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Abstract

This report describes the design for security control system and home appliance by Global
System for Mobile communication (GSM) . User can send command via Short Message Service
(SMS) to the receiver . The receiver consists of a mobile phone and MCU , this MCU
communicated with a mobile phone using FBUS interface , it decode the received command to

control and monitor home appliance , then it reports the status back to the user via SMS.
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7 5 SG Signal Ground Ground
8 1 CD Carrier Detect Input
20 4 DTR | Data Teminal Ready Output
22 9 Ri Ring Indicator Input
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1. Full Handshaking
2. Partial Handshaking
3. Loop Back Handshaking

4. Simple
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1. Full Handshaking 1Humsifa RS-232 wuudugaluuy

DB 9 female
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"0 \ 164
70 AN 08
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go— ™ 0B
\53 —\—_01//

{ s 4 T o
1N 25 dnvuzmayeussuuuauguuy

Connector 1 Connector 2 Function
2 3 Rx Tx
3 2 Tx Rx
4 6 DTR DSR
5 5 Signal ground
6 4 DSR DTR
7 8 RTS CTS
8 7 CTS RTS

o 4 a o ] ’ -1
ATNN 2.2 ﬁu‘lﬂﬂ']iﬂ'l\ﬂuﬂl'ﬂwiﬂ'l'il‘]ﬁ)ﬂﬂﬂu‘u‘lﬂﬂﬂ;ﬂll‘ﬂﬂ
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2. Partial Handshaking

DB 9 female
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5UM 2.6 Shyuzms¥ouroIUY Partial Handshaking

Connector 1 Connector 2 Function

1 7+8 RTS2 CTS2+CD1
2 3 Rx Tx

3 4 Tx Rx

4 6 DTR DSR

5 5 Signal ground
6 4 DSR DTR
7+8 1 RTS1 CTS1+CD2

A15199 2.3 MIT1NYeIN5IFoNABUUY Partial Handshaking

ajewal 6 944



3. Loop Back Handshaking

DB 9 female
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517 2.7 msshauvesmsiFeusiauuy Loop Back Handshaking
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N
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Connector 1 Connector 2 Function
2 3 Rx Tx
3 2 Tx Rx
5 5 Signal ground
1+4+6 - DTR CD+DTR
- 1+4+6 DTR CD+DTR
7+8 - RTS CTS
- 7+8 RTS CTS

f151991 2.4 MIHIOUYBINSEHOUABUUY Loop Back Handshaking
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4, Simple
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DB 9 femnale
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31U 2.8 MmsinuvesmsiendenuLIY
Connector 1 | Connector 2 Function

2 3 Rx Tx

3 2 Tx Rx

4 6 Signal ground
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2.3 m3demsdeyanuueynsuriluga USART
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M3 2.1 sHaAAOnYIFiTR 7 U Aidmuasg lugilo GSM (7 bit default alphabet)

[ Hex | Dec | Character name ICharacter [ISO-8859-1 DEC
[0x00 0 COMMERCIAL AT @ [64
loxo1 1 'POUND SIGN E 163
ox02 |2 ‘DOLLAR SIGN i$ |36
lox03 3 YENSIGN N [165
[ox04 [4 LATIN SMALL LETTER E WITH GRAVE le [232
[ox05 |5 [LATIN SMALL LETTER E WITH ACUTE e [233
0x06 6 \LATIN SMALL LETTER U WITH GRAVE 0 249
[0x07 7 LATIN SMALL LETTER I WITH GRAVE i 236
loxos |8 LATIN SMALL LETTER O WITH GRAVE o 242
0x09 |9 LATIN CAPITAL LETTER CWITHCEDILLA |G {199
[x0A 10 iLINE FEED [ [10
[0x0B |11  [LATIN CAPITAL LETTER O WITHSTROKE |9 [216
[0x0C [12 ILATIN SMALL LETTER O WITH STROKE o [248
joxOD [13  CARRIAGE RETURN _ T [13
[0xOE 14  |LATIN CAPITAL LETTER A WITH RING ABOVE (A 1197
IoxOF [15  ILATIN SMALL LETTER A WITH RING ABOVE |3 [229
lox10 [16  /GREEK CAPITAL LETTER DELTA I [
joxii 17 LOW LINE L o5
jox12 [18  GREEK CAPITAL LETTER PHI o |
{0x13 {19  GREEK CAPITAL LETTER GAMMA r 3
lox14 20 /GREEK CAPITAL LETTER LAMBDA A [
lox15 [21  GREEK CAPITAL LETTER OMEGA la l
[0x16 [22  IGREEK CAPITAL LETTER PI n |
fox17 [23  'GREEK CAPITAL LETTER PSI v [
[ox18 |24 /GREEK CAPITAL LETTER SIGMA iz [
j0x19 [25  GREEK CAPITAL LETTER THETA 0 !
l0x1A |26 |GREEK CAPITAL LETTER XI = !
lox1B [27 [ESCAPE TO EXTENSION TABLE | [
/0x1B0A [27 10 |FORM FEED _ | [12
[ox1B14 [27 20 {CIRCUMFLEX ACCENT in |o4
[0x1B28 [27 40 ~/LEFT CURLY BRACKET k 123
|0x1B29 {27 41 RIGHT CURLY BRACKET ) j125
[0x1B2F [27 47 'REVERSE SOLIDUS (BACKSLASH) \ o2
[0x1B3C {27 60 LEFT SQUARE BRACKET _ [ o1
lox1B3D 27 61 TILDE - l126
[0x1B3E [27 62 |RIGHT SQUARE BRACKET il 3
10x1B40 {27 64 VERTICAL BAR [ [124
/0x1B65 [27 101 |EURO SIGN e [164 (150-8859-15)
[0XIC (28 [LATIN CAPITAL LETTER AE 3 {198
i0xID [29  |LATIN SMALL LETTER AE e 230




33

M3190 2.1 sHaA0nysYiia 7 On Ndmuaoglugilo GSM (7 bit default alphabet) (AB)

f Hex E Dec Character name ICharacter IISO_-8859-1 DEC
[OxIE 30 LATIN SMALL LETTER SHARP S (German) |8 1223
[oxIF |31  |LATIN CAPITAL LETTERE WITH ACUTE  |E 201
0x20  [32  SPACE | 132
j0x21 |33 EXCLAMATION MARK e 133
[0x22 |34  QUOTATION MARK " 134
[0x23  [35  INUMBER SIGN ) e 35
j0x24  [36  CURRENCY SIGN [x 164 (1SO-8859-1)
l0x25 {37 IPERCENT SIGN 1% 37
[0x26 (38  AMPERSAND & 138
lox27 {39 /APOSTROPHE T 139
i0x28 |40 LEFT PARENTHESIS i 140
[ox29” a1 [RIGHT PARENTHESIS D 141
i0x2A  [42  ASTERISK x 42
[0x28 |43 PLUS SIGN ' 43
jox2C |44 (COMMA L ja4
lox2b 45 IHYPHEN-MINUS T 145
0x2E |46  FULL STOP I a6
|x2F 47 SOLIDUS (SLASH) s 47
lox30 {48 |DIGIT ZERO lo 48
{31 49 [DIGIT ONE 51 lao
j0x32 50  |DIGIT TWC 2 50
>33 |51  DIGIT THREE 3 51
[ox3¢ |52 DIGIT FOUR a 52
{035 |53 DIGIT FIVE Is Is3
[ox36 |54  IDIGIT SIX " 6 54
{037 |55  iDIGIT SEVEN 7 (55
lox38 |56  'DIGIT EIGHT i8 56
39 |57 DIGIT NINE ) 57
o3A |58  COLON B 58
38 [59  SEMICOLON L 159
|»3C |60  LESS-THAN SIGN < 160
3D |61  EQUALS SIGN = 61
|3E |62  GREATER-THAN SIGN R 62
03F |63  QUESTION MARK P 63
[0x40 |64  INVERTED EXCLAMATION MARK li 1161
|0x41 65  LATIN CAPITAL LETTER A A 165
l0x42 |66  LATIN CAPITAL LETTER B B " le6
|0x43 |67  LATIN CAPITAL LETTERC ic 67
{ox44 [68  LATIN CAPITAL LETTER D b “i68
{0x45 |69  LATIN CAPITAL LETTER E E 69
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319N 2.1 sWaddnyIHiia 7 a Afmuasylugiio GSM (7 bit default alphabet) (AD)

| Hex | Dec . Character name |Character {ISO-8859-1 DEC
loxa6 {70 'LATIN CAPITAL LETTER F IF 70
[0x47 71 LATIN CAPITAL LETTER G e 71
loxa8 72 LATIN CAPITAL LETTER H ¥ 72
[0x49 {73 LATIN CAPITAL LETTER I 73
loxdA 174 LATIN CAPITAL LETTER ) 5] 74
[0x4B  [75  [LATIN CAPITAL LETTER K K [75
i064C 76  LATIN CAPITAL LETTER L iL 76
[0xaD 77 LATIN CAPITAL LETTER M M 77
I0x4E {78 LATIN CAPITAL LETTER N IN [78
{0x4F 79 LATIN CAPITAL LETTER O 0 79
[0x50 80  LATIN CAPITAL LETTER P [p 80
i0x51 |81  LATIN CAPITAL LETTER Q Q 81
[0x52 |82 LATIN CAPITAL LETTER R R 182
jox53 |83 LATIN CAPITAL LETTER § s 83
[ox54 {84  LATIN CAPITALLETTERT r 184
[0x55 (85  LATIN CAPITAL LETTER U u 85
[0x56 |86  (LATIN CAPITAL LETTER V v 186
l0x57  [87  ILATIN CAPITAL LETTER W w 87
[0x58  [88  LATIN CAPITAL LETTER X X 88
[0x59 |89 LATIN CAPITAL LETTER Y Ty 89
[0x5A {90  LATIN CAPITAL LETTER Z iz )
[0x5B 91  LATIN CAPITAL LETTER A WITH DIAERESIS [A 1196
[oxsc  jo2 6 1214
loxsD @3 LATIN CAPITAL LETTER N WITH TILDE | 209
|GGE {94 LATIN CAPITAL LETTER U WITH DIAERESIS {U 220
[xsF 95 'SECTION SIGN i§ 167
[ox60 |96  INVERTED QUESTION MARK lé 191
lox61 |97  LATIN SMALL LETTER A la 97
{0x62 {98 LATIN SMALL LETTER B b 98
[0x63 |99  LATIN SMALL LETTER C lc ‘99
{0x64 {100 .LATIN SMALL LETTER D d 100
{0x65  [101  LATIN SMALL LETTERE e ~J101
|0x66  [102 LATIN SMALL LETTER F Ie 1102
l0x67  [103  LATIN SMALL LETTER G lg 103
[0x68 {104 [LATIN SMALL LETTER H h {104
j0x69 {105  LATIN SMALL LETTER i 105
lox6A {106 |LATIN SMALL LETTER ] i 106
[0x6B 107 |LATIN SMALL LETTER K ik 107
[ox6C {108 [LATIN SMALL LETTER L fi 1108
{0x6D  |109 :LATIN SMALL LETTER M im 1109
[oxéE  [110 /LATIN SMALL LETTERN |n 110
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M99 2.1 sWaddnysaila 7 Oa Afmuasylugilo GSM (7 bit default alphabet) (#D)

{ Hex | Dec | Character name | Character ] 1S0-8859-1 DEC
lox6F  [111  LATIN SMALL LETTER O o 111
j0x70 112 LATIN SMALL LETTER P b 112
[0x71 {113 LATIN SMALL LETTER Q iq 113
[0x72  [114 LATIN SMALL LETTER R Ir 114
i0x73 {115 LATIN SMALL LETTER S Is 115
[0x74  [116 LATIN SMALLLETTER T It l116
l0x75  [117  LATIN SMALL LETTER U u 1117
[0x76  [118  LATIN SMALL LETTER V v 118
j0x77 {119 [LATIN SMALL LETTER W w 1119
[0x78  [120  LATIN SMALL LETTER X Tk 1120
[0x79  [121  [LATIN SMALL LETTER Y iy 121
[0X7A [122  ILATIN SMALL LETTER Z Iz 122
[0x7B  [123  LATIN SMALL LETTER A WITH DIAERESIS |5 228
[0x7C 124 ILATIN SMALL LETTER O WITH DIAERESIS |6 1246
[0x7D  [125 LATIN SMALL LETTER N WITH TILDE A 1241
[ox7E  [126  LATIN SMALL LETTER U WITH DIAERESIS |0 252
[0x7F  [127  LATIN SMALL LETTER A WITH GRAVE 2 1224




A1519N uAAIYAAIFI AT-Command

1. Call Control

36

Command Description
ATA Answer Command
ATD Dial Command
ATH Hang Up Call
ATL Monitor Speaker Loudness
ATM Monitor Speaker Mode
ATO Go On-Line
ATP Set Pulse Dial as Default
ATT Set Tone Dial as Default
AT+CSTA | Select Type of Address
AT+CRC Cellular Result Codes
2. Data Card Control Commands
Command Description
ATI Identification
ATS Select an S-register
ATZ Recall Stored Profile
AT&F Restore Factory Settings
AT&V View Active Configuration
AT&W Store Parameters in Given Profile
AT&Y Select Set as s Power up Option
AT+CLCK | Facility Lock Command
AT+COLP | Connected Line Identification Presentation
AT+GCAP | Request Complete Capabilities List
AT+GMI Request Manufacturer Identification
AT+GMM Request Model 1dentification
AT+GMR Request Revision Identification
AT+GSN Request Product Serial Number Identification
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3. Phone Control Commands

Command Description
AT+CBC Battery Charge
AT+CGMI Request Manufacturer Identification
AT+CGMM Request Model Identification
AT+CGMR Request Revision [dentification
AT+CGSN Request Product Serial Number Identification
AT+CMEE Report Mobile Equipment Error
AT+CPAS Phone Activity Status
AT+CPBF Find Phone Book Entries
AT+CPBR Read Phone Book Entry
AT+CPBS Select Phone Book Memory Storage
AT+CPBW Write Phone Book Entry
AT+CSCS Select TE Character Set
AT+CSQ Signal Quality

4, Computer Data Card Interface Commands

Command Description

ATE Command Echo
ATQ Result Code Suppression
ATV Define Response Format
ATX Response Range Selection

AT&C Define DCD Usage

AT&D Define DTR Usage

AT&K Select Flow Control

AT&Q Define Communications Mode Option
AT&S Define DSR Option

AT+ICF DTE-DCE Character Framing

AT+IFC DTE-DCE Local Flow Control

AT+IPR

Fixed DTE Rate
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5. Reporting Options Commands

Command Description
AT+CLIP Calling Line Identification Presentation
AT+CR Service Reporting Control
AT+DR Data Compression Reporting
AT+ILRR DTE-DCE Local Rate Reporting

6. Network Communication Parameter Commands

Command Description
ATB Communications Standard Option
AT+CBST Select Bearer Service Type
AT+CEER | Extended Error Report
AT+CRLP Radio Link Protocol
AT+DS Data Compression
7. Miscellaneous Commands
Command Description
A/ Re-Execute Command Line
AT? Command Help
AT*C Start SMS Interpreter
AT*T Enter SMS Block Mode Protocol
AT*V Activate V.25bis Mode
AT*NOKIATEST | Test Command
AT+CESP Enter SMS Block Mode Protocol

8. SMS Commands SMS Text Mode

Command Description
AT+CSMS Select Message Service

AT+CPMS Preferred Message Storage

AT+CMGF Message Format

AT+CSCA Service Centre Address

AT+CSMP Set Text Mode Parameters




AT+CSDH Show Text Mode Parameters
AT+CSCB Select Cell Broadcast Message Types
AT+HCSAS Save Settings

AT+CRES Restore Settings

AT+CNMI New Message Indications to TE
AT+CMGL List Messages

AT+CMGR Read Message

AT+CMGS Send Message

AT+CMSS Send Message from Storage
AT+CMGW | Write Message to Memory
AT+CMGD Delete Message

. SMS Commands SMS PDU Mode

Command Description
AT+CMGL List Messages
AT+CMGR Read Message
AT+CMGS Send Message
AT+CMGW Write Message to Memory




P89V51RD2

1. General description

The P89V51RD?2 is an 80C51 microcontroller with 64 kB Flash and 1024 bytes of data
RAM.A key feature of the P89VSIRD?2 is its X2 mode option. The design engineer can choose to run
the application with the conventional 80C51 clock rate (12 clocks per machine cycle) or select the X2
mode (6 clocks per machine cycle) to achieve twice the throughput at the same clock frequency.
Another way to benefit from this feature is to keep the same performance by reducing the clock
frequency by half, thus dramatically reducing the EMI. The Flash program memory supports both
parallel programming and in serial In-System Programming (ISP). Parallel programming mode offers
gang-programming at high speed, reducing programming costs and time to market. ISP allows a
device to be reprogrammed in the end product under software control. The capability to field/update
the application firmware makes a wide range of applications possible. The P89V51RD2 is also In-
Application Programmable (IAP), allowing the Flash program memory to be reconfigured even while
the application is running.
2. Features

- 80C51 Central Processing Unit

- 5V Operating voltage from 0 to 40 MHz

- 64 kB of on-chip Flash program memory with ISP (In-System Programming) and IAP

(In- Application Programming)

- Supports 12-clock (default) or 6-clock mode selection via software or ISP

- SPI (Serial Peripheral Interface) and enhanced UART

- PCA (Programmable Counter Array) with PWM and Capture/Compare functions

- Four 8-bit I/O ports with three high-current Port 1 pins (16 mA each)

- Three 16-bit timers/counters

- Programmable Watchdog timer (WDT)

- Eight interrupt sources with four priority levels

- Second DPTR register



- Low EMI mode (ALE inhibit)

- TTL- and CMOS-compatible logic levels

- Brown-out detection

- Low power modes

- Power-down mode with external interrupt wake-up
- Idle mode

- PDIP40, PLCC44 and TQFP44 packages

3. Block diagram
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4, Pinning information
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MAX232, MAX232|

DUAL EIA-232 DRIVERS/RECEIVERS

SLLS047] - FEBRUARY 1889 -~ REVISED OCTOBER 2002

Meet or Exceed TIA/EIA-232-F and ITU
Recommendation V.28

Operate With Single 5-V Power Supply
Operate Up to 120 kbit/s

Two Drivers and Two Receivers

130-V Input Levels

Low Supply Current. .. 8 mA Typical
Designed to be Interchangeable With
Maxim MAX232

ESD Protection Exceeds JESD 22

— 2000-V Human-Body Model {(A114-A)

& Applications
TIA/EIA-232-F
Battery-Powered Systems
Terminals
Modems
Computers

description/ordering information

MAX232. .. D, DW, N, OR NS PACKAGE
MAX2321. .. D, DW, OR N PACKAGE
(TOP VIEW)
c1+[] 1 U 18[l Ve
vs: [} 2 15{] GND

ci-[]3 14 T10UT
c2+[]4 13[] R1IN
c2-[}s 12[] R1OUT
Vs-[]6 1] T1IN
T20UT [} 7 10f] T2IN
R2IN[] 8 9] R20UT

The MAX232 is a dual driver/receiver that includes a capacitive voltage generator to supply EIA-232 voltage
levels from a single 5-V supply. Each receiver converts EIA-232 inputs to 5-V TTL/CMOS levels. These
receivers have a typical threshold of 1.3 V and a typical hysteresis of 0.5 V, and can accept £30-V inputs. Each
driver converts TTL/CMOS input levels intoc EIA-232 levels. The driver, receiver, and voltage-generator
functions are available as cells in the Texas Instruments LinASIC™ library.

ORDERING INFORMATION

ORDERABLE TOP-SIDE
TA PACKAGET PARTNUMBER | MARKING
PDIP (N) Tube MAX232N MAX232N
Tube MAX232D
SoIC (D) MAX232
Tape and reel MAX232DR
0°C to 70°C
Tube MAX232DW
SOIC (DW) MAX232
Tape and reel MAX232DWR
SOP (NS) Tape and reel MAX232NSR MAX232
PDIP (N) Tube MAX232IN MAX232IN
Tube MAX2321D
SOIC (D) MAX232i
—40°C to 85°C Tape and reel MAX232IDR
Tube MAX2321DW
SOIC (BW) MAX232]
Tape and reel MAX232IDWR

TPackage drawings, standard packing quantities, thermal data, symbolization, and PCB design
guidelines are available at www.ti.com/sc/package.

Please he aware that an important notice conceming availability, standard wamranty, and use in critical applications of
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

LinASIC is a trademark of Texas Instruments.

PﬁDWCﬂWDATAWthwmanMmM
Products conform to specifications per the terms of Texas lnstruments
u%mmhmuonpmudngmmmnmm

{’ TeExAS

Copyright © 2002, Texas Instruments Incorporated

INSTRUMENTS

POST OFFICE BOX 855303 ® DALLAS, TEXAS 75265



MAX232, MAX232|

DUAL EIA-232 DRIVERS/RECEIVERS

SLLS0471 - FEBRUARY 1989 - REVISED OCTOBER 2002

logic diagram (positive logic)

Function Tables

EACH DRIVER
INPUT | OUTPUT
TIN TOUT
L H
H L

H = high level, L = low

level

EACH RECEIVER
INPUT | OUTPUT
RIN ROUT
L H
H L

H = high level, L = low

level

T1IN " >3 " TIOUT
T2IN hd >& ! T20UT
R10OUT 12 0< 13 R1IN
R20OUT 5 ﬁ< 8 R2IN
{} TEXAS
INSTRUMENTS

POST OFFICE BOX 855303 ® DALLAS, TEXAS 75265



MAX232, MAX232i
DUAL EIA-232 DRIVERS/RECEIVERS

SLLS0471 - FEBRUARY 1689 ~ REVISED OCTOBER 2002

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t

Input supply voltage range, Vo (seeNote 1) . ... i —03VtobV
Positive output supply voltage range, Vg+ ... ... Vee=-03Vitoi1s5V
Negative output supply voltage range, Vg_ ... ... ... . i -03Vto-15V
Input voltage range, Vi: DRIVEE .. ... ... -0.3VtoVgc+03V
RECBIVEI ... . e 130V

Output voltage range, Vo: T1OUT, T20UT ... ... i Vg =03VtoVg: +03V
RI1IOUT, R20UT ... et -03VtoVgc+03V

Shont-circuit duration: T1OUT, T20UT ... ... . e e et et ins Unlimited
Package thermal impedance, 6)5 (seeNote 2): Dpackage .............. ..o, 73°CW
DWpackage ......... ..ottty 57°C/wW

Npagkage .......... it 67°CW

NSpackage ..................ciiiiiinn, 64°C/W

Lead temperature 1,6 mm (1/16 inch) fromcasefor10seconds ................ ... ... ....... 260°C
Storage temperature range, Tgpg ... v ve i —65°C to 150°C

1 Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not
implied. Exposure fo absolute-maximum-rated conditions for extended pericds may affect device reliability.

NOTE 1: All voltage values are with respect to network ground terminal.

2. The package thermal impedance is calculated in accordance with JESD 51-7.

recommended operating conditions

MIN NOM MAX | UNIT
Veo Supply voltage 45 5 55 \4
VIH High-evel input voltage (T1IN,T2IN) 2 v
ViL Low-level input voltage (T1IN, T2IN) 0.8 Vv
R1IN, RZIN Receiver input voltage +30 \
. . MAX232 0 70
TA Operating free-air temperature AXZ32] =0 35 °C

electrical characteristics over recommended ranges of supply voltage and operating free-air
temperature (unless otherwise noted) (see Note 3 and Figure 4)

PARAMETER TEST CONDITIONS MIN TyP: mMAX| uNIT
lcc  Supply current ¥§S;52(? V. Alloutputs open, 8 10] mA

% All typical values are at Voo = 5 V and Tp = 25°C.
NOTE 3. Test conditions are C1-C4=1puFatVoc=5V+0.5V.

‘l’ TExAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75285 3



MAX232, MAX232|
DUAL ElA-232 DRIVERS/RECEIVERS

SLLS0471 - FEBRUARY 1689 - REVISED OCTOBER 2002

DRIVER SECTION

electrical characteristics over recommended ranges of supply voltage and operating free-air
temperature range (see Note 3)

PARAMETER TEST CONDITIONS MIN TYPT MAX| UNIT
VoH  High-evel output voltage T10UT, T20UT |RL=3 kQto GND 5 7 \Y
VoL  Low-level output voltage¥ T10UT, T20UT |RL=3 kQ2to GND -7 -5 \
o Output resistance T10UT, T20UT | Vg+=Vg-=0, Vpo=+2V 300 Q
los§  Shortcircuit output current T10UT, T20UT |Vece=5.5V, Vo=0 +10 mA
s Short-circuit input current T1IN, T2IN Vi=0 200| pA

T Al typical values are at Vg =5V, Ta = 25°C.

$The algebraic convention, in which the least positive (most negative) value is designated minimum, is used in this data sheet for logic voltage
levels only.

§ Not more than one output should be shorted at a time.

NOTE 3: Test conditions are C1-C4 =1 uF atVoe =5V 05 V.

switching characteristics, Vog =5V, Tp = 25°C (see Note 3)

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT

, RL=3kQto 7 kQ,
SR Driver slew rate See Figure 2 30} Vs
SR(t) Driver transition region slew rate See Figure 3 3 Vius
Data rate One TOUT switching 120 kbit/s

NOTE 3: Test conditions are C1-C4 =1 uF at Vo =5V 0.5V.

RECEIVER SECTION

electrical characteristics over recommended ranges of supply voltage and operating free-air
temperature range (see Note 3)

PARAMETER TEST CONDITIONS MIN TYPt mMAX| UNIT
VoH High-level output voltage R10QUT, R20UT |lgq=-1mA 35 A
0
VOL  Low-leve! output voltage$ R10OUT, R20UT |IgL=3.2mA 04| Vv
Receiver positive-going input _ — g,
VIT+ threshold voltage R1IN, R2IN Vee =5V, Ta=25°C 1.7 24 \
Receiver negative-going input _ R
VIT- threshold voltage R1IN, R2IN Ve =5V, Ta =25°C 0.8 1.2 v
Vhys Input hysteresis voltage R1IN, R2IN Vee=5V 0.2 0.5 1 v
f Receiver input resistance R1IN, R2IN Vee =5, Tp =25°C 3 5 71 k@

1 All typical values are at Vo = 5V, Ta = 25°C.

1 The algebraic convention, in which the least positive (most negative) value is designated minimum, is used in this data sheet for logic voltage
levels only.

NOTE 3: Test conditions are C1-C4=1pFatVoe=5V+05V.

switching characteristics, Vcc = 5 V, Ta = 25°C (see Note 3 and Figure 1)

PARAMETER TYP | UNIT
PLH(R) Receiver propagation delay time, low- to high-level output 500 ns
tPHL(R) Receiver propagation delay time, high- to low-level output 500 ns

NOTE 3: Test conditions are C1-C4 =1 uFatVoc=5V10.5V.

{'P TeExAS
INSTRUMENTS

4 POST OFFICE BOX 855303 ® DALLAS, TEXAS 75265



MAX232, MAX232l
DUAL EJA-232 DRIVERS/RECEIVERS

SLLS0471- FEBRUARY 1989 — REVISED OCTCBER 2002

PARAMETER MEASUREMENT INFORMATION

Vee
N

RL=13kQ
Ri1IN
or
Pulse SeaNota C
Generator R2IN
(see Note A}
CpL=50pF
T (see Note B)
TEST CIRCUIT
sions —» |+ —» ¢~ s10ns

| l
| |

0, o, l_ ______ v
Input I 99/" 90 Ao |
10% | 50% 50% | 10% oV

<+— 500 ns —»

tPHL \ P—-}—l tPLH
I | VoH
Output 1.5V 1.5V
————— VoL
WAVEFORMS

NOTES: A. The pulse generator has the following characleristics: Zg = 50 Q, duty cycle < 50%.
B. CL includes probe and jig capacitance.
C. Alldiodes are 1N3064 or equivalent.

Figure 1. Receiver Test Circuit and Waveforms for tpyy_ and tp 4 Measurements

{':‘ TEXAS
INSTRUMENTS

POST OFFICE BOX 855302 ® DALLAS, TEXAS 75285 5



MAX232, MAX232|
DUAL EIA-232 DRIVERS/RECEIVERS

SLLS047| - FEBRUARY 1989 — REVISED OCTOBER 2002

PARAMETER MEASUREMENT INFORMATION

Pulse T1IN or T2IN T10UT or T20UT
Generator EIA-232 Qutput
(see Note A)
I CL=10pF

(sea Note B}
TEST CIRCUIT
<10ns —»l —bl H— <10 ns
|
| ———————— 3v
Input 90%  90%
50% 50%
10% iy
ld— S5us —»
je—>»—tpLH
tPHL —H—H |
|
4\9:/' | A so% Von
Qutput | |
10% 10%

] == VoL

trHL M b - [ty

08 (Vou—-Vey) 0.8 (Ve = Vo)

SR = on™ Yot oL~ YoH

trLH trHL
WAVEFORMS

NOTES: A. The pulse generator has the following characteristics: Zg = 50 0, duty cycle < 50%.
B. CL includes probe and jig capacitance.

Figure 2. Driver Test Circuit and Waveforms for tpy and tp; 4 Measurements (5-us input)

Pulse
(sc;e%nﬂ::attoo:\) —T_ ElA-232 Qutput
3k T CL=2.5nF

TEST CIRCUIT
<10ns —» le— —» ke <10ns
Input |
72 0%  90%
10% I 15V 1.5V | 10%
|<— 20 us —DI
m_"_-ql }.— "‘l r‘ tTLH
' ! VOH
Output 3V N | A 3v
N -3V f
SV E—— VoL
SR = 6V

trHL ©F triw

WAVEFORMS
NOTE A: The pulse generator has the following characteristics: Zp = 50 £, duty cycle < 50%.

Figure 3. Test Circuit and Waveforms for ty and tt 4 Measurements (20-us Input)

Q TEXAS
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MAX232, MAX232i

DUAL EIA-232 DRIVERS/RECEIVERS

SLLS0471 - FEBRUARY 1989 — REVISED OCTOBER 2002

APPLICATION INFORMATION

+|
CayPASS =11F %

1

O
€1 1pF 3
4

A - ]
CZ,E1pF5

11
From CMOS or TTL 10

12
To CMOS or TTL
{ 9

t €3 can be connected to Vo or GND.

sV
18
cat 1uF
vee T
ci+ 2 =
Vs+ » 85V
c1- 6
2 o [ ——¢— 85V
c
c2- 1:[ 1uF
> P~ 14 £1a232 Output
> S 7 E1A-232 Output
I <2 ma232mmput
oV I —2— Ea-232 Input
15
GND

Figure 4. Typical Operating Circuit

*ﬁ’ TEXAS

INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 7



IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (Tl) reserve the right to make corrections, modifications,
enhancements, improvements, and other changes to its products and services at any time and to discontinue
any product or service without notice. Customers should obtain the latest relevant information before placing
orders and should verify that such information is current and complete. All products are sold subjectto Tl's terms
and conditions of sale supplied at the time of order acknowledgment.

Tl warrants performance of its hardware products to the specifications applicable at the time of sale in
accordance with TI's standard warranty. Testing and other quality control techniques are used to the extent Tl
deems necessary to support this warranty. Except where mandated by government requirements, testing of all
parameters of each product is not necessarily performed.

TI assumes no liability for applications assistance or customer product design. Customers are responsible for
their products and applications using Tl components. To minimize the risks associated with customer products
and applications, customers should provide adequate design and operating safeguards.

Tl does not warrant or represent that any license, either express or implied, is granted under any Tl patent right,
copyright, mask work right, or other Tl intellectual property right relating to any combination, machine, orprocess
in which Tl products or services are used. Information published by Tl regarding third—party products or services
does not constitute a license from Ti to use such products or services or a warranty or endorsement thereof.
Use of such information may require a license from a third party under the patents or other intellectual property
of the third party, or a license from T! under the patents or other intellectual property of TI.

Reproduction of information in Tl data books or data sheets is permissible only if repreduction is without
alteration and is accompanied by all associated warranties, conditions, limitations, and notices. Reproduction
of this information with alteration is an unfair and deceptive business practice. T is not responsible or liable for
such altered documentation.

Resale of Tl products or services with statements different from or beyond the parameters stated by T for that
product or service voids all express and any implied warranties for the associated Tl product or service and
is an unfair and deceptive business practice. Tl is not responsible or liable for any such statements.
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LM741 Operational Amplifier

General Description

The LM741 series are general purpose operational amplifi-  output, no latch-up when the common mode range is ex-
ors which feature improved performance over industry stan-  ceeded, as well as freedom from oscillations.

dards like the LM709. They are direcl, plug-in replacements  The LM741C/LM741E are identical to the LM741/LM741A
for the 708C, LM201, MC1439 and 748 in most applications. except that the LM741C/LM741E have their performance
The amplifiers offer many features which make their appli-  guaranteed over a 0°C to +70°C temperature range, in-
cation nearly foolproof: overload protection on the input and  stead of —55°C to + 125°C.

Schematic Diagram
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Absolute Maximum Ratings

If MUitary/Aerospace spacified devices are required, please contact the Natlonal Semiconductor

Distributors for avallability and specifications.
{Note 5)

LM741A
Supply Voltage +22V
Power Dissipation (Note 1) 500 mW
Ditferential input Voltage +30V
Input Voltage (Note 2) +15V
Output Short Girguit Duration Continuous

-55°C to +125°C
—-65°CG to +150°C

Operating Temperature Range
Storage Temperature Range

LM741E
t22v

500 mW
+30V
+15V

Continuous

0°Cto +70°C

—65°C to +150°C

LM741
ta2v

500 mwW

30V
15V

GContinuous

—55°Cto +125°C
—65°C to +150°C

LM741C

500 mw

+18V

+30V
15V

Sales Office/

Continuous
0°Cto +70°C
~65°Gto +150°C

Junction Temperature 150°C 100°C 150°C 100°C
Soldering Information
N-Package (10 seconds) 260°C 260°C 260°C 260°C
J- or H-Package (10 seconds) 300°C 300°C 300°C 300°C
M-Package
Vapor Phasa (60 seconds}) 215°C 215°C 215°C 215°C
Infrared (15 seconds) 215°C 215°C 215°C 215°C
See AN-450 “Surface Mounting Methods and Their Effect on Product Reliability” for other methods of soldering
surface mount devices.
ESD Tolerance (Note 6) 400V 400V 400V 400V
Electrical Characteristics (Note 3)
Psrameter Conditions LM741A/LM741E LM741 LM741C Units
Min { Typ | Max | Min | Typ | Max | Min | Typ | Max
Input Offset Voltage Ta = 25°C
Rg = 10k 1.0 5.0 2.0 6.0 mV
Ag < 500 08| 30 mv
TAMIN < Ta < Tamax
Rg < 500 4.0 mV
Rg < 10k 6.0 75 | mv
Average Input Offset o
Voltage Drift 15 pv/G
Input Otfset Voltage Ta = 25°C, Vg = 120V
Adjustment Ranga £10 $15 15 my
Input Offset Current Ty = 25°C 3.0 30 20 | 200 20 200 nA
TamiN £ Ta < Tamax 70 85 | 500 300 nA
Average Input Otfset o
Current Drift 0.5 nA/°C
Input Bias Gurrent Ta = 25°C 30 80 80 | 500 80 | 500 nA
Tamin < Ta < Tamax 0.210 1.5 08 | pA
Input Resistance Ta = 25°C, Vg = 20V 10 | 6.0 0.3 2.0 0.3 2.0 M0
TamiN < Ta < Tamax,
Vg = 20V 05 MA
Input Voltage Range Ta = 25°C +12 | +13 A\
Tamin S Ta < Tamax +12 ] +13 v
Large Signal Voltage Gain | T4 = 25°C, R 2 2k}
Vg = £20V,Vp = £15V | 50 v/imv
Vg = 15V, Vp = +10V 50 | 200 20 | 200 V/mv
TamiN < Ta < Tamax:
RL z 2kq,
Vg = 120V, Vo = 15V ] 32 v/imv
Vg = 115V, Vo = 10V 25 15 vimv
Vg = 5V, Vg = 12V 10 VimV




Electrical Characteristics (Note 3) (Continued)

741E LM741 LM741C
Parameter Conditions LM741A/LM M Units
Min | Typ | Max | Min | Typ | Max | Min | Typ | Max
Qutput Voltage Swing Vg = 120V
ALz 10kn 116 v
RL 2 2kl t15 v
Vg = 15V
Ry 2 10k 12| 14 12} £14 v
Ry 2 2k +10 | +13 +10 | £13 Vv
Qutput Shert Circuit Ta = 25°C 10 25 35 25 25 mA
Current TamiN < Ta < Tamax 10 40 mA
Common-Mode TAMIN S Ta < Tapax
Rejection Ratio Rg < 10k}, Vg = 12V 70 80 70 90 dB
Rg < 500, Vom = £12V 80 95 dB
Supply Voltage Rejection | TaMIN < Ta < TaMAX:
Ratio Vg = 120VtoVg = 15V
Rg < 500 86 86 dB
As < 10k 77 06 77 26 dB
Transient Response Ta = 25°C, Unity Gain
Rige Time 025)| 0.8 0.3 0.3 W8
QOvershoot 6.0 | 20 5 5 %
Bandwidth {Note 4) Ta = 25°C 0.437 | 1.5 MHz
Slew Rate Ta = 25°C, Unity Gain 0.3 0.7 0.5 0.5 Vips
Supply Current Ta = 25°C 1.7 2.8 1.7 2.8 mA
Powar Consumption Ta = 25°C
Vg = 120V 80 | 150 mw
Vg = 115V 50 85 50 85 | mw
LM741A Vg = 120V
TA = TAMIN 165 mwW
Ta = Tamax 135 mwW
LM741E Vg = 120V
Ta = TamiN 150 mw
TA = TAMAX 150 mwW
LM741 Vg = 115V
Ta = TamiN 60 | 100 mwW
Ta = Tamax 45 | 75 mw
Note 1: For op at ol d these devices must be derated based on thermal resistance, and Tj max. (listed under “Abaciute Maximum
Ratings"). Tj = Ta + {814 Pp).
Themmal Cardip (J) DIP (N) HO8 (H) S0-8 (M)
) (Junction to Ambient) 100°C/W 100°C/W 170°C/W 195°C/W
8;; Wunction to Case) N/A N/A 25°C/W N/A

Mote 2 For supply voltages less than + 15V, the absolute maximum input voltage is equal to the supply voltage.

MNote 3: Unless otherwise specified, these specifications apply for ¥g = 115V, —55°C < T < +125°C (LM741/LM741A}). For the LM741C/LM741E, these
spacifications are limited to 0*C < Ty < +70°C.

Note 4: Calculated valus from: BW (MHz) = 0.35/Rise Time{us).
Note & For military specifications sea RETS741X for LM741 and RETS741AX for LM741A.
Note 6: Human body model, 1.5 kf? in gseries with 100 pF.




Connection Diagrams

Metal Can Package

TL/H/9341-2

Order Number LM741H, LM741H/883",
LM741AH/883 or LM741CH
See NS Package Number H08C

DuakIn-Line or S.0. Package

S
OFFSET NULL—{t ]
INVERTIKG INPUT—] 2 v
NON-INVERTING —] 3 & [—outPur
NPUT
v={4 5 |-oFFser muiL

TL/H/8341-3
Order Number LM741J, LM741J/883,
LM741CM, LM741CN or LM741EN
See NS Package Number JO8A, MOSA or NOSE

*LM741H is available per JM38510/10101

Ceramic Duakin-Line Package

NS
NC —1 14 = NC
NC—]2 13—NC
+ QFFSET NULL ~4 3 12=NC
~IN=—14 =¥+
+IN=—45 10 e OUT
V-6 9 = - OFFSET NULL
NC—7 8—NC
TL/H/8341-5

Order Number LM741J-14/883*, LM741AJ-14/883"*
Ses NS Package Number J14A

*also available per JM38510/10101
**also evailable per JM38510/10102

Ceramic Flatpak

NCE..—_L . _‘:'_.__'l NC
+OFFSET NULL 2] ¢
-lNPur=i LM741W :: v
+|NPUT=5 EZ OUTPUT
v-—] [———J -OFFSET NULL
TL/H/9341-6

Order Number LM741W/883
See NS Package Number W10A




Physical Dimensions inches (milimeters)
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Physical Dimensions inches (millimetars) (Gontinued)
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Physical Dimensions inches (millimeters)

{Continuad)

Dual-In-Line Package (N)
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LM741 Operational Amplifier

Physical Dimensions inches (milimeters) (Continued)
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10-Lead Ceramic Flatpak (W)
Order Number LM741W /883
NS Package Number W10A

LUFE SUPPORT POLICY

NATIONAL'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 NATIONAL
SEMICONDUCTOR CORPORATION. As used herein:

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

systems which, (a) are intended for surgical implant support davice or systam whose failure to perform can
into the body, or (b) support or sustain life, snd whose be reasonably expected to causa the failure of the life
failure to perform, when properly used in accordance support device or system, or to affect its safety or
with instructions for use provided in tha labeling, can effactiveness.
be reasonably expected to result in a significant injury
to the user.
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LM555/LM555C Timer

General Description

The LM555 is a highly stable device for generating accurate
time delays or oscillation. Additional terminals are provided
for triggering or resetting it desired. In the time delay mode
of operation, the time is precisely controlled by one external
resistor and capacitor. For astable operation as an oscilla-
tor, the free running frequency and duty cycle are accurately
controlled with two external resistors and one capacitor,
The circuit may be triggered and reset on falling wavetorms,
snd the output circuit can source or sink up to 200 mA or
drive TTL circuits.

Features

m Direct replacement for SES55/NES55

8 Timing from microseconds through hours

m Operates in both astable and monostable modes

&National Semiconductor

February 1885

M Adjustable duty cycle

B Output can source or sink 200 mA

m Output and supply TTL compatible

B Temperature stability better than 0.005% per °C
B Normally on and normally oft ouiput

Applications

B Pracision timing

H Pulse generation

8 Sequential timing

8 Time delay generation

® Pulse width modulation

B Pulse position modulation
B Linear ramp generator

Schematic Diagram
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Absolute Maximum Ratings

It Military/Aerospace specified devices are required,
please contact the Natlohal Semiconductor Sales
Office/Distributors for availabllity and specifications.

Supply Voltage +18V
Power Dissipation (Note 1)
LM555H, LM555GH 760 mwW
LM556, LM555CN 1180 mW

Operating Temperature Ranges

LM555G
LM555

0°Cto +70°G
~58°G to + 125°C

Storage Temperature Range —65°Cto +150°C

Soldering Information
Dual-In-Line Package

Soldering (10 Seconds) 280°C
Small Qulline Package

Vapor Phase (60 Seconds) 215°C

Infrared (15 Seconds) 220°C

Sea AN-450 “Surface Mounting Methods and Their Eftect
on Product Reliability”’ for othar methods of scldering sur-

fage mount devices,

Electrical Characteristics (1, — 25C, voc = +5V1o + 15V, unless othewise spacifiad)

Limits
Parameter Conditions LM555 LM555C Unlts
Min Typ Max Min Typ Max
Supply Voltage 4.5 18 4.5 16 \
Supply Current Voo = 5V,R = = 3 5 3 6 mA
Vee = 15V, R = = 10 12 10 15 mA
(Low State) (Note 2)
Timing Error, Monostable
Initlal Accuracy 05 1 %
Dritt with Temperature Ra = 1kto 100 kg3, 30 50 ppm/°G
G = 0.1 uF, (Note 3)
Accuracy over Temperature 1.5 1.5 %
Drift with Supply 0.05 0.1 Y/V
Timing Error, Astable
Initial Accuracy 1.5 2.25 %
Dritt with Temperature Ra, Ra = 1k to 100 k&, 80 150 ppm/°C
G = 0.1 pF, (Note 3)
Acguracy over Temperature 25 3.0 %
Dritt with Supply 0.15 0.30 %IV
Thrashold Voltage 0.667 0.667 x Vo
Trigger Vollage Voo = 15V 4.8 S 5.2 5 v
Vee = 5V 1,45 167 1.9 1.67 v
Trigger Current 0.01 0.5 0.5 0.9 pA
Reset Voltage 0.4 0.5 1 0.4 0.5 1 v
Raset Current 0.1 0.4 0,1 0.4 mA
Threshold Current {Note 4) 0.1 0.25 01 0.25 pA
Control Voltage Level Vec = 15V 9.6 10 10.4 [} 10 1 \
Voo = 5V 2.9 3.33 3.8 26 3.93 4 v
Pin 7 Leakage Output High 1 160 1 100 nA
Pin 7 Sat (Note 5)
Qutput Low Voo = 15V, 17 = 15mA 150 180 mv
Output Low Voo = 4.5V, 7 = 4.5mA 70 100 80 200 mV




Electrical Characteristics 1, = 25°C, Vg = +5V 1o + 15V, (unless othawisa spacifiad) (Continued)

Limits
Parameter Conditions LM555 LM555C Units
Min Typ Max Min Typ Max
Output Voltage Drop (Low) Voo = 15V
IsiNk = 10 mA 0.1 0.15 0.1 0.25 v
IsiNk = 50 mA 0.4 0.5 0.4 0.75 v
IgiInk = 100 mA 2 22 2 25 v
Iging = 200 mA 25 25 \"
Voo = 5V
Isink = BmMA 0.1 0.25 v
Isink = 5 mA 0.25 0.35 v
Output Voitage Drop (High) IspurcE = 200 mA, Voo = 15V 12.5 12.5 v
Isource = 100 mA, Vgg = 15V 13 13.3 12.75 13.3 v
Voo = 5V 3 3.3 2.75 3.3 v
Rise Time of Output 100 100 ns
Fall Time of Output 100 100 ns
Nole i: For operating at the device must be derated above 25°C based on a +150°C Junction P Jre and a thermal
resistance of 164'c/w (T0-5), 106°c/w (DIP) and

Nots 2= Supply current when output high typically 1 mA Jesa at Voo = 5V.
Note 3: Tested at Voo = 5Y and Voo = 15V,

Note 4; Thig will determine the maximum value of Ry + Rg for 15V operation. The maximum total (R, + Fg) is 20 M.

Note 5: No protection against excassive pin 7 current is necessary providing the package diesipation rating will not be sxceaded.
Note &: Refer to RETS555X drawing of military LM555H and LMS55J versions for specifications.

Connection Diagrams
Metal Can Package

TU/H/7851-2

Top View

Order Number LM555H or LM555CH
See NS Package Number HO8C

170"c/w (S0-8) junction to ambisnt.

Dual-In-Line and Small Qutline Packagea

GND —' ! +¥ee
TRIGGER -’— DISCHARGE
OUTPUT e -.—— THRESHOLO
RESET 5 __ cowTRo
YOLTAQGE
TL/H/T851-3
Top View
Order Number LM555.J, LM555CJ,
LMS55CM or LM555CN

See NS Package Number JO8A, MO8BA or NOBE




Typical Performance Characteristics
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Applications Information

MONOSTABLE OPERATION

In this mode of operation, the timer functions as a ons-shot
{Figure 1 ). The extemal capacitor is initially held discharged
by a transistor inside the timer. Upon application of a nega-
tive trigger pulse of less than 1/3 Vg to pin 2, the flip-flop is
set which both releases the short circuit across the capaci-
tor and drives the oulput high,

5V T0 415 "
i RESET «
<
> A
< Ll
| [ 3
‘
TRIGGER DISCH
NORMALLY € | Q]2 7 ARce
-ow Loap § P
THAESHOLD
| tasss g
| CONTAOL
oureuT VOLTAGE
1 5 —_

noRMALLY § | 1
"ofF-LoA0 & M

1 Toone

-
TL/H/7E81-5

FIGURE 1. Monostable

The voltage across the capacitor then increases exponen-
tially for a period of t = 1,1 Ra C, at the end of which time
the voltage equals 2/3 Ve, The comparator then resets
the flip-flop which in turn discharges the capacitor and
drives the output to its low state. Figure 2 shows the wave-
forms generated in this mode of operation. Since the charge
and the threshold level of the comparator are both directly
proportional to supply voltage, the timing internal is inde-
pendent of supply.

/] /] /A /
/

TL/H/7851-8
Voo = 5V Top Trace: Input 5¥/Div.
TIME = 0.1 ms/DIV. Middie Trace: Qutput 5v¥/Div.
Ra = 81 ki1 Bottom Trace: Capacitor Vollage 2V/Div.
C =001 pF

FIGURE 2. Monostable Waveforms

During the timing cycle when the cutput is high, the further
application of a trigger pulse will not effect the circuit so
leng as the trigger input is returned high at least 10 us be-
fore the end of the timing interval, However the circuit can
be reset during this time by the application of a negative
pulse to tha reset tarminal (pin 4). The output will then re-
main in the low state until a trigger pulse is again applied.

‘When the reset function is not in use, it is recommended
that it be connected to Vg to avoid any possibility of false
triggering.

Figure 3 is a2 nomograph for easy determination of R, C
values for various time delays.

NOTE: In monostable operation, the trigger should be driv-
en high before the end of timing cycle.

/
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FIGURE 3, Time Delay

ASTABLE OPERATION

If the circuit is connected as shown in Figure 4 (pins 2 and 6
connectad) it will trigger itself and free run as a multivibrator.
The extarnal capacitor charges through R4 + Rp and dis-
charges through Rg. Thus the duty cycle may be precisely
set by the ratio of these two resistors.
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TL/H/7851-8
FIGURE 4. Astable

In this mode of operation, the capacitor charges and dis-
chargas between 1/3 Vg and 2/3 V. As in the triggered
mode, the charge and discharge times, and therefore the
frequancy are independent of the supply voltage.
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Figure § shows the waveforms generated in this mode of
operation.

TL/H/7851-9

Voo = 5V Top Trace: Output 5V/Div.

TIME = 20 pa/DIV.  Bottom Trace: Capacitor Voltage 1v/Div.
Ry = 38 kN

Ap = 3 kA

G = 0.0 uF

FIGURE 5. Astable Waveforms
The charge time (output high) is given by:
1y = 0.603 (Ap + AR)C

And the discharge time (output low) by:

1, = 0,693 (Rg) C
Thus the total period is:

T =1 + tp = 0.693 (Rp +2Rg) C

The frequsncy of oscillation is:

1 1.44
T Ra+2RgC
Figura 6 may bae used for quick determination of these RC
values.

f=

The duty cycle is: D= ﬁ
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E ' \\ b, \\\
3 o \‘\‘ "\\\
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Bb1 W M0t 30k 100k
f - FREE-RUNNING FREQUENCY {Ha)
TL/H/7851-10
FIGURE §. Free Running Frequency

FREQUENCY DIVIDER

The monostable circuit of Figure 7 can be used as a fre-
quency divider by adjusting the length of the timing cycle.
Figure 7 shows the waveforms generated in a divide by
three circuit.

=
L=
O

TL/H/7851-11
Voc = 5V Top Trace: Input 4V/Div.
TIME = 20 ps/DIV. Middie Trace: Output 2V/Div.

Ry = 0.1 kN Bottom Trace: Capacitor 2V/Div.
C = 0.01 pF

FIGURE ?. Fraquency Divider
PULSE WIDTH MODULATOR

When the timer is connected in the monostable mode and
triggered with a continuous pulse train, the output pulse
width can be modulated by a signal applied to pin 5. Figure
8 shows the circuit, and in Figure 9 are some waveform

examples.
,——T—1[—o Wee
< B

4 [ s
 |pistnance

TRIGGER O—2

. THRESHOLD

MODULATION
NPUT
CUTPUT O~y sb—0

TL/H/7851-12
FIGURE 8. Pulse Width Modulator

N

TL/H/7851-13
Voo = SV Top Trace: Modulation 1V/Div.
TIME = 0.2 me/DIV. Bottom Trace: Output Voltage 2V/Div.
Ap = 0.1 ki
C =001 pF

FIGURE 9. Pulse Width Modulator

PULSE PCSITION MODULATOR

This application uses the timer connected for astable opera-
tion, as in Figure 10, with a modulating signal again applied
to the control voliage terminal. The pulse position varies
with the modulating signal, since the threshold voltage and
hence the time delay is varied. Figure 77 shows the wave-
forms generated for a triangle wave modulation signal.
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TL/H/7851-14
FIGURE 10. Pulse Position Modulator

rd R

NP

TL/H/T851-15

Voo = 5V Top Trace: Modulation Input 1V/Div.
TIME = 0.1 ma/DIv. Bottom Trace: Output 2V/Div.
Ry =~ 3.8k
Rg = 3kn
C = 001 pF

FIGURE 11. Pulse Position Modulator
LINEAR RAMP

When the pullup resistor, Ra, in the monostable circuit is
replaced by a constant current source, a linear ramp is gen-
erated. Figure 12 shows a circuit configuration that will per-
form this function.

TRIGGER 2

CUTAUT O—a 3

TL/H/7851-18

FIGURE 12
Figure 13 shows waveforms generated by the linear ramp.
The time interval is given by:
2/3VocRe(R1 + R2) C

T=
R1 Vec — Vee (R1 + Ra)
Vgg = 0.6V
.
// //
g

TL/H/7851-17

Voo = SV Top Trace: Input 3V/Div.
TIME = 20 pg/DIV. Middle Trace: Output SV/Div.
Ry = 47 kD Boettom Trace: Capacitor Yoltage 1¥/Div.
Rz = 100 kN
Rg = 27kn
C = 0.01 uF

FIGURE 13. Linsar Ramp

50% DUTY CYCLE OSCILLATOR

For a 50% duty cycle, the resistors Ra and Rg may be
connected as in Figure 14. The time period for the out-




Applications Information (continued)
put high is the same as previous, t{ = 0.693 Ry, C. For the
output low it is tp =
Rg — ZHA]
[(HA Rp)/{Aa + HB)] G tn [—_ZFIE e

Thus the frequency of oscillationis f = i

1+t

*Vee

LMESS ¢
oUTHUT O——13 H

—~T

TL/H/7851-18
FIGURE 14. 50% Duty Cycle Oscillator

Physical Dimensions inches (millimeters)

0.350-0.370

Note that this circuit will not oscillate if Rg is greater than
1/2 Ry because tha junction of R, and Rg cannot bring pin
2 down to 1/3 V¢ and trigger the lower comparator.

ADDITIONAL INFORMATION

Adequate power supply bypassing (s necessary to protect
associated circuitry. Minimum recommended is 0.1 pF in
parallel with 1 uF electrolytic.

Lower comparator storage time can be as long as 10 ps
when pin 2 is driven fully to ground for triggering. This limits
the monostable pulse width to 10 us minimum.

Delay time reset to output is 0.47 us typical. Minimum reset
pulse width must be 0.3 ps, typical

Pin 7 current switches within 30 ns of the output (pin 3)
veltage.
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Physical Dimensions inches (milimeters) (Continued)
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LM555/LM555C Timer

Physlcal Dimensions inches (millimeters) (Continued)
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LIFE SUPPORT POLICY

NATIONAL'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 NATIONAL

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 whose
failure to perform, when properly used in accordance
with instructions for use provided in the labeling, can
be reasonably expected to result in a significant injury
to the user.

2. A critical component is any component of a life
support device or system whosa failure to perform can
be reasonably expected to cause the failure of the lifs
support device or system, or to affect its safety or
offactivaness.
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