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ABSTRACT

This thesis is presented for designing and building hexapod robot which is controled by
microcontroller MCS-51. This robot can be operated automatic and forced by remote control.
There is free for walking of robot in each leg and there is a clipper for keeping some materials.
This robot can be modified or develop for keeping some dangerous materials or use for searching

materials at rough place in place roller robot.
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Byte
Address Bit Address
1E.
General
Purpose
RAM
30
(_21: TE|TE[ID[IC[TB[7A|79{78
2E |77|76|75(74|73(72|71|70
2D |6F|6E|6D|6C[6B6A 69 (68
2C 167[66165164(63162|61 {60
2B |5F|SE|5D|SC|5B|5A|59 |58
2A |57]56|55|54 (5352|5150
29 |[4F[4EMD4C4B A |49 (48
28 |47]46 (45|44 |43 142 (41|40
27 |3F[3E[3D[3C|3B[3A|39(38
26 137136|35|34 (3332|3130
25 |2F|2E2D]2C[2B[2A|29(28
24 127]26|25(24123|22{21|20
23 |IF|IE[ID|IC[IB[1A|19]18
22 (17(16(15|14|13|12{11|10
21 |OF[OE(0D|0C|0B 0A|09]08
\___20 0706 {05 (04 |03 |02 (01 |00
1F
BANK 3
18
17
BANK 2
10
0F
BANK 1
08
07 Default Register
Bank for RO-R7
00

RAM

Byte
Address
FF
F
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B8

BO

A8

A0

99
9

oo

90

8D
8C
8B
8A
89
8
87

o0

83
82
81

80

Bit Address

F1|F6|Fs|Fa[F3]F2[F1]Fo

E7

E6|E5|E4|E3|E2

El

EO

D7

D6|D5(D4/D3|D2

DO

IBOBBBA|B9

B8

B7

B6(B5(B4|B3|B2

Bl

BO

AH

IACIABIAA[A9

A8

AT

A6|AS|A4|A3|A2

Al

A0

Not Bit Address

9r9E[oDoc|oBloa]99]98

97

96(95|94(93]92

91

90

Not Bit Address

Not Bit Address

Not Bit Address

Not Bit Address

Not Bit Address

8F|8E[8D[3C[8B[8A[89]88

Not Bit Address

Not Bit Address

Not Bit Address

Not Bit Address

87|86|85(84183|82|81|80

Special Function Registers

§ ° 1 1 o 5 J a
310 2.16 Aurdsvesutsanudwuy luduaziuyin

ACC

PSW

1P

IE

P2

SBUF
SCON

PI

THI
THO
TL1
TLO
TMOD
TCON
PCON

DPH
DPL
Sp

PO
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Y

aSa I 1 A v oA
mmmaﬂuﬂqu Special Function Register 49341

1) Program Status Word

=K g @

aa LY dy ' 1 1 o 1 :
SRamesAationde 9 11 PSW azegluduimis DOH Fsaunsodnnadoyasea

a Y Aa o’dy <3| @ ' J '
1a 14 Tag5imaastziudiuonaniizaien voslulainouInsames anunioveuaay

a Y @ d‘
Tauaad1daan1s19n 2.3

d' a 9 c:i 1
A1919N 2.3 YALAZUUINA 9 (11‘! PSW

CYy AC FO RS1 RS2 ov - P
1 Fodn AU ANNHINY
PSW.7 Y D7H Carry Flag
PSW.6 AC D6H Auxiliary Carry Flag
PSW.5 FO D5SH Flag 0
PSW.4 RSI D4H AT M5 VIA0N Register Bank |
PSW.3 RSO D3H AT UIAN Register Bank 0

00 = Bank 0 ; Address 00H - 07H
01 = Bank 1 ; Address 08H - OFH
10 = Bank 2 ; Address 10H - 17H

11 = Bank 3 ; Address 18H - 1FH

PSW.2 ov D2H Overflow Flag

PSW.1 = DIH Reserved

PSW.0 R DOH Even Parity Flag
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1.1) uwlan@ang Carry Flag (CF)
a d,/ I~ A A a dy = o w = o a o a
tatutludan 7 vae PSW datvzilanudiagmninisnssiimuasiamens lagie
Y ' g ' \ ' '
T3z Set (oA TNAVBITAN 7 YULNINITUIN 13D Set LlatiAnITENVDITAN 7 ioinans
aAvaY
1 = [~ a dya
A1y Accumulator 3z1/@eintlu 00H wazda CY Tu PSW wzgaisauonantiin CY
I 5 d a < A
11150 19131 "Boolean Accumulator” 1ada019i5on 1Al venaesuuia 1 4a 1@
1.2) ulandiena Auxiliary Carry Flag
WaNMTUINLUY Binary-Code-Decimal (BCD) 1@ Auxiliary Carry Flag (AC) H30
Taaenavzgn Set ioliminasindah 310N 4 n5od11u Lower Nibble fif15g1a1g
] Y 1
OAH- OFH 1fip901nsia BCD filia launigaun 9 simniinisuanmuuy BCD 1zdo9n1y
Y o w » - A o P A a Y o
#2818 DAA (Decimal Adjust Accumulator) Wolsuaniany 9 Tasunay 6 L"lﬂ‘lﬂila”ﬂ’ﬂ
I o a a
Thilusva BCD funuavgiudula
.
1.3) uwlangue Flag 0 114 Flag
R ldeunsaldaumlylla
a A aa J 13 it .
1.4) unsaenIdainoItUdn (Register Bank Select Bits)
~ 1 =\ a Py h
s ldnsiuuudrnluy Mcs-51 wilyasdmnesoy 4 gadrvzidonliyalauenivl
vrimua laluda RS1uag RS2 Y99 PSW Hazdy Clear A10uiles s 1gnswa
1% d
1.5) unlanlerzoslvlad Overflow Flag
@ o a 4 a o oA a
uvlan OV a9gn Set nasINNIZIMIIATamMansuduAn Overflow AoS1IUNIAA

1l s

A = i Ao J S YA ' A 9 !
ﬂ']ﬂﬂWi‘U’]ﬂ‘ﬁ3@ﬂ?ﬁﬁﬂ%ﬂ“ﬂuﬂ’ﬂmi]’]u'luvl,ﬂﬂﬂmﬂullﬂllﬂﬂ@iﬂﬂﬂ'ﬂ +128 P50 UDUNIN -128

1.6) DAYN3A (Parity Bit)
QdB'Q I~ a dl 1 Qdy == 4 d! [~ @
WITALA (P) WULANUDNAINITAVDITINNDS Accumulator FI91NTUAINTIVADU
v ¥ v a o8 o e
ANUYNADIVBITOYA 1A InvazImALAzIATYT YU UNANIAATUA Accumulator
a d
2) S3mnoes B (B Register)
aa o [l ) 1 ] o 9 g aa P
59eM@03 B ogludiunuy FOH voanusanuiitoyanmely uivaaein
o o a o’dy EY [ a 4 1
ausaldaunil)1d TaenalU53maei oz 19gaumTonsnuiaames Accumulator 1BUNT
0510 A £ g a v Ja Y =1 a L aa 4
Wif1de MUL AB Guilumsqauuy 8 Ualaowadnsi idaziivuia 16 Ua #953ma0s A a2
I~ 1 a <; a 4 I~ 1 a o o o llo7 1oz
N 8 Uad uaz3aaes B azinua1 8 Uage d1miunismislasnisiidrda DIV AB lag

! 9 & danw g 9 Aa 7 & =00
ﬂﬂ,u A %Zgﬂ”ﬂﬁﬂ?ﬂ B waawﬁmllmggﬂmu'l’ﬂu 0D AB IﬂEJ B 32NUAT 8§ UAALLIAE
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I~ 1 a aa 4 dy Y KR Y v oa 9 ) [ a A
A aznum 8 Uage Svames B dawisadndadeyaluszaudald Teaodumisvosiinfo
@119 FOH 99 F7H
3) v auAn (Stack Pointer)

. 3 aa J a 1o 1 = 1
Stack Pointer (SP) 1Wu3aaumasuuia 8 U ogfwmua 81H mavouauin 1yl

4
G 1

' Y ] 4
A9 SP Fogil (Fun1 "Pushing” d1mSUN158IUMN SP Fog i3unT1 "Popping” A1UBI SP

a d? £ 1 ~ = 9 4 A ' Y Y
WINNTUNInouNazoudoyansly HZALAAMINUULDBIUTOYADONWILAD 1IN
AR YAt o dyd 1o ] a 1 ~
Tsunsuiidids CALL awwl¥53mmesaunniiifuadumiaduueslsunsy (PC) Roufiy
o 1 y o 1 I~ 1 @ a a
M ldsunsudedior ldsunsugesiasoudrvcaumluauanldsy pC mudy Tasdndan
PC vzimualdoglu RAM n1oly
9 Y @ o <4 ] 9 1 o
o 1w DT 8031, 8051 AUAMALAA LA 32 byte INIITHUIWANUI WD RAM
Qs‘l d’ 1 o 9 =1/ v e ,:é Q’ k% d‘ o ]
meluagdugan 7FH ussidmuald P Ty SFH Geessuldauiidumus 60
Y a i o 3 : AU :
011N MCS-51 931 A1 SP aggnmruaulu 07H #3981HUIWUNY Register Bank 1
Y ~ L Y ) i Y o ' =
DIMINNUNDBAUVVIU VZADI 1Y Register Bank 1 #3833 MMUAAT SP 1funou

d

4) 33am03 Data Pointor (DPTR)
aa a’dy 3 o ] I~ @ dyo 1 v = 9 K o
svamos lgdmnduamdumussia IunsunSedeyalumiennui lag
g aa o LY Y  aa > v A o s 4
WuSanaosvuia 16 U8 ¥9152noual853eaes 2 @1 Ao DPL dunuan 2 Taausiy
a c; o i = <] ] a Y a c{qszl o dy v @
8 Uadwaz DPH Awunuen 83H lagaziius 8 Tags 815 9aiansiaaoafiafiozsiudany
D Aa o a
AU UIIARDT 16 Vs
aa [ J ¥
5) 3I9MADINDIA (Port Registers)
[ 4 [ [ o 1
Ty MCS-51 MUBINDTALHLIED AUDINUIANLTIAY MNADINIdIdoya
a 4 I~<=1 (=% 9 A 1 o o 1A J :;I 1 9 1
o0 lAnosa ﬂmmmeﬂusuaga"lﬂ‘m»iu’wmmmmmuwwamuuag LAZDININIE DU

7 <= { 1 o MG 1 bl J 3 1 J
%@Hﬁﬂ’]ﬂ‘v\l@ﬁ@ ﬂLWEN’E]Tuﬂ']ﬂ']ﬂﬂ’lllfﬂHﬁﬁﬂu')ﬁlﬂ’ﬂﬂﬂ’]‘ﬂv\l@j@uuE]g Gl‘Ll MCS-51 W56 0

2

P o 1 o 1 ) ] 4 VA o 1 4
ZDYNAWNUL 8OH , WoiA 1 3¢0dNA1MUL 90H , Woin 2 920y NA MUY AOH AW 3
e o 1 o o kY 9 9Y Y a a 1 ] 1 o
LBYNAWUI BOH wosa 0, 2 uaz 3 Iaonaluudrngluld driinisfedosunulesninus
< ol B ' " a J
MeouNNIUNDIATIAY (19 Interrupts , Serial Port 4841) Tasndud vz ldwosa 1 luns
a 1 @ 4 J o Y 9 v a kY
Andenuglnsalneuennosannwesaanisnddoyaluseduiald
a 14
6) ‘%'fnmﬂamm (Timer Registers)
o a o =t ™ ) a o
Ty MCS-51 1005 8051 N5 vaeos N 1T UUAZ TVIAIVLIA 16 U9 2 §IR0 Timer 0
P o 1 o 1 = :ﬁ" I~ o‘é
BUNAINUY 8AH uag 8CH Taoduinus SAH wu1ede TLO Geazitlu 8 luds uaz scH

= o aa J v A r [ ~{ 1A o ' a3 4
1310049 8 TUATS THO STatn038neiafe Timer 1 Tnoutuilu TL1 agidwmils sBH ilulud
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ials ' I 4 9 X o o Aa o
uag TH1 agndwnus 8DH Wuluage msle Timer szdmuamiauluiismes TMOD
. o
(Timer/Counter Mode Control Register) 5349 0gNALVIUI 88H
: a d d
7) %amaiwesﬂagnm (Serial Port Registers)
~ s A ' a : @ '
MCS-51 aziinosadoa1sennsy (Serial Port) ognioluFndsannsnszsunsods
9 9 a i 1 aa o ;: = S 1 Y 9
Joyald lnsfnnor 115 3aA03 SBUF (Serial Data Buffer) #t0gidumnis 991 Tavddesnis
' Y
dadoyaunvoynsultilioudoya lUnivamosil @ Serial Port anso Tdsunsuliviau'ld
' aa J o 1
4 Tnua Taoldsunsurius3aines SCON (Serial Port Control Register) A141H1{9 98H
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;*******************************************************************************

PORT A
PORT B
PORT C
PORT_CON
DOWN_SW
DEC_SW
UP_SW
INC_SW
RE_SW
LEFT_SW
FOR_SW
RIGHT SW
RIGHT SEN
MID SEN
LEFT_SEN

LOOP:

CHK_RIGHT SW:

CHK_MID SEN:

CHK_RIGHT_ SEN:

CHK_LEFT_ SEN:

CHK_FOR_SW:

CHK_RE_SW:

PROGRAM

HEXAPOD ROBOT PROJECT

ASSEMBLER i~ .SXA51

;*******************************************************************************

EQU
EQU
EQU
EQU
BIT
BIT
BLI
BT
BIT
BIT
BIT
BIT
BT,
BIT
BIT

ORG
MOV
MOV
MOVX
CALL
JB
CALL
JB
CALL
JMP
JB
CALL
JB
CALL
JMP
JB
CALL
JB
ALL
CALL
CALL
CALL
JMP
JB
CALL
JB
CALL
CALL
JMP
JB
CALL
JB
CALL
CALL
JMP
JB
CALL
JB
CALL
JMP
JB
CALL
JB
CALL
JMP

OEOOOH
OEOO1H
OEOO02H
OEOO3H
P1.0

P14

Pl
Pls:
Pl
Pl1.
Pl
Plss
P3s
B33
R31

NP OJoyO0 > WM

0000H

A, #80H
DPTR,#PORT_CON
@DPTR, A

CLR_PORT

LEFT_SW, CHK_RIGHT SW
DELAY 10ms
LEFT_SW,CHK RIGHT_ SW
MOV_LEFT

LOOP

RIGHT SW,CHK MID SEN
DELAY 10ms

RIGHT SW,CHK MID SEN
MOV_RIGHT

LOOP

MID SEN,CHK RIGHT SEN
DELAY 10ms

MID SEN,CHK RIGHT_ SEN
REWARD 1

MOV_LEFT

MOV_LEFT

MOV_LEFT

LOOP

RIGHT SEN,CHK LEFT SEN
DELAY 10ms

RIGHT SEN,CHK LEFT SEN
MOV_RIGHT

MOV_RIGHT

LOOP
LEFT_SEN,CHK_FOR_SW
DELAY 10ms

LEFT SEN,CHK_FOR_SW
MOV_LEFT

MOV_LEFT

LOOP
FOR_SW,CHK RE SW
DELAY 10ms

FOR SW,CHK RE_SW
FORWARD

LOOP

RE_SW,CHK_UP_SW
DELAY 10ms
RE_SW,CHK_UP_SW
REWARD

LOOP
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CHK UP_SW:

CHK_DOWN_SW:

CHK_INC SW:

CHK_DEC_SW:

LOOP1:

;*********************************************************+*+~>~

’

JB
CALL
JB
CALL
JMP
JB
CALL
JB
CALL
JMP
JB
CALL
JB
CALL
JMP
JB
CALL
JB
CALL
JMP

UP_SW, CHK_DOWN SW
DELAY 10ms

UP_SW, CHK_DOWN_SW
UP

LOOP
DOWN_SW, CHK_INC SW
DELAY_ 10ms

DOWN_SW, CHK_INC SW
DOWN

LOOP
INC_SW,CHK DEC_SW
DELAY 10ms

INC_SW,CHK_DEC_SW
INC

LOOP
DEC_SW,LOOPl
DELAY 10ms
DEC_SW,LOOP1
DEC

LOOP

MOVE FORWARD

& hkdk e kEF kKRR E LK

;*********************************************************yv+*+*&***************

FORWARD:

CALL
CALL
CALL
CALL
CALL
CALL
CALL
JMP

SET1_UP
SET1 FOR
SET1_DOWN
SET2_UP
SET2 FOR
SET2_DOWN
MOV_RE
LOOP

;*******************************************************************k***********

7

MOVE REWARD

;*Y*********************************************************&******+++**********

REWARD:

REWARD 1:

CALL
CALL
CALL
CALL
CALL
CALL
CALL
JMP

CALL
CALL
CALL
CALL
CALL
CALL
CALL
RET

MOV_FOR
SET1 UP
SET1 RE
SET1 DOWN
SET2_UP
SET2_RE
SET2_DOWN
LOOP

MOV _FOR
SET1_UP
SET1 RE
SET1_DOWN
SET2_UP
SET2_RE
SET2_DOWN

;*******************************************************************************

;

MOVE LEFT

;*******************************************************************************

MOV_LEFT:

MOV
MOV
MOVX
MOV
MOVX

A, #010H
DPTR, 4PORT_B
@DPTR, A
DPTR, #PORT_C
@DPTR, A
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s ok kokok ok ok kok ok Ak Wigk kW ok Sk X
’

;

B e e
;

MOV_RIGHT:

CALL
CALL
MOV
MOV
MOVX
MOV
MOVX
CALL
CALL
MOV
MOV
MOVX
MOV
MOVX
CALL
CALL
MOV
MOV
MOVX
CALL
CALL
MOV
MOV
MOVX
CALL
CALL
MOV
MOV
MOVX
CALL
CALL
MOV
MOV
MOVX
MOV
MOV
MOVX
CALL
CALL
RET

ER R CE

Sk k% Kk

MOV
MOV
MOVX
MOV
MOVX
CALL
CALL
MOV
MOV
MOVX
MOV
MOVX
CALL
CALL
MOV
MOV
MOVX
MOV
MOVX
CALL
CALL

DELAY 500ms
CLR_PORT

A, #040H
DPTR, #PORT_B
@DPTR, A
DPTR, #PORT_C
@DPTR,A
DELAY 300ms
CLR_PORT

A, #020H
DPTR, #PORT_B
@DPTR, A
DPTR, #PORT_C
@DPTR, A
DELAY 400ms
CLR_PORT

A, #01H

DPTR, #PORT C
@DPTR, A
DELAY 500ms
CLR_PORT

A, #04H

DPTR, #PORT _C
@DPTR, A
DELAY 300ms
CLR_PORT

A, #02H

DPTR, #PORT_C
@DPTR, A
DELAY 400ms
CLR_PORT

A, #080H
DPTR, #PORT B
@DPTR, A

A, #088H
DPTR, #PORT C
@DPTR, A
DELAY_300ms
CLR_PORT

R R RS SRR RS SRR e R i B e o e e S S ke i e

MOVE RIGHT

% %k ek ok ok Tageet - Mgl J ki dokk ok ke dok Tk Ak khkhkkkhkhkhkhkhkhkhkhhkdkkkk

A, #01H

DPTR, #PORT_A
@DPTR, A
DPTR, #PORT_B
@DPTR, A
DELAY_500ms
CLR_PORT

A, #04H

DPTR, #PORT_A
@DPTR, A
DPTR, #PORT_B
@DPTR, A
DELAY 300ms
CLR_PORT

A, #02H

DPTR, #PORT_A
@DPTR, A
DPTR, #PORT_B
@DPTR, A
DELAY 400ms
CLR_PORT
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MOV
MOV
MOVX
CALL
CALL
MOV
MOV
MOVX
CALL
CALL
MOV
MOV
MOVX
CALL
CALL
MOV
MOV
MOVX
MOV
MOV
MOVX
CALL
CALL
RET

A, #010H
DPTR, # PORT A
@DPTR, A
DELAY 500ms
CLR_PORT

A, #040H
DPTR,#PORT_A
@DPTR, A
DELAY 300ms
CLR_PORT

A, #020H
DPTR,#PORT_A
@DPTR, A
DELAY_400ms
CLR_PORT

A, #08H
DPTR,#PORT_B
@DPTR, A

A, #088H
DPTR,#PORT_A
@DPTR, A
DELAY 300ms
CLR_PORT

;*********************************************+*ﬁ{******************************

; CRIPPER UP
;******************************************i+**-i'+*****************************
UP: =am-— S

MOV P2, A

SETB  P2.0

CALL  DELAY_100ms

QLRL_Rx

MOV P2,A

RET

;*******************************************************************************

’

CRIPPER DOWN

;*******************************************************************************

DOWN :

CLR
MOV
SETB
CALL
CLR
MOV
RET

A

P2,A

PZ.1

DELAY 100ms
A

P2, %

;*******************************************************************************

’

CRIPPER INCREASE

R R R R E R R EERE SRR RS S i i R i e e i e e e o e e
’

ING:

CLR
MOV
SETB
CALL
CLR
MOV
RET

A

P2 R

P22
DELAY_100ms
A

P2,A

P R R R R R EE TR R E R E R R RS i i i i e e e e e e e e S e e e e e e e
’

’

CRIPPER DECREASE

;*******************************************************************************

DEC:

CLR

A
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MOV P2,A
SETB  P2.3
CALL  DELAY_ 100ms

CLR A
MOV P2,A
RET

I-*******‘k*k**k**7\‘**‘k*‘k****************‘k‘k******************************************

; MOVE 3 LEGS PER STEP

’-*******************7\—*‘k‘k‘k*******************************************************

SET1 UP: MOV A, #01H
MOV DPTR, #PORT_A
MOVX  @DPTR,A
MOV DPTR, #PORT_B
MOVX  @DPTR,A
MOV DPTR, #PORT_C

MOVX @DPTR, A
CALL DELAY 500ms
CALL CLR_PORT

RET

SET1_DOWN: MOV A, #02H
MOV DPTR, #PORT A
MOVX ~ @DPTR,A
MOV DPTR, #PORT B
MOVX  @DPTR,A
MOV DPTR, #PORT C

MOVX @DPTR, A
CALL DELAY 400ms
CALL CLR_PORT

RET

SET1_FOR: MOV A, #04H
MOV DPTR, #PORT A
MOVX @DPTR, A
MOV DPTR, #PORT_B
MOVX @DPTR, A
MOV DPTR, #PORT C

MOVX @DPTR, A
CALL DELAY 300ms
CALL CLR PORT

RET

SET1 RE: MOV A, #08H
MOV DPTR, # PORT_A
MOVX ~ @DPTR,A
MOV DPTR, #PORT_B
MOVX  @DPTR,A
MOV DPTR, #PORT_C

MOVX  @DPTR,A
CALL  DELAY_300ms
CALL  CLR_PORT

RET

SET2_UP: MOV A, #010H
MOV DPTR, #PORT A
MOVX ~ @DPTR,A
MOV DPTR, #PORT_B
MOVX  @DPTR,A
MOV DPTR, #PORT_C

MOVX ~ @DPTR,A
CALL  DELAY 500ms
GALL  CLR _PORT
RET
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SET2 DOWN:

SET2_FOR:

SET2 RE:

;********************

’

;********************

MOV_FOR:

;********************

’

;********************

MOV_RE:

MOV
MOV
MOVX
MOV
MOVX
MOV
MOVX
CALL
CALL
RET

MOV
MOV
MOVX
MOV
MOVX
MOV
MOVX
CALL
CALL
RET

MOV
MOV,
MOV
MOV
MOV
MOV
MOVX
CALL
CALL
RET

A, #020H
DPTR,#PORT_A
@DPTR, A
DPTR, #PORT_B
@DPTR, A
DPTR,#PORT_C
@DPTR, A
DELAY 400ms
CLR_PORT

A, #040H
DPTR, #PORT_A
@DPTR, A
DPTR, #PORT_B
@DPTR, A
DPTR, #PORT_C
@DPTR, A
DELAY 300ms
CLR_PORT

A, #080H
DPTR, #PORT_A
@DPTR,A
DPTR, #PORT_B
@DPTR, A
DPTR, #PORT_C
@DPTR,A
DELAY 300ms
CLR_PORT

FhhkdkdkdddkkkkdkdhhdhdkddFdhrddrdrhhrFrhdxdrdFdxdFdrhdxdddrxdhkxxFrdxdxrxx

SUB MOVE FOR

FhikdkxhhkhrhdkhkhhhhddddhddhdddhhFdrhdhxrrdhddrdxxdrdrxddxrxddxdxxx*x

MOV
MOV
MOVX
MOV
MOVX
MOV
MOVX
CALL
CALL
RET

A, #044H
DPTR, #PORT A
@DPTR, A
DPTR, #PORT_B
@DPTR, A
DPTR, #PORT_C
@DPTR, A
DELAY 300ms
CLR_PORT

% de e K Kok de gk Xk ok e ok e dng Yk ok Ak ok khkhk hhkdk hkdhkhkdhhhkdhkhkhkhhhkdkk khkhkdkkkhkkk

SUB MOVE RE

ke el de oo denirole oot e derde vt kel e e decke et ok S idedede e ok ke dhekee shedle e deode ke deodle ol g ok ' dedede dekeotle ol e e

MOV
MOV
MOVX
MOV
MOVX
MOV
MOVX
CALL
CALL
RET

A, #088H
DPTR,#PORT_A
@DPTR, A
DPTR, #PORT_B
@DPTR, A
DPTR, #PORT_C
@DPTR, A
DELAY 300ms
CLR_PORT

;*******************************************************************************

’

CLEAR PORT

;+******************************************************************************
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CLR_PORT:

CLR
MOV
MOVX
MOV
MOVX
MOV
MOVX
RET

A
DPTR, #PORT_A
@DPTR, A

DPTR, #PORT_B

‘@DPTR, A

DPTR, #PORT_C
@DPTR, A

;*******************************************************************************

’

TIME DELAY

;*******************************************************************************

DELAY 10ms:
DELAY 10ms 1:
DELAY 10ms_2:

DELAY 100ms:
DELAY 100ms_1:
DELAY 100ms_2:

DELAY 300ms:
DELAY 300ms 1:

DELAY 350ms:
DELAY_350ms_1:

DELAY 400ms:
DELAY 400ms_1:

DELAY 500ms:
DELAY 500ms_1:

DELAY 1s:
DELAY 1s 1:

MOV
MOV
NOP
NOP
DJINZ
DJINZ
RET

MOV
MOV
NOP
NOP
DJNZ
DJINZ
RET

MOV
CALL
DJINZ
RET

MOV
CALL
DJNZ
RET

MOV
CALL
DJINZ
RET

MOV
CALL
DJNZ
RET

MOV
CALL
DJINZ
RET

END

R7,#010
R6, #OE6H

R6,DELAY 10ms_ 2
R7,DELAY 10ms_1

R7,#100
R6, #0E6H

R6,DELAY 100ms 2
R7,DELAY 100ms_ 1

R5,#030
DELAY 10ms
R5,DELAY 300ms 1

R5,#035
DELAY 10ms
R5,DELAY 350ms_1

R5, #040
DELAY 10ms
R5,DELAY_ 400ms_1

R5,#050
DELAY 10ms
R5,DELAY 500ms 1

R5, #100
DELAY 10ms
R5,DELAY 1s 1

chkhhkdhhkhhk Ak dkhkdhdhhdhhhhkhkhkddrhddhdddddddhddFhF A d bk ddhrddhddhk hdhdkdk bk dkdrdrxhhdhkrrddrh,xrdx*x*%*
’

’

END PROGRAM

;*******************************************************************************

a 1 Jd
37 a2 Tdsunsuaruguyusnduuasnnan
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CIRCUITS L293
e UNITRODE L293D

Push-Pull Four Channel Driver

FEATURES DESCRIPTION
o Output Current 1A Per Channel (600mA  The L293 and L293D are quad push-pull drivers capable of delivering
for L293D) output currents to 1A or 600mA per channel respectively. Each channel
«  Peak Output Current 2A Per Channel is con.trollec.J by a ‘TFL-compatlbl'e I<_)g|o_ input ar.xd each pair of drivers (a
(1.2A for L293D) full bridge) is equipped with an inhibit input which turns off all four tran-
sistors. A separate supply input is provided for the logic so that it may
o Inhibit Facility be run off a lower voltage to reduce dissipation.
e High Noise Immunity Additionally the L293D includes the output clamping diodes within the

. Separate Logic Supply IC for complete interfacing with inductive loads.

Both devices are available in 16-pin Batwing DIP packages. They are

e Over-Temperature Protection also available in Power S0IC and Hermetic DIL packages.

TRUTH TABLE ABSOLUTE MAXIMUM RATINGS
v T Ve (T i TR T e S \ SRS ey
[each chennel) MeliyYoltage AVIA. . \@e FFD.Y Prrd - Y- 62 4R .. N
H H H I el I T TAY /AR A SR § R 7V
L H L Peak Output Current (Non-Repetitive), louT (L293) . ............. 2A
H L X3 oty (L2 AL & Fololohatotatay 4. . 90 RBR...... 1.2A
L 1L X B Total Power Dissipation
“Relative to the considered channel at Tground-pins = 80°C, N Batwing pkg, (Note) . .............. 5W
**High output impedence Storage and Junction Temperature, Tstg, Ty .......... -40 to +150°C
Note:Consult packaging section of Databook for thermal limitations and
considerations of packages.
BLOCK DIAGRAM
VSS L.293
1 e — ity =
el 16 |
Vg 1% 4 (
OJ’L: {_J—L 0
K 13 Y 1 14|
T
— 4 13
| [
(<\ 'P—jx o 12 |
16 1)
q T
- | : |
Sari? 10} 10
I 91 1 (
FLS _______ ey e
O
VC

Note: Output diodes are internal in [293D.
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L293
L293D
CONNECTION DIAGRAMS
DIL-16 (TOP VIEW) SOIC-28 (TOP VIEW)
N Package, SP Package : DWP Package
~ cHiP INHIBIT 1[1] e kel vss
CHIP INHIBIT [1] [16] vss o] S
INPUT 1[2] 1] INPUT 4 outpuT 1[3] kel ouTPUT 4
ouTPUT 1[3] [14] ouTPUT 4 n/c [4] 25| nic
GND [4] [13] aND n/c [5] Rd N/C
GND [5] [12] GND wi (6] B3 n/C
OUTPUT 2 [6] i1 ouTPUT 3 oo [7] ed ano
GND [8] 21 aND
INPUT 2 [7] [10] INPUT 3 o] o
ve [8] (9] cHIP INHIBIT 2 w i) ks
N/ 1] 18] N/C
ouTpuT 2 [i2] [17] ouTPUT 3
INPUT 2 [13] [16] INPUT 3
ve [i4] 15] CHIP INHIBIT 2

ELECTRICAL CHARACTISTICS: (For each channel, Vc =24V, Vss = 5V, Tams = 25°C, unless otherwise specified; TA = TJ)

PARAMETER : SYMBOL TEST CONDITION MIN. | TYP. | MAX. [UNITS
| Collector Supply Voltage Ve 36 Vv
| Logic Supply Voltage Vss 45 36 v
ﬁCoIIector Supply Current Ilc Vi=L,lo=0,ViINnH=H 2 6 mA
Vi=H,lo=0, VINH=H 16 24 mA
VINH =L 4 mA
Total Quiescent Logic Supply Current Iss Vi=L,10=0,VINH=H 44 60 mA
Vi=H,l0=0, VINH=H 16 22 mA
VINH = L 16 24 mA
Input Low Voltage ViL :0.3 1.5 1
Input High Voltage ViH Vss <7V £.3 Vss Vv
Vss 2 7V 23 ¥ V
Low Voltage Input Current liL VI =0V -10 pA
High Voltage Input Current IIH V| = 4.5V 30 100 A
Inhibit Low Voltage VINH, L -0.3 1.5 Vv
Inhibit High Voltage VINH, H |Vss <7V 2.3 Vss V
5 Vss >7V 23 7 V
Low Voltage Inhibit Current VINH, L -30 -100 LA
High Voltage Inhibit Current VINH, H 10 A
Source Output Saturation Voltage VCEsatH |lo =-1A (-0.6A for L293D) 1.4 1.8 \
Sink Output Saturation Voltage Vcesatl |lo = 1A (0.6A for L293D) 1.2 1.8 \Y
Clamp Diode Forward Voltage (L293D only) VF IF = 0.6A 1.3 \
Rise Time TR 0.1t0 0.9 Vo (See Figure 1) 100 ns
Fall Time e 0.9t0 0.1 Vo (See Figure 1) 350 ns
Turn-on Delay TON 0.5 Vito 0.5 Vo (See Figure 1) 750 ns
| Turn-off Delay TOFF 0.5 Vito 0.5 Vo (See Figure 1) 200 ns
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L293
L293D
SCHEMATIC DIAGRAM
G1 G2
R3
T2 T3
T1
28
T I i
Vo=24V g
™ Vi=Low [Vss=ViNHIBIT=5V
h B v | : Vc-VcEsat H
| 5 50 — Vinu=High = 25
< 48 :
|| E; il it 201
| \ 39 o 15
[ P s = 09Vo o 44 =4 cif
| EEp et (] 0.5Vo 2
Vo ';%» ——————— 0.1\Vo 42
|
iR j:tﬁ 40
—»l—LtON »——le-toFF VCEsat L
0 10 20 30 1 1.5 2 25
Vss - (V) Vil (V)
Figure 1: Switching Times Figure 2: Quiescent Logic Supply Figure 3: Output Voltage vs
Current vs Logic Supply Voltage Input Voltage
T T T T T T T T l ;
| Ve=2av | |  ve-24v| | | Ve=24v
VINHIBIT=Vss=5V : VINHIBIT=Vss=5V . VINHIBIT=Vss=5V
< g E lo=1.5A <
i o B Yy
z VCEsat H | © i’f“} % — [ lo=1.5A
‘ - lo=0. o i
S - Voesar L 9 1 [ — Ca 5 1 [ Jo=1A |
= = e e = T T——1"To=0.5A
lo=0.1A |o=0.1A!
0 { l l 0 i | |
0 05 A 1.5 =801 0. 50 7100 -50 0 50 100
lo - (A) TAMB - (°C) TAMB - (°C)

Figure 5: L293 Source Saturation vs
Ambient Temperature

Figure 4: L293 Saturation vs
Output Currrent

Figure 6: L293 Sink Saturation
Voltage vs Ambient Temperature

NOTE: For 293D curves, multiply output current by 0.6.



APPLICATION INFORMATION (Cont.)

+Ve O—

SES5001
,>SE85001

A B
?10 1| 15

R

=4

16
H—O+Vss
8
1/2 L293 9
—O Vinn
L 451213

Figure 7: DC Motor Controls (with Connection to
Ground and to Supply Voltage)

i1l

L293
L293D
+Ve O—
2 x SES5001
C| = = | D
B 2
16
F—O+Vss
jisx)
L
1/2 L293 1OVINH
L 451213

Figure 8: Bidirectional DC Motor Control

VINH | A M1 B M2 INPUTS FUNCTION
H H Fast Motor Stop | H Run C=H;D=1 Turn Right
e Run 2 Fast Motor Stop | VINH =H| C=L;D=H Turn Left

Free Running Free Running c=D Fast Motor Stop
o Motor Stop X Motor Stop Free Running Motor
; VINH=L EomX D = X Stop
L =Low H = High X =Don'’t Care
5= Powl/ FRl=Righ X =Don’t Care
IL1/IL2 = 300mA
} —_—l—_: +VSS
0.22nF = L293 16 o

T—C1

D5

RNy

+VCO—e L1 ?

y
2

O_
3 :
4

Ly

—O
?14

D8
13

12 -
i

D-1 = D8 =

SES5001

Figure 9: Bipolar Stepping Motor Control




MOUNTING INSTRUCTIONS
The Rthj-amp of the L293 can be reduced by soldering

the GND pins to a suitable copper area of the printed cir-
cuit board or to an external heatsink.

The diagram of Figure 13 shows the maximum package
power Ptot and the 6JA as a function of the side "I" of two
equal square copper areas having a thickness of 35u (see

COPPER AREA 35p THICKNESS

_____ U%
i ?f g=
E |

P.C. BOARD

Figure 10: Example of P.C. Board Copper Area which is
used as Heatsink

ﬂ’—u}

4 80 o
=
g BJA 60 3
£ U
C2 M ——40
= L—] <
o i -
- L1 @
o 1 =IPTOT(TAMB=70"C) 20
| | | | | |
EEEEEEE .
0 10 20 30 40
Side 4 - mm

Figure 12: Maximum Package Power and Junction to
Ambient Thermal Resistance

UNITRODE INTEGRATED CIRCUITS
7 CONTINENTAL BLVD. « MERRIMACK, NH 03054
TEL (603) 424-2410 » FAX (603) 424-3460

8 L293

L293D

Figure 10). In addition, it is possible to use an external
heatsink (see Figure 11).

During soldering the pins’ temperature must not exceed
260°C and the soldering time must not be longer than 12
seconds.

The external heatsink or printed circuit copper area must

be connected to electrical ground.
%mm

11.9mE£

38.0mm

L

Figure 11: External Heatsink Mounting Example (6JA =

25°C/W)
<
$ 2 o e
! Q,, ¢ =
Y o Lo, Q.2
< g 3.
[e) /'I/—“‘?f o
. 3 q /11, ///} fé
P
4 | 3
o F’ee
1 N
PR
0
-50 0 50 100
Tams - (°C)

Figure 13: Maximum Allowable Power Dissipation vs
Ambient Temperature
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Features

e Compatible with MCS-51™ Products

e 4K Bytes of In-System Reprogrammable Flash Memory
— Endurance: 1,000 Write/Erase Cycles

e Fully Static Operation: 0 Hz to 24 MHz

e Three-level Program Memory Lock

e 128 x 8-bit Internal RAM

¢ 32 Programmable I/O Lines

¢ Two 16-bit Timer/Counters

¢ Six Interrupt Sources

e Programmable Serial Channel

e Low-power Idle and Power-down Modes

Description

The AT89C51 is a low-power, high-performance CMOS 8-bit microcomputer with 4K
bytes of Flash programmable and erasable read only memory (PEROM). The device
is manufactured using Atmel’s high-density nonvolatile memory technology and is
compatible with the industry-standard MCS-51 instruction set and pinout. The on-chip
Flash allows the program memory to be reprogrammed in-system or by a conven-
tional nonvolatile memory programmer. By combining a versatile 8-bit CPU with Flash
on a monolithic chip, the Atmel AT89C51 is a powerful microcomputer which provides
a highly-flexible and cost-effective solution to many embedded control applications.

Pin Configurations i 7
ProC]1 s0pvee
P1.10]2 39 [ P0.0 (ADO)
P120]3 38 D PO.1 (ADY)
P13C]e 37 3 P0.2 (AD2)
P14ads 36 [1P0.3 (AD3)
P15C]6 35 [ P0.4 (AD4)
P16C]7 34 [1P0.5 (ADS)
P1.70]8 33 [1 P0.6 (ADS)
RSTO]9 32 D P07 (AD7)
PQFP/TQFP (RXD) P3.0C] 10 31 L EAVPP
(Txp)Pa.1 11 30 3 ALE/PROG
5 N (INTO) P3.2 (] 12 29 [ PSEN
e~ 85888 (NTT)P3.3[]13 28 [1P2.7 (A15)
(=l =4 T ) (To)P3.4 [] 14 27 [3 P2.6 (A14)
BN R O B WA T1)P3sC15 26 [1P2.5 (A13)
aaooaZ>aaaa (WR) P3.6 ] 16 25 [1P2.4 (A12)
TQZ‘T‘;";‘STEE:‘ (RD) P3.70]17 24 [1P2.3 (A1)
R e R R RS XTAL2C] 18 23 [1P2.2 (A10)
XTAL1 O] 19 22 [1P2.1 (A9)
P15l 33 [3PO.4 (AD4) oD O 20 21 1 P2.0 (A8)
Pr6({2 32[1P0.5 (ADS)
P17(]3 311 P0.6 (ADS)
RST(O4 30[J P0.7 (AD7) PLCC
(RXCiP3.5(5 29 [J EAVPP
NC (6 28[ONC S % o
(TX0)P3.10]7 27 1 ALE/PROG 2222
(INTO)P3.20]8 26 [1 PSEN cmN-O Qo =-ao
(NTH)P3.309 25[1P2.7 (A15) S I g
(To)P3.40 10 24 [1P2.6 (A14) onoonnannnnnQ
X O T ON—-TON-O
(T1)P3.50] 11 23[JP2.5 (A13) P1507 0% ¥ ¥ ¥ S39p04 (ADY)
NoTwero®og oy Pi.6C|8 381 P0O.5 (ADS)
S EREESEEEEREREEERERE] P1.70]9 37[1P0.6 (ADS)
ssdzg22d5ddg RST O 10 36[1P0.7 (AD7)
-0 e oot oen o (RXD) P3.0[] 11 35[0 EAVPP
Eg = * o
= 222D g NC O 12 34NC
i (TXD) P3.1 ] 13 33[] ALE/PROG
(INTO) P3.2 ] 14 320 PSEN
(INT1) P3.3[1 15 31[1 P2.7 (A15)
(TO) P3.4 [] 16 30[0 P2.6 (A14)
(T1) P3.5 172 28RN ITREN 829 P2.5(A13)
3 0 8 )
=Rt T
PR
el ol o
T 5 % % SieIee A
ER 225:T

AImEL

Bt e )

8-bit
Microcontroller
with 4K Bytes
Flash

AT89C51

Rev. 0265G-02/00
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Block Diagram

P0.0 - P07 P2.0 - P27
PORT 0 DRIVERS l PORT 2 DRIVERS
GND T \ T '
155 \ E
= RAM ADDR. PORT 0 PORT 2 :
: REGISTER »  RAM LATCH LATCH FLASH !
| ~ ~ u a
| 4 ) 4 A \ 4 :
; A \ \ :
H y y | A ;
: | PROGRAM i
' B STACK '
' ACC ADDRESS '
. REGISTER POINTER REGISTER | ;
': ¥ ¥ Y E
' <t——Pp BUFFER  [¢—> i
' T™P2 TMP1 ;
PC '
' ALU INCREMENTER [€— :
: T :
; INTERRUPT, SERIAL PORT, :
: AND TIMER BLOCKS |
: 4 ¥ :
' PROGRAM .
! PSW COUNTER Ll !
3 Y E
PSEN <——
\LEPROG 4——|  TMING | nstRUCTION v A A e il
= ' \ » '
EA / Vpp ——» CONTROL REGISTER s :
RST ——P :
: A
: PORT 1 PORT 3 .
i LATCH LATCH :
: K ]
| osc 3 . :
| ‘ PORT 1 DRIVERS ] PORT 3 DRIVERS J

P1.0 - P1.7

P3.0 - P3.7

2



The AT89C51 provides the following standard features: 4K
bytes of Flash, 128 bytes of RAM, 32 I/O lines, two 16-bit
timer/counters, a five vector two-level interrupt architecture,
a full duplex serial port, on-chip oscillator and clock cir-
cuitry. In addition, the AT89C51 is designed with static logic
for operation down to zero frequency and supports two
software selectable power saving modes. The Idle Mode
stops the CPU while allowing the RAM, timer/counters,
serial port and interrupt system to continue functioning. The
Power-down Mode saves the RAM contents but freezes
the oscillator disabling all other chip functions until the next
hardware reset.

Pin Description

VCcC
Supply voltage.

GND
Ground.

Port 0

Port 0 is an 8-bit open-drain bi-directional I/0O port. As an
output port, each pin can sink eight TTL inputs. When 1s
are written to port 0 pins, the pins can be used as high-
impedance inputs.

Port 0 may also be configured to be the multiplexed low-
order address/data bus during accesses to external pro-
gram and data memory. In this mode PO has internal
pullups.

Port 0 also receives the code bytes during Flash program-
ming, and outputs the code bytes during program
verification. External pullups are required during program
verification.

Port 1

Port 1 is an 8-bit bi-directional /O port with internal pullups.
The Port 1 output buffers can sink/source four TTL inputs.
When 1s are written to Port 1 pins they are pulled high by
the internal pullups and can be used as inputs. As inputs,
Port 1 pins that are externally being pulled low will source
current (I, ) because of the internal pullups.

Port 1 also receives the low-order address bytes during
Flash programming and verification.

Port 2

Port 2 is an 8-bit bi-directional I/O port with internal pullups.
The Port 2 output buffers can sink/source four TTL inputs.
When 1s are written to Port 2 pins they are pulled high by
the internal pullups and can be used as inputs. As inputs,
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Port 2 pins that are externally being pulled low will source
current (I,) because of the internal pullups.

Port 2 emits the high-order address byte during fetches
from external program memory and during accesses to
external datamemory that use 16-bit addresses (MOVX @
DPTR). In this application, it uses strong internal pullups
when emitting 1s. During accesses to external data mem-
ory that use 8-bitaddresses (MOVX @ RI), Port 2 emits the
contents of the P2 Special Function Register.

Port 2 also receives the high-order address bits and some
control signals during Flash programming and verification.

Port 3

Port 3 is an 8-bit bi-directional /O port with internal pullups.
The Port 3 output buffers can sink/source four TTL inputs.
When 1s are written to Port 3 pins they are pulled high by
the internal pullups and can be used as inputs. As inputs,
Port 3 pins that are externally being pulled low will source
current (I, ) because of the pullups.

Port 3 also serves the functions of various special features
of the AT89C51 as listed below:

Port Pin Alternate Functions

P3.0 RXD (serial input port)

P3.1 TXD (serial output port)

P3.2 INTO (external interrupt 0)

P3.3 INTT (external interrupt 1)

P3.4 TO (timer 0 external input)

R&& T1 (timer 1 external input)

P3.6 WR (external data memory write strobe)
P87 RD (external data memory read strobe)

Port 3 also receives some control signals for Flash pro-
gramming and verification.

RST

Reset input. A high on this pin for two machine cycles while
the oscillator is running resets the device.

ALE/PROG

Address Latch Enable output pulse for latching the low byte
of the address during accesses to external memory. This
pin is also the program pulse input (PROG) during Flash
programming.

In normal operation ALE is emitted at a constant rate of 1/6
the oscillator frequency, and may be used for external tim-
ing or clocking purposes. Note, however, that one ALE
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pulse is skipped during each access to external Data
Memory.

If desired, ALE operation can be disabled by setting bit O of
SFR location 8EH. With the bit set, ALE is active only dur-
ing a MOVX or MOVC instruction. Otherwise, the pin is
weakly pulled high. Setting the ALE-disable bit has no
effect if the microcontroller is in external execution mode.

PSEN

Program Store Enable is the read strobe to external pro-
gram memory.

When the AT89C51 is executing code from external pro-
gram memory, PSEN is activated twice each machine
cycle, except that two PSEN activations are skipped during
each access to external data memory.

EA/VPP

External Access Enable. EA must be strapped to GND in
order to enable the device to fetch code from external pro-
gram memory locations starting at 0000H up to FFFFH.
Note, however, that if lock bit 1 is programmed, EA will be
internally latched on reset.

EA should be strapped to V¢ for internal program
executions.

This pin also receives the 12-volt programming enable volt-
age (Vpp) during Flash programming, for parts that require
12-volt Vpp.

XTALA

Input to the inverting oscillator amplifier and input to the
internal clock operating circuit.

XTAL2
Output from the inverting oscillator amplifier.

Oscillator Characteristics

XTAL1 and XTAL2 are the input and output, respectively,
of aninverting amplifier which can be configured for use as
an on-chip oscillator, as shown in Figure 1. Either a quartz
crystal or ceramic resonator may be used. To drive the
device from an external clock source, XTAL2 should be left
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unconnected while XTALT1 is driven as shown in Figure 2.
There are no requirements on the duty cycle of the external
clock signal, since the input to the internal clocking circuitry
is through a divide-by-two flip-flop, but minimum and maxi-
mum voltage high and low time specifications must be
observed.

Idle Mode

In idle mode, the CPU puts itself to sleep while all the on-
chip peripherals remain active. The mode is invoked by
software. The content of the on-chip RAM and all the spe-
cial functions registers remain unchanged during this
mode. The idle mode can be terminated by any enabled
interrupt or by a hardware reset.

It should be noted that when idle is terminated by a hard
ware reset, the device normally resumes program execu-
tion, from where it left off, up to two machine cycles before
the internal reset algorithm takes control. On-chip hardware
inhibits access to internal RAM in this event, but access to
the port pins is not inhibited. To eliminate the possibility of
an unexpected write to a port pin when Idle is terminated by
reset, the instruction following the one that invokes Idle
should not be one that writes to a port pin or to external
memory.

Figure 1. Oscillator Connections

c2
-—)|——I— XTAL2
e~
&1 I
o—)|—eo— XTAL1
GND

Note:  C1,C2 = 30pF + 10 pF for Crystals

= 40 pF + 10 pF for Ceramic Resonators

Status of External Pins During Idle and Power-down Modes

Mode Program Memory ALE PSEN PORTO PORT1 PORT2 PORT3
Idle Internal 1 1 Data Data Data Data
Idle External 1 1 Float Data Address Data
Power-down Internal 0 0 Data Data Data Data
Power-down External 0 0 Float Data Data Data




Figure 2. External Clock Drive Configuration

NC — | XTAL2
EXTERNAL
OSCILLATOR XTAL1
SIGNAL

GND

""T

Power-down Mode

In the power-down mode, the oscillator is stopped, and the
instruction that invokes power-down is the last instruction
executed. The on-chip RAM and Special Function Regis-

Lock Bit Protection Modes
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ters retain their values until the power-down mode is
terminated. The only exit from power-down is a hardware
reset. Reset redefines the SFRs but does not change the
on-chip RAM. The reset should not be activated before Ve
is restored to its normal operating level and must be held
active long enough to allow the oscillator to restart and
stabilize.

Program Memory Lock Bits

On the chip are three lock bits which can be left unpro-
grammed (U) or can be programmed (P) to obtain the
additional features listed in the table below.

When lock bit 1 is programmed, the logic level at the EA pin
is sampled and latched during reset. If the device is pow-
ered up without a reset, the latch initializes to a random
value, and holds that value until reset is activated. It is nec-
essary that the latched value of EA be in agreement with
the current logic level at that pin in order for the device to
function properly.

Program Lock Bits
LB1 LB2 LB3 Protection Type

1 U U U No program lock features

2 P U U MOVC instructions executed from external program memory are disabled from
fetching code bytes from internal memory, EA is sampled and latched on reset,
and further programming of the Flash is disabled

3 P P U Same as mode 2, also verify is disabled

4 P Same as mode 3, also external execution is disabled
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Programming the Flash

The AT89C51 is normally shipped with the on-chip Flash
memory array in the erased state (that is, contents = FFH)
and ready to be programmed. The programming interface
accepts either a high-voltage (12-volt) or a low-voltage
(Vo) program enable signal. The low-voltage program-
ming mode provides a convenient way to program the
AT89C51 inside the user’s system, while the high-voltage
programming mode is compatible with conventional third-
party Flash or EPROM programmers.

The AT89C51 is shipped with either the high-voltage or
low-voltage programming mode enabled. The respective

top-side marking and device signature codes are listed in
the following table.

VPP = 12\/ VPP = 5V
Top-Side Mark AT89C51 AT89C51

XXXX XXXX-5

yyww yyww
Signature (030H) = 1EH (030H) = 1EH

(031H) =51H (031H) = 51H

(032H) =F FH (032H) = O5H

The AT89C51 code memory array is programmed byte-by-
byte in either programming mode. To program any non-
blank byte in the on-chip Flash Memory, the entire memory
must be erased using the Chip Erase Mode.

Programming Algorithm: Before programming the
AT89C51, the address, data and control signals should be
set up according to the Flash programming mode table and
Figure 3 and Figure 4. To program the AT89C51, take the
following steps.

1. Input the desired memory location on the address
lines.

Input the appropriate data byte on the data lines.
Activate the correct combination of control signals.

4. Raise EA/V;p to 12V for the high-voltage program-
ming mode.

5. Pulse ALE/PROG once to program a byte in the
Flash array or the lock bits. The byte-write cycle is
self-timed and typically takes no more than 1.5 ms.
Repeat steps 1 through 5, changing the address
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and data for the entire array or until the end of the
object file is reached.

Data Polling: The AT89C51 features Data Polling to indi-
cate the end of a write cycle. During a write cycle, an
attempted read of the last byte written will result in the com-
plement of the written datum on PO.7. Once the write cycle
has been completed, true data are valid on all outputs, and
the next cycle may begin. Data Polling may begin any time
after a write cycle has been initiated.

Ready/Busy: The progress of byte programming can also
be monitored by the RDY/BSY output signal. P3.4 is pulled
low after ALE goes high during programming to indicate
BUSY. P3.4is pulled high again when programming is
done to indicate READY.

Program Verify: If lock bits LB1 and LB2 have not been
programmed, the programmed code data can be read back
via the address and data lines for verification. The lock bits
cannot be verified directly. Verification of the lock bits is
achieved by observing that their features are enabled.

Chip Erase: The entire Flash array is erased electrically
by using the proper combination of control signals and by
holding ALE/PROG low for 10 ms. The code array is written
with all “1”s. The chip erase operation must be executed
before the code memory can be re-programmed.

Reading the Signature Bytes: The signature bytes are
read by the same procedure as a normal verification of
locations 030H, 031H, and 032H, except that P3.6 and
P3.7 must be pulled to a logic low. The values returned are
as follows.

(080H) = 1EH indicates manufactured by Atmel
(031H) = 51H indicates 89C51

(032H) = FFH indicates 12V programming
(032H) = 05H indicates 5V programming

Programming Interface

Every code byte in the Flash array can be written and the
entire array can be erased by using the appropriate combi-
nation of control signals. The write operation cycle is self-
timed and once initiated, will automatically time itself to
completion.

All major programming vendors offer worldwide support for
the Atmel microcontroller series. Please contact your local
programming vendor for the appropriate software revision.



Flash Programming Modes
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Mode RST PSEN ALE/PROG EA/Vp, | P2.6 | P27 | P3.6 | P3.7
Write Code Data H L H/12V L H H H
e
Read Code Data H L H H L
Write Lock Bit - 1 H 15 H/12V H H
e
Bit - 2 H L H/12V H H 1L L
=
Bit-3 H L H/12V H 1¥ H L
—
Chip Erase H Is 1) H/12Vv H It L L
N\
Read Signature Byte H L H H Hh L L L
Note: 1. Chip Erase requires a 10 ms PROG pulse.
Figure 3. Programming the Flash Figure 4. Verifying the Flash
+5V +5V
AT89C51 14 AT89C51
ADDR., 2987 oy Vee —j K Bl O8] P1 Ve
0OOOH/OFFFH PGM OOOOH/OFFFH PGM DATA
P2.0 o R2-3CHICH 5 20T P2.0 - P2.3 PO I—» (USE 10K
A8 - Al1 A8 - A1 PULLUPS)
—» P26 —»| P26
SEE FLASH ——»{ P27 ALE [¢—— PROG SEE FLASH = ), P27 ALE
PROGRAMMING PROGRAMMING
MODES TABLE | — »| P3.6 MODES TABLE | —>{ P3.6 7
——» P37 —» P3.7 E
ro XTAL2 EA |¢—— Vi/Vep ° XTAL2 EA
i3 3-24 MHz | I
| A ET
XTAL1 RST [¢—— V,, I XTAL1 RST l¢—— Viy
GND PSEN ——1 4{— GND PSEN -—1
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Flash Programming and Verification Waveforms - High-voltage Mode (Vpp = 12V)

P10 - P1.7 PROGRAMMING VERIFICATION
P20 - P2.3 i ADDRESS —j ADDRESS
<~ tavav
PORT 0 DATA IN DATA OUT p———
+* toval  tanox [
tavaL [¢ 9 B ™ taHax
ALE/PROG /1
tsria Te—taigh—]
i Sl e e
EAN G o e T R R e I OGICA0s 5 e e T R
5t Ml
o 4 ensH e P EHQZ
(ENABLE)
taHeL —™] *‘4
P3.4
(RDY/BSY) BUSY READY
twe

Flash Programming and Verification Waveforms - Low-voltage Mode (Vpp = 5V)

P10 - P1.7 PROGRAMMING VERIFICATION
P20 - P23 ADDRESS Jﬂ ADPRPEY™ I §———
+— tavav
PORT 0 DATA IN PATA OUT prt— - —
> tovar  taHpx [€*
tavaL ¢ r * lanax
ALE/PROG /]
‘st i =5
i LOGIC 1 L
EANpp o rmigyen. iV L WG Qg - - o0 s | s e
L‘itEHSH

oy (| em
(B e ve G el e e L

g
P3.4

(RDY/BSY) BUSY READY
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Flash Programming and Verification Characteristics
T, =0°C to 70°C, Ve = 5.0 £ 10%

Symbol Parameter Min Max Units
Vepl! Programming Enable Voltage 11.5 12.5 \
lppt™ Programming Enable Current 1.0 mA
el Oscillator Frequency 3 24 MHz
e Address Setup to PROG Low 48te oL

teiing Address Hold After PROG 48t oL

tevel Data Setup to PROG Low 48t o1

teHox Data Hold After PROG 48tc oL

teyisty P2.7 (ENABLE) High to Vpp 48t o

tevct Vpp Setup to PROG Low 10 us
tafiar ) Vpp Hold After PROG 10 us
b PROG Width )< 110 ps
tavav Address to Data Valid 4 48tc oL

ooy ENABLE Low to Data Valid 'S 48tc oL

tenar Data Float After ENABLE 0 48toicL

ety ! PROG High to BUSY Low 1.0 us
e \ é-y-te Write Cycle Time 2.0 ms

Note: 1. Only used in 12-volt programming mode.
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Absolute Maximum Ratings®
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Operating Temperature.............ccc.ooorerecenen. -55°C to +125°C "NOTICE:
Storage: Temperature .. ...... e audiiinini i -65°C to +150°C

Voltage on Any Pin

with Respectto Ground .........ccceceviiiiininnn. -1.0V to +7.0V

Maximum Operating Voltage .........cccccovvviiiiiiiiiii 6.6V

DE Output Gurrent: .. i i st e s 15.0 mA

DC Characteristics

T, = -40°C t0 85°C, Ve = 5.0V + 20% (unless otherwise noted)

Stresses beyond those listed under “Absolute
Maximum Ratings” may cause permanent dam-
age to the device. This is a stress rating only and
functional operation of the device at these or any
other conditions beyond those indicated in the
operational sections of this specification is not
implied. Exposure to absolute maximum rating
conditions for extended periods may affect device
reliability.

Symbol Parameter Condition Min Max Units
Vi Input Low-voltage (Except EA) -0.5 0.2 Vge- 0.1 Y
Vies Input Low-voltage (EA) -0.5 0.2 V¢c-0.3 \%
Vin Input High-voltage (Except XTAL1, RST) 0.2V +0.9 Vec + 0.5 \Y
Vint Input High-voltage (XTAL1, RST) 0.7 V¢e Vee + 0.5 \Y
Voi Output Low-voltage!” (Ports 1,2,3) loL = 1.6 MA 0.45 \%
Output Low-voltage! G
Vous (Port 0, ALE, PSEN) AT RRYj 2439 V
lon = -60 PA, Voo = 5V £ 10% 2.4 v
Output High-voltage -
Von (Ports 1,2,3, ALE, PSEN) RN T HY s W3 £
loy = -10 pA 0.9 Ve \Y
lon = -800 PA, Vg = 5V £ 10% 2.4 Y
Output High-voltage h 8
Vor (Port 0'in External Bus Mode) JoR TR s\ " b
lon = -80 HA 0.9 Ve Y
<y Logical O Input Current (Ports 1,2,3) Vi = 0.45V -50 uA
Logical 1 to O Transition Current
= =5V+10% -
i (Ports 1.2,3) Vi = 2V, VCC = 5V + 10% 650 uA
He Input Leakage Current (Port 0, EA) 0.45 < Vi < Vee +10 HA
RRST Reset Pull-down Resistor 50 300 KQ
Cio Pin Capacitance Test Freq. = 1 MHz, T, = 25°C 10 pF
Active Mode, 12 MHz 20 mA
Power Supply Current
Idle Mode, 12 MHz 5 mA
lec
Vee = 6V 100 uA
Power-down Mode®
Ve = 3V 40 LA
Notes: 1. Under steady state (non-transient) conditions, Io_must be externally limited as follows:

Maximum I, per port pin: 10 mA

Maximum |5, per 8-bit port: Port 0: 26 mA

Ports 1, 2, 3: 15 mA

Maximum total I for all output pins: 71 mA

It 1, exceeds the test condition, Vo, may exceed the related specification. Pins are not guaranteed to sink current greater

than the listed test conditions. :
2. Minimum V¢ for Power-down is 2V.



AC Characteristics

Under operating conditions, load capacitance for Port 0, ALE/PROG, and PSEN = 100 pF; load capacitance for all other
outputs = 80 pF.

External Program and Data Memory Characteristics
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12 MHz Oscillator 16 to 24 MHz Oscillator
Symbol Parameter Min Max Min Max Units
1teLeL Oscillator Frequency 0 24 MHz
tLHLL ALE Pulse Width 127 2tc o 40 ns
taviL Address Valid to ALE Low 43 teLcl-13 ns
tLiax Address Hold After ALE Low 48 teLc-20 ns
tLLv ALE Low to Valid Instruction In 233 4tc oL -65 ns
tipL ALE Low to PSEN Low 43 torct-13 ns
tei PSEN Pulse Width : 1 205 3t 120 ns
e PSEN Low to Valid Instruction In e 145 3tg oL -45 ns
e Input Instruction Hold After PSEN 0 0 ns
texiz Input Instruction Float After PSEN 59 tecl-10 ns
toscay PSEN to Address Valid "N /73 terol-8 ns
taviv Address to Valid Instruction In 312 5tcLcl-55 ns
trias PSEN Low to Address Float 10 10 ns
tRLRH RD Pulse Width 400 6le c-100 ns
tivi WR Pulse Width 400 Blc o -100 ns
oy RD Low to Valid Data In 252 StecL-90 ns
tariog Data Hold After RD 0 oy ns
tauoz Data Float After RD 97 2t c-28 ns
Loy ALE Low to Valid Data In 517 8te L -150 ns
tavov Address to Valid Data In 585 / e -165 ns
ti i ALE Low to RD or WR Low 200 300 3teio-50 3t e +50 ns
tani Address to RD or WR Low 203 4tCLC;-75 ns
tavwk Data Valid to WR Transition 23 terel-20 ns
tavawn Data Valid to WR High 433 Tt c-120 ns
tiiiox Data Hold After WR 33 terel-20 ns
taiaz RD Low to Address Float 0 0 ns
T RD or WR High to ALE High 43 123 terer-20 tolord25 ns
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External Program Memory Read Cycle

W=
ALE
3 < * toLpn
tAVLL i e t gt tLLIV
—» YiPL &
PSEN g ] teuw
—> [¢—tp a7 t
t PXIZ
LLAX < >
texix
PORT 0 > A0-aA7 K INSTRIN ro-a7 - ><
e L
PORT 2 4 A8 - A15 X n8-Als

External Data Memory Read Cycle

N
ALE
- WHLH
PSEN
‘ Loy
«— tRLRH —>
— twe —>
AL e—t  ax —> L, 4 L LT
L\ o M —> tripv tarpz
AVLL iz RO i
—p e RHDX
PORT 0 _ »KA0 - A7 FROM RI OR DPLX X r—K DATA IN >>1<Ao - A7 FROM PCL>—< INSTR IN
e Ly ————>
o E— R tAVDV
PORT-2 . = P2.0 - P27 OR A8 - A15 FROM DPH A8 - A15 FROM PCH
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External Data Memory Write Cycle

— t—¥
ALE
= bwhLH
PSEN
— tuwe —e—twown —>
WR RESL e
s 1L ax
le— tavi —> tavwx i — 1+ twhax
H— tavwH —
PORT 0 _ > A0 - A7 FROM Rl OR DPL DATA OUT X A0 - A7 FROM PCL><INSTR IN
tAVWL R ]
PapT 2 P20 - P27 OR AB - A15 FROM DPH > A8 - A15 FROM PCH
External Clock Drive Waveforms
teHex
$8rEH \ 9 < lenoL

Vg - 05V

0.8 2. 0.7

0.45V

i loex T2

B leLaL >
External Clock Drive
. Symbol Parameter Min Max Units
! 1t cL Oscillator Frequency 0 24 MHz
1‘! teleL Clock Period 41.6 ns
{ tenex High Time 15 ns
* toex Low Time 15 ns
e Rise Time 20 ns
| Ksior Fall Time 20 ns

e ATMEL
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Serial Port Timing: Shift Register Mode Test Conditions

(Vee =5.0V +20%; Load Capacitance = 80 pF)

12 MHz Osc Variable Oscillator Units
Symbol Parameter Min Max Min Max
tyxe Serial Port Clock Cycle Time 1.0 12tcicL us
tauxy Output Data Setup to Clock Rising Edge 700 10t ¢ -133 ns
tymax Output Data Hold After Clock Rising Edge 50 2tec o117 ns
txrox Input Data Hold After Clock Rising Edge 0 0] ns
txrov Clock Rising Edge to Input Data Valid 700 10tg ¢ -133 ns
Shift Register Mode Timing Waveforms
INSTRUCTION [ (o] [ 1 | 2 | Y LA | 5 | 6 | 7 [Fa0s8 [
I M7 o <l 0 N RN 77770 ., NG 0 s O e G
}‘ ’4 S
CLOCK =P 1 LN L
touxH je—>] )
" =" ‘4* tXH|ox
WRITE TO SBUF 0 1 > / 57 4 5 ) 7
; —_—p! — t A
OUTPUT DATA oy [+ [ XHDE‘ . SET TI |
_ CLEAR AI | G @I i G O G G
v A
INPUT DATA SET RI |

AC Testing Input/Output Waveforms'"

Vee- 05V
cc
0.2 Vg + 0.9V
TEST POINTS
0.2 V&S BV
0.45V @
Note: 1. AC Inputs during testing are driven at V¢ - 0.5V fora

logic 1 and 0.45V for a logic 0. Timing measurements
are made at V,,; min. for a logic 1 and V; max. fora
logic O.

Float Waveforms("

B v 0.1V o 0.1V
oAl Timing Beference
Points
Wono™ *V Vg * 0V
Note: 1. Fortiming purposes, a port pin is no longer floating

when a 100 mV change from load voltage occurs. A
port pin begins to float when 100 mV change from
the loaded Vq/Vo, level occurs.
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Ordering Information

Speed Power
(MHz) Supply Ordering Code Package Operation Range
12 5V +20% AT89C51-12AC 44A Commercial
AT89C51-12JC 44J (0°C to 70°C)
AT89C51-12PC 40P6
AT89C51-12QC 44Q
AT89C51-12Al 44A Industrial
AT89C51-12J1 44J (-40°C to 85°C)
AT89C51-12PI 40P6
AT89C51-12Ql 44Q
16 5V +20% AT89C51-16AC 44A Commercial
AT89C51-16JC 44J (0°C to 70°C)
AT89C51-16PC 40P6
AT89C51-16QC 44Q
AT89C51-16Al 44A Industrial
AT89C51-16JI 44J (-40°C to 85°C)
AT89C51-16PI 40P6
AT89C51-16Ql 44Q
20 5V £20% AT89C51-20AC 44A Commercial
AT89C51-20JC 44J (0°C to 70°C)
AT89C51-20PC 40P6
AT89C51-20QC 44Q
AT89C51-20Al 44A Industrial
AT89C51-20J! 44J (-40°C to 85°C)
AT89C51-20PI 40P6
AT89C51-20Ql 44Q
24 5V +20% AT89C51-24AC 44A Commercial
AT89C51-24JC 44J (0°C to 70°C)
AT89C51-24PC 40P6
AT89C51-24QC 44Q
AT89C51-24Al 44A Industrial
AT89C51-24JI 44J (-40°C to 85°C)
AT89C51-24PI 40P6
AT89C51-24Ql 44Q
Package Type
44A 44-lead, Thin Plastic Gull Wing Quad Flatpack (TQFP)
44J 44-lead, Plastic J-leaded Chip Carrier (PLCC)
40P6 40-lead, 0.600” Wide, Plastic Dual Inline Package (PDIP)
44Q 44-lead, Plastic Gull Wing Quad Flatpack (PQFP)
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Packaging Information
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44A, 44-lead, Thin (1.0 mm) Plastic Gull Wing Quad
Flatpack (TQFP)

Dimensions in Millimeters and (Inches)”

JEDEC STANDARD MS-026 ACB

12.21(0.478)

PIN 11D 71.75(0.458)

0.45(0.018

0.30(0.012)

0.80(0.031) BSC
i
j

=

| 10.10(0.394) ¢
9.90(0.386)

0.20(.008)
0.09(.003) rﬁmﬂmj
ﬂ L 0.75(0.030)  0.15(0.006)
= 0.45(0.018

) 0.05(0.002)

{— 1.20(0.047) MAX

Controlling dimension: millimeters

44J, 44-lead, Plastic J-leaded Chip Carrier (PLCC)
Dimensions in Inches and (Millimeters)
JEDEC STANDARD MS-018 AC

045(1 14) X45°  PINNO.1 .045(1.14) X30" 45

1012(.305)
DENT|FY

" .008(.203)

L 656(16 Nsq _t .630(16.0)

550(16.5)° T '590(15.0)
.032(.813) _r .021(.533)
026(.660) ij E — 1; Z) —7013(.330)
.050(1.27) TYP 1043(1.09)
500(12.7) REF sa " [ 7020(.508)

1120(3.05)
1090(2.29)
180(4.57)

% :1’55(4.19)
(15§

1022(.559) X 45° MAX (3X)

40P6, 40-lead, 0.600" Wide, Plastic Dual Inline
Package (PDIP)
Dimensions in Inches and (Millimeters)

2. 07(52 )
2.04(5 PIN

566144
530135)

}.‘_ .090(2.29)

1.900(48.26) REF —— MAX
220(5.59) —.005(.127)
MAX MIN
PLANE
1 L .065(1.65)
.161(4.09) [015(.381)
125(3. 18) 1022(.559)
:065(1.65) 1014(.356)
110(2 79) .041(1.04)
090(2.29) 630(16.0)_
590(15.0)
2 ReF
012(.305) X ‘/
1008(203) e
610(15.5)

0.80 (0.031) BSC

0.17 (0.007)

0.13(0.005)

44Q, 44-lead, Plastic Quad Flat Package (PQFP)
Dimensions in Millimeters and (Inches)*
JEDEC STANDARD MS-022 AB

13.45 (0.525) o
12.95 (0.506)

PIN 11D

= 0.50 (0.020)

= 0.35 (0.014)
=

m
b

Vi
>

10.10 (0.394)
9.90 (0.386)

[ oL

sQ

{— 2.45 (0.096) MAX

__]L 1.03 (0.041)

0.78(0.030)
Controlling dimension: millimeters

D 0.25 (0.010) MAX

AT89C51
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Atmel Rousset
Zone Industrielle
13106 Rousset Cedex
France
TEL (33) 4-4253-6000

England
TEL (44) 1276-686-677
FAX (44) 1276-686-697

Asia
Atmel Asia, Ltd.
Room 1219
Chinachem Golden Plaza
77 Mody Road Tsimhatsui
East Kowloon
Hong Kong
TEL (852) 2721-9778
FAX (852) 2722-1369

FAX (33) 4-4253-6001

Japan
Atmel Japan K.K.
9F, Tonetsu Shinkawa Bldg.
1-24-8 Shinkawa
Chuo-ku, Tokyo 104-0033
Japan
TEL (81) 3-3523-3551
FAX (81) 3-3523-7581

Fax-on-Demand
North America:
1-(800) 292-8635

International:
1-(408) 441-0732

e-mail
literature @atmel.com

Web Site
http://www.atmel.com

BBS
1-(408) 436-4309

© Atmel Corporation 2000.

Atmel Corporation makes no warranty for the use of its products, other than those expressly contained in the Company's standard war-
ranty which is detailed in Atmel’'s Terms and Conditions located on the Company’s web site. The Company assumes no responsibility for
any errors which may appear in this document, reserves the right to change devices or specifications detailed herein. at any time without
notice, and does not make any commitment to update the information contained herein. No licenses to patents or other intellectual prop-
erty of Atmel are granted by the Company in connection with the sale of Atmel products, expressly or by implication. Atmel’s products are
not authorized for use as critical components in life support devices or systems.

Marks bearing ® and/or ™ are registered trademarks and trademarks of Atmel Corporation.

@ Printed on recycled paper.

0265G-02/00/xM

Terms and product names in this document may be trademarks of others.



96

i oo st i
FAIRCHILD
st vesan A

SEMICONDUCTOR ™™

MM74HCT138
3-to-8 Line Decoder

General Description

The MM74HCT138 decoder utilizes advanced silicon-gate
CMOS technology, and are well suited to memory address
decoding or data routing applications. Both circuits feature
high noise immunity and low power consumption usually
associated with CMOS circuitry, yet have speeds compara-
ble to low power Schottky TTL logic.

The MM74HCT138 have 3 binary select inputs (A, B, and
C). If the device is enabled these inputs determine which
one of the eight normally HIGH outputs will go LOW. Two
active LOW and one active HIGH enables (G1, G2A and
G2B) are provided to ease the cascading decoders.

The decoders’ output can drive 10 low power Schottky TTL
equivalent loads and are functionally and pin equivalent to

February 1984
Revised February 1999

the 74LS138. All inputs are protected from damage due to
static discharge by diodes to V¢ and ground.

MM74HCT devices are intended to interface between TTL
and NMOS components and standard CMOS devices.
These parts are also plug-in replacements for LS-TTL
devices and can be used to reduce power consumption in
existing designs.

Features

H TTL input compatible

H Typical propagation delay: 20 ns

M Low quiescent current: 80 pA maximum (74HCT Series)
W Low input current: 1 tA maximum

H Fanout of 10 LS-TTL loads

Ordering Code:

Order Number | Package Number Package Description
MM74HCT 138M M16A 16-Lead Small Outline Integrated Circuit (SOIC), JEDEC MS-012, 0.150” Narrow
MM74HCT138SJ M16D 16-Lead Small Outline Package (SOP), EIAJTYPE Il, 5.3mm Wide
MM74HCT138MTC MTC16 16-Lead Thin Shrink Small Outline Package (TSSOP), JEDEC MO-153, 4.4mm Wide
MM74HCT 138N N16E 16-Lead Plastic Dual-In-Line Package (PDIP), JEDEC MS-001, 0.300" Wide

Devices also available in Tape and Reel. Specify by appending the suffix letter “X" to the ordering code.

Connection Diagram

Pin Assignments for DIP, SOIC, SOP and TSSOP
DATA OUTPUTS

Ve Y0 % Y2

Y3 Y4 Y5
16 |15 ‘14 Iw Iu ‘11

7 0

l

=

1 2 3 4 Iﬁ 6 | 7 8
A B c GA T8 G1 Y7 GND
S UTRUT
SELECT ENABLE

TOP VIEW

© 1999 Fairchild Semiconductor Corporation DS005362.prf
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X = Don't Care
Note 1: G2 - G2A + G2B

Logic Diagram

Truth Table
Inputs Outputs
Enable Select
G1 G2 C B A|Y0D Y1l Y2 Y3 Y4 Y5 Y6 Y7
(Note 1)
X H XX s SHEE R H T H T H TH
13 X X =X FHE R R R SRR R aH T e B
H L (S e el LU Lol s T et o e 5 o] o Al
H L s ey, H O H OHOH
H L L H L|H H [Ty HSE H H
H L LN HEH g3 ,H L H Wy Ny H
H L M ONANMEH /I A B Herl H TR W
H L Ha DN A e H L H H
H ks HR= L 8 Ho Hr L H
H jox Ha'd —H [ IHSHYE. B et H L
H = HIGH Level
L = LOW Level

sjs]e]e

joJele

1
O— Y4

10
Oo— Y5

9
ot

§

18
o—17
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Absolute Maximum Ratings(note 2)

(Note 3)

Supply Voltage (Vee)
DC Input Voltage (V)
DC Output Voltage (VoyT)

Clamp Diode Current (I, lok)

DC Output Current, per pin (loyt)

DC V¢ or GND Current, per pin (lcc)
Storage Temperature Range (Ts1g)

Power Dissipation (Pp)

-0.5to +7.0V
-1.51t0 Vgc +1.5V
-0.5to Vg +0.5V

+20 mA
+25 mA

+50 mA

-65°C to +150°C

Recommended Operating

Conditions

Supply Voltage (V¢c)

Min
4.5

55

Units

DC Input or Output Voltage

(Vin: Vour)

Operating Temperature Range (Tp)
Input Rise or Fall Times

(tr, 1)

0 - Vgg o N
-40  +85  °C

500 ns

Note 2: Absolute Maximum Ratings are those values beyond which dam-

(Note 4) 600 mW age to the device may occur.
Note 3: Unless otherwise specified all voltages are referenced to ground
S.0. PaCKage only 500 mw Note 4: Power D‘xssipalicn‘:emperalure dergaling — plastic "N" pagckage‘ -
Lead Temperature (T) 12 mW/°C from 65°C to 85°C.
(Soldering 10 seconds) 260°C
DC Electrical Characteristics
Vee = 5V £10% (uniess otherwise specified)
Ta=25°C Tp=-40t0 85°C [ Tp= -55 to 125°C
Symbol Parameter Conditions Units
Typ Guaranteed Limits
Vin Minimum HIGH Level 2.0 20 2.0 v
Input Voltage
ViL Maximum LOW Level 08 0.8 0.8 \
Input Voltage
Vou Minimum HIGH Level Vin=Viyor V.

QOutput Voltage loutl = 20 pA Vee Vee- 0.1 Vee- 0.1 Vee- 0.1 \
lloutl = 4.0 mMA, Ve - 45V 4.2 3.98 384 3.7 \
lloutl = 4.8 MA, Ve - 55V 52 4.98 484 4.7 %

Vou Maximum LOW Level Vin=Vigor V.

Voltage |loutl = 20 pA 0 0.1 0.1 0.1 Y
lloutl = 4.0 MA, Ve = 4 5V 0.2 0.26 0.33 0.4 \"
lloutl = 4.8 MA, Ve = 5.5V 0.2 0.26 0.33 0.4 \

I Maximum Input Vin = Voc or GND, +0.1 +1.0 +1.0 HA

Current Vi or Vi

lcc Maximum Quiescent V,N.: Vg or GND 8.0 80 160 A

Supply Current loyr =0 HA

V)N = 2.4V or 0.5V (Note 5) 0.3 0.4 0.5 mA

Note 5: This is measured per input pin. All other inputs are held at V¢ or ground

www.fairchildsemi.com
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'PhYSICEl' Dimensions inches (millimeters) unless otherwise noted
: _ 0.386-0.3%4 G
| (9.804 —10.00)
5 ‘16 15 1 Bl | RO P B G | ] 9
0.228-0.244 20°
(5.791-6.198) o Trp
4 /X
AbHD PRI e SR o I {
IDENT 0.010 yax
(0.254)
0.150 -0.157
(3.810—3.988)
0.010-0.020 0.053-0.069.
10254 0508 < . (1.346-1.753) 0.004-0.010
8° MAX TYP (0.102-0.254)
ALL LEADS
| A Pl o J\
— — & LT SEATING
* ' ? T ? 1 PLANE
0.008-0.010 ! U 050 0.014—
{0.203 —0.258) I ! g a6~ 0.05TTR (0.356) . (? m) ) 355.3'253,”"
TYP ALL LEADS . (0808 ~1s270} ™" ) ;
0.004 TYP ALL LEADS 0.008 L o
(0102 =~ {023 S
ALL LEAD TIPS
16-Lead Small Outline Integrated Circuit (SOIC), JEDEC MS-012,0.150” Narrow
Package Number M16A
16 9
0.295-0.319
(7.5-8.1)
0.205-0.213
O (5.2-5.4)
1 8
0.394-0.402 0.71
e (Ll 0.006-0.010
(10.-10.2) r (1.8) (0.15-0.25) TAP
/ T T — \ 0.067-0.083 —
e (7-2.1) f
[©]0.006(0.15 —t—t—t—t—t—tr— b
SEATING 0.049 ,_,,I
PLANE 0-050 1vp ;«—— 0.000-0.010 ((l 25) TYP)
(0-0.25) i
i E 0.016-0.031 .5
0.014-2.020 ., st (0.4-0.8)
(0.35-9.50) M18D (REV B)

16-Lead Small Outline Package (SOP), EIAJ TYPE Il, 5.3mm Wide
Package Number M16D

www.fairchildsemi.com
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Physical Dimensions inches (millimeters) unless otherwise noted (Continued)

e
o1
|

DIMENSIONS METRIC ONLY l

: =
TN ——t

LAND PATTERN RECOMMENDATION
6.4
;:] 44 E00
= + . 2>

s a L 4,16 TYRL

GAGE PLANE

1» 0.25

{
| : °°‘5°& L—‘— o.s:\o_xsmm PLN[
IR

i/ | 8 aﬂ“ TYPICAL, SCALE: 40X

ALL LEAD TIPS

PIN #1 IDENT /— SEE DETAIL A
A 5
[— (0.90) 7
[=T0.1]c] ! . / (= \,
AL. LEAD TIPS 1 | l
1.0 MAX TYP 1
_t_* \ % ]'
0.10 £ 0.05 TYP 0.09-0.20 “YP

-THM

\<—019-03OTYP

[&]oz0 +[+0]co]

MIC16 (RZV C)

16-Lead Thin Shrink Small Outline Package (TSSOP), JEDEC M0-153, 4.4mm Wide
Package Number MTC16

www.fairchildsemi.com
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AC Electrical Characteristics

Ta=25°C, Vo= 5.0V, t, == 6 ns, C__= 15 pF (unless otherwise specified)
Guaranteed
Symbol Parameter Conditions Typ 4 Units
Limit
tpL Maximum Propagation Delay, A, B, or C to Output 20 35 ns
L Maximum Propagation Delay, A, B, or C to Output 13 25 ns
tpHL Maximum Propagation Delay, G1 to Y Output 14 25 ns
pLH Maximum Propagation Delay, G1 to Y Output 13 25 ns
oL Maximum Propagation Delay, G2A or G2B to Y Output 17 30 ns
tpLH Maximum Propagation Delay, G2A or G2B to Y Output 13 25 ns
AC Electrical Characteristics
Ve =5V * 10%, C_ = 50 pF, t, =t = 6 ns (unless otherwise specified)
o Tp=25C TaA=-4010 85°CITA =-5510125°C i
Symbol Parameter Conditions Units
Typ Guaranteed Limits
lopL Maximum Propagation Delay 24 40 50 60 ns
A, B, or C to Output
[ Maximum Propagation Delay 18 30 38 45 ns
A, B, or C to Output
tpHL Maximum Propagation Delay 17 30 38 45 ns
G1toY Output
tpLH Maximum Propagation Delay 20 30 38 45 ns
G1toY Output
tprL Maximum Propagation Delay 23 35 43 52 ns
G2A or G2B to Y Output
lpLH Maximum Propagation Delay 18 30 38 45 ns
G2A or GZB to Y Output
trye trun | Maximum Output 15 19 22 ns
Rise and Fall Time
Cin Input Capacitance 5 10 10 pF
Cpp Power Dissipation 55 pF
Capacitance (Note 6)

Note 6: Cpp determines the no load dynamic power consumption, Pp = Cpp Vcczl +lcc Vee. and the no load dynamic current consumption,

Is=Cpp Vee 1t lcc

www.fairchildsemi.com
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Physical Dimensions inches (millimeters) unless otherwise noted (Continued)

. 0.740 - 0.780 e
18.80 - 19.81 0.090
’— ( ) "’i {2.286)
[16 [11] INDEX
AREA
0.25040.010

{6.35020.254)

PIN NO. 1 PIN NO. 1
IDENT IDENT
OPTION 01 OPTION 02 S
0.130£0.005 TR
015020005 0.060 4 TYP 0.300 - 0.320 {1.651)
| (wzzoq) e ™ opronat ‘I T0-8.128) | {
0.145 = 0.200 frelis] | / \!
(3.683-5.080) |
95050 X
st st 0.008-0016
N 3 {0203-0.406)
{0.508) o o280 7|
0.125-0.150 0.030£0.015 (7.112)
(3.175-3.810) ! T {0.762£0.381) MIN
0.014-0.023 0.100£0.010 (03250040
(0.356-0.584) 0.050£0.010 (2.540£0.254) P00l NIGE (REV )
e {1.270£0.254) Tvp (8255*5918)
P :

16-Lead Plastic Dual-In-Line Package (PDIP), JEDEC MS-001, 0.300” Wide

Package Number N16E

LIFE SUPPORT POLICY

FAIRCHILD'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF FAIRCHILD

SEMICONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devices or systems
which, (a) are intended for surgical implant into the
body, or (b) support or sustain life, and (c) whose failure
to perform when properly used in accordance with
instructions for use provided in the labeling, can be rea-
sonably expected to result in a significant injury to the
user.

2. A critical component in any component of a life support
device or system whose failure to perform can be rea-
sonably expected to cause the failure of the life support
device or system, or to affect its safety or effectiveness.

www.fairchildsemi.com
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MM74HC573

3-STATE Octal D-Type Latch

General Description

The MM74HC573 high speed octal D-type latches utilize
advanced silicon-gate P-well CMOS technology. They pos-
sess the high noise immunity and low power consumption
of standard CMOS integrated circuits, as well as the ability
to drive 15 LS-TTL loads. Due to the large output drive
capability and the 3-STATE feature, these devices are ide-
ally suited for interfacing with bus lines in a bus organized
system.

When the LATCH ENABLE(LE) input is HIGH, the Q out-
puts will follow the D inputs. When the LATCH ENABLE
goes LOW, data at the D inputs will be retained at the out-
puts until LATCH ENABLE returns HIGH again. When a
HIGH logic level is applied to the OUTPUT CONTROL OC
input, all outputs go to a HIGH impedance state, regardless

September 1983
Revised February 1999

of what signals are present at the other inputs and the state
of the storage elements.

The 74HC logic family is speed, function and pinout com-
patible with the standard 74LS logic family. All inputs are
protected from damage due to static discharge by internal
diode clamps to V¢ and ground.

Features

H Typical propagation delay: 18 ns

M Wide operating voltage range: 2 to 6 volts

M Low input current: 1 pA maximum

B Low quiescent current: 80 pA maximum (74HC Series)
B Compatible with bus-oriented systems

H Output drive capability: 15 LS-TTL loads

Ordering Code:

Order Number |Package Number Package Description
MM74HC573WM M208 20-Lead Small Outline Integrated Circuit (SOIC), JEDEC MS-013, 0.300" Wide
MM74HC573SJ M20D 20-Lead Small Outline Package (SOP), EIAJ TYPE Il, 5.3mm Wide
MM74HC573MTC MTC20 20-Lead Thin Shrink Small Outline Package (TSSOP), JEDEC MO-153, 4.4mm Wide
MM74HC573N N20A 20-Lead Plastic Dual-In-Line Package (PDIP), JEDEC MS-001, 0.300" Wide

Devices also available in Tape and Reel. Specify by appending the suffix letter “X" to the ordering code

Connection Diagram

Pin Assignments for DIP, SOIC, SOP and TSSOP
LATCH

Vee 10 20 30 40 50 60 70 80 ENABLE

lm l\? 18 17 16 15 14 13 12 JH

9 10

Iv 2
QUTPUT 10
CONTROL

8D GND

Top View

Truth Table

Output | Latch | Data | Output
Control | Enable
L H H H
L H L L
L L X Qo
H X X Z
H = HIGH Level
L = LOW Level

Qq = Level of output before steady-state input conditions were established
Z = High Impedance
X = Don't Care

© 1999 Fairchild Semiconductor Corporation DS005212.prf
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Absolute Maximum Ratingsote 1)

(Note 2)

Supply Voltage (Vce)

DC Input Voltage (V|n)

DC Output Voltage (Voyr)
Clamp Diode Current (I, lok)
DC Output Current, per pin (loyT)

DC V¢ or GND Current, per pin (lcc)
Storage Temperature Range (Tstg)

Power Dissipation (Pp)
(Note 3)
S.0. Package only
Lead Temperature (Ty)
(Soldering 10 seconds)

-0.5t0 +7.0V
~1.51t0 Ve +1.5V
-0.5 to Vg +0.5V

+20 mA
+35 mA
+70 mA
-65°C to +150°C

600 mW
500 mW

260°C

DC Electrical Characteristics (Note4)

Recommended Operating
Conditions

Min Max
Supply Voltage (Vcc) 2 6
DC Input or Output Voltage 0 Vee
Vin: Vour)
Operating Temperature Range (T,) -40 +85
Input Rise or Fall Times
(t,t) Vec=2.0V 1000
Ve =45V 500
Ve =6.0V 400

Units

°C

ns
ns
ns

Note 1: Absolute Maximum Ralings are those values beyond which dam-

age to the device may occur.

Note 2: Unless otherwise specified all voltages are referenced to ground

Note 3: Power Dissipation temperature derating — plastic “N" package: -

12 mW/°C from 65°C 1o 85°C.

Ta=25°C Tp=-4010 85°C| Tp=-5510125°C
Symbol Parameter Conditions Vee Units
Typ Guaranteed Limits
Vin Minimum HIGH Level Input 2.0V 15, il .5 1.5 \
Voltage 4.5V 3.15 3.15 3.15 \
6.0V 42 42 42 \
Vi Maximum LOW Level Input 2.0V 05 0.5 0.5 \Y
Voltage 4.5V 1.35 1.35 1.35 v
6.0V 18 1.8 1.8 \
Vou Minimum HIGH Level Output [ V=V or VL
Voltage lloutl <20 pA 2.0V 2.0 1.9 1.9 19 v
4.5V 45 4.4 4.4 4.4 \
6.0V 6.0 & R 59 5.9 \
Vin= Vi or Vig
lloutl 6.0 MA 4.5V 42 3.98 384 3.7 v
llout] € 7.8 mA 6.0V 5.7 5.48 5.34 5.2 v
VoL Maximum LOW Level Output | V= V) or Vi,
Voltage llout] <20 pA 2.0V 0 0.1 01 0.1 %
4.5V 0 0.1 0.1 0.1 \
6.0V 0.1 0.1 0.1
Vin=Viy or Vi
lloutl < 6.0 MA 45V 0.2 0.26 0.33 0.4 %
llout] € 7.8 mA 6.0V 0.2 0.26 0.33 0.4 Y
Iin Maximum Input Current Vin = Vec or GND 6.0V +0.1 1.0 +1.0 RA
loz Maximum 3-STATE Output Vourt = Vec or GND
Leakage Current OC =V 6.0V 05 5.0 +10 A
lcc Maximum Quiescent Supply | Vjy = Vcc or GND
Current louT = O pA 6.0V 8.0 80 160 nA
Alge Quiescent Supply Current Vee = 5.5V OE 1.0 1.5 1.8 2.0 mA
per Input Pin Vin =24V LE 0.6 08 1.0 1.1 mA
or 0.4V (Note 4) DATA 0.4 0.5 0.6 0.7 mA

Note 4: For a power supply of 5V +10% the worst-case output voltages (Vou, and Vo) occur for HC at 4.5V. Thus the 4.5V values should be used when
designing with this supply. Worst-case V,; and V;_occur at Ve = 5.5V and 4.5V respectively. (The Vi value al 5.5V is 3.85V.) The worst-case leakage cur-
rent (Iin. lco. and loz) occur for CMOS at the higher voltage and so the 6.0V values should be used.

www. fairchildsemi.com
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AC Electrical Characteristics

Vo= 5V, Ta=25°C, ;= =6 ns
Guaranteed
Symbol Parameter Conditions Typ n Units
Limit
terL tPLH Maximum Propagation Delay, Datato Q |Cy =45 pF 17 27 ns
teru tpLH Maximum Propagation Delay, LE to Q C_=45pF 16 27 ns
tpzm oz Maximum Output Enable Time R =1kQ 21 30 ns
C_=45pF
teHz tPLz Maximum Output Disable Time R =1kQ 14 23 ns
C_=5pF
ts Minimum Set Up Time, Data to LE 25 5 ns
ty Minimum Hold Time, LE to Data 2 12 ns
tw Minimum Pulse Width, LE or Data 10 15 ns
AC Electrical Characteristics
~ Ta=25°C |TA: —4010 85°C| Tp=-55 to 125°C z
Symbol Parameter Conditions Vee Units
Typ Guaranteed Limits
terL tpLn | Maximum Propagation C_=50pF 2.0V 18 30 38 45 ns
Delay Datato Q C_ =150 pF 2.0V 58 150 188 225 ns
C_=50pF 4.5V 14 22 28 33 ns
C_ =150 pF 4.5V 21 30 38 40 ns
C_=50pF 6.0V 12 19 24 29 ns
C_=150pF 6.0V 19 26 33 39 ns
tpru, tpuy | Maximum Propagation C_=50pF 2.0V 17 30 38 45 ns
Delay, LEto Q C_=150pF 2.0v 60 155 194 233 ns
C_=50pF 4.5V 14 23 29 35 ns
C_ =150 pF 4.5V 21 31 47 47 ns
C_ =50pF 6.0V 12 20 25 30 ns
C_ =150 pF 6.0V 19 27 34 a4 ns
tpzi, tpzL | Maximum Output Enable R =1kQ
Time C_ =50pF 2.0V 22 30 38 45 ns
C_=150pF 2.0V 67 180 225 270 ns
C_=50pF 4.5V 1) 28 35 42 ns
C_=150pF 4.5V 24 36 45 54 ns
C_=50pF 6.0V 14 24 30 36 ns
Cy= 150 pF 6.0V 22 31 39 47 ns
ez, tprz | Maximum Output Disable Ry =1kQ 2.0V 15 30 38 45 ns
Time C_=50pF 4.5V 13 25 31 38 ns
6.0V 12 21 27 32 ns
ts Minimum Set Up Time 2.0V -3 5 6 8 ns
Datato LE 4.5V 10 15 19 22 ns
6.0V 9 13 16 19 ns
tH Minimum Hold Time 2.0v 4 12 15 18 ns
LE to Data 4.5V 5 6 7 ns
6.0V 4 5 6 ns
tw Minimum Pulse Width LE, 2.0V 30 15 20 24 ns
or Data 4.5V 9 16 20 24 ns
6.0V 8 14 18 20 ns
trw il | Maximum Output Rise C_=50pF 2.0V 6 12 156 18 ns
and Fall Time, Clock 4.5V 7 12 15 18 ns
6.0V 6 10 13 15 ns
Cpp Power Dissipation Capacitance |OC = V¢ 5 pF
(Note 5) (per latch) OC =GND 52 pF
Cin Maximum Input Capacitance 10 10 10 pF
Capacitance

www.fairchildsemi.com
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AC Electrical Characteristics (continued)

Tp=25°C Ta=-401085°C|Tp=-551t0125°C
Symbol Parameter Conditions Vee Units
Typ Guaranteed Limits
Cout Maximum Output 20 20 20 pF
Capacitance

Note 5: Cpp determines the no load dynamic power consumption, Pp = Cpp Vee? f+ lee Ve and the no load dynamic current consumption,
Is =Cpp Veo f +lcc-

www.fairchildsemi.com
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Physical Dimensions inches (millimeters) unless otherwise noted (Continued)

- '—020
20

It

4.410.1 =37

ALL LEAD

PIN #/1 IDENT.

ALL LEAD TIPS

1.2 max y b
:FL_XMMMMJ_
- | 1 0.140.05

463 "W‘al -—-0.19-0.3

o
[@]010]A[E8][® ]

DIMENSIONS ARE IN MILLIMETERS

NQTES

A. CONFORMS TO JEDEC REGISTRATION MO-153, VARIATION AC,
RZF NOTE 6, DATE 7/93

1 L'MENSIONS ARE IN MILLIMETERS.

C OIMENSIONS ARE EXCLUSIVE OF BURRS. MOLDS FLASH,
AND TIE BAR EXTRUSIONS.

D. DIMENSIONS AND TOLERANCES PER ANSI Y14.5M, 1982.

27
JIITTHITIT] e

LT ]

4.6 7.

o

g_e,sH i ‘0.42

LAND PATTERN RECOMMENDATION

n

11PS

009 0207

GAGE PLANE

‘ e J
EATING PLANE
‘\QO.OC)MM

DETAIL A

20-Lead Thin Shrink Small Outline Package (TSSOP), JEDEC MO-153, 4.4mm Wide
Package Number MTC20

www.fairchildsemi.com




108

Physical Dimensions inches (millimeters) unless otherwise noted

wss-os
{12,598~ 13.005)
2019798 06 159K 13 )y

i NN R

1
0.394-0.413
(10.008 - 10.643)
1

307 TYP

LEADNO 1 __|— "O

LTy

<y
i

0.010 MAX
{0.254)
0.291-0209
{7391-7.595)
0.010-0025 5 0.093-0.104
joese-oan T !"" {2362 -2.642)
~ 1 0.004-0012
8 MAX TYP Stnd 2
ALL LEADS l \ ©.102-0305)
(L) J_ l == 7 SEATING
TV I 1 PLANE
noon‘unu Ausidd 0.014
B ] (0102) ¥ _0.016-0.050 0356 > ¢ 20050 0.014-0.020 1yp
0.229-0330) W Gk il g B ) Ao {ran) = 10.355-0.508)
TYP AL LEADS e

TYP ALL LEADS

| 0.008 yp

10.203) 14208 (REY FY
20-Lead Small Outline Integrated Circuit (SOIC), JEDEC MS-013, 0.300” Wide
Package Number M20B
20 11
0.295-0.319
(7.5-8.1)
0.205-0.213
O (5.2-5.4)
1 10 %
0.71
((LB))
| 9.492-0. 300 0.067-0.083 0.006-0.010
(12.5-12.7) (g m”pl
NiElElE A 17 i
[&]0.006(0.15)] — ittt =
sfm{nc _J 0.050 1yp T (0:049 1y
(1.27) ~T0-0.25) (1.25)
0.014-0.020 . Q.016-0.031 1yp
.014-0. e (RED
0.35-0.50) TP s (0:4-0:¢) M200 (REV B)

20-Lead Small Outline Package (SOP), EIAJ TYPE II, 5.3mm Wide
Package Number M20D

€LSOHV.LININ

www.fairchildsemi.com
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Physical Dimensions inches (millimeters) unless otherwise noted (Continued)

1.013-1.040
0.092 X 0.030 125.73-26.42)
(2.337 X0.762 0.032+0.005
WAX DP ’\ w0 (5] (W] (1) (6] (5] (o] (73] (7] (7] T
N t I RAD
PIN NO. 1IDENT~_ @ 0.260 20.005
(6.604 +0.127) PIN NO. T IDENT—~_
0.280 e N,
e OPTION 1 |
”Mlllul) T BT T T o7 O T [T DeJ
0.090
= St OPTION 2
0.300-0.320 | v
(7.620-8.128) 0.060 NOM 0.040 __ OPTION2 ) 0.130 0,008
0.065 (1.524) o eEx — 303 0037}
T TYP TYP ! l
I 0.145-0200
{1683-5.080)
95°%5° u,uaafmm‘1 90°+0.004° ] ]
(0.229-0.381) J £V S
' TYe { 8100:0.010 4 L_ 0.125-0040  (0.508)
| 0.060 £0.005 (z 54020.254) 001820003 /1|~ .~ (3075-3556). MIN
40,040 (5240027 ! {0.657:0.076)
0325 "yiye
11016
(”55 -D.JBI)
N20A 1EV Gy
20-Lead Plastic Dual-In-Line Package (PDIP), MS-001, 0.300” Wide
Package Number N20A
LIFE SUPPORT POLICY

FAIRCHILD'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF FAIRCHILD
SEMICONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devices or systems 2. A critical component in any component of a life support

which, (a) are intended for surgical implant into the device or system whose failure to perform can be rea-
body, or (b) support or sustain life, and (c) whose failure sonably expected to cause the failure of the life support
to perform when properly used in accordance with device or system, or to affect its safety or effectiveness.
instructions for use provided in the labeling, can be rea-

sonably expected to result in a significant injury to the www.fairchildsemi.com
user

Fairchild does not assume any responsibility for use of any circuitry described, no circuit patent licenses are implied and Fairchild reserves De ngrt at any time without notice to change said circuitry and specifications

yole adAL-a €390 JLVLS-€ ELSOHVLININ
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