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GENERAL

INFORMATION

MISSION STATEMENT

Allegro MicroSystems, Inc. is
dedicated to providing value-added
solutions to meet our customers’
complex electronic systems needs
through the design of mixed-signal
integrated circuits that improve the
performance, quality, and reliability
of their end product. The measure-
ments of our success will be
customer satisfaction, market
leadership, and profitability that
meets the needs and expectations

ALLEGRO MICROSYSTEMS, INC.

Allegro MicroSystems, Inc. specializes in the design, manufacture,
and marketing of advanced mixed-signal (analog + digital) integrated
circuits as well as a line of discrete transistors and diodes. Allegro,
formerly the Sprague Semiconductor Group of Sprague Electric Co.,
combines over 25 years of semiconductor experience, over a decade of
extensive merged-technologies experience, and worldwide resources in
design and applications engineering, process technology, packaging,
guality control, manufacturing. and testing.

As a “mature start-up" re-named in July 1990, Allegro is well
positioned to accelerate its growth as a leading supplier of mixed-signal
solutions as it emphasizes system-level |Cs for original equipment
manufacturers primarily serving the computer peripherals, automotive,
consumer, and industrial markets. Allegro’s strengths center on an
excellent track record in product quality and innovation, and a diversi-
fied base of major OEM customers. The company’s reputation for
quality spans both product design and manufacturing. This reputation is
evident in the preferred vendor/ship-to-stock programs it has secured
with several major customers. Allegro, alsc recognized as "Vendor of
the Year” by Northern Telecom, is one of the few semiconductor firms
to receive Ford Motor Company's Q-1 quality award, and is the only US
IC manufacturer to have received IECQ manufacturer's approval.

Headquartered in Worcester. Massachusetts, Allegro currently
operates two wafer-fabrication plants in Worcester and Willow Grove,
Pennsyivania, as well as assembly/test operations in the Philippines.




GENERAL INFORMATION
ALLEGRO MICROSYSTEMS, INC.

Recently, Allegro has shifted from being
product- or engineering-driven to being a
market-driven company. This move has
sharpened the company's focus on applica-
tion-specific standard products and applica-
tion-specific custom products for selected
growth market segments. Allegro’s product
expertise in power ICs. signal processing iCs,
and sensor [Cs—believed to be unigue in the
industry-—is stupported by strong capabiiities
in bipolar, CMOS. and DMOS process
technologies. Allegro can and does combine
any two or alil three of its product disciplines
(and:or process technologies) in a single
monolithic chip to deliver powerful system-
level solutions. While the company is vigor-
ously establishing itself as a significant
supplier of mixed-signal ICs, it will continue to
serve as a supplier of power and smart powe!

ICs, Hall-effect sensors. and discrete devices.

Within the worldwide semiconductor
market. Allegro has strategically positioned
itself in the analog segment. Allegro primarily
serves the analog IC industry through the
development. manufacture. and marketing
of a wide variety of compiex products. The
company emphasizes application-specific.
market-driven products with high technology
content. These include bipolar. CMOS. and
DMOS technoicgies, as well as merged
technoiogies such as BiCMOS (bipolar +
CMOS), BCD (bipolar + CMOS + DMOS),
and DABIC (digital + analog + BICMOS).

Original designs are emphasized, rather than second source products,
in order to command a higher value in the marketplace. Many of these
original designs have uitimately become industry standard products,

such as the company's popular Hall-effect switches and power drivers.

Increased performance, market-specific features, higher levels of
integration, and overall system cost reduction have become increas-
ingly critical to maintain and extend a competitive advantage. Because
of the strength of this fundamental trend among leading manufacturers,
a significant segment of the analog IC market is changing from a
“commodity-oriented/low-value-added” business to one that is “high-
complexity/high value-added”.

OEMSs expect vendors to add tangible value ar a system level
because they need to maximize performance and speed time to market.
Applications, design, and technology consultation provided by IC
suppliers, therefore, become crucial, as does the working synergy
between the two design partners. OEMs alsc need to teel confident in
their IC supplier’s ability to contro! the manufacturing and testing
processes, thereby ensuring quality. reliability. and consistent delivery.

Allegro’s top 25 customers account for approximately 50 percent of
sales, with no single customer accounting for more than 10 percent.

Allegro is exceptionally positioned 1o serve eash customer’s system
requirements with either application-specific custom products or a
broad spectrum of application-specific standard >ts. including
power, smart power. sensor. discrete, and signat-procassing products.

classifications:
analog ICs
uts to an elec-
category of

Analog ICs can generally be separated inte tnree
sensor, signal processing, and power ICs. Senso
which respond to physical phencmena and provid
tronic system. Signal processing ICs represent & hroz
analog ICs which accept, generate. or proce og signal. Power
ICs are those products which act as the interf 1 an electronic
system back to the physical world. These products typically operate at
voltages and currents well in excess of those applied 1o other parts of
the electronic system due to their requirement 1o drive motors, displays.
sclenoids, relays. lamps. and other devices

Allegro is also the world leader in power and Hali-#ffect sensor
package technology by empioying innavative oprirization approaches
to significantly imorove established packages. Evern trhough Aliegro’s
device packaging canforms to industry stancards. the company has
developed improvements to packaging materiais and construction so
that its devices substantially exceed the industry-standard specifica-
tions for allowable package power dissipation and long-term reliability.
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GENERAL

INFORMATION

DEFINITION OF TERMS

ABSOLUTE MAXIMUM RATINGS are limiting values of operation and
should not be exceeded under the worst conditions. These values are
chosen to provide acceptable serviceability of the device. The equip-
ment manufacturer should design so that initially, and throughout life,
no absolute maximum value is exceeded.

The absolute maximum output current ratings are the maximum
allowable under any condition. In application, output current will be
limited by number of outputs conducting, duty cycle and timing,
ambient temperature, heat sinking and/or forced cooling, and other
heat sources.

Under any set of conditions, the specified maximum junction
temperature (usually +150°C) should not be exceeded. In those
devices which include an internal thermal shutdown, fault conditions
which produce excessive junction temperature will activate device
thermal shutdown circuitry. These conditions can be tolerated, but
should be avoided.

TYPICAL CHARACTERISTICS are given for circuit design information
only and, unless otherwise stated, are usually given at the nominal
operating voltage and an ambient temperature of +25°C. Aithough
these values are indicative of the peak distribution for a large number
of production lots, these values should not be construed as guaranteed
for any particular device or production lot.

CHARACTERISTICS LIMITS are those values that are guaranteed
under the test conditions shown.

The absolute magnitude convention is used for Electrical
Characteristics Limits where the limits are defined as:

maximum [minimum} limit: the greater [smaller] magnitude limit of

a range of like-signed values; if the range includes both positive and
negative values, both limiting values are maximums [the minimum
is implicitly zero].

The algebraic convention is used for Magnetic Characteristics
Limits where negative flux densities are defined as less than zero.
The minimum value is therefore the most negative value, the maximum
value is the most positive value, and zero has no special significance.

RECOMMENDED OPERATING CONDITIONS are given for optimum
device performance. Operation outside these conditions is permitted
(within the Absolute Maximum Ratings) without any implied guarantee
of level of performance.

It is recommended that equipment manutfacturers consult their local
sales office whenever device applications involve unusual electrical,
mechanical, or environmental operating conditions.
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DEFINITION OF TERMS

SPECIAL SYMBOLS are sometimes used to simplify circuit drawings.

R

Current- Current- Half- Tri-
Sourcing Sinking Bridge State Darlington
Amplifier Amplifier Amplifier Amplifier Transistor

Dwg. OA-001

ADVANCE INFORMATION is used to advise customers of proposed
additions to the product line. The specifications given are target or
goal specifications and may, therefore, change without notice. Allegro
MicroSystems, Inc. reserves the right to not manufacture these pro-
posed devices which have been announced as “advance information”.
Contact your local sales office for details of current status and latest
specifications.

PRELIMINARY INFORMATION is issued to advise customers of
additions to the product line which, nevertheless, still have “pre-produc-
tion” status. Details may, therefore, change without notice although it is
expected that the performance data is representative of “full production”
status. Contact your iocal sales office for details of current status and
latest specifications.

IMPORTANT NOTICE

Allegro MicroSystems, Inc., reserves the right 10 make, from
time to time, such departures from the detail specifications as may
be required to permit improvements in the performance, reliability, or
manufacturability of its products. Changes and improvements made
after the publication of this catalog will be reflected in updated data
sheets or other literature as soon as possible. Components made under
military approvals will be in accordance with the approval requirements.

The information included herein is believed to be accurate and
reliable. However, Allegro MicroSystems, Inc. assumes no responsibil-
ity for its use; nor for any infringement of patents or other rights of third
parties which may result from its use.

Allegro MicroSystems, Inc. reserves the right to discontinue any
device without notice.

Before placing an order, Allegro advises its customers to obtain the
latest version of the relevant information to verify that the information
being relied upon is current.

Allegro products are not intended for use in life support appliances,
devices, or systems. Use of an Allegro product in such applications
without the written consent of Allegro MicroSystems, Inc. is prohibited.




DEVICE

PART-NUMBERING

ALLEGRO MICROSYSTEMS NEW PART NUMBERS
A 8958 S EA F-1
T T 17T 7T L . . .
Instructions (optional; in the order listed).
F = Active pull-down device (BiMOS only)
-1 = (Any number except 883) Selected version. see detail specification
BU = Burned-In parts to Double-Deuce program”
MIL = Military grade, non-compliant, with screening to MIL-STD-883, Class B*
883 = Military grade, compliant with screening to MIL-STD-883, Class B*
BS = Compliant, with screening to BS9493*
TR = Tape and reel (surface-mount devices only)

— Package Designation.

A = Plastic, dual in-line

B = Plastic, dual in-line semi-tab

C = Unpackaged chip t

CT = Unpackaged chip, tray-packed t

CW = Probed wafer t

EA = Plastic, leaded chip carrier, one semi-tab

EB = Plastic, leaded chip carrier, two semi-tabs

EK = Hermetic, leadless chip carrier

EP = Piastic, leaded chip carrier

H = Hermetic, metal-sealed co-fired ceramic dual in-line
HH = Hermetic, ceramic, 3-lead single in-line (TO-260AA)
K = Plastic, 4-lead mini-SIP

KA = Plastic, 5-lead mini-SiP

L = Plastic, SOIC

LB = Plastic, wide-body SOIC power tab

LL = Plastic, SOT-89, long-lead version

LT = Plastic SOT-89/TO-243AA

LW = Plastic, wide-body SOIC

M = Plastic, 8-pin mini-DIP

R = Hermetic. glass-sealed ceramic dual in-line

T = Plastic. 3-lead mini-SIP

U = Plastic, 3-lead thin mini-S!P

UA = Plastic, short 3-lead thin mini-SIP

V = Hermetic. 15-pin metal flange mount (MO-097AA)
W = Plastic, 12-lead single in-line power tab

X = Special

Z = Plastic, 5-lead single in-line power tab (TO-220)

ZH = Z Package with formed leads for horizontal mount
ZV = 7 Package with formed leads for vertical mount

LOperating Temperature Range.

C = Commercial (0°C to +70°C)

S = Standard (-20°C to +85°C)

E = Extended automotive/industrial (-40°C to +85°C)
K = Industrial/military (-40°C to +125°C)

L = Automotive/military (-40°C to +150°C)

M = Military (-55°C to +125°C)

X = Special (i.e., wafer probe at +25°C only)

— Device Type (four digits).

L— Allegro MicroSystems ldentifier.

* Instruction suffix ‘BU’ available only with temperature codes 'S', ‘E’, ‘K. or °L"; suffixes ‘MIL’ or ‘883
available only with temperature code ‘M’ suffix 'BS’ available only through European sales office.

+ Discrete and integrated circuit chips are described in Brochure CN-193.
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DEVICE PART-NUMBERING

ORIGINAL SPRAGUE SEMICONDUCTOR GROUP PART NUMBERS
UC N 5810 A F-1
= - = 2

Instructions (optional; in the order listed).
= Active pull-down device (BiIMOS only)
-1 = (Any number except 883) Selected version, see detail specifications
BU = Burned-In device to Double-Deuce program”
MIL = Military grade, non-compliant. with screening to MIL-STD-883, Class B*
883 = Military grade, compliant, with screening to MIL-STD-883, Class B*
BS = Compliant, with screening to BS9493*

—— Package Designation.

A = Plastic, dual in-line

B = Plastic, dual in-line semi-tab

C = Unpackaged chip t

CT = Unpackaged chip, tray-packed t

CW = Probed wafer 1

EA = Plastic, leaded chip carrier, one semi-tab

EB = Plastic, leaded chip carrier, two semi-tabs

EK = Hermetic, leadless chip carrier

EP = Plastic, leaded chip carrier

H = Hermetic, metal-sealed co-fired ceramic dual in-line
HH = Hermetic, ceramic, 3-lead single in-line (TO-260AA)
K = Plastic, 4-lead mini-SIP

KA = Plastic, 5-lead mini-SIP

L = Plastic, SOIC

LB = Plastic, wide-body SOIC power tab

LL = Plastic, SOT-89, long-lead version

LT = Plastic SOT-89/TO-243AA

LW = Plastic, wide-body SOIC

M = Plastic, 8-pin mini-DIP

R = Hermetic, glass-sealed ceramic dual in-line

T = Plastic, 3-lead mini-SIP

U = Plastic, 3-lead thin mini-SiP

UA = Piastic. short 3-lead thin mini-SIP

V = Hermetic, 15-pin metal flange mount (MO-097AA)
W = Plastic. 12-lead single in-line power tab

X = Special

Z = Plastic. 5-lead single in-line power tab (TO-220)

ZH = Z Package with formed leads for horizontal mount
ZV = Z Package with formed leads for vertical mount

— Device Type (four digits).

— Operating Temperature Range.
N = Commercial/industrial

Q = Extended automotive/industrial
S = Military

— Family (UC, UD, UG, UL, or UM).

*Instruction suffix ‘BU" available only with temperature codes ‘N’ or ‘Q": suffixes ‘MIL" or ‘883" available only with tamperature code 'S’;
suffix ‘BS" available only through European sales office.

1 Discrete and integrated circuit chips are described in Brochure CN-193.




DEVICE PART-NUMBERING

ORIGINAL SPRAGUE SEMICONDUCTOR GROUP PART NUMBERS
TIC 6118 -2

_LShlpplng style (TIC prefix only).
FM = Wafer sawn on frame
TS = Tray pack
WA = Whole wafer

]

Instructions (optional).

Device Type (three or four digits).

L Family.

BA- = Pro-Electron registered diode

BC- = Pro-Electron registered diode

BZ- = Pro-Electron registered Zener diode
TH-* = Unpackaged discrete device chip t

TIC = Integrated circuit chip or probed wafer
TMP-* = SOT-23/TO-236AB packaged discrete device
TND = Diode array

TP = Bipolar transistor in TO-92TO-226AA/AB
TPP = Darlington array

TPQ = Quad transistor array

2N = JEDEC registered transistor

* D = diode T = transistor tDiscrete and integrated circuit chips are described in Brochure CN-193.
F = JFET 7 = Zener

MILITARY PART NUMBERS

85500 01 c C
5962 - 86058 01 M v C
T— Lead Finish.
A = Solder dip
C = Gold plate

X = Any (A or C acceptable by user)

Package Designation.
C = Hermetic, metal-sealed co-fired ceramic 14-pin dual in-line
E = Hermetic, metal-sealed co-fired ceramic 16-pin dual in-line
V = Hermetic, metal-sealed co-fired ceramic 18-pin dual in-line
2 = Hermetic, metal-sealed co-fired ceramic 20-terminal chip carrier

—Device Class.
M = Monolithic integrated circuit {optional for drawing numbers below 30000)

L Device Type.

'— Drawing Number.
(first two digits are year of issuance except that ‘38" indicates MIL-M-38510
device with remaining digits indicating the slash sheet).

L Standardized Military Drawing Program Designator
(Drawing numbers higher than 86000; not used for DESC drawing numbers below 86000).

All possible combinations of device type, operating temperature range, and package style are not
necessarily available. Consult individual device specification or sales office for complete information.




GENERAL

INFORMATION

ORDERING INFORMATION

To place an order, obtain price and delivery information, or to
request technical literature, contact your local Allegro sales office or
sales representative. See back of book, or:

From United States Allegro MicroSystems, Inc.
and Canada 115 Northeast Cutoff
Box 15036

Worcester, MA 01615
Tel: (508) 853-5000
Fax: (508) 853-5049

From Europe Allegro Europe Ltd.

and Mideast Balfour House, Churchfield Road
Walton-on-Thames, Surrey KT12 27D
UNITED KINGDOM
Tel: (44-932) 253-355
Fax: (44-932) 246-622

From Asia Allegro MicroSystems Philippines, Inc.
Sampaguita Street, Marimar Village
Parangue, Metro Manila 1700
PHILIPPINES
Tel: (63-2) 828-9026
Fax: (63-2) 828-4045

TECHNICAL ASSISTANCE

Requests for additional technical information or applications
assistance shouid be referred to your local Allegro sales office or sales
representative. See back of book, or:

For Integrated Circuits Allegro MicroSystems, Inc.
115 Northeast Cutoff
Box 15036
Worcester, MA 01615
Tel: (508) 853-5000
Fax: (508) 853-5049

For Sensors Allegro MicroSystems, Inc.
and Discrete Devices 53 Regional Drive
Concord, NH 03301
Tel: (603) 228-5533
Fax: (603) 224-2466
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INTEGRATED CIRCUITS

sso TRANSISTOR ARRAYS

PRODUCT INDEX
IN NUMERICAL ORDER’

See Section 7 for Index to Discrete Devices

Part Number * Description Pagej
05 thru 56 QUAd TranSISIOr AITAYS ..ottt 7-38
903 thru 942 MUBIDIE DIOGE ATTAYS ..o i ettt e 7-33
2001 thru 2025 Extended Temperature, Hermetic, 7-Channel, High-Current Darlington Arrays ............ 5-1
2061 thru 2074 1.5 A Darlington SWItCHES . ..o 31
2064 thru 2077 Extended Temperature, Hermetic, Quad 1.5 A Darlington Switches ..............ccc..ccoo.. 5-14
2222 Quad NPN Transistor Array

2369 Quad NPN Transistor Array .

2429 FIUIA DEtECIOT .o e
2436 and 2437 Dual-Mode (10 min/5 min) Countdown TIMers .. ..o 6-5
2453 thru 2455 Automotive Lamp Monitors/Comparators.... .

2460 Electronic Spark TIMIMG ..o e
2540 Quad 1.8 A Darlington Power Driver ...
2543 Quad Protected Darlington Power Driver ...
2545 QUA 2.5 A DFVEI 1o

2544 Quad 1.8 A Darlington Power DIiVEr ...
2547 Quad Protected Darlington Power Driver ...
2549 Quad Protected Darlington Power Driver ...
2580 8-Channel, High-Current Source Driver ...
2585 8-Channel, Saturated Source Driver ... ...
2588 8-Channel, High-Current Source DIVEr ...

2595 8-Channel, Saturated Sink Driver

2596 and 2597 8-Channel, Saturated Sink Drivers

2801 thru 2825 Extended Temperature, Hermetic, 8-Channel, Darlington Arrays...........cccoccoooei 5-24

2878 and 2879 Quad 4 A Darlington Switches ... .

2907 Quad PNP Transistor AMTAY .......ooooii e e

2916 . Dual Full-Bridge PWM MOtOr DIVET ..o 3-46

2917 Dual Full-Bridge PWM Motor Driver ... 3-51

2935 2 A Half-Bridge Motor Driver ... 3-56

2936 3-Phase 12 A Brushless DC Motor Drivers ... 3-61
Description and ApRCAION ... 3-315

2936 Extended Temp., Herm., 3-Phase +2 A Brushless DC Motor Controller/Driver ........... 5-37

2944 Quad 4 A High-Voltage Source DriVEr ... 3-69

2950 2 A Half-Bridge Motor DRVer ... 3-56

* Complete part number includes additional characters to indicate operating temperature range and package style.
See detailed specification.
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ICs AND TRANSISTOR ARRAYS
PRODUCT INDEX IN NUMERICAL ORDER

|?art Number * Description Page—l
2952 2 A Full-Bridge Motor Driver ... See 2953/54
2953 and 2954 2 A Full-Bridge PWM Motor Drivers ........cccoooiiiiiii e 3-73
2953 Extended Temperature, Hermetic, 2 A Full-Bridge PWM Motor Driver .................... 5-43
2955-2 6 A Half-Bridge Power DIVET ........oooiiiiii e 3-78
2957 Negative-Supply, 5-Channel Source Driver ..............cccooeoo oo 3-81
2961 3.4 A PWM Printhead/Motor Driver ..o
2962 Dual 3 A PWM Solenoid/Motor Driver
2966 Dual +4.8 A PWM Solenoid Driver ...
2981 thru 2984 8-Channel, SOUrce DIVEIS ...,
2981 thru 2984 Extended Temperature, Hermetic, 8-Channel Source Drivers ... 5-48
2985 8-Channel, Saturated Source Driver .........................

2987 8-Channel, Short-Circuit Protected Source Driver

2993 Dual Full-Bridge Motor Driver ...

2998 Dual 2 A Full-Bridge Motor Driver

2998 Extended Temperature, Hermetic, Dual 1.8 A Full-Bridge Motor Driver ...................... 5-54
3013 Low-Cost Hall Effect Digital SWItCH ..o See 3113
3019 Low-Cost Hall Effect Digital SWitch ... See 3119
3020 Low-Cost Hali Effect Digital SWItCh ... See 3120
3030 Bipolar Hall Effect Digital Switch ..o See 3130
3035 Biased Hall Effect Digital Latch Assembly ... See 3135
3040 Ultra-Sensitive Hall Effect Digital Switch ..o See 3140
3055 Multiplexed Two-Wire Hall Effect Sensor IC ... 4-1
3059 Hall Effect Gear-Tooth Sensor, AC Coupled ... 4-8
3075 Bipolar Hall Effect Digital Latch ..........cccoo oo

3077 Bipolar Hall Effect Digital Latch ....

3113 thru 3130 Hall Effect SWItChes ...
3113 thru 3130 Extended Temperature, Hermetic Hall Effect Switches ..o 5-58
3131 Ultra-Sensitive Bipolar Hall Effect Switch ......

3132 and 3133 Ultra-Sensitive Bipolar Hall Effect Switches

3140 Hall Effect SWILCh ..o
3175 and 3177 Hall Effect Digital LatChes ............cccooviini e

3235 Dual Output Hall Effect Digital Switch

3275 Complementary Output Hall Effect Latch ...

3311 and 3312 Linear Output Optoelectronic SENSOIS ..o
3330, 3360, 3363 Optoelectronic SWIHChES ... e
3390 Optoelectronic Switch - Twilight SENSOr ...t

* Complete part number includes additional characters to indicate operating temperature range and package style.
See detailed specification.




ICs AND TRANSISTOR ARRAYS
PRODUCT INDEX IN NUMERICAL ORDER

ﬁt Number * Description Page
3501 Linear Output Hall-Effect SENSOr ..ot 4-41
3503 Ratiometric, Linear Hall Effect Sensor ... 4-45
3611 thru 3614 Extended Temperature, Hermetic, Dual Peripheral/Power Drivers.......................... 5-62
3751 Power Operational AmMPHfIEr .......oooiiii 3-117
APPIICAION NOE ... 3-319
3755 Dual Power Operational Amplitier ... 3121
APPlICAtIoN NOTE ... 3-319
3827 FM Stereo Decoder with Noise-Actuated Blend................ 6-16
3845 and 3846 AM NOISE BlaNKEIS ... oo e 6-21
3847 Dual-Conversion AM RECEIVET ... ..o 6-28
3904 and 3906 QUA TraNSISION ATTAYS oo e 7-38
4000 Medium-Power Quad Darlington Array ... 7-36
4202 and 4203 Stepper Motor Translator Drivers ... See 5804
4204 and 4205 1.25 A Unipolar Stepper Motor DIVer ... See 5804
4401 4-Bit Latched Driver See 5800
4801 8-Bit Latched Driver See 5801
4810 10-Bit Serial-In. Latched Driver ... See 5810
4815 8-Channel Latched Source Driver ... See 5815
4821 thru 4823 8-Bit Serial-In. Latched Drivers ... See 5821/22/23
5140 Protected PowerHall Sensor Lamp-Solencid Driver ... 4-49
5233 and 5238 Vacuum Fluorescent Display Automotive Clocks ...
5275 Complementary Output Hall-Effect Latched Driver
5348 Smoke Detector with Interconnect and Timer ...
5401 QuUAd TranSISTOr AITAY ..o e

5458, 5463, & 5474

Vacuum Fluorescent Display Automotive Clocks

5604 Vacuum Fluorescent Display Automotive Clock

5615 and 5616 Liquid Crystal Display Automotive CIOCKS ...
5703 and 5706 Quad Peripheral and Power Drivers ...

5721 Dual AND Peripheral and Power Driver ...

5723 and 5724 Dual Peripheral and Power Drivers ...

5725 Dual Peripheral and Power Driver.............o

5741 thru 5744 Dual Peripheral and Power Drivers ................

5751 Dual AND Peripheral and Power Driver ... See 5741
5752 Dual Peripheral and Power Driver. ... 3-141

5753 and 5754
5800 and 5801

Dual Peripheral and Power Drivers ...
High-Speed BIMOS Latched Drivers

* Complete part numper includes additional characters to indicate operating temperature range and package style
See detailed specification.




ICs AND TRANSISTOR ARRAYS
PRODUCT INDEX IN NUMERICAL ORDER

Part Number * Description Pag?]
5800 and 5801 Extended Temperature, Hermetic, High-Speed BiMOS Latched Drivers ................... 5-68
5804 1.25 A, Unipolar Stepper-Motor Translator/Driver..........cc..ocooviioiiiiiie 3-149
5810 10-Bit High Speed Serial-In, Latched Source Driver ... 3-154
5810-F 10-Bit Serial-In, Latched Source Drivers with Active Pulldowns ................................ 3-158
5810 Extended Temperature, Hermetic, 10-Bit Serial-In, Latched Source Driver .............. 5-75
5811 12-Bit High-Speed Serial-In, Latched Driver ... 3-162
5812 12-Bit High-Speed Serial-in, Latched Source Driver ...............coocooeeiiiee. See 5812-F
5812-F 12-Bit Serial-In, Latched Source Drivers with Active Pulldowns ............................ 3-166
5813 and 5814 4-Bit High-Speed Latched 1.5 A Drivers ..o See 5830/31
5815 8-Bit High-Speed Serial-in, Latched Source Driver ... 3-170
5816 Addressable, Latched 16-Channel Driver ..o, 3-173
5818 32-Bit High-Speed Serial-in, Latched Source Driver ... See 5818-F
5818-F 32-Bit Serial-In, Latched Source Drivers with Active Pulldowns ............................... 3177
5821 thru 5823 8-Bit High-Speed Serial-In, Latched High-Voitage Drivers ... 3-181
5822 Extended Temperature, Hermetic, 8-Bit Serial-In, Latched Driver............................. 5-81
5824 8-Bit Serial-In, Latched Saturated Sink Driver ...............c.oo 3-185
5829 9-Bit Serial-In, Latched 1.6 A DIVET ..ot
5830 4-Bit Latched 1.2 A Darlington Driver
5831 4-Bit Latched 1.2 A Saturated Driver
5832 32-Bit Serial-In, Latched Sink Driver ... e
5833 32-Bit Serial-In, Latched Darlington Driver...............coccoo i e 3-210
5841 thru 5843 8-Bit Serial-In, Latched High-Voltage Drivers ............cccooooo oo e 3-214
5890 and 5891 8-Bit Serial-In, Latched Source DIVETS ... 3-219
5895 8-Bit Serial-In, Latched Source DIriver.............oo.oov oo 3-224
53800 and 5901 BiMOS Latched 150 V DriVErs . ....oooiii oo, See 5800/01
5962- ... SMDP Drawing ......c.ocoovviiiiiiiiieeee ....See Cross-Reference Guide
6002 Dual Complementary-Pair Transistor Array ...,
6116 and 6118 Vacuum Fluorescent Display DIiVErs ..ot
Reliability Report

6118 Extended Temperature, Hermetic, Vacuum Fluorescent Display Driver

6427 Quad NPN TransiStor AMTAY .....c.ociio oo
6450 Hall Effect Vane Switch Assembly ..o

6502 and 6700 Dual Complementary-Pair Transistor Arrays

7003 7-Channel, 150 V Darlington AIray ......cccccoooooiiiiiieee e
7078 Quad 3 A/90 V Darlington Switch ...

7180 Gas-Discharge Display Segment DriVer ... e

* Complete part number includes additional characters to indicate operating temperature range and package style.
See detailed specification.




ICs AND TRANSISTOR ARRAYS
PRODUCT INDEX IN NUMERICAL ORDER

Part Number * Description

8000 SChottky DIOGE AFTAY ..oooiiiii ettt e
8901 3-Phase Brushless DC Motor Back-EMF Controller/Driver ..o
8902 and 8903 3-Phase Brushless DC Motor Back-EMF Controller/Drivers.........ccococieiiiiinen.
8922 3-Phase +2 A Brushless DC Motor Controller/DMOS Driver ...,
8925 3-Phase +4 A Brushless DC Motor Controiler/DMOS Driver ...

8931 12 V V0ice Coil MOTOr DIIVET ...
8932 5V MOS Voice Coil MOtOr DFIVEI ...
8958 12 V V0ICe-Coil MOLOr DriVer .. . oo

* Complete part number includes additional characters to indicate operating temperature range and package style.
See detailed specification.
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SECTION 2. PRODUCT SELECTION GUIDES

Peripheral Power and Display DIiVEIS ......ccociiiiiriiiiiiiia e 2-1
High-Voltage (=90 V) Peripheral Power and Display Drivers...........cccocciiiccn 2-4
BIMOS Smart Power Interface DriVers ..o 2-5
MOTOT DIIVEIS oot 2-6
Hall-Effect and Optoelectronic SENSOrs ... 2-7
Military Power and Smart POWer DIiVErs ... 2-9
Automotive, Signal Processing, and Consumer 1Cs ... 2-10
Integrated Circuits Cross-Reference .........ccooiriiiiiiiiiiii e, 2-11
Competitive Integrated Circuits Part-Numbering Systems ............cccocvviiiiiinenn, 2-17
See Also:

Quick Guide to Allegro Discrete DevICeS .....oooiiiviiiie e 7-1

Discrete Semiconductors index and Cross Reference ... 7-2
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SELECTION GUIDE

PERIPHERAL POWER
AND DISPLAY DRIVERS

Sections 3 and 5, unless otherwise indicated

IN ORDER OF 1) OUTPUT CURRENT, 2) OUTPUT YOLTAGE, 3) NUMBER OF DRIVERS

Output Ratings * Features
Serial Latched Diode Saturated Internal Mil
mA Vv # input Drivers Clamp Outputs Protection Avail. Part Number t
Sink Drivers
14 115 8 — — — — — — 7180
100 20 8 — — — X — — 2595
30 32 X X — — — — 5833
40 8 — — — X — — 2595-1
40 32 X X — X — — 5832
50 8 X X — X — — 5824
250 150 7 — — X — — — 7003
300 60 2 Hall Sensor/Driver — X — — Series 5275 %
45 1 Hall Sensor/Driver X — X — 5140 %
50 8 — — X X — — 2596
80 2 — — — X — X 3611 thru 3614
80 4 — — X X — — 5703 and 5706
350 50 4 — X X — — X 5800
50 8 — X X — — X 5801
50 8 X X — — — 5821
50 8 X X X —_ — — 5841
60 16 4 10 16-Line Latched Decoder/Driver — — — 5816
80 8 X X — — — X 5822
80 8 X X X — — X 5842
100 8 X X — — — — 5823
100 8 X X X — — — 5843
500 70 2 — — X X - — 5732
600 60 4 — — X X — 2547
60 4 — — X X X — 2549
70 2 — — X X — — Series 5740
700 60 4 - — X X X — 2543
750 50 8 — — X X - — 2597
800 50 4 - X X — — — 5830
50 4 — X X X — — 5831
1000 70 2 — — X X — — 5725
1250 50 4 Stepper Motor Translator:Driver — X — 5804
50 2 — — X — — — 2061
50 4 — — X — — X 2064. 2068, & 2074
1500 80 2 — — X — — — 2062
80 4 — — X — — X 2065 and 2069
* Current is maximum specified test condition, voltage is maximum rating. Continued next page...

See specification for sustaining voltage limits or over-current protection voltage limits
1 Complete part number includes additional characters to indicate operating temperature range and package style.

1 Hall effect or optoelectronic sensor. See Section 4.
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PERIPHERAL POWER AND DISPLAY DRIVERS

Output Ratings * Features
Serial Latched Diode Saturated Internal Mil
mA v # Input Drivers Clamp Outputs Protection Avail. Part Number t
Sink Drivers (cont'd)
1600 50 9 X X — — X — 5829
1800 50 4 — — X — — — 2544
50 4 — — X — — — 2540
4000 50 4 — - X — — — 2878
80 4 — — X — — — 2879
Source Drivers
-25 60 8 — X — — — — 5815
60 10 X X — — — X 5810
60 10 X X Active Pull-Down — — — 5810-F
60 12 X X — — — — 5811
60 20 X X Active Pull-Down — — — 5812-F
60 32 X X Active Pull-Down — — — 5818-F
65 6 — — — — - — 6116-2
65 8 — - - — — - 6118-2
80 8 - X — — — — 5815-1
80 10 X X — — — — 5810-1
80 10 X X Active Pull-Down — — — 5810-F-1
80 12 X X — - - — 5811-1
80 20 X X Active Pull-Down — — - 5812-F-1
80 32 X X Active Pull-Down — — —- 5818-F-1
85 6 — -— -— — — — 6116
85 8 — — — — X 6118
115 6 - - — — — 6116-1
115 8 — — — — — 5118-1
-120 -25 8 — — X X — — 2585
30 8 - — X X — — 2985
50 8 X X X X — 5895
35C 35 8 - — X — X — 2987
50 8 X X - - — 5891
-50 8 — — X — — — 2580 and 2588
-80 5 — — X — — — 2957
-80 8 — X — — — 2580-1 and 2588-1
80 8 — — X — — X 2981 thru 2984
80 8 X X X - - — 5890
-4000 60 4 — — X — — — 2944
* Current is maximum specified test condition, voltage is maximum rating. Continued next page...

See specification for sustaining voltage limits or over-current protection voltage timits
1 Complete part number includes additional characters to indicate operating temperature range and package style

1 Hall effect or optoelectronic sensor. See Section 4.
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PERIPHERAL POWER AnD DISPLAY DRIVERS

Output Ratings * Features
Serial Latched Diode Saturated Internal Mil
mA v # Input Drivers Clamp Outputs Protection Avail. Part Number +
Source/Sink Drivers

+500 40 4 Bual Full Bridge X - —_ 2993

t750 45 4 Dual PWM Bridge X X X — 2916

800 16 2 Voice-Colil Motor Driver X — 8931 and 8958

=900 7.0 3 3-O Brushless Controller/Driver DMOS X — 8901 and 8902
14 3 3-0 Brushless Controllet/Driver DMQOS X — 8903

=1000 28 1 Power Op Amp X — — 3751
40 2 Dual Power Op Amp X — — 3755

+1500 45 4 Dual PWM Full Bridge X — X — 2917

+2000 14 3 3-0 Brushless Controller:Driver DMOS X — 8922
30 1 Half Bridge X — X — 2935 and 2950
45 3 3-O Brushless Controller/Driver — X X 2936 and 2936-120
50 2 PWM Full Bridge X — X X 2953 and 2954
50 4 Dual Full Bridge X — X X 2998

-3000 45 2 PWM Control X — — —_ 2962
45 2 — — X — X — 2974

+3400 45 1 PWM Control X — X — 2961

+4000 14 3 3-0O Brushless Controller/Driver DMOS X — 8925

+4800 65 2 PWM Control X — X — 2966

+6000 40 1 — — X — X — 2955-2

* Current is maximum specified test condition, voltage is maximum rating.
See specification for sustaining voltage limits or over-current protection voltage limits

1 Complete part number includes additional characters to indicate operating temperature range and package style.

I Hali effect or optoelectronic sensor. See Section 4
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SELECTION GUIDE

HIGH-VOLTAGE PERIPHERAL POWER
AND DISPLAY DRIVERS

Section 3
IN ORDER OF 1) OUTPUT VOLTAGE, 1) OUTPUT CURRENT, 3) NUMBER OF DRIVERS
Output Ratings * Features
Serial Latched Diode Saturated Internal Mil
\ mA # Input Drivers Clamp Outputs Protection Avail. Part Number 1
100 350 8 X X — — — — 5823
350 8 X X X — — — 5843
115 14 8 — — - — — — 7180
115 -25 6 — — — — — — 6116-1
25 8 — — — — — — 6118-1
150 250 7 — — X — — — 7003

* Current is maximum test condition; voitage is absolute maximum allowable.
Negative current is defined as coming out of (sourcing) the output.

T Complete part number includes additional characters to indicate operating temperature range and package style.
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BiMOS SMART POWER
INTERFACE DRIVERS

Sections 3 and 5

Output Ratings *

T Mil Avail.

Part Number t

]

Serial-input Latched Drivers

8-Bit (saturated drivers) 100 mA 50 Vi — 5824
8-Bit (saturated drivers) -120 mA 50 Vi — 5895
8-Bit 350 mA 50V — 5821
8-Bit 350 mA 50 vVt — 5841
8-Bit -350 mA 50 Vi — 5891
8-Bit 350 mA 80V X 5822
8-Bit 350 mA 80Vt — 5842
8-Bit -350 mA 80 Vi o 5890
8-Bit 350 mA 100 V — 5823
8-Bit 350 mA 100 Vi — 5843
9-Bit 16 A 50V — 5829
10-Bit -25 mA 60V X 5810
10-Bit (active pull-downs) -25 mA 60V — 5810-F
10-Bit -256 mA 80V — 5810-1
10-Bit (active pull-downs) 25 mA 80V — 5810-F-1
12-8it -25 mA 60V — 5811
12-Bit -25 mA 80V — 5811-1
20-Bit (active pull-downs) -25 mA 60V — 5812-F
20-8it (active pull-downs) -25 mA 80V — 5812-F-1
32-Bit (active pull-downs) -25 mA 60V — 5818-F
32-Bit (active pull-downs) -256 mA 80V — 5818-F-1
32-Bit 100 mA 30V — 5833
32-Bit 100 mA 40V — 5832
Parallel-Input Latched Drivers
4-8it 350 mA 50 Vit X 5800
4-Bit 800 mA 50 Vt — 5830
4-Bit (saturated drivers) 800 mA 50 Vi —_ 5831
8-Bit -25 mA 60V X 5815
8-Bit -25 mA 80V — 5815-1
8-Bit 350 mA 50 Vi X 5801
Special-Purpose Functions

Unipolar Stepper Motor Translator/Driver 125A 50 Vi — 5804
Addressabte Latched Hexadecimal Driver 350 mA 60 Vi — 5816

* Current is maximum specified test condition. voltage is maximum rating. See specification for sustaining voltage limits.

Negative current is defined as coming out of {sourcing} the output.

+ Complete part number includes additional characters to indicate operating temperature range and package style

1 internal transient-suppression diodes included for inductive-load protection.
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SELECTION GUIDE

MOTOR DRIVERS

Sections 3, 4, and 5

Detailed Info.
Function Output Ratings * Part Number t Section
Integrated Circuits for Brushless DC Motors
3-Phase Controller/Drivers t2.0 A 45V 2936 and 2936-120 35
2-Phase Hall-Effect Sensor/Controller 20 mA 25V 3235 4
Hall-Effect Latched Sensors 10 mA 24 V 3175 and 3177 4
Hall-Effect Latched Sensor 20 mA 25V 3275 4
Hall-Effect Latched Sensor 300 mA 60V 5275 4
2-Phase Driver 800 mA 50V 5725 3
3-Phase Back-EMF Controller/Drivers +900 mA 7V 8901 and 8902 3
3-Phase Back-EMF Controlter/Driver +900 mA 14V 8903 3
3-Phase Controller’DMCS Driver 2.0A 14V 8922 3
3-Phase Controller’lDMOS Driver 4.0 A 14V 8925 3
Full-Bridge Drivers for DC and Bipolar Stepper Motors
PWM Current Controlled Dual Full Bridge 1750 mA 45V 2816 3
PWM Current Controlled Dual Full Bridge 11.5A 45V 2917 3
PWM Current Controlled Full Bridges +2.0 A 50 V 2953 and 2954 3,5
Dual Full Bridge +500 mA 40V 2993 3
Dual Full Bridge +2.0A S50V 2998 3.5
Other Motor Drivers
Unipolar Stepper Motor Driver 1.8 A 50V 2544 3
Linear Servo Motor Driver +1.0A 28V 3751 3
Dual Linear Servo Motor Driver =1.0A 40V 3755 3
Unipolar Stepper-Motor Translator/Driver 1.25A 50 V 5804 3
Voice-Coil Motor Drivers +800 mA 16V 8931 and 8958 3

* Current is maximum specified test condition. voltage is maximum rating.
See specification for sustaining voltage limits or over-current protection voltage limits
Negative current is defined as coming out of {(sourcing) the output.

1 Complete part number includes additional characters to indicate operating temperature range and package style.
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HALL-EFFECT AND
OPTOELECTRONIC SENSORS

Section 4
Switch Points (at T, = +25°C) Max. Output Ext. Temp.
Max. Operate Min. Release Ratings Part Number * Available
Unipolar Hall-Effect Switches
175G 25G 2 x 25 mAt/25 V 3235 —
200 G 50 G 25 mA/25 V 3140 yes
200G 50 G 900 mA/28 V 5140 —
300G 225G 24 Vi 3055 yes
350 G 50 G 25 mA/25 V 3120 yes
450 G 30 G 25 mA/25 V 3113 —
500 G 125G 25 mA/25 V 3119 yes
Gear-Tooth Sensor 25 mA/24 V 3059 yes
Vane Switch 25 mA/25 V 6450 —
* Complete part number includes additional characters to indicate operating temperature range and package style.
1 Output 1 switches on south pole, output 2 switches on north pole.
$ Multiplexed two-wire sensor; after proper address. power/signal bus current indicates magnetic field condition.
Switch Points (at T, = +25°C) Max. Output Ext. Temp.
Max. Operate Min. Release Ratings Part Number * Available
Bipolar Hall-Effect Switches
+75G -75G 25 mA/25 V 3133 yes
+95G -95 G 25 mA/25 V 3132 yes
+150 G -150 G 25 mA/25 V 3130 yes
Switch Points (at T, = +25°C) Max. Output Ext. Temp.
Min. Operate Max. Operate Ratings Part Number * Available
Bipolar Hall-Effect Latches
+50 G +150 G 15 mA/24 V 3177 —
125 G +170G 15 mA/24 V 3175 —
=25G 250 G 2 x 50 mA/25 Vt 3275 e
225G +250 G 2 x 500 mA/30 VT 5275 —

* Complete part number includes additional characters to indicate operating temperature range and package style.

1 Complementary outputs for 2-phase unipolar brushless dc motor control.
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HALL-EFFECT AND OPTOELECTRONIC SENSORS

Ext. Temp.
Description Part Number * Available
Linear Hall-Effect Sensors
Typical output 0.7 mV/gauss 3501 —
Typical output 1.3 mV/gauss 3503 yes
r Description Part Number *
Optoelectronic Switches
Twilight sensor, ON below 10 pWiemz2 typ. 3390
Open collector, ON below 55 pWjcm2 typ. 3330
Internal pull-up, ON below 55 uW/cm2 typ. 3360
Open collector, OFF below 55 uW/ecm2 typ. 3363
Linear Optoelectronic Sensors
Minimum output 280 nA/uW/cm2 3311
Minimum output 350 nA/uW/cm2 3312

* Complete part number includes additional characters to indicate operating temperature range and package style.
See also, 2429 fluid detector and 5348 smoke detector, Section 6.




SELECTION GUIDE

MILITARY POWER
AND SMART POWER DRIVERS

Section 5

Part Number | Description* I
SMDP Devices

5962-3814103BEC See ULS2003H

5962-3814106BVC See ULS2801H

5962-3814107BVC See ULS2802H

5962-3814108BVC See ULS2803H

5962-3814109BVC See ULS2804H

5962-3814110BVC See ULS2805H

5962-8605801MVC See ULS2803H

5962-8605801M2C See ULS2803EK

5962-8753201MEC See ULS2069H

5962-8753202MEC See ULS2070H

5962-8764001MWC See UCS5801H

5962-8764101MWC See UCS5822H

5962-8851901MVC See UDS2981H

5962-8968401MVC/A See ULS2821H/R

5962-8968401M2C See ULS2821EK

5962-8968501MVC/A See ULS2823H/R

5962-8968501M2C See ULS2823EK

5962-8968601MVC/A See ULS2824H/R

5962-8968601M2C See ULS2824EK
MIL-STD-883 Compliant Devices t

2001 thru 2005 7-Channel 50 V/350 mA Darlington Arrays

2011 thru 2015 7-Channel 50 V/5600 mA Darlington Arrays

2021 thru 2025 7-Channel 95 V/350 mA Darlington Arrays

2064 thru 2077 Quad 1.25 A Darlington Switches

2801 thru 2805 8-Channel 50 V/350 mA Darlington Arrays

2811 thru 2815 8-Channel 50 V/500 mA Darlington Arrays

2821 thru 2825 8-Channel 95 V/350 mA Darlington Arrays

2936 3-Phase 45 V/:2 A Brushless DC Motor Controller/Driver

2953 Full-Bridge 50 Vi£2 A PWM Motor Driver

2981 thru 2984 8-Channel 50 V or 80 V/-350 mA Source Drivers

2998 Dual 50 V'=1.8 A Full-Bridge Motor Driver

3118 thru 3140 Hall Effect Switches §

3611 thru 3614 Dual 80 V:300 mA Peripheral/Power Drivers §

5800 4-Bit 50 V.350 mA Latched Driver

5801 8-Bit 50 V 350 mA Latched Driver

5810 10-Bit Serial-In, 60 V/-25 mA Latched Source Driver

5815 8-Channel. 60 V/-25 mA Latched Source Driver

5822 8-Bit Serial-in, 80 V/350 mA Latched Driver

6118 8-Channel 85 V/-25 mA VF Display Driver

* Current is maximum specified test condition, voltage is maximum rating
See specification for sustaining voltage limits or over current protection voltage limits

t Complete part number includes additional characters to indicate operating temperature range and package style.
£ NON-COMPLIANT because of differences in moisture resistance test method.
§ NON-COMPLIANT because of package dimensions.

2-9



AUTOMOTIVE, SIGNAL-PROCLESSING,
AND CONSUMER ICs

Part Supply Voltage
Number * Inputs Function Range
Linear Integrated Circuits for Radio Applications (Detailed Information in Section 6)
3827 Composite Audio FM Stereo Decoder w/Noise-Actuated Blend 7.5-12V
3845 to 30 MHz AM Stereo Noise Blanker 7512V
3846 to 30 MHz AM Noise Blanker 7512V
3847 10 20 MHz Dual-Conversion AM Receiver 6.5-16 V
* Complete part number includes additional characters to indicate operating temperature range and package style
Detailed Info
Part Number* Function Section
Specialized Integrated Circuits for Automotive Applications
2429 Low-Coolant Detector 6
2436 and 2437 Rear-Window Defogger Timers 6
2453 and 2454 Dual Automotive Lamp Monitors 6
2455 Quad Automotive Lamp Moniter 6
2460 Electronic Spark Timing 6
3059 Hall Effect Gear-Tooth Sensor 4
3360 and 3390 Twilight Sensors 4
5233 thru 5604 Vacuum Flucrescent Automotive Clocks 6
5615 and 5616 LCD Automotive Clocks 6
Specialized Integrated Circuits for Consumer Applications
2429 Fluid Detector 6
2436 and 2437 Countdown Power Timers 6
2455 Quad Comparator 6
3059 Hall Effect Gear-Tooth Sensor 4
3360 Twihght Sensor 4
5348 lonization-Type Smoke Detector 6
6450 Hall Effect Vane Switch 4
8931 and 8958 Brushless DC Motor Drivers 3
Other Analog Integrated Circuits
3311 and 3312 Precision Light Sensors 4
3501 and 3503 Linear Output Hall Effect Sensors 4
3751 Power Operational Amplifier 3
3755 Dual Power Operational Amplifier 3
8931 and 8958 Voice-Coil Motor Drivers 3

* Complete part number includes additional characters to indicate operating temperature range and package style.




MFG CODES:

The suggested replacement devices are based on
similarity as shown in currently published data. Exact

IN ALPHA-NUMERICAL ORDER

replacement in all applications is not guaranteed and the
user should compare the specifications of the competitive
and recommended replacement.

AMI
ASAHI
Cs

Di
EXR
FSC
HIT

$ European registration: manufactured by various companies including
ITT. Philips, SGS/ATES, Siemens. Thomson-CSF. AEG-Telefunken,

American Microsystems
Asahi

Cherry Semiconductor
Dionics, Inc.

Exar Integrated Systems
Fairchild Semiconductor
Hitachi Ltd.

Integrated Power
Matsushita

Microswitch

Mitsubishi Electric Corp.
Motorola Semiconductor
Mietec

National Semiconductor
Oki Semiconductor
Pro-Electron t

Valvo, & others.

t Ordering part number is SMDP Drawing number as listed
Commercial part number is shown for reference only

* Functional equivalent only; usually improved performance but not

necessarily pin compatible

QPL
RCA
RFA
SAM
SG
SIEM
SIG
SGS
SMDP
SPR
SYL
THM

TOS
TRW
UNI

Qualified (QPL) to MIL-M-38510

RCA (Harris)

Rifa

Samsung Semiconductor
Silicon General Inc.
Siemens Corp.

Signetics Corp.
SGS/ATES

Standard Military Drawing Program +
Sprague Semiconductor Group

Sylvania
Thomson-CSF
Texas Instruments
Toshiba Corp.
TRW

Unitrode




CROSS REFERENCE
CA-NE

Competitive Part Number Competitive Part Number

Base Mfg. Suggested Base Mig. Suggested
Prefix Number Suffix Code(s) Replacement Notes | Prefix Number Suffix Code(s) Replacement Notes
CA 3219 AE RCA UDN2543B L 293 SGS UDN2993B *
CA 3219 E RCA uUDQ25438 L 293 D SGS/UNI UDN2993B ”
CA 3242 E RCA UDN2543B L 295 SGS/UNI UDN2962W ”
CA 3262 E RCA UDN2543B L 298 SGS/UNI UDN2998W *
Ccs 166 CS ULN2429A L 298 D SGS UDN29g8W *
DI 300 DI UDN7180A L 298 DNE Ti UDN2993B *
DI 507 Di UDNB116A-1 * L 6220 S5GS UDN2544B
DI 508 Di UDNGB116A * L 6221 SGS UDN2540B
DI 509 DI UDN6116A-2 * M 2064 P MIT ULN2064B *
Dl 509 BR DI UDQ6116A-2 ” M 2065 P MIT ULN2065B
DI 514 DI UDN6118A-2 * M 2580 P MIT UDN2580A
DN 6835 NS/MAT  UGN3501U M 2580 P-l MIT UDN2580A-1
DN 6836 NS/MAT  UGN3501U M 2981 P MIT UDN2981A
DN 6837 NS/MAT  UGN3119U M 2982 P MIT UDN2982A
DN 6838 NS/MAT  UGN3130U M 2983 P MIT UDN2983A
DN 6839 NS/MAT  UGN3119U M 2984 P MIT UDN2984A
ECG 2021 SYL UDN6118A M 38510/14103  BEC QPL ULS2003H883
ECG 2026 SYL UDNB116A-1 M 38510/14106 BVC QPL ULS2801H883
EW 500 ASAHI UGN3175U M 38510/14107 BVC QPL  ULS2802H883
EW 550 ASAHI UGN3140U M 38510/14108 BVC QPL  ULS2803H883
FPQ 2222 FSC TPQ2222 M 38510/14109  BVC QPL  ULS2804H883
FPQ 2907 FSC TPQ2907 M 38510/14110  BVC QPL  ULS2805H883
FSA 2619 P FSC TND908 M 54532 P MIT ULN2064B *
FSA 2719 P FSC TND903 M 54562 P MIT UDN2982A
HA 13007 HIT UDN2540B M 54563 P MIT UDN2981A
HA 13415 HIT UDN2543B MC 3479 P MOT UCN5804B N
HA 13421 A HIT UDN2993B " MPQ 2222 MOT TPQ2222
HA 16617 P HIT UDNB118A-2 MPQ 2369 MOT TPQ2369
HA 16617 PJ HIT UDQ6118A-2 MPQ 2484 MOT TPQ2484
P 293 D IP UDN2993B * MPQ 2907 MOT TPQ2907
IP 2064 N P ULN20648B MPQ 3799 MOT TPQ3799
P 2065 N IP ULN2065B MPQ 3904 MOT TPQ3904
IP 2068 N IP ULN2068B MPQ 3906 MOT TPQ3906
P 2069 N P ULN2069B MPQ 6002 MOT TPQ6002
IP 2074 N 1P ULN20748 MPQ 6502 MOT TPQ6502
JAN 2003 J SG ULS2003R MPQ 6700 MOT TPQ6700
KA 2580 A SAM UDN2580A MSL 912 R OKI UDN6118A-2
KA 2588 A SAM UDN2588A MTC 6020 MT UCN5801A
L 165 SGS ULN3751Z NE 584 N SIG UDN6118A-2
L 272 SGS ULN37558 * NE 594 F SIG UDN6118R-2

* Functional equivalent only: usually improved performance but not necessarily pin compatible




CROSS REFERENCE
OH-TL

Competitive Part Number Competitive Part Number

Base Mig. Suggested Base Mfg. Suggested
Prefix  Number Suffix Code(s) Replacement Notes | Prefix Number Suffix Code(s) Replacement Notes
OH 360 TRW UGN3120- SN 65518 FN Tl UCQ5818EPF
OHN 3013 u TRW UGN3113U SN 65518 N T UCQ5818AF
OHN 3019 U TRW UGN3119U SN 75064 NE Tl ULN2064B
OHN 3020 U TRW UGN3120U SN 75065 NE Ti ULN2065B
OHN 3030 u TRW UGN3130U SN 75068 NE Ti ULN2068B
OHN 3040 u TRW UGN3140U SN 75069 NE Ti ULN2069B
OHS 3019 U TRW UGS3119U SN 75074 NE Ti ULN2074B
OHS 3020 U TRW UGS3120U SN 75407 P Ti UDNS5752M
OHS 3030 V] TRW UGS3130U SN 75437 ANE Ti UDN2543B
OHS 3040 u TRW UGS3140U

SN 75512 BN Ti UCN5811A

PBD 3517 RFA UCN5804B * SN 75518 FN Ti UCNS5818EPF
PBL 3717 RFA UDN2953B * SN 75518 N Ti UCNb5818AF
PBL 3770 RFA UDN2953B * SN 75605 K TS UDN2950Z
Q2T 2222 Tl TPQ2222 SN 754410 Ti UDN2993B *
S 4534 AMI UCNS5810A SN 754411 Ti UDN2993B *
S 4535 AMI UCN5S818AF SS 31 EA MICR UGS3131-
SA 594 F SIG UDQ6118R-2 S8 41 MICR UGS3131UA
SA 594 N SIG UDQ6118A-2 55 46 MICR UGN3130UA
SAA 1027 SIG/PE UCN58048B * SS 81 CA MICR UGS3131-
SAA 1042 MOT/PE  UCN5804B * SS 81 EA MICR UGN3131-
SAS 251 S5 SIEM UGN3119- TA 7272 P TOS ULN3755W *
SG 298 D SG UDN2998W * TCA 365 PE/SIEM  ULN3751Z *
SG 2001 J SG ULS2001R883 D 62064 AP TOS ULN2064B
SG 2002 J SG ULS2002R883 T0 62064 P TOS ULN2064B
SG 2003 J SG ULS2003R883 7D 62074 AP TOS ULN2074B
SG 2004 J SG ULS2004R883 TD 62074 P TOS ULN2074B
SG 2064 W SG ULN20648B 0 62781 AP TOS UDNB118A-2
SG 2065 w SG ULN2065B TDA 3717 PE UDN2953B *
SG 2068 w SG ULN2068B TEA 3717 PE UDN2953B *
SG 2069 w SG ULN2069B TID 121 Tl TND933
SG 2074 W SG ULN2074B TID 122 T TND940
SG 3173 P SG ULN3751Z TID 123 T TND938
SG 3635 P SG UDN29357 TID 124 Ti TND939
SG 3643 S SG UDN2962W * TL 170 Ti UGN3130U *
SG 3851 J SG ULS2011R883 TL 172 C Ti UGN3119U *
SG 3852 J SG ULS2012R883 TL 173 C Ti UGN3503U *
SG 3853 J SG ULS2013R883 TL 173 | Tl UGN3503U *
SG 3854 J SG ULS2014R883 TL 4810 BDW Ti UCNS810LWF
SG 6118 N SG UDNG118A TL 4810 BIDW T UCQ5810LWF
SN 65512 BN Tl UCQ5811A TL 4810 BIN Ti UCQ5810AF

* Functional equivalent only; usually improved performance but not necessarily pin compatble.




CROSS REFERENCE
TL-ULN

Competitive Part Number Competitive Part Number
Base Mig. Suggested Base Mfg. Suggested

Prefix =~ Number Suffix Code(s) Replacement Notes | Prefix Number Suffix Code(s) Replacement Notes
TL 4810 BN Tl UCN5810AF UDN 6184 A SPR UDNB118A-1

TL 5812 FN Tl UCNS5812EPF UGN 3013 — SPR UGN3113-

TL 5812 N Ti UCN5812AF UGN 3019 — SPR UGN3119-

TL 5812 FN TI UCN5812EPF UGN 3020 — SPR UGN3120-

TL 5812 IFN Tl UCQ5812EPF UGN 3030 — SPR UGN3130-

TL 5812 IN Tl UCQ5812AF UGN 3040 — SPR UGN3140-

uA 9667 DMBQ FSC  ULS2003R883 UGN 3075 S SPR UGN3175-

uc 2950 T UNI UDN29502 UGN 3077 — SPR UGN3177-

uc 3175 UNI ABIS8SEA UGN 3131 — SPR UGN3132-

uc 3517 UNI UCN58048 * UGN 3501 M SPR UGN3501LI *
uc 3620 UNL UDN2936W * UGs 3019 — SPR UGS3119-

uc 3717 A UNI UDN2953B * UGS 3020 - SPR UGS3120-

uc 3770 UNI UDN2954W * UGS 3030 — SPR UGS3130-

UCN 4202 A SPR UCN5804B ¢ UGS 3040 — SPR UGS3140-

UCN 4203 A SPR UCN5804B * UGS 3131 — SPR UGS3132-

UCN 4205 B-2 SPR UCN5804B UHP 181 SPR UDN5706A *
UCN 4401 A SPR UCN5800A UHP 400 SPR UDN5706A *
UCN 4801 A SPR UCN5S801A UHP 400 -1 SPR UDN5706A *
UCN 4801 ADP THM UCNS5801A UHP 402 SPR UDN5703A *
UCN 4810 A SPR UCN5810A UHP 402 -1 SPR UDNS5703A ”
UCN 4810 N Ti UCN5810A UHP 406 SPR UDN5706A *
UCN 4815 A SPR UCNbB815A UHP 406 -1 SPR UDN5706A *
UCN 4821 A SPR UCNB821A ULN 2064 B MOT/SGS  ULN2064B

UCN 4822 A SPR UCNb5822A ULN 2064 N IP ULN2064B

UCN 4823 A SPR UCN5823A ULN 2064 NE MOT/TI ULN2064B

UCN 5812 A SPR UCNS812AF ULN 2065 B MOT/SGS  ULN2065B

UCN 5812 AF-1 SPR  UCNSB12AF-1 ULN 2065 N iP ULN2065B

UCN 5812 EP SPR UCN5812EPF ULN 2065 NE MOT/T! ULN2065B

UCN 5812 EP-1 SPR  UCNB5812EPF-1 ULN 2068 B MOT/SGS  ULN2068B

Ub 4181 SPR UDN5706A b ULN 2068 N P ULN2068B

UDN 2541 B SPR UDN2543B * ULN 2068 NE MOT/TI ULN2068B

UDN 2542 B SPR UDN2543B * ULN 2069 B MOT/SGS  ULN2069B

UDN 2949 z SPR UDN2950Z ULN 2069 N P ULN2069B

UDN 2952 B SPR UDN2953B * ULN 2069 NE MOT/TI ULN2069B

UDN 2952 W SPR UDN2954W * ULN 2074 B MOT/SGS  ULN2074B

UDN 2956 A SPR UDN2957A * ULN 2074 N iP ULN2074B

UDN 2975 W SPR UDN29s2W * ULN 2074 NE MOT/T! ULN2074B

UDN 5732 M SPR UDN5752M ULN 2401 A SPR ULN2455A *
UDN 6126 A SPR UDNB116A ULN 3006 T SPR UGN3119U

UDN 6164 A SPR UDNB116A-1 ULN 3008 T SPR UGN3501U

* Functional equivalent only; ustally improved performance but not necessarily pin compatitie




CROSS REFERENCE
ULN-XR

Competitive Part Number Competitive Part Number

Base Mfg. Suggested Base Mfg. Suggested
Prefix  Number Suffix Code(s) Replacement Notes | Prefix Number Suffix Code(s) Replacement Notes
ULN 3310 T SPR ULN3312T uLs 2805 L P ULS2805H883
ULS 2001 J P ULS2001R883 ULS 2811 J IP ULS2811R883
ULS 2001 L P ULS2001H883 UuLs 2811 L P ULS2811H883
ULS 2002 J P ULS2002R883 ULS 2812 J P ULS2812R883
ULS 2002 L P ULS2002H883 ULS 2812 L P ULS2812H883
ULS 2003 J P ULS2003R883 UuLsS 2813 J P ULS2813R883
ULS 2003 L IP ULS2003H883 uLS 2813 L IP ULS2813H883
ULS 2004 J P UL.S2004R883 ULS 2814 J P ULS2814R883
UuLs 2004 L P ULS2004H883 uLs 2814 L P ULS2814H883
uLs 2005 J P ULS2005R883 ULS 2815 J P ULS2815R883
ULS 2005 L P ULS2005H883 ULS 2815 L P ULS2815H883
uLs 2011 J P ULS2011R883 uLs 2821 J P ULS2821R883
ULsS 2011 L P ULS2011H883 ULS 2821 L P ULS2821H883
ULS 2012 J IP ULS2012R883 ULS 2822 J P ULS2822R883
ULS 2012 L P ULS2012H883 ULS 2822 L P ULS2822H883
uLs 2013 J IP ULS2013R883 ULS 2823 J P ULS2823R883
uLs 2013 L P ULS2013H883 ULS 2823 L P ULS2823H883
ULs 2014 J P ULS2014R883 UuLS 2824 J P ULS2824R883
ULs 2014 L P ULS2014H883 ULS 2824 L P ULS2824H883
uLs 2015 J P ULS2015R883 ULS 2825 J P ULS2825R883
uLs 2015 L P ULS2015H883 ULs 2825 L P ULS2825H883
ULS 2021 J P ULS2021R883 uLs 3006 T SPR UGS3119U
ULS 2021 L P ULS2021H883 us 7438 A SPR UDNS5706A *
uLs 2022 J IP ULS2022R883 XR 6116 p-2 EXR UDQ6116A-2
uLs 2022 L IP UL S2022H883 XR 6118 P EXR UDN6118A
uLs 2023 J P ULS2023R883 XR 6118 p-2 EXR UDNG118A-2
ULS 2023 L P ULS2023H883 6 SS MICR UGN3501- *
ULS 2024 J P ULS2024R883 8 SS1 MICR UGS3130- *
ULS 2024 L P ULS2024H883 8 SS1E1 MICR UGN3130- *
ULs 2025 J P ULS2025R883 8 SS3 MICR UGS3119- *
uLs 2025 L P ULS2025H883 8 SS3E1 MICR UGN3113- -
uLs 2801 J P ULS2801R883 8 S85 MICR UGS3130- *
uLs 2801 L P ULS82801H883 8 SS5E1 MICR UGN3130- *
ULS 2802 J P ULS2802R883 8 SS87 MICR UGN3119- *
uLs 2802 L P ULS2802H883 8 SS7E1 MICR UGN3119- *
ULS 2803 J IP ULS2802R883 55 SS16 MICR UGN3113- *
ULS 2803 L P UL S2803H883 65 SS2 MICR UGN3113- .
ULS 2804 J P ULS2804R883 91 SS12-2 MICR UGN3501- *
ULs 2804 L 1P UL32804H883 92 §512-2 MICR UGN3501- *
uLs 2805 J P ULS2805R883 103 SR MICR UGN3501- *

* Functional equivalent only; usually improved performance but not necessarily pin compatible.




CROSS REFERENCE

Competitive Part Number Competitive Part Number
Base Mfg. Suggested Base Mig. Suggested
Prefix  Number Suffix Code(s) Replacement Notes | Prefix Number Suffix Code(s) Replacement Notes
103 SR5A-1 MICR UGN3113- * 5962-8968401 MV- SMDP ULS2821H/R883 1
103 SR13A-1 MICR UGS3119- * 5962-8968401 M2- SMDP ULS2821EK883 ¢t
103 SR17A-1  MICR UGS3130- * 5962-8968401 V- SMDP ULS2821H/R883 t
513 SS16 MICR UGS3120- * 5962-8968401 2- SMDP  ULS2821EK883
517 SS16 MICR UGS3131- - 5962-8968501  MV- SMDP ULS2823H/R883 t
613 382 MICR UGN3119- * 5962-8968501  M2- SMDP ULS2823EK883
617 SS2 MICR UGS3130- * 5962-8968501 V- SMDP ULS2823H/R883
5962-3814103 BEC QPL  ULS2003H883 5962-8968501 2- SMDP  ULS2823EK883 ¢
5962-3814106 BVC QPL  ULS2801H883 5962-8968601 MV- SMDP ULS2824H/R883 t
5962-3814107 BVC QPL ULS2802H883
5962-8968601 M2- SMDP ULS2824EK883 ¢t
5962-3814108 BVC QPL ULS2803H883 5962-8968601 V- SMDP ULS2824H/R883 t
5962-3814109 BVC QPL  ULS2804H883 5962-8968601 2- SMDP  ULS2824EK883 t
5962-3814110 BVC QPL  ULS2805H883 9665 DM FSC  ULS2001R883
5962-8605801 MVC SMDP  ULS2803H883 9666 DM FSC  ULS2002R883
5962-860580t M2C SMDP  ULS2803EK883 9667 DMQB FSC  ULS2003R883
5962-8605801 vC SMDP  ULS2803H883 9668 DM FSC  ULS2004R883

5962-8605801 2C SMDP ULS2803EK883
5962-8753201 EC SMDP  ULS2069H883
5962-8753201 MEC SMDP  ULS2069H883
5962-8753202 MEC SMDP  ULS2070H883

5962-8764001 MWC SMDP  UCS5801H883
5962-8764001  WC SMDP  UCS5801H883
5962-8764101 MWC SMDP  UCS5822H883
5962-8764101 WC SMDP  UCS5822H883
5962-8851901 MVC SMDP  UDS2981H883

—+ b =k =k b b -t

* Functional equivalent only; usually improved performance but not necessarily pin compatible

t Ordering part number is DESC Drawing number, or SMDP Drawing number as listed. Commercial part number is shown for reference only.
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COMPETITIVE IC

PART NUMBERING

Cherry Semiconductor:
Cs 123

D
_[—— Package. D = Small Outiine

DW = Wide-Body Small Outiine

FN = Plastic Leaded Chip Carrier

J = Ceramic DIP

N = Plastic DIP

V = Power Tab SIP

VH = Power Tab SIP with Lead Form
Exar:

XR 2001 C

N

T— Package. D = Small Outline
N = CerDIP
P = Plastic DIP

Grade. C = Commercial (0°C to +70°C)
M = Military {-55°C to +125°C)
Blank = Improved Commercial
Fairchild:

uA 705 P o

T— Temperature. C = Commercial (0°C to +70 or +75°C)
L =-55°C to +85°C
M = Military {-55°C to +125°C)

Package. D = Ceramic DIP

J = Flange Mount (TO-66)

K = Ftange Mount (TO-3)

P = Plastic DIP

R = Ceramic Mini-DIP

T = Plastic Mini-DIP

U = Power Tab (TO-220)
Fujitsu:

MB 37589 E

C
L Package. C = Ceramic
P = Plastic DIP
Z = CerDIP
Hitachi:

HA 1199

P
T_.__ Package. P = Plastic DIP
C = Ceramic DIP
CG = Ceramic Leadless Chip Carrier
CP = Plastic Leaded Chip Carrier
G = CerDIP
SO = Smalt Outline
Integrated Power:

IP 3 P 45

T
L Package. D = Ceramic
J = CerDIP
K = Flange Mount (TO-3)
N = Plastic DIP
T = Power Tab (TO-220)

Temperature. 1 =-55°Cto +125°C
2 =-25°C to +85°C
3=0°Cto+70°C




COMPETITIVE IC PART NUMBERING

Mitsubishi:
M 5 4523 P
T— Package. K=CerDIP
P = Plastic DIP
S = Ceramic DIP
Temperature. 5= Commercial/industrial
9 = Military
Motorola:
MC 1311 P
Package. D =Small Outline

National Semiconductor:

LM 380 N
T——— Package.

Pro-Electron:

K = Metal Flange Mount (TO-3)
L = Ceramic DIP

P = Plastic DIP

PQ = Plastic Quad In-Line

R = Metal Flange Mount (TO-66)
T = Power Tab (TO-220)

U = Ceramic DIP

D = Ceramic DIP

E = Ceramic Leadless Chip Carrier
J = CerDIP

M = Small Outline

N = Plastic DIP

T = Power Tab (TO-220)

V = Plastic Leaded Chip Carrier
WM = Wide-Body Smalil Outline

D A 1060 P
Material. C = Metal-Ceramic
G = Glass-Ceramic (CerDIP)
M= Metal
P = Plastic
Package. D =DualInline
G = Flat Quad
K = Diamond
Temperature. A = See Detail Specification
B =0°C to +70°C
C =-55°C to +125°C
D =-25°C to +70°C
E =-25°C to +85°C
F =-40°C to +85°C
G = -55°C to +85°C
RCA (Harris):
CA 758 E
T— Package. D = Ceramic DIP

E = Plastic DIP

F = CerDIP

M = Small Outline

Q = Plastic Leaded Chip Carrier

W = Staggered Quad In-Line Plastic
Biank = See Detall Specification
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COMPETITIVE IC PART NUMBERING

SGS-Thomson:
L 292 C

Vv
T— Package. M = Mini-DIP
N = DIP
T = Flange Mount
V = Power Tab SIP (TO-220)
VH = Power Tab SIP with Lead Form

Special. C = Commercial Temperature
D = Internal Diodes
Signetics:

NE 564

N
T— Package. A = Plastic Leaded Chip Carrier
D = Small Outline
F = CerDIP
FE = Mini-CerDIP
G = Leadless Chip Carrier
{ = Ceramic DIP
N = Plastic DIP
U = Plastic SIP

'— Temperature. NorNE=0'Cto+70°C
SA =-40°C to +85°C
SorSE =-55°Cto +125C
SU =-25°C to +85°C

Silicon General:
SG 1524 F

Package. D = Small Outline
DM = 8-Lead Small Outline
DW = Wide-Body Small Outline
G = Power Tab (TO-220)
H = Ceramic DIP
J = CerDIP
L = Leadless Ceramic Chip Carrier
M = Plastic Mini-DIP
N = Plastic DIP
P = Power Tab (TO-220)
W = Plastic DIP Semi-Tab
Y = Ceramic Min.-DIP




COMPETITIVE IC PART NUMBERING

Texas Instruments:

SN 7_‘5_ 064 NE

Package. D = Small Outline
DW = Wide-Body Small Outline
FG = Ceramic Rectangular Leadless Chip Carrier
FH = Ceramic Square Leadless Chip Carrier
FK = Ceramic Square Leadless Chip Carrier
FM = Plastic Rectangular Leaded Chip Carrier
FN = Plastic Square Leaded Chip Carrier
J = CerDIP
JD = Ceramic DIP
K = Power Tab (TO-220)
N = Plastic DIP
ND = Plastic DIP Semi-Tab
NE = Plastic DIP Semi-Tab
P = Piastic Mini-DiP

L Temperature. 55=-55°C to +125°C
75 = 0°C to +70°C

4 c J
’ -[—— Package. As shown above.

Temperature. C = Commercial {0°C to +70°C)
E = Extended (-40°C to +85°C)
| = Industrial (-25°C to +85°C)
M = Military (-55°C to +125°C)

TL 49

Toshiba:
TA 7272 P

Package. C = Ceramic
D = CerDIP
J = Plastic SOJ
P = Plastic DiP
T=PLCC
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SECTION 3. TECHNICAL DATA & APPLICATION NOTES
FOR PERIPHERAL POWER AND DISPLAY DRIVER ICS

iNn NUMeEriCal Order ..o, Beginning at 3-1

Applications Information:
Power ICs for Motor-Drive Applications ............coceiiiiiiiiii e, 3-284
Integrated Circuits for Current-Sourcing Applications ..............cccoon, 3-292
Expanding the Frontiers of IC Interface for Electronic Displays .................... 3-302
Trends in IC Interface for Electronic Displays ..o 3-309
2936 3-Phase Brushless DC Motor Controller/Driver ... 3-315
Series 3750 Power Operational Amplifier Applications ... 3-319

Series 5800 BIMOS I POWer DIVErS oo 3-332



206 l THRU

2074

ULN2064/658B

Dwg. No. A-G785A

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

Output Voltage. Voo o ..o See Guide
Output Sustaining Voltage.

Vepisug: <o .. .. See Guide
Output Current, IOUT(No(e L5 175 A
input Voltage. V|, (Note 2). ... .. See Guide
Input Current, lL{Note3) .......... 25 mA
Supply Voltage,

Vg (ULN2068B/LB & 2069B) . . . .. 0oV
Total Package Power Dissipation,

Py o See Graph
Operating Temperature Range.

L -20°C to +85°C
Storage Temperature Range.

T -55°C to -150°C

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

2. Input voltage is referenced to the substrate (no
connection to other pins) for the ULN2061/62M
and ULN20748B. reference is ground for all other
types.

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

1.5 A DARLINGTON SWITCHES

High-voltage, high-current Darlington arrays ULN2061M through
ULN20748B are designed for interface between low-level logic and a
variety of peripheral loads such as relays, solenoids, dc and stepper
motors, magnetic print hammers, multiplexed LED and incandescent
displays, heaters, and similar loads. Output OFF voltage ratings of 50 V
and 80 V are available. in the DIP, the quad drivers can drive resistive
loads to 480 watts (1.5 A x 80 V, 26% duty cycle). For inductive loads,
sustaining voitages of 35 V and 50 V at 100 mA are specified.

Dual-driver arrays ULN2061M and the higher-voltage ULN2062M
are used for common-emitter (externally connected) or emitter-follower
applications. They are supplied in 8-pin plastic mini-DIPs.

Quad drivers ULN2064B/LB, ULN2065B, ULN2068B/LB, and
ULN20698B are intended for use with TTL, low-speed TTL, and 5 V MOS
logic. The ULN2065B and ULN2069B are selected for the 80 V minimum
output breakdown specification. The ULN2068B/LB and ULN2069B have
pre-driver stages and are recommended for applications requiring high
gain (low input-current loading). Isolated Darlington array ULN2074B is
identical to the ULN2064B except for the isolated Darlington pinout and
the deletion of suppression diodes. This switch is for emitter-follower
applications. Quad-driver arrays are supplied with heat-sink contact
tabs in 16-pin plastic DIPs (suffix B) and 20-lead surface-mountable
wide-body SOICs (suffix LB).

FEATURES

B’ TTL, DTL, MOS. CMOS Compatible Inputs
B Transient-Protected Outputs

B Loads to 480 Watts

B Heat-Sink Contact Tabs on Quad Arrays

Always order by complete part number. e.g., [ULN2061M | .
See matrix on next page. Note that all devices are not available
in all package types.
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2061 THRU 2074
1.5 A DARLINGTON SWITCHES

50

4.0

3.0

2.0

ALLOWABLE PACKAGE POWER DISSIPATION IN WATTS

\/

20 LEAU SOIC. Ry - -6 CW

L~ 16 PINDIP. Ry

16 PIN DIP %Jv \; 13 CWAN
ZO‘LLAD SOIC lHQJA - 45 C/W

N

T~

)\
>~

8-PINDIP. Ry, =80 L/W

//

25 50 75 100 125

TEMPERATURE IN “C

150

Dwg. GP-027

SELECTION GUIDE
Part Max. Min. Max.

Number* Veex CE(SUS) Vin Application
ULN2061M 50V 3%v | 30V TTL, DTL, Schottky TTL,
ULN2062M 80V 50V 60V and 5V CMOS
ULN2064B 50V 35V 15V TTL, DTL, Schottky TTL,
ULN2064LB and 5V CMOS
ULN2065B 80V 50V 15V
ULN2068B 50 V 35V 15V TTL, DTL, Schottky TTL,
| ULN2068LB and 5 V CMOS
ULN2069B 80V 50 V 15V
ULN2074B 50V 35V 30V General Purpose

* Suffixes ‘L.B" are SOICs, 'B" and ‘M’ are DIPs.

;

Hﬂ*‘w A
@

L

Dwg. No. A-9729A

FIGURE 1

_pEr
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-9 191

N

-

Dwg. No. A-9734A

FIGURE 5

TEST FIGURES

5

)

b
Z

D

1

i
‘
4 +

M—-

A

Dwg. No. A-10,350

FIGURE 2

Dwg. No. A-9735A

FIGURE 6

OPEN

Dwg. No. A-10.349

FIGURE 3

Dwg. No. A-9736

FIGURE 7

Dwg. No. A-3732

FIGURE 4

Dwg. No. A-10,351

FIGURE 8
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2061 THRU 2074
1.5 A DARLINGTON SWITCHES

PARTIAL SCHEMATIC ULN2061/62M
—P—ox
K
350 —————————O0C
8 O—» <
! k__(
; 7.2K ’
i AN oF ‘
SUB 3K
2wg. No. A-10.352B Dwg. No. A-10.230A

FLECTRICAL CHARACTERISTICS at +25°C (unless otherwise noted).

Test Applicable Limits
Characteristic Symbol Fig. Devices Test Conditions Min. Max. Units
Output Leakage Current loex 1 ULN2061M Ve =50V — 100 uA
~50V.T,=70C — 500 | wA
ULN2062M | V., - 80V B T BTN
Ve =80V.T,=70C — 500 | pA
Output Sustaining Voltage Veeisus: 2 ULN2061M lc=100mA.V =04V 35 — \
ULN2062M .= 100 mA. V, = 0.4V 50 — v
Collector-Emitter Veesan 3 Both ﬁ: 500 mA, I = 625 pA — 1.1 \
Saturation Voltage ‘C*; 750 mA. ‘B 935 A - — 1_2-* v
lL=1.0Al,=1.25mA — 13 v
| =125A" 1 =20mA — 14 | v
ULN2062M | i =15A" 1 -225mA | — 15 | V
Input Current lion 4 Both Vi =24V 14 43 mA
V,, =375V 33 96 mA |
Input Voltage Vinon 5 Both Vg =20V, I, =10A -— 2.0
ULN2061M | V. -20V.I_=125A" [ — 25 /|
ULN2062M | V=20V, =15A" — 25
Turn-On Delay toly — Both 05E t005E, — 1.0 us
Turn-Off Detay oL — Both O5E t005E — 1.5 s
Clamp Diode Leakage Current Ia 6 ULN2061M V=50V — 50 HA
| V.=50V.T,=70C = 100 | A
ULN2062M V=80V = 50 | uA
v =80V.T,-70C T uA
Clamp Diode Forward Voltage VF 7 Both B I.=10A — 1.75 \
IL=15A — 20

*Pulse-Test
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2061 THRU 2074
1.5 A DARLINGTON SWITCHES

PARTIAL SCHEMATIC

3508

7.2K

%
|
g 3K

Dwg. No. A 10.353C

ULN2064/65B

Dwg. No. A G765A

ULN20641LB

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

Test Applicable Limits
Characteristic Symbol Fig. Devices Test Conditions Min Max. |Units

Output Leakage Current boex 1 ULN2064" Vee =50V — 100 pA
Vo, —50V.T,-70°C — 500 | pA

ULN2065B Ve =80V — 100 A

V. —80V.T,—70C — 500 | uwA

Output Sustaining Voltage Versus 2 ULN2064" lo=100mA, V=04V 35 — s
ULN20658 =100 mA, V, =04V 50 — v

Collector-Emitter Vegisar: 3 Both I =500 mA. I, =625 UA — 1.1 \

Saturation Voltage ' - Sy 3 L;A S S IV

””” .= 1.0A 1y=1.25 mA — 13 v

1.25A \B:Z.O mA — 1.4 Y

CULN2065B | | =15A 1 -225mA — 15 | v
Input Current Lo 4 Both V=24V 1.4 4.3 mA
v, =375V 3.3 96 | mA

Input Voltage Vion: 5 Both Vep =20V 1, =10A - 2.0 \
ULN2064* V. -20V.I -1.25A - 25 | v

ULN2065B | V. ~20V.I. - 15A — 25 | v

Turn-On Delay oy — Both 05E to05E_, — 1.0 us
Turn-Off Delay ton — Both 05E t005E — 1.5 us
Ciamp Diode Leakage Current I [ ULN2064* Vi =50V — 50 A
V,=50V.T,=70°C — 100 | pA

ULN2065B V. =80V - 50 LA

V,=80V.T,=70C — 100 | uA

Clamp Diode Forward Voltage \A 7 Both I.=1.0A — 1.75 \
L =15A - 20 v

* Complete part number includes suffix to identify package style: B = DIP with heat sink tabs. LB = SOIC with heat sink tabs
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2061 THRU 2074
1.5 A DARLINGTON SWITCHES

PARTIAIL SCHEMATIC ULN2068/69B ULN206S1L.B
G T
2 ! 15] s
s (3 %] v o
oo (3 3] oro
ano |8 »—1‘?7 | 12 ] oo
i |
ne (7 ‘ + 10] ¢
AL
Dwg. No. A-10 3540 Dwg Ne A C.310 No. A 14327
ELECTRICAL CHARACTERISTICS at +25°C, VS = 5.0 V (unless otherwise noted).
Test Applicable Limits
Characteristic Symbol Fig. Devices Test Conditions Min Max. | Units
Output Leakage Current loex 1 ULN2068* .=50V — 100 uA
V.. =50V.T,=70C | — 500 | pA |
| UlneosoR | V. -sov — 100 | uA |
B Vo =80V. T, =70C — gOO LTA
Qutput Sustaining Voltage Versus 2 ULN2069" l.=100mA. V, =04V 35 — \
| ULN2069B L =100mA V, =04V 50— | v |
Collector-Emitter Vogisat: 3 Both |, =500mA. V, =275V — 1.1 \
Saturation Voltage - i; : 75(’)4%& VN :”2'.75 v — 1 v
LS 10AV 275V | — 13 | v |
I = 125 A, v,=275v | — 1.4 v
‘ULN2069B | =15AV, =275V — 15 | v |
Input Curren: Ions 4 Both vV, =275V — 550 uA
vV, =375V — 1000 | uA |
Input Voltage Y ong 5 ULN2068" Voo =20V I =125A — 275
ULN2069B V__-20V.I.=15A —~ 278 |
Supply Current I 8 Both l.=500mA, VvV, =275V — 6.0
Turn-On Delay [ — Both O5E 105k , — 1.0 us
Turn-Off Delay tons — Both 05E_t005E lo=125A — 1.5 us
Clamp Diode Leakage Current [ 6 ULN2068* V, =50V — 50 LA
| v.-80V.T,=70C - 100 | uA
| ULN20s9B V.- 80V } 2 s0 | A
V. -80V.T,-70C | — 100 | A
Clamp Diode Forward Voltage Ve 7 Both l.=10A — 1.75 Y
L=15A — 20 | v ]

*Complete part number includes suffix to identify package style: B = DIP with heat sink tabs. LB = SOIC with heat sink tabs.
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2061 THRU 2074
1.5 A DARLINGTON SWITCHES

PARTIAL SCHEMATIC ULN2074B

Dwg No. A-16.3558

Dwg. No. A-9766

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

Test Limits
Characteristic Symbol Fig. Test Conditions Min. Max. Units
Output Leakage Current lcex 1 Ve =50V — 100 (A
| — — e —
Vg =50V, T, =70°C — 500 UA
Output Sustaining Voltage VCE(SUS) 2 I, =100 mA, V=04V 35 — \%
Collector-Emitter VCE(SAT’ 3 lc =500 mA, |5 =625 1A — 11 Y
Saturation Voltage ' . — -t
lc =750 mA, |5 = 935 uA — 1.2 \Y
L 'c =1.0A, lg=1.25mA — 71”.73 \
le=1.25A, 1, =20 mA — 1.4 \Y
Input Current fviony 4 V=24V 1.4 43 mA
| v, -375v 33 96 | mA
Input Voltage Vinion 5 Vep =20V, | — 2.0 \
Vep =20V, 1 — 25 \Y
Turn-On Delay oy — 05E t005E — 1.0 us
Turn-Off Delay Lo — 05E 1005 Eout — 1.5 1S
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2061 THRU 2074
1.5 A DARLINGTON SWITCHES

INPUT CURRENT AS A FUNCTION OF INPUT VOLTAGE AT +25°C

N ]
.
| / .
2 !
ULN2061.62 ULN2068/69
ULN2064-65 N

ULN2074
5
VA

N\
X

o
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7
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) d

i 3.5 B 5 LS 20 25 3.0 3.5 40 45 5.0
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-

Dwg. No. A-10,363C Dwg. No. A-12.306A

COLLECTOR CURRENT AS A FUNCTION OF INPUT CURRENT AT +25°C

o

o

1=}

COLLECTOR CURRENT IN AMPERES 1

COLLECTOR CURRENT IN AMPERES - I

0 50 100 150
INPUT CURRENT N pA - I

Dwg. No. A-10.358C Pwg. No. A-12.306A
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2061 THRU 2074
1.5 A DARLINGTON SWITCHES

PEAK COLLECTOR CURRENT AS A FUNCTION OF DUTY CYCLE
(DUAL IN-LINE PACKAGED DEVICES)
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2061 THRU 2074
1.5 A DARLINGTON SWITCHES

PEAK COLLECTOR CURRENT AS A FUNCTION OF DUTY CYCLE
(DUAL IN-LINE PACKAGED DEVICES, cont’d)
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2061 THRU 2074
1.5 A DARLINGTON SWITCHES

TYPICAL APPLICATIONS

ULN-2074B
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Dwg. No. B-1364A

COMMON-ANODE LED DRIVERS
(Series UDN2980A/EP/LW devices can be used in similar applications at currents of up to 500 mA)
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LUM-2U62 /66b

Dwg. No. B-1365

COMMON-CATHODE LED DRIVERS
(Type ULN2068B/LB is also applicable)
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QUAD DARLINGTON
POWER DRIVER

Combining AND logic gates and inverting high-current bipolar
outputs, the UDN2540B guad Darlington power driver provides inter-
face between low-level signal-processing circuits and power loads
PIE] IN totaling 360 W. Each of the four independent outputs can sink up to

4 1.8 A in the ON state with peak inrush currents to 2.5 A. The four
power outputs are each comprised of an open-collector Darlington
driver and an internal flyback/clamp diode for switching inductive leads.
ENABLE They feature a minimum breakdown and sustaining voltage of 50 V.
The logic inputs are compatible with TTL and 5 V CMOS logic systems.

GROUND Typical applications include print heads, relays, solenoids, and

GROUND dc stepping motors. The UDN25408B can also be used to drive high-

current incandescent lamps, LEDS, and heaters. A similar device,

v specifically intended for driving a unipolar stepper motor in the two-
cc phase drive format, is the UDN2544B.

The UDN2540B is supplied in a 16-pin batwing power DIP. The
19 ] IN) batwing construction provides for maximum package power dissipation

in a standard DIP construction. At 25°C, and with only 1 sq. in. of
copper foil at the ground tabs, the package is capable of safely
dissipating 3.8 W.

FEATURES

H 1.8 A Continuous Output Current

W Output Voltage to 50 V

B TTL and 5 V CMOS Compatible Inputs
W Efficient Input/Output Pinning

B Integral Transient-Suppression Diodes
B Replaces L6221A

Dwg. No. A-11.561A

ABSOLUTE MAXIMUM RATINGS

at T, = 25°C

Output Voltage, Vi g v o ovooo oot 50V
Output Current, I, ,; (peak) ......... 25A

(continuous) ................. 18A
Logic Supply Voltage, V... .. ... .. 7.0V
Input Voltage, V,,, ................. 70V
Package Power Dissipation,

Py v See Graph
Operating Temperature Range,

Tp oo -20°C to +85°C
Storage Temperature Range,

T e -55°C to +150°C

Always order by complete part number: [UDN2540B .




2540
QUAD DARLINGTON POWER DRIVER

ELECTRICAL CHARACTERISTICS at T, = 25"C,TJ <150°C, V. =475V to 5.25 V.

Limits
Characteristic Symbol Test Conditions Min. Typ. Max. Units

Output Leakage Current leex Vour =50V, V=08V .V =24V — <1.0 100 A
| Vour =50V, V=24V, V=08V — <1.0 100 nA

Output Sustaining Voltage VCE(susw loyr=1.8A, L=3.0mH 50 — — \%
Output Saturation Voltage Vegsar lour = 600 MA, V| =V =24V — 0.9 1.0 \
lour = 1.0A V=V =24 VA — 1.0 1.2 \

lour=1.8A V=V =24V — 13 1.6 \

Input Voltage Logic 1 Ving Of VEN“) 2.4 — — \
¥7Liogic 0 V‘Nm‘ or VEN(O) — — 0.8 \

Input Current Logic 1 VIN<_1) or Veyy =24 v — - 10 uA

Logic 0 Vinior O Vengoy = 08 V — — 100 | pA
Total Supply Current lec Vg = Ven =24V, V=50V, — 14 20 mA
Outputs Open

V=V, =08V, VCC,: 50V — 0.4 2.0 mA

Clamp Diode Forward Voltage V. IF =1.0A — 1.3 1.6 vV
1=18A - — 16 20 v

Clamp Diode Leakage Current Ia Vo=50V — <0 100 HA

Typical Data is for design information only.
*All inputs simultanecusly. ali other tests are performed with each input tested separately.

N
|
\ TRUTH TABLE
Y S— -

ALLOWABLE PACKAGE POWER DISSIPATION IN WATTS

ENABLE IN, ouT,
2 H H ON
\,\ — L OFF
o L X OFF
25 50 75 03 705 150 :
TEMPERATURE IN °C X = Don't care.

Dwg GP-064-1
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2540
QUAD DARLINGTON POWER DRIVER

TYPICAL APPLICATION
(QUAD RELAY DRIVER WITH ZENER FLYBACK)

IN g
O IN3

O ENABLE

O +5V
IN 2
O INy

Dwg. EP-018

APPLICATIONS INFORMATION

A typical application is shown for driving four high-current relays,
solenoids, or print heads. A Zener diode is used to increase the flyback
voltage, providing & much faster inductive load turn-OFF current decay,
resulting in faster dropout (reduced relay contact arcing), and improved
performance. The maximum Zener voltage, plus the foad supply
voltage, plus the flyback diode forward voltage must not exceed the
device’'s rated sustaining voltage.

With external control circuitry, the ENABLE input can be used for
chopper (PWM) applications. If the ENABLE input is not used, it should
be tied high.

All inputs will float high if open circuited.

Vee +Vz +VF

QUTPUT
VOLTAGE

:/— ZENER CLAMP
DIODE CLAMP

Dwg. WP-001

CUTRUT
CURRENT
<




UDN2543B

ouT, <]

GROUND

GROUND

ouT,

K

ouTy

Dwg. No. A-11.561A

ABSOLUTE MAXIMUM RATINGS

atT, =25°C

Output Voltage, Vjp - oo oo 60 V
Over-Current Protected Output Voltage,

VOUr « v 25V
Output Current, lo,p - - oo 1.0 A*
Supply Voltage, Vo -0t 7.0V
Input Voltage. V,, or Ve oo 18V
Package Power Dissipation,

Poo See Graph
Operating Temperature Range,

To -20°Cto +85 C
Storage Temperature Range,

Te o o -55°C to +150°C

S

*Qutputs are peak current limited at approximatety
1.0 A per driver. See Circuit Description and
Applications for further information.

PROTECTED
QUAD POWER DRIVERS

Providing interface between low-level signal processing circuits and
power loads to 240 W, the UDN2543B and UDN2543EB quad power
drivers combine NAND logic gates and high-current bipolar outputs.
Each of the four independent outputs can sink up to 700 mA in the ON
state. The outputs have a minimum breakdown voltage of 60 V and a
sustaining voltage of 35 V. The inputs are compatible with most TTL,
DTL, LSTTL, and 5 V CMOS and PMOS logic systems.

Over-current protection has been designed into each channel of the
UDN2543B/EB and typically occurs at 1 A. [t protects any one channel
from output short circuits with supply voltages up to 25 V. When the
maximum output current is reached, that output stage is driven linearly.
If the over-current condition continues, that output’s thermal limiting will
operate, limiting that output’'s power dissipation. The outputs also
include transient suppression diodes for use with inductive loads such
as relays, solenoids, or dc stepping motors.

The UDN25438B is supplied in a 16-pin power DIP while the
UDN2543EB is a 28-lead power PLCC for surface-mount applications.
Both packages are of batwing construction to provide for maximum
package power dissipation. They are rated for continuous operation
over the temperature range of -20°C to +85°C. Similar devices for use
in automotive applications, or over an extended temperature range, are
available as the UDQ2543B and UDQ2543EB.

FEATURES

B 700 mA Output Current per Channel

B Output Voltage to 60 V

B | ow Output-Saturation Voltage

W Integral Output Transient-Suppression Diodes

B TTL, CMOS, PMOS, NMOS Compatible Inputs

B Independent Over-Current Protection for Each Output

Always order by complete part number:
Part Number

Package
| UDN25438 | 16-PinDIP
UDN2543EB | 28-Lead PLCC |




2543
PROTECTED QUAD POWER DRIVERS

FUNCTIONAL BLOCK DIAGRAM
(1 OF 4 CHANNELS)
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TED QUAD POWER DRIVERS

ELECTRICAL CHARACTERISTICS at T, = +25°C, V= 475 V10525V

Limits
Characteristic Symbol Test Conditions Min. Max. Units
Output Leakage Current logx Vour =60V, V=08V V, =20V — 100 nA
V=80V, =20V, Vg, - 0.8V | — 100 | pA |
Output Sustaining Voltage VouT«susa four = 100MA, V=V =08V 35 — v
Output Saturation Voltage UT(SAT) loyr = 100MA V=V, =20V — 200 mVv
I,y =400 MA. V, = Vo =20V — 400 | mv
lour = 700MA. V=V, =20V — 600 mv
Input Voltage Logic 1 Vwm or Ve, 2.0 — \Y
Logic 0 'V‘N(O) or VEN“O" — 0.8 - \
Input Current Logic 1 V‘N,” or VENW =20V — 10 A
' Logic O V‘N(O] or Ve = 08V o — -10 WA
Total Supply Current lec lour = 700 MA, V, "=V =20V — 65 mA
Outputs Open. V| ' = d,8 V, V=20V — 15 mA
Clamp Diode Forward Voltage Ve l-=10A — 1.6 \
IL-15A ' — 20 v
Clamp Diode I Vg=60V.V =V, =20V, — 50 LA
Leakage Current D,+D,0rD,+ D,

* Allinputs simultaneously. all other tests are performed with each input tested separately.




2543
PROTECTED QUAD POWER DRIVERS

TYPICAL OUTPUT BEHAVIOR CIRCUIT DESCRIPTION AND APPLICATION

INCANDESCENT LAMP DRIVER

High incandescent lamp turn-ON/in-rush currents can destroy

[NGT T sCALE! semiconductor lamp drivers and contribute to poor lamp reliability.
- However, lamps with steady-state current ratings up to 500 mA can be

driven with the UDN2543B/EB without the need for warming or current-

limiting resistors.

When an incandescent lamp is initially turned ON, the cold filament
le— SHORT CIRCUIT is at minimum resistance and would normally allow a 10x to 12x in-rush
current. With the UDN2543B/EB, during turn-ON, the high in-rush
current is sensed by the internal low-value sense resistor. Drive current

] NORMAL LOAD to the output stage is then diverted by the shunting transistor and the
load current is momentarily limited to approximately 1.0 A. During this
transition period, the output stage is driven in a linear fashion. During
lamp warmup. the filament resistance increases 1o its maximum value,
the output stage goes into saturation and applies full supply voltage to
the lamp.

OUTPUT CURRENT

CURRENT LIMIT

TIME bwg weos  INDUCTIVE LOAD DRIVER

Bifilar {unipolar) stepper motors, relays, or solenoids can be driven
directly. The internal flyback diodes prevent damage to the output
transistors by suppressing the high-voltage spikes which occur when
turning OFF an inductive load.

FAULT CONDITIONS

In the event of a shorted load. the load current will attempt to
increase. As described above. the drive current to the affected output
stage is diverted. causing the output stage to go linear, limiting the peak
output current to approximately 1 A. As the power dissipation of that
output stage increases, a thermal gradient sensing circuit will become
operational, further decreasing the drive current to the affected output
stage and reducing the output current to a value dependent on supply
voltage and load resistance. If the fault condition is corrected, the
output stage will return to its normal saturated condition.

Due to the independent operation of the four channels, only a
single channel should be shorted at a time. Multiple overload condi-
tions may be tolerated provided rated package power dissipation is not
exceeded.
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2544

QUAD DARLINGTON
POWER DRIVER

Combining logic gates and high-current bipolar outputs, the
UDN25448 quad Darlington power driver provides an interface
between low-level logic circuitry and high-power loads. Each of the
four outputs can sink up to 1.8 A in the ON state with peak inrush

OUT4 116] 1Ny currents to 2.5 A. The four power outputs are each comprised of an
open-collector Darlington driver and an internal flyback/clamp diode for
K |'N3 switching inductive loads. They feature a minimum breakdown and
o sustaining voltage of 50 V. The logic inputs are compatible with TTL
outy <] ENABLE and 5 V CMOS logic systems.
GROUND GROUND This device is particularly well-suited for unipolar stepper motor
drive applications. With complementary control inputs and an active-low
GROUND GROUND ENABLE, the UDN2544B makes it easy to implement full stepping of a
stepper motor with only two microcontroller/microprocessor control
0uTy Vee lines. Other typical applications include relay or solenoid driving and
incandescent or LED lamp driving.
K iN,
The UDN2544B is supplied in a 16-pin batwing power DIP. The

ouTy 19 ] IN; batwing construction provides for maximum package power dissipation
in a standard DIP construction. At 25°C, and with only 1 sq. in. of
copper foil at the ground tabs, the package is capable of safely dissi-
pating 3.8 W.

Pwg. No. PP-017 FEATURES

B 1.8 A Continuous Output Current

B Output Voltage to 50 V

B Inputs Configured for Unipotar Stepper Motors
W Active-Low Output Enable

B TTLand 5V CMOS Compatible Inputs

B Integral Transient-Suppression Diodes

ABSOLUTE MAXIMUM RATINGS

atT, = 25°C

Output Voltage, Vg yr oo oo oot 50V
Output Current, |1

(Peak) ............ ... ... 25A

(Continuous) .. ............... 1.8A
Logic Supply Voltage, V... ... ... 70V
Input Voltage, V| ... ..o 7.0V
Package Power Dissipation,

Py oo See Graph
Operating Temperature Range,

Ta o -20°C to +85°C
Storage Temperature Range,

T -55°C to +150°C

Always order by complete part number: UDN254§§J .
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2544
QUAD DARLINGTON POWER DRIVER

ELECTRICAL CHARACTERISTICS at T, = +25°C, TJ <150°C, Vi =475 Vito 5.25 V.

Limits
Characteristic Symbol Test Conditions Min. Typ. Max. Units
Output Leakage Current loex Vour =50V — <1.0 100 HA
Output Sustaining Voltage Veeisus: lour=18A L=30mH 50 - — \
Qutput Saturation Voltage VeEisaT loyt = 600 MA — 0.9 1.0 \Y
IOUT =10A — 1.0 1.2
F — e b—— 4
loyr = 1.8 A — 1.3 1.6 \
Input Voltage Logic 1 me or VEN<1> 2.4 — \
Logic 0 VJN(O\ or VEN(O) — — 0.8 \
Input Current Logic 1 V[NH) o VEN(U =24V — — 10 HA ﬂ
Logic 0 VMO) o VEN(O) =08V — — -100 LA
Total Supply Current lee All Outputs ON, Outputs Open — 14 20 mA
- ]
All Outputs OFF — 0.4 2.0 mA
Clamp Diode Forward Voltage \ l.=10A — 1.3 1.6 \
le=18A — 1.6 2.0 \
Clamp Diode Leakage Current Ig Vg =50V — <1.0 100 A
Typical Data is for design information only
TRUTH TABLE £ 10
< I T Bl
ENABLE [ IN,  OUT, [ IN, ouT, | IN, ouT, | IN, ouT, z \ [
L H ON | H OFF | H OFF | H ON g s 5T
[ <
L OFF L ON L ON L OFF b s
172 @y
H X OFF X OFF X OFF X OFF 25 e
X = Don't care G
=
o
o
w
]
<
x
Q
T
= |
wl
-
o0
=3
=
30
4 &5 50 75 700 125 150
< TEMPERATURE IN C
PWG. GP-004-1
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2544
QUAD DARLINGTON POWER DRIVER

TYPICAL APPLICATION
(UNIPOLAR STEPPER MOTOR WITH ZENER FLYBACK)
+28V
? 1 16 INPUT 374
¥y _
2 15 0
Y | I
Al e 3 12

ENABLE (ACTIVE LOW)

D B 3 T INPUT 142
+5V
7 10
15V 3 S
Dwg. EP-015
TRUTH TABLE APPLICATIONS INFORMATION
INPUTS WINDINGS A typical application is shown driving a four-phase unipolar stepper
12 3/4 A B c D motor. Note that with the complimentary control inputs, only two logic
L H ON ON OFF  OFF signals are needed to drive the motor in the two-phase format. The two
L L OFF  ON ON OFF phase drive format illustrated, energizes two adjacent phases in each
H L OFF OFF ON ON detent position (AB, BC, CD, DA) to provide an improved torque-speed
H H ON OFF  OFF ON product and greater detent torque.

A Zener diode can be used to increase the flyback voltage. The
increased flyback voltage gives a much faster inductive load turn-OFF
current decay resulting in improved motor performance. The maximum
Zener voltage, plus the load supply voltage, plus the flyback diode
forward voltage must not exceed the device's rated sustaining voltage.

Vee sz Vr With external control circuitry, the ENABLE input {active low) can
w be used for chopper (PWM) applications. If the ENABLE input is not
59 f ;
e | S Voo o VE used, it should be tied low.
23 Yoo
°> All inputs will float high if open circuited.
VCE(5AT)
Four — ZENER CLAMP
N DIODE CLAMP
52 <
%g [oex
© Dwg. WP-301
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UDN2547B

FAJLT 5 IN1

ouT, IN2
ouT, ENABLE
GROUND ‘ 13] GROUND
GROUND : 72 GROUND
OUT; SUPPLY

NO IN

CONNECTION 3

OUTy 9] INg

Dwg. PP-C18

ABSOLUTE MAXIMUM RATINGS

at T, = 25°C
Output Voltage, Vo jp o ovvvov oo 60 V
Over-Current Protected Output
Voltage, Vo yr oo 25V
Output Current, typ oo 1.3 A"
FAULT Output Voltage, Vo ....... ... 0V
Supply Voltage, Voo oo 70V
Input Voltage, V| or V..o 70V
Package Power Dissipation,
Poo See Graph
Operating Temperature Range,
T -20°C to + 85°C
Storage Temperature Range,
Tooe -55°C to + 150°C

*Outputs are current limited at approximately

1.3 A per driver and junction temperature limited
if current in excess of 1.3 A is attempted.

See Circuit Description and Application for further
information.

Always order by complete part number:

| Part Number Package “

| UDN2547B | 16-PinDIP |
UDN2547EB | 28-Lead PLCC ‘

PROTECTED
QUAD POWER DRIVERS

Providing interface between low-level signal processing circuits and
power loads, the UDN2547B and UDN2547EB quad power drivers
combine logic gates and high-current bipolar outputs with complete out-
put protection. Each of the four outputs will sink 600 mA in the ON
state. The outputs have a minimum breakdown voltage of 60 V and a
sustaining voltage of 40 V. The inputs are compatible with TTL and 5V
CMOS logic systems and include internal pull-down resistors to insure
that the outputs remain OFF if the inputs are open-circuited.

Over-current protection for each channel has been designed into
these devices and is activated at approximately 1.3 A. It protects each
output from short circuits with supply voltages up to 25 V. When a
maximum driver output current is reached, that output drive is reduced
linearly, maintaining a constant load current. If the over-current or short
circuit condition continues, each channel has an independent thermal
limit circuit which will sense the rise in junction temperature and turn
OFF the individual channel that is at fault. Foldback circuitry decreases
the output current if excessive voltage is present across the output and
assists in keeping the device within its SOA (safe operating area).

Each output also includes diagnostics for increased device protec-
tion. If any output is shorted or opened, the diagnostics can signal the
controlling circuitry through a common FAULT pin.

The UDN2547B/EB can be used to drive various resistive loads
including incandescent lamps (without warming or limiting resistors).
With the addition of external output clamp diodes, the UDN25478/EB
can be used to drive inductive loads such as relays, solenoids, or dc
stepping motors.

The UDN2547B is a 16-lead power DIP while the UDN2547EB is
a 28-lead power PLCC for surface-mount applications. Both packages
are of batwing construction to provide for maximum package power
dissipation. They are rated for continuous operation over the tempera-
ture range of -20°C to + 85°C. Similar devices for use in automotive
applications, or over an extended temperature range, are available as
the UDQ2547B and UDQ2547EB.

FEATURES

600 mA Output Current per Channel

Independent Over-Current Protection for Each Driver
Independent Thermal Protection for Each Driver
Output Voltage to 60 V

Qutput SOA Protection

Low Output-Saturation Voltage

TTL and 5 V CMOS Compatible Inputs

Diagnostic FAULT Output




2547
PROTECTED QUAD POWER DRIVERS

UDN2547EB
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2547
PROTECTED QUAD POWER DRIVERS

ELECTRICAL CHARACTERISTICS at T, = + 25°C, Vee = 1493 Vie 3.5V

Limits
Characteristic Symbol Test Conditions Min.  Typ. Max. Units
Output Leakage Current lout Voyr =60V, V=08V Vey =20V — 30 100 uA
Vour =60V, V=20 V.V, -08V — 30 100 HA
Output Sustaining Voltage VOUT(SUS) loyr =100 MA, V, =08V, V. = Open 40 — — v
Output Saturation Voltage VOUT{SAT loyt = 400 mA — — 300 mV
lout = 500 MA — — 400 mv
fouT = 600 MA — — 550 my
Over-Current Limit lout 5 ms PulseTest, Vg =5.0V — 1.3 1.7 A
Input Voltage Logic 1 V»Nm or VEN“) 2.0 — — i
LogicO | Vi of Veug, ' -  —  os v
tnput Current Logic 1 V\N(M or Ve, =20V — — 60 nA
Logic 0 Voo O Vengoy = 08V I — uA
Fault Output Leakage Current fe V=40V — <1.0 2.0 uA
Fault Output Current I Vg =40V, Driver Outputs Open,
Vig =08V, V. =20V 40 60 80 uA
Fault Output Saturation Voltage VeigaT, le = 30 uA — 0.1 0.4 \
Total Supply Current leo All Outputs ON — 45 50 mA
All Outputs OFF — 6.0 i 10 h mA
Thermal Shutdown T, — 165 — °C
Thermal Hysteresis AT, — 15 — “C
Typical Data is for design information only.
TRUTH TABLE
STATUS IN, ENABLE ouT,, FAULT
Normal Load H H L H
L H H H
X L H H
Over-Current or
Short to Supply H H R L
Thermal Fault H H H L
Open Load or
Short to Ground L H L L

X = Don't care
R = Linear drive. current limited.




2547
PROTECTED QUAD POWER DRIVERS

LAMP CURRENT

1
¥ NORMAL LAMP IN RUSH CURRENT
0

\
H
\
\
\
\
.

A\

' CURRENT LIMIT

THERMAL SHUTDOWN

NOT TO SCALE

ﬁSHORT CIRCUIT

—

THERMAL HYSTERESIS

TIME

Dwg. WP-C05A

CIRCUIT DESCRIPTION AND APPLICATION

The UDN2547B or UDN2547EB monitors its outputs for open or
shorted conditions. Both conditions are sensed by comparing the input
and output states. Note that the FAULT output is operational only if the
ENABLE input is high. When a fault condition is sensed, the FAULT
output will go to a low state. An external FAULT output filter capacitor is
recommended to eliminate erroneous switching.

INCANDESCENT LAMP DRIVER

High incandescent lamp turn-ON/in-rush currents can contribute
to poor lamp reliability and destroy semiconductor lamp drivers.
Warming or current-limiting resistors protect both driver and lamp but
use significant power either when the lamp is OFF or when the lamp is
ON, respectively. Lamps with steady-state current ratings up to 600 mA
can be driven by the UDN2547B/EB without the need for warming or
current-limiting resistors.

When an incandescent lamp is initially turned ON, the cold filament
is at minimum resistance and would normally allow a 10x to 12x in-rush
current. With the UDN2547B/EB drivers, during turn-ON, the high in-rush
current is sensed by the internal low-value sense resistor, drive current
to the output stage is diverted by the shunting transistor, and the load
current is limited to approximately 1.3 A, During this short transition
period, the ouput driver is driven in a linear fashiori. During lamp warmup,
the filament resistance increases to its maximum value, the output driver
goes into saturation and applies maximum rated voltage to the lamp.

INDUCTIVE LOAD DRIVER

With the addition of external clamp diodes, bifilar (unipolar) step-
per motors and other inductive loads can be driven directly. The external
diodes prevent damage to the output transistors by suppressing the high-
voltage spikes which occur when turning OFF an inductive load.

OVER-CURRENT CONDITIONS

In the event of a shorted load, or stalted motor, the load current will
attempt to increase. As described above, the drive current to the affected
output stage is linearly reduced (limiting the load current to about 1.3 A),
causing the output stage to go linear. As the junct:on temperature of the
output stage increases, the thermal shutdown circuit will shut OFF the
affected output. If the fault condition is corrected, the output driver will
return to its normal saturated condition.
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ABSOLUTE MAXIMUM RATINGS

at T, = 25°C

Output Voltage. Vg - oo oo 60 V
Over-Current Protected Output Voitage.

VOUT e 25V
Output Current, Iy o oo 1.0 A*
Supply Voltage. V. ........... ... 70V
Input Voltage, V\ or Vg o ... 7.0V
Package Power Dissipation,

Py T See Graph
Operating Temperature Range.

T oo -20Cto +85°C
Storage Temperature Range,

Te o -55°C to +150°C

“Outputs are peak current limited at approximately
1.0 A per drver. See Circuit Description and
Applications for further information

PROTECTED
QUAD POWER DRIVERS

Providing improved output current limiting, the UDN2549B and
UDN2549EB quad power drivers combine NAND logic gates and high-
current bipolar outputs with complete output protection. Each of the
four outputs will sink 600 mA in the ON state. The outputs have a
minimum breakdown voltage of 60 V and a sustaining voltage of 40 V.
The inputs are compatible with TTL and 5 V CMOS logic systems.

Over-current protection for each channel has been designed into
these devices and is activated at approximately 1 A. It protects each
output from short circuits with supply voltages up to 25 V. When an
output current trip point is reached, that output stage is driven linearly
resulting in a reduced output current level. If an over-current or short
circuit condition continues, the thermat limiting circuits will first sense
the rise in junction temperature and then the rise in chip temperature,
further decreasing the output current. Under worst-case conditions, the
UDN2549B/EB will tolerate short-circuits on all outputs, simultaneously.

These devices can be used to drive various loads including incan-
descent lamps (without warming or limiting resistors) or inductive loads
such as relays. solenoids, or dc stepping motors.

The UDN2549B is a 16-pin power DIP while the UDN2549EB is a
28-lead power PLCC for surface-mount applications. Both packages
are of batwing construction to provide for maximum package power
dissipation. They are rated for continuous operation over the tempera-
ture range of -20°C to +85°C. Similar devices for use in automotive
applications. or over an extended temperature range, are available as
the UDQ2549B and UDQ2549EB.

FEATURES

600 mA Output Current per Channel

Independent Over-Current Protection for Each Driver
Thermal Protection tor Device and Each Driver
Output Voltage to 60 V

Low Output-Saturation Voltage

Integral Output Flyback Diodes

TTL and 5 V CMOS Compatible Inputs
Pin-Compatible With UDN2543B/EB

Always order by complete part number:
Part Number Package » )

© UDN25498B 16-Pin DIP

| UDN2549EB | 28-Lead PLCC

3-25



2549 :
PROTECTED QUAD POWER DRIVERS

FUNCTIONAL BLOCK DIAGRAM
(1 of 4 Channels)
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2549
PROTECTED QUAD POWER DRIVERS

ELECTRICAL CHARACTERISTICS at T, = +25°C, V. = 4.75 V t0 5.25 V

Limits
Characteristic Symbol Test Conditions Min. Typ. Max. Units
Qutput Leakage Current lcex Vour =60V, V=08V, V=20V — <1.0 100 uA
VOl;=60 V, V=20V, V, =08V - <1.0 100 uA
Output Sustaining Voltage Voutisus loyr =100mMA V=V =08V 40 — — \
Output Saturation Voltage OUTISAT: loyr = 100 MA — — 200 mV
lyyr = 400 mA —  — a0 mv |
|1, -600mA — — e00 | mv
Over-Current Trip aip — 1.0 —
Input Voltage Logic 1 V‘Nm or VENW 2.0 — —
Logic 0 V‘N(O> or VEMO? — — 0.8
Input Current Logic 1 V\NH) or VENW =20V — — 10 HA
Logic 0 VJN(O) or VEN(O) =08V — — -10 HA
Total Supply Current lee lour =800 MA, V "=V =20V — — 65 mA
All Outputs OFF o - 15 mA
Clamp Diode Forward Voltage Ve le=10A — — 1.7 \
Clamp Diode Leakage Current I Vp=60V.D, +D,0rD,+D, — — 50 HA
Thermal Limit T, — 165 — °C

Typical Data is for design information only.
* All inputs simultaneously, all other tests are performed with each input tested separately
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2549
PROTECTED QUAD POWER DRIVERS

TYPICAL OUTPUT
CHARACTERISTIC

T 150 C ry@

JUNCTION
TEMP LiMIT

OUTPUT VOLTAGE, Vjr

THERMAL lap
GRADIENT ’7
SENSING

OUTPUT CURRENT, lOUT

Dwg GP o°3

TYPICAL OUTPUT BEHAVIOR

NOHMAL LAMP N RUSH CURRENT

\ NOT MJV\ECALH

LAMP CURRENT

1 THERMAL GRADENT &

/ CLUIRRENT LitAiT
=1

TIME

Dwg. WP-008

CIRCUIT DESCRIPTION AND APPLICATION

INCANDESCENT LAMP DRIVER

High incandescent iamp turn-ON/in-rush currents can contribute to
poor lamp reliability and destroy semiconductor lamp drivers. Warming
or current-limiting resistors protect both driver and famp but use signifi-
cant power either when the lamp is OFF or when the lamp is ON,
respectively. Lamps with steady-state current ratings up to 600 mA can
be driven by the UDN2549B/EB without the need for warming or
current-limiting resistors.

When an incandescent lamp is initially turned ON, the cold filament
is at minimum resistance and would normally allow a 10x to 12x in-rush
current. With the UDN2549B/EB drivers, during turn-ON, the high in-
rush current is sensed by the internal low-value sense resistor. Drive
current to the output stage is then diverted by the shunting transistor,
and the load current is momentarily limited to approximately 1.0 A.
During this short transition period, the output current is reduced to a
value dependent on supply voltage and filament resistance. During
lamp warmup, the filament resistance increases to its maximum value,
the output stage goes into saturation and applies maximum rated
voltage to the lamp.

INDUCTIVE LOAD DRIVER

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

FAULT CONDITIONS

in the event of a shorted Ioad, the load current will attempt to
increase. As described above. the drive current to the affected output
stage is reduced. causing the output stage to go linear, limiting the peak
output current to approximately 1 A. As the power dissipation of that
output stage increases, a thermal gradient sensing circuit will become
operational, further decreasing the drive current to the affected output
stage and reducing the output current to a value dependent on supply
voltage and load resistance.

Continuous or multiple overload conditions causing the chip tem-
perature to reach approximately 165°C will result in an additional
reduction in output current to maintain a safe level.

If the fault condition is corrected, the output stage will return to its
normal saturated condition.




SERIES 2580

UDN2580/85LW
i S —

UDN2580/85A

SU B//VEE

Dwg. No. A-11.359

Note that the UDN2580/85A (dual in-line pack-
ages) and UND 2580/85LW (small-outline IC pack-
ages are electrically identical and share a
common pin number assignment.

8-CHANNEL SOURCE DRIVERS

This versatile family of integrated circuits will work with many
combinations of logic- and load-voltage levels, meeting interface
requirements beyond the capabilities of standard logic buffers. Series
UDN2580A/LW source drivers can drive incandescent, LED, or vacuum
fluorescent displays. Internal transient-suppression diodes permit the
drivers to be used with inductive loads such as relays, solenoids, dc
and stepping motors, and magnetic print hammers.

The Type UDN2580A and UDN2580LW are high-current source
drivers used to switch the ground ends of loads that are directly con-
nected to a -50 V supply. Selected devices (UDN2580A-1) may be
operated to -80 V. Typical loads are telephone relays, PIN diodes,
and LEDs.

The UDN2585A and UDN2585LW are drivers designed for
applications requiring low output saturation voltages. Typical loads are
low-voltage LEDs and incandescent displays. The eight non-Darlington,
25 V outputs will simultaneously sustain continuous load currents of
-120 mA at ambient temperatures to +70°C.

The UDN2588A has separate logic and driver supply lines. Its eight
drivers can serve as an interface between positive iogic (TTL, CMOS,
PMQOS) or negative logic (NMOS) and either negative or split-ioad
supplies to -45 V. Selected devices (UDN2588A-1) may be operated
to -65 V.

These drivers are packaged in plastic DIPs (suffix A) or surface-
mountable wide-body SOICs (suffix LW), and are rated for operation
over the temperature range of -20°C to +85°C.

FEATURES

B TTL, CMOS, PMOS, NMOS Compatible
B High Output Current Rating

W Internal Transient Suppression

B Efficient Input/Output Structure

Always order by complete part number: | UDN2580A/LW |.
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SERIES 2580
8-CHANNEL SOURCE DRIVERS

ABSOLUTE MAXIMUM RATINGS

at 25°C Free-Air Temperature for any one driver (unless otherwise noted).

UDN2580A/LW UDN2580A-1 UDN2585A/LW UDN2588A UDN2588A-1
Output Voltage. V¢ 50V 80V 25V 50 V 80V
Supply Voltage, V (ref. sub.) 50V 80V 25V 50V 80V
Supply Voltage, V. (ref. sub.) - — — 50V 80V
Input Voltage, V,, (ref. V() -30V -30V 20V -30V 30V
Total Output Current, (I, + 15} -500 mA -500 mA -250 mA -500 mA -500 mA
Substrate Current Iy 5 3.0A 3.0A 20A 3.0A 3.0A
Package Power Dissipation, P (single output) .. ... 10w
(total PACKAGE) - - . o oot See Graph
Operating Temperature Range, T, ... .. .o or -20°C to +85°C
Storage Temperature Range, Tq ... ..ottt -55°C to +150°C

2.5

5
S
. & 5 -

o .
25 50 75 100 125 150
AMBIENT TEMPERATURE IN °C

ALLOWABLE PACKAGE POWER DISSIPATION IN WATTS

Dwg. GP-018A
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SERIES 2580
8-CHANNEL SOURCE DRIVERS

For simplification, these devices are characterized on the following
pages with specitic voltages for inputs, logic supply (V,), load supply
(V.o). and collector supply (V...). Typical use of the UDN2580A/LW and
UDN258JA-1 is with negative referenced logic. The more common
application of the UDN2585A/LW, UDN2588A, and UDN2588A-1 is with
positive referenced logic supplies. In application, the devices are capable
of operation over a wide range of logic and supply voltage levels:

TYPICAL OPERATING VOLTAGES

Vs Vinion VinorR) Vee Veemax Device Type
ov -15Vt0-36V -05Vto0V NA 25V UDNZ2585A/LW ]
S50V UDN2580A/LW
-80 V UDN2580A-1
+5V OVto+1.4V +45Vto+5V NA 20V UDN2585A/LW
-45 V B UDN2580A/LW
-75V UDN2580A-1
<sv | asv UDN2588A
-75V UDN2588A-1
+12V 0Vto+84V +11.5Vto+12V NA | -13V UDN2585A/LW
-38 V UDN2580A/LW
-68 V UDN2580A-1 )
<12V -38V UDN2588A
-68 V UDN2588A-1
+15V OVito+114V +145Vto+15V NA -10V UDN2585A/LW
-35V UDN2580A/LW
-85V UDN2580A-1
<15V -35V UDN2588A
-65 V UDN2588A-1

NOTE: The substrate must be tied to the most negative point
in the external circuit to maintain solation between drivers
and to provide for normai circuit cperation.
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SERIES 2580
8-CHANNEL SOURCE DRIVERS

UDN2580A, UDN2580LW, AND UDN2580A-1
ELECTRICAL CHARACTERISTICS at T, = +25°C,V =0V, V_ =-45V (unless otherwise noted).

Applicable Limits
Characteristic Symbol Devices Test Conditions Min.  Max. Units
Output Leakage loex UDN2580A/LW Vin="05V, Vg 1=V =-50V — 50 HA
Current V=04V, Vg -V =50V, T,~70°C TS0 | A
UDN2580A-1 Vi =05V, Vg =V =80V — 50 HA
V=04V, Vg =V =-80V,T,=70°C = 100 uA
Output Sustaining Vcasus> UDN2580A/LW VIN =-04V, iOUT =-25mA, Note 1 35 — \
Voltage | UDN2880A1 |V, =-04V,V - 75V,  --25mANotel | 50  — v
Output Saturation VCE(SAT) ALL Vin=24V g, =-100mA — 1.8 Y
Voltage | V= 3.0V,lg,; = -225mA [ B v
V=38V, 1o, =-350mA — 20 v
Input Current I|N<ON) ALL Vin=-3.6V,15,7=-350mA — -500 HA
V=15V, I 7 =-350mA — 21 mA
hnorn) ALL Iy = 500 A, T, = 70°C, Note 3 50— pA
Input Voltage Vinon ALL lour=-100mA, V. <1.8V, Note 4 — 2.4
lour=-225mA V<19V, Noted — 30
* louy=-350mA.V_ <2.0V,Note 4 - 36
Vinorn) ALL loyr=-500pA, T, =76°C 02—
Clamp Diode I UDN2580A/LW Vg=50V,T,=70C — 50 HA
Leakage Current UDN2580A-1T | Vo=80V,T,-70C — 50 | uA
Clamp Diode Ve ALL le =350 mA — 2.0 \
Forward Voltage
Input Capacitance Cin ALL — 25 pF
Turn-On Delay tonL ALL 05E,100.5E, ¢ — 5.0 us
Turn-Off Delay toin ALL 05E 1005k, ; — 5.0 us
NOTES: 1. Pulsedtest. tp <300 s, duty cycle <2%. PARTIAL SCHEMATIC

no

.Negative currentis defined as coming out of the
specified device pin.

.The I‘N (OFF currentlimit guarantees against partial
turn-on of tﬁe output.

- The V. on: VOltage limit guarantees a minimum
output source current per the specified conditions.

. The substrate must always be tied to the most
negative pointand must be at least4.0 Vbelow V¢

Vg

w
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e H—
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SERIES 2580
8-CHANNEL SOURCE DRIVERS

UDN2585A AND UDN2585LW
ELECTRICAL CHARACTERISTICS at T,= +25°C, V=0V, Vpg =-20V (unless otherwise noted)

Limits

Characteristic Symbol Test Conditions Min. Max. Units
Output Leakage foex Vin="05V, Vg 1=V =25V — 50 A
Current -

Vi =04V, Vg 1=V=-25V,T,=70°C — 100 uA
Output Sustaining Veesus Vin=-04V,l,,=-25mA, Note 1 15 — \
Voltage
Output Saturation Vegisa Vin="46V,l5,;=-60mA — 1.1
Voltage \

Vi =46V,  r=-120mA — 1.2
nput Current IIN[ON) Viy =46V, l,,;=-120 mA — -1.6 mA

Vig=-148V, 15 r=-120mA — -5.0 mA
Input Voltage IN(ON) loyt=-120mA, vV, <1.2V Note 3 — -4.6

IN(OFF) loyr=-100pA, T, =70°C 0.4 —
Clamp Diode | V, =25V, T,=70°C — 50 A
p R R A

Leakage Current
Clamp Diode Ve le=120mA — 20 \
Forward Voltage
Input Capacitance Cin — 25 pF
Turn-On Delay tonL 05E 1005k, ¢ — 5.0 s
Tumn-Off Delay ol 05E to05E, — 5.0 us

NOTES: t.Pulsedtest, tp <300 s, duty cycle <2%.
2. Negative current is defined as coming out of the specified device pin.
3.The VW(ON% voltage limit guarentees a minimum output source current per the specified conditions.
4. The substrate must always be tied to the most negative point and must be at least 4.0 V below V.

PARTIAL SCHEMATIC

Vg

Dwg N A-11.360

Dwg. No. A-11,356
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SERIES 2580
8-CHANNEL SOURCE DRIVERS

UDN2588A AND UDN2588A-1
ELECTRICAL CHARACTERISTICS at TA = +25°C, VS =3.0V, VC(J =50V, VEF =-40V
(unless otherwise noted).

Applicable Limits
Characteristic Symbol Devices Test Conditions Min. Max. Units
Output Leakage loex UDN2588A Vin245V, Vg 1=V =-45V — 50 A
Current ¢y [T
V‘N24.6V,VOUT:VEE:-45V,TA=7OCC — 100 A
UDN2588A-1 Vinz4.5 V'VOUT=VEE=‘75V — 50 HA
V\N24'6\/’VOUT:VEE:_75V‘TA:7OCC — 100 A
Output Sustaining VCE‘SUS) UDN2588A V‘N 246V, IOUT: -25mA, Note 1 35 — '
Voltage -

9 UDNZ2588A-1 V‘N >4.6 V,VEE=-70 v, lour"zs mA, Note 1 50 —_ \Y%
Output Saturation Vcasm Both Vin=26V, 15,1 =-100mA, Ref. V. — 18 Vv
Voltage T

9 Vi =20V, 1o, =225 mA, Ref. Vi — 19 v

Vin=14V, 15 ,;=-350mA, Ref. VCC — 2.0 \
Input Current IIN(ON) Both Vin=14V, |5, =-350mA — -500 uA
VS=15V,VEE:-3O V.V =0V, g, =-350 mA — -2.1 mA
llN(OFF Both IOUT=-SOO}1A,TA=7O°C,N0193 -50 — uA
Input Voltage Vinon Both loyr=-100mA,V <18V Note4 — 2.6
lour=-225 mA, V. <1.9V,Note 4 — 20
IOUT=-350 mA,VCESZ.OV, Note 4 — 1.4
V,N(OFF) Both louw =-500pA. T,=70"C 4.8 —
Clamp Diode g UDN2588A Vg=50V,T,=70°C — 50 A
Leakage Current YO - -
UDN2588A-1 Vg =80 V,T,=70° C — 50 uA
Clamp Diode Ve Both l-=350mA — 20 \
Forward Voltage
input Capacitance Cn Both — 25 pF
Turn-On Delay oL Both 0.5E 1005k, ¢ — 5.0 Hs
Turn-Off Delay to Both 0.5E 100.5E, ¢ — 5.0 Hs
NOTES: 1.Pulsedtest, t <300 us, duty cycle = 2%. PARTIAL SCHEMATIC
2. Negative currentis defined as coming out of
the specified device pin s vee
3. The l‘N:OFF" current limit guarantees against
partial turn-on of the output. 7.2k
4.The VMN{ON\ voltage limit guarantees a .
minimum output source current per the 10€
specified conditions. L
5. The substrate must always be tied to the most
negative point and must be at least4.0 V
below V.
6.V mustbe more positive than V. our
SUB
Dwg. No. A-11,361 Dwg. No. A-11,357
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SERIES 2580
8-CHANNEL SOURCE DRIVERS

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

TYPICAL APPLICATIONS

_ OOOTHER DIGITS

UDN 29654 UDNZ580A-1
1
] T—K—<
3 —{>‘V‘I
3
Tt
Yon g
-

SEGMENT %
SELECT _— ‘D‘}T_W

1 B S
1
Dwg. No. B-1458A Dwg. No_ A-11.356
COMMON-CATHODE LED DRIVER TELECOMMUNICATIONS
RELAY DRIVER
(Negative Logic)
LDNZ588A -1 Tuln L ON258BA
T N A-SC 362 Cwg No A-11.363
TELECOMMUNICATIONS RELAY DRIVER VACUUM-FLUORESCENT DISPLAY DRIVER
(Positive Logic) (Split Supply)
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UDN25395LW

e e —

UDN25395A

Jdwg. No. A-11.407

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

Output Voltage, V¢

(UDN2595A/LW) . ... ..o 20V
(UDN2595A-1) ... ... ... 40V
Supply Voltage, Vg ... ... .. 20V
Input Voltage, V. ... 20V
Output Current, IC ............... 200 mA
Ground Terminal Current, Iy, n -+ . .. 1.6 A
Package Power Dissipation,
Py See Graph
Operating Temperature Range,
T -20°C to +85°C

Storage Temperature Range,
-55°C to +150°C

Note that the UDN2595A (dual in-line package)
and UDN2595LW (small-outline IC package) are
electrically identical and share a cormon pin
number assignment.

8-CHANNEL
SATURATED SINK DRIVERS

Developed for use with low-voltage LED and incandescent
displays requiring low output saturation voltage, the UDN2595A and
UDN2595LW meet many interface needs, including those exceeding
the capabilities of standard logic buffers. The eight non-Darlington
outputs of each driver can continuously and simultaneously sink load
currents of 100 mA at ambient temperatures of up to +75°C. Selected
devices (UDN2595A-1) have maximum output ratings of 40 V and
200 mA per driver. In all other respects, it is identical to the 20 V
UDN2595A.

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

These drivers are packaged in plastic DIPs (suffix A) or surface-
mountable wide-body SOICs (suffix LW), and are rated for operation
over the temperature range of -20°C to +85°C. A hermetically sealed
version for operation over the full military temperature range is also
available.

FEATURES

B 200 mA Current Rating
M Low Saturation Voltage
B TTL, CMOS, NMOS Compatible
W Efficient Input/Output Pin Format
B DIP or SOIC Packaging

Always order by complete part number:

Part Number Packagéw

UDN2595A  18-Pin DIP

! UDN2595LW  18-Lead Wide-Body SOIC
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2595
8-CHANNEL SATURATED SINK DRIVERS

ELECTRICAL CHARACTERISTICS at T, = +25°C, V =350V (unless otherwise noted).

Limits
Characteristic Symbol Test Conditions Min. Max. Units
Output Leakage loex Vinz4.5V, V=20 V. T,=25°C — 50 HA
Current n o —
Vig=4.6V,V,,;=20V", T, =70°C — 100 pA
Output Saturation VCE(SAT> Vig =04V, 1, ;=50mA — 0.5
Voltage
Vin=04V, 1, =100mA — 0.6
input Current Iniony Vg =04V, 15 =100 mA — -1.6 mA
V=04V, 15, =100mA V=15V — -5.0 mA
Input Voltage V’N(ON) lour=100mA, V<06V — 0.4 \
Viniore) loyr = 100 kA, T, =70°C 4.6 —
Input Capacitance Cin — 25 pF
Supply Current g V=04V, 1, =100mA — 6.0 mA
V=04V, 15, =100mA V=15V — 20 mA

"Vt = 40 V for UDN2595A-1.

NOTES: 1. Negative current is defined as coming out of the specified device pin.

2. The Vi on

3. ig is measured with any one of eight drivers turned ON.

ONE OF EIGHT DRIVERS

ALLOWABLE PACKAGE POWER DISSIPATION IN WATTS

Dwg. No. A-11,408

voltage limit guarantees a minimum output sink current per the specified conditions.

N
o

g
o
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N

©
o
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N

e
5l

50 75 100

125 150

AMBIENT TEMPERATURE IN °C

Dwg. GP-018A
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2596 so

Dwg. No. W-<02

ABSOLUTE MAXIMUM EATINGS
atT, = + 25°C

CutputVoltage,.Vog ..o oo 50V
Output Current, |

(UDN2596A) ... ...... ... ... 500 mA

(UDN2597A) ... ... ... .. 10A
Supply Voitage, Voo ... ..o 70V
Input Voltage, V,,................. 7.0V
Package Power Dissipation,

Po o 227 W*
Operating Temperature Range,

Th o -20°C to + 85°C
Storage Temperature Range,

Te oo -65°C to + 150°C

*Derate at the rate of 18.2 mW/°C above T,=25°C

2597

SATURATED SINK DRIVERS

Low output saturation voltages at high load currents are provided by
UDN2596A and UDN2597A sink driver ICs. These devices can be used
as interface buffers between standard low-power digital logic (particularly
MQOS) and high-power loads such as relays, solenoids, stepping motors,
and LED or incandescent displays. The eight saturated sink drivers in
each device feature high-voltage, high-current open-collector outputs.
Transient suppression clamp diodes and a minimum 35 V output sustain-
ing voltage allow their use with many inductive loads.

The saturated {(non-Darlington) NPN outputs provide low collector-
emitter voltage drops as well as improved turn-off times due to an active
pull-down function within the output predrive section. The UDN2596A is
for use with output loads to 500 mA while the UDN2597A is for use with
loads to 1 A. Adjacent outputs may be paralleled for higher load currents.

Inputs require very low input current and are activated by a low logic
level consistent with the much greater sinking capability associated with
NMQOS, CMOS. and TTL logic. The UDN2596A and UDN2597A are rated
for use with 5 V logic levels.

Both devices are furnished in 20-pin DIP packages with copper
leadframes for improved thermal characteristics.

FEATURES

W Low Output ON Voltages

B Up to 1.0 A Sink Capability

W 50 V Min. Output Breakdown

W Output Transient-Suppression Diodes
B Output Pull-Down for Fast Turn-Off

B TTL, CMOS Compatible (nputs

ONE OF EIGHT DRIVERS

(f :

Dwg. No. W-101
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2596 AND 2597
8-CHANNEL SATURATED SINK DRIVERS

ELECTRICAL CHARACTERISTICS at T, = + 25°C, V. =35.0V

Limits
Applicable
Characteristics Symbol Devices Test Conditions Min. Max. Units
Qutput Leakage Current lcex Both Vour=950V, v, =24 \2 — 10 uA
Output Sustaining Voltage VCE\SUS.} UDN2596A lour =300mA L=2 mH 35 — \
UDN2597A | Io,;=750mA, L=2mH | 35 — v
Output Saturation Voltage Veeisat UDN2596A lgyt = 300 mA — 0.5 \
CUDN2597A | 1,1 = 750 mA — 1.0 v
Clamp Diode l.eakage Current Ia Both Vo=50V — 10 UA
Clamp Diode Forward Voltage Ve UDN2596A I. =300 mA — 1.8 \
UDN2597A 1 lF =750 mA — ‘ 1 .8 \)A B
Logic Input Current ILN(O) Both V=08V — -15 UA
) S Both V=24V — M10 - ’I.Xfi
Supply Current (per driver) ICC(ON,) UDN2596A Vin=08V — 6.0 mA
UDN2597A V=08V - 2 mA
leoiorr Both V=24V — 13 mA
Turn-On Delay a0 Both 05E 1005k, ,; — 3.0 us
Turn-Off Delay o Both 05E 1005 E,,; — 2.0 us
TYPICAL APPLICATION RECOMMENDED
DUAL STEPPER MOTOR DRIVE OPERATING CONDITIONS
Type Number l.ogic tour
UDN2596A 50V 300 mA
UDN2597A 50V 750 mA
3 -— j Note: F;iorlze% gr:gukimust both be connected to

Dwg. No. W 1024
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2878 i

2879

'q

'3

g ¢y 2 QgN9

Shn g

g 73 V-i)‘ i:)

Dwg. No. A-**.574

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

Output Voltage, V¢,

(UDN2878W

& UDN2878W-2) . ....... ... ... 50V

(UDN2879W

& UDN2879W-2) . ... .. ........ 80V
Output Current. |

(UDN2878W

& UDN2879W) .. ....... .. ... 5.0A

(UDN2878W-2

& UDN2979W-2) . ... ... ... 4.0 A
Input Voltage, V,,, ................. 15V
Input Current, 'w ............. 25 mA
Supply Voltage, Vg . ............ ... oV
Total Package Power Dissipation,

Poo See Graph
Operating Ambient Temperature Range,

Tp oo -20°C to +85°C
Storage Temperature Range,

Te oo -55°C to +150°C

S

QUAD HIGH-CURRENT
DARLINGTON SWITCHES

These quad Darlington arrays are designed to serve as interface
between low-level logic and peripheral power devices such as sole-
noids, 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, LSTTL, and 5 V CMOS logic.

Type UDN2878W and UDN2879W 4 A arrays are identical except
for output-voltage ratings. The former is rated for operation to 50 V
(35 V sustaining). while the latter has a minimum output breakdown
rating of 80 V (50 V sustaining). The economical UDN2878W-2 and
UDN2879W-2 are recommended for applications requiring load cur-
rents 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 drivers are supplied in
a 12-pin single in-line power-tab package. The tab needs no insulation.
External heat sinks are usually required for proper operation of these
devices.

FEATURES

Output Currents to 4 A

Output Voltages to 80 V

Loads to 1280 W

TTL, DTL, or CMOS Compatible Inputs
Internal Clamp Diodes

Plastic Single In-Line Package
Heat-Sink Tab

Always order by complete part number:

[ Part Numbers | Max. S Max. V .,
UDN2878W 50 A 50V
UDN2878W-2 40A 50 V
UDN2879W . 5.0A 80 V

| UDN2879W-2  40A | 8OV
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2878 AND 2879
QUAD HIGH-CURRENT DARLINGTON SWITCHES

<

/

30°CAW HEAT SINK
sua = 5OCW

N
2°C/W HEAT SINK
Ry, = 14°CAW
50
4 N

N

1 \ \\
FREEZ AR Rgin= 36°CW

|

25 50 75 100
TEMPERATURE IN °C

ALLOWABLE PACKAGE POWER DISSIPATION IN WATTS

PARTIAIL SCHEMATIC
One of 4 Drivers

Vs TAB

1

9002 SuB

%
B

Dwg. No. A-12,037

NOTE: Pin 3 must be connected to ground for proper operation

Output Sustaining Output

Device Voltage Voltage Current
UDN2878W 50 V 35V 4 A
UDN2878W-2 50 V 35V 3A
UDN2879W 80V 50V 4 A
UDN2879W-2 80V 50V 3A
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2878 AND 2879 ‘
QUAD HIGH-CURRENT DARLINGTON SWITCHES

ELECTRICAL CHARACTERISTICS at V,=5.0V, T, =+25°C (unless otherwise noted).

Test Applicable Limits
Characteristic Symbol | Fig. Devices Test Conditions Min. Max. Units
Output Leakage Current lcex 1 UDN2878W/W-2 Vee =50V — 100 A
Ve =50 V. T, = +70°C — 500 | uA |
UDN2879W/W-2 | V=80V — 100 | pA |
Ve =80V T,=470°C — 500 | A
Output Sustaining VCE:sus; — UDN2878W le=4A L=10mH 35 —_ \Y
Voltage | UDN287BW-2 | I.=3A L-10mH RS —~ vl
| UDN2879W | I =4 A L=10mH s — | v |
 UDN2879W-2 | I.=3A L-10mH s — v
Collector-Emitter Ve sar 2 All l- =500 mA. V=275V — 1.1 \Y
Saturation Voliage L =10A V=275V — 13 v
L -20AV, =275V — 15 | v |
| L-30AV, =275V — 19 v
| UDN2878/79W | i =40 AV, =275V — 24 Voo
Input Current hn 3 All V=275V — 550 uA
V,, =375V - 1000 | A
Input Voltage Vinon 4 All Vee=22V. 1, =30A — 2.75 \
UDN2878/79W | V =22V I - 40A — 2.75 v
Supply Current per Driver [ 7 All l.=500mA. v, =275V — 6.0 mA
Turn-On Delay to — All 05E _to05 Ec‘n — 1.0 us
Turn-Off Delay o — Al 05E 1005E,, . —30A — 15 us
Clamp Diode R 5 All V., =50V — 50 LA
Leakage Current V. =50 V T,=+70°C - i 100 LA
UDN2879W/W-2 | V_ =80V — 50 uA
V.-80V.T,=+70C | — 100 uA |
Clamp Diode v, 6 Al I.=3.0A — 25 v
Forward Voltage UDN2878/79W | I =40 A — 30 v

Caution: High-current tests are pulse tests or require heat sinking.
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2878 AND 2879
QUAD HIGH-CURRENT DARLINGTON SWITCHES

TEST FIGURES

i

I cex
CPEN J
o D S

Dwg No. A 10,350

FIGURE 1 FIGURE 2

s

“}_"—@T

Jwg No. A-9735A

Owg. No. A-9734A

FIGURE 1 FIGURE 35

Vs CPEN

FIGURE 7

FIGURE 3

FIGURE 6

— 0 CPEN

Dwg. No. A 9732

Dwg. No. A-9736
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2878 AND 2879
QUAD HIGH-CURRENT DARLINGTON SWITCHES

TYPICAL APPLICATIONS

STEPPER-MOTOR DRIVER

UDN2878wW

INPUT WAVEFORMS
S |
BEnly

R R
I R
Dwg. e  A-77 738 Dwg. No. A 11,975
DIGIT DRIVER
PRINT-HAMMER DRIVER FOR MULTIPLEXED INCANDESCENT LAMP DISPLAY
UDN2879W
UDN2879W

b = 10
TO OTHER
SEGMENT - DIGITS

IN; IN3+5V SELECT o

K i2v

-

Dwg. No. 81512
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2916

DUAL FULL-BRIDGE
PWM MOTOR DRIVERS

The UDN2916B and UDN2916EB motor drivers are designed to

UDN2916B drive both windings of a bipolar stepper motor or bidirectionally control
two dc motors. Both bridges are capable of sustaining 45 V and include
LOAD SUPPLY internal pulse-width modulation (PWM) control of the output current to
£, 750 mA. The outputs have been optimized for a low output saturation

voltage drop (less than 1.8 V total source plus sink at 500 mA).

OUT1s For PWM current control, the maximum output current is deter-
mined by the user’s selection of a reference voltage and sensing
resistor. Two logic-level inputs select output current limits of 0, 33,
GROUND 67, or 100% of the maximum level. A phase input to each bridge
GROUND determines load current direction.

Lo

The bridges include both ground clamp and flyback diodes for
PHASE 4 protection against inductive transients. Internally generated delays
prevent cross-over currents when switching current direction. Special
power-up sequencing is not required. Thermal protection circuitry

disables the outputs if the chip temperature exceeds safe operating
LOGIC SUPPLY limits.

The UDN2916B is supplied in a 24-pin dual in-line plastic batwing
package with a copper lead-frame and heat sinkable tabs for improved
power dissipation capabilities. The UDN2916EB is supplied in a
44-lead power PLCC for surface mount applications. Its batwing
construction provides for maximum package power dissipation in the
smallest possible construction.

FEATURES

Dwg. PP-005

ABSOLUTE MAXIMUM RATINGS

v B 750 mA Continuous Output Current
at T, < 150°C W 45V Output Sustaining Voltage
Motor Supply Voltage, Vg ... ... .. a5V B Internal Clamp Diodes
Output Current, I, B Internal PWM Currept Control
(Peak,t_ <201S) . ... .eo.... HOA B Low Output Saturation Voltagg
(Con'[inL\JNOUS) _____________ +750 mA | Internal Thermal Shutdown Circuitry
Logic Supply Voltage, VCC _________ 70V M Similar to Dual PBL3717, UC3770
Logic Input Voltage Range,
Vig e -0.3Vto+7.0V
Output Emitter Voltage, V. .......... 1.5V
Package Power Dissipation,
Py See Graph
Operating Temperature Range,
Ta oo -20°C to +85°C
Storage Temperature Range,
T o -55°C to +150°C

s

Output current rating may be limited by duty

cycle, ambient temperature, and heat sinking. Always order by complete parr‘tpumber‘

Under any set of conditions, do not exceed the *pé}{'Number Package
specified peak current rating or a junction - '
temperature of +150°C. UDN2916B 14-Pin DIP I

UDN2916EB | 44-Lead PLCC |
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2916
DUAL FULL-BRIDGE PWM MOTOR DRIVERS

UDN2916EB
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ALLOWABLE PACKAGE POWER DISSIPATION IN WATTS
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2 S Dwg. PP-2CE Dwg. GP-005A
PWM CURRENT-CONTROL CIRCUITRY
Vesg
‘B’ PACKAGE,
CHANNEL 1
PIN NUMBERS
SHOWN.

SOURCE
DISABLE

Dwg. EP-007

L L

TRUTH TABLE

PHASE ouT, ouT,
H H L
L L H
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2916
DUAL FULL-BRIDGE PWM MOTOR DRIVERS

ELECTRICAL CHARACTERISTICS at T, = +25°C, TJ £ 150°C, V. = 45V, V. . =475 Vio

5.235V, VRF‘F = 5.0 V (unless otherwise noted).
Limits
Characteristic Symbol Test Conditions Min. Typ. Max. ] Units
Output Drivers (OUT, or OUT,)
MotorSupply Range Vg 10 — 45 \
Output Leakage Current loex our = Vas — <0 50 HA
Voyr =0 — <10 50 WA
Output Sustaining Voltage VCF(SUS) loyy = =750 MA, L = 3.0 mH 45 — — \
Output Saturation Voltage CE(SAT) Sink Driver, | ,; = +500 mA — 0.4 0.6 \Y
Sink Driver, I, = +750 mA — 1.0 1.2 v
Source Driver, |, = -500mA | — 10 12 v
Source Driver, i;ﬂ =-750 mA = 13 1.5 \
Clamp Diode Leakage Current g V= 45V — <1.0 50 pnA
Clamp Diode Forward Voltage Ve I. =750 mA — 16 2.0 \%
Driver Supply Current 0N Both Bridges ON, No Load — 20 25 mA
lsorn Both Bridges OFF — 50 10 | maA
Control Logic
Input Voltage INGY) All inputs 2.4 — — \
o) All inputs — — o8 | V
Input Current lIN(H V=24V — <1.0 20 LA
Vi = 08V — -3.0 -200 uA
Reference Voltage Range Veer Operating 1.5 - 7.5 \
((;L:rtrr('a;tp\;rr%t Threshold ree’ Vsense LJO =1,=08V 9.5 10 10.5 —
hb=24V. 1 =08V 13.5 15 16.5 —
l,b=08V, 1 =24V 255 30 345 —
Thermal Shutdown Temperature T, — 170 — °C
Total Logic Supply Current 'CC(ON) lo=1,=8.0V, No Load — 40 50 mA
'cqom lo=1,=24V, No Load — 10 12 mA
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2916
DUAL FULL-BRIDGE PWM MOTOR DRIVERS

APPLICATIONS INFORMATION

PWM CURRENT CONTROL:

The UDN2916B/EB dual bridges are
designed to drive both windings of a bipolar
stepper motor. Qutput current is sensed and ——‘——I ’—
controlled independently in each bridge by Venase
an external sense resistor (R,), internal
comparator, and monostable multivibrator.

PWM OUTPUT CURRENT WAVE FORM

When the bridge is turned ON, current
increases in the motor winding and it is
sensed by the external sense resistor until lout
the sense voltage (V) reaches the level
set at the comparator's input:

Lap = Viee/10 R '

TRIP

The comparator then triggers the !
monostable which turns OFF the source I
driver of the bridge. The actual load current 1 ﬂl‘— e ]
peak will be slightly higher than the trip point
(especially for low-inductance loads) be- Dwg. WM-003-1
cause of the internal logic and switching
detays. This delay () is typically 2 us. After
turn-off, the motor current decays, circulating

through the ground-clamp diode and sink LOAD CURRENT PATHS
transistor. The source driver's OFF time

(and therefore the magnitude of the current Vas

decrease) is determined by the monostable’s (f

external RC timing components, where J '\\

t . = R,C, within the range of 20 kQ2 to (—<_/ =

100 k€2 and 100 pF to 1,000 pF. | &

When the source driver is re-enabled.

the winding current (the sense voltage) is ‘ AN
again allowed to rise to the comparator's kTS
threshold. This cycle repeats itself, maintain- ST

ing the average motor winding current at the L

desired level. B

Special circuitry has been included to ; BRIDGE ON ————
prevent runaway current control when the Rsense if i?PRgFEFOFF oo
fixed OFF time (t ) is set too short. This v :
circuitry prevents the source driver from
being re-enabled until the load current has Dwg. EP-0061
decayed to below the |__  level.

TRIP

further delay the action of the comparator. Depending on load type,
many applications will not require these external components {(SENSE
connected to E).

Loads with high distributed capaci-
tances may result in high turn-ON current
peaks. This peak (appearing across R_)
will attempt to trip the comparator, resulting

h : LOGIC CONTROL OF OUTPUT CURRENT:
in erroneous current control or high-fre-

quency oscillations. An internal fow-pass Two logic level inputs (|, and 1) allow digital selection of the motor
filter 1s used to reduce this undesirable winding current at 100%, 67%, 33%, or 0% of the maximum level per
effect for turn-ON spikes of less than 1.5 us. the table. The 0% output current condition turns OFF all drivers in the

An external R C time delay can be used to bridge and can be used as an OUTPUT ENABLE function.
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2916
DUAL FULL-BRIDGE PWM MOTOR DRIVERS

CURRENT-CONTROL TRUTH TABLE

Iy | Output Current

L L Vage/ 10 R = hinge
H L Vi 15 Rg = 2/3 11
L H Vaee/30 Rg = 1/3 lgpp
H H 0

These logic level inputs greatly enhance the implementation of
uP-controlied drive formats.

During half-step operations, the | and |, allow the P to control
the motor at a constant torque between aHl posmons in an eight-step
sequence. This is accomplished by digitally selecting 100% drive
current when only one phase is ON and 67% drive current when two
phases are ON. Logic highs on both |, and |, turn OFF all drivers to
allow rapid current decay when switching phases. This helps to ensure
proper motor operation at high step rates.

The logic control inputs can also be used to select a reduced
current level (and reduced power dissipation) for ‘hold’ conditions and/
or increased current (and available torque) for start-up conditions.

GENERAL:

To avoid excessive voltage spikes on the LOAD SUPPLY pin
(Vgy), a large-value capacitor (222 uF) should be connected from V,
to ground as close as possible to the device. Under no circumstances
should the voltage at LOAD SUPPLY exceed 45 V.

The PHASE input to each bridge determines the direction motor
winding current flows. An internally generated deadtime (approximatety
2 us) prevents crossover currents that can occur when switching the
PHASE input.

All four drivers in the bridge output can be turned OFF between
steps (|, = 1,2 2.4 V) resulting in a fast current decay through the
mternal output clamp and flyback diodes. The fast current decay is
desirable in half-step and high-speed applications. The PHASE, | ,
and |, inputs float high.

Varying the reference voltage (V) provides continuous control
of the peak load current for micro-stepping applications.

Thermal protection circuitry turns OFF all drivers when the junc-
tion temperature reaches +170°C. It is only intended to protect the
device from failures due to excessive junction temperature and should
not imply that output short circuits are permitted. The output drivers are
re-enabled when the junction temperature cools to +145°C,

The UDN2916B/EB output drivers are optimized for low output
saturation voltages—Iess than 1.8 V total (source plus sink) at 500 mA.
Under normal operating conditions, when combined with the excellent
thermal properties of the batwing package design, this allows continu-
ous operation of both bridges simultaneously at 500 mA.

TYPICAL APPLICATION

9
I

z

e

1
I

‘Pv‘m 21‘

Dwg. EP-008A
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ABSOLUTE MAXIMUM RATINGS
at TJ < +150°C

Motor Supply Voltage, Vo ..o 45V
Output Current. lour 4, 5200s) . =175 A

(Continuous) .. ............... +1.5 A
Logic Supply Voltage. V.. ... .. ... 70V
Logic Input Voltage Range,

Vi oo -0.3Vto+7.0V
Output Emitter Voltage. V.......... .. 1.5V
Package Power Dissipation,

Poo ... See Graph
Operating Temperature Rarge.

T -20°C to +85°C
Storage Temperature Range,

Te oo -55°C to +150°C

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

DUAL FULL-BRIDGE
PWM MOTOR DRIVER

The UDN2917EB motor driver is designed to drive both windings
of a bipolar stepper motor or bidirectionally control two dc motors. Both
bridges are capable of sustaining 45 V and include internal pulse-width
modulation (PWM) control of the output current to 1.5 A.

For PWM current control. the maximum output current is determined
by the user’s selection of a reference voltage and sensing resistor. Two
logic-level inputs select output current limits of 0, 33%, 67%, or 100% of
the maximum level. A PHASE input to each bridge determines load
current direction. Active-low ENABLE inputs control the four drivers in
each bridge.

The bridges include both ground clamp and flyback diodes for
protection against inductive transients. Internally generated delays
prevent cross-over currents when switching current direction. Special
power-up sequencing is not required. Thermal protection circuitry
disables the outputs if the chip temperature exceeds safe operating limits.

The UDN2917EB is supplied in a 44-lead power PLCC for surface-
mount applications. Its batwing construction provides for maximum
package power dissipation in the smallest possible construction.

FEATURES

1.5 A Continuous Output Current
45 V Output Sustaining Voltage
Internal Clamp Diodes

Digital Control of Output Current
Internal Thermal Shutdown Circuitry
Simifar to Dual PBL3770

Always order by complete part number: @NZQWEB .




2917
DUAL FULL-BRIDGE PWM MOTOR DRIVER

™ o ~ R o
o o o S o

ALLOWABLE PACKAGE POWER DISSIPATION IN WATTS
o

CHAN

PIN NUMBERS
SHOWN.

PWM CURRENT-CONTROL CIRCUITRY

NEL 1t

SOURCE
DISABLE

Dwg EP-007-2

TRUTH TABLE

T

|

\‘ Enable Phase Out, Out,
| L H H L

f L L L H
e H X p4 z

X = Don't care
Z = High impedance

50 75 100
TEMPERATUREIN C

N
o

Dwg. GP-020A

3-52




2917
DUAL FULL-BRIDGE PWM MOTOR DRIVER

ELECTRICAL CHARACTERISTICS at T, = +25°C, T, < +150°C, Vg =45V, V =475V to

) <
525V,V = 5.0 V (unless otherwise noted).

REF
Limits
Characteristic Symbol Test Conditions Min. Typ. Max. Units
Output Drivers (OUT, or OUT,)
Motor Supply Range Vs 10 — 45 Y
Qutput Leakage Current loex Vour = Vas — <1.0 50 HA
Vour =0 — <-1.0 -50 7 HA
Output Sustaining Voltage Verises: lour = 1.5 A. L=35mH 45 — — \
Output Saturation Voltage Vcasm Sink Driver, I = +1.0 A — 0.5 0.7 \
Sink Driver, 1, ;= +1.5A | ; 0.8 1.0 \ h
Source Driver, | . =-1.0A — 1.8 1.9 \
Source Driver, 15 . =-15A — 19 21 \
Clamp Diode Leakage Current Ia Vg=45V — <1.0 50 pA
Clamp Diode Forward Voltage Ve l.=15A — 1.6 2.0 \
Driver Supply Current lsgion; Both Bridges ON. No Load — 9.0 12 mA
lss(oFF, Both Bridges OFF o — 4.0 6.0 mA B
Control Logic
Input Voltage NG All Inputs 2.4 — — . Vv
G All Inputsm - — — 0.8 | \
Input Current vty Viy=24V — <1.0 20 uA
o V=08V — -3.0 -200 A
Reference Voltage Range REF Operating 1.5 — 7.5 \
Current Limit Threshold Vaense lh=1,=08V 9.5 10 10.5 —
(at1rip point B =24V, =08V 135 15 ) 765 —
h=08V, 1 =24V 25.5 30 34.5 —
Thermal Shutdown Temp. T, — 170 — °C
Total Logic Supply Current lecion, lg=1,= Vg =08V.NoLoad — 90 105 mA
ICC\OFF; l,=1,=2.4V, No Load — 10 12 mA

Negative current is defined as coming out of (sourcing) the specified device pin.
Typical Data is for design information only.
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DUAL FULL-BRIDGE PWM MOTOR DRIVER

APPLICATIONS INFORMATION

PWM CURRENT CONTROL:

The UDN2917EB dual bridge is designed
to drive both windings of a bipolar stepper
motor. Output current is sensed and con-
trolled independently in each bridge by an
external sense resistor (R,), internal com-
parator, and monostable multivibrator.

When the bridge is turned ON, current
increases in the motor winding and it is
sensed by the external sense resistor until the
sense voltage (V,..) reaches the level set at
the comparator’s input:

gy = Veee/10 Rg

The comparator then triggers the mon-
ostable which turns OFF the source driver of
the bridge. The actual load current peak will
be slightly higher than the trip point (especially
for low-inductance loads) because of the
internal logic and switching delays. This delay
(t,) is typically 2 ps. After turn-off, the motor
current decays, circulating through the ground
clamp diode and sink transistor. The source
driver's OFF time (and therefore the magni-
tude of the current decrease) is determined by
the monostable’s external RC timing compo-
nents, where t_, = R C, within the range of
20 kQ to 100 kQ and 200 pF to 500 pF.

TRIP T

When the source driver is re-enabled, the
winding current (the sense voltage) is again
allowed to rise to the comparator’s threshold.
This cycle repeats itself, maintaining the
average motor winding current at the desired
level.

Special circuitry has been included to
prevent runaway current control when the
fixed OFF time (t ) is set too short. This
circuitry prevents the source driver from being
re-enabled until the load current has decayed

to below the | level.

Loads with high distributed capacitances
may result in high turn-ON current peaks.
This peak (appearing across R) will attempt
to trip the comparator, resuiting in erroneous
current control or high-frequency oscillations.
An external R_C_ low-pass filter may be
needed to delay the action of the comparator.

PWM OUTPUT CURRENT WAVEFORM

Vpiiase l

ouT

L Iraip
CROSSOVER - 7
CURRENT DELAY
tg [ toi —’J
Dwg. WM-003-1
LOAD CURRENT PATHS
Vep
I
I
: BRIDGE ON
Rs<t SOURCE OFF —-----
v ALL OFF _——
Dwg. EP-006-1
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2917
DUAL FULL-BRIDGE PWM MOTOR DRIVER

CURRENT-CONTROL
TRUTH TABLE

=)

Output Current

T - I -

r T r- rr

Vo 10R = I,
V,../15R, =2/31
V,../30 R, = 1/31

0

TRIP

TRIP

LOGIC CONTROL OF OUTPUT CURRENT:

Two logic level inputs (I, and 1,) allow digital selection of the motor
winding current at 100%, 67%. 33%, or 0% of the maximum level per
the table. The 0% output current condition turns OFF all drivers in the
bridge and can be used as an output enable function. These logic level
inputs greatly enhance the implementation of uP-controlled drive
formats.

During half-step operations, the |, and {, inputs allow the uP to
control the motor at a constant torque between all positions in an eight-
step sequence. This is accomplished by digitally selecting 100% drive
current when only one phase is ON and 67% drive current when two
phases are ON.

The logic control inputs can also be used to select a reduced
current level (and reduced power dissipation) for *hold’ conditions and/
or increased current {(and available torque) for start-up conditions.

GENERAL:

To avoid excessive voltage spikes on the LOAD SUPPLY pin (V,
a large-value capacitor (>47 uF) should be connected from V to
ground as close as possible to the device. Under no circumstances
should the voltage at LOAD SUPPLY exceed 45 V.

se)>

The PHASE input to each bridge determines the direction motor
winding current flows. An internally generated deadtime (approximately
2 us) prevents crossover currents that can occur when switching the
PHASE input.

All four drivers in the bridge output can be turned OFF (V, >2.4V
orl, =1 =24 V) resulting in a fast current decay through the internal
output clamp and flyback diodes. The fast current decay is desirable in
half-step and high-speed applications. All logic inputs float high; the
ENABLE input must be tied low if it is not used.

Varying the reference voltage (V) provides continuous control of
the peak load current for micro-stepping applications.

Thermal protection circuitry turns OFF all drivers when the junction
temperature reaches +170°C. Itis only intended to protect the device
from failures due to excessive junction temperature and should not
imply that output short circuits are permitted. The output drivers are
re-enabled when the junction temperature cools to +145°C.




2935 ao

2950

BIPOLAR HALF-BRIDGE
MOTOR DRIVERS

Both Type UDN2935Z and UDN29507 integrated circuits are
UDN29357. 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 single-supply
operation.

The UDN2935Z output goes high with an active low input at pin 2;
it is especially desirable in NMOS microprocessor applications. The
UDNZ2950Z output 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-valtage CMOS, PMOS, and
NMOS fogic. Both ICs have logic lockout (tri-state output) that prevents
AN source and sink drivers from turning ON simultaneously.

>

avil e

In typical applications, the chopper-drive mode is characterized by
low power-dissipation levels, low saturaticn voltages, and short chop-
per-storage 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-c

o 2] |3 5 motor-drive applications. They can also be teamed with stepper motor
=4 ‘5 g 5 I5 translator/drivers for bipolar d-¢ stepper motor control.
w53 The motor drivers’ single-chip construction and power-tab TO-220
E i 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,

D No. A-12,116 . . h . .
e several devices can share a common heat sink without insulating

hardware.
FEATURES
A 3.5 A Peak Output
H 37 V Minimum Output Breakdown
M Output Transient Protection
. . AN G W Tri-State Outputs
ABSOLUTE MAXIMUM RATINGS m TTL, CMOS, PMOS, NMOS Compatible Inputs
Supply Voltage Range, W (nternal Thermal Shutdown
Vg oo 80Vio3d5V B High-Speed Chopper {to 100 kHz)
Input Voltage Range, B UDN2935Z Replaces SG3635P
Vig oo 0.3Vto+7.0V B UDN2950Z Replaces UDN2949Z, SN75605
Peak Qutput Current (100 ms, 10% d-c), M TO-220 Style Packages
Jop <t +3.5A
Continuous Output Current,
bQUT < oo 220 A
Package Power Dissipation,
Po o See Graph
Operating Temperature Range,
T -20°C to +85°C
Storage Temperature Range,
Te oo -55°C to +150°C

Always order by complete part number, e.g., @@ﬂj
See Truth Table.




2935 AND 2950
BIPOLAR HALF-BRIDGE MOTOR DRIVERS

FUNCTIONAL BLOCK DIAGRAMS

UDN2935Z UDN2950Z

SOURCE SOURCE
INPUT INPUT
SINK SINK
INPUT npyr O———
Dwg. No. A-12.113 Dwg. No. 12,112

UDN2950Z »s
O . N\
&
15 %
<7
10 050)73

o

[ ]

ALLOWABLE PACKAGE POWER DISSIPATION IN WATTS

FREE

w = 2 E = AR Rosa = 40°Cw \
> 2 z po ] >
+ ¥ 3 B B

5 & 3 [ 0 —

g = 25 50 75 100 195 150

2 TEMPERATURE IN °C

Dwg. No. A-11.177 Dwg. GP-014
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2935 AND 2950
BIPOLAR HALF-BRIDGE MOTOR DRIVERS

ELECTRICAL CHARACTERISTICS at TA = +25°C, TJ < +1350°C, VS =35V
(unless otherwise noted). )

Source Driver input, Pin 2 Sink Driver Output, Limits
Characteristic UDN2935Z UDN2950Z Input, Pin 5 Pin 4 Other Min.  Max. Units
Output Leakage Current 24V | 08V 24V ov — — -500 HA
24V 08V 24V 35V — — 500 HA
Output Sustaining Voltage 24V 0.8V 0.8t024V 2.0A Fig. 1 35 — \
Output Saturation Voltage 08V 24V 24V -2.0A — 33 — \%
24V 08V | osv 20A | — — 20 v
Output Source Current 08V 2.4V 2.4V — — -2.0 — A
Output Sink Current 24V 0.8V 08V — — 2.0 — A
Input Open-Circuit Voltage -250 pA -250 pA -250 pA — — -— 7.5 \
input Current - 2.4V 24V | NC — -—  -700 LA
24V — 24V NC — -— 10 HA
0.8V 0.8; 08V o NC — - 76 M»rAnAi
Propagation Delay 24V 0.8V 08t024V 20A — -— 750 ns
»0.8 1024V £4t(; 0.8V 7 247V 20A — e 7:— 2.0 us
Clamp Diode Forward Volitage NC NC NC 20A Fig. 2 -— 2.2 \
Supply Current 08V 24V NC NC — -— 35 mA

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

TRUTH TABLE

Source Sink Output, Pin 4

Driver, Driver,

Pin 2 Pin 5 UDN2935Z UDN2950Z
Low Low High Low
Low High High High Z
High Low Low High
High High High Z High




2935 AND 2950
BIPOLAR HALF-BRIDGE MOTOR DRIVERS

TEST FIGURE 1

Dwg. No. A "Z.1° 7

TEST FIGURE 2

Owg. No. A-12,118

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 internal 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:

P, = VSX/Cxtxf
where V, = supply voltage,
[, = crossover current (= 3.5 A max.)
= crossover current duration (=1 us)

f = frequency of direction change

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

RECOMMENDED TIMING CONDITIONS
(UDN29507 Shown)

DIRECTION
2 _
| - > 750 ns }*>750 ns
—-l i——>2us l-%>2us
SPEED (PWAN
Vs
I ) \+<2A
lout I
— ¢ "2A
Dwg. No. A-12.120
SOURCE
INPUT. W9

e

SIAK ] 2ps fe— —— fe—50 05
INPUT vs—_‘—t J’—‘“‘

Dwg. No. A-12,119
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29335 AND 2950
BIPOLAR HALF-BRIDGE MOTOR DRIVERS

TYPICAL APPLICATIONS

3-PHASE BRUSHLESS D-C MOTOR DRIVE

UDN285027 UDN2950Z UDN2850Z

+5V +28V
o
UGN3130U
3)
3
J o
11
3
[}

!
wivisly

Dwg. No. A-12.653

FULL-BRIDGE D-C

SINGLE-WINDING D-C
SERVO MOTOR DRIVE

OR STEPPER MOTOR DRIVE
UDN2935Z UDN29507

O SCERIeE

+28V O O +14VY +30V
DIRECTION O DIRECTION O
Dwg. No. A12.114 SPEED
{PwM) ©

Dwg. No. A 12115

3-60



3-PHASE BRUSHLESS DC MOTOR
CONTROLLER/DRIVERS

Combining logic and power. the UDN2936W and UDN2936W-120
provide commutation and drive for three-phase brushless dc motors.
Each of the three outputs are rated at 45 V and +2 A (3 A peak), and
include internal ground clamp and flyback diodes. These drivers also
feature internal commutation logic, PWM current control, and thermal
shutdown protection.

The UDN2936W and UDN23936W-120 are compatible with single-
ended digital or linear Hall effect sensors. The commutating logic is
programmed for 60° (UDN2936W) or 120° (UDN2936W-120) electrical
separation. Current control is accomplished 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 mV, 7.5
percent) can be used. The UDN2936W/W-120 also include braking and
direction control. Internal protection circuitry prevents crossover current
when braking or changing direction.

o)
o}
Z
=
=
4
o)
z

For maximum power-handling capability, the UDN2936W and
UDN2936W-120 are supplied in 12-pin single in-line power tab pack-
ages. An external heat sink may be required for high-current applica-
tions. The tab is at ground potential and needs no insulation.

FEATURES

W 10 V1o 45V Operation

B +3 A Peak Output Current

B Internal Clamp Diodes

W Internal PWM Current Control
| |

[ |

]

[ |

Dwg. No W-183

60° or 120° Commutation Decoding Logic

Thermal Shutdown Protection

Compatible with Single-Ended or Differential Hall Effect Sensors
Braking and Direction Control

ABSOLUTE MAXIMUM RATINGS
at TJ < +150°C

Supply Voltage, Vg - .o a5V
Output Current, 1,

(continuous) ................T20A

(peak) .....................23.0A
Input Voitage Range. V. ... -0.3 V1o 15V
Threshold Voltage, Vi, oo ... 15V
Package Power Dissipation,

Py e See Graph
Operating Temperature Range,

LR -20°C to +85°C
Storage Temperature Range,

Te o -55°C to +150°C

S

Note: Output current rating may be limited by duty

cycle, ambient temperature, and heat sinking. Always order by complete part number:

Under any set of conditions, do not exceed the Part Number T Sensor Inputs
specified peak current and a junction temperature . - -
of +150°C UDN2836W | Single-Ended, 60° Separation

UDN2936W-120 Single-Ended, 120° Separation

L




2936
3-PHASE BRUSHLESS DC MOTOR CONTROLLER/DRIVERS

FUNCTIONAL BLOCK DIAGRAM

Q@ Ve
68V ;
H,
© @OUT A
25V B" o =
o
@] —‘2__/ ™~
6.8V - b
H: 5 ouT
: :
25V < —
o>
=
= *’q_/ hd
6.8V O
H;; O OUTC
25V 2
) SENSE
T\
4 »—L/ @-1
DIRECTION T ERVAL Rs
C SHUTDOWN Veer
1 THS }RH
BRAKE T:_Q: @ 6 ]
(ACTIVE LOW) ; ol
! <
CS\f L Io 0.3V %RT
_______________ {GROUND
*
<+

Dwg. No. W-190A
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2936
3-PHASE BRUSHLESS DC MOTOR CONTROLLER/DRIVERS

COMMUTATION TRUTH TABLE

UDN2936W
25
E Hali Sensor Inputs Qutputs
= il hobosd —_—_—
= H H H DIRECTION BRAKE OuUT, OUT, OUT
=z 20\ 1 2 3 A 8 C
é \ e, \ 5 High  High High Low High Z Low  High
a 2, High  High  Low Low High High  Low Z
RE ¥ High Low  Low Low High High z Low
2 Low Low Low Low High z High  Low
g Low Low  High Low High Low  High z
E \ Low  High High Low High Low z High
e High  High  High High High z High  Low
5 \ \ High  High  Low High High Low  High 4
E Y High  Low Low High High Low Z High
2 Low  Low Low High High z Low  High
; e — Low Low High High High High Low z
% 25 20 75 100 125 150 Low High High High High High Z Low
< TEMPERATURE IN 'C X X X X Low Low Low Low
Dug. GP012 X= Irrelevant
Z = High Impedance
TYPICAL APPLICATION COMMUTATION TRUTH TABLE

UDN2936W-120

Hall Sensor Inputs Outputs

H, H, H, DIRECTION BRAKE ouT, OuT, OouT,
High Low  High Low High 4 Low  High
High Low Low Low High High  Low z
High  High Low Low High High Z Low
Low  High  Low Low High Y4 High  Low
Low  High  High Low High Low  High z
Low Low  High Low High Low z High
High Low  High High High z High Low
High Low Low High High Low  High z
High  High Low High High Low Z High
Low  High Low High High 4 Low  High
Low  High  High High High High  Low z
Low Low  High High High High Z Low

X X X X Low Low Low Low

X= Irrelevant

Z = High Impedance

Dwg. EP-333




2936
3-PHASE BRUSHLESS DC MOTOR CONTROLLER/DRIVERS

ELECTRICAL CHARACYERISTICS at T, = +25°C, T, < +150°C, V. = 43V

3 s
Limits
Characteristic Symbol Test Conditions Min. Typ. Max. Units
Supply Voltage Range Vg Operating 10 — 45 \
Supply Current leg Outputs Open — 32 40 mA
| Vo m08V — 42 50 mA

Thermal Shutdown Temperature T, — 165 — °C
Thermal Shutdown Hysteresis AT, — 25 — °C
Output Drivers
Output Leakage Current loex Vour = Vas — — 50 LA

Vor =0V —  — 50 Y
Output Saturation Voltage Vepisati lour =1 A — 1.7 1.9 \

loyr=+1A — 11 13 v

Iy = 2 A o — 19 21 v

lour=+2A — 1.4 1.6 \Y
Output Sustaining Voltage Vcasus,\ lour=*2A L=2mH 45 — — \
Clamp Diode Forward Voitage Ve l=2A — 1.8 2.0 \
Clamp Diode Leakage Current I V=45V — — 50 HA
Output Switching Time t lour = +2 A, Resistive Load — 2.0 — us

1, ) - I@T =12 A, Resistive Load 20 - 77Lg 7

Turn-ON Delay tn Source Drivers, 010 -2 A — 125 — us
{Resistive Load) Sink Drivers, 0 to +2 A — 1.9 — us
Turn-OFF Delay t o Source Drivers, -2 Ato 0 — 7 — us
(Resistive Load) Sink Drivers, +2 Ato 0 o9 — | s

Continued next page...




2936
3-PHASE BRUSHLESS DC MOTOR CONTROLLER/DRIVERS

ELECTRICAL CHARACTERISTICS at T, = +25°C, TJ < +150°C, V. = 45 V continued

Limits
Characteristic Symbol Test Conditions Min. Typ. Max. I Units
Control Logic -
Logic Input Voltage () Vor ©f Varaxe 20 — —
iN() Voir " Verae - 0.8
Sensor input Voltage Threshold Vin H, H, orH, — 25 — "
Input Current 'wm Vor=2V — 150 200 A
Vorake =2V — <10 50 HA
V=5V — -180 -220 uA
by Vg =08V — 35 50 HA
VBRAKE =08V — -50 -20 uA
V=08V — -064 -10 mA
lns Vi 230V — 80 15 HA
Ve €30V, Vo oo <V, /105 — 15 30 HA
Vi <30V, Vo oo >V, 795 190 250 310 uA
Current Limit Threshold VTHS/VSENSE at trip point, VTHS <3.0V 95 10 10.5
Default Sense Trip Voltage Vaense Vigg 230V 270 300 330 mV
Default Hysteresis Vig 230V — 75 — %
Deadtime ty BRAKE or DIRECTION — 20 - us

3-65



2936
3-PHASE BRUSHLESS DC MOTOR CONTROLLER/DRIVERS

APPLICATIONS INFORMATION

The UDN2936W and UDN2936W-120 power drivers provide
commutation logic and power outputs to drive three-phase brushless
dc motors.

The UDN2936W and UDN2936W-120 are designed to interface
with single-ended linear or digital Hall effect devices (HEDs). Internal
pull-up resistors allow for direct use with open-coilector digital HEDs.
The H,, inputs have 2.5 V threshoids.

The commutation logic provides decoding for HEDs with 60°
(UDN2936W) or 120° (UDN2936W-120) electrical separation. At any
one step in the logic sequencing, one half-bridge driver is sourcing
current, one driver is sinking current, and one driver is in a high-
impedance state (see Truth Table).

A logic low on the BRAKE pin turns ON the three sink drivers and
turns OFF the three source drivers, essentially shorting the motor
windings to ground. During braking, the back-electromotive force
generated by the motor produces a current which dynamically brakes
the motor. Depending upon the rotational velocity of the motor, this
current can approach the locked rotor current level (which is limited only
by the motor winding resistance). During braking the output current
limiting circuitry is disabled and care should be taken to ensure that the
back-EMF generated brake current does not exceed the maximum
rating (3 A peak) of the sink drivers and ground clamp diodes.

Changing the logic level of the DIRECTION pin inverts the output
states, thus reversing the direction of the motor. Changing the direction
of a rotating motor produces a back-EMF current similar to when
braking the motor. The load current should not be aliowed to exceed
the maximum rating (3 A peak) of the drivers.

An internally generated dead time (t,) of approximately 2 us
prevents potentially destructive crossover currents that can occur
when changing direction or braking.

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

Thresholds and hysteresis can be set with external resistors or
internal defaults can be used. With V. > 3.0 V, the trip point is
internally set at 300 mV with 7.5% hysteresis. Load current is then
determined by the equation:
=0.3/Rg

ITFHP
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2936
3-PHASE BRUSHLESS DC MOTOR CONTROLLER/DRIVERS

With V_ . < 3.0 V, the threshold, hysteresis percentage, and peak
current are set with external resistors according to the equations:

Threshold Voltage (V,, ) = V. * R, /(R + R,)
Hysteresis Percentage = R /50 V,,

Load Trip Current {I__.) = V.. ./10 Ry

TRIP

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

The UDN2936W and UDN2936W-120 outputs are rated for normal
operating currents of up to +2 A and startup currents to +3 A (see
cautions above regarding braking and changing of motor direction).
Internal power ground clamp and flyback diodes protect the outputs
from the voltage transients that occur when switching inductive loads.
All devices also feature thermal protection circuitry. If the junction
temperature reaches +165°C, the thermal shutdown circuitry turns OFF
all output drivers. The outputs are re-enabled when the junction cools
down to approximately +140°C. This protection is only intended to
protect the device from failures due to excessive junction temperature
or loss of heat sinking and should not imply that output short circuits are
permitted.

As with all high-power integrated circuits, the printed wiring board
should utilize a heavy ground plane. For optimum performance, the
drivers should be soldered directly into the board. The power supply
should be decoupled with an electrolytic capacitorb (>10 uF) as close
as possible to the device supply pin (V).
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3-PHASE BRUSHLESS DC MOTOR CONTROLLER/DRIVERS

VDIRECTION I

Vi | [
Vi |

Vis |

OUTa O

OUTs 0

OUTe

| ©

Dwg. WM-002-1

TYPICAL HALL EFFECT
SENSOR LOCATIONS

Dvg. No. W-193




2944

QUAD HIGH-CURRENT,
HIGH-VOLTAGE SOURCE DRIVER

Capable of driving loads to 4 A at supply voltages to 60 V (inductive
loads to 35 V), the UDN2944W 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

GROUND {=_

OUT, high-power loads in harsh environments.

Vemey Vaes [© H»_ﬂﬁjf—r Individual supply lines have been provided for each pair of drivers
IN, 2 -

so that different supplies can be used to drive multiple loads. The
controlling inputs are TTL or CMOS compatible. The outputs include
transient-suppression diodes for inductive loads.

This quad Darlington array is designed to serve as an interface
between low-level circuitry and peripheral-power loads such as sole-
noids, motors. incandescent displays, heaters, and similar loads of up
iNo [& ) to 240 W per channel. The UDN2944W is an ideal complement to the
UDN2878W quad 4 A sink driver.

For maximum power-handling capability, the UDN2944W driver is
supplied in a 12-pin single in-line, power-tab package that allows
Ne[Z { efficient attachment of an external heat sink for maximum allowable
package power dissipation. An external heat sink is usually required for
proper operation of this device. The tab is at ground potential and
needs no insulation.

FEATURES

Output Currentto 4 A

Output Voltage to 60 V

Loads to 960 W

Integral Output Suppression Diodes
TTL and CMOS Compatible Inputs
Plastic Single In-Line Package
Heat-Sink Tab

Dwg. No. A 13,054

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

Supply Voltage Range. V... . 10Vto 60V

Output Current, 1g . (dc) .. ... -4 A
(peak) . ......... -5A
Input Voltage, V=N ................. 15V
Package Power Dissipation.
Poee See Graph
Operating Temperature Range,
PR -20°Cto +85°C
Storage Temperature Range,
T -55°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
conditions, do not exceed the -5.0 A peak current
and a junction temperature of +150°C

Always order by complete part number: FLTDN2944@.
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2944
QUAD HIGH-CURRENT, HIGH-VOLTAGE SOURCE DRIVER

PARTIAL SCHEMATIC
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TRUTH TABLE

INPUT ENABLE QUTPUT
L L L
H L H
L H L
H H L

NOTE: Pin 3 must be connected to Vg for operation
of input logic gates.
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2944
QUAD HIGH-CURRENT, HIGH-VOLTAGE SOURCE DRIVER

‘ ELECTRICAL CHARACTERISTICS at T, = +25°C, T; < +150°C, V = 60 V, Vo L =0V
(unless otherwise noted).
Limits
’ Characteristic Symbol Test Conditions Min. Max. Units
Supply Voitage Range Vg 10 60 \
Output Leakage Current lcex Vour =0V, Veyasie = 24V — 50 pA
Output Sustaining Voltage Veeisus: loyr=-4A L=3mH 35 — \
Output Saturation Voltage VCE:SAT‘ 'om =-1A va =24V — 1.8 \Y
‘ lour = 4A V=24V — 25 \Y
Input Voltage Logic 1 Vle or VENABLE‘M 2.0 — \
Logic 0 Ving O Venasieio: — 0.8 \
Input Current Logic 1 VIN(1) or VENABLEM =24V — 220 A
V|N<\)°' VENABLE<1;:12V — 15 mA
Logic 0 V|N<0) Of Vennaigio = 08 V — 50 (A
Total Supply Current g All drivers ON, All outputs open — 25 mA
Ctamp Diode Leakage Current Ig V=80V — 50 HA
Clamp Diode Forward Voltage Ve le=4A —_ 2.2 \Y
Turn-On Delay ton 05E, t005E_ .R =150 — 2.0 us
Turn-Off Delay torr 05E 1005E R =150 — 10 us

NOTE: 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)

—0 INg

L Rg:=05/Tourimaxs 3c:§
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/N

GROUND
SINK INPUT

SOURCE INPUT

Dwg No. A 11177

ABSOLUTE MAXIMUM RATINGS

Supply Voltage Range.

Vg 80Vto35V
Input Voltage Range,

Vi s e 0.3Vio+7.0V
Peak Output Current (100 ms, 10% d-c),

lgp v +3.5 A
Continuous Output Current.

four - e 220 A
Operating Temperature Range,

Ty oo -20-Cto +85C

BIPOLAR HALF-BRIDGE
MOTOR DRIVER

Complete technical information for the UDN2950Z is included with
the UDN2935Z.

FEATURES

3.5 A Peak Output

37 V Min. Output Breakdown

Output Transient Protection

Tri-State Outputs

TTL. CMOS, PMOS, NMOS Compatible Inputs
Internal Thermal Shutdown

High-Speed Chopper (to 100 kHz)

Replaces UDN2949Z, SN75605

FUNCTIONAL BLOCK DIAGRAM

@ +vs
SOURCE i}
iNpuT - @
§ t+——® ourpur
SINK
INPUT

GROUND

Dwg. No. 12,112
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2953 o

2954

PWM MOTOR DRIVERS

The UDN2953B and UDN2954W are designed for bidirectional
UDN29538B control of dc or stepper motors with continuous output 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 selection of a reference voltage and sensing resistor while the

NG Fe] « OFF pulse duration is set by an external RC timing network. PWM
operation is characterized by maximum efficiency and low power-
Vs / BRARE ouT, dissipation levels. Extensive internal circuit protection includes thermal
RC (TIMING] A shutdown with‘hysteresis, transient-suppression diodes, and crossover
current protection.
GROUND GROUND —
When the V_../BRAKE pin is fow (<0.8 V), the braking function is
GROUND GROUND enabled. This turns both sink drivers OFF and the source drivers are
v SENSE turned ON. When V. /BRAKE is set above 2.4 V, that voltage (and the
e f . ; . X
current sensing resistor) determines the load current trip point. An RC
PHASE ouT, TIMING pin is available to use for an internal one-shot to control load
OUTPUT ENABLE v current decay time.

(ACTI{VE LOW)

The UDN2953B driver is supplied in a 16-pin dual-in-line plastic
package with copper heat-sink contact tabs. The lead configuration
enables easy attachment of a heat sink while fitting a standard inte-
Dwg. No. A-13.024 grated circuit socket or printed wiring board layout. The UDN2954W,
for higher package power dissipation requirements, is supplied in a
12-pin single in-line power tab package. in both package styles, the
heat sink is at ground potential and needs no insulation.

FEATURES

W 50 V Output Voltage Rating
ABSOLUTE MAXIMUIZ‘,RATINGS B 2 A Continuous Output Rating
atT, < +150°C | Internal Flyback Diodes

Motor Supply Voltage. Vg, ... ....... 50 V M Thermal Shutdown .

Output Current, I, W Crossover Current Protection o ,
(Peaky ... ... .. ... +35 A B BRAKE, ENABLE, and Current-Limit Functions
(Continuous) .. .............. +2.0 A

Flyback Diode Voltage, V.. ........ .. Ve

Minimum Clamp Diode Voltage,

Vo Ground
Logic Supply Voltage, V.. ... ... .. 7.0V
Logic Input Voltage,

Vv Vo ami e oo \

PHASE' ¥ ENABLE
Sense Voltage, Vopyge «cvvevve s

Reference Voltage, V. /BRAKE ... .. 15V
Package Power Dissipation,
Py oo See Graphs

Operating Temperature Range,

Always order by complete part number:
-20°C to +85°C

{ Part Number ‘\ Package
UDN2953B [ 16-Pin DIP
UDN2954W 12-Pin Power-Tab SIP

Storage Temperature Range,
-55°C to +150°C
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2953 AND 2954
FULL-BRIDGE PWM MOTOR DRIVERS

UDN2953B FUNCTIONAL BLOCK DIAGRAM
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8 Dwg. No. A-13,028
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\ R = 5.0CAW
5 S \

\ \ \
129CAW HEAT SINK
\\ \ \ GROUND
2 . out

UDN2954W

Hg s = 14°CW \
4 AN

ALLOWABLE PACKAGE POWER DISSIPATION IN WATTS

N N

~—_ N .

FREE AIR RgvAffﬁﬂ CAY \ «

Q Vs

25 50 75 100 125 150

TEMPERATURE IN °C Vaer/ BRAKE

[wg. GP-o° 28 RC{TIMING]

VCC

TRUTH TABLE PHASE

Output OUTPUT ENABLE

Enable Phase VREF/BRAKE Out, Outy our,

Low High >24V High  Low A

Low Low >2.4V Low  High SENSE
High X >2.4V Open Open . __

X X <08V High  High Owg No_ A-13.023

X = Irrelevant




2953 AND 2954
FULL-BRIDGE PWM MOTOR DRIVERS

ELECTRICAL CHARACTERISTICS at T, = +25°C, TJ S +150°C, Vg = 50V, Ve =3V,

VSENSE =0V, RC = 20 kQ2/470 pF to Ground.
Limits
Characteristic Symbol Test Conditions Min. Typ. Max. Units
Output Drivers (OUT, or OUT )
Output Supply Range Veg 6.5 — 50 v
Output Leakage Current loex Venape = 5V Vour = Vg (Note) — — 50 LA
Viasie = 5 V. Vo s = O V. (note) — — 50 wA |
Output Sustaining Voltage Yk, lyyr=t2A. L=2mH 50 — — v
Output Saturation Voltage Vegsar Venaoe = 0V lgyr =205 A — 1.0 1.2
Vowane =0 Velgy = =1.0A = 12 s
 Viuase = O Vi lo,r = 2.0 A — 15 18
Clamp Diode Leakage Current Iq Vp=50V — — 50 LA
Clamp Diode Forward Voltage A le=2A — 1.8 2.2 vV
Motor Supply Current lamion: Venape =08V, Voo =24V No Load — 20 30 mA
| lamorr Venaoie = Vaee = 24 V. No Load — 25 35 mA |
Venape = 5 Vo Vg, = 0.8 V. No Load — 40 60 mA |
Control Logic
Logic Supply Range Vee 4.5 5.0 5.5 \
Logic Input Current L Allinputs = 2.4 V — <-1.0 -10 uA
Ly Al Inputs = 0.8 V ' — 50 -200 WA )
Logic Input Voltage Vit All Inputs 2.4 — — \
Vs Al Inputs - — o8 v
Vaee Open-Circuit Voltage Vaeeoren legr =0 - Vee'2 - v
Current Limit Threshold Vaer Veense @t Trip Point 9.5 10 10.5 —
Turn-On Delay t. All Drivers — 1.0 — 1s
Turn-Off Delay b Al Drivers — 1.0 — us
Thermal Shutdown Temp. T, — 165 — C
Logic Suppiy Current loe Venasie = Vagr = 24V — 15 20 mA
| Venpe =08 V. Vo =24V — 2 3 mA
NOTE: Tests performed at OUT with V.. = 0.8 V and at OUT,, with Vogage = 24V
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2953 AND 2954
FULL-BRIDGE PWM MOTOR DRIVERS

TYPICAL APPLICATION APPLICATIONS INFORMATION
The UDN2953B and UDN2954W full-bridge motor drivers are ideal
UDN29538B “36V for driving bidirectional dc servo, brushless dc, and 2-phase bipolar

stepper motors with various current-control formats. Output current
can be controlied by using an external sense resistor (R,,.) and an

' optional RC network and reference voltage for PWM current control,
or by using an external PWM source.

The output current trip point is set by:

5V | B Vage
PHASE © TRIP = D
ENABLE o 10 RSENSF
(ACTIVE LOW)
where the reference voltage (V,.,.) can be between 2.4 Vand 15 V.
Dwg No A 126498 If left unconnected, V., defaults to V_ /2 (see Figure 1).

NOTE: Pin 3 must be When the bridge is turned ON, current increases in the motor and
connected to an RC is sensed by the external sense resistor. When the current through the
network as shown, or sense resistor reaches the trip point, the internal comparator triggers
fo Vi It must NOT be a monostable which turns OFF the sink drivers. As shown in Figure 2,

left unconnected. the actual load current peak will be slightly higher than the trip point

(especially for low-inductance loads) because of the internal logic and
switching delays. This delay (t) is typically 2 ps.

After the sink drivers turn OFF, the motor current decays, circulat-
ing through the source driver and flyback dicde. The sink driver's OFF
time (and therefore the magnitude of the current decrease) is deter-
mined by the monostable’s external RC timing components, where
t_ = RC within the range of 20 kQ to 100 k¢ and 200 pF to 500 pF.

If the RC pin is tied to V., internal timing circuitry is activated,

allowing current control without an external RC network. The internally
generated t_is approximately 12 usatV . =5VandT, = +25°C,
increasing slightly with increasing temperatures. With RC tiedto V., 1.
will increase by approximately 6 mA.

When the sink driver is re-enabled, the motar current is again
allowed to rise to the trip point. This cycle repeats itself, maintaining
the average motor current at the desired level.

Average motor current can also be controlied with external current
control logic by using the OUTPUT ENABLE pir. Toggling the QUTPUT
ENABLE pin shuts OFF both the source and sink drivers. Both the
flyback and ground-clamp diodes conduct during turn-OFF (anodes
(A pin) connected to ground and cathodes (K pin) connected to V).
resulting in a very fast current decay. If the internal current control
circuitry is not used. the RC pin should be connected to ground through
a 20 k& (minimum) resistor.

A logic low at the V,, /BRAKE pin turns ON both source drivers and
turns OFF both sink drivers, essentially shorting both ends of the motor
winding to the motor supply. In this condition, the back-electromotive
force (back-EMF) generated by the motor produces a current which
dynamically brakes the motor. Depending upon the rotational velocity
of the motor, this current level can approach that of a locked-rotor
condition (which is imited only by the resistance of the motor winding).
The internal current control circuitry is not operctional when the brake
function is used. Therefore, care should be exercised when braking to
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2953 AND 2954
FULL-BRIDGE PWM MOTOR DRIVERS

FIGURE 1
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Dwg. No. A-13.025

FIGURE 2
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CURRENT DELAY

td < toif g

Dwg. No. wWh 203-1

ensure that the current generated by the
back-EMF never exceeds the absolute
maximum rating of the drivers.

With bidirectional dc servo motors, the
PHASE pin can be used for direction controt.
Similar to dynamically braking a motor,
changing the direction of a rotating motor
produces a current generated by the
back-EMF. Again, this current should not be
allowed to exceed the absolute maximum
rating.

An internally generated deadtime (ap-
proximately 3 us) prevents crossover currents
that can occur when switching phases or
braking.

Thermal protection circuitry turns OFF all
drivers when the junction temperature typi-
cally reaches 165°C. It is only intended to
protect the device from failures due to exces-
sive junction temperature and shouid not
imply that output short circuits are permitted.
The thermal shutdown has a hysteresis of
approximately 8°C.

The printed wiring board should utilize a
heavy ground plane. For optimum perform-
ance, the driver should be soldered directly
into the board. The load supply (V,,) shouid
be decoupled with an electrolytic capacitor
(=210 uF) as close as possible to the driver.




GROUND [~

SUPPLY [~
NO CONNECTION [w NC ¥ Q

SOURCE OUT [«

4

SOQURCE IN [«»

SENSE [ %
ENABLE [= EN
SINK IN [&
NO CONNECTION [@ NG

SINK OUT [& O
NO CONNECTION [Z NC

NO CONNECTION [S NC

Dwg. PP-023

ABSOLUTE MAXIMUM RATINGS
at TJ < 1530°C

Supply Voltage. Vg . ............. . 40V
Output Current, lgyp. oo +6.0 A
Input Voltage. V... .............. 7.0V
Sense Voltage. Vgyge - oooovvo- - 1.5V
Package Power Dissipation,

Pl See Graph
Operating Temperature Range,

Tpooe -20°C to + 85°C
Storage Temperature Range,

Teooi i ..-55°C to + 150°C

Output current rating may be limited by duty cycle
ambient temperature, and heat sinking. Under any
set of conditions, do not exceed the specitied
output current rating or a junction temperature of
+1507C.

HIGH-CURRENT
HALF-BRIDGE POWER DRIVER

The UDN2955W-2 half-bridge power driver combines a high-
current, half-bridge power driver with low-level control and protection
circuitry. For PWM applications there are provisions for output current
sensing and an ENABLE (active low) input. The output can source or
sink up to 6 A continuously. This device features a minimum break-
down and sustaining voltage of 40 V. It can be used in pairs for full-
bridge operation or in triplets for 3-phase brushless dc motors.

Protection is included which shuts down the device during over-
temperature conditions caused by loss of cooling; internal flyback and
clamp diodes are included for switching inductive ioads. Internal logic
lockout and delays prevent potentially destructive crossover currents.
The logic inputs are compatible with TTL and 5 V CMOS logic systems.

A similar device, excluding the ENABLE and output current sensing
provision, in a 5-lead TO-220 style package, is the UDN2951Z-2.

The UDN2955W-2 is supplied in a 12-lead power-tab single in-line
plastic package. The tab is at ground potential, allowing multiple
devices to share a common heat sink.

FEATURES

+ 6 A Continuous Output Current
Output Voltage to 40 V

Internal Thermal Shutdown

TTL and 5 V CMOS Compatible Inputs
Integral Transient-Suppression Diodes

Always order by complete part number: @@E@V—Z .
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2955-2
HIGH-CURRENT HALF-BRIDGE POWER DRIVER

FUNCTIONAL BLOCK DIAGRAM
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Dwg GF-324 Dwg. FP-009
TRUTH TABLE
INPUTS OUTPUTS TYPICAL APPLICATION
ENABLE SOURCE SINK | SOURCE SINK
Low Low Low OFF ON
Low Low High QFF QFF
Low High X ON OFF
High X X QOFF OFF
X = lrrelevant

The printed wring board should utilize a heavy ground plane. For
optimum performance. the driver should be soldered directly into the
board. The power supply (V) should be decoupled with an electrolytic
capacitor (= 10 uF) as close as possible to pin 2

Dwg. EP-019A
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2955-2
HIGH-CURRENT HALF-BRIDGE POWER DRIVER

ELECTRICAL CHARACTERISTICS at T, = + 25°C, TJ <+ 150°C, V, = 40V

Limits
Characteristic Symbol Test Conditions Min. Typ. Max. | Units
Functional Supply Range Vg 10 — 40 \
Output Leakage Current loex SINK,,; =40V,
SOURCE, = 0.8 V. SINK =20V — <1.0 50 A
SOURCE,,; =0V,
SOURCE,, = 0.8 V. SINK =20V — <1.0 -50 uA
Qutput Sustaining Voltage Vet lqur =+ B6.0A, L=10mH 40 -— — \
Output Saturation Voltage \/CHSAT) SINK,;;=5.0A — — 15 \
SINKq r=6.0A 7 e — 2.0 \Y 1
| SOURCE, = 50A — - 20| v
| SOURCE,, ;= -6.0A — — 25 \Y
input Voltage Logic 1 SOURCE, or SINK | 2.0 — — v
Logic 0 SOURCE, or SINK — — 0.8 \
Input Current Logic 1 SOURCE, or SINK, = 2.0V — 3.0 10 UA
Logic 0 SOURCE,, or SINK, =08V — -1.0 -10 pA
Propagation Delay to Sink Driver {includes Turn-On Delay)} — 2.5 — us
Source Driver — 2.5 — us
o Sink Driver | v 0.2 — us
Source Driver (inc\udgé Turn-On Delay) - 25 — us
Supply Current lsiom SOURCE,, =2.0V — 10 15 mA
SOURCE, = SINK,, = 0.8V ' — 20 25 mA
| loo, | SOURCE, =08 V.SINK =20V — 80 10 | mA
Flyback Diode Forward Voltage vV, l-=60A — — 2.8 \
Clamp Diode Forward Voltage Ve le=6.0A - - 2.1 \
Diode Leakage Current In Each Diode, V, =40V — <1.0 50 LA
Thermal Shutdown T, — 165 — "C

NOTE: Typical Data is given for circuit design information only.
Negative current is defined as coming out of (sourcing; the specified device pin




2957

HIGH-VOLTAGE,
HIGH-CURRENT SOURCE DRIVER

Comprised of five common-collector NPN Darlington output stages,
associated common-base PNP input stages, and a common ENABLE
stage, the UDN2957A high-voltage, high-current source driver is used
to switch the ground end of loads that are directly connected to a
negative supply. Typical loads include telephone relays, PIN diodes,
and LEDs.

This device will sustain output OFF voltages of -80 V and will
source currents to -500 mA per driver. Under normal operating condi-
tions, it will sustain load currents of -200 mA on each of the five drivers
simultaneously at ambient temperatures up to +70°C.

The UDN2957A driver has appropriate input-current limiting resis-
tors for operation from TTL, Schottky TTL, DTL, and 5 V CMOS. The
input and ENABLE levels must both be biased towards the positive
supply to activate the output load.

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

Input connections are on one side of the dual in-line package,
output connections on the other side to simplify printed wiring board

Dwg. No. A-10,229A
layout.

The UDN2957A high-voltage, high-current driver is supplied in a
14-lead dual in-line package conforming to JEDEC outline TO-116
(MO-001AA).

FEATURES

8 500 mA Qutput Source Current
W 50 V Output Sustaining Voltage
B Output Transient Protection

ABSOLUTE MAXIMUM RATINGS B TTL, OTL, 5V CMOS Input

at + 25°C Free-Air Temperature
(Reference Pin 7)

Output Voltage, Vg oo ooovoe o -80 Vv
Input Voltage, V. ........ ..., +10V
Output Current, Iy oot -500 mA
Power Dissipation,

Py (any onedriver) . ........... 10W

(total package) .. . ...... .. ... 20w
Operating Temperature Range,

Tpco o -20°C to +85°C
Storage Temperature Range,

T -55°C to +150°C

“Derate at the rate of 16.67 mW/°C above 25°C
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2957
NEGATIVE SUPPLY, 5-CHANNEL SOURCE DRIVER

ELECTRICAL CHARACTERISTICS at T, = + 25°C, Vi apie = Vin (unless otherwise specified).

Characteristic Symbol Test Conditions Limit
Output Leakage Current loex Vin = Venaple = 04 V. Vg 1 =-80V. T, =+70°C -200 nA Max.
V=04V, Ve =385V, Vy  =-80V,T,=+70°C |  -200 A Max.
Vi =385V, Voyapie = 04V, Vo =80V, T, =+70°C 200pAMax.
Collector-Emitter VCE(SAT.’) Vin= 24V, lg,; =-100mA -1.20 V Max.
Saturation Voltage | V=27V, Iy, =175 mA -1.35V Max.
Vi =39V, Ig,; = -350 mA 470V Max.
Output Sustaining VCE(SUS} V=04V, 1, =-25mA 50 V Min.
Voltage
Input Current IIN(ON) V=24V, Vg 1=-20V 675 pA Max.
V, =3.85V,V  ;=-20V 140mAMax. |
lincorm) loyr =500 A, T, = +70°C R 50 A Min.
Output Source Current lout Vin=24V, Vg ,=-20V -125 mA Min.
V=27V, Vg =20V o ~200 mA Min.
V=30V, V, =20V - -250 mA Min.
V, =33V, Vg, =20V -300 mA Min.
Vi =36V, Vg =-20V -350 mA Min.
Clamp Diode In V,=80V 50 pA Max.
Leakage Current
Clamp Diode Ve I =350mA 2.0V Max.
Forward Voltage
Turn-On Delay ton 0.5E 100.5E, 1, R =400Q,C =25pF 4.0 us Max.
Turn-Off Delay torr 05E,1005E, ;. R =400Q, C =25pF 10 us Max.

INPUT CURRENT
AS A FUNCTION OF VOLTAGE

L5
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S rd >
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g XA L~
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e mYp
. -t
5
2
E4

0

2.0 2.5 3.0 35 4.0
INPUT VOLTAGE IN VOLTS Dwg. No. A-11,061
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NEGATIVE SUPPLY, 5-CHANNEL SOURCE DRIVER

INPUT CURRENT
AS A FUNCTION OF VOLTAGE
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2961

HIGH-CURRENT HALF-BRIDGLE
PRINTHEAD/MOTOR DRIVER—WITH INTERNAL
CURRENT SENSING AND CONTROL

The UDN2961B and UDN2961W are 3.4 A half bridges designed
UDN2961B specifically for driving solenoid printheads, stepper motors, and dc
motors. The UDN2961B/W consists of a power source driver output,
a power sink driver output, a flyback recovery diode, internal current
Vege [1 [ 161 SINK OUT sensing circuitry, and a user-selectable fixed-off-time chopper circuit.
Reov [ 2 15 |emTTER The output drivers are capable of sustaining 45 V with continuous
currents of £3.4 A and peak currents. pf #4 A permitted. The outputs
INPUT [ 3 J— 14 | NC have been optimized for a low output saturation veoltage (typically 2.6 V
CONTROL total source plus sink drops:at 3.4 A).
GROUND | 4 LOGIC 13 [ GROUND
. 12 | arouns For output current control, load current is internally sensed and
GROUND Ves lu limited by chopping the output driver(s) in a user-selectable fixed off-
enaBLE 6 17T LOAD SUPPLY time PWM mode. The maximum output current is determined by the
user’s selection of a reference voltage. The MODE pin determines
re [7 10 | SOURCE OUT whether the:gurrent control circuitry will chop in a slow current-decay
mode {only the source driver switching) or in a fast current-decay mode
MODE | 8 Ve [0 | LOGIC SUPPLY (source and sink switching). A user-selectable blanking window pre-
vents false triggering of the current control circuitry during chopping.
peg PR3 The UDN2961B is supplied in a 16-pin dual in-line plastic batwing
package with a copper lead-frame and heat sinkable tabs for improved
power dissipation capabilities. For higher power dissipation require-
ments, the UDN2961W is supplied in a 12-pin single in-line power tab
ABSOLUTE MAXIMUM RATINGS package.
Supply Voltage, Vg ..o 45V s
Qutput Current. IOUT (continuous) . .. +3.4 A FEATURES
(t, <20 us. 10% duty cycle) . ... +4.0 A MW 3.4 A 45V Source and Sink Drivers
Logic Supply Voltage. Ve ... . ... 7.0V B Internal Current Sensing
Input Voltage Range. M User-Selectable Fixed-Off Time PWM Current Control
N -0.3Vto+7.0V B Internal Flyback Diode
Package Power Dissipation, H Low OU{pUt Saturation Voltage
Py See Graph | Chip Enable
Operating Temperature Range, B Fast or Slow Current-Decay Modes
Toooe -20°C to +85°C B Programmable Blanking Window
Junction Temperature. T,. .. ... +150°C* B [nternai Thermal Shutdown Circuitry
Storage Temperature Range,
T -55°C to +150°C
Output current rating may be restricted to a value
determined by system concerns and factors.
These include: system duty cycle and timing.
ambient temperature. and use of any heatsinking
and/or forced cooling. For reliable operation. the
specified maximum junction temperature should
not be exceeded.
* Fault conditions that produce excessive junction
temperature will activate device thermal shutdown Always order by complete part number:
circuitry. These conditions can be tolerated. but | - ————— P —
should be aveided. _UDN2961B | 16-Pin DIP -
| UDN2961W | 12-Pin Power-Tab SIP
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HIGH-CURRENT HALF-BRIDGE PRINTHEAD/MOTOR DRIVER
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2961
HIGH-CURRENT HALF-BRIDGE PRINTHEAD/MOTOR DRIVER

ELECTRICAL CHARACTERISTICS at TA = +25°C, vBB =45V,
Ve =473Vt 5.25 V, R\ = 2940 Q (unless otherwise noted).

J

Limits
Characteristic Symbol Test Conditions Min. Typ. Max. Units
Qutput Drivers
Output Leakage Current foex Ven =08V, Veoinee =0V — <1.0 -100 A
- ;

Ve =08V, Vg =45V — <1.0 100 uA
Output Saturation Voltage Vegisat: Source Driver, 15 ;= -3.4 A — 1.6 22 \

Source Driver, | ;= -3.0 A — 15 20 \

Sink Driver, 1, =3.4 A — 1.0 1.4 \Y

Sink Driver. iy, =3.0 A — 0.9 1.25 A
Output Sustaining Voltage CEGsus) loyr= 3.4 A L=3mH 45 -— — \Y
Recovery Diode Leakage Cutrent [ R=45V — <1.0 100 HA
Recovery Diode Forward Voltage Ve l.=3.4A — -— 2.0 \
Motor Supply Current IBB(on) Vey =20V, V, =08V, Noload — — 70 mA

BB(off) V=08V — — 2.0 mA

Output Rise Time t, Source Driver, | ,; = -3.0 A — -— 600 ns

Sink Driver, louT =30A — — 600 ns
Output Fall Time t, Source Driver, |, ;= -3.0 A — — 600 ns

Sink Driver, l,; = 3.0 A — — 600 ns
Control Logic
Logic Input Voltage NG 2.0 — —

IN{D} - - 0.8
Logic Input Current I,Nm V=50V — — 10 HA
s Vin=0V — — 1.0 mA

Reterence Input Current laer Vaer =50V — — 50 HA
Transconductance — Vage = 0.8 V1034V 0.9 1.0 1.1 /V
Logic Supply Current lee Ven =20V, V=08V, No Load — — 160 mA

Ve =08V — — 15 mA
Turn On Delay t o) Source Driver — — 600 ns

Sink Driver — — 800 | ns
Turn Off Delay LA Source Driver — —_ 2.0 us

Sink Driver — — 2.0 B us
Thermal Shutdown Temperature T — 165 °C

Negative current is defined as coming out of (sourcing) the specified device terminal.
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2961
HIGH-CURRENT HALF-BRIDGE PRINTHEAD/MOTOR DRIVER

APPLICATIONS INFORMATION

The UDN2961B/W is a high current
half-bridge designed to drive a number of
inductive loads such as printer solenoids,
stepper motors, and dc motors. Load current
is internally sensed and is controlled by puise-
width modulating (PWM) the output driver(s)
in a fixed off-time, variable-frequency format.
The peak current level is set by the user's
selection of a reference voltage. A slow
current-decay mode (chopping only the
source driver) or a fast current-decay mode
(chopping both the source and sink drivers)
can be selected via the MODE pin.

PWM CURRENT CONTROL

A logic low on the MODE pin sets the
current-control circuitry into the slow-decay
mode. The RS flip-flop is initially set, and both
the source driver and the sink driver will be
turned ON when the INPUT pin is at a logic
low. As current in the load increases, it is
sensed by the internal sense resistor until the
sense voltage equals the trip voltage of the
comparator. At this time, the flip-flop is reset
and the source driver is turned OFF. Over the
range of V.= 0.8V to 3.4V, the output
current trip point transfer function is a direct
linear function of the reference voltage:

lmxp = V?EF

To ensure an accurate chop current level
(£10%), an external 2940 Q =1% resistor (R. )
is used. The actual load current peak will be
slightly higher than the trip point (especially
for low-inductance loads) because of the
internal logic and switching delays (typically
1.5 us). After the source driver turns OFF.
the load current decays. circulating through
an external ground clamp diode, the load.
and the sink transistor. The source driver's
OFF time (and therefore the magnitude of
the current decrease) is determined by the
one-shot’s external RC timing components:

toee= RC

within the range of 20 k€ to 100 k€ and

100 pF to 1000 pF. When the one-shot times
out, the flip-flop is set again, the source driver
is re-enabled, and the load current is again
allowed to rise to the set peak value and trip
the comparator. This cycle repeats itself,
maintaining the average load current at the
desired level.

A logic high on the MODE pin sets the
current-control circuitry into the fast-decay

REF B8
CIRCUIT

DRIVE CURRENT
< RECIRCULATION (SLOW-DECAY MODE) =—— =
b RECIRCULATION (FAST-DECAY MODE)

T2 227
Vag Iv ( Y ?
I T |
(. | l 1
( 1
| U
L " Dwg. EP-037
ENABLE |
N ] 1 N
MODE J
LOAD
CURRENT

Dwg. WP-G15

mode. When the peak current threshold is detected, the flip-flop is
reset and both the source driver and the sink driver are turned OFF.
Load current quickly decays through the external ground clamp diode,
the load, and the internal flyback diode. In the fast-decay mode, the
OFF time period will be one-half the time that would be set by the
external RC network for the slow-decay mode:

t -RC

OF 2

The amount of ripple current when chopping in the fast-decay mode

will be considerably higher than when chopping in the slow-decay
mode.




2961
HIGH-CURRENT HALF-BRIDGE PRINTHEAD/MOTOR DRIVER

The frequency of the PWM current control
is determined by the time required for the
load current to reach the set peak threshold
(a function of the load characteristics and V_;)
plus the OFF time of the switching driver(s)
(set by the external RC comoonents).

To prevent faise resetting of the flip-flop
due to switching transients and noise, a
blanking time for the comparator can be set
by the user. The blanking time is determined
by the value of C where blanking time is equal
to 3600 C (us and uF or ps and pF).

POWER CONSIDERATIONS

The UDN2961B/W outputs have been
optimized for low power dissipation. The
sink driver has a maximum saturation voltage
drop of only 1.25 V at 3 A, while the source
driver has a 2 V drop at -3 A. Device power
dissipation is minimized in the slow-decay
mode, as the chopping driver (the source
driver) is ON for less than 50% of the chop
period. When the source driver is OFF during
a chop cycle, power is dissipated on chip only
by the sink driver; the rest of the power is
dissipated through the external ground clamp
diode. In the fast-decay mode, the ON time
of the chopping drivers (both the source driver
and the sink driver) is greater than 50%, and
the power dissipation will be greater.

GENERAL

A logic low on the ENABLE pin will
prevent the source driver and the sink driver
from turning ON, regardless of the state of the
INPUT pin or the supply voltages. With the
ENABLE pin high, a logic low on the INPUT
pin witl turn ON the output drivers.

To protect against inductive load voltage
transients, an external ground clamp diode
is required. A fast-recovery diode is recom-
mended to reduce power dissipation in the
UDN2961B/W. The blanking time prevents
false triggering of the current sense compara-
tor, which can be caused by the recovery
current spike of the ground clamp diode
when the chopping source driver turns ON.

The load supply (V,;) should be well
decoupled with a capacitor placed as close
as possible to the device.

The EMITTER pin should be connected
to a high-current power ground.

Thermal shutdown protection circuitry is
activated and turns OFF both output drivers at

Vaer

INPUT
o——— 3 13
CURRENT.
CONTROL
2340 4 Losic 13
=%

ENABLE =

MODE -
o2

CURRENT
CONTROU
LoGIC

Dwg. EP-038

a junction temperature of typically +165°C. it is intended only to protect
the device from catastrophic failures due to excessive junction tempera-
tures and should not imply that output short circuits are permitted. The
output drivers are re-enabled when the junction temperature cools
down to approximately +145°C.

MOTOR DRIVER APPLICATIONS

Two UDN2961B/Ws can be cross connected as shown to form a
full-bridge driver circuit. Two fuli-bridge circuits are needed to drive a
two-phase bipolar stepper motor. When in a full-bridge configuration,
one INPUT signal must be logically inverted from the other INPUT
signal to prevent the simultaneous conduction of a source driver from
one half-bridge and the sink driver from the other half-bridge. In order
to prevent cross-over currents, a turn-ON delay time of 3 us is needed
between the time an INPUT signal for one of the half bridges goes high
and the INPUT signal for the other half bridge goes low.

In addition to the two external ground clamp diodes, diodes in
series with the load to the SINK OUT are needed in a full-bridge
configuration. These series diodes prevent the sink drivers from
conducting on the inverse mode. which can occur when the opposite
half-bridge ground clamp diode is conducting and “orces the sink
driver collector below ground.

If fast current decay is used (MODE = logic high) or pulse width
modulation of the load-current direction is used, diodes in series with
the load to the SOURCE OUT are needed. These series diodes prevent
the SOURCE OUT from inverse conducting during the recirculation
period and thereby prevent shoot-through currents from occuring as the
drivers turn back ON.
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DUAL SOLENOID/MOTOR DRIVER
—PULSE-WIDTH MODULATED CURRENT CONTROL

GROUND| - "
INa{ ,_F ~
SENSE4L| = . i
SINKa {n 7 -
SOURCEA[ »
YR
Yy
B el
bOURCEBF E: — e | /
SINKg = l‘— —
SENSEgl.2 [:,,, y /
iNg T o =15

]

ABSOLUTE MAXIMUM RATINGS
at TJ < +130°C

Supply Voltage. V.. . .............. 45V
Peak Output Current. Iy ,r o ... =4 A
Inout Voltage Range.

Vi o -03Vto+7.0V
Package Power Dissipation

Do . ... See Graph

Operating Temperature Range.

Taooo ..-200Cto+85 C
Storage Temperature Range,

To oo -55°C to +150°C

S

NOTE: Output current rating may be limited by
duty cycle. ambient temperature, and heat sinking
Under any set of conditions, do not exceed the
specified peak current and a ;unction temperature
of +150-C.

Using PWM to minimize power dissipation and maximize load
efficiency, the UDN2962W dual driver is recommended for impact
printer solenoids and stepper motors. It is comprised of two source/sink
driver pairs rated for continuous operation to £3 A. It can be connected
to drive two independent loads or a single load in the full-bridge con-
figuration. Both drivers include output clamp/flyback diodes, input gain
and level shifting. a voltage regulator for single-supply operation, and
pulse-width modulated output-current control circuitry. Inputs are
compatible with most TTL, DTL, LSTTL, and low-voltage CMOS or
PMOS logic.

The peak output current and hysteresis for each source/sink pair
is set independently. Output current, threshold 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 UDN2962W is in a 12-pin single in-line power tab package.
The tab is at ground potential and needs no insulation. For high-current
or high-frequency applications, external heat sinking may be required.

FEATURES

B 4 A Peak Output

B 45V Min. Sustaining Voltage

M Internal Clamp Diodes

B TTL/PMOS:CMOS Compatible Inputs
W High-Speed Chopper

Always order by complete part number: TJDW}EEZW .
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DUAL PWM SOLENOID/MOTOR DRIVER

FUNCTIONAL BLOCK DIAGRAM
(ONE OF TWO DRIVERS)
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DUAL PWM SOLENOID/MOTOR DRIVER

ELECTRICAL CHARACTERISTICS at T, =+25°C, T, < +150°C, V =45V, V___ . =0V
(unless otherwise noted). J cc SENSE
Limits
Characteristic Symbol Test Conditions Min.  Typ. Max. | Units
Supply Voltage Range Vo Operating 20 — 45 \
Output Drivers
Output Leakage Current loex V=24V, Vooipee =0V — <-1.0 -100 LA
V=24V, Vg, =45V ) — <1.0 100 pA
Output Saturation Voltage Versan Source Drivers, | ,,= 3.0 A — 2.1 2.3 \
Source Drivers, | gap = 10A — 1.7 2.0 A
Sink Drivers, [ ;= 3.0 A — 1.7 2.0 \
Sink Drivers, | ,,,= 1.0 A — 1.1 1.3 Y T
Qutput Sustaining Voltage Vcasus lour =33.0A, L=3.5mH 45 — — \
Output Current Regulation Alour Vigg=06V1to1.0V. L=35mH — — 125 %
Vo, -1,0Vt02.0\/.L:3.5mH - — s0 | % |
Vig=20V1t050V, L=35mH — — 150 %
Clamp Diode Forward Voltage Ve l-=30A — 1.7 2.0 \
Output Rise Time t, ! oap = 3:0 A, 10% to 90%, Resistive Load — 0.5 1.0 us
Output Fall Time 1 fLoap = 3:0 A, 90% to 10%, Resistive Load — 0.5 1.0 us
Control Logic
Logic Input Voltage N 24 _ — v
- e [ v
Logic Input Current D Vin=24V — 1.0 10 uA
Lo, V=08V — 20 100 | pA |
Hhsion Vg 2 500 mV, VQE, ise < sz 10.5 — -2.0 — uA
Hhsibvs: Veense 2 Ving/9-5. \/‘N5 =06Vto50V 140 200 260 HA
Vins' Vaense Ratio — At Trip Pomt, Vig=20Vio5.0V 9.5 10 105 —
Supply Current lee Viy = 2.4V, Outputs OFF — 8.0 12 mA
(Total Device) Vin = 0 8 V, Outputs Open — 25 40 mA
Propgg.ation Delay Time e 50% V10 50% V. Turn OFF — — 25 us
(Resistive Load) 50% V10 50% V.., +. Turn ON — — 30 us
100% Vggpge 10 50% Vo — — 3.0 us

* Where V ‘8.5

>
SENSE — VYHS

NOTE: Negative current is defined as coming out of (sourcing) the specified device pin
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DUAL PWM SOLENOID/MOTOR DRIVER

CIRCUIT DESCRIPTION
AND APPLICATIONS INFORMATION

The UDN2962W high-current driver is intended for use as a
free-running, pulse-width modulated solenoid driver.

Circuit Description. In operation, the source and sink drivers are
both turned ON by a low level at the input. The load current rises with
time as a function of the load inductance, total circuit resistance, and
supply voltage and is sensed by the external sense resistor (R}. When
the load current reaches the trip point (I, .}, the comparator output
goes high and turns OFF the source driver. The actual load current will
peak slightly higher than |, because of the internal logic and switching
defays.

After the source driver is turned OFF, the load current continues to
circulate through the sink driver and an internal ground clamp diode.
The rate of current decay is a function of the load inductance and total
circuit resistance.

An internal constant current sink reduces the trip point (hysteresis)
until the decaying load current reaches the lower threshold, when the
comparator output goes low and the source driver is again turned ON.
Load current is again allowed to rise to the trip point and the cycle
repeats.

Maximum load current and hysteresis is determined by the user.

Determining Maximum Load Current and Hysteresis. Trip
current (1. ) is determined as a function of resistance R, and the
threshold voltage, V..

VTHS

L= —1HS
TRIP
10 R,

where V=10V =06Vio50V.

SENSE

Hysteresis percentage (H) is determined by resistance R,, and is
independent of the load current:

Ho
SO.VREF

The chopping frequency is asynchronous and a function of the
system and circuit parameters, including foad inductance, supply
voltage, hysteresis setting, and switching speed of the driver.

Resistance R, is determined as:

R. = RiVius

-
VREF - VTHS

Note that if V., . =V_ . then R, =

Circuit Layout. To prevent interaction
between channels, each of the two high-level
power ground returns (the low side of the
sense resistors) must be returned independ-
ently to the low-level signal ground (pin 1).
The circuit common (pin 1) can then be
routed to the system ground.

The printed wiring board should utilize a
heavy ground plane. For optimum perform-
ance, the driver should be soldered directly
into the board.

The power supply (V) should be

decoupled with an electrolytic capacitor
(210 uF) as close as possible to pin 7.

/ SUPPLY

SYSTEM GROUND

Dwg. OP-0C1

TYPICAL WAVESHAPES

E

Yiks AU

Dwg. WP 008
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DUAL PWM SOLENOID/MOTOR DRIVER

APPLICATIONS INFORMATION

RESISTOR R, VALUE RESISTOR R VALUE
AS A FUNCTION OF HYSTERESIS AS A FUNCTION OF PEAK LOAD CURRENT

Dwg. No. A-12,417 Dwa. No. A-12.416

MOUNTING POWER TAB DEVICES

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

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

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

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

4. The mounting surface should be flat to within 0.002 inch/inch
(0.05 mm/mmj

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
(0.45t0 0.90 Nm.}

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

7. Use appropriate hardware including a lock washer or torque washer.
8. 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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ABSOLUTE MAXIMUM RATINGS
at T' < +13530°C

Supply Voltage. V. ... ... ....65V
Peak Output Current. Iy ;- . ....... =5.0 A
Input Voltage Range,

V‘N ................ -0.3Vto+7.0V
Package Power Dissipation,

Po o See Graph
Operating Temperature Range,

Ta oo . -20°C to +85°C
Storage Temperature Range,

Te o -55°C to +150°C

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

DUAL SOLENOID DRIVER

WITH PWM CURRENT CONTROL

Rated for continuous operation to 4.8 A and 65 V per channel, the
UDN2966W is designed to drive impact printer solenoids. Each of the
two independent driver pairs in the UDN2966W include input gain and
level shifting, a voltage regulator for single-supply operation, pulse-
width modulated (PWM) output-current control, a flyback diode, and
on-chip thermal protection. The inputs are compatible with TTL, LSTTL,
and low-voltage CMOS or PMOS logic.

The PWM mode helps maximize load efficiency. Output current,
threshold 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, allowing the load current to decay through the sink
driver and an external ground clamp diode. When the lower current trip
point is reached, the source driver is turned back ON.

For maximum power-handling capability, the UDN2966W is sup-
plied in a 12-pin single in-line power tab package. An external heat sink
is required for most high-current applications. The tab is at ground
potential and needs no insulation.

FEATURES

H 5 A Peak Output Current

W 65 V Output Sustaining Voltage

B Internal Flyback Diodes

B internal Current Control

B Internal Thermal Shutdown Circuitry

Always order by complete part number: LQQNQQGGWV}.
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2966
DUAL SOLENOID DRIVER WITH PWM CURRENT CONTROL

w

Eo | FUNCTIONAL BLOCK DIAGRAM
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Dwg. FP-010
TRUTH TABLE
Source Sink

Vin Vius Veense Driver Driver Function
High NA NA CFF OFF OFF
Low <04V NA OFF ON OFF
Low 06Vi050V <Vi/10 ON ON ON
Low 06Vto50V >Vi/10 OFF ON Chopping




2966
DUAL SOLENOID DRIVER WITH PWM CURRENT CONTROL

ELECTRICAL.CHARACTERISTICS atT, = +25°C, TJ < +150°C, Vee = 63V, A — ov
(unless otherwise noted).
Limits
Characteristic Symbol Test Conditions Min. Typ. Max Units
Supply Voltage Range Vee Operating 20 — 65 \
Output Drivers
Output Leakage Current leex Sink Driver, V| =24V, V_ =65V — <10 100 HA
Source Driver, V,,, = 2.4V, Vg ;= 0 V — <10 100 | pA
Output Saturation Voltage VCE(SAT) Sink Driver, |5, = +4.8 A — 2.3 25
Source Driver, 1, =-4.8A — 27 29
Output Sustaining Voltage CE(sus) lour =t4.8A, L =35mH 65 — —
Clamp Diode Forward Voltage Ve le=48A — — 3.0
Output Rise Time t lLoap = 40 A, 10% to 90%, Resistive Load — 05 1.0 us
Output Fall Time t | oap =40 A, 90% 10 10%, Resistive Load — 0.5 1.0 us
Control Logic
Logic Input Voltage Nit) 24 — —
IN(O) _ B 08
Logic Input Current IIN(W) V=24V — -150 -200 HA
) V=08V — -150 -200 uA
lTHS(OFF) Vipg €400mV — -60 — HA
brnsiony Vige2800mV, Ve o <V, /105 — 20 — pA
Lhsgrvs) Vense 2 Ving/95, Viys=068V105.0V 140 200 260 LA
Output Disable Voltage VTHS<OFF) — — 400 mv
VisVsense Ratio — At Trip Point, V;,,c =2.0 V1o 5.0V 95 10 10.5 —
Supply Current lec V=24V, Outputs OFF — 10 15 mA
(Total Device) Vi = 0.8V, Outputs Open — 28 32 mA
Propgg;tion Delay Time tpd 50% V10 50% VOUT, Turn OFF — — 3.0 us
(Resistive Load) 50% V0 50% V,, ;. Turn ON — 30 | us
100% Vg yge 1050% Vg )1 ™ — — 3.0 us
Thermal Shutdown Temp. T — 175 — °C

Typical Data is for design information only.

Negative current is defined as coming out of (sourcing) the specified device pin.

*Where V =V

SENSE — /9.5

THS'
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2966
DUAL SOLENOID DRIVER WITH PWM CURRENT CONTROL

CIRCUIT DESCRIPTION
AND APPLICATIONS INFORMATION

The UDN2966W high-current driver is intended for use as a
free-running, pulse-width modulated solenoid driver.

Circuit Description. In operation, the source and sink drivers are both
turned ON by a low level at the input. The load current rises with time
as a function of the load inductance, total circuit resistance, and supply
voltage and is sensed by the external sense resistor (R,). When the
load current reaches the trip point (l,,,.), the comparator output goes
high and turns OFF the source driver. The actual load current will peak
slightly higher than 1, _ | because of the internal logic and switching
delays.

After the source driver is turned OFF . the load current continues to
circulate through the sink driver and an external ground clamp diode.
The rate of current decay is a function of the load inductance and total
circuit resistance.

An internal constant current sink reduces the trip point (hysteresis)
until the decaying load current reaches the lower threshold, when the
comparator output goes low and the source driver is again turned ON
Load current is again allowed to rise to the trip point and the cycle
repeats.

Maximum load current and hysteresis is determined by the user.

Determining Maximum Load Current and Hysteresis. Trip current
(I, .) is determined as a function of resistance R, and the threshold
voltage, V. ..

V'HS

e =10 R.

=06Vito50V.

where VWS =10+ VS,tNgE

Pulling V.. down to less than 0.4 V disables the source driver.
turning the foad OFF. This method of turn-OFF produces a relatively
long current decay as compared with switching the input. When switch-
ing the input. both the source and the sink driver are turned OFF.
producing a fast current decay.

Hysteresis percentage (H) is determined by resistance R,, and is
independent of the load current:

NS0y
The chopping frequency is asynchronous and a function of the system
and circuit parameters, including load inductarice. supply voltage.
hysteresis setting. and switching speed of the driver.

Resistance R. is determined as:

T VL V.
Note that if V. =V ... then R. = oo,

External ground clamp power diodes are
required at the source outputs (pins 5 and 8)
for proper driver operation. To minimize power
dissipation due to switching losses, these
diodes should have a fast recovery time.

Circuit Layout. To prevent interaction
between channels, each of the two high-level
power ground returns (the low side of the
sense resistors) must be returned independ-
ently to the low-level signal ground (pin 1).
The circuit common (pin 1) can then be routed
to the system ground.

The printed wiring board should utilize a
heavy ground plane. For optimum perform-
ance, the driver should be soldered directly
intc the board.

The power supply (V) should be de-
coupled with an electrolytic capacitor (=10 pF)
as close as possible to pin 7.

SUPPLY

£

® ooo‘oo?oo
A it

Dwg. OP 00

TYPICAL WAVESHAPES
RN T N P O R
n [‘l*f Veo

1

- TGND
g1y | O
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2981 rurv

2984

UDN2982/84LW
Do

UDN2981-84A

Dwg. No. A-10, 243

ABSOLUTE MAXIMUM RATINGS
at 25°C Free-Air Temperature

Output Voltage Range, V.

(UDN2981A &

UDNZ2982A/LW) ......... 5Vto50V
(UDN2983A &

UDN2984A/LW) ... .. ... 35Vto80V

Input Voltage, V

(UDN2981A & UDN2983A) . ... .. 15V
(UDN2982A/LW &

UDN2984A/LW) .............. 20V

Output Current, g oo
Package Power Dissipation.
PL o See Graph
Operating Temperature Range,
-20°C to +85°C

Storage Temperature Range,
T oo -55°C to +150°C

Note that the UDN2982/84A (dual in-line package)
and UDN2982/84LW {small-outline IC package),
respectively, are electrically identical and share a
common pin number assignment.

8-CHANNEL SOURCE DRIVERS

Recommended for applications requiring separate logic and load
grounds, load supply voltages to 80 V, and load currents to 500 mA,
the UDN2981A through UDN2984A/LW 8-channel source drivers are
used as interfaces between standard low-power digital logic and relays,
solenoids, stepping motors, magnetic print hammers, and LEDs.

The UDN2981A and UDN2983A drivers are for use with 5 V
logic systems—TTL, Schottky TTL, DTL, and 5 V CMOS. The
UDN2982A/LW and UDN2984A/LW drivers are intended for MOS
interface (PMOS and CMOS) operating from supply voltages of 6 to
16 V. The UDN2981A and UDN2982A/LW will withstand a maximum
output OFF voltage of 50 V, while the UDN2983A and UDN2984A/LW
will withstand an output voltage of 80 V. In all cases, the output is
switched ON by an active high input level. All devices incorporate input
current limiting resistors and output transient suppression diodes.

The suffix ‘A’ (all devices) indicates an 18-lead plastic dual in-line
package with copper lead frame for optimum power dissipation. Under
normal operating conditions, these devices will sustain 120 mA continu-
ously for each of the eight outputs at an ambient temperature of +50°C
and a supply of 15 V.

The suffix ‘LW’ (UDN2982LW and UDN2984LW only) indicates a
surface-mountable wide-body SOIC package.

FEATURES

B TTL, DTL, PMOS, or CMOS Compatible inputs
B 500 mA Output Source Current Capability

B Transient-Protected Outputs

m Output Breakdown Voltage to 80 V

B DIP or SOIC Packaging

Always order by complete part number, e.g., [UDN2981A |.
Note that all devices are not available in both package types.
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2981 THRU 2984
8-CHANNEL SOURCE DRIVERS

ELECTRICAL CHARACTERISTICS at T, = +25°C (unless otherwise specified).

Applicable Test Limits
Characteristic Symbol Devices Test Conditions Fig. | Min. Typ. Max. | Units
Output Leakage Current leex UDN2981.82t V=04V, V=50V, T, =+70°C 1 — — 200 uHA
UDN2983:841 Vin=04V,V =80V, T, =+70°C 1 — -— 200 HA
Collector-Emitter Vin=24V, Iy ;=-100mA 2 — 1.6 18 \'
Saturation Voltage I
Veesan All Vin=24V, 15, =-225mA 2 — 1.7 1.9 '
Viy=2.4V, 1, =-350mA 2 — 1.8 2.0 \
Input Current UDN2981.83A Viy=24V 3 — 140 200 A
linions V=385V 3 — 310 450 HA
UDN2982 84t V‘N =24V 3 — 140 200 A
Viy=12V 3 — 125 1.93 mA
Output Source Current lout UDN2981:83A | V, =24V, V =20V 2 |-350 — — mA
UDN2982 84t V=24V, V=20V 2 |-350 — — mA
Supply Current g UDN2981.82t V=24V, V =50V 4 — — 10 mA
(Outputs Open) [ e v -
UDN2983:841 Vig=24V9.V =80V 4 — — 10 mA
Clamp Diode g UDN2981.82t Ve =50V.V, =04V 5 — — 50 uA
Leakage Current o
UDN2983.84t Va=80V,V, =04V 5 — —_ 50 uA
Clamp Diode Ve All I. = 350 mA 6 — 1.5 2.0 \
Forward Voltage
Turn-On Delay ton All 0.5E t005E, . R =100%, — — 1.0 2.0 us
Vg=35V
Turn-Off Delay e All 05Eto05E, ;. R =100Q, — - 5.0 10 us
Vg=35V

NOTES: Negative current is defined as coming out of {sourcing) the specified device terminal
“All inputs simultaneously.
t Complete part number includes suffix to identify package style: A = DIP, LW = SOIC.




2981 THRU 2984
S-CHANNEL SOURCE DRIVERS

ONE OF EIGHT DRIVERS
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ALLOWABLE PEAK COLLECTOR CURRENT IN mA AT 50°C

ALLOWABLE PEAK COLLECTOR CURRENT IN mA AT 50°C

2981 THRU 2984
8-CHANNEL SOURCE DRIVERS

ALLOWABLE PEAK COLLECTOR CURRENT
AS A FUNCTION OF DUTY CYCLE
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2981 THRU 2984
8-CHANNEL SOURCE DRIVERS

ALLOWABLE PEAK COLLECTOR CURRENT
AS A FUNCTION OF DUTY CYCLE
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Dwg. No. A-10.243

ABSOLUTE MAXIMUM RATINGS
at T, = 25°C

Driver Supply Voltage, Vg ........... 30V
Continuous Qutput Current,

lQUT o r -250 mA
Input Voltage, Vi, ................ -20V
Package Power Dissipation,

P 22w
Operating Temperature Range,

T oo -20°C to +85°C
Storage Temperature Range,

B -55°C to +150°C

*Derate at the rate of 18 mW/°C above T,= 25°C

8-CHANNEL SOURCE DRIVER

Recommended for applications requiring separate logic and load
grounds, load supply voltages to 30 V, and load currents to 250 mA, the
UDNZ2985A source driver is used as an interface between standard low-
power digital logic and LEDs, relays and solenoids. The outputs feature
saturated transistors for low collector-emitter saturation voltages.

The UDN2985A driver is for use with 5 V logic systems—TTL,
Schottky TTL, DTL, and CMOS. This device has a minimum output
breakdown rating of 30 V with a minimum output sustaining voltage of
15 V. The output is switched ON by an active high input level.

Under normal operating conditions, this device can source up to
120 mA for each of the eight outputs at an ambient temperature of 75°C
and a supply voltage of 15 V. It incorporates input current-limiting
resistors and output transient suppression diodes.

The UDN2385A source driver is supplied in an 18-lead dual in-line
package. All inputs are on one side of the package, output pins on the
other, to simplify printed wiring board layout.

FEATURES

W TTL, DTL, or CMOS Compatible Inputs

W 250 mA Output Source Current Capability
W Output Transient-Suppression Diodes

M 30 V Minimum Output Breakdown Voltage
8 Low Output-Saturation Voltage

PARTIAL SCHEMATIC DIAGRAM

1 OF 8 DRIVERS y

p——CO OUTPUT

r Y

Dwg. No. DS-1013

Always order by complete part number: | UDN2985A | .
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2985 ,
8-CHANNEL SOURCE DRIVER

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

Limits
Characteristics Symbol Test Conditions Min. Typ. Max. Units
Output Leakage Current loex V=04V, Vg =0V — <-1.0 -100 uA
Output Sustaining Voltage vCE(sus) lour =120 MA, L = 3 mH 15 —_ — \Y
Output Saturation Voltage Vcasm; Vin =24 g r=-60mA — 0.8 1.1 \
V=24, Iy = 120 mA — 0.9 12 Y
Input Current Voltage Lnony V=24V — 30 225 pA
VIN; 50V 1 = 280 650 HA
”_Wliqh";;vw*WMMHle =04V - 10 15 uA
Supply Current I Vg=30V,V =24V — 10 15 mA
(outputs open)
Clamp Diode [ Vg=30V,T,=70C — <1.0 50 uA
Leakage Current
Clamp Diode Ve I. =120 mA — 1.1 2.0 \
Foward Voltage
Turn-On Delay ton — 0.5 1.0 us
Turn-Off Delay torr — 5.0 10 us

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

COMMON-CATHODE LED DRIVER

TO OTHER DIGITS

SR ———

UDN2985A UDN2597A 5y

)
L ]

£ o

Dwg. No. DS-1014
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2987

8-CHANNEL SOURCE DRIVER

WITH OVER-CURRENT PROTECTION

Dwg. No. A-13.283

ABSOLUTE MAXIMUM RATINGS
atT, = +25°C

Driver Supply Voltage, Vg . ........ .. 3BV
Output Sustaining Voltage, Vegsus -+ - 30V
Continuous Output Current,

lour « -500 mA*
FAULT Output Voltage, Vo . ... ... .. 35V
FAULT Output Current, I, . ........ 30 mA
Input Voltage, V. ................ 15V
Package Power Dissipation,

Py o See Graph
Operating Temperature Range,

Tp oo -20°C to +85°C

Storage Temperature Range,
T -55°C to +150°C

“ Qutputs are disabled at approximately -500 mA
per driver.

Providing over-current protection for each of its eight sourcing
outputs, the UDN2987A driver is used as an interface between stan-
dard low-level logic and relays, motors, solenoids, LEDs, and incandes-
cent lamps. The device includes thermal shutdown and output transient
protection/clamp diodes for use with sustaining voltages to 35 V.

In this driver, each channel includes a latch to turn OFF that
channel if the maximum channel current is exceeded. All channels are
disabled if the thermal shutdown is activated. A common FAULT output
is used to indicate either chip thermal shutdown or any over-current
condition. All outputs are enabled by pulling the common OE/R input
high. When OE/R is low, all outputs are inhibited and the eight latches
are reset. The UDN2987A is supplied in a 20-lead dual in-line plastic
package.

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

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

FEATURES

B 350 mA Output Source Current

B Over-Current Protected

8 Internal Ground Clamp Diodes

M Output Breakdown Voltage 35 V, Minimum

W TTL, DTL, PMOS. or CMOS Compatible Inputs
B Internal Thermal Shutdown

Always order by complete part number: [UDN2987A |.
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2987
8-CHANNEL SOURCE DRIVER

\ FUNCTIONAL BLOCK DIAGRAM
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2987
8-CHANNEL SOURCE DRIVER

ELECTRICAL CHARACTERISTICS at T, = 25°C, Vop =24V, V=35V
(unless otherwise noted).

Limits
Characteristic Symbol Test Conditions Min. Typ. Max. Units
Functional Supply Range Vg 7.0 — 35 \
Output Leakage Current loex Viy=04V* — <-5.0 -200 LA
Output Sustaining Voltage OUTIsus lour = -350 MA, L = 2.0 mH 35 — — \
Output Saturation Voltage Vour.sar, V=24 V.l =-100 mA — 1.6 1.8 \
Vy=24Vly=225mA | — 17 1e [ v
Vin =24 V.l - =-350 mA — 1.8 2.0 \
Channel Shutdown Threshold (I V=24V -400 -500 — mA
FAULT Leakage Current loex Vo =35V — <1.0 100 HA
FAULT Saturation Voltage Ve sar lc =30 mA — 0.3 0.8
Input Voltage Vivon 2.4 — —
B Vinors - - 0.4
Input Current fons V=24V — 125 170 HA
V=50V N o — 840 1020 uA
>7MV|N =12V — 1500 1800 uA
B Jniorr V=04 wa' — — 15 HA
Clamp Diode Leakage Current Ig Ve=35V.T,=70°C — — 50 uA
Clamp Diode Forward Voitage Ve I =350 mA — 15 1.8 \
Supply Current lsion: Viy =24 V7. Outputs Open — 13 18 mA
ls ore V=04V — 8.0 12 mA
Thermal Shutdown T, — 165 — °C
Thermai Hysteresis AT, — 15 — °C
Propagation Delay Time to .. RL =100Q2 — 0.3 0.6 us
ton R, =100Q — 2.0 4.0 us
Dead Time t — 1.0 — us

*All inputs simultaneously.
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COLLECTOR CURRENT IN mA AT +25°C

COLLECTOR CURRENT IN mA AT +50°C

2987
8-CHANNEL SOURCE DRIVER

ALLOWABLE OUTPUT CURRENT
AS A FUNCTION OF DUTY CYCLE

AT +25°C

400

:OO Vs - 35V \\\\\z\ ‘\ G
AN
™
N

4
N NS \\
\ s \
7. M
=00 NUMBER OF OUTPUTS 3 Y
150 CONDUCTING S[MUL.TANEOUSLYJ \\
100 t— i —
50— - t—
o}

o] 10 20 3C 40 50 6C 70 80 90 100
PERCENT DUTY CYCLE

Dwg. No. A-13.288

AT +30°C
400 ‘ i
350 5 2
Vs = 35 \/_] \\\\\ \ h
300 i \\ \\ .
250 f \\\E\\\\4 \\
| f \ NGs N \
200 i OO
i & N
150 |- NUMBER OF QUTPUTS L AN S .
CONDUCTING SIMULTANEOUSLY - \‘Q\Q
olo] “ J‘ 5 §§
| |
i T R e R
S I N N N S N N
o 1 20 30 40 50 6C 2 B8O 90 100

Dwg. No. A-13.289

APPLICATIONS INFORMATION
AND CIRCUIT DESCRIPTION

As with all power integrated circuits, the
UDN2987A has a maximum allowable output
current rating. The 500 mA rating does not
imply that operation at that value is permitted or
even obtainable. The channel output current
trip point is specified as -400 mA, minimum;
therefore, attempted operation at current levels
greater than -400 mA may cause a fault
indication and channel shutdown. The device
is tested at a maximum of -350 mA and that is
the recommended maximum output current
per driver. It provides protection for current
overloads or shorted loads up to 35 V.

All outputs are enabled by pulling the
OE/R input high. When OE/R is tow or allowed
to float (internal pull-down), ail outputs are
inhibited and the latches are reset. Note that
the RESET pulse duration (OE/R low) should
be at least 1 us. This will ensure safe operation
under attempted RESET conditions with a
shorted load. The latches are also reset during
power-up, regardless of the state of the OE/R
input.

The load current causes a small voltage
drop across the internal low-value sense
resistor. This voltage is compared to the
voltage drop across a reference resistor with a
constant current. The twc resistors are
matched to eliminate errcrs due to manufactur-
ing tolerances or temperature effects. Each
channel includes a comparator and its own
tatch. An over-current fault (V. > V..) will
set the affected latch and shut down only that
channel. All other channels will continue to
operate normally. The latch includes a 1 us
delay (t) to prevent unwanted triggering due to
crossover currents generated when switching
inductive loads. For an abrupt short circuit, the
delay and output switching times will allow a
brief, permissable current in excess of the trip
current before the output driver is turned OFF.

A common thermal shutdown disables all
outputs if the chip temperature exceeds
+165°C. At thermal shutdown, all latches are
reset. The outputs are dicabled untit the chip
cools down to about +150°C (thermal
hysteresis).

A common open-collector FAULT output is
used to indicate any char nel over-current
condition or chip thermal shutdown.
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DUAL H-BRIDGE MOTOR DRIVERS

UDN2993B

LOAD SUPPLY (1 |Vag

GROUND GROUND

GROUND GROUND

OUT4 (8] OUT18
OUT,p OUT;g

Vea VER

Dwg. No. A-12.455

ABSOLUTE MAXIMUM RATINGS
at TJ < +150°C

Load Supply Voltage, V... ... .. .. a0V
Logic Supply Voltage, V... o0 70V
Logic Input Voltage Range, V.o or

VENABLE * - 03VtoV,,+03V
Output Current, I p .o +600 mA
Sink Driver Emitter Voltage,

Ve 1.5V
Package Power Dissipation,

Py o See Graph
Operating Temperature Range,

Tp o ~20°C to +85°C
Storage Temperature Range,

To oo -55°C to +150°C

IMPORTANT: Load supply voltage must never be
applied without togic supply voltage present.

NOTE: Output current rating may be limited by
chopping frequency, ambient temperature, airflow,
and heat sinking. Under any set of conditions, do
not exceed the specified maximum current and a
junction temperature of +150°C.

Vpp[16] LOGIC SUPPLY

Brushless dc or bipolar stepper motors to 40 V and 500 mA per
phase are economically driven with the UDN2993B and UDN2993LB
dual H-bridge drivers. Each pair of full-bridge drivers has separate input
level shifting, internal logic, source and sink drivers in an H-bridge con-
figuration, and internat clamp diodes. Monolithic, space-saving con-
struction offers reliability unobtainable with discrete components.

Except for supply voltages, the two H-bridges are independent. The
ENABLE function is provided for each bridge to allow puise-width
(chopper) modulation with the use of external choppers. The chopper-
drive mode is characterized by low power-dissipation levels and
maximum efficiency. A PHASE input to each bridge determines load-
current direction. In addition, the emitters from each bridge are exter-
nally available to allow the addition of current-sensing circuitry. Both
devices provide an internally generated dead-time to prevent crossover
currents during changes in load-current phase.

These devices are packaged in plastic DIPs (suffix B) or surface-
mountable wide-body SOICs (suffix LB) with copper lead frames for
optimum power dissipation without heat sinks. The lead configurations
allow automatic insertion, fit standard IC sockets or printed wiring board
layouts, and enable easy attachment of a heat sink for maximum
power-handling capability. The heat-sink tabs are at ground potential
and require no insulation.

Dual full-bridge drivers with peak current ratings of +3 A are
supplied as the UDN2998W.

FEATURES

+600 mA Output Current

Output Voltage to 40 V

Crossover Current Protection
TTL/NMOS/CMOS Compatible Inputs
Low Input Current

Internal Clamp Diodes

DIP or SOIC Packaging

Always order by complete part number:

Part Number  Package
UDN2993B 16-Pin DIP
" UDN2993LB  20-Lead Wide-Body SOIC
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2993 ,
DUAL H-BRIDGE MOTOR DRIVERS

LOAD
SUPPLY
ENABLE o

UDN2993LB

LOGIC| {LOGIC

LOGIC
Voo 201 5yppLy

[19] ENABLE g

FUNCTIONAL BLOCK DIAGRAM

(One of Two Drivers)

Voo

QVBB

PHASE o PHASE g
GROUND GROUND
GROUND GROUND ENABLE
GROUND GROUND
GROUND GROUND
PHASE

Dwg. No. A-14,340

A
3
GROUND Y

[TURN-ON
DELAY

7

O—NTDH
2
y
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OVe

TRUTH TABLE

N
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N\
BN

5 50

ALLOWABLE PACKAGE POWER DISSIPATION IN WATTS

!
75

100 125 150

Enable Phase
Input Input Output 1 Output 2
High High Low High
High Low High Low
Low High Low Open
Low Low Open Low
25
VENABLE ””””””l”

+

four

o LITLILTL

TEMPERATURE IN °C

Dwg. GP-021 Dwg. No. A-12,448
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2993
DUAL H-BRIDGE MOTOR DRIVERS

ELECTRICAL CHARACTERISTICS at T = +23°C, VBB =40V, VDD =3V, VE =0V, T <+150°C
Figure 1 (unless otherwise noted). J
gu

Limits
Characteristic Symbol Test Conditions Min. Typ. Max. Units
Output Drivers
Operating Voltage Range Ves 10 — 40 \
Output Leakage Current lcex Venagle =08V, Vg 7= Vg Note 2 — <10 10 HA
Venasle =08 V. Vg 1 =0V, Note 2 — <-1.0 -10 pA
Output Saturation Voltage Veesan Venasle =24V lgyp =500 mA — 1.6 1.8 \
Venasee = 24V, g, = -500 mA — 1.6 2.0 v
Output Sustaining Voltage vCE(sus) loyt =500 MA, Figure 2, Note 2 40 50 — \
Motor Supply Current lsBioN Venasee = 24V, Outputs Open, Note 2 — 1.0 3.0 mA
IBB(OFF,’ Venaaee = 0-8 V, Outputs Open, Note 2 — 250 300 uA
Source Driver Rise Time t lgyr =-500 MA, V. =30V — -75 — ns
Source Driver Fall Time t loutr =500 MA, V. =30V — 280 — ns
Clamp Diode Forward Voltage Ve I =500 mA —_ 1.6 1.8 \
Control Logic (PHASE or ENABLE)
Logic Input Current Iwm Vouase @ Venase =24V — <1.0 10 RA
lw@ Venase O Venape =08V — -200 -300 pA
Logic Input Voltage VIN(H 2.4 — — \
_ Ving) — - 08 v
Logic Supply Current Ino — 14 20 mA
Turn-On Delay Time oo ENABLE Input to Source Drivers — 250 — ns
Turn-Off Delay Time toar ENABLE Input to Source Drivers — 500 — ns

NOTES: 1. Each driver is tested separately.
2. Test s performed with V., .. = 0.8 V and then repeated for Vopage =24 V.
3. Negative current is defined as coming out of (sourcing) the specified device pin.
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2993
DUAL H-BRIDGE MOTOR DRIVERS

TYPICAL APPLICATION

2-PHASE BIPOLAR STEPPER MOTOR DRIVE
(Chopper Mode)

470K 10K oY 10K 470K
+5V O
1K 565

Dwg. No. A-12,453

+ 5V
INPUT A —[—L—]—\-—
o}
+5V
INPUT B ‘
[¢]

Dwg. No. A-12,454

TEST FIGURES

FIGURE 1

Dwg. No. A-12,449

FIGURE 2

R ja e

l P

Bl

I

Dwg. No. A-12,450
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2998

Dwg. No. W-138

ABSOLUTE MAXIMUM RATINGS
at TJ < +150°C

Supply Voltage, Voo ..o 50V
Qutput Current, lour (BC) oo =2A

(Peak) ............. ... .. ... =3A
Sink Driver Emitter Voltage, V. ... ... 15V
Logic Input Voltage Range,

Vouase " Venagle - 0-3V1io 15V
Package Power Dissipation,

Po o See Graph
Operating Temperature Range,

T -20°C to +85°C

Storage Temperature Range,
-55°C to +150°C

NOTE: Output current rating may be limited by
chopping frequency. ambient temperature, air
flow. or heat sinking. Under any set of conditions,
do not exceed the specified current rating or a
junction temperature of +150°C.

DUAL FULL-BRIDGE
MOTOR DRIVER

As an interface between low-level logic and solenoids, brushless
dc motors, or stepper motors, the UDN2998W dual full-bridge driver will
operate inductive loads up to 50 V with continuous output currents of
up to 2 A per bridge or peak (start-up) currents to 3 A. The control
inputs are compatible with TTL, DTL, and 5 V 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 charac-
terized 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 UDN2998W is packaged in a 12-pin single in-line power tab
package for high power capabilities. Driving either of the bridges at the
full 2 A dc rating requires the use of an external heat-sink. The tab is at
ground potential and needs no insulation.

A similar dual full-bridge driver for use with continuous load
currents to =500 mA is the UDN2993B.

FEATURES

+3 A Peak Output Current

Output Voltage to 50 V

Integral Output Suppression Diodes
Output Current Sensing

TTL/CMOS Compatible Inputs
Internal Thermal Shutdown Circuitry
Crossover-Current Protected

Always order by complete part number: L@ggs&@ .
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2998
DUAL FULL-BRIDGE MOTOR DRIVER

\

12°CAW HEAT SINK

\ N
N

\

TRUTH TABLE

FUNCTIONAL BLOCK DIAGRAM
(ONE OF TWO DRIVERS)
Q Vag
THERMAL
SHUTDOWN
O—— > Dl
ENABLE
(ACTIVE LOW) P
+——out, ouT, -
TURN-ON |/ l »
DELAY
N A
TURN-ON

DELAY

PHASE
O Ve Dwg. No. W-107A
10 To maintain isolation between integrated circuit components
By -2 0CW and to provide for normal transistor operation, the ground tab must
\ be connected to the most negative point in the external circuit.
8 \ 3.0°C/W HEAT SINK
R, i = 5.0°CW

R p = 14°CW \
4 - ‘\ ENABLE PHASE
'\ \ INPUT INPUT OUTPUT 1 OUTPUT 2
2 \‘\ N Low High High Low
FREEAIR Ry, = 36°CW \ Low Low Low High
. High High Open Low
25 50 75 100 125 150 High Low Low Open

ALLOWABLE PACKAGE POWER DISSIPATION IN WATTS

TEMPERATURE IN °C

Dwg GPOL2A
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2998
DUAL FULL-BRIDGE MOTOR DRIVER

ELECTRICAL CHARACTERISTICS at T, = +25°C, T, < +150°C, Vg =50V

g s
Limits
Characteristic Symbol Test Conditions Min.  Typ. Max. [ Units
Output Drivers
Operating Voltage Range Ves 10 — 50 \Y
Output Leakage Current lcex Vour =50V, Visae =20V, Note 2 — <5.0 50 pA
Vour = 0 Venase =20V, Note 2 — <50 -50 pA
Output Saturation Voltage Vegsan lour = 1 A, Sink Driver — 1.2 1.4 \
lour = 2 A, Sink Driver — 1.7 1.9 \'
lour = -1 A, Source Driver — 1.7 1.9 \
lour = "2 A, Source Driver — 2.0 2.2 )
Output Sustaining Voltage VCE(susr lour =22 A, L= 3.5 mH, Note 2 50 — — \
Source Driver Rise Time t, lour = 2A — 500 - ns
Source Driver Fall Time t, lour =2 A — 750 — ns
Deadtime 1 lour =2 A — 25 — us
Clamp Diode Leakage Current I Vg=50V - <5.0 50 HA
Clamp Diode Forward Voltage Ve lb=2A — 1.5 2.0 \
Supply Current lag VENABLE(U =Veunsies =08V —_ 30 35 mA
Control Logic (PHASE or ENABLE)
Logic Input Voltage VIMOy - — 0.8
NG 2.0 — —
Logic Input Current '|N(o‘ VF,HASE or Viape =08V — -5.0 -25 HA
ey Veuase O Venasie —20V - <1.0 10 HA
Turn-On Delay Time 000 ENABLE Input to Source Drivers - 0.4 1.0 us
Turn-Off Delay Time ot ENABLE Input to Source Drivers — 2.0 4.0 us
NOTES: 1. Each driver is tested separately.
2. Test is performed with V... = 0.8 V and then repeated for Vopage =20V

3. Negative current is defined as coming out of isourcing) the specified device pin.
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2998
DUAL FULL-BRIDGE MOTOR DRIVER

el LT LT L

T
L

<

Dwg. WM-001

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

+5v
INPUT A J ~ ’ L
Q
+ov """‘ [_1 PHASE A O— L—O PHASE 5
INPUT B | '
(¢}

Dwg. No. A 12 454

ENABLE

ENABLE A
x X
jted e}
e
+5V O i ¢ Gt f’ O +BV
91K 2 NN OK B 91K
xs 21 20 © 9 ex
esceT A TE o2
170 Ieaf |
= = = = == Dwg. EP-025
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Y

+\/S

outPUT [ 4 ]

INVERTING INPUT

NON-INVERTING INPUT [ 1]
2
SUBSTRATEI-Vg [ 3

Dwg. No. PS-I02

ABSOLUTE MAXIMUM RATINGS
at T, = +25°C

Supply Voltage Oifferential

(#Vglo-Vg) oo 28V
Peak Output Current. 1y, . ... ... .. -3.5A
Input Voltage Range.

Vi e +V to-V -03V
Package Power Dissipation,

Py oo See Graph

Operating Temperature Range,
T 0°C to +70°C
Storage Temperature Range,
Te oo -40°C to +150°C

POWER OPERATIONAL
AMPLIFIER

As a combination general-purpose operational amplifier and power
booster, Type ULN3751Z integrated circuit simplifies circuit design,
reduces component count, and enhances system reliability.

This power op amp features high-impedance differential inputs, a
unity-gain stable ampilifier that needs no external compensation, and a
high-current power output. Typical applications include use as voice-
coil motor drivers, linear servo amplifiers, power oscillators, bipolar
voltage regulators. and audio power drivers.

The ULN3751Z is for applications demanding up to +3.5 A of output
current. It is furnished in a modified 5-lead JEDEC-style TO-220 plastic
package. Lead forming for vertical or horizontal mounting is available
(ULN3751ZV or ULN3751ZH). The heat sink tab is at substrate poten-
tial and must be insulated from ground when the device is used with a

split supply.

This power op amp operates over a recommended supply voltage
range of +3 V to =13 V. Dual power op amps are available as the
ULN3755B (16-pin DIP) and the high-power ULN3755W (12-pin SIP).
Both of those devices include output current sensing and a voltage
boost connection to maximum output voltage swing to +20 V supplies
at up to £3.5 A peak output current.

FEATURES

+3 V1o £13 V Operation

High OQutput Swing

Peak Output Currentto +3.5 A

Low Input Offset

90 dB Typical Open-Loop Gain

Internal Thermal Shutdown

High Common-Mode Input Range

Unity Gain Stable

Pin Compatible with L165. L465, SG1173
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3751
POWER OPERATIONAL AMPLIFIER

ALLOWABLE PACKAGE POWER DISSIPATION IN WATTS

o

[=)

-

ELECTRICAL CHARACTERISTICS at T, =253°C, T, < +150°C, V_=1t6.0V
(unless otherwise noted). J s
Limits

Characteristic Test Conditions Min. Typ. Max. Units
Functional Supply Voltage Range +Vgto -Vg 6.0 — 26 A
Quiescent Supply Current — 40 60 mA
Input Bias Current V=0 ’our =0 — -60 -1000 nA
Input Offset Voltage V=0 lgyr =0 — +2.0 +10 my
Input Offset Current Vin=0lgyr =0 — 10 100 nA
Input Noise Voltage' BW = 40 Hz to 15 kHz — 4.0 — uv
Input Noise Current’ BW = 40 Hz to 15 kHz — 60 — pA
Crossover Distortion' Pour =50 mW, R_=40Q — <0.05 — %
Common Mode Rejection AVey=2V 60 85 — dB
Input Common Mode Range! Positive — +Vg—-2V  —

Negative ) — Vg—03V -
Open-Loop Voltage Gain f=0 80 90 — dB
Slew Rate Vin = Vour =6 Ve, R =0 1.0 2.3 — Vius
Galin-Bandwidth Product! A, =40dB — 900 — kHz
Output Voltage Swing lour =1.0A 4.5 4.7 — \

lor = -1-0A o 45 47 — v
Supply Voltage Rejection +Vg, AV=1V 60 85 — dB

Vg, AV =1V 60 80 — dB
Thermal Shutdown Temp.t — 160 — °C
* Typical values given for circuit design information only.

20 [ I
Rgyi=3.0CAW

|

AAVID 50718 + 50728 HEAT SINKS,

R =8.0°C)
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\
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[

\
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t
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o

\
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o

50 75 100
TEMPERATURE IN °C

125
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3751
POWER OPERATIONAL AMPLIFIER

TYPICAL APPLICATIONS

UNITY GAIN VOLTAGE FOLLOWER

+6V

INPUT

Owg. No. A-12,551

NON-INVERTING POWER AMPLIFIER

O
INPUT

"o

CAPACITANCE VALUES IN uF,

Dwg. No. A-12.552

LINEAR VOLTAGE REGULATOR

Vg = 6V TO 25V

2.75V
REF,
Ttd3l

OR EQUIV, ;

R1 VOLTAGE

R2
ADJUST V=275V [1 * ﬁ]

CAPACITANCE VALUES IN uf.

Owg. No. A-12.553A

HIGH-POWER LINEAR REGULATOR
(Short-Circuit Protected)

Vee = 6V 70 25V

VBE
Rgc = JBE
SC* Toc
2,75V 2N2708

REF,

. 2N3055/2N3772
OR EQUIV.

Vo

VOLTAGE
ADJUST

- Rz
1 Vp=2.75V [1 +RJ

CAPACITANCE VALUES IN pf.

Dwg. No. A-12.554B

3-119



POWER OPERATIONAL AMPLIFIER

TYPICAL APPLICATIONS

WIEN BRIDGE

VIDEO MONITOR
OSCILILATOR/MOTOR DRIVER

VERTICAL DEFLECTION AMP.

45 YOKE

0.50

Dwg. No. A-12,376B Dwg. No. A-12.375A

SIMPLIFIED SERVO APPLICATION

SINGLE-ENDED POSITION SERVO
WITH CONTROL TRANSFORMERS

WITH SENSE POTENTIOMETER

FROM UP CONTROU

)Nvum CONTHOL
FRANGMIT L i THANGEORME R

6V D-C MOSDR
l}*
/ " -t
ie =
o1 ! PGY\L\T;J:)«’;[IES\ G \
| MECH - | FOTE R !
LOAD ! 1
1
1
! !
! MECHANICAL DRIVE LINK I
,,,,,,,,,,,,,,,,,,,,,, o

R1, R2 DEFINE D-C CAIN,
R3 01 PECKED TO PROVIDE LOUP COMPENSATION,
CAPACITANCE VALUES IN uF

Dwg. No. A-14.250 Dwg. No. A-12 555
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3755

ULN3755B

- Vg /SUBSTRATE

NON-INVERTING (B |
INPUT

{ S INON-INVERTING
INPUT

Dwg. No A-13 053

ABSOLUTE MAXIMUM RATINGS

Supply Voltage Differential

(+Vgto -V oo ..40V
Peak Supply Voltage (50 ms) .. ... .. 45V
Continuous Output Curren: lout

('VS::HSV] L 220A

Vg=26V) ... “2.5 A
Peak Output Current. fout

50 ms) .. o -35A
Package Power Dissipation.

Pp oot . See Graphs
Operating Temperature Range.

A -20Cto+85 C
Storage Temperature Range
To oo ......-55Cto+125C

Always order by complete part number:
! Part Number | Paékage

| ULN3755B 16-Pin DIP
\ ULN3755W | 12-Pin Power-Tab SIP

DUAL POWER
OPERATIONAL AMPLIFIERS

Consisting of two high-power operational amplifier circuits in a
single in-line power-tab package or a batwing dual in-line package,
the ULN3755B and ULN3755W are specifically designed to drive
high-current linear servo loads such as voice coil motors used in disc-
drive applications. Their building block design concept also makes
them ideal for a wide variety of other motor drive applications, for use
as audio power amplifiers, power oscillators, and linear voltage regula-
tors. Low crossover distortion eliminates servo hunting under null
conditions and is required for most audio applications.

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

Separate supply pins are provided for the fow-level input and high-
level output circuits to aliow voltage boost or bootstrapping to maximize
output swing.

The ULN3755B is furnished in a 16-pin dual in-line package with
copper heat-sink contact tabs. It 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. For higher power requirements, the ULN3755W is supplied in a
12-pin single in-line power-tab package. It can safely dissipate signifi-
cantly 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.

FEATURES APPLICATIONS

B Operating Supply Range M Dual Half-Bridge and Futl-Bridge
+3 to =20 Volts Motor Drivers

B Output Current to +3.5 A Peak Linear Servo Motors
B Output Current Limiting Voice Coil Motors
B Output Current Sensing AC and DC Motors
B High Output-Voltage Swing Microstepping Applications
B Low Crossover Distortion W Power Transconductance
M Low Input Offset Voltage Amplifier
B Unity-Gain Stable B Audio Power Amplifier
® High Open-Loop Gain Stereo or BTL
B Output Protection Diodes B Power Oscillator/Amplifier
B Thermal Shutdown Protection M Dual Bipolar Voltage Regulator
B Excellent Supply and
Common-Mode Rejection
B Single or Dual In-Line

Power Packages
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3755
DUAL POWER OPERATIONAL AMPLIFIERS
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3755
DUAL POWER OPERATIONAL AMPLIFIERS

ELECTRICAL CHARACTERISTICS at r = +25°C, T < +150°C, V =+6.0V,
Veoost = +9:0 V, each amplifier tested separatel\ (unless olherwue specified).

Limits

Characteristic Test Conditions Min. Typ. Max. Units
Functional Supply Voltage Range ULN3755B. +V to -V 6.0 — 30 v

ULN3755W. +V to -V, 6.0 - w0 | v
Quiescent Supply Current iEach Amp.) — 7.0 10 mA

Total) — 75 130 mA |

Input Bias Current Ve ¢=0 - -80 -1000 nA
Input Offset Voltage Vo 7=0.15:=0 — 1.0 +10 mV
Input Offset Voltage TCT Over Operating Temperature Rarge — -15 — uvi'C
Input Offset Current Vour =014, =0 — 10 100 nA
Input Noise Voltage' BW = 40 Hz to 15 kHz — 4.0 — uv
Input Noise Current! BW = 40 Hz to 15 kHz — 60 — pA
Crassover Distortion® P, . =50 MW, R =4Q — 0.2 — %
Common Mode Rejection AV, =3V 60 85 - dB
Input Common Mode Range” Vg=-6V -6.3 — +4.0

Vo= -15Y -15.3 - +13 v
Open-Loop Voltage Gain f=0 80 100 — dB
Slew Rate V=V, .=6Vpp 0.5 1.0 — Vius
Gain-Bandwidth Product’ A, =40dB — 800 — kHz
Channel Separation” i..=100mA f=1kHz — 60 — daB
Output Voltage Swing lyy-=T1A Vaoost = 6V 9.0 9.5 — Vpp

o= 1A Vgoour = 49V ) 95 10.1 — | vep
Supply Voltage Rejection Vo AV =1V 60 85 — dB

IEEYARY 1 s0 80 — dB
Thermal Resistance. R, ULN3755B — — 15 C/W
| ULN3755W — — 30 | ow

Thermal Shutdown Temp.! — 165 — C

" This parameter is tested to a lot sample plan only.
1 Typical values given for circuit design information oniy
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3755
DUAL POWER OPERATIONAL AMPLIFIERS

TYPICAL CHARACTERISTICS

INPUT OFFSET VOLTAGE AS A INPUT BIAS CURRENT AS A
FUNCTION OF TEMPERATURE FUNCTION OF TEMPERATURE
6.0 ol
E 5.0 4 -20
<
= z
w 4.0 R
8 g 40
3 g
> 30 > -60 -
o o L
w w
I pus //
L 20 —— T -80
[¢) e ———— — /
% 10 2 100
ol -120
-20 0 20 40 60 80 100 -20 o 20 40 60 80 100
TEMPERATURE IN °C TEMPERATURE IN °C
Dwg. No. A-13.294 Dwg. No. A-13.295
OPEN-LOOP VOLTAGE GAIN AND PHASE OPEN-LOOP VOLTAGE CAIN AS A
AS A FUNCTION OF FREQUENCY FUNCTION OF TEMPERATURE
100 120
s &
Z g 0 z 100 o
s R
< w <
Z 60 45 4 » 80
<< ['2 =
6 2 3
TN PHASE 90 © W eo
< G B
5 "7/,,/ i~
Q w g
> 0 ]
. 20 135 L > 40
Q a a
e} e}
) (o]
-z o L 180 3 20
W z
o &
S o
-20 e}
10" 102 10? 104 10° 108 107 -2C ol 20 40 80 80 100
FREQUENCY, 1, IN Hz TEMPERATURE IN °C
Dwg. No. A-13.296 Dwg. No. A-13.297

3-124



IN mA

SUPPLY CURRENT, Ig,

3755 4
DUAL POWER OPERATIONAL AMPLIFIERS
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DUAL POWER OPERATIONAL AMPLIFIERS

VOLTAGE DOUBLER BOOST SUPPLY
(ULN3735W pin numbers shown)

+ Vg

Dwg. No. 13.088

APPLICATIONS

INCREASED OUTPUT-VOLTAGE SWING

if a voltage higher than the supply is applied to the ULN3755B/W’s
boost pins, the positive output swing is limited only by the saturation
resistance of the output transistors (typically less than 0.5 ohms}).
For example, with a 12 V supply, the circuit typically supplies a 10.5
Vpp output swing at 1 A output current. Note that the externally-sup-
plied boost voltage should be at least 3 V higher than the load supply
voltage. This criterion 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 IC’s boost input requires
only a low, unregulated current. This can be obtained from inexpensive,
modular dc to dc converters, a simple overwinding in the motor, or a
voltage doubler from the motor's driven phases.

An example of a simple voltage doubler boost supply is shown.
This circuit affects the doubling by connecting a series diode-capacitor
between the main supply and each end of the load.

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 compen-
sation network, as shown in Figures 2, 4, and 5. Values shown are
typical and will vary somewhat depending 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. All input, 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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5703 AND

5706

QUAD 2-INPUT PERIPHERAL/POWER DRIVERS
—TRANSIENT-PROTECTED OUTPUTS

These 16-lead quad 2-input peripheral and power drivers are
UDNS5703A bipolar monolithic integrated circuits containing AND or OR logic gates,
high-current switching transistors, and transient-suppression diodes

on the same chip. The four output transistors are capable of simulta-
neously sinking 300 mA continuously at ambient temperatures of up

to +70°C. In the OFF state, these drivers will withstand at least 80 V.

Series UDN5700A quad drivers are ideally suited for interface
between low-level or high-level logic and high-current/high-voitage
loads. Typical applications include driving peripheral loads such as
incandescent lamps, light-emitting diodes, memories, and heaters.

The integral transient-suppression diodes allow their use with
inductive loads such as relays, solenoids, or stepping motors without
the need of discrete diodes. ’

FEATURES

B Two Logic Types

W DTL/TTL/PMOS:CMOS Compatible Inputs
B Low Input Current

M 300 mA Continuous Output Current

W Standoff Voltage of 80 V

Dwg. No A-336%

ABSOLUTE MAXIMUM RATINGS
at T, = +25°C

Supply Voltage. V. ........... .70V
Input Voltage, V.. ................ 30V
Output Off-State Voltage,
Vgpp crr v 80V
Output On-State Sink Current,
long « e 600 mA
Suppression Diode Off-StateVoltage.
Vimr < 80 V
Suppression Diode On-State Current,
Loy o 600 mA
Power Dissipation, Py 20w
Each Driver ... ... ... ... ... 0.8W
Operating Free-Air Temperature Range,
Ta oo -20°C to +85°C
Storage Temperature Range. )
r 55°C 10 +150°C Always order by complete part number:

Part Number Description
Derate at the rate of 16,7 MW/ C above UDN5703A . Quad OR Driver
UDN5706A : Quad AND Driver

A
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5703 AND 5706
QUAD PERIPHERAL/POWER DRIVERS

RECOMMENDED OPERATING CONDITIONS

Min. Nom. Max. Units
Supply Voltage (V) 4.75 5.0 5.25 \Y
Operating Temperature Range 0 +25 +85 °C
Current into any output (ON stat?) — — 300 mA

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

Test Conditions Limits
Driven Other
Characteristic Symbol | Temp. Vee Input Input | Output | Min.  Typ. Max. | Units | Notes
“1" Input Voltage VINU) — MIN — — — 2.0 — — \Y —
0" Input Voltage Vi — MIN — — — — — 0.8 \ —
“0" Input Current Iy — MAX 04V 30V — — -50 -100 | pA 2
“1” Input Current Ly — MAX 30V ov — — 10 uA 2
Input Clamp Voltage Vik — MIN -12mA — — — — -1.5 v

SWITCHING CHARACTERISTICS at V. =50V, T, = 25°C

Limits
Characteristic Symbol Test Conditions Min.  Typ. Max. | Units | Notes
Turn-on Delay Time tpdo Vo=70V,R =465Q(10 Watts), — 200 500 ns 3
C =15pF
Turn-off Delay Time toar Vg =70V, R =465Q (10 Watts), — 300 750 ns 3
C =15pF

NOTES: 1.TypicalvaluesareatV,.=50V. T, = 25°C.
2. Eachinput tested separately.
3. Voltage values shown in the test circuit waveforms are with respect to network ground terminal.
4. Capacitance values specified include probe and test fixture capacitance.

INPUT PULSE CHARACTERISTICS
Vi =0V t=7ns t, = tus

Vi =35V t=14ns PRR = 500 kHz
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5703 AND 5706
QUAD PERIPHERAL/POWER DRIVERS

UDN3703A QUAD OR DRIVER
ELECTRICAL CHARACTERISTICS over operating temperature range (unless otherwise noted).

Test Conditions Limits
Driven Other
Characteristic Symbol | Temp. Vee Input Input | Output | Min.  Typ. Max. | Units | Notes
“1"Output Reverse Current lore — MIN 2.0V oV 80V — — 100 HA —
- OPEN 20V oV 80V — - 100 uA —
“0” Output Voltage Von — MIN 08V 0.8V 150 mA — 0.35 0.5 \Y —
— | M~ | osv | osv |sooma| — o5 o7 | v | — ]
Diode Leakage Current P NOM NOM oV ov OPEN — — 200 uA 3
Diode Forward Voltage Drop vy NOM NOM Veo Veo — — 1.5 1.75 \ 4
“1" Level Supply Current ‘ccm NOM MAX 5.0V 50V — — 16 25 mA 1,2
“0" Level Supply Current ICC(O) NOM MAX oV oV — — 72 100 mA 1,2

NOTES: 1. Typical values are at V=50V, T,=25C
2. Per package
3. Diode leakage current measuredat Vo =V
4. Diode forward voltage drop measured atl = 300 mA.
5. Capacitance values specified include probe and test fixture capacitance.

1 Yoo
2 15
S Viem 3 14
4 Pt %4 13
Vinio)
5 12
6 11
e
\ v 7 » Tl e 10
ouTPUT 500 50% o ™
Vout(0) SND E]
Dwg. No. A-9123A Dwg. No. A-7628C Dwg. No. A-9869
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5703 AND 5706
QUAD PERIPHERAL/POWER DRIVERS

UDN5706A QUAD AND DRIVER
ELECTRICAL CHARACTERISTICS over operating temperature range (unless otherwise noted).

Test Conditions Limits
Driven Other
Characteristic Symbol | Temp. Vee Input Input | Output | Min. Typ. Max. | Units { Notes

“1" Qutput Reverse Current lore — MIN 20V 20V 80V — — 100 uA —
T loeen | 2ov | 2ov | sov | — = 100 | —

“0” Output Voltage Von — MIN 08V Vo 150mA | — 0.35 05 \ —
— | 'mn | osv | v |somA] — o5 o7 | v | —

Diode Leakage Current i« NOM NOM oV oV OPEN — — 200 nA 3

Diode Forward Voltage Drop A NOM NOM Vcc Voo — — 1.5 1.75 Vv 4
“1” Level Supply Current 'ccm NOM MAX 50V 50V — — 16 24 mA 1,2
“0” Level Supply Current 'cc«o,\ NOM MAX oV oV — — 70 98 mA 1,2

NOTES: 1. Typicalvaluesareat V=50V, T, = 25°C.
2. Perpackage
3. Diode leakage current measured at Vi, =V ming’
4. Diode forward voltage drop measured at |, = 300 mA.
5..Capacitance values specified include probe and test fixture capacitance.

1 Vee
cuT-
INPUT 2.4V VCC 5V openg - Vs 2 12
o '
T
\ RL | - Vm(” 3 14
! 1 -
! 1 4 Ll Tl< 13
|
[ V,
PULSE ! J e 5 12
GENERATOR | !
i
50 L 6 11
! iNote 5§ T T Vourh
4 H 1 } I ‘ 4 10
= 4 = = != loan | OUTRUT 50% 50%
_ene | o B *’
Dwg. No. A-7878A Dwg. No. A 7628C Dwg. No. A-0866

3-130



DUAL PERIPHERAL/POWER DRIVER
—ENHANCED OUTPUT CAPABILITY

ENABLE
INPUT,
OUTPUT,

GROUND

Dwg. No. *3.242

ABSOLUTE MAXIMUM RATINGS
at T\ = +25°C

Output Off-State Voltage. V.. ... .. 70V
Output On-State Sink Current, |,

(continuUous) . ... ... ... 1.0 AT

(peak) .. ... 1.2A
Logic Supply Voltage, Vo . ... ... .. 16V
Input Voltage, V,,, ................. 30V
Suppression Diode Off-State Voltage,

VOpE - v 70V
Suppression Diode On-State Current.

O 1.0A
Allowable Package Power Dissipation,

Po oo See Graph
Operating Free-Air Temperature Range,

Ty oo -20°C to +85°C
Storage Temperature Range,

Tg oo -55°C to +150°C
1 Limited by F’D

The UDN5725M power driver combines NAND and NOR logic
gates in a configuration particularly useful with small brushiess dc
motor 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 peripheral loads such as
solenoids, light-emitting diodes, memories, heaters, and incandescent
lamps with peak load currents of up to 1.2 A.

Each of the output transistors is capable of sinking 800 mA
continuously at 55°C, or 650 mA at 85°C. In the OFF state, the drivers
will withstand at least 70 V.

The UDN5725M is supplied in a miniature 8-pin dual-in-line plastic
package with a copper lead frame for superior package power dissipa-
tion ratings.

For applications requiring output currents of up to 700 mA, Series
UDN5740M is recommended.

FEATURES

W DTL/TTL/PMOS:CMOS Compatible
W Low Input Current

B Continuous Output Currentto 1 A

M 70 V Output Standoff Voltage

3-131



3725
DUAL PERIPHERAL/POWER DRIVER

TYPICAL APPLICATION

N
1

/

Aoyc =55
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(=)

FREE AIR, Ry, = 80°CW

o
o

N
~

\N
N

ALLOWABLE PACKAGE POWER DISSIPATION IN WATTS
o o <

O Vee = 12V

O Vs =12V

25 50 75 100 125 150
AMBIENT TEMPERATURE IN °C
Dwg. GP-008-1 Dwg. No. 13,244

RECOMMENDED OPERATING CONDITIONS

Operating Conditions Min. Nom. Max. Units

Supply Voltage, V. 4.75 12 14 A

Output Current, 1, — — 650 mA

Operating Temperature Range 0 +25 +85 °C
SWITCHING CHARACTERISTICS at TA = +25°C, VC(, =30V

Limits

Characteristic Symbol Test Conditions Min. Max. Units Notes

Turn-On Delay Time o0 Vg=30V,R =100Q (10 W), C, =15pF — 750 ns 1,2

Turn-Off Delay Time tpcﬂ Vg=30V, RL =100 Q (10 W}, CL =15pF — 1000 ns 1,2

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

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 X H H
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3725
DUAL PERIPHERAL/POWER DRIVER

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

‘ Test Conditions Limits
Enable Other
Characteristic Symbol Temp. Vee Input Inputs | Output Min. Typ. Max. | Units | Notes
Qutput Reverse loex — 475 0.8V 20V 70V — — 100 HA -
Current | 475 | osv | osv | 7ov - — 100 | uA -
Output Voltage Vitien — L 20V 20V 06A — 0.4 06 | vV | — |
| 14 20V 20V 08A — .7 1.0 Vv —
14 2.0V 2.0V | 10A | — 09 12 v 3
14 20V | 08V | 06A | — 04 06 v —
14 2.0V 0.8V 0.8A — 0.7 10 Vv — ]
b b4 o20v 08V 10A | — 09 12 v 3
Veeoo, | +25C 1 14 = ov 0.8A 50 — - 1 V | 34 |
14 1 20V 0.8A 50 — — \Y 3,4
Input Voltage Vi — — — — — 20 — — \Y —
S I - S N A
Input Current lnicy — 126 0.4V 30V — — 5.0 25 A 1
1 — 126 | 3ov oV — — 50 25 | pA 1
Enable Input i — 12.6 04V 330V — — 10 50 uA —
Current e, — 126 | 30V ov — — 10 s | wa | =
Input Clamp Volt. Velap — 475 -12mA — — — — -1.5 \ —
Diode Leakage Ia +25°C 5.0 oV oV Open — — 100 A 2
Diode Forward Ve +25°C 5.0 oV oV 0.B6A — 1.5 2.0 \Y —
Voltage 50 | oV oV 10A | — 19 25 v 3
Supply Current log +25°C 1286 oV oV — — 3.9 5.0 mA —
(Total Package) 126 | ov | 2ov | — — 39 50 | mA —
o o e eov | ov | = | = 2w e | =
12 677772.0 \ o 20V — — 22 30 mA —

NOTES: 1. Except ENABLE input. each input tested separateiy.
2. Diode leakage current measured at vV, =70V
3. Pulse Test

4.1, =3mH.
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3725
DUAL PERIPHERAL/POWER DRIVER

24V Voo OPEN
o)

r
tpd 0 tpd 1
OUTPUT 1
PULSE
GENERATOR
1 tpd 1 tpd 0
%5052
= = QUTPUT 2
Dwg. No. 13.245 Dwg. No. 13.246
INPUT-PULSE CHARACTERISTICS
le(O)=ov t=7ns tp=1us
Vig = 38V t=14ns PRR = 500 kHz
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SERIES 5740

DUAL PERIPHERAL/POWER DRIVERS
—TRANSIENT-PROTECTED OUTPUTS

UDN3742M

Dwg. No. A-37538

ABSOLUTE MAXIMUM RATINGS

Output Off-State Voltage, V. . ... ... 0V
Output On-State Sink Current,

TN+ r 700 mA
Supply Voltage, Vo ... 7.0V
Input Voltage, V. ................. 30V
Suppression Diode Off-State Voltage,

Ve v 70V
Suppression Diode On-State Current,

Vion e cr e 700 mA
Allowable Package Power Dissipation.

Py 1.5 W
Operating Free-Air Temperature Range,

Ta -20°C to +85°C
Storage Temperature Range,

P -55°C to +150°C

“Derate at the rate of 12.5 mW/"C above T,= +25°C

Peripheral and power drivers combining dual logic gates, high-
current saturated output transistors, and transient-suppression diodes
is the Series UDN5740M. These monolithic dual drivers surpass the
interface requirements normally associated with standard logic buffers
and are ideally suited for interface between low-level logic and high-
current inductive loads. Internal transient-suppression diodes allow their
use with loads such as stepping motors, relays, or solenoids. Additional
(non-inductive) applications include driving peripheral loads such as
light-emitting diodes, memories, heaters, and incandescent lamps with
peak load currents of up to 700 mA.

The Series UDN5740M is capable of sinking 600 mA continuously
for a single output (57% duty cycle for both outputs). The outputs may
be paralleled for higher load-current capability. in the OFF state, the
drivers will withstand at least 70 V.

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

FEATURES

W DTL/TTL/PMOS/CMOS Compatible
B Low Input Current

B Output Current to 700 mA

B 70 V Output Standoff Voltage

Always order by complete part number:
F Part Number

Description

| UDN5741M  Dual AND Driver

| UDN5742M  Dual NAND Driver
UDN5743M »Dual OR Driver
UDN5744M _ Dual NOR Driver |
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SERIES 5740
DUAL PERIPHERAL/POWER DRIVERS
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3 25 50 75 100 125 150
< TEMPERATURE IN "C
Dwg. GP-009-1
RECOMMENDED OPERATING CONDITIONS
Operating Condition Min. Nom. Max. Units
Supply Voltage, V. 4.75 5.00 5.25 \
Output Current, I, — — 600 mA
Operating Temperature Range 0 +25 +85 °C

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

Limits
Characteristic Symbol Test Conditions Min. Max. [Units | Notes
Turn-on Delay Time oi0 Vg=30V,R =100Q(10W),C_=15pF — 750 ns 1,2
Turn-off Delay Time b V=30 v, RL=10052(1OW)<CL: 15pF — 1000 ns 12

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

INPUT-PULSE CHARACTERISTICS
Vg, =0V ts7ns tp:1ps

Vi, =35V t <14ns PRR = 500 kHz
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SERIES 5740
DUAL PERIPHERAL/POWER DRIVERS

Dwg. No. A-9791A

UDNS741M
ELECTRICAL CHARACTERISTICS over recommended operating temperature range
(unless otherwise noted).

Test Conditions Limits
Driven Other
Characteristic Symbol | Temp. Vee Input Input | Output | Min.  Typ. Max. | Units | Notes
Output Reverse Current feex — 4.75 20V 20V 0V — —_ 100 uA —
Open 20V 20V 70V — — 100 pHA —
Output Voltage ch{sm — 4.75 08V 475V | 300mA| — 0.3 0.6 \ —
4.75 20V 4.75V | 600 mA — 0.7 1.0 \ —
Input Voltage V!NU) — 4.75 - — — 2.0 — — \ —
INGO) — 4.75 — — — — — 0.8 \ —
Input Current I,N(O} — 5.25 04V 30V — — -5.0 -10 A 1
Iy — 5.25 30V oV — — 5.0 10 uA 1
Enable Input Current ILN(O) — 5.25 0.4V 30V — — -10 -20 A —
ity — 5.25 30V oV — — 10 20 uA —
Input Clamp Voltage Veiamp — 4.75 -12 mA — — — — -1.5 \ —
Diode Leakage Current la +25°C 5.0 oV oV Open — — 100 A 2
Diode Forward Voltage Ve +25°C 5.0 50V 50V I 600mA [ — 1.5 2.0 \ —
Supply Current lecen +25°C 5.25 50V 50V — — 1.0 3.0 mA —
(Total Package) leco) +25°C 5.25 oV oV — — 20 25 mA —

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

UT-
INPUT 2.4V VCC  OPEN pUT Vs

~Vin()

Vin(0)

PULSE
GENERATOR

| I !
tpd (1) e o tpd(0)
1 ( 1

t T~ " Vout(l)
= Loap! OUTPUT 50% 50%
t
CRCUIT Vout(0)

Dwg. No. A-7628D
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SERIES 5740
DUAL PERIPHERAL/POWER DRIVERS

ENABLE

Dwg. No. A-9790B

UDNS742M
ELECTRICAL CHARACTERISTICS over recommended operating temperature range

(unless otherwise noted).

Test Conditions Limits
Driven Other
Characteristic Symbol Temp. Vee Input Input | Output | Min.  Typ. Max. | Units | Notes

OQutput Reverse Current leex — 4.75 08V 475V 70V — — 100 uA —
Open | 08V | 475V | 70V — — 100 | upA —
Output Voltage VCE(SAT) — 4.75 20V 20V | 300mA | — 0.3 0.6 \ —
4.75 20V 2.0V | 600 mA — 0.7 1.0 Vv —
Input Voltage VIN(” — 4.75 — — — 2.0 — — \ —
N — 4.75 — — — — — 0.8 A —

Input Current I‘N(O) — 5.25 04V 30V — — -5.0 -10 pHA 1
IIN(W) — 5.25 0V oV — — 5.0 10 LA 1
Enable Input Current llN(O) — 5.25 0.4V 30V — — -10 -20 HA —
Iy — 5.25 30V oV — — 10 20 | pA | —
Input Clamp Voltage Veiame — 4.75 -12mA — — — — -1.5 \ —
Diode Leakage Current [ +25°C 5.0 50V 50V Open — — 100 uA 2
Diode Forward Voltage Ve +25°C 5.0 oV oV 600 mA | — 1.5 2.0 i —
Supply Current 'ccm +25°C 5.25 oV oV — —_ 1.0 3.0 mA —
(Total Package) lew | +25°C | 525 | s0v | s0v | — — 2 25 | mA | —

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

ouT-
INPUT  2.4v  VCC  OPEN PUT \H

> ~-"71 X
' R, ; Vin(l)
1
' '
1 ! Vin(0!
PULSE ! ' in(0}
GENERATOR ' '
' (=} '
' ' Vour(1)
! 1
1
< -4 = 2 b LOAD: ouTPUT
1
L _ClRCUIT = == = You(0)
Dwg. No. A-11,746A Dwg. No. A-7900B
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SERIES 5740
DUAL PERIPHERAL/POWER DRIVERS

Dwg. No. A-9789A

UDNS743M
ELECTRICAL CHARACTERISTICS over recommended operating temperature range

(unless otherwise noted).

Test Conditions Limits
Driven Other
Characteristic Symbol | Temp. Vee Input Input | Output | Min.  Typ. Max. [ Units | Notes

Output Reverse Current loex - 4.75 2.0V oV 70V - = 100 | pA —
Open 20V oV 70V — — 100 | pA —

Output Voltage Vcas;m — 4.75 08V 08V |300mA | — 0.3 0.6 \ —
‘ *4.75 0.8V 08V | 600mA | — 0.7 >1(3 \ —

Input Voltage V;Nm — 4.75 — — — 2.0 — — Vv —
o ~ ] a5 — — — = = s | v | =

Input Current Inioy — 5.25 0.4V 30V — — 5.0 -10 uA 1
I!Nm — 5.25 30V oV — — 5.0 10 uA 1

Enable Input Current iy — 5.25 0.4V 30V — — -10 -20 HA —
T, — 525 | 3ov oV - - 10 20 | uA | —

Input Clamp Voltage Ve amp — 4.75 -12 mA — — — — 1.5 \ -
Diode Leakage Current [ +25°C 0 oV oV Open —— —_ 100 uA 2
Diode Forward Voltage Ve +25°C 5.0 50V 50V | 600mA| — 1.5 2.0 v —
Supply Current Iccm +25°C 5.25 50V 50V — — 1.0 3.0 mA —
(Total Package) low | 25C | 525 | oV [ ov | — | = 20 25 | mA | —

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

I
1 Vin(0}
!
H '
1 !
1 I
: I : ' T T~ Vool
! ' 5 5
L cwreurr !
----- Vout(0)
Dwg. No. A-13,219A Dwg. No. A-7628D
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SERIES 5740
DUAL PERIPHERAL/POWER DRIVERS

Dwg. No. A-9788A

UDN5744M
ELECTRICAL CHARACTERISTICS over recommended operating temperature range

(unless otherwise noted).

Test Conditions Limits
Driven | Other
Characteristic Symbol | Temp. Vee input Input | Output [ Min.  Typ. Max. | Units | Notes

Output Reverse Current loex — 4.75 08V 08V 70V — — 100 HA —
Open 0.8V 08V 70V — — 100 pA —
Output Voltage Vcasxm — 4.75 20V 0V | 300mA| — 0.3 0.6 \ —
4.75 20V oV 600 mA — 0.7 1.0 \ —
Input Voltage V\Nm — 4.75 — — — 2.0 — — \ —
NO) — 4.75 — — - - - 08 | V —

Input Current [ — 525 04V oV — — -5.0 -10 HA 1
by — 5.25 sov | 3ov — — 50 10 | pA 1
Enable Input Current I‘N(O) — 5.25 04V ov — — -10 -20 pA —
Ingt) — 5.25 30V 30V — — 10 20 pA —
Input Clamp Voltage Voiame — 4.75 -12 mA — — — — -1.5 \ —
Diode Leakage Current g +25°C 5.0 50V 50V Open — —_ 100 uA 2
Diode Forward Voltage Ve +25°C 5.0 oV o0V | 600mA|l — 1.5 2.0 % —
Supply Current 'ccm +25°C 5.25 oV oV — — 1.0 3.0 mA —
(Total Package) oo | #25°C | 525 | 50V [ S0V | — | — 20 25 |[mA | —

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

INPUT Veessv OPEN OUTRUT g

15pF

I

“L0AD
CIRCUIT

QuTPUT

Dwg. No. A-13.218A Dwg. No. A-7900B
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2752

DUAL PERIPHERAL AND POWER DRIVER
—TRANSIENT-PROTECTED OUTPUTS

UDNS5752M

Dwg. No. A-87838

ABSOLUTE MAXIMUM RATINGS

Output Off-State Voltage, V- . ... . .. 70V
Output On-State Sink Current,

Lo oo 600 mA
Supply Voltage. V. . .............. 70V
Input Voltage, V|, . ... ... 30V
Suppression Diode Off-State Voitage,

Vipr oo 70V
Suppression Diode On-State Current,

lon - v 600 mA
Allowable Package Power Dissipation,

Py oo See Graph
Operating Free-Air Temperature Range,

P -20°C to + 85°C
Storage Temperature Range
Tg oo -55'C to +150°C

Combining dual AND logic gates, high-current switching transistors,
and transient suppression diodes in a bipolar monolithic integrated
circuit, this peripheral and power driver meets interface requirements
beyond the capabilities of standard logic buffers. The UDN5752M will
sink 500 mA continuously for a single output (86% duty cycle for both
outputs). In the OFF state, the drivers will withstand at least 70 V. In
addition to driving common peripheral loads such as LEDs, heaters, or
incandescent lamps with peak (in-rush) currents to 600 mA, the internal
diodes allow its use directly with inductive loads such as stepping
motors, relays, or solenoids. This device was previously sold as the
UDN5732M.

The UDN5752M is supplied in a miniature 8-pin dual in-line plastic
package with a copper lead frame for enhanced package power
dissipation capabilities.

FEATURES

B DTL/TTL/PMOS/CMOS Compatible
B Low Input Current

B Output Current to 600 mA

B 70 V Output Standoff Voltage

Always order by complete part number: [UDN5752M |.
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5752
DUAL PERIPHERAL/POWER DRIVER

ALLOWABLE PACKAGE POWER DISSIPATION IN WATTS

o9 \\‘
25 50 75 100 125 150
TEMPERATURE IN C
Dwg. GP-009-1
RECOMMENDED OPERATING CONDITIONS
Operating Condition Min. Nom. Max. Units
Supply Voltage, V. 4.75 5.00 5.25 \
Output Current, | — — 500 mA
Operating Temperature Range 0 +25 +85 °C

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

Limits
Characteristic Symbol Test Conditions Min. Max. Units Notes
Turn-On Delay Time toao Vg =30V,R =100 {10 W), C =15pF — 750 ns 1,2
Turn-Off Delay Time L Vg=30V,R =100 (10W), C =15pF — 1000 ns 1,2

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

INPUT-PULSE CHARACTERISTICS

Vi =0V t,<7ns t,=1us

Vle =35V t. <14ns PRR = 500kHz
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5752
DUAL PERIPHERAL/POWER DRIVER

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

Test Conditions Limits
Driven Other
Characteristic Symbol | Temp. Vee Input Input | Output | Min.  Typ. Max. i Units | Notes
Output Reverse Current feex — 4.75 08V 475V 70V — — 100 nA —
| Open | 08V | a7sv] 70v | — = 100 | pA | —
Output Voltage Viesat — 475 20V 20V [300mA | — 0.3 0.6 v —
4.75 20V 20V | 500mA | — 0.5 0.8 \Y —
Input Voltage Vi — 4.75 — — — 2.0 —_ — \ —
NGOl — 4.75 — — e — — 0.8 Y —
Input Current (I — 5.25 0.4V 30V — — -50 -10 LA 1
et — 5.25 30V oV — — 50 10 | uA 1
Enable Input Current linvcos — 5.25 04V 30V — — -10 -20 HA —
Fvets — 5.25 30V oV — — 10 20 pA —
Input Clamp Voltage Ve amp — 4.75 -12 mA — — — - -1.5 \ —
Diode Leakage Current la +25°C 5.0 50V 50V Open — — 100 HA 2
Diode Forward Voltage Ve +25°C 50 oV oV 500mA | — 1.5 2.0 \ —
Supply Current locin +25°C 5.25 oV oV — — 1.0 3.0 mA —
Total Package N ) .
( oe) leoy | +25C | 525 [ s0v | sov | — [ — 20 25 [mA | —
NOTES: 1. Except ENABLE input, each input tested separately.
2. Diode leakage current measured at V', = 70 V
cuT-
INPUT 2.4V VCC  OPEN pyT Vs
¢
f r>--=-=1
] R
BT
! 1
§ '
PULSE i '
GENERATOR ' '
: ! L '
5Qn \ |
! i
1 : ) CUTPUT
= = = = 1T 1o
Lo SRCUIT
Dwg. No. A-11.746A Dwg. No. A-79008
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2800 o

UCNS58GOL

e
i

UCNS800A

OQUTPUT
ENABLE

LOGIC
SUPPLY

ouT

OUT:

LATCHES

OUT;

ouT,

Dwg. No. A-10.493D

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

Output Voltage, Vo ...t 50V
Supply Voltage, Voo oo 15V
Input Voltage Range,

Vig oo -03VtoV, +03V
Continuous Collector Current,

FC ....................... 500 mA
Package Power Dissipation.

Py oo See Graph
Operating Temperature Range,

T -20°C to +85°C

Storage Temperature Range,
P -55°C to +150°C

Note that the UCN5800A (dual in-line package)
and UCNS800L (small-outline {C package) are
electrically identical and share a common pin
number assignment.

Caution: CMOS devices have input static protec-
tion but are susceptible to damage when exposed
to extremely high static electrical charges.

COMMON

5801

BiMOS II LATCHED DRIVERS

The UCNS5800A/L and UCNS801A/EP latched drivers are high-
voltage, high-current integrated circuits comprised of CMOS data
latches, a bipolar Darlington transistor driver for each latch, and CMOS
control circuitry for the common CLEAR, STROBE, and OUTPUT
ENABLE functions. The bipolar/MOS combination provides an ex-
tremely low-power latch with maximum interface flexibility. The
UCN5800A and UCN5800L each contain four latched drivers; the
UCN5801A and UCN5801EP contain eight latched drivers.

BiMOS [ devices have much faster data input rates than the
original BiIMOS circuits (UCN4401A and UCN4801A). Witha 5V
supply, they will typically operate at better than 5 MHz. Witha 12 V
supply, significantly higher speeds are obtained.

The CMOS inputs are compatible with standard CMOS, PMOS,
and NMOS circuits. TTL or DTL circuits may require the use of appro-
priate pull-up resistors. The bipolar outputs are suitable for use with
relays, solenoids, stepping motors, LED or incandescent displays, and
other high-power loads.

All devices have open-collector outputs and integral diodes for
inductive load transient suppression. The output transistors are capable
of sinking 500 mA and will withstand at least 50 V in the OFF state.
Because of limitations on package power dissipation, the simultaneous
operation of all drivers at maximum rated current can only be accom-
plished by a reduction in duty cycle. Outputs may be paralleled for
higher load current capability.

The UCN5800A is furnished in a standard 14-pin DIP; the
UCN5800L in a surface-mountable SOIC; the UCN5801A in a
22-pin DIP with 0.400" (10.16 mm) row centers; the UCN5801EP
in a 28-lead PLCC.

FEATURES

4.4 MHz Minimum Data Input Rate
High-Voltage, High-Current Outputs

Output Transient Protection

CMOS, PMOS, NMOS, TTL Compatible Inputs
Internal Pull-Down Resistors

Low-Power CMOS Latches

Always order by complete part number, e.g., {UCN5S801EP |.
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5800 AnND 5801
BiMOS II LATCHED DRIVERS

FUNCTIONAL BLOCK DIAGRAM
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ENABLE
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Dwg. No. A-10.495A

UCNS5801A 25 T T
» 22.PIN DIP, g, = 50°CW
[ . ;
= 28-LEAD PLCC, R g5 = 55°C/W
2 \ 14PINDIP, R, |, 2 60°CW
- GUTRUT = / :
cLear [1J ENABLE = 20\
LOGIC S \
STROBE Losic, : \
INy QuUT, %
3,
IN, CuTe o
TN
IN3 OUT, z
2 \
INg OuTy l{';;J 1.0/ \
INg CUT: g \ \
o
INg CuTs 3 \
l:lJ 0.5
IN7 OuTy 2 Ta-LEAD SOIC, R 5, — 116 C/W
INg OUTg g
=}
GRQOUND COMMON <
o
25 50 75 100 125 150
AMBIENT TEMPERATURE IN “C
Dwg. No. A-10.498D Dwg. GP-023
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5800 AND 5801
BiMOS I LATCHED DRIVERS

ELECTRICAL CHARACTERISTICS at T = +25°C, V__ = 5 V (unless otherwise noted).

DD
Limits
Characteristic Symbol Test Conditions Min. Typ. Max. Units
Qutput Leakage Current loex Vog =50V, T,=+25C — — 50 LA
Vo =50V, T, =+70°C — — 100 A
Collectqr-Emitter VCE(SAT} . =100 mA — 0.9 1.1 v
Saturation Voltage oo S : T o
=200 mA — 1 1.3 \Y
Io=350mA, V=70V — 3 18 v
Input Voftage ; VIN,\O) a , — - 1.0 \
Vi, | Vep=T12V o - 05— — v
Vop =10V 8.5 — — \
Vo = 5.0V (See Note) 3.5 — — i
input Resistance Ry Vop=12V 50 200 — kQ
Vop=10V 50 300 — kO
Vpp =50V 50 600 — kG
Supply Current ‘DD(()N) Vpp = 12 V. Outputs Open — 1.0 2.0 mA
Each ) 1
(Stage) Voo = 10V, Outputs Open — 09 17 | mA
Vip = 5.0V, Outputs Open — 0.7 1.0 mA
[ Vg = 12V, Outputs Open, Inputs = 0 V — — 7"270‘07"1’ pA
(Total) V= 5.0V, Outputs Open, Inputs = 0 V - 50 100 UA
Clamp Diode [ Vg =50V, TA = +25°C — — 50 UA
Leakage Current Vy =50V, T, = +70°C — — 100 uA
Clamp Diode Forward Voltage Ve lc =350 mA — 1.7 2.0 Y

NOTE: Operation of these devices with standard TTL or DTL may require the use of appropriate pull-up resistors to insure a minimum logic “1”

TYPICAL INPUT CIRCUIT UCNSGSO1EP

Vpo

(|

/

Dwg. No. A-12.520

GROUND

Dwg. No. 14,353
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5800 AND 5801
BiMOS II LATCHED DRIVERS

creme e
- ] /N
""“‘C‘lﬂé“ b i a{:.~ c.lzs‘nﬁ

outAuT j : | -J‘(___A_q‘;
r,N‘:BLE }._g, s ,45 ‘F._ o -

A O e e e S T

oD e -t ro - o E %‘ﬁ

PR D AU s I s S

Dwg. No. A-10.895A

TIMING CONDITIONS

(Lugic Levels are Voo and Ground)

A. Minimum Data Active Time Before Strobe Enabled

(DataSet-Up Time) ............ ... ... .. ... .. ..... 50 ns
B. Minimum Data Active Time After Strobe Disabled

(DataHold Time) . .. ... . 50 ns
C. Minimum Strobe Pulse Width . . .. ... ... ... .. ... ... .. ... ..., 125ns
D. Typical Time Between Strobe Activation and

Output On to Off Transition . .. ... . ... ... ... ... ..... 500 ns
E. Minimum Time Between Strobe Activation and

Output Off to On Transition . ... ... ... ... .......... 500 ns
F. Minimum Clear Pulse Width . .. .. ... ... ... .. .. ... .. .. ..., 300 ns
G. Minimum Data Pulse Width. . .. .. O 225 ns

Information present at an input is transferred to its latch when the
STROBE is high. A high CLEAR input will set all latches to the output
OFF condition regardless of the data or STROBE input evels. A high
OUTPUT ENABLE will set all outputs to the OFF condition, regardiess
of any other input conditions. When the OUTPUT ENABLE is low, the
outputs depend on the state of their respective latches.

TRUTH TABLE

OUTPUT OUT,,

INN STROBE CLEAR ENABLE t-1 t
0 1 0 0 X OFF
1 1 0 0 X ON
X X 1 X X OFF
X X X 1 X OFF
X 0 0 0 ON ON
X 0 0 0 OFF OFF

X =irrelevant
t-1 = previous output state
t = present output state
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5800 AnND 5801
BiMOS II LATCHED DRIVERS

TYPICAL APPLICATION
UNIPOLAR STEPPER-MOTOR DRIVE

OUTPUT ENABLE (ACTIVE LOW)

+30V

—0

ANV

CLEAR

STROBE

up

T
LATCHES
{

UNIPOLAR WAVE DRIVE

strosr — | 11 I'1 n
w1
N2 L
IN3 1
N4 1

Dwg. No. A-11.446

+30V
Dwg No E-1537
UNIPOLAR 2-PHASE DRIVE
STROBE 1 T i N
VPR N WS [
N 2 M [ 1
2 [ A
IN 4 g1 T
T —= I
L T
0uT 3 1

Dwg. No. A 11,447
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5804

BiMOS I1 UNIPOLAR
STEPPER-MOTOR TRANSLATOR/DRIVER

Combining low-power CMOS logic with high-current and high-
voltage bipolar outputs, the UCN5804B BiMOS Il translator/driver
provides complete control and drive for a four-phase unipoiar

OUTPUT, SuPPLY stepper-motor with continuous output current ratings to 1.25 A
per phase (1.5 A startup) and 35 V.
K ouTPUT
ENABLE The CMOS logic section provides the sequencing logic, DIREC-
OUTPUT, DIRECTION TION and OUTPUT ENABLE control, and a power-ON reset function.
Three stepper-motor drive formats, wave-drive (one-phase), two-phase,
GROUND GROUND and half-step are externally selectable. The inputs are compatible with
GROUND GROUND standard CMOS. PMOS, and NMOS circuits. TTL or LSTTL may
require the use of appropriate pull-up resistors to ensure a proper
OuUTPUT. STEPINPL™ inpUHOgic high-
Koo HALF.STEP The wave-drive format consists of energizing one motor phase at
; a time in an A-B-C-D (or D-C-B-A) seguence. This excitation mode
OUTPUT. ONE-PHASE consumes the least power and assures positional accuracy regardiess

of any winding inbalance in the motor. Two-phase drive energizes
two adjacent phases in each detent position (AB-BC-CD-DA). This
seqguence mode offers an improved torque-speed product, greater
detent torque, and is less susceptible to motor resonance. Half-step
excitation alternates between the one-phase and two-phase modes
(A-AB-B-BC-C-CD-D-DA), providing an eight-step sequence.

Dwg. No. W-184

The bipotlar outputs are capable of sinking up to 1.5 A and
withstanding 50 V in the OFF state (sustaining voltages up to 35 V).
Ground clamp and flyback diodes provide protection against inductive
transients. Thermal protection circuitry disables the outputs when the
chip temperature is excessive.

The UCN5804B is rated for operation over the temperature range
of -20°C to +85°C. It is supplied in a 16-pin dual in-line plastic batwing
package with a copper lead frame and heat-sinkable tabs for improved
power dissipation capabilities.

FEATURES
ABSOLUTE MAXIMUM RATINGS ® 1.5 A Maximum Output Current
B 35 V Output Sustaining Voltage
Output Vo‘tage] Voe oo oV ] Wave~Drin/e. TwoAPhage. andgHavaStep Drive Formats
Oum\L/“ Sustaining Voltage, 35V B Internal Clamp Diodes
CElsus) ' * 7 7 n i B Output Enable and Direction Control
Output Sink Current. {g oo 15A B Power-ON Reset
Logic Supply Voltage. Vpp . ... ... . 70V B Internal Thermal Shutdown Circuitry
Input Voltage. V... ... ... 7.0V
Package Power Dissipation,
Py v See Graph
Operating Temperature Range,
TA ................. -20°C to +85°C
Storage Temperature Range,
Ts ................ -55°C to +150°C

Always order by complete part number: [UCN58048B |.
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5804
BiMOS II UNIPOLAR STEPPER-MOTOR TRANSLATOR/DRIVER

10
14 TYPICAL INPUT CIRCUIT
5
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TEMPERATURE IN °C D, GP-004-1 TYPICAL OUTPUT DRIVER

K
ouT
Dwg. EP-021-4

TRUTH TABLE

Drive Format Pin 9 Pin 10
Two-Phase L L
One-Phase H L
Half-Step L H
Step-Inhibit H H
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5804
BiMOS 11 UNIPOLAR STEPPER-MOTOR TRANSLATOR/DRIVER

ELECTRICAL CHARACTERISTICS at T, = 25°C, TJ S150°C, V  =45Vio 55V
(unless otherwise noted).

Limits
Characteristic Symbol Test Conditions Min. Typ. Max. Units
Output Leakage Current loex Vour =50V — 10 50 UA
Output Sustaining Voltage Vg lour=125A L=3mH 35 — — \
Output Saturation Volitage Versat loyr = 700 MA — 1.0 1.2 \
logr=1A — 11 14 v
|OUT: 125A — 1.2 15 Vv
Clamp Diode Leakage Current Ia V=50V — 10 50 uA
Clamp Diode Forward Voltage Ve le=125A — 1.5 3.0 \
Input Current s Vin = Voo — 0.5 5.0 HA
e V=08V — -0.5 -5.0 HA
Input Voltage Nt Vop=5V 35 — 5.3 \%
o -0.3 — 0.8
Supply Current lop 2 Outputs ON — 20 30 mA
Turn-Off Delay ton 50% Step Inputs to 50% Output — o 10 us
Turn-On Delay toee 50% Step Inputs to 50% Output — — 10 us
Thermal Shutdown Temperature T, o 165 — “C
TIMING CONDITIONS
CLOCK
C
ONE PHASE J
HALF-STEP I _}
OUTPUT LA -
ENABLE I : ! |
OUTPUT A 1 | | L—{
OUTPUT B 1T I
| I
OUTPUT C | e | -
| |
outputo | L ] L
ouTPUT
TWO-PHASE HALF-STEP | WAVEDRIVE | DISABLED
| l
Dwg. No. W-110A
A. Minimum Data Set Up Time . ..... .. e 100 ns
B. Minimum Data Hold Time .. ......... ... . ... ... ... .. 100 ns
C. Minimum Step Input Pulse Width . ... ... ... ... ... .. 500 ns
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3804
BiMOS II UNIPOLAR STEPPER-MOTOR TRANSLATOR/DRIVER

APPLICATIONS INFORMATION WAVE-DRIVE SEQUENCE
Internal power-ON reset (POR) circuitry Half Step = L, One Phase = H
resets OUTPUT, (and QUTPUT  in the two- . -
phase drive format) to the ON state with initiat I Step A B c D "
application of the logic supply voltage. After 2 - z
e ) o POR ON OFF OFF OFF o)
rdin = o
{zgtztéthe circuit then steps according to the E ) ON OFF OFF OFF F
' w 2 OFF ON OFF OFF | W
The outputs will advance one sequence =) 3 OFF OFF ON OFF o
position on the high-to-low transition of the STEP l 4 QOFF QFF OFF ON i
INPUT pulse. Logic levels on the HALF-STEP
and ONE-PHASE inputs will determine the drive
format (one-phase, two-phase, or half-step). The
DIRECTION pin determines the rotation se- TWO-PHASE DRIVE SEQUENCE
quence of the outputs. Note that the STEP Q
INPUT must be in the low state when changing Half Step = L, One Phase = L
the state of ONE-PHASE, HALFSTEP, or 4
DIRECTION to prevent erronecus stepping. W Step A B c D T
=z - z
All outputs are disabled (OFF) when QUT- o POR ON OFF OF= ON 1o
PUT ENABLE is at a logic high. If the function is 5 1 ON OFF OF~ ON 5
not required, OUTPUT ENABLE should be tied ¥ 2 ON ON OFF OFF w
low. In that condition, all outputs depend only on F= 3 OFF ON ON OFF a
the state of the step logic. 1 4 OFF OFF ON ON 1
During normal commutation of a unipolar
stepper motor, mutual coupling between the
motor windings can force the outputs of the S S e
UCNS5804B below ground. This condition will HALF-STEP DRIVE SEQUENCE
cause forward biasing of the collector-to- Half Step = H, One Phase = L
substrate junction and source current from the
output. For many L/R applications, this substrate Step A B Cc D
current is high enough to adversely affect the
logic circuitry and cause misstepping. External - POR ON OFF OFF OFF 1 =x
series diodes (Schottky are recommended for =z 1 ON OFF OFF OFF | 2
increased efficiency at low voltage operation) will (©} 2 ON ON OFF OFF o
prevent substrate current from being sourced 5 3 OFF ON OFF OFF 5
through the outputs. Alternatively, external s 4 OFF ON ON OFF | W
ground clamp diodes will provide a preferred =] 5 OFF OFF ON OFF a8
current path from ground when the outputs are 1 6 OFF OFF ON ON 1
pulled below ground. 7 OFF OFF OFF ON
Internal thermal protection circuitry disables 8 ON OFF OFF ON

all outputs when the junction temperature
reaches approximately 165°C. The outputs are
enabled again when the junction cools down to
approximately 145°C.
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5804
BiMOS II UNIPOLAR STEPPER-MOTOR TRANSLATOR/DRIVER

TYPICAL APPLICATION
L/R STEPPER-MOTOR DRIVE

DIRECTION

j CONTROL

o ruUyuwn
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-— - —] 2 OE [15
———f 3 14

3

OR 4 ‘ 1

Dwg EP-029
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UCNS3810A

OuTy |1 OUTy

out; [ 2 OUT 2

SERIAL
DATA OUT

HREGISTER

LATCHES

LOAD SUPPLY

SERIAL
DATAIN

BLANKING

OuTg 11]ouT,

ouT, |

Dwg. PF-029

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

Output Voltage, V,p - -0 i oo 60V

(Suffix-1) ... .o 80V
Logic Supply Voltage Range,

Vg v 45Vtot15V
Driver Supply Voltage Range.

Vg oo 50Vto60V

(Suffix-1).............. 5.0Vto80V
Input Voltage Range,

Vig o 03VtoV, +03V
Continuous Output Current,

lqur: -40 mA
Package Power Dissipation,

Py o See Graph
Operating Temperature Range,

Ty -20°C to +85°C
Storage Temperature Range,

L -55°C to +150°C

S

Caution: CMOS devices have input static protection
but are susceptible to damage when exposed to
extremely high static electrical charges.

Note that the UCNS810A (dual in-line package) and
UCN5810LW (small outline IC package) are
electrically identical and share a common pin
number assignment.

BiMOS II 10-BIT SERIAL-INPUT,
LATCHED SOURCE DRIVERS
WITH ACTIVE DMOS PULL-DOWNS

Designed for use as segment or digit drivers in high-voltage,
vacuum-fluorescent display applications, the UCNS810A and
UCNS810LW combine a 10-bit CMOS shift register, associated latches,
and control circuitry (strobe and blanking) with 60 V bipolar source
outputs. The BIMOS drivers can also be used with non-muftiplexed
LED displays within their output limitation of 40 mA per driver.

Selected devices (suffix-1) have maximum ratings of 80 V and
40 mA per driver. In all other respects, the basic part and the part with
the “-1” suffix are identical.

BiMOS [t devices have much faster data input rates than the
original BiMOS circuits. With a 5 V supply, they will typically operate at
better than 5 MHz. With a 12 V supply, significantly higher speeds are
obtained.

The CMOS inputs cause minimal loading and are compatible with
standard CMOS, PMOS, and NMOS circuits. Use of these drivers with
TTL or DTL circuits may require appropriate input pull-up resistors to
ensure an input logic high. A CMOS serial data output allows cascading
for multiple drive-line applications required by many dot matrix, alpha-
numeric, and bar graph displays.

The UCN5810A is supplied in an 18-pin dual in-line plastic pack-
age. Under normal operating conditions, this device will allow all
outputs to source 25 mA continuously at ambient temperatures up to
60°C. The UCN5810LW is furnished in a wide-body, small-outline
plastic package for minimum-area surface-mount applications.

FEATURES

W 5 MHz Typical Data Input Rate

M Low-Power CMOS Logic and Latches
M 60 V or 80 V Source Outputs

B Internal Pull-Down Resistors

Always order by complete part number:

" Part Numbers  Package Max. V.,
UCN5810A 18-Pin DIP 60V
i UCN5810A-1 80V
’ UCNS5810LW 18-Lead SOIC 60V
|

UCN5810LW-1 | sov |
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5810
10-BIT SERIAL-INPUT, LATCHED SOURCE DRIVERS

UCN5810LW

FUNCTIONAL BLOCK DIAGRAM
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5810
10-BIT SERIAL-INPUT, LATCHED SOURCE DRIVERS

ELECTRICAL CHARACTERISTICS at TA = +23°C, VBB =60V, VDD =5Vtol12V
(unless otherwise noted).

Limits
Characteristic Symbol Test Conditions Min. Max. | Units
Output OFF Voltage Vour — 1.0 \
Output ON Voltage Vour lour = 25 MA, Vg =60V 575 — \
lour = 25 mA, Vg =80V (1" only) 77.5 — \
Output Puli-Down Current lout Vour =60V 400 850 nA
Vour =80V = Vg (17 only) 550 1150 | uA
Output Leakage Current lout T,=+70°C — -15 WA
Input Voltage Vi Vpp =50V 35 5.3
’ VDD:12V » 10.5 12.‘5 o
Vo Vpp=5V1i012V 03 +08
Input Current Iy Voo = V=50V — 100 HA
Vop =V =12V — 240 | A
Input Impedance N Vpp =50V 50 — kQ
Serial Data Rour Vo =50V — 20 kG
Output Resistance Vo= 12V T ;’””"é""o’w’ ksA2‘~
Supply Current (. All outputs ON. All outputs open — 13 mA
All outputs OFF. All outputs open — 200 | uA
oo V= 5.0 V. All outputs OFF, Inputs = 0 V — 100 | uA
Voo = 12 V, All outputs OFF, Inputs =0 V - 200 HA
Vpp = 5-0V, One output ON, Al inputs = 0 V — 1.0 mA
Vs = 12 V, One output ON, All inputs = 0 V — 30 | mA

NOTE: Positive (negative) current is defined as going into (coming out of) the specified device pin.
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5810
10-BIT SERIAL-INPUT, LATCHED SOURCE DRIVERS

CLOCK j
50

—

-1A
DATA IN — I
I et E —=f=- F

i
| |

Serial Data present at the input s trans-
ferred to the shift register on the logic “0” to
logic “1” transition of the CLOCK input pulse.
On succeeding CLOCK pulses, the registers
shift data information towards the SERIAL
DATA OUTPUT. The SERIAL DATA must

e C- [—j' appear at the input prior to the rising edge of
STROBE { """""" the CLOCK input waveform.
Information present at any register is
BLANKING ‘ I L transferred to the respective latch when the
=G — STROBE is high (serial-to-parallel conver-
! sion). The latches will continue to accept new
OUTy J L——l data as long as the STROBE is held high.
Applications where the latches are bypassed
g he ez (STROBE tied high) will require that the
BLANKING input be high during serial data
entry.
TIMING CONDITIONS When the BLANKING input is high, the
=3V, T, = +25°C, Logic Levels are V_ _ and Ground e : inputis Mg,
Vop =3V, T, = +25°C, Logic Levels are V,,,, and Ground) output source drivers are disabled (OFF}; the
A. Minimum Data Active Time Before Clock Pulse DMQOS sink drivers are ON. The information
(Data Set-Up Time) . . ... ... 75 ns stored in the latches is not affected by the
B. Minimum Data Active Time After Clock Pulse FLA’t“hK‘N% '”Ft’“t- With the”Bc';éN*ﬂNGt ”;PUtf
(Data Hold TIMe) . ...\ 75 ns tf]gr rees Ogc‘t’it’/eslgtrgh‘;%”tro ed by the state o
C. Minimum Data Pulse Width . . ... ... .. ... ... . ... .. ... .. ..., 150 ns P '
D. Minimum Clock Pulse Width ... ... ... . ... ... ... ... 150 ns
E. Minimum Time Between Clock Activation and Strobe . . ... ... .. .. 300 ns
F. Minimum Strobe Puise Width . .. .. .. .. JE 100 ns
G. Typical Time Between Strobe Activation and
Output Transition . . ... ... .. 500 ns
TRUTH TABLE
Serial Shift Register Contents Serial Latch Contents Output Contents
Data [Clock Data |Strobe
Input |input 11, 1, bt Iy Output | Input P A h, Iy |Blanking [ 11, I, ... L . 14
H I [+ R R, Ry, Ry. | Ry
L I [t R, R, Rus Bus | Ry,
X 1T [R, R, R, R,. Ry R,
X X X X X X L | R R, R, Re( Ry
P. P, P, Pys Py P H P, P, Py Py Py L PP, Py Py PN
X X X X X H L

L = Low Logic Level H = High Logic Level X = irrelevant

P = Present State

R -~ Previous State
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5810-F

BiMOS II 10-BIT SERIAL-INPUT,
LATCHED SOURCE DRIVERS

WITH ACTIVE DMOS PULL-DOWNS

UCNS3810AF

SERIAL

Dwg. PP-029

ABSOLUTE MAXIMUM RATINGS

at T, = 25°C

Logic Supply Voltage. V- ... .. .. 15V
Driver Supply Voltage, Vgg ... ... .. 60V

(suffix =17y ... 80V
Continuous Output CurrentRange,

lqup o -40 to +15 mA
Input Voltage Range.

Vig s -03VtoV,,+03V
Package Power Dissipation, P

(UCNB810AF) .. . ........... 2.27 W*

(UCN5810LWF) . ......... .. 1.29 Wt
Operating Temperature Range.

Tae e -20°C to +85°C
Storage Temperature Range,

Te oo -55°C to +150°C

s
* Derate at rate of 18 mW/°C above T, = +25°C
1 Derate at rate of 10 mW/"C above T, = +25°C

Caution: CMOS devices have input static
protection but are susceptible to damage when
exposed to extremely high static electrical charges.

Note that the UCN5810AF (dual in-line package)
and UCN5810LWF (small-outline IC package) are
electrically identical and share a common pin
number assignment

" part Numbers | Package Max. V,
UCNS5810AF 18-Pin DIP 60V
UCN5810AF-1 80V
UCN5810LWF 18-Lead SOIC 60V

| UCNS810LWF-1 8OV

The UCN5810AF and UCN5810LWF combine a 10-bit CMOS shift
register and accompanying data latches, control circuitry, bipolar
sourcing outputs with DMOS active pull-downs. Designed primarily to
drive vacuum-fluorescent displays, the 60 V and -40 mA output ratings
also allow these devices to be used in many other peripheral power
driver applications. Selected devices (suffix -1') have maximum output
ratings of 80 V. The UCN5810AF/LWF feature reduced supply require-
ments (active DMOS pull-downs) and lower saturation voltages when
compared with the industry-standard UCN5810A.

The CMOS shift register and latches allow direct interfacing with
microprocessor-based systems. With a 5 V logic supply, serial-data
input rates are typically over 5 MHz, with significantly higher speeds
obtainable at 12 V. Use with TTL may require appropriate pull-up
resistors to insure an input logic high.

A CMOS serial data output enables cascade connections in
applications requiring additional drive lines. Similar devices are avail-
able as the UCN5811A (12 bits), UCN5812AF/EPF (20 bits) and
UCNS5818AF/EPF (32 bits).

The UCN5810AF/LWF output source drivers are PNP-NPN Dar-
lingtons capable of sourcing up to 40 mA. The DMOS active pull-downs
are capable of sinking up to 15 mA. For inter-digit blanking, all of the
output drivers can be disabled and the DMOS sink drivers turned on by
the BLANKING input high.

The UCN5810AF is furnished in an 18-pin dual in-line plastic
package. The UCN5810LWF is furnished in a wide-body, small-outline
plastic package (SOIC) with gull-wing leads and 0.300" lead row
spacing. Copper lead frames, reduced supply current requirements,
and lower output saturation voltages allow both the UCN5810AF and
the UCN5810LWF to source 25 mA from all outputs continuously, over
the entire operating temperature range.

FEATURES

High-Speed Source Drivers

60 V or 80 V Minimum Output Breakdown
Active DMOS Pull-Downs

Low Output Saturation Voltages
Low-Power CMOS Logic and Latches

3.3 MHz Minimum Data Input Rate
Improved Replacements for TL4810B

Always order by complete part number:
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5810-F
10-BIT SERIAL-INPUT, LATCHED SOURCE DRIVERS

WITH ACTIVE DMOS PULL-DOWNS

UCNSS810LWF
FUNCTIONAL BLOCK DIAGRAM
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5810-F
10-BIT SERIAL-INPUT, LATCHED SOURCE DRIVERS

WITH ACTIVE DMOS PULL-DOWNS

ELECTRICAL CHARACTERISTICS at TA = +25°C, VBB = 60 V (UCNSS10AF/LWF) or 80 V
(suffix <-1°) unless otherwise noted.

Limits @ Vpp= 5V Limits @ Vop = 12V
Characteristic Symbol Test Conditions Min. Typ. Max. Min. Typ. Max. | Units
Output Leakage Current loex Vour =0V, T, =+70°C — 5.0 -15 — 50 -15 uA
Output Voltage Vourm lour="25mA, V=60V 58 58.5 — 58 58.5 — \
|l =25mA V=80V | 78 785 — | 78 785 — | V
VOUT(O) loyr =1 mMA — 1.0 1.5 — — — \
oy =2MA - - — | = 10 15 | v
Output Pull-Down Current ‘ouum Vaur=5V1o Vg 2.0 3.5 — — — — mA
Vo =20Vio Ve — — — |80 13 — | ma|
Input Voltage Vi 35  — 53 | 105 — 123 v
o 03 — 08| 03 — 408 | v
Input Current ‘\Nm Viv = Voo — 0.05 05 — 0.1 1.0 A
hior Vy=08V — 005 05| — 01 10 | uA
Serial Data Output Voltage Voum\ lour = -200 A 4.5 4.7 — 11.7 118 — A
Voo | lour=200 uA — 200 250 | — 100 200 | mv
Maximum Clock Frequency fox 3.3 5.0 — — 7.5 — MHz
Supply Current lDDm All Outputs High — 100 300 — 200 500 A
[ lope, | Al Outputs Low | — 100 800 | — 200 500 | A |
e, | Outputs High. No Load — 07 20 | — 07 20 | mA |
losior Outputs Low — 10 100 | — 10 100 | uA
Blanking to Output Delay ot C_ =30 pF. 50% to 50% — 2000 — — 1000 — ns
o C, = 30 pF, 50% 10 50% — 1000 — | — 80 — | ns |
Output Fall Time t C, =30 pF. 90% to 10% — 1450 — — 650 — ns
Output Rise Time t, CL =30 pF, 10% to 90% — 650 — — 700 — ns

Negative current is defined as coming out of (sourcing) the specified device pin.
* UCN5810AF-1 and UCNS810LWF-1 only.
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5810-F
10-BIT SERIAL-INPUT, LATCHED SOURCE DRIVERS

WITH ACTIVE DMOS PULL-DOWNS

ClOCK — & L
——I Ale—D
ol B e
DATA IN —d | L .
E F
L -
STROBE J -
BLANKING t | I
=
OUTy ) D
Dwg No. 12 8434

TIMING CONDITIONS

(T, = +25°C, Logic Levels are ¥V and Ground)

Serial Data present at the input is trans-
ferred to the shift register on the logic “0” to
logic “1" transition of the CLOCK input pulse.
On succeeding CLOCK pulses, the registers
shift data information towards the SERIAL
DATA OUTPUT. The SERIAL DATA must
appear at the input prior to the rising edge of
the CLOCK input waveform.

Information present at any register is
transferred to the respective latch when the
STROBE is high (serial-to-parallel conver-
sion). The latches will continue to accept new
data as long as the STROBE is held high.
Applications where the latches are bypassed
(STROBE tied high) will require that the
BLANKING input be high during serial data
entry.

When the BLANKING input is high, the
output source drivers are disabled (OFF); the

V. =50V DMOS sink drivers are ON. The information
oo stored in the latches is not affected by the
A. Minimum Data Active Time Before Clock Pulse BLANKING input. With the BLANKING input
(DataSet-Up Time) . ... ... 75ns  Jow, the outputs are controlled by the state of
B. Minimum Data Active Time After Clock Pulse their respective latches.
(DataHold Time) .. .. ... ... . 75 ns
C. Minimum Data Pulse Width ... ....... ... .. . ... ... ... ... 150 ns
D. Minimum Clock Pulse Width ... ... ... ... .. ... .. ... ... .. 150 ns
E. Minimum Time Between Clock Activation and Strobe . .. .. .... ... 300 ns
F. Minimum Strobe Pulse Width . .. ... .. .. RN 100 ns
G. Typical Time Between Strobe Activation and
Output Transistion .. ... .. ... e 500 ns
TRUTH TABLE
Serial Shift Register Contents Serial Latch Contents Output Contents
Data |Clock Data |Strobe
Input |Inputib 1, 1, o Iy Output | input Lo, i o I |Blanking| 11, & .. I, Ly
H J |H R R, R,. Ry- R, .
J L R, R R,. Ry.- AN
X T R R, R R, Ry R.,
X X X X X X L R. R R, R, Ry
PP, P, Py, P P. H P. PP, Pus Py L PP, P L P Py
X X X X X H
L = Low Logic Level M - High Logic Level X =lrreicvant P =Present State R = Previous State
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Dwg. No W-182

ABSOLUTE MAXIMUM RATINGS

atT =25°C
Logic Supply Voltage.V , ........... 15V
Driver Supply Voltage,
Vgg (UCNSBT1A) ..o 60V
(UCNS8ITA-1) ... ... .. .. 80V
Continuous Qutput Current,
IOUT ................. -40 to +25 mA
Input Voltage Range,
Vig o e 0.3VitoV,, +03V
Package Power Dissipation,
P See Graph
Operating Temperature Range,
T -20Cto +85°C
Storage Temperature Range,

.-55°Cto +150°C

BiMOS I1 12-BIT SERIAL-INPUI,
LATCHED SOURCE DRIVERS

Designed primarily for use with vacuum-fluorescent displays, the
UCN5811A and UCN5811A-1 Smart Power BIMOS |l drivers feature
low-output saturation voltages and high output switching speed. These
devices contain CMOS shift registers, data latches, and control cir-
cuitry, and bipolar high-speed sourcing outputs with DMOS active puil-
down circuitry. The high-speed shift register and data latches allow
direct interface with microprocessor LSl-based systems. A CMOS serial
data output enables cascade connections in applications requiring
additional drive lines.

The UCN5811A features 60 V and -40 mA output ratings, allowing
it to be used in many other peripheral power driver applications.
Selected devices {(UCN5811A-1) have maximum output ratings of 80 V.
In all other respects. the UCNL5811A and UCNL5811A-1 are identical.

The UCN5811A can be used as an improved replacement tor the
SN75512B. The Sprague devices do not require special power-up
sequencing.

The UCN5811A and UCN5811A-1 have been designed with
BiMOS Il logic for improved data entry rates. Witk a 5 V supply, they
will typically operate above 5 MHz. At 12 V, significantly higher speeds
are obtained. Use of these devices with TTL may require the use of
appropriate pull-up resistors to ensure an input logic high.

Both devices are supplied in 20-pin plastic dual in-line packages.
They can be operated over the ambient temperature range of -20°C to
+85°C. Copper tead frames and low output saturation voltages allow all
outputs to be operated at 25 mA continuously at ambient temperatures
of upto 76°C .

FEATURES

3.3 MHz Guaranteed Data Input Rate
Low-Power CMOS Logic and Latches
High-Speed Source Drivers

Active Pull-Downs

Low-Output Saturation Voltages
Improved Replacement for SN75512B

Always order by complete part number:
| Part Number | Max.V_
UCN5811A 60V |

UCN5811A-1 | 80V |
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ALLOWABLE PACKAGE POWER DISSIPATION IN WATTS

5811
BiMOS 1I 12-BIT SERIAL-INPUT, LATCHED SOURCE DRIVER
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5811
BiMOS II 12-BIT SERIAL-INPUT, LATCHED SOURCE DRIVER

ELECTRICAL CHARACTERISTICS at TA = +23°C, VBB = 60 V(UCN5811A) or 80V
(UCN5811A-1), unless otherwise noted.

Limits @ V= 5V | Limits @ V5= 12V

Characteristic Symbol Test Conditions Min. Typ. Max. Min. Typ. Max. | Units
Output Leakage Current leex Vour=0V, Ty = +70°C — 50 15 — -5.0  -15 pA
Output Voltage Vouten | lour =25 MA, Vg =60V 58 585 — 58 585 — v
lour=25MA Vye 80V | 78 785 — | 78 785 — v
Vouras | logr=1mA — 20 80| — — — |V
lour = 2 MA — — — | — 20 30 [V
Output Pull-Down Current 'oum) Vour = 10 V1o Vgy 25 4.0 — — — — mA
| Vg ,r =40 Vio Vg, = = = 15 18 — | mA
Input Voitage Vieen 35 — 53 [ 105 — 123 v
no | 03 — 08| 03 — 08 | V
Input Current '\N(w) Vin = Voo — 0.05 05 — a1 1.0 A
o V, =08V — 005 05| — 01 10 | pA
Serial Data Output Voltage Vourm | lour = 200 KA 45 47  — [ 117 118 — v
Vour, | lour = 200 uA 1= 200 250 | — 100 200 | mv
Maximum Clock Frequency f o 3.3 5.0 — — 7.5 — MHz
Supply Current IDDW All Outputs High — 3.0 5.0 — 15 20 mA
oo All Outputs Low — 25 40 — 70 10 mA
lea | Outputs High, No Load — 75 12 | — 75 12 | mA
los, | Outputs Low — 10 100 | — 10 100 | uA
Blanking to Output Delay ton C, =30pF — 300 550 — 125 150 ns
toun C, - 30 pF ' — 250 450 | — 170 200 | ns
Output Fall Time 4 C =30 pF — 1000 1250 — 250 300 ns
Output Rise Time t C_=30pF — 150 170 — 150 170 ns

Negative current is defined as coming out of {sourcing} the specified device pin
* UCN5811A-1 only
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5811
BiMOS II 12-BIT SERIAL-INPUT, LATCHED SOURCE DRIVER

J
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Dwg No A-22:5

TIMING CONDITIONS

(T, = +25°C, Logic Levels are V= and Ground)

Serial Data present at the input is trans-
ferred to the shift register on the logic “0” to
logic “1" transition of the CLOCK input pulse.
On succeeding CLOCK pulses, the registers
shift data information toward the SERIAL
DATA QUTPUT. The SERIAL DATA must
appear at the input prior to the rising edge of
the CLOCK input waveform.

Information present at any register is
transferred to the respective latch when the
STROBE is high (serial-to-parallel conver-
sion). The latches will continue to accept new
data as long as the STROBE is held high.
Applications where the fatches are bypassed
(STROBE tied high) will require that the
BLANKING input be high during serial data
entry.

When the BLANKING input is high, the
output source drivers are disabled (OFF); the

V. =50V DMQOS sink drivers are ON. the information
bo stored in the latches is not affected by the
A. Minimum Data Active Time Before Clock Pulse BLANKING input. With the BLANKING input
(DataSetUp Time) .. ... 75ns  low, the outputs are controlied by the state of
B. Minimum Data Active Time After Clock Pulse their respective latches.
(Data Hold Time) . .. ... .. . 75 ns
C. Minimum Data Pulse Width .. ......... . ... . . ... ... ... ... 150 ns
D. Minimum Clock Pulse Width . .. .. ...... ... . . ... ... ... .. 150 ns
E. Minimum Time Between Clock Activation and Strobe . ... ... .. 300 ns
F. Minimum Strobe Pulse Width .. ... ... ... . . ... ... ... .. .. 100 ns
G. Typical Time Between Strobe Activation and
Output Transition . ......... ... . .. 500 ns
TRUTH TABLE
Serial Shift Register Contents Serial Latch Contents Output Contents
Data [Clock Data |Strobe
Input Input (11, I, b Output | Input Lo,y by Iy [Blanking | I 1, 1, .. bt Iy
H I jH R, R, Ry Ry, R,
L I jt R, R, Ri o Ry R .
X T R, R, Rs RNA Ry R
X X X X X X L R, R, R. R By
P, P, P Put Pu P. H PP P, PPy L P, P, P, Put Py
X X X X X H L L
L =Low Logic Level H = High Logic Level X =lIrrelevant P = Present State R = Previous State
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5>812-F

BiMOS 11 20-BIT SERIAL-INPUT,
LATCHED SOURCE DRIVERS

WITH ACTIVE DMOS PULL-DOWNS

UCNS3812EPF

SERIAL
DATA QUT
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OUTio < LATCHES SERIALDATA IN
1T
0UT e (18}~ < oUT4
Py vV
S
(3]

Dwg. No. A-14.356

ABSOLUTE MAXIMUM RATINGS
at T, = 25°C

Logic Supply Voltage, Vi, ... ..o 15V
Driver Supply Voltage, Vg .. ... .. .. 60V

(suffix =17y ..o 80V
Continuous Output Current Range,

lgur s e -40 to +15 mA
Input Voltage Range,

Vin oo -0.3VioV, +03V
Package Power Dissipation, P

(UCNS812AF) . ............. 312w

(UCNSB12EPF) .. ... ... ... 1.92Wt
Operating Temperature Range,

Tp e -20°C to +485°C
Storage Temperature Range,

Te e -55°C to +150°C

" Derate at rate of 25 mW."C above T, = « 25 C
t Derate at rate of 15 mW."C above T, = + 25 C

Caution: Allegre CMOS devices have input static
protection but are susceptible to damage when
exposed to extremely high static electrical
charges.

Note that the UCN5S812AF (dual in-line package!
and UCN5812EPF (PLCC package) are electri-
cally identical and share a common pin number
assignment

The UCN5812AF/EPF combine a 20-bit CMOS shift register, data
latches, and control circuitry with high-voltage bipolar source drivers and
active DMOS pull-downs for reduced supply current requirements.
Although designed primarily for vacuum-fluorescent displays, the high-
voltage, high-current outputs also allow them to be used in many other
peripheral power driver applications. They are improved versions of the
original UCN5812A/EP.

The CMOS shift register and latches allow direct interfacing with
microprocessor-based systems. Data input rates are typically over 5 MHz
with a 5 V logic supply, and over 7.5 MHz at 12 V. Especially usetul for
inter-digit blanking, the BLANKING input disables the output source
drives and turns on the DMOS sink drivers. Use with TTL may require the
use of appropriate pull-up resistors to insure an input logic high.

A CMOS serial data output enables cascade connections in applica-
tions requiring additional drive lines. Similar devices are available as the
UCNS5810AF/LWF (10 bits), UCN5811A (12 bits), and UCN5818AF/EPF
(32 bits).

The output source drivers are high-voltage PNP-NPN Darlingtons
with a minimum breakdown of 60 V and are capable of sourcing up
to 40 mA. Selected devices (suffix *-1') feature 80 V minimum break-
downs. The DMOS active pull-downs are capable of sinking up to 15 mA.

The UCN5812AF is supplied in a 28-pin dual in-line plastic
package with 0.600" (15.24 mm) row spacing. For surface-mounting, the
UCN5812EPF is furnished in 28-lead plastic chip carrier (quad pack) with
0.050"(1.22 mm) centers. Copper lead-frames, reduced supply current
requirements and lower output saturation voltages, allow continuous
operation, with all outputs sourcing 25 mA, of the LUCN5812AF over the
operating temperature range, and the UCN5812EPF up to +75°C.

FEATURES

High-Speed Source Drivers

60 V or 80 V Source Outputs

Active DMOS Puli-Downs

Low-Output Saturation Voltages
Low-Power CMOS Logic and Latches
3.3 MHz Minimum Data input Rate
Reduced Supply Current Requirements
improved Replacement for TL5812

Always order by complete part number:
Part Number | Package

"UCNS5812AF | 28 Pin DIP

| UCN5812AF-1 80V
Iy .
" UCNS5812EPF 28-Lead PLCC : 60 V

UCN5812EPF-1 | | sov |

Max VBB ‘
60V |
|
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3812-F
‘ 20-BIT SERIAL-INPUT, LATCHED SOURCE DRIVERS

’ WITH ACTIVE DMOS PULL-DOWNS

UCNS5812AF
FUNCTIONAL BLOCK DIAGRAM
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5812-F
20-BIT SERIAL-INPUT, LATCHED SOURCE DRIVERS

WITH ACTIVE DMOS PULL-DOWNS

ELECTRICAL CHARACTERISTICS at TA =+ 25°C, VBB = 60 V (UCN5812AF/EPF) or 80 V
(suffix <-1°) unless otherwise noted.

Limits @ V= 5V | Limits @ V;, = 12V
Characteristic Symbol Test Conditions Min. Typ. Max. Min. Typ. Max. | Units
Output Leakage Current loex Vour =0V, T, =+70°C — 5.0 -15 — 5.0 -15 uA
Output Voltage Voury | lour = 25 MA, Vg =60V 58 585 — 58 585 — v
| o - 25mA V=80V | 78 785 — | 78 785 — v
Vouro | logr = 1 mA — 20 30 | — — — |v
lour = 2 MA - = = —~ 20 35 v
Output Pull-Down Current louTio Vour=5Vio Vg 2.0 3.5 - — — — mA
Voyr =20 V10 Vg, — = — e 3 = [ ma]
Input Voltage i) 3.5 — 5.3 105 — 12.3 \
IN(O) -0.3 — +0.8 0.3 — +0.8 \
Input Current Ile Vv ® Vop — 005 05 — 0.1 1.0 pA
o V=08V — 005 05| — 01 -10 | pA |
Serial Data oo | lour = 200 wA 45 47  — | 117 118 — v
Qutput Voltage - N — -
Voun’ ) lour = 200 nA — 200 250 — 100 200 mV
Maximum Clock Frequency fow 3.3 5.0 — — 7.5 - MHz
Supply Current oot All Outputs High — 100 300 — 200 500 uA
oo, All Outputs Low — 100 300 | — 200 500 | wA |
aaen Outputs High, No Load — 15 25 | — 15 25 | mA |
| lyse | Outputs Low — 10 100 | — 10 100 | pA
Blanking to Output Delay tor CL = 30 pF, 50% to 50% — 2000 — — 1000 — ns
o C, = 30 pF, 50% 10 50% — 1000 — | — 80 — | ns
Output Fall Time t; C, =30 pF, 90% to 10% — 1450 — — 650 — ns
Output Rise Time t, C_ =30 pF, 10% to 90% — 650 — — 700 — ns

Negative current is defined as coming out ot {sourcing} the specified device pin.
* UCN5812AF-1 and UCNS812EPF-1 only.
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5812-F
20-BIT SERIAL-INPUT, LATCHED SOURCE DRIVERS

WITH ACTIVE DMOS PULL-DOWNS

Ale—D —
ﬂu B }e—
DATA IN r-.
| -—f~fE~—‘t¢F+1
G~ —
STROBE s
|
BLANKING
F‘—G*D!
! I
OUTy J |

o

OmMmoo

Dwg. NG 12.823A

TIMING CONDITIONS

(T, = +25°C, Logic Levels are V| and Ground)

VDD =50V
. Minimum Data Active Time Before Clock Pulse

(DataSet-Up Time) .. ... .. ... .. 75 ns

. Minimum Data Active Time After Clock Pulse
(DataHold Time) .. ... ... ... . 75 ns
. Minimum Data Pulse Width . .. ... ... . ... ... ... ... .. 150 ns
Minimum Clock Pulse Width . .. ... .. . N 150 ns
Minimum Time Between Clock Activation and Strobe .. .. .. ... .. 300 ns
Minimum Strobe Pulse Width . . ... ... ... ... . ... .. ... ... .. 100 ns

. Typical Time Between Strobe Activation and
Output Transistion ... ............ .. ... .. .. ... ... 500 ns

TRUTH TABLE

Serial Data present at the input is trans-
ferred to the shift register on the logic "0” to
logic 1" transition of the CLOCK input pulse.
On succeeding CLOCK pulses, the registers
shift data information towards the SERIAL
DATA OQUTPUT. The SERIAL DATA must
appear at the input prior to the rising edge of
the CLOCK input waveform.

Information present at any register is
transferred to the respective latch when the
STROBE is high (serial-to-parallel conver-
sion). The latches will continue to accept new
data as long as the STROBE is held high.
Applications where the latches are bypassed
(STROBE tied high) will require that the
BLANKING input be high during serial data
entry.

When the BLANKING input is high, the
output source drivers are disabled (OFF); the
DMOS sink drivers are ON, the information
stored in the latches is not affected by the
BLANKING input. With the BLANKING input
low, the outputs are controlled by the state of
their respective latches.

Serial Shift Register Contents Serial Latch Contents Output Contents
Data [Clock Data [Strobe
input |Input]l, 1, |, b Iy Output|{ Input L lei Iy [Blanking I, I, & .. et W
H I H R Rz RNQ RNw RN—‘
L I L R, R, R, Bus R,
X s R’ RZ RS RNW RN I:%N

X X X X X X L R, R, R, Ry, Ry

P1 PZ P3 PN—1 PN PN H P1 P2 P} PN1 F)N PT P2 3 N-1 P

X X X X X H L L L

L = Low Logic Level H = High Logic Level X = lrrelevant P = Present State

R = Previous State
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UCNS3815A

ENABLE 22| BLANKING

STROBE LOGIC SUPPLY

Ny ouT,
Ny ouT,
INg 0uTy
INg (6] ouT,
INg 0uTs
Ng 0UTg
Ny ouTy
INg 0uTg

LOAD SUPPLY

Dwg. No. A-10,987

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

Output Voltage, Vg p - oo 60 V
(Suffix -1y .o 80V
Logic Supply Voltage Range.
Vg e 45Vto 15V
Load Supply Voltage Range,
Vg covrrmae 50Vto60V
(Suffix -17) ... 50Vto80V

Input Voltage Range,
-0.3VioV,, +03V
Continuous Output Current,

lQUT < v err o -40 mA
Package Power Dissipation, P

DIPy . 2.5 wW*

(PLCC) .. .o 227 W*
Operating Temperature Range,

Tpo -20°C to +85°C
Storage Temperature Range,

P -55°C to +150°C

S
* Derate linearly to 0 W at +150°C.

Caution: CMOS devices have input static protec-
tion but are susceptible to damage when exposed
to extremely high static electrical charges

BiMOS I1I 8-BIT
LATCHED SOURCE DRIVERS

Designed primarily for use with high-voltage vacuum-fluorescent
displays, the UCN5815A and UCNS5815EP BIMOS |l integrated circuits
consist of eight NPN Darlington source drivers with output pull-down
resistors, a CMOS latch for each driver, and common STROBE,
BLANKING, and ENABLE functions. Selected devices (suffix “-17) have
maximum output ratings of 80 V and 40 mA per driver. In all other
respects, they are identical to the 60 V devices without the suffix.

BiMOS Il devices have considerably better data-input rates than
the original BiMOS circuits. With a 5 V logic supply, they will typically
operate above 5 MHz. With a 12 V supply, significantly higher speeds
are obtained. The CMOS inputs cause minimum loading and are com-
patible with standard CMOS, PMOS, and NMOS logic commonly found.
in microprocessor designs. TTL or DTL circuits may require the use of
appropriate pull-up resistors.

The bipolar outputs may be used as segment, dot (matrix), bar, or
digit drivers in vacuum-fluorescent displays. All eight outputs can be
activated simultaneously at ambient temperatures in excess of 75°C.
To simplify printed wiring board layout, output connections are opposite
the inputs. A minimum component display subsystem, requiring few or
no discrete components, can be assembled using the UCN5815A/EP
with the UCN5810A/LW, UCN5812A/EP, or UCN5818A/EP serial-to-
parallel latched driver.

Suffix ‘A’ devices are furnished in a standard 22-pin plastic DIP;
suffix ‘EP’ indicates a 28-lead PLCC.

FEATURES

W 4.4 MHz Minimum Date-Input Rate

B High-Voltage Source Outputs

H CMOS, PMOS, NMOS, TTL Compatible Inputs
B Low-Power CMOS Latches

B Internal Pull-Down Resistors

M Wide Supply-Voltage Range
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5815
BiMOS II 8-BIT LATCHED SOURCE DRIVERS

ELECTRICAL CHARACTERISTICS at T, = +25°C, V., =60V, V_ =45Vto 12V
(unless otherwise noted). )

Limits
Characteristic Symbol Test Conditions Min. Max. Units

Output OFF Volitage Vour — 1.0 i
Output ON Voltage Vour loyr =25 MA, Vg =60V 57.5 — \
loyr = 25 MA, Vg, = 80 V, Suffix ™1 only 775 — v
Output Pull-Down Current lout Vour = Vas 400 850 uA
Vg = Vour = 80V, Suffix 1" only 550 1150 UA
Output Leakage Current lout T,=70°C — -15 uA

Input Voltage Vi Vo =50V 3.5 53

Voo = 12V 105 123

Vo -0.3 +0.8
input Current Iy Vog = Vin =50V — 100 HA
VsV, =12V — 240 uA
Input Impedance Zy Vo =50V 50 — kQ
Supply Current log All outputs ON, All outputs open — 10.5 mA
All (;Ljiputs OFF, Al outputs open — 100 pHA
lop VDD = 5.0V, All outputs &EAH inputs =0V - — AEJVO HA
|V, = 12V, All outputs OFF. Alf inputs = 0 V — 200 LA
Vop = 5.0V, One output ON. All inputs =0 V — 1.0 mA
Vo, = 12 V., One output ON. All inputs = 0 V — 3.0 mA

NOTE: Positive (negative) current is defined as going into icoming out of) the specified device pin.
TYPICAL INPUT TYPICAL OUTPUT
CIRCUIT DRIVER
Vbo Vg
|
IN ' ouT
100 K
Dwg. No €P-010 4 Dwg. No. £P 021 3
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3815
BiMOS II 8-BIT LATCHED SOURCE DRIVERS

UCNS5S815EP
ENABLE 1
2
W =
] 2 % o3 STROBE | l‘ I - i
£ : 38 TA}‘C -1B;~ A o
) BLANKING | ! I
~ =
52 ™ L [ B 1
INg — ouT: 5 ‘W‘
e 3 —

Dwg. No. A-10,991

LATCHES

TIMING CONDITIONS

L, (Vpp =3V, T, = +25°C, Logic Levels are V and Ground)
IN7 ouTy
A. Minimum Data Active Time Before Strobe Enabled
(Data Set-Up Time) .......... . 50 ns
2 =] QE =2 B. Minimum Data Agtive Time After Strobe Disabled
- 3 9 3 (Data Hold Time) . .. .o 50 ns
s v C. Minimum Strobe Pulse Width .. ... ... ... ... ... oo 125 ns
D. Typical Time Between Strobe Activation and Output
Owg No. A 14357 ON1to OFF Transition ... ... ... . i 5.0us

E. Typical Time Between Strobe Activation and Output
OFF to ON Transition
F. Minimum Data Pulse Width. . ... ... ... ... ... ... ... ... .. 225 ns
Information present at an input is trans-
ferred to its latch when the STROBE and
ENABLE are high. The latches will continue to "
accept new data as long as both STROBE and TRUTH TABLE
ENABLE are held high. With either STROBE or INPUTS ouT
ENABLE in the low state, no information can be N
loaded into the latches. INg STROBE ENABLE BLANK T1

When the BLANKING input is high, all of 0

the output buffers are disabled (OFF) without
affecting the information stored in the latches.
With the BLANKING input low, the outputs are
controlied by the state of the latches.

X X X X X = O
XX o o X = =
QOO X X X =+ =

The timing conditions shown above guaran-
tee a 4.4 MHz minimum data input rate with a
5V supply. Typically, input rates above 5 MHz X = Irrelevant
are permitted. With a 12 V supply, rates in t-1 = Previous Output State
excess of 10 MHz are possible. t = Present Output State

o =+ O = X X X
(eI R = =l

(o« e e o)
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UCN3S16EP

COMMON © 5

[ &
(e /; o | ,‘ B ¥
DIODE ; - e

8 roc -7 4

Uty

Dwg PP-30

ABSOLUTE MAXIMUM RATINGS

atT, =25°C
Output Voltage, Vo .. ... oo 60 V
Logic Supply Voltage, V. ... ... .. 15V
Input Voltage Range,

Vi rooee e 03VtoV, +03V
Output Current, 1o ..o 500 mA
Package Power Dissipation,

Po o See Graph
Operating Temperature Range,

T -20°C to +85°C
Storage Temperature Range,

Te oo -55°C to +150°C

Caution: CMOS devices have input static
protection but are susceptible to damage when
exposed to extremely high static electrical charges.

4-TO-16 LINE
LATCHED DECODER/DRIVERS

The UCN5816A and UCN5816EP 4-to-16 line latched decoder/
drivers combine fow-power CMOS inputs and logic with 16 high-
current, high-voltage bipolar outputs. The CMOS inputs cause minimal
loading and are compatible with standard CMOS, PMOS, and NMOS
togic. TTL or DTL circuits may require the use of appropriate pull-up
resistors to ensure an input logic high. The logic operates over a
supply range of 5 V to 12 V. A CHIP ENABLE function can be used
with two devices for 5-10-32 line decoding applications.

The 16 bipolar power outputs are open-collector 60 V Darlington
drivers capable of sinking 350 mA continuously. Internal transient-
suppression diodes provide protection for use with inductive loads.
Other (3-to-8 line} addressable latched drivers are the UCN4807A and
UCN4808A.

The UCNS5816A is supplied in a 28-pin dual in-line plastic package
with 0.600" (15.24 mm) row spacing. The UCN5816EP is furnished in
a 28-lead plastic chip carrier (quad pack) for minimum-area surface-
mount applications. Both devices will drive 350 mA loads continuously
over the full operating temperature range.

FEATURES

B Addressabie Data Entry

B 60 V Minimum Output Breakdown

B CMOS, PMOS. NMOS, TTL Compatible Inputs
B Low-Power CMOS Logic and Latches

B Output Transient Protection

B Output Enable and Strobe Functions

Always order by complete part number:
Part Number  Package 1
UCN5816A 28-Pin DIP

UCN5816EP  28-Lead PLCC |
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5816
4-TO-16 LINE LATCHED DECODER/DRIVERS

3.0
UCNS5816A
w
GROUND [ 1 28 | GROUND t
N a4 o5
CHIP . —
ENABLE Nop =
=z
STROBE ST LATCHES {26 IN ¢ =
- (]
LOGIC =
SUPPLY L N : 2.0 d\%\
Q. 7
QUTPUT = 4.
ENABLE (28] s % 8, .
DIODE ¢ DIODE 515 a %, 2
COMMON COMMON p +<,(\ Y
0, N
ouT o 22| OUTyg w 1.5 P %,
2 8, <,
o R A
ouT - OUTqy a S5
w C,
oUT 5 20 | OUTg 2 ke \
< 1.0
OUT 4 19 | OUT, E
OUT 4 OuT- w
-
ouT [ 1 o 17 | OUTyg g 0.5 \
ouT 4 I 16 | OUT 5 9
) pr
ouT; o151 OUT 4 < J
0
Dwa. No. PP-031 25 50 75 100 125 150
AMBIENT TEMPERATURE IN °C
Dwg. GP-028-1
TYPICAL INPUT CIRCUITS TYPICAL OUTPUT DRIVER
K
i
N OUTPUT out
CHIP ENABLE
STROBE ENABLE
Dwg. EP-01C-4 Dwg. EP 212 3 Dwg. EP-021-4
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5816
4-TO-16 LINE LATCHED DECODER/DRIVERS

ELECTRICAL CHARACTERISTICS at T = 25°C, Vop = 5 V (unless otherwise specified).

Limits
Characteristic Symbol Test Conditions Min. Typ. Max. Units
Output Leakage Current leex Vg =60V, T, =4+25C — — 50 uA
Output Saturation Voltage Vcasm lo = 100 mA - 0.9 1.1 \
IC:2OO mA — 1.1 1.3 \
=350 mA Vg, = 7.0V — 13 16 v
Input Voltage V]N(o) -0.3 —_ 0.8 A
- V=12V 105 — — v
VDD =50V 3.5 — 5.3 \
Input Resistance R V=12V 50 200 — kQ
VDD =50V 100 600 — kQ2
Supply Current boon Vyp = 12V, Outputs Open — 2.0 3.0 mA
Vgp = 5.0V, Outputs Open — 1.0 1.5 mA
IDD(OFF) All Drivers OFF, All Inputs =0 V, — — 100 HA
OE =V, ,=50V
All Drivers OFF, All Inputs = 0V, — — 200 uA
OE =V, =12V
Ctamp Diode [ V=60V, T, =+25C — — 50 A
Leakage Current Vo =60V, T, =+70°C _ _ 100 LA
Clamp Diode Ve I = 350 mA — 1.5 2.0 \
Forward Voltage
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5816
4-TO-16 LINE LATCHED DECODER/DRIVERS

STROBE e e 1
ch.lah - b o
cuTrIT ) i‘
ENABLE et G | o |
N | ©
N _ |-
o e R
auT —Wj J—l h—l
pio Dwg. No. A 10.895A
TIMING CONDITIONS
(Logic Levels are V. and Ground)
A. Minimum Data Active Time Before Strobe Enabled
(DataSet-UpTime) . ... ... . . 50 ns
B. Minimum Data Active Time After Strobe Disabled
(DataHold Time) . .. ... ... ... ... . 50 ns
C. Minimum Strobe Pulse Duration ................ ... ... . .... 125 ns
D. Typical Time Between Strobe Activation and Output On to
Off Transition. . .. .. ... . 500 ns
E. Typical Time Between Strobe Activation and Output Off to
OnTransition. ... ... .. .. .. 500 ns
G. Minimum Data Pulse Duration .. ................ ... ... ... .. 225 ns

TRUTH TABLE

Information presen: at the inputs is
transferred to the latches when the STROBE
is high. The latches will continue to accept
new data as long as the STROBE is held
high. With the STROBE in the low state, no
information can be loaded into the latches.
Depending on the four address inputs, the
4-10-16 line decoder enables one of the
16 output sink drivers. When the OUTPUT
ENABLE is high, all of the outputs are dis-
abled (OFF) without affecting the information
stored in the latches. When the OUTPUT
ENABLE is low, the outputs are controlled by
the information in the latches. When the
CHIP ENABLE is low, all of the outputs are
disabled (OFF). With two decoder/drivers
and an inverter, the CHIP ENABLE function
can be used for 5-10-32 line decoding applica-
tions.

CHIP IN, IN. IN,, IN, OuTPUT OUTPUTS

STROBE  ENABLE (MSB) (LSB) ENABLE  (OFF unless otherwise specified)
1 1 0 0 0 0 0 OUT, ON
1 1 0 0 o 1 0 OUT, ON
1 1 0 0 1 0 0 OUT, ON
1 1 0 0 1 1 0 OUT, ON
1 1 0 1 0 0 0 OUT, ON
1 1 0 1 0 1 0 OUT, ON
1 1 0 1 1 0 0 OUT_ON
1 1 0 1 1 1 0 OUT, ON
1 1 1 0 0 0 0 OuT, ON
1 1 1 0 0 1 0 CUT,ON
1 1 1 0 1 0 0 OuT,, ON
1 1 1 0 1 1 0 OuT,, ON
1 1 1 1 0 0 0 OuT,, ON
1 1 1 1 0 1 0 ouT,, ON
1 1 1 1 1 0 0 OuT,, ON
1 1 1 1 1 1 0 OuUT,, ON
0 1 X X X X 0 Q,
X 0 X X X X X All OFF
X X X X X X 1 All OFF

Q,, = The output condition prior to the high-to-low transition of the STROBE input.
X = Irrelevant
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Dwg. No. A-14.218

ABSOLUTE MAXIMUM RATINGS

at T, = 25°C

Logic Supply Voltage, Vg, ..o 15V
Driver Supply Voltage. Vo ... ... .. 60 V

(suffix =17 ... 80V
Continuous Output Current,

lqur o -40 to +15 mA
input Voltage Range,

Vine oo -03VitoV,, +03V
Package Power Dissipation. P

(UCNS818AFY . ... ... .. 3.5wW*

(UCNSBI18EPF) . ... ... ... . .. 2.5Wt
Operating Temperature Range,

Tp o -200Cto +85°C
Storage Temperature Range.

B -55°C to +150°C

5

* Derate at rate of 28 mW:-C above Ty=+25C
t Derate ar rate of 20 mW/-C above T,=+25¢C

Caution: CMOS devices have input static
profection but are susceptibie to damage when
exposed fo extremely high siatic electrical
charges.

BiMOS 11 32-BIT SERIAL-INPUT,
LATCHED SOURCE DRIVERS
WITH ACTIVE DMOS PULL-DOWNS

Designed primarily for use with vacuum fluorescent displays, the
UCN5818AF and UCN5818EPF smart power BiIMOS |1 drivers combine
CMOS shift registers. data latches, and control circuitry, with bipolar
high-speed sourcing outputs and DMOS active pull-down circuitry. The
high-speed shift register and data latches allow direct interfacing with
microprocessor LSI-based systems. A CMOS serial data output en-
ables cascade connections in applications requiring additional drive
lines. Both devices feature 60 V and -40 mA output ratings, allowing
them to be used in many other peripheral power driver applications.
Selected devices (suffix *-1’) have maximum output ratings of 80 V. In
all other respects. devices with and without the ‘-1’ suffix are identical.

These smart power drivers have been designed with BIMOS 1|
logic for improved data entry rates. With a 5 V supply, they will typically
operate above 5 MHz. At 12 V, significantly higher speeds are obtained.
Use of these devices with TTL may require the use of appropriate pull-
up resistors to ensure an input fogic high. All devices can be operated
over the ambient temperature range of -20°C to +85°C.

The UCNS818AF is supplied in a 40-pin plastic dual in-line
package with 0.600" (15.24 mm) row spacing. A copper lead frame,
reduced supply current requirement, and low output saturation voltage
permits operation with minimum junction temperature rise. The ‘A’
package allows all 32 outputs to be operated at -25 mA continuously
over the operating temperature range.

For high-density packaging applications, the UCN5818EPF is
furnished in a 44-lead plastic chip carrier (quad pack) for surface
mounting on solder lands with 0.050" (1.27 mm) centers. The PLCC
allows -25 mA continuous operation of all outputs simultaneously at
ambient temperatures to 60°C.

Similar devices are available as the UCN5810AF/LWF (10 bits),
UCN5811A (12 bits). and UCNS812AF/EPF (20 bits).

FEATURES

60 V or 80 V Source Outputs

High-Speed Source Drivers

Active DMOS Pull-Downs

Low-Output Saturation Voltages

Low-Power CMOS Logic and Latches

3.3 MHz Minimum Data Input Rate

Reduced Supply Current Requirements

Improved Replacements for SN75518N/FN

Always order by complete part number:

‘ Part Numbers Package T‘ Max. vV, 7
UCN5818AF 40-Pin DIP | 60 V '

| UCN5818AF-1 ‘; 80V

LUUCN5818EPF 44-Lead PLCC | 60 V

UCN5818EPF-1 80V

J— 4
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5818-F
32-BIT SERIAL-INPUT, LATCHED SOURCE DRIVERS

WITH ACTIVE DMOS PULL-DOWNS

UCNS53818AF ‘
LOAD LoolC FUNCTIONAL BLOCK DIAGRAM
suppLy LAJ Ve . Voo @01 syppiy
SERIALrS 357 SERIAL
DATA OUT 1 DATA IN cLock ) O Vo
0UT5, {3 38] OUT, ——— l
" SERIAL o SERIAL PARALLEL SHIFT REGISTER —(>—O SERIAL
UTsy (& 37] 0UT, DATA IN Faa 1 CATA OUT
0uT3 (s 36] 0UTy N I i,]
STROBE O—1 LATCHES T [
0Ty 351 0UT, | b
P
QUT 7 ouT BLANKING O—- -~
28 34
5 Egfsnihanummnsnani g
0uTy [s 33] 0UTg [ JL BIPOLAR
o \j: o1 O Vi
U [3 e a1, 32} 0UT, . N N
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Ul [13 28) 0T},
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ouTyg 07 24] OUT}g

|
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0uTy; (18 23] OLT) ¢
BANKINGITS] BNk ] ST [22] sTrosE fv
GROUND[Z0}—_ ¢LK £21] cLock L
IN '
Dwg No. A-12.269A
3.0

25 \ Dwg. No. A-13,035

%4 TYPICAL OUTPUT DRIVER
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.*@ ®
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W ‘JJ“@

¥

Vag
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\ OuTk

05 \

2 50 75 100 125 150
AMBIENT TEMPERATURE IN°C . o0 005

ALLOWABLE PACKAGE POWER DISSIPATION IN WATTS

Dwg. No. A-14,219
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5818-F
32-BIT SERIAL-INPUT, LATCHED SOURCE DRIVERS

WITH ACTIVE DMOS PULL-DOWNS

ELECTRICAL CHARACTERISTICS at TA =+ 25°C, VBB = 60 V (UCN5818AF/EPF)
or 80 V (suffix ¢-1°) unless otherwise noted.

Limits@V,,= 5V

Limits @ VDD =12V

Characteristic Symbol Test Conditions Min. Typ. Max. Min. Typ. Max. | Units
Output Leakage Current loex Vour =0V, T, =+70°C — 50 -15 — 5.0 -15 uA
Output Volitage VOUTm lour =25 MA, Vo =60 V 58 58.5 — 58 58.5 —
lgur = 25 MA, Vo =80 V* 78 785 @ — 78 785 — \
Vouror lour = 1 MA — 1.0 1.5 — — — \
loyr = 2 MA — — — — 1.0 1.5 \
Qutput Pull-Down Cusrent 'oun ; Vaur =9 Vio Vgg 2.0 3.5 — — — — mA
Vour = 20 Vo Vg — — — 8.0 13 — mA
Input Voltage NG 3.5 — 53 105 — 123 \
N 03 — 408 | -03 — 408 v
input Current ity Viu = Voo — 005 05 — 0.1 1.0 pA
lnco) Vy=08V — -005 -05 — 0.1 -1.0 pA
Serial Data Output Voltage Vourin lgyr = -200 pA 4.5 47 —_ 1.7 118 — \
Vouro; IOUTA: 200 pA — 200 250 — 100 200 mv
Maximum Clock Freguency fo 3.3 5.0 — - 7.5 — MHz
Supply Current |DDm All Outputs High — 100 300 - 200 500 HA
IDD(O] All Outputs Low — 100 300 — 200 500 uA
lagis, Outputs High, No Load — 30 60 | — 30 60 | mA
lgBi0; Outputs Low — 10 100 — 10 100 uA
Bianking to Output Delay o C, =30 pF, 50% to 50% — 2000 — — 1000 — ns
to, C. =30 pF, 50% to 50% — 1000 — — 850 — ns
Output Fall Time t, C_ =30 pF, 90% to 10% — 1450 — — 650 — ns
Output Rise Time t C, =30 pF, 10% to 90% — 650 — — 700 — ns

Negative current is defined as coming out ot (sourcing) the specified device pin.
* UCN5818AF-1 and UCN5818EPF-1 only.
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5818-F
32-BIT SERIAL-INPUT, LATCHED SOURCE DRIVERS

WITH ACTIVE DMOS PULL-DOWNS

CLOCK

DATA IN

STROBE

BLANKING

OUTy

(T,

Dwg. No. 12,649A

TIMING CONDITIONS

= +25°C, Logic Levels are V_ and Ground)

Serial Data present at the input is trans-
ferred to the shift register on the logic “0” to
logic “1” transition of the CLOCK input pulse.
On succeeding CLOCK pulses, the registers
shift data inférmation towards the SERIAL
DATA QUTPUT. The SERIAL DATA must
appear at the input prior to the rising edge of
the CLOCK input waveform.

Information present at any register is
transferred to the respective latch when the
STROBE is high (serial-to-parallel conver-
sion). The latches wilt continue to accept new
data as long as the STROBE is held high.
Applications where the latches are bypassed
(STROBE tied high) will require that the
BLANKING input be high during serial data
entry.

When the BLANKING input is high, the
output source drivers are disabled (OFF); the

V. =50V DMOS sink drivers are ON, the information
po stored in the latches is rot affected by the
A. Minimum Data Active Time Before Clock Pulse BLANKING input. With the BLANKING input
(DataSet-Up Time) ... 75ns  |ow, the outputs are controlled by the state of
B. Minimum Data Active Time After Clock Pulse their respective latches.
(DataHold Time) . .. ... . . 75 ns
C. Minimum Data Pulse Width . . ........... ... ... ... .. .. ...... 150 ns
D. Minimum Clock Pulse Width . .. ... ... ... ... ... ... .. 150 ns
E. Minimum Time Between Clock Activation and Strobe ... ......... 300 ns
F. Minimum Strobe Pulse Width .. ................ ... ........ .. 100 ns
G. Typical Time Between Strobe Activation and
Output Transistion . ... ... e 500 ns
TRUTH TABLE
Serial Shift Register Contents Serial Latch Contents Output Contents
Data [Clock Data |Strobe
Input [Input i1, I e Iy Output | Input | I, L, L ... &, { |Blanking| I 1, 1, ... I I,
H I HoOR P‘z Ry RN—w Rt
L 'r L R1 RQ RN—Z RN 1 RN1
X 1 |R, R, R, Rys Ry Ry
X X X X X X R, R, R, Ry, Ry
P, P, P, Py Pu Py H P, P, P, .. P, P, L P, P, P, .. Pu, Py
X X X X X H L

L = Low Logic Level

H = High Logic Level

X = Irrelevant

P = Present State R = Previous State
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5823

BiMOS II 8-BIT SERIAL-INPUT,
LATCHED DRIVERS

A combination of bipolar and MOS technology gives the Series
UCN5820A an interface flexibility beyond the reach of standard logic
buffers and power driver arrays. The three devices in this series each
have an eight-bit CMOS shift register and CMOS control circuitry,
eight CMOS data latches, and eight bipolar current-sink Darlington
output drivers. Except for maximum driver output voltage ratings, the
OuTs UCNS5821A, UCN5822A, and UCN5823A are identical.

CLOCK

SERIAL DATA IN

LOGIC GROUND

5 1T

[IESEA BiMOS Il devices have much higher data-input rates than the
original BIMOS circuits. With a 5 V logic supply, they will typically
o operate at better than 5 MHz. With a 12 V supply, significantly higher
speeds are obtained. The CMOS inputs are compatible with standard

SHIE™ REGIST
1 s
LATCHES

srose (o "W 71 CMOS, PMOS, and NMOS logic levels. TTL and DTL circuits may
OUTPUT ENABLE : o o] ouT- require the use of appropriate pull-up resistors. By using the serial data
output, the drivers can be cascaded for interface applications requiring
POWER GROUND [ 8] > ST additional drive lines.

Dug. PP 025 FEATURES

B 3.3 MHz Minimum Data Input Rate

B CMOS, PMOS, NMOS, TTL Compatible
B Internal Pull-Down Resistors

B Low-Power CMOS Logic & Latches

B High-Voltage Current-Sink Outputs

B 16-Pin Dual In-Line Plastic Package

ABSOLUTE MAXIMUM RATINGS
at 25°C Free-Air Temperature

Output Voltage, V-

(UCNBB21A) .. ... ... .. ..., 50V

(UCN5S822A) . .. ... ... . sov

(UCN5SB23A). .. ... ... 100V
Logic Supply Voltage, V. ..o 15V
Input Voltage Range,

Vi oo -03VtoV,,+03V
Continuous Output Current,

boUT - 500 mA
Package Power Dissipation,

Py 2.08 wW*

Operating Temperature Range,

Tpreooe -20°C to +85°C
Storage Temperature Range,

Too oo -55°Cto +150°C Always order by complete part number:
“Derate at the rate of 16.7 mW/°C above T, = +25°C Part Number | Max. V.
Caution. CMOS devices have input static protec- UCN5821A 50V 1
tion but are susceptible to damage when exposed to
extremely high static electrical charges. UCN5822A 80V

UCN5823A 100V ]
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5821 THRU 5823
BiMOS I1I 8-BIT SERIAL-INPUT, LATCHED DRIVERS

TYPICAL INPUT CIRCUITS

?VDD

x

STROBE
OUTPUT
ENABLE

Dwg. No. EP-010-3

DD

CLOCK
SERIAL
DATAIN

Dwg. No. EP-010-4

TYPICAL OUTPUT DRIVER

oUTy

7.2K 3K

Dwg. No. A-14,314

FUNCTIONAL BLOCK DIAGRAM

ciock O

SERIAL
DATA N

L L
T T 1]

T
] LATCHES I [ |
b

i IJ—<} © stroBE
H%%% iﬂi@ R R

T mes
/J ) BIPOLAR
5 & rower
OUTy OUTz OUT3 GUTy OUTs QUTg OUT QUTB

GROUND

SERIAL
f*[>"@ BATA OUT
@ Voo

LOGIC
GROUND

Dwg. FP-013

Number of Outputs ON Max. Allowable Duty Cycle

(loyy =200 mA at Ambient Temperature of
Vpp=12V) 25°C  40°C  50°C  60°C  70°C
8 90% 79% 72% 65% 57%
7 100% 90% 82% 74% 65%
6 100% 100% 96% 86% 76%
5 100% 100%  100%  100% 91%
4 100% 100% 100% 100% 100%
3 100% 100% 100% 100% 100%
2 100% 100% 100% 100% 100%
1 100% 100% 100% 100% 100%
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5821 THRU 5823
BiMOS II 8-BIT SERIAL-INPUT, LATCHED DRIVERS

ELECTRICAL CHARACTERISTICS at T, = +25°C, V= 5V, (unless otherwise specified).

Applicable Limits
Characteristic Symbot Devices Test Conditions Min. Max. Units
Output Leakage Current leex UCN5821A Vour =50V — 50 uA
Vour =50V, T, = +70°C — 100 1A
UCN5822A Vour =80V — 50 pA
Vour =80V, T, =+70°C — 100 uA
UCNS823A | V=100V — 50 HA
Vour = 100V, T, = +70°C — 100 HA
Collector-Emitter VCE(SAT) ALL lgyr = 100 MA — 1.1 Y
Saturation Voltage ‘ 200 mA — 3 v
ouT
loyr =350 MA. V, =7.0V — 16 v
Input Voltage Vnmo; ALL — 08 A
VoN(i) ALL Vop =12 \ 10.5 — \
Vpp = 10 \ 8.5 — \
Voo =50V 35 — v
Input Resistance R ALL Voo =12V 50 —_— kQ
Vpp =10V 50 — kQ
Vpp =50V 50 — kQ
Supply Current IDD(ON) ALL One Driver ON. V, =12V — 45 mA
One Driver ON, V,, = 10V —_ 39 mA
One Driver ON, V,; =5.0V — 2.4 mA
loo(om ALL Voo = 5.0 V, All Drivers OFF, All Inputs = 0 V — 1.6 mA
Vg = 12 V, All Drivers OFF, All Inputs = 0 V — 29 mA
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5821 THRU 5823
BiMOS II 8-BIT SERIAL-INPUT, LATCHED DRIVERS

____J_—L Serial Data present at the input is trans-
clock —onuuvdy ferred to the shift register on the logic “0” to
A LE—~«' logic “1” transition of the CLOCK input pulse.
— B On succeeding CLOCK pulses, the registers
DATA IN ri - shift data information towards the SERIAL
£ — F —T DATA OUTPUT. The SERIAL DATA must
c— T appear at the input prior to the rising edge of
STROBE — & the CLOCK input waveform.
‘ Information present at any register is
transferred to its respective latch when the
e ] L STROBE is high (serial-to-parallel conver-
}'* =G -f sion). The latches will continue to accept new
Ty data as long as the STROBE is held high.
| Applications where the latches are bypassed
e No. A2 557 (STROBE tied high) will require that the
e e ENABLE input be high during serial data
entry.
TIMING CONDITIONS When the ENABLE input is high, all of the
(Vyp, = 5.0 V, T, = +25°C, Logic Levels are V,  and Ground) output buffers are disabled (OFF) without
affecting the information stored in the latches
o ) } or shift register. With the ENABLE input low,
A. Minimum Data Act_lve Time Before Clock Pulse the outputs are controlled by the state of the
(DataSet-UpTime) .. ........ . ... ... .. ... .. ... 75 ns latches.
B. Minimum Data Active Time After Clock Pulse
(DataHold Time) . ...... ... .. .. ... ... . ... ... 75 ns
C. Minimum DataPulse Width . ... ... ... .. ... ... ... ....... 150 ns
D. Minimum Clock Pulse Width . .. .......... ... ... .. ...... .. 150 ns
E. Minimum Time Between Clock Activation and Strobe . . . ..... . ... 300 ns
F. Minimum Strobe Pulse Width .. .............. ... ........ ... 100 ns
G. Typical Time Between Strobe Activation and
Output Transition . .. ... ... 500 ns
TRUTH TABLE
Serial Shift Register Contents Serial Latch Contents Output Contents
Data |Clock Data |Strobe Output
Input [Input (1, 1, 1y s Iy Output | Input O lg | Enable | I I, 15 Iy
H I |H R, R, R,
L I |L R R, R,
X 1 |R, R, R, R,
X X X X R, R, Ry R,
P, P, P, P, H P, P, P, P, L PP, Py Py
X X X X H H H H H

L = Low Logic Level H =High Logic Level X =lrrelevant P = Present State R = Previous State
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BiMOS II 8-BIT SERIAL-INPUT,

LATCHED SATURATED SINK DRIVER

oUT,
r oUT,
oUT
«
Ls il
& I DUT,
2llz .
12
E{:Z‘ oUTe
z
5
oL7g
ouT
__j. QJY:
Dwg PP.127

ABSOLUTE MAXIMUM RATINGS
atT, = +25°C

Output Voltage, Voo ..o 50V
Output Current, I, ... ... ... 125 mA
Logic Supply Voltage, Vi, ... ... ... 15V
Input Voltage Range.

Vig oo -03VtoVv,,+03V
Package Power Dissipation,

Poo 2.08 W*
Operating Temperature Range.

Ta -20Cto +85 C
Junction Temperature, T,... ... ... +150 C
Storage Temperature Range.

Tooooo o . -55 Cto +150°C

“Derate atthe rate of 16 7 mW: C above T, = +25°C.

Caution: CMOS devices have input static protection
but are susceptibie to damage when exposed to
extremely high static electrical charges

The UCN5824A serial-input. latched sink driver is used in
applications where a low output-saturation voltage, minimum parts
count, and minimum logic supply current are desirable. The monolithic
combination of CMOS logic and bipolar drivers provides an interface
flexibility beyond the reach of standard buffers.

This device contains a high-speed 8-bit CMOS shift register, a
CMOS data latch for each driver, and open-collector saturated
(non-Darlington) drivers. The CMOS shift register and latches allow
operation with most microprocessor/LSl-based systems. Witha 5V
logic supply. BIMOS Il devices will typically operate at a data input rate
of better than 5 MHz. With a 12 V supply, significantly higher speeds
are obtained. The CMOS inputs cause minimum loading and are com-
patible with standard CMOS. PMOS, and NMOS circuits. Use with TTL
may require input pull-up resistors to ensure an input logic high. A
CMOS serial data output allows cascading for interface applications
requiring additional drive lines. Similar devices, with high-current, high-
voltage Darlington outputs, are the UCN5821/22/23A.

The UCN5824A is supplied in a 16-pin plastic dual in-line package
with a copper lead frame for improved package power dissipation.
Continuous operation under worst-case conditions is permitted without
derating.

FEATURES

M Low Output Saturation Voltage

W 100 mA Continuous Qutput Current
B 50 V Minimum Output Breakdown

B 3.3 MHz Minimum Data Input Rate
B Low-Power CMOS Logic & Latches
M Output Enable and Strobe Functions

Always order by complete part number: [UCN5824A].

3-185



5824
BiMOS II 8-BIT SERIAL-INPUT,

LATCHED SATURATED SINK DRIVER

FUNCTIONAL BLOCK DIAGRAM

™~
N S < T SN S N P S S
Di%ﬁ“,*b -{>—-{ lB»BIT,]SERIALIPARALLEL Sl»t!FT RElGISTER[ }—-l>——@ gi};}f’()m

LOGIC 1 I | l l l © Voo

I
GROUND r j ! ]Tmc:mzs I 1 ] 4 ta STROBE

4 (7) OUTPUT ENABLE

| 111 111 | (ACTIVE LOW)
Mos
BIPOLAR
(36) (3) (i) SUB () POWER
OUT; OUT, OUT; OUT, OUTs OUTg OUT7 OUTg GROUND
Dwg. FP-013
TRUTH TABLE
Serial Shift Register | Serial Latch Output
Data | Clock Contents Data Strobe Contents Output Contents
Input | Input | 1 1, l; | Output Input | I, I, ... I, | Enable |1 1, .1,
H 4 | H R, R, R,
L _— | L R, R, R,
X L | R R, R, Rq
X X X X L R, R, ... Ry
P, P, ... Py P, H P, P, .. P, L P, P, .. Py
X X X H H H
L. = Low Logic Level H = High Logic Level X = Irrelevant P = Present State R = Previous State
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BiMOS I1I 8-BIT SERIAL-INPUT,

LATCHED SATURATED SINK DRIVER

ELECTRICAL CHARACTERISTICS at T, = +25°C, V= 5.0 V (unless otherwise noted).

Limits

Characteristic Symbol Test Conditions Min. Typ. Max. Units
Output Leakage Current lcEx V=50V, T, = +25°C - <1.0 50 pA

Ve =50 Vv, TA = +70°C -~ <1.0 100 pA
Output Saturation Voltage VCE(SAT) Io = 100 mA - 250 500 mV
Input Voltage VIN“) Vpp=5V 35 - 53

Vop = 12V 10.5 - 12.3

le(D) -0.3 - 0.8

Input Resistance Rin 100 800 - k€2
Supply Current oo All Outputs OFF, ¥V, = 5.0 V, Note - - 100 A

All Outputs OFF, V. = 12 V, Note - - 200 HA

One Output ON, V= 5.0 V - 45 60 | mA |

One Output ON, V= 12 V - 13 18 mA |
Maximum Clock Frequency fo V=5V 3.3 5.0 - MHz

VDD =12V - 7.5 - MHz
Seriaf Data Output Voltage Voura: lour = 200 AV, =5.0V 45 4.7 - Y

lour =200 pA, Vo =12V 1.7 118 - v

Voutio lour = 200 UA, V= 5.0V - 200 250 mV

lour = 200 WA, V= 12V - 100 200 mv
Output Enable to Output Delay tonL lc =100 mA - 0.5 1.0 us
(Resistive Load) - Ic - 100 mA _ 20 40 us
Clock to Serial Data Out Delay top C, =30 pF - - 300 ns

NOTE: lDD(OFF‘w is measured with Vgrpope = Vo = Vo, V, =V, =0V.

Negative current is defined as coming out of (sourcing) the specified device terminal
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BiMOS 11 8-BIT SERIAL-INPUT,

LATCHED SATURATED SINK DRIVER

TIMING CONDITIONS

(T, = +25°C, V= 3V, Logic Levels are V  and Cround)

A. Minimum Data Active Time Before Clock Pulse

(DataSet-Up Time) ........ ... 75 ns
B. Minimum Data Active Time After Clock Pulse

(DataHold Time) . ... . i 75 ns
C. Minimum DataPulse Width . . ... ... ... ... ... ... .. ... .. .. 150 ns
D. Minimum Clock Pulse Width . ......... ... ... ... ... ... .. .. 150 ns
E. Minimum Time Between Clock

Activationand Strobe . ... ... o 300 ns
F. Minimum Strobe Pulse Width ... .. ... o oo 100 ns
G. Typical Time Between Strobe

Activation and Output Transition ................ ... ... .. 1.0 us

Data present at the SERIAL DATA INPUT is transferred to the
shift register on the logic “0” to logic “1” transition of the CLOCK input
pulse. The data must appear at the input prior to the rising edge of the
clock input waveform. On succeeding clock pulses, the registers shift
data information towards the SERIAL DATA QUTPUT.

Information present at any register is transferred to its respective
latch when STROBE is high (serial-to-paraliel conversian). The latches
will continue to accept new data as long as STROBE is held high. In
applications where the latches are bypassed (STROBE tied high), the
outputs will foliow the data stream (shift register data) unless the
OUTPUT ENABLE is held high during serial data entry.

When QUTPUT ENABLE is high, all of the output buffers are
disabled (OFF) without affecting the information stored in the latches or
being clocked through the shift register. With OUTPUT ENABLE low,
the outputs are controlled by the state of the latches.

OUTPUT ENABLE & STROBE
INPUT CIRCUITS

Dwg. EP-010-6

SERIAL DATA IN & CLOCK
INPUT CIRCUITS

Yoo

Dwg. EP-010-7

TYPICAL OUTPUT DRIVER

R

[ G POWER
© GROUND
SUB

Jwg. EP-021-1
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Dwg. PP-C28

ABSOLUTE MAXTMUM RATINGS

Output Voltage, V.7 .o oo 50V
Qutput Current, 1 ¢

(Continuous) . ................ 1.6 A

(Peak) ... .o i 18A
Logic Supply Voltage. V. ........ . 7.0V
input Voltage Range,

Vi oo 03VtoV, +03V
Package Power Dissipation,

Py oo See Graph
Operating Temperature Range.

T -20°C to +85°C
Junction Temperature, T, ........ +150°C*

Storage Temperature Range.
T -55°C to +150°C

" Fault conditions which produce excessive
junction temperature will activate device thermal
shutdown circuitry. These conditions can be
tolerated, but should be avoided.

Caution: This CMOS device has input static
protection but is susceptible to damage when
exposed to extremely high static electrical charges.

R
H |

9-BIT SERIAL-INPUT,
LATCHED SINK DRIVER

Intended primarily to drive high-current, dot matrix 9- and 24-wire
printer solenoids, the UCN5829ERB serial-input, latched sink driver
provides a complete driver function with a minimum external parts
count. Included on chip are constant-frequency PWM current control
for each output driver, a user-defined output enable timeout, current
sensing, and thermal shutdown.

The 9-bit CMOS shift register and latches allow operation with most
microprocessor/LSI-based systems. With a 5 V logic supply, these
BIMOS devices will operate at data input rates greater than 3.3 MHz.
The CMOS inputs cause minimum loading and are compatible with
standard CMOS, PMOS, NMOS, and TTL circuits. A CMOS serial data
output allows cascade connections in applications requiring additional
drive lines as required for 24-wire printheads.

The device features nine open-collector Darlington drivers, each
rated at 50 V and 1.6 A. Current-control for each output is provided by
an internal current-sensing resistor and a constant-frequency chopper
circuit. An external high-side driver can be used to optimize print head
performance. It is enabled by an on-chip driver during the output
enable timeout. Internal logic sequencing prevents false output opera-
tion during power up. Other high-current devices for driving dot matrix
printheads are the UDN2962W and UDN2974W.

The UCN5829EB is supplied in a 44-lead power PLCC. lts batwing
construction provides for maximum package power dissipation in a
minimum-area, surface-mountable package.

FEATURES

1.6 A Continuous Output Current

50 V Minimum Sustaining Voltage

Internal Current Sensing
Constant-Frequency PWM Current Control
Control for External High-Side Driver

3.3 MHz Guaranteed Data Input Rate
Low-Power CMOS Logic & Latches
Internal Pull-Ups for TTL Compatibility
User-Defined Output Enable Timeout
Internal Thermal Shutdown Circuitry

Always order by complete part number: HJENMSSEQEB .
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9-BIT SERIAL-INPUT, LATCHED SINK DRIVER

FUNCTIONAL BLOCK DIAGRAM
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3829
9-BIT SERIAL-INPUT, LATCHED SINK DRIVER

TYPICAL INPUT CIRCUITS TYPICAL OUTPUT DRIVER

?VDD

*- oUTy

<< {2

Dwg. EP-010-3 Bwg. EP-021-2

ELECTRICAL CHARACTERISTICS at T, = +25°C, V= 4.75 t0 5.25 V,
in Test Circuit/Typical Application (unless otherwise noted).

Limits

Characteristic Symbol Test Conditions Min. Typ. Max. Units
Output Power Drivers (OUT, through OUT,) with Vegr 245V
Output Leakage Current lour Vour=50V — 1.0 100 uA
Output Saturation Voltage VOUT‘SAT; lour=10A — 1.0 t.5

lour=16A — 1.5 1.9
Qutput Sustaining Voltage Voutises: loyr=16A L=3mH 50 — —
Control Logic
HSD Output Saturation Voltage Veesan lc =20 mA —_ 0.5 1.0
Logic Input Voltage Vi 3.5 — 5.3

Vine -0.3 — 0.8 \

Logic Input Current [ Vy=50V — — 1.0 uA

V=08V — — -180 uA
Reference Input Current lqer Vaer = 3.0V — 500 900 HA
Logic Supply Current [P All Drivers OFF — 15 25 mA
(Vagr=20V) Al Drivers ON, No Load — 55 75 mA
Maximum Clock Frequency fow 33 5.0 — MHz
Serial Data Output Voltage Vour lout = “200 pA 4.5 4.7 — \

oUT(O) lour = 200 uA -— 200 250 mv

Clock to Serial Data Out Delay tep C =30pF — — 300 ns
Thermal Shutdown Temperature T, o 165 — °C

Continued next page...
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9-BIT SERIAL-INPUT, LATCHED SINK DRIVER

ELECTRICAL CHARACTERISTICS at TA = +25°C, VDD =4.75t0 5.25 V,
in Test Circuit/Typical Application (unless otherwise noted).

Limits
Characteristic Symbol Test Conditions Min. Typ. Max. Units
Chopping Characteristics (T = +25°C to +150°C) with Fast Clamp Diodes
Enable Timeout ten Rgy =20k, Gy =0.01 pF 190 200 210 us
Rpy =30k, Cpy = 0.01 uF 285 300 315 us
Chopping Frequency fo R, =20 kQ, G =250 pF 90 100 110 kHz
o =40kQ, C. =250 pF 45 50 55 kHz
Duty Cycle Range dc ton/ ton + tor 15 - 50 %
Chop Current Level (. Vaer =20V, f <100 kHz 0.9 1.0 1.1 A
Viegr = 3.0V, f <100 kHz 1.35 1.5 1.65
Output Current Control Range Vieer 1.0 - 3.2
(B 0.5 - 1.6
Detay ty e 10 loyrpy Ta = +25°C - 300 500 ns
Chop Inhibit Voltage Vaer 4.5 - - \

Negative current is defined as coming out of {(sourcing) the specified device terminal.

EXTERNAL HIGH-SIDE DRIVERS

CHARGE-PUMP CIRCUITRY

NMOS PMOS FOR SINGLE-SUPPLY OPERATION
Vgg + 10V Vgg Ves Ves
0.022 J—
uF
10V
Dwg. EP-027 Dwg. EP-C28 Dwg. EP-026
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9-BIT SERIAL-INPUT, LATCHED SINK DRIVER

TEST CIRCUIT AND

TYPICAL APPLICATION
+36V
POWER
CHARGE NMOS
PUMP
___________ y
LOADS (9) i
I
_________ 1
OUTPUTS v
DD
HIGH-SIDE
DRIVER (HSD)
Vrer O— RC¢
STROBEO—‘ RCEn
CLOCK O-— INg
SERIAL
SERIAL GROUND  Rgy DATA OUT
DATAIN
5 kQ
' Dwg. EP-023
TRUTH TABLE
Serial Shift Register | Serial Latch Output
Data Clock Contents* Data Strobe Contents* Contents*
Input | Input (I 1, ... 1 Output Input { P O o, Iy
H I |H R Ry R,
L I |t R R, R,
X 1 |R R, R, R,
X X X X H . R, .. R,
P1 P2 P9 P8 F’1 P, APg P1 P, P9

* Serial Data Output connected to Input,
L = Low Logic Level  H=High Logic Level =~ X =lrrelevant P = Present State R = Previous State
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9-BIT SERIAL-INPUT, LATCHED SINK DRIVER

CLOCK
Aﬂ:
}<-B
DATA IN
E—| F |e
g
STROBE

HIGH-SIDE |

DRIVER OUT I

LOAD
CURRENT

Dwg. WP-011

TIMING CONDITIONS
T, = +25°C, Logie Levels are V  and Ground

A. Minimum Data Active Time Before Clock Pulse

(Data Set-Up Time) .. ... o 75 ns
B. Minimum Data Active Time After Clock Pulse

(DataHold Time) . ... 75 ns
C. Minimum Data Pulse Width . ... .......... ... ... .. ... ... .. 250 ns
D. Minimum Clock Pulse Width ... ... ... .. ... ... ... ... 250 ns
E. Minimum Time Between Clock Activation and Strobe . . ... ... ... 500 ns
F. Minimum Strobe Pulse Width .. .. ...... ... ... ... ... ... ... 500 ns
G. Enable Timeout. tey ... R, Coy
H. Chop Period™, t +t ¢ o oo 2R.C,

* Chopping is disabled if Vs greater than 45V.
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9-BIT SERIAL-INPUT, LATCHED SINK DRIVER

APPLICATIONS INFORMATION

The UCN5829EB is designed to drive high-current, 9- or 24-wire
(3 devices cascaded) dot matrix impact printer solenoids. The internal
CMQOS control logic:

1) selects the operating channels from a 9- or 24-bit word previously
loaded into the shift register,

2) controls the peak load current of the output drivers via nine
constant-frequency switch-mode current choppers,

3) sets a user-defined print enable time, and

4) turns ON an external high-side driver during the print enable
interval.

Data present at the SERIAL DATA INPUT is transferred to the shift
register on the low-to-high transition of the CLOCK input pulse. The data
must appear at the input prior to the rising edge of the clock input waveform.
On succeeding clock pulses, the registers shift data information towards the
SERIAL DATA OUTPUT. Information present at any register is transferred
to its respective latch on the high-to-low transition of the STROBE (serial-to-
parallel conversion). Drivers that have a logic high stored in their latch will
be enabled for a set time interval (t.,) generated by an internal one-shot.
The output current is internally sensed and controlled in a fixed-frequency
chopper format. Between strobe pulses, a new data word can be clocked in
for the next print enable cycle.

PRINT ENABLE TIME

A high-to-low transition of the STROBE input starts an internal one-shot
which sets the print enable time (t,,) of the output drivers and the external
high-side driver. The print enable time is determined by an external resistor
(50 kQ max) and capacitor (100 pF min) at RC_, as

= REN CEN

The print enable time can also be controlled from a microprocessor. In
this mode, the internal one-shot is operated as an output disable function.
in this mode, R, and C_, are not used; instead a 10 k<2 series resistor is
connected between RCD and an externally generated output disable pulse.
As before, on the high-to-low STROBE transition, the outputs will be en-
abled. They will remain enabled until a low-to-high logic (>3.3 V) DISABLE
transition at RC,,

When operating in a continuous chopping mode, and neither print
enable timeout nor output disable are desired, RC,,, should be grounded.

HIGH-SIDE DRIVER

To reduce the current decay time at the end of a print enable cycle,
an external high-side driver can be used and controlled by the HIGH-SIDE
DRIVER (HSD) output. The HSD is designed to drive an external
N-channel MOSFET (with accompanying charge pump circuitry). During
the print enable time (t_, ), the internal high-side driver is OFF, allowing the
external high-side driver to be ON. If the external high-side driver is a
P-channel device (eliminating the need for charge-pump circuitry), the
HSD signal must be inverted for correct operation.

If an external high-side driver is used, an external ground clamp diode is
also required.
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9-BIT SERIAL-INPUT, LATCHED SINK DRIVER

OUTPUT CURRENT CONTROL

Each of the nine channels consists of a power Darlington sink driver,
internal low-value current-sensing resistor, comparator, and an R/S flip-flop.
The output current is sensed and controlfled independently in each channel
by means of a fixed-frequency chopper which sets the flip-flop and allows
the output to turn ON. As the current increases in the load it is sensed by
the internal sense resistor until the sense voltage equals the trip voltage of
the comparator. At this time, the flip-flop is reset and the output is turned
OFF. Overtherange of V... = 1.0 V10 3.2V, the output current trip point
is a linear function of the re%erence voltage:

e = Vg2

To ensure an accurate chop current level, an external 5 kQ resistor
(R,,) is used. The actual load current peak will be slightly higher than the
trip point (especially for low-inductance loads) because of the internal logic
and switching delays (typically 300 ns). After turn-off, the load current
decays, circulating through the load and an external clamp diode. The
output driver will stay OFF until the next chop pulse sets the flip-fiop,
turning ON the output, and allowing load current to rise again. The cycle
repeats, maintaining the average printhead current at the desired level.

The chop pulse frequency is determined by an external resistor and
capacitor at RC_: .

2R, C,

ch

To reduce the power supply and ground noise developed when operat-
ing nine channels synchronously, the outputs are split into two groups
(OUTPUTS 2, 4, 6, 8 and OUTPUTS 1, 3, 5, 7, 9) for chopping pulses.

The chopping function is disabled when V___ > 4.5 V. To prevent
operation at higher than allowable current levels, V.. should not exceed
3.2 V, except to disable the chopping function.

DUTY CYCLE LIMITS

For correct operation of the UCNS5823EB, the duty cycle must be
between 15% and 50%. The lower limit is due to internal fockout circuitry
while the upper limit guarantees synchronous operation. The duty cycle
(dc) can be calculated as

dec = L - IOUT[P\ / lOUT(asym‘, +V Y,
[ S 1T+v, /v,
where | ;... = the asymptotic current value = v /R,

v, = discharge voltage across the load = V o, + Ve
\Y

(SAT) ~ Y HSD

it

v_ = charge voltage across the load = Vg, -V,
For most practical cases, correct operation can be achieved if
| / >2.5.

OUTiasym) OUT(P)
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5829
9-BIT SERIAL-INPUT, LATCHED SINK DRIVER

GENERAL

For applications with 9-wire printheads, SERIAL DATA OUT should be
connected to IN,. For 24-wire printhead applications, three devices (eight
channels per device) are cascaded by connecting SERIAL DATA OUT to
the next SERIAL DATA IN.

Each of the CMOS logic inputs have internal pull-up resistors for TTL
compatibility.

An external transient-protection flyback diode is required at each output.
Fast recovery diodes are recommended to reduce power dissipation in the
UCNS5829EB. Internal filtering prevents false triggering of the current sense
comparator which can be caused by the recovery current spike of the
diodes when the outputs turn ON.

The SUPPLY terminal should be well decoupled with a capacitor placed
as close as possible to the device. Internal power-ON reset circuitry
prevents false output triggering during power up.

Thermal protection circuitry is activated and turns OFF all drivers at a
function temperature of typically +165°C. The thermal shutdown is inde-
pendent of all other functions. It should not be used as another control
input but is intended only to protect the chip from catastrophic failures due
to excessive junction temperatures. The output drivers are re-enabled
when the junction temperature cools down to approximately +145°C.

TYPICAL APPLICATION

Shown is a typical application with the UCN5829EB controlling a chop
current of 1 A through a 3 mH, 9 Q load. To check the duty cycle and

IOUT(aSym)/IOUT(P) restrictions

where v, =V o +V . =15+15=23
V. = Vo - Vourean ™ Visp = 36-1.5-1.5 = 33
loutiasym = Vo/R = 3379 = 3.67

then  loraam/ loure = 367/ 1 = 3.67

The condition of lo 7., v,/ loure, > 2.5 is met and the duty cycle will be within
the proscribed limits. ZI'he actual duty cycle is
de - loure Mouriasym + Va'Ve _ 1.0/3.67 + 2.5/33 - 329
1T+ Vv, 1+25/33

For a 50 kHz chopping frequency and a 250 us print enable time, the
remaining component values are

250 pF and C,,, = 0.01 uF
121, C.) = 1/(2 x 50 x 10° x 250 x 102) = 40 k2

with

Il

[l

CC
then R,
and Rey

=t/ Coy = 250X 10°/ 10 x 10° = 25kQ
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K OuUT3
OuT, OUT4
OuT, OUTPUT ENABLE
GROUND GROUND
GROUND GROUND
SUPPLY STROBE
1Ny INg
IN2 IN3
Owg. PP-C25-1

ABSOLUTE MAXIMUM RATINGS
at T <+ 150°C

Output Voltage, Ve oo oot 50V
Qutput Voltage, VCE(SUS‘ ............ 45 v*
Qutput Current, 15 ,¢ (peak) . ........ 1.2A

(continuous) .. ............... 10A
Logic Supply Voltage, V... ... .. .. 7.0V
CMOS Input Voltage Range,

Vig crereeeees -03VtoV,,+03V
Package Power Dissipation,

Po v See Graph
Operating Temperature Range,

Tpo oo -20°C to +85°C
Storage Temperature Range,

Tg oo -55°C to +150°C

“For inductive load applications: The sum of the
toad supply voltage and the clamping voltage

Output current may be limited by duty cycle.
number of drivers operating. ambient temperature
and heat sinking. Under any set of conditions. do
not exceed the specified maximum current rating
or a junction temperature of 150°C

Caution: CMOS devices have input static protec-
tion but are susceptible to damage when exposed
to extremely high static electrical charges.

BiMOS 11 4-BIT
LATCHED DRIVER

The UCN5830B latched driver is a high-current integrated circuit
comprised of CMOS data latches, a bipolar Darlington transistor driver
for each latch, and CMOS control circuitry for the common STROBE
and OUTPUT ENABLE functions. Although primarily designed for use
with 2-phase unipolar stepper motors, this device can also be used to
drive relays, solenoids, or incandescent lamps within its 1.2 A peak
output current rating. The bipolar/CMOS combination provides an
extremely low-power latch with maximum interface flexibility.

The CMOS inputs cause minimum loading and are compatible
with most microprocessor/LSI-based systems. TTL or DTL circuits
may require the use of appropriate pull-up resistors to ensure an
input logic high. The latches will typicaily accept data at better than
a 4.4 MHz rate.

The bipolar power outputs are open-collecter 50 V Darlington
drivers with a sustaining voltage of 45 V and integral clamp diodes for
inductive load transient suppression. Under normal operating condi-
tions, the four outputs can simultaneously sink load currents in excess
of 500 mA continuously and without additional heat sinking. A similar
device, featuring saturated (non-Darlington) outputs, is the UCN5831B.

The UCN5830B is furnished in a 16-pin plastic dual in-line batwing
package with a copper lead frame and heat-sinkable tabs that maximize
the device's power-handling capabilities.

FEATURES

50 V Minimum Output Breakdown

45 V Minimum Sustaining Voltage

1.2 A Peak Output Current

Reduced Supply Current Requirements
Internal Transient Suppression
Low-Power CMOS Latches

Output Enable and Strobe Functions

Always order by complete part number: [UCN5830B] .
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3830
BiMOS II 4-BIT LATCHED DRIVER

OUTPUT ENABLE

(ACTIVE LOW) >

COMMON MOS CONTROL

STROBE

O

FUNCTIONAL BLOCK DIAGRAM

O

O g |

TYPICAL MOS LATCH

t
I
I
1
i
H
1
1
1
|
|
I

GROUND

TYPICAL BIPOLAR DRIVE

Dwg. FP-016
TRUTH TABLE
OUTPUT

INy STROBE ENABLE ouT,

X 0 0 Prior State

0 1 0 Off

1 1 o} On

X X 1 Off

X = Irrelevant
w
E 10 TYPICAL INPUT CIRCUIT
z
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= N/
36 N
o i
w ]
3z \ }
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g
b
a 2 ~
o \
g \
Z o
4 % 50 75 700 125 150 j_,
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5830
BiMOS II 4-BIT LATCHED DRIVER

ELECTRICAL CHARACTERISTICS at T, = +25°C, TJ < +150°C, V=5V
(unless otherwise noted).

Limits
Characteristic Symbol Test Conditions Min. Typ. Max. Units
Output Leakage Current leex Ve=50V - 1.0 100 HA
Output Saturation Voltage VCE<SAT) lc = 800 mA - 1.0 1.2 Y
Output Sustaining Voltage Vcasm lc =800 mA, L = 400 mH 45 - - \
Clamp Diode Leakage Current Ia Vg=50V - 1.0 100 HA
Clamp Diode Forward Voltage Ve I = 800 mA - 11 1.2
Logic Input Voltage V\Nm 3.5 - 53
NG} -0.3 - 0.8
Logic Input Current 'le Ve = Voo - 50 500 nA
IIN(O) V=08V - -50 -500 nA
Logic Supply Current loo All Outputs OFF - - 100 uA
One Output ON - 1.0 2.0 mA
TYPICAL APPLICATION
UNIPOLAR STEPPER-MOTOR DRIVE
1 Vec+ Vz+ VE
T.za \
Voo PR """~ ~=Vee+ Ve f—
. RETERY
EE | QUT 1
38
Vepsan — B =]
e lour / ZENER CLAMP E L%_l
28 . DIODE CLAMP o [
kg N P
55 d g 2]
loex N e 9 =1
Dwg. WP-001 IN 3 OUT 3
IN 2 ouT 2
A typical application is shown driving a unipolar stepper- | STROBE | - )
motor. A Zener diode is used to increase the flyback OUTPUT ENABLE (Active Low)
voltage. This gives a much faster inductive load turn-OFF

current decay. The maximum Zener voltage plus the load
supply voltage plus the internal diode forward voltage Dwg. EP-018-1
must not exceed the device's rated sustaining voltage.
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5830
BiMOS 11 4-BIT LATCHED DRIVER

OUTPUT
ENABLE

STROBE

e o fes

Dwg. WP-009-1
TIMING CONDITIONS
Logic Levels are V and Ground
A. Minimum Data Active Time Before Strobe Enabled
(DataSet-UpTime) . ........... .. ... .......... 50 ns
B. Minimum Data Active Time After Strobe Enabled
(DataHold Time). . ... ... . ... ... .. ............ 50 ns
C. Minimum Strobe Pulse Width . ......... ... ... ... .. .. 125 ns
D. Typical Time Between Strobe Activation and Output Turn-OFF
Transition (Resistive Load) . .............. ... .. .. 500 ns
E. Typical Time Between Strobe Activation and Qutput Turn-ON
Transition (Resistive Load) . .. .. ......... ... .. ... 100 ns
F. Minimum Data Pulse Width .. ......... ... .. .. ... ... 225 ns

Data present at an input is transferred to its respective latch when
STROBE is high. The latches will continue to accept new data as long
as STROBE is held high. in applications where the latches are by-
passed (STROBE tied high), the outputs will follow the data unless the
OUTPUT ENABLE is high during data entry.

When OUTPUT ENABLE is high, all of the output buffers are
disabled (OFF) without affecting the information stored in the latches.
With OUTPUT ENABLE low, the outputs are controlled by the state of
the latches.
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K OUT,
ouT, OUT,
ouTy OUTPUT ENABLE
GROUND GROUND
GROUND GROUND
SUPPLY STROBE
INj INg
IN2 IN3

Dwg. PP-025

ABSOLUTE MAXIMUM RATINGS
at TJ < +150°C

Output Voltage, Ve - oo 50V
Output Voltage, Vg gugy - - - - - - 45 v*
Output Current, I, - (peak) ......... 1.2A

(continuous) ......... ... .. 1.0A
Logic Supply Voltage, Vg, . ... .00 7.0V
CMOS input Voltage Range,

Vig oo 03VtoV,,+03V
Package Power Dissipation,

Py o See Graph
Operating Temperature Range,

Tpooee e -20°C to +85°C
Storage Temperature Range,

Te e -55°C to +150°C

*For inductive load applications: The sum of the
load supply voltage and the clamping voltage.

Qutput current may be limited by duty cycle,
number of drivers operating, ambient temperature.
and heat sinking. Under any set of conditions, do
not exceed the specified maximum current rating
or a junction temperature of 150°C.

Caution: CMOS devices have input static protec-
tion but are susceptible to damage when exposed
to extremely high static electrical charges.

BiMOS 11 4-BIT
LATCHED DRIVER

Combining CMOS logic circuitry and bipolar power drivers, the
UCNS5831B is a 4-bit latched driver capable of providing an interface
capability beyond the reach of standard logic buffers and power driver
arrays. Although primarily designed for use with 2-phase unipolar
stepper motors, this device can also be used to drive relays, low-
voltage multiplexed LED displays, or incandescent lamps within its
peak output current rating.

The CMOS inputs cause minimum loading and are compatible
with most microprocessor/LSl-based systems. An active-low OUTPUT
ENABLE can be used to disable all outputs without affecting the logic
inputs or the state of the latches. Use with TTL may require input pull-
up resistors to ensure an input logic high. BiMOS latches will typically
operate at better than a 4.4 MHz rate.

The bipolar power outputs are open-collector 50 V saturated
(non-Darlington) drivers. A sustaining voltage rating of 45 V, and
internal clamp diodes, are provided for use with inductive loads.

The four outputs can simultaneously sink load currents of almost

800 mA, continuously and without additional heat sinking, over the

full operating temperature range. The outputs may be paralleled for
increased load current capability. A similar device, featuring Darlington
power driver outputs, is the UCN58308.

The UCN58318B is supplied in a 16-pin plastic dual in-line batwing
package with a copper lead frame that maximizes the device’s power-
handling capabilities.

FEATURES

Low Output Saturation Voltage

50 V Minimum Output Breakdown
45 V Minimum Sustaining Voltage
1.2 A Peak Output Current

Internal High-Current Clamp Diodes
Low-Power CMOS Latches

Output Enable and Strobe Functions

Always order by complete part number:[ UCN58318].
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3831
BiMOS II 4-BIT LATCHED DRIVER

FUNCTIONAL BLOCK DIAGRAM
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5831
BiMOS II 4-BIT LATCHED DRIVER

ELECTRICAL CHARACTERISTICS at TA = +25°C, TJ < +150°C, VDD =5V
(unless otherwise noted).

Limits

Characteristic Symbol Test Conditions Min. Typ. Max. Units
Output Leakage Current lcex V=30V - 1.0 100 uA
Output Saturation Voltage VCE(SAT) I = 300 mA - 0.25 0.4 \
'c =625 mA - 0.35 WO.5 \
l,=800 mA - 0.45 0.6 \
Output Sustaining Voltage Vcasus) lc =625 mA, L = 400 mH 45 - - \
Clamp Diode Leakage Current Ia V=50V - 1.0 100 uA
Clamp Diode Forward Volitage Ve I = 625 mA - 1.0 12 \%
|- 800 MA 1 - 1.4 13 v
Logic Input Voltage N 3.5 - 5.3 A
Vinie; 03 - 0.8 v
Logic Input Current 'me Vin = Voo - 50 500 nA
by V=08V - -50 -500 nA
Logic Supply Current oo All Outputs OFF - - 100 uA
One Output ON - 24 387 mA
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5831
BiMOS 11 4-BIT LATCHED DRIVER

OUTPUT Data present at an input is transferred to

ENABLE its respective latch when STROBE is low.
o The latches will continue to accept new data

as long as STROBE is held low. In applica-

— tions where the latches are bypassed
STROBE (STROBE tied low), the outputs will follow the
A [ —C—w jeB data unless the OUTPUT ENABLE is high
,L“F—J ’i [*B during data entry.
INN —] When QUTPUT ENABLE is high, all of
— the output buffers are disabled (OFF) without
> [*D hallnniz affecting the information stored in the latches.
With OUTPUT ENABLE low, the outputs are
OUTN controlled by the state of the latches.
Dwag. WP.303
TIMING CONDITIONS
Logic Levels are V,p and Ground
A. Minimum Data Active Time Before Strobe Enabled
(DataSet-UpTime)........ .. .. ... ... ... . ...... 50 ns
B. Minimum Data Active Time After Strobe Enabled
(DataHold Time) . . ............. ... ... ........... 50 ns
C. Minimum Strobe Pulse Width . ......... . ..... . ... . .. 125 ns
D. Typical Time Between Strobe Activation and Output Turn-OFF
Transition (Resistive Load) .............. ... ... .. 500 ns
E. Typical Time Between Strobe Activation and Output Turn-ON
Transition (Resistive Load) ............... ... ... 100 ns
F. Minimum Data Pulse Width . ........ .. ... ... ....... 225ns
TYPICAL APPLICATION
UNIPOLAR STEPPER-MOTOR DRIVE
+5V 0+24V | Yoot v
ouT 4
IN 4 s Vee
BV L
IN 1 OUT 1 é%
g 38
VoEsAT A
L T T ZENERCLAMP
KF . §§ ‘;{ / DIODE CLAMP
33 .
lcex =

IN 3
IN 2

STROBE A typical application is shown driving a unipolar stepper-
QUTPUT ENABLE (Active Low) motor. A Zener diode is used to increase the flyback
voltage. This gives a much faster inductive load turn-OFF
current decay. The maximum Zener voltage plus the load
Dwg. EP-2°28 supply voltage plus the internal diode forward voltage must
not exceed the device’s rated sustaining voltage.

Dwg. WP-001
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UCN3832A
suPeLy cLock
SERIAL SERIAL
DATA IN DATA QUT
QUTPUT
GROUND TR
STROBE 0Ty,
ouT, 0uTy,
ouT, OUT3y
0UTy 0UTag
ouT, OUTyq
ouTs . = OUT,7
ouT, & z " 0UTy,
o
outy = = 0UTs5
ouTg 0Ty
ouT, 0UTy3
0UTyg OUT22
ouTy, ouTy,
outy, OUT,y
ouT) 0UTyg
0UTy4 w8
ouT}s ouTy
ouT 4 INTERNAL

Dwg. No. A-12,377A
ABSOLUTE MAXIMUM RATINGS
at +25°C Free-Air Temperature

Output Voltage, Vg g -+ oo oo 40V
Logic Supply Voltage, Vg - ..o - 15V
Input Voltage Range,

Vigeroororeees -03VioV,,+03V
Continuous Output Current,

bUT e oo 150 mA
Package Power Dissipation,

Py oo See Graph
Operating Temperature Range,

PO R .. -20°C to +85°C

Storage Temperature Range,

Te oo -55°C to +150°C

Caution: CMOS devices have input static
protection but are susceptible to damage when
exposed to extremely high static electrical charges.

CONNECTION

BiMOS II 32-BIT SERIAL-INPUT,
LATCHED DRIVERS

intended primarily to drive thermal printheads, Types UCN5832A
and UCN5832EP have been optimized for low output-saturation
voltage, high-speed operation, and pin configurations most convenient
for the tight space requirements of high-resolution printheads. The
integrated circuits can also be used to drive multiplexed LED displays
or incandescent lamps at up to 150 mA peak current. A combination of
bipolar and MOS technologies gives BIMOS 1l arrays an interface
flexibility beyond the reach of standard buffers and power driver
circuits.

The devices each have 32 bipolar open-collector saturated drivers,
a CMOS data latch for each of the drivers, two 16-bit CMOS shift
registers, and CMOS control circuitry. The high-speed CMOS shift
registers and latches allow operation with most microprocessor/LSt-
based systems. Use of these drivers with TTL may require input pull-up
resistors to ensure an input logic high. MOS serial data outputs permit
cascading for interface applications requiring additional drive lines.

The UCN5832A is supplied in a 40-pin dual in-line plastic package
with 0.600" (15.24 mm) row spacing. Under normal operating condi-
tions, this device will allow all outputs to sustain 100 mA continuously
without derating. The UCN5832EP is supplied in a 44-lead plastic
leaded chip carrier for minimum area, surface-mount applications.

Similar 32-bit serial-input latched source drivers are available as
UCN5818AF/EPF. High-voltage, high-current 8-bit devices are avail-
able in Series UCN5820A and UCN5840A/EP/LW.

FEATURES

B 5 MHz Typical Data Input Rate

B Low-Power CMOS Logic and Latches
B 40 V Current Sink Outputs

B Low Saturation Voltage

Always order by complete part number:

Part Number | Package
UCN5832A :  40-Pin DIP
UCN5832EP | 44-Lead PLCC |
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ALLOWABLE PACKAGE POWER DISSIPATION IN WATTS

5832
BiMOS II 32-BIT SERIAL-INPUT, LATCHED DRIVERS
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3832
BiMOS II 32-BIT SERIAL-INPUT, LATCHED DRIVERS

ELECTRICAL CHARACTERISTICS at T, = +25°C, V= 5 V (unless otherwise noted).

Limits

Characteristic Symbol Test Conditions Min. Max. Units
Output Leakage Current lcex Vour =40V, T,=70°C — 10 A
Collector-Emitter VCE(SAT) loyt =50 mA e 275 mV
Saturation Voltage

lour =100 mA 250 550 mV
input Voltage NG 3.5 53

NGO o -0.3 <08
Input Current IIN(1) V=35V — 1.0 HA
llN(O) V=08V — -1.0 uA

Input impedance Zy V=35V 35 - MQ
Serial Data Output Resistance Rout — 20 kQ
Supply Current lop One output ON, |, = 100 mA — 5.0 mA

Ali outputs OFF — 50 uA
Qutput Rise Time t loyt = 100 MA, 10% t0 90% — 1.0 ps
Output Fall Time t, loyr = 100 MA, 90% to 10% — 1.0 us

NOTE: Positive (negative) current is defined as going into {coming out of) the specified device pin.
TYPICAL INPUT CIRCUIT TYPICAL OUTPUT DRIVER

Dwg. No. A-12,379A Dwg. No. A-12,380A
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5832
BiMOS II 32-BIT SERIAL-INPUT, LATCHED DRIVERS

Serial Data present at the input is trans-

ferred to the shift register on the logic “0” to
logic “1” transition of the CLOCK input pulse.
On succeeding CLOCK pulses, the registers
shift data information towards the SERIAL

DATA QUTPUT. The SERIAL DATA must
appear at the input prior to the rising edge of
the CLOCK input waveform.

Information present at any register is

DATA IN O
[ S ) ey
b oo
I i
STROBE 1 L R
OUTPUT |
ENABLE
.
U Ty ‘

TIMING CONDITIONS

(Logic Levels are V,p and Ground)

A. Minimum Data Active Time Before Clock Pulse

transferred to its respective latch when the
STROBE is high (serial-to-parallel conver-
sion). The latches will continue to accept new
data as long as the STROBE is held high.
Applications where the latches are bypassed
(STROBE tied high) will require that the
OUTPUT ENABLE input be low during serial
data entry.

When the OUTPUT ENABLE input is low,
all of the output buffers are disabled (OFF)
- 5. without affecting the information stored in the
0o latches or shift register. With the OUTPUT
ENABLE input high, the outputs are controlled

Dwg. No. A-12 2T6A

(DataSet-Up Time) ... ... . . . . 75 ns by the state of the latches.
B. Minimum Data Active Time After Clock Pulse
(DataHold Time) . ........... . ... . . . ... ... 75 ns
C. Minimum DataPulse Width . .. ....... ... ... . . ... ... ....... 150 ns
D. Minimum Clock Pulse Width . .. ...... ... ... ... . ... ... ... 150 ns
E. Minimum Time Between Clock Activation and Strobe . .. .. .. ... .. 300 ns
F. Minimum Strobe Pulse Width . ... ... .. ... . ... ... ... ... .. 100 ns
G. Typical Time Between Strobe Activation and
Output Transition . ............ ... ... ... ... ... 500 ns
TRUTH TABLE
Serial Shift Register Contents Serial Latch Contents Output Output Contents
Data [Clock Data |Strobe Enable
Input | input |1, L, [P ¥ Output | Input P T Iy input P by ly
H I |H R, R, Ruz Bu Ry
L I JL R, R, Ry Ry, Ry
X L |Ry R, Ry Ry Ry Ry
X X X X X X L R, R, R, Ry Ry
P, P, Py Pui P Py H P, P, P Pyt Py H R Pur Py
X X X X X H H
L = Low Logic Level H =High Logic Level X = Irrelevant P = Present State R = Previous State
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UCNS3S833EP

A OUT

POWER GROUND

™
L]

SERIAL DAT,
CE &2} DUTPUT ENABLE

g Dwg. No. A-13,049

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

Output Voltage, V7o - v oov oo 30V
Logic Supply Voltage, V- ... ... .. 7.0V
Input Voltage Range,

Vig covrreneenes -03VtoV,, +03V
Continuous Qutput Current,

loyt (€aChoutput) . ... 125 mA
Package Power Dissipation, P

(UCNB833A) ................ 3.5W*

(UCNS833EP) . . ............. 2.5 W
Operating Temperature Range,

Ta v -20°C to +85°C
Storage Temperature Range,

T -55°C to +150°C

* Derate linearly to 0 W at +150°C.

Caution: CMOS devices have input static protection
but are susceptible to damage when exposed to
extremely high static electrical charges.

BiMOS 11 32-BIT SERIAL-INPUI,
LATCHED DRIVERS

Designed primarily to reduce logic supply current, chip size and
associated cost, the UCN5833A/EP integrated circuits offer high-speed
operation for thermal printers. These devices car also be used to drive
multiplexed LED displays or incandescent lamps within their 125 mA
peak output current rating. The combination of bipolar and MOS
technologies gives BIMOS II smart power ICs an interface flexibility
beyond the reach of standard buffers and power driver circuits.

These 32-bit drivers have bipolar open-collector Darlington outputs,
a CMQS data latch for each of the drivers, a 32-bit CMOS shift register,
and CMOS control circuitry. The high-speed CMOS shift registers and
latches allow operation with most microprocessor/LSl-based systems at
data input rates above 3.3 MHz. Use of these drivers with TTL may
require input pull-up resistors to ensure an input logic high.

The UCN5833A is supplied in a 40-pin dual in-line plastic package
with 0.600" (15.24 mm) row spacing. At an ambient temperature of
+75°C, all outputs of the DIP-packaged device will sustain 50 mA
continuously. For high-density applications, the UCN5833EP is avail-
able. This 44-lead plastic chip carrier (quad pack) is intended for
surface-mounting on solder lands with 0.050" (1.27 mm) centers.
CMOS serial data outputs permit cascading for applications requiring
additional drive lines.

FEATURES

W 5 MHz Typical Data Input Rate

B 30 V Minimum Output Breakdown

B Darlington Current-Sink Outputs

B Low-Power CMOS Logic and Latches

Always order by complete part number:

Part Number | Package
UCNS5833A 40-Pin DIP
UCNS5833EP | 44-Lead PLCC
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5833
BiMOS II 32-BIT SERIAL-INPUT, LATCHED DRIVERS

UCN3833A
FUNCTIONAL BLOCK DIAGRAM
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TYPICAL INPUT CIRCUIT
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—
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e
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Dwg. No. A-13.048

SUB
Dwg. No. A-13,050

TYPICAL OUTPUT DRIVER

< out

Dwg. No. A-13.051
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5833
BiMOS II 32-BIT SERIAL-INPUT, LATCHED DRIVERS

ELECTRICAL CHARACTERISTICS at T, = +25°C, V,,, =5V (unless otherwise noted).

Limits
Characteristic Symbof Test Conditions Min. Max. Units
Output Leakage Current leex Vour =30V, T, =70°C — 10 HA
CoIlectqr-Emitter VCE(SAT) lout =50 mA — 1.2
Saturation Voltage
loyt = 100 MA — 1.7
Input Voltage Vle 3.5 53
INO) -0.3 +0.8
Input Current IW“) Vy=50V — 1.0 uA
I,N(o) V=0V — -1.0 uA
Serial Output Voltage Voum) lout = 200 A 4.5 —
oUTO) lout = 200 LA — 0.3
Supply Current oo One output ON, |y ;1 = 100 mA — 1.0 mA
Al outputs OFF — 50 MA
Output Rise Time t, loyt = 100 MA, 10% to 90% - 500 ns
Output Fall Time t loyt = 100 MA, 90% to 10% — 500 ns
NOTE: Positive (negative) current is defined as going into (coming out of) the specified device pin.
TRUTH TABLE
Serial Shift Register Contents Serial Latch Contents Output Output Contents
Data |Clock Data |Strobe Enable
Input [Input (1, 1, |, VPR Output | Input | 1§, 1, .. &, 1 Input PR P ha W
H I |4 R R Ruz B Ry
L I |t R R Pnz P Ryq
X 1T |R R, Ry Ru.t R Ry
X X X X X X R, R, Ry Ry.¢ Ry
P, P, P Put Py Py H Py Py Py Py Py H PP, Py Py Py
X X X X X L HHH .. H H

L = Low Logic Level H = High Logic Level X = irrelevant P = Present State R = Previous State
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5833
BiMOS II 32-BIT SERIAL-INPUT, LATCHED DRIVERS

DATA IN N
‘ - *7 [ SRR q—
polom
STROBE L JE
OUTPUT
ENABLE ‘
S
ouT _
N
L

Dwg. No. A-12,276A

TIMING CONDITIONS
(Vyp = 5.0 V, Logic Levels are V,p and Ground)

A. Minimum Data Active Time Before Clock Pulse

(DataSet-Up Time) ... .. 75 ns
B. Minimum Data Active Time After Clock Pulse

(DataHold Time) . . ...... ... ... . . 75 ns
C. Minimum DataPulse Width . ... ......... ... ... .............. 150 ns
D. Minimum Clock Pulse Width . .. ... ... ... ... .. ... ........ 150 ns
E. Minimum Time Between Clock Activation and Strobe . .. ... .. .. .. 300 ns
F. Minimum Strobe Pulse Width . ... .......... ... ... .......... 100 ns
G. Typical Time Between Strobe Activation and

Output Transition . ... ... .. o 500 ns

Serial Data present at the input is transferred to the shift register on
the logic “0” to logic “1” transition of the CLOCK input pulse. On suc-
ceeding CLOCK pulses, the registers shift data information towards the
SERIAL DATA OUTPUT. The SERIAL DATA must appear at the input
prior to the rising edge of the CLOCK input waveform.

Information present at any register is transferred to its respective
latch when the STROBE is high (serial-to-parallet conversion). The
latches will continue to accept new data as long as the STROBE is held
high. Applications where the latches are bypassed (STROBE tied high)
will require that the OUTPUT ENABLE input be low during serial data
entry.

When the QUTPUT ENABLE input is low, all of the output buffers
are disabled (OFF) without affecting the information stored in the latches
or shift register. With the OUTPUT ENABLE input high, the outputs are
controlled by the state of the latches.
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SERIES 5840

UCN5841A - UCN5843A

LOGIC GROUND
LOGIC SUPPLY

SERIAL DATA OUT

SHIFT REGISTER
LATCHES

STROBE

OUTPUT ENABLE

L)

VEE

ABSOLUTE MAXIMUM RATINGS
at 25°C Free-Air Temperature

Output Voltage, V.o

(UCNSB41A/EP/LW) ... ... .. 50 vV

(UCNSB42A/EP/LW) ... ... .. 80V

(UCNSB43A/EP/LW) .......... 100V
Output Voltage, VCE(SUS)

(UCNSB41A/EP/LW) . ... ... 35Vt

(UCNS842A/EP/LW) .. ...... .. 50 Vi

(UCN5843A/EP/ILW) .......... 50 vVt
Logic Supply Voltage Range,

Vp s e 45Vtot15V

Vpp with Referenceto V. ... .. 25V
Emitter Supply Voltage, V... ... .. 20V
Input Voltage Range,

Vigecroeeeeees 03VtoV,,+03V

boUT  w v e 500 mA
Package Power Dissipation,

Py See Graph
Operating Temperature Range,

Tp oo -20°C to +85°C
Storage Temperature Range,

Te o -55°C to +150°C

s -
tFor inductive load applications.

Note that the Series UCN5840A (dual in-line
package) and Series UCN5840LW (small-outline

IC package) are electrically identical and share a
common pin number assignment.

Dwg. No. A-12.659

BiMOSII 8-BIT SERIAL-INPUT,
LATCHED DRIVERS

Integrating low-power CMOS logic and bipolar output power drivers
permit Series UCN5S840A/EP/LW integrated circuits to be used in a
wide variety of peripheral power driver applications. The three basic
devices in this series each have an eight-bit CMOS shift register and
CMOS control circuitry, eight CMOS data latches, and eight bipolar
current-sink Darlington output drivers. The 500 mA outputs, with
integral transient-suppression diodes, are suitable for use with relays,
solenoids, and other inductive loads. Except for the maximum driver
output voltage ratings, the UCN5841A/EP/LW, UCN5842A/EP/LW,
and UCNS843A/EP/LW are identical. The UCNS843A/EP/LW offers
premium performance with a minimum output-breakdown voltage rating
of 100 V (50 V sustaining). All drivers can be operated with a split
supply where the negative supply is up to -20 V.

BiIMOS i devices have higher data-input rates than the original
BiMOS circuits. With a 5 V logic supply, they will typically operate at
better than 5 MHz. With a 12 V supply, significantly higher speeds are
obtained. The CMOS inputs are compatible with standard CMOS,
PMOS, and NMOS logic leveis. TTL or DTL circuits may require the
use of appropriate pull-up resistors. By using the serial data output,
drivers can be cascaded for interface applications requiring additional
drive lines.

Suffix ‘A’ devices are furnished in a standard 18-pin plastic DIP;
suffix '‘EP’ indicates a 20-lead PLCC; suffix ‘LW’ indicates an 18-lead
wide-body SOIC.

FEATURES

3.3 MHz Minimum Data-Input Rate

CMQOS, PMOS, NMOS, TTL Compatible Inputs
tinternal Pull-Up/Pull-Down Resistors
Low-Power CMOS Logic and Latches,
High-Voltage Current-Sink Outputs

Output Transient-Protection Diodes

Single or Split Supply Operation

DIP, PLCC, or SOIC Packaging

Always order by compiete part number, e.g.,[UCN5842LW |.
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SERIES 5840
BiMOS II 8-BIT SERIAL-INPUT, LATCHED DRIVERS

n
[

/

0
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o
o

XS]
0

50 75 100 125 150
AMBIENT TEMPERATURE IN °C

ALLOWABLE PACKAGE POWER DISSIPATION IN WATTS

Dwg. GP-024

UCNS3841LW - UCN3843LW

POWER
GROUND

CLOCK

SERIAL
OATA IN

GROUND

4315193y
S3IHOLV

LOGIC
SUPPLY
SERIAL

DATA OUT
STROBE

QUTPUT
ENABLE

POWER
GROUND

Dwg. No. A-14.438

Note that the Series UCN5840A (dual in-line package)
and Series UCN5840LW ({small-outline IC package) are
electrically identical and share a common pin number
assignment.

FUNCTIONAL BLOCK DIAGRAM
(‘A’ & ‘LW’ Package Shown)

€LOCK -
SN S S S0 S S S
SERIAL ) SERIAL
oA N I 8-BIT, SERIAL-PARALLEL SHIFT acsnsm] }—{>—© DATA BUT
. T T \
: ] i Yoo
LOGIC l
GROUND L 1 1 | LATCHES STROBE
i
- (8) OUTPUT ENABLE
I TL I (ACTIVE LOW)
B Lo Mos
BIPOLAR
/
U
© @ @ G & W O @ @
K SUT OUT; OUTy OUT, OUTs OUTg OUTy OUTy Veg

Dwg. No. A-12.661A

Caution: CMOS devices have input static protection but are susceptible to damage when
exposed to extremely high static electrical charges.

UCN3841EP - UCN3843EP

IN

SERIAL
DATA
CLOCK

(19] OUT,

NC (&
LOGIC
GROUND P
w w
LOGIC - |
SUPPLY 2 pud
<
SERIAL W=
DATA OUT
NC

W oW ow owz ©
a DO w oo -
O a@ > ox 2
£ 53 B8x°
v Ow a8
O
b3
< Dwg. No. A-14.362
)
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SERIES 5840
BiMOS II 8-BIT SERIAL-INPUT, LATCHED DRIVERS

ELECTRICAL CHARACTERISTICS at TA = +25°C, VDD =5V, VEE =0V
(unless otherwise specified). ’

Applicabie Limits
Characteristic Symbol Devices* Test Conditions Min. Max. Unit
Output Leakage Current lcex UCN5841 Vour =50 Vv — 50 HA
Vgyr =50V, T, = +70°C — 100 pA
UCN5842 V=80V — 50 HA
Vour =80V, T, = +70°C — 100 pA
UCN5843 Voyr = 100V — 50 HA
VOUT=1OO v, TA=+7O°C —_ 100 nA
Saturaon votage Vosran i ooz 0 I
lour =200 MA — 13 v
lgyr =350 mMA, V , =7.0V — 1.6 \
Collector-Emitter VCE(SUS) UCN5841 loyt = 350 MA, L =2 mH 35 — \Y
Sustaining Vollage | Ucnssaz loyr = 350 MA, L =2 mH 50 — v
UCN5843 loyr =350 MA, L =2 mH 50 - v
Input Voltage VIN(O) ALL — 0.8 \
N ALL Vpp =12V 10.5 — \
V=10V 8.5 — v
Vyp =50V 35 — v
Input Resistance Ry ALL Vpp =12V 50 e kQ
VDD =10V 50 — K2
Vpp =50V 50 — ke
Supply Current IDD(ON) ALL All Drivers ON, Vo = 12V — 16 mA
All Drivers ON, VDD =10V — 14 mA
All Drivers ON, V,, =50V — 8.0 mA
|DD(OFF) ALL All Drivers OFF, Vo =12V — 2.9 mA
All Drivers OFF, V=10V - 25 | mA
All Drivers OFF, V,, =5.0V — 16 | mA
Ciamp Diode (N UCN5841 Vg =50V — 50 HA
Leakage Current UCNG84s V. -80V — 0 A
UCN5843 Vg =100V — 50 A
Clamp Diode Ve ALL I =350 mA — 2.0 \%
Forward Voltage

* Complete part number includes a suffix to identify package style: A = DIP, EP = PLCC, LW = SOIC.
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SERIES 5840
BiMOS 11 8-BIT SERIAL-INPUT, LATCHED DRIVERS

TYPICAL INPUT CIRCUITS

?VDD

x

STROBE
OUTPUT
ENABLE

Dwg. No. EP-010-3

DD

CLOCK

SERIAL
DATAIN

Dwg. Ne. EP-010-4
TYPICAL OUTPUT DRIVER
K

ouT

Vee

suB
Dwg. No. A-12.660

DATA IN——J : T
LT
STROBE ?+iii—o—orarron .V -
o LH —
oUTy l

Dwg. No. A-12.627

TIMING CONDITIONS
(T, = +25°C, Logic Levels are V,  and Ground)

Vno =50V
A. Minimum Data Active Time Before Clock Pulse
(DataSet-UpTime) ........ ... 75 ns
B. Minimum Data Active Time After Clock Pulse
(DataHold Time) . ... .. .. 75 ns
C. Minimum Data Pulse Width . . ......... ... ... .. ... . ........ 150 ns
D. Minimum Clock Pulse Width ... ... ... ... ... ... ... . ... ... .. 150 ns
E. Minimum Time Between Clock Activation and Strobe . .. ... ... ... 300 ns
F. Minimum Strobe Pulse Width .. .. ... .. ... . ... ... ... ... 100 ns
G. Typical Time Between Strobe Activation and
Output Transition . ... ... 500 ns

Serial Data present at the input is transferred to the shift register on
the logic “0" to logic "1" transition of the CLOCK input pulse. On suc-
ceeding CLOCK pulses, the registers shift data information towards the
SERIAL DATA QUTPUT. The SERIAL DATA must appear at the input
prior to the rising edge of the CLOCK input waveform.

Information present at any register is transferred to its respective
latch when the STROBE s high {serial-to-parallel conversion). The
latches will continue to accept new data as long as the STROBE is held
high. Applications where the latches are bypassed (STROBE tied high)
will require that the ENABLE input be high during serial data entry.

When the ENABLE input is high, all of the output buffers are dis-
abled (OFF) without affecting the information stored in the latches or
shift register. With the ENABLE input low, the outputs are controlied by
the state of the latches.
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SERIES 5840
BiMOS 11 8-BIT SERIAL-INPUT, LATCHED DRIVERS

TYPICAL APPLICATION
RELAY/SOLENOID DRIVER
Using Split Supply
+5V 15V +30V
UCNS843A

CLOCK O—
DATA IN O—

LATCHES

DATA OUT

SHIFT REGISTER
3

STROBE O

OUTPUT o
ENABLE

(ACTIVE LOW)

Dwg. No. A-12.547

TRUTH TABLE

Serial Shift Register Contents Serial Latch Contents Output Contents
Data |Clock Data |Strobe
input [Input (1, I, 1y e I Output | Input | & I, . I | Blanking| I, 1, 1 Iy
H I |H B R, R, R,
L I [L R R, R, R,
X T (R, Ry Ry Rq Rg

XX X X X L R, R, Ry oo R,

PP, Py Py P, H P, P, P, . P, P, Py Py Py

X X X X H HHH H

L = Low Logic Level H = High Logic Level X =Irrelevant P = Present State R = Previous State
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2890 v

SERIAL
3 DATA OQUT

2 SAET v LOGIC SUPPLY
-r ooLl5]

GROUND [1 ]

CLOCK
SERIAL

DATA I 1R e
STROBE Vgsl|3] LOAD SUPPLY
ouTy OUT 4
ouT, [&.} 1] OUT;
OUT; ~>115] 0UTs
ouTq [8 <] ™ {97 0UTs

Dwg. No. 12,639

ABSOLUTE MAXIMUM RATINGS

atT, = +25°C

Output Voltage, Vg

(UCNBBI0A) .. ................ 8oV

(UCNB8S1A) .. ... ... ... ... 50V
Logic Supply Voltage Range,

VgD croveren 45Vto15V
Driver Supply Voltage Range, Vg

(UCNB8J0A) ... ....... .. 20Vto80V

(UCNS891A) .. ... . ... .. 50Vto50V
Input Voltage Range,

Vig oo -0.3VtoV,,+03V
Continuous Output Current,

lQUT r e -500 mA
Allowable Package Power Dissipation,

P See Graph
Operating Temperature Range,

Tacr -20°Cto +85°C
Storage Temperature Range,

T e -55°Cto+150°C

Caution: CMOS devices have input static protection.
but are susceptible to damage when exposed to
extremely high static electrical charges.

5891

BiMOS 11 8-BIT SERIAL-INPUT,
LATCHED SOURCE DRIVERS

Primarily designed for use with thermal or electromagnetic printers,
the UCN5890A and UCN5891A BIMOS |l serial-input, latched drivers
combine an 8-bit CMOS shift register, associated latches, and control
circuitry (strobe and output enable) with Darlington sourcing outputs.
They may also be used with relays or multiplexed LED displays within
their output current limitation of -500 mA per driver.

Except for output voltage ratings, the devices are identical.
The UCNS890A is rated for operation with load supply voltages of
20 V to 80 V and a minimum output sustaining voltage of 50 V. The
UCN5891A is optimized for operation with supply voltages of 5 V to
50 V (35 V sustaining).

BiMOS Il devices have higher data-input rates than the original
BiMOS circuits. With a 5 V logic supply, they will typically operate at
better than 5 MHz. With a 12 V supply, significantly higher speeds are
obtained. The CMOS inputs are compatible with standard CMOS,
PMOS, and NMOS logic levels. TTL or DTL circuits may require the
use of appropriate pull-up resistors to ensure a proper input-logic high.
A CMOS serial data output, allows cascading these devices in multiple
drive-line applications required by many dot matrix, alphanumeric, and
bar graph displays.

All devices are supplied in a standard dual in-line plastic package
with copper lead frame for enhanced package power dissipation
characteristics. A similar driver, featuring reduced output saturation
voltage, is the UCN5895A. Complementary, 8-bit serial-input, latched
sink drivers are the Series UCN5820A.

FEATURES

W 50 V or 80 V Source Outputs

B Output Current to -500 mA

B Output Transient-Suppression Diodes
B 3.3 MHz Minimum Data-input Rate

B Low-Power CMOS Logic and Latches

Always order by complete part number:

f

¢ Part Number | Max.V_
. UCN5890A 80V
| UCN5891A 50V

3-219



5890 AND 5891 ,
BiMOS II 8-BIT SERIAL-INPUT, LATCHED SOURCE DRIVERS
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Dwg. GP-016

TYPICAL INPUT CIRCUIT

Voo

Dwg. No. A-12,520

TYPICAL OUTPUT DRIVER

QVee

out

Dwg. No. A-12.648

FUNCTIONAL BLOCK DIAGRAM

CLOCK

N 0 SR S N N '

SERIAL % 7 T T ¢ ! > O SERIAL
DATA N O—%*D—‘[ lBIBITl SFX.RIlAL ‘PAlRA’iLElL SENIT RELGI{TEXR { J» DATA OUT

STROBE [T ] Juwewes] T T | O Yoo

GROUND

BIPOLAR
O Vs

?

i oUTPUT
ianans i T °<)—§Os~wu
__Mos____

OUTy OUT, 0UT3 OUTy OUTg OUT, OUT; OUTy

Dwg. No. A-12,654

Number of Max. Allowable Duty Cycle

Outputs ON at at T, of

loyr = -200 mA 50°C 60°C 70°C
8 53% 47% 41%
7 60% 54% 48%
6 70% 64% 56%
5 83% 75% 67%
4 100% 94% 84%
3 100% 100% 100%
2 100% 100% 100%
1 100% 100% 100%
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5890 AnND 5891
BiMOS 11 8-BIT SERIAL-INPUT, LATCHED SOURCE DRIVERS

ELECTRICAL CHARACTERISTICS at T, = +25°C, V,, = 80 V (UCN5890A) or 50 V
(UCN5891A), Vop = 5 V to 12 V (unless otherwise noted).

Limits
Characteristic Symbol Ves Test Conditions Min. Max. Units
Output Leakage Current lcex Max. T,=+25°C — -50 HA
T, =+70°C — 100 | A
Output Saturation Voitage VCESAT) 50V lour = -100 mA — 1.8 \
lour = 225 mA — 1.9 \
lour = -350 mA — 20 v
Output Sustaining Voltage Veeisus) Max. loyr =350 mA, L = 2 mH, UCN5891A 35 — \%
loutr = -350 mA. L = 2 mH, UCN5890A 50 — \
Input Voltage V‘NM) 50V Vpp=5.0V 3.5 5.3 \
Vpp=12V 10.5 12.3 \
Vino 50 V Vpp=5Vio12V -0.3 +0.8 \
Input Current lle 50V Vop=Vin=50V — 50 HA
Vo=V, =12V — 240 HA
Input Impedance Z 50V Vop =50V 100 — kQ
Vop =12V 50 — kQ
Clock Frequency f 50V 3.3 — MHz
Serial Data Output Raur 50V Vpp =50V — 20 kQ
Resistance Vo 12V — 50 O
Turn-ON Defay [ 50V Output Enable to Output, | 1 = -350 mA — 2.0 us
Turn-OFF Delay tonl 50V Output Enable to Output, |, - = -350 mA — 10 us
Supply Current lsg 50V All outputs ON. All outputs open — 10 mA
All outputs OFF 3 — 200 HA
oo 50V ) \;[;D =5V, All outputs OFF, Inputs = 0 V — 100 uA
Vpp = 12V, Alloutputs OFF, Inputs = 0 V — 200 pA
Vpp =5V, One output ON. All Inputs =0 V — 1.0 mA
Vpp = 12V, One output ON, All Inputs = 0 V — 3.0 mA
Diode Leakage Current [ Max T,=+25C — 50 uA
T,=+70°C — 100 uA
Diode Forward Voltage Ve Open le = 350 mA - 2.0 '

NOTE: Positive (negative) current is defined as going into (coming out of ) the specified device pin.
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5890 AND 5891
BiMOS II 8-BIT SERIAL-INPUT, LATCHED SOURCE DRIVERS

e

DATA IN_J_ l ____________
E F
T
STROBE l ____________
OUTPUT }
ENABLE B
OUTN l___!
Dwg. No. A-*2.649
TIMING CONDITIONS
(Vyp = 5.0V, Logic Levels are V|, and Ground)
A. Minimum Data Active Time Before Clock Pulse

Serial Data present at the input is trans-
ferred to the shift register on the logic “0” to
logic “1” transition of the CLOCK input pulse.
On succeeding CLOCK pulses, the registers
shift data information towards the SERIAL
DATA OUTPUT. The SERIAL DATA must
appear at the input prior to the rising edge of
the CLOCK input waveform.

information present at any register is
transferred to the respective latch when the
STROBE is high (serial-to-paraliel conver-
sion). The latches will continue to accept new
data as long as the STROBE is held high.
Applications where the latches are bypassed
(STROBE tied high) will require that the
OUTPUT ENABLE input be high during serial
data entry.

When the QUTPUT ENABLE input is
high, all of the output buffers are disabled
(OFF) without affecting the information stored
in the latches or shift register. With the

A (Data Set-Up Time) .. ... ... .. . 75 ns OUTPUT ENABLE input low, the outputs are
B. Minimum Data Active Time After Clock Pulse controlied by the state of their respective
(DataHold Time) . . ... .o i 75 ns latches.
C. Minimum DataPulse Width . . ............. ... ... .. ... .. ... 150 ns
D. Minimum Clock Puise Width . . ............. ... ... .. ... ... 150 ns
E. Minimum Time Between Clock Activation and Strobe . . ... ....... 300 ns
F. Minimum Strobe Pulse Width ... ... ......... ... .. ... .. ..., 100 ns
G. Typical Time Between Strobe Activation and
Output Transition . . .. ... . o 1.0us
TRUTH TABLE
Serial Shift Register Contents Serial Latch Contents Output Contents
Data {Clock Data |Strobe Output
Input |input |t I, I, o Iy Output | Input [P l Iy | Emable | 1 1, I bt Wy
H I |H R R Rz B Rt
L I |t R R Ruz Ru Rt
X 1 |R R R Ry B Ry
X X X X X X R, R, R, Ry, Ry
Py Py Py Put P Py H P, P, Py Pnaa Py L P, Py Py Put Pu
X X X X X H L L L L

L = Low Logic Level H = High Logic Level X = Irrelevant P = Present State

R = Previous State

3
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5890 AnND 5891
BiMOS II 8-BIT SERIAL-INPUT, LATCHED SOURCE DRIVERS

TYPICAL APPLICATIONS
SOLENOID OR RELAY DRIVER

+5V +48V

r—> DATA OUT

DATA IN O ——QO OUTPUT ENABLE
(ACTIVE LOW)

Dwg. No. A- 12,548

MULTIPLEXED INCANDESCENT LAMP DRIVER

>
> © x wv
o ~ P5
o r—g’:
¢ 9 3o
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<ol 5
—> ot 54 Z x W o5
e o <« =
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54 3& 8 o 58+
DATA IN O ofa ol 2 :
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STROBE © z
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TO OTHER SEGMENTS TO OTHER DIGITS

Dwg. EP-024
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UCNS38935A

GROUND [T ] [16] SERIAL

DATA OUT

ouTs [B34<] > 197 ouTs

Dwg. No. A-12,639

ABSOLUTE MAXIMUM RATINGS
atT, = +25°C

Output Voltage, V

ouTt

(UCNB8S5A/EP) . ... ... ... ... 50V

(UCN5895A-2) .. .............. 25V
Logic Supply Voltage Range,

Vop @ rrrre e 45Vto12V
Driver Supply Voltage Range, Vg

(UCNS895A/EP) . ... .. .. 50Vto50V

(UCN5895A-2) .. ....... 50Vto25V
Input Voltage Range,

Vi o -03VtoV,,+03V
Continuous Output Current,

bour e -250 mA
Allowable Package Power Dissipation,

Po See Graph
Operating Temperature Range,

Tp e -20°C to +85°C
Storage Temperature Range,

Te o -55°C to +150°C

Caution. CMOS devices have input static protec-
tion. but are susceptible to damage when exposed
to extremely high static electrical charges

CLOCK - Vool 15] LOGIC SUPPLY
SERIAL OUTPUT
OF
sz o T +Roeun
STROBE - LATCHES Vsa LOAD SUPPLY
ouT; “ [12] ouT g
out, (& 1< > {i] outy
ouT; [7 1<} ™>{ig] OuT

BiMOS II 8-BIT SERIAL-INPUT,
LATCHED SOURCE DRIVERS

UCN5895A and UCN5895EP BIMOS [l serial-input, latched source
drivers are designed for use in applications requiring low output-
saturation voltages and currents to -250 mA per driver. Each driver
combines an 8-bit CMOS register, associated latches and control
circuitry (strobe and output enable), with saturated bipolar emitter-
follower outputs. Typical loads are low-voltage LEDs and incandescent
displays. They can also be used with multiplexed LED displays, thermal
printers, or electromagnetic printers within their output limitations.

The UCN5895A and UCNS895EP are rated for operation with
supply voltages to 50 V and feature a minimum output sustaining
voltage of 35 V. The more economical UCN5895A-2 is for use with
supply voltages to 25 V (15 V sustaining). Under normal operating
conditions, at +25°C, all outputs will source -120 mA continuously
without derating. Similar drivers, featuring Darlington outputs for
increased output ratings, are the UCN5830A and UCN58391A.

BiMOS Il devices can operate at greatly improved data-input rates.
With a 5 V supply. they will typically operate at better than 5 MHz. At
12 V, significantly higher speeds are obtained.

The CMOS inputs provide for minimum loading and are compatible
with standard CMOS, PMOS, and NMOS circuits. TTL or DTL circuits
may require the use of appropriate pull-up resistors to ensure a proper
input-logic high. A CMOS serial data output allows cascading these
devices in multiple drive-line applications required by many dot matrix,
alphanumeric, and bar graph displays.

These devices are rated for continuous operation over the tempera-
ture range of -20°C to +85°C. Because of limitations on package power
dissipation. the simuitaneous operation of all output drivers may require
a reduction in duty cycle. The UCN5895A and UCN5895A-2 are
supplied in standard 16-pin dual in-line plastic packages with copper
lead frames for increased allowable package power dissipation. The
UCN5895EP is supplied in a 20-lead plastic leaded chip carrier for
minimum area, surface-mount applications.

FEATURES

B | ow Qutput-Saturation Voltage

B Source Qutputs to 50 V

W OQutput Current to -250 mA

B 3.3 MHz Minimum Data-Input Rate
B Low-Power CMOS Logic & Latches

Always order by complete part number, e.g., UCN5895A-2 .
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ALLOWABLE PACKAGE POWER DISSIPATION IN WATTS

3895
BiMOS 1I 8-BIT SERIAL-INPUT, LATCHED SOURCE DRIVERS

N
13

n
=3

1.0
05 \

0

25 50 75 100 125 150

AMBIENT TEMPERATURE IN °C

Dwg. GP-026

TYPICAL INPUT CIRCUIT

Yoo

Dwg. No. A-12 528

TYPICAL OUTPUT DRIVER

Vgs

out

Dwg. No. A-12 655

FUNCTIONAL BLOCK DIAGRAM

(‘A> Package Pin Numbers Shown)
cLock @—;—{>
SERIAL

ITI,I,I'IYI,T|1 SERI
DATA IN @—E—D—{ 8-8i1 SERIAL;PARA}LEL SHIFT REG\STER J_D—qa v '&”
RN

P 1 [ T ]

® Voo

ouTPyT
’Q’;@’ ENABLE

/ @ Vs

STROBE l wicHes |

GROUND

BIPOLAR

5
OUTy OUT, OUT; OUT, OUTs OUT, OUT; OUTg

Dwg. No. A-12,654

UCNSS95EP
5

Lz % 40 >
< S <497
S« 2
T O @r oo
L <€ a w< o>
wna 6 o Sn

[ 2] cLock
119]

CLK
Voo

QUTPUT
Ne (e ENABLE
STROBE [ IsT NC
LOAD LOAD
SUPPLY REGISTER SUPPLY
0UTy < LATCHES oUTg
NC [8] ouUT

Dwg. No. A-14,368
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5895
BiMOS II 8-BIT SERIAL-INPUT, LATCHED SOURCE DRIVERS

ELECTRICAL CHARACTERISTICS at TA = +25°C, VBB = 50 V (UCNS3S895A/EP) or 25 V
{(UCNB895A-2), Vpp=3Vte 12V (unless otherwise noted).

Limits
Characteristic Symbol Test Conditions Min. Max. Units
Output Leakage Current loex T, =+25°C - -50 A
T, =+70°C — -100 uA
Output Saturation Voltage Vegsan loyr =60 MA — 1.1 \
IOUT=<12O mA — 1.2 \
Qutput Sustaining Voltage CE(sus) lgyr=-120mA, L =2mH, UCNS5895A/EP only 35 — Vv
IOUT =-120 mA, L = 2 mH, UCN5895A-2 only 15 — Y
Input Voltage Vle Vpp =50V 3.5 53 v
Vg =12V 105 123 v
Vivo) Vop=5Vto 12V 03 +08 v
Input Current Ime Vop=V,y=50V - 50 uA
VDD = V”\I =12V — 240 uA
Input Impedance Z, Vpp=50V 100 — kQ
Vpp =12V 50 — kQ
Clock Frequency foik 33 — MHz
Serial Data-Output Rout Vpp=50V — 20 kQ
Resistance
V=12V — 6.0 kQ
Turn-ON Delay toin Output Enable to Output, |, = -120 mA — 2.0 us
Turn-OFF Delay tonL Output Enable to Output, |, = -120 mA — 10 us
Supply Current tes All outputs ON, All outputs open - 10 mA
All outputs OFF — 200 UA
oo Vop =5V, All outputs OFF, Inputs = 0 V — 100 nA
Vop = 12V, All outputs OFF, Inputs = 0 V — 200 uA
Vpp =5V, One output ON, All inputs = 0 V — 1.0 mA
Vpp =12 V, One output ON, All inputs =0 V — 3.0 mA
Diode Leakage Current [ V=25V, T, = +25°C — 50 UA
Vp=25V, T, =+70°C - 100 A
Diode Forward Voltage Ve fe = 120 mA — 2.0 \

NOTE: Positive {negative) current is defined as going into (coming out of) the specified device pin.
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5895
BiMOS 11 8-BIT SERIAL-INPUT, LATCHED SOURCE DRIVERS

R s

STROBE

QUTPUT 1 l L.___

ENABLE 6

ouTt |

N

Dwg. No. A-12,649A

TIMING CONDITIONS
(Vpp = 3.0 V, Logic Levels are V,p and Ground)

A. Minimum Data Active Time Before Clock Pulse

(Data Set-Up Time) . .. ... . . 75 ns
B. Minimum Data Active Time After Clock Pulse

(DataHold Time) . . ... ... ... . . 75 ns
C. Minimum Data Pulse Width ... ......... .. ... .. .. .. ... .. ... 150 ns
D. Minimum Clock Pulse Width . ... .......... .. ... ... .. ... ... 150 ns
E. Minimum Time Between Clock Activation and Strobe . .. .. ... .. .. 300 ns
F. Minimum Strobe Pulse Width . .. .. ... ... .. .. .. .. ... ... . ... 100 ns
G. Typical Time Between Strobe Activation and

Qutput Transition . ... ... . 1.0us

Serial Data present at the input is transferred to the shift register on
the logic “0" to logic “1" transition of the CLOCK input puise. On suc-
ceeding CLOCK pulses, the registers shift data information towards the
SERIAL DATA OUTPUT. The SERIAL DATA must appear at the input
prior to the rising edge of the CLOCK input waveform.

Information present at any register is transferred to the respective
latch when the STROBE is high (serial-to-parallel conversion). The
latches will continue to accept new data as long as the STROBE is held
high. Applications where the latches are bypassed (STROBE tied high)
will require that the OUTPUT ENABLE input be high during serial data
entry.

When the OUTPUT ENABLE input is high, all of the output buffers
are disabled (OFF) without affecting the information stored in the
latches or shift register. With the OUTPUT ENABLE input low, the
outputs are controlled by the state of their respective latches.
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5895
BiMOS II 8-BIT SERIAL-INPUT, LATCHED SOURCE DRIVERS

TYPICAL APPLICATION
+12v
UCNS895A o

DATA OUT
PER DIGIT

(ACTIVE

t—————3> FOR >8 SEGMENTS

————O OQUTPUT ENABLE

LOW)

DATA OUT

STROBE O

OUTPUT o
ENABLE

LATCHES

v

N—
TO OTHER SEGMENTS

TO
OTHER
DIGITS

R Otitat //!l//!!r/f 4«!?

Dwg. No. B-1541

TRUTH TABLE

Serial Shift Register Contents Serial Latch Contents Output Contents
Data |Clock Data |[Strobe Output
Input [Input {1, 1, | ey W Output { Input { L L |, .. |, & | Enable Loy Iy
H I H R1 RZ RN—Z RN 1 RN 1
L It R R Pz B AV
X 1 R R Ry Ryt By R

X X X X X X R, R, R Ru.1 Ry

P1 P2 PS erT F)N PN H P1 P2 P3 PN*T PN P2 P3 PN1 F’N

X X X X X H L . L L

L = Low Logic Level

H = High Logic Level

X = lrrelevant

P = Present State

R = Previous State
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6116 ivo

6118

FLUORESCENT DISPLAY DRIVERS

Consisting of six or eight NPN Darlington output stages and the
UDNG6116A/R associated common-emitter input stages, these drivers are designed
to interface between low-level digital logic and vacuum fluorescent
displays. All devices are capable of driving the digits and/or segments
of these displays and are designed to permit all outputs to be activated
simultaneously. Pull-down resistors are incorporated into each output
and no external components are required for most fluorescent display
applications. The highest voltage parts (suffix A-1) are also used in
gas-discharge display applications as anode (digit) drivers.

Eleven standard devices are listed, so that a circuit designer may
select the optimum device for his application. Input characteristics,
number of drivers. package style, and output voltage are tabulated for
each device in the Device Type Number Designation chart. With any
device, the output load is activated when the input is pulled towards the
positive supply (active "high’). Ail units operate over the temperature
range of -20°C to +85°C.

FEATURES

B Digit or Segment Drivers

B Low Input Current

B Integral Output Pull-Down Resistors
B High Output Breakdown Voltage

B Single or Split Supply Operation

Cwg. No. A-9642A

ABSOLUTE MAXIMUM RATINGS

atT, = +25°C
Supply Voltage, Vg,
(suffix A,LW,orR) . ............. 85V
(suffix A1y ..o 115V
(suffix A-20rR-2) ... ....... ..., 65V
Input Voftage, V... ............. .. 20V
Output Current, IOUT .............. -40 mA
Allowable Package Power Dissipation,
P See Graph

Operating Temperature Range,

-20°Cto +85°C
Storage Temperature Range,

-55°Cto +150°C

Caution. The high inputimpedance of these devices
makes them susceptible to static discharge damage
associated with handling and testing. Techniques

gm’ﬂfe”;‘,’selgssgfo’ha”d/’”g MOS devices Always order by complete part number, e.g., [UDN6118R-2 | .
pioyea See matrix on third page. Note that all devices are not available in all
package types.
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6116 AND 6118
FLUORESCENT DISPLAY DRIVERS

UDNG6116A/R* UDNG6118A/R* UDNG118SLW

—
©

H

7

H
i

6

S

]

i

3

2

Ha

=]

=)

@
—
[=]

i

H

1

Dwg. No. A-9643A Dwg. No. A-9641A Dwg. No. A-14,370

* Always specify complete part number, such as: .

NG

T T

18- & 20-PIN DIP, R,y = S6°CW

L 16-PIN DIP, Ry, = 60°CAW
:

18-PIN GERDIP, R o, = 65°C/W

UD N 6116 A -2
T _ INSTRUCTIONS: SELECTED VERSION. SEE
TYPE NUMBER DESIGNATION, NEXT PAGE

PACKAGE: A =PLASTIC DIP
LW = PLASTIC SOIC
R = CERAMIC DIP

DEVICE TYPE.

OPERATING TEMPERATURE RANGE.
N = -20°C to +85°C

FAMILY. UD = DIGITAL DRIVERS

0.5)

16-PIN CERDIP, Ry, = 75°C/W
18-LEAD $OIC, R g 5= 85°C/W.

ALLOWABLE PACKAGE POWER DISSIPATION IN WATTS

o]
25 50 75 100 125 150
AMBIENT TEMPERATURE IN °C

Dwg. GP-022
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6116 AND 6118
FLUORESCENT DISPLAY DRIVERS

DEVICE TYPE NUMBER DESIGNATION

No. of No. of Type Number
Input Compatibiity Drivers Vour Pins Plastic DIP Ceramic DIP Piastic SOIC
60V 16 UDN6116A-2 UDN6116R-2 —
6 80V 16 UDN6116A UDN6116R —
5V TTL, CMOS 110V 16 UDN6116A-1 — —
60 V 18 UDN6118A-2 UDN6118R-2 —
8 80V 18 UDN6118A UDN6118R UDN6118LW
110V 18 UDNB118A-1 — —

PARTIAL SCHEMATIC
ONE DRIVER (ALL TYPES)

ouTPUT

Dwg. No. A-10.592C

RIN RB

10 kQ 30 k2
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6116 AND 6118
FLUORESCENT DISPLAY DRIVERS

ELECTRICAL CHARACTERISTICS (over operating temperature range).
Note: All Values Specified At —

Suffixes A Lw R A-1 A-2 R-2
Vg = 80 80 80 110 60 60 Valts
Applicable Devices Limits
Characte ristic Symbol | Basic Part. No. Suffix Test Conditions Min. Typ. Max. | Units
Output Leakage Current lout All All V=04V — — 15 HA
Output OFF Voltage Vour All All V=04V — — 1.0 \
Output Pull-Down Current lout All A LW, orR 450 650 1100 uA
B A-1 B Input Open, Vaur = Vag ﬂéOO 900 1500 UA
A-2 or R-2 | 350 500 775 A
Output ON Voltage Vour All A LW, or R 77 78 —
At | vg=2avig,=25mA | 107 108 — | v |
A-2 or R-2 57 58 —
Input ON Surrent [ All All Vy=24V — 120 225 WA
Vin= 5.(5 \ R . 375 650 pHA
Supply Current s 1 All All Al inputs Open — 10 100 uA
UDN6116 AorR All Inputs = 2.4 V — 50 75 mA
A-1 Two lnputs = 2.4V — 25 45 mA
A-20orR-2 AIIﬁ |;1puts =24V — 40 6.0 rﬁAi
UDN6118 A, LW, or R MAII Inputs = 2.4 V — 6.0 9.0 mA
. A-1 vao Inputs =2.4 V . — 2’5 45 mA ‘
B A-ZXRTZ ﬁ*AIIVInputs =24V | = 55 w8.0 mA
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6116 AND 6118
FLUORESCENT DISPLAY DRIVERS

RECOMMENDED OPERATING CONDITIONS

Applicable Devices Limits
Characteristic Symbol | Basic Part. No. Suffix Test Conditions Min. Typ. Max.| Units
Supply Voltage Vs UDN6116/18 A LW, or R 5.0 — 70 \
A-1 5.0 — 100 \Y
A-2 or R-2 5.0 — 50 \
Input ON Voltage Vin UDN6116/18 All 2.4 — 15 \
Output ON Current lour All Al — —  -25 mA

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

TYPICAL MULTIPLEXED FLUORESCENT DISPLAY

Vae
SEGMENT SELECT §
UDN6118
LI I‘ - “I -F ]
DIGIT SELECT I _ - 1 I
UDNGT I8 —_ - — =
D | O ————— J\\I O
| o N} —— —_— ——— —
'
A
i
P, I = (S S S
y VBiAs
' VEIL

il

Dwg. No. A-10,2618
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7003

HIGH-VOLTAGE, HIGH-CURRENT
DARLINGTON ARRAY

Containing seven high-voitage, high-current Darlington power
drivers, the ULN7003A is designed for interfacing between TTL or MOS
logic and a variety of peripheral loads such as relays, stepper motors,
print heads, and lamps. The four open-collector Darlington outputs
feature 150 V minimum breakdowns (90 V sustaining) and integral
power diodes for switching inductive loads.

The ULN7003A includes input current-limiting resistors for opera-
tion from TTL or CMOS operating at a nominal supply voltage of 5 V.

The high sustaining voltage rating of this device makes it ideal for
inductive load applications where Zener diode flyback techniques are
used. The increased flyback voltage provides a much faster inductive
load turn-OFF current decay which is especially useful with stepper
motors and printheads.

The ULN7003A is pinned with outputs opposite inputs to facilitate
ease of circuit board layout. It is supplied in a 16-pin plastic dual in-line
package with a copper lead frame to maximize their device power
dissipation capabilities.

FEATURES

W 150 V Minimum Output Breakdown
M 90 V Minimum Sustaining Voltage
M 300 mA Output Current

B Internal High-Current Clamp Diodes
M Logic-Compatible Inputs

Pwg. No. A-9594

ABSOLUTE MAXIMUM RATINGS
at T, = +25°C

Output Voltage, Vg - ovoono v 150 V
Output Sustaining Voltage,

VCE(sus) .................... aovVv
Output Current, I . ............. 300 mA
Input Current, | ..o 25 mA
Package Power Dissipation,

Py See Graph
Operating Temperature Range,

Tpoo o -20°C to +85°C
Storage Temperature Range,

P -55°C to +150°C

Output current may be limited by duty cycle,
number of drivers operating, ambient temperature,
and heat sinking. Under any set of conditions, do
not exceed the specified maximum current rating
or a junction temperature of 150°C.

Always order by complete part number: ULN700§Aj.
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7003
HIGH-VOLTAGE, HIGH-CURRENT DARLINGTON ARRAY
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Dwg. GP 016

A Zener diode can be used to increase the flyback
voltage. This gives a much faster inductive load turn-OFF
current decay. The maximum Zener voltage plus the load
supply voltage plus the internal diode forward voltage
must not exceed the device's rated sustaining voltage

4 Vee *Vz o+ Vr

——— o VeC v VE

OuUTPUT
VOLTAGE
<
o
o

VeE (sAT) —

1
ouT l)/—ZENER CLaMP
DIODE CLAMP

K;;__.
Teex

OUTPUT
CURRENT

Dwg. WP-001

PARTIAL SCHEMATIC
(ONE OF SEVEN DRIVERS)

SWITCHING DELAY TEST CIRCUIT

tog
TURN OFF

PULSE
GENERATOR
PRR = 10 kHz
DC = 50%

Dwg. No. A-9651

Dwg. WP-010

Dwg. EP-020
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7003
HIGH-VOLTAGE, HIGH-CURRENT DARLINGTON ARRAY

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

Limits

Characteristic Symbol Test Conditions Min. Typ. Max. Units
Output Leakage Current feex Vee= 150V — — 50 UA

Vee=150 V. T, =+70°C — — 100 HA
Output Sustaining Voltage VCE(SUS) lc=200mA, L=2mH 90 — — \
Output Saturation Voltage Vcasm to=100 mA, 1 =250 uA — 1.1 1.3 v

I, =250 mA, | =350 uA — 1.3 1.6
Input Current ‘IN(ON) V=385V - 0.93 1.35 mA

InoFF) lo=500 uA, T, = +70°C 50 65 — uA

Input Voltage VlN(ON) Vee=2.0V, I, =200mA — — 2.4

Ve =20V, 1, =250 mA — — 2.7 \
Input Capacitance C — 15 25 pF
Switching Delay tpd Turn On, | = 250 mA — 0.05 0.5 us

Turn Off, lC =250 mA — 0.5 1.0 us
Clamp Diode Leakage Current Ia V=150V — — 50 uA

Vg =150V, T, =+70°C — — 100 HA
Clamp Diode Forward Voltage Ve £= 250 mA — 1.7 2.0 \

Typical Data is for design information only.
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7003
HIGH-VOLTAGE, HIGH-CURRENT DARLINGTON ARRAY

ALLOWABLE PEAK INPUT CURRENT
COLLECTOR CURRENT AS A AS A FUNCTION OF INPUT VOLTAGE
FUNCTION OF DUTY CYCLE

at T, = +30°C at T, = +25°C
300
2.5
9
3 ;
2 NN ~ T
l ~ 2 P
< \\\\ i~ , 0
i 200 - B - = e N N\Pj“ -
z B -
= - l\\ < s NS -
g P z T et
g HNUMBER CF CUTPUTS t - "
© CONDUGTING ! - ’,1
H S.MULTANECUSLY Z 1.0 Wy
5 : NN
ot po)
o
3 — 0.5 Q\ AREA OF NORMAL
x — ] 2 X S OPERATION WITH
3 z STANDARD OR
0 SCHOTIKY TTL
ﬂo 23 a0 [ H tco 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0
PER CENT DUTY CYCLE INPUT VOLTAGE - VlN

Dwg. No. A-9756B

Dwg. GP-015

atT = +70°C

NUMBER OF CUTF T8
CONDUCTING P
SIMULTANEC

PEAK COLLECTOR CURRENT IN mA AT +70°C

an [ 2 150
PER CENT DUTY CYCLE

D GP-615-1
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Dwg. No. A-9640A

ABSOLUTE MAXIMUM RATINGS

at + 25°C
Supply Voltage, Vi, -+ .o oo 115V
Input Voltage, VIN ................ +20V
Output Current, Iy oo oo vt 20 mA
Power Dissipation, Py . ........... 22W*
Operating Temperature Range,
TA ................. -20°C to +85°C
Storage Temperature Range,
Tg oo -65°C to +150°C

“Derate at the rate of 18 mW/°C above 25°C

Due to the high input impedance of these devices,
they are susceptible to static discharge damage
sometimes associated with handling and testing.
Therefore, techniques similar to those used for
handling MOS devices should be employed.

GAS-DISCHARGE DISPLAY
SEGMENT DRIVER

The UDN7180A segment driver is a monolithic high-voltage bipolar
integrated circuit for intertacing between MOS or other low-voltage
circuits and the cathode of gas-discharge display panels.

These drivers reduce substantially the number of discrete compo-
nents required with panels (Beckman, Burroughs, Dale, Matsushita,
NEC, Pantek, etc) in calculator, clock and instrumentation applications.

The UDN7180A driver requires external current limiting and is
intended for higher-current applications or where individual outputs are
operated at different current levels (i.e. with alpha-numeric displays).
All inputs have pull-down resistors for direct connection to open-drain
PMOS logic.

This device provides output currents suitable for display segments
in a wide variety of display sizes and number of display digits. Either a
fixed split supply operation or a feedback-controlled scheme is allowed.

The UDN7180A driver can be used in a wide variety of low-level to
high-voltage applications utilizing gas-discharge displays such as those
found in calculators, clocks, point-of sale terminals, and instruments. its
high reliability combined with minimum size, ease of installation, and the
cost advantages of a complete monolithic interface make it the ideal
choice in many applications.

FEATURES

M Reliable Monolithic Construction
M High Output Breakdown Voltage
o Low Power

B TTL/MOS Compatible Inputs

Always order by complete part number:| UDN7180A |.
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7180
GAS-DISCHARGE DISPLAY SEGMENT DRIVER

ELECTRICAL CHARACTERISTICS at T, = + 25°C, Vik = 110V (unless otherwise specified).

Characteristic Symbol Test Conditions Min. Typ. Max. | Units
4 yp
Output ON Voltage Von Allinputs at 2.4V, |5 =14 mA -105 -108 — %
Output OFF Voltage Vorr Altinputs at 0.4 V, Reference Vik 76 84 — \
Qutput Current lon Allinputs at0.4 V, V,, =-110V, Test output held at -66 V -95 -120 -155 HA
“SENSE)
Input High Current by Testinputat2.4 V, Other inputsat 0 vV — 100 200 A
Input Low Current he Testinputat 0.4V, Oneinputat 2.4V, Otherinputs at 0.4 V — 1.0 10 uA
Supply Current hew Allinputs at0 vV — -125 -175 HA
NOTES: 1. All voltage measurements are referenced to pin 9 uniess otherwise specified.
2. Alt voltage measurements made with 10MQ DVM or VTVM.
3. Recommended Vi operating range -85t0 -110 V.
4. Positive {negative) current is defined as going into (coming out of) the specified device pin.
PARTIAL SCHEMATIC
FJPJ T o )
| @
| t
| 18 K [
GND | !
&— ' L
I |
o I }
| : R, = 350 kQ
: | R2 =00
| i
[ !
27K |
|
| |
YK | l
® | |
CCwON 3ASING NETYORK LOL\IE_OF_EVC;HT CRIVERS .

Dwg. No. A-9644C
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supeLY VBs FOOM
CENTERTAP Cpi
Cst ° €p2
Cwp READWRITE
oUTA CHIP SELECT
GROUND GROUND
GROUND GROUNO
outg [8 | 4 CLOCK
oute [ | ‘ RESET
NOT USABLE [T9 ] 519088,
TACH [14] pATA
REF FILTER
Dwg. PP-032

ABSOLUTE MAXIMUM RATINGS
at T, = +25°C
Load Supply Voltage, Vgg .ooovon. Vi, + 1.0V
Output Current, 15, {peak) .

(continuous) ............ .
Logic Input Voltage Range,

Vi e -0.3:Vto vV, +03V
Logic Supply Voltage, V. oo 6.0V
Package Power Dissipation;

P v i g See Graph

Operating Temperature Range
T -20°C to +85°C

Junction Temperature, T, ............... +150°Ct
Storage Temperature Range,
T, -55°C to +150°C

+ Fault conditions that produce excessive junction
temperature will activate device thermal shutdown
circuitry. These conditions can be tolerated, but
should be avoided.

Output current rating may be restricted to a value
determined by system concerns and factors.
These include: system duty cycle and timing,
ambient temperature, and use of any heatsinking
and/or forced cooling. For reliable operation, the
specified maximum junction temperature shouid
not be exceeded.

8901 |

3-PHASE BRUSHLESS DC MOTOR
CONTROLLER/DRIVER WITH BACK-EMF SENSING

The A8901SLB is a three-phase DMOS back-EMF sensing spindle ‘
motor driver for use in 5 V Winchester disc drives. The power output

stages are capable of 1 A output currents and have 1.4 Q (total resis-

tance) DMOS power outputs for low power dissipation. Intrinsic ground

clamp and flyback diodes are provided for driving inductive loads.

Thermal shutdown circuitry is provided to protect the device from

excessive junction temperatures.

Internal logic and analog deteetion circuitry provide complete
sequencing of the outputs during start-Up.and run modes without the
need for external Hall-effect position-sensing devices. Internal linear
control of the output current is used in conjunction with external circuitry
to provide frequency- or phase-locked loop speed control. A serial port
allows the user flexibility in-pregramming the maximum start-up current
level, sleep mode, and system diagnostics.

The A8901SLB is pibvided in a 24-lead wide-body, small-outline
plastic powerpackage (SOIC) for surface-mount applications. The
copper batwing.provides for maximum package power dissipation in
the smallest possible construction.

FEATURES

M DMOS Outputs

BLow 1y, -1.4 Q@ Maximum Total

] Back—EMF Commutation Circuitry
W Programmable Start-Up Current

M Diagnostics Mode

8l Sleep Mode

M Linear Current Control

M internal Thermal Shutdown Circuitry
B Power Surface-Mount Package

Always order by complete part number: A8901SLB].
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8901
3-PHASE BRUSHLESS DC MOTOR CONTROLLER/DRIVER

[
E 25 FUNCTIONAL BLOCK DIAGRAM
z
z Ry =7°CW
é 20 Cst Veg VReT
<
£ T P
245 CENTERTAP «—
Cp1 O—| Backemr |- STARTLP [ OUTA
E Cpg O—{DETECTION OSCILLATOR POWER
) Poun =50°C:W c CIRCUITRY DMOS |—» OUTB
10 wp O— OUTPUTS
w FCOM w—| > ouTc
E 05 CLOCK O— T
o CHIP SELECT o _— l_a! SEQUENCER
-
- _DATA O— “romr currenT | T oM
£, READWRITE O—] CONTROL [~ REF
5 25 50 75 100 125 150 RESET O— —O FILTER
< TEMPERATURE IN °C
Dwg. GP-01g
Dwg. FP-017A
ELECTRICAL CHARACTERISTICS at TA = +235°C, VBB = VDD =30V
Limits
Characteristic Symbol Test Conditions Min. Typ. Max. Units
Logic Supply Voltage Vi Operating 4.5 5.0 55 \
Logic Supply Current log Operating — 7.5 10 mA
Sleep Mode — — 500 uA
Load Supply Voltage Vas Operating — — Vgt 1 \
Thermal Shutdown T, — 165 — °C
Thernal Shutdown Hysteresis AT — 20 — “C
Output Drivers
Output Leakage Current lpex Vour =70V — — 300 LA
Vour =0V — — -300 HA
Total Output ON Resistance Tog o lour = 900 mA, Pulse Test — 1.2 1.4 Q
(Source + Sink + Ry)
Output Sustaining Voltage Vise s lour =900 mA. L =3 mH 6.0 — —
Clamp Diode Forward Voltage Ve l.=10A — 1.0 1.5

Continued next page...
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ELECTRICAL CHARACTERISTICS continued

Limits
Characteristic Symbol Test Conditions Min. Typ. Max. Units
Control Logic
Logic Input Voltage N©) DATA, RESET, CLK, REF, 0.3 — 15 v
e R/W, TACH, CHIP SELECT 35 - 53
Logic Input Current llN(O) Vy=0V — — -0.5 HA
NS V=50V — — 1.0 uA
Logic Output Voltage ouT() loyr = 500 A — — 15
(DATA and FCOM) Ut louy = 500 pA 35 _ _
Cgy Current lest Charging 16 20 28 A
Discharging -16 -20 -28 LA
Filter Current It Ten Charging 8.0 10 15 pA
Discharging -8.0 -10 -15 HA
G, Current leo Charging 16 20 30 UA
(Cyy 0rCpy) Discharging -35 -44 72 UA
C, Current Matching — ‘CD(DISCHRG)”CD(CHRG) 2.0 2.2 2.4 —
C,yp Current lewp Charging 16 20 28 uA
Cyp Trip Voltage T 0.45 0.50 0.55 \
™ 2.25 2.50 2.75 \
Clock Frequency foik 3.3 —_ — MHz
lour(MAX) Accuracy — lour(MAX) = 0.8 Aor1.0A — — +20 Yo
Transconductance Gain g, 0.40 0.50 0.60 AN
Centertap Resistors R 55 10 12 kQ
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134

m

SERIAL PORT TIMING CONDITIONS

WRITE _MODE

CHIP SELECT I I

READ/WRITE

ctock RN |||||||||

oA NN [ 1 MY

p/o Dwg. WP-014

Minimum READ-WRITE and CLOCK setup time
before CHIP SELECT ..o,

Minimum DATA setup time before CLOCK rising edge . .
Minimum DATA hold time before CLOCK falling edge .....................
Minimum READ WRITE hold time after CHIP SELECT disable ........ 150 ns

READ MODE

CHIP SELECT l I

READ/WRITE

2
}
s
T

DATA OUTPUT RN

N

CLOCK

1 P

pio Dwg. WP-014

Minimum READ WRITE setup time before CHIP SELECT .
Minimum time until output DATA valid ..o
Minimum READ WRITE hold time after CHIP SELECT disable ........ 150 ns
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TYPICAL APPLICATION

FIGURE 1
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FUNCTIONAL DESCRIPTION

Power Outputs. The power outputs of the
A8901SLB are DMOS transistors with a total
source plus sink r, . of less than 1.4 Q.
Intrinsic ground clamp and flyback diodes
(see Figure 1) clamp transient voltage spikes
when switching inductive loads. Internal
charge pump circuitry is used to drive the
gates of the N-channel source drivers to their
required gate voltages. The truth table for the
output drivers sequencing is:

SEQUENCER

STATE out, | out, | out,
1 HIGH Low z
2 z LOW | HIGH
3 Low z HIGH
4 LOW | HIGH z
5 z HIGH | Low
6 HIGH z LOW

Current Control. The A8901SLB provides
linear current control of the sink drivers during
start-up and running modes. In the start-up
mode, the maximum load current can be
programmed via the serial port (see Serial
Port). During the running mode, the output
current is linearly controlled for low noise in
frequency-locked or phase-locked speed-
control systems. To accomplish this, the load
current is monitored by an internal sense
resistor (R,). The voltage across the sense
resistor is compared to one-tenth the voltage
at the FILTER pin less two diode drops,
generating an error voltage to drive the gate
of the appropriate output sink transistor. This
creates a load current that is proportional to
the voltage at the FILTER pin less two diode
drops. This transconductance function is | ;
= (Vg eq2 V)10 R Where Ry is approxi-
mately 0.2 Q and V is approximately 0.7 V.

Speed Control. The A8901SLB has been
configured to operate in conjunction with
external digital circuitry to provide frequency-
locked loop speed control of spindle motors.
The TACH and REF inputs are used to turn
ON current sources |_and | 1o charge and
discharge a lead/lag loop filter compensation
network (see Figure 2). The truth table for
this function is:
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REF TACH I 1,
0 0 off off
0 1 on off
1 0 off on
1 1 off off

The external circuitry required for imple-
mentation of the speed control ioop is shown
in Figure 2. The operation of this circuit is as
follows: the FCOM signal is a logic signal that
changes state every time the A8901SLB seif
commutates. By dividing the FCOM signal by
three times the number of poles in the motor.
a TACH signal is developed that changes
state every mechanical revolution. This is
done to develop a low-jitter tachometer signal
The low jitter is achieved because each time
the TACH signal changes state the back-EMF
circuitry is looking at the same magnet pole
pair.

FIGURE 2

FCOM O—— +ND.GFPOLESxS b— o -acy

COUNTER SLoek [y -

|],»A H

ENABLF [

CUTPLTS

T
|

T
i

TACH (5L0wW!
TACH (FAST)

AEF |

[

ERHOR 45T (DISCHARGES 1 TER —F’J‘ :
ERROR SLOW (CHARGES FILTER 4L_>.

|

Dwe EP C30

The derived TACH signal is compared to the desired time (REF)
for one revolution. This is done by using the positive-going edge of
the tach signal to trigger a fatch that enables a counter. The counter is
driven by an accurate oscillator signal and (in conjunction with an AND
gate} is used to count the desired number of oscillator cycles in a single
revolution. When the counter reaches its desired number the latch is
reset and the REF signal goes low (see Figure 2). The TACH and REF
signals are fed back to the AB301SLB to charge and discharge the filter
compensation network. If the TACH signal goes low before REF an
Error-Fast signal turns ON | lowering the current in the motor and
thereby reducing its speed. If the REF signal goes low before TACH
an Error-Slow signal turns ON |_which increases the ioad current and
thereby the speed of the motor. The loop filter components are used to
dampen the response of the loop and achieve optimal settling time.

Response time to disturbances in speed can be improved by
synchronizing to sector data once information is being read from the
disc. This change can be made by changing the count number in the
counter and switching TACH to a sector tachometer signal. This should
be done when TACH and REF are in the low state so as not to gener-
ate an erroneous error signal.

Microprocessor-controlled phase-locked loop speed-control sys-
tems can use the FILTER pin as a transconductance input by omitting
the loop filter components and connecting TACH and REF to ground.

Start-up and Back-EMF Commutation Circuitry. The A8901SLB
provides sensorless operation of three-phase bipolar brushless dc
motors. This is done by randomly energizing one of the six output
commutation states to start the motor moving. The motor's back-EMF
is then quickly examined to determine if the motor is moving in the
correct direction and if the drivers are in their correct output states. If
they are not, the output drivers are advanced to the next state in the
output sequence and the process repeats itself. If the motor is synchro-
nized to the correct output commutation state, and moving in the right
direction, the back-EMF circuitry disables the start-up circuitry and
continues to commutate the motor off the back-EMF signals in the
windings.

Serial Port. The serial port functions to both read and write informa-
tion to and from the A8901SLB. The serial port is enabled/disabled by
the CHIP SELECT pin. When CHIP SELECT is high, the serial port is
disabled and the chip is not affected by changes in data at the DATA,
CLOCK, or READ:WRITE pins. When the CHIP SELECT is low, the
serial port functions in the read or write mode depending on the READ/
WRITE pin.

Write Mode (READ WRITE Low). To write data to the serial port, the
READ/WRITE pin and the CLOCK pin should be low prior to the CHIP
SELECT pin going low. Once CHIP SELECT goes low, information on
the DATA pin is read into the shift register on the positive-going transi-
tion of the CLOCK. There are five bits in the serial input port. Their
functions are:

B0 - Sleep'Run Mode; LOW = Sleep, HIGH = Run
This bit allows the A8901SLB to be powered
down when not in use.
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D1 - Step Mode; LOW = Normal Operation, HIGH = Step Only
When in the step-only mode, the back-EMF detection
circuitry is disabled and the power outputs are stepped
through their normal commutation sequence by the
start-up oscillator. This mode is intended to facilitate
device and system testing.

D2 - Read Output Select; LOW = Thermal Shutdown Status,
HIGH = Sequencer Pulse.

D3 and D4 - These two bits set the maximum output current
according to the following truth table:

D3 D4 lour (MAX)
0 0 1A

0 1 800 mA

1 0 600 mA
1 1 400 mA

Data written into the serial port is latched and becomes active upon
the fow-to-high transition of the CHIP SELECT pin at the end of the
write cycle. DO will be the last bit written to the serial port.

Read Mode (READ/WRITE High). The transitions of the start-up
osciliator or the status of the thermal shutdown of the AB901SLB can be
read from the serial port DATA pin. The choice between these two
functions is selected by the D2 bit in the serial port’s latches. To read
data the READ/WRITE pin must be high prior to CHIP SELECT going
low. When CHIP SELECT goes low the DATA pin will register the
status of the selected function. If the status of the selected function is
changing, the data output will reflect this as long chip select is held low
and READ/WRITE is held high.

Thermal Shutdown Status: LOW = No Fauit, HIGH = Fault

Oscillator: Each change represents a step to the next state
in the six-step output sequence.

The READ/WRITE pin should be held high until the CHIP SELECT
pin has returned to high to avoid erroneous data being written to the
device.

Reset. The RESET pin, when pulled low, forces the DO latch on the
serial port low which puts the A8901SLB in the sleep mode. When
RESET is high, the DO bit is unaffected. When in the sleep mode, the
FILTER pin is pulled high to allow the output drivers to fully saturate at
startup.

Centertap. The A8901SLB internally simulates the centertap voltage of
the motor. To obtain reliable start-up performance from motor to motor,
the motor centertap shouid be connected to this terminal.

External Component Selection. Information regarding the selection
of external component values is available.
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LOAD

SUPPLY Co1
Cpz DATAIN
Cwp CLOCK
Cor CHIP SELECT
outa [ RESET
GROUND GROUND
GROUND | 7 GROUND

ouTg DATA OUT

16 | OSCILLATOR

LOGIC
00 |18} shppiy

SECTOR
DATA

CENTERTAP [10 Y

BRARE [ 11
CRes 13 | FILTER

Dwg. PP-040A

ABSOLUTE MAXIMUM RATINGS

at TA = +250C
Load Supply Voltage, Vg
AB902SLB...........coov V,,+10V

AB8903SLB ......... 14V
Output Current, | ; (peak) .. L5 A

(continuous) .......ccoovviiviinnnns +1.1A
Logic Input Voltage Range,

Vi e 03VioV, +03V
Logic Supply Voltage, VDD . B0V
Package Power Dissipation;,

N I See Graph
Operating Temperature Range,

LR -20°C to +85°C
Junction Temperature, T, ... +150°Ct
Storage Temperature Range,

Tg oo, -55°C to +150°C

1 Fault conditions that produce excessive junction
temperature will activate device thermal shutdown
circuitry. These conditions can be tolerated, but
should be avoided.

Output current rating may be restricted to a value
determined by system concerns and factors.
These include: system duty cycle and timing,
arnbient temperature, and use of any heatsinking
and/or forced cooling. For reliable operation, the
specified maximum junction temperature should
not be exceeded.

The A8902SLB and A8903SLB are three-phase DMOS back-EMF
sensing spindle motor drivers for use in 5 V and 12 V Winchester disc
drives, respectively. The power output stages are capable of +1 A
output currents and have 1 Q (total resistance, typical) DMOS power
outputs for low power dissipation. Intrinsic ground clamp and flyback
diodes are provided for driving inductive lpads. Thermal shutdown
circuitry is provided to protect the devices from excessive junction
temperature.

Internal logic and analog detection circuitry provide complete
sequencing of the outputs duting start-up and run modes without the
need for external Hall-effect position-sensing devices. internal linear
control of the output current is used to provide frequency-locked loop
speed control. A serial port allows the user flexibility in programming
the reference frequency count number which determines motor speed.
Additionally, the serial:port provides user programmability of maximum
start-up current levels; a sleep mode, and system diagnostics.

Both devices are provided in 24-lead wide-body, small-outline
plastic power packages (SOICs) for surface-mount applications. The
coppef batwing provides for maximum package power dissipation in
the smaliest possible construction.

FEATURE S

DMOS Outputs

Low ryg . - 1 Q Typical Total
Back—Ei\/l}: Commutation Circuitry
Frequency-Locked Loop Speed Control
Sector Data Tachometer Signal Input
Programmable Start-Up Current
Diagnostics Mode

Sleep Mode

Linear Current Control

Dynamic Braking With Delay

System Diagnostics Data Out
Internal Thermal Shutdown Circuitry
Power Surface-Mount Package

Always order by complete part number:
A8902SLB 5 Volt Drive
A8903SLB 12 Volt Drive
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£ 25 FUNCTIONAL BLOCK DIAGRAM
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bwg. GP-019 DATA Dwg. FP-022A
ELECTRICAL CHARACTERISTICS at TA = +25°C, VDD =350V,
VBB = 5.0 V (AS902SLB) or 12 V (A8903SLB)
Limits
Characteristic Symbol Test Conditions Min.  Typ. Max. | Units
Logic Supply Voltage Voo Operating 4.5 5.0 55 \
Logic Supply Current lop Operating - 7.5 10 mA
Sleep Mode — — 500 uA
Load Supply Voltage Vg AB902SLB, Operating — 5.0 6.0 \
A8903SLB, Operating — 12 14 A
Thermal Shutdown T, — 165 — °C
Thermal Shutdown Hysteresis AT, — 20 — °C
Output Drivers
Output Leakage Current losx AB902SLB, V=60V — 100 300 uA
AB903SLB, V=14V — 100 300 uA
Vour=0V — -100 -300 HA
Total Output ON Resistance Tosion) lour = 900 MA, Puise Test — 11 14 Q
(Source + Sink + R,)
Output Sustaining Voltage Visrsus) AB902SLB, I, =900 mA, L =3 mH 7.0 e —
AB903SLB, 1, ;=900 mA, L =3 mH 14 — —
Clamp Diode Forward Voltage Ve le=10A — 1.25 15

Continued next page...
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ELECTRICAL CHARACTERISTICS continued

Limits
Characteristic Symbol Test Conditions Min. Typ. Max. | Units
Control Logic
Logic Input Voltage VIN(O) DATA, RESET, CLK, CHIP SELECT -0.3 — 1.5
INC1) DATA, RESET, CLK, CHIP SELECT 35 — 5.3
Logic Input Current o V=0V — — -0.5 HA
Fies V=50V — — 1.0 RA
DATA Output Voltage Vouron tour = 500 A — — 1.5 \
Vour lour = “500 HA 3.5 — —
Cgy Current lesr Charging 16 20 24 uA
Discharging -16 -20 -24 HA
Filter Current [ Charging 8.0 10 12 pA
Discharging -8.0 -10 -t2 UA
C, Current ) lep Charging 16 20 24 uA
(CD, or Gy Discharging 35 44 53 | uA
G, Current Matching — ICD(DISCHRG)”CD(CHRG) 21 2.2 23 —
Cyyp Current lown Charging 16 20 24 A
Cyp Trip Voltage Vo 045 050 055 \
Vo, 225 250 275 \
Clock Frequency feik 3.3 — — MHz
FLL Oscillator Frequency fosc — >10 — MHz
lour(MAX) Accuracy — — +10 —_ Yo
Transconductance Gain d.. 045 050 055 ANV
Centertap Resistors Rer 8.0 10 12 kQ
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CHIP SELECT l ______ |

Dwg. WP-014-1

SERIAL PORT TIMING CONDITIONS
A. Minimum CHIP SELECT setup time

before CLOCK riSing €dge ......cc.ooiiiiiiiiiiiiie e 150 ns
B. Minimum DATA setup time before CLOCK rising edge ................... 150 ns
C. Minimum DATA hold time before CLOCK falling edge .........c.......... 150 ns

FUNCTIONAL DESCRIPTION
Power Outputs. The power outputs of the A8902/03SLB are DMOS
transistors with a total source plus sink r,  -of typically 1.1 L. Intrinsic
ground clamp and flyback diodes clamp transient voitage spikes when
switching inductive loads. Internal charge-pump circuitry is used to
drive the gates of the N-channe! source drivers to their required gate
voltages. The truth table for the output drivers sequencing is:

SEQUENCER STATE ouT, ouT, ouT,
1 High Low z
2 Z Low High
3 Low Z High
4 Low High z
5 Z High Low
6 High z Low

Braking. Dynamic braking of the motor, where all source drivers are
turned OFF and all sink drivers are turned ON, is achieved by activating
the BRAKE input or through the serial port - DATA IN. During power-
down conditions, the external charge-pump storage capacitor is used to
provide power to turn ON the three sink drivers which, due to their
inherent capacitive input, will remain activated until the device is reset.
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FIGURE 1

An external resistor/capacitor can be utilized in conjunction with the
BRAKE input fo provide a delay on braking {100 ms max.) during power
down to ensure retraction of the voice coil head before spindle-motor
braking is activated.

Current Control. The A8902SLB and A8903SLB provide linear
current control of the sink drivers during start-up and running modes.
In the start-up mode, the maximum load current can be programmed
via the serial port (see Serial Port). During the running mode, the
output current is linearly controlled for low noise in frequency-locked
speed-control systems. Current control is achieved by monitoring the
load current with an internai sense resistor (R.). The voltage across
the sense resistor is compared to one-tenth the voltage at the FILTER
terminal less two diode drops, generating an error voltage to drive
the gate of the appropriate output sink transistor. This creates a

load current that is proportional to the voltage at the FILTER terminal
less two diode drops. This transconductance function is lour = (Veyrea
-2V )10R,, where R_ is approximately 0.2 Q and V,is approxmately
07 V.

Speed Control. The A8902/03SLB include a frequency-locked loop
speed control system. This system operates by generating motor
speed (TACH) and desired speed reference (REF) signals which are
compared to provide a speed error signal, which is then used to turn
ON current sources |_and |, to charge or discharge a lead/lag loop
filter compensation network at the FILTER terminal.

The circuitry implementing the speed control loop is shown in
Figure 2. The operation of this circuit is as follows: the FCOM signal
is a logic signal that changes state every time the A8902/03SLB detects
a back-EMF zero crossing. By dividing the FCOM signal by three times
the number of poles in the motor, a TACH signal is developed that
changes state every mechanical revolution. This is done to develop a
low-jitter tachometer signal.

The derived TACH signal is compared
to the desired time (REF) for one revolution.
This is done by using the positive-going edge
of the TACH signal to trigger a latch that
enables a programmabile counter. The
counter, driven by an accurate external
oscillator signal, counts the desired number
of oscillator cycles in a single revolution.
The desired number of oscillator cycles is
programmed via the serial port DATA IN.

120 x f
desired ose

B desired motor speed (rpm)

total count

When the counter reaches its desired
number, the latch is reset and the REF signal
goes low (see Figure 2). The TACH and REF
signals are fed to the switchable current
sources to charge and discharge the loop
compensation network at the FILTER termi-
nal. If the TACH signal goes low before REF
an Error-Fast signal turns ON I_ lowering the
current in the motor and thereby reducing its
speed. If the REF signal goes low before
TACH an Error-Slow signal turns ON I, which

sEcToR <
ol
S
o ———w G OF FOLES x3) |—w >—+ = TACH
/i( |
1 | ‘
SatA i O 24 BIT SRIFT
SaTan AFGISTFR (
|
: !
le i
08C O-———#
L

TACH 1SLOW)
TACH IFAST,

FRACH 51 GW ICHARGES FIL TERi————bat

Dwg. EP-035

FIGURE 2
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increases the load current and thereby the DO - Sieep/Run Mode; LOW = Sleep, HIGH = Run
speed of the motor. The loop filter compo- This bit allows the device to be powered down when not
nents are used to dampen the response of the in use.

loop and achieve optimal settling time.
D1 - Step Mode; LOW = Normal Operation, HIGH = Step Only

Response time to disturbances in speed When in the step-only mode the back-EMF detection
can be improved by synchronizing to sector circuitry is disabled and the power outputs are stepped
data once information is being read from the through their normal commutation sequence by the
disc. This change can be made by changing start-up oscillator. This mode is intended to facilitate
the count number in the programmable device and system testing.
counter (see Serial Port) and switching TACH
to a sector tachometer signal. This should be D2 - Brake; LOW = Run, HIGH = Brake.

done when TACH and REF are in the low
state so as not to generate an erroneous error
signal. This can be achieved by programming

D3 and D4 - These two bits set the maximum output current:

the serial port to provide the SYNC signal D4 D5 lour(MAX)

(high) on the DATA OUT terminal which will 0 0 A

indicate exact timing for the switch to sector 0 1 800 mA

data. 1 0 600 mA

Start-Up and Back-EMF Commutation 1 1 400 mA

Circuitry. The A8902/03SLB provide

sensorless operation of three-phase bipolar D5 thru D18 - This 14-bit word programs the REF time to set
brushless dc motors. This is done by ran- desired motor speed. The user provides the OSC input for
domly energizing one of the six output com- the master clock to the 18-bit counter.

mutation states to start the motor moving.

The motor's back-EMF is then quickly exam- Bit Number Count Number

ined to determine if the motor is moving in the 05 6

correct direction and if the drivers are in their D6 32

correct output states. If they are not, the

output drivers are advanced to the next state b7 b4

in the output sequence and the process D8 128

repeats itself. If the motor is synchronized to D9 256

the correct output commutation state, and D10 512

moving in the right direction, the back-EMF D11 1024

circuitry disables the start-up circuitry and D12 2048

continues to commutate the motor off the D13 4096

back-EMF signals in the windings. D14 8192

Serial Port - DATA IN. The serial port D15 16384

functions to write various operationai and D16 32768

diagnostic modes to the A8902/03SLB. The D17 65 536

serial port DATA IN is enabled/disabled by the D18 131072

CHIP SELECT input. When CHIP SELECT is

:'c?thatf?:CtS;éilypcohr;lnsggisS?: E:t: r;(tjttr?s g)xl%l\s D19 - This bit sets the frequency-locked loop synchronization;
IN or CLOCK inputs. LOW = Internal once-around speed signal, HIGH = External

. . sector data.
To write data to the serial port, the

CLOCK input should be low prior to the CHIP
SELECT input going low. Once CHIP SE-
LECT goes low, information on the DATA IN
terminat is read into the shift register on the
positive-going transition of the CLOCK. There
are 23 bits in the serial input port. Their
functions are:
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D20 and D21 - These bits program the TYPICAL APPLICATION
number of motor poles for the )
once-around FCOM counter: jEL
D20 D21 Motor Poles

0 0 8

0 1 —

1 0 16

1 1 12

D22 and D23 - Controls the multiplexor for

DATA OUT:
D22 D23 DATA OUT
[¢] 0 Tach. (once around or sector)
0 1 Thermal Shutdown o
1 0 Sync. (tach.-sector switch) 81
1 1 FCOM Cr2
o . . . = oAt
Data written into the serial port is latched B'j ; o o - (_I
and becomes active upon the low-to-high L ' Cags L
transition of the CHIP SELECT input at the
end of the write cycle. DO will be the last bit Dwg. EP-036A

written to the serial port.

Reset. The RESET terminal when pulled
low clears all serial port bits, including the
DO latch which puts the A8302/03SLB in the
sleep mode. When in the sleep mode, the
FILTER terminal is pulled high to allow the
output drivers to fully saturate at startup.

Centertap. The A8902/03SLB internally
simulate the centertap voltage of the motor.
To obtain reliable start-up performance from
motor to motor, the motor centertap should be
connected to this terminal.

External Component Selection. Applica-
tions information regarding the selection of
external component values is available.

3-253



3-PHASE BRUSHLESS DC MOTOR CONTROLLER/
DRIVER WITH POWER DMOS OUTPUTS

ot
3
&

SEQUENCING
AND

OuTg | CONTROL

CIRCUITRY OUTRUT

DISABLE

SOURCE
ENABLE

SINK SOURCES
SENSE

SUPPLY {

our, o { 20 | eraxe

:

GROUND

Dwg. PP-033

ABSOLUTE MAXIMUM RATINGS

at T, = +25°C
Supply Voltage, Vo .ot Vv
Output Current, |7 (<500 ms}........ 3.0 A

(CONtINUOUS) ...t i +20A
Logic Input Voltage Range,

[, “0.3Vto+6.0V
Package Power Dissipation,

Py e i s See Graph
Operating Temperature Range,

LIPS TRSR O -20°C to +85°C
Junction Temperature, T .o +150°Ct
Storage Temperature Range,

T eoreeeremrenemenesnees -55°C to +150°C

1 Fault conditions that produce excessive junction
temperature will activate device thermal shutdown
circuitry. These conditions can be tolerated, but
should be avoided.

Output current rating may be restricted to a value
determined by systerm concerns and factors.
These include: system duty cycle and timing,
ambient temperature, and use of any heatsinking
and/or forced cooling. For reliable operation, the
specified maximum junction temperature shoutd
not be exceeded.

The AB922SEA is a DMOS three-phase brushiess dc motor
controller/driver designed for use in streaming tape drives and other
data storage applications. The power output stages are capable of
+2 A output currents and have less than 0.3 & DMOS power outputs
for low power dissipation. Intrinsic ground clamp and flyback diodes
protect the output drivers when switching inductive loads. Thermal
shutdown circuitry is provided to protegt the device from excessive
junction temperatures.

The AB922SEA’s CMOS commutation logic is compatible with
motors that have digital Hall-effect sensors with 120° of electrical
separation. Digital inpuis to the device control direction, brake, and
fast- or slow-decay PWM cutrent control functions. The sources of the
sink drivers are brought out 1o alfow the user to sense current in the
load with an external sense resistor. Internal charge-pump circuitry is
provided to drive the N-channel DMOS source drivers to their required
gate voltages.

The: AB922SEA is provided in a 28-lead PLCC power package
for surface-motint applications. The copper half-batwing provides for
maximum allewable package power dissipation in the smallest possible
cohstruction:

FEATURES

DMOS Outputs

LOW Fygq, - 0-6 ©2 Maximum (source + sink)
Fault Output Flag

Internal Commutation Logic

Brake Function

Fast- or Slow-Decay PWM Current Control
Internal Thermal Shutdown Circuitry
Power Surface-Mount Package

Always order by complete part number: AB922SEA].
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CONTROLLER/DRIVER WITH POWER DMOS OUTPUTS
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v 5) SUPPLY
cc o
b
He @— :l x
H :T © our,
A
Ho @— .
»
SEQUENCING ;
FAULT GD— yrs -
CONTROL
T L
DIRECTION  @— CIRCUITRY :l 7\
OUTPUT DISABLE  (2—| @ outy
SOURCE ENABLE  @)— :T f
BRAKE  G)—|
é @) SuPPLY
e 3o
o]
j A
Cres CHARGE PUMP . '

SINK SOURCES
SENSE

Dwg. FP-023

NOTE: There is an indeterminate resistance between terminals 9 and 28 and they must both be
connected externally to the supply.
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3-PHASE BRUSHLESS DC MOTOR

CONTROLLER/DRIVER WITH POWER DMOS OUTPUTS

ELECTRICAL CHARACTERISTICS at TA = +23°C, Vee = 12V
Limits
Characteristic Symbol Test Conditions Min. Typ. Max. Units
Supply Voltage Ve Operating 10 12 14 \
Supply Current loc Operating — 15 20 mA
Thermal Shutdown T, — 165 — °C
Thermal Shutdown Hysteresis AT, — 20 — °C
Output Drivers
Output Leakage Current Insx Vour = 14V — 10 200 LA
Vour=0V — -10 -200 LA
Output ON Resistance "os(on) lour = £ 2.0 A, Pulse Test — 0.25 0.30 Q
(one transistor)
Output Sustaining Voltage DS(sus) lour = £3.0A, L=2mH 15 — —
Clamp Diode Forward Voltage Ve l.=20A — 1.25 15
Output Switching Time t, lour = 2.0 A, Resistive Load — 15 — us
t, lour = £ 2.0 A, Resistive Load — 15 — us
Control Logic
Logic Input Voitage INO) DISABLE, H,, H,, H,, BRAKE, — - 0.8
N DIRECTION, SOURCE ENABLE 3.5 - —
Logic Input Current llN(D] V=0V — - -0.5 uA
L) V=50V — -— 1.0 HA
FAULT Output Voltage oUT() lour = 500 LA — -— 1.5 \
ouT(H oy = “500 pA 35 - — \
Maximum PWM Frequency fuax 30 -— — kHz

NOTE: Negative current is defined as coming out of (sourcing) the specified device terminal.
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3-PHASE BRUSHLESS DC MOTOR

CONTROLLER/DRIVER WITH POWER DMOS OUTPUTS

COMMUTATION TRUTH TABLE
DISABLE = Low, SOURCE ENABLE = High.

Hall Sensor Inputs Outputs
H, H, H, DIRECTION BRAKE FAULT ouT, ouT, ouT,
High Low  High Low Low Low High  Low 4
High Low Low Low Low Low High z Low
High High  Low Low Low Low Z High  Low
Low High Low Low Low Low Low  High Z
Low High  High Low Low Low Low z High
Low Low  High Low Low Low z Low  High
High Low  High High Low Low Low  High 4
High Low Low High Low Low Low z High
High High  Low High Low Low z Low  High
Low High Low High Low Low High  Low Z
Low High Figh High Low Low High 4 Low
Low Low  High High Low Low Y4 High  Low
High High  High X Low High z Z Z
Low Low Low X Low High z z 4
X X X X High Low Low Low Low
X = lIrrelevant

Z = High impedance

FUNCTIONAL DESCRIPTION

Power Outputs (OUT,, OUT, and OUT). The power outputs of the
AB922SEA are DMOS transistors each with a maximum Mosen OF 0.3 €.
Intrinsic ground clamp and flyback diodes clamp transient voI{age
spikes when switching inductive loads. Internal charge-pump circuitry
is used to drive the gates of the N-channel source drivers to their
required gate voltages. Load current may be sensed with an external
sense resistor between SENSE and ground.

C.cs- A 0.22 uF capacitor should be connected from this terminal to
ground. This capacitor serves as a charge-pump reservoir to allow the
power outputs to be turned ON rapidly.

SOURCE ENABLE. The SOURCE ENABLE input when low disables
the source drivers. When SOURCE ENABLE is high the output state of
the source drivers is given in the Commutation Truth Table.

OUTPUT DISABLE. The OUTPUT DISABLE terminal when high turns
OFF all the power output drivers. The QUTPUT DISABLE function is
over-ridden by the BRAKE command when BRAKE is high.

DIRECTION. The DIRECTION input controls
the order of sequencing of the output drivers.
These states are given in the commutation
truth table.

Hall Inputs (H,, H,, and H,). The Hall inputs
are configured to accept chos digital logic
input levels. When using open-collector Hall
effect devices, pull-up resistors to five volts
will be required.

FAULT. The FAULT terminal when high
indicates the presence of an invalid condition
on the Hall inputs or the presence of a
thermal shutdown condition. The thermal
shutdown circuitry disables the output drivers
in the event of excessive junction tempera-
ture.
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CONTROLLER/DRIVER WITH POWER DMOS OUTPUTS

SENSE. The drains of the three sink drivers are brought out to this
terminal to allow the user to connect a small-value sense resistor
{typically 0.1 Q) between this terminal and ground for sensing current
in the load. If current sensing is not required, this terminal must be
connected to ground.

SUPPLY (V). These are the supply terminals for the AB922SEA.
For correct operation both terminals should be connected together
externally. Care should be taken to decouple this connection with a
large-value capacitor as close to the package as possible to absorb
load currents dumped back into the supply during the de-energization
of the motor windings. These currents can cause the supply voitage

to exceed the maximum voltage rating of the
device if not properly decoupled.

GROUND. Terminals 12 through 18 are
webbed together and attach to the die mounting
area to form a low thermal resistance path to
allow heat to be conducted out of the device.
The power dissipation of the package can be
further enhanced by soldering these terminals
to a large area of copper foil on the printed
wiring board.
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3-PHASE BRUSHLESS DC MOTOR CONTROLLER/DRIVER

= 0= Dwg. PP-032

ABSOLUTE MAXIMUM RATINGS
at T, = +25°C

Load Supply Voltage. Vgg oo, 14V
Output Current, 1, .
Logic Supply Voltage, Vo ..iiei, 14V
Logic Input Voltage Range,
IN e -03Vto+6.0V

Package Power Dissipation,

Pry o See Graph
Operating Temperature Range,

T g e -20Cto +85°C
Junction Temperature, T ............... +150°Ct

Storage Temperature Range,
T -55°C to +150°C

1 Fault conditions which produce excessive
junction termoerature will activate device thermal
shutdown circuitry. These conditions can be
tolerated, but should be avoided.

Output current rating may be restricted to a value
determined by system concerns and factors.
These include: system duty cycle and timing,
ambient temperature, and use of any heatsinking
and/or forced cooling. For reliable operation, the
specified maximum junction temperature should
not be exceeded.

WITH LINEAR CURRENT CONTROL
AND POWER DMOS OUTPUTS

The A8925SEB is a DMOS three-phase brushless dc motor
controller/driver designed for use in Winchester disc drives and other
data storage applications. The power output stages are capable of
+4 A output currents and have DMOS power outputs with less than
0.25Qr,. . for low power dissipation. Intrinsic ground clamp and
flyback diodes protect the output drivers when switching inductive
loads. Thermal shutdown circuitry ig provided to protect the device
from excessive junction temperature.

A transconductance amplifier is used to linearly regulate the load
current and control motor speed..Internal current-sensing circuitry
eliminates the need for external sense resistors. Analog and digital
control circuitry provide complete sequencing of the output drivers as
well as providing brake, disable, and tachometer functions. A FAULT
output flag indicates the presence of an under-voltage condition on the
12 V supply, excessive junction temperature, or an invalid Hall input
combinatien. The A8925SEB’s commutation logic is compatible with
motors:that have digital Hall effect sensors with 120° of electrical
separation. Internal charge-pump circuitry is provided to drive the
N-channel DMOS source drivers to their required gate voltages.

The-AB925SEB is provided in a 44-lead PLCC power package
for surface-mount applications. The copper batwing provides for
maximum allowable package power dissipation in the smallest
possible construction.

FEATURES

DMOS Outputs

Low ry., .. - 0.25 € Maximum
Linear Current Control

Internal Commutation Circuitry
Internal Current Sensing

Thermal Shutdown Circuitry
Under-Voltage Detection Circuitry
Fault Qutput Flag

Power Surface-Mount Package

Always order by complete part number: |A8925SEB| .
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WITH LINEAR CURRENT CONTROL
AND POWER DMOS OUTPUTS
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ELECTRICAL CHARACTERISTICS AT TA = +25°C, V(:(: = VBB =12V
Limits
Characteristic Symbol Test Conditions Min. Typ. Max. Units
Logic Supply Voltage Ve Operating 10 12 14 \
Load Supply Voltage Vaa Operating 10 12 14 \
Supply Current lee Operating — 40 50 mA
Standby, Ve age =0 — 2.0 4.0 mA
Thermal Shutdown T, — 165 — °C
Thermal Shutdown Hysteresis AT, — 20 — °C
Output Drivers
Output ON Resistance DS(on) lour = 4.0 A, Pulse Test — 0.20 0.25 Q
Output Sustaining Voltage DS(sus) loyr =40A, L=2mH 14 — e
Clamp Diode Forward Voltage \ l.=40A — 1.25 1.5
Output Switching Time t lour = 4.0 A, Resistive Load — 12 — us
t loyr = +4.0 A, Resistive Load — 12 — us
Output Leakage Current losx Vour = 14V — 100 300 uA
VOUT =0V — -<00 -300 A

NOTE: Negative current is defined as coming out of (sourcing) the specified device terminal.

Continued next page...
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3-PHASE BRUSHLESS DC MOTOR CONTROLLER/DRIVER

WITH LINEAR CURRENT CONTROL
AND POWER DMOS OUTPUTS

ELECTRICAL CHARACTERISTICS CONTINUED

Limits
Characteristic Symbol Test Conditions Min. Typ. Max. Units
Control Logic
Logic Input Voltage INGo) ENABLE, BRAKE, POLE — — 0.8
N ENABLE, BRAKE, POLE 2.4 — —

Logic Input Current IIN(O) V=08V — — -1.0 uA

‘rN; Vy=24V — — 1.0 HA
Logic Output Voltage Vouria lour = 4 MA — — 0.8 \
(FAULT, TACH) Voure: lour = -100 pA 2.0 — — \
Error Amplifier
Input Bias Current I VIN(+) “Vin=0 — 5.0 10 HA
Input Offset Voltage os Ayp =100 — 3.0 5.0 mv
Input Common-Mode c 0 — 6.0 1
Voltage Range
Error Voltage Gain A Vsour! Vs i — 80 — dB
Unity Gain Bandwidth BW — 1.0 — MHz
Common-Mode Rejection Ratio CMRR — 80 — dB
Power Supply Rejection Ratio PSRR — 50 — dB
Miscellaneous
Current Sense Gain s loyr=1.0A — 1/1200 — —
Under-Voltage Trip Point oo 8.0 — 9.5 \Y
Hall input Current lno V=0V —_ -500  -1000 UA

e V=50V — -250 -500 pA
Hall Input Threshold Vi — 3.8 — v
Halil Input Pull-Up Resistance R 15 20 25 k€2

NOTE: Negative current is defined as coming out of {sourcing) the specified device terminal.
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WITH LINEAR CURRENT CONTROL
AND POWER DMOS OUTPUTS
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FUNCTIONAL DESCRIPTION

Power Outputs (OUT,, OUT_, and OUT,). The power outputs of the
AB925SEB are DMOS transistors with a maximum rp 0t 0.25 Q.
Intrinsic ground clamp and flyback diodes clamp transient voltage
spikes when switching inductive loads. Internal charge-pump circuitry is
used to drive the gates of the N-channel source drivers to their required
gate voltages.

Current Control. Current in the load is monitored by an internal sense
amplifier that produces an output current that is approximately one
twelve hundredth that of the load current (see Figure). This current is
output to the V_ . terminal and develops a voltage across Rg that
equals R, + | ,,,/1200. This sense voltage (V..) is compared to a
reference voltage (V) and an error volitage is developed that is gated
in by the sequential control logic to drive the gate of the appropriate
output sink transistor. A transconductance control function is thus
realized where |, = V.. + 1200/R,. External components C,, C,, R,
R,,and R, are compensation components used to obtain optimal
response and settling of the current control loop. Information on how

to select these components is available.
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WITH LINEAR CURRENT CONTROL
AND POWER DMOS OUTPUTS

FAULT. The FAULT terminal when low indicates the presence of one
of three fault conditions:

A) An under-voltage condition on the logic supply.
The trip point for this function is between 8 and 9 volts.

B) An invalid Hall input combination ... all inputs High or all
inputs Low.

C) An excessive device junction temperature. The thermal
shut-down circuitry disables the output drivers in addition to
forcing the FAULT output signal low.

TACH and POLE. In order to develop a low-jitter tachometer signal
(TACH) for use in controlling motor speed the A8925SEB divides the
frequency of the H, input by the number of poles in the motor. This
eliminates the jitter caused by variations in Hall effect device place-
ment, sensitivity, and magnet strengths by always changing state when
looking at the same magnet/sensor pair. The resuiting TACH signal
changes state every mechanical revolution of the motor. The POLE
input sets the TACH signal for four-pole motors when Low or eight-pole
motors when High.

Hall inputs (H, H,, H,). The A8925SEB is configured for use with
open-collector Hall effect devices. Internal 20 k€2 pull-up resistors to
10 volts are connected to these inputs.

ENABLE. The ENABLE terminal when Low puts the device in a low
current consumption, power-down mode. When ENABLE is High the
device is active.

BRAKE. When the BRAKE input goes Low the output source drivers
are disabled and the gates of the sink drivers are pulled high and left
floating. This achieves optimum passive braking performance since the
sink power DMOS output drivers are ON until the motor has fully
completed braking. The braking control circuitry operates off the load
supply (V) to allow it to remain operational during power loss by using
the back-EEMF voltage of the motor as its supply.

LOAD SUPPLY (V,,). This terminal is the
power supply connection for the power output
drivers and braking control circuitry. A series
diode should be used to isolate this terminal
from the logic supply (V_.) to avoid clamping
the motor's back-EMF voltage through the
intrinsic ground clamp and flyback diodes
during power loss. This terminal should be
decoupled with a large-value capacitor to
absorb load currents dumped back into the
supply during the de-energization of motor
windings. These currents can cause the
supply voltage to exceed the maximum
voltage rating of the device if not properly
decoupled.

LOGIC SUPPLY (V_). Thisis the 12 volt
supply terminal for the AB925SEB and
powers all circuitry except the power outputs
and brake control circuitry.

LOGIC GROUND. This must be connected
to the power ground terminals in systems that
do not use separate power and logic grounds.

POWER GROUND. Terminals 7 through

17 and 29 through 39 are webbed together
and attach to the die mounting area to form
a low thermal resistance path to allow heat to
be conducted out of the device. The power
dissipation of the package can be further
enhanced by soldering these terminals to

a large area of copper foil on the printed
wiring board.

COMMUTATION TRUTH TABLE

Halt Sensor inputs Outputs

H, H, H, BRAKE FAULT OuUT, OUT, OUT,
High Low High High High High  Low z
High Low Low High High High Z Low
High High Low High High 4 High  Low
Low High Low High High Low  High z
Low High High High High Low Z High
Low Low High High High V4 Low  High
High High High High Low z z z
Low Low Low High Low z 4 z

X X X Low X Low Low Low
X = Irrelevant

Z = High impedance
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ABSOLUTE MAXIMUM RATINGS
at T, = 25°C

Supply Voltages, Vg and V. oo 16V
Output Current, |y r oo, 1O A
Park Drive Output Current, IPARK

ContinUoUS ....coocovinnii 250mA

Peak oo 1.0A
Amplifier Input Voltage Range,

/IR TTORUS . -20VtoV .
Sense Input Voltage Range,

VGENSE N oot eeeo i 03VtoV
Comparator and Digital inputs,

Vin -

i
Open Collector Outputs, Vi gy oo 20V

| e 30 mA

I {pulsed) o 10A
Package Power Dissipation, P, .. See Graph
Operating Temperature Range,

e -20°C to +85°C
Junction Temperature, T,............... 150°C*
Storage Temperature Range,

I IR PVOIOON -55°C to +150°C

* Fault conditions that produce excessive junction
temperature will activate device thermal shutdown
circuitry. These conditions can be tolerated but
should be avoided.

VOICE COIL MOTOR DRIVER

Providing control and drive of the voice coil motor used for head
positioning in disk drive applications, the A8931SEA is a full-bridge
driver which can be configured so that its output current is a direct
function of an externally applied control voltage or current. This linear
current control function is supplemented by additional circuitry to
protect the heads and the data disk during system failure or normal
system shutdown.

The two +800 mA driver outputs provide very-low saturation voltage
drops and precise current controlutilizing a singie current-sensing
resistor connected in series with the load. Under-voltage lockout
disables the system in:a controlled sequence if a fault condition occurs.

When activated by the under-voltage comparator, or a park com-
mand, the output power drivers change from a controlled current to a
user-determined constant park voltage. Other features include a 4:1
transconductance gain switch for improved on-track performance, a
power ok flag, an-over-riding output disable to shut down both power
amplifiers and reduce quiescent supply current, and internal thermal
shutdownwhich disables the load (but still allow ng the head to be
parked)in the event of excessive junction temperature. The load is
re-enabled when the junction temperature returrs to a safe level.

The AB931SEA is supplied in a 28-lead power PLCC for surface-
meunt applications. The copper half-batwing construction provides
for maximum package power dissipation in a minimum package size.
It is rated for continuous operation over the temperature range of
-20°C to +85°C.

FEATURES

Controlled-Velocity Head Parking

4V to 15 V Operation

Zero Deadband

High Transconductance Bandwidth
User-Adjustable Transconductance Gain
4:1 Digital Transconductance Gain Switch
+800 mA Load Current

Dual Under-Voltage Monitors

with Flag and User-Selectable Trip Points
Internal Thermal Shutdown Circuitry

Always order by complete part number: AB931SEA|.
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VOICE COIL MOTOR DRIVER

ELECTRICAL CHARACTERISTICS at T, = +25°C, V(= V= 12V

Limits
Characteristic Symbol Test Canditions Min. Typ. Max. Units
Logic Supply Voltage Range Vee Operating 3.0 12 16 "
Logic Supply UV Threshoid Vee — 2.8 3.0 Vv
Logic Supply UV Hysteresis AV — 200 — mV
Supply Current 'as Vour = 6V, no load — 20 — mA
TV — 10— mA
Output Disabled Supply Current — les + o Vs 217V — 3.0 6.0 mA
Thermal Shutdown Temp. T, -— 165 — °C
Thermal Shutdown Hysteresis AT, — 80 — °C
Power Amplifiers
Qutput Saturation Voltage Voar bour = 250 mA — 253 — mv
loyr = 800 mA — 40 — | mv |
Ty - -250 mA — 7m0 — | mv ]
1, = -800 mA 0 — mv
Total Saturation Voltage Voar LJ@ =250 mA ——4— - 1.0 - 1.2
YLoap = 800 MA — 14 16
Input Offset Voltage Vio Veu=86V — — 8.0 mV
Input Offset Drift * AV, — — 25 uv/°C
Input Bias Current I ExceptIN, , V., =6V — -150  -500 nA
IN, to SENSE, = 12k, T,=25°C | 69 84 105 | pAWV
input Offset Current o INg only, Vi, =6V — — 200 nA
Large Signal Gain Aug Vour = 1 Vo 11V, 1 o =4500 mA 1.5 5.0 — VimV
Slew Rate SR — 1.0 — Vius
Unity Gain Bandwidth BW Amplifier A 05 2.C — MHz
| Ampifiers T s 1 — | wmmz
Common-Mode Rejection Komm Vey=1Vio 10V 70 90 — dB
Clamp Diode Forward Voitage V. I.=800mA, V o217V — 1.0 1.2 \
High-Side Current Limit lour ,=25°C — 1.0 1.2
Power Supply Rejection Ksyr Vig=4VIo 15V, V=15V 70 90 — dB
Negative current is defined as coming out of (sourcing) the specified device terminal. Continued next page...

Typical Data is for design information only.
* This parameter, aithough guaranteed, is not tested in production.
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VOICE COIL MOTOR DRIVER

ELECTRICAL CHARACTERISTICS continued

Limits

Characteristic Symbol Test Conditions Min. Typ. Max. Units
Current Sense Amplifiers
Input Offset Voltage Vio Veu=8V — — 2.0 mv
Input Offset Drift AV, Veu=0Vitoi2Vv — — 1500 uvv

See * — — 8.0 uv/eCc
GAIN SWITCH Threshold Vs 0.7 1.1 1.7 \
GAIN SWITCH Input Current las Vas =17V — — 100 HA
Voltage Gain Avs Vp=-1Vio+1V, V, =6V 1.95 200 205 —

vs2 Vp=-TVIo+1 V.V, =8V. V=0 1.95 200 205 —

Vp=-1Vio+1 V.V, =6V, V. =17Vl 78 8.0 8.2 —
Output Saturation Voltage Vear Vour loyr = 1.5 mA — 300 500 mV

Vo - Vour lour = 1.5 mA T = 400 700 mv
Park Function
PARK DRIVE Leakage Current boex Ve =20V — — 100 uA
PARK DRIVE Saturation Voltage Vcasm, Io =200 mA — 300 500 mv
PARK input Threshoid Veark 0.7 1.1 1.7 \
PARK Input Current loark Vearx =17V — — 100 HA
PARK VOLTAGE Input Current lpARK v e -150  -500 nA
Under-Voltage Protection
UV Threshold Vv Low-to-High Trans., Other Input = 6 V 1.48 150 1.52 \
UV Threshold Hysteresis AVUV 15 25 40 mvV
UV Input Current Iy Voy=1V — -0.5 -1.5 uA
PWR OK Saturation Voltage Vcasm lo=5mA — — 450 mv
PWR OK Leakage Current loex Veex =20V — — 5.0 HA
Inhibit Function
INHIBIT Input Threshold Vimisir 0.7 1.1 1.7 \
INHIBIT Input Current [ Viwgr =17V — — 200 HA

Negative current is defined as coming out of (sourcing) the specified device terminal.

Typical Data is for design information only.

* This parameter, although guaranteed, is not tested in production.
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VOICE COIL MOTOR DRIVER

TERMINAL FUNCTIONS

Terminal Terminal
Number Name Function
1 LOGIC SUPPLY Vec: logic supply voltage in the range of +3Vto +16 V.
2 INHIBIT An active-high input that inhibits the output stages without initiating a park.
3and 4 UV, and UV, Under-voitage detection inputs. If not used, these terminals must be

connected to the logic supply (V).

5 SENSE, GAIN SWITCH An active-high input that changes the gain of current sense error amplifier
number 2 from 2 to 8 (typical).

6 PARK VOLTAGE Auxiliary inverting input to power amplifier A.

7 SENSE, Inverting input to current sense error amplifers.

8 SENSE, ¢ Output of current sense error amplifier number 2.

9 IN,, Non-inverting input to power amplifier A.

10 IN,. Inverting input to power ampilifier A.

iR ouT, Power amplifier A output o voice coil motor.

12-18 POWER GROUND High-level power ground and thermal heat sink.

19 OuT, Power amplifier B output to voice coil motor.

20 LOAD SUPPLY Vgg l0ad supply voltage in the range of +t3Vio+16 V.

21 INg. Inverting input to power amplifier B.

22 INg, Non-inverting input to power amplifier B.

23 SENSE,,, Non-inverting input to current sense error amplifiers.

24 PWR OK A logic fow at this output indicates an under-voltage condition.

25 SIGNAL GROUND Low-level signal and logic ground; circuit reference.

26 PARK An active-high iogic input that activates the park function.

27 PARK DRIVE Power transistor for retract current control on power down or park command.

28 SENSE, o r Output of current sense error amplifier number 1.
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CURRENT SENSING
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PARKING FUNCTION
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ABSOLUTE MAXIMUM RATINGS

Supply Voltages, V. and Vg ........... 6.0V
Output Current, 1, 1 (peak) ... +6G0°'mA
{continuous) ... +4680 mA
Analog nput Voltage Range,
[N T 03VioV .
Logic Input Voitage Range;
S -0.3Vto+60V
Package Power Dissipation,
PR . T See Graph
Operating Temperature Range,
A 0°C to +70°C
Junction Temperature, T, ... +150°Ct
Storage Temperature Range,
T v, -55°C to +150°C

1 Fault conditions that produce excessive junction
temperature will activate device thermal shutdown
circuitry. These conditions can be tolerated, but
should be avoided.

Output current rating may be restricted to a value
determined by system concerns and factors.
These include: system duty cycle and timing,
ambient temperature, and use of any heatsinking
and/or forced cooling. For reliable operation the
specified maximum junction temperature should
not be exceeded.

VOICE COIL MOTOR DRIVER

Providing control and drive of the voice coil motor used for head
positioning in 5 V disk drive applications, the AB932CLW is a full-bridge
driver which can be configured so that its output current is a direct
function of an externally applied control voltage or current. This linear
current control function is supplemented by additional circuitry to
protect the heads and the data disk during system failure or normal
system shutdown.

The two +500 mA MOS driver-eutputs provide very low saturation
voltage and minimal power dissipation.. Additional headroom is
achieved by the sense-FET structure eliminating the need for an
external current-sense resjstor. Internaf circuitry can be configured to
provide closed-loop velocity:control of the actuator by utilizing the
generated back-EMF of the voice coil motor. Thermal protection and
under-voltage lockout disables the system in a controlled sequence if
a fault condition occurs.

The AB932CLW is supplied in a 28-lead SOIC for surface-mount
applications:

FEATURES

Internal Back-EMF Velocity Loop Option
Lossless Current Sensing

Zero Deadband

High Transconductance Bandwidth
User-Adjustable Transconductance Gain
Digital Transconductance Gain Switch (4:1 Ratio)
5 Volt Monitor with Selectable UV Trip Point
Retract Circuitry Functional to 0 Voits

Chip Enable/Sleep Mode Function

1V at 500 mA Output Saturation Voltage
Internal Thermal Shutdown Circuitry

Always order by complete part number: |[A8932CLW| .
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FUNCTIONAL BLOCK DIAGRAM
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VOICE COIL MOTOR DRIVER

ELECTRICAL CHARACTERISTICS at TA = +25°C, VCC = VDD =453Vto 3.3V, VREF =20V
(unless otherwise noted).
Limits
Characteristic Symboi Test Conditions Min. Typ. Max. Units
Input Bias Current lg — 500 — nA
Input Offset Voltage Vo — 5.0 — mV
Input Resistance R — 100 — Q
Current Gain A HGAIN 2 V2 — 6240 — —
| HGAN<V 2 — 1560 — —

Reference Voltage Range Veaer 05 — 3.0 \
Power Supply Rejection Ratio Kevr — 60 — dB
Output Saturation Voltage VDSﬁSAT; I oap= 100 MA — 0.2 — \%
(Source + Sink] Loan = se0mA 1T 13 17
Retract Qutput Voltage VDS(SAT) lour < 150 mA — 0.5 —
Output Current lom Pulse Test, 600 mA Limited — — 1500 mA
Gain Bandwidth BW -3dB — 100 — kHz
Miscellaneous
Under-Voltage Lockout Voitage Vee 424 430 438 \
Supply Current lee Qutputs Balanced. No Load — — 10 mA
Logic Input Voltage ] ‘N'G“LN__% I ;,_O'Z_L v

™ 35 - — v
Thermal Shutdown Temperature T, — 165 — °C
Thermal Shutdown Hysteresis AT — 20 — °C

Negative current is defined as coming out of (sourcingi the specified device terminal.
Typical Data is for design information oniy.
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VOICE COIL MOTOR DRIVER

TERMINAL FUNCTIONS

Term.

Terminat Name

Function

1 RET REF The reference supply for setting the voltage across the load during retract.

2 Ve Reservoir (energy storage) capacitor used to operate fault circuitry.

3 Veemr Back-EMF voltage from spindle motor used to retract heads during loss of power.

4 GROUND Circuit reference.

5 UVger Under-voltage trip point reference input. Set internally to 4.3 V but may be
overridden by external resistor divider. (Equation 6).

6 Rourp Source driver used for retract; externally connected to OUT ..

7 ouT Output of uncommitted operational amplifier.

8 SWITCH Logic input for transmission gate; a high level connects OUT to OUTy,,,.

9 INy Inverting input to uncommitted operational amplifier.

10 OUTg,, Transmission-gated output of uncommitted operational amplifier.

11 RETRACT,, An active-low logic input that initiates the retract sequence.

12 FAULT A logic low at this MOS output indicates a thermal shutdown, under-voltage
fault, or retract command.

13 MPceer (Power-On Reset) A logic low at this open-collector output may be used
to reset the system on under-voltage fault or power ON.

]

14 SIGNAL SUPPLY V. low-current supply voitage in the range of 45V1055V.

15 ACT input which controls the current in the load. Transconductance gain is
set with an external resistor in series with this input (Equation 1).

16 REFERENCE Ve reference input for all amplifiers; ac ground.

17 H GAIN Logic input to switch the error amplifier transconductance gain: LOW = 1560, HIGH = 6240.

18 PWR OFF An active-high logic input that puts the device in a “sleep mode™.
All fault circuitry remains active.

19 ACT, Input connection for feedback netwark which sets the error amplifier gain and bandwidth
(Equations 2 and 3).

20 SGND, Power ground for the OUT,, sink driver.

21 OuUT,, Power output. Sinks current when VACT < Ve

22 LOAD SUPPLY Vp o high-current supply voltage for the voice-coil motor.

-

23 ouT, Power output. Sinks currentwhen 'V, . > Vg

24 SGND,, Power ground for the QUT, sink driver.

25 Veens rs input connection for feedback network which sets the current-sense amplifier gain and bandwidth.

26 Voo An output voltage proportional to the load voltage. Used in conjunction
with closed-loop velocity control.

27 VSENS Voltage output representing load current (Equation 4).

28 RET SET An external resistor divider to set the retract voltage across the load. Used in conjunction with

Vv Equation 5).

RET-REF (
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VOICE COIL MOTOR DRIVER

DEVICE DESCRIPTION

Current Amplifier. The A8932CLW
voice coil motor driver features a wide
transconductance bandwidth and no
measurable crossover distortion. The
transconductance gain is user selectable:
g A
" Rgm (Equation 1)

where A, is either 1560 (H GAIN = Low)
or 6240 (H GAIN = High)

The error ampilifier's bandwidth and load
compensation zero are set utilizing external
resistor and capacitor feedback components
around the amplifier.

L

L.OAL

xR

LGAD {Equation 2
54 1
z A_ (ZWD) (Equation 3;
with R, as above, and H GAIN = Low,
the bandwidth is less than 100 kHz. With

H GAIN = High, the bandwidth is reduced
to less than 25 kHz.

)]

C

Current and Voltage Sensing. The load

current is sensed internally. Three auxitiary

amplifiers are also included to allow various

control functions to be implemented. The

first of these amplifiers provides a voltage

output that is proportional to the load current:
R, |

vV S LOAD

SENSE T A

(Equation 4:

The second and third auxiliary amplifiers may
be used in conjunction with the first to
provide a closed-loop velocity control system
for the actuator arm during a controlled
retract for head parking. This is achieved

by determining the back-EMF voltage gener-
ated by the voice coil and feeding back this
information to the main actuator control input.
The back-EMF feedback voltage can be
switched in as required by means of the
SWITCH logic input.

The back EMF-voltage represents the velocity of the actuator. By
subtracting the | ,, R, .. voltage component from the voltage across the
load, the back-EMF term can be isolated and fed back to close a
velocity control loop.

The amplifier output voltage V_, is proportional to the voltage
across the load (0.4(V,., - V). R, is selected so that V. repre-

SENSE

sents | .., while R, is dependent on R _,, as shown in the following
equations:
V‘ OAD = 704 <(ILOAD/RLOAD) + VBEMF)
VSENSE =Ry ILOAD A
where A = 1560 (H GAIN = logic Low)
OUTSW = ’VBEMF Rw/Rz
R3 = __Ri_
04AR,,,
V\N I:X\/GM R1
BW - R, K K, A
2n R, B,

where J is the moment of inertia, K is the back-emf motor constant, and
K, is the torque constant.

Velocity loop compensation = L, /R, ..o

=R, C,=R,C,

Aj - 1560 or 6240

- 2] ©
Vig VRgm ol Z A AA.! KN 148 Kg
%y
04RA,
T —L VBEMF
K1

Dwg. OP-003
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VOICE COIL MOTOR DRIVER

Retract and Brake. A retract-brake se-
guence is initiated on receiving a fault indica-
tion from the internal thermal shutdown

(TSD), or under-voltage lockout (UVLO), or

an externally applied logic High at the
RETRACT input.

If the velocity control scheme is imple-
mented, the head can be retracted under the
full control of INPUT in conjunction with
OUT,,, back-EMF voltage if no fault condition

exists.

If a fault condition were to occur

however, the retract velocity would be con-
trolled by applying a constant user-defined
voltage across the load:

v

0.58 (R, + Ry)
R

8

RET REF —

where R, = 130 kQ.

When the sequence is operated, the output

voltage is forced to approximately V

PARK REF

to

retract the heads, and then a fault command

{Equation 5)

(“brake”) is sent to the spindle motor driver. The user determines the
total time for the retract sequence, before the spindle brake is enabled,
by the choice of an external resistor and capacitor at the FAULT output.

Power for the retract function is provided by the rectified back EMF
of the spindie motor by way of the V. terminal. The A8332CLW wil
perform the retract function under low supply conditions {(nominally
down to 2 V). Operation down to almost 0 V requires an energy-
storage capacitor at the V_ _ terminal.

Protective Features. The A8932CLW has a number of protective
features incorporated into the design. Under-voltage lockout provides
system protection in the event of reduced primary supply voltages. The
under-voltage trip point is internally set at approximately 4.3 V. it can
be user-defined with an external resistor voltage divider:

1.5(R,+R,)
R

6

uv

TRIP = {Equation 6)

Thermal shutdown circuitry is included to protect the device from
excessive junction temperature. It is only intended to protect the chip
from catastrophic failures due to excessive junction temperature.

TEST CIRCUIT AND TYPICAL APPLICATION

+5V
S &
Rz Vee Voo
AN O——————
| ISENSE+ | N (Yoo
=0z ERROR POWER :
b
1
Vin-- Rt O NAMP AMP Vonln%ETgF?le
: ____________ | S
RAA® s B i H
NN ; O o
X 2v O-a--?
HGAIN O--4 ho
_— ]
CURRENT-SENSE o 2§ '
P - =1
pwroFF O—— conroL Rs | 1
LOGIC . ro
RETRACT y O— e o, b
A, 3 ™ 7 ':
N T — O} Al
.
S =2 O—  prorecrion =Cy P
P CIRCUITRY So e AN~ )
RESET - I\M,-—Fj? ;
(g é A) 4) é) VRer F‘ng i i
R 1 1
5 o 1 A3 ) 1
BV--AA-4 BE L SR N :
1 o = i 1] 7 : ————— 1
R *
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wul 8 b e e e e i a4
1y Q :
L oZ = =
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[sal?53
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ABSOLUTE MAXIMUM RATINGS

atT, = 25°C
Supply Voltages, Vpzand Vi o 16V
Output Current, IOUT ............................ +1.0 A
Park Drive Qutput Current, IPARK
Continuous ....250 mA
Peak ..o 10A
Amplifier Input Voltage Range,
Vi oo 20Vto V.
Sense Input Voltage Range,
VGENSE (N -+ rerrerrermessviotseeciie 0.3VtoV
Comparator and Digital Inputs,
03Vio10V
........ +10 mA
......................... 2V
| e 30 mA

c
Output Clamp Diode Current,
I (pulsed) .o 10A

Package Power Dissipation, P, ... See Graph
Operating Temperature Range,

A -20°C to +85°C
Junction Temperature, T ... 150°C*
Storage Temperature Range,

Tg o, -55°C to +150°C

* Fault conditions that produce excessive junction
temperature will activate device thermal shutdown
circuitry. These conditions can be tolerated but
should be avoided.

VOICE COIL MOTOR DRIVER

Providing control and drive of the voice coil motor used for head
positioning in disk drive applications, the AB358SEA is a full-bridge
driver which can be configured so that its output current is a direct
function of an externally applied control voltage or current. This finear
current control function is supplemented:by additional circuitry to
protect the heads and the data disk duting system failure or normal
system shutdown.

The two £800 mA driver outputs provide very-low saturation voltage
drops and precise current control.utilizing a single current-sensing
resistor connected in series with the load. Under-voltage lockout
disables the system in a controlled sequence if a fault condition occurs.

When activated by the under-voltage comparator, or a park com-
mand, the output pawer drivers change from a controlled current to a
user-determined constant. park voltage. Other features include a power
ok flag, a limit input to force the outputs to their maximum level in either
polarity, an over-ridinig output disable to shut down both power amplifi-
ers and reduce guiescent supply current, and internal thermal shutdown
which disables the load (but still allowing the head to be parked) in the
event of excessive junction temperatures. The load is re-enabled when
the junction temperature returns to a safe level.

The ABI58SEA is supplied in a 28-lead power PLCC for surface-
mount applications. The copper half-batwing construction provides
for maximum package power dissipation in a minimum package size.
It is rated for continuous operation over the temperature range of
-20°C to +85°C.

FEATURES

M Controlled-Velocity Head Parking
M 4V to 15 V Operation
8l Zero Deadband
M High Transconductance Bandwidth
B User-Adjustable Transconductance Gain
W 800 mA Load Current
B Dual Under-Voltage Monitors
with Flag and User-Selectable Trip Points
M Internal Thermal Shutdown Circuitry
B Replaces UC3175

Always order by complete part number: | ABI58SEA |.
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ReyT = 6.0°CW.

Rgja = 50°CW

25 50 75 100 125 150
TEMPERATURE IN °C

ALLOWABLE PACKAGE POWER DISSIPATION IN WATTS

Dwg. GP-033
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VOICE COIL MOTOR DRIVER

ELECTRICAL CHARACTERISTICS at T, =+25°C, V= Vg =12V

Limits
Characteristic Symbol Test Conditions Min. Typ. Max. Units
Logic Supply Voltage Range Voo Operating 3.0 12 16 \
Logic Supply UV Threshold Veo — 2.8 3.0 \
Logic Supply UV Hysteresis AV, — 200 — mv
Supply Current (. Vour = 8 V, no load — 20 — mA
lee — 1.0 — mA
Inhibited Supply Current — log + oo Vinmgr 2 17 V — 3.0 6.0 mA
Thermal Shutdown Temp. T, — 165 — °C
Thermal Shutdown Hysteresis AT, — 8.0 — °C
Output Power Drivers
Output Saturation Voltage Vear lou = 250 mA — 250 — mV
lour = 800 mA — 450 — mv
lout = -250 mA — 750 — mv
loyr = -800 mA — 950 — mV
Total Saturation Voltage Vear | oap = 250 mA — 1.0 1.2
(Source + Sink) | g = 800 MA — 14 1o
Input Offset Voltage Vio Vey=6V — — 8.0 mV
Input Offset Drift * AV o — — 25 uv/eC
Input Bias Current [ ExceptIN, , Vi, =6V — -150  -500 nA
IN,, to SENSE, =12kQ, T, =25°C 69 84 105 UA/V
Input Offset Current o INgonly, Vo, =6V — — 200 nA
Large Signal Gain Aug Vour = 1 V1o 11V, 15 r =500 mA 1.5 5.0 — v/mv
Slew Rate SR — 1.0 — Vius
Unity Gain Bandwidth BW Amplifier A 0.5 2.0 —_ MHz
Amplifier B 0.5 1.0 — MHz
Common-Mode Rejection Kema Voy=1Vto 10V 70 90 — dB
Clamp Diode Forward Voltage Ve =800 mA; V| gr 217V — 1.0 1.2
High-Side Current Limit lour T,=25°C — 1.0 1.2
Power Supply Rejection Ksva Ve =4 V1015V, V=15V 70 90 — dB

Negative current is defined as coming out of (sourcing) the specified device terminal

Typical Data is for design information only.

* This parameter, although guaranteed, is not tested in production.

Continued next page...
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VOICE COIL MOTOR DRIVER

ELECTRICAL CHARACTERISTICS continued

Limits

Characteristic Symbol Test Conditions Min. Typ. Max. Units
Current Sense Amplifier
input Offset Voltage Vis Vey=6V — — 2.0 mv
Input Offset Drift AV, Ve, =0Vto12V — — 1500 wvvV

See * — — 8.0 uv/rC
Volitage Gain s V=-1Vte+1V,V , =6V 195 200 205 —
Output Saturation Voitage Vear Vour loyr = 1.5 mA — 300 500 mV

VCc - VOUT, lour =-1-5 mA — 400 700 mV
Park Function
PARK DRIVE Leakage Current loex Vepx =20V — — 100 A
PARK DRIVE Saturation Voltage Vcasm lc =200 mA — 300 500 my
PARK Input Threshold Veark 0.7 1.1 1.7 \'%
PARK Input Current loarK Vearc = 17V — — 100 HA
PARK VOLTAGE Input Current loamK v — -150  -500 nA
Under-Voltage Protection
UV Threshold Viy Low-to-High Trans., Other Input =6 V 1.48 150 152 \
UV Threshold Hysteresis AV, 15 25 40 mV
UV input Current lov Voy=1V —_ -0.5 -1.5 uA
PWR OK Saturation Voltage VCE(SAT) lc=5mA — — 450 mV
PWR OK Leakage Current loex Vepyx =20V — — 5.0 HA
Auxiliary Functions
LIMIT Input Voltage VLIMIT(L) OUT, forced Low 0.7 0.3 — A

uwrgy | OUT, forced High — 22 23 v
Viur | Limitinactive ) 12— 18 v

Open circuit 1.45 150 155 \
LIMIT input Resistance R it Viur=12Vto18V — 10 — kQ
INHIBIT Input Threshold . 0.7 T v
INHIBIT Input Current BT Vier =17V — —- 200 LA

Negative current is defined as coming out of (sourcing) the specified device terminal.
Typical Data is for design information only.
* This parameter, although guaranteed, is not tested in production.
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VOICE COIL MOTOR DRIVER

TERMINAL FUNCTIONS
Terminal Terminal
Number Name Function
1 LOGIC SUPPLY V. logic supply voltage in the range of +3 Vto +16 V.
2 INHIBIT An active-high logic input that inhibits the output stages without initiating a park.
Jand4 Uv,and UV, Under-voltage detection inputs. If not used, these terminals must be

connected to the logic supply (V).

5 LIMIT A tri-state input that forces the output of amplifier A into saturation in either
direction, or allows normal linear operation.

6 PARK VOLTAGE Auxiliary inverting input to power amplifier A.

7 SENSE,,. Inverting input to current sense error amplifer.

8 IN,, Non-inverting input to power amplifier A,

9 IN,. Inverting input to power amplifier A,

10 ouT, Power ampilifier A output to voice coil motor.

11 PWR GND, Power ground of amplifier A.

12-18 GROUND Circuit reference and thermal heat sink.

19 PWR GNDy Power ground of amplifier B.

20 OuT, Power amplifier B output to voice coil motor.

21 LOAD SUPPLY Vg l0ad supply voltage in the range of +3 Vto +16 V.

22 INg Inverting input to power amplifier B.

23 INg, Non-inverting input to power amplifier B.

24 SENSE . Non-inverting input to current sense error amplifer.

25 PWR OK A logic low at this output indicates an under-voltage condition.

26 PARK An active-high logic input that activates the park function.

27 PARK DRIVE Power transistor for retract current control on power down or park command.

28 SENSE ;¢ Output of current sense error amplifier.
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PARKING FUNCTION
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APPLICATIONS

INFORMATION

POWER INTEGRATED CIRCUITS
FOR MOTOR-DRIVE APPLICATIONS

Improved systems performance and reliability, lower component
counts, and reduced cost are among benefits offered by space-saving
power interface ICs. Many of the following devices are specifically
designed for motor-drive applications. The development of these
devices is especially significant in view of the increasing use of micro-
processor-controlled servo and stepper motors.

UNIPOLAR STEPPER-MOTOR
TRANSLATOR/DRIVER
The UCN5804B integrated circuit drives permanent magnet

stepper motors rated to 1.25 A and 35 V with a minimum of external
components.

Internal step logic activates one or two of the four output sink
drivers to step the load from one position to the next. The logic is
activated when STEP INPUT (pin 11) is allowed to go HIGH. Single-
phase (A-B-C-D), two-phase (DA-AB-BC-CD), or half-step (A-AB-B-BC-
C-CD-D-DA) operation, and step-inhibit are selected by connections
at pins 9 and 10. The sequence of states is determined by the DIREC-
TION CONTROL (pin 14).

RECOMMENDED MAXIMUM OPERATING CONDITIONS
Drive Format Pin9 Pin 10
Output Voltage, Vi ,p oo 35V
(T)wo—EEase :_‘1 :: Output Current, Iy - v 1.25A
ne-Phase )
Half-Step L H :_ogut:\?ulppty V\?Itage, Vg m e e 45Vto55V
Step-Inhibit H H nputVoltage, Vi, ... 55V

L/R STEPPER-MOTOR DRIVE

28 v

DIRECTION

1
3 H 14
CONTROL
1 | 7

13 OR

. s
- 4 __o";“D
J‘“ STEP ;P

= = 9 [- ___f
Dwg. £P-029
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INTEGRATED CIRCUITS
FOR MOTOR-DRIVE APPLICATIONS

FULL-BRIDGE MOTOR DRIVERS

The UDN2953B and UDN23954W are designed for bidirectional,
chopped-mode current control of dc motors with peak start-up currents
as high as 3.5 A. The output-current limit is determined by the user's
selection of a sensing resistor. The pulse duration is set by an external
RC timing network. The chopped mode of operation is characterized by
low power-dissipation tevels and maximum efficiency.

Internal circuit protection includes thermal shutdown with hyster-
esis, output transient-suppression diodes, and crossover current
protection.

The UDN2953B is supplied in a 16-pin DIP with heat-sink contact
tabs. The UDN2954W. 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 MAXIMUM OPERATING CONDITIONS
Motor Supply Voltage, Vg oo 7.5Vto50V
Continuous Output Current, lour ~- o e 12.0A
Peak Output Current. 4. ... L +3.5A
Logic Supply Voltage. Vg crvee e 45Vto55V
Input Voltage. V... ... 24V

UDN2953B

+5V

PHASE ©

ENABLE o
(ACTIVE LOW)

Dwg. No. A-12,649B
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INTEGRATED CIRCUITS
FOR MOTOR-DRIVE APPLICATIONS

QUAD DARLINGTON SWITCHES

The UDN2878W and UDN2879W drive motor windings at up to 200
watts per channel. The integrated circuits include transient-suppression
diodes and input iogic that is compatible with most TTL, LS TTL, and
5V CMOS. The 12-pin single in-line power-tab package allows maxi-
mum power-handlirig capability.

RECOMMENDED MAXIMUM OPERATING CONDITIONS
Load Voltage, V., (UDN2878W) ............ ... .. ... 3BV
(UDN2879W) .. ... ... ... ... 50V
Continuous Output Current, |, ................ ... ... 4A
Peak Output Current, 1, ..o 5A
Logic Supply Voltage Range, Vg ............... 45Vto7.0V
Input Voltage, Vi, ... ... Vg

STEPPER-MOTOR DRIVE

2.-PHASE, UNIPOLAR INPUT UDN2878W
WAVEFORMS

X
I +28V
Dwg. No. A-11,795 F——AAA -0
Yy v
T Dwg. No. A-11,975
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INTEGRATED CIRCUITS
FOR MOTOR-DRIVE APPLICATIONS

DUAL FULL-BRIDGE MOTOR DRIVER

The UDN2993B motor driver contains two independent full-bridges
capable of operating with toad currents of up to 600 mA. An internaily
generated deadtime prevents potentially destructive crossover currents
when changing load phase. Internal transient-suppression diodes are
included for use with inductive loads. Emitter outputs allow for current
sensing in pulse-width modulated applications.

RECOMMENDED MAXIMUM OPERATING CONDITIONS

Load Voltage Range, Vg . .................... 10Vtod0V
Output Current, | 0o +500 mA
Logic Voltage Range, Vi, .. ... L. 45Vto55V

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

+5V +36V +5V
0

‘ AV T
470K 10K 0.1 10K 470K
+5V
1K 56Q

Dwg. No. A-12,453

+ 5V
INPUT A ' ‘
[¢]

+ 5V
INPUT B

¢}

Dwg. No. A-12,454
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INTEGRATED CIRCUITS
FOR MOTOR-DRIVE APPLICATIONS

LINEAR MOTOR DRIVERS

Power operational amplifiers are useful in driving voice-coil motors,
linear servo motors, and ac and dc motors in a linear mode where
motor speed or position is a direct function of a linear input signal. The
operational ampilifiers listed here are standard “building block” circuits
providing almost uniimited application. The high-gain, high-impedance
operational amplifier configuration allows many specialized input,
output, and feedback arrangements.

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

MAX. CONT. PEAK
PART NUMBER TYPE AVg lour Iop FEATURES PACKAGE
ULN3751Z Single 28V +25A 35A Unity-Gain Stable Internal Compensation 5-Lead SIP
ULN3755W Dual 40V +2.5A +3.5 A4 Bootstrapped Output, Unity-Gain Stable, 12-Lead SIP
ULN3755B +25A +3.5A Prog. Current Sense 16-Pin DIP

POSITION SERVO

FROM uP CONTROL

R3
AD558
D-TO-A
EaSpEnEaCatpt R2

R1

POSITION-SENSING
Y. <4 POTENT!OME'\:IF:R +
o I
0.00
= L T

MECHANICAL DRIVE/LINKAGE

R4 = RS =R6=R7
R1, R2 DEFINE D-C GAIN
R3, C1 SELECTED FOR LOOP COMP.

Dwg. No. A-12,652
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INTEGRATED CIRCUITS
FOR MOTOR-DRIVE APPLICATIONS

TWO-PHASE, 60 Hz OSCILLATOR/MOTOR DRIVER

50Q 509 25K

12.4K _I

1 FAAA—

8.2K
Dwg. No. A-12,651
THREE-PHASE, 400 Hz OSCILLATOR/MOTOR DRIVER
508 508
9.5K
$=0° ¢ =120° »\/\/\,__L
0.022 % 8.2K
= 041
i I =
- 1L
s ¢
0.022

Dwg. No. A-12,650
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INTEGRATED CIRCUITS
FOR MOTOR-DRIVE APPLICATIONS

UNIPOLAR WAVE DRIVE

STROBE —J_] ﬂ ﬂ» L_
v L _
N2 m
"5 3 )
- _ g

e B

o D Y

ouT 3 e I R
ouT 4 ._J—7 ;

Dwg. No. A-11,446

UNIPOLAR 2-PHASE DRIVE

S 1 n n_
S e N o ]

1 M

ve L L

o — I -
oo [
JolI R Qp—— I I S

Dwg. No. A-11.447

BiMOS UNIPOLAR MOTOR DRIVERS

Driving unipolar motors is one of many successful applications for
the UCN5800A, UCN5801A, UCN5830B, andUCN5831B BiMOS Il
latched sink drivers.

All devices contain CMOS data latches, CMCS control circuitry,
high-voltage, high-current bipolar Darlington outputs, and output
transient protection diodes for use with inductive loads.

The UCNS5800A is a direct replacement for the original UCN4401A.
The UCN5801A replaces the UCN4801A. With a 5 V supply, BIMOS I
devices typically operate at data input rates above 5 MHz; at 12 V,
significantly higher speeds are obtainable. BiMOS |lI drivers, with
output voltage ratings to 150 V, are available as UCN5900A and
UCN5901A.

Device Package Drivers | Features
UCN5800A 14-pin DIP 4 Clear, Strobe, Output Enable
UCN5801A 22-pin DIP 8 Clear, Strobe, Output Enable
UCN58308 16-pin DIP 4 Strobe and Qutput Enable
UCN5831B 16-pin DIP 4 Strobe, Output Enabie,
Saturated Outputs

RECOMMENDED MAXIMUM OPERATING CONDITIONS

Output Voltage, Vg

UCNS800A & UCNS801A. . ... .. ... . 35V

UCNS830B & UCNS831B . ............ .. . .. ..... 35V
Continuous Output Current, |-

UCNS800A & UCNSBOTA ... ... 350 mA

UCNS5830B & UCNS831B. . .. ... 10A
Logic Supply Voltage, Vo

UCNS800A & UCNSBOTA . .. ... 45V to12V

UCNS5830B & UCNS831B ... . ........ .. ... 45Vto55V

UNIPOLAR STEPPER-MOTOR DRIVE
*30\/?

OUTFUY ENABLE (ACTIVE LOW)

Dwg. No B-1537
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INTEGRATED CIRCUITS
FOR MOTOR-DRIVE APPLICATIONS

SINGLE-WINDING DC
OR STEPPER-MOTOR DRIVE

OIRECTION O

Dig. No A 12774

FULL-BRIDGE DC
SERVO-MOTOR DRIVE

UDN-29357 UDN-23502
T i 1

HIGH-CURRENT BIPOLAR
HALF-BRIDGE MOTOR DRIVERS

The UDN2935Z and UDN2950Z ICs are monolithic half-bridge
motor drivers in power tab TO-220 style packages. The circuits com-
bine sink and source drivers with diode protection, gain and level
shifting systems. and a voltage regulator for single-supply operation.
They are designed for servo-motor drive applications using puise-width
modulation.

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

The UDN2935Z and UDN23950Z may be used in pairs (full-bridge)
to drive dc stepper motors or brushless dc motors.

RECOMMENDED MAXIMUM OPERATING CONDITIONS

Supply Voltage. V. ... 8.0Vto35V
Continuous Output Carrent. {000 12.0A
Peak Output Current. Iy, ... .. ...  135A
Input Voltage. V... ... 55V

3-PHASE BRUSIILESS DC MOTOR CONTROL

Dwg. No. A-12,653
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APPLICATIONS

INFORMATION

INTEGRATED CIRCUITS FOR
CURRENT-SOURCING APPLICATIONS

FLOATING During recent years, the appearance of many new low-power
LOGIC GROUND LEVEL monolithic devices (LS| and microprocessors) has created an increased
(Sink Driver) need of peripheral power driver integrated circuits. Interface drivers are

typically categorized in terms of their output-drive functions. When
current flows out of the driver output terminal and inta the load, the
device is said to “source” current. Conversely, current flows from a load
into a "sink” driver.

+5V
Integrated source drivers usually consist of high-voltage

PNP devices and high-power NPN Darlington outputs (which provide
PNP-type action), with input-level shifting. These power ICs are useful
for interfacing low-leve! logic (TTL, CMOS, NMOS, PMOS) and high-
current or high-voltage relays, solenoids, lamps (incandescent, LED,
neon), motors, and displays (gas-discharge, LED, vacuum-fluorescent).
They can also be used to provide multi-channel buffers for discrete

Dwg. No. A-11532 power semiconductors .

INPLT
LOGIC CONDITIONING

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

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

SEPARATE GROUND RETURNS
(Source Driver)
+V

+5V — HIGH
T CURRENT
LOGIC INPUT

CONDITIONING
[ l POWER

LOGIC GROUND Ml 1 GroUND

Pwg. No. A-11,531
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TELECOMMUNICATIONS
RELAY DRIVER
(Positive logic)

Dwg. No. A-11.524

TELECOMMUNICATIONS
RELAY DRIVER
(Negative logic)

Dwg. No. A-11538

RELAY-DRIVER APPLICATIONS

Series UDN2580A, eight-channel source drivers, and Type
UDN2957A, five-channel source driver, provide current /voltage trans-
lation from TTL, positive CMQOS. or negative CMOS logic to -48 V tele-
communication relays requiring less than 350 mA. All devices have
internal inductive-load transient-suppression diodes.

Type UDN2580A-1 is best driven from negative-reference CMOS
or NMOS logic (-5 V or -12 V swing ) in order to provide a -48 V swing
at the output. The active-low input Type UDN2588A-1 can be driven
from positive logic TTL (+5 V swing) or CMOS (+12 V swing) levels.
The active-high input UDN2957A is similar to the UDN2588A-1, but it
also has a chip-enable function that requires a minimum number of
drive lines to control outputs from several packages in a simple multi-
plex scheme.

RECOMMENDED MAX. OPERATING CONDITIONS

Supply Voltage, V... .. ... S0V
Continuous Output Current. | . (per output)

MULTIPLEXED RELAY DRIVER

-5y ENABLE

UDN2957A

T
QuTPLT

Dwg. No. A-11.525

T30 OTHER
ORIVERS
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CURRENT-SOURCING APPLICATIONS

VACUUM-FLUORESCENT/GAS-DISCHARGE
DISPLAY APPLICATIONS

Series UDN6100A and UDN2580A source drivers provide
solutions to problems encountered in driving higher-voltage vacuum-
fluorescent and planar gas-discharge displays. Both series of parts
provide TTL, CMOS, and NMOS input-togic compatibility. Series
UDNG6100A devices are active high {(non-inverting) drivers. Series
UDN2580A drivers are active low (inverting) devices.

At minimum cost, Series UDN6100A-2 devices offer 60 V output
breakdowns for vacuum-fluorescent displays typically utilizing less than
32 characters. Featuring a minimum 80 V output breakdown voltage,
standard Series UDN6100A drivers (no additional suffix) guarantee
25 mA per output. Suffix -1 devices provide for a 110 V breakdown,
recommending them for 40 to 80-digit or dot-matrix V-F applications or
gas-discharge anode-drive applications requiring the higher output
voltage. All of these drivers include internal pull-down resistors and
provide operation from single-ended positive supplies.

Operation from a split-supply allows the user to bias the V-F
filament at ground potential ar to utilize a system-supply voltage above
ground (40 V instead of +80 V). The UDNG6138A source driver is
recommended.

For vacuum-fluorescent display applications requiring a higher
current capability {(operating several displays with common drive cir-
cuitry), Type UDN2588A can be used with appropriate external output
pull-down resistors to provide up to 350 mA per output.

MAXIMUM OPERATING VOLTAGES

VoVaa | Vinony  Vimors | Vee | Veemax Device Type
+5 <14 >4.5 0 -45 UDN2588A
-75 UDN2588A-1
+12 <8.4 >11.5 0] -45 UDN2588A
-75 UDN2588A-1
+30 2.4 <0.4 NA -30 UDN6138A-2
+40 2.4 <0.4 NA -40 UDNB6138A
+60 TTL or CMOS NA 0 Series UDN6100A-2
+80 TTL or CMOS NA 0 Series UDNG100A
+110 TTL or CMOS NA 0 Series UDN6100A-1
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CURRENT-SOURCING APPLICATIONS

SEGMENT SELECT

DIGIT SELECT

MULTIPLEXED VACUUM- FLUORESCENT DISPLAY DRIVERS

UDNB118A-2

+36V
Q

Owg. No. A-11,522

. UDN-25884
L3 70
t:T_J 2 _4| »Tx 19
%‘%} :}—' 3 —-‘D’-"md is
. :r_‘ 5 % 16 % l
1 i 6 15
Us | D =
= EDRNS 12
10 Vzc A0
i E2Y

Dwg. No. A-11.526
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CURRENT-SOURCING APPLICATIONS

LIGHT-EMITTING
DIODE APPLICATIONS

Series UDN2580A and Series UDN2980A 8-channel source
drivers provide monolithic solutions to problems associated with driving
multiplexed LED displays in common-cathode or common-anode
configurations.

Type UDN2585A is a non-Darlington inverting (input low = output
high) source driver that is frequently used as a segment or dot driver
in a common-cathode LED display where multiplexed segment or dot
currents do not exceed 120 mA . This device features input logic-level
compatibility with open-collector TTL, standard TTL, CMOS, and
NMOS, as well as low output saturation voltages.

For common-cathode applications requiring higher segment cur-
rents, or for common-anode digit drive applications, Series UDN2980A
is recommended. This non-inverting (input high = output high) series
features 350 mA per output continuous current ratings with peak
currents reaching 500 mA per output. Outputs may be paralieled for
higher current capability. Type UDN2982A is logic-compatible with
2.4 V output levels of TTL and CMOS. Similar high output current
ratings, for use in inverting applications, are offered by the Type
UDN2580A driver.

Combining source drivers with multi-channel, high-current sink
drivers (such as Type ULN2068B, UDN2595A, or ULN2814A) provides
simple, compact, and economical solutions to driving high-current multi-
plexed LED displays.

RECOMMENDED MAX. OPERATING CONDITIONS
Supply Voltage, Vg

UDN2585A . . o 15V

UDN29B2A . 45V
Continuous Output Current, |, (per output)

UDNZ585A . =120 mA

UDN29B2A . . e -350 mA
Input Voltage, VIN ............................................. 15V

COMMON-CATHODE 1LED DISPLAY

i
ABiAY Dwg. No. 1473A

3-296




CURRENT-SOURCING APPLICATIONS

COMMON-CATHODE LED DISPLAY
T OTHER
SEGMENTS
UDN-2585A
[ r o
1 18 '\(
3 W'—i 3 i %
"_\D&T_«_* 15 %
v [> 0 »
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OTHER
DIGITS

Dwg. No. B-1481

COMMON-ANODE LED DISPLAY

UDN-2982A
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UDN-2595A
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Dwg. No. B-1480
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CURRENT-SOURCING APPLICATIONS

ELECTRO-MECHANICAL
DISPILAY APPLICATIONS

Source drivers in the Series UDN2580A and UDN2980A, when
combined with the Type ULN2804A sink driver, provide a simple
interface between 12 V CMOS logic and a muttiplexed electro-mechani-
cal display. As shown, the need for additional inverter packages is
eliminated since Type UDN2580A is activated by a low input level and
Type UDN2982A is turned ON by a high input level. All drivers have
internal inductive-load transient-suppression diodes and copper lead
frames for improved package power dissipation capability.

RECOMMENDED MAX. OPERATING CONDITIONS

Supply Voltage, Vg .. ..o 35V
Continuous Output Current, |, 1 (peroutput) .................... -350 mA

MULTIPLEXED ELECTRO-MECHANICAL DISPLAY DRIVERS

1
¢
!

+v 17

T ——o +12V

SEGMENT T S g
SELECT UDN-2982A :
. 5“:‘ | r—_‘)‘JW1
‘Z é% S et
ad _—_—_”_[Wvl
i j\:l'j% IE)__" 10
¢ . DL Jomm M
f 3 —ﬁ>r«4 T}————— [ SEGMENTS ;
] J:I»—-{> .3____ —pt- Y
o ‘:I ID_—-—_-_ ful
B v >t
l?Vu———qs z ii}l | 1”.;%
UDN-2580A o SINK DRIVER
g— N 5 ]
2% g D, g > I’: IJ_,-L
3 .._‘{>.-,LA 16 —_— D3 3 0 cm——
o 10 ] sl & L
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CURRENT-SOURCING APPLICATIONS

PRINTER APPLICATIONS

Source drivers have been used extensively in electrosensitive,
thermal, and impact printer applications. Multi-channel devices in the
Series UDN2580A and UDN2980A reduce parts count and provide up
to 350 mA per output at voltages up to 75 V (resistive load). Copper
lead frames make these devices capable of simultaneously delivering
up to 125 mA continuously from all eight channels at an ambient
temperature of +50°C.

RECOMMENDED MAX. OPERATING CONDITIONS
Supply Voltage Range. V¢

UDN258BA-1 . . to75V
UDN2981A and UDN298B2A ... .. ... ... ... ... 5Vto45V
UDN2983A and UDN2984A .. .. .. . ... ... .. .. ... .. .... 3BVto75V
Logic Voltage. V|, . oo 12V
Continuous Output Current, I 4 (peroutput) .............. ... ... -350 mA
Peak Output Current, oo oo -500 mA

THERMAL PRINTER APPLICATION ELECTROSENSITIVE PRINTER

UDN-25388-1

APPLICATION

PRINT
ELECTRODES

-50V

Dwg. No. A-11.528
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CURRENT-SOURCING APPLICATIONS

INCANDESCENT LAMP
DRIVER APPLICATIONS

Driving multiplexed incandescent lamps at voltages up to
75 V with peak currents approaching 500 mA per segment, Series
UDN2980A eight-channel source drivers, when combined with Type
ULN20698B sink drivers, provide for a very cost-effective approach.
Multiplexed lamps must typically be operated at a voltage VN (N = the
number of digits) times the nominal d-c voltage, to obtain sufficient
brightness. For example, a four-digit, 28 V display requires 56 V to
operate satisfactorily. In addition, care must be taken to select a proper
driver to withstand the substantial inrush currents created by cold fila-
ments. Peak currents of up to ten times the nominal operating currents
have been observed. Multiplexed lamps must also incorporate diodes to
prevent series /parallel paths to unaddressed elements.

RECOMMENDED MAX. OPERATING CONDITIONS
Supply Voltage Range, V

UDN2981A and UDN2982A .. ... ... ... ... .. ....... 5Vto45V
UDN2983A and UDN2984A . ... .. ... ... ... ... ... .. 35Vio75V
Continuous Output Current, |, - (peroutput) .................... -350 mA
Peak Output Current, Iy, ..o -500 mA

MULTIPLEXED LAMP DRIVER, TTL- OR MOS-COMPATIBLE

SEGMENT SELECT
UDNZ983/84A

DIGIT SELECT

a_
@
)
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@
§ ULN20B9B
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i @
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»t @
Dwg. No. B-1475
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CURRENT-SOURCING APPLICATIONS

MULTI-CHANNEL INTERFACE
TO HIGH-POWER LOADS

Source drivers can be employed as mutlti-channel pre-drivers
for discrete high-current or high-voltage semiconductors, thus reducing
the need for many discrete components. For instance, a UDN2580A
8-channel source driver can provide up to 350 mA of pre-drive current
into the base of power NPN devices, making 5 A load currents readily
available. Higher load currents can be obtained by using power NPN
Darlington devices.

For a-c loads. it is possible to use a source driver to provide
gate current (with appropriate current-limiting) to a power SCR or triac.
This scheme can provide an economical solution to many applications
such as driving incandescent lamps or a-c motors at up to 20 A.

DRIVER FOR HIGH-POWER DISCRETE DEVICES

20A

UDN-2580A

Dwg. No. A-7*.333 Dwg. No. A-11.534
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APPLICATIONS

INFORMATION

EXPANDING THE FRONTIERS OF
IC INTERFACE FOR ELECTRONIC DISPLAYS

INTRODUCTION

The original monolithic high-voltage/high-current power drivers
(Series UHP500) were capable of sustaining 100 V and sinking load

1 Vec currents of 250 mA on each of four outputs. That 1970 peripheral driver
capability has since been expanded and improved on to solve many of
2 15 the most difficult display interfaces. Newer devices are rated for opera-
tion to 130 V, sourcing or sinking to 1.5 A, and as many as eight drivers
3 14 per package (not all together) with inputs for TTL. Schottky TTL, DTL,
CMQOS, and PMOS.
a ¢ 13
LAMP (INCANDESCENT) INTERFACE
3 : Utilizing marketing inputs that related to existing hybrid interface
3 11 circuits, a group designed and manufactured monolithic ICs which
initially were largely used for aircraft indicator lamp interface. Although
7 = dliv 10 not widely known, these quad driver units were developed quite inde-
! i pendently (and simultaneously) to the ubiquitous T! 75451 series of
[GND L g high-speed, low-voltage peripheral drivers. A concentration upon circuit
design factors, improvements in DiP packaging (copper alloy lead
frames), and tighter, tougher control of diffusion-related parameters has
allowed the manufacture of quad power drivers rather than the dual
Dwg. No. A-9869 mini-DIPs offered by Tl.

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

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

GAS DISCHARGE DISPLAY ICs

Early in 1972, the first high-voltage IC designed for gas discharge
displays—a five channel, 130 V unit for cathode (segment) interface
Dwg. No. A-9866 was produced. Subsequently, other circuits, both cathode and anode
drivers, were produced; most of which were used in calculator applica-
tions with the Burroughs Panaplex® il.

FIGURE 1 Through a collaborative effort begun late in 1973 with Burroughs
Corp. a newer, more efficient interface scheme evolved. Featured in
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IC INTERFACE FOR ELECTRONIC DISPLAYS

“Electronic Displays '75,” this series of
monolithic IC interface devices for the high-
voltage gas discharge panels has been one of
the trailblazers in the world of display inter-
face ICs. Intended for use in multiplexed
display systems, these ICs present one of the
easiest and least expensive solutions to a
difficult interface problem. A combination of
high-voltage bipolar techniques with thin-fiim
resistor technology (circuit resistors sputtered
over the IC dielectric) has provided both digit
(anode) and segment (cathode) interface.

Ut 0208 - — JE N S S >
L i
a
s 046 | +
z k
<1 a2 \

008

N\‘\--—__.__.
004 - Tt T

MILLUISECONTDS
Dwg. No. A-10.289

FIGURE 2

To facilitate @ minimum component
interface, a split supply (100 V) is employed
to allow dc level-shifting (rather than capaci-
tors or >200 V transistors) and both digit and
segment drivers incorporate all pull-up, pull-
down, current limiting, off-bias reference, etc.
which were formerly required in discrete and/
or hybrid systems. With the combination of
the digit and segment drivers (each capable
of withstanding 120 V), the split power supply
approach affords PN diode IC technology
suitable for driving a display usually requiring
a 180 V minimum ionization voltage (equiva-
lent to £90 V in the split system).

The use of the Series UDN6100/7100A
gas discharge display drivers shows the need
for only two monolithic ICs for displays of up
to eight digits and eight segments as shown

in Figure 3. Systems requiring digit or segment counts greater than
eight employ additional driver ICs. The UDN7180A device, for reasons
of package power dissipation and/or dissimilar segment currents
(certain 14 or 16 segment alphanumeric panels) uses external, discrete
current-limiting resistors.

Higher current applications are difficult for both programmable
current and switching type display drivers. Segment currents beyond
2.5 or 3 mA present package power dissipation limitations to most dual
in-line packages. By using external resistors, the UDN7180A driver
allows segment currents of up to 14 mA,

The transistor switch with current-limiting resistor scheme used in
these gas discharge display drivers also minimizes problems associ-
ated with gas panel arcing which can destroy programmable current
circuits. Some of the gas display manufacturers recommend the use
of series resistors in each segment line to prevent destruction to the
semiconductor interface circuit should such a panel arc occur. Without
these series resistors {internal thin-film resistors in these devices) the
IC can be destroyed by the high voltage and resulting high current
should the panel voltage drop to a very-low level during an arc.

1745852
o 2 %
O3 I
BURROUGHS
CDOGT33CM
°

]

|

y
Iz
)
ks

UDNB116A-1
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UDN7180A
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L

Dwg. No. A-97518
FIGURE 3
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IC INTERFACE FOR ELECTRONIC DISPLAYS

LED INTERFACE

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

The efficiency of LED displays has
improved, but with the larger digits (up to 1"
presently) most of the IC drivers are unable to
switch the higher currents required in multi-
plexed systems. The rule-of-thumb generally
applied uses the suggested dc current—
multiplied by the number of digits in the
display. For example, a multiplexed display of
160 mA peak current will give approximately
the same light intensity output as a steady
20 mA in each of eight digits. Of particular
difficulty is the switching of currents associ-
ated with the lower efficiency yellow and
green LEDs. Completely monolithic integrated
circuit solutions are available for applications
requiring segment currents (source drivers) of
350 mA and digit currents (sink drivers) of up
to 4 amperes!

Many of the ICs used in high-current
LED applications were originally designed
for use with electro-mechanical loads (relays,
solenoids, motors, etc.) although the high-
voltage ratings of the drivers are obviously
not a concern. A combination of high-current,
high-voltage Darlington drivers is shown in
Figure 4.

The ULN2074B source driver is utilized
as a modified emitter-follower. Through the
use of discrete diodes in the common collec-
tor line, allowing the base to be switched to a
potential higher than the collector, it is then
possible to obtain a saturated output. This
prevents the usual emitter-follower problems
associated with gain, the MOS output imped-
ance, and power. It is also possible to now
better define the voltage at the emitter output
and to then provide suitable segment current-
limiting resistors for the LEDs.
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FIGURE 4

An eight-channel source driver is shown as a digit switch for
common anode LEDs in Figure 5. The Series UDN2980A drivers will
handle output currents to a maximum of 500 mA. Two basic versions of
the driver will allow interface from TTL, Schottky TTL, DTL, PMOS, and
CMOS levels.

A common-cathode LED configuration is shawn in Figure 6 for
currents of up to 1.5 A per digit. A Series UDN2S80A source driver
is used to switch the segment side, the ULN2064B or ULN2074B to
switch the digit side. As has been shown with Figure 4, the IC package
power dissipation must be considered with high-current applications.

The three examples that have been shown for LED interface
represent only a very-small portion of the total applications area. The
high-current capabilities and high gain of the drivers represent potential
solutions to many difficult LED display systems—-alphanumeric, seven-
segment, or matrix; common-cathode or common-anode; continuous or
multiplexed.
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AC PLASMA DISPLAY INTERFACE Several high-voltage, high-current arrays

can provide an answer to one side of the
Plasma displays, such as those manufactured by National Electron- ac plasma display interface. The ULN7003A

ics/NCR (USA) and NEC or Fujitsu (Japan), all have one common Darlington power driver is rated at 150 V. ltis
element with their gas discharge cousin—both types use a neon gas able to handle the application shown in Figure
mixture. The plasma panels emit an orange glow when switched at 7 (a basic dc, non-multiplexed clock interface
rather high frequencies, and light output intensity is a function of rather than a more complex muitiplexed
frequency. The ac term for the plasma display is something of a misno- system).
mer since these panels actually operate from a toggled dc supply . . )
(usually in the area of 20 kHz). The high-current diodes that are internal
to the arrays are utilized in the unipolar drive
The panel is basically a neon-filled capacitor, and has plates scheme connected to a suitable OFF refer-
(electrodes) which are covered with the dielectric—between which is ence. In one POS application, a set of 14
the neon mixture. Switching this capacitive load presents a problem ULN7003A Darlington drivers replace more
with high peak currents in addition to the older problem of the high than 400 discrete components. The cost and
voltages which are associated with gas displays. Drive circuits use sup- space savings in such a machine are consid-
ply voltages of 150 to 260 V (depending on unipolar or bipolar drive), erable, and a very complex printed wiring
and the semiconductors used must switch instantaneous currents in board was greatly simplified.

the order of several hundred milliamperes for the larger displays.
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Further improvements in interface and plasma displays will no
doubt evolve, and thus benefit all concerned— display and interface
vendor along with the end user. Plasma displays are well-suited to
custom panels (particularly those with various sizes of characters) and
with improvements in IC breakdown voltages some further simplification
of interface should evolve.

FLUORESCENT DISPLAY INTERFACE

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

Modest voltage capability (60 or 70 volts) is all that is required of a
semiconductor device to drive these panels, and the currents are in 20

to 30 mA region. These electrical require-
ments are well within the capability of many
gas discharge digit drivers.

The UDN6118A device is designed
specifically for use with fluorescent displays
and includes internal pull-down resistors so
that up 1o eight segments and eight digits will
require only two packages and a greatly
simplified power supply (Figure 8). The
UDNG6118A driver is compatible with TTL,
Schottky TTL, DTL, and 5 volt CMOS.

The future of fluorescent displays look
rather strong, particularly if competition further
reduces prices. For the moment at least,
these displays will not seriously tax the
capability of IC interface.

3-306




IC INTERFACE FOR ELECTRONIC DISPLAYS

20 Vpor Wit HIGH-VOLTAGE
TOGGLE
4 b o260V
TT711 97 IR AR SR A
100 &
82 v
SEGMEN e
SELECT ' ‘ ’
! | A
l |
! |
I 1
FIGURE 7
HOT WIRE READOUTS SUMMARY

Although hot wire readouts could easily be placed in the incandes-
cent category, their application in multidigit, multiplexed display systems
more closely resembles LED circuit operation. Since hot wire dispiays
will conduct current in either direction, isolation diodes are required to
prevent sneak paths from partially turning ON unaddressed segments.
Compare the typical hot wire display of Figure 9 with the LED display of
Figure 5. The availability of a suitable, inexpensive diode array would
be of considerable asset in multiplexed hot wire systems.

The hot wire readouts are available in both seven-segment and
alphanumeric (16-segment) versions and are quite well-suited to high
ambient light applications. They do not wash out in sunlight, although
their reliability diminishes with the higher currents required in brightly
lighted applications. As described, multipiexed schemes can be cum-
bersome because of the great number of discrete diodes required. One
avionics system using a 16-character, 16-segment alphanumeric panel
required 256 discrete diodes.

The phenomenal growth in display
technology has largely come as a result
of the electronic calculator, and electronic
disptays will pervade all our lives in an
ever-increasing number of products.
The use of digital displays in appliances,
gasoline pumps, electronic games (even
pinball machines), etc., etc., will also require
that a continuing evolution on interface
integrated circuits meet the challenges
of higher brightness, increased currents,
improved reliability, and Jower system costs.
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TRENDS IN IC INTERFACE
FOR ELECTRONIC DISPLAYS

Display technology was truly set into high gear by the explosion of
the electronic calculator business. Expansion at a phenomenal pace
continues, encompassing a multitude of products, particularly high-
volume consumer products (calculators, clocks, games, and watches).
Recently, further stimulated by the “microprocessor revolution,” with its
far-reaching effects. and the resulting changeover to solid state design
from electromechanical, mechanical, fluidic, or electrical systems, the
vistas for displays have expanded well beyond the horizon. Products
have been and are being developed, using microprocessors and
displays, that never previously existed.

To augment this microprocessor revolution, semiconductor
manufacturers are developing many new interface circuits useful with
displays, although some of these will not be exclusively for display
systems. To accomplish this, the present boundaries of device design,
process, packaging. and electrical parameters will require continual
extension and expansion.

DISPLAY BUFFERS

A continuing evolution of standard interface ICs is needed to buffer
tow-level logic from high-voltage and/or high-current loads. Some of this
buffer development will serve display systems. Since there aiready is
a broad assortment of buffers (particularly for low-to medium-current
LED applications). the ongoing development in simple or low-order
interface will mainly concentrate upon further reduction in discrete
component count. package improvement (particularly for high-current/
high-power devices), improvements in device current, voltage, switch-
ing speed, and greater reliability.

Figures 1. 2. and 3 show some interface ICs that represent buffer
circuits; other vendors supply similar, or identical, high-current or high-
voltage buffers to allow operation of displays from low-level logic. Two
basic changes have occurred relatively recently:

1. Greater use of 18-pin DIPs for eight driver channels
(Source Driver, Figure 2).

2. Creation of sourcing functions (Figures 2 and 3; useful for LED,
gas-discharge. vacuum fluorescent, incandescent, and electro-
magnetic displays, depending upon device ratings). While further
buffer designs are needed (particularly in high-current (>2 A)
and high-voltage (>100 V) circuits). the main emphasis will be
toward the incorporation of logic and control circuitry with output
buffers.

COMPLEX INTERFACE

Paralleling (though lagging) the microprocessor LS| revolution is
the area of greatest future for IC display circuits: The need for complex,
smart or high-order interface. This will be MSI to LSl logic (with perhaps
some linear functions) combined with suitabie output buffers.
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Display interface ICs (similar to the MOS 1/O control chips), both
custom and standard product, are becoming available in this category.
High-volume applications may justify custom ICs, but the more general
trend will be toward standard, off-the-shelf designs— chiefly due to the
high costs of developing custom ICs.

The higher voltage displays (gas-discharge, vacuum fluorescent,
ac plasma, and dc electroluminescent) may share some circuits
(if appropriately planned and designed), particularly in the area of
matrix displays. It is difficult to imagine, however, much commonality
between high-current LEDs, high-voltage gas-discharge or ac plasma,
and low-power LCDs, although they should share considerably the
development of cellullar CAD circuit designs. Basic shift registers,
latches and decoders do have considerable commonality.

In Figure 4 is a pinout and logic diagram of a BiMOS device
combining logic and output drive. Although not expressly intended
for display applications, this BIMOS (CMOS logic and bipolar outputs)
IC has a great deal of utility to engineers working with lower voltages
and high currents (LEDs, incandescent and electromagnetic displays).
Type UCN5801A is a parallel-in/parallel-out unit composed of eight ‘D’
latches and eight 350 mA/50 V bipolar Darlington outputs.

More recently, serial-in/parallel-out BIMOS interface ICs have been
designed expressly for use with vacuum fluorescent displays. Figure 5
shows the UCN5810A 10-bit serial-in/parallel-out interface for use with
VF displays; the use of serial data allows 10 output lines, data in and
data out in a standard 18-lead DIP. it makes possible both fewer IC
packages and simpler PC board wiring, although it is siower than a
parallel data approach. It uses only a single pin of the I/0O ports.

A slightly more recent design for vacuum fluorescent displays is the
UCNS815A. This is a 22-lead, 8-bit parallel-in/parallel-out BIMOS unit.
The unit may have data inputs and a strobe bus (see Figure 6). The
chip enable/blanking pin provides control of VF buffers. A power-on-
clear is internally incorporated.
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DEVICE TECHNOLOGIES

With the exception of LCD displays
(which at least until recently have been
largely, if not entirely, driven by MOS) the
display and interface technologies in high-
volume use are mainly associated with bipolar
semiconductors. Early display interface ICs
(particularly devices such as the 7447 and
7448) were aimed at LED technology and
represent MS| with modest output capability.
The increasing use of higher voltage displays,
multiplexed high-current applications, and the
need for greater circuit complexity and low pin
count will dictate other technologies, such as
12, BIMOS, CMOS/DMOS, and possibly
DMOS.

STANDARD BIPOLAR

Standard bipolar technology, iong asso-
ciated with TTL or linears (early op amps).
appears very limited in scope for the future.
Circuit density and supply power require-
ments will dictate other processes for func-
tions beyond the simple MSI level. The
advantages of standard bipolar ICs appear
to be in the areas of simple high-current,
high-power, or high-voltage interface. In par-
ticular, applications requiring the combination
of high voltages (2100 V) or multiple high-
current outputs (=2 A) will restrict the logic/
control circuitry to a low level. Cost, chip size.
and package power dissipation will restrict
this circuitry largely to versatile, simple
buffers.

1I’L

Anticipated to increase significantly is
the use of I2L for systems of low-to-modest
voltages (LEDs through VF). The present
limits of [2L appear to be limited to applica-
tions below the 50- to 60-volt level. 2L, with
its combination of circuit density, low power
and reasonable switching speeds should
make a fine match for LEDs or other low-
voltage display applications. For higher
voltages (>25 or 30 V), prospects the penalty
of reduced circuit density may diminish its
cost effectiveness. Some increase in standoff
voltage may be afforded by the uses of cas-
caded output transistors or process improve-
ments, thus reducing the need to sacrifice

logic density. Without a standard I°L logic family, the main market
penetration would appear to be custom designs although there is a
definite opportunity for standard interface for lower voitage applications,
particularly LEDs and vacuum fluorescent.

BiMOS

BiMOS, a combination of CMOS and bipolar for interface ICs,
seems to fit a technology niche of higher breakdown voltages than I°L,
especially where logic power and supply voltage range (5to 15 V) is
important. Other BIMOS or BIFET ICs which are presently on the
market, are largely related to operational amplifiers, although other
uses, such as the Series UCN5800 application of BIMOS to interface,
are emerging.

Currently, it is feasible to design and manufacture BiMOS interface
with breakdown voltages in the 80 to 100 V range. With additional time
and greater concentration on increasing breakdown voltage, it appears
that higher voltages (2150 V) for output buffers could be obtained.

By obtaining breakdowns in the 120 V to 160 V range, BiIMOS then
becomes a viable IC technology for intertace for the higher voltage
displays: dc gas-discharge with +100 to +130 V and glow transfer or dc
electroluminescent (DCEL) opportunities with a range of 120-150 volts.

Switching speeds and output configurations (active pull-down or
resistive) are critical to matrix displays with targe numbers of drive lines.
Adding active pull-down or pull-up will tend to increase chip size (and
cost}, thus adding to the potential overali difficulty of BIMOS with its
greater process complexity and slightly longer manufacturing cycle.
This does appear to be a very key technology for the near future. Its
product niche will include applications requiring 63 to 100 V (or more)
breakdowns, low-power logic, wide supply range, modest speeds, and
MSi to small LS.

CMOS/DMOS

CMOS/DMOS display interface appears to be intended for much of
the same display market as BiIMOS. Product information now available
indicates 60 to 100 V breakdown (DMOS outputs), CMOS logic, low-to-
modest output currents (<25 mA), and logic speeds to 4 MHz. Designs
now being promoted are targeted toward ac plasma and vacuum
fluorescent panels.

Two apparent disadvantages now appear to exist:

1. Logic operates from 12 V +10% (may be done to provide
maximum speed).

2. QOutput drive current is insufficient for high-current displays
(without 100 mA, or more, the larger matrix panels will use
discretes or another technology).

These shortcomings may be modified with time, although it is
doubtful if 500 mA to 1A DMOS ouputs are practical.

3-314



APPLICATIONS

INFORMATION

3-PHASE BRUSHLESS DC
MOTOR CONTROLLER/DRIVER

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

Now, due to progress in integrated power technology, all of the
functions needed to drive three phase brushless motors can be per-
ST T R formed by one chip. The UDN2936W incorporates Hall effect sensor

J PR e —_—_— decoding logic, power outputs capable of driving 2 A continuous at
oureur —— 45V, PWM current limiting. direction control, dynamic braking, and

B integrated protection features. This device can be used to provide a
e T, simple, inexpensive. and reliable solution to the problem of driving

. brushless dc motors.

A O N P OVERALL CHIP STRUCTURE
FLOW S NS N N

The UDN2936W is made up of five sections, namely the commu-
tation logic, output drivers, current limiting, direction and braking, and
Dwg No Az 1es thermal shutdown. All logic and power functions utilize only bipolar

processing, which allows for high power with an efficient use of die
FIGURE 1 area.

MOTOR COMMUTATION

In a three-phase motor, winding current must be synchronized to
rotor position to run the motor efficiently, i.e., with unidirectional torque.
Hall effect sensors detect rotor position, which must be decoded to
drive the coils in the proper sequence. Hall effect sensors produce low
level differential analog outputs. Today's Hall effect ICs amplify this
signal to make it easier to use. These Hall effect ICs produce either
large signal ac linear waveforms, or open collector digita! signals. The

SOURCE UDN2936W is compatible with both types of Hall effect ICs.
>

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

1
| |
! i
Vo A ‘{ !
+ ! v forms found in Figure 1 illustrate how the Hall cell inputs, driving output

VseNsSE most common used in the industry. The truth table and timing wave-
lir ‘ )
%Rs waveforms, and motor currents states are interrelated. Motors with

i other commutation sequences can typically be accommodated by

) I inverting one of the position inputs.

Dwg. No. A-14.147

FIGURE 2
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CHOPPING coil in both states, and results in a controllable current waveform. The
CURRENT CONTROL chopping method functions as follows: When the current reaches | ..,
. . the source is disabled and the current recirculates through a sink driver
The current limit technique chops the and a clamp diode. The motor current decays a fixed percentage, the
source drivers to control the load current level.  sgyrce is enabled again, and the cycle repeats. The internal sense
The maximum current and percentage ripple, voltage comparator has a limited bandwidth that essentially filters out

or hysteresis, can be programmed by the user  noise on the sense pin to prevent erroneous chopping.
or left to internal default values. Source

chopping produces a continuous sense The limiting current level and hysteresis are determined by the user
voltage (see Figure 2), so this voltage is an or left to internal defaults. Figure 3 illustrates these values in a typical
accurate representation of load current, even output current waveform. A voltage divider on the V___ pin sets the
during recirculation. Also, chopping only the external V... If setabove 3V, the internal V. is used. Whether V.
sources produces a fast current charge-up is set internally or externally, V,../10 is the trip threshold on V- The

and a slower current decay. This occurs default trip can be programmedgby:
because of the different voltages across the
=03V

ITRIP

i
| —

‘ / TRIP =Yg
|

i

: / 10RS

S
tole tan,
er A & TN T Default hysteresis is set at 7.5%. Fora V___<3 V, the trip threshold
‘ /Y\/ m TRrdE Sasments is the following: REF

V,,,, e e In this case, hysteresis is created by drawing 200 pA from the

Dwg. No. A-14,148 resistor divider when the sources are chopped, lowering the trip
theshold a certain percentage. The sources turn back when the sense
voltage decays to the new lower threshold. Hystersis is given by this
expression:

FIGURE 3A

o et %ehys = :
g . %hys = 100 (200 pA + R,)

\/ | \l°<'/VREF“°RS "

The graphs in Figure 5 aid in selecting values for R,and R,.

Dwg. No. A-14,149 The internal and external current limit settings can be used together
FIGURE 3B to start a motor with a high regulated current, and run it at a lower regu-
lated current. To do this, V__. must be tied above 3 V when the motor
starts, and the V.. divider switched in after start-up (see Figure 6).

OUTPUTS

The output section consists of three half-bridges capable of sourc-
ing or sinking 2 A continuously at a saturation voltage of less than
2 V per driver. They are built to sustain at least 45 V. Source and sink
clamp diodes are included to provide a current path during commuation
and chopping. These are high-performance substrate isolated diodes
that virtually eliminate the wasteful parasitic substrate currents of
conventional diodes. The drivers, both source and sink, are bipolar
double level metal Darlingtons.

DIRECTION AND BRAKING

The direction control allows the motor to be ‘eversed even while
running. When direction changes polarity, the state of the outputs is
Diwg Mo A-14.°50 reversed, i.e., if the source was ON, the sink will turn ON, and vice
FIGURE 4 versa. Because the turn off times are longer than the turn on times, the
drivers turning ON must be delayed by a precise amount to prevent
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potentially destructive crossover currents.
This delay is generated internally.

The brake function uses the back EMF of
the motor to brake it dynamically. The wind-
ings are effectively ‘'shorted’ together through
sink drivers and clamp diodes.

THERMAL SHUTDOWN AND
POWER DISSIPATION

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

The device is packaged in a 12-pin power
SIP that has a large 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 ambient
air without a heat sink is 5.2 W. With minimal
heat sinking, dissipation greater than 10 W
can be accomplished.

APPLICATION

The application shown in Figure 7 is
a simple one illustrating the use of the
UDNZ2936W in an open-toop situation with
bilevel current limiting. The motor uses
digital open-collector Hall cells such as the
UGN3113U or linear Hall effect ICs such as
the UGN3503U. These Hall effect sensors
have a quiescent output voltage of 2.5 V, and
emitter follower outputs. The UDN2936W 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
limiting for the V___resistor divider. Choosing
R, = 0.15 ohms results in internal default trip
current of 2 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 Vtothe V,_  input, producing 0.67 A
of regulated running current and 5% ripple.
Typically, Q1 would be OFF during start-up.
giving 2 A of regulated start-up current, and
then turned ON to provide 0.67 A of running
current. The values of R, R, and V.. can
be calculated using the circuit and equations
of Figure 5, or the tables of Figure 6.
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The motor speed is controlled by the current limiting. 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
UDN2936W is one example of how integrated monolithic devices can
replace a drive circuit of many components with one reliable compo-
nent. Also evident is the fact that bipolar transistors continue to provide
economic solutions in the high current application.

Dwg. EP-033

FIGURE 7
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Monolithic power operational ampilifiers
meet many high-current design challenges.
The Series ULN3750 high-gain, high-current
operational amplifiers are used in power-driver
applications such as servo-pasitioning sys-
tems (e.g., voice-coil motors for disk drives),
dc motors, single-phase and multi-phase
motor-drive circuits, linear regulators, and in
many other applications that, in the past, have
required power buffers driven by conventional
operational amplifiers.

Linear motor drivers will inherently pro-
duce 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 ULN3750 offers increased
output-volitage swing and high output-current
drive, high gain as well as unity-gain stability
and the capability to sense load currents with-
out need of the usual level-shifting or sense
circuitry.

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

Attention to thermal design in IC fayout
has minimized temperature-induced degrada-
tion of parameters while maximizing output-

POWER OP AMP APPLICATIONS

power capability. Single power op amp drivers are furnished in power-
tab TO-220 packages (ULN37512Z). Dual units are supplied in 12-pin
single in-line packages (ULN3755W) and in low-cost standard DIPs
with heat-sink tabs (ULN3755B).

BRUTE FORCE AND SMALL SIGNALS

Both classical smali-signal op amps and brute-force boosters must
possess two attributes: they must have true differential (inverting and
noninverting) 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
output swing, large common-mode input range, high common-mode
rejection, short-circuit protection, and a thermal-shutdown feature.

The Series ULN3750 offers all these features, and more. Consider
the input section. The circuit is a classic op amp input stage found, for
example, in many operational amplifiers with little power-handling
capacity. The use of PNP input transistors allows the application of
input voltages ranging from about 0.5 V below ground to approximately
three base-emitter drops below the positive supply voltage. The ability
to use ground-level input voltages is an important 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 schematic provide
compensation with adequate phase-gain margins to allow operation
for closed-loop gains as low as 1. Note the graph of the amplifier's
gain and phase characteristics as functions of frequency (noninverting
test circuit, A, = 1000). It exhibits a smooth, 6 dB per octave rolloff to
frequencies as high as 1 MHz, and an approximate 20° phase margin
at unity gain.

In the amplifier's output stage, the output transistors are completely
protected from inductive kickback voltages by clamping diodes built into
the chip. The clamp diodes are capable of handling currents equal to
the rated capacity of the output sink/source transistors. The output
transistors are connected in a quasi-complementary configuration. The

SERIES ULN3750 POWER OP AMPS

Peak Short-Circuit | Thermal | Boost Functional

Device Type | Current Output Protection Protect | Voitage | Compensation | Supply Span Package

ULN3751Z | Single 35A — Yes — Internal 6Vto30V 5-Pin TO-220
Power-Tab SIP

ULN3755W Dual 35A Yes Yes Yes Internal 6Viod40V 12-Pin
Power-Tab SiP

ULN3755B Dual 35A Yes Yes Yes Internal 6Vio30V 16-Pin Batwing

DIP

Some of the material appearing in this application note. is taken from an article that appeared in the August 22, 1885 issue of EDN magazine
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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 simply to provide a
separate power output ground and minimize output-to-input feedback
through a common ground resistance.

BOOST TO BOOTSTRAP

The boost terminal is a unique feature of the ULN3755B and
ULN3755W. It increases the amplifier's available output-voltage swing
by 1 V to 2 V, depending on output current, by allowing the upper
source transistor to saturate (an impossibility with the usual emitter-
follower lacking the boost feature). To take advartage of the boost
capability, use a boost-terminal voltage that is about 3 V higher than
the positive load supply voltage. The boost function allows the amplifier
to be bootstrapped in ac applications by its own cutput or by another
ac output.

The specifications shown for the ULN3755W apply to operation
with +6 V supplies, 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 20 W allowable package power dissipation
(with 3°C/W heat sink and +25°C ambient).

The Series ULN3750 currently is comprised of three types. Consid-
ering allowable package power dissipation ratings, continuous output
currents to +1 A 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” respectively). All
devices provide thermal shutdown at high junction temperatures. All are
unity-gain stable. Pin count essentially dictates the features available
with the various units.

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. Mcreover, it is easy to provide
heat sinking for such a package. Metal packages. however, are expen-
sive. 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 stan-
dard 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 signilicant degradation at
high temperatures.

The most widely accepted IC package is the dual in-line package
(DIP). Without special enhancements, though, the standard DIP is
woefully inefficient for thermal transfer. The package itself provides a
junction- to-ambient thermal resistance as high as 125°C/W. This figure
assumes the use of a Kovar lead frame and, sincs the lead frame is
the main carrier of heat from the IC to the outside world, changing the
material to copper reduces the thermal resistance to about 60°C/W. All
power operational amplifiers have copper lead fremes and heat sinks.
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ULN3735W DUAL POWER OP AMP
TYPICAL ELECTRICAL CHARACTERISTICS, T
+6V,-V.=-6V (unless otherwise specified). A

= +25°C, TJ_ +150°C, + Vo = Vo ooor =

Characteristic Test Conditions* Typical Value
Quiescent Current | +lg No Load 70 mA
lsoosT Vaoost = 9 V. No Load 7.0 mA
input Offset Voltage Vaur = 0 V. No Load 20mv
Input Bias Current Vour =0V 80 nA
Input Offset Current Vour = 0 V. No Load 10 nA
Open-Loop DC Gain =0Hz 100 dB
Slew Rate Vin =02V Step 1.0 Vius
Qutput Swing Veoost =8 Viloyr==1 A 9.5 Vpp
Vaoosr =9 Vi lgyr = £1T A 10.5 Vpp
Power-Supply Rejection Either Supply 80 dB
Common-Mode Rejection 85 dB

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

HIGH-POWER SIPs

For high-power applications. power
ICs use single in-line packages similar to
the TO-220, universally used for power
transistors. The 5-pin ULN3751Z uses such a
package. Its maximum junction-to-tab thermal
resistance is 4.0°C/W. The ULN3755W 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 26 W at a tab
temperature of +70°C.

ISOTHERMAL DESIGN
CUTS GRADIENTS

Chip temperatures inevitably rise in high-
power applications. Even with ideal packag-
ing, the thermal resistance of the silicon chip
itself will result in a temperature gradient
across the chip. In linear circuits 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 possibie from the heat-generating
output devices. What is less obvious is the

need to arrange the high-gain input stages so as to minimize the effects
of any temperature differences between them. For example, unequal
junction temperatures in the amplifier’s input transistors can cause large
offset-voltage and offset-current shifts.

As shown in the chip drawing and schematic, cross-coupling of the
input stages cancels differences in the low-level transistors’ junction
temperatures. It is also necessary to lay out the stage’s associated
resistors to minimize temperature gradients. 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 lines shown in the chip drawing. Q. and Q,,
are at equal temperatures; these two current-mirror transistors must
have the same base-emitter voltages. It's a different story, however, for
Q,, and Q,,. They lie farther away from the power section, and layout
considerations have made it impossible to keep them at equal tempera-
tures. The same probiem also exists for Q, and Q,,. For the purposes
of illustration. assume that a dissipation- md’uced temperature rise
causes the base-emitter voltage of Q,, and Q,, to drop by 3 mV.
Transistor Q,, is slightly cooler and suffers a VBE decrease of 2 mV
while the comparable Q,, drop is only 1.5 mV. Finally, Q,, and Q,,
exhibit V. changes of 1 mV and 0.5 mV, respectively. As a result of
thermal cross-coupling, the V. reductions from either input can be
matched at 2.5 mV. The base-emitter voitage variations as a function
of temperature thus cancel out. Without this cross-coupling, the total
change in base-emitter voltage would be 3 mV for the left input stage
and 2 mV 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 applications such as voice-coil
servo or microstepping positioning systems
found in many computer disk drives. The
drawing at right shows the ULN3755W dual
amplifier connected as a transconductance
amplifier. In this example, ampilifier B is used
as a slave to amplifier A. Feedback from
the pair of current-sensing resistors, R, 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 resistors is directly proportional
to the output current. Using this voltage as
a feedback source defines the gain of the
circuit as cutput current in amperes as a
function of the input voltage in volts. The
gain thus assumes the dimensions of a
transconductance function (output current
divided by input voltage), expressed in
siemens (formerly mhos).

Conventional monolithic power op amps
can be made to operate in similar configura-
tions where the current-sensing resistor(s) are
inserted in the ground (or negative supply)
return. However, that configuration 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 to float. Operating in
this mode can cause problems with stability
and common-mode rejection, as well as
reducing the input common-mode range. The
dual power op amps in the Series ULN3750.
however, provide open-emitter outputs that
can be used to sense current without degra-
dation of the input characteristics of the high-
gain stages.

TRANSCONDUCTANCE AMPLIFIER

Vs ULN-3755W

DUAL POWER OP AMP
____________ oy

Vage

R, "
Vi, o R
A

Vi
Rs Ax ? *:

[}
-Vs OR GROUND Vier

| SN G
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The graphs below iliustrate the bidirectional nature of output load
current (and the same current divided between the two output sink
returns).

|, -1, = 1. The external network sums and amplifies (scales) the

voltages developed across the current-sensing resistors. The resulting
feedback voltage (V,) 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 opera-
tional 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 voltage. The transfer function of the transconductance
amplifier is approximately:

|V, -V

LY TIN RU>

= RAf(RBRS>

Resistors R. R, and R, define the transconductance gain. To avoid
limiting the transconductance amplifier's output compliance (swing
capability), low-value current-sensing resistors (R,) should be used.
The product of peak output current and sensing resistance should be
kept to as low a value as possible.

Vin

Dwg. No. W-120
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BIDIRECTIONAL CURRENT CONTROLLER

There are many applications requiring
constant current sources that can be con-
trolied both in magnitude and direction.
Examples of this requirement are found in
some brushless dc motor drives as well as in
numerous industrial process control systems.
Both open-loop and closed-loop feedback
systems are used depending on the specific
requirements to be met. In any case, there
exists a voltage directly proportional to the
desired output current and a control signal or
switch whose state determines direction.

The circuit above is a bidirectional
transconductance amplifier. A voltage,
proportional to the desired current, is applied
to both non-inverting inputs of a ULN3755W,
which is connected in a bridge configuration.
Current feedback is obtained from current-
sense resistors (R, and R ;). The voltage
developed across the current-sense resistor
is directly proportional to the load current.
This sense voltage is applied tc the inverting
inputs of the amplifiers, as shown, to provide
negative feedback. The output will adjust until

the feedback voltage is equal to the programmed input voltage. This
can be expanded to a switched selector network or the output of a
servo-control loop.

The direction of the load current is controlled by a positive bias vol-
tage applied to either of the inverting inputs. V represents the digital
direction-control voltage. When V,, is low, Q, is OFF, allowing D, 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 saturation voltage of Q,). This resuits 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 V, to a high level, the output of amplifier B will go low, with
amplifier A acting as the controlied current scurce. Resistor values are
non-critical except to ensure that the inverting input of the switched
amplifier is held above the programming voltage (V) applied to its
non-inverting input. As shown, control voltage V_ is TTL compatible.

If vV, is the output of a pulse generator, this application will produce
a time-dependent current reversal. This meets the requiremenits found,
for example, in a typical industrial process control application where a
current is passed through a pair of electrodes immersed in a conducting
fluid. Alternatively, Q_ and its drive can be replaced by a latching Hall
Effect switch for use in brushless dc motor applications where current is
controlled by R,.
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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 posi-
tion, as in a computer disk drive. Shown is a
typical discrete semiconductor circuit imple-
mentation of that concept. The basic configu-
ration is a classic one, using two low-power
operational amplifiers, many discrete passive
components, and four PNP and NPN power
transistors connected in a push-pull, H-bridge
configuration.

The circuit consists of smali-signal input
operational 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 microprocessor
and related digital-control circuitry.

The analog equivalent of this servo-
control circuit might use a multi-turn potenti-
ometer 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 microprocessor system (or its analog equivalent) that
produces an error signal to control the servo amplifier's output.

A circuit that uses far fewer components to accomplish the same
position-control function is constructed around the ULN3755W inte-
grated circuit. 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 monalithic construction. The
ULN3755W dual power operational amplifier has its two independent
outputs connected in a push-pull, H-bridge configuration. An 8-bit D/A
converter yields a resolution of 256 shaft positions in discrete steps of
1.41°. A higher resolution converter would, of course, provide finer
control. Because of its push-pull arrangement, the circuit provides
bidirectional servo control.

The overall resolution of the system is a function of the position-
sensing element. whether a digitally encoded disk or an analog potenti-
ometer, and the digital control circuitry, including the microprocessor
and the A/D converter. The ULN3755W dual operational 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.
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The current-sense pins (4 and 9) provide
access to the emitters of the H-bridge current
sinks, thereby providing convenient output-
current sensing to ground (or to the negative
rail), while allowing separate 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 voltage higher than the supply is
applied to the ULN3755W boost pins, the
positive output swing is limited only by the
saturation resistance of the output tfransistors
(typically less than 0.5 Q). For example, with
a 12 V supply, the circuit typically supplies a
10.5 Vpp output swing at 1 A output current.
This figure is at least 1 V higher than can be
expected from ICs lacking the boost capabil-
ity. Note that the externally supplied boost

voltage should be at least 3 V higher than the load supply voltage.
This criterion satisfied, the boost voltage can be any value within the
IC’s 40 V absolute-maximum rating. The circuit shown will deliver
continuous output currents of up to 2.5 A and peak output currents
as high as +3.5 A.

The user must be aware that although the voltage or current limits
shown are well within the IC’s capabilities, the resultant power dissipa-
tion must be kept within the constraints of the overall (chip + package +
heatsink) 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 current. However, the IC’s boost input
requires only a low, unregulated current of 25 mA, maximum. Thanks
to this modest current requirement, the boost voltage can be obtained
from such compact sources as inexpensive, modular dc to dc convert-
ers. Or, in a head-positioning application in a disk drive, for example, a
simple overwinding in the spindle motor (or a voitage 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 injecting its charge current into the supply mains concurrently with the
voltage-doubler boost supply is shown above. spindle’s opposing drive currents. Although, in theory, only one motor
This circuit affects the doubling by connecting phase is needed to generate the boost, the three-phase connection is
a series diodecapacitor network between the recommended to prevent unbalancing the spindle.
main supply and each of the spindie motor's ] )
driven phases. A three-diode bridge then Below is a similar circuit using a ULN3755W to provide linear drive
charges the voltage-doubling capacitor to toa delta-connected‘ spindle motor. The use of linear drive instead of
nearly twice the main supply voltage. Note pulse-width-modulation results in much lower noise with only a slight
that connecting the capacitor to the main reduction in efficiency. Because fast PWM transitions in the circuit
supply (instead of to ground) effectively aboye resylt in motor losses, the efficiency compromise of the linear
reduces rms ripple in the main supply by configuration is not as significant as might be expected.

VOLTAGE-DOUBLER BOOST SUPPLY WITH LINEAR DRIVE
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HIGH-CURRENT REGULATORS

The high current-output capability of the
operational amplifiers in Series ULN3750
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 . The circuit provides output cur-
rents as high as £3.5 A peak. Unlike most
monolithic regulators, the ULN3751Z 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
transitions from high to low output voltages,
thanks to the output's sinking capability. The
input reference is the output of a D/A con-
verter, 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 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 popular three-
terminal TL431. The voltage V., is determined
by the ratio of resistors R, and R,, while R,
provides bias current. Tae circuit can, of
course, be programmed by substituting the
D/A reference above. The amplifier's output
voltage is a function of te ratios of R, and R,.
The PNP transistor provides short-circuit (I..)
current limiting according to the expression
shown.

To configure a high-current, duat-output
supply. a mirror-image circuit can be used.
Simply connect this stage's input to the D/A
converter or voltage reference output. The
combination of this circLit and the positive
output regulator provides an accurately
tracking pair of positive and negative supplies
from a common reference, whether a pro-
grammable D/A convertar or the simple
resistor-programmed TL431. Both circuits
use the ULN3755B with external high-current
pass transistors. The external devices are
unnecessary if output-current loading is less
than2.5 A

The previously described boost capability
can be used to good advantage in these
regulator circuits. Applying a low-current
boost voltage at least 3 V higher than the

3-328




POWER OP AMP APPLICATIONS

HIGH-CURRENT

NEGATIVE OUTPUT REGULATOR

2N6491

Dwg. No.w-"28

ARTIFICIAL GROUND/SPLIT SUPPLY

Ry

Ra

O, =+ R Ve
R+ Rs

+

ULN-375%Z

Dwg. No. W-*29

load supply voltage results in a regulator with
less than 1 V input-output differential, (depen-
dent on output current) yielding high efficiency
from the main supply. The 0.1 €/0.1 uF
network at the amplifier's output provides
local compensation for the output stage.

A simple split supply can also be devel-
oped using a single ULN3751Z power op amp
to generate an artificial ground, as shown
below. By taking advantage 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. Totalload current is unre-
stricted, provided the difference in load
currents is less than the maximum rated
current of the power op amp. In addition, the
allowable package power dissipation rating
must be greater than the product of the
amplifier's sourcing current (I, < 1,) and the
source driver voltage (V,) or sinking current
(1, > l,) and the sink driver voltage (V). This
circuit is also very useful in tracking supplies
to enhance common-mode supply rejection.

ICs CONTROL MOTOR SPEED

Power op amps can be used to provide
accurate speed control for dc motors. The
drawing shows a closed-loop system for
controlling the speed of a 12 V dc motor. The
circuit provides 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-coupted
tachometer to provide speed-stabilizing
feedback to the first amplifier section. The
motor's speed and direction of rotation is set
by adjusting the 10 k(2 potentiometer at the
amplifier's noninverting input. The motor
speed, in rpm, is:

S = Vo i(R, + R,)/0.0027 R,

The R.C, feedback network prevents
oscillation by compensating for the inherent
dynamic mechanical lag of the motor. Select
the R.C, time constant to match the particular
motor's characteristics. By consulting with
individual motor data sheets, the R_and C_
values can be chosen to match the motor
response or dynamic time constant. This
should yield a good starting point for stabiliz-
ing the system. Optimal response is achieved
by varying the compensating capacitor.

SET<
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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.

SINGLE-PHASE AC MOTOR DRIVER

50

o
3

Consider, for example, the three motor-
drive circuits shown here. The first circuit is a
single-phase driver that uses the ULN3751Z
single power op amp. The other circuits use
the ULN3755W 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 oscillator.
The R,C, and R,C, feedback networks
determine the oscillation frequency according
to the expression: 400 Hz. The Type 47 incandescent light bulb in the oscillator circuits

————— serve to stabilize the amplifier's output amplitude. The bulb owes its
fo=1/(2mvRR,C.C)) stabilization qualities to its intrinsic positive temperature coefficient.

Dwg. No. W-131

By varying either R, or R,, the oscillator _If the amplifier’s output level attempts to increase, the corresponding
frequency can be adjusted over a narrow increase in lamp current causes a temperature risg in the filament. The
range. heating, in turn, results in an increase in filament resistance, producing
increased negative feedback and a reduction in amplifier gain. A PTC
In the single-phase and two-phase (positive temperature coefficient) resistor could be used instead of the
examples, the oscillation frequency is 60 Hz. lamp. To set the output amplitude, adjust the 50 € potentiometer in the
In the three-phase example, the frequency is feedback network.
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POWER OP AMP APPLICATIONS

TWO-PHASE AC MOTOR DRIVER

12.4K

i—

82K

1l aA———

Dwg. No. W-132

R4

9.5K

—

Dwg. No. W-133

To drive multiphase motors, it's a rela-
tively simple matter to add another stage
to the single-phase circuit. In the 60 Hz,
two-phase drive, the 8.2 k€2/0.33 uF networks
provide both the 60 Hz oscillator frequency
and the 90° phase shift needed by the right-
hand amplifier. The 8.2 k€/0.005 uF networks
in the three-phase drive set the 400 Hz oscil-
lator frequency, while the 8.2 k€/0.022 uF
networks provide the required 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 outputs. The
result is a balanced three-phase ac drive.

In both the two-phase and three-phase
circuits, the R/R, ratio sets the second
amplifier's gain to compensate for signal
attenuation occurring in the phase shifters.

Again, pins 3 and 10 can be returned to a boost supply to obtain
additional output-swing capability.

The three circuits can all be driven from an external source, such
as a pulse or square wave output of a digital source, setting the gain of
the left-hand amplifier to a level less than that required for oscillation.
The RC feedback networks then function as active filters, causing the
outputs to be sinusoidal.

UNIVERSAL BUILDING BLOCKS

Power operational amplifiers provide a fundamental set of universal
building blocks incorporating the merged equivalent of smali-signal
operational amplifiers, pre-drivers, output amplifiers and various protec-
tive features such as output clamp diodes, thermal shutdown, and
output-current limiting. An output-boost capability can provide for high
output-voltage swing. while an output-current-sensing scheme prevents
unwanted interaction between the outputs and inputs. Many applica-
tions that previously required individual low-level and high-level compo-
nents can now be implemented with a single integrated circuit and few
external components.
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APPLICATIONS

INTRODUCTION

The second generation of merged CMOS/
bipolar integrated circuits extends the lead in
innovative interface forged by the original
BiMOS power drivers.

Higher-density CMOS logic gives BIMOS
Il integrated circuits improved switching
speeds at reduced costs. With a 5 V supply,
second generation BIMOS typically operates
at data input rates above 5 MHz; at 12 V,
significantly higher speeds are obtainable.
The BiMOS |l series also offers new and
improved functions.

Reliable, single-chip BiMOS Il solutions
are available for a wide variety of peripheral
and power interface problems. Two or more
devices are no longer required 1o interface
low-level (TTL, CMOS, NMOS, PMOS) LSl or
microprocessor functions with power loads
such as LEDs, gas-discharge or vacuum-
fluorescent displays, relays, solenoids,
thermal printers, motors, impact printer
hammers, and incandescent lamps. Since all
BiIMOS devices include logic and control in
addition to power functions, they also free the
microprocessor from many housekeeping
tasks.

INFORMATION

SERIES 5800
BiMOS II POWER DRIVERS

INCANDESCENT LAMP DRIVERS

Each of the UCN5800A or UCN5801A open-collector Darlington
outputs will sink up to 500 mA and will sustain at least 50 V in the OFF
state. The high peak current rating of these devices allows their use
with the high inrush (10 x) currents normally associated with incandes-
cent lamps. Package power limitations normally disallow simultaneous
and continuous operation of all outputs at the rated maximun current:
Either a reduction in output current or a suitable combination of duty
cycle and number of active outputs is usually required.

The UCN5800A is supplied in a standard 14-lead DIP. The
UCNS5801A is furnished in a 22-lead DIP with 0.400" row spacing.

RECOMMENDED MAX. OPERATING CONDITIONS

Output Voltage . ... ... a5V
Logic Supply Voltage Range .. ...... ... ... .. ... ...... 5.0Vtoi12V
Continuous Output Current ... ... ... ... .. . 350 mA
OUTPUT ENABLE (ACTIVE LOW) +28V
Q
GLEAR
STROBE +5V
INy
uP
NO. 327
LAMPS

UCN-5801A

Dwg. No. A-12,550

3-332




BiMOS I1 POWER DRIVERS

PLANAR GAS-DISCHARGE DISPLAY DRIVERS

Combining the high-voltage UCN5810A-1, UCN5812A-1 or
UCN5818A-1 serial-input, latched source driver with the UCN5823A
serial-input, latched sink driver provides a simple way to drive multi-
plexed high-voltage planar gas-discharge displays.

RECOMMENDED MAX. OPERATING CONDITIONS
Output Voltage

UCNS5810A-1. UCNS812A-1, UCNSB18A-1 ... ... .. . ... ... .. 75V

UCNSSB23A .. . 95V
Logic Supply Voltage Range . .. ...... ... ... ... ... ..... 50Vto12Vv
Continuous Output Current

UCNS5810A-1. UCNS812A-1, UCNS818A-1 .. ... ... ... .. .. -25 mA

UCNBB23A . . 350 mA

UCNS810A-1
ANCDE
DRIVER

——> SER AL DATA OUT

Uwg. No. 1275
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BiMOS II POWER DRIVERS

VACUUM-FLUORESCENT DISPLAY DRIVERS

The UCN5815A 8-bit, latched, source driver provides a practical
means of driving the segments, dots {matrix panel), or bars of multi-
plexed high-voltage vacuum-fluorescent displays. The UCN5810A
(10-bit), UCN5812A (20-bit), or UCN5818A (32-bit) serial-input latched
source drivers are well-suited for use as character or digit drivers.

The high-voltage versions (suffix-1) can also be used to drive the
anodes of planar gas-discharge displays.

RECOMMENDED MAX. OPERATING CONDITIONS
Qutput Voltage

UCNS810A, UCNS812A, UCNSBIBA ... ... ... . ... .. ..... 55V
UCNS5810A-1, UCN5812A-1, UCNSB18A-1 . ... ... ... ... ... 75V
Logic Supply Voltage Range . . ................. ... .. .. 50Vtoi12V
Continuous Output Current. . . ... .. ... ... . . -25 mA
PARALLEL DATA IN
PPy PO
STROBE O
ENABLE O—
UCN-5815A
. SEGMENT
e TR
B ;[:Jl[?{ MMz ]
BLANKING O-
*50\/0—] Lo.sv «50\/0—] Lousy
NA A N N N A4 BN NA NA M N2 A N4 N4 N3 NA NA N N N
V‘VMQQVVV'VVV N VN N IN N PN N NN N VN N NN
UCN-5812A
CHARACTER DRIVER
+50V 45V
i]ven Voo2¥
SERIAL 2 - 7 OgiTp;‘\AlLN
DATA OUT l ] _<}__1 [_L—vg
| 4 ~<} D
— 3<H 4}
Nl g
— G| e
N i <P§ sl (5|5 T —
3 H<H = = 20, —
mi<H | |
ﬁ'—<}<‘_—/ 17 <
BLANKING O—— X — 71 K —0 STROBE
4 Vss oh -0 CLOCK

Dwg. No. D-1112
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BiMOS I1 POWER DRIVERS

MULTIPLEXED INCANDESCENT LAMP DRIVERS

In order to obtain brightness equivalent to normal dc operation,
multiplexed incandescent displays must be operated at a voltage:

EMPX = EDC WN
where E,0x = the recommended operating supply voltage,
E,. = the rated dc lamp voltage, and

N

the number of digits being multiplexed.

Multiplexed lamps also require isolation diodes to prevent sneak
series/parallel paths to unaddressed elements.

Serial-input, latched source drivers provide simple, compact,
and economical segment drivers for mutiplexed incandescent lamp
applications. The UCN5890A and UCN5831A feature high-voitage,
high-current (500 mA, peak) Darlington outputs. The UCN5895A has
saturated outputs for minimum voltage drop and will source up to
250 mA per driver. The drivers are supplied in an economical 16-pin
“A” package. The UCN5890, UCN5891, and UCN5895 are pin-compat-
ible except for output ratings.

RECOMMENDED MAX. OPERATING CONDITIONS

Output Voltage
UCNS8I0A . .. . e, 75V
UCNSBSTA . ... 45V
UCNSBS5A . . 45V
Logic Supply Voltage Range . .. ................ ... .... 50Vto12V
Continuous Qutput Current
UCNSBI0A -350 mA
UCNSBITA . -350 mA
UCNSBI5A .. -120 mA
xw
O
o Z
Wl
525
2%5 ﬁ,: ACTIVE LOW
oF Lk 5
o~ - w0
|28 ¢ O g <>
—w 1555 8 g 7w
EE}] ow a g W i
3z T T UCN58258 T
N ‘ 2
IRV 3
R | b
sy s
@~#~ - 6
) NVER E 7
:—‘[:_F‘@“ﬂ_‘ g i i
o W , v
S ——— s U
TC CTHER SEGMENTS TO OTHER DIGITS

Dwg. No. EP-024
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BiMOS II POWER DRIVERS

MULTIPLEXED LED DRIVERS

Latched source drivers are simple, compact, and economical
segment drivers for multiplexed LED and incandescent and lamp
applications. The UCN5895A features saturated outputs for minimum
voltage drop. It sources a minimum of 120 mA per driver. The source
driver is supplied in an economical 16-pin ‘A’ package.

A typical common-cathode LED display driver application is shown
below. The high-current UCN5821A, a latched sink driver, is used to
drive the digits. Common-anode LED displays would require the use of
the UCN5891A source driver and UCN5821A sink driver.

In order to obtain sufficient brightness, multplexed LED displays
must typically be operated at greatly increased current. Appropriate
current limiting is required.

RECOMMENDED MAX. OPERATING CONDITIONS
Output Voltage

UCNS8B21A . . 45V

UCNSBI0A . . . 75V

UCNB8OTA . . 45V

UCNBBISA .. . 45V
Logic Supply Voltage Range . .. .. ..................... 50Vto12V
Continuous Output Current

UCNSB2TA . 350 mA

UCNBBI0A . -350 mA

UCNBBOTA -350 mA

UCNBBIOSA . -120 mA

12V
UCN-5895A @

pATA OUT
T t——— > FOR '8 SEGMENTS
= PER DIGIT
CLOCK -4
DATA IN f——= O OUTHEUT ENABLE
(ACTiVE | OW)
STROBE O—
7*’!%—
Pt
?
i
W\
o
L)
N
I'vE
T
— e
1 g}
>
»
Pt
| i
L
1] >

-
TO OMHLR SEGMENTS

TO
OTHER
DIGITS

Dwg. No. B-1541
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BiMOS II POWER DRIVERS

THERMAL PRINTHEAD DRIVER

Designed primarily for use with thermal printheads, the UCN5832A
is optimized for low output-saturation voltage and high-speed operation.
Each device has 32 bipolar, open-collector saturated outputs, a CMOS
data latch for each driver, a 32-bit CMOS shift register, and CMOS
control circuitry. A CMOS serial data output allows these devices to be
cascaded in applications requiring more than 32 bits.

The UCN5832A is supplied in a 40-pin DIP with 0.600" row spac-
ing. Under normal conditions, all outputs will sustain 100 mA continu-
ously without derating. They can also be supplied in unpackaged chip
form or in a leaded chip carrier.

RECOMMENDED MAX. OPERATING CONDITIONS
Output Voltage ... ... ... 40V
Logic Supply Voltage Range . . ........................ 50Vto12V
Continuous Qutput Current . ... .. ... 100 mA
+12V +12V
O ZRABE
STROBE O-
el c i 0] ‘ Voo gl 4 QO CLOCK
DATA IN O 2 39 DATA OUT
1‘ l 3 I;’\ 3] Vss J-‘ 0E [38]
—.baql7 iy [ Hoe37
H>1 ~<H H>a
> <H -D-*Pﬁ\s
'D‘" 'aQ' Ir—' l
D! LA H ‘
oD <H oL L ~{>~I~
21205 CHELE 2 E
2|t ~<HZ|B| (g j—]
| <H 123}
>t ~<H 7
H>of o H o !
H>=1 ~H
>l ~<H
H>! ~H
H>1 =<H
.,<}:_T‘

Dwg No. D-1113
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BiMOS 1II POWER DRIVERS

RELAY AND SOLENOID DRIVERS

BiMOS |l drivers provide an interface flexibility beyond the reach of
standard logic buffers and power-driver arrays. Drivers with internal,
transient-suppression diodes are ideal for use with relay and solenoid
loads.

Series UCN5840A sink drivers feature isolated logic and power
grounds that allow split-supply operation or isolated grounds for reduc-
tion of transients and noise currents on common logic/load ground
lines. The UCN5890A source driver requires load supply voltages
of at least 20 V. For lower-voltage operation, the UCN5891A is
recommended.

The serial DATA OUTPUT allows cascading for interface applica-
tions requiring additional drive lines. The OUTPUT ENABLE can also
provide a CHIP ENABLE function that uses a minimum number of drive
lines to control output from several packages in a simple multiplex

scheme.

RECOMMENDED MAX. OPERATING CONDITIONS

Output Voltages (Inductive Load)
UCNBBATA . . 35V
UCNBBA2A . . .. 50 vV
UCNSBBA3A . 60 V
UCNBBI0A . . o 50 vV
UCNBBITA .. 35V

Logic Supply Voltage Range . ................. ... ... 50Vtoi12Vv

Continuous Output Current . ... ... .. 350 mA

+BY +48V
£BY 18V +36V
e}

{i6] ff—H DATA OUT

CLOCK O—— - CLOCK O— SHIFT —

DATA IN O— o DATA IN “““ oE[IA}——1—-0O ?:(L??IIJEENZ\S;;

STROBE O vea| 13}—

DATA OUT

STROBE O— - -
‘
OUTPUT O— i
ENABLE £ S
(ACTIVE LOW) E ¢
i
B P07
el ot
Dwg. No. A-12,547 Dwg. No. A-12.548

a—
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BiMOS II POWER DRIVERS

MULTI-CHANNEL INTERFACE
TO HIGH-POWER LOADS

BIMOS Il power drivers can also be used as multi-channel pre-
drivers for discrete high-current semiconductors, reducing the need
for many discrete components. BiMOS Il sink drivers provide enough
switching current to the bases of discrete PNP power transistors for
load currents of up to 20 A. Higher load currents can be obtained by
using power Darlington devices. BIMOS Il source drivers may require
discrete Darlington power drivers for significant load currents, but have
the advantage of allowing rather wide load-voltage swings.

For ac loads, source drivers can be used to provide gate current
(with appropriate current limiting) to a power SCR or triac. This
scheme can provide an economical approach to many applications
such as driving incandescent lamps or ac motors with current levels
of up to 20 A.

+Vs

PNP
POWER
D-C
SINK L
DRIVER OAD
-Vs
Dwg. No. A-11.744A
Veg +Vg
—————— D-C
LCAD
SOURCE
DRIVER
NPN
DARLINGTON

100K

Dwg. No. A-11.745A
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HALL-EFFECT & OPTOELECTRONIC SENSOR ICs




SECTION 4. TECHNICAL DATA & APPLICATION NOTES
for Hall-Effect and Optoelectronic Sensor ICs

in Numerical Order

.................................................................................. Beginning at 4-1
Applications Information:
Hall Effect Applications GUIE ..........cvvvvieriiiiri e 4-64
The Hall EffeCt SeNSOF «oueiiioe ettt 4-98

Light Sensing Using Optical Integrated Circuits
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GROUND
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Dwg. PH-005

Pinning is shown viewed from branded side.

ABSOLUTE MAXIMUM RATINGS

atT, = +25°C

Supply Voltage, Vg ;o - ... ..o L 24V
Magnetic Flux Density, B .. ... .. Unlimited
Operating Temperature Range, T,

UGN3055U .. ........ -20°C to +80°C

UGS3055U . ........ -40°C to +125°C
Storage Temperature Range,

Tg oo -55°C to +150°C
Package Power Dissipation,

Py oo 750 mW

MULTIPLEXED TWO-WIRE
HALL EFFECT SENSOR ICs

The UGN3055U and UGS3055U Hall effect sensors are digital
magnetic sensing ICs capable of communicating over a two-wire
power/signal bus. Using a sequential addressing scheme, the device
responds to a signal on the bus and returns the diagnostic status of the
IC, as well as the status of each monitored external magnetic field. As
many as 30 sensors can function on the same two-wire bus. This IC is
ideal for multiple sensor applications where minimizing the wiring
harness size is desirable or essential.

The device consists of high-resolution bipolar Hall effect switching
circuitry, the output of which drives high-density CMOS logic stages.
These logic stages decode the address pulse and enable a response
at the appropriate address. The combination of magnetic-field or
switch-status sensing, low-noise amplification of the Hall transducer
output, and high-density decoding and control logic is made possible
by the development of a new sensor BiMOS fabrication technology.

This unique magnetic sensing IC is available in two temperature
ranges; the UGN3055U operates within specifications between -20°C
and +85°C, while the UGS3055U is rated for operation between -40°C
and +125°C. Alternate magnetic and temperature specifications are
available upon request. Both versions are supplied in a 60 mil
(1.54 mm) thick, three-pin plastic SIP. Each package is clearly marked
with a two-digit decimal device address (xx).

FEATURES

M Complete Multiplexed Hall-Effect IC with
Simple Sequential Addressing Protocol
M Allows Power and Communication Over a
Two-Wire Bus (Supply/Signal and Ground)
M Up to 30 Hall-Effect Sensors Can Share a Bus
8 Sensor Diagnostic Capabilities
W Magnetic-Field or Switch-Status Sensing
B Low Power of BIMOS Technology Favors
Battery-Powered and Mobile Applications
W [deal for Automotive, Consumer, and Industrial Applications

Always order by complete part number:
]

Part Number Operating Temperature Range
UGN3055U -20°C to +80°C
UGS3055U -40°C to +125°C

41



3055
MULTIPLEXED TWO-WIRE HALL EFFECT SENSOR IC

OPERATIONAL CHARACTERISTIC over operating temperature range.

Electrical Limits
Characteristics Symbol Min. Typ. Max. Units
Power Supply Voltage Vaus — — 15 \
Signal Current s 12 15 20 mA
Quiescent Current Vaus =6V [P — — 2.5 mA
B Vaus =9V la — — 2.5 mA
It o — - 300 A
Address Range Addr 1 — 30 —
Clock Thresholds LOW to HIGH Vo — — 8.5 \
HIGH to LOW cHL 6.5 — — \
Hysteresis Venrs — 0.8 — Y
Clock Period Telk 0.1 1.0 — ms
Address LOW Voltage \A Vast 6 " Vv
Address HIGH Voltage vy, A\ 9 Vaus
Power-On Reset Voltage Vast 25 3.5 55 \
Settling Time Veus =9V t, 100 —_ - Hs
Vaug =6V t, 100 — — us
Propagation Delay LOW to HIGH o 10 — — us
HIGH to LOW ton - — 10 us
Pin 3 Input Resistance No Magnetic Field (V(,,; = HIGH) Rourn 40 — 75 kQ
Mag. Field Present (V, ; = LOW) Roum — — 50 Q
Magnetic Characteristics
Magnetic Thresholds *Turn-On Bop 50 150 300 G
Turn-Off Bge -25 100 300 G
Hysteresis (B,,—Bgp) Bvs 0 50 75 G

“Alternate magnetic switch point specifications are available on request. Please contact the factory.
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3055
MULTIPLEXED TWO-WIRE HALL EFFECT SENSOR IC

SENSOR LOCATION

ACTIVE AREA DEPTH

0.017"

[ 0.43 mm —
NOM

0.071"
1.80 mm

.

0.084"
213 mm

™

BRANDED
SURFACE 1 2 3

Dwg. MH-002

FUNCTIONAL BLOCK DIAGRAM

Vaus Q@ 1

[ comp —Je—] recuiator |—ef Reser |

LOGIC CIRCUITRY

SWITCH IN:N.C
O3

DEFINITION OF TERMS

Sensor Address

Each bus sensor has a factory-specified predefined
address. At present, allowable sensor addresses are
integers from 1 to 30.

LOW-to-HIGH Clock Threshoid (V_ )

Minimum voltage required during the positive-going
transition to increment the bus address and trigger a
diagnostic response from the bus sensors. This is also
the maximum threshold of the on-chip comparator which
monitors the supply voltage, V,

HIGH-to-LOW Threshold (V,, )

Maximum voltage required during the negative-going
transition to trigger a signal current response from the bus
sensors. This is also the maximum threshold of the on-chip
comparator which monitors the supply voltage. V,

Bus HIGH Voltage (V,)

Bus HIGH voltage required for addressing. Voitage

should be greater than V,,

Address LOW Voltage (V)

Bus LOW Voltage required for addressing. Voltage should
be greater than V.. and less than V

Bus Reset Voltage (V)

Voltage level required to reset individual sensors.

Sensor Quiescent Current Drain (I )

The current drain of bus sensors when active but not
addressed. | is the maximum quiescent current drain
when the sensor is not addressed and is at V,. 1 is the
maximum quiescent current drain when the sensor is not
addressed and is at V.

Diagnostic Phase

Period on the bus when the address voltage is at V.,
During this period, a correctly addressed sensor responds
by increasing its current drain on the bus. This response
from the sensor is called the diagnostic response and
the bus current increase is called the diagnostic current.

Signal Phase

Period on the bus when the address voltage is at V.
During this period, a correctly addressed sensor that
detects a magnetic field greater than magnetic Operate
Peoint B, responds by maintaining a current drain of I
on the bus. This response from the sensor is called the
signal response and the bus current increase is called
the signal current.

Sensor Address Response Current (l5)

Current returned by the bus sensors during the diagnostic
and the signal responses of the bus sensors. This is
accomplished by enabling the constant current source
(CCS).

Magnetic Operate Point (B,,)
Minimum magnetic field required to switch ON the Hall

amplifier and switching circuitry of the addressed sensor.
This circuitry is only active when the sensor is addressed.

Magnetic Release Point (B,,)

Magnetic field required to switch OFF the Hall amplifier
and switching circuitry after the output has switched ON.
This is due to magnetic memory in the switching circuitry.
However. when a device is deactivated by changing the
current bus address, all magnetic memory is lost.

Magnetic Hysteresis (B, ,.)

Difference between the B, and B, magnetic field
thresholds.

4-3



3055
MULTIPLEXED TWO-WIRE HALL EFFECT SENSOR IC

ADDRESSING PROTOCOL

The device may be addressed by modu-
lating the supply voltage as shown in Figure
1. A preferred addressing protocol is as
follows: the bus supply voltage is brought
down to 0V so that all devices on the bus
may be reset. The voltage is then raised to
the address LOW voltage (V) and the bus
quiescent current is measured. The bus is
then toggled between V_and V, (address
HIGH voltage), with each positive transition

representing an increment in the bus address.

After each voltage transition, the bus current
is monitored to check for diagnostic and
signal responses from sensor IC’s.

Sensor Addressing

When a sensor detects a bus address equal
to its factory programmed address, it re-
sponds with an increase in its supply current
drain (called g during the HIGH portion of the

address cycle). This response may be used as an indication that the
sensor is alive and well on the bus and is also cailed the diagnostic
response. If the sensor detects an ambient magnetic field, it also
responds with I, during the low portion of the address cycle. This
response from the sensor is called the signal response. When the next
positive transition is detected, the sensor becomes disabled, and its
contribution to the bus signal current returns to |,

Bus Current

Figure 1 displays the above described addressing protocol. The top
trace represents the bus voltage transitions as ccntrolled by the bus
driver (see applications note for an optimal bus driver schematic).

The second trace represents the bus current conribution of sensor
(address 2). The diagnostic response from the sensor indicates that

it detected its address on the bus; however, no signai response current
is returned which indicates that sufficient magnet.c field is not detected
at the chip surface. The third trace represents the: current drain of
sensor 2 when a magnetic field is detected. Note both the diagnostic
and signal response from the sensor. The last trace represents the
overall bus current drain when sensors 2 and 3 are present; note that

FIGURE 1
BUS TIMING D1

Sensor #2 Supply Current
No Magnet Present

Sensor #2 Supply Current

OmA— —

Bus Supply Current

Addr 1 Addr 2 Addr 3

H & N _

Yoy —— — — —
Bus Supply Votage Vel m— — — — —

v — /T T

Magnet Present g — - —_— = -~

Addr 30 Addr 1

—— /—\_'Reset

Address 2 & 3 Responding _‘/_/ﬂ_‘ u L — —- _/—\_\__/_/_
OmA— -

NOTE: Diagnostic current is returned when the preset device address is detected
Signal current is returned when the correct address and magnetic tield are both detected
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MULTIPLEXED TWO-WIRE HALL EFFECT SENSOR IC

while sensor 2 returns a diagnostic and
signal current, sensor 3 only returns a
diagnostic current. When no sensors are
addressed, the net bus current drain is the
sum of quiescent currents of all sensors on
the bus (for 'n’ sensors, the bus quiescent
current drain is n*l ).

Bus Issues

At present, a maximum of 30 active sensors
can coexist on the same bus, each with a
different address. Address 0 is reserved for
bus current calibration in software. This
feature allows for fail-safe detection of signal
current and eliminates detection problems
caused by low signal current (1), the opera-
tion of sensors at various ambient tempera-
tures, lot-to-lot variation of quiescent current,
and the addition and replacement of sensors
to the bus while in the field. Address 31 is
designed to be inactive to allow for further
address expansion of the bus (to 62 maxi-
mum addresses). In order to repeat the
address cycle, the bus must be reset as
shown in Figure 1 by bringing the supply
voltage to below V_ . Sensors have been
designed not to ‘wrap-around'.

Magnetic Sensing

The sensor IC has been designed to respond
to an external magnetic fteld whose magnetic
strength is greater than B_,. It accomplishes
this by amplifying the output of an on-chip
Hall transducer and feeding it into a threshold
detector. In order that bus current is kept to a
minimum, the transducer and amplification
circuitry is kept powered down until the
sensor is addressed. Hence, the magnetic
status is evaluated only when the sensor is
addressed.

External Switch Sensing

The third pin of the IC (pin 3) may be used to
detect the status of an external switch when
magnetic field sensing is not desired (and in
the absence of a magnetic field). The allow-
able states for the switch are ‘open’ and
‘closed’ (shorted to sensor ground).

APPLICATIONS NOTES

Magnetic Actuation

Figure 2 shows the wiring of the UGN/UGS3055U when used as a
magnetic threshold detector. Pin 1 of the sensor is wired to the positive
terminal of the bus, pin 2 is connected to the bus negative terminal, and
pin 3 has no connection.

Mechanical Actuation

Figure 3 shows the wiring of the UGN/UGS3055U when used to detect
the status of a mechanical switch. In this case, pin 3 is connected to the
positive terminal of the switch. The negative side of the switch is
connected to the negative terminal of the bus. When the mechanical
switch is closed (shorted to ground) and the correct bus address is
detected by the IC. the sensor responds with a signal current. If the
switch is open, only a diagnostic current is returned.

FIGURE 2
MAGNETICALLY ACTUATED SENSOR

Bus Pos

[ > o

N3055
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FIGURE 3
MECHANICALLY ACTUATED SENSOR
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3055 A
MULTIPLEXED TWO-WIRE HALL EFFECT SENSOR IC

BUS SUPPLY

FIGURE 4

BUS INTERCONNECTION
5 Address
ng Reset §
e b=
a &
g A/D In £
g

¥

BUS RETURN

Bus Configuration

A maximum of 30 sensors may be connected
across the same two wire bus as shown in
Figure 4. It is recommended that the sensors
use a dedicated digital ground wire to mini-
mize the effects of changing ground potential
(as in the case of chassis ground in the
automotive industry).

The bus was not designed to require two
wire twisted pair wiring to the sensors;
however, in areas of extreme EMI (electro-
magnetic interference), it may be advisable to
install a small bypass capacitor (.01 uF for
example) between the supply and ground
terminals of each sensor instead of using the
more expensive wiring.

Bus Driver

It is recommended that the bus be controlled
by microprocessor-based hardware for the
following reasons:

« Sensor address information may be
stored in ROM in the form of a look up
table.

» Bus faults can be pinpointed by the
microprocessor by comparing the
diagnostic response to the expected
response in the ROM look up table.

+ The microprocessor, along with an A/D
converter, can also be used to self cali-
brate the guiescent currents in the bus
and hence be able to easily detect a
signal response.

» The microprocessor can also be used to filter out random line noise
by digitally filtering the bus responses.

» The microprocessor can easily keep track of the signal responses,
initiate the appropriate action; e.g., light a lamp, sound an alarm,
and also pinpoint the location of the signal.

Optimally, the microprocessor is used to control bus-driving circuitry
that wilt accept TTL level inputs to drive the bus and will return an
analog voltage representation of the bus current.

Interface Schematic

The bus driver is easily designed using a few operational amplifiers,
resistors, and transistors. Figure 5 shows a schematic of a recom-
mended bus driver circuit that is capable of providing 6 to 9 V transi-
tions, resetting the bus, and providing an analog neasurement cof the
current for use by the A/D input of the microprocessor.

In Figure 5, the Address pin provides a TTL-compatible input that
is used to control the Bus supply. A HIGH (5 V) input switches Q1 ON
and sets the bus voltage to 6 V through the resistor divider R4, R5, and
the Zener. A LOW input switches OFF Q1 and sets the bus voltage to
9 V. This voltage is fed into the positive input of the operational ampli-
fier OP1 and is buffered and made availabte at Bus Supply (or sensor
supply). Bus reset control is also available in the form of a TTL-compat-
ible input. When this input, which is marked Reset, is HIGH, Q2 is
switched ON and the positive input of the op amg is set to the satura-
tion voltage of the transistor (approximately 0 V). This resets the bus.

A linear reading of the bus current is made possible by amplifying
the voltage generated across R6 (which is |, . *R6). The amplifier,
OP2, is a standard differential amplifier of gain R3/R7 (provided that
R7 = R8, R9 = R10). The gain of the total transimpedance amplifier
is given by:

Vo= los "RE*RI/R7

outT T

This voltage is available at the terminal marked TO A/D.
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3055
MULTIPLEXED TWO-WIRE HALL EFFECT SENSOR IC

FIGURE 5
BUS INTERFACE SCHEMATIC

9+15V

Bus Control Software

The processing of the bus current (available at pin A/D In) is best
done by feeding it into the A/D input of a microprocessor. If the flexibility
provided by a microprocessor is not desired, this signal could be fed
into threshold detection circuitry: e.g., comparator, and the output used
to drive a display.

Related References

1. G. AVERY, “Two Terminal Hall. Sensor,” ASSIGNEE: Sprague
Electric Company, North Adams, MA, United States. Patent number
4,374,333; Feb. 1983.

2. T. WROBLEWSK! and F. MEISTERFIELD, “Switch Status
Monitoring System, Single Wire Bus, Smart Sensor Arrangement There
Of,” ASSIGNEE: Chrysler Motor Corporation, Highland Park, MI, United
States. Patent number 4,677,308, June 1987.
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HALL EFFECT GEAR-TOOTH SENSORS
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Pinning is shown viewed from branded.sige.

ABSOLUTE MAXIMUM RATINGS
atT, = +25°C

Supply Voltage, Voo oo 24V
Reverse Battery Voltage, Voo .- . - - - -30V
Magnetic Flux Density, B .. .. .. Unlimited
Output OFF Voltage, V r ... ... .. 24V
Output Current, Iy r ..o 25 mA
Package Power Dissipation,
Pl e 500 mW
Operating Temperature Range, T,
UGN3059KA .. ... .. -20°C to +85°C
UGS3059KA ..... .. -40°C to +125°C
Storage Temperature Range,
T -65°C to +150°C

—AC COUPLED

The UGN3059KA and UGS3059KA ac-coupled Hall effect gear-
tooth sensors are monolithic integrated circuits that switch in response
to changing differential magnetic fields created by moving ferrous
targets. These devices are ideal for use in non-zero-speed,
gear-tooth-based speed, position, and timing applications.

Both devices, when coupled with:a back-biasing magnet, can be
configured to turn ON or OFF with.the Tfeading or trailing edge of a
gear-tooth or slot. Changes in figlds on the magret face caused by a
moving ferrous mass are sensed by two integrated Hall transducers
and are differentially amplified by en-chip electronics. Steady-state
magnet and system offsets are eliminated using an on-chip differential
band-pass filter. This filter.also provides relative immunity to interfer-
ence from RF and electromagnetic sources. The on-chip temperature
compensation and Schmitt'trigger circuitry minimizes shifts in effective
working air gags and switch points over temperature, allowing opera-
tion to low frequencies over a wide range of air gaps and temperatures.

Eachi:Hall effect digital Integrated circuit includes a voltage regu-
lator, two quadratic Hall effect sensing elements, temperature compen-
sating circuitry, a low-level amplifier, band-pass filter, Schmitt trigger,
and an open-collector output driver. The on-board regulator permits
operation with supply voltages of 4.5 to 18 volts. The output stage can
easily switch 20 mA over the full frequency response range of the
sensor and is compatible with bipolar and MOS logic circuits.

The two devices provide a choice of operating temperature ranges.
The UGN3059KA has an operating range of -20°C to +85°C. The
UGS3059KA has an operating range of -40°C to +125°C. Both devices
are packaged in a 5-pin plastic SIP.

FEATURES

B Senses Motion of Ferrous Targets Such as Gears
W Large Effective Air Gap

B Wide Operating Temperature Range

M 4.5V to 18 V Operation

B Operation to 30 kHz

B Output Compatible With All Logic Families

B Reverse Battery Protection

M Activate With Small, Inexpensive Magnets

M Resistant to RFI, EMI

Always order by complete part number:

Part Number | Operating Temperature Range
UGN3059KA | -20°C to +85°C
UGS3059KA | -40°C to +125°C
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3059
HALL EFFECT GEAR-TOOTH SENSORS—AC COUPLED

supply  FUNCTIONAL BLOCK DIAGRAM

REG

OUTPUT

3

> >
—Q
[} GROUND

FILTER FILTER Dwg. FH-008

il

ELECTRICAL CHARACTERISTICS over operating temperature range.

Limits

Characteristic Symbol Test Conditions Min. Typ. Max. Units
Supply Voltage Vee Operating 45 — 18 Vv
Output Saturation Voitage Voursan lour=20mA. B>B_, — — 400 mv
Output Leakage Current lore Vour =24V, B<Bg, — — 10 uA
Supply Current lec Voe=18V.B<By, — — 20 mA
High-Frequency Cutoff on -3dB 30 — — kHz
Output Rise time t, Vour = 12V.R =820 — 0.04 0.2 us
Output Fall time t, Voo =12V.R =8200Q — 0.18 03 us

MAGNETIC CHARACTERISTICS over operating temperature range, V(: c= 12V,

Limits
Characteristic Symbol Test Conditions Min. Typ. Max. Units
Operate Point Bop Output Switches OFF to ON 10 — 100 G
Release Point Bge Output Switches ON to OFF -100 — -10 G
Hysteresis Bhys Bop-Bre 20 — 150 G

NOTES: Magnetic switch paints are specified as the difference in magnetic fields at the two Hall elements.
As used here, negative flux densities are defined as less than zero (algebratc convention).
Typical values are at T, = +25°C and V. = 12 V.
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3059
HALL EFFECT GEAR-TOOTH SENSORS—AC COUPLED

1k APPLICATIONS INFORMATION

Magnetic Operation. The UGN3059KA and UGS3059KA sensor
ICs have two integrated Hall transducers spaced 0.088" (2.24 mm)
N apart that are used to sense a magnetic field gradient across the
100 face of the IC.

The magnetic field is measured and converted into an analog
voltage by each of the two Hall transducers, E1 and E2 where E1 is
0 \ the left element and E2 is the right element. The difference voltage
is amplified, band-pass filtered to remove dc offset components, and
then fed into a Schmitt trigger. This trigger switches the output ON
when B, -B,, > B, and switches the output OFF when B_-B, < B,

LOW-FREQUENCY CUTOFF IN Hz

10 \ AC-Coupled Operation. Steady-state magnet and system offsets
are eliminated using an on-chip differential band-pass filter. The
lower frequency cut-off of this patented filter is set using an external
capacitor the value of which can range from 0.01 pF to 10 uF.

The high-frequency cut-off of this filter is set at 30 kHz by an internal
0.01 0.1 10 10 integrated capacitor.

CAPACITANCE IN uF

The differential structure of this filter enables the IC to reject single-
bwg.GH025 gnded noise on the ground or supply line and, hence, makes it resistant
to radio-frequency and electromagnetic interference typically seen in
hostile remote sensing environments. This filter configuration also
increases system tolerance to capacitor degradation at high tempera-
tures, allowing the use of an inexpensive external ceramic capacitor.

Low-Frequency Operation. Low-frequency operation of the sensor

is set by the value of an external capacitor. The graph provides the
low-frequency cut-off (-3 dB point) of the filter as a function of capaci-
tance value. This information should be used with care. The graph
assumes a perfect sinusoidal magnetic signal input. In reality, when
used with gear teeth, the teeth create transitions in the magnetic field
that have a much higher frequency content than the basic rotational
speed of the target. This allows the device to serse speeds much lower
than those indicated by the graph for a given capacitor value.

Capacitor Characteristics. The major requirerrent for the external
capacitor is its ability to operate in a bipolar (non-polarized) mode.
Another important requirement is the low leakage current of the
capacitor (equivalent parallel resistance should be greater than 500 kg2).
To maintain proper operation with frequency, capacitor values should
be held to within £30% over the operating tempe-ature range. Available
non-polarized capacitors include ceramic, polyester, and some tantalum
types. For low-cost operation, ceramic capacitors with temperature
codes Z5S, Y58, X5S, or X7S (depending on operating temperature
range) or better are recommended. The commor:ly available Z5U
temperature code should not be used in this apprication.
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3059
HALL EFFECT GEAR-TOOTH SENSORS—AC COUPLED
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Magnet Biasing. In order to sense moving non-magnetized ferrous
targets, the UGN3059KA or UGS3059KA must be back-biased by
mounting it on a small permanent magnet. This can be accomplished
by attaching the pole end of a magnet (AINiCo 8, SmCo, or NeFe B) to
the back of the package, opposite to the branded side. Either magnetic
pole (north or south) can be used. The magnetic system, thus config-
ured, can sense ferrous gear teeth out to 0.070" (1.75 mm) for typical
wheel speed sensing targets or 0.100" (2.5 mm) for deep slotted
ignition targets.

The UGN/UGS3059KA can also be used without a back-biasing
magnet. In this configuration, the sensor can be used to detect a
rotating ring magnet such as those found in brushless dc motors or in
speed sensing applications. Here, the sensor detects the magnetic field
gradient created by the moving magnetic poles.

Magnet Selection. The UGN/UGS3059KA can be used with a wide
variety of commercially available permanent magnets. The selection

of the magnet depends on the operational and environmental require-
ments of the sensing system. For systems that require high accuracy
and large working airgaps or an extended temperature range, the usual
magnet material of choice is rare earth samarium cobalt (SmCo). This
magnet material has a high energy product and can operate over an
extended temperature range. For systems that require low-cost solu-
tions for an extended temperature range, AINiCo 8 can be used. Due
to its relatively low energy product, smaller operational airgaps can be
expected. Neodymium iron boron (NeFeB) can be used over moderate
temperature ranges when large working airgaps are required. Of these
three magnet materials, AINiCo 8 is the least expensive by volume and
SmCo is the most expensive.




SERIES 3100

HALL EFFECT SWITCHES

These Hall effect switches are highly temperaiure stable and stress-
resistant sensors best utilized in applications that provide steep magnetic
slopes and low residual levels of magnetic flux density.

b4 b Each device includes a voltage regulator, quadratic Hall voltage
generator, temperature stability circuit, signal amplifier, Schmitt trigger

and open-collector output on a single silicon chip. The on-board regulator
permits operation with supply voltages of 4.5 to 24 volts. The switch
> =
-t =
o a
o =
2 o
7)) O
Owg. PH-003
Pinning is shown viewed from branded side.

output can sink up to 20 mA. With suitable output pull up, they can be
used directly with bipolar or MOS logic circuits.

The four package styles available provide a magnetically optimized
package for most applications. Suffix LT is a surface-mount SOT 89
(TO-243AA) package; suffixes LL, U, and UA feature wire leads for
through-hole mounting. Devices suitable for military applications with
high-reliability screening and in a hermetic package (TO-260AA) are
also available.

FEATURES

4.5V to 24 V Operation

Activate With Small, Commercially Available Permanent Magnets
Solid-State Reliability ... No Moving Parts

Small Size

Constant Output Amplitude

Superior, Temperature Stability

Resistant to Physical Stress

Directly Replace Series UGN and UGS3000T/U Switches

GROUND

ABSOLUTE MAXIMUM RATINGS

Supply Voltage, V. ........... ... 25V
Magnetic Flux Density, B .. ... .. Unlimited
Output OFF Voltage, V... ... ... 25V
Continuous Output Current. |, .. .. 25 MA
Operating Temperature Range. T,

Prefix UGN ... .. .. .. -20°C to +85°C

Prefix UGS ......... -40°C to +125°C
Storage Temperature Range,

B -65°C to +150°C*

* Devices can be stored at -200“C for short i

periods of time. Always order by complete part number, e.g., [UGN3113UA] .
See Magnetic Characteristics table for differences between devices.
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SERIES 3100
HALL-EFFECT SWITCHES

ELECTRICAL CHARACTERISTICS at T, + +25°C, Vi = 45V to 24 V (unless otherwise noted).

Limits
Characteristic Symbol Test Conditions Min. Typ. Max. Units
Supply Voltage Voo Operating 4.5 — 24 \Y
Output Saturation Voltage Vourisar lour =20 MA, B > B, — 150 400 mV
Output Leakage Current lorr Vour =24V, B < Bg, — <1.0 10 LA
Supply Current lee Voo =45V, Output Open — 4.7 8.0 mA
Output Rise Time t, Vg =12V, R =820 Q. C, =20pF — 0.04 2.0 us
Output Fall Time t, Voo =12V, R =8200.C, =20 pF — 0.18 2.0 Us
MAGNETIC CHARACTERISTICS in gauss
Part T,=+25C T,=-20Cto +85C T, =-40°C to +125°Ct
Characteristic Number* Min. Max. Min. Max. Min. Max.
Operate Point. B, 3113 — 450 — 510 — —
3119 175 500 100 545 45 575
3120 70 350 70 425 35 450
3130 — 150 — 175 — 200
3140 70 200 45 260 45 270
Release Point, B, 3113 30 — 20 — — —
3119 125 450 50 495 25 555
3120 50 330 50 405 25 430
3130 -150 — -175 — -200 —
3140 50 180 25 240 25 250
Hysteresis, Bhy; 3113 20 — 10 — — —
3119 50 — 50 — 20 —
3120 20 — 20 — 20 —
3130 20 — 20 — 20 —
3140 20 — 20 — 20 —

NOTE: As used here. negative flux densities are definea as less than zero (algebraic convention).
* Complete part number includes a prefix denoting operating temperature range (UGN or UGS} and a suffix denoting package type (LL, LT, U, or UA).
T Applicable to prefix UGS devices only (available with ail devices except 3113}
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SERIES 3100
HALL-EFFECT SWITCHES

TYPICAL CHARACTERISTICS . .
AS FUNCTIONS OF TEMPERATURE FUNCTIONAL BLOCK DIAGRAM
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SERIES 3100
HALL-EFFECT SWITCHES

SENSOR LOCATIONS
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3132 anp

3133

ULTRA-SENSITIVE BIPOLAR
HALL EFFECT SWITCHES

These Hali effect switches are designed for rmagnetic actuation
using a bipolar magnetic field, i.e., a north-south alternating field. They
combine extreme magnetic sensitivity with excellent stability over
varying temperature and supply voltage. The high sensitivity permits
their use with multi-pole ring magnets over reiatively large distances.

Each device includes a voltage regulator, quadratic Hall voitage
generator, temperature stability circuit, signal amplifier, Schmitt trigger,
and open-collector output on a single silicon chip. The on-board
regulator permits operation with supply voltages of 4.5 to 24 volts. The
switch output can sink up to 25 mA. With suitable output pull up, they
can be used directly with bipolar or MOS logic circuits.

The four package styles available provide a magnetically optimized
package for most applications. Suffix LT is a surface-mount SOT 89
(TO-243AA) package; suffixes LL, U, and UA fezture wire leads for
through-hole mounting. Prefix ‘UGN’ devices are rated for continuous
operation over the temperature range of -20°C to +85°C; prefix ‘UGS’
devices over an extended range of -40°C to +125°C.

FEATURES

M 4.5V to 24 V Operation

M Reverse Battery Protection

W Superior Temperature Stability
W Superior Supply Voltage Stability

> ~
— >
[a o
a =
) D
n O
M Activate with Muiti-Pole Ring Magnets
bwg. P03 W Solid-State Reliability...No Moving Parts

Pinning is shown viewed from branded side. «> 8 Small Size
B Constant Output Amplitude
B Resistant to Physical Stress

GROUND

ABSOLUTE MAXIMUM RATINGS

Supply Voltage, V... ... 25V
Reverse Battery Voltage, V.. ... ... -35V
Magnetic Flux Density, B . ... ... Unlimited
Output OFF Voltage, Vg ,p ... .. .. 25V
Continuous Output Current, |, ... 25 mA
Operating Temperature Range, T,

Prefix UGN . ..... .. .. -20°C to +85°C

Prefix UGS ...... ... -40°C to +125°C
Storage Temperature Range,

T -65°C to +150°C

Always order by complete part number, e.g., [j(aN3132LL
See Magnetic Characteristics table for differences between devices.




3132 AND 3133
BIPOLAR HALL-EFFECT SWITCHES

FUNCTIONAL BLOCK DIAGRAM

g Vee

REG.

u ® ouTPUT
@) GROUND
Dwg. FH-005-2
ELECTRICAL CHARACTERISTICS at T )= +25°C
Limits
Characteristic Symbol Test Conditions Min. Typ. Max. Units
Supply Voltage Voo Operating 4.5 - 24 \
Output Saturation Voitage VoutisaT: lour =20 mA, B2 B, - 145 400 mV
Output Leakage Current loee Vour=24V,B<B, - <1.0 10 UA
Supply Current fec Ve =24V, BBy, - 4.3 9.0 mA
Output Rise Time t, Ve =12V, R =820Q,C =20pF - 0.04 2.0 us
Output Fall Time t, V=12V, R =820Q.C =20pF| - 0.18 2.0 us
MAGNETIC CHARACTERISTICS over operating temperature and voltage range.
Limits
Characteristic Symbol Device Type* Min. Typ. Max. Units
Operate Point Boe 3132 — 32 95 G
3133 — 32 75 G
Release Point Bgre 3132 -95 -20 — G
3133 -75 -20 — G
Hysteresis Bhys Both 30 52 — G

NOTE: As used here, negative flux densities are defined as less than zero (algebraic convention.)
Typical values are at T, = +25°C and Veg=12V.

" Complete part number includes a prefix denoting operating temperature range (UGN or UGS) and a suffix denoting package type (LL, LT, U, or UA).
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3132 AND 3133
BIPOLAR HALL-EFFECT SWITCHES

TYPICAL CHARACTERISTICS
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3132 AND 3133
BIPOLAR HALL-EFFECT SWITCHES

SENSOR LOCATIONS
SUFFIX “LL” & SUFFIX “LT”

ACTIVE AREA DEPTH
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3175 anp

3177

HALL EFFECT LATCHES

These Hall effect latches are temperature-stable and stress-
resistant sensors especially suited for electronic commutation in
brushless dc motors using multipole ring magnets. Each device in-
cludes a voltage regulator, quadratic Hall voltage generator, tempera-
> b ture compensation circuit, signal amplifier, Schmitt trigger, and an open-

collector output on a single silicon chip. The on-board regulator permits
operation with supply voltages of 4.5 to 24 volts. The switch output can

> 5

o o

5 5

[75] O
Pinning is shown viewed from branded side.

sink 10 mA. With suitable output pull up, they can be used directly with
bipolar or MOS logic circuits.

The four package styles available provide a magnetically optimized
package for most applications. Suffix LT is a surface-mount SOT 89
(TO-243AA) package; suffixes LL, U, and UA feature wire leads for
through-hole mounting.

FEATURES

Symmetrical Response

4.5V to 24 V Operation

Open-Collector Ouiput

Reverse Battery Protection

Activate With Small, Commercially Available Permanent Magnets
Solid-State Reliability ... No Moving Parts

Small Size

Superior Temperature Stability

Resistant to Physical Stress

GROUND
EENNERERE

Dwg. PH-003

ABSOLUTE MAXIMUM RATINGS

Supply Voltage, V- oo 24V
Reverse Battery Voltage, V.o .. .. - -35V
Magnetic Flux Density, B .... .. Unlimited
Output OFF Voltage, VOUT .......... 24V
Continuous Output Current, I, ... 15 mA
Operating Temperature Range,

Tpoo -20°C to +85°C
Storage Temperature Range.

B .. -65°C to +150°C

s Always order by complete part number, e.g.,| UGN3175LL]|.

| Mool

See Magnetic Characteristics table for differences between devices.
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3175 AND 3177
HALL EFFECT LATCHES

FUNCTIONAL BLOCK DIAGRAM
Vee
REG. >
l— X @ outpPuT
(2 GROUND
i
Dwg. FH-005-2
ELECTRICAL CHARACTERISTICS at T, = +23°C, Vic=45Vie24V
(unless otherwise noted).
Limits
Characteristic Symbol Test Conditions Min. Typ. Max. | Units
Supply Voltage Voo Operating 4.5 — 24 \
Output Saturation Voltage Vounsar Vee =24V, Iy =10mA. B> B, — 200 300 mvV
Output Leakage Current borr Vour=24V.B<By, — 005 50 pA
Supply Current lee Ve = 4.5V, Output Open — 5.0 10 mA
Output Rise Time t, Vee =12V, R =1.1kQ, C =20pF — 004 20 us
Output Fall Time t, Vee =12 V. R =11k, C =20 pF — 018 20 us
MAGNETIC CHARACTERISTICS in gauss; VCC =453 Vto24 V.
=425°C T, =-20° °
Part A=+ » =-20°C to +85°C
Characteristic Number* Min. Typ. Max. Min. Typ. Max.
Operate Point, B, UGN3175 25 — 170 15 — 180
UGN3177 50 — 150 25 — 150
Release Point, B, UGN3175 -170 — -25 -180 — -15
UGN3177 -150 — -50 -150 — -25
Hysteresis, B, _ UGN3175 100 200 — 80 180 —
UGN3177 100 200 — 50 180 —

NOTE: As used here, negative flux densities are defined as less than zero (algebraic convention)
* Complete part number includes a suffix denoting package type (LL. LT. U. or UA).
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3175 AND 3177
HALL EFFECT LATCHES

TYPICAL OPERATING CHARACTERISTICS

200
OPERATE POINT
@ 100
]
]
«
<
E . Vee= 14V
F
o
a
x
I3
E 100
H RELEASE POINT
-200
30 -10 10 30 50 70 90
AMBIENT TEMPERATURE IN °C
Dwg. GH-020
Suffix “LL” & Suffix “LT”
ACTIVE AREA DEPTH
0.035" 0.089"
]‘ 0.89 mm ™ 2%mm [*
NOM
G Y ]
0.040"
E‘ %2 mm
Dwg. MH-008-1
Suffix «“U»? Suffix “UA”
ACTIVE AREA DEPTH
0.017"
0.092" ACTIVE AREA DEPTH
™ Now 230 am™ o017 0.084"
‘ — 0.43 mm — Y
NOM 2.12mm
0.0727
1.83 mm
Ixsl
oy ? 5
0.056"
1.42 mm
BRANDED
BRANDED SURFACE 1 2 3
SURFACE 1 2 3
Dwg. MH-002-3 Dwg. MH-011
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Dwg. PH.007

Pinning is shown viewed from branded side.

ABSOLUTE MAXIMUM RATINGS
at TA = +25°C

Power Supply, Voo oo 25V
Reverse Battery Voltage, Vace v -30V
Magnetic Fiux Density, B . ... ... Unlimited
Output OFF Voltage, Vg - ........ .. 25V
Output ON Current, g 0 ... ... 50 mA
Operating Temperature Range,

Tpoo -20°C to + 85°C
Storage Temperature Range

Ta oo -65°C to +150°C

DUAL OUTPUT
HALL EFFECT SWITCH

Type UGN3235K Hall effect sensors are bipolar integrated circuits
designed for commutation of brushless dc motors, and other rotary
encoding applications using multi-pole ring magnets. The device
features two outputs which are independently activated by magnetic
fields of opposite polarity.

Each sensor IC includes a Hall voltage generator, two Schmitt
triggers, a voltage regulator, output transistors, and on-board reverse
polarity protection. The regulator enables these devices to operate from
voltages ranging between 4.5 V and 24 V. On-chip compensation
circuitry stabilizes the switch points over temperature,

Each open-collector output is independently operated by the proper
amount and polarity of incident magnetic flux. Output 1 responds only
to the positive flux from the south pole of a magnet, Output 2 to the
negative flux from the north pole of a magnet. When the sensor experi-
ences the field of a south magnetic pole greater than the maximum
operate point of Output 1, that output switches to the LOW state and
Output 2 is unaffected. When the incident flux falls below the minimum
release point for Output 1, that output returns to the HIGH state and
Output 2 remains unchanged.

Output 2 independently responds in the same manner to the
negative flux from the north magnetic pole of a magnet. Figure 1 shows
a zone in the region of 0 G, t,, where both outputs are in the HIGH or
OFF state. This constitutes a delay that is independent of rate of
change of the incident magnetic field and ensures that both outputs
are never ON simultaneously. This is an essential feature for driving
brushless dc motors with a minimum of reactive transient currents.

The UGN3235K is supplied in a four-pin plastic single in-line
package (SIP) measuring just 0.205" wide x 0.135" high x 0.060" thick
(5.2x 3.4 x 1.55mm).

FEATURES

B Reliable and Rugged Magnetic Sensing Switch

B Two Outputs Independently Switched by North and South Poles

B Independent Actuation of Outputs Minimizes Inductive-Load
Reactive Transient

B Built-in Hysteresis Minimizes Interference from Stray Fields

W Operates from4.5Vto24V

B Outputs Compatible with All Logic Levels

M On-Board Reverse Polarity Protection

M Open-Collector, Active-Low Outputs




3235
DUAL OUTPUT HALL EFFECT SWITCH

FUNCTIONAL BLOCK DIAGRAM

ﬁ) Vee
(9 OUTPUT,

REG. b
' D ® OUTPUT,

(& GROUND

Dwg. FH-003A

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

Characteristic Symbol Test Conditions Min. Typ. Max. Units
Supply Voltage Vee 4.5 — 24 \
Output Saturation Voltage VOUT[SAT) Vee =24V, lg, ;=20 mA — 160 400 mv
Output Leakage Current - Vour =24V, V=24V — — 1.0 uA
Supply Current lec Ve =24V, Output Open — 6.0 8.0 mA
Output Rise Time t, Vee =14V, R =820, C_=20pF — 0.04 0.4 us
Output Fall Time t Ve =14V, R =820Q,C =20 pF — 0.18 0.4 us

MAGNETIC CHARACTERISTICS at V.. = 4.5 Vto 24V

Characteristic Test Conditions Output Min. Max. Units

Operate Point, B, T,=+25°C @) 50 175 G
Q2 -175 -50 G

Operate Point, B o T,=-20°C to +85°C Q1 35 200 G
Q2 -200 -35 G

Release Point, By, T, =+25°C Qi 25 160 G
Q2 -160 -25 G

T,=-20°Cto +85°C Qi 15 190 G

Q2 -190 -15 G

Hysteresis, B, T,=+25C Q1 &Q2 15 100 G
T,=-20°C to +85°C Q1&Q2 15 110 G
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3235
DUAL OUTPUT HALL EFFECT SWITCH

OUTPUT SWITCHING CHARACTERISTICS

/\ SV a5V TO 24V
! 1 » i

R3
20mA LIMIT

MAGNETIC FLUX ()
D e

z

<]

b

A

QUTPUT VOLTAGE

GND
i !
. _ l 4 UGN3235
>

FIGURE 1 FIGURE 2A
MOTOR COIL DRIVER
o1 vee
‘ " ’ 7‘4 O 45vi024v
A3 " DIODE
1k
c1otuf
MINIMUM Q1 Qz
VALUE 2N4356 2N4356
DECOUPLE . I\
v < T T T O - L _____
R2 ‘ |
! |
= vee : L1 L2 [
Q I WINDING 1 WINDING 2 :
UGN 3235 | I N
_ OTORCOLS
GND Q - |
20mA LIMIT t
14 N N .
FIGURE 2B 1—
SWITCH POINTS APPLICATIONS

VERSUS TEMPERATURE Figure 2A gives a method of sensing the presence of either a north

140 T or south magnetic pole. Since the UGN3235K is an open collector
120 s N T device, it is possible to directly connect (OR-wire) the two outputs. This
160 causes the output to go LOW when a north or south pole of sufficient
5 Zg \‘.\ Bgp S magnitude is sensed.
::<> 0 B S The device connected in this manner suits many applications,
g BH N ranging from doubling the resolution of a ring-magnet encoder, to zero-
Q . . > .
oo crossing detection. Figure 1 shows thatt_ is centered around the zero-
Z G portion of the magnetic field piot. Thus, by decoding the HIGH portion
EgR S of the UGN3235K OR-wired output, the zero-crossing can be encoded.
. RP.
Zf) | Figure 2B shows that the UGN3235K makes it possible to imple-
e i 2 il ment a very efficient brushless dc motor using a minimum number of
wo L —T_ components. Referring again to Fig. 1, the dead time (t,} of the switch-
40 [ ing characteristics allow the motor coil fields to decay sufficiently. This
EE 25 so 75 we 125 gvoids both excessive reactive voltages and the magnetic drag result-
TEMPERATURE IN DEG. C ing from the motor coils working in opposition to each other.
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3235
DUAL OUTPUT HALL EFFECT SWITCH

HYSTERESIS
CHARACTERISTICS
Vout
NORTH SCUTH
POLE POLE
op | > op
a2 L nd e L Q1
ON 9 ON
6
3 OFF
- 4 g —>
“» | -
T T T T f [ 1 T 1 T
500 400 -300 -200 160 O 100 330 400 50
MAGNETIC F-LUX DENSITY IN GAUSS

SENSOR LOCATION

ACTIVE AREA DEPTH
0.017"

0.104"
—» % 043 mm [*—5 65 mm——"]
NOM ‘
0.058"
1.42 mm
E 1
: !
BRANDED
SURFACE 1 2 3 4
Dwg. MH-001-1

1.

GUIDE TO INSTALLATION

280

(6]

S [

260 fmm

w 240

2 220

<€ -

% 200

o L

=

w

‘_

E AN EEEEEEENN
g 0 5 10 15
&» TIME IN SOLDER BATH IN SECONDS

Dwg. No. A-12.062

All Hall effect integrated circuits are susceptible to mechanical stress effects.

Caution should be exercised to minimize the application of stress to the leads
or the epoxy package. Use of epoxy glue is recommended. Other types may

deform the epoxy package.

. To prevent permanent damage to the Half cell, heat-sink he leads during hand

soldering. Recommended maximum conditions for wave soldering are shown in
the graph above.
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Dwg. PH-002

Pinning is shown viewed from branded side.

ABSOLUTE MAXIMUM RATINGS

Power Supply, Voo oo 25V
Magnetic Flux Density, B .. ... .. Untimited
Output OFF Voltage, Vour ~oor e 25V
Output ON Current, g ... 50 mA
Operating Temperature Range,

Tpe o -20°C to +85°C
Storage Temperature Range,

T oo -65°C to +150°C

S

COMPLEMENTARY-OUTPUT
HALL EFFECT LATCH

Type UGN3275K latching Hall Effect sensors are bipolar integrated
circuits designed for electronic commutation of brushless dc motors.
They feature dual complementary outputs. The latches are typically
used to sense matched magnetic flux densities of alternating polarity
from multipole ring magnets.

Each sensor IC includes a Hall voltage generator, operational
amplifier, Schmitt trigger, voltage regulator, and dual bipolar output
transistors. The regulator allows use of the integrated circuit with supply
voltages of 4.5V to 24 V.

If the Hall cell is exposed to a magnetic flux density greater
than the operate threshold (B_,), OUTPUT goes low (turns ON) and
OUTPUT goes high (turns Olé)F The outputs will hold (latch) this state
until magnetic field reversal exposes the Hall cell to a magnetic flux
density below the release threshold (B} when OUTPUT will go high
(OFF) and OUTPUT will go low (ON). This state is also latched. Under
any condition one output is ON while the other is OFF. Because the
operating state switches only with magnetic field reversal, and not
merely with a change in the strength, these integrated circuits qualify
as true Hall effect latches.

Similar devices with a 500 mA continuous output current rating are
available as the UGN5275K.

These complementary-output Hall Effect latches are supplied in a
four-pin plastic SIP, 0.200" (5.08 mm) wide, 0.130" (3.3 mm) high, and
0.060" (1.54 mm) thick.

FEATURES

Operable with Multipole Ring Magnets

High Reliability

Small Size

Output Compatible with All Digital Logic Families
4.5V to 24 V Operation

High Hysteresis Level Minimizes Stray-Field Problems
Complementary Qutputs

Always order by complete part number:| UGN3275K | .
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3275
COMPLEMENTARY OUTPUT HALL EFFECT LATCH

SENSOR LOCATION
ACTIVE AREA DEPTH FUNCTIONAL BLOCK DIAGRAM
0.017" 0.09a"
= 0.43 mm "
NOM 2.40 mm
1 ? Ve
0.047" QUTPUT
1.19 mm
1 3N 5 REG.
h > .
BRANDED e GROUND
SURFACE |1 2 3 4
Dwg. FH-002
Dwg. MH-001-2
ELECTRICAL CHARACTERISTICS at TA = +25°C, V(‘(, =45Vto24V
(unless otherwise noted).
Characteristic Symbol Test Conditions Min. Typ. Max. Units
Supply Voltage Vee Operating 4.5 — 24 \
Output Saturation Voltage Voursan Vee =45V, 1y =20mA B>B, — — 400 mv
Output Leakage Current loee Vour =24V, V=24 V. B< By, — — 10 LA
Supply Current fo Voo =24V, B< By, — — 7.0 mA
Output Rise Time t Ve =12V, R =8200,C =20pF — 0.04 0.4 us
Output Fall Time t, Voo =12V, R =820 Q, C, =20 pF — 0.18 0.4 us
MAGNETIC CHARACTERISTICS
T,=+25C T,=-20"Cto +85°C
Characteristic Symbol Min. Max. Min. Max. Units
Operate Point Bop 25 250 15 250 G
Release Point Bee -250 -25 -250 -15 G
Hysteresis B, 100 — 100 — G

NOTE: As used here, negative flux densities are defined as less than zero {(algebraic convention).




3311 AND

3312

PRECISION LIGHT SENSORS
with calibrated Current Amplifiers

Direct replacements for photocells and phototransistors, the
ULN3311T and ULN3312T precision light sensors are two-terminal
monolithic integrated circuits that linearly convert light level into electri-
cal current. The light-controlled current sources are linear over a wide
range of supply voitages and light levels and require no external
calibration.

Each precision light sensor (PLS) consists of a photodiode and a
calibrated current amplifier. The design of the amplifier allows derivation
of its supply current from the same terminal as the photodiode cathode
and amplifier output. Since this supply current is a linear function of the
photodiode current. it acts as part of the signal current. On-chip resis-
tor-trimming techniques are used during manuifacture to adjust each
PLS to specified sensitivity. A 100 uW/cn? GaAlAs LED emission
provides the light source for this calibration.

The ULN3311T and ULN3312T are supplied in an inexpensive

% % > clear plastic package. Both devices are rated for operation over the
8 8 & temperature range of -40°C to +70°C.
=)
Joe T
s < ° FEATURES
Dwg. PH-068 B Two-Terminal Operation

B Linear Over a Wide Range

B Precalibrated

B Wide Operating Voltage Range
W High Output

ABSOLUTE MAXIMUM RATINGS

Supply Voltage, Vo - ..o 24V

Operating Temperature Range,
Ty -40°C to +70°C

Storage Temperature Range,

-55°C to +110°C -

Always order by complete part number, e.g.,| ULN331 1ﬂ .

See Characteristics table for differences between devices.
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3311AND 3312
PRECISION LIGHT SENSORS

SCHEMATIC UNPACKAGED CHIP
0.053" x 0.077" (1.35 mum x 1.96 mm)
Vct
3 - WD SPRRGUE

T
W é ?K

1

1

i

)
y " ¥
A 4 A 4
h 4 ¥
as
! 2
GROUND GROUND

Dwg. No. A-11.996

ELECTRICAL CHARACTERISTICS at T, = +25°C, V= 12V

Limits

Characteristics Device Type Min. Typ. Max. Units
Initial Accuracy at 100 pW/cm? Both — — +7.2 %
Sensitivity ULN3311T 280 —_ 350 nA/pW/cm?

ULN3312T 350 - 420 nA/pW/em?
Operating Voltage Range Both 2.7 12 24 \"
Qutput Linearity, 10 to 10k uW/cm? Both — e +7.2 %
Dark Current Both — — 100 nA
Power Supply Rejection, (Al /I )AV Both 40 50 — dB
Temperature Coefficient of Sensitivity Both — 3500 — ppM/°C

NOTE: Light source is an infrared LED with a peak output wavelength of 880 nm.
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3311AND 3312
PRECISION LIGHT SENSORS

TYPICAL CHARACTERISTICS

RELATIVE SPECTRAL RESPONSE OUTPUT CURRENT
AS A FUNCTION OF WAVELENGTH OF LIGHT AS A FUNCTION OF ILLUMINANCE
10 T
, - |
e . 8% = 3.0 . .
g 21 £ | % vea e 7. =880 nm j
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b ,.P ! 0 S ]
§ .’ 1\‘ \ < /
25 1 =
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Dwg. No. A-12,135A LIGHT LEVEL IN pwicm Dwg. GH-019
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0
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Dwg. No. A-12,138A Dwg. No. A-12,137A
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3311AND 3312
PRECISION LIGHT SENSORS

LIGHT-LEVEL DETECTOR
USING PLS

- ULN-3311T
ULN-3312T

Viet
= Dwg. No. A-14,270

FIGURE 1

DIFFERENTIAL EDGE DETECTOR
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100K 1ok
l X
Dwg. No. A-11,995
FIGURE 2

SENSOR-CENTER LOCATION
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/ 0.041" DIA. (1.04mm)}

'
1
1
|

7
o/
&
‘\ 3 - oy
I |
CFN*‘EH ON 0130743 BQmm)
PIN 2 WITHIN ONe” 27g9mm)
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|
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Dwg. No. A-14.275

APPLICATIONS INFORMATION

Photocells exhibit a change in resistance proportional to light
intensity. However, they are highly inaccurate. They exhibit light
memory, which makes their response dependent on the previous
light level.

Phototransistors exhibit no light memory, but show as much as
50% variation in sensitivity among parts of the same type due to
process and beta variations. Output current as a function of light leve!
is linear only over a very small range.

Photodiodes have an output current that is a linear function of
illumination, but the output is very small. The output current is typically
in the range of tens of nanoamperes. These devices also show wide
unit-to-unit sensitivity variations.

These precision light sensors are two-terminal replacements for
photocells, phototransistors, and photodiodes. They are internally
calibrated, have relatively high output currents, and are linear over a
very wide range of light levels. Low-level amplifiers and adjustable
controls can be eliminated. The precision light sensors are also ideal
for use in arrays where matched characteristics are often required.
Unpackaged chips are available on special order.

TYPICAL APPLICATIONS

Figure 1 shows a ULN3311T or ULN3312T irtegrated circuit
replacing a photocell or phototransistor for the precise linear detection
of a light level. Use of the precision light sensor eliminates the need for
external calibration because it is calibrated to an :nitial accuracy of
better than 7.2% during manufacture.

in Figure 2, two precision light sensors are used in a differential
configuration to detect the edge of an object. When the light level on the
first sensor is half of that on the second, the circuit switches. This circuit
operates over a wide range of ambient light levels. No external calibra-
tion is required.

RELATIVE RESPONSE AS A FUNCTION OF
THE ANGLE OF INCIDENCE

1.0 —
// | *'\‘\

0.9 —
i [
2,0.8 ' =
3 g= 00

0.7

| 123}

0.
100 80 60 40 20 0 20 40 60 80 100

INCIDENT ANGLE, 8 IN DEGREES

Dwg. No. A-12,134
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3330, 3360,

3363

ULN3330/60/63T

[

5 S -
o - o
(= @) o
2 X )
o 5 7]

Dwg. PH-005

ABSOLUTE MAXIMUM RATINGS

Supply Voltage, Vg roeee i 15V
Output Voltage, Vi ;p ..o 15V
Output Current, o <o 25 mA
Operating Temperature Range,
T -40°C to +70°C

Storage Temperature Range,

-55°C to +110°C

OPTOELECTRONIC SWITCHES

The ULN3330T/TA, ULN3360T, and ULN3363T optoelectronic
switches provide light detection and low-level signal processing in
single three-lead packages. The monolithic integrated circuits, requiring
no external components, meet the need for cost-effective, light-sensing
devices in consumer and industrial applications. Their high sensitivity
makes them ideal for low-level light detection in optically noise-free
environments.

Each optoelectronic IC includes a 0.030" x 0.030" (0.76 x 0.76 mm)
photodiode, a high-gain current amplifier, a comparator with 12%
hysteresis, output driver stage, and voltage regulator.

The ULN3330T/TA and ULN3360T switches turn ON as illumination
of the photodiode falls below 55 uW/cm? at 880 nm. An internal latch
provides hysteresis: The output turns OFF when illumination exceeds
the turn-on threshold by approximately 12%.

The ULN3363T switch has an inverted output characteristic. It
turns OFF as illumination falls below 55 uW/cm? at 880 nm; it remains
QFF until increasing illumination at the photodiode typically reaches
62 uWicm?.

The ULN3330T/TA and ULN3363T have buffered open-collector
outputs for current-sink applications. Typical loads include incandescent
lamps, LEDs, sensitive relays, or dc motors.

Output circuitry for the ULN3360T includes an internal 5.4 kQ
pull-up resistor that enables its direct use with microprocessors and
TTL logic.

FEATURES

B Photodiode with:
On-Chip Amplifier
On-Chip Comparator with Hysteresis
On-Chip Power Driver
On-Chip Voltage Regulator
B Sensitive Switch Points
B Operation to 30 kHz

Always order by complete part number, e.g.,| ULN3330T|.

See matrix on next page.

4-33



3330, 3360, 3363
OPTOELECTRONIC SWITCHES

ULN3330TA
FUNCTIONAL BLOCK DIAGRAM
Vec
D 54K
- MA~ -
(3360 Only)
REG 1
'\I\ 1 QUTPUT
W
2 3 x
GRQOUND
laad
5 5 =
8 & [a N Dwg. No. A-13.264
F o )
O] (@] w
Dwg. PH-010
Device Type Output Package Pinout (1-2-3)
ULN3330T Open Collector T OUT-GND-V
ULNG3330TA Open Collector TA GND-OUT-V .
ULN3360T 5.4 kQ Pull-Up T OUT-GND-V .
ULN3363T Inv. Open Collector T OUT-GND-V_
ELECTRICAL CHARACTERISTICS at TA = +25°C, V(‘(‘ = 6.0V, A = 880 nm
Limits
Characteristic Symbol Test Conditions Min. Typ. Max. Units
Supply Voltage Range Veo 4.0 6.0 15 \
Supply Current loc — 4.0 8.0 mA
Light Threshold Level Eon Output ON 45 55 65 pWicm?
Eorr Output OFF — 62— |pwiem?
Hysteresis AE (EOFF - EON)/EOFF 10 13 16 %
OutpLt ON Voltage Vour bour = 15 MA — 300 500 mV
loyr = 25 MA — 500 800 mv
Output OFF Current lour Vour = 15V — — 1.0 uA
Output Fall Time t, 90% to 10% — 200 500 ns
Output Rise Time t 10% to 90% — 200 500 ns
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3330, 3360, 3363
OPTOELECTRONIC SWITCHES

TYPICAL TRANSFER CHARACTERISTICS

ULN3330T/TA AND ULN3360T ULN3363T
u W
[0} 6]
; :

2 Y ) S ) Y

-
2 2
5 5
3 3

ILLUMINATION, E ILLUMINATION, E

Dwg. No. A-11,128 DOwg. No. A-13,265

SENSOR LOCATIONS

SUFFIX ‘T’

SUFFIX ‘TA’

4

| i

' 0.060"+ 0.005"

W (1.52mm ¢ 0.13mm)
\ PHOTOSENSITIVE AREA

0.030" x 0.030"

(0.76 mm x 0.76 mm)

0.008" £ 0.005"
(0.20mm + 013 mm)
i1
t

0.065" £ 0.005"
(1.65mm £ 0.13mm)

—_ -

t \
l l H- PHOTOSENSITIVE AREA

0.030" x 0.030"
(0.76mm x 0.76 mm)

-0
- —-

Dwg. No. A-13,301

|
NERIENE

3

Dwg. No. A-11,994C
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3330, 3360, 3363
OPTOELECTRONIC SWITCHES

RELATIVE SPECTRAL RESPONSE AT T, = +25°C
AS A FUNCTION OF WAVELENGTH OF LIGHT
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PROPAGATION DELAY
AS A FUNCTION OF LIGHT LEVEL
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Dwg. No. A-12,308

OUTPUT SATURATION VOLTAGE AS A FUNCTION
OF OPERATING TEMPERATURE
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LIGHT-THRESHOLD CHANGE AS A FUNCTION
OF OPERATING TEMPERATURE
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3330, 3360, 3363 _
OPTOELECTRONIC SWITCHES

TYPICAL APPLICATIONS*
BAR CODE READER OPTICAL ISOLATOR

P
o |
OPTICAL WAVEGUIDE

Jwg. No. A-13,266 Dwg. No. A-13.267

SHEET DETECTOR

PAPER

— AY
I B
b Y47 PAPER
\ TRANSMISSIVE 3

A
REFLECTIVE/§ PLATEN
N\
AN\

Swg. No. A-13,268 Dwg. No. A-13,269

OPTICAL ENCODER

EMITTER-DETECTOR
ASSEMBLY

ENCODING WHEEL

Dwg. No. A-13.270 Dwg. No. A-13,271

“Optics and ambient light shields omitted for clarity.
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Dwg. PH-009

ABSOLUTE MAXIMUM RATINGS

Supply Voitage, Voo ..o 25V
Output Voltage, Vyp oo ovovanns 25V
Output Current, fo oo 25 mA
Operating Temperature Range,

Tpr v -40°C to +85°C
Storage Temperature Range,

L -55°C to +110°C

S

OPTOELECTRONIC SWITCH
—TWILIGHT SENSOR

Designed for use in twilight sensing applications and in emergency
and outdoor lighting, the ULN3390T optoelectronic switch is a mono-
lithic integrated circuit containing a photodiode, low-level amplifier,
comparator, voltage regulator, and output driver. The comparator is
fabricated to give the sensor a built-in typical hysteresis value of 50
percent.

With temperature-compensated trip points, protection against
damage by bright light, and increased hysteresis values, the ULN3390T
represents a significant design improvement over previous optoelec-
tronic switches. The integrated sensor is more stable over time and
temperature than cadmium sulfide cell assemblies, requires fewer
components, and has calibrated switching characteristics.

The UNL3390T switch typically turns ON as :llumination falls below
10 uW/cm?at 880 nm. Internal hysteresis prevents deactivation until
illumination exceeds 20 pW/cm?. The switching points can be factory-
adjusted to customer specifications.

FEATURES

M Photodiode with On-Chip
Ampilifier
Comparator
Output Driver
Voltage Regulator
B 50% Hysteresis
B Temperature Compensation

Always order by complete part number: ULN339E.
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3390
OPTOELECTRONIC SWITCH

ELECTRICAL CHARACTERISTICS at T, = +25°C, V., = 6 V (unless otherwise noted).

Limits
Characteristic Symbol Test Conditions Min. Typ. Max. Units
Supply Voltage Range Ve Operating 4.0 — 16 \Y
Supply Current loc E>Eqee — 3.0 10 mA
Output Saturation Voltage Vounsaﬁ lour=15mA E<6 uw/em? — 300 500 mV
Output Leakage Current lorr Vour =15V, E> B — 0.1 10 uA
Output Rise Time t, 10% to 90% —_ 200 500 ns
Output Falt Time t, 90% to 10% — 200 500 ns
Light Threshold Level Eon N\ = 880 nm 6.0 10 14 uWsem?
Eorr A =880 nm — 20 — pWicm?
Hysteresis AE (EoerEon)Eorr 45 50 85 %
FUNCTIONAL BLOCK DIAGRAM
®
REG REG
o
1
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3390
OPTOELECTRONIC SWITCH

SENSOR-CENTER LOCATION
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Dwg. PH-008

Pinning is shown viewed from branded side.

ABSOLUTE MAXIMUM RATINGS

Supply Voltage, V.. ............... 16V
Output Current, IOUT .............. 4 mA
Magnetic Flux Density, B .. ... .. Unlimited
Operating Temperature Range,

T o 0°C to +70°C
Storage Temperature Range,

To o - 65°C to +150°C

LINEAR OUTPUT
HALL EFFECT SENSORS

Utilizing the Hall effect for sensing a magnetic field, UGN3501U and

UGN3501UA integrated circuits provide a linear single-ended output
that is a function of magnetic field intensity.

These devices can sense relatively small changes in a magnetic

field — changes that are too small to operate a Hall effect switch. They

can be capacitively coupled to an amplifier, to boost the output to a

higher level.

The UGN3501U/UA include a Hall cell, linear amplifier, emitter-

follower output, and a voltage regulator. Integrating the Hall cell and the
amplifier into one monolithic device minimizes problems related to the

handling of millivolt analog signals.

Both devices are rated for continuous operation over the tempera-
ture range of 0°C to +70°C and over a supply voltage range of 8 V to12 V.

FEATURES

H Excellent Sensitivity

8 Flat Response to 25 kHz (typ.)
# Internal Voltage Regulation

M Excellent Temperature Stability

Always order by complete part number:

Part Number = Package

UGN3501U 3-Pin Mini-SIP

UGN3501UA | 3-Pin Ultra-Mini-SIP
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3501
LINEAR OUTPUT HALL EFFECT SENSORS

FUNCTIONAL BLOCK DIAGRAM

O— REG
Veo
L“ X D OUTPUT
4 kQ
2 GROUND

Dwg. FH-006
ELECTRICAL CHARACTERISTICS at TA = +25°C, VCC =12V
Limits

Characteristic Symboi Test Conditions Min. Typ. Max. Units
Operating Voltage Vee 8.0 — 12 \)
Supgly Current loc Ve =12V — 10 20 mA
Quiescent Output Voltage Vour B =0G, Note 1 25 3.6 5.0 \
Sensitivity AVOUT B = 1000 G, Notes 1, 2 0.35 0.7 — mV/G
Frequency Response BW f,-f at-3dB — 25 — kHz
Broadband Output Noise e, f=10Hz to 10 kHz — 0.1 — mV
Qutput Resistance R, — 100 — Q

NOTE 1. All output voltage measurements are made with a voltmeter having an input impedance of 10 kQ or greater.

NOTE 2. Magnetic flux density is measured at the most sensitive area of the device, which is 0.017" + 0.001" (0.43 + 0.03 mm) below the branded side
of the “U" package.
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3501
LINEAR OUTPUT HALL EFFECT SENSORS

NORMALIZED SENSITIVITY NORMALIZED SENSITIVITY
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3501
LINEAR OUTPUT HALL EFFECT SENSORS

NOISE SPECTRAL DENSITY
AS A FUNCTION OF FREQUENCY
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TYPICAL APPLICATIONS
SENSITIVE PROXIMITY DETECTOR FERROUS METAL SENSOR
FERROUS
—_—>
N S
AVy~10 mV

D =10.250"

LOBE OR COG SENSOR

(N ¥

For reference only - an Alnico Vill permanent magnet, 0.212" (5.38 mm) in diameter and 0.187" (4.75 mm) long is approximately 800 gauss at the
surface. A samarium cobalt permanent magnet, 0.100" {2.54 mm) square and 0.040" (1.02 mm) thick is approximately 12C0 gauss at its surface.
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Dwg. PH-206

Pinning is shown viewed from branded side

ABSOLUTE MAXIMUM RATINGS

Supply Voltage, Vo ... ..o 8V
Magnetic Flux Density, B ... ... Unlimited
Operating Temperature Range,T,
UGN3503UUA. .. .. .. -20°C to +85°C
UGS3503U/UA ... ... -40°C to +125°C
Storage Temperature Range,
Tgooooo i -65°C to +150-C

RATIOMETRIC, LINEAR
HALL EFFECT SENSORS

Type UGN3503U/UA and UGS3503U/UA Hall effect sensors
accurately track extremely small changes in magnetic flux density—
changes generally too small to operate Hall effect switches.

As motion detectors, gear tooth sensors, and proximity detectors,
they are magnetically driven mirrors of mechanical events. As sensitive
monitors of electromagnets, they can effectively measure a system's
performance with negligible system loading while providing isolation
from contaminated and electrically noisy environments.

Each Hall effect integrated circuit includes a Hall sensing element,
linear amplifier, and emitter-follower output stage. Problems associated
with handling tiny analog signals are minimized by having the Hall cell
and amplifier on a single chip.

The UGN3503U and UGN3503UA are rated for continuous opera-
tion over the temperature range of -20°C to +85°C. The UGS3503U and
UGS3503UA operate over an extended temperature range of -40°C to
+125°C.

FEATURES

W Extremely Sensitive

B Flat Response to 23 kHz

B ow-Noise Output

B 4.5V to 6V Operation

B Magnetically Optimized Package

Always order by complete part number:

| Part Numbers  Operating Temp. | Package

| UGN3503U -20°C to +85°C 3-Pin Mini-SIP

I UGN3503UA 3-Pin Ultra-Mini-SIP
r' UGS3503U -40°C to +125°C | 3-Pin Mini-SIP

‘ UGS3503UA | [ 3-Pin Ultra-Mini-SIP
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3503
RATIOMETRIC, LINEAR HALL EFFECT SENSORS

FUNCTIONAL BLOCK DIAGRAM

® Vee
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GROUND

Dwg. FH-007

ELECTRICAL CHARACTERISTICS at T, = +25°C, V. =5V

Characteristic Symbol Test Conditions Min. Typ. Max. Units
Operating Voltage Vee 4.5 — 6.0 A
Supply Current leo — §.0 14 mA
Quiescent Output Voltage Vour B=0G 2.25 250 2.75 Vv
Sensitivity AVour B=0Gto+300G 0.75 1.30 1.72 mVv/G
Bandwidth (-3 dB) BW — 23 — kHz
Broadband Output Noise ot BW =10 Hz to 10 kHz — 90 — uv
Output Resistance Rout — 50 — Q

All output-vottage measurements are made with a voltmeter having an input impedance of at least 10 k(.

Magnetic flux density is measured at most sensitive area of device located 0.016" £0.002" {0.41 mm 0.05 mm)
below the branded face of the ‘U’ package.

4-46




3503
RATIOMETRIC, LINEAR HALL EFFECT SENSORS

OUTPUT VOLTAGE AS A
FUNCTION OF TEMPERATURE
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3503
RATIOMETRIC, LINEAR HALL EFFECT SENSORS

NOTCH SENSOR

Dwg. No. A-12,574

GEAR TOOTH SENSOR

Dwg. No. A-12,512

CURRENT MONITOR

Dwg. No. A-12,513

OPERATION

The output nuli voltage (B = 0 G) is nominally one-half the supply
voltage. A south magnetic pole, presented to the branded face of the
Hall effect sensor will drive the output higher than the nuil voltage level.
A north magnetic pole will drive the output below the null level.

In operation, instantaneous and proportional output-voltage levels
are dependent on magnetic flux density at the most sensitive area of
the device. Greatest sensitivity is obtained with a supply voltage of 6 V,
but at the cost of increased supply current and a slight loss of output
symmetry. The sensor's output is usually capacitively coupled to an
amplifier that boosts the output above the millivoit level.

In two applications shown, a permanent bias magnet is attached
with epoxy glue to the back of the epoxy package. The presence of
ferrous material at the face of the package acts as a flux concentrator.

The south pole of a magnet is attached to the back of the package
if the Hall effect IC is to sense the presence of ferrous material. The
north pole of a magnet is attached to the back surface if the integrated
circuit is to sense the absence of ferrous matrial.

Calibrated linear Hall devices, which can be used to determine the
actual flux density presented to the sensor in a particular application,
are available.

SENSOR LOCATIONS

SUFFIX «“U”
ACTIVE AREA DEPTH

0.016"
0.41 mm
NOM

'

0.076"

¢

|
n193mm
T
\ i

BRANDED

SURFACE 1 3

Dwg. MH-002-5
SUFFIX “UA”
ACTIVE AREA DEPTH
0.017"
-~ 0.43 mm &
NOM l ‘
! 0.060°
.51 mm
I
BRANDED |
SURFACE 1 2 3
1
Dwg. MH-011-3
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5140

PROTECTED PowerHALL® SENSOR

— LAMP/SOLENOID DRIVER

The UGQ5140K unipolar Hall effect switch is a monolithic
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Pinning is shown viewed from branded side.

Dwg. PH-001

ABSOLUTE MAXIMUM RATINGS

at TA = +25°C
Supply Voltage, Ve - ..o 28V
Reverse Battery Voltage, V... ... ... -45V
Output OFF Voltage. Vi ;1. .o 45V
Over-Current Protected QOutput Voltage,

VoUT: o 25V
Output ON Current, Iy ..o 900 mA*
Magnetic Flux Density, B ... ... .. Unlimited
Package Power Dissipation,

Pooee See Graph
Operating Temperature Range,

T oo -40°C to +85°C
Storage Temperature Range,

Taoo -65°C to +150°C

* Qutput is current limited at approximatety 900 mA
and junction temperature limited if current in excess
of 900 mA is attempted. See Circuit Description and
Applications for further information.

integrated circuit designed for magnetic actuation of low-power
incandescent lamps or inductive foads such as relays or solenoids.
Included on chip is a Darlington power output that is capable of continu-
ously sinking in excess of 300 mA. Internal protection circuitry limits
surge (lamp turn-ON) or fault currents to approximately 900 mA. A
sensitive magnetic threshold allows the device to be used in conjunc-
tion with inexpensive magnets or in applications that require relatively
large operating distances.

Each sensor/driver includes a magnetic sensing Hall voltage
generator, operational amplifier, Schmitt trigger, voltage regulator, and
an open-collector, high-gain Darlington power output stage. The
regulator allows use of the device with supply voltages of 4.5 V to 28 V.
On-chip compensation circuitry stabilizes switch-point performance over
temperature. The magnetic operation of this device is similar to that of
the UGN3140U Hal! effect switch.

The sensitive magnetic switch point coupled with the power output,
current limiting, and thermal limiting circuitry allow the UGQ5140K to
magnetically actuate various loads without requiring any external
components.

The UGQ5140K is rated for operation over an extended tempera-
ture range of -40°C to +85°C. It is supplied in a four-pin mini-SIP
plastic package, 0.200" (5.08 mm) wide, 0.130" (3.30 mm) high, and
0.060" (1.54 mm) thick.

FEATURES

M Magnetically Actuated Power Switch
B Temperature-Compensated Switch Points
M High Current Sink Capability
300 mA Continuous
900 mA Peak Current Limit
Output Short Circuit Protection
Low Quiescent Standby Current
Linear Thermal Limiting
Automotive Temperature Range
-40°C to +85°C, Operating
Internal Inductive Flyback/Clamp Diode Protection
Reverse Battery Protection
Low-Profile 4-Pin Mini-SIP

Always order by complete part number: |UGQ5140K]| .
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5140
PROTECTED PowerHAaLL" SENSOR

ELECTRICAL CHARACTERISTICS at TA = -40°C to +85°C, V(‘C =4.5Vto24V
(unless otherwise noted). !

Limits

Characteristic Symbol Test Conditions Min. Typ. Max. Units
Supply Voltage Range Veo Operating 45 12 24 \
Output Leakage Current lout Vour=24V — <1.0 10 HA
Output Sustaining Voltage Vounsus) lour = T00MA 35 — —
Qutput Saturation Voltage Vounsm lour =300mMA, V=24V — 0.84 1.2
Over-Current Limit et Vee=Vour=12V.B2500G — 900 — mA
Output Rise Time t Vee=12V, Vg =18V, — 0.04 20 us
Output Fall Time t, R =11kQ,C =20pF — 0.04 2.0 us
Supply Current loo Output OFF — 55 10 mA
Diode Forward Voltage \ I =300 MA — 1.1 15 \
Diode Leakage Current [ Vga=35V — <1.0 50 uA
Thermal Limit Tomr Vee=Vo,r=12V,B2500G,

lour=10mMA — 165 — °C

Typical Datais at T, = +25°C and s for design information only.
MAGNETIC CHARACTERISTICS at VCC =453Vto24V.
T,=+25°C T,=-40°C to +85°C

Characteristic Symbol Min. Typ. Max. Min. Typ. Max. Units
Magnetic Operate Point Bp 70 155 200 45 — 240 G
Magnetic Release point Bes 50 100 180 25 - 220 G
Hysteresis B, 20 55 — 20 — — G

FUNCTIONAL BLOCK DIAGRAM
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5140
PROTECTED PowrerHALL

TYPICAL OPERATING CHARACTERISTICS

1.0
\ lour = 300 mA

1000

950

w
E Q o9 T
E > \
= 900 w \
= IT]
z 3 08 L
m o
E \ g \
850
g z
[3) \ Q
< \ =
< o
& S o7
800 >
w
750 0.6
-40 20 0 25 55 85 105 125 -40 -20 0 25 55 85
AMBIENT TEMPERATURE IN °C AMBIENT TEMPERATURE IN °C
Dwg. GH-004 Dwg. GH-002
180 9.0
- 10 mA
S / T Voo =12V
160 et \
: — T
2 OPERATE POINT lout= 10 MA \
G z
140
: % \
-
z £ 70
2 3
- 120 :
8 &
= g
» | "] B 6.0 e
100 "] =~ QUTPUT OFF
RELEASE POINT [
80 50
-40 -20 0 25 55 85 -40 -20 0 25 55 85
AMBIENT TEMPERATURE IN °C AMBIENT TEMPERATURE IN °C
Dwg. GH-006 Dwg. GH-003

4-51



5140 |
PROTECTED PowerHALL* SENSOR

TYPICAL TRANSFER CHARACTERISTICS
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CIRCUIT DESCRIPTION AND
OPERATION

The UGQ5140K merges state-of-the-art
Hall effect sensing and power driving tech-
nologies to allow precision non-contact
actuation of incandescent lamps or inductive
loads. It is rated for operation over an
extended temperature range as typically
required in automotive applications.

Magnetic Operation

As shown in the Transfer Characteristics
graph, the output of the device (pin 2)
switches low when the magnetic field at the
Hall sensor exceeds the operate point thresh-
old (B.). Atthis point, the output voltage is
Voumsar When the magnetic field is reduced
to below the release point threshold (B_.), the
device output goes high. The difference in
the magnetic operate and release points is
called the hysteresis (B,)) of the part. This
built-in hysteresis allows clean switching of
the output even in the presence of external
mechanical vibration and electrical noise.

Current and Thermal Limiting
Output short circuits may be caused by
faulty connectors, crimped wiring harnesses,
or blown loads. In sucti cases, current and
thermal limit circuitry will protect the output
transistor against destruction.

Current through the output transistor is
sensed with a low-value on-chip aluminum
resistor. The voltage drop across this resistor
is fed back to control the base drive of the
output stage. This feecback prevents the
output transistor from exceeding its maximum
current density rating bv limiting the output
current to approximately 900 mA. it may also
cause the output voltage to increase (V. =
Vg - s X BD). Inthis mode, the device
will dissipate an increased amount of power
{Py = Veur X lLur) @and the output transistor will
be thermally stressed. This stress, unless
protected against (as in the UGQ5140K), wili
cause the device junction temperature to rise
untii it fails catastrophically.
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5140
PROTECTED PowrerHALL® SENSOR

Thermal stress protection is provided in
two manners; deita temperature protection.
and junction temperature protection. Under
worst-case conditions (see Figures 1 and 2}.
if the output is shorted to supply, the output
transistor wiil heat up much faster than the
rest of the integrated circuit. This condition
could cause localized failure in the output
transistor. To prevent damage, a delta
temperature limiting scheme is used. Ifa
large thermal gradient is sensed across the
device, the output transistor base drive is
reduced to lower the output current. This
reduces the power (heat) generated by the
output transistor.

When therma! stresses cause the junc-
tion temperature to reach approximately
+165°C, a linear thermal limiting circuit is
activated. This circuit linearly reduces the
base drive of the output transistor to maintain
a constant junction temperature of 165°C. In
this mode, the output current will be a func-
tion of the heat dissipating characteristics of
the package and its environment. Linear
thermal limiting eliminates the low-frequency
thermal oscillation problems experienced by
thermal shutdown (ON-OFF) schemes.

The output characteristics are shown in
Figures 1 and 2. Note the three distinct
operating regions: peak limit. delta limit, and
thermal limit. In practice the output voltage
and current may exhibit some oscillations
during peak current limiting due to output load
characteristics. These oscillations are of
very-short duration (typically 50 ms) and may
be damped with an external capacitor be-
tween pins 2 and 4.

When the fault condition that caused the
output overfoad is corrected. the device
returns to normal operating mode.

FIGURE 1
OUTPUT CURRENT UNDER SHORT-CIRCUIT
CONDITIONS

OUTPUT CURRENT

PEAK CURRENT LIMIT

DELTA TEMP
LIMIT

NOT TO SCALE

JUNCTION
TEMP. LIMIT

TIME

FIGURE 2
OUTPUT VOLTAGE vs OUTPUT CURRENT
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DELTA
TEMP. LIMIT

T
i NOT TO SCALE]

CURRENT LIMIT

OUTPUT CURRENT, | ;¢

Dwg. GP-013-1
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5140
PROTECTED PowerHALL® SENSOR

FIGURE 3
TYPICAL LAMP DRIVER APPLICATION
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TYPICAL APPLICATIONS

Incandescent Lamp Driver

High incandescent lamp turn-ON currents
(commonly called in-rush currents) can con-
tribute to poor lamp reliability and destroy
semiconductor lamp drivers. Warming
resistors protect both driver and lamp but use
significant power when the lamp is OFF while
current-limiting resistors waste power when
the lamp is ON. Lamps with steady-state
current ratings to 300 mA can be driven by
the UGQ5140K (Figure 3) without the need
for warming or current Iimiting resistors. In
applications using several sensor/drivers to
control multiple lamps, the internal clamp
diodes may be connected together to an
appropriate current-limiting resistor and
simple “lamp test” switch.

As shown in Figure 4, when an incandes-
cent lamp is initially turned ON, the cold
filament is at minimum resistance and will
normally allow a 10x to12x peak in-rush
current. As the lamp warms up, the filament
resistance increases to its rated value and the
lamp current is reduced to its steady-state
rating. When switching a lamp with the
UGQ5140K, the internal current-limiting
circuitry limits the peak current to approxi-
mately 900 mA. The device will stay in the
current limit and delta temperature fimit
modes until the lamp resistance increases to
its rated steady-state value (Figure 4). A
side-effect of this current-limiting feature is
that lamp turn-on times will increase. Typical
lamp turn-on times are shown in Figure 5.

Inductive Load Driver

Connecting the internal clamp diode (pin
3) to the positive supply allows relays or other
inductive loads to be driven directly, as shown
in Figure 6. The internal diode prevents
damage to the output transistor by clamping
the high-voltage spikes which occur when
turning OFF an inductive load. An optional
external Zener diode can be used to increase
the flyback voltage, providing a much faster
inductive load turn-OFF current decay,
resulting in faster dropcut {reduced relay
contact arcing), and improved performance.
The maximum Zener voltage, plus the load
supply voltage, plus the clamp diode forward
voltage should not exceed 35 volts.
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FIGURE 5 SENSOR LOCATION AREA
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Pinning is shown viewed from branded side.

ABSOLUTE MAXIMUM RATINGS
atT, = +25°C

Supply Voltage, Vi . oovnn 14V
Magnetic Flux Density, B . ... ... Unlimited
Output OFF Voltage, V. - ......... 60V
Output ON Current. I,

Continuous ... ............ ... 05A

Peak (StartUp) . .............. 09 A
Operating Temperature Range,

T oo -20°C to +85°C
Storage Temperature Range,

Too oo -65°C to +150°C
Package Power Dissipation,

P 750 mW

COMPLEMENTARY OUTPUT
POWER HALL" LATCH

Type UGN5275K latching Hall effect sensors are bipolar integrated
circuits designed for electronic commutation of brushiess dc motors.
They feature open-coilector complementary power outputs that are
capable of sinking up to 300 mA continuously. Increased current
ratings, complementary outputs, and sensitive switching points that
are stable over temperature and time ideally suit these devices for
minimum-component brushless dc motor designs.

Each sensor IC includes a Hall voltage generator, an operational
amplifier, a Schmitt trigger, a voltage regulator, and large-area dual
NPN output transistors. The regulator enables the IC to operate with
supply voltages ranging from 4.5 V to 14 V. On-chip compensation
circuitry stabilizes switch point performance over temperature. The
large bipolar junction output transistors are fed by a unique driver stage
which minimizes power dissipation within the IC. The magnetic opera-
tion of this device is similar to that of the UGN3275K complementary-
output Hall effect latch.

Output Q of the 1C switches to the LOW state when the internal Hall
generator experiences a magnetic field that exceeds the rated operate
point. Qutput Q switches HIGH within one ps of the Output Q change
of state. When the device is exposed to a sufficient magnetic field of
opposite polarity, Output Q returns to the HIGH state, and Output Q
returns to the LOW state.

The UGN5275K is rated for operation over a temperature range
of -20°C to +85°C, and is supplied in an environrnentally rugged,
four-pin miniature plastic S!P. Please consult the factory tor alternate
packaging and custom magnetic requirements.

FEATURES

B High Sink-Current Capability

B Magnetic Sensing, Complementary-Output Laich
B On-Chip Schmitt Trigger Provides Hysteresis

B Temperature-Compensated Switch Points

B Rugged, Low-Profile SIP

Always order by complete part number: U(ENS_?@ .
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COMPLEMENTARY OUTPUT POWERHALL™ LATCH

ELECTRICAL CHARACTERISTICS at TA = +25°C, VCC =453Vtiol4V
(unless otherwise noted).

Characteristic Symbol Test Conditions Min. Typ. Max. Units
Supply Voltage Vee 4.5 — 14 \
Output Saturation Voltage VCE(SAT‘ Voo =14V, 1. =300 mA — 400 600 mv
Output Leakage Current lcEx Vee =14V, V=14V — — 10 uA
Supply Current lec Ve = 14V, Output Open — 18 30 mA
Output Rise Time t, Vee =14V, R =45Q,C =20pF - 0.3 15 us
Output Fall Time t, Voo =14V, R =45QC, =20pF — 03 1.5 n
Switch Time

Differential At Vee =14V, R =450Q,C =20pF — 1.0 3.0 us

MAGNETIC CHARACTERISTICS

T, =+25°C T, =-20°C to +85°C
Characteristic Symbol Min. Max. Min. Max. Units
Operate Point Bop 25 250 15 250 G
Release Point Bgp -250 -25 -250 -15 G
Hysteresis Bhys 100 — 100 — G

NOTE: As used here, negative flux densities are defined as less than zero (algebraic convention).

14v TEST CIRCUIT
Q FUNCTIONAL BLOCK DIAGRAM
@ Gﬁ Vee
QUTPUT
REG.
X (3 OUTPUT
L] .
) (® GROUND
V—E—L"/\/\/\, O Vous
-—?L:\/\/\/ ST — VOuz Dwg. FH-002
8 2.
T T pvssponn o
ALy =Ry ,=8200 =

Dwg. No. 1-14,4028A

4-57



5275
COMPLEMENTARY OUTPUT POWERHALL™ LATCH

FIGURE 2
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APPLICATIONS

The increased current sinking capability of the UGN5275K ideally
suits it for building small, inexpensive brushless dc motors using a
minimum number of external components. Figure 2 shows that the only
components required to commutate motor windings L1 and L2 are the
Hall effect IC, flyback diodes D1 and D2, and one decoupling capacitor.
The remaining components are optional for improving motor perform-
ance. Care should be taken to ensure that the mator winding imped-
ances are high enough to guarantee that start-up surge currents do not
exceed the maximum rating of the Hall effect IC.

In the circuit shown, diodes D1 and D2 supply a flyback path for the
current of each winding to prevent reactive voltages from exceeding the
sustained voltage rating of the Hall-effect IC output transistors. Zener
diode Z1 enables the windings to switch more rapidly by allowing the
output voltage to rise above the source voltage, while simultaneously
clamping the extreme reactive voltages.

The maximum output voltage level will be restricted to the following:
Veo - Vo, + V, + V, (blocking diode D3 voltage d-op). Blocking diode D3
provides reverse input-polarity protection, and stould be used only if
reverse battery voltage is a possibility. Capacitor C1 decouples the
Hall-effect IC from any high dv/dt transients injected onto the V__ rail to
prevent regulator latch-up within the device. Zener diode Z2 and resistor
R1 are required for operation from a V. exceeding 14 V.
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COMPLEMENTARY OUTPUT POWERHALL'"Y LATCH

HYSTERESIS CHARACTERISTICS
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Dwg. No. A-12,062

1. All Hall Effect integrated circuits are susceptible to mechanical stress
effects. Caution should be exercised to minimize the application of stress to
the leads or the epoxy package. Use of epoxy glue is recommended. Other
types may deform the epoxy package.

2. To prevent permanent damage to the Hall cell, heat-sink the leads during
hand-soldering. Recommended maximum conditions for wave soldering are
shown in the graph above.
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ABSOLUTE MAXIMUM RATINGS

at T, = +25°C
Supply Voltage, V..o 25V
Output OFF Voltage, Vo p oo - 25V
Output ON Current, lOUT .......... 25 mA
Operating Temperature Range,
-20°C to +85°C

Storage Temperature Range,

Tgooo -65°C to +125°C

HALL EFFECT VANE SWITCH

A rugged magnetically activated Hall-effect vane switch, the
UMNB6450X can directly replace less robust optical equivalents. ideal
for critical applications requiring the ability to withstand hostile electrical,
chemical and mechanical environments, each vane switch is housed in
a miniature plastic package that contains and protects the magnet and
electronic circuitry. The housing includes a chanrel which precisely
defines the path of vane travel. The device is available for through-
board assemblies, and is supplied with a digital output.

Each vane switch includes on a single monolithic chip, a voltage
regulator, a quadratic Hall voltage generator, temperature compensa-
tion circuitry, a signal amplifier, a Schmitt trigger and an open collector
output transistor. The Hall effect device is optimized for the magnet
installed in the housing.

The Schmitt trigger provides hysteresis for turn-on and turn-off
of the switch output for greater immunity to noise and imperfections
in the vane. The on-chip regulator allows operation from supplies of
4.5 10 24 V. The switch output can sink up to 20 mA. The output can
directly interface with bipolar and MOS logic circuits.

The UMN6450X is rated for operation over the industry-standard
temperature range of -20°C to +85°C.

The UMNB6450X is packaged in a three-pin plastic housing with
0.050" (1.27 mm) lead spacing ready for circuit-board mounting.

FEATURES

W More Rugged Replacement for Optical Vane Switch

W Reliable and Repeatable—No Mechanical Contacts to Wear Out
W On-Chip Schmitt Trigger Provides Hysteresis

M Temperature-Compensated Switch Points

M Digital Output Compatible with All Logic Families

W 4.5 to 24 V Operation

\ \§)
\_V/

SZT

2wy, AH0CY
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6450
DIGITAL VANE SWITCH

FUNCTIONAL BLOCK DIAGRAM

ﬁ) Vee

REG.
[ X 3 ouTPUT
® GROUND
i
D, FH-005-1

SWITCHING CHARACTERISTICS at T, = +25°C, Vee=2V

Switching characteristics are determined using a 1030 steel vane with dimensions of 0.035" x 0.50" (0.89 x 12.7 mm).
The vane is centered laterally between the verticai faces of the slot at a height of 0.080" (3.81 mm) from the bottom of the slot.

Switch Output Low-to-High, RRP, LRP ... . .. PR e 0.015" +0.030" (0.38 mm +0.76 mm)’
Switch Output High-to-Low, ROP. LOP .. .. .. e 0.030" £0.030" (0.76 mm +0.76 mm)?
Hysteresis, LOP - LRP, ROP-RRP ... ... .. .. . .. .. ... .......... R .. 0.008" (0.2 mm) min.
Repeatabifity . ............. ... ... .. .. .. T, PR ... +0.001" (0.025 mm) max.
Symmetry °
Output High, LOP -ROP .. ... ... ... . .. B e +0.005" (0.13 mm) typ.
Output Low, LRP - RRP ..o +0.005 “ (0.13 mm) typ.
Hysteresis, (LOP - LRP) - (ROP -RRP) . . ... .. ... ... ......... T +0.002" (0.05 mm) max.

NOTES: 1. Measured relative to either vertical leading ecge of the vane (depending o~ direction of motion) and the device center line.
2. Msasured relative to either vertical trailing edge of the vane (depending on direction of motion) and the device center line.

3. The difference between the distances from the center line at which switch ponts occur as the vane travels through the slot from
either direction.

FELECTRICAL CHARACTERISTICS at TA = +25°C, V(‘_(: =43Vto24 V
(unless otherwise noted).

Characteristic Symbol Test Conditions Min. Typ. Max. Units
Supply Voltage Ve Operating 4.5 — 24 \
Output Saturation Voltage Voursat Voo =24V, I p =20 mA — 150 400 mv
Output Leakage Current lopr Voup = 24V — 0.05 10 uA
Supply Current leo Voo = 4.5V, Output Open — 4.7 8.0 mA
Output Rise Time t, Vee=12V. R =820Q.C =20pF — 0.04 2.0 Us
Output Fall Time t Voo =12V, R, =820 C, =20pF — 0.18 2.0 us
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6450
DIGITAL VANE SWITCH

APPLICATIONS INFORMATION

VANE THICKNESS

Increasing the thickness of the vane
above 0.035" (0.89 mm) will move both switch
points away from the center of the device.
The increase in RRP and LRP will be larger
than the increase in ROP and LOP which, in
effect, reduces hysteresis. A vane thinner
than 0.025" (0.64 mm) may be distorted by
the force of the magnetic field and is therefore
not recommended.

VANE DEPTH
The vane should be kept less than 0.120"

(3.048 mm) from the bottom of the slot. The
effect of depth on the switch points is minimal

in this region. If the vane is more than 0.120" above the bottom of
the slot, the switch points will move closer to the device center. If the
distance is increased too much, the output will eventually fail to switch

high.
:

0.25" ‘ '

(6.4 mm)

Dwg. MH-006

0.25
{6.4 mm}
0.25"
(6.4 mm)

VANE AND GAP WIDTH

The vane must be of sufficient width to shunt the magnaetic field
away from the sensor. The gap between successive vanes must allow
the magnetic field to increase to the point where it will operate the Hall
sensor. A minimum vane width of 0.25" (6.4 mm) and a minimum gap
between vanes of 0.25" (6.4 mm) is recommended.

VANE LATERAL POSITION

Shifting the vane plane of travel laterally toward the magnet tower
will move the switch points closer to the device center and will also
increase hysteresis. Conversely, shifting the vane plane of travel
laterally toward the sensor tower will move the switch points away
from the device center and will also decrease hysteresis.

VANE MATERIAL

The vane material must have sufficient permeability to shunt the
magnetic field away from the sensor. Low-carbon steel (1030 or lower),
or other ferrous materials, are recommended.

DIMENSIONS IN MILLIMETERS
(Based on 1" = 25.4 mm)

Diwg. MH-005 IN i Dwg. MH 005 MM
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FIGURE 3

APPLICATIONS

INFORMATION

HALL EFFECT IC
APPLICATIONS GUIDE

Allegro Microsystems uses the latest bipolar integrated circuit
technology in combination with the century-old Hall effect to produce
Hall effect ICs. These are contactless, magnetically activated switches
and sensors with the potential to simplify and improve systems.

LOW-COST SIMPLIFIED SWITCHING

Simpilified switching is a Hall sensor’s strong point. Hall effect IC
switches combine Hall voltage generators, signal amplifiers, Schmitt
trigger circuits, and transistor output circuits on single integrated circuit
chips. Output is clean, fast, and switched without bounce—an inherent
problem with mechanical contact switches. A Hall effect switch typically
operates at up to a 100 kHz repetition rate, and costs less than many
common electromechanical switches.

EFFICIENT, EFFECTIVE, LOW-COST LINEAR SENSORS

The linear Hall effect sensor detects the motion, position, or change
in field strength of an electromagnet, a permanent magnet, or a ferro-
magnetic material with an applied magnetic bias. Energy consumption
is very low. The output is linear and temperature-stable. The sensor’s
frequency response is flat up to approximately 25 kiHz.

A Hall effect sensor is more efficient and effective than inductive or
optoelectronic sensors, and at a lower cost.

SENSITIVE CIRCUITS FOR RUGGED SERVICE

The Hall effect sensor is virtually immune to environmental contami-
nants and is suitable for use under severe service conditions. The
circuit is very sensitive and provides reliable, repetitive operation in
close tolerance applications. The Hall effect sensor can see precisely
through dirt and darkness.

CURRENT APPLICATIONS

Current applications for Hall effect ICs include use in ignition
systems, speed controls, security systems, alignment controls, mi-
crometers, mechanical limit switches, computers, printers, disk drives,
keyboards, machine tools, key-switches, and pushbutton switches.
They are also used as tachometer pickups, current limit switches,
position detectors, selector switches, current sensors, linear potentiom-
eters and brushless dc motor commutators.

THE HALL EFFECT SENSOR:
HOW DOES IT WORK?

The basic Hall sensor is a small sheet of semiconductor material
represented by Figure 1.

A constant voltage source, as shown in Figure 2, will force a
constant bias current to flow in the semiconductor sheet. The output will
take the form of a voltage measured across the width of the sheet that
will have negligible value in the absence of a magnetic field.
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HALL EFFECT IC APPLICATIONS GUIDE
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If the biased Hall sensor is placed in a magnetic field with flux lines
. 4 at right angles to the Hall current (Figure 3), the voltage output is
directly proportional to the strength of the magnetic field. This is the Hall
effect, discovered by E. F. Hall in 1879.

]
4

_ >< LINEAR OUTPUT HALL EFFECT DEVICES.

The output voltage of the basic Hall effect sensor (Hall element)
AMP is quite small. This can present problems, especially in an electrically
noisy environment. Addition of a stable high-quality dc amplifier

and voltage regulator to the circuit (Figures 4 and 5) improves the
transducer’s output and allows it to operate over a wide range of supply
voltages. The modified device provides an easy-to-use analog output
that is linear and proportional to the applied magnetic flux density.

Dwg. No. 13.103

FIGURE 4

The UGN3501 is this type of linear output device. The UGN3503
and UGS3503 have improved sensitivity and temperature-stable
characteristics. The output of the UGN/UGS3503 is ratiometric; that is,
its output is proporticnal to its supply voltage.

DIGITAL OUTPUT HALL EFFECT SWITCHES

The addition of a Schmitt trigger threshold detector with built-in
OUTPUT hysteresis, as shown in Figure 6, gives the Hall effect circuit digital
output capabilities. When the applied magnetic flux density exceeds a
®eano certain limit, the trigger provides a clean transition from OFF to ON
without contact bounce. Built-in hysteresis eliminates oscillation (spuri-
ous switching of the output) by introducing a magnetic dead zone in
which switch action is disabled after the threshold value is passed.

Dwg. No. 13,104

FIGURE 35

An open-collector NPN output transistor added to the circuit
(Figure 7) gives the switch digital logic compatibility. The transistor is a
saturated switch that shorts the output terminal to ground wherever the
applied flux density is higher than the ON trip point of the device. The
switch is compatible with all digital families. The output transistor can
EG * ' sink enough current to directly drive many loads, including relays,
triacs, SCRs, LEDs. and lamps.

X g 3 The circuit elements in Figure 7, fabricated on a monolithic silicon
chip and encapsulated in a small epoxy or ceramic package, are
common to all Hall effect digital switches. Differences between device

2)GND types are generally found in specifications such as magnetic param-

Dwg. No. 13.105 eters, operating temperature ranges, and temperature coefficients.
FIGURE 6 OPERATION

All Hall effect devices are activated by a magnetic field. A mount
for the the devices, and electrical connections, must be provided;
Parameters such as load current, environmental conditions, and
supply voltage must fall within the specific limits shown in the
appropriate documentation.

ouTRUT Magnetic fields have two important characteristics—flux density
and polarity (or orientation). in the absence of any magnetic field, most
e Hall effect digital switches are designed to be OFF (open circuit at
é output). They will turn ON only if subjected to a magnetic field that has
G both sufficient density and the correct orientation.

Dwg. No. 13.106

FIGURE 7
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HALL EFFECT IC APPLICATIONS GUIDE

Hall switches have an active area that is closer to one face of the
package (the face with the lettering, the branded face). To operate the
/?ﬁ»\“?’ switch, the magnetic fiux lines must be perpend:cular to this face of the

cﬁ‘“ package, and must have the correct polarity. If an approaching south
pole would cause switching action, a north pole would have no effect. In
practice, a close approach to the branded face of a Hall switch by the
south pole of a small permanent magnet will cause the output transistor
to turn ON (Figure 8).

)@:\ A Transfer Characteristics Graph (Figures 10 and 11) plots this

Dwg. No. 13,107 information. It is a graph of output as a function of magnetic flux density
(measured in gauss) presented to the Hall cell. The magnetic flux
density is shown on the horizontal axis. The digital output of the Hall
switch is shown along the vertical axis.

FIGURE 8

To acquire data for this graph, add a power supply and a pull-up
resistor that will limit current through the output transistor and enable
the value of the output voltage 1o approach zerc (Figure 9).

OUTPUT

In the absence of an applied magnetic field (0 G), the switch is
,,,,, 0 OFF, and the output voltage equals the power supply (12 V). A perma-

nent magnet's south pole is then moved perpendicularly toward the
active area of the device. As the magnet’s south pole approaches the
-k branded face of the switch, the Hall cell is exposed to increasing
magnetic flux density. At some point (240 G in this case), the output

Dwg. No. 13,108 transistor turns ON and the output voltage approaches zero (Figure 10).

FIGURE 9 That value of flux density is called the operate point. If we continue to
increase the field's strength, say to 600 G, nothing more happens.
! The switch turns ON once and stays ON.

GROUND

s To turn the switch OFF, the magnetic flux dzensity must fall to a

N value far lower than the 240 G “operate point” because of the built-in
hysteresis. For this example we use 90 G hysteresis, which means the
device turns OFF when flux density decreases to 150 G (Figure 11).
That value of flux density is called the “release point”.

CHARACTERISTICS AND TOLERANCES

QUTPUT IN VOLTAGE IN VOLTS
@
T

. e er——— The exact magnetic flux density vaiues required to turn Hall
o W0 200 300 400 500 600 switches ON and OFF differ for several reasons, including design

MAGNETIC FLUX DENSITY IN GAUSS

By Mo, 13,108 criteria and manufacturing tolerances. Extremes in temperature will also

somewhat affect the operate and release points.

FIGURE 10
For each device type, worst-case magnetic characteristics for the

operate value, the release value, and hysteresis are provided.

—

2
P

| ﬂ All switches are guaranteed to turn ON at or below the maximum
[oion operate point flux density. When the magnetic f.eld is reduced, all

Lo devices will turn OFF before the flux density drops below the minimum
b release point value. Each device is guaranteed to have at least the

; minimum amount of hysteresis to ensure clean switching action. This
oFF! hysteresis ensures that, even if mechanical vibration or electrical noise
t is present, the switch output is fast, clean, and occurs only once per
A Y threshold crossing.

0 100 200 300 400 500 600
MAGNETIC FLUX DENSITY IN GAUSS

OUTPUT IN VOLTAGE IN VOLTS
@

|
I
|
V
I
|
|

Dwg. No. 13,110
FIGURE 11
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MAGNETIC FLUX DENSITY (GAUSS}
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Dwg. No. 13,126
FIGURE 12A
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FIGURE 12B

Dwg. No. 13,112

GETTING STARTED

Since the electrical interface is usually straightforward, the design
of a Hall effect system should begin with the physical aspects. In
position-sensing or motion-sensing applications, the following questions
should be answered:

How much and what type of motion is there?
What angular or positional accuracy is required?

How much space is available for mounting the sensing device
and activating magnet?

How much play is there in the moving assembly?

How much mechanical wear can be expected over the lifetime
of the machine?

Will the product be a mass-produced assembly, or a limited number
of machines that can be individually adjusted and calibrated?

What temperature extremes are expected?
A careful analysis will pay big dividends in the long term.

THE ANALYSIS

The field strength of the magnet should be investigated. The
strength of the field will be the greatest at the pole face, and will de-
crease with increasing distance from the magnet. The strength of the
magnetic field can be measured with a gaussmeter or a calibrated
linear Hall sensor, such as a UGN3503U (see Appendix II).

A plot of field strength (magnetic flux density) is a function of
distance along the intended line of travel of the magnet. Hall device
specifications (sensitivity in mV/G for a linear device, or operate and
release points in gauss for a digital device) can be used to determine
the critical distances for a particular magnet and type of motion. Note
that these field strength plots are not linear, and that the shape of the
flux density curve depends greatly upon magnet shape, the magnetic
circuit, and the path traveled by the magnet.

TOTAL EFFECTIVE AIR GAP (TEAG)

Total effective air gap, or TEAG, is the sum of active area depth
and the distance between the package’s surface and the magnet's
surface. A graph of flux density as a function of total effective air gap
(Figure 12A) illustrates the considerable increase in flux density at the
sensor provided by a thinner package. The actual gain depends on the
characteristic slope of flux density for a particular magnet.

MODES OF OPERATION

Even with a simple bar or rod magnet, there are several possible
paths for motion. The magnetic pole could move perpendicularly
straight at the active face of the Hall device. This is called the head-on
mode of operation. The curve of Figure 12B illustrates typical flux
density (in gauss) as a function of TEAG for a cylindrical magnet.

The head-on mode is simple, works well, and is relatively insensi-
tive to lateral motion. The designer should be aware that overextension
of the mechanism could cause physical damage to the epoxy package
of the Hall device.
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MAGNETIC FLUX DENSITY (GAUSS)
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A second possibility would be to move the magnet in from the side
of the Hall device in the slide-by mode of operation, as illustrated in
Figure 13. Note that now the distance plotted is not total effective air
gap, but rather the perpendicular distance from the centerline of the
magnet to the centerline of the package. Air gap is specified because
of its obvious mechanical importance, but bear in mind that to do any
calculations involving flux density, the “package contribution must be
added and the TEAG used, as before. The slide-by mode is commonly
used to avoid contact if overextension of the mechanism is likely. The
use of strong magnets and/or ferrous flux concentrators in well-designed
slide-by magnetic circuits will allow better sensing precision with smaller
magnet travel than the head-on mode.

Magnet manufacturers generally can provide head-on flux density
curves for their magnets, but they often do not characterize them for
slide-by operation, possibly because different air gap choices lead to an
infinite number of these curves; however, once an air gap is chosen, the
readily available head-on magnet curves can be used to find the peak
flux density (a single point) in the slide-by application by noting the value
at the total effective air gap.

STEEP SLOPES—HIGH FLUX DENSITIES

For linear Hall devices, greater flux changes for a given displacement
give greater outputs, clearly an advantage. The same property is desir-
able for digital Hall devices, but for more subtle reasons. To achieve
consistent switching action in a given application, the Hall device must
switch ON and OFF at the same positions relative to the magnet.

To illustrate this concept, consider the flux density curves from two
different magnet configurations in Figure 14. With an operate point flux
density of 200 G, a digital Hall effect device would turn ON at a distance
of approximately 0.14 inches in either case. If manufacturing tolerances
or temperature effects shifted the operate point 1o 300 G, notice that for
curve A (steep slope) there is very little change in the distance at which
switching occurs. In the case of curve B, the change is considerable.
The release point (not shown) would be affectec in much the same way.
The basic principles illustrated in this example can be modified to include
mechanism and device specification tolerances and can be used for
worse-case design analysis. Examples of this procedure are shown in
later sections.

VANE INTERRUPTER SWITCHING

in this mode, the activating magnet and the Hall device are mounted
on a single rigid assembly with a small air gap batween them. In this
position, the Hall device is held in the ON state by the activating magnet.
If a ferromagnetic plate, or vane is placed between the magnet and the
Hall device, as shown in Figure 15, the vane forms a magnetic shunt
that distorts the flux field away from the Hali device.

Use of a movable vane is a practical way to switch a Hall device.
The Hall device and magnet can be molded together as a unit, thereby
eliminating alignment problems, to produce an extremely rugged switch-
ing assembly. The ferrous vane or vanes that interrupt the flux could
have linear motion, or rotational motion, as in an automotive distributor.
Ferrous vane assemblies. due to the steep flux density/distance curves
that can be achieved. are often used where precision switching over a
large temperature range is required.
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The ferrous vane can be made in many configurations, as shown in
Figure 16. With a linear vane similar to that of Figure 168, it is possible
to repeatedly sense position within 0.002" over a 125°C temperature
range.

ELECTRICAL INTERFACE FOR
DIGITAL HALL DEVICES

The output stage of a digital Hall switch is simply an open-collector
NPN transistor. The rules for use are the same as those for any similar
switching transistor.

When the transistor is OFF, there is a small output leakage current
(typically a few nanoamps) that usually can be ignored, and a maximum
(breakdown) output voltage (usually 24 V), which must not be
exceeded.

When the transistor is ON, the output is shorted to the circuit
common. The current flowing through the switch must be externally
limited to less than a maximum value (usually 20 mA) to prevent
damage. The voltage drop across the switch (Vegean) Will increase for
higher values of output current. You must make cer?kaln this voltage is
compatible with the OFF, or “logic zero,” voltage of the circuit you wish
to control.

Hall devices switch very rapidly, with typical rise and fall times in
the 400 ns range. This is rarely significant, since switching times are
almost universally controlled by much slower mechanical parts.

COMMON INTERFACE CIRCUITS

Figure 17 illustrates a simplified schematic symbol for Hall digital
switches (Types 3113, 3119, 3120, 3130, 3140). It will make further
explanation easier to follow.

Interface for digital logic integrated circuits usually requires only an
appropriate power supply and pull-up resistor.

With current-sinking logic families, such as DTL or the popular 7400
TTL series (Figure 18A), the Hall switch has only to sink one unit-load
of current to the circuit common when it turns ON (1.6 mA maximum for
TTL). In the case of CMOS gates (Figure 18B), with the exception of
switching transients, the only current that flows is through the pull-up
resistor (about 0.2 mA in this case).

Loads that require sinking currents up to 20 mA can be driven
directly by the Hall switch.

A good example is a light emitting diode (LED) indicator that
requires only a resistor to limit current to an appropriate value. if the
LED drops 1.4 V at a current of 20 mA, the resistor required for use with
a 12 V power supply can be calculated as:

12V-14V
0.02A

=530 Q
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The nearest standard value is 560 €2, resulting in the circuit of
Figure 19.

Sinking more current than 20 mA requires a current amplifier. For
example, if a certain load to be switched requires 4 A and must turn ON
when the activating magnet approaches, the circuit shown in Figure 20
could be used.

When the Hall switch is OFF (insufficient magnetic flux to operate),
about 12 mA of base current flows through the 1 k(Q resistor to the
2N5812 transistor, thereby saturating it and shorting the base of the
2N3055 to ground, which keeps the load OFF. When a magnet is
brought near the Hall switch, it turns ON, shorting the base of the
2N5812 to ground and turning it OFF. This allows:

ﬂ =210 mA
56

of base current to flow to the 2N3055, which is enough to saturate it for
any load current of 4 A or less.

The Hall switch cannot source current to a load in its OFF state, but
it is no problem to add a transistor that can. For example, consider
using a 40669 triac to turn ON a 115 V or 230 V ac load. This triac
would require about 80 mA of gate current to trigger it to the ON
condition. This could be done with a 2N5811 PNP transistor, as shown
below in Figure 21.

When the Hall switch is turned ON, 9 mA of base current flows into
the 2N5811, thereby saturating it and allowing it to supply 80 mA of
current to trigger the triac. When the Hall switch is OFF, no base
current flows in the 2N5811, which turns it OFF and allows no gate
current to pass to the triac. The 4.7 k2 and the 1 kQ resistors were
added as a safeguard against accidental turn-on by leakage currents,
particularly at elevated temperatures.

Note that the +12 V supply common is connected to the low
side of the ac line, and in the event of a mixup, the Hall switch and
associated low-volitage circuitry would be 115 V above ground.

Be careful!

116/230 VAC

LOAD

30669
2N5811

COMMON Dwg. No. 13,122

FIGURE 21
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FIGURE 23

ROTARY ACTIVATORS FOR HALL SWITCHES

A frequent application involves the use of Hall switches to generate
a digital output proportional to velocity, displacement, or position of a
rotating shaft. The activating magnetic field for rotary applications can
be supplied in either of two ways:

MAGNETIC ROTOR ASSEMBLY

The activating magnet(s) are fixed on the shaft and the stationary
Hall switch is activated with each pass of a magnetic south pole (Figure
22A). If several activations per revolution are required, rotors can
sometimes be made inexpensively by molding or cutting plastic or
rubber magnetic material. Ring magnets can also be used. Ring
magnets are commercially available disc-shaped magnets with poles
spaced around the circumference. They will operate Hall switches
dependably and at reasonable costs.

Ring magnets do have limitations:
The accuracy of pole placement (usually within 2 or 3 degrees).
Uniformity of pole strength { 5%, or worse).

These limitations must be considered in applications requiring
precision switching.

FERROUS VANE ROTOR ASSEMBLY

Both the Hall switch and the magnet are stationary (Figure 22B);
the rotor interrupts and shunts the flux with the passing of each ferrous
vane.

Vane switches tend to be a litlle more expensive than ring magnets,
but because the dimensions and configuration of the ferrous vanes can
be carefully controlled. they are often used in applications requiring
precise switching or duty cycle control.

Properly designed vane switches can have very steep flux density
curves, yielding precise and stable switching action over a wide
temperature range.

RING MAGNETS FOR HALL SWITCH APPLICATIONS

Ring magnets suitable for use with Hall switches are readily avail-
able from magnet vendors in a variety of different materials and con-
figurations. The poles may be oriented either radially (Figure 23A) or
axially (Figure 23Bj with up to 20 pole-pairs on a one-inch diameter
ring. For a given size and pole count, ring magnets with axial poles
have somewhat higher flux densities.

Materials most commonly used are various Alnicos, Ceramic 1,
and barium ferrite in a rubber or plastic matrix materiat. Manufacturers
usually have stock sizes with a choice of the number of pole pairs.
Custom configurations are also available at a higher cost.
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Alnico is a name given to a number of
aluminum nickel-cobalt alloys that have a
fairly wide range of magnetic properties. In
general, Alnico ring magnets have the highest
flux densities, the smallest changes in field
strength with changes in temperature, and the
highest cost. They are generally too hard to
shape except by grinding and are fairly brittle,
which complicates the mounting of bearings
or arbor.

Ceramic 1 ring magnets (trade names
Indox, Lodex) have somewhat lower flux
densities (field strength) than the Alnicos, and
their field strength changes more with tem-
perature; however, they are considerably
lower in cost and are highly resistant to
demagnetization by external magnetic fieids.
The ceramic material is resistant to most
chemicals and has high electrical resistivity.
Like Alnico, they can withstand temperatures
well above that of Hall switches and other
semiconductors, and must be ground if

reshaping or trimming is necessary. They may require a support arbor
to reduce mechanical stress.

The rubber and plastic barium ferrite ring magnets are roughly
comparable to Ceramic 1 in cost, flux density, and temperature coeffi-
cient, but are soft enough to shape using converntional methods. It is
also possible to mold or press them onto a shaft for some applications.
They do have temperature limitations ranging from 70°C to 150°C,
depending on the particular material, and their field strength changes
more with temperature than Alnico or Ceramic 1.

Regardless of material, ring magnets have limitations on the
accuracy of pole placement and uniformity of pole strength which, in
turn, limit the precision of the output waveform. Evaluations have shown
that pole placement in rubber, plastic, and ceramic magnets usually
falls within 2° or 3° of target, but 5° errors have kbeen measured.
Variations of flux density from pole to pole will commonly be 5%,
although variations of up to +30% have been observed.

Figure 24 is a graph of magnetic flux density as a function of
angular position for a typical 4 pole-pair ceramic ring magnet, one inch
in diameter, with a tota! effective air gap of 0.065" (0.050" clearance
plus 0.015" package contribution). It shows quite clearly both the errors
in pole placement and variations of strength from pole to pole.

FOUR-POLE-PAIR CERAMIC RING MAGNET (1 DAXIAL POLES)

| ]
BEA N a\ Nl |
5l ]\ [ [\ [ AL
)
PN N
\ ] \ \ \ /
J \ [ \/ \ /[
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MAGNET ROTATION (DEGREES)
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FIGURE 24
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A frequent concern with ring magnets is ensuring sufficient flux
density for reliable switching. There is a trade-off between the number
of pole-pairs and the flux density for rings of a given size. Thus, rings
with large numbers of poles have lower flux densities. It is important
that the total effective air gap (TEAG) is kept to a minimum, since flux
density at the Hall active area decreases by 5 G or 6 G per 0.001" for
many common ring magnets. This is clearly shown in Figure 25, a
graph of flux density at a pole as a function of TEAG for a typical 20-
pole-pair plastic ring magnet. Also shown in Figure 25 is the effect of
“package contribution” to the TEAG. The standard “U” package contrib-
utes about 0.016". The other factor contributing to TEAG is mechanical
clearance, which should be as small as possible, consistent with
dimensional tolerances of the magnet, bearing tolerances, bearing
wear, and temperature effects on the Hall switch mounting bracket.

WHAT IS A BIPOLAR SWITCH?

A bipolar switch. the UGN/UGS3130, has a maximum operate point
of +150 G, a minimum release point of -150 G, and a minimum hyster-
esis of 20 G at + 25°C; however, the operate point could be as low as
-130 G (-150 G minimum reiease, 20 G minimum hysteresis) and the
release could be as high as +130 G (+150 G maximum operate, 20 G
minimum hysteresis). Figure 26A shows two cases of operate and
release with one device operating at the maximum operate and release
points, and the other with minimum operate and release points.

tn applications previously discussed, the Hall switch was operated
(turned ON) by the approach of a magnetic south pole (positive flux),
When the south pole was removed (flux approaches zero), the Hall
switch had to release (turn OFF). On ring magnets, both south and
north poles are present in an alternating pattern. The release point flux
density becomes less important, for if the Hall switch has not turned
OFF when the flux density goes to zero (south pole has passed), it will
certainly turn OFF when the following north pole causes flux density to
go negative. Bipolar Hall switches take advantage of this extra margin
in release point flux values to achieve lower operate point flux densities,
a definite advantage in ring magnet applications.

THE BIPOLAR LLATCH

Unlike the Type 3130 bipolar switch, which may operate and
release with a south pole or north pole, the bipolar latch offers a
more precise control of the operate and release parameters. This
Hall integrated circuit has been designed to operate (turn ON) with
a south pole only; it will then remain ON when the south pole has
been removed. In order to have the bipolar latch release (turn OFF),
it must be presented with a north magnetic pole. This alternating south
pole-north pole operation, when properly designed, will produce a duty
cycle approaching 50%.

The UGN3175 was designed specifically for applications requiring
a tightly controlled duty cycle, such as in brushless dc motor commuta-
tion. This was accomplished with the introduction of the bipolar latch
in 1982. The 3175 has become very popular as a brushless dc motor
commutator, shaft encoder, speedometer element, and tachometer
sensor.

Duty cycle is controlled with an alternating magnetic field, as shown
in Figure 26B.

4-73



HALL EFFECT IC APPLICATIONS GUIDE

DESIGN EXAMPLE
Given:

Operating temperature range of -20°
to +85°C.

Bipolar Hall switch UGN3130U in
standard “U” package:

Maximum operate point +200 G
from -20° to + 85°C.

Minimum release point -200 G
from -20°C to + 85°C.

Air gap package contribution
0.016".

Necessary mechanical clearance
0.030".

First, find the total effective air gap:

TEAG = clearance + package
contribution

TEAG = 0.030" + 0.016" = 0.046"

Now, determine the necessary flux
density sufficient to operate the Hall switch,
plus 40%.

To operate the Hall switch, the magnet
must supply a minimum of £200 G at a
distance of 0.046" over the entire temperature
range. Good design practice requires the
addition of extra flux to provide some margin
for aging, mechanical wear, and other impon-
derables. If we add a pad of 100 G, a reason-
able number, the magnet required must
supply £300 G at a distance of 0.046" over
the temperature range.

TEMPERATURE EFFECTS

Unfortunately, magnet strength is affected by temperature to some
degree. Temperature coefficients of some common magnetic materials
are given below:

Material Temperature Coefficient
Rubber/Plastic -0.2% to -0.3% per °C

Ceramic 1 -0.15% to -0.2% per °C

Alnico 2,5 -0.02% to -0.03% per °C
Alnico 8 +0.01% per °C

If we are considering a ceramic ring magnet with a worst-case
temperature coefficient of -0.2%/°C, we must add some extra flux
density to the requirement at room temperature to ensure that we still
have +300 G per south pole at +85°C. This amount is:

[(85°C - 25°C) x 0.2%/°C] 300 G = +36 G

Thus, the flux density that will ensure that the Hell switch will operate
over temperature is 300 G + 36 G = 336 G per south pole at +25°C.

Follow the same procedure for the north pole requirements. If the
magnet will supply +300 G per south pole and -300 G per north pole at
+85°C, it will supply even more flux density per rorth pole at -20°C
because of the negative temperature coefficient.

In applications where temperature conditions are more severe,
Alnico magnets are considerably better than the ceramic magnets
we considered. it is also possible to order custor Hall switches with
specifications tailored to your application. For example, you can specify
a range of operate and release points at a particular temperature, with
temperature coefficients for operate and release points, if that is better
suited to your application. On a custom basis, Hall switches are avail-
able with operate and release point temperature coefficients of less
than 0.3 G/°C, and with operate flux densities of less than 100 G.

If you intend to use a low-cost, low flux density ring magnet, then
the UGN3130U device in the 0.060" package would be a good choice.
The package contribution is 0.016", which results in a significant
improvement in peak flux density from a magnet as shown in
Figure 25.

If the rotor drive can withstand an increased torque requirement,
consider a ferrous flux concentrator. Flux density can be increased by
10% to 40% in this manner. A concentrator of 0.03125" mild steel
having the same dimensions as, and cemented to, the back surface of
the Hall switch, will increase flux density by abott 10%. A return path of
mild stee! from the back side of the device to the adjacent poles can
add even more. Often the functions of mounting bracket and flux
concentrator can be combined. Additional information can be found in
the section on flux concentrators.

474



HALL EFFECT IC APPLICATIONS GUIDE

Dwg. No. 13,129

FIGURE 27

©

Owg. No. 13430

FIGURE 28

Dwg. No. 13,431
FIGURE 29
S
r—x
Dwg. No. 13,132
FIGURE 30

RING MAGNETS
—DETAILED DISCUSSION

AN INEXPENSIVE ALTERNATIVE

Innovative design can produce surprisingly good results. Rubber
and plastic magnet stock comes in sheets. One side of the sheet is
magnetic north; the other side is south. This material is relatively
inexpensive and can easily be stamped or die-cut into various shapes.

These properties prompted one designer to fabricate an inexpen-
sive magnetic rotor assembly that worked very well. The rubber magnet
stock was die-cut into a star-shaped rotor form, as shown in Figure 27.
A nylon bushing formed a bearing, as shown in Figure 28.

Finally, a thin mild steel backing plate was mounted to the back of
the assembly to give mechanical strength and to help conduct the flux
back from the north poles on the opposite side. This actually served
to form apparent north poles between the teeth; the measured flux
between south pole teeth is negative. Figure 29 shows the completed
magnetic rotor assembly, essentially a ring magnet with axial poles.

The Hall switch was mounted with its active surface close to the top
of the rotor assembly. facing the marked poles. There is some versatil-
ity in this approach. as asymmetrical poles can be used to fabricate a
rotor that wil allow trimmable ON time and, thus, work as a timing cam.
Figure 30 illustrates a cam timer adjusted to 180° ON and 180° OFF.

RING MAGNET SELECTION

When you discuss your application with a magnet vendor, the
following items should be considered:

Mechanical Factors

B Dimensions and tolerances

M Mounting hole type and maximum eccentricity
B Rotational speed

M Mechanical support required

B Coefficient of expansion

Magnetic Factors

M Poles: number. orientation, and placement accuracy

B Flux density at a given TEAG (remember to add the Hall switch
package contribution to the clearance figure)

B Magnetic temperature coefficient

Environmental Factors

B Tolerance of the material to the working environment (temperature,
chemical solvents, electric potentials)
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Flux density curves from several typical from a three-pole-pair Ceramic 1 ring. Figure 34 shows the curves

ring magnets are included to present an idea from a four-pole-pair Ceramic 1 ring, with and without a ferrous flux
of what can be expected from various sizes concentrator.
and materials. Figure 31 shows the curve for o ) ) ] ]
aring similar in size and material to that of Incoming inspection of ring magnets is always advisable. You can
Figure 25, but with 10 pole-pairs instead of ensure ‘the magnets are within the agreed upon magnetic specifications
20 (note increased flux density values). by making measurements with a commercial gaussmeter, or a cali-
Figure 32 shows the curve from a one pole- brated linear Hall device mounted in a convenient test fixture. Cali-
pair Alnico 8 ring. Figure 33 shows the curve brated UGN3503U Hall devices and technical assistance are available.

10-POLE-PAIR PLASTIC 1 (RADIAL POLES) 1-POLE-PAIR ALNICO 8 (AXIAL POLES)

400 400

300

MAGNETIC FLUX DENSITY (GAUSS)
MAGNETIC FLUX DENSITY (GAUSS)
N
=
=)

200
s N s
o &
=z z
Wi d
2\ z
100 ,,, AN 100 \\
T“(\ 4 RO75 | [+ TEqG \
; 012,[1]
0.2
[i‘ oqus'_ 1
0125 0 .
0.05 0.10 0.15 0 0.05 0.10 0.15
TOTAL EFFECTIVE AIR GAP (INCHES) Dwg. No. 13.133 TOTAL EFFECTIVE AIR GAP (INCHES) Dwg. No. 13,134
FIGURE 31 FIGURE 32
3-POLE-PAIR CERAMIC 1 (RADIAL POLES) 4-POLE-PAIR CERAMIC 1 (RADIAL POLES)
400 400
@ @ \
8 300 4 300
3 \ <
e ]
: N\
8 200 m & 200
> =
p- 2
2 y e 2
9 o
£
] + * S \\
g o < Z 400
. <
= 0-15_ 175~ = TEAG s y [0 75"] [=TEA
0.25718 Nj SJ Il ] FLUX
i ) EoNC.
T 0.75 T ! 251,'- 125 Dx0.25'L
0 - J
] 0.10 0.20 0.30 ° 0 0.10 0.20 0.30
TOTAL EFFECTIVE AIR GAP (INCHES) Owg. No. 13,135 TOTAL EFFECTIVE AIR GAP (INCHES) Dwg. No. 13,136

FIGURE 33 FIGURE 34

4-76



HALL EFFECT IC APPLICATIONS GUIDE

FERROUS VANE
ROTARY ACTIVATORS

A ferrous vane rotor assembly is the
alternative to magnetic rotors for rotary Hall
switch applications. As shown previously,

a single magnet will hold a Hall switch ON
except when one of the rotor vanes interrupts
the flux path and shunts the flux path away
from the Hall switch. The use of a single sta-
tionary magnet allows very precise switching
by eliminating ring magnet variations, place-
ment, and strength. Unlike the evenly spaced
poles on ring magnets, the width of rotor
vanes can easily be varied. 1t is possible

to vary the Hall switch OFF and ON times, which gives the designer
control over the duty cycle of the output waveform. Ferrous vane rotors
are a good choice where precise switching is desired over a wide range
of temperatures. As the vane passes between magnet and Hall switch,
progressively more flux will be blocked or shunted. Small variations in
lateral position have a very small effect on the transition point.

A FERROUS VANE IN OPERATION

Figure 35 combines top and front views of a ferrous vane magnet/
Hall switch system with the graph of flux density as a function of vane
travel produced by this system. Note that the drawings and the graph
are vertically aligned along the horizontal axis. Position is measured
from the leading edge of the vane to the centerline of the magnet/
Hall device.
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initially, when the vane is located entirely
to the left of the magnet, the vane has no
effect and the flux density at the sensor is at
a maximum of 800 G. As the leading edge
of the vane nears the magnet, the shunting
effect of the vane causes the flux density to
decrease in a nearly linear fashion. There,
the magnet is covered by the vane and flux
density is at a minimum. As the vane travels
on it starts to uncover the magnet. This allows
the flux to increase to its original value. After
that, additional vane travel has no further
influence on flux density at the sensor.

A Hall switch located in the position of the
sensor would initially be ON because of the
presence of the magnetic field. Somewhere in
the linearly decreasing region, the flux would
fall below the release point, and the Hall
switch would turn OFF. It would remain OFF
until the increasing flux reaches the operate
point for that particular Hall switch. Recall that
the operate point flux density is greater than
the release point flux density by the amount of
hysteresis for that particular Hall switch.

The interval during which the Hall switch
remains OFF is determined by the actual
width of the vane and the steepness of the
magnetic slope, as well as by the operate and
release point flux density values for the Hall
switch. This interval is called the effective
vane width, and it is always somewhat greater
than the physical vane width.

ROTOR DESIGN

Two commonly used rotor configura-
tions are the disk and the cup, as shown
in Figure 36.

The disk is easily fabricated and, hence,
is often used for low-volume applications such

DISK

cUp

N

Dwg. No. 13,113

FIGURE 36

as machine control. Axial movement of the rotor must be considered.
Vane activated switches tolerate this quite well, but the rotor must not
hit the magnet or the Hall switch.

Cup rotors are somewhat more difficult to fabricate and so are more
expensive, but dealing with a single radial distance simplifies calcula-
tions and allows precise control of the output waveforms. For cup
rotors, radial bearing wear or play is the significant factor in determining
the clearances, while axial play is relatively unimportant. Cup rotors
have been used very successtully in automotive ignition systems. The
dwell range is determined by the ratio of the vane-to-window widths
when the rotor is designed. Firing point stability may be held to £0.005
distributor degrees per degree Celsius in a well-cesigned system.

MATERIAL

Vanes are made of a low carbon steel to minimize the residual
magnetism and to give good shunting action. The vane thickness is
chosen to avoid magnetic saturation for the value of flux density it must
shunt. Vanes usually are between 0.03" and 0.06" thick.

VANE/WINDOW WIDTHS, ROTOR SIZE

Generally, the smallest vanes and window on a rotor should be at
least one and one-half times the width of the magnet pole to provide
adequate shunting action and to maintain sufficient differential between
the OFF and ON values of flux density.

In Table 1, the maximum flux density (obtained with window cen-
tered over the magnet, the minimum flux density (vane centered over
the magnet), and the difference between the two values are tabulated
for three cases:

1. Vane and window width the same as magnet pole width.

2. Vane and window width one and one-half times magnet
pole width.

3. Vane and window width two times the magnet pole width.

In each case the magnet is 0.25" x 0.25" x 0.125" samarium cobalt;
the air gap is 0.1"; the rotor vanes are made of 0.04" mild steel stock.

TABLE 1
Window Vane Width Factor 1.0 1.5 2.0
Flux Density with
Window Centered 630 G 713G 726 G
Flux Density with
Vane Centered 180G 100 G 80 G
Flux Change Density 450 G 613 G 646 G

If a small rotor with many windows and vanes is required, a minia-
ture rare earth magnet must be used to ensure sufficient flux density for
reliable operation. For example, a 0.1" cubical samarium cobalt magnet
makes it practical to fabricate a 1.25" diameter rotor with as many as 10
windows and vanes. With fewer vanes, even further size reduction is
paossible.
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TABLE 2
Curve Magnet Air Gap Slope G/mil *Concentrator
A 0.25"D. 0.25"L Samarium Cobalt 0.1" 14 Yes
B 0.25"D, 0.25"L Samarium Cobalt 0.1" 9.85 No
C 0.25"D, 0.125"L Samarium Cobalt 0.1" 9.0 Yes
D 0.25"D, 0.125"L Samarium Cobalt 0.125" 8.7 Yes
E 0.25"D, 0.125"L Samarium Cobalt 0.1" 7.8 No
F 0.25"D, 0.125"L Samarium Cobalt 0.125" 6.3 No
G 0.25"D, 0.125"L Samarium Cobalt 0.125" 5.6 Yes
H 0.25"D, 0.125"L Samarium Cobait 0.125" 4.5 No

NOTE: The "U" package is used for all measurements.”

STEEP MAGNETIC SLOPES FOR CONSISTENT SWITCHING

ha T The flux density vane travel graph for most common vane configu-

: — rations (Figure 35). is very nearly linear in the transition regions. The
800 ’> 5 G/MIL Hall switch operate and release points fall in these linear transition

i | 7 regions, and it is easily seen that if these values change, the position

600 4o 4 of the vane which causes the switching must change also. Figure 37

2.5 G/MIL T/ shows the flux density as a function of vane position for two different

i magnetic circuits. In one case. the magnetic slope is 2.5 G/mil. in the
400 - o second case, it is 5.0 G/mil.

|
200 ‘ If the 2.5 G/mil system is used with a Hall switch known to have an
%* Fe-0.04" operate point flux density of 300 G at + 25°C, the device would switch
0 Aol o0z [ ON when the vane is 85 mils past the center of the window at this
-300 -200 -100 0 100 200 300 temperature. If the Hall switch operate point went up to 400 G at a

VANE POSITION (MILS) temperature of +125°C (this represents Hall switch temperature coeffi-
cient of 1 G/°C). the vane must move to 120 mils past center, a change
in switching position of 45 mils. If the same Hall switch is used in the
second system having the 5 mil‘G slope, the operate point would shift
only 20 mils, or half as much, since the slope is twice as steep.

MAGNETIC FLUX DENSITY (GAUSS)

N

Dwg. No. 3 *33

FIGURE 37

Slopes in typical vane systems range from 1 G/mil to 15 G/mil, and
are affected by magnet type and size, the magnetic circuit, and the total
effective air gap. It is interesting to note that, although slide-by opera-
tion can give very steep slopes. the transition point is much affected by
lateral motion (change in air gap); therefore, vanes are often preferred
for applications involving play or bearing wear.

SMALL AIR GAPS FOR STEEP SLOPES

The air gap should be as small as the mechanical system aliows.
Factors to be considered are:

Vane material thickness and vane radius.
Maximum eccentricity for cup vanes.
Bearing tolerance and wear.

Change in air gap with temperature due to
mounting considerations.

4-79



HALL EFFECT IC APPLICATIONS GUIDE

MAGNETIC FLUX DENSITY (GAUSS)
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FIGURE 38

In Figure 38, two different samarium cobalt magnets are used in a
vane system to iliustrate the effects of changes in air gap and magnet
size. Note that only the falling transition region is shown (transition
regions are symmetrical). The distances on the horizontal axis have
been measured from the leading edge of the vare.

The term “air gap” as used in Figure 38 is nct the total effective air
gap; but is simply the distance from the face of the magnet to the
surface of the Hall switch. It does not inciude the package contribution.
The “U” package is often used in ferrous vane applications because it
has a shallow active area depth.
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FLUX CONCENTRATORS
PAY DIVIDENDS

What if economic or size considerations
dictated the smaller magnet used in Figure
38, and mechanical considerations dictated
the larger (0.125"} air gap, but the resulting
flux density and slope (Curve 8) were not
good enough? Curve 7 in Figure 38 shows
the very substantial improvement that can be
achieved by adding simple flux concentrators.
Those used in the example were 0.125" in
diameter by 0.250" long, and were fastened
behind the Hall switch.

DESIGN EXAMPLE

The magnet/concentrator configuration
we just considered (Curve 7, Figure 38)
seems to offer a high performance/cost ratio.
Following is an evaluation of its use in an
automotive ignition system using a 2.5"
diameter cup rotor.

The initial timing and wide operating
temperature range requirements for this
application have generally led designers to
specify custom Hall switches in terms of the
minimum and maximum operate or release

point at +25°C, pius a maximum temperature coefficient on these
parameters over the operating temperature range. Representative
specifications might be:

+25°C Operate Point, Minimum ... 300G
+25°C Operate Point, Maximum ... 450 G
+25°C Release Point, Minimum ... 200G

Temperature Coefficients:
AO.P/AT. maximum = +0.7 G°C

AR.P/AT, maximum = +1.0 G/°C

Solid-state Hall effect ignition systems can be designed to fire
either on operate or release of the Hall switch. We have arbitrarily
chosen to have the system in this example fire when the switch oper-
ates and, thus, the operate point specifications of the Hall switch
(between 300 and 450 G at +125°C) will determine the amount of
uncertainty in the initial timing of the spark. It is possible that the
mechanical system would also make a contribution, but that is not
considered here.

Figure 39 shows the measured flux density at the position of the
sensor as a function of the vane travel. The shape of the curve requires
explanation: Because the flat minimum and maximum flux regions are
irrelevant, it is convenient to measure from the vane’s leading edge to

(2.5 DIAMETER VANE) |

I__ MAGNETIC SLOPE

5.67 G'MIL _]
AJ

-/

/\“*35"0 QOPERARE POINT MA

124 G/DIST, DEGREE

X .{450 G)

MAGNETIC FLUX DENSITY (GAUSS)

200

i—+~25°C OPERATE POINT MIN.(B00G)

N
@

C MIN.RELHASE POINT -]

° faa—INTIAL TIMING| UNCERTAINTY 2 +25°C

-200 -150

-100
VANE LEADING(-) OR TRAILING(+) EDGE TO HALL SWITCH/MAGNET CENTEALINE(MILS)

-50 0 50 100 150 290

Dwg. No. 13.141

FIGURE 39
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edge of the vane to the magnet centerline Additional contributions to the initial timing uncertainty will result if
while plotting data for the rising transition. the total effective air gap is changed, as that would affect the shape or
(The same presentation would result if all slopes of the magnetic flux density/vane travel curve of Figure 39.
data were plotted while a vane passed the Factors to be considered are the magnet peak energy product toler-
magnet, the center low flux areas were ances, as well as manufacturing tolerances in the final Hall switch/
snipped out, and the ends containing the magnet assembly.

linear transitions were pulled together.) From

this graphy we can lden“fy the magnetic S[ope TEMPERATURE STABILITY OF OPERATE POINT

of the transition regions for our system— The Hall switch operate point temperature coefficient is approxi-
approximately 5.67 G per 0.001" of vane mately 0.2 G/°C for a UGN/UGS3130. To transiate this into distributor

travel. degrees per degree Celsius, we take:
Calculations based on the rotor diameter
(2.5") show we have 22 mils of vane travel 02G . Distributor Degrees
per distributor degree. The 5.67 G/mil slope 1°C 125 G -
obtained from Figure 39 is equivalent to 125
G per distributor degree. From the specifica- 0.0016 Distributor Degrees/"C
tions, it is known that the Hall switch will o
operate when flux is between 300 and 450 G, The distributor timing would, therefore, change 0.16 degrees for a
leaving a 150 G window of uncertainty. At temperature change of 100°C.

+25°C, this wili be: . . S

A typical samarium cobalt magnet temperature coefficient is
-0.04%/°C. A magnetic field of 375 G at +25°C would decrease to 360
G at +125°C. For Figure 40, our system has a magnetic slope of 5.67

Distributor Degree
125G G/mil, giving an additional vane travel requirement at +125°C of:

150 G x

1.2 Distributor Degrees 1 mil

(375 G-360 G) x - 2.7 mils
700
(2.5'DIAMETER VANE)
600
MAGNETIC SLOPE
5.67 G/MIL
124 G/DIST. DEGREE \
~ 500
@ »
@ ~-4—0.073 |-~
E
2
g
> Hko_osg 0,06 — ™_.145¢ C OPERATE POINT (a45G)
z
% 400 (\
z
z 4
a
% +25°¢ OPERATE ROINT (375 §
ot 125°C RELEASE POINT [360G)
z
300 e
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=
I
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FIGURE 40
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This translates to timing change of:

Distributor Degree

2.7 mils x 5o mis

0.12 Distributor Degrees
for a temperature change of 100°C.

CALCULATING DWELL ANGLE AND
DUTY CYCLE VARIATIONS

The dwell angle in a conventional system
is the number of distributor degrees during
which the points are closed, which corre-
sponds to the amount of time current can flow
in the coil's primary winding. In our example.
current flows in the coil primary from the time
the Hall switch releases until it operates,
which is called the effective vane width. For
nostalgic reasons we will assume an eight-
cylinder engine, which requires a distributor
rotor with eight windows and eight vanes of
equal size. One window-vane segment thus
occupies 45 distributor degrees and will fire
one cylinder. Let us further assume a typical
Hall switch operate point of 375 G at +25°C
(A), and a +25°C release point of 260 G (B).
From Figure 40 we find that the points will
close 40 mils before the vane’s leading edge
passes the magnet centerline; they open 60
mils after the vane’s trailing edge passes the
magnet centerline. The effective vane width is
greater than the mechanical vane width by an
amount:

Distributor Degree

its + 4 il —_—
(60 mils + 40 mils) x e

4.54 Distributor Degrees

This gives a dwell angle of
(45° + 4.54") = 49.54 distributor degrees
at +25°C. The duty cycle is:
49.54°
90°

=55.0% at +25°C.

Using the specified worst-case tempera-
ture coefficients, we calculate the new
operate and release points at +125°C to be
445 G (C) and 360 G (D), also shown in
Figure 40. The dwell angle at +125°C would

then be: _—
45° + [(73 mils + 58 mils) x __—_Dstnbutor Degree] =

22 mils

50.9 Distribution Degrees

The duty cycle is then:
50.9°
90°

=56.6%

EFFECTS OF BEARING WEAR

A +10 mil radial movement of the vane, with its position adjusted to
the approximate operate point of the Hall switch, gave a measured
change of +6 G. This translates into a change of:

Distributor Degrees

125G ©
0.048 Distributor Degrees,
which is equivalent to 0.097 crankshaft degrees.

G x

MOUNTING ALSO AFFECTS STABILITY

In the example above, it was assumed that the physical relationship
between the Hall switch and the magnet was absolutely stable. In
practice, it is necessary to design the mountings with some care if this
is to be true. It has been found that supporting the magnet or Hall
switch with formed brackets of aluminum or brass will often contribute
a significant temperature-refated error to the system. Use of molded
plastic housings has proven to be one of the better mounting
techniques.

INDIVIDUAL CALIBRATION TECHNIQUES

In some applications, it may be desirable to have the vane switch
assemblies operate within a narrower range of vane edge positions
than is possible with a practical operate point specification for the
Hall switch; for example, if it were necessary to reduce the initial
timing window in the previous case. One solution would be individual
calibration. Possible techniques include:

1) Adjusting the air gap by changing the magnet position.

2) Adjusting the position of a flux concentrator behind the
Hall switch.

3) Adjusting the position of a small bias magnet mounted
behind the Hall switch.

4) Demagnetizing the magnet in small increments that would
decrease the magnetic slope and, thus, increase the
temperature effects.

5) Adjusting the position of the Hall switch-magnet assembly
relative to the rotor in a manner similar to rotating an
automotive distributor to change the timing.
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MAGNETIC FLUX DENSITY (GAUSS)
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OPERATING MODES
HEAD-ON AND SLIDE-BY MODES

The most common operating modes are head-on and slide-by. The
head-on mode is simple and relatively insensitive to lateral motion, but
cannot be used where overextension of the mechanism might damage
the Hall switch. The flux density plot for a typical head-on operation
(Figure 41) shows that the magnetic slope is quite shallow for low
values of flux density, a disadvantage that generally requires extreme
mechanism travel and extreme sensitivity to flux changes in operate
and release points of the Hall switch. This problem can be overcome
by selecting Hall switches with higher operate and release properties.

The slide-by mode is also simple, can have reasonably steep
slopes (to about 10 G/mil) and has no problem with mechanism over-
travel. It is, however, very sensitive to lateral play. as the flux density
varies dramatically with changes in the air gap. This can be seen clearly
in the curves of Figure 42, in which the flux density curves are plotted
for actual slide-by operation with various air gaps. It is apparent that
the operating mechanism can have little side play if precise switching
is required.

OPERATING MODE ENHANCEMENTS
—COMPOUND MAGNETS

PUSH-PULL

Because the active area of a Hall switch is close to the branded
face of the package, it is usually operated by approaching this face with
a magnetic south pole. It is also possible to operate a Hall switch by
applying a magnetic north pole to the back side of the package. While a
north pole alone is seldom used, the push-pull configuration (simulta-
neous application of a south pole to the branded side and a north pole
to the back side) can give much greater field strengths than are pos-
sible with any single magnet (Figure 43). Perhaps more important,
push-pull arrangements are quite insensitive to lateral motion and are
worth considering if a loosely fitting mechanism is involved.

Figure 44 shows the flux density curve for an actual push-pull slide-
by configuration that achieves a magnetic slope of about 8 G/mil.

PUSH-PUSH

Another possibility, a bipolar field with a fairly steep slope (which is
also linear), can be created by using a push-push configuration in the
head-on mode. (Figure 45)

In the push-push mode, head-on configuration as shown in Figure
45, the magnetic fields cancel each other when the mechanism is
centered, giving zero flux density at that position. Figure 46 shows the
flux density plot of such a configuration. The curve is linear and moder-
ately steep at better than 8 G/mil. The mechanism is fairly insensitive to
lateral motion.
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BIASED OPERATION stronger field in the opposite direction approached the opposite face.

It is also possible to bias the Hall switch (Figure 47)
by placing a stationary north or south pole
behind it to alter the operate and release
points. For example, a north pole attached
to the reverse face would turn the device
normally ON until a north pole providing a

Figures 48-51 demonstrate four additional slide-by techniques.
Compound magnets are used in push-pull, slide-by, edgewise configu-
rations to achieve a magnetic slope of 17.4 G/mil. Rare earth magnets
may be used to obtain substantially steeper slopes. A flux density curve
of up to 100 G/mil is obtainable.

PUSH-PULL SLIDE-8Y, ALNICO 8, 212"D x 0.187"
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INCREASING FLUX DENSITY
BY IMPROVING
THE MAGNETIC CIRCUIT

Magnetic flux can travel through air,
plastic, and most other materials only with
great difficulty. Since there is no incentive
for flux from the activating magnet to flow
through the (plastic and silicon) Hall device.
only a portion of it actually does. The balance
flows around the device and back to the other
pole by whatever path offers the least resis-
tance. (Figure 52)
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FIGURE 54

However, magnetic flux easily flows through a ferromagnetic
material such as mild steel. The reluctance of air is greater by a factor
of several thousand than that of mild steel.

In a Hall device application. the goal is to minimize the reluctance
of the flux path from the magnetic south pole, through the Hall device,
and back to the north pole. The best possible magnetic circuit for a Hall
device would provide a ferrous path for the flux, as shown in Figure 53,
with the only “air gap” being the Hall device itself.

While a complete ferrous flux path is usually impractical, unneces-
sary, and even impossible in applications requiring an undistorted or
undisturbed flux field, it is a useful concept that points the way to a
number of very practical compromises for improving flux density.

FLUX CONCENTRATORS

Flux concentrators are low carbon (cold-rolled) steel magnetic
conductors. They are used to provide a low reluctance path from a
magnet’s south pole, through the Hall sensor, and back to the north
pole. Flux concentrators can take many forms and will often allow use
of smaller or less expensive magnets (or less expensive, less sensitive
Hall devices) in applications where small size or economy are impor-
tant. They are of value whenever it is necessary or desirable to in-
crease flux density at the Hall device. Increases of up to 100% are
possible.

An exampte of the effectiveness of a concentrator is illustrated in
Figures 54(A) and 54(B).

(A) The south pole of a samarium cobalt magnet 0.25" square and
0.125" long. is spaced 0.25" from the Hall switch. There is a
flux density of 187 G at the active area.

(B) With a concentrator 0.125" in diameter and 0.5" long, the flux
density increases to 281 G.

SIZE OF THE CONCENTRATOR

The active area of the Hall device is typically 0.01" square. Best
results are obtained by tapering the end of the concentrator to approxi-
mately the same dimensions. With the “U” package, however, there is
0.044" from the active area to the rear surface of the package. Due to
this 0.044" distance. a slightly larger end to the concentrator results in
higher values of flux density at the active area. If the end is too large,
the flux is insufficiently concentrated. Figure 55(A), (B), and (C) illus-
trates these effects using cylindrical flux concentrators and a 0.25" gap.

The length of the concentrator also has an effect on the flux
density. This is illustrated in Figure 56.

Cylindrical concentrators were used here for convenience, but
the body of the concentrator has little effect. The important factors
are the shape, position. and surface area of the magnet end nearest
the Hall sensor.
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The effectiveness of other concentrator
configurations can be measured easily by
using a calibrated linear Hall device, such as
the UGN3503U, or a commercial gaussmeter.

MOUNTING THE MAGNET TO

A FERROUS PLATE

Mounting the magnet to a ferrous plate
will give an additional increase in flux density
at the Hall element. Using the same configu-
ration as in Figure 55(C), which produced 291
G, note the available flux attained in Figure
57(A) and (B) with the addition of the ferrous

plate.

Figure 58 shows a possible concentrator
for a ring magnet application. Using a flux
concentrator that extends to both of the

adjacent north poles, flux density increases from 265 G to 400 G
(0.015" air gap). Note that the concentrator has a dimple, or mesa,
centered on the Hall device. In most applications, the mesa will give a
significant increase in flux density over a flat mounting surface.

ATTRACTIVE FORCE AND DISTORTED FLUX FIELD

Whenever a flux concentrator is used, an attractive force exists
between magnet and concentrator. That may be undesirable.

FEED-THROUGHS

An example of the use of a magnetic conductor to feed flux through
a nonferrous housing is shown in Figure 59. A small electric motor has
a 0.125" cube samarium cobalt magnet mounted in the end of its rotor,
as shown. A 0.125" cube ferrous conductor extends through the alloy
case with a 0.031" air gap between it and the magnet’s south pole. The
Hali switch is mounted at the other end with a flux concentrator behind it.
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In general, the feed-through should be of
approximately the same cross-sectional area
and shape as is the magnet pole.

This concept can be used to feed flux
through any non-ferrous material, such as a
pump case, pipe, or panel.

The two curves of Figure 60 illustrate the
effects on flux density of increasing the length
of the feed-through, as well as the contribu-
tion by the flux concentrator behind the Hall
switch. Values for curve A were obtained with
the flux concentrator in place, those for curve
B without it. In both cases, the highest flux
densities were achieved with the shortest
feed-through dimension L, which was 0.125".
Peak flux density was 350 G with flux concen-
trator in place, 240 G without it.

MAGNET SELECTION

A magnet must operate reliably with the total effective air gap in the
working environment. It must fit the available space. It must be mount-
able, affordable, and available.

FIGURES OF MERIT
The figures of merit commonly applied to magnetic materials are:
Residual Induction (B ) in gauss: How strong is the magnetic field?

Coercive Force (H ) in oersteds: How well will the magnet resist
external demagnetizing forces?

Maximum Energy Product (BH__ ) in gauss-oersteds times 10¢.
A strong magnet that is also very resistant to demagnetizing forces
has a high maximum energy product. Generally, the larger the energy
product, the better, stronger, and more expensive the magnet.

HALL EFFECT DEVICE
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Temperature Coefficient: The rate of
change of the operate or release point over
temperature, measured in gauss per degree
Celsius. How much will the strength of the
magnet change as temperature changes?

MAGNETIC MATERIALS

Neodymium (Ne-Fe B)—The new
neodymium-iron-boron alloys fill the need for
a high maximum-energy product, moderately
priced magnet material. The magnets are
produced by either a powdered-metal tech-
nique called orient-press-sinter or a new
process incorporating jet casting and conven-
tional forming technigues. Current work is
being directed toward reducing production
costs, increasing operating temperature
ranges and decreasing temperature coeffi-
cients. Problems relating to oxidation of the
material can be overcome through the use of
modern coatings technology. Maximum
energy products range from 7.0 1o 15.0
MGOe depending on the process used to
produce the material.

Rare Earth—Cobalt is an alloy of a rare earth metal, such as
samarium, with cobalt (abbreviated RE cobalt). These magnets are the
best in all categories, but are also the most expensive by about the
same margins. Too hard for machining, they must be ground if shaping
is necessary. Maximum energy product, perhaps the best single
measure of magnet quality, is approximately 16 x 10°.

Alnico is a class of alloys containing aluminum, nickel, cobalt, iron,
and additives that can be varied to give a wide range of properties.
These magnets are strong and fairly expensive, but less so than RE
cobalt. Alnico magnets can be cast, or sintered by pressing metal
powders in a die and heating them. Sintered Alnico is well suited to
mass production of small, intricately shaped magnets. It has more
uniform flux density, and is mechanically supericr. Cast Alnico magnets
are generally somewhat stronger. The non-oriented or isotropic Alnico
alloys (1, 2, 3, 4) are less expensive and magnetically weaker than
the oriented alloys (5, 6, 5-7, 8, 9). Alnico is too hard and brittle to be
shaped except by grinding. Maximum energy product ranges from
1.3 x 10%to 10 x 10°.

Ceramic magnets contain barium or strontium ferrite (or another
element from that group) in a matrix of ceramic raterial that is com-
pacted and sintered. They are poor conductors of heat and electricity,

TABLE 4
Properties of Magnetic Materials
Maximum Energy Residual
Product Induction Coercive Force |Temperature
Material (Gauss-Oersted) (Gauss) (Oersteds) Coefficient Cost Comments
R.E. Cobalt 16 % 10° 8.1x 107 7.9x 107 0.05%/°C | Highest | Strongest, smallest, resists
demagneatizing best
Alnico 1, 2, 3, 4 13-17x10° 55-75x10° | 0.42-072x100 | P02 OO | Medium | Non-oriented
-0.02%/°C to | Medium-
Alnico 5,6.5-7 40-75x10° 10.5-135x10% | 0.64-0.78x 10° -0.03%/°C High Oriented
. R . R -0.01%C to | Medium- | Oriented, high coercive force,

Alnico 8 50-60x10° 7-92x107 1.5-1.9x10 +0.01%/°C High | best temperature coefficient
Alnico 9 10 x 10° 10.5x 10° 1.6x10° -0.02%°C High Oriented, highest energy product
Ceramic 1 10x10° 2.2 107 18x10° -0.2%C Low | pononiented. high coercive force,

. . Low- i i i i
Ceramic 2, 3.4, 6 1.8-2.6x 10° 29-33x10° 23-28x10° 02%°C | medium ;f?éa'g;geg:ii?é Vf%i'g:dioc‘fgf“’e

R ; i Full iel i
Ceramic 5. 7, 8 2.8-35x10° 35-38x10° | 25-33x10° 02%°C | Modium | [l Srenied. very high coercive
Cunife 1.4 x 10¢ 55x% 107 0.53 x 10° — Medium | Ductile, can cold form and machine
R . B Medium- | Can machine prior to
Fe-Cr 5.25 x 10° 13.5 x 10° 0.60 x 10° — High | final agirg treatment
Plastic 0.2-1.2x10° 1.4-3x10° 0.45-1.4 x10° -02%/°C Lowest [ Can be molded, stamped, machined
Rubber 0.35-1.1x 10¢ 1.3-23x10° 1-18x10° -0.2%/°C Lowest | Flexible
-167%¢"C to | Medium-

Neodymium 7-15x 10° 6.4 11.75x 10° 53-65x10° -192%°C High | Non-criented
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are chemically inert, and have-high values of coercive force. As with
Alnico, ceramic magnets can be fabricated with partial or complete
orientation for additional magnetic strength. Less expensive than
Alnico, they also are too hard and brittle to shape except by grinding.
Maximum-energy product ranges from 1 x 10°to 3.5 x 106,

Cunife is a ductile copper base alloy with nickef and iron. It can be
stamped, swaged, drawn, or rolled into final shape. Maximum energy
product is approximately 1.4 x 10°.

fron-Chromium magnets have magnetic properties similar to Alnico
B (GAUSS) =~ L ‘AMPS) 5, but are soft enough to undergo machining operations before the final
4 wr (INCHES) aging treatment hardens them. Maximum energy product is approxi-
mately 5.25 x 10

Plastic and rubber magnets consist of barium or strontium ferrite in
a plastic matrix material. They are very inexpensive and can be formed
in numerous ways including stamping, molding, and machining, de-
pending upon the particular matrix material. Since the rubber used is
synthetic, and synthetic rubber is also plastic, the distinction between
the two materials is imprecise. In common practice, if a plastic magnet
N TURNS is flexible, it is called a rubber magnet. Maximum energy product
B N x 6G/A ranges from 0.2 x 10°to 1.2 x 10°.

Dwg. No. 13,163

FIGURE 61

CHOOSING MAGNET STRENGTH

A magnet must have sufficient flux density to reach the Hall switch
maximum operate point specification at the required air gap. Good
design practice suggests the addition of another 50 G to 100 G for
insurance and a check for sufficient flux at the expected temperature
extremes.

(I<254) The data sheet on the UGN3120U Hall switch specifies a 350 G

maximum operate point at +25°C. After adding a pad of 100 G, we have
‘ 450 G at +25°C. If operation to +70°C is needed, the requirement is
23 450 G + 45 G = 495 G. (For calculations, we use 0.7 G/°C operate point

Dwg. No. 13.164 coefficient and 1 G/°C release point coefficient.) Since the temperature
FIGURE 62(A) coefficient of most magnets is negative, this factor would also require
some extra flux at room temperature to guarantee high-temperature
operation.

COERCIVE FORCE

Coercive force becomes important if the operating environment
will subject the magnet to a strong demagnetizing field, such as that
encountered near the rotor of an ac motor. For such applications, a
permanent magnet with high coercive force (ceramic, Alnico 8, or,

B = 6 G/A best of all, RE cobalt) is clearly indicated.

PRICE AND PEAK ENERGY PRODUCT

The common permanent magnet materials and their magnetic
properties are summarized in Table 4. The cost column shows the
relationship between the price paid for a magnet and its peak energy
product.

(I>25A)

Dwg. No. 13,165

FIGURE 62(B)
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CURRENT LIMITING AND MEASURING

CURRENT SENSORS

Hall effect devices are excellent current-
limiting or measuring sensors. Their response
ranges from dc to the kHz region. The con-
ductor need not be interrupted in high-current
applications.

The magnetic field about a conductor is
normailly not intense enough to operate a Hall
effect device (Figure 61).

The radius, r, is measured from the
center of the conductor to the active area of
the Hall device. With a radius of 0.5" and a
current of 1,000 A, there would be a magnetic
flux density of 159 G at the Hall device. At
lower current, use a toroid or closed magnetic
circuit to increase the flux density, as illus-
trated in Figure 62(A) and (B).

With a 0.06" air gap for the “U” package,
there would be 6 G/A per turn for Figure
62(A), and 6 G/A for Figure 62(B).

The core material can be of either ferrite
or mild steel (C-1010) for low-frequency
applications, and ferrite for high-frequency
measurements.

The main concerns are:

That the core retains minimat field when
the current is reduced to zero.

That the flux density in the air gap is a
linear function of the current.

And that the air gap is stable over the
operating temperature range.

The cross-sectional dimensions of the

core are at least twice the air gap dimension to ensure a reasonably
homogeneous field in the gap. For example, a toroid with a 0.06" gap
would have at least a 0.12" x 0.12" cross-section.

Another simple and inexpensive application is illustrated in Figure
63. A toroid of the appropriate diameter is formed from mild steel stock,
0.0625" thick and 0.1875" wide. The ends are fcrmed to tit on each side
of the central portion of the Hall device. One advantage of this tech-
nique is that the toroid can be placed around a conductor without
disconnecting the conductor.

MULTI-TURN APPLICATIONS

There are several considerations in selecting the number of turns
for a toroid such as the one in Figure 62(A):

Hall Switches

Keep the flux density in the 200 G to 300 G range for a trip point.
Devices can be supplied with a narrow distribution of magnetic param-
eters within this range. If, for example, you want the Hall switch to turn
ON at 10 A:

300G
6 G/AX10A

It is possible to supply parts having a +20% operating point window
in this range.

N = =5turns

Hall Linears

It is desirable to have flux density in the 200 G to 300 G range to
maximize the output signal/zero drift ratio. In using the UGN3501, for
example, the zero drift is typically 0.15 mV/°C, so from 0°C to +70°C
there would be typically a +7 mV zero drift. A sensitivity of 1.4 mV/G
and a 300 G field would give a 420 mV output signal.
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The UGN3501 also has a -0.3%/°C
sensitivity coefficient. For example, a 420 mV
output signal at 0°C would drop to 330 mV
at +70°C.

For low-current applications in which
many turns are required. one can wind a
bobbin, slip it over a core, and complete the
magnetic circuit through the Hall device with a
bracket-shaped pole piece, as shown in
Figure 64.

D Ne. 13188
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With this bobbin-bracket configuration, it is possible to measure
currents in the low milliampere range or to replace a relay using a Hall
switch. To activate a Hall switch at 10 mA (£20%), using a device with a
200 G (+40 G) operate point, bobbin windings require:

N = ___—_200 G = 3333 turns

6 G/AxQ0.01A

It would be practical to tweak the air gap for final, more precise
calibration. In all cases, be careful not to stress the package.

OTHER APPLICATIONS FOR LINEAR SENSORS

Type UGN3503U and UGS3503U Hall Effect linear sensors are
used primarily to sense relatively small changes in magnetic field—
changes too small to operate a Hall Effect switching device. They are
customarily capacitively coupled to an amplifier, which boosts the
output to a higher level.

As motion detectors. gear tooth sensors, and proximity detectors
{Figure 65), they are magnetically driven mirrors of mechanical events.
As sensitive monitors of electromagnets. they can effectively measure
a system'’s performance with negligible system loading while providing
isolation trom contaminated and electrically noisy environments.

Each Hall effect integrated circuit includes a Hall sensing element,
linear amplifier, and emitter-follower output stage. Problems associated
with handling tiny analog signals are minimized by having the Hall cell
and amplifier on a single chip.

The output null voltage of Type 3503 is nominally one-half the
supply voltage. A south magnetic pole presented to the branded face of
the Hall effect sensor will drive the output higher than the null voltage
level. A north mragnetic pole will drive the output below the null level.

in operation, instantaneous and proportional output-voltage levels
are dependent on magnetic flux density at the most sensitive area of
the device. Greatest sensitivity is obtained with a supply voitage of 6 V,
but at the cost of increased supply current and a slight loss of output
symmetry. The sensor’s output is usually capacitively coupled to an
amplifier that boosts the output above the millivolt level.

in the two applications shown in Figures 66 and 67, permanent bias
magnets are attached with epoxy glue to the back of the epoxy pack-
ages. The presence of ferrous material at the face of the package then
acts as a flux concentrator.

The south pole of a magnet is attached to the back of the package
if the Hall effect IC is to sense the presence of ferrous material. The
north pole of @ magnet is attached to the back surface if the integrated
circuit is to sense the absence of ferrous material.

Calibrated linear Hall devices, which can be used to determine the
actual flux density presented to the Type 3503 sensor in a particular
application, are available.
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FERROUS METAL DETECTORS

Two similar detector designs are illus-
trated in Figures 68 and 69. The first senses
the presence of a ferrous metal; the other
senses an absence of the metal. The two
sensing modes are accomplished simply by
reversing the magnet poles relative to the
UGN3501. The pole of the magnet is affixed
to the unbranded side of the UGN3501 in
both cases.

Frequency response characteristics of
this circuit are easily controiled by changing
the value of the input decoupling capacitor for
the low-frequency break-point. If high-fre-
quency attenuation is desired, a capacitor can
be used to shunt the feedback resistor.

METAL SENSOR

The north pole of the magnet is affixed to the back side of a
UGN3501. The sensor is in contact with the bottom of a 0.09375" epoxy
board. A 20 mV output change (decrease) is produced as a 1" steel ball
rolis over the sensor. This signal is amplified and inverted by the pA
741C operational amplifier and drives the 2N8512 ON.

NOTCH SENSOR

The south pole of the magnet is fixed to the backside of a
UGN3501. The sensor is 0.03125" from the edge of a steel rotor. A
0.0625" wide by 0.125' deep slot in the rotor edge passing the sensor
causes a 10 mV peak output change (decrease). This signal is ampli-
fied and inverted by the uA 741C op amp and drives the 2N5812 ON.

Note that, in both examples, the branded side of the UGN3501
faces the material (or lack of materiaf) to be sensed. In both cases, the
presence (or absence) of the ferrous metal changes the flux density at
the Hall Effect sensor so as to produce a negative going output pulse.
The pulse is inverted by the amplifier to drive the transistor ON.
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FIGURE 72
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PRINTER APPLICATION

The device in Figure 70 senses lobes on a character drum. Lobes
are spaces 0.1875" apart around the circumference, are 0.25" iong and
rise 10 to 15 mils from the surface of the drum.

A UGN3501 Hall effect linear IC sensor is used with an Indiana
General Magnet Products Company SR8522 magnet. The north pole is
affixed to the reverse side of the package. A flux concentrator is affixed
to the branded face. Though it does not provide a flux return path, a
concentrator will focus the magnetic field through the switch.

The concentrator blade, shown in Figure 71, is aligned with the
drum lobe at an air gap distance of 0.01". The output change is 10 mV
peak, amplified as shown to develop a +3 V output from the operational
amplifier, driving the transistor ON, as illustrated in Figure 72.

Sensitivity is so great in this configuration that the UGN3501 output
signal’s baseline quite closely tracks eccentricities in the drum. This
affects lobe resolution, but lobe position can still be measured.

USING CALIBRATED DEVICES
UGN3503U

The calibrated Type 3503 is an accurate, easy-to-use tool for
measuring magnetic flux densities. Each device is individually cali-
brated and furnished with a calibration curve and sensitivity coefficient.
Although calibration is performed in a south and north 500 G field, the
UGN3503 is useful for measuring fields in both polarities to 1000 G.

A closely regutated 5 V (£10 mV) power supply is necessary to
preserve accuracy in calibrated UGN3503 flux measurements. An
ambient temperature range of 21°C to 25°C must also be maintained.

Connect Pin 1 to voltage V., Pin 2 to ground, and Pin 3 to a high-
impedance volimeter. Before use, the device should be powered-up
and allowed to stabilize for one minute.

The calibration curve affords the most convenient method of flux
measurement. Subject the device to the field in question. Read the
output voltage from the voltmeter and find that value on the chart X
axis. Locate the intersection of the output level with the calibration trace
and read the corresponding flux density on the chart's Y axis.

The sensitivity coefficient can be used to calculate flux densities
somewhat more precisely. First, determine the null output voltage of the
device under 0 G or null field condition. Then, read the output of the
device under an applied field condition by subjecting it to the flux in
question. Magretic flux density at the device may be calculated by:

B = AV, g - Voo 1100018
where AV_ ., = Qutput voltage under applied field in volts.
V- = Output null voltage in volts.
S = Sensitivity coefficient in mV/G.
B — Magnetic flux density at the device in gauss.
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Active Area — The site of the Hall element on the
encapsulated IC chip.

Air Gap — The distance from the face of the magnetic
pole to the face of the sensor.

Ampere-turn (NI) — The mks unit of magnetomotive
force.

Ampere-turns/meter (Ni/m) — The mks unit of
magnetizing force. One ampere turn per meter equals
79.6 oersteds.

Bipolar — A method of operating a Hall sensor using both
north and south magnetic poles.

Coercive Force (H ) — The demagnetizing force that
must be applied to reduce the magnetic flux density in
a magnetic material to zero. Measured in oersteds.

Concentrator — Any ferrous metal used to attract
magnetic lines of force.

Gauss (G) — The CGS unit of magnetic flux density.

Equivalent to one maxwell per square centimeter (Mx/cm?).

One gauss equals 10 tesla.
Gilbert — The CGS unit of magnetomotive force.

Head-On — A method by which the Hall sensor is
actuated. The magnetic field is increased and decreased
by moving the magnetic pole toward and away from the
sensor face.

Maximum Energy Product (BH__ ) — The highest
product of B and H from the demagnetization curve of a
magnetic material. Given in gauss-oersteds x 106 (MGOe).

Maxwell (Mx) — The CGS unit of total magnetic flux.
One maxwell equals 10® webers.

Oersteds (Oe) — The CGS unit of magnetizing force.
Equivalent to gilberts per centimeter (Gilberts/cm).
One oersted equals 125.7 ampere-turns per meter.

Remanent Induction (B ) — The magnetic induction that
remains in a magnetic circuit after removal of an applied
magnetomotive force. When there is no air gap in the
magnetic circuit, remanent and residual induction are
equal. With an air gap, remanence will be less than
residual induction. Measured in gauss.

Residual Induction (B,) — The flux density remaining in
a closed magnetic circuit of magnetic material when the
magnetizing force adequate to saturate the material is
reduced to zero. Measured in gauss.

Slide-by — A method which a Hall sensor is actuated.
The magnetic field is increased and decreased as a
permanent magnet is moved laterally past the sensor face.

Tesla (T) — The mks unit of magnetic flux density. Equiva-
lent to one weber per square meter (Wb/m2). One tesla
equals 10% gauss.

Toroid — A doughnut-shaped ring often composed of iron,
steel or ferrite.

Total Effective Air Gap (TEAG) — The distance from the
face of a magnetic pole to the active area of a Hall Effect
sensor.

Unipolar — A method of operatirg a Hall sensor using
a single magnetic pole, usually the south pole.

Vane — Any ferrous metal used to shunt a magnetic field
away from the Hall sensor (at least 1.5 times the width of
an associated magnet).

Window — An opening in a vane at least 1.5 times the
width of an associated magnet.
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SOURCES FOR FERRITE TOROIDS AND MAGNETS
As a convenience, some sources for ferrite toroids and magnets are listed below.
Addresses and telephone numbers are correct to the best of our knowledge at time of printing.

TOROID SUPPLIERS

J.W. Miller Co. Magnetics Neosid inc.
Division of Bell industries 900 East Butier Road 28 Main Street
19070 Reyes Avenue P.O. Box 391 Eatontown, NJ 07724

P.0. Box 5825
Rancho Dominguez, CA 90224
213/537-5200

Fair-Rite Products Corp.
P.O. Box J

Butler, PA 16001
412/282-8282

Dexter Magnetic Materials Division
10 Fortune Drive
Billerica, MA 01865

201/389-4411

Ferrox/Division of Amperex Corp.
5083 Kings Highway

Saugerties, NY 12477
914/246-2811

Wallkill, NY 12589-0288
914/895-2055

MAGNET SUPPLIERS

Arnold Engineering
P.O.Box G
Marengo, IL 60152
815/568-2000

Bunting Magnetics Company

1165 Howard St.
Elk Grove Village, IL 60007
312/593-2060

Ceramic Magnetics, Inc.
87 Fairfield Road
Fairfield, NJ 07006
201/227-4222

Crucible Magnetics

101 Magnet Dr.
Elizabethtown, NJ 42701
502/769-1333

Hitachi Magnetics
7800 Neff Road
Edmore, MI 48829
517/427-5151

G Technolog

405 EIm Street
Valparaiso, IN 46383
219/462-3131

QOgallala Electronics
P.O. Box 59
Ogallala, NE 69153
308/284-4093

Dexter Magnetic
Materials Division
400 Karin Lane
Hicksville, NY 11801
516/822-3311

Recoma, Inc.

2 Stewart Place
Fairfield, NJ 07006
201/575-6970

508/663-7500

Types

Alnico, Ceramic,
Multipole Ring

Alnico, Ceramic, Plastic

Ceramic, Multipole Ring

Alnico, Rare Earth

Alnico, Ceramic,
Rare Earth

Alnico, Ceramic.
Multipole Ring. Rare Earth

Ceramic, Multipole Ring

Representatives of
various manufacturers.
Dexter Magnetic also
does custom grinding.

Rare Earth

Stackpole Carbon Co.
Magnet Division

700 Eik Ave."

Kane, PA 16735
814/837-7000

TDK Corporation of America
Head Office

1600 Feehanville Drive
Mount Prospect, IL 60056
312/803-6100

The Electrodyne Company
4188 Taylor Road

Batavia, OH 45103
513/732-2822

Xolox Corporation
6932 Gettysburg Pike
Ft. Wayne, IN 46804
219/432-0661

3-M Plastiform

3-M Center
Industrial Electric
Products Div.
Building 225-4N

St. Paul, MN 55144
Attn: James Fenwick
800/328-1373

Magnaquench

Div. of Gen. Motors
6435 S. Scatterfield Rd.
Anderson, IN 46011
317/646-2763

Dynacast Co.

321 Albion Ave.
Schaumburg, IL 60193
312:351-6100

Ceramic, Flexible Plastic

Rare Earth

Plastic

Plastic, Multipole Ring

Plastic

Neodymium
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INFORMATION

FIGURE 1

If no magnetic field is present, the voltage
measured across the width of the semiconductor
material of the Hall-effect sensor is zero.

+

FIGURE 2
The output voltage of a Hall-effect sensor is
directly proportional to the magnetic field present
at right angles to the direction of current flow
through the sensor.
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FIGURE 3
The transfer characteristic graph piots input ¢~ the
horizontal axis vs output on the vertical ax's. Wth
nc magnetic field present. the Hall-effect switcn is
off: as the field increases. the switch wili turn cn at
a predesigned operating point. This particular
device exhibits hysteresis of 80 gauss.

THE HALL-EFFECT SENSOR

The basic Hall sensor is simply a small sheet of semiconductor
material. A constant voltage source forces a constant bias current to
flow in the semiconductor sheet. The output, a voltage measured
across the width of the sheet, reads near zero if a magnetic field is not
present (Figure 1).

If the biased Hall sensor is placed in a magnetic field oriented at
right angles to the Hall current, the voltage output is in direct proportion
to the strength of the magnetic field. This is the Hall effect, discovered
by E. H. Hall in 1879 (Figure 2).

The basic Hall sensor is essentially a transducer that will respond
with an output voltage if the applied magnetic field changes in any
manner. Differences in the response of devices are generally related to
tolerances and specifications, such as operate {turn on) and release
(turn off) thresholds, as well as temperature range and temperature
coefficients of these parameters. Aiso available are linear output
sensors that differ in sensitivity or respond per gauss change.

A Hall sensor is activated by a magnetic field created by either
electromagnets or permanent magnets. Magnetic fields have two
important characteristics: magnitude and direction (or orientation). In
the absence of any magnetic field, the most cornmon Hall-effect digital
switches are designed to be off (open circuit at output). They will turn
on only if subjected to a magnetic field that has both sufficient strength
and the correct polarity.

If the approach of the South pole of a magnet would cause switch-
ing action of a digital sensor, the approach of the North pole of a
magnet would have no effect. In practice, a close approach by the
South pole of a magnet will cause the output trensistor to turn on.

The transfer characteristics graph (Figure 3) shows input vs output.
The input variable, which is the strength of the activating magnetic
field (magnetic flux density, measured in gauss,, is plotted along the
horizontal axis. The output variable, which is the digital {on, off) output
from a Halli switch, is plotted along the vertical exis.

In the absence of any magnetic field (zerc gauss), the Hall-effect
switch is off and the cutput voltage equals the power supply (12 V). As
the strength of the magnetic field increases, a: some point (240 gauss
in this case) the output transistor will turn on and the output voltage
goes to zero. The output does not change even if the magnetic field's
strength continues to increase.

The switch stays on until the magnetic field falls weil below the
240 G operating point. This is a circuit design characteristic (hysteresis)
that prevents oscillatiors. Our example uses a 90 gauss hysteresis
(240-150), which will tun the device off at 15C gauss.

Reprinied from Sensers
174 Concord Street. Pgte

*886. Copyright €2 North Arerican Technoiogy, Inc.
2ugh. NH 03458.




THE HALL-EFFECT SENSOR

FIGURES OF MERIT
COMMONLY APPLIED TO
MAGNETIC MATERIALS

B Residual Induction (B)) in Gauss.
How strong is the magnetic field? A
magnet must have sufficient flux
density to satisfy the Hall switch
maximum operating point specifica-
tion at the required air gap.

W Coercive Force (H ) in Oersteds.
How well will the magnet resist
external demagnetizing forces? This
property becomes important if the
operating environment will subject the
magnet to a strong demagnetizing
field, such as might be encountered
near the rotor of an A.C. motor. For
such applications, a permanent
magnet with this coercive force
(ceramic, alnico-8, or, best of all,
RE cobalt) is clearly indicated.

Maximum Energy Product [(B,x
H,) Max x 10°] in Gauss-Oersteds.
A strong magnet that is also very
resistant to demagnetizing forces
would have a high maximum energy
product. Generally, the larger the
energy product, the better, stronger,
and more expensive the magnet.

Temperature Coefficient in
Percent per Degree Celsius. How
much will the strength of the magnet
change as the temperature changes?

All switches turn on at or below their maximum operating point flux
density, and when the magnetic field is reduced, all devices turn off
before the flux density drops below their minimum release point value.
Additionally, each device has a minimum amount (typically, 20 gauss)
hysteresis to ensure clean switching action. This hysteresis ensures
that even if mechanical vibration or electrical noise is present, the
switch output is fast, clean, and occurs only once per threshold cross-
ing.

Linear Hall-effect sensors differ from digital Hall-effect sensors with
respect to the output response from the sensor. The digital sensor has
an off/on or high/low output; the linear sensor has an output propor-
tional to the magnetic field subjected to the “active area.” Hall-effect
linear sensors are used primarily to sense relatively small changes in
magnetic fields, changes too small to operate a Hall-effect digital
switch.

The exact magnetic flux density values required to activate Hall
sensors differ for several reasons, including design criteria and manu-
facturing tolerances. Extremes in temperature aiso affect the response
characteristics of the sensors.

For each device type, worst-case magnetic specifications can be
set out for the user by a Hall-effect sensor marketing or applications
engineer, if it has been determined that a catalogue item will not meet
required tolerances.

APPLICATIONS

With an understanding of how Hall-effect sensors work, itis
possible to build devices around them. The physical aspects of their
characteristics form the basis of Hall device applications.

Analysis. The field created by a magnet must be compatible with the
characteristics of the Hall-effect device it is expected to operate.
Measure the strength of the magnetic field, which is greatest at the
magnet’s pole face, with a gaussmeter or a calibrated linear Hall
sensor. Then plot a graph of field strength (magnetic flux density) vs
distance of the magnet from the device along the intended line of travel
of the magnet. Then, by using the Hall device specifications sensitivity
of mV/gauss for a linear device, or operate and release points in gauss
for a digital device) one can find the critical distances for a particular
magnet and type of motion. These field strength plots are not linear,
and the shape of the plot depends greatly upon magnet shape, mag-
netic circuit (concentrators), and path traveled.

Total Effective Air Gap. Hall-effect switches are offered in many
different packages. such as epoxy three-pin SIPs, ceramic substrate
mounted chips, ceramic three-pin SIPs, and surtace mount packages.
The most critical difference between packages is the distance from the
face of the package 1o the surface of the Hall cell: the active area depth,
which effectively adds to the total effective air gap.

The total effective air gap (TEAG) is the sum of the active area
depth and the distance between the package surface and the magnet's
surface. For Hall device applications, the TEAG should be as small as
possible, consistent with the limitations of the activating mechanical
system. This will ensure that the magnetic flux will always be great
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Ferrous Vane

Hall Switch On

Hall Switch Off

FIGURE 4

The ferromagnetic vane moves between the
activating magnet and the Hall-effect switch
shunting the flux field from the switch. These
assemblies can be used for precision switching
over large temperature ranges.
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FIGURE 5

Hall devices must always switch on/off at the same
point relative to the magnet. The eftect of a change
in flux density on switching distance is shown.

enough to switch the device. Remember, magnetic flux decreases very
sharply as the total effective air gap increases.

Modes of Operation. There are many ways to operate a Hall sensor.
For example, with a simple bar or rod magnet there are two possible
paths for the magnet to travel—head-on and slide-by. in the head-on
mode, the magnetic pole moves along a perpendicular path straight at
the active face of the Hall device. The head-on mode is simple, works
well, and is relatively insensitive to lateral motion; however, if the
mechanism moving the magnet overshoots the mark, the sensor
package could be damaged.

A second possible path is to move the magnet in from the side of
the hall device in the slide-by mode of operation. The slide-by mode is
commonly used to avoid contact with the sensor package. The use of
strong magnets or ferrous flux concentrators in weli-designed slide-by
magnetic circuits allows better sensing precision with a shorter travel
path than the head-on mode.

Magnet manufacturers generally can provide head-on flux density
curves for their magnets, but they often do not characterize magnets for
slide-by operation, possibly because different air gap choices lead to
an infinite number of these curves. Once a TEAG is chosen, however,
the head-on magnet curves can be used to find the peak flux density
(a single point) for slide-by applications by noting the value of magnetic
flux at the chosen TEAG.

A third mode of operation keeps the Hall-effect sensor and magnet
a fixed distance from one another and switches the sensor with a
movable ferromagnetic vane. The Hall device and magnet can be
molded together as a unit in a single rigid assembly, separated by an
air gap. This eliminates alignment problems and produces an extremely
rugged switching assembly.

The Hall device is held in the on state by the activating magnet.
Placing the vane between the magnet and the Hall device (Figure 4)
forms a magnetic shunt that distorts the flux field away from the Hall
device. The vane can be made in many configurations to repeatedly
sense position within +0.002 in. over a 125°C temperature range.

The ferrous vane or vanes that interrupt the flux could have linear
motion or rotational motion (as for a shaft encoder). Ferrous vane
assemblies, due to the steep flux density/distance curves that can
be achieved, are often used where precision switching over a large
temperature range is required.

Steep Slopes and High Flux Densities. For linear Hall devices,
greater flux changes for a given displacement give greater outputs,
clearly an advantage because the voltage output of the sensor will be
much greater, reducing the possibility of instruments picking up electri-
cal noise. The same property is desirable for digital Hall devices, but
the reasons are more subtle. To achieve consistent switching action in
a given application, the Hall device must always switch on and off at the
same positions relative to the magnet.

Consider, for example, the flux density curves of the two different
magnet configurations in Figure 5. With an operating point flux density
of 200 gauss, a digital Hall-effect device would turn on at a distance of
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FIGURE 6

This circuit could be used if a load required a
current of 4 A to switch.

FIGURE 7

This circuit could be used to switch a 115 0r 230
VAC load.

approximately 0.14 in. from either magnet. If manufacturing tolerance or
temperature effects shifted the operating point of the sensor to 300
gauss, notice that in the curve for magnet “A” (steep slope) there is very
little change in the distance at which switching occurs, while in the

case of the curve of magnet "B", the change is considerable. The
release point would be affected in much the same way.

The basic principles illustrated in this example can be modified to
include mechanism and device specification tolerances and used for
worst-case design analysis.

ELECTRICAL INTERFACE
FOR DIGITAL HALL DEVICES

A typical application for a Hall-effect sensor is interfacing the
sensor signal to a microporocessor. The output of the Hall element is
quite small; therefore, Hall ICs have been developed that contain a
voltage regulator to aliow a wide range of operating voltages, a high-
quality DC amplifier to boost the element signal to a more easily used
signal, a Schmitt trigger threshold detector to produce digital logic, and
output stages for universal interfaces capable of current sinking or
sourcing. The output of the Hall-effect digital switch can be either linear
(proportional to the magnetic field present) or clean-switching (no
bounce) digital logic. Energy consumption is very low, and frequency
responses are well over 100 kHz.

The output stage of a digital switch is simply an open collector npn
transistor switch, and the rules for use are the same as those for any
similar switching transistor. When the transistor is off, there is a small
leakage current {typically a few nanoamps) that usually can be ignored
and a maximum (breakdown) voltage specification that must not be
exceeded. When the transistor is on, the device output is shorted to
the circuit common. and the current flowing through the switch must be
externally limited to less than the maximum specified value to prevent
damage (usually 20 mA).

Hall devices switch very rapidly; typical rise and fall times are in the
400 nano-second range. This is rarely significant, since switching times
are almost universally controlied by the much slower mechanical parts
of the device.

Interfacing with digital logic integrated circuits usually requires only
an appropriate power supply and pull-up resistor.

Loads that require sinking currents up to 20 mA can be driven
directly by a Hall switch. A good example is a light emitting diode (LED)
indicator that requires only a resistor to limit current to an appropriate
value.

Sinking more current than 20 mA requires a current amplifier. For
example, if a certain load to be switched requires 4 amperes and must
turn on when the activating magnet approaches, the circuit shown in
Figure 6 could be used. To turn on a 115 or 230 VAC load, consider
Figure 7. Note, however, that the +12 V supply common is connected to
the low side of the AC line, and in the event of a mixup, the Hall switch
and associated low voltage circuitry would be 115 volts above ground.
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Due to the magnetic field around any
current-carrying conductor, Hall-effect devices
can be used to measure and limit current by
converting this magnetic field to an electrical
signal. The sensor response ranges from DC
to the kHz range, and the conductor need not
be interrupted. In low current applications,
the magnetic field about a conductor is not
normally intense enough to operate a Hall-
effect digital switch; therefore, it would be
best to use a toroid or closed magnetic circuit
to increase the flux density.

Hall-effect linear sensors are used
primarily fo sense relatively small changes in
magnetic fields—changes that are too small
to operate a Hall-effect switching device.
They are customarily capacitively coupled to
an amplifier that boosts the output to a higher
level (Figure 7).

As motion detectors, gear tooth sensors,
and proximity detectors, linear Hall-effect
sensors produce an electrical output that is
a magnetically driven mirror of mechanical
events. As sensitive monitors of electromag-
nets, they can effectively measure a system'’s
performance with negligible system loading
while producing isolation from contaminated
and electrically noisy environments.

Hall-effect sensors. both digital and
linear, are used in the commutation of
brushiess DC motors, speed sensors, shaft
encoders, current limiters and monitors,
position sensors, and gear tooth sensors.
Recent technology breakthroughs in Hall-
effect devices have made available sensors
for temperature ranges as high as 170°C.
These sensors have been integrated into a
vast array of innovative high-technology
applications where reliability, efficiency, and
cost competitiveness are a must.

MAGNETIC MATERIALS
MOST COMMONLY USED

W Rare Earth—Cobalt. An alloy of rare earth metal, such as

samarium, with cobalt (abbreviated RE cobalt). These magnets
are the best in all categories but are also the most expensive.
Too hard for machining, these magnets must be ground, if sha-
ping is necessary. Maximum energy product, perhaps the best
single measure of magnet quality, is approximately 16 x 10°.

Alnico. A class of alloys containing aluminum, nickel, cobalt,
iron, and additives, which can be varied to give a wide range of
properties. The magnets are strong and fairly expensive, but
less so than RE cobalt. Alnico magnets can be cast or sintered
by pressing metal powders into a die and heating. Sintered
ainico is well suited to mass production of smali, intricately
shaped magnets, has a more uniform flux density, and is
mechanically superior, but cast alnico magnets are generally
magnetically stronger. The nonoriented or isotropic alnico
alioys (alnico-1, alnico-2, alnico-3, ainico-4) are lessexpensive
and magnetically weaker than the oriented alloys (alnico-5,
alnico-6...alnico-9). Ainico is too hard and brittle to be shaped
except by grinding. Maximum energy products range from 1.3
to 10 x 10°.

Ceramic. These magnets contain barium or strontium (or
another element from that group) ferrite in a matrix of ceramic
material that is compacted and sintered. T1ey are poor conduc-
tors of heat and electricity, chemically inert, and have high
values of coercive force. As with alnico, ceramic magnets can
be fabricated with partial or complete orieritation for additional
magnetic strength. Less expensive than alnico, they are also
too hard and brittle to shape except by grinding. Maximum
energy products range from 1 to 1.3 x 10°.

Cunife. A ductile copper base alloy with nicke! and iron, cunife
can be stamped, swaged, drawn, or rolled into final stage.
Maximum energy product is approximately 1.4 x 108,

lron-Chromium. These magnets have magnetic properties
simitar to alnico-5 but are soft enough to undergo machining
operations before the final aging treatmen: hardens them.
Maximum energy product is approximately 5.25 x 108.

Plastic and Rubber. These magnets consist of barium and
strontium ferrite in a plastic matrix material. They are very
inexpensive and can be formed in numerous ways, including
stamping, molding. and machining, depending on the particular
matrix material. Since synthetic rubber is a plastic, the distinc-
tion between the two materials is not very precise. If a plastic
magnet is flexible like rubber, it is generally called a rubber
magnet. Maximur energy products range from 0.2 to 1.2 x 106,
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LIGHT SENSING USING

OPTICAL INTEGRATED CIRCUITS
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FIGURE 1

The CIE spectral response curve is overlaid on
the spectral responsivity curves of silicon and
germanium (1, 3).

Reprinted by permission from the August. 1986
issue of SENSORS. Copyright © 1986 by North
American Technology, Inc., Peterborough. NH

Light sensing has traditionally been used for a variety of transduc-
ing applications including absolute light measurement position encod-
ing, rotary speed measurement, optical communications, and electrical
isolation. Most of these applications use light emitters and detectors
along with additional driving-sensing circuitry to enable the sensing of
electrical or mechanical stimuli.

Light emitters come in several varieties: incandescent lamps
(or light bulbs), light-emitting diodes (LEDs), and lasers. In most trans-
ducer applications, incandescent lamps are not used due to their slow
response 10 electrical stimuli and the lack of focused light emission.
LEDs are more popular because they respond to fast electrical im-
pulses, emit focused light of a narrow bandwidth, and the intensity of
emitted light can easily be changed by changing the current through
the device. However, the maximum intensity of the light emitted by
LEDs is severely limited. This problem has been overcome by lasers,
which have more power than LEDs, but laser usage is constrained by
the need for expensive driving electronics and the inability to easily
change the intensity of the emitted light. Therefore, most electrical
transducing applications use LEDs.

While there are several types of light detectors, the most popular
detectors are semiconductor-based devices, which fall into two major
categories: photoconductors and photodetectors. Photoconductors are
devices whose resistance decreases with incident light. Cadmiurn
sulfide and cadmium selenide are examples of photoconductors that
are sensitive to visible light. These devices are relatively large, typically
ranging in diameter from 5 to 25 mm.

Typical junction photodetectors, such as photodiodes, Schottky
photodiodes, phototransistors, and avalanche photodetectors, work
under the principle of carrier transport across material interface junc-
tions. Photodiodes respond to optical radiation by generating electron-
hole pairs, which are then transported across a p-n junction. Carrier
transport in Schottky photodiodes takes place across a metal-semicon-
ductor junction. While both types of photodiodes exhibit a high degree
of linearity, Schottky devices have lower junction capacitance and are,
thus, faster than p-n junction photodiodes. In phototransistors, incident
light on the base of a transistor controls the collector current. These
devices are typically used in switching and modulation applications
where high gain and fast response are more important than linearity.
Avalanche photodetectors are reverse biased junction detectors
wherein the optically generated carriers are accelerated so as to further
generate carriers by impact. These devices are typically used in high-
speed communication applications.

Since several of the junction photodetectors mentioned can be
fabricated from silicon, it is possible to incorporate the receiver circuitry
with the photodetector to create a low-cost solution to light detection
problems. (The processing of the optical signals is performed using
decoding receiver circuitry.) Incorporating a preamplifier with the
photodetector also permits smaller photodetectors, resulting in lower
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junction capacitance and smaller device size.
Extremely sensitive optical detectors may be
constructed since lower light currents can
now be amplified without external noise
coupling. Integrated circuit optical sensors
typically use silicon-based photodiodes since
they are easy to fabricate and are compatible
with the IC process.

PHOTODIODES

Photodiodes are reverse biased p-n
junctions that respond to optical radiation.
Photons captured close to the p-n junction
release electrons into the conduction band
which are swept across the junction. This
electron flow represents the photocurrent
{or light current) of the diode.

Light current is greatly dependent on the
spectrum of the incident tight. The spectral
response of a photodiode is determined by
the material from which it is fabricated and
the diode junction depth. The response of
the long wavelength of the photodiode is
controlled by the band-gap energy of the
material, that is, the energy needed to
release an electron from the valence band
to the conduction band. The energy of an
incident photon is given by:

E=hv
where:

h = Planck’s constant
v=c/xis the frequency of light
¢ = velocity of light

The electron will be released only when:
ExE

where E_ is the energy gap of the semicon-
ductor defined in electronvolts, or:

hvz Eg

The longest wavelength absorbed is given by:

A= Eg/hc

The short wavelength response of the photo-
diode is determined by the depth of the
junction from the surface. Shorter wave-
lengths are absorbed near the surface,
generating electron-hole pairs. These pairs
recombine before they reach the p-n junction,

SIPHOTODIODE

/ -~ OXIDE

! Y ALUMINUM CONTACTS

P-SUBSTRATE

FIGURE 2

A cross section of silicon IC shows a typical npn transistor and a photodiode
(drawing is not to scale).

so do not result in photocurrent. Deep junction photodiodes have low
responses to short wavelength radiation.

These processes result in spectral responsivity curves that are
nonuniform with wavelength. Figure 1 shows the spectral responsivity
curves of Si and Ge, along with the CIE photopic response curves.
The peak response of Ge is at 1.5 um, while Si is at 0.85 pm. This
corresponds to a band-gap energy of 1.1 eV for Si and 0.67 eV for Ge.
The drop in responsivity at low wavelengths is due to lower efficiencies
for a deep junction. Note the low photodiode spectral response in the
region of the photopic curve.

Since the diode is reverse biased, ideally no other current should
flow; however, fabrication impurities cause leakage current that flows
even when no light is incident on the junction. This leakage current
(also known as dark current) is a function of reverse bias, diode junction
size, and ambient temperature. Large dark current values limit the
signal-to-noise ratio of the photodiode and place constraints on the
maximum operational temperature of the receiver circuitry. Dark current
is given by:

by = -y (€717 1)
where:
|, = reverse saturation current
V = reverse bias voltage

V, = kT/q (k = Boitzmann's constant, q = electron charge,
T = absolute temperature)

From this equation, it can be seen that for no incident light, the dark
current is dependent on the applied voltage and the absolute tempera-
ture. It can also be noted that theoretically, dark current goes to zero
for no applied voltage and, hence, loses its temperature dependence.
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LIGHT MEASUREMENT

Due to the nonuniform response of a
photodiode to the spectrum of incident light,
photodiode sensitivity is generally specified in
radiometric units as the power of light incident
(LA/uW/cre) for a given wavelength. Absolute
light levels are specified in power incident
(uW/cm?) for a given light bandwidth. Since it
is difficult to generate a light source of a
single wavelength, the light is assumed to
have the spectral output of a specified LED,
e.g., an AlGaAs LED is normally used with a
silicon photodiode. Other optical units, such
as foot-candles and fumens, are not appropri-
ate since they assume a photopic spectral
response.

INTEGRATED CIRCUIT
OPTICAL SENSORS

Traditionally, photodiodes have been
used in conjunction with hybrid amplitier
circuitry to perform certain signat processing
applications. These operations may include
light current amplification, fight threshold
detection, and light demodulation. Building
photodiodes out of silicon has given the IC
designer the ability to fabricate both the
hybrid circuitry and the photodiode on the
same silicon substrate, thus eliminating the
need for additional circuitry.

Figure 2 shows the cross section of a
silicon IC containing an npn transistor and a
photodiode fabricated using a bipolar inte-
grated circuit process. Most bipolar processes
are fabricated by growing an n-type epitaxial
layer on a p-type substrate. Individual devices
are separated into epitaxial pockets by
forming a reverse biased isolation-epitaxial
junction A (p* -n) at the pocket walls. Impuri-
ties are then diffused into these epitaxial
pockets to create devices (npn and pnp
transistors, resistors).

The npn transistor shown in Figure 2 is
manufactured using the above techniques.
The collector of the transistor is the lightly
doped epitaxial layer. Diffused into this layer
is a heavily doped p* layer that forms the
base of the transistor. The emitter is the
strongly doped n* layer. The npn junctions are
formed along the vertical axis B. Aluminum
contacts are directly made to the emitter and
base. Contact to the collector is made by the
aluminum through a low-resistance n- plug
and buried layer.
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FIGURE 3

A tunctional block diagram of the ULN3330 IC optical receiver is shown.

The substrate-epitaxial interface C forms a p-n junction which,
when reverse biased, can be used as a photodiode. P-type impurities
in the form of base diffusion form an additional junction D, across which
optically generated carriers may be transferred. The photodiode is
normally the largest single component on the IC. Photodiodes can
vary in size from 20 by 20 mils to 30 by 30 mils.

TYPICAL OPTICAL RECEIVER

Using these technigues, an {C designer can fabricate a high-quality,
low-noise receiver that can be incorporated onto a single silicon sub-
strate. There are two basic types of integrated sensors: linear and
digital. The output of a linear sensor is proportional to the incident light
level. This device is generally factory calibrated for repeatable sensitiv-
ity. A digital sensor is a level detector that switches on at a fixed light
level. The device incorporates positive feedback circuitry that induces a
hysteresis that inhibits release until the output moves much lower than
the previous trip point.

Figure 3 describes a typical digital optical sensor, the ULN3330.
This device has an on-chip ground-referenced photodiode whose
photocurrent is fed into a current ampilifier. This amplified current is then
converted into a voltage level by dropping it through an adjustable load
resistor. A comparator checks this voltage level and switches on at a
predetermined threshold level. For noise immunity, internal feedback
disables switching until the light level falls approximately 12 percent
below the switching threshold. The output interface allows switching of
TTL and CMOS devices, as well as the ability to drive low-current
relays.

Circuit designers benefit from the use of IC technology in the
design of optoelectronic sensor circuits. Low photodiode currents on
the order of a few hundred nanoamperes can be amplified without
worrying about external noise sources; hence, smalier diodes can be
used. Matching accuracy of transistors and resistors helps create high-
quality, low-offset amplifiers. Amplifier and photodiode characteristics
can be internally compensated using the repeatable temperature
characteristics of IC resistors and diode junctions, while switching
thresholds can be adjusted at wafer test by trimming on-chip resistors.
In addition, the reliability of these devices may be much greater than
for hybrid assemblies.
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TABLE I
ELECTRICAL CHARACTERISTICS at TA = +25°C, VCC = 6.0V, A= 880 nm
Limits
Characteristics Symbol Test Conditions Min. Typ. Max. Units
Supply Voitage Range Vee 4.0 6.0 15 \
Supply Current loe — 4.0 8.0 mA
Light Threshold Level Eon Output ON 45 55 65 uW/cm?
Eqrr Output OFF — 62 — uW/cm?
Hysteresis AE (Eorr - EonV/Eoer 10 12 14 Y%
Output ON Voltage Vour loyr = 15 MA — 300 500 mv
loyr = 25 MA — 500 800 mv
Output OFF Current lout Vour =15V — — 1.0 A
Output Fali Time t 90% to 10% — 200 500 ns
OQutput Rise Time t 10% to 90% — 200 500 ns

OPTICAL SENSOR APPLICATIONS

Optical ICs do not, however, replace careful engineering review on
the part of the optical assembly designer. Several factors contribute to a
successful optical system design. These factors include light threshold
levels, ambient light interference, output load conditions, and voltage
supply.

Table | shows a typical specification table for a digital output optical
sensor (in this case, the ULN3330). Defined in this table are the supply
voltage ranges, supply current limits, and sink current capabilities. An
important specification is the light threshold level. The ULN3330 is a
highty sensitive device, with light threshold levels, under 65 uW/cm?and
a hysteresis of 10-14 percent. When designing transducing assemblies
using a sensitive optical receiver, ambient light levels may provide a
significant and unwanted noise contribution. In addition, the light
emitted by a commercial LED may vary a great ceal for a given LED
driver current. If optical measurements are not carefully taken, high
ambient light levels (noise) may keep the detector always switched,
while low LED light outputs (signal} may never switch the detector.

When measuring light levels it is important t¢ use a linear receiver
whose photodiode is of the same material and ‘s roughly the same area
as that of the digital sensor. If a different materia is used, the difference
in spectral responsivity will result in inaccurate readings. If the linear
receiver is much larger in area, then opticai patterns on the receiver
may not be the same as those on the digitai sensor, thereby creating
faulty readings. When using the ULN3330 or any other optical IC, the
ambient light level can be accurately measured using the ULN3311/12.

By carefully foilowing the device specification table and by making
the appropriate optical measurements, optical integrated circuit sensors
can be used in a variety of detection applications. The availability of
vast amounts of circuitry in a small package provides optical system
designers with a powerful tool.
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FIGURE 4

Shown is a commonly used speed-sensing assembly.

The light field between the emitter-detector pair is
interrupted by the rotating code wheel.
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FIGURE 5A and B

This high-resolution rotary encoder shows the fixed
phase plate along with the rotating code wheel. The
two photodetectors are placed such that a light field
on one device corresponds to a dark field on the
other.

ABSOLUTE LIGHT MEASUREMENTS

The ULN3311/12 have been used in several applications for the
measurement of light such as automatic brightness control for CRTs,
feedback for photocopiers, and light measurement for cameras. These
linear optical ICs are preferred over other photodetectors because of
the factory calibration of their sensitivity.

Absolute light sensing is also used for switching street, emergency,
and automotive lighting. In these applications, the light level is mea-
sured using a photosensor (usually a cadmium sulfide photoconductor)
and the switching assembly is designed so as to trip when the light
falls below a specified value. Photoconductors are highly sensitive to
ambient temperature, making the trip points difficult to stabilize over
temperature extremes. The same function can be accomplished using
the internally compensated ULN3390. This device is a highly sensi-
tive digital output device that trips and releases at 10 pW/cm? and
20 uW/cm? respectively. Internal hysteresis provides immunity to
small light variations (due, for example, to changing cloud cover),
thus lowering the chances of oscillations in the switching circuitry.

OPTOCOUPLERS-OPTOISOLATORS

Emitter-detector pairs are linked together through an optical
waveguide to couple electrical signals for communications and isolation
applications. In communication applications, the waveguide is generally
a fiber-optic cable. Low-speed communications problems may be
solved using digital ICs. Higher speed applications demand fast
responding avalanche photodiodes and hybrid receiver circuitry.

Optical isolation is accomplished by inserting an emitter-detector
assembly between sensitive electronics and controller switching
circuitry. The waveguide is the package itself. This isolates electrical
processes on the receiver end from those on the emitter end —a
technique that is used to protect expensive circuitry from the effects
of shorts or faults on the controller switching lines.

ROTARY ENCODING

Speed sensing and rotary position encoding are best done using
optical emitter-detector assemblies. Figure 4 shows a common assem-
bly used in speed measurement applications. Here, the rotating wheel
interrupts the light field, causing the detector to switch, generating a
pulse for each slot in the wheel. In this assembly, the number of pulses
per revolution is limited by the emitter beam width as well as the
detector element size. Typical interrupter widths of 200-300 mils are used.

A newer technique used in high-resolution rotary encoding is
ilustrated in Figure 5. Interrupting the light path are a rotating code
wheel and a fixed phase plate. The code wheel has a fixed number of
apertures (as many as 256) around its circumference. The fixed phase
plate also has a number of apertures of the same size as those in the
code wheel and is fixed directly above the light sensing photodetector,
as shown in Figure 5a. Rotation of the code wheel creates alternate
light and dark periods on the surface of the detector. Using this tech-
nique, high-resolution measurements have been obtained by sensing
code wheel apertures of 10 to 20 mils. In addition, the phase plate can
be coded to allow placement of another photodetector IC that is 90
degrees out of phase with the first detector, as shown in Figure 5b. This
allows the sensing of both position of the wheel and direction of rotation.
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TRANSMISSIVE

Y
b}
\\\ REFLECTIVE

FIGURE 6

Sheet detector configurations using transmissive
and reflective modes ot operation are shown.

MISCELLANEOUS APPLICATIONS

Optical sensors are used in several other applications. Some
smoke detectors use sensitive optical detectors to ascertain the
presence of smoke in the assembly. Emitter-detector pairs are used
as sheet edge detectors in photocopiers for detection of paper size.
Detection can be done in both the transmissive and reflective modes,
as shown in Figure 6. Fluid level measurement systems use emitter-
detector pairs that cause the detector to switch when fluid in a tube
interrupts the beam path. Burglar alarm systems use infrared emitter-
detector pairs that switch when the beam path is interrupted by an
object. The same strategy can also be used to generate signals for
counting moving objects such as bottles and cans on a moving
assembly line.

CONCLUSION

Optical integrated circuits give the designer the ability to design
complex transducing functions using a small number of integrated
components at a low cost. The small package sizes allow for use in
a large number of size-critical applications. Clearly, in many measuring
and sensing applications, optical integrated circuit-based transducers
are the sensors of choice.
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GLOSSARY OF TERMS

Band-gap energy (E ): The energy difference between energy levels
of the conduction band and the valence band. It is also the minimum
energy required to free an electron from the valence band to the
conduction band.

CIE: Acronym for the Commission Internationale de I'Eclairage. The
International Commission on Hlumination has been respaonsible for
setting several lighting standards.

Conduction band: The band of energy levels occupied by a valence
electron when it is liberated from an atom. Electrical conduction in a
semiconductor crystal takes place through the transport of electrons
in the conduction band.

Epitaxial material: A material whose atoms are arranged in single
crystal fashion upon a crystalline substrate so that its lattice structure
duplicates that of the substrate.

Hysteresis: To provide noise immunity, the switch points of a compara-
tor are altered using positive feedback so that the voltage required to
switch the comparator output low (operate point voltage) is greater than
the voltage required to switch the output high (release point voltage).
The difference between these switch points is a measure of the hyster-
esis of the comparator.

n*-type material: Heavily doped n-type material, formed by introducing
donor impurities into a silicon substrate. Conduction takes place by the
movement of free electrons.

p*-type material: Heavily doped p-type material, formed by introducing
acceptor impurities into a silicon substrate. Conduction takes place by
the movement of holes.

p-n junction: Material interface between positively doped (p-type) and
negatively doped (n-type) semiconductor. These junctions are funda-
mental to the performance of switching, rectification, and amplification
functions in electronic devices and circuits.

Photometric units: Radiometric quantities spectrally weighted by
the spectral response of the human eye (also called the photopic
response). Typical units of illuminance are foot-candles or lumens.

Photopic response: Spectral response of vision mediated essentially
or exclusively by the cones in the human eye. Standards for this
response have been laid down by the International Commission on
IHumination (CIE).

Valence band: The electrons in the outermost shell of an atom
(valence electrons) occupy a band of energy levels called the valence
band. Electrons in this band do not participate in electrical conduction
in silicon.
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2001 1uxrv

2025

HIGH-VOLTAGE, HIGH-CURRENT
DARLINGTON ARRAYS

Comprised of seven silicon NPN Darlington power drivers on a
ULS20XXH/R common monolithic substrate, Series ULS2000EK, ULS2000H, and
ULS2000R arrays drive relays, solenoids, magnetic print hammers,
lamps, and other devices in high-reliabitity military or aerospace
applications with up to 3 A of output current per package.

These devices are screened to MIL-STD-883, Class B and are
supplied in a leadless ceramic chip carrier with Kovar lid (suffix ‘EK’),
the popular ceramic/metal side-brazed 16-pin hermetic package (suffix
‘H’), or ceramic/glass cer-DIP hermetic package (suffix ‘R’). All package
styles conform to the dimensional requirements of MIL-M-38510 and
are rated for operation over the full military temperature range of -55°C
to +125°C. Reverse-bias burn-in and 100% high-reliability screening
are standard.

The 35 integrated circuits described here permit the circuit designer
to select the optimal device for any application. In addition to the three
package styles (note that the ceramic chip carrier is available only for
the ULS2001EK through ULS2005EK devices), there are five input
Dwg. No. A-8594 characteristics, two output-voltage ratings, and two output-current
ratings. The appropriate part for specific applications can be deter-
mined from the Device Part Number Designation chart. All units have
open-collector outputs and on-chip diodes for inductive-load transient
suppression .

ABSOLUTE MAXIMUM RATINGS FEATURES

Qutput Voltage, V. | TTL, OTL, PMOS, or CMQOS Compatible Inputs
(ULS200X* ULS201X*) ......... 50V B Peak Output Current to 600 mA
(ULS202X™) .o 95V | Transient-Protected Outputs

input Voitage, V, W High-Reliability Screening to MIL-STD-883, Class B
(ULS20X2*, X3*, X4%) .......... 30V B -55°C to +125°C Temperature Range
(ULS20X5%) ... 15V

Peak Output Current, | ¢ ULS200XEK
(ULS200X*, ULS202X*) ... ... 500 mA
(ULS201X*Y) .. 600 mA

Ground Terminal Current, o0 -« - - - 30A

Continuous Input Current, [ 25 mA

Power Dissipation, P
(one Darlington pair) .......... 1.0W
(total package). . ......... See Graph

Operating Temperature Range,
Ty oo -55°C to +125°C

Storage Temperature Range,
P -65°C to +150°C

5

X = digit to identify specific device. Characteristic
shown applies to family of devices with remaining

o Dwg. No. A-14,378
digits as shown.

“Complete part number includes a final letter to

indicate package. Always order by complete part number, e.g., |[ULS2013H883 .

See matrix on next page.
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4 DEVICE PART NUMBER DESIGNATION
=20
5 .
B ) 50V 50V 95V
z SUFFIX H, HE;L: 450w CEMAX)
z ‘ lomax) 500 mA 600 mA 500 mA
15 — Logic Part Number
a SUFFIX 'R,
@ Rapp= S7OW General Purpose ULS2001* ULS2011* uLS2021*
a
= \ PMOS, CMOS
% 1.0 < 14-25V uLs2002* uLsa2o12* ULS2022*
31 PMOS
g 5V ULS2003" UuLSs2013 ULS2023*
Zos TTL, CMOS
W 6-15V ULS2004" ULS2014* ULS2024*
g SUFFIXEK’ Rﬁw\,‘mo\cw CMOS, PMOS
Q J High-Output ULS2005* ULS2015* ULS2025*
- p
&J 25 50 75 100 125 150 TTL
AMBIENT TEMPERATURE IN °C
Dwg GM-004
PARTIAL SCHEMATICS
ULS20X1* ULS20Xx2* UL.S20X3*
(Each Driver) (Each Driver) (Each Driver)
com — o COM
B -
Pf;f 3 E
. i =
7.2K BK{% | ;
?‘\/\f AN t ' :
[ ,,,H,,,,/‘I - —
Dwg. No A-9585 Dwg. No A-9650 Dwg. No. A-9651
ULS20X4* ULS20X5*
(Each Driver) (Each Driver) * Complete part number includes a final

letter to indicate package (EK = leadless
ceramic chip carrier, H = ceramic/metal
side-brazed, R = cermic/glass cer-DIP.

X = digit to ider:tify specific device.
Specification or limit shown applies to
family of devices with remaining digits as
shown.

Owg. No. A-G838A Dwg. No. A-10,228

52
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ULS2001 EK/H/R THRU ULS2005EK/H/R
ELECTRICAL CHARACTERISTICS over operating temperature range (unless otherwise noted)

Applicable Test Conditions Limits
Characteristic Symbol Devices Temp. Voltage/Current Fig. Min. Typ. Max. { Units
Output Leakage Current loex All Vee= 50V 1A — — 100 A
T (1 eonnor ||
ULS2002 V=50V, V, =6V 1B — — 500 UA
ULS2004* V=50V, V=1V iB|] — — 500 [ pA
Collectgr-Emiﬁer Vcasm All -55°C lc=350mA, |y = 850uA 2 — 16 18 \Y
Saturation Voltage I, =200 MA, I, = 550 pA 2| — 13 15| Vv
L IC=100mA,lB:350uA 2 — 14 13 v
I =350 mA, I, = 500 uA 2 — 125 16 \
+25°C lo =200 mA, |, = 350 uA 2 — 1.1 1.3 \
iC=1OO mA, I, = 250 UA 2 — 09 1.1 \
+125°C | I, =350mAT, I;= 500 uA 2 — 16 18 v
-— —
- =
!C_200 mA', |, = 350 uA i 2 L — 13 15 \%
\C=$OOmA,| = 250 uA 2 — 1.1 1.3 W
Input Current sion uLS2002* V=17V 3 | 480 850 1300 | uA
ULS2003” Vin= 3.85V 3 650 930 1350 wA
ULS2004~ VIN =50V 3 240 350 500 UA
- A S
Vw =12V 3 650 1000 1450 LA
I — ]
ULS2005" VIN =30V 3 — 1500 2400 A
I‘N(OFF’ All +125°C Ic= 500 uA 4 25 50 — uA
Input Voltage Vo uLseoge” | -85°C | V=20V, | =300mA 5 — — 18 v
| +125°C | Ve=20V.1 =300 mAf 5 | — — 13 v
4 -
ULS2003" -55°C Vee=20 V.1, =200 mA 5 — — 33 \
Vee=20V.ig-250mA | 5 | — — 36 | v
VCE:Z.O Vv, I, =300 mA 5 — — 3.9 \
ﬂkﬁ _—
+125°C | V =2.0V.] =200mA! 5 —  — 24 v
V=20V, =250 mAt 5 - = 27 v
Vg =20V, 1, =300 mA! 5 — — 30 v
*Complete part number includes a final letter to indicate package Continued next page...

(EK = leadless/ceramic chip carrier, H = ceramic/metal side-brazed, R = ceramic/glass cer-DIP).
NOTE 1: Alllimits stated apply to the complete Darlington series except as specified for a single device type.
NOTE2: The IIN(OFF,‘ currentlimit guarantees against partial turn-on of the output.
NOTE3: The Vo

TPulse Test,t < 1us, seegraph.

voitage limit guarantees a minimum output sink current per the specified test conditions.
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ULS2001 EK/H/R THRU ULS2005EK/H/R ELECTRICAL CHARACTERISTICS continued

Applicable Test Conditions Limits
Characteristic Symbol Devices Temp. Voltage/Current Fig. Min. Typ. Max. | Units
Input Voltage (cont.) Vivon uLsS2004* | -55°C Veg=20V. I, =125mA 5 — — 60 v
V=20V, lo =200 mA 5 — — 80 Vﬁj
Vee=2.0V.1.=275mA 5 — — 10 \
S | ——t
Vee=20V.I =350mA | 5 | — — 12 v
YisC | V=20Vl -125mA ’ -
V=20Vl =200mAt
}, - ———
Vg =20V, 1, =275 mAl
Vo =20V, -350mAT |
ULS2005” -55°C Ve =2.0V, ] =350 mA .
— B i — - .._‘_g.vﬁ
| 4125°C | V. -2.0V,1_ =350 mA 5 | = — 24 | v
D-C Forward Current N ULS2001* | -55°C | V. =2.0V,I =350mA 2 4 500 — — —
‘ ek T . SRS ——
Transfer Ratio +25°C |V =20V,1,=350mA 2 | 1000 — — | —
Turn-On Delay toy All +25°C 8 -~ 250 1000 ns
Turn-Off Delay tonL All +25°C 8 - 250 1000 ns
Clamp Diode I All Vg=50V 6 — — 50 uA
Leakage Current
Clamp Diode Ve Al I, =350 mAt 7 -~ 17 20 v
Forward Voltage

*Complete part number includes a final letter to indicate package (EK = leadless ceramic chip carrier, H = ceramic/metal side-brazed, R = ceramic/glass cer-DIP).
NOTE 1: Alllimits stated apply to the complete Darlington series except as specified for a single device type.

NOTE 2: The ||\, CUrrent limit guarantees against partial turn-on of the output.

NOTE 3: The Vinon: Voltage limit guarantees a minimum output sink current per the specified test conditions.

TPulse Test. t,<1ps. see graph.
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ULS2011H/R THRU ULS2015H/R
ELECTRICAL CHARACTERISTICS over operating temperature range (unless otherwise noted)

Appiicable Test Conditions Limits
Characteristic Symbol Devices Temp. Voltage/Current Fig. Min. Typ. Max. | Units
Output Leakage Current loex All Vg =50V 1A - — 100 pA
uLSsz2o012* Veg= 50V, V =6V 1B — — 500 pA
ULS2014* Veg=50V, Vi =1V 1B — — 500 MA
Collector-Emitter Veesan All -55°C . =500mA, I;=1100pA 2 — 18 21 \
Saturation Voltage Iy =350 MA, I, =850 uA 2| — 16 18| v
lo=200mA, I; =550 uA 2 — 13 15 \
I, =500 mA, 15 =600 pA 2 — 17 19 \
+25°C lo =350 mA, |5 =500pA 2 — 125 16 v
lo =200 mA, |5 =350pA 2 — 1.1 1.3 \
+125°C | | =500mAT I, =600 uA 2 — 18 21 v
I, =350 mAT, I, =500 pA 2 — 16 18 v
I, =200 mAT, I, =350 uA 2 — 13 15 v
Input Current finion uLs2012” Vin=17V 3 480 850 1300 nA
uLS2013" Vin=385V 3 650 930 1350 A
uLS2014" V=50V 3 240 350 500 HA
W: 122V 3 650 1000 1450 uA
uLs2015* V=30V 3 — 1500 2400 A
| norn Al | +125°C | I, =500pA 4| 25 50 — | uA
Input Voltage V,N(OM uLsao12* -55°C Ve =2.0V,1;=500mA 5 — — 235 \
+125°C | V=20Vl =500 mAf 5 - = 17 v
ULS2013* -55°C Ve =2.0V.1,=250mA 5 — — 36 \'
,_YQ,E_ZZ'O V.l =300mA 5 - — 39 V_j
Veg=2.0V,1,=500 mA 5 — — 60 \
+125°C | V=20V, i =250mAT 5 - - 27 v
Ve =2.0V.1,=350mAt 5 | — — a0 v
Ve =2.0 V.1, =500 mAt 5 -~ — 35 v
*Complete part number includes a final letter to indicate package (H = ceramic/metal side-brazed, R = ceramic/glass cer-DIP). Continued nextpage...
NOTE 1: Alllimits stated apply to the complete Darlington series except as specified for a single device type.
NQTE 2: The IIN(OFF} current fimit guarantees against partial turn-on of the output.
NOTE 3: The V., voltage limit guarantees a minimum output sink current per the specified test conditions.

tPuise Test, t,< 7 s, see graph.
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ULS2011H/R THRU ULS2015H/R ELECTRICAL CHARACTERISTICS continued

Applicable Test Conditions Limits
Characteristic Symbol Devices Temp. Voltage/Current Fig. | Min. Typ. Max. | Units
Input Voltage (cont.) Vinon ULS2014* | -55°C Vee=20V, I =275mA 5 -  — 10 \
Vg =20V, 1, =350 mA 5 | — — 12 | v |
Ve =20V} =500mA 5 - = 17 v
+125C | Vi =2.0V,1 =275 mA? 5 — — 70 | v
Ve =20V, ] =350 mAf 5 — — 80 v
Ve =20V, 1, =500 mAT 5 - — 95 v
| ULs2015" | 85°C | V_.-2.0V,I,=350 mA 5| — — 30 | v
Ve =20V, 1, =500mA 5 - — 35 v
+125°C | V .=2.0V,| =350 mAt 5 - — 24 v
Vee=2.0V,1,=500mAt 5 - — 28 v
D-C Forward Current hFE ULS2011* -55°C VCE =20V, IC =500 mA 2 450 — @ — —
Transfer Ratio +25°C | Vgo=2.0V,1,=500mA 2 | o0 — — | —
Turn-On Delay ton All +25°C 8 -~ 250 1000 ns
Turn-Off Delay tonL Alf +25°C 8 - 250 1000 ns
Clamp Diode In Al Vo=50V 6 - — 50 HA
Leakage Current
Clamp Diode V. Al I, =350 mA! 7 — 17 20
Forward Voltage |_ =500 mAT - T s v ﬂ

*Complete part number includes a final letter to indicate package (H = ceramic/metal side-brazed, R = ceramic/glass cer-DIP).
NOTE 1: All limits stated apply to the complete Darifington series except as specified for a single device type.

NOTE 2: The 'm(om current limit guarantees against partial turn-on of the output.

NOTE 3: The Vumom voltage limit guarantees a minimum output sink current per the specified test conditions.

TPulse Test, t,<1 s, see graph.
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ULS2021 H/R THRU ULS2025H/R
ELECTRICAL CHARACTERISTICS over operating temperature range (unless otherwise noted)

Applicable Test Conditions Limits
Characteristic Symbol Devices Temp. Voltage/Current Fig. Min. Typ. Max. | Units
Output Leakage Current heex All 8 Vo= 95V )__J 1A — — 100 pA
ULS2022° | vee=9sviv -6V ‘)F‘E [ —  — 500 [ ua
uLsz0eas | 4250 | V=95V -1v [ 1B [ —  — 500 | |
+125°C | Vo= 95V, V, = 05V B — — 50| pa |
g;’i{i‘;{\’;f\’/‘;&:ge Vorisan Al S5C | p=3%0mAl,=850pA | 2 | — 16 18 |V
o-200mA, l,=550pa | 2 | — 13 15 | v
|, =100 mA, I, ~ 350 A 2| — 11 13| v
=350mAI,=500pA | 2 | — 125 16 | V |
+25°C | |,=200mA, I, =350 uA 2| — 11 13| v
|, = 100 A, |, - 250 uA 2| — 09 11| v |
+125°C | I, =350 mAT. I, ~500 nA 2| — 16 18] Vv
| 1L -200mAT. I =350 uA 2 | = 13 15| V
l,=100mA 1, -250uA | 2 | — 11 13 | V
input Current oy uLsz022” V=17V 3 480 850 1300 pA
Cusaozs | | Vosssv 5 | w0 om0 1350 | pA |
[“Utszoea | | vy-s0v 3 | 240 350 500 | upA |
Ve-12v. | 3 | es0 1000 1450 | wA |
ULS2025° T Tvessov 0 [s | — isoo2s00 | pA |
Cheom | AL | izsc | 1o=5000A s [ 20 s0 — | wa |
Input Voltage Viow | ULS2022° | 55 | V. -20V.I =300mA 5 | — — 18 | Vv
| +125°C | Voe=20V.ic-300 mAl 17— — s v
v

ULs2028" { 55°C | vV

i
VCE:Z.O V. lﬁC=SOOWmA 5 ,‘ - 3.9 A \
+125°C | V =20V I, =200 mA' 5 —  — 24 v
.. - - . —
- = t — —
VCE72.O V. IC»ZSO mA 5 2.7 \Y
N I i
V=20V |, =300mAT 5 — — 30 v
*Complete part number includes a final letter to indicate package (H = ceramic/metal side-brazed, R = ceramic/glass cer-OIP). Continued nextpage...
NOTE 1: Alllimits stated apply to the complete Darlington series except as specified for a single device type.
NOTE 2: The | o, Current limit guarantees against partial turn-on of the output.
NOTE3: TheV . voltage limit guarantees a minimum output sink current per the specified test conditions.

TPulse Test, tp <1us, see graph.
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ULS2021H/R THRU ULS2025H/R ELECTRICAL CHARACTERISTICS continued

Applicable Test Conditions Limits
Characteristic Symbol Devices Temp. Voltage/Current Fig. | Min. Typ. Max. | Units
Input Voltage (cont.) Viniony uLS2024* | -55°C V=20V, I =125mA 5 — — 6.0 \%
Ve =20V,1,=200mA 5 — — 80 v
- IR
Ve =20V,l =275 mA 5 —~ = 10 v
Ve =2.0V,1.=350mA 5 — — 12 \
+125°C Ve =20V, 1. = 125mA 5 = 5.0 v
Ve =20V, 1, =200 mAt 5 -~ — 80 v
Ve =20V, =275 mAt 5 -~  — 70 v
Ve =20V, 1, =350 mAT | 5 — -~ 80 v
( ULS2025* | -55°C Ve =20V,1,=350mA 5 - — 30 \
+125°C | V=20V, =350 mA! 5 - — 24 Vv
D-C Forward Current Nee uLS2021* -55°C VCE =20V, ‘c =350mA 2 500 — — —
Transfer Ratio N i T SRR Sa—
+25°C Ve =2.0V,1.=350mA 2 1000 — — —
Turn-On Delay to All +25°C 8 ~— 250 1000 ns
Turn-Off Delay tor All +25°C 8 -~ 250 1000 ns
Clamp Diode I All Vg=95V 6 -~ — 50 HA
Leakage Current
Clamp Diode A Al | =350 mAT 7 -— 17 20 \
Forward Voltage

*Complete part number includes a final letter to indicate pachage (H = ceramic/metal side-brazed, R = ceramic/glass cer-DIP).
NOTE 1: Al limits stated apply to the complete Darlington series except as specified for a single device type.

NOTE2: The IlN(OFF) current limit guarantees against partial turn-on of the output.

NOTE 3: The V‘N‘ON) voltage limit guarantees a minimum output sink current per the specified test conditions.

TPulse Test, t,<11s, see graph.
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ULS20XXH
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Dwg No. A-10,197B Dwg. No. A-10,1998
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AS A FUNCTION OF DUTY CYCLE AT +100°C AS A FUNCTION OF DUTY CYCLE AT +125°C
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Dwg. No. A-10,2008 Dwg. No. A-10.201B

X = digit to identify specific device. Specification or limit shown applies to family
of devices with remaining digits as shown.




2001 THRU 2025
HIGH-VOLTAGE, HIGH-CURRENT DARLINGTON ARRAYS

ULS20XXR

RECOMMENDED PEAK CURRENT
AS A FUNCTION OF DUTY CYCLE AT +50°C
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Dwg. No. A-12,434

RECOMMENDED PEAK CURRENT
AS A FUNCTION OF DUTY CYCLE AT +75°C
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RECOMMENDED PEAK CURRENT
AS A FUNCTION OF DUTY CYCLE AT +125°C
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Dwg. No. A-12.435

X = digit to identify specific device. Specification or limit shown applies to family
of devices with remaining digits as shown.




2001 THRU 2025
HIGH VOLTAGE, HIGH-CURRENT DARLINGTON ARRAYS

INPUT CURRENT AS A FUNCTION OF INPUT VOLTAGE

ULS20X2° ULS20X3°

W
) y/ L //

/ - —""“ yf
p=” — : / .~
C v

P
P Ve o

-
;
“‘

( 2 4 \
o - T g L AREA OF NORMAL

INPUT CURRENT 1 ma
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*
1

OPERATION wiTh
STANDARD OR
SCHOTTKY TTL

2 i B ] C 7 54
INPUT VCLTAGE IN VOLTS

DOwg. No. A-10,225A

2.5 3.0 3.5 40 3 5.0 5.5 £.0
INPUT VOLTAGE IN YOLTS
Dwg. No. A-10,224A

ULS20X4° ULS20X5¢
‘ | 3.5
2 3.0 A(
z ! N\
z y»/ \
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INPUT wOLTAGE N VO TS 5 \ ‘J\\\A.
Dwg. No. A-10.226A z 1.0 A\ [
- ’ W AREA OF NORMAL
0 ,' OPERATION WITH
-3 R STANDARD OR
7 SCHOTTKY TTL
0

1.5 2.0 2.5 3.0 3.5 4.0
INPUT VOLTAGE IN VOLTS

Dwg. No. A-10,874A

X = digit to identify specific device. Specification or limit shown applies to family
of devices with remaining digits as shown.
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2064 mrv

2077

1.25 A QUAD DARLINGTON SWITCHES

ULS2064H — ULS2067H

Dwg. No. A-11.025

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

Output Voltage, Vg, - - oot See Table
Output Sustaining Voltage,

CE(SUS) See Table
Output Current, |, (Note 1) .. .. .. .. 15A
input Voltage, V, (Note 2). .. ... See Table
Input Current, IB (Note3).......... 25 mA
Supply Voltage, Vg

(ULS2088/69H) .. ............. 0V

(ULS2070/71H) .. ........... .. 20V
Power Dissipation, PD

(EachOQutput) .. .............. 22W

(Total Package) . ......... See Graph

Operating Ambient Temperature Range,

TA ................ -55°C to +125°C
Storage Temperature Range,
Ts ................ -65°C to +150°C

—MIL-STD-883 COMPLIANT

Intended for military, aerospace, and related applications,
ULS2064H through ULS2077H quad Darlington switches interface
between low-level logic and a variety of peripheral power loads such as
relays, solenoids. dc and stepping motors, magnetic print hammers,
muttiplexed LED and incandescent displays, heaters, and similar loads
of up to 400 watts (1.25 A per output, 80 V, 12.5% duty cycle, +50°C).
The devices are specified with a minimum output breakdown of 50 volts
(35 volts sustaining at 100 mA) or 80 volts (50 voits sustaining), and a
saturated output current specification of 1.25 A.

The ULS2064/65/68/69H switches are designed for use with TTL,
DTL, Schottky TTL, and 5 V CMOS logic. The ULS2066/67/70/77H are
intended for use with 6 V to 15 V CMOS and PMOS logic. Except for
the ULS2077H, these devices include integral transient-suppression
diodes for use with inductive loads.

Types ULS2068H and ULS2069H incorporats a pre-driver stage
operating from a low-current, 5 V supply. The pre-driver for the
ULS2070H and ULS2071H operates from a low-current, 12 V supply.
The input drive requirements for these devices are reduced, while still
aliowing the outputs to switch currents up to 1.5 A.

The ULS2074H through ULS2077H switches are intended for use
in emitter-follower applications. These circuits are identical with the
ULS2064H through ULS2067H except for the uncommitted emitters
and the omission of the suppression diodes.

These quad Darlington switches are supplied in 16-pin ceramic/
metal side-brazed hermetic packages. On specizl order, economical
ceramic/glass cer-DIP hermetic packages can be specified by changing
the part number suffix from ‘H’ to ‘R’. Both package styles conform to
the dimensional requirements of MIL-M-38510 and are rated for
operation over the military temperature range of -55°C to +125°C.
Reverse-bias burn-in and 100% high-reliability screening are standard.

FEATURES

B TTL, DTL, PMOS, or CMOS Compatible Units

W Transient-Protected Outputs

W Hermetically Sealed Packages

W High-Reliability Screening to MIL-STD-883, Class B

Always order by complete part number, e.g., @52064H8_83 .
See matrix on next page.




2064 THRU 2077
1.25 A QUAD DARLINGTON SWITCHES

ULS2068H - ULS2071H ULS2074H - ULS2077H

FREE AR, Ry, - 46°CW \
o

25 50 75 100 125 159 Dwg. No. A-11.026 Dwg. No. A-11.027
TEMPERATURE IN °C

ALLOWABLE PACKAGE POWER DISSIPATION IN WATTS

Type Number Veex (Max) VCE(SUS) (Min.) Viy (Max.) Application
ULS2064H 50 V 35V 15V TTL, DTL, Schottky TTL,
ULS2065H 80V 50V 15V and 5V CMOS
ULS2066H 50V 35V 30V 6to 15V CMOS
ULS2067H 80V 50 V 30V and PMOS
ULS2068H 50V 35V 15V TTL, DTL, Schottky TTL,
ULS2069H 80V 50V 15V and 5 V CMOS
ULS2070H 50V 35V 30V 6to 15V CMOS
ULS2071H 80V 50 V 30V and PMOS
ULS2074H 50V 35V 30V General-Purpose
ULS2075H 80V 50 V 60V
ULS2076H 50 V 35V 30V 6to 15V CMOS
ULS2077H 80V 50 V 60 V and PMOS

NOTES: 1. Allowable combinations of output current, number of outputs conducting. and duty cycle are shown on following pages.
2. Input voltage is with reference to the substrate (no connection to any other pins) for the ULS2074,75/76/77H, reference is ground for
all other types
3. Input current may be limited by maximum allowable input voltage.




2064 THRU 2077
1.25 A QUAD DARLINGTON SWITCHES

ULS2064H THROUGH ULS2067H

PARTIAL SCHEMATIC

ULS2064H Dwg. No. A-10,353
ULS2065H IN

ULS2066H
ULS2067H IN

ULS2068H THROUGH ULS2071H

Vs

PARTIAL SCHEMATIC

—P—ox
8 b————0C
i
5
”‘7 3K
Dwg. No. A-10,354
ULS2068H
ULS2069H RW =2.5kQ, HS =900 Q
ULS2070H
ULS2071H RIN =11.6 kQ, RS =3.4kQ

ULS2074H THROUGH ULS2077H
PARTIAL SCHEMATIC

A

l
I

i

1

)

' 3
! 3K

U

sus Owg. No. A-10,355
ULS2074H Ry = 350 ©
ULS2075H
ULS2076H Ry =3k
ULS2077H

Dwg. No. A-11,025

Dwg. No. A-11,026

Dwg. No. A-11,027
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2064 THRU 2077
1.25 A QUAD DARLINGTON SWITCHES

ULS2064H THRU ULS2067H
ELECTRICAL CHARACTERISTICS over operating temperature range
(unless otherwise noted).

Applicable Test Conditions Limits
Characteristic Symbol Devices Temp. Electrical Conditions Fig. | Min. Max. | Units
Output Leakage Current loex ULS2064/66H Veg =50V 1 — 500 A
| uts20es67H | Vo =80V 11— 50| pa
Output Sustaining Voltage Vcasusa ULS2064/66H lc=100mA, VvV, =04V 2 35 e \Y
ULS2065/67H lc=100mA, vV, =04 \ 2 50 — \
Collectqr-Emitter VCE(SAT) All -55°C le=500mA, Ig=11mA | 3 — 1.35 \
Saturation Voltage L -750mA I -17mA| 3 | — 155 | Vv
L=10A 1,=225mA | 3 | — 175 | Vv |
1C =125A, IB =3.75 mA 3 — 1.95 \
[ 25°C | | -500mA I;-625uA | 3 | — 120 | V|
lc =750 mA, I, =935 1A 3 — 1.35 \
IC=T.OA<IB=1.25mA 3 —_ 1.565 v
VC =1.25A 1;=2.0mA 3 — 1.75 \
+125°C | 1,-500mA, I, ~625)A | 3 | — 135 | V |
lc =750 mA, |5 =935 HA 3 — 1.55 \
>C=1.OA,IB=1.25mA 3 — 1.75 \
\C:1.25 A, tB:Z.O mA 3 — 1.95 \"
Input Current I‘N(ON) ULS2064/65H V=24V 4 — 4.3 mA
V=375V 4 | — 98 | mA
ULS2066/67H V=50V 4 — 1.8 mA
Vi =12V 4 | — 52| mA
Input Voltage V)N‘ON‘ ULS2064/65H -55°C VCE =20V, ‘c =1.0A 5 — 3.1
+25°C VCE =20V, !C =10A 5 — 2.0
ULS2066/67H -55°C VCE =20V, IC =10A 5 — 1.5
+25°C VCE:Z.O V,lc: 1.0A 5 — 6.5
Turn-On Delay tpHL All +25°C 9 — 1.0 us
Turn-Oft Delay tpLH All +25°C g — 1.5 us
Clamp Diode Leakage Current Ia ULS2064/66H V=50V 6 — 100 pA
ULS2065/67H Vgp =280 \ [ — 100 uA
Clamp Diode Forward Voltage Ve All =125A 7 — 21 \




2064 THRU 2077
1.25 A QUAD DARLINGTON SWITCHES

ULS2068H AND ULS2069H
ELECTRICAL CHARACTERISTICS over operating temperature range,
V=50V (unless otherwise noted).

Applicable Test Conditions Limits
Characteristic Symbol Devices Temp. | Electrical Conditions Fig. | Min. Max. | Units
Output Leakage Current loex ULS2068H Vg =50V 1 — 500 pA
| ULS2060H V=80V 1 — 500 | uA
Output Sustaining Voltage VCE(SUS) ULS2068H Ic=100mA, V =04V 2 35 — A
ULS2089H lo=100mA, V=04V | 2 | 50 — v
Collector-Emitter VCEKSAT) Both -55°C lc=500mA, V, =32V 3 — 1.35 Vv
Saturation Voltage |, =750 mA, V, =32 V 3 15 v
le=10A V=32V 3 — 1.75 \
IC: 1.25A, VW:B.ZV 3 — 1.95 \
«25C | 1,=500mA, V=20V [ 3 | — 120 ] v
IL=750mA V=28V | 3 | — 135 ]| v
le=10AV =29V 3 — 1.55 \
Io=125A,V, =29V 3| — 175 v
+125°C | 1. =500 mA, V =28V 3 — 1.35 \
I.=750mA,V, =28V | 3 | — 155| V |
lo=1.0A, V=28V 3 | — 1| v
lL=125A V=28V | 3 | — 195| Vv |
Input Current I‘N(ON) Both -55°C V=32V 4 — 600 uA
+25°C | V=275V 4 550 pA
+125°C | V=275V 4§ — 850 | A
V=375V 4 | — 850 | pA
Input Voltage V]N(ON) Both -55°C Ve =20V, 1, =1.0A 5 — 3.2
+25°C Ve =20V, I, =10A 5 — 2.75
Supply Current [ Both lc=500mA, V =32V 8 — 6.0 mA
Turn-On Delay ) Both +25°C 9 — 1.0 us
Turn-Off Delay tpLH Both +25°C 9 — 1.5 us
Clamp Diode Leakage Current lg ULS2068H Vg=50V 6 — 100 HA
ULS2069H V =80V 6 | — 100 | ua
Clamp Diode Forward Voltage Ve Both I.=125A 7 — 2.1 v
——



2064 THRU 2077
1.25 A QUAD DARLINGTON SWITCHES

ULS2070H AND ULS2071H
ELECTRICAL CHARACTERISTICS over operating temperature range,
V. = 12 V (unless otherwise noted).

S
Applicable Test Conditions Limits
Characteristic Symbol Devices Temp. Electrical Conditions Fig. | Min. Max. | Units
Output Leakage Current lcex ULS2070H Ve =50V 1 — 500 uA
ULS2071H Ve =80V 1 — 500 HA
Qutput Sustaining Voltage Vce(sus, ULS2070H lo=100mA, V=04V | 2 35 — \
ULS2071H Ig=100mAV, =04V | 2 | 50 — v
g;ztl:izt:i);-nE\r/n;ﬁz;e Vorsan Both -55°C :C =75500 mA,V, =55V 3_{\7_ 1.35 \%
c=750mA V, =556V 3 | — 155 v
Ig=10A V =55V 3| — 175 v
le=125AV, =55V 3 — 195 Y
+25°C ((=500mA V, =51V | 3 | — 120 v
Ig =750 mMA, V=51V | 3 | — 135 v
Ic=10AV, =51V 3 | — 155 v
IC=1.25 A,V|N=5.1V 3 L — 1.75 A
+125°C lo=500mA, vV, =50V [ 3 — 135 \
I,=750mA,V, =50V | 3 | — 155 v
IL-10AVy-50V | 3 [ — 175 | Vv
lo=125A,V =50V 3 — 195 \
input Current Iniony Both -55 Vin=50V 4 — 400 LA
10+25°C Iy 12V 4 | — 1250 | pA
+125°C Vy=50V 4 — 800 uA
V=12V 4 — 1600 MA
Input Voltage Vinon Both -55°C V=20V, l.=10A 5 — 5.0 '
+25°C | Vg=20V,I,=10A | 5 | — 50 v
Supply Current Ig Both 5510 +25°C| 1, =500 mA, V,,=5.0V | 8 — 4.5 mA
+125°C ln=500mA,V, =50V | 8 — 6.0 mA
Turn-On Delay o Both +25°C 9 — 1.0 us
Turn-Off Delay o Both +25°C 9 — 1.5 us
Clamp Diode Leakage Current In ULS2070H Vg=50V 6 — 100 pA
ULS2071H Vp=80V T 6 —_ 100 uA
Clamp Diode Forward Voltage Ve Both le=125A 7 — 2.1 \




2064 THRU 2077
1.25 A QUAD DARLINGTON SWITCHES

ULS2074H THROUGH ULS2077H
ELECTRICAL CHARACTERISTICS over operating temperature range
(unless otherwise noted).

Applicable Test Conditions Limits
Characteristic Symbol Devices Temp. Electrical Conditions Fig. { Min. Max. | Units
Output Leakage Current boex ULS2074/76H Vee =50V J 1 — 500 HA
ULS2075/77H Vee=80V 1 — 500 pA
Output Sustaining Voltage VCE(SUS) hﬂ_32074/76H lc=100mA, V=04V 2 | 35 — \
ULS2075/77H I,=100mA, V, =04V | 2 | 50 — v
Collector-Emitter Vegean Al -55°C | 1,=500mA,l;=11mA | 3 | — 135 V
Saturation Voltage lo=750mA, lg=1.7mA | 38 | — 185] V
l=10Al=225mA | 8 | — 175| V |
le=125A,1,=375mA 3 — 1.95 \
+26°C | 1 =500mA,1,=625pA | 3 | — 120 | V J
lc =750 mA, I = 935 pA 3 — 1.35 \
IC=1.0A,IB=1v25mA 3 -_ 1.55 \
c=125A1,=20mA | 3 | — 175 v
A125°C | 1,=500mA, I, ~625pA | 3 | — 135 | vV
le=750mA, 1, =935pA | 3 | — 155 V 1
lc=10A, lg=125mA 3 — 1A75J v ﬂ
lo=125A,15=2.0mA 3 — 1.95 \
Input Current o ULS2074/75H Viy=24V 4 — 4.3 mA
| V=375V 4 — 95 | mA
ULS2076/77H | V=50V 4 | — 18| ma
V=12V 4 | — 52| mA
Input Voltage Viony | ULS2074/75H [ -55°C | V. =20V,|,=10A 5 | — 3 v
¥25°C | V=20V, I;=10A 5 1 — 20 v ﬂ
ULS2076/77H | -55°C | V. =2.0V. I, =1.0A 5 — 115
| 225C | V-20V.I.=10A | 5 | — &5 ] Vv |
Turn-On Delay toL All +25°C 9 — 1.0 us
Turn-Off Delay toun All +25°C g — 1.5 us
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2064 THRU 2077
1.25 A QUAD DARLINGTON SWITCHES

Dwq. No. A-9729A

Figure 4

OPEN

o OPEN

Dwg. No. A-9732

Figure 7

Dwg. No. A-9736

TEST FIGURES

Figure 2

OPEN

Dwg No. A-10,350

Figure 5

CPEN

Dwg. No. A-3734A

¥ CPEN
0

Dwg. No. A-10,351

NOTE: Diodes not applicable to Types ULS2074H through ULS2077H.

Figure 3

OPEN

ey

Figure 6

Dwg. No. A-10,349

Dwg. No. A-9735A
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INPUT CURRENT IN mA - 1y,

2064 THRU 2077
1.25 A QUAD DARLINGTON SWITCHES

o

o

Figure 9

OPEN 435V
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PRR=SOKHZ QUTPUT
DG <10%
5052 IlSDF

Dwg. No. A-13,247
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Dwg. No. A 13,248

e

URREMT iN AMPERES - |

<l

COLLECTOR

COLLECTOR CURRENT

AS A FUNCTION OF INPUT CURRENT
e -1 —T
ULS-2064H - ULS-2067H
| vus-a0na - uus-z07 i
A5 w k—-
/ I,]
Y 4
Lol | . - J

NPUT CURRENT HN MILLIAMPERES - 1))

INPUT CURRENT
AS A FUNCTION OF INPUT VOLTAGE

/

/

ULS-2064/65H
ULS-2074/75H
(Emitters Grounded)

)4

S
*_\x*
Y

\)ﬂ« AREA OF NORMAL

Mv\\‘“ OPERATION WITH
STANDARD OR
/ LOW-SPEED TTL  ———d
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Dwg. No. A-11,035

Dwg. No. A-11,030

ULS-2066/67H
ULS-2076/77H

IS
|

-

-t

\Y
/ sl
'—‘

INPUT CURRENT [N ma - 1y,

-
- Ny
2 - g T
-
- /
-
o
[
5 3 7 8 3 0 n ”

INPUT VOLTAGE - V)




2064 THRU 2077
1.25 A QUAD DARLINGTON SWITCHES

RECOMMENDED PEAK COLLECTOR CURRENT
AS A FUNCTION OF DUTY CYCLE

AT T, = +30°C
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Dwg. No. A-*1 232 Dwg. No. A-11,033
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2825

HIGH-VOLTAGE, HIGH-CURRENT
DARLINGTON ARRAYS

Designed to serve as interface between low-level circuitry and
ULS28XXH/R high-power loads, Series ULS2800EK, ULS2800H, and ULS2800R
arrays consist of eight silicon NPN Darlington power drivers on a
common monolithic substrate. They are ideally suited to driving relays,
solenoids, magnetic print hammers, lamps, and other devices in high-
reliability military or aerospace applications with up to 3 A output
current per package.

These devices are screened to MIL-STD-883, Class B and are
supplied in a leadless ceramic chip carrier with Kovar lid (suffix ‘EK’),
the popular ceramic/metal side-brazed 18-pin hermetic package (suffix
‘H’), or ceramic/glass cer-DIP hermetic package (suffix ‘R’). All package
styles conform to the dimensional requirements of MIL-M-38510 and
are rated for operation over the full military temperature range of -55°C
to +125°C. Reverse-bias burn-in and 100% high-reliability screening
are standard.

The 35 integrated circuits described here permit the circuit designer
to select the optimal device for any application. In addition to the three
package styles (note that the ceramic chip carrier is available only for
the ULS2801EK through ULS2805EK devices), there are five input
characteristics, two output-voltage ratings, and two output-current
ratings. The appropriate part for specific applications can be deter-
mined from the Device Part Number Designation chart. All units have
open-collector outputs and on-chip diodes for inductive-load transient

Dwg. No. A-10,322

ABSOLUTE MAXIMUM RATINGS suppression.
Output Voltage, V. FEATURES
ULS280X*, ULS281X") ....... .. 50V .
OLagone) e Vo oV | m TTL DTL PMOS, or CMOS Compatible Inpuits
Input Voltage, V B Peak Output Current to 600 mA
(UL828x2*IN>(3* Xaty 30V ® Transient-Protected Qutputs
(ULS28X5") + o v 15V B High-Reliability Screening
Peak Output Current, I, to I\(/)llL«STD—8803, Class B ULS280XEK
(ULS280X*, ULS282X") . ... .. 500 mA B -55°C to +125°C Temperature Range
(ULS281X*) ... ... 600 mA
Ground Terminal Current, |0 . ... .. 3.0A
Continuous Input Current, I, . ... .. 25 mA
Power Dissipation, P
(one Darlington pair) .......... 10W
(total package) . .. ........ See Graph
Operating Temperature Range,
Tac e -55°C to +125°C
Storage Temperature Range,
Tg o oo -65°C to +150°C
X = digit to identify specific device. Characteristic THZ
shown applies to family of devices with remaining <2z
digits as shown. Dwg. No. A-14,324 o7g

*Complete part number includes a final letter to

indicate package. Always order by complete part number, e.g., | ULS2813H883] .
See matrix on next page.
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2801 THRU 2825
HIGH VOLTAGE, HIGH-CURRENT DARLINGTON ARRAYS

DEVICE PART NUMBER DESIGNATION

vy

T 71

=

z \ SUFFIX H, R g s = 44°CW VCE(MAX) 50V 50V 9BV

: \ \ I maxy 500 mA 600 mA 500 mA
g 15 oy Logic Part Number

173 = G

¢ Faya= 9970 General Purpose ULS2801* ULS2811* ULS2821*
e A \ PMOS, CMOS

H < N 14-25 V ULS2802" uLS2812* ULS2822*
s \ PMOS

<

< \ 5V ULS2803 ULS2813* ULS2823"
g 0.5 ‘\ TTL, CMOS

w ) \ 6-15 V ULS2804" uLS2814" uLS2824*
u‘;(: DUFFD‘( :K‘F\GJA:HO‘CJW CMOS, PMOS

3 i ‘ High-Output ULS2805" ULS2815* ULS2825"
&l 25 50 75 100 125 150

TTL

AMBIENT TEMPERATURE IN °C

Dwg. GM-0G5

PARTIAL SCHEMATICS

ULS28X1° ULS28X2° ULS28X3°
(Each Driver) (Each Driver) (Each Driver)

Dwg. No A-8595 Dwg. No A-9650 Dwg. No. A-9651

ULS28X4° ULS28X5°

(Each Driver) (Each Driver) * Complete part number includes a final

letter to indicate package (EK = leadless
ceramic chip carrier, H = ceramic/metal
side-brazed, R = cermic/glass cer-DIP.

X = digit to identify specitic device.
Specification or limit shown applies to
family of devices with remaining digits as
shown.

Dwg. No. A-9838A Dwg. No. A-10,228
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2801 THRU 2825
HIGH VOLTAGE, HIGH-CURRENT DARLINGTON ARRAYS

ULS2801EK/H/R THRU ULS2805EK/H/R
ELECTRICAL CHARACTERISTICS over operating temperature range (unless otherwise noted)

Applicable Test Conditions Limits
Characteristic Symbol Devices Temp. Voltage/Current Fig. | Min. Typ. Max. | Units
Qutput Leakage Current lcex All Ve =50V 1A — — 100 A
ULS2802" Vo= 50V, V= 6V B | — — 500 | pA
ULS2804* V=50V, V=1V 1B — — 500 A
Collector-Emitter VCE(SAT) All -55°C lo=350mA, ;= 850 uA 2 — 16 18 Vv
Saturation Voitage o =200 mA, I = 550 uA 2| — 13 15[ v
I =100mA, I = 350 uA 2 — 11 13 v
I,=350mA, I, = 500 pA 2 — 125 186 Vv
+25°C I =200mA, |, = 350 pA 2 — 11 13 %
I =100 mA, I, = 250 LA 2 — 09 11 \
+126°C | 1, =350mAT, I, = 500 uA 2 — 16 18 v
I =200 mA?, I, = 350 nA 2 — 13 15 v
I =100mA, I = 250 pA 2 — 11 13 %
Input Current hiviony uLS2802* V=17V 3 <80 850 1300 pA
ULS2803" V=385V 3 650 930 1350 uA
uLS2804* V=50V 3 240 350 500 uAa
V=12V 3 650 1000 1450 LA
ULS2805* V=30V 3 — 1500 2400 HA
iors, Al | +125°C | 1,=500pA 4| 25 50 — | pa
Input Voltage Vo ULS2802" | - -55°C Vep =20V, 1, =300mA 5 —  — 18 %
+125°C | V. =20V,|;=300mA! 5 - — 13 v
ULS2803" | 65°C | V,.-20V,|,-200mA 5 | — — 33 | v
Ve =2.0V,1,=250mA 5 — — 38 \%
[»VCE =2.0V,1,=300mA 5 —  — 39 v
+125°C | V=20V, I =200mA! 5 —  — 24 v
—vc; 2.0V, 1, =250 mAT 5 — - 27 v
Ve =2.0V,l, =300 mAT 5 — — 30 v
*Complete part number includes a final letter to indicate package Continued nextpage...

(EK = leadless ceramic chip carrier, H = ceramic/metal side-brazed, R = ceramic/glass cer-DIP).
NOTE 1: Alllimits stated apply to the complete Darlington series except as specified for a singie device type.
NOTE 2: The IW(OFH current limit guarantees against partial turn-on of the output.
NOTE3: The VNONJ voltage limit guarantees a minimum output sink current per the specified test conditions.
TPulse Test, t<1us, see graph.
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2801 THRU 2825
HIGH VOLTAGE, HIGH-CURRENT DARLINGTON ARRAYS

ULS2801 EK/H/R THRU ULS2805EK/H/R ELECTRICAL CHARACTERISTICS continued

Applicable Test Conditions Limits
Characteristic Symbol Devices Temp. Voltage/Current Fig. | Min. Typ. Max. | Units

Input Voltage (cont.) V’N(ON’ uLS2804" -55°C Ve =20V, I =125mA 5 — — 6.0 \

V=20V, =200mA 5 — — 80 v

Veg=20V, 1. =275mA 5 — — 10 v

V=20V, =350mA 5 - - 12 v

+125°C | V=20V, I =125mA 5 — — 50 v

V=20V, 1,=200mAt 5 — — 60 v

Veg =20V, I, =275mA' 5 — = 70 Vv

V=20V, I, =350 mA? 5 - — 80 v

uLs2805" | -55°C Ve =20Vl =350mA 5 — — 30 v

+125°C | V =20V,I =350 mAT 5 — — 24 \

D-C Forward Current Nee ULS2801" -55°C Vee=20V. 1. =350mA 2 500 — — —_

Transfer Ratio +25°C |V =2.0V.I,-350mA 2 | 1000 — — | —

Turn-On Delay tern All +25°C 8 — 250 1000 ns

Turn-Off Delay ton All +25°C 8 — 250 1000 ns

Clamp Diode In All Vg=50V 6 — — 50 pA
Leakage Current

Clamp Diode Ve Al I = 350 mA? 7 — 1.7 20 v
Forward Voltage

*Complete part number includes a final letter to indicate package (EK = leadless ceramic chip carrier, H = ceramic/metal side-brazed, R = ceramic/glass cer-DIP).
NOTE 1: Alllimits stated apply to the complete Darlington series except as specified for a single device type.

NOTE 2: The IIN{OFF) current limit guarantees against partial turn-on of the output.

NOTE 3: The V,N(ON) voitage limit guarantees a minimum output sink current per the specified test conditions.

tPulse Test, t,< 11, see graph.
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2801 THRU 2825
HIGH VOLTAGE, HIGH-CURRENT DARLINGTON ARRAYS

ULS2811H/R THRU ULS2815H/R
ELECTRICAL CHARACTERISTICS over operating tepnperature range (unless otherwise noted)

Applicable Test Conditions Limits
Characteristic Symbol Devices Temp. Voitage/Current Fig. Min. Typ. Max. | Units
Output Leakage Current fogx All Vee =50V 1A - — 100 uA
uLs2s12* Veg=50V, V =6V 1B -— — 500 A
uLS2814" Vee=90V, V=1V 1B -— — 500 pA
Collector-Emitter VCE(SAT) All -55°C lc=500mA, |5 = 1100 uA 2 -— 1.8 21 \
Saturation Voltage o= 350 mA, I =850 A 2 | - 18 18| v
lo =200 mA, I =550 pA 2 -— 13 15 \'
lo=500mA, I, =600 uA 2 -— 1.7 19 \
+25°C lo=350mA, | = 500 pA 2 -— 125 16 \
lo=200mA, |; =350 A 2 -— 1.1 1.3 \
+125°C | I, =500mAT, |, =600 pA 2 — 18 21 v
I =350 mAY, | =500 pA 2 — 16 18 %
I =200 mA?, |, =350 pA 2 — 13 15 v
Input Current 'IN(ON) uLsagiz* V=17V 3 430 850 1300 HA
ULS2813* V=385V 3 650 930 1350 HA
uLs2g14” V=50V 3 240 350 500 uA
V=12V 3 650 1000 1450 HA
uLs2815* V=30V 3 -— 1500 2400 uA
lW(OFF) All +125°C lc =500 pA 4 25 50 — HA
Input Voltage V.N(ON) ULszst2” -55°C Vee=20V,l. =500mA 5 -— — 235 \
+125°C | Vg =20V,| =500 mAl 5 - - 17 v
uLs2813" -55°C Veg=2.0V,l =250mA 5 —— — 386 \
Veg=20V,I,=300mA 5 -— — 39 \
Veg=2.0V,l. =500 mA 5 -— — 6.0 Vv
+125°C | V =2.0V,] =250 mAT 5 — = 27 v
Ve =20V, =300 mAT 5 —- — 30 v
Ve =2.0V,]. =500 mAt 5 — — 35 v
*Complete part number includes a final letter to indicate package (H = ceramic/metal side-brazed. R = ceramic/glass cer-DIP). Continued next page...
NOTE 1: Altlimits stated apply to the compiete Darlington series except as specified for a single device type.
NOTE2: The ]w(om current limit guarantees gga»nst partial turn-on of the output.
NOTE 3: The V voltage limit guarantees a minimum output sink current per the specified test conditions.

IN(ON)
TPulse Test, t,<1ps, seegraph.

5-28



2801 THRU 2825
HIGH VOLTAGE, HIGH-CURRENT DARLINGTON ARRAYS

ULS2811H/R THRU ULS2815H/R ELECTRICAL CHARACTERISTICS continued

Applicable Test Conditions Limits
Characteristic Symbol Devices Temp. Voltage/Current Fig. Min. Typ. Max. | Units
Input Voltage (cont.} V\N(om ULs2814* [ -55°C Ve =20V, I =275mA 5 — — 10
Ve =20V. | =350mA 5 — = 12 v
VCE:Z.OV. \C:SOOmA 5 — — 17 \'
+125°C VCE=2,O V. \C=275 mAT 5 — — 7.0 \
V=20V, | =350 mAT 5 — — 80 v
Vge=2.0V.1 =500 mA 5 — — 95 v
ULS2815* | -55°C V=20Vl =350mA 5 — — 30 Y
V=20 v, IC:SOO mA 5 — — 35 \
+125°C | Vg =20V.].=350mAT 5 — — 24 v
V=20V, ], =500mAT 5 —  — 28 v
D-C Forward Current Ree uLsz2gitt | -55°C Vee=2.0V. I, =500mA 2 450 -  — —
Transfer Ratio 125°C | Vg=20V.| =500 mA 2 | o0 — — | — ]
Turn-On Delay to All +25°C 3 — 250 1000 ns
Turn-Off Defay Lot All +25°C 8 — 250 1000 ns
Clamp Diode I All V=50V 6 — — 50 uA
Leakage Current
Clamp Diode A All lp =350 mAT 7 — 17 20
Forward Voltage |, =500 mAT 7 — s

*Complete part number includes a final letter to indicate package {H = ceramic/metal side-brazed. R = ceramic/glass cer-DIP).
NOTE 1: Alllimits stated apply to the complete Darlington series except as specified for a single device type.

NOTE 2: The llN(OFF‘y current limit guarantees against partial turn-on of the output.

NOTE 3: The V,, 4, voltage limit guarantees a minimum output sink current per the specified test conditions.

TPulse Test, t,<1us, see graph.
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2801 THRU 2825
HIGH VOLTAGE, HIGH-CURRENT DARLINGTON ARRAYS

ULS2821H/R THRU ULS2825H/R
ELECTRICAL CHARACTERISTICS over operating temperature range (unless otherwise noted)

Applicable Test Conditions Limits
Characteristic Symbol Devices Temp. Voltage/Current Fig. | Min. Typ. Max. | Units
Output Leakage Current loex All Veg= 95V 1A -~  — 100 RA
uLs2s22* Vee=95V, V=6V 1B -— -— 500 pA
uLS2824" +25°C V=95V, V=1V 1B — — 500 pA
+125°C | V=95V, V =05V 1B - — 500 uA
gg{ﬁgﬁéﬁ}gﬁ;e VCE(SAT) All -55°C lc=350mA, I =850 pA 2 -— 16 18 \
le=200mA, | = 550 A 2 -— 13 15 \
lc=100mA, |5 =350 uA 2 — 1.1 13 \
lc=350mA, |, =500uA 2 -— 125 16 \
+25°C lo =200 mA, {, =350 uA 2 e 11 13 \
lo=100mA, I, =250 uA 2 -— 09 14 \
+125°C | 1. =350mAT, |, =500 uA 2 — 16 18 \Y
I =200 mAf, |, =350 uA 2 — 13 15 v
lg=100mA, I, =250 pA 2 — 1.1 13 \
Input Current IIN(ON) uLs2822" V=17V 3 480 850 1300 pA
ULS2823* V=385V 3 650 930 1350 pA
ULS2824” V=50V 3 240 350 500 A
Vin=12V 3 650 1000 1450 pA
uLS2825* V=30V 3 -— 1500 2400 pA
llN(OFF) All +125°C | 1, =500pA 4 20 50 — A
Input Voltage VIN(ON) uLsas2z* -55°C Veg=2.0V,1,=300mA 5 — — 18 \
+125°C | V  =2.0V,] =300 mAT 5 - — 13 \
uLS2823* -55°C Veg=20V,I,=200mA 5 -— — 33 '
Vg =20V, I, =250 mA 5 -— — 36 \'
Veg=2.0V,i =300mA 5 -— — 39 \
+125°C | V =2.0V,]. =200 mAt 5 — — 24 v
Ve =20V, =250 mAt 5 - — 27 v
Ve =2.0V,1, =300 mAf 5 — — 30 v
*Complete part number includes a final letter to indicate package (H = ceramic/metal side-brazed, R = ceramic/glass cer-DIP). Continued next page...
NOTE 1: All limits stated apply to the complete Darlington series except as specified for a single device type.
NOTE2: The IIN(OFF) current limit guarantees against partial turn-on of the output.
NOTE3: The V ) voltage limit guarantees a minimum output sink current per the specified test conditions.

INCON
TPulse Test, t,<1us, see graph.




2801 THRU 2825
HIGH VOLTAGE, HIGH-CURRENT DARLINGTON ARRAYS

ULS2821H/R THRU ULS2825H/R ELECTRICAL CHARACTERISTICS continued

Applicable Test Conditions Limits
Characteristic Symbol Devices Temp. Voltage/Current Fig. Min. Typ. Max. | Units
Input Voltage (cont.) VIN(ON‘, ULS2824* | -55°C Veg=20V, I =125mA 5 — — 6.0
Vep=2.0V,i =200mA 5 — — 80 v
Vee =20V, I =275mA 5 - — 10 v
Veg=2.0V, 1, =350 mA 5 - — 12 \Y
+125°C | V=20V, I =125mA 5 — — 50 v
Ve =2.0V. I, =200 mAf 5 — — &0 v
Veg=20V,1, =275 mAT 5 — — 70 \%
Ve =2.0V,1, =350 mA? 5 — — 80 v
ULs2825* | -55°C Ve =2.0V, 1, =350mA 5 — - 30 \Y
+125°C | V=20V, I =350 mAT 5 - — 24 \
D-C Forward Current hee uLs2821* -55°C Ve =20V, 1. =350mA 2 500 — — —
Transfer Ratio 125°C | Vgp=20V,1 -350mA 2 [ w00 — — | —
Turn-On Delay to g All +25°C 8 — 250 1000 ns
Turn-Off Delay tonL Al +25°C 8 — 250 1000 ns
Clamp Diode Iq All Vg=95V 6 — — 50 pA
Leakage Current
Clamp Diode Ve All [ =350 mA’ 7 — 17 20 \
Forward Voltage

“Complete part number includes a final letter to indicate pachage (H = ceramic/metal side-brazed, R = ceramic/glass cer-DIP).
NOTE 1: Altlimits stated apply to the complete Darlington series except as specified for a single device type.

NOTE 2: The IIN(OFF) current limit guarantees against partial turn-on of the output.

NOTE 3: The VIN{ON) voltage limit guarantees a minimum output sink current per the specified test conditions.

TPulse Test, 15 1yts, seegraph.
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2801 THRU 2825
HIGH VOLTAGE, HIGH-CURRENT DARLINGTON ARRAYS

FIGURE 1A

OPEN  VCE

Dwg. No. A.-9729A

FIGURE 3
OPEN
[N
OPEN
Vi Z
Dwg. No. A-9732
FIGURE 6

Dwg. No. A-G735A

TEST FIGURES

FIGURE 1B

OPEN  VeE

Dwg. No. A-9730A

FIGURE 4

oren  VeE

Dwg. No. A-9733A

FIGURE 7

Owg. No. A-9736

FIGURE 2

OPEN

FIGURE 5

hrsﬁ'f—

Dwg. No. A-9731

QPEN

Dwg. No. A-9734A
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2801 THRU 2825
HIGH VOLTAGE, HIGH-CURRENT DARLINGTON ARRAYS

IN +50v
uLS28Xx1* 35V
ULS28X2” 13V
INPUT

. PULSE K 1008
ULS28X3 35V oeh st | T3 1
ULS28X4* 12V ng:;%;:’{z QUTPUT
ULS28X5* 35V 500 50pF

1|]>-—-)

Dwg. No. A-13,273

* Complete part number includes a final letter to indicate package.

X= Digit to identify specific device. Specification shown applies to family of devices

—
QUTPUT with remaining digits as shown.

Owg. No. A-13.272

FIGURE 8
COLLECTOR CURRENT COLLECTOR CURRENT
AS A FUNCTION OF SATURATION VOLTAGE AS A FUNCTION OF INPUT VOLTAGE
400
600 4
4
4
4
3
1 &
3 < Y 4
z 400 ZE 400 /\;I /
- - /
z
= é L4 /
3 = 7 /
o O
5 e I' /
5 200 E 200 ,
= = 1 4 /
O O Vi /
v O l
L4
U4 /\_ MAXIMUM REQUIRED
NPUT CURRENT
0 -’, I ! / : Ul c 1
0 0.5 1.0 1.3 20 0 200 400 600

CURRENT IN pA
COLLECTOR-EMITTER SATURATION VOLTAGE IN VOLTS INPUT a

Dwg. No. A-8754C Dwg. No. A-10,872B

5-33



2801 THRU 2825
HIGH-VOLTAGE, HIGH-CURRENT DARLINGTON ARRAYS

ULS28XXH

RECOMMENDED PEAK CURRENT
AS A FUNCTION OF DUTY CYCLE AT +50°C

g

§ \\ \r\ \\ %\

M C%gk NT - ULS-280xt AND LiLS- 282X

\\5\ .
\

T=
&
12
1z
o
Z
5]
2
1o
ES
>
X,
c

~

PEAK COLLECTCR CURRENT IN mA AT +50°¢C

\‘§ = T
5
A ol gt
200 =
] Q
i F—]
|
NUMBER OF QUTPUTS
conpucTING /
o [SIMULTANEQUSLY
20 ) 0 20 100

PERCENT DUTY CYCLE
Dwg. No. A-10,875A

RECOMMENDED PEAK CURRENT
AS A FUNCTION OF DUTY CYCLE AT +100°C

g

9]
o
8
< \ ~
®
- ~280XH Al ULS-282XH

£ o0 [ECOMMRNDE RN CLREN s U AP U TR
Z \\ \ K
g \ AN \\ N I~ -
© \ e '\:\
2 200 B R Y e
o — ‘65\. S ]
b4 y
=t o ]
3 ’8\\§\\:.\‘
v
v NUMBER OF OUTPUTS P —————
2 CONDUCTING
& o [SIMULTANEQUSLY —1

0 Ky & 70 700

PERCENT DUTY CYCLE
v Dwg. No. A-10,877A

RECOMMENDED PEAK CURRENT
AS A FUNCTION OF DUTY CYCLE AT +75°C

13

o

o

°

=

< \ \ \

3 L

kS RECOMMENDED MAXIMUM CURRENT ~ ULS-Z80XH AND ULS-282XH | _ __ |

Z 400 - ~T— .‘._\1<.__ -

- \

z \\ P 2me ]

&

H N \Q \.\ 3-.\

o

S \ Q\ﬁ — ]

C2 > S

ot -

5 By —
——

“g‘ /V \S'Q\

U [NUMBER CF OUTPUTS

% CONDUCTING

2 lsmutTaneousty —

0 20 40 50 80 100

PERCENT DUTY CVCLE
Dwg. No. A-10,876A

RECOMMENDED PEAK CURRENT
AS A FUNCTION OF DUTY CYCLE AT +125°C

g

W
B
'
&
"
: TTW\N
<
3 RECOMMENDED MAXIMUM CURRENT - ULS-280XH AND ULS-282XH
Z 400 '-—\\" ‘i'——v T==7= =
-
z \ .
& \ N, N \’\‘
NS T
=
2 00 \\ & N = —
E NU E\§ .4\3 e
IMBER
2 S —— P
S L—oF outRUT el
x CONDUCTING ]
3 SIMULTANEOQUSLY —
0 ] Il
20 m) 50 80 100

PERCENT DUTY CYCLE Dwg. No. A-10,878A

X = digit to identify specific device. Specification or limit shown applies to family
of devices with remaining digits as shown.
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2801 THRU 2825
HIGH-VOLTAGE, HIGH-CURRENT DARLINGTON ARRAYS

ULS28XXR

RECOMMENDED PEAK CURRENT
AS A FUNCTION OF DUTY CYCLE AT +50°C
&G
: I I T

NN

MAXIpAIM CURRENT - Li5-28
— LRE

PEAK COLLFCTOR CURRENT IM mA A1 «50%¢

RECOM
e

»
2
=

MENDE
——

o
2

4 —
NUMBER OF CLTPUTS | .
CONDUCTING : v/
o lmutraneousiy "»i‘j/ I
T Vil I 4( ER a0

PERCENT DUTY CYCLE

Dwg. No. A-10.870A

RECOMMENDED PEAK CURRENT
AS A FUNCTION OF DUTY CYCLE AT +100°C

&

TS ULS-28XR AND ULS-282x8 )
=~

.
/
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&
8
i
|
1
1
1
i
{
i
)
1
I
|
1

| RECOMMENDED MAXIMIM C
N

NS

\ 7

E

f

/
/

o
7>

/
-7/

N
<
3

//
/ / /7//

P
—
b ]
—

i/

NUMBER QUTPUTS /
CONDUCTING /
|LSIMULTANECQUSLY ——~ I

¢ ¢ 40 60 | E 100
PERCENT BUTY CYCLE

PEAK COLLECTOR CURRENT IN mA AT +100°%C

o

Dwg. No. A-12,466

RECOMMENDED PEAK CURRENT
AS A FUNCTION OF DUTY CYCLE AT +75°C

500 .
1 T

o

.7y

~
T a0 RECOMMENDED MAXIMUM CURRENT - LS 28><R_AND_ULS_282><_R_ L
Z 7\\
2 F\\ 3

g T 4.

3 \\6'~5 \ ——
x5 \7 ~\ \\
= 200 ¢ e )

= ! { / -\Q
< NUMBER OF OUTPUTS ‘

= CCNDUCTING

x o ImuLTanEOUSLY t

2 40 &0 RO i00
PERCENT DUTY CYCLE

DBwg. No. A-10,.871A

RECOMMENDED PEAK CURRENT
AS A FUNCTION OF DUTY CYCLE AT +125°C

00
t4
B
-
: \
€ 400 RECOMMENDED MAXIMUM CURRENT SUSBXRAND UL 28R | |
z }
A
H
N

& 200 > D~ .
= Y H
g \: . \\‘EQ\N\‘\
3 Numser | T —
o OF OUTRUTS ~ R —
Fi CONDUCTING f B
§ LSMULTANEOUSLY

0 20 4 &0 80 100

PERCENT DUTY CYCLE
Dwg. No. A-12,467

X = digit to identify specific device. Specification or limit shown applies to family
of devices with remaining digits as shown.
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2801 THRU 2825
HIGH VOLTAGE, HIGH-CURRENT DARLINGTON ARRAYS

'

INPUT CURRENT AS A FUNCTION OF INPUT VOLTAGE

ULS28X2* ULS28X3*
2.0 // 2.5 /
ot pe
1.5 /y - -’ 2.0 ,/
- .
E / ,d"— y
- v L= < -
é 1.0 / vf;c:—" // £ 13 // ' -
= S
s / -’ L Z R
z - 5 io -’ sy
oI : @ L
-’
-
/ 0.5 A [N AREA OF NORMAL -
:S>w QPERATION WITH
¢ 2 1“4 1 1 20 7 % ;2’;’50:5 (T;TRL
INPUT VOLTAGE IN VOLTS .
Dwg. No. A-10,225A 2.0 7.5 3.0 2.5 40 5 5.0 5.5 5.0
INPUT VOLTAGE IH VOLTS
Dwg. No. A-10,224A
ULS28X4° ULS28X5°
2,
3.5
1
i 3.0
z
£ e = 2.5 NN
S L AHOAL L e \ \
P
E / JIEES g < IS \ k
S il z \} ~
?I/ E RS \
S 1.5 A <N
0 o
5 H 1 8
INPUT VOLTAGE IN VOLTS — M =
Dwg. No. A-10.226A 2 1.0 \ \\ h |
Fd
- 4 W AREA OF NORMAL
o v OPERATION WITH
S STANDARD OR
SCHOTTKY TTL
0

1.5 2.0 2.5 3.0 3.5 4.0
INPUT VOLTAGE IN VOLTS

Dwg. No. A 10,874A

X = digit to identify specific device. Specification or limit shown applies to family
of devices with remaining digits as shown.
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2936

MIL-STD-883 COMPLIANT

N 0%

CONNECTION

Dwg. PR-OC

ABSOLUTE MAXIMUM RATINGS

Motor Supply Voltage, Vgg . ... ... 45V
Output Current, 15, (300 ms) ... .. +2.3 A
(Continuous) ... ............. +2.0 A
input Voltage Range,
Vig oo -0.3Vio+15V*

1
Threshold Voltage. V.o .

Package Power Dissipation,

Poo See Graph

Operating Temperature Range,

FURRTRUOTE -55°C to +125°C

Junction Temperature, T . .. ... .. +150°C?
Storage Temperature,
T -65°C to +150°C

B
V,, must not exceed Vg,

t Fault conditions which produce excessive
junction temperature will activate device thermal
shutdown circuitry. These conditions can be
tolerated, but should be avoided.

Output current rating may be restricted to a value
determined by system concerns and factors.
These include: system duty cycle and timing,
ambient temperature, and use of any heatsinking
and/or forced cooling. For reliable operation the
specified maximum junction temperature should
not be exceeded.

3-PHASE BRUSHLESS DC MOTOR

CONTROLLER/DRIVER

The UDS2936V combines togic and power to provide commutation
and drive for a three-phase brushless dc motor. Each of the three push-
pull outputs are rated at 45 V and +2 A (+2.3 A peak), and have internal
inductive-load transient suppression diodes. The driver also includes
PWM current controt and thermal shutdown protection. Reverse-bias
burn-in and 100% high-reliability screening to MIL-STD-883, Class B8
are standard.

The UDS2336V is compatible with single-ended digital or linear
Hall effect sensors and is programmed for 60° electrical separation
(other separation sequences, such as 120°, are available). Current
control is accomplished by sensing current through an external resistor
and pulse-width modulating the source drivers. Voltage thresholds and
hysteresis can be externally set by the user. If desired, internal thresh-
old and hysteresis defaults (300 mV, 7.5%) can be used. Internal
protection circuitry prevents crossover current when braking or chang-
ing direction. The UDS2936V differs from its commercial version
(UDN2936W); the output emitters are separated from the current
sensor input, thus allowing increased versatility in control techniques.

The UDS2836V is supplied in a 15-pin, flange-mount MO-087AA
style hermetic package for improved power dissipation capabilities. An
external heatsink is required for high-current applications. The flange is
at ground potential and normally needs no isolation.

FEATURES

10 V to 45 V Operation

+2 A Qutput Current

Internal Clamp Diodes

Internal PWM Current Controf

60° Commutation Decoding Logic

Internal Thermal Shutdown Circuitry

Compatible with Digital, Open-Collector Hail Effect Sensors
Braking and Direction Control

Hermetically Sealed Package

High-Reliability Screening

Always order by complete part number: @0529356\[883 .
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2936
3-PHASE BRUSHLESS DC MOTOR CONTROLLER/DRIVER

[z
10
= A FUNCTIONAL BLOCK DIAGRAM
z RBJJC: 2.0°CwW
5 e 68V
= ATS
< 8°CAW HEAT SINK, b,
P R, = 16:CW
A o ” 2V~ o
=) =
E 8.8V g
= \ Hz z
o o
$ 4 ?v K
x FREE AIR, Ry, = 45°C/W
B 8
" \’\
]
; \ J IN R
DIRELTVON SENSE t
% 025 50 75 100 125 150 ® ooy SRR —- § :
< TEMPERATURE IN °C — HS R g
Owg. GM-00TA i}g@#&g Lo i u @ T
@7"’ {A@ﬁ—ol;; V gRT
S i
TAB IGROUND
NO CONNECTION Ei@i
Dwg. FM-001
COMMUTATION TRUTH TABLE
Hall Sensor Inputs Outputs
H, H, H, DIRECTION BRAKE OUT, OUT, ouT,
High  High  High Low High 4 Low  High
High  High  Low Low High High  Low 4
High  Low Low Low High High z Low
Low Low Low Low High z High  Low
Low Low High Low High Low  High z
Low High High Low High Low z High
High  High High High High z High  Low
High High Low High High Low  High z
High Low Low High High Low 4 High
Low Low Low High High z Low  High
Low Low High High High High  Low z
tow High High High High High z Low
X X X X Low Low Low Low

X=lrrelevant
Z = High Impedance
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2936
3-PHASE BRUSHLESS DC MOTOR CONTROLLER/DRIVER

ELECTRICAL CHARACTERISTICS at T, = -55°C to +125°C, V. =45V

(unless otherwise noted).

Limits
Characteristic Symbol Test Conditions Min. Typ. Max. Units
Supply Voltage Range Ves Operating 10 — 45 \
Supply Current lsg Veraxe = 2-0 V, Outputs Open — 52 60 mA
Vogake =08V — 54 60 mA
Output Drivers
Output Leakage Current leex Vour = Vag Output State = Z — <1.0 10 uA
Vour=0V, Out;;ﬂ State =Z — <-1.0 -10 HA
Output Saturation Voltage Veeisar: Source Driver, | =-1.0A — 1.7 2.1 \Y
(Ty =-55"C o +25°C) Sink Driver, I, = +1.0 A — 11 14 v
Source Driver, | ; =-2.0 A — 1.9 2.3 \Y
Sink Driver, 1, ;; = +2.0 A — 1.4 1.7 \
Output Saturation Voltage Veeisan Source Driver, |, =-1.0 A — — 1.9 \
(T, = +125°C) Sink Driver, I, = +1.0 A - — 12 v
Source Driver, |y =-2.0 A — — 2.1 \
~ Sink Driver, |y, = +2.0 A — - 15 v
Output Sustaining Voltage VCE&S& lour = 2.0 A, L =3.0mH. T, = +25°C 45 — — \
Output Switching Time t Source Driver, 010 -2.0 A, 10% to 90% — 1.25 — us
(Resistive Load) Sink Driver, 0 to +2.0 A, 10% to 90% — 19 - us
t, Source Driver, -2.0 A to 0, 90% to 10% — 17 — us
Sink Driver, +2.0 Ato 0, 90% to 10% — 0.9 — us
Clamp Diode Leakage Current (N V=45V — <1.0 10 UA
Clamp Diode Forward Voitage Ve le=20A,T,=-55Cto+25°C — 1.8 23 \
=20AT,=+125C — —_ 25 vV

Typical Data is for design information only and is at T, = +25°C.

Continued Next Page...
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2936
3-PHASE BRUSHLESS DC MOTOR CONTROLLER/DRIVER

ELECTRICAL CHARACTERISTICS (cont’d)

Limits
Characteristic Symbol Test Conditions Min. Typ. Max. Units
Control Logic
Logic Input Voltage Ny Voir O Varaxe 2.0 — —
IN() Voir O Varake — — 08

Sensor Input Threshold Vin H, H, orHy — 2.5 — \%
tnput Current o Vo =20V — 150 400 HA

Vopaxe = 20V — <10 50 A

V=50V — -190  -220 A

o) Vor=08V — 35 100 pA
Ve =08V — 50 -20 HA
V, =08V — -840 -1000 pA
bns V230V — 80 -15 BA

Ve < 3.0V, Vogor < Vi, /105 — <15 -30 pA

Vins <30V, Voo < Vo g/95 190 250 310 HA
Current Limit Threshold Vins /Veense at trip point, Vo, < 3.0 \ 95 10 10.5 —
Default Sense Trip Voltage Veense Vg 230V 270 300 330 mv
Default Hysteresis Vg 230V — 75 — %
Propagation Delay Time t lour = 2.0 A, 50% V|, 10 90% I, - 2.0 8.0 us
Deadtime ty BRAKE or DIRECTION - 2.0 — us
Thermal Shutdown Temp. T, — 165 — °C
Thermal Shutdown Hysteresis AT — 25 — °C

Typical Data is for design information only andis at T, = +25°C.
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2936
3-PHASE BRUSHLESS DC MOTOR CONTROLLER/DRIVER

APPLICATIONS INFORMATION

The UDS2936V power driver provides commutation logic and
power outputs to drive a three-phase brushless dc motor.

It is designed to interface with single-ended linear or digital Halil
effect devices (HEDs). Internal pull-up resistors on the inputs allow for
direct use with open-collector digital HEDs. The H, inputs have 2.5V
thresholds.

The commutation logic provides decoding for HEDs with 60°
electrical separation (120° separation is also available). At any one step
in the sequencing, one half-bridge driver is sourcing, one driver is
sinking, and one driver is in a high-impedance state (see truth table).
Changing the logic level of the DIRECTION input inverts the output
states, thus reversing the direction of the load current and the motor. A
logic low on the BRAKE input turns ON all three sink drivers and turns
OFF all source drivers, dynamically braking the motor. An internally
generated deadtime (t,) of approximately 2 us prevents potentially
destructive crossover currents that can occur when changing direction
or braking. Circuit design consideration and care should preclude
exceeding the specified peak current rating during braking or directional
change, especially in applications involving high inertial loads and/or
higher motor supply voltage operation.

Motor current is internally controlled by pulse-width modulating the
source drivers with a preset hysteresis format. Load current through an
external sense resistor (R,) is constantly monitored. When the current
reaches the set trip point (determined by an external reference voltage
or internal default), the source driver is disabled. The actual load
current will peak slightly higher because of the internal logic and
switching delays. Current recirculates through the ground clamp diode,
motor winding, and sink driver. An internal constant-current sink re-
duces the trip current (hysteresis). When the decaying current reaches
this lower threshold, the source driver is enabled again and the cycle
repeats.

Thresholds and hysteresis can be set with external resistors or
internal defaults can be used. With V. < 3.0 V, the trip point is inter-
nally set at 300 mV with 7.5% hysteresis. Load trip current is then
determined by the equation:

lp = 0-3/R,

TRIP

With V. < 3.0 V, the threshold, hysteresis percentage, and load
trip current are set with external resistors according to the equations:

VREF ° RT
Threshold Voltage (V,,) = AR
H T
. R
Hysteresis Percentage = _.5.6.__;*/_
REF
Load Trip Current (I.;,) = _VL
TRIP 10 Rs

Percentage hysteresis is a fixed value independent of load current.
The PWM frequency is a function of circuit parameters including load
inductance, load resistance, supply voltage, hysteresis, and switching
speed of the drivers.
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2936
3-PHASE BRUSHLESS DC MOTOR CONTROLLER/DRIVER

VDBIRECTION [

OUTg

oUTe

Dwg. WM-002

a
<

Dwg. No. W-193
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2953

MIL-STD-883 COMPLIANT

LOAD (:xee QUTPUT
ENABLE

VREFBRAKE

RC (TIMING) 9 Ce) O, LOGIC SUPPLY

Dwg. PM-004

NO CONNECTION

ABSOLUTE MAXIMUM RATINGS

Motor Supply Voltage, V. ......... 50V
Output Current, I, (300 ms) . ..... +2.3A

(Continuous) . .. ............. +2.0A
Flyback Diode Voltage, V, . .......... Ves
Minimum Clamp Diode Voltage,

Vg o Ground
Logic Supply Voltage, V. ... ... ... 70V
Logic Input Voltage Range,

V'N B -0.3Vto+7.0V*
Sense Voltage, Vpyqr - voovov e o 15V

Reference Voltage, V ./BRAKE .. ... 15V
Package Power Dissipation,

Py oo See Graph
Operating Temperature Range,

L -55°C to +125°C
Junction Temperature, T, . ... ... +150°Ct
Storage Temperature Range,

T -65°C to +150°C

V must not exceed V..

TFault conditions which produce excessive
junction temperature will activate device thermal
shutdown circuitry. These conditions can be
tolerated, but should be avoided.

Qutput current rating may be restricted to a value
determined by system concerns and factors.
These include: system duty cycle and timing,
ambient temperature, and use of any heatsinking
and/or forced cooling. For reliable operation the
specified maximum junction temperature should
not be exceeded.

FULL-BRIDGE
PWM MOTOR DRIVER

Designed for bidirectional control of dc or stepper motors, the
UDS2953V is rated for continuous output currents to 2 A. For pulse-
width modulated (chopped mode) operation, the output current is
determined by the user’s selection of a reference voltage and sensing
resistor while the OFF pulse duration is set by an external RC timing
network. Extensive internal circuit protection includes thermal shutdown
with hysteresis, output suppression diodes to protect the bridges from
the transients generated when switching inductive loads, and crossover
current protection. Reverse-bias burn-in and 100% high-reliability
screening to MIL-STD-883, Class B are standard.

When the V__/BRAKE pin is low (<0.8 V), the braking function is
enabled. This turns both sink drivers OFF and the source drivers are
turned ON. When V_. /BRAKE is set above 2.4 V, that voltage (and the
current sensing resistor) determines the load current trip point. An RC
TIMING pin is provided for contral of an internal one-shot and load
current decay time.

The UDS2953V is supplied in a 15-pin, flange-mount MO-097AA
style hermetic package for improved power dissipation capabilities. An
external heatsink is required for high-current applications. The flange is
at ground potential and normally needs no isolation.

FEATURES

+2 A Output Current

Output Voltage to 50 V

Internal Flyback Diodes

Output Current Sensing

Internal Thermal Shutdown Circuitry
Crossover-Current Protected
Hermetically Sealed Package
High-Reliability Screening

Always order by complete part number: | UDS2953V883 |.
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2953
FULL-BRIDGE PWM MOTOR DRIVER

FUNCTIONAL BLOCK DIAGRAM
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ENABLE "@"
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oR ONE-
SHOT
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@  (@DRC (TIMING) (9 SENSE
GROUND GROUND
Dwg. FM-002-1
TRUTH TABLE E 1o
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Low  High >24V | High Low g s N
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Dwg. GM-001A
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2953
FULL-BRIDGE PWM MOTOR DRIVER

ELECTRICAL CHARACTERISTICS at T, =

-55°C to +125°C, V, =

50V, V. =5V,

Viense = 0 Vs 3 k&2 RC to Ground (unless otherwise noted).
Limits
Characteristic Symbol Test Conditions Min.  Typ. Max. Units
Qutput Drivers
Supply Voltage Range Vag Operating 6.5 — 50 \
Qutput Leakage Current loex Vour: VBB, Venagle = 50 V, Note 3 — <1.0 10 pHA
Vo0V Ve =50V.Noed | — <10 0 | wA

Output Saturation Voltage Vepsar loyr =105 A — — 1.2 \
(T, =-55°C to +25°C) o= 10 A — T T v

lour=12.0A . — — 1.8 \
Output Saturation Voltage VegsaT, lour =105 A — — 1.0 \
(Ty=+125°C) | = t10A - - 12 v

loyr = 2.0 A = = 16 | v
Output Sustaining Voltage CEisus lour=1R0A, L=3mH.

T,= +25°C, Note 3 50 — — \'
Clamp Diode Leakage Current In Va=50V — — 10 HA
Ctamp Diodge Forward Voltage Ve le=20AT,=-35°Cto+25°C — — 2.1

_<20AT,=v25C | Y |
Motor Supply Current IBB,\ON" Venagle = 08V, Ve =24V — 20 35 mA
(No Load) lamors Venane = Vage = 24V — 24 40 mA

Venape =50V, Ve = 08V — 40 60 mA

NOTES: 1. Typical Data is for design information only and is at T, = +25°C.

2. Each driver is tested separately.

3. Test is performed with V,, .. = 0.8 V and then repeated for V

Prage = 24 V-

4. Negative current is defined as coming out of (sourcing) the specified device pin.

Continued next page...
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2953
FULL-BRIDGE PWM MOTOR DRIVER

ELECTRICAL CHARACTERISTICS continued

Limits
i Characteristic Symbol Test Conditions Min.  Typ. Max. Units
| Control Logic
Supply Voltage Range cc Operating 4.5 5.0 55
Logic Input Voltage Vle 2.4 -— —
VfN(O) — -—_ 0.8 \
Input Current IIN(1) Vin=24V — <-1.0 -20 pA
I!N(O) V=08V — -50 -200 HA
Current Limit Threshold Veer/Vaense at trip point, T, = +25°C 9.5 10 105 —
Reference Voltage Veee IREF =0 — Vco/2 — \
Propagation Delay Time t loyr = 2.0 A, Note 3,
50% Vpyiage 10 90% 1oy 7 — 4.0 8.0 us
Thermal Shutdown Temp. T, — 165 — °C
Thermal Shutdown Hysteresis AT, — 8.0 — °C
Logic Supply Current Soc Venasie = Vaer = 24V — 17 30 mA
Venaple = 08V, Ve =24V — 22 35 mA
NOTES: 1. Typical Data is for design information only and is at T, = +25°C.
2. Each driver is tested separately.
3. Test is performed with V. . = 0.8 V and then repeated for Vopase = 24 V.

4. Negative current is defined as coming out of (sourcing) the specified device pin.

5-46




2953
FULL-BRIDGE PWM MOTOR DRIVER

FIGURE 1
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APPLICATIONS INFORMATION

The UDS2953V fuli-bridge driver is ideal for driving 2-phase bipolar
stepper, bidirectional dc servo, and brushless dc motors with various
pulse-width modulation (PWM) current-control formats. Output current
is controlled 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 up by:

| VREF

TRIP T
10 Rgpnse

When the current in the sense resistor (typically <0.5 Q) reaches
the set point, an internal one-shot turns OFF the sink drivers for a time
period (t ) determined by the RC time constant. The actual peak load
current will be slightly higher than the trip point (especially for low-
inductance loads) because of the internal logic and switching delays.
This delay (1) is typically 2 ps.

The t time interval (see Fig. 1) is approximately 1/RC within the
range of 20 kQ to 100 kQ and 200 pF to 500 pF. If the RC pin is tied to
V.. internal delay circuitry is activated, allowing PWM operation without
the external RC network. Under this condition, |, will increase approxi-
mately 6 mA. The internally generated t_ is approximately 12 ps at vV,
=5Vand T, = +25°C. increasing slightly with increasing temperatures.
The RC pin must be connected to an RC network or to V.. It must not
be left unconnected.

For external current control, V. can be between 2.4 Vand 15 V.
If left unconnected, V___ defaults to V_ /2 (see Fig. 2).

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

With the RC pin connected to V., V... and R, selected for a
trip point greater than normal operation, but fess than the absolute
maximum allowable, over-current protection is provided (Fig. 3).

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

An internally generated deadtime of approximately 3 us 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 tempera-
tures. The thermal shutdown has a hysteresis of approximately 8°C.
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SERIES 2980

MIL-STD-883 COMPLIANT

Dwg. No. A-10.243

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

Output Voltage Range, V.
(UDS2981 and

UDS2982H/R) ........... 5Vto50V
(UDS2983 and
UDS2984H/R) . ... ... ... 35Vto80V

Input Voltage, V,
(UDS2981 and

UDS2983H/R) ................ 15V

(UDS2982 and

UDS2984H/R) ................ 30V
Output Current, Ig p v v v oo -500 mA
Ground Terminal Current,

LGND - ot 3.0A
Power Dissipation, PD

(anyonedriver) .............. 11w

(total package)........... See Graph

Operating Temperature Range.
-55°C to +125°C

Storage Temperature Range,
-65°C to +150°C

HIGH-VOLTAGE, HIGH-CURRENT

SOURCE DRIVERS

Series UDS2980H and UDS2980R hermetically sealed source
drivers link standard low-power digital logic and relays, solenoids,
magnetic print hammers, stepping motors, LEDs, and lamps in applica-
tions requiring separate logic and load grounds, load supply voitages to
+80 V, and load currents to 500 mA.

Types UDS2981H/R and UDS2983H/R are intended for use with
5V logic systems (TTL, Schottky TTL, DTL and & V CMOS).
UDS2982H/R and UDS2984H/R integrated circuits are intended for
MOS interface (PMOS and CMOS) operating from supply voltages ot
from6to 16 V.

Types UDS2981H/R and UDS2982H/R will withstand an output OFF
voltage of 50 V. UDS2983H/R and UDS2984H/R drivers will withstand a
maximum output OFF voltage of 80 V.

Under normal operating conditions, the devices will sustain 50 mA
continuously on each of the eight outputs at an ambient temperature of
+85°C and with a supply voltage of 15 V. All types include input current-
limiting resistors and output transient-suppression diodes. In all cases,
outputs are switched ON by an active high input level.

Note that the maximum current rating may not be obtained at -55°C
because of reduced beta, or at +125°C because of package power
limitations.

Series UDS2980H drivers are furnished in 18-pin ceramic/metal
(side-brazed) hermetic dual in-line packages. Series UDS2980R drivers
are supplied in ceramic/glass (cer-DIP) hermetic packages. Both are
processed to the requirements of MIL-STD-883, Class B.

The same circuits are also available in 18-pin plastic dual in-line
packages (Series UDN2980A) for operation over a limited temperature
range, or where higher package power dissipation is needed.

FEATURES

W TTL, DTL, PMOS, or CMOS Compatible inputs

#l 500 mA Output Source Current Capability

B Transient-Protected Outputs

W High-Reliability Screening to MIL-STD-883, Class B
B Operating Temperature -55°C to +125°C

Always order by complete part number, e.g., @82981 H883!.
See table on next page for differences between devices.
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SERIES 2980
HIGH-VOLTAGE, HIGH-CURRENT SOURCE DRIVERS

ONE OF EIGHT DRIVERS

20K

298384 ONLY

INPUT
O QUTPUT
SRCOUND (10
/7[7 Dwg. No. A-10.2428
E . Device
s Type VCE(M AX) VIN(M AX) Applications
= SUFFIX 'H',
z oo, P UDS2981H/R 50 V 15V TTL, DTL, 5V CMOS
g * \ UDS2982H/R 50 V 30V 6-15 V CMOS/PMOS
P SUFFX R UDS2983H/R 80V 15V TTL, DTL, 5V CMOS
2 R UDS2884HR 80V 30V 6-15 V CMOS/PMOS
o 3
b \SUFFIX[‘H', \ \
= Rga= 44°C/W
g 2 ™. \ \
w
1NN
Q
= 1 \‘&\\
g SUFFIX'R, Ry, = 55“CNN
|
:tj 25 50 75 100 125 150

TEMPERATURE IN °C

Dwg. GM-003
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SERIES 2980
HIGH-VOLTAGE, HIGH-CURRENT SOURCE DRIVERS

ELECTRICAL CHARACTERISTICS from -353°C to +125°C (unless otherwise specified).

Applicabie
Characteristic Symbol Devices! Temp. Test Conditions Fig. Limit
Maximum Output \cex UDS2981/82 V=025V, V=50V 1 200 pA
Leak Current
earage tu UDS2983/84 Vi =025 V', Vg =80 V 1| 200pA
Maximum Vegsar, | UDS2081/83 -55°C Vi =24V, |y =-100 mA 2 20V
Collector-Emitter
Saturation Voltage VIN =24V, g,y =-200 mA 2 21V
+25°C Vi =24V, Iy, =-350 mA 2 20V
+125°C |V, =24V,1 ,;=-100 mA 2 1.8V
Vi = 2.4V, Igyr = -200 mA* 2 19V
UDS2982/84 -55°C Vi =5.0 V, lgr = -100 mA 2 20V
Vi = 5.0 V, lgyr = -200 mA 2 21V
+25°C Vy = 5.0V, Iy r = -350 mA 2 20V
+125°C |V, =5.0V, g =-100 mA 2 18V
Vi = 5.0V, gy = -200 mA™ 2 19V
Maximum IIN(ON) Al Vn=24V 3 295 pA
Input Current
V), =3.85V 3 600 pA
V=12V 3 23 mA
noFF) UDS2981/82 V=0V, V =50V 3 10 pA
UDS2983/84 V,,=0V,V =80V 3 10 pA
Minimum Output lout UDS2981/83 V=24V, V=22V 2 -200 mA
Source Current
UDS2982/84 V=50V, V=22V 2 -200 mA
Maximum t UDS2981 +25°C V=24V, Vg=50V 4 10 mA
Supply Current "
(Outputs Open) UDS2982 V), =5.0 V", Vg =50V 4 10 mA
UDS2983 Vi =24V, Vg=80V 4 10 mA
UDS2984 V, =5.0 V", V =80V 4 10 mA
Maximum Turn-ON tpHL UDS2981/82 +25°C Vg=35V,R =175Q 7 2.0us
Delay Ti
ey Hime UDS2983/84 Vg-50V, R_=250Q 7 20ps
Maximum Turn-OFF tpLH UDSs2981/82 +25°C VS =35V,R = 175 Q 7 10 us
Delay Time
UDS2983/84 Vg=50V,R =250Q 7 10 ps
Maximum Clamp Diode In UDS2981/82 V=025V, Vg=50V 5 50 pA
Leakage Current UDS2983/84 Vi =025V, V =80V 5 50 pA
Maximum Clamp Diode Ve ALL te =200 mA 6 175V
Forward Voltage

“All inputs simuitaneously.
**Pulsed test.
+Complete part number includes a terminal letter that indicates package (H = ceramic/metal side-brazed, R = ceramic/glass cer-DIP).

5-50



SERIES 2980
HIGH-VOLTAGE, HIGH-CURRENT SOURCE DRIVERS

TEST FIGURES

Figure 3

IcEx

Dwg. No. A-11,083 Dwg. No. A-11,084 Dwg. No. A-11,085

OPEN

OPEN

Owg. No. A-11,088 Owg. No. A-11,087 Owg. No. A-11,088

Figure 7 INPUT CURRENT
AS A FUNCTION OF INPUT VOLTAGE

INPUT Vs

2.5
PULSE //
GENERATOR ouTPUT - /!
PRR = 10KHZ < 2.0 »
DC=50% R = /|
o | 5T 500F = 4
~. L5
— - =) — E @@
g 5
— LO X
; \\(Q\QP\/
0.5 V. ,4/
N~
A
0
0 ? 4 0 8 10 12

INPUT VOLTAGE IN VOLTS

Dwg. No. A-13,26A Dwg. No. A-11,1158
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SERIES 2980
HIGH-VOLTAGE, HIGH-CURRENT SOURCE DRIVERS

RECOMMENDED PEAK COLLECTOR CURRENT
AS A FUNCTION OF DUTY CYCLE
SERIES UDS2980H

UDS2981/82H UDS2981/82H
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SERIES 2980
HIGH-VOLTAGE, HIGH-CURRENT SOURCE DRIVERS

MIL-STD-883 COMPLIANT

RECOMMENDED PEAK COLLECTOR CURRENT
AS A FUNCTION OF DUTY CYCLE
SERIES UDS2980R
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2998

MIL-STD-883 COMPLIANT

POWER o
GROUND 2 ) DO
A N
Ves (3) (3) @unecion
0uTy5(4) < l (2) B85
suPpLY (5)Ves (11) OUT1A
OUTPUT 4 OUTPUT
ENABLE ENABLE o

LOGIC
GROUND

Dwg. No. PM-003

ABSOLUTE MAXIMUM RATINGS

Motor Supply Voltage, Vg ... ....... 50V
Output Current, 1, (300 ms) ... .. +2.2 A

(Continuous) . ............... +1.8 A
Sink Driver Emitter Voitage, V. ... .. 1.5V
Logic fnput Voltage Range,

VN oo -0.3Vto+15V*
Package Power Dissipation,

Py See Graph

Operating Temperature Range,
T -55°C to + 125°C

T +150°Ct
Storage Temperature Range,
Tg o ~65°C to + 150°C

V,must not exceed V..

TFauit conditions which produce excessive
junction temperature will activate device thermal
shutdown circuitry. These conditions can be
tolerated, but should be avoided.

Output current rating may be restricted to a value
determined by system concerns and factors.
These include: system duty cycle and timing,
ambient temperature, and use of any heatsinking
and/or forced cooling. For reliable operation, the
specified maximum junction temperature should
not be exceeded.

DUAL FULL-BRIDGE
MOTOR DRIVER

The UDS2998V dual full-bridge driver is designed for bidirectional
operation of 2-phase stepper motors, a pair of dc servo motors,
2-phase brushless dc motors, or two solenoids at up to 50 V with
continuous output currents to +1.8 A per bridge or peak (start-up)
currents to £2.2 A. The control inputs are compatible with standard
logic families. Except for a common supply voltage and thermal shut-
down, the two drivers in a device are completely independent. Static
burn-in and 100% high-reliability screening to MIL-STD-883, Class B
are standard.

For external PWM control, an QUTPUT ENABLE for each bridge
circuit is provided and the sink driver emitters are brought out for
connection to external current-sensing resistors. A PHASE input to
each bridge determines load-current direction.

Extensive circuit protection is provided on-chip. Qutput suppression
diodes protect the bridges from the transients generated when switch-
ing inductive loads. A thermal shutdown circuit disables all of the
source drivers if chip temperature rating (package power dissipation) is
exceeded. internal delays provide protection against crossover currents
(adjacent source and sink drivers conducting simultaneously) during
switching intervals.

The UDS23998V is supplied in a 15-pin, flange-mount MO-097AA
style hermetic package for improved power dissipation capabilities. An
external heatsink is required for high-current applications. The flange is
at ground potential and normally needs no isolation.

FEATURES

+1.8 A Output Current

OQutput Voltage to 50 V

Integral Output Suppression Diodes
Output Current Sensing

Logic Compatible Inputs

Internal Thermal Shutdown Circuitry
Crossover-Current Protected
Hermetically Sealed Package
High-Reliability Screening

Always order by complete part number: {UDS2998V883| .
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2998
DUAL FULL-BRIDGE MOTOR DRIVER

w
£ FUNCTIONAL BLOCK DIAGRAM
z f \20 . (ONE OF TWO DRIVERS)
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Dwg. GM-501 Dwg. No. W-107A

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

Dwg. EM-001




2998
DUAL FULL-BRIDGE MOTOR DRIVER

ELECTRICAL CHACTERISTICS at T, = -55°C to +125°C, V= 50 V (unless otherwise noted).

Limits

Characteristic Symbol Test Conditions Min.  Typ. Max. Units
Supply Voltage Range Ves Operating 10 — 50 \Y
Supply Current lag Venasie (A &B) =08V, No Load — 25 50 mA

Veuapie (A &B) =20V, No Load — — 45 mA
Thermal Shutdown Temp. T, — 175 — °C
Thermal Shutdown Hysteresis AT, — 25 — °C
Output Drivers
Output Leakage Current loex Vour = Vs Venasle = 2.0V, Note 3 — <5.0 50 HA

Vour =0V, Veuagie =2:0V, Note 3 — <-50 -50 pA
Output Saturation Voltage VCE(SAT) Source Driver, |, =-1.0A — 1.7 2.0 \
(Ty=-86°C 10+ 25°C) Sink Driver, I, = +1.0 A — 12 15 v

Source Driver, loyr=-18A — 2.0 2.4 Vv

Sink Driver, |, = +1.8 A — 1.7 2.1 \
Output Saturation Voltage VCE(SAT) Source Driver, |, ,; =-1.0 A —_ — 1.8 \
(Tp=+125C) Sink Driver, ;= +1.0 A - - 13 v

Source Driver, |, = -1.8 A — — 22 \

Sink Driver, |, ;= +1.8 A — — 1.9 \
Output Sustaining Voltage VCE(sus) lour=t1.8 A, L=30mH,

T, =+25°C, Note 3 50 — — \
Source Driver Rise Time t IOUT =-1.8 A, Resistive Load, Note 3 — 500 — ns
Saurce Driver Fall Time t loyr = 18 A, Resistive Load, Note 3 — 750 — ns
Clamp Diode Leakage Current [ Vg=50V — <5.0 50 MHA
Clamp Diode Forward Voltage Ve l.=18A,T,=-55"Cto +25°C — 1.5 1.9

lo=18A,T, = +125°C - - 2.1
Controf Logic
Logic Input Voltage N Veuase " Venasie 2.0 — —

iN(o) Venase O Venasie - - 0.8
Input Current 'IN(1) Voriase O Venagle = 2.0V e «<1.0 10 nA
lnio) Vornse O Venapie = 0.8 V - 5.0 25 HA

Propagation Delay Time '(pd loyr = #1.8 A, Note 3,

50% Ve 10 90% I ¢ — 40 80 us
Deadtime t, lour=t1.8A - 25 — us

NOTES: 1. Typical Data is for design information only and is at T,=+25°C.
2. Each driver is tested separately.
3. Test is performed with Viuase = 0.8 V and then repeated for Vouase = 24 V.
4. Negative current is defined as coming out of (sourcing) the specified device pin
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2998
DUAL FULL-BRIDGE MOTOR DRIVER

TIMING DEFINITIONS
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TRUTH TABLE
ENABLE PHASE
INPUT INPUT OUTPUT 1 OUTPUT 2
Low High High Low
Low Low Low High
High High Open Low
High Low Low Open
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SERIES 3100

HALL EFFECT SWITCHES

These Hall effect switches are highly temperature-stable and stress-
resistant sensors best utilized in applications that provide steep magnetic
slopes and low residual levels of magnetic flux density.

< Each device includes a voitage regulator, quadratic Hall voltage
generator, temperature stability circuit, signal amplifier, Schmitt trigger,
and open-collector output on a single silicon chip. The on-board regulator
permits operation with supply voltages of 4.5 to 24 volts. The switch
output can sink up to 20 mA. With suitable output puli up, they can be
used directly with bipolar or MOS logic circuits.

The ‘HH' package (TO-260AA) provides a magnetically optimized
hermetic package for military and similar applications. Selected devices,
for operation to +170°C, are available on special order.

1 3
FEATURES
B 4.5V to 24V Operation
> g 5 W Activate With Small, Commercially
e 8 B Available Permanent Magnets
8 i 8 W Solid-State Reliability ... No Moving Parts
© B Small Size
e, P00 B Constant Output Amplitude
o ) ° B Superior Temperature Stability
Pinning is shown viewed from branded side. B Resistant to Physical Stress
ABSOLUTE MAXIMUM RATINGS
Supply Voltage, Voo ..o 25V
Magnetic Flux Density, B . ... ... Unlimited
Output OFF Voltage, V..o 25V
Continuous Output Current, IOUT ....25mA
Operating Temperature Range,
Ty oo -40°C to +125°C
Storage Temperature Range,
Tgoooo -65°C to +150°C*
* Devices can be stored at +200°C for short
periods of time.
mﬁsers\gggsCage NON-COMPLIANT regarding Always order by complete part number including orefix and suffix, e.g.,
ws{ieth’od ecause of moisture resistance UGS3119HHMIL |. See Magnetic Characteristics table for
differences between devices.
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SERIES 3100
HALL-EFFECT SWITCHES

FUNCTIONAL BLOCK DIAGRAM
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i
Dwg. FH-005
SENSOR LOCATION
ACTIVE AREA DEPTH
0.035"
0.082"
- 0.89 mm b -
T NOM 2.08 mm
0.089"
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SERIES 3100
HALL-EFFECT SWITCHES

ELECTRICAL CHARACTERISTICS at T, + +25°C, V=45 Vto 24V (unless otherwise noted).

Limits
Characteristic Symbol Test Conditions Min. Typ. Max. Units
Supply Voltage Vee Operating 4.5 — 24 \Y
Output Saturation Voltage VOUT(SATJ lour =20 mA, B>B, — 150 400 mv
Output Leakage Current boee Vour =24V, B<Bg — <1.0 10 pA
Supply Current fec Ve = 4.5V, Output Open — 4.7 8.0 mA
Output Rise Time t Ve =12V, R =820Q,C =20pF — 0.04 2.0 us
Output Fall Time t, Vee=12V.R =820Q,C =20pF — 0.18 2.0 us
MAGNETIC CHARACTERISTICS in gauss
Part T,=+25C T, =-20°C to +85°C* T,=-40°C to +125°C
Characteristic Number Min. Manx. Min. Max. Min. Max.
Operate Point, BOP UGS3119HH 175 500 100 545 45 575
UGS3120HH 70 350 70 425 35 450
UGS3130HH — 150 — 175 —_ 200
UGS3140HH 70 200 45 260 45 270
Release Point, By, UGS3119HH 125 450 50 495 25 555
UGS3120HH 50 330 50 405 - 25 430
UGS3130HH -150 — -175 — -200 —
UGS3140HH 50 180 25 240 25 250
Hysteresis, Bhys UGS3119HH 50 — 50 -— 20 —
UGS3120HH 20 — 20 — 20 —
UGS3130HH 20 — 20 — 20 —
UGS3140HH 20 — 20 — 20 —

NOTE: As used here, negative flux densities are defined as less than zero (algebraic convention).
* These characteristics, although guaranteed, are not tested.
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SERIES 3100
HALL-EFFECT SWITCHES

TYPICAL CHARACTERISTICS
AS FUNCTIONS OF TEMPERATURE

) { [ OPERATE POINT
——WN

RELEASE POINT

-50

-100

RELATIVE SWITCH POINTS IN GAUSS
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Dwg. GH-018

OUTPUT SATURATION VOLTAGE SUPPLY CURRENT
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175 \
535
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~.
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3611 rurv

3614 W

PERIPHERAL/POWER DRIVERS

These mini-DIP dual 2-input peripheral and power drivers are bipolar
UDS3612H monolithic integrated circuits incorporating AND, NAND, OR, or NOR
logic gates, and high-current switching transistors on the same chip. The
two output transistors are capable of simultaneously sinking 250 mA con-
tinuously at an ambient temperature of +75°C. In the OFF state, these
drivers will withstand at least 80 V. Reverse-bias burn-in and 100% high-
reliability screening to MIL-STD-883, Class B are standard.
The Series UDS3610H dual drivers are ideally suited for interface
between low-level or high-level logic and high-current/high-voltage loads.
Typica! applications include driving peripheral loads such as incandes-
cent lamps, light-emitting diodes, memories, and neaters.
Dwg. No. A4-6783A With appropriate external diode transient suppression, Series
UDS3610H drivers can also be used with inductive loads such as relays,
solenoids, and stepping motors.
FEATURES
B Four Logic Types
B DTL/TTL/PMOS/CMOS Compatible Inputs
B Low input Current
B Standoff Voltage of 80 V
B Hermetically Sealed Package
B High-Reliability Screening
ABSOLUTE MAXIMUM RATINGS
Supply Voltage, Vo - oooovii 7.0V
Input Voltage, Vi, . ................ 30V
Output Off-State Voltage, Ve ... . .. 8oV
Qutput On-State Sink Current,
lopg << 600 mA
Power Dissipation, Py
(One Qutput) .. .............. 1.0W
(Total Package) ... ..... . . See Graph
Operating Temperature Range, Always order by complete part number:
Ty oo -55°C to +125°C
A o Part Number Description
Storage Temperature Range,
T oo -65°C to +150°C UDS3611H883 ! Dual AND Driver
These devices are NON-COMPLIANT regarding UDS3612H883 . Dual NAND Driver
MIL-STD-883C because of package dimensions. UDS3613H883 Dual OR Driver
UDS3614H883 Dual NOR Driver
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SERIES 3610
DUAL 2-INPUT PERIPHERAL/POWER DRIVERS

’ ]
NORMAL _|

ALLOWABLE PACKAGE POWER DISSIPATION [N WATTS

, .. |
SYSTEM LIMIT
TG URE v
S e
DEvict
] \UMIL.~\~
o 1 | MY 3|
25 50 75 100 125 50

TEMPERATURE IN °C

Owg. No. A2 378
RECOMMENDED OPERATING CONDITIONS
Min. Nom. Max. Units
Supply Voltage (V) 4.5 5.0 55 \
Operating Temperature Range -55 +25 +125 °C
Current into any output (ON state) — — 300 mA

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

Test Conditions Limits
Driven Other
Characteristic Symbol Vee input Input Min. Typ. Max. | Units | Notes
“1” Input Voltage V\Nm MIN — — 2.0 — — \% —
“0" Input Voltage Vw\m MIN — — — — 0.8 \ —
0" Input Current Iy MAX 04V 30V — -50 -100 uA 2
“1” Input Current l\Nu; MAX 30V oV — — 10 HA 2
Input Clamp Voltage Vi MIN -12mA — e — -15 \ —

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

Limits
Characteristic Symbol Test Conditions Min.  Typ. Max. | Units | Notes
Turn-on Delay Time tde V=70V, R =465Q (10 Watts). — 200 500 ns 3
C =15pF
Turn-off Delay Time L Vg=70V,R =465 (10Watts). — 300 750 ns 3
C =15pF
NOTES: 1. TypicalvaluesareatV =50V, T, = 25"C.
2. Eachinputtested separately. INPUT PULSE CHARACTERISTICS
3. Voltage values shown in the test circuit
waveforms are with respect to network ground Vivo = © \ t<7ns t,= 1us
terminal ‘
: Vi, =35V t <14 PRR = 500 kH
4. Capacitance values specified include probe and IN{1) 5 ‘ ns 5 z
test fixture capacitance.
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SERIES 3610
DUAL 2-INPUT PERIPHERAL/POWER DRIVERS

UDS3611H DUAL AND DRIVER
ELECTRICAL CHARACTERISTICS over operating temperature range (unless otherwise noted).

Test Conditions Limits
Driven | Other
Characteristic Symbol | Temp. Vee Input Input | Output | Min.  Typ. Max. { Units { Notes
“1” Qutput Reverse Current lore — MIN 2.0V 20V 80V —— — 100 HA —
— OPEN 20V 20V 80V — — 100 | pA —
“0" Qutput Voltage Vo — MIN 08V Veo 150 mA — 04 05 \ —
— MIN 08V Vee 300mA | — 0.6 0.8 \ —
“1” Level Supply Current lccm NOM MAX 5.0V 50V — — 8.0 12 mA 1,2
“0" Level Supply Current '00(0) NOM MAX oV oV — — 35 49 mA 1,2

NOTES: 1. TypicalvaluesareatV,, =50V, T,=25°C.
2. Per package.
3. Capacitance values specified include probe and test fixture capacitance.

INPUT 2.4V Vee=sv PUT Vg
o o

Vin(l)

Vin()

15pF

i
tedl e If“’—**’— tpd0
I

! |
INore 3) . oo ~~Vour())
= LOAD QUTPUT 50% 50%
CIRCUIT
M e J Vout(0)
Dwg. No. A-7876D Dwg. No. A-7628C Dwg. No. A-9792A
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SERIES 3610
DUAL 2-INPUT PERIPHERAL/POWER DRIVERS

UDS3612H DUAL NAND DRIVER
ELECTRICAL CHARACTERISTICS over operating temperature range (unless otherwise noted).

Test Conditions Limits
Driven | Other
Characteristic Symbol | Temp. Vee Input Input { Output | Min. Typ. Max. | Units { Notes
“1” Output Reverse Current lore — MIN 08V Vee 80V — - 100 | pA —
— |OPEN [ o8V | Vv 80V - - 100 | pA | —
“0” Output Voltage Von — MIN 2.0V 20V 150 mA — 0.4 0.5 \ —_
— MIN 20V 2.0V | 300mA — 0.6 0.8 \ —
“1” Level Supply Current 'ccm NOM MAX oV oV — — 12 15 mA 1,2
“0” Level Supply Current 'ccm) NOM MAX 5.0V 50V — — 40 53 mA 1,2

NOTES: 1. Typical values are at Vcc: 50V, T,=25C.
2. Perpackage.
3. Capacitance values specified include probe and test fixture capacitance.

]
Ry ) = Viny)
I
!
1
| Vin{0)
1
1
15pF \
Note 3t 1 Yout(1)
1
1
= LOAD | CuUTPUT
CRCUIT I \
| S, J — - = == = Vo)
Dwg. No. A-9638 Dwg. No. A-7300A Dwg. No. A-9793A




SERIES 3610
DUAL 2-INPUT PERIPHERAL/POWER DRIVERS

UDS3613H DUAL OR DRIVER
ELECTRICAL CHARACTERISTICS over operating temperature range (unless otherwise noted).

Test Conditions Limits
Driven | Other
Characteristic Symbol | Temp. Vee Input Input | Output | Min.  Typ. Max. | Units | Notes
“1” Qutput Reverse Current lore — MIN 20V ov 80V — — 100 uA —
— OPEN 2.0V oV 80V — — 100 pHA —
“0” Output Voltage Von — MIN 08V 08V | 150mA — 04 0.5 \ —
-— MIN 08V 0.8V | 300mA | — 0.6 0.8 \ —
“1" Level Supply Current lccm NOM MAX 50V 5.0V — — 8.0 13 mA 1,2
“0" Level Supply Current lccw) NOM MAX oV oV — — 36 50 mA 1,2

NOTES: 1.TypicalvaluesareatV =5.0V, T, =25°C.
2. Per package.
3. Capacitance values specified include probe and test fixture capacitance.

ouT-
INPUT  veessV PUT Vs
o o

todl  ——pe— o+ tpd0

I 7 =~ Vour(l)
OUTPUT 50% 50%
— Vout(0)

Dwg. No. A-7877B Dwg. No. A-7628C Dwg. No. A-3795A
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SERIES 3610
DUAL 2-INPUT PERIPHERAL/POWER DRIVERS

»

UDS3614H DUAL NOR DRIVER
ELECTRICAL CHARACTERISTICS over operating temperature range (unless otherwise noted).

Test Conditions Limits
Driven | Other
Characteristic Symbol | Temp. Vee Input Input | Output | Min.  Typ. Max. { Units | Notes
“1" Qutput Reverse Current lore — MIN 08V 0.8V 80V — - 100 | pA —
— OPEN 08V 08V 80V — — 100 | pA —
“0" Output Voltage Von — MIN 20V oV 150 mA —_ 0.4 0.5 \ —
— MIN 2.0V oV 300mA — 0.6 0.8 \ —
“1” Level Supply Current lccm NOM MAX ov ov — — 12 15 mA 1,2
“0" Level Supply Current ICC(07 NOM MAX 50V 50V — — 40 50 mA 1,2

NOTES: 1.TypicalvaluesareatV. =50V, T,=25°C.
2. Per package.
3. Capacitance values specified inctude probe and test fixture capacitance

INPUT  vee 5V PUT Vg
0

I o
r A t, ——hesd oot
LRy 1 crT o = Vialh
) ! INPUT
oF '
GENERATOR : ‘ . ' . Vini)
! | i
: 15pF 1 I ..4] [ —tpd)
|
I (Note 3) ! Vour(1)
|
4 1cap !
= == = = 1= oAby outeut
I cwrcurt
Lol o a L~ Ve
Dwg. No. A-9942 Dwg. No. A-7900A Dwg. No. A-9794
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3800 .o 5801

MIL-STD-883 COMPLIANT

UCS5800H
CLEAR[1 1% SHL%ULTE
STROBE [2 Yo 3] LOSIC
INy 3 r{>°—‘ 17] OUuT,
IN2 [ g _[>vE 11] OUT:
Ny [5 H§H{>VE 10} OUT;
INs [ ~[>WE 9] OUT,
GROUND [7 g1 COMMON

Dwg. No. A-10,499D

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

Output Voltage, Ve oo 50V
Supply Voitage, V5. oo 15V
Input Voltage Range,

Vig oo 03VtoV,, +03V

Continuous Collector Current,

Package Power Dissipation,

Po See Graph

Operating Ambient Temperature Range,
-55°C to +125°C

Storage Temperature Range,

Tg o oo -65°C to +150°C

Note: Qutput current rating may be limited by duty
cycle, ambient temperature, air flow, and number
of outputs conducting. Under any set of condi-
tions, do not exceed a maximum junction tempera-
ture of +150°C.

Caution: CMOS devices have input static
protection but are susceptible to damage when
exposed to extremely high static electrical charges.

BiMOS II LATCHED DRIVERS

Simplifying interface between LS| and peripheral power loads, the
hermetically sealed UCS5800H (4-bit) and UCS5801H (8-bit) latched
drivers combine the advantages of CMOS logic and control and high-
voltage, high-current bipolar output buffers. Typical applications include
microprocessor interface to relays, solenoids, dc and stepper motors,
printers, LED or incandescent displays requiring hermetic packaging
and an operating temperature range of -55°C to +125°C.

BiMOS I latched drivers have data input rates faster than those of
the original BIMOS circuits. With a 5 V logic supply, they will typically
operate at better than 5 MHz. With a 12 V supply, significantly higher
speeds are obtained. The CMOS inputs are compatible with standard
CMOS, PMOS, and NMOS logic levels. TTL or DTL circuits may
require the use of appropriate pull-up resistors.

The Darlington open-collector outputs will drive power loads rated
to 50 V and 350 mA (500 mA, maximum). Integral diodes for inductive
load transient suppression are included. Because of limitations on
package power dissipation, the simultaneous operation of all drivers at
high current can only be accomplished by a reduction in duty cycle.
Outputs may be paralleled for higher load-current capability.

The 4-bit, UCS5800H is furnished in a standard 14-pin side-brazed
hermetic package. The 8-bit, UCS5801H is supplied in a 22-pin
side-brazed hermetic package with row spacing on 0.400" (10.16 mm)
centers. To simplify circuit board layout, all outputs are opposite their
respective inputs. Both packages conform to the dimensional require-
ments of MIL-M-38510. High-temperature reverse-bias burn-in and
100% high-reliability screening to MIL-STD-883, Class B are standard.

FEATURES

4.4 MHz Minimum Data Input Rate

CMOS, PMOS, NMOS, TTL Compatible Inputs
Internal Pull-Down Resistors

Low-Power CMOS Control and Latches
High-Voltage, High-Current Outputs
Transient-Protected Outputs

Operating Temperature -55°C to +125°C
High-Reliability Screening to MIL-STD-883, Class B

Always order by complete part number:

Part Number
UCS5800H883
UCS5801H883

Description
4-Bit Latched Driver
8-Bit Latched Driver
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5800 AND 5801
BiMOS 11 LATCHED DRIVERS

FUNCTIONAL BLOCK DIAGRAM
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5800 AnD 5801
BiMOS II LATCHED DRIVERS

ELECTRICAL CHARACTERISTICS at T, = +25°C, ¥V, =5V (unless otherwise specified).

Limits
Characteristic Symbol Test Conditions Min. Max. Units
Output L.eakage Current loex Veg =50V — 50 nA
CoIIec!qr-Emit‘(er \/CE(SAT) lo = 100 mA — 1.1 \
Saturation Voltage
c= 200 mA —_ 1.3 \
I, =350 mA, VDD=7.OV — 1.6 \
Input Voltage VJN(O] — 1.0 \
e Vp, =12V 105 — v
Vgp =10V 8.5 — v
Vg = 5.0V (See Note) 35 — v
Input Resistance R Vg =12V 50 — kQ
Vpp =10 Vv 50 — kQ
V=50V 50 — kQ
Supply Current IDD(ON) Vpp = 12V, Outputs Open — 2.0 mA
(Each _ 0 _
Stage) Vpp = 10V, Outputs Open 7 1.7 mA
Vgp = 5.0V, Outputs Open — 1.0 mA
IDD(OFF) Vgp = 12V, Outputs Open, Inputs = 0 Y — 200 uA
(Total) V= 5.0 V, Outputs Open, Inputs =0 V — 100 HA
Clamp Diode Leakage Current I Vy=50V — 50 HA
Clamp Diode Forward Voltage Ve I = 350 mA — 2.0 \

NOTE: Operation of these devices with standard TTL or DTL may require the use of appropriate pull-up resistors to insure a minimum logic “1".

fa Bic ™ 20°CW

N

N \
2 PINS,
Rm\mw‘v

14 PINS,

AN
4 R BUA ™ 46°C/W \\\\
N

25 50 75 100 125 150
TEMPERATURE IN °C

ALLOWABLE PACKAGE POWER DISSIPATION iN WATTS

Dwg. GM-008
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3800 AnD 5801
BiMOS II LATCHED DRIVERS

ELECTRICAL CHARACTERISTICS at T, = -55°C, V=5V (unless otherwise specified).

3

Limits
Characteristic Symbol Test Conditions Min. Max. Units
Output Leakage Current leex Vep =50V — 100 A
CollectqrvEmitter Veeisar, lo=100 mA — 1.3 \
Saturation Voltage —
I =200 mA — 1.5 \
l.=350mA, V =70V — 1.8 \Y
Input Voltage NGO} — 1.0 \Y
N Vg =12V B j1 - v
Vop =10V B 9.0 - \
Vop = 5.0V (See Note) 3.6 — \
Input Resistance Ry Vop =12V 35 — kQ
- \/DD = 1Q V¥ 35 — 7 k€
Vop =50V 35 — kQ
Supply Current Iboon Vo = 12V, Outputs Open — 2.5 mA
(Each V. -10V 15O — 2.1 nA
Stage) |00 (3 , Outputs Open 2. m |
Viyp = 5.0V, Outputs Open — 1.0 mA
IDD(OFF‘ Vop = 12V, Outputﬂsv Open. Inputs =0 V - — 200 uA
(Total) V,, = 5.0V, Outputs Open. Inputs = 0 V — 100 uA
Clamp Diode Leakage Current lg Vo=50V — 50 WA
Clamp Diode Forward Voltage \Y I. =350 mA — 2.1 \

NOTE: Operation of these devices with standard TTL or DTL may require the use of approprate pull-up resistors to insure a minimum logic “1”.
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5800 AND 5801
BiMOS I LATCHED DRIVERS

ELECTRICAL CHARACTERISTICS at T, = +125°C, V=5V (unless otherwise specified).

Limits
Characteristic Symbol Test Conditions Min. Max. Units
Output Leakage Current loex Vg =50V — 100 A
Collector-Emitter VCELSAT) lo =100 mA — 1.3 \
turation Vol —
Saturation Voltage I, = 200 mA ,. 15 v
lo=350 MA, V= 7.0V — 1.8 v
Input Voltage V\N(O‘ — 1.0 \%
Vi, V=12V 105 — v
VDD =10V 8.5 — \
Vpp = 5.0V (See Note) 35 — \%
Input Resistance Ry Vpp =12V 50 — kQ
V=10V 50 — kQ
V=50V 50 — KQ
Supply Current IDD(ON) Vpp = 12V, Outputs Open — 2.0 mA
(EaCh - ts O _
Stage) Vpp = 10V, Outputs Open 1.7 mA
Vpp = 5.0V, Outputs Open — 1.0 mA
IDD(OFF) Vpp = 12 V, Outputs Open, Inputs = 0 V — 200 pA
(Total) Vpp = 5.0 V, Outputs Open, inputs = 0 V — 100 HA
Clamp Diode Leakage Current s Vg=50V —_ 100 A
Clamp Diode Forward Voltage Ve I. =350 mA — 2.0 v

NOTE: Operation of these devices with standard TTL or DTL may require the use of appropriate puli-up resistors to insure a minimum logic “1”.
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5800 AnND 5801
BiMOS II LATCHED DRIVERS

CLEAR —_—— - 1
STRCBE ’ik ————————————— _L_.
ouTRUT TA*C Bk tC*BrA _____ 1IA$C‘tSIE
EN\ANBI:E }.;’_ G l 1-—»— G A—l
[ S e Y I
P A -
oo, — 1 1 [ [ L

Dwg. No. A-10,895A

TIMING CONDITIONS
(T, = +25°C, Logic Levels are V  and Ground)

A. Minimum Data Active Time Before Strobe Enabled

(Data Set-Up Time) ... ..o 50 ns
B. Minimum Data Active Time After Strobe Disabled

(Data Hold Time) . .. .. .. 50 ns
C. Minimum Strobe Pulse Width ... ... ....... ... ... ... ... .. 125ns
D. Typical Time Between Strobe Activation and

Output Onto Off Transition ... .. ... ... ... .. ... .. ... ... 500 ns
E. Typical Time Between Strobe Activation and

Output Off to On Transition . ... ... ... ... ... ... ... 500 ns
F. Minimum Clear Pulse Width . ... .. ...... ... ... ... ... ... 300 ns
G. Minimum Data Pulse Width. . ... ...... ... ... ... . ... ... .... 225ns

Information present at an input is transferred to its latch when the
STROBE is high. A high CLEAR input will set all latches to the output
OFF condition regardtess of the data or STROBE input levels. A high
QUTPUT ENABLE will set all outputs to the OFF condition, regardless
of any other input conditions. When the OUTPUT ENABLE is low, the
outputs depend on the state of their respective latches.

TRUTH TABLE

OUTPUT ouT,,

IN, STROBE CLEAR ENABLE t-1 t
0 1 0 0 X OFF
1 1 0 0 X ON
X X 1 X X OFF
X X X 1 X OFF
X 0 0 0 ON ON
X 0 0 0 OFF OFF

X = Irrefevant
t-1 = Previous Output State
t = Present Output State
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5800 AnND 5801
BiMOS II LATCHED DRIVERS

TYPICAL APPLICATIO
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2810

MIL-STD-883 COMPLIANT

SERIAL

SERIAL
DATAIN

BLANKING

Dwg. PP-029

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

Output Voltage, Vi jp - - oo oo 60 V
Logic Supply Voltage Range,

Vgp cvrerrre e 45Vio 15V
Driver Supply Voltage Range,

Vg crereme e 50Vto60V
Input Voltage Range,

Vig oo -03VtoV,,+03V
Continuous Output Current,

bOUT e v -40 mA
Package Power Dissipation, P, .... 1.67W*
Operating Temperature Range,

To oo -55°C to +125°C
Storage Temperature Range,

Tg oo -65°C to +150°C

* Derate at 13.3 mW/°C above +25°C

Caution: This CMOS device has input static
protection but is susceptible to damage when
exposed to extremely high static electrical charges.

BiMOS II 10-BIT SERIAL-INPUT,
LATCHED SOURCE DRIVER

Combining low-power CMOS logic with bipolar source drivers,
Type UCS5810H will simplify many display-system designs. Primarily
intended for use with vacuum-fluorescent displays, this BiMOS 10-bit
serial-input, latched driver can also be used with LED and incandescent
displays within its output limitations of 60 V and 40 mA per driver.

BIMOS i devices have considerably better data input rates than the
original BIMOS circuits. With a 5 V supply, they typically operate above
5 MHz. With a 12 V supply, significantly higher speeds are obtained.

The CMOS 10-bit shift register and associated latches are
designed for operation over a 5 V to 15 V supply-voltage range. They
cause minimal loading of data lines and are compatible with standard
CMOS, PMOS, and NMOS logic. When used with standard TTL or
low-speed TTL logic, appropriate pull-up resistors may be required to
ensure an input logic high. A CMOS serial-data output allows cascad-
ing these devices for interface applications requiring many drive lines
(dot matrix, alphanumeric, bargraph}.

The 10 bipolar outputs are used as segment or digit drivers in
vacuum-fluorescent displays. Under normal operating conditions,
these devices will sustain 25 mA per output at 85°C at a duty cycle of
83%. Other combinations of number of conducting outputs and duty
cycle are shown in the specifications.

Type UCS5810H, when combined with the UCS5815H, an
8-bit latched source driver, comprises a minimum component
display subsystem requiring few, if any, discrete components. The
UCS5810H is furnished in an 18-pin hermetic dual in-line side-brazed
package. Reverse-bias burn-in and 100% high-reliability screening to
MIL-STD-883, Ciass B, are standard.

FEATURES

5 MHz Minimum Data Input Rate

High-Voltage Source Outputs

CMOS, PMOS, NMOS, TTL Compatible Inputs
Low-Power CMOS Logic and Latches

internal Pull-Down Resistors

Wide Supply-Voltage Range

High-Reliability Screening to MIL-STD-883, Class B
Operating Temperature -55°C to +125°C

Always order by complete number: |UCS5810H883 |.




5810
10-BIT SERIAL-INPUT, LATCHED SOURCE DRIVER

Rg o = 20°C/W
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ALLOWABLE PACKAGE POWER DISSIPATION IN WATTS

Dwg. GM-006

TYPICAL INPUT CIRCUIT
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TYPICAL OUTPUT DRIVER
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Dwg. A-10,981C

FUNCTIONAL BLOCK DIAGRAM
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Dwg. No A-10,989A

Number of Maximum Allowable Duty Cycle
Outputs ON atV, =5VandT, of 85°C
(Ioyr = -25 MA)

10 83%
9 93%
8 100%
7 100%
6 100%
5 100%
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5810
10-BIT SERIAL-INPUT, LATCHED SOURCE DRIVER

ELECTRICAL CHARACTERISTICS at TA = +25°C, VBB =60V, VDD =5Vt 12V
(unless otherwise noted).

Limits
Characteristic Symbol Test Conditions Min. Max. | Units
OCutput OFF Voltage Vour — 1.0 \
Output ON Voltage loyr = -25 MA 57.5 — \%
Output Pull-Down Current lout Vour = Vas 400 850 UA
Output Leakage Current — -15 uA
Input Voltage Vinits Vpp =50V 3.5 —
Vo =12V . 105 —
Vi - 7 -0.3 +0.8 v
Input Current e Vop= V=50V — 100 uA
Voo =V = 12V ' — 240 | pA
Input Impedance Z, Vpp =50V 50 — kQ
Serial Data Rour Vop = 5.0V — 20 kQ
Output Resistance Vo, =12V " - — 6.0 ka
Supply Current [ All outputs ON, Outputs open — 13 mA
All outputs OFF. Outputs open — 200 pHA
‘oo Vpp = 5.0 V, Al outputs OFF, All inputs = 0 V — 100 HA
i Voo = 12 V. All outputs OFF, All inputs = 0 V — 200 uA
Vpp = 5.0 V. One output ON, All inputs = 0 V — 1.0 mA
I Vpp =12 V. One c;utput ON, AIVI inputs =0 V - 3.0 mA

NOTE: Positive (negative) current is defined as going into {coming out of) the specified device pin.
Operation of this device with standard TTL of DTL may require the use of appropriate pull-up resistors to ensure an input-logic high.
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5810
10-BIT SERIAL-INPUT, LATCHED SOURCE DRIVER

ELECTRICAL CHARACTERISTICS at T, = -55°C, V., =60V, V= 5Vto 12V
(unless otherwise noted).

Limits

Characteristic Symbol Test Conditions Min. Max. | Units
Output OFF Voltage Vour — 1.0 \
Output ON Voltage lgur = 25 MA 57 — \
Output Puli-Down Current lout Vour = Vas 300 850 UA
Output Leakage Current — -15 pA
Input Voltage VIN(1) Vg =50V 3.6 — '

VDD =12V 11.0 —

Vine) 03 +0.8

Input Current Iwm Vpp=V=50V —_ 145 pA

Vop = V=12 \ — 430 HA
Input Impedance 2 Vpp =50V 35 — kQ
Serial Data Rour Vpp =50V — 20 kQ
Output Resistance Vo =12V _ 5.0 Q
Supply Current las All outputs ON, Outputs open — 13 mA

All outputs OFF, Outputs open — 100 uA

oo Vpp = 5.0 V, Outputs OFF, All Inputs = 0 V — 100 uA

Vpp = 12 V, Outputs OFF, Alf inputs = 0 V — 200 pA

Vpp = 5.0 V, One output ON, All inputs = 0 V — 1.0 mA

Vpp = 12V, One output ON, All inputs = 0 V — 3.0 mA

NOTE: Positive (negative) current is defined as going into (coming out of) the specified device pin.
Operation of this device with standard TTL of DTL may require the use of appropriate pull-up resistors to ensure an input-logic high.
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3810
10-BIT SERIAL-INPUT, LATCHED SOURCE DRIVER

ELECTRICAL CHARACTERISTICS at T, = +125°C,V, =60 V,V_ =5Vto 12V
(unless otherwise noted).

Limits

Characteristic Symbol Test Conditions Min. Max. | Units
Output OFF Voltage Vour — 1.0 \Y
Output ON Voitage lour = 25 MA 57 - \Y
Output Puli-Down Current lout Vour = Vas 400 1400 LA
Output Leakage Current - -30 UA
Input Voltage Viniy Vpp =50V 3.5 —

Vpp=12V 10.5 —

Vinio) 0.3 408

input Current iy Vop = Vip =20V —_ 100 uA

Vpp= V=12V — 300 | pA
Input Impedance Zy Vpp=5.0V 50 — 59}
Serial Data Rour Vop =50V — 27 kQ
Output Resistance Vo =12V _ 8.0 Qo
Supply Current lgg All outputs ON, Outputs open — 15 mA

All outputs OFF, Outputs open —_ 100 uA

lop Vpp = 5.0 V, All outputs OFF, Allinputs =0 V — 100 uA

Vpp = 12 V, All outputs OFF, All inputs =0 V — 200 uA

Vp = 5.0 V. One output ON, All inputs =0 V — 1.0 mA

Vo = 12 V, One output ON, All inputs =0 V —_ 3.0 mA

NOTE: Positive (negative) current is defined as going into {coming out of) the specified device pin.
Operation of this device with standard TTL of DTL may require the use of appropriate pull-up resistors to ensure an input-logic high.
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5810 i
10-BIT SERIAL-INPUT, LATCHED SOURCE DRIVER

DATA IN

STROBE

BLANKING

OUTy

\4

DD

Dwg. No. A-12.649

TIMING CONDITIONS

=5V, T, = +25°C, Logic Levels are V| and Ground)

Serial Data present at the input is trans-
ferred to the shift register on the logic 0" to
logic “1" transition of the CLOCK input pulse.
On succeeding CLOCK pulses, the registers
shift data information towards the SERIAL
DATA OUTPUT. The SERIAL DATA must
appear at the input prior to the rising edge of
the CLOCK input waveform.

Information present at any register is
transferred to its respective tatch when the
STROBE is high (serial-to-parallel conver-
sion). The latches will continue to accept new
data as long as the STROBE is held high.
Applications where the latches are bypassed
(STROBE tied high) will require that the
BLANKING input be high during serial data
entry.

When the BLANKING input is high, all of
the output buffers are disabled (OFF) without

A. Minimum Data Active Time Before Clock Pulse affecting the information stored in the latches
(Data SetUp TIME) .. oo oot 75 ns or shift register. With the BLANKING input
B. Minimum Data Active Time After Clock Pulse low, the outputs are controlied by the state of
(Data HOld TME) « v oo oo oo 75ns  the latches.
C. Minimum Data Pulse Width . . .. .. ... ... ... ... ... .. ... 150 ns
D. Minimum Clock Pulse Width ... ....... ... . .. ... ... ... .. 150 ns
E. Minimum Time Between Clock Activation and Strobe .. . ... ... .. 300 ns
F. Minimum Strobe Pulse Width ... . ......... ... ... ... ... .. 100 ns
G. Typical Time Between Strobe Activation and
Output Transition . ... ..o 1.0us
TRUTH TABLE
Serial Shift Register Contents Serial Latch Contents Output Contents
Data [Clock Data |Strobe
Input [Inputil, 1, I, et Output | Input | & 1, .. |, |, |Blanking| 1 1, I, N
H —r H R1 RQ RNVZ RN71 RNVW
L I L R R Ryz Ry R
X 1 [R, R, Ry P By R
X x X X X X R, R, R, Ry.s Ry
PW P2 P3 PNJ PN PN H P1 P2 P3 PN% PN FW PZ PS PN'W PN
X X X X X H L

L = Low Logic Level

H = High Logic Level

X = Irrelevant

P = Present State

R = Previous State




>822

MIL-STD-883 COMPLIANT

BiMOS 11 8-BIT SERIAL-INPUT,
LATCHED DRIVER

intended for military, aerospace, and related applications. The
UCS5822H 8-bit, serial-input, latched driver combines bipolar Darling-
ton drivers with MOS logic circuitry (BiMOS) to provide an interface
flexibility beyond the reach of standard logic buffers and power driver
arrays.

0
Q
(]
x

]
8
4‘1

BiMOS It devices have considerably better data input rates than the
}. ouT, original BIMOS circuits. With a 5 V supply, they typically operate above
5 MHz. With a 12 V supply, significantly higher speeds are obtained.

T
EGISTER J

Each driver contains a CMOS shift register and associated latches
OuTs designed for operation over a 5V to 15 V supply-voitage range. High-
impedance inputs cause minimal loading of data lines and are compat-
OCTs ible with standard CMOS, PMOS, and NMOS logic. When used with
ou- - standard TTL or Schottky TTL, appropriate pull-up resistors may be

' required to ensure an input-logic high. The CMOS serial-data output
allows cascading these devices for interface applications requiring
additional drive lines.

IFT R

[ ] s

SERIAL DATA QUT

"

STRCOBE

OUTPUT ENABLE

POWER GROUND [ 8 }

I
Y
g

The eight high-current bipolar outputs can drive multiplexed LED
Dwg. PP-026 displays, incandescent lamps, thermal print heads, and (with appropri-
ate clamping techniques) relays, solenoids and other high-power
inductive loads. Under normal operating conditions, and without heat
sinking, these devices can sustain 200 mA per output at 85°C at a
51% duty cycle. Other combinations of number of conducting outputs,
temperature, and duty cycle are shown on the following page.

The UCS5822H is furnished in 16-pin side-brazed dual in-line
hermetic packages. Reverse-bias burn-in and 100% high-reliability
screening to MIL-STD-883, Class B are standard.

FEATURES
ABSOLUTE MAXIMUM RATINGS

N . B 3.3 MHz Minimum Data input Rate
at +25°C Free-Air Temperature m High-Voltage Current-Sink Outputs
Output Voltage, VOUT‘ ______________ 80V B CMOS, PMOS. NMOS, TTL Compatible
Logic Supply Voltage, V- . ... ... .. 15V B Low-Power CMOS Logic and Latches
Input Voltage Range’ bb n lntemal.PuH-Up/PulLDown Resistors
v © 03VioV..+03V B Hermetically Sealed Packages to MIL-M-38510
Contirmous Output Current, oo B High-Reliability Screening to MIL-STD-883, Class B
Tour e 500 mA
Package Power Dissipation,
Py See Graph
Operating Temperature Range,
Tare e -55°Cto +125°C
Storage Temperature Range,
T -65°C to +150°C

Caution: CMOS devices have input static protec-
tion but are susceptible to damage when exposed to
extremely high static electrical charges.

Always order by complete part number: [UCS5822H883 |.
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5822
BiMOS II 8-BIT SERIAL-INPUT, LATCHED DRIVER

FUNCTIONAL BLOCK DIAGRAM

>
CLOCK (1
<R R R R T S S A
SERIAL SABITFSERIALI PARAI:LEL SHIIFT REIGISTERJ 9 SERIAL
DATA IN 2 A : ! . DATA OUT
1) Voo
LOGIC :
GROUND ‘ ‘ | [ LATCHES ] J J %) STROBE
1
H<} (7) OUTPUT ENABLE
| TT T (ACTIVE LOW)
L MOs
BIPOLAR
I i ! SUB 5
15 (8) POWER
© @ © GROUND
OUT; OUT, OUT3 OUT4 OUTs OUTg OUT7 OUTg
Dwg. FP-013
wn
£ ‘
i [ Number of Maximum Aliowable Duty Cycle
z Rgye 7 20
z "l Outputs ON atVy,=5VandT,of 85°C
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5822
BiMOS II 8-BIT SERIAL-INPUT, LATCHED DRIVER

ELECTRICAL CHARACTERISTICS at T, = +25°C, V=5V (unless otherwise specified).

Limits
Characteristic Symboi Test Conditions Min. Max. Units
Output Leakage Current loex Vour =80V — 50 A
Collector-Emitter Veesan lour = 100 MA — 1.1 \
Saturation Voltage I, = 200 mA — 13 v
lour = 350 MA, V=70V — 16 v
Input Voltage VIN(O) — 0.8 A
Vi Vgp =12V 105 — v
Vgp = 5.0V (see note) 35 — \Y%
Input Resistance Ry Vop = 12V 50 — k2
Vop =10 \ 50 — k2
Vpp =50V 50 — kQ
Supply Current IDD(ON) One Driver ON, Vg roqee =V, =12V — 4.5 mA
One Driver ON, VSTROBE = VDD =10V _— 3.9 mA
One Driver ON, Vo ipoae = V=50V — 2.4 mA
looiorR Veanpie = Varroe = Voo =50V - 16 mA
Venneie = Vetrose = Yoo =12V - 2.9 mA j

* Pulsed test.
NOTE: Operation of these devices with standard TTL or DTL may require the use of appropriate pull-up resistors to ensure an input-logic high.

TYPICAL INPUT CIRCUITS TYPICAL OUTPUT DRIVER
Yoo

O Uy

e S5 o ANt o .

ENABLE DATA IN | E
SUB
lead

Dwg. EP-010-3 Dwg. EP-010-4 Dwg. No. A-14,314
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5822 ‘
BiMOS I1I 8-BIT SERIAL-INPUT, LATCHED DRIVER

Wt
St
[
o
<

ELECTRICAL CHARACTERISTICS at T, = - = 5 V (unless otherwise specified).

DD
Limits
Characteristic Symbot Test Conditions Min. Max. Units
Output Leakage Current loex Vour =80V — 50 nA
Collector-Emitter Vegsan lour = 100 MA — 1.3 \
Saturation Voltage = I, =200 mA . — Py v
loyr =350 mA, VDD=7.OV o 1.8 \
input Voltage V]N(o) — 08 \
e Vpp =12V 105 — v
Vop = 5.0V (see note) 3.5 — v
input Resistance Ry Vpp =12V 35 — kQ
Vpp =10V 35 — ke
v, -50V 35 — KQ2
Supply Current IDD(ON) One Driver ON, Vg ipoae = V=12V — 55 mA
| One Driver ON, Vg, = Voo = 10V — 45 mA
One Driver ON, Voo =V, =50V — 3.0 mA
|DD<OFF) Venaeie = Vsrrose = Voo =50V - 2.0 mA
Venaete = Vstrose = Voo =12V - 3.5 mA

* Pulsed test.

NOTE: Operation of these devices with standard TTL or DTL may require the use of appropriate puil-up resistors to ensure an input-logic high.
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5822
BiMOS 11 8-BIT SERIAL-INPUT, LATCHED DRIVER

ELECTRICAL CHARACTERISTICS at T,\ = +125°C, VDD = 3 V (unless otherwise specified).

Limits
Characteristic Symbol Test Conditions Min. Max. Units
Output Leakage Current loex Vo =80V — 500 uA
Collector-Emitter Veesan Iy =100 mA* — 1.3 \ |
Vol e - . - ]
Saturation Volftage Iy = 200 mA® — 15 v
loyr = 350 MA*, Vo= 7.0V - 1.8 9
Input Voltage Vi — 0.8 \
L . ; — -
IN{T) Vpp =12V 10.5 - v
S - ———— —_ ;7.‘.{
Vo = 5.0V (see note) 3.5 — \
Input Resistance R Vgp =12V 50 — ke
Voo =10V 50 — k2
Von=50V 50 — kQ
Supply Current Toion: One Driver ON, Vorpnae = Vop =12V — 45 mA
One Driver ON, Vg oo =V, =10V — 3.9 mA
One Driver ON, Vg pipe = Vop = 5.0V - 2.4 mA
lDD“OFFA VE*JABLE = VSTROBE = V:D =50V - 1.6 mA
Venaaee = Vsraose = Voo =12V - 2.9 mA

* Pulsed test.

NOTE: Operation of these devices with standard TTL or DTL may require the use of appropriate pull-up resistors to ensure an input-logic high.
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5822
BiMOS II 8-BIT SERIAL-INPUT, LATCHED DRIVER

Serial Data present at the input is trans-
ferred to the shift register on the logic “0” to
logic “1” transition of the CLOCK input pulse.
On succeeding CLOCK pulses, the registers
shift data information towards the SERIAL
DATA OUTPUT. The SERIAL DATA must
appear at the input prior to the rising edge of
the CLOCK input waveform.

information present at any register is
transferred to its respective latch when the
STROBE is high (serial-to-parallel conver-

sion). The latches will continue to accept new

DATA w——r— ____________
S e ———
H
%-— c— ; \
STROBE j'—L_‘_ _____________
OUTPUT !
ABLE i
EN - ‘*ﬂ
oUTY ‘

TIMING CONDITIONS

(Vpp =30V, T, = +25°C, Logic Levels are V| and Ground)

A. Minimum Data Active Time Before Clock Pulse

data as long as the STROBE is held high.
Applications where the latches are bypassed
(STROBE tied high) wili require that the
ENABLE input be high during serial data
entry.

When the ENABLE input is high, all of the
output buffers are disabled (OFF) without
affecting the information stored in the latches
or shift register. With the ENABLE input low,
the outputs are controlled by the state of the
latches.

Dwg. No. A-12.627

(DataSet-Up Time) .. ... i 75 ns
B. Minimum Data Active Time After Clock Pulse
(DataHold Time) .. ... ... 75 ns
C. Minimum DataPulse Width .. .............. ... .. ... ... ... .. 150 ns
D. Minimum Clock PulseWidth . .. ............. ... .. .. ... .... 150 ns
E. Minimum Time Between Clock Activation and Strobe . .. ......... 300 ns
F. Minimum Strobe Pulse Width .. . ... ... . ... ... .. .. ... ... 100 ns
G. Typical Time Between Strobe Activation and
Output Transition .. ... 1.0us
TRUTH TABLE
Serial Shift Register Contents Serial Latch Contents Output Contents
Data |Clock Data |Strobe Output
Input [Input|l I, L Iy Output | Input | I |, b . Enable | I, 1, 1 . I
H I H R, Ry s R, R,
L I |L R R, R, R,
X T R, R, By i Ry Ry
X X X X X R, R, Ry .
P, P, Py o Py Py H P, P, Py P, P, Py Py
X X X H HHH ... H

L = Low Logic Level

H = High Logic Level

X = irrelevant

P = Present State R = Previous State
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6118

MIL-STD-883 COMPLIANT

FLUORESCENT
DISPLAY DRIVER

Consisting of eight NPN Darlington output stages and associated
common-emitter input stages, the UDS6118H interfaces between low-
level logic and vacuum fluorescent displays. It is furnished in an 18-pin
hermetic dual in-line side-brazed package. Reverse-bias burn-in and
100% high-reliability screening to MIL-STD-883, Class B, are standard.

Representative electrical characteristics (over an ambient tempera-
ture range of -20°C to +85°C) for the commercial type UDN6118A are
shown in Section 3. Complete. detailed technical information on the
UDS6118H is available on request.

FEATURES

W Digit or Segment Driver

B Low Input Current

B integral Output Pull-Down Resistors
B High Output Breakdown Voltage

B Single or Split Supply Operation

Cwg. No. A-9847 A

ABSOLUTE MAXIMUM RATINGS
atT, = +23°C

Supply Voltage, Vg - ..o 85V
fnput Voltage, Vi, ... 20V
Output Current. I p - oo -40 mA

Operating Temperature Range,
-55°C to +125°C

Caution: The high input impedance of this device
makes it susceptible to static discharge damage’
associated with handling and testing. Techniques
similar to those used for handling MOS devices
should be employed.

Always order by complete part number: | UDS6118H883 |.
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MILITARY PRODUCT

STANDARDS

POWER AND HALL EFFECT ICs
FOR MILITARY APPLICATIONS

High-reliability monolithic integrated circuits for a variety of military
applications are available. Standard power ICs and Hall effect sensor
ICs, to appropriate military specifications, provide product assurance
and standardization to meet varying customer recuirements. The
manufacturing facilities used to produce these devices are all fully
qualified for Class B microcircuits.

MIL-M-38510

The general specification for military microcircuits is MIL-M-38510.
This specification is intended to support government microcircuit
applications and logistic programs. It establishes the general require-
ments for monolithic integrated circuits and the quality assurance and
reliability standards required in the acquisition of microcircuits.

Many of the devices previously furnished under MiL-M-38510 are
now supplied as part of the Standardized Military Drawing Program or
as MIL-STD-883 compliant products.

STANDARDIZED MILITARY DRAWING PROGRAM

The Standardized Military Drawing Program (SMDP) provides
standardization when a MIL-M-38510 detail drawing (slash sheet)
does not exist or certain offshore manufacturing facilities are used.
This program directly replaces the original DESC drawing system
(see Part Number Descriptions in Section 1).

MIL-STD-883

This standard establishes uniform methods, controls, and proce-
dures for designing, testing, identifying, and certitying microelectronic
devices suitable for use within military or aerospace electronic systems.
It includes basic environmental tests, physical and electrical tests,
design, package and material constraints, general marking require-
ments, and workmanship and training procedures.

A full line of integrated circuits are available that are fully compliant
with the latest issue of MIL-STD-883. These devices are identified by
adding the suffix “883” to the device part number. If, for any reason,

a device is not fully compliant (usually because of special packaging),
the suffix “MIL" is used instead.
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APPLICATIONS

INFORMATION

BiMOS II POWER DRIVER TO MIL-STD-883

ELECTROSENSITIVE PRINTER

OUTPLT &

Dwg. No. A 14483

BiIMOS monolithic smart power drivers combine CMOS logic and
control functions with bipolar and/or DMOS power drivers. The CMOS
inputs are compatible with standard CMOS, PMOS, and NMOS circuits.
TTL, LSTTL, or DTL circuits may require appropriate pull-up resistors
to ensure a logic high. The power driver outputs are used with VF, LED,
and incandescent displays, dc and stepper motors, relays, solenoids,
and thermal or electrosensitive print heads. With BiMOS integrated
circuit, reliable, single-chip solutions are provided for a wide variety
of peripheral power interface problems.

The high-current and high-voltage BiMOS drivers shown here
are processed to MIL-STD-883. They furnish a higher level of interface
flexibility and versatility for military, aerospace, avionics, than is pro-
vided with standard logic or discrete power drivers. They are supplied
in ceramic/metal side-brazed hermetic packages (suffix letter “H").
All devices are rated for operation over the full military temperature
range of -55°C to +125°C.

8-BIT SERIAL-INPUT/PARALLEL-OUTPUT
LATCHED DRIVER

The UCS5822H BiMOS 8-Bit Serial-In/Parallel-Out Latched Driver
augments the UCS5800H and UCS5801H devices. It contains an
octal shift register, octal latch, and octal high-current, open-collector
Darlington outputs. it improves system designs through a reduced
package count and a reduction in /O line requirements. By using the
serial data output. the driver can be cascaded for interface applications
requiring more than eight drive lines.

The bipolar outputs are suitable for a variety of peripheral loads,
including incandescent lamps, LEDs, and thermal or electrosensitive
printers.

RECOMMENDED MAXIMUM OPERATING CONDITIONS

OULPUL VORAGE. ..ot 7BV
Logic Supply Voltage .... L2V
Continuous Output Current........oviii 350 mA
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BiMOS II POWER DRIVERS TO MIL-STD-883

PLANAR GAS-DISCHARGE DISPLAY DRIVER

UCS5810H
ANODE
DRIVER
-1 18- -—
+5V
+170V
---2 I
e 3 16 SERIAL DATA OUT
£ 4 LATCHES 15 _ o
CLOCK IN REGISTER
3 14
= REGISTER
i 6 LATCHES 13 v
7 12 ¢
---18 17
---18 10
|__.
SERIAL
% O DATA IN
L
-
BLANKING
5.1V
§ 43V
SPRAGUE
3V RESISTOR
9 NETWORK,
TYPE 216C
OR 420C
UCsS5822H §
CATHODE |
DRIVER B I R
CLOCK O— Lo
L]
SERIAL DATA INO— i
L !
kS
Bk S
R4 O
o x
SERIAL DATA OUT ) R N
o ;
STROBE © kd ]
ENABLE O— J J

Dwg. No. A-14,189
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BiMOS II POWER DRIVERS TO MIL-STD-883

INCANDESCENT LAMP DRIVER

upP

OUTPUT ENABLE

P i

il
J: UCsSS801H

Dwg. No. A-11.743A

4- AND 8-BIT LATCHED DRIVERS

The UCS5800H and UCS5801H are evolutionary improvements to
the original BiMOS integrated circuits. They are used successfully in
many applications. These high-voltage, high-current latched drivers
have four or eight MOS data latches, a bipolar driver for each latch, and
MQOS control circuitry for the common CLEAR, STROBE, and OUTPUT
ENABLE functions. Type UCS5800H contains four latched drivers whiie
the UCS5801H contains eight latched drivers.

Each of the open-collector Darlington outputs can sink up to
500 mA and will sustain at least 50 V in the OFF state. Internai diodes
suppress transients and allow these devices to be used with inductive
loads. Package power limitations normally disaliow simultaneous and
continuous operation of all outputs at the rated maximum current, and
usually dictate either a reduction in output current or a suitable combi-
nation of duty cycle and number of active outputs.

The UCS5800H is supplied in a standard 14-lead side-brazed
hermetic package. The UCS5801H is furnished in a 22-lead side-
brazed hermetic package with lead centers on 0.400-inch spacing.

RECOMMENDED MAXIMUM OPERATING CONDITIONS
Output Voltage......... .45V
Logic Supply VOItAGE ...cooi i 1YV
Continuous QUtput CUITENt.........o.ooiiivcercinrcrreae e 350 mA

UNIPOLAR BIFILAR MOTOR DRIVE

OUTPUT ENABLE

STROBE

upP

= UCS5800H

Owg. No. B-1491A




BiMOS I1 POWER DRIVERS TO MIL-STD-883

10-BIT SERIAL-INPUT/PARALLEL-OUTPUT
LATCHED SOURCE DRIVER

The UCS5810H BIMOS 10-Bit Serial-In/Parallel-Out Latched
Source Driver is primarily designed as interface between logic circuitry
and vacuum-fluorescent displays, but may also be used with LED
displays or thermal printers within its output limitations of 60 V and
-40 mA per driver.

The CMOS shift register and latches will operate over a wide
supply-voltage range and is compatible with standard MOS logic
families. When used with TTL or low-speed TTL, pull-up resistors
may be needed to ensure an input-logic high.

The 10 high-voltage outputs are used to switch the anodes
(segments or dots) and/or grids (character or digit) of typical
vacuum-fluorescent panels.

RECOMMENDED MAXIMUM OPERATING CONDITIONS
OULPUL VOGO ..o
Logic Supply Voltage ....
Continuous OUtput CUITENE....cccviveiviiiiceniciri e -25 mA

8$-BIT LATCHED SOURCE DRIVER

The UCS5815H BIMOS 8-Bit Latched Source Driver is designed
primarily for use with high-voltage vacuum-fluorescent displays. It
contains an 8-bit type D latch and eight source outputs with pull-down
resistors, a common strobe, blanking, and enable functions.

The eight high-voltage outputs are generally used to drive the
segments, dots (matrix panel), bars, or digits of vacuum-fluorescent
displays. The UCS5815H is often used in combiration with the
UCS5810H 10-Bit Serial Input, Latched Driver.

RECOMMENDED MAXIMUM OPERATING CONDITIONS
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AUTOMOTIVE, SIGNAL-PROCESSING,
& CONSUMER ICs @




SECTION 6. TECHNICAL DATA
for Automotive, Signal-Processing, and Consumer ICs

in Numerical Order ...t Beginning at 6-1



CUTPUT
SUPPLY
DECOUPLAG
DECCUPL'NG
DECCUPLNG

DET. INPLT

Brer

Dwg PS-2°7

ABSOLUTE MAXIMUM RATINGS

Supply Voltage. V.

(continuous) .. ........ 50 Vio +16 V

(thr.at+25°C) ............. .. 24V

(TOHS) oo 50V
Output Voltage, V¢

(ULN2423A) ... ... ... .. ... 30V

(ULN2423A -1) ... ... 50 V
Output Current, 1, ¢

(continuous) . .............. 700 mA

(1hr.at+25C)............... 1.0A

Package Power Dissipation, P, . ... 1.33 W~
Operating Temperature Range,
-40°C to +85°C
Storage Temperature Range,

T e -65°C to +150°C

* Derate at the rate of 16.67 mW/°C above
T,=+70°C.

FLUID DETECTOR

Primarily designed for use as an automotive low coolant detector,
the ULN2429A monolithic bipolar integrated circuit is ideal for detecting
the presence or absence of many different types of liquids in automo-
tive, home, or industrial applications. Especially usefu! in harsh environ-
ments, reverse voltage protection, internal voltage regulation, tempera-
ture compensation, and high-frequency noise immunity are all incorpo-
rated in the design.

A simple probe, immersed in the fluid being monitored, is driven
with an ac signal to prevent plating problems. The presence, absence,
or condition of the fiuid is determined by comparing the loaded probe
resistance with an internal (pin 8) or external (pin 6) resistance. Typical
conductive fluids which can be sensed are tap water, sea water, weak
acids and bases. wet soil, wine, beer, and coffee. Non-conductive tluids
include most petroleum products, distilled water, dry soil, and vodka.
The probe can be replaced with any variable-resistance element such
as a photodiode or photoconductive cell, rotary or linear position
sensor, or thermistor for detecting solids, non-conducting liquids,
gases, etc.

The high-current output is typically a square wave signal for use
with an LED, incandescent lamp, or loudspeaker. A capacitor can be
connected (pin 12) to provide a dc output for use with inductive loads
such as relays and solenoids.

The ULN2429A is rated for operation with a load voltage of up
to 30 volts. Selected devices, for operation up to 50 V are available
as the ULN2429A-1. In all other respects, the ULN2429A and the
ULN242