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HIGH-CURRENT INTERFACE DRIVERS
=== e S

SELECTION GUIDE
{in order of fested output current rafing)
lour Your Outputs Device Type Page
+=1.0A 26V Half-Bridge UDN-29432 451
= 1.0 A Linear 28Y Pawer Op Amp ULN-3751Z 4-93
=+ 1.0ALinear v Dual Power Op Amp ULN-3753B/W 4-98
+1.0 A Linear 40V Cual Power Op Amp ULN-3755B/W 3-107
1.04 50V Sink 41 UCN-5813/14B 5-41
10A 0V Sink 2 UDN-5725M 4-117
10A a0y Sink 41 UCN-5813/14B-1 5-41
1LOA 150V Sink 4 ULN-7064/68/74B 2-15
1.25A 50y Source/Sink 2 ULN-2061M 4-3
1254 50V Sink 4 UILN-2064/66/68/708 4.3
1.25A 50V Source/Sink 4 ULN-2074B 4-3
125 A G0V Sink 4 UDN-2540B 4-14
- 15A kLAY Source 4 UDN-2941B 4-48
L5A —50V Sink 4 UDN-2841/458 4-19
—1.54 —-50v Source 4 UDN-2845B 4-19
154 80V Source/Sink 2 ULN-2062M 4-3
154 80V Sink 4 ULN-2065/67/69/718 4-3
1.5A 0y Source/Sink 4 ULN-2075B 4-3
L75A 8oV Sink 41 UCN-5825B 5-59
L75A 80V Sink 4t UCN-5826B 5-59
=204 15V 3 x Half-Bridge UDN-2906W *
+20A 15¥ 3 > Half-Bridge LIDN-2931B/W 4-31
+20A 3hY Half-Bridge UDN-2935/50Z 4-34
+=20A 0y Full-Bridge LIDN-2952B/W 4-64
=20A 50V Full-Bridge UDN-2953B/54W 4-70
=2.0A 50V 2 % Full-Bridge UDN-2998W 4-89
2.04 80V Sink 4 UUDN-2545B 4-17
+=3.0A 45y 3 x Malf-Bridge UDN-2936/37W 3-40
3.0APWM 45V Source/Sink 2 UDN-2562W 4-75
3.0A 90V Sink 4 UDN-7078W 4-121
40A 50V Sink 4 |JDN-2ZB78W 4-25
404 S50V Sink 3 UDN-2038W/39B 4-46
404 50¥ Source/Sink 2 UDN-2975W 486
4.0 A PWM 50V Source/Sink 2 UDN-2965W-2 4-81
4.0A 60Y Source/Sink 2 UDN-2976W 4-86
—4.04 60V Source 4 UDN-2944W 4-55
404 g0V Sink 4 LIDN-2879W 4-25
—60A 6oY Source 4 UDN-2948W 4-58
=804 50V Half-Bridge LDN-29512/55W 4-61

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

TLatched Smart Power drivers.

*New product. Contact factory for information.



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 to 480 Watts

® Plastic Dual In-Line Packages

o Heat-Sink Contact Tabs on Quad Arrays

HIGH-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 Vg, of 35 V measured at
100 mA, or a minimurmn output breakdown of 80V
and a minimum Veggus, 0f 50 V.,

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

WO, ND. A-7654

ULN-2064B
ULN-2065B
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DO, M. 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
80 V 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).

O W2 A= 10310 WG, WD, 4.397880
ULN-2068B ULN-20748
ULN-2069B ULN.2075B



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-
o applications.

All quad Darlington arrays (suffix ““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 Voor Voemw Vi Application
ULN-2061M 50V 35V 30V TIL, DTL, Schotthy TTL,
ULN-2062M 80V 50V 60V and 5V CMOS
ULN-2064B 50V 36Y 15V TIL, DTL, Schottky TTL
ULN-2065B 80V 50V 15V and 5VCMOS
ULN-20688 50V 35V 15V TIL DTL, Schottky TTL,
ULN-2069B 80V 50V 15Y and 5YCMOS

ULN-20748 50V 35V 30V
ULN-20758 80V 50V 6OV

General Purpose

ABSOLUTE MAXIMUM RATINGS
at + 25°C Free-Air Temperature
fer Any One Driver
(unless otherwise noted)

Qutput Voltage, Veey - - oo ov vt See Guide
Output Sustaining Voltage, Vergus -~ -0 o oo vt See Guide
Output Current, Iy (Note 1) ..o v oo L75A
fnput Voltage, ¥y {Note 2) . ... ... .. ... ... See Guida
Input Current, I {Note 3). . .. ... 25 mA
Supply Voltage, ¥y (ULN-2068/69B) . ............... 0V
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 outputs conducting,
and duty cycle are shown on following pages.

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

3. Input current may be limiter by maximum allowable input valtage.

ALLOWABLE POWER DISSIPATION
AS A FUNCTION OF TEMPERATURE

ALLOWABLE POWER DISSIPATION 1IN WATTS

Q 50 00 150
AMBIENT TEMPERATURE IN °C Dwy. Bo. A-10,362A



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

ULN-2061TM AND ULN-2062M

PARTIAL SCHEMATIC

%3
=
b=

3K

Dwo. Mo. A-10,352B

DG, M0, 4- 10,2304

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

Test Applicable Limits
Characteristic Symbal Fig. Devices Test Conditions Min. May,. Units
Qutput Leakage Current leex 1 ULN-2061M Ve = 50V — 100 i
Voo = 50V, 7, = 70°C — 500 pA
ULN-2062M Ve = 80V — 106 o
Vee = 80V, T, = 70°C — 500 L
QOutput Sustaining Voltage Yoty 2 ULN-2061M le =100 mA, v, = 04V 35 — V
ULN-2062M le = 100 mA, Vy, = 0.4V 50 — y
Collector-Emitter Veesan 3 Both le = 500 mA, | = 625 pd - 1.1 v
Saturation Voltage I =750 mA, | = 935 pA — 1.2 ¥
=104k = 1.25mA — 13 v
o= 1.25A% |, = 2.0 mA — 1.4 v
ULN-2062M lo = LoA* |y = 225 mA — 15
Input Current Inione 4 Both Vi = 24V 1.4 43 mA
Vo = 375V 3.3 9.6 mA
Input Voltage Yion 5 Both Ve = 2.0V, 1, = 1.0A — 2.0 y
ULN-2061M Ve = 2.0V, 1, = 1.25A% — 2.5 v
ULN-2082M Ve = 20V |, = 152 — 25 v
Turn-0n Defay by — Both 0.5E,t00.5E,, — 1.0 [T
Turn-0ff Delay tow — Bath 0.5Ento0.5E, o 1.5 WS
Clamp Diode Iy 8 ULN-2061M | ¥, = 50V — 50 ph
Leakage Current Ve =80V, T, = 70°C — 100 wA
ULN-2062M Vo = 80V — . 50 1A
Yo = 80V, T, = 70°C — 100 wh
Clamp Diode Yo 7 Both lk=10A — 1.75 )
Forward Voitage lF=15A — 2.0 ¥

*Pulse-Test

4—5



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

ULN-2064B AND ULN-2065B

PARTIAL SCHEMATIC

Dhwg. No. A-10,353C

(SIMILAR 7O ULN-2074B AND ULN-2075B)

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

Dwg. No. A-G765A

Test Applicable Limits
Characteristic Symbaol Fig. Levices Test Conditions Min. Max. Units
Output Leakage Current loex 1 ULN-20648 Ve = 50V — 100 pA
Voe = 50V, T, = 70°C — 500 pA
ULN-20658 Yo: = 30V — 100 wh
Vo = B0V T, = 70°C — 500 pA
Output Sustaining Voltage Yok 2 ULN-20648 le =100mA, Yy = 04Y 35 — ¥
ULN-Z065B le = 100mA, ¥, = 04V 50 — ¥
Collector-Emitter Yorgm 3 Both le = 500 mA, |, = 625 pd — 1.1 v
Saturation Voltage lo = 750ma, I, = 935 wh _ 12 y
le=1041;=125mA — 13 )
le = 12541y = 2.0 mA — L4 y
ULN-2065B le =134 I; = 2.25mA — 15 ¥
Input Gurrent Fiviony 4 Both Vo = 24Y 1.4 43 mA
Yy = 375V 3.3 9.6 mA
input Voltage Vv 5 Both Ve = 2.0V, = 1.0A — 20 ¥
ULN-20648 Ve = 20V, 1, = 1L.25A — 25 ¥
ULN-20658 Vo = 20V, 1, = 154 — 2.5 ¥
Turn-0n Delay Loy — Both 0.5E,t00.5E, —_ 1.0 T
Turn-0ff Delay o — Both 05E,t005,, — 15 T
Clamp Diode Leakage Current I 6 ULN-2064B Yy = 50V — 50 pA
Yo = 30V, T, = /0°C —— 100 WA
ULN-Z0658 Yy =80Y — 30 A
Yo = 80V, T, = 70°C — 160 pA
Clamp Diode Forward Yoltage Vs 7 Both l- =104 — 1.7% )
=154 — 2.0




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

ULN-2068B AND ULN-2069B

PARTIAL SCHEMATIC

200

Dwg. No. A-10.354C

Dwag, No, A-10,310

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

Test | Aoglicable Limits
Characteristic Symbol Fig. Devices Test Conditions Min. Max. Units
Qutput Leakage Current le 1 UULN-2068B Ve = B0V — 100 pA
Ve: = 50V, T, = 70°C e 500 pA
ULN-20698 Yo = 80V —_ 100 ph
Yee = 80V, T, = 70°C — 500 b
Output Sustaining Voltage Yoesus 2 ULN-2068B le = 100 mA, ¥, = 0.4Y 35 — v
ULN-20698 lp = 100 mA, Vi, = 0.4V 50 — v
Collector-Emitter Vogsim 3 Both fo = 500 mA, I, = 275V — 11 v
Saturation Voltage I, = 750 mA, 4, = 275V . 1.2 y
l, = 1.0A I, =275V — 13 )
lg = L25A 1, =275V — 14 v
ULN-2069B lo =154 1y =275V — 15 )
[nput Current - 4 Both Yy = 275V — 550 A
Vo = 375V — 1000 | pA
Input Voliage Vinony 5 LILN-2068B Ve = 20V, |, = 1.254A — 2.75 y
LILN-20698 Vo =20V, I; =154 — 2.75 V
Supply Current ls 8 Both le = 500mA, ¥, = 275V — 6.0 mA
Turn-On Delay tany — Both 0.5E,1005E,, — 1.0 WS
Turn-0ff Delay o — Both 05E,1005,, 1. = 1254 — 1.5 1S
Clamp Diode Leakage Current lr 6 ULN-2068B Vo =50V — 50 pA
Ve = 50V, T, = 70°C — 100 pA
LILN-20698 V. =80V — 50 wh
Vy = 80V, T, = 70°C — 100 wh
Clamp Diode Forward Yoltage Ve 7 Both ly=10A — 1.75 ¥
=154 —_ 2.0 Y




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

ULN-2074B AND ULN-2075B

PARTIAL SCHEMATIC

3K

oo

4]
[
o

Dwg. No, A-10,3668

(SIMILAR TO ULN-2064B AND ULN-2065B)

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

Dwg. No. A-97684

Test | Applicable Limits
Characteristic Symbal Fig. Devices Test Conditions Min. Max. Units
Output Leakage Gurrent . 1 ULN-2074B Ve = 50V — 100 pA
Yo = 50V, T, = 70°C — 500 wA
ULN-20758B Vo = 80V — 100 A
Ve = 50V, T, = 70°C — 500 wA
Qutput Sustaining Voltage Yeerusy 2 ULN-2074B o= 100mA ¥, = 04V 35 — y
_ LLN-2075B I, = 100 mA V,, = 0.4V 50 — v
Collector-Emitter Yerom 3 Both o= 000 mA, I; = 625 WA — 11 ¥
Saturation Voltage lo = 750 mA, Iy = 935 pA _ 1.2 v
I, =10A1;=125mA — 13 ¥
le = 1.25A,1; = 2.0 mA — 14 ¥
ULK-20758 le =154l =225mA — 15 ¥V
Input Current ey 4 Both Vi = 24 1.4 43 mh
Yy = 3.75V 13 96 mA
Input Voltage Vivom 5 Both Ve = 2.0V 1, = LOA — 2.0 ¥
ULN-2074B | Yo = 2.0V 1, = L254 — 25 v
_ ULN-2075B Ve = 2.0¥, 1, = 154 — 2.5 v
Turn-On Delay tou — Both 05E,to 0.5 E, —_ 1.0 S
Turn-Off Delay touL —_ Both 0.5E,t00.5 —_ 15 T




ULN-2067M THROUGH ULN-2075B
1.5A DARLINGTON SWITCHES

TEST FIGURES

oPEM Ve OPEN OPEN

lcex

QPEN ' [\1
v
) |
"L e s
= I
OvG MO, K974 l VC Yo

oM. NG, A~ 1D, 348

L]

PWG. WO 0, 350
Figure 3

Figure 1 Figure 2

OPEN

QPEN

a CPEN
e
Yin Vee Pl DL A-B7ISA
Uwh. NO. & §732

DG, Q. A-9734A

W—
|
|
il

Figure 4 Figure 5 Figure &

[1LL

= A

[\ﬂ ”
o— +
GPEN V

bl AD O AewPC

OWG, WD, 410, 361

Figure 7 Figure 8



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

ALLOWABLE PEAK COLLECTOR CURRENT
I AMPERES AT 70°C

ALLOWABLE PEAK COLLECTOR CURRENT
1M AMPERES AT 50°C

0.5

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

COLLECTOR CURREMT N AMPERES - I

ALLOWABLE FEAX, COLLECTOR CURRENT
N AMPERES AT 70 C
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COLLECTOR CURRENT AS A FUNCTION OF INPUT CURRENT AT +25°C

-,
L
LJLN-zUEZM Pl
LN-2085E
ULN-20758 /
—"
"—

o

4

&
&
7

/'

‘g’?
5

&)

ULN-2061M
T ULMN-2084/668
ULM-2074,/768

o
n

/
/

I

] 20
INPUT CURRENT IN mA - Ig

10
Dwg. No. A~10,3588

4—11

<

COLLECTOR CURRENT 1K AMPERES - |

=

=3
w

50 100
INPUT CURRENT [N WA - | g

130
Dwg. No. A-12,305



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

INPUT CURRENT AS A FUNCTION OF INPUT VOLTAGE AT +25°C
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INPUT VOLTAGE - VIN Dwg. No, A-10,363B
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TYPICAL APPLICATION

ULN-2061/62M
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0 8y

Dwg. No. A-10 859

BIDIRECTIONAL MOTOR CONTROL

4—12
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ULN-2061M THROUGH ULN-2075B
1.5A DARLINGTON SWITCHES

TYPICAL APPLICATIONS (Continued)
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Dwg. No. B-1364A

COMMON-ANQDE LED DRIVERS
{Series UDN-2980A devices can be used in similar applications ot currents of up
to 500 mA)

r
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sttt skt Dbk

Dwg. No. B-13654

COMMON-CATHODE LED DRIVERS
{Type ULN-2068B is also applicable)
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UDN-2540B
QUAD NAND-GATE POWER DRIVER

UDN-2540B
QUAD-NAND GATE POWER DRIVER

FEATURES

® 1.5A Qutput Current

® Qutput Voltage to 60 Y

& Integral Transient-Suppression Diodes
& Efficient Input/Output Pin Structure

& 7L, CMOS, PMOS, NMCS Compatible

Combining NAND logic gates and high-current hi-
polar outputs, the UDN-2540B power and relay
driver provides interface between low-level signal-
processing circuits and power loads to 350 W. Each
of the four independent outputs of this device can
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 35 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-11,561

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

The UDN-2540B is supplied in a 16-pin dual-in-
line package Wwith 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 Voltage, Ve, v oo oo 6OV
Output Current, lgyr oo o L5A
SupplyVoltage, Voo . . ..o e 18V
Ut YO aEE, Vi . oo e e s 18V
Power Dissipation, Py (Each Driver}. . ... ... ... .. 25W

{Total Package) ... ......... it See Graph
Operating Temperature Range, T, ... ... ... oL —20°Cto +85°C
Storage Temperature Range, T ... ... ..o —55°C to + 150°C
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UDN-2540B
QUAD NAND-GATE POWER DRIVER

“

ELECTRICAL CHARACTERISTICS i T, = +25°C, Ty = +70°C, V. = 475V 10 12,6V (unless otherwise noted)

Limits
Characteristic Symbol Test Conditions Min. Max, Units
Output Leakage Current loex Vour = B0V, Vi = 0.7V, Voyupe = 2.0V — 100 pA
Vorr = 50V, Vi = 2.0V, Youue = 0.7V — 100 WA
Output Sustaining Voltage Yersus Yoyr = 100 mA, Viy = Viye = 0.7V 35 — v
Output Saturation Voitage [ f— loor = 250 mA, Viy = Voypge = 2.0V — 1.0 Y
lor = 300 mA, Vyy = Vgypge = 2.0V — 1.1 )
lor = 750 mA, Vyy = Vee = 2.0V — 1.25 v
lar = LOA Vi = Vagae = 2.0V —_ 14 ¥V
loyr = 125 A Vi = Vouae = 2.0V — 16 ¥
Input Voltage Logic 1 Vi OF Venaaiey 2.0 — ¥
Logic 0 Vi 07 Vawsiz — 0.7 v
Input Current Logic 1 Vingy OF Vesgiery = 2.0V — 20 pA
Logic 0 Vi OF Vepgge = 0.4V — —200 ph
Input Clamp Valtage Vi iy OF lepame = — 10 MA — —15 v
Totat Supply Current loa Vir® = Vewae = 2.0V, Voo = 5.0V, Qutputs Open — 8.0 mA
Vo* = Vowee = 2.0V, Voo = 15Y, Outputs Open — 33 mA
Vir* = Vouae = 0.7V, Vo = 5.0V — 2.0 mA
Vi = Voyae = 0.7V, ¥, = 15V — 7.0 mA
Clamp Diode Forward Voltage ¥ I, = L0A — 2.1 v
lr= 1254 — 2.5 V
Clamp Diode Leakage Current lg Vi = B0V, Vi = Vyuge = 20V, 0, + Dyor D, + D, — 100 ph
*All inputs simultzneausly, all other tests are performed with each input tested separately.
’ N
1N
L1\
= X
ALLOWABLE AVERAGE PACKAGE POWER DISSIPATION o \ ®
AS A FUNCTION OF TEMPERATURE g AP
z 3
N
g 5
5 3
22
g N
! 1 \‘\“
b:egg
%5 50 75 100 5 10

TEMPERATURE N °C
Dwo. No. A-11, 7938
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UDN-2540B
QUAD NAND-GATE POWER DRIVER

INCANDESCENT LAMP DRIVER

APPLICATIONS o e

Typical applications for this device include driv-
ing incandescent lamps and dc stepper motors.
Lamps with steady-state current ratings up to 130
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 teést™
function as shown. Bifilar (unipolar) stepper motors
can be driven directly. The internal transient-
suppression diodes prevent damage to the output
trangistor from positive high-voltage inductive
spikes as the output switches OFF.

Dwg. No. A-12,048A

STEPPER-MOTOR DRIVER

INPUT WAVEFORMS

v ]
] [
'

+5¥ +28Y

i

=]
| S—

Dwg, Ne. A-11,785

Dwg. No. A-11,798
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UDN-25458
UNIVERSAL QUAD DRIVER

m

UDN-2545B
UNIVERSAL QUAD DRIVER

FEATURES

& Output Current of 2 A

® 80V Min. Output Breakdown

& 40V Output Sustaining Yoltage

& PMGS, CMOS, TIL Compatible

# Built-in Thermal Shutdown

& Qutput Transient Protection

& CHIP ENABLE for Microprocessor Control
® Under-Yoltage Protection

Thc UDN-2545B is a four-channel high-current, e
high-voltage integrated circuit designed to pro- &, W, ‘\\.l‘“ "‘\\.\\ e o THERMAL SHUTOOWN
vide the interface between stepper motors and mi- ‘ . "\\,h M, VL= WY TL LockoLT
croprocessor or logic motor control circuitry. The "\\, Y, " "\u., ", S
UDN-25458 will accept most standard logic signats, \\\‘ "

‘\1‘ b, ‘\1
\l \l o
g, b
inputs and provide motor drive current to bot& pbﬁl._““\"'- " -\..\\ \\l \Bw'l’t-m hystersis. The thermal shutdown with hys-
tive and negative supply rails. 'Y My LY

My
hy, ", “ hy "‘- u btersis is to gnard against damage to the device. CHIP
X Uy \ U <I" £
The UDN-23438 is capable of sinking up 10 E 5\%‘ Ny, "  ENABLE is especially good for use in microproces-

I
and maintaining an output OFF volr;@ge of 80 voh§ “\\ “u .
This device incorporates some umm.le"features sucﬂh\ ,,.a- sor cont_rol. Afn outlputs have clamp diodes for
W suppression of inductive loads.

s under-voltage protection, l;hbﬁnal spu‘wown waﬁﬂ,

\n\‘

CHIP ENABLE control. ;Ii‘he:ndndq;-vol‘tagb,ptote The UDN-2545B is supplied in a 16 pin plastic dual
tion guards against sup@p'ly‘nl ng‘a{raﬁsaentk\qnﬂ has in-line package with heat-sink contact tabs. A cop-
", .‘ 'y """' ‘\‘ per-alloy lead frame provides maximum power dis-
FUNt'FTO\‘N\\QL BLbﬂfK"‘DIAGRAM sipation using standard cooling methods. This lead
h"\\ N T i A c?n.ﬁguration facilitates attachl.nen.t of external heat
Py _‘ Y i " sinks for increased power dissipation with standard
.«“"#“’.«'“"'M" ‘w TAY € IC sockets and printed wiring boards.
l'\l\.‘l‘ Tl‘s”agl:ﬁ “,.-‘r \ul\l‘urj' T ;_‘ r_@ )
o . [
"\\.\“"“ﬂ'\l‘h '—:D— g _E—— oum ABSOLUTE MAXIMUM RATINGS
M o 2 atT, = +25%¢
] | 1
; ‘q[_® o Output Voltage, Vg . ...oov e 80V
e € __:D_ ¢ 2 Emitter Supply Voftage, Vee .................... 25y
3 Logic Supply Yoltage, Ve ... ... 20V
e B—1] @ oun Qutput Current, loyr « oo 25A
_‘dm come Input Voltage, Vi ... oo 25y
s Package Power Dissipation, Py .................. 271w
woae @~ L me Operating Temperature Range, T, .. ..... —20°Cto +85°C
@ v Storage Temperature Range, Ts ..., .. .. =55°C ta +150°C

*Derate at the Rate of 22.2 mW/°C above T, = 25°C.
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UDN-2545B
UNIVERSAL QUAD DRIVER

ELECTRICAL CHARACTERISTICS at T, = +25°C, V; = 5V to 15V, Vi = OV (unless otherwise noted)

ms| & [ |::

3

Limits
Characteristic Symbol Test Conditions Min. Max.  Units
Qutput Leakage Current [ Vour = 80V, ¥, = 2.0V, Other Inputs = 0V —_ 500 A
Qutput Sustaining Voliage VYeeme losy = 2A, Inputs = 50V,L = I mH 40 —_ )
QOutput Saturation Voltage® Veesan losr = 2A, Inputs = OV —_ 2.2 )
Clamp Diode Leakage Current Iy ¥, = 80V _ 50 i
Clamp Diode Forward Voltage Ve l, = 2A —_ 2.5 )
Input Current Lyomy Vi = 08Y — —250 ph
Iorm V= Vs — 50 A
Supply Current lsion All Inputs = 0.8V, V; = 5.0V ] — 65 mA
All lnputs = 0.8V, Vg = 15V — 70 mA
bsiors) AltInputs = 5.0V, ¥, = 5.0V — 20 mA
All trputs = 15V, Vg = 15V — 30 mh
*Pulse Test
STEPPER MOTOR APPLICATION
Ny 1 ] 16
|-/3 ] V=36V
2 Hi SUB Lol 15 9
L L §
+H E
INg L L il D ‘E’ -|:l i
iNg i I | 4 a SuUB 1
IN3 |
N hi=g
G
INg —I u 1
w7 sue f) o
8 N $Us T Vs=5V

= UvL?

175 =THERMAL SHUTDOWN
2UVL= UV TL LOCKOUT
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UDN-2841B AND UDN-2845B
QUAD 1.5A DARLINGTON DRIVERS

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

FEATURES

® nputs Compatible with TTL, TTL, LSTTL, CMOS
® — 50V Darlington Outputs

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

THIS PAIR OF QUAD DARLINGTON switches

is 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 relays, PIN diodes, LEDs, and
other high-current loads operatmg 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- B . e 10,485
source combination in a single dual in-line plastic
package. It can be used jn bipolar switching apphi-

cations in which neither end of the load is at ground Current Source

potential. :
Types UDN-2841 and UDN-2845B are intended R

for use with 5V TTL, Schottky TTL, DTL, and

CMOS logic. Both drivers reduce component count, v

lower system costs, and reduce circuit and board .15, 410,490

complexity.

§—19



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

O

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

For Single Darlington Output
{Unless Otherwise Noted)

Output VORAZe, Vogory « « o« oo vvevv e e e Sy
Output Sustaining VoItags, Vepsug -+« -« < v v v ve v vvis oo 35V
Substrate Voltage, Vee . . ... ..o —30Y
Continuous Quiput Current, Ty .. oo oo 1L.75A
SUPPIY VOIEER, Ve .« o vttt et e e 10V
INpUE VORAZE, Vi v e o e e 10V
Power Dissipation, Py (oneoutput} .. ... ..o See Graph
Operating Temperature Range, Ta. .. oo oo —20°Cto +85°C

Storage Temperature Range, Ty .. ... oo oo —55°C to +130°C

SCHEMATIC ALLOWABLE POWER DISSIPATION
{Each Driver) AS A FUNCTION OF TEMPERATURE

w
=
o

—

=1

-~

1.2K 3K
DWS. HO. A-10,4B3C

Resistor Values in k<

ALLOWABLE PACKAGE POWER [N WATTS

Amplifier 1 & 3 Amplifier 2 & &
Type Number Ri Rg Riy Rs
UDN-2841B 13 15 33 15 “
UDN-2845B 3.3 15 3.3 1 '
NOTE: The substrate terminals must be tied to the most negative paint in
the external circuit 1o maintain isolation between fransistors and to 0
provide for normal device operation. Y 50 100 150

TEMPERATURE IN °C
DWG. NO. A-10,488C



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

lllIIllllllllIIIIIIIIIIIllIIIlllllllIIIIlllllllllllllllllIlIllllllllIIIlllllllllllllllllIlIIllllllllIIIIllllllllllllllIIIIIIIIIIIIIIIIIIIIIIIIII

ELECTRICAL CHARACTERISTICS ot T, = -+ 25°C {unless otherwise noted)

Limits

Characteristic Symbol Test Conditions Min.  Tvwp. Max. | Units
Qutput Leakage lgex Vee = — 50V, Vyy = 0.4V, T, = 25°C — — 100 pA
Current Vi = —50Y,Vy = 0.4V, 7, = 70C —  — 500 | pA
Qutput Sustaining | Vogsus Ve = — 50V, ¥y = 0.4Y, Iy = 100 mA 35 50 — )
Voltage
Output Saturation | Vogen lor = 500mA - - L1 v
Voltage lor = LOA (Note 1) - — 14 )

four = 1.5A (Nate 1} - — 16 ¥
Input Current o loy = S00mA, ¥y, = 2.4V — 300 500 A
Input Voltage Yian lor = L5A - — 24 [}
(Note 1)
Supply Current Iy lr = 500mA, UDN-28418, UDK-2845B (Note 2) — 25 A7 mA
{Note 1) lor = 500mA, UDN-28458 (Note 3) — 33 15 mA
Turn-0n Delay bsiom R, = 390, 0.5V, to 0.5V, — — 2.0 s
Turn-Off Delay - R, = 390, 0.5V, 10 0.5V, — — &0 ®s

NOTES,

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

TEST CIRCUITS

UDN-28418 UDN-2845B
VEE=-40V
1 16 —0
/
2 15 —o VN
= W,
v 3 5114
4 13 !
5
5 L
[ 3 11 VIN
7 10
ViN
[ 9
[+ =
Vg = 40V
DWG. MO, A-10,487A DWG. NO. A-10,384A
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UDN-2841B AND UDN-2845B

QUAD 1.5A DARLINGTON DRIVERS

ALLOWABLE OUTPUT CURRENT [N AMPERES AT +7°C

ALLOWABLE OUTPUT CURRENT IN AMPERES AT +70°C

ALLOWABLE OUTPUT CURRENT
AS A FUNCTION OF DUTY CYCLE

WITHOUT HEAT SINK

N

0.5

N

N

[NUMBER OF CU'
CONDUCTING
S L LTANECUS|
FREE_AJR

SN
.
T

LY IN

\

\
\
—

L5

Lo

af

40

60

B

PERCENT DUTY CYCLE

WITH STAVER V-7 HEAT SINK

100

mG. NO. A-10,583

NN

AN

0.5

STAVER V-7

NUMBER OF
COMDUCTING
SIMULTANEQUSLY WITH

>

QUTPUTS

HEAT SINK

T~

[/

40 ]

PERCENT DUTY CYCLE

4722

=1

100

OWG, NG. A~10,582



Ygor GND

V-
DG, ND. A-I1.790&

Figure 1
UDN-28418

Vg or GND

V-
DWG. HO. A-11,787A

Figure 3
UDN-2841B

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

OUTPUT-STAGE TRANSIENT PROTECTION

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

IN A

INB
Vs
SOURCE = SOURL]
A B =
x x
iN A
X b 4
Sink 8T Ksink A , L
:,
6\" OHG. NO. A-11,792R
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 1 A load, substitution of a
15 resistor results in operation similar to that
of the Zener diode circuit.




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

TYPICAL APPLICATIONS

BIPOLAR MOTOR DRIVER
UDN-28458
1 16
= 4
2 15 [———=0IN A
IN A— 31 v [ 14 —oV;

< 2 13

-0V o 5 ] 12
—H—r 6 3 —1+——oINB

N8 o il 7 10

“L“
STOYTY T i— ‘A

|

B8
DWG, NO. A-1D,586A

ELECTROSENSITIVE PRINTER INTERFACE
PRINT ELECTRODES l_g

38 39
UDN-2841B

<IN 4

OV, or GND

~0IN 3

IN 2 o

DWG. NO. A-10,585A4
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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 A

o Qutput Voltages to 80 V

® |oadsto 1280 W

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

e Plastic Single In-Line Package

o 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 (3§ V sustain-
ing), while the latter has a minimum output break-
down rating of 80V (50 V sustaining). The

By € GND Cz Kyz Bz By V5 Cs Kasas C4 Bs

oWG. NO. A-11,574

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
for proper operation of these devices.

Qutput Sustaining Output
Device Yoltage Voltage Current
UDN-2873wW a0V Y LY\
UDN-2878W-2 50V 35y 34
UDN-2879wW 80V 50V 4A
LIDN-2879W-2 sov 50V 3A




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

[FRe e

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

Qutput Voltage, Vg, (UDN-2878W & UDN-2878W-2) ... ..................... 50V
(UDN-2879W & UDN-2879W-2) ... ....... ..o, 80V
Qutput Current, |, (UDN-2878W & UDN-2879W) . ......... ..o 504
(UDN-2878W-2 & UDN-2979W-2} ... ... . ... .. ..o 4.0A
nputVoltage, Vi o oo 15y
Input Current, Iy .. oo e e e 25 mA
SupplyVoltage, ¥y ... oo )
Total Package Power Dissipation, Py .. ... ... ..o See Graph
Operating Ambient Temperature Range, To. . ... oo ettt —20°Cto +85°C
Storage Temperature Range, Tg ... ... .o i —55°C to + 190°C
ALLOWABLE AVERAGE PACKAGE POWER DISSIPATION
AS A FUNCTION OF TEMPERATURE

20 3

1

[

‘\

PARTIAL SCHEMATIC
= \ One of 4 Drivers
= )
= \ \
= 1B )

= 2o : iy
> 3 Y, 3
g % Ve
=3 \:& e
3 % b
A Vo “
2 10 ‘:"‘* 1
& ¢ i
Z Nz y
t ‘oa “\ L
n
g %&Q ‘\ |}
2 < s, 1
o Ay * ]
g 5 \ 9‘? L) ‘\ “
=< k N x [}
% /-"?55_4’& . \\54" \ Y
=2 N S Y “
] .E’W o ‘\ )
g, -
-~ W MY
-...,.'.. \\\\‘ DWG. ND. A-12,037
!,,. '~
H‘.\.
% 50 75 100 125 150

TEMPERATURE IN 9C
Dag, Mo. A-11,784
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UDN-2878W AND UDN-2879W
QUAD HIGH-CURRENT DARLINGTON SWITCHES

m

ELECTRICAL CHARACTERISTICS atV, = 5.0V, T, = + 25°_[: (unless otherwise noted)

Test |  Applicable Limits

Charasteristic Symbol | Fig. Devices Test Conditions Min.  Max. | Units
Qutput Leakage Current | lugy 1 UDN-2878W/MW-2 | Y = 50V — 100 LA
Ve = 50V, T, = +70°C — 500 ph

UDN-2879W/N-2 | V. = B0Y — 100 wA

Ve = 80V, T, = +70°C — 500 LA

Qutput Sustaining Veesusy | 2 | UDN-2B7BWM-2 | |, = 100 mA, V,, = 0.4V 35 — y
Voltage UDN-2879W/W-2 | |, = 100 mA, ¥, = D4V 50— y
Collector-Emitter Ve | 2 Alt .= 500mA ¥, = 275V — 11 v
Saturation Voltage lo = LOAV, = 275V — 1.3 y
Iy = 204V, =275V — 1.5 )

le = 30A Y, =275V — 1.8 ¥

UDN-2878/2879W ) 1. = 4.0A V, = 2.75Y — 22 y

Input Current Iy 3 All Vip = 275V — 550 pA
Vy = 375V — 1000 pA

Input Voltage Visany 4 All Ve = 22V, 1; = 304 — 275 [}
UDN-2878/2879W| Ve = 2.2V, 1, = 4.0A — 275 v

Supply Current per Driver| ), 7 A I, = 500mA, v, = 275V - 5.0 mA
Turn-On Delay Yo — All 0.0E, to0.5E,, — 1.0 S
Tum-0ff Delay o — All 05E,1005E, 1, =304 — L5 TR
Clamp Diode Is 5 Al Y, = 50V — 50 pA
Leakage Current V= 50V, T, = +70°C — 100 | uA
UDN-Z879W/W-2 | V, = 80V — 50 A

Vo= B0V, T, = +70°C — 100 A

Clamp Diode Vi 6 All e =3.0A — 25 ¥
Forward Voltage UDN-2878/2879W | |, = 4.04A — 30 ]

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

TEST FIGURES

Figure 1

427

QOPEN

N
[ Te

Owd. HO. 10,350

Figure 2




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

TEST FIGURES (Continued)

CPEN

QPEN

5 o OPEN I
@ Vin .
| Vee
u¥g. NG, 3.9732 = = = -—

W, KD, A-973UA

Figure 3 Figure 4

CPEN Dt
DWG. NG. A-B72BA WG, NO. A-070

Figure 5 Figure 6

OWG, 0. 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

X
B % +28V
—A\AN o)
Y ¥
DWG. NO. A-11,975
INPUT WAVEFORMS

] B
[

x|

=
S

Owg. Ne, A-11,745
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UDN-2878W AND UDN-2879W
QUAD HIGH-CURRENT DARLINGTON SWITCHES

TYPICAL APPLICATIONS

UDN-2879W

PRINT-HAMMER DRIVER

INz IN3+5Y

K2y 3

C+36Y

DWG. NO. A-11.976

UDN-2879W

DIGIT DRIVER
FOR MULTIPLEXED INCANDESCENT LAMP DISPLAY

N,

r

PEERErEr

DI{ISIT

F ¥ 3

T0
OTHER
—————= DIGITS

TO
SEGMENT =+
SELECT g

»l
Ll

RIGIT
2

Dwg.No. B-1512

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

“

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

FEATURES Vsense 3
® Qutput Current of 2 A OUTe
® |nternal Transient-Suppression Diodes NC
® |ow-Saturaticn Qutput Drivers NC
® Anti-Crossover Protection o
® Braking and Chopping Functions (UDN-2931B) GROUND |,
® Thermal Shutdown with Hysteresis BRARE 0
® External CurrenF-Sense Capability cHoe 4
® Input Leckout Circultry source: -y o pain M Conce,
1{"' §'1NK:: o —tel] ‘w:‘h\ 13 SiNK g
LDEJ.C sﬁ u&\q\ 17 SOURCE g
" ‘{\\\ .\\\;‘: “\\\\-\\4. e Dwg, No. A-14,201
The UDN-2931B/W 3-phase brushless dc motor \‘{\\ AN UDN-29318
driver is designed for low output saturation-voltage AN \\\\\\ My )
Y

levels. These drivers maximize motor capacity lim- \

ited by power supply constraints. The output drwér\\.h ! \.\‘\\ ‘\\\\

features low output saturation source and smk &(I\W@\\\“‘ ., \\
ers and integral output suppression dlodes*\ ¢ oﬁq ‘\‘\\“\‘. "y
puts are capable of maintaining an out ut &3\ 1=‘\ ‘\\\ ‘\u. o
voltage of 15V and an oN currﬁ\\nt of 2A (3\,\5 A ‘\\\ !
peak). "\ \\\\ \
Crossover current prol;e’k":ﬁx 1 ha\s\ bkpn 1ng,e)‘r‘p0-
rated to guard against comn‘lon ﬁanﬁ{\( an&x\‘sdurcn'"ﬂrlv-
* ers being oN at the Samﬁ\tlf‘ﬂﬂ"‘“w cuitry dpethe input
structure has b@én acm\? \‘t\ I k—out t]ﬂk sink driver
when both dhw-:!r infy ufls ha\y\ eep"actwated at the
same time. \\\\ t, *“W " “ o
THE’ UDN 5Q3 1\13' has wlended flexibility with
pHQP an B\;}‘AK \\fu ctions. The cHor function af-
féqts‘\\(he“ s,a'hrce dviver by switching it o~ and oFF
wh L(,\a\ tlv‘% CHOP is being toggled. In utilizing the
BRAKiE\\fIi \ctmn the source drivers are turned on
while thés$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.
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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-line
power-tab package. These packages allow for easy
attachment of an external heat-sink for extended
power dissipation capabilities.




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

ABSOLUTE MAXIMUM RATINGS
atT, = +25°C

Motor Supply Voltage, Vag ..o oo e 15V
Output Current, Iy (Peale) . . ... ooovv o =354
(3]0} PP a1 .
UL YORAZE, Vil oo v e e e e 70V
SenSe VOMAES, Vemsr. o v oo vt e e 1.5V
Package Power Dissipation, Py
(UDN-2931B) . ottt e e e e e 2.77TW*r
(UDN-29310} .« .ottt e e e s 5.2 Wr*
Operating Temperature Range, Ty .. oo oo e —20°C to +85°C
Storage Temperature Range, Ty .. ... ... .ot —55°Cto +150°C

*Derate at the rate of 22,22 mW/°C above T, = -+ 25°C.
**Derate al the rate of 41.16 mW/°C above T, = +25°C.

FUNCTIONAL BLOCK DIAGRAM

o]
DS yuIDS
F Y 'L/‘ F c
SOiN m LSOm X
T T
O OUTa |: -0 OUTy B g b OUTe
SKin SKin SSENSE

TOD = TURN ON DELAY, T5 = THERMAL SHUTDOWN

Dwp. No, A-14,203



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

M

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

Limits
Characteristic Symbol Conditions Min. Typ. Max. Units
Output Leakage Current Toe All Drivers OFF, Vo,r = 0V —  <-10 =100 WA
Al Drivers OFF, Vo, = 15V — <10 100 A
Qutput Sustaining Voltage Yeeisus = £ZA L=2mH 15 — — )
Qutput Saturation Yoltage Yorsan loyr = 24 — —_ 0.7 i)
lor = =24 —_ 05 13 Y
Motor Supply Yoltage Rangs Vag 7.0 10 15 Y
Moter Supply Gurrent [ All channels OFF — 10 12 mA
[ One Source and Sink Driver ON, No Load — 75 120 mA
Clamp Diode Forward Voltage Ve =204 = 1.7 2.0 ¥
Clamp Diode Leakage Current [ Ve =15V — <10 100 uh
Logic Input Gurrent 8 V=20V — <10 10 WA
[ Yo = 0.8V — =50 —200 pA
Logic Input Voltage Vi All inputs 2.0 — — )
Vo All inputs — — 0.8 Y
Chopping Frequency Tonor lyr = 28, L = 2 mH, 30% Duty Cycle — — 400 KHz
Thermal Shutdown Temperature Toe Note 1 — 185 — °C
L. Thermal shutdawn typically has a hysteresis of 15°C.
TYPICAL APPLICATION
470K 5v
10K
AUF 5K
BRAKINGo =
%10:«
|:BB |N5P‘l:JﬂT U_DEGREES I ResT CIUF
-CA SN — go =
sc soza— L— T L g0 Cf/ Qﬂc
-ap stz LI L.gg “Agn
M1 0
S ?_;?g 200 TOD =TURN ON DELAY, TS = THERMAL SHUTDOWN
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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

@ 3.5 A Peak Qutput

@ 37V Min. Qutput Breakdown

& Qutput Transient Protection

® Tri-State Qutputs

® TTL, CMOS, PMOS, NMOS Compatible Inputs
& |nternal Thermal Shutdown

@ High-Speed Chopper {to 100 kHz)

® UDN-2935Z Replaces SG3635F

® UDN-29507 Replaces UDN-29492, SN75605
o T0-220 Style Pachages

BOTH 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-voitage CMOS, PMOS, and
NMOS logic. Both ICs have logic lockout {tri-state
output) that prevents source and sink drivers from
turning ON simultaneously.

In typical applications, the chopper-drive mode is
characterized by low power-dissipation levels, [ow
saturation voltages, and short chopper-storage
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Dwg. o, A-12,116 DWG. MO, A-E1,177
UDN-~2935Z UDN-~29501

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
Electiric UCN-4202A stepper motor translater/
driver for bipolar d-c 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.



UDN-2935Z AND UDN-2950Z
BIPGLAR HALF-BRIDGE MOTQR DRIVERS

e

ABSOLUTE MAXIMUM RATINGS

Supply Voltage Range, Vs ..o o 80Vio 35y
Output Voltage Ramge, Vo ..o oo —20Vto Vg + 2.0V
Input Voltage Range, Viy ... ... o =03VY¥te +7.0V
Peak Output Current (100 ms, 10% d-0), lge. . ... ..o e e, =354
Continuous Output Current, loyr ... .o =204
Package Power Dissination, Py . .. ... See Graph
Operating Temperaturs Range, To. ... o o, —20°Cto +85°C
Storage Temperature Range, Ty .. ..., ... ..ol —55°C to +85°C

ALLOWABLE POWER DISSIPATION
AS A FUNCTION OF AMBIENT TEMPERATURE

20

ALLOWABLE PACKAGE POWER DISSIPATION, Pp, IN WATIS

FReg 4 \ \
\ R, 9# . 400.'_\,.” \

~—

e

e
25 50 75 00 125 150
AMBIENT TEMPERATURE, Tp, IN °C

DWG. NO. A-12.0008

TRUTH TABLE

Source Driver, Sink Priver, Qutput, Pin 4
Pin 2 Pin 5 UDN-29352 UCN-29507
Low Low Righ Low
Low High High HighZ :
High Low Low High
High High High Z High
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UDN-2935Z AND UDN-29502
BIPOLAR HALF-BRIDGE MOTOR DRIVERS

FUNCTIONAL BLOCK DIAGRAMS

UDN-2935Z

SOURCE
INPUT
SINK
eyt &—
Cwg.ho. R-12.111
UDN-2950Z
+V5
SOURCE %
iNPUT @
Iy ® ourron
SINK
inpUT @

(3 GROUND

Dwg.No. A-12.112



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

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-2935Z UDN-28502 Input, Pin § Pin 4 Cther Min,  Max. Units
Output Leakage Current 24V 08y 24V oy — — =500 pA
24V 0.8V 2.4V 35V — — 500 pA
Qutput Sustaining Valtzge 24V D8V 081024V 204 Fig, 1 35 — y
Output Saturation Yoltage 0.8v 24V 2.4V —-2.0A — 33 — ¥
2.4 B8V 0.8Y 2.0A — — 2.0 ¥
Qutput Source Current 0.8V 24V 24V — — 20 — A
Qutput Sink Current 24V 08Y DAY — — 2.0 — A
Input Open-Circuit Yoltage — 250 pA —250 pA — 250 pA — — — 1.5 ¥
{nput Current — 24Y 24Y NG — —  —~700] uA
24V — 24y NG — — 10 pA
0.8Y 08Yv 0.8V NC — —  -16 mA
Propagation Delay 24Y¥ 0.8V 08t024Y 20A — — 750 ns
08tc24V 241008V 24V 2.0A — — 2.0 WS
Clamp Diode Forward Voltage NC NG NG 2.0A Fig. 2 — 2.2 ¥
Supply Current 0.8V 24V NC NC — — 35 mA

NCTE: Positive (negative} current 15 defined as geing into {coming out of) the specified device pin.
TEST FIGURE 1 TEST FIGURE 2

O
s
T2

0.8v

_J“—2.4 v

Dwa.tlo. A-12,118

Dwg.No. A-12,117
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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=VexXioxtxf
where Vs = supply voltage
I = crossover current {= 3.5 A max.)
t = crossover current duration (= [ 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 us (maximum source t.p)
after the source driver input is twrned OFF. The sink driver should be
turned OFF at least 750 ns (maximum sink tp,) before the source driver is

turned ON,
RECOMMENDED TIMING CONDITIONS
(UDN-2950Z shown)
DIRECTION
2 ——
[+ >750 ns —] > 750 ns

— 2 |-—> 2 s

SPEED (PWM}

TR

Dwg.No. A-12,120

SOURCE

INPUT, ¥, U

S INK — 2 fo—  — le—s0ns
INFUT, V5

Dvg No. £-12,119



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

TYPICAL APPLICATIONS

3-PHASE BRUSHLESS DC MOTOR DRIVE

7400

UDN - 28502 UDN - 28502 UDN - 29502
- 5w 50 O O °
UGN-3030T H ]
£l 12
SENSE
1 [] 11
UGN-3030T g ] i L
SENSE
2
l 1 1 +5Y
UGN-3030T z IE
7 1z
SENSE
3 4 11
E 10
5 3 wg. No. B-1523
7 7
7402
SINGLE-WINDING DC FULL-BRIDGE DC
OR STEPPER MOTOQR DRIVE SERVO MOTOR DRIVE
UDN-2250Z

UDN-29358Z UDN-2950Z

+28V O O+14y
DIRECTION © +30V O
Owg.No. A-12,114 DIRECTION ©
SPEED
{PwM) ©

Dwg. Mo, A-12,115
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UDN-2936W AND UDN-2937W
3-PHASE BRUSHLESS DC MOTOR DRIVERS

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

FEATURES

* 10Vto 45V Operation
o -+ 4 Peal Output Current
+ Internai Clamp Diodes
« internal PWM Current Control
o 60° Commutation Decoding Logic
» Thermal Shutdown Protaction
o Compatible with Single-Ended or
Differential Hall Effect Sensors
o Braking and Direction Control (UDN-2836W Only)

Combining logic and power, the UDN-2936W and the
UDN-2937W provide commutation and drive for a three-
phase brushless de motor. Each of the three push-pull
outputs are rated at 43V and *3A (=4 A peak), and
have internal ground clamp and flyback power diodes.
These drivers also feature internal commutation Jogic,
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 60° 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 (300 mYV, 7.5 percent) can be used. The UDN-
2936W also features braking and direction control.
Internal protection circnitry 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
control threshold and hysteresis is set at 300mV and 7.5
percent. The peak output current is determined by a user-
selected external sense resistor.

|

Ve
o] %) o L) mop & F < W
S egzFIELLL
5 ©@ O % [S I
5 ? -
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.



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

D e

ABSOLUTE MAXEMUM RATINGS
o Te = +70°C

SUPPLY VOIABE, VBB «.vvvvvvii vt 45V
Qutput Current, lour (CONTINUOUS) ... e +3A

(PBRK] e =44
Input Voltage RANGE, Vin 1 vvvv vt e —0.3Vto 15Y
Threshold Yolage, Vs oo e 15V
Package Power Dissipation, Po ....ocooooi i See Graph
Operating Temperature Range, Ta ....oovvvovvnivii e i —20°Cto +85°C
Storage Temperature Range, Ts oo, —55°Cto + 150°C

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

FUNCTICNAL BLOCK DIAGRAM

UDN-2936W
@VHB
LI
| ouT
ZV } -®

I
W
<

68Y

&
(=)
.
[r:3
v
COMMUTATION LOGIC
3
o
(%) | =
2
:

o 3
n
S

;

— O
DIRECTION THERMAL
SHUTDOWN

=Da
»—D? @-:f

BRAKE gav ! @
(ACTIVE LOow) | 0 i
& 3 y #F‘T
"""""""" IGROUND
Yol
-
Dwg. No, W-180
COMMUTATION TRUTH TABLE
UDN-2936W
Hall Sensor Inputs Qutputs
H, Ha Hs Direction Brake QUTA OUTg QUTe
High High High Low High z Low High
High High Low Low High High Low z
High Low Low Low High High z Low
Low Low Low Low High i High Low
Low Low High Low High Low High 1
Low High High Low High Low i High
High High High High High Z High Low
High High Low High High Low High Vi
High Low Low High High Low i High
Low Low Low High High i Low High
Low Low High High High High Low Z
Low High High High High High Vi Low
X X bt X Low Low Low Low
X = irrelevant

Z = HighImpedance



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

FUNCTIONAL BLOCK DIAGRAM
UDN-2937W

@Vee
+Hi (10
—H1 3:) L/. ¥ | our
3 ~®
@
g
+Ha(®) g ._D‘l;li ouT,
2t o L B
vomip i @
= | ar
=
Q
o 1
+HaB) 1 ]
3
e
]
THERMAL —
SHUTDOWN  P— @ 03v 1
.
Gnoumnf
-4
-
D No. W-181

COMMUTATION TRUTH TABLE

UDN-2937W
Hall Sensor Inputs* Outputs

+H; +Hz + Hz 0UTa 0UTg OUTe
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.
Z = High Impedance

TYPICAL HALL EFFECT SENSOR LOCATIONS

4—142
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UDN-2936W AND UDN-2937W
3-PHASE BRUSHLESS DC MOTOR DRIVERS

. .
ELECTRICAL CHARACTERISTICS at Ty = +25°C, Trpp < 70°C, Vs = 45V

Limits
Characteristic Symhol | Tast Conditions Min. Tvp. Max. | Units
Supply Yoltage Range Vag [ Dperating 10 — 45 Y
Supply Current lse | Outputs Open - 52 B0 | mA
Varaxe = 0.8Y, UDN-2536W Only — 54 80 mA
Thermal Shutdown Temperature T — 165 — °C
Thermal Shutdown Hysterasis AT, — 25 — °C
Output Drivers
Qutput Leakage Current loex | Vour = Ve - — 50 | phA
Your = OV — — ~50 | A
Output Saturation Vu\tage VCE(SAT) lour = =14 — 1.7 1.8 y
loyr = + 1A — 1.1 1.3 y
lour = —2A — 1.9 2.1 ¥
lour = +24 — 1.4 1.6 ¥
oyt = —3A —_ 2,35 2.50 ¥
lour = +34 — 1.85 2.00 ¥
Output Sustaining Voltage Vee susy | lour = £ 34, L = 2mH 45 - — V
Clamp Diode Forward Voltage Ve (lr=2A — 1.8 2.0 i
(lamp Diode Leakage Currant g |Vg = d45Y — — 50 | A
Qutput Switching Time - |lour = == 2A, Resistive Load — 2.0 )
b |loyr = =24 Resistive Load — 2.0 — | ns
Tum_—ON Delay tan | Source Drivers, Oto — 24 — 1.2 — | ps
{Resistive Lodd) Sink Drivers, Oto + 24 — 1.9 — | s
Tum OFF Delag ter | Source Drivers, — 24100 — 1.7 — | ps
(Resistive Load) Sink Drivers, + 2Ato 0 - 0.9 — | s
UDN-2936W Control Logic
Logic Input Voltage Yinty | Your 0f Veraxe 2.0 - — Y
_ Yingar | Voie Of Vemake — — 0.8 v
Sensor Input Voltage Threshald Vin  |Hi, HzorHs — 2.5 — Y
Input Current iy | Yoig = 2Y — 150 200 pdl
Verake = 2V — <1.0 5.0 }LA
Yy = BY — =190 220 | A
lintos | Yoir = 0.8Y - 35 50 | A
Varake = 0.8V — =50 —20 | wh
¥y = 0.8Y — =064 10| mA
|THS VTHS 3 OV — - 80 - 15 }LA
Yrng << 3.0V, Vaense << Vrus/10.5 — —15 —30 }LA
Yrus <0 3.0V, Vsense > Yrus/9.5 140 200 260 | ph
Current Limit Threshold VYrns/ Vsense at trip point, Vrus << 3.0¥ 9.5 10 10.5
Default Sense Trip Yoitage Vsense | Yrws = 3.0V 270 300 330 my
Default Hysteresis Vwg = 3.0V — 7.5 — %
Deadtime o |BRAKE or DIRECTION — 2.0 — | ps
UDN-2937W Control Logic
Input Common-Mode Yoltage Range | Ve 1.5 2.0 4,0 ¥
Input Voltage Hysterssis YiniHys) — 10 - my
Input Current v | Yin = BY - 12 20 | uA
Sense Trip Yoltage Vsense 270 300 330 my
Hysteresis - 7.5 — %
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UDN-2936W AND UDN-2937W
3-PHASE BRUSHLESS PC MOTOR DRIVERS

[FRmmmmmmRR R P e

APPLICATIONS INFORMATION

The UDN-2936 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 Hy inputs have 2.5V thresholds.

The commutation logic provides decoding for HEDs
with 60° electrical separation (other separations available
viamask programming). Atany one step in the sequenc-
ing, one half-bridge driver is sourcing, one driver is
sinking, and one driver isin a high-impedance state (see
truth table}. Changing the logic level of the DIRECTION
pininverts 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 ore all source drivers,
dynamically braking the motor. An internally-generated
dead time (ta) of about 2 s prevents potentially destruc-
tive crossover currents that can occur when changing
direction ot braking. In some high supply voltage appli-
caiions, it may be necessary to brake the motor 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 monitered. 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 ciamp 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 defanlts can be used, With Vrys >

4—44

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:

Threshold Voltage (Vrus) = Vrer*Rr/ (Ru + Ry)

Hysteresis Percentage = Ru/30 Vrer

Load Trip Current (Imax} = 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/Rs

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-
enabied when the junction cools down to approximately
140°C.



TYPICAL APPLICATION

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

UDN-2936W

N

3HALL EFFECT
SENSORS

BRAKE

COMMUTATION
GIC

Lo
oy ML

Diwig. No.

ALLOWABLE AVERAGE PACKAGE POWER DISSIPATION
AS AFUNCTION OF TEMPERATURE

20

—_ —
= G

ALLOWABLE PACKAGE POWER D15SSIPATION, Pp. [N WATTS
e

LY
1
1
1
1
¥
)
1y
\ 1
1
1
e hﬂ
S, ¥
o
£ e
k- 19
\1 Vv
%
Yo A
% \
h N 1}
3
\ 2 \
o Y b
[+ 1
4"& ‘\ 1)
o, LY 1
"‘V,(: \‘ |‘
k o iyt \\ “—
Ree i . \\% Y 1
& > 240 ~ LY
;:4, \\s \‘ 1
Y - ~ \‘\‘
L \\‘\\
oy,
-,,.:i

75 1
TEMPERATURE N °C

4—45

Dwg. No. A-11,794A

W82




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

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

FEATURES

® Outpui Voltage of 30V

# Qutput Current of 4 A

# Integral Transient-Suppression Diades
@ External Output Driver Capacitor Pins
® Thermal Shutdown Circuitry

e TTL, DTL, CMOS Compatible Inputs

The UDN-2938W and UDN-2939B are three-
phase unipolar brushless dc motor drivers capable
of handling 4 A drive currents, an output OFF voltage
of 50 V, and a sustaining voltage of 30 V. The output
drive structure of these devices have been desng;:aenl‘
for Jow saturation voltages (less than 1.0V at “l AD\‘

UDN-2938W and UDN-2939B are functlom‘élh( ldéq 'n“'n..‘:n.,.»\..l.

tical except that the UDN-2939B has ENABE[-: fnlpu ',
for extended control flexibility. The bases of tl'hﬁ:1 ou;
put drivers have been brought odit, tld'lg:xternal pm&,so"q
that capacitors may be com’ieqzted iq] du:der to ,eﬂtumﬂ)
late an ac drive and to aw’om"‘EMI.@nd Rll-“!.lpm'.\h,].éms
Output transwqﬂwt-suppréﬁﬁvrbwdlodes f‘iwé beenin-
corporated fo;—.«-'USe W"lth ‘iqdulctivq..wlbq,ﬂs Inputs are
active hlglh-“'aml ﬂo%,it \‘low 'l\",l“hesq..sihputs are TTL,
DTL, and 5.. J'J.ZN"‘QMOE cdmtﬁanble The ENABLE

fum‘twn "‘(Ut'LN 19393)'%,‘1-1acnve high and, when
R L
" o l W l
m.“. " FUNcﬂQNAL BLOCK DIAGRAM
ll .l"l
..\l'\ll‘ I.l\.l\. o Voo OVK
INa O— > : O OUTA
| ry
INg o—{LoGIC > Q OUTg
%
'Ng O— § C OUTg
(L BASE.
O BASER
BASEa TS= THERMAL SHUTDOWN

Dwa. No. A-14,185

BASEs wy
y
ouTg olr b,
) "
BASE ¢ ) B, !
P l
& N, \'ln“
GROUND sRrolyp”
INg b 1T ec
Wy ING [ o] IN
‘:l\ "l.. c o "‘m.“l “wl A
R 3K o TS ENABLE
", |\"l .l‘
. """--...,,_“."-II h, Dwg. No. A4.186
PO u\wN-29393
hy \.l‘l. ", ", ""nl. ““,.1\

Y, \ by
N \\[‘ H"w'l‘l'.‘.'

]

h
"y
'l.. g g

"
\
'l“ o

1 2 3 4 5 6 7 8 a 1o (1 12
O 8 €« €@ <« 4 @ ¢ 0 ¥ o 0
Z LzE5WEWWE>ZZ
3  ~t%3%4%s T
g %3 s
o}
TS= THERMAL SHUTDOWN
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UDN-2938W

pulled low, will turn oFF all output drivers. These
devices have thermal shutdown circuitry with hys-
terisis to guard against overheating. This thermal
shutdown circuitry is designed to operate at a tem-
perature of 165°C. A logic supply current regulator
has been introduced into these devices to maintain a
relatively constant cutput base drive over the logic
supply (Vo) operating range.

The UDN-2938W is packaged in a single in-line
12-pin power-tab SIP package with lead centers at
0.100 inches, The UDN-2939B is packaged in a 16-
pin dual in-line batwing package with heat-sink con-
tact tabs.
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UDN-2938W AND UDN-29398

3-PHASE BRUSHLESS DC MOTOR DRIVERS

ABSOLUTE MAXIMUM RATINGS

TYPICAL APPLICATION

al +25°C oy
Output Voltage, Voe . ov e 50 ove
Output Sustaining Voltage, Veeeusy - - oo vvn et 0V x
Output Current, loyr <o vevv e 5A INg O
Logic Supply, Ve ..o 15V Lad 3Ry
:’napclll(tavglt’au%nfeérvgis:s.i ation, By a 1 % ~
W package) 5.2 INg o Looe
i om0 e +55% 1
gtpﬁre‘agténTgenE?:trsre Range, T; A ket +150°C INe 0— HI\"—
“Derate at the rate of 41,16 mW/°C above T, = + 25°C. Cal _534 Ceg TS = THERMAL SHUTDOWN
**Derate at the rate of 22.22 mW/C above T, = +25°C. T_I_T
- Dwa, No. A:14,193
ELECTRICAL CHARACTERISTICS at T, = +25°C, Vo = 5.0V (Unless otherwise noted)
Limits
Characteristic Symbaol Test Conditions Min. Typ. Max. Units
Logic Supply Voltage Range Vo 4.5 — 15 Y
Output Leakage Current loex Voir = H0Y — <10 100 pA
Output Sustaining Voltage Veeisus; losr = 4.0A 30 — — ¥
QOutput Saturation Voltage Yeersan lr = 1L.OA — 09 11 y
logr = 4.0A —_ 1.9 2.0 )
Clamp Diode leakage Current g Yo =50V — <1.0 100 A
Clamp Diode Forward Yoltage ¥y =104 — 1.3 L5 V
Input Yoltage Vi — — 2.0 )
Vi 0.3 — — ¥
Input Current Ingas Vin = 24Y — 30 50 [Tr.)
Vi Vi = 08Y — _ 1.0 pA
Supply Current lectom One Driver ON, Mo Load — 12 15 mA
boom All Drivers OFF — 5.0 8.0 mA
Thermal Shutdown Temperature T, — 165 — °C
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UDN-2941B
QUAD HIGH-CURRENT SOURCE DRIVER

UDN-2941B
QUAD HIGH-CURRENT SOURCE DRIVER

FEATURES

® 1.5 A Qutput Source Current

@ Minimized Saturation Voltage

& 30V Qutput Sustaining Veltage

@ Transient-Protected Qutputs

® TTL or CMOS Compatible Inputs

® Plastic 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-foflower drivers. Special
circuit design techniques, resulting in reduced
output-saturation voltages, allow any one driver
to source up to — 1.5 A continuousty 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 supplied ina
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

OUTs [1 ] 16| OUTp
Vs 415] Vgp
INg [3] 114 INp
GRCUND GRCUND
GROUND GROUND
INg [ L[] INg
Vsa LI0] Vsg
OUTg [3] 1 9] OUTg

Mwg. No. A-12,514

maximum power dissipation with standard cooling
methods. It fits a standard IC 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 —300 mA, are the 8-channel source drivers
of Series UDN-2980A.

ABSOLUTE MAXIMUM RATINGS

Suppiy Yoltage Range, Vs .. ... 12Vi0 35V
Peak Output Current, Iy v oo v oo —2.0A
Input Yoltage, Vi - ..o oo 15V
Package Power Dissipation, Py, ... . ... 00 See Graph

Operating Temperature Range, Ty, . ..., .. —20°C 10 + 85°C
Storage Temperature, Te .. ..o vv v et —58°C to + 150°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 conditicns, do not exceed the —2.0 A peak current and a junction
temperature of + 150°C.
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UDN-2941B
QUAD HIGH-CURRENT SOURCE DRIVER

PARTIAL SCHEMATIC ALLOWABLE AVERAGE PACKAGE POWER DISSIPATION
One of 4 Drivers AS A FUNCTION OF TEMPERATURE
Vg 8 \

7 1N

—C ouT

ALLDWARBLE PACKAGE POWER DISSIPATION, Pp. IN WATTS

1
)

L2

Owg, Ne. A-12.515

+
-

LY
o)
75 50 75 100 125 150

TEMPERATURE IN °C

Dwg. Ne. A11,7834

ELECTRICAL CHARACTERISTICS 0t T, = +25°C, V, = 35V, T;,, = +70°C

Limits

Characteristic Symbol Test Conditions Min. Typ. Max, Units
Output Leakage Current leex Yy = 04V, V= 0V, 7, = +25°C —  <-=10 -100 A
Yiu = 04V, Vo = OV, T, = +70°C —  <-10 -3500 A

Qutput Sustaining Voltage Yeesus ¥ = 24V, lyr = — 100 mA 30 —_ — ¥

Qutput Saturation Yoltage Yoz Vip = 24V, lyr = —1.0A — 13 1.5 ¥

Vg = 24Y, Ly = —1.54 — 16 1.8 v

Input Current hions Vy = 24V — 175 500 .}
o Vy = 0.4V - - —-10 pA

Qutput Source Current lour Vo = 24V -15 — — A
Total Supply Current ls Yy = 2.4V (Note 3), Qutputs Open — il 15 mA
Clamp Diode Leakage Current e V.= 35V — <10 100 pA

Clamp Diode Forward Current e = 15A o 1.4 2.0 ¥
Turn-On Delay [ 0.5V, t00.5Y,, Resistive Load - 0.25 2.5 WS
Turn-0ff Delay tou 0.5V, to 0.5V, Resistive Load - 0.5 5.0 I8

NOTES: 1. Each driver tested separately.
2. Negative current is defined as coming out of {sourcing) the specified device pin.
3. Allinputs simultaneously.
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UDN-2941B
QUAD HIGH-CURRENT SOURCE DRIVER
R e e

TYPICAL APPLICATIONS

MULTIPLEXED COMMON-ANGODE LED DISPLAY DRIVER

+12V +12V

DIGIT DRIVER
SEGMENT DRIVER ? UDN-2941B T

ULN-2003A '

Dwg. NHo. A-12,516

FULL-BRIDGE MOTOR DRIVER
{Cne of 2 Windings)

+28Y +8Y

INA O

| ULN-20688B
OR
UDN-2941B ULN-2069B

INg O

Dwg. No. B-1583
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UDN-2943%
HIGH-CURRENT HALF-BRIDGE MOTOR DRIVER

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

FEATURES

® = 1A Qutput Current

® 8.5Vto 24V Operating Range
& Withstand 45 V Supply Transients
® Crossover-Cursent Protected

® |ogic-Compatible Inputs

® Saturated Qutput Drivers

& Qutput Transient Protectien

® Tri-State Qutput

& Internal Thermal Shutdown

® [nternal Over-Yoltage Protection
® |niernal Shor-Circuit Protection
& High-Speed Chopper {to 50 kHz)
@ TD-220 Style Package

ESIGNED for use as a general-purpose motor
driver, the UDN-2943Z half-bridge driver com‘f ",

\
o \\\\ ‘\\
\ e Ny

\‘l \\\

\ \'~.\

stages, level shifting, diode transient protect‘i ‘\@nci‘\\l ‘\..' S, S,

a voltage regulator for single-supply operauofi\‘\ C‘

pable of operating in extremely harsh envn‘onmeht‘s “\\‘
this device can withstand hlph a‘n}biqnt temperah,
tures, output overloads, an,d“rqpcate& dwer sup

By
transient voltages w1th,p|1t dhmm The, vepﬂt"an
be used in pairs for M‘!\bndgw operaﬁmr“ or as
triplets in threaﬁphasé‘\\ br‘tqsh‘!@ss e’ ﬁﬂ'otor driver

apphcauorlgw" ,..n’” ") h ‘\ A o

i A-MN

The mput -.‘J\rcﬁml“y,.w qompaf‘lblc with TTL, low-
voltﬂg ...QMQS“‘Brndx MOBd8Eic. Logic lockout pre-

¥Enty 'bot so}urcé\@n‘& sink drivers from turning on
sﬂl.pﬂmaéou'&ly Eadt’ drwer is turned on by an ac-
tive- kzw'\mput making the UDN-2943Z especially
desuab‘lg: 11\1, many microprocessor applications. An
accidental’ input open circuit 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.

"
Wy w“‘

o
A

Saturated output drivers provide for low satura-
tion voltage at the maximum rated current. Internal

4—5i
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SOURCE INPUT

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 output 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)}, a high-voltage protec-
tive circuit becomes operative, shutting oFr both
output drivers. The internal thermal shutdown is
triggered by a nominal junction temperature of
160°C.

Single-chip construction and a modified 5-lead
JEDEC power-tab Style TO-220 plastic package
provide cost-effective and reliable systems 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.




UDN-29431
HIGH-CURRENT HALF-BRIDGE MOTOR DRIVER

ALLOWABLE PACKAGE POWER DISSIPATION IN WATTS

ALLOWABLE POWER DISSIPATION
AS A FUNCTION OF AMBIENT TEMPERATURE

20

\

\’#f

\
2

AN

[~—~LRe Alg
T 344 = @0y, \
— ™~
-~
oy — —
Yy 3] 50 75 100 125 150

AMBIENT TEMPERATLRE IN °C

SOURCE
INFUT

SINK
INPFUT

Dwg, No. A-12,0008

ABSOLUTE MAXIMUM RATINGS

Supply Voltage Range, Vs ............ ... .. 8.5Vto 45 ¥*
Output VolAge, Vageus + v« v o vor v 24y
Input Voltage Range, Vi .. ...t —0.3Vto +18V
Continuous Output Current, loyr . ... oooivis +104
Package Power Dissipation, Py........oovvts See Graph
Operating Temperature Range, T,. .. .. ... —20°C to +85°C
Storage Temperature Range, Ts .. .... ... —55°C to +150°C

*Intemal high-voltage shutdown above 26 V.

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

FUNCTIONAL BLOCK DIAGRAM

Vs

®

: i 8.35V

21V
OVER-VOLTAGE|
+THERMAL
SHUTDOWNS

@—H%%

21V

452

AA—t

HIGH-CURRENT
SENSE |

3

———(4) ouTRUT

Dwg. Na. A-14,136



UDN-29432

HIGH-CURRENT HALF-BRIDGE MOTOR DRIVER
L

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

Source Driver | Sink Driver | Output, Limits
Characteristic Symbol | Input, Pin2 | Input, Pin5 Pin 4 Dther Min. Typ. Ma, Units
Output Leakage Current loe 24V 24 v — — 10 —100 A
2.4V 24V 45V — — 10 100 pA
Qutput Sustaining Voltage Yorus 24Y 081024V 1.OA Fig. 1A 24 — _ ¥
08t 24V 2.4V —10A | Fig. 1B 24 —_ — ¥
Qutput Saturation Voltage Veewmn 0.8V 24V —10A — — 1.2 18 v
24V 03y 1.0A — — 0.6 10 v
Short-Circuit Source Current ™ 0.8Y 24V v — 11 — 1.8 A
Logic Input Voltage Vi — — — — 20 — — v
Vi, — — — — — — 0.3 v
Input Current Iy 24V 24V NC — — 10 100 pA
I 08v pav NG — — —-50 150 pA
Clamp Dicde Forward Voltage Ve NC NG LOA Fig. 2 — 1.5 Z.0 y
Logic Supply Gurrent ls 2.4y 24V NG e — 15 20 mA
24V 08V NC — — 55 70 mA
D8y 2.4V NG — — 75 35 mA
Thermal Shutdown Temperature | T, — — — — — 160 — °C
Qver-Yoltage Shutdown Vg — — — — 26 — — ¥
Propagation Delay iy 24Y 241008V 104 Fig. 3 — 0.6 1.0 TR
0.8tc24V 24V —10A | Fig.4 — 1.0 2.5 L5
24V D8t 24y 104 Fig.3 — 1.1 2.5 s
241008V 24V —1.0A | Fig.4 — 0.6 1.0 T
Dead Time 1, — — — — — 2.0 — LS

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

SOURGE

INPUT

SINK
INPUT v

+
QUTPUT
la

td
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UDN-29431
HIGH-CURRENT HALF-BRIDGE MOTOR DRIVER

2.4V

3.5mH lour 8.5mH = —

lour

Diwg. No. A-14,138 Dwg. No. A-14,140

Dwg, No. A-14.139

FIGURE 1A FIGURE 1B FIGURE 2

Vs

24V — AV

M

lour ——

Dwy. No. A-14,141

Dwg. No, A-id,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 Gurrent to 4A
« Qutput Voltage to 60V
= | oads to 960W
* |ntegral Output Suppression Diodes
¢ TTL and CMOS Compatible Inputs
* Plastic Single In-Line Package
¢ Heat-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-voltage
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 outpuis
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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in-line, powertab package that ailows efficlent
attachment of an external heat sink for maximum
atlowable 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
ol + 25°C Free-Air Temperature

Supply Voltage Range V, .. .. ............... 10Vt 60y
Output Current, Ly (DCY .. ... ... .. .. [P, —44

(Peald ..................... —5A
Input Voltage Vo . ... ... . 15Y
Package Pawer Dissipation, Py .. .......,...... See Graph

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

Output current rating will be limited by ambient temperature, duty cycle,
heat sinking, air flow, and number of outputs canducting. Under any set
of conditions, do not exceed the — 5.0 A peak current and ajunction
temperaturs of + 150°C.




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

PARTIAL SCHEMATIC

G

TO OTHER
INPUT STAGES

ENABLE
(ACTIVE LOW) 40

b

Dwg. No. A-13,058

ALLOWABLE AVERAGE PACKAGE POWER DISSIPATION
AS A FUNCTION OF TEMPERATURE

2

NOTE: Pin 3 must be connected to Vs for
operation of input logic gates.

TRUTH TABLE

Input Enable Qutput

ALLOWABLE PACKAGE POWER DISSIPATION, Py, IN WATTS

[l s Y

L
L
H
H

T T r—

0
25 50 5 160 125 150
TEMPERATURE 18 2C

Dwg. No. A-11,784A
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UDN-2944W
QUAD HIGH-CURRENT, HiGH-VOLTAGE SOURCE DRIVER
L ———————— N,

ELECTRICAL CHARACTERISTICS at T, = +25°C, Trap <70°C, V5 = 60V, Venun = OV
(unless otherwise noted)

Limits

Characieristic Symbol Test Conditions Min. Max. Units
Supply Voltage Range Vs 10 60 v
Output Leakage Gurrent logx Vour = OV, Vgyasz = 2.4V - 50 A
Output Sustaining Volage Verus lour = —4A, L =3mH 35 — v
Output Saturation Voltage Vagsam) hur = =14, Vi = 2.4V - 1.8 v
lur = ~4A, V) = 2.4V - 25 V

input Voltage Logic 1 Ving) OF Yeuapieq 2.0 - v
Logic 0 Vinggy OF Vena e - 0.8 v

Input Current Logic 1 Vingn OF Vinaaier) = 2.4V — 220 uh
Vingry OF Venapez oy = 12V - 1.5 mA

Logic O Viny OF Venaaiey = 0-8Y - 50 whA

Total Supply Current Is All drivers ON, All outputs open - 25 mA
Clamp Diode Leakage Current In Vy = B0V - 50 uh
Clamp Diode Forward Valtage Ve Ik = 4A - 2.2 v
Turn-On Delay fon 0.5 E,10 0.5 E, R = 1582 - 2.0 ps
Turn-0ff Delay Torr 058,10 0.5E, R =150 - 10 1S

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

TYPICAL APPLICATION

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

o INg

WV 1

L—Rs: 0.5/ T oyt (MAX) EUD%




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
» Quiput Voltage to B0 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/LSI circuits and high-power
peripheral loads such as solenoids, d¢ 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 860 V (inductive loads to
35 V). The low-level 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
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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.



UDN-2948W

QUAD HIGH-CURRENT, HIGH-VOLTAGE SOURCE DRIVER

1Ny (s

GROUND O—

FUNCTIONAL BLOCK DIAGRAM
(ONE OF FOUR DRIVERS) Qs

10K

650

e

0 0UT,
A
TAB
77

Dwy. No, A-13,058

ALLOWABLE AVERAGE PACKAGE POWER DISSIPATION
AS A FUNCTION OF TEMPERATURE

ALLOWABLE PACKAGE POWER D§5SIPATION, Py, IN WATTS
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TEMPERATURE IN o

Dwg. No. A-11,784A
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ABSOLUTE MAXIMUM RATINGS
at +25°C Free-Air Temperature

Supply Voltage Range, Vg ............ 5.0V to 60V
Output Sustaining Voltage, Veseses) . ...... Mipn. 35V
Output Current, gy (e} ............ ... ... —-BA

(peak) ................. ~7A
Input Voltage, Vi .. .. ... oin i 15V
Package Power Dissipation, P, ............... 5.2wW*
Operating Temperature Range, T, ....—20°Cto +85°C
Storage Temperature Range, Ty . .. .. -55°Ci0 +150°C

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

Cutput 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 temperature of + 150°C.




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

M

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

Limits
Characterislic Symbol Test Conditions Min. Max. Units
Supply Voltage Range Vs 5.0 60 v
Output Leakage Current lgex Vor = OV, ¥y, = 0.4V -m 50 HA
Qutput Sustaining Voliage Vogsyy | lor = =6A, L =3 mH 35 — v
Output Saturation Valtage Viggn | lor = — 1A Wy = 2.4V — 18 v
for = —4A, V= 2.4V - 2.2 v
loyr = —BA, Viy = 2.4V — 2.6 v
Input Voltage Vinion) 2.4 - v
Vs - 0.8 Vv
Input Current bniony Vg = 2.4V — 220 BA
V= 12V — 1.5 mA
hwory | Vi = 0.8V - 10 pA
Total Supply Current lg One Driver ON, All Qutputs Open - 1.8 mA
Clamp Diode Leakage Current I Vi = 60V - 50 LA
Clamp Diode Forward Valtage Ve lr = BA - 29 v
Turn-On Delay oy 05E,10 0.5 E,,R =15 - 2.0 Hs
Turn-0ff Delay Toee 0.5E,t0 0.5E, R =13 - 10 us

NOTE: Negative current is defined as coming out of {sourcing) the device being 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 equivalent) should always be
used.

4, Mounting torque should be between 4 and 8 inch pounds (0.45 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 inchfinch (0.05
mm/mmy. :

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

L~~~ N

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

FEATURES

® 84 Qutput Capahility {DC)

® 50V Operating Range

@ Thermal Shutdown Cirguitry

® Built-In Crossover Delays

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

® TIL, CMOS, PMOS, NMOS Compatible Inputs
& |nternal Linear-Overcurrent Limiter

The UDN-2951Z and UDN-2955W half-bridge
motor drivers can handle 8 A continuous load cur-
rents and output voltages up to 50 V. Both devices
feature TTL, CMOS, PMQOS, and NMOS compati-
ble inputs, level shifting, and an internal voltage reg-
ulator for single-supply operation. Cutput transient-
suppression diodes in both sink and source drivers
have been incorporated.

The UDN-2951Z and UDN-2955W both have in-
ternal delay times to guard against hazardous crosg;
over currents. Both devices maintain 1ntemﬁ'a4 ",
current limiting, overvoltage protection up, to\ 75“\7
and thermal shutdown at 165°C. \‘\\ ‘\\\\ ‘\\\\\\

The UDN-2955W has extended ﬂemblhty w1\tt\l
external emitter sense pin on the«%ﬁﬂs driver, seﬂq\ ‘\\\»
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Drwg. Ne. 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 TO-220 power-
tab package for enhanced power dissipatlo A pabll—
ities and minimal size. The UDN-2955W is u plied
in a 12-pin single in-line plastic p%Wémta hack-
age for exceptional power hamihng Capablll £5.

This power-tab configuratiop- "él],caws &)r easy a“b{;ad\}
ment of an external p%qa\t sin} m; extendtd
power-handling Capabllltlé‘:\\ Syt e N, “\«.\“
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Dwp. N, A-14,191
UDN-2951Z
ABSQLUTE MAXIMUM RATINGS
atT, = +25°C
Supply Veltage Range, Vg ................. 10¥to 75VF
Qutput Voltage Range, Vour .. .. ... ... ... L. 0ViohQVv
Qutput Current, Ly (0C) .. ... BA
Input Yoltage Range, ¥y ................ —07Vto 90V
Package Power Dissipation, P,
(ZPackage) ........ ... ... .. ... ... 3.125W*
(WPackage) .......................... 5.2 W

Operating Temperature Range, T, —20°C to +85°C
Storage Temperature Range, T, —55°Cto +150°C
*Derate at the rate of 25 mW/°C above T, = + 25°C.

**Derate at the rate of 41.66 mW/°C above T, = +25°C.
Tinternal over-voltage shutdown above 50 V.




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

FUNCTIONAL BLOCK DIAGRAM

UDN-2955W
r
|
SOURCE 1wl
: SOURCE qur
|
DISABLE o—Dc:
]
I SINKqur
s
SINKin, EMITTER SENSE
L

TOD = TURN ON DELAY, TS = THERMAL SHUTDOWN

Dwg, Mo, A-14,190

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

Limits
Characteristic Symbol Conditions Min. Typ. Max, Units
Qutput Leakage Current leex Your = 50V —_ — 50 ph
Vour = 0V — — =50 phA
Qutput Sustaining Voltage Verrus: by = =84 L=3mH 50 — — ¥
Qutput Saturation Voltage Ve lyr = £8A — — 2.0
Short-Circuit Scurce Current lour —20 — —12
input Gurrent by Yo = 2.0V — — 05 mA
iy Yy =08V -60 — — pA
Propagation Delay ton loor = 8 A, Resistive Load, Sink Driver —_ 2.5 — 1S
tow lor = 8 A, Resistive Load, Sink Driver — 0.2 — 1S
tow, losr = —8& A, Resistive Load, Source Driver. .| — 2.5 — LS
o lyr = —8 A, Resistive Load, Source Driver — 2.5 — [TH]
Clamp Diode Forward Yoltage V: l, =8A — 2.0 — y
(lamp Diede Leakage Current I Ve =50V — — 50 wh
Supply Surrent ls Vaaupe: = 2.0¥ — —_— 12 mA
Voe = Vooupee = 0.8V — — 20 mA
Thermal Shutdown Temperzture T Note 1 — 165 — °C
(Over-Voltage Shutdown Vs 50 — 60 y

1. Thermal shutdown has a typical hysteresis of 15°C.
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UDN-2951Z AND UDN-2955W
84 HALF-BRIDGE MOTOR DRIVERS

TYPICAL APPLICATION

3-PHASE BRUSHLESS DC MOTOR DRIVE

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

Dwyg. No, A-14,144

INPUT WAVEFORMS
SO l
SIt —-I—I
so2 —I__-I
sIz — I
S03 I
SI3 _I—l

Dwa. No. A-14,145
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UDN-2952B AND UDN-2252W
FULL-BRIDGE MOTOR DRIVERS
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UDN-2952B AND UDN-2952W
FULL-BRIDGE MOTOR DRIVERS

FEATURES

» High Output Current

o Adjustable Short-Circuit Pratection
o Thermal Protection

o [nternal Glamp Diodes

e TTL, DTL, PMOS, CMOS Compatible
» DIP 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 control of d-c
motors or solenoids operating with continuous load
currents of up to 2A and peak start-up currents as
high as 3.5 A.
For applications requiring load currents of 1 A or
less (2 A peak), the economical Type UDN-2952B-2
and UDN-2952W-2 are recommended. The lower-

Vale__J
Vssafm ] Ve

3 ! 6 ! 9 10} “
S 2 M 2w g
=) g = o= % == i 8 -
gE =
Dwg.No. A-11,3E59A
UDN-2952W

Yk [2 15] VBB
Vss1 [2 15] YD
ouny = 14] PHASE
SUB | 4 o 13| SUB
sus |s/sts S| Lazdsue
Va & 11} ENAST
Veso 3 13} GROUND
oUt; 3 51Yp8

Dwg.No. A-11,368B

UDN-2952B

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

These monelithic 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.



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

ABSOLUTE MAXIMUM RATINGS

ai Ty = +70°C TRUTH TABLE
Motor Supply Voltage Range, Veg ............. 4.5V 10 40V ——
Logic Supply Veltage Range, Vo, .. ... ... .. 4.5V 10 15V ENABLE  PHASE Vs Vp  OUT,  OUT,
Sub_strate Voltage Range, Voe .. .. .. .. ... ... 0V to — 20V High X X % Open  Open
Logic Input Voltage, Vouss OF Vaggie e oo cov v oeee e v Low High <08V >45V  High Low
Output Current, 1o, (UDN-29528 and UDN-2952W) . ... =3.5A Low Low <08V >45Y  Low High
.(UDN-ZQSZB-‘? and UDN-ZQSZW-Z); L k2R X X =09V 45V Open Oper:
Package Power Dissipation, Py ............... See Graphs X X X OV Open  Open
Operating Temperature Range, To. . ... .. —20°C th -~ 85°C i
Storage Temperature Range, Ty ... ... ... —55°C to + 150°C X = Irelevant,
ELECTRICAL CHARACTERISTICS e T, = +25°C, ¥V, = 40V, V,, = 5V, Ty = +70°C,
Figure 1 (unless otherwise noted)
Limits
Characteristic Symbol ' Test Conditions Min. Typ. Max. | Units
Qutput Drivers (QUT, or GUT,) |
Qutput Leakage Current leex Vause = 5V, Vour = Vo Note 1 — — 500 WA
Vebuge = BV, Vor = OV, Note 1 — —  -=500| pA
Output Saturation Yoltage Veewmn Vewoe = OV, loyr = 1A, Notes 1 and 2 — 1.2 15 ¥
Vobor = 0V, lp,y = 24, Notes 1 and 3 — 15 20 v
Qutput Sustaining Voltage Veeu loyt = 1A, Figure 2, Notes 1 and 2 40 — —
lgur, = 24, Figure 2, Notes 1 and 3 40 — — v
Motar Supply Current leaiom VE@ELE = 0.8V, Outputs Open, Note 1 — 15 30 mA
lesiore Ve = 2.4V, Outputs Dpen, Note 1 — 3.0 5.0 mA
Clamp Diode Forward Voltage | V: l- = 1A Note 2 — 1.0 1.5 )
Il = 24 Note3 —_ 18 22 ¥
Control Logic (PHASE or ENABLE)
Logic Open-Circuit Voltage Vi lpwasg, OF leyaner = — 250 pA o o 75 ¥
Logic Input Current Iz Vousek O Ve = 24V — =50 100 pA
gy Vot OF Yoy = 0.8V — =10 -—-16| mA
Logic Input Voltage Vi . 24— —
V\Ntm ! - - 08 v
Logic Supply Current [ . — 15 30 ma
Sense Trigger Voltage ¥ Vovad = 0.8Y — 850 — my
Turn-On Delay Time Lo Sourck Drivers — 1.0 — LS
Sink Drivers — 05 — | ps
Turn-0ff Delay Time t Sourcé Drivers — 20 — s
Sink Drivers — 10 — ps
Thermal Shutdown T, — 175 — °C

NOTES: 1. Testis performed with Veys: = 0.8V and then repeated for Ve = 2.4V,
2. Dutput measurement at 1A are applicable te the UDN-29528, UDN-2952B-2, UDN-2952W, and UDN-2952W-2.
3. Output measurements at 2A are applicable only to the UDN-2952B and UDN-2952W,



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

ALLOWABLE PACKAGE POWER BISSIPATION, Pp. IN WATES

PHASE
ENABLE

FUNCTIONAL BLOCK DIAGRAM
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ALLOWABLE AVERAGE PACKAGE POWER DISSIPATION
AS A FUNCTION OF TEMPERATURE
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Dwg. No, A-11,798A
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UDN-2952B AND UDN-2952W
FULL-BRIDGE MOTOR DRIVERS

TEST FIGURES

Vop=5V Ves=40V

o

8§ F

PHASE o7} "l: ¢ M—

ENABLE o={5JD) W

5 8

(9] [4] [TaBI ﬁ %
Vs§=0\¢‘ J=‘

(O=uDN-2952B
Dwg.No. A-11,98C
[[]=upn-29s2w

FIGURE 1
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(O=upn-2952B

Dwg.No. A-11,981
[CJ=ubN-2952W

FIGURE 2
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UDN-2952B AND UDN-2952W
FULL-BRIDGE MOTOR DRIVERS

TYPICAL APPLICATIONS

UDN-2952M UDN-2952W
L Ed
k‘ { LOE1C }J LOGIG H
[
+ L =11 L
5y 236V +5lv LBGV
+5v
RS
Ed -]
E ouTPLT B % <
o
b4

INPUT A {‘I._‘

+5vV
S5TEP INPUT ‘ i I | | I | i I | I |
o]

+5v
INPUT A

0

+5v
INPUT B \
o

OUTPUT A 0

1
| EE————|
R—
OUTPUT B O t y ;

- _

Dwg.Mo. A-11,982

NOTES:
1. This is mot a bipolar chopper application.

2. Resistor R; sets the maximum aliowable output current for protection against crossover currents

and short circuits. Ry = 0.6/1r.
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UDN-2952B AND UDN-2952W
FULL-BRIDGE MOTOR DRIVERS
e

TYPICAL APPLICATIONS

FULL-BRIDGE DC SERVO MOTOR APPLICATION

-0 VBB=35V

UDN-2952B

3
—o0 Vpp =5V
O DIRECTION

—-0 SPEED (PWM)

Dwg. No. A-11,984 n

DIRECTION

——I I——>5ﬂs — |-—>5u5

s 1 TR T
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Dwg. No. A-11,383




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

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

FEATURES
& 50V Qutput Voltage Rating
e 2 A Continuous Output Rating
o |nternal Fiyback Diodes
® Thermal Shutdown
e (rossover Gurrent Protection
e BRAKE, ENABLE, and Current-Limit Functions

The UDN-2953B and UDN-2954W are designed
for bidirectional control of dc or stepper motors
with continuous cutput currents to 2 A and peak
start-up currents as high as 3.5 A. For pulse-
width modulated {chopped-mode) operation, the
output current is determined by the user's selec-
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-

OE
a > w5
S o ¥ BT oS4 N o<y
=1 =2 = = < @ = =
o O x = I < © [
e ] = o = w
[C] \ = w
w2 [
g = =3
> o
=
>
Q
Dwg, Ne. A-13,023
UDN-2954W
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NC K
Voer/ BREKE ouT,
RC{TIMING) A
GROUND GROUND
GROUND GROUND
Vi SENSE
PHASE ouT,
CUTPUT ENABLE Vg

{ACTIVE LOW)
Dwg. No. A-13,024

UDN-2953B

ized by maximum efficiency and low power-dis-
sipation levels. Extensive internal circuit protec-
tion includes thermal shutdown with hysterisis,
transient-suppression diodes, and crossover
current protection.

When the Vo/BRAKE pinis low (<0.8 V, the-
braking function is enabled. This turns both sink
drivers oFF and the source drivers are turned ON.
When Vo:/BRAKE is set above 2.4 V, that voltage
(and the current sensing resistor) determines the
Ioad current trip point. An RC TIMING pin is avail-
able fo use for an internal one-shot to controf
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 afttachment 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-pinsingle in-line power tab package.
In both package styles, the heat sink is at ground
potential and needs no insulation.



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

ABSOLUTE MAXIMUM RATINGS
at T = +70°C

Motor Supply Voitage, Vaa. .. ..o oo 50V
Output Gurrent, lgr{Peak) ..., +3.5A

(Gontinuous) ...ovev i, =2.0A
Flyback Diode Voltage, Vi . . ..o Ve
Minimum Clamp Diode Voltage, Ve ... ... .. ..o oL Ground
l.ogic Supply Voltage, Vg ..o oo 7.0V
Logic Input VONEQE, Veuase: Venagie -« - o oo cmmvvvrmmneee e Vea
Sense Voltage, Vase. . . . . - e 1.5V
Referance VORAQE, Vee/BRAKE .. ...\ ve v i e 15V
Package Power Dissipation, Py. ... oo See Graphs
Operating Temperaturs Range, Ta. . vov e veiinieiiniannins —20°Cto +85°C
Storage Temperature Range, Tg . ...........oooiiii.s, ~b5°C to +150°C

ELECTRICAL CHARACTERISTICS at T, = + 25°C, Tpys = +70°C, Vg, = 50V, V;; = 5V,
Vemse = 0V, 5k RC to Ground

Limits
Characteristic Symbol Test Conditions Min. Typ. Max. | Units
Qutput Drivers (OUT, or QUT,)
Output Supply Range Vaa 8.5 — 50 v
Output Leakage Current leex Vensae = 9V, Vour = Ve, (NOTE} — — 50 A
Vewar = 5V, Vour = 0V, (note) — — 50 pA
Output Sustaining Voltage Vessus low = =2A,L=2mH 50 — — v
Output Saturation Voltage Vorsam Vese = 0V, Iy = +0.5A — 1.0 1.2 v
Vipase = OV, pyy = =1.04 — 1.2 1.4 V
Vipsge = OV, lpyy = =2.0A —_ 1.5 1.8 Vv
Clamp Diode Leakage Current Ia Va=50V — — 50 pA
Clamp Diode Forward Yoltage Ve l=2A — 1.8 2.2 v
Motor Supply Current | lanou Vigme = 0.8V, Varr = 2.4V, No Load — 20 30 mA
lsgqorr, Vipame = Yeer = 2.4V, No Load — 1.7 2.5 mA
Vewge = 9V, Var = 0.8 Y, No Load — 40 60 mA
Control Logic
Logic Supply Range Vie 4.5 5.0 5.5 v
Logic Input Current |l All Inputs = 2.4V — <—1 -10 wh
[ All lnputs = 0.8V — -50 -200 pA
L.ogic Input Voltage | Vinen All Inputs 2.4 — — V
Vivo All Inputs — — 0.8 v
Veer Open-Gircuit Yoltage |[— log: = 0 — Vo2 e v
Current Limit Threshold Veer/Veense at Trip Point 8.5 10 10.5 —
Turn-On Delay ton All Drivers — 1.0 — WS
Turn-0ff Delay T All Drivers — 1.0 — WS
Thermal Shutdown Temp. T, ] — 165 — G
Lagic Supply Current log Veapie = Vi = 2.4V — 15 20 mA
Vepame = 0.8V, Ve = 2.4V — 22 30 mA

Note: Tests performed at QUTy with Vewge = 0.8 V and at OUT, with Ve = 2.4V
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UDN-2953B AND UDN-2954W
FULL-BRIDGE PWM MOTOR DRIVERS

(a]
5 5\"« @ Vee
FUNCTIONAL BLOCK DIAGRAM PHASE =
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BFe—-A*
QUTPUT s L
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ONE-
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Dwy. Mo. A-13,028
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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 de servo, and brushless de mo-
tors with various pulse-width modulation (PWM)
current-control formats. Qutput 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:
Tour = Viaer/ 10 Rsgnse

When the current in the sense resistor (typically
=0.50) reaches the set point, an internal one-
shot turns OFF the sink drivers for a time period
{t,) 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 within the range of 20 k(2 to 100 k(2 and
200 pF to 500 pF. If the RC pin is tied to Vg, inter-
nal delay circuitry is activated, allowing 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 Vo, = 5V and T, = +25°C, increasing
slightly with increasing temperatures.

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

Average motor current can also be adjusted by
external pulse-width modulation using the ouT-
PUT ENABLE pin. Toggling the QUTPUT 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 te ground
through a 5 k{2 resistor.

With the RC pin connected to Vo, Ve and
Recnse 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 Vae/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
ps 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

+5V
PHASE
ENABLE

UDN-2953B +3BV
‘ o}

(ACTIVE LOW)

Dwg, No. A12,640B




UDN-29538 AND UDN-2954W
FULL-BRIDGE PWM MOTOR DRIVERS
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MOUNTING OF POWER TAB DEVICES

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

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

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

3. Thermal grease (Dow Corning 340 or equiva-
lent) should always be used. Thermal com-
pounds are better heat conductors than air
but not a good substitute for flat mating sur-
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
heat sinks can cause internal stresses which
damage silicon ¢chips and insulation parts.
Mounting torque should be between 4 and 8
inch pounds {0.45 to 0.90 Nm.)

6. The mounting heles 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 dialylphthalate, fiberglass-filled polycar-
bonate, or fiberglass-filled nylon. Unfilled
nylon should be aveided.



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 Dutput
e 45V Min, Sustaining Yoltage
® [ntgrnal Clamp Diodes
o TTL/PMOS/CMOS Compatible Inputs
® High-Speed Chopper
® DIP or SIP Packaging

Using PWM to minimize power dissipation and
maximize load efficiency, the UDN-2862B and
UDN-2862W dual drivers are recommended for
impact printer solencids and stepper motors.
Each device is comprised of two source/sink
driver pairs rated for gontinuous operation to
+3A. They can be connected to drive two inde-
pendent loads or a single load in the full-bridge
configuration. All drivers include output clamp/
flyback diodes, input gain and level shifting, avoli-
age regulater for single-supply operation, and
pulse-width modulated output-current control cir-
cuitry. Inputs are compatible with most TTL, DTL,
LSTTL, and low-valtage CMOS or PMOS logic.

The peak output current and hysteresis foreach
sourcefsink pair is set independently. Output cur-
rent, thresheld voltage, and hysteresis are set by
the user's selection of external resistors. At the
specified output-current trip level, the source
driver turns OFF. The internal clamp diode then
allows current to flow without additional input
from the power supply. When the lower current trip
point is reached, the source driver turns back on.

The UDN-2962B dual solenoid/motor driver is
supplied in a 18-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 enables easy

Continued next page
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UDN-2962B AND UDN-2962W
DUAL PWM SOLENOID/MOTCR DRIVERS

attachment of a heat sink while fitting a standard
printed wiring board layout. The UDN-2862W, for
higher package power dissipation requirements,
is in a 12-pin single in-line power tab package. The
tabis at ground potential and needs no insulation.
With either package, for high-current or high-
frequency applications, external heat sinking may
be required.

ABSOLUTE MAXIMUM RATINGS
at T < +70°C

Supply Voltage, V... 45V
Peak Qutput Current, lgyr- .o oot ns s *4A
Input Voltage Range, Vi, ........... —0.3Vto +7.0V
Package Power Dissipation, Py............. See Graph
Operating Temperature Range, T, .... —20°Cto -+85°C
Storage Temperature Range, Te. . ... —55°Cto +150°C

NOTE: Output current rating may be imited by duty cycle, ambiant temper-
ature, and heat sinking. Under any set of conditions, do not exceed the
speclfiad peak current and a junction temperature of + 150°C,
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UDN-2962B AND UDN-2962W
DUAIL PWM SOLENOID/MOTOR DRIVERS
[ e e RS

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

Limits
Characteristic Symbol | Test Conditions Min. Typ. Max. Units
Supply Voltage Range Vo Operating 20 — 45 Vv
Qutput Drivers
Qutput Leakage Current leex Vin=2.4V, Vspupce =0V - <-1.0 -100 wh
V=24V, Vo= 45V - <1.0 100 A
Cutput Saturation Voltage Vegsary, | Source Drivers, | gap=3.0A — 21 2.3 )
Source Drivers, | gp=1.0A — 17 1.9 v
Sink Drivers, | 5y, =3.0A - 1.7 1.9 v
Sink Drivers, | pp=1.0A — 1.1 1.3 v
Qutput Sustaining Voltage Vegewsy | lor=£3.0A, L=3.5mH 45 — — v
Dutput Current Regulation Algyy | Vigg=0.6V 10 1.0V, L=3.5mH - — +25 %
Vis=1.0V10 2.0V, L=3.5mH — — +10 %
Vis=2.0V 10 5.0V, L=3.5 mH — —  £50 Yo
Clamp Diode Forward Voltage V. le=3.0A — 1.7 2.0 V
Qutput Rise Time t, Voan=3.0A 10% to 90%, Resistive Load — 0.5 1.0 us
Qutput Fall Time 1 I oap=23.0A, 90% 10 10%, Resistive Load | — 0.5 1.0 us
Centrol Logic
Logic Input Voltage Vi) 2.0 — — v
Viug - — 0.8 )
Logic Input Current Uinen) Vy=2.4V — 1.0 10 pA
ing | Yy=0.8Y — =20 —100 A
Iruso | Vi 2500 MV, Vgeyge SV1us/ 10,5 - =20 - pA
Ithsmys) | Vemnse =Vrws/ 9.5, Viyg=0.6V to 5.0V 140 200 260 KA
Vius/ V gpnse Ratio — Vig=2.0Vto 5.0V 95 10 10.5 —
Supply Current lee V=24V, Cutputs oFfF — 8.0 12 mA
(Total Device) Vy=0.8V, Outputs Open — 25 40 ma
Propagation Delay Time Lo 50% V¥, 1o 50% Vgyr, Turn oFF — — 2.5 us
{Resistive Load) 50% Vy to 50% Vyyp, Turn oN — — 3.0 us
100% Vgeyse to 50% Vot — — 2.0 us

*Where VSENSE ZVTHSIB.S
NOTE: Negative current is defined as coming out of (sourcing) the specified device pin.

TRUTH TABLE

SOURCE SINK
Vi Vsense DRIVER DRIVER
High NA Off Off
Low <Vyys/ 10 On On
Low >Vrs/ 10 0ff On

477



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

APPLICATIONS

The UDN-2862B/W driver is intended for use as
a free-running, pulse-width modulated, motor or
soleneid 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),
the comparator output goes high and the source
driver is turned oFF, The internal clamp diode 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 hysteresis percent-

~ age are determined by the user:

Ry = 50VgeH
_ Ry{10 1y Ry
77 Vegr— (10 lyax R)
where 10 | yux Rg= V14g=0.6 to 5.0V
and H = desired hysteresis in percent.

Graphical solutions for By and Ry, with V=
5Vand R;=0.1Q, follow.

TYPICAL WAVESHAPES
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UDN-2962B AND UDN-2962W
DUAL PWM SOLENOID/MOTOR DRIVERS

APPLICATIONS

RESISTOR R, VALUE
AS A FUNCTION OF HYSTERESIS
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For optimum operation of the UDN-2962B/W, the following design
guidelines should be observed:

1. The Vg supply should be decoupled with an electrolytic capaci-
tor (10 uF or greater). This capacitor should be placed as closs 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¢%



UDN-2962B AND UDN-2962W
DUAL PWM SOLENOID/MOTOR DRIVERS
e

TYPICAL APPLICATION

BIPOLAR, PULSE-WIDTH MODULATED, STEPPER-MOTOR DRIVE

+ 36V

Y. UDN-2062B/W 2 UDN-2962B/W

r-TTT= - [Ngc~ ~ - =
| | |
- [ (. I
IN o—— f P IN
| | |
| e 3! o | |
1)
sV | 8 | e g1 1Y
I P |
Aul | I RH
P Tus I THS!
L _ _ _ _SENSE]J L [SENSE__ _ _ _
Rt Rt
o L L
Dwg. No. D-1004
RH AND Ry DETERMINE HYSTERESIS AND PEAK CURRENT
NOTE: Each of the drivers within the UDN-2962B/W includes an intarnal logic delay to prevent
potentially destructive crossover currents within the driver during phase changes. However,
never simultaneously enable both inputs in the full-bridge configurations: A destructive short-
circuit to ground will result.
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 torque shoulid be between 4 and &
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 Gorning 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 polycarbonate, or fiberglass-filled nylon.
0.002 inch/inch (©.05 mm/mm). Unfilled nyton should be avoided.

4—380



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

e "

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

FEATURES

® 5 A Peak Qutput

@ 50V Min. Qutput Sustaining Voltage
® TTL/PMOS/CMQS Compatible Inputs
® Low Input Current

@ Internal Clamp Diodes

® |nternal 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. Each 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. Quiput current, threshold voltage, and
hysteresis are set by the user’s selection of external
resistors. If desired, internal threshold and hyster-
esis defaults (400 mV and =10%) can be used. At the
specified output-current trip level, the source driver
turns oFF. 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 turns 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

i—81
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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
ot Ty = +70°C
Supply Voltage, Ve, . ..o 50V
Peak Output Current, by ..o +5A
Input Voltage Range, ¥, ............ .. —0.3Vio +7.0V
Package Power Dissipation, Py, .. ............. See Graph
Operating Temperature Range, T,. . ... ... —20°C te +85°C

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

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




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

FUNCTIONAL BLOCK DIAGRAM
{ONE OF TWO DRIVERS)

ALLOWABLE AVERAGE PACKAGE POWER DISSIPATION
AS A FUNCTION OF TEMPERATURE
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TRUTH TABLE
Source  Sink

Vi Yius Veense Driver  Driver  Hysteresis
High NA NA Off Oif NA
Low <04V NA off On . NA
Llow 0.6Vtod0V  <<Vi10 On On Set by Ry,
low 06Y1040V >V/10 Off On —
Low =45V <04V On On  5%1010%
Low >4.5V >04Y Off On —
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UDN-2965W-2
DUAL PWM SOLENOID/MOTOR DRIVER

ELECTRICAL CHARACTERISTICS ot T, = +25°C, Ty = +70°C, Ve = 50V, Ve = OV {unless otherwise noted)

Limifs
Chatacteristic Symbol Test Conditions Min. Typ. Max. Units
Supply Voltage Range Vo Operating 20 — 50 ¥
Qutput Drivers
Qutput Leakage Current lex Vi = 24V, Vsqupee = 0V ] - <—=10 -100 pA
Vi = 2.4V, Vg = 50V —_ <1.0 100 ph
Output Saturation Voltage Yoram Source Drivers, Lo, = 4.0A — 23 25 )
Source Drivers, |y = 1.0 A — 1.7 18 v
Sink Drivers, | gy = 4.04 — 2.1 2.3 v
Sink Drivers, g = 4.0A — 1.0 1.2 ¥
Output Sustaining Voltage Yeesug fr = £4.04,L = 3.5mH 50 — — ¥
Output Cutrent Regulation Algr Ve =06Vt 10V,L=35mH — — =25 %
Vis = LOV10 2.0V, L = 3.5 mH — —_ =10 %
Vs = 20V104.0V,L = 3.5mH - — +5.0 %
Clamp Diode Forward Voltage Ve = 4.0A —_ L8 2.0 y
Qutput Rise Time t o = 4.0A, 10% to 90%, Resistive Load — 0.5 10 BS
Output Fall Time 1 Lo = 4.0 A, 90% to 10%, Resistive Load — 0.5 1.0 L8
Control Logic
Logic Input Voltage Ve 2.0 — — )
L — — 0.3 y
Logic Input Current ey Vi = 2.4¥ — 1.0 10 WA
Iy Vo = 0.8V — —-200 100 pA
Irusiore) Vs = 400 mV — —&0 - A
sty Vi 2 300 mV, Yopye: = Viy/10.5 — —20 — pA
bysars Vsense = Yu/9.5, Vs = 06V 1045V 140 200 260 pA
QOutput Disable Voltage Vinsorn — - 400 my
Ve Veener RatiO — Vs = 2.0Y 1020V 9.5 10 105 —
Default Sense Trip Voltage VYsense Vs = 4.5V 380 400 420 my
Default Hysteresis H Vo = 4.5V 5.0 — 10 %
Supply Current leg Vi, = 2.4V, Outputs OFF — 20 25 mA
(Total Device) Vi = 0.8V, Qutputs Open — 47 50 mA
Propagation Delay Time t 50% Vyy to 509 Vigyr, Turn OFF —_— — 25 S
(Resistive Load) 50% ¥y to 50% Yy, Turn ON — — 3.0 s
100% Vgpge 10 50% Vour* j— — 2.0 [T
Thermal Shutdown I — 175, — °C
*Where Vope: = Voe/9.5

NCTE: Negative current is defined as coming out of (sourcing) the specified 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—83



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 ox 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 orF. The internal
flyback diode then allows current to flow 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 externzl resistance Ry
and is independent of the peak output load current
set by Ry 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.

Maximurm load current and hysteresis percentage
are determined by the user:
Ry = 50 Vger H
_ _ Ry(10L, RY
VR.E.F - (10 IMAX Rs)

where 10 Iyux Rs = Vs = 0.6104.0V
and H = desired hysteresis in percent.

Graphical solutions for Ry and Ry, with Vpge =
SVand Ry = 0.1 Q, follow.

Pulling V1 down to less than 0.4 V disables the
source driver, turning the load orr, With Vg
greater than 4.5V, the hysteresis is fixed at (defauits
o) between 5% and 10% and the peak load current
is fixed at:

Rs

Lyax = 0.4/Rs

TYPICAL WAVESHAPES
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UDN-2965W-2

DUAL PWM SOLENQID/MOTOR DRIVER
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UDN-2975W AND UDN-2976W
DUAL 4 A SOLENOID DRIVERS

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

FEATURES

® 5 A Peak Quiput

« TTL/PMQS/CMOS Compatible Inputs
@ Low Input Current

e Qutput Yoltage o 60V

@ Single-Ended or Split Supply

® Ndjustable Short-Circuit Protection
® Internal 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, LSTTL, and 5V to
15 V 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 cap X Rgense), alatch
is set, shutting OFF one of the output transistors.
The internal flyback diode then maintains the flux
without further 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
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in-line power tab packages. For proper operation,
an external heat sink is required. The tab is at Vgg
potential and must be insulated from ground when
Type UDN-2976W is used with a split supply.

ABSOLUTE MAXIMUM RATINGS
at Ty, = +70°C

Supply Voltage, Voo {Ref. Ver, UDN-2975W) .. ... ... ... 50V
{Ref. Ve, UDN-2976W) . ........... 6oV

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

(Ref. GND, UDN-2976W). ... ..... —30v

Peak Qutput Current, Loy + ..o 2 A
Input Voltage, Vie . . - o oo oo 15V
Reference Yoltage, Ve . ..o oo oo 5¥
Package Power Dissipation, P,. .. ............. See Graph
Operating Temperature Range, T,. . .... .. —20°C to +85°C

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



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

FUNCTIONAL BLOCK DIAGRAM
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SENSE RESISTOR
(TYPICALLY 0.1%2)

L _apn— 1

Dwg. No. A-I2,1006A4

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 circuit.
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TRUTH TABLE

Source Sink
Vo Vsense Driver Driver Function
High NA Off 0ff Off
Low <Veee/ 10 On On On
Low >Vee/10 Off On Flyback




UDN-2975W AND UDN-2976W
DUAL 4 A SOLENCID DRIVERS
e ]

ELECYRICAL CHARACTERISTICS ek T, = +25°C, Typ = +70°C, V. = 45V (UDN-2975W) ot 55 V (UDN-2976W),
Vi = Vimg = 0V (unless otherwise noted)

Applicabla Limits
Characteristic Symbol Devices Test Conditions Min. Max. Units
Sunply Voltage Range Vi UUDN-2975W | Operating 20 50 y
UDN-2976W | Operating 20 - 60 v
Supply Current oo Both Qutputs Open — 25 mA
fee Both Outputs Open — —20 mA
Output Drivers
Qutput Leakage Current leex UDN-2075W | ¥y = 2.4V Ve = S0V, Vogupee = 0V — 100 ph
Vi = 24V, ¥y = Voo = 50V — 100 pA
UDN-2976W | Vi = 2.4V, Vs = 60V, Voquaee = 0V — 100 ph
Vo = 24V, Yy = Voo = 60V — 100 pA
Qutput Saturation Voltage Vegsan Both Source Drivers, | gy = 4A —_ 35 ¥
Sink Drivers, Iy = 4 A — 2.5 ¥y
Output Sustaining Voltage Yooy | UDN-2975W | g = 4A L =35mH 50 — y
(Source drivers only) UDN-2976W | Lo = 44 L = 3.5mH B — v
Clamp Diode Forward Yoltage ¥y Both k=44 — 2.0 ¥V
Qutput Rise Time t, Both Lo = 4 A, 10% t0 90%, Resistive Load — 2.0 TR
Qutput Fall Time Y Both Lo = 4 A, 90% t0 10%, Resistive Load — 2.0 s
Control Logic
Logic Input Voltags Yoy Both 2.0 — v
Yo Both See Notes — 0.5 ¥
Logic Input Current [ Both V= 24Y — 20 wh
- Both V= 04V — =20 | phA
lagersy Bath Vo = 5.0V — -0 | pA
Reference/Sense Ratio — Both Ve = 20105.0V 9.5 10.5 —
Propagation Delay Time - Both 50% ¥, te 50% V., Resistive Load — 3.0 s
100% Ve to 50% V,.*, Resistive Load — 3.0 T
Iinimum Reset Pulse Width th Both — 10 ps

*Where V,,,,, = Yeee/10.5
NOTES: Negative current is defined as coming out of {scurcing) the specific device pin.
For improved noise immunity, hysteresis insures ¥, of 0.8 V max. after V,, is 0.5 V¥ or less.
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UDN-2998W
DUAL FULL-BRIDGE MOTOR DRIVER

UDN-2998W
DUAL FULL-BRIDGE MOTOR DRIVER

FEATURES
® +3A Peak Qutput Current
= Qutput Voltage to 50V
o Integral Output Suppression Diodes
« Qutput Current Sensing
o TTL/GMOS Compatible Inputs
= Internal Thermal Shutdown Circuitry
¢ Crossover-Gurrent Protected

As an interface between low-level logic and sole-
noids, brushless dc motors, or stepper motors, the
UDN-2998W 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 compatibfe
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 circuit 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
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ENABLEg
PHASER

Dwg. Mo, W-10

requires the use of an external heat-sink, Thetabis
a ground potential and needs no insulation,

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

ABSOLUTE MAXIMUM RATINGS
at TTAB = +70°C
Supply Voltage, Vas ...l 50V
Output Current, lour (DC)

(Peak) .................. +=3A

Sink Driver Emitter Voltage, Ve ................ 1.5V
Logic Input Voltage Range,

Venase DI’VENABLE ............... —0.3Vi015Y

Package Power Dissipation, Pp ........... See Graph
Operating Temperature Range, Ta ....—20°Cto +85°C
Storage Temperature Range, Ts ..., . —55°C to +150°C
NOTE: Quiput current rating may be fimited hy chopping frequency,
ambient temperature, air flow, or heat sinking. Under any set of condi-
tions, do not exceed the specified current rating or a junction tempera-
ture of +150°C.




UDN-2998W

DUAL FULL-BRIDGE MOTOR DRIVER

FUNCTIONAL BLOCK DIAGRAM
(ONE OF TWO DRIVERS)
O Ves
THERMAL
SHUTDOWRN
O- |'>e d j_(}
ENABLE
(ACTIVE LOW) NP
+—Cour, out,(O—+
[ TuRNTON ¢ s >
DELAY L
TURN-ON
DELAY
PHASE

ALLOWABLE AVERAGE PACKAGE POWER DISSIPATION
AS A FUNCTICN OF TEMPERATURE

20

oI\
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A
)
1
)
¥

10

Yo

ALLOWABLE PACKAGE POWER DISSIPATION, Pp, IN WATTS

a
mw
e
L=

75 100 128 150
TEMPERATURE IN °C
Dwg. Na, A«11,784A
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Ove

Dwg. No. W-1074A

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

TRUTH TABLE
Enable Phase
Input Input Qutput 1 Output 2
Low High High Low
Low Low Low High
High High Open Laow
High Low Low Open




UDN-2998W

DUAL FULL-BRIDGE MOTOR DRIVER

e ————,— e TNNN..,
ELECTRICAL CHARACTERISTICS at Ta = +25°C, Trap < +70°C, Vs = 50V

Limits
Charasteristic Symbol | Test Conditions Min.  Typ. Max. | Units
Output Drivers
Operating Voltage Range Vis 10 —_ 50 v
Output Leakage Current Ioex Vour = 50V, Vemasle = 2.0V, Note 2 —~ <50 50| pA
Vour'= 0, Venape = 2.0V, Note 2 — <50 -50 pA
Output Saturation Voltage Veesan | lour = 1A, Sink Driver — 12 14 v
lour = 2A, Sink Driver — .7 19 v
lout = ~ 1A, SOUTCE Driver — 17 18] v
lour = —2A, Source Driver — 207 22/ v
Output Sustairing Voltage Vegsusy | lour = =2A, L = 3.5 mH, Note 2 50 — — v
Source Driver Rise Time t lour = —2A — 500 —_ ns
Souree Driver Fall Time t lour = —2A — 750 — ns
Deadtime fe lour = =24 — 2.5 — us
Clamp Diode Leakage Current | is Va = 50V — <50 50 pA
Clamp Diode Forward Voltage | Ve Ir = 2A — 15 20 v
Supply Current lem Venasteey = Venasiery = 0.8V — 25 30 mA
VensgLery = VenasLe = 2.0V — 20 25 mA
Control Logic {(PHASE or ENABLE)
Logic Input Voltage | Ving 08 - -  — v
Ving — — 20 v
Logic Input Current Iinagey Veuase 0T Venaaie = 0.8Y — 50 -25 pA
lingty Vorase OF Venase = 2.0V — <10 10| pA
Turn-On Deigy Time taan ENABLE Input to Source Drivers — 0.4 1.0 Ve
Turn-0ff Relay Time fpa1 ENABLE Input to Source Drivers — 2.0 4.0 WS

NCTES:
1. Ezch driver is tested separately.
2. Testis performed with Vesasz = 0.8V and then repeated for Veuage = 2.0V,
3. Negative current is defined as coming out of {sourcing) the spacified device pin.

VENABLE ””””I”""
VPHASE | I | I | ) I |

tour

Dwg. Ma. A-14,272
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UDN-2998W
DUAL FULL-ERIDGE MOTOR DRIVER

TYPICAL APPLICATION
2-PHASE BIPOLAR STEPPER MOTOR DRIVE
{Chopper Mode)

Dwg. Na. W-108

+ SV
INPUT A ' l
0

+5Y
INPUT B

0 —_

Dwg. No, A-12,454
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ULN-37512
POWER OPERATIONAL AMPLIFIER

ULN-3751Z
POWER OPERATIONAL AMPLIFIER

FEATURES

® +3Vip =13V Operation

® High Output Swing

® Peak Output Currentto =3.54

® Low Input Offset

& 90 dB Typical Open-Loop Gain

® |nterna! Thermal Shutdown

® High Common-Mede Input Range

® Unity Gain Stable

& Pin Compatible with L165, L465, SG1173

As a combination general-purpose operational am-
plifier and power booster, the ULN-3751Z inte-
grated circuit simplifies circuit design, reduces
component count, and enhances systern 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, bipelar voltage regulator, and
audio power driver.

The ULN-3751Z is for applications demanding up
te £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.

4=—193

2le

+VS

INVERTING INPUT [ Z___ |
SUBSTRATEVg [ 3 |
outPur 2 |

NON-I NVERTING INPUT

Dwg. No. A-12,364

This power op amp operates over a recomnmended
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 £35A
peak output current,



ULN-37512
POWER OPERATIONAL AMPLIFIER

ABSOLUTE MAXIMUM RATINGS
atT, = +25°C

Supply Voltage Differential (+Vsto =V ... .o 28V
Peak Gutput Gurrent, byyy. oo oo =354
input Voltage Range, Viy . ... ..o +V to -V —0.3V
Package Power Dissipation, Py .. ... oo i See Graph
Operating Temperature Range, Ty ... oo oo oot 0°C to +70°C
Storage Temperature Range, Tg . ... oo e —A0°C to +150°C

ALLOWABLE POWER DISSIPATION
AS A FUNCTION OF AMBIENT TEMPERATURE

20
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AMBIENT TEMPERATURE IN °C

Dwg, No. A-14,249
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ULN-3751Z
POWER OPERATIONAL AMPLIFIER

L EEEE—

ELECTRICAL CHARACTERISTICS ot T, = +25°C, T,y < +70°C, V, = £ 6.0V (unless otherwise nofed)

Limits

Characteristic Test Conditions Mir. Tvp. Max. Unit
Functional Supply Voltage Range +Vito =V 6.0 —_ 26 ¥
Quiescent Supply Current — 40 1] mA
input Bias Current Yy =0y =10 — 50 — 1000 nA
Input Offset Voltage V=101l =10 — +2.0 +1) my
Input Offset Current Vy=0lgr =10 — 10 100 nh
Input Noise Yoltaget BW = 40 Hz to 15 khz — 4.0 — py
Input Noise Currentt BW = 40Hzto 15 kHz — 60 — pA
Crossover Distortiont Por =50mW. R, =40 — <0.05 — %
Comman Mode Rejection AVy = 2V 60 85 — dB
Input Common Mode Ranget Positive — +¥—-2Y — ¥

Negative — —=V.-03V — v
Open-Loop Voltage Gain f=10 a0 90 — dB
Slew Rate Vi = Vor = BVpp, R, = = LD 23 — Vips
Gain-Bandwidth Productt A, = 40 dB — 3.5 — MHz
Qutput Voltage Swing Ly = L0OA 4.5 4.7 — v

by = —1A —4.5 —4.] — v
Supply Yaltage Rejestion +¥;, AV = 1V 60 85 - dB

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

*This parameter is tested te a lot sample plan only.
TTypical values given for circuit design information only.
TYPICAL APPLICATIONS
WIEN BRIDGE VIDEQ MONITOR
OSCILLATOR/MOTOR DRIVER VERTICAL DEFLECTION MAP

0.33 82K
8.2K

Dwg. No, A-12,3754

Dwg. No. A-12,3768
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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

0 VCC = 6V TO 25V

2,75V
REF,
TL43L

OR EQUIY.

Rl VOLTAGE

RZ
ADJUST Vg=2.75V 1:1 * ﬁ]

CAPACITANCE VALUES N pF,

Dwg. No. A-12,5834
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NON-INVERTING POWER AMPLIFIER

+6V

O
INPUT

2

=1+ 2L
Ay =l R
CAPACITANCE VALUES IN pF.

Dwa. No. A-12,552

HIGH-POWER LINEAR REGULATOR

(Short-Circuit Protected)
VCC = BY TD 2BV
c e -
I g Ren= YBE
I St Ts¢
2 75y 2N2708 n
REF.
TL431 2N3055/2N3TT2
OR EQUIY.
R2
VOLTAGE Yo
RL

ADJUST R2
L Vpm2 78V [1 +§T:|
CAPACITANGE VALLES IN [,

Dwg. No. A-12,554B



ULN-3751Z
POWER OPERATIONAL AMPLIFIER
e .

TYPICAL APPLICATIONS

SINGLE-ENDED POSITION SERVO
WITH SENSE POTENTIOMETER

FROM uP CONTROL

6V D-C MOTOR

T
i E POSITION-SENSING
; PCTENTIOMETER

1
!
i
|

Rl R2 DEFINE D-C GAIN
R3, Cl PICKED TO PROVIDE LOOP COMPENSATION.
CAPACITANCE VALUES IN pF.

Diwg. No, A-12,556

SIMPLIFIED SERVO APPLICATION
WITH CONTROL TRANSFORMERS

CONTROL CONTROL
TRANSMITTER TRANSFORMER
CX cT SERVQ

/ /' GEARTRAIN /

L T 1 1V S -A— -
ANGLE

/

MECH.
LOAD

Dwg. No, A-14,250
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ULN-3753B AND ULN-3753W
DUAL POWER OPERATIONAL AMPLIFIERS
L

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

FEATURES
» Operating Supply Range +3Vio =20V _
« Output Currentto =3.5 A Peak vslag+vs gE.I- Ve/SUBSTRATE
¢ Qutput-Current Limiting OUTPUT[Z | 115 |QUTPUT
o Qutput-Current Sensing CURRENT SENSE[3 | GURRENT SENSE

» High Output-Voltage Swing
* Low Crossover Distortion
* Low Input Offset Voltage

« Externally Compensated

« High Open-Logp Gain COMPENSATION [ 6 | COMPENSATION
¢ Qutput Protection Diodes INV. INPUT
+ Thermal Shutdown Protection

» Excellent Supply and Common-Mode Rejection
+ Single or Dual In-Line Power Packages Dwg, No. A-13,636

ULN-3753B

110 JINV. INPUT

NON-INV. INPUTL 8 9 |NON-INV. INPUT

APPLICATIONS
¢ Dual Hali-Bridge and
Full-Bridge Motor Drivers
Linear Servo Motors
Voice Coil Motors
AC and DC Motors
Microstepping Applications
* Power Transconducting Amplifier
» Audio Pawer Amplifier, Stereo or BTL
« Power Oscillator/Amplifier
» Dual Bipolar Voltage Regulator

High-current linear servo loads, such as voice coil ;
motors used in disc-drive applications, are ideal H H H H l I
applications for the ULN-3753B and ULN-3753W 5¢grz B 5 L P E B 2K
dual high-power operational amplifiers. Their building ezEzc £ £ £+ E g EEE
block design concept also makes them ideal for a % § % e © § - % : z
wide variety of other motor drive applications, audio g = z ® E 5 2
power amplifiers, power oscillators, and linear volt- = © 3 ‘ 8 8 =
age regulators. External compensation permits user Dug. Mo, A3, 632
adjustment of bandwidth and phase margin at any ULN-3753W
gain level. single supply applications) to within approximately
The ULN-3753B is furnished in a 16-pin dual in- 2V of the positive supply. Common-mode and power
line package with copper heat-sink contact tabs. For supply rejection are in excess of 60 dB. The ampli-
higher power requirements, the ULN-3753W is fiers” wide output swing is complemented by current
supplied in a 12-pin single in-line power tab package. sensing, which is referenced to the negative supply
The inputs are designed to allow a wide common and allows for feedback as required to produce a
mode range from the negative supply, {or ground in transconductance characteristic.
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ULN-3753B AND ULN-3753W
DUAL POWER OPERATIONAL AMPLIFIERS
S —————————————————

. The ULN-3753B {batwing DIP) can typically dis- . ABSOLUTE MAXIMUM RATINGS
sipate 6W at a tab temperature of 70°C. The iead
configuration enables easy attachment of a heat sink Supply Voltage Differential {+Vsto —Vs) .. ... .. 40V
while fitting a standard socket or printed wiring board PealeuppIy Voltage (50ms}. . ...l 45V
layout. The ULN-3753W (SIP) can safely dissipate Continuous Output Current, four Egs == ;fb\)/) :g- gﬁ
I . . . s = =* xL.
s:gnlflpantly hlgher‘power levels Wlth' appropriate Peak OQutput Current, lour (50ms)............ =3.5A
heat sinking. With either package configuration, the Package Power Dissipation, Po. . ......... See Graphs
heat sink is at the negative supply, or atgroundina 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
ULN-3753B ULN-3753W
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Dwg. Mo A-11.7838 Dwg. Mo, A-11. 7844



ULN-3753B AND ULN-3753W
DUAL POWER OPERATIONAL AMPLIFIERS
D ————————————— e

ELECTRICAL CHARACTERISTICS at T, = +25°C, Trae <<+ 70°C, Vs = £6V, Cc = 0, each amplifier tested
separalely (unless otherwise specified)

Limits
Characteristic Test Conditions Min. Typ. Max. | Uniis
Functional Supply Voltage Range | +Vsto —Vs 6.0 — 40 v
Quiescent Supply Current — 90 150 | mA
Input Bias Current Vour =0 — - 80 -1000 nA
Input Offset Voltage Vour = 0,igur =0 — +1.0 +10 | mV
Input Offset Volt. TCT Over Op. Temp. Range — -15 — | pveG
Input Offset Current Vour =0, ljur = 0 —_ 10 100 naA
input Noise Valtaga® BW = 40Hzto 15kHz — 4.0 — | uv
Input Noise Current® BW = 40Hzto 15kHz — 60 — | pA
Crossaver Distortion’ Pour = 50mW, R = 40 — 0.2 — | %
Gommon Moede Rejection Vew = 3V 60 85 — dB
Input Ceommon Mode Range* Vg = +6V -6.3 — +4.0 V
Vg = +15V —-15.3 — +13 v
Open Locp Voltage Gain f=20 80 100 — dB
Slew Rata Vin = Vour = 6Vpp 50 10 — | Vips
Gain-Bandwidth Product’ Ay = 40dB — 3.0 — | MHz
Channel Separation” lour = 100mA, T = 1kHz — 60 — | dB
Output Voltage Swing lour = 1A 9.0 9.5 — | Vpp
Supply Yoltage Rejection +Vs, AV =1V 80 85 — aB
~Vg, AV = 1V 80 a0 — dB
Thermal Resistance, ®yr- ULN-3753B — — 15 | *G/W
ULN-3753W — — 3.0 | °C/W
Thermal Shutdown Temp.® . — 165 — | °C
*This parameter is tested to a lot sample plan only. ) Mypical values given for circuit design information only.
NON-INVERTING AMPLIFIER INVERTING AMPLIFIER
Rin Rr Ecur
Eour " N
En
Rr
Rin
En Rin wg. No, Y-
% il % Dwg. No, W-156
IFRe=00rRy = %, Egur = En Dwg. No. W-155
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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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Dwg. No. W-158
SUPPLY CURRENT AS A FUNCTION
OF SUPPLY VOLTAGE DIFFERENTIAL
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ULN-3753B AND ULN-3753W
DUAL POWER OPERATIONAL AMPLIFIERS
L R TR

TYPICAL CHARACTERISTICS

INPUT BIAS CURRENT
AS A FUNCTION OF TEMPERATURE
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ULN-3753B AND ULN-3753W
DUAL POWER OPERATIONAL AMPLIFIERS

APPLICATIONS

-—
‘L_
AAA
W
)

|
VF : /|4 Iy Rs
(I J 1 AN
Ra
RS ABAY " > 1
59 RS Ei HA
Re
-Vg OR GROUND Vage
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 coit servo or micro-step-
ping pasitioning systems found in many computer
disk drives. ‘

Figure 1 shows a ULN-3753W dual amplifier
connected as a transconductance amplifer. In this
example, amplitier B is used as a slave to amplifier
A. Feedback from the current-sensing resistors (Rs}
inthe emitters of the output current-sinking transis-
tors, is applied to the summing 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 is, the voltage
developed across the sensing resistors is directly
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proportional to the output current. Using this voltage
as a feedback source allows expressing the gain of
the circuit as ocutput 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 voit-
age. The transfer function of the transconductance
amplifier is approximately:

I/(Vin ~ Vrer) = Ra/ReRs

In the figure, resistors Ra, R, and Rs define the
transconductance gain. To avoid limiting the tran-
sconductance amplifiers output compliance (swing
capability), low-value current-sensing resistors (Rs)
should be used.



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

APPLICATIONS

aVs

FROM POSITION SENSE
|

}

SERVO|MOTOR

; r 0
H +
CONTROL| X S
I | [OVER-GURRENT
1 | AND THERMAL
= I'| FROTECTION
1]
1
D/A o
CONVERTER] ™™ 11

FIGURE 2

Dwg. No. W-183

DIGITALLY CONTROLLED POSITION SERVO

In a position-control appiication, 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 output stages. The circuit derives
its input from the D/A converter whose output is
determined by a code from the centrolling 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 autput.

The circuit includes thermal and short-circuit

4—=104

protection, matching and thermal tracking inherent
to monolithic 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 also include clamping diodes with
current-handiing capacity equal to that of the output
drivers.

The current-sense pins (4 and 9) provide access
1o the emitters of the H-bridge current sinks, thereby
providing convenient output current sensing, while
allowing separate low-current signal ground returns.



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

APPLICATIONS

TWO-PHASE 60 Hz AC MOTOR DRIVER

Rq
124K l
B.2K
Dwg. No. W-164
FIGURE 3
THREE-PHASE 400 Hz AC MOTOR DRIVER
815K Rs
56,F Vg
RS s
¢ =0° ¢ =120° 10 7] iy
8 " LILN-~ 9.5K
X g753W| ., _}:_
9 ST
= 0.022uF Vg 8.2K
< T 0.4uF
T4
113
0.022 uF Dwg, No. W-165
FIGURE 4

N-PHASE MOTOR DRIVE

Because of its high amplification factor and built-
in power-output stage, an integrated power opera-
tional amplifier makes a convenient driver for ac
motars, One op amp can 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 controlling op amp is configured as a
Weinbridge oscillator. The R4C4, RaCa feedback
networks determine the oscillation frequency,
according to the following expression:

fo = 1/{2w R1R2C41C2)
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By varying either R, or Rz, the oscillator frequency
can be adjusted over a narrow range.

The Rs/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.




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

APPLICATIONS
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Dwg. No, W-166

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 cutput stages’ saturation drops) across
the motar in either direction.

The circuit uses a mechanically-coupled tach-
ometer to provide speed-stabilizing feedback to the
firstamplifier 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)/.OOQ? Rz

The ReCr feedback network 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.



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

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

FEATURES
+y [ ]+vs 18] - v, /SUBSTRATE
® {Jparating Supply Range =3 to =20 Volts
o Qutput Current 10 =3.5 A Peak outeut (2 15 ] ourput

» Qutput Current Limiting
o Output Current Sensing
e High Qutput-Voltage Swing

o Low Crossover Distortion =Yg /SUBSTRATE ~Vg/SUBSTRATE

& | ow Input Offset Voltage

& Unity-Gain Stable v v

# High Open-Loop Gain aoost Beos™

e Qutput Protection Diodes INVERTING INFUT INVERTING INPUT

e Thermal Shutdown Protection " NON-INVERTING (B 5] NON- INVERTING

e Excellent Supply and Common-Mode Rejection INFUT INPUT

e Single or Dual In-Line Power Packages ULN-37558 0o No-a-2:08
APPLICATIONS

o Dual Half-Bridge and Full-Bridge Motor Drivers
Linear Servo Motors
Vaice Coil Motors
AC and DC Motors
Microstepping Applications
o Power Transconductance Amplifier
e Audio Power Amplifier
Stereo or BTL
» Power Oscillator/Amplifier

o Dual Bipolar Voltage Regulator I ! ! ! ! ! I !
Consisting of two high-power operational am- g g 2 g E ';'é 4 :5’:. % g '5?: g
plifier circuits in a single in-line power-tab pack- g @ R 3 ; > s 2
age or a batwing dual in-line package, the ULN- EE g H g EE
3755B and ULN-3755W are specifically designed £t 2 & 3 § 2
to drive high-current linear servo loads such as i - 2:',
voice coil motors used in disc-drive applications. 2 s o, A2004
Their _bundmg blo_ck deslrgn concept also malfes ULN-3755W
them ideal for a wide variety of other motor drive
applications, for use as audio power amplifiers, The ULN-3755B is furnished in a 16-pin dual in-
power oscillators, and linear valtage regulators.  line package with copper heat-sink contact tabs.

Low crossover distortion eliminates servo hunt-  For higher power requirements, the ULN-3755W
ing under null conditions and is required for  is supplied in a 12-pin single in-line power tab
most audio applications. package.

Continued next page
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The inputs are designed to allow a wide com-
mon moede range from the negative supply, {or
ground in single supply applications) to within
approximately two volts of the positive supply.
Common-made and power supply rejection arg
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
transcondugtance characteristic.

Separate supply pins are provided for the low-
level input and high-level output circuits to allow
voltage boost or bootsirapping 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
(SIP) 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 Differantial { +Vsto —Vg) ... ... 40v

Peak Supply Voltage (30ms) ................ 45V
Centinuous Ouput Current

lor (Ve = =18V} ... L =2.0A

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

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

Package Power Dissipation, Pp. .. ..... .. See Graphs

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

ALLOWABLE AVERAGE PACKAGE POWER DISSIPATION
AS A FUNCTION OF TEMPERATURE

ULN-3755B
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w
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[+3

o

£
-
o

ur

~

ALLOWABLE PACKAGE POWER DISSIPATION, Pp. 1N WATTS

—

0
2 50 75 100 125 150
TEMPERATURE IN 9C
Dwg, No, A-11,7838
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ULN-3755W
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ULN-3755B AND ULN-3755W
DUAL POWER OPERATIONAL AMPLIFIERS
L e e e

ELECTRICAL CHARACTERISTIGS at T, = +25°C, Trys = +70°C, Vg = 6.0V, Vyooer = +9.0V,
each amplifier tested separately {unless otherwise specified)

Limits
Characteristic Test Conditions Min. Typ. Max. Unit
Functional Supply Voltage Range + Ve 1o =V 6.0 — 40 v
Quiescent Supply Currant l300s7 {Each Amp.} — 7.0 10 mA
+ I (Total} — 75 130 mA
Input Bias Current Vor =10 — —80 —1000 nA
Input Offset Voltage Vor=0,lgr =0 — +1.0 +=10 my
Input Offset Volt. TCT Over Op. Temp. Range — =15 — VG
Input Offset Current Vour = @, lgyr = 0 — 10 100 nA
Input Noise Voltaget BW = 40 Hzto 15 kHz — 4.0 e Yy
Input Noise Currenttf BW = 40Hzto 15kHz — 60 — pA
Crossover Distortiont Poyr = 50mW, R = 40 — 0.2 — %
Commuon Mode Rejection AV, = 3V 60 85 — dB
Input Common Mods Range® V= =BV -6.3 — +4.0 v
V= =15V —15.3 — +13 v
Open-Loop Voltage Gain f=0 80 100 — dB
Slew Rate Vi = Vour = 6VpP .5 1.0 — Vs
Gain-Bandwidth Productt A, = 40dB — 800 — kHz
Channel Separationt I,y = 100mA, f = 1kHz — 60 — 113
Output Voltage Swing loor = 1A, Vagpsr = +0V 9.0 9.5 — Vpp
loyr = TA, Yoopsr = +9V 9.5 10.1 — Vpp
Supply Voltage Rejection +V, AV =1V 60 85 — aB
. Ve, AV =1V 60 80 — dB
Thermal Resistance, ©," ULN-37558 — — 15 °C/W
ULN-3755W — — 3.0 °C/W
Thermal Shutdown Temp.T — 165 — °C
*This parameter is tested to a lot sample plan only.
1Typical values given for circuit design information anly.
NON-INVERTING AMPLIFIER INVERTING AMPLIFIER
Egur Fin Re Eout
En
Ein Ry

Eour _
E,

14+ 5
™ ™

IFR. =00rRy = « THENE, . = E

Diwg. No. A-18.081
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DUAL POWER OPERATIONAL AMPLIFIERS
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TYPICAL CHARACTERISTICS

INPUT OFFSET VOLTAGE AS A INPUT BIAS CURRENT AS A
FUNCTION OF TEMPERATURE FUNCTION OF TEMPERATURE
6.0 o
z 50 < -20
2 z
W 40 — -40
Q v i
i 3.0 3 -80 o
L w
L 20 = o -80
o I ——— = /
e g |~
%o Z 00
Q -120
-20 0 20 40 a0 80 100 -20 0 20 40 80 80 100
TEMPERATURE IN °C TEMPERATURE [N °C
Dwg. Na. A-13,284 Dwg, No. A-13,285
OPEN-LOOP VOLTAGE GAIN AND PHASE OPEN-LOOP VOLTAGE GAIN AS A
AS A FUNCTION OF FREQUENCY FUNCTION OF TEMPERATURE
100 120
% m
hel
2 a0 0 Z 100
3 3
< “ 4
Z 60 Wz 80
< o =
5 g 3
T PHASE s¢ © uw oag
g Sy z 2
o] & w 5
= v} o
e 20 135 § > 40
Q r
E g
z @ 180 7 20
I \ i
S &
-20 o
10! 102 108 10% 108 108 107 -20 o 20 40 80 80 100
FREQUENCY, f IN Hz TEMPERATURE IN °C

Dwg. No. A-13,208 Dwg, No. A-13,297
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SUPPLY CURRENT, Is, IN mA

160

TYPICAL CHARACTERISTICS

OUTPUT VOLTAGE SWING AS A
FUNCTION OF OUTPUT CURRENT
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BOOST CURRENT, Tggost, IN mA
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Dwyg. No. A-13.288

BOOST CURRENT AS A FUNCTION

OF BOOST VOLTAGE
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ULN-3755B AND ULN-3755W
DUAL POWER OPERATIONAL AMPLIFIERS

APPLICATIONS

Current-Sense Transconductance Amplifier

The ULN-3755B/W current-sense terminals
can be used to obtain a transconductance func-
tion. This characteristic is commonly used in
motor control applications such as voice coil
servo or micro-stepping positioning systems
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
amplifier A. Feedback from the current sensing
resistors (Rg) in the emitters of the output current
sinking transistors, is applied to the summing
network and scaled to the inverting input of am-
plifier Awhere it is compared to the input voitage.
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 output current, Using this voltage as
a feedback source allows expressing the gain of
ihe circuit as output current in amperes vs. input
voltage in voits. The gain thus assumes the di-
mensions of a transconductance function, ex-
pressed in mhos.

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

I = (Vin — Vier) = Ry/RaRs
In the figure, resistors R,, R, and R define the
transconductance gain. To avoid limiting the
transconductance amplifier's output compli-
ance {swing capability), fow-value current-
sensing resistors (Rg) should be used.

DUAL POWER
OP AMP

1

1

|

|

!

|

|
:RLI
1

i R
}

1

|

A

-Vg OR GROUND VREF

Dwg. No. 13,092

FIGURE 1
CURRENT-SENSE TRANSCONDUCTANCE AMPLIFIER
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m

APPLICATIONS

Digitally Controlled Position Servo

In a position-control application, a micropro-
cessor Is often used to control a servomotor's
shaft angle orto 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-
verter, 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
cutput.

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
senging, while allowing separate low-current sig-
nal ground returns.

VS VBDUST
OO~
i
L
FROM PCSITION SENSE |
| ¥
i RN o
s : gl T
M +
CONTROL , e v | | SERYVO MOTOR
I | [over-curRrenT] ! 3
4 I | AND THERMAL I 1
= E FROTECTION | Vs : I
D/A sus !
CONVERTER
O—
1
I %
|
|
| ! T
3 SUB } =
P. I
2 N S £) W o W 4}....4

Dwg. No. w-123

FIGURE 2
DIGITALLY CONTROLLED POSITION SERVO
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APPLICATIONS

Increased Output-Voltage Swing

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 IC’s 40 V absolute maximum rating.

Although the boost feature provides important
additional output swing at the amplifier’s full
rated current, the I1C’s boost input requires only
a low, unregulated current. This can be obtained
from inexpensive, modular dc to de 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
end of the load.
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FIGURE 3
VOLTAGE DOUBLER BOOST SUPPLY
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APPLICATIONS

N-Phase Motor Drive

Because of its high amplification factor and
buiit-in power-output stage, an integrated power
operational amplifier makes a convenient driver -
for ac motors. One op amp can be configured as 82K ol P
an oscillator to generate the required ac signal. jun-
The power-output stage, of course, supplies the g
high-current drive to the motor.

As shown in the motor-drive circuits in Figure o33 G v eE
4, the controlling op amp is configured as a “@] 7% 03
Weinbridge oscillator. The R,C,, R,C, feedback = _I.__iaflf 1t
networks determine the oscillation frequency, =
according to the following expression: Dwg. No. 13,089

f, = /2= R.R.C.C,) FIGURE 4a
By varying either R, or Ry, the oscillator fre- TWO-PHASE 60 HZ AC MOTOR DRIVER

quency can be adjusted over a narrow range.

The R,y/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 ievel less
than that required for oscillation. The RC feed-
back networks then function as an active filter
causing the outputs 10 be sinusoidal. FIGURE 4b

THREE-PHASE 400 HZ AC MOTCR DRIVER

B8.2K

&
Al
gl

$e0°

Dwa. No. 13,090

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.

4. 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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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 de
motors. Figure 5 shows a ¢losed-loop system for
controlling the speed of a 12V dc motor. The
circuit provides a bidirectional speed control.
The amplifiers’ push-pull configuration 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 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 motor speed, in rpm, is given by the
following expression:

S = Vo (B, + Ry)/.0027 R,

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

mechanical lag of the motor. The R:C 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.
+5V

MOTOR: GLOBE 100A565
= 12v bC
FIGURE 5
DC MOTOR SPEED CONTROL

Dwag, No. A-13.091

surfaces.

inch pounds (0.45 to 0.90 Nm.)

No

MOUNTING POWER TAB ‘W’ DEVICES

Power-tab packages are efficient thermat 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 probabitity of axial stress to the leads.

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

4. The mounting surface should be flat to within 0.002 inch/inch (0.05 mm/mm).
5. 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 holss should be as clean as possible with no burrs or ridges.

Use appropriate hardware including a lock washer or torque washer.

8. If insulating bushings are used, they should be of dialyphthalate, fiberglass-filled polycar-
bonate, or fiberglass-filled nylon. Unfilled nylen should be avoided.
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UDN-5725M
DUAL PERIPHERAL/POWER DRIVER
—Enhanced Output Capability

FEATURES

¢ DTL/TTL/PMOS/GMOS Compatible
* Low Input Gurrent

= Continuous Output Current to 1A
* 70 V Qutput Standoff Voltage

= Low Supply-Current Requirement

INPUT 3

OUTRUT

Dwg. No. 13,242

The UDN-5725M pawer driver combines NAND
and NOR logic gates in a configuration particularly
useful with small brushless dc mator drivers. The
integrated circuit includes high-current saturated
output transistors and transient-suppression
diodes. It can be used in many applications
beyond the capabilities of standard logic buffers:
With inputs tied together, one of two loads is
energized by a single input signal.

Additional applications include driving pe-
ripheral loads such as solenoids, light-emitting
diodes, memcries, heaters, and incandescent

lamps with peak load currents of up to 1.2 A,

Each of the output transistors is capable of sink-
ing 800 mA continucusly at 55°C, or 650 mA at
B5°C. In the OFF state, the drivers will withstand
at least 70 V.

The UDN-5725M is supplied in a miniature 8-pin
duakin-line plastic package with a copper lead
frame for superior package power dissipation
ratings.

For applications requiring output currents of up
to 700 mA, Series UDN-5740M is recommended.

ABSOLUTE MAXIMUM RATINGS

aT, = +25°C
Output Off-State Voltage, Vo ..o oo 0V
Output On-State Sink Current, Iy, (continuous) . ... oo 1.0 At
(peak) ... 1.2 A
Logic Supply Voltage, Yee ..o Cee 1B Y
Input Yoltage, Viy ... 0V

Suppression Diode Off-State Voltage, Vs -« voveonn o Qv
Suppression Diode Gn-State Cursent, I,
Allowabie Package Power Dissipation, P,
Operating Free-Air Temperature Range, T,
Storags Temperature Range, T

*Derate at the rate of 12.5 mW/°C above Ty = +25°C.
TLimited by Pp.

—-20°C tp +85°C
- 55°C to 4 150°C

4—117



UDN-5725M
DUAL PERIPHERAL /POWER DRIVER

ALLOWABLE AVERAGE PACKAGE POWER DISSIPATION
AS A FUNCTION OF TEMPERATURE

ALLOWABLE PACKAGE POWER DISSIPATION IN WATTS
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Dwg. No. 18,243

TYPICAL APPLICATION

RECOMMENDED OPERATING, CONDITIONS

Operating Gondition Min. Nom. Max. Units
Supply Voltage, Vg, 4.75 12 14 v
Output Current, lg — — 650 mA
Operating Temperature Range 0 +25 +86 °C
TRUTH TABLE
STROBE PHASE INPUTS OUTPUTS
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 A H H
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UDN-5725M
DUAL PERIPHERAL /POWER DRIVER
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ELECTRICAL CHARAGTERISTICS over recommended operating temperature range
(unless otherwise noted)

Test Conditions Limits
Enable | Other
Characteristic Symbal | Temp. | V; Input | inputs | Output | Min.  Typ. Max. | Unils | Notes
Output Reverse lgex - 475 | 0.8V | 20V | 7OV - — 100 A -
Current 475 08V |08V 70V | — — 100 | LA —
Output Vottage Vessat - 14 20V |20V | 0BA | — 0.4 0.6 v -
14 20V | 20V | 08A — 0.7 1.0 ' —
14 20V | 20V | 10A — 0.9 1.2 v 3
14 20V | 08V | 0BA — 0.4 0.6 v | —
14 20V ]| 08BV|08BA — 0.7 1.0 v —
14 20V ]| 08V |10A — 0.9 1.2 v 3
Veesu +25°C| 14 | —1_ OV |08A | 50 — — v 3,4
14 [TL_| 20V 08A | 50 — — v 3.4
Input Voltage | Vi — — — — — 2.0 — — v —
Vi —_ — — — — — — 0.8 V —
Input Current ey — 126 | 04V 30V — — 5.0 25 pA L1
gy — 126 | 30V 0V, — — 5.0 25 uA 1
Enable Input m — 126 | 04V ] 30V| — — 10 50 wh —_
Current i — | 126 [ 30V] oOV] - - 10 50 | uA -
Input Clamp Volt. Vorawe — 475 [-12mAl — — — - —-1:5 v —
Diode Leakage I +26°C| 5.0 oV 0V | Open — — 100 uh 2
Current
Diade Forward Ve +25°C| 5.0 oV DV | 06A — 1.5 2.0 v —
Voltage 5.0 ov] ov[toa] — 19 25 ] 3
Supply Current by +25°C| 12.6 0V 0V | — — 1.9 5.0 mA —
(Total Package) 12.6 ov]20v] — — 39 50 | mA —
[cc(g) +25°C 126 20V 0 V — —_ 22 30 mA —_
126 | 20V | 20vV| — — 22 30 mA —
NOTES:

1. Except ENABLE input, each input tested separately.
2. Diode leakage current measured at vV = 70 V,

3. Pulse Test.

4L, = 3mH
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SWITCHING CHARACTERISTICS at T, = +25°C, Vg = 5.0V

Limits
Characteristic Symbol | Test Conditions Min. Max. | Units Nutes
Turn-On Delay Time tao Vs = 30V, R =100 (10 W), C, = 15 pF — 500 ns 1,2
Tum-0ff Delay Time T 1 Ve = 30V, R =100 (10 W), C = 15 pF - 750 ns 1,2

NOTES: 1. Capacitance value specified includes probe and test fixiure capacitance.
2. Voltage values shown in test circuit waveforms are with respeet to network ground.

2.4¥ Vpg  DPEN Vs tr tf
? T 50%
% INPUT 133,’“

x R
OUTy
R
s L§ tpdo_| tpd 1
= I OUTPUT 1

PULSE 2
GENERATOR oUT2

cL= tpd 1 | | tpdo
%509 I ’
0,
1 L = OUTBUT 2 0% N
Dwg. Na. 13,245 Dwg, No. 13,246

INPUT-PULSE CHARACTERISTICS

VIN{O) 0 V tr = 7 ns tp = 1 ﬂ.s
Viy = 35Vt = 14ns PRR = 500kHz
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UDN-7078W
QUAD HIGH-CURRENT DARLINGTON SWITCH

UDN-7078W
QUAD HIGH-CURRENT DARLINGTON SWITCH

FEATURES

e Quiput Voltage to 90V

* 90V Sustaining Voltage

# Qutput Current to 3A

= TTL, DL, or CMOS Compatible Inputs
® nternal Transient-Suppression Diodes
* 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 t0270 W per channel, The
integrated circujt 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
50V sustaining), are UDN-2878W and UDN-2879W,
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Vs

1 2] 18] 14) (5] (8] (7] 18] (9] ol [t1] 12
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GND By Gy C, Kqp Bz Bs Vs Gy Koy C, By
ABSOLUTE MAXIMUM RATINGS
at T, < +70°C
OutputVoltage, Ve ..o oy
Min. Sustaining Voltage, VCE(sus} ......................... 90y
Qutput Current, I, . . . 111
SupplyVoltage Vs ................ .. ... . ... .. ... 10V
InputVoltage, Viy .. ...... ... 15V
Total Package Power Dissipation, By, ... ............SesGraph
Operating Temperature Range, T, ............. —20°C to+85°C
Storage Temperature Range, &, . ....... .. ... —55°Cto +150°C



UDN-7078W
QUAD HiGH-CURRENT DARLINGTON SWITCH

| —

PARTIAL SCHEMATIC
One of 4 Drivers

Dwg. No. A-12,037

ELECTRICAL CHARACTERISTICS i T, = + 25°C, T,,, < +70°C,V, = 5V

. Limits

Characteristic Symbal Test Conditions Min.  Max. | Units
Output Leakage Current leex Ve = 90V - 100 s
Output Sustaining Voltage Vet le=25A 90 - v
Dutput Saturation Voltage ey ly= 0.5 A, V= 2.75V - 1 v
lo=1.0A V=275V - 13 v

o= 2.0 A, V=275V - 18 !

le=2.5A, ¥y= 275V - 1.8 )

lo=3.0A V=275V - 2.2 v

Input Voltage Vo =304 2.1 — vV
V\mum - 0.8 v

Input Current Iy Yy= 0.8V - 25 ph
liny V= 2.75V — 550 ph

V= 3.75Y - 10 | mA

Supply Current per Driver lg le= 500 mA - 6.0 mA
Clamp Dinde [ Vp= 90V - 50 A

Leakage Current

Clamp Diode ¥ =254 - 2.5 ¥V
Forward Voltage =39 A - 3.0 ¥
Turn-On Delay o 0.5 E, 1005 Ey, - 1.0 s
Turn-01f Delay o 05E,to 05 F,, 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

20 'y
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Dwy. No, DS-1016

5 50 75 100 125 150
TEMPERATURE IN °C
Dwa. No. A-11,7844

TYPICAL APPLICATION

PRINT-HAMMER DRIVER

INz IN;+ 5V

EE Ko of

O+ 36V

Dwg. No. DS-1017
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HIGH-CURRENT INTERFACE DRIVERS

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-controlled 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 stepper
motors rated to 1.25 A and 30V 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-Cc-p), two-phase (DA-AR-BC-
CD), or half-step (A-AB-B-BC-C-CD-N-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

Qutput Voltage, Vo, (UCN-4204B) ................. 15¥

(UCN-4205B-2)................ 25V
Qutput Surrent, foyr v ov e 1.25A
Logic Supply Voltage, Voo . ... ... it 45Vt 55V
Input Voltage, Vi .. ..o 55V

L/R STEPPER-MOTOR DRIVE

+15V
o]

FIN @ PIN 10

TWO-PHASE L L
ONE-PHASE H L
HALF-STEP L H
STEP-INHIBIT H H

+5v
o

O DIRECTION

CONTROL

B
STEP LOGIC
B D IDHELK

o LI
STEP INFUT

VST

UCN-42048 =

Dwg, He, B-153%
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HIGH-CURRENT INTERFACE DRIVERS
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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 UDN-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 .00 75Vie S0V
Continuous Output Curremt, Ly ... ..o =204
Peak Output Current, lgs .. ..o oo *3.5A
Logic Supply Voitage, Vee ... oo 45Vt 15V
Input Voltage, Viy ... ... 24y
+5V UDN-2953B +36V
I s (F
BRAKE o 2 B
.._) 3 |RreC 14
a 13 = 3
5 LoGIC 2
+5Y [3 i 11 05 n
PHASE 7 |PH v 19
A
ENABLE AGE 5

(ACTIVE LOW)
Dwg. Ne. A-12,549
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HIGH-CURRENT INTERFACE DRIVERS
M

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

TI—IE 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-2BTBWY ... ... ...t By

(UDN-2879W) .. 50Y
Continuous Output Curtent, g, oo oo e 4 A
Peak Qutput CUrment, lgp . v v v oo e SA
Logic Supply Voltage Range, ¥s. ... ..o 45t 7.0V
Input Voltage, Yis .« o v oo Vg

STEPPER-MOTOR DRIVE

UDN-2878W

2-PHASE, UNIPOLAR
O INPUT WAVEFORMS

m
=
S
o
[
%
x|
B

1 O—
® 00—
0._

£
m
<
<
=1

[ S—

Dug. Mo, A-11,795

+28Y

i

DWG, ND, R-11,97%
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HIGH-CURRENT INTERFACE DRIVERS

m

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

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

the full-bridge configuration. It is a high-power, multj-function interface
driver that combines sink and source drivers, gain and level shifting, ther-
mal shutdown circuitry, and pulse-width modulated current control. Output
cuirrent, 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, Ve .. ..o 20Viob0Y
Qutput Current, gy v v =404
InputVoltage, Viy ... ..o oo 5.5V

BIPOLAR STEPPER-MOTOR DRIVE
(Pelse-Width Modulated)

+48VY
"2_UDN-2965W-2| /2 UDN-2965W-2
ll‘ ‘: T e T 7
| I
J 1 | T :'—I [ T
I I | !
| ) iir i } “i 3] |
[ @ o
v |8 B = g | | v
! | T |
Ryl | T | | SRu
|THS ] I THs|
L . _ _ _SENSE[ | L Isense T
Rt Rt
0.1
|
i L L L
Ry AND Rt DETERMINE HYSTERESIS AND PEAK CURRENT
Dwg. No. B-1538
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HIGH-CURRENT INTERFACE DRIVERS

UDN-2993B DUAL FULL-BRIDGE MOTOR DRIVER

THE UDN-2993B MOTOR DRIVER centains two independent
H-bridges capable of operating with load currents of up to 600
mA. An internally 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. QPERATING CONDITIONS

Load Voltage Range, Ve, . o 10YVtod0v
Qutput Current, lyyr . .o o oo +500 mA
Logic Voltage Range, Vg ..o 45Vt 5.5V

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

+5V +36Y + 5V

LA AP 1 AAN——NAA—
470K 10K o} 10K 470K
+3V
1K S8R — ug. Mo, A-12.453
+35Y
INFUT A ’ |
o]

+5vY
iNPUT B

0 .  E—

Dwg. No, A-12,450
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HIGH-CURRENT INTERFACE DRIVERS

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-5800A4, UCN-58004 14-pin DIP 4 Clzar, Strobe,
UCN-5801A, UCN-5813B, and UCN-3814B BiMOS Qutput Enable
II'Natched sink drivers. Selected devices, for higher UCN-5801A 22-pin DIP 8 Clear, Strobe,
voltage operation, are available as the UCN- Quput Enable

5813B-1 and UCN-5814B-1. LJCN-5813B 16-pin DIP 4 Strobe and
: . UCN-5813B-1 Output Enable
All devices contain CMOS data Jatches, CMOS LCN-58148 22-pin DIP 1 Clear, Strobe,

cont.rol circurtry, high-voltage, high-c.:urrent blpqlar UCA-5814B-1 Output Enable,
Darlington outputs, and output transient protection & Chip Select

diodes for use with inductive loads.
The UCN-5800A is a direct replacement for the RECOMMENDED MAX. OPERATING.CONDITIONS
Output Voltage, Yo

original UCN-4401A. The UCN-5801A replaces the

UCN-4801A. With a 5V supply, BIMOS Il devices ey sgnon ¢ vewaanes " say

typically operate at data input rates above S MHz; at UCN-58138-1 & UCN-5814B-1 .. . .. ... .. . ... 50V

12V, significantly higher speeds are obtainable. Continuous Output Current, igy

BiMOS 1II drivers, with output voitage ratings to UCN-5800A & UCN-5801A. ... ... . ... .. 350 mA

150V, will be supplied as UCN-5900A and UCN- UCN-5813B & UCN-5814B . ................. 1.0A

S901A. UCN-5813B-1 & UCN-5814B-1 .. .......... ... L0A
Logic Supply Voftage, V.. ... ... ... 45¥tol12V
nput Voltage, Vi . ... .. ... Voo

UNIPOLAR STEPPER-MOTOR DRIVE +30V

OUTPUT ENABLE (ACTIVE LOW)

CLEAR

STROBE

up
UCN"SSOOA & Iwg, Ko. B-1537
+0V
UNIPOLAR WAVE DRIVE UNIPOLAR Z-PHASE DRIVE
= 11 I [T M
STROBE . sTROBE —J Il N
IN1 —] l— N1 _,_| ’_|
| 1
Nz IN 2 1 1
[ 1
" s T !
N M N I L
out
S T —— —_—
ouT 2 — — our 2
ouT 3
L ouT 3
ur s —1 [
MG.ND. A-11.446 UwG.ND. A-11.297
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HIGH-CURRENT INTERFACE DRIVERS

LINEAR MOTOR DRIVERS

OWER 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 cormon 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 AVg lgur oo Features Package Builetin
ULN-3751Z Single 28Y +25A +3.54 Unity-Gain Stable 5-Lead SiP 27118.1
Internal Compensation
ULN-3753W Dual a0V =254 +3.54 Prog. Gurrent Sense, 12-Lead SIP 27118.10
ULN-3753B =10k =354 | External Compensation 16-Pin DIP
ULN-3755W Dual 40V £2.5A +354 Bootstrapped Qutput, 12-Lead SIP 27118.11
ULN-37558 +104 +354 | Unity-Gain Stable, 16-Pin DIP
Prog. Current Sense

FROM uP CONTROL

POSITION SERVO

R1

R3 ©1

N POSITION-SENSING
o o POTENTIOMETER “_/f

o1 | 1 105 |
I il 0.001 T ﬂi |
1 L

MECHANICAL DRIVE/LINKAGE
R4 =R5=RB8=R7
R1, R2 DEFINE D-C GAIN
R3, C1 SELECTED FOR LOCP COMP

Dwg. No. A12,852
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HIGH-CURRENT INTERFACE DRIVERS

TWO-PHASE, 60 Hz OSCILLATOR/MOTOR DRIVER

124K L

8.2K

1 AAA——

Dwg. MNo. A-12,B51

THREE-PHASE, 400 Hz OSCILLATOR/MOTOR DRIVER

9.5K

8.2K

Dwg. Neo. A-12,650
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HIGH-CURRENT INTERFACE DRIVERS

ULN-2074B AND ULN-2075B
HIGH-CURRENT DARLINGTON SWITCHES

TI—IE 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
Motor Supply Yoltage, Veg

ULN-2074B ... o By
ULN-2075B oo e 50V
Output Current, 1y,
ULN-2074B ... L25A
ULN-2075B ... o e i, LBA
Input Voltage, ¥,
CULN-2074B L YV
UIN-2075B .. o 50V

X-DRIVE MOTOR CONTROL

+48Y

2200

B¢,

L
[ 4

ULN-2075B

-

INPUT WAVEFORMS

[

=

> C MLrLm
=l=

E

=

A O—

{JENABLE

Owgl. Mo. B-.436

UDN-3611M

4132

L S R O

Dng. No. d-1i473F



HIGH-CURRENT INTERFACE DRIVERS
e

UDN-2941E QUAD HIGH-CURRENT SOURCE DRIVER

THE UDN-2%41B 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

insulation.

RECOMMENDED MAX. OPERATING CONDITIONS
MotorSupplyVoltage, Vs . ... ... 12Vto30V
Continuous Load Current, lyy

UDN-2941B . oo —-154
ULN-20B8B . ... 1254
ULN-20BOB . ... 1.5A
nputVoltage, Vi, . oo 12V
FULL-BRIDGE MOTOR DRIVER
{One of Two Windings Shown)
+28Y
INA O
UDN-2841B

INg ()

wg. ka. 3-1544
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HIGH-CURRENT INTERFACE DRIVERS

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

HE UDN-2952B AND UDN-2952W power drivers provide bi-

directional controf of d-c 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 package power dissipation ratings are exceeded, and internal
dicde transient suppression.

RECCMMENDED MAX. OPERATING CONDITIONS

Motor Supply Voltage Range, Vs .. ..o oo 45Vt040V
Continucus Qutput Current, lpyr. oo oo oo oo =204
Logic Supply Voltaga Range, Vo .. ..o ov oo et 45Vt 135V

FULL-BRIDGE DC MCTOR DRIVE

O VBB=36V

UDN-2252B

o0 VYpp =5V
——o0 DIRECTION / PHASE

O ENABLE
(ACTIVE LOW)

Dwg.No. A-11,984
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HIGH-CURRENT INTERFACE DRIVERS

BIPOLAR STEPPER-MOTOR DRIVE

UDN-Z2852W UDN-2952W

O O O
S

s
] e [ [

s E (9] [ [y 12 1 2 !! g

@ ]
[
=)

L = al l = L
+BY +36V
+Sv
+5V 38y Rs ?
QUTPUT A
— = s
OUTRUT B 'é -2 UCN~4202A
z=

A

Lasic

iNPUT A& G:\_ s c O DIRECTICN
[ o
LK g o STEP INPUT
o
STee ] STER ENABLE

Sug. fla. B-1e97

+5V
STEP INPUT | l ‘ |
Q
+5V
INPUT A ’ '
Q
+ 5V
INPUT B \ ‘
0

+ | —
OUTPUT A O : : ! !

- —_ . L_

+— 1
OUTPUT B O - ! o

_ I [

Dwg.Na. A-11,982

NQTES:
1. This is not a bipolar, pulse-width modulated application.
2. Resistor Ry sets the maximum allowable output current for pratection against crossover curents
and short circuits. Ry = 0.6/
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HIGH-CURRENT INTERFACE DRIVERS

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-29502

+28V O
DIRECTION O

Dwg.No. A-12,114

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-
4204B stepper motor translator/drivers.

RECOMMENDED MAX. OPERATING CONDITIONS

Supply Voltage, ¥s .......... ... ... ... B0Vt 35V
Continuous Qutput Current, Iy ... .. ... ... oL, =2.0A
Peak Output Current, lge .. ... ...t +354
Input Voltage, Vi . .. ..o 2.5V

FULL-BRIDGE DC SERVO-MOTOR DRIVE

UDN-293527

UDN-2950Z

+30V O
DIRECTION ©

SPEED o

(PWM)

Owg.No. A-12,115
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HIGH-CURRENT INTERFACE DRIVERS

3-PHASE BRUSHLESS DC MOTOR CONTROL
{Using Sprague Hall Effect Sensors)

UDN-2950Z UDN-295807 UDN-28502

P08 PO PO "
+?j\." +28V ﬁz\ ﬁl @:&
10

m—

==
B
-

X

1

Y'YV

Il
1

)
[ >
Dwg. No. A-12,653
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HIGH-CURRENT INTERFACE DRIVERS

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

HE UDN-2933B AND UDN-2934B 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 orly in input 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

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

RECOMMENDED MAX. OPERATING CONDITIONS

Motor Supply Voltage Range, Vg .......... ... 10¥t0 30V
Output Cureent, lyr - oo =800 mA
Logic Suppiy Voltage Range, Ve,
UDN-2933B. ... ... oo 45VtoB5Y
UDN-2934B. .......... ... ... .. 10Vt 135V

3-PHASE BRUSHLESS DC MOTOR DRIVE

Driver inputs

Motor Electrical
1 2 3 4 5 ] Current Degrees
Low High High Low High Low AB 0
Low High High |.ow Low High - CA g0
High Low High Low Low High BC 120
High Low High High Low Low —AB 180
High High Low High Low Low CA 240
High High Low Low High Low —BC 300
Vee +24V
o]

e |

! I

! I

i 1 F 2 i 2 :

I |

i I AE/ K:A

- A f iy

ENABLE o———--- ! BC

| |

| I ‘1

| F L

4 5 1

| I

[ I

| I

§4—138
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HIGH-CURRENT INTERFACE DRIVERS

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 indug-
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 welt understood
if the device is to operate flawilessly.

The biggest roadblocks to successful circuit
design are two frequently misunderstood speci-
fications. The first is the power interface chip’s
maximum output voltage, V.. In most cases,
this parameter approximates Vggeso, the
minimum collector-base breakdown voltage with
the emitter lead open. The actual designation
would be Vggcey, 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 collector-base breakdown value
for a given IC is confirmed by applying a voltage
to the device’s output to measure its maximum

Reprinted by permission from the March 14, 1985 issue of Elec-
tronic Dasign, 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, Veeqy,
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~
Vogeus = 35V

AN

400 \INDUCTIVE LOAD

~ Vorx = 50V

AN
RESISTIVE LOAD
N

LOAD GURRENT {ma)
e

200

1 J 1 T T T
1+] 20 30 40 50 80
SUPPLY VOLTAGE (V)

DWE. ND, 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
collector-emiter potential may be above the supply
voltage. Thus designs must ensure the dc operating
voltage stays below the device's minimum sustaining
voitage, Vegeusy for a given quiescent foad current. in
no case should its maximum output voltage, Voey be
excesded.




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 coil 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 acress 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 pewer 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 switehing 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 furnish inexpensive protection. Zener
diodes, however, are often used alone.

DROPPING THE RESISTOR

The reason 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 cutputs switching off at any time.
Only well-defined or simultaneous switching se-
quences are suitable for resistors; without either,
the magnitude of the voltage transient produced
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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.

Vg Vg

(8} )
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2. Arranging a Zener diode network in series to clamp
a power interface chip’s output alfows its flyback
voltage to rise above the supply voltage, enabling the
device to be turned off faster (a). When poorly
reguiated supply voltages power a circult that drives
multiple devices whose voltage transients exceed the
chip’s capability, a parallel configuration is preferred

(h).

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

Vz = VCE(susj - VSUPF‘LY — V:

where V; is the diode's forward voltage drop.
Thus for an IG with a sustaining voltage of 35 V,
a 15 V supply, and a dicde 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
“fump starting” two or three 12 V batteries
precludes the series approach. A setup exhibiting
an unregulated supply voltage, which varies con-



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
dévice 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
& 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 fo 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.

HIGH-CURRENT INTERFACE DRIVERS

The problem is exacerbated by the IC'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 alf lateral transistors on.

As a result, the device’s leakage current may
increase, and the chip may be inadvertently ac-
fivated. In exireme 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 transister. In
high-current applications, however, pulting 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.

Bt FLYBACK DIORE
DIODE 1S0LATION
It il
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3. The interface IC’s flyback diode almost always
creates a parasitic transistor (T) at the device’s oufput.
Further, substrate currents form a transistor across the
diodes that isoiate various junctions of the chip.
Moreover, parasific diodes at the inputs also are com-
mon. Adding external protection diodes at both the in-
put and output eliminates many undesired circuit
operations such as faise triggering. Further, it may well
prevent the device from being destroyed by the positive
feedback currents that are occasionally generated.
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TURNING IT OVER

Employing power interface ICs toc 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
only 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 bipolar transistors and appropriate clamp-
ing may be the solution. The transistors driven by
the chip, in turn power the motar.

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 cenfiguration, which employs a so-called

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

HALF-BRIDGE OPERATION

Alternatively, the half-bridge mofor 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 conly build ¢ircuitry 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
signals.

Where intermediate, or discrete, bipolar tran-
sistors drive a dc motor, it is always best to in-
stall any clamping or commutating diodes close
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.

(&)

UDN-28458 UDN-2950Z UDN-2950Z
- Zﬂ
IN,,
N, Vs
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INg 24v
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4. Following simpie clamping and driving rules ensures trouble-free operation. Four diodes protect and properly
commutate & chip that drives a two-way dc motor (a). Alternatively, two diodes protect a pulse-width modulated de
motor circult from damage (b). In both cases, input signals should be appropriately skewed. When transistors are
used as intermediate drivers, the clamping cireuitry should be piaced as closely to the motor as possible,
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A

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 current, and with it speed
and torque, requires pulse width modulation cir-
cuitry. All this adds up to many components and an
expensive solution.

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 dec motors.

Overall Chip Structure
The UDN-2936W is made up of five sections,
namely the commutation logic, output drivers, cur-
rent limijting, 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

Copyright @ 1986, Intertec Communications, Inc. Reprinted with permission.
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sensors detect rotor position, which must be de-
coded to drive the coiis in the proper sequence. Hall
effect sensors produce 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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Figure 1

Position of the Hall effect sensors determines the
decoding sequence to produce the correct driving
waveforms for each motor. The decoding sequence
programred into this device is based on Hall effect
cells 60 electrical degrees apart. This 60 degree se-
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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 are in-
terrelated. Motors with other commutation se-
quences can typically be accommodated by
inverting one of the position inputs.

Chopping Current Control

The current limirt 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-
trollable 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 erroneous chopping.

Vag
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Figure 2

The limiting current level and hysteresis are deter-
mined by the user or left to internal defanlts. Figure
3 illustrates 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,

Vi/10 is the limiting threshold on V.. The default
limiting cat be programmed by:
25V
RSEI‘ISC

Default hysteresis is set at 7.5%. For a V,; <2.5
V, the limiting threshold is the following:

Vref
IO*RSEF\SE

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 =

Ilim =

%hys

‘ todS ton

T cuneckT
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IRIPPLE CURRENT)
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Figure 3A
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TRIP PCINT
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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.

Ihys
2001

Dwgl. 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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M /’// conventional diodes. The drivers, both source and
o’ 1, sink, are bipolar double level metal Darlingtons.
A
S A el
E ° - ?:}%%:‘4’ 7 . . .
/..-:, "ﬁ;\""\q:'“/’ Direction and Braking
s e T AT e The direction control allows the motor to be re-
o._ﬁ—‘* —=— versed even while running. When direction changes
[+

0.5 .9 1.5 2.0 2.5 30 35

L0AD CURRENT. Tags, I AMPERES polarity, the state of the ocutputs is reversed, i.e., if

Diwg. No. A-14,151 the source was ON, the sink will twrn ON, and vice

versa. Because the turn off times are longer than the

5 turn on times, the drivers turning ON must be de-

layed by a precise amount to prevent potentially de-

Vegr s Y structive crossover currents. This delay is generated
15 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

N diodes.
o 20 40 60 aa 1890
HYSTERESIS, H, IN PERGENT

20

R IN KR

Dwa. No. /14,152 Thermal Shutdown and Power Dissipation
Figure 5 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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The device is packaged in a 12 pin power SIP that
has alarge copper tab for excellent heat dissipation.
The design of the tab, and the fact that it is at ground,
make the package easy to use with a heat sink. The
maximum allowable power dissipation in 25°C am-
bient air without a heat sink is 5.2 W, With minimal
heat sinking, dissipation greater than 10 W can be
accomplished. See Figure 7 for more information on
power ratings.

Application

The application shown in Figure 8 is a simple one
illustrating the use of the UDN-2936W in an open
loop situation with bi-level current limiting. The
motor uses digital open collector Hall cells such as
the Sprague UGN-3013T, so pull-up resistors are
required. Three 1 kQ resistors pull up the Hall IC
outputs to a 5V supply, the same one needed to
power the Hall effect ICs thernselves. If the motor is
equipped with linear Hall effect ICs, such as the
Sprague UGN-3503U, then there is no need for pull-
up resistors on the inputs. These Hall effect sensors
have a quiescent output voltage of 2.5 V, and emitter
follower outputs. The UDN-2936W has a regulated
internal 2.5 V reference designed to make the inputs
compatible with those linear Hall effect sensors. The
5V supply is also used as a reference in the current

Figure 8
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limiting for the V,; resistor divider. Choosing R..,..
= 0.1 ohm results in internal default limiting current
of 2.5 A, and 7.5% ripple. This internal limiting is
active when Q1 is off. R1 and R2 form a resistor
divider, when Q1 is on, to apply 1 V to the V,input,
producing 1 A of regulated running current and 5%
ripple. Typically, Q1 would be off during start-up,
giving 2.5 A of regulated start-up current, and then
turned on to provide 1 A of running current. The
values of R1, R2, and V,.,,. can be calculated using
the circuit and equations of Figure 5, or the tables of
Figure 6.

The motor speed is controlled by the current lim-
iting. For a given load, speed is proportional to
torque, and torque is proportional to motor current.
Subsequently, the motor speed can be controlled
through V.

Conclusion

Smart power integrated circuits have come a long
way in the past few years in solving numerous motor
driving problems. The UDN-2936W is one example
of how integrated monelithic devices can replace a
drive circuit of many components with one reliable
component. Also evident is the fact that bipolar tran-
sistors continue to provide economic solutions in the
high current application.
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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 circuits, linear regutators, 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 OP AMPS

to sense load currents without neea ot the usual
level-shifting or sense circuitry.

The operational amplifiers in this family of ICs
provide peak push-pull cutput currents as high as
=3.5A, making them suitable for applications in
which beth current sourcing and current sinking are
needed. As illustrated in the examples that follow,
some of the op amps allow 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-37512). 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| Boost Functional
Device | Type [Current Output| Protection | Protect | Voliage| Gompensation| Supply Span|  Package
ULN-3751Z |Single 354 - Yes - Internal 6V1to 30V | 5-Pin TO-220
Power-Tab 519
ULN-3753W | Duai 3.5A Yes Yes - Externai BVto 40V 12-Pin
Power-Tab SIP
ULN-3753B | Dual 3.5A Yes Yas - External 6Yto40Y |16-Pin Batwing
DIP
ULN-3755W | Dual 3.5A Yes Yes Yes Internal BVto 40V 12-Pin
Power-Tab SIP
ULN-3755B | Dual 3.5A Yes Yes Yes internal 6V 1040V |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-loop gain. Frosting-on-the-cake includes low
offset voltage and drift, unity-gain stability, high out-
put swing, large commeon-mode input range, high
common-mede rejection, short-circuit protection,
and a thermal-shutcdown feature. Ad =

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 litile
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
voltagesis 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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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-
fors are completely protected from inductive kickback
voltages by clamping dicdes buiit into the chip. The
clamp diodes are capable of handling currents equal
to the rated capacity of the output sink/source tran-
sistors. The output transistors are connected in a
guasi-complementary configuration. The lower sink
transistor can provide output voltages as low as
ground plus one saturation drop. The current-sense
terminals can be used to impart a transconductance
characteristic to the amplifier, or simplyto provide a
separate power output ground and minimize output-
to-input feedback through a common ground
resistance.
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to be bootstrapped in ac applications by its own

UT STAGE
out output or by another ac output.
Vi + . .
-l R The specifications shown below for the
ULN-3755W apply to operation with +8V 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-3751Z provides neither boost nor compen-
sation options, due to the 5-pin limitation, but is
unity-gain stable.

{3—0 QUTPUT

]

SENSE

COMP. +—

INPUT
STAGES

G 1
SUB v, &R GROUND
Dwg. No. W-117

BOOST TO BOOTSTRAP
The boost terminal is a unique feature of the
ULN-3755B and ULN-3755W. [t 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 boostterminal voltage that is
about 3V higher than the positive load supply
voltage. The boost function allows the amplifier

ULN-3755W DUAL POWER OP AMP
TYPICAL ELECTRICAL CHARACTERISTICS

Characteristic Test Conditions® Typical Value
Guiescent Current, +1s No Load 70 mA
lgoosr Vagosr = 9V, No Lozd 7.0mA
Input Offset Yoitage Your = OV, No Load 20my
Input Bias Current Vor = 0V 80 nA
Input Offset Current Yor = 0V, No Load 10nA
Open-Loop D-C Gain f=0H 100 dB
Slew Rate Vi = 0.2V Step LOV/ps
Output Swing Vagor = 6V, Iy = 1A 9.5Vpp
Voot = 9V, b = = 10.5¥pp
Power-Supply Rejaction Either Supply 80dB
Common-Mode Rejection 85dB

MMy= +25°C, Tyg = +70°C, + Vs = Voor = +6Y, —Vy = — 8V (unless atherwise 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, itis 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-ambient thermal 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 80°C/W. All Sprague power
operational amplifiers have copper lead frames and
heat sinks.

Limiting the junction temperature to + 150°C, the
60°C/W figure allows a worst-case (still air) package
power dissipation of 1.33W at +70°C. Unfortunately,
this power figure is still inadequate for many modern
power applications.

HIGH-POWER SIPs

For high-power appfications, power 1Cs 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°C/W maximum junction-to-tab
thermal resistance, the IC can dissipate as much as
26W at a tab temperature of +70°C.

ISOTHERMAL DESIGN CUTS GRADIENTS

Chip temperatures inevitably rise in high-power
applications. Even with ideal packaging, the thermal
resistance of the silicon chip itself will resultina
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. W13

Dwg. No. W-114
12 - PIN SINGLE IN-LINE ‘W’ PACKAGE
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gaininput stages so as to minimize the effects of any
temperature differences between them. For exam-
ple, unequal junction temperatures in the amplifiers
input transistors can cause farge 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 isothermal iines shown in the chip draw-
ing. Qzs and Qzs are at equal temperatures; these
two current-mirror transistors must have the same

4—151

Dwg. No. W-168

base-emitter voltages. It's a different story, however,
for Ger and Qzz. They lie farther away from the power
section, and layout considerations have made it
impossible to keep them at equai ternperatures. The
same problem also exists for Q2o and Qes. For the
purposes of illustration, assume that a dissipation-
induced temperature rise causes the base-emitter
voltage of Qzs and Qas to drop by 3mV. Transistor
Qgzz is slightly cooler and suffers a Vge decrease of
2mV while the comparable Qa, drop is only 1.5mV.
Finally, Qz and Qzs exhibit Vee changes of 1 mV and
0.5mV, respectively. As a result of thermal cross-
coupling, the Vae reductions from either input can
be matched at 2.5mV. The base-emitter voltage
variations as a function of temperature thus cancel
out, Without thls eross-coupling, the total change in
base-emitter voitage would be 3mV for the ieft 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 ULN-3755W
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, Rg, 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 propertional to the ocutput current.
Using this voltage as a feedback source definesthe
gain of the circuit as output current in amperes as a
function of theinput veoltage in volts. The gain thus
assumes the dimensions of a transconductance
function-(output current divided by input voltage),
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 cenfigu-
ration is not recommended, since both the amplifier's
signal and bias currents now flow through the output
current sensing resistor(s), causing the high-gain
signal ground fo 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 olitput load current (and the same current divided
between the two cutput sink returns).

Vs ULN-3785W
DUAL POWER OP AMP

____________ i
B
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‘ R ]lL
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Ve : 7] I | ]
I N 1 ] R r—""”_—
: :

-Vs OR GROUND Vher
Dwg. No. W-11¢
TRANSCONDUCTANCE
AMPLIFIER

l4 — lg = .. 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
load current. It is possible, in certain applications,
to combine this network with the input-feedback
network and eliminate the small-signal operationai
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 volt-
age. The transfer function of the transconductance
amplifier is approximately:

[/(Vin — Vrer) = Ra/{ReRs)

Resistors Ra, Re, and Rg define the transconduc-
tance gain. To avoid limiting the transconductance
amplifiers 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 to as low a value as
possible.

I s [ Ve

Dwag. No. W-120
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BIDIRECTIONAL CURRENT CONTROLLER

There are many applications requiring constant
current sources that can be controiled 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 o
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 ampiifier. 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 Rgs). The voltage
developed across the current-sense resistor is
directly proporticnal to the load current. This sense
voltage is appiied to the inverting inputs of the
amplifiers, as shown, to 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
apositive bias voltage applied to either of the invert-
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ing inputs. Vo represents the digital direction-control
voltage. When Vo is low, Q; is OFF, allowing Dz to
conduct, driving pin 11 high. This causes the output
of amplifier A to be driven low, Q, meanwhile, is ON,
clamping the anode of D+ to ground (or to the sat-
uration voltage of Q4). This results in D+ 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
(Vrer) 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 controt appiication
where a current is passed through a pair of elec-
trodes immersed in a conducting fluid. Alternatively,
Q2 and its drive can be replaced by a latching Hall
Effect switch, such as the Sprague UGN-3075U, 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 micre-
processor and related digital-contrel circuitry.

The analog equivalent of this servo-controt 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-
processor system (or its analog equivalent) that
produces an error signal to control the servo ampli-
fier's 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 258 shaft positions in discrete steps of 141°.
A higher resclution converter would, of course, pro-
vide finer control. Because of its push-pull arrange-
ment, the cireuit provides bidirectional servo control.

The averall 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 diodes with
current-handling capacity equal to that of the output
drivers.

DISCRETE CIRCUIT IMPLEMENTATION
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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 voliage 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 Aoutput current.
Thisfigure is 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 current limits shown are well within the IC's
capabilities, 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 IC’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 converters, 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. A three-
diode bridge then charges the voltage-doubling
capacitor to nearly twice the main supply voltage.
Note that cornecting 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
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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-
modulation results in much lower noise with only a
slight reduction in efficiency. Because fast PWM
transitions in the circuit above resuit in motor losses,
the efficiency compromise of the linear configuration
is not as significant as might be expected.

glém-wssw VOLTAGE-DOUBLER
| ULN-37553 BOOST SUPPLY

WITH LINEAR DRIVE
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HIGH-CURRENT REGULATORS

The high current-output capability of the opera-
tional amplifiers in Series ULN-3750 makes them
suitable for use in linear voltage regulators. The
amplifiers' high open-loop 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 monolithic
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 voitages, thanks to
the crowbar effect of the output’s sinking capability.
Theinputreference is the output of a D/A converter,

providing programmability. 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 Rz and R4, while Rs
provides bias current. The circuit can, of course, be
programmed by substituting the D/A reference
above. The ampiifier's output voltage is a function
of the ratios of R+ and Rz. The PNP transistor pro-
vides short-circuit (Isc) current limiting according to
the expression shown.
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To configure a high-current, dual-cutput suppily,
the mirror-image circuit shown at top can be used.
Simply connect this stage’s input to the D/A converter
orvoltage 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 common 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
ransistors, The external devices are unnecessary
if output-current loading is less than 2.5A.

The previously described boost capability can be
used to good advantage in these regulator circuits.
Applying a low-current boost voltage at least 3V
higher than the load supply voltage results in a reg-
ulator with less than 1V input-output differential,
{dependent on output current) yielding high efficiency
from the main supply. The 0.1 ©/0.1 wF network at
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HIGH-CURRENT REGULATORS (Continued)

the amplifier's output 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
ariificial 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 in load currents is less than
the maxirhum rated current of the power op amp. ln
addition, the allowable package power dissipation
rating must be greater than the preduct of the
amplifier's sourcing current (1 < |g) and the source
driver voltage (V) orthe sinking current (1. > 1) and
the sink driver voltage (Ve). This circuit is also very
useful in tracking supplies to enhance common-
mode supply rejection.
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ICs CONTROL MOTOR SPEED

Power 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-pult 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 10kQ
potentiometer at the amplifier's noninverting input.
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The motor speed, in rpm, is:
S = Vger{Ry + R2)/0.0027 R

The RrCr feedback network prevents oscillation
by compensating for the inherent dynamic mechan-
ical lag of the motor. Select 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
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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, supplies the high-current drive to the motor.

Consider, for example, the three motor-drive cir-
cuits 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 amp is configured as a Wein-bridge power oscil-
lator. The R+1C+ and R:C: feedback networks deter-
mine the oscillation frequency according to the
expression:

fo = 1/(2VR:R2C1Ca)
By varying either Ry or Rz, 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
to stabilize: the ampilifier's output amplitude. The bulb
owes its stabilization qualities to its intrinsic positive

TWO-PHASE AC MOTOR DRIVER
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THREE-PHASE AC MOTOR DRIVER

ul

termperature coefficient. 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
matter to add ancther stage to the single-phase cir-
cuit. Inthe 60 Hz, two-phase drive, the 8.2 k(.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
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0.1 ,uFT I =
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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 Ra/R. ratio sets the second amplifier's gain to
compensate for signal attenuatipn occurring in the
phase shifters. Again, pins 3 and 10 can be returned
to a boost supply to obtain additional cutput-swing
capability.

The three circuits can all be driven from an external
source, such as a pulse or square wave outputof 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 operational
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 preverits 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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