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ABSTRACT

The purpose of this thesis is to study a characteristic of the solar cell degree
adjustment with sun tracking system. This experiment, let us the maximum power
between maximum power fixed-position solar system and stand alone solar tracking
system. Which is the maximum power transform from 120 Watt 12 Volt photovoltaic panel
{we used 2 of them), and stored by charger circuit through a 120 Ah 12 Volt lead-acid
battery. We can drive the photovoltaic panel in one direction by using DC motars. LDR
{Light Decrease Resistor) and shading method take place in order to be sensing part of this
system. It will operation when the dark is came. The microcontroller MCS AT88S51 is the

central control unit for this system.
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National

October 1993

Semiconducror

CD4047BM/CD4047BC Low Power
Monostable/Astable Multivibrator

General Description

CD4047B is capabte of oparating n aither the monostable
or astable mode. ILrequires an externat capacitor (between
pns 1 and 3} and an externai resister (between pins 2 and
3} to determine the cutput pulse width in the monostahle
mode, and the output irequency i1 the astable mode
Astable aperation is enabled by o high level on the astaple
nput or fow level on the asiable mput. The oulpul frequancy
{at 50% duty cycie) at Q and G outpuls 1s determined by the
iming compenents. A frequency twice that of G is availabla
at the Oscillator Qutpul, a 502 duty cycle is not guarantesrl,
Monestable operaticn is obtaine:d when the device i3 frig-
gered by low-lo-high transition at - Irigger input or high-te-
low transition at tigger npul. The device can Da ratrig
gerad by applying a simultaneou- low-to-lngh transition 1o
both the - tngger and retugger inpiats,

A Tugh level on Reset input resets the oulputs Q2 ta low, & 1o
higgh

Features

m Wida supply voltage range

o High noise immumity

| Low power TTL
cormpatility

SPECIAL FEATURES

B _ow powef consumption specal CMOS oscllator con-
figuration

m Monostable {ene-shol) or astalie (free-running) opera-
tion

W True and camplemented buffercrd cuiputs

® Only one external A and C requirec

3.0V 1o 156V

045 Vipp {lyp )
Fan out of 2 dnving 741
or todriving 74054

MONOSTABLE MULTIVIBRATOR FEATURES

m Positive- or negative-edge trigger

B Outpul pulse width independent of trigger pulse dura-
tion

m Retriggerable option for pulse width expansion

W Long pulse widths possible using small RC compaonents
by means of external counter provision

W Fast recovery time essentially independent of puise
width

® Pulse-width accuracy maintained at duty cycles ap-
proaching 100%

ASTABLE MULTIVIBRATOR FEATURES

| Free.junning or gatable operating modes

m 50% duty cycle

B Osaillator oulput availabie

m Good astable frequency stability

typical P 2% + 0.03%/°C % 100 kHz
fraquincy 05% + 0.015%/°C @ 10 kHz
deviation  {oircuits timmed to frequency
Vi = 10V - 10%)
Applications

& Freguency discriminators
| Timinyg circuits

m Time-aeiay applications

B Envelops detaction

® [requency multiphcation
B Freguency division

Block and Connection Diagrams

AETABLE
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Absolute Maximum Ratings Nows 1 ana 2)
It Military/Aeraspace specified devices are required,
please contact the Natiopnal Semiconductor Sales
Otfice/Distributors for availability and specifications.

DC Supply Voltage (V) DSVIo - 18V
Input Voitage (Vi) 05V Vpy | 0.5V

Starage Temperature Range (Tiy) 65"Cte ¢ 150°C
Power Dissipation ()}

Buat-li-Line 700 mW

Smali Culiine 200 mw
Luad Temperature (T}

(Soldering, 10 seconds} 260°(;

Recommended Operating

Conditions (nawe 2

DC Supply Veltage (Vop)

Input voltage (Vi)

Dperating Temperature Range (T 4)
CDA047BM
Cdna/BC

DC Electricai Characteristics co40s78M Note 2)

3Vto 15Vne
Q to Vpp Ve

-55'C o - 125°C
-40°Cto t B5C

H L 'C “C
Symbaol Parameter ! Conditions c % 128 Units
i Min | Max | Min Typ | Max | Min | Max
Inp Cuiescent Device Curront * Vo - 5V 5 5 150 | uA
Vo 10V 10 10 300 | pA
. vpp - 15V 20 20 600 | pA
Ve Low Lavel Culput Vattage |l 1 pA
Wy - 5V 0.05 0 0.05 nos| v
g lov 0.05 0 | 00s 005 | v
I¥pp = 15V 0.05 0 0.05 005 [ v
Vo High Level Quiput Vortage | lles] - 1 A
;vDD 5V 1.95 4,95 5 4,95 W
_ fvpy - 10V 9.95 995 10 9.95 Y
i "o e 18V 14 4% 14.085 15 14.95 v
Vi Low Level :nput Voilage vop - V.V 0.5V ordsy 1.5 2.25 15 1.5 vV
Voo - 10V, Vo - 1Y or TV 30 4.5 3.0 a0 Vv
Yon 1BV Ve - 1BV or 13,5V 4.0 6875 | 4.0 0| v
Vi High Leve! Input Voltage | Vy - SV Wy 05V ar4 5V 1.5 3.5 275 35 vV
Vo - 10V, Ve [V oY 7 7.0 5.5 7.0 v
Yoo - 15V Vg - 1AV o138V [ 11 11.0 | A28 11.0 v
oL Low Levei Output Current 'V V. Ve QaV .64 o5 0.8g 0.6 mA
{Mote 3} SVgn = 10V, Vo DBV 16 1.3 | 225 0.9 mA
vpp = 1BV, Vg 16V 1.2 3.4 8.8 24 mA
IGH High Level Qutput Current | Wy - 8W, VY 46V 0.54 0.511 -0.88 0.56 ma
(Nota 3) Jpp - 10V, Ve 96V 14 14| 225 0.4 mA
vop - 18V Vg 105V 42 3.4 ‘48 2.4 mA
I I Input Current Yopo 1AV Wy o OV -0.4 10 31 041 10| pA
| Yop 1BV W)y - 15V 0.1 10 5§ 01 1.0 [ pA
DC Electrical Characteristics cnaoarac (ote 7y
40°C 25"C 85°C :
Symbol Parameter Caonditions Units
Min Max Min Typ Max Min Max
Inn Chnescent Device Curreat Voo - 8V 20 20 150 LA
Yan - 10V 40 AD 300 A
Voo - 15V AG 80 500 wh
Vi Low Level Output Voltage kol - 1 pA
Vrn BV (.05 0 0.05 0.05 v
Vo o 10V .05 0 0.05 0.05 v
Yy 18V .05 0 0.05 005 W
VoiH High Laver Output Voitage Inl - 1A
VoD - hvY 105 4.95 5 4,95 v
Vnn oDV 345 395 0 0,95 v
Yo BV | 14w 14.95 15 14.95 v
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DC Electrical Characteristics cpsoa7si innte 2y iGontimued)

" 25 a
Symbol Parameter Conditions 0°C 5C 85°C Units
Min | Max | Min Typ Max | Min | Max
Vi Low Level Input Voltage | ¥pop = 5V, Vi - 0.5V or 4.5V 1.5 225 15 1.5 v
Vo o 1OV Vs - IV o 9y a0 45 3.0 a0 | v
Vap 18V VD - 1OV o 135y 40 B75 4.0 4.0 v
Wiy High Level Input Veilage | Yy = 5V, Vg — 0.5V ot 4 5Y KA 3.5 2.75 35 v
Vor o 10V, Vg - 1V orav 70 7.0 55 70 v
Voo o 18V, Vg - 15V 18.8v] 11 110 | B.25 11.0 %
i, Low cevel Qutput Current { Voo - 5V, Vi - 0Lav 0 s 0.44 088 0.36 mA
(Note 3) Voo @ 10V, Wy - 05V 1.1 11 2.25 0.9 mA
Vpp o 15V. Ve 15V 36 3.0 [i):] 2.4 mA
[Is]=! High Level Qutput Current | Vpp -+ 5V, Vi - 4.6V 0.52 0.44 [o:1:] 0.38 mA
iMNote &) "W o 10V, Vs 4BV 13 11| -225 ~0.9 ma
Vop o 18V, Vo 135y 36 30 8.8 2.4 mA
N Input Current VoD 15V Vg OV 0.3 10 8 0.3 LO[ pA
| Yo = 18V Viy - 15V 03 005 | 03 1.0 | pa

Note 1: "Absclule Maxamum Ralndgs ' ar= Ibesa valoas noyond wiich e sarsly of e device
should be oparated Al fhase amli Tha T of “Fecommanied Operatiig Coadions™

AT

Nate 2: Vg

Y ANIAsS b g SRl )

Nate 3: |5, and I are tested ane elpul i g lime,

AC Electrical Characteristics® cnsnam

rot he yugrantead. [hay are nat maant ta imply thal the devees

&l lactacal Charactanstics™ provides condibons for actual device

Ta  25°C. 0L 40 pF.H_ 200k input t, i 20 ns, unless otherwse specified
Symbol Parameter Conditions Min Typ Max Units

tpPHL. tPLH Propagation 0r:1ay Time Astable, Voo 5V 200 400 ns
Astable to Ose Dul Vo 10V 100 200 ns
Vpp o 15V 80 160 ns
tan, oL Astable Astable o Q,Q Voo AV 550 900 ng
Ypo o 10V 280 500 ns
vna o 16V 200 400 RS
L. TPLH « Trigger, riggerto () Vog o 5V 700 1200 ns
Voo - 10V 300 00 ns
Vi - 15V 240 480 ns
fipHL. iy I Trgyer, Retyger 1o Q vop SV 300 800 ns
Vo 10V 175 300 ns
Vo o 18Y 150 250 ns
pHL. torH Aesettn Q.0 Vi BV 00 600 ns
Vpp 10V 125 250 ns
Yoo 1BV 100 200 As
(ML LM Transiton Time: Q, 3, Osc Out nn SV 100 200 e
Voo o 10V 50 100 ns
Yy - 15V 40 [=10] ns

bt b Minimu: = input Pulse Duration Any input
Vep B 500 1000 ns
Voo 10V 200 400 ns
Vil 15V 160 320 ns
mn FoL v Trigyor. Helirgger. Rise and Voo BV i g
IFall Tirmes Yo o 10V 5 s
Vop o 18V 5 s
Cing Average inpnlapacriance l Any Input = 7.5 1:F

AC Paramsters are gudianioed by DG corated lesting.
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Logic Diagram

e

Fo
4 TIGGF R Gy

5
-xl:;;;lw'O——D()—

Rl e

|-v—(‘n D o i _l, p—1

Specai inpul I0TEsHnm Src e 1 RENMEL arger -nout-vosdage swangs.

Truth Table

I
4
—Q< I——o TR ArnET

HF-haty 3

Terminal Connections Typical Output
_ eran Output Pulse ypical Butpu
Function Period or
Input Pulse From
ToVpp ToVsgg To Pulse Width
Astabie Multivibratar
Frae-Aunning 7,892 10, 11,13 ta (10, 11) - 4.40 RC
aat 7,89 12 10, 11,
TrueL:aang i :,“ ¥ ‘P 0. 11,13 ta (13} = 2 20 RC
Camplement Galing B4 5,7 8.9, 12 ! 10.11,13
Monostable Multivibrator
Pasitive-Edge Trigger & 14 56,7, %12 3] 10, 11
MNegalive-Edge Trigger 4414 57,012 8 10, 1 W (10, 11) — 248 AC
Relriggerahle 4, 14 56 7.9 312 10. 11
External Countdown* 1A 5.6 /.89 12 {Seea Figure) {Sea Figure) (See Figure)

Note: Lxteial resistor octween heminals

INPUT
PULSE —_r-L

sand DLl gl capastar Dubween lermas

and 3

‘Typical Implementation of External Countdown Option

o

[
A3THRLE
CO4DATE
" N out
al
CLOCK LUOUNTER
lntset
[ Tty (g -

3%

sl

P>

o AL

TLAF SR
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Typical Performance Characteristics

Typica: Q. Q. Osc Qut Period
Accuracy vs Supply Voitage
(Asiable Mode Operatian}

Ho

PLAIUG ACLUHAEY FOR A 8 and OS¢ DU

Vo SUTPLY vOLTABE Wt

TR
fa, Q fl c
A 1000 kH:z 2 10 A
B 100kHz 2k 00 pF B
¢ 10kHz 2000k 100 pF c
D 1kH: 2ok 1000 pF b
E  100Hz 7oM 1000 pF E
Typical Q. Q and Osc Out
Period Accuracy vs Tamperature
Astable Mode CGperplian
Z e
5 Y 10V 15K Ml At
:1. '] R TIREL T LA -
E L iy, 10v)
=y
FR |
E | ANIVE Gy )
S g R
Z ARSI TR
T om0 om e s
g - AMGIENT TEMPCAATIRE ] 21
AE AN
fo. G A c
A 1000 kHy 22% 10 pF A
8 100 kHz 22k 100 pF B
C  10kHz 224k 100 pF c
D 1kHz F20k 1000 pIF o
Timing Diagram
Astable Mode
usE pui !
1 I
- e
g

Retrigger Mode

Typical Q, Q, Pulse Wigth
Accuracy vs Supply Vaitage
Mcnostable Mode Dperation

i T
1§ |

" igg |

5 10 15

FULSE WITH ACCUSRALY FOR GAND Q %)

vpp - SUPPLY YULTAGE ]

TL F /5089 -0
i R c
2 us 22k 10 pF
7S 22k 100 pF
60 ps 220k 100 pF
550 ps 220k 1000 pF
55ms 2.2M 1000 pF
Typical Q and 2 Pulse Width
Accuracy va Temperature
Manostiabie Mode Operatian
Z [ T A 18V
S g5 j0tay, v Ev) ] :
2 i f IR
o [ 25
é 5
|
E S [-eisv)
= LX)
P LI - — -
3 (ETRLE : ‘
5 -15 -5 23 §5 65 115 14§
Ty - TEMPERATURE 'L}
L1 s bR i
tu R c
2 s 22k 10 pF
7 s 22k 100 pF
60 s 220k 100 pF
550 us 220k 1000 pF

Monostable Mode

+ THIGGER I [ | I
DSE GUT I I l

1 [RIGGLRA I I ]
ALTRIGGED
G5G T ! ! I I
n [ I

IL A1 /5865 1
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Physical Dimensions inches (milimeters)

I

s
cem— 198 —— "I
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[l i3] fiz] [ [l &) [
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(ﬂ.:if::: . ., 1220’ 0.310
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P T o] S s i o
J""J i Ll FL ﬁ ” " T vodosom
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Order Number CD4047BMN or CD4047BCN
NS Package Number M14A

LIFE SUPPORT POLICY

NATIONAL'S FRODUCTS ARE NOT AUTHORIZED 3R LUSE A% CRITICAL COMPONENTS IN LFE SUPPCRT
DEVICES OR SYSTEMS WiTHOUT THE EXPRESS WRITTEN ARPPROVAL OF THE PRESIDENT OF NATIONAL

SEMICONDUCTOR CORPORATION. As used herain:

1. Life support dewvices or systems  are  dewvices  or
systerns whnich, (a) are imended or surqical implant
Mo the body, or |p) support o sustain hla, and whoge
laure to pertormm, when propeEry LS in accordancs
with mstructions for nse proveded in the labeiing. caa
he reagonably expected to oxsult i a signiticant snjury
10 the user.

T
PO}

cnbical componant

15 any compoenent of a

iile

support device or system whose lailure to paerform can
ha reasonabiy expected to cause the failure of 1he life
supporl dawvica or syslemn, or lo affect ifs salely or
affectiveness.

Natanal Semiconductor
Corporation

™

P TEQD S

National Seniconaucior
Eutope

ERELT

mad

s B

gty id |

Sragas ol

vabe Tal -

National Semicaonductar
Heng Kong Lid.

£t I Sl
e, 5
smshilsn Kowkoon

SN PP 160G
A2 2TIR-LGE0

Natianal Semicanducior
Japan Lid.

[l 61043299 2308
—ux: K1-040-25%-2408
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IRFP150N

— ]
FAIRCHILD
e ]

SEMICONDUCTOR"

Data Sheet

January 2002

44A, 100V, 0.030 Ohm, N-Channel Power MOSFET

Packaging Features
JEDEC TO-237 = Ullra Low On-Resistance
SOURCE - TDSION) = 0.03002, Vg =10V
DRAIN i
GATE * Simulation Maodels
Ternperature Compensated PSPICE™ and SABER?
Electrical Models
- Spce and SABER® Thermal Impedance Models
- www.fairchifdsemi.com
* Peuak Current vs Pulse Width Curve
= L% Rating Curve
Ordering Information
Symbol | PARTNUMBER  PACKAGE | BRAND \
]
i IRFP 150N TO-247 IRFP150N
g
G
5
Absolute Maximum Ratings 1, - 25'C. Unless Otherwise Speaiied
IRFP150N
UNITS
Dran to Sowce Voitago (Note 1) Voas 100 v
Urain to Gate Voltage (R = 20k} (Not:: 1) YoGR 100 v
(ate 10 Source Voitage Yoo k20 v
Drain Currenl
Cominuuus (T = 28YC, Vg - 10V ifligure 2) . g 44 A
Sontinuous 1Tp= 100°C. Vig,; = 10V (Figure 2) p 31 A
Fulsed Drain Current Iop Figure 4
Fulsed Avalanche Hating uls Figures 6, 14, 15
Power hssigation P 155 W
Derate Abuve 250 1.03 WG
Operatng and Slerage Temperatire I Ts1g 5510175 o)
Maximum Temperature for Sodenng
Leaas al 0 063in i1.6mm) trom Case: ka 105 Ty 300 e
Package Boay tar 10s, See Tecnbriel T334 T 260 he

NOTES
1.7y 25%C 10 15676

CAUTION: Stresses above mose st in Ao, ofte Miaimim Haangs” nay o rse ermaneal dacage 1 me dewice, This s a Sess oniy FAlrNg and opeaton of e
1S L el Abon s nor eaphied.

Jeviee at tHese G any omer condion:. anowe I

rRg nbriated i e cderahonar sk

3FP1EON Hoy |4



Efectrical Specifications 1.
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IRFP150N

25YC, Untess Otneraize Spocilied

| PARAMETER SYMBOL | TEST CONDITIONS [N TYR I Max | uNITS
i OFF STATE SPECIFICATIONS
Dran lo Bource Breakdown Yoitage AV g5 . Igy = 2500A, Vg = (JVI(F|q|m;‘ 113 T ; B l v
| Zero Gale Yoltage Drain Carrent Ipss ’ Vg = usv, Vg = 0V ‘ - ‘ - o T |
Vg = 60V, Vg = 0V, Tps = 150°C i - - o uA i
Gate 1o Saurce Lcdkage Current Inas v i = a0v ! T - 1 £100 na ‘
ON STATE SPECIFICATIONS
Gate to Source Threshaid Voitage "'GS:T_Hr ! “.;'g_.:‘}_; =Vps. by = 2500A IFgure o | 2 . - | i [ v
L Drain o Source On Resistanc: ‘ TDS(0ON} :Jg = 448 V. = 10V ;F\gurle Bl : I 00255 | D030 : {2
‘ THERMAL SPECIFICATIONS i R ‘
Thormat Resistance Junction o Case Rgge: P TO-247 i Lo g | ovcaw
!fﬁérmal Resistance Junction 1 Higa T L 30 ‘ ocw |

Ambienl

| SWITCHING SPECIFICATIONS V., 10V)

" Turn-OR Fime ek Vi = 50V 1p; = 44A ‘ - T TThan ns
" Turn-On Detay Time L 0N} ' ;{r: ;::2’;‘2 | ™
Rise Time I §(F1q'ures 13,19} 75 T A |
Turn-Dff Delay Time lore: | ’ Car T T e
Fall Tirme I o I LT ns
i Turn-0f Time I | B TR
\ GATE CHARGE SPECIFICATIONS .
! rolal Gale Charge QagTor | Vess =0V 1020V Vi ¢ 50V, oo 08 | nG |
“Gate Charge a1 10V Ggirgy Ve OVI0 TV :34:“ oA T K T owe
j Threshold Gate Charge Quenaty Vs =W o v iFigures 13, 16, 17) . a1 38 ne
l Gate 1 Source Gate Charge Qg ) 7 : | 6.5 -
iGales to Crain "Miller* Cnarge Qaa , I - 17 - neo
| CAPACITANGE SPECIFICATIONS ' T
Input Capactance Vg = 25V W = DV, | 17700 | - . pF
"Cuiput Capacnance J:F—“"Jll:;*:lzg) ._160 o : . pr !
Reverse Transfer Capaciance ! ; 145 l o l pFE
Source to Drain Diode Specifications
PARAMETER SYMBOL TEST CONDITIONS TMIN | TYP MAX  UNITS
Source 10 Oram Diode Voliage Van lgp = 44A 125 v
lopy < 228 .7 P oo | v
Haverse {lg&r:;;very Time ™ lrJ;L-. daA e, el = FO0ANS 7 i - 105 | ns :
Ravirrse Aacovered Charge tap ' I;;” - d4A dleiyedt = 100AYS - 306 1 nG i
. . I

I

IHER1EON Hew 14
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IRFP150N
Typical Performance Curves
12 T 5
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2 04| 4 z g
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E o2 - 20
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. 0
Te, CASE TEMP RATURE (°C) Te CASE TEMPERATURE (°C)
FIGURE 1. NOAMALIZED POWER DISSIPATION vs FIGURE 2. MAXIMUM CONTINUOUS DRAIN CURRENT vs
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Typical Performance Curves (continued)
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FIGURE 7. TRANSFER CHARACTERISTICS

Bl e e - —

| PULSE DUAATION = Bus Vag = 16V, Ip = 444

] DUTY CYCLE = 0.5% MAX

Z s

8 25 77,,,177 S — — / o
ed !

£z

220 7

2o

oo . /

[a]

wT s J
Nz

30 /

E-4

=

[id 4

(=)

=

I

30 120 160 200
T,. JUNCTION TEMPERATURE (°C)
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FIGURE 6. UNCLAMPED INDUCTIVE SWITCHING
CAPABILITY
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Vs, DRAINTO SOURCE VOLTAGE (V)
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IRFPI150N

Typical Performarice Curves (continued)

12 ——— P ey e e — 6000 | T
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FIGLRE 11. NORMALIZED DRAIN 10 SOURCE BREAKDOWN FIGURE 12. CAPACITANCE vs DRAIN TO SOURACE VOLTAGE

VOLTAGE vs JUNCTION TEMPERATURE
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- WAVEFORMS IN
5 DESCENDING ORDER:
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Ag. GATE CHARGE (nC)

HOTE: Reler to Finrchild Apprication Nates AM7254 and AN7260.
FIGURE 13. GATE CHARGE WAVEFORMS FOR CONSTANT GATE CURRENT

Test Circuits and Wa@brms

Vps
BVpss.
L - — 1p
VDs
VARY tp T ORTAIN 7 las N .
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VG L T . . =
s i ————— : S S
. ouT ‘ :
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OV comad L Ias o i A S S
Y 001
AAA-—a U 7 UV
FIGURE 14. UNCLAMPED ENERGY TEST CIRCUIT FIGURE 15 UNCLAMPED ENERGY WAVEFORMS
B F iz e e T o T IATEEon e
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IRFP150N
Test Circuits and Waveforms (continved)
Yps
I N ¥Ypp _‘_‘ Gqrom I
R L Vos

our

lqiRER

*. Qg 74
N
N

Vg = 10V

-t (g

it

FIGURE 6. GATE CHARGE TEST CIRCUIT

Vog

FIGURE 17. GATE CHARGE WAVEFORMS

0
- CuT 90%
I I Vs 50% 50%
. ————— PULSE WIDTH ——=|
Vas 0 RLEN

FIGURE 18. SWITCHING TIME TEST CIRCUIT

SE B Rl SEINISCIGLICK T Ptk

FIGURE 19. SWITCHING TIME WAVEFORM
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IRFP150N

PSPICE Electrical Model
SUBCKT |RFF150M 21 3, ren 15 Jan 2000

CA 128700
CB 15 14 27089
CIN B 8 1.56e-1

DBO0Y 7 5 JBCOYMOD
DBREAK 5 11 DBREAKMOD
OPLCAP 10 5 DPLCAPMOD DPII-FAP

LDRAIN
§ DRAM
» 2

RLDRAIN

EBREAK 17 17 18 1135 2 AsLCt

EDS 14 8 5 81

EGS 13 8 4 81 RSLC2 3

ESGE 1068 1 5 ESLE

EVTHRES G621 196 °

EVTEMP 206 18 22 1 i an
ESG( X < RDRAIN

IT & 17 1 !

+

T}
m
]
)
m
I
-

EVTHRES e

I P
LORAIN 2 5 1.08-5 LGATE EVTEMP hd '3‘3 ll MWEAK

LUATE 1 9 & GATE RGATE - i
S 1 G-M ; Jl:f MMED
9 20 J'[la—— —4

®

LSOURCE 3
MMED 16 5 8 § MMEDMOD RLGATE PgMsTRO
MSTROD 16 6 8 B MSTROMOD

MWEAK 16 21 4 8 MWEAKMOD:

LSOURCE

SOURCE
3

ADRAIN 50 16 RORAINMOD 1 6He-2 ALSOUVRCE

RGATE 9 20 (.66
FILDHA\NJB 31“::& 12 ; RBAEAK
RLGATE 14 26 3 1

RLSOURGE 3 7 11

RSLET 551 ASLCMOD 166
RASLEC2 560 163 CA i ca
ASOUACE 8 * ASOURCEMOL 1 B5e N NRL T -
RYTHRES 22 8 AVTHRESMQOD == ypaT

RVTEMP 18 19 RYTEMPMOD 1 ecs { §) eos =
S1A 6 12 13 4 S1AMOD 3 - 8 A 22
N

1213 o SIBMOD

RVTHRES
G2A6 15 14 13 S2AMOD
[2B 3 IR 1413 S2BRMOD

ABREAK 17 14 RBREAKMOD 1 l—o—l RSOURCE
S1A 52A

18

RYTEMP
19

VHAT 22 19 10 1
CSLC 5180 VALUE={{MIB 51 FARS(VIE A 1)) (PWRN S, S T e 57H81L3 G

MODEL DHODYMOO D 0SS = | s08-12 o =19 RS = 2 88e-3 XTI » 5181 P88 THE? -« 1 o0e-8 CJO = 190e-9 TT = 6.5a-8 M = 0.55)
MODEL DEREAKMOD D 1HS = 505 1 KF = 1 TRS1 = Bo-4 TRSZ - do-b)

MONEL DPLCAPMOD NHCSO 2206 5 = [2-30 M = 0.8

MODEL MMEDMOD NMOS VT = 30T KP = 5 1S =12-30 M = 10 TOX 110 lu W, 0BG - 0.66)

MODEE MSTROMOD NMOS tV10 = i KP = 375 1S = 1e-30 N - 1 1OX - 11 a1

MODEL MWEAKMOD NMOS (v TO Te-dON =16 1OX <1 fuW - 1a 3G - B0}

MODEL RBREAKMO} HES (T 1 -1 OB H

MODEL RDRAINMOGD HES (TG - 7 70
MONEL RSLCMOD RFS (TG . 1 2t
MODEL FSOURCEMOD RES (101

i T2

MODEL GYTHRESMOID RES (1,27 - B

MODEL RYTEMPMOD BEES (701 = 2 =987

MODEL S1aMOD VSWITCHIRON - 1e  ROEFE -1 VON - -5 VOILF- o
MODEL MOD VSWITCH RDN < Te oy BROFF a0 VON = 2200 VO F-
MODEL S2ZAMOD VEWITCH (RON s ROFE b1 WON = -1 MO F-

MODEL SIBMOD VEWITCH IRON = = 1 ROFF 01 YON =05 YOF- (1]
ENDS

NOTE: For further discussion o the BLEICE modet, consull & New PSPICE Sub-Circuil for the Power MOSFET Featuring Globat
Temperature Options 1:EE Power Electronics Speciabst Conlerence: Recoras, 1991 watten by William J. Hepp and C. Frank Wheatlay,

UL T VTR E RS RH SRR T T (T IRFPISEN FHey b
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IRFP150N

SABER Electrical Modef
REV 15 Jan 2000

tamplate IRFP150N n2.11,n3

alactncal n2,n1,.n3

{

var 1 iscl

d..model dbedyimad = {is = 1.308-12. ¢jo = 1.90a-9, it = 6.5¢-8, xli = 5, in = 0.55}

d..madel dbreakmod = )

d..modal dplcapmod = icjo = 2.208-9, 15 = 1-30, vj=1.0. m = 0.83}

m. model mmedmod = (typa= _n. vio =321 kp = 5,05 = 1e-30, 1ox = 1}

m..model mstrengmor = itype= n, vio = 3,58, ko = 37.5, is = 12-30, tox = 1)

M. model mweakmod = {type= 1, vio = i 81, kp = 0.07 is = 1e-30. tox = 1) LDAAIN

sw_vesp model s1amod = (ron = 1e-5. rolf = 0.1, von = -6.2, volf = -2 4} DPLCAP 5 DRAIN
sw _vcsp.model s1bmod = {ron =1e-5, 10ff = 0.1. van = -2.4, volf = -B.2) {§ ’ ’ 2
sw_vesp._model s2zamod = (ron = 1e-5, rall = 0.1, van = -1.8, volf = 0.5) 10
sw _vesp.modal s2bmod = (ran = 1e-5, 10fl = 0.1, van = 0 5, voff = -1.8) SRsLC RLDRAIN

L Ts1 AOBREAK
cranizng =2.70a-9 RSLCZ::
c.chn15n14 = 2.708-9 1 72 < RDBODY
6.0 NG 18 = 1.56e-9 3/ 18t T

50 DBREAK
¢.dbody n7 n71 = medel=dbodyimeod -
d.dbreak n72 n11 = model=cbreakmou esal B S ADRAIN 1 7
d.deleap n10 a8 = mogel=dplcapmod EVTHRES m
A
- |21
. L74T) |
Ltn8 n17 =1 aate LGATE HGATE EVTEMP l__j h_"MWEAK F OBODY
ldram n2 nk = 1e-9 1 n—m—w\,—*@' L - {lqmmeD | EBREAK
Ilgale n1 ng = 6.5¢-9 9 20 [F"‘" MSTRG
lIsource n3 n7 = 2.38-3 ALGATE 3
LSDURCE

CIN Py
m.mmet 116 n6 N8 N8 = model=mmadmad, = 1u, w=1u T 8 AR 7 SDgHCE
m.mstrong n16 né N8 n8 = madel=mstronymod, '=1u, w=1u y HSO'L‘H;CE
m.mweaK 116 n21 68 nB = mode=mweakimod, I=1u, w=1u r"'l RLSOUACE
ras.roreak n17 n18 = 1, tc1 = 1.08e-3, w2 = -A.6a8-7 129!A 24 15 RBREAK
res.rabody n71 N5 = 2.866-3, fc1 = 2.25e-3 162 = 1e-6 B2 ]g 17
ras.rabraak n72 nS = 3.05e-1, 101 = Be-4. 12 = 3e-§
ras rdrain n50 n16 = t 68a-2, t¢! = 7 70e-3, 162 = 2.20e-5 S18 g w528 RYTEMP
ras.rgale n% n20 = 0.86 13 CB
res_rldrain n2 nS = 10 CA 14
ras.rigata n1 nd = 2§ bs )
s flsource ndnz = 1t EGS 6 EDS e
o8 Tsic1 N3 n51 = 1e-6. 161 = 4.25e-3, Ic2 = 1.00e-6 . -
res. rslc2 n5 nsd = 183

res.rsource N8 n7 =1.85e-3, i1 =1e-3, 1e2 = 1g-6
res.rlemp n18 19 = 1, 1¢1 = -3.20e-3. 1 .G7e-7
res.vihres n22 nB =1, 161 = -2.07e-3, tcl = -6.65e-6

spa.ebreak nil n7 n17 n18=111.5
spa.eds nd nBnind =1

5pe.egs M3 ndnend =1

spa.esg nE n10ng nd = 1
spe.evternp n20n6 n1B n22 = 1
spe.evthres nd n21 n1%nH = 1

sw_vcsp.sla a8 n12 n13 nd = modei=s tamod
sw_vesp.s1bn13 n12 m13 ng = mode tamod
sw_vesp.s2a nk p15n14 nl13 = model amod
sw_vosp.s2b n13 n15 n1d n3 = modei=s2bmad

v.vbat n22 n19 = de=1

agquations {

i {n51-=n54} +=iscl

isch: ¥InS1,n50) = ({vinS nS1)(1e-8+abs(vins,ni 1)) i{absi{ns.n51)" 146981 1.5))

!

22602 Farchla Semiconcuctor Coroaraticn IHFF150N Rev. B
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IRFP150N

SPICE Thermal Model

RAEV 15 Jan 2000

iRFF150NT

CTHERM1 th & 3.10e-3
CTHERMZ 6 5 1.60e-2
CTHERAM3 5 4 1.34e-2
CTHEAM4 4 5 1.22e-2
CTHERAMS 3 2 1.40e-2
CTHERMG 2 Il 1.05e-1

ATHERM! |h 6 1.20e-2
ATHERMZ § 5 3.50g-2
ATHERM3 5 4 5.20e-2
RATHERM4 4 3 1.45e-1
RTHEAMS 32 2.62a-1
RTHERMS 2 1] 2.64e-1

SABER Thermal Model

SABER thermal model (RFP1SONT

template thermal _model th
thermal _c th, 1l

{

ctherm.ctherm1 th & = 3.10e-3
ctherm.ctherm2 6 5 = 1.60e-2
ctherm.ciherm3 5 4 = 1.34e-2
ctherm.ctharm4 4 3 = 1.22e-2
ctherm.ctherm5 3 2 = 1.40e-2
clherm.cthermg 2 il = 1.05e-1

rtherm.rtherm1 th 6 = 1 20e-2
rtherm.rtherm2 6 5 = 3.50e-2
rtherm.rtherm3 5 4 = 5.20e-2
rherm.rthermd 4 3 = 1 45g-1
rtherm.iiherms 3 2 = 2. 62e-1
riherm.rtherm6 2 {1 = 2.64a-1
t

ATHERM1

RTHEAM2

ATHERM3

RTHERM4

ATHERMS

ATHERMG

1

h JUNCTION
% CTHERM1

-
.
|
]
-

AAA

AAA
Yy

1—

i—

CASE

CTHERM2

CTHERM3

CTHERM4

CTHERMS

CTHERME

+52002 Falrchild Samiconduclor Corparatonr

IRFP 150N Rev. B
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TRADEMARKS

The following are registerec and unregistered trademarks Fairchild Semiconductor owns or is authorized 1o use and is
not intended 1o be an exhaustive list of all such trademarks.

ACEx™ FAST & OPTOLOGIC™ SMART START™ VCX™
Bottomlesg ™ FASTr™ OPTOPLANAR ™ STAR*POWER™
CoolFET™ FRFET™ PACMANT Stealth ™
CROSSVOLT™ GlebalOptoisolator™ pOP™ SupersOT™-3
DenseTrench™ GTO™ Power247™ SuperSOT™-8
DOME™ HiSeC™ PowerTrench > SupersSOT™-8
EcoSPARK™ ISOPLANAR™ QFET™ SyncFET ™
E*CMOS™ LittleFET™ Qs™ TinyLogic™
EnSigna™ MicroFET ™ QT Optoelectronics™  TruTranslation™
FACT™ MicroPak ™ Quiet Serigs™ UHC™

FACT Quiet Series™ MICROWIRE™ SILENTSWITCHER®  UltraFET®
STAR*POWER is used under license

DISCLAIMER

FAIRCHILD SEMICCONOUCTOR RESERVES THE RIGHT TC MAKE CHANGES WITHOUT FURTHER
NOTICE TC ANY PRODUCTS HEREIN TO IMPROVE RELIABILITY, FUNCTION OR DESIGN. FAIRCHILO
DOES NOT ASSUME ANY LIABILITY ARISING OUT OF THE AFPLICATION OR USE OF ANY PRODUCT
CR CIRCUIT DESCRIBED HEREIN; NEITHER DOES IT CONVEY ANY LICENSE UNDER ITS PATENT
RIGHTS, NOR THE RIGHTS QF OTHERS.

LIFE SUPPORT POLICY

FAIRCHILD'S PRODUCTS ARE NQT AUTHGORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES CRSYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF FAIRCHILD SEMICONDUCTOR CORPORATION.
As used herein:

1. Life support devices or systems are devices or
systems which, {a) are intended for surgical implant into
the body, or {b) support or sustain life, or {c} whose
failure to perform when properly used in accordance
with instructions for use provided in the labeling, can be
reasonably expected ta resuit in significant injury to the
user.

PRODUCT STATUS DEFINITIONS

2. A cnbcal comporent is any companent of a life
support device or system whose failure to perform can
be reasonably expected to cause the failure of tha Iife
supporl device or system, or fo affect its safety or

effectiveness

Definition of Terms

Datasheet Identification Product Status Definiticn

Formative or
In Design

This dalasheet conlains the design specifications for
product development. Specifications may change in
any manner withoul notice.

Advance Information

First Production This datasheel contains pretiminary data. and
supplementary data will be published at a later date.
Fairchild Semiconductor reserves the right to make
changes at any time without notice in order to improve

design.

Preliminary

Mo Identfication Needed Full Production This datasheet contains final specifications. Fairchiid
Sermiconductor reserves tha right to make changes at

any time without notice in order 1o improve design.

Not In Production This dalasheet conlains specifications en a product
that has been discontinued by Fairchild semiconductor,

The datasheet is printed for reference information only.

Cibsciele

Rav -l
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ULN2001A, ULN2002A, ULN2003A, ULN2004A, ULQ2003A, ULQ2004A
| HIGH-VOLTAGE HIGH-CURRENT
And i3m0 londer Suppiied: DARLINGTON TRANSISTOR ARRAY

SLRSA27G - DECEMBER 1976 - REVISED JUNE 2004

® 500-mA-Rated Collector Current ULN2001A . .. D OR N PACKAGE
(Single Output) ULN2002A . .. NPACKAGE
) ULNZOO3A . .. D, N, NS, OR PW PACKAGE
® High-Voltage Outputs ... 50 ¥ ULN2004A . .. D, N, OR N5 PACKAGE
® Output Clamp Diodes ULQ2003A, ULQZ004A . .. D OR N PACKAGE
i ] . (TOP VIEW)
& Inputs Compatible With Various Types of )
Logic 18] 6]l 1c
® Relay-Driver Applications 28]z 15[] 2¢
aB[]a 14]] 3¢
description/ordering information 48[4 1a]] 4c
5 1
The ULNZ001A, ULN2002A, ULN2003A. - E > % =
ULN2004A, ULQ2003A, and ULQ2004A are B[+ 10f] 7¢
high-voltage, high-current Darlington transistor efls afj com
arrays. Each consists of seven npn Darlington

pairs that feature high-voitage outputs

with common-cathode clamp diodes for switching inductive loads. The collector-current rating of a single
Darlington pair is 500 mA. The Darlington pairs can be paralleled for higher current capability. Appfications
include relay drivers, hammer drivers. lamp drivers, display drivers (LED and gas discharge), line drivers, and
logic buffers. For 100-V (ctherwise interchangeable) versions of the ULN2003A and ULN2004A, see the
SN75468 and SN75469, respectively.

ORDERING INFORMATION

. A
LLMZ002AN ULNZO0ZAN
PDIP (N} Tube of 25 ULNZ000AN ULNZOO3AN
ULNZ004AN ULNZO04AN
Tube of 40 LLNZ003AD
Reelaf 2500 | ULNZDO3ACR ULNZO03A
-20°C o 70°C SOIC (B) Tube of 40 ULLN2004AD
Reel of 2500 | ULN2O04ADR ULN2004A
IILNZ0U3ANSR LLN2GO3A
SOR INS) Reet ol 2000 I Roc0eANSR ULN2004A
Tuge of 90 ULN2003APW
TSSOF (PW) Reel f 2000 | ULNZOO3APWR UN2D03A
ULOZ003AN ULG2C03A
FIIF (N) Tubeur 23 ULO2003AN ULQ2004AN
Tube of 40 ULO2003AD ULA2003A
“4C o BE°C Reel of 2500 | LULQZUGIADR ULG2003A
soic oy Tube 4 40 ULQZ004AD ULQ2004A
Reel nf 2500 | ULQZOD4ADR ULOR004A

T Package drawings stanaard packing guantties, thermal data, symoolizatien, and PCB design guidelines are
available at www.li com/sc/package

Please be aware that an imponanl notice cancerning availability, standard warranty, and ose in critical apphcations of
Texas Insiruments semiconductor praducts and disclaimers thereto appears al the end ot this data sheet.

PROPUCTION DATA intatmatian i3 currsel g of gublicakion date. Copyright « 2004, Texas (nstuments Incorporated

Products caplonm te specificalions per (he ma of Texan |rarumnts H On products 1) -PRE-388:
standard warranly. Praguclion pracessing does nal nacassaniy inclucse ¢ TEXAS u:h“ mr.:.".‘r hn’;n:.““én Ral nlf:il.“prp:':u'::.";::lllm

teklieg ol all paramalarcs. pracaasing dosa nat necansarily inchude teding 2l all paramatsm.
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ULN2001A, ULN2002A, ULN2003A, ULN2004A, ULQ2003A, ULQ2003A
HIGH-VOLTAGE HIGH-CURRENT
DARLINGTON TRANSISTOR ARRAY

SLRSC27G - DECEMBER 1976 - REVISED JUNE 2004

The ULN2001A is cbsolete
and is no longer supplied.

description/ordering information (continued)

The ULN2001A is a generai-purpose array and can be used with TTL and CMQS technologies. The ULN200ZA
is designed specificaliy for use with 14-V to 25-V PMOS devices. Each input of this device has a Zener diode
and resistor in series 0 contral the input current to a safe fimit. The ULN2003A and ULQ2003A have a 2.7-k2
series base resistor for each Darlington pair for operation directly with TTL or 5-V CMOS devices. The
ULN2004A and ULQ2004A have a 10.5-kE} series base resistor to allow operation directly from CMCS devices
that use supply voltages of 6 V to 15 V. The required input current of the ULN/ULQ2004A is below that of the

ULN/ULQZ2003A, and the required vcltage is less than that required by the ULN2002A.

logic diagram

28

3B

4B

ie -

68

B

el P
1___>)_;1‘__'.'__15
3 >() Lm_»mﬂ_u
4 > ‘[_m’__" 13
s >k Ban i
i‘DO . - L

COMm
tC

2C

3C

5C

- 60

7C
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ULN2001A, ULN2002A, ULN20D3A, ULN2004A, ULG2003A, ULQ2004A
The ULN20G1A is obsolete HIGH-VOLTAGE HIGH-CURRENT
DARLINGTON TRANSISTOR ARRAY

and is no longer supplied.
SLASE27G - DECEMBER 1676 - REVISED JUNE 2004

schematics (each Darlington pair)

—p— com

- Qutput

=

i

ULN2OO1A, ULN2002A
—pp— com
e . Output

Rp \ c

lpput Y _l
T T,

ULN/ULGE2003A: Ry = 2.7 ki ,"\.-"JIV\/\(—;

ULN/ULQ2004A: Ry = 10.5 ku2 T2k 1kl 4 ¢ &

ULN2003A, ULN20D4A, ULO2003A, ULO2004A
All resistor values shown are nominal.
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ULN2001A, ULN2002A, ULN2003A, ULN2004A, ULQ2003A, ULG2004A
HIGH-VOLTAGE HIGH-CURRENT T BLa01A s cbolat
DARLINGTON TRANSISTOR ARRAY And is ML longEs susolisd.

SLR50270G - DECEMBER 1976 -~ REVISED JUNE 2004

absolute maximum ratings at 25°C free-air temperature (unless otherwise noted)t

Colegtoramit el YOl aG® .. . e .50V
Clamp dicde reverse voltage (see Note 1} . ... .. e 50V
Input voltage, V| (see Note 1) . e B Y oV
Peak collector current (see Flgures 14 and 15) .. 500 mA
Ouiputclampcurrent, o .o e 500 mA
Tetal emitter-terminal current ... ... . L e ~25A
Operating free-air temperature range TA ULNZOOXA .. oo oo oe oo =20°C 16 70°C
ULQz2adxa ... ... .. e -40°C to 85°C

ULQ200xAT o —APC 10 105°C

Package thermal impedance, 8,4 {(see Notes 2 anc 3): D package ............................ 73°CIW
Npackage ... . ... ........ ... ..., B7°CAN

NS package ... ...................... B84°C/W

PWpackage ......................... 108°CIW

Package thermal impedance, 8 (see Notes 4 and 5): Dpackage .................ccovvvii... 36°C/W
Npackage ... .............. .o, 54"C/W

Operating virtuat junctien temperature, T .. ... .. 150°C
Lead temperajure 1,6 mm (1/16 inch) from case for 10 seconds .............................. . 260°C
Storage temperature range, Tgtg - ... - P -65°C to 150°C

1 Stresses beyond thosa listed under “absoiule mMaximum ratings’ Inay cause pernanent damage o the device. These are stress ratings only, and
functicnal aperation of the device at these or any ather canditions beyond these indicated under "recommended operating conditions” is noi
implied. Exposure to absolute-maximum-rated conditions far extended periods may affect davice renability.

NOTES:

1.

2

3.
4.

Alt vollage values are with respect 1o the emilterisubstrate terminal £, untess otherwise noted.

Maximum power dissipaten s a function of Tiimaxs, Ugp, and Ta. The maximum allowable power dissipation at any aliowable
ambient temperature is P[y = (T (max) - Tare A Operating al the absolute maximum T ) of 150“C can affect reliabilily.

Tha package thermal impedanca s calcuiated in accordance with JESG 51-7

Maximum power dissipation s a tunction of T gmax), 0jc and Te. The maximum allowable power dissipation at any allowable casa
lemperature 13 Pry = (T pmax) - Teoyo . Oparating al the absodte maximum T of 150*C can affect reliability.

. The package thermal impedance is calculated in accordance with MIL-STD-BB3.

electrical characteristics, T4 = 25°C (unfess otherwise noted)

TEST ULN2IDD1A ULN20024 NIT
ARAM TEST CONDITIQNS u
P ETER FIGURE s N MIN  TYP MAX| MIN  TYP MAX
Vijon} On-state input voltage 6 Ve =2V, I = 300 mA 13 v
I =230 pA, I = 100 mA 09 1.1 0.8 1.1
Collector-emitter
= = . 1 .
VCE(sath  saturation voftage 5 I| =350 pA. I = 200 mA 113 131 v
i =500uA. g =350 mA 12 1.6 12 18
VE Clamp forward vollage 8 I = 350 mA 1.7 2 1.7 2 v
1 VOE=50V, =0 50 50
ICEX Colectar culoff current 5 vep =80y, |L=0 100 100 LA
Ta=70C  |vj=6v 500
~E =50V, o =500 uA,
Niofry Off-state input current 3 ¥;E 0 € nh 50 65 50 65 nA
I Input current 4 V=17V 082 128 MA
L
. VR =50V, TaA=700C 100 100 A
IR Clamp reverse clirrent E VR =50V vy v u
Static farward-current = o = .=
hrE fransfer rabo 3 Vg =2V, i =330mA | 1000
G Input cagacitance V=0, t=1MHz 15 25 15 25 pF
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ULN2001A, ULN20024, ULN2003A, ULN2004A, ULQ2003A, ULG2004A
. HIGH-VOLTAGE HIGH-CURRENT
2ha 1S Ionger suppred. DARLINGTON TRANSISTOR ARRAY

SLRS027G - DECEMBER 1976 - REVISED JUNE 2004

electrical characteristics, Ty = 25°C (unless otherwise noted) (continued)

PARAMETER TEST TEST CONDITIONS ulnasa HLnponan UNIT
FIGURE MIN  TYP MAX| MIN TYP MAX
I =125 mA 5
I = 200 mA 24 6
‘ I = 250 mA, 27
Vi{on) On-state input voltage & VCE=2VY I = 275 mA 3 A
IC = 300 mA 3
s = 350 mA B
. =250 uA, I =100 mA 2.9 1.1 09 1.1
VCEsal) E;Ef;:}:e:;:'tga 5 {h=350uA g =200 mA 1 13 TEEl
| =500 uA, I =350 mA 1.2 1.6 1.2 1.6
1 Veg =80V, =0 50 50
ICEX Collectar cutoff current 2 VeE =30V, =0 100 100 uA
Ta=70"C  [vy=1v 500
VF Clamp forward voitaga a Ip = 350 mA 1.7 2 17 2 vV
litotn Olf-state input currant 3 \TI,EE ;OSOCV IC = 500 pA, 50 65 50 65 WA
Y =285V 2.83 1.35
1 Input current E) Vi=sv 0.35 G.5 mA
V=12V 1145
Vp=50V 50 50
R Clamp ravarse current 7 V=50V, TA=70C Ta0 100 LA
Gj Input capacHance V=0, f=1MHz 15 25 15 25 pF
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ULN2001A, ULN2002A, ULN2003A, ULN2004A, ULG2003A, ULQ2004A

HIGH-VOLTAGE HIGH-CURRENT

DARLINGTON TRANSISTOR ARRAY

SLRS027C - DECEMBER 1975 - REVISED JUNE 2004

The ULN2001
and is no lon

A is obsolete
ger supplied.

electrical characteristics over recommended operating conditions (unless otherwise noted)

TEST ULQ2003A ULQ2004R
PARAMETER FIGURE TEST CONDITIONS MIN TYP MAX MIN _ TYP  MAX UNIT
I =125 mA 5
I = 200 mA 27 8
I = 250 mA 2.9
Vi{on) On-state input voltage & VeR =2V Ic = 275 mA 7 v
I = 00 mA 3
Iy = 350 mA a
=250 A, I = 100 mA 09 12 a9 1.1
VGE(S3  cartnaten roitage s |n=3m0pa  1c=200ma T 14 T 13] v
=500 pA, I =350 mA 1.2 1.7 1.2 1.6
1 Ve =80V, 1 =0 100 50
| Collector cutefl current Iy =0 100 A
oE z |Vee=sov Ty 500 "
VE Clamp forward voitage 8 IF = 360 mA 1.7 23 1.7 2 v
liioffy Off-state inpul current 3 Vg = 50V, I = 500 pA 65 50 &5 1A
V=385V 093 135
1 Input current 4 V=SV 0.35 05| ma
V=12V 1 1.45
VR=60V, Ta=25C 100 50
=} Clamp reverse currend 7 VRS0V 00 100 uA
C, inpul capacitance V=0 f=1MHz 15 25 15 25 pF
switching characteristics, Ty = 25°C
ULN2001A, ULN2002A,
PARAMETER TEST CONDITIONS ULN2003A. ULN2004A | yNiT
MIN  TYP MAX
ipLy  Propagation delay time, low- 10 high-level oulput See Figure 9 0.25 1 us
ipyL  Propagation delay tme, hign- to low-level outpul See Figure 9 0.25 1 us
Vo High-level oulput voltage after switching ;(?;F?;u\:é 10 'o - 300 mA. Vg-20 my

switching characteristics over recommended operating conditions {unless otherwise noted)

uLG20034, ILQ2004A

PARAMETER T CONDITIONS uNIT
M TES MIN  TYP MAX N
tp  Propagaton oeidy fime, low- 10 higndevel oupua See Figure & 1 i us
tope  Propagation celay lime, high- (o iow-level output See Figure @ 1 10 us

) . Vg =50V, In = 360 mA. .
Vo High-level cutpul vollage after switching See Figure 10 Vg-500 my




110

ULN2001A, ULN2002A, ULN2D03A, ULN20D4A, ULQ20D3A, ULQ2004A
The ULNZ0G1A is obsolote HIGH-VOLTAGE HIGH-CURRENT
and is no longer supplied. DARLINGTON TRANSISTOR ARRAY

SLAS02TEG ~ DECEMBER 1876 - REVISED JUNE 2004
—

electrical characteristics, Ta = 25°C (unless otherwise noted) (continued)

TEST ULN2003A UILN2004A
PARAMETER FIGURE TEST CONDITIONS MIN Tvp MAX MIN TP MAX UNIT
Iy =125 mA 5
IC = 200 mA 2.4 5
I = 250 mA 27
Vitony Gn-stale input voitage 6 Vep =2V n= 275 mA - v
1= = 300 mA 3
I = 350 mA a
] 1| = 250 pA, o =100 mA 0a 1.1 0.9 11
VEEisall  eammoremiter 5 || = 350 uA,  Ig = 200 mA 1 13 T 13 v
I, =300 uA, I 5 350 MmA 1.2 16 1.2 1.6
1 VeE=50V. hh=0 50 50
ICEX Collectar cutof current 5 veE=50v. =9 100 100 HA
Ta=70C IERY 500
VE Clamp fanvard vollage A iF = 350 mA 17 b4 1.7 2 v
oM Of-state input current 3 V].EE ;Us.%v' ‘o= S0dpA, 50 &5 53 85 A
V=385V 093  1.35
1] Input current 4 V=5 0.35 Q5 mA
V=2V 1 145
VR = 50V 50 50
I lamp reverse current 7 R <50V, Th= 10T 0a o0 pA
e, Input capacilance Vvi=a, f=1MH2z 15 25 15 25 oF
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ULN2001A, ULN2002A, ULN2003A, ULN2004A, ULQ2003A, ULQ2004A

HIGH-VOLTAGE HIGH-CURRENT

DARLINGTON TRANSISTOR ARRAY

SLRS5027G - DECEMBEER 13976 - REVISED JUNE 2004

The ULN2001A is obsolete
and is no {onger supplied.

electrical characteristics over recommended operating conditions (unless otherwise noted)

TEST ULQ2003A ULGQ2004A
PARAMETER FIGURE TEST CONDITIONS WMN  TYP WAX| MIN TYP  WAX UNTT
I =125mA 5
I = 200 mA 27 3
Ic = 250 mA 29
Viton) On-slate input voltage & Ve =2V o= 275 mA 7 v
Ic = 300 mA 3
i =350 mA =}
=250 pA, 1o =100mA G 12 0.9 11
VeEsat) S;Ef::ﬂneg":':;e 5 [ =350pA, g =200 mA 1 14 1 13| v
fy= 500 pA, g =350 mMA 1.2 1.7 1.2 16
1 Vep =50V, =0 100 50
\CEx Collector cutoff current 5 VeE =50V =0 100 WA
V=1V 500
VE Clamp forward vortage 4 Ig = 360 mA 17 23 1.7 2 v
litoffy Off-state input current 3 Ve =50V, I =500 pA 65 50 65 A
V=385V 0.93 1.35
| Input current 4 V=5V 0.35 05{ mA
V=12V 1 145
VR =50V Ta=25C 100 50
IR Clamp revarse current 7 VR=50V 100 o0 A
Cj Inpul capacitance Vi=0 =1 MHz 15 25 15 25 pF
switching characteristics, Ty = 25°C
ULN2001A, ULN20D2A,
PARAMETER TEST CONDITIONS ULN2003A, ULN2004A | uniT
WM TYPE  WAX
tp 4 Propagation deiay time, low- 1o high-level cutpul See Figure 9 Q.25 1 us
tpHr  Propagation delay time, high- to low-lever autput See Figure 9 0.25 1 us
Ve High-leval output voltage aftes switching gs::gu&a 10 Q- 300 mA, Vg-20 my
switching characteristics over recommended operating conditions {unless otherwise noted)
ULG2003A, ULQ2004A
PARAMETER TEST CONDITIONS MiN VP MAX UNIT
tpLH Propagauon delay nme, low- " high-level output See Figure 9 1 10 Hs
tpHL  Propagaton deiay time, high- 1o low-levei output See Figure 9 1 10 s
VoH  Hgh-level output vaitage afler switching ;S:F?Su\r'; 10 G - 300 mA, vg-500 mv
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ULN2001A, ULN2002A, ULN2003A, ULN2004A, ULQ2003A, ULQ2004A
HIGH-VOLTAGE HIGH-CURRENT
DARLINGTON TRANSISTOR ARRAY

SLRSC27G - CECEMBER 1876 ~ REVISED JUNE 2004

The ULN2001A is obsolete
and is no longer supplied.

PARAMETER MEASUREMENT INFORMATION

QOpen Vee Open Ve
.k lcex[ ICEX
Open —<>ﬁ}- &‘_—w.,i v +—

Figure 1. Icgx Test Circuit

Qpen VcE

M%‘ijh

P

Fiéure 3 I|(°f6 Test Circuit

Open

T

e vee (3t

NOTE: ) is fired for measunng YoE(gat). vanabie fof
measuring hpg.

Figure 5. hpg, Vep(sar) Test Circuit

YR
L)
%L
0pen~|>? ‘
1

Figure 7. Ig Test Circuit

Figure 2. Icgx Test Circuit

Opan

Iijon} T
¥ -—— Qpen

Figure 4. |; Test Circuit

Open

T

|
l

Figure B. Viop) Test Circuit

Figure 8. Vg Test Circuit
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ULN2001A, ULN2002A, ULN2003A, ULN2004A, ULQ2003A, ULQ2004A

HIGH-VOLTAGE HIGH-CURRENT .
DARLINGTON TRANSISTOR ARRAY e o ot

SLR5027G - DECEMBER 1576 - REVISER JUNE 2004

PARAMETER MEASUREMENT INFORMATION

tnput 50% 50%
! I
L‘* L-TST +|l I‘— tpLH *l'
Output Sk 50% 50%
VYOLTAGE WAVEFORMS

Figure 9. Prapagation Delay-Time Waveforms

vs
b
input : 2 mH
uLNzoatAOaly 1N3054£
| 2.7 wl | < 2000
*— —" N 1 =
Pulse ' | P
Genarator —‘— _———— . Qutput
(see Note A) ULN2002A | [
ULN/ULQ2003A b e T~ CL=15pF
ULN/ULQ2004A = = (soe Nota 8}
TEST CIRCUIT
- 4 5ns 4 4 _10ns
| ~ - ————— VIH
Input | 0% H% | (sea Note G}
I ts5v 15v k|
10% Y| 1N 10%
" Abyus  ———— av
VoH
Output \
———————— VoL
YOLTAGE WAYEFORMS

NOTES: A The puise generatar has the fallowing characteristics: PRR = 12,5 kHz, 20 = 50 40

B, Ct includes probe and iy capacitance.
C. Fortesting the ULN2001A. the LILN2003A. and the ULQZO03A. vy = 3 V, for the ULNZ00ZA. V4 = 13 V,

far the ULN2004A and the ULQ20044, Yy = B V.
Figure 10. Latch-Up Test Circuit and Voltage Waveforms




114

ULN2001A, ULN2002A, ULN2003A, ULN2004A, ULQ2003A, ULQ2004A

. HIGH-VOLTAGE HIGH-CURRENT
ane zpo1s is obsalete DARLINGTON TRANSISTOR ARRAY

SLRS027G - DECEMBER 1976 - REVISED JUNE 2004

TYPICAL CHARACTERISTICS

COLLECTOR-EMITTER
SATURATION VOLTAGE
vs
COLLECTOR CURRENT
(ONE DARLINGTON)

COLLECTOR-EMITTER
SATURATION VOLTAGE
vs
TOTAL COLLECTOR CURRENT
(TWO DARLINGTONS IN PARALLEL)

25 , 25 | r

L e : N

i = g ' ® TaA=25C

g Ta=25C 2 A I = 250 pA

% 2 § 2 1 t g

T I} = 250 uA g I| =350 LA —

2 I} = 350 uA Z

g i| = 500 uA 3 15 ]

g 1.5 // | H — a 1 / L=
w

w —_

g / g | Iy = 500

& E Ty HA

Eoa Z 5o e

w O

¢ L= . %

3 05 3 os

o ;

= "

g H l ! n

m) 1] I ‘ cl-I—-,l 0 |

£ 0 100 200 300 400 500 60D 700 A8Q0 > 0 100 200 300 400 500 BOD 700 8OO

Ig - Collector Current - mA IC{tor) — Total Collector Current - mA,

Figure 11 Figure 12
COLLECTOR CURRENT
Vs
INPUT CURRENT
500 i T i
RL=104
450 - +
Tp = 25°C o -
a 400 I //r/
g Vg =10V
L 350 S A
& / Vg =8Y
S 300 7
S [/
o 250 +
[/
= 200
: /
' 150
pe)
100
50 ‘
0 !
0 25 50 75 100 125 150 175 200

1| = Input Current — 1A

Figure 13
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ULN2001A, ULN2002A, ULN2003A, ULN2004A, ULQ2003A, ULQ2004A

. HIGH-VOLTAGE HIGH-CURRENT
e NZI A Ie obsalote DARLINGTON TRANSISTOR ARRAY

SLRS027 - DECEMBER 1976 - REVISED JUNE 2004

TYPICAL CHARACTERISTICS

COLLECTOR-EMITTER COLLECTOR-EMITTER
SATURATION VOLTAGE SATURATION VOLTAGE
¥Ss VS
COLLECTOR CURRENT TOTAL COLLECTOR CURRENT
(ONE DARLINGTON) (TWO DARLINGTONS IN PARALLEL}
2.5 2.5
' = o Ta = 25°C
5 Ta=25°C & Az Iy = 250 yA
% 2 ‘ ? 2 t rd
= ‘ = z I|= 350 pA
= I} = 250 LA 5 | B
2 / 1 =350 uA B |
£ s 1y =500 A | —| 3 1s i
;| / & -~
3 4 5 |
£ 1= 500 pA

P R i
w 1
5 = 5 =
3 EI 4
S a5 8 os
b , s
o [ Wy :
¥ 0 100 200 300 400 506 600 700 800 > @ 100 200 300 400 500 600 700 BH

Ig ~ Collector Current - mA lgqtot) - Total Cotlector Currant - mA
Figure 11 Figure 12

COLLECTOR CURRENT
vs

INPUT CURRENT
I I T

| RL=1011 o L
T =25"C //
/ /

S0

450

400 !

V5f10 V}.

350

V5=BY

. /]
200 { /
150 /

100

Ic — Collector Current - mA

50

a

0 25 50 75 100 125 150 175 200
I| = input Current - pA

Figure 13
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ULN2001A, ULN2002A, ULN2003A, ULN2004A, ULQ2003A, ULQ2004A
HIGH-VOLTAGE HIGH-CURRENT The ULN2001A is obsofet
DARLINGTON TRANSISTOR ARRAY and is no longer supplied.

SLRS027G - DECEMBER 1976 ~ REVISED JUNE 2004

THERMAL INFORMATION

D PACKAGE N PACKAGE
MAXIMUM COLLECTOR CURRENT MAXIMUM COLLECTOR CURRENT
Vs Vs
DUTY CYCLE DUTY CYCLE
600 T

600 I

—

L]
£ 500 1 < 500 Y \
E

L \\ \ | \ \ H=2 N=1
g AN\ N F N N 8-
] N=1 & ; N=3 E
£ 400 A N=4 T g 400 Loy
3 NN L § 5 \\\\ ~ (e
-E \\ \‘L / [ e § \ ./ / \m
2 300 X a— | 5300 ot ~ M
A NN TS * RN
Q | ™y J 8 =6 —
g N=6— X X . \"--..., E N=7 T %\ \\\‘4

200 N = o - ’ 3 200 )
E 7 ! g N
= N=5 — \\L.\_-'"‘ = " N ! B
b o e ] 2 S
9 100 |— Ta=T0°C IU 100 [~ Tp = B5°C . .

N = Number of Qutpuis - N = Number of Qutputs i
. Conducting Simuitaneously | Conducting 5|mulfanenusly
o . h i I A 0 1 " !
o0 10 20 30 40 50 60 YD 80 90 100 0 10 20 30 40 S0 60 TO 8D 90 100
Dhuty Cycle — % Duty Cycle - %

Figure 14 Figure 15
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ULN2001A, ULN2002A, ULN2003A, ULN2004A, ULQ2003A, ULG2004A

_ HIGH-VOLTAGE HIGH-CURRENT
g e e s oleta DARLINGTON TRANSISTOR ARRAY

SLRSUZTG - DECEMBER 1976 - REVISED JUNE 2004

APPLICATION INFORMATION

ULNZ003A
Vss ULNZ00ZA v Voo ULQZ003A
= |
15 2 Do *
- 14 2 L)
|:‘ D(, h * i ] ] 4 _H""“‘ii
4 i 13 ﬂ SO
: =, 0 e
5 -+ 12] 4 : [>co-e
-y
— |8 ——DC—Y 1" 3
—' S G E S ] )
_—7 10
P-MOS
Output 8 ) ~p—a—— g
T ‘
i —
Figure 16. P-MOS to Load Figure 17. TTL to Load
ULN2004A ULNZOD3A
Yoo ULQ2004A Y Voo ULQ2003A v
| — - ': —

ALY

Ry

%JJ

Figure 18. Buffer for Higher Current Loads Figure 19. Use of Pullup Resistors
to Increase Drive Current
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CERAMIC DUAL IN=LINE PACKAGE

—

l—"

L }
SASASASANRN

S00% I013) MIN
i \

0085 {7 5)
T00an T4

9060 (1,57

25 {0,39)

T PINS e {

P . N

B - 1 16 18 24
~ Tusm | 0330 | 0300 | Gio0

(4] (780 | (7820 | (62) | (7.62)

BSC RS B5C BsC

0785 | 840 | 0960 | 1060

8OMAX 994y | {2134) | (24.28) | (26.00)

B M —_ = — ] =
. 0300 | 0300 | oxno | ozoo
b {762) 1 (762) | (7870 | (762
N 032¢5 | 0.245 | 0270 | 0245
- M (6,22 | (6,220 | (539} | (6.32)

NOTES: A

=

[

[N

AL A
HU | \‘ |

il | ]

0.200 (5,08) MAX | & m
e L | |
¥ 0130 13,30) MIN ,’! \\
. i |
t j i

’f \’/ 015

A

=)

3008 0.25)

4040083,/F 03/03

Falls within Ml 510y 1435 GDIP1-714, GDIPs

Ali linear gmensions are n inches (mllimeters}).

This drawing < suojert to change without eatice

Tois puckege 5 hermeticaly sedlec with o ceramic lig using glass It

Irdex nanl is provided on cop tor lerminal (derlificatior enly on wress ceremic gass fril seal anly,

"6, COIP1-T"8 ana 50P1-120.
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N (R—-PDIP—T#*)

SHOWN
h ) A = * 1€ ‘ 18 20
BT 3
D p -, FET 0.775 3.775 0620 080
| o o e 2 ] ACMMC g ee) | (19.69) | (23370 | (2887
o N 6725 | o745 | 8o 0gan
D] (852) (14920 | (2153 | (23.88)
.. 1 L
l M5 =01 o
— A e A | s | oAb
A —
" 0.325 (8.28)
AT BT Ik )
(20 16,515 MIM 3300 {752
I 01:) (0.8
T f 0200 \‘UFI M e =5 oo plm
| | + ¥ uur]—\uac \
| < f ’ ﬁ BON NOM
,J : \ 125 {3,18) MN ‘;’ qu— HLZ5) ND
N : T 3 b
\\
0 —»] 5430 (10,92) MAX M—
.
. f—
T [
0,010 (3,257 .‘ - ‘,
P 14418 Fin unty
N ST 20 Pin vendor ootion iﬁ‘,
404C043/F  "2/2002
HOTES: Ao Al Tieear dimersions are nonches (illimete
B. Th's drawng it sub et Lo cnange without n
i, Falis wilkin JL3ES MZ 301 exzept 18 and 20 pin wninimum vody ength Jim AL
;Q. The 20 pin end i2od -roulder widih is o verdor wption, wtner Falt o

full widih.
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D (R-PDSO-G16)

PLASTIC SMALL—OUTLINE PACKAGE

0.394 {10,000

R

——————

385 {9.80)

10 [ A

10D ]

|
4,50)
3.80)

0157

B IR \.“\“‘TY%_——_M***
\\_\ ~ \\‘\7 ~ \\ ) T ey
NN \Q N < " | AL
BN OT NN SN - J |
i S, R v

Pin 1~
aceld Area

14,10

T o008

HOEG (1,07)

HE (04T

S
‘ ff
\ J
5 [y
\\
noe C,25) “

10400372 /¥

(£,5).

/A0

NOTEE: 4

I
-

b.

Al leear dimensicrs are i nckes [ llimeters;
{

Fig drewrg s sabject o change without ratice
Redy dimeasins do rot include meld Hash o prolrusior nel o écceed D006

bellg within EDZC W -012 wanigtion A2
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NS (R-PDSO-G*)
14-PINS SHOWN

MECHANICAL DATA

PLASTIC SMALL-OUTLINE PACKAGE

.51

L27— r jﬁagz)m
"o -

R —

Sectirg Prane 4 r)j ! ‘ \.'\__l

1) -

DS NG
l [// !‘

= ,\,,,

' \ /
{ N ;
Goge “lane | ! |
x T TiiY
T /

~ t 0,74
105
0.55

& 20 24
10,20 12,90 13,3
9,50 1250 14,70

~[040082,/0 03703

NOTES: A
8 Thiy drowing v osubgedd
-

o
Hody omensions do 0ol acage ancld [ase oroprotrasion, net To exceed 0,35,

Al lireas dimensicos sre 1 millmeters.
harge wilhoul Wwice
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lsunsnmuaumsiaugasa3as

mains:

starc:
sensor:
loop:

mosto:

notorstop:

motoroack:

stop:

&nd

org 000K

mov p0, #0ffh

ib 0.1, sensor
1imp start

clr 0.+

jnb p0. i, motorback
jb p0.1l,mosto
ljmp sensor

jb p0.0, motorstop
ilimp start

seth pC.4

limp loop

setk pl.4

olr p0.©e

jno p0..5, stop
ljmp motorback
seth pi.4

setpb pl.b

“b p0.1,sensocr
lijmp szZop
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10A

220 VAC
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® o
CONTROLLER INVERTER
AMP MITER VOLT MITER
LAST AUTO

|

RESET -

WHST MANUAL
MANUAL AUTO/MANUAL

ilasla 12 vbce

O O

+12V 0oy

U 9.2 Yseaud mmhmaaz e aanisUSusseiEaaLE e e 1Fag

AMP MITER pandlfiwnSuresemsuai ssarnaTaduse War
VOLT MITER L sedima Sudasru s s

MANUAL Fiedenuanunaiunseende
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