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SMART UPS

Sukid Rutsamee
Jaturong Soujit
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Vitsanu Lookin
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Mr. Chaitouch Manee-in Advisor

ABSTRACT

Uninterruptible Power Supply or UPS is designed to supply reserved electrical energy to
uninterruptible computer load, despite failing of system or no supply from source. Computer load is able
to work continuously. It had level limited energy. The UPS in this project is 1 phase power supply, 500
VA rating. It can supply 10-15 minutes at source failing. It controlled by microcontroller. It has
feedback control system and protection every part for UPS and connected UPS with computer is
interface by serial port RS 232. The smart UPS is compact and intelligent compared to commercial one.

The UPS operates in off-line mode.
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2232 paudnuaiziayves Tulasnewinsaiaes (PIC 18F258)

TABLE 1-1: PIC18FXX8 DEVICE FEATURES

Features PIC18F248 PIC18F258 PIC18F448 PIC18F458
Operating Frequency DC - 40 MHz bC - 40 MHz CC - 40 MHz CC - 40 MEz
irterral Program |Bytes 16K 32ZK 16K 324
Memory # of Singie Word 8152 15334 5132 5284

Instructions
Dzta Memory (Bytes! TE3 1525 TE8 1535
Data ZEPROM Memory (Bytes) 258 255 256 255
interrupt Sources 17 17 21 21
0 Ports Pors A, B, C PorisA. B, C Poris A, B,C.D. E|Perts A.B. C, D E
Timers 4 2 2 4
Capiura/Compare/PVWM klodules 1 1 1 1
1 1

Enhanced Caoture/Compare/PY\M
fodules

Serizl Communications

LASSP. CAN.

PISSP, CAN.

MSSE. CAN,

MSSE CAN,

EEZET Instructon.

Stack Fuli,
Stack Uncerflow
{PART, C8T)

EESET instructon,

Stack Fuli.
Stack Underflow
{(PWRT, O8T

EEZET Instruction.
Stack Fuli,
Stack Underiow
{P'WRT, O8T)

Adcressable Acdressabie Acdressahle Addressable
USART USART USART USART
Saralel Communicatons (PSP} Ne Ne Yes Yes
1C-bit Anatog-to-Ligral Converer 5input channe’s | Sinputchannels | 8 input channels 8 inpu: channels
Analog Comparators No No 2 2
Analog Cemparators VREF Output N#A INA Yes Yes
RESETS (ancd Delays) 2CR, BOR, POR, 30R, PCR, BOR, POR. BCR,

PESET Instrucuon,
Siack Fuil,
Stack Undedlow
{(PWRT. CST}

{CSP™)

Srogrammable Low Veitage Detect Yes Yes Yes Yes
Srogrammable Srowrn out Reset Yes Yes Yas Yes
CAN Module Yes Yes G Yes
in-Circuit Senal Programming ™ Yes Yes Yes Yes

nstructicy Set

75 Instructons

75 Insvuctons

75 instuctons

75 Instructions

Packages 28-pin SPDIP 28-pin SPDIP 40-pin PDIP 4C-oin PDIP
28-pin SOIC 28-pin 8DIC 44.-pin PLCC 24.pin FLCC
44.pin TQFP 24.pin TAQFP

o wa o
3171 222 uaasgaiaNvaves By lnsnewnInsaiaos lunsepa PIC 1SFXXX

2.23.2.1 53mmpsndnved PIC18F258
2.232.1.1530A85 STATUS
2 aa sdqv g ¥ 4 o 5 s '
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1 o ' s s I o T4 =
ueAIATARYNA M 0%03 Tuuuan 0, 0%83 Tunwan 1, 0%103 Tuunan 2 waz 04183 luuwan 3 Al

=~ ' a aa 4 v J
swazmUﬂmaumazmma“lusaﬁmas STATUS ﬂﬂ‘l'ﬂ‘u

STATUS
IRP RP1 RPO TO PD Z DC C
R/W -0 R/W -0 R/W -0 R-1 R-1 R/W —x R/W —x R/W —x




20

a 4 ] o
IRP (Indirect Register Bank Select bit — 09 7) : 1Hifenuvadveanissanuifoyausy
nagsvames IWa Weoldmsddauuylaudoy (indirect addressing mode)
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. - - a s g A I3y 4
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° Ao = a a d,; 1 Yy A 1 a a c;‘
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B a o = & o o 4
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1 wa = o = I ! i~
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MSComm1.Settings = “9600,N,8,1”

MSComm1.Commport= 1

MSComm1.PortOpen = True
2.2.4.2.4 Input
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S| 3 o 2 . wa '
Foyaithunuy Variant §1 InputMode MyuAiu comInputModeBinary AMANIA Input dzeadoya
o v = a v <! .
naum ugves lunsuasyiiaveyailuiyy Variant
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o Y & ax o ¥ o s &
a1 Tdsunsunaaslimuneds lumssudeyanntiwiles Suveyanavug
Private Sub Command1_Click()
Dim Instring as String
MSComm]l.InputLen =0 ‘Retrieve all available data.
If MSComm.InBufferCount Then  ‘Check for data.
InString = MSComm .Input ‘Read data.
End If
End Sub
2.2.4.2.5 InBufferCount
damsuvesdadays ey luslislesniasy
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object.InbufferCount[ = Value]
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object.InputLen [ = value ]
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4.2 wamsnaasdludiuveamsdises bifh (Back up)

’
A o Y a

L a a
- naraegdaaudnamsTuanstunesmes uannzinnd

Stopped g 2004/03/17_03:32:07
CHI=200V : : ? 3 : : T 10ms/div

: : : : © (10ms/div)

NORM:100kS /s

Rms  248.5

......................... 1,508 o & o Dy 26:9% N
=Filter= =0ffsel= =Record Length= =Trigger=
Smeothing : OFF CH1 [ ~======~ Main © 10K Mode @ AUTO
BW : FULL CH2 : 0.00V Zoom : 1K Type : EDGE CH1 ¥

Delay : 0.0ns
Hold OFf :  MINIMUM

:l' A4 o o a s L8 <t
JUn 4-3 uaesgnandyg e 1iRae N0 WD IIABT VALY Tufinmse

Stopped q 2004/03/17_04:13:05
CH2m5V . @ L : : T 10ms/div
po ™ [ X : : 1 (10ms/div)

=Filter= =0ffsel= =Record Length= =Trigger=
Smoothing | OFF CH1 [ ======= Main 10K Mode : AUTO
BW : FULL CH2 : 0.00V Zoom : 2K Type : EDGE CH1 ¢
Delay : 0.0ns

Hold Off : MINIMUM

~ 4 o o IR E]
Uil 4-4 uamagndudygnaue niyannuemrnyay Iuinise



Stopped g 2004/03/17 04:05:14
CHI=200V 10ms/div
AC 100:1 : ¢ (10ms/div)

: : NORM:100kS/5

) : in -352.0v | Rms  22].2V
Avg : eq 50; 51Hz : Duly 49; 5%

=Filter= =0ffset= =Record Length= =Trigger=
Smoothing : OFF CH1 [ —====== Main : 10K Mode : AUTO
BW : FULL CH2 : 0.00v Zoom : 2K Type : EDGE CH1 §
Delay : 0.0ns

Hold Off ¢ MINIMUM

{ { o o a v
Ul 4.6 ianagunaudyanaue v Ing e SiABTYRIZY A5 200 VA PF 1.0

Stopped 3 2004/03/17 04:07:33
y CH2=5Y i s ¢ 10ms/div
DC 1 ] : : I (10mg/div)

NORM‘ 100kSl s

=Trace2= Max 7. g00v ©  Mih -7.800V Rms  6.093V
Avg 26: 75mV : Freq 50 00Hz : Duty GG 0%

=Filter= =0ffset= =Record Length= =Trigger=
Smoothing | OFF CH1 ! —====—== Main © 10K Mode : AUTO
BW @ FULL CH2 : 0.00V Zoom : 2K Type : EDGE CH1 ¥
Delay : 0.0ns

Hold Off |  MINIMUM

g1 47 yaaegnaudyg e nigas NN M NYZ 19152 200VA PF 1.0



Stopped g 2004/03/17_05:07:31

CH1=200V : : : ] : . 10ms/div

AC 1001 : : : : © (10ms/div)
: : 5 : ; NORM 100kS/S

in -352.0¢ |  Rms  232.8Y
eq 49;50Hz : Duly 50;5%

=Filter= =0ffset= =Record Length= =Trigger=
Smoothing : OFF CH1 ! ==—=-=== Main @ 10K Mode : AUTO
BW @ FULL CH2 : 0.00V Zoom ! 2K Type : EDGE CH1 ¥
Delay @ 0.0ns

Hold Off :  MINIMUM

o

d’ A _ ’
Uit 4-8 uerasgundudranaieninann g0 Fines e 90A13F 300 VA PF 1.0

v o

A1

Stopped 2004/03/17_04:07:33
T : T 10ms/div
(10ms /div)

ﬁORM: 100kS /s

Min -7.800v |  Rms  6.093V

S WO .. T T '?.'.9‘1...-’?."...‘?9*.'?“2 ______ '?.‘!!Y.,..‘.S.‘i.!??‘. .
=Filter= =0ffset= =Record Length= =Trigger=
Smoothing : OFF CH1 ! —=--—=- Main : 10K Mode : AUTO
BW : FULL CH2 : 0.00v Zoom : 2K Type : EDGE CH1 £

Delay : 0.0ns
Hold OFf :  MINIMUM

71/ 4-9 uasgnaudyanaeigan AN ANYUL 919N 13E 300VA PF 1.0



Stopped g 2004/03/17_04:34:07
CHI=200V : 10ms/div
AC 10011 : L (10ms/div)

: : NORM: 100kS /s

=Tracel= Mak 360.0V @  Mi

h —311.0v | Rms  247.8Y

................ Avg z.00v G Freq 4 54“2...,,..,_PE'_'.Y,.._*??,?%...__
=Filter= =0ffset= =Record Length= =Trigger=
Smoothing : OFF CH1 [ ——--=-= Main : 18K Mode : AUTO
BW @ FULL CH2 : 0.00v Zoom 1 2K Type : EDGE CH1 ¢
Delay. : 0.0ns

.
= a/

Hold Off : = MINIMUM

TU 4-10 unnsgndudygnane iyanngue Sines vaizi 0132 400 VA PF 1.0

Stopped g 2004703717 _04:35:14
: T CH2=5V T 10ms/div

pC 11 . (10ms/div)

; NORM‘IDOKSIS

ih -7. buuv ‘' Rms 6.333V

Duty 56 3%

=Filter= =0Offset= =Record Length= =Trigger=
Smoothing : OFF CH1 [ ==-==== Main : 10K Mode : AUTO
BW : FULL CH2 : 0.00v Zoom : 2K Type : EDGE CH1 ¥
Defay : 0.0ns

Hold OFf :  MINIMUM

g 4-11 wanagUnaudyiaueinannueanyaz 1182132 400VA PF 1.0

73



Stopped g 2004/03/17 0522322
CH1=200V : : : : : T 10ms/div
Ac 100:1 : : : : : : (10ms/div)

: : : : : ] NORM'100kS/s

=Tracef1= Mak 280.0v | Min -280.0Yv . RmS 231.0V
Avg =1.305Y . Freq 49; S0z ©  Duly 50:5%

=Filter= =0ffset= =Record Length= =Trigger=
Smoothing : OFF CH1 [ ====--= Main @ 10K Mode © AUTO
BW : FULL CH2 : 0.00v Zoom 1 2K Type : EDGE CH1 ¢
Delay 0.0ns

Hold OFF :  MINIMUM

a’ A o 7 a 4 s ' a o
31]7’1 4-12 14mswgz/ﬂauﬁtyfym:a‘m‘rymmaunaimaﬂmzmamizﬂaummas

Stopped g 2004/03/17_05:18:41
: i CcH2=5V : : : 10ms/div

pc 11 : : 1 (10ms/div)

. : : NORMZkaS/s

Ih
%
=Trace2= Mak  7.400V i Rms  6.881V
i .9!‘.'!‘?’..,5 .................................... Duty A9.5%. 5
i
=Filter= =0ffsel= =Record Length= =Trigger=
Smoothing : OFF CH1 @ ——--=-= Main : 10K Mode : AUTO
BW @ FULL CH2 : 0.00v Zoom : 2K Type : EDGE CH1 ¢
Delay : 0.0ns

Hold Off : MINIMUM

= A4 o 4 U a 4
g1 4-13 zmmgﬂﬂauﬁfyzymzamwm7fmamﬂwwmzmams:ﬂaummai

74



Stopped — ] 2004 /03/17 03:41.26
CH1=200V H :
..... AC 1081 E

S
I

oo Rm5 o 2266Y- -
Duty 50;0%

=

Copy To Comment |Keyboard
PRNTR.. | PLTR—. | FILE.. OFF fo]
=Filter= =Offset= =Record Length= =Trigger=
othing : OFF CH1 ! =-==-== Main : 10K~ Mode : AUTO
W o FULL CH2 : . 0.00V Zoom : 2K~ Type : EDGE CH1 ¥
Delay : 0.0ns

Hold Off :  MINIMUM

] 4 & P = { a o 4
g1 4-14 uanegUnaudyerateiyaenlayuan12zenIsuY TWihwuihunsunesmes

Stopped [oo— 2004 /03/17_03:45:07
CHI=200V : 3 ; 3 : . T 100ms/div
e SACTIOB L ) A Liees; P — L3 AW : £100ms/div)- -

; 1 J : 3 : ‘NORM:10kS /s

(G
------ R

a2

=Tracel=. Mas.--- 5120V 1.--|-- Mih- -
© \.avg -5.35%v | Fr
CH1=200V E

=Filter= =0ffset= =Record Length= =Trigger=
Smoothing : OFF CH1 [ ===-=—= Main : 10K Mode : AUTO
BW  FULL CH2 : 0.00vV Zoom : 2K Type : EDGE CH1 ¥
Delay : 0.0ns

Hold Off : MINIMUM

{ § o [ A { a o o
N 4-15 u?rmgilﬂﬁumyfyvmmmnwwm/ﬁaua’nnzi)maunaﬂmasmxﬂuszvu Inh



Stopped g 2004/03/17 22:44:43
CH1=200Y : . : 1 ? : T 20ms/div
Ac 1001 : : : : : . (20ms/div)

NORM SOKS /s

=Tracel= Makx 280.0v i~ Mip -272.0V i Rms 190.2V
. Avg  1.25%V . Freq 50 0OHz ©  Duly 50;0%

=Filter= =0Offsel= =Record Length= =Trigger=
Smoothing : OFF CH1 @ --=--=-— Main 10K Mode : AUTO
BW @ FULL CH2 : 0.00¥ Zoom @ 2.5K Type : EDGE CH1 +
Delay : 0.0ns

Hold Off : MINIMUM

717 4-16 wamarmazuzaay Tihan sz bh

Stopped — ] 2004/03/717 _22:40:33
CH1=200V : : : : : : 1 50ms/div
...... 90.1001..;... ....;.,A......E.A...‘...;....‘....5..{5gm/dw]
g 8 : ? : NORN.

wwv---@--- -

uF ¥

=Tr-ace?l=-~Max~- --488-. : # 5 E :
: Avg g 2 { Duty 51:0%
CHI=200V : : 4 : : : ©10ms/div
c rN’VER’]?ER

: : Position
ZOOM Made )
OFF | MAIN | zOOM [JTPer !IEE!. POS i
=Filter= =0Offset= =Record Length= =Trigger=
Smoothing : OFF CH1 : —=-m=m=m Main : 10K  Mode : AUTO
BW : FULL CH2 : 000V  Zoom: 2K  Type : EDGE CH1 &
Delay : 0.0ns

Hold Off :  MINIMUM

' a 4 a )
Uit .17 ugasaanzomszun lihuiiu e sinostileauseiy Inlihan
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Stopped X 2004/03/17_22:4517

CH1=200V : : : : : T 20ms/div
Ac 1001 : : E : : ¢ (20ms/div)
: : : : : : NORM SOKS /s

=Filter= =0ffsel= =Record Length= =Trigger=
Smoothing : OFF CH1 ! =—---== Main ¢ 10K Mode : AUTO
BW : FULL CHZ : 0.00V Zoom : 25K Type : EDGE CH1 5
Delay : 0.0ns

Hold Off : = MINIMUM

51l 4-18 wzusian It INTSUY Tlih

Stopped

2004/03/17_22:42:05
CHI=200Y | '

qﬁﬁﬁﬁﬁﬂ&”;? ”mm,;wwm,wmwM
VT

Ay

=Tr.acé1=...m'x ..... ABG OV s ERNRCTY W, e e
X { : 2 req 45;45Hz

=Filter= =0ffset= =Record Length= =Trigger=
Smoothing : OFF CH1 [ —====== Main : 10K Mode : AUTO
W 1 FULL CH2 : 0.00vV Zoom @ 2K Type : EDGE CH1 &
Delay : 0.0ns

Hold OFf :  MINIMUM

UM 4-19 UFAANAANIIINTE sy T unesimosiiomaus iy i



13197 4-3 HTAIHANTINAROITIAIA 1Y

78

A3 LEAHAN T NAABINNTZAINE

A5Z(VA) maﬁmmﬁwm(V) AszLaNITE(A)
amazUnasuida Ifhanszuuns Tiih
Tifimse 225 0
200 220 0.95
300 220 1.40
< 220 1.90
MIzAaNNIADY 290 0.50
amazﬁﬂﬂﬂﬁ%’nﬁwﬁﬂwﬂwm?junas"ma{
litiernne 240.5 0
200 2212 0.90
300 232.8 1.38
400 247.6 1.92
AM3TABNNIADS 234.0 0.63
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131971 4-4 UAAINANITNAABITIA A 199(F1B)

AT NLAAIHANTTNARBINNITLAIA1

M3z(VA) Adeduna( VA ) fdaemna( VA)
anzdnasusdanhanszuumsluih
Tifinnse 0 0
200 213.75 209.00
300 315.00 308.00
400 427.50 418.00
MIzADUNAADS — 4000

anzistnasusideifhandunesmes

Tiifiane 0 0
200 0 199.08
300 0 321.26
400 0 47539
MyzaouNADT 0 147.42

[

o g
Mdan1ed e VA

A
600 +
500+

4/'
./.
400 + b
./ p 5
77 szuums hlih
./"’/
300 1 H‘/,"
: ///
//"
200 + i
B //—(
=t
iz D
100 -+ P
Bt
o szl
- | ! ! ! p-
0 COMPUTER 200 VA 300 VA 400 VA

.:1' Qv o Y 4 U a [} a
Uil 420 umrmanslnfSouitevitnamamed e miyasznieanznauas lui/pa




MINA 4-5 UAAIHANI TNAABITIAIN19](12)

80

A1 1ULAAIHANITNARBINATTZAIA I

152(VA) ANuUDIUNA (Hz) ANUBEINNA (Hz)

annzinasuimds Ifhoinszuuns bidh

liifinse 50 50
200 50 50
300 50 50
400 =0 50
MIzABUNIADT 50 50
anseinnisuiias iihondunesines
Titlanne 0 50
200 0 50.51
300 0 49.50
400 0 49.0

ATZABUNUNDT 0 49.50
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HMANUIN

uiiseeniluzdiuie
1. Tuduvesssaas
> EAInNT WVBUATBI SMART UPS
> LAAININTINVBUASEY SMART UPS d1udh
> LaaennUnz g Intreface AUADNRAABTYDIY (LINE)
> aaan iz iing Intreface AUADNNUADI VML (Back Up)
> uamqgmwﬁza SMART 1132 1A383n0NRAADS
2. JuduvesluTnsneu Insamesiazisrawdn
> uanelisunsu PIC18F258
> uaraelysunsumadsiawan
3 JudnvessvaziBoavesginsel
» IRFZ44N
»1C MAX 232
» 1M324
» LM339
». CD40106BC



1 4 o
1. lugiuvesarsauns

HEAIMWIINUDINTBY SMART UPS A9



o L a d
HAAIMNYUSTINT Interface NUADNNIADIVMS (LINE )

o o d
HEANNNUMSNING Interface funauliNndI VI (Back Up)



2. ludruvedluTasasuInsamosuazisrawdn

2.1 uamdl1sunsu PIC18F258

list p=18f258

include "p18f258.inc"
ARk
EXCH PORT EQU  0x32
PLUS_HI EQU  0x33
PLUS LOW EQU  0x34

Al EQU  0x35
A2 EQU  0x36
COM EQU - 0x37
;*********************************************
ORG~ 0x0100
GOTO MAIN
MAIN BSF  INTCON,GIE

BSF  INTCON,PEIE
BSF  RCON.,IPEN

MOVLW B'01000111"
MOVWF TOCON
MOVLW B'00000110"
MOVWE ADCONI
MOVLW B'0001110'
MOVWF TRISA
MOVLW 0xBB
MOVWF TRISB
MOVLW 0xCO
MOVWF TRISC
MOVLW 0x94
MOVWF PLUS_HI
MOVLW 0xCF

MOVWF PLUS_LOW



PEA]

WAITI

HHH

EVEN2

CLRF PORTB
BCF  COM,1
BCF  EXCH _PORT,0
MOVLW .103

MOVWE SPBRG

BSF  TXSTABRGH
BSF  RCSTA,SPEN
BSF  TXSTA,TXEN
BTFSS PORTB,1
GOTO UPS

CALL DElAXd

CALL DELAY?2

MOVLW 0x94
MOVWF PLUS_HI
MOVLW 0xCF
MOVWF PLUS LOW
BCF ~ COM,;1

BCF ~ PORTB,6
MOVLW 0X30
BTFSS PIR1,TXIF
GOTO WAITI
MOVWF TXREG
BTFSC PORTB,I
GOTO HHH

BSF  PORTB,6
BTFSS PORTB4
GOTO EVEN3

MOVLW 0x86
SUBWFPLUS_HL,0
BNC START PLUS
BTFSS PORTB,0
GOTO PEAI

;ADD PLUS



EVEN3

START PLUS

WAIT3

DECF PLUS_HLI
DECF PLUS HILI
INCF PLUS_LOW,1
INCF PLUS_LOW.,1
BTFSS PORTB,0
GOTO PEAIl

BTFSS PORTB,7
GOTO START PLUS

MOVLW 0xA7
SUBWF PLUS_HI0

BC - START PLUS
INCF  PLUS HLI
INCF ~PLUS HLI
DECF~ PLUS_LOW,1
DECE -PLUS LOW,I
BTFSS PORTB,0

GOTO PEAI

MOVFF PLUS  LOW,TMROL
BSF  TOCON,IMROON
BTFSS PORTB,0

GOTO PEAI

BTESS. INTCON, TMROIF
GOTO 'WAIT3

BCF  INTCON,TMROIF
BCF  TOCON,TMROON
BTFSS PORTB,0

GOTO PEAI

MOVFF PLUS_HI, TMROL
BSF  TOCON,TMROON
BTFSS EXCH_PORT,0

GOTO T1

BCF

EXCH_PORT,0

MOVLW B'00000100'

:DO

;UPS ....UPS..999999999 PLUS

;TMRO ......ON....4.0MS
;WAITS.0MS

;HI PLUS
;TMRO ......ON....6.0MS



T1

MOVWF

PORTC

GOTO END PORTI

BSF

EXCH_PORT,0

MOVLW B'00000010'

MOVWF

END _PORT!  BTFSS

WAIT

WAIT4

DELAY1

LOOPI

DELAY2

LOOP2

GOTO

PORTC
PORTB,0
PEA1

BTFSC COM,1

GOTO

WAIT4

MOVLW 0X31

BTFSS
GOTO

PIR1, TXIF
WAIT

MOVWEF TXREG

BTFSS
GOTO
BCF
BCF
CLRF
BTFSS
GOTO
GOTO

INTCON, TMROIF
WAIT4

INTCON, TMROIF
TOCON,TMROON
PORTC

PORTB,0

PEAL

EVEN2

MOVLW OxFF

MOVWE Al

DECFSZ Al

GOTO

LOOP1

RETURN

MOVLW OxFF

MOVWF A2

DECFSZ A2

GOTO

LOOP2

RETURN

END

;END PLUS



2.2 uand llsunsumadsaan

Private Sub Command!_Click()
End
End Sub
Private Sub MDIForm_Load()
Timerl.Enabled = True
Timer2.Enabled = True
End Sub
Private Sub mnubattery Click()
MDIForm1.Hide
Form3.Show
End Sub
Private Sub mnuExit Click()
MsgBox " Aaifndn1zeendinlusunsunielal . vbYesNo +vbinformation, " Exit "
If vbYes Then
Beep
End

Else

Unload Me

End If
End Sub
Private Sub mnuhowto_Click()
Form5.Show
MDIForm1.Hide
End Sub
Private Sub mnuoutput Click()
MDIForm1.Hide
Form2.Show
End Sub
Private Sub mnushutdown_Click()
MDIForm1.Hide
Form4.Show

End Sub



Private Sub mnustatusnow_Click()
MDIForm1.Hide
Form1.Show
End Sub
Private Sub Timerl Timer()
Labell.Left = Labell.Left - 5
If Labell.Left = -Labell.Width Then
Labell.Left = Width
End If
End Sub
Private Sub Timer2_Timer()
Label2.Left = Label2.Left - 15
If Label2.Left = -Label2. Width Then
Label2.Left = Width
End If
End Sub
Private Declare Function ExitWindowsEx Lib "user32" (ByVal uFlags As Long, ByVal dwReserved As
Long) As Long
Private Const EXW- POWEROFF As Integer = 8
Private Const Exw_ REBOOT As Integer =2
Public data As String
Public cd As Integer
Dim Buffer As Variant
Private Sub Commandl_Click()
Timerl.Enabled = False
End Sub
Private Sub Command2_Click()
Shapel.BackColor = vbWhite
Shape2.BackColor = vbWhite
Shape3.BackColor = vbWhite
Shaped.BackColor = vbWhite
Shape5.BackColor = vbWhite
End Sub

Private Sub Command3_Click()



Form1.Caption = "Status"

Form1.Hide

MDIForm1.Show

End Sub

Private Sub Command4_Click()

If Option1.Value = True Then

Form1.Show

Else

Form4.Show

Form1.Hide

End If

End Sub

Private Sub Command5_Click()

Timer1.Enabled = False

Label7.Caption = "480"

End Sub

Private Sub Form Load()

MSCom1.CommPort = 1
MSCom1.Settings = "19200 ,n .8, 1"
MSCom1.PortOpen = True
Timer2.Enabled = True
Timer2.Interval = 100
Timer3.Enabled = True
Timer3.Interval = 100
Timer1.Enabled = False
End Sub

Private Sub Timerl Timer()

Label7.Caption = cd

Timer1.Enabled = True

Label7.Caption = cd

cd = Label7.Caption - 1

Label7.Caption = cd

Form1.Caption = cd

Ifcd =5 Then



Label9.Caption = "End of UPS"

Elself cd = 0 Then

Timerl.Enabled = False

ExitWindowsEx POWEROFF, 0

End If

End Sub

Private Sub Timer2 Timer()

On Error Resume Next
MSCom1.DTREnable = False
MSCom1.DTREnable = True
MSComl.InputLen =0
Buffer = MSCom1.Input
data = Buffer
recdata = Hex$(Asc(data))
Select Case recdata

Case 30

Shapel.BackColor = vbGreen
Shape2.BackColor = vbWhite
Shape3.BackColor = vbRed
Shape4.BackColor = vbWhite
Shape5.BackColor = vbWhite
Timerl.Enabled = False

Case 31

Shapel.BackColor = vbWhite
Shape2.BackColor = vbRed
Shape3.BackColor = vbWhite
Shape4.BackColor = vbWhite
Shape5.BackColor = vbYellow
cd =480

Label7.Caption = cd
Timerl.Enabled = True
Timer2.Enabled = False

Case 32

Shapel.BackColor = vbRed



Shape2.BackColor = vbRed

Shape3.BackColor = vbWhite

Shape4.BackColor = vbRed

Shape5.BackColor = vbWhite
End Select

End Sub

Private Sub Timer3 Timer()

On Error Resume Next
MSCom1.DTREnable = False
MSCom1.DTREnable = True
MSComl.InputLen = 0
Buffer = MSCom.Input
data = Buffer
recdata = Hex$(Asc(data))
Select Case recdata

Case 30

Shapel.BackColor = vbGreen
Shape2.BackColor = vbWhite
Shape3.BackColor = vbRed
Shape4.BackColor = vbWhite
Shape5.BackColor= vbWhite
Timerl.Enabled = False

cd =480

Label7.Caption = cd

Case 31

Shapel.BackColor = vbWhite
Shape2.BackColor = vbRed
Shape3.BackColor = vbWhite
Shape4.BackColor = vbWhite
Shape5.BackColor = vbYellow
Timerl.Enabled = True

Case 32

Shapel.BackColor = vbRed

Shape2.BackColor = vbRed



Shape3.BackColor = vbWhite
Shape4.BackColor = vbRed
Shape5.BackColor = vbWhite
End Select
End Sub
Private Declare Function ExitWindowsEx Lib "user32" (ByVal uFlags As Long, ByVal dwReserved As
Long) As Long
Private Const EXW POWEROFF As Integer = 8
Private Const Exw REBOOT As Integer = 2
Public cd As Integer
Private Sub Command1_Click()
If Optionl.Value = True Then
ExitWindowsEx POWEROFEFF, 0
Else
ExitWindowsEx Ewx reboot, 0
End If
End Sub
Private Sub Command2 Click()
Form1.Caption = "Status"
Form4.Hide
MDIForm!1.Show

End Sub
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Philips Semiconductors

Product specification

N-channel enhancement mode IRFZ44N
TrenchMOS™ transistor
GENERAL DESCRIPTION QUICK REFERENCE DATA
N-channel enhancement mode SYMBOL | PARAMETER MAX. UNIT
standard level field-effect power -
transistor in a plastic envelope using Vps Drain-source voltage 55 Vv
‘trench’ technology. The device Io Drain current (DC) 49 A
features very low on-state resistance Piot Total power dissipation 110 W
and has integral zener diodes giving T Junction temperature 175 °’C
ESD protection up to 2kV. It is Rpson Drain-source on-state 22 mQ
intended for use in switched mode resistance Vgs = 10V
power supplies and general purpose
switching applications.
PINNING - TO220AB PIN CONFIGURATION SYMBOL
PIN DESCRIPTION d
1 |gate
2 |drain
3 |source
tab |drain s
LIMITING VALUES
Limiting values in accordance with the Absolute Maximum System (IEC 134)
'SYMBOL |PARAMETER CONDITIONS MIN. MAX. UNIT .
Vps Drain-source voltage - - 55 \%
Vber Drain-gate voltage Rgs = 20 k2 - b5 \Y,
+Vgs Gate-source voltage - - 20 \Y)
Ip Drain current (DC) T =25°C - 49 A
Io Drain current (DC) Tmp =100°C - 35 A
Iom Drain current (pulse peak value) Tw=25°C - 160 A
Bia Total power dissipation T.=25°C - 110 W
stgr U Storage & operating temperature |- - 55 175 ‘C
ESD LIMITING VALUE
SYMBOL |PARAMETER CONDITIONS MIN. MAX. UNIT
Ve Electrostatic discharge capacitor Human body model - 2 kV
voltage, all pins (100 pF, 1.5 kQ)
THERMAL RESISTANCES
SYMBOL |PARAMETER CONDITIONS TYP. MAX. UNIT
Rih jomb Thermal resistance junction to - - 14 K/W
mounting base )
Rivja Thermal resistance junction to in free air 60 - K/W
ambient
1 Rev 1.000
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HEXFET®_Power MOSFET

IRFZ44N

Absolut Maximum Rating

CHANNEL : N
PACKAGE : TO-220AB

Parameter Max. Units
ID, Tc=25-C Continuous Drain Current , Vas=10V 49
o, Tc=100-C Continuous Drain Current Vas=10V 35 A
IDM Pulsed Drain Current ® 160
Pp, Tc=25-C Power Dissipation 110 W
Linear Derating Factor 0.71 W/-C
VGS Gate-to-Sourse Voltage *20 V
EAS Single Pulse Avalanche Energy @ 210 mJ
IAR Avalanche Current 25 A
EAR Repetitive Avalanche Energy ® 11 mJ
dv/dt Peak Diode Recovery dv/dt © 5.0 V/ns
T4, TstG Operating Junction and Storage Temperature Range -55to +175 C
Electrical Characteristics , TJ=25°C (unless otherwise specified)
Parameter Min. | Typ. |Max. | Units | Conditions
V/(BR)DSS Drain-to-Sourse Breakdown Voliage 55 \ Ves=0 , Ip=250- A
AV(BR)/ATy | Breakdown Voltage Temp. Coefficient 0.05 V/eC | 25¢C, Ip=1mA
5
R(ps)on Static Drain-to-Source On-Resistance 0.02 | O VGs=10V , ID=25A0
2
VGs(th) Gate Threshold Voltage 2.0 LB, —ful VDs=VGS , ID=250° A
gfs Forward Transconductance 17 S Vbps=25V, ID=25A
IDss Drain-to-Source Leakage Current 25 A | VDs=55V, Vas=0V
250 |eA |Vbs=44V VGs=0V, Ty=150-C
lgss Gate-to-Source Forward Current 100 | nA VGs=20V
Gate-to-Source Reverse Current -100 |nA | Ves=-20V
Qg Total Gate Charge 65 nC |VGes=10V
Qgs Gate-to-Source Charge 12 nC |Vps=44V
Qod Gate-to-Drain Charge 27 nC |Ip=25A ©
td(on) Turn-On Delay Time 0.3 \/DD=28V
tr Rise Time 69 ns | Ip=25A
td(off) Turn-Off Delay Time 47 Re=12Q
te Fall Time 60 Rp=1.1Q0 ©
LD Internal Drain Inductance 4.5 nH | Between lead , 6 mm from
Ls Internal Source Inductance 75 package and center of die
contact
Ciss Input Capacitance 1300 VGs=0
Coss Output Capacitance 410 pF | VDs=25V
CRss Reverse Transfer Capacitance 150 f=1.0MHz
Source-Drain Ratings and Characteristics
Parameter Min. | Typ. |Max. | Units | Conditions
Is Continuous Source Current (Body 49 A Vas=10V
Diode)
ISM Pulsed Source Current (Body Diode) @ 160 [A
Vsb Diode Forward Voltage 13 |V Is=25A , Vas=0V , T)=25:C ©
trr Reverse Recovery Time 65 98 ns | Tu=25C, IF=25A,
Qrr Reverse Recovery Charge 160 [240 |nC |di/dt=100A/us
Thermal resistance
Parameter Min. | Typ. Max. Units
ReJc Junction-to-Case 1.4
ReJc Case-to-Sink, Flat, Greased Surfase 0.50 W/+C
Reuc Junction-to-Ambient 62

© Reprtitive rating ; pulse width limited by max. junction temperature .
® \/pp=25V , starting Tu=25+C , L=470pH , Re=25Q , lAs=25A.
® IsD<25A , di/dt<320 A/us , VDD< V(BR)DSS , Tu<175:C.
O Pulse width <300us ; duty cycle<2%




Philips Semiconductors

Product specification

N-channel enhancement mode IRFZ44N
TrenchMOS™ transistor
STATIC CHARACTERISTICS
T;=25C unless otherwise specified
SYMBOL |PARAMETER CONDITIONS MIN. | TYP. | MAX. | UNIT
Vigrioss Drain-source breakdown Ves =0V, Ip = 0.25 mA; 55 - - Vv
voltage T,=-55°C 50 - - \
Vaso) Gate threshold voltage Vps = Vgsi lp =1 mMA 2.0 3.0 4.0 \Y
T.=175C 1.0 - - \Y
T=-55C | - Sl e
Ioss Zero gate voltage drain current | Vps = 65V; Ves =0V, 5 - 0.05 10 pA
T,=175°C - - 500 pA
lgss Gate source leakage current Ve =+10V; Vps =0V - 0.04 1 A
T,=175°C - - 20 pA
*Veress | CGate source breakdown voltage | lg = £1 mA; 16 - - Vv
DS(ON) Drain-source on-state Ves=10V; I =256A - 15 22 mQ
resistance T,=175C 5 s 42 me
DYNAMIC CHARACTERISTICS
T. = 25°C unless otherwise specified
SYMBOL |[PARAMETER CONDITIONS MIN. | TYP. | MAX. | UNIT
Ors Forward transconductance Vos =25 V; I5=25 A 6 - - S
Ciss Input capacitance Ves =0V; Vps =25V, T=1 MHz - 1350 | 1800 | pF
Ciss Output capacitance - 330 | 400 pF
Cres Feedback capacitance - 155 215 pF
Qq Total gate charge Vpp =44 V; 15 =50 A; Vgs =10V = = 62 nC
Qg Gate-cource charge ; 2 S 15 nC
Quq Gate-drain (miller) charge ; Y - - 26 nC
t4on Turn-on delay time Vie=30V; b =25A; - 18 26 ns
i, Turn-on rise time Ves = 10V; Rg=10Q - 50 75 ns
4 off Turn-off delay time Resistive load - 40 50 ns
t Turn-off fall time - 30 40 ns
Ly Internal drain inductance Measured from contact screw on - 3.5 - nH
tab to centre of die
Ly Internal drain inductance Measured from drain lead 6 mm - 4.5 - nH
from package to centre of die
L Internal source inductance Measured from source lead 6 mm - 7.5 - nH
from package to source bond pad
REVERSE DIODE LIMITING VALUES AND CHARACTERISTICS
T; = 25°C unless otherwise specified
SYMBOL |PARAMETER CONDITIONS MIN. | TYP. | MAX. | UNIT
lor Continuous reverse drain - - 49 A
current
loRM Pulsed reverse drain current - - 160 A
Vso Diode forward voltage le=25A; Vgs =0V - 0.95 1.2 Vv
=40 A; Vgs =0V - 1.0 -
te Reverse recovery time Ie =40 A; -dlz/dt = 100 Alus; - 47 - ns
Q, Reverse recovery charge Vgs =-10V; Vg =30V - 0.15 - uC
February 1999 2 Rev 1.000



Philips Semiconductors

Product specification

N-channel enhancement mode
TrenchMOS™ transistor

IRFZ44N

AVALANCHE LIMITING VALUE

PD% = 100-Py/Pp 25-¢= T )

Fig.1. Normalised power dissipation.

SYMBOL |PARAMETER CONDITIONS MIN. | TYP. | MAX. | UNIT
Woss Drain-source non-repetitive Ip =45 A; Vpp <25V, - - 110 mJ
unclamped inductive turn-off Vgs= 10 V; Rgs = 50 ©; Trp = 25 °C
energy
PD% Normalised Power Derating L — — Ty s
120 - —
110 o
ID/A 1

100 <

90 rRoS(ON)|=vas/D | KL Fe<| 4 tp=

80 N 100 ] ~. = . 1us

. ‘t == N 10us

e ¥ ~

60 - NG N ~

50 NI N N 700 us
40 NG ) b TN \\? ~ S~

30 0 N~ S 1 ms

20 AN = “N-10ms

10 100ms

g | -, 3 11|
0 20 40 60 80 100 120 140 160 = 180 1
Tmb/ °C 1 19 V% 100

Fig.3. Safe operating area. Ty =25 °C
Ip & oy = (V) low Single pulse; parameter t,

February 1999

f20 D% Normalised Current Derating 10

110 01 i

100 L T

o & 0

vy
80 ™~ 0y
70 02
0.1

;07 N i 0.05

40 0.02

30 0010

e \ il

E il

0+ : — !
0 20 40 60 sTomb /193 120 140 160 180 0.001 == 0.0001 001 1 100
s
Fig.2. Normalised continuous drain current. Fig.4. Transient thermal impedance.
ID% = 100-1p/lp 25 = f(Tms); conditions: Vgs= 10V Zypj.mo = f(t); parameter D=t/T
3 Rev 1.000



Philips Semiconductors

Product specification

N-channel enhancement mode IRFZ44N
TrenchMOS™ transistor
100 30
ID/A F - i 8.0 e r -
80 10 ’ 8.5] 25 /', — ——
7.5
//—7 20
60 e 7.0 /
15
o L 65 /
6.0 10
20 55 5if—
50 J
2 S 45 4
0 2 4 vosv B 8 104-0 0 20 40 o 60 80 100

I, = f(Vyps); parameter Vs

Fig.5. Typical output characteristics, T; = 25 C.

Fig.8. ~Typical transconductance, T, = 25 'C.
gs = f(1); conditions: Vps = 25V

10 RDS(ONymOhm

40/D/A

Rosion) = f(Ip); parameter Vs

VGS/ =
35 =
30 / /5‘5

/ 7

25

: / o / | 78
» L - [

’_q—////‘j/

15 C— |
195 10 20 30 50 60 70

90

Fig.6. Typical on-state resistance, T;=25 (e

Rds(on) normlised to 25degC

25

2
1.5

1
1 ]
-

0.5

-100 -50 100 150 200

Fig.9. Normalised drain-source on-state resistance.
a = Rpsiony/Rosomes ¢ = f(T)ilp=25A; Ves =10V

0 50
Tmb / degC
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100 —
ID/A / /4
/
%

40

. /
/

4

20 7
mic= |175 pf|25

/
~

0
VGSV

0 2 4 6 8 10

Fig.7. Typical transfer characteristics.
Ip = f(Vss) ; conditions: Vs = 25 V; parameter T

12

VGS(TO)/ V.
ST
I
- maxX—r<=]
4 RS
| ™~ ]
H- . typ—r= =
3
_min ==
2 =
1 I~
100 -50 0 50 100- 150 200
n/C
Fig.10. Gate threshold voltage.

Vissiro) = f(T}); conditions: Ip = 1 mA; Vps = Vs

February, 1999
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Philips Semiconductors

Product specification

N-channel enhancement mode
TrenchMOS™ transistor

IRFZ44N

4 Sub-Threshold Conduction
= ———

y
7 yi 7
7 7

1E-02
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1E-06 L L
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Fig.11. Sub-threshold drain current.
Ip = f(Vgs); conditions. T;= 25.°C; Vs = Vs

100 I
IF/A /
/
80 y
/
/
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7
Ti/C = 175 | / 25
/
40
/
//
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/
z |
0 =
0 0.2 0.4 0.6 0.8 1 12 14
VSDSV

Fig.14. Typical reverse diode current.
}- = f{(Visps); conditions: Vs = 0 V; parameter 7;

Fig.13. Typical turn-on gate-charge characteristics.
Vs = f(Qg); conditions: I = 50 A; parameter Vps

25 WDSS%
120
,\L 110
2 100
= | 90
us. \\ \\N,_ 80 \\
815 \\\ r ] 70
§ \\ F‘ Ciss 50 S
g, N, 50
~= N 40
"N NG 30
I N 20
.5 .\
g L il r—— Coss 10 I~
Crss 4
0 20 40 60 80 100 120 140 160 180
0.01 0.1 1 vbsy 10 100 » Tmb/°C
Fig.12. Typical capacitances, Ciss Cosss Crss: Fig.15. Normalised avalanche energy rating.
C = f(V,s); conditions: Vgs =0 V; f= 1 MHz Whpss% = [(T); conditions: Ip =49 A
12
VGSNV
10
VDS = 1‘4?//
8
/ /" vps=luav
6 /
// -ID/100
4
/ RO1
2 shunt
|
0
0 10 20 qgme 30 40 50 P

Fig.16. Avalanche energy test circuit.
W= 0.5 LI} - BV oo (BVpss— Vip)

February.1999
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+5V-Powered, Multichannel RS-232

General Description

The MAX220-MAX249 family of line drivers/receivers is
intended for all EIA/TIA-232E and V.28/V.24 communica-
tions interfaces, particularly applications where 12V is
not available.

These parts are especially useful in battery-powered sys-
tems. since their low-power shutdown mode reduces
power dissipation to less than 5puW. The MAX225,
MAX233, MAX235, and MAX245/MAX246/MAX247 use
no external components and are recommended for appli-
cations where printed circuit board space is critical.

Applications

Portable Computers

Low-Power Modems

Interface Translation
Battery-Powered RS-232 Systems
Multi-Drop RS-232 Networks

Drivers/Receivers

Features

Superior to Bipolar

4 Operate from Single +5V Power Supply
(+5V and +12V—MAX231/MAX239)

+ Low-Power Receive Mode in Shutdown
(MAX223/MAX242)

4 Meet All EIA/TIA-232E and V.28 Specifications

4+ Multiple Drivers and Receivers

4 3-State Driver and Receiver Outputs

4 Open-Line Detection (MAX243)

Ordering Information

PART TEMP. RANGE PIN-PACKAGE
MAX220CPE 0°Cto +70°C 16 Plastic DIP
MAX220CSE 0°Cto +70°C 16 Narrow SO
MAX220CWE 0°Cto +70°C 16 Wide SO
MAX220C/D 0°C to +70°C Dice*
MAX220EPE -40°C'to +85°C 16 Plastic DIP
MAX220ESE -40°Cto +85°C 16 Narrow SO
MAX220EWE -40°Cto +85°C 16 Wide SO
MAX220EJE -40°C to +85°C 16 CERDIP
MAX220MJE -55°Cto +125°C 16 CERDIP

Ordering Information continued at end of data sheet.
*Contact factory for dice specifications.

Selection Table

Power No. of Nominal = SHDN Rx
Part Supply RS-232 No. of Cap.Value & Three- Activein DataRate
Number V) Drivers/Rx_Ext. Caps (pF) State SHDN (kbps) Features
MAX220 +5 212 4 4.7110 No — - 120 Ultra-low-power, industry-standard pinout
MAX222 +5 2/2 4 0.1 Yes — 200 Low-power shutdown
MAX223 (MAX213) +5 4/5 4 1.0(0.1) Yes v 120 MAX241 and receivers active in shutdown
MAX225 +5 5/5 0 — Yes v 120 Available in SO
MAX230 (MAX200) +5 5/0 4 1.0(0.7) Yes — 120 5 drivers with shutdown
MAX231 (MAX201) +5 and 212 2 1.00.1) No — 120 Standard +5/+12V or battery supplies;
+7.5t0 +13.2 same functions as MAX232
MAX232 (MAX202) +5 212 4 1.0(0.1) No — 120 (64)  Industry standard
MAX232A +5 212 4 0.1 No — 200 Higher slew rate, small caps
MAX233 (MAX203) +5 22 0 "~ No e 120 No external caps
MAX233A +5 212 0 — No — 200 No external caps, high slew rate
MAX234 (MAX204) +5 4/0 4 0(0.1) No —2 120 Replaces 1488
MAX235 (MAX205) +5 5/5 0 — Yes == 120 No external caps
MAX236 (MAX206) +5 413 4 1.0(0.1) Yes - 120 Shutdown, three state
MAX237 (MAX207) +5 5/3 4 1.0(0.1) No — 120 Complements IBM PC serial port
MAX238 (MAX208) +5 4/4 4 1.0(0.1) No — 120 Replaces 1488 and 1489
MAX239 (MAX209) +5 and 3/5 2 1.0(0.1) No — 120 Standard +5/+12V or battery supplies;
+7.5t0+13.2 single-package solution for 1BM PC serial port
MAX240 +5 515 4 1.0 Yes —_ 120 DIP or flatpack package
MAX241 (MAX211) +5 4/5 4 1.0(0.1) Yes — 120 Complete IBM PC serial port
MAX242 +5 212 4 0.1 Yes v 200 Separate shutdown and enable .
MAX243 +5 212 4 0.1 No — 200 Open-line detection simplifies cabling
MAX244 +5 8/10 4 1.0 No — 120 High slew rate
MAX245 +5 8/10 0 — Yes v 120 High slew rate, int. caps, two shutdown modes
MAX246 +5 8/10 0 — Yes v 120 High slew rate, int. caps. three shutdown modes
MAX247 +5 8/9 0 — Yes v 120 High slew rate, int. caps, nine operating modes
MAX248 +5 8/8 -4 1.0 Yes v 120 High slew rate, selective half-chip enables
MAX249 +5 610 4 1.0 Yes v 120 Available in quad flatpack package
M AXIM Maxim Integrated Products 1

For free samples & the latest literature: http://www.maxim-ic.com, or phone 1 -800-998-8800.
For small orders, phone 408-737-7600 ext. 3468.
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+5V-Powered, Multichannel RS-232

16-Pin Narrow SO (derate 8. 70mW/°C above +70°C)...696mW
16-Pin Wide SO (derate 9.52mW/°C above +70°C)......762mW
18-Pin Wide SO (derate 9.52mW/°C above +70°C)......762mW
20-Pin Wide SO (derate 10.00mW/°C above +70°C)....800mW
20-Pin SSOP (derate 8.00mW/°C above + 10°C Yooy 640mW
16-Pin CERDIP (derate 10.00mW/°C above +70°C).....800mW
18-Pin CERDIP (derate 10.53mW/°C above +70°C).....842mW

Drivers/Receivers
ABSOLUTE MAXIMUM RATINGS—MAX220/222/232A/233A/242/243
Supply VOIGge (VCC) cvvvvvvviniiiesiiies -0.3Vto +6V
Input Voltages
T o imes s FRESF RIS S TR TP s e vusw e s awmamonsad 0.3V)
N — +30V
Tout (Note 1)... +15V
Output Voltages
TOUT vevseeerseress e es bbb s +15V
ROUT wvonvvesesssvisssisssississsinssssssasvnsverarsvssavarss -0.3Vto (Vce + 0.3V)

Driver/Receiver Output Short Circuited to GND......... Continuous
Continuous Power Dissipation (Ta = +70°C)
16-Pin Plastic DIP (derate 10.53mW/°C above +70°C)....842mW
18-Pin Plastic DIP (derate 11.11mW/°C above +70°C)....889mW
-20-Pin Plastic DIP (derate 8.00mW/°C above +70°C) ... 440mW

Operating Temperature Ranges
MAX2_ _AC_ _,MAX2_ _C_ .o
MAX2_ _AE_ _,MAX2__E__.
MAX2_ _AM_ _, MAX2__M__ ..-55°Cto +125°C

Storage Temperature Range ..............c... ..-65°Cto +160°C

Lead Temperature (soldering, 10SEC) ... +300°C

Note 1: Input voltage measured with Toyt in high-impedance state, SHDN or V¢g = 0V.

Stresses beyond those listed under "Absolute Maximum Ratings" may cause p
operation of the device at these or any other conditions beyond those indicated in the operation

absolute maximum rating conditions for extended periods may affect device reliability.

ELECTRICAL CHARACTERISTICS—MAX220/222/232A/233A/1242/243

(Vce = +5V £10%, C1-C4 = 0.14F, Ta = TMIN to TmAX. unless otherwise noted.)

ermanent damage to the device. These are stress ratings only, and functional
al sections of the specifications is not implied. Exposure to

PARAMETER | CONDITIONS [ MIN  TYP  MAX [ uniTs
RS-232 TRANSMITTERS
Output Voltage Swing All transmitter outputs loaded with 3kQ to GND +5 +8 \
Input Logic Threshold Low 1.4 0.8 \
Input Logic Threshold High 2 1.4 vV
b Pull-Uninsit Curent Normal operation 5 40 A
-Up/in urren —
< RS SHDN = 0V, MAX222/242, shutdown o —-11 "
Vee = 5.5V, SHDN = 0V, Vi = +15V, MAX222/242 +0.01 =10
Output Leakage Current e 5_5__SH NopvaEes O = HA
Ve = SHDN = 0V, Vout = =15V +0.01 =0
All t MAX220, al operation 200 116 i
P excep normal operati kbits/
MAX220 22 20 sec
Transmitter Output Resistance Vce = V+ = V- =0V, Vout = =2V 300 10M Q
Output Short-Circuit Current Vourt = 0V +7 +22 mA
RS-232 RECEIVERS
RS-232 Input Voltage Operating Range +30 \
All except MAX243 R2|N 0.8 .3
RS-232 Input Threshold Low Vee = 5V \Y
REEE AeStgoRe £ MAX243 R2iN (Note 2) S
All except MAX243 R2 1.8 2.4
RS-232 Input Threshold High Vee = 5V i L v
MAX243 R2in (Note 2) -0.5 -0.1
All t MAX243, Ve = 5V, no hyst is in shdn. 0.2 0.5 1
RS-232 Input Hysteresis = R D b b diadadl v
MAX243 1
RS-232 Input Resistance 3 5 7 kQ
TTL/CMOS Output Voltage Low louT = 3.2mA 0.2 0.4 \Y
TTL/CMOS Output Voltage High lout = -1.0mA 35 Vcc-0.2 v
s Sourcing VouT = GND -2 10
TTL/CMOS Output Short-Circuit Current A
P cult Cument I inking VouT - Vcc 10 30 m
SHDN = Ve or EN = Ve (SHDN = 0V for MAX222),
TTW -
CMOS Output Leakage Current Vi€ i< Viee +0.05 10 pA

NN AXIMN



+5V-Powered, Multichannel RS-232
Drivers/Receivers

ELECTRICAL CHARACTERISTICS—MAX220/222/232A/233A/242/243 (continued)

(Vee = +5V £10%, C1-C4 = 0.1pF, Ta = Tmin to Tiwax. unless otherwise noted.)

PARAMETER CONDITIONS MIN TYP MAX | UNITS
EN Input Threshold Low MAX242 1.4 0.8 v
EN Input Threshold High MAX242 2.0 1.4 \
Operating Supply Voltage 4.5 5.5 \Y
MAX220 0.5 2
No load
Ve Supply Current (SHDN = Vce). MAX222/232A/233A/242/243 4 10 A
Figures 5,6, 11,19 3kQ load MAX220 12
both inputs MAX222/232A/233A/242/243 15
Ta'= +25°C 0.1 10
Ta=0°Cto +70°C 2 50
Shutdown Supply Current MAX222/242 s i LA
Ta =-40°C to +85°C 2 50
Ta =-55°C to +125°C 35 100
SHDN Input Leakage Current MAX222/242 +1 HA
SHDN Threshold Low MAX222/242 1.4 0.8 Vv
SHDN Threshold High MAX222/242 2.0 1.4 V
CL = 50pF to 2500pF,
RL = 3kQ 10 7kQ, MAX222/232A1233A1242/243 6 12 30
Transition Slew Rate VECbVala==+25{C; V/ips
measured from +3V MAX220 15 3 30
to -3V or -3V to +3V
MAX222/232A1233AI242/243 i 3.5
Transmitter Propagation Delay tPHLT MAX220 7 0
TLL to RS-232 (normal operation), ys
: MAX222/232AI233A/242/243 ] 386
Figure 1 tPLHT
MAX220 5 10
MAX222/232AI233A/242/243 0.5 1
Receiver Propagation Delay PHLR MAX220 06 3
RS-232 to TLL (normal operation), HS
Figuita2 4 MAX222/232A1233A1242/243 0.6 1
MAX220 0.8 3
Receiver Propagation Delay PHLS MAX242 0.5 10 5
RS-232 to TLL (shutdown), Figure 2 [tpiris MAX242 75 0 | "
Receiver-Output Enable Time, Figure 3 | teR MAX242 125 500 ns
Receiver-Output Disable Time, Figure 3 | tpr MAX242 160 500 ns
Transmitter-Output Enable Time ¢ MAX222/242, 0.1pF caps 250
(SHDN goes high), Figure 4 & (includes charge-pump start-up) H3
Transmitter-Output Disable Time
(SFIDN goes low), Figure 4 tDT MAX222/242, 0.1pF caps 600 ns
Transmitter + to - Propagation ; " MAX222/232A/233A/242/243 300
Delay Difference (normal operation) PG L MAX220 2000 e
Receiver + to - Propagation : : MAX222/232A/233A/242/243 100
Delay Difference (normal operation) PHER < HAEHR MAX220 225 e
Note 2: MAX243 R20uT is guaranteed to be low when R2yN is 2 OV or is floating.
3
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+5V-Powered, Multichannel RS-232
Drivers/Receivers

Typical Operating Characteristics

OUTPUT VOLTAGE (V)

MAX220/MAX222/MAX232A/MAX233A/MAX242/MAX243

AVAILABLE OUTPUT CURRENT MAX222/MAX242
OUTPUT VOLTAGE vs. LOAD CURRENT vs. DATA RATE ON-TIME EXITING SHUTDOWN
T : = n T T T 3 1oV - 3
s § QUTPUT LOAD CURRENT g <1 e s ——2 g
| EITHER V- OR V- LOADED R s g o L Vol Bt el F
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- TRANSMITTER OUTPUTS g 3 LVee = +5.25 8 ov
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' & Voo e bV | T < \<
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D ¥ |
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= V- .
== V+ LOADED, NO LOAD ONV- . - =
0 5 100 15 N 25 0 0 200 30 40 50 60 500ps/div
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+5V-Powered, Multichannel RS-232
Drivers/Receivers

WSVINPUT 3
TOP VIEW i T
cs
T
3 G = 16
Ci+ |1 v 1 Vee 2
I: _EI cc C]—E: Cl+ 5V T0 +10V V+ +10V
v+ [2] 5] GND “T31C1- VOLTAGE DOUBLER
6 -0V
c1-[3 14] Tiour _E |G+ aovT0-10V V-
Gl smaxim [ C27~ 5|co. VOLTAGEINVERTER | L2 c4
c[4] maxezo i3] R p i
MAX232 * -
5] maxzan 2 Row 400k
v- [ 11] iy Pl AT 14,
Toour [7 10l T2 TIUCMOS RS-232
[ 10 INPUTS OUTPUTS
R2N E E R2out
DIP/SO
( - oS24 Rlour Ry |13 4
CAPACITANGE (uF) TTUCMOS 5 RS-232
DEVICE €1 €2 C3 ¢4 C5 RN\ Y g INPUTS
MAX220 47 47 10 10 47| ] LB
_MAX232 10 10 10 10 10 & ”
MAX232A_ 01 0.1 0101 01
GND =
1215
Figure 5. MAX220/MAX232/MAX232A Pin Configuration and Typical Operating Circuit
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Figure 6. MAX222/MAX242 Pin Configurations and Typical Operating Circuit
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National Semiconductor

LM124/LM224/LM324/L.M2902

Low Power Quad Operational Amplifiers

General Description

The LM124 series consists of four independent, high gain,
internally frequency compensated operational amplifiers
which were designed specifically to operate from a single
power supply over a wide range of voltages. Operation from
split power supplies is also possible and the low power sup-
ply current drain is independent of the magnitude of the
power supply voltage.

Application areas inciude transducer amplifiers, DC gain
blocks and all the conventional op amp circuits which now
can be more easily implemented in single power supply sys-
tems. For example, the LM124 series can be directly oper-
ated off of the standard +5V power supply voltage which is
used in digital systems and will easily provide the required
interface electronics without requiring the additional £ 15V
power supplies.

Unique Characteristics

® In the linear mode the input common-mode voltage
range includes ground and the output voltage can also
swing to ground, even though operated from only a
single power supply voltage

m The unity gain cross frequency is temperature
compensated

m The input bias current is also temperature compensated

Advantages

Features

a Differential input voltage range equal to the power

August 2000

Eliminates need for dual supplies

Four internally compensated op amps in a single
package

Allows directly sensing near GND and Vgyr also goes
to GND

Compatible with all forms of logic

Power drain suitable for battery operation

Internally frequency compensated for unity gain
Large DC voltage gain 100 dB
Wide bandwidth (unity gain) 1 MHz
(temperature compensated)
Wide power supply range:
Single supply 3V to 32V
or dual supplies +1.5V to £16V
Very low supply current drain (700 pA)—essentially
independent of supply voltage
Low input biasing current 45 nA
(temperature compensated)
Low input offset voltage 2 mV
and offset current: -5 nA
Input common-mode voltage range includes ground

supply voitage
Large output voltage swing 0V to V" - 1.5V

Connection Diagram

Dual-In-Line Package

OUTPUT 4 INPUT4™ INPUT &

1 13 12

GND

11

INPUT 3* INPUT 3™ OUTPUT3

10 g 8

<
D

1 Iz 3

OUTPUT 1 INPUT1™ INPUT*

Top View
Order Number LM124J, LM124AJ, LM124J/883 (Note 2), LM124AJ/883 (Note 1), LM224J,
LM224AJ, LM324J, LM324M, LM324MX, LM324AM, LM324AMX, LM2902M, LM2902MX, LM324N, LM324AN,
LM324MT, LM324MTX or LM2902N LM124AJRQML and LM124AJRQMLV(Note 3)
See NS Package Number J14A, M14A or N14A

Note 1: LM124A available per JM38510/11006
Note 2: LM124 available per JM38510/11005

v

4

+

5 6 7

INPUT 2* INPUT 2™ OUTPUT 2

DS009299-1

ssayijduly [euonesedQ pPenp Jemod Mo Z06ZINTVEEIN VST TFTLNT

© 2000 National Semiconductor Corporation
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LM124/LM224/LM324/LM2902

Connection Diagram (continued)

Note 3: See STD Mil DWG 5962R99504 for Radiation Tolerant Device

OUTPUT 1 1—__—12 ° LT:: OUTPUT 4
INPUT 1- ] [ 1INPUT 4~
INPUT 1+ :3 l":1 INPUT 4+
w—q LM12aW  F——cn0

INPUT 2+ [__'—:5 m:IINPUYh
INPUT2- |:‘_6 ——
OUTPUT2 |:7 5 OUTPUT 3

DS009299-33

Order Number LM124AW/883, LM124AWG/883, LM124W/883 or LM124WG/883
LM124AWRQML and LM124AWRQMLV(Note 3)
See NS Package Number W14B
LM124AWGRQML and LM124AWGRQMLV(Note 3)
See NS Package Number WG14A

Schematic Diagram (Each Amplifer)

6uA
B a2 03
a 04
INPUTS 4 y
o
+
8 09

DS009299-2
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Absolute Maximum Ratings (Note 12)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales Office/
Distributors for availability and specifications.

Supply Voltage, V*
Differential Input Voltage
Input Voltage
Input Current
. (Viy < -0.3V) (Note 6)
Power Dissipation (Note 4)
Molded DIP
Cavity DIP
Small Outline Package
Output Short-Circuit to GND
(One Amplifier) (Note 5)
V* <15V and T, = 25°C
Operating Temperature Range
LM324/LM324A
LM224/LM224A
LM124/LM124A
Storage Temperature Range
Lead Temperature (Soldering, 10 seconds)
Soldering Information
Dual-In-Line Package
Soldering (10 seconds)
Small Outline Package
Vapor Phase (60 seconds)
Infrared (15 seconds)

LM124/LM224/LM324
LM124A/LM224A/LM324A
32v
32V
-0.3V to +32V

50 mA

1130 mW
1260 mW
800 mW

Continuous

0°C to +70°C
-25°C to +85°C
-55°C to +125°C
-65°C'to +150°C
260°C

260°C

215°C
220°C

LM2902
26V
26V
-0.3V to +26V
50 mA
1130 mW

1260 mW
800 mW

Continuous
-40°C to +85°C

-65°C to +150°C

260°C

260°C

215°C
220°C

See AN-450 “Surface Mounting Methods and Their Effect on Product Reliability” for other methods of soldering surface mount

devices.
ESD Tolerance (Note 13) 250V 250V
Electrical Characteristics
V* = +5.0V, (Note 7), unless otherwise stated
LM124A LM224A LM324A
Parameter Conditions Units
Min Typ Max [Min Typ Max |Min  Typ Max
Input Offset Voltage (Note 8) Ta = 25°C 1 2 1 3 2 3 mV
Input Bias Current Iingsy OF Iing-y Vem = 0V, 4 % 3 of 45 106 nA
(Note 9) Ta=25'C
Input Offset Current Iingny o Ingy Vewm = oV, 74 10 2 15 5 30 nA
Ta=25C
Input Common-Mode V* = 30V, (LM2902, V* = 26V), 0 V*-1.5 0 V*-1.5 0 V*-1.5 \
Voltage Range (Note 10) Ta=25C
Supply Current Over Full Temperature Range
R_ = = On All Op Amps mA
V* = 30V (LM2902 V* = 26V) 1.5 3 1.5 3 15 3
V' =5V 0.7 1.2 0.7 1.2 0.7 1.2
Large Signal V' =15V, R 2 2kQ, 50 100 50 100 25 100 VimV
Voltage Gain (Vo =1V to 11V), To = 25°C
Common-Mode DC, Vem = 0V to V' - 1.5V, 70 85 70 85 65 85 dB
Rejection Ratio Ta=25C

www.national.com
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LM124/LM224/LM324/LM2902

Electrical Characteristics (continued)

V* = +5.0V, (Note 7), unless otherwise stated

Rejection Ratio

LM124A LM224A LM324A
Parameter Conditions - - Units
Min  Typ Max [Min Typ Max [Min Typ Max
Power Supply V* = 5V to 30V
Rejection Ratio (LM2902, V* = 5V to 26V), 65 100 65 100 65 100 dB
Ta=25C
Amplifier-to-Amplifier f=1kHzto 20 kHz, Tp =25°C -120 -120 -120 dB
Coupling (Note 11) (Input Referred)
Output Current | Source | V' = 1V, VN~ = 0V, 20 40 20 40 20 40
V' =15V, Vg =2V, To =25°C mA
Sink Vi = 1V, Vvt = 0V, 10 20 10 20 10 20
* =15V, Vo =2V, Tp =25°C
Vg = 1V, Vit = 0V, 12 50 12 50 12 50 7y
V" =15V, Vo =200 mV, Ty = 25°C
Short Circuit to Ground (Note 5) V* = 15V, T = 25°C 40 6C 40 60 40 60 mA
Input Offset Voltage (Note 8) 4 4 5 mvV
Vos Drift Rs = 02 7 20 7 20 7 30 |pvic
Input Offset Current Inesy = Iinep Ve = 0V 30 30 75 nA
los Drift Rs = 0Q 10 200 10 200 10 300 |pA/'C
Input Bias Current Iingey OF hing-) 40 100 40 100 40 200 nA
Input Common-Mode V' = +30V 0 V-2 0 V-2 0 V-2 v
Voltage Range (Note 10) (LM2902, V* = 26V)
Large Signal V' = +15V (VoSwing = 1V to 11V)
Voltage Gain Ry 22 kQ 25 25 15 VimV
Output Voltage VoH V' =30V R = 2kQ 26 26 26 v
Swing (LM2902, V* = 26V) R = 10 kQ 27 28 27 28 27 28
VoL V' =5V, R = 10 kQ <3 20 5 20 5 20 mV
Output Current Source | Vp =2V Vit = +1V, 10 20 10 20 10 20
391:—15?\\// ; mA
Sink ViNT = +H1V, 10 15 B 8 5 8
Wiy
Electrical Characteristics
V* = +5.0V, (Note 7), unless otherwise stated
LM124/LM224 LM324 LM2902
Parameter Conditions Units
Min Typ Max |[Min Typ Max |Min Typ Max
Input Offset Voltage (Note 8) T = 25°C < 5 2 {f 2 7 mV
Input Bias Current Iingy of gy Vem =0V, P §50 43 o a5 =y =
(Note 9) Ta=25C
Input Offset Current Iingsy o Iy Vem =0V, 3 30 ] 50 5 50 nA
Ta=25C
Input Common-Mode V' =30V, (LM2902, V* = 26V), 0 V=15 0 V*-1.5 0 V*-1.5 Y
Voltage Range (Note 10) Ta=25C
Supply Current Over Full Temperature Range
Ry = o On All Op Amps mA
V* =30V (LM2902 V* = 26V) 1.5 3 1.5 3 1.5 3
V' =5V 0.7 1.2 0.7 1.2 0.7 1.2
Large Signal V* = 15V, Ry 2kQ, 50 100 25 100 25 100 VimV
Voltage Gain (Vo = 1Vto 11V), Tp = 25°C
Common-Mode DC, Vgm = 0V to V' = 1.5V, 70 85 65 85 50 70 dB
Rejection Ratio Ta=25C
Power Supply V* = 5V to 30V
(LM2902, V* = 5V to 26V), 65 100 65 100 50 100 dB
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Electrical Characteristics (continued)

V* = +5.0V, (Note 7), unless otherwise stated

. LM124/LM224 LM324 LM2902 :
Parameter Conditions Wi Typ Max [Min Typ  Max [Min  Typ Max Units
Ta=25C
Amplifier-to-Amplifier f=1KkHzto 20 kHz, Tp = 25°C -120 -120 =120 dB
Coupling (Note 11) (Input Referred)
Output Current Source | V' =1V, Vi~ =0V, 20 40 20 40 20 40
V' =15V, Vg = 2V, Tp = 25C mA
Sink Vi = 1V, V' = 0V, 10. 20 10 20 10 20
V" =15V, Vo =2V, Tp=25C
Vv = 1V, Vit = 0, 12 50 12 50 12 50 A
V' =15V, Vg = 200 mV, Tp = 25°C
Short Circuit to Ground (Note 5) V"= 15V, T4 = 25°C 40 60 40 80 40 60 mA
Input Offset Voltage (Note 8) 7 9 i0 mV
Vs Drift s =00 7 7 7 uvic
Input Offset Current Iingwy = vy Ve = 0V 100 150 45 200 nA
los Drift Rs = 0Q 10 10 10 pAI'C
Input Bias Current Iingsy ©F Iing-) 40 300 40 500 40 500 nA
Input Common-Mode V' = +30V 0 V-2 0 V=2 0 V-2 Vv
Voltage Range (Note 10) (LM2902, V" = 26V)
Large Signal V' = +15V (VeSwing = 1V to 11V)
Voltage Gain Ry 2 2 k2 25 15 15 VimV
Output Voltage Vou V"= 30V R =2kQ 26 26 22 "
Swing (LM2902, V* = 26V) R =10 kQ 27 28 27 28 23 24
Vou V' =5V, R = 10kQ 5 20 o 20 5 100 mV
Output Current Source | Vg =2V V" = +1V, 10 20 10 20 10 20
WSy mA
Sink Vi~ = +1V, 5 8 5 8 5 8
Wl

Note 4: For operating at high temperatures, the LM324/LM324A/LM2902 must be derated based on a +125°C maximum junction temperature and a thermal resis-
tance of 88°C/W which applies for the device soldered in a printed circuit board, operating in a still air ambient. The LM224/LM224A and LM124/LM124A can be de-
rated based on a +150°C maximum junction temperature. The dissipation is the total of all four amplifiers—use exteral resistors, where possibie, to allow the am-
plifier to saturate of to reduce ine power which is dissipated in the integrated circuit. [

Note 5: Short circuits from the output to V* can cause excessive heating and eventual destruction. When considering short circuits to ground, the maximum output
current is approximately 40 mA independent of the magnitude of V. At values of supply voltage in excess of +15V, continuous short-circuits can exceed the power
dissipation ratings and cause eventual destruction. Destructive dissipation can result from simultaneous shorts on all amplifiers. i

Note 6: This input current will only exist when the voitage at any of the input leads is driven negative. It is due to the collector-base junction of the input PNP tran-
sistors becoming forward biased and thereby acting as input diode clamps. In addition to this diode action, there is also lateral NPN parasitic transistor action on the
IC chip. This transistor action can cause the output veltages of the op ampsto go to the V*voltage level (or to ground for a large overdrive) for the time duration that
an input is driven negative. This is not destructive and normal output states will re-establish when the input voltage, which was negative, again retums to a value
greater than -0.3V (at 25°C).

Note 7: These specifications are limited to ~55'C < Ty < +125°C for the LM124/LM124A. With the LM224/LM224A, all temperature specifications are limited to ~25°C
< Ta < +85°C, the LM324/LM324A temperature specifications are limited to 0°C < Ta < +70°C, and the LM2902 specifications are limited to —40°C < Tp < +85°C.
Note 8: Vg = 1.4V, Rg = 0Q with V* from 5V to 30V: and over the full input common-mode range (0V to V* = 1.5V) for LM2902, V* from 5V to 26V.

Note 9: The direction of the input current is out of the IC due to the PNP input stage. This current is essentially constant, independent of the state cf the output so
no loading change exists on the input lines.

Note 10: The input common-mode voltage of either input signal voltage should not be allowed to go negative by more than 0.3V (at 25°C). The upper end of the
common-mode voltage range is V* = 1.5V (at 25°C), but either or both inputs can go to +32V without damage (+26V for LM2802), independent of the magnitude of
V*

Note 11: Due to proximity of external components, insure that coupling is not originating via stray capacitance between these external parts. This typically can be
detected as this type of capacitance increases at higher frequencies.

Note 12: Refer to RETS124AX for LM124A military specifications and refer to RETS124X for LM124 military specifications.

Note 13: Human body model, 1.5 k< in series with 100 pF.
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LM124/LM224/LM324/LM2902

Input Voltage Range
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Supply Current
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Open Loop Frequency’

Typical Performance Characteristics

Input Current
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Voltage Gain
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Common Mode Rejection
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Typical Performance Characteristics (continued)

Voltage Follower Pulse

Response
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Large Signal Frequency
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Output Characteristics
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Output Characteristics
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LM124/LM224/LM324/LM2902

Typical Performance Characteristics (continued)

Input Current (LM2902 only)
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Application Hints

The LM124 series are op amps which operate with only a
single power supply voltage, have true-differential inputs,
and remain in the linear mode with an input common-mode
voltage of 0 V. These amplifiers operate over awide range
of power supply voltage with little change in performance
characteristics. At 25°C amplifier operation is possible down
to a minimum supply voltage of 2.3 Vpe.

The pinouts of the package have been designed to simplify
PC board layouts. Inverting inputs are adjacent to outputs for
all of the amplifiers and the outputs have also been placed-at
the corners of the package (pins 1, 7, 8, and 14).

Precautions should be taken to insure that the power supply
for the integrated circuit never becomes reversed in polarity
or that the unit is not inadvertently installed backwards in a
test socket as an unlimited current surge through the result-
ing forward diode within the IC could cause fusing of the in-
ternal conductors and result in a destroyed unit.

Large differential input voltages can be easily accommo-
dated and, as input differential voltage protection diodes are
not needed, no large input currents resuit from large differen-
tial input voltages. The differential input voltage may be
larger than V* without damaging the device. Protection
should be provided to prevent the input voltages from going
negative more than -0.3 V¢ (at 25°C). An input clamp diode
with a resistor to the IC input terminal can be used.

To reduce the power supply drain, the amplifiers have a
class A output stage for small signal levels which converts to
class B in a large signal mode. This allows the amplifiers to
both source and sink large output currents. Therefore both
NPN and PNP external current boost transistors can be used
to extend the power capability of the basic amplifiers. The
output voltage needs to raise approximately 1 diode drop
above ground to bias the on-chip vertical 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.

Voltage Gain (LM2902 only)

160 l i
1 }
= R =20kQ
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3 1/ R.=2.0kQ___|
(&)
&
2 80
=
-
o
>
1
S 40
>3
<
0
0 10 20 30

V- SUPPLY VOLTAGE (Vye)
DS009299-47

Where the load is directly coupled, as in dc applications,
there is no crossover distortion.

Capacitive loads which are applied directly to the output of
the amplifier reduce the loop stability margin. Values of
50 pF can be accommodated using the worst-case
non-inverting unity gain connection. Large closed loop gains
or resistive isolation should be used if larger load capaci-
tance must be driven by the amplifier.

The bias network of the LM124 establishes a drain current
which is independent of the magnitude of the power supply
voltage over the range of from 3 Vp¢ to 30 Vpe.

Output short circuits either to ground or to the positive power
supply should be of short time duration. Units can be de-
stroyed, not as a result of the short circuit current causing
metal fusing, but rather due to the large increase in IC chip
dissipation which will cause eventual failure due to exces-
- sive junction temperatures. Putting direct short-circuits on
more than one amplifier at a time will increase the total IC
power dissipation to destructive levels, if not properly pro-
tected with external dissipation limiting resistors in series
with the output leads of the amplifiers. The larger value of
output source current which is available at 25°C provides a
larger output current capability at elevated temperatures
(see typical performance characteristics) than a standard IC
op amp.
The circuits presented in the section on typical applications
emphasize operation on only a single power supply voltage.
If complementary power supplies are available, all of the
standard op amp circuits can be used. In general, introduc-
ing a pseudo-ground (a bias voltage reference of V*/2) will
allow operation above and below this value in single power
supply systems. Many application circuits are shown which
take advantage of the wide input common-mode voltage
range which includes ground. In most cases, input biasing is
not required and input voltages which range to ground can
easily be accommodated.
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General Description

The LM139 series consists of four independent precision
voltage comparators with an offset voltage specification as
low as 2 mV max for all four comparators. These were
designed specifically to operate from a single power supply
over a wide range of voltages. Operation from split power
supplies is also possible and the low power supply current
drain is independent of the magnitude of the power supply
voltage. These comparators also have a unique
characteristic in that the input common-mode voitage range
includes ground, even though operated from a single power
supply voltage.

Application areas include limit comparators, simple analog to
digital converters; puise, squarewave and time delay
generators; wide range VCO; MOS clock timers;
multivibrators and high voltage digital logic gates. The
LM139 series was designed to directly interface with TTL
and CMOS. When operated from both plus and minus power
supplies, they will directly interface with MOS logic— where
the low power drain of the LM339 is a distinct advantage
over standard comparators.

August 2000

National Semiconductor

LM139/LM239/LM339/LM2901/LM3302
Low Power Low Offset Voitage Quad Comparators

Features

m Wide supply voltage range ‘

m LM139/139A Series 21036 Vpc or 1to 18 Vpc
a | M2901: 2 to 36 Vpe or *1to £18 Vpe
3 LM3302: 210 28 Vpe or 1 to 14 Vpe
m Very low supply current drain (0.8 mA) — independent

of supply voltage
25 nA

Low input biasing current:
Low input offset current: +*5nA
Offset voltage: 3 mV

Input common-mode voltage range includes GND
Differential input voltage range equal to the power
supply voltage

Low output saturation voltage: 250 mV at 4 mA
m Output voltage compatible with TTL, DTL, ECL, MOS
and CMOS logic systems

Advantages

High precision comparators

Reduced Vg drift over temperature
Eliminates need for dual supplies

Allows sensing near GND

Compatible with all forms of logic

Power drain suitable for battery operation

One-Shot Multivibrator with Input Lock Out

<

1/4 LM139 - 1 0
1
1/4 LM138 Vo
+
10M
MN "
62k =
A A s

DS005706-12

© 2001 National Semiconductor Corporation DS005706
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LM139/LM239/LM339/LM2901/LNI3302

Supply Voltage, V*

Input Voltage

Absolute Maximum Ratings (Note 10)

if Military/Aerospace specified devices are required, please contact the National
Office/Distributors for availability and specifications.

Differential Input Voltage (Note 8)

LM139/LM239/LM339

LM139A/LM239A/LM339A

LM2901

36 Vpg or £18 Vpe
36 Vpe

-0.3 Vpe to +36 Vpe

Semiconductor Sales

LM3302

28 Ve of £14 Ve
28 Ve
-0.3 Vpc to +28 Ve

Input Current (V,<-0.3 Vpe),
(Note 3)
Power Dissipation (Note 1)
Molded DIP
Cavity DIP
Small Outline Package
Output Short-Circuit to GND,
(Note 2)
Storage Temperature Range
Lead Temperature
(Soldering, 10 seconds)
Operating Temperature Range
LM339/LM33%A
LM239/LM239A
LM2901
LM139/LM139A
Soldering Information
Dual-In-Line Package
Soldering (10 seconds)
Small Outline Package

Vapor Phase (60 seconds)
Infrared (15 seconds)
See AN-450 “Surface Mounting Metheds and T

50 mA

1050 mW
1190 mW
760 mW

Continuous
-65°C to +150°C

260°C
0°Cto +70°C
-25°C to +85°C
-40°C to +85°C
-55°C to +125°C
260°C

215°C
220°C

50 mA

1050 mW

Continuous
-65°C to +150°C

260°C
-40°C to +85°C

260°C

215°C
220°C

heir Effect on Product Reliability” for other methods of soldering surface mount

devices.
ESD rating (1.5 kQ in series with 100 pF) 600V 600V
Electrical Characteristics
(V*=5 Vg, Ta = 25°C, unless otherwise stated)
Parameter Conditions LM139A LM239A, LM339A LM139 Units
Min Typ  Max | Min ~Typ Max | Min Typ Max
Input Offset Voltage (Note 9) d Lo 20 1.Q¥9 2.0 2.0: . .50 mVpe
Input Bias Current Iingry OF Ly With Output in 25 100 25 250 25 100 | nAgc
Linear Range, (Note 5), Vepy=0V
Input Offset Current Iingey~liney Vs OV 30 25 50 50 30 25 | nApc
Input Cemmon-Mode V*=30 Vp¢ (LM3302, 0 \V Silab"" 0O vV*-15] O V*-15 | Vpc
Voltage Range V*+=28 V) (Note 6)
Supply Current R =2 on all Comparators, 08 20 08 20 0.8 2.0 mAgc
R, =0, V=36V, 1.0 25 1.0 25 | mApe
(LM3302, V*=28 Vpc)
Voltage Gain R 215 kQ, V=15 Vpc 50 200 50 200 50 200 V/mV
V,=1Vpcto 11 Vpe
Large Signal V,n=TTL Logic Swing, Vrer= 300 300 300 ns
Response Time 1.4 Vpe, Vre=5 Ve,
R_=5.1 kQ
Response Time Ve =5 Vpe, R.=5.1kQ, 1.3 1.3 1.3 us
(Note 7)
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Electrical Characteristics (continued)
(V*=5 Vpe, Ta = 25°C, unless otherwise stated)

Parameter Conditions LM13%A LM239A, LM339A LLM139 Units
Min Typ Max | Min Typ Max Min Typ Max
Dutput Sink Current Vine=1 Vo Vinen =0, 6.0 16 6.0 16 6.0 16 mApc
Vo£1.5 Ve
saturation Voltage Vine=1 Voo Vinen=0, 250 400 250 400 250 400 | mVpc
Isink$4 MA
Dutput Leakage Viney=1 Vo Vine =0, 0.1 0.1 0.1 nApc
Current Vo=5 Vpe
Electrical Characteristics
(V*=5 Ve, Ta = 25°C, unless otherwise stated)
Parameter Conditions LM239, LM339 LM2901 LM3302 Units
Min  Typ Max | Min Typ Max | Min Typ Max
nput Offset Voltage (Note 9) 2.0 5.0 20 G0 3 20 mVpe
nput Bias Current lingsy OF liny—y With Output in 25 250 25 250 25 500 | nApc
Linear Range, (Note 5), V=0V
nput Offset Current Iney~ ey Vo=V 5.0 50 5 50 3 100 | nApc
nput Common-Mode V*+=30 Vpc (LM3302, 0 V*-151| 0 V*-15| 0 V*-1.5| Vpc
Voltage Range V*=28 Vp¢) (Note 6)
Supply Current R_=¢ on all Comparators, 0.8 2.0 0.8 2.0 0.8 2.0 mApc
R =, V*=36V, 1.0 / 25 1.0 25 10 25 | mApgc
(LM3302, V*=28 Vo)
Voltage Gain R 215 kQ, V*=15 V¢ 50 200 25 100 2% 180 V/imV
Vo= 1 Vpeto 11 Vpe
Large Signal V,=TTL Logic Swing, Vger= 300 300 300 ns
Response Time 1.4 Voo, V=5 Voc:
R, =5.1 k2,
Response Time Vg =5 Vper R =5.1 KQ, 13 18 1.3 us
(Note 7)
Output Sink Current Viney=1 Voe, Vins=0s 6.0 16 6.0 16 6.0 16 mApc
V<15 Vpe
Saturation Voltage Vine=1 Vo Vingn=0s 250 400 250 400 250 500 | mVpc
5 Isinks4 MA
Output Leakage Viney=1 VoeVine=0: 01 0.1 0.1 nApc
Current Vo=5 Vpe
Electrical Characteristics
(V* = 5.0 Vpe, (Note 4))
Parameter Conditions bl I[_'I\G%%%’; LIEISY Units
Min Typ Max |Min Typ Max |Min Typ Max
Input Offset Voltage (Note 9) 4.0 4.0 9.0 |mVpe
Input Offset Current Ineey~liney Vem=0V 100 150 100 | nApc
Input Bias Current Iingey OF hing—y With Output in 300 400 300 | nApc
Linear Range, Vou=0V (Note 5)
Input Common-Mode V*=30 Vpc (LM3302, 0 V*-20]| 0O V*-201| 0 V*-2.0 | Vpe
Voltage Range V*=28 Vpc) (Note 6)
Saturation Voltage Vin=1 Voo Viney=0, 700 700 700 {mVpe
Isnks4 MA 4
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LM139/LM239/LM339/LM2901/LM3302

Electrical Characteristics (continued)
(V* = 5.0 Vpe, (Note 4))

Parameter Conditions ERREAS tﬂ%%%ﬁ Elaias Units
Min Typ Max |Min Typ Max |Min Typ Max
Output Leakage Current Vinen=1 Voo Vine-=0, 1.0 1.0 1.0 | pApc
V=30 Vp, (LM3302,
Vo=28 Vi)
Differential Input Voltage Keep all V,y's20 V¢ (or V7, 36 36 36 Voe

if used), (Note 8)

Electrical Characteristics
(V* = 5.0 Vpe, (Note 4))

Parameter Conditions LM239, LM339 LM2901 LM3302 Units
Min Typ  Max |Min Typ Max | Min Typ Max

Input Offset Voltage (Note 9) 9.0 9 15 40 mVpe

Input Offset Current Iy~ hingy Vom=0V 150 50 200 300 | nApc

Input Bias Current Iingy OF lingey With Output in 400 200 500 1000 | nApc
Linear Range, V=0V (Note
5)

Input Common-Mode V*=30 Vpc (LM3302, V*'=28 V2T | Q0 V'-2.0N 9 V=20 | Vpc
VDC)

Voltage Range (Note 6)

Saturation Voltage V,N(_)=1 Voe: Vine)=0, 700 400 700 700 mVpe
Isinks4 MA }

Output Leakage Current | Vine)=1 Vocs Vine=0 1.0 1.0 1.0 HApG
V=30 Vp, (LM3302, V=28
Voc)

Differential Input Voltage | Keep all V)'s20 Vpc (or V7, 36 36 28 Voe
if used), (Note 8)

Note 1: For operating at high temperatures, the LM339/LM339A, LM2901, LM3302 must be derated based on a 125°C maximum junction temperature and a
thermal resistance of 95°C/W which applies for the device soldered in a printed circuit board, operating in a still air ambient. The LM239 and LM139 must be derated
based on a 150°C maximum junction temperature. The low bias dissipation and the “ON-OFF” characterisiic of the outputs keeps the chip dissipation very small
(Pp<100 mW), provided the output transistors are allowed to saturate.

Note 2: Short circuits from the output to V* can cause excessive heating and eventual destruction. When considering short circuits to ground, the maximum output
current is approximately 20 mA independent of the magnitude of V*.

Note 3: This input current will only exist when the voltage at any of the input leads is driven negative. It is due to the collector-base junction of the input PNP
transistors becoming forward biased and thereby acting as input diode clamps. In additicn ta this diode action, there is also lateral NPN parasitic transistor action
on the IC chip. This transistor action can cause the output voltages of the comparators to go to the VV* voltage level (or to ground for a large overdrive) for the time
duration that an input is driven negative. This is not destructive and normal output states will re-establish when the input voltage, which was negative, again returms
to a value greater than 0.3 V¢ (at 257)C.

Note 4: These specifications are limited to ~55'C<Tas+125°C, for the LM139/LM139A. With the LM239/LM239A, all temperature specifications are limited to
-25"C<Tas+85°C, the LM339/LM339A temperature specifications are limited to 0°C<TAS+70°C, and the LM2901, LM3302 temperature range is —40"CSTa<+85°C.
Note 5: The direction of the input current is out of the IC due to the PNP input stage. This current is essentially censtant, independent of the state of the output so
no loading change exists on the reference or input lines.

Note 6: The input common-mode voltage or either input signal voltage should not be allowed to go negative by more than 0.3V. The upper end of the common-mode
voltage range is V* =1.5V at 25°C, but either or both inputs can go to +30 Vpc without damage (25V for LM3302), independent of the magnitude of V*.

Note 7: The response time specified is a 100 mV input step with 5 mV overdrive. For larger overdrive signals 300 ns can be obtained, see typical performance
characteristics section.

Note 8: Positive excursions of input voltage may exceed the power supply level. As long as the other voltage remains within the common-mode range, the
comparator will provide a proper output state. The low input voltage state must not be less than -0.3 Vpg (or 0.3 Vpcbelow the magnitude of the negative power
supply, if used) (at 25°C).

Note 9: At output switch point, Vo=1.4 Vpc, Rs=0Q with V* from 5 Vpg to 30 Vpg; and over the full input common-mode range (0 Vpc to V* -1.5 Vpg), at 25°C.
For LM3302, V* from 5 Vpg to 28 Vpc.

Note 10: Refer to RETS139AX for LM139A military specifications and to RETS139X for LM133 military specifications.
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Typical Performance Characteristics 1m139/.M239/LM339, LM133ALM239A/LLM339A, LM3302

Supply Current
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Typical Performance Characteristics Lm2901

Supply Current
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Typical Performance Characteristics 1mM2901 (Continued)

Response Time for Various
Input Overdrives —Negative
Transition

Response Time for Various
input Overdrives-Positive
Transition

LM139/LM239/LM339/LM2901/LM3302
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Application Hints

The LM139 series are high gain, wide bandwidth devices
which, like most comparators, can easily oscillate if the
output lead is inadvertently allowed to capacitively couple to
the inputs via stray capacitance. This shows up only during
the output voltage transition intervals as the comparator
changes states. Power supply bypassing is not required to
solve this problem. Standard PC board layout is helpful as it
reduces stray input-output coupling. Reducing this input
resistors to < 10 kQ reduces the feedback signal levels and
finally, adding even a small amount (1 to 10 mV) of positive
feedback (hysteresis) causes such a rapid transition that
oscillations due to stray feedback are not possible. Simply
socketing the IC and attaching resistors to the pins will cause
input-output oscillations during the small transition intervals
unless hysteresis is used. If the input signal is a ‘pulse
waveform, with relatively fast rise and fall times, hysteresis is
not required. |

All pins of any unused comparators should be tied to the
negative supply.

The bias network of the LM139 series establishes a drain
current which is independent of the magnitude of the power
supply voltage over the range of from 2 V¢ to 30 Vpc.

it is usually unnecessary to use a bypass capacitor across
the power supply line.

Typical Applications. (v = 50 vy)

Basic Comparator

DS005706-3

Driving CMOS

w :: <{ INPUT OVERDRIVE = 100 mV
= a h
2s o N smyf
5% iy
3 0 I!lznmv w1
g 'F = n 3
E-;E— ‘:—— Ta=25°C— ~j
B3 L1 !
[T 1TT
8 05 180 15 20
TIME (usec)
DS005706-43

The differential input voltage may be larger than V" without
damaging the device. Protection should be provided to
prevent the input voltages from going negative more than
-0.3 Vpc (at 25°C). An input clamp diode can be used as
shown in the applications section.

The output of the LM139 series is the uncommitted collector
of a grounded-emitter NPN output transistor. Many collectors
can be tied together to provide an output OR'ing function. An
output pull-up resistor can be connected to any available
power supply voltage within the permitted supply voltage
range and there is no restriction on this voltage due to the
magnitude of the voltage which is applied to the V* terminal
of the LM139A package. The output can also be used as a
simple SPST switch to ground (when a pull-up resistor is not
used). The amount of current which the output device can
sink is limited by the drive available (which is independent of
V*) and the P of this device. When the maximum current limit
is reached (approximately 16 mA), the output transistor will
come out of saturation and the output voltage will rise very
rapidly. The output saturation voltage is limited by the
approximately 60Q Rgar of the output transistor. The low
offset voltage of the output transistor (1 mV) allows the
output to clamp essentially to ground level for small load
currents.

Driving TTL ~

+5 Vpe

1/4 DMSAXX

DS005706-4

www.national.com




o niss R R |
October 1987
FAIRCHILD Revised January 1999

SEMICONDUCTORTV

CD40106BC
Hex Schmitt Trigger

General Description Features

The CD40106BC Hex Schmitt Trigger is a monolithic com- B Wide supply voltage range: 3V to 15V
plementary MOS (CMOS) integrated circuit constructed | High noise immunity: 0.7 Vpp (typ.)
with N and P-channel enhancement transistors. The posi- s
tive and negative-going threshold voltages, Vr, and Vr_, @ Low power TTL compatibility:

show low variation with respect to temperature (typ Fan outof 2 driving 74L.or 1 driving 74LS
0.0005V/°C at Vpp = 10V), and hysteresis, V1, - V7202 B Hysteresis: 0.4 Vpp (typ.).

Vpp is guaranteed. 0.2 Vpp guaranteed
All inputs are protected from damage due to static dis- @ Equivalent to MM74C14
charge by diode clamps to Vpp and Vss. B Equivalentto MC145848

Ordering Code:

Order Number | Package Number Package Description
CD40106BCM M14A 14-Lead Small Outline integrated Circuit (SOIC), JEDEC MS-120, 0.150" Narrow Body
CD40106BCN N14A 14-Lead Plastic Dual-In-Line Package (PDIP), JEDEC MS-001, 0.300” Wide
Devices also available in Tape and Reel. Specify by appending the sufiix letter “X" to the ordering code.
Connection Diagram Schematic Diagram
Pin Assignments for DIP and SOiC voe
Voo
\r
Im lu |12 [n 10 Is |u —'l'_
i é j ; INPUT O—r"_ —0O puTPUT

&
=T

N

© 1999 Fairchild Semiconductor Corporation DS005985.prf www.fairchildsemi.com
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CD40106BC

Absolute Maximum Ratings®ote 1)
(Note 2)

-0.5t0 +18 Vp¢
-0.5t0 Vpp +0.5 Vpe

DC Supply Voltage (Vpp)
Input Voltage (Vi)

Storage Temperature Range (Ts) -65°Cto +150°C
Power Dissipation (Pp)

Dual-In-Line 700 mW

Small Outline 500 mW
Lead Temperature (T, )

(Soldering, 10 seconds) 260°C

DC Electrical Characteristics (Note 3)

Recommended Operating
Conditions (Note 2)

DC Supply Voltage (Vpp) 3to 15 Vpc
Input Voltage (V)y) 0to Vpp Vpe
Operating Temperature Range (Ta) -40°C to +85°C

Note 1: “Absolute Maximum Ratings™ are those values beyond which the
safety of the device cannot be guaranteed. They are not meant to imply
that the devices should be operated at these limits. The table of “Recom-
mended Operating Conditions® and “Electrical Characteristics” provides
conditions for actual device operation.

Note 2: Vgg = 0V unless otherwise specified.

—40°C +25°C +85°C
Symbol Parameter Conditions Units
Min Max Min Typ | Max | Min Max

oo Quiescent Device Current Vpp=5V 4.0 4.0 30 pA
Vpp =10V 8.0 8.0 60 pA

Vpp =15V 16.0 16.0 120 HA

VoL LOW Level Output lol <1uA

Voltage Vpp=5V 0.05 0.05 0.05 \

Vpp =10V 0.05 0.05 0.05 v

Vpp =15V 0.05 0.05 0.05 v

Vo HIGH Level Output llol <1 pA

Voltage Vpp=5V 4.95 495 g 4.95 \

Vpp= 10V 9.95 9.95 10 0.95 \

Vpp =15V 14.95 14.95 15 14.95 A"

Vr_ Negative-Going Threshold Vpp=5V, Vo= 4.5V 0.7 2.0 0.7 14 2.0 0.7 2.0 \
Voltage Vpp =10V, Vo =38V 14 4.0 1.4 82 4.0 1.4 4.0 \

Vpp =15V, Vg = 13.5V 24 6.0 21 5.0 6.0 2.1 6.0 A

V1, Positive-Going Threshold Vpp =5V, Vo =0.5V 3.0 43 3.0 3.6 43 3.0 43 v
Voitage Vpp =10V, Vg = 1V 6.0 8.6 6.0 6.8 8.6 6.0 8.6 \

W Vpp= 15V, Vo = 1.5V 9.0 20, 9.0 10.0 | 129 9.0 12.9 v

Vy Hysteresis (Vyy — Vy.) Vpp=5V 10 36 1.0 p-.74 3.6 1.0 3.6 3
Voltage Vpp =10V 20 2.2, 2.0 3.6 T2 20 72 \

Vpp =15V 3.0 | 108 | 30 50 { 108 | 3.0 | 108 Vv
ToL LOW Level Output Vpp =5V, Vo= 0.4V 0.52 044 | 0.88 0.36 mA
Current (Note 3) Vpp=10V,Vo = 0.5V 1.3 9.1 2.25 0.9 mA

Vpp =15V, Vo= 1.5V 36 3.0 838 24 mA
ToH HIGH Level Output Vpp = 5V. Vo = 4.6V ~0.52 044 | ~0.88 20.36 mA
Current (Note 3) Vpp =10V, Vg = 9.5V -13 =11 | =225 -0.9 mA

Vpp = 15V, Vo = 13.5V -3.6 -3.0 | -88 -2.4 mA

™ Input Current Voo = 15V, Vi = OV -0.30 ~10° | -0.30 210 | pA
Vpp = 15V, Viy = 15V 0.30 1075 | 0.30 1.0 pA

Note 3: 1oy and I are tested one output at a time.
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AC Electrical Characteristics (Not 4)
TA=25°C, C =50 pF, Ri_= 200K, t, and t;= 20 ns, unless otherwise specified

Symkbol Parameter Conditiors Min Typ Max Units

tpyp OF toy iy Propagation Delay Time from Vpp =5V 220 400 ns
input to Output Vpp = 10V 80 200 ns

Vpp = 15Y 70 160 ns

trHL OF triy Transition Time Vpp =5V 100 200 ns
Vpp =10V 50 100 ns

Vpp = 15V 40 80 ns

Cin Average Input Capacitance Any Input 5 5 pF
Cpp Power Dissipation Capacity Any Gate (Note 5) 14 pF

Note 4: AC Parameters are guaranteed by DC correlated testing.
Note 5: Cpg determines the no load ac power consumption of any CMOS device. For complete explanation sse 74C Family Characteristics Application Note,
AN-90.

Switching Time Waveforms

50%
107

QUTPUT

t=t{=20ns

Typical Applications

Low Power Oscillator
R

Vi
ty = RC ¢ n=—"t
1 =R an_

Vpp — Vr-

Bl% HC NS

Vin O Vout P v AN
A B, AL WD

Vry (Voo = V1 )

HC Laf T s
¢ Vr- (Voo — Vr+)

I..._- Note: The equations assume

e+ >> o + ek

Voo —

vour vt
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CD40106BC

OUTPUT VOLTAGE (V)

Typical Transfer

Typical Performance Characteristics

Characteristics
28 I
|
Vpp =15V
15
]vr_ Vrs
Vpp =10V Vop= 5V
10 [ v T
V-
i MVH
5 |2 -/
=
Vs

] 5 10 15
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Voo
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VOLTAGE
Vr—
w
Vop
DUTPUT
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&

2

INPUT VOLTAGE (V)
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Trip Point Range

128

15 *MINIMUM HYSTERESIS
SPREAD (= 8.2 VpD)
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