






































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































$ZER01: 

$ZER02: 

LD 

RRC 
IFNC 
JP 

DRSZ 
JP 
JP 

RRC 
IFNC 
JP 

$ZER03: DRSZ 
JP 

$INCB: 

$ENDLP: 

LD 
DRSZ 

JP 

SC 

LD 
IFNC 
JP 
IFBIT 

JP 
RET 

$RESTORE: 

$ERROR: 

RBIT 
JSR 
LD 
X 
RET 

IFBIT 

JP 
SBIT 
LD 

LD 
X 
LD 

BITC,#08 

A 

$ZER03 

BITC 
$ZER01 
$INCB 

A 

$ENDLP 
BITC 
$ZER02 

A, [B+] 
LENGTHC 

$NEXTB 

B,#STAT2 

$ERROR 
ERR2, [B] 

$RESTORE 

ERR2, (0] 
TSTOP 
A, TYPSAV 
A, TYPST 

ERR2, [B] 

$ERREND 
ERR2, [B] 
B,#TYPST 

A, [B] 
A, TYPSAV 
[B],#07F 

iLOAD BIT COUNTER 

iIF 1 KEY PRESSED 
iTHEN TEST IF 2ND 
iKEY IS PRESSED 
iIF NOT ALL BITS CHECKED 
iTHEN CONTINUE CHECK 

iIF 2ND KEY PRESSED 
iTHEN ERROR: "GHOST KEY" 
iIF NOT ALL BITS CHECKED 
iTHEN CONTINUE CHECK 

iINC B 
iIF NEW SCANNED MATRIX LINE 
iNOT COMPARED WITH ALL OTHER 
iBYTES IN TABLE 
iTHEN COMPo WITH NEXT 
iBYTE IN TABLE 
iIF ALL COMPARED, SET NO ERROR 
iFLAG 

iPOINT TO STATUS FLAG REGISTER 
iERROR DURING THIS SCAN? 
iYES, DO ERROR PROCEDURE 
iERROR DURING PREVIOUS SCANS, 
iBUT NO ERROR DURING THIS 
iSCAN? 
iYES, RESTORE TYPEMATIC RATE 

iSTOP TYPEMATIC TIMER 
iLOAD SAVED TYPEMATIC VALUE 
iRESTORE OLD TYPEMATIC VALUE 
iNO ERROR DURING THIS SCAN: 
iRETURN 

iIF ERROR OCURRED ALREADY 
iDURING PREVIOUS SCAN 
iTHEN DO NOTHING 
iELSE SET PREVIOUS ERROR FLAG 
iPOINT TO TYPEMATIC VALUE 
iREGISTER 

SAVE TYPEMATIC RATE/DELAY 
SET TYPEMATIC TO 1s DELAY, 
2 CHARACTERS/s FOR ERROR CODE 
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iREPETITION 
LD 
LD 
IFBIT 
LD 

A,#OOO 
B,#STATUS 
SET1, [B] 
A,#OFF 

iIF SET2,3 ERROR CODE 00 
iPOINT TO STATUS FLAG REGISTER 

iELSE ERROR CODE FF 
X 
JSR 

A, TYPCOl 
TSTART 

iPUT IN TYPEMATIC BUFFER 
iINIT & START TYPEMATIC TIMER 

$ERREND: 
LD 
INCA 

A,SCNCNT iINCREMENT SCAN COUNTER 

A,SCNCNT X 
RETSK 
. LOCAL 
. END 

iRET AND SKIP FOR ROLLOVER ERROR 

Key Decoding and Encoding 

After detection of a key change (pressing or releasing a 
key), the software first has to determine the physical loca­
tion of the key in the key matrix. This decoding process is 
done by calculating an internal key number out ofthe key 
matrix column and row position of the changed key. At the 
same time, it is determined if the key has been pressed or 
released. A pressed or released key is then signaled by 
setting or resetting a "key down" flag in RAM. The internal 
key number and the "key down" status flag are the input 
parameters to the key encoding procedure. The internal key 
number is used to get the "make" code for the key out of a 
ROM look-up table, which has been matched to the physical 
matrix organization of the keyboard. If the "key down" flag 
is reset (key is released) the software calculates the key 
"break" code out of the previously fetched key "make" 
code. In this way, each pressed or released key is encoded 
with its appropriate "make" or "break" code, which is then 
written to the keyboard controllers 16 byte output buffer 
(FIFO) until the computer interface is ready to receive it. 
Before writing to the FIFO the software checks whether 
there is still enough capacity to store the key code. 

Key Repetition 

All keys are typematic (repetitive) by default. That means 
when a key is pressed and held down, the I-tC continues to 
send the "make" code for that key until it is released. When 
two or more keys are held down, only the code for the last 
key pressed is repeated. Typematic operation will stop 
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when this key is released, even if other keys are still held 
down. 

The default values for typematic operation are: 

delay time = 500 ms 
repetition rate = 10 characters/second, 

where the delay time is the time which is inserted before a 
character is repeated for the first time. 

Operating Protocol 

There are two different transmission protocols for an MF2 
keyboard: the AT transmission protocol and the XT trans­
mission protocol. Data transmission to and from the key­
board is synchronous serial, the data format for the XT 
mode is: 

9 bits in length 
1 start bit (high) 
8 data bits (lSB first) 

The data format for AT and PS/2 modes is: 

11 bits in length 
1 start bit (low) 
8 data bits (lSB first) 
1 parity bit (odd) 
1 stop bit (high) 

If no data is transmitted, both data and clock lines are in the 
high state. The clock signal is always provided by the key­
board. Figure 6 shows the XT and the AT protocol timings. 



XT-Protocol 

Keyboard 
Clock 

Keyboard 
Dala 

TL/DD/11091-15 

AT-Protocol 

keyboard pulls low 

TL/DD/11091-16 

FIGURE 6. XT and AT Protocol Timings 

Keyboard Data Transmission in XT Format 

At the falling edge of the clock, the start bit (high) is shifted 
out, followed by the 8 data bits (least significant bit first). 
Data is valid on the rising edge of the clock and changes 
after the falling edge of the clock. 

Keyboard Data Transmission in AT Format 

Before sending data, the keyboard monitors the clock and 
data lines. If the clock line is low, then the keyboard is dis­
abled by the computer and no data is transmitted. The mi­
crocontroller continues to scan the keyboard and stores key 
data in its output buffer. If the data line is low, while the 
clock line is high, the computer requests to send and the 
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keyboard goes into receive mode. The keyboard is only al­
lowed to transmit data when both data and clock lines are 
high. 

The keyboard pulls the data line low (start bit) and starts the 
clock. The 8 data bits (least significant bit first) are shifted 
out, followed by the parity (odd) and stop bit (high). Data is 
valid after the falling edge of the clock and changes after 
the rising edge of the clock. If no data is transmitted both 
data and clock lines are high. If the computer pulls the clock 
line low for at least 60 p's before the 10th bit is transmitted, 
the keyboard stops transmission and stores the aborted 
data in its output buffer. 

» z 
I ....... 

W 
01::00 



~ r---------------------------------------------------------------------------~ 
('I) 
1'0 . 
z 
<C 

SENDBY: SEND BYTE TO COMPUTER 
;INPUT PARAMETER: 
;BYTSEN: RAM LOCATION CONTAINING THE' 

BYTE TO BE TRANSMITTED 
;OUTPUT: 

DATSEN FLAG IN STATUS REGISTER 
; l=BYTE SENT,O=BYTE NOT SENT 
;PARCNT: PARITY COUNTER REGISTER' 
;BITC DATA LENGTH COUNTER FOR TRANSMISSION LOOP 
; 
;CLOCK HIGH TIME (=CLOCK LOW TIME) = 40us 
;AT 3.S8MHz CLOCK (INSTR. CYCLE = 2.79us) 
; 
;DATA REGISTER OF PORT G DATA AND CLOCK LINES IS 
;PRESET WITH "0" 

SendBy: 

$ATSEND: 

WAITS: 

. LOCAL 

LD 
RBIT 
LD 
LD 
IFBIT 
JMP 

LD 
LD 

B,#STATUS 
DatSen, [B] 
A, BytSen 
BITC,#009 
PCXT, [B] 
PCMode 

PARCNT,#lO 
B,#PORTGP 

;POINT TO STATUS FLAG REGISTER 
iRESET "BYTE SEND" FLAG 
;LOAD BYTE TO SEND 

. i DATA LENGTH 
iIF XT MODE 
iTHEN JUMP TO XT 
;SEND ROUTINE 
;ELSE SEND AT PROTOCOL 

iLOAD PARITY COUNTER 
iPOINT TO GPORT INPUT 
iREGISTER 
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$ClocOK: 

$DataOK: 

$SendBt: 

$ClockH: 

$DATHI: 

IFBIT 
JP 
JP 

IFBIT 
JP 
RET 

LD 

RC 

RBIT 
IFBIT 
JP 
RBIT 
RET 

IFC 
JP 
SBIT 
JP 

RBIT 

$CLKLOW: . 

$PARITY: 

$DLOW: 

$CLKL2: 

SBIT 
IFC 
DRSZ 
RRC 
NOP 
DRSZ 
JP 

NOP 
NOP 
NOP 
RBIT 
IFBIT 
JP 
RBIT 
JP 

SBIT 
NOP 

NOP 
NOP 

ClockL, [B] 
$ClocOK 
WAITS' 

DataLn, [B] 
$DataOK 

B,#PORTGC 

ClockL, [B] 
ClockL,PORTGP 
$ClockH 
DataLn, [B] 

$DATHI 
DataLn, [B] 
$CLKLOW 

DataLn, [B]' 

ClockL, [B] 

PARCNT 
A 

BITC 
$SendBt 

ClockL, [B] 
OO,PARCNT 
$DLOW 
DataLn, [B] 
$CLKL2 

DataLn, [B] 

;IF CLOCKLINE HIGH 
;THEN OK 
;ELSE KEYBOARD DISABLED: 
;WAIT 

;IFDATALINE IS HIGH 
;THEN OK 
;ELSE PC SENDS DATA: 
; RETURN . (GOTO RECEIVE) 

;POINT TO PORT G CONFIGURATION 
;REGISTER 
;STARTBIT = a 

;SET CLOCKLINE HIGH (TRI-STATE) 
;IF PC DOES NOT PULL CLOCKL LOW 
;THEN OK 
;ELSE SET DATA LINE BACK TO HIGH 
;STOP TO SEND 

;IF BIT TO TRANSMIT 
;THEN DATALINE HIGH 
;ELSE DATALINE LOW 
;SET CLOCKLINE LOW 

"1" 

;SET DATALINE HIGH (TRI-STATE) 

;SET CLOCKLINE LOW 
;IF BIT=l 
;THEN DECR. PARITY COUNTER 

';SHIFT NEXT BIT INTO CARRY 

;IF NOT ALL BITS SENT 
;THEN TRANSMIT NEXT BIT 
;SEND PARITY BIT 
; DELAY 

;SET CLOCKLINE HIGH 
;IF NUMBER OF "1" ODD 
;THEN PARITY a 
;ELSE PARITY = 1 

;SET DATALINE LOW 

; DELAY 

2-191 

TL/DD/11091-5 

» z . ....... 
w 
~ 



~ 
C") 
...... . 
Z 
<C 

NOP 
SBIT ClockL, [B) 
JSR DEL12 

RBIT ClockL, [B) 

RBIT DataLn, [B) 
JSR DEL11 
SBIT Clockl, [B) 
JSR DEL12 

$ENDSB: 
RBIT ClockL, [B) 
RBIT DATALN, [B) 
LD B,#STATUS 
SBIT DatSen, [B) 

LD A, BYTSEN 
IFEQ A,#OFE 

RET 
X A,SENBYT 

RET 

;XT TRANSMISSION PROTOCOL 
PCMode: 

$PCSND: 

$PCSEND: 

$DATH2: 

IFBIT 
JP 
JMP 

LD 
SBIT 

SC 

SBIT 
IFC 
JP 
SBIT 
NOP 
NOP 
NOP 
NOP 
NOP 
NOP 
JP 

RBIT 
IFBIT 
JP 

RBIT 

CLOCKL,PORTGP 
$PCSND 
POWRUP 

B,#PORTGC 
DATALN, [B) 

ClockL, [B) 

$DATH2 
DataLn, [B) 

$CLKHI 

DataLn, [B) 
DATALN,PORTGP 
$CLKHI 

CLOCKL, [B) 

;SET CLOCKLINE LOW 
;INSERT DELAY 12 INSTR. CYCLES 

;SET CLOCKLINE HIGH 

;TRANSMIT STOP BIT 
;SET DATA LINE HIGH (STOP BIT) 
;INSERT DELAY 11 INSTR. CYCLES 
;SET CLOCKLINE LOW 
;INSERT DELAY 12 INSTR. CYCLES 

;SET CLOCKLINE HIGH 
;DATA HIGH (XT MODE) 
;POINT TO STATUS FLAG REG. 
;SET DATA SENT FLAG 

;IF SENT BYTE = RESEND 
; COMMAND 
;THEN DON'T SAVE 
;ELSE SAVE LAST SENT BYTE 
;IN SENBYT IN CASE PC ASKS 
;KEYBOARD TO RESEND 

;CLOCKLINE HIGH? 
;YES,START TO SEND 
;ELSE RESET 

;DATA LINE LOW BEFORE 
; START, TO SEND 
;START BIT = 1 

;CLOCKLINE LOW 
;IF BIT TO SEND=l 
;THEN SET DATALINE HIGH 
;ELSE SET DATALINE LOW 
; DELAY 

;SET DATALINE HIGH 
;IF DATALINE HIGH 
;THEN OK 
;ELSE KEYBOARD DISABLED 
;CLOCKLINE HIGH 

2-192 

TLIOO/11091-6 



RET 
$CLKHI: 

RBIT 
RRC 

NOP 
NOP 
NOP 
NOP 

$PCOK: 
DRSZ 
JP 
SBIT 
SBIT 
JSR 
JP 

DEL12: NOP 
DEL11: NOP 
DELAYD: RET 

. LOCAL 

.END 

Keyboard Receives Data 

ClockL, [B] 
A 

BITC 
$PCSEND 
CLOCKL, [B] 
DATALN, [B] 
DELAYD 
$ENDSB 

iSTOP TO SEND 

iSET CLOCKLINE HIGH 
iSHIFT NEXT BIT TO TRANSMIT 
iINTO CARRY 
iDELAY 

iIF NOT ALL BITS SENDED 
iTHEN CONTINUE 
iELSE CLOCKLINE LOW 
iDATA LOW 
i10 INSTR. CYCLES DELAY 

TLIDD/ll091-7 

The keyboard can only receive data from the computer in 
AT-PS/2 mode. The computer pulls the data line low (start 
bit) after which the keyboard starts to shift out 11 clock 
pulses within 15 ms. Transmission has to be completed 
within 2 ms. Data from the computer changes after the fail­
ing edge of the clock and is valid before the rising edge of 

the clock. After the start bit, 8 data bits (least significant bit 
first), followed by the parity bit (odd) and the stop bit (high) 
are shifted out by the computer with the clock signal provid­
ed by the keyboard. The keyboard pulls the stop bit low in 
order to acknowledge the receipt of the data. If a transmis­
sion error occurred (parity error or similar) the keyboard is­
sues the "RESEND" command to the PC. 
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~ ,------------------------------------------------------------------------------, 
(f') ..... . 
z 
<C RECDAT: RECEIVE DATA COMMING FROM PC 

; RETURN, IF PARITY ERROR 
; 
;RETURN SKIP , IF BYTE WAS RECEIVED 
;WITHOUT ERROR 
, 
;BTRECV: RAM LOCATION CONTAINING THE 

RECEIVED BYTE 

; 
;BITC RECEIVE LOOP COUNTER REGISTER 
;PARCNT: PARITY COUNTER REGISTER 

B,#PORTGC 

X,#BTRECV 

PARCNT,#10 
BITC,#009 

ClockL, [B] 

PARCNT 
A 
A, [X] 
A, [X] 

RBIT ClockL, [B] 
; READ IN RECEIVED BIT 

RC 
IFBIT DataLn,PORTGP 
SC 
DRSZ BITC 
JP RdByte 

;CLOCK LOW PULSE AFTER PARITY 
SBIT ClockL, [B] 
JSR DELAYD 
RBIT ClockL, [B] 

;PC SENDS STOP BIT 
SBIT DataLn, [B] 

;B POINT TO PORT G 
; CONFIGURATION 
;X POINT TO RECEIVED BYTE 
;RAM CELL 
;LOAD PARITY COUNTER 
;LOAD RECEIVE LOOP COUNTER 
; (8 DATABITS + 1 PARITY BIT) 
;START BIT;::: "0" 

;SET CLOCKLINELOW 
; (CLOCK IN START BIT) 
;IF lilli-BIT RECEIVED 
;THEN DECR. PARITY COUNTER 
;SHIFT CARRY TO BIT 7 OF ACCU 
;STORE RECEIVED BYTE 
;RESTORE AS LONG AS NOT 
;FULL BYTE RECEIVED 

;SET CLOCKLINE HIGH 

;RECEIVED BIT= "0" 
;IF DATALINE = "1" 
;THEN RECEIVED BIT= 111" 
;9 BITS RECEIVED? 
;NO,LOOP 

HAS BEEN RECEIVED 
;SET CLOCKLINE LOW 
;INSERT 10 INSTR. CYCLES DELAY 
;SET CLOCKLINE HIGH 

;PULL STOP BIT LOW 
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iTO ACKNOWLEDGE RECEIPT OF BYTE 
JSR DELAYD iINSERT DELAY 

iCLOCK LOW PULSE (CLOCK ACKNOWLEDGE FOR PC) 
SBIT ClockL, [B] iSET CLOCKLINE LOW 
JSR DELAYD iINSERT DELAY 
RBIT ClockL, [B] iSET CLOCKLINE HIGH 

RBIT 

iPARITY CHECK 
IFBIT 
JP 

ParOne: 
IFC 
RETSK 
JP 

PARD: 
IFNC 
RETSK 

ParErr: LD 
JSR 
RET 
.END 

DataLn, [B] 

OO,PARCNT 
PARD 

PARERR 

BytSen,#OFE 
SByWPo 

Commands from the Computer 

iRETURN DATA TO HIGH 

iIF NO. OF RECEIVED DATA "l"=ODD 
iTHEN PARITY BIT MUST BE "0" 
iELSE PARITY BIT MUST BE "1" 
iIF RECEIVED PARITY BIT=l 
iTHEN OK,RETURN SKIP 
iELSE PARITY ERROR 

iIF RECEIVED PARITY BIT =0 
iTHEN OK,RETURN SKIP 
iELSE PARITY ERROR 

iLOAD "RESEND" CODE 
iSEND RESEND CODE TO PC 
i ERROR, RETURN 

TLlDD/11091-9 

The following table shows the commands and their hexade­
cimal values the computer may send to the keyboard. Only 
AT-PS/2 compatible computers can send commands to the 
keyboard and the keyboard can only receive the commands 
when operated in the AT-mode. 

In the XT mode the keyboard only accepts the RESET com­
mand, which is assumed when the computer pulls the clock 
line low for at least 10 ms. 

Commands to the Computer 

The following table shows the commands and their hexade­
cimal values the keyboard may send to the system. 

The commands can be sent to the keyboard at any time. 
The keyboard responds within 20 ms to any valid transmis­
sion with ACK (FA Hex), except for the ECHO command 
where the keyboard responds with EE Hex, the RESEND 
c:~:'n:.~d :.r.d th: rc::.:"'.'cd c:~~:.r.d~ .. 

Command Hex Value 

Set/Reset Mode Indicators ED 
Echo EE 
Reserved EF 
Select Alternate Code Set FO 
Reserved F1 
Read Keyboard 10 F2 
Set Typematic Rate/Delay F3· 

Enable F4 
Default Disable F5 
Set Default F6 
Set All Keys 

Typematic/No Break F7 
Make/BreaklNo Typematic F8 
Make/No Typematic F9 
Typem.lMake/Br. FA 

Set Key Type 
TypematiclNo Break FB 

Make/BreaklNo Typem~tic FC 
Make/No Typematic FD 

Resend FE 
Reset FF 
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Command Hex Value 

Key Detection Error/ 00 
B~Hcr O'.'crn.!:1 (C:do S:t~ 2 ~~d 3) 

Keyboard 10 S3AB 
BAT Completion Code AA 
BAT Failure Code FC 
Echo EE 
Acknowledge FA 
Resend FE 
Key Detection Error/ FF 

Buffer Overrun (Code Set 1) 

SUMMARY 

When using National Semiconductor's microcontroller to im­
plement the functions of an MF2 keyboard, very few exter­
nal components are necessary. Figure 2 shows the com­
plete schematic of an MF2 keyboard based on the 
COP888CL. The implementation of software key rollover 
eliminates the need for decoupling diodes in the 16 by 8 key 
matrix. LED direct drive capability of the COPS and a RC 
oscillator with tolerances tight enough to meet the require­
ments for a keyboard further reduce component count and 
price. Schmitt triggers on the ports used for the keyboards 
data and clock lines add additional security against trans­
mission errors. Where low power consumption is the most 
important design factor (e.g., laptop or notebook comput­
ers) the COPS's M2CMOS technology and the multi-input 
wakeup feature offer a remarkable improvement over the 
NMOS controllers used in most of today's existing solutions. 



National Semiconductor offers three chips tailored for the top keyboards, as it has special power saving features. The 
needs of a keyboard designer. Starting with the most price complete software for an MF2 keyboard as well as com-
competitive 2.5k ROM device COP943C, an upgrade path is plete demo keyboards and keyboard .evaluation boards for 
provided with the COP880C to 4k ROM. Both devices are the COP888CL and COP943C/COP880C microcontrollers 
intended for the use in standard MF2 desktop keyboards. are available. Contact National Semiconductor's JLC mar-
The COP888CL is ideally suited for notebook or lap- keting or applications for further information. 

APPENDIX I. KEY NUMBERS AND THEIR CORRESPONDING MAKE/BREAK CODES FOR ALL THREE CODE SETS 

Key Position Table I Table II Table III 

and (XT and PS/2 30) (AT and PS/2 50, 60, 80) (Terminal MODE) 

Symbol Make Break Make Break Code Type 

01 - 29 A9 OE FO-OE OE Typematic 

02 I 1 02 82 16 FO-16 16 Typematic 

03 @ 2 03 83 1E FO-1E 1E Typematic 

04 # 3 04 84 26 FO-26 26 Typematic 

05 $ 4 05 85 25 FO-25 25 Typematic 

06 % 5 06 86 2E FO-2E 2E Typematic 

07 A 6 07 87 36 FO-36 36 Typematic 

08 & 7 08 88 3D FO-3D 3D Typematic 

09 * 8 09 89 3E FO-3E 3E Typematic 

10 ( 9 OA 8A 46 FO-46 46 Typematic 

11 ) 0 OB 8B 45 FO-45 45 Typematic 

12 - - OC 8C 4E FO-4E 4E Typematic 

13 + = OD 8D 55 FO-55 55 Typematic 

15 B.S.~ OE 8E 66 FO-66 66 Typematic 

16 TAB OF 8F OD FO-OD OD Typematic 

17 Q 10 90 15 FO-15 15 Typematic 

18 W 11 91 10 FO-lO 10 Typematic 

19 E 12 92 24 FO-24 24 Typematic 

20 R 13 93 2D FO-2D 2D Typematic 

21 T 14 94 2C FO-2C 2C Typematic 

22 y 15 95 35 FO-35 35 Typematic 

23 U 16 96 3C FO-3C 3C Typematic 

24 I 17 97 43 FO-43 43 Typematic 

25 0 18 98 44 FO-44 44 Typematic 

26 P 19 99 4D FO-4D 4D Typematic 

27 { [ 1A 9A 54 FO-54 54 Typematic 

28 I ] 1B 9B 5B FO-5B 5B Typematic 

29* I \ 2B AB 5D FO-5D 5C Typematic 

30 Caps Lk 3A BA 58 FO-58 14 Make/Break 

31 A 1E 9E 1C FO-1C 1C Typematic 

32 S 1F 9F 1B FO-1B 1B Typematic 

33 D 20 AO 23 FO-23 23 Typematic 

34 F 21 A1 2B FO-2B 2B Typematic 

35 G 22 A2 34 FO-34 34 Typematic 
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Key Position Table I Table II Table III 

and (XT and PS/2 30) (AT and PS/2 50, 60, 80) (Terminal MODE) 

Symbol Make Break Make Break Code Type 

36 H 23 A3 33 FO-33 33 Typematic 

37 J 24 A4 3B FO-3B 3B Typematic 

38 K 25 A5 42 FO-42 42 Typematic 

39 L 26 A6 4B FO-4B 4B Typematic 

40 : ; 27 A7 4C FO-4C 4C Typematic 

41 " 28 A8 52 FO-52 52 Typematic 

42** I \ 2B AB 50 FO-50 53 Typematic 

43 Enter (L) 1C 9C 5A FO-5A 5A Typematic 

44 Shift (L) 2A AA 12 FO-12 12 Typematic 

45** Macro 56 06 61 FO-61 13 Typematic 

46 Z 2C AC 1A FO-1A 1A Typematic 

47 X 20 AO 22 FO-22 22 Typematic 

48 C 2E AE 21 FO-21 21 Typematic 

49 V 2F AF 2A FO-2A 2A Typematic 

50 B 30 BO 32 FO-32 32 Typematic 

51 N 31 B1 31 FO-31 31 Typematic 

52 M 32 B2 3A FO-3A 3A Typematic 

53 < 33 B3 41 FO-41 41 Typematic 

54 > 34 B4 49 FO-49 49 Typematic 

55 ? / 35 B5 4A FO-4A 4A Typematic 

57 Shift(R) 36 B6 59 FO-59 59 Make/Break 

58 Ctrl (L) 10 90 14 FO-14 11 Make/Break 

60 Alt(L) 38 B8 11 FO-11 19 Make/Break 

61 Space 39 B9 29 FO-29 29 Typematic 

62 Alt(R) EO-38 EO-B8 EO-11 EO-FO-11 39 Make 

64 Ctrl(R) EO-lO EO-90 EO-14 EO-FO-14 58 Make 

90 Num Lk 45 C5 77 FO-77 76 Make 

91 7 Home 47 C7 6C FO-6C 6C Make 

92 4 +- 4B CB 6B FO-6B 6B Make 

93 1 End 4F CF 69 FO-69 69 Make 

96 8 i 48 C8 75 FO-75 75 Make 

97 5 4C CC 73 FO-73 73 Make 

98 2 ! 50 00 72 FO-72 72 Make 

99 0 Ins 52 02 70 FO-70 70 Make 

100 * 37 B7 7C FO-7C 7E Make 

·101-Keyboard only 

··102-Keyboard only 
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Key Position Table I Table II 

and (XT and PS/2 30) (AT and PS/2 50, 60, 80) 

Symbol Make Break Make Break 

101 9 PgUP 49 C9 7D FO-7D 

102 6 ~ 4D CD 74 FO-74 

103 3 PgDN 51 D1 7A FO-7A 

104 Del 53 D3 71 FO-71 

105 4A CA 7B FO-7B 

106 + 4E CE 79 FO-79 

108 Enter EO-1C EO-9C EO-5A EO-FO-5A 

110 Esc 01 81 76 FO-76 

112 F1 3B BB 05 FO-05 

113 F2 3C BC 06 FO-06 

114 F3 3D BD 04 FO-04 

115 F4 3E BE OC FO-OC 

116 F5 3F BF 03 FO-03 

117 F6 40 CO OB FO-OB 

118 F7 41 C1 83 FO-83 

119 F8 42 C2 OA FO-OA 

120 F9 43 C3 01 FO-01 

121 F10 44 C4 09 FO-09 

122 F11 57 D7 78 FO-78 

123 F12 58 D8 07 FO-07 

125 Scr Lk 46 C6 7E FO-7E 

Cursor Pad <NUM Lock Off/Shift Off> 

Key Position or < NUM Lock On/Shift On> 

and Table I Table II 
Symbol (XT and PS/2 30) (AT and PS/2 50, 60, 80) 

Make Break Make Break 

75 Insert EO-52 EO-D2 EO-70 EO-FO-70 
76 Delete EO-53 EO-D3 EO-71 EO-FO-71 
79 ~ EO-4B EO-CB EO-6B EO-FO-6B 
80 Home EO-47 EO-C7 EO-6C EO-FO-6C 
81 End EO-4F EO-CF EO-69 EO-FO-69 
83 t EO-48 EO-C8 EO-75 EO-FO-75 
84 J- EO-50 EO-DO EO-72 EO-FO-72 
85 PGUP EO-49 EO-C9 EO-7D EO-FO-7D 
86 PGDN EO-51 EO-D1 EO-7A EO-FO-7A 
89 ~ EO-4D EO-CD EO-74 EO-FO-74 

*. Cursor Pad Key-<NUM Lock On/Shift Off> 

Table I: Make Code = = EO-2A-Make Code 
Break Code = = Break Code-EO-AA 

Table II: Make Code = = EO-12-Make Code 

Break Code = = Break Code EO-FO-12 

*. Cursor Pad Key-<NUM Lock Off/Shift On> 

Table I: Make Code = EO-AA-Make Code 
Break Code = Break Code-EO-2A 

Table II: Make Code = EO-FO-12-Make Code 

Break Code = Break Code EO-12 
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Table III 
(Terminal MODE) 

Code Type 

7D Make 

74 Make 

7A Make 

71 Make 

84 Make 

7C Make 

79 Typematic 

08 Make 

07 Make 

OF Make 

17 Make 

1F Make 

27 Make 

2F Make 

37 Make 

3F Make 

47 Make 

4F Make 

56 Make 

5E Make 

5F Make 

Table III 
(Terminal Mode) 

Code Type 

67 Make 
64 Typematic 
61 Typematic 
6E Make 
65 Make 
63 Typematic 
60 Typematic 
6F Make 
6D Make 
6A Typematic 



Key Code of "Pause", "PRTSC" and "I" Keys 

TABLE I. XT and PS/2 30 

Key Position 
Make Break 

and Symbols 

126 Pause E1-10-45-E1-90-C5 No Break Code (Make Only) 

Ctrl-"Pause" EO-46-EO-C6 No Break Code (Make Only) 

124 Print Screen EO-2A-EO-37 EO-B7-EO-AA 

Shift-"PRTSC" EO-37 EO-87 

Ctrl-"PRTSC" EO-37 EO-87 

Alt-"PRTSC" 54 04 

95 / EO-35 EO-85 

Shift-"/" EO-AA-EO-35 EO-B5-EO-2A 

TABLE II. AT and PS/2 50, 60, 80 

Key Position 
Make Break 

and Symbols 

126 Pause E1-14-77-E1-FO-14-FO-77 No Break Code (Make Only) 

Ctrl-"Pause" EO-7E-EO-FO-7E No Break Code (Make Only) 

124 Print Screen EO-12-EO-7C EO-FO-7C-EO-FO-12 

Shift-"PRTSC" EO-7C EO-FO-7C 

Ctrl-"PRTSC" EO-7C EO-FO-7C 

Alt-"PRTSC" 84 FO-84 

95 / EO-4A EO-FO-4A 

Shift-"/" EO-FO-12-EO-4A EO-FO-4A-EO-12 

TABLE III. Terminal Mode 

Key Position and Symbols Code Type 

126 Pause 62 Make 

124 Print Screen 57 Make 

95 / 77 Make 

APPENDIX II. REFERENCES 

1. IBM Technical Reference Manuals XT, AT and PS/2 

2. Chico ny, Chicony Keyboards General Specification, 1988 

3. C' T Magazin fuer Computertechnik, No.6, 1988, pages 148ft. No.7, 1988, pages 178ft. Martin Gerdes, "Knoepfchen, 
Knoepfchen" 
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RS-232C Interface with 
COP800 

INTRODUCTION 

This application note describes an implementation of the 
RS-232C interface with a COP888CG. The COP888CG 8-bit 
microcontroller features three 16-bit timer/counters, 
MICROWIRE/PLUSTM Serial I/O, multi-source vectored in­
terrupt capability, two comparators, a full duplex UART, and 
two power saving modes (HALT and IDLE). The COP888CG 
feature set allows for efficient handling of RS-232C hard­
ware handshaking and serial data transmission/reception. 

SYSTEM OVERVIEW 

In this application, a COP888CG is connected to a terminal 
using the standard RS-232C interface. The serial port of the 
terminal is attached to the COP888CG interface hardware 
using a standard ribbon cable with D8-25.connectors on 
either end. The terminal keyboard transmits ASCII charac­
ters via the cable to the COP888CG interface. All characters 
received by the COP888CG are echoed back to the terminal 
screen. If the COP888CG detects a parity or framing error, it 
transmits an error message back to the terminal screen. 

HARDWARE DESCRIPTION 

The COP888CG features used in this application include the 
user programmable UART, the 8-bit configurable L PORT, 
and vectored interrupts. In addition to the COP888CG, the 
RS-232C interface requires a DS14C88 driver and a 
DS14C89A receiver. The DS14C88 converts TIL/CMOS 
level signals to RS-232C defined levels and the DS14C89A 
does the opposite. Figure 1 contains a diagram of the 
COP888CG interface hardware. 

The COP888CG is configured as data communications 
equipment (DCE) and the terminal is assumed to be data 
terminal equipment (DTE). The following RS-232C signals 
are used to communicate between the COP888CG (DCE) 
and the terminal (DTE): 

RS-232C Signal Name Signal Origin 

TxD (Transmit Data) DTE 
RxD (Receive Data) DCE 
CTS (Clear To Send) DCE 
RTS (Request To Send) DTE 
DSR (Data Set Ready) DCE 
DTR (Data Terminal Ready) DTE 
DCD (Data Carrier Detect) DCE 

Five general purpose I/O pins on the COP888CG L PORT 
are used for the control signals CTS, DSR, DCD, RTS and 
DTR. Two additional L PORT pins are used for TxD and 
RxD. These two general purpose pins are configured for 
their alternate functions, UART transmit (TDX) and UART 
receive (RDX). According to the RS-232C interface stan­
dard, DCE transmits data to DTE on RxD and receives data 
from DTE on TxD. Therefore, the UART transmit data pin 
(TDX) is used for the RS-232C receive data signal (RxD) 
and the UART receive data pin (RDX) is used for the RS-
232C transmit data signal (TxD). In this example, all hand­
shaking between DCE and DTE is performed in hardware. 

National Semiconductor 
Application Note 739 
Michelle Giles 

. The terminal is setup to interface with the COP888CG by 
selecting the 9600 baud, 7 bits/character, odd parity and 
one stop bit options. The local echo back of characters is 
disabled to allow the COP888CG to perform the echo back 
function. The terminal is also configured to use the hard­
ware control signals (CTS, DSR, RTS, DTR) for handshak­
ing. 

SOFTWARE DESCRIPTION 

The software for this application consists of an initialization 
routine, several interrupt routines, and a disable routine. 
These routines handle RS-232Chandshaking, transmitting 
and receiving of characters, error checking, and echoing 
back of received characters. Figures 2 thru 5 contain flow­
charts of the routines. The complete code is given at the 
end of this application note. 

The initialization routine configures the UART, initializes the 
transmit/receive data buffer, and enables the 8-bit L PORT 
handling of RS-232C control signals. In this particular exam­
ple, the UART is configured to operate at 9600 8AUD in full 
duplex, asynchronous mode. The framing format is chosen 
to be: 7 bits/character, odd parity, and one stop bit. Differ­
ent baud rates, modes of operation, and framing formats 
may be selected by setting the ENUCMD, ENUICMD, 
8AUDVAL and PSRVAL constants located at the beginning 
of the code to alternative values. (Refer to the COP888CG 
data sheet or COP888 Family User's Manual for details on 
configuring the UART.) Each RS-232C control signal is as­
signed to an L PORT pin. Pins LO, L2, L5 and L6 are config­
ured as outputs for the DCD, TxD, CTS and DSR signals, 
respectively. Pins L3, L4 and L7 are configured as inputs for 
TxD, RTS and DTR, respectively. The transmit/receive data 
buffer is a circular buffer whose location and size is selected 
by setting the START and END constants located at the 
beginning of the program. The initialization routine sets up 
the buffer based on these constants. 

The interrupt routines respond to transmit buffer empty, re­
ceivebuffer full, and L PORT interrupts. A generic context 
switching routine is used for entering and exiting all inter­
rupts. This routine saves the contents of the accumulator, 
the PSW register and the 8 pointer before vectoring to the 
appropriate interrupt routine. It also restores the contents of 
saved registers before a return from interrupt is executed. 

The UART transmitter interrupt is called when the transmit 
buffer empty flag (T8MT) is set. This routine checks for ac­
tive RTS and DTR control signals. If both signals are active 
and there is data to be transmitted, a byte of data is loaded 
into the UART transmit buffer. Otherwise, the UART trans­
mitter is disabled. 

The L PORT interrupts are used to indicate an active-low 
transition of RTS and/or DTR. When both signals are active 
(the remote receiver is ready to accept data), this routine 
enables the UART transmitter. 

The UART receiver interrupt routine is called when the re­
ceive buffer full flag (R8FL) is set. This routine reads the 

2-200 



UART receive buffer and checks for errors. If no errors are 
detected, the incoming data is placed in the data buffer for 
echoing. If errors are detected, an error message is queued 
for transmission. 

The receiver interrupt disables the remote transmitter by de­
activating CTS whenever the transmit/receive data buffer is 
almost full. This action prevents the data buffer from over­
flowing. Note that CTS is turned off before the buffer is com­
pletely full to insure buffer space will exist for storing char­
acters which are in the process of being sent when CTS is 
deactivated. 

The disable routine clears the UART control registers, dis­
ables the L PORT interrupts, and de-activates the RS-232C 
control signals. 

OCO 2 
LO 

4 

is RXO 
L2 (TDX) 

9 

fiO CTS 
L5 y 

COP888CG 12 

[i3 OSR 
L6 

7 

L3 (ROX) 
TXO ~ 
RTS 

L4 
3 

OTR 2 
L7 NC-

6 

5 
~!C-

8 

9 
NC-

7 

~ 

CONCLUSION 

The user configurable UART, multiple external interrupt ca­
pabilities, and vectored interrupt scheme of the COP888CG 
microcontroller allow for an efficient implementation of the 
RS-232C interface standard. This application note shows 
how the COP888CG may be configured for connection to a 
terminal using these features. However, the code for this 
application can be easily adapted to other applications re­
quiring different baud rates or framing formats, connection 
to a modem (DCE), separate transmit and receive buffers, 
incoming command decoding and/or handling of character 
strings. The versatility of the RS-232C standard and the 
COP888CG provides a means to develop practical solutions 
for many applications. 
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FIGURE 1. Interface Diagram 
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RECEIVE INTERRUPT VECTOR TO TRANSMIT INTERRUPT 
1---------1 APPROPRIATE C 

ROUTINE 

• - - - - - - - - - - - - - - - - - .Ir - - - - - - - - - - - - - - - - _. 

TL/DD/11110-2 

FIGURE 2. Main Program Flow 
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READ DATA rROt.4 RBur 
STORE DATA IN DATA BurFER 

INCREt.4ENT DATA BUFFER TAIL PTR 

PLACE 'ERROR' IN DATA BUFrER 
INCREt.4ENT TAIL POINTER 
SAVE NEW TAIL POINTER 

FIGURE 3. Receiver Interrupt Routine 
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SET HEAD PTR 
TO START OF 
DATA BUFFER 

NO 

YES 

READ DATA FROM DATA BUFFER 
STORE DATA IN TBUF 

INCREMENT DATA BUFFER HEAD PTR 

FIGURE 4. Transmitter Interrupt Routine 
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DISABLE TRANSMITTER 

TL/DD/11110-4 



NO 

NO 

TLIDDI 1111 0-5 

FIGURE 5. L Port Interrupt Routine 

PI 
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en 
C") 

r-- NATIONAL SEMICONDUCTOR CORPORATION 
Z COP800 CROSS ASSEMBLER, REV:D1, 12 OCT 88 
<t 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 

0089 

0020 

0004 
00C8 

0010 
001D 
001E 
001F 
000E 

!The following set of routines uses the COP888CG UART and several I/O pins 
Ito simulate an RS232 port interface. The code handles hardware control 
isignals, echo back of received characters, and error checking. A single 
iroutine called IN IT initializes the UART and hardware control signals. 
lThe transmittir,g and receiving of characters is handled in several 
linterrupt routines. The UART is disabled by calling the DISABLE routine. 
!The user must select values for several constants before compiling 
lthis code. 

lNOTES: 
* The COP tranmitter is enabled only when the transmit/receive 

buffer is not empty and the appropriate RS232 control signals 
from the remote receiver are present. 

* The COP receiver is always enabled. the remote transmitter 
* The remote transmitter is disabled whenever the transmit/ 

receive data buffer is full. 

lDefinition of Constants 
ENUCMD = 089 lValue to put in the ENU register 

ENU I CMD = 020 

BAUDVAL = 04 
PSRVAL = 0C8 

START 
END 
HEAD 
TAIL 
SIZE 

010 
01D 
01E 
01F 
0E 

ISelects bits per char and parity option 
lDEFAULT = 081 (7 bits/char and odd parity) 

lValue to put in the ENUI register 
lSelects number of stop bits, uart clock option, 
lsync/async option, lImit/rcv interrupt enable, 
land TDX pin enable 
lDEFAULT = 023 ( 1 stop bit, internal BRG, 
lasync operation, no interrupt, and TDX enabled) 

lBaud rate divisor equals N -
lBaud rate prescalar 
I BR = FC/ <16 * N*P) where 

FC = CKI frequency 
N = Baud Divisor 

I p = Prescalar 
lGIVEN: CALCULATE: BAUDVAL: PSRVAL: 
lCKI = 10MHz N = 5 
lBR 9600 P = 13 04 0C8 

lCKI 
lBR 
I 

10MHz 
4800 

N = 10 
p = 13 09 0C8 

lSee tables in users manual for translation 
lof Nand P to BAUDVAL and PSRVAL 

iBeginning address of the lImit/rcv buffer 
lEnd address of the lImit/rcv buffer 
; RAM address where current head of buffer stored 
lRAM address where current tail of buffer stored 
lSize of transmit/receive data buffer 

TL/DD/llll0-6 
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52 0000 DeD 
53 0005 CTS 
54 0007 DTR 
55 0004 RTS 
56 0006 DSR 
57 0005 ETDX 
58 0000 TIE 
59 0001 RIE 
60 0005 PE 
61 0006 FE 
62 0007 DOE 
63 
64 
65 
66 .INCLD 
67 
58 0002 3008 MAIN: JSR 
69 0004 FF JP 
70 0005 3044 JSR 
71 0007 FF JP 
72 
73 INIT: 
74 0008 9FEF LD 
75 000A 68 RBIT 
76 000B BCBE00 LD 
77 000E BCD 165 LD 
78 0011 9FD0 LD 
79 0013 7E SBIT 
80 0014 7D SBIT 
81 0015 68 RBIT 
82 0016 BC1E10 LD 
83 0019 BC1F10 LD 
84 001C 9FE8 LD 
85 001E 6E RBIT 
86 001F BCC890 LD' 
87 0022 BCC990 LD 
88 0025 BCCA00 LD 
89 0028 7E SBIT 
90 0029 BCBA89 LD 
91 002C BCBB00 LD 
92 002F BCBC20 LD 
93 0032 BCBD04 LD 
94 0035 9FBC LD. 
95 0037 78 SBIT 
96 0038 79 SBIT 
97 0039 BCBEC8 LD 
98 003C 9FD0 LD 
99 003E 6E RBIT 

100 003F 6D RBIT 
101 0040 9FEF LD 
102 0042 78 SBIT 

00 iBit 
05 iBit 
07 iBit 

. 04 iBit 
06 iBi t 
05 iBit 
00 iBit 
01 iBit 
05 iBit 
06 iBit 
07 iBit 

COP888. INC 

IN IT 

DISABLE 

B, #PSW 
GIE, [BJ 
PSR, #00 
PORTLC, #065 
B, #PORTLD 
DSR, [BJ 
CTS, [BJ 
DCD, [BJ 
HEAD, #START 
TAIL, #START 
B, #ICNTRL 
LPEN, [BJ 

. WKEDG, #090 
WKEN, #090 
WKPND,1t00 
LPEN, [B] 
ENU, ItENUCMD 
ENUR,1t00 
ENU I , #ENU I CMD 
BAUD, ItBAUDVAL 
B,ItENUI 
TIE, [B] 
RIE, [BJ 
PSR, ItPSRVAL 
B,#PORTLD 
DSR, [BJ 
CTS, [B] 
B,#PSW 
GIE, [B] 

position of DCD signal on L port pins 
position of CTS signal on L pOI't pins 
position of DTR signal on L port pins 
position of RTS signal on L port pins 
position of DSR signal on L port pins 
posi t ion of TDX enable pi n in ENUI 
position of TX interrupt enable bit 
position of RX interrupt enable bit 
position of parity error in ENUR 
position of framing error in ENUR 
position of data overrun error in ENUR 

i INITIALIZE UART 
IDO OTHER TASKS 
;DISABLE UART 
; DO OTHER TASKS 

;DISABLE ALL INTERRUPTS 
WART OFF (POWERDOWNl 
iSET I/O 
iNOT READY TO RECEIVE 

TURN OFF DATA SET READY 
TURN OFF CLEAR TO SEND 
TURN ON DATA CARRIER DETECT 

i INIT HEAD POINTER 
i INIT TAIL POINTER 
;CONFIGURE PORTL INTERRUPTS 

DISABLE PORTL INTERRUPTS 
SELECT FALLING EDGE FOR RTS AND DTR 

i ENABLE RTS AND DTR INTERRUPT 
i CLEAR PORTL' INTERRUPT PENDING FLAGS 
; ENABLE PORT L INTERRUPTS 
iSELECT BITS/CHAR AND PARITY OPTION 
iCLEAR ERROR BITS 
;SELECT CLOCK, INTERRUPTS, STOPIHTS 
;SETUP BRG 

;ENABLE TRANSMITTER INTERRUPT 
iENABLE RECEIVER INTERRUPT 
WART ON 
i READY TO RECEIVE 
i TURN ON DATA SET READY 
i TURN ON CLEAR TO SEND 

iENABLE ALL INTERRUPTS 
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103 0043 8E 
104 
105 
106 0044 BDEF68 
107 0047 BCD061 
108 004A BCBE00 
109 004D BCBA00 
110 0050 BCBC00 . 
111 0053 BCBB00 
112 0056 9FC9 
113 0058 6C 
114 0059 6F 
115 005A BDEF78 
116 005D 8E 
117 
118 
119 
120 
121 00FF 
122 00FF 67 
123 0100 9DFE 
124 0102 67 
125 0103 9DEF 
126 0105 67 
127 0106 B4 
128 0107 8C 
129 0108 9CEF 
130 010A 8C 
131 010B 9CFE 
132 010D 8C 
133 010E 8F 
134 
135 
136 
137 
138 
139 
140 
141 
142 
143 010F BCCA00 
144 0112 9DD2 
145 0114 6010 
146 0116 06 
147 0117 6080 
148 0119 03 
149 011A 9FBC 
150 011C 78 
151 011D E9 
152 
153 

DISABLE: 

RET 

RBIT 
LD 
LD 
LD 
LD 
LD 
LD 
RBIT 
RBIT 
SBIT 
RET 

GIE,PSW 
PORTLD,I061 
PSR,800 
ENU,.00 
ENUI,#00 
ENUR, #00 
B,ItWKEN 
RTS, rBJ 
DTR, rBJ 
GIE, PSW 

; INTERRUPT ROUTINES 

. = 0FF 
PUSH A 
LD A,B 
PUSH A 
LD A, PSW 
PUSH A 
VIS 

REST: POP A 
X A, PSW 
POP A 
X A,B 
POP A 
RETI 

;PORT L INTERRUPTS 

DISABLE INTERRUPTS 
TURN OFF HANDSHAKING SIGNALS 
UART POWERDOWN 
CLEAR UART CONTROL REGISTERS 

;DISABLE RTS AND DTR INTERRUPTS 

;ENABLE INTERRUPTS 

; INTERRUPT START ADDRESS 
;CONTEXT SAVE 

; CONTEXT RESTORE 

The port L interrupts are used to indicate a return to active 
i state of .the DTR and RTS signals from the remote receiver. 
; If both DTR and RTS are active, the remote receiver is ready 
ito accept data and the COP transmitter is enabled. 

LINT: 
LD 
LD 
IFBIT 
JP 
IFBIT 
JP 

READY: LD 
SaIT 

NOTRDY: JP 

WKPND,lt00 
A, PORTLP 
IRTS, A 

, NOTRDY 
ItDTR,A 
NOTRDY 
B,ItENUI 
TIE,[BJ 
REST 
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; PORT L INTERRUPT 
;RESET PENDING BITS 
;READ PORT L PINS 
; IF RTS (ACTIVE LOW) NOT PRESENT 
ITHEN REMOTE NOT READY TO RECEIVE 
iIF DTR (ACTIVE LOW) NOT PRESENT 
ITHEN REMOTE NOT READY TO RECEIVE 

IRE-ENABLE TRANSMITTER INTERRUPT 
IEXIT INTERRUPT 
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154 iUART RECEIVE INTERRUPT 
155 The UART receive interrupt does the following: 
156 1. Reads the received data 
157 2. Checks for receiver errors 
158 3. If no errors detected, places the received data in 
159 the transmi t /recei ve buffer and enables the transmitter. 
160 4. If errors detected, the transmit/receive buffer is cleared 
161 of ALL data and an error nlessage is placed in the data buffer. 
162 RCVINT: iRECEIVER INTERRUPT 
163 011E 9DIF LD A, TAIL 
164 0120 9CFE X A,B iGET TAIL POINTER 
165 0122 9DB9 LD A, RBUF iREAD RECEIVED DATA 
166 0124 A2 X A, [B+] iSTORE RECEIVED DATA 
167 0125 9DBB LD A,ENUR iREAD ERROR REGISTER 
168 0127 BDBC78 SBIT TIE, ENUI iENABLE TRANSMITTER INTERRUPT 
169 012A 60E0 ANDSZ A,10E0 iCHECK FOR PE, DOE, FE 
170 012C lA JP ERROR iTHROW DATA AWAY IN BUFFER 
171 012D 9DFE LD A,B iLOAD ACC WITH NEW TAIL PTR 
172 012F 921E IFEQ A,IEND+1 iIF END OF DATA BUFFER 
173 0131 9810 LD A, ItSTART i SET TAIL PTR TO START OF BUFFER 
174 0133 9CIF X A, TAIL iSAVE TAIL PTR 
175 0135 9DIE LD A, HEAD i IS DATA BUFFER FULL? 
176 0137 Al SC 
177 0138 BDIF81 SUBC A, TAIL iA = HEAD - TAIL 
178 013B 89 IFNC i IF BORROWED <TAIL ) HEAD) 
179 013C 940E ADD A,ISIZE iTHEN ADD BUFFER SIZE TO RESULT 
180 013E 9303 IFGT A,1t03 iIF DATA BUFFER NOT FULL 
181 0140 2107 JMP REST ; THEN EXIT INTERRUPT 
182 0142 BDD07D RXOFF: seIT CTS, PORTLO i ELSE TURN OFF REMOTE TRANSMITTER 
183 0145 2107 JMP REST iEXIT INTERRUPT 
184 ERROR: 
185 0147 BCIE10 LD HEAD, ISTART iCLEAR BUFFER 
186 014A 9F10 LD B,ISTART iPOINT TO START OF BUFFER 
187 014C 6020 IFBIT PE,A 
188 014E 9A50 LD [B+],#'P' iP = PARITY 
189 0150 6040 IFBIT FE,A 
190 0152 9A46 LD [B+], #' F' iF = FRAMING 
191 0154 6080 IFBIT DOE,A 
192 0156 9A44 LO [B+],~' 0' i D = DATA OVERRUN 
193 0158 9A20 LD [B+], 1t020 i BLANK SPACE 
1~'} ~1~:1 ~n~5 LD CD+J,;' E:' 
195 015C 9A52 LD [B+J, #' R' 
196 015E 9A52 LD [B+], #' R' 
197 0160 9A4F LD [B+], #' 0' 
198 0162 9A52 LD [B+J,#' R' 
199 0164 9A0A LD [B+], 1t0A LINE FEED 
200 0166 9A0D LD [B+], #0D CARRIAGE RETURN 
201 0168 9DFE OUTERR: LD A,B SAVE NEW TAIL PTR 
202 016A 9C1F X A, TAIL 
203 016C 2107 JMP REST 
204 
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205 
206 
207 
208 
209 
210 
211 
212 
213 016E 9DD2 
214 0170 6090 
215 0172 219C 
216 0174 9D1E 
217 0176 BD1F82 
218 0179 219C 
219 017B 9CFE 
220 017D AA 
221 017E 9CB8 
222 0180 9DFE 
223 0182 921E 
224 0184 9810 
225 0186 9CIE 
226 0188 9DIE 
227 018A BD1F82 
228 018D 09 
229 018E A1 
230 018F BDIF81 
231 0192 89 
232 0193 940E 
233 0195 9303 
234 0197 BDD06D 
235 019A 2107 
236 019C 9FBC 
237 019E 68 
238 019F 2107 
239 
240 
241 
242 01A1 B5 
243 01A2 2000 
244 
245 
246 
247 01E2 
248 01E2 010F 
249 01EC 
250 01EC 016E 
251 01EE 011E 
252 01FE 
253 01FE 01A1 
254 

;UART TRANSMIT INTERRUPT 
The UART transmit interrupt does' the following: 

1. Checks for RTS and DTR .signals (OK to transmit?), 
3. If OK to transmit and buffer not empty, transmits data. 
4. If not OK to transmit or buffer empty, disables transmitter. 

XMITINT: 
LD A, PORTLP 
ANDSZ A,1090 
JMP IDLE 
LD A,HEAD 
IFEG A,TAIL 
JMP IDLE 
X· A,B 
LD A, CB+l 
X, A, TBUF 
LD A,B 
IFEG A,IEND+l 
LD A,ISTART 
X A,HEAD 
LD A,HEAD 
IFEG A, TAIL 
JP NFULL 
SC 
SUBC A,TAIL 
IFNC 
ADD A,ISIZE 
IFGT A,103 

NFULL: RBIT CTS, PORTLD 
JMP REST 

IDLE: LD B,IENUI 
RBIT TIE, CBl 
JMP REST 

;Software Trap 
; 
SFTINT: RPND 

JMP 00 

;VECTOR INTERRUPT TABLE 

.=01E2 
.ADDRW LINT 
.=01EC 
.ADDRW XMITINT 
.ADDRW RCVINT 
• =01FE 
.ADDRW SFTINT 
• END 

2-210 

;TRANSMITTER INTERRUPT 

;IS IT OK TO TRANSMITT? 
;NO: .' GO TURN OFF TRANSMITTER 
;YES: GET PTR TO DATA 
; IF DATA BUFFER EMPTY 
; THEN. TURN OFF TRANSMITTER 
;ELSE. 
;SET TRANSMIT DATA 
;SEND TRANSMIT DATA 
;LOAD ACC WITH. NEW HEAD PTR 
;IF END OF DATA BUFFER 
; ,SET HEAD PTR TO START OF BUFFER. 
; SAVE HEAD PTR 
;IS DATA BUFFER FULL? 
; I F BUFFER EMPTY 

THEN NOT FULL 
; ELSE CHECK HOW FULL 
;A = HEAD - TAIL 
; IF BORROWED <TAIL ) HEAD) 
;THEN ADD BUFFER SIZE TO RESULT 
; IF. DATA BUFFER NOT FULL 

THEN TURN ON REMOTE TRANSMITTER 
ELSE EXIT INTERRUPT 

;DISABLE TRANSMITTER INTERRUPT 
;EXIT INTERRUPT 

; RESTART 

.;L PORT INTERRUPT 

;TRANSMITTER INTERRUPT 
;RECEIVER INTERRUPT 

;SOFTWARE INTERRUPT/TRAP 

TLlDD/11110-10 



NATIONAL SEMICONDUCTOR CORPORATION 
COP800 CROSS ASSEMBLER, REV:Dl, 12 OCT 88 

SYMBOL TABLE 

B 00FE BAUD 00BD 
CTS 0005 DCD 0000 
DSR 0005 DTR 0007 
ENUCMD 0089 ENUI 00BC 
ERROR 0147 ETDX 0005 * HEAD 001E ICNTRL 00E8 
LINT 010F LPEN 0005 
NOTROY 0110 OUTERR 0158 * PORTLD 00D0 PORTLP 0002 
PSW 00EF RBUF 00B9 
REST 0107 RIE 0001 
SFTINT 01Al SIZE 000E 
TAIL 001F TBUF 00B8 
WKEN 00C9 WKPNO 00CA 

NATIONAL SEMICONDUCTOR CORPORATION 
COP800 CROSS ASSEMBLER, REV:Ol, 12 OCT 88 

MACRO TABLE 

NO WARNING LINES 

NO ERROR LINES 

257 ROM BYTES USED 

SOURCE CHECKSUM = 6884 
OBJECT CHECKSUM = 095B 

INPUT FILE C:UART.MAC 
LISTING FILE C:UART. PRN 
OBJECT FILE C:UART.LM 

BAUD VA 0004 CNTRL 00EE * DISABL 0044 DOE 0007 
ENO 001D ENU 00BA 
ENUICM 0020 ENUR 00BB 
FE 0005 GIE 0000 
IDLE 019C INIT 0008 
MAIN 0002 * NFULL 0197 
PE 0005 PORTLC 0001 
PSR 00BE PSRVAL 00CB 
RCVINT 011E READY 011A * RTS 0004 RXOFF 0142 * SP 00FD START 0010 
TIE 0000 WKEOG 00C8 
X 00FC XMITIN 015E 

TLlDD/llll0-ll 

TLlDD/llll0-12 
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Low Cost AID Conversion 
Using COP800 

INTRODUCTION 

Many microcontroller applications require a low cost analog 
to digital conversion. In most cases the controller applica­
tions do not need high accuracy and short conversion time. 

This appnote describes a simple method for performing an­
alog to digital conversion by reducing external elements and 
costs. 

PRINCIPLE OF AID CONVERSION 

The principle of the single slope conversion technique is to 
measure the time it takes for the RC network to charge up 
to the threshold level on the port pin, by using Timer T1 in 
the input capture mode. The cycle count obtained in Timer 
T1 can be converted into voltage, either by direct calcula­
tion or by using a suitable approximation. 

Figure 1 shows the block diagram for the simple AID con­
version which measures the temperature. 

BASIC CIRCUIT IMPLEMENTATION 

Usually most applications use a comparator to measure the 
time it takes for a RC network to charge up to the voltage 
level on the comparator input. To reduce cost, it is possible 
to switch both inputs as shown in Figure 2. 

Port G3 is the Timer T1 input. Ports G2/G1 are general 
purpose I/O pins that can be configurated using the I/O 
configurations (push-pull output/tristate). All Port G pins are 
Schmitt Trigger inputs. RUM is required to reduce the dis­
charge current. 

GENERAL IMPLEMENTATION 

The temperature is measured with a NTC which is linearized 
with a parallel resistor. Using a parallel resistor, a lineariza­
tion in the range of 100 Kelvin can be reached. The value of 
the resistor can be calculated as follow: 

Rp = RIm· (8 - 2Tm)/(8 + 2Tm) 

RIm Value of the NTC at a medium temperature 

T m Medium Temperature 

B NTC-material constant 

Schmitt trigger input 

National Semiconductor 
Application Note 952 
Robert Weiss 

The linearization reduces the code, improves the accuracy 
and the tolerance of the NTC-R network (e.g. NTC = 

100 kn ±10%, R = 12 kn ±1%, NTCIIR ±2%); Using 
that method the useful range does not cover the whole op­
erating temperature range of the NTC. 

GENERAL ACCURACY CONSIDERATIONS 

Using a single slope AID conversion the accuracy is depen­
dent on the following parameters: 

- Stability of the Clock frequency 

- Time constant of the RC network 

- Accuracy of the Schmitt Trigger level 

- Non-linearity of the RC-network 

Figure 3. The maximum failure that appears when a saw­
tooth is generated without using a current source. In the 
current application the maximum failure would be more than 
15% without using methods for reducing the non-linearities 
of RC-network/NTC-network. 

r----.----------~Gl 
.----.... G2 

G3 

I 
TLlDD12075-2 

FIGURE 2. Basic Circuit Implementation 

16-Bit Timer 
Capture mode 

Clocked by RCjCrystal 

The temperature is 
calculated 

TL/DD12075-1 

FIGURE 1. Simple AID Conversion 
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Uthresh. 

Timer 
Max. Failure 

TLlDD1207S-3 

FIGURE 3. Single Slope AID Conversion 

The maximum error occurs when the gradient of the expo­
nential function (RC) equals the gradient of the straight line 
(counter). 

To reduce the error that is caused by the non-linearity of the 
RC-network a offset should be added to the calculated val­
ue. The offset reduce the failure to the middle. 

Further, the accuracy can be improved by using a relative 
measurement method. The following diagram shows the 
method. 

RCORR = RCAl -RCAl x (Rtmax/Rtmin) 

TL/DD1207S-4 

Measurement: 

- Timer Capture mode: RCAl * C is measured 

- Timer Capture mode: RNTC//R * C is measured 

Calculation: 

- Build the vertical-component (RTMIN - RTMAX) of the 
triangle 

- Calculate the slope 

- Calculate the actual temperature 

Using this method the accuracy is primarily dependent on 
the accuracy of RTMIN and RTMAX and independent of the 
stability of the system clock, the capacitor and the threshold 
of the Schmitt Trigger level. The variation of the capacitor 
only leads to variation of the resolution. 

The following diagram shows the ideal resistance/tempera­
ture characteristic of a NTC which is linearized with a paral­
lel resistor. 

FIGURE 4. Accuracy Improvement RH.IAX 
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FIGURE 5. Resistance vs Temperature Characteristics 
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APPLICATION EXAMPLE 

The following application example for temperature mea­
surement demonstrates the procedure. The temperature is 
measured from 20' to 100' and is displayed on a Triplex 
LCD display. 

NTC20 

Rp 

Tm 
8 

= 100 kn ±10% 

= 12 kn ±1% 

= 333 Kelvin ~ 60 Degrees 

= 4800 Kelvin 

NTC20//Rp = 10.7 kn ±2% 

RCAl 

TMIN 

RTMIN 

TMAX 

= 10.7 kn ±1% 

= 20 Degree 

= 10.7 kn 

= 100 Degree 

LM317 

J--.... -~VCC 

RTMAX 

C 
= 2.8 kn 

= 1 J.LF 
RC-Clock = 2 MHz ~ 200 kHz instruction cycle, 5 J.Ls 

Timeconst. = RCAl • C ~ 0.0107s 

Resolution = 2140 ~ 11 byte, depends which Cap. value 
is used 

Accuracy = ± 2 Degree 

This temperature measurment example shows a low cost 
technique ideally suited for cost sensitive applications which 
do not need high accuracy. 

Figure 6 shows the complete circuit of the demoboard using 
the Triplex LCD method and the low cost AID conversion 
technique. 

The Triplex LCD drive technique is documented in a sepa­
rate application note. 

Vee 

LCD-DISPLAY 

BBBB 6xl00k/l% 

Vee 
TLlDD12075-6 

12 

LO-L7.DO-D3 

COP880/888xx 

GND 

220k 

. FIGURE 6. Circuit Diagram 

Pressing key 1, key 2 the temperature is displayed in Degree/Fahrenheit. 

Pressing key 3, key 4 Up/Down counter is displayed. 
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SOURCE CODE 

Figure 7 shows the flow chart of the program. 

Yes 

TLlDD12075-B 

FIGURE 7. Flow Chart 
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The following code is required to implement the function. It does not include the code for the Triplex LCD drive. 

RAM = 17 Byte; 
ROM = 450 Byte; Optimization is possible about 50 byte if the B - pointer consistent is used! 
;*****************"'***********ND-CONVERSION************************************ 

;********** ***** ** ******** ***V AR. DECLARIA TI ON************** *** **************** 
.SECT REGPAGE,REG 
COUNT I : .DSB } 
COUNT2: .DSB } 

.SECT BASEPAGE,BASE 
ZL: .DSB} 
YL: .DSB} 

.SECT RAMPAGE,RAM 
CALIBLO: .DSB } 
CALIBHI: .DSB 1 
NTCLO: .DSB } 
NTCHI: .DSB } 
TEMP: .DSB 2 
KORRL: .DSB 2 
COMPL: .DSB } 
COMPH: .DSB } 
CONTROL: .DSB } 

;TEMPORARY 
;TEMPORARY 

;CALIBRA TION-V ALUE 

;NTC-VALUE 

;TEMP.-VALUE 

;ST A TUS REGISTER 
;*******************************START MAIN PROGRAM***************************** 
MAIN: LD SP,#06F ;INIT SPACKPOINTER 

JSR DISCH ;DISCHARGE C (ND-CONVERSION) 
JSR CALB ;INIT CAPTURE MODE FOR UREF. MEASURMENT 

POLL: IFBIT 3,PORTGP ;POLL - MODE (TIO - PORT) 
JP CAL 
JP POLL 

CAL: LD B,#CALIBLO 
JSR CAPTH 
JSR CALCR 

NEW: JSR DISCH 
JSR NTC 

POLLl: IFBIT 3.PORTGP 
JP CALI 
JP POLL} 

CALI: LD B,#NTCLO 
JSR CAPTH 
JSR CALCN 
JSR DISCH 
JSR DCHECK 
JMP NEW 

.ENDSECT 

;STOP TIMER, STORE CAPTURE VALUE 
;SLOPE IS CALCULATED 
;DISCHARGE C (NO-CONVERSION) 
;INlT CAPTURE MODEFOR UNTC MEASURMENT 
;POLL-MODE 

;STOP TIMER, STORE CAPTURE VALUE 
;TEMPERATURE IS CALCULATED 
;DISCHARGE C (ND·CONVERSION) 

;REDUCE THE DISPLAY FLICKERING 

;**************************************************************************** 
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; ............................................................................. . 
.SECT CaDEt ,ROM 
;TIlIS ROUTINE IS REQUIRED TO REDUCE THE NOICE ON THE LINE AND THE 
; DISPLAY FLICKERING . 

. SECf CODEI,ROM 
DCHECK: ;COMPARE lWO VALUES, IF EQUAL THEN 

LD A,CONTROL ;DISPLA Y IT, OTHERWISE THE OLD VALUE 
XOR A,#080 ;IS DISPLAYED 
X A,CONTROL 
IFBIT 7,CONTROL 
JSR SAVE 
JSR COMP 
RET 

;TEMP.SAVE 
;COMPARE 

;"'''''''''''''''''''''' ......... ''' ..................... ''''''''' ............ "''''.''' ..........•.....• 
; HANDLER FOR CAPTURE MODE 
CAPTH: RBIT TPND,PSW ;RESET TIMER PENDING 

RBIT TRUN,PSW ;STOP TIMER 
LD A,#OFF 
SC 
SUBC A,TAULO 
X A,[B+] ;STORE TIlE CAP11JRED VALUE 
LD A,#OFF 
SUBCA,TAum 
X A,[B+] ;STORE TIIE CAPTURED VALUE 
RET 

;"'''''''''' ••• ''' •••••• ''' •• ''' •• ''''''.''''''.''' ••••••••• ''' ••• ''''''.''' •• '''''' •• **'''*.** •• ***."'.**.* ••••••• 
; CALIBRATION SUBROUTINE, UREF IS MEASURED 
CALB: 

RBIT 3,PORTGD 
RBIT 3,PORTGC 
LD PORTCD,#OO 
LD PORTCC,#OO 
TlCAPHIGH 
LD B,#CALIBLO 

;TRISTATE TIO 

;TRISTA TE PORT C 
;INIT CAPTURE MODE. HIGH SENsmVE (MACRO) 

SBIT O,PORTCD ;CONFIGURE CO TO OUTPUT HIGH 
SBIT O,PORTCC ;CHARGE CAP. 
SBITTRUN,CNlRL ;STARTTIMER CAPTURE MODE 
RET 

;***********"''''*.**'''.**'''*****.***.*******'''*********************************.*. 
; NTC SUBROUTINE, UNTC IS MEASURED 
NTC: 

RBIT 3,PORTGD 
RBIT3,PORTGC 
LD PORTCD,#OO 
LD PORTCC.#OO 
TlCAPHIGH 
LDB,#NTCLO 
SBIT l.PORTCD 
SBIT I,PORTCC 
SBIT TRUN,CNlRL 
RET 

;TRISTAT TIO 

;TRISTATE PORTC 
;INIT CAPTURE MODE. HIGH SENSITIVE (MACRO) 

;CONFIGURE CI TO OUTPUT HIGH 
;CHARGE CAP. 
;STARTTIMER CAPTURE MODE 

;"'******** •• ** ••• *******.** •• *************.*"'********************.* •• ***.* ••• 
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N r---------------------------------------------------------------------------------. 
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;*************************************************************************** 
;DISCHARGE - ROUTINE 
DISCH: 

LD PORTCD,#OOO 
LD PORTCC,#OOO 
RBIT TIO,PORTGD ;DISCHARGE CAP. 
SBIT TIO,PORTGC 
LD COUNTl,#H(500) ;DISCHARGE TIME 
LD COUNT2,#L(500) 
JSR Cl ;DELAY ROUTINE FOR DISCHARGE TIME 
RET 

;*********************************************************************'******** 
;THIS SUBROUTINE CALCULATES THE SLOPE 
;THE FOLLOWING CALCULATIONS ARE DONE 
; KORR=CALIBI 1 1 KOHM (RCALIB.= 11 KOHM) 
;KORR=KORR*2,8KOHM (T=I00 DEGREE, RNTC=2,8KOHM) 
;CALIB=CALIB-KORR 
;DIV=CALIB\80 (TEMPRANGE=80 DEGREE,lOO-20), SLOPE IS CALCULATED 
CALCR: 
;KORR=CALIBI11KOHM 

LD ZL,#L(1lO) 
LD ZL+ 1,#H(1lO) 
LD A,CALIBLO 
X A,YL 
LD A.CALIBHI 
X A,YL+l 
JSR DIVBIN16 ;SUBROUTINE BINARY DIVIDE 16 BIT BY 16 BIT 
LDA,YL 
X A,KORRL 

;***************************************************************************** 
;KORR=KORR *28 

LDA,KORRL 
X A,ZL 
LD A,#28 
X A,YL 
JSR MULBIN8 
LDA,YL 
X A.KORRL 
LD A,YL+l 
X A.KORRL+l 

;SUBROUTINE MUL TIPL Y TWO 8 BITS ALUES 

:**************************************************************************** 
;KORR=CALIB-KORR 

LD B.#CALIBLO 
LD A,[B+] 
SC 
SUBC A.KORRL 
XA.KORRL 
LDA.[B) 
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SUBC A.KORRL+ 1 
X A.KORRL+I 

~*********$***************************************************************** 

;DIV=KORRl80 
LD ZL,#L(80) 
LD ZL+l,#H(80) 
LDA,KORRL 
X A,YL 
LD A,KORRL+ 1 
X A,YL+l 
JSR DIVBIN16 
LDA,YL 
X A,DIV 
RET 

:SUBROUTINE BINARY DIVIDE 16 BIT BY 16 BIT 

;**************************************************************************** 
;THIS SUBROUTINE CALCULATES THE TEMPERATURE 
;THE FOLLOWING CALCULATIONS ARE DONE 
:TEMP=CALIB-NTC 
;TEMP=TEMP/DIV 
;ADD OFFSET 20 DEGREE 
:CONVERSION FROM HEX TO BCD 
:**************************************************************************** 
;TEMP=CALIB-NTC 
CALCN: LD B,#CALIBLO 

LDA,[B+] 
SC 
SUBC A,NTCLO 
X A,TEMP 
LDA.[B] 
SUBC A,NTCHI 
IFNC 
JMPERR 
X A,TEMP+I 

;**************************************************************************** 
;TEMP;;.;TEivi.PIDIV 

LDA,TEMP 
X A,YL 
LD A,TEMP+I 
X A,YL+l 
LD A.DIV 
X A.ZL 
CLRA 
X A.ZL+l 
JSR DIVBI~16 
LDA.YL 
ADD A,#20 
IFGT A.#56 
JSR CORR 

:SUBROUTINE BINARY DIVIDE 16 BIT BY 16 BIT 

:ADD TEMPERATURE OFFSET 
;IFTEMPERATURE IS HIGER THAN 56 DEGREE THEN 
;ADD CORRECTION. OFFSET 

~*************************************************************************** 
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~***** •• * •• *********.****.*****.***.*************************************** 
;HEX TO BCD CONVERSION 

X A,ZL 
LD A,ZL 
IFGT A,#lOO 
JP ERR 
JSR BINBCD 
LDA,BCDLO 
X A,TEMP 
LD A,BCDLO+ 1 
X A,TEMP+l 
RET 

ERR: LD A,#QOE 
X A,TEMP 
CLRA 
X A,TEMP+l 
RET 

;IF TEMPERATURE IS MORE THAN 100 DEGREE THEN 
;ERROR 
;SUBROUTINE BINARY TO BCD CONVERSION; 

;ERROR MESSAGE IS DISPLAYED 

;**************************************************************************** 
COMP:LD 

SC 
SUBC 
IFEQ 
JP 
RET 

DISPLAY:LD 
X 
LD 

Ml: X 
JSR 
JSR 
RET 

A,COMPL 

A,TEMP 
A,#Q 
DISPLAY 

A,TEMP 
A,PB+2 
A,TEMP+l 
A,PB+3 
LCDDR 
DEL 

;IF THE LAST BOTH MEASURMENTS ARE EQUAL 
;THEN DISPLAY 

;OTHERWISE DISPLAY THE OLD VALUE 

;UPDATE THE DISPLAY 
;DELAYTIME 

;**************************************************************************** 
SAVE: LD 

X 
LD 
X 
RET 

A,TEMP 
A,COMPL 
A,TEMP+l 
A,COMPH 

;TEMPORARY SAVE 

~*************************************************************************** 
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LCD Triplex Drive with 
COP820CJ 

INTRODUCTION 

There are many applications which use a microcontroller in 
combination with a Liquid Crystal Display. The normal meth­
od to control a LCD panel is to connect it to a special LCD 
driver device. which receives the display data from a micro­
controller. A cheaper solution is to drive the LCD directly 
from the microcontroller. With the flexibility of a COPS mi­
crocontroller the multiplexed LCD direct drive is possible. 
This application note shows a way how to drive a three way 
multiplexed LCD with up to 36 segments using a 2S-pin 
COPSOO device. 

ABOUT MULTIPLEXED LCD'S 

There is a wide variety of LCD·s. ranging from static devices 
to multiplexed versions with multiplex rates of up to 1 :256. 

LM317 
1.25-6.4V 

I---c ........ --.-O vee 

l).1f G2 

G4 

G5 

BPI 

Vee lN914 

6 x 47k 

BP2 +-----+--1----t~.....;.---1 

BP3 +-----+-... --11-.....;.--1 
G2 

BPI +-----.~~--1I----I27 

GNO 

National Semiconductor 
Application Note 953 
Klaus Jaensch and 
~iegfried Rueth 

The multiplex rate of a LCD is determined by the number of 
its backplanes (segment-common planes). The number of 
segments controlled· by one line (with one segment pin) is 
equal to the number of backplanes on the LCD. So. a three 
way multiplexed LCD has three backplanes and three seg­
ments are controlled with one segment pin. For example in 
a three way multiplexed LCD with three segment inputs (SA. 
S8. SC) one can drive a 7-segment digit plus two special 
segments. 

These are 3 x 3 = 7 + 2 = 9 segments. The special 
segments can have an application specific image. (" + ". 
"_". " .... limA ...... etc). 

2 .. 

00-03 

LO-L7 

GO/INT 

(COPB20CJ] 
25 J-"';'-'-o-CDJ--O Vee 

......... - ... --0 Vee 

G3/TIO 
28 

10 

Gl 11 
26 

12 T2 

CKI 2 MHz CKO 

0 
1M 

33pf I I
33Pf 

TL/DD12076-1 

FIGURE 1. Schematic for LCD Triplex Driver 
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8P3 
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FIGURE 2. Example: Backplane-Segment Arrangement 
TL/DD120?6-2 

A typical configuration of a triplex LCD is a four digit display 
with S special segments (thus having a total of 36 seg­
ments). Fifteen outputs of the COPS are needed; 4 x 3 
segment pins and 3 backplane pins. 

Common to all LCD's is that the voltage across back­
plane(s) and segment(s) has to be an AC-voltage. This is to 
avoid electrochemical degradation of the liquid crystal layer. 
A segment being "off" or "on" depends on the r.m.s. volt­
age across a segment. 

The maximum attainable ratio of "on" to "off" r.m.s. voltage 
(discrimination) is determined by the multiplex ratio. It is giv-
en by: . . 

(VONIVOFF)max = SOR((SOR(N) + 1)/(SOR(N) - 1» 
N is the multiplex ratio. 

In this example: 

% 

100 
>-
II) 

-< 
~ 80 
z 
0 
(,.) 60 
UJ 
> ;::: 

40 

~ 
20 

VrmsON = 0.707·Vop 

VrmsOFF = O.40S·Vop 

>-
II) 

;:;; 
>-z 
0 
(,.) 

0 

~ 

The maximum discrimination of a 3 way multiplexed LCD is 
1.93, however, it is also possible to order a customized dis­
play with a smaller ratio. With the approach used in this 
application note, it may not be possible to acheive the opti­
mum contrast acheived with a standard 3 way muxed driver. 
As a result of decreased discrimination (1.93 to 1.73) the 
user may have to live with a tighter viewing angle and a 
tighter temperature range. 

In this applicationyoLl get a VrmsOFF voltage of 0.40S*Vop 
and a VrmsON voltage of O.707*Vop. Vop is the operating 

. voltage of the LCD. Typical Vop values range from 3V-5V. 
With the optoelectrical curve of the LCD you can evaluate 
the maximum contrast of the LCD by calculating the differ­
ence between the relative "OFF" contrast and the relative 
"ON" contrast. 

DRIVE VOLTAGE VRt.l5 
TL/DD12076-3 

FIGURE 3. Example Curve: Contrast vs r.m.s. Drive Voltage 
. " 

2-222 



The backplane signals are generated with the voltage steps 
av, Vop/2 and Vop at the backplanes; also see Figure 4. 

Two resistors are necessary for each backplane to establish 
all these levels. 

The backplane connection scheme is shown in Figure 1. 

The Vop/2 level is generated by switching the appropriate 
COP's port pin to Hi-Z. 

The following timing considerations show a simple way how 
to establish a discrimination ratio of 1,732. 

TIMING CONSIDERATIONS 

A Refresh cycle is subdivided in 6 timephases. Figure 4 
shows the timing for the backplanes during the equal distant 
timephases 0 ... 5. 

Backplane Control 

~ "REFRESH" --------1 
~ CYCLE ~ 

TlMEPHASE I 0 ~ 1 ~ 2 ~ 3 ~ 4 ~ 5 ~ 
BP1 VOP[8j' .... 

VOP/; ···1····r···T···1····[· 
. .. _., , ... , l ~ .. 
o :: _:: 

• • I • • • 

BP2 VOP.

HJ 
.... · ..... ~ .... : .... : ... _.~ .. 

VOP/2 . :::: 

~ : ... : : I·"C· 
• I • I • • 

BP3 VOP

eE 
.... , .. 

• I I I 

VOP/2: ::: . .... .. .. r 
o : : : : 

TL/DD12076-4 

Note: After timephase 5 is over the backplane control timing starts with 
timephase 0 again. 

FIGURE 4. Backplane Timing 
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While the backplane control timing continuously repeats af­
ter 6 timephases, the segment control depends on the com­
bination of segments just being activated. 

TABLE I. Possible Segment ON/OFF Variations 

Tiphtab Address Segment A Segment B SegmentC 

0 off off off 

1 on off off 

2 off on off 

3 on on off 

4 off off on 

5 on off on 

6 off on on 

7 on on on 

Figure 5 through Figure 12 below show all possible combi­
nations of controlling a "Segment Triple" with help of the 3 
backplane connections and one segment pin. The segment 
switching has to be done according to the ON/OFF combi­
nation required (see also Table I) . 

Each figure shows in the first 3 graphs the constant back­
plane timing. 

The 4th graph from the top shows the segment control tim­
ing necessary to switch the 3 segments (SAISB/SC), acti­
vated from one pin, in the eight possible ways. 

The 3 lower graphs show the resulting r.m.s. voltages 
across the 3 segments (SA, SB, SC). 
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Segment/Backplane Control-Timing 

TIMEPHASE I 0 l 1 l 2 l 3 l 4 l 5 
• I I I I 

• • I • • 

BPI VO'[8j ...•. 

vo,/~ ~:::r"rF 
• • • I • I 

BP2 VO'RJ .• ": •.•.•• : •••• ; •••• ~ •. • I I I 

VOP/2 ::: .: 

, ~ : ... : l r"c' 
I • I • • I 

BP3 Vo'em .... ' .. I I I I 

VOP/2: .::: . .... .. .. r 
o : : : : . 

I • I • I • 

YOP I ... . 
;;;·< ... ---..... r .. rrr 
SA YOP · . . . . . 

........... _ ... "" ...... _ .......... 1 .... -_ ............. . 
I I • I I I 

YOP/2 : 

("OFF") ~ · ... r .. ·t .. r··· 
-VOP/2 

-y~p . . . 
.. ........ ~ ................. p ...... -.- ............. -~ .. . 

I • • • I I 

SB YOP . . . . . . 
• .. --_ ........ "" .. --- ......... 1 .... - .... - .......... . 

I I I I I 

YOP/2: :: : 

~ o' -···r-·-r·· 
-VOP/2 

-y~p 
I I I I I .............. - ................... , .... --.--_ ...... . 

I • • I • • 

SC YOP 
• • • • I • 

............ _- ..... --_ ... _ .... 1 .... -_ ............. . 
I I I I 

VOP/2 : :: : 

~ ~ -···r-·-r-· 
-YOP/2 

+---+---4 
-y~p 

.. ---- .. - ............ .. 

TLlDD12076-5 

tiphtab address = 0 

FIGURE 5 
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TIMEPHASE I 0 3 : 4 

BP1 YOP[8j' . " . . . 

VO,/; ... ~m·""l:::rT"E 
0~·'.1 [ · . . . . . 

BP2 YOP.

HJ
..... . .... ~ .... : .... ~ ... _~ .. 

YOP/2 . :::: 

~ : ... : l r-·c· 
o • I • • • 

BP3 Vo'em.; .... ~ .. 
VOP/2 : : : 

o' : .... :: ... ·r · . . 
YOP 

;;~"ENT o-+I_··_·_~ __ ~---IoI_--_._1"_-_ .. _~_-. 
· . . . 

.. ....................... 1 __ - ......... .. .. . .. . .. . 
SA VOP 

YOP/2 &I 0-1' __ -t--_--_ .. _ .. _.-_r_ .. _.:~:~_-_ .... _ 

. -YOP/2 
...... 1-- .... : ..... · 

-y~p 
. ............ -......... .. 

SB YOP · . . . . . 
.. .. _ ...... __ .............. _ .... 1 ........... _ ........ . 

I I I I I 

YOP/2 
I I I I 

I I I • · . 
( "OFF") 0-1' ---___ --i-----

-YOP/2 ...... 000+--+ ... ~ .... : ... 
-y~p · . . .. ___ .................. _ ••••• , .......... "''''.,. .. e 

• • 0 

SC YOP · . . . . . 
"' .... I... ... "'."" .......... "' ••• , .............. I. ... e 

t , , , • , 

VOP/2 
., ,.. 
., "I · .. 

~~-+--+~......-...,.--f---I---~ 
-VOP/2 

."' ... : ...... e 

-y~p --_ .. ,. .................... "', ..... . · . . . 
TL/DD12076-6 

tiphtab address = 1 

FIGURES 



Segment/Backplane Control-Timing 

TIMEPHASE I 0 ~ 1 ~ 2 ~ 3 ~ 4 ~ 5 ~ 
I I I I I I · . . . . . 

BP1 VOPQ±j ..... 
VOP/; ~"'T"'l"T ""---, , "-1 ! ,." 

o :: :: 
• • • I • I 

BP 2 VOP

tn 
.... , .... ; .... , .... , .. 

I I I I 

YOP/2 ..:::: 

" , ... , ! I---C" 
o : :: : 

• I I I • • 

BP3 VOP

FE 
.... , .. 

I I I I 

YOP/2: ::: . ~ : :. ---: : .o .or 
I I I I 

• • • I • • 

;,~"'::~n"'O'''O''T 
SA YOP · . . . . . 

........ ~ ...... ~ ............... .. I ......... " .............. ~ 
I I I I I I 

YOP/2 
I I I I I I 

I I I I I I , , , 

~ 0-1'" -.&--1----..-..---1-----"-

-YOP/2 

-YOP 

S8 VOP 

YOP/2 

........... --- ... -- ...... ----1----1 .. --- .. --
• I • • • I 

~ O~" __ ~~ __ ~-+ __ +--+_ 

-YOP/2 

-VOP 
.... U···U······l-

I I I I 
I I I I 

....... -~ ...... ~ ........ ~...... . ...... -~ .... 
• • I • 

SC VOP . . . . . . 
.. ..................... __ ..... _ .... 1 .... _ ..... _-_ .... . 

I I I I I 

I I I I I 

I I I I I YOP/2 

~ O~" _+-__ ..... -+-___ -

-VOP/2 

-YOP 
.... _ .... --- ...... _- .. ----,--_ ... ---- ..... · . . . . . 

TL/DD12076-7 

tiphtab address = 2 

FIGURE7, 

SA YOP 

YOP/2 

~ O~"--__ ~--__ ----+-__ _ 

-VOP/2 

-YOP 

S8 YOP . . . . 
.................. 1 ....................... . 

YOP/2 

~ O~"--__ ~--__ ----+-__ _ 

:::i::t±iJ:::i 
-YOP/2 

-VOP 

SC VOP • • • I • • 

--_ .................. _ ... _ ... 1 ___ ............. . 

I I • • I I 

YOP/2 
I I. I I 

I I I I 

~ O-j." _____ --__ --

-YOP/2 

-YOP 
.. .................... - ......................... _ ....... --po"" 

• I • I • • 

TL/DD12076-8 

tiphtab address = 3 

FIGURE 8 
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Segment/Backplane Control-Timing 

TIMEPHASE I 0 ~ 1 ~ 2 ~ 3 .. ~ 4 ~ 5 

BPl VOP[EB' , , , , 

VO ... P/2.· -- -1' --or --'-T ---1- ---[' 
. ---- ---I I ~ .. 
o :: .:: 

I .' • • I t 

BP2 VOP. m----' '- ---~ --- -;-- --.~-- --~ .. 
VOP/2 :::: 

. . .' . --- , ! I---C:' 
o : : : • ~ 

I , I I I • 

BP3 VOP I ' , , , , . , , 
. VOP/i--·rrFf++ 

· . . . . . 
VOP I "'" . +----to -- -. -- --,- -- -IT 

SEGMENT Iii .. · i 
PIN ::: 

o ::: 

SA VOP 
• I • • • • 

---_ .... __ ......... _ .... 1 ....................... . 

VOP/2 

( "OFF") o~· -..----t-----'-O&---I-_.­

-VOP/2 

-VOP 

SB VOP 
• • • • • I 

.... __ .. _-_ ...... __ ........ 1 .... __ .... __ ..... 

I t I I I 

VOP/2 " , 
" , 

~ 0;' -op-------_r_--
-VOP/2 

-VOP 

SC VOP 

VOP/2 

&I 0,' _--_-_-'._-_---I-_~~~~~:-_-_--_'-_ .. 
-VOP/2 

-I--+---II 
-VOP 

TL/DD12076-9 

tiphtab address = 4 

FIGURE 9 
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· . . . . . 
BPI VOP[EB ..•. 

VOP/i ~:::rTT 
• I • I I • 

BP2 VOP .• m .. ____ ~ ____ : ____ ; ___ ~~_. 
I I I I 

VOP/2 ...:::: 

. - ,---, ! r--c' 
o 0 .: :: : 

• • • • I • 

B .. P.3. VO.P.FfEBj. __ ; ____ ~ .. I I I I 

VOP/2 .: ::: . ---- ---or I I I I 

. 0 : :.: : 
· . . . . . 

;i~.E::~l····D··--D···O·· 
SA VOP 

VOP/2 

~ o,· __ ~~--~~--~_+-
-VOP/2 

-VOP 

SB VOP • I I • • • 
.. .... _ ...... _ .... _-_ ........ 1 .................. . 

I • I I I I 

VOP/2 
I I I I I I 

I I • I I I 

( "OFF!' ) 0;' -------I-op-__ --I­
-VOP/2 

-VOP 

sc VOP 

VOP/2 

...... -: ......... -: ........ 
I I • I I I ...... -~ ....................... -0- ............. -po .. . 

&I 0-t· __ ~~--~~--~_+-
-VOP/2 

-VOP ......... -.............. , ...... . · . . . 
TLlDD12076-10 

tiphtab address = 5 

FIGURE 10 



Segment/Backplane Control-Timing 

I 
: : : : : : 

Tlt.lEPHASE 0 : 1 : 2 : 3 : " : 5 : 
• • • • I I 

8P1 YOP[Ej' .... 

VOP/~ lC:::r'TT 
• • • • I I 

8P2 YOP.

m 

.... · ..... ~ .... :." •. ~ .... ~ •. 

YOP/2 :::: 

. , ... , ! I"'C:' 
o : : : • L..l. 

• • I • I • 

8P3 YOP,.tff}+1" •• ~ .. ,". . .,".: .... ,~ .... ~ .. 
YOP/2: '::: 

O' : : .... :: .... C 
I I • • • I 

SEGt.lE:~P, o· ... 1"" ('1' 
PIN ' , 

o ':: 
I , • I 

SA YOP . . . . . . 
....... ~ ......................... I ...................... . 

I I I I • I 

YOP /2 : : : : : : 

~ o·~~~ ______ ~_··_·.·,·_·_··_'_··_·~·r~ .. 

-YOP/2 

-YOP 

S8 YOP 

YOP/2 

" .. :-- -- .:-- .. ~ ... +--+--+ 
I I I I I I --- -f6---"- --- ...... -.- .... - ... ---~ ... · . . 

&I 0
4
' _-+-_ .... _~~:=:_._ .. _'._._--_'._ .. 

-VOP/2 

-YOP 

SC . YOP 

YOP/2 

I I • I : : ill: : ----: .. ---f--- .. -. 
I I I I 
I I I I 

....... ~ -- .. ~ ....... ~...... .. .... -~ .... · . . 

&I ;4-~------+----
-YOP/2 

-YOP 

TLlDD12076-11 

tiphtab address = 6 

FIGURE 11 
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TIt.lEPHASE I 0 ~ 1 " : 5 : 

BP1 VOP[Ej , " 

VOP/i lC:::IU']"'I: 
• I • • , , 

BP2 VOP'm"'" '," .: .... ; .... ~ •. I • I I 

YOP/2 ::: ' : 

'; :''': 1, r"c' 
• I • I I I 

BP3,VOPtff}+1,,"'~'" . . ", .. : .... ; ... ,.~." 
I "" 

YOP/2: :: : . .;" .. "c 
o : : : : 

SA YOP ... ~ .... ~ .... : .... ; .... 
• I I I I 

YOP/2 :::: 

&I, 0'4 -----I-''-.-.,.-.-.. -,.-.-.. +-.. 

-YOP/2 

-:-YOP 

S8 YOP 

YOP/2 

... _.:- .... _-: ..... .. 

.. ...... f6--- ........ .. 
• • • I 

................. 1 ............ __ ... . 

&I 0
4
. _____ -1-_____ -+_ 

I. • I 

-VOI'/2 

-YOP 

:: tilj': ~ ","":""" -:-...... • ...... I ... 

• I' I 
• I' I .. .... -r ........ • --.......... .. ......... . . . . . 

SC YOP __ .. , __ ... __ .. ~ .. 

YOP/2 

&I 04' ~:=:=~--f-·-·-·-·'·-·----'----·4·1-, 
-YOp/z 

. -- .:. -- --: .... ""--+-..... 
-YOP 

.. _ .. -r ......... - .............. -.- .. _ .. 

TL/DD12076-12 

tiphtab address = ? 
FIGURE 12 



REFRESH FREQUENCY 

One period with six timephases is called a refresh cycle 
(also see Figure 4). 

The refresh cycle should be in a frequency range of 30 ... 
60 Hz. A frequency below 30 Hz will cause a flickering dis­
play. On the other. hand, current consumption increases 
with the LCD's frequency. So it is also· recommended to 
choose a frequency below 60 Hz. 

In order to periodically update the ,..,C's 'port pins (involved in 
backplane or segment control) at the beginning of a new 
timephase, the COP8 needs atimebase of typo 4 ms which 
is realized with an external RC-circuit at the GO/INT pin. 

The GO pin is programmable as input (Schmitt Trigger). The 
conditions for the e'xternal interrupt could be set for a low to 
high transition on the GO pin setting the IPND-flag (external 
interrupt pending flag) upon an occurrence of such a tran­
sition. The external capacitor can be discharged, with the 
GO pin configured as Push/Pull output and programmed to 
"0". When, switching GO as input the Cap. will be charged 
through the resistor, until the threshold voltage of the 
Schmitt-Trigger input is reached. This triggers the external 
interrupt. The first thing the interrupt service routine has to 
do is to discharge the capacitor and switch GO as input to 
restart the procedure. 

This timing method has the advantage, that the timer of the 
device is free for other tasks (for example to do an AID 
conversion). 

The time interval between two interrupts depends on the RC 
circuit and the threshold of the GO Schmitt Trigger VTH. 

The refresh frequency is independent of the clock frequen­
cy provided to the COPs device. 

The variations of "threshold" levels relative to Vee (over 
process) are as follows: 

at Vee =5V 

Charge Time: 

(VTH/VCC) min = 0.37S 

(VTH/VCC) max = 0.572 

T = -(In(1-VTHIVCC>*RC) 

To prevent a flickering display one should aim at a minimum 
refresh frequency of frefr = 30 Hz. This means an interrupt 
frequency of fint = 6 x 30 Hz = 180 Hz. So, the maximum 
charge up time T max must not exceed 5.5 ms (T min 
2.78 ms). . 

With the formula: 
RCmax=Tmax/(-ln(1-(VTH/Vcc)max»=5.5 msXO.849 

RCmax = S.48 ms 

(RCmln = 5.98 ms) 

The maximum RC time-constant is calculated. The minimum 
RC time constant can be calculated similarly. 

A capacitor in the nF-range should be used (e.g. 68 nFl, 
because a bigger one needs too much time to discharge. To 
discharge a 68 nF Cap., the GO pin of the device has to be 
low for about 40 ,..,s. 
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On the other hand the capacitor should be large enough to 
reduce noise susceptibility. 

When the RC combination is chosen, one can calculate the 
maximum refresh frequency by using the minimum values of 
the RC constant and the minimum threshold voltage: 

T min = RCmln *( -In(1- (VTH/Vcc)mln = RCmln *0.472 

and· 

frefr,max = flnt,max/S = 1/(T min *S) 
In the above example one timephase would be minimum 
2.82 ms long. This means that about 250 instructions could 
be executed during this time. 

SOFTWARE 

The software for the triplex LCD drive-demo is composed of 
three parts: 

1. The initialization routine is executed only once after reset­
ting the device, as part of the general initialization routine of 
the main program~ The function of this routine is to config­
ure the ports, set the tlmephase counter (tlphase) to 
zero, discharge the external capacitor and enable the 
external Interrupt. 

The initialization routine needs 37 bytes ROM. 

Figure 13 shows the flowchart of this routine. 

TL/DD12076-13 

FIGURE 13. Flowchart for Initialization Routine 

2. The update routine calculates the port-data for each time­
phase according to the BCD codes in the RAM locations 
'dlglt1' ••• 'dlglt4' and the speCial segments. This routine 
is only called if the display image changes. 



The routine converts the BCD code to a list 1st, which is 
used by the refresh routine. Figure 14 gives an overview and 
illustrates the data flow in this routine. 

In Figure 15 the data flow chart is filled with example data 
according to the display image in Figure 16. 

First the routine creates the seg1st (4 bytes long), which 
contains the "on/off" configuration of each segment of the 
display. The display has 36 segments but the 4 bytes have 
only 32 bits, so the four special segments S1 are stored in 
the specbuf location. The bcdsegtab table (in ROM) con­
tains the LOOK-UP data for all possible Hex numbers from 
o to F. 

The routine takes three bits at the beginning of each time­
phase from the seg1st. 
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These 3 bits address the 8 bytes of the tiphtab table in 
ROM. Each byte of this table contains the time curve for a 
segment pin (only 6 bits out of 8 are used).Using this infor­
mation, the program creates the lists for port D and port L 
(pod1st, poI1st). Every byte of this list contains the timing 
representatives for the pins 00-03 and LO-L7, to allow 
an easy handling of the refresh routine. 

The external interrupt has to be disabled while the copy 
routine is working, because the mixed data of two different 
display images would result in improper data on the display. 
Figure 17 shows the flowchart of the update routine. The 
Flowchart of the convert subroutine is shown in Figure 18. 

MEMORY REQUIREMENTS 

ROM: 152 bytes inc!. look up tables 

RAM: 43 bytes (Figure 15 illustrates the RAM locations) 



~ ,-------------------------------------------------------------------------------------------, 
II) 
en 
:Z 
ct 

~
DIGITl 
DIGIT2 

. DIGIT3 
. . DIGIT4 

I 

SPECIAL SEGt.4ENTS 

'51 

t--r---r---j SEGLST 

3 BIT ADDRESS 

[ TIPHASE 

F~: t--------j PODLST 

: -{ t--------j 
: -3- t--------j 

[ ::: t--------j 

, -0- 1---------1 POLLST 
: -( 1---------1 

F;: 1---------1 

: -4-
: :s: 1---------1 

TIPHASE] 

: -0- ,.-_.z...._-, LST 

: -( .--------1 

: -2- .-______ -1 

: -3- .-______ -1 

: -4- .-______ -1 

: -s- .-______ -1 
• __ '--____ ...J 

ADDRESS 

SPECIAL 

SPECBur 

TEMP 

S2 = 1 

ErDGA~CB 
'0' BCDSEGTAB 
'1' 
'2' 
'3' 
'4' 

'6' 
'7' 
'8' 
'9' 
'A' 
'B' 
'C' 
'0' 
'E' 
'r' 

! IIIII TlPHTAB 

3 
4 
S 
6 
7 

RAM LOCATIONS 

FIGURE 14. Data Flow Chart for Update Routine 
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'0' 00000000 
'1' 00000001 
'A' 00001010 
'3' 00000101 

00 DIGITI 110001000188 SPECIAL 
01 DIGIT2 
OA DIGIT3 
03 DIGIT4 

I 

SPECIAL SEGI.IENTS 

ADDRESS 

I 1 000 1 000 I,! SPECBUF 

52 SI.! .. 
'0 ~~~~~ E8 SEGLST Ir---'--...... .., 
10 >1, 031 TEMP 

10 III II' DB 
11 ), II 3F 

3 BIT ADDRESS 

. r TIPHASE 

: _0_ OOOOxxxx Ox PODLST 
: 1 OOOOxxxx Ox 
:-2 0111xxxx 7x 
~ -3- 1 1 1 1 x x x x Fx : ~( 1 1 1 1 x x x x Fx 

~_5_ 1000xxxx 8x 
,0 10100010 A2 POLLST 
~ -,- 1010001 1 A3 
: ~2~ 01110110 76 
: 3 01011101 50 
: -4- 01011100 5C 
: ~5~ 10001001 89 

TIPHASEJ_ 

:0 xxxxOOOO xO LST 

0 
1 
2 

43 
4 
5 
6 
7 

00101010 2A 1::::,:::,:::::,:,:::,:::::,: :-,- xxxxOOOO xO 
00111010 3A 

: -2- x v x)( 01 1 1 x7 
I 01100111 67 

: -3- x x x xliii xF 
1 1010101 05 

: -4- x x x xliii xl 
1 1000101 C5 

: -5- xxxxl000 xF 
10011000 98 ._-

52 = 1 

FDGA~C8 

':"::"':":::':: 

';f'.:'t:fl.;::tH 

TlPHTAB 

::::::::1 ROM LOCATIONS 

I KAM LUCAIIUN:l 

FIGURE 15. Data Flow Chart for Update Routine 
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nnrlrl nnrln 
·o-oo~oo~o.-. 

DIGIT -- 1 ---- 2 ---- 3 ---- 4 
TLlDD12076-16 

FIGURE 16. Display Example 

3. The refresh routine is the interrupt service routine of the 
external interrupt and is invoked at the beginning of a new 
timephase. First the routine discharges the external capaci­
tor and switches the GO/INT pin back to the input mode, to 
initialize the next timephase. The backplane ports G2, G4 
and G5 and the segment pin ports D and L are updated by 
this routine according to the actual timephase. For the back­
planes the data are loaded from the bptab table in ROM. 

Table II shows how the bptab values are gathered. Figure 
20 shows the flowchart for the refresh routine. 

TIME REQUIREMENTS 

The routine runs max. 150 cycles. 

For a non flickering display, the refresh frequency must be 
30 Hz minimum. One. refresh cycle has six timephases and 
is max. 33 ms long. So each timephase is 5.5 ms long. With 
an oscillator (CKI) frequency of 2 MHz, one instruction cycle 
takes 1/(2 MHz/10) = 5 Ils to execute. During one time­
phase the controller can execute: 

. 5.5 ms/5 Ils = 1100 cycles. So the refresh routine needs 
134/1100 = 0.122 = 12.2% of the whole processing time 
(in this case). 

With a refresh frequency of 50 Hz the routine needs about 
20.1 % of the whole processing time. 

The refresh routine needs about 103 ROM bytes. 

TABLE II. Phase Values 

Tlphase G5 G4 G2 Portg Data Hex Portg Conflg. Hex 

0 0/0 0/0 1/1 XXOOX1XX 04 XXOOX1XX 04 

1 0/0 1/1 0/0 XX01XOXX 10 XX01XOXX 10 

2 1/1 0/0 0/0 XX10XOXX 20 XX10XOXX 20 

3 0/0 0/0 0/1 XXOOXOXX 00 XXOOX1XX 04 

4 0/0 0/1 0/0 XXOOXOXX 00 XX01XOXX 10 

5 0/1 0/0 0/0 XXOOXOXX 00 XX10XOXX 20 

data/configuration register of portg 

0/0 : Hi-Z input 
0/1 : output low 
111 : output high 
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SUMMARY OF IMPORTANT DATA 

LCD type: 3 way multiplexed 

Amount of segments: 36 

VOP = (Vee> (range): 2.5V to 6V 

Oscillator frequency: 2 MHz (typ.) 

Instruction cycle time: 5 !-'-s 

ROM requirements: 

init routine: 

update routine: 

refresh routine: 

total: 

37 bytes 

152 bytes 

103 bytes 

292 bytes 

RAM requirements: 

permanent use: 25 bytes 

temporary use: 18 bytes 

stack: 6 bytes 

total: 

Timer: 

External interrupt: 

Ports 0, L: 

PortG: 

Port I: 

49 bytes 

(also see Figure 19'j 

not used 

with RC circuit used as time-base gen­
erator 

used for LCD control 

3 G-pins are still free for other 
purposes + 
can be used as key-inp. 
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TL/DD12076-17 

FIGURE 17. Flowchart for Update Routine 
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FIGURE 18. Flowchart for Convert Subroutine 
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C") 
Il) 
en 
:Z 00 LST 10 PODLST 20 DIGITI 

« 01 11 21 DIGIT2 
02 12 22 DIGIT3 
03 13 23 DIGIT4 
04 14 24 ACCSTO 
05 15 25 BSTO 
06 16 POLLST 26 PSWSTO 
07 17 27 
08 18 28 
09 19 29 
OA lA 2A 
OB lB 2B 
OC SEGLST lC SPECBUF 2C STACK 
OD lD TEMP 2D 
OE 1 E TIPHASE 2E 
OF 1 F SPECIAL 2F 

RAM LOCATION TABLE 

~ FREE RAM LOCATIONS FO !POD,ur "I F 1 POLBUF F9 ~ TEMPORARY USED FROM 
F2 POGDBUF FA 
F3 POGCBUF FB 

UPDATE ROUTINE 

F4 FLAGS FC X ~ CONTAIN THE DISPLAY IMAGE 
F5 FD SP 
F6 FE B IIIIIIIIIIIIIII CONTINUAL USED FOR 
F7 FF 

LCD REFRESHING 

REGISTER TABLE I88888J USED BY COP8 CORE 
TLlDD12076-19 

FIGURE 19. RAM Assignment 
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FIGURE 20. Flowchart for Refresh-Routine 
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~ r-----------------------------------------------------------------------~ 

~ Listing 
Z 
~ DEMO FOR COP820CJ: 

3 WAY MULTIPLEXED LCD DRIVER DEMO 
CONSTANT DISPLAY "OlA3" and two special segments on 

iRAM assignments 

.incld cop820cj.inc 

tiphase=OlE 
special=OlF 

digitl=020 
digit2=021 
digit3=022 
digit4=023 

accsto=024 

bsto=025 
psws'to=026 

iregister definition: 

podbuf=OfO 
polbuf=Ofl 
pogdbuf=Of2 
pogcbuf=Of3 
flags=Of4 

iflag definition in flags byte 

podfla=07 

ithis byte must contain the 
ion/off, configuration of 
ithe extra segments 
i (' -, , , low bat' , etc. ) 

iin these RAM locatio~s the 
iBCD code of the display 
idigits are stored. 

iaccu buffer used dur~ng 
iinterrupt service routine 
ibbuffer 
iPSW buffer 

iPortd buffer 
iPortl buffer 
iPortgd buffer 
iPortgc buffer 
iflag byte for podfla 

i************** initialization routine *********************.~****Xy~~ 

init: 

ld sp,lt02f 

ld portlc,fOff 
ld portgc,f037 

ld portgd,fOO 

ld tiphase,itOO 
ld psw,/t002 
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iinitialize stackpoin~er 

iport 1 output 
iport g:Gl,G2,G4,G5 are 
ioutputs 
iall outputs low, all 
iinputs Hi-Z 
iC at GO is discharged 
;begin with timephase 0 
;~xt. in~errupt enable 
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begin: sbit #gie,psw 
rbit #OO,portgc 

ld b,#special 
ld [b+],#088 

ld [b+],#OO 
ld [b+],!tOOl 

·ld [b+], !tOOA 
Id [b],#003 

interrupts are welcome now 
now the external C can be 
charged 

itwo special segments 
i are 'ON' 

idisplay:"01A3" 
idigitl 
idigit2 
idigit3 
idigit4 

i************** main program ************************************** 
loop: 

jsr update 
jp loop 

i************** update subroutine ********************************* 

iRAM definitions: 

specbuf=OlC 
temp=OlD 

ipointer on tables: 

update: 

nxtdig: 

podlst==OlO 
pollst=016 
1st =000 

seglst=OOC 

.=0200 

.local 

ld a, special 
x a,specbuf 
ld x,itseglst 
ld b,itdigitl 

ld a, [b+] 

add a,#L(bcdsegtab) 

laid 

x a,temp 
ld a,specbuf 
r::c a 
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ibuffer for 'special' 
itemporary used 

iadress of list for port d 
iadress of list for port 1 
imain list for display 
iroutine to refresh 
iport d,l each timephase 

ithis list contains the 
ion/off configuration of 
ithe segments 

iload 'special' register 
itO the buffer 'specbuf' 
iX points the segmentlist 
ib points digitlist 

iload BCD code of 
icurrent digit 
iset pointer on look up 
itable for segment setting 
iload segment data of 
icurrent digit 
i store it to RAM , 
iload special bit 
ito car::y 
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II) 
en . 
Z 
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x'a,specbuf 

ifnc 
rbit #2,temp 

ld a,temp 
x a, [x+J 
ifbne #04 
jp nxtdig 

sbit #podfla,flags 

jsr convert 

ishift with carry 

shwc: 

nxtshwc: 
ld b,#seglst 
Id a,specbuf 
rrc a 
x a,specbuf 

ld a, [bJ 
rrc a 
rrc a 

rrc a 
x a, [b+J 
ifbne #00 

jp nxtshwc 

rbit #podfla,flags 

jsr convert 

ishift (without carry) 

sh~ft: 
nxtshift: 

ld b,#seglst 
ld a, [b] 
rrc a 
rrc a 
rrc a 
x a, [b+] 
ifbne itOO 

jp nxtshift 
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iprepare for next 
ispecial segment 
ispecial bit not set? 
ithen reset it in the 
itemp byte 
istore temp 
ito the seglst list 
iif not last digit 
iload data for next digit 

iset flag for working at 
iport d list 
iconvert 3 bits from the 
isegment bytes to the 
itimephaselist for portd 

ib points seglst 
iload special segment bit 
ito carry 
iprepare for next 
ispecial segment 
ishift the segmentbyte 
ithree positions right 
iand append the special 
isegment bit 
, 
istore shifted byte 
iend of segment list 
inot reached? 
ithen shift the next 
isegment byte 

ireset flag for working 
i at port 1 list' 
iconvert 3 bits of the 
isegment bytes to the 
itimephaselist for port 1 

iO points segmnet list 
iload segment byte 
ishift the segmentbyte 
ithree positions right 

istore shifted byte 
iend of segment list 
inot reached? 
ithen shift the next 
isegment byte ' 

TL/DD12076-23 



jsr convert convert 3 bits of the 
segment bytes to the 
timephaselist for port 1 

iCOPY portdata to the list on which the refresh routine will access 

copy: 

nxtd: 

nxtl: 

rbit #eni,psw 

ld b,#podlst 
ld x,#lst 
ld a, [b+] 
swap a 
x a, [x+] 
ld a, [x+] 
ifbne #06 

jp nxtd 
ld b,#pollst 
ld x,#lst 
ld a, [x+] 
ld a, [b+] 
swap a 
x a, [x+] 
ifbne #OC 

jp nxtl 
sbit #eni,psw 

ret 

isubroutines for update routine: 

convert: 

nxtsgl: 
ld x,#seglst 
lq. a, [x+] 
and a,~007 
add a,#L(tiphtab) 
laid 

ld b,#pollst 
ifbit #podfla,flags 
ld b,#podlst 

idisable interrupt to 
iprevent fail display 
ib points podlst 
iX points refresh list 
iload portbyte 
iswap it 
istore it to refresh list 
iincrement x 
iif the end of the podlst 
iis not reached 
ithen next timephase 
ib points pollst 
iX points refresh list 
iincrement x 
iload portbyte 
iswap it 
istore it to refresh list 
iif the end of the pollst 
iis not reached 
ithen next timephase 
irefresh routine allowed 
iagain 

iend of update routine 

iX points segment list 
iload segment byte 
imasK ont first three bits 
ipointer on timephase table 
iload timephase curve for 
ione segment pin 
ib points list for portd 
iworking at podlst ? 
ithen b points on podlst 

ishift timephase data according to 3 bits ( 8 combinations are 
ipossible with 3 segments) 

tipsh: 

nxtphsh: 

x a,temp 

ld a,temp 
r=c a 
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istore timephase curve to 
itemp buffer 

iload timephase curve again 
ishift out one bit into 
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an 
en 
:Z 
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eplst: 

bcdsegtab: 

x a,temp 
ld a, [b] 
rrc a 

x a, [b+] 

ld a,#pollst 
ifeq a,b 
jp eplst 
ifbne /tOC 
jp nxtphsh 

ld a,#L(seglst+4) 
ifgt a,x 
jp nxtsgl 
ret· 

icarry bit 
istore shifted curve 
iload portbyte 
ishift in one bit from 

. i carry bit 
istore shifted portbyte 
iagain 
iend of podlst ? 
, 
ithen return 
ielse end of pollst 

iif the end of the segment 
ilist is not reached 
iwork at next segment byte 

iin this bytes are the on/off configuration of the segments 
ifor a digit are stored. there are only 7 bits of each byte 
ithe configuracion of the 2 special segments is stored 
;in the 'special' byte . 

tiphtab: 

. BYTE OEF,007,OBD,03F 

.BYTE OS7,07E~QFE,00F 

.BYTE OFF,07F,ODF,OF6 

.BYTE OEC,OB7,OFC,ODC 

; , 0' ... ' 3 I 
;' 4' ... ' 7' 
;' 8' ... ' B' 
; 'e' ... 'F' 

ione pin controls 3 segments. there are 8 possible 
;combinations. for each combination there is one byte. 
;6 bits of one byte control the pin for each timephase . 

. BYT~ 007,00E,01S,01C / 023,02A,031,038 

;************** interrupt service routine ************************* 

refresh: 
.=Off 

x a,accsto 
ld a,b 
x a,bsto 

ld b,#portgd 

rbit #00, (bj 
ld a, [b+j 
sbit #OO,(bj 
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istore accu 
istore b 

idischarge C 

increment b (b=#portgc) 
by switching GO to a 
low output 
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rbit #00, (b] 
ld b,#psw 
rbit #ipnd, (b] 

ld a , (b] 
x a,pswsto 

ld a/tiphase 
add a,tiphase 

x a,b 
ld a, (b+] 

x a/Podbuf 
ld a, (b+] 
x a,polbuf 
ld a,b 
add a,#L(bptab)-2 

x a,b 
ld a,b 
laid 
x a/Pogdbuf 

ld a, [b+] 
ld a,b 
laid 
x a,pogcbuf 

ld b, #podbuf 
ld a, [b+] 
x a,portd 
ld a, [b+] 
x a,portld 

hi pO.t:tgc, #00 

Id a, (b+] 
x a,portgd 
Id a, (b+] 
x a/Port:.gc 

ld a,tiphase 
inc a 
ifeq a,lt06 
Id a,ltOO 
x a,tiphase 
Id b,#pswsto 
rc 
ifbit #07, [b] 

iC can be charged again 

ireset ext. interrupt 
ipending flag 

iload psw 
istore psw 

iaccu:=tiphase*2 

istore accu in b 
iload portbyte from 
irefresh list('lst') 
;store it to port d buffer 
iload portbyte 
istore it to port 1 buffer 
iaccu:=tirnephase*2+2 
iaccu points on 
ibackplane table 
istore pointer 
i 
iload port g data byte 
istore it to port g data 
ibuffer 
iincrement b 
iload pointer 
iload portg conf. byte 
istore it to buffer 

ib points buffer list 

irefresh port d 
I 

irefresh port 1 

;all backolanc ~ircs on 
iVop/2 le~el to prevent 
ispikes 

irefresh port g data 

irefresh port g config. 

iupdate tirnephase counter 
I 

itiphase = 0 .. 5 

irestore carry bit 
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bptab: 

sbit #07,psw 
i fb i t # ° 6, [b ) 
sbit #06,psw 

ld a,bsto 
x a,b 
Id a,aeesto 

reti 

irestore halfearry bit 

irestore b 

irestore aeeu 

ireturn from led 
irefresh routine 

.BYTE 004,004,010,010,020,020 

.BYTE 000,004,OO~,010iOOOI020 

.END 

2-244 . 
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t;(INational Semiconductor 

MICROWIRETM and MICROWIRE/PLUSTM: 
3-Wire Serial Interface 

National's MICROWIRE and MICROWIRE/PLUS provide 
for high-speed, serial communications in a simple 3-wire im­
plementation. 

Originally designed to interface COP400 microcontrollers to 
peripheral devices, the MICROWIRE protocol has been ex­
tended to both the COP800 and HPCTM families with the 
enhanced version, MICROWIRE/PlUS. 

Because the shift clock in MICROWIRE/PlUS can be inter­
nal or external, the interface can be designated as either 
bus master or slave, giving it the flexibility necessary for 
distributed and multiprocessing applications. 

With its simple 3-wire interface, MICROWIRE/PlUS can 
connect a variety of nodes in a serial-communication net­
work. 

This simple 3-wire design also helps increase system reli­
ability while reducing system size and development time. 

MICROWIRE/PLUS consists of an 8-bit serial shift register 
(SIO), serial data input (SI), serial data output (SO), and a 
serial shift clock (SK). 

Because the COP800 and HPC families have memory­
mapped architectures, the contents of the SIO register can 
be accessed through standard memory-addressing instruc­
tions. 

~ / CHIP SELECT LINES 

/ / / / / 

8-81T AID 
CONVERTER 

EEPROM 
COP8 NMC93XXX 

AUDIO 
AND 

RADIO ~ (MASTER) ADC08XX DEVICES 
LINES 

1/ I 

SI 1 t 1 t 1 t 
1 1 1 SK 

so 

1/ 
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The control register (CNTRl) is used to configure and con­
trol the mode and operation of the interface through user­
selectable bits that program the internal shift rate. This 
greatly increases the flexibility of the interface. 

MICROWIRE/PlUS can also provide additional I/O capabil­
ity for COP800 and HPC microcontrollers by connecting, for 
example, external 8-bit parallel-to-serial shift registers to 8-
bit serial-to-parallel shift registers. 

And it can interface a wide variety of peripherals: 
a Memory (CMOS RAM and EEPROM) 
13 A/D converters 
13 Timers/counters 
a Digital phase locked-loops 
13 Telecom peripherals 
13 Vacuum fluorescent display drivers 
II lED display drivers 
• LCD display drivers 

Both MICROWIRE and MICROWIRE/PlUS give all the 
members of National's microcontroller families the flexibility 
and design-ease to implement a solution quickly, simply, 
and cost-effectively. 

./ / 

/ / / , / 
ISDN TRANS-

LCD 
CEIVERS 
TP3400 

~ 
DISPLAY DASL 
DRIVER COPS 

TP3410 (SLAVE) COP 472 EC 
TP3420 LINES 

1/ II SIO / 

1 t t so 
1 1 SK 

SI 

1/ 
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MICROWIRE/PLUS Block Diagram 

-I"-

8-BIT SIO 
L-...- MSB LSB 

REGISTER SHIFT CLOCK 

I~ t 
A 

'I 

CKl/l0--+ 
1 1 

INTERNAL 
A DATA BUS", 

CNTRL ) 
'I If REGISTER 

"-I.-
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so 

SI 

SK 
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MICROWIRE and MICROWIRE/PLUS Peripherals 
Part Number I Description 

AID CONVERTERS AND COMPARATORS 

ADC0811 11 Channel 8-Bit AID Converter with Multiplexer 

ADC0819 19 Channel 8-Bit AID Converter with Multiplexer 

ADC0831 1 Channel 8-Bit AID Converter with Multiplexer 

ADC0838 8 Channel 8-Bit AID Converter with Multiplexer 

ADC0832 2 Channel 8-Bit AID Converter with Multiplexer 

ADC0833 4 Channel 8-Bit AID Converter with Multiplexer 

ADC0834 4 Channel 8-Bit AID Converter with Multiplexer 

ADC0852 Multiplexed Comparator with 8-Bit Reference Divider 

ADC0854 Multiplexed Comparator with 8-Bit Reference Divider 

DISPLAY DRIVERS 

COP472-3 3 x 12 Multiplexed Expandable LCD Display Driver 

MM5450 35 Output LED Display Driver 

MM5451 34 Output LED Display Driver 

MM5483 31 Segment LCD Display Driver 

MM5484 16 Segment LED Display Driver 

MM5486 33 Output LED Display Driver 

MM58201 8 Backplane and 24 Segment Multiplexed LCD Driver 

MM58241 32 Output High Voltage Display Driver 

MM58242 20 Output High Voltage Display Driver 

MM58248 35 Output High Voltage Display Driver 

MM58341 32 Output High Voltage Display Driver 

MM58342 20 Output High Voltage Display Driver 

MM58348 35 Output Hi!]h VoltEl!]8 Display Drivflr 

MEMORY DEVICES 

NM93C06 16 x 16 CMOS EEPROM 

NM93C13 16 x 16 CMOS EEPROM 

NM93C14 64 x 16 CMOS EEPROM 

NM93C46 64 x 16 CMOS EEPROM 

NM93CS06 16 x 16 CMOS EEPROM with Write Protect 

NM93CS46 64 x 16 CMOS EEPROM with Write Protect 

NM93CS56 128 x 16 CMOS EEPROM with Write Protect 

NM93C56 128 x 16 CMOS EEPROM 

NM93CS66 256 x 16 CMOS EEPROM with Write Protect 

NM93C66 256 x 16 CMOS EEPROM 

Note: The low voltage (2V-6V) versions of the NM93C06. NM93C46. NM93C56 and NM93C66 are also available. 
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MICROWIRE and MICROWIRE/PLUS Peripherals (Continued) 

Part Number I Description 

TELECOM DEVICES 

TP3420 I S Interface Device (SID) 

AUDIO AND RADIO DEVICES 

DS8906 AM/FM Digital PLL Synthesizer 

DS8907 AM/FM Digital PLL Frequency Synthesizer 

DS8908 AM/FM Digital PLL Frequency Synthesizer 

DS8911 AM/FM/TV Sound Up-Conversion Frequency Synthesizer 

LMC1992 Stereo Volume/Tone/Fade with Source Select 

LMC1993 Stereo Volume/Tone/Fade/Loudness with Source Select 

LMC835 7 Band Graphic Equalizer 

I Databook 

I Telecom 

Interface 

Interface 

Interface 

Interface 

Linear 

Linear 

Linear 

: 
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COP472-3 Liquid Crystal Display Controller 

General Description 
The COP472-3 Liquid Crystal Display (LCD) Controller is a 
peripheral member of the COPSTM family, fabricated using 
CMOS technology. The COP472-3 drives a multiplexed liq­
uid crystal display directly. Data is loaded serially and is held 
in internal latches. The COP472-3 contains an on-chip oscil­
lator and generates all the multi-level waveforms for back­
planes and segment outputs on a triplex. display. One 
COP472-3 can drive 36 segments multiplexed as 3 x 12 
(4% digit display). Two COP472-3 devices can be used to­
gether to drive 72 segments (3 x 24) which could be an 8% 
digit display. 

Blocle Diagram 

BPA BPs BPe 

01 

SK 

CS 

Features 
D Direct interface to TRIPLEX LCD 
.. Low power dissipation (100 p.W typ.) 
Il Low cost 

. Il Compatible with all COPS processors 
1:1 Needs no refresh from processor 
II On-chip oscillator and latches 
IJ Expandable to longer displays 
a Operates from display voltage 
a MICROWIRETM compatible serial 1/0 
IJ 20-pin Dual-In-Line package and 20-pin SO 

12 SEGMENT BUFFERS 

12 
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Absolute Maximum Ratings 
Voltage at CS, 01, SK pins -0.3Vto +9.5V Storage Temperature - 65°C to + 150·C 

Voltage at all other Pins -0.3V to Voo+0.3V Lead Temp. (Soldering, 10 Seconds) 300·C 

Operating Temperature Range O·Cto 70°C 

DC Electrical Characteristics 
GND = OV, Voo = 3.0V to 5.5V, T A = O·C to 70·C (depends on display characteristics) 

Parameter Conditions Min Max Units 

Power Supply Voltage, Voo 3.0 5.5 Volts 

Power Supply Current, 100 (Note 1) Voo=5.5V 250 ,..,A 

Voo=3V 100 ,..,A 

Input Levels 

DI,SK,CS 

VIL 0.8 Volts 

VIH 0.7 Voo 9.5 Volts 

BPA (as Osc. in) 

VIL 0.6 Volts 

VIH Voo-0.6 Voo Volts 

Output Levels, BPC (as Osc. Out) 

VOL 0.4 Volts 

VOH Voo-O.4 Voo Volts 

Backplane Outputs (BPA, BPB, BPC) 

VBPA, BPS, SPC ON During Voo-t::.V Voo Volts 

VSPA, SPS, SPC OFF BP+ Time % Voo-t::.V %Voo+~V Volts 

VSPA, BPS, BPC ON During 0 ~V Volts 

VSPA, SPS, SPC OFF BP- Time %VDO-~V %Voo+~V Volts 

Segment Outputs (SA1 - SA4) 

VSEGON During 0 ~V Volts 

VSEG OFF BP+ Time %VDD-~V %Voo+~V Volts 

VSEGON During Voo-~V Voo Volts 

VSEG OFF BP- Time %VDO-~V %Voo+~V Volts 

Internal Oscillator Frequency 15 80 kHz 

Frame Time (Int. Osc. -;- 192) 2.4 12.8 ms 

Scan Frequency (1 IT SCAN) 39 208 Hz 

SK Clock Frequency 4 250 kHz 

SKWidth 1.7 ,..,s 

01 
Data Setup, tSETUP 1.0 ,..,S 
Data Hold, tHOLO 100 ns 

CS 

tSETUP 1.0 ,..,s 

tHOLO 1.0 ,..,S 

Output Loading Capacitance 100 pF 

Note 1: Power supply current is measured in stand-alone mode with all outputs open and all inputs at VDO. 
Note 2: AV=O.05Voo. 
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Absolute Maximum Ratings 
If Military/Aerospace specified devices are required, Storage Temperature - 65·C to + 150·C 
please contact the National Semiconductor Sales Lead Temperature 
Office/Distributors for availability and specifications. 

(Soldering, 10 seconds) 300·C 
Voltage at CS, 01, SK Pins - 0.3V to + 9.5V 

Voltage at All Other Pins -0.3V to Voo+0.3V 

Operating Temperature Range -40·C to +S5·C 

DC Electrical Characteristics 
GND = ov, Voo = 3.0V to 5.5V, TA = -40·C to +S5·C (depends on display characteristics) 

Parameter Conditions Min Max Units 

Power Supply Voltage, Voo 3.0 5.5 Volts 

Power Supply Current, 100 (Note 1) Voo=5.5V 300 p.A 

Voo=3V 120 p.A 

Input Levels 
DI,SK,CS 

VIL O.S Volts 

VIH 0.7Voo 9.5 Volts 

SPA (as Osc. In) 

VIL 0.6 Volts 

VIH Voo-0.6 Voo Volts 

Output Levels, SPC (as Osc. Out) 

VOL 0.4 Volts 

VOH Voo-O.4 Voo Volts 

Backplane Outputs (BPA, BPS, BPC) 

VBPA, BPB, BPC ON During Voo,-AV Voo Volts 

VBPA, BPB, BPC OFF BP+ Time %Voo-AV %Voo+AV Volts 

VBPA, BPB, BPC ON During 0 AV Volts 

VBPA, BPB, BPC OFF BP- Time %Voo-AV %Voo+AV Volts 

5.:gm.:r.t C~tp~t::: (5/''1 - S:\4) 
VSEG ON During 0 AV Volts 

VSEG OFF BP+ Time %Voo-AV %Voo+AV Volts 

VSEG ON During Voo-AV Voo Volts 

VSEG OFF BP- Time %Voo-AV %Voo+AV Volts 

Internal Oscillator Frequency 15 SO kHz 

Frame Time (Int. Osc. -:-192) 2.4 12.S ms 

Scan Frequency (1 IT SCAN) 39 208 Hz 

SK Clock Frequency 4 250 kHz 

SKWidth 1.7 p.s 

01 
Data Setup, tSETUP 1.0 p's 
Data Hold, tHOLO 100 ns 

CS 

tSETUP 1.0 P.s 

tHOLO 1.0 p.s 

Output Loading Capacitance 100 pF 

Note 1: Power supply current is measured in stand'alone mode with all outputs open and all inputs at Vee. 

Note 2: ilV = 0.05 Vee. 
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Dual-In-Llne Package Pin Description 

CS Chip select . 
SBl 20 SA4 

.Power supply (display voltage) 
SC3 19 SA3 ' Voo 
SB3 lB GND Ground 
cs 17 BPB' 01 Serial data input 

Vee 16 BPC SK Serial clock input 
GNO 15 BPA 

BPA Display backplane A (or oscillator in) 
01 14 SK 

SA2 13 SC4 BPs Display backplane B 
SB4 12 SC2 BPc Display backplane C (or oscillator out) 
SB2 10 11 SAl SA1-SC4 12 multiplexed outputs 

TopVI~w 
TLlDD/6932-2 

Order. Number COP472MW-3 or COP472N-3 
. '. ' See NS Package Number M20A or ~20A 

FIGURE 2. Connection Diagram 

~II_~SETUP 
cs ---,- r- SK WID~H 

I I 
SK 

I 

I­
I 

FIGURE 3. Serial Load Timing Diagram 

osc 

Vee' 

BPA ::: 
o 
Vee 

BPB 'I, 
'I, 
o 
Vee 

BPC:::~~~ .' 

o 
Veo 
'I, 

SEGMENT 'I, 
o 

FIGURE 4. Backplane and SegmenfWaveforms 
l .. 

SC1 

'--___ -asp 

FIGURE 5. Typical Display Internal Connections 
Epson LD-370 
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Functional Description 
The COP472-3 drives 36 bits of display information orga­
nized as twelve segments and three backplanes. The 
COP472-3 requires 40 information bits: 36 data and 4 con­
trol. The function of each control bit is described below. 
Display information format is a function of the LCD intercon­
nections. A typical segment/backplane configuration is illus­
trated in Figure 5, with this configuration the COP472-3 will 
drive 4 digits of 9 segments. 

To adapt the COP472-3 to any LCD display configuration, 
the segment/backplane multiplex scheme is illustrated in 
Table I. 

Two or more COP472-3 chips can be cascaded to drive 
additional segments. There is no limit to the number of 
COP472-3's that can be used as long as the output loading 
capacitance does not exceed specification. 

TABLE I. COP472-3 Segment/Backplane 
Multiplex Scheme 

Bit Number 

1 
2 
3 
4 
5 
6 
7 
8 

9 
10 
11 
12 
13 
14 
15 
16 

17 
18 
19 
20 
21 
22 
23 
24 

25 
26 
27 
28 
29 
30 
31 
32 

33 
34 
35 
36 
37 
38 
39 
40 

Segment, 
Backplane 

SA1, BPC 
SB1, BPB 
SC1, BPA 
SC1, BPB 
SB1, BPC 
SA1, BPB 
SA1, BPA 
SB1, BPA 

SA2, BPC 
SB2, BPB 
SC2, BPA 
SC2, BPB 
SB2, BPC 
SA2, BPB 
SA2, BPA 
SB2, BPA 

SA3, BPC 
SB3, BPB 

,SC3, BPA 
SC3, BPB 
SB3, BPC 
SA3, BPB 
SA3, BPA 
SB3, BPA 

SA4, BPC 
SB4, BPB 
SC4, BPA 
SC4, BPB 
SB4, BPC 
SA4, BPB 
SA4,BPA 
SB4, BPA 

SC1, BPC 
SC2, BPC 
SC3, BPC 
SC4, BPC 
not used 

Q6 
Q7 

SYNC 

Data to 
Numeric Display 

SH 
SG 
SF 
SE 
SD 
SC 
SB 
SA 

SH 
SG 
SF 
SE 
SD 
SC 
SB 
SA 

SH 
SG 
SF 
SE 
SD 
SC 
SB 
SA 

SH 
SG 
SF 
SE 
SD 
SC 
SB 
SA 

SPA 
SP2 
SP3 
SP4 

Digit 1 

Digit 2 

Digit3 

Digit 4 

Digit 1 
Digit 2 
Digit 3 
Digit 4 
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SEGMENT DATA BITS 

Data is loaded in serially, in sets of eight bits. Each set of 
segment data is in the following format: 

I SA I SB I SC I SD I SE I SF I ~G I SH I 

Data is shifted into an eight bit shift register. The first bit of 
the data is for segment H, digit 1. The eighth bit is segment 
A, digit 1. A set of eight bits is shifted in and then loaded into 
the digit one latches. The second set of 8 bits is loaded into 
digit two latches. The third set into digit three latches, and 
the fourth set is loaded into digit four latches. 

CONTROL BITS 

The fifth set of 8 data bits contains special segment data 
and control data in the following format: 

I SYNC I Q7 I Q6 I X I SP4 I SP3 I SP2 I SP1 I 
The first four bits shifted in contain the special character 
segment data. The fifth bit is not used. The sixth and sev­
enth bits program the COP472-3 as a stand alone LCD driv­
er or as a master or slave for cascading COP472-3's. BPC 
of the master is connected to BPA of each slave. The fol­
lowing table summarizes the function of bits six and seven: 

Q7 Q6 Function BPC Output BPAOutput 

Slave Backplane Oscillator 
Output Input 

0 Stand Alone Backplane Backplane 
Output Output 

0 Not Used Internal Oscillator 
Osc. Output Input 

0 0 Master Internal Backplane 
Osc. Output Output 

The eighth bit is used to synchronize two COP472-3's to 
drive an 8%-digit display. 
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LOADING SEQUENCE TO DRIVE A 41f2-DIGIT DISPLAY 

Steps: 

1. Turn CE low. 

2. Clock in 8 bits of data for digit 1. 

3. Clock in 8 bits of data for digit 2. 

4. Clock in 8 bits of data for digit 3. 

5. Clock in 8 bits' of data for digit 4. 

6. Clock in 8 bits of data for special segment and control 
function of BPC and BPA. 

I 0 I 0 I 1 I 1 I SP4 I, SP3 I SP2 I SP1 I 
7. Turn CS high. 

Note: CS may be turned high after any step. For example to 
load only 2 digits of data, do steps 1, 2, 3, and 7. 

CS must make a high to low transition before loading data in 
order to reset internal counters. 

LOADING SEQUENCE TO DRIVE AN 
81f2-DIGIT DISPLAY 

Two or more COP472-3's may be connected together to 
drive additional segments. An eight digit multiplexed display 
is shown inFigure 7. The following is the loading sequence 
to drive an eight digit display using two COP472-3's. The 
right chip is the master and the left the slave. 

Steps: 

1. Turn CS low on both COP472-3's. 

2. Shift in 32 bits of data for the slave's four digits. 

3. Shift in 4 bits of special segment data: a zero and three 
ones. 

1 I 1 I 1 I 0 I SP4 I SP3 I SP2 I SP1 I 
This synchronizes both the chips and BPA is oscillator 
input. Both chips are now stopped. 

4. Turn CS high to both chips. 

5. Turn CS low to master COP472-3. 

6. Shift in 32 bits of data for the master's 4 digits. 

7. Shift in four bits of special segment data, a one and 
three zeros. 

I 0 I 0 I 0 I 1 I SP4 I SP3 I SP2 I SP1 I 
This sets the master COP472-3 to BPA as a normal 
backplane output and BPC as oscillator output. Now 
both the chips start and run off the same oscillator. 

8. Turn CS high. 

The chips are now synchronized and driving 8 digits of dis­
play. To load new data simply load each chip separately in 
the normal manner, keeping the correct status bits to each 
COP472-3 (0110 or 0001). 
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COP800 

SO 1-------4 
SK 1--------4 

GNO 00 1--------4L-_..,....._..J 

DISPLAY 
VOLTAGE 

Tl/DD/6932-6 

FIGURE 6. System Diagram -,4112 Digit Display 

COP800 

Voo 

SO~--~~~---~ 
SK~-----~~------..J 
001-----..... 

GNO 01 ~----------..... 

Voo 

TLlDD/6932-7 

FIGURE 7. System Diagram - 8112 Digit Display 
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Development Support 

Our job doesn't end when you buy a National microcontrol-
ler, it only begins. . 

The next step is to help you put that microcontroller to 
work-delivering real-world performance in a real-world ap­
plication. 

That's why we offer you such a comprehensive, powerful, 
easy-to-use package of development tools. 

Mlcrocontroller Development Support 
COP400 Family 

The COPSTM Microcontroller Development system is a 
complete, inexpensive system, designed to support both 
hardware and software development of the COP400 family 
of microcontrollers. 

Using a standard IBM® PC® platform as a host, this system 
provides the tools to write, assemble, debug and emulate 
software for user target design. 

The development system itself consists of two circuit 
boards that interface with each other and to the host com­
puter using a software package. The first board is called the 
Brain Board. It provides the major functional features of the 
system, linking the various elements of the host system. 
The other board is called the Personality Board and it is 
common for all members of the COP400 family of microcon­
trollers. 

Mlcrocontroller Development Support 
copeoo Family 

MetaLink Corporation's iceMASTERTM COP8 Model 400 In­
Circuit Emulator provides complete real-time full speed em­
ulation of all COP8 family devices. It consists of a base unit 
and interchangeable probe cards, which support various 
configurations and packages. The source symbolic debug­
ger with a window based user interface is a powerful tool to 
accomplish software and hardware debug and integration 
tasks. 

COP800 code development is supported by a macro cross­
assembler running DOS on the IBM compatible PC. 

COP800 development is also supported with a low cost De­
signer's Kit. The Designer's Kit includes a simulator with a 
window based menu driven user interface and the COP8 
cross-assembler. It is a tool designed for product evaluation 
and code development and debug. It comes equipped with 
complete debug capability and full assembler. The host for 
the designer kit is an IBM PC/XT/AT or compatible running 
DOS. 
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Mlcrocontroller Development Support 
HPC!M Family . 

HPC-MDS is a complete packaged system for all members 
of the HPC family except for HPC461 00. The host system is 
IBM PC/AT® (PC-DOS, MS-DOS) and Sun® SPARCstation 
(SunOSTM) .. It provides true real time in-system emulation 
with support tools such as ANSI compatibleC-Compiler, as­
sembler, Linker. and Source/Symbolic debugger. The de~ 
bugger interface is based on M.S-Windows 3.0 for IBM 
PC/AT and a line debugger for Sun SPARCstation users. 

HPC-MDS gives the user the flexibility to sYmbolically debug 
his code and download it to the target hardware. The user 
can set breakpoints and traces, can execute" time measure­
ments and examine and modify internal registers and I/O. 

A low cost HPC designer's kit is also available. The kit has 
complete in-system emulation capability and is packaged 
with an evaluation version of C compiler and full package of 
Assembler/Linker. 

The HPC46100 DSP-Microcontroller, is supported by a de­
velopment kit for ROM emulation, logic and timing analysis, 
code debug with inverse assembly and PC based debug 
monitor. The kit consists of a Logic Analyzer Interface 
Board, a Target Board, Assembler/Linker/Librarian soft­
ware, an inverse assembler to run on Hewlett-Packard 1650 
and 16500A/B logic analyzers and PC based debug moni­
tor, "The Serial Hook". 

Third Party development support is also available for vari­
ous sources for the HPC family. 

Hewlett Packard offers HP64775 emulator/analyzer for 
30 MHz HPC 16083/16064 and 20 MHz 16400E emulation. 
The stand alone HP system provides a very fast serial link to 
the host system and offers complete emulation and timing 
and logic analysis capability. The software tools for HP emu­
lator are provided by National Semiconductor®. 

Signum System offers a USP-HPC in-circuit emulator for the 
HPC46100 with 40 MHz 1 wait state real time emulation. 
This system is supported with 256 kbyte overlay emulation 
memory, 32k frames deep trace buffer memory, complex 
breakpoints, high level language source/symbolic debug­
ger, fast serial download and a window based menu driven 
user interface. 

The language tools hosted on the IBM PC/AT and compati­
bles and Sun SPARCstation are available from National 
Semiconductor to support third party emulation systems. 
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Emulation Tochnology offers a passive preprocessor and 
inverse assembler package for HP1650 and 16500A series 
of Logic analyzers. The preprocessor provides a low cost 
and convenient way of doing timing and state analysis of the 
HPC based design. 

Emulation Technology also offers debug tool accessories 
for 68-pin PLCC and 80-pin (QFP) Quad Flat Packages. This 
includes PLCC to QFP adapter, QFP test clip and a QFP 
surface mount replacement base. 

Programming support for the HPC emulator devices is avail­
able from Data 110 on their Unisite models. 

For more details on the third party support tools for NSC's 
microcontroller products, please contact the third party of­
fice in your area or the National Semiconductor sales office. 

Dlal-A-Helper On-Line Applications Support 
Dial-A-Helper lets you communicate directly with the Micro­
controller Applications Engineers at National. 

Using standard computer communications software, you 
can dial into the automated Dial-A-Helper Information Sys-
tem 24 hours a day. . 

You can leave messages on the electronic bulletin board for 
the Applications Engineers, then retrieve their responses. 

You can select and then download specific applications 
data. 
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Dlal-A-HeJper 
Voice: (408) 721-5582 (8 a.m.-5 p.m. PSn 

Modem: (408) 739-1162 (24 Hrs.lday) 

Setup: Baud rate 300 bps or 1200 bps 8 bits, no parity, 
1 stop 

Dedicated Applications Engineers 
We've assembled a dedicated team of highly trained, highly 
experienced engineering professionals to help you imple­
ment your solution quickly, effectively, efficiently and to en­
sure that it's the best solution for your specific application. 

At National, we believe that the best technology is also the 
most usable technology. That's why our microcontrollers 
provide such practical solutions to such real design prob­
lems. And that's why our microcontroller development sup­
port includes such comprehensive tools and such powerful 
engineering resources. 

No one makes more microcontrollers than National and no 
one does more to help you put those microcontrollers to 
work. 
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COPS Development System 
iceMASTERTM COP8/400 

Product Overview 
The ice MASTER COP8/400 in-circuit emulator manu­
factured by MetaLink Corporation and marketed by 
National Semiconductor provides complete real-time 
emulation support for all members of the COP8 family. 
This stand-alone system is designed to provide maxi­
mum flexibility to the user through the interchangeable 
probe cards to support the various configurations and 
packages of the COP8 family. The interchangeable 
probe card connects to a common base unit which is 
linked with an IBM® PC® host through the RS-232 
serial communications channel. Full assembly-level 
symbolic debugging is supported. 

MetaLink COP8 ice MASTER Feature List 

o Flexible, easy-to-use windowed interface, with win­
dow size, position, contents and color being com­
pletely configurable. 

o Fast serial download with 115.2 kBaud using a 
standard PC COMM port. 

o Context-sensitive hypertext on-line help system. 
o Commands can be accessed via pull-down menus 

and lor redefinable hot keys. 
o Dynamically annotated code feature displays con­

tents of all accessed (read and write) memory loca­
tions and registers, as well as flow-of-control direc­
tion change markers next to each instruction exe­
cuted when single-stepping. 
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o 4k-frame trace buffer captures data in real-time. 
Trace information consists of address and data bus 
values and user-selectable probe clips (external 
event lines). Trace buffer data can be viewed as 
raw hex or disassembled instructions. The probe 
clip bit values can be displayed in binary, hex or 
digital waveform formats. 

• Performance analyzer with a resolution better than 
6 t-ts. Up to 15 independent memory areas based 
on code address, line number or label ranges can 
be defined. Analysis results can be viewed in bar 
graph format or as actual frequency count. 

o 32k of break and trace triggers. Triggers can be 
enabled, disabled, set or cleared. They can be sim­
ple triggers based on code or address ranges or 
complex triggers based on code address, direct ad­
dress, opcode value, opcode class or immediate 
operand. Complex breakpoints can be ANDed and 
ORed together. 

o Memory operations for program memory include 
single-line assembler, disassembler, view, change, 
and write to file. 

• Memory operations for data memory include fill, 
move, change, compare, dump to file and examine, 
modify for registers and program variables. 

• Complete status of debugger including break­
points, trace triggers, etc. can be saved to file for 
later resumption of debugging process. 
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Specifications 
EMULATOR SYSTEM REQUIREMENTS 

Basic Emulator System Model 400 
Interchangeable Probe Card 
+ 5V, 1.5A Power Source 

MODELS 

400 Emulator with: 
4k Trace Buffer 
2 Performance Analyzers 
Full WATCHDOGTM Timer Support 

FILE FORMATS 

Intel HEX and National Semiconductor 

MACRO 

Repetitive Routines 
User-created and callable 

MEMORY OPERATIONS 

Program Memory: 
Single Line Assembler 
Disassemble 
Disassemble to File 
View/Change 
Mapping 

Data/Code Memory: 
Dump 
Dump to File 
Fill 
Move 
Change 
Compare 

Registers: 
Examine/Modify 

Program Variables: 
Examine/ Modify 

OPERATING CHARACTERISTICS 

Electrically Transparent 
Operationally Transparent 

USER INTERFACE 
Keyboard or Mouse Control 
Pull·Down and Pop-Up Menus 
Main Screen Windows: 

Registers/SFRs/PSW Bits 
Stack 
Up to 5 Internal Data Memory 
Up to 5 Code Memory 
Source Program 
Watch 
System Status 
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User Window Controls: 
Selectable (On/Off) 
Movable 
Resizable 
Scrollable 
Color Selection 
Highlighting 

Function/Hot Key Access: 
User-Assignable 

EMULATION CONTROLS 

Reset from Emulator 
Reset from Target 
Reset Processor 
Go 
Go From 
Go Until 
Slow Motion 
Step 
Step Line 
Step Over 
Step To 
Repetition Counter 

PERFORMANCE ANALYZER 

Real-Time Program Profiling 
5.4 p.s Sampling Period 
7 Year Duration 
Display Options: 

Bar Graph 
Frequency Count 

Display Modes: 
Raw 
Symbolic 

Up to 15 Bin Cupucity: 
Multiple Ranges per Bin 

User-Controlled Bin Setup: 
By Address 
By Symbol 
Automatic 

TRACE 

Trace Triggers: 
Start 
Center 
End 
Variable 

4k-Frame Trace Buffer 
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E 
G> Specifications (Continued) -rn 
>- Trace Contents: WARRANTY en - Address One (1) year limited warranty, parts and labor, for reg-e 
G> Data istered users. 
E External Clips c. 
0 Trace Display Modes: iceMASTER COP8 Ci) 
> Raw Hex Emulation Memory G> Symbolic C Program 32k 
co Binary (Clips) 

RealTime: DC -10 MHz D. Digital Waveform (Clips) 0 Breakpoints: 32k (.) Trace Buffer Operations: 
Write Buffer to File Trace On: 32k 
Search Trace Buffer Trace Off: 32k 

HELP Pass Count 32K 

On-Line Trigger Conditions: 
Context Sensitive PC Address and Range X 
Hypertext/Hyperlinked Opcode Value X 

SOURCE/SYMBOLSUPPORT Opcode Class X 

Source-Level Debug 
SFRs/Registers X 
Direct Byte Address and Range X 

ELECTRICAL SPECIFICATIONS Direct Bit Address and Range X 

Input Power (Maximum): Immediate Operand Value X 

1.5A @ +5 VOC ±5% Read/Write to Bit Address X 
Register Address Modes X 

MECHANICAL SPECIFICATIONS Read/Write to Register Address X 
Emulator Dimensions: Logical AND/OR of X 

1.0" x 7.0" x 5.5" Any of the Above 
(2.5cm x 17.8cm x 14cm) External Input X 

Probe Card Cable Length: Operating Modes 
14.0" (35.6cm) Single-Chip/ROM X 

Emulator Weight: 
2.0 Ibs. (0.9 kg) HOST SYSTEM REQUIREMENTS 

IBM PC-XT /PC-A T or compatibles, 640 kbytes of 
Memory with 5.25" Double Density Floppy Drive. 

RS-232 Serial Port 

MS-DOS or PC-DOS Operating System 
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Ordering Information 

Emulator Ordering Information 

Part Number Description 

IM-COP8/400 MetaLink base unit in-circuit emulator for all COP8 devices, symbolic debugger software and 
RS-232 serial interface cable 

MHW-PS3 Power Supply: 11 OV 160 Hz 

MHW-PS4 Power Supply: 220V 150 Hz 

Probe Card Ordering Information 

Device Package Voltage Range Probe Card 

COP880C, 8780C 44 PLCC 4.5V-5.5V MHW-880C44D5PC 

2.5V-6.0V MHW-880C44DWPC 

COP880C, 8780C 40 DIP 4.5V-5.5V MHW-880C40D5PC 

2.5V-6.0V MHW-880C40DWPC 

COP881C, 8781C, 840C, 820C 28 DIP 4.5V-5.5V MHW-880C28D5PC 

2.5V-6.0V M HW-880C28DWPC 

COP842C, 822C, 8742C 20 DIP 4.5V-5.5V MHW-880C20D5PC 

2.5V-6.0V MHW-880C20DWPC 

COP820CJ 28DIP 4.5V-5.5V MHW-820CJ28D5PC 

2.3V-6.0V MHW-820CJ28DWPC 

COP822CJ 20DIP 4.5V-5.5V MHW-820CJ20D5PC 

2.3V-6.0V MHW-820CJ20DWPC 

COP8640C, 8620C 28DIP 4.5V-5.5V MHW-8640C28D5PC 

2.5V-6.0V MHW-8640C28DWPC 

COP8642C, 8622C 20 DIP 4.5V-5.5V MHW-8640C20D5PC 

2.5V-6.0V MHW-8640C20DWPC 

COP888CF 44 PLCC 4.5V-5.5V MHW-888CF44D5PC 

2.5V-6.0V MHW-888CF44DWPC 

COP888CF 40 DIP 4.5V-5.5V MHW-888CF40D5PC 

2.5V-6.0V MHW-888CF40DWPC 

COP884CF 28DIP 4.5V-5.5V MHW-884CF28D5PC 

2.5V-6.0V MHW-884CF28DWPC .• 

COP888CL 44 PLCC 4.5V-5.5V MHW-888CL44D5PC 

2.5V-6.0V MHW-888CL44DWPC 

40 DIP 4.5V-5.5V MHW-888CL40D5PC 

2.5V-6.0V MHW-888CL40DWPC 
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Device Package Voltage Range Probe Card 

COP884CL 28 DIP 4.SV-S.SV MHW-884CL28DSPC 

2.SV-6.0V MHW-884CL28DWPC 

COP888CG, 888CS 44 PLCC 4.SV-S.SV MHW-888CG44DSPC 

2.SV-6.0V MHW-888CG44DWPC 

40DIP 4.SV-S.SV MHW-888CG40DSPC 

2.SV-6.0V MHW-888CG40DWPC 

COP884CG,884CS 28DIP 4.SV-S.SV MHW-884CG28DSPC 

2.SV-6.0V MHW-884CG28DWPC 

LANGUAGE TOOLS 

Product NSID Description Includes Number 

COP800 Family MOLE-COP8-IBM Assembly Language COP800 System 424410S27 
Software for the COP800 Software User's Manual 
Family 

Single-Chip Emulator 

Form, Fit, Function Emulator Ordering Information 

Part Emulator Clock 
Number Option 

Description 
Part Number Package 

COP880C COP880CMHEL-X 44 LDCC X ;= 1: Crystal Multi-Chip Module, UV Erasable 
X = 2: External 
X = 3: RIC 

COP8780CV 44 PLCC Programmable One-Time Programmable 

COP8780CEL 44 LDCC UV Erasable 

COP880CMHD-X 40 DIP X = 1: Crystal Multi-Chip Module, UV Erasable 
X = 2: External 
X = 3: RIC 

COP8780CN Programmable One-Time Programmable 

COP8780CJ UV Erasable 

COP881C, COP881 CMHD-X 28 DIP X = 1: Crystal Multi-Chip Module, UV Erasable 
COP840C, X = 2: External 
COP820C X = 3: RIC 

COP8780CN Programmable . One-Time Programmable 

COP8780CJ UV Erasable 
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Single-Chip Emulator (Continued) 

Form, Fit, Function Emulator Ordering Information (Continued) 

Part Emulator Clock 
Number Option 

Description 
Part Number Package 

COP881C, COP881 CMHEA-X 28 LCC X = 1: Crystal Multi-Chip Module, Same Footprint 
COP840C, (Shoebox) X = 2: External as 28 SO, UV Erasable 
COP820C X = 3: RIC 

COP8781CWN 28S0 Programmable One-Time Programmable 

COP8781CMC UV Erasable 

COP842C COP842CMHD-X 20 DIP X = 1: Crystal Multi-Chip Module, UV Erasable 

COP822C COP822CMHD-X X = 2: External 
X = 3: RIC 

COP842C, COP8742CN 20 DIP Programmable One-Time Programmable 
COP822C 

COP8742CJ UV Erasable 

COP8742CWM 20S0 Programmable One-Time Programmable 

COP8742CMC UV Erasable 

COP8640C, COP8640CMHD-X 28 DIP X = 1: Crystal Multi-Chip Module, UV Erasable 
COP8620C 

COP8640CM H EA-X 28 LCC X = 2: External Multi-Chip Module, Same Footprint 
(Shoebox) X = 3: RIC as 28 SO, UV Erasable 

COP8642C, COP8642CMHD-X 20 DIP X = 1: Crystal Multi-Chip Module, UV Erasable 
COP8622C X = 2: External 

X = 3: RIC 

COP820CJ COP820CJMHD-X 28 DIP X = 1: Crystal Multi-Chip Module, UV Erasable 

COP820CJMHEA-X 28 LCC X = 2: External Multi-Chip Module, Same Footprint 
(Shoebox) X = 3: RIC as 28 SO, UV Erasable 

COP822CJ COP822CJMHD-X 20 DIP X = 1: Crystal Multi-Chip Module, UV Erasable 
X = 2: External 
X = 3: RIC 

COP888CL COP888CLMHEL-X 44 LDCC X = 1: Crystal Multi-Chip Module, UV Erasable 

COP888CLMHD-X 40 DIP X = 3: RIC 

COP884CL COP884CLMHD-X 28 DIP X = 1: Crystal Multi-Chip Module, UV Erasable 

COP884CLMHEA-X 28 LCC X = 3: RIC Multi-Chip Module, Same Footprint 
(Shoebox) as 28 SO, UV Erasable 

COP888CF COP888CFMHEL-X 44 LDCC X = 1: Crystal Multi-Chip Module, UV Erasable 

COP888CFMHD-X 40 DIP X = 3: RIC 

COP884CF COP884CFMHD-X 28 DIP X = 1: Crystal Multi-Chip Module, UV Erasable 

COP884CFMHEA-X 28 LCC X = 3: RIC Multi-Chip Module, Same Footprint 
(Shoebox) as 28 SO, UV Erasable 

COP888CG COP888CGMHEL-X 44 LDCC X = 1: Crystal Multi-Chip Module, UV Erasable 

COP888CGMHD-X 40 DIP X = 3: RIC 
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Part Emulator 

Number Part Number Package 

COP884CG COP884CGMHD-X 28 DIP 

COP884CGMHEA-X 28 LCC 
(Shoebox) 

COP888EG COP888EGMHEL-X 44 LDCC 

COP888EGMHD-X 40 DIP 

COP884EG COP884EGMHD-X 28 DIP 

COP884EGMHEA-X 28 LCC 
(Shoebox) 

COP888CS COP888CSMHEL-X 44 LDCC 

COP888CSMHD-X 40 DIP 

COP884CS COP884CSMHD-X 28 DIP 

COP884CSM H EA-X 28LCC 
(Shoebox) 

Programming Support 
The main board and scrambler boards can be pur­
chased separately or as a set. The table below lists 
the product identification numbers of the Duplicator 
Board products. 

Product ID Description 

COP8-PRGM-28D COP8 Duplicator Board for 
28-pin DIP Multi-Chip 
Module (MCM) and for use 
with Scrambler Boards 

COP8-SCRM-DIP MCM-Scrambler Board for 
20-pin DIP and 40-pin DIP 

COP8-SCRM-PCC MCM-Scrambler Board for 
44-pin PLCC/LDCC 

COP8-PRGM-DIP COP8 Duplicator Board with 
DIP MCM Scrambler Board 
(PRGM-28D and SCRM-
DIP) 

COP8-PRGM-PCC COP8 Duplicator Board with 
PLCC/LDCC MCM 
Scrambler Board (PRGM-
280 and SCRM-PCG) 

COP8-SCRM-87 A Scrambler Board for 
COP8780 devices, 28-pin 
DIP, 40-pin DIP, 28-pin SO 

Clock 
Option 

Description 

X = 1: Crystal Multi-Chip Module, UV Erasable 
X = 3: RIC Multi-Chip Module, Same Footprint 

as 28 SO, UV Erasable 

X = 1: Crystal Multi-Chip Module, UV Erasable 
X = 3: RIC 

X = 1: Crystal Multi-Chip Module, UV Erasable 
X = 3: RIC Multi-Chip Module, Same Footprint 

as 28 SO, UV Erasable 

X = 1: Crystal Multi-Chip Module, UV Erasable 
X = 3: RIC 

X = 1: Crystal Multi-Chip Module, UV Erasable 
X = 3: RIC Multi-Chip Module, Same Footprint 

as 28 SO, UV Erasable 

Product ID Description 

COP8-SCRM-87B Scrambler Board for 
COP8780 devices, 20-pin 
DIP, 20-pin SO, 44-pin 
PLCC/LDCC 

COP8-PRG M-87 A COP8 Duplicator Board with 
COP8-SCRM-87 A 
Scrambler Board 

COP8-PRG M-87B COP8 Duplicator Board with 
COP8-SCRM-87B 
Scrambler Board 

COP8-PRGM-SBX COP8 Duplicator Board with 
COP8-SCRM-SBX 
Scrambler Board 

COP8-SCRM-SBX Scrambler Board for 28-pin 
LCC MCM Package 
(Shoebox) 
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Programming Support (Continued) 

The COP device pin/package types, COP device 
numbers, and the Duplicator Board product identifica­
tion number for each package type are listed in the 
table below. 

Package Type COP Devices 

20-Pin DIP 842CMH, 8642CMH, 822CJMH 

28-Pin DIP 884CLMH/CFMH/CGMH/EGMH/CSMH, 
881CMH, 8640CMH, 820CJMH 

28-Pin LCC (Shoebox) 881 CMH, 820CJMH, 8640CMH, 
884CFMH/CLMH/CGMH/EGMH/CSMH 

40-Pin DIP 888CLMH/CFMH/CGMH/EGMH/CSMH, 
880CMH, 943CMH 

44-Pin PLCC/LDCC 888CLMH/CFMH/CGMH/EGMH/CSMH,880CMH 

28-Pin DIP or SO, 8780C, 8781 C 
40-Pin DIP 

20-Pin DIP or SO, 8780C,8742C 
44-Pin PLCC/LDCC 
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COP Duplicator 
Product 10 # 

COP8-PRGM-DIP 

COP8-PRGM-28D 

COP8-PRGM-SBX 

COP8-PRGM-DIP 

COP8-PRG M-PCC 

COP8-PRGM-87 A 

COP8-PRGM-87B 
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General Description 
The COP800 Designer's Tool Kit is available today to 
help you evaluate National's COP800 microcontroller 
family. The Kit contains programmer's manuals, de­
vice data sheets, application notes, and pocket refer­
ence guides for immediate in-circuit evaluation. The 
Designer Kit includes an assembler and simulator, 
which allow you to write, test and debug COP800 
code before your target system is finalized. 
The simulator can handle script files that simulate 
hardware inputs and interrupts to the device being 
simulated. Any simulator command and comments 
may be included in a script file. The simulator also 
supports an additional command called WAIT, used to 
simulate machine cycles to delay before continuing 
with the script file. 

A capture file feature enables you to record current 
cycle count and changes to an output port which are 
caused by the program under test. When used in com­
bination with script files, this feature provides powerful 
software testing and debug capability. 

TL/DD/1138S-2 

Features 
• Software simulator 

• Assembler 
• Programmer's manuals 
• Device data sheets 
• Application notes 
• Assembler manual 
• Tool kit user's guide 
• Pocket reference guides 
• COP8 SIM user's guide 
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Features (Continued) "tJ 
(X) 

Simulator Commands C 
(1) 

Turns on screen listing during < @RAM [ramadd] Causes a break in execution to LISTON CD 

occur when a write to the stepping. 0 
"C 

specified RAM location is LlSTOFF Turns off screen listing. 3 
attempted. LOAD filename Loads Intel hex format file into 

(1) 
::J 

ASM [add] Assembles directly to ROM at simulator. .... 
en 

specified address or starting at PRINTON Sends all debug output to '< rn 
last address used by command. printer. .... 

(1) 

SR [add] Set breakpoint at the indicated PRINTOFF Stops sending debug output to 3 
ROM address. printer. 

CAPTURE fname Saves all hardware outputs in RAM add [n] Sets RAM location at indicated 
the file specified. address to value specified. 

CAPTUREOFF Stops capture and closes REG Shows register status in debug 
capture file. window. 

CYn Sets cycle counter. RESET Simulates a hardware reset. 
DASM [add] Disassembles memory to RESTORE fname Restores simulator state from a 

screen starting at specified file created with the SAVE 
address or last location command. 
disassembled. ROM add [n] Sets ROM location at indicated 

EVAL n [op] [n] Evaluates input in decimal, hex, address to value specified. 
and binary. Can do simple SAVE filename Saves the simulator state in the 
calculations where op may be specified file. 
+, -, I,or *. SCRIPT fname Executes a script file. 

GO [add] [add] Sets breakpoint at second STEP [n] Single step execution of n 
address. Go from first address. instructions. 

GOTILadd Go from the current PC until the STEPTILadd Single step until the PC = add. 
PC = add. 

QUIT, EXIT Return to DOS. 

Ordering Information 

NSID Description Includes: 

COPB-TOOL-KIT COPBOO Designer's Software Simulator 
Tool Kit Assembler 

Programmer's Manual 
Assembler Manual 
Tool Kit User's Guide 
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/fINational Semiconductor 

Surface Mount 

Cost pressures today are forcing many electronics manu­
facturers to automate their production lines. Surface mount 
technology plays a key role in this cost-savings trend be­
cause: 

1. The mounting of devices on the PC board surface elimi­
nates the expense of drilling holes; 

2. The use of pick-and-place machines to assemble the PC 
boards greatly reduces labor costs; 

3. The lighter and more compact assembled products re­
sulting from the smaller dimensions of surface mount 
packages mean lower material costs. 

Production processes now permit both surface mount and 
insertion mount components to be assembled on the same 
PC board. 

SURFACE MOUNT PACKAGING AT NATIONAL 

To help our customers take advantage of this new technolo­
gy, National has developed a line of surface mount pack­
ages. Ranging in lead counts from 3 to 360, the package 
offerings are summarized in Table I. 

Lead center spacing keeps shrinking with each new genera­
tion of surface mount package. Traditional packages (e.g., 
DIPs) have a 100 mil lead center spacing. Surface mount 
packages currently in production (e.g., SOT, SOIC, PCC, 
LCC, LDCC) have a 50 mil lead center spacing. Surface 
mount packages in production release (e.g., PQFP) have a 
25 mil lead center spacing. Surface mount packages in de­
velopment (e.g., TAPEPAK®) will have a lead center spac­
ing of only 12-20 mils. 

TABLE I. Surface Mount Packages from National 

Package 
Type 

Small Outline 
Transistor 

(SOn 

Small Outline 
IC(SOIC) 

Plastic Chip Plastic Quad Leadless Chip 
Carrier (PCG) Flat Pack Carrier (LCG) 

~ (PQFP) (LDCC) 

3n:~~vQ 
Package 

Plastic Plastic Plastic Plastic Ceramic 
Material 

Lead Bend Gull Wing Gull Wing J-Bend Gull Wing -
Lead Center 

50 Mils 50 Mils 50 Mils 25 Mils 50 Mils 
Spacing 

Tape & Reel 
Yes Yes Yes tbd No 

Option 

PQFP-84 LCC-18 
Lead Counts SOT-23 SO-8(*) PCC-20(*) PQFP-100 LCC-20(*) 

High Profile SO-14(*) PCC-28(*) PQFP-132 
SOT-23 LCC-28 

Low Profile SO-14 Wide(*) PCC-44(*) PQFP-196(*) 
SO-16(*) PCC-68 PQFP-244 LCC-32 
SO-16 Wide(*) PCC-84 LCC-44 (*) 
SO-20(*) PCC-124 LCC-48 
SO-24(*) LCC-52 

LCC-68 
LCC-84 
LCC-124 

"In production (or planned) for linear products. 
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Leaded Chip 
Carrier 

Ceramic 

Gull Wing 

50 Mils 

No 

LDCC-44 

LDCC-68 

LDCC-84 
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LINEAR PRODUCTS IN SURFACE MOUNT 

Linear functions available in surface mount include: 

• Op amps 

• Comparators 

• Regulators 

• References 

• Data conversion 

• Industrial 

• Consumer 

• Automotive 

A complete list of linear part numbers in surface mount is 
presented in Table III. Refer to the datasheet in the appro­
priate chapter of this databook for a complete description of 
the device. In addition, National is continually expanding the 
list of devices offered in surface mount. If the functions you 
need do not appear in Table III, contact the sales office or 
distributor branch nearest you for additional information. 

Automated manufacturers can improve their cost savings by 
using Tape-and-Reel for surface mount devices. Simplified 
handling results because hundreds-to-thousands of semi­
conductors are carried on a single Tape-and-Reel pack (see 
ordering and shipping information-printed later in this sec­
tion-for a comparison of devices/reel vs. devices/rail for 
those surface mount package types being used for linear 
products). With this higher device count per reel (when com­
pared with less than a 100 devices per rail), pick-and-place 
machines have to be re-Ioaded less frequently and lower 
labor costs result. 

With Tape-and-Reel, manufacturers save twice-once from 
using surface mount technology for automated PC board 
assembly and again from less device handling during ship­
ment and machine set-up. 

BOARD CONVERSION 

Besides new designs, many manufacturers are converting 
existing printed circuit board designs to surface mount. The 
resulting PCB will be smaller, lighter and less expensive to 
manufacture; but there is one caveat-be careful about the 
thermal dissipation capability of the surface mount package. 

Because the surface mount package is smaller than the tra­
ditional dual-in-line package, the surface mount package is 
not capable of conducting as much heat away as the DIP 
(Le., the surface mount package has a higher thermal resist­
ance-see Table II). 

The silicon for most National devices can operate up to a 
150°C junction temperature (check the datasheet for the 
rare exception). Like the DIP, the surface mount package 
can actually withstand. an ambient temperature of up to 
125°C (although a commercial temperature range device 
will only be specified for a max ambient temperature of 70°C 
and an industrial temperature range device will only be 
specified for a max ambient temperature of 85°C). See 
AN-336, "Understanding Integrated Circuit Package Power 
Capabilities", (reprinted in the appendix of each linear data­
book volume) for more information. 
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TABLE II: Surface Mount Package 
Thermal Resistance Range" 

Package 
Thermal Resistance'" 

(eJA.oC/W) 

SO-8 120-175 
SO-14 100-140 
SO-14 Wide 70-110 
SO-16 90-130 

SO-16 Wide 70-100 
SO-20 60-90 
SO-24 55-85 

PCC-20 70-100 
PCC-28 60-90 
PCC-44 40-60 

• Actual thermal resistance for a particular device depends on die size. 
Refer to the datasheet for the actual IIjA value. 

··Test conditions: PCB mount (FR4 material), still air (room temperature), 
copper traces (150 x 20 x 10 mils). 

Given a max junction temperature of 150°C and a maximum 
allowed ambient temperature, the surface mount device will 
be able to dissipate less power than the DIP device. This 
factor must be taken into account for new designs. 

For board conversion, the DIP and surface mount devices 
would have to dissipate the same power. This means the 
surface mount circuit would have a lower maximum allowa­
ble ambient temperature than the DIP circuit. For DIP cir­
cuits where the maximum ambient temperature required is 
substantially lower than the maximum ambient temperature 
allowed, there may be enough margin for safe operation of 
the surface mount circuit with its lower maximum allowable 
ambient temperature. But where the maximum ambient tem­
perature required of the DIP current is close to the maxi­
mum allowable ambient temperature, the lower maximum 
ambient temperature allowed for the surface mount circuit 
may fall below the maximum ambient temperature required. 
The circuit designer must be aware of this potential pitfall so 
that an appropriate work-around can be found to keep the 
surface mount package from being thermally overstressed 
in the application. 

SURFACE MOUNT LITERATURE 

National has published extensive literature on the subject of 
surface mount packaging. Engineers from packaging, quali­
ty, reliability, and surface mount applications have pooled 
their experience to provide you with practical hands-on 
knowledge about the construction and use of surface mount 
packages. 

The applications note AN-450 "Surface Mounting Methods 
and their Effect on Product Reliability" is referenced on 
each SMD datasheet. In addition, "Wave Soldering of Sur­
face Mount Components" is reprinted in this section for your 
information. 



TABLE III. Linear Surface Mount Current Device listing 

Amplifiers and Comparators Data Acquisition Circuits 
Part Number Part Number Part Number Part Number 

LF347WM LM392M ADC0802LCV ADC1025BCV 
LF351M LM393M ADC0802LCWM ADC1025CCV 
LF451CM LM741CM ADC0804LCV DAC0800LCM 
LF353M LM1458M ADC0804LCWM DAC0801LCM 

LF355M LM2901M ADC0808CCV DAC0802LCM 

LF356M LM2902M ADC0809CCV DAC0806LCM 

LF357M LM2903M ADC0811BCV DAC0807LCM 

LF444CWM LM2904M ADC0811CCV DAC0808LCM 

LM10CWM LM2924M ADC0819BCV DAC0830LCWM 

LM10CLWM LM3403M ADC0819CCV DAC0830LCV 

LM308M LM4250M ADC0820BCV DAC0832LCWM 

LM308AM LM324M ADC0820CCV DAC0832LCV 

LM310M LM339M ADC0838BCV 

LM311M LM365WM ADC0838CCV 

LM318M LM607CM ADC0841BCV 

LM319M LMC669BCWM ADC0841CCV 

LM324M LMC669CCWM ADC0848BCV 
ADC0848CCV 

LM339M LF441CM ADC1005BCV 
LM346M ADC1005CCV 
LM348M 
LM358M 
LM359M Industrial Functions 

Part Number Part Number 

Regulators and References AH5012CM LM13600M 

Part Number Part Number LF13331M LM13700M 
LF13509M LMC555CM 

LM317LM LM2931 M-5.0 LF13333M LM567CM 
LF3334M LM3524M LM555CM MF4CWM-50 

LM336M-?.5 LM78L05ACM 

LF336BM-2.5 LM78L12ACM 

LM336M-5.0 LM78L15ACM 

Livi556CM MF4CWM-lUU 
LM567CM MF6CWM-50 
LM1496M MF10CCWM 

LM336BM-5.0 LM79L05ACM LM2917M MF6CWM-100 
LM337LM LM79L12ACM 

LM385M LM79L15ACM 

LM385M-1.2 LP2951ACM 
LP2951CM 

LM3046M MF5CWM 

LM3086M 
LM3146M 

LM385BM-1.2 
LM385M-2.5 Commercial and Automotive 
LM385BM-2.5 
LM723CM Part Number Part Number 

LM2931CM LM386M-1 LM1837M 
LM592M LM1851M 

LM831M LM1863M 
LM832M LM1865M 
LM833M LM1870M 

LM837M LM1894M 
LM838M LM1964V 
LM1131CM LM2893M 

LM3361AM 
LM1881 M 
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Part Number Part Number 

LHOO02E LH0032E 
LH4002E LH0033E 

A FINAL WORD 

National is a world leader in the design and manufacture of 
surface mount components. 

Because of design innovations such as perforated copper 
leadframes, our small outline package is as reliable as our 
DIP-the laws of physics would have meant that a straight 
"junior copy" of the DIP would have resulted in an "S.O." 
package of lower reliability. You benefit from this equiva­
lence of reliability. In addition, our ongoing vigilance at each 
step of the production process assures that the reliability we 
designed in stays in so that only devices of the highest qual­
ity and reliability are shipped to your factory. 

Our surface mount applications lab at our headquarters site 
in Santa Clara, California continues to research (and pub­
lish) methods to make it even easier for you to use surface 
mount technology. Your problems are our problems. 

When you think "Surface Mount"-think "National"l 

Ordering and Shipping Information 
When you order a surface mount semiconductor, it will be in 
one of the several available surface mount package types. 
Specifying the Tape-and-Reel method of shipment means 
that you will receive your devices in the following quantities 
per Tape-and-Reel pack: SMD devices can also be supplied 
in conventional conductive rails. 

Short-Form Procurement Specification 
TAPE FORMAT 

Trailer (Hub End)· 

Empty Cavities, Empty Cavities, 
min (Unsealed min (Sealed 
Cover Tape) Cover Tape) 

Small Outline IC 

SO-8 (Narrow) 2 2 

SO-14 (Narrow) 2 2 

SO-14 (Wide) 2 2 

SO-16 (Narrow) 2 2 

SO-16 (Wide) 2 2 

SO-20 (Wide) 2 2 

SO-24 (Wide) 2 2 

Plastic Chip Carrier IC 

PCC-20 2 2 

PCC-28 2 2 

PCC-44 2 2 

Package 
Package 

Max/Rail Per Reel· 
Designator 

SO-8 M 100 2500 
SO-14 M 50 2500 
SO-14 Wide WM 50 1000 
SO-16 M 50 2500 
SO-16 Wide WM 50 1000 
SO-20 M 40 1000 
SO-24 M 30 1000 

PCL-20 V 50 1000 
PCL-28 V 40 1000 
PCL-44 V 25 500 

PQFP-196 VF TBD -
TP-40 TP 100 TBD 

LCC-20 E 50 -
LCC-44 E 25 -

·Incremental ordering quantities. (National Semiconductor reserves the right 
to provide a smaller quantity of devices per Tape-and-Reel pack to preserve 
lot or date code integrity. See example below.) 

Example: You order 5,000 LM324M ICs shipped in Tape­
and-Reel. 

• Case 1: All 5,000 devices have the same date code 

• You receive 2 SO-14 (Narrow) Tape-end-Reel 
packs, each having 2500 LM324M ICs 

• Case 2: 3,000 devices have date code A and 2,000 de­
vices have date code B 

• You receive 3 SO-14 (Narrow) Tape-and-Reel 
packs as follows: 

Pack # 1 has 2,500 LM324M ICs with date code A 

Pack # 2 has 500 LM324M ICs with date code A 

Pack # 3 has 2,000 LM324M ICs with date code B 

Carrier· Leader (Start End)· 

Filled Cavities Empty Cavities, Empty Cavities, 
(Sealed min (Sealed min (Unsealed 

Cover Tape) Cover Tape) Cover Tape) 

2500 5 5 

2500 5 5 

1000 5 5 

2500 5 5 

1000 5 5 

1000 5 5 

1000 5 5 

1000 5 5 

750 5 5 

500 5 5 

"The following diagram Identifies these sections of the tape and Pin # 1 device orientation. 
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Short-Form Procurement Specification (Continued) 

DEVICE ORIENTATION 

DIRECTION 
OF FEED 

~ TRAILER ---1~~lfooII"I-----___ --CARRIER SECTION ---------J .. .jI ...... I-----------.l .. 1 ,-SECTION 
-----, 

>OOOOOOOOOOOOOOOOOOOOOOOOOOO( OOOIOOOOOOOOOOOOOOOO~ 

HUB 
END 

\ 

I 
• EMPTY 

CAVITIES 
• UNSEALED 

COVER TAPE 

MATERIALS 

J'---,---" 
• EMPTY 
. CAVITIES 

• SEALED 
CDVERTAPE 

I 
I 
I 
I 
I 
I 

i I 

~-"7-'-'" 

~" 
I, 

' i • FILlfD CAVITIES 

• S~~~~~~R~~~ 
r:~-_...;..::., 

• EMPTY 
CAVITIES 

• SEALED 

___ ~O~~~~ 
r. ;;, I 0 0 0 0 I I 

I 
I 
I 
I 
I 
I 
I 
I 

I I 

~~~,.H-.L- ~~~JNTATIDN I ! 

I I 
~ _________ J 

SO-IC 
DEVICES 

• Reel: 

I 
I 
I 
I 

I I L: _________ ~ 

PeC-IC 
DEVICES 

J 
I 

• EMPTY 
CAVITIES 

• UNSEALED 
COVER TAPE 

TLIOO/1132S-7 

• Cavity Tape: Conductive PVC (less than 105 Ohms/Sq) (1) Solid 80 pt fibreboard (standard) 

(2) Conductive fibreboard available 

(3) Conductive plastic (PVC) available 

• Cover Tape: Polyester 

(1) Conductive cover available 

TAPE DIMENSIONS (24 Millimeter Tape or Less) 

sO-Ie 

DEVICE ORIENTATION 

PIN 
1 

5-7 

'" ___ Po 1n PITCH CUMUl~JIVE 
TAPE TOLERANCE ~ O. 2 mm 

PCC-IC 

TLIOO/1132S-8 

en 
c 
:l. 
D) 
n 
CD 

3: 
o 
C 
::::J -



-c:: 
::l 
o 
:E 
CI) 
(.) 
CO -... ::l en 

Short-Form Procurement Specification (Continued) 

I w I P I F I E I P2 I Po I D I T I Ao I Bo I Ko I D1 IR 
Small Outline IC 

SO-8 
12±.30 8.0±.10 5.5±.05 1.75±.10 2.0±.05 4.0±.10 1.55±.05 .30±.10 6.4±.10 5.2±.10 2.1 ±.10 1.55±.05 30 

(Narrow) 

SO-14 
16±.30 8.0±.10 7.5±.10 1.75±.10 2.0±.05 4.0±.10 1.55±.05 .30±.10 6.5±.10 9.0±.10 2.1 ±.10 1.55±.05 40 

(Narrow) 

SO-14 
16±.30 12.0±.10 7.5 ± .10 1.75±.10 2.0±.05 4.0±.10 

(Wide) 
1.55±.05 .30±.10 10.9±.10 9.5±.10 3.0±.10 1.55±.05 40 

SO-16 
16±.30 8.0±.10 7.5±.10 1.75±.10 2.0±.05 4.0±.10 

(Narrow) 
1.55±.05 .30±.10 6.5±.10 10.3±.10 2.1 ±.10 1.55±.05 40 

SO-16 
16±.30 12.0±.10 7.5±.10 1.75±.10 2.0±.05 4.0±.10 

(Wide) 
1.55±.05 .30±.10 10.9±.10 10.76±.10 3.0±.10 1.55±.05 40 

SO-20 
24±.30 12.0±.10 11.5±.10 1.75± .10 2.0±.05 4.0±.10 

(Wide) 
1.55±.05 .30±.10 10.9±.10 13.3±.10 3.0±.10 2.05±.05 50 

SO-24 
24±.30 12.0±.10 

(Wide) 
11.5±.10 1.75±.10 2.0±.05 4.0±.10 1.55±.05 .30±.10 10.9±.10 15.85±.10 3.0±.10 2.05±.05 50 

Plastic Chip Carrier IC 

PCC-20 16±.30 12.0±.10 7.5±.10 1.75±.10 2.0±.05 4.0±.10 1.55±.05 .30±.10 9.3±.10 9.3±.10 4.9±.10 1.55±.05 40 

PCC-28 24±.30 16.0±.10 11.5±.10 1.75±.10 2.0±.05 4.0±.10 1.55±.05 .30±.10 13.0±.10 13.0±.10 4.9±.10 2.05±.05 50 

Note 1: Ao. 80 and Ko dimensions are measured 0.3 mm above the inside wall of the cavity bottom. 

Note 2: Tape with components shall pass around a mandril radius R without damage. 

Note 3: Cavity tape material shall be PVC conductive (less than 10S Ohms/Sq). 

Note 4: Cover tape material shall be polyester (30-65 grams peel-back force). 

Note 5: D1 Dimension is centered within cavity. 

Note 6: All dimensions are in millimeters. 

REEL DIMENSIONS 

TMAX 

- I-B H LABEL<D 

I / " DI~ A ((O) ) C::r:= 
"--_/'-. "j 

~ ~ruLl~IUS 
M 

TL/DD/1132S-9 

ST ARTM· Surface Mount Tape and Reel 
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Short-Form Procurement Specifications (Continued) 

A (Max) B(Min} C D (Min) N(Mln} G T (Max) 

12mmTape SO-8 (Narrow) (13.00) .059 .512±.002 .795 1.969 0.488::86g .724 -- --
(330) 1.5 13±0.05 20.2 50 12.4 :~ 18.4 

16mmTape SO-14 (Narrow) 
SO-14 (Wide) 

(13.00) .059 .512±.002 .795 1.969 0.646::86g .882 
SO-16 (Narrow) -- -- --
SO-16 (Wide) 

(330) 1.5 13±0.05 20.2 50 16.4 :~ 22.4 

PCC-20 

24 mm Tape SO-20 (Wide) 
(13.00) .059 .512±.002 .795 1.969 0.960::g6g 1.197 

SO-24 (Wide) -- -- --
24.4 :~ 

--
PCC-28 

(330) 1.5 13±0.05 20.2 50 30.4 

32 mm Tape PCC-44 (13.00) .059 .512±.002 .795 1.969 1 276+.078 1.512 
-- - _·_-.000 38.4 

(330) 1.5 13±0.05 20.2 50 32.4:~ 

Units: Inches 
MIllimeters 

Material: Paperboard (Non-Flaking) 

LABEL 

Human and Machine Readable Label is provided on reel. A 
variable (C.P.I) density code 39 is available. NSC STD label 
(7.6 C.P.I.) 

FIELD 

Lot Number 

Date Code 

Revision Level 

National Part No. 1.0. 

Qty. 

EXAMPI.E 

LOT 
(NUMBER 

LOT: EPb393b3K027 

OATE 
(CODE 

DIe: M8b44 R: 
(

REVISION 
NUMBER 

l~mml~~U!~~I~I[~I~I"lm~II~limfi~n 11~1~1~1~~f~ml 
Ib3 QTV: 2500 

TL/DD/11325-10 

Fields are separated by at least one blank space. 

Future Tape-and-Reel packs will also include a smaller-size 
bar code label (high-density code 39) at the beginning of the 
tape. (This tape label is not available on current production.) 

National Semiconductor will also offer additional labels con­
taining information per your specific specification. 
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Wave Soldering of Surface 
Mount Components 
ABSTRACT 

In facing the upcoming surge of "surface mount technolo­
gy", many manufacturers of printed circuit boards have tak­
en steps to convert some portions of their boards to this 
new process. However, as the availability of surface mount 
components is still limited, may have taken to mixing the 
lead-inserted standard dual-in-line packages (DIPs) with the 
surface mounted devices (SMDs). Furthermore, to take ad­
vantage of using both sides of the board, surface-mounted 
components are generally adhered to the bottom side of the 
board while the top side is reserved for the conventional 
lead-inserted packages. If processed through a wave solder 
machine, the semiconductor components are now subject­
ed to extra thermal stresses (now that the components are 
totally immersed into the molten solder). 

A discussion of the effect of wave soldering on the reliability 
of plastic semiconductor packages follows. This is intended 
to highlight the limitations which should be understood in 
the use of wave soldering of surface mounted components. 

ROLE OF WAVE-SOLDERING IN 
APPLICATION OF SMDs 

The generally acceptable methods of soldering SMDs are 
vapor phase reflow soldering and IR reflow soldering, both 
requiring application of solder paste on PW boards prior to 
placement of the components. However, sentiment still ex­
ists for retaining the use of the old wave-soldering machine. 
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Wave Soldering of Surface Mount Components (Continued) 

The reasons being: 

1) Most PC Board Assembly houses already possess wave 
soldering equipment. Switching to another technology 
such as vapor phase soldering requires substantial in­
vestment in equipment and people. 

2) Due to the limited number of devices that are surface 
mount components, it is necessary to mix both lead in­
serted components and surface mount components on 
the same board. 

3) Some components such as relays and switches are 
made of materials which would not be able to survive the 
temperature exposure in a vapor phase or IR furnace. 

PWBOARD ASSEMBLY PROCEDURES 

There are two considerations in which through-hole ICs may 
be combined with surface mount components on the PW 
Board: 

a) Whether to mount ICs on one or both sides of the board. 

b) The sequence of soldering using Vapor Phase, IR or 
Wave Soldering singly or combination of two or more 
methods. 

The various processes that may be employed are: 

A) Wave Solder before Vapor/IR reflow solder. 

1. Components on the same side of PW Board. 

Lead insert standard DIPS onto PW Board Wave 
solder (conventional) 

Wash and lead trim 

Dispense solder paste on SMD pads 

Pick and place SMDs onto PW Board 
. Bake 

Vapor phase/IR reflow 

Clean 

2. Components on opposite side of PW Board. 

Lead insert standard DIPs onto PW Board 

Wave Solder (conventional) 

Clean and lead trim 

Invert PW Board 

Dispense solder paste on SMD pads 

Dispense drop of adhesive on SMD sites (optional 
for smaller components) 

Pick and place SMDs onto board 

Bake/Cure 

Invert board to rest on raised fixture 

Vapor/IR reflow soldering 

Clean 

B) Vapor/IR reflow solder then Wave Solder. 

1. Components on the same side of PW Board. 

Solder paste screened on SMD side of Printed 
Wire Board 

Pick and place SMDs 

Bake 

Vapor/IR reflow 

Lead insert on same side as SMDs 

Wave solder 

Clean and trim underside of PCB 
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C) Vapor/IR reflow only. 

1. Components on the same side of PW Board. 

Trim and form standard DIPs in "gull wing" config­
uration 

Solder paste screened on PW Board 

Pick and place SMDs and DIPs 

Bake 

Vapor/IR reflow 

Clean 

2. Components on opposite sides of PW Board. 

Solder paste screened on SMD-side of Printed 
Wire Board 

Adhesive· dispensed at central location of each 
component 

Pick and place SMDs 

Bake 

Solder paste screened on all pads on DIP-side or 
alternatively apply solder rings (performs) on 
leads 

Lead insert DIPs 

Vapor/lR reflow 

Clean and lead trim 

D) Wave Soldering Only 

1. Components on opposite sides of PW Board. 

Adhesive dispense on SMD side of PW Board 

Pick and place SMDs 

Cure adhesive 

Lead insert top side with DIPs 

Wave solder with SMDs down and into solder bath 

Clean and lead trim 

All of the above assembly procedures can be divided into 
three categories for I.C. Reliability considerations: 

1) Components are subjected to both a vapor phase/IR 
heat cycle then followed by a wave-solder heat cycle or 
vice versa. 

2) Components are subjected to only a vapor phase/IR 
heat cycle. 

3) Components are subjected to wave-soldering only and 
SMDs are subjected to heat by immersion into a solder 
pot. 

Of these three categories, the last is the most severe re­
garding heat treatment to a semiconductor device. Howev­
er, note that semiconductor molded packages· generally 
possess a coating of solder on their leads as a final finish 
for solderability and protection of base leadframe material. 
Most semiconductor manufacturers solder-plate the compo­
nent leads, while others perform hot solder dip. In the latter 
case the packages may be subjected to total immersion into 
a hot solder bath under controlled conditions (manual oper­
ation) or be partially immersed while in a 'pallet' where auto­
matic wave or DIP soldering processes are used. It is, there­
fore, possible to subject SMDs to solder heat under certain 
conditions and not cause catastrophic failures. 



Wave Soldering of Surface Mount Components (Continued) 

THERMAL CHARACTERISTICS OF 
MOLDED INTEGRATED CIRCUITS 

Since Plastic DIPs and SMDs are encapsulated with a ther­
moset epoxy, the thermal characteristics of the material 
generally correspond to a TMA (Thermo-Mechanical Analy­
sis) graph. The critical parameters are (a) its Linear thermal 
expansion characteristics and (b) its glass transition temper­
ature after the epoxy has been fully cured. A typical TMA 
graph is illustrated in Figure 1. Note that the epoxy changes 
to a higher thermal expansion once it is subjected to tem­
peratures exceeding its glass transition temperature. Metals 
(as used on lead frames, for example) do not have this char­
acteristic and generally will have a consistent Linear thermal 
expansion over the same temperature range. 

In any good reliable plastic package, the choice of lead 
frame material should be such to match its thermal expan­
sion properties to that of the encapsulating epoxy. In the 
event that there is a mismatch between the two, stresses 
can build up at the interface of the epoxy and metal. There 
now exists a tendency for the epoxy to separate from the 
metal lead frame in a manner similar to that observed on bi­
metallic thermal range. 

In most cases when the packages are kept at temperatures 
below their glass transition, there is a small possibility of 
separation at the expoxy-metal interface. Howerver, if the 
package is subjected to temprature above its glass-tran­
sition temperature, the epoxy will begin to expand much 
faster than the metal and the probability of separation is 
greatly increased. 

CONVENTIONAL WAVE-SOLDERING 

Most wave-soldering operations occur at temperatures be­
tween 240-260°C. Conventional epoxies for encapsulation 
have glass-transition temperature between 140-170°C. An 
I.C. directly exposed to these temperatures risks its long 
term functionality due to epoxy/metal separation. 

Fortunately, there are factors that can reduce that element 
of risk: 

1) The PW board has a certain amount of heat-sink effect 
and tends to shield the components from the tempera­
ture of the solder (if they were placed on the top side of 
the board). In actual measurements, DIPs achieve a tem­
perature between 120-150°C in a 5-second pass over 
the solder. This accounts for the fact that DIPs mounted 
in the conventional manner are reliable. 

2) In conventional soldering, only the tip of each lead in a 
DIP would experience the solder temperature because 
the epoxy and die are standing above the PW board and 
out of the solder bath. 

z 
OVl 
- I­Vl_ 
zz «::l 
a.. 
x>­
UJ 0::: 
-1« «e: 
~-0:::1D 
UJo::: 
:::c« 
I-

EFFECT ON PACKAGE PERFORMANCE BY 
EPOXY-METAL SEPARATION 

In wave soldering, it is necessary to use fluxes to assist the 
solderability of the components and PW boards. Some facil­
ities may even process the boards and components through 
some form of acid cleaning prior to the soldering tempera­
ture. If separation occurs, the flux residues and acid resi­
dues (which may be present owing to inadequate cleaning) 
will be forced into the package mainly by capillary action as 
the residues move away from the solder heat source. Once 
the package is cooled, these contaminants are now trappod 
within the package and are available to diffuse with moisturo 
from the epoxy over time. It should be noted that electrical 
tests performed immediately after soldering generally will 
give no indication of this potential problem. In any case, the 
end result will be corrosion of the chip metallization over 
time and premature failure of the device in the field. 

VAPOR PHASEIIR REFLOW SOLDERING 

In both vapor phase and IR reflow soldering, the risk of 
separation between epoxy/metal can also be high. Operat­
ing temperatures are 215°C (vapor phase) or 240°C (IR) and 
duration may also be longer (30 sec-60 sec). On the same 
theoretical basis, there should also be separation. However, 
in both these methods, solder paste is applied to the pads 
of the boards; no fluxes are used. Also, the devices are not 
immersed into the hot solder. This reduces the possibility of 
solder forcing itself into the epoxy· lead frame interface. Fur­
thermore, in the vapor phase system, the soldering environ­
ment is "oxygen-free" and considered "contaminant free". 
Being so, it could be visualized that as far as reliability with 
respect to corrosion, both of these methods are advanta­
geous over wave soldering. 

BIAS MOISTURE TEST 

A bias moisture test was designed to determine the effect 
on package performance. In this test, the packages are 
pressured in a stream chamber to accelerate penetration of 
moisture into the package. An electrical bias is applied on 
the device. Should there be any contaminants trapped with­
in the package, the moisture will quickly form an electrolyte 
and cause the electrodes (which are the lead fingers), the 
gold wire and the aluminum bond-pads of the silicon device 
to corrode. The aluminum bond-pads, being the weakest 
link of the system, will generally be the first to fail. 

This proprietary accelerated bias/moisture pressure-test is 
significant in relation to the life test condition at 85°C and 

A - 42a = 4.6 

~;;;;;::;:::::;:::;::::;:h: =:::::::=: T (OC) 
100 110 120 130 140 150 160,170 180 

Tg 

FIGURE 1. Thermal Expansion and Glass Transition Temperature 
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Wave Soldering of Surface Mount Components (Continued) 

85% relative humidity. Once cycle of approximately 100 
hours has been shown to be equivalent to 2000 hours in the 
85/85 condition. Should the packages start to fail within the 
first cycle in the test, it is anticipated that the boards with 
these components in the harsh operating environment 
(85°C/85% RH) will experience corrosion and eventual 
electrical failures within its first 2000 hours of operation. 

Whether this is significant to a circuit board manufacturer 
will obviously be dependent on the products being manufac­
tured and the workmanship or reliability standards. General­
ly in systems with a long warranty and containing many 
components, it is advisable both on a reputation and cost 
basis to have the most reliable parts available. 

TEST RESULTS 

The comparison of vapor phase and wave-soldering upon 
the reliability of molded Small-Outline packages was per­
formed using the bias moisture test (see Table IV). It is 
clearly seen that vapor phase reflow soldering gave more 
consistent results. Wave-soldering results were based on 
manual operation giving variations in soldering parameters 
such as temperature and duration. 

TABLE IV. Vapor Phase vs. Wave Solder 

1. Vapor phase (60 sec. exposure @ 215°C) 
= 9 failures/1723 samples 
= 0.5% (average over 32 sample lots) 

2. Wave solder (2 sec total immersion @ 260°C) 
= 16 failures/1201 samples 
= 1.3% (average over 27 sample lots) 

Package: SO-14 lead 
Test: Bias moisture test 85% R.H., 

85°C for 2000 hours 
Device: LM324M 

In Table V we examine the tolerance of the Small-Outlined 
(SOIC) package to varying immersion time in a hot solder 
pot. SO-14 lead molded packages were subjected to the 
bias moisture test after being treated to the various solder­
ing conditions and repeated four (4) times. End point was an 
electrical test after an equivalent of 4000 hours 85/85 test. 
Results were compared for packages by itself against pack­
ages which were surface-mounted onto a FR-4 printed wire 
board. 

TABLE V. Summary of Wave Solder Results 
(85% R.H./85°C Bias Moisture Test, 2000 hours) 

(# Failures/Total Tested) 

Unmounted Mounted 

ControllVapor Phase 
0/114 0/84 

15 sec @ 215°C 

Solder Dip 
2/144 (1.4%) 0/85 

2 sec@ 260·C 

Solder Dip - 0/83 
4 sec@ 260°C 

Solder Dip 
13/248 (5.2%) 1176 (1.3%) 

6 sec@ 260°C 

Solder Dip 
14/127 (11.0%) 3179 (3.8%) 

10 sec @ 260°C 

Package: SO-14 lead 
Device: LM324M 
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Since the package is of very small mass and experiences a 
rather sharp thermal shock followed by stresses created by 
the mismatch in expansion, the results show the package 
being susceptible to failures after being immersed in excess 
of 6 seconds in a solder pot. In the second case where the 
packages were mounted, the effect of severe temperature 
excursion was reduced. In the second case where the pack­
ages were mounted, the effect of severe temperature excur­
sion was reduced. In any case, because of the repeated 
treatment, the package had failures when subjected in ex­
cess of 6 seconds immersion in hot solder. The safety mar­
gin is therefore recommended as maximum 4 seconds im­
mersion. If packages were immersed longer than 4 sec­
onds, there is a probable chance of finding some long term 
reliability failures even though the immediate electrical test 
data could be acceptable. 

Finally, Table VI examines the bias moisture test performed 
on surface mount (SOIC) components manufactured by var­
ious semiconductor houses. End point was an electrical test 
after an equivalent of 6000 hours in a 85/85 test. Failures 
were analyzed and corrosion was checked for in each case 
to detect flaws in package integrity. 

TABLE VI. U.S. Manufacturers Integrated Circuits 
Reliability in Various Solder Environments 

(# Failure/Total Tested) 

Package 
Vapor Wave Wave Wave Wave 
Phase Solder Solder Solder Solder 

SO-8 
30 sec 2sec 4sec 6sec 10sec 

ManufA 8/30* 1/30· 0.30 12/30* 16/30* 
Manuf B 2/30* 8/30* 2/30* 22/30* 20/30* 
ManufC 0/30 0/29 0/29 0/30 0/30 

ManufD 1/30* 0/30 12/30* 14/30* 2/30* 
Manuf E 1/30** 0/30 0/30 0/30 0/30 
Manuf F 0/30 0/30 0/30 0/30 0/30 
ManufG 0/30 0/30 0/30 0/30 0/30 

·Corrosion-failures 

··No Visual Defects-Non-corrosion failures 

Test: Accelerated Bias Moisture Test; 85% R.H./85'C, 6000 equivalent 
hours. 

SUMMARY 

Based on the results presented, it is noted that surface­
mounted components are as reliable as standard molded 
DIP packages. Whereas DIPs were never processed by be­
ing totally immersed in a hot solder wave during printed cir­
cuit board soldering, surface mounted components such as 
SOles (Small Outline) are expected to survive a total immer­
sion in the hot solder in order to capitalize on maximum 
population on boards. Being constructed from a thermoset 
plastic of relatively low Tg compared to the soldering tem­
perature, the ability of the package to survive is dependent 
on the time of immersion and also the cleanliness of materi­
al. The results indicate that one should limit the immersion 
time of package in the solder wave to a maximum of 4 sec­
onds in order to truly duplicate the reliability of a DIP. As the 
package size is reduced, as in a SO-8 lead, the requirement 
becomes even more critical. This is shown by the various 
manufacturers' performance. Results indicate there is room 
for improvement since not all survived the hot solder immer­
sion without compromise to lower reliability. 



Small Outline (SO) Package Surface Mounting Methods­
Parameters and Their Effect on Product Reliability 

The SO (small outline) package has been developed to 
meet customer demand for ever-increasing miniaturization 
and component density. 

COMPONENT SIZE COMPARISON 

S.O. Package 

_I 1-TYPICALLY 0.050" LEADSPACING 

TL/DD/11325-12 

Standard DIP Package 

r--, 
I I 
L_-' 

-.J 1- TYPICALLY 0.100" LEADSPACING 
TL/DD/11325-13 

Because of its small size, reliability of the product assem­
bled in SO packages needs to be carefully evaluated. 

SO packages at National were internally qualified for pro­
duction under the condition that they be of comparable reli­
ability performance to a standard dual in line package under 
all accelerated environmental tests. Figure A is a summary 
of accelarated bias moisture test performance on 30V bipo­
lar and 15V CMOS product assembled in SO and DIP (con-
trol) packages. . 

V+= 15VCMOS 
30V BIPOLAR 
85% RH/85 0 C 
TEST CON DITION 

DIP 

2000 4000 6000 

TEST TIME (HRS) 

FIGURE A 
TLlDD/11325-14 
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In order to achieve reliability performance comparable to 
DIPs-SO packages are designed and built with materials 
and processes that effectively compensate for their small 
size. 

All SO packages tested on 85%RA, 85°C were assembled 
on PC conversion boards using vapor-phase reflow solder­
ing. With this approach we are able to measure the effect of 
surface mounting methods on reliability of the process. As 
illustrated in Figure A no significant difference was detected 
between the long term reliability performance of surface 
mounted S.O. packages and the DIP control product for up 
to 6000 hours of accelerated 85%/85°C testing. 

SURFACE-MOUNT PROCESS FLOW 

The standard process flowcharts for basic surface-mount 
operation and mixed-lead insertion/surface-mount opera­
tions, are illustrated on the following pages. 

Usual variations encountered by users of SO packages are: 

• Single-sided boards, surface-mounted components only. 

• Single-sided boards, mixed-lead inserted and surface­
mounted components. 

• Double-sided boards, surface-mounted components only. 

• Double-sided boards, mixed-lead inserted and surface-
mounted components. 

In consideration of these variations, it became necessary for 
users to utilize techniques involving wave soldering and ad­
hesive applications, along with the commonly-used vapor­
phase solder reflow soldering technique. 

PRODUCTION FLOW 

Basic Surface-Mount Production Flow 

COMPONENTS SUBSTRATES 
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Mixed Surface-Mount and Axial-Leaded Insertion 
Components Production Flow 

Thermal stress of the packages during surface-mounting 
processing is more severe than during standard DIP PC 
board mounting processes. Figure B illustrates package 
temperature versus wave soldering dwell time for surface 
mounted packages (components are immersed into the 
molten solder) and the standard DIP wave soldering pro­
cess. (Only leads of the package are immersed into the mol­
ten solder). 
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DWELL TIME 
TL/DD/11325-17 

FIGURE B 

For an ideal package, the thermal expansion rate of the 
encapsulant should match that of the leadframe material in 
order for the package to maintain mechanical integrity dur­
ing the soldering process. Unfortunately, a perfect matchup 
of thermal expansion rates with most presently used pack­
aging materials is scarce. The problem lies primarily with the 
epoxy compound. 

Normally, thermal expansion rates for epoxy encapsulant 
and metal lead frame materials are linear and remain fairly 
close at temperatures approaching 160°C, Figure C. At low­
er temperatures the difference in expansion rate of the two 
materials is not great enough to cause interface separation. 
However, when the package reaches the glass-transition 
temperature (T g) of epoxy (typically 160-165°C), the ther­
mal expansion rate of the encapsulant increases sharply, 
and the material undergoes a transition into a plastic state. 
The epoxy begins to expand at a rate three times or more 
greater than the metal leadframe, causing a separation at 
the interface. 

I 
100 110 120 130 140 150 1601170 180 

Tg 

T(OC) 
TL/DD/11325-1B 

FIGUREC 
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When this happens during a conventional wave soldering 
process using flux and acid cleaners, process residues and 
even solder can enter the cavity created by the separation 
and become entrapped when the material cools. These 
contaminants can eventually diffuse into the interior of the 
package, especially in the presence of moisture. The result 
is die contamination, excessive leakage, and even cata­
strophic failure. Unfortunately, electrical tests performed im­
mediately following soldering may not detect potential flaws. 

Most soldering processes involve temperatures ranging up 
to 260°C, which far exceeds the glass-transition tempera­
ture of epoxy. Clearly, circuit boards containing SMD pack­
ages require tighter process controls than those used for 
boards populated solely by DIPs. 

Figure D is a summary of accelerated bias moisture test 
performance on the 30V bipolar process. 

Group 1 - Standard DIP package 

Group 2 - SO packages vapor-phase reflow soldered on 
PC boards 

Group 3-6 SO packages wave soldered on PC boards 

Group 3 - dwell time 2 seconds 

4 - dwell time 4 seconds 

5 - dwell time 6 seconds 

6 - dwell time 10 seconds 

.... 
t-..: #5 (6 SEC) c:: 
.... 
c:: 
::: #4 (4 SEC) 
~ 

o 2000 4000 6000 

TEST TIME (HRS) 

TL/00/11325-19 

FIGURED 

It is clear based on the data presented that SO packages 
soldered onto PC boards with the vapor phase reflow pro­
cess have the best long term bias moisture performance 
and this is comparable to the performance of standard DIP 
packages. The key advantage of reflow soldering methods 
is the clean environment that minimized the potential for 
contamination of surface mounted packages, and is pre­
ferred for the surface-mount process. 

When wave soldering is used to surface mount components 
on the board, the dwell time of the component under molten 
solder should be no more than 4 seconds, preferrably under 
2 seconds in order to prevent damage to the component. 
Non-Halide, or (organic acid) fluxes are highly recommend­
ed. 

PICK AND PLACE 

The choice of automatic (all generally programmable) pick­
and-place machines to handle surface mounting has grown 
considerably, and their selection is based on individual 
needs and degree of sophistication. 
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The basic component-placement systems available are 
classified as: 

(a) In-line placement 

- Fixed placement stations 

- Boards indexed under head and respective compo-
nents placed 

(b) Sequential placement 

- Either a X-V moving table system or a e, X-V moving 
pickup system used 

-Individual components picked and placed onto boards 

(c) Simultaneous placement 

- Multiple pickup heads 

- Whole array of components placed onto the PCB at 
the same time 

(d) Sequential/simultaneous placement 

- X-Y moving table, multiple pickup heads system 

- Components placed on PCB by successive or simul-
taneous actuation of pickup heads 

The SO package is treated almost the same as surface­
mount, passive components requiring correct orientation in 
placement on the board. 

Pick and Place Action 

TLl00/11325-20 

BAKE 

This is recommended, despite claims made by some solder 
paste suppliers that this step be omitted. 

The functions of this step are: 

• Holds down the solder globules during subsequent ref low 
soldering process and prevents expulsion of small solder 
balls. 

• Acts as an adhesive to hold the components in place dur­
ing handling between placement to reflow soldering. 

• Holds components in position when a double-sided sur­
face-mounted board is held upside down going into a va­
por-phase ref low soldering operation. 

• Removes solvents which might otherwise contaminate 
other equipment. 

• Initiates activator cleaning of surfaces to be soldered. 

• Prevents moisture absorption. 
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The process is moreover very simple. The usual schedule is 
about 20 minutes in a 65°C-95°C (dependent on solvent 
system of solder paste) oven with adequate venting. Longer 
bake time is not recommended due to the following rea­
sons: 

• The flux will degrade and affect the characteristics of the 
paste. 

• Solder globules will begin to oxidize and cause solderabili­
ty problems. 

• The paste will creep and after reflow, may leave behind 
residues between traces which are difficult to remove and 
vulnerable to electro-migration problems. 

REFLOW SOLDERING 

There are various methods for reflowing the solder paste, 
namely: 

• Hot air reflow 

• Infrared heating (furnaces) 

• Convectional oven heating 

• Vapor-phase reflow soldering 

• Laser soldering 

For SO applications, hot air reflow/infrared furnace may be 
used for low-volume production or prototype work, but va­
por-phase soldering reflow is more efficient for consistency 
and speed. Oven heating is not recommended because of 
"hot spots" in the oven and uneven melting may result. La­
ser soldering is more for specialized applications and re­
quires a great amount of investment. 

HOT GAS REFLOWIINFRARED HEATING 

A hand-held or table-mount air blower (with appropriate ori­
fice mask) can be used. 

The boards are preheated to about 100°C and then subject­
ed to an air jet at about 260°C. This is a slow process and 
results may be inconsistent due to various heat-sink proper­
ties of passive components. 

Use of an infrared furnace is the next step to automating the 
concept, except that the heating is promoted by use of IR 
lamps or panels. The main objection to this method is that 
certain materials may heat up at different rates under IR 
radiation and may result in damage to these components 
(usually sockets and connectors). This could be minimized 
by using far-infrared (non-focused) system. 

VAPOR-PHASE REFLOW SOLDERING 

Currently the most popular and consistent method, vapor­
phase soldering utilizes a fluoroinert fluid with excellent 
heat-transfer properties to heat up components until the sol­
der paste reflows. The maximum temperature is limited by 
the vapor temperature of the fluid. 

The commonly used fluids (supplied by 3M Corp) are: 

• FC-70, 215°C vapor (most applications) or FX-38 

• FC-71 , 253°C vapor (low-lead or tin-plate) 

HTC, Concord, CA, manufactures equipment that utilizes 
this technique, with two options: 

• Batch systems, where boards are lowered in a basket and 
subjected to the vapor from a tank of boiling fluid. 

• In-line conveyorized systems, where boards are placed 
onto a continuous belt which transports them into a con­
cealed tank where they are subjected to an environment 
of hot vapor. 

Dwell time in the vapor is generally on the order of 15-30 
seconds (depending on the mass of the boards and the 
loading density of boards on the belt). 
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In-Line Conveyorized Vapor-Phase Soldering 
CONDENSATION 

~ J "roR PRODUCT L 
----I-BaT-~-J----illill----

COILS COILS 

IMMERSION HEATER 

TLlDD/11325-21 

The question of thermal shock is asked frequently because 
of the relatively sharp increase in component temperature 
from room temperature to 215°C. SO packages mounted on 
representative boards have been tested and have shown 
little effect on the integrity of the packages. Various pack­
ages, such as cerdips, metal cans and TO-5 cans with glass 
seals, have also been tested. 

Vapor-Phase Furnace 

TLlDD/11325-22 

Batch-Fed Production Vapor-Phase Soldering Unit 
SECONDARY 

COILS 

PRIMARY COILS 

TL/DD/11325-23 



Solder JoInts on a SO-14 Package on PCB 

TL/DD/11325-24 

PRINTED CIRCUIT BOARD 

The SO package is molded out of clean, thermoset plastic 
compound and has no particular compatibility problems with 
most printed circuit board substrates. 

The package can be reliably mounted onto substrates such 
as: 

• G10 or FR4 glass/resin 

• FR5 glass/resin systems for high-temperature 
applications 

• Polymide boards, also high-temperature 
applications 

• Ceramic substrates 

General requirements for printed circuit hmmfR ArA: 

• Mounting pads should be solder-plated whenever 
applicable. 

• Solder masks are commonly used to prevent solder bridg­
ing of fine lines during soldering. 

The mask also protects circuits from processing chemical 
contamination and corrosion. 

If coated over pre-tinned traces, residues may accumulate 
at the mask/trace interface during subsequent reflow, 
leading to possible reliability failures. 

Recommended application of solder resist on bare, clean 
traces prior to coating exposed areas with solder. 

General requirements for solder mask: 

- Good pattern resolution. 

- Complete coverage of circuit lines and resistance to 
flaking during soldering. 

- Adhesion should be excellent on substrate material to 
keep off moisture and chemicals. 

- Compatible with soldering and cleaning requirements. 

SOLDER PASTE SCREEN PRINTING 

With the initial choice of printed circuit lithographic design 
and substrate material, the first step in surface mounting is 
the application of solder paste. 
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Solder JoInts on a SO-14 Package on PCB 

TL/DD/11325-25 

The typical lithographic "footprints" for SO packages are 
illustrated below. Note that the 0.050" lead center-center 
spacing is not easily managed by commercially-available air 
pressure, hand-held dispensers. 

Using a stainless-steel, wire-mesh screen stencilled with an 
emulsion image of the substrate pads is by far the most 
common and well-tried method. The paste is forced through 
the screen by a V-shaped plastic squeegee in a sweeping 
manner onto the board placed beneath the screen. 

The setup for SO packages has no special requirement 
from that required by other surface-mounted, passive com­
ponents. Recommended working specifications are: 

• Use stainless-steel, wire-mesh screens, # 80 or # 120, 
'."!!re d!:!mct~r 2.6 m:!:. Rl!!~ cf thu~~: ~~:.h cpcr.;ng 
should be approximately 2.5-5 times larger than the aver­
age particle size of paste material. 

• Use squeegee of Durometer 70. 

• Experimentation with squeegee travel speed is recom­
mended, if available on machine used. 

• Use solder paste of mesh 200-325. 

• Emulsion thickness of 0.005" usually used to achieve a 
solder paste thickness (wet) of about 0.008" typical. 

• Mesh pattern should be 90 degrees, square grid. 

• Snap-off height of screen should not exceed Va" , to avoid 
damage to screens and minimize distortion. 

SOLDER PASTE 

Selection of solder paste tends to be confusing, due to nu­
merous formulations available from various manufacturers. 
In general, the following guidelines are sufficient to qualify a 
particular paste for production: 

• Particle sizes (see photographs below). Mesh 325 (ap­
proximately 45 microns) should be used for general pur­
poses, while larger (solder globules) particles are pre­
ferred for leadless components (LCG). The larger particles 
can easily be used for SO packages. 
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• Uniform particle distribution. Solder globules should be 
spherical in shape with uniform diameters and minimum 
amount of elongation (visual under 100/200 X magnifica­
tion). Uneven distribution causes uneven melting and sub­
sequent expulsion of smaller solder balls away from their 
proper sites. 

RECOMMENDED SOLDER PADS FOR SO PACKAGES 

50-8,50-14,50-16 

0.04S" : O.OOS" 

r····~ 0.24S" 0.160" L •••• ~05. 
0.030" :O.OOS" -l I- --l !-O.OSO"TYP 

TL/DD/11325-26 

SOT-23 

0.030" :O.OOS"1 1-

012[' !~. 3;~. 
TLlDD/11325-28 

• Composition, generally 60/40 or 63/37 Sn/Pb. Use 62/36 
Sn/Pb with 2% Ag in the presence of Au on the soldering 
area. This formulation reduces problems of metal leaching 
from soldering pads. 

• RMA flux system usually used. 

• Use paste with aproximately 88-90% solids. 

SO-16L,SO-20 •••• -
0.420· MIN 0.3].005. 

l •••• 004S" 
:O.OOS" 

0.030" :O.OOS"-.I 1- --l 1-~TYp 
TLlDD/11325-27 

Comparison of Particle Size/Shape of Various Solder Pastes 

200 x Alpha (62/36/2) 200 X Kester (63/37) 

TLlDD/11325-29 TLlDD/11325-30 
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Comparison of Particle Size/Shape of Various Solder Pastes (Continued) 

Solder Paste Screen on Pads 200 x Fry Metal (63/37) 

TL/DD/11325-31 

200 ESL (63/37) 

TL/DD/11325-33 
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CLEANING 

The most critical process in surface mounting SO packages 
is in the cleaning cycle. The package is mounted very close 
to the surface of the substrate and has a tendency to collect 
residue left behind after reflow soldering. 

Important considerations in cleaning are: 

• Time between soldering and cleaning to be as short as 
possible. Residue should not be allowed to solidify on the 
substrate for long periods of time, making it difficult to 
dislodge. 

• A low surface tension solvent (high penetration) should be 
employed. Solvents commercially available are: 

Freon TMS (general purpose) 
Freon TE35/TP35 (cold-dip cleaning) 
Freon TES (general purpose) 

It should also be noted that these solvents generally will 
leave the substrate surface hydrophobic (moisture repel­
lent), which is desirable. 

Prelete or 1,1,1-Trichloroethane 
Kester 5120/5121 

• A defluxer system which allows the workpiece to be sub­
jected to a solvent vapor, followed by a rinse in pure sol­
vent and a high-pressure spray lance are the basic requir­
ments for low-volume production. 

• For volume production, a conveyorized, multiple hot sol­
vent spray/jet system is recommended. 

• Rosin, being a natural occurring material, is not readily 
soluble in solvents, and has long been a stumbling block 
to the cleaning process. In recent developments, synthet­
ic flux (SA flux), which is readily soluble in Freon TMS 
solvent, has been developed. This should be explored 
where permissible. 

The dangers of an inadequate cleaning cycle are: 

• Ion contamination, where ionic residue left on boards 
would cause corrosion to metallic components, affecting 
the performance of the board. 

• Electro-migration, where ionic residue and moisture pres­
ent on electrically-biased boards would cause dentritic 
growth between close spacing traces on the substrate, 
resulting in failures (shorts). 

REWORK 

Should there be a need to replace a component or re-align 
a previously disturbed component, a hot air system with ap­
propriate orifice masking to protect surrounding compo­
nents may be used. 

When rework is necessary in the field, specially-designed 
tweezers that thermally heat the component may be used to 
remove it from its site. The replacement can be fluxed at the 

Hot·Alr Solder Rework Station 

RETRACT POSITION //~G 
----!:z:r'T:E::':' 

HEAT SHIELD 

BOARD ON x-v TABLE 

HOT AIR-

TL/DD/11325-34 
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Hot·Alr Rework Machine 

TL/DD/11325-35 

lead tips or, if necessary, solder paste can be dispensed 
onto the pads using a varimeter. After being placed into 
position, the solder is reflowed by a hot-air jet or even a 
standard soldering iron. 

WAVE SOLDERING 

In a case where lead insertions are made on the same 
board as surface-mounted components, there is a need to 
include a wave-soldering operation in the process flow. 

Two options are used: 

• Surface mounted components are placed and vapor 
phase reflowed before auto-insertion of remaining compo­
nents. The board is carried over a standard wave-solder 
system and the underside of the board (only lead-inserted 
leads) soldered. 

• Surface-mounted components are placed in position, but 
no solder paste is used. Instead, a drop of adhesive about 
5 mils maximum in height with diameter not exceeding 
25% width of the package is used to hold down the pack­
age. The adhesive is cured and then proceeded to auto­
insertion on the reverse side of the board (surface-mount­
ed side facing down). The assembly is then passed over a 
"dual wave" soldering system. Note that the surface­
mounted components are immersed into the molten sol­
der. 

Lead trimming will pose a problem after soldering in the 
latter case, unless the leads of the insertion components 
are pre-trimmed or the board specially designed to localize 
certain areas for easy access to the trim blade. 

The controls required for wave soldering are: 

• Solder temperature to be 240-260°C. The dwell time of 
components under molten solder to be short (preferably 
kept under 2 seconds), to prevent damage to most com­
ponents and semiconductor devices. 

• RMA (Rosin Mildly Activated) flux or more aggressive OA 
(Organic Acid) flux are applied by either dipping or foam 
fluxing on boards prior to preheat and soldering. Cleaning 
procedures are also more difficult (aqueous, when OA flux 
is used), as the entire board has been treated by flux (un­
like solder paste, which is more or less localized). Non­
halide OA fluxes are highly recommended. 

• Preheating of boards is essential to reduce thermal shock 
on components. Board should reach a temperature of 
about 100°C just before entering the solder wave. 

• Due to the closer lead spacings (0.050" vs 0.100" for 
dual-in-line packages), bridging of traces by solder could 
occur. The reduced clearance between packages also 
causes "shadowing" of some areas, resulting in poor sol­
der coverage. This is minimized by dual-wave solder sys­
tems. 



Mixed Surface Mount and Lead Insertion 

(a) Same Side 

t t t t 
c::t . 

PREHEAT 

FOAM FLUXER 

A typical dual-wave system is illustrated below, showing the 
various stages employed. The first wave typically is in turbu­
lence and given a transverse motion (across the motion of 
the board). This covers areas where "shadowing" occurs. A 
second wave (usually a broad wave) then proceeds to per­
form the standard soldering. The departing edge from the 
sc!der is such to redL!c~ "~c!c!~~," :.r.d :: :t!!1 fl!rth~r r:dt!::d 
by an air knife placed close to the final soldering step. This 
air knife will blow off excess solder (still in the fluid stage) 
which would otherwise cause shorts (bridging) and solder 
bumps. 

AQUEOUS CLEANING 

• For volume production, a conveyorized system is often 
used with a heated recirculating spray wash (water tem­
perature 130°C), a final spray rinse (water temperature 
45-55°C), and a hot (120°C) air/air-knife drying section. 

• For low-volume production, the above cleaning can be 
done manually, using several water rinses/tanks. Fast­
drying solvents, like alcohols that are miscible with water, 
are sometimes used to help the drying process. 

• Neutralizing agents which will react with the corrosive ma­
terials in the flux and produce material readily soluble in 
water may be used; the choice depends on the type of flux 
used. 

• Final rinse water should be free from chemicals which are 
introduced to maintain the biological purity of the water. 
These materials, mostly chlorides, are detrimental to the 
assemblies cleaned because they introduce a fresh 
amount of ionizable material. 
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ADHESIVE 

/\ ~f=!l 
(b) Opposite Sides 

TURBULENT WAVE 

SOLDER FLOW 

TL/DD/11325-36 

Dual Wave 

TL/DD/11325-37 

CONFORMAL COATING 

Conformal coating is recommended for high-reliability PCBs 
to provide insulation resistance, as well as protection 
against contamination and degradation by moisture. 

Requirements: 

• Complete coating over components and solder joints. 

• Thixotropic material which will not flow under the pack­
ages or fill voids, otherwise will introduce stress on solder 
joints on expansion. 

• Compatibility and possess excellent adhesion with PCB 
material/ components. 

• Silicones are recommended where permissible in 
application. 
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SMD Lab Support 
FUNCTIONS 

Demonstration-Introduce first-time users to surface­
mounting processes. 

Service-Investigate problems experienced by users on 
surface mounting. 
Reliability Builds-Assemble surface-mounted units for re­
liability data acquisition. 

5-22 

Techniques-Develop techniques for handling different 
materials and processes in surface mounting. 

Equipment-In conjunction with equipment manufacturers, 
develop customized equipments to handle high density, 
new technology packages developed by National. 

In-House Expertise-Availability of in-house expertise on 
semiconductor research/development to assist users on 
packaging queries. 



ttJNational Semiconductor 

Plastic Leaded Chip Carrier (PLCC) Packaging 

General Description 
The Plastic Leaded Chip Carrier (PLCC) is a miniaturized 
low cost semiconductor package designed to replace the 
Plastic Dual-In-Line Package (P-DIP) in high density applica­
tions. The PLCC utilizes a smaller lead-to-Iead spacing-
0.050" versus 0.100" - and leads on all four sides to 
achieve a significant footprint reduction over the P-DIP. The 
rolled under J-bend leadform separates this package style 
from other plastic quad packages with flat or gull wing lead 
forms. As with virtually all packages of 0.050" or less lead 
spacing, the PLCC requires surface mounting to printed cir­
cuit boards as opposed to the more conventional thru-hole 
mounting of the P-DIP. 

History 
The Plastic Leaded Chip Carrier with J-bend leadform was 
first introduced in 1976 as a premolded plastic package. 
The premolded version has yet to become popular but the 
quad format with J-Bend leads has been adapted to tradi­
tional post molded packaging technology (the same tech­
nology used to manufacture the P-DIP). In 1980 National 
Semiconductor developed a post molded version of the 
PLCC. The J-bend leadform allowed them to adopt the foot­
print connection pattern already registered with JEDEC for 
the leadless chip carrier (LCG). In 1981 a task force was 
organized within JEDEC to develop a PLCC registration for 
package I/O counts of 20,28,44,52,68,84,100, and 124. 
A registered outline was completed in 1984 (JEDEC Outline 
MO-047) after many changes and improvements over the 
original proposals. This first PLCC registration covers 
~qL!~rc p~c~:!.g~s \I:ith ::!n cqu::!! r.t!mb~r of !~::!ds en ::!!I !::d~s. 
A second registration, MO-052, was completed in 1985 for 
rectangular packages with I/O counts of 18, 22, 28 and 32. 

Since 1980 many additional semiconductor manufacturers 
and packaging subcontractors have developed PLCC capa­
bility. There are now well over 20 sources with the number 
growing steadily. 

Surface Mounting 
Surface mounting refers to component attachment whereby 
the component leads or pads rest on the surface of the PCB 
instead of the traditional approach of inserting the leads into 
through-holes which go through the board. With surface 
mounting there are solder pads on the PCB which align with 
the leads or pads on the component. The resulting solder 
joint forms both the mechanical and electrical connection. 

ADVANTAGES 
The primary reason for surface mounting is to allow leads to 
be placed closer together than the 0.100" standard for DIPs 
with through-hole mounting. Through-hole mounting on 
smaller than 0.100" spacing is difficult to achieve in produc­
tion and generally avoided. The move to 0.050" lead spac­
ing offered with the current generation of surface mounted 
components, along with a switch from a dual-in-line format 
to a quad format, has achieved a threefold increase in com­
ponent mounting density. A need to achieve greater density 
is a major driving force in today's marketplace. 

MANUFACTURING TECHNIQUES 

Learning how to surface mount components to printed cir­
cuit boards requires the user to become educated in new 
assembly processes not typically associated with through­
hole insertion/wave soldering assembly methods. 

Surface mounting involves three basic process steps: 

1) Application of solderor solder paste to the printed circuit 
board. 

2) Positioning of the component onto the printed circuit 
board 

3) Reflowing of the solder or solder paste. 

As with any process, there are many details involved to 
achieve acceptable throughput and acceptable quality. Na­
tional Semiconductor offers a surface mounting guide which 
deals with the specifics of successful surface mounting. We 
encourage the user to review this document and to contact 
us if further information on surface mounting is desired. 

Benefits of the PLCC 
There are four principle advantages offered the user by 
switching from P-DIP to PLCC. These four advantages are 
outlined below as follows: 

1. Increased Density-
- Typically 3-to-1 size reduction of printed circuit 

boards. See Figure 1 for a footprint comparison be­
tween PLCC and P-DIP. This can be as high as 6-to-
1 in certain applications. 

:...... Surface mounting allows components to be placed 
on both sides of the board. 

- Surfaca mount and thru-ho:a mouilt comfjonGnts can 
be placed on the same board. 

- The large diameter thru-holes can be reduced in 
number, entirely eliminated, or reduced in size (if 
needed for via connection). 

2. Increased Performance-
- Shorter traces on printed circuit boards. 
- Better high frequency operation. 
- Shorter leads in package. Figure 2 and Table I com-

pare PLCC and P-DIP mechanical and electrical 
characteristics. 

3. Increased Reliability-
- Leads are well protected. 
- Fewer connectors. 
- Simplified rework. 
- Vibration and shock resistant. 

4. Reduced Cost-
- Fewer or smaller printed circuit boards. 
- Less hardware. 
- Same low cost printed circuit board material. 
- Plastic packaging material. 
- Reduced number of costly plated-through-holes. 
- Fewer circuit layers. 
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FIGURE 1. Footprint Area of PLCC VS. P-DIP FIGURE 2. Longest Internal Lead PLCC VS. P-DIP 

TABLE I. Electrical Performance of PLCC VS. P-DIP (44110 PLCC VS. 40 I/O P-DIP, both with Copper Leads) 

Criteria 
Shortest Lead Longest Lead 

PLCC P-DIP PLCC P-DIP 

Lead Resistance 3.0. 4.0. 6.0. 7.0. 
(Measured) 

Lead-to-Lead Capacitance 0.1 pF 0.1 pF 0.3 pF 3.0pF 
(Measured on Adjacent Leads) 

Lead Self-Inductance 3.2 nH 1.4 nH 3.5 nH 19.1 nH 
(Calculated) 

~rom~~ 

~I 1 
~ .ooy.wlorn 

~ rom LT 
I. CONTACT SPREAD .1 

TLIZZ/OOO1-3 

FIGURE 3. Package Outline 

TABLE II. Principle Dimensions Inches/(Mililmeters) (Refer to Figure 3) 

Lead Total Width Total Height Body Width Contact Spread 

Count Min Max Min Max Min Max Min Max 

20 0.385 sq. 0.395 sq. 0.165 sq. 0.180 sq. 0.345 sq. 0.355 sq. 0.310 sq. 0.330 sq. 
(9.779) (10.03) (4.191) (4.572) (8.763) (9.017) (7.874) (8.382) 

28 0.485 sq. 0.495 sq. 0.165 sq. 0.180 sq. 0.445 sq. 0.455 sq. 0.410 sq. 0.430 sq. 
(12.32) (12.57) (4.191) (4.572) (11.30) (11.56) (10.41) (10.92) 

44 0.685 sq. 0.695 sq. 0.165 sq. 0.180 sq. 0.645 sq. 0.655 sq. 0.610 sq. 0.630 sq. 
(17.40) (17.65) (4.191) (4.572) (16.38) (16.64) (15.49) (16.00) 
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TABLE II. Principle Dimensions Inches/(Mlilimeters) (Refer to Figure 3) (Continued) 

Lead Total Width Total Height Body Width Contact Spread 

Count Min Max Min Max Min Max Min Max 

68 0.985 sq. 0.995 sq. 0.165 sq. 0.180 sq. 0.945 sq. 0.955 sq. 0.910 sq. 0.930 sq. 
(25.02) (25.27) (4.191) (4.572) (24.00) (24.26) (23.11) (23.62) 

84 1.185 sq. 1.195 sq. 0.165 sq. 0.180 sq. 1.150 sq. 1.158 sq. 1.110 sq. 1.130 sq. 
(30.10) (30.36) (4.191) (4.572) (29.21) (29.41) (28.20) (28.70) 

124 1.685 sq. 1.695 sq. 0.180 sq. 0.200 sq. 1.650 sq. 1.658 sq. 1.610 sq. 1.630 sq. 
(49.13) (49.39) (4.572) (5.080) (41.91) (42.11) (40.90) (41.40) 

TABLE III. Package Thermal Resistance 
(Deg. C/Watt, Junction-to-Amblent, Board Mount) 

Lead Count 
Device Size 

1,000 MII2 10,000 Mil2 100,000 MII2 

20 102 85 67 

28 95 73 55 

44 54 47 40 

68 44 40 38 

84* 40 35 30 

124* 40 35 30 

"Estimated values 

Package Design Criteria and development have gone into steadily improving our 
P-DIP quality and maintaining a leadership position in plastic 

Experience has taught us there are certain criteria to the package reliability. All of this technology can be directly ap-
PLCC design which must be followed to provide the user plied to the PLCC. Table V shows the results of applying this 
with the proper mechanical and thermal performance. technology to the PLCC. As we make further advances in 
These requirements should be carefully reviewed by the plastic package reliability, these will also be applied to the 
user when selecting suppliers for devices in PLCC. Some of PLCC. 
these are covered by the JEDEC registration and some are 
not. These important requirements are listed in Table IV. Socl<ets 
Reliability There are several manufacturers currently offering sockets 

for the plastic chip carrier. Following is a listing of those 
National Semiconductor utilizes an assembly process for manufacturers. The listing is divided into test/burn-in and 
the PLCC which is similar to our P-DIP assembly process. production categories. There may be some individual sock-
We also utilize identical materials. This is a very important ets that will cover both requirements. 
point when considering reliability. Many years of research 

TABLE IV. Package Design Criteria 

Criteria 
Required to Comply with 

JEDEC Registration 

Minimum Inside Bend Radius of Lead at Shoulder Equal or Greater than Lead Not Required 
Thickness-to Prevent Lead Cracking/Fatigue 

Minimum One Mil Clearance Between Lead and Plastic Body at all Points-to Not Required 
Provide Lead Compliancy and Prevent Shoulder Joint Cracking/Fatigue 

Copper Leads for Low Thermal Resistance Not Required 

Minimum 10 Mil Lead Thickness for Low Thermal Resistance and Good Not Required 

Handling Properties 

Minimum 26 Mil Lead Shoulder Width to Prevent Interlocking of Devices Yes 

During Handling 

Maximum 4 Mils coplanarity Across Seating Plane of all Leads Yes 

5-25 

"U 
r­o o 
"U 
l> o 
" l> 
G') 

Z 
G') 



CJ 
z 
S 
c( 
~ 
o 
c( 
D.. 
o o 
-I 
D.. 

TABLE V. Reliability Test Data 
(Expressed as Failures per Units Tested) 

Device/Package OPL TMCL TMSK BHTL 

LM324/20 Lead 0/96 0/199 0/50 0/97 

LF353/20 Lead 0/50 0/50 - 0/45 

DS75451 120 Lead 0/47 - 0/50 0/93 

DM875191/28 Lead 0/154 0/154 0/154 0/154 

DM875181/28 Lead 0/77 0177 0/77 0/77 

OPL = Dynamic high temperature operating life at 12S'C or 1S0'C, 1,000 hours. 

ACLV 

0/300 

0/100 

0/179 

0/154 

0/77 

TMCL = Temperature cycle, Air-to-Air, -40'C to + 12S'C or -6S'C to + 1S0'C, 2,000 cycles. 

TMSK = Thermal shock, liquid-to-liquid, - 6S'C to + 1S0'C, 100 cycles. 

BHTL = Biased humidity temperature life, 8S'C, 8S% humidity, 1,000 hours. 

ACLV = Autoclave, 1S psi, 121'C, 100% humidity, 1,000 hours. 

Production Sockets 
AMP 

Test/Burn-In Sockets 
Plastronics 
Irving, TX Harrisburg, PA 

(715) 564-0100 

Augat 
Attleboro, MA 
(617) 222-2202 

Burndy 
Norwalk, CT 
(203) 838-4444 

Methode 
Rolling Meadows, IL 
(312) 392-3500 

Textool 
Irving, TX 
(214) 259-2676 

Thomas & Betts 
Raritan, NJ 
(201) 469-4000 

(214) 258-1906 

Textool 
Irving, TX 
(214) 259-2676 

Yamaichi 
c/o Nepenthe Dist. 
(415) 856-9332 

ADDITIONAL INFORMATION AND SERVICES 
National Semiconductor offers additional Databooks which 
cover surface mount technology in much greater detail. We 
also have a surface mount laboratory to provide demonstra­
tions and customer support, as well as technology develop­
ment. Feel free to contact us about these additional re­
sources. 
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20 Lead Ceramic Sidebrazed Dual-in-Line Package, Dual Cavity 
NS Package Number D208 

. . inches 
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44 Lead Ceramic Quad J-Bend, EPROM 
NS Package Number EL44C 

0.280-0.320 
" [7.11-8.13) 

UV WINDOW 
n-tr'---. 

20 Lead Ceramic Dual-in-Line Package, EPROM 
NS Package Number J20AQ 
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0.146-0.154 
[3.71-3.91) 

0.090-0.110 J tSO-940 
0.060 MAX TYP 
[1.52) [O~~~=g:~;]' TYP 
80TH ENDS 

5-28 

All dimensions are in inches [millimeters] 

ELUC(REV,A) 

All dimensions are in inches [millimeters] 

I-- 0.310-0.410 jL 
[7.87-10.41) 

0.008-0.012 TYP 
[0.20~0.30) 

J20AQ (REV. c) 



28 Lead Ceramic Dual-in-Line Package, EPROM 
NS Package Number J28AQ 

1-------- 1.450 MAX ------+j 
[36.83] 

R 0.025 
[0.64] 

1H--------r~--~~ 
~~~~~~~~==~~~d 

0.225 MAX TYP 

[5.72]-I! ___ ~11r' 
0.125 MIN TYP 

[3.18] I 

f 

40 Lead Ceramic Dual-in-Line Package, EPROM 
NS Package Number J40AQ 

0.025 
-RAD 
(0.835) 

0.030-0.055 
(0.162-1.397) 

RAD TYP 

5-29 

All dimensions are in inches [millimeters] 

O.520tO.006 
[13.21±O.15] 

1 

0.01 OtO.002 TYP 
[O.25tO.05] 

J28A-Q (REV. c) 

All dimensions are in inches (millimeters) 

0.280>0.004 
(1.11Z±0.102) 
UVWINDDW 

"0 
::r 
'< en 
c;" 
e!. 
c 
3" 
CD 
:::s en 
0" 
:::s en 



en 
c 
o 

"iii 
c 
Q) 

E 
o 
m 
u 
"iii 
>­.c 
a. 

16 Lead (0.300" Wide) Molded Small Outline Package, JEDEC 
NS Package Number M 16B 

LEAD NO 1 
IDENTIFICATION 

d . . inches 
All imenslons are In millimeters 

0.2914-0.2992 

I~~~--------------~ '~. '~~:j::~:' 

~II 
lliIj-H ~.~ .:;~:::.:::. m I <I> I';'I;'® I +® I-I 

0.0925-0.1043 ~n'm""'l 

_ "'m~ 
2.35-2.55 ~ 0.0040-0.0118 

,U,,", L __ [~H'~_ 
PLANE --r I 0Jifu1 

0.014 I t.=.l..1:.!.... 
"ii:35 ALL LEAD TIPS ALL LEADS 

0.0160-0.0500 TYP ALL LEADS 
0.40-1.27 

WI6B(REVF) 

20 Lead (0.300" Wide) Molded Small Outline Package, JEDEC 
NS Package Number M20B 

8' MAX TYP 

t=~=====:;~Pl ""+M 
0.1109-0.013 I 0.016-0.050 
~ - '-(0.406-1.270) 
TYP ALL LEADS TYP ALL LEADS 

All dimensions are in inches (millimeters) 

r20 ri 19 18 

f~ 
0.394-0.419 

~·,~:t' ;;::::;:;::;:;:::;;::;::::;::;::::;:::;::;::;::::;::;:::::;:;:::::;::;~ 

0.093 -0.104 
(2.362 -2.642) 

• 

1 910--r 

..!!:!!!!!.MAX 
(0.254) 

L miliilt16rii15:::. 
f t J I JL IL~PLANE ~ _ 0050 ' 0014-0020yyp 

(03561 (l~~a) - (0.356 -0 508) 

...!!Jl!!!TYP 
lO 203) M200("'VF) 

5-30 



28 Lead (0.300" Wide) Molded Small Outline Package, JEDEC 
NS Package Number M288 

All dimensions are in inches (millimeters) 

0.420 (10.65) 
0.393 (10.00) 

! 
0.030 (0.75) 450 
0.009 (0.25)x I' 0.713 (18.10) -I 

0.696 (17.70) 

0.050 (1.27) 
Bse 

0.020 (0.49) 
0.013 (0.35) 

:::r:~fi:;:=====tt=-1=~::;~" 1::::; g::~l 
\Je~: L 0.012 (0.30) 

0.003 (0.10) 

0.050 (1.27) 
0.015 (0.40) 

20 Lead (0.300" Wide) Molded Dual-in-Line Package 
NS Package Number N20A 

W288 (REV A) 

All dimensions are in inches (millimeters) 

~
(~:~:~)J 

MIN 

D.loO-0.l20 

~ 

0.325 ~~:~~ 
f8.25S +1.016) 
~ -0.381 

0.092 X O.OlO 
(2.l37 X 0.762) 

MAX OP 

PIN NO.lIDENT 

1.013-1.040 =:1 
(25.73-26.42) 

~~=======17===16==1=5==1=4==1l==1=2==1=1~ t 
0.260 ±O.OoS 

(6.604 ±0.127) 

~~~~~~~~~ 

0.065 
(1.651) 

~h-~ri-~~~M-~~n-~ 

0.009_0.o1JJ 
(0.229-0.381 ) 
TYP 

0.060 :1:0.005 

(1.524:1:0.127) 

5-31 

0.032±0'00S~O 19 
(0.81liO.127) . 

RAO 

PIN NO. lIDENT~ 

1 

0.020 
(0.508) 

MIN 

N20AIREVGI 

OPTION 2 
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28 Lead (0.600" Wide) Molded Dual-in-Line Package 
NS Package Number N288 

PIN NO.1 10ENT 

All dimensions are in inches (millimeters) 

1.393-1.420 --------I~ 
~-------(35.38-36.07) 

0.125-0.145 
(3.175-3.683) 

N28B(REV EI 

40 Lead (0.600" Wide) Molded Dual-in-Line Package 
NS Package Number N40A 

0.062 
(1.575) 

RAO 

PIN ND.lIDENT 

0.075 to.DI5 
(1.905 iO.381) 

All dimensions are in inches (millimeters) 

1------------(~;~:=!zO~:)------------I·1 
ZI 

1 @ G 0.550±0.005 

Cr.~~~~~~~~~~~~~~~~~rT.~+~~~~~~ •. 'm 

N40A(REVE) 
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44 Lead Molded Plastic Leaded Chip Carrier 
NS Package Number V44A 

All dimensions are in inches [millimeters] 

17 

39 

29 

45 0 X 0.045 
[1.14] 

0.029±0.003 T P 
[O.H±O.OS] Y 

lS L' 5' '2S 0 .050 -l [1.27jTYP 

0.500 
[12.70]TYP 

0.017:1:0.004 TYP 
[0.4.3:1:0.10] 

0.610:1:0.020 
[15.49±0.51j TYP 

SEATING PLANE 

MIN TYP 

0.1 05±0.0 15 TYP 
[2.67:1:0.3S] 

0.165-0.1S0 
1-----1- [4.19-4.57] TYP 

VHA (REV K) 

68 Lead Molded Plastic Leaded Chip Carrier 
NS Package Number V68A 

All dimensions are in inches [millimeters] 

0.017:1:0.004 TYP 
[0.43±0.10] 

45 0 X 0.045 
[1.14] 

10 ,{f--------T-----1h 60 

26 

0.029±0.003 TYP 
[O.74±O.OS] 

44 

27 L' j t 3

0.050 TYP 

O.SOO ~ [1.27] 
[20.32] TYP 

5-33 

0.910±0.020 TYP 
[23.11±0.51] 

SEATING PLANE 

V68A (REV J) 
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ttlNational Semiconductor 

Bookshelf of Technical Support Information 
National Semiconductor Corporation recognizes the need to keep you informed about the availability of current technical 
literature. 

This bookshelf is a compilation of books that are currently available. The listing that follows shows the publication year and 
section contents for each book. 

For datasheets on new products and devices still in production but not found in a databook, please contact the National 
Semiconductor Customer Support Center at 1-800-272-9959. 

We are interested in your comments on our technical literature and your suggestions for improvement. 

Please send them to: 
Technical Communications Dept. M/S 16-300 
2900 Semiconductor Drive 
P.O. Box 58090 
Santa Clara, CA 95052-8090 

ADVANCED BiCMOS LOGIC (ABTC, IBF, BiCMOS SCAN, LOW VOLTAGE 
BiCMOS, EXTENDED TTL TECHNOLOGY) DATABOOK-1994 
ABTC/BCT Description and Family Characteristics • ABTC/BCT Ratings, Specifications and Waveforms 
ABTC Applications and Design Considerations • Quality and Reliability. Integrated Bus Function (IBF) Introduction 
54174ABT3283 Synchronous Datapath Multiplexer. 74FR900/25900 9-Bit 3-Port Latchable Datapath Multiplexer 
54174ACTQ3283 32-Bit Latchable Transceiver with Parity Generator/Checker and Byte Multiplexing 
SCAN18xxxA BiCMOS 5V Logic with Boundary Scan. 74LVT Low Voltage BiCMOS Logic 
VME Extended TTL Technology for Backplanes 

ALS/AS LOGIC DATABOOK-1990 
Introduction to Advanced Bipolar Logic • Advanced Low Power Schottky. Advanced Schottky 

ASIC DESIGN MANUAL/GATE ARRAYS & STANDARD CELLS-1987 
SSI/MSI Functions • Peripheral Functions. LSIIVLSI Functions • DeSign Guidelines • Packaging 

CMOS LOGIC DATABOOK-1988 
CMOS AC Switching Test Circuits and Timing Waveforms. CMOS Application Notes. MM54HC/MM74HC 
MM54HCT/MM74HCT. CD4XXX. MM54CXXX/MM74CXXX. Surface Mount 

CLOCK GENERATION AND SUPPORT (CGS) DESIGN DATABOOK-1994 
Low Skew Clock Buffers/Drivers • Video Clock Generators • Low Skew PLL Clock Generators 
Crystal Clock Generators 

COP8™ DATABOOK-1994 
COP8 Family • COP8 Applications • MICROWIRE/PLUS Peripherals • COP8 Development Support 

CROSSVOLTTM LOW VOLTAGE LOGIC SERIES DATABOOK-1994 
LCX Family • LVX Translator Family • L yx Bus Switch Family • L VX Family • LVQ Family • L VT Family 

DATA ACQUISITION DATABOOK-1993 
Data Acquisition Systems • Analog·to·Digital Converters • Digital·to·Analog Converters • Voltage References 
Temperature Sensors. Active Filters. Analog Switches/Multiplexers. Surface Mount 

DATA ACQUISITION DATABOOK SUPPLEMENT-1992 
New devices released since the printing of the 1989 Data Acquisition Linear Devices Databook. 

DISCRETE SEMICONDUCTOR PRODUCTS DATABOOK-1989 
Selection Guide and Cross Reference Guides • Diodes • Bipolar NPN Transistors 
Bipolar PNP Transistors. JFET Transistors • Surface Mount Products. Pro· Electron Series 
Consumer Series • Power Components. Transistor Datasheets • Process Characteristics 



DRAM MANAGEMENT HANDBOOK-1993 
Dynamic Memory Control • CPU Specific System Solutions. Error Detection and Correction 
Microprocessor Applications 

EMBEDDED CONTROllERS DATABOOK-1992 
COP400 Family • COP800 Family • COPS Applications • HPC Family • HPC Applications 
MICROWIRE and MICROWIRE/PLUS Peripherals. Microcontroller Development Tools 

FDDI DATABOOK-1991 . 
FOOl Overview • DP83200 FOOl Chip Set • Development Support • Application Notes and System Briefs 

F100K ECl lOGIC DATABOOK & DESIGN GUIDE-1992 
Family Overview • 300 Series (Low-Power) Datasheets • 100 Series Datasheets • 11 C Datasheets 
Design Guide • Circuit Basics • Logic Design • Transmission Line Concepts • System Considerations 
Power Distribution and Thermal Considerations. Testing Techniques. 300 Series Package Qualification 
Quality Assurance and Reliability. Application Notes 

FACTTM ADVANCED CMOS lOGIC DATABOOK-1993 
Description and Family Characteristics • Ratings, Specifications and Waveforms 
Design Considerations • 54AC17 4ACXXX • 54ACT 17 4ACTXXX • Quiet Series: 54ACQ17 4ACQXXX 
Quiet Series: 54ACTQ174ACTQXXX. 54FCT174FCTXXX. FCTA: 54FCTXXXA174FCTXXXAlB 

FAST® ADVANCED SCHOTTKY TTL lOGIC DATABOOK-1990 
Circuit Characteristics. Ratings, Specifications and Waveforms. DeSign Considerations. 54F174FXXX 

FAST® APPLICATIONS HANDBOOK-1990 
Reprint of 1987 Fairchild FAST Applications Handbook 
Contains application information on the FAST family: Introduction. Multiplexers. Decoders. Encoders 
Operators. FIFOs. Counters. TIL Small Scale Integration. Line Driving and System Design 
FAST Characteristics and Testing. Packaging Characteristics 

HIGH-PERFORMANCE BUS INTERFACE DATABOOK-1994 
QuickRing • Futurebus + /BTL Devices • BTL Transceiver Application Notes • Futurebus + Application Notes 
High Performance TIL Bus Drivers. PI-Bus. Futurebus+ /BTL Reference 

IBM DATA COMMUNICATIONS HANDBOOK-1992 
IBM Data Communications • Application Notes 

INTERFACE: DATA TRANSMISSION DATABOOK-1994 
TIAIEIA-232 (RS-232) • TIAIEIA-422/423 • TIAIEIA-485 • Line Drivers. Receivers • Repeaters 
Transceivers. Low Voltage Differential Signaling. Special Interface. Application Notes 

LINEAR APPLICATIONS HANDBOOK-1994 
The purpose of this handbook is to provide a fully indexed and cross-referenced collection of linear integrated circuit 
applications using both monolithic and hybrid circuits from National Semiconductor. 

Individual application notes are normally written to 'explain the operation and use of one particular device or to detail various 
methods of accomplishing a given function. The organization of this handbook takes advantage of this innate coherence by 
keeping each application note intact, arranging them in numerical order, and providing a detailed Subject Index. 

LINEAR APPLICATION SPECIFIC IC's DATABOOK-1993 
Audio Circuits • Radio Circuits • Video Circuits • Display Drivers • Clock Drivers • Frequency Synthesis 
Special Automotive • Special Functions • Surface Mount 

LOCAL AREA NETWORKS DATABOOK-1993 SECOND EDITION 
Integrated Ethernet Network Interface Controller Products • Ethernet Physical Layer Transceivers 
Ethernet Repeater Interface, Controller Products. Token-Ring Interface Controller (TROPIC) 
Hardware and Software Support Products • FOOl Products. Glossary and Acronyms 



LOW VOLTAGE DATABOOK-1992 
This databook contains information on National's expanding portfolio of low and extended voltage products. Product datasheets 
included for: Low Voltage Logic (LVQ), Linear, EPROM, EEPROM, SRAM, Interface, ASIC, Embedded Controllers, Real Time 
Clocks, and Clock Generation and Support (CGS). 

MASS STORAGE HANDBOOK-1989 
Rigid Disk Pulse Detectors • Rigid Disk Data Separators/Synchronizers and ENDECs 
Rigid Disk Data Controller. SCSI Bus Interface Circuits. Floppy Disk Controllers • Disk Drive Interface Circuits 
Rigid Disk Preamplifiers and Servo Control Circuits • Rigid Disk Microcontroller Circuits • Disk Interface Design Guide 

MEMORY DATABOOK-1994 
FLASH • CMOS EPROMs • CMOS EEPROMs • PROMs • Application Notes 

MEMORY APPLICATIONS HANDBOOK-1994 
FLASH • EEPROMs • EPROMs • Application Notes 

OPERATIONAL AMPLIFIERS DATABOOK-1993 
Operational Amplifiers • Buffers. Voltage Comparators. Instrumentation Amplifiers • Surface Mount 

PACKAGING DATABOOK-1993 
Introduction to Packaging • Hermetic Packages • Plastic Packages. Advanced Packaging Technology 
Package Reliability Considerations • Packing Considerations • Surface Mount Considerations 

POWER IC's DATABOOK-1993 
Linear Voltage Regulators • Low Dropout Voltage Regulators • Switching Voltage Regulators. Motion Control 
Peripheral Drivers • High Current Switches • Surface Mount 

PROGRAMMABLE LOGIC DEVICE DATABOOK AND 
DESIGN GUIDE-1993 
Product Line Overview • Datasheets • Design Guide: Designing with PLDs • PLD DeSign Methodology 
PLD Design Development Tools • Fabrication of Programmable Logic • Application Examples 

REAL TIME CLOCK HANDBOOK-1993 
3-Volt Low Volta(:le Real Time Clocks • Real Time Clocks and Timer Clock Peripherals • Application Notes 

RELIABILITY HANDBOOK-1987 
Reliability and the Die. Internal Construction· Finished Package. MIL-STD-883. MIL-M-38510 
The Specification Development Process. Reliability and the Hybrid Device. VLSIIVHSIC Devices 
Radiation Environment • Electrostatic Discharge • Discrete Device • Standardization 
Quality Assurance and Reliability Engineering • Reliability and Documentation. Commercial Grade Device 
European Reliability Programs • Reliability and the Cost of Semiconductor Ownership 
Reliability Testing at National Semiconductor. The Total Military/Aerospace Standardization Program 
883B/RETSTM Products. MILS/RETSTM Products. 883/RETSTM Hybrids • MIL-M-3851 0 Class B Products 
Radiation Hardened Technology • Wafer Fabrication • Semiconductor Assembly and Packaging 
Semiconductor Packages. Glossary of Terms. Key Government Agencies. AN/ Numbers and Acronyms 
Bibliography. MIL-M-38510 and DESC Drawing Cross Listing 

SCANTM DATABOOK-1994 
Evolution of IEEE 1149.1 Standard. SCAN BiCMOS Products. SCAN ACMOS Products. System Test Products 
Other IEEE 1149.1 Devices 

TELECOMMUNICATIONS-1994 
COMBO and SLiC Devices • ISDN. Digital Loop Devices. Analog Telephone Components • Software 
Application Notes 

VHC/VHCT ADVANCED CMOS LOGIC DATABOOK-1993 
This databook introduces National's Very High Speed CMOS (VHC) and Very High Speed TTL Compatible CMOS (VHCT) 
designs. The databook includes Description and Family Characteristics • Ratings, Specifications and Waveforms 
Design Considerations and Product Datasheets. The topics discussed are the advantages of VHCIVHCT AC Performance, 
Low Noise Characteristics and Improved Interface Capabilities. 
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NATIONAL SEMICONDUCTOR CORPORATION DISTRIBUTORS 
ALABAMA Sunnyvale ILLINOIS Tyngsboro 

Huntsville Bell Industries Addison Port Electronics 
Anthem Electronics (408) 734-8570 Pioneer Electronics (508) 649-4880 
(205) 890-0302 Time Electronics (708) 495-9680 Wilmington 
Hamilton/Hallmark (408) 734-9888 Bensenville Anthem Electronics 
(205) 837-8700 Tustin Hamilton/Hallmark (508) 657-5170 
Pioneer Technology Time Electronics (708) 860-7780 Zeus Elect. an Arrow Co. 
(205) 837-9300 (714) 669-0100 Elk Grove Village (508) 658·0900 
Time Electronics Woodland Hills Bell Industries MICHIGAN 
(800) 258-8513 Hamilton/Hallmark (708) 640-1910 Grand Rapids 

ARIZONA (818) 594-0404 Schaumburg Pioneer Standard 
Phoenix Time Electronics Anthem Electronics (616) 698·1800 

Hamilton/ Hallmark (818) 593-8400 (708) 884-0200 Novi 
(602) 437-1200 COLORADO Time Electronics Hamilton/Hallmark 

Scottsdale Denver (708) 303-3000 (313) 347-4271 
Alliance Electronics Inc. Bell Industries INDIANA Plymouth 
(602) 483-9400 (303) 691-9010 Fort Wayne Pioneer Standard 

Tempe Englewood Bell Industries (313) 416-2157 
Anthem Electronics Anthem Electronics (219) 423-3422 Wyoming 
(602) 966-6600 (303) 790-4500 Indianapolis R. M. Electronics, Inc. 
Bell Industries Hamilton/Hallmark Advent Electronics Inc. (616) 531-9300 
(602) 966-7800 (303) 790-1662 (317) 872-4910 MINNESOTA 
Time Electronics Time Electronics Bell Industries Bloomington 
(602) 967-2000 (303) 721-8882 (317) 875-8200 Hamilton/Hallmark 

CALIFORNIA CONNECTICUT Hamilton/Hallmark (612) 881-2600 
Agora Hills Cheshire (317) 872-8875 Eden Prairie 

Bell Industries Hamilton/Hallmark Pioneer Standard Anthem Electronics 
(818) 706-2608 (203) 271-2844 (317) 573-0880 (612) 944-5454 
Pioneer Standard Shelton IOWA Pioneer Standard 
(818) 865-5800 Pioneer Standard Cedar Rapids (612) 944-3355 
Time Electronics (203) 929-5600 Advent Electronics Edina 
(818) 707-2890 Waterbury (319) 363-0221 Time Electronics 

Calabasas Anthem Electronics KANSAS (612) 943-2433 
F/X Electronics (203) 575-1575 Lenexa Thief River Falls 
(818) 591-9220 FLORIDA Hamilton/Hallmark Digi-Key Corp. 

Chatsworth Altamonte Springs (913) 332-4375 "Catalog Sales Only" 
Anthem Electronics Anthem Electronics KENTUCKY 

(800) 344-4539 
(818) 775-1333 (407) 831-0007 Lexington MISSOURI 

Costa Mesa Bell Industries Hamilton/Hallmark Earth City 
HamiltonlHalimark (407) 339-0078 (602) 288-4911 Hamilton/Hallmark 
(714) 641-4100 Pioneer Technology (314) 291-5350 

Irvine (407) 834-9090 MARYLAND Manchester 
Anthem Electronics Deerfield Beach Columbia Time Electronics 
(714) 768-4444 Pioneer Technology Anthem Electronics (314) 391-6444 
Bell Industries (305) 428-8877 (410) 995-6840 

NEW JERSEY (714) 727-4500 Bell Industries Fort Lauderdale Cherry Hill Pioneer Standard Hamilton/Hallmark (410) 290-5100 
(714) 753-5090 Hamilton/Hallmark Hamilton/Hallmark 

(305) 484-5482 
Zeus Eltlct. an Arruw Cu. Time Electronics (11C) ~ee·~e~a (609) 424-0110 

(714) 581-4622 Time Electronics Fairfield 

Los Angeles 
(305) 484-1778 

(410) 720-3600 Bell Industries 

Bell Industries 
Lake Mary 

Gaithersburg (201) 227-6060 
Zeus Elect. an Arrow Co. Hamilton/Hallmark (310) 447-6321 (407) 333-9300 Pioneer Technology 

(201) 575-3390 Rocklin (301) 921-0660 
Anthem Electronics 

Largo Pioneer Standard 
Hamilton/Hallmark MASSACHUSETTS (201) 575-3510 (916) 624-9744 (813) 541-7440 Andover Marlton Bell Industries Orlando Bell Industries Time Electronics (916) 652-0414 Chip Supply (508) 474-8880 (609) 596-6700 Roseville Die Distributor Beverly Mount Laurel Hamilton/Hallmark (407) 298-7100 Sertech Laboratories Seymour Electronics (916) 624-9781 Time Electronics (508) 927-5820 (609) 235-7474 San Diego (407) 841-6565 Lexington Parsippany Anthem Electronics Winter Park Pioneer Standard Hamilton/Hallmark (619) 453-9005 Hamilton/Hallmark (617) 861-9200 (201) 515-1641 Hamilton/Hallmark (407) 657-3300 Newburyport 

(619) 571-7540 Pine Brook 
GEORGIA Rochester Electronics Anthem Electronics Pioneer Standard "Obsolete Products" 

(619) 546-4906 Duluth 
(508) 462-9332 

(201) 227-7960 
Hamilton/Hallmark Wayne Time Electronics 
(404) 623-4400 Norwood Time Electronics (619) 674-2800 Gerber Electronics 

San Jose Pioneer Technology 
(617) 769-6000 

(201) 785-8250 

Anthem Electronics (404) 623-1003 
Peabody NEW MEXICO 

(408) 453-1200 Norcross Albuquerque 
Bell Industries Hamilton/Hallmark 

HamiltonlHalimark (508) 532-3701 Bell Industries 
(408) 743-3300 (404) 662-0923 

Time Electronics (505) 292-2700 
Pioneer Technology Time Electronics 

(508) 532-9900 Hamilton/Hallmark 
(408) 954-9100 (404) 368-0969 (505) 828-1058 
Zeus Elect. an Arrow Co. 
(408) 629-4789 



NATIONAL SEMICONDUCTOR CORPORATION DISTRIBUTORS (Continued) 

NEW YORK OKLAHOMA Houston Calgary 
Binghamton Tulsa Hamilton/Hallmark Electro Sonic Inc. 

Pioneer Hamilton/Hallmark (713)781-6100 (403) 255-9550 
(607) 722·9300 (918) 254-6110 Pioneer Standard Semad Electronics 

Buffalo Pioneer Standard (713) 495-4700 (403) 252-5664 
Summit Electronics (918) 665-7840 Richardson Zentronics 
(716) 887-2800 Radio Inc. Anthem Electronics (403) 295-8838 

Commack (918) 587-9123 (214) 238-7100 Edmonton 
Anthem Electronics OREGON Time Electronics Zentronics 
(516) 864-6600 Beaverton (214) 644-4644 (403) 482-3038 

Fairport Anthem Electronics UTAH Markham 
Pioneer Standard (503) 643-1114 Midvale Semad Electronics Ltd. 
(716) 381-7070 Bell Industries Bell Industries (416) 475-6500 

Hauppauge (503) 644-3444 (801) 255-9611 Richmond 
Hamilton/Hallmark Hamilton/Hallmark Salt Lake City Electro Sonic Inc. 
(516) 434-7490 (503) 526-6200 Anthem Electronics (604) 273-2911 
Time Electronics Pioneer Technology (801) 973-8555 Zentronics 
(516) 273-0100 (503) 626-7300 Hamilton/Hallmark (604) 273-5575 

Port Chester Portland (801) 266-2022 Winnipeg 
Zeus Elect. an Arrow Co. Time Electronics West Valley Zentronics 
(914) 937-7400 (503) 684-3780 Time Electronics (204) 694-1957 

Rochester 
PENNSYLVANIA (801) 973-8494 EASTERN PROVINCES 

Hamilton/Hallmark 
Horsham WASHINGTON Mississauga 

(800) 475-9130 
Anthem Electronics Bellevue Hamilton/Hallmark 

Summit Electronics 
(215) 443-5150 Pioneer Technology (416) 564·6060 

(716) 334-8110 
Pioneer Technology (206) 644-7500 Time Electronics 

Ronkonkoma (416) 672-5300 
Hamilton/Hallmark (215) 674-4000 Bothell 

(516) 737-0600 Mars Anthem Electronics Zentronics 

Syracuse Hamilton/Hallmark (206) 483-1700 (416) 507-2600 

Time Electronics (412) 281-4150 Kirkland Nepean 

(315) 432-0355 Pittsburgh TIme Electronics Hamilton/Hallmark 

Westbury Pioneer Standard (206) 820-1525 (613) 226-1700 

(412) 782-2300 Redmond Zentronics 
Hamilton/Hallmark Export Div. 
(516) 997-6868 Trevose Bell Industries (613) 226-8840 

Bell Industries (206) 867-5410 Ottawa 
Woodbury 

(215) 953·2800 Hamilton/Hallmark Electro Sonic Inc. 
Pioneer Electronics 
(516) 921-8700 TEXAS (206) 881-6697 (613) 728-8333 

Semad Electronics 
Seymour Electronics Austin WISCONSIN (613) 526-4866 
(516) 496-7474 Hamilton/Hallmark Brookfield Pointe Claire 

NORTH CAROLINA (512) 258-8848 Pioneer Electronics Semad Electronics 
Morrisville Minco Technology Labs. (414) 784-3480 (514) 694-0860 

Pioneer Technology (512) 834·2022 Mequon Ville St. Laurent 
(919) 460-1530 Pioneer Standard Taylor Electric Hamilton/Hallmark 

Raleigh (512) 835-4000 (414) 241-4321 (514) 335-1000 
Hamilton/Hallmark Time Electronics New Berlin Zentronics 
(919) 872-0712 (512) 346·7346 Hamilton/Hallmark (514) 737-9700 

Carrollton (414) 780-7200 Willowdale OHIO Zeus Elect. an Arrow Co. Waukesha 
Cleveland (214) 380-6464 Bell Industries 

ElectroSonic Inc. 

Pioneer Dallas (414) 547-8879 
(416) 494-1666 

(216) 587-3600 Hamilton/Hallmark Hamilton/Hallmark 
Winnipeg 

Columbus (214) 553-4300 (414) 784-8205 
Electro Sonic Inc. 

Time Electronics (204) 783-3105 
Pioneer Standard CANADA (614) 794-3301 (214) 386-7300 WESTERN PROVINCES Dayton 

Bell Industries Burnaby 

(513) 435-8660 Hamilton/Hallmark 

Bell Industries·Military (604) 420-4101 

(513) 434-8231 Semad Electronics 

Hamilton/Hallmark (604) 451-3444 

(513) 439-6735 
Pioneer Standard 
(513) 236-9900 



fjlNationa l Semiconductor 

National Semiconductor Corporation 
2900 Semiconductor Drive 
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