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HIGH-CURRENT INTERFACE DRIVERS
et

SELECTION GUIDE
(in order of tested output current rating)
lour Your Outputs Device Type Fage
+=1.0A 26V Half-Bridge UDN-29432 4-5]1
= 1.0A Linear 28V Pawer Op Amp ULN-37517 4-93
= 1.0 A Linear vy Dual Power Gp Amp ULN-3753B/W 4-98
+ 1.0A Linear 40V Dual Power Op Amp ULN-3755B/MW 4-107
1.0A 50V Sink 4t UCN-5813/14B 5-41
1.0A oV Sink 2 UDN-5725M 4-117
1.0A oy Sink 41 JCN-5813/14B-1 5-41
LOA 150V Sink 4 ULN-7064/68/74B 2-15
1.254 50V Source/Sink 2 ULN-2061M 4-3
1254 50V Sink 4 ULN-2064/66/68/708 4-3
1.25A ROV Source/Sink 4 ULN-2074B 4-3
125 A 60 ¥ Sink 4 UDN-2540B 4-14
— 154 35V Source 4 UDN-29418 4-43
1hA —50Y Sink 4 UDN-2841/458 4-19
—1.54 =50 Source 4 UDN-28458 4-19
154 B0y Source/3ink 2 ULK-2062M 4-3
1.5A B0Y Sink 4 LILN-2065/67/69/71B 4-3
1.5A g0V Source/Sink 4 ULN-20758 4-3
1754 BOY Sink 41 UCN-58258 5-59
L75A 80V Sink 4t UCN-5826B 5-59
+=2.0A 15V 3 x Half-Bridge UDN-2906W *
=204 15V 3 % Half-Bridge LIDN-2931B/wW 4-31
+20A 35V Kalf-Bridge LIDN-~2935/50Z 4-34
+20A 0Y Full-Bridge LDN-2952B/W 4-64
=204 50V Full-Bridge UDN-2953B/54W 2-70
+=2.0A 50V 2 x Full-Bridge UDN-2998W 4-8%
2.0A 80V Sink 4 UDN-2545B 4-17
+=3.0A 45y 3 % Malf-Bridge UDN-2936/37W 440
3.0 A PWM 45y Source/Sink 2 UDN-2562W 4-75
30A PNV Sink 4 UDN-7078W 4-121
404A 50V Sink 4 UDN-Z878W 4-25
407 50V Sink 3 UDN-2938W/39B8 4-4p
404 50V Source/Sink 2 UDN-2975W 486
4.0 A PWM 50V Source/Sink 2 UDN-2965W-2 4-81
404 60V Source/Sink 2 UDN-2976W 4-36
—4.0A 60V Source 4 UDN-2944W 4-55
4.0A 0V Sink 4 UDN-2879W 4-25
—60A a0y Source 4 UDN-2948W 4-58
=80A 50V Half-Bridge LIDN-29512/55W 4-51

Current ratings shown are maximum tested condition; allowable peak, or start-up currents are generally higher; voltage ratings shown are maximum
allowakle. Devices with ratings of less than 1 A are listed in Section 3.

TLatched Smart Power drivers.

*New product. Contact factory for information.
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ULN-206TM THROUGH ULN-2075B
1.5A DARLINGTON SWITCHES

m

ULN-2061M THROUGH ULN-2075B
1.5A DARLINGTON SWITCHES

FEATURES

® TIL, DTL, CMOS Compatible inputs

® Transient-Protected Qutputs

& |oads o 480 Watts

® Piastic Dual In-Ling Packages

® Heat-Sink Contact Tabs on Quad Arrays

IGH-VOLTAGE, HIGH-CURRENT Darling-

ton arrays ULN-2061M through ULN-2075B
are designed as interface between low-level logic
and a variety of peripheral loads such as relays, so-
lenoids, de and stepper motors, multiplexed LED
and incandescent displays, heaters, and similar
loads to 480 watts (1.5 A per output, 80 V, 26% duty
cycle).

The devices have a minimum output breakdown
of 50 V and a minimum Vcgeus, of 35 V measured at
100 mA, or a minimum output breakdown of 80V
and a minimum Veggus 0F 50V,

Dual-driver arrays ULN-2061M and ULN-2062M

GM0, NO. MO765

ULN-2064B
ULN-2065B

Downloaded from Elcodis.com €lectronic components distributor

%11 8 | 5UB
y Y W20

clz - 7]c<

B3 6|8

E|A4 5]E

OWG. MO A=10,2304

ULN-2061M
ULN-2062M

are used for common-emitter {externally con-
nected), or emitter-follower applications. Both de-
vices are supplied in miniature 8-pin dual in-line
plastic packages.

Quad drivers ULN-2064B, ULN-2065B, ULN-
2068B and ULN-2069B are intended for use with
TTL, low-speed TTL, and 5V MOS logic. Types
ULN-2065B and ULN-2069B are selected for the
80V minimum output breakdown specification.
Types ULN-2068B and ULN-2069B have pre-
driver stages and are most suitable for applications
requiring high gain (low input-current loading).

Dl MI. A= (P31 DG, hD. 4<37ERA
ULN-2068B ULN-2074B
ULN-2069B ULN-2075B
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ULN-2061M THROUGH ULN-2075B
1.5 A DARLINGTON SWITCHES

Isolated Darlington arrays ULN-2074B and ULN-
2075B are identical to Types ULN-2064B and ULN-
20658 except for the isolated Darlington pinout and
the deletion of suppression diodes. These switches
are for emitter-follower or similar isolated-Darling-
tg applications.

All quad Darlington arrays (sufiix ‘B’ devices)
are supplied in a 16-pin plastic dual in-line package
with heat-sink contact tabs. A copper-alloy lead
frame provides maximum power dissipation using
standard cooling methods. This lead configuration
facilitates attachment of external heat sinks for in-
creased power dissipation with standard IC sockets
and printed wiring boards.

SELECTION GUIDE
Part MAX.  Min.  Max.

Number Ve Veeas Vi Application
ULN-2061M 50V 35V 30V TITL, DTL, Schoithy TTL,
ULN-2062M 80V 50V 60V and 5V CMOS
ULN-2064B B0V 35V 15V  TIL DTL, Schottky TTL
ULN-2065B 80V 50V 15V  and 5V CMOS
ULN-20688 50V 35V 15V TIL DT, Schoitky TTL,
ULN-2069B 80V 50V 15V and 5V CMOS

ULN-2074B 50V 35V 30V
ULN-20758 80V  HOV 6OV

General Purpose
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ABSOLUTE MAXIMUM RATINGS
at + 25°C Free-Air Tempesature
for Any One Driver
(unless otherwise noted)

Qutput Voltage, Voo - v oo ve e See Guide
Qutput Sustaining Voltage, Veesesy -+ - oo oo oo vt See Guide
Output Current, lgyr (Note 13 .o ov oo 1754
fnput Voltage, Vi (Note 2} . .. .. ... ... .. .. See Guide
Input Current, l;{Note 3) . . .. ...t 25 mA
Supply Yoltage, Vs (ULN-2068/69B) ................ 10V
Total Package Power Dissipation .............. See Graph
Operating Temperature Range, T,. ... .... —20°C to + 85°C
Storage Temperature Range, Tg ... ...... —55°C to — 150°C
NOTES:

1. Allowable combinations of output current, number of sutputs conducting,
and duty cycle are shown on following pages.

2. Input voltage is referenced t the substrate {no cannecticn to other pins) for
Type ULN-2061/62M and ULN-2074/758; reference is ground for all other
types.

3. Input current may be limited by maximum aticwable input voltage.

ALLOWABLE POWER DISSIPATION
AS A FUNCTION OF TEMPERATURE

5.0

ALLOWABLE FOWER CISSIPATION I WATTS

0 50 100 150
AMBIEMT TEMPERATURE 1M °C Dwg. Mo. A-10,3624
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ULN-2061M THROUGH ULN-2075B
1.5 A DARLINGTON SWITCHES

ULN-2061TM AND ULN-2062M

PARTIAL SCHEMATIC
KTt B | sUB
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Dwg. No. A-10,352B UG MO, &= 10,2304

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

Test Applicable Limits
Characteristic Symbaol Fig. Devices Test Conditions Min. Max. Units
Output | eakage Current loe 1 ULN-2061M Ve = 50V — 100 pA
Ve = 80V, T, = 70°C —_— 500 uA
ULN-2062M V. = 80V — 100 7.
Vor = 80V, T, = 70°C — 500 ph
Qutput Sustzining Voltage Vorsu 2 ULN-2061M le = 100 mA, ¥V, = 04Y 35 — ¥
LLN-2062M I, = 100 mA, ¥, = 0.4V 50 — ¥
Collector-Emitter Veasan 3 Both le = 500 mA, |, = 625 pA - 1.1 ¥
Saturation Voltage lp = 750mA, |, = 935 uA — 1.2 ¥
=104/ 5= L25mA e 1.3 v
e = 1L.2OA% |, = 2.0mA —_ 1.4 ¥
ULN-2062M le = LAY, |y = 2.25 mA — 1.5 ¥
[nput Current I 4 Both Vi = 2.4Y 1.4 43 mA
V=375V 33 9.6 mA
Input Voltage Y niom 5 Both Voo = 20V, 1, =104 — 2.0 v
ULN-2061M Voo = 2.0V I, = 1.25A* — 2.5 ¥
ULN-2062M Vo = 20V, I, = 15A% — 2.5 ¥
Turn-On Defay touy — Both 0.5E, 10 05E,, — 10 S
Turn-0ff Delay tou — Both 0.5E t0D5E,, C— L5 5
Clamp Diode I 6 ULN-2061M V, = 50V — 20 A
Leakage Gurrent Vo= 50V, T, = 70°C — 100 uA
ULN-2062M Vo= 80V — . & pA
Ve = 80V, T, = 70°C — 100 wh
Clamp Diode ¥, 7 Both l=1.0A — 1.75 ¥
Forward Voltage lF = 15A — 2.0 yV
*Pulse-Test
4—5
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ULN-2061M THROUGH ULN-2075B
1.5 A DARLINGTON SWITCHES

ULN-2064B AND ULN-2065B

PARTIAL SCHEMATIC
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Dhwg. No. A-10,358C

(SIMILAR TO ULN-20748 AND ULN-2073B)

ELECTRICAL CHARACTERISTICS at =+ 25°C {unless otherwise noted)

Dwg. No. A-STESA
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Test Applicable Limits
Characteristic Symbaol Fig. Devices Test Canditions iin. Max. Units
Qutput Leakage Current leex 1 ULN-2064B Voe = S0V — 100 pA
Ve = 50V, T, = 70°C — 500 ph
ULN-20658 Voe = 80V — 100 A
Vo = 80V, T, = 70°C — 500 wA
Qutput Sustaining Yoltage Veesus 2 ULN-2064B lc = 100mA, ¥, = 0.4Y 35 — V
ULN-Z065B lo = 100 mA, ¥, = 0.4V 50 —_ v
Collactor-Emitter Vo 3 Bath I, = 500 mA, I, = 625 pA — 11 v
Saturation Voltage l, = 750 mA, I, = 935 pA _ 1.7 y
e =104l = 125mA — 1.3 Y
le = 1254 1; = 20mA — 1.4 v
ULN-2065B lc = 1541, =225mA — 1.5 v
Input Curreni fiony 4 Both Vo= 24Y 1.4 43 mA
¥y, = 3.75¥ 3.3 9.6 mA
input Voltage Yison ] Both Ve = 20V, I, = L.OA — 2.0 ¥
ULN-20648 Ve = 20V I; = 1.254 — 2.5
ULN-20658 Ve = 20V, I; = L5A — 2.5
Turn-0n Delay tou — Both 0.5E,t00.5E,, _— 1.0 1S
Turn-0ff Delay — Both 05E,t00.5,, — 15 1.5
Clamp Diode Leakage Current I b ULN-2064B ¥ =50V — 50 T8}
Vg = 20V, T, = 70°C — 100 wh
ULN-Z0658 Y, = 80Y — s3] WA
Ve = B0V, T, = 70°C — 100 LA
Clamp Diode Forward Voltage ¥e 7 Both = 1.0A — 1.75 Yy
k=154 — 2.0
4—6
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ULN-2061M THROUGH ULN-2075B
1.5 A DARLINGTON SWITCHES

ULN-2068E AND ULN-2069B

PARTIAL SCHEMATIC

S00

Dwg, No, A-10,354C

Dwag. No, A-10,310

ELECTRICAL CHARACTERISTICS AT + 25°C, V, = 5.0 V {unless otherwise noted)

Test Applicable Limits
Characteristic Symbol Fig. Devices Test Conditions Min. Max. Linits
Qutput Leakage Current loe 1 ULN-20688 Ve = DOV — 100 1A
Ve = 50V, T, = 70°C — 500 uh
ULN-2069B Vor = 80V — 100 A
Vo = B0V, T, = 70°C —_ 500 A
Output Sustaining Voltage Voesus 2 ULN-2068B lc = 100mA V,, = 0.4V 35 — i
_ ULN-2069B lp = 100mA Vy, = 0.4V 50 — y
Collector-Emitter Vogrsm 3 Both fo = 500mA, Iy =275V — 11 V
Saturation Yoltage l = 750 mA, 1, = 2.75V _ 12 y
lo = 1.0A Iy =275V — 13 y
lo = 125 A, 1, =275V — 14 ¥
ULN-20698 lo = 154 Iy = 275V — 15 )
Input Current - 4 Both Yy =275V — 550 A
Vi = 375V — 1000 A
Input Yoltage Vinaony 5 ULN-2068B Ve = 2.0V, ;= 1.25A — 2.75 ¥
ULN-2069B Ve =20V, ;=154 — 2.75
Supply Current ls B Both lc = 500 mA, v, = 275V —_ 6.0 mA
Turn-On Delay tay — Both 0.5E,100.5E,, —_ 1.0 s
Turn-0ff Delay oL — Both 05E,t005,, I, =1254 — 1.5 T
Clamp Diode Leakage Current ix B ULN-2068B Vo =50V — 50 pA
Ve = 50V, T, = 70°C — 100 PA
ULN-2069B Ve =80V — 50 e
Vo =80V, T, = 70°C — 100 A
Clamp Diode Forward Voltage Ve 7 Buth le= 10A — 1.75
=154 — 2.0
4—7
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ULN-2061M THROUGH ULN-2075B
1.5 A DARLINGTON SWITCHES

ULN-2074B AND ULN-2075B

PARTIAL SCHEMATIC

Bwg. No, A-10,384B

Dwg. No. A-97864

(SIMILAR TO ULN-20648 AND ULN-2065B}

ELECTRICAL CHARACTERISTICS at + 25°C {unless otherwise noted)

Test | Applicable Limits

Characteristic Symbol Fig. Devices Test Conditions Min. Max. Units
Output Leakage Current Voex 1 ULN-2074B Ve = 50V — 100 T
Ve = 50V, T, = 70°C — 500 wA

ULN-2075B | Vo =80V —_ 100 wh

Vor =50V, T, = 70°C — 500 wA

Output Sustaining VYoltage Vopsuy 2 ULN-2074B = 100mA vV, =04V 35 — y
_ LLN-2075B lp=100mA ¥V, =04V 50 — v

Collector-Emitter Veemm 3 Bath Iy = 600 mA, |y = 625 pA — 1.1 v

Saturation Voltage lp = 750 mA, I, = 935 pd _ 1.2 y

lg=10A1;=125mA — 1.3 ¥

lo= 12541, =20mA — 14 ¥

ULK-20758 l, =154 1; = 225mA —_ 15 ¥

Input Current Leeny 4 Both V= 2.4 14 43 mA
V= 3.75Y 33 9.8 mA

Input Voltage Vi 5 Both Ve =20V, 1, = 1L0A — 2.0 ¥

ULN-2074B Ve = 20V, ;= 1254 — 25
ULN-20758 Ve =20V, ;= 15A — 25

Turn-On Defay tow — Both 05E,to 0.5 E,, —_ 1.0 [T

Turn-0ff Delay ton o ~ Both 0.5E,t0 0.5, —_ 1.5 11
4—3
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ULN-2067M THROUGH ULN-2075B
1.5A DARLINGTON SWITCHES

TEST FIGURES
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ULN-2061M THROUGH ULN-2075B

1.5 A DARLINGTON SW

ITCHES

PEAK COLLECTOR CURRENT AS A FUNCTION OF DUTY CYCLE
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ULN-2061M THROUGH ULN-2075B
1.5A DARLINGTON SWITCHES

PEAK COLLECTOR CURRENT
AS A FUNCTION OF DUTY CYCLE (Continued)

DEVICE LIMIT DEVICE LIMIT
1.5 mm—— 1.5

= \ : \ 1 = \ \ l‘<
4 \ rd
E M \ . § e
g 1.0 S ?‘:, g 1.0 My, \‘ 2 -
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0 20 40 &0 80 100 0 20 40 50 80 100
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COLLECTOR CURRENT AS A FUNCTION OF INPUT CURRENT AT +25°C
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ULN-2061M THROUGH ULN-2075B
1.5 A DARLINGTON SWITCHES

INPUT CURRENT AS A FUNCTION OF INPUT VOLTAGE AT +25°C
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Dwg. No, 4-10,363B
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BIDIRECTIONAL MOTOR CONTROL
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ULN-2061M THROUGH ULN-2075B
1.5 A DARLINGTON SWITCHES

TYPICAL APPLICATIONS (Continued)

Vee Vee Vee Ve
b 4 o

ULN-20748
ULN=-2061M

-

r h 4 h 4 % % % % % % % Y
F* /% ﬁ% i# !*% »# »‘,-‘! ;‘# i# i# u% ﬂ% h% i% L ﬂ%ﬁ% ¥ n% !# ,r# i*dﬂ Fo P PR\ R k| A PR W
¥ 3

7 A PR B PR R ¥\ FF| v¥| rE| FE| #A FE| Wy

Dwrg, Mo, B-1364A

%

COMMON-ANODE LED DRIVERS
(Series UDN-2980A devices can be used in similar applications of currents of up
o 500 mA)

EELEtLc
LU LN L
¥ LR ¥ AL URL AN C | re| pel 2| de| AR R | | sr| ie| #| #¥l R 4

ULN=2041 M

LamP
TEST

LAMP
TesT 1

oy

—73—0 o—
||=—
—
E_

ULM-20648

Dwg. No. B-13654

COMMON-CATHODRE LED DRIVERS
(Type ULN-2068B is also applicable)

4—13
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UDN-2540B
QUAD NAND-GATE POWER DRIVER

UDN-2540B
QUAD-NAND GATE POWER DRIVER

FEATURES
OUTd
® 1.5 A Qutput Current
e Qutput Voltage to 60 Y K
& |ntegral Transient-Suppression Diodes ouT
& Efficient Input/Output Pin Structure 3
* TTL, CMOS, PMOS, NMCS Compatible GROUND
Combining NAND logic gates and high-current bi- GROUND
polar outputs, the UDN-2540B power and relay out,
driver provides interface between low-level signal-
processing circuits and power loads to 350 W. Each K
of the four independent outputs of this device can ouT,

sink up to 1.5 A in the ON state. In the OFF state the
drivers will withstand at least 60 V. Transient-
suppression clamp diodes and a minimum 33 V out-
put sustaining voltage allow their use with many in-
ductive loads.

Typical applications include relays, solenoids,
and dc stepping motors. It can also be used to drive
high-current incandescent lamps, LEDs, and
heaters. In display applications, the diodes can be
used to perform the *‘lamp test’” function.

Inputs are compatible with most TTL, DTL,
LSTTL, and 5V or 12V CMOS and PMOS logic.

Dwg. No. A-11,661

Each of the four outputs is recommended for contin-
uous load currents to 1.25 A. Cutputs can be paral-
leled for higher load currents.

The UDN-2340B is supplied in a 16-pin dual-in-
line package with heat-sink contact tabs, This con-
figuration allows attachment of an inexpensive heat
sink and fits a standard integrated circuit socket or
printed wiring board layout.

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

Output Veltage, Ve o oo e e IR
QUL CUITBNL, lour oo e e e e e e e L5A
SUPPIY YOItage, Yoo v vt e e e e 13V
DUt YOlaEE, Vi . e e e e e 18V
Power Dissipation, Py (Each Driver). . .. ... ... . oo 25W

(Total Package) .. ....... ... v, See Graph
Operating Temperature Range, Ty ... .o oo ot —20°Cto +385°C
Storage Temperature Range, Ts ... . ...t iin e —55°C to + 150°C

4—14
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UDN-2540B
QUAD NAND-GATE POWER DRIVER

m

ELECTRICAL CHARACTERISTICS at T, = +25°C, Ty = +70°C, Ve = 475V 10 12.6V (unless otherwise noted)

Limits
Characteristic Symbol Test Conditions Min. Max, Units
Output Leakage Current leex Vour = 60V, Vip = 0.7V, Vo = 2.0V — 100 A
Vorr = 60V, Vi = 2.0V, Yoo = 0.7V — 100 A
Qutput Sustaining Voltage Yersug lor = Y00 mA, Vi = Youge = 0.7V 35 —_ ¥y
Qutput Saturation Voltage Voersan logr = 250 m&, Vi, = Vguuge = 20V — 1.0 ¥
lyr = 300 mA, Viy = Voug: = 2.0V — 11 ¥
by = 750 A, Viy = Vege: = 2.0V — 1.25 v
lowr = LOA Vi = Vope = 2.0V —_ 1.4 ¥
lor = L25A Yoy = Voo = 2.0V — 16 y
Input Voltage Logic 1 Vinens 0T Venssiecs 2.0 — ¥
Logic 0 Yingy 01 Venssew — 0.7 v
Input Current Logic 1 Vingy 07 Vensaeery = 2.0V — 20 A
Logic 0 Ving, OF Venasiey = 0.4V — —200 pA
Input Clamp Voltage Vi Iy OF leyame = — 10 mA — -15 ¥
Total Supply Current Lo Vie" = Vewme = 2.0V, Voo = 5.0V, Qutputs Open —_ 8.0 mA
Vi® = Vouse = 2.0V, Voo = 15Y, Outputs Open — 33 mA
Vir* = Vg = 0.7V, Ve = 5.0V — 2.0 mA
Vi = Veowae = 07V, ¥, = 15V — 7.0 mA
Clamp Diode Forward Voltage ¥ lr = 10A — 2.1 v
lr= 1254 - 2.5 ;
Clamp Diode Leakage Current lg Vg = BBV, Vy = Vpyge = 2.0V,D, + D,0rD, + D, — 100 A

*All inputs simultaneously, all other tests are performed with each input tested separately.

ALLOWABLE AVERAGE PACKAGE POWER DISSIPATION
AS A FUNCTION OF TEMPERATURE

AULOWRBLE PACKAGE POWER DISSIPATION, Pp. IN WATTS

25 50 75 100 125 159
TEMPERATURE [N °C

Dwpg. No. A-11,7038

4—15
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UDN-2540B
QUAD NAND-GATE POWER DRIVER

INCANDESCENT LAMP DRIVER

APPLICATIONS v Yec

Typical applications for this device include driv-
ing incandescent lamps and dc stepper motors.
Lamps with steady-state current ratings up toe 150
mA can be driven without current [imiting or warm-
ing resistors (assumes 1.5 A peak in-rush). The inter-
nal diodes can be used to perform the *‘lamp test™
function as shown. Bifilar (unipolar) stepper motors
can be driven directly. The internal transient-
suppression diodes prevent damage to the output
transistor from positive high-voltage inductive
spikes as the output switches oFF.

LAMP

i"“ TEST

Dwg. No. A-12,048A

STEPPER-MOTOR DRIVER

INPUT WAVEFORMS

»1
L

w]
| —

Dwg. No. A-11,785

Dwg. Mo, A-11,796
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UDN-2545B
UNIVERSAL QUAD DRIVER

m

UDN-2545B
UNIVERSAL QUAD DRIVER

FEATURES «\
..3.
® Output Current of 2 A ML ’E 01'”{\ \
® 30V Min. Output Breakdovim oue 1 e T \
& 40V Qutput Sustaining Voltage Mg,y
® PMOS, CMOS, TIL Compatible w3 RAELEA NN
® Built-in Thermal Shutdown . it
& (utput Transient Protection a b, "m.g
® CHIP ENABLE for Microprocessor Controf Susles A g pesies
® Under-Voltage Protection 1 L
Wy | 8 ‘,:'11 out
,‘u‘“l\‘ +
\‘ 4 | 7 10 | cUTy
.l‘\.‘ l.ll\
(‘:“m"hmu.m G:\‘lb( 3.1. 5 | v
he UDN-2545B is a four-channel high-current, \ h"h\ “1'.:‘--“.":“ ----- N K L sug
- . - - - i ) o,
high-voltage integrated circuit designed to pro- "\\\ N, “u,h "l\,]‘. "0t = THERMAL SHUTDOWN
vide the interface between stepper motors and mi- ™ ", M, M, M, UVL= UV TL LocKauT
A \‘]1 b

croprocessor or logic motor control circuitry. The "‘\. ‘\\.
UDN-25458 will accept most standard logic mgn,al“-\.. \\\\

inputs and provide motor drive current to both M \ "
P P ! ,.-u\p &ﬂ\ N \‘."--“l ..3\\. \1 \Bw'}‘t-m hystersis. The thermal shutdown with hys-
tive and negative supply rails. O,

The UDN-2545B i ble of sinki Py My 511 ", "h " «.,‘ ‘,Jl tersis is to guard against damage to the device. CHIP
© ) is capable of sinking up to‘R, f“‘ ™ “  ENABLE is especially good for use in microproces-

and maintaining an output OFF vol;@.ge of 80 volt§ "1\ “lw' .
This device incorporates some umhpe‘\features sucH Mg ,,..l sor‘cont.rol. A_H outlputs have clamp diodes for
suppression of inductive loads.

as under-voltage protection, thbxlhnal &pu‘u’\iown d,aﬁd

CHIP ENABLE control. ;Iv‘hq,.tlndq;t; vohag&,prow‘c— The UDN-2545B is supplied in a 16 pin plastic dual
tion guards against supp}y‘ [;nga'tl:@ﬁ31entb q,mﬂ has in-line package with heat-sink contact tabs. A cop-
T ¥ 4 o ‘\v per-alloy lead frame provides maximum power dis-
FUNC'FTQMAL BL@EK«DIAGRAM sipation using standard cooling methods. This Jead
‘h‘\m x\“tl ﬂ-ml N A configuration facilitates attachment of external heat
e i, el sinks for increased power dissipation with standard
W m —g'_@) o IC sockets and printed wiring boards.
~i‘{:'ﬂ 't‘;"lcmp s Yy Y, ::J 1
K "1\. hft{:::ﬁ" 1"'}]‘. v L . F 3 ‘@ )
\h“‘h\w“\h ,_‘:D— EE E @ oun ABSOLUTE MAXIMUM RATINGS

1‘l\‘l\...t::""‘y {:ER H SUR af T‘ + 25°c
l —@ o Output Voltage, Ve .. ..o 80V
Ny (©— "ZD”'* ¢ Aqi Emitter Suppgly VoT’Eage, Ve oo —25V

=% Logic Supply Voltage, Vs .. ... o, 20V
e @ —@ ou. Qutput Current, lor « o ov oo 25A
e > | ——— Input Voltage, V.. ..o 25V
s Package Power Dissipation, Py, ................. 2. 77w
GROUND @;L J o= Operating Temperature Range, T,. .. ..... —20°C to +85°C
® v Storage Temperature Range, Ts ......... =55°G 1o +150°C
*Derate at the Rate of 22.2 mW/°C ahove T, = 25°C.

4-—17
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UDN-2545B
UNIVERSAL QUAD DRIVER

ELECTRICAL CHARACTERISTICS at T, = +25°C, Vs = 5V 10 15V, V;; = 0V (unless otherwise noted)

Limits

Characteristic Symbol Test Conditicns ' Min. Max. Units
Qutput Leakage Current loe Vour = 80V, ¥y = 2.0V, Other Inputs = 0V — 500 A

Qutput Sustaining Yoltage VYermus lowr = 24 Inputs = 5.0V, L = I mH 10 —_ '

Output Saturation Voltage* Veesan lor = 2 A Inputs = OV —_ 2.2 ¥
Clamp Diode Leakage Current I Y, =80V —_ 50 ph

Clamp Diode Forward Voltage Ve L =2A —_ 2.5 )
Input Current Iy, Yy = 0.8V — —250 i
ligorn Vp = Vs — 90 pA

Supply Current lston All Inputs = 0.8Y,V; = 5.0V — 65 mA
Ml Inputs = 0.8Y V; = 15V — 70 mA

bsiorry All Inputs = 5.0V, ¥; = 5.0V —_— 20 mA

All tnputs = 15V, ¥, = 15V — 30 mh

*Pulse Test

STEPPER MOTCOR APPLICATION

[P | 16
3 V=36V ?
2 red SUB 4y 15
L 3
i E
1Ny C
l I | § Su8
N2 4 H 13
rsi |
—1— S 2
IN3 i ——
- N =
I ©
IN4 N3 B 1
¥
w7 sus ] 1
; g Vo=BY
: s =5

— UvL?

75 = THERMAL SHUTDOWN
UYL= UV TL LOCKOUT
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UDN-2841B AND UDN-2845B
QUAD 1.5 A DARLINGTON DRIVERS

m

UDN-2841B AND UDN-2845B
QUAD DARLINGTON 1.5 A DRIVERS

FEATURES

® (nputs Compatible with DTL, TTL, LSTTL, CMOS
® — 53V Darlington Outputs

® Current-Sink or Sink-and-Source Combination
® 16-Pin Dual In-Line Plastic Package

THIS PAIR OF QUAD DARLINGTON switches

15 designed for high-current, high-voltage
peripheral driver applications. They provide solu-
tions to interface problems involving electronic
discharge printers, d-c motor drive (bipolar or uni-
polar), telephone relayvs, PIN diodes, LEDs, and
other high-current loads operating with negative DWG, NO. A-10,3238
voltage supplies. ‘

Type UDN-2841B is for current-sink applications
in which the load is connected to ground. The out-
puts switch the negative supply. The input PNP tran- Current Sink
sistor in each driver serves as a level translator. The
first NPN stage provides current gain to drive the
Darlington-pair outputs.

Type UDN-2845B is a current-sink, current- Buglin. £ 10,485
source combination in a single dual in-line plastic
package. It can be used in bipolar switching appli-
cations in which neither end of the load is at ground Current Source
potential.

Types UDN-2841 and UDN-2845R are intended
for use with 5V TTL, Schottky TTL, DTL., and
CMOS logic. Both drivers reduce component count,
lower system costs, and reduce circuit and board Beg. o, 210,450
complexity.

4—18
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UDN-2841B AND UDN-2845B
QUAD 1.5A DARLINGTON DRIVERS

[

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

For Single Darlington Qutput
{Unless Otherwise Noted)

Output VoHage, Vogom -« - o« v v e e e S0V
Output Sustaining Voltage, Yorsug « - - oo v oo 35Y
Substrate Voltage, Voo . .o o oo -50V
Continuous Qutput Current, lyyr .. oo 1.75A
BUpply VOHage, Vs . . e 10V
INPUEVORAZE, Vi oo o e e e v
Power Dissipation, P, {oneoutput) .. ... See Graph
Operating Temperature Range, To. o oo oo it —20°Cto +85°C

Storage Temperature Range, Ts ... oo v oo —55°C to + 150°C

SCHEMATIC ALLOWABLE POWER DISSIPATION
(Each Driver) AS A FUNCTION OF TEMPERATURE
5.0
. ] ‘
Y =X J
o ‘
O -
3
IN 4.0 “é_
s =
' d | §=
( ‘%
- = v
SUB 100 rzK 3K £ \:
PWS. NO. A-10,483C =z 3.0 L YA
g B 9
= & 42
0 TN, %
AN b
S l
5 2.0 O’], > % )
. . X (P ',
Resistor Values ink{} u \J},]*.\‘ [
Amplifer 1&3 | Amplifier 2 & 4 2 v 0 [ %
& AVRYE
Type Number R Rs R Rs 5o TS 1
UDN-2841B 3.3 15 33 15 < AXY
UDN-28458 3.3 15 33 1 X X
NOTE: The substrate terminals must be tied to the most negative paint in
the external circuit to maintain isolation between transistors and to ]
provide for nermal device operation, 0 50 100 150
TEMPERATURE IN °C
DWG. NO. A-10,488C
4—20
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UDN-2841B AND UDN-2845B
QUAD 1.5 A DARLINGTON DRIVERS

m

ELECTRICAL CHARACTERISTICS ot T, = +25°C (unless otherwise nofed)

Limits

Characteristic Symbol Test Conditions Min.  Typ. Max | Units
Qutput Leakage leex Vee = =50V, Vyy = 0.4V, T, = 25°C —  — 100 LA
Current Vee = —50V, ¥y = 0.4V, T, = 70°C —  — 500 | pA
Output Sustaining | Viesus Vee = =50V, Viy = 0.4V, Iy = 100 mA 35 50 — v
Yoltage
Output Saturation | Veeen lor = 500mA e 1.1 v
Voltage oy = 1.0A (Note 1) — — 14 v

foor = L5A (Note 1) — = 16 ¥
Input Current lniom loyr = S00mA, ¥y, = 2.4V — 300 500 A
Input Voltage Yo lor = 1.5A — — 24 V
(Note 1)
Supply Current I lor = 500mA, UDN-2841B, UDN-2845B (Note 2) —_ 25 375 mA
(Note 1) lyr = 500mA, UDN-2845B (Note 3) — 33 715 ma
Turn-0n Delay bt R, = 3302, 0.5V to 0.5V - — 2.0 8
Turn-0ff Delay togeormy R, = 390, 0.5V, 10 0.5V, —  — 50 ws

NOTES:

1. Each driver tested separately,
2. Drivers 1 & 3 (sink drivers) only, Vs = 0V, Vi = —40V.
3. Drivers 2 & 4 (source drivers) only, ¥, = 5¥, ¥, = —40V.

TEST CIRCUITS

UDN-28418 UDN-2845B
Veg =40V
1 16 —0
f
2 15 —OV|N
= Vv,
oy 3 5|14
4 13 '
13
: 1 0,
[ 3 11 VIN
7 10
ViIN
8 9
o4 =
Vg = -40V
DWG. NG, A-10,4874 DWG. NO. A-10,484A

4121
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UDN-2841B AND UDN-2845B
QUAD 1.5A DARLINGTON DRIVERS

ALLOWABLE OUTPUT CURRENT
AS A FUNCTION OF DUTY CYCLE

WITHOUT HEAT SINK

1 \ \ \
. \
%
b
=
7.3 ~\L oy
I L0
o
z 3
= . \
E S \
& Fm OF GUTPUTS
= COMNBUCTING
e 0,5 SIMULTANEQUSLY 1N &%
= FREE 4t
=
=
5 ll“‘l!hllll.....--
=]
g
=
=
-

0 q 20 40 60 0 100

PERCENT DUTY CYCLE . NO. 410,583
WITH STAVER V-7 HEAT SINK

U \' \
u \ 2
P \\
=4
~
—
: ‘\~\§~‘\“‘ ~N-‘.ii‘
] 1.0
2 \ \
z
< \\
=
B |NUMBER OF DUTPUTS \
= CONDUCTING
3 SIMU LTAREQUSLY WITH
— 0.5 STAVER V-7 HEAT SIMK
T
5
[=]
e
=
=
=

0 1
0 bl 40 & 1] 100
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UDN-2841B AND UDN-2845B
QUAD 1.5A DARLINGTON DRIVERS

m

OUTPUT-STAGE TRANSIENT PROTECTION

When switching inductive loads, the output transistors of UDN-
2841B and UDN-2845B drivers should be protecied by a suitable
clamping technique. The simplest approach is to clamp each output
with a discrete diode, as shown in Figures 1 and 2.

IN B

Ygor GND —1

5 F 3 = SOURC
B =
v-
WG, M. A-L1L.790A
Figure 1
UDN-28418
‘5\"“ OHG, NO. A-11,7924
Figure 2
UDN-28458

For improved turnoff, a combination
diode/Zener diode scheme can be used. The
Zener diode in the clamp circuit of Figure 3
allows the flyback voltage to rise above the sup-
ply voltage, speeding turnoff of the load. An ap-
propriate resistor can be substituted for the
Zener diode. With a 1A Ioad, substitution of a
15% resistor results in operation similar to that
of the Zener diode circuit,

V_
DWG. NO. A-11,7B7A

Figure 3
UDN-2841B
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UDN-2841B AND UDN-28438
QUAD 1.5A DARLINGTON DRIVERS

TYPICAL APPLICATIONS

BIPOLAR MOTOR DRIVER

UDN-2845B

IN A O—]
_30Vo
INB o
DG, NO. A-13,586A
ELECTROSENSITIVE PRINTER INTERFACE
PRINT ELECTRODES l_
A7 39 38 3%
UDN-2841B
OIN &
IN 1 0%, or GND
OIN 3
IN 2 &
L

DWG. NO. A-10,585A
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UDN-2878W AND UDN-2879W
QUAD HIGH-CURRENT DARLINGTON SWITCHES

UDN-2878W AND UDN-2879W
QUAD HIGH-CURRENT DARLINGTON SWITCHES

FEATURES

o Qutput Currents to 4 4

o Qutput Voltages to 80V

o loadsto 1280 W

o TTL, DTL, or GMOS Compatible Inputs
e |nternal Clamp Diodes

e Plastic Single In-Line Package

e Heat-Sink Tab

THESE QUAD DARLINGTON ARRAYS are
designed to serve as interface between low-
level logic and peripheral power devices such as
solenoids, motors, incandescent displays, heaters,
and similar loads of up to 320 W per channel. Both
integrated circuits include transient-suppression
diodes that enable use with inductive loads. The
input logic is compatible with most TTL, DTL, LS
TTL, and 3 V CMOS logic.

Type UDN-2878W and UDN-2879W 4 A arrays
are identical except for output-voltage ratings. The
former is rated for operation to 50 V (35 V sustain-
ing), while the latter has a minimum output break-
down rating of 80V (50 V sustaining). The

By € GND Cz Kiz Bz By V5 Cs Ky C4 By

OWG. NO. R-11.974

economical Type UDN-2878W-2 and Type UDN-
2879W-2 are recommended for applications requir-
ing load currents of 3 A or less. These less expensive
devices are identical to the basic parts except for the
maximum allowable load-current rating.

For maximum power-handling capability, all driv-
ers are supplied in a 12-pin single in-line power-tab
package. The tab is at ground potential and needs no
insulation. External heat sinks are usually required
far proper operation of these deviges.

: Output Sustaining Qutput
Device . Voltage Yoltage Current
- UDN-2878W 50V By 44
LUDN-2878W-2 S0V 35y 34
UDN-2879W 80V 50V A4
LDN-2879W-2 8V 50V 3A
§—25
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UDN-2878W AND UDN-2879W
QUAD HIGH-CURRENT DARLINGTON SWITCHES

[ e

ABSOLUTE MAXIMUM RATINGS
at + 25°C Free-Air Temperature
for any driver
(unless otherwise noted)

Output Voltage, Vi, (UDN-2878W & UDN-2878W-2) . ................. .. ... 50V
(UDN-2879W & UDN-2879W-2) .. . ...t 8oV

Qutput Current, |, (UDN-2878W & UDN-2873W) ........covvven ot 50A
(UDN-Z878W-2 & UDN-2979W-2} ... ..................... 4.0A

InputVoltage, Vi ..o oo 15V
MPUE CUITENT, Dy v v e e e e 25 mA
Supply Yoltage, ¥s . .. o oo 0y
Total Package Power Dissipation, Py .. .. .. ... ... .. i See Graph
Operating Ambient Temperature Range, T, . ... oo oot —20°Cto +85°C
Storage Temperature Range, Tg ... ... i i —55°C t¢ + 150°C

ALLOWABLE AVERAGE PACKAGE POWER D{551PATION
AS A FUNCTION OF TEMPERATURE

20

|
1
1
‘\
[ PARTIAL SCHEMATIC
g One of 4 Drivers
S
=
= Vg
=
=4
& $000
=
& —Pp—o K
& 2.5K
: B O C
= \
: 7Y ¢
[+
o | 7.2K N
e |
f)7 77
DWG. ND. A-12,037
1]

25 50 75 100 125 150
TEMPERATURE IN OC

Dag. No. Awl1l,794
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UDN-2878W AND UDN-2879W

QUAD HIGH-CURRENT DARLINGTON SWITCHES

m

ELECTRICAL CHARACTERISTICS at V, = 3.0V, T, = +25° (unless otherwise noted)

Test |  Applicable _ Limits

Characteristic Symbol | Fig. Devices Test Conditions Min.  Max. | Units
Output Leakage Current | e, 1 UDN-Z878W/W-2 | Yo = 50V _— 100 pA
Voe = 30V, T, = +70°C — 500 WA

UDN-2879WAN-2 | ¥, = 80Y — 100 pA

Ve = 80V, T, = +70°C — 500 | pA

Qutput Sustaining Veesig | 2 | UDN-2878W/MN-2 | |, = 100 mA, Vi, = 0.4V 35 — ¥
Voltage UDN-2879W/MW-2 | |, = 100 mA, V¥, = 0.4V 50 — ¥
Collector-Emitter Voewan [ 2 All le = 500mA, ¥, = 275V — 11 v
Saturation Voltage lo =104V, =275V — 1.3 V
lg = 20AV, = 2.75V — 1.5 Vv

le = 30A Y, =275V — 1.9 v

UDN-2878/2879W [ 1, = 4.0A, V,, = 2.75V — 22 ]

Input Current I 3 All Vo = 275V —_ 550 | pA
Vo = 375V — 1000 | pA

Input Yoltage Yoons 4 All Yoe = 22V, 1. = 304 — 275 ¥
UDN-2878/2879W| V. = 2.2V, 1. = 4.0A -— 275 )

Supply Current per Driver | | 7 Al = 500mA Y, = 275Y — 5.0 mA
Turn-On Delay towy — All 0.5k, t00.5E,, —_ 1.0 .S
Tum-0ff Delay Low — All 0.5E,t005E,. |, =30A — 15 s
Clamp Diode Iy 5 Al V. =50V — 50 pA
Leakage Current Vo= 50V, T, = +70°C — 100 | A
UDN-2879W/W-2 | V, = 80V —_ 50 A

Vo= 80V.T, = +70°C — 100 A

Clamp Diode ' 6 All lr = 3.04 —_ 2.5 )
Forward Voltage UDN-2878/2879W| |, = 4.0A — 3D v

CAUTION: High-current tests are pulse tests or require heat sinking,

TEST FIGURES
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. WO, 10,350

Figure 2
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UDN-2878W AND UDN-2879W
QUAD HIGH-CURRENT DARLINGTON SWITCHES

TEST FIGURES (Continued)

OPEN CPEN

o o OPEN |
L Vi c
T - Vee
l uWy, KO, 4.97%7 = = = — E

B, MO, A-973LA

Figure 3 Figure 4

B

UWG. NO. A=0790

o
QPEN

WG NG A-B7254

Figure 5 Figure 6

Vg OFEN
o 0

DWG, A0, A=10.361

Figure 7
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UDN-2878W AND UDN-2879W
QUAD HIGH-CURRENT DARLINGTON SWITCHES

TYPICAL APPLICATIONS

STEPPER-MOTOR DRIVER

UDN-2878W

O

al o la
Ll 1
1

E

+28Y

CWB. NO. A-11,975

INPUT WAVEFORMS

|
L

=<
[—

Cwg. Mo, A-11,785

4-—29
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UDN-2878W AND UDN-2879W
QUAD HIGH-CURRENT DARLINGTON SWITCHES

TYPICAL APPLICATIONS

UDN-2879W

PRINT-HAMMER DRIVER

INz IN3+5Y

B 3

L+36Y

DWG. NO. A-11.976

UDN-2879W

DIGIT DRIVER
FOR MULTIPLEXED INCANDESCENT LAMP DISPLAY

F.

EEEFrr:

F ¥ 3

0

TO DTHER
SEGMENT = DIGITS
SELECT o

DIGIT
2

Owy. Mo, B-1512
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UDN-2931B AND UDN-2931W
3-PHASE BRUSHLESS DC MOTOR DRIVERS

m

UDN-2931B AND UDN-2931W
3-PHASE BRUSHLESS DC MOTOR DRIVERS

ot

FEATURES Veeuse [ e { |
® Output Current of 2 A OUTe NG
® |nternal Transient-Suppression Dicdes NC S —i “QUTB = .'\
# Low-Saturation Qutput Drivers NC 3 ¥ [+ fli“«-w OUTAM-\\ \\\\\
@ Anti-Crossover Protection 5 wom (I ‘\ \‘\w"\'
. . . ", \ L
® Braking and Chepping Functions (UDN-2931B) GROUND || W i L, \‘SEOUND
. . — . \\\ i m \\
® Thermal Shutdown with Hysteresis BRARE @ 5, ! .a;‘:'“
L ] - ili il .“‘\ \
. IEnXt‘fl;nli}lcii;g‘feg:rr?ﬁiqse copetity CHOP BT | N SiNKa
p ¥ sourcEe By e = B0 source,
«{:'\Q‘I{}J\Kc oh—e|, W:." 1] SiNKg
LOGIC sﬁ‘qsmq\\ o] el | 17 SOURCE 5
o R .
. \M\ N ""'"""':\\h\\\ “'\\ o Dwg. No. A-14,201
b,
The UDN-2931B/W 3-phase brushless dc motor % “, ‘\\\\\ N UDN-29318
driver is designed for low output saturation-voltage N ‘\\\\ ", \ ‘x\\ ‘\\\\
levels. These drivers maximize motor capacity lim- \y\‘\\\\\ g b
ited by power supply constraints. The output drwﬁr\“ \ ‘\\‘\\\\
,
WY

features low output saturation source and sink &XM\‘« o, \\\\.
L‘l\t\- ‘\"‘n “‘\\\
puts are capable of maintaining an outp\qt ‘)RFF“ \‘\\\ A
voltage of 15V and an oN currﬁ\nt of 2A (3\\5 A \\\\ \\

ers and integral output suppression dlodes*\\:T‘H

"

peak). “ \\\
A Y o
Crossover current pro;%gxﬁ"h ha‘s\ b‘&;n 1q90'r‘ixo—
rated to guard against c‘on}rﬁon gmg anﬁ“sdu‘r'c@"ﬁrlv-
~ ers being ON at the sam&,‘‘[11‘1;4;(&1»‘“'(1@1x Lr\y &p't‘fne input
structure has b@én adhl\f "\n Tgck- omt th‘e sink driver
when both, dhvper mﬁvul)s‘ha\!« Eep‘*actwated at the
same t]l'l]ﬁ "\\\\ '"‘\\ v w“:.“,‘,“ A “ “\ -
]:h DN 5@3 1\3 has“exfended flexibility with
quP an B;AK \.fu ctions. The cHor function af-
féqts‘\x(he“ s,o*hrce diwer by switching it o~N and oFF
‘ﬂ\; th‘% CHOP is being toggied. In utilizing the
BRAKE\\fu\ ction the source drivers are turned on
while thé#ink drivers are turned oFF. The BRAKING
input is active low. Crossover-current protection is

still in operation during BRAKING.,

Both devices feature a common-emitter pin on the
sink drivers. The emitter-current sense is useful in
chopper-mode configurations. Thermal shutdown in
these devices has been set to 165°C.

Downloaded from Elcodfs.com electronic components distributor
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ow 153 w
Dwg. No. A-14,202
UDN-2931TW

The UDN-2931B is supplied in a 16-pin dual in-
line package with heat-sink contact tabs. This pack-
age allows for ease of circuit-board insertion. The
UDN-2931W is supplied in a 12-pin single in-lipe
power-tab package. These packages allow for easy
attachment of an external heat-sink for extended
power dissipation capabilities,

431
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UDN-2931B AND UDN-2931W
3-PHASE BRUSHLESS DC MOTOR DRIVERS
e

ABSOLUTE MAXIMUM RATINGS
atT, = +25%C

Motor Supply Veltage, ¥es ..o v oo 15Y
Output Cusrent, I (Peak). . ... +=3.5A
00 . .t e e e £20A
IPUE VOIAEE, Vi o v v et e e e 7.0V
Sanse VOIAZE, Vemmz. « « v v oo vve v i 1.5V
Package Power Dissipation, Py
(UDN-29318) . . . e s 2,77 W
(UDN-293101 ot e e 5.2 W<*
Operating Temperature Range, Ty. ..o ovv oot —20°C to +85°C
Storage Temperature Range, Ts .. .. oo e —55°C 1o +150°C

*[erate at the rate of 22.22 mW/°C above T, = + 25°C.
**Derate at the rate of 41,16 mW/°C above T, = +25°C.

FUNCTIONAL BLOCK DIAGRAM

[a]
BRAKE 0—]
- J 1] o)
- SO % x
CHOP © ) 2] SO
'T -T T
L g E p-4-0 OUT,, 9 8 -0 OUTa O OUTe
SKIN|§> | :ILE} ]‘5
SKin SKin OSENSE

TOD = TURN ON DELAY, TS = THERMAL SHUTDOWN

Duwg. No, A-14,208
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UDN-2931B AND UDN-2931W
3-PHASE BRUSHLESS DC MOTOR DRIVERS

M

ELECTRICAL CHARACTERISTICS at Ty, = +70°C. V,; = 15V

Limits
Characteristic Symbol Conditions Min, Typ. Max. Units
Cutput Leakage Currant loex All Drivars OFF, Vo = 0V —  <-10 =100 WA
All Drivers OFF, Vor = 15V — <10 100 pA
Output Sustzining Voltage Yersus oy = =2AL=2mH 15 — —
Qutput Saturation Voltage Voram losr = 2 A — — 0.7
lor = —2A —_ s 13
Motor Supply Yoltage Range Ves 7.0 1.0 15
Motor Supply Current Iaicrr All channels OFF — 10 12 mA
logiom One Source and Sink Driver ON, No Load — 75 120 mA
Clamp Diode Forward Voltage Ve k=204 — 17 2.0 ¥
Clamp Diode Leakage Current Iy Vo = 15V — <1.0 100 pA
Logic Input Current [ Y, =20V — <10 10 pA
ey ¥, =08V — —50  -200 A
Logic Input Yoltage Viiw All inputs 2.0 — — '
Vi All inputs — — 0.8
Chopping Frequency Toner lor = 2A,L = 2 mH, 90% Duty Cycle — — 400 KHz
Thermal Shutdown Tamperature Teg Note 1 — 155 — °C
1. Thermal shutdawn typically has a hysteresis of 15°C.
TYPICAL APPLICATION
470K 5Y
10K
uF 5K

AB 501 _I—_-_lj_DEGREES = :?s-%j; QIuF
0
-CA SHl—— [—— 60 =
sc s LT L o ea)idee
~-AB  s12 - L L teo “AE%

™ — 240
CA  S03
-8C 513 o I e T 300

TOD=TURN ON DELAY, TS =THERMAL SHUTDOWN

Dwag. No. A-14,204

4—3
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UDN-2935Z AND UDN-2950Z
BIPOLAR HALF-BRIDGE MOTOR DRIVERS

UDN-2935Z AND UDN-2950Z
BIPOLAR HALF-BRIDGE MOTOR DRIVERS

FEATURES

® 3.5A Peak Qutput

# 37V Min. Output Breakdown

# Qutput Transient Protection

@ Tri-State Qutputs

@ TTL, CMOS, PMOS, NMOS Compatitle Inputs
o |nternal Thermal Shutdown

® High-Speed Chopper (to 100 kHz)

¢ UDN-29357 Replaces SG3635F

o DN-29507 Replaces UDN-2949Z, SN75605
® T0-220 Style Packages

B OTH Type UDN-2935Z and UDN-2950Z

integrated circuits are designed for servo-
motor applications using pulse-width modulation.
These two high-current, monolithic half-bridge
motor drivers combine a sink-and-source driver
with diode transient protection, input gain, level
shifting, logic stages, and a voltage regulator for sin-
gle-supply operation.

The UDN-2935Z output goes high with an active
low input at pin 2; it is especially desirable in NMOS
microprocessor applications. The UDN-2950Z out-
put goes high with an active high input at pin 2; its
inputs can be tied together for single-wire control.
The input circuitry of both devices is compatible
with TTL and low-voltage CMOS, PMOS, and
NMOS logic. Both ICs have logic lockout {tri-state
output) that prevents source and sink drivers from
turning ON simuitaneously.

In typical applications, the chopper-drive mode is
characterized by low power-dissipation levels, [ow
saturation voltages, and short chopper-storage

Downloaded from Elcodrs.com electronic components distributor
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/\

GROUND
QUTPUT
QUTPUT

SINK INPUT [

-
=
[
z
-
=
A

SOURCE INPUT[" |

SOURCE INPUT [~

Dwg.No. A-12,118 DWG. X0, A-11,177

UDN-2935Z UDN-2950Z

times for the sink drivers. The motor drivers can be
used in pairs for full-bridge operation, or as triplets
in three-phase brushless d-¢ motor-drive applica-
tions. They can also be teamed with the Sprague
Eleciric UCN-4202A stepper motor translator/
driver for bipolar d-¢ stepper motor control

The motor drivers’ single-chip construction and
power-tab TO-220 package enable cost-effective
and reliable system designs supported by excellent
power-dissipation ratings, minimum size, and ease
of installation; because the package’s heat tab is at
ground potential, several devices can share a com-
mon heat sink without insulating hardware.
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UDN-2935Z AND UDN-2950Z
BIPOLAR HALF-BRIDGE MOTOR DRIVERS
e ————

ABSOLUTE MAXIMUM RATINGS

Supply Voltage Range, Vs ... ... .. . ... . ... ... ... . .......80Vi035Y
Output Voltage Range, Vo .. ... ..o =20V 0 V420V
Input Voltage Range, ¥y .. ... ..o . =03Y¥to +70V
Peak Qutput Current (100 ms, 10% d-C) lge oo oo oo oo oL =354
Continuous Output Current, loyr ... oo +204
Package Power Dissipation, Py . ... ... . o See Graph
Operating Temperature Range, T, .. .. ... ... v vieear. . —=20°C to +85°C
Storage Temperature Range, Ty .. ... .. ... ... ... ....... .. —55°C to +85°C

ALLOWABLE POWER DISSIPATION
AS A FUNCTION OF AMBIENT TEMPERATURE

’ \

ALLOWABLE PACKAGE POWER DISSIPATION, Pp, IN WATIS

2 4095\/,” \
. .
i I}
0 —~
0 25 50 75 00 125 150

AMBIENT TEMPERATURE, Tp, IN °C

DWG. NO. A-12,D00A

TRUTH TABLE

Suurce Driver, Sink Driver, Qutput, Pin 4
Pin 2 Pin 5 UDN-2935Z UDN-29507
Low Low High Low
Low High High High Z
High Low Low High
High High High Z High
4—35
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UDN-2935Z AND UDN-29502
BIPOLAR HALF-BRIDGE MOTOR DRIVERS

FUNCTIONAL BLOCK DIAGRAMS

UDN-2935Z

SOURCE |[.

INPUT
2.1y

THERMAL

SHUTDOWN (& ouTPUT
SINK
wpuT &—1¢
-
lz.w
@) GROUND
Dwg. Mo, A-12,113
UDN.-2950Z
% iﬁ.av
SOURCE (3 ™
INPUT P
—<jsHoToowH ® OUTPUT
SINK
iNPUT ® Dc
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UDN-2935Z AND UDN-2950Z
BIPOLAR HALF-BRIDGE MOTOR DRIVERS
T ——

ELECTRICAL CHARACTERISTICS at T, = +25°C, Ty, = +70°C, V; = 35V {unless otherwise noted)

Source Driver Input, Pin 2 Sink Driver Output, Limits

Characteristic UDN-29352 UDN-2350Z Input, Pin 5 Pin 4 Other Min.  Max. Units
Output Leakage Current 24¥ 0.8V 2.4V 0v — — =500 | pA
24V 0.8V 24V 35V — — 500 A
Qutput Sustaining Yoltage 2.4V 0.3V 081024V 204 Fig. 1 35 — y
Qutput Saturation Voltage 08V 2.4V 2.4V —2.0A — 33 — y
24V 0.8V 0.8V 2.04 — — 2.0 y
Qutput Sourse Current 0.8V 24V 2.4V — — —-20 — A
Qutput Sink Current 2.4 0.8V 0.8V — — 2.0 — A
input Open-Lircuit Yoltage — 250 pA —250 pA —250 pA — — — 1.5 ¥
tnput Currant — 24V 24y NC — — =700 unA
24V — 24y NG —_ — 10 A
0.8V 0.8V 0.8V NC — — 16 ma
Propagation Delay 24y 08V 08tc24Y 204 — — 750 ns
08t02.4V 241008V 24V 20A — — 2.0 LS
Clamp Diode Forward Yoltage NC NG NC 2.0A Fig. 2 — 2.2 v
Supply Current 0.8V 24V NC NC — — 35 mA

NOTE: Positive (negative} current is defined as going into (coming out ofi the specified device pin.

TEST FIGURE 1

0.8V

J—2.4 Vv

TEST FIGURE 2

Owg.No, A-12,117

4—37

Downloaded from Elcodlis.com electronic components distributor

Owg.to. R-12,118



http://elcodis.com/parts/6225397/UDN-2540B.html

UDN-2935Z AND UDN-2950Z
BIPOLAR HALF-BRIDGE MOTOR DRIVERS

APPLICATION NOTES

It should be noted that an additional power dissipation component may
arise from crossover currents flowing from supply to ground when current
direction through the load is reversed. This is due to differences in the
switching speeds between the source and sink drivers. Although the inter-
nal logic lockout protects these devices from catastrophic failure, the
crossover power component can cause device operation at substantially
higher junction temperatures.

If timing conditions are ignored, the magnitude of this power can be
approximated as:
Po=Vexioxtxf
where Vi = supply voltage
I, = crossover current {= 3.5 A max.)

t crossover current duration (= I ps)
F = frequency of direction change

In some applications (high switching speeds or high package power dis-
sipation), it is recommended that the inputs be driven separately, and that
the sink driver not be turned ON for at least 2 ws (maximum source {pp)
after the source driver input is turned OFF. The sink driver should be
turned OFF at least 750 ns (maximum sink t,,) before the source driver is
turned ON,

n

RECOMMENDED TIMING CONDITIONS
(UDN-2950Z shown)

DIRECTION

2 ———
le- > 750 s — ]——>750 ns
e

—d |-—>2|..|s >2ps
SPEED (PWM)
V5

L

S
— ¢ -2A

Dwg. Mo, A-12,120

1

lour

SOURCE
INPUT, ¥y

SINK ——f 2y =  —=f e—T50ns

INPUT, V5 |-

Owg, No. A=12,115
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UDN-2935Z AND UDN-29501
BIPOLAR HALF-BRIDGE MOTOR DRIVERS

TYPICAL APPLICATIONS

3-PHASE BRUSHLESS DC MOTOR DRIVE

7400

UDN - 28502 UON - 28502 UDN - 29502
UGN -3030T
SENSE
1 ”
UGN-3030T
SENSE
2
V5
1 PHASE
T 11 0?3V ¢
UGN-3030T H IE
3 7
SEESE [} il PHﬁSE FHASE B
b 13
[ E] Owg. No. B-1523
" s | n
7402
SINGLE-WINDING DC FULL-BRIDGE DC
OR STEPPER MOTOR DRIVE SERVO MOTOR DRIVE
- o7
UDN-295 UDN-2935Z UDN-2050Z
s
+28V O +14y
DIRECTION © +30V O—
Dwg. No. A-12,114 DIRECTION O
SPEED
(Pwm) ©
Bug.No. A-12,115
4—39

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/6225397/UDN-2540B.html

UDN-2936W AND UDN-2937W
3-PHASE BRUSHLESS DC MOTOR DRIVERS

UDN-2936W AND UDN-2937W 1
3-PHASE BRUSHLESS DC MOTOR CONTROLLERS

FEATURES

o 10V to45Y Operation
o -+ 44 Peak Qutput Current
 Internai Clamp Diodes
& internal PWM Current Control
o 60" Commutation Decoding Logic
s Thermal Shutdown Protection
o Compatible with Single-Ended or
Differential Hall Effect Sensors
o Brakingand Direction Control {UDN-2936% Only)

Combining logic and power, the UDN-2936W and the
UDN-2937W provide conumutation and drive for a three-
phase brushless dc motor. Each of the three push-pull
outputs are rated at 45V and =3 A (=4 A peak), and
have internal ground clamp and flyback power diodes.
These drivers also feature internal commutation logic,
PWM current control, and thermal shutdown protection.

The UDN-2936W is compatible with single-ended
digital or linear Hall effect sensors. The commutating
logic is programmed for G0° electrical separation (other
separation sequences, such as 120°, are available via mask
programming at the factery). Current control is accom-
plished by sensing current through an external sense
resistor and pulse-width modulating the source drivers.
Voltage thresholds and hysteresis can be externally set
by the user. If desired, internal threshold and hysteresis
defaults (300mV, 7.5 percent) can be used. The UDN-
2936W also features braking and direction control.
Internal protection circuitry prevents crossover current
when braking or changing direction.

The UDN-2937W is compatible with linear differential
buffered and unbuffered Hall effect sensors. By changing
sensor output polarities, various commutation sequences,
such as 60°, 120°, or 240°, can be set. The PWM current
contro} threshold and hysteresis is setat 300 mV and 7.5
percent. The peak output current is determined by a user-
selected external sense resistor.

Downloaded from Elcodis.com electronic components distributor
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b

1‘ O

COMMUTATION
LOGIC

BRAKE ko |

DIRECTION @]
H=z
Hg |
H;,

UDN-2936W

Dwg. No. W-iB8

Ve
g © & % £ £ L EE S Y
< 55§+ 1T T3 7 232¢
[as) [ &) % O i
& ? -
Dwg. No. W-188
UDN-2937W

For maximum power-handling capability, the UDN-
2936W and UDN-2937W are supplied in 12-pin single
in-line power tab packages. An external heat sink may
be required for high~current applications. The tab is at
ground potential and needs no insulation.
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UDN-2936W AND UDN-2937W
3-PHASE BRUSHLESS DC MOTOR DRIVERS

e

ABSOLUTE MAXIMUM RATINGS
ot Trap < +70°C

U YOIBEE, VBB e v et e 45V
Qutput Current, loyz (CONtINUGUS] ... ..o e e ee e *34

(BBAKY s s =44
Input Yohage Range, Yin oo vov e —0.3Vio 15¥
Threshold VORAZE, ViHs ... v e 15V
Package Power Dissipation, Po oo, See Graph
Operating Temperature RNZe, Ta o vvvv v i e —20°Cto +85°C
Storage Temperature Range, Ts v .vvveiivnivni v, —55°Cto + 150°C

NOTE: Qutput current rating may be limited by duty cycle, ambient temperature, and heat sinking. Under
any set of conditions, do not exceed the specified pezk current and a junction temperature of < 150°C.

FUNCTICONAL BLOCK DIAGRAM

UDN-2936W
@VBB
8.3V I
ol =D<1] .,
) A
2.5Y e F 3
a‘ -
Ha 4 |
G6.8Y o]
Ha % & ' X OuTe
2.5V F 3 SENSE
DIRECTICN =t ”_D_ - @ém
®——] [ ot | Vaes
) THS ;RH
BRAKE 8av ! < (4
{ACTIVE LOW) i } p 0 i
& ' L —o.av %HT
"""""""" G
i o ROUND
-
Dwg. No. W-180
COMMUTATION TRUTH TABLE
UDN-2936W
Hall Sensor Inputs Outputs
H, Hz Hs Direction Brake OUTa OUTg OUT:
High High High Low High z Low High
High High Low Low High High Low z
High Low Low Low High High i Low
Low Low Low Low High i High Low
Low Low High Low High Low High i
Low High High Low High Low Z High
High High High High High Z High Low
High High Low High High Low High i
High Low Low High High Low Z High
Low Low Low High High i Low High
Low Low High High High High Low 4
Low High High High high High i Low
X X X X Low Low Low Low
X = irelevant
Z = High Impedance
4—il
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UDN-2936W AND UDN-2937W
3-PHASE BRUSHLESS DC MOTOR DRIVERS

FUNCTIONAL BLOCK DIAGRAM

UDN-2937W
@V
+ H, (10 Fy
e g
&
S
+H) 5 D‘[’n ouT
_H B $ @B
=
o
L]
+Ha(&)
The_L>
THERM [ SENSE
SHUTDOWN  p— @ 0.3V '@'"":
fre
GRQUND |
SOt
-
Dwp. No. wW-121
COMMUTATION TRUTH TABLE
UDN-2937W
Hall Sensor Inputs* Qutputs
+H; +Hz +Hz OUT, 0UTs 0UTe
High High High z Low High
High High Low High Low Z
High Low Low High Z Low
Low Low Low i High Low
Low Low High Low High z
Low High High Low z High

*Inputs are with respect to — Hy inputs.
= High Impedance

TYPICAL HALL EFFECT SENSOR LOCATIONS

Dwg. No. W-193

4—42
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UDN-2936W AND UDN-~2937W
3-PHASE BRUSHLESS DC MOTOR DRIVERS

o ———————— e —
ELECTRICAL CHARACTERISTICS at Ta = +25°C, Trap < 70°C, Vg = 45V

Limits
Characteristie Symbol | Test Conditions Min. Typ. Max. | Units
Supply Yoltage Range Vas | Operating 10 — 45 Y
Supply Current tsg | Outputs Open — 52 60 | mA
Veraks = 0.8Y, UDN-2936%W Only —_ b4 60 mA
Thermal Shuidown Temperature T | = 168 — °C
Thermal Shutdown Hysteresis AT, — 25 — °C
Output Drivers
Qutput Leakage Current lcex | Vour = Vae - — 50 | pA
Your = OV — - ~50 | phA
OUtpUt Saturation Voltage VCE[SATJ lgur = — 1A — 1.7 1.9 ¥
lour = +14A — 1.1 13| ¥
logur = — 24 — 1.9 2.1 ¥
lour = +2A — 1.4 1.6 ¥
lour = —3A — 2.35 2.50 y
lgur = +34 — 1.85 2.00 ¥
Dutput Sustaining Voltage Veesus | lour = £34, L = 2mH 45 - — ¥
{lamp Diede Forward Voltage Ve =24 — 18 2.0 ¥
Clamp Diode | eakage Currant g Vg = 45Y — — 50 | pA
Qutput Switching Time tr |lour = =24, Resistive Load — 2.0 — | M8
b |lour = =24, Resistive Load — 2.0 — | ws
Turn-ON Delay tan | Source Drivers, Oto — 24 — 1.25 — | ps
(Resistive Load) Sink Drivers, Oto + 24 — 1.9 — | ps
Turn-OFF Dela tort | Source Drivers, —2Ato 0 — 1.7 — | ps
(Resistive Load) Sink Drivers, + 2Ato 0 _ 0.9 — | s
UDN-2936W Centrol Lugic
Logic Input Yoltage Vine | Vour or Varake 2.0 - — y
. Vinir | Voir OF Yarake — — 0.8 Y
Senser Input Voltage Threshold Vin__ | Hi, Ha, orHs b 2.5 — y
input Clirrent ey | Voig = 2V — 150 200 ph
Verake = 2V — <1.0 5.0 |JJ3|
Yy = 5Y — =190 =220 | wA
livoy Vo = 0.8V — 35 50 | uwA
Varake = 0.8Y — —5.0 —20 | A
¥y = 0.8V — 064 =101] mh
lns | Yrug == 3.0V — —8.0 —15 }LA
Vrus < 3.0V, Vsense << Vrus/10.5 — —-15 =30 ] pA
Vrus < 3.0, Vsense > Vrus/8.5 140 200 260 | wh
Current Limit Threshold Vrus / Vsense 8t trip point, Vows < 3.0V 9.5 10 10,6 |
Default Sense Trip Voltage Vaense | Vrus = 3.0Y 270 300 330 my
Default Hysteresis Vrws == 3.0V — 7.5 — %
Deadtime ta | BRAKE or DIRECTION — 2.0 — | s
UDN-2937W Control Logic
Input Common-Mode Yoltage Range | Vew 1.5 2.0 4.0 ¥
Input Voltaze Hysteresis Vi {Hys) — 10 - my
Input Current Iy [ Vin =8V - 12 20 | uh
Sense Trip Voltage Vaense 270 300 330 my
Hysteresis - 7.5 — %
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UDN-2936W AND UDN-2937W
3-PHASE BRUSHLESS DC MOTOR DRIVERS

[T

APPLICATIONS INFORMATION

The UDN-2836 and UDN-2937W power drivers provide
commutation logic and power outputs to drive a three-
phase brushless DC motor.

UDN-2936W
The UDN-2936W is designed to interface with single-
ended linear or digital Hall effect devices (HEDs).
Internal pull-up resistors on the UDN-2936W inputs
allow for direct use with open-collector digital HEDs.
The Hx inputs have 2.5 V thresholds.

The commutation logic provides decoding for HEDs
with 60° electrical separation (other separations available
via mask programming). Atany one step in the sequenc-
ing, one half-bridge driver is sourcing, one driver is
sinking, and one driveris in a high-impedance state (see
truth table). Changing the logic level of the DIRECTION
pin inverts the output states, thus reversing the direction
of the motor. A logic low on the BRAKE pin turns on all
three sink drivers and turns orr all source drivers,
dynamically braking the motor. An internally-generated
dead time (1a) of about 2 s prevents potentially destruc-
tive crossover currents that can occur when changing
direction or braking. In some high supply voltage appli-
cations, it may be necessary to brake the moter before
changing direction.

Motor current is internally controlled by pulse-width
modulating the source drivers with a preset hysteresis
format. Load current through an external sense resistor
(Rs) is constantly monitored. When the current reaches
the set trip point (determined by an external reference
voltage or internal default), the source driver is disabled.
Current recirculates through the ground clamp diode,
motor winding, and sink driver. An internal constant-
current sink reduces the trip point (hysteresis). When the
decaying current reaches this lower threshold, the source
driver is enabled again and the cycle repeats.

Thresholds and hysteresis can be set with external
resistors or internal defaults can be used. With Vs >

Downloaded from Elcodrs.com electronic components distributor
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3.0V, the trip point is internally set at 300 mV with 7.5
percent hysteresis. Load current is then determined by
the equation.:

Inax = 0.3/Rs

With Vs < 3.0V, the threshold, hysteresis per-
centage, and peak current are set with external reisistors
according to the equations:

Thresheld VoItage (VTHS) = Veer*Ry/ (RH + R‘r)

Hysteresis Percentage = Ru/30 Vrer

Load Trip Current (Iuax) = Vrus/(10Rs)

Percentage hysteresis is a fixed value independent of
load current. The chopping frequency is a function of
circuit parameters including load inductance, load resis-
tance, supply voltage, hysteresis, and switching speed
of the drivers.

UDN-2937W
The inputs of the UDN-2937W are designed to interface
directly with the outputs of differential buffered or
unbuffered HEDs. Various commutation sequences (60°,
120°, 240°) can be set by using appropriate HED output
polarities shown in the truth table.

The UDN-2937W load current control circuitry works
the same as in the UDN-2936W except that only the
internal threshold and hysteresis settings can be used.
With the threshold of 300 mV and hysteresis of 7.5 per-
cent, load current is determined by:

Imax = 0.3/Rg

Both the UDN-2936W and UDN-2937W outputs are
rated for normal operating currents of up to 3 A and start-
up currents to 4 A. Internal power ground clamp and fly-
back diodes protect the outputs from the voltage transients
that occur when switching inductive loads. Both devices
also feature thermal protection circuitry. If the junction
temperature reaches 165°C, the thermal shutdown cir-
cuitry turns oFF all output drivers. The outputs are re-

enabled when the junction cools down to approximately
140°C.
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UDN-2936W AND UDN-2937W
3-PHASE BRUSHLESS DC MOTOR DRIVERS

LUDN-2838W

TYPICAL APPLICATION O O
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Dwg. No. A-11,7944
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UDN-2938W AND UDN-2939B
3.PHASE BRUSHLESS DC MOTOR DRIVERS
B e

UDN-2938W AND UDN-2939B
3-PHASE UNIPOLAR BRUSHLESS DC MOTOR DRIVERS

FEATURES BasEs [
® Qutpui Voltage of 30V ouTs [
o Qutput Current of 4 A BASE . [3]
& integral Transient-Suppression Diodes
o External Output Driver Capacitor Pins GROUND
o Thermal Shutdown Circuitry ‘N .’_'1
® TTL, DTL, CMOS Compatible Inputs ™ ING n
“l'll. lIL“{|li<
i, LY
The UDN-2938W and UDN-2939B are three- o "‘“h AN 3
phase unipolar brushless dc motor drivers capable ..f'""‘hl By %‘" .1« BiN-2939B

of handling 4 A drive currents, an output OFF voltage o™, ",
of 50 V, and a sustaining voltage of 30 V. The output W
drive structure of these devices have been desngped
for Jow saturation voltages (less than 1.0V at “l A '«-. "
UDN-2938W and UDN-2939B are functlom,ﬁlh(‘ ldém} "~{[" '\ .""‘1-'.\ et
tical except that the UDN-2939B has ENABEE f!ﬂlpll , '~1.|l ", g
for extended control flexibility. The bases of tH\g] o'm ", ,
put drivers have been brought odll; tdhg:xtemal p1n§1§0 Y,
that capacitors may be copﬂegted il{l dmder to sﬂtmm&"'
late an ac drive and to av’o;ﬁ“‘EML@nd‘RIg'i.lpmﬂSh,th'ls

Output transient- suﬁpré@s»rbn‘dmdes Pira,vé beenin- I ! 3 B ! ! E H !
corporated for|-'u§§ “hth‘iqdulctwq.ulbq,ﬂs Inputs are S :;‘_d = S”: pooRExre?
active hlgih'“'aml ﬂO%lt l\'low 'M’rl’h\(ésq..-fi‘nputs are TTL, 3" "8%¥3v9%28 T °
DTL, and 5,.\}} QZ“N"Q,M@S co‘nmfnamblc The ENABLE & L
nc’t'i:?_:“\"“‘(UhN 3939B)'l14$,rw"“cwt1ve high and, when TS=THERMAL SHUTDOWN v o At 184
,m"" l"“,‘l"‘ "y l"l 1. . No. A14,
, \ " o ) E‘l.l NcﬂQNAL BLOCK DIAGRAM UDN-2938W
! e
“"m "h oVee oVk pulled low, will turn oFF all output drivers. These
.h m, devices have thermal shutdown circuitry with hys-
Y terisis to guard against overheating. This thermal
INA O— > O OUTy, shutdown circuitry is designed to operate at a tem-

perature of 165°C. A fogic supply current regulator
has been introduced into these devices to maintain a
relatively constant output base drive over the logic

3
INg O—LOGIC > Q QUTg
supply (Vo) operating range.

Ll

INg O— [ b o OUT The UDN-2938W is packaged in a single in-line
¢ ¢ 12-pin power-tab SIP package with lead centers at
BASE, 0.100 inches, The UDN-29398B is packaged in a 16-
© BASEp pin dual in-line batwing package with heat-sink con-

© BASEa TS=THERMAL SHUTDOWN tact tabs.

Dwa. No. A-14,185
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UDN-2938W AND UDN-29398
3-PHASE BRUSHLESS DC MOTOR DRIVERS

ABSOLUTE MAXIMUM RATINGS TYPICAL APPLICATION
at +25°C oV

Qutput Voltage, Veg .o ovoeee e 50V 3o
Output Sustaining Voltage, Vegesy - .- oottt ul 30V %
Quiput Current, loyr ..o oL 5A IN4 O \
Logie Supply, Vee « v v oo 15Y v LaZ SR,
Input Yoltage, Viw . ..o oo 15V ) Lg Le
Package Power Dissipation, P, N & o Los1c i

(WPackage) ...........ovvirie, 5.2 W* 8

(B Package) .............iiiii. 277 W=
Operating Temperature Range, Ty, ., .. ... —20°C o +85°C r
Storage Temperature Range, Ty ... ... ... —55°C to + 150°C INg 0—
*Derate at the rate of 41,16 mW/°C above T, = +25°C. Cal _Cal Ce TS = THERMAL SHUTDOWN

**Derata at the rate of 22.22 mW/°C above T, = + 25°C. 'r_}:_-'r

Dwg. No. A:14,193

ELECTRICAL CHARACTERISTICS of T, = +25°C, Vc = 5.0V (Unless otherwise noted)

Limits
Characteristic Symbaol Test Conditions Min. Typ. Max. Units
Logic Supply Yoltzage Range Voo 4.5 — 15 Y
Output Leakage Current lege Vo = 50V — <10 100 pA
Qutput Sustaining Voltage Vegisus; losr = 404 30 — — v
Qutput Saturation Yoltage Veewsan loyr = 1.OA — 0.9 1.1 v
lor = A.0A — 19 2.0 v

Clamp Diode Leakage Current I Vo= 50V — <1.0 100 pA
Clamp Diode Forward Voltage Y = 1.04 — 1.3 1.5 v
Input Yoltage Vi — — 2.0 Y

Vi 0.8 — — v
Input Current [ Yo = 24V — 30 50 h

Vivn Viy = 0.8V - —_— 1.0 ph
Supply Current oo One Driver ON, No Load — 12 15 mA

- All Drivers OFF — 50 8.0 mA
Thermal Shutdown Temperature T, — 165 — °C

4—47
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UDN-2941B
QUAD HIGH-CURRENT SQURCE DRIVER

UDN-2941B
QUAD HIGH-CURRENT SOURCE DRIVER

FEATURES

® 1.5 A Output Source Current

o NMinimized Saturation Voltage

e 30V Qutput Sustaining Voltage

® Transient-Protected Qutputs

# TTL or CMOS Compatible [nputs

# Plagtic Dual In-Line Package
With Heat-Sink Contact Tabs

IGH-CURRENT SOURCE DRIVERS are de-

signed to serve as interface between low-level

logic and a variety of peripheral power loads, in-

cluding solenoids, d-c or stepper motors using

pulse-width modulation, and multiplexed LED or
incandescent displays.

The UDN-2941B high-current source driver has
four independent emitter-follower drivers. Special
circuit design techniques, resulting in reduced
output-saturation voltages, allow any one driver
to source up to — 1.5 A continueusly with minimal
voltage drops and package power dissipation.

The device’s high switching speed prevents
“ghosting’’ effects when it is used to drive multi-
plexed displays. All outputs are rated for operation
to 35V (30 V sustaining). The low-level inputs are
compatible with most TTL, DTL, LSTTL, and low-
voltage CMOS or PMOS logic.

The UDN-2941B integrated circuit is suppliedina
16-pin plastic dual in-line package with copper heat-
sink contact tabs. The lead configuration facilitates
attachment of an inexpensive external heat sink for

Downloaded from Elcodrs.com electronic components distributor

QUT, [16] OUTp
Vsa 15| Vsp
INg [14] INp
GROUND GRCUND
GROUND GROUND
INg [ [1] INg
Vss L 10] Vs
OUTe [ 8] 1 9] QUTe

fwg. No. A-12,514

maximum power dissipation with standard cooling
methods. It fits a standard 1C socket or printed wir-
ing board layout. The heat sink is at ground potential
and needs no insulation.

Similar devices, for operation with load currents
of up to —500 mA, are the 8-channel source drivers
of Series UDN-2980A..

ABSOLUTE MAXIMUM RATINGS

Supply Yoltage Range, Vs .. ... it 12V1035Y
Peak Qutput Current, by, oo oo oo —2.0A
Input Voltage, Yy - - oo 15¥
Package Power Dissipation, Py, ... ... vvn 1t See Graph

Qperating Temperature Range, T, ... ... —20°C to +85°C
Storage Temperature, Tg .o ..o oo v v v ot —55%C to +150°C

Qutput curreni rating will be limited by ambient temperature, duty cycle,
heat sinking, air flow, and number of outputs conducting, Under any set
of conditions, de not exceed the —2.0 A peak current and & junction
temperature of + 150°C.

§—18
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UDN-2941B
QUAD HIGH-CURRENT SOURCE DRIVER

PARTIAL SCHEMATIC ALLOWABLE AVERAGE PACKAGE POWER DISSIPATION
Cne of 4 Drivers AS A FUNCTION OF TEMPERATURE
Vg 8 \
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2 30 75 100 125 150
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Dwg. No. A11,7834

ELECTRICAL CHARACTERISTICS at T, = +25°C, V; = 35V, Ty = +70°C

Limits
Chzracteristic Symbol Test Conditions Min. Typ. Max. Units
Output Lezkage Current leex Vy = 04V Vo = 0V, T, = +25°C —  <=10 ~-100 A
Vip = 04Y, Vo = OV, T, = +70°C — <-=10 -500 LA
Qutput Sustaining Voltage Vegosus V= 24V, Iy = —100mA 30 — — v
Output Saturation VYoitage Verom Vip = 24V, lyr = —1.0A — 13 1.5
Vi = 24V, Iy = — 154 — 1.6 1.8
(nput Current Lo V= 24V — 175 509 A
miorry Vy = 0.4Y —_ —_ - 10 pA
Output Source Current lour Y = 24V -15 — — A
Total Supply Current ls Y = 2.4V (Note 3), Outputs Open — 11 15 mA
Clamp Diode Leakage Current Ik Y, = 35V — <10 00 HA
Clamp Diode Forward Current v, =154 — 1.4 2.0 )
Turn-On Delay tu 0.5V, to 0.5V, Resistive Load - 0.25 2.5 T8
Turn-0ff Delay t 0.5V, to 0.5V, Resistive Load — 0.5 5.0 LS

NOTES: 1. Eagh driver tested separately.
2. Negative current is defined as coming cut of {sourcing) the spacified device pin.
3. Allinputs simultaneously,

4—49
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UDN-2941B
QUAD HIGH-CURRENT SOURCE DRIVER

R

TYPICAL APPLICATIONS

MULTIPLEXED COMMON-ANODE LED DASPLAY DRIVER

12V +12V
DIGIT DRIVER

SEGMENT DRIVER 7 UDN-2941B T
ULN-2003A

Dwg. Mo. A-12.518

FULL-BRIDGE MOTOR DRIVER
{One of 2 Windings)

+28V w5V
C

INg O

ULN-20688B

OR
UDN-2241B ULN-2069 8

- I
LA
O—

INg O

Dwg. Mo, B-1584
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UDN-2943Z
HIGH-CURRENT HALF-BRIDGE MOTOR DRIVER

UDN-2943Z
HIGH-CURRENT BIPOLAR HALF-BRIDGE MOTOR DRIVER

FEATURES

® =14 Qutput Cusrent

® 8.5V to 24 Y Operating Range
o Withstand 45 V Supply Transients
® Crossover-Current Protected

& |ogic-Compatible Inputs

® Saturated Output Drivers

® Qutput Transient Protection

» Tri-State Gutput

& Internal Thermal Shutdown

o [nternal Over-Yoltage Protection
® Iniernal Short-Circuit Protection
® High-Speed Chopper (to 50 kHz)
@ T0-220 Style Package

ESIGNED for use as a general-purpose motor \\_ \\\t“ \‘\1\‘
driver, the UDN-29437 half-bridge driver comf "o 'l\\ \ \‘ K
bines high-current sink and source drivers w1t];g loﬁlqc ‘\‘u.,‘."‘».,. |

stages, level shifting, diode transient protecﬁq\n‘\@nd\l\\ ‘\ "‘n. \.\\\
2 voltage regulator for single-supply operatlofix.\ldq \11 ‘\\.,\

&
"-i =
+Vg

OUTPUT
SINKINPUT

SOURCE INPUT

,h

.\"’I !

b
pable of operating in extremely hargh envn‘onmeht‘s ‘\n\\ e

this device can withstand hig a‘fr‘lbiﬁnt temperal,
tures, output overloads, an,d“rapcate& dwver sup‘_ﬁ:‘lny
transient voltages w1th,p|1t dhma,gﬂaﬂ T ‘@ @*epvﬁ"am
be used in pairs for kEtw:l"' ﬁ""'bperat “or as
triplets in thre@*‘phasél\ br‘nqsh!,i-:ss de’ pﬁotor—dnver

P LR
apphcauonw" “.-“ 5\ ﬁ&m by, W e
s"

The m,put ﬂlqrcﬁqm“y,.as" Qompaﬁble with TTL, low-
volt:ag S“\arnd\ MOS\Mgm Logic lockout pre-
\f‘éll t@ ot s urcé\@n‘d sink drivers from turning oN
Slﬂuplﬁnéouﬁly Ead\h drwer is turned oN by an ac-
tive- kqw 'hnput making the UDN-2943Z especially
desuab‘Lg: 1‘1\1, many microprocessor applications. An
acc1denta‘1 mput open circnit will turn oFF the cor-
responding output. The device also provides an in-
ternally-generated dead-time to prevent crossover
currents during output switching. Monolithic,
space-saving construction offers reliability unob-
tainable with discrete components.

Saturated output drivers provide for low satura-
tion voltage at the maximum rated current. Internal
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Dwg, No. A-34,135

short-circuit protection, activated at load currents
above 1 A, protects the source driver from acciden-
tal short-circuits between the ontput and ground.

The UDN-2943Z driver is rated for continuous op-
eration with inductive loads at supply voltages of up
to 24 V. With the application of increased supply
voltages (to 45 V maximum), 2 high-voltage protec-
tive circuit becomes operative, shutting ofFr both
output drivers. The internal thermal shutdown is
triggered by a nominal junction temperature of
160°C.

Single-chip construction and a modified 3-lead
JEDEC power-tab Style TO-220 plastic package
provide cost-effective and reliable sysiems designs.
1t also features excellent power dissipation ratings,
minimum size, and ease of installation. The heat-
sink tab is at ground potential and does not require
insulation.
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UDN-2943Z
HIGH-CURRENT HALF-BRIDGE MOTOR DRIVER

ALLOWABLE POWER DISSIPATION
AS A FUNCTION OF AMBIENT TEMPERATURE
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Dwg, No. 4-12,0008

ABSOLUTE MAXIMUM RATINGS

Supply Voltage Range, Vs ..ottt 8.5Vtodoy*
Output Voltage, Vogeu v oo v ire e 24V
Input Voltage Range, ¥iy ............... —03Vta + 18V
Continuous Qutput Current, lgyr o+ . - oo it =10A
Package Power Dissipation, Py, . ... ..ot See Graph
Operating Temperatura Ranpe, T,. ... .. .. —20°C to +85°C
Storage Temperature Range, Tg ......... —55°C fo +150°C

*Interal high-voltage shutdown above 26 V.

LOGIC TRUTH TABLE
Source Driver, Sink Driver, Output,
Pin 2 Pin 5 Pin 4
Low Low High
Low High High
High Low Low
High High High Z

FUNCTIONAL BLOCK DIAGRAM

SOURCE
QRRE @) < J|>C

2.1V

OVER-VOLTAGE
+THERMAL
EHUTDOWNS

SINK {:) H
INPUT

:52'1\,
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UDN-29432

HIGH-CURRENT HALF-BRIDGE MOTOR DRIVER
I ———

ELECTRECAL CHARACTERISTICS ot T, = +25°C, Ty,; = 70°C, V; = 24V (unless otherwise noted)

Source Driver | Sink Driver | Output, Limits
Characteristic Symbol | dnput,Pin2 | Input Pin5 Pind Other Min. Typ. Max. Units
Output Leakage Current leex 24Y 24 ov — — —-10  -100 A
2.4V 24V 45Y — — 10 100 wh
QOutput Sustaining Voltage Veras) 24V 081024V 10A | Fig LA 24 — —_ v
08t 24V 2.4V —1.0A | Fig. 1B 2 — — i
Qutput Saturation Voltage Vergan 0.8Y 24V —-10A — — 1.2 18 ¥
24 0.8V 1.0A — — 0.6 1.0 V
Short-Circuit Source Current lsc 0.8Y 2.4V Qv — 1.1 — 1.8 A
Logic Input Voltage Vinay — — — — 20 — — v
Vi — — — — — — 0.8 y
Input Current Ly 24V 24V NC — — 10 100 ph
i 0.8V 0.8V NG — — -5 =150 wh
Clamp Diode Forward Voltage Ve NC NC LOA Fig. 2 — 1.5 2.0 )
Logic Supply Current ls 24y 24V NC — — 15 20 mA
24V 0.8V NC — — 55 70 mA
08V 2.4V NG — — 25 35 mA
Thermal Shutdown Temperature | T, — — — — — 160 — °C
Qver-Voltage Shutdown Y, — — — — 26 — — v
Prapagation Delay i 24y 241008V 1.0A Fig. 3 — 0.6 1.0 LS
08tc24V ZAV —10A | Fic.4 o 1.0 2.5 LS
24V D8to24V 10A fig. 3 —_ 1.1 2.5 T
241008V 24V —10A | Fig. 4 — 0.6 1.0 T
Dead Time ty — e — — — 2.0 — [Th]

NOTE: Positive (negative) current is defined 25 going into {coming out of) the specified device pin.

INPUT

SINK
INPUT g

SOURCE
Vg

-+
QUTPUT
g
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UDN-2943Z
HIGH-CURRENT HALF-BRIDGE MOTOR DRIVER

IOUT 3.5mH -_ -— |
Dwg, No. A-14,138 Dwe, No. A-14,140
Dw—g‘ No. A-14,138
FIGURE 1A FIGURE 1B FIGURE 2

Diwg. No, A-14,141

Dwg. No, A-i4,142

FIGURE 3 FIGURE 4
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UDN-2944W
QUAD HIGH-CURRENT, HIGH-VOLTAGE SOURCE DRIVER

UDN-2944W
QUAD HIGH-CURRENT, HIGH-VOLTAGE SOURCE DRIVER

FEATURES
» Qutput Current to 4A
* OQutput Voltage to 6OV
= | nads to 960W
e Integral Output Suppression Diodes
+ TTL and CMOS Compatible Inputs
* Plastic Single In-Line Package
¢ Heal-Sink Tab

Capable of driving loads to 4A at supply volt-
ages to 60V (inductive loads to 35V), the UDN-
2944W is a quad high-current, high-voitage
source driver. Each of the four power drivers can
provide space- and cost-saving interface between
low-level signal-processing circuits and high-
power loads in harsh environments.

Individual supply lines have been provided for
each pair of drivers so that different supplies can
be used to drive multiple loads. The controlling
inputs are TTL or CMOS compatible. The outputs
include transient-suppression diodes for induc-
tive loads.

This quad Darlington array is designed to serve
as an interface between low-level circuitry and
peripheral-power loads such as solenoids,
motors, incandescent displays, heaters, and sim-
ilar loads of up to 240W per channel. The UDN-
2944W is an ideal complement to the UDN-2878W
quad 4 A sink driver.

For maximum power-handling capability, the
UDN-2944W driver is supplied in a 12-pin single
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Dwg. No. A-13,054

in-line, powertab package that ailows efficlent
attachment of an external heat sink for maximum
allowable package power dissipation. An exter-
nal heat sink is usually required for proper opera-
tion of this device. The tab is at ground potential
and needs no insulation.

ABSOLUTE MAXIMUM RATINGS

at + 25°C Free-Air Temperature
Supply Voltage RangeV, .. ...... ... ... ... 0Vt60Y
Output Current, g (DC) .. .. ... .. ... e —4A
(Peak) ..................... —5A
Input Voltage, Vo .. .. .. ... .. L 15¥
Package Power Dissipation, P, .. ... .. ... ..., See Graph

Operating Temperature Range, T,. .. .. ... —20°C 1o +85°C
Storage Temperature Range, Ts . ........ —55°C to + 150°C

Qutput current rating will be limited by ambient temperature, duty cycle,
heat sinking, air flow, and number of outputs conducting. Under any set
of conditions, do not exceed the — 5.0 A peak current and ajunction
temperature of + 150°C,
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UDN-2944W
QUAD HIGH-CURRENT, HIGH-VOLTAGE SOURCE DRIVER

PARTIAL SCHEMATIC

Qv

TO OTHER
INPUT STAGES

ENABLE
(ACTIVE LOW) g 4K

v ul

Dwg, No. 4-13,058

ALLOWABLE AVERAGE PACKAGE POWER DISSIPATION
AS A FUNCTION OF TEMPERATURE
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UDN-2944W
QUAD HIGH-CURRENT, HiGH-VOLTAGE SOURCE DRIVER

-

ELECTRICAL CHARACTERISTICS at T, = +25°C, Typ <70°C, Vs = 60V, Veygage = OV
(uniess otherwise noted)

Limits
Characteristic Symbal Test Conditions Min. Max, Units
Supply Voltage Range Vs 10 60 v
Output Leakage Current lnx Vour = 0V, Yoz = 2.4V - 50 pA
Output Sustaining Voltage Versus loor = —4A, L. =3mH 35 —- Vv
Output Saturation Voltage Viegsan) gt = —1A, Vy = 2.4V - 1.8 v
lour = ~4A, Vi = 2.4V — 2.5 v
Input Voltage Logic 1 Vininy OF Viasizi 2.0 - v
Logic 0 VYingg OF Veyaeie, - 0.8 v
Input Current Logic 1 Vinen OF Vesgiey = 2.4V - 220 A
Vi) OF Venaaiz ) = 12V - 1.5 mA
Logic 0 Vv OF Venaaee = 0.8Y — BC uA
Total Supply Current Is All drivers ON, All outputs open — 25 mA
Clamp Diode Leakage Current Iy Vi = 6OV — 50 uh
Clamp Diode Forward Voltage V: lz = 4A - 2.2 v
Turn-On Delay ton 0.5E,1005E, R = 158 - 2.0 7%
Turn-Off Delay Torr 05E,10 0.5, R = 15Q - 10 us

MOTE: Negative current is defined as eoming out of (sourcing} the device being tested.

TYPICAL APPLICATION

QUAD RELAY DRIVE
Using 2 Voltage Sources
and Optional PWM Current Limiting

© |Ng

L—Fis= 0.5/ Laut (Max) 300%
457
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UDN-2948W

QUAD HIGH-CURRENT, HIGH-VOLTAGE SOURCE DRIVER

UDN-2948W
QUAD HIGH-CURRENT, HIGH-VOLTAGE SOURCE DRIVER

FEATURES
e Qutput Current to 6 A per Channel
* Qutput Voltage to 60 V
» Integral Output Suppression Diodes
» TTL and CMOS Compatible inputs
» Plastic Single In-Line package
» Heat Sink Tab

Providing space and cost-saving interface be-
tween microprocessor/L3I circuits and high-power
peripheral loads such as solenoids, dc or stepper
motors, incandescent displays, heaters, and
similar loads, the UDN-2948W quad high-current,
high-voltage source driver can drive loadsto -6 A
at supply voltages to 80 V (inductive loads to
35 V). The low-leve! inputs are TTL or CMOS com-
patible. The outputs include transient-suppression
diodes for inductive loads. Individual supply lines
are provided for each pair of drivers so that dif-
ferent supplies can be used to drive multiple loads.

The application of source drivers for X-Y ad-
dressing of multiplexed power loads are obvious.
A more subtle advantage of high-current source
drivers is with inductive loads or incandescent
lamps. Both types of load normally generate

Downloaded from Elcodis.com electronic components distributor
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Dwg. No. A-13,055

troublesome transients and noise currents on
common logic/load ground lines. In addition, high
ground currents produce IR drops that 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.

For maximum allowable package power
capability, the UDN-2948W driver is supplied in
a 12-pin single in-line, power-tab package that
allows efficient attachment of an external heat
sink. The external heat sink is usually required for
proper operation of this device. The heat sink tab
is at ground potential and needs no insulation,

Similar 4 A devices with an input ENABLE con-
trol are supplied as the UDN-2944W.
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UDN-2948W

QUAD HIGH-CURRENT, HIGH-VOLTAGE SOURCE DRIVER
e —

INy

GROUND O—#

FUNCTIONAL BLOCK DIAGRAM
(ONE OF FOUR DRIVERS)

QVs

#

Dwg. No, A-13,085

ALLOWABLE AVERAGE PACKAGE POWER DISSIPATION
AS A FUNCTION OF TEMPERATURE
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ABSOLUTE MAXIMUM RATINGS
at +25°C Free-Air Tomporature

Supply Voltage Range, Vg ............ 5.0V to 60V
Qutput Sustaining Voltage, Veesusy ... ... Min. 35Y
Qutput Current, lgyr (dey ........ ... ... ... - 6A

(peak) ................. ~7A
Input Voltage, Vi . ... ... ..o 15V
Package Power Dissipation, P, ......... ... ... 52w~
Operating Temperature Range, T, ....—20°C1o +85°C
Storage Temperature Range, Tg ... .. —55°Cto +150°C

*Derate at the rate of 41.6 mW/°C above Ty = +25°C.

Output current rating will be limited by ambient
temperature, duty cycle, heat sinking, air flow,
and number of outputs conducting. Under any
set of conditions, do not exceed the — 7.0A peak
current and a junction ternperature of + 150°C.
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UDN-2948W
QUAD HIGH-CURRENT, HIGH-VOLTAGE SOURCE DRIVER

M

ELECTRICAL CHARACTERISTICS at T, = +25°C, Tyyp < 70°C, Vg = 60 V,
(unless otherwise noted)

Limits
Characteristic Symbol Test Conditions Min. Max. Units
Supply Voltage Range Vs 5.0 60 v
Output Leakage Current lgex Vor =0V, V, = 0.4V - 50 HA
Output Sustaining Voliage Vogony | loor = —6A, L = 3 mH 35 - i
Output Saturation Voltage Vegorn | o = —1A, Vyy = 2.4V - 1.8 v
by = —4A, Vyy = 2.4V - 2.2 v
loyr = —BA, Vi = 2.4V — 2.6 v
Input Voltage Vivow 2.4 - v
Vingors) - 0.8 Vv
Input Current hviony Vy = 2.4V — 220 JA
v, = 12V — 1.5 mA
oy | Vi = 0.8V - 10 A
Total Supply Current lg One Driver ON, All Outputs Open — 1.8 mA
Clamp Diede Leakage Current Ig Vi = 60V - 50 HA
Clamp Diode Forward Voltage Ve lr = BA - 2.9 ¥
Turn-On Delay ton 05E,100.5E, R =15 — 2.0 s
Turn-0ff Delay Toer 05E,t005E,,R =13 - 10 us

MNOTE: Negative current is defined as coming out 01. {sourcing) the device heing tested.

APPLICATION NOTES

Power-tab packages are efficient thermal dissipators when properly

utilized. In application, the following precautions should be taken:

1. Always fasten the tab to the heat sink before the leads are soldered
to fixed terminals.

2. Use appropriate hardware inciuding a lock washer or torque
washer.

3. Thermal grease (Dow Corning 340 or equivaient) should always be
used.

4, Mounting torque should be between 4 and 8 inch pounds {045 to
0.90 Nm.)

5. The mounting hole should be as clean as possible with no burrs or
ridges.

6. The mounting surface should be flat to within 0.002 inch/inch (0.05
mmimmj. :

7. Strain relief must be provided if there is any probability of axial
stress to the leads.

8. If insulating bushings are used, they should be of dialylphthalate,
fiberglass-filled polycarbonate, or fiberglass-filled nylon. Unfilled
nylon should be avoided.

4—&0
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UDN-2951Z AND UDN-2955W
8 A HALF-BRIDGE MOTOR DRIVERS

L

UDN-2951Z AND UDN-2955W
8 A HALF-BRIDGE MOTOR DRIVERS

FEATURES

® 3 A Qutput Capability {DC)

@ 50V Operating Range

® Thermal Shutdown Gircuitry

® Built-In Crossover Delays

® Disable and Emitter-Sense pins (UDN-2955W)
® (vervoltage Profection

o TIL, CMQS, PMOS, NMOS Compatible Inputs
@ |nternal Linear-Overcurrent Limiter

The UDN-2951Z and UDN-2655W half-bridge
motor drivers ¢an handle 8 A continuous load cur-
rents and output voltages up to 50 V. Both devices
feature TTL, CMOS, PMOS, and NMOS compati-
ble inputs, level shifting, and an internal voltage reg-
ulator for single-supply operation. Output (ransieni-
suppression diodes in both sink and scurce drivers
have been incorporated.

The UDN-2951Z and UDN-2955W both have in-

'y
ternal delay times to guard against hazardous cross;, \\\ \‘\
\

over currents. Both devices maintain 1ntem'i'a,! “n.‘\‘
current limiting, overvoltage protection up tor., , ‘\\;m,‘ ‘h\

and thermal shutdown at 165°C. &, ‘n\\ AN

\\
The UDN-2955W has extended ﬂexlblhty wfﬂ} a‘m “\\\\ }.
external emitter sense pin on the\*%ﬁﬂ{ driver, 3615‘&\ \\ v

1“‘

My N LW
AN \\\\ o

i S b M
Coan [ 4 w = =
S > 2 g h 4 3
3 g8 mgz 2
x =S I I 7
O} =2 0O o 0O
QO W
[Fa] =
=
=
W TS=THERMAL SHUTDOWN
Pwg. No. A-14,192
UDN-2955W
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rated sink and source outputs, and a DISABLE input
that can be used in high-speed chopper applications.

The UDN-2951Z is supplied in a TQ-220 power-
tab package for enhanced power dissipation€apabil-
ities and mmlma.l s1ze The UDN 2955W issupplied

This power-tab configuration: %tll,ows ?r easy a\t‘t\l;ad . -

ment of an external pﬁ%t" sm{J or, extentéd

power-handling capablhués\ ot N \q.“
\\ \“

\\“ r ‘..ll

") = 0O = =
oz z
5 5 & ¥
T8 3w
o © ©
w
Dwy, No. A-14,181
UDN-2951Z
ABSOLUTE MAXIMUM RATINGS
at T, = +25°C
Supply Voltage Range, Vg .......... .. ..... 10¥ 1o 75 W%
Qutput Voltage Range, Vour .« .o oo oot 0Vt 50V
Output Current, oy (OG) .. oL 8A
Input Voltage Range, V... ..ot oL 07Vt 00V
Package Power Dissipation, P,
{ZPackage) .............. ... ... ... 3125w
(WPackage) .......................... b2 W
Operating Temperature Range, T,. .. .. ... —20°C to +85°C
Storage Temperature Range, To ....... .. —55°Cto + 150°C

*Derate at the rate of 25 mW/°C above T, = + 25°C.
**Derate st the rate of 41.66 mW/°C above T, = + 25°C.
TInternal over-veltage shutdown above 50 V.
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UDN-2951Z AND UDN-2955W
8 A HALF-BRIDGE MOTOR DRIVERS

FUNCTIONAL BLOCK DIAGRAM

UDN-2955W
P e e o e e -
| UDN-2851Z O
SOURCE ] Tob— |
: = —o SCURCEguT
| I
DISABLE [Te o OUTPUT
1 |
Y
: ] __:_K:’; SINKoyr
—_— o—{TOD
SINK|n, © .
| } | EMITTER SENSE
L e e e ————— — - 4

TOD = TURN ON DELAY, T§ = THERMAL SHUTDDWN

Dwy, Mo, A-14,150

ELECTRICAL CHARACTERISTICS at T, = +25°C, V, = 50V, DISABLE (UDN-2955W) = 0V

Limits
Characteristic Symbol Conditions Min. Typ. Max, Units
Output Leakage Current lox Vor = 50V —_ — 50 ph
Vor = 0¥ — — =50 ph
Output Sustaining Voltage Versus fr = =8AL=3mH 50 — — ¥
Quiput Saturation Voltage Ve lyr = £84A — — 2.0 y
Short-Circuit Source Gurrent lour —8.0 — —12 A
input Current by Yy = 2.0V — — 0.5 mA
_|mg& Vo = 08V —6.0 — — pA
Propagation Delay ton losr = 8 A, Resistive Load, Sink Driver — 2.5 — IR
to lor = 8 A, Resistive Load, $ink Driver — 0.2 — 15
T lor = —8& A, Resistive Load, Source Driver, .| — 2.5 — 75
o lor = — 8 A, Resistive Load, Source Driver — 2.5 — .5
Clamp Diode Forward Voltage Ve lp=3A — 2.0 — V
Clamp Diode Leakage Current lg Ve = 50V — — 50 ot
Supply Current ly Veouree = 2.0V — —— 12 mA
Vome = Vooueee = 0.8V — — 20 mA
Thermal Shutdown Temperature T, Note 1 — 165 — °C
Over-Voltage Shutdawn Vs 50 — 60 ¥

1. Thermal shutdown has a typical hysteresis of 15°C.

t—62
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UDN-2951Z AND UDN-2955W
8A HALF-BRIDGE MOTOR DRIVERS

TYPICAL APPLICATION
3-PHASE BRUSHLESS DC MOTOR DRIVE

UDN-2951Z UDN-2951Z UDN-2951Z

S0V

SI3
-0S03

Dwy. No. A-14,144

INPUT WAVEFORMS

SO1 |

S | S—

SO2 ,—l—_—l

512 — I
S0O3 I

SI3 _I—l

Drwg. Mo, 414,145
4—63

Downloaded from Elcodis.com electronic components distributor



http://elcodis.com/parts/6225397/UDN-2540B.html

UDN-2952B AND UDN-2952W
FULL-BRIDGE MOTOR DRIVERS

UDN-2952B AND UDN-2952W
FULL-BRIDGE MOTOR DRIVERS

FEATURES

¢ High Output Gurrent

o Adjustable Short-Circuit Protection
& Thermal Protaction

e [nternal Clamp Diodes

e TT1, DTL, PMOS, CMOS Compatible
o DIF or SIP Packaging

ULL-BRIDGE MOTOR-DRIVER integrated
circuits, Types UDN-2952B and UDN-2952W
combine low-level logic circuitry and Darlington
output power drivers for bidirectional contrel of d-c
motors or solenoids operating with continuous load
currents of up to 2A and peak start-up currents as
highas 3.5A.

For applications requiring load currents of 1 A or
less (2 A peak), the economical Type UDN-2352B-2
and UDN-2952W-2 are recommended. The lower-

3 ! 6 ! 9 [0 A
[ = L [=a] L
= 5 2@ = 2 e 2 g =
= © B g ¥ Y 5 =
= |= B
o
Dwg.No. A-11,3698
UDN-2952W
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Dwg.No. A-11,368B

UDN-2952B

cost devices are identical to the basic parts, except
for the maximum allowable load-current rating.

These monolithic integrated circuits have exten-
sive circuit protection. Both drivers have thermal
shutdown networks that disable motor drive if the
package power dissipation ratings are exceeded. In-
ternal diode transient suppression is provided on-
chip. Output-current limiting is determined by the
user’s selection of a sensing resistor.

The Type UDN-2952B full-bridge power driver is
supplied in a 16-pin dual in-line plastic package with
copper heat-sink contact tabs. The lead configura-
tion enables easy attachment of a heat sink while
fitting a standard integrated circuit socket or printed
wiring board layout. Type UDN-2952W, for higher
power requirements, is in a 12-pin single in-line
power tab package. The tab is at ground potential
and needs no insulation. For output currents above
700 mA at normal ambient temperatures, both driv-
ers require an external heat sink.
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UDN-2952B AND UDN-2952W
FULL-BRIDGE MOTOR DRIVERS

ABSOLUTE MAXIMUM RATINGS

at Ty = +70°C TRUTH TABLE
Motor Supply Voltage Range, Vg .. ... ... ..., 4.5V 10 40V ——
Logic Supply Voltage Range, Vos. . ... .. .. ... .. A5V 10 15V ENABLE  PHASE Vss Vp  OUT,  OUT,
Sub_strate Voltage Range, Ve .. ............ 0Vto —20V High X X X Open  Open
Logic Input Voltage, Vo OF Veauge - -« oo v veeee v 30V Low High <08Y >45V High Low
Output Current, 1y, (UDN-29528 and UDN-2852W) .. .. =3.5A Low Low <08Y 45V Low High
.(UDN-29528-2 and UDN-2952W-2) s E Zh X X >09Y >45V  Open Open
Package Power Dissipation, Py ............... See Graphs X X X OV Open  Open
Operating Temperature Range, T,.. .. .. .. —20°C tb +85°C '
Storage Temperature Range, Ty ... .... .. —55°C to + 150°C X = lirelevant.
ELECTRICAL CHARACTERISTICS i T, = +25°C, Vo = 40V, Vp, = 5V, Tis = +70°,
Figure 1 {unless otherwise noted)
Limits
Characteristic Symbol '. Test Conditions Min.  Typ. Max. | Units
Qutput Drivers (QUT, or OUT,) |
Qutput Leakage Current leex Ve = Y, Vour = Vi, Note 1 — — 500 pA
Veiuere = 5Y, Vorr = 0V, Note 1 — — =500 pA
Ouiput Saturation Voltage - Vepee = OV, loy = 1A, Notes 1 and 2 — 1.2 15 )
Veor = OV, lor = 2A, Notes } and 3 — 15 20 ¥
Qutput Sustaining Voltage Ve loyr = 1A, Figure 2, Notes 1 and 2 40 _ — v
lan = 2A, Figure 2, Notes 1 and 3 40 —_ - v
Motor Supply Current [~ Vsnémz = 0.8V, Outputs Open, Note 1 — 15 30 mA
legiarm Vewge = 2.4, Outputs Open, Note 1 —_ 30 50 mA
Glamp Diode Forward Yoltage | V: |- = LA, Note 2 —_ 1.0 1.5 ¥
| = 2A, Note 3 — 1§ 22 '
Contral Logic (PHASE or ENABLE)
Logic Open-Circuit Voltage Yiu lopase OF leypme = — 250 pA — P~ 1.5 Y
Logic Input Current iy Veunsk OF Voupe = 2.4V — =50 =100} pA
Ivies Vorast 07 Veume = 0.8V — =10 -16| mA
Logic Input Voltage L . 24— — v
Vive . —_ —_ 0.8 v
Logic Supply Gurrent lop L — 15 30 mA
Sense Trigger Yaltage Voo Vensell = 0.8V — 850 — mV¥
Turn-On Delay Time tie Sourck Drivers — 1.0 — [T
Sink Drivers — 05 — | us
Turn-0ff Delay Time tou1 Sourcé Drivers — 20 — WS
Sink Drivers — 10 — s
Therma! Shutdown T, - 17 - °C

NOTES: 1. Test is performed with Ve = 0.8V and then repeated for Vpu,e: = 2.4V
2. Dutput measurement at 1A are applicable to the UDN-29328, UDN-2952B-2, UDN-2952W, and UDN-2952W-2.
3. Output measurements at 2A are applicable only to the UDN-2952B and UDN-2952W.
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UDN-2952B AND UDN-2952W
FULL-BRIDGE MOTOR DRIVERS

FUNCTIONAL BLOCK DIAGRAM
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UDN-2952B AND UDN-2952W
FULL-BRIDGE MOTOR DRIVERS

PHASE

TEST FIGURES

ENABLE o={5]T)

Vpp=5Y Vep=40V
8] 6] 12
(15 (& [
/
> > 14
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Eho) e 3 [8)-9
| p— "—
L >5Tk by
.
N
(s} [4] [me
= Vs5=0V J:_
(O-=upn-2952B
Dwg.No. A-11,980
[J=upn-2952w
FIGURE 1
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UDN-2952B AND UDN-2952W
FULL-BRIDGE MOTOR DRIVERS

TYPICAL APPLICATIONS

UDN-2952% UDN-2952W

LoeIG

5V

L

OUTPUT A
|NPUT B

INPUT A

+5Y¥
STEP INPUT ’ | ! | I | | I I ] I | I |
o

+5V
INPUT A ' ‘
0
+5V
INPUT B ‘
o] —
¥ — —
OUTPUT A © — : L L
- e —
+ —
OUTPUT B O : :

Dwg.No. A-11,982

NOTES:
1. Thisis not a bipalar chopper application.

2. Resistor R, sets the maximum allowable output current for protection against crassaver currents

and shert circuits. Ry = 0.6/
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UDN-2952B AND UDN-2952W
FULL-BRIDGE MOTOR DRIVERS
00

TYPICAL APPLICATIONS

FULL-BRIDGE DC SERVO MOTOR APPLICATION

& -0 VBB=36V

UDN-2952B

—o0 Yoo =5V
——O DIRECTION

——0 SPEED (PWM)

Owg.No. A-11,984 n

BIRECTION

= |*—>5,us = |-—>5,us

<o I

‘ | <24

lout

— {-2A
Dwg. No. A~11,983
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UDN-2953B AND UDN-2954W
FULL-BRIDGE PWM MOTOR DRIVERS

UDN-2953B AND UDN-2954W
FULL-BRIDGE PWM MOTOR DRIVERS

FEATURES .
e 50V Qutput Voltage Rating NC 6] K
® 2 A Continuous Output Rating '

Vioer/ BRAKE
® Internal Fiyback Diodes REF

® Thermal Shutdown RC (TIMING) A
o Crossover Current Protection N . CROUND GROUND
® BRAKE, ENABLE, and Current-Limit Functions

GROUND GROUND

The UDN-29538 and UDN-2954W are designed e SENSE

for bidirectional control of de or stepper motors PHASE ouT,
with continuous output currents to 2 A and peak QUTPUT ENABLE v
start-up currents as high as 3.5 A. For pulse- (ACTIVE Low . 58
width modulated (chopped-mode) operation, the Pwg. No. A-13,024
output current is determined by the user's selec- UDN-2953B

tien of a reference voltage and sensing resistor

while the OFF pulse duration is set by an external

RC timing network. PWM operation is character- ized by maximum efficiency and low power-dis-
sipation levels. Extensive internal cirguit protec-
tion includes thermal shutdown with hysterisis,
transient-suppression diodes, and crossover
current protection.

When the Vp/BRAKE pin is low (<0.8 V, the-
braking function is enabled. This turns bath sink
drivers OFF and the source drivers are turned oON.
When V:-/BRAKE is set above 2.4V, that voltage
(and the current sensing resistor) determines the
load current trip point, An RC TIMING pin i3 avail-
able to use for an internal one-shot to control
load current decay time.

The UDN-2953B driver is supplied in a 16-pin
dual-in-line plastic package with copper heat-
sink contact tabs. The lead configuration en-
ables easy attachment of & heat sink while fitting
a standard integrated circuit socket or printed
wiring board layout. The UDN-2954W, for higher
package power dissipation requirements, is sup-
plied in a12-pin single in-line power tab package.
In both package styles, the heat sink is at ground
UDN-2954W potential and needs no insulation.

SENSE [ |

GROUND
BRAKE
RC(TIMING}
PHASE

VREF/
OUTPUT ENABLE [@_ ]

Dwg, Mg, A-13.023
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UDN-2953B AND UDN-2954W
FULL-BRIDGE PWM MOTOR DRIVERS
L "

ABSOLUTE MAXIMUM RATINGS
atT,, = +70°C

Motor Supply Voitage, Veg. ... oo oo 50V
Output Current, loyr (Peak) ... +3.5A

(Continuous) ... +2.0A
Flyback Diode Voltage, Vi ... oot e i Vag
Minimum Clamp Diode Voltage, V. ... ... ... oL, Ground
LogicSupplyVoltage, Vi ... oo 7.0V
Logic Input Voltage, Vemases Vamsste s e e v v v erevrnan i ns Vis
Sense Voltage, Vemge - oo v 1.5V
Reference YoItAge, Ve BRAKE .. .ottt 15V
Package Power Dissipation, Py .. ... .o See Graphs
Operating Temparature Range, Ts. ..o oo oo oo i —20°Cto +85°C
Storage Temperature Range, Tg ... ooitts, —55°C 10 +150°C

ELECTRICAL CHARACTERISTICS at T, = +25°C, Tris = +70°C, Vg = 50V, V; = 5V,
Veense = 0V, 5kQ RC to Ground

Limits
Characteristic Symbol Test Conditions Min.  Typ.  Max. | Units
Qutput Drivers (OUT, or OUT,)
Qutput Supply Range ' 6.5 — 50 Y
Output Leakage Current [ Voo = 3V, Vour = Vi, (n0tE) — — 50 .
Veuss = 9 Y, Your = 0V, (note) — — 50 el
Qutput Sustaining Yoltage Vagse lyw= z2A,L=2mH 30 — — v
Qutput Saturation Yoltage Yoesam Veuse = 0V, loir = +0.5A — 1.0 1.2 V
Vewsse = OV, lpy = =1.0A — 1.2 1.4 i
Veusse = 0V, Iy = =2.0A —_ 15 1.8 v
Clamp Diode Leakage Current I Vo =50V — — 50 A
Clamp Diode Forward Veltage Ve lF=2A — 1.8 2.2 Y
Motor Supply Current | Loy Vouae = 0.8V, Vo = 2.4V, No Load — 20 30 mA
lasorey Vowae = Veer = 2.4 ¥, NO Load — 1.7 2.5 mA
Vewae = 3V, Ve = 0.8V, No Load — 40 60 mA
Control Logic
Logic Supply Range Vg 45 5.0 5.5 v
Logic Input Current | g All Inputs = 2.4V — <—1 -10 A
(S All Inputs = 0.8V — -50 -200 A
Logic Input Voltage | Vi All Inputs 2.4 — — v
Vinn All Inputs — — 0.8 v
Ve Open-Circuit Voltage | — lge = 0 — Vo2 —— v
Current Limit Threshold VeV senee 21 Trip Point 9.5 10 10.5 —
Turn-0n Delay to All Drivers — 1.0 — WS
Turn-0ff Delay tar All Drivers — 1.0 — ps
Thermal Shutdown Temp. T, . — 165 — °C
Lagic Supply Current loa Vewse = Vi = 2.4V — 15 20 ma
Vouae = 0.8V, Ve = 2.4V — 22 30 mA

Note: Tests performed at OUTg with Vausge = 0.8 V and at OUT,, with Veyage = 2.4 V

§—71
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UDN-2953B AND UDN-2954W
FULL-BRIDGE PWM MOTOR DRIVERS

% Yae

0
GROUND

@bRC(TIMING]

(&

AS A FUNCTION OF AMBIENT TEMPERATURE

7
FUNCTIONAL BLOCK DIAGRAM PHASE
BlE——
QUTEUT
ENABLE
(ACTIVE LOW)
() = 29538 (OF)
[0 = 2953w (5P}
E1®@- +
Ve BRAKE
TRUTH TABLE on
QUTPUT OLL
ENABLE PHASE V../ERAKE OUT, OUT,
Low High >2.4Y  High Low
Low Low »24V  Low High
High X =24Y  Open Open
X X <0.8¥  High High
X = lyrelevant.
GROUND
ALLOWABLE POWER DISSIPATION
UDN-2953B

ALLOWAPLE PACKAGE FOWER DISSIPATION, Py, LN WATTS

25 0

5
TEMPERATURE IN °C

100

Dwg. No, A-11,793A

Downloaded from Elcodis.com electronic components distributor

4—72

20
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ALLOWABLE PACKAGE POWER DISSIPATICN, Pg, IN WATTS

1
@ VS'ENSE

Dwyg. No. A-13,028

TEMPERATURE IN °C

UDN-2954W
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]
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UDN-2953B AND UDN-2954W
FULL-BRIDGE PWM MOTOR DRIVERS

APPLICATIONS

The UDN-2953B and UDN-2954W fuil-bridge
drivers are ideal for driving 2-phase bipolar step-
per, bidirectional d¢ serve, and brushless dec mo-
tors with various pulse-width modulation (PWM)
current-control formats. Output current is con-
trolled by using an external sense resistor and an
optional RC network and reference voltage for
an internal fixed-frequency PWM circuit, or by
using an external PWM source.

The output current trip point is set by:
four = Vaee/ 10 Rsgnss

When the current in the sense resistor (typically
=0.50) reaches the sei poini, an internal one-
shot turns OFF the sink drivers for a time period
{t.q} determined by an RC time constant. The ac-
tual peak load current will be slightly higher than
the trip point (especially for low-inductance
loads) because of the internal logic and switch-
ing delays. This delay (t.) is typically 2 us.

The t. time interval (see Fig. 1) is approxi-
mately RC withinthe range of 20 k(} to 100 k(2 and
200 pF to 500 pF. If the RC pin is tied to Vg, inter-
nal delay circuitry is activated, aliowing PWM op-
eration without the external RC network. Under
this condition, I, will increase approximately 6
mA. The internally-generated t,, is approximately
12ps at Ve = 5V and T, = +25°C, increasing
slightly with increasing temperatures.

For external current control, Vae: can be be-
tween 2.4V and 15V. If left unconnected, Ve
defaults to Vso/2 (Fig. 2).

Average motor current can also be adjusted by
external pulse-width modulation using the ouT-
PUT ENABLE pin. Togaling the OUTPUT ENABLE line
shuts OFF both the source and sink drivers. Both
the flyback and ground-clamp diodes conduct,
resulting in very fast current decay. In this mode,
the RC pin should be connected to ground
through a 5 k resistor.

With the RC pin connected to Vg, Vaer and
Rsense Selected for a trip point greater than nor-
mal operation, but less than 3.5 A, over-current
protection is provided (Fig. 3).

A logic low at the V/BRAKE pin turns ON both
source drivers and turns OFF both sink drivers,
thus dynamically braking the motor.

An internally-generated deadtime of about 3
ws reduces crossover-currents that can occur
when switching phases or braking.

Thermal protection circuitry is activated and
turns oFF all drivers at a junction temperature of
typically 165°C. It is only intended to protect the
chip from catastrophic failures due to excessive
junction temperatures. The thermal shutdown
has a hysteresis of approximately 8°C.

TYPICAL APPLICATION

+5Y

PHASE
ENABLE

UDN-2553B 36V
: @]

(ACTIVE LOW)
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UDN-29538 AND UDN-2954W
FULL-BRIDGE PWM MOTOR DRIVERS

VENI\BLE ‘ ‘ ‘ ‘ ‘ ’
VPHASE |

CROSSOVER /
CURRENT DELAY

TRIP POINT

Tour = Yrer/"OR gense

@] Dwg. Mo. A-13,027A

FIGURE 1
50K é
MOUNTING OF POWER TAB DEVICES

REF/ BRAKE BRAKE Power-tab packages are efficient thermal dissi-

o . @—- pators when properly utilized. In application, the

following precautions should be taken:

45K § 1. Always fasten the tab to the heat sink before
the leads are scldered to fixed ferminals.
2. Strain relief must be provided if there is any
Vaer/io — Tout probability of axial stress to the leads.
4 3. Thermal grease (Dow Corning 340 or equiva-
lent) should always be used. Thermal com-
5K§ pounds are better heat conductors than air

R but not a good substitute for flat mating sur-
SENSE

(TYR S05.0) faces.
4. The mounting surface should be flat to within

0.002 inch/inch {0.05 mm/mm).
5. “"Brute force” mounting to poorly finished
Dwg. No. A-13,025 heat sinks can cause internal stresses which
FIGURE 2 damage silicon ¢chips and insulation paris.
Mounting torque should be between 4 and 8
TRIP PGINT inch pounds (045 {0 0.90 Nm.)
6. The mounting holes should be as clean as
possible with no burrs or ridges.
7. Use appropriate hardware including a lock
washer or torque washer.
8. finsulating bushings are used, they should be
of dialylphthalate, fiberglass-filled polycar-
FIGURE 3 bonate, or fibergla‘lss-ﬂlled nylon. Unfilled
nylon should be avoided.

V

77

Tour = Veer/10 Rgense

NORMAL FAULT Dwg. No. A-13,026
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UDN-2962B AND UDN-2962W
DUAL PWM SOLENOID/MOTOR DRIVERS

UDN-2962B AND UDN-2962W
DUAL SOLENOID/MOTOR DRIVERS
Pulse-Width Modulated Current Control

FEATURES ‘
® 4 A Peak Output Voo THS,
& 45V Min. Sustaining Yoltage _
& [ntgrpal Clamp Diodes SOURCER - SOURCER

e TTL/PMOS/CMOS Gompatible Inputs

e High-Speed Chopper SINKg SINKa,
e DIP or SIP Packaging
GROUND GROUND
GROUND GROUND
Using PWM to minimize power dissipation and INg [ 6 INA
maximize load efficiency, the UDN-2962B and H - ‘
UDN-2962W dual drivers are recommended for S5 L7 GROUND
impact pr'inte_r solenoi.ds and stepper motqrs. SENSEg SENSEA
Each device is comprised of two source/sink

driver pairs rated for continuous coperation to
=3A. They can be connected to drive two inde- .
pendent loads or a single load in the full-bridge UDN-29628B
configuration. All drivers include output clamp/
flyback diodes, input gain and level shifting, a volt-
age regulator for single-supply operation, and
pulse-width modulated output-current control cir-
cuitry. Inputs are compatible with most TTL, DTL, O
LSTTL, and low-voitage CMOS or PMOS logic.
The peak output current and hysteresis foreach
source/sink pair is set independently. Output cur-
rent, threshold voliage, and hysteresis are set by __ﬁ’_J—
the user's selection of external resistors. At the — 1
specified output-current trip level, the source
driver turns OFF. The internal clamp diode then TRial
allows current to flow without additional input —
from the power supply. When the lower current trip
point is reached, the source driver turns back ox.
The UDN-2962B dual sclenoidimotor driver is
supplied in a 16-pin dual in-line plastic package
with copper heat-sink contact tabs for medium

package power dissipation levels (2.2W to >5W at
+50°C). The lead configuration enabies easy

Dwg. Mo, 0-1000

g

L 4

=
o
ry
=
X}

INg

GROUND | =
SENSEp [ «
SINKp [ =
SCURCEp |«
THSp | =
Ve
SOURGER [
SINKg L=
SENSEg
THSg

| o
2
=z
Ay
w
&
]
=

Continued next page
Dwg. No. D-1001
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UDN-2962B AND UDN-2962W
DUAL PWM SOLENOQID/MOTOR DRIVERS

attachment of a heat sink while fitting a standard FUNCTIONAL BLOCK DIAGRAM
printed wiring board layout. The UDN-2962W, for (One of Two Drivers)
higher package power dissipation requirements,
is in & 12-pin single in-line power tab package. The Vee
tab is at ground potential and needs no insulation.
With either package, for high-current or high-
frequency applications, external heat sinking may SOURCE
be required. O
LOAD
SINK ;

IN
O——s
ABSOLUTE MAXIMUM RATINGS {>° b, e

at T, < +70°C GND e M— ©
Supply Voltage, Vee .. ..o 45y i ! . (fgp 019 % VRer
Peak Qutput Current, lgyr. ...l 4A o
Inpuit Voltage Range, Vi, ........... —0.3Vto +7.0V E > - Ry
Package Power Dissipation, Py ............. See Graph =10 THS
Operating Temperature Range, T, .. .. —20°Cto +85°C ~
Storage Temperatyre Range, T5. .. .. —55°Cto +150°C Ry
NOTE: Cutput current rating may be limited by duty cycle, ambignt temper- ? -
ature, and heat sinking. Under any set of conditions, do not exceed the
speclfisd peak current and a junction temparature of + 154°C,

Dwg. No, D-1002

ALLOWABILE AVERAGE PACKAGE POWER DISSIPATION
AS A FUNCTION OF TEMPERATURE

UDN-2962B UDN-2962W

20

L
L
)
L)
1
%

ALLOWABLE PACKAGE POWER DESSIPATION, Pp, EN WATTS
ALLOWABLE PACKAGE POWER DISSTPATION, Py, IN WATTS

2 50 75 100 125 150
TEMPERATURE [N O TEMPERATLIRE IN O

Dwg. No. A-11,793A Drwg, N, A-11,784A
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UDN-2962B AND UDN-2962W
DUAL PWM SOLENOID/MOTOR DRIVERS

ELECTRICAL CHARACTERISTICS at T, = +25°C, T.,, < +70°C, V, = 45V, V,;, = OV (unless
otherwise noted)

Limits
Characteristic Symbol | Tast Conditions Min. Typ. Max. Units
Supply Voltage Range Ve Operating 20 — 45 V
Output Drivers _
Qutput Leakage Current leex Vin=2.4V, Ysoupee=0V — <10 =100 ph
Viy=2.4V, Vg = 45V — <10 100 A
Output Saturation Voltage Vigsary | Source Drivers, | gup=3.0A — 21 2.3 y
Source Drivers, | gp=1.0A — 17 1.9 v
Sink Drivers, | gp=3.0A - 1.7 1.9 Vv
Sink Drivers, | pp=1.0A — 141 1.3 Vv
Qutput Sustaining Voltage Vegsug | loor=%3.0A, L=3.5mH 45 — — 'l
Output Current Regulation Algyr | Viye=0.6V10 1.0V, L=3.5 mH — — +25 %
Vis=1.0V10 2.0V, L=3.5mH — — +10 %o
Viis=2.0V t0 5.0V, L=3.5 mH — — =50 %
Clamp Diode Forward Voltage Ve s=3.0A — 1.7 2.0 v
Qutput Rise Time t foan=3.0A 10% to 80%, Resistive Load — 0.5 1.0 S
Qutput Fall Time i loan=23.0A, 90% to 10%, Resistive Load | — 0.5 1.0 S
Centrol Logic
Logic input Voltage Vi 2.0 — — Vv
Ving - — 0.8 v
Logic Input Current Lineny Viy=2.4V —_ 1.0 10 pA
ingy | Y=0.8V — =20 —100 A
lusiom | Vrns 2300 MV, Vigpge SV145/10.5 — -20 - uA
Ithsmvs) | Vsense ZVms/ 9.5, Viys=0.6V to 5.0V 140 200 260 uA
Vins/ Vgense Ratio — Viys=2.0V o 5.0V 95 10 10.5 —
Supply Current Veg V=24V, OQutputs OFF — 8.0 12 mA
(Total Device) Vy=0.8V, Outputs Open — 25 40 mA
Propagation Delay Time thd 50% V', to 50% Vg, Turn oFF — — 2.3 1S
(Resistive Load) 50% V , to 50% Vqyr, Turn on — - 3.0 us
100% V geyse 10 50% Vyr* — — 2.0 S

*Where Vsense 2VrHe/30
NOTE: Negative current is defined as coming out of (sourcing) the specified device pin.

TRUTH TABLE

SOQURCE SINK
High NA Off 0
Low <Vig/ 10 Cn On
Low >Viys/ 10 Off On
477
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UDN-29628 AND UDN-2962W
DUAL PWM SOLENOID/MOTOR DRIVERS

APPLICATIONS

The UDN-2962B/W driver is intended for use as
a free-running, pulse-width modulated, motor or
solencid driver

The source and sink drivers are hoth turned oN
by a [ow level at the input. When the load current
reaches the trip point (set by external resistors),
the comparator output goes high and the source
driver is turned oFF. The internal clamp dicde then
allows current to flow without further input from
the power supply. An internal constant current
sink reduces the trip point (hysteresis) until the
decaying current reaches the lower threshold,
when the comparator output goes low and the
source driver is again turned oN. Hysteresis per
centage is a function of the external resistance R,
and is independent of the peak output load current

set by R+ The chopping frequency is asynchron-
ous and a function of the system and circuit
parameters, including load inductance, supply
voltage, hysteresis setting, and switching speed
of the driver.

Maximum load current and hystergsis percent-
age are determined by the user:

Ry = 50V peeH
__Ry10 Ry
" Viegr— (10 Tyax Re)
where 10 lyax Rg= Vius=0.6 1o 5.0V
and H=desired hysteresis in percent.

Graphical solutions for By and Ry, with Vege=
5V and Rg=0.1Q, follow.

R,

TYPICAL WAVESHAPES

VIN

VSINK
— L

"— h{el»

— Yoo
VSOURCE
T — GND

ILoAD

VTHs
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UDN-2962B AND UDN-2962W
DUAL PWM SOLENOID/MOTOR DRIVERS
L R R

APPLICATIONS

RESISTOR R, VALUE
AS A FUNCTION OF HYSTERESIS

25
& Vaer = Y
o]
k4 1':
=z
£ 10
5
o
Q 20 40 [<le} 80 100
HYSTERESIS, H, IN PERCENT
Dwa. No. A-12,417
RESISTOR R, VALUE
AS A FUNCTION OF PEAK LOAD CURRENT
25
20
YREF =5V
o Rs = 0,12
= 13 o
%5
c WA
e Az, 4\601.0
/ 'ﬁﬁg\ouﬁn
® '/%/,/ \J\=5°ru
%ﬁﬁﬁ-—-ﬂ/
0 —_—

o] Q.5 1.0 1.5 20 2.5 3.0 35 4.0
LOAD CURRENT, Imax, IN AMPERES

Dwg. No. A12,416

For optimum operation of the UDN-2962B/W, the following design
guidelines should be observed:

1. The Vge supply should be decoupled with an electrolytic capaci-
tor (10 uF or greater). This capacitor should be placed as close to the
driver as possible.

2. To minimize IR drops in the ground line, the printed wiring board
should utilize a heavy ground plane; the driver should be soldered into
the board, not used in a socket.

3. When using the UDN-2962B/W in an H-bridge configuration, a
high-speed discrete diode must be used in series with each sink driver

4—7%
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UDN-2962B AND UDN-2962W
DUAL PWM SOLENOID/MQTOR DRIVERS

TYPICAL APPLICATION

BIPOLAR, PULSE-WIDTH MODULATED, STEPPER-MOTOR DRIVE

+ 36V

e UDN-2262B/W 2 UDN-2062B/W

m————-
I
J 1
IN o——
[ | !
I 1) I I
5y I g I I
+ | a | |
| P T |
RHI | 7 B | I Ry
ITHS] ¥ || i THS!
L _ _SENSE[ | L [SENSE_ _ _ _ ]
RT 0.19 RT
|
L L - i
Dwg. No. D-1004
RH AND Ry DETERMINE HYSTERESIS AND PEAK CURRENT
NQOTE: Each of the drivers within the UDN-2962BIW includes an internal logic delay to prevent
potentially destructive crossover currents within the driver during phase changes. However,
never simuftaneously enable both inputs in the full-bridge configurations: A destructive shorn-
circuit to ground will resuft.
MOUNTING POWER TAB DEVICES
Power-tab packages are efficient thermal dissi-
pators when properly utilized. In application, the 5. Brute force mounting to poorly finished heat
following precautions should be taken: sinks can cause internal stresses which
1. Always fasten the tab to the heat sink before damage silicon chips and insulation parts.
the leads are soldered to fixed terminals. Mounting torgue should be between 4 and 8
2. Strain relief must be provided if there is any inch pounds (0.45 to 0.90 Nm.)
probability of axial stress to the leads. 6. The mounting holes should be as clean as
3. Thermal grease (Dow Corning 340 or equiva- possible with no burrs or ridges.
lent) should always be used. Thermal com- 7. Use appropriate hardware inciuding a lock
pounds are better heat conductors than air washer or torque washer.
but not a good substitute for flat mating 8. If insulating bushings are used, they should
surfaces. be of dialylphthalate, fiberglass-filled
4. The mounting surface should be flat to within polycarbaonate, or fiberglass-filled nylon.
0.002 inch/inch (0.05 mm/{mm). Unfilled nylon should be avoided.
4—80
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UDN-2965W-2
DUAL PWM SOLENOID/MOTOR DRIVER

L -~

UDN-2965W-2 DUAL SOLENOID/MOTOR DRIVER
—Pulse-Width Modulated Current Control

FEATURES

& 5 A Peak Qutput

® 50V Min. Qutput Sustaining Voltage
o TTL/PMOS/CMOS Compatible Inputs
& Low Input Current

® [nternal Clamp Diodes

® Internal Thermal Shutdown

® High-Speed Chopper

® Plastic SIP With Heat-Sink Tab

DESIGNED TO DRIVE impact printer solenoids

and stepper motors, the UDN-2965W-2 in-
cludes two independent driver pairs rated for contin-
uous operation to £4 A. Bach half-bridge driver
includes diode transient protection, input gain and
level shifting, a voltage regulator for single-supply
operation, thermal protection, and pulse-width
modulate (PWM) output-current control. Inputs are
compatible with most TTL, DTL, LSTTL, and low-
voltage CMOS or PMOS logic.

The PWM mode helps minimize power dissipation
and maximize load efficiency. The peak output cur-
rent and hysteresis for each half-bridge is set inde-
pendently. Qutput current, threshold voltage, and
hysteresis are set by the user’s selection of external
resistors, If desired, internal threshold and hyster-
esis defanlts (400 mV and =10%) can be used. At the
specified output-current trip evel, the source driver
turns ofFr. The internal flyback diode then allows
current to flow without additional input from the
power supply. When the lower current trip point is
reached, the source driver turng back on.

For maximum power-handling capability, the
driver is supplied in 12-pin single in-line power tab
package. An external heat sink is required for proper

Downloaded from Elcodis.com electronic components distributor
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operation. The tab is at ground potential and needs
no insulation.

Devices with sustaining voltage ratings of 60 V are
presently in development as the UDN-2965W {(no
suffix). Similar dual 4 A solenoid drivers, for non-
PWM applications, are available as Sprague Types
UDN-2975W and UDN-2976W.

ABSOLUTE MAXIMUM RATINGS
af T = +70°C

Supply Voltage, Vee. . ..o 50v
Peak Output Current, by . ..o oo +hA
[nput Voltage Range, V¥, . ... ... ... .. —03Vio +70V
Package Power Dissipation, Py. .. ............. See Graph
Operating Temperature Range, T,. ... .. .. —20°Cto +85°C

Storage Temperature Range, Ty ......... —55C to + 150°C

NOTE: Output current rating may be limited by duty cycle, ambient
temperature, and heat sinking. Under any set of conditions, do not exceed
the specified peak current and a junction temperature of + 150°C.
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UDN-2965W-2
DUAL PWM SOLENOID/MOTOR DRIVER

Voo
FUNCTIONAL BLOCK DIAGRAM
{ONE OF TWO DRIVERS) '
SOURCE

—.—O. - _._I
§LOAD
-

()

= e

THERMAL
SHUTDOWN

Q
Gﬁﬂ - 0% mm—— -% ™

Dwg.No, R=12,414

ALLOWABLE AVERAGE PACKAGE POWER DISSIPATION
AS A FUNCTION OF TEMPERATURE

2t

s
1
1
1
1}
'
E \ P‘\
=
z 15 LY
= s “J’ TRUTH TABLE
(=9 o et} !
=z \~ ‘\ % Source  Sink
=] % o \ . .
= %m “2 Vi Vs Vaense Driver  Driver  Hysteresis
= High NA NA 0ff 0ff NA
g Low <04V NA Off On | NA
e lew 0.6Viod0V <Vuy10 On On Set by Ry
= low 06Viod0V  =>Vul0 Oft On —
z Low >4.5Y <04V On On 5% 10 10%
= Low >4.5Y >04Y 0ff On —
3 ‘
=
2
g
2

75 50 75 10 125 150
TEMPERATURE N °C

Cwy. Mo. A-11,7944
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UDN-2965W-2
DUAL PWM SOLENOID/MOTOR DRIVER

ELECTRICAL CHARACTERISTICS ot T, = +25°C, T,y < +70°C, Ve = 50V, Vigy = OV (unless otherwise noted)

Limifs
Chatacteristic Symbol Test Conditions Min. Typ. Max, Units
Supply Voltage Range Ve Operating 20 — 50 v
Qutput Drivers _
Output Leakage Current lesy Vi = 24V, Vspppee = 0V _ —  <—=10 =100 LA
Vio = 2.4V, Vo = B0V —_ <1.0 100 wA
Output Saturation Yoltage [ — Source Drivers, | = 4.0A — 2.3 2.5 ¥
Source Drivers, | gy = LA — 1.7 1.8 v
Sink Drivers, | = 4.0A — 2.1 2.3 ¥
Sink Drivers, g, = 4.04 — 10 1.2 )
Output Sustzining Voltage Voo lr = =404, L = 3.5mH 50 — — v
Output Current Regulation Alyg Vg = 06V1i0 1.0V, L =3.5mH — — *25 %
Vs = 10Vi0 20V, = 3.5mH — — +10 %
Vpe = 20V104.0Y, L = 3.5 mH —~ — 50| %
Clamp Diode Forward Voltage V; lr=4.0A —_ 1.8 2.0 ¥
Output Rise Time t; Low = 404, 10% to 90%, Resistive Load — 0.5 1.0 Hs
Qutput Fall Time t; ligay = 4.0 A, 90% to 10%, Resistive |.cad —_ 0.5 1.0 LS
Control Logic '
Logic Input Yoltage Vi 20 — — y
Vi) I — 0.8 y
Logic Input Current I ¥, =24V — 1.0 10 wh
ey ¥y =038V _ — —-200 —100 wh
usi06) Vi = 400 mv - —80 — A
lrwsiong Vi = 500 mV, Vipysr = Viig/10.5 — —20 — WA
lsinivey Varns: = Vrug'9.9, Vs = 0.6V 1045V 140 200 260 pA
Output Disable Voltage Vinsiors — — 400 my
Voo Veense RaEID — Vs = 2.0Y10 4.0V 9.5 10 10.5 —
Default Sense Trip Voltage Y e Vo = 25Y 380 400 420 mY
Default Hysteresis H Vs = £4.5Y 5.0 — 10 %
Supply Current leg Viy = 2.4V, Quiputs OFF — 20 25 mA
{Total Device) Vi = 0.8V, Qutputs Open — 47 50 mA
Propagation Delay Time te 50% ¥, to 50% ¥y, Turn OFF — — 2.5 S
(Resistive Load) 50% Yy to 50% Vo, Turn ON — — 3.0 s
100% Vypuge t0 50% Vyyr* L — — 2.0 LS
Thermal Shutdown T, — 175, — °C
*Where Yo = Vi35

NCTE: Negative current is definad as coming out of (sourcing) the speeified device pin,

NOTE: Each of the drivers within the UDN-2965W includes an internal
logic delay to prevent potentially destructive crossover currents within
the driver during phase changes. However, never simultaneously enable
both inputs in the full-bridge configuration: A destructive short-circuit
to ground will resulr.

4—383
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UDN-2965W-2
DUAL PWM SOLENOID/MOTOR DRIVER

APPLICATIONS

The UDN-2965W driver is intended for use as a
free-running, pulse-width modulated, motor or so-
lenoid driver.

The source and sink drivers are both turned on by
a low level at the input. When the load current
reaches the trip point (set by external resistors or
internal default), the comparator output goes high
and the source driver is turned orrF. The internal
flyback diode then allows current to How without
further input from the power supply. An internal
constant current sink reduces the trip point (hyster-
esis) until the decaying current reaches the lower
threshold, when the comparator output goes low and
the source driver is again turned oN. Hysteresis per-
centage is a function of the external resistance Ry
and is independent of the peak output load current
set by R;. The chopping frequency is asynchronous
and a function of the system and circuit parameters,
including load inductance, supply voltage, hyster-
esis setting, and switching speed of the driver.

Maximum load current and hysteresis percentage
are determined by the user:

RH = 50 VREF H

R = — Ru(l0 Luax RY
? VREF - (10 IMAX Rs)

where 10 IMA}C RS = VTHS = 06 t04.0V
and H = desired hysteresis in percent.

(Graphical solutions for Ry and Ry, with Vier =
5Vand Ry = 0.1 0, follow.

Pulling Vg down to less than 0.4 V disables the
source driver, turning the load orr. With Vg
greater thanm 4.5 V, the hysteresis is fixed at (defaults
to) between 5% and 10% and the peak load current
is fixed at:

TYPICAL WAVESHAPES

VIN

— Vee
VN
T he———

— GND

Vee

VSGURCE_,—H-I_I-L“_IL“—,—H”””H—”L
— GND

I 'LoAD

VTHs
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UDN-2965W-2
DUAL PWM SOLENOID/MOTOR DRIVER

25

20

VReg= 2V

RESISTOR R, VALUE
AS A FUNCTION OF HYSTERESIS

Ry IN kQ

10

o

Q 20 40 80
HYSTERESIS, H, IN PERCENT

100

Bwg.No. A-12,417

25

20

VREF= 5V
Rs =0.1%2

15

PEAK LOAD CURRENT
AS A FUNCTION OF

Rt IN k82

RESISTOR R, VALUE /
]

—
e

0 05 1.0 1.5 20 25 3.0
LOAD CURRENT, Iyax, IN AMPERES

BIPOLAR, PULSE-WIDTH MODULATED, STEPPER-MOTOR DRIVE

172 UDN~2965W-2

T Ve T T T m
|
)
0—|—O|N
|
b 8] |
o |
e g | +oV
WAL |
Y I Rh
THs|
L Jsense . _ |
Ry

Ry AND Ry DETERMINE HYSTERESIS AND PEAK CURRENT

Dwg. No. B-15338
4—85
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UDN-2975W AND UDN-2976W
DUAL 4 A SOLENOID DRIVERS

UDN-2975W AND UDN-2976W
DUAL 4A SOLENOID DRIVERS

FEATURES

® 54 Peak Quiput

@ TT|/PMOS/CMOS Compatible Inputs
® Low Input Current

e Output Voltage 1o 6OV

¢ 3ingle-Ended or Split Supply

® Adjustable Short-Circuit Protection
® nternal Clamp Diodes

@ Plastic SIP With Heat-Sink Tab

URRENT CONTROL for operation of a pair of
print solenoids is provided by both Type UDN-
2975W and UDN-2976W. Each IC’s dual driver sec-
tions operate directly from the printer control line.
The two devices differ only in output-voltage rat-
ings. They can be used at currents of up to 4 A.

Type UDN-2975W is rated at 50 V. Type UDN-
2976W is rated at 60 V or £30 V. Inputs are compat-
ible with most TTL, DTL, LLSTTL, and 5V to
15V CMOS and PMOS logic.

Current is controlled by a current-sensing latch
method that uses only one external sensing resistor
for each driver. The load current is compared with
the reference voltage and, at the level fixed by the
system designer (Vgee/10 = I oap X Raspnse). alatch
is set, shutting OFF one of the output transistors.
The internal flyback diode then maintains the flux
without farther input from the power supply, result-
Ing in maximum efficiency. The latch is reset by pull-
ing the input high.

For the maximum in power-handling capability,
the integrated circuits are supplied in 12-pin single

Downloaded from Elcodfs.com electronic cbmponents distributor
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in-line power tab packages. For proper operation,
an external heat sink is required. The tab is at Vg
potential and must be insulated from ground when
Type UDN-2976W is used with a split supply.

ABSOLUTE MAXIMUM RATINGS

Supply Voltage, Voo (Ref. Ve, UDN-2975W) .. ....... ... S0
{Ref. Vo, UDN-2976W}............ 60V

Ve (Ref. GND, UDN-2975W) . .. ....... .. oy

(Ref. GND, UDN-2976W). . ....... -30v

Peak Qutput Current, Loy, ... ... ... il SA
put Voltage, Ve ..o o 15V
Reference Voltage, Ve ..o oo oo 5¥
Package Power Dissipation, Py. .. ............. See Graph
QOperating Temperature Range, T,........ —20°C to +85°C

Storage Temperature Range, T ......... —55°C to + 150°C
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UDN-2975W AND UDN-2976W
DUAL 4 A SOLENOID DRIVERS

FUNCTIONAL BLOCK DIAGRAM
(ONE OF TWO DRIVERS)

GND

ALLOWABLE AVERAGE PACKAGE POWER DISSIPATION

AS A FUNCTION OF TEMPERATURE

20

ALLOWABLE PACKAGE POWER DISSIPATION, Pp [N WATTS

TEMPERATURE 1N O
Dwag. Mo, A-11,7944
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SQURCE
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-
SENSE RESISTOR
(TYPICALLY 0.1%2)

.|

Dwg, No. A-12,106A

To maintain isolation between integrated circuit
components and to provide for normal transistor op-
eration, the substrate (pin 1) must be connected to
the most negative point in the external circuil,

4—87

TRUTH TABLE

Source Sink
Vi Vionse Driver Driver Function
High NA Orf off off
Low <V 10 On On On
Low >V 10 Off On Flyback
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UDN-2975W AND UDN-2976W
DUAL 4 A SOLENGCID DRIVERS
i}

ELECTRICAL CHARACTERISTICS et T, = +25°C, Tyg = +70°C, V. = 45V (UDN-2975W) or 55 V (UDN-2976W),
Vi = Vinse = 0V (unless otherwise noted)

Applicable Limits
Characteristic Symbol Devices Test Conditions Min. Max. Units
Supply Voltage Range Vie UDN-2975W | Operating 20 50 y
UDN-2976W | Operating 20 - B0 v
Supply Current lec Both Outputs Open — 25 mA
fx Both Outputs Open — —20 mA
Output Drivers
Qutput Leakage Current L UDN-2975W | ¥V, = 2.4V, Ve = 50V, Vypupe: = OV — 100 pA
Vip = 24Y, Vo = Ve = 50V — 100 pA
UDN-2976W | ¥y = 2.4V, Vo = 60V, Vequpee = 0V — 100 pA
Vi = 24V, Yy = Ve = B0V — 100 pA
Cutput Saturation Voltage Vegam Both Source Drivers, lpp = 4A —_ 35 v
Sink Drivers, |,gp = 4 A — 2.5 ¥
Output Sustaining Voltage Vegsy | UDN-2975W | T = 4A L = 3.5 mH 50 — V
(Source drivers only) UDN-2076W | I = 4A L = 3.5 mH B — v
Clamp Diode Forward Yoltage V; Both =44 —_ 2.0 v
Qutnut Rise Time i, Both Lo = 4 A, 10% t0 90%, Resistive Load — 2.0 TR
Output Fall Time t Both low = 4 A, 90% to 10%, Resistive Load — 2.0 Bs
Gontrof Logic
Logic Input Voltags Vi Both 2.0 — ¥
Vi Both See Notes — 0.5 v
Logic Input Current sy Both Yo = 24Y¥ — 20 A
lzn Both Yiy = 04V — -20 pA
lngeius Both Ve = 5.0V — —20 ph
Reference/Sense Ratio — Both Ve = 2.0105.0V 5.5 10.5 —
Propagation Delay Time b Both 50% V¥, te 50% V., Resistive Load — 3.0 s
100% V... to 50% V,,.*, Resistive Load — 30 WS
Minimum Reset Pulse Width b, Both - 1.0 TS

*Wh&l‘e Vsensg = VREF/]U-S
NOTES: Negative current is defined as coming out of {sourcing) the specific device pin.
For improved noise immunity, hysteresis insures ¥, of 0.8 ¥ max, after ¥, is 0.5 V or less.

4—88

Downloaded from Elcodrs.com electronic components distributor


http://elcodis.com/parts/6225397/UDN-2540B.html

UDN-2998W
DUAL FULL-BRIDGE MOTOR DRIVER

UDN-2998W
DUAL FULL-BRIDGE MOTOR DRIVER

FEATURES
» +3A Peak Output Current
* Qutput Voltage to S0V
o Integral Output Suppression Diodes
e Qutput Current Sensing
» TTL/CMOS Compatible Inputs
» [nternal Thermal Shutdown Circuitry
¢ Crossover-Currént Protected

As an interface between low-level logic and sole-
noids, brushless dc motors, or stepper motors, the
UDN-2988W dual full-bridge driver will operate
inductive loads up to 50V with continuous output
currents of up to 2A per bridge or peak (start-up)
currents to 3A, The control inputs are compatible
with TTL, DTL, and 5V CMOS logic. Except for a
common supply voltage and thermal shutdown, the
two drivers in each package are completely
independent.

For external PWM control, an ouTPuT ENABLE for
each bridge circuit is provided and the sink driver
emitters are pinned out for connection to external
current-sensing resistors. The chopper drive mode
is characterized by low power dissipation levels and
maximum efficiency. A PHASE input to each bridge
determines load-current direction,

Extensive circuif protection is provided on-chip.
Both ground-clamp and flyback diodes for each
bridge are provided. A thermal shutdown circuit
disables the load drive if chip temperature rating
(package power dissipation) is exceeded. Internally-
generated delays provide crossover-current
protection.

The UDN-2998W is packaged in a 12-pin single
in-line power tab package for high power capabilities.
Driving either of the bridges at the full 2A dc rating

Downloaded from Elcodfs.com €electronic components distributor
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Dwg, No. W-10

requires the use of an external heat-sink. The tabis
a ground potential and needs no insulation.

A similar dual full-bridge driver for use with con-
tinuous load currentsto & 500mA isthe UDN-2993B,

ABSOLUTE MAXIMUM RATINGS
at Tyap = +70°C
Supply Voltage, Vaa .. .......... oot 50V
Qutput Current, lour (DC) ... ... ... ... .. +2A
(Peak) .................. +=3A
Sink Driver Emitter Voltage, Ve .. .............. 1.5V
Logic Input Yoltage Range,
VPHASE DTVENABLE ............... —0.3Vio 15V
Package Power Dissipation, Pp . .......... See Graph

Operating Temperature Range, Ta .... —20°Cto +85°C
Storage Temperature Range, Ts . ... . —55°Cto +150°C

NOTE: Queput current rating may be fimited by chopping frequency,
ambient temperature, air flow, or heat sinking, Under any szt of condi-
tions, do not exceed the specifiad current rating or a junction tempera-
ture of -+ 150°C.
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UDN-2928W
DUAL FULL-BRIDGE MOTOR DRIVER

{(ONE OF TWO DRIVERS)
O‘ Ves
THERMAL
SHUTDOWN
O—_|>° ¢ j—{:]:—
ENABLE .

FUNCTIONAL BLOCK DIAGRAM
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+—CQout;  ouT,Or——t
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Dwg. Na, A=11,784A

Dwg. No. W-1074

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 Output 1 Qutput 2
Low High High Low
Low Low Low High
High High Open Low
High Low Low Open

4—90
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UDN-2998W
DUAL FULL-BRIDGE MOTOR DRIVER

e —
ELECTRICAL CHARACTERISTICS at Ta = +25°C, Tyag < +70°C, Vg = 50V

Limits
Characleristic Symbol | Test Conditions Min.  Typ. Max. | Units
Output Drivers
Operating Voltage Range Vs 10 — 50 v
Output Leakage Current loex Vour = 50V, Venage = 2.0V, Note 2 — <50 50 LA
Vour = 0, Venape = 2.0V, Note 2 — <50 -50 wh
Output Saturation Voltage Vogsan | lour = 14, Sink Driver — 1.2 14 v
lopur = 2A, Sink Driver — 17 18 ¥
lour = ~ 1A, Source Driver — 17 138 v
_ lour = —2A, Source Driver — 20 2.2. vV
Output Sustaining Valtage Yegsusy | lour = £2A, L = 3.5 mH, Note 2 50 — — v
Source Driver Rise Time t- lour = —2A — 500 — ns
Source Driver Fall Time 1 lour = —2A — 750 — ns
Deadtime ta lour = £2A — 2.5 — WS
Clamp Diode Leakage Current | Ig Vg = 50V — <50 50 wA
Clamp Diode Forward Voltage | V¢ lr=2A — 1.5 20 v
Supply Current I6e Venasiery = Venasiey = 0.8V _ — 25 30 mA
VensgLeity = VenasLee = 2.0V — 20 25| mA
Control Logic {PHASE or ENABLE)
Logic Input Voltage 1 Ving 08 - — — Vv
Vinety — — 20 v
Logic Input Current Inagey Venasz OF Venase = 0.8V — =50 -2 pA
Iingry Vprase OF Venase = 2.0V — <10 10 wA
Tumn-0n Delzy Time taao ENABLE Input to Source Drivers — 04 1.0 V5
Turr-0ff Delay Timea fpa EMABLE Input to Source Drivars — 20 40 WS

NOTES:
1. Each driver is tested separately.
2. Testis performed with Venasz = 0.8V and then repeated for Venase = 2.0V,
3. Negative current is defined as coming out of (sourcing) the specified device pin.

YensBLE I”””””"”

taur

Dwg. Mo, A-14,272

481

Downloaded from Elcodis.com €lectronic components distributor


http://elcodis.com/parts/6225397/UDN-2540B.html

UDN-2998W

DUAL FULL-BRIDGE MOTOR DRIVER

TYPICAL APPLICATION
2.PHASE BIPOLAR STEPPER MOTOR DRIVE
(Chopper Mode)

= o .
IN, +24V INg
0.1 {04 2
470k A ) T bl 470Kz 4
10k ¢ losal 10K !
4K Tqok 950 L1 i 10KY 1K
+5V Ot v

Dwp. No. W-108

“+ SV
INFUT A I ‘
0

+ 5V

INPUT B

o I

Dwq. No, A-12 454

497
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ULN-3751Z
POWER OPERATIONAL AMPLIFIER

ULN-3751Z
POWER OPERATIONAL AMPLIFIER

FEATURES

® +=3Vip =13V Operation

& High Qutput Swing

& Peak Qutput Currentto £3.54

& Low Input Offset

® 30dB Typical Open-Laop Gain

® Interna! Thermal Shutdown

o High Common-Mode Input Range

® Uity Gain Stable

® Pin Compatible with L1565, L465, SG1173

As a combination general-purpose operational am-
plifier and power booster, the ULN-3731Z inte-
grated circuit simplifies circuit design, reduces
component count, and enhances system reliability.

The power op amp features high-impedance dif-
ferential inputs, a unity-gain stable amplifier that
needs no external compensation, and a high-current
power output. Typical applications include use as a
voice-coil motor driver, linear servo amplifier,
power oscillator, bipolar voltage regulator, and
audio power driver.

The ULN-3751Z is for applications demanding up
to =3.5 A of output current. It is furnished in a mod-
ified 5-lead JEDEC-style TO-220 plastic package.
Lead forming for vertical or horizontal mounting is
availabie (ULN-3751ZV or ULN-3715ZH). The
heat sink tab is at substrate potential and must be
insulated from ground when the device is used with
a split supply.

Downloaded from Elcodis.com €lectronic components distributor
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INVERTING INPUT [ 2 ___|
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outPuT 4 |

NON-INVERTING INPUT

Dwg. No. A-12,364

This power op amp operates over a recommended
supply voltage range of +3 V to + 13 V. Dual power
op amps are available as the ULN-3755B (16-pin
DIP) and the high-power ULN-3755W (12-pin SIP).
Both of those devices include output current sensing
and a voltage boost connection to maximum output
voltage swing to +20V supplies at up to +3.5 A
peak output current.,



http://elcodis.com/parts/6225397/UDN-2540B.html

ULN-3751%
POWER OPERATIONAL AMPLIFIER

ABSOLUTE MAXIMUM RATINGS
atT, = +25%

Supply Voltage Differential (+Veto =V ..o oo o 28Y
Peak Qutput Gument, logr. . oo oo e e e e =J3aA
fnput Voltage Range, Vi . ..o +Vto =V, —03V
Package Power Dissipation, Py o oo oo See Graph
Operating Temperature Range, Ty, ... .. cv oo e 0°C to +-70°C
Storage Temperature Range, Ts ..o oo oo o v oo —40°C to + 150°C

ALLOWABLE POWER DISSIPATION
AS A FUNCTION OF AMBIENT TEMPERATURE
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ULN-37512
POWER OPERATIONAL AMPLIFIER

e

ELECTRICAL CHARACTERISTICS at T, = +25°C, Ty < +70°C, V; = 6.0V (unless otherwise noted)

Limits

Characteristic Test Conditions Min. Typ. Max. Unit
Funetional Supply Voltage Range +VYto =V, 6.0 — 26 ¥
Quiescent Supply Current — 40 60 mA
input Bias Current V=0 loy =10 — - 60 — 1000 nA
Input Offset Voltage V=0l =0 — +20 =10 mY
Input Offset Current V=0 lgr =0 — 10 100 nA
Input Noise Voltaget BW = 40 Hzto 15 kHz — 4.0 — wy
input Noise Currentt BW = A0Hzta 15 kHz — 60 — ph
Crossover Distortiont Pyr =50mW, R, =40 — <005 — %
Comman Mode Rejection AVy =2V 60 85 — dB
Input Commor Mode Ranget Positive — +V—2V — ¥

Negative — =V—03V — y
Open-Loop Voltage Gain f=0 30 90 — dB
Slew Rate Vi = Yoy = 6Ypp, R, = oo 1.0 23 — Vs
Gain-Bandwidth Preductt A, = 40 dB — 3.5 — MHz
Output Voltage Swing L= LOA 4.5 4.7 — )

by = 1A —4.5 —4.7 — Yy
Supply Voltage Rejection +V, AV =1V 60 85 — il

~Y, AV =1V 60 80 — 4B
Thermal Shutdown Temp.t — 160 — °C

*This parameter is tested to 2 lot sample plan only.
TTypical values given for circuit design information only.
TYPICAL APPLICATIONS
WIEN BRIDGE VIDEQ MONITOR

OSCILLATOR/MOTOR DRIVER VERTICAL DEFLECTION MAP

Dwg. No, A«12,3754

Drvg. No. A-12,3768

485
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ULN-3751Z
POWER OPERATIONAL AMPLIFIER

TYPICAL APPLICATIONS

UNITY GAIN VOLTAGE FOLLOWER

+hY

INPUT

Dwg, No. A-12.551

LINEAR VOLTAGE REGULATOR

VCC - BY TO 25V

2. 75V
REF.
TL431

OR EQUIV.

%ADJUST Vg=2a.73V |1 + R1

CAPACITANCE VALUES N pF,

Dwg. No. A-12,5534

4—86

NON-INVERTING POWER AMPLIFIER

+6V
o

)
INPUT

z

ay-1+ BL

R2
CAPACITANCE VALUES IN uF.

Dwg. No. A-12,552

HIGH-POWER LINEAR REGULATOR

(Short-Circuit Protected)
Vg = 6V TO 28V
_T_ & &
0.1 Rom= VBE
s T 0 Ts¢
;é_ E'rl':s\.r 2N2708 A
TL4.31 2N3055/12N3772
OR EQUIY,

(4

Yo
VOLTAGE
RIS ADJUST R?
L Vg2 TsV [1 +ET:|

CAPACITANCE VALUES IN pF.

Dwg. No. A-12,554B
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ULN-37512
POWER OPERATIONAL AMPLIFIER
T —

TYPICAL APPLICATIONS

SINGLE-ENDED POSITION SERVO
WITH SENSE POTENTIOMETER
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ULN-3753B AND ULN-3753W
DUAL POWER OPERATIONAL AMPLIFIERS
.

ULN-3753B AND ULN-3753W
DUAL POWER OPERATIONAL AMPLIFIERS

FEATURES
» QOperating Supply Range =3V 1o =20V
o Qutput Currentto =3.5A Peak
s Qutput-Current Limiting
» Qutput-Current Sensing
» High Qutput-Voltage Swing
» Low Crossover Distortion
» Low Input Offset Voltage
s Externally Compensated
¢ High Open-Loop Gain
o Output Protection Diodes
» Thermal Shutdown Protection
» Excellent Supply and Common-Mode Rejection
« Single or Dual In-Line Power Packages

APPLICATIONS
¢ Dual Hali-Bridge and
Full-Bridge Motor Drivers
Linear Servo Mators
Voice Goil Motors
AG and DC Motors
Microstepping Applications
* Power Transconducting Amplifier
» Audio Pawer Amplifier, Stereo or BTL
e Power Oscilfator/Ampiifier
» Dual Bipolar Voltage Regulator

High-current linear servo loads, such as voice coil
motors used in disc-drive applications, are ideal
applications for the ULN-3753B and ULN-3753W
dual high-power operational amplifiers. Their building
block design concept also makes them ideal for a
wide variety of other motor drive applications, audio
power amplifiers, power oscillators, and linear volt-
age regulators. External compensation permits user
adjustment of bandwidth and phase margin at any
gain level,

The ULN-3753B is furnished in a 16-pin dual in-
line package with copper heat-sink contact tabs. For
higher power requirements, the ULN-3753W is
supplied in a 12-pin single in-ine power tab package.

The inputs are designed to allow a wide common
mode range from the negative supply, (or ground in
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ULN-3753W Dwg. No. A-13,632

single supply applications) to within approximately
2V of the positive supply. Common-mode and power
supply rejection are in excess of 60 dB. The ampli-
fiers’ wide oulput swing is complemented by current
sensing, which is referenced to the negative supply
and allows for feedback as required to produce a
transconductance characteristic.
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ULN-3753B AND ULN-3753W
DUAL POWER OPERATIONAL AMPLIFIERS
——————————————————— T .

The ULN-3753B (batwing DIP) can typically dis- ABSOLUTE MAXIMUM RATINGS

sipate 6W at a tab temperature of 70°C. The lead '

configuration enabies easy attachment of a heat sink Supply Voltage Differential (+Vsto —Vs) . ... ... 40V
while fitting a standard socket or printed wiring board Peak Supply Voltage (50ms}.................. 45V
layout. The ULN-3753W (SIP) can safely dissipate Continuous Output Current, four (Vs = =15V)  =2.0A
significantly higher power levels with appropriate peak Output Gurrent, lour (501 ngs = =6V) fggﬁ
heat sinking. With either package configuration, the Package Power Dissipation. Py .- .. See Graphs
heat sink is at the negative supply, or at ground in a Operating Temperature Range, Ta.... —20°Cto +85°C
single-ended application. Storage Temperature Range, Ts .... —55°Cto +125°C

ALLOWABLE AVERAGE PACKAGE POWER DISSIPATION
AS A FUNCTION OF TEMPERATURE
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ULN-3753B AND ULN-3753W
DUAL POWER OPERATIONAL AMPLIFIERS
R E————————— .

ELECTRICAL CHARAGTERISTICS at Ty = +25°C, Tme == +70°C, Vs = =6V, Cc = 0, each amplifier tested
separately (unless otherwise specified)

Limits _
Characteristic Test Conditions Min. Typ. Max. | Uniis
Functional Supply Voltage Range | --Vsto —Vs B.0 — 40 v
Quiescent Supply Current — a0 150 | mA
Input Bias Surrent Vour = 0 —_ ~80 —1000 nA
Input Offset Voltage Vour =0,laur =0 — =10 +10 ] mv
Input Offset Voit. TCT Over Op. Temp. Range — —15 — i Ve
{nput Offset Current Vour =0, lour = 0 — 10 100 | nA
input Noise Voltage" BW = 40Hzto 15kHz — 4.0 — | wv
Input Noise Current’ BW = 40Hzto 15kHz — 60 — | PpA
Crossover Distortion? Pour = 50mW, R. = 40 — 0.2 — | %
Common Mode Rejection Vew = 3V 60 85 — dB
Input Common Mode Range* Vs = +6V —B6.3 — +4.0 v
Vs = +15V -153 — +13 vV
Open Loop Voltage Gain f=10 80 160 — dB
Slew Raie Vin = Vaur = BVpp 5.0 10 — | Vs
Gain-Bandwidth Product’ Av = 40dB — 3.0 — | MHz
Chanrel Separation” lour = 100mA, f = 1kHz — 60 — | dB
Cutput Voltage Swing lour = 1A 9.0 9.5 — | Vpp
Supply Yoltage Rejection +Vs, AV = 1V 60 85 — aB
~Vg, AV =1V 60 80 — | OB
Thermal Resistance, ©,1- ULN-3753B — — 15 | °C/w
ULN-3753W — — 3.0 | °C/w
Thermal Shutdown Temp.” : — 165 — | °C
*This parameter is tested to a lot sample plan only, ' Typical values given for aircuit design information only.
NON-INVERTING AMPLIFIER INVERTING AMPLIFIER
>E|N Ik'@ch Four > :IN f‘F EOUTf
- En
|Tc‘-
i HF
Rin
= Eor _ _ Re
Eour Re En T Rin Dwg. No, W-156
=
IFRe = 0orRy = %, Egur = Ey Dwg. No. W55
4—100
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ULN-3753B AND ULN-3753W
DUAL POWER OPERATIONAL AMPLIFIERS

TYPICAL CHARACTERISTICS

OPEN-LOOP VOLTAGE GAIN
AS A FUNCTION OF TEMPERATURE
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ULN-3753B AND ULN-3753W
DUAL POWER OPERATIONAL AMPLIFIERS
" AT

TYPICAL CHARACTERISTICS
INPUT BIAS CURRENT
AS AFUNCTION OF TEMPERATURE
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ULN-3753B AND ULN-3753W
DUAL POWER OPERATIONAL AMPLIFIERS

APPLICATIONS

I
|
1
I
T L 1
| i
! R_ ][L L
NS l 7
|
Iy | Ra
— 3] MW
Ra
R A ! :/:
s HS > HA
Re
-Vg OR GROUND Vasr
FIGURE 1 Dwg. No. W-162

CURRENT-SENSE TRANSCONDUCTANCE AMPLIFIER

The ULN-3753B/W current-sense terminals can
be used to obtain a transconductance function. This
characteristic is commonly used in motor control
applications such as voice coil servo or micro-step-
ping positioning systems found in many computer
disk drives. ‘

Figure 1 shows a ULN-3753W dual amplifier
connected as a transconductance amplifer. In this
example, amplifier B is used as a slave to amplifier
A, Feedhack from the current-sensing resistors (Rs)
in the emitters of the output current-sinking transis-
tors, is applied to the surnming network and scaled
to the inverting input of amplifier A where it is com-
pared to the input voltage. The current-sensing
feedback imparts a transconductance characteristic
to the amplifier’s transfer function. That s, the voltage
developed across the sensing resistors is directly
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proportional to the output current. Using this voltage
as afeedback source allows expressing the gain of
the circuit as output current in amperes vs. input
voltage in volts. The gain assumes the dimensions
of a transconductance function, expressed in mhos.

The negative-feedback forces the amplifier to
adjust the output current to attain a value such that
the feedback voltage equals the applied input volt-
age. The transfer function of the transconductance
amplifier is approximately:

I (Vin — Vrer) = Ra/ReRs

In the figure, resistors Ra, Re, and Rs define the
transconductance gain. To avoid limiting the tran-
sconductance amplifier's output compliance (swing
capability), low-value current-sensing resistors (Rs)
should be used.
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ULN-3753B AND ULN-3753W
DUAL POWER OPERATIONAL AMPLIFIERS

APPLICATIONS

a Vs

FROM POSITION SENSE
|
|

ULN-3753W

I'“__________q?} ____________ il

SERVOIMOTOR

P 1+
CONTROL T .
| [ever-curRenT]
1 1 | AND THERMAL
: I'| PROTECTION
)
D/A '
CONVERTER[ ¥~

FIGURE 2

Dwg. No. W-183

DIGITALLY CONTROLLED POSITION SERVO

In a position-control application, a microprocessor
is often used to control a servomotor’s shaft angle
or to control position as in a disk drive application.
The circuit requires small-signal input op amps,
drivers, and power cutput stages. The circuit derives
its input from the D/A converter whose output is
determined by a code from the controlling micro-
processor and related digital control circuitry, The
sensed position signal normally undergoes pro-
cessing and comparison with the desired position,
through the microprocessor system that produces
an error signal to control the servo amplifier's output.

The circuit includes thermal and short-circuit
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protection, matching and thermal tracking inherent
to menolithic construction. The configuration shown
in Figure 2 uses a ULN-3753W dual power opera-
tional amplifier whose two independent outputs are
connected in a push-pull, H-bridge arrangement.
The IC’s outputs alse include clamping diodes with
current-handiing capacity equal to that of the output
drivers,

The current-sense pins (4 and 9) provide access
to the emitters of the H-bridge current sinks, thereby
providing convenient output current sensing, while
allowing separate low-current signal ground returns.
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ULN-3753B AND ULN-3753W
DUAL POWER OPERATIONAL AMPLIFIERS

APPLICATIONS

TWO-PHASE 60 Hz AC MOTOR DRIVER
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= l 0.33uF Dwg. No. W-164
FIGURE 3
THREE-PHASE 400 Hz AC MOTOR DRIVER
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_‘i__ 82K 0.022uF Dwg. No. W-165
FIGURE 4

N-PHASE MOTOR DRIVE

Because of its high ampilification factor and built-
in power-output stage, an integrated power opera-
tional amplifier makes a convenient driver for ac
motors, One op amp ¢an be configured as an oscil-
lator to generate the required ac signal. The power-
output stage, of course, supplies the high-current
drive to the motor.

As shown In the motor-drive circuits in Figure 3
and 4, the contrelling op amp is configured as a
Weinbridge oscillator. The R4C4, R2C» feedback
networks determine the oscillation frequency,
according to the following expression:

fo = 1/(27 R1R201Cz)
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By varying either R, or R, the oscillator frequency
can be adjusted over a narrow range.

The Ra/R4 ratio sets the second amplifier's gain
to compensate for signal attenuation occurring in the
phase shifters.

The circuits can be driven from an external source,
such as a pulse or square wave, setting the gain of
the left-hand amplifier to a level less than that
required for oscillation. The RC feedback networks
then function as an active filter causing the outputs
to be sinusoidal.
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ULN-3753B AND ULN-3753W
DUAL POWER OPERATIONAL AMPLIFIERS

APPLICATIONS
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FIGURE 5

DC MOTOR SPEED CONTROL

In addition to the synchronous ac motor drives
described above, the ULN-3753B/W can be used
to provide accurate speed control of de motors. Fig-
ure 5 shows a closed-loop system for controlling the
speed of a 12V dc motor. The circuit provides bidi-
rectional speed control. The amplifiers’ push-pull
configuration ensures a full rail-to-rail voltage swing
(minus the output stages’ saturation drops) across
the motar in either direction.

The circuit uses a mechanically-coupled tach-
ometer to provide speed-stabilizing feedback to the
first amplifier section. The motor's speed and direc-
tion of rotation is set by adjusting the 10k poten-
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tiometer at the amplifier's noninverting input. The
motor speed, in rpm, is given by the following
expression;

S = VSET(R1 -+ Ha)f.0027 Rz

The RrCr feedback netwark prevents oscillation
by compensating for the inherent dynamic mechan-
ical lag of the motor. The ReCr time constant is
selected to match the particular motor's response
or dynamic time constant. This should yield a good
starting point for stabilizing the system with optimum
response achieved by varying the compensating
capacitor.
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ULN-3755B AND ULN-3755W
DUAL POWER OPERATIONAL AMPLIFIERS

ULN-3755B AND ULN-3755W

DUAL POWER OPERATIONAL AMPLIFIERS

FEATURES

e Operating Supply Range +3to =20 Volts
o Qutput Current 1o 3.3 A Peak

Output Current Limiting

Output Current Sensing

High Output-Voltage Swing

Low Crossover Distortion

Low Input Offset Voltage

Unity-Gain Stable

High Open-Loop Gain

Output Protection Diodes

Thermal Shutdown Protection

Excellent Supply and Common-Mode Rejection
Single or Dual In-Line Power Packages

APPLICATIONS

o Dual Half-Bridge and Full-Bridge Mator Drivers
Linear Servo Motors
Voice Coil Motors
AC and DC Motors
Microstepping Applications
® Power Transconductance Amplifier
e Audio Power Amplifiet
Stereo or BTL
» Power Oscillztar/Amplifier
e Dual Bipolar Valtage Regulator

Consisting of two high-power operational am-
plifier circuits in a single in-line power-tab pack-
age or a batwing dual in-line package, the ULN-
3755B and ULN-3755W are specifically designed
to drive high-current linear servo loads such as
voice coil motors used in disc-drive applications.
Their building block design concept also makes
them ideal for a wide variety of other motor drive
applications, for use as audio power amplifiers,
power oscillators, and linear voltage regulators.
Low crossover distortion eliminates serve hunt-
ing under null conditions and is required for
most audio applications.
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The ULLN-3755B is furnished in a 16-pin dual in-
line package with copper heat-sink contact tabs.
For higher power requirements, the ULN-3755W
is supplied in a 12-pin single in-line power tab
package.

Continued next page
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ULN-3755B AND ULN-3755W
DUAL POWER OPERATIONAL AMPLIFIERS

m

The inputs are designed to allow a wide com-
mon mode range from the negative supply, {or
ground in single supply applications) to within
approximately two voits of the positive supply.
Common-mode and power supply rejection are
in excess of 60 dB. The amplifiers’ wide output
swing is complemented by current sensing,
which is referenced to the negative supply and
allows for feedback as required to produce a
transconductance characteristic,

Separate supply pins are provided for the low-
level input and high-level output circuits to aflow
voitage boost or bootstrapping to maximize out-
put swing.

The ULN-3755B (batwing DIP) can typically
dissipate 6 W at a tab temperature of +70°C. The
lead configuration enables easy attachment of a
heat sink while fitting a standard socket or

printed wiring board layout. The ULN-3755W
(51P) can safely dissipate significantly higher
power levels with appropriate heat sinking. With
either package configuration, the heat sink is at
the negative supply, or ground in a single-ended
application.

ABSOLUTE MAXIMUM RATINGS

Supply Voltage Differential (+Vsto —Vg) ... ... 40V

Peak Supply Voltage (50ms) ................ 45y
Continuous Ouput Current

lor (Vg = =18V} ..o +=2.0A

(Vg ==6V) ... ... ... ... +2.5A

Peak Qutput Current, lor (50ms) ..... .. ... +3.5A

Package Power Dissipation, P, ... .. .. ... See Graphs

Operating Temperature Range, T,.. —20°C to + 85°C
Storage Temperature Range, Ts ... —55°Cto +125°C

ALLOWABLE AVERAGE PACKAGE POWER DISSIPATION
AS A FUNCTION OF TEMPERATURE

ULN-3755B

AULGWABLE PACKAGE POWER DISSIPATION, Pp, IN WATTS

25 50 75 100 125 150
TEMPERATURE IN °C

Dwg, No, A-11,7928
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ULN-3755W

ALLOWABLE PACKAGE POWER DISSIPATION, Pp. EN WATTS

TEMPERATURE IN °C

Dwg. No, A-11,784A
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ELECTRICAL CHARACTERISTICS at T, = +25°C, Ty = +70°C, Vg = £ 6.0V, Vyooer = +9.0V,

gach amplifier tested separately (unless otherwise specified)

ULN-3755B AND ULN-3755W
DUAL POWER OPERATIONAL AMPLIFIERS
=

Limits
Characteristic Test Conditions Min. Typ. Max. Unit
Functional Supply Voltage Range +Vto ~V, 6.0 — 40 v
Quiescent Supply Current lzoner (Each Amp.) — 7.0 10 mA
+lg (Total) — 75 130 mA
Input Bias Current Vorr =0 — =80 —1000 nA
Input Offset Voltage Vorr =0, loir =0 — =1.0 +10 my
Input Offset Volt. TG QOver Op. Temp. Rangs — -15 — wV/eG
Input Offset Current Vour = 0, lgir = 0 — 10 100 nA
Input Noise Voltaget BW = 40Hzto 15 kHz — 4.0 oo Yy
Input Noise Currentt BW = 40 Hzto 15 kHz — 60 — pA
Crossover Distortiont Por = 50mW, R, = 40 — 0.2 — %
Commaon Mode Rejecticn AV, = 3V 60 85 — dB
Input Common Mode Range® Vo= =bV -6.3 — +4.0 v
V= =15V —15.3 — +13 v
Open-Loop Voltage Gain f=0 80 100 — dB
Slew Ratle Vi = Vour = 6Vpp ¢.5 1.0 — Vs
Gain-Bandwidth Productt A, = 40dB — 800 — kHz
Channel Separationt [y = 100mA, f = kHz — 60 — dB
Dutput Voltage Swing lour = 1A, Vagpsr = +6V 9.0 9.5 — Vpp
logr = 1A, Vaoper = +9V 9.5 10.1 — Vpp
Supply Voltage Rejection +Ve, AV =1V 60 85 — 3]
: -V, AV =1V 60 80 — dB
Thermal Resistance, ©,;" ULN-3755B — — 15 C/w
ULN-3755W o — 3.0 °C/W
Thermal Shutdown Temp.t — 165 — °C
*This parameter is tested to a lot sarmple plan anly.
1Typical values given for circuit design information only.
NON-INVERTING AMPLIFIER INVERTING AMPLIFIER:
RIN RF ouT
> ” N Ecni-r -
AN
Re
Rin 1
= Eour__Re
En Rin
Dwg. No, A-13,082
EDUT 1 i
E R

IFR. = Oor R, = o THEN Ep = E
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ULN-3755B AND ULN-3755W

DUAL POWER OPERATIONAL AMPLIFIERS

e . ]

TYPICAL CHARACTERISTICS
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FUNCTION OF TEMPERATURE
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INPUT BIAS CURRENT AS A
FUNCTION OF TEMPERATURE
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ULN-3755B AND ULN-3755W
DUAL POWER OPERATIONAL AMPLIFIERS

TYPICAL CHARACTERISTICS

OUTPUT VOLTAGE SWING AS A
FUNCTION OF OUTPUT CURRENT
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ULN-3755B AND ULN-3755W
DUAL POWER OPERATIONAL AMPLIFIERS
A T

APPLICATIONS

Current-Sense Transconductance Amplifier

The ULN-3755B/W current-sense terminals
can be used to obtain a transconductance func-
tion. This characterlstlp is commonly ysed in DUAL POWER
motor control applications such as voice coil OP AMP
servo or micro-stepping positioning systems | =——=]—-——5
found in many computer disc drives.

Figure 1 shows a ULN-3755W dual amplifier
connected as a transconductance amplifier. In
this example, amplifier B is used as a slave to REF
amplifier A, Feedback from the current sensing
resistors (Rg) in the emitters of the output current

sinking transistors, is applied to the summing e
network and scaled to the inverting input of am-
plifier Awhere it is compared to the input voltage. Ve

The current sensing feedback imparts a trans-
conductance characteristic to the amplifier's
transfer function. That is, the voltage developed
across the sensing resistors is directly propor-
tional to the ouiput current. Using this voltage as
a feedback source allows expressing the gain of
the circuit as output current in amperes vs. input
voltage in voits. The gain thus assumes the di- -Vg OR GROUND
mensions of a transconductance function, ex-
pressed in mhos.

The negative-feedback forces the amptifier to
adjust the output current to attain a value such
that the feedback voltage equals the applied FIGURE 1
input voltage. The transfer function of the trans- CURRENT-SENSE TRANSCONDUCTANCE AMPLIFIER
conductance amplifier is approximately:

= (Vv = Vrer) = Ry/RsRs

In the figure, resistors R,, Rg, and Rg define the
transconductance gain. To avoid limiting the
transconductance amplifier’s output compli-
ance {swing capability), low-value current-
sensing resistors (Rg) should be used. |

Vrer

Dwg. Ne. 13,092
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ULN-3755B AND ULN-3755W
DUAL POWER OPERATIONAL AMPLIFIERS

m

“APPLICATIONS

Digitally Controlled Pasition Servo

In a position-control application, a micropro-
cessor is often used to control a servomotor's
shaft angle or to control position as in a disk drive
application. The circuit requires small-signal
input op amps, drivers, and power output stages.
The circuit derives its input from the D/A con-
verier, the output of which is determined by a
code from the controlling microprocessor and
related digital-control circuitry. The sensed po-
sition signal normally undergoes processing and
comparison with the desired position, through
the micro-processor system that produces
an error signal to control the servo amplifier's
output.

The circuit includes thermal and short-circuit
protection, matching and thermal tracking inher-
ent to monolithic construction. The configura-
tion shown in Figure 2 uses a ULN-3755W dual
power operational amplifier whose two indepen-
dent outputs are connected ina push-pull,
H-bridge arrangement. The IC’s outputs also
include clamping diodes with current-handling
capacity equal to that of the output drivers.

The current-sense pins (4 and 9) provide ac-
cess to the emitters of the H-bridge current sinks,
thereby providing convenient output current
sensing, while allowing separate low-current sig-
nal ground returns.

Vs & Yanpsr

FRCM POSITION SENSE
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4 I | AND THERMAL ! J_
E PROTECTION | Vs : g
D/A /J\ sUB I
CONVERTER \qy 2 fé\
@- : &
N !
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1 |
b ! I I
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t I
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Dwg. No. W-123

FIGURE 2
DIGITALLY CONTROLLED POSITION SERVO
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ULN-3755B AND ULN-3755W
DUAL POWER OPERATIONAL AMPLIFIERS
[ R R R R e

APPLICATIONS

Increased Output-Voltage Swing +V,

If a voltage higher than the supply is applied to
the ULN-3755W's boost pins, as shown, the pos-
itive output swing is limited only by the saturation
resistance of the output transistors (typically less
than 0.5 ohms). For example, with a 12V supply,
the circuit typically supplies a 10.5 Vpp output
swing at 1 A output current. Note that the exter-
nally-supplied boost voitage should be at least 3
V higher than the load supply voltage. This crite-
rion satisfied, the boost voltage can be any value
within the 1C's 40 V absolute maximum rating.

Although the boost feature provides important
additional cutput swing at the amplifier’s full
rated current, the 1C's boost input requires only
a low, unregulated current. This ¢an be obtained
from inexpensive, modular dc to dc converters,
a simple overwinding in the motor, or a voltage
doubler from the motor’s driven phases.

An example of a simple voltage doubler boost
supply is shown in Figure 3. This circuit affects
the doubling by connecting a series diode-
capacitor between the main supply and each Dwg. No. 13,08
end of the load,

¥

FIGURE 3
VOLTAGE DOUBLER BOOST SUPPLY

4114
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ULN-3755B AND ULN-3755W
DUAL POWER OPERATIONAL AMPLIFIERS

APPLICATIONS

N-Phase Motor Drive

Because of its high amplification factor and
buiit-in power-output stage, an integrated power

30 1)
operational amplifier makes a convenient driver 3 v
for ac motors. One op amp can be configured as 82K o™
an oscillator to generate the required ac signal. s [Py
The power-output stage, of course, supplies the et
high-current drive to the motor. - e
. . . . . . 033 B.2K
As shown in the motor-drive circuits in Figure o35 o
4, the controlling op amp is configured as a Ce ;[ "
Weinbridge oscillator. The R,C., R,C, feadback =

1

networks determine the oscillation frequency,

according to the following expression: Dwg. No. 13,008
f, = 1/(2nR,R,C.C) FIGURE 4a

By varying either R, or R, the oscillator fre- TWO-PHASE 60 HZ AC MOTOR DRIVER

quency can be adjusted over a narrow range.

The R,/R, ratio sets the second amplifier's gain
to compensate for signal attentuation occuring
in the phase shifters. A separate boost supply
can be used to obtain additional output-swing
capability. '

The circuits can be driven from an external
source, such as a pulse or square wave, setting
the gain of the left-hand amplifier to a level less
than that required for oscillation. The RC feed-
back networks then function as an active filter
causing the outputs o be sinusocidal. FIGURE 4b

THREE-PHASE 400 HZ AC MOTOR DRIVER

Dwa. No. 13,000

APPLICATION TIPS

1. Due to the nature of the composite PNP/NPN output structure, all applications
of these devices require use of an output R-C compensation network, as shown
in Figures 2, 4, and 5. Values shown are typical and will vary somewhat depend-
ing on load impedance.

2. As is the usual practice in high-gain power circuits, input and output grounds
should be kept separate.

3. The current sense pins are the emitters of the power driver output totem poles

and must be grounded or returned to the negative supply if not used for current

sensing.

Provide good high-frequency supply bypass (ceramic or film capacitor).

5. Allinput, output, and supply leads should be properly dressed and kept as short
as possible.

6. If the boost or bootstrapping capability is not used, the boost pins must be
connected to the positive supply.

»
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ULN-3755B AND ULN-3755W
DUAL POWER OPERATIONAL AMPLIFIERS

APPLICATIONS

ICs Control Motor Speed

In additional to the synchronous ac motor
drives described above, the ULN-3755B/W can
be used to provide accurate speed control of dc
motors. Figure & shows a closed-loop system for
controlling the speed of a 12V de motor. The
circuit provides a bidirectional spead control.
The amplifiers’ push-pull configuration ensures
a full rail-to-rail voiltage swing (minus the output
stages’ saturation drops) across the motor in
either direction.

The circuit uses a mechanically-coupled tach-
ometer to provide speed-stabilizing feedback to
the first amplifier section. The motor’'s speed and
direction of rotation is set by adjusting the 10k}
potentiometer at the amplifier’s noninverting
input. The motoar speed, in rpm, is given by the
following expression:

S = VR, + R)/.0027 R,

The R:C; feedback network prevents oscilla-
tion by compensating for the inherent dynamic

IDK

-8BV

mechanical lag of the motor. The RC: time con-
stant is selected to match the particular motor's
response or dynamic time constant. This should
yield a good starting point for stabilizing the sys-
tem with optimum response achieved by varying

the compensating capacitor.
+H

MOTOR: GLOBE 100ASE5
= 12V bC

FIGURE 5
DC MOTOR SPEED CONTROL

Dwg, No. A-13,081

surfaces.

o A

inch pounds (0.45 to 0.90 Nm.)

o

MOUNTING POWER TAB ‘W’ DEVICES

Power-tab packages are efficient thermal dissipators when properly utilized. In application,
the following precautions should be taken:

1. Always fasten the tab to the heat sink before the leads are soldered to fixed terminals,

2. Strain relief must be provided if there is any probability of axial stress to the leads.

3. Thermal grease (Dow Comning 340 or equivalent) should always be used. Thermal com-
pounds are better heat conductors than air but not a good substitute for flat mating

The mounting surface should be flat to within 0.002 inch/inch {0.05 mm/mm).
Brute force mounting to poorly finished heat sinks can cause internal stresses which
damage silicon chips and insulation parts. Mounting torque should be between 4 and 8

The mounting holes should be as clean as possible with no burrs or ridges.

7. Use appropriate hardware including a lock washer or torque washer.

8. Ifinsulating bushings are used, they should be of dialyphthalate, fiberglass-filled polycar-
bonate, or fiberglass-filled nylon. Unfilled nylon should be avoided.
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UDN-5725M
DUAL PERIPHERAL /POWER DRIVER

' A Sy

UDN-5725M
DUAL PERIPHERAL/POWER DRIVER
—Enhanced Output Capability

FEATURES

« DTL/TTL/PMOS/GMOS Compatible
* iLow Input Current

= Continuous Output Current tc 1A
« 70 V Qutput Standoff Voltage

* Low Supply-Current Requirement

Vee
INPUT 3

| 8] CUTRUT

~

Dwg. No. 13,242

The UDN-5725M power driver combines NAND  lamps with peak load currents of up to 1.2 A,

and NOR logic gates in a configuration particufarly Each of the output transistors is capable of sink-
useful with small brushless dc motor drivers. The ing 800 mA continuously at 55°C, or 850 mA at

integrated circuit includes high-current saturated  ggec. |1 the OFF state, the drivers will withstand
output transistors and transient-suppression 4 |east 70V

diodes. It can be used in many applications

beyond the capabilities of standard logic buffers: The UDN-5725M is supplied in & miniature 8-pin
With inputs tied together, one of two loads is  duakin-line plastic package with a copper lead
energized by a single input signal. frame for superior package power dissipation
ratings.

Additional applications include driving pe-
ripheral loads such as solenoids, light-emitting For applications requiring output currents of up
diodes, mernories, heaters, and incandescent to 700 mA, Series UDN-5740M is recommended.

ABSOLUTE MAXIMUM RATINGS

atT, = +25°C

Output Off-State Veltage, Vorr ... ... 70V
Output On-State Sink Current, Iy, (continuous) ... .. ..o 1.0 A

peak) .. . 1.2 A
Logic Supply Voliage, Yoo ..o i6 VvV
Input Yoltage, Vi ... oo 30V
Suppression Diode Off-State Voltage, Vas - .. ooovov oV
Suppression Diode On-State Current, loe ... oo 1.0A
Allowable Package Power Dissipation, Py .............. ... . . . . .. ... 1.5 W*
Operating Free-Air Temperature Range, T, .................. .| —20°Cto +85°C
Storage Temperature Range, To ..o, ~55°C 10 +150°C

"Derate at the rate of 12.5 mW/°C ahove T, = +25°C.
TLimited by Pp.

4—117
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UDN-5725M
DUAL PERIPHERAL /POWER DRIVER

ALLOWABLE AVERAGE PACKAGE POWER DISSIPATION
AS A FUNCTION OF TEMPERATURE

2.0 TYPICAL APPLICATION

N\

O Vs =12V

O 25 50 75 100 125 150
AMBIENT TEMFERATURE IN °C

Dwg. No. 13,243
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RECOMMENDED OPERATING CONDITIONS

Operating Gondition Min. Nom. Max. Units
Supply Voltage, Vg 4.75 12 14 v
Qutput Current, |o — — 650 mA
Operating Temperature Range 0 +25 +85 °C

TRUTH TABLE

STROBE PHASE INPUTS QUTPUTS
INPUT 1 2 1 2
H H H L H
H H L L L
H L L H L
H L H H H
L X X H H
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UDN-5725M
DUAL PERIPHERAL /POWER DRIVER

m

ELECTRIGAL CHARAGTERISTICS over recommended operating temperature range
(unless otherwise noted)

Test Conditions Limits
Enable | Qther
Characteristic Symbal | Temp. | Vg Input | Inputs | Qutput | Min. Typ. Max. | Units | Notes
Output Reverse lgex — 475 | 0.8V | 20V | 70V - - 100 uh -
Current 475 [ 08V [ 08V] 70V ] — — 100 | A —
Qutput Voltage Voeisan - 14 20V] 20V | 068A | - 0.4 0.6 v -~
14 20V | 20V | 08 A - 0.7 1.0 v —
14 20V | 20V | 10A — 0.9 1.2 V 3
14 20V | 0BV |OBA | — 0.4 0.6 vV | —
14 20V |08V | 08A | -— 0.7 1.0 y —
14 20V | 0BV | 10A — 0.9 1.2 v 3
Verisus) +25°C 14 | T1_ OV |08A| 50 — —_ v 3.4
14 |7 1L_.|20V;08A]| 50 — — V 34
Input Yoltage | Viugn — - - — — 2.0 — - v -
Vi — — — — — — — 0.8 v —
Input Current [ — 126 | 04V 30V, — — 5.0 25 phA 1
lyggry - 126 | 30V o0V — — 5.0 25 KA 1
Enable Input m — 126 { 04V ]| 30V| — - 10 50 pA | -
Current Ly — [ 126 ] 30V ] O0V] — — 10 50 | nA —
Input Clamp Volt. Veraue — 475 [-12mA  — — — - -1.5 v —
Diode Leakage Iy +25°C| 5.0 oV 0V | Open — — 100 uA 2
Current
Diode Forward Ve +25°C| 5.0 oV DV | 06A — 1.5 2.0 vV —
Voitage 5.0 ovV] OV]10A] — 19 25 vV 3
Supply Current bog) +25°C| 12.6 ov oy | - — 3.9 50 mA —
(Total Package) 12.6 ovV]20vV] — — 39 50 | mA —
locior +25°C| 126 | 20V Qv | — — 22 30 mA —
126 | 20V | 20V — — 2 30 mA —
NOTES:
1. Except ENABLE input, each input tested separately.
2. Diode leakage current measured at Vi = 70 V.
3. Pulse Test,
4.1, = 3mH.
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UDN-5725M
DUAL PERIPHERAL /POWER DRIVER

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

Limits
Characteristic Symbel | Test Conditions Min. Max. | Units Notes
Turn-On Delay Time tod 0 Vs =30V, R = 100 (10 W), C, = 15 pF — 500 ns 1, 2
Turn-0ff Delay Time b | Vo= 30V,R = 100(10W),C, = 15pF - 750 ns 1,2

NOTES: 1. Capacitance value specified inciudes probe and test fixiure capacitance.
2. Voltage values shown in test circult waveforms are with raspect to network ground.

2.4¥ Vg DPEN Ve tr tf
R A
INPUT 0%
Ry

OUT
R
oL Lg tpdo_| tpd 1
'3 l: OUTPUT 1
PULSE =
GENERATOR 0UT?

' CLo= tpd 1 thd 0
%5052 I

0,
DUTPUT 2 30% \

Dwq, No. 13,245 Dwg. No. 13,246

INPUT-PULSE CHARACTERISTICS

VIN{UJ = 0 V tf = ? ns tﬂ = 1 "J.S
4—120

Downloaded from Elcodts.com electronic components distributor


http://elcodis.com/parts/6225397/UDN-2540B.html

UDN-7078W
QUAD HIGH-CURRENT DARLINGTON SWITCH

UDN-7078W
QUAD HIGH-CURRENT DARLINGTON SWITCH

FEATURES

© Qutput Yoliage to 90Y

* 90V Sustaining Voltage

* Qutput Current to 3A

= TTL, DTL, ar CMOS Compatible Inputs
« |nternal Transient-Suppression Dicdes
* Plastic Single In-Line Package

* Heat-Sink Tab

This quad Darlington array is designed to serve as inter-
face between low-level logic and peripheral power
devices such as solenoids, motors, incandescent lamps,
heaters, and similar loads up to270 W per channel. The
integrated circuit contains internal transient-suppres-
sion diodes that enable use with inductive loads. The
input logic is compatible with most TTL, DTL,
LSTTL, and 5V CMOS logic. The Darlington array is
rated for operation to 90V and is recommended for
operation with load currents of 3 A or less.

For maximum power handling capability, the device
is supplied in a 12-pin single in-line plastic package with
an integral power tab. The tab is at ground potential
and needs no insulation. External heat sinks are usually
required for proper operation of this device,

Similar quad high-current Darlington switches, for

operation with supply voltages to 50V or 80V (35V or
S0V sustaining), are UDN-2878W and UDN-2879W.

Downloaded from Elcodis.com electronic components distributor
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ABSOLUTE MAXIMUM RATINGS
at T, < +70°C
OutputVoltage Vee. .. ..o ..o S0V
Min. Sustaining Voltage, Vg - oo oo oV
Qutput Current, Iy ... ... .. 3.0A
SupplyVoltage, ¥y ... ... ... ., 10V
InputVoltage, My .. .. ... ... ... . ... .. 15V
Total Package Power Dissipation, By, ... .. ... ... . See Graph
Operating Temperature Range, T, ....... ..., —20°C to+85°C
Storage Temperature Range, . ......... ... —53°Cto+150°C
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UDN-7078W
QUAD HIGH-CURRENT DARLINGTON SWITCH

PARTIAL SCHEMATIC

One of 4 Drivers

3K
Dwg. No. A-12,037
ELECTRICAL CHARACTERSTICS ut T, = + 25°C, T, < +70°C,V, = 5V
Limits
Characteristic Symbol Test Conditions Min.  Max. | Units
Qutput Leakage Current lee Vs = 90V - 100 A
Qutput Sustaining Voltage Vorious k=254 80 - ¥
Output Saturstion Voitage Veesan l;=0.5 A& V,=2.75Y - 1.1 V
le=10A Vy=2.75¥ - 1.3 y
k=2.0A Vy=275Y - 1.6 ¥
lo= 2.5 A, Yy= 2.75¥ — 1y |
l=3.0A Vy=275Y - 2.2 v
Input Voltage Yhan k=304 275 - ¥
"'"m(nm - 0.8 v
Input Current liug ¥, =0.8¥ — 25 pb
Ly Y= 2.75V — 550 wh
Yy=3.75¥ - 1.0 mA
Supply Current per Driver lg [ =500 mA - 6.0 mA
Clamp Diode b Vy= 90V - 50 LA
Leakage Current
Clamp Diode W =254 - 2.5 ¥
Forward Voltage =304 - 3.0 ¥
Turn-On Delay tpuy 0.9 B, t0 0.5 Eyy - 1.0 s
Turn-0ff Delay et 05E,to 0.5 E,, l,=30A - 1.5 us
CAUTION: High-current tests are pulse tests or require heat sinking.
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UDN-7078W
QUAD HIGH-CURRENT DARLINGTON SWITCH

ALLOWABLE AVERAGE PACKAGE POWER DISSIPATION
AS A FUNCTION OF TEMPERATURE
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TYPICAL APPLICATION

PRINT-HAMMER DRIVER
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HIGH-CURRENT INTERFACE DRIVERS
e

POWER INTEGRATED CIRCUITS
FOR MOTOR-DRIVE APPLICATIONS

MPROVED SYSTEMS PERFORMANCE

and reliability, lower component counts, and
reduced cost are among benefits offered by
space-saving Sprague power interface ICs.
Many of the following devices are specifically
designed for motor-drive applications. The
development of these devices is especially sig-
nificant in view of the increasing use of

microprocessor-contralled servo and stepper
motors.

Combining logic, power, and control in an
integrated circuit requires special design tech-
niques and experience. Sprague Electric has
long been a leader in peripheral power interface
technology.

UCN-4204B AND UCN-4205B STEPPER-MOTOR TRANSLATOR/DRIVERS

CN-4204B & UCN-4205B INTEGRATED

circuits drive permanent magnet Sstepper
motors rated to 1.25 A and 30 V with a minimum
of external components.

Internal step logic activates one or two of the
four output sink drivers to step the load from
one position to the next. The logic is activated
when STEP INPUT (pin 10) is allowed to go HIGH.
Single-phase (A-B-C-D), two-phase (DA-AR-BC-
CD), or half-step (A-AB-B-BC-C-CD-D-DA) opera-

ion, and step-inhibit are selected by connec-
tions at pins 9 and 10. The sequence of states is
determined by the DIRECTION CONTROL {pin
14).

RECOMMENDED MAX. OPERATING CONDITIONS

Output Voltage, Vo (UCN-4204B) ... ....... .. ..., 15V

(UCN-4205B-2). .. .. .......... 25V
Output Current, fgyr - o oo 1.254
Logic Supply Yoltage, Voo . .............. .. 45Vt hhy
nput Voltage, Vi ... ..o oo 5oV

L/R STEPPER-MOTOR DRIVE

+15V

FIN & PIN 10

TWO-PHASE = L
OME -PHASE H L
HALF-STEP L H
STEP-INHIBIT H H

© BIRECTION

CONTROL

£ & OEDIR
STEP LOGIC
B D IhHCLK

o i
STEF [NPFUT
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HIGH-CURRENT INTERFACE DRIVERS

Y

UDN-2953B AND UDN-2954W
FULL-BRIDGE MOTOR DRIVERS

THE UDN-2953B AND UDN-2954W are designed for bidirec-

tional, chopped-mode current control of d-c motors with peak
start-up currents as high as 3.5 A. The output-current limit is deter-
mined by the user’s selection of a sensing resistor. The pulse dura-
tion is set by an external RC timing network. The chopped mode of
operation is characterized by low power-dissipation levels and max-
imum efficiency.

Internal circuit protection includes thermal shutdown with hys-
teresis, output transient-suppression diodes, and crossover current
protection,

The UUDN-2953B is supplied in a 16-pin DIP with heat-sink con-
tact tabs. The UDN-2954W , with increased allowable package
power dissipation, is supplied in a 12-lead single in-line power tab
package. In both case styles, the heat sink is at ground potential and
needs no insulation.

RECOMMENDED MAX. OPERATING CONDITIONS

Motor Supply Voltage, Yee . . ..o o, 75Vto 50V
Continuous Output Current, loyr. . ..o =204
Feak OQutput Current, los .. ... ... o +35A
Logic Supply Voitage, Yor ... oo 45Vto 15V
Input Voltage, Y ... ..o 24V
+5Y UDN-2853B +36Y
I 16 (f
BRAKE po 2 15
--} 3 |r-c 14 —_l_
a 13 - 3
5 LOGIC 2
+5Y 6 " v 11 5 o
PHASE 7 |PH v 10
A
ENABLE 8 |0g L]

{ACTIVE LOW)
Owg. Mo, A-12,54%
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HIGH-CURRENT INTERFACE DRIVERS
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UDN-2878W AND UDN-2879W
QUAD DARLINGTON SWITCHES

HE UDN-2878W AND UDN-2879W drive motor windings at

up to 200 watts per channel. The integrated circuits include
transient-suppression diodes and input logic that is compatible with
most TTL. LS TTL. and 5V CMOS. The 12-pin single in-line
power-tab package allows maximum power-handling capability.

RECOMMENDED MAX. OPERATING CONDITIONS

Load Voltage, Vo (UDN-2878W) ... ... ... .. ... ... . oo 35V

(UDN-2879W) .. e 50V
Continuous Qutput Current, g, oo oo 4 A
Peak Qutput Current, lep. . oo oo 5A
Logic Supply Voltage Range, Vs .. .. .. ... ... ..o 45t07.0V
Input Voltage, Yy o oo '

STEPPER-MOTOR DRIVE

UDN-2878W
2-PHASE, UNIPOLAR

O O INPUT WAVEFORMS

h 2
2

By
[~}
h
v
o
~1
[
[
)
|
._____1

|
1 Or—
® 00—
o—

=|

&
m
-
-
=]
|

X Dwy. No. A-11,703
% +28Y :
AN O

DWG. NO. R=11,978
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m

UDN-2965W-2 DUAL HIGH-POWER MOTOR DRIVER

HE UDN-2965W-2 INTEGRATED CIRCUIT drives stepper motors in

the full-bridge configuration. It is a high-power, multi-function interface
driver that combines sink and source drivers, gain and level shifting, ther-
mal shutdown circuitry, and pulse-width modulated current control. Output
ctirrent, threshold voltage, and hysteresis are preset or may be externally set
by the user. The UDN-2965W-2 is also well-suited for use as a dual high-
power hammer driver.

RECOMMENDED MAX. OPERATING CONDITIONS

Supply Voltage Range, Voo ... ... 20Vto50V
Qutput Current, e ..o *+4.0A
InputVoltage, Viy ... ... oo 5.5V

BIPOLAR STEPPER-MOTOR DRIVE
(Pulse-Widith Modulated)

1/2 UDN-2965W-2

Ry AND Ry DETERMINE HYSTERESIS AND PEAK CURRENT

Bwg. No. B-1538
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UDN-2993E DUAL FULL-BRIDGE MOTOR DRIVER

THE UDN-2993B MOTOR DRIVER contains two independent
H-bridges capable of operating with load currents of up to 600
mA. Aninternally generated deadtime prevents potentially destruc-
tive crossover currents when changing load phase. Internal tran-
sient-suppression diodes are included for use with inductive loads.
Emitter outputs allow for current sensing in pulse-width modulated

applications.
RECOMMENDED MAX. OPERATING CONDITIONS
Load Yoltage Range, Ve, ... ..o oo 10Vt 40V
Butput Current, loyr oo oo o =+ 500 mA
Logic Voltage Range, Ypn ..o oo i 45V10 8.0V

2-PHASE BIPOLAR STEPPER-MOTOR DRIVE
(Pulse~-Width Modulated)

L AAA——ANA, + AAA— A AAN—]
10K 470K

a1
+5VO—'\A/\(—->—'\/\/\.-—__TL
1K 5682 Dwg. Mo, A-12.453

+oV
INPUT A ' ~
o]

INPUT B

o . —

Dwg. No. A-12,451
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UCN-5800A, UCN-5801A, UCN-5813B, AND UCN-5814B
UNIPOLAR MOTOR DRIVERS

DRIVING UNTPOLAR motors is one of many Device Package Drivers Features
successful applications for the UCN-5800A, UCN-58004 14-pin DIP 4 Clear, Strobe,
UCN-5801A, UCN-3813B, and UCN-5814B BiMOS Output Enable
11 Jatched sink drivers. Selected devices, for higher UCN-5801A 22-pin DIP 8 Clear, Strobe,
voltage operation, are available as the UCN- Ouput Enable
5813B-1 and UCN-5814B-1. UCN-5813B 16-pin DIP 4 Strobe and
All devices contain CMOS data latches, CMOg ~ UCN-58138-1 | Output Enabe
control circuttry, high-voltage, high-current bipolar UCN-58148 22-pin DIP 4 Clear, Strobe,
i ’ UCN-5814B-1 Qutput Enable,

Parlington outputs, and output transient protection & Chip Select

diodes for use with inductive loads.
The UCN-5800A is a direct raplacement for the RECOMMENDED MAX. OPERATING CONDITIONS
Output Yoltage, Vo

original UCN-4401A. The UCN-3801A replaces the

i - . UCN-58C0A & UCN-5801A. . ......... ........ 35V
UCN-4801A. Witha 5V Supply, BiMOS 1T devices UCN-5813B & UCN-5814B . ... ... ... .. 35y
typically operate at data input rates above 5 MHz; at UCN-58138-1 & UCN-5814B-1 . .. ..., .. .. R0V
12V, significantly higher speeds are obtainable. Continuous Output Current, iy,
BiMOQOS III drivers, with output voltage ratings to UCN-58004 & UCN-5801A. .. ... ... .. .. ... 350 mA
150V, will be supplied as UCN-5300A and UCN- UCN-5813B & UCN-5814B ... .. ... ...... ... 104
3901A. UCN-5813B-1 & UCN-5814B-1 ............... 10A
Logic Supply Voltage, Ve .......... .. ... .. 45Vto12V
Iput Voltage, Vi . ... .. ..o o Yoo
UNIPOLAR STEPPER-MOTOR DRIVE +30Vq
CUTPUT ENABLE (ACTIVE LOW) §
CLEAR
STROBE
up
B % N ouT 3
OuT 4
UCNEBOOA I Owa, ho. 3-1537
30V
UNIPOLAR WAVE DRIVE UNIPOLAR 2-FPHASE DRIVE
STROBE _IL I I R . STRUBE ~J Il n._
Wy L N m
IN2 1 N7 [ Il
"3 B IN3 1 1
u:;: t M we L 1
I S
LUT 1 —I I
ouT 2 ——LJ T2
wrE .
o | ouT 3 1
our 4 — L our 2
DWG.ND. A-11.446 LwG.ND, A-11.447
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LINEAR MOTOR DRIVERS

POWER OPERATIONAL AMPLIFIERS are useful in driving voice-coil

motors, linear servo motors, and ac and dc motors in a linear mode
where motor speed or position is a direct function of a linear input signal.
The operational amplifiers listed here are standard *‘building block’” circuits
providing almost unlimited application. The high-gain, high-impedance opera-
tional amplifier configuration allows many specialized input, output, and feed-
back arrangements.

All devices feature high output voltage swings, high input common mode
range, high PSRR and CMRR. The unity-gain stable versions need no exter-
nal compensation. Internal thermal shutdown circuitry protects these devices
against output overloads. The dual amplifiers include programmable output
current-sensing capability.

Max, Cont, Peak Engineering
Part Number Type AV lour lge Features Package Builetin
ULN-37512 Single 28Y +£25A +354 Unity-Gain Stable 5-Lead SIP 27118.1
Internal Compensation
ULN-3753W Dual a0y +=2.54 +35A Prog. Current Sense, 12-Lead SIP 27118.10
ULN-37538 +£1.0A +354 | Extenal Compensation 16-Pin DIP
ULN-3755W Dual 40Y £2.54 +3.54 Bootstrapped Output, 12-(ead SIP 27118.11
ULN-3753B +1.0A +354 | Uniy-Gain Siable, 16-Pin DIP
Prog. Current Sense

POSITION SERVO

FROM pgP CONTROL

R3 C7
AD558 R4
D-TO-A —— A
PEEREETEE R2
LT T R1 +

T POSITION-SENSING
é POTENTIOMETER
+5V O +

01 | 1 103
_=1’T 1 0.001 T ﬂi
i T

MECHANICAL DRIVE/LINKAGE

R4 =R5=R6=R7
R1, R2 DEFINE D-C GAIN
R3, C1 SELECTED FCOR LOOP COMP

Dwg. No. A-12.652
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TWO-PHASE, 60 Hz OSCILLATOR/MOTOR DRIVER

508 508 25K
!
/ 12.4K _|

B.2K

HAvA—

Dwg. No, A-12,651

THREE-PHASE, 400 Hz OSCILLATOR/MOTOR DRIVER

B.2K

0.1

¥
I\

0022

Dwyg. No. A-12,650
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ULN-2074B AND ULN-2075B
HIGH-CURRENT DARLINGTON SWITCHES

THE ULN-2074B AND ULN-2075B high-current Darlington
switches contain four isolated drivers. With appropriate input-
level shifting, these devices can be used in emitter-follower (cur-
rent-sourcing) applications.

The X-drive circuit shown below operates in the full-step mode
with two phases oN in each position. X-drive is energy efficient and
has better positional accuracy and hysteresis characteristics than
conventional drive circuits.

RECOMMENDED MAX. OPERATING CONDITIONS
Moter Supply Yoltage, Vg

ULN-2074B .. .. o 35y
ULN-2073B ... 50V
Output Current, Iy,
ULN-2074B ... . . 1.254
ULN-2075B 15A
[nput Voltage, ¥,
CULN-2074B L 0V
ULN-20758 o 50V

X-DRIVE MOTOR CONTROL

+48Y

ULN-2075B i

INPUT WAVEFORMS

-

x

2200

BO

S I B i

|

=

=]

e

=i

v
+5? %
O ENABLE =

Owel, Mo, B-.536

UDN-3611M
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UDN-2941B QUAD HIGH-CURRENT SOURCE DRIVER

HE UDN-2941B high-current source driver has four independent emitter-

follower drivers, associated input-level shifting, and output transient-
suppression diodes. Special circuit design techniques result in reduced output-
saturation voltages, and improved output-switching speeds. These two
characteristics allow the UDN-2941B driver to operate high-current induc-
tive loads at maximum efficiency.

Where increased package power dissipation ratings are required, the modified
bat-wing ‘‘B”’ package with a copper lead frame allows the attachment of
an inexpensive heat sink. The heat sink is at ground potential and needs no

mnsulation.

RECOMMENDED MAY. OPERATING CONDITIONS
MotorSupplyVoltage, ¥es ... . o 12Vto30V
Gaontinuous Load Current, lyy

UDN-2841B ... o —15A
ULN-2068B . ... 1254
ULN-2089B . ... e 154
fmoutVoltage, Vi . . ... oo 12V
FULL-BRIDGE MOTOR DRIVER
{One of Two Windings Shown}
+28V +5V
o
INg
ULN-%%JESBB
UDN-22841B ULN-2069B

lNBO

Dwg. ha., 3-1544
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UDN-2952B AND UDN-2952W
FULL-BRIDGE MOTOR DRIVERS

THE UDN-2952B AND UDN-2952W power drivers provide bi-
directional control of d-¢ motors operating with peak start-up
currents as high as 3.5 A. These integrated circuits include extensive
circuit protection. Both drivers have adjustable short-circuit pro-
tection, a thermal shutdown network that disables the motor driver
if packaze power dissipation ratings are exceeded, and internal
diode transient suppression.

RECOMMENDED MAX. OPERATING CONDITIONS

Motor Supply Yoltage Range Vas ... oo oo oot 45Vt 40V
Continugus Qutput Current, lpyr. oo oo +=2.0A
Logic Supply Voltage Range, Vo .. ..o oot s 45Vt 135V

FULL-BRIDGE DC MOTOR DRIVE

O Vgg=36V

UDN-2952B

.,
0 Ypp =5V
——0 DIRECTION / PHASE

—O ENABLE
(ACTIVE LOW)

Dwg.Mo. A-11,984
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BIPOLAR STEPPER-MOTOR DRIVE

UDN-2852W UDN-2952'W

Losic IJ
4| |5] |& !l! 5 |7 ! mn 11
B - +.§V B Laev
& +3SV
o o
+3V +38Y [
CUTPUT A
M
5 2
OUTPUT B z ] UCN~-4202A
s

+ 5

© DIRECTION

INPUT A G:‘_

< STEP INPUT

< STEF ENABLE

WG, Na. B-]237

+5V
STEP INPUT | | ‘ | [ I | ’ ’ |

INPUT A

0
+59 J—————————
0
+5v
INPUT B \ ‘
0
+ '_—-—-—-m—|
OUTPUT A 0 — L !

- i L
te——  ——
OUTPUT B © : ] .

- S -

Dwg.Na. A-11,982

NOTES:
1. This is net a hipolar, pulse-width modulated application.
2. Resistor Ry sets the maximum allowable output current for protection against crossover currents
and short circuits, Ry = 0.6/
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UDN-2935Z AND UDN-2950Z
HIGH-CURRENT BIPOLAR HALF-BRIDGE MOTOR DRIVERS

HE UDN-2935Z AND UDN-2950Z ICs

are monolithic half-bridge motor drivers in
power tab TO-220 style packages. The circuits
combine sink and source drivers with diode
protection, gain and level shifting systems,
and a voltage regulator for single-supply opera-
tion. They are designed for servo-motor drive
applications using pulse-width modulation.

The PWM drive mode is characterized by
minimal power dissipation requirements and al-
lows the output to switch currents of 2 amperes.
Output d-c current accuracies of better than
10% at 100 kHz can be obtained.

SINGLE-WINDING DC OR
STEPPER-MOTOR DRIVE

UDN-285072

5

Owg.No. A-12,114

+28V O
DIRECT/ON O

The UDN-2935Z and UDN-2950Z may be
used in pairs (full-bridge) to drive d-c stepper
motors or brushless d-c motors.

Either power driver may also be used in step-
per motor bipolar bridge circuits as, for exam-
ple, with the Sprague UCN-4202A or UCN-
4204 B stepper motor translator/drivers.

RECOMMENDED MAX. OPERATING CONDITIONS

Supply Voltage, Vs . ................. ... E0Vto3ddsV
Continuous Cutput Current, gy ... ... ... .0 =204
Peak Output Current, [ .. .. ..ot =354
Input Yoltage, Vi . ... 5.5V

FULL-BRIDGE DC SERVO-MOTOR DRIVE

UDN-2935Z

UDN-2850Z

+30V O—s
DIRECTION ©

SPEED

(PWM)

Dwg.No. A-12,118
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3-PHASE BRUSHLESS DC MOTOR CONTROL
{(Using Sprague Hall Effect Sensors)

UDN-2950Z UDN-29507 UDN-28502Z
": O 2 G O £ 5 O c
+5Y [
o)
UGN-303CT
(32)
3
X = >°
|
3 [:::::,:
x —
]
3
x_ —
|

Dwg. No. A-12,553
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UDN-2933B AND UDN-2934B
3-CHANNEL HALF-BRIDGE MOTOR DRIVERS

HE UDN-2933B AND UDN-2934R inte-

grated circuits are specifically designed for
three-phase, bipolar brushless d-¢c motor appli-
cations. Saturated drivers provide for low out-
put-voltage drops at maximum rated current.
The two devices differ ozly ininput logic levels:
The UDN-2933B is for use with TTL and 5V
CMOS. The UDN-2934B is intended for use
with 12V CMOS. Both devices have a common
ENABLE function, independent inputs, internal

transiént suppression, and tri-state outputs al-
lowing them to be used in diverse applications.

RECOMMENDED MAX. OPERATING CONDITIONS

Motor Supply Voltage Range, Yoo .. .. .. .. ... .. 10Vt 30V
Qutput Current, s .o v = 800 mA
Logic Supply Voltage Range, Vg
UDN-2933B .. ......... ., 45Y¥tob5V
UDN-2934B. ... 10Vt 135V

3-PHASE BRUSHLESS DC MOTOR DRIVE

Driver inputs

Motor Electrical
1 2 3 b 5 ] Current Degrees
Low High High Low High Low AB 0
Low High High Low Low High - CA ]
High Low High Low Low High BC 120
High Low High High Low Low —AB 180
High High Law High Low Low CA 240
High High Low Low High Low —EC 300
Vee +24V
o
N M :
! I
| I
| I
| 1 * 2 L3 x|
I I
AB CA
I I ,/
T - A 1 ,_.\
ENABLE o——--- B ! BC
I |
| N
| * !
| x L
[ I
I I
o S -
A1 Dwg, Mo, Bal2,E13
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SWITCHING INDUCTIVE LOADS
WITH POWER INTERFACE ICs

Integrated circuits that carry both logic and
bipolar power devices — whether for driving print
hammers, servos, steppers, relays, or brushless
de motors — are going a long way toward con-
solidating industrial-control electronics. Though
these power interface ICs greatly simplify the
system designer’s task, they must be im-
plemented carefully when they operate an induc-
tive load.

To do so, the engineer must fully understand
how the device’s fundamental specifications relate
to that inductive load, ensuring that the chip’s
breakdown limits are never exceeded. For exam-
ple, the designer must be able to distinguish be-
tween the vaguely similar but quite different
output-voltage specifications and know how to
clamp transients since they cannot be prevented.
The limitations and idiosyncrasies of ever-present
parasitic elements also need to be well understcod
if the device is to operate flawlessly.

The biggest roadblocks to successful circuit
design are two frequently misunderstood speci-
fications. The first is the power interface chip’s
maximum output voltage, Veg. In most cases,
this parameter approximates Vggeeo), the
minimum collector-base breakdown voltage with
the emitter lead open. The actual designation
would be Vggeey, Which denotes that there is a
standard resistance in the emitter lead. It should
not be exceeded at any time, especially if the load
is inductive.

The maximum coliector-base breakdown value
for a given IC is confirmed by applying a voitage
to the device’s output to measure its maximum

Reprinted by parmission from the March 14, 1985 issue of Elec-

tronic Design, Copyright @ 1985 by Hayden Publishing Co., Inc.,

Hasbrouck Heights, NJ.
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leakage current, which is specified in the data
sheet. Operating any load above the voltage that
may produce the maximum leakage current is thus
unsafe. Even with resistive loads, the user may
encounter occasional trouble if the load line is
steep. Trouble occurs because the line may cross
the point equal to the minimum collector-emitter
sustaining voltage.

The second fundamental specification, Vegeg),
is the greatest voltage that the chip can sustain
under worst-case conditions. This limit is deter-
mined by the minimum collector-emitter voltage

600~
Ve = 35V
E N INDUCTIVE LOAD
= 400+ N
= \
|
E N
8 \ Vegx = 50V
Q 200— RESISTIVE LOAD\ I
§ N !
AN I
N |
|

I ) | J T 1
o] 20 30 40 50 B0
SUPPLY VOLTAGE (V)

OWG. WO, A-13,009

1. The limits of power interface chips are more fikely to
be exceeded when operating inductive loads due to
the reactive voltages generated by switching. Also, the
collectoremitter polential may be above the supply
voltage. Thus designs must ensure the dc operating
voltage stays below the device's minimum sustaining
voltage, Vegusy for & given quiescent load current. In
no case should its maximum output voltage, Vgey, be
exceeded,



http://elcodis.com/parts/6225397/UDN-2540B.html

HIGH-CURRENT INTERFACE DRIVERS

for a specified output current. It can also be
measured with a coil dump test, in which the IC’s
output is switched off and its output voltage
measured. Generally, the first test is done at 5%
to 10% of the nominal output current for a given
application. The caoil test is often run at a high out-
put current and for a specified inductance. Either
of these conditions will satisfactorily confirm a
device’s minimum output-sustaining voltage.

Switching inductive loads with interface ICs,
then, demands careful attention to both the
device's load line and the guaranteed output-
sustaining voltage. With inductive loads, reactive
voltages often greatly exceed the source voltages
when the chip is switched off (Fig. 1). The source
voltage is clamped off to a safe value with flyback
diodes that are effectively shunted across the in-
ductive load and are often internal to the device.
Without such protection, or that offered by resistor-
capacitor snubbing networks, the high voltage that
results from switching the coil will likely damage
or destroy the device. Unfortunately, internal pro-
tection alone is often insufficient, and external
clamping circuitry must be added.

Of great concern to the designer is that insuffi-
cient output protection may result in gradual —
and thus hard to detect — secondary breakdown.
Particularly hardy power interface chips may seem
to stand up well to occasional transients in excess
of 100 V for a load supply voltage of 12 V; that
is, until they suddenly fail.

When fast switching is a must, it is generally
only achieved with a circuit that allows the out-
put voltage to rise fast and exceed the supply
voltage. For such approaches, other schemes
must be used. Typically, both external Zener
diodes and resistors should be employed. To-
gether, they furmish inexpensive protection. Zener
diodes, however, are often used alone.

DROPPING THE RESISTOR

The reasen for this apparent omission is obvious
once it is realized that the flyback voltage is not
only a function of current and resistance but also
of the number of outputs switching off at any time.
Cnly well-defined or simultaneous switching se-
quences are suitable for resistors; without either,
the magnitude of the voltage transient produced

Downloaded from Elcodis.com electronic components distributor
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is difficult to determine. Some industrial timing cir-
cuits may be both low-speed and predictable; un-
fortunately, random switching is the rule rather
than the exception.

Wy Vs

(8} (&)

DWE, NO. A-13,007

2. Arranging a Zener diode network in series to clamp
& power interface chip’s output allows its flyback
voltage to rise above the supply voltage, enabling the
device to be tumed off faster (a). When poorly
regufated supply voltages power a circuit that drives
multiple devices whose voltage transients exceed the
chip’s capability, a parallel configuration is preferred

Zener diodes, on the other hand, do not suffer
fram that limitation. The voltage rating for a series
arrangement (Fig. 2a) is defermined by:

Vz = Vcs(susJ - VSUPPLY — Ve

where V; is the diode’s forward voltage drop.
Thus for an IC with a sustaining voltage of 35 V,
a 15 V supply, and a diode drop of 2 V, the max-
imum Zener value is 18 V. For designs that use
many power ICs for multiple loads, it is often prac-
tical to work with multiple Zener diodes with lower
power and maximum current ratings. That avoids
the cost of power devices and sidesteps their need
for heat sinks.

Zener diodes can be placed in parallel across
the output as well (Fig. 2b). In this case, the Zener
voltage must be slightly below the minimum sus-
taining voltage. Automotive systems, for one,
typically employ internal 30 V to 35 V clamps in
their interface chips because such operations as
“jump starting’”’ two or three 12 V batteries
precludes the series approach. A setup exhibiting
an unregulated supply voltage, which varies con-
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siderably, may also necessitate the parallel clamp-
ing approach.

Beyond staying within the chip’s maximum
voltage rating, the designer’s second major con-
cern is avoiding problems created by inherent
parasitic elements. In the early days of the TTL
device and its gold-doped low-resistivity silicon,
parasitic problems were virtually -non-existent,
{Adding gold to improve circuit speed effectively
killed parasitic elements.) Linear bipolar ICs and
a wider range of power loads make parasitic con-
cerns much more of an issue. The vast majority
of today's chips are junction-isolated ICs and they
all demonstrate such unwanted by-products in-
herent in their fabrication processes.

The most common parasites pertaining to in-
ductive loads are the vertical PNP and lateral NPN
transistors that are created by a device’s protec-
tion circuitry. The internal flyback diode of a power
interface chip, for instance, becomes a low-gain
transistor (Fig. 3).

Most circuits are not affected by this parasitic
transistor, unless the switching frequency is above
the audio range. Curiously enough, many of the
problems are related to power dissipation. The
parasitic transistor often draws considerable
power, thus raising the chip’s temperature, even
when the transistor’s gain is below unity.

MINIMIZING THE PROBLEM

Where practical, lowering the supply voltage
and decreasing the pulse repetition rate will
minimize the trouble. When high switching rates
and maximum source voltages are necessary, the
best technique is to place a discrete diode across
the devices’ output stage, between collector and
the supply line (or to ground if Zener clamping is
used). A discrete diode, with its lower forward-
voltage drop, effectively shunts the flyback diode
and will conduct most of the current during
clamping.

‘Less troublesome, but still of concern, are the
lateral parasitics that may cause circuit anomalies
and malfunctions. In many stepper motors par-
ticularly, the transformer action of the motor wind-
ings produces undesirable substrate currents In-
to the IC. In effect, a negative voltage is applied
at the device’s output, and current is injected in-
to its substrate.
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The problem is exacerbated by the I1C’s junc-
tion isolation, which produces a parasitic transistor
across the isolation diodes {the transistor’s base
lead is connected at their junction). Frequently,
current injected into the device’s output is suffi-
cient to create formidable substrate currents, thus
turning all lateral transistors on.

As a result, the device’s leakage current may
increase, and the chip may be inadvertently ac-
tivated. In extreme cases, positive feedback
causes the IC to destroy itself. Circuits employ-
ing small low-current stepper motors are not
generally a problem, since the substrate current
is seldom sufficient to turn on the transistor. In
high-current applications, however, putting a
discrete diode across the output device’s collector-
ground junction will cure the problem.

A parasitic diode exists at the input circuit to
most power interface chips. In many instances,
it may hinder circuit operation when a negative
voltage is applied to the input, since substrate cur-
rents may be created. Connecting a discrete back-
biased diode directly between input and ground
diverts current away from the substrate. Provisions
should be made, though, for limiting the current
if the input state is to be pulled to voltages well
below ground.

DIOCE

et FLYBAGK
1BOLATION

DIODE
] ol

T L ™
Xé______‘ fl....,
l,,_+) |05

——— = —

p SUBSTAATE

DWG, ND. A-13,008

3. The interface IC’s flyback diode almost always
creates a parasitic iransistor (T) at the device’s output.
Further, substrate currents form a transistor across the
diodes that isolate various junctions of the chip.
Moreover, parasitic diodes af the inputs also are com-
mon. Adding external protection diodes at both the in-
put and output eliminates many undesired circuit
operations such as false triggering. Further, it may well
prevent the device from being destroyed by the posilive
feedback currents that are occasionally generated.
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TURNING IT OVER

Employing power interface |Cs to drive motors
demands adherence to four basic design rules.
First, if the device is without internal protection,
diodes must be added to clamp both positive and
negative overshoots caused by inductive loads.
Second, if the device is protected with internal
clamps, external diodes could be added. That not
oniy serves as insurance but eliminates the effects
of parasitic elements, which occasionally trigger
or even destroy the chip. Third, in balanced drive
arrangements, complementary input signals
should be appropriately skewed. Doing so avoids
crossover currents that may cause excessive
heating and reduce available output current. Final-
ly, when it is unclear if the interface chip furnishes
suitable drive to the motor — or if it is difficult to
damp the effects of parasitics at high outputs —
discrete hipolar transistors and appropriate clamp-
ing may be the solution. The transistors driven by
the chip, in turn power the motor.

Consider a dc motor circuit driven by a 1.5 A
quad Darlington device that uses four discrete
diodes for protection and commutation (Fig. 4a).
The configuration, which employs a so-called

bipolar, or bridge arrangement, allows the motor
to turn either clockwise or counterclockwisa.

HALF-BRIDGE OPERATION

Alternatively, the half-bridge motor driver run
by a pair of chips also makes possible bipolar
operation (Fig. 4b). Further, speed is controlled
by a pulse-width-modulated waveform. Clamping
diodes on either side of the motor take care of the
problems caused when the motor changes direc-
tion. And with minimal modification, the driving
circuitry accommodates ac motors as well. Mare
specifically, no clamping diode is required be-
tween pin 4 of each device and ground. The
designer need only build circuitry to control the
speed of the motor; no circuitry for defining its
direction is required. As before, pins 2 and 5 of
each device accept complementary driving
signais.

Where intermediate, or discrete, bipolar tran-
sistors drive a de motor, it is always best to in-
stall any clamping or commutating diodes clese
to the motor itself. Otherwise, inductive under-
shoots or overshoots may find their way through
the transistors, triggering or damaging them or the
power interface chip.
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4. Following simple clamping and driving rules ensures trouble-free operation. Four dicdes protect and properfy
commutate a chip that drives a two-way de motor (a). Alternatively, two diodes protect a pulse-width modulated do
motor circuft from damage (b). In both cases, input signals should be appropriately skewed. When transistors are
used as intermediate drivers, the clamping circuitry shouid be placed as closely to the motor as possible,
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e

AN INTEGRATED 3-PHASE BRUSHLESS
DC MOTOR DRIVER

Three-phase brushless dc motors are especially use-
ful because they have no brushes to make noise,
dust, or wear out. The brushes of a conventional
motor have been replaced by position sensors, usu-
ally Hall effect or optical devices. These sensors
detect the rotor position with respect to the stator
windings. This information is used to drive the wind-
ings in a sequence synchronized with the rotor posi-
tion, called commutation. To use a three-phase
brushless motor usually requires custom ICs to per-
form the commutation, and discretes for drivers.
Then, to control the motor curvent, and with it speed
and torque, requires pulse width modulation cir-
cuitry. All this adds up to many components and an
expensive sclution.

Now, due to progress in integrated power technol-
ogy, all of the functions needed to drive three phase
brushless motors can be performed by one chip. The
UDN-2936W incorporates Hall effect sensor decod-
ing logic, power outputs capable of driving 2 A con-
tinuous at 50 V, PWM current limiting, direction
control, dynamic braking, and integrated protection
features. This device can be used to provide a sim-
ple, inexpensive, and reliable solution to the prob-
lem of driving brushless dc motors,

Overall Chip Structure
The UDN-2936W is made up of five sections,
namely the commutation logic, output drivers, cur-
rent limiting, direction and braking, and thermal
shutdown. All logic and power functions utilize only
bipolar processing, which allows for high power
with an efficient use of die area.

Motor Commutation
In a three-phase motor, winding current must be
synchronized to rotor position to run the motor effi-
ciently, i.e., with unidirectional torque. Hall effect

sensors detect rotor position, which must be de-
coded to drive the coils in the proper sequence. Hall
effect sensors preoduce low level differential analog
outputs. Today's Hall effect ICs amplify this signal
86 make it easier to use. These Hall effect ICs pro-
duce either large signal ac linear waveforms, or open
collector digital signals. The UDN-2936W is com-
patible with both types of Hall effect IC (pull-up re-
sistors are needed for open collector digital Hall
effect ICs).
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A oeed L"“T l___.._J
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Dwa. No, A-14,148

Figure 1

Position of the Hall effect sensors determines the
decoding sequence to produce the correct driving
waveforms for each motor. The decoding sequence
programined into this device is based on Hall effect
cells 60 electrical degrees apart. This 60 degree se-

Copyright @ 1986, Intertec Communications, Inc. Reprinted with permission.
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quence is one of the most common used in the indus-
try. The truth table and timing waveforms found in
Figure 1 illustrate how the Hall cell inputs, driving
output waveforms, and motor currents states ara in-
terrelated. Motors with other commutation se-
quences can typically be accommodated by
inverting one of the position inputs.

Chopping Current Control

The current limit technique chops the source driv-
ers to control the load current level. The maximum
current and percentage ripple, or hysteresis, can be
programmed by the user or left to internal default
values. Source chopping produces a continuous
sense voltage (see Figure 2), so this voltage is an
accurate representation of load current, even during
recirculation. Also, chopping only the sources pro-
duces a fast current charge-up and a slower current
decay. This occurs because of the different voltages
across the coil in both states, and results in a con-
trotlable current waveform. The chopping method
functions as follows: When the current reaches Ilim,
the source is disabled and the current recirculates
through a sink driver and clamp diode. The motor
current decays a fixed percentage, the source is en-
abled again, and the cycle repeats. The internal
sense voltage comparator has a limited bandwidth
that essentially filters out noise on the sense pin to
prevent erroneons chopping.

Vag
SOURCE fLd
SINK
g \
' |
i :
- 11 |
Vol i ' VsENSE
T {itr * '
H é RsensE
]
Dwg. No. A-14,147
Figure 2

The limiting current level and hysteresis are deter-
mined by the user or left to internat defaults. Figure
3 fllustrates these values in a typical output current
waveform. A voltage divider on the V.. pin sets the
external V. If set above 2.5V, the internal V,, is
used. Whether V. is set internally or externally,
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Vie/10 is the limiting threshold on V. The default
limiting can be programmed by:
25V
RSCI’ISC
Default hysteresis is set at 7.5%. For a V,; <2.3
V, the limiting threshold is the following:

Ilim =

raf

IO*RSEHSE

In this case, hysteresis is created by drawing 200
wA from the resistor divider when the sources are
chopped, lowering the limiting threshold a certain
percentage. The sources turn back on when the
sense voltage decays to the new lower threshold.
Hysteresis is given by this expression:
_ 100%(200 pA * R2)
Vo

Ilim =

Yhys

ot o

im T CURECHT
\/ \ RYATERESIS
LAIPPLL CURRENTY

Tl = ¥rat)10 Rsfuse

Dwg, Mo, A~14,148
Figure 3A

tort —-i

TRIF POINT
Loyt = VReF/10 Rsense

ten ]

[wg. No. A-14,140

Figure 3B

The hysteresis current source, V. voltage divider,
and current limiting equations can be found in Figure
4. The tables in Figure 5 aid in selecting values for
Rland R2.

———————————— 7 Vpk
Rz
Vref
\[I =
R
Ihys
2001

Dwel. No. A-14,150

Figure 4

The internal and external current limit settings can
be used together to start a motor with a high regu-
lated current, and run it at a lower regulated current.
To do this, V., must be tied above 2.5V when the
motor starts, and the V. divider switched in after
start-up (see Figure 6).
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Qutputs

The output section consists of three half-bridges
capable of sourcing or sinking 2 A continnously at a
saturation voltage of less than 2 V per driver. They
are built to sustain at least 50 V. Source and sink
clamp diedes are included to provide a current path
during commutation and chopping. These are high-
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performance substrate isolated diodes that virtually
eliminate the wasteful parasitic substrate currents of
conventional diodes. The drivers, both source and
sink, are bipolar double level metal Darlingtons,

Direction and Braking

The direction control allows the motor to be re-
versed even while running. When direction changes
polarity, the state of the outputs is reversed, i.e., if
the source was ON, the sink will turn ON, and vice
versa. Becanse the turn off times are longer than the
turn on times, the drivers turning ON must be de-
layed by a precise amount to prevent potentially de-
structive crossover currents. This delay is generated
internally.

The brake function uses the back EMF of the motor
to brake it dynamically. The windings are effectively
“*shorted” together through sink drivers and clamp
diodes.

Thermal Shutdown and Power Dissipation
The thermal shutdown feature protects the IC
from overheating. This circuit turns OFF all drivers
at about 165° C, and allows the device to cool down
approximately 25° before turning ON again.
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Figure 8

The device is packaged in a 12 pin power SIP that limiting for the V, resistor divider. Choosing R..,..
has a large copper tab for excellent heat dissipation. = 0.1 ohm results in internal default limiting current
The design of the tab, and the fact that it is at ground, of 2.5 A, and 7.5% ripple. This internal limiting is
make the package easy 1o use with a heat sink. The active when Q1 is off. R1 and R2 form a resistor
maximum allowable power dissipation in 25°C am- divider, when Q1 is on, to apply 1 V to the V., input,
bient air without a heat sink is 5.2 W. With minimal producing 1 A of regulated running current and 5%
heat sinking, dissipation greater than 10 W can be ripple. Typically, Q1 would be off during start-up,
accomplished. See Figure 7 for more information on giving 2.5 A of regulated start-up current, and then
power ratings. turned on to provide 1 A of running current. The

Avolicati values of R1, R2, and V,,,,. can be calculated using
pplication . . .

The apolication shown in Fieure 8 is 2 simple one the circuit and equations of Figure 3, or the tables of
. ppucal 5 Sump Figure 6.
illustrating the use of the UDN-2936W in an open
loop situation with bi-level current limiting. The The motor speed is controlled by the current lim-
motor uses digital open collector Hall cells such as iting. For a given load, speed is proportional to
the Sprague UGN-3013T, so pull-up resistors are torque, and torque is proportional to motor current.
required. Three 1kQ resistors pull up the Hall IC Subsequently, the motor speed can be controlled
outputs to a 5V supply, the same one needed to through V...
power the Hall effect ICs themselves. If the motor is Conclusion
equipped with linear Hall effect ICs, such as the Smart power integrated circuits have come a long
Spragl_ze UGN'3503.U’ then there is no need for pull- way in the past few years in solving numerous motor
up resmtolrs on the inputs. These Hall effect sensors driving problems. The UDN-2936W is one example
have a quiescent output voltage of 2.5V, and emitter of how integrated monolithic devices can replace a
_follower outputs. The UDN_"Z%SW has a regulated drive circuit of many components with one reliable
mternaI‘Z.S V' referencei designed to make the inputs component. Also evident is the fact that bipolar tran-
compatible with those linear Hall effect sensors. The sistors continue to provide economic solutions in the
5V supply is also used as a reference in the current high current apphication.
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POWER OP AMP APPLICATIONS

Sprague monolithic power operational amplifiers
meet many high-current design challenges. The
Series ULN-3750 high-gain, high-current operational
amplifiers are used in power-driver applications such
as servo-positioning systems (e.g., voice-coil motors
for disk drives), de motors, single-phase and mul-
tiphase motor-drive circults, linear regulators, and
in many other applications that, in the past, have
required power buffers driven by conventional
operational amplifiers.

Linear motor drivers will inherently produce lower
electrical noise levels than their fast-switching digital
counterparts. Linear position servos usually achieve
substantially higher resolution and are capable of
faster response than digitally controlled stepper
motors. Series ULN-3750 offers increased output-
voltage swing and high output-current drive, high
gain as well as unity-gain stability and the capability

SERIES ULN-3750 POWER QP AMPS

10 sense load currents without need ot the usual
level-shifting or sense circuitry.

The operational amplifiers in this family of ICs
provide peak push-pull output currents as high as
*=3.5A, making them suitable for applications in
which both current sourcing and current sinking are
needed. As illustrated in the examples that follow,
some ofthe op amps aflow a very high output swing.
They also provide overload and thermal protection
under a variety of fault conditions.

Attention to thermal design in IC layout has
minimized temperature-induced degradation of
parameters while maximizing output-power capa-
bility. Single power op amp drivers are furnished in
power-tab TO-220 packages (ULN-37517). Dual
units are supplied in 12-pin single in-line packages
{ULN-3753W and ULN-3755W) and in low-cost
standard DIPs with heat-sink tabs (Series ULN-
37508).

Peak Short-Circuit; Thermal| Bogst Functional
Device Type [Current Output| Pratection | Protect | Voltape| Compensation| Supply Span| Package
ULN-3751Z |Single 3.5A - Yes - Internal 8Vto 30V | 5-Pin TO-220
Power-Tab SIP
ULN-3753W | Dual 3.5A Yes Yes - External BVio40V 12-Pin
Power-Tab SIP
ULN-3753B | Dual 3.5A Yes Yes - External 6V t0 40V |16-Pin Batwing
DIP
ULN-3755W | Dual 3.0A Yes Yes Yes Internal BVto 40V 12-Pin
Power-Tab SIP
ULN-3755B | Dual 35A Yes Yes Yes internal 6V1040V |16-Pin Batwing
DIP

Some of the material appearing in this application note, is taken from

an article that appeared in the August 22, 1985 issue of EDN
magazine
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BRUTE FORCE AND SMALL SIGNALS

Both classical small-signal op amps and brute-
force boosters must possess two attributes: they
must have true differential {inverting and noninvert-
ing) inputs. Second, to minimize errors and drifts in
closed-loop configurations, they must have high
open-loap gain. Frosting-on-the-cake includes low
offset voitage and drift, unity-gain stability, high out-
put swing, large common-mode input range, high
common-mode rejection, short-circuit protection,
and a thermal-shutdown feature. el

Sprague Series ULN-3750 offers all these fea-
tures, and more. Consider the input section. The
circuit is a classic op amp input stage found, for
example, in many operational amplifiers with little
power-handling capacity. The use of PNP input
transistors allows the application of input voltages
ranging from about 0.5V below ground to approxi-
mately three base-emitter drops below the positive
supply voltage. The ability to use ground-level input
voltages is animportant consideration. It allows the
op amp to be easily operated from a single supply,
where the input source is often referenced to ground.

The two capacitors shown in the input-circuit
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7

Dwg. No. W-115

4—-148

Downloaded from Elcodis.com electronic components distributor

schematic provide compensation with adequate
phase-gain margins to allow operation for closed-
loop gains as low as 1. Note the graph of the ampli-
fier's gain and phase characteristics as functions of
frequency (noninverting test circuit, Ay = 1000). It
exhibits a smooth, 6 dB per octave rolioff to fre-
guencies as high as 1 MHz, and an approximate 20°
phase margin at unity gain.

Inthe amplifier's output stage, the output transis-
tors are completely protected from inductive kickback
voltages by clamping dicdes buiit into the chip. The
clamp diodes are capable of handiing currents equal
to the rated capacity of the output sink/source tran-
sistors. The output transistors are connected in a
quasi-complementary configuration. The lower sink
transistor can provide output voitages as low as
ground plus one saturation drop. The current-sense
terminals can be used to impart a transconductance
characteristic to the amplifier, or simply to provide a
separate power output ground and minimize output-
to-input feedback through a common ground
resistance.
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BOOST TO BOOTSTRAP
The boost terminal is a unique feature of the
ULN-3755B and ULN-3755W. It increases the
amplifier’'s available output-voltage swing by 1V
to 2V, depending on output current, by allowing
the upper source transistor to saturate (an im-
possibility with the usual emitter-follower lacking
the boost feature). To take advantage of the boost
capability, use a boost-terminal voltage that is
about 3V higher than the positive load supply
voltage. The boost function allows the amplifier

to be bootstrapped in ac applications by its own
output or by another ac output.

The specifications shown below for the
ULN-3755W apply to operation with +6V sup-
plies, at an ambient temperature of +25°C. Not
shown are the amplifier's absolute maximum
ratings: 40 V supply span, + 3.5 A peak repetitive
current, and 20W allowable package power
dissipation {with 3°C/W heat sink and +25°C
ambient).

The Series ULN-3750 currently is comprised of
six types. Considering allowable package power
dissipation ratings, continuous output currents to
+1A are recommended for the 16-pin batwing
DIPs (suffix “B”’). Applications with ratings to
£ 2.5 A require the TO-220 or 12-pin single in-line
power tab packages (suffix *‘'Z”” and “W” respec-
tively). All 5 types provide thermal shutdown at
high junction temperatures. All are unity-gain
stable. Pin count essentially dictates the features
available with the various units. For example, the
dual amplifiers lacking the boost capability
(ULN-3753B/W) offer compensation pins for taitor-"
ing the operational amplifiers’ frequency
characteristics to specific applications. The single
ULN-8751Z provides neither boost nor compen-
sation options, due to the 5-pin limitation, but is
unity-gain stable.

ULN-3755W DUAL POWER OP AMP

TYPICAL ELECTRICAL CHARACTERISTICS

Characteristic Test Conditions™® Typical Value
(uiescent Current, + g No Load 70 mA
leoosr Voosr = 8V, No Load 7.0 mA
Input Offsat Yoitage Your = 0V, No Load 20my
[nput Bias Current Vor = 0V 80 na
Input Offset Current Vour = 0V, No Load 10 nA
Qpen-Locp B-C Gain f=0H 100 dB
Slew Rate Vin = 0.2V Step LO0V/ps
Output Swing Vagosr = 6V, by = £14A 9.5Vpp
Vogorr = IV, lor = =14 10.5 Vpp
Power-Supply Rejection Either Supply 80 dB
Common-Made Rejection 85dR

M= +20%, Tg = +70°C, +V; = Voo = +8Y, —Vy = — 8V (unless otherwise specified).
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CAREFUL THERMAL DESIGN WRINGS WATTS FROM ICs

Power ICs are now capable of delivering tens of
watts of power. It is easy to obtain such power from
an IC when the device is mounted in a metal can with
low thermal resistance. Moreover, it is easy to provide
heat sinking for such a package. Metal packages,
however, are expensive. The challenge is to develop
inexpensive plastic packaging that also provides a
way to keep junction temperatures at a safe level.

What's a safe level? At the moment, the prevailing
industry standard for maximum junction temperature
is +150°C. However, using any temperature as a
reference, an IC's expected lifetime roughly doubles
for every 10°C reduction In Junction temperature.
Note, too, that such circuit parameters as leakage
current suffer significant degradation at high
temperatures.

The most widely accepted IC package isthe dual
in-line package (DIP}. Without special enhance-
ments, though, the standard DIP is woefully ineffi-
cient for thermal transfer, The package itself provides
ajunction-to-ambientthermal resistance as high as
125°C/W. This figure assumes the use of a Kovar
lead frame and, since the lead frame is the main
carrier of heat from the IC to the outside world,
changing the material to copper reduces the thermal
resistance to about 60°C/W. All Sprague power
operational amplifiers have copper lead frames and
heat sinks.

Limiting the junctiontemperature to + 150°C, the
B0°C/W figure allows a worst-case (still air) package
power dissipation of 1.33W at -+ 70°C. Unifortunately,
this power figure is still inadequate for many modern
power applications.

HIGH-POWER SIPs

For high-power applications, power ICs use single
in-line packages similar to the TO-220, universally
used for power transistors. The 5-pin ULN-3751Z
uses such a package. Its maximum junction-to-tab
thermal resistance is 4.0°C/W. The ULN-3755W dual
power op amp is housed in a similar, but wider,
package. Exhibiting 3*CAW maximum junction-to-tab
thermal resistance, the IC can dissipate as much as
26W at a tab temperature of + 70°C.

ISOTHERMAL DESIGN EUTS GRADIENTS

Chip temperatures inevitably rise in high-power
applications. Even with ideal packaging, the thermal
resistance of the silicon chip itself will result in a
temperature gradient across the chip. In linear cir-
cuits such as these op amps, the worst effects can
arise from unequal heating on the chip’s surface.

it is important to position input transistors as far
as possible from the heat-generating output devices.
What is less obvious is the need to arrange the high-

16 - PIN BATWING 'B’ PACKAGE

5-PIN TO-220 'Z' PACKAGE

Dwg. No. We113

Dwg. No. W-114
12 - PIN SINGLE {N-LINE ‘W’ PACKAGE

Downloaded from Elcodis.com electronic components distributor

4—]50


http://elcodis.com/parts/6225397/UDN-2540B.html

HIGH-CURRENT INTERFACE DRIVERS

ISOTHERMAL DESIGN

CHANGES IN Vg:

CREEE
[eelooe)

o o o |
[OIICIGIE)
=

WITH TEMPERATURE

+Vg

Dwg. No. W-118

gain input stages 5o as to minimize the effects of any
temperature differences between them. For exam-
ple, unequal junction temperatures in the amplifier's
input transistors can cause large offset-voltage and
offset-current shifts.

As shown in the chip drawing and schematic,
cross-coupling of the input stages cancels differ-
ences in the low-level transistors’ junction temper-
atures. it is also necessary to lay out the stage’s
associated resistors to minimize temperature gra-
dients. In this case, all input-stage resistors are
arranged in the same epitaxial tub (and in the same
direction) to ensure that all resistors are equally
affected by the unavoidable heating.

A CASE STUDY

Note the isothermallines shown in the chip draw-
ing. Qzs and Qz¢ are at equal temperatures; these
two current-mirror transistors must have the same
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Dwg. No. W-188

base-emitter voltages. It's a different story, however,
for Q21 and Qzz. They lie farther away from the power
section, and layout considerations have made it
impossible to keep them at equal temperatures. The
same problem also exists for Qzp and Qas. For the
purposes of illustration, assume that a dissipation-
induced temperature rise causes the base-emitter
voltage of Q5 and Qzs to drop by 3mV. Transistor
Qqz2 is slightly cooler and suffers a Vee decrease of
2mV while the comparable Q2 drop is only 1.5mV.
Finally, Qzo and Qs exhibit Ve changes of 1 mV and
0.5mV, respectively. As a result of thermal cross-
coupling, the Vse reductions from either input can
be matched at 2.5mV. The base-emitter voltage
variations as a function of temperature thus cancel
out. Without this eross-coupling, the total change in
base-emitter voltage would be 3mV for the left input
stage and 2mV for the right input stage.
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CURRENT-SENSE TRANSCONDUCTANCE

The op amps’ current-sense terminals can be

used to derive a transconductance function. This .

function is commonly used in motor control appli-
cations such as voice-coil servo or microstepping
positioning systems found in many computer disk
drives, The drawing at right shows the ULLN-3756W
dual amplifier connected as a transconductance
amplifier. In this example, amplifier B is used as a
slave to ampilifier A. Feedback from the pair of cur-
rent-sensing resistors, Re, in the emitters of the
output’s current-sinking transistors is applied to the
summing network and scaled to the inverting input
of amplifier A, where it is compared to the input
voltage.

The voltage developed across the sensing resis-
tors is directly proportional to the output current.
Using this voltage as a feedback source definesthe
gain of the circuit as output current in amperes as a
function of the input voltage in volts. The gain thus
assumes the dimensions of a transconductance
function- (output current divided by input voitage),
expressed in siemens (formerly mhos).

Conventional monolithic power op amps can be
made to operate in similar configurations where the
current-sensing resistor(s) are inserted in the ground
(or negative supply) return. However, that configu-
ration is not recommended, since both the ampilifier's
signal and bias currents now flow through the output
current sensing resistor(s), causing the high-gain
signal ground to float. Operating in this mode can
cause problems with stability and common-mode
rejection, as well as reducing the input common-
mode range. The dual power op amps in the Series
ULN-3750, however, provide open-emitter outputs
that can be used to sense current without degra-
dation of the input characteristics of the high-gain
stages. .

The graphs below illustrate the bidirectional nature
of output load current (and the same current divided
between the two output sink returns).
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TRANSCONDUCTANCE

AMPLIFIER

{4 — lg = I.. The external network sums and
amplifies (scales) the voltages developed across the
current-sensing resistors. The resulting feedback
voltage (Vr) is a scaled, level-shifted version of the
ioad current. It is possible, in certain applications,
to combine this network with the input-feedback
network and eliminate the small-signal cperational
amplifier.

The negative feedback forces the amplifier to
adjust the output current to attain a value such that
the feedback voltage equals the applied input voli-
age. The transfer function of the fransconductance
amplifier is approximately:

[/(Vin ~ Vrer) = Ra/(ReRs)

Resistors Ra, Re, and Rs define the transconduc-
tance gain. To avoid limiting the transconductance
amplifier's output compliance (swing capability), low-
value current-sensing resistors (Rs) should be used.
The product of peak output current and sensing
resistance should be kept 1o as low a value as
possible.

Vin

Ve

Vin
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BIDIRECTIONAL CURRENT CONTROLLER

There are many applications requiring constant
current sources that can be controlled both in mag-
nitude and direction. Examples of this requirement
are found in some brushless dc motor drives as well
as in numerous industrial process control systems.
Both open-loop and closed-loop feedback systems
are used depending on the specific requirements to
be met. In any case, there exists a voltage directly
proportional to the desired output current and a
control signal or switch whose state determines
direction.

The circuit above is a bidirectional transconduc-
tance ampiifter. A voltage, proportional to the desired
current, is applied to both non-inverting inputs of a
ULN-3755W, which is connected in a bridge
configuration. Current feedback is obtained from
current-sense resistors (Rsa and Rge). The voltage
developed across the current-sense resistor is
directly proportional to the load current. This sense
voltage is appiied to the inverting inputs of the
amplifiers, as shown, 1o provide negative feedback.
The output will adjust until the feedback voltage is
equalto the programmedinput voltage. This can be
expanded to a switched selector network or the out-
put of a servo-control loop.

The direction of the load current is controlled by
a positiva bias voltage applied to either of the invert-
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ing inputs. Vb represents the digital direction-controi
voltage. When Vi is low, Q: is OFF, allowing D2 to
conduct, driving pin 11 high. This causes the output
of amplifier A to be driven low, Q4, meanwhile, is ON,
clamping the anode of D+ to ground (or to the sat-
uration voltage of Q). This results in Dy being held
OFF and allowing active feedback to pin 2 of amplifier
B. Amplifier B will then source current into the load
with amplifier A acting as a current sink. By raising
Vp to a high level, the output of amplifier B will go
low, with amplifier A acting as the controlled current
source. Resistor values are non-critical except to
ensure that the inverting input of the switched
amplifier is held above the programming voltage
(Vaer) applied to its non-inverting input. As shown,
control voltage-Vpis TTL compatible.

If Vo is the output of a pulse generator, this appli-
cation will produce a time-dependent current rever-
sal. This meets the requirements found, for example,
in a typical industrial process control application
where a current is passed through a pair of elec-
trodes immersed in a conducting fluid. Alteratively,
Q: and its drive can be replaced by a latching Hall
Effect switch, such as the Spragus UGN-3075L, for
use in brushless dc motor applications where current
is controlled by Rs.
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DIGITALLY CONTROLLED POSITION SERVO

In a position-control application, a microprocessor
is often used to control a servomotor’s shaft angle
or to control position, as in a computer disk drive.
Below is a typical discrete semiconductor circuit
implementation of that concept. The basic config-
uration is a classic one, using two low-power
operational amplifiers, many discrete pas-
sive components, and four PNP and NPN power
transistors connected in a push-pull, H-bridge
configuration.

The circuit consists of small-signal input opera-
tional amplifiers and power output stages. The circuit
derives its input from the D/A converter, whose output
is determined by a code from the controlling micro-
processor and related digital-control circuitry.

The analog equivalent of this servo-control circuit
might use a multi-turn potentiometer to produce a
voltage proportional to the servomotor’s position. In
any event, the sensed position signal normally
undergoes processing and comparison with the
desired position, through a digitally-based micro-
pracessor system (or its analog equivalent) that
produces an error signal to control the servo ampli-
fiers output.

A circuit that uses far fewer components to
accomplish the same position-control function is
constructed around the ULN-3755W integrated cir-
cuit. In addition to the original functions, the circuit
now includes thermal and short-circuit protection, as
well as component matching and thermal tracking
inherent to monolithic construction. The ULN-3755W
dual power operational amplifier has its two inde-
pendent outputs connected in a push-pull, H-bridge
configuration. An 8-bit D/A converter yields a res-
olution of 256 shaft positions in discrete steps of 1.41°.
Ahigher resclution converter would, of course, pro-
vide finer control. Because of its push-pull arrange-
ment, the circuit provides bidirectional servo control,

The overall resolution of the system is a function
of the position-sensing element, whether a digitally
encoded disk or an analog potentiometer, and the
digital control circuitry, including the microprocessor
and the A/D converter. The ULN-3755W dual oper-
ational amplifier combines the small-signal summing
amplifiers, predrivers, and the output H-bridge. The
IC's outputs also include clamping diedes with
current-handling capacity equal to that of the output
drivers.
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DIGITALLY CONTROLLED POSITION SERVO
— INTEGRATED CIRCUIT IMPLEMENTATION

oVs A Vasosr

Wiy

I
I
I
FROM POSITION SENSE '
I

T

OO

L]
!
3
|
|

-

SERVO MOTCR

P
o

,|H Il__n'.u

—k
»

@

||H —a-—

42}
[
m
e —————

}
e L O,
4 +
CONTROL. T | g
! [OVER-CURRENT]
4 i | AND THERMAL
|| PROTECTION
I
CONVERTER— G-
7
1
|
3
]
]
2 !
3 L

The current-sense pins (4 and 9) provide access
1o the emitters of the H-bridge current sinks, thereby
providing convenient output-current sensing to
ground {or to the negative rail), while allowing sep-
arate low-current signal ground returns. This feature
helps to prevent undesirable feedback to the input
stage, a common problem with conventional
approaches to output-current sense.

If a voitage higher than the supply is applied to the
ULN-3755W boost pins, the positive output swing
is limited only by the saturation resistance of the
output transistors (typically less than 0.5Q). For
example, with a 12V supply, the circuit typically
supplies a 10.5 Vpp output swing at 1 A output current,
Thisfigureis atleast 1 V higher than can be expected
from ICs lacking the boost capability. Note that the
externally supplied boost voltage should be at least
3V higher than the load supply voltage. This criterion
satisfied, the boost voltage can be any value within
the IC's 40V absolute-maximum rating. The circuit
shown will deliver continuous output currents of up
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to =2.5A and peak output currents as high as
=3.5A,

The user must be aware that although the voltage
or cutrent limits shown are welf within the IC's
capabifities, the resultant power dissipation must
be kept within the constraints of the overall {chip +
package + heat sink) thermal rating. This rating is
principally dependent on the package chosen and
the amount of heat sinking provided by the user.

The boost feature provides important additional
output voltage swing at the amplifier's full rated cur-
rent. However, the 1C’s boost input requires only a
low, unregulated current of 25mA, maximum,
Thanks to this modest current requirement, the boost
voltage can be obtained from such compact sources
as inexpensive, modular dc to dc canverters. Or, in
a head-positioning application in a disk drive, for
example, a simple overwinding in the spindle motor
(or a voltage doubler using the motor's driven
phases) can easily generate such a voltage.
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SIMPLE VOLTAGE DOUBLERS FOR OP AMP BOOST

An example of a simple-to-implement voltage-
doubler boost supply is shown above. This circuit
affects the doubling by connecting a series diode-
capacitor network between the main supply and
each of the spindie motor’s driven phases. Athree-
diode bridge then charges the voltage-doubling
capacitor to nearly twice the main supply voltage.
Note that connecting the capacitor to the main supply
(instead of to ground) effectively reduces rmsripple
in the main supply by injecting its charge current into
the supply mains concurrently with the spindle’s
opposing drive currents. Although, in theory, only one

VAV

— o
1 ULN-3755W
= OR

ULN-37558
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motor phase is needed to generate the boost, the
three-phase connection is recommended to prevent
unbalancing the spindle.

Below is a similar circuit using a ULN-3755W to
provide linear drive to a delta-connected spindle
motor. The use of linear drive instead of pulse-width-
medulation resuits in much lower noise with only a
slight reduction in efficiency. Because fast PWM
transitions in the circuit above result in motor losses,
the efficiency compromise of the linear configuration
is not as significant as might be expected.

gIﬁN-S?EEW VOLTAGE-DQUBLER
| ULN-37558 BOOST SUPPLY

WITH LINEAR DRIVE

MOTOR

Dwg. No. W-124


http://elcodis.com/parts/6225397/UDN-2540B.html

HIGH-CURRENT INTERFACE DRIVERS

QUTPUT SELECT

[T

D/A CONVERTER WA

POSITIVE-OUTPUT
PROGRAMMABLE REGULATOR

0.1 uF

!

T

Vou
_O
T :0 uF

Dwyg. No. W-126

HIGH-CURRENT REGULATORS

The high current-output capability of the opera-
tional ampiifiers in Series ULN-3750 makes them
suitable for use in linear voltage regulators. The
amplifiers" high open-icop gain and low offset voltage
ensure high load regulation and accuracy. Consider,
for example, the positive-output, programmable
regulator above. The circuit provides output currents
as high as +=3.5A peak. Unlike most monalithic
reguiators, the ULN-3751Z is equally effective as a
sink or a source. Therefore, the circuit maintains
regulation for active loads that present reversing load
currents. Note that the circuit easily handles tran-
sitions from high to low output voltages, thanks to
the crowbar effect of the output’s sinking capability.
Theinput reference is the output of a D/A converter,

providing programmabpility. An 8-bit D/A, for example,
provides for 256 steps of output resolution.

For higher output currents (but without the sink
capability) the addition of an external power transistor
(below) provides outputs as high as the NPN power
transistor’s safe operating area allows. This circuit
is shown using a voltage reference such as the pop-
ular three-terminal TL431. The voltage Vz is deter-
mined by the ratio of resistors Rs and R4, while Rs
provides bias current. The circuit can, of course, be
programmed by substituting the D/A reference
above. The amplifier's output voltage is a function
of the ratios of R+ and R=. The PNP transistor pro-
vides short-circuit (1sc) current limiting according to
the expression shown.

Vs O
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$ Rs IN2708 K
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2 2NB4BE
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HIGH-CURRENT REGULATORS (Continued)

To configure a high-current, dual-output supply,
the mirror-image circuit shown at top can be used.
Simply connect this stage’s input to the D/A converter
or voltage reference output. The combination of this
circuit and the positive output regulator on the pre-
vious page provides an accurately tracking pair of
positive and negative supplies from a comrmon ref-
erence, whether a programmable D/A converter or
the simple resistor-programmed TL431: Both circuits
use the ULN-3755B with external high-current pass
transistors. The external devices are unnecessary
if output-current loading is less than 2.5 A.

The previously described boost capability can be
used to good advantage in these regulator circuits.
Applying a fow-current boost woltage at least 3V
higher than the load supply voltage results inareg-
ulator with less than 1V input-output differential,
(dependent on output current) yielding high efficiency
from the main supply. The 0.1 /0.1 .F network at

the amplifier's cutput provides local compensation
for the output stage.

A simple split supply can also be developed using
a single ULN-3751Z power op amp to generate an
artificial ground, as shown below. By taking advan-
tage of the device's four-quadrant sink/source drive
capability, the outputs will ratio {rather than track)
over a wide range of supply voltages and unequal
load currents. Total load current is unrestricted,
provided the difference inload currentsis less than
the maxirum rated current of the power op amp. In
addition, the allowable package power dissipation
rating must be greater than the product of the
amplifier's sourcing current (1 < Ig) and the source
driver valtage (Va) or the sinking current (1. > ig) and
the sink driver voltage (V). This circuit is also very
useful in tracking supplies to enhance common-
mode supply rejection.
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v
10K | 10 , + 12__|_
Vear 5 . 8 " % ULN- =
o~ . B7E5W
1 1 g _ 11
-8V ,1 ]\5
T 0.14F / 1ok 3201 uFT 4
= / = O -6V
TR /19K
' / 0.1 uF T
o R, @j MOTOR IS GLOBE 100A865 (12 VDC) =
> H] -
- Diwg. No. W-130
ICs CONTROL MOTOR SPEED

Fower op amps can be used to provide accurate
speed control for dc motors. The drawing above
shows a closed-loop system for controlling the speed
of a 12V de motor. The circuit provides bidirectional
speed control. The amplifiers” push-pull configu-
ration ensures a full rail-to-rail voltage swing (minus
the output stages’ saturation drops) across the motor
in either direction.

The circuit uses a mechanically-coupled ta-
chometer to provide speed-stabilizing feedback to
the first amplifier section. The motor's speed and
direction of rotation is set by adjusting the 10k}
potentiometer at the amplifier's noninverting input.
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The motor speed, inrpm, is:
S = Vser(R+ + R2)/0.0027 Ra

The ReCe feedback network prevents oscillation
by compensating for the inherentdynamic mechan-
ical lag of the motor. Seiect the ReCr time constant
to match the particular motor’s characteristics. By
consulting with individual motor data sheets, the Rr
and Cr values can be chosen to match the motor
response or dynamic time constant. This should yield
a good starting point for stabilizing the system.
Optimal response is achieved by varying the com-
pensating capacitor.
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SINGLE-PHASE AC MOTOR DRIVER

Dwg. No, W-131

N-PHASE MOTOR DRIVE

Its high amplification factor and its built-in power-
output stage make the integrated power operational
amplifier a convenient driver for single-phase or
multiphase ac motors. The high gain allows one op
amp to be configured as an oscillator to generate
the required ac signal. The power-output stage, of
course, suppliies the high-current drive to the motor.

Consider, for example, the three motor-drive cir-
ouits shown here, The circuit above is a single-phase
driver that uses the ULN-3751Z single power op
amp. The other circuits use the ULN-3755W dual
amplifier to drive two-phase and three-phase
motors. Note that in all three circuits, the controlling

op ampis configured as a Wein-bridge power oscil-
lator. The R1C and R2C: feedback networks deter-
mine the oscillation frequency according to the
expression:

fo = 1/(2wVR1R2C1C2)
By varying either Ry or Ry, the oscillator frequency
can be adjusted over a narrow range.

In the single-phase and two-phase examples, the
oscillation frequency is 60 Hz. In the three-phase
example, the frequency is 400 Hz. The Type 47
incandescent light bulb in the oscillator circuits serve
1o stabilize the amplifier's output amplitude. The bulb
owes its stabilization qualities to its intrinsic positive

TWO-PHASE AC MOTCR DRIVER
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THREE-PHASE AC MOTOR DRIVER

il

temperature coeificient. If the amplifier's output level
attempts to increase, the corresponding increase in
lamp current causes a temperature rise in the fila-
menit. The heating, in turn, results in an increase in
filament resistance, producing increased negative
feedback and a reduction in amplifier gain. A PTG
{positive temperature coefficient) resistor could be
used instead of the lamp. To set the output amplitude,
adjust the 50£) potentiometer in the feedback
network.

To drive muitiphase motors, it's a relatively simple
matterto add another stage to the single-phase ¢ir-
cuit. Inthe 60 Hz, two-phase drive, the 8.2 k()/0.33 uF
networks provide both the 60 Hz oscillator frequency
and the 90° phase shift needed by the right-hand
amplifier. The 8.2k£2/0.005 wF networks in the three-
phase drive set the 400 Hz oscillator frequency, while
the 8.2k(}/0.022 p.F networks provide the required

Ra
—_ o .v.v‘-
. ¢ =0 9.5K J_
1 I
J 0.022 uF ‘%B'EK
0.1 ufF T =
:] €
8.2K 0.022 uF Dwg. No, W-133

120° of phase shift. The motor shown is a three-
phase delta-connected motor with one input
grounded and the remaining inputs driven from the
0° and 120° phase-shifted amplifier cutputs. The
resultis a balanced three-phase a-¢ drive.

In both the two-phase and three-phase circuits,
the Ry/R. ratio sets the second amplifier's gain to
compensate for signal attenuation occurring in the
phase shifters. Again, pins 3 and 10 can be returned
to a boost supply to obtain additional output-swing
capability.

The three circuits can all be driven from an external
source, slich as a pulse or square wave output of a
digital source, setting the gain of the left-hand
amplifier to a level less than that required for oscil-
lation. The RC feedback networks then function as
active filters, causing the outputs to be sinusoidal.

UNIVERSAL BUILDING BLOCKS

Power operational amplifiers provide a funda-
mental set of universal building blocks incorporating
the merged equivalent of small-signal ocperational
amplifiers, pre-drivers, output amplifiers and various
protective features such as output clamp diodes,
thermal shutdown, and output-current limiting. An
output-boost capability can provide for high output-
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voltage swing, while an output-current-sensing
scheme preverts unwanted interaction between the
outputs and inputs. Many applications that previously
required individual low-level and high-level com-
ponents can now be implemented with a single inte-
grated circuit and few external components.
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