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**-}l'**‘k***i**********************'}-&i*-}-‘-i--&*-*-}*"*-ﬁ-l--l--l—i*-}*-}****

; PROG

RAME

Project Apply Laser Pginter for Speed Measurement

**-}-ﬁ-&*i*a*-Jr***************+++*++w***&***-}*-}**w**w-&&-}-‘--}*-}*-}w

8051 Cross-Assembler

PROJ.A
1
2
00A0=
00R4=
00AS=
Q0nQ=
00Al1=
Q0RZ=
Q0n3=
0030=

0031=
0032=
0033=
0034=
0035=
0036=
0037=
0038=
00338=
003A=
003B=
003C=
0020

0020

0000

0000

0003
0005

0008

000B

©0aD
COOE
0011
0012
0014
0016
0018

001A
001cC
O01E
0021
0024
0027
002A
002D

002E

SM

758120

D2B2
020141

30B202

BOFB

00
753C00
0o
7900
78C1
DS8FE
DSFA

B2A6
053C
30B2F1
20B208%
020008
02018E
0z01D2
00

B53C36%

(1.3) (C)

1987,

1989 Binary Technology

;Project ApplylLaser Pointer for Speed Measurement

2

O W o~ D W

24
25
26

27

28
29
30
31

32
33
34
35
36
37
38
39
40

11
42
43
44
45
46
47
48

49

PORT LCD
EN_LCD
RS_LCD
D4_LCD
D5_LCD
D6_LCD
D7_LCD
D_100

D 10
D 1
P_2P
NUM1
NUM2
NUM3
R 1
R 10
TIME
R_11
R 110
TIM
ORG

STACK:
ORG

MATN:

WAIT:

TIMEL:

TIMER:
DELZ:
DEL1:

M1 :
MZ:
CALCU:

EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU

EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
20H

DS
0C0QH
MOV

SETB
LJMP

JNB

SJMP

MOV
NOP
MOV
MOV
DINZ
DJNZ

CPL
INC
JNB
JB
LJMP
LJMP
LJMP
NOP

MOV

P2 ;P(2.0]..P[2.3]
Pz .14 ;Enable LCD
P2.5 ;RS LCD
P2.0
2.1
P2.2
P2.3
030H ;Define buffer
memmory
031H
032H
033H
034H
0351
036H
037H
038H
039H
03AH
03BH
03CH
;Start Internal
RAM Buffer
30 :Stack 30 Byte
;Reset Vector of
CPOD
SP,#STACK ;Initial
Stack
P3.2
START44

P3.2,TIME]1l ;Wait for
measure time
WAIT

NOP
TIM, #00H ;Start  timer

R1, #0 ;Delay time

RO, #1983

RO, DEL1

R1, DEL2 ;t 99587
us =85.587 mS

PZ.6

TIHM

P3.Z, TIMER

P3.2,CALCUD

WAIT

START33 ;Jump over speed

STARTZ2Z ;Jump low speed
;Calculation
Speed

TIME, TIM



Q031 00 50
0032 AB3C 51
0034 AY93C 52
0036 EB 53
0037 54FD 54
0039 00 55
003a 00 56
003B 60EA 57
003D 00 58
8051 Cross-Assenmbler
PROJ.ASM
003E EBS 59
Q03F 544A &0
0041 00 61
0042 Q0 62
0043 60ES 63
0045 753000 &4
;Initial Buffer
0048 753100 65
004B 753200 66
004E 753B00 67
0051 753700 68
0054 753400 69
0057 753500 70
005A 753600 71
005D 00 72
73
005E 74B4 74
0060 853%F0 75
0063 84 76
0064 F534 77
0066 B5HF035 78
006% ES534 79
006B 75F002 80
Q06E A4 B1
Q06F F536 82
0071 E535 83
0073 75F00A 814
0076 A4 85
0077 B8539F0 86
007A B4 g7
Q07B F537 88
007D ESFO 89
007F 75F00A 30
0082 A4 S1
00B3 B538F0 92
0086 84 83
0087 F538 94
0089 E537 95
008B 75F002 %6
008E A4 g7
008F 75F00A 98
00382 B4 99
0093 F8 100
Q094 B5FQ3A 101
0097 E538 102
0099 75F002 103
009C 214 104
QOSD 75r00A 105
COARQ F9 108

NOF
MOV
MOV
MOV
ANL
NOF
NOP
\Iz
NOP
(1.3) (C) 1387,

MOV
ANL
NCP
tHOP
JzZ

MOV

MOV
MOV
MoV
MOV
MOV
MOV
MOV
NOP

MOV
MOV

DIV
MOV
MOV
MO
MOV
MUL
MOV
MOV
MOV
MUL
MOV
DIV
MOV
MOV
MOV
MUL
MOV
DIV
MOV
MOV
MOV
MUL
MOV
DIV
MOV
MOV
MOV
MO
MUL
MOV
MW

RO, TIM
Ri, TIM
A, RC

A, #0FDH

M1
188% Binary Technology

A,F1
A, #4AH

M2
D_100, #00H

D_10, HOOH
D 1, #00H

R_10, #00H
R_1, #00H

NUM1, #00H
NUMZ2, #00H
NUM3, 00H

A,#180 ;Calculation V= S/T

B, TIME ;Constant distance
= 10M

AB

NUM1, A

NUMZ, B

A, NUM1

B, #e

AB

NUM3, 2

Z, NUMZ

B,#10

AB

B, TIME

AB

R 1,A

A, B

B,#10

AB

B, TIME



OCA1 BLFO3B 107
0CA4 E53A 108
0026 29 109
00A7 F53A 110
0CAS ES536 111
00AB 75F064 112
00AE 84 113
00AF F530 114
00B1 ESFO 115
00B3 75FQ0A 116
00B6 84 117
8051 Cross-Assembler
PROJ.ASM
COB7 F531 118
00BS 85F032 119
00BC ES532 120
O0BE 28 121
00BF F532 122
00C1 E531 123
Q0C3 B0O1C 124
00CS E530 125
00C7 &C0cC 126
00C9% 433030 127
00CC 433130 128
Q00CF 433230 129
130
Q0D2 0200ED 131
Q0DS5 753020 132
QOD8 433130 133
CODB 433230 134
135
CODE Q200ED 136
O0E1 753020 137
00Q0E4 753120 138
O0E7 433230 139
140
00EA 0200ED 141
142
OQED 1202114 143
QCOF0 12023B 144
QCF3 7400 145
QOF5 120258 146
O0FB 120277 147
QO0FB 20535045 148
O0FF 45442020
0103 4D454153
0107 5552454D
010B 454E5420
Q10F 202000
0112 7442 149
0114 12029C 150
0117 7400 151
0119 120258 152
Q11C 120277 153
011F 20535045 154
0123 45442020
0127 4D454153
0128 55524540
012F 454E5420
0133 202000

(1.3 {C}
D100:
D10:
START:
LOOP_LCD:

MOV
MOV
ADD
MOV
MOV
MOV
DIV
MOV
MOV
MOV
o1V
1987,

MOV
MOV
MOV
ADD
MOV
MOV
J2

MOV
Jz

ORL
ORL
ORL

LJIMP
MGV
ORL
ORL

LJMP
MOV
MOV
CRL

LJuP

LCALL
LCALL
MOV
LCALL
LCALL
DB

MOV
LCALL
MOV
LCALL
LCALL
DB

AT
5, 10
AL

b0, -
D 1,B

A, D2

A, RO

D 1,A
A,D_10

D10
A,D_100
D100
D_100, #3081
L_10, #30H
D_1,#30H

START
D_100,4"' °
D_10, 4304
D_1,#30H

START

D 100, 4
D_10, 4"
D i, #30H

START

INIT LCD
WR_LCD1
A, #00hR ;
GOTO_LCD

PRINT_LCD
'SPEED MEASUREMENT', 00H

Initial LCD
clear ©ld data
Cursor Linel

A, %428
DATAL

A, H00R ;
GOTO_LCD
PRINT_LCD
'SPEED MEASUREMENT', 00H

Cursor LineZ

Cursecr LInel



;

0136

T442

Cursor Line?Z

C138
C13B
013E
Cl41
G144
0147
0149
014cC
014F
0153
0157

1z202ce
12028F
020008
120214
120238
7400
120258
120277
20204845
4CAC4AF20
21202048

155

156
157
158
159
160
lel
162
163
164

B0O51 Cross-Assembler
PROJ.ASM

..

0158
015F
0163
0165
0167
0l6A
0leD
0171
0175
0179
017D
0181
0184
0187
0189
018E

018E

454C4CAF¥
20212020
2000
7440
120258
120277
20524553
45542053
58535445
4D204147
414%4E20
202000
12028F
7804
DYBC
020008

7400

Cursor Linel

0190
0193
0196
0192
019E
01a2
01la¢6
01AA
01AD
01AF
01BZ2
01B5
01B9
01BD
01c1
01C5
01cH
olcc
01CF

01D2
01D4
01D7
01pA
01DE
01EZ2
0lE6

120258
120277
204F5645
52205350
45454420
44414E47
45522120
202000
7440
120258
120277
204F5645
52205350
45454420

44414E47 .

45522120
262000
12028F
020008

7400
120258
120277
20204C4ArF
57202053
50454544
20534146

165
166
167
168

168
170
171
172
173
1714

175
176
177

178
17¢
180G
181

182
183
184
185
186
187
188

(1.3}

START44:

STARTA4:

(C}

STRRT33:

STARTZ2:

MoV

LCALL
LCALL
LJIMF
LCALL
LCALL
MOV
LCALL
LCALL
DB

1987,

MOV
LCALL
LCALL
DB

LCALL
MOV
DINZ
LJMP

MOV

LCALL
LCALL
CB

MOV
LCALL-
LCALL
DB

LwCALL
LJMP

MoV
LCALL
LCALL
2B

A, 142H

DATAZ
DELAY
WAIT

INIT LCD
WR_LCDL
A, #00H ;
GOTO_LCD
PRINT LD
'"HELLO!HELLO! *, Q0OH

Initial LCD
clear old data
Cursor Linel

1985 Einaxy Technology

h, #40H ;
GOTO_LCD

PRINT LCD
'RESET SYSTEM AGAIN', QCOH

Cursor Line?2

DELAY
R(), ¥4
RO, START4
WAILT

A, #0CH

GOTC _LCD
PRINT LCD
"OVER SPEED DANGER!', 00H

L, #40K ;
COTO LCD

PRINT LCD
"OVER SPEED DANGER! ', Q0H

Cursor LineZ2

DELAY
WAIT

A, 008 ;
GOTO_LCD
PRINT I.CD
'LOW SPEED SAFTY',OCH

Cursor Linel




0lEA
OlEE
O1lr0
01F2
01F5
01F8
0LFC
0200
0204
0208
0z0c
020E
0211

54592020
200G
7440
120258
120277
20204C4F
57202053
50454544
20534146
54582020
2000
12028F
020008

189
190
191
182

193
194
195

8051 Cross-Assembler
PRCJ . ASM

0214

0216
0218
021B
021D
0220
0222

0225

0227

0224
Gz22C

gz22r
0231

0234

0235
0237
0239

023B
023D
023F

D2a4

7433
120235
7432
120235
7428
120235

740C

120235

7406
120235

7401
120235

22

C2A5
8002
DZA5

COEOQ
54F0
c4

156
197
198
139
200
201

202
203
204
205
206
207

208

209

210
211

212
213

214
215
216
217
218
219
220
221
222
223
225

226
227
228
229

(1.

3) (C}

;/++*++1.—*-;r**¢*+iu-»
;/* Initial
;/* 4-Bit

1

387, 1989 Binaryv Technology

i

MOV
LCALL
LCALL
DE

LCALL
LJIMP

A,¥#40H ; Cursor LineZ
GOTO_LCD

PRINT LCD

"LOW SPEED SAFTY!', QO0H

DELAY
WAIT

li)-k/’.

Char-LCD */;
Interfaces */;

-/****+**+*£+++++++**4/.
r ’

INIT LCD:

SETB

MOV
LCALL
MOV
LCALL
MOV
LCALL

MOV

LCALL

MOV
LCALL

MOV
LCALL

RET

EN LCD ; Start-up Signal
Control

A,#33H ; Set DL=1 3-Time

WR_INS

A,#432H ; Clear DL=0 1-Time

WR_INS

A, 28K ; Function Set

WR_TINS ¢ DL=0 4Bit, N=1
2Line, F=0 5X7

A, HOCH : Display on/off
Control

WR_IN3 ; Entry
Display, Cursor
off,Cursor not
blink

A, #06H ; Entry Mode Set

WR_INS ; I/D=1
Increment, 5=0
Cursor Shift

AL ECIP ; Clear Display

WR_TNS ; Clear Display, Set
DD RAM addr=0

-/*************i*‘*i*J-‘k-!-')-i-‘#ir-)cwir**/-
’ v

;/* WR_TNS
;/* WR_LCD
;/* Input

’

WR_INS:

WR_LCD:

WR_LCD1:

Write Instruction */:
Write Data to LCD */;
ACCi{Command/Data) */;

-/***\l“l****i**iii-*‘l'***-} }i*i*i***/-
’ ’

CLR
JMP
SETB

PISH
ANL
SWAP

R5 LCD ; Instruction select
WR_LCD1:
RS»LCD ; Write Data-
Select
ACC , Gave Data

, 5111100008 ; High byte



0240

0243
0245
0248
0244
024C

024F
0251
02514

0257

0258

025
025D

33A0F0

42A0
120264
DOEQ
540F
53A0F0

4220
120264
120272

22

DZE7

120235
22

230

231
232
233
234
235

236
237
238

239
240
241
242
243
244
245
246

247
248
249
250
251
252
253
254

8051 Cross-Assembler
PROJ.ASM

025E

0ze0
0263

02¢4

0266
0269

026A
026C
026F
0271

7410

120235
22

7414

120235
22

C2R4
120272
D2RA4
22

256
257
258
259
260
261
262
263
264

265
266
267
268
269
270
271
272
273
271
275
276
277
278
279

ANL  FORT_LCD, #11110000B ; C1

CRL PORT_LCD, A

LCALL EN_WRLCD
POP ACC

ORL  LORT LoD A

LCALL EN WRLCD
LCALL EUSY _LCD

RET

-/******&+++*++*++++*+ww**/.
! *

;/* Goto position of LCD */;
;/* Input : ACCladdress) */;

SHF_LET: MOV B, #10KH

LCALL WR_INSZ
RET

-/****‘k**‘k‘l‘****-&i-i'_k—-}"_‘ # Rk ',/.
r £

H A Mov LCD cursor /o
;/* to Right 1 position */:
;/********************-{*4/'.

SHF_RGT: MOV R, #1484

LCALL WR_INS
RET

;/‘k*****%*‘k\i'*‘l****'ﬁ‘#%“*‘l’/:
;/* Enable Pin E LCD S
;/* Active Chip select */;
;/* Write @ -=\ s/
;/* Read /—-\ /s

-/*****1****1*'}**1*14 lr')r'i/-
. r

EN_WRLCD: CLR EN_LCD
LCALL BUSY LCD
SETB  EN_LCD
RET

’

’

‘

ol
Da

ear
d
ta

; Restore Data
ANL A f00C01111B ; Low Byte
ANL PORT_LCD,#llIIOOOOB ; Cl

ol
Da

; Delay INS
Complete

5hift Left
Cursor

Shift Right
Cursor

Enable CS of
Wait Busy
Disable LCD

ear
d
ta

;/**i‘*************ﬂ:**A'k 4"&*/;
GOTO_LCD: SETE ACC.7 ; Set DD-RAM
Address

LCALL WR _TNS
RET

r./**+*+*+-}ii—*14+d-44-4-4--1-)--‘/’.

A Mov 1.CD curscr Y/

;/* to Left 1 position */;

;/&*i-*i-**i—*\l-Jri-*i-*i-i—-i-'i--!-i*/;

.3} (C} 1987, 1989 Binary Technology

cDh




0272
0274
0276

0277
0279
C27B
027C
027D
0280
0283
0236
0287
0z8a
028C
028E

TFOA
DEFFE
22

D083
D082
E4

S3
B40003
02028A
120239
A3
020278
cos2
cog3
22

280
281
282
283
284
285
286
287
288
289
290
291
292
293
294
295
296
297
298
299
300
301
302
303
304
305
306
307
308
309
310
311
312
313

B051 Cross—-Assembler
PROJ.ASM

028F
0291
0293
0295
0297
0299
029B
029C
029F
02A2
02R6
02R8
02AB
02AD
0280
02B2

02B5
02B8
02BC
02BF
02C0O
02C3
02C6

TD0OA
TEQO
7FCO
DFFE
DEFA
DDE%
22
120258
120277
20202000
E530
120239
E531
120239
E532
120239

120277
206B6D2ZF
687200
22
120258
120277
20202000

314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329
330
331
332
333

334
335
336
337

. 3) (C}

s

;/* —-Busy "0 =

’-/**&********-}**-&*4—**}A--t-»/;
;/* Delay time for Bucy '/;
Wait LCD Ready 7

Ready S

”1“ - ’

;/* -Busy

BUSY LCD:

Busy Y
;/*******ﬂr**i***ﬂ.ka .

oo .

;/**'&***ﬁ*l—**‘l’:‘.—-}-"'*"'}"\r!"}‘“*%'}. )"}ii—***/.
’

Restore DPTR to

;/*  Print Data teo Dormotrix LCD */;
;/*  Usage LCALL FRINT LCD */;
YA IS Cotmx L, 06 4/
;/* Data last byte must be = 00 */;
;/**********‘}ﬂr*ki'l'l ‘I'-A-‘\-J.J‘--J".‘:'J""***i""/;
PRINT_LCD: PCP PH ;

POP DFL
PRN_LCD1: CLR A

MOVC A, 0A+TPTR

CINE A, #001, PRN LCDZ2

LJMP PRW_LCD3
PRN LCDZ: LCALL WR_LCD ; Write LCD

INC DPTR

LJMP TPRN LD1
PRN LCD3:  FUSH DFL

FUSH [©*E

RET

R R R R e R S R A
r B

;/* Delay Time For Display */;

-/*******-}-&*i*-&*d—i—***%-}*%*U.—-}/.
r ,

DELAY :
DLYO:
DLY1:

DATAL :

DATAZ :

1987,

MO
MOV
MOV
NINZ
DINZ
DINZ
RET
LCALL
LCALL
DB
MOV
LCALL
MGV
LCALL
MOV
LCALL

LCALL
DB

RET
LCALL
LCALL
DB

RO, F1n
RG, #0
7,40
K7,
RG, DLY1
R5H, DLYO

GOTO_LCD
PRINT_LCD
! 'L, 00H
A,D_100
WR_LCD
A,D 10
WR_LOD
A,D 1

W LCD

FRINT_LCD
Ykm/hir', 0

GOTO_LCD
PRINT LCD
: . O0H

198% Finary Technology

Delay Display

CH

Restore PC to Stack

pC



02CA
02cc
02CF
0201
0204
02D6

02D9
02DC

02E0
0ZE3

00C0=

PRCJ. A

E530 338
12023¢ 339
E531 340
120239 341
E532 342
120239 343
341
120277 345
Z206B6D2F 3446
687200
22 347
348
349
350
8051 Cross-Assembler
SM
busy lcd 0272
d100 = Q0D5
dé lcd = 00AZ2
d 16 = 0031
dataz = 02CO0
delay = 028F
en_lcd = 00A4
init led 02114
m2 = (002A
numZ = 0035
port_lcd 00A0
prn_lcd2 0283
r 10 = 0038
rs_lcd = 0Q0AS
stack = 0020
start33 = 018E
tim = 003C
timer = 0012
wr led = 0238

MOV A, D 100
LCALL WR_T.CD
MOV A, D 1u
LCALL WR_LCD
MOV A, D 1
LCALL WR_LCD

LCALL PRINT LID

oB 'km/hrt, GOH

RET

END

(1.3) (Cy 1987, 1%8%9 Ranarv Technology

calcu = 002D 110 = 00E1
d4_.cd = 00AD dd lcd = 00A1
d7 icd - 00AS d_1 = 0032
d_1£0 = 0030 datal = 029C
dell = 0016 del2 = 0014
diyC = 0291 dlyl = 0293
en wrlcd = 026A goto_lcd = 0258
loop lcd = 00F3 ml = 0027
main = 0000 numl = 0034
numi - 0036 p_2p = 0033
print lcd = 0277 prn_lecdl = 027B
prn led3 = 0282 r 1 = 0037
r 1. — 003A r 110 = 003B
hf . fr - 025E shf rgt = 0264
start - COED start22 = 01Dz
startd = QL4 startd44 = 0141
tifke = J0O38 timel = 000D
wait = J008 wr_ins = 0235

wr lcdl = 023B



Features

« Compatibte with MCS-51" Products

* 8K Bytes of In-System Reprogrammable Flash Memory
* Endurance: 1,000 Write/Erase Cycles

* Fully Static Operation: 0 Hz to 24 MHz

* Three-level Program Memory Lock

* 256 x B8-bit Internal RAM

* 32 Programmable I/C Lines

Three 16-bit Timer/Counters

Eight Interrupt Sources

Programmable Serial Channel
Low-power ldle and Power-down Modes

* = 8

Description

The AT89C52 is a low-power, high-performance CMOS 8-bit microcomputer with 8K
bytes of Flash pregrammable and erasable read only memoery (PEROM). The device
is manufactured using Atmel’s high-density nonvolatile memory technelogy and is
compatible with the industry-standard 80C51 and 80C52 instruction set and pinout.
The on-chip Flash allows the program memory to be reprogrammed in-system or by a
conventional nonvolatilte memory programmer. By combining a versatile 8-bit CPU
with Flash on a monolithic chip, the Atmel ATB8C52 is a powerful micrccomputer
which provides a highly-flexible and cost-effective solution to many embedded control
applications.

Pin Configurations poIP
T
PQFP/TQFP mamor]t wpvee
mzEgPLIC]2 20 |1 PO.0 (ADO)
g ESEg rzcls b Po. (a01)
EE 2823 AL+ a7 P02 (ADD)
L] o= PiaC]s M [1P03 (ADY)
Taiana §EE€? Pscls 25 [1P0.a (AD4)
ann 0 Preg]7 » 1 pos (aDs)
ITTITYIAEISERL P1IC]n 311 P0.8 (ADE)
Piagit 331 P04 (AD4} Lsdla b 2 [APO.T(ADT)
piee]2 32 [1P0.5 (ADS) [RXD) PA0G 10 I HEAVPR
r2s 11 D PO ADE) XDy PR 11 30 {1 ALEPROG
rsrda 30 P07 (AD7} NTD) P32 O] 12 2011 PSEN
o pands b Eever Wy Paad1a 22P27 1a15)
wecle PN oy Pa.4 ] 14 27 [1P2.8 (A14)
mayeadr 27 D ALEIPROG murss 2 [1P25(a13)
pr i e wR) P24 [ 16 25 D P24 ia1z)
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The AT89C52 provides the following standard features: 8K
bytes of Flash, 256 bytes of RAM, 32 1O lines, three 16-bit
timer/counters, a six-vector two-level interrupt architecture,
a full-duplex serial port, on-chip oscillator, and clock cir-
cuitry. In addition, the ATB9IC52 is designed with static fogic
for operation down to zero frequency and supports two
software selectable power saving modes. The Idle Mode
stops the CPU while aflowing 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 raset.

Pin Description

vcce
Supply voltage.

GND
Ground.

Port 0

Port 0 is an 8-bit open drain bi-directional 10 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 O can 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 B-bit bi-directional IO port with intermal 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 intema!? pullups and can be used as inputs. As inputs,
Port 1 pins that are externally being pulled tow will source
current (I, } because of the internal pullups.

In addition, P1.0 and P1.1 can be configured to be the
timer/counter 2 external count input (P1.0/T2) and the
timer/counter 2 trigger input (P1.1/T2EX), respectively, as
shown in the following table.

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

Port Pin | Alternate Functions

P1.0 T2 (external count input to Timer/Counter 2),
clock-out

P1.1 T2EX (Timer/Counter 2 capture/reload trigger and
direction control}

Port 2

Port 2 is an 8-bit bi-directional /O port with intemal 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 intemnal pullups and can be used as inputs. As inputs,
Port 2 pins that are externally being pulled low will source
current ([ ) because of the internal pullups.

Port 2 emits the high-order address byte during fetches
from external program memory and during accesses to
extemnal data memory that use 16-bit addresses (MOVX @
DPTR). In this application, Port 2 uses strong intemal pul-
lups when emitting 1s. During accesses to external data
memory that use B-bit addresses (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.

Port3

Port 3 is an 8-bit bi-directionat I/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 intenal pullups and can be used as inputs. As inputs,
Port 3 pins that are externally being pulled low will source
current (, ) because of the pullups,

Port 3 also serves the functions of various special features
of the ATB9C51, as shown in the following table.

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

Port Pin Alternate Functions

P3.0 RXD (serial input port)

P3.1 TXD (seria! output port)

P3.2 INTO (external interrupt 0}

P33 INT1 (external intemrupt 1)

P34 TO (timer 0 external input)
7P35 T (timer1 external input)

P36 WR (external data memory write strobe)
I P3.7 RD {external data memory read strobe)
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 is an output pulse for latching the
low byte of the address during accesses to external mem-
ory. 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
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timing or clocking purposes. Note, however, that one ALE
pulse is skipped during each access to external data
memory.

If desired, ALE operation can be disabled by setting bit 0 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. Seiting the ALE-disable bit has no
effect if the microcontroller is in extemnal execution mode.

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

When the AT89C52 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.

Table 1. ATB9CS52 SFR Map and Reset Values

EAVPP

External Access Enable. EA must be strapped to GND in
order to enabie the device 1o fetch code from extemnat 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 when 12-volt
programming is sefected.

XTAL1
Input to the inverting oscillator amplifier and input to the
internal clock operating circuit.

XTAL2
QOutput from the inverting oscillator amplifier.

OF8H - OFFH
OFOH B OF7H
00000000
OESH OEFH
ACC
oEOH | ACC OE7H
008H 0DFH
PSW _- o
0DOH 00000000 0D7H
ocer | _T2CON T2MOD RCAP2L RCAP2H L2 TH2 oCFH
00000000 | XXXXXX00 | 00000000 | 00000000 | 00000000 | 00000000
OCOH 0C7H
0BEH e OBFH
XX000000
P3
9807 | 1111114 o
OABH & OAFH
0X000000
“p2
0AOH 11111411 0A7H
SCON SBUF T
B8H | 00000000 | X000GKXX 9FH
Pi
90H 11111111 87H
- TCON TMOD Tw L1 THO TH1 6FH
00000000 00000000 00000000 00000000 00000000 00000000
BOH PO 5P DPL DPH PCON a7H
11111111 00000141 00000000 |  0ODOO000 0XXX0000
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Special Function Registers

A map of the on-chip memory area called the Special Func-
tion Register (SFR) space is shown in Table 1.

Note that not all of the addresses are occupied, and unoc-
cupied addresses may not be implemented on the chip.
Read accesses to these addresses will in general return
random data, and write accesses will have an indetermi-
nate effect.

User software should not write 1s to these unlisted loca-
tions, since they may be used in future products to invoke

Table 2. T2CON - Timer/Counter 2 Control Registe

new features. In that case, the reset or inactive values of
the new bits will always be 0.

Timer 2 Registers Control and status bits are contained in
registers T2CON (shown in Table 2) and T2MOD (shown in
Table 4) for Timer 2, The register pair (RCAP2H, RCAP2L)
are the Capture/Reload registers for Timer 2 in 16-bit cap-
ture mode or 16-bit auto-relcad mode.

Interrupt Registers The individual interrupt enable bits are

in the IE register. Two priorties can be set for each of the
six interrupt sources in the [P register.r

T2CON Address = 0C8H
Bit Addressable

Reset Value = 0000 0000B

Bit TF2 EXF2 RCLK TCLK

EXEN2 TR2 CiT2 RL2

7 6 5 4

CP/RL
0

Symbol Function

RCLK=1or TCLK = 1.

TF2 Timer 2 ovetflow flag set by a Timer 2 overflow and must be cleared by software. TF2 will not be set when either

EXF2

(OCEN = 1).

Timer 2 external flag set when either a capture or reload is caused by a negative transition on T2EX and
EXENZ = 1, When Timer 2 interrupt is enabled, EXF2 = 1 will cause the CPU to vector to the Timer 2 interrupt
routine. EXF2 must be cleared by software. EXF2 does not cause an interrupt in up/down counter mode

RCLK

Receive clock enable. When set, causes the serial port to use Timer 2 overflow pulses for its receive clock in serial
port Modes 1 and 3. RCLK = 0 causes Timer 1 overflow to be used for the receive clock.

TCLK

Transmit clock enable. When set, causes the serial port to use Timer 2 overflow pulses for its transmit clock in serial
port Modes 1 and 3. TCLK = 0 causes Timer 1 overflows to be used for the transmit clock,

EXEN2

Timer 2 external enable. When set, allows a capture or reload to occur as a result of a negative transition on T2EX
if Timer 2 is not being used to clock the serial port. EXEN2 = 0 causes Timer 2 to ignore events at T2EX.

TR2 Start/Stop contro! for Timer 2. TR2 = 1 starts the timer.

triggered).

Timer or counter select for Timer 2. C/T2 = 0 for timer function. C/T2 = 1 for external event counter (falling edge

CP/RL2

Caplure/Reload select, CP/RLZ = 1 causes captures to occur on negative transitions at T2EX if EXEN2 = 1. CP/RL2
= 0 causes automatic reloads to occur when Timer 2 overflows or negative transitions occur at T2EX when EXEN2
= 1. When either RCLK or TCLK = 1, this bit is ignored and the timer is forced to auto-reload on Timer 2 overflow.

Data Memory

The ATB9C52 implements 256 byles of on-chip RAM. The
upper 128 bytes occupy a paralle! address space to the
Special Function Registers. That means the upper 128
bytes have the same addresses as the SFR space but are
physically separate from SFR space.

When an instruction accesses an internal location above
address 7FH, the address mode used in the instruction

specifies whether the CPU accesses the upper 128 bytes
of RAM or the SFR space. Instructions that use direct
addraessing access SFR space.

For example, the following direct addressing instruction

accesses the SFR at location QAQH (which is P2).
MOV OAOH, Hdata
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Instructions that use indirect addressing access the upper
128 bytes of RAM. For example, the following indirect
addressing instruction, where RQ contains QAOH, accesses
the data byte at address 0OAQH, rather than P2 (whose
address is 0AQH).
MOV RO, Hdakca

Note that stack operations are examples of indirect
addressing, so the upper 128 bytes of data RAM are avail-
able as stack space.

Timer 0 and 1

Timer 0 and Timer 1 in the ATB9C52 operate the same way
as Timer 0 and Timer 1 in the AT89C51.

Timer 2

Timer 2 is a 16-bit Timer/Counter that can operate as either
a timer or an event counter. The type of operation is
selected by bit C/T2 in the SFR T2CON (shown in Table 2).
Timer 2 has three operating modes: capture, auto-reload
{up or down counting), and baud rate generator. The
modes are selected by bits in T2ZCON, as shown in Table 3.
Timer 2 consists of two 8-bit registers, TH2 and TL2. In the
Timer function, the TL2 register is incremented every
machine cycle. Since a machine cycle consists of 12 oscil-
lator periods, the count rate is 1/12 of the oscillator
frequency.

Table 3. Timer 2 Operating Modes

RCLK +TCLK | CP/RL2 TR2 MODE
0 0 1 16-bit Auto-reload
0 1 1 16-bit Capture
1 X 1 Baud Rate Generator
X X 0 (o)

In the Counter function, the register is incremented in
response to a 1-t0-0 transition at its corresponding external

input pin, T2. In this function, the external input is sampled
during S5P2 of every machine cycle. When the samples
show a high in one cycle and a low in the next cycle, the
count is incremented. The new count value appears in the
register during S3P1 of the cycle following the one in which
the transition was detected. Since two machine cycles (24
oscillator periods) are required to recognize a 1-to-0 transi-
tion, the maximum count rate is 1/24 of the oscillator
frequency. To ensure that a given level is sampled at least
once before it changes, the level should be held for at least
one full machine cycle.

Capture Mode

In the capture mode, two options are selected by bit
EXENZ in T2CON. If EXENZ2 = 0, Timer 2 is a 16-bit timer
or counter which upon overflow sets bit TF2 in T2CON.
This bit can then be used to generate an interrupt. If
EXENZ = 1, Timer 2 performs the same operation, but a 1-
to-0 transition at external input T2EX also causes the cur-
rent value in TH2 and TL2 to be captured into RCAP2H and
RCAPZ2L, respectively. In addition, the transition at T2ZEX
causes bit EXF2 in T2CON to be set. The EXF2 bit, like
TF2, can generate an interrupt. The capture modae is illus-
trated in Figure 1.

Auto-reload {Up or Down Counter)

Timer 2 can be programmed to count up or down when
configured in its 16-bit auto-reload mode. This feature is
invoked by the DCEN (Down Counter Enable) bit located in
the SFR T2MOD (see Table 4). Upon reset, the DCEN bit
is set to O so that timer 2 will default to count up. When
DCEN is set, Timer 2 can count up or down, depending on
the value of the T2EX pin.




Figure 1. Timer in Capture Mode

AT89C52

osc o 12 B
c2=0
—o/o——-[ TH2 n2 | Tr2 |
ool OVERFLOW
2 =1 TR2 -
Y
T2 PIN CAPTURE
RCAPZH | RCAP2L
TRANSITION
DETECTOR TIMER 2
INTERRUPT
T2EX PIN [J—— ™ O/o EXF2

EXEN2

Figure 2 shows Timer 2 automatically counting up when
DCEN = 0. In this mode, two options are selected by bit
EXENZ2 in T2CON. If EXEN2 = 0, Timer 2 counts up to
OFFFFH and then sets the TF2 bit upon overflow. The
overflow also causes the timer registers to be reloaded with
the 16-bit value in RCAP2H and RCAP2L. The values in
Timer in Capture ModeRCAP2H and RCAP2ZL are preset
by software. If EXEN2 = 1, a 16-bit reload can be triggered
either by an overflow or by a 1-t0-0 transition at external
input T2EX. This transition also sets the EXF2 bit. Both the
TF2 and EXF2 bils can generate an interrupt if enabled.

Setting the DCEN bit enables Timer 2 te count up or down,
as shown in Figure 3. In this mode, the T2EX pin controls

| conTROL

the direction of the count. A logic 1 at T2EX makes Timer 2
count up. The timer will overflow at OFFFFH and set the
TF2 bit. This overflow also causes the 16-bit value in
RCAP2H and RCAP2L to be reloaded into the timer regis-
ters, TH2 and TLZ, respectively.

A logic 0 at T2EX makes Timer 2 count down. The timer
underflows when TH2 and TL2 equal the values stored in
RCAP2H and RCAP2L. The underflow sets the TF2 bit and
causes OFFFFH to be reloaded into the timer registers.

The EXF2 bit toggles whenever Timer 2 overflows or

underflows and can be used as a 17th bit of resolution. in
this operating mode, EXF2 does not flag an interrupt.
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Figure 2. Timer 2 Auto Reload Mode (BCEN = ()

osc +12 _
—o/o——>| TH2 | T2 |+
[ coNTROL OVERFLOW
T TR2

n 2=1 RELOAD \
T2 PIN TIMER 2
INTERRUPT
RCAPZH | RCAP2ZL
« » TF2
TRANSITION
DETECTOR
T2EX PN [——— % o070 : EXF2
i CONTROL
EXEN2
Table 4. T2MOD - Timer 2 Mode Control Register
T2ZMOD Address = 0C9H Reset Value = X>O0( XX00B
Not Bit Addressable
- - - - - - T20E DCEN
Bit 7 6 5 4 3 2 1 0
Symbol Function
- Not implemented, reserved for future
T20E Timer 2 Qutput Enable bit.
DCEN When set, this bit allows Timer 2 to be configured as an up/down counter.




Figure 3. Timer 2 Auto Reload Mode (DCEN = 1)
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Figure 4. Timer 2 in Baud Rate Generator Mode
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Baud Rate Generator

Timer 2 is selected as the baud rate generator by setting
TCLK and/or RCLK in T2CON (Table 2}. Note that the
baud rates for transmit and receive can be different if Timer
2 is used for the receiver or transmitter and Timer 1 is used
for the other function. Setting RCLK andfor TCLK puts
Timer 2 into its baud rate generator mode, as shown in Fig-
ure 4.

The baud rate generator mode is similar to the auto-retoad
mode, in that a rollover in TH2 causes the Timer 2 registers
to be reloaded with the 16-bit value in registers RCAP2H
and RCAP2L, which are preset by software.

The baud rates in Modes 1 and 3 are determined by Timer
2's overflow rate according to the following equation.

Modes 1 and 3 Baud Rates = 1Imer2 O‘;E'ﬂm" Rate

The Timer can be configured for either timer or counter
operation, In most applications, it is configured for timer
operation (CP/T2 = 0). The timer operation is different far
Timer 2 when it is used as a baud rate generator. Normally,
as a timer, it increments every machine cycle (at 1/12 the
oscillator frequency). As a baud rate generator, however, it

Figure 5. Timer 2 in Clock-out Mode

0sC +2

increments every state time (at 1/2 the oscillator fre-
quency). The baud rate formula is given below.

Modes 1and 3 _
Baud Rate

Oscillator Frequency
32 x [65536 — (RCAP2H,RCAP2L))}

where (RCAP2H, RCAP2L) is the content of RCAP2H and
RCAP2ZL taken as a 16-bil unsigned integer.

Timer 2 as a baud rate generator is shown in Figure 4. This
figure is valid only if RCLK or TCLK = 1 in T2CCN. Note
that a rollover in TH2 does not set TF2 and will not gener-
ate an interrupt. Note too, that if EXEN2 is set, a 1-to-0
transition in T2ZEX will set EXF2 but will not cause a reload
from (RCAP2H, RCAP2L) to (TH2, TL2). Thus when Timer
2is in use as a baud rate generator, T2EX can be used as
an extra external interrupt.

Note that when Timer 2 is running (TR2 = 1) as a timer in
the baud rate generator mode, TH2 or TL2 should not be
read from or written to. Under these conditions, the Timer is
incremented every state time, and the results of a read or
write may not be accurate. The RCAP2 registers may be
read but should not be written to, because a write might
overlap a reload and cause write and/or reload errors. The
timer should be tumed off {clear TR2) before accessing the
Timer 2 or RCAP2 registers.

P1.0 /

i N

[ P TL2 | TH2
™ (8-BITS) | (8-BITS)
|

TR2
RCAPZL | RCAPZH
- CfT2 BIT

+2 O\O

T20E (T2MOD.1)

TRANSITION
¥ DETECTOR
P1.1 / \
NG, o7

EXEN2

., TIMER 2
INTERRUPT

EXF2
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Programmable Clock Out

A 50% duty cycle clock can be programmed to come out on
P1.0, as shown in Figure 5. This pin, besides being a regu-
lar 11O pin, has two alternate functions. It can be
programmed to input the external clock for Timer/Counter 2
or to output a 50% duty cycle clock ranging from 61 Hzto 4
MHz at a 16 MHz operating frequency.

To configure the Timer/Counter 2 as a clock generator, bit
CIT2 {T2CON.1) must be cleared and bit T20E (T2MOD. 1)
must be set. Bit TR2 (T2CON.2) starts and stops the timer.

The clock-out frequency depends on the oscillator fre-
quency and the reload value of Timer 2 capture registers
(RCAP2H, RCAP2L), as shown in the folfowing equation.

Oscillator Fequency
{65536 — (RCAP2H,RCAP2L)]

In the clock-out mode, Timer 2 roll-overs will not generate
an interrupt. This behavior is similar to when Timer 2 is
used as a baud-rate generator. It is possible to use Timer 2
as a baud-rate generator and a clock generator sirmulta-
neously. Note, however, that the baud-rate and clock-out
frequencies cannot be determined independently from one
another since they both use RCAP2H and RCAP2L.

UART

The UART in the AT89C52 operates the same way as the
-UART in the AT89C51.

Clock-Cut Frequency= %

Interrupts

The AT89C52 has a total of six interrupt vectors: two exter-
nal interrupts (JNTO and INT1)}, three timer interrupts
(Timers 0, 1, and 2), and the serial port interrupt. These
interrupts are all shown in Figure 6.

Each of these interrupt sources can be individually enabled
or disabled by setting or clearing a bit in Special Function
Register IE. IE also contains a global disable bit, EA, which
disables all interrupts at once.

Note that Table shows that bit position IE.G is unimple-
mented. In the AT89C51, bit position IE.5 is glso
unimplemented. User software should not write 1s to these
bit positions, since they may be used in future AT89
products.

Timer 2 interrupt is generated by the logical OR of bits TF2
and EXF2 in register T2CON. Neither of these flags is
cleared by hardware when the service routine is vectored
to. In fact, the service routine may have to determine
whether it was TF2 or EXF2 that generated the interrupt,
and that bit will have to be cleared in software.

The Timer 0 and Timer 1 flags, TF0O and TF1, are set at
S5P2 of the cycle in which the timers overflow. The values
are then polled by the circuitry in the next cycle. However,

the Timer 2 flag, TF2, is set at S2P2 and is polled in the
same cycle in which the timer overflows.

Table 5. Interrupt Enable (JE) Register

{MSB)
lea |-

Ls8)
ler2 [es [er [ex [0 [exo |

Enable Bit = 1 enables the interrupt.

Enable Bit = 0 disables the interrupt.

Symbol Position Function

EA IE.7 Disables all interrupts. If EA =0,
no interrupt is acknowledged. If
EA = 1, each interTupt source is
individually enabled or disabled
by setting or clearing its enable
bit.

- IE.6 Reserved.

ET2 IE.5 Timer 2 interrupl enable hit.

ES IE.4 Serial Port interrupt enable bit.

ET1 IE.3 Timer 1 interrupt enable bit.

EX1 IE.2 External interrupt 1 enable bit.

ETO IE.1 Timer 0 interrupt enable bit.

EX0 IE.0 External interrupt 0 enable bit.

User software should never write 1s to unimplemented bits,
because they may be used in future AT89 products.

Figure 6. Interrupt Sources

INTD IEQ

T

TF1

Al
RI

TFz
EXF2
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Oscillator Characteristics

XTAL1 and XTALZ2 are the input and output, respectively,
of an inverting amplifier that can be configured for use as
an on-chip oscillator, as shown in Figure 7. Either a quartz
crystal or ceramic resonator may be used. To drive the
device from an external clock source, XTAL2 should be left
unconnected while XTAL1 is driven, as shown in Figure 8.
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.

Note that when idle mode is terminated by a hardware
reset, the device normally resumes program execution
from where it left off, up to two machine cycles before the
internal reset algorithm takes control. On-chip hardware

is restored to its normat operating level and must be held
active long enough to allow the oscillator to restart and
stabilize.

Figure 7. Oscillator Connections

Cc2
—”__T_— XTAL2
O]
c1 T
o —Jl——e— XTAL1
_T_ GND

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

= 40 pF £ 10 pF for Ceramic Resonators

Figure 8. External Clock Drive Configuration

inhibits access to intemal RAM in this event, but access to

the port pins is not inhibited. To eliminate the possibility of NC ———— XTAL2

an unexpected write to a port pin when idle mode is termi-

nated by a reset, the instruction following the one that

invokes idle mode should not write to a port pin or to exter-

nal memory. EXTERNAL

OSCILLATOR XTAL1

Power-down Mode SIGNAL

in the power-down mode, the oscillator is stopped, and the

instruction that invokes power-down is the last instruction GND

executed. The on-chip RAM and Special Function Regis- I

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 aclivated before V¢

Status of External Pins During ldle and Powe-down Modes
Mode Program Memory ALE PSEN PORTO PORT1 PORT2 PORT3
ldle internal 1 1 Data Data Data Data
idle Externa! 1 1 Float Data Address Data
Power-down Internal [#] i+ Data Data Data Data
Power-down External 1] —0 7 Float Data Data Data
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Program Memory Lock Bits

The AT89C52 has three lock bits that can be left unpro-
grammed (U) or can be programmed (P} to obtain the
additional features fisted in the following table.

Lock Bit Protection Modes

Program Lock Bits

LBY LB2 LB3 | Protection Type

1 v v v
2 P v v

No program lock features.

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 memory is disabled.

.

Same as mede 2, but verify is
also disabled.

Same as mode 3, but external
execution is also disabled.

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. The
latched value of EA must agree with the current logic fevel
at that pin in order for the device to function properly.

Programming the Flash

The ATB9C52 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-voit) or a low-voltage
{Vce) program enable signal. The Low-voltage program-
ming mode provides a convenient way to program the
AT89C52 inside the user's system, while the high-voltage
programming mode is compatible with conventional third-
party Flash or EPROM programmers.

The AT89C52 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 =12V Vep = 5V
Top-side Mark AT89C52 ATBICH2

000X X - 5

Yyww yyww

Vpp =12V Vpp= 5V

Signature (030H) = 1EH (030H) = 1EH
(031H) = 52H (031H) = 52H
(032H) = FFH (032H) = 05H

The AT89C52 code memory array is programmed byte-by-
byte in either pregramming 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
AT89C52, the address, data and contro) signals should be
set up according to the Flash programming mode table and
Figure 9 and Figure 10. To program the ATB9C52, take the
following steps.

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

2. Input the appropriate data byte on the data lines.
3. Activate the cemrect combination of control signals.

4, Raise EA/Vpp 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
and data for the entire array or until the end of the
object file is reached.

Data Polling The ATB9C52 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 data on PO.7. Once the write cycle
has been completed, true data is 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. P3.4 is 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 1s. The chip erase operation must be executed
before the code memory can be reprogrammed.

AIMEL 1
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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.

(030H) = 1EH indicates manufactured by Atmel

(031H) = 52H indicates 89C52

(032H) = FFH indicates 12V programming

(032H) = 05H indicates 5V programming

Flash Programming Modes

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 automaticaily time itself to
cormpletion.

All major programming vendors offer worldwide support for

the Atmel microcontroller series. Please contact your focal
programming vendor for the appropriate software revision.

Mode RST PSEN ALE/PROG EANVp P2.6 P2.7 P3.6 P3.7
Write Code Data H L HH12V L H H H
—~_
Read Code Data H H H L L H H
Write Lock Bit - 1 H HH2V H H H H
—~
Bit-2 | H L B H/12v H H L L
~
Bit- 3 H L H/12v H L H L
TN
Chip Erase H L (1) Hi12v H L L L
~
Read Signature Byte H L o] H L L L L
Note: 1. Chip Erase requires a 10 ms PROG pulse.




Figure 9. Programming the Flash Memory

AT89C52

Figure 10. Verifying the Flash Memory

+5V +5V
AT87F52 AT8TES2
ADDR, &!-f’ P1 Veo —T ADDR, AQ - A7 P1 Vee _T
0000Hr1FFF:8 ol 20 p2a Pl Eﬁ; OOOOHHFFFiI;; . E‘%E 5;%:\
— P26 —» P26
SEE FLASH —» P27 ALE }+—— PROG SEE FLASH ——p] P27 ALE
PROGRAMMING PROGRAMMING
MODES TABLE | —*| P36 MODES TABLE | — % P36 v
—» P37 — | P37 "
* XTAL2 EA [—— VN —I—‘ XTAL2 EA
324 MHz | I 324 MHz
= 1’—1 = }T
I f XTAL1 RST [#— V, L XTAL1Y RST [4&— VvV,
GND PSEN | GND PSEN
1 + —
Flash Programming and Verification Characteristics
T, =0°Cto 70°C, Vo = 5.0+ 10%
Symbol Parameter Min Max Units
Vepl" Programming Enable Voltage 11.5 12.5 v
1" Programming Enable Current ) 1.0 mA
e QOscillator Frequency 3 24 MHz
taveL Address Setup to FROG Low a8tg o,
taHax Address Hold after PROG 48tey o
tovaL Data Setup to PROG Low 4Bte, o
LaHox Data Hold Afler PROG 48t o
feusy P2.7 (ENABLE) High to Vpp 48Btg o
tonoL Vpp Setup to PROG Low T 10 s
tons ' Vpp Hold after PROG 10 us
PP PROG Width 1 110 s
tavav Address to Data Valid 4Bte o
teray ENABLE Low to Data Valid 4Bt o
tenaz Data Float after ENABLE 0 48te o
toneL PROG High to BUSY Low 1.0 ps
twe Byte Write Cycle Time ) o 2.0 ms
Note: 1. Only used in 12-volt programming mode.

AIMEL
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Flash Programming and Verification Waveforms - High-voitage Mode (Vpp=12V)

P10 - P1.7 |, PROGRAMH_A_ING VERIFICATION
P2.0 - P24 —( ADDRESS _)ﬁ ADDRESS
_ *+— tavay
PORT 0 b oA N ) CEXS
L“" tovar  tonox [+
tavelL ¢ - tanax
ALE/PROG N ’
tseL ", toen- tonse
— — A Nee \LOGIC 1
EANep A T e o ___ | ___
2)
—t t
P2.7 ErsH tevov — *— tenaz
(ENABLE)
toraL —
P3.4
(RODY/BSY) BUSY READY
tWC

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

P1.0 - P1.7 PROGRAMMING VERIFICATION
. .
P20 - P24 — ADDRESS Jj ADDRESS
*— Lwav
PORT 0 I BAA N T ‘ DATA OUT p———
" : - tver  lonox [
o [ ! toume
ALE/PROG - ) /’
tSHGL * '4_tGLGH—'b'
= : LOGIC 1
BANwe L 1 oGIC 0] _________ S
le—t ‘
P2.7 EHSH _ tevav — "+ lenoz
(ENABLE)
toHaL —*
P34
(RDY/BSY) BUSY READY
twe
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Absolute Maximum Ratings*

Operating TeMpPerature............oovveeevvecesieesnns -55°C to +125°C *NOTICE:
Storage Temperature...............cccccoecnne..... 65°C to +150°C

Voltage on Any Pin

with Respect to Ground .......ccccuninieerceecnrrceennen. -1.0V to +7.0V

Maximum Operating Voltage ................cccoeervmrevvmvennennes 6.6V

DC OUtput CUITENL......o.rircmrennsreer e eresesn e renanas 15.0 mA

DC Characteristics

The values shown in this table are valid for T, = 40°C to 85°C and V.. = 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 atthese or any

cther conditions beyond those indicated in the
operational sections of this specification is not
implied. Exposure to absolute maximum rating
conditions for extended pericds may affect

device reliability.

Symbol Parameter Condition Min Max Unkts
Vy Input Lew-voltage (Except EA) 0.5 0.2 V0.1 v
Vi Input Low-voltage (EA) ) ) 0.5 0.2 Vige-0.3 v
Vi Input High-voltage (Except XTAL]. R;) 0.2 Vec+0.9 Veet0.5 A\
Vint Input High-voltage (XTAL1, RST) - 0.7 Ve Vec*0.5 A
Va Qutput Low-voitage'™ (Ports 1,2,3} loL = 1.6 MA 045 v
A Qutput Low-voltage!” o = 3.2 mA 045 A
(Port 0, ALE, PSEN)
Vo Output High-voltage loy = -60 PA, Ve = 5V £10% 2.4 \
{Ports 1,2,3, ALE, PSEN) o = 25 pA 075 Ve v
loy = =10 HA 0.9 Vee v
Youi Output High-vollage lon = -800 pA, Vcc_= 5V 1 10% 24 v
{Porl 0 in Exlernal Bus Mode) ‘—‘"!OH 200 ;A— - 0.75 Voo v
Iy, = -B0 pA 0.9 Ve v
I Logical O Input Current (Ports 1,2,3) | V), =045V -50 KA
In Logical 1 to 0 Transition Current VINT 2V, Ve =5V 10% -650 pA
{Ports 1,2,3)
Iy Input Leakage Current {Pori 0, EA) 045 <V, <V +10 pA
RRST Reset Pulldown Resistor 50 300 K
Co Pin Capacitance Test Freq. = 1 MHz, T, = 25°C 10 pF
lee Power Supply Current Active Mode, 12 MHz 25 mA
Idle Mode, 12 MH2 6.5 mA
Power-down Mode(" Ve =6V 100 A
Voo = 3V 40 pA
Notes: 1. Under steady state (non-transient} conditions, 15, must be exiernally limited as follows:

Maximum g, per port pin: 10 mA,
Maximum |, per 8-bit port:
Port 0: 26 mA

Poris 1, 2, 3: 15 mA

Maximum totat |, for all output pins: 71 mA,
If I exceeds the test condition, Vi, 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.

AIMEL
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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

12 MHz Oscillator Variable Oscillator

Symbol Parameter Miﬁ Max Min Max Units
MereL Oscillator Frequency o 24 MHz
t, ALE Pulse Width 127 21 40 ns
b Address Valid to ALE Low 43 lore:-13 ns
b ax Address Hold After ALE Low 48 too-20 ns
v ALE Low to Valid Instruction fn 233 e o 65 ns
1 ALE Low to PSEN Low 43 laa-13 ns
teLpu PSEN Pulse Width 205 Bt 20 ns
oL PSEN Low to Valid Instruction In 145 Moy o 45 ns
tpxix Input Instruction Hold after PSEN 0 0 ns
texiz Input Instruction Float after PSEN 59 tore~10 ns
toxay PSEN to Address Valid 75 too, 8 ns
taviy Address to Valid Instruction In 312 Ste ot 55 ns
toLaz PSEN Low to Address Float 10 10 ns
trirn RD Putse Width 400 6o -100 ns
tiwe WR Pulse Width 400 Bt o -100 ns
triov RD Low to Valid Data In 252 Ster e -80 ns
trrox Data Hold After RD 0 0 ns
tarpz Data Float After RD 97 2ty 28 ns
tiow ALE Low to Valid Data In 517 Blg o ~150 ns
tavoy Address to Valid Data In - 585 Hepc 165 ns
tuw ALE Low to RD or WR Low 200 300 3tey e -50 3ty o +50 ns
tavw Address to RD or WR Low 203 M- 75 ns
tovwx Data Valid to WR Transition 23 te o 20 ns
Lovwn Data Vvalid to WR High 433 Tte 120 ns
- Data Hold After WR 33 tee 20 ns
traz RD Low to Address Float 0 0 ns
L. RD or WR High to ALE High 43 e 123 toLom20 toLc t25 ns




External Program Memory Read Cycle

AT89C52

b~
ALE ST N
N b
tAVLL " sle n ‘LLN LPH
—4 Wip
PSEN N tuy 1
t
] [+ tpxa
tL tPLAZ tP)(IZ
LAX »
toxix—>  |e—
PORT 0 —K___A0-AT7 i INSTRIN b > A0-A7 >~
* tavv e
PORT 2 ) A8 - A15 X AB-A15
External Data Memory Read Cycle
o —
ALE
- bmen
PSEN
e 1'LLD'\I —’I
— lairy—»
[ 1'LL\NL —
RD —ba—b o e——
et —» oL triov trupz
Rlaz —h tFlHD)(
PORT 0 __>KAD - A7 FROM RI OR DPLX K OATA IN SHXAQ - A7 FROM PCL>-{ INSTR IN
— tavwm
— tAVEN
PORT 2 4 P2.0 - P2.7 OR AB - A15 FROM DPH > AB - A15 FROM PCH

AIMEL



External Data Memory Write Cycle

AIMEL

b —
ALE N
—* b
PSEN ) /
: f— b, ——e—tywn —»]
WR L
N A
WR —t L ax
e—tavi—s{  lovwx — —» — toox
— tovwn —»
PORT 0 > AD - A7 FROM Rl OR DPL DATA OUT > (A0 - A7 FROM PCL>-<INSTR IN
[ t.F\\\f\ll'\"L I
PORT 2 ) P2.0 - P27 OR A8 - A15 FROM DPH > AB - A15 FROM PCH

External Clock Drive Waveforms

0.45V -

0.2 Vge- 0.1V

External Clock Drive

Symbol Parameter Min Max Units
Mo Oscillator Frequency 0 24 . MHz
loa Clock Period 416 ns
tenex High Time 15 ns
lorex Low Time 15 ns
teicH Rise Time 20 ns
teneL Falt Time 20 ns
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Serial Port Timing: Shift Register Mode Test Conditions
The values in this table are valid for V¢ = 5.0V £20% and Load Capacitance = 80 pF.

12 MHz Osc Variable Oscillator
Symbol Parameter Min Max Min Max Units
e Serial Port Clock Cycle Time 1.0 12t us
tavan Output Data Setup to Clock Rising Edge 700 10t g -133 ns
tenax Output Data Hold After Clack Rising Edge 50 Ao 117 ns
tenox Input Data Hold After Cicck Rising Edge 0 0 ns
tenov Clock Rising Edge to Input Data Valid 700 10to o -133 ns

Shift Register Mode Timing Waveforms

INSTRUCTION j 0 12 | _3_ | | I | |
ae T UM erau e

CLOCK 5 | | [ L T L I 1
ot NV N
WRITE TO SBUF N 0 [ X 11X 2 X3 W a X 5 X 8 X 1/
v o 1 baox sevmi |
OUTPUT DATA tnov [

_ CLEARRI |
v

INPUT DATA

AC Testing Input/Output Waveforms("

Voo - 08V 02 Vg + 0.9V

- 0V

Timing Reference

v
TEST POINTS LOAD < Y ois
0.2 V. - 0.1V W -« 0. W+ B
0.45V cc LOAD o
Note: 1. AC Inputs during testing are driven at Ve - 0.5V Note: 1. For timing purposes, a port pin is no lenger floating

for a legic 1 and 0.45V for a legic 0. Timing measure-
ments are made at V,,; min. for a logic 1 and V,_max.
for a logic 0.

AMEL

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

Speed Power
(MHz) Supply Ordering Code Package Operation Range
12 5V £20% AT83C52-12AC 44A Cemmercial
ATBICS2-12JC 44) {0°C to 70°C)
ATBI9CS52-12PC 40P6
AT89C52-12QC 44Q
ATBICSH2-12A) 44A Industrial
ATB9CS52-12J1 44 (-40°C t0 85°C)
ATB9CS52-12PI 40P6
ATBSC52-12Q1 44Q
16 5V +20% ATB9C52-16AC 44A Commercial
AT89C52-16JC 44) (0°C to 70°C}
ATBI9C52-16PC 40P6
ATB9C52-16QC 44Q
ATBICS52-16A) 44A Industrial
ATBICS52-1601 44) {-40°C 10 85°C)
AT89C52-16P} 40P6
ATBISC52-16Q1 44Q
20 5V +20% ATB89C52-20AC 44A Commercial
ATB9C52-20JC 44) (0°Cto 70°C)
AT89C52-20PC 40P6
ATB9C52-20QC 44Q
ATBICS2-20Al 44A Industrial
ATBIC52-20)1 44) (-40°C to 85°C}
AT89C52-20PI 40P6
AT89C52-20Q1 44Q
24 5V 120% ATB2C52-24AC 44A Commercial
ATB9C52-24)C 44) (0°C to 70°C)
ATBIC52-24PC 40P6
ATB9C52-24QC 44Q
ATBICS52-24 At 44A Industrial
ATB9CS52-24.1 44) {-40°C to 85°C)
ATBYC52-24P) 40P6 '
AT89C52-24Q1 44Q
Package Type
44A 44-lead, Thin Plastic Gull Wing Quad Flatpack (TQFP)
44) 44-lead, Plastic J-leaded Chip Camier (PLCC)
40P6 40-lead, 0.600" Wide, Plastic Dual Inline Package (PDIP)
44Q 44-lead, Plastic Gull Wing Quad Flatpack (PQFP)

22 AT89C52 memere————————




Packaging Information

AT89C52

44A, 44-lead, Thin (1.0 mm) Plastic Gull Wing Quad
Fiatpack (TQFP)

Dimensions in Millimeters and (Inches)*

JEDEC STANDARD MS-026 ACB

| 12.21{0.478)
{77750 458) 5

PN ID

0.4%0.018)

0.80{0.031) BSC -] % 0.30{0.012)

10.10{0.384)
9.90{0.386)

[—— 1.20(0.047) MAX

0.75(0.030) 0.15{0.006)
0.45(0.018) 0.05(0.002)

Controlling dimension: millimeters

44J, 44-lead, Plastic J-eaded Chip Carrier (PLCC)
Dimensions in Inches and (Millimeters)
JEDEC STANDARD M5-018 AC

045(1 14} X 45" PINND.1 035(1.14) X 30 - A5 ;2p08)
IDENTIFY ._' oos-( 203)
I'f 555(15 oo _t £INT6.0)
H TR 1 50(50)
.0:;(.;3] T o501 7) ST D29(.539)
025, 6850177
660} _*_ E [ .6&5(17.4)50 E‘; 1333
T
0500127 TYP *'“crcm-’t‘-c-n-n— 53109
le | 500{12.7) REF 50 ~ 0200508
] 120{2.05)

002.5¥)
1AB0{4.57T)
165(4.19)

40P8, 40-lead, 0.600" Wide, Plastic Dual Inline
Package (PDIP)
Dimensions in Inches and (Millimeters})

2.07(52.6)
= Z.04(51.8)

T2
iﬁ){(_‘l!i.ﬁ)

f— 090(2 29)
1.800(48,26) REF

Z220{5. 59) 005(.127)
MAX ~—1 MIN
SEATING
PLANE 065(1.65)
.161(4, __IL 15381 387)
A25(3. 1!!) o169 022(559)
locz.m} Ba(1.6ay a(3se)
090(2.25) BI(I6.0)
|—<590(15.0)
9 Rer
012(.305) 15
-008(203) _590(17.5)
BI0{15.5)

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

13.45 (0.525) ¢y
12.95 (0,506)

PIN1ID

0.50 (0.020,

0.80 (0.031) BSC l F .35 (0.014)

10.10 (0.394
5.00 !(b'j. g5 59

r 2.45 (0.096) MAX

0.17 {0.007)

u 13 (0.005) i
...I L.. 1.03 (0.041) E 0.25 {0.010) MAX

0.78 (0.030}
Controlling dimension: millimeters
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Philips Semiconductors
L

NPN switching transistors

Product specification

2N2222; 2N2222A

FEATURES

« High current {max. 800 mA)
« Low voltage (max. 40 V).

APPLICATIONS

» Linear amplification and switching.

DESCRIPTION

NPN switching transistor in a TO-18 metal package.

PNP complernent: 2N2907A.

QUICK REFERENCE DATA

PINNING
PIN DESCRIPTION
1 emitter
2 base
3 collector, connected to case

W= @

Fig.1 Simplified outline {TO-18) and symbol.

SYMBOL PARAMETER CONDITIONS MIN. MAX, UNIT
Veso collector-base voltage open emitter
2N2222 - 60 v
2N2222A - 75 v
Veeo collector-emitter voltage open base
2N2222 - 30 v
2N2222A - 40 v
le collector current (DC) - 800 mA
Piat total power dissipation Tamp<25°C - 500 mw
hgg DC current gain lc=10mA: Ve =10V 75 -
fr transition frequency Ic =20 mA; Vg = 20 V; f = 100 MHz
2N2222 250 - MHz
2N2222A _ 300 - MHz
ton turn-off time lcon = 150 MA; Iggn = 15 MA; lgor = —~15 mA - 250 ns

1997 May 29



Philips Semiconductors

Product specification

NPN switching transistors

2N2222; 2N2222A

LIMITING VALUES
In accordance with the Absolute Maximum Rating System (IEC 134).
SYMBOL PARAMETER CONDITIONS MIN. MAX, UNIT
Vero collecior-base voltage open emitter
2N2222 - 60 v
2N2222A - 75 v
Vceo collector-emitter voltage open base
2N2222 - 30 \'
2N2222A - 40 Vv
Veao emitter-base voltage open collector
2N2222 - 5 Vv
2N2222A - 6 Vv
e collector current {DC) - 800 mA
lem peak collector current - 800 mA
Iem peak base current - 200 mA
Piot total power dissipation Tamb<25°C - 500 mw
Tease £25°C - 1.2 w
Tsig storage temperature —£5 +150 °C
T junction temperature - 200 °C
Tamb operating ambient temperature —65 +150 °C
THERMAL CHARACTERISTICS
SYMBOL PARAMETER CONDITIONS VALUE UNIT
Rin j-a thermal resistance from junction to ambient |in free air 350 KW
Rin o thermal resistance from junction to case 146 KA

1997 May 29




Philips Semiconductors

Product specification

NPN switching transistors

2N2222; 2N2222A

CHARACTERISTICS
Tj = 25 °C uniess otherwise specified.

SYMBOL PARAMETER CONDITIONS MIN. | MAX. | UNIT
leso collector cut-off current
2N2222 lg=0;Vep =50V - 10 nA
le=0;Vep =50 V; Tgmp = 150 °C - 10 pA
fcao collector cut-off current
2N2222A le=0; Ve =60V - 10 nA
le=0;,Vep =60V, Tgmp = 150 °C - 10 pA
leso emitter cut-off current lc=0,Vep =3V - 10 nA
hee DC current gain lc=0.1mA; Vg =10V 35 -
lc=1mA; Vee =10V 50 -
Ic=10mA; Vee =10V 75 -
Ig =150 mA; Ve = 1V, note 1 50 -
Ic = 150 mA; Vg = 10 V; note 1 100 300
hee DC current gain Ic=10mA; Vee = 10 V; Tymp =-55 °C
2N2222A 35 -
heg DC current gain Ic = 500 mA; Veg = 10 V; note 1
2N2222 30 -
2N2222A 40 -
VeEsat collector-emitter saturation voltage
2N2222 Ic = 150 mA; Ig = 15 mA; note 1 - 400 mV
Ig = 500 mA; Ig = 50 mA,; note 1 - 1.6 v
VeEsat collector-emitter saturation voltage
2N2222A lc = 150 mA,; Ig = 15 mA; note 1 - 300 mV
ic = 500 mA,; Iz = 50 mA; note 1 - 1 v
VBEsat base-emitter saturation voltage
2N2222 Ic = 150 mA; Ig = 15 mA,; note 1 - 1.3 v
e = 500 mA; Ig = 50 mA,; note 1 - 2.6 \
VBEsat base-emitter saturation voltage
2N2222A Ic = 150 mA; Ig = 15 mA,; note 1 0.6 1.2 vV
Ic = 500 mA; Iz = 50 mA: note 1 - 2 Vv
Ce collector capacitance lg=ig=0;Veg=10V;f=1MHz - 8 pF
Ce emitter capacitance lc=ic=0; Veg =500 mV; f= 1 MHz
2N2222A - 25 pF
fr transition frequency e =20 mA; Vee =20V, = 100 MHz
2N2222 250 - MHz
2N2222A 300 - MHz
F noise figure lc =200 pA; Vee =5V, Rg = 2 kQ;
INZ222A f=1kHz; B=200Hz _ 4 dB

1997 May 29




Philips Semiconductors Product specification

NPN switching transistors 2N2222: 2N2222A
SYMBOL PARAMETER CONDITIONS | MmN, | max. | unir
Switching times {between 10% and 90% levels); see Fig.2
ton turn-on time lcon = 150 MA; Igon = 15 MA; Iy = -15 mA | - 35 ns

delay time - 10 ns
t rise time - 25 ns
ton turn-off time: - 250 ns
ts storage time - 200 ns
ty fall time - 60 ns
Note

1. Pulse test: {; £ 300 us; 8 < 0.02.

Ves Vco

Re
) (probe) Vo _(probe)
oscilloscope e——— oscilloscope
- 45010} 4500
v ouT
MLBEZE

Vi=9.5V; T=500ps:t,=10ps; L, =<3 ns.
R1=68Q; R2 = 3250; Rg = 325 ), Rc = 160 Q.
VBB ==35V; Vcc =205V,

Osdiiloscope input Inpedance Z; = 50 (1.

Fig.2 Test circuit for switching times.

1997 May 29 5




Philips Semiconductors

Product specification

NPN switching transistors

2N2222; 2N2222A
PACKAGE OUTLINE
Metal-can cylindrical single-ended package; 3 leads SOT18M3
|<——- seating plane
I ABE®
—
! ( ]_f b
Dy IR }
4 ]
.
L
0 5 10 mm
1 1 ! 1 L | 1 1 1 |
scale
DIMENSIONS (millimetre dimensions are derlved from the original Inch dimensions}
UNIT A a b D Dy ] k L w o
5.31 047 | 545 | 470 | 103 11 15.0 o
™M ) a7a | 2591 041 | 530 | 455 | 09a | 09 [ 127 | 040 45
OUTLINE REFERENCES EUROPEAN
VERSION IEC JEDEC EIAJ PROJECTION ISSUE DATE
SOTIB/13 B11/C7 type 3 TO-18 -E} @ 97-04-18
1997 May 29




Philips Semiconductors Product specification

NPN switching transistors 2N2222; 2N2222A
DEFINITICNS
Data sheet status
Objective specification This data sheet contains target or goal specifications for product development.
Preliminary specification This data sheet contains preliminary data; supplementary data may be published later.
Product specification This data sheet contains final product specifications.

Limiting values

Limiting values given are in accordance with the Absolute Maximum Rating System (IEC 134). Stress above one or
more of the limiting values may cause permanent damage to the device. These are stress ratings only and operation
of the device at these or at any other conditions above those given in the Characteristics sections of the specification
is not implied. Exposure to limiting values for extended periods may affect device reliability. '

Application information

Where application information is given, it is adviscry and does not form part of the specification.

LIFE SUPPORT APPLICATIONS

These products are not designed for use in life support appliances, devices, or systems where malfunction of these
products can reasonably be expected to result in personal injury. Philips customers using or selling these products for
use in such applications do so at their own risk and agree 1o fully indemnify Philips for any damages resuiting from such
improper use or sale.

1997 May 29 7
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Argentina: see South America
Awustralia: 34 Waterloo Road, NORTH RYDE, NSW 2113,
Tok. +61 2 9805 4455, Fax. +61 2 9805 4466

Austria; Computerstr. 6, A-1101 WIEN, P.O. Box 213,
Tel. +43 1 60 101, Fax. +43 1 60 101 1210

Belarus: Hotel Minsk Business Center, Bld, 3, r. 1211, Volodarski Str. 6,
220050 MINSK, Tel. +375 172 200 733, Fax. +375 172 200 773

Belglum: sea The Netherlands

Brazil: see South America

Bulgaria: Philips Bulgania Ltd., Energoproject, 15th floor,
91 James Bourchier Blvd., 1407 SOFIA,

Tel. +359 2 689 211, Fax. +359 2 689 102

Canada: PHILIPS SEMICONDUCTORS/COMPOMNENTS,
Tel. +1 800 234 7381

China/Hong Kong: 501 Hong Kong Indusirial Technology Centre,
72 Tat Chee Avenue, Kowloon Tong, HONG KONG,
Tel. +852 2319 7688, Fax. +852 2319 7700

Colombia: see South America
Czech Republic: sea Austria

Denmark: Prags Boulevard 80, PB 1919, DK-2300 COPENHAGEN S,
Tel. +45 32 BB 2636, Fax. +45 31 57 0044

Finland: Sinikalliontie 3, FIN-02630 ESPOO,

Tel. +358 9 615800, Fax. +358 § 61580920

France: 4 Rue du Port-aux-Vins, BP317, 92156 SURESNES Cedex,
Tel. +33 1 40 99 6161, Fax. +33 1 40 99 68427

Germany: Hammerbrookstrae 69, D-20097 HAMBURG,
Tel. +48 40 23 53 60, Fax. +49 40 23 536 300

Greece: No. 15, 25th March Strest, GR 17778 TAVROS/ATHENS,
Tel. +30 1 4894 335/239, Fax, +30 1 4814 240

Hungary: see Austria

India: Philips INDIA Ltd, Shivsagar Estate, A Block, Dr. Annie Besant Rd,
Work, MUMBAI 400 018, Tel. +91 22 4938 541, Fax. +91 22 4938 722
Indonesia: see Singapore

Ireland: Nowstead, Clonskeagh, DUBLIN 14,
Tel. +353 1 7640 000, Fax. +353 1 7640 200

Isragl: RAPAC Blectronics, 7 Kehilat Salonikl S1, PO Box 18053,
TEL AVIV 61180, Tel, +972 3 645 0444, Fax, +372 3 649 1007

taly: PHILIPS SEMICONDUCTORS, Plazza IV Novembre 3,
20124 MILANO, Tel. +392 6752 2531, Fax. +39 2 6752 2557

Japan: Philips Bldg 13-37, Kohnan 2-chome, Minato-ku, TOKYQ 108,
Tel. +81 3 3740 5130, Fax. +81 3 3740 5077

HKorea: Philips House, 260-199 Haewon-dong, Yongsanku, SEQUL,
Tel +B2 2 709 1412, Fax. +82 2 709 1415

Malaysia: No. 76 Jalan Universiti, 46200 PETALING JAYA, SELANGOR,
Tel. +60 3 750 5214, Fax. +60 3 757 4880

Mexico: 5000 Gateway Eas\, Suita 200, EL PASQ, TEXAS 79905,
Tel. +8-5 BOO 234 7381

Middle East: see [taly

For all other countries apply to: Philips Semiconductors, Markeiing & Salas Communications,

a worldwide company

Notherlands: Postbus 90050, 5600 PB EINDHOVEN, Bldg. V8,
Tel. +31 40 27 82785, Fax. +31 40 27 88399

New Zoaland: 2 Wagener Place, C.P.O. Box 1041, AUCKLAND,
Tel. +B4 9 849 4160, Fax. +64 9 849 7811

Norway: Box 1, Manglerud 0612, OSLO,

Tel. +47 22 74 BOOO, Fax, +47 22 74 8341

Philippines: Philips Semiconductors Fhilippines Inc.,
106 Valero 5t Salcedo Village, P.O. Box 2108 MCC, MAKATI,
Metro MANILA, Tel, +63 2 816 6380, Fax, +63 2 817 3474

Poland: UL Lukiska 10, PL 04-123 WARSZAWA,
Tel. +4B 22 612 2831, Fax. +48 22 §12 2327

Portugal: see Spain

Romania: see itaty

Russia: Philips Russia, Ul. Usatcheva 35A, 119048 MOSCOW,
Tel, +7 095 755 6918, Fax. +7 095 755 6919

Singapore: Lorong 1, Toa Payoh, SINGAPORE 1231,

Tel. +65 350 2538, Fax. +65 251 6500

Slovakla: see Austria

Slovenia: see ltaly

South Africa; S.A PHILIPS Pty Ltd., 195-215 Main Road Martindale,
2062 JOHANNESBURG, P.Q. Box 7430 Johannesburg 2000,
Tel. +27 11470 5911, Fax. +27 11 470 5494

South America: Rua do Roclo 220, 5th floor, Suite 51,
04552-903 Sao Paulo, SAQ PAULO - SP, Brazil,
Tel. +55 11 821 2333, Fax. +55 11 B29 1849

Spain: Balmes 22, 0B007 BARCELONA,
Tel. +34 3 301 6312, Fax. +34 3 301 4107

Sweden: Kotthygatan 7, Akalla, 5-16485 STOCKHOLM,
Tel. +46 8 632 2000, Fax. +46 B 632 2745

Switzerland: Allmendstrasse 140, CH-8027 ZORICH,
Tel. +41 1 488 2686, Fax. +41 1481 7730

Taiwan: Philips Semiconductors, 6F, No. 96, Chien Kuo N. Rd., Sec. 1,
TAIPEI, Taiwan Tel. +B86 2 2134 2865, Fax. +BB6 2 2134 2874

Thailand: PHILIPS ELECTRONICS (THAILAND) Ltd.,
209/2 Sanpavuth-Bangna Road Prakanong, BANGKOK 10260,
Tel. +66 2 745 4090, Fax. +66 2 398 0793

Turkey: Talatpasa Cad. No. 5, 80640 GULTEPE/ISTANBUL,
Tel. +90 212 279 2770, Fax. +30 212 282 6707

Ukraine: PHILIPS UKRAINE, 4 Patrice Lumumba s1r., Buikling B, Floor 7,
252042 KIEV, Tel. +380 44 264 2776, Fax. +380 44 268 0461

United Kingdom: Philips Semiconductars Ltd., 276 Bath Road, Hayes,
MIDDLESEX UB3 5BX, Tel. +44 181 730 5000, Fax. +44 181 754 8421

United States: 811 East Arques Avenue, SUNNYVALE, CA 94088-3409,
Tel, +1 800 234 73681

Uruguay: see South America
Vietnam: see Singapore

Yugoslavia: PHILIPS, Trg N. Pasica 5/v, 11000 BECGRAD,
Tel. +381 11 625 344, Fax.+381 11 635777

Intermet: hitphwww_semiconductors. philips.com

Building BE-p, P.C. Box 218, 5600 MD EINDHOVEN, The Netherdands, Fax. +31 40 27 24825

© Philips Electronics N.V. 1997
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INTEGRATED CIRCUITS

DATA SHEET

For a complete data sheet, please also download:

e The IC06 74HC/HCT/HCU/HCMOS Logic Family Specifications
e The IC06 74HC/HCT/HCU/HCMOS Logic Package Information
» The IC06 74HC/HCT/HCU/HCMOS Logic Package Outlines

74HC/HCTO02
Quad 2-input NOR gate

Product specification December 1990
File under Integrated Circuits, 1C06
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Philips Semiconductors Product specification
L ]

Quad 2-input NOR gate 74HC/HCTO02
e _______________________________________________________
FEATURES

« Qutput capability: standard
* Igc category: SSi

GENERAL DESCRIPTION

The 74HC/HCTO02 are high-speed Si-gate CMOS devices and are pin compatible with low power Schottky TTL (LSTTL).
They are specified in compliance with JEDEC standard no, 7A.
The 74HC/MHCTO2 provide the 2-input NOR function.

QUICK REFERENCE DATA
GND=0V,; Tamp=25°C;t,=t;=6ns

TYPICAL
SYMBOL PARAMETER CONDITIONS UNIT
HC HCT
terl! teLH propagation delay nA, nB to nY CL=15pF; Vec=5V 7 9 ns
(o] input capacitance 3.5 35 pF
Cpp power dissipation capacitance per gate | notes 1 and 2 22 24 pF

Notes

1. Cpp is used to determine the dynamic power dissipation {Pp in pW):
Py =Cppx Vcc2 xfi+X {CLx Vcc2 x fo) where:

f; = input frequency in MHz

fo = output frequency in MHz

C. = output load capacitance in pF

Vee = supply voltage in V

T (Cy x Vee? x 1) = sum of outputs

For HC the condition is V|, = GND to V¢

For HCT the condition is Vi = GND to Vg — 1.5V

h

ORDERING INFORMATION
See “74HC/HCT/HCUHCMOS Logic Package information”.

December 1990 2




Philips Semiconductors

Product specification

Quad 2-input NOR gate 74HC/HCTO2
PIN DESCRIPTION
PIN NO. SYMBOL NAME AND FUNCTION
1,4,10,13 1Y to 4Y data outputs
2,58 11 1A to 4A data inputs
3,6,9,12 1B to 48 data inputs
7 GND ground (0 V)
14 Veo positive supply voltage
_afa 2. »1 -
w[ U 4] Veo Alis 1 2
1z 2] oy _t)aa wl. 5] > | .
3] 2] 48 _s|n £
aww[d] o2 [n]e _ufaa a
A [5] 10] s _sf3n wpe Z > 10
e B * e a¥ln 1
e {7] E] n ] = a > 13
e
TZRTAGLY TINO$I2.§
Fig.1 Pin configuration. Fig.2 Logic symbol. Fig.3 IEC logic symbol.
FUNCTION TABLE
INPUTS OUTPUT
_alia o, nA nB nY
_3|e L L H
_sla L H L
slan R A H L L
= v H H L
e o av | b
i m i Notes
11 278 vl 1. H=HIGH voltage level
tijan - L = LOW voltage level
TTATAOL
Fig.4 Functional diagram. Fig.5 Logic diagram (one gate).

December 1990




Philips Semiconductors Product specification

Quad 2-input NOR gate 74HC/HCTO02

DC CHARACTERISTICS FOR 74HC

For the DC characteristics see "74HC/HCT/HCU/HCMOS Logic Family Specifications”.

Output capability; standard
lee category: SSI

AC CHARACTERISTICS FOR 74HC
GND=0V:t,=t;=6ns; C_=50pF

Tamb (°C) TEST CONDITIONS
74HC
SYMBOL | PARAMETER UNIT | v, | WAVEFORMS
+25 —40to +85 | —40to +125 V)
min. [typ. |max. | min. | max. [min. | max.
ropaqation dela 25 [90 115 135 2.0
tor/ toLH pn Ap 98 t'° v Y 9 |18 23 27 Ins 45 |Figs
-neton 7 |15 20 23 6.0
. 19 |75 95 10 2.0
tril/ truw | output transition time 7 15 19 22 ns 4.5 |Fig.6
6 13 16 19 6.0

December 1990 4




Philips Semiconductors Product specification

Quad 2-input NOR gate 74HC/HCTO02

DC CHARACTERISTICS FOR 74HCT

For the DC characteristics see "744C/HCT/HCU/HCMOS Logic Family Specifications”.
Output capability; standard

lgc category: SSI

Notes to HCT types

The value of additional quiescent supply current (Alce) for a unit load of 1 is given in the family specifications.
To determine Algc per input, multiply this value by the unit load coefficient shown in the table below.,

INPUT UNIT LOADCOEFFICIENT
nA, nB 1.50

AC CHARACTERISTICS FOR 74HCT
GND=0V,t,=t;=6ns; C_ =50 pF

Tamb (°C) TEST CONDITIONS
74HCT
SYMBOL | PARAMETER UNIT Vee WAVEFORMS
+25 —40 to+85 —40 to+125 ™)
min. | typ. | max. | min. | max. | min. | max.
teHl/ teLn | propagation delay 4 ,
A, nB to nY 11 19 24 28 |ns .5 {Fig.6
trw/ tyiw | output transition time 7 15 19 22 |ns 4.5 |Fig.6

AC WAVEFORMS

nA, nB IWPUT vyl

HC: Vi = 50%; V; = GND to Vg
HCT: V= 1.3V;V, = GND to 3 V.

Fig.6 Waveforms showing the input (nA, nB) to output (nY) propagation delays and the output transition times.

PACKAGE OUTLINES
See “74HC/HCT/HCU/HCMOS Logic Package Cutlines™.

December 1920 5



General Description

The LM158 series consists of two independent, high gain,
intemally frequency compansated operational amphifiers
which ware designed specifically 1o operate from a single
power supply over a wide range of voltages. Operation from
split power supplias is also possible and the kyw powar sup-
ply current drain is Independent of the magnitude of the
power supply vollage.

Application areas include transducer amplifiers, dc gain
blocks ard all the conventional op amp circuits which now
can be more easily imptemented in singla powar supply sys-
tems. For example, the LM 158 series can be diectly operat-
ed oft of the standard + 5V power supply voltage which is
used in digital systams and will easily provida the required
interface electronics without requiring the additional + 15V
power supplies.

Unique Characteristics

® In the linear mode the Input common-mode volage
range includes ground and the output voltage can also
swing to ground, even though operated from only a sin-
gle power supply voltage.

m The unity gain cross frequency is temperature
compansaled.

® The input bies current is alsc temperature
compensated.

ﬂNational Semiconductor

LM158/LM258/LM358/LM2904
Low Power Dual Operational Amplifiers

December 1994

Advantages

» Two intemally compensated op emps in & single
package

® Eliminates need for dual supplies

m Allows directly sensing near GND and Yoyt also goes
1o GND

m Compalible with afl forms of logic

B Power drain suitable for battery operation

@ Pin-out same a3 1M1558/LM1458 dual operational
amplifier

Features
B internaly frequency compensated for unity gain
= Large dc voltage gain 100 dB
B Wide bandwidth (unity gain) 1 MHz
{temperature compensated)
» Wido power supply range:
Single supply 3V to 32V
or duat supplies +1.5V to £16V

® Very low supply current drain (500 pA)}—essentially in-
dependent of supply voltage

B Low inpul offset voltage 2 mY

u Input commen-mode voltage range includes ground

m Dittarential Input voltage range egual to the power sup-
ply voltage

® Lerge output voltage swing OVto Vv — 1.5V

Connection Diagrams (rop views)

Metal Can Pachage

v
oUTPUT A (*)ourrure
7 D
INVERTING INVERTING
IKPUT A INPUT B

NON-INYERTING
NFUT 8

WONINVERTING
INPUT A

TLH/TTRT -
Order Number LM15BAH, LM158AH /883",
LM168H, LM158H/823", LM268H or LM358H
See NS Package Number HOAC

*LM158 is svallable par SMD # 50628771001
LM15BA ia available par SMD # 59628771002

DIP/S0O Package

mlmm\—' — v

2 7
WEVEATING INPYT A =) — Ot

womswvEaTING 3 L rveRTING T R

4

S MOWANVERTING
enn WUt B

TL/HATTEr-2
Qrder Number LM158J, LM158J/862°,
LM158AJ or LM158AJ/883*

Sex NS Packege Number JOBA

Ordar Number LM358M, LMI55AM or LM20D4M
See NS Package Number MOSA

Order Number LMISBAN, LMI58N or LM2304N
Ses NS Package Humber NOSE

© 1095 Naticral Semicorrducior Corporation  TL/MITTET
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Typical Performance Characteristics

Input Yoltage Range

N

iy = WAUT CLRRENT (nhge)

oS3 BUBELB IS

29y - PPUT YOLLREE {49pc)
-1
NN 3
A

o 5 10 15
¥ OR ¥ POVIR SURPLY YOUIAGL (2Vpe)

Vollage Gain
©w

[ 1
§m R, = 20k0
R j
g o R =2k
]
l; ®
[ 10 » L] o

¥* = SUPPLY YOLIAGT (Yge)

Yoltage Follower Pulse

Response
4
Ry 220K
§§ 3 ¥ e sy |
?
NI/ \
L _—
[
2 2
3
£
' ¥
>‘§ ! "
[ 10 20 »n o
& - T (ua)
Ouiput Characteristics

Current Sourcing

s v —
,--HI !"lLquFw
- JCN
gs ,l|vn
EB W
+H C— —
. fy sl AT
> MOCPENOCHT OF v* {
2T, = 02590 4
. ! l“[lu_.-

o o a1 1 n 1=

v, = SUTRUT YOUTAK (m¥) Ao, = YOLTAQE AN {dB)

Vo = QUTPUT YOLTAGE (V)

Input Current
[ ] ot
T

Vo onv:E
I ot o
¥ x 15y
o

1
v"-nvx
[ 2 "
[ [
=5=5=15 5 2 4 B 510513
— TarCaTuee {*)

Open Loop Frequency
Responas
T L] [T ]

N e s
\KQ_'E?HL
\& r-m,d‘;
N
v'-:nmwvm‘\\
=SSR, 023 N

B0 10 100 10k ¥ 100k 108 10M
1 - FREGUDMCY {Hz)

o B s 8 B

Voltage Follower Pulsa
Response (Small Signal)

E ] : |
o0 — 5-—.‘-.
- E 3 »ar A
400 i _L = .
7 | ol
=0 +
il
%
oo had T2
=~ ¥ m 3V
001 2 3 4 5 & 78
= TE (un}
Oulput Characteristics
Current Sinking
n
I v = 15V
TN Lyt = oﬂ\"
1
i v
) -—
4] L)
S=i Yo
7y —
an i Ty w2 T
ool m a1 1 ] M

fg = OUTPUT SIMK CIMMIDNT {nAge}

I = SUPPLY CURRIKT CRAM {mboc)

Vo = OUTPUT SWING {Yp_p} CuRR ~ COMMON=WODE REJDCHOM RATID (48}

o ~ OUTPUT CLRRENT (migr)

csUWEBBEAAER
J

Supply Current
4

E;

~
¥

1
1(— 1, = 0% T #125%C

-l
Ty s -ss'lt"'"

[ 0 Y x
¥* - SUPPLY VOLTAGE (Ver)

Common-Mode
Fle]ecl!on Ratlo

Wk W 00k W
1 = FREQUENTT (Hz)

Large Signal Frequency
Response

» T
=55h
¥y
" ,_é'.,,x L1
» B L= =
s A
N
o
1k = 10 ™
{ = FRIOUENCY (Mx)

Current Limiting

|
LI

H-B-155 B I8 5 IBIS
= TIMPLRATURE {*C)
TL/HATTET-4




Typical Performance Characteristics (Gontinued) (LM2502 onty)
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Application Hints

The LM158 serlas are op amps which oparata with only a
single power supply volage, hava true-cifferantial inputs,
and remain in tha linear mode with an input common-moda
voliaga of 0 ¥p:. These amplifiers operate over a wida
range of power supply voltage with Eitle change In parform.
ance characterstics, At 25°C emplifier operation is possibla
down 1o & minimum supply voltage of 2.3 Vpc.

Precautions should be taken to Insure that the power supply
for the integrated circuil never becomes reversed in polarity
or that the unit is not inadvertently installed backwards in a
test socket s an unimited currem surge through the result-
ing forward diode within the IC could cause fusing of the
intemal conductors and result in a destroyed unit.

Large ditferential input volages can be eesily accomodated
and, as inpu1 differential voltage protection dicdes are not
needed, no large input currents result from lerge difterential
input voltages. The diflerontial inpul voltage may be larger
than ¥+ without damaging the device. Protection should be
provided to prevent the input voitages from going negative
more than —0.3 Vpg {at 25°C). An input clamp diode with a
resisior to the IC input terminal can be used.

To reduce the power supply currant drain, the amplifiers
have a class A oulput stage for small signal levels which
converts to class B in a large signal mode. This allows the
ampiifiers to both source and sink large output caTenis.
Therefore both NPN and PNP external current boost tran-
sistors can ba used to extend the power capability of the
basic amplifiers, The output voltage needs to raise approxi-
mataly 1 diode drop above ground 1o blas tha on-chip verti-
cal PNP transistor for output current sinking applications.
For ac applications, where the load is capacitively coupled
to the output of the amplifier, a resistor should be used, from
the output of the amplifier to ground to increase the class A
bias current and prevent crossover distortion, Where the
load s directly coupled, as In dc applications, there is no
crossover distortion,

Yoltage Galn
ue
|

g - Lt
§ . Boazp n-—‘
5w
2
3
] -

] " n »

¥ - STPRLY YOLTAGE (Ync)
TUMH/TTET-B

Capacilive loads which are applied directly to the output of
the amplifier reduce tha loop stabllity margin. Yalues of 50
pF can be accomodated using the worst-case noninverling
unity gain connaction. Large closed loop gaing or resistive
isclation should be used if larger toad capachance must be
driven by the ampHfier.

The blas network of the LM1568 establishes a drain cumrent
which I3 independant of tha magnitude of tha power supply
veltage over the range of 3 Vp to 30 Vpe.

Output short dircuits sithar to ground or 10 tha positive pow.
or supply should be of short ime duration. Units can be
dastroyed. not as a resull of the short circult current causing
metal fusing, bul rather due to the large increase in IC chip
digsipation which will cause eventual failure due to exces-
sive function temparatures. Pulting direct short-circuits on
mora than one amplfier et & time will increase the total IC
power dissipation to destructive levels, H not properly pro-
tected wilh oxternal dissipation limiting resistors in serles
with {he ouiput leads of the amplifiers. The larger value of
output sowrce cument which is evallable at 25°C provides a
farger output cument capability et elevated temperatures
(see typical performance characienistics} then a standard IG
op amp.

The clrcuits presented in the section on typical applications
emphasize opsration on only a single power supply voltage.
if complementary power supplies are available, ali of the
standard op amp clrcults can be used. In general, introduc-
ing & pseudo-ground (a bias voltage roferenca of V+/2) will
allkw Opevation sbove and betow this value in single power
supply systems. Many application circuits are shown which
take advanlage of the wide input common-mode voltage
rangs which inciudes ground. In most cases, inpul biasing s
not raguired and Input voltages which range to ground can
eazlly be accommodated.




Typical Single-Supply Applications v+ = sovpg

Non-inverting DC Gain (0V input = 0V Quiput}

+B¥

Vo (VOLTS)

R *R not needed due to
10% temparature independen hy

- TL/HATTE7-0

DC Summing AmplHier
{(Vin's 2 O Vpe and Vg 2 0Vpe)

;)
T

1004 TL/HATTRT-B

GAIN = l;“—’
R

= 107 IAS SHOWH}

Viy (m¥)
TL/MATTRY=T

Power Amplifier

Vg = O Ve for Voy = 0 Ve
Ay = 10

TL/H/TTET-0
Where: Vo = ¥y + Vo + Yy + V,
My + Vo) 2 (V3 + Vo lokoep Vg > 0 Ve
“BI-QUAD" RC Active Bandpays Fliter
R
Vin
2LMIse
R?

fo = 1kHz 100k )

Q=50 v

Ay = 100 (40 dB) o ol

00 10F T
= - TLH/TTR7-10




Typical Single-Supply Applications v+ = 5.0 vpc) (Continued)

Fined Current Sources Lamp Driver

TL/HITTIRT-12

Current Monitor

Lk h
[X] —

Vo= Wiy
vo 1A
TLH/T7B7-13 R3 (Increase AY for | smafl)
1k V£ ¥ -V

TLM/TTRT-14

Pulse Generator

Rt
m e

TURITTET-AS

TUHTTE?-17 e




Typical Single-Supply Applications v+ = 5.0vpe (Continued)

Squarewave Osclllator Pulse Generator

IN91A

TL/H/TTAT-18 TL/H/TIT-10
Low Driit Peak Detector
W O
I ™ (POLYCARBDWATEOR
™ POLYETHYLENE) — bl
A AT 10U RA
HIGH Zpy
LOW Zoyy
2 1
n INPUT CURRENT
L CORMPENSATION
- TL/M/TTST-20
High Compllance Current Sink Comparator with Hysterests

Yo 0

l I

-&

1o = 1 amp/volt Viy
{lnersase R for g emafl)

= TuwTIer-21




Typical Single-Supply Applications v+ = 5.0 Vo) (Continued)
Voltage Controlled Osclliator (VCO)
LF

|1
R |}

AAA

vy
]
=
-

\ vY¥Y
f

"WIDE CONTROL YOLTAGE RANGE: D Voe < Ve £ 2 (V* —1.5V o)

AC Coupled Inverting Amplifier

R
100%

Cin

R
ot A‘-—Fﬁ' {As shown, Ay = 10}

,.::,ll

Ground Referencing a Differential Input Signal
|

‘ R1
m

Va

Wy

Yo~ Vn

TLHATTET-25

O QUTPUT 2

TUHTIE =13

TL/H/TTRT 24
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Typical Single-Supply Applications v+ = 5.0 vge) (Gontinued)

AC Coupled Hon-Inverting Amplifier

R1 Az
108k ™

R2
Ay =1+
v A1

Ay = 11 {Aa Shown)

TLHIFET-28

TL/H/TTRY -27

TLAHITYET-28
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Typical Single-Supply Applications v+ = 5.0 vpg) (Comirued)

High Input Z, DC Differentisl Amplifier

Az
T

For T _ P4 (OMAR depends on his TLM/Trer-29
H2 A3 Nesir rabio match)

R4
VD"‘*‘F@(VZ—V‘I
A8 Shown: Vg = 2 (Vg — ¥y}

Photo Voltalc-Cell Ampiifler Bridge Current Amplifier

Ay Vner
m

AAA

For§ << tandRy>>R

- = TUH/TTET-20 A 5
vo s veer (£}
- TL/H/7787-30
High Input Z Adjustable-Gain
DC Instrumentation Amplifier
Al

1.

EAIN ADJUST

TL/H/T787-31
#R1 = RS8R = A4 = RS = R [CWMAR depercis on match}

2R
Vo=1+— -V
o= 1+75 Va2 Vi)
As shown Vg = 101 V3 ~ Vy)
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Typical Single-Supply Applications v+ = 5.0 vpg (Continued)

Using Symmetrical Amplifisrs to
Reduce Input Current (General Concept)

[ o

M & AT S0 nA

+
W
12 LIS
- ADX AP
L]
Ut RENT
1. CouptRtATION
= TU/H/TrAT-32
Schematic Diagram gach Ampiitier)
"
+—
@« w® | g

NPUTS = QUTPUT

TL/H/T78T-3
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Physical Dimensions inches (miimeters)
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Phy5i03| Dimensions inches {millimeters} (Continued}
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LM158/LM258/LM358/LM2904

Low Power Dual Operational Amplifiers

Physical Dimensions inches (milimeters) (Continued)
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ABSTRACT

This project present’s the design and construed of the object speed surveilance by apply
laser technology, this surveilance use "Two Laser Method” Topology. When the object move pass, our
work can be measure the speed from time differential that object usc to move pass two check point.

From data of time differcntial it will be calculate and display on LCD display.
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