SERIES UHP-400, UHP-400-1, AND UHP-500
QUAD POWER AND RELAY DRIVERS

SERIES UHP-400, UHP-400-1, AND UHP-500
POWER AND RELAY DRIVERS

FEATURES

¢ Inputs Compatible with DTLTTL
® 500 mA Qutput Current-Sink Capability
® Pinning Compatihle with 54/74 Logic Series
@ Transient-Protected Outputs on Relay Drivers
® High-Voltage Qutput;
100 V Series UHP-500
70V Series UHP-400-1

40V Series UHP-400 DME. NO. A-7506 DWE. hQ, A-Te0R
GQERIES UHP-400, UHP-400-1, and UHP-500 OHp—do0.1 e
power and relay drivers are bipolar integrated UHP-500 UHP-502

circuits with logic and high-current switching tran-
sistors on the same chip. Each output transistor is
capable of sinking 500 mA in the ON state.

) wlVee
UHP Part Numbers Function 3 :
400 | 400-1 | 500 | Quad 2-Input AND ] 2
402 1 402-1 | 502 | Quad Z-Input OR T
403 | 403-1 | 503 | Quad OR for Inductive Loads 5 10
406 | 406-1 | 506 | Quad AND for Inductive Loads 5 g
407 | 407-1 | 507 | Quad NAND for Inductive Loads L IR g sl
408 | 408-1 508 Quad 2""][]!,]1: NAND Dwg. Ne. A-91308 OMB, N0. A-7ABOA
432 | 432-1 | 532 | Quad 2-Input NOR
433 | 433-1[ 533 | Quad NOR for Inductive Loads iy Tt
UHP-503 UHP-504
1 14] Ve = 1] Vo
2 13 2 13
3 12 3 12
a gy o mll e » RS vl
5 10 5 1]
[ 9 [ o
GND[7 It = g GNI[7 4= 8
DHE. HD. Av7O73R WG, WD, A-12,3H6 DHG. HO. A-12,389 DWG. ND. A-12,350
UHP-407 UHP-408 UHP-432 UHP-433
UHP-407-1 UHP-408-1 UHP-432-1 UHP-433-1
UHP-507 UHP-508 UHP-532 UHP-533




SERIES UHP-400, UHP-400-1, AND UHP-500
QUAD POWER AND RELAY DRIVERS

ABSOLUTE MAXIMUM RATINGS

SUPPIY VOIAgE, Yoo, oo v et e e e e TV
Input Voltage, ¥y . ..o oo e 5.5V
Output Off-State Voltage, Ve
Seres UHP-200 . .. ... e e e 40V
Series UHP-400-1 ..ottt i e e e oV
Series UHP-500 . ..ottt e 100V
Output On-State Sink Current, by (one driver} ... ... ... oo i 500 mA
(total package) .. ...... . e 14
Suppression Diode Off-State Voltage, V;
Series UHP-00 ..o e e 0y
Series UHP-400-1 .o o FIR
Sarigs URP-500 . . ..ot e e 100 ¥
Suppression Diode On-State Current, I .. .. ..o i 500 mA
Operating Free-Air Temperature Range, T, . ..o o v oot —20°Cto +85°C
Storage Temperatire Range, Tg .. ... .o oo, - 65°C to -+ 150°C

RECOMMENDED OPERATING CONDITIONS

Min. Nom. Max. Units

Suppiy Voltage (Vi) 475 5.0 5.25 v
Operating Temperature Range 0 +25 485 °C
Current into Any Output (ON State) — — 250 mA

SWITCHING CHARACTERISTICS at T, = +25°C, V= 5.0V

Limits

Characteristic Series Test Conditions (Note 3} Min, Typ. Max, Units
Tum-On Delay Time UHP-400 Vo =40V, R = 2650 (6 W) — 200 500 ns
o) UHP-400-1 | Vs = 70V, R, = 4650 (10W) — 200 500 ns
UHP-500 ¥, = 100V, R, = 67062 (15W) — 200 500 ns
Turn-0Off Delay Time UHP-400 ¥, = 40V, R, = 26500 (B W) — 300 750 ns
o) UHP-400-1 | Vy = 70V,R, = 4650 (10W) — 30 750 | ns
UHP-300 Vo = 100V, R, = 6702 (15W) — 300 750 ns

NOTES:
1. Each input tested separataly.
2. Valtage values shown in the test-circuit waveforms are with respect to network ground terminal.
3. C, = 15 pF. Capacitance value specified includes probe and test fixture capacitance.

INPUT PULSE CHARACTERISTICS

Vo = 0V t,= 7.0 t, = 1.0 ps
Voy =35Vt =1dns PR = 300 kHz




SERIES UHP-400, UHP-400-1, AND UHP-500
QUAD POWER AND RELAY DRIVERS

UHP-400, UKP-400-1, and UHP-500
Quad 2-Input AND Power Drivers

DWG, NO. A-TEDE

ELECTRICAL CHARACTERISTICS over operating femperature range (unless otherwise noted)

Test Conditions Limits
Applicable Driven {ther E
Characteristic Symbol Devices Voo Input Input Output Min. Typ. Max, Units
Qutput Reverse lee | UHP-400 Min. 2.0V 20V 0V — — 50 pA
Current UHP-400-1 Min, 20V | 20v 70V _ 50 WA
UHP-500 Min, 20V 20V 100V — — 50 ph
Output Voltage Yerm All Min. 0.8V 475¢ 150 mA —_ — 0.5 v
Min. 0.8Y 475V | 250mA — — 0.7 v
Supply Current [, All Max. 50V 5.0¥ —_ — 4.0 6.0 mA
(Notes 1, 2and &) [ | Al Max. DV v — — 175 245 | mA
Input Voltage Ve All Min. —_ —_ — 2.0 — —_ v
Vi Al Min. — — — — — 0.8
Input Current lneas All Max, 04V 45y — —_ —055 —08 mA
(Note 3) | l Ma. 24V oV — - — 40 pA
_ o Max. 5.5V oV — — - 1.0 mA
L. Typical values atV,, = 5.0V.
2. Each pate.
3. Each input tested separately.
4, T, = +25°C.

ouT-
INPUT 2.4¢ Yoe=EV PUT s

PULSE
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*Includes probe and test fixture capacitance.



SERIES UHP-400, UHP-400-1, AND UHP-500
QUAD POWER AND RELAY DRIVERS

UHP-402, UHP-402-1, and UHP-502
Quad 2-Input OR Power Drivers

DHG. NO. A-7608

ELECTRICAL CHARACTERISTICS over operating temperature range (unless otherwise noted)

Test Conditions Limits
Applicable Driven Other
Characteristic Symbol Davices Vo Input Input Output Min. Typ. Max. Units
Quiput Reverse lox UHP-402 Min. 2.0V oV 40y — — 50 wh
Current UHP-402-1 Min, 2.0V oV 70V — — 50 A
UHP-502 Min. 20V oV 100¥ — — 50 A
Qutput Voitage Veram Al Min. 08V 0.8V 150 mA — — 0.5 )
. Min, 08V 0.8Y 250 mA — — 0.7 ¥
Supply Current Loy All Max. 50V 50V —_ — 4.1 6.3 mA
(Notes 1,2and4) | | All Max, 0V 0V — — 18 25 mA
Input Voltage Vi All Min. — —_ — 2.0 — —
Vini All Min. — — — —_ — 0.8 v
Input Current | nicy All Max. 04Y 4.5V —— — =05 -08 mé
(Note 3) Max. 24Y oV — — — 40 A
Max. 55V v —_ — — 1.0 mé
1. Typical values at Vg = 5.0V,
2. Each gate.
3. Each input tested separately.
4 T, = +25°C.
ouUT-
INPUT  Vee=5¥ PUT Vs ' .
9 e Bk N
ry>--"3 '
pgR | :
PULSE i I
GENERATOR i :
1 ]
30 : 15pF : fed1 l ! I — tpa
: I : [ | I“"“Vnur(ll
= = = = | = oap | ouTPUT fsn% 50% \
I ot )
[ Vout(0)

G, NQ. A-THFTE

*Includes probe and test fixture capacitance.

BW3. Mo, A<7628L




SERIES UHP-400, UHP-400-1, AND UHP-500
QUAD POWER AND RELAY DRIVERS

UHP-403, UHP-403-1, and UHP-503

ELECTRICAL CHARACTERISTICS over aperating femperature range (unless otherwise noted)

Quad OR Relay Drivers

Dwg. No. A-5130A

Test Conditions Limits
Applicable Driven Qther
Characteristic Symbol Devices Ve Input Input Output Min. Typ. Max. Units
Qutput Reverse - UHP-403 Min. 20V v oy — — 100 wA
Gurrent UHP-403-1 Min. 20V 0V 70V —  — 100 wh
UHP-503 Min. 2.0V ov 100V — — 100 pA
Diode Leakage ly All Nom. ov ov Open — — 200 pA
Current (Note 5)
Diode Forward Ve All Nom. 50V 5.0V —_ — 1.5 175 ¥
Voltage Drop
{Note 6} .
Output Voltage Veesm All Mir. 0.8y 08y 150 mA — — 0.5
Min. 0.8Y 0.8y 250 mA — — 0.7

Supply Current leeny All Max. 50V 5.0¢ — — 4.1 6.3 mA
(Notes 1, 2andd) [ Al Max. 0y 0V — — 18 25 mA
Input Yoltage Vi All Min. — — — 2.0 —_ — y

Vi All Max. — — — - — 0.8 v
Input Current at All [ Al Max. 04V 4.5Y — — —-05 -08 mA
Inputs Except Strobe Max. 24V v —_ _ _ 10 A
(Note 3) b Al Max | 55V | OV — [ = — 10 | mA
[nput Current I All Max. 0.4V 45v — — -11 -—18 mA
at Strobe
(Note 3) ey Al m:z gi x gg : : — 110[()J ;ﬁ
1. Typical values at V, = 5.0V, 4. T, = +25°C,

2. Each gate.

3. Each input tested separately.

INPUT

FULSE
GEMNERATOR

Veg=sv

5. Dicde Jeakage current measured at Vo= Vo
6. Diode forward voltage drop measured at |, = 200 mA.

OPEN CUTPUT

OWS. MO, A-91238

*Includes probe and test fixture capacitance.
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SERIES UHP-400, UHP-400-1, AND UHP-500
QUAD POWER AND RELAY DRIVERS

] [EIRCBE 14 VCC
UHP-406, UHP-406-1, and UHP-506 3 7
Quad AND Relay Drivers | S
GNO[T e 5

DWE. NO. A-7SE0A

ELECTRICAL CHARACTERISTICS over operating iemperature range {unless otherwise noted)

Test Conditions Limits
Applicable Driven Other
Characteristic Symbol Devices Ve Input Input Qutput Min. Typ. Max. Units
Output Reverse loex UHP-406 Mir. 20V 20V a0V — — 100 pA
Current | UHP-406-1 Min. 20V 2.0V¢ jov — — 100 pA
UHP-506 Min. 2.0V 20V 100V — — 100 wAh
Diode Leakage- I Al Nom. v oV Open — — 200 LA
Current (Note 5)
Diode Forward Ve All Nom. 50V 50V — — L5 175 v
Yoitage Drop
{Nate €)
Output Voltage Veesan All Min. 08V 475V 150 mA — — 0.5 v
Min. 08Y¥ 475V 250 mA — — 0.7 '
Supply Current feo All Max. 50V 50V — —_ 40 6.0 mA
(Notes 1, 2and &) | | Al Max. v 0V — — 175 245 | mA
Input Yoltage Vi Al Min. — — — 2.0 — — v
Input Current at All i Ml Max. 0.4V 45V — — —05 -08 mA
Inputs Except Strobe Max. 24 v — — _ 40 A
(NDtE 3) llNllJ All .
Max 55V oV — — — 1.0 ma
put Current [ All Max. pAv 4.5Y — — -11 -1b ma
at Strohe Max. 24V 0V — — — 100 pA
I All . .
{Note 3} (L) Max, 5.5vy v — — — 1.0 mA
L. Typical values at Y, = 5.0V, 4, T, = +25°,
2. Each gate. 5. Diode leakage current measured at ¥, = Yoy
3. Bach input tested separately. 5. Diode forward voltage drop measured at ). = 200 mA.
INPUT 2.4V VECC=5Y qpepy ctjj;: ¥
I Ry |
l !
— !
PULSE | 1 |
GENERATOR ! I . | !
| = spr | pdl = i ‘ f— tpat
: I : ‘ : :' = = ==Vout(l}
£ = = = :' = LoaD : QUTPUT 50% 50%
e E E:_U II Jl Your(0)

OWG. NO. A-78788
*Includes probe and test fixture capacitance.

DWG. No. A=76280



SERIES UHP-400, UHP-400-1, AND UHP-500
QUAD POWER AND RELAY DRIVERS
D ——

1 STROB 1t VCG
UHP-407, UHP-407-1, and UHP-507 3 7
Quad NAND Relay Drivers : sl e ::
GND[3 e s

DWG. NO. A-7973A

ELECTRICAL CHARACTERISTICS aver operating temperature range (unless otherwise noted)

Test Conditions Limits
Applicable Driven Other
Characteristic Symbai Davices Voo Input Input Output Min. Typ. Max. Units
Output Reverse Loy UHP-407 Min. 0.8V 4.75V 0y — — 100 i
Current UHP-407-1 Min. 08V | 475V | 70V — — 100 kA
UHP-507 Min. 0.8Y 475V 100v —_ — 100 pA
Diode Leakage I Al Nom. 50V 50V Open — — 200 pA
Current {Note 5)
Diode Forward Ve All Nom. ov Qv — — 15 1.75 ¥
Voltage Drop
(Note 6)
Output Voltage Vegrean Al Min. 2.0V 20V 150 mA — — 0.5 v
Min. 20¥ 20V 250 mA — — 0.7 ¥
Supply Current locs All Max, oy ov — — 6.0 1.5 mA
(Notes 1, 2and 4) ||~ Al Max. 50V | 50V — — 20 25 | mA
Input Voltage Vv Al Min. — — — 2.0 — — v
Vo All Min. — — — — — 0.8 v
Input Current at All oy Ml Max, 0.4V 45Y — — —055 08 mA
Inputs Except Strobe Max. 24y oy — — — a0 A
(Rote 3) I Al Mar. | 55V | 0OV — | = 1o | mA
at Strobe | Al Max, 2.4Y ov — — — 100 pA
(Note 3) o Max | 55V | 0V — | = = 10 | wmA
1. Typical values at ¥, = 5.0 V. 2T, = 495,
2. Each gate. 5. Diode leakage current measured at ¥, = Vo
3. Each input tested separately. 6. Diode forward voltage drop measured at |, = 200 mA.
INFUT  2.4Y VCCo5V o our- Es e .
T 7§ ' n pre—t
r>—-"1 ; ooy,
1 wa JTN
] | ' 1 (
1 H 10% — ty —i 10% Vinto)
L —
GENERA TOR H . : fpdd e st
PIRseEt J ! Veurll)
| : ouTRUT % 0%
= = = = | = LOAD t
tOCIRCUIT b = Vo)
| .

WO, NO. A-7900
OWG. NO. A-7B8B Fa00

*Includes probe and test fixture capacitance.



SERIES UHP-400, UHP-400-1, AND UHP-500

QUAD POWER AND RELAY DRIVERS

UHP-408, UHP-208-1, and UHP-508
Quad 2-Input NAND Power Drivers

DWG. NO. A-12,388

ELECTRICAL CHARACTERISTICS over operating temperature range (unless otherwise noted)

Test Conditions Limits
Applicable Driven Other
Characteristic Symbol Devices Ve [nput Input Qutput Min. Ty Max. Units
Qutput Reverse leen UHP-408 Min. 0.8V 4.75V 40V — — 50 PA
Current UIHP-408-1 Min. 0.8Y 475V jov — — 50 pA
UHP-508 Min. 0.8Y 475V o v — —_ 50 A
Qutput Yoltage Vozian All Min. 2.0V 2.0V 150 mA — — 0.5 V
Min. 20V 2.0V 250 mA — — 0.7 ¥
Supply Current loga All Max. 0y 0y — — 6.0 1.5 mA
(Notes 1, Zandd) 1 | Al Max. 5.0V 50V — — 20 265 mA
Input Voltage VYinew All Min. — — — 20 —_ — y
Vi All Min. —_ — — — e 0.8 )
Input Current I All Max. 04v 45V — — —-055 -08 mA
(Note 3) | N Wax, 24V 0y — — — 40 wh
" Max, 55Y 0V — - — 10 mA
1. Typical values at ¥, = 5.0V.
2. Each pate.
3. Each input tested separately.
4. T, = +25%.
QuT-
INPUT 2.4V VepaSy nPUT g | s ;—-‘t—l‘f
(a0 Gt Yin(1)
PSR )
' )
r |
! | V¥in{0)
PULSE : ! y
GENERATOR 1 : ! |
- | 2 15eF ! I | Youtt 1)
l 1 j‘ I : AUTRUT 0% %
= = = = T N Vourt
|_ o o

04G. Koo A=083R

*Ingludes probe and test fixture capacitance.

3—10

DWE. NO. Ae7HO04




SERIES UHP-400, UHP-400-1, AND UHP-500
QUAD POWER AND RELAY DRIVERS

UHP-432, UHP-432-1, and UHP-532
Quad 2-Input NOR Power Drivers

DWG. NO. A-12,388

ELECTRICAL CHARACTERISTICS over operating temperature range (unless otherwise noted)

Test Conditions Limits
Applicable Driven QOther
Characteristic Svmbal Devices Ve Input Input Dutput Min. Typ. Max. Units
(Qutput Reverse leex UHP-432 Min. 08V 08v 40V — — 50 pA
Current UHP-432-1 Min. 0.8V 08y oy — — 50 pA
UHP-532 Min. 08y 0.8v 100V — —_ 50 pA
Output Voltage Voewan All Min. 20V oy 150 mA — — 0.5 )
Min. 2.0V oV 250 mA — — 0.7 v
Supply Current leca; All Max. oV ov — — 6.0 7.5 mA
(Notes 1, 2andd) | | Al Max. 5.0V 50V — — 20 25 mA
Input Voltage Vo All Min. — — — 2.0 — — ¥
Viam, All Min. — —_ —_ —_ —_ 0.8 ¥
Input Current i Al Max. 0.4y L5Y - — —-05 -08 mA
{Note 3) J Al Max. 24 av — — — 40 uA
o Max, 55V oV — _— = 10 | mA
1. Typical values at ¥, = 5.0V.
2. Each gate.
3. Each input tested separately.
4. T, = +25%C.
INPUT Yoo o
cc=iv PUT Vg "r —I-'I i._;__.,'
| Fo% 90%? Foommmmoes = Vi)
INPLT | )
| 1 50% 50% L '
GE:Jg!R-iEFOR o —t, —= = Yin(0)
' oo | g
| : Vaurt'l)
GUTPUT l 50% 50%

DWE. HO. A-7902B

OWG. ND. A-F90D4

*Inciudes probe and test fixture capacitance.
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SERIES UHP-400, UHP-400-1, AND UHP-500
QUAD POWER AND RELAY DRIVERS

UHP-433, UHP-433-1, and UHP-533

Quad NOR Relay Drivers

OWE. NO. A-12,350

ELECTRICAL CHARACTERISTICS over operating temperature range (unless otherwise noted)

Test Conditions Limits
Applicable Driven QOther
Characteristic Symbel Devicas Voo input Input Output Min. Typ. Max. Units
Output Reverse by UHP-433 Min. D8Y 08V 40V — —_ 100 A
Current UHP-433-1 Min. 08V [ osv 70V — — 10 | pA
UHP-533 Min. 08vY 08Y 100V — — 100 A
Dinde Leakage I All Nom. hav 50¥% Open — —_ 200 ph
Current {Note 5)
Diode Forward Ve All Nom. ov ov — — 1.5 178 'l
Voltage Drop
(Note 6)
Qutput Voltage Verrean All Min. 2.0V oy 150 mA — — 0.5 y
Min. 20V 0V 250 mA — — 07 ¥
Supply Current lecens All Max, ov ay — — 6.0 7.5 mA
{Notes 1, 2and 4) [ Al Max, 50V 5.0V — — 20 25 mA
Input Voltage Vi All Min. — — — 2.0 — —
Vi All Mir, — —_ — — — 0.8
Input Current at Al | g All iMax, 0.4Y 45v —_ — —-0.55 -038 mA
I(rf:II;gSBI)Except strobe I Al Max. 24y oy — — - 40 pA
" Max. 55V 0y — - — 1.0 mA
Input Current |y All Maz. 0.4V 4.5V — — -11 =16 mA
at Strobe | al Max. 24V Y — — — 100 1A
{Note 3) N1} Max, hhvY v — - — 1.0 mA
1. Typical valves at V. = 3.0 V. 4. T, = +25C.
2. Each gate. 5. Diode leakage current measured at ¥y = Yypuu.
3. Each input tested separately. 6. Diode forward valtage drop measured at |, = 200 mA,
INUT  Veossv OPEN OUTRUT v \
1, —he j—rg
. B 2 in{1)
‘ i fson son
GENERATOR T —"i - Vinioh
tedD -|--—-~——-—-—lI : Ih—ri——l Tpdl

FLoAD

DWG. ND. A~9135E
*Includes probe and test fixture capacitance.

I ! Yout(1)
|
ouTRUT % 50%
——————— Mout(0)

DWS. M. a-75004
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SERIES ULN-2000A
7-CHANNEL DARLINGTON DRIVERS

SERIES ULN-2000A
HIGH-VOLTAGE, HIGH-CURRENT DARLINGTON ARRAYS

HESE HIGH-VOLTAGE, HIGH-CURRENT
Darlington arrays are comprised of seven silicon
NPN Darlington pairs on a common. monolithic sub-
strate. All units have open-collector outputs and in-
tegral diodes for inductive load transient suppres-
sion.

Peak inrush currents to 600 mA (Series ULN-
2000A and ULN-2020A) or 750 mA (Series ULN-
2010A) are permissible, making them ideal for driv-
ing tungsten filament lamps.

Series ULN-2001A devices are genmeral purpose
arrays that may be used with standard bipolar digital
logic using external current limiting, or with most
PMOS or CMOS directly. All are pinned with out-
puts opposite inputs to facilitate printed wiring board
layout and are priced to compete directly with dis-
crete transistor alternatives.

Series ULN-2002A is designed for use with 14 to
25 V PMOS devices. Each input has a Zener diode
and resistor in series to limit the input current to a
safe value in that application. The Zener diode also
gives these devices excellent noise immunity.

Series ULN-2003A has a 2.7 k{) series base
resistor for each Darlington pair, allowing operation
directly with TTL or CMOS operating at a supply
voltage of 5 V. These devices will handle numerous
interface needs — particularly those beyond the
capabilities of standard logic buffers.

Series ULN-2004A has a 10.5 k&) series input
resistor that permits operation directly from CMOS
or PMOS outputs utilizing supply voltages of 6 to
15 V. The required input current is below that of
Series ULN-2003A,, while the reguired inputvoltage
is less than that required by Series ULN-2002A.

Series ULN-2003A is designed for use with
standard TTL and Schottky TTL, with which higher
output currents are required and loading of the logic

3—13

output is not a concern. These devices will sink a
minimum of 350 mA when driven from a ‘‘totem
pole”’ logic output.

Serigs ULN-2000A. is the original high-voltage,
high-current Darlington array. The output transistors
are capable of sinking 500 mA and will sustain at

Device Number Designation

Vegmmn 50V 50V 95V
e 500mA | 600mA | 500 mA
Logic Type Number
G’;,'}gg’sf 'E”,J‘%%SE ULN-2001A | ULN-2011A | ULN-2021A
B |uvzoo2a | UN-20124 | ULN-20220
m 5CVMUS ULN-2003A | ULN-20134 | ULN-2023A
6-13 ¥ ULN-20044 | LLN-20148 | ULN-2024A
CMOS, PMOS
”‘E“{.?ftp“t ULN-2005A | ULN-2015A | ULN-2025A




SERIES ULN-2000A
7-CHANNEL DARLINGTON DRIVERS

least 50 V in the OFF state. Outputs may be paral-
leled for higher load-current capability. Series
ULN-2010A devices are similar, except that they
will sink 600 mA. Series ULN-2020A will sustain
95 V in the OFF state.

All Series ULN-2000A Darlington arrays are fur-
nished in a 16-pin dual in-line plasticpackage. These
can also be supplied in a hermetic dual in-line pack-
age for use in military and aerospace applications.

ABSOLUTE MAXIMUM RATINGS
at +25°C Free-Air Temperature
for any one Darlington pair
{unless otherwise noted)

Output Yoltage, Y, (Series ULN-2000, 20104)
{Series ULN-20208) .. ......

Input Voltage, ¥, (Series ULN-2002, 2003, 20044)
fSeriss ULN-2005A)

Continuous Collector Current, 1; (Series ULN-2000, 202CA)
{Series ULN-20104)

Continucus Input Gurrent, Iy .o ..ot
Power Dissipation, Py (one Darlington pair)

{total package)
Operating Ambient Temperature Range, T,
Storage Temperature Range, T,

*Derate at the rate of 16.67 mW/°C ahave +25°C.

2.0 W
~20°C to 4-85°C
—55°C to +150°C

Under normal operating conditions, these devices will sustain 350 mA per output with Vogger, = 1BV at +70°C

with a pulse width of 20 ms and a duty cycle of 34%.

ALLOWABLE AVERAGE POWER DISSIPATION
AS A FUNCTION OF AMBIENT TEMPERATURE

2.0 . .
VEVICE LIMIT
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Dwg. No, A-B753C



SERIES ULN-2000A
7-CHANNEL DARLINGTON DRIVERS

Series ULN-200TA
(each driver)

PARTIAL SCHEMATICS

Series ULN-2002A Series ULN-2003A
(each driver) {each driver)
— B aCOM
SR
| %
:“'"‘"'""'*“‘”"H“""""':
77
Series ULN-2004A Series ULN-2005A
{each driver) (each driver)
— o COM

WG, ND. A-G88E4 WG, WD, D Z2M
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SERIES ULN-2000A

7-CHANNEL DARLINGTON DRIVERS

SERIES ULN-2000A

ELECTRICAL CHARACTERISTICS AT +25°C (unless otherwise noted)

Test Applicable Limits
Characteristic Symaal Fig. Devices Test Conditicns Min. Typ. Max, | Units
Output Leakage Current Poex 1A At Vee = 50V, T, = 25°C — — b0 umA
. Ve = 50V, T, = 70°C — — 100 | A
1B | ULN-20028 |V = 50V, T, = 70°C, Vjy = 6.0V — — 500 | wA
ULN-2004A | Vee = 50V, T, = 70°C, Viy = 1.0V — — 500 | wh
Collectar-Emitter Veewm 2 I, = 100 m4, Iy = 250 A — 05 11 v
Saturation Voltage Al lg = 200mA, I; = 350 A — L1 13 v
lo = 350 mA, g = 500 A — 13 16 v
Input Current Lo 3 ULN-Z2002A | Vi, = 17V — 082 125] mA
ULN-2003A [ v, = 3.85V — 093 135] mA
ULN-2004A | V,, = 5.0V — 035 05_{ mA
Vg = 12V — 10 145] mA
ULN-20054 | V, = 3.0V — 15 24 | mA
Inrry 4 Al lo = 500 pd, T, = 70°C 50 65 — | unA
Input Voltage Voo 5 | ULN-2002A | V,; = 2.0V, I; = 300 mA — — 13 v
V. = 2.0V, 1, = 200 mA — — 24 ¥
ULN-2003A [V, = 2.0V, I, = 250 mA — — 27 ¥
Ve = 2.0V, I = 300 mA — — 30| v
Ve = 2.0, |, = 125 mA — — 50| v
ULN-20044 | Ve = 2.0V, 1. = 200 mA — — b0 ¥
Voe = 2.0V, 1. = 275 mA — — 10 y
Vo = 2.0V, [, = 350 mA — — 80 [ v
ULN-2005A | V., = 2.0V, I, = 350 mA — — 24 ¥
D-C Forward Current hie 2 ULN-2001A | Ve = 20V, |, = 350 mA 1000 — —
Transfer Ratio
Input Capacitance Ciy — All — 15 25 pF
Turn-Or Defay tay — All 0.5 E, to 0.5 Ep - 025 10 | us
Tum-Off Detay ton — All 05E,to 0.5 E, — 025 1.0 | wms
Clamp Dinde A 6 All Ve = 50V, T, = 25°C — — 50| phA
Leakage Current Vi =50V, T, = 70°C — — 100 | uA
Clamp Diode Ve 7 All lr = 350 mA — 17 20 v
Forward Voltage
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7-CHANNEL DARLINGTON DRIVERS

m

SERIES ULN-2010A

ELECTRICAL CHARACTERISTICS AT +25°C (unless otherwise noted)

Test Appiicable Limits
Characteristic Symboi Fig. Devices Test Conditions Min. Typ. Max. | Units
Output Leakage Current Loy 1A All Ve = 50V, T, = 25°C — 50| wh
Ve = 50V, T, = 70°C — — 100 | uA
1B ULN-2012A | Ve = 50V, T, = 70°C, ¥, = 6.0V — — B0 | uA
ULN-2014A | Vi, = 50V, T, = 70°C, V,, = 1.0V — — 500 | wr
Collector-Emitter Ve 2 All I, = 200 mA, 1, = 350 uA — 11 13 ¥
Saturation Voltage lg = 350 mA, I; = 500 pA — 13 18 ¥
_ l. = 500 mA, I, = 600 A — 17 19 | v
frput Current - 3 ULN-20124 F V), = 17V — 082 125 mA
ULN-2013A | ¥, = 385V — 093 135] mA
ULN-2014A [ v, = 5.0V — 035 05 | mA
V=12V — L0 145 ] mA
ULN-20154 | V) = 3.0V — L5 24 | mA
[ 4 All le = 500 ph, T, = 70°C 50 65 — | umA
Input Voltage Yiveam 5 ULN-20128 | Vo == 2.0V, [, = 500 mA — — 17 ¥
ULN-2013A | Ve = 2.0V, I, = 250 mA —  — 27 y
Vo = 2.0V, |, = 300 mA — — 3D y
Ve = 2.0V, [, = 500 mA — — 35 ¥
UIN-2018A | Ve = 2.0V, |, = 275 mA — — 10 ¥
Ve = 2.0V, |, = 350 mA — — 80 ¥
Voe = 2.0V, |, = 500 mA — — 95 y
ULN-2015A | Ve = 2.0V, I, = 500 mA — — 26 ¥
D-C Forward Current P 2 ULN-2011A | Vg = 2.0V, I, = 350 mA 1000 — —
Transfer Ratio Ve = 2.0V, 1; = 500 mA 800 — -
Input Capacitance Cu — Al — 15 25 pF
Tum-0n Defay [ — All 05,0 0.5 E,, — 025 10 | us
Turn-0ff Delay b — All 0.5 E, to 0.5 E,, — 025 10 | ps
Clamp Diode g 6 All Vo= 50V, T, = 25°C — — 50| uA
Leakage Current Vi =30V, T, = 70°C — — 100 | uA
Clamp Diode Ve 7 All I = 350 mA — 17 28 y
Forward Voltage | Ik = 500 mA — 21 25 Vo

5—17
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SERIES ULN-2020A

ELECTRICAL CHARACTERISTICS AT +25°C (unless otherwise noted)

Test Applicable Limits
Characteristic Symbol Fig. Devices Test Conditions Min. Typ. Wax. | Units
Output Leakage Current . 1A All Yoe = 95V, T, = 25°C — — 50| uaA
Voo = 95 Y, T, = 70°C — — 100 | HA
18 | ULN-2022A [V, = 95V, T, = 70°C, V,y = 6.0V T 500 | A
ULN-2024A | ¥, = 95V, T, = 70°C, Vy = 1.0V — — 5001 uA
Collectar-Emitter Veorsan 2 All I, = 100 mA, |, = 250 A — 0% 11 v
Saturation Voltage I, = 200mA, |y = 350 uA — 11 13 v
[, = 350 mA, fy = S00 A — L3 L6 v
Input Gurrent I ion 3 ULN-20228 | ¥, = 17V — 082 125]| mA
ULN-2023A | V,, = 3.85 Y — 053 135]| mA
ULN-2024A | ¥y = 50V — 035 05 | mA
V= 12V — 10 145] mA
| ULN-2025A | v,y = 3.0¥ — 15 24 | mA
g 4 All I, = 500 oA, T, = 70°C 50 65 — | #A
tnput Voltage Vi 5 ULN-Z022A | ¥or = 2.0¥, . = 300 mA — — 13 v
ULN-2023A | Ve = 2.0V, |, = 200 mA — — 24 v
Ve = 2.0V, |; = 250 mA — — 27 v
Ve = 2.0V, I; = 300 mA — — 30 i
ULN-Z024A | ¥ = 2.0¥, I, = 125 mA — — 50 v
Ve = 2.0V, I, = 200 mA — — b0 ¥
Yor = 2.0V, Iz = 275 mA — — 1.0 ¥
Ve = 2.0V, I; = 350 mA — — 80 ¥
ULN-2025A | Vo = 2.0V, I, = 350 mA — — 24 i
D-C Forward Current P 2 ULN-Z021A | Ve = 2.0V, I = 350 mA 1000 — —
Transfer Ratio
Input Capacitance Cy — All — 15 25| pf
Tumn-0n Delay tany — Al 0.5 E, to 0.5 By, — 025 10 | pus
Turn-0ff Delay o o Al 0.5E, to 0.5 Eyy — 025 10 | ms
Clamp Diode g 6 All V. =95V, T, = 25°C — — B0 | ph
Leakage Current Y, = 95V, T, = 70°C — — 100 | wA
Clamp Diode V: 7 All ke = 350 mA — L7 20 ¥
forward Voltage
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SERIES ULN-2000A
7-CHANNEL DARLINGTON DRIVERS
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SERIES ULN-2000A
7-CHANNEL DARLINGTON DRIVERS
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TYPICAL APPLICATIONS

PMOS TO LOAD TTL TO LOAD

ULN-2002A ULN-2003/5A
+Vee

+V
¥
Pk

—
b

|
PMOS
GUTPUT

o LAMP
DHG. ND. A-B6534 ~ TEST

DWA, No. 48652

m
ouTPUT

BUFFER FOR HIGH-CURRENT LOAD USE OF PULL-UP RESISTORS
TO INCREASE DRIVE CURRENT

ULN-2004A ULN-20034

+VDD +ee

TJ 1

TWE, NO. Ae19,173

T 5

CMDS = e
QUTRUT OUTPUT
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SERIES ULN-2000L

HIGH-VOLTAGE, HIGH-CURRENT DARLINGTON ARRAYS

e —

SERIES ULN-2000L
HIGH-VOLTAGE, HIGH-CURRENT DARLINGTON ARRAYS

These high-voltage, high-current Darlington ar-
rays are comprised of seven silicon NPN Dar-
lington pairs on a common monolithic substrate. All
units have open-collector outputs and integral
diodes for inductive load transient suppression.

The output transistors are capable of sinking 500
mA and will sustain at least 50V in the OFF state.
Outputs may be paralleled for higher load-current
capability. All devices are packaged in the SOIC
package.

Output pins are opposite input pins to facilitate
printed wiring board layout. The ICs are priced to
compete directly with discrete transistor alterna-
tives.

The ULN-2001L is a general-purpose array that
can be used with standard bipolar digital logic using
external current limiting, or directly with most
PMOS or CMOS.

The ULN-2002L is designed for use with 14V to
25V PMOS devices. Each input has a Zener diode
and resistor in series to limit the input current to a
safe value in that application. The Zener diode also
gives these devices excellent noise immunity.

The ULN-2003L has a 2.7 k(2 serics base resistor
for each Darlingon pair, allowing operation directly
with TTL or CMOS operating at a supply voltage of
3V. These devices will handle numerous inter-

SOIC PACKAGE

face needs—particularly those beyond the capabili-
ties of standard logic buffers.

The ULN-2004L has a 10.5 kQ} series input resis-
tor that permits operation directly from CMOS or
FMOS outputs utilizing supply voltages of 6to 15V,
The required input current is below that of Series
ULN-2003L, while the required input voltage is less
than that required by Series ULN-2002L.

The ULN-2005L is designed for use with standard
TTL and Schottky TTL, with which higher output
currents are required and loading of the logic output
is not a concern. These devices will sink a minimum
of 330 mA when driven from a “‘totem pole’” logic
output.

PARTIAL SCHEMATICS

———oCOM
v 14, 5K
L
ULN-2002L . A
10.5 S
x ULN-2001L

27K

....-.-----......H,.__

ULN-2005L




SERIES ULN-2000L
7-CHANNEL DARLINGTON DRIVERS
RN S e e e e

ABSOLUTE MAXIMUM RATINGS
at +25°C Free-Air Temperature
for any one Datlington pair

(unless otherwise noted) Device Number Designation
Output Voltage, Vee ..o oo 50V VICEW) 5053 :] A
Input Yoltage, L”MA.“] T —
Vi (ULN-2002, 2003, 2008L) ... oo 30V = °|EP'C ype Aumoer
(ULN-2005L) . .o 15V eneral Purpose ULN-2001L
Continuous Collector Current, .. ............... 500 mA PNOS, CMOS
Continuous Input Current, Ly .. ... v i oot 25 mA 14-25 V PMOS ULN-2002L
Pawer Dissipation, P, {total package) . ............ 0.96 W+ 5V TIL, CMOS ULN-2003L
Operating Ambient Temperature Range, T, . —20°C to +85°C E-15V ULN-2004L
Storage Temperature Range, Ty .. .. .. ... —55°C to 4 150°C ICMOS, PMOS
*Derate at rata of 7.7 mW/°C above = 25°C. High-Output TTL ULN-2005L

ELECTRICAL CHARACTERISTICS at -+ 25°C (unless otherwise noted)

Applicable Limits
Characteristic Symbal Devices Test Canditions Min.  Typ. Max. | Units
Output Leakage Current legx All Yo = 50V¥, T, = 25°C _— — 50 pA
Ve = 50V, T, = 70°C — — 100 A
JLN-2002L Ve =50V T, =70°C, ¥, =860V | — — 500 | uA
ULN-2004L | Vg = 50V, T, =70°C,Vp = 1.0V | — — 500 | pA
Collector-Emitter Vesn All lp = 100 mA, 1, = 250 A o~ 0.9 1.1 v
Saturation Voltage l; = 200 mA, I, = 350p.A — Ll 13| ¥
;=2350mA I; = bpA . 1.3 16 ¥
Input Current lincong ULN-2002L Viy = 17V — 082 12% mA
YLN-2003L V., =385V — 093 135 | mA
ULN-2004L | ¥, = 5.0V — 035 05 | mA
V=12V ~ 10 145 | mA
ULN-2005L Viy = 3.0V — 15 24 mA
e All l. = 500 pA, T, = 70°C 50 B85 — | pA
Input Voltage Vinen ULN-2002L Ve = 2.0V, I = 300 mA — — 13 v
ULN-2003L Ve = 2.0V, I = 200 mA — = 2.4 v
Ve = 2.0V, |, = 250.mA — — 27 v
Ve = 20V, 1; = 300 mA —_ - 3.0 v
ULN-2004L Vo = 20V, 1, = 125 mA R — 5.0 ¥
ULN-20041. V. = 2.0V, 1, = 200 mA — —_ 6.0 )
Vo = 20V, 1; = 275 mA —  — 10 ¥
Voo = 2.0V, I, = 350 mA — — 80 ¥
ULN-2005L Ve = 2.0V, [; = 350 mA — — 24 i)
DC Forward Current Fee ULN-2001L Ve = 20V, I, = 350 mA 100 — - —_
Transfer Ratio
Input Capacitance Cm All — 15 25 pF
Turn-On Delay tom All 0.5E,tc 0.5y — 025 L0 s
Turn-0ff Delay ta, Al 0.5 Eyto 0.5y, _ — 025 10 s
Clamp Dicde I; All Ve = 50V, T, = 25°C —_— — 50 [0
Leakage Currant V, = 50V, T, = 70°C — — 100 )
Clamp Digde V; All lr = 350 mA — L7 20 ¥
Forward Yoltage




UDN-2522A
QUAD BUS TRANSCEIVER

m

UDN-2522A QUAD BUS TRANSCEIVER
—Data and Direct Inductive Load Control

FEATURES

 Driver Qutput Currentto 300mA

¢ Driver Qutput Sustaining Yoltage of 53V
& Pulse-Width Discriminating Receivers
 [nternal Receiver Hysterasis

& Compatiblewith TTL and MOS Logic

» Driver Quiput Clemp Dindes

Designed for bidirectional flow of data over unbalanced
lines, the UDN-2522A quad bus transmitter/receivers
feature a unique driver/receiver combination. A 300mA
output current, 50V sustaining voltage rating, and internal
clamp and blocking diodes allow these transmitter/
receivers to directly contro] loads such as relays and
solenoids, as well as the usual line receivers.

The driver stages include a common STROBE input
pin for extended control flexibility. The STROBE turns
off all four drivers but does not affect receiver operation.
Because of the high driver output current, a large num-
ber of transmitter/receivers can be connected to a single
data bus.

Each receiver’s input is internally connected to
its companion driver output, The receivers include a pulse-
width discriminator and hysteresis for pulse reconstruc-
tion and improved noise immunity. The minimum
detectable pulse width is determined by the user’s choice
of capacitor on the “C” pin for each of the four channels.

The UDN-2522A is rated for operation over the tem-
perzture range of —20°Cto 4+ 85°C. It is packaged ina
20-pin dual in-line plastic package with copper leadframe
for enhanced power dissipation. The drivers are capable
of simultaneously sinking maximum rated carrent over
the full operating temperature range.

3—25

Dwg. No. 414,178

ABSOLUTE MAXIMUM RATINGS
ATTy, = +25°%C
Driver Quiput Voltage Yee oo 70V
Driver Qutput Sustaining Yoltage, Vo tsusy oo ovvevvveninnn, 50V
Driver Continuous Outptt Current, lour ..vvvvivvvsvinnn 300mA
Criver fnput Voltage, Yin ..ooveeviee e 5.5V
Recelver Quiput Current, lout. oo 50ma
Receiver Input Voltage, Vine oo, 70V
Supply Valtage, Yoo .. ovvvvi i, 7.0V
Package Power Dissipation, Po ..o.oovvvviviinnn See Graph
Operating Temperature Range, Ta.............. —20°C to +-85°C
Storage Temperature Range, Ta....evvcvnn —55°C to + [50°C



UDN-2522A
QUAD BUS TRANSCEIVER

COMMON
STROBE ; S0K
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ALLOWABLE PACKAGE POWER DISSIPATION IN WATTS

2.5

20

1.5

0.5
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UDN-2522A
QUAD BUS TRANSCEIVER
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ELECTRICAL CHARACTERISTICS a1 Ta = +25°C, Figure 1 and 2, 3, 4, or 5 as specified.

Test Conditions Limits
_ Charzcteristic Veo | Iput ['Swobe [Outn [C | output M. Typ. Max. | Units
DRIVERS
Qutput Leakage Current 4,5V | (pen 0.8y | 70V Open | Open - - 0 wh
Qutput Saturation Voliage 4.5V | 2.0V 20V [ 210mA Open | Open — 0.2 0.4 ¥
. 45Y | 2.0V 2.0V | 300mA Jpen | Qpen - 0.4 0.6 ¥
Qutput Sat. Yoltage Matching 4.5y | 2.0v 20V | 210mA Open | Open - =20 =50 my
Quiput Sustaining Voltage* 50V | 3Lov 20V | Fig.2 Open | Open 50 - -
Output Yo'tage 45Y | 0.8V 20V | —160pA | Open | Open 2.25 — -
Logic Input Yoltage 4.5Y - — | Open Open | Open 2.0 — - v
4.5Y - — | Open Open | Open - - 0.8 v
Logic Input Current 5.5y | 5.8V 20Y | Open Open | Open - — 20 A
55V [ 0.1V 2.0V | Open Open | Open -1.0 - -20 A
Strobe Input Current BAY | 2.0V 55Y | Open Open | Open — - 50 pd
B.aY ( 2.0V 0.1Y [ Open Open Open — - —50 A
Input Clemp Yoltage Open | —12mA | Open | Open Open | Open 0 - -18 Y
Propagation Delay Time 58Y | 310V 2.0V | Fig.3 Open | Open - — 750 ns
5.5Y | 2.0¥ JLov | Fig.3 Open | Open - — 730 ns
h.5Y | 310V 20V | Fig 4 Open Open - - 14 s
3.5V | 2.0¥ JLOV | Fld Open | Open - - 14 1.5
4.5Y | 0T3v 20V | Fig.3 Open | Open - — 600 ns
45y | 2.0V 0rsy | Fig.3 Open | Open - — 600 ns
4.5y | 0I3v 2.0V | Fig.4 QOpen Open - - 600 ns
4.5y | 2.0V 0I5V | Fig.4 Open | Open — — 600 ns
Qutput Rise Time 4.8y | 310V 2.0Y | Fig.3 Oper | Open — - 175 ns
QOuput Fall Time 5.5y | D3V 2.0V | Fig.3 QOpen Open — — 175 ns
Clamp Diode Leakage Current Y = 70V 0.0 Open Open - - 70 pd
Clamp Diode Forward Yoltage lr = 300mA Open | Open — 1.6 18 ¥
Supply Current {11 Drivers) 5.5V | 0.0v 0.8Y — Open | Open - - 20 mA
6.5V | 2.0V 2.0¥ - Open | Open - - &0 mA
RECEIVERS
Qutput Voltage 4.5Y | 0.8y 20V | Dpen 20V | 4.0mA - - 0.5 ¥
4.3V | 2.0V | 20V | Open 2.0V —400ph | 24 — - ¥
Shart-Circuit Qutput Current BAY | 20V 2.0V | Open Open | 0.0V —20 — —50 mh
Input Current 5.8¥ | Open 0.0V 4.0V Open | Open - 250 — - wA
4.5Y § Open 0.0v 1 0.1y {pen Open - — -- 500 LA
Innut Voltage 4.5¢ | Open 0.0v - Open | Low 2.0 - - ¥
4.5Y | Open 0.0v — Open | High — — 0.8 V
Input Voltage Hysteresis 4.5Y | Open Q.0Y | 0U31.0Y | Open 250 - 775 my
Propagation Delay Time 4.5¥ | Open 0.0y | 0T3¥ {pen Fig.5 — - 375 ns
5.5V | Open 0.0v | 30V Open Fig. 5 - - 375 ns
Qutnut Fall Time 5.5V | Open 0.0V | OT3Y Open | Fig.5 - - 75 ns
Qutput Rise Time 5.5Y | Open 0.0v | 310V Open | Fig.5 — - 75 n
Noise Immunity 55V | Open 00V | ofav 0.1 F | Open 400 - _ LS
4.5Y | Open 0.0v | or2y 0.1pF | Open — — 1400 T

Note: Negative current is defined as coming out of (sourcing) the specified device pin.
*Vour rsus) is measured with a 5 ms ON pulse, 12 ms after turn-OFF.
tOutput clamp diode reverse-biased with Ve = 71 V.
3=27




UDN-2522A
QUAD BUS TRANSCEIVER

TEST FIGURES
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QUAD BUS TRANSCEIVER

M

APPLICATIONS INFORMATION

Systems designers are often concerned with interfacing subsystems and trans-
mitting data a considerable distance. Whether it is to a nearby circuit board or
to another unit in a large spread-out system, the quality of the signal reproduced
in the receiving unit is dependent on:

Driver characteristics

Transmission line characteristics

Line length

General layout and noise environment

Receiver characteristies

Data transmission rate
Unbalanced (common-mode) data transmission is often preferred, since the
capling requires only a single wire plus ground aad the circuits are generally
lower in cost. However, the data transmission is susceptible to common-mode
noise. such as ground IR noise and crogstalk. For noise immunity, the receiver
should include pulse-width discrimination and hysteresis. A bus should not extend
out of its subsystem’s electronic enclosure without special care. Cables should
be in the form of twisted pair or flat cable where the signal wires are alternated
with ground wires,
If power loads are not being driven, a kigh output current drive capability allows
party-line operation with a low line impedance. The line can be terminated at
both ends and stil] give considerable noise margin at the receiver.

TYPICAL APPLICATION

+5V L0V <50V <50V 4BV

Dwa, No, A-14,188



UDN-25438
QUAD NAND-GATE POWER DRIVER

m

UDN-2543B QUAD NAND-GATE POWER DRIVER
—For Incandescent or Inductive Loads

FEATURES

« 1.0 A OQutput Current

« Qutput Voltage to 60 V

» Low Output-Saturation Voltage

* Integral Quiput-Suppression Diodes

» Efficient Input/ Output Pin Structure
 TTI., CM0OS, PMOS, NMOS Compatible
» Over-Current Protected

Providing interface beiween low-level signal processing
circuits and power ioads to 240 W, the UDN-2543B quad
power driver combines NAND logic gates and high-
current bipolar outputs. Each of the four independent
outputs can sink up to 1 A in the ON state. The outputs
have a minimum breakdown voltage of 60 V and a sus-
taining voltage of 35 V. Inputs are compatible with most
TTL, DTL, LSTTL, and 5 V CMOS and PMOS logic
systems.

Over-current protection has been designed into the
UDN-2543B and typically occurs at 1 A. It protects the
device from output short-circuits with supply voltages of
up to 25 V. When the maximum driver output current is
reached, that output stage is driven linearly. If the over-
current condition continues, that output driver’s thermal

ouT, <
GROUND
GROUND

Dweg, No. A-11,567
limiting will operate, limiting the driver’s power dissipa-
tion and junction temperature. The outputs also include
transient suppression diodes for use with inductive loads
such as relays, solenocids, and de¢ stepping motors. In
display applications, the diodes can be used for thelamp-
test function.

The UDN-2543B is supplied in a 16-pin dual in-line
plastic package with heat-sink contact tabs. The lead
configuration allows easy attachment of an inexpensive
heat-sink and fits a standard integrated circuit socket or
a printed wiring board layout.

ABSOLUTE MAXIMUM RATINGS

at T,=+25°C
OutputVoltage Yo ... o e e B0V
Over-Current Protected QutputVoltage Ve ..o oo 26V
Min. Cutput Sustaining Votage, Vesgus . - .o o oo 3By
QUEPUE CUPTBNT, Lgyr o v o e e e LOA*
SUpDIYVOHREE, Vor o e 7.0V
IMPUE YORBER, ¥y o o e e e 18V
Package Power Dissipation, P. . ... ... See Graph
Qperating Temperature Range. To ... ..o oeeen i —20%C o +85°C
Storage Temperature Range, To .. ... .. o —55°C to +-150°C

*#Qutputs are curcent |imited at approximately 1.0 A per driver and junction temperature limited if current in excess of
1.0 A is atternpted, See Circuit Description and Applications Section for further Information.

re
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UDN-2543B
QUAD NAND-GATE POWER DRIVER

ALLOWABLE AVERAGE PACKAGE POWER DISSIPATION
AS A FUNCTION OF TEMPERATURE

TN

1N

FUNCTIONAL BLOCK DIAGRAM
(1 of 4 Channels)

oUTy,

1

Dwg. No. D-1005

ENABLE
oO—

% —-—/ THERMAL

INy g [ LIMIT

ALLOWABLE PACKAGE POWER DISSIPATION, Pp. IN WATTS

25 50 75 100 12 150
TEMPERATURE IN O

Dwy. No. A-11,7834

ELECTRICAL CHARACTERISTICS ATT, = +25°C, V. = 4.75V 10 5.25 V (unless otherwise noted)

Limits

Characteristic Symbal | Test Conditions Min.  Max. IUnits

Output Leakage Current e Vo =680V, Vy =08V V=20V - 100 | A

Vor =80V, V=20V Vpype =08V - 100 | wpA

Output Sustaining Voltage | Vigeyy | four= 100 mA, V= Veypz = 0.8 ¥ 3% - L]

Quiput Szturation Voltage | Vogeey [ loyr= 100 mA, ¥y = Ve = 2.0 V - 200 | mv

" lgr=400 mA, Viy= Vo= 2.0 ¥ - 400 | my

Loy =700 mA, Vy=Vope=20V = B0 | mV¥

tnput Voltage Logic 1 1 Vi oF Vemagiepy 2.0 - ¥

Logic 0 | Viyg o Veneiegy - 0.8 ¥

Input Current ' Logic 1 | Vi 0 Vgyggy =20 V - 10 | @A

Logic 0 | Vg 08 Ygpppg = 0.8 V - -10 A

Total Supply Current lee lopr=700 MA, V¥ = Vyppu = 2.0V - 65 | mA

Outputs Open, V" = 0.8 ¥, Voype=2.0V - 15 | mA

Clamp Diode Ve ;=104 - 16 Y

Forward ¥oltage =154 - 2.0 ¥

Clamp Dicde In Ve=60V Viy= Vo= 2.0V, D, + D,o0r Dy+ D, - 50 | uA
Leakage Current

*All inputs simuitaneousty, all other tests are performed with each input tested separately.
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UDN-2543B
QUAD NAND-GATE POWER DRIVER

e

CIRCUIT DESCRIPTION AND APPLICATION

INCANDESCENT LAMP DRIVER

High incandescent lamp turn-on/in-rush current can
destroy semiconductor lamp drivers and contributes to
poor lamp reliability. However, lamps with steady-state
current ratings up to 700 mA can be driven with the
UDN-2543A without the need for warming or current
limiting resistors.

When an incandescent lamp is initially turned ON, the
cold lamp filament is at minimum resistance and would
normally allow a 10 x to 12 x in-rush current. With the
TUDN-25434, during turn-on, the high in-rush current is
sensed by the internal low-value sense resistor, drive cur-
rent to the output stage is diverted by the shunting tran-
sistor, and the load current is limited to approximately
1 A. During this short tramsition peried, the output
driver is driven in a linear fashion. During lamp warm-
up, the filament resistance increases to its maximum
value, the output driver goes into saturation and applies
full supply voltage to the lamp.

The internal diodes can be used to perform the lamp-
test function.

INDUCTIVE LOAD DRIVER

Bifilar (unipolar) stepper motors can be driven directly.
The internal flyback diodes prevent damage to the out-
put transistors by suppressing the high-voltage spikes
which occur when turning OFF an inductive load.

FAULT CONDITIONS
{Shorted Load or Stalled Motor}

In the event of a shorted load, shorted winding, or stalled

motor, the load current will attempt to increase. As
described above, the drive current to the output stage is
diverted (limiting the load current to about 1 A), causing
the output stage to go linear. As the junction temperature
of the output stage increases, the thermal limit circuit will
become operational, further decreasing the drive cur-
rent, The load current (junction temperature) is then a
function of ambient temperature, state of remaining
drivers, supply voltage, and load resistance. If the fault
condition is corrected, the cutput driver will return to its
normal saturated condition.

NORMAL IN-RUSH
CURRENT

LOAD CURRENT
T e s e — — — — — ]

SHORT-CIRCU'T

CURRENT LIMIT

[\

[ I e e e
.\ THERMAL LIMIT

TIME
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SERIES UDN-2580A

8-CHANNEL HIGH-CURRENT SOURCE DRIVERS

SERIES UDN-2580A

8-CHANNEL SOURCE DRIVERS

FEATURES
& TTL, CMOS, PMOS, NMOS Compatible
® High Output Current Ratings
® Internal Transient Suppression
# Efficient Input/Qutput Pin Structure

HIS versatile family of integrated circuits, originally designed to
link NMOS logic with high-current inductive loads, will work with
many combinations of logic- and load-voltage levels, meeting inter-
face requirements beyond the capabilities of standard logic buffers.

Series UDN-2580A source drivers can drive incandescent, LED, or
vacuum fluorescent displays. Internal transient-suppression diodes
permit the drivers to be used with inductive loads.

Type UDN-2580A is a high-current source driver used to switch the
ground ends of loads that are directly connected to a negative supply.
Typical loads are telephone relays, PIN diodes, and LEDs.

Type UDN-2585A is a driver designed for applications requiring
low output saturation voltages. Typical loads are low-voltage LEDs
and incandescent displays. The eight non-Darlington outputs will
simultaneously sustain continuous load currents of — 120 mA. at am-
bient temperatures to + 70°C.

Type UDN-2588A, a high-current source driver similar to Type
UDN-2580A, has separate logic and driver supply lines. Its eight
drivers can serve as an interface between positive logic (TTL, CMOS,
PMOS) or negative logic (NMOS} and either negative or split-load
supplies.

Types UDN-2580A and UDN-2588A are rated for,operation with
output voltages of up to 50 V. Selected devices, carrying the suffix
“-1"" on the Sprague part number, have maximum ratings of 80 V.

Types UDN-2580A and UDN-2585A are furnished in 18-pin dual
in-line plastic packages; Type UDN-2588A is supplied in a 20-pin
dual in-line plastic package. All input connections are on one side of
the packages, output pins on the other, to simplify printed wiring
board layout.

3—33

OWE.NU. A-11,359

UDN-2580A
UDN-2585A

UWG.NO. A-11.357

UDN-2588A



SERIES UDN-2580A
8-CHANNEL HIGH-CURRENT SOURCE DRIVERS
e

ABSOLUTE MAXIMUM RATINGS
at 25°C Free-Rir Temperature
for Any One Driver
(unless otherwise noted)

UDN-2580A UDN-2580A-1 UDN-2585A UDN-25884 UDN-25884-1

Qutput Voltage, Ve 50v B0y 25Y 50V 80V

Supply Voltage, Vs {ref. sub.) 50v Bov 25V 0V g0y

Supply Voltage, Vi (ref, sub.) — —_ —_ 50V gov

Input Voltage, Vi (ref. Vo) —-30V =30V -20V -30v =30

Total Current, Joe + I =500 mA =500 mA =200 mA =500 mA =500 mA

Substrate Current, Ig, 3.0A 304 204 304 J0A

Allowable Power Dissipation, Py {single oUtpUt) . .. .. LOW
(otal PACKABE) . . o e e e 2.2 W

Operating Temperature RANEE, Ty . ..o o ittt e e —20°C to +85°C

Storage Temperature Range, To . .. ..ot ot e e —55°C to +150°C

*Darate at the rate of 18 mW/°C above 25°C

For simplification, these devices are characterized on the following
pages with specific voltages for inputs, logic supply (V), load supply
(Viz), and collector supply (V). Typical use of the UDN-2580A and
UDN-2580A-1 is with negative referenced logic. The more common appli-
cation of the UDN-2585A, UDN-2588A, and UDN-2588A-1 is with
positivereferenced logic supplies. In application, the devices are capable of
operation over a wide range of logic and supply voltage levels:

TYPICAL DPERATING YOLTAGES

Vs Vions Vineorr Vo Verwan | Device Type
ov —15Vto —36V] D5Vt DV NA —25V | UDN-2585A
—50V | UDN-2580A
—80V | UDN-2580A-1
+5Y | OVio +14V | +45Vto +5Y NA —20V | UDN-2585A
—45V | UDN-2580A
—75V | UDN-2580A-1
=5Y ~A45Y 1 UDN-25884
—75V { UDN-2588A-1
+12V | OVte +84Y |[+115Vio +12V| NA —13V | UDN-25854
—38V | UDN-2580A
—68Y | UDN-2530A-1
=12VY | —38Y | UDN-25884

_ —68Y | UDN-2588A-1
+15V | DVio +114V |+145V1o +15V[ NA =10V | UDN-2585A
—35Y | UDN-2530A
—65Y | UDN-2580A-1
=15V | =35V | UDN2588A
—65Y | UDN-2588A-1

NOTE: The substrate must be tied to the most negative point in the external circuit to
mainzain isolation between drivers and to provide for normal circuit operation.
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SERIES UDN-2580A
8-CHANNEL HIGH-CURRENT SOURCE DRIVERS
.

UDN-2580A
UDN-2580A-1

+Vs

PARTIAL SCHEMATIC

WG ML A-11,359

CWG.HO. A-11,358

ELECTRICAL CHARACTERISTICS at Ty = +25°C,
Vs = 0V, Vir = —45V (unless otherwise noted)

Applicable Limits
Characteristic Symbol Devices Test Conditions Min.  Max. [ Units
Output Leakage I UDN-25808 | ¥y = —0.5V, Vyp = V;; = =50V — 50 A
Current ' V= =04V Ve = Ve = =50V, T, = /O°C — 100 | uA
UDN-2580A-1 | ¥y = =05V, Voyr = Ve = —80V — 500 | pA
Vo= —04Y, Vo =V, = =80V, T, = 70°C — 100 | pA
Output Sustaining Veesu UDN-25804 Vi = —0.4Y, iyy = —25mA, Note 1 ) 35 — v
Yoltage UDN-2580A-1 | V), = =04V V. = =75V, [y = —25 mA, Note 1 50 — v
Output Saturation Veesan Both Yoy = —24Y, lyr = —100 mA — 18 ¥
Yoltage Y = —3.0V lgy = —225mA — 19 v
¥y = —36V lpy; = —350 mA — 20 v
Input Current - Both Vp = =36V, lyy = —350 mA — =500 | nA
Vm = —15 V, lDUT = —350 mA —_ ~2.1 mA
[ Both loyr = —500 gh, T, = 70°C, Note 3 -0 — | HA
Input Voltage Voo Both lor = —100mA, Vi <18V, Note 4 — =3 | ¥
lyyy = —225mA, Ve =19V, Note 4 — =30V
lye = —350mA, V,; =20V, Note 4 — 36| V
Vineorn) Both loy = —500 ph, T, = 70°C -02 — ¥
Clamp Diode g UDN-25808 | V; =50V, T, = 70°C — 50 73
Leakage Current UDN-2580A-1 | V, = 80V, T, = 70°C 1 — 50 Lk
Clamp Dinde ¥ Both l; = 350 mA — 20 ¥
Forward Yoltage
Input Capacitance Gy Both — 25 pF
Tum-On Delay o Both 0.5 Ejy to 0.5 Egyr — 50 | ms
Turn-0ff Delay o Both 0.5 Ey to 0.5 By ~ 50 s

NOTES: 1. Pulsed test, t, =300 us, duty cycle =2%.
2. Negative current is defined as coming out of the specified device pin.
3. The lyrs current limit guarantees against partial turm-on of the output.
4. The Yy voltage limit guarantees a minimum output scurce current per the specified conditions.
5. The substrate must always be tied to the most negative point and must be at least 4.0 V below Ve
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SERIES UDN-2580A
8-CHANNEL HIGH-CURRENT SOURCE DRIVERS
e e

UDN-2585A

ELECTRICAL CHARACTERISTICS at T, = +25°C,
Vs =0V, Ve = —20V (unless otherwise noted)

Limits
Characteristic Symbol Test Conditions Min. Max. | Units
Qutput Leakage loey Vo= —05V, Vo = Vg = 25V — 50 12,
Current Vo = =04V, Vop = Vg = =25V, T, = 70°C — 100 A
Output Sustaining | Vg Vip = —~0.4V, lyy = —25mA, Note 1 15 — ¥
Voltage
Qutput Saturation Vosem Viy = =46V, ly; = —60mA — 11 ¥
Voltage Vy = —48Y, Iy = —120 mA — 1.2 ]
Input Current niot V= =46V Iy = —120mA — —1B | mA
Vy = =146V, Iy = —120mA — 50 | mA
Input Vcltage Vineom lyr = —120 mA, Ve <12V, Note 3 — —46 ]
Viveorr: lor = —100 uA, T, = 70°C —04 — ¥
Clamp Diode lg Vo= 25V, T, = T70°C — 50 phA
Leakage Current
Clamp Diode Ve I = 120 mA — 2.0 y
Forward Voltage
Input Capacitance Cw — 25 pF
Turn-On Delay o (.5 Epy 1o 0.5 Egyp — 5.0 s
| Turn-Off Delay 1oy 0.5 Ey to 0.5 Egy — 5.0 S

NOTES: 1. Pulsed test, t, =300 ps, duty cycle =2%.
2. Negative current is defined as coming cut of the specified device pin.
3. The Vyygy voltage limit guarantees a minimum cutput source current per the specified conditions.
4, The substrate must always be tied to the most negative point and must be at least 4.0V below Vs,

+Vs

7.2K

PARTIAL SCHEMATIC INo—vY

1.2K
ouT

sUB

DU5.NE. As1,60

DG, HU, A-11,359
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PARTIAL SCHEMATIC

L] A
WK

UDN-2588A
UDN-2588A-1

g Ye

7.2k

out

SUB

SERIES UDN-2580A
8-CHANNEL HIGH-CURRENT SOURCE DRIVERS

ELECTRICAL CHARACTERISTICS at T, = +25°C,
Vs = 5.0V, Vo = 5.0V, Ve = —40V (unless otherwise noted)
Applicable Limits
Characteristic Symbol Devices Test Conditions Min.  Max. Units
Qutput Leakage loex UDN-2588A | V, =45V, Vyr = Vi = —45V — 50 o
Current Vin =46V, Vo = Ve = ~45V, T, = 70°C — 100 uA
UDN-2588A-1 | Vi, =45V, Vo = V¥ = —75V — 50 LA
Vi 246Y, Vo = Ve = =78V, T, = 70°C — 100 uA
Qutput Sustaining Vigsus UDN-25888 | Vi =46V, gy = —25 mA, Note 1 35 — v
Voltage UDN-2588A-1 | Vi =4.6Y, Ve = —70V, Iy = —25 mA, Note 1 50 — v
Output Saturation Ve Both ¥y = 26V, lyy = ~100 mA, Ref. Vy, — 18 ¥
VYoltage Viw = 2.0V, lyy = —225 mA, Ref. ¥y, — L9 v
Vg = L4V, Iy = —350 mA, Ref. ¥, — 20 ¥
Input Current [niong Both Vi = LAV, lyr = —350 mA — =500 phA
Vo= 15V, Ve = =30V, Vy = 0V, Iy = —~350mA — =21 mA
[ Both | Iy = —500 A, T, = 70°C, Note 3 ~50  —  uh
Input Voltage Vinaw Both lor = —100 mA, Vo =1.8V, Note z — 2.6 )
lor = —225mA, Viz =1.9V, Note 4 — 20V
lor = —350 mA, Vg =2.0V, Note 4 — 14 ¥
Viniore Both loyr = —500 b, T, = 70°C 48— '
Clamp Diode In UDN-2588A | V=50V, T, = 70°C — 50 MA
Leakage Current UDN-Z588A~1 | V, = 80V, T, = 70°C — 50 A
Clamp Diode Ve Both lr = 350 mA — 20 v
Forward Voltage
Input Capacitance Cn Both — 25 pF
Turn-On Delay e Both 0.5 Ey to 0.5 Egy — b0 pus
Turn-0ff Delay tn Both 0.5 Epy to 0.5 Egy — 50 s

NOTES: 1. Fulsed test, t, =300 us, duty cycle =2%.
2. Negative current is defined as coming out of the specified device pin.
3. The lpyge current limit guarantees against partial tum-on of the output.

4. The Viyow voltage limit guarantees a minimum output source cusrent per the specified conditions.
5. The substrate must always be tied to the most negative point and must be at least 4.0 V below Vs.
8. ¥, must never be more positive than Vi
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SERIES UDN-2580A
8-CHANNEL HIGH-CURRENT SQURCE DRIVERS

ALLOWABLE PEAK COLLECTOR CURRENT
AT 50°C AS A FUNCTION OF DUTY CYCLE
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SERIES UDN-2580A
8-CHANNEL HIGH-CURRENT SOURCE DRIVERS

TYPICAL APPLICATIONS

TO OTHER DIGITS

UCN-25854 cad T UDN-25804-1
L % 1
1 Il N
| o3
| ) &
Tl >
e ol
= T _
- -a8y
DIGIT VEE
SELECT Pwy. Vo, - labHA PG NG, A-11.358
COMMON-CATHODE LED DRIVER TELECOMMUNICATIONS

UDN-2588A~1

-48Y
Veg
OWG.NO. A-11,352

TELECOMMUNICATIONS RELAY DRIVER
(Positive Logic)

RELAY DRIVER
(Negative Logir)

+H2V UON-2588A

SEGMENT
.

SELECT

DIGIT
SELECT

o VEE
36y

OWG.»Q. A-11,3473

VACUUM FLUORESCENT DISPLAY DRIVER
{Split Supply)
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UDN-2595A
8-CHANNEL MEDIUM CURRENT SINK DRIVER

UDN-2595A
8-CHANNEL CURRENT-SINK DRIVER

FEATURES
® 200 mA Current Rating
® Low Saturation Voltage
» TTL, CMOS, NMDS Compatible
» Efficient Input/Qutput Pin Format
® 18-Pin Duzl In-Line Plastic Package

EVELOQPED for use with low-voltage LED and
incandescent displays requiring low output sat-
uration voltage, Type UDN-2595A meets many
other interface needs, including those exceeding the
capabilities of standard logic buffers.

The eight non-Darlington outputs of this driver
can simultaneously sink load currents of 100 mA at
ambient temperatures of up to +85°C.

The eight-channel driver’s active low inputs can
be linked directly to TTL, Schottky TTL, DTL, 5to
16 V CMOS, and NMOS logic. All input connec-
tions are on one side of the package, output connec-
tions on the other, for simplified layout of printed
wiring boards.

Type UDN-2595A is supplied in an 18-pin dual-
in-line plastic package with a copper lead frame that
maximizes the driver’s power-handling capabilities.
A hermetically sealed version of Type UDN-2595A,
with reduced package power dissipation ratings, is
available on special order.

This device complements Sprague Type UDN-
2585A, an eight-channel source driver.

3—40
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ABSOLUTE MAXIMUM RATINGS
at 25°C Free-Air Temperature
for any one driver
{unless otherwise noted)

Output Voltage Ve ... .o eeee L 20V
Supply Voltage, Vs o ovv v i e 20V
Input Voltage, ¥iu oo oo 20V
Output Collector Current, 1 ...t 200 mA
Ground Terminal Current, lgyg -« o o oee it 16A
Allowable Power Dissipation, P,

(single output) ...... ... ..o 1LOwW

(total package) ......... . . il 2.2 w*
QOperating Temperatire Range, T, ... ... .. —20°C to +85°C
Storage Temperature Range. T ........ —55°C to +160°C

*Derate at the rate of 18 mW/°C above +25°C.



UDN-2595A
8-CHANNEL MEDIUM CURRENT SINK DRIVER

m
ELECTRICAL CHARACTERISTICS ut T, = +25°C, V; = 5.0 V {unless otherwise noted).

Limits

{haractaristic Symbaol Test Conditions Min. Iax, Units
Qutput Leakage leex V= 4.5V, Vo = 20V, T, = 25°C — 20 A
Current Vo = 46V, Vyy = 20V, T, = 70°C — 100 A

Output Saturation Yeusan Vo = 0.4V, |y = 50 mA — 0.5 Yy

Voltage Vi = 0.4Y, I, = 100 mA — 05 v
Input Gurrent lnion Vo = 04V |y = 100 mA — -16 mA
V= 04V Iy = 100mA, v, = 15¢ — —50 mA

Input Voltage Youom lar = 100 MA, Yo < 06V N, = 5V —_ 0.4 ¥

Vi, lor = 100 &, T, = 70°C 46 — V

Input Capacitance G _— 25 pF
Supply Current s Vip = 04V, |y, = 100 mA — 6.0 mA
Vi = 04V Ly = 100 mA, V. = 15V — 20 mA

MOTES:
1. Negative current is defined as coming out of the specified device pin.
2. The ¥,y voltage limit guarantees a minimum output sink current per the specified conditions.
3. Iy is measured with any one of elght drivers turned ON,

UDN-2595A
ONE OF EIGHT DRIVERS

Vg
, O

IN-O 15K 00T
4.8K — AAA—
K

Dwg. No. A-11,408
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UDN-2596A THROUGH UDN-2599A
8-CHANNEL SATURATED SINK DRIVERS

UDN-2596A THROUGH UDN-2599A
8-CHANNEL SATURATED SINK DRIVERS

FEATURES
» Low Qutput on Voltages
e Upto 1.0A Sink Capability
» 50V Min. Qutput Breakdown
» (Qutput Transient-Suppression Diodes
¢ Quiput Pull-Down for Fast Turn-0Off
» TTL, CMOS Compatible Inputs

Low output saturation voltages at high load cur-
rents are provided by UDN-2596A through UDN-
2599A sink driver ICs. These devices can be used
as interface buffers between standard low-power
digital logic (particutarly MOS) and high-power loads
such as relays, solenoids, stepping motors, and LED
or incandescent displays. The eight saturated sink
drivers in each device feature high-voltage, high-
current open-collector outputs. Transient suppres-
sion clamp dicdes and a minimum 35V output
sustaining voltage allow their use with many inductive
loads.

The saturated (non-Darlington) NPN outpuis
provide low collector-emitter voltage drops as well
as improved turn-off imes due to an active pull-down
function within the output predrive section. The UDN-
2596A and UDN-2598A are for use with output lcads
to 500mA while the UDN-2597A and UDN-2599A
are for use with loads to 1 A, Adjacent outputs may
be paraileled for higher load currents.

ONE OF EIGHT DRIVERS

? VCC

BOK1

OuUT,
INN

Dwg Ke W-101
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Dwg. No. W-:00

Inputs require very low input current and are acti-
vated by a low logic level consistent with the much
greater sinking capability associated with NMOS,
CMOS, and TTL legic. The UDN-2596A and UDN-
2597A are rated for use with 3V logic levels while
the UDN-2598A and UDN-2599A are for use with
10V to 12V logic levels.

Alldevices are furnished in 20-pin DIP packages
with copper leadframes for impraved thermal
characteristics.

ABSOLUTE MAXIMUM RATINGS
atTa = +250°C

Output Voltage,Vee ..o oo 50V
Output Current, lgur

(UDN-2596/984) .................. 500mA

(UDN-2597/98A) .. ... 1.0A
Supply Voltage, Ve

(UDN-2596/97A) . ... ................ 7.0V

(UDN-2598/99A) . ..................... 15V
Input Vﬂltage, Vin

(UDN-2596/97A) .. ... ... . ovi .. 7.0V

(UDN-2598/99A) . ..................... 15V
Package Power Dissipation, Po............. 2.27W*

Operating Temperature Range, Ta. ... —20°Cto +85°C
Sterage Temperature Range, Ts . ... —865°Cto +150°C

*Derate at the rate of 18.2mW/°C above To = 25°C.



UDN-2596A THROUGH UDN-2599A

8-CHANNEL SATURATED SINK DRIVERS

e T —
ELECTRICAL CHARACTERISTICS at Ta = +25°C, Ve = 5.0V (UDN-2596/97A) or 12V (UDN-2598/99A)

Applicable Limits
Characteristics Symbel | Devices* | Test Conditions Min. Max. | Units
Qutput Leakaga Current loex All Vour = 50V, Viy = 2.4V | — 10 pA
Output Sustaining Valtage Veegsus) 2596/98 lour = 300mA, L =2mH | 35 — v
2597/99 lour = 700mA, L = 2mH | 35 — v
Output Saturation Voltage Vegsan | 2596/98 | loyr = 300mA — 05 y
2597/99 loyr = 750mA — 1.0 v
Clamp Diode Leakage Current g All Vo = 50V — 10 A
Clamp Diode Forward Voltage | Ve 2596/98 | i = 300mA — 18 v
2897/99 l[e = 750mA — 1.8 V
Loglc Input Current fingey 2596/97 | Vin = 0.8Y — =15 pA
2598/99 Vin = 0.8V — =50 pA
fingny 2596/97 Viy = 2.4V — 10 pA
2598/99 Vin = 12V — 10 wA
Supply Current (per driver) leeion 2586/38 | Vi = 0.8V — B0  mA
2587/99 Vi = 0.8V — 22 mA
lgoiorE) 2596/97 Vin = 2.4V — 1.3 m&
J 2598/99 Viy = 2.4V - 2.0 mA
Turn-0n Delay todo All 0.5Ent00.5Egut — 3.0 T
Turn-0ff Delay tpan All 0.5Emto 0.5Eqyr I — 2.0 L8

*Complete part number includes prefix UDN- and suffix A, e.g. UDN-2596A,

RECOMMENDED OPERATING CONDITIONS

TYPICAL APPLICATION Type Number Logic lour
DUAL STEPPER MOTOR DRIVE -
UDN-2596A 5.0V 300mA
UDON-2597A 5.0V 750mA
UDN-2598A 10-12V 300mA

|' UDN-2599A 10-12v 750 mA

Note: Pins 2 and 12 must bath be con-
nected to power ground.

24Y 24y

Dwg. Na. W-1024A



SERIES ULN-2800A
8-CHANNEL DARLINGTON DRIVERS

SERIES ULN-2800A
HIGH-VOLTAGE, HIGH-CURRENT
DARLINGTON TRANSISTOR ARRAYS

IDEALLY SUITED for interfacing between low-
level digital logic circuitry and high-power periph-
eral loads, the Series ULN-2800A high-voltage, high-
current Darlington transistor arrays feature peak load
current ratings of 600 mA (Series TULN-2800A and
ULN-2820A) or 750 mA (Series ULN-2810A) for
each of the eight drivers in each device. Under the
proper conditions, high-power loads of up to 4 A at
50V (200 W at 2365 duty cyele) or 3.2 A at 95V (304 W
at 339, duty cycle) can be controlled, Typical loads
include relays, solenoids, stepping motors, multiplexed
LED and incandescent displays, and heaters. All de-
vices feature open collector outputs and integral dio-
des for inductive load transient suppression.

The Series ULN-2801A devices are general purpose
arrays which may be used with standard bipelar digital
logic using external current limiting, or with most
PMOS or CMOS directly. All are pinned with out-
puts opposite inputs to facilitate ease of cireuit beard
layout and are priced to compete directly with discrete
transistor alternatives.

The Series ULN-2802A was specifically designed for
use with 14 to 25 V PMOS devices. Each input has a
Zener diode and resistor in series to limit the input
current to a safe value in that application. The Zener
diode alse means excellent noise immunity for these
devices.

The Series ULN-2803A has a 2.7 kQ series base re-
sistor to each Darlington pair, and thus allows opera-
tion directly with TTL or CMOS cperating at a sup-
ply veltage of 3V, These devices will handle numer-
ous interface needs — particularly those beyond the
capabilities of standard logic buffers.

The Series ULN-2804A features a 10.5kQ series
input resistor to permit their operation directly from
CMOQOS or PMOS outputs utilizing supply voltages of
6to 15V, The required input current is below that of
the Series ULN-2803A while the required input volt-
age is less than that required by the Series ULN-2802A.

The Series ULN-2805A is especially designed for
use with standard and Schottky TTL whers higher
output currents are required and loading of the logic

]
1

Dl NO. 810,322

output is not a concern. These devices will sink a
minimum of 350 mA when driven from a “totem
pole” logic outpot.

The Series ULN-2800A is the standard high-
voltage, high-current Darlington array. The output
transistors are capable of sinking 500mA and will
withstand at least 50 V in the OFF state. Outputs may
be paralleled for higher load current capability. The
Series ULN-2810A devices are similar except that
they will sink 600mA. The Series ULN-2820A will
withstand 95 V in the OFF state.

All Series ULN-2800A Darlington arrays are fur-
nished in an 18-pin dual in-line plasiic package.

Device Type Number Designation

VCEIMA)() = 5[] V 50 V 95 )
lctmax) = 500 mA 600 mA 500 mA

Type Number

Sencral FUPS® | uLh-2gota | ULN-2811A | ULN-2821A

14-25Y

ovae 1 ULN-2802 | ULN-28124 { ULN-28228
rrshos | ULN-2802A | ULN-2813a | ULN-2623A
5 T8V

CMOS, PMOS ULN-2804A | ULN-2814A | ULN-2824A

ULN-2805A | ULN-2815A | ULN-28254,

High Output
TTL




SERIES ULN-2800A
8-CHANNEL DARLINGTON DRIVERS

-

ABSOLUTE MAXIMUM RATINGS at 25°C Free-Air Temperature
for any one Darlington pair (unless otherwise noted)

Output Voltage, Ves (Series ULN-2800, ZB10A). ... ..o oo 50V

(SeMES ULN-2820A) .. ..\ttt et e e e e LAY

Input Voltage, Vi (Series ULN-2802, 2803, 2804A).. ..o e v

(Series ULN-280BA). ... ... P P 15V

Continuous Coliector Current, I¢ (Series ULN-2800, 2820A). ... ... o o 500 mA

(Series ULN-2810A) .. .. 600 mA

CONTNUOUS BASE CUITBIE, fo oo\ ottt vt e e et e e e e et e e s e 25 mA

Power Dissipation, Pp (one Darlingfon pair). ... o e 10w

(total PACKAZE) . ... o ittt co 2.25 W*
Operating Ambient Temperature RANEE, Ta. .. .o oviriiiioi it e e —20°C to +85°C
Storage Temperaturz RANEE, Ts. .. .o ov oot e e e —55°C 1o 4-150°C
*Derate at the rate of 18.18mW/°C above 25°C,

Under normal operating canditions, these devices will sustain 350 mA per autput with Vogsan = LB V at 50°C with a pulse width of 20 ms and a duty cycle of 40%.

PARTIAL SCHEMATICS

Ows, Hao, A-0850 Dwi. Mo, A-9065
Pwd. WO, A-353%
Series ULN-2801A Series ULN-2802A Series ULN-2803A
(each driver) {each driver) {eqch driver)

OWG. MO, A-9BIEA "l W, 410, 22
Series ULN-2804A Series ULN-2805A
{each driver) {each driver)
3—145
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SERIES ULN-2800A

8-CHANNEL DARLINGTON DRIVERS

SERIES ULN-2800A

ELECTRICAL CHARACTERISTICS at 25°C (unless otherwise noted)

Limits

Forward Voltage

Test | Applicabie _
Characteristic Symbol | Fig. Devices Test Conditions Min. Typ. Max. | Units
Output Leakage Current| leex 1A All Vep = 30V, T, = 25°C - = 90 wA
Vee = 50V, T, = 70°C — = 100 ] uA
18 | ULN-2802A | Ver = 80V, To = /U°C, Vg =00V | — — 500 | wA
ULN-28044 | Ve = B0V, Ta = 70°C, V¥ = 1OV | — — 500 [ xA
Collector-Emitter Versan 2 lc = 100mA, Iy = 250 uA - 09 117V
Saturation Voltage All le = 200 mA, I3 = 350 uA - L1 13 v
le = 350 mA, I3 = 500 uA — 13 16 {V
Input Current Iintong 3 ULN-28028 | Vin = 17V — 082 1251 mA
ULN-2803A | Vv = 385V - 083 135 ) mA
ULN-2804A | Vi = 5.0V — 035 05 | mA
Vo = 12V — 10 145 | mA
ULN-2805A | Vi = 3.0V — 15 24 | mA
| ntorr 4 All e = 500 WA, T, = 70°C 56 65— bl
Input Voltage Vinion) 5 ULN-28024 | Ve = 2.0V, Ic = 300 mA - - 13 V
Ve = 2.0V, [ = 200 mA - = 241V
ULN-2803A | Vee = 20V, I = 250 mA - = 27 |v
Ve = 2.0V, e = 300 mA - = 30}V
Vee = 20V, Ic = 125 mA - = 50 GV
ULN-2804A | Vee = 2.0V, 1o = 200 mA - - B0 |V
Vee =20V, I = 275 mA - = 10|V
Vee = 20V, Ic = 350 mA - — 80 {V
ULN-2805A | Vee = 20V, I = 350 mA -  — 24 |V
D-C Forward Current hee 2 ULN-28018 | Vg = 2.0V, |z = 350 mA 1000 — -
Transfer Ratio
Input Capacitance Cin - All L pF
Turn-On Delay ton - All 0.5, 1005 Eu - 025 10 s
Turn-0ff Delay tore - All 05E,t005E,, - 025 10 | us
Clamp Diode le g All Ve =50V, T\ = 25°C — - 50 | uA
Leakage Current Ve =00V, T, =70°C - = 100 | uA
Clamp Diode Ve 7 All lr = 350 mA ~ L7 20 |V
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SERIES ULN-2800A

§-CHANNEL DARLINGTON DRIVERS

SERIES ULN-2810A

ELECTRICAL CHARACTERISTICS at 25°C {unless otherwise noted)

Test | Applicable Limits
Characteristic Symbal | Fig. Devices Test Conditions Min. Typ. Max.| Units
Output Leakage Current | e 1A All Ver = 50Y, Ta = 25°C - = 8| wA
Vee = 50V, Ty = 70°C — — 100 [ uA
1B | ULN-28128 | Vee = 50V, Ty = 10°C, Viy =60V | — — 500 | uA
ULN-2814A | Vee = 80V, Ta = 70°C, Viu= 10V | — — 500 | nA
Collector-Emitter Vegsan 2 Al e =200mA |y = 350 A — 11 13 v
Saturation Voltage le = 350mA, g = 500 A - 13 18 y
lc = 500 mA, 13 = 600 A — 1.7 18 Y
Input Currant Iinjon 3 ULN-2812A | Viu = 17V — 08 125 | mA
ULN-2813A | Viy = 3.85V — 093 135 | mA
ULN-2814A | Ve = 50V 035 05 | mA
Vi =12V — 10 145 | mA
ULN-2815A | Vi = 3.0V — 15 24 | mA
N 4 All le = 500 uh, Ta = 70°C 50 6% - A
Input Voltage Viniony g ULN-2812A | Vez = 20V, I = 500 mA - 17 V
ULN-2813A | Vee = 2.0V, Ic = 250 mA - - 271V
Vee = 20V, I = 300 mA - — 3.0 V
ch =20 v, |C = 500 mA —- — 3.5 ¥
ULN-2R14A | Vee = 20V, I = 275 mA - — 70 V
Vee = 20V, Ic = 350 mA - = 8D V
Vee = 20V, Ic = 500 mA — - 85 |V
ULN-2815A | Yee = 20V, Ic = 500 mA - - 25 |V
D-C Forward Current he 2 ULN-2812A | Vee = 20V, Iz = 350 mA e - —
Transfer Ratio _ Vee = 20V, 1o = 500 mA 90 — -
Input Capacitance Cin - All - 15 % pF
Turn-0n Delay ton All 0.5E, to 0.5 Equ — 025 L0 | us
Turn-Off Delay tore - All 0.5 E, 10 0.5 Eou — 02 10 | us
Clamp Dicde lp 8 All Vo= 580V, T, = 25°C — - 50 | A
Leakage Current Ve = B0V, T, =70°C — = 100 [ wA
Clamp Diode Ve 7 All lp = 350 mA — L7 a0 |V
Farward Voltage le = 500 mA — 21 25 |V

—47




SERIES ULN-2800A

8-CHANNEL DARLINGTON DRIVERS

SERIES ULN-2820A

ELECTRICAL CHARACTERISTICS at 25°C (unless otherwise noted)

Test | Applicable Limits
Characteristic Symbol | Fig. Devices Test Conditions Min. Typ. Max.| Units
Output Leakage Current | leex 1A All Vep = 95V, Ty = 25°C - - 50 | uA
Vee = 95V, T, = 70°C — - 10l LA
1B [ ULMN-28228 | Yer =95V, T, = H0°C, Vi =60V | - — D | kA
ULMN-2824A | Vee = 88V, T, = 70°C, Vi = 1OV | - — 500 | nA
Collector-Emitter Yesan) 2 All le = 100mA, 13 = 250 A - 09 11 )
Saturation Voltage lc = 200 mA, I; = 350 A — 11 13 Y
_ lc = 350 mA, |y = 500 uA - 13 18 Y
[nput Current lingom 3 ULN-2822A | V=17V — 082 123 [ mA
ULN-2823A | V== 388V — 053 L35 | mA
ULN-2824A | Viy =500V — 035 05 mA
Ve = 12V — 10 145 | mA
ULN-28254 | Viw = 3.0V — 15 24 mA
Intorr 4 All lc = 500 LA, T, = 70°C 5 85 — uh
Input Voltage Viniow) 5 ULN-28220 | Vee = 20V, Ic = 300 mA - - 13 Y
ULN-2823A | Ver = 20V, I = 200 mA - — 2.4 v
Yee =20V, I = 250 mA - = 27 3V
Vee = 20V, 1 = 300 mA - — 30 Vv
ULN-2824A | Ver = 20V, I = 125 mA — — 5.0 Y
Vee = 20V, lc = 200 mA - — BD |V
Yee = 20V lc = 275mA —_ = 01V
VCE =20 V, |c = 3Bl mA — — 8.0 v
ULN-2825A | Vee = 20V, |- = 350 mA — - 24 V¥
D-C Forward Current fee 2 ULM-28214 | Yee = 2.0V, | = 330 mA W0 — -
Transfer Ratio
Input Capacitance [N All — 15 2 pF
Turn-On Delay ton Al 05E,t005E,, - 0z 1D HS
Turn-0ff Delay torr All 05 E, 005 Eu — 0.2% 1.0 us
Clamp Diode b 6 All Ve =98V, T, = 25°C -- - 5 | wA
Leakage Current Ve =85V, T, = 70°C — - 100 | wA
Clamp Diode Ve 7 All [r = 350 mA - 1720 v
Forward Voltage
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SERIES ULN-2800A
8-CHANNEL DARLINGTON DRIVERS

COLLECTOR CURRENT COLLECTOR CURRENT
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SERIES ULN-2800A
8-CHANNEL DARLINGTON DRIVERS

INPUT CURRENT
AS A FUNCTION OF INPUT VOLTAGE
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SERIES ULN-2800A
8-CHANNEL DARLINGTON DRIVERS
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SERIES ULN-2800A
8-CHANNEL DARLINGTON DRIVERS

TYPICAL DISPLAY INTERFACE

+\.f5

I

DIGIT DRIVER,
1/2 ULN-2061M or

1/4 ULN-2074/76B o
1/8 UDMNR2%81,/82A

f 1
F-SEGMENT DISPLAY
WITH DECIMAL POINT, w2
COMMON-ANGDE LED or
HOT-WIRE, READOUT

TO OTHER
DIGITS

SEGMENT DRIVER,
SERIES ULN-2800A or
SERIES ULN-28104

I

DWE, NO. A-10,378
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UDN-2933B AND UDN-2934B
3-CHANNEL HALF-BRIDGE MOTOR DRIVERS
L —

UDN-2933B AND UDN-2934B
3-CHANNEL HALF-BRIDGE MOTOR DRIVERS

FEATURES

® Qutput Currenis to 1 A

® Output Voltagesto 30V

& Low Output-Saturation Voltage
® Transient-Protected Outputs

# Tri-State Outputs

@ TIL or CMOS Compatibie Inputs
# Reliable Monolithic Construction

DEVELOPED for use in 3-phase brushless d-c

motor applications, Types UDN-2933B and
UDN-2934B provide drive capabilities to | A and 30
V. Saturated drivers provide for low output voliage
drops at maximum rated current.

The 1 A half-bridge drivers differ only in input cir-
cuitry: Type UDN-2933B is compatible with TTL
and 5V CMOS; Type UDN-2934B is used with 12V
CMOS.

Monolithic construction and a 16-pin dual in-line
package with centered heai-sink contact tabs enable

Vocl 1] LOGIC SUPPLY

10 | ENABLE

SOURCE ¢ [8] Vg 8] MOTOR SUPPLY

# = SINK OUTPUT
+ = SOURCE CQUTPUT

Dwg, No. A-12,356

cost-effective and reliable systems designs sup-
ported by excellent power dissipation ratings, mini-
mum size, and ease of installation. The package
configuration allows easy attachment of an inexpen-
sive heat sink. It fits a standard 1C socket or printed
wiring board layout,

Half-bridge drivers with Darlington outputs {Type
UDN-2935Z and UDN-2930Z) are supplied in TO-
220 power-tab packages for operation with load cur-
rents of up to 3.5 A.

ABSOLUTE MAXIMUM RATINGS
at + 25°C Free-Air Temperature

Motor Supoly Voltage, Vg ........ . ... ..

Lozic Supply Voltage Range, ¥,

(UDN-2933B). .. ...... .. o

(UDN-2934B). .. .......... ... ... ..
Logic Input Voltage, ¥y .. ... L
Qutput Current, logr « ... ..o
Pachage Power Dissipation Py, . .........
Operating Temperature Range, T,..... . ...
Storape Temperature Range, Ts ...... .. ..

...................... 45Vta7.0V
....................... Vi 15V

.......................... :lDA

........................ See Graph
.................. —20°C to +85°C
.................. ~35°C to +150°C

3085




UDN-2933B AND UDN-2934B
3-CHANNEL HALF-BRIDGE MOTOR DRIVERS

o

@Vcc
ENABLE
B
FUNCTIONAL
BLOCK
DIAGRAM SOURCE 4

ALLOWABLE PACKAGE POWER DISSIPATION, P, IN WATTS

3

SINK a

ALLOWAELE POWER DISSIPATION
AS AFUNCTION OF AMBIENT TEMPERATURE

\

\

25

50 75 100 125 150
TEMPERATURE [N OC

Dwyg. No. A-11,733A

SOURCE g
OUTe
E)0uT4
|~
@
5INKg '
GROUND GROUND
Dwyg.Ho. A-12,387
TRUTH TABLE
Sink Driver Source Driver Enabte
Input Input Input Cutput
Low Low Low High
Low High Low Open
High Low Low Disallowed
High High Low Low
High Any High Low
Low Any High Open

SQURCE
DRIVERS

SINK
DRIVERS

= Cwg.Na. A-12,35%

TYPICAL COMMUTATION SEQUENCE

Drivers Motor Elec.
ON* Current Degrees
1+4 AB 0
146 —CA 60
3+6 BC 120
3+2 —AB 180
5472 CA 240
5+4 —BC 300

*Enable input must be low; Seurce drivers are turned
ON with a Iogic low, sink drivers are turned ON with a
logic high.
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UDN-2933B AND UDN-2934B
3-CHANNEL HALF-BRIDGE MOTOR DRIVERS

L ———————————_—_—_——, e =
ELECTRICAL CHARACTERISTICS at T, = +25°C, Vy, = 30V, V. = 5V (UDN-2933B) or

Vee = 12V (UDN-2934B), T,y < +70°C

Applicable Limits

Characteristic Symbe) Devices Test Condtions Min. Typ. Max. Units
Output Leakage Current lex Beth All Drivers OFF, Vo; = 0V - =50 100 pA
All Drivers OFF, Vor = 30V — 5.0 100 b

Qutput Saturation Voltage Veerom Both logr = — 100 mA — 0.80 1.1 v

Inm = 100 mA — 0.08 02 )

loyr = —250 mA — 0.90 1.2 v

loyr = 250 mA — 0.13 0.3 i

lor = —500 ma — 11 1.5 v

lour = 500 mA —_ 0.25 0.6 ¥

loor = — 800 mA — 13 1.8 ¥

lor = 800 mA — 0.45 08 Y

Qutput Sustaining Voltage Veeisus) Both loor = =800 mA, L = 3mH 30 — — v
Motor Supply Current e Both All Drivers OFF — 50 200 A
1 Source + 1 Sink ON, No Loads — 1.0 1.3 mA

Clamp Diode Forward Voltage Ve Both lr = 500 mA — 1.3 2.0 ¥

l. = 800 mA — 13 2.0 y

Logic !nput Voitage Vi LDN-2933B 2.4 — — ¥

UDN-2934B 8.0 — — ¥

Vi UDN-29338 —  — 08 Y

UDN-2934B - — 4.0 ¥

Logic Input Current Ly UDN-2933B | V,, = 2.4V — <1.0 i0 A
UDN-2934B | ¥, = 8.0V — <10 10 ph

mioy Both V=103V — —50 =300 A

Logic Supply Current lee Both All Drivers OFF — 17 3.0 mA
I Source + 1 Sink ON — 30 10 mA

Output Rise Time t, Bath loyr = —500mA, Ve = 20V — 250 — ns
loy = J00mMA, Vg = 20V — 30 — ns

Qutput Fall Time % Both lgr = — D200 mA, ¥y = 20¥ — 200 — ns
| door = 500 mA, Vi = 20V — 50 — ns

NOTES: 1, Each driver is tested separately.
2, Positive (nagative) current is defined as going into {coming out of} the specified device pin.

i
+
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UDN-2956A AND UDN-2957A
NEGATIVE SUPPLY, 5-CHANNEL SOURCE DRIVERS

UDN-2956A AND UDN-2957A
HIGH-VOLTAGE, HIGH-CURRENT SOURCE DRIVERS

FEATURES

& 500 mA Cutput Source Current

& 50 Dutput Sustaining Voltage

o Quiput Transient Protection

® £-15 V PMOS,CMOS Input—UDN-2256A
e TTL, DTL, 5V CMOS input—UDN-28574
® Plastic or Cer-DIP Package

OMPRISED of five common-collector NPN

Darlington output stages, associated common-
base PNP input stages, and a common ENABLE
stage, the UDN-2956A and UDN-2237A high-volt-
age, high-current source drivers are used to switch
the ground end of loads that are directly connected
to a negative supply. Typical ioads include tele-
phone relays, PIN diodes, and LEDs.

Both devices will sustain output OFF voltages of
— 80V and will source currents to — 500 mA per
driver. Under normal operating conditions, these
units will sustain load currents of —200 mA on each
of the five drivers simultaneously at ambient temper-
atures up to +70°C.

The UDN-2956A driver is intended for use with
MOS (PMOS or CMOS) logie input levels operating
with supply voltages from 6V to 16 V. The UDN-
2957 A driver has appropriate input-current limiting
resistors for operation from TTL, Schottky TTL,
DTL, and 5V CMOS. With either device, the input
and ENABLE levels must both be biased towards the
positive supply to activate the output load.

Integral transient-suppression diodes allow these
devices to be used with inductive loads without add-
ing discrete diodes. In order to maintain isolation
between drivers, the substrate should be connected
to the most negative supply.

Input connections are on one side of the dual in-
line package, output connections on the other side
to simplify printed wiring board layout.
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The UDN-2556A and UDN-2957A high-voltage,
high~current drivers are supplied in 14-lead dual
in-line packages conforming to JEDEC outline
TO-116 (MO-001AA). These devices can also be or-
dered in ceramic/glass (cer-DIP) hermetic packages
by changing the last character of the part number
from ‘A’ to ‘R.” Except for slightly reduced package
power dissipation capability, devices in cer-DIP her-
metic packages have electrical ratings ide. .cal to
those in plastic packages and are pin compatible
with them.

ABSOLUTE MAXIMUM RATINGS
at + 25°C Free-Air Temperature

(Reference Pin 7)
SupplyVoltage, Ve . .. ..o oo -~ 80V
Input Yoltage, V,, (UDN-29564) . ................ +20V
(UDN-29578) ................. +10V
Output Current, lyyr oo — 500 mA
Power Dissipation, P (anyonedriven) .. ............. 1OW
{total package) ......... .. ... 20w

Operating Temperature Range, T,. .. ... ..
Storage Temperature Range, Ty .. .... ...

*Derate at the rate of 16 67 mW/°C ahovg 25°C,

—20°Cto +85°C
—=55°C to + 150°C



UDN-2956A AND UDN-2957A
NEGATIVE SUPPLY, 5-CHANNEL SOURCE DRIVERS
T TR R R

ELECTR!‘GAL CHARACTERISTICS at T, = + 25°C, Ve = VY (unless otherwise specified)

Applicable
Charactaristic Symbol Devices Test Conditions Limit
Output Leakage Current | Iy UDN-29506A | Vi, = Vguee = 08V, Vyp = =80V, T, = +70°C —200 ;A Max.
Vi = 08V, Ve = 15V, Vyr = —80Y, T, = +70°C —200 1A Max.
Vi = 18V, Voupe = 04V, Vyp = =80V, T, = +70°C —200 A Max.
UDN-2957A Ve = Voume = 0.4V, Vor = —B0VY, T, = +70°C —200 pA-Max.
Vie = 0.4V, Voyae = 385V, Vy = B0V, T, = +70°C =200 nA Max.
Vip = 3.8V, Vg = 04V, Vo = =80V, T, = 70°C =200 A Max.
Collector-Emitter ' ¥oesam UDN-2956A | Vi = 6.0V, lyy = —100mA — 120V Max.
Saturation Voitage Vip =70V, lgp= —175mA — 135V Max,
Vi = 10V, Iy = ~350mA — 170V Max.
UDN-2957A Vo = 24Y, lyy = —100mA — 120V Max.
Vi = 2.7V, gy = —175mA — 1.35V Max.
Vo = 3.9V, by = —350mA — 170V Max.
Input Current lysiong UDN-2956A Vi = 6.0¥, ¥yy = —20V 650 A Max,
Vi = 10V, Vyr = 20V 1.85 mA Max.
UDN-29574 Vg = 24V, Ny = 2.0V 575 A Max.
Vy = 3.88V, ¥y, = =20V ' 1.40 mA Max.
o ALL T g = =500 A, T, = +70°C 50 A Min.
Output Source Current lour UDN-2956A Viw = 5.0V, Yy = —2.0V —125 mA Min.
Y = 6.0V, ¥y = =20V —200 mA Min.
Vo = 7.0¥, Yo = =20V —250 mA Min,
Yy = 80V, Vo = —2.0V —300 mA Min,
Yo = 5.0V, Vor = =20V —350 mA Min.
UDN-2957A Vu = 2.4V Yoy = —2.0V —125 mA Min.
Vo = 2.7V, Yo = —20V —200 mA Min.
Ve = 30V, Vg = =20V —250 mA Min.
Vo = 33V, ¥, = =20V —300 mA Min,
Vi = 36V, Vor = =20V —350 mA Min.
Oufput Sustaining Yersus UDN-2956A Vip = 0.4V, Iy = —25mA 30V Min,
Vullitage LIDN-2957A Vi = 04V, ;= —25mA 50V Min,
Clamp Diode Iy ALL Yy =80V 50 A Max.
Leakage Current
Clamp Diode Ve ALL ly = 350 mA 2.0V Max,
Forward Voltage
Tum-On Delay ton ALL 0.5, to 0.5k, Ry = 4004} Cr = 25 pF 4.0 s Max.
Turn-Off Delay tore ALL 05E,to 0.5E, R =40082 C;, = 25 pF 10 s Max,




UDN-2956A AND UDN-2957A
NEGATIVE SUPPLY, 5-CHANNEL SOURCE DRIVERS

INPUT CURRENT IN AMPERES

INPUT CURRENT IN AMPERES

INPUT CURRENT
AS A FUNCTION OF INPUT VOLTAGE

2.0
L5 < ,/' —
UDN-2956A Vg 1A
: A
|
B
0 o
//
0.5 5 -
5 6 1 8 9 10 1 1 17 U B
INPUT VOLTAGE TN VOLTS Dwg. No. A-11,080
L5
. P P
g
UDN-2957A /
1.0 //
/’
MAX /
0.5
Wi
0
2.0 2.5 3.0 3.5 4.0

INPUT VOLTAGE IN VOLTS Dwa. No. A-11,061



UDN-2956A AND UDN-2957A
NEGATIVE SUPPLY, 5-CHANNEL SQURCE DRIVERS

ALLOWABLE PEAK OUTPUT CURRENT
AS A FUNCTION OF DUTY CYCLE

E ABSOLUTE MAXIMUM CURRENT
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SERIES UDN-2980A
8-CHANNEL SOURCE DRIVERS

|

SERIES UDN-2980A
HIGH-VOLTAGE, HIGH-CURRENT SOURCE DRIVERS

FEATURES
# TTL DTL, PMOS, or CMOS Compatible Inputs
# 500 mA Output Source Current Capability
® Transient-Protected Outputs
® Qutput Breakdown Voltage to 80 Y

RECOMMENDED for applications requiring sep-

arate logic and load grounds, load supply volt-
age to +80 V, and load currents to 500 mA, Series
UDN-2980A source drivers are used as interfaces
between standard low-power digital logic and relays,
solenoids, stepping motors, and LEDs.

Under normal operating conditions, these devices
will sustain 120 mA continuously for each of the
eight outputs at an ambient temperature of +50°C
and a supply of +15.V. All devices in this series
incorporate input current limiting resistors and out-
put transient suppression diodes.

Type UDN-2981A and UDN-2983A drivers are
for use with +5 V logic systems — TTL, Schottky
TTL, DTL, and 5 V CMOS. Type UDN-2982A and
UDN-2984 A drvers are intended for MOS interface
(PMOS and CMOS) operating from supply voltages

o

vvvvvvvvi
Ggk

OWG. HO. S- 10,243

of 6 to 16 V. Types UDN-2981A. and UDN-2952A
will withstand a maximum output orF voltage of
+350V, while Types UDN-2983A and UDN-2984A
will withstand an output voltage of +80V. In all
cases, the output is switched on by an active high
input level.

Series UDN-2980A high-voltage, high-current
source drivers are supplied in 18-lead dual in-line
packages. On special order, hermetically-sealed ver-
sions of these devices (with reduced package power
dissipation capability) can also be furnished.

ABSOLUTE MAXIMUM RATINGS
at 25°C Free-Air Temperature

Qutput Voltage Range, V. (UDN-2981A & UDN-29824)

(UDN-2983A & UDN-29844) . .,

Input Voltage, ¥,, (UDN-2981A & UDN-2983A)
(UDN-2982# & UDN-2984A)
Output Current, loy

Powsr Dissipation, P, (any onedrivet) .. .............
(total package) .................
Operating Temperatura Range, Ty ... .. ..ot

Storage Temperature Range, Ty
*Derate at the rate of 18 mW/°C above - 25°C.

[h ]
e

...................................... L1w
..................................... 2.2W"

............................

............................ —55°C o -+ 150°C

+35Vto +30V
+35Vio +80V
+15Y¥

—20°C o +85°C



POWER DISSIPATICN

SERIES UDN-2980A
8-CHANNEL SOURCE DRIVERS

QONE OF EIGHT DRIVERS AS AFUNCTION OF AMBIENT TEMPERATURE
N\
W, E‘ 2.5
® N
5 20 \
0K E
2 &
C 15 &
& \,
—C : \
2983/84 ONLY 72K ¢ 10 ‘.‘
8 (Y
z LY
INPUT O I AAA Ik % 0s \.\
* (oureur E .
i 15K * Z . “
Groune (2 ' . P DHE.NO. A-10,2426 ? AMBIEN'I‘S‘?‘EMPERA‘I]:EI?EE IN ~=cw(J
Dwyg. No, &-11,112A
ELECTRICAL CHARACTERISTICS at T, = +25°C (unless otherwise specified)
Applicable Test Limit
Characteristic Symbol Devices Test Conditions Fig. | Min. | Typ. | Max. | Units
Qutput Leakage Current | gy UDN-2981/824 Vg =04V* V; =580V, T, = +70°C| 1 — 1 — | 200 pA
UDN-2983/84A Vo = 0.4V* Vo =80V, T, = +70°C| 1 — | — ] 200 | pA
Collector-Emitter ¥y = 24V, lgn = —100 mA ? — 1.6 1.8 v
Saturation Voltage Ve Ml V= 24V, lyr = —225mA 2 - 17 1% )
Vo = 24V, Iy = —350 mA 2| — 18| 20 ¥
UDN-2981/83A ¥y = 24Y 3 — | 140 | 200 | A
Input Cuirent hson Vo = 3.85Y 3] — | 310] 450 | nA
UDN-2982/84A | Vv, = 2.4V 3 — | 140 200 | nA
¥, = 12V 3 — | 125] 193] mA
Qutput Source Current lgur UDN-2881/33A Viy = 24¥ Ve = 20V 2 | =380 — | — mA
UDN-2982/84A | V= 24V, V. = 2.0V 2 [ —350) — | —~ | mh
Suppiy Current I UDN-2581/82A Vg = 24V Wy = 50V 4 — — 10 mA
(Qutputs Open) UDN-2983/84A | Vi = 2.4V* V; =80V 4 — | — 10 mA
Clamp Diode Iy UDN-2981/82A | WV, =50V, V,, = 0.4V* 51 — | — 50 A
Leakage Current LUDN-2983/84A V=80V, V, =04V 5 — — 50 wh
Clamp Diode V. All [ = 350 mA 8| — | 15| 20 v
Forward Yoltage
Turn-On Delay ton All 0.5 Ey to 0.5 Egyr, R, = 10063, — | — 1.0 2.0 i
Y = 35V
Turn-0ff Delay toee All 0.5 Ey to 0.5 Egyp, R, = 10082, — | — | &b 10 HS
Y; = 35 Y

%Al nputs 3imuitaneuusly
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SERIES UDN-2980A
8-CHANNEL SOURCE DRIVERS

IgEx
DWG. NOLA-11,083

s

Figure 1
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Figure 3
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Figure §
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Figure 6
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ALLOWAGBLE PEAK COLLECTOR CURRENT IN mA AT 50°C

ALLOWABLE PEAK COLLECTOR CURRENT IN mA AT 70°C

SERIES UDN-2980A

8-CHANNEL SOURCE DRIVERS

ALLOWABLE PEAK COLLECTOR CURRENT

AS A FUNCTION OF DUTY CYCLE

TYPE UDN-2981A/82A

500
450)
200
RECOMMENDED MAXIMUM GUTPUT CURRENT
350 \ < <
300 \ \\ \\
4
250 \ h N P P
\\ ™~ \\ N
200 ) 7 \ \ \
NUMBER OF DUTPUTS ™ o
CONDUCTING \\
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180 —
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0
o] 10 20 3D A0 kD) B0 70 80 a0 10
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Dwg. Ng. A-11,1078
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450
400
150 L.RECOMMENDED MAXIMUM QUTPUT CURRENT
300 \ \\ \\ \\
\\ 3
250 \\\\k\\‘ ~
5 \
200 \ \\?\\\ \\\
7
g
NUMBER OF OUTPUTS
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0
0 W 20 a0 46 S8 & 70 80 80 100

PER CENT DUTY CYCLE
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SERIES UDN-2980A

8-CHANNEL SOURCE DRIVERS

F)
1P

ALLOWABLE PEAK COLLECTOR CURRENT
AS A FUNCTION OF DUTY CYCLE

SERIES UDN-2980A
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Dwg. No, A=11,1066
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ALLOWABLE PEAK COLLECTOR CURRENT IN mA AT 50°C

ALLOWAEBLE PEAK COLLECTQOR CURRENT IN mA AT 70°C

4

SERIES UDN-2980A

8-CHANNEL SOURCE DRIVERS

ALLOWABLE PEAK COLLECTOR CURRENT
AS A FUNCTION OF DUTY CYCLE
TYPES UDN-2983A/84A
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Dwg. Na. A-11,1098
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SERIES UDN-2920A
8-CHANNEL SOURCE DRIVERS

INPUT CURRENT
AS A FUNCTION OF INPUT VOLTAGE

2.5
2.0
z ! /
. 1.5 -
5 t\\‘\‘k
[ \“
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O Lo
M
5 //Jﬁ?\c'y
= " -
0.5 ' ,‘/
A
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INPUT VOLTAGE {VOLTS)
Dwg. No. A-11,115B

TYPICAL ELECTROSENSITIVE PRINTER APPLICATION

PRINT
g, FLECTRODES
N o B e
INg —I> Rt .
INg o—3 1 —> » ()
INg A —{> RL ()
Iy —{51—> A ()
INg o—B— > ¥ ()
N > & ()
N o—T2—> ()
¥e ER & 10 1

Dwg, Ne. A&«11,1134

TYPICAL VALUES: V; = 50 V
'OUT = 200-300 mA

[
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UDN-2985A AND UDN-2986A
8-CHANNEL SATURATED SOURCE DRIVERS

m

UDN-2985A AND UDN-2986A
8-CHANNEL SOURCE DRIVERS

FEATURES

* TTL, DTL, PMOS, or CMOS Compatible Inputs
* 250 mA Qutput Source Current Capability

® Qutput Transient-Suppression Diodes

+ 30 ¥ Minimum Qutput Breakdown Voltage

® Low Qutput-Saturation Voltage

Recommended for applications requiring separate
logic and load grounds, load supply voltages to 30V,
and load currents to 250 mA, the UDN-2985A and
UDN-2986A source drivers are used as interface bet-
ween standard low-power digital logic and LEDs,
relays and solenoids. The outputs feature saturated
transistors for low collector-emitter saturation
voltages,

The UDN-2985A driver is for use with 5 V logic
systems—TTL, Schottky TTL, DTL, and CMOS.
The UDN-2986A. is intended for MOS interface Dwg. No. A-10, 243
(PMOS and CMQOS) operating from supply voltages
of 6 to 16 V. Both devices have a minimum cutput
breakdown rating of 30 V with a minimum output

sustaining voltage of 15 V. In all cases, the output is PARTIAL SCHEMATIC DIAGRAM
switched ON by an active high input level. 1 of 8 Drivers

Under normal operating conditions, these devices
can seurce up to 120 mA for each of the eight outputs
at an ambient temperature of 75°C and a supply UDN-28854

Vs

R, =10 Kg
voltage of 15 V. Both devices incorporate input UDN-2086A - oo K2
current-limiting resistors and output transient sup- R.=20 K@

pression diodes,

The UDN-2985A. and UDN-2986A source drivers
are supplied in 18-lead dual in-line packages. All in- INPUT
puts are on one side of the package, output pins on

the other, to simplify printed wiring board layout, OuTPUT
ABSOLUTE MAXIMUM RATINGS
atT,=25°C
Driver Supply Voltage, ¥ . . ....... .. ... .. . ... KItR'S —e pd
Continuous Qutput Current, gy .. ... ... L, —250 mA
InputVoltage, ¥y ..o 20¥ Dwg. No. DS-1012
Package Power Dissipation, Po. . ... ........ ... .. .. 2.2 W*
Operating Temperature Range, T,.. . ........ .. —20°C to +85°C
Storage Temperature Range, Ty ... ... .. .. =55°C to +150°C

*Derate at the rate of 18 mW/°C ahove Ty = 25°C
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UDN-2985A AND UDN-2986A
8-CHANNEL SOURCE DRIVERS
s

ELECTRICAL CHARACTERISTICS AT T, = 25°C, V, = 30V (unless otherwise noted)

Applicable Limits
Characteristic Symbol Devices Test Conditions Min. Typ. Max. Units
Qutput Leakage Current lery Both V=04V V=0V - <-1.0 —100 pA
Output Sustaining Yesia Both lop=—120 mA, L. =3 mH 15 - — v
Voltage
Output Saturation Yoesn UDN-2985A Viy=24V, lgp=—-60 mA — 0.3 11 v
Yoltage Vig= 24V, [y =—120 mA - 0.9 1.2 v
UDN-2986A V=40V, (5= —60 mA — 0.8 11 v
Vin=40V fgy=—120 mA — 0.9 1.2 ¥
Input Current bivomy UDN-2985A V=24V ' - 90 225 WA
V=50V — 280 650 wh
UDN-2986A V=40V — 90 250 WA
Yu=15¥ — 450 1150 WA
| norn Both V=04V — 10 15 pA
Supply Current I Both V=30V, V=24V - 10 15 mA
{outputs open)
Clamo Diode Iy Both V, =30V T,=70°C - <1.0 50 ph
Leakape Current
Clamp Diode Ve Both le=120 mA - 11 2.0 v
Forward Voitage
Turn-On Delay' ton Both - 0.5 1.0 s
Turn-0ff Delay Lo Both - 5.0 10 s

NOTE: Negative current is defined as caming out of (sourcing) the specified devize pin.

COMMON-CATHODE LED DRIVER
TO OTHER DIGITS

UDN-2985A UDN-2597A 45V

SEGMENT
SELECT

4.{:\4

i.F_ULTJLi

ER
[ 10]
i

DIGIT
SELECT

Dwg, No. DS-1014 4

3—70

"
4



UDN-2987A
8-CHANNEL SOURCE DRIVER

W

UDN-2987A
8-CHANNEL SOURCE DRIVER

With Over-Current Protection

FEATURES

@ 350 mA Cutput Source Current

e Over-Current Protected

® Internal Ground Clamp Diodes

o Qutput Breakdown Veltage 35V, Minimum
» TTL, DTL, PMOS, or CMOS Compatible Inputs
& [nternal Thermal Shutdown

Providing over-current protection for each of its eight
sourcing outputs, the UDN-2987A driver is used as
an interface between standard low-level logic and
relays, motors, solenoids, LEDs and incandescent
lamps. The device includes thermal shutdown and out-
put transient protection/clamp diodes for use with sus-
taining voltages to 35 V.

In this driver, each channel includes a latch to turn
OFF that channel if the maximum channel current is
exceeded. All channels are disabled if the thermal
shutdown is activated. A common FAULT output is
used to indicate either chip thermal shutdown or any
over-current condition. All outputs are enabled by
pulling the common OE/R input high. When oE/R is
low, all outputs are inhibited and the eight latches
are reset. The UDN-2987A is supplied in a 20-lead
dual in-line plastic package.

Under normal operating conditions each of eight
outputs will source in excess of 100 mA continu-
ously at an ambient temperature of 25°C and a sup-
ply of 35 V. The over-current fault circuit will
protect the device from short-circuits to ground with
supply voltages of upto 35 V.

3—71

Dwag. No. A-13 285

The inputs are compatible with 5 V and 12 V logic
systems—TTL, Schottky TTL, DTL, PMOS, and
CMOS. In all cases, the output is switched oN by an
active high input level.

ABSOLUTE MAXIMUM RATINGS

atT, = +25°C
Driver Supply Voltage, Vg. .. ... .o 35V
Output Sustaining Voltage, Yoeeys -« o v oo v vvvvoron- 35V
Continuous Output Curent, lgyr ... ..o oo oot — 500 mA*
FauLT Qutput Voltage, Ve .. oo 0¥
sauly Quiput Currant, bp. ..o 30 mA
Input Yoltage, Vix - oo oo 15V
Package Power Dissipation, Pp. .. ..........t See Graph
Operating Temperature Range, T,. .. ... .. —20°C o +85°C
Sterage Temperature Range, Tg . ..... ... —55°C 1o + 150°C

*Qutputs are disabled at approximately — 500 mA per driver.



UDN-2987A
8-CHANNEL SOURCE DRIVER
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ALLOWAELE POWER DISSIPATION
A5 A FUNCTION OF AMBIENT TEMPERATURE
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UDN-2987A
8-CHANNEL SOURCE DRIVER

m
ELECTRICAL CHARACTERISTICS of T, = 25°C, V,, = 2.4V, V; = 35 V-unless otherwise noted.

Limits

Characteristic Symbol Test Conditions Min. Tyn. Max. Units
Functional Supply Range Vs 7.0 — 35 ¥y
Ouiput Leakage Current g Y = 04V* — <=5 —200 o
Qutput Sustaining Voltage Vorsus: loy; = —350mA L= 20mH 35 — — ¥
Qutput Saturation Yoltage Yoursan Viy = 24V, lgr = =100 mA —_ 16 1.3 ¥
V=24V, Iy = —225mA — 1.7 19 ¥
Vg = 2.4V, lgr = —350 mA — 1.8 2.0 ¥

Channel Shutdown Threshold " V= 24Y =400 —500 — mA
FAULT Leakage Current Loy Yoo = 35V — <10 100 LA
FAULT Saturation Voltage Versn l. = 30 mA — 0.3 0.8 v
input Voltage Vi 2.4 — — Y
mem — — 04 v

Input Current Inoms Vi = 24V — 125 170 WA
Yy, =50V — 840 1020 A

Vie =12V — 1500 1800 judh

o, V=04V — — 15 pA

Ciamp Diode Leakage Current ke Ve =35V, 7, = 70°C — — 50 pd
Clamp Dioge Forward Voltage Ve I = 350 mA — 1.5 1.8 ¥
Supply Curreni lsion Vi = 2.4Y*, Qutputs Open — 13 18 mA
ls rormy Vi = 0.4V — 8.0 12 mA

Thermal Shutdown T, : — 165 — °C
Thermal Hystaresis T, — 15 — °C
Propagation Delay Time o R, = 100Q — 0.3 0.6 1.8
tout R, = 1000 — 2.0 4.0 s

Dead Time t, — 1.0 — LS

*All inputs simultaneously.



UDN-2987A
8-CHANNEL SOURCE DRIVER

ALLOWABLE OUTPUT CURRENT
AS A FUNCTION OF DUTY CYCLE
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UDN-2987A
8-CHANNEL SOURCE DRIVER
e ————

APPLICATIONS INFORMATION
AND CIRCUIT DESCRIPTION

As with all power integrated circuits, the UDN-2987A has a maximum
allowable output current rating. The 500 mA rating does not imply that
operation at that value is permitted or even obtainable. The channel cutput
current trip point is specified as — 400 mA, minimum; therefore, attempted
operation at current levels greater than —400 mA may cause a fault
indication and channel shutdown. The device is tested at a maximum of
— 350 mA and that is the recommended maximum output current per
driver. It provides protection for current overloads or shorted loads up to
33V,

All outputs are enabled by pulling the 0&/& input high. When oe/R is low
or allowed to float (internal pull-down}, all outputs are inhibited and the
latches are reset. The latches are also reset during power-up, regardless of
the state of the OE/R input.

The load current causes a small voltage drop across the internal low-
value sense resistor. This voltage is compared to the voltage drop across a
reference resistor with a constant current. The two resistors are matched
to eliminate errors due to manufacturing tolerances ortemperature effects.
Each channe! includes a comparator and its own latch. An over-current
fanlt (Vggnse, = Vier) will set the affected latch and shut down only that
channel. All other channels will continue to operate normally. The latch
includes a 1 ps delay (t,) to prevent unwanted triggering due to crossover
currents generated when switching inductive loads. For an abrupt short
circuit, the delay and output switching times will allow a brief, permissable
current in excess of the irip current before the output driver is turned oFF.

A common thermal shutdown disables all outputs if the chip tempera-
ture exceeds + 165°C. At thermal shutdown, all latches are reset. The out-
puts are disabled until the chip cools down to about + 150°C (thermal
hysteresis).

A common open-collector FAULT output is used to indicate any channel
aver-current condition or chip thermal shutdown.
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UDN-2987A
3-CHANNEL SOURCE DRIVERS

OVER-CURRENT FAULT SENSE
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OUTPUT CURRENT WAVESHAPES
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UDN-2993B
DUAL H-BRIDGE MOTOR DRIVER

UDN-2993B
DUAL H-BRIDGE MOTOR DRIVER

FEATURES

® =500 mA Qutput Current

& Quiput Voltage to 40 V

* Crossover Current Protection

o TTL/NMOS/CMOS Compatible (nputs

® Low [nput Current

o |nternal Clamp Diodes

@ Plastic DIF With Heat-Sink Tabs
{Machine Insertable)

BRUSHLESS D-C or bipolar stepper motors to

40V and 500 mA per phase are economically
driven with the Type UDN-2993B dual H-bridge
driver. Each of the pair of full-bridge drivers has
separate input level shifting, internal iogic, source
and sink drivers in an H-bridge configuration, and
internal clamp diodes.

The device provides an internally-generated dead-
time to prevent crossover currents during changes
in load-current phase. Monolithic, space-saving
construction offers reliability unobtainable with dis-
crete components.

Except for supply voltages, the two H-bridges are
independent. The ENABLE function is provided for
each bridge to allow pulse-width {chopper) modula-
lion with the use of external comparators. The chop-
per-drive mode is characterized by low power-
dissipation levels and maximum efficiency.

A PHASE input to each bridge determines load-
current direction. In addition, the emitters from
gach bridge are externally available to allow the ad-
dition of current-sensing circuitry.

The Type UDN-2993B integrated circuit is sup-
plied in a 16-pin dual in-line plastic package with a
copper lead frame for optimum power dissipation
without a heat sink. The lead configuration allows
automatic insertion, fits a standard integrated cir-
cuitsocket orprinted wiring board layout, and enables

ENABLE 4 ENABLE g
PHASE A [3] 14] PHASE g
GROUND GROUND
GROUND GROUND
OUT 14 E OUT:g
OUTy, OUT2a
VEa | O | VEp

Dwg, Mo. A-12,45%

easy attachment of a heat sink for maximum power-
handling capability. The heat-sink tabs are at ground
potential and require no insulation.

A full-bridge bipolar driver with a current rating

of £3.5 A is supplied as Type UDN-2952B. It is de-
scribed in Sprague Engineering Bulletin 29319,

ABSOLUTE MAXIMUM RATINGS
ot Te = + 70°C

Load Supply Yoltage, Vas o oo oo oo oo 40V
Logic Supply Voltage, Yop ... .o 7.0V
Logic Input Voltage Range,

Vowase OF Vemgie o ovveev v

—03Vto¥y + 0.3V

Quiput Current, lggr oo +600 mA
Sink Driver Emitter Voltage, Voo L5V
Package Power Dissipation, P,. ............ ... See Graph
Operating Temperature Range, T, —20°C to +85°C
Storage Temperature Range, Ty ... ... ... —55°C to -+ 130°C

NOTE: Output current rating may be limited by
chopping frequency, ambient temperalure, air flow,
and heat sinking. Under any set of conditions, do
ot exceed the specified maximum current and a
Junction temperature of + 150°C.



UDN-2993B

DUAL H-BRIDGE MOTOR DRIVER

ALLOWABLE PACKAGE POWER DISSIPATION, P, IN WATTS

8

¥}

FUNCTIONAL BLOCK DIAGRAM
(ONE OF TWO DRIVERS)

Voo OVee
ENABLE
. HCE
ouTz (O—o
ol
PHASE nT-: 'y ,I—{ETEI
GROUND

ALLOWABLE POWER DISSIPATION
AS A FUNCTION OF AMBIENT TEMPERATURE

\

\

25

50 3 100 125 130
TEMPERATURE 1N °C

Dwg. No. A-11,783A

Dwg. No. A-1Z.847

To maintain isolation between integrated
circuit components and to provide for normal
transistor operation, the ground tab must be
connected to the most negative point in the

external circuit.

TRUTH TABLE
Enable Phase
Input Input Qutput 1 Qutput 2
High High Low High
High Low High Low
Low High Low (Open
Low Low Open Low




UDN-29938
DUAL H-BRIDGE MOTOR DRIVER

ELECTRICAL CHARACTERISTICS ai T, = +25°C, Vi = 40V, Vp,, = 5V, V. = OV, Ty = +70°C
Figure 1 (unless otherwise noted)

Limits
Characteristic Symbal Test Conditions Min. Typ. Mar. | Units
Dutput Drivers
Operating Voltage Range Vea 10 —_ 40 ¥
Output Leakage Current loex Vewa: = 0.8V, Your = Vi, Note 2 — <1.0 10 LA
Ve = 0.8V, Vor = 0V, Note 2 — <-10 -10 uh
Output Saturation Yoltaga Vasrem Veee = 24V, fgyr = 500 mA — 1.6 18
Vous: = 24V, lgy = =300 mA — 16 2.0 )

Qutput Sustaining Voltage Ve lor = =500 mA, Figure 2, Note 2 40 50 — ¥
Wotor Supply Current lasion Vouse = 2.4V, Qutputs Open, Note 2 — 1.0 3.0 mA

lea o, Yo = 0.8V, Outputs Open, Note 2 — <10 10 pA
Source Driver Rise Time t, loor = — 500 mA, Vgs = 30V — 75 — ns
Source Driver Fall Time t lour = — 500 mA, Vg = 30V — 280 — ns
Deadtime i logr = =500 mA, Ve = 30V —_ 15 — WS
Clamp Diode Forward Voltage ¥: lr = 500 mA ’ —_ 16 1.3 ¥
Control Logic {PHASE or ENABLE}
Logic Input Current e Vousse OF Vayaorr = 2.4 ¥ — <10 10 pA

o Vownse OF Ve = 08V — —~200  —300 phA
Logic Inpuf Veltage Yo 24 — — ¥

Y — — 0.8 y
Logic Supply Current leq — 14 20 mA
Turn-0n Delay Time Lo ENABLE Input to Source Drivers — 250 — ns
Turn-0ff Delay Time o ENABLE Input to Source Drivers — 500 — ns

MOTES: 1. Each driver is tested separately.
2. Test is performed with Vi == 0.8V and then repeated for Vyyg: = 2.4 V.
3. Wegative current is defined as coming out of {sourcing) the specified device pin.

VENABLE I_"m

=

lour

Lwg. No. A-12,448
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UDN-2993B
DUAL H-BRIDGE MOTOR

DRIVER

TEST FIGURES

j }VDD=5V QVBB= 40V
ENABLE
I: [ | _H
o lout
QUTY CUT2
| l
PHASE % 4 1T —
O] >t i RS
h 4
Yy
GROUND X
i 77 EBVE Dwg. No. R-12.449
FIGURE 1
Vop=53V OVBB=4OV
248V g
0.8Y
ENABLE
Lad
e |
[ | [ :l j
Ll 2mH ™
b e AN pmmad YT ™)
PHOASE‘ >: ¢ ,,[, " TURN-ON
DELAY
GROUND %
g nLr EEVE owg. No. A-12,450
FIGURE 2
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UDN-2993B
DUAL H-BRIDGE MOTOR DRIVER

TYPICAL APPLICATION

2-PHASE BIPOLAR STEPPER MOTOR DRIVE
' (Chopper Mode)

+5V +36V +5V
)

I 041
1K 568 Dwg. No. A«12,453

+ 2V

INPUT A J
v

+ 8V
INPUT B

-

o

Dwg. Mo, A-12,484



SERIES UDN-3610M

DUAL PERIPHERAL/POWER DRIVERS

SERIES UDN-3610M

DUAL 2-INPUT PERIPHERAL/POWER DRIVERS

FEATURES

* Four Logic Types

& [TLTTLPMOS/CMOS Compatible Inputs

® Low Input Current

® 300 mA Continuous Output Current

® Standoff Yoltage of 80V

® Pin-for-Pin Replacement for Series LM3G00N

o Pin-for-Pin Replacement for SN75451BP through SN75454BP
and 75461 through 75464

Description

HESE MINI-DIP dual 2-input peripheral power drivers are bipolar mon-

olithic integrated circuits with AND, NAND, OR, or NOR logic gates

and high-current switching transistors on the same chip. The two output

transistors are capable of simultaneously sinking 300 mA continuously at

ambient temperatures of up to +70°C. In the OFF state, these drivers will
withstand at least 30 V.,

Applications

Series UDN-3600M dual drivers are ideally suited for interface between
low-level or high-level logic and high-current/high-veltage loads. Typical
applications include driving peripheral loads such as incandescent lamps,
light-emitting diodes, memories, heaters, and other non-inductive loads of
up to 600 mA (both drivers in parallel).

With appropriate external-diode transient-suppression, Series UDN-
3600M drivers can also be used with inductive loads such as relays, sole-
noids, and stepping motors.

ABSOLUTE MAXIMUM RATINGS

Supply Voltage, Voo - .. ..o oe 7.0V
Input Voltage, Yy ... ..o e e e e 0V
Qutput Off-State Vultage, Yo - .- oo oo gov
Qutput On-State Sink Current, gy . ... ... 600 mA
Power Dissipation, Py .. oo e i i i e LW

Each Driver .. ... e e 0.8W

Derating Factor Above T, = 25°C .........., P 12.5 mW/°C or 80°C/W
Operating Free-Air Temperature Range, T, ... ...... oot veeins —20°C to +-85°C
Storage Temperature Range, Ty ....... ... iiiinnnt. —55°C t¢ +150°C



RECOMMENDED OPERATING CONDITIONS

SERIES UDN-3610M
DUAL PERIPHERAL/POWER DRIVERS

0

Min. Nom. Max. Units
Supply Voltage (Veo) 475 5.0 5,25 v
Operating Temperature Range U +25 +85 50
Current into any outpui (ON state) 300 mA
INPUT PULSE CHARACTERISTICS
Vintey = OV = 708 tp = lus
Vinl1) = 3.5V t = ldns PRR = H00kKZ
ELECTRICAL CHARACTERISTICS over operating temiperature range (unless otherwise noted)
Test Conditians Limits
Driven Other
Characteristic Symbal | Temp. Vee Input Input Min. Typ. Max. Units Notes
417 [nput Voltage |} Vinny MIN 2.0 v
9" Input Voltage Vinto) MIN 0.8 v
"0 Input Current | linla) MAX 04V oV -50 -100 uhA 2
“1" Input Current liat1} MAX LiIRY oV 10 wh 2
Input Clamp Voliage | V| MIN =12 mA —15 v
SWITEHING CHARACTERISTICS at V;, = 5.8V, T, = 25°C
Limits
Characteristic Symbal Test Canditions Min. Typ. Max. Units Motes
Turn-on Delay Time todo. ¥g = 70V, R, = 4851 (10 Watts) 200 500 ns 3
CL=15pF
Turn-off Delay Time todi Vg = 70V, R = 465 ¢ (10 Watts) 300 750 ns 3
C'L =15 DF
NOTES:

1. Typical values are at Yoo = 5.0V, Ta = 23°C.
Each input tested separately.

2,
3. Voltege values shown in the test circuit waveforms are with respect o network ground terminal.
4, Capacitance values specified include prabe and test fixture capacitance.



SERIES UDN-3610M
DUAL PERIPHERAL/POWER DRIVERS

Type UDN-3611M Dual AND Driver

ELECTRICAL CHARACTERISTICS over operating temperature range (unless otherwise noted)

Test Conditions Limits
Driven]  Other )
Characteristic Symbel | Temp. Yee input Input |  Output Min.  Typ.  Max. § Units | Notes
“1" Cutput Reverse Current lost MIN 20V 20V 8oV 100 uh
QPEN] 2.0V 20V ] 80V 100 wh
"0 Quipui Yoltage Ven MIN 08y Vee 100 mA 0.25 0.4 v
MIN D3y Veo 300 mA 0.5 0.7 v
1" Level Supply Current leeiy NOM MAX 50V 5.0V 8.0 12 mA 1,2
“0" Level Supply Current Tecio) NOW WAX v Y L) 79 mA 1.2

13pF tedl

IND'E 3) | == =Nt
= 3 = = = LOAD QUTPUT %50‘% 0% *
Lo ClReu Yout(0)

M0, HD. A-TEFEZ

Type UDN-3612M Dual NAND Driver

ELECTRICAL CHARACTERISTICS over operating temperature range (unless otherwise noted)

W0, Ho. A-TEZBT

Test Conditions Limits
Driven | Other
Characleristic Symbol | Temp. Vee Input Input | Output Min.  Typ.  Max. | Units | Notes
1" Output Reverse Current lott MIN 08v Vee v 100 uh
OFEN | 08V Vee B0V 100 T,
“0’" Output Voltage Von MIN 20V 20V 100 mA 025 04 v
MIN 2.0V 20V | 300mA 0.5 0.7 v
“1" Level Supply Current lecpny | NOM MAX | OV av 12 14 A 1,2
T Level Supply Current lectoy NOM WMAX 50V 2V a0 53 mA, 1,2

oUT-
INPUT 2.8v Veessy PUT Vs

. - Vin('l]
3
t R |
| ] "
| | in{0)
I |
! |
PULSE |
GENERATCR | ! Voutl1)
| TSR |
\ I(Num 3
| I
= = = = L = LOAD i —— - = == = ¥ouH0) GG, WO, +-9793
| CIRCRIT ! DWG. k. R-7800M
[ |

DWE. Ho. A-DGRR

NOTES:

1. Typical values are at Vee = 5.0V, T4 = 25°C.
2. Per package,
3. Capacitance values specified include probe 2nd test fixture capaciiance,
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SERIES UDN-3610M
DUAL PERIPHERAL/POWER DRIVERS
.

Type UDN-3613M Dual OR Driver
ELECTRICAL CHARACTERISTICS over operating temperature range (unless otherwise noted)

Test Conditions Limits
i Driven | Other
Characteristic Symbol | Temp. Vee Input Input 1 Output Min. Typ. Max. | Units | Notes
#1" Quiput Reverse Current lofs MIN 20V | ov 0V 100 .y
OPEN | 2.0V i ElilkY 100 .y
“0" Qutput Voltage Von MIN [ 08 Y 00 mA 025 04 v
MIN 0.8V 08V 300 mA 0.5 0.7 v
“1" Level Supply Current leeiny NOM MAX | 50V 50V 8.0 13 mA 1,2
“0" Level Supply Gurrent legioy NOM MAX v 0V 38 50 mA 1,2
our- -
INPUT  veessy PUT W - —f p—
? : ST s Ving
ry=-=-"1 !
i Re I L
PULSE I b Yingo)
GENERATOR ! ! . P |
' ' I tod : { : — tpdD .
: 150F | I [ VN
I |iNete 3) : ! i ouK{l)
L L1 L L : L Loap : CUTRUT 509 50%
L CIRCUIT | Your(0) W5, ND. MO79%

DHG. No. A7628€
Wo, ND. A-7E77E <

Type UDN-3614M Dual NOR Driver

ELECTRIGAL CHARACTERISTICS over operating temperature range (unless otherwise noted)

Test Conditions Limits
Driven | Other )
Gharacteristic Symbol | Temp. Vee {nput - | Input | Output Min.  Typ.  Max. Units | Motes
1" Qutput Reverse Current lott MIN 0RY 0.8V v 100 A
OPEN | 08Y 0.8V v 100 pA
“0" Qutput Yoltage Yon MIN 2.0V oV 100 mA 025 04 v
’ MIN 20V v 300 mA 0.5 0.7 ¥
“1" Level Supply Current leem NOM MAX ov v 12 15 mA 12
0" Level Supply Current leeto NOM Max LY 50V a0 50 mA iz
cuf-
INPUT  WegsSY PUT vg
a
rs===-=-7-1
ST
PULSE ! !
GENERATOR ! |
! I
1
son | o 15eF :
| (Note 3) 1
= == = = : = LOAD :
I clrcuT
beme—— 4

UWG, HE, A-F3004
DNG. MO, B-9842

NOTES:

1. Typical valves are at Yeo = 5.0V, Ta = 25°C.
2. Per package.

3. Capacitance values specified include probe and test fixture capatitance,
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SERIES UDN-5700A
QUAD PERIPHERAL/POWER DRIVERS

SERIES UDN-5700A
QUAD 2-INPUT PERIPHERAL/POWER DRIVERS
—Transient-Protected Outputs

FEATURES:

® Four Logic Types

e DIL/TIL/PMOS/CMOS Compatible Inputs
e Low Input Current

& 300 mA Continuous Qutput Current

® Standoff Voltage of 80 V

Description
HESE 16-LEAD QUAD 2-input peripheral and power drivers are bipolar
monolithic integrated circuits containing AND, NAND, OR, or NOR
logic gates, high-current switching transistors, and transient-suppression
diodes on the same chip. The four output transistors are capable of simul-
taneously sinking 300 mA continuously at ambient temperatures of up to
+70°C, In the OFF state, these drivers will withstand at least 80 V.

Applications

Series UDN-5700A quad drivers are ideally suited for interface between
low-level or high-level logic and high-current/high-voltage loads. Typical
applications include driving peripheral 1oads such as incandescent lamps,
light-emitting diodes, memories, and heaters.

The integral transient-suppression diodes allow their use with inductive
loads such as relays, solenoids, or stepping motors without the need of
discrete diodes. For non-inductive loads, the diode-common bus can be
used for a convenient lamp test.

ABSOLUTE MAXIMUM RATINGS

Supply Voltage, Voo .- oo e 10V
Input Voltage, Viy - o oce e 0V
Qutput Off-State Voltage, Vorr -« - oo oo gov
Qutput On-State Sink Current, Iy, . .......... e 600 mA
Suppression Diode Off-State Voltage, Vo .. .. ... .o oo ool B0V
Suppression Diode On-State Current, lpy . ..ot 600 mA
Power Dissipation, Py .. ... i 20W

T T 11 0.8W

Derating Factor Above 25°C .. .. ... ovvn i e 16.7 mW/°C or 60°C/W
Operating Free-Air Temperature Range, Tp . ... .o oo —20°C to +85°C
Storage Temperature Range, Ts . ... o oo -55°C 10 +150°C
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SERIES UDN-5700A
QUAD PERIPHERAL/POWER DRIVERS

m

RECOMMENDED OPERATING CONPDITIONS

Min. Nom. . Max, Units
Supply Voltage (Vce): 4.75 5.0 5.25 V
Operating Temperature Range 0 425 +85 °C
Current inta any output (ON state) 300 mA

INPUT PULSE CHARACTERISTICS
Yinio) = OV = Tns te = lus
Vinl1y = 3.5V t, = 1dns PRR = 500kHz

ELECTRICAL CHARACTERISTICS over operating temperature range (unfess otherwise noted)

Test Conditions Limits
Chriven Other
~ Characteristic Symbol Temp. Vee Input Input COutput Min. Typ. Max. Units Notes
“1" Input Voltage Vialn) MIN 2.0 1%
0" Input Voltage Vinto) MIN 0.8 v
“0" Input Current | linoy MAX 04V 0V -50 ~100 wh 2
“1" Input Currant | Iy MAX LAY ov 10 A 2
Input Clamp Voltage | ¥ MIN | =12 mA w15 v
SWITCHING CHARACTERISTIES at Vg, = 5.0V, T, = 25°C
Limits
Characteristic Symbaol Test Conditions Min. Typ. Maz, Units Notes
Turn-on Delay Time tedo Vs = 70V, R = 4650 (10 Watts) 200 500 ns 3
C,=15pF .
Turn-off Delay Time tpdl Vs = 70V, Ry = 465 2 (10 Watts) 300 750 ns 3
CL=15pF
NOTES:

L. Typical values are at Ve = 5.0V, T4 = 25°C.
2. Each input tested separately,

3. Voltage values shown in the test circuit waveforms are with.respect to netwark ground terminal.
4. Capacitanca values specified include probe and test fixture capacitance,



SERI

ES UDN-5700A

QUAD PERIPHERAL/POWER DRIVERS

R

Type UDN-5703A Quad OR Driver
ELECTRICAL CHARACTERISTICS over operating temperature range {(unless otherwise noted)

Test Conditions Limits
i Driven | Other ]
Characteristic Symbol | Temp. Voo Input Input | Output Min.  Typ. Max, | Units Notes
1" Quiput Reverse Current lott MIN 20V oV Qv 100 uh
OPEN | 20V oy 80V 100 #A
“0"' Quiput Voltage Von MIN 08V 0.3v| 130mA 0.35 0.5 '}
MIN 03y 0.5V | 300mA 0.5 0.7 v
Diode Lezkage Current hk NOM NOM ov oV OPEN 200 L 3
Diode Forward Voltage Drop | Vo NOM NOM Vee Vee L5 1.75 v 4
11" | evel Stpply Current fect) NOM MAX 5.0V 50V 15 25 mA L2
0" Level Supply Current Tccto} NOM MAX ov by 72 100 mA 1,2
NPT Yogssv OPEN OUTRUT Vg 1 s
Q
Y 2 15
L
PULSE [ 2 1t
GENERATOR 1 : i == P 5
i
) 1 ' 5 12
3 | IJ:@:;E b - = == ~Vaurth
= = = = — 'L 1 ouTPuT 0% 505 & 11
B = = = | Tieap v | |
L CRCUT | w0 [0
Teo, 10, 421236 Dd. e A-7eze0 ER ]

DWD, BJ, An3HES

Type UDN-5706A Quad AND Driver
ELECTRICAL CHARACTERISTICS over operating temperature range (uniess otherwise noted)

5§

Test Conditiors Limits
Driven | Other
Characteristic Symbol | Temp. | Vec input input | Qutput Min,  Typ. Max. | Units Notes
“1"" Qutput Reverse Gurrent | lot MIN 20V 20V | BOV 100 wh
OPEN | 20V 2.0V 80V 100 .
“0" Qutput Voitage Yon MiIN 0.8Yv Vee 150 mA 0.35 05 v
MiN [EX Vee 300 mA 0.5 0.7 v
Diode Leakage Current hk NOM NOM v bV OPEN 200 wh 3
Diode Forward Voltage Drop Vo NOM NOM Vec Veo 15 L.75 v 4
"1 Level Supply Current leciy NOM MAX 50V 50V 16 24 mA 1,2
“0'" Level Supply Current lecios NOM MAX ov oV 70 9 mA 1,2
INWT 247 VeCesv gppne gur= Vs
o 0 o
I
| Rl ]
| :
H 1
BULSE I 1
1
| o 15pF :
: {Mata 8 ) H == = ==Youi(l)
= = = = = Loup H SuTPUT ?tsms 0% \
| GiReliT ¢ Vou®)
Owth. wd. A=787BA DWE. Mo AaTEIEC
NOTES:
1. Typical values are at Vee = 5.0V, To = 25°C, ol Ho, AeDESE

2
3,
4
5

Per package.

Diode leakage curvent measured at Vg = Vossminl

Diode forward voltage drop measured at Iy = 300 mA.

Capacitance values specified include probe and test fixture capacitance,
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SERIES UDN-5700A

QUAD PERIPHERAL/POWER DRIVERS

e~ "

Type UDN-5707A Quad NAND Driver
ELECTRICAL CHARACTERISTICS over operating temperature range (unless otherwise noted)

Test Conditions Limits
Driven { Other
Characteristic Symbol | Temp. Veo Input Input |  Output Min.  Typ. Max.| Units | Notes
“1" Qutput Reverse Gurrant late MIN 0RY Vee 0V 100 .
OPEN 0.8y Vee 80V 100 A
“9' Dutput Voltage Yan MIN 20V 20V | 150 mA 035 05 v
MIN 20V 20V ] 30CmA 0.5 0,7 v
Diode Leakage Current IS NOM NOM Vee Vee OPEN 200 A 3
Diode Forward Voltage Drop Vb NOM NOM oV oy 15 175 v 4
“1°" Level Supply Current leci) NOM MAX av oV 24 30 mA 1,2
'0" Level Supply Current lecloy NOM MAX 50V 50V 80 108 mA 1,2
INPUT 2.4V ;cc:sv OUTTZ Vg
P4 ! T Yirt2)
! 1 INPUT | |
: Fsow s
PULSE : . onofy, — 10% Vinga)
GEMERATOR H ! ! |
= : tedd I ]
| et 3 1 ! | Vaur1)
= = = = L= oAb 1 oureur o s
I CIRCUIT |
..... d === == = Vo))

DWi. HO. A-7EOSA

OWG. HD. A=-79004

Driver

Type UDN-5733A Quad NOR

ELECTRICAL CHARACTERISTICS over cperating temperature range {unless nt_.herwise noted)

WG, ND. A-OBE?

Test Conditions Limits
Driven | Other
Characteristic Symbol Temp. Veo InEui Input | Qutput Min.  Typ. Max. | Units Notes
1" Qutput Reverse Current lest MIN 0.8V 08V | BV 100 A
OPEN 08V pavy sv 100 .
0" Qutput Voltage Van MIN 20V oV 150 mA 035 05 v
MIN 20V oV 300 mA [ 0.7 v
iiode L eakage Current Ik NCM NOM Veo Vee OPEN 200 uh 3
Dicde Forward Voltage Drop Vo NOM NOM [ DY 1.5 1.75 v 4
41" Level Supply Current leeiry NOM MAX v oy 24 30 mA 1,2
“0”" Level Sepply Current Iccio NOM MAX 50V 50V 80 100 mA 1,2
INPUT Vocssy  OPEN OQUTRIT Vg

, Clkewrt L

OWH. WO A-D135A

NOTES:

ONB. HO. As78004

1. Typical values are at Ve = 5.0V, Ty = 25°C.

2, Per package.

3. Dinde leakage current measured at Vi = Vottimin).

4. Diode forward veltage drop measured at l¢ = 300 mA,

5. Capacitance values specified include probe and lest fixture capacitance.

3—89
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SERIES UDN-5710M
DUAL PERIPHERAL/POWER DRIVERS

SERIES UDN-5710M
DUAL PERIPHERAL/POWER DRIVERS

—Transient Protected Outputs

FEATURES

® Four Logic Types

o DTL/TTL/PMOS/CMOS Compatible Inputs
& Low Input Current

e 300 mA Continuous Qutput Current

e Standoff Voltage of 80 V

Description

THESE MINI-DIP dual peripheral and power drivers are bipolar mono-
lithic integrated circuits incorporating AND, NAND, OR, or NOR
logic gates, high-current switching transistors, and transient-suppression
diodes on the same chip. The two output transistors are capable of simul-
tanzously sinking 300 mA continuously at ambient temperatures of up to
+70°C. In the OFF state, these drivers will withstand at least 80'V.

Applications

Series UDN-5700M dual drivers are ideally suited for interface between
low-level or high-level logic and high-current/high-voltage loads. Typical
applications include driving peripheral loads such as incandescent lamps,

light-emitting diodes, memories, and heaters with a load cuirent of up to
600 mA.

The integral transientsuppression diodes allow the use of these drivers
with inductive loads such as relays, solenoids, or stepping motors without
the need for discrete diodes. When not required for transient suppression,
the diode-common bus can be used for the *‘lamp test’’ function.

ABSOLUTE MAXIMUM RATINGS

SUPPIYVOIREER, Voo oo ot 7.0V
IpUtVolagE, Vi o oo e e 30V
Qutput Off-State Voifage, Vor - - o oo oo ee e LURY
Qutput On-State Sink Gurrent, lgy . ... oo oo 600 mA
Suppression Diode Off-State Voltage, Ve - ... oo IRY
Suppressicn Diode On-State Current, lpy ... oo 600 mA
Power Dissipation at T, = +25°C,P, ... .. TP 1AW

B DEIVBr vttt e e DAW

Derating Factor ... ...t 12.5 mW/°C cr 80°C/W
Operating Free-Air Temperature Range, T, .. ... oo on —20°C to +85°C
Storage Temperature Range, Ts .o oo oo —55°C 1o + 150°C



SERIES UDN-5710M
DUAL PERIPHERAL/POWER DRIVERS

m

RECOMMENDED OPERATING CONDITIONS

Min. Nom, Max. Units
Supply Voitage Veo): 4.75 50 525 y
Operating Temperature Range 0 +75 185 °C
Current into any output (ON state) 300 mA

INPUT PULSE CHARACTERISTICS

Vintg, = OV ls= 7ns tp = Ips
Vinity = 3.5V tr = l4ns PRR = 500kHz

ELECTRICAL CHARACTERISTICS over operating temperature range {(unless otherwise noted)

Test Cond'tions Limits
L Driven | OQther
Characteristic Symbol | Temp.| Ve input Input | Output | Min.  Typ.  Max. | Units Notes
“1'" Input Voltage Vinl1} MIN 20 V
0" Input Voltage Vin(o) MIN 038 v
“0" Input Current at all Inputs
except Strobe {inf0} MAX Ay 0y -5 -100 uh 2
“0" Input Current at Strobe linto) MAX | 04V oV —100 —200 Hh
1" Input Current at all Inputs
except Strobe lint1) MAX oV ov 10 uh 2
“1" Input Current at Strobe lint1y Max | 30v v 20 uA
input Clamp Voltage V| MIN =12 mA =15 v

SWITCHING CHARACTERISTICS at Vi = 5.0V, T, = 25°C

Limits
Characteristic Symbol Test Canditions Min, Typ. Mas. Units Notes
Turn-on Delay Time tpdo (\:fs = 1750 vl-i Ry = 465 (10 Watls) 200 500 ns 3
L=13p
Tuin-off Delay Time lpd1 Vs = 70 ¥, Ry = 4650 {10 Watts) 300 750 ns 3
C,=15pF

NOTES;

1. Typical values are at Vee = 5.0V, Ta = 25°C.

2. Each input tested separately. ‘ .

3. Valtage values shown in the test circuit waveforms are with respect to network ground tarminal,
4. Capacitance values specified include probe and test fixture capatitance.



SERIES UDN-5710M
DUAL PERIPHERAL/POWER DRIVERS

[T

Type UDN-5711M Dual AND Driver
ELECTRICAL CHARACTERISTICS over operating temperature range (unless otherwise noted)

Test Conditions Limits
Driven | Other )
Characteristic Symhgi | Temp. Vee Input Input Output | Min.  Typ.  Max. | Units | Notes
“1" Qutput Revarse Current | Low MIN 20V 20V | BOV 100 wh
DPEN| 20V 20V a0y 100 i
' Qutput Voitage Ven MIN 8V Vee 150 mA 035 05 v
MIN 08v Vee 300 mA 0.5 0.7 v
Diode 1.eakage Current lik NOM NOM oV oy OPEN 200 wh 3
Diode Forward Voltage Drop Vb NOM NOM Vee Yce L5 1.7% ¥ 4
“1" Level Supply Current leetn) NOM MAX 50V 50V 8.0 12 mA 1,2
“0" Level Supply Current lceto) NOM MAX oV ov 35 49 mA 1,2
INPUT 2,4V Vocssv QT g
| S
Ry, I
I :
\ 1
PULSE I ]
GENERATCOR ; 1
| o 155F : | |
1 ]}Ncle 5 —_%——\—;:me{n
s 1 s ¢ QUTRUT 50% 50
= - = = § = LGAD |
W,
s ] o
DWGE. WO, A=TETAA OWa, Ne. &-TG2EC

Type UDN-5712M Dual NAND Driver
ELECTRICAL CHARACTERISTICS over operating temperature range (unless otherwise noted)

Test Conditions Limits
Driven { Other
Characteristic Symbol | Temp, Veg Input Input | Qutput Min. Typ. Max. | Umits | Notes
1" Dutput Reverse Current |t MIN 08V Vee anv 100 nh
OPEN | 08V Vee BV 100 uA
"o Output Voltage Von MIN 20V 20V 1 150 mA 03 03 v
MIN 2.0V 20V | W00mA 0.5 0.7 v
Diode Leakage Current hx NOM NOM Vee | Yec OPEN 200 A 3
Diode Forward Voltage Drop Vb NOM NOM oV oV 15 178 v [l
“1"" Level Supply Current leen) NOM MAX | OV [RY 12 15 mA 1,7
0" Level Supply Current leelo) NOM MAX | 50V 5.0V 40 53 mA 1,2

INFUT 2.4 YCTwHV gpeny OUTT: vy
g O l?

r==-=71

R

PULSE
GENERATOR

1

|

1

1

1

|

156F ‘i
(Note 5] )

i
1
1
t
|
i
]
)
1
]
P ; ouTRUT
| T LOAD )

1

CIRCUIT Jl ——— = —= = Ym0

WG, HD., A-55L3 DHG. HO. A-79004

NOTES:
1, Typical valuas are at Vee = 5.0V, Ta = 25°C.
2. Per pachage,
3. Diode |eakage current measured at Ve = Yostmin).
4. Diode forward voltage drop measured at Iy = 300 mA
5, Capacitance values specified include probe and test fixture capacitance,

3—82




SERIES UDN-5710M
DUAL PERIPHERAL/POWER DRIVERS
.

Type UDN-5713M Dual OR Driver
ELECTRICAL CHARACTERISTICS over aperating temperature range (unless otherwise noted)

Test Conditiens Limits
Driven | Other
Charscteristic Symbol | Temp. Vee Input Input | Qutput Min.  Typ.  Max. | Units | MNotes
“1" Quiput Reverse Current It MN 2oV v 8y 100 pA
OPEN| 20V ov S0V 100 pA
40" Qutput Voltage Von MIN 08Y 0.8Y 150 mA 0.35 0.5 v
MIN 08y 08V 300 mA 0.5 0.7 v
Diode Leakage Current Ik NOM NOM IRY ov OPEN 200 ulk 3
Diode Forward Voltage Drop Vo NOM NOM Veo Vee 1.5 1.75 v 4
“1" Level Supply Current leciny | NOM MAX | 5.0V 50V 80 13 mA 1,2
“0" Level Supply Current lecioy | NOM MAX | 0V ov 36 50 mA 1,2
INPUT Vec-sv  omen oummr Vs
[ < 7" (]
PSR |
PULSE 1 1
GENERATCR ' | . | l
1
: ] i : | : F— tpdl
Lo==5pF | | ) !
e LT | - ==Vt
= 4 = = = 1 =10ap ! OUTRUT 50% 50%
! ocrreuir
______ Vout (0}

Dwg. WO, A-D1234

Type UDN-5714M Dual NOR Driver
ELECTRICAL CHARACTERISTICS over operating temperature range (unless otherwise noted)

D¥d. Ho. A-TE230

Test Conditions Limits
Drivan §  Other
Characteristic Symbol | Temp. Vere Input input | Output Min.  Typ. Max.| Units | Notes
"“1" Qutput Reverse Current | log MIN 0.8V 08V | B0V 100 LA
OPEN | 0.8V 08v | B0V 100 uh
“0" Qutput Voltage VYon MIN 20V oy 150 mA 035 05 y
MIN 20V oy 300 mA 05 0.7 v
Diode Leakage Current Ik NOM NOM Veo Vee OPEN 200 uf 3
Dicde Forward Voltage Drop Vo NOM NOM oV oV 1.5 175 v 4
“1" Level Supply Current leerty NOM MAX ov oy 12 18 mA 1,2
0" Level Supply Current lecto) NOM MAX | 5.0V 50V 40 50 mA 1,2
INPUT Yecesy OPEN OQUTRUT  vg

1
I
Ry \
PLLSE !
GENERATOR .
' :
T
500 13pF ! v
-J‘-(Nmeﬁ): 4,
1
= = = = = [
wso N o ¥,
! circutt ! out) W K. A-BYER
Lol DG, MO, Ae7E004
DHU. Ho. a-Bpiga
NOTES:

1, Typical values are at Voo = 5.0V, To = 25°C.

2. Per package.

3. Diode |eakage current measured at Vg = Yostlmin).

4. Dinde forward voltage drop measured at [f = 200 mA.

5. Capecitance values specified include probe and test fixture capacitance,

3-—93



SERIES UDN-5720M, UDN-5740M, UDN-5750M
DUAL PERIPHERAL/POWER DRIVERS

SERIES UDN-5720M, UDN-5740M, UDN-5750M
DUAL PERIPHERAL/POWER DRIVERS

—Transient-Protected Outputs

FEATURES

o DTL/TTL/PMOS/CMOS Compatible

® Low Input Current

o Continuous Output Current to 700 mA
e 70V Qutput Standoff Voliage

& Low Supply-Current Requirement

ERIPHERAL AND POWER DRIVERS com-
bining dual logic gates, high-current saturated
output transistors, and transient-supression diodes
are the Series UDN-5720/40/50M. These monolithic
dual drivers surpass the interface requirements nor-
mally associated with standard logic buffers and are
ideally suited for interface between low-level logic
and high-current inductive loads. lnternal transient-
suppression diodes allow their use with loads such
as stepping motors, relays, or solenoids. Additional
(non-inductive)} applications include driving peniph-
eral loads such as light-ernitting diodes, memories,
heaters, and incandescent lamps with peak load cur-
rents of up to 700 mA. When not required for tran-
sient suppression, the diode common bus can be
used to perform the ““lamp test’’ function.

GROUND

Dwa. No. A-57908

UDN-5722/42/52M

The Series UDN-5720M output transistors are ca-
pable of simultaneously sinking 350 mA continu-
ously over the rated operating temperature range.
The Series UDN-5740M is capabie of sinking 600
mA continuously for a single output (57% duty cycle
for both outputs). The series UDN-3750M will sink
500 mA continuously for a single output (86% duty
cycle for both outputs). The outputs may be paral-
leled for higher load-current capability. In the OFF
state, the drivers will withstand at Jeast 70 V.

All devices in this series are supplied in a minia-
ture 8-pin dual-in-line plastic package with a copper
lead frame for superior package power dissipation
ratings.

ABSOLUTE MAXIMUM RATINGS

Supply Valtage, Vg (UDN-5240/50M) . ........
(UDN-5720M) . ... ... ...

Input Voltage Vs ... ...
Qutput Off-State Voltage, Vo .. .. ...t
Output On-State Sink Current, Ig, (UDN-5720/50M)
(UON-5740M)

Suppression Diode Dff-State Yoltage, Vo ... . ..
Suppression Diode On-State Current, lg, (UDN-5720/50M)
(UDN-5740M)

Allowable Package Power Cissipation, Py . ... ...
Operating Free-Air Temperature Range, T, ... . ..
Storage Temperature Range, Ty .............

*Derate at the rate of 12,5 mW/°C above T, = -+ 25°C

ri
i

........................... 700 mA
............................... 15w
...................... —~20°C to + 85°C
...................... ~55°C o + 150°C



RECOMMENDED OPERATING CONDITIONS

SERIES UDN-5720M, UDN-5740M, UDN-5750M
DUAL PERIPHERAL/POWER DRIVERS

Operating Cendition Min.  Nom. Max. | Units
Supply Voltage, Ve, (UDN-5720M) 475 — 124 v
{UDN-5740/50M 475 500 525 v
Output Current, oy (UDN-5720M) — — 350 | mA
{UDN-5740M) — — 600 ma
{UDN-5750M) — — 500 mA
(perating Temperature Range 0 +25 +85| °C

ALLOWABLE PACKAGE POWER DISSIPATION IN WATTS

r
e

ALLOWAEBLE AVERAGE PACKAGE
POWER DISSIPATION AS A
FUNCTION OF TEMPERATURE

h

N\

e,
1o %
.
S
'1 AY
05 N
A Y
“
*
“
Y
LY
“
0 25 50 75 100 128 150

AMBIENT TEMPERATURE IN °C

Dwg. Mo, A-13,220

SWITCHING CHARACTERISTICS at T, = +25°C, VY = 50V

Limits
Characteristic Symbol Test Canditions Min. Max. Units | Notes
Turn-0n Delay Time toao Vo= 30V,R =100{10W),C_ = 15pF — 500 ns 1,2
Turn-0ff Delay Time 11 Vs = 30V,R = 100 (10W), C. = 15 pf — 750 ns 1,2
Notes: 1. Capacitance value specified includes probe and test fixture capacitance.
2. Voitage values shown in test circuit waveforms are with respect to network ground.
Input-Pulse Characteristics
V|Nw)=DV tf“_:?l'ls tp= llJ;S
me = 35Y tr = ldns PRR = 500kHz

]

3—385



SERIES UDN-5720M, UDN-5740M, UDN-5750M
DUAL PERIPHERAL/POWER DRIVERS

Dwg. No. A-B781A

ELECTRICAL CHARACTERISTICS over recommended operating femperature range (unless otherwise noted)

Test Conditions Limits
Applicable Driven Other
Characteristic Symbol | Temp. Devices® Ve Input Input Qutput Min.  Typ. Max inits Notes
Qutput Reverse Lo — All 4.75 204 2.0V 70V — — 100 A —
Current Open 20V [ 20¥ V] — — 100 | uh | —
Qutput Yoltage Yorsin — 5721 4.75 0.8Y 475V 200mA | — 0.4 0.6 y —
5741/51 4.75 0.8y 475Y 300 mA — 0.3 0.6 ¥ —
5721 4.75 0.8Y 475V 350 mA — 0.6 0.8 y —
5751 4.75 0.8y 475Y 500 mA — 0.5 0.8 ¥ —
5741 4.75 2.0V 475¥ 600 mA — 0.7 1.0 y —
Input ¥oltage Yo — Al 4.75 — — — 20 — — ¥ —
L — All 475 — — — — — 0.8 ¥ —_
Input Current [ — All Max. 04y 0¥ — — =50 =10 ph 1,2
Ly — All Max, 30V 0y — — 5.0 10 pA 1,2
Strobe Input [ — Al Max. 34V 30V — — =10 -20 WA Z
Current bt — Al Ma. 30V 0V — — 10 2 A 2
Input Clamp Voit. Younr — All 475 | —12mA — — — —_ -15 v —
Diode Leakage A +25°C Al 50 oV v Open — — 100 wA 3
Current
Diode Forward v +25°C 5721 5.0 50V 50¥ 300 mA — 15 1.75 y —
Voltage 5751 5.0 50V | 50V | S00mA| — 15 20 v | —
5741 5.0 50V 50Y 600 mA — 15 2.0 ¥ —
Supply Current beces +25C a7zl 5.29 5.0V 5.0V —_ — 1.0 2.0 mA —
(Total Package) 126 50V | 50V — — 26 40 | mA | —
5741/51 5.25 50 50V — — 10 3.0 mA —
becwr +25°C 5721 5.25 oy 0y — — 13 16 mA —
12.6 0y 0y — — 38 45 mA —
5741451 5.25 Ny 0y — — 20 25 mA —
Nales: ]
* Complete part number includes the prefix UDN- and the package suffix M, e.g. UDN-5721M.
1. Exsept STROBE input, sach input tested separately.
2. Voo 15 12,6 V for Series UDN-5720M and 5.25 V for Series UDN-5740M and UDN-5750M.
3. Diode lzakage current measured at ¥y = 70 V.
INPUT 2.4¥  YCC  CPEN F%UTT Vs > gt _,,.l f— tf
! m S T T Vi)
--=-7 |
i I
: t 4 10% Vin(ﬂ)
' pe— o T
PULSE ' | : !
GENERATOR : fpd (1) ] [+ tpd(O)
“ 1 l | ;‘ = = ==Yout(l}
: ouTPUT 50% 50%
= i
Yor®

R

Dwag. M. A-11,F46A

3—%6

Dwy. No. A-76200



SERIES UDN-5720M, UDN-5740M, UDN-5750M
DUAL PERIPHERAL/POWER DRIVERS

UDN-5722M, UDN-5742M, UDN-5752M

GROUND

Dwg, No. A-9790B

ELECTRICAL CHARACTERISTICS over recommended operaling temperature range (unless otherwise noted)

Owg. Na. A-11,7484

3—97

Test Conditions Limits
Applicable Drivan {ther
Charactaristic Symbol | Temp. Devices™ Ve Input Input Dutput Min. Typ. Max Units Notes
Output Reverse feex —_ All 4.75 0.8Y 475V 70V — — 100 WA —
Current Open 08V | 475V V] — — 100 A —
| Output Voltage Veewn — 5722 4.75 20 20¥ 200 mA — 0.4 0.6 v —
5742752 4.75 2.0Y 20¥ 300mA | — 0.3 0.5 V —
5722 475 20V 20V 0mh | — 0.6 0.8 ¥ —
5752 4.75 20¥ 2.0V 500mh | — 0.5 0.8 y — |
5742 4,75 20V 2.0Y GOOmA | — 0.7 1.0 y —
Input Voltaga Vi — All 4,75 — — — 20 — — ¥ —
Vi — All 4.75 — — — — — 0.8 y —
Input Current g — All Max. 04V 0V — — =50 -—10 A 1,2
o — Al Max. 0V 0V — — 50 10 i 1,2
Strobe input [ — All Max. 04V 0V — — ~10 =20 wh 2
Current Loy - Al Max, 36V ov | — — 10 pA 2
Input Clamp Volt, Veume — Al 475 | —12mA — — — — =15 ¥ —
Diode Leakage le +25°C All 50 50V 50V Open — — 100 pA 3
Current
Diode Forward Vi +25°C 5722 5.0 ov oy 00mA | — 15 1.75 ¥ —
Voltage 5752 5.0 ov OV [ 500mA | — 15 20 v [ —
5742 5.0 oV oV BOOmMA | — 15 20 ¥ —
Supply Current by +25°C 5722 5.25 oy oV — — 1.0 20 ma —
Total Package) 126 oy o | — — 26 40 | mh | —
5742/52 5.25 oy 0y — — 1.0 3.0 mA —
et +25°C 5722 5.25 50V 50V — — 13 16 mA —
12.6 50V 50V — - 38 45 mA —
5742/52 5.25 50V 50V — — 20 25 mA -—
Notes:
* Gomplets part number includes the prefix UDN- and the package suffix M, e.g. UDN-5722
1. Except STROBE input, each input tested separately.
2. Vepyug 3 126 V for Series UDN-5720M and 5.25 ¥ for Serias UDN-5740M and UDN-5750M.
3. Diode |eakage current measured at ¥, = 70 V.
QuT-
INPUT 2.4¢ YeC  OPEM pUT Vs D
-} o _|..,_...i fom—tp
1 ¥ SR = Vi)
¥ i INEUT | 1
| t ‘_{ 50%  50% X
1 ]
' \ %F, S 10% Vinto)
PLILSE ' ! ! |
GENERATCR ! ! tpa() e ()
l 50n ! it : I ! Veu(1}
! |
: ) ouTPUT
= ) I

Dwig. No, A-T9608



SERIES UDN-5720M, UDN-5740M, UDN-5750M
DUAL PERIPHERAL/POWER DRIVERS

UDN-5723M, UDN-5743M, UDN-5753M

Dwg. No, A-8780A

ELECTRICAL CHARACTERISTICS over recommended operating temperature range {unless otherwise noted)

Test Conditions Limits
Applicable Driven Other
Characteristic Symbol | Temp. Devices™ Yo Input Input Cutput Min.  Typ. Max Units Notes
Qutput Reverse liex — All 4.75 20V ov 70V — — 100 WA —
Current Open 2.0V ov 70V —  — 100 | uA _
Output Voltage Vorem — 5723 4,75 0.8Y 0.8V 200 mA — 0.4 0.6 ¥ —
5743/53 4.75 08V 08v 300 mA — 0.3 0.6 ¥ —
5723 4.75 08V 08V 350 mA — 0.6 0.8 v —
5753 4.75 08V 08V 500 mA — 0.5 0.8 V —
5743 4.75 0.8V 08V 600 mA — 0.7 1.0 vV —
Input Voltage Vian — All 4.75 — — — 2.0 — i v —
Vi — All 4.75 — — - — e 0.8 i —
Input Current L —— All Max. 04V 30V — — -50 =10 KA 1,2
L — All Max. oV av — — 3.0 10 1A 1,2
Strobe Input s — All Max. 04V v — — =10 =20 pA 2
Current s — Al Max. 30V ov — — 10 20 WA 2
Input Clamp Volf. Ve — All 475 | =12mhA — — — — -15 ¥ —
Diode Lezkage fa +25°C All 0 v oy Open e — 100 A
Cureent
Diode Forward (A +25°C 5723 5.0 50V 50V 300 mA e 1.5 1.75 v —
Valtage 5753 5.0 50V | 50V | 50mA | — 15 2.0 v [ —
9743 5.4 5.0V 5.0V 6500 mA — 1.5 20 ¥ —
Supply Currant - +25°C 323 59.23 3.0V 30V e e 1.0 2.0 mh —
(Total Package) 126 EQV 5OV — — 26 40 mh —
5743/53 5.25 5.0V 50V — — 1.0 3.0 mA —
e +25°C 5723 5.25 av ov — — 13 16 ma —
126 oV ov — — 38 45 mh —
5743/53 5.25 oV ov R e 20 25 ma —
Notes:
* Complete part number includes the prefix UDN- and the package suffix M, e.g. UDN-5723M.
1. Exeept STROBE input, each input testzd separately,
2. Vg 15 12.6 ¥ for Series UDN-5720M ang 5.25 V for Series UDN-5740M and UDN-5750M.
3. Diode leakage current measured at ¥y = 70 V.
INPUT Vec=sv o~ outeor Ys 0 fFowm o wow X, Vin(1)
R, v
PULSE — inf0)
GENERATOR !
1
T
1

I

|

|

i ! |

I

: ted (1) gl r i— tpal{0)
|

: 1

1

)

!

15pF | = = Vaur(l)
= = = = = = LOAD OUTPUT 50% 50%
CIRCUIT
------ Yeut(0)

Dwg. No. A=13,2194
Dwg. No, A-7628D

y
(K1



SERIES UDN-5720M, UDN-5740M, UDN-5750M
DUAL PERIPHERAL/POWER DRIVERS

UDN-5724M, UDN-5744M, UDN-5754M

Owg. No. A-BTEBA

ELECTRICAL CHARACTERISTICS over recommended operating temperature range (unless otherwise noted)

Test Conditions Limits
Applicable Driven QOther
Characteristic Symbal | Temp. Devices™ Yoo Input Input Output Min. Typ. Max Units Notes
Qutput Reverse loes —_ All 4,75 0.8V 0.8V WY | — _ 100 ph —
Current Open 0.8V n8v oV — — 100 pA —
Qutput Voltage Viewn — 5724 475 2.0V oy 200 mA — 0.4 0.6 V —
5744/54 4,75 20V 0y 300 mA — 0.3 0.6 v —_
5724 475 20V oy 350 mA — 0.8 0.8 ¥ —
5754 475 20V 0y 500 mA — 0.5 0.8 ¥ —
5744 475 20 0y 600 mA — 0.7 1.0 ¥ —
Input Voltage Vi — All 475 — — — 2.0 — — y —
Vg — All 4.75 — — — — — 0.8 ¥ —
Input Current lnm — Al Max, 0.4y av — — =50 =10 pA 1,2
iy — All Max. 30Y 30V — — 5.0 10 A 1,2
Strobe input | — All Max. 04y 0y — — -10 =20 WA 2
Curreat e — Al Max. 30V 30V — — 1020 A 2
Input Clamp Volt. Voiane —_ Al 475 | —12mh — — [ — —-15 ¥ —
Diode Leakage la +25°C Al 50 50V 8.0V Open — — 100 T} 3
Current
Diode Forward ¥ +25°C 5724 5.0 oy oV 300 mA — 1.5 175 ¥ —
Voltage 5754 5.0 0V oV | 500mA | — 15 20 v —
5744 5.0 oy oy 600 ma — 15 2.0 ¥ —
Supply Current lezety +25°C 5724 5.25 0V 0V — — 1.0 2.0 mA —
(Total Package) 126 [l [l — — 25 4D mA —
5744/54 5.25 v ov — — 19 3.0 mA —
e | 250 | 5724 525 5.0V 5.0V — — 13 16 mA —
12.6 50V 50V — — 38 45 mA —
5744754 5.25 50Y 50V — — 20 25 mA —
Mates:

* Complete part number includes the prefix UDN- and the packzge suffix M. e.g. UDN-5724M,
1. Except STROBE input, each input tested separately.
2. Voo 18 12.8 ¥ for Series UDN-5720M and 5.25 V for Series UDN-5740M and UDN-5750M.

3. Diode leakage current measured at ¥V = 70 V.

PULSE
GENERATOR

INPUT

CC=5v OPEN

OUTPUT Vg

15pF

I

X “LoAD
} CIRCUIT

Dwa, No. A-13.2184

QUTPUT
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HIGH-CURRENT INTERFACE DRIVERS

SERIES ULN-2000A
DARLINGTON TRANSISTOR ARRAYS*

—Description and Application

Introduction

The increased use of electronic circuits in systems
formerly built with mechanical, electro-mechanical, or
hydraulic components has resulted in systems becom-
ing more precise, more reliable, generally less expen-
sive, smaller, more efficient, and faster. Although the
drive capabilities of monolithic integrated logic circuits
are adequate for most information processing applica-
tions, there now exists a large and rapidly growing
number of system applications where the current-
carrying and/or voltage-sustaining capability of the in-
tegrated circuit logic is inadequate. Typically, these
deficiencies arise when the logic must contrel such
peripheral components as relays, solenoids, punches,
stepping motors, and a variety of indicators (incandes-
cent, LED, or gas discharge lamps and displays).

A very common solution to this output interface in-
adequacy has been the addition of discrete power
transistors (or SCRs) and associated passive compo-
nents to the logic output in order to obtain the neces-
sary current and/or voltage capability. Although this
provides a very satisfactory electrical solution, the
large pumber of discrete components often required,
high assembly labor costs, and space (packaging) lin-
itations often mean additional problems and cost. A
simple, and less expensive solution is the use of mono-
lithic integrated cireuits,

The Series ULN-2000A is comprised of four differ-
ent high-voltage/high-current interface circuits. They
are capable of controlling resistive, inductive, or tung-
sten filament loads of up to 125 watts and are compati-
ble with all standard digital logic families (DTL, TTL,
PMOS, and CMOS) without the need for additional
discrete components.

High-Voltage and High-Current Capability

A large number of interface problems have been
simplified by the Series ULN-2000A high-voltage,
high-current Darlington transistor arrays. These de-
vices are suitable for voltage, current, and gain levels
beyond the limits of other monolithic buffers and
arrays.

The four devices in the ULN-2000A series are all
comprised of seven silicon NPN Darlington pairs on
a common monolithic substrate. All units feature
open collector outputs and integral suppression diodes
for use with inductive loads.

All devices have an output sink current capability of
500 mA although peak inrush currents to 600 mA are
permissible, making them ideal for use with tungsten
filament lamps. All of the outputs will sustain *“OFF”
voltages of at least 50 velts. Each individual Darling-
ton circuit may therefore switch up to 25 watts (50 V
at 500 mA).

A definite asset of monolithic device technology is
the very fine match between adjacent outputs when
used in parallel. Applications requiring a sink current
beyond the capability of a single output can be accom-
modated by parallel outputs. Continuous operation
of all outputs at the maximum rated current is not
allowed because of power dissipation limitations im-
posed by the package. However, as illustrated in Fig-
ure 1, under certain conditions, the Series ULN-2000A
Darlington arrays are capable of switching loads to-
taling more than 125 watts at an ambient temperature
of 4-70°C.

*Examples and data in this application note apply equally to Series ULN-28004 Darlington arrays.
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Figure 1

COLLECTOR CURRENT AS A FUNCTION OF
DUTY CYCLE AND NUMBER OF QUTPUTS

High-Power Capability

A primary limitation of many interface circuits is
the power dissipation of the device package. Until re-
cently, very little concern was expressed for monolithic
integrated circuit power dissipation, Improvements in
silicon device technology have brought about a grow-
ing number of monolithic circuits capable of power
considerably in excess of present package technology.

The Series ULN-2000A is supplied in a 16-pin dnal
in-line plastic package with a copper lead frame.
Shown in Figure 2 is a comparison of the allowable
package power dissipation for the industry standard
iron-nickel alloy (Kovar) lead frame and the Sprague
copper lead frame used on these devices. As shown,
at an ambient temperature of 4-70°C, the Kovar lead
frame allows only 0.64 watts while the copper lead
frame allows 1.33 watts. At +425°C the copper lead
frame permits a package power dissipation of 2.0
watts!

Actual power dissipation in any application for the
Series ULN-2000A devices is the sum of the individual
driver power dissipations. In turn, the individual
driver dissipation is the product of the coliector-
emitter saturation voltage, the collector current, and
the duty cycle. The collector-emitter saturation volt-
age is dependent on the collector current and, to a
lesser extent, operating temperature.

(]
d
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HIGH-CURRENT INTERFACE DRIVERS

The Basic Darlington Array

The first, and basic array, in this series, is the Type
ULN-2001A, This is a general-purpose version with
input current limiting normally accomplished via the
use of an appropriate discrete resistor connected in
series with each input. It is also possible to utilize
the intrinsic current limiting of many MOS outputs
as shown in Figure 4; a typical P-channel character-
1stic.

The use of TTL in such a manner is not recommend-
ed due to the higher currents and resultant high level
of package power dissipation. Outputs of most PMOS
and CMOS circuits will not normally source currents
of any significance due to their high source impedance.

DRa. WO, 5505
{each driver)
Figure 3
TYPE ULN-2001A SCHEMATIC

DRAIN=-TO-SOURCE VOLTAGE, Vpg
15 -14 -2 -10 -8 -4 -4

-2

14 to 25 Volts PMOS Applications

The Type ULN-2002A Darlington array was spe-
cifically designed for use with 14 to 25 volt PMOS de-
vices. Each input hasa 7 V Zener diode and a 10,500
ohm resistor (nominal values) to limit the input cur-
rent to within the capability of most PMOS of the
type specified. The basic circuit diagram is shown in
Figure 5 with a typical application. Note that there
are no pull-down resistors or other external discrete
components necessary. The incorporation of the Zen-
er diode also results in excellent noise Immunity for
this array.

TTL and CMOS INTERFACE

The ULN-2001A and ULN-2002A. allow only a
limited number of input options. Shown in Figure 6
is the basic circuit diagram of the Type ULN-2003A.
This device has a series base input resistor to each
Darlington pair, and thus allows operation directly
with TTL or CMOS logic operating at a supply volt-
age of 5V (or 12V CMOS using FET characteristics).

A guarantee of 200 mA output sink current capa-
bility (saturated) is provided with the worse case TTL
logic 7 level of 2.4 volts. Low-power Schottky-clamp-
ed TTL logic is generally specified to have a minimum
Vourof 2.7 volts. The ULN-2003A is guaranteed to
sink 250 mA. under this input condition. With the
more typical input of 3 volts, the ULN-2003A Darl-
ington pair will sink at least 300 mA in the “ON”
state,

-1

-2

Figure 4

-3

TYPICAL P-CHANNEL
DRAIN CHARACTERISTIC

-4

DRAIM CURRENT, I IN mA

=5

-0

-7

i
4

DG, NO. 40, 74
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(each driver)

Figure b

HIGH-CURRENT INTERFACE DRIVERS

b _ "~ e

ULN-2002A

4y
Jss

PMOS
CGUTPUT

DWO. Ho. a-BGg2

TYPE ULN-2002A SCHEMATIC AND APPLICATION

TTL totem pole cutputs are not specified between
the 400 uA Jogic ! fanout condition and the maximum
output short-circuit current (20 to 35 mA for the 7400
series). Between these rather wide limits lies the re-
quired ULN-2003A input current. The maximum
Type ULN-2003A input current level is specified at
1.35 mA. at the extrapolated TTL maximum logic /
level of 3.85V.

oW, he A-0051

{each driver)

Figure 6

The ULN-2003A Darlington' array will handle a
great many interface needs — particularly those beyond
the capabilities of TTL buffers. Also shown in Figure
6, is a typical application of the ULN-2003A Darling-
ton array. Of particular interest in this application is
an unusual use of the transient-suppression diodes for
2 non-inductive lpad. The lamp test feature can of
course be used with any of the devices in this series.

S LAMP
F st

OWG. MO. A-DB5FA

Tl
CQUTPUT

TYPE ULN-2003A SCHEMATIC AND AFPLICATION

3—103
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The diodes are designed to handle the same current
and voltages as the output transistors. Switching can
be accomplished through an ordinary switch or an
appropriate power transistor. With the standard

+ 70°C ambient and the most widely used lamps(No.

327 or No. 387 lamps) there is no problerm with con-
tinuous operation.

610 15 Volt CMOS or PMOS Applications

The Type ULN-2004A Darlington array has an
appropriate series input resistor (nominally 10.5 k)
to allow its operation directly from CMOS or PMOS
logic outputs utilizing supply voltages of between 6
and 15V,

Shown in Figure 7 is a typical application of this
array. Although the discrete output buffer could be
used to increase the output capability of any of the
devices in this series, this is most often done by par-
alleling outputs as was described earlier.

o COM

pmm————————

OWE, K0, Le8RBEA

{each driver)

Wpp LN-ZUD&A

IN4PDT

Ty L] T 1

CMOS= =
QUTPUT

Figure7
Type ULN-2004A SCHEMATIC AND APPLIGATION
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Input Current

The Darlington collector current (output in satu-
ration) at an ambient temperature of + 25°C, for any
input current is the same for all four devices in this
series and is shown in the graph of Figure 8. More
accurately, the maximum input current for any col-
lector current is described by the equation:

by = lomy + 120 A

where I,y Is the input current in microamperes, I is
the collector current in milliamperes, and the figure
140 represents the maximum shunt current through
the emitter-base resistors. The typical input current
can be described as:

s = 0.58 logmsy + 110 pA

where the figure 058 is an adjustment for the typical
Darlington current gain and the figure 110 represents
the typical shunt current.

600 -

L4
’I
L)
0 g
<
€
Z 400
-
rd
w
&
=
[
[
o
U 200
&
—
o} MAXIMUM REQUIRED
v INPUT CURRENT
0 V) !
0 200 400 600

INPUT CURRENT IN pA - 1y
DWG. KO, A-9755A

Figure 8

COLLECTOR CURRENT
AS A FUNCTION OF INPUT CURRENT
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The input current as a function of input voltaee is
shown in Figure 9 for the ULN-2002A, ULN-2003A,
and the ULN-2004A. The Type ULN-2001A Darl-
ington array is not shown since input current is more
a function of the external circuitry. Systems utilizing
either CMOS or PMOS logic should be evaluated for
intrinsic current limiting as was shown in Figure 4,

2.0
z /
1 [
ok -,
T s > =
~ =T
Z P o
. AN
Z 1.0 W T
& / "P
a / -
. -
5 05
-
z -
1]
12 14 14 18 20 22 24 28
INFUT VOLTAGE = V|py
D48, MO, B-27574
2.5
2.0 /
E gl
] "
% 1.5 . ‘#"
: N
n
z 1.0 I\ -
: VAN
5‘ ]
3 N
= 0.5 AREA OF NORMAL
= ¥ WAL OPERATION WITH
Z STANDARD CR
0 SCHOTTKY TTL
2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 4.0
INFUT VOLTAGE - Wiy,
2.0
Z
=15
3 —
z S
= 1.0 ’ﬂ/
)
z —— T RCAL pm
E / "----- -
3 0.5 'dv-"'"
wa
- o
=
z
- 0
& & 7 3 9 0 N 12

INPUT VOLTAGE - V| T

Figure 9
INFUT CURRENT AS A FUNCTION OF INPUT VOLTAGE

3—105

Low Available Drive Current Operation

Occasionally, applications featuring minimum avail-
able input drive current and a high output load current
have shown the Type ULN-2003A and ULN-2004A
Darlington arrays to be inadequate for the particular
requirement under worst case conditions. This usual-
ly results from the restricted drive current available
from a TTL or CMOS gate operating from a nominal
supply of 5 volts.

Under worst case conditions with a low logic I volt-
age (2.4'V), and a high input resistor value (3.51 k),
the available load current is reduced to only 145 mA.
Compounding this problem would be the effect that a
high drive current requirement would have on the
logic output voltage since that is normally specified at
only 400 A, If the gate output is connected to addi-
tional logic elements, a minimum logic ! voltage of
2.0 V must be maintained and at that level the worst
case Darlington load current would be reduced to only
3l mA!

A simple solution to this problem is through the
use of inexpensive pull-up resistors as shown in Figure
10. The minimum resistor value is determined by the
maximum allowable sink current (16 mA for TTL,
360u A for CMOS), the minimum logic © output volt-
age, and the maximum supply voltage as per the fol-
lowing equation:

Vs — Vourm
Re > —t

four

For standard TTL, the minimum wvalue for Rp is
about 316 2 with values between 3000 2 and 5000 @
being used customarily. Multiple pull-up resistors in
a single in-line package are shown in Sprague Engi-
neering Bulletin No. 7041; resistors in a dual in-line
package are shown in Bulletin No, 7042,

Conclusion

Since the Series ULN-2000A high-voltage, high-
current Darlington transistor arrays are quite conser-
vatively designed, the basic product is fully capable of
being ordered to higher voltages and/or higher currents
than the standard specifications. Presently, parts are
available to withstand up to 95 volts on the output,
Parts with this higher voltage rating would create a
potential for switching loads far in excess of 125 watts!
Aside from the higher power handling capability, the
hipher voltage rating is required for driving plasma or
gas-discharge displays.
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ULN-2003A Although not intended for high power applica-
tions, there is also available a Series ULS-2000H
with hermetic sealing and an operating temperature
range to +125°C. These parts are recommended for
military and aerospace applications as well as com-
mercial and industrial control applications where
severe environments may be encountered.

Cer-DIP, industrial-grade hermetic devices, Se-
ries ULQ-2000R, are rated for use over the tempera-
ture range of —40°C to +85°C, permitting their use
in commercial and industrial applications requiring a
moderate package power dissipation (1 W at T, =
+85°C).

Do, ML he19, 175 All of these Darlington transistor arrays offer a
il common solution to a great many interface needs.
m The minimal component count and straightforward
auTPLT printed wiring board layout offer benefits in cost
reduction, simplicity of board layout, and savings in
space. Other benefits are a reduction in insertion
USE OF PULL-UP RESISTORS costs, and lower handling and inventory costs than
TO INCREASE DRIVE CURRENT other alternatives. Cost benefits from some of these
factors are not very tangible. However, fewer com-
ponents, less complex boards, etc. usually result in

lower system manufacturing costs.

Ve

Figure 10
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EXPANDING THE FRONTIERS OF IC INTERFACE
FOR ELECTRONIC DISPLAYS

INTRODUCTION

The original monolithic high-voltage/high-current
power drivers from Sprague were capable of
sustaining 100 V and sinking load currents of 250 mA
on each of four outputs. That 1970 peripheral driver
capability has since been expanded and improved on
to solve many of the most difficult display interfaces.
Our newest devices are rated for operation to 130 V,
sourcing or sinking to 1.5 A, and as many as eight
drivers per package (not all together) with inputs for
TTL, Schottky TTL, DTL, CMOS, and PMOS.

LAMP (INCANDESCENT) INTERFACE

Utilizing marketing inputs that related to existing
hybrid interface circuits, a group at Sprague designed
and manufactured monolithic ICs which initially
were largely used for aircraft indicator lamp inter-
face. Although not widely known, these quad driver
units were developed quite independently (and
simultaneously) to the ubiquitous TI 75451 series of
high-speed, low-voltage peripheral drivers. A con-
centration upon cirenit design factors, improvements
in DIP packaging (copper alloy lead frames), and
tighter, tougher control of diffusion-related

A

UDK-57074

O LaMP
T TEST
[T L

¥

parameters has allowed the manufacture of quad
power drivers rather than the dual mini-DIPs offered
by TI.

An increased awareness for improvements in
reliability and space and power reductions provided a
rather successful military market for Sprague lamp
and relay interface; early success was evident in
military aircraft indicator lamp interface, a tough
application for TTL type ICs due to severe inrush
currents resulting in secondary breakdown during
"turn on”. The increased current sinking capability
of the Sprague ICs offers a solution to lamp interface
that usually obviates the need for "warming”
resistors (across the output) which slightly warm the
lamp filament and thus minimize problems
associated with cold lamp filaments.

The relay driver types of Sprague IC drivers
(and other similar transient-protected ICs) are
somewhat more useful than the so-called general
purpose types, since the diode common terminal may
be switched for a system lamp test.  As shown in
Figure 1, only a single connection to ¢ach DIP is
required.

ULN-2003A
+vcc . +y

DWG. HO. 4-96534 l_LTAEn;I-'F

TiL
QUTRUT
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The high current-sinking capability of the Sprague
ICs allow such loads as the #327 or #387 lamps to
be driven without difficulty of secondary break-
down. The device beta will usually not allow sinking
of the 10 to 13 tirnes (nominal value) inrush current
of cold lamps; but the lamp rapidly reaches a current
level within the device output limitations (Figure 2
shows current as a function of time for a single #327
lamp). Sustaining this instantaneous inrush current
and its peak power has been a key element in the
success of many lamp interface circuits.

GAS DISCHARGE DISPLAY ICs

Early in 1972, Sprague successfully produced its
first high-voltage IC designed for gas discharge dis-
plays—a five channel, 130 V unit for cathode (seg-
ment) interface. Subseguently, other circuits, both
cathode and anode drivers, were produced; most of
which were used in caiculator applications with the
Burroughs Panaplex® II. In Figure 3 is shown a dis-
play interface system utilizing the UHP-481 and
UHP-491 display drivers, associated thick-film net-
works, and discretes. This was a step forward, but
still required external discrete components.

Through a collaborative effort begun late in 1973
between Sprague Electric and Burroughs Corp. a
newer, more efficient interface scheme evolved.
Featured in “*Electronic Displays '75," this series of
monolithic IC interface devices for the high-voltage
gas discharge panels has been one of the trailblazers
in the world of display interface ICs. Intended for
use in multiplexed display systems, these ICs pres-
ent one of the easiest and least expensive solutions

040

Q.36

Q.32

Q.28

0.24

ole
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Figure 2
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to a difficult interface problem. A combination of
high-voltage bipolar technigues with thin-film
resistor technology (circuit resistors sputtered over
the IC diclectric) has provided both digit (anode)
and segment (cathode) interface.

To facilitate a minimum component interface, a
split supply (£ 100'V) is employed to allow d-c level-
shifting (rather than capacitors or >200 V transis-
tors) and both digit and segment drivers incorporate
all pull-up, pull-down, current limiting, off-bias ref-
erence, et¢. which were formerly required in dis-
crete and/or hybrid systems. With the combination
of the digit and segment drivers (each capable of
withstanding 120 V), the split power supply ap-
proach affords PN diode IC technology suitable for
driving a display usually requiring a 180 V minimum
ionization voltage (equivalent to =90V in the split
system).

The use of the Series UDN-6100/7100A. gas dis~
charge display drivers shows the need for only two
monolithic ICs for displays of up to eight digits and
eight segments as shown in Figure 4. Systems re-
quiring digit or segment counts greater than eight
employ additional driver ICs, and with the exception
of the Type UDN-7180A segment driver, the seg-
ment ICs all have outputs with internal current-lim-
iting resistors for the display segments. The UDN-
7180A device, for reasons of package power dissi-
pation and/or dissimilar segment currents {certain 14
or 16 segment alphaniimeric panels) can also be
used, but must have external, discrete current-lim-
iting resistors.
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Higher current applications are difficult for both also minimjzes problems associated with gas panel
programmable current and switching type display arcing which can destroy programmable current ciz-
drivers. Segment currents beyond 2.5 or 3 mA cuits. Some of the gas display manufacturers
present package power dissipation limitations to recommend the use of series resistors in each segment
most dual in-line packages. By using external line to prevent destruction to the semiconductor in-
resistors, the Type UDN-7180A driver allows terface circuit should such a panel arc occur.
segment currents of up to 14 mA. Without these series resistors (internal thin-film
resistors in Sprague devices) the IC can be destroyed
by the high voltage and resulting high current should

The transistor switch with current-limiting resistor the panel voltage drop to a very-low level during an
scheme used in Sprague gas discharge display drivers arc,
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LED INTERFACE

With the obvious abundance and variety of LED
interface integrated circuits it would seem unlikely
that there are still systems in search of an 1C hard-
ware solution to further minimize cost, component
count, space, etc.; but this is definitely the case.
The deficiencies are chiefly related to the limited
number of current-sourcing circuits and/or high-
current drivers,

The efficiency of LED displays has improved, but
with the larger digits {up to 1" presently) most of the
IC drivers are unable to switch the higher currents
required in multiplexed systems. The rule-of-thumb
generally applied uses the suggested d.c current -
muitiplied by the number of digits in the display.
For example, a multiplexed display of 160 mA peak
current will give approximatelv the same light inten-
sity output as a steady 20 mA in each of eight digits.
Of particular difficulty is the switching of currents
associated with the lower efficiency yellow and green
LEDs. Sprague has provided monolithic integrated
circuit solutions to applications requiring segment
currents of 350 mA and digit currents of up to 1.5
amperes!

Many of the Sprague ICs used in high-current LED
applications were originally designed for use with
electro-mechanical loads (relays, solenoids, motors,
etc.} although the high-voltage ratings of the drivers
are obviously not a concern. A combination of high-
current, high-voltage Darlington drivers is shown in
Figure 5.

The ULN-2074B source driver is utilized as a
modified emitter-follower.  Through the use of
discrete diodes in the common collector line,
allowing the base to be switched to a potential higher
than the collector, it is then possible to obtain a
saturated output. This prevents the usual emitter-
follower problems associated with gain, the MOS
output impedance, and power. It is also possible to
now better define the voltage at the emitter output
and to then provide suitable segment current-limiting
resistors for the LEDs.

The ULN-2002A sink driver is a high-current
Darlington array with the capability of switching
multiplexed L.LEDs with an available limit of 155 mA
for each of the seven drivers when used at a 100%
duty cycle. Even the more inefficient yeliow or green
LEDs can be driven with higher output currents at
lower duty cycles (400 mA at a 28% duty cycle).
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A new eight~channe! source driver is shown as a
digit switch for common anode LEDs in Figure 6.
The Series UDN-2980A drivers will handle output
currents to a maximum of 500 mA. Two basic ver-
sions of the driver will allow interface from TTL,
Schottky TTL, DTL, PMOS, and CMOS levels.
Other versions of the ULN-2003A driver are also
available for use with the various logic levels.

Of the three sink drivers shown, the ULN-2003A is
probably the better choice from a standpoint of both
pinout and component count. It also has straight-
forward in-out pinning. The ULN-2031A and ULN-
2081A devices offer lower cost. They are also inter-
changeable from a pinning aspect although the out-
put ON voltage will be dissimilar.

A, common-cathode LED configuration is shown
in Figure 7 for currents of up 1o 1.5 A per digit!
A series UDN-29804A source driver is used to switch
the segment side, the ULN-2064B or ULN-2074B to
switch the digit side. As has been shown with Figure
5, the IC package power dissipation must be con-
sidered with high-current applications.

The three examples that have been shown for LED
interface represent only a very-small portion of the
total applications area. The high-current capabilities
and high gain of the Sprague drivers represent poten-
tial solutions to many difficult LED display systems -
alphanumeric, seven-segment, or matrix; common-
cathode or common-anode; continuous or
multiplexed,

A-CPLASMA DISPLAY INTERFACE

Plasma displays, such as those manufactured by
National Electronics/NCR (USA) and NEC or Fujit-
su {Japan), all have one common element with their
gas discharge cousin - both types use a neon gas mix-
ture. The plasma panels emit an orange glow when
switched at rather high frequencies, and light output
intensity is a function of frequency. The a-c term for
the plasma display is something of a misnomer since
these panels actually operate from a toggled d-¢ sup-
ply (usually in the area of 20 kHz),

The panel is basically a neon-filled capacitor, and
has plates (electrodes) which are covered with the
dielectric - between which is the neon mixture.
Switching this capacitive load presents a problem

—11
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with high peak currents in addition to the older
problem of the high veltages which are associated
with gas displays. Drive circuits use supply voltages
of 150 to 260 V (depending on unipolar or bipolar
drive), and the semiconductors used must switch in-
stantaneous currents in the order of several hundred
milliamperes for the larger displays.

Several high-voltage, high-current arrays made at
Sprague Electric can provide an answer to one side of
the a-c plasma display interface. The Series ULN-
2020A Darlingtons are rated at 95 V while the Series
UHP-500 power drivers are rated at 100 V. They are
both able to handle the application shown in Figure 8
{a basic d-¢, non-multiplexed clock interface rather
than a more complex multiplexed system). The
ULN-2022A is specifically designed for 14 to 25 V

PMOS logic levels while the UHP-506 is intended for
use with TTL.

The high-current dicdes that are internal to the
Sprague arrays are utilized in the unipolar drive
scheme connected to a suitable OFF reference.
In one POS application, a set of 14 ULN-2023A
Darlington drivers replaced more than 400 discrete
components. The cost and space savings in such a
machine are considerable, and a very complex prin-
ted wiring board was greatly simplified.

Further improvements in interface and plasma
displays will no doubt evolve, and thus benefit all
concerned - display and interface vendor along with
the end user. Plasma displays are well-suited to
custom panels (particularly those with various sizes
of characters) and with improvements in IC break-
down voltages some further simplification of inter-
face should evolve.
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FLUORESCENT DISPLAY INTERFACE

Although the vast majority of fluorescent displays
are directly driven from MOS logic (handheld and low-
cost desk calculators), there is an emerging need for
interface integrated circuits for use with the larger
characters (higher currents) and the higher veltages
coming into use. These blue-green display panels
originated in Japan, and the manufacturers are quite
aggressively pursuing markets such as POS systems,
clocks, cash repisters, appliances, automotive displays,
etc. Larger and/or more complex styles are being made,
including displays with alphanumeric capability (a star-
burst 14 or 16-segment pattern).

Modest voltage capability (60 or 70 volts) is all that
is required of a semiconductor device to drive these
panels, and the currents are in 20 to 30 mA region.
These electrical requirements are well within the
capability of many gas discharge digit drivers.

The UDN-6118/28A devices are designed specifi-
cally for use with fluorescent displays and include
internal pull-down resistors so that up to eight seg-
ments and eight digits will require only two packages

Figure 8

3—113
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and a greatly simplified power supply. The Type
UDN-6118A driver is compatible with TTL,
Schettky TTL, DTL, and 5 volt CMOS. The Type
UDN-6128A driver is for use with 6 to 15 volt PMOS
or CMOS logic.

The future of fluorescent displays look rather
strong, particularly if competition further reduces
prices. For the moment at least, these displays will
not seriously tax the capability of IC interface ex-
cept, perhaps, from a price/cost standpoint.

HOT WIRE READOUTS

Although hot wire readouts could easily be piaced
in the incandescent category, their application in
multidigit, multiplexed display systems more
closely resembies LED circuit operation. Since hot
wire displays will conduct current in either direc-
tion, isolation diodes are required to prevent sneak
paths from partially turning ON unaddressed seg-
ments. Compare the typical hot wire display of Fig-
ure 10 with LED display of Figure 6. The availability
of a suitable, inexpensive diode array would be of
considerable asset in multiplexed hot wire systems.
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The hot wire readouts are available in both seven-
segment and alphanumeric (16-segment) versions and
are quite well-suited to high ambient light ap-
plications. They do not wash out in sunlight,
although their reliability diminishes with the higher
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currents required in brightly lighted applications.
As described, multiplexed schemes can be cumber-
some because of the great number of discrete diodes
required. One avionics system using a 16-character,
16-segment alphanumeric panel required 256 discrete
diodes.
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INTEGRATED CIRCUITS FOR
CURRENT-SOURCING APPLICATIONS

DURING RECENT YEARS, the appearance of

many new low-power monolithic devices (LSI
and microprocessors) has created an increased need
of peripheral power driver integrated circuits. Inter-
face drivers are typically categorized in terms of their
output-drive functions. When current flows out of
the driver output terminal and into the load, the
device is said to “‘source’’ current. Conversely, cur-
rent flows from a load into a “‘sink’’ driver.

Sprague integrated source drivers usually consist
of high-voltage PNP devices and high-power NPN
Darlington outputs (which provide PNP-type ac-
tion), with input-level shifting. These power ICs are
useful for interfacing low-level logic (TTL, CMOS,
NMOS, PMOS) and high-current or high-voltage
relays, solenoids, lamps (incandescent, LED, neon),
motors, and displays (gas-discharge, LED,

FLOATING LOGIC-GROUND LEVEL
(Sink Driver)

+y
+5V LOAD
INPUT
LaGIC CONDITIONING ‘HIGH CURRENT
[ 0,182 to 1,00

OWE.ND. A-11,532

+5Y

vacuum-fluorescent). They can also be used to
provide multi-channel buffers for discrete power
semiconductors.

The advantages of source drivers for display inter-
face are quite evident. The X-Y addressing of most
readouts requires both source and sink functions to
minimize pin count, interconnections, and package
count.

A more subtle advantage of source drivers is re-
lated to their use with inductive loads or incandescent
lamps. Both types of load generate troublesome tran-
sients and noise currents on commoen logic /load
ground lines. In addition, high ground currents can
shift the ground rail, affecting logic input levels,
thresholds, and noise immunity. The use of source
drivers can minimize many of these concerns by
separating the logic and power returns.

SEPARATE GROUND RETURNS
(Source Driver)

LOGIC

W
HIGH
CURRENT
INPUT LoaD l,
CONDITIONING
| | POWER
LOGIC GROUND YW 1 GROUND

3—115

DWG.HO. A-11,B31



HIGH-CURRENT INTERFACE DRIVERS

PRSI e e
RELAY-DRIVER APPLICATIONS

SER]ES UDN-2580A., eight-channel source driv-
ers, and Types UDN-2956A and UDN-2957A,
five-channel source drivers, provide current /voltage
translation from TTL, positive CMOS, or negative
CMOS logic to —48 V telecommunication relays
requiring less than 350 mA. All devices have inter-
nal inductive-load transient-suppression diodes.

Type UDN-2580A-1 is best driven from
negative-reference CMOS or NMOS logie (=5 Vor
—12 V swing} in order to provide a —48 V swing at
the output. The active-low input Type UDN-
2588A-1 can be driven from positive logic TTL

TELECOMMUNICATIONS

RELAY DRIVER
(Positive Logic)

UDN-2588A~-1

DNG. 40, 4«11,624

(+5 Vswing)or CMOS (+12 V swing) levels. The
active-high input Type UDN-2956A is similar to
Type UDN-2588A-1, but it also has a chip-enabie
function that requires a minimum number of drive
lines to control outputs from several packages in a
simple multiplex scheme.

RECOMMENDED MAX. OPERATING CONDITIONS

Supply Voltage, Ve oo oo v —50 V¥
Continuous Output Current, lgyr (per output) . ... .. —350 mA
TELECOMMUNICATIONS

RELAY DRIVER
(Negative Logic)

LDN-2586A-1

-8y

DG KD, A-11.538

MULTIPLEXED RELAY DRIVER

5V

QUTPUT

Y

UDN-2956A

WG, K. &4-11,525

TO OTHER
DRIVERS
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PRINTER APPLICATIONS

S PRAGUE SOURCE DRIVERS have been used

extensively in electrosensitive, thermal, and im-
pact printer applications. Multi-channel devices in
the Series UDN-2580A and UDN-2980A reduce
parts count and provide up to 350 mA per output at
voltages up t0 75 V (resistive load). Copper lead
frames make these devices capable of simultane-
ously delivering up to 125 mA continuously from all
eight channels at an ambient temperature of +50°C.,

THERMAL PRINTER APPLICATION

UDh-2588-1

DWG.NC. A-11.530

3—117

RECOMMENDED MAX. OPERATING CONDITIONS

Supply Voltage Range, V,
UDN-2588A-1 . ... to 75V

UDN-2981A and UDN-2982A .............. 5Vip 45V
UDN-2983A and UDN-2984A . ............ BV IY
Logic Voltage, ¥y .. ....... .. ... L 12y
Continuous Output Current, 1y, (per output} . . .. .. —350 mA
Peak Qutput Current, lpp ... ... ooo. ., —500 mA

ELECTROSENSITIVE PRINTER APPLICATION

UDN-2983/844 ELEr RODES
N o315 ®
[Ny o—{ 2| > 117 ] .
INg o—{3 1 > {15 ()
Ny o—[31—{> (15] ()
N5 o—[5 1™ 1] ()
INg o—6 | > 13 @
INy @ > i ()
INg o~~~ > -] O
wve—3lVs 15

OWG.ND. A-11,529
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ELECTRO-MECHANICAL DISPLAY APPLICATIONS

OURCE DRIVERS in the Series UDN-2580A
and UDN-2980A, when combined with the
Type ULN-2804A sink driver, provide a simple in-
terface between 12 V CMOS logic and a multiplexed
electro-mechanical display. As shown, the need for
additional inverter packages is eliminated since Type

input level. All drivers have internal inductive-load
transient-suppression diodes and copper lead frames
for improved package power dissipation capability.

RECOMMENDED MAX. OPERATING CONDITIONS

UDN-2580A is activated by a low input level and Supply Voltage, ¥y ............. e 3BV
Type UDN-2982A is turned ON by a high input Continuous Qutput Current, loy (per output) ... ... —350 mA
MULTIPLEXED ELECTRO-MECHANICAL DISPLAY DRIVERS

™
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VACUUM-FLUORESCENT/GAS-DISCHARGE DISPLAY APPLICATIONS

SPRAGUE SERIES UDN-6100A and UDN-

2580A source drivers provide solutions to prob-
lems encountered in driving higher-voltage vacuum-
fluorescent and planar gas-discharge displays. Both
series of parts provide TTL, CMOS, and NMOS
input-logic compatibility. Series UDN-6100A de-
vices are active high (non-inverting) drivers. Series
UDN-2580A drivers are active low (inverting) de-
vices,

At minimum cost, Series UDN-6100A.-2 devices
offer 60 V output breakdowns for vacuum-
fluorescent displays typically utilizing less than 32
characters. Featuring a minimum 80 V output
breakdown voltage, standard Series UDN-6100A
drivers (no additional suffix) guarantee 25 mA per
output. Suffix -1 devices provide fora 110 V break-
down, recommending them for 40 to 80-digit or
dot-matrix V-F applications or gas-discharge
anode-drive applications requiring the higher output

down resistors and provide operation from single-
ended positive supplies.

Operation from a split-supply allows the user to
bias the V-F filament at ground potential or to utilize
a system-supply voltage above ground (+4Q V in-
stead of +80 V). Either Type UDN-6138A or Type
UDN-6148A source drivers are recommended.

For vacuum-fluorescent display applications re~
quiring a higher current capability (operating several
displays with common drive circuitry), Type UDN-
2588A can be used with appropriate external output
pull-down resistors to provide up to 350 mA per
output.

voltage. All of these drivers include internal pull- —]
Yun -
MAXIMUM DPERATING VOLTAGES Bt by T
G
L
| VS VEB Vw ON) Vw VCC VEEMXJ Davies T]'pe Vss -
T5 <[4 35| 0 =25 | UDN-2588A
=75 | UDN-25884-1 MgsC —mscnes —
+12 <34 >15] 0 —75 | UDN-Z583A Lost GASDISHAGE PISPLAY
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VACUUM-FLUORESCENT/GAS-DISCHARGE DISPLAY APPLICATIONS
(Continued)

VACUUM-FLUORESCENT DISPLAY DRIVERS
(Split Supply)
45
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|
VI
B

SELECT

DIGIT E
SELECT
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INCANDESCENT LAMP DRIVER APPLICATIONS

DRIVING MULTIPLEXED incandescent lamps

at voltages up to 75 V with peak currents ap-
proaching 500 mA per segment, Series UDN-2980A
eight-channel source drivers, when combined with
Type ULN-2069B sink drivers, provide for a very
cost-effective approach. Multiplexed lamps must
typically be operated at a voltage /N (N = the
number of digits) times the nominal d-c voltage, to
obtain sufficient brightness. For example, a four-
digit, 28 V display requires 56 V to operate satisfac-
torily. In addition, care must be taken to select a
proper driver to withstand the substantial inrush cur-
rents created by cold filaments. Peak currents of up

to ten times the nominal operating currents have been
observed. Multiplexed lamps must also incorporate
diodes to prevent series /parallel paths to umad-
dressed elements.

RECOMMENDED MAX. OPERATING CONDITIONS

Supply Voltage Range, Ve

UDN-2981A and UDN-29824 .............. 5Vto 45V
UDN-2983A and UDN-29844 ............. 3BVt 75V
Continucus Output Current, lyy (per outputy . .. ... ~—350 mA

Peak Qutput Current, dpp . ... vuvveeen oot —500 mA

MULTIPLEXED LAMP DRIVER, TTL- OR MOS-COMPATIBLE

SEGMENT SELECT
LDN-2983/84A

el
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el

Lall|
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LIGHT-EMITTING DIODE APPLICATIONS

ERIES UDN-2580A and Series UDN-2980A

8-channel source drivers provide ‘monolithic sol-
utions to problems associated with driving multi-
plexed LED displays in common-cathode or
common-anode configurations.

Type UDN-2585A is a non-Darlington inverting
(input low = output high) source driver that is fre-
quently used as a segment or dot driver in a
common-cathode LED display where multiplexed
segment ot dot currents do not exceed 120 mA . This
device features input logic-level compatibility with
open-collector TTL, standard TTL, CMOS, and
NMOS, as well as low output saturation voltages.

For common-cathode applications requiring
higher ssgment currents, or for common-anods digit
drive applications, Series UDN-2980A is recom-
mended. This non-inverting (input high = output
high) series features 350 mA per output continuous
current ratings with peak currents reaching 500 mA

per output. Outputs may be paralleled for higher
current capability. Type UDN-2982A is logic-
compatible with 2.4 V output levels of TTL and
CMOS. Similar high output current ratings, for use
in inverting applications, are offsred by the Type
UDN-2580A driver.

Combining Sprague source drivers with multi-
channel, high-current sink drivers {(such as Type
ULN-2068B, UDN-2595A, or ULN-28144A)
provides simple, compact, and econormical solutions
to driving high-current mulitiplexed LED displays.

RECOMMENDED MAX. OPERATING CONDITIONS
Supply Voltage, ¥

UDN-2B8BA . ... e 15y

UDN-29828 .. .. e 45y
Continuous Output Current, loy (per output)

UDN-25858 ... v —120 mA

UDN-29828 ... . . e —350 mA
input Voltage, Y - ..o oo 15V

COMMON-CATHODE LED DISPLAY
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COMMON-CATHODE LED DISPLAY
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MULTI-CHANNEL INTERFACE TO HIGH-POWER LOADS

SPRAGUE SOURCE DRIVERS can be employed obtained by using power NPN Darlington devices.
as multi-channel pre-drivers for discrete high- For a-c loads, it is possible to use any of the
_currei{:t or hi dghf-voltage seg_liconductors, thus red;c- Sprague source drivers to provide gate current (with
ing the need for many discrete components. For at t-limiting) to a R
instance, a UDN-2580A 8-channel source driver can appropriale current-Limiting) power SCR or

. . . triac. This scheme can provide an economical solu-
provide up to 350 mA o_f pre-drw; current info the tion to many applications such as driving incandes-
base of power NPN devices, making 5 A load cur- cent lamps or a-c motors at up to 20 A.

rents readily available. Higher load currents can be

DRIVER FOR HIGH-POWER DISCRETE DEVICES

POWER NPN

UDN-2585A

DWG,.NO. A-11,533

20 A

DWG.NO. A-1%,534
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RELIABILITY OF SERIES ULN-2000A AND ULN-2800A
HIGH-CURRENT DARLINGTON DRIVERS

THIS REPORT SUMMARIZES accelerated-life tests that have been

performed on Series ULN-2000A and ULN-2800A integrated circuits
and provides information that can be used to calculate the failure rate at
normal junction operating temperatures,

INTRODUCTION

Product-reliability improvement is a continuous
and evolving process at Sprague Electric Company.
Ongoing life tests, environmental tests, and stress
tests are performed to establish failure rates and
monitor established process-control procedures.
Failures are analyzed to determine design changes
or process improvements that can be implemented
to improve device reliability.

The reliability of integrated circuits can be mea-
sured by qualification tests, accelerated tests, and
burn-in:

1) Qualification testing is performed at an am-
bient temperature of -+ 125°C for 1000 hours
with an LTPD = 5 in accordance with MIL-
STD-883B. This testing is normally conducted
in response to a specific customer request or
requirement. Qualification testing highlights
design problems or gross processing problems,
but does not provide sufficient data to generate
accurate failure rates in a reasonable period of
time.

2) Accelerated testing is performed at junction
temperatures above +125°C and is used to
generate failure-rate data.

3) Burn-in is intended to remove infant-mortality
rejects and is conducted at +150°C for 96
hours or at + 125°C for 168 hours. An analysis
of test results from Sprague Electric’s Double-
Deuce™ burn-in program found 1.27% failures
in more than 325,000 pieces tested in a recent
time period. Most failures were due to slight
parametric shifts. Catastrophic failures, which
would canse user-equipment failure, were less
than 0.1%.

3125

ACCELERATED-LIFE TESTS

Sprague Electric performs accelerated-life tests
on integrated circuits at junction temperatures of
+150°C or +175°C at the recommended operating
voltages. The internal power dissipation on some
high-power circuits requires the ambient tempera-
ture to be lower than +150°C to keep the junction
temperature between + 150°C and + 175°C.

In these tests, fatlures are produced so that the
statistical life distribution may be established. The
distribution cannot be established without fajlures.
High-temperature accelerated-life testing is neces-
sary to accumulate data in reasonable time periods.
It has been established that the failure mechanisms
at all temperatures in these tests are identical, Tem-
peratures above +175°C are not generally used for
the following reasons:

a) Industry-standard molding compounds de-

grade and release contaminants (halides) at ap-
proximately + 200°C.

b) Life-test boards constructed with materials ca-
pable of withstanding exposure to tempera-
tures greater than + 175°C have been deemed
to be cost prohibitive.

¢) Increases in junction leakage currents may in-
crease the power dissipation and device tem-
perature to an indeterminant level.

Tables la and Ib contain data produced by life
tests that were conducted at +150°C and + 175°C.
The data include the number of test samples, num-
ber of units in each sample, and the time periods
during which failures occurred. The total time-on-
test varies, with priority changes influencing alloca-
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TABLE la
TEST RESULTS at T, = + 150°C
HOURS ON TEST
TEST 80 150 300 600 1200 1800 2400 3000 5000
NUMBER ary. NUMBER OF FAILURES

1 12 0 0 0 0 2 0 — — —

2 22 ] 0 0 0 0 ] ] 0 —_

3 22 0 0 0 0 0 0 0 0 —

4 22 0 0 2 0 0 3 0 0 —

5 22 0 0 0 0 0 0 0 0 —

] 22 0 0 D 0 0 3 0 i} —

7 12 0 0 ) 0 0 0 — — —

3 12 0 0 0 0 0 0 — — —

9 90 0 0 0 2 0 0 — — —

10 12 0 0 0 0 0 0 — — —

11 12 0 0 ] 0 i} 0 — — —

12 1? 0 0 ] 0 0 0 0 0 —

13 12 0 0 0 0 0 g 0 0 —

14 35 0 ] 0 0 0 0 1 — —

15 12 0 ] 0 1 1 0 0 0 i}

16 25 0 0 ] ] 0 — - — —_

17 25 0 0 0 0 i} - — — —

TOTAL ON TEST 381 381 381 379 376 323 173 138 10

TOTAL FAILURES 1t} 0 2 3 3 4 1 0 0

TOTAL GOOD 381 381 379 376 373 319 172 138 10
P, 1.00 1.00 0995 0992 0992 0988 09N 1.00 1.00
Cumulative P, 1.00 1.00 0.0%5 0987 0979 0967 0961 0961  0.96}
P=1-P, 0 0 0.005 0013 0021 0033 0033 0039 0.039
Cumulative % Failures 0 0 05 1.3 2.1 33 39 39 39

tion of oven and board space, as new products are
introduced. The time intervals between test readings
were chosen for ease of plotting on log-normal
paper.

The acceleration factor calculated using the Ar-
rhenius equation, and a 1 eV activation energy, is
approximately 5x for each 25°C temperature rise in
junction temperature and is multiplicative.! This al-
lows the data to be compared to qualification life-
test data by equating 40 hours at +175°C or 200
hours at +150°C to 1000 hours of qualification life
test at + 125°C.

The data at the bottom of Tables Ia and Ik were
compiled by calculating the probability of success
{(P.), the cumulative probability of success, the prob-
abilityof failure (P,) and the percentage of failed units
in each time period.

The cumulative percent of failures is plotted on
log-normal plotting paper in Figure 1. This paper has
a logarithmic time-scale axis and a probability-scale
axis. A log-normal distribution plots as a straight
line. A line of best fit is drawn through the plotted
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points and extended to determine the median life-
time at the 50% failure point. The mediam life at a
junction temperature of 4+ 150°C is 1.6 x 10° hours.
At +175°C, the median lifetime is 3.0 x 10* hours.

The log-normal distribution is commonly used be-
cause most semiconductor device data fit such a dis-
tribution.2 When the median life has been found at
the elevated temperature, it can be converted to the
lower temperature of the actual application. The Ar-
rhenius equation, which relates the reaction rate to
temperature, is used to make this conversion.' The
Arrhenius equation is:

Vr = Vroe —efkT
where V.°= aconstant
€= activation energy
k= Boltzmann’s constant

T = absolute temperature.in degrees
Kelvin

An activation energy of 1.0 electron-volt was es-
tablished by testing Series ULN-2000A, Series
UDN-5710M, and Series UDN-2980A devices at
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TABLE Ib
TEST RESULTS ot T, = +175°C

HOURS ON TEST
TEST 90 150 300 BO0 1200 1800 2400 3000 5000
NUMBER Qry. NUMBER OF FAILURES
l 25 0 0 0 7 — — — — —
2 25 0 0 0 0 0 0 0 — —
3 25 0 0 1 2 1 i 0 — —
4 24 0 1 0 1 0 0 0 0 —
5 19 0 0 0 0 0 0 — — —
B 19 0 0 0 0 0 0 — — —
7 12 0 0 2 3 2 — — — —
8 12 0 0 0 0 0 —_ — — —
9 12 0 0 0 0 0 0 — — —
10 18 0 0 0 0 0 — — — —
11 12 0 0 0 0 0 2 0 0 2
12 12 0 0 0 0 0 0 — — —
13 12 1 0 0 0 0 0 0 — —
14 18 0 0 1 2 0 7 — — —
15 12 l 0 0 0 0 0 — — —
16 12 0 0 0 0 0 — — — —
17 24 0 0 0 0 0 0 — — —
18 12 0 1 0 1 0 0 0 0 —
19 24 0 ¢ 0 0 0 — — — —
TOTAL ON TEST 329 327 325 321 287 213 99 42 10
TOTAL FAILURES 2 2 4 16 3 9 0 0 2
TOTAL GQOD 327 325 321 305 284 204 99 a3z 8
P, 099 0994 0388 0950 0990 0958 1.00 1.00 0.800
Cumulative P, 0994 0988 0976 0927  0.517  0.87% G879 0879  0.703
Pp=1—P, 0.006 €012 0024 0073 0083 0121 0121 0121 0300
Cumulative % Failures 0.6 1.2 24 7.3 83 12.1 12.1 12.1 300
multiple temperatures. Failure analysis of devices paper in Figure 2. Arrhenius plotting paper gives a
rejected during this testing of Series ULN-2000A graphical splution, rather than a mathematical solu-
and ULN-2800A also supports this activation energy, tion, to the problem of equivalent median lifetime at
as failures were mainly due to increased leakages, any junction temperature. A line drawn through
reduced beta, and surface inversion.> +150°C and + 175°C failure peints has a slope cor-
The median life-point is drawn on Arrhenius graph responding to that of the 1.0 eV failure mechanism.
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CONCLUSION

Although not as statistically accurate as the me-
dian lifetime, the 5% failure point can be read from
Figure 1. It is plotted in Figure 2.

The median life with lower junction temperatures
can now be determined by using Figure 2. It must be
emphasized that this is junction temperature and not
ambient temperature. The temperature rise at the
junction due to internal power dissipation must be
taken into account using the formula:

TJ=PDGJA+ TA or TJ=PDGJC+TC
The median lifetime, or 50% failure point, as de-
termined in Figure 2, is approximately 100 years at

+125°C or 1,000 years at + 100°C junction temper-
ature.

The approximate failure rate (FR) can be deter-
mined from FR = 1/Median Life, where Median
Life is taken from Figire 2 at the intersection of the
junction-temperature line and median-life plot. The
actual instantaneous failure rate may be calculated
using a Goldwaite plot.* However, this approxima-
tion is very close. At + 100°C the failure rate would
be:

FR= 1(8.8 x 10 hours)
= 0.0011%/1000 hours = 11 FIT
where FIT= failures per 10° unit-hours

TABLE il

SERIES ULN-2000A AND ULN-2800A FAILURE RATE
T, Median Life Failure Rate Failures [n Time
(*C) {h (%/100h) {No./10% unit-hours)
126 1.0 x 108 0.10 1000
100 28 x 10¢ 0011 110
75 L0 x L@ 0.0010 10
5 B8 x I 0.00011 11
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The relationship between temperature and fajlure
rate is well documented and is an important factor in
all desiens. Load currents, duty cycle, and ambient
temperature must be considered by the design engi-
neer to establish a junction-temperature limit that
provides failure rates within design objectives.

Figure 2 shows that a design with a junction tem-
perature of + 100°C, calcualted from internal power
dissipation and external ambient temperature,
would not reach the 5% failure peint in 10 years.
Lowering the junction temperature to +70°C in-
creases the time to the 3% failure point to 300 years.

A complete sequence of environmental tests on
Series ULN-2000A and ULN-2800A, including tem-
perature cycle, pressure cooker, and biased humid-
ity tests are continuously monitored to ensure that
assembly and package technology remain within es-
tablished limits.

These environmental tests and accelerated-life
tests establish a base line for comparisons of new
processes and materials.
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