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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 sclar 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 photovaliaic panet in one direction by using DC motors. 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 AT89S51 is the

central control unit for this systam.
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National

October 1993

Semiconductor

CD4047BM/CD4047BC Low Power
Monostable/Astable Multivibrator

General Description

CD4047B is capabte of pperating 0 aither the monostable
or astable mode. ILiequires an exlernal capacitor (between
pins 1 and 3t and an external resstor (between ping 2 ancd
3} te determine the cutpur pulse width in the monostabie
maode, and the output lrequency 11 the astable mode
Astable aperation is anabled by a high level on the astahle
input or low level on the asiabie put. The output frequency
{at 50 duty cycle) at Q and Q oulguts s determined by the
timing componants. A lrequancy twice that ol G is availabla
al the Oscillator Qutpul; a 50% duty cycle s not guaranteex|,
Monostable operation is abtained when the devica s trig-
gered by low-Io-high transimtion at - trigger input or ligh-te-
low transition at trigger mpul. The device can he reirig
gered by applying a sirmuitaneou- low-to-lngh transition o
poth the - ngger and retrigger inputs.

A hugh level on Reset input resels the outputs Q) ta low, O 1o
hitgh

Features

m Wide suppty voltage range

M High noise immunity

m Low power TTL
campatibility

SPECIAL FEATURES

® _ow power consumption’ specal CMOS osallatar con-
figuration

@ Manostable {one-shiol) or astalie (free-running) opera-
tion

® True ana complemented buffercd ouiputs

®m Oniy ona axternal Aoand G requirea

3.0V 10 16V

045 Viop (typ.)

Fan out of 2 dnving 741
or i driving 7415

MONOSTABLE MULTIVIBRATOR FEATURES

| Positive- or negative-edge tngger

m Ouipat pulse width independent of trigger pulse dura-
fion

B Retriggerable option for pulse width expansion

® Long pulse widths possible using smali RC components
hy means of external counter provision

m Fast recovery time essentially independent of pulse
width

8 Pulsewidth accuracy maintained at duty cycies ap-
proaching 100%

ASTABLE MULTIVIBRATOR FEATURES

m Frae-unning or gatable operating modes

B 50% duty cycle

B Oscllator ouiput available

B Good astable frequency siability

typical 2% 1+ 0.03%/°C % 100 kHz
frequency ' 0.5% + 0.015%/°C @ 10 kHz
deviation {crcuts tnmmed to frequency
Vpp = 10V - 10%)
Applications

& Freguency discriminators
| Tirruny cirGLits

| Time-delay applications

B Enveinpa dategtion

B Frequency maltiplication
B Frequency daision

Block and Connection Diagrams

Dual-in-Line Package

U 14

)
I — Yon
2 11
T oy s )SC QU
| ) 12
Rl = HETH{GGEH
:sunl[()-zi—-wb ATk - ] { ” KeTRALE — AL
i FATE TIM:NG blflﬂl"ﬂx'[ ‘________i«) HETRIGGEN
ASTHELE O— HUNEADL PN, ASTA 5 w
! pui e
ST I ! o ,
aSTAELE X fi
IR GER Omn J_,Q W5 FVIBRATDR o .I - i LI - [#IGEER === = EXT RESE]
| MLNOSTARIF e } l :
i CoYTRaL 2 1 - Vag v = - TRIGIHER
- FRIGHEH D—l—+ —| >O—r-<
| t i oxremn
oot Fotsme Sp—
O e e e e e — e Top View
i o RGGE .

Crder Number GCD40478
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Absolute Maximum Ratings (otes 1 anu 2
If Military/Aerospace specitied devices are required,
please contact the National Semiconductor Sales
Otfice/Distributors for availability and specifications.

DC Supply Voltage (V) DSV o - 16V
Input Vaoitage (Vin) 0.5V Voo | 0.5V

Storage Temperaturs Range (Ty) 85" C e ¢ 160~
Pawer Disgipation {Pp)}

Duat-In-Ling 700 mW

Small Cutline A00 mw
Luead Temperature {T|}

(Soldering, 10 saconds) 26000

Recommended Operating

Conditions note )
DC Supply Vollage (Vo)
Input vodtage (V)

Operating Temperature Range (T 4)

CDan47BM
CD4na7BC

DC Electrical Characteristics co4carem Nete 2)

3V to 15Vpe
0 toVon Ve

350 to - 125°C
-40°Cto | B5'C

i 55¢ C N
Symbol Parameter ' Conditions kS 25 125°C Units
. i Min | Max [ Min Typ | Max | Min | Max
Iop Guiescent Dewvice Curront Vo, - 5Y 5 5 150 | pA
vop 10V 10 10 300 | pA
i __-vpp - I8V 20 20 600 | pA
Mgt Low Lavel Output Voltage lley = 1 A
PVps - SV 0.05 ] 0.05 nos| v
Yoo 10V 0.05 0 |00s 005 V
i ¥po — 15V 005 0 0.05 005 Vv
\ =
Vin High Level Cutput Votage | [l - 1 g
fvpn OV 4.9 495 5 5.95 W
(Yoo - 10V 9.95 .55 10 995 W
i “op s 18V 1405 14.95 15 14.85 W
Vil Low Level:nput Vollage — vop - 5Y. Yo 0.5V ord GY 1.5 2.25 1.5 1.5 v
Yoo - 10V, Vg = 1V or 3V 3.0 45 an a0 | v
fop 15V, Ve < 15Y or 13,5V 40 675 | 40 10 | v
ViH High Level Input Voltage  Ypy - 5V, Wy 0.5V ar 4 5V 3.5 35 2.75 a5 v
iVpn - 10V My TV or g 7.4 7.0 5.5 7.0 v
iJD:} = A5V Vo = 1AV Or 135V 11 11.0 A.25 11.0 v
‘oL Low Level Quiput Current |y 5V Vg @AV .64 051 | o088 098 mA
INote 3) PVpn = 10V VG DAV 16 13 | 225 0.5 mA
[Ypp = 15V Vg 18V 42 3.4 4.8 2.4 mA
laH High Leve! Qutput Carrent | Wy - 3V, Vo 4.6V 054 051¢ -5.88 0.36 mhA
{Note 3 Pepp - 10V Ve a8V 14 13 225 03 ma
: Yop — 18V Ve 118Y 42 3.4 B A 2.4 mA
[ | Input Current Yop  15W Wiy o OV -0 1030 10| pA
| Yap 18V Wy - 18V 0.1 1c 54 01 10| ek
DC Electrical Characteristics cnaca7ac (uots 2)
40°C R 85°
Symbol Parameter Conditions Ak ¢ Units
Min Max Min Typ Max Min Max
nn Chnescent Devica Current Vpp - BV 20 0 150 LA
Vpp — 10V a0 40 300 A
VYo 15 H0 40 500 wA
Yoy Low Level Cutput Voltage ol - 1A
Voo BV .05 0 ngs5 0.05 W
Vo v 10V 005 0 0.05 0.0% %
Vnpy 18V S 0.05 ] 0.05 0.05 v
ViiH High Lever Outpnt Voltage ol - 1A ;
vop - v 405 i 4.95 5 4,95 v
Vi - tOY 305 505 9,95 v
Yo By 14 495 1495 15 14,95 W
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DC Electrical Characteristics cpacara inate 2 {Continued)

Symbol Parameter Conditions 40c 25°C 85C Unils
Min | Max | Min Typ Max | Min | Max

v Low Level Input Voitage [ Vpop = 5V, Ve - D5V on 4.9V 1.5 2.25 1.5 15 V
Vi - 10V, Vg - IV o 9V an 4.5 an 30 v
Yap 15V, Vg - EDV . 135V 40 6.75 . 4.0 a0 | v
N High Level input Veilage Vg = 5¥ Vg — 0.5V o1 4.5V a4 3.5 275 3.5 v
Vo 10V, Vg - W or v 70 7.0 5.5 7.Q V
Voo - 15V, Vg - LBV ar 138V 110 1o | 825 11.0 v
Iy Low cevel Cutput Currant | Voo - 8V, Vg - 0av 062 0.44 C a8 036 mA
{Note 3) Vpp 10V Wy - 08V 1.4 11 2.25 [oX:] mA
Vop o 18V Ve, 1SV 36 3.0 B8 2.4 mA
IH High Level Qutput Current | Vop - 5V, Vg« 4.6V 0452 -0.44 0.588 Ga8 ma
(Note 3) MAan o 10V, Ve 96y 13 S -2.25 -9 ma
Vap o 15V, Vo 135V 36 3.0 8.8 2.4 mA
i Input Current PVpno 1BV Vg v 0.4 10 5] 03 10] pA
ivm. = 15,V - 15V | o3 10 5] 03 1.0 | pA

Notle 1z "Absclule Maximum Ralnds *ars irasa valoes tevond wiigh e sqialy of e devica annot he guarantaad. fhey are not maant to mgly thal the deweces
sNould be opsrated Al thasa anis Tha Lisic of “Recommeanued Cperatsg Coatibons” sl Ulacteal Gharactarnstics” arcvides cendions for actual dawvde
DA

Mote 2: Yy OV anless b srwiee sl s

Mote 3: Ly, and I are testad oo oatpal o s e

AC Electrical Characteristics® cpansry
Ta  25°C.C 90 pF, H 200k, input t, Iy 20 ns, unless otherwise speacified

Symbaoi Parameter Conditions Min Typ Max Units

T, tPLH Fropagation Dr-lay Time Astable, Vpo o 5V 200 400 ns
Aslable to Gae Dul Vpp o 10V 100 200 ns
Vo 15V A0 160 ns
tang, touy Astatle Astahle ta Q, 0 Voo o 4V 550 300 ng
Voo 10V 250 500 ns
vpg o 15V 200 400 ns
ML TPuH ¢ Trigger,  uggerto () Vog o 5V 700 1200 ns
Veop - 10V 300 E00 ns
Mo - 15V 240 480 ns
ML IPLH I Trigger, FHemgger to & Vpp  Av 00 &00 ns
Yon 10V 178 300 ns
Vo 15V 150 250 ns
PHL P H RAesat trr 3 (3 Y 5V a00 600 ns
Voo 10V 125 250 ns
is's) 15V 100 200 s
UL T Transition Time: O, (2, Ose Out vpn o BV 100 200 ns
Vo 10y 50 100 ns
Yy - 18V ! 40 8O ns

B T Minimu: s input Pulse Duration Any nput ,
Von o OV 500 1000 ns
Veg o 10V 200 400 ns
Y 16Y 160 320 ns
tRCL FeL 1 Trigyar, Rengger. Rise and Vop o SV i5 15
Fall Tine Yo 1OV 5 ]
Vi 15V 5 s
Cin Averadgs inpntoapactance } Any Input £ 7.5 nF

AL Parametans are quaiantosd by DO cineoated lestng
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Logic Diagram

<t aur

I r
=
[ = o LN iy 0L, A LY. . =] oy,
[ [ L = B —DC—L DO—'O
N Y LoE
Koy nly R " e B2 T
LT =k [>o—ta,
k]
—0 [—-o YT ORAET

HF- 0060 3

S npul Srotecion sreel o PermLwargor Nout-vertage svnngs,

Truth Table

Terminal Cannectia i tput
) ns Output Pulse Typlc:?l W
Function Period or
Input Puise From
Ta Vpp ToVgg To Pulse Width
Astabie Multmbrator
Free-Running a0 06,14 7 Bu E 10, 11,13 ta (10, 11) - 4.40 RC
True Gating 7.B.5 12 ] 10, 11,13
= 2.20 RC
Complement Gating B4 507 88,12 4 0,11, 13 ta (13)
Monostable Multivibrater
Paositive-Edge Trigger dtd 5.A/ 7,912 3] 10, 11
Megalive-Edge Trigger Aot 14 5, 7,0,12 [ 10, 11 M (10, 11) = 248 RO
Retriggerable 4,14 5678 B2 10,41
External Countdown* 14 5.6 7. B9 12 1See Figure) (See Figure) {Sae Figure)

Note: bxternal resstor netwesn harminas - ang 3 LxlGreal capdsior hebwaeon fermisas @ and 3

"Typical implementation of Externat Countdown Option

L8
HATARCE
CHADATE
i [ uT | |
TLOCK COUNTER o ERT

lnfsn

iNFUT
PULSE __I_l_ I
LA i

[ T P P S|
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Typical Performance Characteristics

Typica: Q. Q. Ose Gut Period
Accuracy vs Supply Voitage
(Astable Mode dperation}

POHILG BCCUHAEY FOR G 0 aND 0SS Jui i)

vay SUPPLY VOLTAGE vt

HJF Sa6 -
fg, Q i C
A 1000 kH:z 2, 10 pF A
B 100kHz 25k 100 pF B
C  10kHz 200k 100 pF c
D 1kH:z 2k 1000 pF I
E  100Hz 2 oM 1000 pF H
Typical Q. O ana Qse Our
Period Accuracy vs Temperature
Astable Mode Queration
P p I 4
I U BV 10V 15yE [ 2w
L P TP TR NI B
5 LT 1]
= nor
E'I. T HS‘VI A
Fuf €=l |
= ! A gy’
2 Ao l e
LMY e i
- uh Ja I T A 114 13y
T - AMOIENT TEMPAATIAE | £)
AR
fo, @ f c
A 1000 kHy 22h 10 pFE A
8 100 kHz 2ek 106 pF B8
c 10 kHz 200k 100 pF C
[¥] 1 Mz F20K 1600 piF D
Timing Diagram
Astable Mode
WSE L I
4 [
L siget
Retrigger Mode

PULSE WiDTH ACCUAALY FOR G AND Q 15}

ty
2us
s
60 s
580 ps
5.5ms

FULSE WATTH ALCURAL Y FOR O, D 4w

iy
205
7 fIh:3
60 )i
550 ps

¢ THIGGER E I

Typical Q, &, Pulse Width
Accuracy vs Supply Vollage
Mcnosiable Made Operation

‘ ‘ 4 T!!I:
LD
Lo
—t 3 - E—
i
N
£ [
— \
5 10 t
Vpp - SUPPLY VULTAGE ¢VI
R
22k
22k
220k
220k
2.2M

Typscal Q and O Puise Width
Accuracy vs Temperature
Manostable Mode Gperatian

I [ T aweingg
o5y, 10V HVJ - 1
(LAY, 5%}
| e A8 s
| LB VI
b LerT”B {14V,
. A 115y
> G {151
—8 5V — G {hY, TVl
o 15V 0 sy 1y 15w
s T
35 .35 % 22 5 65 115 e
e TEMPERATURE {'C)
R
22k
22k
220k
220k

Monostable Mode

M

TE F o6y -0

c
10 pF
100 pF
100 pF
1000 pF
1000 pF

1L e e Bas -1

c
10 pfF
100 pF
100 pF
1000 pF

0%6 CUT I I [

+ [RIGGLA I i !
HEFRIGOED
USG 3T l I I I
o ! I

]

Lo 259649 11
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Physical Dimensions inches (milimeters)

0 745
b o e 1 3 ———— '-|
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QOrder Number CD4047BMMN or CD4047BCN
NS Package Number N14A

LIFE SUPPGRT POLICY

NATIONAL'S PRODUCTS ARF NOT AUTHORIZED 3R 1ISE AS CRITICAL COMPONENTS N LIFE SUPPORT
OEVICES OR SYSTEMS WiTHOUT THE EXPRESS WRITTEN AFPPROVAL OF THE PRESIDENT OF NATIONAL

SEMICONDUCTOR CORPORATION. As used herain:

1. Life support devices or systems are  devices
systems wnich, (a) are intended for surqeal implant
into the bady, or {9) support o1 sustan hla, and whoss:
falure 10 pertorm, when property usad in accordancn
with mstructions for se proveled inthe labeiing. can
b reasonably expected 1o ro-ult ina significant njury
0 the user.

i i

A enhcal componant 15 any component of a ilg
support device or system whase lalure to perform can
e raasonably expected to cause the failure of the life
supporl device or syslemn, or lo affect #s sately or
stactiveness
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SEMICONDUCTORS

Data Sheet

IRFP150N

January 2002

444, 100V, 0.030 Ohm, N-Channel Power MOSFET

Packaging

JEDEC TO-237

SOURCE
DRAIM
GATE

Features

= Liltra Low On-Resistance
"DS{ON) = £3.0300), Vg =10V

* Simulation Models

Ternperature Compensated PSPICE™ and SABER?
Electrical Models

- Soice and SABER® Thermal Impedance Models
- www lairchildsemi.com

= Peak Current vs Pulse Width Curve

= UIS Rating Curve

Ordering Information

Symbol | PAHTNUMBER  PACKAGE | BRAND ‘
D
| IRFF 150N TO-247 IRFP150N
=
G
5
Absolute Maximum Ratings 1, - 25°C Unloss Otherwise Specihied
IRFP150N
UNITS
Dram to Souce Voitage (Note 1) Yogs 100 v
Drain (0 Gate Voltage (Riye = 20ki2) (Mot 1) VoGR 100 W
Gate 1o Source Voitage Vg £20 A
Drair Currenl
Continuuus (Try = 25VC, Yoy - 10V i igure 2) g 44 A
Continueus (Te= 100°C Vg = 10V (Eigure 2} D k] A

Pulsad Drain Current .. D Figure 4
Fulsed Avalanche Fating uls Figuraes 6, 14, 15
Power [hssipation Py 155 W

Derate Above 250 1.03 [ilne
Operatng and Storage Temperanme . 157G 5510 175 h(o
Maximum Temperature for Soxanng

Leads at ) 063in (1.Grm) trom Case b 105, Te 500 e

Package Booy tar 105, See Tecnoriel 113334 Tpkg 260 e

HOTES
1Ty = 259 10 15090

CAUTION: Stresses ahove nose st 10, olite Maximim Ranigs ™ nay ©ose ponmanend danage tn e device. This is a siress omly ranng and opecanan cf e
dovieg J IESE O diy OIREr CONINGN:. aB0Ve [ESE hiated w1 e oparatona: sackons of s soeclicanon s oot waolied.

EEISSRIIN

IFRFP1S0N Floy 14



Electrical Specifications 1.

95

IRFP150N

25YC. Unless Otherwise Spucilied

| PARAMETER SYMBoL | TEST CONDITIONS [ M TYP | MAX | UNITS
i OFF STATE SPECIFICATIONS
Drain 10 Source Breakdown \;’rnrage HVsg I = 2500A, Vg = OV (Figure 1) ) IOB_ : l Y i
| Zero Gate Voltage Drain Cument lpss  Vog = U5V, Vg = OV P 10 A ‘
Vg = B0V, Vg = DV, T = 1509C S . 250 WA
Gate 1o Source Le'a-xag"c Current Ingsg v, i =20V - i 100 A
QON STATE SPECIFICATIONS
Gate 1o Source Threshod Vidtage 7 \IGSr(T?,;“ i‘\.-',;h =g iy = 25014#1 F.-.gl.u!? ID] ’ ‘ 2 i ; 4 J[ v
i Brain ta Source On Aesistanci- ) DEON ;JD = AV, - 1OV (FugLa}e EH ‘ 00255 | 5osn Lo
| THERMAL SPECIFICATIONS i o '
! hermat Resistance Junction fo Case Ry TO-247 i L ne7 oW
‘ Thermal Resistance Junctien b HMA” - | - 30 | OC.'W. |
Ambient .
| SWITCHING SPECIFICATIONS iV, 10V] i - ) i
“TurnOn Time teypy \."[4.3 By Iy 144 ‘ - Y N
" Turn-On Delay Time LN ] :((: _::“:;2 ! T T s ‘
Rise Time Iy ;{Fig-urea 81 h 75 A W;‘W n;‘
Turn-O1f Delay Time L1:0FF i ’ - ':7!'7'””; Y T s
Fall Time lj o ‘ - : e Y\ ns
Turn-0f Time Tarr ) | ‘ = ‘J 150 % ns
GATE CHARGE SPECIFICATIONS !
Tolal (3ate Charge l,},_,\-m.r.‘, i V};g; -r.t-'J‘u‘ "m v Vnn ¢ S0V, 9 108 |r ne :
Gate Charge at 10V atton :v(_,s - GV to 10V :z\r;::A {2 : W s I e
Threshold Gate Charge Gimity Ve = OV 10 Y : [Figures 13, 16, 17) : 3.1 38
Gate to Source Gate Charge U =V ‘ i 5.5 2
Gale: to Grain "Milies” Caarge Qna ‘ I - 17 J - né |
CAPACITANCE SPECIFICATIONS
Unout Capactance i Vi 2 29V, Ve - OV, \ 1700 |- pF
“Cuilput Capacitance : f: aen 480 <!
{Fugure 12) I ;
Reayarse Transfer Capaciance : 145 ; 1‘ pF
Source to Drain Diode Specifications
PARAMETER SYMBOL TEST CONDITIONS MIN  TYP  MAX | UNITS
Source 1o Oran Uinde Voltage Vap lein = 44A 125 v
I © 2R Keady & AT S
Ht;:vn.rs-a. H;rc:\mry .I-\me Iy -IS:U . daa dle,pyeedt = t0D0ALS i} - ] 105 Ions I
Havnrée Heco'\-ered Charqo Uap -|-s|> - ;!4A dlepyedt = TODAN S i - I 3&)5 “ nGc i

LT

LUTRE T

IHFP 150N Hew 14



Typical Performance Curves

IRFP150N
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3 Q.2 ———— 20 —
o
0 o ! |
o 2 30 75 W0 425 150 175 25 56 75 100 125 150 175
T, CASE TEMPERATURE {°C) Tr, CASE TEMPERATURE {°C)
FIGURE 1. NOAMALIZED POWER DISSIPATION vs FIGURE 2. MAXIMUM CONTINUOUS DRAIN CURRENT vs
CASE TEMPERATURE CASE TEMPERATURE
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FIGHHE 3. NORMALIZED MAXIMUM TRANSIENT THERMAL IMPEDANCE
00 :
. T
,L;s._ ]l A=k T‘ I <A\ d i Te = 25°C 1L
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IHFP150N
Typical Performance Curves (continued)
300 T T T T
300 — o HR=0
-— il gy - SINGLE PULSE | T tay = (LXIas)(1.3'RATED BV¥ggs - Vop)
P T, = MAX RATED i IFR D
g 00 f——f= L] et T = 25°C ] Z . tay = {LR}in(kas ' R)(1.3°RATED BVDss - Vpop) 1]
= X hle = £ 100 [T s, HE— L]
z < oY =] . I i )
g ) ] O R o - . T N ol
£ A7 T TN 1o ‘é‘ T N | STARTING T, = 25°C 1]
) L z I N [
3 10— | L 3 STARTING Ty = 180°C_ ™ | T
w = OPERATION IN THIS > g T T NS
a [ AREA MAY BE i < i : [ My Ny
K= — LIMITED BY rpgony —— — | -3 @ 1
— . l N - -— i \
-1 1 : t Ft0ms | — I ‘ T.
‘ |>‘ ‘ i 10 SE R l b
P * B = 10001 0.01 0.1 1
! o 1M 300 L TIME IN AVALANCHE (ms}
¥ps, DRAIN TO SDUINCE YOLTAGE (v}
MOTE: Hetar to Fairehild Appacation Notes AN9321 and ANS322.
FIGURE 5. FORWARD BIAS SAFE OPERATING AREA FIGURE 6. UNCLAMPED INDUCTIVE SWITCHING
CAPABILITY
a0 & A 80 e e
PULSE DURATION = Buus Vag = 20V —7// o Voo = TV
DUTY €YCLE = 0.5% MAX Vgg = 10V Vgg =8V
- Vpp =15V /
2 w0 - £ < g
[
3
& . Vgs =5V
g < A GS
5 4 |—r——]—— — =l 5 C %
z ¢ z /-
: § :
a
a il 8 S8 e f 1T e & 0 | -y / i
) PULSE OURATION = 8015
: i DUTY CYCLE = 0.5% MAX
VRS J Te = 259 ’
o u __ S—y
2 3 4 5 h 1} 1 2 K] 4
Vgs. GATE TO SOURGE VOLTAGE (V) Vos. DAAIN TO SOURCE VOLTAGE (V)
FIGURE 7. TRANSFER CHARACTERISTICS FIGURE 8. SATURATION CHARACTERISTICS
30 e e e s 1 12
w | PULSE DURATION = AOus Vgs = 10V, Ip = 44A Vas = Vps, Ip = 250uA
I3 DUTY CYCLE = 0.5% MAX ~
£ y
3 25 —777177 = ol ity w \
m | E g
ey | A 5 S
Zd 20 af
& Y HNA
g /| 22
aw ¥ 3
ERE 3 \
55 / S&na
<L =T
= S
i
2 \\
N, J e 46 !
a0 20 160 300 #5040 0 a0 30 120 160 200

T, JUNCTION TEMPERATURE (°C)

FIGURE 9. NORMALIZED DRAIN TO SOURCE QN
RESHSTANCE vs JUNCTION TEMPERATURE

200 Farleztn i Ewenie exel

T o sl

T4, JUNCTION TEMPERATURE (2C)

FIGURE 10. NORMALIZED GATE THRESHOLD VOLTAGE vs
JUNCTION TEMPERATURE
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Typical Performance Curves (continued)

1] ————— e e

I = 250uk

e

|
\
|
i

7

=]

NORMALIZED DRAIN TO SGURCE
BREAKDOWN VOLTAGE

0y | /1/ ORI —

a0 -40 Dl a0 BO 120 160 200
Ty, JUNC MON YEMPERATURE ¢°C)

FIGURE T1. NORMALIZED DRAIN 10 SOURCE BREAKDOWN
VOLTAGE vs JUNCTION TEMPERATURE

IRFP150N

6000 | m
BRAA Vs = OV, 1 = 1MHz
e bdbeis
1
St}
e Pl ] ~ —
= any P Clgs = Cgs + C
w loun N 55 ?S ,G?
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HOTE: Refer to Lrchild Appiheation Notes AM7254 and AN7260.
FIGURE 13. GATE CHARGE WAVEFORMS FOR CONSTANT GATE CURRENT
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Test Circuits and Waveforms (continued)
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‘q(RER) C)

FIGURE 16. GATE CHARGE TEST CIRCUIT
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FIGURE 18. SWITCHING TIME TEST CIRCUIT
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IRFP150N

PSPICE Electrical Model
SUBCKT IRFP150N 2 13, rew 15 Jan 2000

A 1287080
B 15 14 2708
=]

f 1.56e-9

OO0

IN

DROBDY 7 5 2BO0YMOD
DEAEAK 5 11 DBEREAKMOD

DPLCAP 10 5 DPLCAPMOD DPLFAP
ol

LDRAIN
DRAIN
2

EBREAK "1 717 141135 RSLC1
C0O5 14 4 5 81 - a

EGS 13 & 4 a1 2z
ESGE 10681
EVIHRES G 21 198

EVTEMP 206 18221 ! a0

RLORAIN

5 RORAIN
ESG ( ¥ :
IT 817 1 ‘ EVTHRES

- 21 It

T

LORAIN 2 5 1.0s-49 LGATE EVTEMP

1o ME

LSOURCE 3

MMED 1E 6 8 8§ MMEDMOD RLGATE
METRO 16 6 8 B MSTROGMOD

MWEAK 16 21 4 8 MWEAKMOD

19
N . B
LGATE 1 9 8.5 GATE RGATE .| 5
4. 1 o—m—w—@ '
s a0 l{l
TCI

e
B
E

LSOURCE

SOURCE
3

ABREAK 17 18 RBAEAKMOD 1
RDRAIM 50 16 RDRAINMOD 1 58e-2 (l_o_]’
RGATE 9 20 G.E6 S1A 524
RLDRAIN 24 10 S Y 15
RLGATE 14326 8 13
RLYOURCE 57 11

RSLCY 551 RSLCMOD fe-
RSLE2 550 1es CA g cB

RSOURCE
RLSOURCE

REBREAK
17 18

RVTEMP
19

ASOUACE 8 ? ASOURGEMODLY 1 B5e & A ML 7 -

FVTHRES 22 8 RVTHRESMAD A
BYTEMP 18 19 RVTEMPMOD 1 EGS | 3 EDS 9

S1A B 12 13 4 S1AMOD

= VBAT
+

AAA

S3B 1312 13 4 S1BMOD
G286 15 14 13 S2AMOD
528 515 4 11 S2RMOD
VBRAT 2219 DG 1

ESLC 5180 VALUE={(VIS. 5 1FARSV S L IPWRIVIS D T e 6570800 Ly

WMODEL DBGOYMOO DS = 1 -1t 219 RS = ¥ 88e-3 XTI - 5
MGDEL DBREAKIMOD D HS = 10% 1 K 1751 = Be-d THS2 - 3eed)
SAONEL DPLCAPMOD DICL 220y G = 12-30 M = 0.8l

V=33

RVTHRES

5T . 2 EGe- THSP - 1 00e-6 $J0 = 1.908-8 T1 = 6.5¢-8 M < 0.55)

MODEL MMEDMOD NMOS (VT = 0T EP = 515 =030 N < 10 TOX 11 (uW .. u kG - 0.68)

MODEL MSTROKMOD NMOS (V10 =
MODEL MWEAKMOD BMOS VTG
MODEL KBREAKMC( AIIS
MODEL RDAMNMOD RES(TC: - 7700 3 702 . 28

MODEL FSLCMAOD BES (TO1 . 1 256-3 K02 . 1 00e-13)
MODEL FSOURCEMOD RES (101 - 5e 1162 - tet)
RODEL BYTHRESKMON RES (1.4 . }IC2 = GEe )
PODEL FYTEMPMOL HES (70 1 =

PETKP 07 1S = le-d0 N = 10 TOX -1 . fuW

FODEL S1AMOD VEWITCH 1RON - e - ROFF - 001 YON -5
MODEL SBMOD YEWITCH [HON = fe o ROFE L1 VON - 2200 VO F= 1L
MOLEL SZAMODD VSWITEH (FON e ROFE (01T WON - -1 VO Fu s
ACHIEL SZBMOGD WSWITCH tRON = & HOFF <001 YON =05 YOF - 181

ENDS

CHHKP = 3515 = 130N - 1 TOX - 1] Tu 1y

Ta 3G - 860}

NOTE: Fo further discussion of the B PCE model, consalt A New PSPICE Sub-Circuit for the Power MOSFET Featuring Global

Temperature Options [EEE Bower @ looronics Spoeciabst Conterence Hecoras, 1991w

ntren by William J. Hepp and C. Frank Whealley.

SAVIEE | A S e L

IHFPASGN Hev b
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IRFP150N

SABER Electrical Model

REV 15 Jan 2000

lamplate IRFP150N n2,n1,n3

electncal n2,n1,n3

-

var 1 iscl

d. model doodyinad = {is = 1.308-12. 20 = 1.908-8, it = 6.5e-8, xli= 5 m = 0 55)
d..model doreakmod = 1)

d..modal dplcapmod = icjo = 2.208-9, 15 = 1e-30, vj=1.
m..model mmedmod = (typa= . vio=3.21. kp = 5,i5 = 18-30, tox = 1}
m..model mstrongmod = (type= n, vio = J1.58, kg = 375, i5 = 18-30, tox = 1)

m.medel mweakmod = {type=_ ", vto = 2 81, kp = 0.07 is = 1e-30 tox = 1) LORAIN
sw_vcap..mogel s1amed = (ron = 1e-6. wlf = 0.1, von = -B.2, voff = -2.4) DPLCAP 5 DRAIN
sw_vesp.maded s1bmod = {ron =1a-5, roff = 0.1 von = volf = -6.2) 14 2
sw_vcsp..model s2amed = (ron = 12-5, rotf = 0.1, von = - 1.8, voff = 0.5 0 3
sw _vesp.modet s2bmoed = (ron = 1a-5, ofl = (L1, van = 0 5, volf = -1.8) ::' HSLCT RLDRAIN
<51 ADBREAK
ccantzng =2.70-9 RSLC2 L
cehnisdnid = 2.70a-9 72
c.cin né rd = 1.56e-9 GD ISgt g RoBooY
| 50 DBREAK
d.dbedy n7 n71 = model=dbodyimod - &
d.dbraak n72 nt1 = model=threakmod €36 i) 2 RDRAIN 11 71
d.dplcap n10 n5 = moger=dplcagmod by EVTHRES 5 ._I
LB 17 =1 LGATE EVTEMP g2 L__‘PMWEAK oBODY
GATE RGATE , o | & ||-—-J
‘lreen N2 15 = 1e-9 3 o-m—vw—@ : {laqumep | EBREAK
lgate n1 g = 6.5¢-9 i 9 ) Hm MSTRY
LIsource n3 n7 = 2.38-9 RLGATE — @ A
LSDURCE
m.mmed 116 n6 nd nd = model=mmadmad, =10, w=1u T N 3 AR 7 SOlélRCE
m.mstrong n1B né nB n8 = model=mstronymod. I=14, w=1u HSL‘;GF'ICE
m.avweak 116 n21 né nd = madel=mweakmod, =1y, w=1u r"'l RLSOURCE
ras.rogreak n17n18 =1, tc1 = 1.08e-3, tc? = -8 687 123‘A 824 REREAK
ras rdbody n71 05 = 2.866-3, 161 = 2.256 3. 162 = 1e-6 ] 19 17 18
ras rdbraak n72 ng = 3.05e-1, 11 = Be-4. 102 = 385
ras. rdrain 30 n16 = 1.68e-2 tc! = 7 7003, 1c2 = 2 20e-5 S18 9528 RVTEMP
res.rgale n9 nZ0 = 0.86 13
res.fldrain N2 n5 « 10 ca e 14 IT (D -19
res.rigate n1 n9 = 26 h i -= VBAT
res.rlsource n3n7 = 11 EGS e EDS 9 _+
Bs.7slcl N3 nd1 = 1e-6. 1e1 =4 253, It = 1.00e-6 i 5
res.rslc2 n5 ns0 = 183 8 App— 57

res.rsource nB n7 =1.65e-3 ol = 10:3, 102 = 1g-8
res.relemp 1B n19 = 1, tcT = -3.20e-3, Irz 87e-7
res.rvihzes n22 n8 =1, tol = -2.07e-3, ¢l = -6.652-6

spe.ebreak 11 N7 n17 n18 =115
spe.adsn14nBnind =1

spe.egs N3 nBn6 g =1

5p&.a5¢ N6 10 NG nd = 1

spe avtemp n20 n6 n18 n22 = 1
spe.evihres n n21 n18 nH =1

sw_vcsp.sia n6 n12 n13 nd = modei=stamod
sw_vesp.s1bn13 n12 n13 ng = mndal trmod
SW_VCSp.s2a né n15n1d n13 = mode amod
sW_vasp.s2b n1d n1S nt4 n13 = model=s2bmod

v.vbat nZ2 n19 = de=t

aquations |

1{n51->n50} +=z15¢i

1sch viN51.n50) = ((vinS nS1)/{1e-9+abstvin3 nS 1N i{absivn5.051)* 186/98}1°* 1.5))
¥

1

<2002 Fairchild Ssmiconcuctor Corsoraticn

IRFP150N Rev. B
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IRFP150N

SPICE Thermal Mode!

AEY 15 Jan 2000

IAFP150NT

CTHERM1 th 6 3.10e-3
CTHERMZ2 8 5 1.60e-2
CTHERM3 5 4 1.34e-2
CTHEAM4 4 3 1.22e-2
CTHEAMS 3 2 1.40e-2
CTHERMG 2 (| 1.05e-1

RTHERM! Ih 6 1.20e-2
RATHERMZ £ 5 3.50e-2
RTHERM3 5 4 5.20e-2
RTHERM4 4 3 1.45e-1
RTHERMA 3 2 2 82a-1
RTHERME 2 1 2.64e-1

SABER Thermal Model

SABER thermal madel IAFP15S0NT

template thermal _modet th
thermal _c th, 1l

{

ctherm.cthermt th 6 = 3.10e-3
ctherm.ctherm? 6 5 = 1.60e-2
ttherm.cihermd 5 4 = 1.34e-2
clheym.cthermd 4 3 = 1.22e-2
ctherm.ctherms 3 2 = 1.40e-2
clherm.cthermb 2 tl = 1.05e-1

rtherm.iherm1 th 6= 1.20e-2
rtherm rtherm2 6 § = 3 5Ce-2
rtherm.rtherm3 5 4 = & 208-2
rtherm.rthermd 4 3 = 1 45&-1

rherm.therms 3 2 = 2 82e-1
riherm rthermb 2 11 = 2 .64a-1

!

ATHERM1

RTHERM2

ATHEAMZ

ATHERM4

ATHERMS

RTHERM&

th

JUNCTION

AAM

ANA

AAA

i— = = L I—«

A

CASE

CTHERM1

CTHERM2

CTHERM3

CTHERM4

CTHERMS

CTHERME

+23002 Falrehild SamiconaucIon Corperloe

IAFP 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 o be an exhaustive list of all such trademarks.

ACEx™ FAST # OPTOLOGIC™ SMART START™ VOX™
Bottomless ™ FASTr™ OPTOPLANAR™ STAR'POWER™
CoolFET™ FRFET™ PACMANT Stealth™
CROSSYOLT™ GlobalCptoisolator™  pOp™ SuperSOT™-3
DenseTrench™ GTO™ Power247 ™ SuperSCT™.6
DOME™ HiSeC™ PowerTrench Super30T™-8
EcoSPARK™ ISOPLANAR™ QFET™ SyncFET™
EXCMOS™ LitleFET™ Qs™ TinyLogic™
EnSigna™ MicroFET™ QT Optoelectronics™  TruTranslation™
FACT ™ MicroPak ™ Quiet Series ™ UHC™

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

DISCLAIMER

FAIRCHILD SEMICONDUCTOR RESERVES THE RIGHT TO MAKE CHANGES WITHOUT FURTHER
NOTICE TO ANY PRODUCTS HEREIN TO IMPROVE RELIABILITY, FUNCTION QR DESIGN. FAIRCHILD
DOES NOT ASSUME ANY LIABILITY ARISING OUT OF THE APPLICATION OR USE OF ANY PRODUCT
OR CIRCUIT DESCRIBED HEREIN; NEITHER BOES iT CONVEY ANY LICENSE LINDER ITS PATENT
RIGHTS, NOR THE RIGHTS OF OTHERS.

LIFE SUPPORT POLICY

FAIRCHILD'S PRODUCTS ARE NCGT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF FAIRCHILD SEMICONDUCTOR CORPORATION.
As used here:n:

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

systems which, {a) are intended for surgical implant into
the body, or {b) support or susiain life, or {c) whose
failure to perform when properly used in accordance
with insiructions far use prowded in the labeling, can be
reasonably expected to result in significant injury to the
user

support device or system whose failure to perform can
be reasonably expected to cause the failure of the life
support device or system, or fo affect its safely or

affectiveness

PRODUCT STATUS DEFINITIONS

Definition of Terms

Datasheeat Identification Product Status

Definition

Fosmative or
In Desgn

Advance Information

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

Preliminary First Production

This datasheet contains prefiminary data. and
supplementary data will be published at a later date.
Fairchiid Semiconductor reserves the right lo make
changes at any time without notice 1n order to improve
dasign.

No ldentfication Needed Full Producticn

This datasheet contains final specifications. Fairchild
Sermiconducior reserves tha right to make changes at
any tme without nolice in erder 1o improve design.

Obsoiele Not In Production

fhus datasheet contains specifications on a product
that has been discantinued by Fairchid semiconductor,
The datasheel is printed for reference information only.

Ray =l
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ULN2001A, ULN2002A, ULN2003A, ULN2004A, ULQ2003A, ULQ2004A
| HIGH-VOLTAGE HIGH-CURRENT
2nd is e longer supled, DARLINGTON TRANSISTOR ARRAY

SLRS0Z7G - DECEMBER 1976 - REVISED JUNE 2004

® 500-mA-Rated Collector Current UEN2001A ... D OR N PACKAGE
(Single Output) ULN2002A . .. N PACKAGE
. ULNZ2003A . .. D, N, NS, OR PW PACKAGE
#® High-Voltage Outputs ... 50 V ULN2004A . .. B, N, OR N5 PACKAGE
® Output Clamp Diodes ULQ2003A, ULQ2004A . .. D OR N PACKAGE
] i . {TOP VIEW)
® |nputs Compatible With Various Types of
Logic 161 U1sj1c
® Relay-Driver Applications 28[]2 151 2¢
3B [] 3 14]] 3¢
description/ordering information 4B (|4 3[] 4C
The ULN2001A, ULN2002A, ULNZOO3A. g;f - % o
ULN2004A, ULQ2003A, and ULQZ2004A are 78(l7 10f] 7¢
high-voltage, high-current Darlington ‘ransistor efls af] com
arrays. Each consists of seven npn Darlington

pairs  that feature high-voltage outputs

with commen-cathede clamp dicdes for switching inductive (oads. The collectar-current rating of a single
Darlington pair is 500 mA_ The Darlington pairs can be paralleied for higher current capability. Applications
include relay drivers, hammer drivers, lamp drivers, display drivers (LED and gas discharge), fine drivers, and
logic buffers. For 100-V {otherwise interchangeabie) versions of the ULN2003A and ULNZ004A, see the
SN75468 and SN75469, respectively.

ORDERING INFORMATION

ORDERABLE TOP-SIDE
Ta PACKAGET PART NUMBER MARKING
LL.M2ZO02ZAN ULNZC02AN
FDIP [N} Tube of 25 ULN2003AN ULNZOD3AN
UENZO0SAN ULMN2004AN
Tube o 40 ULMNZ0C3AD
Reel cof 2500 UI.NZOG3ADR VEE
SOIC (D)
=20°C to 70°C X Tube of 40 ULN2034AD
4
Reel of 2600 ULM2604ADR SLNZAEAA
LLN2003ANSR ULN20O3A
S0P (N Reel of 2004
OR:(NS) T ULNZOQ4ANSR ULNZ0C2A
Tube of 30 ULN2003APW
T UNZDO3A
SSCP (PW) Ree| of 2000 LILN2003APWR
b ULQ2003AN JLQ2002A
2 f] Tube 0f 25
REE jre ULZ004AN ULQ200AN
Tube nf 40 UJLQ2003AD ULAZ2003A
=407 10 850 3
Reel o 2500 ULQ2003ADR ULQ2003A
S0IC (D)
Tube of 40 ULQ2Z004AD ULQ2004A
Reel of 2500 ULG2004ADR ULQ2004A

T Package drawings stanoard packing quantties, tnermal data, symbotzaton, and PCB design guidelines are

avallable at www.li comysc/package

Please be aware thal an importanl notice canceining availaoiity, standard wa

rranty. and use in crdical apphcations of

Texas Instruments semicanductor products and disclaimers thereto appears al the and ot this data sheet.

PROGOUCTION DATA infarmation is curment as of gublication date.

Products conlorm Lo spacificalions per Lhe termu of Texan Inmirumants M

stapdard warrEnly. Produclion praceesing dows nol MECESEANTy inctute ’

"alifig ol all parsmelecs. TEXAS

INSTRUMENTS

Copyright > 2004, Texas Instruments Incorporated
On products compiiant to MIL-FRF-38535, all parameters are lasted
unless otherwiss naed, On al other products, produstion
gracaasing dosd nat necansatily inchuds tewling ol al) paramatera.
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ULN2001A, ULN2002A, ULN2003A, ULN2004A, ULQ2003A, ULQ2004A
HIGH-VOLTAGE HIGH-CURRENT The ULN2001A is obsolete
DARLINGTON TRANSISTOR ARRAY and is no lenger supplied.

SLRSC27G - DECEMBER 1876 - REVISED JUNE 2004

description/ordering information (continued)

The ULNZOG1A is a general-purpese array and can be used with TTL and CMOS technolegies. The ULN2GOZA
is designed specificaily for use with 14-V to 25-V PMOS devices. Each input of this device has a Zener gdicde
and resistor in series to control the input current to a safe limit. The ULN20G3A and ULQ2003A have a 2.7-k(2
series base resistor for each Darlington pair for operation directty with TTL or 5-V CMOS devices. The
ULN2004A and ULQ2004A have a 10.5-k(1 series base resistor to allow operation directly from CMOS devices
that use supply voltages of 8 V to 15 V. The recuired input current of the ULN/ULQ2004A is below that of the
ULN/ULQ2003A, and the required vcltage is less than that required by the ULNZ2002A.

logic diagram

\ r}r~4|—9 com

18 L>(J Y /SY A
) —pl—e <
: 1
B —— >O+—A 2c
—pl——
38 i\ >‘) L ZIRRNN 3c
——pi—
4B 4—>CLL A1\
58 LD() E ———————— WAl Ny
6 P 1
68 —<| SO & osi— 8C

- P
= ,q>}¢___ AT AN
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ULN2001A, ULN2002A, ULN2003A, ULN2004A, ULQ2003A, ULQ2004A
HIGH-VOLTAGE HIGH-CURRENT

The HLN2001A is obsolete DARLINGTON TRANSISTOR ARRAY

i n ied.
and is no lo ger suPp"Ed SLRSU27G - DECEMBER 1976 - REVISED JUNE 2004

schematics {each Darlington pair)

COoM com

- Qutput TV Output
! ' c
c input _ A
B B L
- E oy
3k £
I iy
ULMZO01A, ULM20024
~—pt—com
i (L . Output
Re - L & C"' pu
Input Y ,J
ULNAULQZ003A: Rg = 2.7 ki tWI A ,\,_l
ULN/ULQ2004A; Rg = 10.5 kil T2k k0 4 2 ¢

-

ULN2003A, ULN20D4A, ULG2003A, ULQ2004A
A4 resistor values shown are peminal.
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ULN2001A, ULN2002A, ULN2003A, ULN2004A, ULQ2003A, ULQ2004A
HIGH-VOLTAGE HIGH-CURRENT The ULN2001A is obsolet
DARLINGTON TRANSISTOR ARRAY and iS no longer supplied.

SLRB027G - DECEMBER 1876 - REVISED JUNE 2004

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

Collectoremitter wolage - .. o e .50V
Clamp diode reverse voliage (see Note 1) ... .. e P 50V
Input voltage, V; (see Note 1) . R T, S Jov
Peak collector current (see F\gures 14 and 15] A 500 mA
Quiput Clamp CUITent, LoK - - - o e 500 mA
Total emitter-terminal CUIMENT .. L ~25A
Operating free-air temperature range, TA ULNZOGXA . . oo =-20°C 1o 70°C
ULQ200xA ... ..., e ~40°C to 85°C

ULQ20GKAT o —-40°C 10 10%°C

Package thermal impedance, 9, (see Notes Zand 3): Dpackage ........ .. . .. ............ 73°Ciw
Npackage ... ... ... ... ... 67°Chw

NS package ... ... ... ...l 84°CIW

PW package .. ......... .. ..ol 108 TN

Package thermal impedance, B¢ (see Notes 4 and 5): Dpackage ....... ... ............... .. 36°Ciw
Npackage ... .. ... .......... ........ 54"Ciw

Qperating virtual junction temperature, T = .8 T PL T N 150°C
Lead lemperature 1.6 mm (1/18 inch) from case for 10 seconds ............................... 260°C
Storage temperature range, Tgg - ... .. AN NN A~ Y -65°C to 150°C

1 Stresses beyond those listed unger "absolule maximum ratings” May cause permanent damage o the device. These are strass ratings only, and
functional @peration of the device at these or any other cangtions beyond those indicated under “recommended cperating conditions” is not

implied. Exposura to absolute-maximum-rated canditions far extended perinds may affect device refiability.
NOTES: 1. Al vollage values are with respect 1o the esnitter/substrate terminal E, unless otherwse noted.

2. Maimurn powst dissipaton 15 a function of T j(max), U, and Ty The maximum allowable power dissipation at any allowable
ambient temperature is Py = (T imax) - Ta ke a. Operating &l the absolute maximum T of 150°C can affect reliability.

3. The package thermal impedance 1 calcutated i accordance with JESO 51-7.

4, Maximum pawer dissipation s a function of T j@max), 1) and Tg. The maximum allowable power dissipation at any allowable case

temperature 1S Py = (T {max) - Toke . Operaling af the absolute maximum T of 150°C can affect reliability,
4. The package thermal impedance is calculated in accorgance with MIL-STC-883.

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

TEST VLN2DDMA ULHI002A -
T C IT]
PARAMETER FIGURE TEST CONDITIONS MIN_ TYP  MAx MIN TP Max
Viion) On-state input voltage 5} Ve =2V, g = 300 mA 13 v
Iy =250 pA, |- =100 mA 0.9 1.1 0.8 1.1
Collector-emitter
=] 4 1
VCE(sal)  saturation voitage 5 J=350pA. 1o = 200 mA 1 1.3 13 v
=500 uA, Ig =350 mA 1.2 16 1.2 1.6
Ve Clamp forward valtage 8 tE = 350 mA 17 2 14 2 3
1 VeE =B0Y, 1 =0 50 50
ICEX Coilector culoff curcent . Veg=80Y, [L=0 100 100 A
Ta=70"C Jvj=6v 500
~E =50V, o =000 pA,
oty OFf-state input current 3 ¥;E 24913 2 500 85 50 65 LA
I Input clrrent 4 R raYy 0.B2 1258 mA
/R =80V, Ta=70C 100 100
[E) Clamp reverse current 7 VRS0V s o uA
Static forward-current = L .
hre {rans§es g 3 Veg =2V, ;=350 ma | 1000
= Input capacitance V=0, r=1MHz 15 25 15 25 pF
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ULN2001A, ULN2002A, ULN2003A, ULN2004A, ULQ2003A, ULQ2004A
The ULN2001A is obsclets HIGH-VOLTAGE HIGH-CURRENT
and is no longer supplied. DARLINGTON TRANS'STOR AHRAY

SERS027G - DECEMBER 1976 ~ REVISED JUNE 2004

efectrical characteristics, T = 25°C (unless otherwise noted) {continued)

TEST LJLN2003A ULN204A
PARAMETER FIGURE TEST CONDITIONS MIN TYF MAX MIN TYP  MAX UNIT
I =125 mA, 5
lgn = 200 mA 24 &
] I = 250 mA 2.7
Viion} On-stale input voltage & VoE=2Y STy 5 v
Ic = 300 mA 3
(s =350 mA 8
) 11=250 A > =100mA g, 11 0.9 1
VCEsaty 5;1‘?;2’;\2&:;6 5 [1=350upA  Ic=200mA 1 13 1 13} v
i =500 uA, I =350 mA 12 16 12 1.8
1 Vop =30V, =0 50 50
ICEX Collectar cutoff current 2 Visg = 50 V, =0 100 100 vy
Ta=70C  fwvy=1vy 500
VE Clamp forward vailage B IF = 350 mA 1.7 2 74 2 Vv
lifath Off-state input currant 3 }I'/;\:E ;;%V IO SI0RE 50 85 50 65 uA
V| =388V .83 1.35
1 Input current 4 V=5V 0.35 0.5 mA
vy =12V 1 145
Vp =81V 50 50
IR Clamp reverse current 7 VR =50V, Ta=70C 00 o uA
Gi Input capacitance V=0 f=1MHz 15 25 15 25 pF
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ULN2001A, ULN2002A, ULN2003A, ULN2004A, ULQ2003A, ULQ2004A

HIGH-VOLTAGE HIGH-CURRENT

DARLINGTON TRANSISTOR ARRAY

SLRS027C - DECEMBER 1675 - REVISEC JUNE 2004

The ULN2001A is obsolete
and is no longer supplied.

electrical characteristics over recommended operating conditions (unless otherwise noted)

TEST ULQ2003A ULQ2004A
PARAMETER FIGURE TEST CONDITIONS WIN TYP  MAX Wi TP max UNIT
Ic=125mA 5
I = 200 mA 27 6
I = 250 mA 2.9
Vi{on} On-state input voltage B8 Ve =2V Ic = 276 mA 7 v
‘o= 300 mA 3
fe = 350 mA 8
] i =250 A, I = 100 mA 09 1.2 0.9 11
VeEsal) g;tf::gne\z:;f; . 5 I(= 350 pA. 1o = 200 mA T 14 1T 13] vy
| =506 pA. Iz =350 mA 1.2 1T 1.2 1.6
1 Vep =80V, ) =0 100 5D
| Collector cutoff current Iy =0 100 A
ee 2 |Vee=%0V BTy 500 '
VE Clamp farward voitage 3 IF = 350 mA 1.7 23 17 2 \4
| liofty Off-state input curent 2 Vpg =50V Ip = 500 pA 65 50 E5 A
V)= 385V 093 135
1 Input current 4 V=5V 0.35 0.5 ma
Vi=12W o 1.45
VR=50Y, Ta=25C 100 50
IR Clamp reverse current 7 VR o0V I pyos uA
C, Input eapacitance V=0 f=1MHz 15 25 15 25 pF
switching characteristics, Ty = 25°C
ULN20G1A, ULN2002A,
PARAMETER TEST CONDITIONS ULN2003A, ULN2004A | yNiT
MIN  TYP  MAX
to 4 Propagaton deldy tme, low- 1o high-level output See Figure 3 0.25 1 us
IpyL  Propagation delay trne, hign- to jow-level output See Figure 9 0.25 1 s
Vo High-level oulput voltage after switching ;g;;gouyﬁ" 10 G - 300 mA. Vg-20 my

switching characteristics over recommended operating conditions (unless otherwise noted)

ULQ2003A, ULQ2004A

T
PARAMETER TEST CONDITIONS MIN  TYP  MAX LiNY
tpLH  Propaganon ueldy ime, low- o highdevel output See Figue ¢ 1 ta us
tpL  Propagation celay time, high- (o jow-level output See Figure 8 i 10 us
Vg =50V, Iy = 300 mA. gl
VY High-evel cutpul vollage after switching See Figure 10 Vg-500 mv
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ULN2001A, ULN2002A, ULN2003A, ULN2004A, ULQ2003A, ULG2004A
Tho ULNZ001A is obsolete HIGH-VOLTAGE HIGH-CURRENT
and is no longer supplied. DARLINGTON TRANSISTOH ARRAY

SLRS02TG - DECEMBER 1876 - REVISED JUNE 2084

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

TEST ULN2003A ULNZ2004A
PARAMETER FIGURE TEST CONDITIONS MIN TV MAX M TvP WA UNIT
I = 125 mA 5
Iz = 200 mA 24 6
Ies = 250 ma, 27
Vicany On-state nput voltage 4] Ve =2V I = 275 mA 7 v
Iz = 300 mA 3
IC = 350 mA 8
I = 250 pA, Io = 100 mA a9 1.1 049 1.1
Vg sal) f;tfzﬂnem:’;rs 5 || = 360 pA, I = 200 mA 113 1 13 v
I, = 300 uA, lex = 350 mA 1.2 1.6 1.2 1.6
1 VEE=S0V. h=0 50 50
ICEX Caollectar cutotf current p VGE = 5.0 v, {1=0 100 100 WA
Ta=700C V=1 500
Vi Clamp fapward vollage & IF = 350 mA 17 2 1.7 2 v
et Off-state input current 3 \F:E ;05,2:\"‘ &Y TT7 A 50 a5 =q 65 WA
V) =385V 083 135
h Input curran: 4 Vi =5% 0.35 qa.5 mA
Vi=T12V 1 145
Vg =50 Y 50 50
1=} Clamp reverse current 7 [Py revy Ta=70 0 100 L8 Jir:
G, Inpul capaciance V=0, f=1MHz 15 25 15 25 oF




111

ULN2001A, ULN2002A, ULN2003A, ULN2004A, ULG2003A, ULQ2004A
HIGH-VOLTAGE HIGH-CURRENT The ULNZ001A Is obsolete
DARLINGTON TRANSISTOR ARRAY AR i8 nb onger SUPPHSG.

SLRS5027G - DECEMBER 1876 - REVIEE[ JUNE 2004

electrical characteristics over recommended operating conditions (uniess otherwise noted)

TEST ULQ2003A ULQ2004A
PARAMETER FIGURE TEST CONDITIONS MIN_ TYP  MAX MIN TYF MAX UNIT
lp=125mA 5
I =200 mA 2.7 6
Ic = 250 mA 29
Viton) On-state input voitage 8 V=2V IC - 275 = v
IC = 300 mA 3
Iy = 350 mA 8
| =250 pA, e = 100 mA 0.9 12 0.9 1.1
VeEsat S;‘I’ﬁ::?;ne‘g‘lzf;e 5 [y =080pA In=200mA T, 14 T3] v
=500 pA, I = 350 mA 12 17 12 1.6
1 Vog=380Y. =0 100 50
| Collector cutoff current =0 100 uA
cE : Vee=50Y 50T 50|
VE Clamp torward vortage 3 g = 350 mA 1.7 2.3 1.7 2 v
ligo) Off-state input current 3 Vg =80V, g =500 pA 65 50 65 LA
V=385V 0.92 1.35
Iy Input current 4 Vi=5HV 0.35 05] mA
Vi= 12V 1 145
VR =50V Ta=25C 100 50
1= Clamp raverse cuirent 7 VR=50v 100 109 WA
Gj fnput capacitance Vi=1 =1 MHz 15 25 15 28 pF

switching characteristics, Ty = 25°C

ULMZ001A, ULN20DZA,
PARAMETER TEST CONDITIONS ULN2003A, ULN2004A | unir
MiN TYP MAX

tpLR Propagation deiay tima. low- 1o high-leved cutput See Figure 9 0.25 1 HS

tpuL  Propagation delay time, high- to low-levei autput See Figure 9 0.25 1 us
. o Vg =50V, Iy -- 300 mA, _

Vo High-level output valtage after switching See Figurs 10 Vg—20 mv

switching characteristics over recommended operating conditions (uniess otherwise noted)

ULG2003A, ULQ2804A

ETE CONDITION UNIT

PARAM R TEST 13 MIN. TYP  MAX

tply Fropagaton delay ume, low- 3 high-level output See Figure 8 1 10 us

tpy  Propagation deiay time, hign- to low-level cutput See Figure 9 1 10 i
Vg =50V, Ig - 300 mA, V500 iy

Vo Hgh-level output voltage after switching

See Figure 10
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ULN2001A, ULN2002A, ULN2003A, ULN2004A, ULQ2003A, ULQ2004A
HIGH-VOLTAGE HIGH-CURRENT
DARLINGTON TRANSISTOR ARRAY

SLRSEZ7G - DECEMBER 1576 - REVISED JUNE 2004

The ULN2001A is obsolete
and is no longer supplied.

PARAMETER MEASUREMENT INFORMATION

Open VCE

|

k ICEX
Open “<>} Fﬁ---’

Figure 1. gy Test Circuit

Qpen yee

M%f_J%

lP‘%MT

Fig_ure 3. Ij‘aﬂ;) Test Circuit

Cpen

o Foh )
B ST

NOTE: ) is fized for measunng VoE(sat), varniabie for
measuring hgg.

Figure 5. hpg, Vcgisar Test Circuit

VR

L)
i
Open-----"l>\’) .
i

Figure 7. Ig Test Circuit

Open vee

IcEX
v

Figure 2. Icgx Test Circuit

Open

Iifony f
V) - -—— Qpen

Figure 4. |; Test Circuit

Open

|
L

Figure 8. Vion) 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 e asciete

SLRS027G - DECEMBER 1975 - REVISED JUNE 2004
PARAMETER MEASUREMENT INFORMATION

tnput 50% 50%
! |
|
le- tor —P! (4 tPLH —bg
LA 0,
Output 5k 50% 50%
VOLTAGE WAVEFORMS
Figure 9. Propagation Delay-Time Waveforms
Vs
Input E 2 mH
uLNeetAQaly 1N3064
2.7 Kl H i
AR 2 2004
Pulse i | %
Genarator —L - < Cutput
(sea Note A) ULN2002A |
ULN/ULQ2003A b e = CL=15pF
- (see Nota B)

ULN/ULQ2004A £

TEST CIRCUIT

-»l 4— “5ns
o e — e — VIH

Input ! 80% 90% ! (see Note C}
¥ 15v 15y ¥ |
1% V| N 10%
M 405 BV
VoH
Output \
———————— VoL

VOLTAGE WAVEFORMS
NOTES: A The puise generatar has the following characteristics: PRR = 125 kHz, Zn= 50 4
B. i includes probe and g capacitance.
C. Fortesting the ULN200 1A, the ULNZ2003A. and the ULGZO03A. Yy = 3V, for the ULNZ2002A. Vi = 13 V:

for the ULN2004A and the ULQ2004A, V) = B Y.
Figure 10. Latch-Up Test Circuit and Voltage Waveforms




ULN2001A, ULN2002A, ULN2003A, ULN2004A, ULQ2003A, ULQ2004A
HIGH-VOLTAGE HIGH-CURRENT

The ULN2001A is obsolete
and is no longer supplied.
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DARLINGTON TRANSISTOR ARRAY

SLRS027G - DECEMBER 1976 — REVISED JUNE 2004

0.5

VCE(sat) - Collector-Emitter Saturation Voltage - v

Vs

TYPICAL CHARACTERISTICS

COLLECTOR-EMITTER
SATURATION VOLTAGE

COLLECTOR CURRENT
(ONE DARLINGTON)

Ta=25C

T
|

Iy = 250 pA

le= 350 uA

j I =500 uA
/

Pl

|

0 100 200

300 400

500 600 700 800

Ig - Collector Current - mA

Figure 11

ig ~ Collecior Current - mA

COLLECTOR-EMITTER
SATURATION VOI.TAGE

TOTAL COLLECTOR CURRENT
(TWO DARLINGTONS IN PARALLEL)

25 .
: | ||
]
Ta=25C

) A i| = 250 uA /
- — f 7
2 Ih= 350 1A —
2
g g
-
= 1.5 / L=
i /
2 o Iy = 500 1A
(o ;ﬁ
- 2 ==
2 ;
3 |
8 os
¥
k]
)
il 1

)
= "o 100 200 300 400 500 60O 700 800

IC{tot} - Total Collsctor Current - mA

Figure 12

COLLECTOR CURRENT
¥S
INPUT CURRENT
500 : 1 i '
Ry =104 y
asp |- .
Ta = 25°C A
400 J //1,/
Vg =10V
350 3 A
/ Vg =8y
100 / i
250 { //
200 / /
150
100
50 1 : j
0
0 25 50 75 100 125 450 175 200

I} = Input Current — |

Figure 13

1A
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ULN2001A, ULN2002A, ULN2003A, ULN2604A, ULQ2003A, ULQ2004A
The ULN2001A is obsolete HIGH-VOLTAGE HIGH-CURRENT
and is no longer supplied. DARLINGTON TRANSISTOR ARRAY

SLRS027G - DECEMBER 1976 - REVISED JUNE 2004

TYPICAL CHARACTERISTICS

COLLECTOR-EMITTER COLLECTOR-EMITTER
SATURATION VOLTAGE SATURATION VOLTAGE
Vs VE
COLLECTOR CURRENT TOTAL COLLECTOR CURRENT
{ONE DARLINGTON) (TWO DARLINGTONS IN PARALLEL}
25 25
s o Tp = 25°C
3 A=25C % AT Iy = 250 1A
= 2 . s 2 f 14
[+] :
= i I1= 250 LA E I = 350 A
2 A i = 350 uA £ |
i - e
ERRE // =500 uA | —— :,,3 1.5 %/
@ / 7 | !
d 5 ;
- 7| = L= = 500 4a
E 1 E s e
w : /
é / § //
"" (]
2 &
S 05 3 o5
9 ! R
oo [ S o
£ v 100 200 300 400 500 600 700 800 = ¢ 100 200 300 400 500 600 700 360

Ig - Coflector Current - mA Igitat) — Total Collector Currant — mA

Figure 11 Figure 12

COLLECTOR CURRENT
vs
INPUT CURRENT

I I i

| RL=10U —_—
Ta =25°C

A //
Vs=l10\lj/ﬂ

00

450

4040 |

Vg =BY

X I
200 ! /
150 /

100

Ic; — Collector Current - mA

50

0

0 25 50 TS5 100 125 150 175 200
I} - tnput Current - LA

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 - REVISEC JUNE 2004

THERMAL INFORMATION

D PACKAGE N PACKAGE
MAXIMUM COLLECTOR CURRENT MAXIMUM COLLECTOR CURRENT
VS Vs
DUTY CYCLE DUTY CYCLE
600 =" T { 600 \

< | :
£ 500 - < 500 <
: \\\ A : \\\ Nz | [ n
= 3 B
: N Ne : | N v |
R ANV A g o i\ NN S
8 \\Q\\ RS N NN T
° i i = =

| (o L . __Jsk
'; N=‘6-— ‘e ) 7 €] %%{\\\N
2 200f N=7 b oy g L b
E N=7 "y ~] ! g 2 Q\ ]
§ N =I5 o \\K‘-"'—-’.__ 5 . ._:;::____

| iy It S = a8
w 10 Ta=70C 1 100 [~ Ta = 85°C :
u A P w
N = Number of Qutputs - N = Numbar t_)f Ou_tpuls
o 4 Co‘nduc‘ting ?imu!tanﬂ?usly 0 | Conductlmg Sllmulltaneelnusly
0 10 20 30 40 §0 60 V0 80 90 100 0 10 20 30 40 50 64 7o B8O 90 100
Dty Cycle - % Duty Cycla - %

Figure 14 Figure 15
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ULN2001A, ULN2062A, ULN2003A, ULN2004A, ULG2003A, ULQ2004A
_ HIGH-VOLTAGE HIGH-CURRENT
A e e e atete DARLINGTON TRANSISTOR ARRAY

SLRSL2TG - DECEMBER 1976 - REVISED JUNE 2004

APPLICATION INFORMATION

ULN2003A
Vss ULN20028 v Vee ULQ2003A

’ ' ﬁ"v'---!

T

—7 ————— 10 -
P-MOS : -
Output 8 —m:,lv B s
S é
Figure 16. P-MOS to Load Figure 17. TTL to Load
ULN20044 ULN20D3A
Voo ULQ2004A v Voo ULQ2003A v
| 3% 7
. 16
: - ; 15
‘ 3 ; Nl 14
(A 13
¥ e y 12| o
h %) .
o |
—4 - b
Ris i~ :
* > ) A I 10
Iy -
CMOS |
Output L
Figure 18. Buffer for Higher Current Loads Figure 19. Use of Pullup Resistors

to Increase Drive Current
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JIR-CDIP = Texr) CERAMIC DUAL IN-LINE PACKAGE
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NS {R-PDSO-G*)
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‘[ﬂ‘i LT ﬂ?ﬁﬂuﬂ'l‘iﬁﬂ\'l"lu‘llﬂﬂtﬂ%a\‘l

main:

starc:

senscr;

motorstop:

motorpack:

stop:

end

org 0000h

mov p0,#0ffh

jb 0.1, sensor
1jmp start

clr pC.4

Jnb p0. i, motorback
jb p0.1,mosTo
limp sensor

ikt pO.0,motorstop
iimp start

setbh pl.4

limp loop

setk po.4

clr p0.©

jnp pl.l,stop
Lywp  moetorback
setb pl.4

setb ©l.b

*b p0.1, senscr
limgp stop
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