines which may be used for 
data transfers in a non-multiplexed system. The subroutines 
should be entered with the registers containing the following 
data: 

Accumulator A: The address of the RTC to be accessed. 
Accumulator B: Write: The data to be written. 

Read: The data read from the RTC. 
The RTC is mapped to two consecutive memory locations -
RTC and RTC + 1 as shown in Figure 21. 

FIGURE 17 - MC146818 INTERFACED WITH 
MOTOROLA COMPATIBLE MULTIPLEXED BUS MICROPROCESSORS 
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FIGURE 18 - MC146818 INTERFACED WITH 
COMPETITOR COMPATIBLE MULTIPLEXED BUS MICROPROCESSORS 
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Read (R) 

Write(W) -
Interrupt Request 

l 
Address 

U 6+ 8085 

Ocly -[1 
Address 
Decode ~ V 7 

CE IRQ R/W DS AS ADO-AD? 
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~ 
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8/V 

Other 
Peripherals 
and Memory 

I 
RESET r=L 4.1 

lT MHZ 
94304 

(Typ) MC146818 
RESET 

SQW 

1 
FIGURE 19 - MC146818 INTERFACE WITH MC146805E2 

CMOS MULTIPLEXED MICROPROCESSOR WITH SLOW ADDRESSING DECODING 

-
Interrupt Request IIRQ) 

Read/Write IR/WI . 
Address Strobe IASI 

Data Strobe IDSI _ 

1 ... 
5 Non-Multiplexed Address 5-? Non-multiplexed address 

A I I I .~ 

K 8 Multiplexed Address/Data 

~ U IDS 

... 

A12 

Address 
Decode ~ V 

DS CE AS R/W IRQ ADO-AD? 

Il 
~ 4.19 

MC146818 LT RESET 

CKOUT CKFS SQW 

4304 MHz 
(Typl 

~11 
~ ---------------- i 1 

This illustrates the use of CMOS gating for address decoding. VDD 
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FIGURE 20 - MCl46818 INTERFACED WITH THE PORTS OF A 
TYPICAL SINGLE CHIP MICROCOMPUTER 

MC146818 MC3870 
MC6805 

MC146805 
S2000 
8021 

Address! Data ADO-AD7 SOW 

I 
I 

Address Strobe 
~----------------------~ AS 

Read 
~----------------------~DS 

Write 
~----------------------~R/W 

VSS 

I ~~~~ 
L ________ _ 

CKFS 

CKOUT 

__...J 

FIGURE 21 - MCl46818 INTERFACED WITH MOTOROLA PROCESSORS 

Active High Chip Select -----------------------, 

OS 

AO 

MC146818 

MC6800, 
MC6802, R/W AS 
MC6808, 

or 
MC6809 

R/W 

00-07 ADO-AD7 

VSS CE 
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READ 

WRITE 

I 

FIGURE 22 - SUBROUTINE FOR READING AND WRITING 
THE MCl46818 WITH A NON-MULTIPLEXED BUS 

STA RTC Generate AS and Latch Data from ACCA 
LDAB RTC+ 1 Generate OS and Get Data 
RTS 

STA RTC Generate AS and Latch Data from ACCA 
STAB RTC+ 1 Generate OS and Store Data 
RTS 

IMPORTANT NOTICES 

Those devices made with date code 3N4GXXXX have the 
fol/owing exceptions when used in the Motorola mode of 
MOTEL. 

1. VOO=3 to 5.25 V for operation 
2. OS VIL =0.6 V Max. 

The falling edge of chip select should occur during the ac­
tive high pulse of address strobe, only on those units with 
date code GC6XXXX. 
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Advance Information 

CMOS PARALLEL INTERFACE 

The MC146823 CMOS parallel interface (CPI) provides a universal 
means of interfacing external signals with the MC146805E2 CMOS 
microprocessor and other multiplexed bus microprocessors. The unique 
MOTEL circuit on-chip allows direct interfacing to most industry CMOS 
microprocessors, as well as many NMOS MPUs. 

The MC146823 CPI includes three bidirectional 8-bit ports or 241/0 
pins. Each 1/0 line may be separately established as an input or an out­
put under program control via data direction registers associated with 
each port. Using the bit change and test instructions of the 
MC146805E2, each individual 1/0 pin can be separately accessed. All 
port registers are readlwrite bytes to accommodate read-modify-write 
instructions. Features include: 

• 24 Individually Programmed 1/0 Pins 

• MOTEL Circuit for Bus Compatibility with Many Microprocessors 

• Multiplexed Bus Compatibility with: MCl46805E2, MC6801, MC6803, 
and Competitive Microprocessors 

• Data Direction Registers for Ports A, B, and C 

• Four Port CliO Pins May Be Used as Control Lines for: 
Four Interrupt Inputs 
Input Byte Latch 
Output Pulse 
Handshake Activity 

• 15 Registers Addressed as Memory Locations 

• Handshake Control Logic for Input and Output Peripheral Operation 

• Interrupt Output Pin 
• Reset Input to Clear Interrupts and Initialize Internal Registers 

• 3.0 Volt to 5.5 Volt Operating VDD 

Plastic - P Suffix 

ORDERING INFORMATION 
(TA=O°C to +70°C) 

Package Type 

Ceramic (Side Brazed) - L Suffix 

Cerdip - S Suffix 

Chip Carrier - Z Suffix 

Order Number 

MCl46823P 

MC146823L 

MC146823S 

MC146823Z 

This document contains information on a new product Specifications and information herein 
are sublect to change without notice 

3-719 

MC146823 

CMOS 
(HIGH-DENSITY HIGH-PERFORMANCE 

SILICON-GATE) 

PARALLEL INTERFACE 

~ L SUFFIX ~ CERAMIC PACKAGE 

CASE 715 .,. ~ P SUFFIX 

~~ PLAS~~CS:~~1KAGE 

~ SSUFFIX 
CEROIP PACKAGE 

CASE 734 

PC2 

PCl 

PCO 

PAO 

PAl 

PA2 

PA3 

PA4 

PA5 

PA6 

AD4 

AD5 

AD7 

VSS 

Z SUFFIX 
CHIP CARRIER 

CASE 761 

PIN ASSIGNMENT 

4 

8 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

VDD 

PC3 

PC4/CAl 

PC5/CA2 

PC6/CBl 

PC7/CB2 

PBO 

PBl 

32 PB2 

31 PB3 

PB4 

29 PB5 

28 PB6 

27 PB7 

26 IRO 

25 RESET 

DS 

R/W 

AS 

21 CE 

Pin assignments are the same for both the dual-in­
line and chip carrier package. 

I 
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ADO 

ADl 

AD2 

I AD3 

AD4 

AD5 

AD6 

AD7 

rna 

AS 

DS 

R/W 

FfESTI 

CE 

VDD 

VSS 

BLOCK DIAGRAM 

Bus 
Input 

Register 

Control 
Inputs 

;.. 

.. 
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PAO 

PAl 

PA2 

PA3 

PA4 

PA5 

PA6 

PA7 

PBO 

PBl 

PB2 

PB3 

PB4 

PB5 

PB6 

PB7 

PCO 

PCl 

PC2 

PC3 

PC4/CAl 

PC5/CA2 

PC6/CBl 

PC7/CB2 
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MAXIMUM RATINGS IVoltages reference to VSSI 

Ratings Symbol Value 

Supply Voltage VDD -0.3 to +8.0 

All Input Voltages Yin VSS - 0.5 to VDD + 0.5 

Current Drain per Pin Excluding 
VDD and VSS I 10 

Operating Temperature Range TA o to + 70 

Storage Temperature Range Tstg -55 to + 150 

THERMAL CHARACTERISTICS 

Characteristics Symbol Value 

Thermal Resistance 
Ceramic 8JA 50 
Plastic 100 
Cerdip 60 
Chip Carrier TSD 

Unit 

V 

V 

rnA 

°C 

°C 

Unit 

°C/W 

This device contains circuitry to protect the in­
puts against damage due to high static voltages 
or electric fields; however, it is advised that nor­
mal precautions be taken to avoid application of 
any voltage higher than maximum rated voltages 
to this high-impedance circuit. For proper opera­
tion it is recommended that Yin and Vout be con­
strained to the range VSS ~IVin or Vout) ~VDD· 
Leakage currents are reduced and reliability of 
operation is enhanced if unused inputs are tied to 
an appropriate logic voltage level le.g., either 

VSS or VDDI. 

DC ELECTRICAL CHARACTERISTICS IVDD = 5 Vdc ± 10%, VSS = 0 Vdc, T A = O°C to 70°C, unless otherwise noted) 

Parameter Symbol Min Max Unit 

Output Voltage IILoad:S 10 p.A) VOL - 0.1 V 

VOH VDD-O.l - V 

Output High Voltage 
IILoad= -1.6 mAl ADO-AD7 VOH 4.1 VDD 
IILoad= -0.2 mAl PAQ-PA7, PCO-PC7 VOH 4.1 VDD V 
IILoad= -0.36 mAl PSO-PS7 VOH 4.1 VDD 

Output Low Voltage 
IILoad= 1.6 rnA) ADO-AD7, PSO-PS7 VOL VSS 0.4 
IILoad=0.8 rnA) PAO-PA7, PCO-PC7 VOL VSS 0.4 V 
IILoad= 1.0 mAl IRQ VOL VSS 0.4 

Input High Voltage, ADO-AD7, AS, OS, R/W, CE, PAO-PA7, PSO-PB7, PCO-PC7 VIH VDD-2.0 VDD V 
RESET VIH VDD-0.8 VDD 

Input Low Voltage IAII Inputs) VIL VSS 0.8 V 

Quiescent Current - No dc Loads 
IAII Ports Programmed as Inputs, All Inputs= VDD - 0.2 V) IDD - 160 p.A 

Total Supply Current 
IAII Ports Programmed as Inputs, CE = VI L, tcyc = 1 p.s) IDD - 3.0 rnA 

Input Current, CE, AS, R/W, DS, FrrS'ET lin - ±10 p.A 

Hi-Z State Leakage, ADO-AD7, PAO-PAl, PSO-PS7, PCO-PC7 ITSL - ± 10.0 p.A 

EQUIVALENT TEST LOADS 

VDD 
TTL Equivalent CMOS Equivalent 

TestPoint~ 
MMD6150 
or Equiv 

T est o-----4I..-----it--~--... 
Point 

C 

Pin Rl R2 

ADO-AD7 2.55k 2.0k 

PAO-PA7, PCO-PC7 20.0k 4.32k 

PSO-PS7 11.5k 2.1k 

MMD7000 
or Equiv. 

C 

130 pF 

50 pF 

50 pF 

3-721 

For all outputs except IRQ 1 C 

C = 50 pF; All Ports I 
= 130 pF; ADO-AD7 

forVDD=5V ±10% -= 

4.02 k 

90 pF 
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BUS TIMING (VDD=5 Vdc ± 10%, VSS=O Vdc, TA=Oo to 70°C, unless otherwise noted) 

Ident. 
Number Characteristics 

1 Cycle Time 

2 Pulse Width, DS/E Low or RD/WR High 

3 Pulse Width, DS/E High or RD/WR Low 

4 Input Rise and Fall Time 

8 R/W Hold Time 

13 R/W and CE Setup Time Before DS/E 

15 Chip Enable Hold Time 

18 Read Data Hold Time 

21 Write Data Hold Time 

24 Muxed Address Valid Time to ASI ALE Fall 

25 Muxed Address Hold Time 

26 Delay Time DS/E to AS/ALE Rise 

27 Pulse Width, ASI ALE High 

28 Delay Time, ASI ALE to DSI E Rise 

30 Peripheral Output Data Delay Time from DS/E or RD 

31 Peripheral Data Setup Time 

NOTE: DeSignations E, ALE, RD, and WR refer to signals from alternative microprocessor signals. 

AS 

DS 

R/W 

ADO­
AD7 

WRITE 

ADO­
AD7 

READ 

BUS TIMING DIAGRAM 

NOTE: VHIGH = VDD - 2.0 V, VLOW = 0.8 V, for VDD = 5.0 V ± 10% 

3-722 

Symbol Min Max Unit 

tcyc 1000 dc ns 

PWEL 300 - ns 

PWEH 325 - ns 

tr,tf - 30 ns 

tRWH 10 - ns 

tRWS 25 - ·ns 

tCH 0 - ns 

tDHR 10 100 ns 

tDHW 0 - ns 

tASL 25 - ns 

tAHL 20 - ns 

tASD 60 - ns 

PWASH 170 - ns 

tASED 60 - ns 

tDDR 20 240 ns 

tDSW 220 - ns 
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ALE (Address Latch Enable) 
(AS Pin) 

RD (Read Output Enable) 
(oS Pin) 

WR (Write Enable) 
(R/WPin) 

IT (Chip Enable) 

ADO-AD7 

BUS READ TIMING COMPETITOR MULTIPLEXED BUS 

(Address/Data B_us_) ___________ --< 

ALE (Address Latch Enable) 
(AS Pin) 

AD (Read Output Enable) 
(oS Pin) 

WR (Write Enable) 
(A/Vii Pin) 

BUS WRITE TIMING COMPETITOR MULTIPLEXED BUS 

CE(ChiPE_n_a_bl_e) ___ ~~~~~~~~~~~~~~~~~ __________ ~~~~~~~~_ 

ADO-AD7 
(Address/Dat';;,a .:;;B.:;;u;;:;s):.-__________ -< 

NOTE: VHIGH = VDD - 2.0 V, V LOW = 0.8 V, for VDD = 5.0 V ± 10% 

3-723 
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CONTROL TIMING (VDD=50Vdc ±10% VSS=OVdc TA=OOCt0700C) 

Parameter Symbol Min Max Unit 

Interrupt Response (Input Modes 1 and 3) tlRQR TBD - ,..s 

Delay, CAl (CB1) Active Transition to CA2 (CB2) High (Output Mode 0) tC2 TBD - ,..s 

Delay, CA2 Transition from Positive Edge of AS (Output Modes 0 and 1) tA2 TBD - ,..5 
Delay, CB2 Transition from Negative Edge of AS (Output Modes 0 and 1) tB2 TBD - ,..s 

CA2/CB2 Pulse Width (Output Mode 1) tpw TBD TBD ns 

Delay, VDD Rise to RESIT High tRLH TBD - ,..s 

Pulse Width, RESET tRW TBD - ns 

TBD=To be determined. 

CONTROL TIMING DIAGRAMS 

II IRQ RESPONSE (INPUT MODES 1 AND 3) CA2/CB2 DELAY (OUTPUT MODE 1) 

CAl 

CA2 

r Read Pl DA/Write Pl DB Cycle 

AS 

CA2/CB2 

CA2/CB2 DELAY (OUTPUT MODE 0) 

CA1/CBl ~ ____________ _ 

----' --.r tC2 

CA2/CB2 

AS 

3-724 



MC146823 

GENERAL DESCRIPTION 

The MC146823, CMOS parallel interface (CPI), contains 24 
individual bidirectional 1/0 lines configured in three 8-bit 
ports. The 15 internal registers, which control the mode of 
operation and contain the status of the port pins, are access­
ed via an 8-bit multiplexed address/data bus. The lower four 
address bits (ADO-AD3) of the multiplexed address bus 
determine which register is to be accessed (see Figure 1). 

The four address bits (AD4, AD5, AD6, and AD?) must be 
separately decoded to position this memory map within each 
256 byte address space available via the 8-bit multiplexed 
address bus. For more detailed information refer to 
REGISTER DESCRIPTION. 

o 

4 

A 

B 

C 

D 

FIGURE 1 - REGISTER ADDRESS MAP 

Port A Data, Clear CA 1 Interrupt P1DA 

Port A Data, Clear CA2 Interrupt P2DA 

Port A Data PDA 

Port B Data PDB 

Port C Data PDC 

Not Used ~ 

Data Direction Register for Port A DDRA 

Data Direction Register for Port B DDRB 

Data Direction Register for Port C DDRC 

Control Register for Port A CRA 

Control Register for Port B CRB 

Pin Function Select Register for Port C FSR 

Port B Data, Clear CBl Interrupt P1DB 

Port B Data, Clear CB2 Interrupt P2DB 

Handshake/ Interrupt Status Register HSR 

Handshake Over-Run Warning Register HWR 

The CPI is implemented with the MOTEL circuit which 
allows direct interface with either of the two major multi­
plexed microprocessor bus types. A detailed description of 
the MOTEL circuit is provided in the MOTEL section. 

Three data direction registers (DORsi, one for each port, 
determine which pins are outputs and which are inputs. A 
logic zero on a DDR bit configures its associated pin as an in­
put; and a logic one configures the pin as an output. Upon 
reset, the DDRs are cleared to logic zero to configure all port 
pins as inputs. 

Actual port data may be read or written via the port data 
registers (PDA, PDB, and PDC). Ports A and B each have 
two additional data registers (P1DA and P2DA - P1DB and 
P2DBI which are used to clear the associated handshakel 
interrupt status register bits (HSA1 and HSA2 - HSB1 and 
HSB2), respectively. Port A may also be configured as an 
8-bit latch when used with CAl. Reset has no effect on the 
contents of the port data registers. Users are advised to 
initialize the port data registers before changing any port pin 
to an output. 

Four pins on port C (PC4/CA1, PC5/CA2, PC6/CB1, and 
PC7 I CB2) may additionally be programmed as handshake 
lines for ports A and B via the port C function select register 
(FSR). Both ports A and B have one input-only line and one 
bidirectional handshake line each associated with them. The 
handshake lines may be programmed to perform a variety of 
tasks such as interrupt requests, setting flags, latching data, 
and data transfer requests and/or acknowledgements. The 
handshake functions are programmed via control registers A 
and B (CRA and CRB). Additional information may be found 
in PIN DESCRIPTIONS, REGISTER DESCRIPTION, or 
HANDSHAKE OPERATION. 

MOTEL 

The MOTEL circuit is a concept that permits the 
MC146823 to be directly interfaced with different types of 
multiplexed bus microprocessors without any. additional 
external logic. For a more detailed description of the multi­
plexed bus, see MULTIPLEXED BIDIRECTIONAL AD­
DRESS/DATA BUS (ADO-AD7i. Most multiplexed micro­
processors use one of two synchronous buses to interface 
peripherals. One bus was originated by Motorola in the 
MC6803 and the other by Intel in the 8085. 

The MOTEL circuit (for MOTorola and intEL bus) is built 
into peripheral and memory ICs to permit direct connection 
to either type of bus. A functional diagram of the MOTEL cir­
cuit is shown in Figure 2. 

FIGURE 2 - FUNCTIONAL DIAGRAM OF MOTEL CIRCUIT 

Motorola Type Competitor Type MC146823 Internal 
MPU Signals MPU Signals Pin Signals Competitive Bus Signals 

D Q 

AS ALE AS C Motorola 

Q Bus 

DS,E,orcf>2 Ri5 DS Read Enable 

R/W R/W Write Enable 
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The microprocessor type is automatically selected by the 
MOTEL circuit through latching the state of the DS/RD pin 
with AS/ ALE. Since DS is always low during AS and RD is 
always high during ALE, the latch automatically indicates 
with which type microprocessor bus it is interfaced. 

PIN DESCRIPTIONS 

The following paragraphs contain a brief description of the 
input and output pins. References (if applicabl.e) are given to 
other paragraphs that contain more detail about the function 
being performed. 

MULTIPLEXED BIDIRECTIONAL ADDRESS/DATA BUS 
(ADO-AD7) 

Multiplexed bus processors save pins by presenting the 
address during the first portion of the bus cycle and using 
the same pins during the second portion of the bus cycle for 
data. Address-then-data multiplexing does not slow the 
access time of the MC146823 since the bus reversal from 
address to data is occurring during the internal register 
access time. 

The address must be valid tAS L prior to the fall of 
AS/ ALE at which time the MC146823 latches the address 
present on the ADO-AD3 pins. Valid write data must be 
presented and held stable during the latter portion of the DS 
or WR pulses. In a read cycle, the MC146823 outputs eight 
bits of data during the latter portion of the DS or RD pulses, 
then ceases driving the bus (returns the output drivers to 
high impedance) tDHR hold time after DS falls in the 
Motorola case of MOTEL or RD rises in the other case. 

ADDRESS STROBE (AS) 

The address strobe input pulse serves to demultiplex the 
bus. The falling edge of AS or ALE causes the addresses 
ADO-AD3 to be latched within the MC146823. The automatic 
MOTEL circuit in the MC146823 also latches the state of the 
DS pin with the falling edge of AS or ALE. 

DATA STROBE OR READ (OS) 

The DS input pin has two interpretations via the MOTEL 
circuit. When generated by a Motorola microprocessor, DS 
is a positive pulse during the latter portion of the bus cycle, 
and is variously called DS (data strobe), E (enable), or phase 
2 (phase 2 clock). During read cycles, DS or RD signifies the 
time that the CPI is to drive the bidirectional bus. In write 
cycles, the trailing edge of DS or rising edge of WR causes 
the parallel interface to latch the written data present on the 
bidirectional bus. 

The second MOTEL interpretation of DS is that of RD, 
MEMR, or I/OR originating from the competitor's micropro­
cessor. In this case, DS identifies the time period when the 
parallel interface drives the bus with read data. This inter­
pretation of DS is also the same as an output-enable signal 
on a typical memory. 

The MOTEL circuit, within the MC146823, latches the 
state of the DS pin on the falling edge of AS/ ALE. When the 
Motorola mode of MOTEL is desired DS must be low during 
AS/ ALE, which is the case with the Motorola multiplexed 
bus microprocessors. To insure the competitor mode of 
MOTEL, the DS pin must remain high during the time AS/ 
ALE is high. 

3·726 

READ/WRITE (R/W) 
The MOTEL circuit treats the R/W input pin in one of two 

ways. First, when a Motorola microprocessor is connected, 
R/W is a level which indicates whether the current cycle is a 
read or write. A read cycle is indicated with a high level on 
R/W while DS is high, whereas a write cycle is a low on 
R/W while DS is high. 

The second interpretation of R/W is as a negative write 
pulse, WR, MEMW, and !/OW from competitor's micropro­
cessors. The MOTEL circuit in this mode gives the R/W pin 
the same meaning as the write (W) pulse on many generic 
RAMs. 

CHIP ENABLE (CE) 

The IT input signal must be asserted (low) for the bus 
cycle in which the MC146823 is to be accessed. EE is not 
latched and must be stable prior to and during DS (in the 
Motorola case of MOTEl) and prior to and during RD and 
WR (in the other MOTEL case). Bus cycles which take place 
without asserting EE cause no actions to take place within 
the MC146823. When EE is high, the multiplexed bus output 
is in a high-impedance state. 

When EE is high, all data, DS, and R/W inputs'trom the 
microprocessor are disconnected within the MC146823. This 
permits the MC146823 to be isolated from a powered-down 
microprocessor. 

RESET (RESET) 
The RESET input pin is an active-low line that is used to 

restore all register bits, except the port data register bits, to 
logical zeros. After reset, all port lines are configured as in­
puts and no interrupt or handshake lines are enabled. 

INTERRUPT REQUEST (iRTI) 

The IRQ output line is an open-drain active-low signal that 
may be used to interrupt the microprocessor with a service 
request. The "open-drain" output allows this and other 
interrupt request lines to be wire ORed with a pullup resistor. 
The IRQ line is low when bit 7 of the status register is high. 
Bit 7 (lRQF) of the handshake/interrupt status register 
(HSR) is set if any enabled handshake transition occurs; and 
its associated control register bit is set to allow interrupts. 
Refer to INTERRUPT DESCRIPTION or HANDSHAKE 
OPERATION for additional information. 

PORT A, BIDIRECTIONAL I/O LINES (PAO-PA7) 

Each line of port A, PAO-PA7, is individually program­
mable as either an input or output via its data direction 
register (DDRA). An 1/0 pin is an input when its correspond­
ing DDR bit is a logic zero and an output when the DDR bit is 
a logic one. See Figure 3 for typical 110 circuitry and Table 1 
for I/O operation. 

There are three data registers associated with port A: 
PDA, Pl DA, and P2DA. Pl DA and P2DA are accessed when 
certain handshake activity is desired. See HANDSHAKE 
OPERATION for more information. 

Data written to the port A data register, PDA, is latched 
into the port A output latch regardless of the state of the 
DDRA. Data written to Pl DA or P2DA is ignored and has no 
affect upon the output data latch or the I/O lines. An MPU 
read of port bits programmed as outputs reflect the last value 
written to the PDA register. Port A pins programmed as in­
puts may be latched via the handshake line PC4/CA 1 (see 
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FIGURE 3 - TYPICAL PORT 1/0 CIRCUITRY 

To 
And 
From 
CPU 

TABLE 1 - PORT DATA REGISTER ACCESSES (ALL PORTS) 

DDR 
R/W Bit Results 

0 0 The 1/0 pin is in input mode. Data is written into the 
output data latch 

0 1 Data is written into the output data latch and out-
put to the 1/0 pin 

1 0 The state of the 1/0 pin is read. 

1 1 The 1/0 pin is in an output mode. The output 
data latch is read. 

HANDSHAKE OPERATION) and latched input data may be 
read via any of the three port A data registers. If the port A 
input latch feature is not enabled, an MPU read of any port A 
data register reflects the current status of the port A input 
pins if the corresponding DDRA bits equal zero. Reset has 
no effect upon the contents of the port A data register; 
however, all pins will be placed in the input mode (all DDRA 
bits forced to equal zero) and all handshake lines will be 
disabled. 

PORT B BIDIRECTIONAL 1/0 LINES (PBO-PB7) 

Each line of port B, PBO-PB7, is individually programmable 
as either an input or an output via its data direction register 
(DDRB). An 1/0 pin is an input when its corresponding DDR 
bit is a logic zero and an output when the DDR bit is a logic 
one. 

There are three data registers associated with port B: 
PDB, P1DB, and P2DB. PDB is used for simple port B data 
reads and writes. Pl DB and P2DB are accessed when certain 
handshake activity is desired. See HANDSHAKE OPERA­
TION for more information. 

Data written to PDB or Pl DB data register is latched into 
the port B output latch regardless of the state of the DDRB. 
An MPU read of port bits programmed as outputs reflect the 
last value written to a port B data register. An MPU read of 
any port B register reflects the current status of the input 
pins whose DDRB bits equal zero. Reset has no effect upon 
the contents of the port B data register; however, all pins will 
be placed in the input mode (all DDRB bits forced to equal 
zero) and all handshake lines will be disabled. 

PORT C, BIDIRECTIONAL 1/0 LINES (PCO-PC3J 

Each line of port C, PCO-PC3, is individually programmable 
as either an input or an output via its data direction register 
(DDRC). An 1/0 pin is an input when its corresponding DDR 
bit is a logic zero and an output when the DDR bit is a logic 
one. Port C data register (PDC) is used for simple port C data 
reads and writes. 

Data written into PDC is latched into the port C data latch 
regardless of the state of the DDRC. An MPU read of port C 
bits programmed as outputs reflect the last value written to 
the PDC register. An MPU read of the port C register reflects 
the current status of the corresponding input pins whose 
DDRC bits equal zero. Reset has no effect upon the contents 
of the port C data register; however, all pins will be placed in 
the input mode (all DDRC bits forced to equal zero) and all 
handshake lines will be disabled. 

PORT C BIDIRECTIONAL 1/0 LINE OR PORT A INPUT 
HANDSHAKE LINE (PC4/CA1) 

This line may be programmed as either a simple port CliO 
line or as a handshake line for port A via the port C function 
select register (FSR). If programmed as a port CliO pin, 
PC41 CA 1 performs as described in the PCO-PC3 pin descrip­
tion. If programmed as a port A handshake line, PC4/CAl 
performs as described in HANDSHAKE OPERATION. 

PORT C BIDIRECTIONAL 1/0 LINE OR PORT A 
BIDIRECTIONAL HANDSHAKE LINE (PC5/CA2) 

This line may be programmed as either a simple port CliO 
line or as a handshake line for port A via the port C function 
select register (FSR). If programmed as a port CliO pin, 
PC5!CA2 performs as described in the PCO-PC3 pin descrip­
tion. If programmed as a port A handshake line, PC5!CA2 
performs as described in HANDSHAKE OPERATION. 

PORT C BIDIRECTIONAL 1/0 LINE OR PORT B INPUT 
HANDSHAKE LINE (PC6/CB1) 

This line may be programmed as either a simple port CliO 
line or as a handshake line for port B via the port C function 
select register (FSR). If programmed as a port CliO pin, 
PC6!CBl performs as described in the PCO-PC3 pin descrip­
tion. If programmed as a port B handshake line, PC61 CB 1 
performs as described in HANDSHAKE OPERATION. 

• 
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PORT C BIDIRECTIONAL 1/0 LINE OR PORT B 
BIDIRECTIONAL HANDSHAKE LINE (PC7/CB2) 

This line may be programmed as either a simple port C I/O 
line or as a handshake line for port B via the port C function 
select register (FSR). If programmed as a port C I/O line, 
PC7/CB2 performs as described in the PCO-PC3 pin descrip­
tion. If programmed as a port B handshake line, PC7!CB2 
performs as described in HANDSHAKE OPERATION. 

HANDSHAKE OPERATION 

Up to four port C pins can be configured as handshake 
lines for ports A and B (one input-only and one bidirectional 
line for each port) via the port C function select register 
IFSR). The direction of data flow for the two bidirectional 
handshake lines (CA2 and CB2) is determined by bits 5 and 
7, respectively, of the port C data direction register (DDRC). 
Actual handshake operation is defined by the appropriate 
port control register (CRA or CRB). 

The control registers allow each handshake line to be pro­
grammed to operate in one of four modes. CA2 and CB2 
each have four input and four output modes. For detailed in­
formation, see Tables 2 and 3. 

A summary of the handshake modes is given in the input 
and output sections that follow. All handshake activity is 
disabled by reset. 

INPUT 

Handshake lines programmed as inputs operate in any of 
four different modes as defined by the control registers (see 
Table 2). A bit in the handshake/interrupt status register 
(HSR) is set to a logic one on an active transition of any 
handshake line programmed as an input. Modes 0 and 1 
define a negative transition as active; modes 2 and 3 define a 
positive transition as active. If modes 1 or 3 are selected on 
any input handshake line then the active transition of that 
line results in the IRQF bit of the HSR being set to a logic one 
and causes the interrupt line (IRQ) to go low. IRQ is released 
by clearing the HSR bits that are input handshake lines 
which have interrupts enabled. 

If an active transition occurs while the associated HSR bit 
is set to a logic one, the corresponding bit in the handshake 
warning register (HWR) is set to a logic one indicating that 
service of at least one active transition was missed. An HWR 
bit is cleared to a logic zero by first accessing the appropriate 
port data register, to clear the appropriate HSR status bit. 
followed by a read of the HWR. 

TABLE 2 - INPUT HANDSHAKE MODES 

Control Active Status Bit 
Mode Register Bits* Edge In HSR IRQ Pin 

0 00 - Edge Set high on Disabled 
active edge. 

1 01 - Edge Set high on Goes low when corresponding 
active edge. status flag in HSR goes high. 

2 10 + Edge Set high on Disabled 
active edge. 

3 11 + Edge Set high on Goes low when corresponding 
active edge status flag in HSR goes high. 

* Cleared to logiC zero on reset. 

TABLE 3 - OUTPUT HANDSHAKE LINES (CA2 AND CB2 ONLY) 

Control 
Register 
CRAIB) 

Bits Default 
Mode 3 and 4* Handshake Line Set High Handshake Line Cleared Low Level 

0 00 Handshake set high on active Read of Pl DA or a read of P2DA High 
transition of CA 1 input. while HSAl is cleared. 

Handshake set high on active Write of port B Pl DB or write 
transition of CBl input. of P2DB while HSBl is cleared. 

1 01 High on the first positive Low on the first positive High 
(negative) transition of AS (negative) transition on AS fol-
while CA2 (CB2) is low. lowing a read (write) of port 

A(B) data registers PlDA(B) or 
P2DA(Bl. 

2 10 Never Always Low 
3 11 Always Never High 

* Cleared to logiC zero on reset. 
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INPUT LATCH 

Port A input-only handshake line (PC4/ CA 1) can be pro­
grammed to function as a latch enable for port A input data 
via CA 1 LE (bit 2 of CRA). If CA 1 LE is programmed to a 
logic one, an active transition of PC4/ CA 1 will latch the cur­
rent status of the port A input pins into all three port A data 
registers (PDA, P1 DA, and P2DA). When CA 1 LE is enabled, 
port A and PC4/ CA 1 function as an 8-bit transparent latch; 
that is, if the HSA1 bit in the HSR is a logic zero then a read 
of any port A register reflects the current state of the port A 
input pins and corresponding bits of the output data latch for 
portA output pins. If HSA1 is a logic one, a read of any port 
A data register reflects the state of the port A input pins 
when HSA 1 was set and the corresponding bits of the port A 
output data latch for port A output pins. 

Further transitions of PC4/ CA 1 result only in setting the 
HWA 1 bit in the HWR and do not relatch data into the port A 
registers. Latched data is released only by clearing HSA 1 in 
the HSR to a logic zero (HSA1 is cleared by reading P1DA). 

OUTPUT 

Each bidirectional handshake line programmed as an out­
put by the DDRC operates in one of four modes as described 
in Table 3. Modes 2 and 3 force the output handshake line to 
reflect the state of bit 4 in the appropriate control register. 

In modes 0 and 1, PC5/CA2 is forced low during the cycle 
following a read of P1DA or a read of P2DA while HSA1 is 
cleared. PC7/ CB2 is forced low during the cycle following a 
write to P1DB or a write to P2DB while HSB1 is cleared. 
Because of these differences, port A is the preferred input 
port and port B is the preferred output port. 

In mode U, PC5/CA2 (PC7/CB2) is set high by an active 
transition of PC4/CA1 (PC6/CB1). In mode 1, PC5/CA2 
(PC7/ CB2) is set high in the cycle following the cycle in 
which PC5/ CA2 (PC7 / CB2) goes low. Mode 1 forces a low­
going pulse on PC5/CA2 (PC7/CB2) following a read (write) 
of P1DA (P1DB) or P2DA (P2DB) that is approximately one 
cycle time wide. 

When entering an output handshake mode for the first 
time after a reset, the handshake line outputs the default 
level as listed in Table 3. 

INTERRUPT DESCRIPTION 

The MC146823 allows an MPU interrupt request (IRO low) 
via the input handshake lines. The input handshake line, 
operating in modes 1 or 3 as defined by the control registers 
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(CRA and CRB), causes rna to go low when IROF (interrupt 
flag) in the HS R is set to a logic one. rna is released when 
IROF is cleared. See Handshake/Interrupt Status Register 
under REGISTER DESCRIPTION for additional information. 

REGISTER DESCRIPTION 

The MC146823 has 15 registers (see Figure 1) which define 
the mode of operation and status of the port pins. The 
following paragraphs describe these registers. 

Register Names: 

Control Register A (CRA) 
Control Register B (CRB) 

Register Addresses: 

$9 (CRA) 
$A (CRB) 

Register Bits: 

$9 x X 

$A X X 

Purpose: 

X 

X 

4 o 
CA2 CAl CAl 

Mode LE Mode 

CB2 CBl 
Mode X Mode 

These two registers control the handshake and interrupt 
activity for those pins defined as handshake lines by the 
port C function select register (FSR)' 

Description: 

CA2 and CB2 are programmed as inputs or outputs via the 
associated DDRC bits. Each handshake line is controlled 
by two mode bits. Bit 2 of CRA enables the Port A latch 
for an active CA 1 transition. Table 2 describes the input 
handshake modes (CA1, CB1, CA2, CB2) and Table 3 
describes the output handshake modes for CA2 and CB2. 
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Register Names: 

Port A Data Registers (PDA, PlDA, P2DA) 

Register Addresses: 
$2 (PDA), $0 (PlDA), $1 (P2DA) 

Register Bits: 

7 4 

I Bit 7 I Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 I Bit 0 I 
Purpose: 

These three registers serve different purposes. PDA is 
used to read input data and latch data written to the port A 
output pins. P1 DA and P2DA are used to read input data 
and to affect handshake and status activity for PC41 CA 1 
and PC5/CA2. If enabled, port A input data may be latch­
ed into the three port A data registers on an active 
PC41 CA 1 transition as described in HANDSHAKE 
OPERATION. 

Description: 

Data written into PDA is latched into the port A output 
latch (see Figure 3) regardless of the state of DDRA. Out­
put pins, as defined by DDRA, assume the logic levels of 
the corresponding bits in the PDA output latch. The PDA 
output latch allows the user to read the state of the port A 
output data. If the input latch is not enabled, a read of any 
port A data register reflects the current state of the port A 
input pins as defined by DDRA and the contents of the 
output latch for output pins. Writes into P1 DA or P2DA 
have no effect upon the output pins or the output data 
latch. Users are recommended to initialize the port A out­
put latch before changing any pin to an output via the 
DDRA. 

MPU accesses of PlDA or P2DA are primarily used to af­
fect handshake and status activity. A summary of the ef­
fects on the status and warning bits of port A data register 
accesses is given in Table 4. For more information, see 
HANDSHAKE OPERATION and Control Register A (CRA) 
under REGISTER DESCRIPTION. Reset has no. effect 
upon the contents of any port A data register. 

Register Names: 

Port B Data Registers (PDB, PlDB, P2DB) 

Register Addresses: 

$3 (PDB), $C(PlDB), $D (P2DB) 

Register Bits: 

4 

Bit 7 Bit 6 Bit 5 I Bit 4 I Bit 3 Bit 2 Bit 1 I Bit 0 I 

Purpose: 

These three registers serve different purposes. The Port B 
data registers are used to read input data and to latch data 
written to the port B output pins. Writes to PDB and P1 DB 
affect the contents of the output data latch while writes to 
P2DB do not affect the output data latch. P1 DB and P2DB 
accesses additionally affect handshake and status activity 
for PC6/CB1 and PC7ICB2. 

Description: 
Data written into PDB and Pl DB port B registers is latched 
into the port B output latch (see Figure 3) regardless of the 
state of DDRB. Output pins, as defined by DDRB, assume 
the logic levels of the corresponding bits in the port B out­
put latch. Reads of any port B data registers reflect the 
contents of the output data latch for output pins and the 
current state of the input pins (as determined by DDRB). 
Users are recommended to initialize the port B output 
latch before changing any pin to an output via the DDRB. 

MPU accesses of PlDB or P2DB are primarily used to af­
fect handshake and status activity. A summary of the ef­
fects on status and warning register bits of port B data 
register accesses is given in Table 5. For more information, 
see HANDSHAKE OPERATION or Control Register B 
(CRB) under REGISTER DESCRIPTION. Reset has no ef­
fect upon the contents of any port B data register. 

TABLE 4 - SUMMARY OF EFFECTS ON HANDSHAKE STATUS, WARNING BITS, 
AND OUTPUT LATCH BY PORT A DATA REGISTER ACCESSES 

Register Output Latch 

Accessed HSR Bit HWR Bit Handshake Reaction Read Write 

PDA None None None Yes Yes 

P1DA HSAl cleared HWAl loaded CA2 goes low if output modes Yes No 
to a logic into buffer o or 1 are selected in the CRA. 
zero. latch. 

P2DA HSA2 cleared HWA2 loaded CA2 goes low if output modes Yes No 
to a logic into buffer o or 1 are selected in the CRA. 
zero. latch. 
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TABLE 5 - SUMMARY OF EFFECTS ON HANDSHAKE STATUS, WARNING BITS, 
AND OUTPUT LATCH BY PORT B DATA REGISTER ACCESSES 

Register 
Accessed 

POB 

P1DB 

P20B 

Register Name: 

Port C Data Register (PDC) 

Register Address: 

$4 

Register Bits: 

7 6 4 

HSR Bit 

None 

HSB1 cleared 
to a logic 
zero. 

HSB2 cleared 
to a logic 
zero. 

I Bit 7 I Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 

Purpose: 

HWR Bit 

None 

HWB1 loaded 
into buffer 
latch. 

HWA2 loaded 
into buffer 
latch. 

Bit 1 I Bit 0 I 

The port C data register (PDC) is used to read input data 
and to latch data written to the output pins. 

Description: 

Data is written into the port C output latch (see Figure 3) 
regardless of the state of DDRC. Any port C pin defined as 
a handshake line by the port C function select register 
(FS R) is not affected by PDC. Output pins, as defined by 
DDRC, assume logic levels of the corresponding bits in the 
port C output latch. A read of PDC reflects the contents of 
the output latch for output pins and the current state of 
the input pins (as reflected in the DDRC). Reset has no ef­
fect upon the contents of PDC. Users are recommended 
to initialize the port C output data latch before changing 
any pin to an output via the DDRC. 

Register Name: 

Data Direction Register for Port A (8) (C) 

Register Address: 
$6 ($7) ($8) 

Register Bits: 

7 4 

I Bit 7 I Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 

Purpose: 

Bit 1 I Bit 0 I 

Each of the three data direction registers (DDRA, DDRB, 
and DDRC) define the direction of data flow of the port 
pins for ports A, B, and C. 

Output Latch 

Handshake Reaction Read Write 

None Yes Yes 

CB2 goes low if output modes Yes Yes 
o or 1 are selected in the CRB. 

CB2 goes low if output modes Yes No 
o or 1 are selected in CRB. 

Description: 
A logiC zero in a DDR bit places the corresponding port pin 
in the input mode. A logic one in a DDR bit places the cor­
responding pin in the output mode. Any port C pins de­
fined as bidirectional handshake lines also use the port C 
DDR (DDRC). Input-only handshake lines are not affected 
by DDRC. Reset clears all DDR bits to logic zero configur­
ing all port pins as inputs. The DDRs have no write-inhibit 
control over the port data output latches. Data may be 
written to the port data registers even though the pins are 

. configured as inputs. 

Register Name: 

Port C Pin Function Select Register (FSR) 

Register Address: 

$B 

Register Bits: 

7 6 5 4 

I CFB21 CFB1 I CFA21 CFA1 I XX 

Purpose: 

XX XX XX 

The port C pin function select register defines whether the 
multifunction port C pins are to operate as "normal" port 
C lines or as handShake lines. 

Description: 

A logic zero in any FS R bit defines the corresponding port 
C pin as a "normal" I/O pin. A logic one in any valid FSR 
bit defines the corresponding port C pin as a handshake 
line. Pins defined as handshake lines function according to 
the contents of control register A (CRA) or control register 
B (CRB). The port C data direction register (DDRC) is valid 
regardless of FSR contents for all pins except PC4/CAl 
and PC6/CB1. Transitions on port C pins not defined as 
handshake pins do not effect the handshake/interrupt 
status register. Reset clears all FS R bits to a logic zero. 
Users are recommended to initialize the data direction and 
control registers before modifying the FSR. 
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Register Name: 
Handshake/Interrupt Status Register (HSR) 

Register Address: 

$E 

Register Bits: 

7 6 

IIRQF I XX 

Purpose: 

3 2 1 0 

XX XX I HSB21 HSA21 HSBl I HSA1 1 

The handshake interrupt status register is a read-only flag 
register that may be used during a polling routine to deter­
mine if any enabled input handshake transition, as defined 
by the control register (CRA and CRB), has occurred. 

Description: 

If an enabled input handshake transition occurs then the 
appropriate HSR bit (HSB2, HSA2, HSB1, or HSA1) is 
set. The IRO flag bit (bit 7, IROF) is set when one or more 
of the HSR bits 0-3 and their corresponding control 
register bits are set to a logic one as shown in the follow­
ing equation: 

Bit 7= IROF= [HSB2-CRB2(3)] + [HSA2-CRA2(3)] 
+ [HSB1-CRB1(Q)] + [HSA1-CRA1(Q)] 

The numbers in ( ) indicate which bit in the control 
register enables the interrupt. 

Handshake/interrupt status register bits are cleared by 
accessing the appropriate port data register. The following 
table lists the HSR bit and the port data register that must 
be accessed to clear the bit. 

To Clear 
HSR Bit 

HSB2. 
HSA2. 
HSB1. 
HSA1. 

Access 
Register 

. ..... P2DB 

. ..... P2DA 

. ..... P1DB 

...... P1DA 

Reset clears all handshake/interrupt status register bits to 
a logic zero. 
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Register Name: 
Handshake Warning Register (HWR) 

Register Address: 

$F 

Register Bits: 

XX XX 

Purpose: 

4 3 2 1 0 

XX 

The warning register is a read-only flag register that may 
be used to determine if a second attempt to set a hand­
shake/interrupt status register bit has been made before 
the original had been serviced. 

Description: 

Each bit in the handshake/interrupt status register, except 
IROF, has a corresponding bit in the handshake warning 
register. If an attempt is made to set a bit in the hand­
shake/interrupt status register that is already set, then the 
corresponding bit in the handshake warning register is also 
set. An attempt is the occurrence of any enabled input 
handshake transition as defined by the control registers. 

A handshake warning register bit is cleared by first reading 
the appropriate data register then reading the handshake 
warning register. Reading the data register (either P1 DA, 
P2DA, P1 DB, or P2DB) loads a buffer latch with the pro­
per bit in the handshake warning register (HWA 1, HWA2, 
HWB 1, and HWB2, respectively). The next read of the 
handshake warning register clears the appropriate bit 
without affecting the other three handshake warning 
register bits. The upper four bits, HWR4-HWR7, always 
read as logic zeros. If a port data register is not read before 
reading the handshake warning register, then the hand­
shake warning register bits will remain unaffected. Reset 
clears all HWR bits to a logic zero. 

Recommended status register handling sequence: 

1. Read status (User determines which if any 
register enabled handshake transition 

occurred) 

2. Read/write port (Clears associated status bit and 
data indicated by latches appropriate warning 
status register register bit in the buffer latch) 

3. Read warning (Latched warning bit is cleared 
register and the remaining bits are unaf-

fected) 
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TYPICAL INTERFACING uses the MC146805E2 CMOS MPU. Other multiplexed 
microprocessors can be used as easily. 

The MC146823 is best suited for use with microprocessors 
which generate an address-then-data-multiplexed bus. 
Figure 4 shows the MC146823 in a typical CMOS system that 

A single-chip microcomputer (MCU) may be interfaced 
with 11 port lines as shown in Figure 5. This interface also re­
quires some software overhead to gain up to 13 additional 
I/O lines and the MC146823 handshake lines. 
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FIGURE 4 - A TYPICAL CMOS MICROPROCESSOR SYSTEM 
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MECHANICAL DATA 

The package availability for each device is indicated on the front page of 
the individual data sheets. Dimensions for the packages are given in this 
chapter. 

________ 14·PIN PACKAGE 

NOTES: 
1. LEADS WITHIN 0.13 mm 

(0.005) RADIUS OF TRUE 
POSITION AT SEATING 
PLANE AT MAXIMUM 
MATERIAL CONDITION. 

2. DIMENSION "L" TO 
CENTER OF LEADS 
WHEN FORMED 
PARALLEL. 

PLASTIC PACKAGE 
CASE 646-05 

3. DIMENSION "B" DOES NOT 
INCLUDE MOLD FLASH. 

~,. ROUNDED CORNERS OPTIONAL. 

4-2 

DIM 
A 
B 
C 
D 
F 
G 
H 
J 
K 
L 
M 
N 

• 
MILLIMETERS INCHES 
MIN MAX MIN MAX 
18.16 19.56 0.715 0.770 
6.10 6.60 '0.240 0.260 
4.06 5.08 0.160 0.200 
0.38 0.53 0.015 0.021 
1.02 1.78 0.040 0.070 

2.54 BSC 0.100 Bse 
1.32 I 2.41 0.052 0.095 
0.20 I 0.38 0.008 0.015 
2.92 3.43 0.115 10.135 

7.62 Bse 0.300 Bse 
00 100 00 100 

0.51 1.02 0.020 0.040 



MECHANICAL DATA (Continued) 

--------16-PIN PACKAGE _______ _ 

PLASTIC PACKAGE 
CASE 648-05 

~;:::::::JJ f 
I v l,. ~F~ J'\ OPTIONAL LEAD 
~ __ A ___ CONFIG.(1,8,9,&16) 

-":TE5 r.l~ 
~i=r-=----.=----"'---~~======::_ \ jj 19 

JH~ --1 G L- JLD ~ATING K -ILJ M L 

NOTES: 
1. LEADS WITHIN 0.13 mm 

(0.005) RADIUS OF TRUE 
POSITION AT SEATING 
PLANE AT MAXIMUM 
MATERIAL CONDITION. 

2. DIMENSION "L" TO 
CENTER OF LEADS 
WHEN FORMED 
PARALLEL. 

PLANE 

3. DIMENSION "8" DOES NOT 
INCLUDE MOLD FLASH. 

4. "F" DIMENSION IS FOR FULL 
LEADS. "HALF" LEADS ARE 
OPTIONAL AT LEAD POSITIONS 
1,8,9, and 16). 

5. ROUNDED CORNERS OPTIONAL. 

CERAMIC PACKAGE 
CASE 620-02 

t 
B 

~~~~~~~8~J 

NOTES: 
1 LEADS WITHIN 0.13 mm (0.005) RADIUS 3 DIM "L" TO CENTER OF lEADS 

OF TRUE POSITION AT SEATING PLANE WHEN FORMED PARALLEL 
AT MAXIMUM MATERIAL CONDITION 

2 PKG. INDEX: NOTCH IN LEAD 
NOTCH IN CERAMIC OR INK DOT 
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DIM 
A 
B 

-~ 
D 
F 
G 
H 
J 
K 
L 
M 
N 

DIM 

A 
B 
C 
D 
F 
G 
H 
J 
K 
L 
M 
N 

MILLIMETERS INCHES 
MIN MAX MIN MAX 
18.BO 21.34 0.740 0.840 
6.10 6.60 0.240 0.260 
4.06 5.08 0.160 0.200 
0.38' 0.53 0.015 0.021 
1.02 1.18 0.040 0.070 

2.54 SSC 0.100 SSC 
0.38 2.41 0.015 0.095 
0.20 0.38 O.OOB 0.015 
2.92 I 3.43 0.115 0.135 

7.62 SSC 0.300 SSC 
00 I 100 00 I 100 

0.51 1.02 0.020 0.040 

MILLIMETERS INCHES 
MIN MAX MIN MAX 

19.05 19.81 0.750 0.780 
6.22 6.98 0.245 0.275 
4.06 5.08 0.160 0.200 
0.38 0.51 0.015 0.020 
1.40 1.65 0.055 0.065 

2.54 BSC 0.100 BSC 
0.51 1.14 0.020 0.045 
0.20 0.30 0.008 0.012 
3.1-8 4.06 0.125 0.160 
7.37 7.87 0.290 0.310 
- 15° - 15° 

0.51 1.02 0.020 0.040 
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MECHANICAL DATA (Continued) 

18·PIN PACKAGE 

PLASTIC PACKAGE 
CASE 707-02 

1-------- A 

NOTES: 

1. POSITIONAL TOLERANCE OF LEADS (D), 
SHALL BE WITHIN 0.25mm(0.01o) AT 
MAXIMUM MATERIAL CONDITION, IN 
RELATION TO SEATING PLANE AND 
EACH OTHER. 

2. DIMENSION L TO CENTER OF LEADS 
WHEN FORMED PARALLEL. 

3. DIMENSION B DOES NOT INCLUDE 
MOLD FLASH. 
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DIM 
A 
B 
C 
0 
F 
G 
H 
J 
K 
L 
M 
N 

MILLIMETERS INCHES 
MIN MAX MIN MAX 

22.22 23.24 0.B75 0.915-
6.10 6.60 0.240 0.260 
3.56 4.57 0.140 0.180 
0.36 0.56 0.014 0.022 
1.27 1.78 0.050 0.070 
2.54 sse 0.100 Bse 

1.02 1.52 0.040 I 0.060 
0.20 0.30 o.ooB I 0.012 
2.92 3.43 0.11510.135 

7.62 sse 0.300 sse 
D° 15° 00 I 15° 

0.51 I 1.02 0.020 0.040 



MECHANICAL DATA (Continued) 

-------- 20-PIN PACKAGE --------

CERAMIC PACKAGE 
CASE 732-03 

NOTES: 
1. LEADS WITHIN 0.25 mm (0.010) 

DIA, TRUE POSITION AT . 
SEATING PLANE, AT MAXIMUM 
MATERIAL CONDITION. 

2. DIM L TO CENTE R 0 F LEADS 
WHEN FO RMED PARALLEL. 

3. DIM A AND B INCLUDES 
MENISCUS. 

4-5 

DIM 
A 
B 
C 
0 
F 
G 
H 
J 
K 
L 
M 
N 

MILLIMETERS INCHES 
MIN MAX MIN MAX 
23.88 25.15 0.940 0.990 
6.60 7.49 0.260 0.295 
3.81 5.08 0.150 0.200 
0.38 0.56 0.015 0.022 
1.40 1.65 0.055 _~ 

2.54 BSC 0.100BSC 
0.51 1.27 0020 0.050 
0.20 0.30 0.008 0.012 
3.18 4.06 0.125 0.160 

7.62 BSC 0.300 BSC 
00 150 00 I 15° 

0.25 1.02 0010 0.040 
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MECHANICAL DATA (Continued) 

24·PIN PACKAGE 

PLASTIC PACKAGE 
CASE 709-02 

PLANE 

NOTES: 
1. POSITIONAL TOLERANCE OF LEADS (D). 

SHALL BE WITHIN 0.25 mm (0.010) AT 
MAXIMUM MATERIAL CONDITION, IN 
RELATION TO SEATING PLANE AND 
EACH OTHER. 

2. DIMENSION L TO CENTER OF LEADS 
WHEN FORMED PARALLEL. 

3. DIMENSION B DOES NOT INCLUDE MOLD 
FLASH. 

PLASTIC PACKAGE 

CASE 724-02 

NOTE: 
1. LI:ADS, TRUE POSITIONED WITHIN 

0.25 mm (0.010) DIA AT SEATING 
PLANE AT MAXIMUM MATERIAL 
CONOITION (DIM 0). 

4-6 

DIM 
A 
B 
C 
D 
F 
G 
H 
J 
K 
L 
M 
N 

MILLIMETERS INCHES 
MIN MAX MIN MAX 
31.37 32.13 1.235 1.265 
13.72 14.22 0.540 0.560 
3.94 5.08 0.155 0.200 
0.36 0.56 0.014 0.022 
1.02 1.52 0.040 0.060 
2.54 BSC 0.100 BSC 

1.65 2.03 0.065 0.080 
0.20 0.38 0.008 0.015 
2.92 3.43 0.115 I 0.135 
15.24 BSC 0.600 BSC 

00 I 150 00 I 150 

0.51 1.02 0.020 0.040 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 

A 31.24 32.13 1.230 1.265 
B 6.35 6.86 0.250 0.270 
C 4.06 4.57 0.160 0.180 
0 0.38 0.51 0.015 0.020 
F 1.02 1.52 0.040 0.060 
G 2.54 Bse 0.100 Bse 
H 1.60 2.11 0.063 0.083 
J 0.18 0.30 0.007 0.012 
K 2.92 3.43 0.115 0.135 
L 7.37 7.87 0.290 0.310 
M - 10 0 - 100 

N 0.51 1.02 0.020 0.040 



MECHANICAL DATA (Continued) 

24·PIN PACKAGE (Continued) _____ _ 

NOTES: 
1. OIM "LuTO CENTER OF 

LEADS WHEN FORMED 
PARALLEL. 

2. LEADSWITHINO.13mm 
(0.005) RADIUS OF TRUE 
POSITION AT SEATING PLANE 
AT MAXIMUM MATERIAL 
CONDITION. (WHEN FORMED 
PARALLEL) 

~ B 

124 D 13 1 
rr--=f,o ==-cr-C.J'2 J 
1- A --l 

CERAMIC PACKAGE 

CASE 623-05 

FRIT-SEAL 
CERAMIC PACKAGE 

CASE 716-06 

J~~I-I-H-I-I-y"n=S r L 1 
H Ijl-o SEATINGPlAN~~ L K ~~J M~ ~ 

NOTE: 
1. LEADS TRUE POSITIONED WITHIN 

0.25mm (0.010) DIA (AT SEATING 
PLANE) AT MAXIMUM MATERIAL 
CONDITION. 

2. DIM "L"TO CENTER OF LEADS 
WHEN FORMED PARALLEL. 

4-7 

DIM 
A 
B 
C 
D 
F 
G 
H 
J 
K 
L 
M 
N 

MI LLiMETERS INCHES 
DIM MIN MAX MIN MAX 

A 31.24 32.77 1.230 1.290 
B 12.70 15.49 0.500 0.610 
C 4.06 5.59 0.160 0.220 
D 0.41 0.51 0.016 0.020 
F 1.27 1.52 0.050 0.060 
G 2.54 BSC G.l00 BSC 
J 0.20 0.30 . ~ 008 0.012 
K 3.18 4.06 0.125 0.160 
L 15.24 Bse 0.600 Bse 
M 00 15° 00 150 

N 0.5i 1.27 0.020 0.050 

MILLIMETERS INCHES 
MIN MAX MIN MAX 
27.64 30.99 1.088 1.220 
14.73 15.34 0.580 0.604 
2.67 4.32 0.105 0.170 
0.38 0.53 0.015 0.021 
0.76 1.40 0.030 0.055 

2.54 BSC 0.100 BSC 
0.76 1:78 0.030 0.070 
0.20 0.30 0.008 0.012 
2.54 4.57 0.100 0.180 

14.99 15.49 0.590 0.610 
- 100 - 100 

1.02 1.52 0.040 0.060 

I 
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MECHANICAL DATA (Continued) 

-------- 28·PIN PACKAGES -------_ 

CERAMIC PACKAGE 
CASE 719-03 

[::[::1:::IJ 
~ - - A-- .. J 

lrilrr=illril~FilI·-· 

·1 \ 1j 
o..j f- l SEATING 

PLANE 

a 
JL J 

NOTES: 
1. LEADS, TRUE POSITIONED WITHIN 

0.25 mm (0.010) DIAMETER (AT 
SEATING PLANE) AT MAXIMUM 
MATERIAL CONDITION. 

2. DIMENSION "LH TO CENTER OF 
LEADS WHEN FORMED PARALLEL. 

PLASTIC PACKAGE 
CASE 710-02 

~:::::::::::::I B 

r-~-~ A Ie L 

~J /'----\ 
---1Hf-- -iGf-- J f--- --.JI----, ~K I J ~,--

F 0 'SEATING _____ M 

PtA"E 

NOTES: 

1. POSITIONAL TOLERANCE OF LEADS (0). 
SHALL BE WITHIN 0.25mm(O.010) AT 
MAXIMUM MATERIAL CONDITION, IN 
RELATION TO SEATING PLANE AND 
EACH OTHER. 

2. DIMENSION L TO CENTER OF LEADS 
WHEN FORMED PARALLEL. 

3. DIMENSION B DOES NOT INCLUDE 
MOLD FLASH. 

4-8 

DIM 
A 
B 
C 
D 
F 
G 
H 
J 
K 
L 
M 
N 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 
A 35.20 35.92 1.386 1.414 
B 14.73 15.34 0.580 0.604 
C 3.05 4.19 0.120 0.165 
0 0.38 0.53 0.015 0.021 
F 0.76 1.40 0.030 0.055 
G 2.54 BSC 0.100 BSC 
H 0.76 1.78 0.030 0.070 
J 0.20 0.30 0.008 0.012 
K 2.54 4.19 0.100 0.165 -
L 14.99 15.49 0.590 0.610 
M - 100 - 100 
N 0.51 1.52 0.020 0.060 

MILLIMETERS INCHES 
MIN MAX MIN MAX 
36.45 37.21 1.435 1.465 
13.72 14.22 0.540 0.560 
3.94 5.08 0.155 0.200 
0.36 0.56 0.014 0.022 
1.02 1.52 0.040 0.060 

2.54 BSC 0.100 BSC 
1.65 I 2.16 0.065 I 0.085 
0.20 0.38 0.008 0.015 
2.92 3.43 0.115 0.135 
15.24 BSC 0.600 BSC 
00 150 00 150 
0.51 1.02 0.020 0.040 



MECHANICAL DATA (Continued) 

------ 28·PIN PACKAGES (Continued) ------

CERPID PACKAGE 
CASE 733-03 

NOTES: 
1. DIM rn IS DATUM. 
2. POSITIONAL TOl FOR lEADS: 

I tis 0.25 (0.010) @ I T I A @I 
3. CD IS SEATING PLANE. 
4. DIM A AND B INCLUDES MENISCUS. 
5. DIM ·l· TO·CENTER OF l.EADS 

WHEN FORMED PARAllEL. 
6. DIMENSIONING AND TOlERANCING 

PER ANSI Y14.5, 1973. 

4-9 

DIM 

A 
B 

C 
0 
F 
G 
J 
K 
l 
M 
N 

MILLIMETERS INCHES 
MIN MAX MIN MAX 

36.45 37.85 1.435 1.490 
12.70 15.37 0.500 0.605 
4.06 5.84 0.160 0.230 

0.38 0.56 0.015 0.022 
1.27 1.65 0.050 0.065 

2.54 Bse 0.100 BSC 

0.20 0.30 0.008 0.012 
3.18 4.06 0.125 0.160 
15.24 sse 0.600 sse 

5° 15° 5° 15° 
0.51 1.27 0.020 0.050 

I 
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MECHANICAL DATA (Continued) 

-------- 40-PIN PACKAGES -------

CERAMIC PACKAGE 
CASE 715-05 

NOTES: 
1. [lIMENSIONW IS DATUM. 
2. POSITIONAL TOLERANCE FOR LEADS: 

1-$10.25(0.010) (M)ITIA91 
3. IT] IS SEATING PLANE. 
4. DIMENSION "L" TO CENTER OF LEADS 

WHEN FORMED PARALLEL. 
5. DIMENSIONING AND TOLERANCING 

PER ANSI YI4.5, 1973. 

PLASTIC PACKAGE 
CASE 711-03 

NOTES: 
1. POSITIONAL TOLERANCE OF LEADS (0), 

SHALL BE WITHIN 0.25 mm (0.010) AT 
MAXIMUM MATERIAL rONDITION, IN 
RELATION TO SEATING PLANE AND 
EACH OTHER. 

2. DIMENSION L TO CENTER OF LEADS 
WHEN FORMED PARALLEL. 

3. DIMENSION B DOES NOT INCLUDE 
MOLD FLASH. 

4-10 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 
A 50.29 51.31 1.980 2.020 
B 14.63 15.49 0.576 0.610 
C 2.79 4.32 0.110 0.170 
D 0.38 0.53 0.015 0.021 
F 0.76 1.52 0.030 0.060 
G 2.54 BSC 0.100 Bse 
J 0.20 0.33 0.008 0.013 
K 2.54 4.57 0.100 0.180 
L 14.99 15.65 0.590 0.616 
M - 100 <- 10° 
N 1.02 1.52 0.040 0.060 

~ 

1'«".. I~ illl,f 
I • < e 1 U 'I ' ',II II 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 
A 51.69 52.45 2.035 2.065 
B 13.72 14.22 0.540 0.560 
C 3.94 5.08 0.155 0.200 
D 0.36 0.56 0.014 0.022 
F 1.02 1.52 0.040 0.060 
G 2.54 BSC 0.100 BSC 
H 1.65 I 2.16 0.065 I 0.085 
J 0.20 0.38 0.008 0.015 
K 2.92 3.43 0.115 I 0.135 
L 15.24 Bse 0.600 Bse 
M 0° 15° 00 15° 
N 0.51 1.02 0.020 0.040 



MECHANICAL DATA (Continued) 

------ 40·PIN PACKAGES (Continued) ------

CERDIP PACKAGE 
CASE 734-04 

NOTES: 
1. DIM -A- IS DATUM. 
2. POSITIONAL TOLERANCE FOR LEADS: 

1.1 If 0.25(0.010) @I T I A @ I 
3. rn IS SEATING PLANE. 
4. DIM L TO CENTE R 0 F LEADS WH EN 

FORMED PARALLEL. 
5. DIMENSIONS A AND B INCLUDE 

MENISCUS. 
6. DIMENSIONING AND TOLERANCING 

PER ANSI Y14.5, 1973. 

NOTES: 
1. DIMENSIONS A & R ARE DATUMS. 
2. D]s GAUGE PLANE. 
3. POSITIONAL TOLERANCE FOR 

TERMINALS (0): 40 PLACES: 

1*10.25 (0.010) @I T I A@I R@I 
4. DIMENSIONING AND TOLERANCING 

PER ANSI YI4.5, 1973. 

CHIP CARRIER 
CASE 761-01 

4-11 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 

A 51.31 53.24 2.020 2.096 
B 12.70 15.49 0.500 0.610 
C 4.06 5.84 0.160 0.230 
D 0.38 0.56 0.015 0.022 
F 1.27 1.65 0.050 0.065 
G 2.54 BSC 0.100 BSC 
J 0.20 0.30 0.008 0.012 
K 3.18 4.06 0.125 0.160 
L 15.24 BSC 0.600 SSC 
M 5° 15° 5° 15° 
N 0.51 1.21 0.020J~ 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX 

A 11.94 12.57 0.470 0.495 
B 11.05 11.30 0.435 0.445 
C 1.60 2.08 0.063 0.082 
0 0.33 0.69 0.013 0.027 
F 1.07 1.47 0.042 0.058 
G 1.Q2 BSC 0.040 Bse 
H 0.84 1.19 0.033 0.047 
N 1.27 1.79 0.050 0.070 
R 11.94 12.57 0.470 0.495 

I 
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MECHANICAL DATA (Continued) 

--------48·PIN PACKAGES -------
CERAMIC PACKAGE 

CASE 740-02 

[: L J JJ 
1--- (]J -----II 

NOTES: 
1. DIMENSIONrn IS DATUM; 
2. POSTIONAL TOLERANCE FOR LEADS: 

1.1.0 0.25 (O.0101@lT 1 A@l 

3.m IS SEATING PLANE. 
4. DIMENSION "L" TO CENTER OF LEADS 

WHEN FORMED PARALLEL. 
5. DIMENSIONING AND TOLERANCING PER 

ANSI Y14.5, 1973. 

4·12 

DIM 
A 
B 
C 
D 
F 
G 
J 
K 
L 
M 
N 

MILLIMETERS INCHES 
MIN MAX MIN MAX 

60.35 61.57 2.376 2.424 
14.63 15.34 0.576 0.604 
3.05 4.32 0.120 0.160 
0.381 0.533 0.015 0.021 
0.762 1.397 0.030 0.055 

2.54 BSC 0.100 BSC 
0.203 0.330 0.008 0.013 
2.54 4.19 0.100 0.165 

14.99 15.65 0.590 0.616 
00 100 00 100 

1.016 1.524 0.040 0.060 
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TECHNICAL TRAINING SYSTEM DESIGN 

Since 1974 when Motorola first introduced the M6800 Family course around the United 
States, Motorola technical training courses have been among the most popular and ef­
fective methods for system designers to catch up or keep up with the microprocessor/ 
microcomputer state-of-the-art. 

Motorola technical training courses are scheduled throughout the world with courses in 
the United States, Canada, Mexico, Europe, and Asia. The schedule is advertised pe­
riodically, and information is always available from the training headquarters in Phoenix. 

A special session of any Motorola technical training course may be held at your facility. 
This can be a standard course or a course designed to fulfill your particular needs. 

The following is a list of course offerings. For more detailed course descriptions, course 
schedule in your area, or enrollment procedures, write: Motorola Technical Training, P.O. 
Box 2953, Mail Drop HW-68, Phoenix, Az. 85062. Or Call 602-244-7126, 602-962-2345, 
or 602-244-4945. 

COURSE OFFERINGS 

Basic M6800 Family Course - 4 Days (MTT1) 

MTT1 is the original course of the M6800 Family, kept up to date and improved during the 
several years of its existence. It's designed to bring you up to speed in just four days, 
covering the background you'll need to design, develop, and debug an MC6800-based 
microcomputer system. 

Basic M6801 Course - 4 Days (MTT2) 

MTT2 is a beginning course on microprocessors based on the powerful MC6801 hardware 
and software. It is very similar to Course MTT1, but focuses on the MC6801 rather than 
the MC6800. 

MC6809 Update - 2 Days (MTT3) 

Course MTT3 is designed for the student who is very knowledgeable about the MC6800 
microprocessor and wants to be equally capable with the MC6809. 

High-Level Software - 4 Days (MTT 4) 

This high-level software course generates a working knowledge of the resident software 
packages available to users of EXORciser-based MDOS systems. 

MC6801 Update - 2 Days (MTT5) 

Course MTT5 is designed for the student who is very knowledgeable about the MC6800 
microprocessor and wants to be equally capable with the MC6801. 

M6805 Introductory Course - 3 Days (MTT6) 

MTT6 is an introductory course on Motorola's M6805/M146805 Family of one-chip micro­
computers/controllers. 
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Understanding Microprocessor Basics - 1 Day (MTT7) 

This course is a one-day non-technical course designed to acquaint managers, secretaries, 
buyers, salesmen, and other non-designers with microprocessors. We cover the whys, 
whats, and hows of microcomputer systems. We'll give you the buzz words and use 
simplified examples to explain basic concepts. It's a good non-technical course. If you 
understand terms such as data bus, interrupt, multiplexing, mnemonics, etc., then this 
course isn't for you. 

MC68000 16-Bit Microprocessor - 4 Days (MTT8) 

The general features of the MC68000 such as pin functions, registers, addressing modes, 
and instruction set are covered. In addition, the unique features such as primitive instruc­
tions for high-level software, exception handling, and position independent machine code 
generation are discussed. The development tools used in the course include the Assembler, 
Editor, and the MC68000 ECB module. Two labs help provide experience with the 
hardware. 

Designing With Micromodules - 2 Days (MTT9) 

This 2-day course is designed to develop an understanding of the board-level computer 
system design approach for potential Micromodule users. The theme of the course is 
"learning the use of Micromodules through examples." 

8-Bit Development Systems - 2 Days (MTT10) 

This course is designed to prepare the student to understand and use the basic functions 
of both MC6800 EXORciser and MC6809 EXORciser II systems. 

Basic MC6809 Course - 4 Days (MTT11) 

MTT11 is a beginning course on microprocessors based on the powerful MC6809 hardware 
and software. It is very similar to Course MTT1, but focuses on the MC6809 rather than 
the MC6800. 

Pascal - 4 Days (MTT12) 

This course is designed to enable even the novice programmer to write well-constructed 
programs in Pascal. The first three days are for illustration of standard Pascal and structured 
programming as taught in a college-level course. The fourth day includes Motorola exten­
sions and implementation for the MC6809 and MC68000. Each student has the opportunity 
to complete and execute several programs. 

EXORmacs - 2 Days (MTT13) 

This course aids the student in becoming familiar with EXORmacs. Included are the use 
of Utilities, Assemblers, Editors/Debuggers, and how to use Pascal on EXORmacs. 

MPL - 4 Days (MTT14) 

This course is designed to teach the student how to use the MPL Compiler for programming 
his or her applications. Upon completion of the course, the student will understand the 
(MC6800 or MC6809) MPL Compiler, the Macro Assembler, the Linking Loader, and 
MDOS, and will have written and executed programs which use these products. 
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EXORmacs Operating Systems - 4 Days (MTT15) 

This course familiarizes the student with the multi-layered structure and operation of the 
EXORmacs operating system software. Use of RMS68K and VERSAdos on a target system 
is also discussed. 

Virtual System Course - 4 Days (MTT16) 

This course familiarizes the student with the MC68010 and various MC68000 peripheral 
chips. A vertical system example and design techniques used to implement it are presented. 

Basic Macro-Cell Array & CAD Course - 3 Days (MTT17) 

MTT17 is an introduction to designing with macro-cell arrays. Basic concepts and trade­
ofts between current technologies are discussed. 

MCA-I CAD Course - 3 Days (MTT17B) 

To familiarize the student with the Motorola Computer-Aided Design System used in de­
signing ECl Macrocell arrays. Basic concepts and customer interface are discussed. 

MCA-II CAD Course - 3 Days (MTT17C) 

To familiarize the student with the Motorola Computer-Aided Design System used in de­
signing CMOS Macrocell arrays. Basic concepts and customer interface are discussed. 

MC68000 Operating System (UNIX*-like) - 4 Days (MTT18) 

This course teaches the student how to use the Motorola UNIX*-like operating system and 
the C compiler. 

Designing with VERSAmodules/VMEmodules - 4 Days (MTT19) 

This course teaches the student about designing with board level products based around 
the VERSAbus and the VMEbus. 
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® MOTOROLA 

Motorola has developed a very broad range of reliable 
MQS and bipolar memories for virtually any digital data pro­
cessing system application. And for those whose require­
ments go beyond individual components, Motorola also sup­
plies Memory Systems and Micromodules 

RAMs 
MOS DYNAMIC RAMs 

Access Time Power No. of 

Organization Part Number (ns Max) Supplies Pins 

16384 xl MCM4116BP15 150 +12, ±5V 16 
16384 xl MCM4116BP20 200 +12, ±5V 16 

16384 xl MCM4116BP25 250 +12, ±5V 16 

16384 x 1 MCM4517PlO 100 +5V 16 

16384 xl MCM4517P12 120 +5V 16 

16384 x 1 MCM4517P15 150 +5V 16 

16384 xl MCM4517P20 200 +5V 16 

65536 xl MCM6664AP15 1 150 +5V 16 

65536 xl MCM6664AP20 1 200 + 5 V 16 

65536 xl MCM6665AP15 150 +5V 16 

65536 xl MCM6665AP20 200 +5V 16 

65536 xl MCM6664BP15 1 * 150 +5V 16 

65536 xl MCM6664BP201 * 200 +5 V 16 
65536 xl MCM6665BP15* 150 +5V 16 

65536 xl MCM6665BP20* 200 +5V 16 

CMOS STATIC RAMs (+5 Volts) 

Access Time No, of 
Organization Part Number (ns max) Pins 

2048 x 8 MCM6116P12 120 24 
2048 x 8 MCM6116P15 150 24 
2048 x 8 MCM6116P20 200 24 
4096 xl MCM6147P55 55 18 
4096 xl MCM6147P70 70 18 

Operating temperature ranges O"C to 70"C 

* To be Introduced 

INot all speed selections shown) 

1 Motorola's Innovative Pin #1 refresh 

2300 mil package 

Memory 
Selector 

Guide 

New Motorola memories are being introduced continually. 
This selector guide lists all those available as of November 
1983. For later releases, additional technical information or 
pricing, contact your nearest authorized Motorola distributor 
or Motorola sales office. 

MOS STATIC RAMs (+5 Volts) 

Access Time No, of 
Organization Part Number (ns max) Pins 

128x 8 MCM6810 450 24 
128 x 8 MCM68A 10 360 24 
128x 8 MCM68B10 250 24 

1024 x 4 MCM2114P20 200 18 
1024 x 4 MCM2114P25 250 18 
1024 x 4 MCM2114P30 300 18 
1024 x 4 MCM2114P45 450 18 
1024 x 4 MCM21 L 14P20 200 18 
1024 x 4 MCM21 L 14P25 250 18 
1024 x 4 MCM21L14P30 300 18 
1024 x 4 MCM21 L 14P45 450 18 
2048 x 8 MCM2016HP45 45 24 
2048 x 8 MCM2016HN45 45 242 

2048 x 8 MCM2016HY45 45 242 

2048 x 8 MCM2016HP55 55 24 
2048 x 8 MCM2016HN55 55 242 

2048 x 8 MCM2016HY55 55 242 

2048 x 8 MCM2016HP70 70 24 
2048 x 8 MCM2016HN70 70 242 
2048 x 8 MCM2016HY70 70 242 

16384 xl MCM2167HP35 35 20 
16384 x 1 MCM2167HL35 35 20 
16384 x 1 MCM2167HZ35 35 20 
16384 x 1 MCM2167HP45 45 20 
16384 x 1 MCM2167HL45 45 20 
16384 xl MCM2167HZ45 45 20 
16384 xl MCM2167HP70 70 20 
16384 xl MCM2167HL70 70 20 
16384 x 1 MCM2167HZlO 70 20 

EPROMs 
MOS EPROMs 

Access Time Power No. of 
Organization Part Number (ns max) Supplies Pins 

8192 x 8 MCM68764C 450 +5 V 24 
8192 x 8 MCM68766C 450 +5V 24 
8192 x 8 MCM68766C35 350 +5V 24 
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MEMORY SELECTOR GUIDE 

ROMs 
MaS STATIC ROMs (+5 Volts) MaS Binary ROMs ( + 5 Volts) 

Character Generators3 Access Time No. of 
Organization Part Number Ins max) Pins 

Access Time No. of 
Organization Part Number Ins max) Pins 

2048 x 8 MCM68A316EP II 350 24 
2048 x 8 MCM68A316EP91 4 350 24 

128 x 17 x 51 MCM6670P 350 18 4096 x 8 MCM68A332P 350 24 
128x 17x 51 MCM6674P 350 18 4096 x 8 MCM68A332P2 4 3!)0 24 
128xl9x71 MCM66700P 350 24 8192 x 8 MCM68364P35 350 24 
128 x 19 x 71 MCM66710P 350 24 8192 x 8 MCM68364P353 4 350 24 
128xl9x71 MCM66714P 350 24 8192 x 8 MCM68364P25 250 24 
128x 19x 71 MCM66720P 350 24 8192 x 8 MCM68364P20 200 24 
128x 19x 7) MCM66730P 350 24 8192 x 8 MCM68365P25 250 24 
128xl9x71 MCM66734P 350 24 8192 x 8 MCM68365P35 350 24 
128xl9x71 MCM66740P 350 24 8192 x 8 MCM68366P25 250 24 
128 x 19 x 71 MCM66750P 350 24 8192 x 8 MCM68366P35 350 24 
128x19x7) MCM66760P 350 24 16384 x 8 MCM63128P15 150 28 
128x 19x 71 MCM66770P 350 24 16384 x 8 MCM63128P20 200 28 
128xl9x71 MCM66780P 350 24 32768 x 8 MCM63256P15 150 28 
128xl9x71 MCM66790P 350 24 32768 x 8 MCM63256P20 200 28 

CMOS ROMs ( + 5 Volts) 

Organization 

256 x 4 
2048 x 8 
2048 x 8 
2048 x 8 

Operating temperature ranges O°C to 70°C 

* To be Introduced 

INot all speed selections shown I 

Access Time No. of 
Part Number Ins max) Pins 

MCM14524 1200 16 
MCM65516P43 430 18 
MCM65516P43M8 430 18 
MCM65516P55 

6-3 

550 18 

3Character generators include shifted and unshlfted characters, 

ASCII alphanumeric control, math, Japanese British, German. 

European and French symbols 

4Standard Patterns for MOS ROMs 

MCM68A316EP91 - Universal Code Converter and Character 

Generator 

MCM68A332P2 - Sine!Cosine Look-Up Table 

MCM68364P35-3 - Log! Antilog Look-Up Table 

MCM65516P43M - MC146805 Monitor Program 
I 
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BUFFERS/INVERTERS 

Functional 
Functional Equivalent 
Equivalent CMOS 

Device LSTTL Device 
Number Device MC1XXXX Direct Pin Number of 

MC54/MC74 Function 54174 orCDXXXX Compatibility Pins 

HC04 Hex Inverter LS04 *4069 LS/CMOS 14 
HCT04 Hex Inverter with LSTTL-Compatible Inputs LS04 *4069 LS/CMOS 14 
HCU04 Hex Unbuffered Inverter * LS04 4069 LS/CMOS 14 
HC14 Hex Schmitt-Trigger Inverter LS14 4584 LS/CMOS 14 

HC125 Quad 3-State Noninverting Buffer LS125 LS 14 
HC126 Quad 3-State Noninverting Buffer LS126 LS 14 
HC240 Octal 3-State Inverting Buffer/ Line Driver/ Line Receiver LS240 LS 20 
HCT240 Octal3-State Inverting Buffer/Line Driver/Line Receiver with LS240 LS 20 

LSTTL-Compatible Inputs 
HC241 Octal 3-State Noninverting Buffer/ Line Driver/ Line Receiver LS241 LS 20 

HCT241 Octal 3-State Noninverting Buffer/ Line Driver/ Line Receiver with LS241 LS 20 
LSTTL-Compatible Inputs 

HC242 Quad 3-State Inverting Bus Transceiver LS242 LS 14 
HC243 Quad 3-State Noninverting Bus Transceiver LS243 LS 14 
HC244 Octal 3-State Noninverting Buffer/ Line Driver/ Line Receiver LS244 LS 20 
HCT244 Octal 3-State Noninverting Buffer/ Line Driver/ Line Receiver with LS244 LS 20 

LSTTL-Compatible Inputs 

HC245 Octal 3-State Noninverting Bus Transceiver LS245 LS 20 
HCT245 Octal 3-State Noninverting Bus Transceiver with LS245 LS 20 

LSTTL-Compatible Inputs 
HC365 Hex 3-State Noninverting Buffer with Common Enables LS365A LS 16 
HC366 Hex 3-State Inverting Buffer with Common Enables LS366A LS 16 
HC367 Hex 3-State Noninverting Buffer with Separate 2-Bit and 4-Bit Sections LS367A *4503 LS/CMOS 16 

HC368 Hex 3-State Inverting Buffer with Separate 2-Bit and 4-Bit Sections LS368A LS 16 
HC540 Octal 3-State Inverting Buffer/Line DriverILine Receiver LS540 LS 20 
HC541 Octal 3-State Noninverting BufferILine Driver/ Line Receiver LS541 LS 20 
HC640 Octal 3-State Inverting Bus Transceiver LS640 LS 20 
HCT640 Octal 3-State Inverting Bus Transceiver with LSTTL-Compatible Inputs LS640 LS 20 

HC643 Octal 3-State Inverting and Noninverting Bus Transceiver LS643 LS 20 
HCT643 Octal 3-State Inverting and Noninverting Bus Transceiver with LS643 LS 20 

LSTTL-Compatible Inputs 
HC4049 Hex Inverting BufferILogic-Level Down Converter 4049 CMOS 16 
HC4050 Hex Noninverting Buffer/Logic-Level Down Converter 4050 CMOS 16 

I * Suggested alternative 
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BUFFERS/INVERTERS 

BUFFERS 

HC HCT HCU HC HC HC HC HCT HC HCT HC HC HC HCT 
Device 04 04 04 14 125 126 240 240 241 241 242 243 244 244 

# Pins 14 14 14 14 14 14 20 20 20 20 14 14 20 20 

Quad Device · · · · Hex Device · · · · Octal Device · · · · · · 
Noninverting Outputs · · · · · · · Inverting Outputs · · · · · · · 
Single Stage (unbuffered) · Schmitt Trigger · 
3-State Outputs · · · · · · · · · · Common Output Enables · · · · · · · Active-Low Output Enables · .. .. · · · · .. .. 
Active-High Output Enables · · · · · Separate 4-Bit Sections · · · · · · Separate 2-Bit and 4-Bit Sections 

Transceiver · · Direction Control 

Logic-Level Down Converter 

LSTTL-Compatible Inputs · · · · 

HC HCT HC HC HC HC HC HC HC HCT HC HCT HC HC 
Device 245 245 365 366 367 368 540 541 640 640 643 643 4049 4050 

# Pins 20 20 16 16 16 16 20 20 20 20 20 20 16 16 

Quad Device 
Hex Device · · · · · · Octal Device · · · · · · · · 
Noninverting Outputs · · · · · · · · Inverting Outputs · · · · · · · · Single Stage (unbuffered) 

Schmitt Trigger 

3-State Outputs · · · · · · · · · · · · · · Common Output Enables · · · · · · · · · · · · · · Active-Low Output Enables · · .. .. .. .. .. .. · · · · Active-High Output Enables 
Separate 4-Bit Sections 

I 
Separate2-Bit and 4-Bit Sections · · 
Transceiver · · · · · · Direction Control · · · · · · 
Logic-Level Down Converter · · LSTTL-Compatible Inputs · · · 
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BUFFERS/INVERTERS 

HC04 
HCT04 

HC14 

HC240 
HCT240 

Data 
Inputs 

Al~Yl 
A2~Y2 
5.~.~ ~6 
A3~Y3 

A4~Y4 
A5~Y5 
~~12 
A6~Y6 

A1 

A2 

A3 

A4 

11 
B1 

B2 
13 

B3 
15 

B4 
17 

Vee=Pin 14 
GND= Pin 7 

~ 
A1~Y1 

~ 
A2~Y2 

A3~Y3 

~ 
A4~Y4 

~ 
A5~Y5 

A6~Y6 
Vee= Pin 14 
GND= Pin 7 

18 

16 

14 

12 

Output {Enable A 1 

Enables Enable B 19 

YAl 

YA2 

YA3 

YA4 
Inverting 
Outputs 

YBl 

YB2 

YB3 

YB4 

Pin 20= Vee 
Pin 10= GND 

7-5 

HCU04 

HC125 
HC126 

HC241 
HCT241 

Data 
Inputs 

A2 

A3 

A4 

B1 11 

B2 
13 

B3 15 

B4 17 

Output {Enable A 1 
Enables Enable B 19 

Al~Yl 

A2~Y2 

A3~Y3 

A4~Y4 
~ 
A5~Y5 

A6~Y6 
Vee= Pin 14 
GND= Pin 7 

A 

Output 

He125 
(% of the device) 

Active-Low Output Enables 

Enable --'---'---'----' 
(OEI 

Output 
Enable 
IDEI 

HC126 
(~ of the device) 

Active-High Output Enables 

Vee = Pin 14 
GND= Pin 7 

18 YAl 

16 
YA2 

14 
YA3 

12 
YA4 I Nomnverting 

Outputs 

YB1 

YB2 

YB3 

YB4 

Pin 20= Vee 
Pin 10= GND 



I 

BUFFERS/INVERTERS 

HC242 
HC243 

Data 
Ports 

Data 
Ports 

Output {A-tO-B Enable 

Enables B-to-A Enable...;.13"---___ -----' 

Vcc= Pin 14 
GND=Pin 7 
NC= Pins 2, 12 

HC245 
HCT245 

A1 

A2 

A3 

A A4 
Data 
Ports A5 

A6 

A7 

A8 

Direction 2-_~=:::r-V-----' 
Output Enable -'-"-------' 

HC366 

Output 1 
Enable 1 
Output 15 
Enable2 

A14 

A3 10 

A4 12 

A5
14 

Vcc= Pin 20 
GND= Pin 10 

Vcc= Pin 16 
GND= Pin 8 

81 

82 

B3 

B4 

85 
Data 
Ports 

86 

B7 

B8 

7-6 

HC244 
HCT244 

AI 

A2 

A3 

A4 

Data 
Inputs II 

Bl 

B2 13 

63 lS 

B4 
17 

Output {Enable A I 
Enables Enable B -"19'---_____ --' 

HC365 

HC367 

Output 1 
Enable 1 15 
Output 

Enable 2 

A4-"12'----+_+---l 

A5-'-14'---+-_t----1 

18 
YA1 

16 
YA2 

14 
YA3 

12 
YA4 

Noninverting 
Outputs 

Y81 

Y82 

YB3 

YB4 

Pin 20= VCC 
Pin 10= GND 

Vcc= Pin 16 
GND=Pin8 

Vcc= Pin 16 
GND=Pin8 



BUFFERS/INVERTERS 

HC368 

HC541 

Data 
Inputs 

Output 
Enables 

HC643 
HCT643 

Data 

Output 1 
Enable 1 

Output 15 

Enable 2 

Al 

A2 

A3 

A4 

A5 

A6 

A7 

A8 

{ OEl 
OE2 

Ports A5 

A6 

A7 

A8 

A4~12'---+--+---I 

Vee=Pin 16 
GND= Pin 8 

18 
Yl 

17 
Y2 

16 
Y3 

15 
Y4 

Noninverting 

14 Outputs 
Y5 

13 
Y6 

12 
Y7 

11 
Y8 

Pin 20= Vee 
Pin 10= GND 

B1 

B2 

B3 

B4 
Data 

B5 Ports 

B6 

B7 

B8 

Dlrectton .2--~=::r-V~ 
Output Ennble _1;:...9 _____ ---' Vee = Pin 20 

GND= Pin 10 

7-7 

HC540 

Al 

A2 

A3 

A4 
Data 

Inputs 
A5 

A6 

A7 

A8 

Output { OEl 
Enables OE2 

HC640 
HCT640 

A1 

A2 

A 
Data 
Ports A5 

A6 

A7 

A8 

Direction 

Output Enable 

HC4049 
HC40SO 

19 

AO~YO 
A1~Y1 
A2~Y2 
A3~Y3 
~ A4~Y4 

~ A5~Y5 

Vee= Pin 1 
GND= Pin 8 

18 
Yl 

17 
Y2 

16 
Y3 

15 
Y4 

Inverting 

14 
Outputs 

Y5 

13 
Y6 

12 
Y7 

11 
Y8 

Pin 20= Vee 
Pin 10= GND 

B1 

82 

83 

B4 
Data 

B5 Ports 

B6 

B7 

B8 

Vee=Pln20 
GND = Pin 10 

AO~YO 
A1~Y1 
A2~Y2 
A3~Y3 
~ 

A4--v--Y4 

~ 
A5--v--Y5 

No Connection = Pins 13, 16 

I 



GATES 

Functional 
Functional Equivalent 
Equivalent CMOS 

Device LSTIL Device 
Number Device MC1XXXX Direct Pin Number of 

MC54/MC74 Function 54/74 or CDXXXX Compatibility Pins 

HCOO Quad 2-lnput NAND Gate LSOO 4011 LS 14 
HCTOO Quad-2 Input NAND Gate with LSTTL-Compatible Inputs LSOO 4011 LS 14 
HC02 Quad 2-lnput NOR Gate LS02 4001 LS 14 
HC03 Quad 2-lnput NAND Gate with Open-Drain Outputs LS03 *4011 LS 14 
HC08 Quad 2-lnput AND Gate LS08 4081 LS 14 

HC10 Triple 3-lnput NAND Gate LS10 4023 LS 14 
HCll Triple 3-lnput AND Gate LSll 4073 LS 14 
HC20 Dual 4-lnput NAND Gate LS20 4012 LS 14 
HC27 Triple 3-lnput NOR Gate LS27 4025 LS 14 
HC30 8-lnput NAND Gate LS30 4068 LS 14 

HC32 Quad 2-lnput OR Gate LS32 4071 LS 14 
HC51 2-Wide, 2-lnput/2-Wide, 3-lnput AND-OR-INVERT Gates LS51 *4506 LS 14 
il-HC58 2-Wide, 2-lnput/2-Wide, 3-lnput AND-OR Gates * LS51 *4506 14 
HC86 Quad 2-lnput Exclusive OR Gate LS86 4070 LS 14 
HC132 Quad 2-lnput Schmitt-Trigger NAND Gate LS132 4093 LS 14 

HC133 13-lnput NAND Gate LS133 LS 16 
HC266 Quad 2-lnput Exclusive NOR Gate * LS266 4077 LS/CMOS 14 
HC4002 Dual 4-lnput NOR Gate *LS25 4002 CMOS 14 
HC4075 Triple 3-lnput OR Gate 4075 CMOS 14 
HC4078 8-lnput NOR/OR Gate 4078 CMOS 14 

* Suggested alternative 

il- High-Speed CMOS design only 

I 
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GATES 

He Her He He He He He He He He 
Device ()() ()() 02 03 08 10 11 20 27 30 
#Pins 14 14 14 14 14 14 14 14 14 14 

Single Device · Dual Device · Triple Device · · · Ouad Device · · · · · 
NAND · · · · · · NOR · · AND · · OR 
Exclusive OR 
Exclusive NOR 
AND-OR-INVERT 
AND-OR 

2-lnput · · · · · 3-lnput · · · 4-lnput · 8-lnput · 13-lnput 

Schmitt Trigger Inputs 

LSTTL-Compatible Inputs · 
Open-Drain Outputs · 

He He He He He He He He He He 
Device 32 51 58 86 132 133 266 4002 4075 4078 
#Pins 14 14 14 14 14 16 14 14 14 14 

Single Device · · · · Dual Device · Triple Device · Ouad Device · · · · NAND · · NOR · · AND 
OR · · Exclusive OR · Exclusive NOR · AND-OR-INVERT · AND-OR · 
2-lnput · · · · · · 3-lnput · · · 4-lnput · 8-lnput · 13-lnput · 
Schmitt Trigger Inputs · 
LSTTL-Compatible Inputs 

Open-Drain Outputs I 
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GATES 

HCOO HC02 
HCTOO 

Al~ Al~ 3 Yl 
81 2 

3 Yl 
81 

A2~ 
82 5 6 Y2 

A2~ 6 Y2 
82 

Y= Ali Y=A+8 

A3~ A3~ 10 8 Y3 9 Y3 
83 83 

11 A4~ 84 13 Y4 
A4~ 84 12 13 Y4 

Vee = Pin 14 VCC=Pin 14 

GND= Pin 7 GND= Pin 7 

HC03 HCOB 

~ 
Al~ 2 Yl 
81 

Dutput 
Protection 

Diode 3,68 11 Y* 
A2~ 

'~1 
5 Y2 

82 

8 2,5,10,13 
Y=A8 

A3~ 10 Y3 
83 

Vec= Pin 14 
GND= Pin 7 12 

A4~ * Denotes open-drain outputs 
13 Y4 

84 

Vec= Pin 14 
GND=P,n 7 

HC10 HCll 

I Al 1 M~ 
813Cr-Y1 

81 2 12 Yl 
el 13 

Cl 13 

A2 3 A2~ 
823=CY-Y2 

82 4 6 Y2 Y=A8C 

Y=~ 
C2 5 

C2 5 

A3 9 A3~ 83 10 8 Y3 

83~Y3 C3 11 

C3 11 
VCC= Pin 14 
GND= Pin 7 
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GATES 

HC20 

HC30 

HC51 

YY1 

82 12 A2i3 

g~ 13 

VCC= Pin 14 
GND= Pin 7 
NC= Pins 3,11 

8 Y Y = AliCDEFGH 

Pins 9, 10, 13 == no connection 

Vcc= Pin 14 
GNO=P,n7 

Y1 
Yl = (Al-Bl.Cll + (Dl-El.Fl) 

A2~ B2 3 

6 Y2 

C2 4 Y2 ~ IA2oB21 + IC20021 

02 :, 

VCC ~ Pin 14 
GNO~ Pin 7 

7-11 

HC27 

HC32 

HCSS 

B1 12 Y1 A1~ 
C1 1 

A2~ B2 6 Y2 
C2 

A3~ B3 8 Y3 
C3 

VCC= Pin 14 
GNO= Pin 7 

A1~1 
3 Y1 

B1 2 

A2~ 6 Y2 
B2 5 

A3~9 
10 8 Y3 

B3 

A4~2 11 
B4 13 Y4 

Vcc=Pin 14 
GNO= Pin 7 

Y1 
Y1 ~ IAloB1oCli + 10loE1 oF11 

A2~' B2 3 

6 Y2 

C2 4 Y2 ~ IA2oB21 + IC20021 

02 5 

VCC~Pln14 
GNO~ Pin 7 

I 



GATES 

HC86 HC132 

Al~ 
"~ 

Bl 2 3 Yl 

Yl 

B12 

A2~ "~ B2 5 6 Y2 
Y=A Ell B 

A3~ 
=AB+AB 

Y2 

B3 10 8 Y3 
B2

5 

A4~ 

Y~AB 

13 11 ~~ B4 Y4 8 Y3 

VCC= Pin 14 
B3

10 

GND=Pin7 

M~ II Y4 

B4 13 

HC133 HC266 

A~ 
B ---.l.L-
C~ AI~ 
D~ 

Bl 2 YI 

E~ 

F 
15 A2~ 

G ----2...- 9 Y 

B2 6 Y2 

H 
2 

Y=~ 

A3~ 
=AB+AB 

I -.L- Y A_S·C·D·E·F·G_H_leJ_KeLeM 
B3 9 Y3 

J-L 
K~ 

12 

A4~ 
L~ 

B4 13 Y4 

M~ Vcc=Pin 14 
GND=PIn 7 

VCC = Pin 16 
GND=P,n8 

~ 

HC4002 HC4075 

I ::~ ::3Lr' 1 Yl 

Cl 4 

DI 5 

CI 8 

Y=A+B+C+D 

:~~ ::~" 13 
C2 11 Y2 

Y=A+B+C 

D2 12 

C2
5 

VCC = Pin 14 

A3
11 

GND= Pin 7 ,,~ 
No Connection = Pins 6, 8 

Y3 

C3
13 

VCC = Pin 14 
GND Pin 7 

~ 
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GATES 

HC4078 

A---4-
B~ 
c 4 

D~ 
~--;'[) 
G-4-­
H~ 

~: 
Y-A+B+C+D+E+F+G+H 
X~A+B+C+D+E+F+G+H 

VCC ~ Pin 14 
GND~ Pin 7 
No Connection = Pins 6, 8 

I 
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SCHMITT TRIGGERS 

Functional 
Functional Equivalent 
Equivalent CMOS 

Device LSTIL Device 
Number Device MC1XXXX Direct Pin Number of 

MC54/MC74 Function 54174 orCDXXXX Compatibility Pins 

HC14 Hex Schmitt-Trigger Inverter LS14 4584 LS/CMOS 14 

HC132 Quad 2-lnput Schmitt-Trigger NAND Gate LS132 4093 LS 14 

HC14 HC132 

"~ 3 Y1 

~ A1 Y1 2 
B1 

I A2~Y2 

"~ A3~Y3 5 6 Y2 

Y~A B2 -

~ 
Y~AB 

A4 Y4 

"~ ~ 
8 Y3 

A5 Y5 

B3
10 

~ A6 Y6 

M~ vcc~P," 14 11 Y4 
GND~ Pin 7 

B4 13 
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BUS TRANSCEIVERS 

Device 
Number 

MC54/MC74 

HC242 
HC243 
HC245 
HCT245 

HC640 

HCT640 

Function 

Quad 3-State Inverting Bus Transceiver 
Quad 3-State Noninverting Bus Transceiver 
Octal 3-State Noninverting Bus Transceiver 
Octal 3-State Noninverting Bus Transceiver 

with LSTTL-Compatible Inputs 
Octal 3-State Inverting Bus Transceiver 

Octal 3-State Inverting Bus Transceiver 
with LSTTL-Compatible Inputs 

HC643 
HCT643 

Octal 3-State Inverting and Noninverting Bus Transceiver 
Octal 3-State Inverting and Noninverting Bus Transceiver 

with LSTTL-Compatible Inputs 
HC646 
HC648 

Octal 3-State Noninverting Bus Transceiver and 0-Type Flip-Flop 
Octal 3-State Inverting Bus Transceiver and 0-Type Flip-Flop 

Device 

#Pins 

Quad Device 
Octal Device 

Buffer 
Storage Capability 

Inverting Output 
Noninverting Output 

Common Output Enables 
Active-Low Output Enable 
Active-High Output Enable 

Direction Control 

LSTTL-Compatible Inputs 

HC 
242 

14 

HC 
243 

14 

HC 
245 

20 

HCT 
245 

20 

7-15 

HC 
640 

20 

Functional 
Equivalent 

LSTTL 
Device 
54/74 

LS242 
LS243 
LS245 
LS245 

LS640 

LS640 

LS643 
LS643 

LS646 
LS648 

HCT 
640 

20 

Functional 
Equivalent 

CMOS 
Device 

MC1XXXX 
or CDXXXX 

HC 
643 

20 

Direct Pin 
Compatibility 

HCT 
643 

20 

LS 
LS 
LS 
LS 

LS 

LS 

LS 
LS 

LS 
LS 

HC 
646 

24 

Number of 
Pins 

14 
14 
20 
20 

20 

20 

20 
20 

24 
24 

HC 
648 

24 

I 
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BUS TRANSCEIVERS 

HC242 
HC243 

HC242-lnverting Outputs 
HC243- Noninverting Outputs 

A 
Data 
Ports 

1 
Output {A-to-8 Enable 

Enables 6-to-A Enable 13 

HC640 
HCT640 

A1 

A2 

A 
Data 
Ports A5 

A6 

A7 

A8 

Direction 

Output Enable 

HC646 
HC648 

19 

Flip-Flop {A-to-8 Clock 

Clocks 6-to-A Clock--""------~ 

Data- {A-tO-8 Source 

s~~~rt~~n 8-to-A Source----,,2=--2 --------' 
Inputs 

Data 
PortS 

VCC= Pin 14 
GND= Pin 7 
NC= Pins 2, 12 

B1 

B2 

B3 

64 

B5 

86 

B7 

68 

Pin 24= VCC 
Pin 12= GND 

Data 
Ports 

Data 
Port 

7-16 

HC245 
HCT245 

A1 61 

62 

A 
64 6 

Data Data 
Ports A5 65 Ports 

A6 

A7 67 

A8 68 

Direction 

Output Enable 19 

HC643 
HCT643 

A1 B1 

A2 62 

B3 

64 6 
Data Data 
Ports A5 65 Ports 

A6 66 

A7 67 

A8 68 

Direction 

Output Enable 19 



LATCHES 

Device 
Number 

MC54/MC74 Function 

HC75 Dual 2-Bit Transparent Latch 
HC259 8-Bit Addressable Latch/1-of-8 Decoder 
HC373 Octal 3-State Noninverting D-Type Transparent Latch 
HCT373 Octal 3-State Noninverting D-Type Transparent Latch with 

LSTTL-Compatible Inputs 
HC533 Octal3-State Inverting D-Type Transparent Latch 

HC563 Octal3-State Inverting D-Type Transparent Latch 
HC573 Octal 3-State Noninverting D-Type Transparent Latch 

* Suggested alternative 

Device 

#Pins 

Single Device 
Dual Device 
Octal Device 

1-Bit 
2-Bit 
8-Bit 

Transparent 
Addressable 

Noninverting Outputs 
Inverting Outputs 

Common Latch Enable 
Active-Low Latch Enable 

Active-Low Reset 

3-State Outputs 
Common Output Enable; Active-Low 

LSTTL-Compatible Inputs 

HC 
75 

16 

HC 
259 
16 

HC 
373 

20 

Functional 
Equivalent 

LSTTL 
Device 
54/74 

LS75 
LS259 

LS373, LS573 
LS373, LS573 

LS533 

LS533 
LS373, LS573 

HCT 
373 

20 

These devices are identical in function and are different in pinout only: HC373 and HC573 
HC533 and HC563 

7-17 

Functional 
Equivalent 

CMOS 
Device 

MC1XXXX 
orCDXXXX 

*4042 
*4099 

HC 
533 

20 

Direct Pin 
Compatibility 

LS 
LS 

LS373 
LS373 

LS 

LS573 

HC 
563 
20 

Number 
of Pins 

16 
16 
20 
20 

20 

20 
20 

HC 
573 

20 

I 
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LATCHES 

HC75 

Data { 
Inputs 

HC373 
HCT373 

Data 
Inputs 

DO 

Dl 

D2 

D3 

D4 

D5 

D6 

D7 

latch Enable 

Output Enable 

HC563 

Data 
Inputs 

13 

14 

17 

18 

DO 

Dl 

D2 

D3 

D4 

D5 

D6 

D7 

Output 
Enable 

DO 2,6 

Dl 3,7 
2-Bit 

Transparent 
latch 

Vce- Pin 5 
GND-Pin 12 

12 

15 

16 

19 

Pin 20-Vec 
Pin lO-GND 

16,10 00 

1,11 00 
15,9 01 

14,8 01 

00 

01 

02 

03 Noninverting 
04 Outputs 

05 

06 

07 

00 

01 

02 

03 Inverting 

04 Outputs 

05 

06 

07 

7-18 

HC259 

{ 

AO 
Address Al 
Inputs 

A2 

00 

01 

02 

03 

04 

Data In 13 10 05 

11 06 

12 Q7 

Reset 

HC533 

DO 

Dl 

D2 

Data D3 
Inputs D4 

D5 

D6 

D7 

latch Enable 

Output Enable 

HC573 

DO 

Dl 

D2 

Data D3 
Inputs D4 

D5 

D6 

D7 

Output 
Enable 

Vcc- Pin 16 
GND- Pin 8 

Pin 20- Vee 
Pin 10- GND 

19 

18 

17 

16 

15 

14 

13 

12 

QO 

01 

02 

03 

04 

05 

06 

07 

Vec- Pin 20 
GND- Pin 10 

QO 

01 

02 

03 Inverting 

Q4 Outputs 

05 

06 

07 

Noninverting 
Outputs 



FLIP-FLOPS 

Functional 
Functional Equivalent 
Equivalent CMOS 

Device LSTTL Device 
Number Device MC1XXXX Direct Pin Number 

MC54/MC74 Function 54/74 orCDXXXX Compatibility of Pins 

HC73 Dual J-K Flip-Flop with Reset LS73A, *4027 LS73A 14 
LS107A 

HC74 Dual D-Type Flip-Flop with Set and Reset LS74A 4013 LS 14 
HC76 Dual J-K Flip-Flop with Set and Reset LS76A, *4027 LS76A 16 

LSl12A 
HC107 Dual J-K Flip-Flop with Reset LS73A, *4027 LS107A 14 

LS107A 
HC109 Dual J-K Flip-Flop with Set and Reset LS109A *4027 LS 16 

HCl12 Dual J-K Flip-Flop with Set and Reset LS76A, *4027 LS112A 16 
LSl12A 

HCl13 Dual J-K Flip-Flop with Set LSl13A *4027 LS 14 
HC173 Quad 3-State D-Type Flip-Flop with Common Clock and Reset LS173A 4076 LS/CMOS 16 
HC174 Hex D-Type Flip-Flop with Common Clock and Reset LS174 4174 LS/CMOS 16 
HC175 Quad D-Type Flip-Flop with Common Clock and Reset LS175 4175 LS/CMOS 16 

HC273 Octal D-Type Flip-Flop with Common Clock and Reset LS273 LS 20 
HC374 Octal 3-State Noninverting D-Type Flip-Flop LS374, LS374 20 

LS574 
HCT374 Octal 3-State Noninverting D-Type Flip-Flop with LS374, LS374 20 

LSTTL-Compatible Inputs LS574 
HC534 Octal3-State Inverting D-Type Flip-Flop LS534 LS 20 
HC564 Octal 3-State Inverting D- Type Flip-Flop LS534 20 

HC574 Octal 3-State Noninverting D-Type Flip-Flop LS374, LS574 20 
LS574 

HC646 Octal 3-State Noninverting Bus Transceiver and D- Type Flip-Flop LS646 LS 24 
HC648 Octal 3-State Inverting Bus Transceiver and D-Type Flip-Flop LS648 LS 24 

* Suggested alternative 

I 
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FLIP-FLOPS 

HC HC HC HC 
Device 73 74 76 107 
#Pins 14 14 16 14 

Type J-K D J-K J-K 

Dual Device · · · · Quad Device 
Hex Device 
Octal Device 

Common Clock 
Negative-Transition Clocking · · · Postive-Transition Clocking · Common, Active-Low Data Enables 

Noninverting Outputs · · · · Inverting Outputs · · · · 3-State Outputs 
Common, Active-Low Output Enables 

Common Reset 
Active-Low Reset · · · · Active-High Reset 

Active-Low Set · · Transceiver 
Direction Control 

LSTTL-Compatible Inputs 

HC HC HC HCr 
Device 175 273 374 374 

#Pins 16 20 20 20 

Type D D D D 

Dual Device 
Quad Device · Hex Device 
Octal Device · · · 
Common Clock · · · · Negative-Transition Clocking 
Positive-Transition Clocking · · · · 
Common, Active-Low Data Enables 

Noninverting Outputs · · · · I nverting Outputs · 
3-State Outputs · · Common, Active-Low Output Enables · · 
Common Reset · · Active-Low Reset · · Active-High Reset 

Active-Low Set 

Transceiver 
Direction Control 

LSTTL-Compatible Inputs · 
These devices are identical in function and are different in pinout only: HC73 and HC107 

HC76 and HC112 
HC374 and HC574 
HC534 and HC564 

7-20 

HC HC HC HC HC 
109 112 113 173 174 
16 16 14 16 16 

J-K J-K J-K D D 

· · · · · 
· · · · · · · .. 

· · · · · · · · · .. 
· · · · · · · · · 

HC HC HC HC He 
534 564 574 646 648 

20 20 20 24 24 

D D D D D 

· · · · · · · · · · 
· · · · · 

· · · · · · · · · · · · · · · 

· · · · 



FLIP-FLOPS 

HC73 

HC76 

HC109 

U
4 

J1 1 12 01 

Clock 1 

13 51 
K1 3 

Reset 1 2 

J2~9 02 
Clock 2 5 

K2 10 8 ill 

Reset 2 6 

VCC= Pin 4 
GND= Pin 11 

Set1-----, 

16 
K1 

Clock 1 

J1 

Reset 1 ..,;;3 ___ .... 

Set2..:.7 ___ -, 

K2 12 

Clock 2 

J2 

Reset 2 _8 __ ~ 

VCC= Pin 5 
GND= Pin 13 

15 
01 

14 51 

11 02 

1002 

se;'D5 

6 01 

Clock 1 4 

J1 2 7 CiT 

1 
Reset 1 

K2 13 

12 
Clock 2 

14 
J2 

Reset 2 

Vcc=Pin16 
GND=Pin8 

10 02 

HC74 

HC107 

HC112 

7-21 

Data 1 2 5 01 

Reset1D:1 

3 6 
Clock 1 4 Qi 

Set 1 

Reset2rt13 

12 9 02 Data2 

11 8 
Clock2- m 

10 
Set 2 

VCC= Pin 14 
GND= Pin 7 

~ 
J1 3 01 

12 
Clock 1 

4 2 Qi 
K1 

Reset 1 13 

J2V502 
Clock 2 9 

11 6 ill 
K2 

10 
Reset 2 

VCC= Pin 14 
GND= Pin 7 

Set 

1 

[1:4 2 5 
K1 01 

Clock 1 1 

J1 3 6 51 

15 
Reset 1 

Clock 2 

11 
J2 

14 
Reset 2 -----' 

VCC= Pin 16 
GND= Pin 8 

9 02 

I 
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FLIP-FLOPS 

HC113 

HC174 

r Dl 

Data D2 
Inputs 

D3 

D4 

D5 

Clock 

Ql 

Clock 1 1 
J1V5 

6 _ 
2 Ql 

Kl 

4 
Set 1 

J2 9 02 

V
I 

Clock 2 
13 

12 8 02 
K2 

10 
Set2 

3 

4 

11 

13 

14 

VCC = Pin 14 
GND= Pin 7 

2 

001 
5 

Ql 

Q2 
10 

Q3 
12 

Q4 
15 

Q5 

Reset _1'---__ ---' 

HC273 

DO 

Dl 

D2 

Data D3 
Inputs 

D4 

D5 

D6 

D7 

Clock 

Reset 

13 

14 

17 

18 

11 

VCC = Pin 16 
GND= PIO 8 

VCC = Pin 20 
GND= Pin 10 

QO 

Ql 

Q2 

Q3 
12 

Q4 
15 

Q5 
16 

Q6 
19 

Q7 

Noninvertlng 
Outputs 

Noninverting 
OutputS 

7-22 

HC173 

{

DO 14 

Data Dl 13 

Inputs D2 12 

D3 11 
Data- {DEI 

Enables DE2 

Reset-"'-------' 

Output { OEI 
Enables OE2 

HC175 

Clock 

Data Dl 
5 r Inputs D2 12 

HC374 
HCT374 

Data 
Inputs 

D3 13 

Reset 

DO 

Dl 

D2 

D3 

D4 

D5 

D6 

D7 

Clock 

Output Enable 

13 

14 

17 

18 

11 

VCC= Pin 16 
GND= Pin 8 

VCC= Pin 16 
GND=Pm8 

Pin 20= VCC 
Pin 10= GND 

3 QO I 4 Ql 3-State 
Noninverting 

Q2 Qutputs 

03 

2 QOI 3 00 
7 Ql 
6 - Inverting 
10 Ql and 

02 Nonlnvertmg 
11 02 Outputs 15 Q3 

14 O:i 

QO 

Ql 

Q2 

Q3 Noninverting 
12 

Q4 Outputs 

15 
Q5 

16 
Q6 

19 
Q7 



FLIP-FLOPS 

HC534 

DO 00 

01 01 

02 02 

Data 03 03 
Inputs 04 

13 
04 

14 
05 05 

17 
06 06 

18 
07 07 

11 
Clock 

Output Enable 

Pin 20= Vec 
Pin 10= GND 

HC574 

DO 
19 

00 

01 
18 

01 

02 
17 

02 

Data 03 
16 

03 
Inputs 04 15 04 

05 
14 

05 

06 
13 

06 

07 
12 07 

11 
Clock 

Output Enable 

HC564 

DO 

01 

Inverting 
02 

Outputs Data 03 

Inputs 04 

05 

06 

07 

Clock 
11 

Output 
Enable 

HC646 
HC648 

Nonlnverting 
Outputs 

Vcc=Pin20 Data- {A-to-S Source 
GND= Pin 10 Source 

Selection B-to-A Source 
Inputs 

7-23 

22 

00 

01 

02 

Q3 InvertIng 

04 Outputs 

05 

06 

07 

Vcc= Pin 20 
GND= Pin 10 

Pin 24= Vce 
Pin 12= GND 

Data 
Port 

I 



I 

DIGITAL DATA 
SELECTORS/MUL TIPLEXERS 

Functional 
Equivalent 

Device LSTIL 
Number Device 

MC54/MC74 Function 54/74 

HC151 8-lnput Data Selector/Multiplexer LS151 
HC153 Dual 4-lnput Data Selector/Multiplexer LS153 
HC157 Quad 2-lnput Noninverting Data Selector/Multiplexer LS157 
HCl58 Quad 2-lnput Inverting Data Selector/Multiplexer LS158 
HC251 8-lnput Data Selector/ Multiplexer with 3-State Outputs LS251 

HC253 Dual 4-lnput Data Selector/ Multiplexer with 3-State Outputs LS253 
HC257 Quad 2-lnput Data Selector/Multiplexer with 3-State Outputs LS257 
HC298 Quad 2-lnput Data Selector/Multiplexer with Output Latch LS298 
HC354 8-lnput Data Selector/Multiplexer with Data and Address Latches LS354, 

and with 3-State Outputs 
HC356 8-lnput Data Selector/ Multiplexer with Data and Address Latches 

and with 3-State Outputs 

* Suggested alternative 

Device 

#Pins 

Description 

Single Device 
Dual Device 
Quad Device 

Data Latch with Active-Low 
Latch Enable 

Common Address 
1-Bit Binary Address 
2-Bit Binary Address 
3-Bit Binary Address 

Address Latch (Transparent) 
Address Latch (Non-transparent) 
Active-Low Address Latch Enable 

Output Latch with Active-Low 
Latch Clock 

Noninverting Output 
Inverting Output 

3-State Outputs 

Common Output Enable 
Active-High Output Enable 
Active-Low Output Enable 

HC 
151 

16 

One of 
8 inputs 

is 
selected 

HC 
1"53 

16 

One of 
4 inputs 

is 
selected 

HC HC HC 
157 158 251 

16 16 16 

One of One of One of 
two 4-bit tw04-bit 8 inputs 
words is words is is 
selected selected selected 

7-24 

* LS356 
* LS354, 
LS356 

HC 
253 

16 

One of 
4 inputs 

is 
selected 

Functional 
Equivalent 

CMOS 
Device 

MC1XXXX Direct Pin Number 
orCDXXXX Compatibility of Pins 

*4512 LS 16 
4539 LS/CMOS 16 
*4519 LS 16 
*4519 LS 16 
*4512 LS 16 

*4539 LS/CMOS 16 
*4519 LS 16 

LS 16 
*4512 LS354 20 

*4512 LS356 20 

HC HC HC HC 
257 298 354 356 
16 16 20 20 

One of One of One of One of 
two 4-bit two 4-bit 8 inputs 8 inputs 
words is words is is is 
selected selected selected selected 



DIGITAL DATA SELECTORS/MULTIPLEXERS 

HC151 

Data 
Inputs 

DO 

Dl 3 

2 
D2 

D3 

D4 15 

D5 14 

D6 13 

D7 12 

Address{ Al 
Inputs 

A2-------' 

Output Enable _7 ____ ---' 

Vee~Pln 16 
GND~ Pin 8 

HC157 
HC158 MC54174HC157 - Nonlnvertlng Outputs 

MC54!74HCl58-lnvertlng Outputs 

{

AO 2 

Data Word Al 5 
A Inputs A2 11 

A3 14 

4 YO} 7 
Yl Data 

9 Y2 Outputs 

12 
Y3 

{

80 3 

Data Word 81 6 

8 Inputs 82 10 

83 13 

HC253 

{

AO 14 
Address 2 
Inputs Al -=+-+-------4 

{

DOa 6 

Data- D1a 5 
Word a 4 
Inputs D2a 

D3a 3 

E~~~~~ ...:.1 _______ ---' 

Vee~ Pin 16 
GND~ Pin 8 

{ 

DOb 10 

Data- Dlb II 
Word b 12 
Inputs D2b 

D3b 13 

E~~~~~ -'-15~ ______ ___' 

7-25 

HC153 

Address {AO .c14~-<>-____ ---l 
Inputs Al ....:2:..-+-____ ---1 

Data- {::: 
Word a 4 
Inputs D2a 

D3. 3 

Output ...:.1 ___ -' 
Enable a 

{

DO 10 

Data- 01: 11 
Word b 12 
Inputs D2b 

D3b 13 

Vcc= Pin 16 
GND=Pin8 

E~:~ .;.:15=---__ -' 

HC251 

DO 

Dl 

D2 

Data D3 
Inputs 

D4 15 

D5 14 

D6 13 

D7 12 

Address { :~ ~~ 
Inputs 9 

A2"':::""---
7 

Output Enable ~----

Vee~Pin 16 
GND~ Pin 8 

HC257 

{

AO 2 

Data-Word Al 5 
A Inputs A2 11 

A3 14 

7 Y
a 

{

80 3 7 Yl Nontnverting 4 YO} 

Data-Word 81 6 

8 Inputs 82 10 

83 13 

Vee ~ Pin 16 
GND~ Pm 8 

9 Data 
12 Y2 Outputs 

Y3 

I 



DIGITAL DATA SELECTORS/MULTIPLEXERS 

HC298 

{

AD 

Data-Word A1 1 
A Inputs A2 

A3 

{ 

80 

Data-Word 81 4 
B Inputs 82 

83 

Quad 
2-lnput 

Data 
Selector/ 

Multiplexer 

Select _1_0 __ ---J 

Output ;: ~~} Noninverting 
Latch ~ Y2 Data 

12 Outputs 
Y3 

VCC= Pin 16 
GND= Pin 8 Latch 11 Clock ---_____ -----J 



Device 
Number 

MC54/MC74 

HC42 
HC137 
HCl38 
HCTl38 
HC139 

HC147 
HCl54 

HC237 
HC259 
HC4511 

HC4514 

HC4543 

DECODERS/ 
DEMUL TIPLEXERS/ 
DISPLAY DRIVERS 

Functional 
Functional Equivalent 
Equivalent CMOS 

LSTIL Device 
Device MC1XXXX Direct Pin 

Function 54174 orCDXXXX Compatibility 

1-of-10 Decoder LS42 *4028 LS 
1-of-8 Decoder/Demultiplexer with Address Latch LS137 *4028 LS 
1-of-8 Decoder/ Demultiplexer LSl38 *4028 LS 
1-of-8 Decoder/Demultiplexer with LSTTL-Compatible Inputs LSl38 *4028 LS 
Dual 1-of-4 Decoder/Demultiplexer LS139 4556 LS/CMOS 

Decimal-to-BCD Priority Encoder LS147 LS 
1-of-16 Decoder/ Demultiplexer LSl54, *4515 LSl54 

* LS159 
1-of-8 Decoder/Demultiplexer with Address Latch * LS137 *4028 LS 
8-Bit Addressable Latch/ 1-of-8 Decoder LS259 *4099 LS 
BCD-to-Seven-Segment Latch/ Decoder/ Display Driver * LS47, 4511 CMOS 

* LS48, 
* LS49 

1-of-16 Decoder/Demultiplexer with Address Latch * LSl54, 4514, LS/CMOS 
* LS159 *4515 

BCD-to-Seven-Segment Latch/ Decoder/ Display Driver for * LS47, 4543 CMOS 
Liquid-Crystal Displays * LS48, 

* LS49 

* Suggested alternative 
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Number of 
Pins 

16 
16 
16 
16 
16 

16 
24 

16 
16 
16 

24 

16 

I 



DECODERS/DEMULTIPLEXERS/DISPLAY DRIVERS 

Device HC42 HC137 HCl38 HCTl38 HCl39 HC147 

#Pins 16 16 16 16 16 16 

Input Description BCD Address 3-Bit Binary 3-Bit Binary 3-Bit Binary 2-Bit Binary Any 
Address Address Address Address Combination 

of 9 Inputs 

Output Description One of 10 One of 8 One of 8 One of 8 One of 4 BCD Address of 
Highest Input 

Single Device · · · · · Dual Device · Address Input Latch · Active-High Latch Enable · Active-Low Latch Enable 

Active-Low Inputs · 
Active-Low Outputs · · · · · · Active-High Outputs 

Active-Low Output Enable · .. .. · Active-High Output Enable · · · 
Active-Low Reset 

Active-Low Blanking Input 

Active-Low Lamp-Test Input 

Phase Input (for LCD's) 

LSTTL-Compatible Inputs · 
Device HCl54 HC237 HC259 HC4511 HC4514 HC4543 

# Pins 24 16 16 16 24 16 

Input Description 4-Bit Binary 3-Bit Binary 3-Bit Binary BCD Data 4-Bit Binary BCD Data 
Address Address Address Address 

Output Description One of 16 One of 8 One of 8 7-Segment One of 16 7-Segment 
Display Display 

Single Device · · · · · · Dual Device 

Address Input Latch · · · · Active-High Latch Enable · · Active-Low Latch Enable · · 
Active-Low Inputs 

Active-Low Outputs · Active-High Outputs · · · · · Active-Low Output Enable .. · · · Active-High Output Enable · 
Active-Low Reset · 

I Active-Low Blanking Input · · 
Active-Low Lamp-Test Input · Phase Input (for LCD's) · 
LSTTL-Compatible Inputs 
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DECODERS/DEMULTIPLEXERS/DISPLAY DRIVERS 

HC42 HC137 

15 YO 
AD 

ILSBI Y1 r YO 

Address 
Trans-

Y2 Inputs Al parent Yl 
Latch 

14 A2 Y2 

Al Y3 
Y3 

BCD 
Y4 

Latch Enable Y4 Inverting 
Address Outputs 
Inputs Y5 Y5 

13 
A2 

Y6 Y6 

Y7 
Y7 

12 Y8 
A3 Chip- {CSl 

IMSBI Y9 Select 
Inputs CS2 

VCC ~ Pin 16 
GND~ Pin 8 

HC138 HC139 
HCT138 

r 15 YO '''''"{ '"'[Jf"} Address Al Inputs 5 
Yl Ala 3 Yl a Inverting 

Inputs 6 Y2
a 

Outputs 
A2 Y2 

Y3 
7 Y3a 

Inverting 

Y4 
Outputs 

CSa 1 
Y5 

Y6 
14 

Address { AOb 

"> } Y7 Inputs Alb 13 Yl b Inverting 

Y2b Outputs 

{ CSl 
Y3b 

Chlp-
Select CS2 
Inputs 

15 CS3 CSb 

Pin 16~VCC VCC~ Pin 16 
Pin 8~ GND 

GND~ Pin 8 

HC147 HC154 

YO~ABC5 
Yl~ABC5 

Y2~A BCD 

Dl Y3~A BCD 

I D2 Y4~AB CD 

D3 23 
Y5~ABCD 

9 

'"J r Y6~A BCD 

DeCimal D4 
A1 BCD Binary A1 

22 Y7~ABCD Inverting 

Data Inputs D5 Address Address 21 Y8~ABCD Outputs 

(Active-Low) A2 Outputs Inputs A2 

D6 (Active-Low) A3 
20 

D7 
A3 

D8 

D9 

Vcc~Pin16 
GND~Pin8 

Chip { CSl 18 
Select 

VCC~ Pin 24 
Inputs CS2 

GND ~ Pin 12 
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DECODERS/DEMULTIPLEXERS/DISPLAY DRIVERS 

HC237 

Trans-
parent 
Latch 

{

AO 

Address Al 
Inputs 

A2 

l-of8 
Latch 

Enable --'----' 
Decoder 

Chip- { CSI 
Select 
Inputs CS2--"------------' 

HC4511 

{ 

AILSBI 7 
1 

BCD B 

Inputs C ~ 

D IMSBI 

Control BI 

{ 

LE 

Inputs 
LT 

HC4543 

8CD 
Inputs 

DIMSBI 4 

4-Blt 

VCC=PI016 
GND= Pin 8 

and 

Control {LB~-;::~ _______ ~ 
Inputs Ph..;.6 __________ --' 

13 

12 

11 

10 

15 

14 

15 YO 

14 Yl 

13 Y2 

12 
Y3 

11 
Y4 

10 
Y5 

Y6 

Y7 

16= VCC 
Pin 8=GND 

Seven-
Segment 
Oisplay-
Driver 

Outputs 

Seven­
Segment 
Display­
Driver 

Outputs 

HC259 

{ 

AO 
Address Al 
Inputs 

A2 

Data In 13 

Reset 

Enable ..;..;....----' 
VCC = Pin 16 
GND= Pin 8 

HC4514 

7-30 

{ 

2 
AO 

Binary Al 3 
Address 21 

Inputs A2 

A3
22 

4-Blt 
Storage 
Latch 

Latch 1 '----...------' 

Enable 

Chip 23 
Select 

4-to-16 
L"lne 

Decoder 

VCC = Pin 24 
GND=Pin 12 

00 

Ot 

02 

03 

04 

10 05 

11 06 

12 07 

11 YO 
9 Yl 
10 Y2 
8 Y3 

Y4 

Y5 

4 
Y6 

18 Y7 

17 
Y8 
Y9 

20 Y10 
19 
14 

Yll 

13 ~~; 
16 

Y14 
15 Y15 

Nonlnvertlng 
Outputs 



ANALOG SWITCHES/ 
MUL TIPLEXERS/ 

DEMUL TIPLEXERS 

Device 
Number 

MC54/ MC74 Function 

HC4016 Quad Analog Switch/Multiplexer/Demultiplexer 
HC4051 8-Channel Analog Multiplexer/Demultiplexer 
HC4052 Dual 4-Channel Analog Multiplexer/Demultiplexer 
HC4053 Triple 2-Channel Analog Multiplexer/Demultiplexer 
HC4066 Quad Analog Switch/Multiplexer/Demultiplexer with Enhanced 

On-Resistance Linearity 

* HC4316 Quad Analog Switch/Multiplexer/Demultiplexer with Separate 
Analog and Digital Power Supplies 

* HC4351 8-Channel Analog Multiplexer/Demultiplexer with Address Latch 
* HC4352 Dual4-Channel Analog Multiplexer/Demultiplexer with Address Latch 
* HC4353 Triple 2-Channel Analog Multiplexer/Demultiplexer with Address Latch 

* Suggested alternative 

* High-Speed CMOS design only 

7-31 

Functional 
Equivalent 

LSTTL 
Device 
54174 

Functional 
Equivalent 

CMOS 
Device 

MC1XXXX Direct Pin Number of 
or CDXXXX Compatibility Pins 

4016,4066 CMOS 14 
4051 CMOS 16 
4052 CMOS 16 
4053 CMOS 16 

4066,4016 CMOS 14 

*4016 16 

*4051 18 
*4052 18 
*4053 18 

I 



ANALOG SWITCHES/MULTIPLEXERS/DEMUL TIPLEXERS 

Device HC4016 HC4051 HC4052 HC4053 HC4066 

#Pins 14 16 16 16 14 

Description 4 Independently A 3-Bit Address A 2-Bit Address A 3-Bit Address 4 Independently 
Controlled Selects Selects Selects Varying Controlled 
Switches One of 8 One of 4 Combinations of Switches 

Switches Switches the 6 Switches 

Single Device · Dual Device · Triple Device · Quad Device · · 
1-t0-1 Multiplexing · · 2-to-1 Multiplexing · 4-to-1 Multiplexing · 8-to-1 Multiplexing · 
Active-High ON/OFF Control · · 
Common Address Inputs · · 2-Bit Binary Address · 3-Bit Binary Address · · Address Latch with Active-Low 

Latch Enable 

Common Switch Enable · · · Active-Low Enable · · · Active-High Enable 

Separate Analog and Control · · · Reference Power Supplies 

Switched tubs (for RON and · Prop. Delay Improvement) 

Device HC4316 HC4351 HC4352 HC4353 

#Pins 16 18 18 18 

Description 4 Independently A 3-Bit Address A 2-Bit Address A 3-Bit Address 
Controlled Selects Selects Selects Varying 
Switches. One of 8 One of 4 Combinations of 

(Has a separate Switches. Switches. the 6 Switches. 
Analog Lower (Has an Address (Has an Address (Has an Address 
Power Supply) Latch) Latch) Latch) 

Single Device · Dual Device · Triple Device · Quad Device · 1-t0-1 Multiplexing · 2-to-1 Multiplexing · 4-to-1 Multiplexing · 8-to-1 Multiplexing · 
I 

Active-High ON/OFF Control · Common Address Inputs · · 2-Bit Binary Address · 3-Bit Binary Address · · Address Latch with Active-Low · · · Latch Enable 

Common Switch Enable · .. .. .. 
Active-Low Enable · · · · Active-High Enable · · · 

Separate Analog and Control · · · · Reference Power Supplies 

Switched tubs (for RON and 
Prop. Delay Improvement) 
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ANALOG SWITCHES/MULTIPLEXERS/OEMUL TIPLEXERS 

HC4016 

13 

XA~2YA 
A On/ Off Control 

XB~Y8 
Bon/OffControl~ 

"¥" C On/Off Control 6 

XD~l 10 YD 

12 
D On/Off Control 

Analog 
Outputs/Inputs 

XA. XB. XC. XD~ Analog Inputs/Outputs 

Vcc~Pin 14 
GND~Pin7 

HC4052 

Analog 
Inputs/Outputs -~-) Common 

Outputllnput 

Binary {A ILSBJ 10 
Channel-Select 9 

Inputs B IMS8J~------' 

Enable-6 _____ ----' 

Vee= Pin 16= Positive analog and digital power supply 
VEE= Pin 7= Negative analog power supply 
GND= Pm 8= Negative digital power supply 

NOTE Controlmputs are referenced to GND Analog Inputs/outputs are 
referenced to VEE VEE must be s GND 

HC4066 

XA~2YA 
13 

A Onl Off Control 

XB~Y8 
B On/Off Control ~ 
XC~YC 

C On/Off Control ~ 

~
1 10 

XD YD 

12 
D On/ Off Control 

Analog 
Outputs/Inputs 

XA. XS. Xc. XO= Analog Inputs/Outputs 

Vee = Pin 14 
GND~Pln 7 

7·33 

HC4051 

Analog 
Inputs/Outputs X4 

X5 

X7 
11 

Binary {A ILSBI 10 
Channel-Select B--'-'------' 

Inputs C IMSBI-9 ____ ----' 

Enable ....;6'--____ ---' 

Common 
Outputllnput 

Vee=- Pin 16= Positive analog and digital power supply 
VEE ~ Pin 7 ~ Negative analog power supply 
GND~ Pin 8~ Negative digital power supply 

NOTE Control inputs are referenced to GNO. Analog inputs/outputs are 
referenced to VEE. VEE must be ~GND 

HC4053 

Analog 
I nputs/ Outputs 

Binary { A ILSBJ ~~ 
Channel-Select B-=------' 

Inputs CIMSBI-=-9-------' 

Enable,.:.6 _____ ---' 

Vee= Pin 16= Positive analog and digital power supply 
VEE = Pin 7 = Negative analog power supply 
GNO= Pin 8= Negative digital power supply 

Common 
Outputs/ Inputs 

NOTE Control inputs are referenced to GNO. Analog inputs/outputs are 

referenced to VEE. VEE must be ::5:GNO 

HC4316 

XA-----~ 

A On/Off Control 

XB -I-----~ 

B On/Off Control 

C On/ Off Control 

XD ~I----"" 

D On/Off Control 
Enable -~~ __ ---' 

YB 

YC 

YD 

Analog 
Outputs/Inputs 

Vcc~Pin16 
GND~ Pin 8 
VEE~Pin9 

VEE"GND 

XA. XB. XC. XD ~ Analog Inputs/Outputs 

I 



I 

ANALOG SWITCHES/MULTIPLEXERS/OEMUL TIPLEXERS 

HC4351 

HC4352 

• 

HC4353 

Binary 

Analog 
Inputs/Outputs 

{

AILSBI 13 

Channel-Select B 12 
Inputs 

C IMSSI 11 

Latch Enable 10 

Channel 
Address 

Latch 

Multiplexer/ 
Demultiplexer 

witch 7 S . {Enablel 6 

Enables Enable 2 -'--------------' 

Analog 
Inputs/Outputs 

A ILSBI 
Binary 

{ 

12 

Channel-Select B IMSBI 11 
Inputs 

Switch 7 

{ 

Enable 1 6 

Enables Enable2 "'---------------' 

Binary 

Analog 
Inputs/Outputs 

{

AILSBI 13 

Channel-Select B 12 
Inputs 

CIMSSI 11 

. Latch Enable 10 

SWitch 

Channel 
Address 

Latch 

X Switch 

Y Switch 

Z Switch 

{

Enable 1 6 

Enables Enable 2 -'-_______ ------' 

3 x} Common 
Outputllnput 

Vee= Pm 18= Postive analog and digital power supply 
VEE ~ Pin 8~ Negative analog power supply 
GND~ Pin 9~ Negative digital power supply 

15 
X 

3 Y 

Common 
Outputs/Inputs 

VCC~ Pin IS~ Postive analog and digital power supply 
VEE~ Pin S~ Negative analog power supply 
GND = Pin 9 = Negative digital power supply 

Vee = Pm 18 = Postive analog and digital power supply 
VEE ~ Pin 8 ~ Negative analog power supply 
GND~ Pin 9~ Negative digital power supply 

NOTE: Control Inputs are referenced to GND. Analog Inputs/outputs are referenced to Vee Vee must be ::sGND 
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SHIFT REGISTERS 

Device 
Number 

MC54/MC74 

HCl64 
HC165 
HC166 
HCl94 
HC195 

HC299 

* HC589 

HC595 

HC597 

HC4015 

Function 

8-Bit Serial-Input/Parallel-Output Shift Register 
8-Bit Serial- or Parallel-lnput/Serial-Output Shift Register 
8-Bit Serial- or Parallel-Input/Serial-Output Shift Register with Reset 
4-Bit Bidirectional Universal Shift Register 
4-Bit Universal Shift Register 

8-Bit Bidirectional Universal Shift Register with 3-State Parallel Outputs 
8-Bit Serial- or Parallel-Input/ Serial-Output Shift Register with 

3-State Output 
8-Bit Serial-Input/ Serial- or Parallel-Output Shift Register with 

Latched 3-State Outputs 
8-Bit Serial- or Parallel-Input/ Serial-Output Shift Register with 

Input Latch 
Dual 4-Bit Serial-Input/Parallel-Output Shift Register 

* Suggested alternative 
* High-Speed CMOS design only 

Functional 
Equivalent 

LSTTL 
Device 
54/74 

LSl64 
LS165 
LS166 

LS194A 
LS195A 

LS299 
* LS597 

LS595 

LS597 

Functional 
Equivalent 

CMOS 
Device 

MC1XXXX Direct Pin 
orCDXXXX Compatibility 

*4034 LS 
*4021 LS 
*4021 LS 
4194 LS/CMOS 
*4035 LS 

LS 

*4034 LS 

LS 

4015 CMOS 

Number of 
Pins 

14 
16 
16 
16 
16 

20 
16 

16 

16 

16 

Device HCl64 HC165 . HCl66 HC194 HC195 HC299 HC589 HC595 HC597 HC4015 

#Pins 

4-Bit Register 
8-Bit Register 

Serial Data Input 
Parallel Data Inputs 

Serial Output Only 
Parallel Outputs 
Inverting Output 
Noninverting Output 

Serial Shift/ Parallel Load Control 
Shifts One Direction Only 
Shifts Both Directions 

Positive-Transition Clocking 
Active-High Clock Enable 

Input Data Enable 
Data Latch with Active-High 

Latch Clock 

Output Latch with Active-High 
Latch Clock 

3-State Outputs 
Active-Low Output Enable 

Active-High Reset 
Active-Low Reset 

14 16 16 16 16 20 16 16 16 16 
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SHIFT REGISTERS 

HC164 

Serial {Al 1 
Data 

Inputs A2 
Data 

Clock 8 

Reset -:;.9 ___ ---' 

HC166 

Parallel 
Data 

Inputs 

Serial { 
Data SA 
Input 

10 

11 

12 

14 

Serial Shift/Parallel Load 15 

HC195 

Clock 1 

Reset 9 Clock 2 

Serial Data {J 2 
Inputs K 

Parallel {: 
Data 

Inputs C 

o 

Clock 

Serial Shift/ 
Parallel Load 

Reset 

VCC= Pin 14 
GND= Pin 7 

Vcc=Pin 16 
GND= Pin 8 

15 
°A 

14 
Os 

13 
°c 

12 00 

11 GO 

°A 

08 

°c 

00 
Parallel 
Data 

10 
°E Outputs 

11 
OF 

12 
°G 

13 
°H 

13 0H Data 
} 

Senal 

Output 

VCC= Pin 16 
GND= Pin 8 

Parallel 
Data 

Outputs 

7-36 

HC165 

HC194 

HC299 

A 11 

Parallel 

12 

13 

14 

Data 
Inputs 

Serial 
Data 
Input 

Serial {SA 2 
Data 

Inputs So 

{

A 3 

Parallel 8 
Data 

Inputs C 

o 

Clock 

Mode {S1 10 
Select SO ~ 

Reset -----.... 

{ 

AH 118

1 

Serial 
Data 

Inputs 

Clock 12 

Reset 

Mode {S1 
Select S2 --'-------' 

Output {OEl 
Enables OE2 -=-------' 

9 °H l Serial 
Data 

QH Outputs 

VCC= Pin 16 
GND= Pin 8 

15 OAl 14 
08 Parallel 

Data 
°c Outputs 

12 00 

3-State 
Parallel Data Ports 
(Inputs/ Outputs) 

Serial Data 
Outputs 

VCC= Pin 20 
GND= Pin 10 



SHIFT REGISTERS 

HC589 
Data SA .!:14~ ____ ~ 
Serial { 

Input 

Parallel 
Data 

Inputs 

A 15 

Latch Clock 12 

Input 
Latch 

Shift Clock ..:.11'---____ -.J 

Shift 
Register 

~::!~I~~t~~~ .!:13:::..-________ ......I 

VCC~ Pin 16 
GND~ Pin 8 

9 } Serial 
°H Data 

Output 

Output Enable .!:1O:::..-___________ ----' 

HC597 

Serial Data {..:.14'--____ ----. 
Input SA 

Parallel 
Data 

Inputs 

A 15 

B 1 

C 2 

D 3 

E 4 

F 5 

G 6 

H 7 

Latch Clock 12 

Data 
Latch 

Shift Clock ..:.11'--____ -----' 

Shift 
Register 

~::~~I~~t~~~ .::13::..-_______ .-J 

Reset ..:.10::...-. ________ -' 

9 } Serial 
OH Data 

Output 

Vcc~Pin 16 
GND~ Pin 8 

7-37 

HC595 

Serial { 14 
Data A 
Input 

Shift 
Register 

Latch 

15 
OA 

OB 

Oc 

°D 
Parallel 

Data 
OE Outputs 

OF 

OG 

OH 

Reset 
9 { Serial 

L-+--4--':::' SOH Data 
Output 

~~~~~: -1"'3----V-C-C-~-Pi-n -16-...J 

GND~ Pin 8 

HC4015 

7 °Al 
Serial Input Data Al 4 0) OBI Parallel 

3 Data 
9 OCI Outputs 

Clock 1 10 

Reset 1 
6 

Serial I nput Data A2 15 

Clock 2 

14 
Reset 2 

VCC= Pin 16 
GND~ Pin 8 

ODI 

13 

OM) 12 
°B2 Parallel 

11 Data 
OC2 Outputs 

OD2 

I 
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COUNTERS 

Device 
Number 

MC54/MC74 

HC90 
HC92 
HC93 
HC160 
HC161 

HC162 
HC163 
HCl90 
HC191 
HC192 

HC193 
HC390 
HC393 
HC4017 
HC4020 

HC4024 
HC4040 
HC4060 
HC4518 
HC4520 

Function 

4-Stage Binary Ripple Counter with -:- 2 and -:- 5 Sections 
4-Stage Binary Ripple Counter with -:- 2 and -:- 6 Sections 
4-Stage Binary Ripple Counter with -:- 2 and -:- 8 Sections 
Presettable BCD Counter with Asynchronous Reset 
Presettable 4-Bit Binary Counter with Asynchronous Reset 

Presettable BCD Counter with Synchronous Reset 
Presettable 4-Bit Binary Counter with Synchronous Reset 
Presettable BCD Up/Down Counter 
Presettable 4-Bit Binary Up/Down Counter 
Presettable BCD Up/Down Counter with Reset 

Presettable 4-Bit Binary Up/Down Counter with Reset 
Dual 4-Stage Binary Ripple Counter with, -:- 2 and -:- 5 Sections 
Dual 4-Stage Binary Ripple Counter 
Decade Counter/Divider 
14-Stage Binary Ripple Counter 

7-Stage Binary Ripple Counter 
12-Stage Binary Ripple Counter 
14-Stage Binary Ripple Counter with Oscillator 
Dual BCD Counter 
Dual 4-Bit Binary Counter 

* Suggested alternative 

7-38 

Functional 
Equivalent 

LSTIL 
Device 
54/74 

LS90 
LS92 
LS93 

LS160A 
LS161A 

LS162A 
LS163A 
LS190 
LS191 
LS192 

LS193 
LS390 
LS393 

Functional 
Equivalent 

CMOS 
Device 

MC1XXXX Direct Pin Number of 
orCDXXXX Compatibility Pins 

LS 14 
LS 14 
LS 14 

4160 LS/CMOS 16 
4161 LS/CMOS 16 

4162 LS/CMOS 16 
4163 LS/CMOS 16 
*4510 LS 16 
*4516 LS 16 
*4510 LS 16 

*4516 LS 16 
LS 16 

*4520 LS 14 
4017 CMOS 16 
4020 CMOS 16 

4024 CMOS 14 
4040 CMOS 16 
4060 CMOS 16 
4518 CMOS 16 
4520 CMOS 16 



COUNTERS 

He He He He He He He He He He 
Device 90 92 93 160 161 162 163 190 191 192 

#Pins 14 14 14 16 16 16 16 16 16 16 

Single Device · · · · · · · · · · Dual Device 

Ripple Counter · · · Number of Ripple Counter 4 4 4 
Internal Stages 

Number of Stages with 4 4 4 
Available Outputs 

Count Up · · · · · · · · · · Count Down · · · 
4-Bit Binary Counter · · · · BCD Counter · · · · · Decimal Counter 

Separate -+ 2 Section · · · Separate -+ 5 Section · Separate -+ 6 Section · Separate -+ 8 Section · 
On-Chip Oscillator Capability 

Separate Count-Up and · Count-Down Clocks 

Count Up/Count Down · · Control Input 

Positive-Transition Clocking · · · · · · · Negative-Transition Clocking · · · Active-High Clock Enable 
Active-Low Clock Enable 

Active-High Count Enable .. .. .. .. 
Active-Low Count Enable · · Active-High Set · Active-High Reset · · · · · · · · 
4-Bit Binary Preset Data Inputs · · · BCD Preset Data Inputs · · · · Active-Low Load Preset · · · · · · · Carry Output · · · · · · · Borrow Output · Ripple Clock Output · · 

I 
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COUNTERS 

He He He He He He He He He He 
Device 193 390 393 4017 4020 4024 4040 4060 4518 4520 

#Pins 16 16 14 16 16 14 16 16 16 16 

Single Device · · · · · · Dual Device · · · · 
Ripple Counter · · · · · · Number of Ripple Counter 4 4 14 7 12 14 

Internal Stages 
Number of Stages with 4 4 12 7 12 10 

Available Outputs 

Count Up · · · · · · · · · · Count Down · 4-Bit Binary Counter · · · BCD Counter · · Decimal Counter · 
Separate + 2 Section · Separate + 5 Section · Separate + 6 Section 
Separate + 8 Section 

On-Chip Oscillator Capability · 
Separate Count-Up and · Count-Down Clocks 

Count Up/Count Down 
Control Input 

Positive-Transition Clocking · · · · Negative-Transition Clocking · · · · · · · · · Active-High Clock Enable · · · Active-Low Clock Enable · · · 
Active-High Count Enable 
Active-Low Count Enable 

Active-High Set 
Active-High Reset · · · · · · · · · · 
4-Bit Binary Preset Data Inputs · BCD Preset Data Inputs 
Active-Low Load Preset · Carry Output · Borrow Output · Ripple Clock Output 

I 
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COUNTERS 

HC90 

Clock A 
14 

Clock 8 

Set 1 

Set2 

Reset 1 

Reset 2 

HC93 

+2 12 
Counter OA 

I 

08 

+5 Oc 

Counter 11 
00 

I 

VCC~ Pin 5 
GNO= Pin 10 
No Connection = Pins 4, 13 

Clock A ---'-'4-'--______ -Ch 

HC92 

Clock A 

Clock 8 

Reset 1 

Reset 2 

~2 

Counter 

14 

+8 
Clock 8 -------+--01":> Counter 

Reset 1 

Reset 2 \ 3 

VCC= Pin 5 
GNO=Pin '0 

12 

11 

No Connection = Pins 4,6,7,13 

7-41 

+2 12 
Counter OA 

11 
08 

~6 Oc 

Counter 00 

VC'C= Pin 5 
GNO= Pin 10 
No Connection= Pins 2.3,4, 13 

I 
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COUNTERS 

HC160 HC162 
HC161 HC163 

{

PO 

Preset P1 
Data 

Inputs P2 

P3 

Clock 

Reset 

Load---~ 

aunt C 

{

Enable P 7 

Enables Enable T _1_0 _____ ..J 

HC191 

r 15 

4-Bit 
P1 

1 
Binary 
Preset P2 10 
Inputs 

P3 

Clock 14 

Count Enable 

Count Up/Down 

HC193 

Load 

{

PO 15 
4-Bit 1 
Binary Pl 

Preset P2 10 
Inputs P3 9 

Clock-Up 

Clock-Down 

VCC=Ptn16 
GND= Ptn 8 

VCC= Pin 16 
GND= Pin 8 

14 

001 
13 

01 BCD or 

12 Binary 
02 Outputs 

11 
03 

15 Ripple 
Carry 
Out 

Vcc=Pin 16 
GND= Pin 8 

3 OO} 2 01 4-Bil 
Binary 

02 Outputs 

03 

12 
Carry Out 

13 
Ripple Clock 

~ ~~} 4-Bit Binary 
6 02 Outputs 

703 

12 
Carry Output 

13 Borrow Output 

HC190 

{ 

15 

BCD :~ 
Preset 10 
Inputs P2 

P3 

Clock 14 

Count Enable 

CountUp/Down -"--------' 

HC192 

HC390 

7-42 

Load 

{

PO 15 

BCD P1 1 
Preset 10 
Inputs P2 9 

P3 

Clock-Up 

Clock-Down 

VCC= Pin 16 
GND= Pin 8 

Load 

Resel---------' 

Clock A 

Clock B 

Reset 

Vcc=Pin16 
GND= Ptn 8 

1,15 

4,12 +5 
Counter 

2,14 

VCC=Pln16 
GND=Prn8 

3 OO} 
01 BCD 

02 Outputs 

03 

12 Carry Out 

Ripple Clock 

3 00 } 2 
01 BCD 

~ 02 Outputs 

03 

12 
Carry Output 

13 Borrow Output 

5,11 0B 

6,10 Oc 

7,9 
°D 



COUNTERS 

HC393 

3,11 Ql 

1,13 
4,10 

Q2 Binary 
Clock Counter 5,9 

Q3 
6,8 

Q4 

Reset 
2,12 

Vcc=Pin 14 
GND=Pin 7 

HC4020 

Ql 

Q4 

Q5 

Q6 
10 

Clock Q7 
13 

Q8 
12 

Q9 
14 

Ql0 
15 

Ql1 

Q12 

Q13 

Q14 

11 
Reset 

VCC= Pin 16 
GND= Pin 8 

HC4040 

Ql 

Q2 

Q3 

Q4 
10 

Clock Q5 

Q6 

Q7 
13 

Q8 
12 

Q9 
14 

QlO 
15 

Qll 

012 

11 
Reset 

Vcc=Pin 16 
GND= Pin 8 

HC4017 

HC4024 

HC4060 

7-43 

Clock 

Reset .:.1::..5 __ ---! 

Vcc = Pin 16 
GND= Pin 8 

12 
Ql 

11 
Q2 

Q3 

Q4 

Q5 

Q6 

Q7 

Reset-=-------l 

Vcc= Pin 14 
GND= Pin 7 

No Connection = Pins 8, 10 and 13 

Out 1 Out2 

Clock 

14 

13 

15 

Reset 
12 

VCC= Pin 16 
GND= Pin 8 

Q4 

05 

06 

07 

Q8 

09 

010 

012 

013 

014 

QO 

Ql 

Q2 

Q3 
10 

Q4 Decade 

Q5 
Outputs 

5 Q6 

6 
Q7 

Q8 
11 

Q9 

12 
Carry Out 

I 



COUNTERS 

HC4518 HC4520 

, O~ I OOa 
Clock a 

01a BCD 
Clock a 

01a 4- Bit Binary 
Output Output 
Word Word Enablea 02a A Enablea 02a A 

03a 03a 

Reset a Reset a 

" 00, I 
11 

00, I Clockb Clock b 
4~Bit Binary 12 01b BCD 12 

01b Output Output 
Clock 

13 Word 13 
Word 

Enable b 02b B 02b B 

14 
03b 14 

03b 

15 
Aeset b 15 Aesetb 

Vcc=Pin 16 VCC = Pin 16 
GND= Pin 8 GND= Pin 8 

I 
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MONOSTABLE 
MUL TIVIBRATORS 

Device 
Number 

MC54/MC74 

HC123 

HC221 

HC423 

Function 

Dual Retriggerable Monostable Multivibrator 

Dual Monostable Multivibrator 

Dual Retriggerable Monostable Multivibrator 

HC4538 Dual Precision Monostable Multivibrator (Retriggerable, Resettable) 

* Suggested alternative 

Device 

#Pins 

Dual Device 

Precision Pulse Width 

Retriggerable 
Positive-Transition Trigger 
Negative-Transition Trigger 
Active-Low Trigger Enable 
Active-High Trigger Enable 

Active-Low Reset 
Triggerable by Reset Pin 

Inverting Output 
Noninverting Output 

HC123 

16 

7-45 

Functional 
Equivalent 

CMOS 
Device 

MC1XXXX Direct Pin 

Functional 
Equivalent 

LSTIL 
Device 
54/74 or CDXXXX Compatibility 

LS123 *4538, LS 
*4528 

LS221 *4538, LS 
*4528 

LS423 *4538 LS 
*4528 

* LS423 4538, CMOS 
4528 

HC221 HC423 

16 16 

Number of 
Pins 

16 

16 

16 

16 

HC4538 

16 

I 
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MONOSTABLE MULTIVIBRATORS 

HC123 

HC423 

ex 

Trigger/ { A 
Enable 
Inputs 8 2, 10 

Trigger/ 
Enable 
Inputs 

Reset _3-'-., _" __ -, 

Vee= Pin 16 
GND= Pin 8 

ex 

Reset _3-'.., '_' __ --' 

Vee= Pin 16 
GND= Pin 8 

Vee 

Rx 

15,7 

13,5 

4,12 IT 

Vee 

Rx 

15,7 

13,5 

4,12 IT 

7-46 

HC221 

HC4538 

Trigger {AI 
Inputs 81 

Vee 

ex 

Trigger/ { A 
Enable 
Inputs 8 2, 10 

Reset -,3"-., _" __ --' 

Vee=Pin 16 
GND= Pin 8 

Trigger {A2 12 
Inputs 82 11 

Rx 

15,7 

13,5 

4,12 IT 

Vee=Pin 16 Reset 2.:.:13,--___ --, 
GND=Pin I, Pin 8, Pin 15 
RX and eX are external components 

Vee 



ARITHMETIC CIRCUITS 

Device 
Number 

MC54/MC74 

HC85 
HC181 
HC182 
HC280 
HC283 

HC688 
HCT688 

4-Bit Magnitude Comparator 
4-Bit Arithmetic Logic Unit 
Carry Lookahead Generator 

Function 

9-Bit Odd/Even Parity Generator/Checker 
4-Bit Binary Full Adder with Fast Carry 

8-Bit Equality Comparator 
8-Bit Equality Comparator with LSTTL-Compatible Inputs 

* Suggested alternative 
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Functional 
Equivalent 

LSTTL 
Device 
54/74 

LS85 
LS181 
LS182 
LS280 
LS283, 
LS83 

LS688 
LS688 

Functional 
Equivalent 

CMOS 
Device 

MC1XXXX Direct Pin 
or CDXXXX Compatibility 

*4585 LS 
4581 LS/CMOS 
4582 LS/CMOS 

*4531 LS 
4008 LS283 

LS 
LS 

Number of 
Pins 

16 
24 
16 
14 
16 

20 
20 

I 
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ARITHMETIC CIRCUITS 

HC85 

AO 10 

Al12 

A2
13 

Data A3 15 

Word 
Inputs 

BO 9 

B111 

B214 

B3 1 

Cascading { ::::.: ..;::'--__ --' 
Inputs -

A<B,n.=.2 ____ .... 

Vcc=Pin 16 
GND= Pin 8 

HC182 

{

PO 

Carry P1 
Propagate 

Inputs P2 

P3 

{

GO 3 

Carry G1 
Generate 

Inputs G2 

G3 

Carry In 
13 

HC283 

8inary {:~ 
Addend 14 

A A2 
12 

A3 

8inary {:~ 6 
Addend 15 

8 B2 11 
83 

Carry In 

Vcc=Pin 16 
GND= Pin 8 

Vcc=Pin 16 
GND= Pin 8 

6 A= Bout Comparison 
5 A> Bout} 

7 A < Bout Outputs 

12 

11 

(Carry 
Propagate 
Outputl 

(Carry 
Gene(ate 
Outputl 

C
n + x} Anticipated 

Cn + y Carry 
Cn + z Outputs 

SO } 

13:~ :~~::s 
10 

S3 

Carry Out 

7-48 

HC181 

HC280 

9-8it 
Oata-
Word 
Inputs 

HC688 
HCT688 

7 
Cin 

Operation {:~: 
Select 4 
Inputs S2-'------' 

S3-'-3 ____ ..... 

M.;;..8 _____ -' 
Vcc = Pin 24 
GND= Pin 12 

A 

8 

Data 
Word 

A 
Inputs 

Data 
Word 

8 
Inputs 

10 

11 

12 

13 

AO 

A1 

A2 

A3 

A4 

A5 

A6 

A7 

80 

81 

82 

83 

84 

85 

B6 

87 

Cascade 
Input 

11 

13 

15 

17 

12 

14 

16 

18 

1 

VCC= Pin 20 
GND= Pin 10 

5 Even pa~lty} Parity 
Odd Panty Outputs 

Vcc= Pin 14 
GND= Pin 7 
no connection = Pin 3 

19 A= 8 
Output 



MISCELLANEOUS DEVICES 

Device 
Number 

MC54/MC74 Function 

HC292 Programmable Frequency Divider/Digital Timer 
HC294 Programmable Frequency Divider/Digital Timer 
HC4046 Phase-Locked Loop 

* Suggested alternative 

HC292 

{

Clack 14 

Input 
Frequency 5 

Clock 2 

Pl 1 

Programming P2 15 

f 

PO ILSBl
10 

Inputs 14 
P3 

P41MSBI 2 

Reset-------' 

Vcc=Pin 16 

7 } Output 
Frequency 

3 TP1} 6 2 Test Point 
1 TP Outputs 
3 TP3 

GND= Pin 8 
NoConnection=Pin9,12 

HC4Q46 

PCAin 

PCBin 

VCOin -=----------..--l 

VCC = Pin 16 
GND= Pin 8 

15 

PC1 0ut 

PC20ut 

PCPout 

VCOout 
R1 
R2 
C1A 
C1B 

SFout 

Zener 

7-49 

Functional 
Equivalent 

LSTTL 
Device 
54/74 

LS292 
LS294 
* LS297 

HC294 

{

ClOCk 14 

Input 
Frequency 5 

Clock 2 

Functional 
Equivalent 

CMOS 
Device 

MC1XXXX Direct Pin 
orCDXXXX Compatibility 

LS 
LS 

4046 CMOS 

Programming Pl 1 

{

PO ILSBI 2 

Inputs P2 15 

P31MSBI
14 

Reset-------' 

Vcc=Pin 16 
GND= Pin 8 

Number of 
Pins 

16 
16 
16 

70} Output 
Frequency 

Pins6, 9,10,12,13= NoConnecllOn 

I 
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LSTTL INPUT-COMPATIBLE 
DEVICES 

Device 
Number 

MC54/MC74 

HCTOO 
HCT04 
HCT34 
HCTl38 
HCT240 

HCT241 

HCT244 

HCT245 

HCT373 

HCT374 

HCT640 
HCT643 

HCT688 

Function 

Quad 2-lnput NAND Gate with LSTTL-Compatible Inputs 
Hex Inverter with LSTTL-Compatible Inputs 
Hex Buffer with LSTTL-Compatible Inputs 
1-01-8 Decoder/Demultiplexer with LSTTL-Compatible Inputs 
Octal 3-State Inverting Buffer/ Line Driver/ Line Receiver with 

LSTTL-Compatible Inputs 

Octal 3-State Noninverting Buffer/Line DriverlLine Receiver with 
LSTTL-Compatible Inputs 

Octal 3-State Noninverting Buffer/Line Driver/Line Receiver with 
LSTTL-Compatible Inputs 

Octal 3-State Noninverting Bus Transceiver with 
LSTTL-Compatible Inputs 

Octal3-State Noninverting D-Type Transparent Latch with 
LSTTL-Compatible Inputs 

Octal 3-State Noninverting D-Type Flip-Flop with 
LSTTL-Compatible Inputs 

Octal 3-State Inverting Bus Transceiver with LSTTL-Compatible Inputs 
Octal 3-State Inverting and Noninverting Bus Transceiver with 

LSTTL-Compatible Inputs 
8-Bit Equality Comparator with LSTTL-Compatible Inputs 

* Suggested alternative 
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Functional 
Equivalent 

LSTTL 
Device 
54/74 

LSOO 
LS04 
LS07 
LS138 
LS240 

LS241 

LS244 

LS245 

LS373, 
LS573 
LS374, 
LS574 

LS640 
LS643 

LS688 

Functional 
Equivalent 

CMOS 
Device 

MC1XXXX Direct Pin Number of 
orCDXXXX Compatibility Pins 

4001 LS 14 
*4069 LS/CMOS 14 
*4050 LS 14 
*4028 LS 16 

LS 20 

LS 20 

LS 20 

LS 20 

LS373 20 

LS374 20 

LS 20 
LS 20 

LS 20 



Development Systems and I. 
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MOTOROLA 
MICROCOMPUTER DEVELOPMENT SYSTEMS 

VMEllO MICROCOMPUTER SYSTEM 

The VME/1 0 Microcomputer System is a compact yet pow­
erful desktop designer's workstation that can be used for 
developing advanced microprocessor-based systems using 
Motorola's 8-bit and 16-bit families of microprocessors, mi­
crocomputers, and peripheral components. 

MAJOR BENEFITS 
• Provides Efficient Design Support for M6800 and M68000 

MPU Families 

• Excellent Development Software Complement 

• Customizable Through VMEbus and I/O Channel for End 
Applications 

• Multi-mode Graphics Hardware with Both Monochrome 
and Color Options. 

The VME/10 Microcomputer System combines the flexi­
bility of a customizable workstation with the attributes of a 
powerful development support system that let the system 
integrator or OEM design an end product with the same hard­
ware and software that can eventually constitute the end 
system itself. With appropriate interfaces and peripherals, 
these systems may be specialized designers' workstations, 
or perhaps front-end processors associated with larger ex­
ternal equipments such as factory automation systems or 
large complex medical diagnostic instruments. In addition to 
raw processing power, these small but capable systems have 
the flexibility for just the right I/O and performance improve­
ment features for dedicated, user-defined systems. 

BASIC DESIGN FEATURES 
• MC68010 16/32-bit Microprocessor Unit 

• MC68451 Memory Management Unit 
• Industry-standard VMEbus interface with full bus arbitra­

tion logic and software controllable interrupter. 

• I/O Channel Interface for adding off-board resources such 
as AID converters, serial and parallel I/O ports, etc. 

• 384K Byte Dynamic RAM (multiported between graphics 
controller and local bus, and VMEbus). 

• 8K Byte Static RAM for storage of user-definable character 
sets and display attributes. 

• Two 28-pin sockets for ROM/PROM/EPROM storage of 
up to 64K bytes for custom applications. 

• Battery backed-up time-of-day clock with 50 bytes of 
CMOS RAM storage. 

• 15" video display having the following software controllable 
display formats: 

1. 25 lines by 80 characters - 8 x 10 characters with 
descenders (10 x 12 character field) 

2. 800 x 300 pixel for low resolution graphics 
3. 800 x 600 pixel for medium resolution graphics 
4. Pixel graphics with overlaid character displays 

• Monochrome video display standard, with 7-level gray 
scaling (color optional). 

• Detachable full ASCII keyboard with cursor control keys, 
numeric pad and 16 function keys. 

• Mass Storage Subsystem providing both 5%" Floppy Disk 
and 5%" Winchester Disk Storage Units. 

Floppy Disk 
1 Mbyte Unformatted Capacity (655K Byte Formatted) 

Winchester Disk 
ChOice of: (a) 6.38 Mbyte Unformatted Capacity (5 

Mbyte Formatted) 
(b) 19.1 Mbyte Unformatted Capacity (15 

Mbyte Formatted) 

• Card cage options for feature expansion capability. 
Choice of: (a) Five I/O Channel Card Cage Slots (with 

6.38 Mbyte Winchester option) 
(b) Five VMEbus Card Cage Slots with 

VMEbus backplane, plus four I/O 
Channel Slots (with 19.1 Mbyte Win­
chester option) 

• Conformance to ergonomic standards applicable to video 
display and keyboard. 

• VERSAdos Real-Time, Multitasking Operating System 
with M68000 Family Macro Assembler, plus tools and 
utilities. 

• Capability of hosting hardware development tools 
- HDS-400 for M68000 Family 16/32-bit Emulation 
- HDS-200 for M6800 Family 8-bit Emulation 
- Bus State Analyzer for Logic Analysis Functions 
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EXORmacs M68000 DEVELOPMENT SYSTEM 

• Complete Development System for MC68000 MPU 

• Up to Eight User Stations 

• Multi-Processor Bus Arbitration 

• Multi-Tasking Real-Time Operating System 

• Resident Pascal High-Level Language 

• Diagnostic Firmware 
• Up to 192 Megabyte Fixed/Removable Hard Disk 

• And Up To 2 Megabyte Dual Drive Floppy Disk 

• Provisions For Future 32-Bit Microprocessors 

• Optional Cross-Development Software for 8-Bit MPUs 

The EXORmacs Development System is a state-of-the-art 
instrument for designing and developing advanced 16-bit 
microprocessor based systems using Motorola families of 
microprocessors, microcomputers, and peripheral components. 

Coupled with the Motorola HDS-400 Microprocessor Hard­
ware/Software Development Station it is also ideally suited 
for developing applications using the VERSAmoduie and 
VMEmodule families of 16-bit board level application prod­
ucts and accessories. 

Designed for flexibility and ease of use, the EXORmacs 
Development System takes advantage of the power and fea­
tures of the MC68000 microprocessor unit (MPU). It reduces 
cost and development time by incorporating features which 
support 16-bit and future 32-bit microprocessor designs, as 
well as providing high-level language support through Pascal 
and FORTRAN. With an appropriate number of accessories, 
such as terminals, multiple-channel communications mod­
ules and hardware development stations, up to eight users 
may simultaneously develop and debug M68000 programs. 

System Expansion Modules 
Multichannel Communications 
Module (MCC~) - M68KMCCM 

VERSAbus Adapter Module 
VERSAbus RAM 128K Byte 
VERSAbus RAM 256K Byte 
VERSAbus RAM 512K Byte 
VERSAbus Extender 
VERSAbus Wirewrap 

- M68KVAM 
- M68KVM 1 0-3 
- M68KVM11-1 
- M68KVM 11-2 
- M68KEXTM 
- M68KWW 

EXORmacs Basic System Configurations 
• Hardware Chassis - with Power Supply and 15-slot 

Backplane 
Resident Module Complement 

MC68000 MPU/MMU Module 
DEbug Module 
256K Dynamic RAM 
Disk Controller Module 

• Software 
System V/68 Operating System Software 

M68000 System V/68 OS 
M68000 C Language Compiler Assembler and Linker 
Instrumentation Support Utilities 

VERSAdos Software Development Tools 
VERSAdos Operating System 
CRT Editor 
Macro Assembler 
Linkage Editor 
Symbolic Debug 

• Peripherals 
EXORterm 155 Display Console 
Choice of Mass Storage: 
1 Megabyte Floppy Disk 
8/8 Megabyte Hard Disk 
25/25 Megabyte Hard Disk 
16/16 Megabyte Hard Disk 
16/80 Megabyte Hard Disk 

EXORbus, EXORcise~, EXORmacs~, EXORset, EXORterm, UNIDOS and VERSAbus are trademarks of Motorola Inc. 
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(continued) 

VMC 68/2 Microcomputer 

The VMC 68 Series is a high performance microcomputer 
system family intended for application by OEM's and system 
integrators starting from a product integration level formerly 
available only to the minicomputer user. The VMC 68 System 
Family will find wide application in industrial process control, 
automated testing, data acquisition, supervisory control, and 
many other factory and lab automation uses. The VMC 68 
Series is based on the 16-bit M68000-based VERSAmoduie 
Family of modular microcomputer products utilizing the in­
dustryand IEEE proposed VERSAbus standard system inter-

connect providing multiprocessing and intelligent peripheral 
controller architecture. 

Also featured is the 1/0 channel which provides for the use 
of a broad selection of 1/0 modules for 1/0 flexibility. 

VMC 68/2 System Features and Capabilities 

Hardware-Only Package 

• MC68000-based VM02 Monoboard Microcomputer 
- Direct Addressing to 16 Megabytes 
- 128K By1es Dual-Port RAM 
- Multiprocessor Architecture with System Controller 

Features 
- 1/0 Channel Interface for Functional Tailoring 
- Dual Multiprotocol RS-232C Serial Ports for System 

Flexibility 
• Dual 16-Bit Parallel Port II0moduie 

- Centronics compatible Printer Interface 
- General Parallel 1/0 Applications 

• VERSAbug Firmware 
- Debug - Disk Bootstrap Load 
- Self-Test - UplDownline Load 

• MC68120-based VM21 Universal Disk Controller 
- High-speed DMA data transfer to/from 1 or 2 SMD 

interface compatible disk drives 
AND 

Up to 4 EXORdisk II or III Floppy Disk Drives 
• VM11 Dynamic RAM Module with 256K By1es of 

"global" RAM for program development and efficient 
multitasking system operation 

• 4 or 8-slot VERSAbus compatible VMC 68/2 Chassis 
- Power FaillRestart Circuitry 
- 5 or 10 II0moduie card slots for 1/0 Channel 

functional tailoring (Dual Parallel Port module 
occupies one of these slots) 

• O°C to 50°C (32°F to 122°F) Operating Temperature 
Range 

• For 115 Vac 60 Hz Operation 

Complete System Package 

In addition to all features of the Hardware-Only package: 
• MLD-16 Mass Storage Unit incorporating Disk Drive, SMD 

interface electronic module, and Disk Power Supply 
• 16 Megabyte (unformatted) 8-inch SMD interface 

compatible Disk Drive 
- 8M Bytes Fixed, plus 8M Bytes Removable Cartridge 

for storage and one-to-one System Backup 
- Embedded Servo Information to eliminate cartridge 

interchange problems and the need for head 
alignment 

- Simple Installation 
- Quiet Operation 
- High Performance 
- Disk Compartment sealed during operation 
- Exceptional Reliability (7500 Hour MTBF) 
- Long Service Life requiring no preventive maintenance 

in a benign environment 
• VERSAdos Real-Time Multitasking Operating System with 

Assembler and Utilities, including: 
- MC68000 Structured Macro Assembler 
- Text Editor, Linkage Editor, and Multitasking Debugger 
- System Diagnostics 
- System Generation (SYSGEN) capability for feature 

tailoring of the VERSAdos System 
• + 10°C to + 40°C (50°F to 104°F) Operating Temperature 

Range 

Ordering Information 

MVMC682-114 
MVMC682-118 
MVMC682-114H 
MVMC682-118H 

Four-slot VMC 68/2 Microcomputer System 
Eight-slot VMC 68/2 Microcomputer System 
Four-slot VMC 68/2 Microcomputer System hardware-only package. 
Eight-slot VMC 68/2 Microcomputer System hardware-only package. 
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MOTOROLA 
MICROCOMPUTER DEVELOPMENT SYSTEMS (continued) 

M68000 System Development Software 
SYSTEM V/68 AND VERSAdos OPERATING SYSTEMS 

System V/68 
The System V/68 Operating System is the standard UNIX­

derived Operating System for the M68000 family of micro­
processors. It offers a small compact kernel, which provides 
process scheduling and 1/0 facilities to all programs. In ad­
dition, a powerful command shell for interactive system con­
trols and an extensive set of utility programs for many tasks, 
such as program development, text processing, electronic 
mail, and networking support are included. 

Host Systems 
The System V/68 Operating System is available as the 

host environment on Motorola development systems. The 
EXORmacs is a multiuser system capable of supporting up 
to eight users simultaneously. The VME/10 System is a 
single-user system. Hard disk is required for System V/68. 
Future Motorola Microsystems development systems will also 
be supported by the System V/68 Operating System. 

Instrumentation Support 
Communications support for the Motorola HDS-400 Hard­

wafe Development Station is included in System V/68. This 
provides customers with the full system development capa­
bility (both hardware and software) that they have come to 
expect from Motorola. 

Languages 
As an integral part of System V/68, C Language is offered. 

C Language has developed into one of the most popular 
commercial programming languages, and is used frequently 
in developing portable application software. System V/68 
offers significant enhancements to C Language, along with 
several new language utilities. CXREF, a new cross reference 
program, and CFLOW, a new flow analysis program, are just 
two of the new utilities offered. System V/68 also includes a 
FORTRAN 77 compiler as well as an M68000 assembler and 
linkerlloader. 

Programmer's Workbench 
The Programmer's Workbench utilities support the devel­

opment of large software systems in a professional manner. 
They include the Source Code Control System (SCCS), which 
provides facilities to store, update and retrieve all versions 
of source code modules; YACC, which generates parsers; 
LEX, which builds lexical analyzers; and other utilities which 
enhance programmer productivity and the quality of work. 

VERSAdos 
The M68000 Real-time Operating System (VERSAdos) 

provides complete real-time, multitask support for the EXOR­
macs User. Features included in the VERSAdos are: 
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• Real-time multitasking executive 

• Device independent 1/0 

• Floppy and hard disk support 

• Sequential, random, and index sequential file capabilities. 

CRT Text Editor 
The EXORmacs CRT-oriented Text Editor runs under the 

supervision of the Operating System and provides the ca­
pability to create and modify source programs. The editor 
supports both command and cursor editing, utilizing the cur­
sor, control characters and function keys of the EXORterm 
155. 

Structured Assembler 
The M68000 Structured Macro Assembler translates source 

statements intq relocatable machine code, assigns storage 
locations to instructions and data, performs auxiliary assem­
bler actions designated by the programmer, and optionally 
produces a cross-reference listing. The M68000 resident as­
sembler includes macro and conditional assembly capabili­
ties plus certain control constructs that permit structured pro­
gramming at the assembly language level. 

Linkage Editor 
The Linkage Editor provides the capability of merging two 

or more separately-compiled object units into a loadable ob­
ject module file. 

Symbolic Debug 
The SYMbug/A program is used to debug other programs, 

whose source code may have been written in Motorola­
provided assembler language, for execution on the M68000. 
The language processors, in cooperation with the Linkage 
Editor, supply symbolic information to SYMbug/A. This per­
mits the user to describe the debugging requirements to 
SYMbug in terms close to the language in which the source 
program was written. 

Pascal Compiler (Optional) M68KOPASCALH 
Pascal is a block structured high order language that pro­

motes good programming technique, is self-documenting, 
and simplifies program writing. 

FORTRAN Compiler 
(Optional) M68KOFORTRNH 

Motorola's FORTRAN exceeds ANSI FORTRAN 77 subset 
language specification, providing real-time processing 
capabilities. 
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MICROCOMPUTER DEVELOPMENT SYSTEMS (continued) 

Control Station 
M68KHDS400 
M68KH DS400A 

Family Board 
M68KHDS16FB 

Emulators 
M68000HDS4 
M68008HDS4-8 
M68010HDS4-8 

Software 
M68KHDS4-XX 

HDS-400 MICROPROCESSOR HARDWARE/SOFTWARE 
DEVELOPMENT STATION 

Design Features 
• 12.5 MHz Real-Time Emulation for MC68000 MPUs 

• 10 MHz Real-Time Emulation with no Wait Cycles for 
MC68000 MPUs 

• 8.0 MHz Emulation for MC68008 and MC68010 MPUs 

• No User Target System Restrictions 

• 32K bytes of 10 MHz No Wait Cycle Emulation RAM is 
Standard 

• Emulation RAM Expandable to 64K, 128K or 256K bytes 

• Full Symbolic Debug with EXORmacs and VME/1 0 Hosts 

• Unrestricted User Memory Map 

• One-Line Assembler/Disassembler 

• Automatic Self-Test of Development Station Hardware 

• M68KHDS400 Interfaces with EXORmacs Development 
System 

• M68KHDS400A Interfaces with Motorola VME/1 0 and DEC 
VAX Hosts 

• Compatible with Real-Time Bus State Analyzer 

Major Benefits 
• Reduces Development Costs 

• Shortens Product Development Cycle 

• Brings Product to Market Faster 

• Versatility Protects Against Obsolescence 
The HDS-400 Microprocessor Hardware/Software Devel­

opment Station, in conjunction with a Motorola EXORmacs 
Development System or VME/1 0 Microcomputer System, or 
a DEC VAX Computer, provides a complete hardware/soft­
ware development system for the Motorola M68000 family 
of microprocessors. It consists of a Control Station, with all 
the support circuitry for complete MPU emulation, and a sep­
arate Emulator Module with an internal microprocessor to 
match the particular MPU it is expected to emulate. 

Two key capabilities of the HDS-400 make it very useful 
as a systems development tooi. The first is the ability to serve 
as a fully functional substitute for the selected MPU in the 
user's target system. By plugging the HDS-400 into the socket 
on the prototype hardware, it allows efficient testing and de­
bugging of both hardware and software. The second capa­
bility is the rapid debug and integration of the target system 

EXORmacs® and VME/10 are trademarks of Motorola Inc. 
DEC and VAX are trademarks of Digital Equipment Corporation. 
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for the production of prototypes. This is accomplished by the 
use of the powerful set of commands in the HDS-400. The 
user may execute the commands by either entering the com­
mand code and its parameters, or by sequentially depressing 
function keys which provide a "fill-in-the-blanks" format with 
parameters such- as file name, address, data, etc. When a 
single function key or a combination of function keys is 
pressed, a command code is automatically generated and 
the command syntax is displayed by the system. 

Typical System Configuration 
The HDS-400 Hardware/Software Development Station in­

cludes a four-slot Control Station with a built-in 30 A power 
supply and an Emulator Module for the specific MPU which 
will be used in the target system. Emulators are available for 
the MC68000, MC68008, and MC68010 MPUs. 

The HDS-400 has been partitioned with options and part 
numbers that give the user versatility in defining the devel­
opment system configuration. The user may choose from 
three host computers EXORmacs, VME/10, or DEC VAX with 
a variety of operating systems. Each of the HDS-400 Control 
Stations is delivered pre-wired to accept the optional Emu­
lation Memory Module and the Real-Time Bus State Analyzer 
(BSA). EXORterm 155 is required in HDS-400 systems 
hosted by the EXORmacs and the VAX. The VME/10 func­
tions as both host and terminal to the HDS-400, eliminating 
the need for a separate terminal in VME/10-based systems. 

System Performance 
The HDS-400 Development Station, when substituted for 

the MPU chip in the target system being debugged, performs 
the functions of the microprocessor being emulated - exactly 
as the MPU would have performed were it still in the circuit 
being tested. The emulator provides the interfacing with the 
RAM, ROM, and I/O devices and operates at the same speed 
as the MPU. There are no restrictions on the use of emulation 
memory that are not imposed by the MPU itself, and the 
memory may be mapped to the target system or to the em­
ulator module. 

The standard 32K bytes of emulation RAM provided in the 
Family Interface Module may be expanded with one of three 
optional Emulation Memory Modules. The three memory ex­
pansion modules available increase the 10 MHz no wait cycle 
emulation RAM to 64K, 128K or 256K bytes. 

I 



I 

MOTOROLA 
MICROCOMPUTER DEVELOPMENT SYSTEMS (continued) 

Control Station 
M68HDS201 

Emulators 
M6804P2HM 
M6805P234HM 
M6805RU23HM 
M6805S2HM 
M6805T2HM 
M146805E2HM 
M146805F2HM 
M146805G2HM 

HDS·200 MICROCOMPUTER 
HARDWARE/SOFTWARE DEVELOPMENT STATION 

Design Features 
• Real-time emulation for M6804/M6805/M146805 MCUs. 
• Sixteen programmed breakpoints. 
• Prioritized breakpoints. 
• Line-by-line assembler/disassembler. 
• Program trace commands. 
• Commands displayed for operator HELP. 
• Memory map display. 
• Macro commands stored for re-use. 
• Transparent mode for host communication. 
• Emulates more than 20 MCUs. 

Operating Features 
• Compatible with EXORmacs, EXORciser and EXORset 

software development systems. 
• Low cost. 
• Stand alone operation - frees software development sys­

tem for parallel use. 
• Easy to use. 
• Operates with any standard RS-232C terminal and most 

host systems. 

The H'oS-200 Hardware Development System, in con­
junction with a Motorola EXORset, EXORmacs or EXORciser 
software development system, provides a complete hard­
ware/software development system for the Motorola M6804/ 
M6805/M146805 families of microprocessors. It consists of 
a Control Station, with all the functional circuitry to complete 
MCU emulation, and a separate Emulator Module with an 
internal microcomputer and memory capacity· to match that 
of the particular MCU it is expected to emulate. 

Two major factors contribute to the HDS-200's usefulness 
as a systems development tool. The first is the ability to serve 
as a fully functional substitute for the selected MCU in the 
target system. By plugging the HDS-200 into the socket on 
the prototype hardware, it allows efficient testing of hardware 
as well as software debugging. The second factor is its pow­
erful list of analysis commands. These easy-to-use, plain 
language commands enable the user to rapidly debug, in­
tegrate the target system and produce prototype systems. 

Systems Development and Integration 
The initial stages of developing an MCU-based system 
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normally involve two parallel, rather independent, efforts. One 
is the hardware design - the other the software design. 
These efforts are frequently accomplished by two different 
teams of personnel, resulting in debugging problems that are 
often difficult atId time-consuming. The HDS-200 simplifies 
this process because of its ability to bring the hardware and 
software development processes into intimate relationship 
with each other throughout the development cycle. Moreover, 
with the HDS-200 it becomes economically feasible to test 
alternate design approaches in order to determine the best 
solution. 

The complete HDS-200 Hardware/Software Development 
System consists of three separate items - the HDS-200 
Control Station, the Emulator Module, and an associated 
Firmware Cartridge. 

HDS-200 ContrOl Station 
The station contains an internal power supply, logic circuits, 

clock and an MC6809 MPU. The MPU runs the monitor, 
controls the ports and interfaces with the emulators. It has 
two RS-232C communication ports for interconnecting with 
a host computer and a suitable terminal. Another cable con­
nects the station to an associated outboard Emulator Module. 

The Emulator Module 
The module's output to the user's system is by a short, 

noisefree ribbon cable terminating in a plug to mate with the 
target hardware MCU socket. The emulator contains the tar­
get processor and various I/O interfaces to provide a com­
patible link between the Control Station and target hardware 
MCU/MPU socket. 

Different modules are available for specific microprocessor 
family types. The various MCU Emulator Modules available 
include the M6804, M6805, M68705, and M146805 families. 
Each module comes with a matching Firmware Cartridge and 
an emulator cable/connector assembly. 

The Firmware Cartridge 
Paired with each Emulator Module is a small cartridge 

which is easily plugged into the HDS-200 station. This car­
tridge contains the necessary programs on ROM to enable 
the HDS-200 to adapt to the specific "personality" of the 
selected MCU type. 
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REAL·TIME BUS STATE ANALYZER 
The Real-Time Bus State Analyzer (BSA) is a highly in­

telligent diagnostic tool that is designed specifically for use 
with microprocessors. It consists of a Control Module plus 
one of several "Personality Modules." The Control Module 
contains the analyzer hardware, control firmware, and 1/0 
ports. The Personality Modules interface to selected MPUI 
MCU, EXORbus, or VERSAbus signals. The BSA stores data 
which appears on between 55 and 79 different lines. 

In order to facilitate the gathering of pertinent data from the 
MPU/MCU or bus, a set of qualified triggering modes are 
provided. These modes can be broken into three categories: 
Continuous Trace Mode, Sequential Trigger Mode, and Win­
dow Trigger Mode. 

CONTINUOUS TRACE MODE samples signals and stores 
signal information continuously on each occurrence of the 
clocking signal. It is primarily a default mode which the BSA 
automatically enters when power is first applied. There are 
no qualifications for the BSA to begin gathering information, 
so it will always be storing the signal states. This default 
mode is particularly useful when a sudden catastrophic failure 
occurs during a debugging session, before the user is able 
to configure the BSA. It is very likely that the events leading 
up to the failure will be stored in the BSA's trace store buffer. 

SEQUENTIAL TRIGGER MODE requires that a series of 
events occur before the instrument triggers and starts to 
gather data; or conversely triggers and stops gathering data. 
Sequence Terms, as these events are called, must occur in 
order of specification, or triggering will not take place. A 
Sequence Reset Term can also be specified to reset the BSA 
and cause the instrument to begin looking for the Sequence 
Terms again. Sequential triggering will be most useful for 
debugging complex software, including loops, nested sub­
routines and complex branches. 

WINDOW TRIGGER MODE provides a means of causing 
signal states to be stored if address accesses occur inside 
or outside of a particular address range. Both the upper and 
lower bounds of the range are programmable, and the size 
is variable from a single address to the full range of the 
memory map. Window triggering is useful for following pro­
grams that suddenly and unexpectedly leave the memory 
area in which they should be operating. It is also applicable 
for observing access violations in a multiple user environment. 

SOFTWARE PERFORMANCE HISTOGRAMS are also 
provided to give an indication of the relative frequency of 
memory accesses within a particular memory range, with the 
exact range specified by the user. This histogram provides 

8-9 

a means of determining where a program spends the greatest 
amount of time. The resulting information can then be used 
to compress inefficient code. A hardware performance his­
togram is provided to display the relative frequency of com­
binations of four user-selected signals within a user system. 

In order to service these triggering modes and provide a 
complete set of operating features, an MC6809 micropro­
cessor is located on the Control Module with local intelligence 
running from an operating system based in ROM. This op­
erating system Rfovides the data analysis and formatting 
functions for the operator including the interface to the hard­
ware sampling the bus. 

To reduce system redundancy, the terminal used by the 
operator to communicate with the development system will 
also serve to link him to the intelligence aboard the analyzer 
(it is a requirement of the CRT-based analyzer operating 
system that the terminal used be an EXORterm 155 Display 
Console). This communication will be achieved by means of 
a phantom or transparent serial link feeding from the terminal 
through the Bus State Analyzer control board and then to the 
.normal terminal input channel of the development system. 
The logic onboard the BSA determines whether the infor­
mation traveling over the link is destined./or the development 
system, the Bus State Analyzer or the terminal. This allows 
the operating system or the user's software to run in the 
development system while analysis is being performed. Ad­
ditionally, a means is provided for the BSA to operate in a 
stand-alone mode with only a terminal connected. 

Part Number Description 

M68BSAC BSA Control Module for use with BSA 
Personality Modules 

M68BSACE BSA Control Module with Enclosure 

M68BSA1-1 BSA Personality Module for MC68000, 
MC68010 and MC68451 

M68BSA2 BSA Personality Module for MC6800, 
MC6809, and MC6829 

M68BSA3 BSA Personality Module for MC68008 

M68BSA4 BSA Personality Module for MC6801 and 
MC68120 

M68BSA5 BSA Personality Module for VERSABus 

M68BSA6 BSA Personality Module for EXORbus I 
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A series of inexpensive evaluation modules are available for 
Motorola's line of microprocessors and microcomputers. 
Evaluation modules allow the user to prepare, debug, and 
run software in the resident microcomputer. Even though the 
cost is low, an onboard ROM contains extensive commands 
for controlling 1/0 and debug operations, including down-up 
load S-record transfers. 

Memory, internal registers, and 110 registers may be dis­
played and modified. Program execution may be traced one 
step at a time or breakpoints may be inserted for program 
interruption. Circuitry and firmware are included to allow the 
MCU's EPROM to be programmed. 

MC68000 Educational Computer Board 
MEX68KECB 

The MC68000 Educational Computer Board (ECB) serves 
as an economical introduction to systems based on the 
M68000 family of microcomputer products. 

The ECB is based around a 4 MHz MC68000 MPU. Also 
provided are 32K bytes of RAM, arranged as 16K x 16. The 
firmware is contained in two 8K by 8 ROMs, addressed as 
an 8K by 16 block of memory. Two RS-232C serial ports are 
implemented with MC6850 ACIA's and an MC14411 baud 
rate generator, allowing selection of data rates from 110 to 
9600 baud. 

One of the M68000 peripherals, the MC68230 Parallel In­
terface and Timer (p11T) , provides a Centronix-type parallel 
printer interface and an audio cassette interface. An audio 
cassette recorder may be used to store and retrieve user 
programs. 

The ECB uses a terminal, interfaced via one RS-232C port. 
Also, a small wirewrap area is provided for system 1/0 mod­
ification and buffering. 

MC6801 Evaluation Module MEX6801EVM 
The MC6801 Microcomputer Evaluation Module is a com­

pletely self-contained microcomputer on a single printed cir­
cuit card, providing the user with the means of evaluating the 
MC6801 microcomputer. As configured, the MC6801 may be 
evaluated in the Single-Chip mode by attaching an RS-232C­
compatible terminal to the serial port of the module. Thus, 
the minimum functioning system consists of only the MC6801 
and an MC1488 and MC1489 (RS-232C interface). 

In the Expanded mode, the customer may add an ACIA, 
PTM, 4K bytes RAM or 2K EPROM and a programmable 
gate array for address configuration. 
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LOW COST 
MPU/MCU 

EVALUATION MODULES 

MC68701 Programming Module MEX6801 EV1 
This module has the same features as the MC6801 module 

but is also populated with an MC68701, 2K bytes of RAM, 
a programmed gate array, and a DEbug monitor (PRObug) 
which also provides the programming c.;apability for the 
MC68701 EPROM device. It, also, can be used to evaluate 
the MC6801 microcomputer. 

MC68120 Evaluation Module M68120EVM 
The M68120 Evaluation Module is designed to assist the 

potential user of an MC68120 Intelligent Peripheral Controller 
(IPC) chip in developing software, performing limited circuit 
emulation" and operating as a serially-linked design on an 
EXORbus compatible board format. 

All data communications are accomplished via two 
RS-232C ports. Consequently, the Evaluation module can be 
operated in a stand-alone configuration with only power 
brought in on the EXORbus connector. An optional operating 
configuration allows the M68120 Evaluation Module to be 
plugged into an EXORciser II or an EXORmacs VERSAbus 
System via a VERSAbus Adapter Module (VAM). The dual­
ported 128-byte RAM can then be mapped into a local map 
or system map. 

There is 4K of RAM populated on the board local bus along 
with decoding to permit an additional 4K RAM to be imple­
mented in the user wirewrap area. The RAM allows user 
software development and debug for future programming of 
2K, 4K, and 8K EPROMs to be inserted on the M68120 
Evaluation Module. The Module has 64K bytes of address 
space on the local bus and 256 bytes of address space on 
the system bus. 

MC68705 Evaluation Module M68705EVM 
MC1468705 Evaluation Module M1468705EVM 

Operation of an MC68705 or MC1468705 is simulated by 
the resident MC6805 or MC146805 MCU. Data transfer within 
the EVM is controlled by the monitor ROM firmware. In turn, 
this ROM is controlled from an external RS-232C compatible 
user terminal. User object code may be down-loaded to the 
user program RAM via the host port; a cassette port is also 
provided for this purpose. The host and terminal port ACIAs 
are baud rate strap-selectable from 110 bps to 19.2 Kbps in 
eight steps. 

The MCU parallel 1/0 ports allow the user to connect ex­
ternally to the simulated MCU 1/0 lines. These lines are also 
used to control the MC68705 or MC1468705 MCUs on-Chip 
EPROM programmer. This is accomplished by inserting the 
MCU into the programmer socket and executing the appro­
priate monitor commands. 



MOTOROLA 
MICROCOMPUTER DEVELOPMENT SYSTEMS (continued) 

EXORset 110 

EXORset 110 Features 
• MC6809 high performance microprocessor. 

• Full ASCII Keyboard with 16 user-definable function keys. 

• 12" CRT displaying 22 lines of 80 characters, or switch able 
to 16 lines of 40 characters and/or full graphics. 2K bytes 
of static RAM are included for CRT character refresh. 

• 56K bytes of RAM and three sockets for up to 24K bytes 
of EPROM/ROM. 

• Three card slots for EXORciser/Micromodule boards, four 
if no disk controller needed. 

• Printer interface. 

• Serial I/O port. 
• EXORbug monitor/debug ROM included. An additional 

EPROM/ROM socket is available if user does not require 
EXORbug. 

• Triple 16-bit programmable counter/timer included with in­
put Gate and Clock signals and output signals available 
to the user. 

• Meets FCC compliance for a Class A computing device. 

A High Performance Processor 
The EXORset controller is based on the new generation 

16/8-bit microprocessor MC6809. The expanded instruction 
set, addressing modes, and architecture make execution of 
software particularly efficient and allow sophisticated pro­
gramming techniques such as structured programming, po­
sition independent code, re-entrant routines and real-time 
operations. These capabilities make the 6809 microprocessor 
suitable for high-level language program development. 
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A CRT Display and Keyboard 
The EXORset unit provides the user with a complete man/ 

machine interface consisting of a full-size ASCII keyboard 
and 16 user-assigned function keys and a high resolution 12" 
CRT display capable of displaying 22 lines of 80 or 16 lines 
of 40 upper or lower case characters and simultaneously a 
full 320 x 256 dot graphic image. 

Memory Flexibility 
The EXORset controller allows for flexibility in the type and 

amount of memory to be used in the application. Three ver­
sions are available that provide optional amounts of mass 
storage: no floppy disk drives, with one double-sided mini­
floppy disk drive for 160K bytes of mass storage and with two 
disk driv~s for 320K bytes of mass storage. All three versions 
include 2K bytes of dynamic RAM for CRT character refresh, 
56K bytes of dynamic RAM and three strappable sockets that 
can be configured for 1 K, 2K, 4K or 8K ROMs or EPROMs. 
A fourth socket, normally containing the 4K EXORbus firm­
ware, can be configured for a user-designed monitor routine. 
The EXORset memory map is defined by PROMs, allowing 
the user to easily reconfigure the architecture of the system. 
Optional configurations information is available by contacting 
your local Motorola sales office. 

On-Board Input/Output Ports 
The EXORset unit provides three on-board input/output 

ports. An asynchronous serial communication port is pro­
vided with strap-selectable interface options of RS-232C, RS-
422 or RS-423 and can be configured as a terminal or as a 
modem. The baud rate is software programmable from 110 
to 19.2K baud. The user may also replace the asynchronous 
device with an SSDA device for synchronous communication 
application. 

A 16-bit data plus four handshake cor:-ttrol lines parallel 
input/output port is provided. This parallel port consists of a 
fully-buffered PIA device with a pinout that is compatible with 
a standard Centronics printer type interface. An optional 
adapter kit is available to interconnect this port to the industry 
standard optically-isolated solid-state relay mounting racks. 

A triple 16-bit programmable counter/timer device is in­
cluded, with each section's clock, gate and output signals 
available to the user. The output signals can be strapped to 
generate a system IRQ, FIRQ or NMI if required. 

Add-On Input/Output Flexibility 
The EXORset Controller has a four-slot card cage with bus 

connectors for installing additional EXORbus compatible 
modules available from Motorola as well as a number of other 
vendors. The Floppy Disk Controller Module occupies one 
of these four slots. I 
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MOTOROLA 
MICROCOMPUTER DEVELOPMENT SYSTEMS (continued) 

Development Systems 

EXORciser For a-Bit 
Prototype Development 

M6800 EXOR 
M6809 EXOR 

The EXORciser is an expandable development system that 
allows development of any 8-bit Motorola microprocessor or 
microcomputer configuration, from the simplest to the most 
elaborate. It comes with an MPU Module that provides system 
timing and a DEbug Module that contains system firmware. 
Both MC68BOO or MC68B09 MPU versions are offered in the 
EXORciser Development System. 

With optional accessories, the EXORciser design and di­
agnostic functions can be extended to other members of the 
Motorola family of microprocessors and microcomputers. 

The EXORciser with a USE (User System Emulator) option 
can be used to test and evaluate equipment external to its 
chassis. By removing the microprocessing unit from the 
user's system and connecting the USE cable from the 
EXORciser into the MPU's socket, the EXORciser with its 
EXbug firmware can be used to debug and troubleshoot 
microprocessor systems. 

The basic EXORciser consists of a rugged cabinet with a 
built-in power supply, and a prewired bus-oriented 14-slot 
Backplane with MPU and DEbug Modules. Together these 
elements form a development microcomputer, with the ca­
pability of adapting the unit to a specific design problem by 
adding optional I/O and memory modules. Additional Moto­
rola memory modules for the EXORciser can be selected to 
suit varying system configurations; for example, to meet the 
increased memory requirements of sophisticated high order 
language based systems. The concept of add-on modules 
permits the user to match the fu'nctional requirements of the 
systems being developed. Using one slot each for a floppy 
disk and printer function, ten slots remain for memory and 
I/O expansion. The EXORciser is a system that is never out­
of-date, being at all times upgradable when new and ex­
panded microcomputer functions become available. 
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Accessories for EXORciser 

PROM Programmer M68PP5 
. The PROM Programmer is designed to program a variety 

of MOS PROMs, EPROMs and bipolar PROMs. It can verify 
data from the PROM, transfer data from the PROM to the 
development system RAM memory, and transfer blocks of 
data from one memory location to another. Programming time 
depends upon the PROM used. 

The M68PP5 is a powerful new EEPROM/PROM/EPROM 
programmer, designed to provide all of the functionality of 
the M68PP3 and more. A powerful feature of the M68PP5 
is that it does not require removal of the EXORset or 
EXORciser covers during operation. This is accomplished via 
the Remote Socket Module. This module can be conveniently 
positioned by the user for his needs. I.t also has many other 
new or improved features. Such features include: program­
ming even or odd byte PROMs/EPROMs, commands to dis­
play and modify data, attach printer command to send all 
responses to a hard copy printer. The power of the M68PP5 
is further enhanced by the increased list of standard devices 
which it can program. 

Software on diskette for both M6800 and M6809-based 
systems is included with the PROM Programmer. 

System Analyzer 
MEX68SA2 (6800) 

M6809SA (6809) 
This unique instrument can be used to enhance the ca­

pabilities of the EXORciser as a design tool, or as an inde­
pendent, portable, low-cost unit for field service of bus­
compatible eqUipment. 

In field service applications, the System Analyzer derives 
operating power and I/O signals directly from the system 
under test. It can stop the system at any point in its program, 
step through the program, change the contents of the system 
memory, and monitor and record the MPU's operation during 
a selected portion of the program without shutting down the 
operation. 

In EXORciser applications, it complements the system's 
inherent program development capabilities. In conjunction 
with the EXORciser and USE, it offers a powerful combination 
of development and diagnostic tools available for microcom­
puter work. 

MC6801 Development System MEX6801 
This product. upgrades EXORciser and EXORset for de­

velopment of MC6801-based systems. All three modes of 
MC6801 operation - single-chip, expanded multiplexed and 
expanded non-multiplexed - are supported by this system. 

This system is fully compatible with all current supporting 
hardware and software and includes the USE function. It 
allows real-time emulation of the MC6801 application hard­
ware and facilitates the debugging of software. 



MOTOROLA 
MICROCOMPUTER DEVELOPMENT SYSTEMS (continued) 

Resident System Software 

a-Bit Assemblers, 
Editors and Monitors 

M6800 and M6809 Development System 
Software Package 

Supplied with the Motorola floppy disk subsystem, 
EXORdisk, is a basic software development package con­
sisting of the Motorola Disk Operating System (MOOS), CRT 
Editor, Macro Assembler and Linking Loader. 

M6800/01/09 UP/Down Load M6800UPDWNLD, 
M6809UPDWNLD 

Permits a user to download software developed in a host 
system into an EXORciser or Micromodule; alternatively, 
memory-to-memory uploads are permitted between EXOR­
cisers, and a memory-to-file upload to an EXORmacs; pro­
vided in both a 2K PROM and two 1 K PROMS. 

8-Bit High Level 
Languages and Cross 
Assemblers 

M68MPLR020M/ 
M6800/M6809 MPL Compiler M6809MPL 

A high-level, user-oriented system programming language 
for the MC6800 and MC6809 MPU's, MPL is a block­
structured language with features chosen for applicability to 
the microprocessor environment. This compiler is designed 
to operate in an EXORterm or EXORciser floppy disk-based 
environment with "MOOS. 

M6800/M6809 FORTRAN 
M68FTNR012M/ 
M6809FORTRN 

Resident FORTRAN is a high-level programming language 
widely used for scientific and engineering problem solving. 
This FORTRAN Compiler, which is a subset of the ANSI 
standard FORTRAN IV, translates the source program into 
a relocatable object module. The Linking Loader converts the 
relocatable object code into an executable object file. 

M6800 Real-Time FORTRAN Compiler M68RTFR02M 
This FORTRAN Compiler enables the user to write real­

time software in a high-level language for use in M6800-
based Micromodule systems. It also contains an execution­
time operating system, allowing several queues of tasks to 
be performed, with an ability to respond to real-time interrupts 
and to generate delays. 

M6800 Resident BASIC Interpreter M68BASR010M 
The Resident BASIC Interpreter provides another problem­

solving tool to the M6800 microcomputer family of products. 
BASIC is high-level programming language widely-used for 
education, general-purpose, and certain business-related 
applications. Decimal arithmetic, string variables and arrays, 
string functions, and printer output are several of the features. 

M6809 BASIC-M Interactive Compiler M6809BASMR 

The BASIC-M Interactive Compiler provides an extension 
over standard BASIC in two major directions. It improves 
considerably the capabilities of the BASIC programming lan­
guage and generates executable codes that can be used 
independently of the compiler itself. The compiler is available 
for M6809-based EXORciser. 

M6809 Pascal M6809PASCLC 
M6809 Pascal produces relocatable object modules that 

may be linked with other separately compiled Pascal modules 
and/or assembly language modules. The object code is po­
sition independent, re-entrant and ROMable. Both a Compiler 
which produces a relocatable object module, and an Inter­
preter version are available for M6809-based EXORciser 
systems. 

EXORciser CRT Editor M68EDITM 
EDITM is a memory resident record key oriented text editor 

that can do CRT editing on a line-by-line basis using only the 
left and right cursor functions and a few easy to remember 
control key sequences. EDITM can edit up thru a 132 char­
acter line, can be run under CHAIN command control, has 
error recovery procedures, and is USER configurable for dif­
ferent CRTs and default conditions. 6800 and 6809 versions 
of EDITM are included. 32K RAM minimum. 

M68XDOC/ 
EXORsetlEXORciser Document Processor M68MDOC 

DOC is a powerful text processing program. Any editor 
may be used to imbed the DOC processor commands with 
DOC interprets and formats in the output text. Among the 
many features are: file concatenation (book chapters), mUl­
tiple file input (form letter/address file), automatic table of 
contents generation, automatic page numbering, left/right/ 
center text justification, conditional text, and multiple line 
spacing. 24K RAM minimum. 
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MOTOROLA 
MICROCOMPUTER DEVELOPMENT SYSTEMS (continued) 

Peripherals 

Use of appropriate peripheral devices can generate sav­
ings by affording faster program development. Each Motorola 
peripheral is supplied with the necessary circuitry to perform 
the necessary development system interface function. 

EXORterm 155 M68SXD10155A 
EXORterm 155 is a video terminal which facilitates the 

exchange of data between the user and the development 
system via a high quality video interface in combination with 
keyboard entry and a serial communications link using 
speeds up to 9600 baud. 

EXORterm 155 uses LSI components of the M6800 family 
to provide control of the display.attributes, communication 
facility, terminal switch/indicator control, and keyboard inputs. 
The keyboard provides cursor control keys and special keys 
to invoke functions unique to the EXORciser and EXORmacs 
Operating Systems. These keys can also be used by the 
designer for special routines. An additional Text Edit mode 
feature permits multiuser editing. 

EXORterm 155 may be connected for either RS-232C or 
20/60 rnA current loop operation. Like the EXORterm 
Development System, this display console contains a high­
quality CRT with a full 1920-character screen and 7 x 9 ASCII 
characters. 

M68DSK2, M68DSK3, 
The EXORdisk M68KFD1102 

The EXORdisk is a dual floppy disk storage system with 
its own package of development software. EXORdisk is de­
signed to support either MDOS (the EXORciser Disk Oper­
ating System) or VERSAdos (the EXORmacs Disk Operating 
System). It facilitates high-speed data transfers through fast 
headsettling time and logical sector arrangement. An inter­
face card connects this storage system to the EXORmacs, 
EXORciser or EXORterm Development Systems. 

EXORdisk is available in various storage capacities. 
EXORdisk II offers 512K bytes of storage. It is a single-sided/ 
single-density dual drive system with up to 256K bytes of 
memory per diskette. EXORdisk III is a double-sided/single­
density dual drive system with total storage of 1 million bytes. 
An expansion unit is available for EXORdisk III which adds 
one additional disk drive and interconnecting cable to in­
crease storage to 2 million bytes. 

Hard Disk 
M68KHDS16-1, M68KHDS32-1, 
M68KHDS50-1, M68KHDS96-1 

The longer, more complex programs written for advanced 
16-bit processors like the MC68000 make much higher data 
transfer speed and larger storage capacity a necessity. New 
Hard Disk systems offer the EXORmacs user a choice of 
high speed mass storage. 

For multiuser operation in the EXORmacs system, Hard 
Disk is required to provide rapid storage and retrieval for a 
large number of files. Hard Disk storage greatly enhances 
and increases file access performance over a floppy disk­
based system. 

Dot-Matrix Printers 
M68SP702C10, 

MPRINT703 
Motorola dot-matrix printers are equipped with an interface 

module and/or an interconnection cable assembly that spe­
cifically adepts them to the various Motorola microcomputer 
development systems, including the EXORmacs, EXORciser, 
EXORterm and EXORset. In addition these interface acces­
sories permit the printers to be used with Motorola Micro­
modules to provide more complete availability of microcom­
puter system components. Printer specifications are as 
follows· 

FUNCTION 703 702 

Print Speed (cps) 180 120 
Lines-per-Minute (80 characters) 90 65 
Bidirectional Printing Yes Yes 

Dot-Matrix 7x7 7x7 
ASCII Character Set 96 64 
Tractor Feed Yes Yes 
Condensed Print (10-16.5 cpi) - -
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REFERENCE GUIDE: Selection by MPU/MCU Supported 
PRODUCT CATEGORY: EXORmacs (68000 only) 

Type Number Description 

M68KVM10-3 VERSAbus RAM 128K Bytes 
M68KVM11-1 VERSAbus RAM 256K Bytes 
M68KVM11-2 VERSAbus RAM 512K Bytes 
M68KHDD16-1 16 MB Hard Disk 
M68KHDD32-1 32 MB Hard Disk 
M68KHDD50-1 50 MB Hard Disk 
M68KHDD96-1 96 MB Hard Disk 
M68KMCCM Multichannel Communications Module 
M68KEXTM VERSAbus Extender Module 
M68KFD1102 EXORdisk III for EXORmacs 
M68KVAM VERSAbus Adapter Module 
M68KWW VERSAbus Wirewrap Module 
M68K703LP1 EXORmacs Printer 703, 110 V 
M68KRDS1 EXORmacs Remote Development Station with USE 
M68KRDS2 EXORmacs Remote Development Station without USE 
M68KMACSRK EXORmacs Rack Mount Kit 

PRODUCT CATEGORY: Systems Products 

0 0 
0 Q) C; 11)0 .... 
0 000 0 

Type Number 
co co co co co co 

Description co co co co co co 

M68K101-1 X VME/10 Microcomputer System - 5 MB 
M68K102B1 X VME/10 Microcomputer System - 15 MB 
MVMC682-114 X VMC 68/2 Microcomputer System 
M6809SET110 X X X X EXORset Microcomputer System 

PRODUCT CATEGORY: Instrumentation 

Type Number 

M68KHDS400 
M68KHDS16FB 
M68000HDS4 
M68008HDS4-8 
M68010HDS4-8 
M68HDS201 
M6804P2HM 
M6805P234HM 
MC6805RU234HM 
M6805S2HM 
M6805T2HM 
M146805E2HM 
M146805F2HM 
M146805G2HM 
M68BSAC 
M68BSA1-1 
M68BSA2 
M68BSA4 
M68BSA5 
M68BSA6 
MEX6801EVM 
M68120EVM 
M68705EVM 
M1468705EVM 

X X X 
X X X 
X 

X 
X 

X 
X 

X X X 
X 

X 

X X X X 
X 

X X 
X X 
X 
X 

X 
X 

X X 

X 
X 

X 
X 

X 
X 

Description 

HDS-400 Control Station 
HDS-400 Personality Module 
MC68000 Emulator Module 
MC68008 Emulator Module 
MC68010 Emulator Module 
HDS-200 Control Station 
MC6804P2 Emulator Module 
MC6805P2,P4,P6, MC68705P3,P5 Emulator Module 
MC6805R2,R3,U2,U3, MC68705R3,U3 Emulator Module 
MC6805S2 Emulator Module 
MC6805T2 Emulator Module 
MC146805E2 Emulator Module 
MC146805F2, M1468705F2 Emulator Module 
MC146805G2, M1468705G2 Emulator Module 
Bus State Analyzer Control Module 
MC68000 BSA Personality module 
M6800 Family Personality Module 
MC6801, MC68121 Personality Module 
VERSAbus Personality Module 
EXORbus Personality Module 
MC6801 Evaluation Module 
MC68120 Evaluation Module 
MC68705 Evaluation Module 
MC1468705 Evaluation Module 

8·15 

I 



PRODUCT CATEGORY: EXORciser 

0 C'II 
00 

-0) ~~ 00-_00 i Type Number ..,.coco coco Description -coco coco co 

MEX681C2 X X X I/O Interconnect Cable (Use with MEX6821-2) 
MEX68RK2 X X X X Rack Mounting Kit EXORciser I & II 
MEX68RR X X X X EPROM/RAM Module 
MEX68SA X System Analyzer 
MEX68SA2 X System Analyzer II 
MEX68USEC X User System Evaluator 
MEX68USM X X Universal Support Module 
MEX68WW X X X Wirewrap Module 
MEX68XT3 X X X Extender Module 
MEX6801EVM X Evaluation Module 
MEX6801 EVM1 X 68701 Programming Module 
MEX6801 X Development System 
MEX6802-46 X MC6802/46 Support Module 
MEX6808-22 X X X X X 8K Static RAM Module with Parity 
MEX6809KT X 6809 Upgrade for EXORciser or EXORterm 
MEX6812-1 X X X X X 2K Static RAM Module 
MEX6816-1HR X X X X X 16K Dynamic RAM Module with Hidden Refresh 
MEX6816-22D X X X X X 16K Dynamic RAM Module with Parity 
MEX6816-22S X X X X X 16K Static RAM Module with Parity 
MEX6821-2 X X X X X Input/Output II Module 
MEX6832-1 HR X X X X X 32K Dynamic RAM Module with Hidden Refresh 
MEX6832-22 X X X X X 32K Dynamic RAM Module with Parity 
MEX6845 X X X X X MC6845 CRT Controller Module 
MEX6848-1 HR X X X X X 48K Dynamic RAM Module with Hidden Refresh 
MEX6848-22 X X X X X 48K Dynamic RAM Module with Parity 
MEX6850 X X X X X ACIA Module 
MEX6850-2 X X X X X ACINSSDA Module 
MEX6854 X X X X X MC6854 ADLC Support Module 
MEX6864-1HR X X X X X 64K Dynamic RAM Module with Hidden Refresh 
MEX6864-22 X X X X X 64 Dynamic RAM Memory with Parity 
MEX68488 X X X X X MC68488 GPIA Support Module 
M68BASR010M X Resident BASIC Interpreter on 6800 MOOS Diskette 
M68FTNR012M X Resident FORTRAN Compiler and linking Loader on 6800 MOOS Diskette 
M68MPLR020M X Resident MPL Compiler on 6800 MOOS Diskette 
M68PANEL220 X X X X X 6809 Front Panel Conv. of EXORterm 200 
M68PP3 X X X X PROM Programmer III 
M68PP3-1 X X X X Personality Module & Software for PPIII to allow Programming of MCM2532 and 

MCM68764 
M68RTFR02M X Resident Real-Time FORTRAN Compiler on MOOS Diskette for 6800 
M6800DOWNLD X X 6800/6801 Down-line-Load ROM 
M6800EXOR X M6800 EXORciser II Development 
M6800EXORU X M6800 EXORciser II USE Development System 110 V 
M6800SMDOS X 6800 GRT Editor/Macro Assembler with MOOS 
M6800XASMBL 1 X X 6800/6801 Cross Macro Assembler 
M6805MASC01 M X 6805 Cross Macro Assembler and linking Loader on MOOS Diskette 
M6809DOWNLD X 6809 Down-line-Load ROM 
M6809EXOR X M6809 EXORciser II Development System 110 V 
M6809FORTRN X 6809 Resident FORTRAN Compiler 
M6809MASC01 M X 6809 Cross Macro Assembler and linking Loader on MOOS Diskette 
M6809MPL X 6809 Resident MPL Compiler on MOOS Diskette 
M6809PASCLC X 6809 Resident PASCAL Compiler 
M6809SA X System Analyzer II 
M6809SMDOS X 6809 CRT Editor/Macro Assembler with MOOS 

I 
M6809USE X User System Evaluator 
M6833 X X X X X Blank Diskettes (SS/SD) 
M6834 X X X X X Blank Diskette (DS/SD) 
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PRODUCT CATEGORY: PERIPHERALS 

0 
0 CJ) It) NO 
0 0 0 00 

Type Number 00 00 00 0000 Description CD CD CD CD CD 

M68DSK2 X X X X EXORdisk II 110 V 
M68DSK3 X X X X EXORdisk 111110 V 
M68SFDRK3 X X X X Rack Mounting Kit, EXORdisk II and III 
M68SFDU1102E X X X X EXORdisk IIiE Expansion Unit, 110 V 
M68SP702C10 X X X X Microsystems Printer 702, 110 V 
MPRINT703 X X X X X Microsystems Printer 703, 110 V 
M68SXD10155A X X X X X EXORterm 155 
M68KHDS32-1 X 32MB Hard Disk 
M68KHDS96-1 X 96MB Hard Disk 
M68KHDE32-1 X 32MB Hard Disk Expansion 
M68KHDE96-1 X 96MB Hard Disk Expansion 
M68CART X Hard Disk Cartridge 

PRODUCT CATEGORY: VMEmodules (68000 family) 

Type Number Description 

MVME101 68000 Monoboard Microcomputer 
MVME110 68000 Monoboard Microcomputer with I/O Channel Interface 
MVME200/201 64K and 256K Byte Dynamic Memory 
MVME210 Static RAM/ROM Board 
MVME300/310 GPIB Controller Modules 
MVME310 Universal Intelligent Peripheral Controller 
MVME315 Intelligent DMA SASI Interface and Floppy Disk Controller 
MVME930 VMEbus Extender Board 
MVME931 VMEbus Wirewrap Board 

PRODUCT CATEGORY: VERSAmodules (68000 family) 

Type Number Description 

M68KORMS68K M68000 Real-Time Multitasking, Software (Object) on EXORmacs Diskette 
M68KVM01A1 68000 16-Bit Monoboard Microcomputer, 32K RAM 
M68KVM01A2 68000 16-Bit Monoboard Microcomputer, 64K RAM 
M68KVM02 68000 16-Bit Monoboard Microcomputer, 128K RAM 
M68KVM03 68010 16-Bit Monoboard Microcomputer, 10 MHz, 256K RAM 
M68KVMCC1 4-Slot Card Cage 
M68KVMCH1-1 VERSAmoduie System Chassis, 15 Amps-5 Vdc, 110 V 
M68KVM10-3 128K Byte Dynamic RAM Module 
M68KVM11 256/512K Byte Dynamic RAM 
M68KVM20 Floppy Disk Controller Module 
M68KVM21 Universal Disk Controller 
M68KVM30 4-Channel Serial Communication Module 
M68KVM60 Universal Intelligent Peripheral Controller Module 
M68KVBUG VERSA bug Debug Monitor Firmware Package I 
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PRODUCT CATEGORY: MICROMODULES 

0) NO 
0 00 

Type Number co coco Description co coco 

M6SBASRC1 X Resident BASIC Interpreter ROM Set (MINIBUG II-Based) 
M6SBASRC2 X Resident BASIC Interpreter ROM SEt (MICRObug-Based) 
M6SBASRM2 X Resident BASIC Interpreter Module (Micromodules) 
M6SEAB1 X Resident Editor/Assembler and BASIC Interpreter Module (MINIBUG II-Based) 
M6SEAB2 X Resident Editor/Assembler and BASIC Interpreter Module (Micromodules) 
M6SMMCC05 X X X Card Cage, 5-Card 
M6SMMCC10 X X X Card Cage, 1 a-Card 
M6SMMFLC1 X X X Front Load Chassis, 14 Card, 110 v 
M6SMMFLK X X X Rack Mounting Slide Kit, FLC 
M6SMMLC1 X X X Long Chassis, 10-Card, 110 V 
M6SMMLK X X X Rack Mounting Kit, Long Chassis 
M6SMMPS1-1 X X X Micromodule, EXORciser, EXORterm, DC Power Supply, 110 V 
M6SMM01A2 X Monoboard Microcomputer (with four 2K x S EPROM/ROM Sockets) 
M6SMM01B1A X Monoboard Microcomputer 
M6SMM01D X Monoboard Microcomputer 
M6SMM03 X X X 32/32 Input/Output Module 
M6SMM03-1 X X X 32/32 Input/Output Module (with 4.7K Termination Option) 
M6SMM03-2 X X X 32/32 Input/Output Module (with 330/220 Termination Option) 
M6SMM04A X X X 16 Socket EPROM, ROM or RAM Module 
M6SMM05A X X X S-Channel, 12-Bit Differential Input AID Module 
M6SMM05B X X X 16-Channel, 12-Bit Single Ended Input AID Module 
M6SMM05C X X X Quad 12-Bit D/A Module 
M6SMM07 X X X Quad Communication Module 
M6SMMOSA X MICRObug Module-Consisting of MICRObug ROM (Use with MM01A2) 
M6SMM09 X X X 4K CMOS RAM with Battery Backup 
M6SMM10B X X X Power Fail Detect Module with Battery Backed-up CMOS Time-of-Day Clock/Calendar 
M6SMM11 X X X RS-232C to TTY Adapter Module 
M6SMM12 X X GPIB ListeneriTalker/Controlier Module (with 6S00 Firmware) 
M6SMM12-1 X GPIB ListeneriTalker/Controlier Module (with 6S09 Firmware) 
M6SMM12A X X X GPIB ListeneriTalker Module 
M6SMM13A X X X Digital-Output (Contact Closure) Module - 16 Outputs 
M6SMM13B X X X Digital-Output (Contact Closures) Modules - 32 Outputs 
M6SMM13C X X X Optically Isolated Digital Input Module-24 Voltage Inputs 
M6SMM13D X X X Optically Isolated Digital Input Module-24 Contact Closure Inputs 
M6SMM14 X X X 2 MHz Hardware Arithmetic Processor Unit 
M6SMM14A X X X 3 MHz Hardware Arithmetic Processor Unit 
M6SMM15A X X X High-Level AID Module 16 Channel 
M6SMM15A1 X X X High-Level AID Module 32 Channel 
M68MM15B X X X Low-Level AID Module 
M6SMM15CV4 X X X High-Level Voltage D/A Module 4 Channel 
M6SMM15CI4 X X X Current D/A Module 4 Channel 
M6SMM16 X X X Combo ROM, RAM and I/O (Parallel and Serial) (1 or 2 MHz) 
M6SMM17 X 6S09 Monoboard Microcomputer 
M6SMM19A X 6S09 Monoboard Microcomputer (2 MHz) (For new deSigns use MM19A1, up to 32K 

EPROM) 
M6SMM19SB X SUPERbug Firmware ROM 
M6SMMI/OC X X X Parallel I/O Adapter Set 
M6SXEARC1 X X Resident Editor/Assembler ROM Set (MINlbug II/MICRObug-Based) 

I 
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VMEmodules 

VMEmodules from Motorola incorporate the high perfor­
mance MC68000, the internationally accepted Eurocard for­
mat, the defacto industry standard 16-bit VMEbus, and the 
new and flexible I/O Channel, all combined in the most ver­
satile and latest state-of-the-art approach to the modular 
systems concept. 

The MC68000 MPU 
You've seen the benchmarks, and the results - MC68000 

has emerged as the acknowledged microprocessor leader 
in the 16/32 bit performance class. Its architecture is designed 
for optimal support of the latest high-level languages, and it 
directly addresses 16 Megabytes of memory (instead of one 
Megabyte for most of the competition). Its 32-bit internal fea­
tures mean easy growth to full 32-bit capability as your needs 
grow into the future. VMEmodule products put the MC68000 
MPU to work in a modular structure that has achieved world­
wide acceptance and support, both by users and manufac­
turers of microcomputer subsystems. 

Worldwide Standard Package: Eurocard 
Developed as a de facto standard in Europe, the Eurocard 

mechanical format is rapidly gaining worldwide acceptance 
of modular applications in a broad range of laboratory and 
industrial automation environments. And for good reason 
- the Single and Double Eurocard circuit boards and card 
cages in the VMEmodule product line offer a convenient size, 
plus pin-and-socket bus connectors to give you an extra 
margin of confidence of reliability in the more severe appli­
cation environments. 

Multiprocessing 16/32 Bit VME Bus 
The VME bus doesn't lock you into today's technology. It 

has the inherent power and capabilities to adapt to any num­
ber or types of popular processors for true multiprocessing 
applications; and, you can use as many bus masters as you 
need. 

BASIC-M. I/Omodule. RMS68K. VMEbus. VERSAbug. 

VERSAdos. VERSAmoduie and VMEmodule are trademarks of Motorola Inc. 

With the VME bus, you can mix 8, 16, and 32-bit processors 
in the VME backplane. It operates asynchronously at high 
speed, and provides 7 interrupt plus 4 bus arbitration priority 
levels to allow total flexibility. 

I/O Channel Expands Capabilities 
The VMEmodule system architecture supports the 1/0 

Channel feature described elsewhere in this publication. 
Briefly, the I/O Channel isa buffered extension of the on­
board processor bus, allowing the system to be easily 
custom-tailored with the addition of input/output functions in 
small modular amounts both within and external to the VME 
card cage. The I/O Channel promotes efficient system utili­
zation by allowing I/O transfers to proceed at rates up to 2 
megabytes per second, independently of other on-going ac­
tivity in the higher-speed VMEbus system interconnect. 

Powered by High Performance Software 
VMEmodule products are designed for demanding lab and 

industrial automation environments where quick, accurate 
response to multiple random events is essential - and 
Motorola's RMS68K Real-Time Multitasking Executive soft­
ware for the VMEmodule Monoboard Microcomputer pro­
vides the nucleus around which complete real-time applications 
can be built. For those applications where large data files 
and mass storage resources must be handled efficiently, 
there's the full-featured VERSAdos Operating System. Stan­
dard device drivers are provided with both VERSAdos and 
RMS68K for interfaces and devices supplied by Motorola, 
and both systems make provisions for easy addition of user­
supplied device drivers. Both the RMS68K Executive and the 
full VERSAdos System are rapidly emerging as the standard 
real-time system structure for MC68000-based applications. 

To provide diversified programming capabilities for 
VMEmodule-based projects, Motorola supplies not only an 
advanced Structured Macro Assembler, but also efficient 
Pascal and FORTRAN Compilers. 
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VMEmodules 
And to offer streamlined debugging capabilities, the 

VMEbug Debug Monitor firmware is available either in ROM 
or on disk for use with the VMEmodule Monoboard 
Microcomputer. . 

Modular Subsystems elevate the starting point for micro­
computer system design from the "components" level to the 
board level. And, just as there are variations in microproces­
sors for different end-use requirements, there are families of 
modular subsystems to best serve these varying demands. 
Thus, the VMEmodule family joins the existing Motorola 
Micromodule 8-bit family and the VERSAmoduie 16-bit family 
of modular microsystem products to let the user tailor his 
system to his specific needs. 

VMEmodules provide a degree of performance and flexi­
bility that bridges the gap between the lower-level 8-bit pro­
cessing tasks (the Micromodule domain) and the highend 
computation and memory-intensive challenges that are the 
domain of the physically larger and more complex 16/32-bit 
VERSAmodules. This spectrum of microsystem products of­
fers the most cost effective solution to complex systems -
perhaps distributed control systems - with the right perfor­
mance elements at each processing node of the system. 

The Intangible Extras-
When you select Motorola microsystem products for your 

system design, you get not just the hardware and software, 
but a host of built-in benefits of almost equal importance. 
Among these: 
• A field-proven line of thoroughly tested products that 

assure highly reliable system operation. 
• A time-tested set of support tools and documentation 

that simplify system design and operation. 
• A nationwide field-sales and service network that offers 

design and applications support before, during and 
after the sale. 

A mature training program at various levels that offers 
group training at specified locations as well as in the cus­
tomer's own establishment. 

A product line that continues to expand to take full advan­
tage of new developments for increasing capabilities, im­
proving performance and allowing more efficient operation. 

Multiple Sources of VME Compatible 
Products - Worldwide 

Development of the VME bus structure represents the com­
bined technical efforts of Motorola and a number of other 
major international electronics companies. The initial an­
nouncement in Europe met with very positive reactions from 
potential users and vendors the world over, with the result 
that the original participants are being joined by increasig 
numbers of companies planning to supply such products. 
These sources are united through the activities of the VME 
Bus Manufacturers Group, which meets four times a year in 
technical forum to help assure the user community of a high 
degree of technical compatibility between products, and to 
make available to the public a comprehensive list of suppliers. 

TYPICAL VMEmodule 
APPLICATION 

VME bus 

WINCHESTER THERMOCOUPLES POWER SUPPLIES AC MOTORS 
FLOPPY STRAIN GAUGES SERVO MOTORS AC SOLENOIDS 

VMEmodule Line* 
VMEmodules' - VMEbus compatible, Double Eurocard 

Format. 
MVME101 - MC68000 Monoboard Microcomputer with two 

serial ports and one parallel port on board. 
MVME110 - MC68000 Monoboard Microcomputer with I/O 

Channel support for extended I/O functions. 
MVME200/201 - 64K byte and 256K byte Dynamic RAM 

Modules with data parity check. 
MVME210 - Static RAM/ROM Board providing up to 128K 

bytes storage capacity. 
MVME300 - GPIB Controller meeting full IEEE 488-1978 

standard. 
MVME310 - Universal Intelligent Peripheral Controller with 

35% of board area in wirewrap for customer applications. 
MVME315 -Intelligent DMA SASI interface and floppy disk 

controller. 
MVME930 - VMEbus Extender Board 
MVME931 - VMEbus Wirewrap Board 
'See also the list of I/O modules on another page in this catalog for additional 
I/O functional elements supporting the VMEmodule line. 

Software 
MVMEBUG - Debugging Packages for VMEmodule Mono­

board Microcomputer with single-line Assembler/ 
Disassembler. 

M68KORMS68K - M68000 Real-Time Multitasking Exec­
utive provides task scheduling and synchronization for any 
number of tasks. 

M68KOVDOS - OEM VERSAdos Operating System is a 
real-time multitasking MC68000 based system oriented to 
hard disk operation. 

Packaging 
VMEmodule and I/Omodule Card Cages, Chassis, Power 
Supplies and Backplanes. 
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VERSAmodules 

VERSAmoduie circuit boards are microcomputer building 
blocks from Motorola, based on the state-of-the-art 16-bit 
MC68000 Microprocessor. They are part of a family of mod­
ular building block products that provide the system designer 
ready-to-run hardware and software. VERSAmoduie building 
blocks drastically reduce the total cost of bringing together 
a fully configured custom microcomputer-based system ... 
by saving development time, engineering talent, and money 
as well. 

With VERSAmoduie products, you minimize the risks of 
design limitations and system obsolescence while keeping 
your system tied to the leading edge of technology. Your 
system is built around the most advanced 16-bit micro­
computer available today ... incorporating sophisticated ar­
chitectural features to enhance system performance. The full 
range of available software products and applications de­
velopment tools assure early system completion. And Mo­
torola's experienced support staff is available to help, any 
time. 

Use Today's Most Advanced 16-Bit 
Microcomputers 
The VERSAmoduie Monoboard Microcomputers (VM01A 
and VM02) are the most powerful and versatile 16-bit single­
board microcomputers available. They achieve a higher de­
gree of computing power, memory capacity and tailorability 
by combining the MC68000 MPU with other on-board fea­
tures. Such on-board features as I/O Channel interface, 
VERSAbus interface, bus arbitration logic, dual port RAM, 
multiprotocol serial I/O, parallel I/O, programmable timer/ 
counters, and RAM with battery back-up capability enable 
these VERSAmoduie Monoboards to handle applications 
ranging from those using a single processor through those 
requiring complex multiprocessing structures. 

VERSAbus Architecture Enhances 
System Performance 
VERSAmoduie boards are interconnected in a system using 
the VERSAbus interconnect standard. The high-speed 
VERSAbus interconnect is characterized by asynchronous 
operation supporting direct memory addressing and true 
multiprocessor operation. Unlike other popular bus struc­
tures, VERSAbus architecture does not limit the number or 
types of processors that can be used in multiprocessing ap­
plications. The number of "bus masters" or main processor 
boards is limited only by the number of card slots in the 
particular VERSAbus backplane being used. Furthermore, 
several lines within the VERSAbus structure enhance system 
reliability and integrity by providing for efficient self-diagnosis 
... resulting in minimum system downtime. 

BASIC-M. I/Omodule. RMS68K. EXORmacs. EXORbus. VERSAmodule. 
VERSAbus. VERSAdos. and VERSAbugare trademarks of Motorola. Inc. 
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Cost-Effective 1/0 Channel Increases 
System Flexibility 
The I/O Channel is an advanced architectural feature of 
VERSAmoduie Systems that allows greater system flexibility 
and low incremental cost for I/O expansion. The I/O Channel 
has a 12-bit address bus, 8-bit bidirectional data bus, 4K 
Bytes of memory-mapped I/O, and a data transfer rate of up 
to 2 Megabytes per second. 

VERSAdos Real-Time Disk Operating System 
The VERSAdos Operating System Software employs mod­
ular design of its major programs to allow easy addition of 
user functions with minimal cost. It contains a file manage­
ment package and additional device-independent I/O sup­
port. The VERSAdos System is available with software 
drivers for both floppy and hard disk storage, and incorporates 
redundant safeguards against system failures. Optimum pro­
cessor and memory utilization are achieved through true 
multitasking and dynamic memory allocation/deallocation. 

RMS68K Real-Time Multitasking Executive 
For real-time applications that do not require auxiliary mass 
storage (disk), and efficient Real-Time Executive may provide 
all the required systems functions. 

The RMS68K Real-Time Multitasking Executive provides 
the nucleus around which real-time applications can be built. 
It allows a wide variety of application systems without large 
expenditures for complex real-time and multitask control func­
tions. RMS68K is ROMable, meaning that the executable 
code for your entire system could be placed in ROM. In ad­
dition, the RMS68K System customizes your system by al­
lowing you to add your own device drivers and select only 
those functions that you need. Compatibility with VERSAdos 
and debug software packages helps reduce the cost of soft­
ware maintenance over the life of your system. 

VERSAbug Debugging Packages 
The VERSAbug debug package provides a powerful evalu­
ation and debugging tool for VERSAmoduie Systems. It per­
mits full-speed execution of system and user-developed pro­
grams operated in a VERSAmoduie Monoboard Microcomputer 
environment under complete operator control. 

VERSAbug software is available as a system debug mon­
itor, in a pre-configured EPROM resident package, or as 
source and relocatable object modules, packaged on diskette 
or cartridge disk, allowing you to easily create your own 
application-specific version in a matter of hours. In either 
package, VERSAbug software gives you a powerful tool for 
reducing system development and continuing maintenance 
costs. I 
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VERSAmodules 
Complete Your System ... On Schedule 
With VERSAmoduie products, the lion's share of your sys­
tem's hardware design, debug, assembly and test is done for 
you. The mature operating system software is already de­
veloped and debugged, too. You can begin developing your 
applications software immediately, in order to respond faster 
to customer requirements, penetrate fast moving market win­
dows, or automate a critical activity sooner. The result ... 
higher profitability. 

Use Your Resources Efficiently 
Since your costly and often limited technical resources are 
not needed to design or debug the basic computer system 
hardware, you can concentrate on the value-added areas of 
applications software and any unique hardware require­
ments. In other words, you apply your scarce resources to 
the area you know best ... your application. 

Lower Your Non-Recurring Costs 
The rising costs to design, develop and debug basic system 
hardware are reduced by using VERSAmoduie products. But 
the cost savings don't stop here. The powerful applications 
development tools supporting the VERSAmoduie family 
greatly facilitate the development and debugging of your ap­
plications software and any specialized hardware. This allows 
you to get it right the first time ... avoiding costly redesigns 
and project delays. 

VERSAmoduie CIRCUIT BOARDS 

Monoboard Microcomputers 
VM01 A Monoboard Microcomputer - MC68000 MPU, 32/ 

64K Byte RAM, Sockets for 64K Byte ROM, four parallel 
I/O ports, two serial I/O ports. 

VM02 Monoboard Microcomputer - MC68000 MPU, 128K 
Byte dual-port RAM, Sockets for 64K Byte ROM, two Mul­
tiprotocol serial I/O ports. I/O Channel Interface. 

VM03 Monoboard Microcomputer - MC68010 MPU at 10 
MHz, MC68451 MMU, 256K DRAM, Sockets for 64K Byte 
ROM, two Multiprotocol serial I/O ports and liD Channel 
Interface. 

Memory Modules 
VM10 Random Access Memory-128K Byte Dynamic RAM, 

Byte Parity, 16-bit data/word length. 
VM11 Random Access Memory - 256/512K Dynamic RAM, 

Error detection and correction, 16/32-bit data word length. 
VM80 Combination ROM/RAM/I-O - 0/128K Byte Dynamic 

RAM, Sockets for 256K Byte ROM, six parallel I/O ports, 
two Multiprotocol serial I/O ports. 

Controllers 
VM20 Floppy Disk Controller - Up to 4 floppy disks, 2M Byte 

formatted floppy capacity, On-board IPC with data buffer. 
VM60 Universal Intelligent Peripheral Controller - 4K Bytes 

on-board RAM, Up to 32K Bytes ROM, DMA data transfers, 
Wire wrap area for custom user interface. 

iii o 
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Product Lifetime Quantity 

Make 

VM21 Universal Disk Controller - UP to 4 floppy disks, Up 
to 2 SMD compatible hard disks, Up to 516 M Byte for­
matted disk capacity, On-board IPC with data buffer. 

VM30 Multi-Channel Communications Module - four RS-
232C serial I/O ports, One parallel printer port, ON-board 
IPC with data buffer. 

Support 
RSC1 Remote Serial Conversion Module - RS-232C to RS-

449 or multidrop port, Synchronous or asynchronous op­
eration, Half or full duplex, Eurocard form factor. 

System Packaging and Accessories - 5% inch Chassis, 
Stand-Alone Card Cage, Power Supplies, Cabling Options, 
I/Omodule Card Cage, Mass Storage Enclosure, Industrial 
Card Cage System Package, VERSAbus Adapter Module. 

Addition I/O 
All of the I/0moduies described under I/Omodules in this 
catalog are compatible with the I/O Channel on VERSAmoduie 
02, thus extending many additional I/O and control functions 
to the VERSAmoduie product family. 

FUTURE VERSAmoduie PRODUCTS 
Motorola currently offers more than 20 individual hardware 
and software products in the VERSAmoduie and I/Omodule 
product lines. But beyond these, Motorola engineers are at 
work planning and designing future products to ensure con­
tinual expansion of the VERSAmoduie product line. New 
hardware and software products will incorporate the latest 
technology in easy-to-use building-block form. Future family 
members will include higher-performance single board com­
puters, higher-density memory modules, and new intelligent 
device controllers ... all of which take advantage of ad­
vancements in LSI technology. I/Omodule products will ex­
pand the offering of popular industry interfaces and new soft­
ware will bring advanced tools like applications-oriented 
languages and multiprocessor capability for the VERSAdos 
Operating System. Other announcements from Motorola, 
plus those from independent vendors offering VERSAbus­
compatible products, will assure an even broader selection 
of useful products in the future. 
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1I0moduies 

The 1/0 Channel is a new system architectural concept sup­
ported in Motorola Microsystem products which allows mod­
ular 1/0 expansion on the local processor bus. 

This frees the system bus to handle simultaneous high­
speed data exchange and multiprocessor access require­
ments while permitting most lower speed system 1/0 activity 
to take place through the local 1/0 Channel. Thus, the ad­
vanced 1/0 Channel architecture affords great flexibility in 
1/0 intensive applications such as high speed data acquisition 
and distributed control. 

More than a dozen defined II0moduie products already 
support the Motorola modular product line. The family wi" 
grow into the future with additional offerings from Motorola, 
and with a variety of 1/0 Channel compatible products from 
other vendors. Should you desire to design custom 1/0 Chan­
nel modules for your specific needs, that task is made easier 
by a comprehensive 1/0 Channel Specification Manual avail­
able from Motorola. (M68R101/D1) 
The 1/0 Channel provides the following features: 

• 12-bit address bus 
• 8-bit bidirectional data bus 
• Asynchronous operation 
• Up to 2 megabyte transfer rate 
• Four interrupt lines 
• Reset line 
• 4 MHz free running clock line 

The figure below illustrates how a system might be configured 
using a ribbon cable bus 1/0 Channel. The bus master is 

50WIRE 
RIBBON CABLE 

CARRIES 
SIGNALS 

ONLY 

64WIRE 
RIBBON 

CABLE CARRIES 
SIGNALS PLUS 

DC POWER 

typically a computer, but may also include a DMA controller 
for transferring blocks of data to or from a slave device at 
high speed. 

I/Omodule Product Line 
A. I/Omodules - 1/0 Channel Compatible, Single Euro­

card Format. 
MVME400 - Dual Channel RS-232C Serial Port pro­

viding two independent, fu"-duplex serial inputloutput 
ports. 

MVME410 - Dual Channel 16-bit Para"el Port, four in­
dependent 8-bit ports jumper or software configurable 
as inputs or outputs. 

MVME420 - SASI '" Peripheral Adapter provides inter­
face to SA 1400 Shugart Associates SASI Bus. 

MVME435 - Buffered 9-Track Magnetic Tape Adapter 
to interface industry standard 800/1600 BPI, '12" Mag­
netic Tape Formatter. 

MVME600 - Analog Input Module with 16 channel 
single-ended or 8 channel differential operation. 

MVME605 - Analog Output Module with 4 independent 
channels and 12-bit resolution. 

MVME610/615/616 - Opto Isolated 120V 1240V AC 
Input/Output modules with eight independent 1/0 
Channels. 

MVME620/625 - Opto Isolated 3VDC Input/Output 
modules with eight channels and isolation to 2500 
Volts. 

MVME932 - 1/0 Channel Extender Board. 
MVME933 - 1/0 Channel Wirewrap Board. 
MVME935 - 1/0 Channel Extender Board which con­

verts DIN connector to 50-pin dual row header. 
B. I/Omodules - 1/0 Channel Compatible, Non-Eurocard 

Format. 
M68RWIN1-1, M68RWIN1-2 - Winchester Disk Con­

troller for 5'12" or 8" Winchester and Floppy Disk drive 
combinations. 

M68RI01 - Remote InputlOutput Module provides par­
a"el 1/0 oprations and wi" accept up to 16 compatible 
solid state relay input and output modules. 

M68RAD1 - Remote Inte"igent Analog-to-Digital Con­
version Module controlled by an on-board Inte"igent 
Peripheral Controller. 
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Micromodules 

The Motorola line of Micromodules offers a selection of 
modular subsystems that permits a high degree of end­
product customization. It is supplemented by a sophisticated 
library of development software with high-level language in­
terface to simplify man-machine interaction. An array of pack­
aging accessories provides the proper physical environment 
for the system assembly. 

Utilizing Motorola's extensive family of 8-bit MPU­
compatible chips, Micromodules are tailored to meet the per­
formance objectives of most industrial automation and data 
acquisition applications. They are priced to compete favor­
ably with in-house development and manufacturing costs 
and, in many instances. they represent the most cost-effec­
tive means for rapid, reliable system implementation (or even 
for prototyping chip-implemented systems.) 

The Modular Building Blocks 
The Micromodule Family is based on a selection of differ­

ently configured single-board microcomputers. These vary 
in capabilities and applications as a result of differences in 
on-board microprocessors, as well as memory and I/O con­
tent. For some requirements, a single monoboard microcom­
puter module, supplemented by a suitable enclosure, a power 
supply and your applications program, will adequately serve 
your total needs. For other more demanding applications, the 
Family offers a wide range of expansion modules which tailor 
the system to your ultimate requirements. 

Software Support 
To ease programming load and allow programmers to con­

centrate on the end product application, incorporate the 
M6809 Real-time Multitasking System (RMS09) as the ex­
ecutive kernal around which a real-time applications system 
can be built. RMS09 is a flexible collection of systems routines 
from which the user can customize or 'sysgen' supervisor 
routines and interrupt handling routines tailored as simple or 
as complex as the application system requires. 

Also available for MC6809-based systems is SUPERbug, 
a high performance monitor which also provides the facility 
for linking relocatable modular software routines that can be 

D-A Converters-Ali inputs are TTL compatible. 
Analog 

Part No. of Input Output Range 
No. Channels Voltage Current 

M68MMOSC 12-Bit Binary O-S, 0-10 
± 2.S, ± S 

± 10 

M68MM15CV 1 to 4" 12-Blt Bmary or 0-5,0-10. 
two's - 5. - 10 

complement 

Comments 

Output Voltage 
Range option is 
strap selectable 

Input Code and 
Output Voltage 
Range Options 

are strap 
selectable 

M68MM1SCt 1 to 4* 12-Bn Binary or 0-5,0-10, 410 Voi1age or 
two's ± 5. ± 10 20mA Current output 

complement device with strap 
selectable current 
or voltage range 

options. 

111 Add suffiX 1 through 4 to part number to denote number of channels reqUired 

independently written and executed from EPROM, ROM or 
RAM. For MC6800-based Micromodules, there is MICRObug 
Monitor, with system software and hardware debugging ca­
pability. Also available are Editor/Assembler and Basic In­
terpreter packages. 

MONOBOARD MICROCOMPUTER 

SELECTION GUIDE 

PereUell Serleil/O 1 Memory J 
Pert No. 1/0 

RS-232C 
ROM RAM 

RS-422 20mA C.paclty (Byte.) 

MC8SOO/MC8802 Ba.ed, 1 MHz Clock R.t. 

M68MMOIB I PIA To 4K1Ir* 
1 PTM 

M68MMOl 3 PIAs To 4K** lK 

M68MM01A2 2 PIAs 1 ACIA To 8K** lK 

M68MM01B1A 1 PIA I ACIA To 4K** 384 
1 PTM 

M68MM010 Printer 1 ACIA (Opt) To 10K** 
Port + 

1 PTM 

MC8809-Ba.ed; Clock Rata 1 MHz, axcapt M68MM19Al-2MHz 

M68MM17 1 PIA 2 ACIA To 64K** To 
1 PTM 64K** 

M68MM19-1 1 PIA 1 ACIA (Opt) To 32K** 2K 
19A1 1 PTM or SSOA + 

NOTES: 
+ = Option requires minor board modifications 

= Option requires addition of Micromodule MM11 
(RS-232C to 20-mA Current-Loop Adapter) 

•• = User supplied 

A-D Converters 

No. of Channels Resolution Input Voltage 

Part No. Olf!. S.E. No. 01 Bit. (full scale, dc) 

High Level 

M68MM15A 16 12 0-5 Vdc, 0-10 Vdc, 
~ 5 Vdc, '" 10 Vdc. 

M68MM1SAl 16 32 12 same as above 

M68MMOSA 12 '" 10mV to '" 10V 

M68MM05B 16 12 same as above 

Low Level 

M68MM15B 15 plus sign - 25 mY. - 55 mV 
- 80 mV 

M68MM15BEX 1 to 4 Channel Expander for above 

Option. 

Low Cost, 
Self-contained 

Not 
Expandable 

Cassene 
1/0 

Use 2K RAMs 
in ROM 
Sockets 

Use RAMs in 
ROM Sockets 

Replace ACIA 
With SSOA + 

Comments 

VIt1 is strap 
selectable 

Expandabie to 
16 channels 

With Expander 
CirCUits 
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Micromodules 

EXORbus-Compatible Memory Modules 
Capacity 
(K Bytes) Features 

RAM-Static, NMOS 

M68MM06 
MEX6808-22 

MEX6816-22S 

RAM-Static, CMOS 

M68MM09 

2 
8 
16 

M68MM21 8 
M68MM21-1 16 

RAM-Dynamic, with parity 

MEX6816-22D 16 
MEX6832-22 32 
MEX6848-22 48 
MEX6864-22 64 

ClOCk Speed-l MHz 

With Parity. Clock speed - 1 or 2 MHz 
Iwith stretched Phase 2} 

ClOCk speed c 1.5 or 2 MHz 
(with stretched phase 2) 

On-board ckt. for user-Installed panty 

Optional panty 
Optional parity 

Jumper selectable 1 , 1 5-
or 2- MHz speed. 

Row-addressable In 16K by1e blocks 

RAM-Dynamic; with hidden refresh; clock speed -'- 1 MHz; all with panty 

MEX6816-1HR 16 
MEX6832-1 HR 32 Organized into Independently 
MEX6848-1 HR 48 addressable rows of 16K bytes each 
MEX6864-1HR 64 

Unpopulated Modules-User supplies chip set 

Number Of EPROM/ROM OPTION RAM CAPACITY 
Socket. CAPACITY (Memory Chip Number) 

(Memory Chip Number) 

MEX68RR 20 16K 
IMCM68708/6830} 

M68MM04 16 16K 
IMCM687086830} 

M68MM04A 16 64K 11K. 2K or 4K 
capacity} 

Serial-Format Digital 1/0 
ACIA Modules - MEX6850, 50-2 

5121MCM6810} 

8K 11 K or 2K capacity} 

Offers both TTY and RS-232C data terminal interface, with 
eight switch-selectable baud rates between 110 and 9600 
baud. MEX6850 operates at 1 MHz and is configured with 
Modem output; 6850-2, at 2MHz, is configured with 20 mA 
TTY output. 

Quad Serial I/O - M68MM07 
Supplied with four MC6850 ACIAs, or with user supplied 

MC6852 SSDAs for either asynchronous or synchronous 
operation. Strap options permit RS-232C, RS-422, RS-423 
or 20mA interface and baud-rate selection for each of the 
four ports. 

RS-232C to TIV Adapter - M68MM11 
Converts RS-232C output to 20 mA TTY operation. 

8 Channel Serial I/O Module - M68MM18 
Provides eight asynchronous RS-232C channels. Each 

channel is strap selectable to baud rates from 75 to 11 5K 
BPS. Memory location is strap selectable in a block of eight 
channels. 

GPIB Modules 
Provide interface between various MPUs and the IEEE 

STD 488-1978 interface bus. MM12A provides Listenerl 
Talker functions for sending and receiving data bytes, re­
questing service and responding to parallel and serial polls. 
MM12 and 12-1 add the controller function that permits the 

system to send commands and conduct serial and parallel 
polls. 
ListenerlTalker for MC6800-type systems M68MM12A 
ListenerlTalker/Controlier for MC6800-type 
systems M68MM12 
ListenerlTalker/Controller for MC6809-type 
systems M68MM12-1 

Memory-I/O-Timer Expansion Module-
M68MM16-1, 2, 3 

Provides functional expansion of Monoboard MM01 (ver­
sion 16-1), or MM19 (version 16-2), and can be used as 
MM19 Emulator in an EXORset Development System (ver­
sion 16-3). Includes asynchronous serial data port with strap­
selectable RS-232C, RS-422, or RS-423 interface, parallel 
interface port with 16 data lines and 2K of static RAM, four 
control lines, three 16-bit programmable counterltimers, and 
four sockets for user installed, single 5-volt-supply MOS or 
bipolar memories. 

Parallel-Format Digital 1/0 
Universal PIA-Controlled 1/0 - MEX6820, 21-2 

Contains two MC6820 Peripheral Interface Adapters (PIA's) 
for a total of four separate 8-bit 1/0 ports for peripheral 
interfacing. 

32-ln/32-0ut Expansion Module - M68MM03 
Contains 32 bits of parallel input and 32 bits of parallel 

output in four continguous 8-bit bytes. Used for simultaneous 
transfer of 4 bytes of informtion between an MPU and an 
external system to speed up the data transfer cycle. 

16/32-Channel Relay Output - M68MM13A, B 
Contains 16 (MM13A) or 32 (MM13B) on-board reed relay 

output channels to isolate the microcomputer from the sys­
tem(s) being controlled. 

24-Channel Optically Isolated Input ModUles -
M68MM13C,D 

Provides three byte-oriented (8-bit) input channels that 
have high electrical isolation between microcomputer and 
equipment being monitored. Input voltages in excess of 17 
volts are read as logical "1"; 4 volts or less represent logical 
"0." MM13D provides an on-board wetting source for appli­
cations requiring switch and relay inputs. 

Quad Parallel Interface Adapter - M68MM22 
Utilizes four PIAs in a versatile buffered 1/0 configuration 

that allows up to 64 high-voltage (200 Vdc or 280 Vac) or 
high-current (to 3A) signals to be monitored or controlled. 

Packaging Hardware 
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Part No. 
M68MMCC05 
M68MMCC10 
M68MMFLC1 
M68MMLC1 
M68MMSC1 
M68MMPS-1 

Description 
5-Card Cardcage 
10-Card Cardcage 
Front Load Chassis, 14 Card, 110 Vac 
Long Chassis, 10 Card, 110 Vac 
Short Chassis,&Card, 110 Vac 
Power Supply, 110 Vac I 
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