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About the Cover

The Hummingbird is amazing. It's incredibly fast, astonishingly energetic, and
phenomenally efficient.

It's remarkably versatile--it can even fly backwards. It can survive in any kind of
environment.

And it's a tough little bird that masters every challenge and easily out performs
much bigger competitors.

In fact, it's so much like UICC and our products that we’ve adopted it as our
mascot.

So when you consider qualities like speed, efficiency, dependability, versatility,

toughness, and top performance in a small package, remember the humming-
bird...and UICC.

Unitrode Integrated Circuits Corporation (U.I.C.C.) makes no representation that
the use or interconnection of the circuits described herein will not infringe on
existing or future patent rights, nor do the descriptions contained herein imply
the granting of licenses to make, use or sell equipment constructed in accord-
ance therewith.

©1993, by Unitrode Integrated Circuits Corporation. All rights reserved. This
book or any part or parts thereof, must not be reproduced in any form without
permission of the copyright owner.

NOTE: The information presented in this book is believed to be accurate and
reliable. U.1.C.C. reserves the right to make changes to the products contained
in this databook to improve performance, reliability, or manufacturability. How-
ever, no responsibility is assumed by Unitrode Corporation for its use.

LIFE SUPPORT POLICY

U.l.C.C.’s products are not authorized for use as critical components in the life
support devices or systems without express written approval.

Bus Boss™ is a trademark of Unitrode Corporation

Miller Killer™ is a trademark of Unitrode Corporation
MULTIWATT® is a registered trademark of SGS Corporation
Printed in U.S.A. - June, 1993
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Introduction

Unitrode Integrated Circuits Corporation - U.I.C.C. - is a world leader in the
design and manufacturing of high performance integrated circuits for power
supplies, motor controls and power interface applications that demand high
reliability, extraordinary quality and innovative technology.

Backed by a linear design team that we consider the best in the industry, by a
total quality process designed and driven by our employees, by state-of-the-art
manufacturing facilities, by a dynamic spirit of innovation and by the countless
number of Continuous Improvement Teams passionately dedicated to customer
satisfaction - the Company provides outstanding products and services globally.
U.L.C.C serves customers around the world from:

o its recently expanded headquarters and principal manufacturing facility
in Merrimack, New Hampshire;

o its design center in Raleigh, North Carolina;

o its extensive test, assembly subcontractor coordination and customer
service facility in Singapore;

« and from-its European distribution, quality and customer service facility
in Ireland. :

Process Capabilities

‘U.L.C.C.’s strengths include a number of production process capabilities that

complement its design expertise and enhance its product offerings.

Its BIPOLAR process, optimized for both precision analog and power functions,
is constantly updated to incorporate leading edge process options such as:

* Schottky and integrated injection logic;

e ion implant; ‘

o thin film resistors with laser trimming;

« double-level metallization for high density, high current layouts;

» and buried zener reference.

Its BICMOS process is ideal for high density linear and mixed mode designs,
especially where speed and low power are of primary importance. Process
options include:

o 3-micron, N-well process with double poly;

« double level metallization;

« fully isolated, vertical NPN transistors;

« and thin film resistors with laser trim capability.

New process capabilities include a complementary bipolar process that dielec-
trically isolates substrates using a low cost proprietary technique for direct
bonding of silicon wafers. It is an extremely cost effective way of replacing
junction isolation with dielectric isolation, leading to dramatic size reductions and
performance enhancements unobtainable with conventional IC technologies.

Many of U.I.C.C.’s new processes will be manufactured in its new Class 10 Wafer
Fab that will be completed by mid-1993.
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Introduction (Cont’d)

An ISO 9001 Firm
In October 1992, U.I.C.C. became one of the very few U.S. electronics
companies to achieve IS/ISO 9001/EN29001 registration.

The 1SO 9000 quality system was developed to establish an international
standard of quality. In order to be registered, a company must pass a rigorous
assessment of its quality systems -- from design of its product through ship-
ment. Registration thus assures customers all over the world that the company
is adhering to very high, precisely defined standards.

Meeting Demanding Market Needs

In the development of custom and semi-custom parts, U.I.C.C. design engi-
neers work very closely with customer personnel. This close cooperation
assures that all requirements are accurately understood, that all possibilities
are fully explored, and that the resulting products meet and exceed specified
needs.

U.I.C.C. pays careful attention to customers and markets to help guide its
development of catalog parts. Continuing close contact makes it possible to
anticipate industry requirements, and to create devices that will satisfy them.

A Resource You Can Count On

Unitrode Integrated Circuits Corporation has earned its reputation for excel-
lence in computer, communications, automotive, industrial, commercial and
military markets. It is totally committed to continuing that excellence in every-
thing it does.

With products and services that are among the most innovative in the industry,
with proven quality and reliability, and with superb design engineering and the
industry’s best applications technical support, U.I.C.C. is a resource you can
depend on.

This databook describes new as well as previously introduced products, and it

includes detailed applications information. We welcome your inquiries about
our products and services, and we look forward to working with you.
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PART NUMBER INDEX PART NUMBER INDEX

PAGE PART NUMBER |DESCRIPTION PAGE PART NUMBER |DESCRIPTION

6-6 L293 Push-Pull Four Channel Driver | |5-62 UC1543 Power Supply Supervisory

6-6 L293D Push-Pull Four Channel Driver Circuit

7-7 L295 Dual Switchmode Solenoid 5-62 UC1544 Power Supply Supervisory
Driver Circuit

6-11 L298 Dual Full-Bridge Power Driver | |5-67 UC1575-5 Simple 1 Amp Step-Down

6-15 L298D Dual Full-Bridge Power-Driver Fixed Voltage Regulators

* uc117 1.5A, Three Terminal Adj. 5-67 UC1575-12 Simple 1 Amp Step-Down
Voltage Regulator Fixed Voltage Regulators

* uc137 1.5A, Three Terminal Adj. 5-67 UC1575-15 Simple 1 Amp Step-Down
Negative Voltage Regulator Fixed Voltage Regulators

* uc150 3A, Three Terminal Adj. 5-73 UC1575-ADJ  [Simple 1 Amp Step-Down
Positive Voltage Regulator Voltage Regulator

5-15 UC161A Micropower Quad Comparator | |5-80 UC1576-5 Simple 3 Amp Step-Down

5-15 uc161B Micropower Quad Comparator Fixed Voltage Regulators

5-15 ucieiC Micropower Quad Comparator | |5-80 UC1576-12 Simple 3 Amp Step-Down

. uci19s Smart Power Transistor Fixed Voltage Regulators

. uca17 1.5A, Three Terminal Adj. 5-80 UC1576-15 Simple 3 Amp Step-Down
Voltage Regulators Fixed Voltage Regulators

. uca37 1.5A, Three Terminal Adj. 5-87 UC1576-ADJ  [Simple 3 Amp Step-Down
Negative Voltage Regulator Voltage Regulator

* uc250 3A, Three Terminal Adj. 5-94 UC1577-12 Simple Step-Up Fixed Voltage
Positive Voltage Regulator Regulators

* uc295 Smart Power Transistor 5-94 UC1577-15 Simple Step-Up Fixed Voltage

. ucs17 1.5A, Three Terminal Adj. Regulators
Voltage Regulators 5-99 UC1577-ADJ  |Simple Step-Up Voltage

. ucss? 1.5A, Three Terminal Adj. Regulator
Negative Voltage Regulator 6-26 & 5-106 |UC1610 Dual Schottky Diode Bridge

. uc350 3A, Three Terminal Adj. 6-28 & 5-108 (UC1611 Quad Schottky Diode Array
Positive Voltage Regulator 6-31 &5-111 |UC1612 Dual Schottky Diode

* uC395 Smart Power Transistor 6-33 UC1620 Switchmode Driver for 3-@

5-19 UC494A Advanced Regulating Pulse Brushless DC Motors
Width Modulators 6-39 uc1625 Brushless DC Motor Controller

5-19 UC494AC Advanced Regulating Pulse 6-50 uc1633 Phase Locked Frequency
Width Modulators Controller

5-19 UC495A Advanced Regulating Pulse 6-57 uc1634 Phased Locked Frequency
Width Modulators Controller

5-19 UC495AC Advanced Regulating Pulse 6-61 uc1635 Phased Locked Frequency
Width Modulators Controller

6-19 uc1517 Stepper Motor Drive Circuit 6-65 uc1e37 Switched Mode Controller for

5-23 uci1524 Advanced Regulating Pulse DC Motor Drive
Width Modulators 7-11 UC1705 High Speed Power Driver

5-28 UC1524A Advanced Regulating Pulse 7-14 UcC1706 Dual Output Driver
Width Modulators 7-19 uc1707 Dual Channel Power Driver

5-34 UC1525A Regulating Pulse Width 7-25 UC1708 Dual Non-Inverting Power
Modulators Driver

5-41 UC1525B Regulating Pulse Width 7-29 UC1709 Dual High-Speed FET Driver
Modulators 7-32 uc1710 High Cuirent FET Driver

5-47 Uc1526 Regulating Pulse Width 7-35 uc1711 Dual Ultra High-Speed FET
Monitor Driver

5-54 UC1526A Regulating Pulse Width 6-71 uc1717 Stepper Motor Drive Circuit
Modulator 7-37 Uc1724 Isolated Drive Transmitter

5-34 UC1527A Regulating Pulse Width 7-40 uc1725 Isolated High Side FET Driver
Modulators 7-44 UC1726 Isolated Drive Transmitter

5-41 uc15278 Regulating Pulse Width 7-49 uct1727 Isolated High Side IGBT Driver
Modulators 7-55 UC1730 Thermal Monitor

5-113 uc1823 High Speed PWM Controller
5-119 UC1823A High Speed PWM Controller

*Consult Factory
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5-119 uc18238 High Speed PWM Controller 5-245 uc1865 Resonant-Mode Power Supply
5-127 uc1824 High Speed PWM Controller Controllers
5-134 “juc1825 High Speed PWM Controller 5-245 uc1866 Resonant-Mode Power Supply
5-119 UC1825A High Speed PWM Controller Controllers
5-119 UC1825B High Speed PWM Controller 5-245 uc18e7 Resonant-Mode Power Supply
5-141 uc1828 Current Mode PWM Controller Controllers
IC 5-245 uc1ses Resonant-Mode Power Supply
5-142 uCc1832 Precision Low Dropout Linear Controllers
Controllers 5-251 uc1871 Resonant Fluorescent Lamp
5-142 uC1833 Precision Low Dropout Linear Driver
Controllers 5-256 UC1875 Phase Shift Resonant
5-149 uc1834 High Efficiency Linear Controller
Regulator 5-256 UC1876 Phase Shift Resonant
5-155 ucC1835 High Efficiency Regulator Controller
Controller 5-256 uc1877 Phase Shift Resonant
5-155 UC1836 High Efficiency Regulator Controller
- Controller 5-256 uc1878 Phase Shift Resonant
5-159 UC1838A Magnetic Amplifier Controller Controller
5-163 uCc1840 Programmable, Off-Line, PWM | |5-265 uc1s91 Two Stage Power Factor
Controller Converter
5-171 uc1841 Programmable, Off-Line, PWM | |5-265 uc1892 Two Stage Power Factor
Controller Converter
5-179 uc1842 Current Mode PWM Controller-| |5-265 uc1893 Two Stage Power Factor
5-186 UC1842A Current Mode PWM Controller | |- Converter
5-179 uc1843 Current Mode PWM Controller | | 5-265 uC1894 Two Stage Power Factor
5-186 UC1843A Current Mode PWM Controller Converter
5-179 uc1844 Current Mode PWM Controller | |5-269 uc1901 Isolated Feedback Generator
5-186 UC1844A Current Mode PWM Controller | |5-274 uC1903 Quad Supply and Line Monitor
5-179 uc184s Current Mode PWM Controller | |5-281 uc1904 Precision Quad Supply and
5-186 UC1845A Current Mode PWM Controller : Line Monitor
5-192 uC1846 Current Mode PWM Controller | |5-286 uc1e07 Load Share Controller
5-192 uc1847 Current Mode PWM Controller | [5-23 uc2524 Advanced Regulating Pulse
5-199 uc1848 Average Current Mode PWM Width Modulators
Controller 5-28 UC2524A Advanced Regulating Pulse
5-207 uc18s1 Programmable, Off-Line, PWM ' Width Modulators
Controller 5-34 UC2525A Regulating Pulse Width
5213 uc18s2 High Power-Factor : Modulators
: Preregulator 5-41 uc25258 Regulating Pulse Width
5218 uc18s4 High Power Factor Modulators
Preregulator 5-47 UC2526 Regulating Pulse Width
5.226 UC1854A Enhanced High Power Factor Monitor
Preregulator 5-54 UC2526A Regulating Pulse Width
5-226 UC18548 Enhanced High Power Factor Modulator
Preregulator 5-34 UC2527A Regulating Pulse Width
5-229 uc1856 Improved Current Mode PWM |- Modulators
Controller 5-41 UC25278- Regulating Pulse Width
5-237 uC1860 Resonant Mode Power Supply Modulators
Controller 5-62 UC2543 Power Supply Supervisory
5-245 ucC1861 Resonant-Mode Power Supply Circuit
Controllers 5-62 UC2544 Power Supply Supervisory
5.245 UC1862 Resonant-Mode Power Supply - | Circuit
‘ Controllers 5-67 UC2575-5 “|Simple 1 Amp Step-Down
5-245 uc1863 Resonant-Mode Power Supply Fixed Voltage Regulators
Controllers 5-67 UC2575-12 Simple 1 Amp Step-Down
5-245 uc1864 Resonant-Mode Power Supply Fixed Voltage Regulators
Controllers 5-67 UC2575-15 Simple 1 Amp Step-Down

Fixed Voltage Regulators

*Consult Factory
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5-73 UC2575-ADJ  [Simple 1 Amp Step-Down 5-142 uc2832 Precision Low Dropout Linear
Voltage Regulator Controllers
5-67 UC2575HV-6  |Simple 1 Amp Step-Down 5-142 uc2833 Precision Low Dropout Linear
Fixed Voltage Regulators Controllers
5-67 UC2575HV-12 |Simple 1 Amp Step-Down 5-149 uCc2834 High Efficiency Linear
Fixed Voltage Regulators Regulator
5-67 UC2575HV-15  |Simple 1 Amp Step-Down 5-155 uc2835 High Efficiency Regulator
Fixed Voltage Regulators Controller
5-73 UC2575HV-ADJ |Simple 1 Amp Step-Down 5-155 uC2836 High Efficiency Regulator
Voltage Regulator Controller
5-80 UC2576-5 Simple 3 Amp Step-Down 5-159 UC2838A Magnetic Amplifier Controller
Fixed Voltage Regulators 5-163 uC2840 Programmable, Off-Line, PWM
5-80 UC2576-12 Simple 3 Amp Step-Down Controller
Fixed Voltage Regulators 5171 uc2841 Programmable, Off-Line, PWM
5-80 UC2576-15 Simple 3 Amp Step-Down Controller
Fixed Voltage Regulators 5-179 uCc2842 Current Mode PWM Controller
5-87 UC2576-ADJ Simple 3 Amp Step-Down 5-186 UC2842A Current Mode PWM Controller
Voltage Regulator 5-179 uca843 Current Mode PWM Controller
5-80 UC2576HV-5 |Simple 3 Amp Step-Down 5-186 UC2843A Current Mode PWM Controller
Fixed Voltage Regulators 5-179 uC2844 Current Mode PWM Controller
5-80 UC2576HV-12 |Simple 3 Amp Step-Down 5-186 UC2844A Current Mode PWM Controller
Fixed Voltage Regulators 5-179 uc2845 Current Mode PWM Controller
5-80 UC2576HV-15  |Simple 3 Amp Step-Down 5-186 UC2845A Current Mode PWM Controller
Fixed Voltage Regulators 5-192 uC2846 Current Mode PWM Controller
5-87 UC2576HV-ADJ | Simple 3 Amp Step-Down 5-192 uc2847 Current Mode PWM Controller
Voltage Regulator 5-199 uC2848 Average Current Mode PWM
5-94 uC2577-12 Simple Step-Up Fixed Voltage Controller
Regulators 5-207 uc28s1 Programmable, Off-Line, PWM
5-94 ucC2577-15 Simple Step-Up Fixed Voltage Controller
Regulators 5-213 uc2ss2 High Power-Factor
5-99 UC2577-ADJ Simple Step-Up Voltage Preregulator
Regulator 5-218 uC2854 High Power Factor
6-50 UC2633 Phase Locked Frequency Preregulator
Controller 5-226 UC2854A Enhanced High Power Factor
6-57 UC2634 Phased Locked Frequency Preregulator
Controller 5226 UC28548 Enhanced High Power Factor
6-61 uUC2635 Phased Locked Frequency Preregulator
Controller 5-229 UC2856 Improved Current Mode PWM
6-65 uC2637 Switched Mode Controller for Controller
DC Motor Drive 5-237 UC2860 Resonant Mode Power Supply
7-11 uc2705 High Speed Power Driver Controller
7-14 uC2706 Dual Output Driver 5245 uc2861 Resonant-Mode Power Supply
7-19 uc2707 Dual Channel Power Driver Controllers
7-37 uca724 Isolated Drive Transmitter 5-245 uc2862 Resonant-Mode Power Supply
7-40 uca725 Isolated High Side FET Driver Controliers
7-44 uc2726 Isolated Drive Transmitter 5-245 uc2863 Resonant-Mode Power Supply
7-49 ucarz7 Isolated High Side IGBT Driver Controllers
7-55 uc2730 Thermal Monitor 5-245 uC2864 Resonant-Mode Power Supply
5-113 uc2823 High Speed PWM Controller Controllers
5-119 UC2823A High Speed PWM Controller 5-245 uC2865 Resonant-Mode Power Supply
5-119 uC2823B High Speed PWM Controller : Controllers
5-127 uc2824 High Speed PWM Controller 5-245 uC2866 Resonant-Mode Power Supply
5-134 uc2825 High Speed PWM Controller Controllers
5-119 UC2825A High Speed PWM Controller 5-245 uca8e7 Resonant-Mode Power Supply
5-119 uc28258 High Speed PWM Controller Controllers
5-141 uc2828 Current Mode PWM Controller | |5-245 ucases Resonant-Mode Power Supply
IC Controllers

1-5




PART NUMBER INDEX PART NUMBER INDEX
PAGE PART NUMBER [DESCRIPTION ygA_GEE PART NUMBER |DESCRIPTION
5-251 ucas71 Resonant Fluorescent Lamp 6-33 UC3620 Switchmode Driver for 3-@
Driver Brushless DC Motors
5-256 uc2875 Phase Shift Resonant 6-103 UC3622 Switchmode Driver for 3-@
Controller Brushless DC Motors
5-256 uc2876 Phase Shift Resonant 6-107 UC3623 Low Noise Switchmode Driver
Controlier for 3-@ Brushless DC Motors
5-256 ucagz7 Phase Shift Resonant 6-39 UC3625 Brushless DC Motor Controller
Controller 6-50 UC3633 Phase Locked Frequency
5-256 uc2878 Phase Shift Resonant Controller
Controller 6-57 UC3634 Phased Locked Frequency
5-265 uc2891 Two Stage Power Factor Controller
Converter 6-61 UC3635 Phased Locked Frequency
5-265 ucagg2 Two Stage Power Factor Controller
Converter 6-65 UC3637 Switched Mode Controller for
5-265 uCc2893 Two Stage Power Factor DC Motor Drive
Converter 6-110 UC3655 Low Saturation, Linear
5-265 Uc2894 Two Stage Power Factor Brushless DC Motor Driver
Converter 7-61 UC3657 Triple Tri-State Power Driver
5-269 uC2901 Isolated Feedback Generator 7-65 ucas704 Bridge Transducer Switch
5-274 UC2903 Quad Supply and Line Monitor | |7-11 UC3705 High Speed Power Driver
5-281 Uc2904 Precision Quad Supply and 7-14 UC3706 Dual Output Driver
Line Monitor 7-19 uca707 Dual Channe! Power Driver
5-292 UC2906 Sealed Lead-Acid Battery 7-25 UC3708 Dual Non-Inverting Power
Charger Driver
5-286 uc2907 Load Share Controller 7-29 uc3709 Dual High-Speed FET Driver
7-59 UC2950 Half-Bridge Bipolar Switch 7-32 ucs710 High Current FET Driver
6-79 UC3173A Full Bridge Power Amplifier 7-35 UC3711 Dual Ultra High-Speed FET
6-89 UC3174B Full-Bridge Power Amplifier Driver
6-89 UC3175B Full-Bridge Power Amplifier 6-71 uc3717 Stepper Motor Drive Circuit
6-94 UC3176 Full Bridge Power Amplifier 6-115* UC3717A Stepper Motor Drive Circuit
6-94 ucs177 Full Bridge Power Amplifier * uc3722 Five-Channel Programmable
6-98 UC3178 Full Bridge Power Amplifier Current Switch
6-19 Uc3517 Stepper Motor Drive Circuit 7-37 uc3724 Isolated Drive Transmitter
5-23 UC3524 Advanced Regulating Pulse 7-40 UCc3725 Isolated High Side FET Driver
Width Modulators 7-44 UC3726 Isolated Drive Transmitter
5-28 UC3524A Advanced Regulating Pulse 7-49 ucs7z27 Isolated High Side IGBT Driver
Width Modulators 7-55 UC3730 Thermal Monitor
5-34 UC3525A Regulating Pulse Width 6-123 UC3770A High Performance Stepper
Modulators Motor Drive Circuit
5-41 UC35258 Regulating Pulse Width 6-123 uc37708 High Performance Stepper
Modulators Motor Drive Circuit
5-47 UC3526 Regulating Pulse Width 5-113 uc3s23 High Speed PWM Controller
Monitor 5-119 UC3823A High Speed PWM Controller
5-54 UC3526A Regulating Pulse Width 5-119 UC3823B High Speed PWM Controller
Modulator 5-127 uCc3s24 High Speed PWM Controller
5-34 UC3s527A Regulating Pulse Width 5-134 UC3825 High Speed PWM Controller
Modulators 5-119 UC3825A High Speed PWM Controller
5-41 ucss5278 Regulating Pulse Width 5-119 UC38258 High Speed PWM Controller
Modulators 5-141 Uc3828 Current Mode PWM Controller
5-62 UC3543 Power Supply Supervisory IC
Circuit 5-142 ucass2 Precision Low Dropout Linear
5-62 UC3544 Power Supply Supervisory Controllers
Circuit 5-142 Uc3sa3 Precision Low Dropout Linear
6-26 & 5-106 [UC3610 Dual Schottky Diode Bridge Controllers
6-28 & 5-108 |UC3611 Quad Schottky Diode Array 5-149 uc3s34a High Efficiency Linear
6-31 & 5-111 |[UC3612 Dual Schottky Diode Regulator

*Consult Factory
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5-155 uC3835 High Efficiency Regulator 5-256 ucas77 Phase Shift Resonant
Controller Controller
5-155 UC3836 High Efficiency Regulator 5-256 uc3878 Phase Shift Resonant
Controller Controller
5-159 UC3838A Magnetic Amplifier Controller 5-265 uc3891 Two Stage Power Factor
5-163 UC3840 Programmable, Off-Line, PWM Converter
Controller 5-265 uC3892 Two Stage Power Factor
5-171 uUC3841 Programmable, Off-Line, PWM Converter
Controller 5-265 UC3893 Two Stage Power Factor
5-179 uCc3842 Current Mode PWM Controller Converter
5-186 UC3842A Current Mode PWM Controller | |5-265 UC3894 Two Stage Power Factor
5-179 uC3843 Current Mode PWM Controller Converter
5-186 UC3843A Current Mode PWM Controller | |5-269 UC3901 Isolated Feedback Generator
5-179 ucss44 Current Mode PWM Controller | |5-274 UC3903 Quad Supply and Line Monitor
5-186 UC3844A Current Mode PWM Controller | | 5-281 uC3904 Precision Quad Supply and
5-179 uc3s4s Current Mode PWM Controller Line Monitor
5-186 UC3845A Current Mode PWM Controller | (5-292 UC3906 Sealed Lead-Acid Battery
5-192 UC3846 Current Mode PWM Controller Charger
5-192 ucssa7 Current Mode PWM Controller | |5-286 uc3907 Load Share Controller
5-199 UC3848 Average Current Mode PWM | |7-69 ucs5170C Octal Line Driver
Controller 7-73 ucs171 Octal Line Driver
5-207 ucsss1 Programmable, Off-Line, PWM| | 7-77 ucs172 Octal Line Driver
Controller 7-81 ucs5180C Octal Line Receiver
5-213 UC3852 High Power-Factor 7-84 ucs5181C Octal Line Receiver
Preregulator 7-87 UC5601 SCSI Active Terminator
5-218 UC3854 High Power Factor 7-91 UCs5602 SCSI Active Terminator
Preregulator 7-96 UC5603 9-Line SCSI Active Terminator
5-226 UC3854A Enhanced High Power Factor | |7-101 UCs661 Ethemet Coaxial Impedance
Preregulator Monitor
5-226 UCc3854B Enhanced High Power Factor | |5-299 uc7501 Primary Side Controller
Preregulator 5-300 UC7502 Error Signal Isolator
5-229 UC3856 Improved Current Mode PWM | |5-299 UC7503 Primary Side Controller
Controller * UC7805 Three Terminal Fixed Voltage
5-237 UC3860 Resonant Mode Power Supply Positive Regulators
Controller * UC7812 Three Terminal Fixed Voltage
5-245 uc3sset Resonant-Mode Power Supply Positive Regulators
Controllers * UC7815 Three Terminal Fixed Voltage
5-245 uC3862 Resonant-Mode Power Supply Positive Regulators
Controllers * UC7905 Three Terminal Fixed Voltage
5-245 uc3863 Resonant-Mode Power Supply Negative Regulators
Controllers * Uc7912 Three Terminal Fixed Voltage
5-245 UC3864 Resonant-Mode Power Supply Negative Regulators
Controllers . UC7915 Three Terminal Fixed Voltage
5-245 uc38e5 Resonant-Mode Power Supply Negative Regulators
Controllers 5-301 UC19431 Precision Adjustable Shunt
5-245 UC3866 Resonant-Mode Power Supply Regulator
Controllers 5-306 UC19432 Precision Analog Controller
5-245 UC38e67 Resonant-Mode Power Supply | [5-301 UC29431 Precision Adjustable Shunt
Controllers Regulator
5-245 UC3868 Resonant-Mode Power Supply | |5-306 UC29432 Precision Analog Controller
Controllers 5-301 UC39431 Precision Adjustable Shunt
5-251 uc3s71 Resonant Fluorescent Lamp Regulator
Driver 5-306 UC39432 Precision Analog Controller
5-256 ucss7s Phase Shift Resonant 5-312 UcC1570 Low Power Pulse Width
Controller Modulator
5-256 UC3876 Phase Shift Resonant 5-319 uCC1800 Low-Power BiICMOS
Controller Current-Mode PWM

*Consult Factory
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5-319 ucc1801 Low-Power BiCMOS 5-326 uccas10 Low-Power BiCMOS Dual
Current-Mode PWM Current-Mode PWM
5-319 ucc1802 Low-Power BiCMOS 5-309 Uccas3-0 Low Drop Out 3 Ampere
Current-Mode PWM Linear Regulator Family
5-319 UCcC1803 Low-Power BICMOS 5-309 UcC283-3 Low Drop Out 3 Ampere
Current-Mode PWM Linear Regulator Family
5-319 UCC1804 Low-Power BiCMOS 5-309 UCC283-5 Low Drop Out 3 Ampere
Current-Mode PWM Linear Regulator Family
5-319 UCC1805 Low-Power BiCMOS 5-327 ucc28s3 Micropower Peak Current
Current-Mode PWM Mode Controller
5-323 UCC1806 Low Power, Dual Output, 5-337 ucC2885 Micropower Secondary
Current Mode PWM Controller Regulation IC
5-326 ucc1810 Low-Power BiCMOS Dual 5-312 UCC3570 Low Power Pulse Width
Current-Mode PWM Modulator
5-309 uCC183-0 Low Drop Out 3 Ampere 5-319 ucc3800 Low-Power BiCMOS
Linear Regulator Family Current-Mode PWM
5-309 uccC183-3 Low Drop Out 3 Ampere 5-319 UcC3s801 Low-Power BICMOS
Linear Regulator Family Current-Mode PWM
5-309 UCC183-5 Low Drop Out 3 Ampere 5-319 UCC3802 Low-Power BiCMOS
Linear Regulator Family Current-Mode PWM
5-327 ucc18s3 Micropower Peak Current 5-319 UCC3803 Low-Power BiCMOS
Mode Controller Current-Mode PWM
5-337 ucc1885 Micropower Secondary 5-319 UCC3804 Low-Power BiICMOS
Regulation IC Current-Mode PWM
5-312 UCC2570 Low Power Pulse Width 5-319 UCC3805 Low-Power BICMOS
Modulator Current-Mode PWM
5-319 ucC2800 Low-Power BICMOS 5-323 UCC3806 Low Power, Dual Output,
Current-Mode PWM Current Mode PWM Controller,
5-319 ucC2801 Low-Power BiCMOS 5-326 ucC3810 Low-Power BiCMOS Dual
Current-Mode PWM Current-Mode PWM
5-319 ucc2802 Low-Power BiCMOS 5-309 UCC383-0 Low Drop Out 3 Ampere
Current-Mode PWM Linear Regulator Family
5-319 ucc2so3 Low-Power BiICMOS 5-309 UCC383-3 Low Drop Out 3 Ampere
Current-Mode PWM Linear Regulator Family
5-319 uccas04 Low-Power BICMOS 5-309 UCC383-5 Low Drop Out 3 Ampere
Current-Mode PWM Linear Regulator Family
5-319 ucC2805 Low-Power BiCMOS 5-327 UCC3ss3 Micropower Peak Current
Current-Mode PWM Mode Controller
5-323 UCC2806 Low Power, Dual Output, 5-337 uccC3sss Micropower Secondary
Current Mode PWM Controller Regulation IC

*Consult Factory
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ABOUT THIS
DATABOOK

PRODUCT CLASSIFICATION STATUS

Formative or This document contains the design
Design specifications for product under
development. Specifications may be
changed in any manner without
notice.

First Production Supplementary data may be
published at a later date. U.IL.C.C.
reserves the right to make changes at
any time without notice, in order to
improve design and supply the best
product possible.

Full Production Product in Full Production

This databook contains complete data and applications information about
Unitrode Linear Integrated Circuits for industrial and military applications. It
includes all our latest new products including products that will be introduced
throughout the year 1993.

For more information about any new products or any of U.l.C.C. service
capabilities, please call, write or fax.
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PREFIX . i
“UC” Linear 2
Integrated f
Circuits : o

PART NUMBER -
*Generic P/N's (See Data
Sheets For Descriptions)

*5 Digit In-House Number To
Spec. Control Drawings

OPTIONAL GRADES
A - Improved Version

C- “Commercial " Temperature Range

PART NUMBER DESIGNATORS

#
Sumsmmendip- Compliant “C” Indicator
Per MIL-STD-883.

SCREEN/PROCESSING OPTIONS

883 - MIL-STD-883
Class B
JAN - MIL-M-38510
(Integrated Circuits)
SMD - STD Military Drawing
(DESC)

sl PACKAGE OPTIONS

Plastic Molded Dip

Glass-Sealed Ceramic DIP

14 Pin Narrow Body SO (150 mL)

16 Pin Narrow Body (150 mL) Power SO

16/20 Pin Wide Body
SO Surface Mount (300 mL)

28 Pin Wide Body Power SO

Ceramic Leadless Chip Carrier

Plastic Molded Quad PLCC

15 Pin Power SIP

TO-39 Metal Can

TO-3 Steel-Base Power

TO-220 Plastic Power

Ceramic Power

TO-257 Hermetic (TO-220 Style)

TO-257 Hermetic Isolated Tab

16 Pin Power ZIP

For More Information See Packaging Section
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Since its founding, Unitrode Integrated Circuits Corp. (U.1.C.C.) has struc-
tured its development to fully respond to customer requirements in areas of
quality and overall product assurance, with particular emphasis on en-
hanced design and reliability.

As part of its total quality planning, U.I.C.C. has progressed through the tra-
ditional techniques of control by appraisal to a more mutually satisfying
statistically based process monitoring. However, immature process nodes
may still require the use of universally accepted sampling plans, such as
those referenced in MIL-STD-105 and MIL-M-38510.

UNITRODE INTEGRATED CIRCUITS REGISTERED AS
1ISO 9001 FIRM (Registration Number M667)

In the fall of 1992, Unitrode Integrated Circuits Corporation (U.l.C.C.) an-
nounced that it achieved IS/ISO 9001/EN 29001 Registration. Adopted in
1987 by the International Organization for Standardization in Geneva, Swit-
zerland, the 1ISO 9000 quality system was developed in order to establish an
international standard of quality systems--from design of its product through
shipment. Therefore, when a firm is registered to meet ISO 9000, customers
all over the world are assured that the firm is adhering to very specific qual-
ity standards.

U.I.C.C. attributes the ISO 9001 achievement in great part to its Total Quality
Excellence (TQE) process, designed entirely by a team of employees repre-
senting all levels of the organization. The theme of U.I.C.C.’s quality
program, “Building Customer Loyalty”, focuses on internal and external cus-
tomer satisfaction.

NSal

1.5./150 9001/EN 29001
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Quality

TOTAL QUALITY EXCELLENCE

Akey element of the Company's strategy and an important factor in its suc-
cess has been its focus on customer satisfaction. Everything the Company
does is aimed at providing its customers with the highest possible levels of
quality, reliability and technical support.

Quality, Reliability and Innovation

Quality and reliability are the hallmarks of all U.I.C.C. products - standards
of excellence are woven tightly into the Company’s corporate fabric, imple-
mented through a Total Quality Excellence process which permeates
everything the Company does.

Total Quality Excellence - TQE - impacts each and every department, each
and every activity, and each and every product — from initial concept to end-
use installation and operation.

Continuous Improvement

The aim of the TQE process is continuous improvement — it is a never end-
ing search for ways to improve everything the Company is and does, and a
pledge to ultimately translate improvements into better products and serv-
ices for customers. For example, goals include:

» improved designs that meet the broadest spectrum of application needs;

o improved translation of customer requirements into actual product
performance characteristics;

° improVed understanding of process capabilities to improve the product
introduction process;

o higher productivity, less scrap and rework, and lower production costs, all
which can be passed along to customers.

Employee Teams
To make continuous improvement a reality, through total involvement, there

" are more than 20 employee teams focused on product, process and service

improvement. Using Statistical Process Control methods as the quantitative
tools to facilitate the process, these teams help make it possible for the Com-
pany to attain the milestones on the road of continuous improvement.

The entire process was put together and is now operated by the employees;

its initial structure was developed by an employee team; issues are identi-
fied by staff members and teams are formed by those who feel thay can
make a contribution to the effort.

The concern for quality extends beyond the Company itself. Total Quality Ex-
cellence includes suppliers as well as U.1.C.C. employees. In fact, U..C.C.
provides a TQE education program for vendors’ personnel. Again, the focus
is on the customer — the improvement of products and services in any and
all ways possible.

ALiving Process

TQE is a flexible, living process that was created and has been nurtured by
the people who are the Company. It is an expression of their drive to be the
best.

And for U.I.C.C. customers, it is an assurance of superior products; de-
signed, made, sold and supported by people who care about them.
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Quality

Process improvement has become an aggressive daily pursuit in manufac-
turing. Just meeting specification is no longer good enough. U.I.C.C.'s goal
is to achieve a 6o process.

Simply; many benefits to the customer have been realized in the form of on-
time-delivery, superior quality and unprecedented levels of sustained
reliability. Organizationally, a “total commitment” to quality has manifested
itself in the form of:

« Improved customer satisfaction

o Improved designs

« Known process capabilities

e Increased yields

o Improved product flow

¢ Reduction in quality costs such as scrap and rework
« Prevention orientation and quality consciousness

¢ Reduction in operating costs

U.I.C.C.’s unique self-auditing approach makes certain quality ownership is
an intrinsic part of the manufacturing community with no one faction having
full responsibility. Documentation at U.l.C.C. has been developed to truly re-
flect a “Real Time” status through master matrixing and planning whereas
design, fabrication, assembly and test and their many detailed process
steps are tied together relationally.

Reliability assurance at U.1.C.C. has specific goals to demonstrate product
reliability of the various functional families that make up this primarily bipo-
lar product base. It is important to note the existence of feedback to design
and process engineering that ensures all products receive continuing re-
views, thus enhancing even the most mature family of products.
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Quality
SUBGROUP 1
Physical Dimensions
QUAL/QCI FLOW FOR JANB, 883B fugf?o!:;’ 2
- ead Integri
MIL-STD-883 METHOD 5005 Seal (Fine And Gross)
SUBGROUP 3
Thermal Shock
GROUP A ELECTRICALS Temperature Cycling
-55°, +25°, +125°, +150°C Moisture Resistance
Seal (Fine And Gross)
Visual Examination
End Point Electricals
GROUP B SUBGROUP 4
Mechanical Shock
SUBGROUP 2 Vibration, Variable Frequency
Resistance To Solvents (Sionlsz'a:nt Axczleéation)
eal (Fine And Gross
SUBGROUP 3 Visual Examination
Solderability End Point Electricals
SUBGROUP § SUBGROUP 5
Bond Strength Salt Atmosphere
Seal (Fine and Gross)
| Visual Examination
GROUPC SUBGROUP 6
Internal Water Vapor Content
SUBGROUP 1 SUBGROUP 7
Steady State Life Adhesion of Lead Finish
End Point Electricals SUBGROUP 8
Lid Torque
GROUPE
RADIATION HARDNESS ASSURANCE
Note: Unitrode Integrated Circuits also performs (WHEN APPLICABLE)
testing to source control drawings for Class S
devices in accordance with MIL-STD-883 SUBGROUP 1
Neutron Irradiation
End Point Electricals
SUBGROUP 2
Steady State Total Dose Irradiation
End Point Electricals
SUBGROUP 3
Transient lonizing Irradiation
End Point Electricals
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QUALIFICATION FLOW FOR COMMERCIAL - INDUSTRIAL DEVICES

Non-Hermetic

SUBGROUP 1
Group A Electricals -40°, 0°, +25°,
+70°, +85° C, Visual Exam

SUBGROUP 2

Humidity Life (85°C/85%"")
1000 Hours

Post Electricals

SUBGROUP 3
Temperature Cycling (1000 Cycles)
Post Electricals

SUBGROUP 4
Thermal Shock (500 cycles)
Post Electricals

SUBGROUP 5
Autoclave 96 Hours
2 Atmospheres
Post Electricals

SUBGROUP 6
Electrostatic Sensitivity Discharge
Post Electricals

2-9

Hermetic

SUBGROUP 1
Group A Electricals -55°, +25°, +125°C,
Visual Exam

SUBGROUP 2

Thermal Shock (500 Cycles)
Seal (Fine and Gross)

Post Electricals

External Visual

SUBGROUP 3

Temperature Cycling (1000 Cycles)
Seal (Fine and Gross)

Post Electricals

External Visual

SUBGROUP 4
Steady State Life
1000 Hours

SUBGROUP 5
Constant Acceleration
Seal (Fine and Gross)
Post Electricals

SUBGROUP 6
Electrostatic Sensitivity Discharge
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Should failure occur either in the field or during the course of reliability testing,
in-depth failure analysis is performed to identify and understand the failure
mechanism(s) involved. Immediate feedback to design or process for the pur-
pose of corrective action is systematically accomplished.

Levels of long-term device reliability, through the accumulation of millions of
hours of testing at accelerated temperatures have demonstrated 15 fit or
lower failure rates within a functional family. With the ever-growing demand
for greater system reliability, this is a major factor.

U.I.C.C. has planned and developed reliability goals for the decade of the
90’s that realistically test the technology.

UNITRODE
RELIABILITY ASSURANCE

RELIABILITY REPORTING: Failure Rates/Dev.
Hours/Functional Families %/1000 Hours and FIT

FUNCTIONAL FAMILY: 1) Controllers

2) Drivers
3) Support Functions

Data Generation e Steady-State Life « Temperature Cycling « 85/85 « Autoclave o
High Temperature Storage » Hermeticity » Thermal Shock ¢ Mechanical Shock and Vibration e

PIND e Device Specific Tests » Qual/QCl!

2-10



INTEGRATED
CIRCUITS

= UNITRODE

New Quality Products from U.l.C.C.

PULSE WIDTH MODULATORS

Part Number Description Page Number

UCC3570 High Performance Voltage Mode PWM .........cccocveuenne.
ucC3802 High Frequency BICMOS PWM 3842 Type.....
UCC3803 High Frequency BICMOS PWM 3842 Type
UCC3804 High Frequency BICMOS PWM 3842 Type
NEW PRODUCT UCC3805 High Frequency BICMOS PWM 3842 Type
UCC3806 High Frequency BICMOS PWM 3846 Type...
UCC3810 Dual BICMOS PWM.......ccviiriirinenieeneeneerceeesenseseenaes

uc3s24 Complementary Output UC1825..........ccoecevreeenrenennnnne
uc3szs Enhanced Current Mode PWM ...

uc3848 Average Current Mode PWM ..................

UCC3856 High Performance Current Mode PWM ......

ucC3ss3 ISDN Micro Power PWM.........ccccvevnenne

UCC3885 ISDN Micro Power PWM........ccovvuivieieerirneeeeeeresens

: RESONANT CONTROLLERS

Part Number Description Page Number
UC3866 ZVS Resonant Controller ..........oeoveeeeeeveeveneeveneeeieeeeenns 5-245
NEW PRODUCT UC3s75 Phase Shift ReSONaNt PWM............oooeeeeeveeeeeeereeeeeneneenes 5-256

SPECIAL FUNCTION CIRCUITS

Part Number Description Page Number
uc3e12 Dual Schottky Diode Array ........... ....5-111, 6-31
NEW PRODUCT UcC38s2 Electronic Ballast Power Factor .............cccccoviiuiencrinnens 5-213

uc3871 Fluorescent Lamp DriVer.........ccccoreeerennencnecencneneceees 5-251
ucse61 Ethernet Coaxial Impedance Monitor..........cccoceeercrcenencne 7-101

Note: Only commercial part numbers are indicated - see military section for military
versions
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New Quality Products from U.I.C.C.

‘ MOTOR CONTROLLERS/DRIVERS

Part Number Description Page Number

UC3173A .45A Voice Coil Motor DHAVET.........c.ccecerrureereerresnriesanesesenns 6-79

b, NEW PRODUCT UC31758 8A Voice COll MOt DIIVEr........cuvverrrsssssssssrininvinisss s 6-89
g uc3178 .45A Voice Coil Motor DIVET.........cccceeceeveneeeeereneseeraereenns 6-98

ucse12 ~ Dual Schottky Diode Array..........cccoceueeresereneeerueneae
UC3726 : IGBT Driver - Primary ........
uc3727 IGBT Driver - Secondary

INTERFACECIRCUITS
Part Number Description Page Number
NEW PRODUCT ucs5171 Modified Octal Single Ended Line Driver ........cccccocevveennne. 7-73
ucs5172 Enhanced Octal Single Line Driver.........ccccccoveervenenncnsne 7-77
UC5601 18 Line SCSI-2 Active Terminator .............. ...7-87

UC5602 Versatile 18 Line SCSI Active Terminator...
UC5603 9 Line SCSI-2 Active Terminator ................ ....7-96 .

uCs661 Ethernet Coaxial Impedance Monitor.........cccccceoeuierrueunne. 7-101
HIGH POWER DRIVERS
" Part Number bescription i Page Number
NEW PRODUCT ucs724 Isolated Drive TranSmMitter ..........oc.urveeeeseesesensseeeessencenas 7-37
uCc3725 Isolated High Side Driver ...... ....7-40
UC3726 IGBT Driver - Primary Side. ........... ...7-44

uc3727 IGBT Driver - Secondary Side ........cccceoevereenevnnrcnereennecnnes 7-49
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New Quality Products from U.l.C.C.

, POWER SUPPLY SUPPORT CIRCUITS

Part Number Description Page Number
UC19431 Shunt Precision Reg./Opto Driver...........cccccvniveinincnennene

NEW PRODUCT UC19432 Versatile Shunt Precision Reg./Opto Driver..
: uc2575 1A Fixed or Adjustable Buck Converter....................
ucas76 3A Fixed or Adjustable Buck Converter....................
ucas577 1A Fixed or Adjustable Boost Converter... .....5-94, 5-99

ucsei2 Dual Schottky Diode Array..........cc.ccccenuene ...5-111, 6-31
UCC183-0,-3,-5 Low Drop Out CMOS Regulators .........ccceoevererenueencnnennns 5-309
UC3854A Enhanced UC3854 Power Factor........c.ccccoceuevereecnencnes 5-226
UC3891 Two Stage Power Factor Converter ............cccovveinninnnee 5-265
UC3904 Enhanced Quad Output and Line Monitor ...........c.cccueucne 5-281
uc3907 Load Sharing Controller...........coeeeeerecreeeeerencnercnneseneene 5-286
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PACKAGE CROSS-REFERENCE CHART

PLASTIC DIP MULTIWATT, PLCC | Lcc soiCc TO-3*| TO-220
UNITRODE N J v Q, QP L D,DP,DW,DWP | K T
Linear Tech N, N-8 J, J-8 - S, S-8 K T
Cherry N J \ FN - D, DW - T
SGS - Thompson B,N,P - \ -- - D K -
Silicon General M, N, W JY Q L D, DW, DWW K P
Texas Instruments N, NT, NW, P J, JG \ FN FK D, DB, DW K KC, KV
Signetics N F, FE A G D - U
National N, N-8, N-14 J, J-8, J-14 \" Y E M K T
Motorola N, P, P1, P2 J,J-8, L, U FN - D, DW K KC
Fairchild TP D,R Q L S K U
Sprague AMB R EP EK, EL L, LB, LW \ 4
Micro Linear P J Q L S - -
Samsung N J PL L D M T
Philips N F A - D - -
Seagate N J -- - D K T
Siliconix J,N K, Q N, P - Y - -
Teledyne P J L N O - -

*Consult factory for availability.
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Die And Wafers

DESCRIPTION

Unitrode Integrated Circuits Corp., U.I.C.C., offers most
of its products described in this data book in die and/or
wafer form. Products include all Pulse Width Modulators
(PWMs), Motor Controls, Low-Drop Regulators, fixed,
and adjustable industry standard Voltage Regulators,
Power Drivers and Switches, Active Terminators, and
Special Function Circuits. Most U.l.C.C. products are
designed with military temperature range operation capa-
bility.

U.1.C.C. die utilize linear bipolar technology featuring tight
beta control and resistor matching techniques. Also, other
enhancements used implement thin film resistor and
Schottky process, as well as in-house epitaxial capability
for unique voltage flexibility. All products are protected by
CVD Oxide plus Nitride layers to make a sandwich pas-
sivation system that offers superior coverage over all
junctions.

Die thicknesses vary by product type, however, they fall
into the catagories; 12 mils £ 1 mil, or 15 mils + 1 mil.
Interconnects are an alloy of copper (2%) and aluminum
(to reduce possibility of metal migration). Backside met-
allization is Titanium - Nickel - Silver, suitable with various
common eutectic and thermal epoxy mount- down tech-
niques used today.

TESTING

All products are tested at two separate points. 1) In-line
probing and 2) Final test probing.

Finaltest probe utilizes state-of-the-art high speed/power
ATE equipment. Die are 100% tested to low power DC
limits.

INSPECTION

U.I.C.C. performs visual inspections on military grade die
to MIL-STD-750B, Method, 2072 and to MIL-STD-883C

Method 2010, condition A or B, or to customer supplied
requirements.

Die can be supplied in "waffle pack" or single wafer form.
Standard wafers are 100 mils (generic 4 inch diameter).

ORDERING INFORMATION

PART NUMBER = UCXXXX: CHIP WFR
+

CHIP ORDER ————/
+

WAFER ORDER

UNITRODE INTEGRATED CIRCUITS
7 CONTINENTAL BLVD. « MERRIMACK, NH 03054
TEL (603) 424-2410 « FAX (603) 424-3460
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MILITARY/AEROSPACE PRODUCTS

JAN PRODUCT LINE

U.l.C.C. has been committed to producing military/aerospace and high reliabil-
ity products for several years and continues to support this key market segment.
Our product offering includes:

e STANDARD MILITARY DRAWING (SMD) - Conformance to Class B
process requirements per the SMD selected item drawings.

e SCD-CLASS S - conformance to all Class S process requirements of
MIL-STD-883 and individual customer source control documents.

e SCD - CLASS B - Conformance to Class B process requirements of
MIL-STD-883 and individual customer source control documents

e JAN-LEVEL B - full compliance to MIL-M-38510 JAN program and QPL
listings as published by DESC.

U.1.C.C. has had DESC facility certification continuously since November 1985.
This certification allows us to produce JAN Class B linear microcircuits for the
military marketplace.

U.L.C.C. has been a leader in producing linear ICs to customers’ Class S
specifications for the last several years. Our abilities in the area include all
processing standards of Class S, as well as an extensive library of radiation
data on our most popular devices. Our superior design support and customer
service make us the best choice for customers with Class S requirements.

Unitrode Integrated Circuits Corporation presently has DESC line certification
to MIL-M-38510 to produce Jan Class B linear microcircuits. Unitrode is the
originator of the 702 current mode PWM slash sheet (UC1846/UC1847) and
in January of 1990 received JAN qualification.

In a continued effort to meet and produce the highest military grade devices,
Unitrode Integrated Circuits reviews all existing slash sheets applicable to our
product base inthe effort to either add device types or develop new slash sheets
for industry use.

Unitrode Integrated Circuits also has lab suitability to perform MIL-STD-883
method 5004 and 5005 screening/QUAL/QCI issued by DESC, with the excep-
tion of internal water vapor content and vibration variable frequency. In addition
we have full self-auditing programs to ensure compliance to all specifications.
Our SPC program has enhanced the process of all product through continuous
improvement teams whose purpose is to reduce variation in the process.

Unitrode Integrated Circuits is committed to producing military grade linear
monolithic devices in full compliance to MIL-M-38510. MIL-STD-883, SMD and
SCD requirements and at all times focusing on quality and reliability enhance-
ments.
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Military/Aerospace Products

STANDARDIZED MILITARY DRAWINGS (SMDs) LISTING U.l.C.C.

AS AN APPROVED SOURCE OF SUPPLY

117AG/883BC Positive Adjustable Reg. 7703405TA
117AH/883BC Positive Adjustable Reg. 7703405XA
117AIG/883BC Positive Adjustable Reg. 7703405UA
117AK/883BC Positive Adjustable Reg. 7703405YA
117G/883BC Positive Adjustable Reg. 7703401TA
117H/883BC Positive Adjustable Reg. 7703401XA
1171G/883BC Positive Adjustable Reg. 7703401UA
117K/883BC Positive Adjustable Reg. 7703401YA
117L/883BC Positive Adjustable Reg. 77034012A
137AG/883BC Negative Adjustable Reg. 7703406 TA
137AH/883BC Negative Adjustable Reg. 7703406XA
137A31G/883BC Negative Adjustable Reg. 7703406UA
137AK/883BC Negative Adjustable Reg. 7703406YA
137G/883BC Negative Adjustable Reg. 7703403TA
137H/883BC Negative Adjustable Reg. 7703403XA
1371G/883BC Negative Adjustable Reg. 7703403UA
137K/883BC Negative Adjustable Reg. 7703403YA
150AK/883BC Positive Adjustable Reg. 5962-8767502XA
150K/883BC Positive Adjustable Reg. 5962-8767501XA
1834.J/883BC Low Dropout Regulator 5962-8774201EA
7805AG/883BC Positive 5V Reg. 5962-8778201TA
7805A1G/883BC Positive 5V Reg. 5962-8778201UA
7805AK/883BC Positive 5V Reg. 5962-8778201YA
7812AG/883BC Positive 12V Reg. 5962-8777601TA
7812A1G/883BC Positive 12V Reg. 5962-8777601UA
7812AK/883BC Positive 12V Reg. 5962-8777601YA
7815AG/883BC Positive 15V Reg. 5962-8855301TA
7815A1G/883BC Positive 15V Reg. 5962-8855301UA
7815AK/883BC Positive 15V Reg. 5962-8855301YA

*Consult factory for availability
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STANDARDIZED MILITARY DRAWINGS (SMDs) LISTING U.l.C.C.

AS AN APPROVED SOURCE OF SUPPLY (Cont’d)

7905AG/883BC Negative 5V Reg. 5962-8874601TA
7905A1G/883BC Negative 5V Reg. 5962-8874601UA
. 7905AK/883BC Negative 5V Reg. 5962-8874601YA
7912AG/883BC Negative 12V Reg. 5962-8874701TA
7912A1G/883BC Negative 12V Reg. 5962-8874701UA
7912AK/883BC Negative 12V Reg. 5962-8874701YA
7915AG/883BC Negative 15V Reg. 5962-8874801TA
7915A1G/883BC Negative 15V Reg. 5962-8874801UA
7915AK/883BC Negative 15V Reg. 5962-8874801YA
1823J/883B High Speed PWM 5962-8990501EA
1823L/883B High Speed PWM 5962-89905012A
1524J/883B PWM 7802801EA
1524AJ/883BC PWM 5962-8764502EA
1525AJ/883BC PWM 5962-8951103EA
1527AJ/883BC PWM 5962-8951104EA
1525AJ/883BC PWM 5962-8951101EA
1527AJ/883BC PWM 5962-8951102EA
1526AJ/883BC PWM 8551502VA
1526AJ/883BC PWM 8551501VA
1825J/883BC High Speed PWM 5962-8768101EA
1825L/883BC High Speed PWM 5962-87681012A
1842J/883BC Current Mode PWM 5962-8670401PA
1843J/883BC Current Mode PWM 5962-8670402PA
1844J/883BC Current Mode PWM 5962-8670403PA
1845J/883BC Current Mode PWM 5962-8670404PA
1846J/883BC Current Mode PWM 5962-8680601EA
1847J/883BC Current Mode PWM 5962-8680602EA

*Consult factory for availability
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STANDARDIZED MILITARY DRAWINGS (SMDs) LISTING U.l.C.C.
AS AN APPROVED SOURCE OF SUPPLY (Cont’d)

1543J/883BC Power Supply Supervisory 5962-8774001EA
1544J/883BC Power Supply Supervisory 5962-8774002VA
1903J/883BC Quad Supply + Line Monitor 5962-8869701VA
1903L/883BC Quad Supply + Line Monitor 5962-88697012A
L293DSP/883B 4-Channel Driver 5962-9235001MEA
1706J/883BC Dual Output Driver 5962-8961101EA
1707J/883BC Dual Channel Power Driver 5962-8761901EA
195H/883BC Smart Power Transistor 5962-8777801XA
195K/883BC Smart Power Transistor 5962-8777801XA
1611J/883BC Quad Schottky Array 5962-8995701EA
1633J/883 Brushless DC Motor Cont. 5962-9168901MEX
1625J/883 Phase Lock Controller 5962-9098701MEX
1637J/883BC PWM DC Servo Control 5962-8995701VA
1838AJ/883B Magnetic Amplifier Circuit 5962-8989901MEA
1864./883 Resonant Mode Cont. 5962-9203101MEX
1901J/883B Iso. Feedback Generator 5962-8944101CA
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PACKAGE AVAILABILITY

TO-257 Non-Isolated 3.2(1) N/A
TO-257 Isolated 3.7(2) N/A
TO-5 20 130
Ceramic DIL
8-pin 40 130
14-Pin 30 80
16-Pin 30 80
18-Pin 30 75
Side-Brazed Power
16-pin 5 65
45 (3)
24-pin TBD D
TO-3 3(2)6(4) 35
Ceramic Leadless Chip 15 70
Carrier (CLCC)
*Consult factory
NOTES:

1. This data is Junction to Tab
2. Junction to Bottom Plate

3. With finned heat sink

4. Junction to top plate
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Military Die Capability

Unitrode’s military product offering includes all catalog circuits in unencapsulated form. Unencapsulated (chips) are
supplied screened to MIL-STD-883B, method 2010, conditional A or B. Product is electrically tested at ambient room
temperature. Shipment of this product is in individual waffle packs or as complete wafers.

Radiation Tolerant Products

Unitrode recognizes the increasing market demand for radiation tolerant and radiation hardened high reliability products.
Because of this, we - in conjunction with customers - have characterized our key products. Full radiation data reports
are available on the following products.

UC1524A UC7805 uc1711
UC1526 UC7905 uc1707
UC1526A

uc1825

uc1842

uc1843

uc1844 uc1834
uc1845 UC1835/36

Below is a summary of radiation data U.1.C.C. has collected:
Unitrode Bipolar Junction Isolated Process

uc1707J 2.9E12 2.0E5
Uc1711J 1E13 8.77E9
uc1825J 4E5 3E12

uc1834J 1E6

uc1836J 6E4

uc1840J 1.7E10
uc1s42J 1.7E10
Uc1845J 1E6

UC3825N 3ES

UC7805K 2E18

UC7815K 2E13

UC7905K 1E6

Note: Radiation levels represented are from independent customer test results.
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A Dedication to Automotive Customers

Unitrode Integrated Circuits is a leader in innovative analog circuits that meet
the needs of advanced automotive applications. The circuits presented in this
section are used in numerous automobile applications including: systems
muitiplexing, electric vehicles, HID lighting, instrumentation, motor con-
trols, fuel management and airbag systems.

Unitrode is committed to the rigorous requirements of automotive customers.
Utilizing a Total Quality Management (TQM) program based on the Baldridge
model, maximum customer satisfaction is achieved. The TQM program includes
twenty five continuous improvement teams. These teams are empowered to
champion the process and to make changes which will enhance any facet of the
operation. In order to ensure TQM techniques are employed by our vendors,
Unitrode established Unitrode University. Unitrode University is an important
element which enables the Unitrode TQM culture to be transferred to our vendor
base. As a result of our dedicationto Quality we have recently received ISO-9000
certification. Unitrodé exceeds your Quality expectations.

Advanced Technologies

. In order to maintain our leadership position we have a team of dedicated process

development engineers who are working on the latest technologies. Unitrode
is very proud of our most recent process. development, Direct Wafer
Bonding. Developed in conjunction with Motorola as our partner, Direct
Wafer Bonding will enable us to offer product utilizing junction isolation.
This will increase speed, power capabilities and integration densities. Technolo-
gies like Direct Wafer Bonding will enable Unitrode to be a leader in the
automotive market.

Packaging ' -

Unitrode offers a complete line of automotive package solutions. Packaging
options include conventional 300 and 600 mil through-hole dual-in-line configu-
rations as well as the latest surface mount solutions. Surface mount options
include the plastic power leadless chip carrier (PLCC) and the 150 and 300 mil
small outline (SO) packages. All packaged automotive circuits are supplied to
operate over the full automotive temperature range (-40 degrees C to +105
degrees C).
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Power Management

&=y UCC2802,3,4,5

uC2842,3,4,5

Current Mode PWM Controller Low Power BiCMOS
« Low start-up curent (Current Mode) PWM
o Optimized for offline and DC to * 100uA typical starting supply
DC converters current

* 500pA typical operating supply
 Internal soft start

« Internal leading edge blanking of
the current sense signal

« Automatic feed forward
compensation

o Pulse-by-pulse current limiting

uUC2825
High Speed PWM Controller

o Compatible with voltage or current
mode topologies

« 50ns propagation delay 1o output

« Practical operation at switching
frequencies to 1.0 MHz

« High current dual totem pole
outputs (1.5A Peak)

UcCc2846
Current Mode PWM Controller

o Programmable Pulse-by-Pulse
current limiting

« Automatic symmetry correction in
push-pull configuration

o Enhanced load response
characteristics

« Parallel operation capability

uC2852 UC2854
High Power-Factor Preregulator High Power-Factor Preregulator
* Low cost power factor correction « Control boost PWM to .99 power
« Power factor >.99 factor
» Few external parts required
o Zero current switching

o Limit line current distortion to <5%

« World-wide operation without
switches

« Feed forward line regulation

For more information on these products, refer to detailed data sheets.
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Power Management

&=y UCC2806

Low Power BICMOS PWM
o 1.4MA max operating current
* 125 nsec delay to outputs

* 100mA start up current

o Simplified parallel operation

UC2575
Step-Down Voltage Regulator

* 5V output, 3% max over line
and load conditions

« Guaranteed 1A output current

o Voltage range 7V to 40V

o 4 external components required
» 2.5V precision reference

UC2576

Easy Switcher 1 Amp Step
Down Voltage Regulator

» Adjustable output, reference
voltage + 2% max over line and
load conditions

« Wide input and output voltage
range

o Low power standby mode,
Iq typically <200 pA
 Efficiency typically over 80%

UCC283-X
Low Drop Out 3A Positive
Regulator

« Precision positive series pass
voltage regulation

e 0.45V Drop out @ 3A
« Drop out under 2mV @ 10mA

Motor Con__trol

Push-Pull 4-Channel Driver
o Output current 1A per channel

* Peak output current 2A per
switchmode channel

 Inhibit facility
¢ High noise immunity

For more information on these products, refer to detailed

data sheets.

UC2611
Quad Schottky Diode Array

o Matched, 4-diode monolithic array
« High peak current
« Low forward voltage
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Motor Control

uUC2637
Switched Mode Controller for DC
Motor Drive
 Single or dual supply operation
o Pulse-by-pulse current limiting
o +/- 5% initial oscillator accuracy

UC2625
Brushless DC Motor Controller

o Drives power MOSFETS or power
Darlingtons directly

* 50V open collector high side
drivers

o Latched soft start

uc2717
Stepper Motor Drive Circuit
o Half-step and full-step capability
o Bipolar constant current motor

uc2770
High Performance Stepper Motor
Drive Circuit

o Full-step, half-step, and
micro-step capability

o Bipolar output current up to 2A
o Low saturation voltage

drive

« Built-in fast recovery Schottky
commutating diodes

Driver/Special Function

uc2722 uUC2730
Five-Channel Programmable Thermal Monitor
Current Switch

o On-chip temperature transducer
e Five current-sinking switches

o Peak current-sinking switches
e Internal current sensing

« Temperature comparator gives
threshold temperature alarm

* Precision 2.5V power reference

For more information on these products, refer to detailed data sheets.
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Driver/Special Function

UC2705
High Speed Power Driver
¢ 1.5A source/sink drive
¢ 100 nsec delay
e 40 nsec rise and fall into 1000pF
o Inverting and non-inverting inputs

UC2704

Bridge Transducer Switch

« Dual matched current sources

« High gain differential sensing
circuit

* Wide common-mode input
capability

o Externally programmable time

uCc2707
Dual Channel Power Driver
¢ Two independent drivers

- uUCc2708
Dual Non-Inverting Power Driver

* 3.0A peak current totem pole
outputs

o 5to 35V operation
o Wide 25 nsec Rise and Fall times

* 1.5A totem pole outputs
¢ 40nsec rise and fall into 1000pF

* o High speed, power MOSFET
Compatible

UC2709
Dual High-Speed FET Driver
¢ 1.5A source/sink drive
‘e Pin compatible with 0026 products
* 40nsec rise and fall into 1000pF
¢ Low quiescent current

uc2710
High Current FET Driver

o Totem pole output with 5A
‘source/sink drive

o 35nsec delay

o 25nsec rise and fall time into
2.2nF

* 85nsec rise and fall time into 30nF

For more information on these products, refer to detailed data sheets.
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Driver/Special F unction

uC2724

Isolated Drive Transmitter
¢ 500mA output drive, source or
sink
© 8to 35V operation
o Transmits logic signal instantly

¢ Programmable operating
frequency

UC2725
Isolated High Side FET Driver

« Receives both power and signal
across the isolation boundary

o 9to 15V high level gate drive
guaranteed

o Under-voltage lockout
e Output enable function

UC2726

Isolated Drive Transmitter

o 750mA output drive, source or
sink

o 8to 35V operation
o Transmits logic signal instantly

» Programmable operating
frequency

N UC2871

Synchronous Resonant
Fluorescent Lamp Driver

o Complete drive and control
circuitry for lamp and LCD

e Zero voltage switched topology
o Open lamp protection circuitry
e 4.5V to 20V operation

For more information on these products, refer to detailed data sheets.
4-9

uc2727
Isolated High Side IGBT Driver

» Receives power and signal from
single isolation transformer

o Generates split rail for 4A peak
bipolar gate drive

o 16V high level gate drive
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Power Supply Controls
PWM Performance Chart

SWITCHING REGULATOR CONTROL ICs

Note: Most series available screened to /883B Rev. C

/ PERFORMANCE CHARACTERISTICS

VOLTAGE MODE
PWMs

Regulating
PWMs
UC1524/2524/3524 X X | 100mA 300KHz | X 16 PinN, J, *

Advanced
Regulating PWMs
UC1524A/2524A/3524A X X | X|X|X|200mA 500KHz | X X 16 PinN, J, *

Advanced
Regulating PWMs 100mA
UC1525A/2525A/3525A 0.4A
UC1527A/2527A/3527A X|X|X|X X| Pulse 500KHz X|X|X 16 PinN, J, *

Regulating
PWMs
UC1526/2526/3526 X|{X|X|[X]|X]|X]|100mA 400KHz XXX X 18 PinN, J,*

Advanced
Regulating PWMs
UC1526A/2526A/3526A X|X|X|[X]|X|X|100mA 550KHz X|X[X X 18 PinN, J, *

High Frequency
PWM Controllers 500mA
UC1823/2823/3823 XX XXX 1.5A | X X XXX X 11X
UC1825/2825/3825 X|X|X|X|X Pulse 2MHz | X X|X|X X |X| 16PinN,J,*

Regulating
PWMs
UC494 X 200mA 300KHz | X X X 16 Pin N, J

Advanced

Regulating PWMs
UC494A/UC494C 16 PinN, J
UC495A/UC495AC X X 200mA 300KHz [ X X X 18 PinN, J

Programmable
Primary Side PWMs
UC1840/2840/3840 XX |X|X]|X|X|200mA | X | 500KHz X X|X| NA | X| 18PinN,J*

Note 1: All Current Mode Control ICs can be used in “Voltage Mode" Also; Consult Current Mode PWM Selection Guide.
Note 2: N = Plastic Package

J = Ceramic Package

* = Surface Mount Available, Consult Factory
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Power Supply Controls
PWM Performance Chart

SWITCHING REGULATOR CONTROL ICs (Cont’d)

Note: Most series available screened to /883B Rev. C

Z PERFORMANCE CHARACTERISTICS
VOLTAGE MODE /& §
S &/8/S) o
$/8 $/5/Q $ S JSISIS/S) SIS »

/S s/s/E) & S & JSof S SS/S/E/S) £ /S) &

2 <J XY ~ Q R & ™ & /) ) Q2
Programmable
Primary Side PWMs
UC1841/2841/3841 X[ X|X|X]X]|X|200mA | X |500KHz X X|{X| NA|[X]| 18PinN,J*
Advanced
Programmable, Off-Line
PWM X[X|X|X]|X]|X|200mA | X |500KHz X | X X|X]|NA|X| 18PinNJ*
UC1851/3851
Power Supply
Control Systems*
UC2850/3850 X XX |X[X|X]| 50mA 200KHz | X XX X 24PinN, J, "
Enhanced Voltage Mode
UCC3570 (BICMOS) X{X|{X|X]|X]|X|500mA | X|500KHz X | X|X|X|X|NA]|X] 14PinN, J,D

Note 1: All Current Mode Control ICs can be used in “Voltage Mode" Also; Consult Current Mode PWM Selection Guide.

Note 2: N = Plastic Package
J = Ceramic Package
* = Surface Mount Available, Consult Factory
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Power Supply Controls
PWM Performance Chart

SWITCHING REGULATOR CONTROL ICs

Note: Most series available screened to /883B Rev. C

PERFORMANCE CHARACTERISTICS
CURRENT MODE / §'
PWMs & $/S/E) s
S $/S/§/) &
& 1) & [of &[T/ S &
§ S F ST ) §
S f&) & [ S SSISE5) S [s) F
BICMOS High Frequency
PWM Controllers
UCC1802/2802/3802
UCC1803/2803/3803 500mA
UCC1804/2804/3804 1.0A
UCC1805/2805/3805 XIXIX|X|X Pulse [ X| 1MHz X [X X| X |X] 8PinN,J,D*
BICMOS High Frequency 500mA
PWM Controllers 1.0A
UCC1806/2806/3806 X|X|{X|X|X[X]| Pulse | X| 1MHz |X XX X| X |X[16PinN,J,DW
Dual BICMOS
Current Mode
UC1810/2810/3810 X|X|X|X|[X X| 1MHz 2)X | X X| X | X|[16PinN,J, DW
High Frequency
PWM Controllers 500mA 16 PinN, J, *
UC1823/2823/3823 X|X|X]|X]|X 15A | X X [ X[X]|X X |X
UC1825/2825/3825 XX | X|X|X Pulse 2MHz | X XXX X | X
High Frequency
PWM Controllers 500mA
UC1823A/2823A/3823A XIX[X|X[X[X 1.5A |X X | X[X X | X
UC1825A/2825A/3825A XX X|X[X{X Pulse 2MHz | X XXX X |X] 16PinN,J,*
Complementary Output 500mA
PWM Controllers 1.5A
UC1824/2824/3824 X[ X{X|X|X|[X]| Pulse [X X XIX{X|X| X [X|16PinN,J, DW
Programmable
Primary Side PWMs
UC1840/2840/3840 X|X|X]X|X]|X]|200mA | X [ 500KHz X X[X|{NA|X| 16PinN,J,*
Programmable
Primary Side PWMs
UC1841/2841/3841 X|X|X]X|X|X]|200mA | X | 500KHz X X[X|NA|X| 18PinN,J,*
Economy Primary
Side PWMs
UC1842/2842/3842
UC1843/2843/3843 100mA
UC1844/2844/3844 1A
UC1845/2845/3845 X XXX Pulse | X |500KHz X X N/A X! 8PinN,J,*

Note: N = Plastic Package
J = Ceramic Package
* = Surface Mount Available, Consult Factory
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Power Supply Controls
PWM Performance Chart

SWITCHING REGULATOR CONTROL ICs (Cont’d)

Note: Most series available screened to /883B Rev. C

PERFORMANCE CHARACTERISTICS
CURRENT MODE / §'
PWMs & S8/ s

$ s SIS £ /s
N S [&/3/$/E) & /S >

>/ & e/ & [/ //S) & /L Iy

s J8) §SSISS/ES L S &

&) & [/ §IIESES s [/ &

& & S S S Ss) &

Economy Primary
Side PWMs
UC1842A/2842A/3842A
UC1843A/2843A/3843A 100mA
UC1844A/2844A/3844A 1A
UC1845A/2845A/3845A X XXX Pulse | X |500KHz X X N/A | X| 8PinN,J,*
Current Mode
PWM Controllers
UC1846/2846/3846
UC1847/2847/3847 X|X|X[X|[X[X|200mA | X [ 500KHz X|IX|X|X| X [X|{ 16PinNJ,*
Average Current Mode 500mA
PWM 20A
UC1848/2848/3848 X|IX|X|X[X Pulse | | 1MHz X [ X X|X| X [X|16PinN, J, DW
Advanced
Programmable,
Off-line PWM
UC1851/3851 X|X[X|[X]|X]|X|200mA | X | 500KHz X |X X|X|NA|[X]| 18PinN,J,*
Advanced High 500mA
Performance PWM 1.5A
UC1856/2856/3856 XX X|X|X|X]|X]| Pulse 1MHz (X XXX X 16 PinN, J, DW

Note: N = Plastic Package
J = Ceramic Package
* = Surface Mount Available, Consult Factory
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Power Supply Controls

CURRENT MODE CONTROL IC APPLICATION GUIDE

ucc1800

ucc1801

ucc1802

ucc1803

ucc1804

UCC1805

UCC1806

uccis10

uci1823

UC1823A

uc1823B

uci1s24

uc1825

UC1825A

uc1825B

uc1828

UcC1840

Uci841

ucC1842

UC1842A

uc1843

UC1843A

ucC1844

UC1844A

Note: Most series available screened to /8838 Rev. C
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Power Supply Controls
Current Mode Application Guide

CURRENT MODE CONTROL IC APPLICATION GUIDE (Cont’d)

UC1845

UC1845A

UC1846

ucis47

uci1848

uc1849

uc1851

uc1852

uc1854

UC1854A

UcC1855

Uc1856

ucisri

uc1875

uc1876

uci1877

ucis87s

ucc1sss

ucc188s

ucc1891

ucc1892

ucc1893

ucc1894

Note: Most series available screened to /883B Rev. C
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Note: Most series available screened to /883B Rev. C
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POWER FACTOR CORRECTION ICs

Power Supply Controls

-

uc1852
uc1854
UC1854A
UC1855

Uc1891

Uc1892

UC1893

uc1894

LOW CURRENT BICMOS CONTROLLERS

1 can be obtained

ucCc1800

UCcC1801

uccC1802

ucc1803

UcC1804

UcC1805

UCC1806

ucc1s10

ucC1883

ucc188s

1 can be obtained
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Power Supply Controls

POWER SUPPLY SUPPORT FUNCTIONS

Two Stage Power
Factor Converter

o Single Chip Solution For Power Factor Corrected
Power Systems

« World Wide Voltage Operation Without Switches

» Fixed Frequency PWM Drive for Both Pre and
Post Regulators

o Low Offset Analog Multiplier/Divider

28 Pin PLCC
or
24 Pin DIL

Enhanced Quad
Supply and Line
Monitor

« Inputs for Monitoring up to Four Supply Voltages

« Two Inputs Preset for -5V and -12V Monitoring,
or Programmable Positive Levels

 Precision 2.5V Reference

o Separate Inputs for Over-Current and Line Fault
Sensing

18 Pin DIL
or
20 Pin SO-IC

Dual Schottky Diode
Array

« Monolithic Two Diode Array
« Exceptional Efficiency

o Low Forward Voltage

o High Peak Current (3A)

o Small Size

8 Pin SO-IC
(Power PKG)
or
8 Pin DIL

Shunt Precision
Reg./Opto Driver

» Multiple On-Chip Programmable Reference Voltages

o 0.4% Initial Accuracy

o 1.0% Overall Ref. Tolerance

e 2.2V to 36V Operating Supply Voltage and User
Programmable Reference

» Known Linear Transconductance @ 5%Tolerance

8 Pin DIL
or
8 Pin SO-IC

Precision Analog
Reg./Opto Driver

» Programmable Transconductance for Optimum
Current Drive

» Accessible 1.3V Precision Reference

« Both Error Amplifier Inputs Available

o 0.4% Initial Accuracy

¢ 1.0% Overall Reference Tolerance

* 2.2V to 36.0V Operating Supply Voltage

» Reference Accuracy Maintained for Entire Range of
Supply Voltage

o Superior Accuracy and Easier Compensation for
Opto-Isolator Application

« Low Quiescent Current (0.55mA Typ.)

8 Pin DIL
or
8 Pin SO-IC

Load Share Controller

« Fully Differential High Performance Voltage Sensing

o Accurate Current Amplifier for Precise Current
Sharing

« Opto Coupler Driving Capability

¢ 1.25% Trimmed Reference

16 Pin DIL
or
16 Pin SO-IC
or
20 Pin PLCC

EZ Switcher

» 1A Fixed or Adjustable Step Down Converter
o Up to 60V Input

« High Efficiency

o Pin Compatible with LM2575

5 Pin TO-220
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Product Selection Guide

POWER SUPPLY SUPPORT FUNCTIONS

* Same Features as UC2575 5 Pin TO-220
o 3A Output
¢ Pin Compatible with LM2576
EZ Switcher o 1A Fixed or Adjustable Step Up Converter 5 Pin TO-220
o Upto 60V Input
 High Efficiency
o Pin Compatible with LM2577
Low Dropout 3A e Drop Out < 0.6V @ 3A 5 Pin TO-220
Positive Linear o Drop Out <2mV @ 10mA or
Regulator » Quiescent current < 250pA lrrespective of Load 3 Pin TO-220
o Adjustable (5 Lead) Output Voltage Version
o Fixed (3 Lead) Version @ 2.85V, 3.3V and 5V
« Protection Features
Enhanced UC3854 o Controls Boost PWM to Near Unity Power Factor 16 Pin DIL
Power Factor  Limits Line Current Distortion to < 3% or
Controller o Accurate Power Limiting 16 Pin SO-IC
¢ Enhanced Multiplier Improvements or
« High Bandwidth (5 MHz) Low Offset Current 20 Pin PLCC
Amplifier
« Faster/Improved Accuracy ‘Enable Comparator'

5-12




INTEGRATED
CIRCUITS

= UNITRODE

Power Supply Controls

PRODUCT APPLICATIONS CIRCUITS

o Matched, Four Diode Monolithic Array
¢ High Peak Current

o Low Cost MINIDIP Package

» Low Forward Voltage

o Parallelable for Lower VF or Higher V¢
o Fast Recovery Time

o Military Temperature Range Available

Any Analog to Digital monitoring system; coupled with any of a wide range of sensors almost
any type of physical phenomena may be monitored. Samples:

o Air-Flow Sensor Circuits

o Liquid or Gas Flow Circuits

o Passing Object Circuits

"IC Circuitry that results in optimized charge cycles for specific battery applications."
o Uninterruptable Power Supplies

« Portable Electrical Equipment

o Emergency Power and Light Systems

o Volatile Data Handling Computers—Power Back-Up

By combining a temperature monitor and heater, this IC permits airflow velocity past the IC
package to be monitored.

* On-Chip Temperature Transducer

» Temperature Comparator Gives Threshold Temp-Airflow Alarm

o Low 2.5mA Quiescent Current

« Can Function as a General-purpose Low-power Controller

o Fully Synchronizing Oscillator

o Synchronization to Secondary Side Logic

» Leading Edge Blanking of Current Sense

* 50% Maximum Duty Cycle

o Undervoltage Lockout

« Programmable Low Line Sensing

o Programmable Softstart

* Programmable Fault/Restart Delay

ISDN FEATURES )

o Zero-power Startup Capability

« Restricted Mode Detection

« Frequency Agile PWM in Restricted Mode

* Precision Programmable Quiescent Current

o Very Low Quiescent Power for CCITT 25mW Restricted Mode
* Accurate, Programmable Input Power Limit or Input Current Limit

«Wide Operating Range

o Fully Synchronized Oscillator

» Temperature Stable Oscillator

¢ Logic Level Synchronization Input

 Precision Reference

o Error Amplifier for Loop Regulation and Compensation
« Undervoltage Lockout

ISDN FEATURES

oLow Line Logic Output

* Restricted Mode Logic Output

 Precision Programmable Quiescent Current

«Very Low Quiescent Power for CCITT 25mW Restricted Mode
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BYEzRATe uct61A

ucieiB
mm UNITRODE UC161C

Micropower Quad Comparator

FEATURES DESCRIPTION

* Programmable Output Drive Capability =~ The UC161 family of quad comparators feature programmable DC and

- Direct CMOS Logic Compatibility AC parameters. .A single ex?ernal resistor can §et .the comp-arators to
operate in the microwatt region for battery applications, or higher cur-

* LowPower rent levels can be set to obtain improved speed or drive capabilities.

. Direct Wire-OR of Outputs The outputsj, on thfese devu.:es can be wire OR'd together, simplifying
external logic requirements in some applications.

*  Wide Input Common Mode Range These devices are available in three temperature ranges, the UC161A

is specified for the full military range, -55° C to +125°C, the UC161B for

the industrial range, -25°C to +85°C, and the UC161C for the commer-

cial range of 0°C to +70°C.

CONNECTION DIAGRAM ABSOLUTE MAXIMUM RATINGS
DIL-16 (TOP VIEW) Supply Voltage (+Vto-V) . .. .. ... ... ... ... ... ... 36V
N or J Package Differential InputVoltage . . . . ... ... ... ... .......... 30V
InputVoltage . . .. .. ... ... .. .. . ... . ... ... -V-0.3Vto +V
+n O 6 +V Power Dissipationat TA=25°C ... ... ............. 1000 mW
N ] loeT Power DissipationatTc=25°C .. ................. 2000 mwW
Operating Junction Temperature . . . . . ... ....... -55°C to +150°C
+INz [3] 4 NC Storage Temperature . . . . . . e -65°C to +150°C
Nz [3] ouTs Lead Temperature (Soldering, 10Sec.) . . . . .. .. .. .. .. .. +300°C
s [ oUT: Note: Consult Packaging Section of Databook for thermal limitations and con-
siderations of package.
+IN3 [6] OUTs
INs [7] ouTs
+IN¢ [8] -V

SIMPLIFIED SCHEMATIC (ONE COMPARATOR)

OUTPUT
T T T T T -
| 1 +V
| | BIAS NETWORK |
I (COMM%!EIJRTO | % Reer
ALL F p
@ | | comPARATORS) | (EXTERNAL)
f : l S SET
Qs Q4 | QLI\T |
l |
= Q‘l Qz I '
(-) o |
(+)o | g |
‘ ‘l\/97 Qa\|: Q1o :
D1 Qs | A |
- — lo -v
e - — -
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UC161A
uci161B
ucie1C

ELECTRICAL CHARACTERISTICS: Temperature range is -55° to +125°C for the UC161A, -25°C to +85°C for the
UC161B, and 0°C to +70°C for the UC161C.

LOW POWER ELECTRICAL CHARACTERISTICS: uUniess Otherwise Stated: Vs = =3V, IseT? = 10pA, R2 -10MQ,
CL=10pF, TA=25°C, TA=Tu.

“|symBoL|  TEST CONDITIONS

PARAMETER UC161A UC161B/C UNITS
MIN | TYP | MAX |MIN| TYP | MAX
5 Input Offset Voltage Vos 1 3 1 6 mV
% Input Offset Current los 1 20 1 25 nA
= | InputBias Current 8T 20 100 20 200 nA
5 DC Open Loop Voltage AvoL 20 30 10 30 V/mV
Gain
E Low Output Voltage' VoL |RL=20kQ 295 | -26 295| 26 | Vv
O [ High Output Voltage' VoH |RL =200k 25 | 29 25| 29 v
© | Common Mode Range CMR +1.3/-3 +1.3/-3 \
Z | Response Time t  |100mV Overdrive, CL = 10pF 5 5 us
E CommonModeRejection | CMRR |VIN = CMR 75 90 75 | 90 dB -
0 | Ratio
> | PowerSupplyRejection PSRR ‘65 | 80 65 | 80 dB
& Ratio
a SupplyCurrent Is AllinputsGrounded,RL = 210 | 300 210 | ‘300 pA
TA = Over Temperature Range
Input Offset Voltage Vos 5 mV
DC Open Loop Voltage AvoL 10 5 V/mV
Gain
Supply Current Is All Inputs Grounded, RL = » 350 350 pA

HIGH POWER ELECTRICAL CHARACTERISTICS: Unless Otherwise Stated: Vs = 15V, ISeT? = 100pA, RL =2MQ,

CL=10pF, TA=25°C, TA=Tu.

PARAMETER SYMBOL TEST CONDITIONS UC161A UC161B/C UNITS
' MIN | TYP | MAX | MIN | TYP | MAX

S Input Offset Voltage Vos 15 3 15 6 mV
% Input Offset Current los 5 60 5 90 nA
= | Input Bias Current BT 100 400 100 800 nA
- DC Open Loop AvoL - 50 100 30 100 V/mV
2 Voltage Gain
'5 Low Output Voltage1 VoL |RL =20kQ -149 | -146 -14.9 | -146 \4
O | High Output Voltage1 VoH |RL = 200kQ ‘ 145 | 149 145 | 149 \
o | _Common Mode Range | CMR +13/-15 +13/-15 \
= | Response Time t 100mV Overdrive, 1 1 us
s CL = 10pF
% | Common Mode CMRR |VIN = CMR 75 90 75 90 dB

Rejection Ratio
25 | Power Supply PSRR 65 80 65 80 dB
2 | Rejection Ratio
8 Supply Current Is All Inputs Grounded, RL = o« 2100 | 3500 2100 | 3500 | pA

Note 1: The output current drive of the UC161 is non-symmetrical. This facilitates the wire-ORing of two comparator outputs. The
output pull-down current capability is typically 76—150 times the pull-up current.
Note 2: Set current (IseT) and supply current (IsupPLY) can be determined by the following formulas:

IseT

_ 6V - 2VeB) - (-V]
S|

RseT

1 IsuPPLY = 21 X ISET.
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UC161A
ucieiB
ucieiC

HIGH POWER ELECTRICAL CHARACTERISTICS (Continued): Ta=Tu.

TA = Over Temperature Range

PARAMETER SYMBOL| TEST CONDITIONS UC161A UC161B/C UNITS
MIN | TYP | MAX | MIN | TYP | MAX
Input Offset Voltage Vos 6 mV
Input Bias Current BT 500 nA
DC Open Loop Voltage AvoL 25 15 VimV
Gain
Supply Current Is All Inputs Grounded RL = 4000 4000 | pA

Note 1: The output current drive of the UC161 is non-symmetrical. This facilitates the wire-ORing of two comparator outputs. The
output pull-down current capability is typically 75150 times the pull-up current.
Note 2: Set current (IseT) and supply current (IsuppLy) can be determined by the following formulas:

_ v -(ven - (v

RseT . IsuPPLY = 21 x ISET.

IseT

APPLICATION AND OPERATION INFORMATION
DESCRIPTION

The UC161 is a monolithic quad micropower comparator
with an external control for varying its AC and DC charac-
teristics. The variation of a single programming resistor
will simultaneously alter parameters such as supply cur-
rent, input bias, current slew rate, output drive capability,
and gain. By making this resistor large, operation at very
small supply current levels and power dissipations is pos-
sible. The UC161 is therefore ideal for systems requiring
minimum power drain, such as battery-powered instru-
mentation, aerospace systems, CMOS designs, and re-
mote security systems.

The circuit (see Simplified Schematic) is composed of five
major blocks-four comparators and a common bias net-
work. Q1-Qs, and D1 from a darlington differential ampli-
fier with double-to-single ended conversion. Qs is a dual
current source whose outputs' are exactly twice the cur-
rent flowing through Qs. The collector current of Qs is a
function of the current supplied externally to Qs-Qio,
which in turn is known as the set current of ISET. This set
current is established by a resistor connected between
the IseT terminal and a voltage source, most commonly
the positive supply. Q11 prevents excessive current from
flowing through Qs and Q1o in the event the ISET terminal
is shorted to the positive supply; it has no effect on circuit
operation under normal conditions.

SETTING THE SET CURRENT
The set current can be expressed as:

_ 69 - (@Vee) - (V)]

IseT ForT

where +V is the voltage to which the control resistor is
connected, -V is the negative supply voltage, VeE is the
base emitter drop of Qs or Q10 (about 0.7V), and RsET is
the value of the external control resistor or set resistor.
Equation 1 is simply a derivative of ohms law. There is
also an analytical relationship between ISET and the total
supply current:

IsuppLY = [ISET (current sourced by Q6 to Qs)

+2 ISET (current sourced to the differential
amplifier by Q6)

+2 ISET (current sourced to the comparator
output by Qe)

x 4 (the total number of comparators)

+ ISET (current sourced through Q11, Q10, and
Q9 to-V)

= [IseT + 2 IseT + 2 IsET} x 4 + IsET
=21IseT

The output current pulldown capability (loL) of the UC161
is about 2 orders of magnitude greater than the high out-
put drive current, (loH), which allows wire-ORing the out-
puts. loH is simply the current sourced by Qs:

IoH = 2 x IseT

loL is found by multiplying the current sourced by the col-
lector of Qs by the gain Q7:

loL=p (Q7) x 2 IseT
The beta of Q7 is about 75-150.
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UC161A

uci61B
ucteé1C
APPLICATION AND OPERATION INFORMATION (Continued)
Input Bias Current vs Supply Current RSET vs VsupPPLY for Various Supplies
100 = — T 111
il il g 10.0 Ta=25"C IFY.
, 3 RN~
z i 1l i 8 8.0 I \Q,Q/rlr L.
E S = i: /| P . .
S5 © : o 60 Y c_,o\*)( P
g5 2 a0 SHA Lok
w 2 N A0 LT
CZ A & 20 A 050 n AL
» g V11[Vs = 115V - A A " -
£ 1 == = TR / [P
7] 0 4 ,/5 [l
é '/ & 04 // /71 4 mA—f‘
7 L ) (A A AT |
017 =250  , l 1
1 10 100 1K 10K 2 5 o H5
IsuprLy - SUPPLY CURRENT (. A) Vs-SUPPLY VOLTAGE (VOLTS)
Transfer Characteristics " Slew Rate vs Supply Current
L e e s e o 200 >— 10
- VsuppLy = T15V il 180 — N ,,/ A 8
10 —Ta = 25°C va % & 10| NEGATIVE /| & a3
— A E 3 .,,| TRANSITION, P m @
7) P S 140 . v 7 =5
il / 22 / / 6 o
3 ' Zu ARy gh
S0 £ P 100 /POSITIVE | § =
. / wE 80—t/ // TRANSTION | 4 E%
5 = 5=t <
2 yA £ 60 T W =ttoomvp| 3 =5
0 7 oz 40 RL=10MQ | 2 &g
. 27 2 CL=10pF | 1
" 0 Ta=25°C 0
) 0 200 400 600 800 1000
<200 100 O 100 200
: | - SUPPLY CURRENT
Viv -DIFFERENTIAL (14 V) supeLy - SUPPLY CURRENT (. A)

UNITRODE INTEGRATED CIRCUITS
7 CONTINENTAL BLVD. + MERRIMACK, NH 03054
TEL. (603) 424-2410 « FAX (603)-424-3480
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INTEGRATED
CIRCUITS

= UNITRODE

Advanced Regulating Pulse Width Modulators

FEATURES

Dual Uncommitted 40V, 200mA
Output Transistors

1% Accurate 5V Reference
Dual Error Amplifiers
Wide Range, Variable Deadtime

Single-ended or Push-pull
Operation

Under-voltage Lockout With
Hysteresis

Double Pulse Protection

Master or Slave Oscillator
Operation

UC495A: Internal 39V Zener Diode
UC495A: Buffered Steering Control

BLOCK DIAGRAM

UC494A/AC
UC495A/AC

N
F S
&

DESCRIPTION

This entire series of PWM modulators each provide a complete pulse width
modulation system in a single monolithic integrated circuit. These devices in-
clude a 5V reference accurate to +1%, two independent amplifiers usable for
both voltage and current sensing, an externally synchronizable oscillator
with its linear ramp generator, and two uncommitted transistor output
switches. These two outputs may be operated either in parallel for single-
ended operation or alternating for push-pull applications with an externally
controlled dead-band. These units are internally protected against double-
pulsing of a single output or from extraneous output signals when the input
supply voltage is below minimum.

The UC495A contains an on-chip 39V zener diode for high-voltage applica-
tions where Vcc would be greater than 40V, and a buffered output steering
control that overrides the internal control of the pulse steering flip-flop.

The UC494A is packaged in a 16-pin DIP, while the UC495A is packaged in
an 18 pin DIP. The UC494A, UC495A are specified for operation over the full
military temperature range of -55°C to +125°C, while the UC494AC,
UC495AC are designed for industrial applications from 0°C to +70°C.

(UC495A)

FSTEERING

: CONTROL

Rr———
or OSCILLATOR

4 PULSE STEERING

OUTPUT CONTROL

(SEE FUNCTION TABLE) FUNCTION TABLE

Output Control

Connected to: Output Function

Single-Ended or
E1 Ground Parallel Operation

VREF Push-Pull Alternating
c2 Outputs

E2 UC495A
FLIP-FLOP

Steering Control
DEAD- R50.1V (Output Control Output Function
TIME. —iH at VRer)
CONTROL 9 Vs < 0.4V PWM Output at Q1
I vee Vs >24V  [pwM oOutput a1 Q2
NON |
PWM | ZK39V | [ReFERENCE
NV INPUT 1 } COMPARATOR | | |REGULATOR —~REF out
INV. INPUT > ] a)s ! -
ERROR AMPLIFIERS | Vv 1 GND

NON |
INV. INPUT | v |

2 i L_Z2_ |
INV. INPUT —i}—> (Uc4954)
SOMP.

WM COMP
6/93
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UC494A/AC

UC495A/AC
ABSOLUTE MAXIMUM RATINGS (Note 1, 2, 3) RECOMMENDED OPERATING CONDITIONS
Supply Voltage, Vec (Note 2). . ...........coovinun... 45V SupplyVoltageVeC ..........coovvivinnn, 7V to 40V
Amplifier InputVoltages . . .................... Vce + 0.3V Error Amplifier Input Voltages ............. -0.3V to Vee-2v
Collector OutputVoltage .................ccoiunn... 41V Collector OutputVoltage . .............ccvvvuununn. 40V
Collector Output Current. . .. .........cccoevvnn... 250mA  Collector Output Current (each transistor)........... 200mA
Continuous Total Dissipation .................... 1000mW  Current into Feedback Terminal. ................... 0.3mA
@ (or below) 25°C free air temperature range (Note 3) Timing Capacitor,CT ................. 0.47nF to 10,000nF
Storage Temperature Range .. ............. -65°to +150°C  Timing Resistor, RT . .................... 1.8kQ to 500k
Lead Temperature 1/16" (1.6mm) from case for 60 seconds, Oscillator Frequency .................... 1kHz to 300kHz
JPackage...........ciiiiiii it 300°C  Operating Free Air Temperature
Lead Temperature 1/16" (1.6mm) from case for 10 seconds, UC494A,UC495A .................... -55°C to +125°C
NPackage ...........coiiiiiiiiininininennn 260°C UC494AC,UC495AC.............counnt. 0°C to +70°C
Note 1: Over operating free air temperature range unless
otherwise noted.
Note 2: All voltage values are with respect to network
ground terminal 3.
Note 3: Consult Packaging Section of Databook regarding
thermal specifications and limitations of packages.
CONNECTION DIAGRAMS
DIL-18 (TOP VIEW) UC494A/AC DIL-18 (TOP VIEW) UC495A/AC
J or N Package J or N Package
ERROR
AMP
VRN
NoN-iv iNpuT (7] NoN-Nv INpuT [T] [78] NON-INV INPUT
NV INPUT [ INV INPUT [2] ! 2 [17]INV INPUT
COMPEN/PWM
SQUEENTIM [3 A ] ver
DEAD TIME GONTROL [3] DEAD TIME CONTROL [4] 16] Vz
or 3] cr [5] 14] OUTPUT CONTROL
ar e Rr 6] [13] STEERING CONTROL
anNo[7 GND |7 12} Vee
1B c1[g] 11] c2
El|9 10| E2

ELECTRICAL CHARACTERISTICS: Unless otherwise stated, over recommended operating free-air temperature range,
Vece =15V, f = 10kHz, TA= Tu.

PARAMETER | TEST CONDITIONS | min | Tvp | max [units

Reference Section

Output Voltage VREF lo=1mA, TA=25°C 4.95 5 5.05 \'

Input Regulation Vee =7V to 40V 2 25 mV

Output Regulation lo=1mA to 10mA 1 15 mVv

Output Voltage Over Temperature ATA = Min. to Max. 4.90 5.10 \

Short Circuit Output Current VREF = 0, TA=25°C (Note 1) 10 35 50 mA
Oscillator Section

Frequency (Note 2) C1=0.01pF, RT = 12kQ 10 kHz

Standard Deviation Of Frequency (Note 3)  |All Values of Vce, Ct, RT, TA Constant 10 %

Frequency Change With Voltage Vee = 7V to 40V, TA = 25°C 0.1 %

Frequency Change With Temperature Ct = 0.01pF, RT = 12kQ, ATA = Min. to Max. 2 %
Deadtime Control Section (Output Control Connected to VREF)

Input Bias Current (Pin 4) V(PIN 4) = OV to 5.25V -2 -10 pA

Maximum Duty-Cycle (Each Output) V(PIN 4) = OV 45 %
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UC494A/AC
UC495A/AC

ELECTRICAL CHARACTERISTICS: Unless otherwise stated, over recommended operating free-air temperature range,

Vce =15V, f=10kHz, TA=Tu.

PARAMETER I TEST CONDITION [ min | Tvp [ max Junrrs
Deadtime Control Section (cont.) (Output Control Connected to VREF)
Input Threshold Voltage (Pin 4) Zero Duty-Cycle 3 3.3 \
Maximum Duty-Cycle 0 \
Amplifier Section
Input Offset Voltage Vo (PIN 3) = 2.5V 2 10 mV
Input Offset Current Vo (PIN 3) =2.5V 25 250 nA
Input Bias Current Vo (PIN3) = 2.5V -0.2 -1 pA
Common-Mode Input Voltage Range Vee =7V to 40V .03 to \)
Vee -2
Open Loop Voltage Gain AVo=3V,Vo =05Vt 3.5V 70 95 dB
Unity Gain Bandwidth 800 kHz
Common-Mode Rejection Ratio Vcce = 40V, TA= 25°C 65 80 dB
Output Sink Current (Pin 3) VID =-15mV to -5V, V(PIN 3) = 0.7V 0.3 0.7 mA
Output Source Current (Pin 3) VID=15mV to 5V, V(PIN3) = 3.5V -2 mA
Output Section
Collector Off-State Current VCE = 40V, Vcc = 40V 2 100 pA
Emitter Off-State Current Vec=Vec =40V, VE=0 -100 | pA
Collector - Emitter |Common-Emitter |[VE =0, lc = 200mA 1.1 1.3 \
Saturation Voltage |Emitter-Follower __ |Vc = 15V, IE = -200mA 15 | 25 | v
Output Control Input Current Vi = VREF 3.5 mA
PWM Comparator Section
Input Threshold Voltage (Pin 3) Zero Duty-Cycle 4 4.5 \
Input Sink Current (Pin 3) V(PING) = 0.7V 0.3 0.7 mA
Steering Control (UC495A, See Function Table)
Input Current V(PIN 13) = 0.4V, Q1 ACTIVE -200 A
V(PIN 13) = 2.4V, Q2 ACTIVE 300 pA
Deadband 500 mV
Zener Diode Circuit (UC495A)
Breakdown Voltage Vce =45V, 1z=2mA 36 39 45 \
Sink Current V(PIN15) = 1V 0.2 0.3 0.6 mA
Total Device
Standby Supply Current Pin 6 at VREF, All other inputs and Vee =15V 6 10 mA
outputs open Vce = 40V 9 15 mA
Under Voltage Lockout 3.5 6.5 \4
Hysteresis 300 mV
Switching Characteristics (TA = 25°C)
Output Voltage Rise Time Common-Emitter Configuration 100 200 ns
Output Voltage Fall Time RL =68Q, CL = 15pF 25 100 ns
Output Voltage Rise Time Emitter-Follower Configuration 100 | 200 ns
Output Voltage Fall Time RL = 68Q, CL=15pF 40 100 ns

Note 1: Duration of the short circuit should not exceed one second.

Note 2: Frequency for other values of CT and RT is approximately f=

11
RTCT

Note 3: Standard deviation is a measure of the statistical distribution about the mean as derived from the formula:

n

£ (Xa- X
n=1
n-1
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UC494A/AC

Figure 1. Slaving Two or More Control Circuits

VREF Vee Vee O
O 12
Vaer O————
[}
® Vo
5
TO REMAINDER TO REMAINDER
OF ERROR OF ERROR
AT c AMPLIFIER AMPLIFIER
T
v b2 CIRCUIT CIRCUIT
= = TO COMPENSATION/PWM
- - COMPARATOR INPUT
8 [ ] (PIN 3)
Rt Vee  glave
s (Additional
o circuits)

Figure 2. Output Circuit of Error Amplifiers

¢l
— QC
OUTPUT Q1 gy
CONTROL
1 TO 500mA

I: c2
TE TO Q2
GND OR o > QE
A VOLTAGE
UP TO 04V

SINGLE - ENDED CONFIGURATION

Figure 3. Output Connections for Single-Ended and Push-Pull Configurations

TIE TO Vrer
OR A VOLTAGE
AS LOW AS 24V

o

OUTPUT
CONTROL

ci
|Q, E1 Qto 250mA
—|02 c2 <: to 250mA
E2

PUSH - PULL CONFIGURATION

5V

237K

AN

T0
FLIP

13
O STEERING
FLOP

CONTROL

L
< 12k
3

GND

Figure 4. Internal Buffer with Deadband for
Steering Control on UC495A

VIN >40V— N9

Figure 5. Operation with VIN > 40V Using Internal Zener

Rs 12

Vee

15

3gv

IC
SUPPLY
VOLTAGE

Vz aK

O~

GND

GND

Vo

TO OUTPUT
VOLTAGE OF
SYSTEM

ERROR

AMP 3
Vrer

POSITIVE OUTPUT VOLTAGE
Vo= Vrer (14 %)

UNITRODE INTEGRATED CIRCUITS

NEGATIVE OUTPUT VOLTAGE

Vo = Veer (u%)

Figure 6. Error Amplifier Sensing Techniques

Vo TO OUTPUT
VOLTAGE OF
SYSTEM

7 CONTINENTAL BLVD. * MERRIMACK, NH 03054
TEL. (603) 424-2410 * FAX (603) 424-3460
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INTEGRATED
CIRCUITS

mm UNITRODE

UC1524
UC2524
UC3524

Advanced Regulating Pulse Width Modulators

FEATURES

e Complete PWM Power Control
Circuitry

*  Uncommitted Outputs for

Single-ended or Push-pull
Applications

* Low Standby Current...8mA
Typical

* Interchangeable with SG1524,
SG2524 and SG3524,
Respectively

BLOCK DIAGRAM

DESCRIPTION

The UC1524, UC2524 and UC3524 incorporate on a single monolithic chip
all the functions required for the construction of regulating power supplies, in-
verters or switching regulators. They can also be used as the control element
for high-power-output applications. The UC1524 family was designed for
switching regulators of either polarity, transformer-coupled dc-to-dc convert-
ers, transformerless voltage doublers and polarity converter applications em-
ploying fixed-frequency, pulse-width modulation techniques. The dual
alternating outputs allow either single-ended or push-pull applications. Each
device includes an on-chip reference, error amplifier, programmable oscilla-
tor, pulse-steering flip-flop, two uncommitted output transistors, a high-gain
comparator, and current-limiting and shut-down circuitry. The UC1524 is
characterized for operation over the full military temperature range of -55°C
to +125°C. The UC2524 and UC3524 are designed for operation from -25°C
to +85°C and 0° to +70°C, respectively.

CONNECTION DIAGRAM

VREF VIN  EB CB Ca EA S/D COMP
16115 4] 13| _{(12{ |11]_[10{_{9

e | L 2

REGULATOR S/D
s

@ IOSCILLATOH

3415716 1718
INV NON osc (+) é) Rr Cr GND

INPUT INV_ OUTC.L
INPUT SENSE

ViN @——

RT O

VREF
REFERENCE @ +5V to all
REGULATOR Internal clrcultry
T s
+5|V -
|osciLLaToR InoRe o

(RAMP)

CTO
I

+5V  ERROR +5V
INV. INPUT (D)————~_ AMP (4)+SENSE
C.L.
NI INPUT@—{ ' SENSE
= @ 1k 9 =
GROUND((8) COMPENSATION
. I SHUT
(Substrate) SHON h

T
= AN +5V Cs
o)
coMPTFﬁTﬁR__E?— €
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uUC1524
uc2524
UC3524

ELECTRICAL CHARACTERISTICS: Unless otherwise stated, these specifications apply for Ta = -55°C to
+125°C for the UC1524, —25°C to +85°C for the UC2524, and 0°C to
+70°C for the UC3524, VIN =20V, and f = 20kHz, TA=TJ.

dividers, and with outputs open)

UC1524/UC2524 uC3524
PARAMETER TEST CONDITIONS UNITS
~ MmN | TP | max | miN | TYP | mAX
Reference Section
Output Voltage 4.8 5.0 5.2 4.6 5.0 5.4 \
Line Regulation VIN = 8 to 40V 10 20 10 30 mV
Load Regulation IL=0to 20mA 20 50 20 50 mV
Ripple Rejection f=120Hz, Ty =25°C 66 66 dB
Short Circuit Current Limit VREF =0, Ty=25°C 100 100 mA
Temperature Stability Over Operating Temperature Range 03 1 03 1 %
Long Term Stability Ty=125°C, t = 1000 Hrs. 20 20 mV
Oscillator Section
Maximum Frequency Ct =.001mfd, RT = 2kQ 300 300 kHz
Initial Accuracy RT1 and CT Constant 5 5 %
Voltage Stability VIN = 8 to 40V, Ty =25°C 1 1 %
Temperature Stability Over Operating Temperature Range 5 5 %
Output Amplitude Pin 3, Ty=25°C 35 3.5 \
Output Pulse Width C1 =.01mfd, Ty = 25°C 0.5 0.5 us
Error Amplifier Section
Input Offset Voltage Ve = 2.5V 0.5 5 2 10 mV
Input Bias Current Veum = 2.5V -2 10 2 10 pA
Open Loop Voltage Gain 72 80 60 80 dB
Common Mode Voltage _|Tu=25°C 1.8 3.4 1.8 3.4 \
Common Mode Rejection Ratio | Ty = 25°C 70 70 dB
Small Signal Bandwidth Av =0dB, Ty = 25°C 3 3 MHz
Output Voltage Tu=25°C 0.5 3.8 0.5 3.8 \
Comparator Section .
Duty-Cycle % Each Output On 0 45 0 45 %
Input Threshold Zero Duty-Cycle 1 1 \
Maximum Duty-Cycle 35 3.5 \
Input Bias Current 1 1 pA
Current Limiting Section
Sense Voltage Pin 9 = 2V with Error Amplifier 190 | 200 | 210 | 180 | 200 | 220 mV
Set for Maximum Out, Ty = 25°C !
Sense Voltage T.C. 0.2 0.2 mV/°C
Common Mode Voltage -1 +1 -1 +1 Vv
Output Section (Each Output)
Collector-Emitter Voltage 40 40 \4
Collector Leakage Current VCE = 40V 0.1 50 0.1 50 A
Saturation Voltage Ic =50mA 1 2 1 2 \4
Emitter Output Voltage VIN = 20V 17 18 17 18 \4
Rise Time Rc = 2k ohm, Ty = 25°C 0.2 02 us
Fall Time Rc = 2k ohm, Ty = 25°C 0.1 0.1 us
Total Standby Current VIN = 40V 8 10 8 10 mA

(Excluding oscillator charging current, error and current limit
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ABSOLUTE MAXIMUM RATINGS (Note 1)

Supply Voltage, Vcc (Notes2and3).................. 40V
Collector Output Current. . .............covvn... 100mA
Reference OutputCurrent ........................ 50mA
Current Through CtTerminal. . .. ................... -5mA
Power Dissipation at TA = +25°C (Note 4).......... 1000mW
Power Dissipation at Tc = +25°C (Note 4).......... 2000mwW
Operating Junction Temperature Range . .. .. -55°C to +150°C
Storage Temperature Range .. ............ -65°C to +150°C
Note 1: Over operating free-air temperature range unless
otherwise noted.

Note 2: All voltage values are with respect to the ground
terminal, pin 8.

Note 3: The reference regulator may be bypassed for operation
from a fixed 5V supply by connecting the Vicc and
reference output pins both to the supply voltage. In this
configuration the maximum supply voltage is 6V.

Note 4: Consult packaging section of databook for thermal
limitations and considerations of package.

TYPICAL CHARACTERISTICS
Open-Loop Voltage Amplification
of Error Amplifier vs Frequency

g
~ 90 IRI IRLLL ‘ T T 0171
F4 Fem | || VN =20V
2 8o Ty=25'C
< 70 i T
o
3 60| Re=MO ] ml
= 50 [ RF=300k0) .
&j 40 | RF=100k(} | Ll
< 2 RF-SlOKQ L
=l 1R L
g 20 FReIS RESISTA E FROM PN

9 TO
a 1 - |
8 N
o 0 ’-VALUE OF R BELOW 30K WLL \
- BEGIN TO LIMIT MAXIMUM DUTY-CYCLE|
3y L R T
Hof 100 & 10k 100k M 1OM

FREQUENCY (Hz)

Output Dead Time vs
Timing Capacitance Value

10 T
VN =20V A
Ty=25"C

T
T

04

OUTPUT DEAD TIME (u s)
\
A\

.
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UC1524

uC2524

UC3524
RECOMMENDED OPERATING CONDITIONS
Supply Voltage, VeC .. ..., 8V to 40V
Reference OutputCurrent . . ................... 0to 20mA
Current through CtTerminal ............. -0.03mA to -2mA

Timing Resistor, RT .. ................... 1.8kQ to 100k

Timing Capacitor, CT .. ................. 0.001pF to 0.1uF
Operating Ambient Temperature Range
UC1524 ... o -65°C to +125°C
UC2524 ... -25°C to +85°C
UC3524 ... 0°C to +70°C

Oscillator Frequency vs
Timing Components
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PRINCIPLES OF OPERATION

The UC1524 is a fixed-frequency pulse-width-modulation
voltage regulator control circuit. The regulator operates at
a frequency that is programmed by one timing resistor
(RT), and one timing capacitor (CT), RT establishes a con-
stant charging current for CT. This results in a linear volt-
age ramp at Ct, which is fed to the comparator providing
linear control of the output pulse width by the error ampli-
fier. The UC1524 contains an on-board 5V regulator that
serves as a reference as well as powering the UC1524’s
internal control circuitry and is also useful in supplying ex-
ternal support functions. This reference voltage is lowered
externally by a resistor divider to provide a reference
within the common-mode range of the error amplifier or
an external reference may be used. The power supply
output is sensed by a second resistor divider network to
generate a feedback signal to the error amplifier. The am-
plifier output voltage is then compared to the linear volt-
age ramp at CT. The resulting modulated pulse out of the

UC1524
UC2524
UC3524

high-gain comparator is then steered to the appropriate
output pass transistor (Q1 or Q2) by the pulse-steering
flip-flop, which is synchronously toggled by the oscillator
output. The oscillator output pulse also serves as a blank-
ing pulse to assure both outputs are never on simultane-
ously during the transition times. The width of the
blanking pulse is controlled by the valve of CT. The out-
puts may be applied in a push-pull configuration in which
their frequency is half that of the base oscillator, or paral-
leled for single-ended applications in which the frequency
is equal to that of the oscillator. The output of the error
amplifier shares a common input to the comparator with
the current limiting and shutdown circuitry and can be
overridden by signals from either of these inputs. This
common point is also available externally and may be
employed to control the gain of, or to compensate, the er-
ror amplifier or to provide additional control to the regula-
tor.

TYPICAL APPLICATIONS DATA
Oscillator

The oscillator controls the frequency of the UC1524 and is
programmed by RT and Ct according to the approximate
formula:

1.18
~RrCr

where RT isin kilohms
CT is in microfarads
fisin kilohertz

Practical values of Ct fall between 0.001 and 0.1 micro-
farad. Practical values of Rt fall between 1.8 and 100
kilohms. This results in a frequency range typically from
120 hertz to 500 kilohertz.

Blanking

f

The output pulse of the oscillator is used as a blanking
pulse at the output. This pulse width is controlled by the
value of CT. If small values of Ct are required for fre-
quency control, the oscillator output pulse width may still
be increased by applying a shunt capacitance of up to
100pF from pin 3 to ground. If still greater dead-time is re-
quired, it should be accomplished by limiting the maxi-

mum duty cycle by clamping the output of the error ampli-
fier. This can easily be done with the circuit below:

VREF
@ 1N916
Comp e >

Gnd 0

Synchronous Operation

25k

When an external clock is desired, a clock pulse of ap-
proximately 3V can be applied directly to the oscillator
output terminal. The impedance to ground at this point is
approximately 2 kilohms. In this configuration RT CT must
be selected for a clock period slightly greater than that of
the external clock.

If two or more UC1524 regulators are to operated synchro-
nously, all oscillator output terminals should be tied together,
all Ct terminals connected to single timing capacitor, and
the timing resistor connected to a single RT, terminal. The
other Rt terminals can be left open or shorted to VREF. Mini-
mum lead lengths should be used between the Ct termi-
nals.
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ucC1524

uc2s524
uUC3524
Single-Ended LC Switching Regulator Circuit
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INTEGRATED
CIRCUITS

=== UNITRODE
Advanced Regulating Pulse Width Modulators

FEATURES

Fully Interchangeable with
Standard UC1524 Family

Precision Reference Internally
Trimmed to =1%

High-Performance Current Limit
Function

Under-Voltage Lockout with
Hysteretic Turn-on

Start-Up Supply Current Less
Than 4mA

Output Current to 200mA
60V Output Capability

Wide Common-Mode Input
Range for both Error and
Current Limit Amplifiers

PWM Latch insures Single
Pulse per Period

Double Pulse Suppression
Logic

200ns Shutdown through PWM
Latch

Guaranteed Frequency
Accuracy

Thermal Shutdown Protection

UC1524A
UC2524A
UC3524A

DESCRIPTION

The UC1524A family of regulating PWM ICs has been designed to retain the
same highly versatile architecture of the industry standard UC1524 (SG1524)
while offering substantial improvements to many of its limitations. The UC1524A
is pin compatible with “non-A” models and in most existing applications can be
directly interchanged with no effect on power supply performance. Using the
UC1524A, however, frees the designer from many concerns which typically had
required additional circuitry to solve.

The UC1524A includes a precise 5V reference trimmed to +1% accuracy, elimi-
nating the need for potentiometer adjustments; an error amplifier with an input
range which includes 5V, eliminating the need for a reference divider; a current
sense amplifier useful in either the ground or power supply output lines; and a
pair of 60V, 200mA uncommitted transistor switches which greatly enhance out-
put versatility.

An additional feature of the UC1524A is an under-voltage lockout circuit which
disables all the internal circuitry, except the reference, until the input voltage has
risen to 8V. This holds standby current low until turn-on, greatly simplifying the
design of low power, off-line supplies. The turn-on circuit has approximately
600mV of hysteresis for jitter-free activation.

Other product enhancements included in the UC1524A’s design include a PWM
latch which insures freedom from multiple pulsing within a period, even in noisy
environments, logic to eliminate double pulsing on a single output, a 200ns ex-
ternal shutdown capability, and automatic thermal protection from excessive chip
temperature. The oscillator circuit of the UC1524A is usable beyond 500kHz and is
now easier to synchronize with an external clock pulse.

The UC1524A is packaged in a hermetic 16-pin DIP and is rated for operation
from -55°C to +125°C. The UC2524A and 3524A are available in either ceramic
or plastic packages and are rated for operation from -25°C to +85°C and 0°C to
70°C, respectively. Surface mount devices are also available.

BLOCK DIAGRAM
Refore ®
eference
VIN @ Regulator (® vaer
Power to
u.v.
Internal
@‘Clrcultry
Osc @ Ca
Rt Ea
Osc
cr (@
IRamp
comp (3)— ™ ‘ Cs
]
Inv. Input
N.I. Input (2) %
200mV VIN L Shutdown
CL (+) Sense @-I EIL
CL (-) Sense £ Gnd
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ABSOLUTE MAXIMUM RATINGS
Supply Voltage (VIN). . ... ooviee e 40V

Collector Supply Voltage (VC) ...........covviiununn. 60V
Output Current (each Output). . .. ................. 200mA
Maximum Forced Voltage (Pin9,10)............. -3to +5V
Maximum Forced Current (Pin9,10)............... +10mA
Reference Output Current ..................c..e. 50mA
Oscillator ChargingCurrent . ...............cooov... 5mA
Power Dissipationat TA=425°C................. 1000mW
Power Dissipationat Tc=+25°C................. 2000mW
Operating Temperature Range ............ -565°C to +125°C
Storage Temperature Range .. ............ -65°C to +150°C
Lead Temperature, (Soldering, 10 seconds) . ........ +300°C

Note: Consult packaging section of Databook for thermal limita-
tions and considerations of package.

DIL-16, SOIC-16 (TOP VIEW)
J or N Package, DW Package
e
inv Input [ [16] +5V VRer
Non-Inv Input [2] 18] +Vin
0SC/Sync [3] 4] Emitter B
C.L. (+) Sense [4] 13 Collector B
C.L. (-) Sense [5] 12 Collector A
RT [6] 1] Emitter A
cr [7] [10] Shutdown
Ground (8] [9] Compensation

UC1524A
UC2524A
UC3524A

CONNECTION DIAGRAMS

Q or L Package

O N O S

3 2 12019
~ 18
17
16
15
14

o

1

-

9 1 12 13

{
[

PLCC-20, LCC-20 (TOP VIEW)

PACKAGE PIN FUNCTION
FUNCTION PIN
N/C 1
Inv. Input 2
Non-Inv. Input 3
OSC/SYNC 4
C.L. (+) sense 5
N/C 6
C.L. (-) sense 7
Rr 8
Cr 9
Ground 10
N/C 11
Compensation 12
Shutdown 13
Emitter A 14
Collector A 15
N/C 16
Collector B 17
Emitter B 18
+VIN 19
+5V VREF 20

ELECTRICAL CHARACTERISTICS: Unless otherwise stated, these specifications apply for TA = -55°C to +125°C for the
UC1524A, -25° to +85°C for the UC2524A, and 0°C to + 70°C for the UC3524A; VIN

=Vc =20V, TA=Tu.

UC1524A / UC2524A UC3524A UNITS
PARAMETER TEST CONDITIONS MIN I TYP I MAX | MIN I ) | MAX
Tum-on Characteristics
Input Voltage Operating Range after Turn-on 8 40 8 40 \4
Turn-on Threshold 6.5 75 8.5 6.5 7.5 8.5 \4
Turn-on Current VIN = 6V 25 4 2.5 4 mA
Operating Current VIN = 8 to 40V 5 10 5 10 mA
Turn-on Hysteresis* 0.5 0.5 \
Reference Section
Output Voltage Tu=25°C 4.95 | 5.00 | 5.05 | 490 | 500 | 5.10 \
Over Operating Range 4.9 5.1 4.85 5.15 \4
Line Regulation VIN = 10 to 40V 10 20 10 30 mV
Load Regulation IL=01t0 20 mA 20 25 20 35 mV
Temperature Stability* Over Operating Range* 20 25 20 35 mVv
Short Circuit Current VREF =0, 25°C < Ty 125°C 80 100 80 100 mA
Output Noise Voltage* 10Hz s f < 10kHz, Ty =25°C 40 40 wvrms
Long Term Stability* Ty =125°C, 1000 Hrs. 20 50 20 50 mV

* These parameters are guaranteed by design but not 100% tested in production.
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UC1524A
UC2524A
UC3524A

ELECTRICAL CHARACTERISTICS: Unless otherwise stated, these specifications apply for TA = -55°C to +125°C for the
UC1524A, -25° to +85°C for the UC2524A, and 0°C to + 70°C for the UC3524A; VIN
=Vc =20V, TA=Tu. '

UC1524A / UC2524A UC3524A UNITS
PARAMETER TEST CONDITIONS MIN | Tve ' MAX | MIN l Tvp i MAX
Oscillator Section (Unless otherwise specified, RT = 2700, C1 = 0.01 mfd)
Initial Accuracy Ty=25°C 41 43 45 39 43 47 | kHz
Over Operating Range 40.2 459 | 38.2 479 | kHz
Temperature Stability* Over Operating Temperature Range 1 2 1 2 %
Minimum Frequency RT = 150kQ, CT = 0.1mfd 140 120 Hz
Maximum Frequency RT = 2.0kQ, CT = 470pF 500 500 kHz
Output Amplitude* 3 3.5 3 3.5 \
Output Pulse Width* 029 | 05 1.0 0.3 0.5 1.0 us
Ramp Peak 33 3.5 37 3.3 3.5 3.7 \
Ramp Valley - : Ty=25°C 0.7 0.8 0.9 0.7 0.8 0.9 \%
Ramp Valley T.C. -1.0 -1.0 mV/°C
Error Amplifier Section (Unless otherwise specified, Vcm = 2.5V) - .
Input Offset Voltage 0.5 5 2 10 mV
Input Bias Current 1 5 11 10 pA
Input Offset Current .05 1 0.5 1 pA
Common Mode Rejection Ratio |VcM = 1.5 to 5.5V 70 80 70 80 dB
Power Supply Rejection Ratio [VIN =10 to 40V . 70 80 70 80 dB
Output Swing (Note 1) 5.0 0.5 5.0 0.5 \
Open Loop Voltage Gain AVO= 1104V, RL =2 10MQ 72 80 64 80 dB
Gain-Bandwidth* Ty =25°C, Av = 0dB 1 3 1 3 MHz
DC Transconductance*§ Ty =25°C, 30kQ = RL = IMQ 1.7 23 17 2.3 mS
P.W.M. Comparator (RT = 2kQ, CT = 0.01mfd)
Minimum Duty Cycle Vcomp = 0.5V 0 0 %
Maximum Duty Cycle Vcowmp = 3.8V 45 45 %
Current Limit Amplifier (Unless otherwise specified, Pin 5 = 0V)
Input Offset Voltage Ty =25°C, E/A Set for Maximum 190 | 200 210 180 | 200 | 220 mV
Output
Over Operating Temperature Range | 180 220 170 230 mV
Input Bias Current -1 -10 -1 -10 A
Common Mode Rejection Ratio [V(pin 5) = -0.3V to + 5.5V 50 60 50 60 dB
Power Supply Rejection Ratio [VIN = 10 to 40V 50 60 50 60 dB
Output Swing (Note 1) Minimum Total Range 5.0 0.5 5.0 0.5 \4
Open-Loop Voltage Gain AVo =1to 4V, RL= 10MQ 70 80 70 80 dB
Delay Time* Pin 4 to Pin 9, AVIN = 300mV 300 300 ns
Output Section (Each Output) ' ]
Collector Emitter Voltage lc = 100pA 60 80 60 80 \
Collector Leakage Current VCE = 50V Al 20 A 20 pA

* These parameters are guaranteed by design but not 100% tested in production.

§ DC transconductance (gM) relates to DC open-loop voltage gain according to the following equation: Av = gMRL
where RL is the resistance from pin 9 to the common mode voltage.
The minimum gM specification is used to calculate minimum Av when the error amplifier output is loaded.

Note 1: Min Limit applies to output high level, max limit applies to output low level.
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UC1524A
UC2524A
UC3524A

ELECTRICAL CHARACTERISTICS: Unless otherwise stated, these specifications apply for Ta = -55°C to +125°C for the
UC1524A, -25° to +85°C for the UC2524A, and 0°C to + 70°C for the UC3524A; VIN
=Vc=20V.TA=Tu.

UC1524A / UC2524A UC3524A UNITS
PARAMETER TEST CONDITIONS MIN I TYP | MAX | MIN | TYP I MAX
Output Section ( cont.) (Each Output)

Saturation Voltage lc =20mA 2 4 2 4 \

Ilc = 200mA 1 22 1 2.2 \
Emitter Output Voltage IE = 50mA 17 18 17 18 \
Rise Time* TJ=25°C, R =2kQ 120 | 400 120 | 400 ns
Fall Time* TJ=25°C, R = 2kQ 25 200 25 200 ns
Comparator Delay* TJ = 25°C, Pin 9 to output 300 300 ns
Shutdown Delay* Ty = 25°C, Pin 10 to output 200 200 ns
Shutdown Threshold Ty = 25°C, Rc = 2kQ 0.6 7 1.0 0.6 7 1.0 \
S/D Threshold Over Temp. Over Operating Temperature Range 0.4 1.2 0.4 1.0 \
Thermal Shutdown* 165 165 °C

*These parameters are guaranteed by design but not 100% tested in production.
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UC1524A

UC2524A
UC3524A
Supply Current vs Voltage Error Amplifier Voltage Gain
10 and Phase vs Frequency
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UC1524A

UC2524A
UC3524A
Current Limit Amplifier Delay Shutdown Delay From PWM Comparator - Pin 9
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UNITRODE INTEGRATED CIRCUITS
7 CONTINENTAL BLVD. + MERRIMACK, NH 03054
TEL. (603) 424-2410 + FAX (603) 424-3460
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INTEGRATED
CIRCUITS

= UNITRODE

Regulating Pulse Width Modulators

FEATURES

8 to 35V Operation

5.1V Reference Trimmed to
+1%

100Hz to 500kHz Oscillator
Range

Separate Oscillator Sync
Terminal

Adjustable Deadtime Control
Internal Soft-Start
Pulse-by-Puise Shutdown

Input Undervoltage Lockout
with Hysteresis

Latching PWM to Prevent
Muitiple Pulses

Dual Source/Sink Output
Drivers

% UC1525A/27A
%  UC2525A/27A
§ UC3525A/27A

DESCRIPTION

The UC1525A/1527A series of pulse width modulator integrated circuits are de-
signed to offer improved performance and lowered external parts count when used
in designing all types of switching power supplies. The on-chip +5.1V reference is
trimmed to +1% and the input common-mode range of the error amplifier includes
the reference voltage, eliminating external resistors. A sync input to the oscillator
allows muitiple units to be slaved or a single unit to be synchronized to an external
system clock. A single resistor between the Ct and the discharge terminals pro-

. vides a wide range of dead-time adjustment. These devices also feature built-in

soft-start circuitry with only an external timing capacitor required. A shutdown termi-
nal controls both the soft-start circuitry and the output stages, providing instantane-
ous turn off through the PWM latch with pulsed shutdown, as well as soft-start
recycle with longer shutdown commands. These functions are also controlled by
an undervoltage lockout which keeps the outputs off and the soft-start capacitor
discharged for sub-normal input voltages. This lockout circuitry includes approxi-
mately 500mV of hysteresis for jitter-free operation. Another feature of these PWM
circuits is a latch following the comparator. Once a PWM pulse has been termi-
nated for any reason, the outputs will remain off for the duration of the period. The
latch is reset with each clock pulse. The output stages are totem-pole designs ca-
pable of sourcing or sinking in excess of 200mA. The UC1525A output stage fea-
tures NOR logic, giving a LOW output for an OFF state. The UC1527A utilizes OR
logic which results in a HIGH output level when OFF.

BLOCK DIAGRAM
VRer 1
@ |
Reference u.v. !
+VIN @ Regulator [:__|"°""°“t :
Gnd (12 To Internal :
_ Circultry i
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RT @——— | Flip :
[e] ]
cr @ SC P :
|
Disch @N _=
L n |
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ABSOLUTE MAXIMUM RATINGS (Note 1)

Supply Voltage, (+VIN) . .........ooviiiiiiiinn., +40V
Collector Supply Voltage (V€) .........c.cvviivenn.. +40V
Logiclnputs . .......... ... i, -0.3V to +5.5V
Analoglinputs ............ ... . ol -0.3Vto +VIN
Output Current, Sourceor Sink ................... 500mA
Reference OutputCurrent .. ...................... 50mA
Oscillator Charging Current . .. .............c..o.... 5mA
Power Dissipation at TA= +25°C (Note 2).......... 1000mW
Power Dissipation at Tc = +25°C (Note 2).......... 2000mW
Operating Junction Temperature . .......... -55°C to +150°C
Storage Temperature Range .. ............ -65°C to +150°C
Lead Temperature (Soldering, 10 seconds). ......... +300°C

Note 1: Values beyond which damage may occur.
Note 2: Consult packaging Section of Databook for thermal
limitations and considerations of package.

CONNECTION DIAGRAMS

UC1525A/27A
UC2525A/27A
UC3525A/27A

RECOMMENDED OPERATING CONDITIONS
(Note 3)

InputVoltage (+VIN) .. ....... ...t +8V to +35V
Collector Supply Voltage (V¢) .............. +4.5V to +35V
Sink/Source Load Current (steady state) . . ...... 0 to 100mA
Sink/Source Load Current (peak).............. 0 to 400mA
Reference Load Current. ..................... 0 to 20mA
Oscillator Frequency Range . . ............ 100Hz to 400kHz
Oscillator Timing Resistor. . ................. 2kQ to 150kQ
Oscillator Timing Capacitor. . .............. .001pF to 0.1uF
Dead Time ResistorRange .................... 0 to 500Q
Operating Ambient Temperature Range

UC1525A, UCI527A. ... .............. -55°C to +125°C

UC2525A, UC2527A. . .......ccovveenn -25°C to +85°C

UC3525A, UC3527A. . ... 0°C to +70°C

Note 3: Range over which the device is functional and
parameter limits are guaranteed.

DIL-16 (TOP VIEW)
J or N Package
|
Inv Input [1] 18] Vrer
N.I. Input [2] E +VIN
Sync [3] 14 Output B
Osc Output [4] 13 ve
cr [5] 2] Ground
Rt [6] {1 Output A
Discharge [7] [10] Shutdown
Soft-Start [8] 9] Compensation

PLCC-20, LCC-20 (TOP VIEW)
Q, L Package
PACKAGE PIN FUNCTION
FUNCTION PIN
N/C 1
Inv. Input 2
N.I. Input 3
3 2 12019 SYNC 4
4 ~ 18 0SC. output 5
5 17) | NC 6
6 16) T !
: :i] Discharge 9
9 10 111213 Softstart 10
“““““ N/C 11
Compensation 12
Shutdown 13
Output A 14
Ground 15
N/C 16
Ve 17
Output B 18
+VIN 19
VREF 20
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UC1525A/27A

UC2525A/27A
UC3525A/27A
ELECTRICAL CHARACTERISTICS: +Vin = 20V, and over operating temperature, unless otherwise specified, TA = Ty
UC1525A/UC2525A UC3525A UNITS
PARAMETER TEST CONDITIONS UC1527A/UC2527A UC3527A
MmN | Tvp [ Max | miN | TvP | mAX
Reference Section
Output Voltage Ty=25°C 5.05 | 510 [ 5.15 | 500 | 5.10 | 5.20 \
Line Regulation VIN = 8 to 35V 10 20 10 20 mV
Load Regulation IL = 0 to 20mA 20 50 20 50 mV
Temperature Stability (Note 5) | Over Operating Range 20 50 20 50
Total Output Variation (Note 5) |Line, Load, and Temperature 5.00 520 | 4.95 5.25 \
Shorter Circuit Current VREF =0, Ty =25°C 80 100 80 100 mA
Output Noise Voltage (Note 5)  |10Hz < 10kHz, Ty = 25°C 40 200 40 200 fuVrms
Long Term Stability (Note 5) Ty =125°C 20 50 20 50 mV
Oscillator Section (Note 6)
Initial Accuracy (Notes 5 & 6) Ty=25°C +2 +6 +2 +6 %
Voltage Stability (Notes 5 & 6) VIN = 8 to 35V +03 | =1 +1 +2 %
Temperature Stability (Note 5)  |Over Operating Range +3 +6 +3 +6 %
Minimum Frequency RT = 200k, C1 = 0.1pF 120 120 Hz
Maximum Frequency RT = 2kQ, CT = 470pF 400 400 kHz
Current Mirror IRT = 2mA 1.7 2.0 22 1.7 2.0 22 mA
Clock Amplitude (Notes 5 & 6) 3.0 3.5 3.0 3.5 \
Clock Width (Notes 5 & 6) Ty=25°C 0.3 0.5 1.0 0.3 0.5 1.0 us
Sync Threshold 1.2 2.0 2.8 1.2 2.0 2.8 \
Sync Input Current Sync Voltage = 3.5V 1.0 2.5 1.0 2.5 mA
Error Amplifier Section (Vcm = 5.1V)
Input Offset Voltage 0.5 5 2 10 mV
Input Bias Current 1 10 1 10 pA
Input Offset Current 1 1 A
DC Open Loop Gain RL = 10MQ 60 75 60 75 dB
Gain-Bandwidth Product Av =0dB, Ty =25°C 1 2 1 2 MHz
(Note 5)
DC Transconductance Ty =25°C, 30kQ s RL s IMQ 11 15 11 15 mS
(Notes 5 & 7)
Output Low Level 0.2 0.5 0.2 0.5 \'
Output High Level 3.8 5.6 3.8 5.6 \
Common Mode Rejection Vem =1.51t05.2vV 60 75 60 75 dB
Supply Voltage Rejection VIN = 8 to 35V 50 60 50 60 dB

Note 5: These parameters, although guaranteed over the recommended operating conditions, are not 100% tested in production.
Note 6: Tested at fosc = 40kHz (RT = 3.6kQ, CT = 0.01uF, Rp = 0Q). Approximate oscillator frequency is defined by:
1

f

~"Cr(0.7RT + 3RD)

Note 7: DC transconductance (gm) relates to DC open-loop voltage gain (Av) according to the following equation: Av = gMRL
where RL is the resistance from pin 9 to ground..
The minimum gM specification is used to calculate minimum Av when the error amplifier output is loaded.
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UC1525A/27A

UC2525A/27A
UC3525A/27A
ELECTRICAL CHARACTERISTICS: +Vin = 20V, and over operating temperature, unless otherwise specified, TA = Ty
UC1525A/UC2525A UC3525A UNITS
PARAMETER TEST CONDITIONS UC1527A/UC2527A UC3527A
miN [ TP [ Max | miN | TvP | mAX
PWM Comparator

Minimum Duty-Cycle 0 0 %
Maximum Duty-Cycle 45 49 45 49 %
Input Threshold (Note 6) Zero Duty-Cycle 0.7 0.9 0.7 0.9 \

Maximum Duty-Cycle 3.3 3.6 3.3 3.6 \
Input Bias Current (Note 5) .05 1.0 .05 1.0 A

Shutdown Section -
Soft Start Current VsD = 0V, Vss = 0V 25 50 80 25 50 80 pA
Soft Start Low Level VsD = 2.5V 0.4 0.7 0.4 0.7 \Y
Shutdown Threshold To outputs, Vss = 5.1V, Ty = 25°C 0.6 0.8 1.0 0.6 0.8 1.0 \Y
Shutdown Input Current Vsb = 2.5V 0.4 1.0 0.4 1.0 mA
Shutdown Delay (Note 5) VsD = 2.5V, Ty = 25°C 0.2 0.5 0.2 0.5 us
Output Drivers (Each Output) (Vc = 20V)

Output Low Level ISINK = 20mA 0.2 0.4 0.2 0.4 \

ISINK = 100mA 1.0 2.0 1.0 2.0 \
Output High Level ISOURCE = 20mA 18 19 18 19 \

ISOURCE = 100mA 17 18 17 18 \
Under-Voltage Lockout Vcomp and Vss = High 6 7 8 6 7 8 \%
V¢ OFF Current (Note 7) Ve =35V 200 200 pA
Rise Time (Note 5) CL=1nF, Ty=25°C 100 600 100 600 ns
Fall Time (Note 5) CL = 1nF, Ty =25°C 50 300 50 300 ns

Total Standby Current

Supply Current [Vin = 35V [ | 14 | 20 | | 14 | 20 | maA

Note 5: These parameters, although guaranteed over the recommended operating conditions, are not 100% tested in production.
Note 6: Tested at fosc = 40kHz (RT = 3.6kQ, CT = 0.01uF, RD = 0RQ).
Note 7: Collector off-state quiescent current measured at pin 13 with outputs low for UC1525A and high for UC1527A.

UC1525A Error Amplifier

100()

To PWM
Comparator
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UC1525A/27A
UC2525A/27A
UC3525A/27A

PRINCIPLES OF OPERATION AND TYPICAL CHARACTERISTICS

UC1525A Output Circuit
(1/2 Circuit Shown)

+VsuppLY Qi To Output Filter

R1
R2

+Ve A 0
UC1525A

Gm:lB 0

Return O @

For single-ended supplies, the driver outputs are
grounded. The V¢ terminal is switched to ground by the
totem-pole source transistors on alternate oscillator cy-
cles.

+15V

é) Qlj— 11
+Vec =
A 1
e L ||
UC1525A -
—— Q2

Gnd

Return o@ —= Di1,D2: UC3611

The low source impedance of the output drivers provides
rapid charging of power FET Input capacitance while

minimizing external components.

UC1525A Output Saturation Characteristics

o L1l
— ViN=20V
> TAa=25°C /
. /i
g /
S g
> A
3 _74\/
% 1 Source SAT
2 A e
3 0 M— Slnk SAT Vol

= 0~ vamv\<
g gg&QQQ famahs

Output Current, Source Or Sink - (A)

+VsuprLY O

[o3]

Ve
AR

UC1525A

Gn
Return o@

In conventional push-pull bipolar designs, forward base
drive is controlled by R1-R3. Rapid turn-off times for the
power devices are achieved with speed-up capacitors
C1 and C2.
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Low power transformers can be driven by the UC1525A.
Automatic reset occurs during dead time, when both
ends of the primary winding are switched to ground.




UC1525A/27A

UC2525A/27A
UC3525A/27A

UC1525A Oscillator Schematic
VREF @ + + +

Qit Q5 Q8

$7.4k
I
RT Q3
cr (5) as  as]
L-—’Lk:» 14k 3 Ramp
3 To PWM
sync (3 2% P s | P
Y '"'400 I\T_,{ Y N Blanking
Discharge @ +—2p MACD ’_'I:: Output
23k
Q4
Q2 |
a7 %“‘ Qi2 Q13 $3k 250k
1k
Gnd @ 5
= Clock

PRINCIPLES OF OPERATION AND TYPICAL CHAR-
ACTERISTIC SHUTDOWN OPTIONS

(See Block Diagram)

Since both the compensation and soft-start terminals
(Pins 9 and 8) have current source pull-ups, either can
readily accept a pull-down signal which only has to sink a
maximum of 100pA to turn off the outputs. This is subject
to the added requirement of discharging whatever exter-
nal capacitance may be attached to these pins.

An alternate approach is the use of the shutdown circuitry
of Pin 10 which has been improved to enhance the avail-
able shutdown options. Activating this circuit by applying

Oscillator Charge Time
vs RT and Ct
200
€ wo LA LL1]
- V77
E 50 __ Ro=0 / / ///
5 N5,
g 20 4 ,niz;j/j&,f 57
E 10 H—9G 7
§ 2 L /L1 / @-
Lcr
o0 O @
~a w2 Q8 88 8¢ §§§
Charge Time (ws)

a positive signal on Pin 10 performs two functions; the
PWM latch is immediately set providing the fastest turn-
off signal to the outputs; and a 150pA-current sink begins
to discharge the external soft-start capacitor. If the shut-
down command is short, the PWM signal is terminated
without significant discharge of the soft-start capacitor,
thus, allowing, for example, a convenient implementation
of pulse-by-pulse current limiting. Holding Pin 10 high for
a longer duration, however, will ultimately discharge this
external capacitor, recycling slow turn-on upon release.

Pin 10 should not be left floating as noise pickup could
conceivably interrupt normal operation.

Oscillator Discharge Time
vs Rp and CT
500 | ‘
S 400 33/ 3/
Q el sl S & X
: 855 9
% 300 O O] O] Of Of Of ©
[}
el 1]1]
; 11/
100 /
%
0 (L A/
3 8-cweg B8
Discharge Time (s)
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UC1525A/27A

UC2525A/27A
UC3525A/27A
Maximum Value Rp vs Minimum Value RT . Error Amplifier Voltage Gain
and Phase vs Frequency
& 500 A g P V=20V
400 // / T 80 ‘RL=Q Ty=25"C
+125° +25°CA/ -55°C = =
gi 7/ 4 8 60 R 300k
300 @ = N\ &

3 / g 40 |RL=30kQ) \\% 3
k: V.84 3 % £

< 200 / 77 > 20 \ \Qv”__ §_
.E‘E // & N | a0
= 1000/ 3 o0 1 Phase N— 180" T
2, 2 T 20 &

2 4 6 8 10 2 100 t% 10k 100k ™M 10M
Frequency (Hz)
Minimum Recommended RT .
For A Given Ro (K()) RL is impedance from pin 9 to ground. Values below
30k will begin to limit the maximum duty cycle.
LAB TEST FIXTURE
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UNITRODE INTEGRATED CIRCUITS
7 CONTINENTAL BLVD. * MERRIMACK, NH 03054
TEL. (603) 424-2410 * FAX (603) 424-3460
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INTEGRATED
CIRCUITS

= UNITRODE
Regulating Pulse Width Modulators

UC1525B UC1527B
UC2525B UC2527B
UC3525B UC3527B

FEATURES DESCRIPTION

+ 8to 35V Operation The UC1525B/1527B series of pulse width modulator irtegrated circuits are

. 5.1V Buried Zener Reference Trimed designed to offerimproved performance and lowered external parts countwhen
té + 75% used in designing all types of switching power supplies. The on-chip +5.1V

. buried zener reference is trimmed to £.75% and the input common-mode range
100Hz to 500kHz Oscillator Range of the error amplifier includes the reference voltage, eliminating external
Separate Oscillator Sync Terminal resistors. A sync input to the oscillator allows multiple units to be slaved or a
single unit to be synchronized to an external system clock. A single resistor
between the Cr and the discharge terminals provide a wide range of dead time
Internal Soft-Start adjustment. These devices also feature built-in soft-start circuitry with only an
« Pulse-by-Pulse Shutdown external timing capacitor required. A shutdown terminal controls both the soft-
start circuitry with only an external timing capacitor required. A shutdown
terminal controls both the soft-start circuitry and the output stages, providing

Adjustable Deadtime Control

» Input Undervoltage Lockout with

Hysteresis instantaneous turn off through the PWM latch with pulsed shutdown, as well as
« Latching PWM to Prevent Multiple soft-start recycle with longer shutdown commands. These functions are also
Pulses controlled by an undervoltage lockout which keeps the outputs off and the soft-
« Dual Source/Sink Output Drivers ;tan capacitor discharged for sub-normal iqput vg'ltages. This Ioclfout circuitry
. includes approximately 500mV of hysteresis for jitter-free operation. Another
* Low Cross Conduction Output Stage feature of these PWM circuits is a latch following the comparator. Once a PWM
- Tighter Reference Specifications pulse has been terminated for any reason, the outputs will remain off for the
duration of the period. The latch is reset with each clock pulse. The output
stages are totem-pole designs capable of sourcing or sinking in excess of
200mA. The UC1525B output stage features NOR logic, giving a LOW output
for an OFF state. The UC 15278 utilizes OR logic which results in a HIGH output
level when OFF.
BLOCK DIAGRAM
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GND To Intornal '
— Circuitry :
SYNC @_—_I osc ouT !
1
Rr @—— osc FLIP (19 _I_L :
FLOP OUTPUTB |
Cr @ 1
DISCH ®?_ I :
1

— s |
come (9) 0 COMP s
M LATCH
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UC1525B UC1527B
UC2525B UC2527B
UC3525B UC3527B

CONNECTION DIAGRAMS

DIL-16, SOIC-16 (Top View) PLCC-20, LCC-20 (Top View) PACKAGE PIN FUNCTION
J or N Package, DW Package Q, L Packages FUNCTION PIN
NC 1
INV INPUT 2
U NI INPUT
inv.input [7] [16] veer 32 12019 e 3
N INPUT [2Z] [15] +vw 4 / 18 O3C. QUTPUT 2
[ 7
SYNc [3] (1] outPUTB 5 17 o 4
osc. ouTPuT [4 3] v DISCHARGE 9
4] i ve 6 16 SOFT-START 10
¢ [5] [12] GROUND 7 15 NC 1
COMPENISATION 2
a [6] [11] outPUTA 8 14 SHUTDOWN
910 11 12 13 OUTPUTA 4
DISCHARGE [7] [10] SHUTDOWN GROUND 15
NIC 16
SOFT-START [& 9] COMPENSATION Vo 7
OUTPUTE i
+Vin 19
Veer 20

ABSOLUTE MAXIMUM RATINGS (Note 1) RECOMMENDED OPERATING CONDITIONS (Note 3)

Supply Voltage, (+VIN) ...+40V  Input Voltage (+VN) ......... +8V to 435V
Collector Supply Voltage (Vc) ....+40V  Collector Supply Voltage (VC).....cccceoverecenerreuencnee +4.5V to +35V
Logic Inputs ettt anes -0.3Vto +45.5V  Sink/Source Load Current (steady state).................. 0to 100mA
Analog INPULS ....cccvevneirecenriereee e ..-0.3Vto +V,,  Sink/Source Load Current (peak) ..........ccceueureunnce. 0 to 400mA
Output Current, Source or SinK........cceceeeveeeeeenrerversnereens 500mA  Reference Load Current 0to 20mA
Reference Output Current...............cccevunneninininiinnnncnnenns 50mA  Oscillator Frequency Range .........ceeeeieinne 100Hz to 400kHz
Oscillator Charging Current........... 5mA  Oscillator Timing Resistor .... ....2kQ to 150kQ
Power Dissipation at Ta= +25°C (Note 2) .........ccceeueu. 1000mW  Oscillator Timing Capacitor ..........ccocveeeeerivenennae 001pF to 0.1uF
Power Dissipation at Tc= +25°C (Note 2) .........ccoeeeuueen 2000mW  Dead Time Resistor Range 0 to 500Q
Operating Junction Temperature ........... -65°C to +150°C  Operating Ambient Temperature Range

Storage Temperature Range .........cccoeueneee -65°C to +150°C UC1525B, UC1527B .. -65°C to +125°C
Lead Temperature (Soldering, 10 seconds)......cccc.c.cu.... +300°C UC2525B, UC2527B ........cceveveemreccenineenene -40°C to +85°C
Note 1: Values beyond which damage may occur. UC35258, UC35278B 0°C to +70°C

Note 2: Consult packaging section of databook for thermal
limitations and considerations of package.

Note 3: Range over which the dewce is functional and parameter

limits are guaranteed.

ELECTRICAL CHARACTERISTICS: +Vi = 20V, and over operating temperature, unless otherwise specified

UC1525B/UC2525B UC3525B
PARAMETER TEST CONDITIONS UC1527B/UC2527B uC35278 UNITS
MIN | TYP | MAX | MIN | TYP | MAX

Reference Section
Output Voltage Ty=25°C 5,062 | 5.10 | 5.138 5036 | 5.10 | 5.164 \
Line Regulation ViN = 8 to 35V 5 10 5 10 mV
Load Regulation It =0 to 20mA 7 15 7 15 mV
Temperature Stability (Note 5) Over Operating Range 10 30 10 30 mV
Total Output Variation Line, Load, and Temperature 5.036 5.164 | 5.024 5.176 \
Short Circuit Current VRer = 0, Ty =256°C 80 100 80 100 mA
Output Noise Voltage (Note 5) 10Hz <f < 10kHz, Ty = 25°C 40 200 40 200 pVrms
Long Term Stability (Note 5) Ty = 125°C, 1000 Hrs. 3 10 3 10 mV




uUC1525B UC1527B
UC2525B UC2527B
UC3525B UC3527B
ELECTRICAL CHARACTERISTICS: +Vw = 20V, and over operating temperature, unless otherwise specified
UC1525B/UC2525B UC35258
PARAMETER TEST CONDITIONS UC1527B/UC2527B ucC35278 UNITS
MIN [ Tvp [ MAX | MIN T TYP | mAX
Oscillator Section (Note 6)
Initial Accuracy (Notes 5 & 6) Ty=25°C +2 +6 +2 16 %
Voltage Stability (Notes 5 & 6) Vin =8 TO 35V +0.3 +1 +1 +2 %
Temperature Stability (Note 5) Over Operating Range +3 16 +3 16 %
Minimum Frequency RT = 200kQ, Ct = 0.1uF 120 120 Hz
Maximum Frequency RT = 2kQ, Cr= 470pF 400 400 kHz
Current Mirror IRT = 2mA 1.7 2.0 2.2 1.7 2.0 2.2 mA
Clock Amplitude (Notes 5 & 6) 3.0 3.5 3.0 3.5 )"
Clock Width (Notes 5 & 6) Tu=25°C 0.3 0.5 1.0 0.3 0.5 1.0 us
Sync Threshold 1.2 2.0 2.8 1.2 2.0 2.8 \
Sync Input Current Sync Voltage = 3.5V 1.0 25 1.0 25 mA
Error Amplifier Section (VCM = 5.1V)
Input Offset Voltage 0.5 5 2 10 mV
Input Bias Current 1 10 1 10 pA
Input Offset Current 1 1 pA
DC Open Loop Gain RL 210 Meg Q 60 75 60 75 dB
Gain-Bandwidth Product (Note 5) | Av=0dB, Ty =25°C . 1 2 1 2 MHz
Output Low Level 0.2 0.5 0.2 0.5 Vv
QOutput High Level 3.8 5.6 3.8 5.6 \
Common Mode Rejection Vem = 1510 5.2V 60 75 60 75 dB
Supply Voltage Rejection Vin = 8 to 35V 50 60 50 60 dB
PWM Comparator
Minimum Duty-Cycle 0 0 %
Maximum Duty-Cysle 45 49 45 49 %
Input Threshold (Note 6) Zero Duty-Cycle 0.7 0.9 0.7 0.9 )
Input Threshold (Note 6) Maximum Duty-Cycle 33 36 3.3 3.6 \
Input Bias Current (Note 5) .05 1.0 .05 1.0 HA
Shutdown Section
Soft Start Current Vsp = 0V, Vss = 0V 25 50 80 25 50 80 HA
Soft Start Low Level Vsp = 2.5V 0.4 0.7 04 0.7 \%
Shutdown Threshold To outputs, Vss= 5.1V, Ty=25°C 0.6 0.8 1.0 0.6 0.8 1.0 \
Shutdown Input Current Vsp = 2.5V 0.4 1.0 0.4 1.0 mA
Shutdown Delay (Note 5) Vsp = 2.5V, Tu = 25°C 0.2 0.5 0.2 0.5 i8]
Output Drivers (Each Output) (Vc = 20V)
Isink = 20mA 0.2 04 0.2 0.4 \'
Output Low Level
Isink = 100mA 1.0 2.0 1.0 2.0 \
. IsouRce = 20mA 18 19 18 19 \
Output High Level IsouRcE = 100mA 17 | 18 17 | 18 v
Undervoltage Lockout Vcomp and Vss = high 6 7 8 6 7 8 \
Collector Leakage Vc= 35V 200 200 HA
Rise Time (Note 5) CL=1nF, Ty =25°C 100 600 100 600 ns
Fall Time (Note 5) Cu=1nF, Tu=25°C 50 300 50 300 ns
Cross conduction charge Per cycle, Ty = 25°C 30 30 nc
Total Standby Current
Supply Current Vin= 35V I I 14 l 20 I I 14 I 20 l mA

Notes: 5. These parameters, although guaranteed over the recommended operating conditions, are not 100% tested in produtition.

6. Tested at fosc= 40khz (Rt = 3.6Q, Ct = .01uF, Ro = 0Q). Approximate oscillator frequency is defined by: f = "C1(O.7RT+3R0)
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UC1525B UC1527B
UC2525B UC2527B
UC3525B UC3527B

PRINCIPLES OF OPERATION AND TYPICAL CHARACTERISTICS

UC1525B OUTPUT CIRCUIT
(1/2 Circuit Shown)

+Vin 13)+Vc

= = ¢ \}}/ouwur
+Vaer Qg

é i
[
N
Qg Omitted
Q, Q; Q; inUC15278
" §m %w

UC1525B OUTPUT SATURATION CHARACTERISTICS

Vn =20Y
Ta =25°C,

SATURATION VOLTAGE (V)
~

' QRCE SAT, Vc -Vou

» / SINK SAT, Vo

For single-ended supplies, the driver outputs are grounded. The VC
terminal is switched to ground by the totem-pole source transistors
on alternate oscillator cycles.

A1 0
= 01 .02 .03.04.05.07 .10 2 3 45 7 4A
CLOCK  FIF PWM OUTPUT CURRENT, SOURCE OR SINK (A)
+VsuppLy @ TO OUTPUT FILTER +Vsuery O-
Rt
R1
Re Ct
+VC
+V
A
1 ucts258
UcC1525B
B H14,
GND GND
RETURNCr ; < RETURN

In conventional push-pull bipolar designs, forward base drive is
controlled by R1-R3. Rapid turn-off times for the power devices are
achieved with speed-up capacitors C, and C2.

+Vsuery O
4
Q | T
+Ve A @ l ”
uc1s258 —
Q
GND B H14 q_
RETURN

The low source impedance of the output drivers provides rapid
charging of power FET input capacitance while minimizing external
components.

+Vsury O PN

+Ve

>

uc15258

GNp B

RETURN O

IH-@H

Low power transformers can be driven directly by the UC1525A.
Automatic reset occurs during dead time, when both ends of the
primary winding are switched to ground.




PRINCIPLES OF OPERATION AND TYPICAL
CHARACTERISTICS

SHUTDOWN OPTIONS (See Block Diagram)
Since both the compensation and soft-start terminals (Pins 9
and 8) have current source pull-ups, either can readily accept a
pull-down signal which only has to sink a maximum of 100pA to
turn off the outputs. This is subject to the added requirement of
discharging whatever external capacitance may be attached to
these pins.

An alternate approach is the use of the shutdown circuitry of Pin
10 which has been improved to enhance the available shutdown
options. Activating this circuit by applying a positive signalon Pin
10 performs two functions: the PWM latch is immediately set
providing the fastest turn-off signal to the external soft-start
capacitor. If the shutdown command is short, the PWM signal is
terminated without significant discharge of the soft-start capaci-
tor, thus, allowing, for example, a convenient

implementation of pulse-by-pulse current limiting. Holding Pin
10 high for a longer duration, however, will ultimately discharge
this external capacitor, recycling slow turn-on upon release.

Pin 10 should not be left floating as noise pickup could conceiv-
ably interrupt normal operation.

UC1525B UC1527B
UC2525B UC2527B
UC3525B UC3527B
UC1525B OSCILLATOR SCHEMATIC
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- UC1525B UC1527B
UC2525B UC2527B
UC3525B UC3527B

LAB TEST FIXTURE ‘
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UNITRODE INTEGRATED CIRCUITS
7 CONTINENTAL BLVD, - MERRIMACK, NH 03054
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INTEGRATED
CIRCUITS

mm UNITRODE

UC1526
UC2526
UC3526

Regulating Pulse Width Monitor

FEATURES

°

8 To 35V Operation

5V Reference Trimmed To +1%
1Hz To 400kHz Oscillator Range
Dual 100mA Source/Sink Outputs
Digital Current Limiting

Double Pulse Suppression
Programmable Deadtime
Under-Voltage Lockout

Single Pulse Metering
Programmable Soft-Start

Wide Current Limit Common Mode Range
TTL/CMOS Compatible Logic Ports
Symmetry Correction Capability
Guaranteed 6 Unit Synchronization

DESCRIPTION

The UC1526 is a high performance monolithic pulse width modulator
circuit designed for fixed-frequency switching regulators and other
power control applications. Included in an 18-pin dual-in-line pack-
age are a temperature compensated voltage reference, sawtooth os-
cillator, error amplifier, pulse width modulator, pulse metering and
setting logic, and two low impedance power drivers. Also included
are protective features such as soft-start and under-voitage lockout,
digital current limiting, double pulse inhibit, a data latch for single
pulse metering, adjustable deadtime, and provision for symmetry cor-
rection inputs. For ease of interface, all digital control ports are TTL
and B-series CMOS compatible. Active LOW logic design allows
wired-OR connections for maximum flexibility. This versatile device
can be used to implement single-ended or push-pull switching regu-
lators of either polarity, both transformeriess and transformer cou-
pled. The UC1526 is characterized for operation over the full military
temperature range of -55°C to +125°C. The UC2526 is characterized
for operation from -25°C to +85°C, and the UC3526 is characterized
for operation from 0° to +70°C.

BLOCK DIAGRAM
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"'l?_ é'}:gﬂm; Lockout Ve
Sync
Thermal

Rp [11 Shutdown _@ Output -A-

RT ET OSC | clock

cr I@T

V4 om S R
Reset [}
Q

Css [4]1— s

Comp PWM Qr
Latch T
+EA El 6 Output -B-
-EA |:|———— Toggle
100, MV FIF Gnd
+Cs [7H—— = g ST
-Cs [(}—— Down
6/93

5-47




ABSOLUTE MAXIMUM RATINGS (Note 1, 2)

InputVoltage (+VIN) ... ...cooviiiiinnii e, +40V
Collector Supply Voltage (+VC) ............covuunnnn +40V
Logiclnputs ............ ...ttt -0.3V to +5.5V
Analoginputs ............... .00, -0.3Vto +VIN
Source/Sink Load Current (eachoutput) . ............ 200mA
Reference LoadCurrent.................ccvvunnn.. 50mA
LogicSinkCurrent .............cc.iiiiiiiin., 15mA
Power Dissipation at TA = +25°C (Note 2).......... 1000mwW
Power Dissipation at Tc = +25°C (Note 2).......... 3000mW
Operating Junction Temperature . ................. +150°C
Storage Temperature Range .............. -65°C to +150°C
Lead Temperature (soldering, 10 seconds) . ......... +300°C

Note 1: Values beyond which damage may occur.
Note 2: Consult packaging section of databook for thermal
limitations and considerations of package.

CONNECTION DIAGRAMS

UC1526

UC2526
UC3526
RECOMMENDED OPERATING CONDITIONS (Note 3)
InputVoltage ..............coovviiiiiin., +8V to 435V
Collector SupplyVoltage . .. ................ +4.5V to +35V
Sink/Source Load Current (each output)......... 0 to 100mA
Reference LoadCurrent ...................... 0 to 20mA
Oscillator Frequency Range ................ 1Hz to 400kHz
Oscillator Timing Resistor .. ................. 2kQ to 150kQ
Oscillator Timing Capacitor . .................. 1nF to 20pF
Available Deadtime Range at 40kHz............. 3% to 50%
Operating Ambient Temperature Range
UCI526 .......ooviiiiiiiiiineens, -66°C to +125°C
UC2526 .........ccoiiiiiiiiiieenn -25°C to +85°C
UC3526 ......covviiiiiiiiiiii e, -0°Cto +70°C

Note 3: Range over which the device is functional and
parameter limits are guaranteed.

DIL-18, SOIC-18 (TOP VIEW) PLCC-20, LCC-20 PACKAGE PIN FUNCTION

J or N Package, DW Package (TOP VIEW) FUNCTION PIN
Q and L Packages N/C 1

+Ermror 2

+Error [0 18] VRer -Error 3
Comp. 4

-Error [2] [17] +Vin Css 5

3 2 12019 Reset 6

Comp [3] 16] Output B 4 N~ 48 - Current Sense 7

+ Current Sense 8

css [4] 15 Ground : :;: Shutdown 9
RTIMING 10

Reset E E Ve 7 15] Cr 1
-Current [6 3 8 14 Rp 12
Sense E 1 Output A 9 10 111213 Sync 13
+Current [7] 2] Sync Output A 14
ense Ve 15
Shutdown L& T Ro NC 16
Ground 17

RTMiING [G] F CT Output B 18
+VIN 19

VREF 20

specified, TA=Tu. v

ELECTRICAL CHARACTERISTICS: +Vin = 15V, and over operating ambient temperature, unless otherwise

PARAMETER TEST CONDITIONS UC1526 / UC2526 UC3526 UNITS
‘ MN [ TYr [ max | min [ Typ | max

Reference Section (Note 4) )

Output Voltage Tu=+25°C 495 | 5,00 | 505 | 490 | 500 | 5.10 \'

Line Regulation +VIN = 8 to 35V 10 20 10 30 mV

Load Regulation IL = 0 to 20mA 10 30 10 50 mV

Temperature Stability Over Operating TJ 15 50 15 50 mV

Total Output Over Recommended 490 | 500 | 510 | 485 | 5.00 | 5.15 Vv

Voltage Range Operating Conditions

Short Circuit Current VREF = OV 25 50 100 25 50 100 mA
Under -Voltage Lockout

RESET Output Voltage VREF = 3.8V 0.2 0.4 02 | 04 V

VREF = 4.8V 24 48 2.4 48 \%

Note 4: IL= 0mA. ‘



UC1526

UC2526
UC3526
ELECTRICAL CHARACTERISTICS: +VIn = 15V, and over operating ambient temperature, unless otherwise
specified, TA=Tu.
PARAMETER TEST CONDITIONS UC1526 / UC2526 UC3526 UNITS
MmN | TP [ max | miN | TvP | mAX
Oscillator Section (Note 5)
Initial Accuracy TJ=+25°C +3 +8 +3 +8 %
Voltage Stability +VIN = 8 to 35V 0.5 1 0.5 1 %
Temperature Stability Over Operating Ty 7 10 3 5 %
Minimum Frequency RT = 150k, CT = 20puF 1 1 Hz
Maximum Frequency Rt =2kQ, C1 = 1.0nF 400 400 kHz
Sawtooth Peak Voltage +VIN = 35V 3.0 3.5 3.0 3.5 \
Sawtooth Valley Voltage +VIN = 8V 0.5 1.0 0.5 1.0 \
Error Amplifier Section (Note 6)
Input Offset Voltage Rs = 2kQ 2 5 2 10 mV
Input Bias Current -350 | -1000 -350 | -2000 | nA
Input Offset Current 35 100 35 200 nA
DC Open Loop Gain RL = 10MQ 64 72 60 72 dB
HIGH Output Voltage VPIN1-VPIN2 = 150mV, ISOURCE = 3.6 42 3.6 42 \
100pA
LOW Output Voltage VPIN2-VPIN1 = 150mV, ISINK = 100pA 0.2 0.4 0.2 0.4 \
Common Mode Rejection Rs < 12kQ 70 94 70 94 dB
Supply Voltage Rejection +VIN=1210 18V 66 80 66 80 dB
PWM Comparator (Note 5)
Minimum Duty Cycle VCOMPENSATION = +0.4V 0 0 %
Maximum Duty Cycle VCOMPENSATION = +3.6V 45 49 45 49 %
Digital Ports (SYNC, SHUTDOWN, and RESET)
HIGH Output Voltage ISOURCE =40uA 2.4 4.0 24 4.0 \
LOW Output Voltage ISINK = 3.6mA 0.2 0.4 0.2 0.4 \
HIGH Input Current VIH = +2.4V -125 | -200 -125 | -200 A
LOW Input Current ViL = +0.4V -225 | -360 -225 | -360 | pA
Current Limit Comparator (Note 7)
Sense Voltage Rs < 50Q S0 100 | 110 80 100 | 120 | mV
Input Bias Current -3 -10 -3 -10 pA
Soft-Start Section
Error Clamp Voltage RESET = +0.4V 0.1 0.4 0.1 0.4 \
Cs Charging Current RESET =+2.4V 50 100 | 150 50 100 | 150 pA
Output Drivers (Each Output) (Note 8)
HIGH Output Voltage ISOURCE = 20mA 125 | 135 125 | 135 Vv
ISOURCE = 100mA 12 13 12 13 \4
LOW Output Voltage ISINK = 20mA 0.2 0.3 0.2 0.3 \
ISINK = 100mA 1.2 2.0 1.2 2.0 \
Collector Leakage Ve = 40V 50 150 50 150 A
Rise Time CL = 1000pF 0.3 0.6 0.3 0.6 us
Fall Time CL = 1000pF 0.1 0.2 0.1 0.2 us
Power Consumption (Note 9)
Standby Current [SHUTDOWN = +0.4V [ | 18 | a0 | | 18 [ 30 | mA

Note 4: IL = OmA.

Note 5: Fosc = 40kHz (RT=4.12kQ + 1%, CT = 0.1uF = 1%,

Rp=0Q)

Note 6: Vem =0to +5.2V

Note 8: Vc=+15V

Note 9: +VIN = +35V, RT = 4.12kQ

5-49




APPLICATIONS INFORMATION
Voltage Reference

The reference regulator of the UC1526 is based on a tem-
perature compensated zener diode. The circuitry is fully
active at supply voltages above +8V, and provides up to
20mA of load current to external circuitry at +5.0V. In sys-
tems where additional current is required, an external
PNP transistor can be used to boost the available current.
A rugged low frequency audio-type transistor should be
used, and lead lengths between the PWM and transistor
should be as short as possible to minimize the risk of os-
cillations. Even so, some types of transistors may require
collector-base capacitance for stability. Up to 1 amp of
load current can be obtained with excellent regulation if
the device selected maintains high current gain.

i'May be required
c* | with some types
——- of transistors

270} UC1526A
VIN — Reference _‘__
Regulator @ Vher
+
=
® our
Gnd

Figure 1. Extending Reference Output Current

Under-Voltage Lockout

The under-voltage lockout circuit protects the UC1526
and the power devices it controls from inadequate supply
voltage, If +VIN is too low, the circuit disables the output
drivers and holds the RESET pin LOW. This prevents
spurious output pulses while the control circuitry is stabi-
lizing, and holds the soft-start timing capacitor in a dis-
charged state.

The circuit consists of a +1.2V bandgap reference and
comparator circuit which is active when the reference
voltage has risen to 3VBE or +1.8V at 25°C. When the ref-
erence voltage rises to approximately +4.4V, the circuit
enables the output drivers and releases the RESET pin,
allowing a normal soft-start. The comparator has 200mV
of hysteresis to minimize oscillation at the trip point.
When +VIN to the PWM is removed and the reference
drops to +4.2V, the under-voltage circuit pulls RESET
LOW again. The soft-start capacitor is immediately dis-
charged, and the PWM is ready for another soft-start cy-
cle.

The UC1526 can operate from a +5V supply by connect-
ing the VREF pin to the +VIN pin and maintaining the sup-
ply between +4.8 and +5.2V.

UC1526

UC2526
UC3526
VREF
S Rt
Io Relset
¥ o Driver A
12V yij To Driver B
Bandgap
Reference j S
s S R2
e

Figure 2. Under-Voltage Lockout Schematic

Soft-Start Circuit

The soft-start circuit protects the power transistors and
rectifier diodes from high current surges during power
supply turn-on. When supply voltage is first applied to the
UC1526, the under-voltage lockout circuit holds RESET
LOW with Q3. Q1 is turned on, which holds the soft-start
capacitor voltage at zero. The second collector of Q1
clamps the output of the error amplifier to ground, guaran-
teeing zero duty cycle at the driver outputs. When the
supply voltage reaches normal operating range, RESET
will go HIGH. Q1 turns off, allowing the internal 100mA
current source to charge Cs. Q2 clamps the error ampli-
fier output to 1VBE above the voltage on Cs. As the soft-
start voltage ramps up to +5V, the duty cycle of the PWM
linearly increases to whatever value the voltage regula-
tion loop requires for an error null.

VREF
100 “ R
MA amp -
E P.W.
+Error (: )———lim\ :
-Error @—-

Reset

To
Under-
Voltage

CSOFTSTART
Lockout _l

Figure 3. Soft-Start Circuit Schematic

Digital Control Ports

The three digital control ports of the UC1526 are bi-direc-
tional. Each pin can drive TTL and 5V CMOS logic di-
rectly, up to a fan-out of 10 low-power Schottky gates.
Each pin can also be directly driven by open-collector
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APPLICATIONS INFORMATION (cont.)

TTL, open-drain CMOS, and open-collector voltage com-
parators; fan-in is equivalent to 1 low-power Schottky
gate. Each port is normally HIGH; the pin is pulled LOW
to activate the particular function. Driving SYNC LOW in-
itates a discharge cycle in the oscillator. Pulling
SHUTDOWN LOW immediately inhibits all PWM output
pulses. Holding RESET LOW discharges the soft-start
capacitor. The logic threshold is +1.1V at +25°C. Noise
immunity can be gained at the expense of fan-out with an
external 2k pull-up resistor to +5V.

VREF
| TQ, 20K
nterna
Logic ; Sync
Q2 (O Shutdown
From Or
Internal Reset
Logic

Figure 4. Digital Control Port Schematic

Oscillator

The oscillator is programmed for frequency and dead time
with three components: RT, CT and Rp. Two waveforms
are generated: a sawtooth waveform at pin 10 for pulse
width modulation, and a logic clock at pin 12. The follow-
ing procedure is recommended for choosing timing val-
ues:

1. With RD = 0 (pin 11 shorted to ground) select values
for RT and Ct from Figure 7 to give the desired oscillator
period. Remember that the frequency at each driver out-
put is half the oscillator frequency, and the frequency at
the +Vc terminal is the same as the oscillator frequency.

2. If more dead time is required, select a large value of
RD. At 40kHz dead time increases by 400ns/Q .

3. Increasing the dead time will cause the oscillator fre-
quency to decrease slightly. Go back and decrease the
value of RT slightly to bring the frequency back to the
nominal design value.

The UC1526 can be synchronized to an external logic
clock by programming the oscillator to free-run at a fre-
quency 10% slower than the sync frequency. A periodic
LOW logic pulse approximately 0.5us wide at the SYNC
pin will then lock the oscillator to the external frequency.

UcC1526
UC2526
UC3526

Multiple devices can be synchronized together by pro-
gramming one master unit for the desired frequency and
then sharing its sawtooth and clock waveforms with the
slave units. All CT terminals are connected to the CT pin
of the master, and all SYNC terminals are likewise con-
nected to the SYNC pin of the master. Slave RT termi-
nals are left open or connected to VREF. Slave RD
terminals may be either left open or grounded.

Error Amplifier

The error amplifier is a transconductance design, with an
output impedance of 2MQ . Since all voltage gain takes
place at the output pin, the open-loop gain/frequency
characteristics can be controlled with shunt reactance to
ground. When compensated for unity-gain stability with
100pF, the amplifier has an open-loop pole at 800Hz.

The input connections to the error amplifier are deter-
mined by the polarity of the switching supply output volt-
age. For positive supplies, the common-mode voltage is
+5.0V and the feedback connections in Figure 6A are
used. With negative supplies, the common-mode voltage
is ground and the feedback divider is connected between
the negative output and the +5.0V reference voltage, as
shown in Figure 6B.

Output Drivers

The totem-pole output drivers of the UC1526 are de-
signed to source and sink 100mA continuously and
200mA peak. Loads can be driven either from the output
pins 13 and 16, or from the +Vc, as required.

Since the bottom transistor of the totem-pole is allowed to
saturate, there is a momentary conduction path from the
+Vc terminal to ground during switching. To limit the re-
sulting current spikes a small resistor in series with pin 14
is always recommended. The resistor value is deter-
mined by the driver supply voltage, and should be chosen

for 200mA peak currents.
—@ Sync ‘ l ‘ ‘
AT CT/\/\/

UC1526

Rbp

Figure 5. Oscillator Connections and Waveforms
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UC1526

UC2526
UC3526
+V Supply Qi To Output Fliter
At o ®
Veer e R2 Voltage R2 A1
R2 R3
R1 Posltive
e
Vour- Vaer (m ;2“) VouT - Vner (:_2) ucis2e
B
A3 - (mmfznz) R3 = (mmfznz) e
Return ©
Figure 6. Error Amplifier Connections Figure 8. Single-Ended Configuration
+V Supply o *
+15V O——m
C2
10 ()
c1 +Vc A
L +Vc A
= uC1526 ”
uci526
Gnd B
Gnd B @ A D2
D1, D2
S;? Return =X IN5819
Return = B -
Figure 7. Push-Pull Configuration Figure 9. Driving N-channel Power Mosfets
TYPICAL CHARACTERISTICS
Oscillator Period vs RT and CT
0 Toman l JQ i‘<"'<|*'<<'<< < l¢ ¢
D=
50 é /0 O/éo ~ O/ =0/, c,/
— pd A N /T A A 7/
S 2 yAy4
L £ ; >
o T~ L G G Wy, W G Wy <8 Wy i
5 7 77 V4 7 VARV 4 7 7 17 7
/ [ A 7/ AN ST A A S/
2 [/ /1/
1 2 5 10 20 50 100 200 500 ims2ms 5ms 20ms 100ms 500ms 2S 5S
10ms 50ms 200ms 1S
Oscillation Period
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UC1526

uUcC2526
UC3526
TYPICAL CHARACTERISTICS
Output Driver Deadtime vs Rp Value Under Voltage Lockout Characteristic
10
9 / 5
[%] 8 ,// —
<7 A S 4 4
6 1]
g5 pd T
5 4 A ® |
w2
o s Fosc=40kHz|_| o
o 2 [ 4 (Ct=01u F) | 1 p.
10 I
[ T1T1
0246 810121416182022 0 1 2 3 4 5
Ro - (()) REFERENCE VOLTAGE - (V)
Error Amplifier Open Loop Gain vs Frequency Current Limit Transfer Function
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UNITRODE INTEGRATED CIRCUITS
7 CONTINENTAL BLVD. « MERRIMACK, NH 03054
TEL. (803) 424-2410 + FAX (603) 424-3460

5-53



INTEGRATED

CIRCUITS

= UNITRODE

Regulating Pulse Width Modulator

FEATURES
° Reduced Supply Current

¢ Oscillator Frequency to 600kHz

¢ Precision Band-Gap Reference
* 7to 35V Operation

e Dual 200mA Source/Sink Outputs

*  Minimum Output Cross-Conduction

°  Double-Pulse Suppression Logic

e Under-Voltage Lockout
*  Programmable Soft-Start
e Thermal Shutdown

e TTL/CMOS Compatible Logic Ports

* 5 Volt Operation (VIN = VC = VREF = 5.0V)

UC1526A
UC2526A
UC3526A

DESCRIPTION

The UC1526A Series are improved-performance pulse-width modu-
lator circuits intended for direct replacement of equivalent non- “A”
versions in all applications. Higher frequency operation has been
enhanced by several significant improvements including: a more ac-
curate oscillator with less minimum dead time, reduced circuit de-
lays (particularly in current limiting), and an improved output stage
with negligible cross-conduction current. Additional improvements
include the incorporation of a precision, band-gap reference gener-
ator, reduced overall supply current, and the addition of thermal
shutdown protection.

Along with these improvements, the UC1526A Series retains the
protective features of under-voltage lockout, soft-start, digital cur-
rent limiting, double pulse suppression logic, and adjustable
deadtime. For ease of interfacing, all digital control ports are TTL
compatible with active low logic. '

Five volt (5V) operation is possible for “logic level” applications by
connecting VIN, V¢ and VREF to a precision 5V input supply. Consult
factory for additional information.

BLOCK DIAGRAM
REFERENCE i
ViN REGULATOR 1 ) ) f1g] Veer
T INTERNAL | UNDER VOLTAGE
— = NTERNAL LOCKOUT ]:D —{i4 ve
2 | THERMAL ouTPUT
Ro [Tl SHUTDOWN |
R [} osc GLOCK
COM S R
Q
—ds
Q L)
PWM :
OUTPUT
LATCH T QT
3
TOGGLE
=1 SHUT
{8] pown

6/93
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ABSOLUTE MAXIMUM RATINGS (Note 1, 2)

InputVoltage (+VIN) . .....covviiiiiiiii .. +40V
Collector Supply Voltage (+VC) ..................... +40V
Logiclnputs . ........ ... ... il -0.3Vto +5.5V
Analoginputs ........... ...l -0.3Vto +VIN
Source/Sink Load Current (eachoutput) . ........... 200mA
ReferenceLoad Current. . ........................ 50mA
LogicSinkCurrent ......... ...t 15mA
Power Dissipation at TA = +25°C (Note2) ......... 1000mW
Power Dissipation at Tc = +25°C (Note 2).......... 3000mW
Operating Junction Temperature . ................. +150°C
Storage Temperature Range .. ............ -65°C to +150°C
Lead Temperature (soldering, 10 seconds).......... +300°C

Note 1: Values beyond which damage may occur.
Note 2: Consult packaging Section of Databook for thermal
limitations and considerations of package.

CONNECTION DIAGRAMS

UC1526A

UC2526A
UC3526A
RECOMMENDED OPERATING CONDITIONS
(Note 3)
InputVoltage. . . ............... .. ... ..... +7V to +35V
Collector Supply Voltage .................. +4.5V to +35V
Sink/Source Load Current (each output) ........ 0 to 100mA
Reference Load Current. ..................... 0 to 20mA
Oscillator Frequency Range. . .............. 1Hz to 600kHz
Oscillator Timing Resistor. . ................. 2kQ to 150kQ
Oscillator Timing Capacitor. .. .............. 400pF to 20pF
Available Deadtime Range at40kHz ... ......... 1% to 50%
Operating Ambient Temperature Range
UC1I62BA. ... ... -65°C to +125°C
UC2526BA. ... ...t -25°C to +85°C
UC3526A. . ..o ii ittt 0°Cto +70°C

Note 3: Range over which the device is functional and
parameter limits are guaranteed.

DIL-18, SOIC-18 (TOP VIE PLCC-20,LCC-20
3 or N Package, DW Package (TOP VIEW) o o LFUNCTOr
Q and L Packages
N/C 1
+ERROR 2
U -ERROR 3
+ERROR [1] 18] Vaer COMP. 4
-ERROR [2 7] +Vin Css__ 5
2 :' 55 TaP ] | RESET 6
COMP [3] 6] OUTPUT B 4 % 18 - CURRENT SENSE 7
+ CURRENT SENSE 8
Css [4] [15] GROUND 5 17 SHUTDOWN 9
RESET [g] i Ve 3 :g RTIMING 10
Cr 11
'CUF‘SEEQE E EI OUTPUT A 8 14] Ro 12
+CURRENT [7] 7 SYNG Swn1213 SYNG 13
SENSE OUTPUT A 14
SHUTDOWN [8] 1] Ro v 15
N/C 16
Rriuna [9] i cr GROUND 17
OUTPUTB 18
+VIN 19
VREF 20
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UC1526A

UC2526A
UC3526A
ELECTRICAL CHARACTERISTICS: +ViN= 15V, and over operating ambient temperature, unless otherwise specified TA = Tu.
UC1526A / UC2526A UC3526A
PARAMETER TEST CONDITIONS MIN I TvP T MAX | MIN | TvP I MAX |UNITS
Retference Section (Note 4)
Output Voltage Ty = +25°C 495 | 500 | 5.05 | 490 | 500 | 5.10 \'J
Line Regulation +VIN=7to 35V 2 10 2 15 mV
Load Regulation IL=0to 20mA 5 20 5 20 mV
Temperature Stability Over Operating Ty (Note 5) 15 50 15 50 mV
Total Output Voltage Over Recommended Operating 490 | 500 | 510 | 485 | 5,00 | 5.15 \Y
Range Conditions
Short Circuit Current VREF = OV 25 50 100 25 50 100 | mA
Under-Voltage Lockout
RESET Output Voltage ~ |VREF = 3.8V 02 | 04 02 | 04 v
‘ VREF = 4.7V 24 | 47 24 | 48 \
Osclllator Section (Note 6)
Initial Accuracy Tu=+25°C +3 +8 +3 8 %
Voltage Stability +VIN =7 to 35V 0.5 1 0.5 1 %
Temperature Stability Over Operating TJ (Note 5) 2 6 1 3 %
Minimum Frequency RT = 150kQ, CT = 20pF (Note 5) 1 1 Hz
Maximum Frequency RT = 2kQ, CT = 470pF 550 650 kHz
Sawtooth Peak Voltage +VIN = 35V 3.0 3.5 3.0 3.5
Sawtooth Valley Voltage  |+VIN=7V 0.5 1.0 0.5 1.0
SYNC Pulse Width Ty = 25°C, RL = 2.7kQ to VRer 1.1 1.1 us
Error Amplifier Section (Note 7)
Input Offset Voltage Rs = 2kQ 2 5 2 10 mVvV
Input Bias Current -350 | -1000 -350 | -2000] nA
Input Offset Current 35 100 35 200 nA
DC Open Loop Gain RL = 10MQ 64 72 60 72 dB
HIGH Output Voltage VPIN1 - VPIN2 2 150mV, ISOURCE = 100pA | 3.6 4.2 3.6 4.2 \4
LOW Output Voltage VPIN2 - VPIN 1 2 150mV, ISINK = 100pA 0.2 0.4 0.2 0.4 \
Common Mode Rejection |Rs s 2kQ 70 94 70 94 dB
Supply Voltage Rejection  |+VIN = 12to 18V 66 80 66 80 dB
PWM Comparator (Note 6)
Minimum Duty Cycle VCOMPENSATION = +0.4V 0 0
Maximum Duty Cycle VCOMPENSATION = +3.6V 45 49 45 49 %
Digital Ports (SYNC, SHUTDOWN, and RESET)
HIGH Output Voltage ISOURCE = 40pA 2.4 4.0 2.4 4.0 \4
LOW Output Voltage ISINK = 3.6mA 0.2 0.4 0.2 0.4 \
HIGH Input Current VIH = +2.4V -125 | -200 -125 | -200 | pA
LOW Input Current ViL = +0.4V -225 | -360 -225 | -360 pA
Shutdown Delay From Pin 8, Ty = 25°C 160 160 ns
Current Limit Comparator (Note 8)
Sense Voltage Rs s 50Q 90 100 | 110 80 100 | 120 | mV
Input Bias Current -3 -10 -3 -10 pA
Shutdown Delay From pin 7, 100mV Overdrive, Ty = 25°C 260 260 ns
Note 4: IL= OmA. Note 7: VemM=01to +5.2V

Note 5: Guaranteed by design, not 100% tested in production. Note 8: Vem =0 to +12V.
Note 6: Fosc = 40kHz, (RT=4.12kQ + 1%, CT=0.01pFx 1%, Note 9: Vc = +15V.
Ro =0Q). Note 10:VIN = +35V, RT = 4.12kQ.
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UC1526A
UC2526A
UC3526A

ELECTRICAL CHARACTERISTICS: +Vin = 15V, and over operating ambient temperature, unless otherwise specified Ta = Tu.

UC1526A UC3526A
PARAMETER TEST CONDITIONS UC2526A UNITS
MiN [ TvP [ max | miN | TvP | mAx
Soft-Start Section
Error Clamp Voltage RESET = +0.4V 0.1 0.4 0.1 0.4 \
Cs Charging Current RESET = +2.4V 50 100 | 150 50 100 | 150 pA
Output Drivers (Each Output) (Note 9)
HIGH Output Voltage ISOURCE = 20mA 125 | 1356 125 | 135 \
ISOURCE = 100mA 12 13 12 13 \
LOW Output Voltage ISINK = 20mA 0.2 0.3 0.2 0.3 \
IsINK = 100mA 1.2 2.0 1.2 2.0 Vv
Collector Leakage Ve = 40V 50 150 50 150 pA
Rise Time CL = 1000pF (Note 5) 03 0.6 0.3 0.6 us
Fall Time CL = 1000pF (Note 5) 0.1 0.2 0.1 0.2 us
Cross-Conduction Charge |Per cycle, Ty=25°C 8 8 nC
Power Consumption (Note 10)
Standby Current [SHUTDOWN = +0.4V | 14 | 20 | | 14 [ 20 | maA
Note 4: I = OmA.
Note 5: Guarantsed by design, not 100% tested in production.
Note 6: Fosc = 40kHz, (RT=4.12kQ + 1%, CT=0.0TuFx 1%,
Rp=09).
Note 7: Vem =0 to +5.2V
Note 8: Vem =0 to +12V.
Note 9: Ve = +15V.
Note 10:VIN = +35V, RT = 4.12kQ.
Open Loop Test Circuit UC1526A
Rop 1 17 ?O+VIN
200 ?O.WF
—;— = 18 T—OVREF
Rt 9 :__1;0.1,U,F .
2k 4.3 3150 12———OSYNC
1 1K 1K 5—g—CORESET
et O—r 10 o
20uF % _;Eh",: INF = SOFT START
4.7uF
= _Vc
14 O
1ouF
13— ouT A
2000
16 OouT B
2000Q
15— O
sl

TO SHUTDOWN

||||-a
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APPLICATIONS INFORMATION

Voltage Reference

The reference regulator of the UC1526A is based on a
precision band-gap reference, internally trimmed to +1%
accuracy. The circuitry is fully active at supply voltages
above +7V, and provides up to 20mA of load current to
external circuitry at +5.0V. In systems where additional
current is required, an external PNP transistor can be
used to boost the available current. A rugged low fre-
quency audio-type transistor should be used, and lead
lengths between the PWM and transistor should be as
short as possible to minimize the risk of oscillations.
Even so, some types of transistors may require collec-
tor-base capacitance for stability. Up to 1 amp of load
current can be obtained with excellent regulation if the
device selected maintains high current gain.

—="May be required
" with some types
of transistors

— VREF

+
=
10uF

N /
c

H
1

27Q

AA
W

UC1526A
REFERENCE
REGULATOR

®

Figure 1. Extending Reference Output Current

Under-Voltage Lockout

The under-voltage lockout circuit protects the UC1526A
and the power devices it controls from inadequate sup-
ply voltage, If +VIN is too iow, the circuit disables the
output drivers and holds the RESET pin LOW. This pre-
vents spurious output pulses while the control circuitry is
stabilizing, and holds the soft-start timing capacitor in a
discharged state.

VIN 17

GND

The circuit consists of a +1.2V bandgap reference and
comparator circuit which is active when the reference
voltage has risen to 3VBE or +1.8V at 25°C. When the
reference voltage rises to approximately +4.4V, the cir-
cuit enables the output drivers and releases the RESET
pin, allowing a normal soft-start. The comparator has
350mV of hysteresis to minimize oscillation at the trip
point. When +VIN to the PWM is removed and the refer-
ence drops to +4.2V, the under-voltage circuit pulls RE-
SET LOW again. The soft-start capacitor is immediately
discharged, and the PWM is ready for another soft-start
cycle.

The UC1526A can operate from a +5V supply by con-
necting the VREF pin to the +VIN pin and maintaining the
supply between +4.8 and +5.2V.
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UC2526A
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REFERENCE L
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Figure 2. Under-Voltage Lockout Schematic
Soft-Start Circuit

The soft-start circuit protects the power transistors and
rectifier diodes from high current surges during power
supply turn-on. When supply voltage is first applied to
the UC1526A, the under-voltage lockout circuit holds
RESET LOW with Q3. Q1 is turned on, which holds the
soft-start capacitor voltage at zero. The second collector
of Q1 clamps the output of the error ampilifier to ground,
guaranteeing zero duty cycle at the driver outputs.
When the supply voltage reaches normal operating
range, RESET will go HIGH. Q1 turns o’f, allowing the
internal 100pA current source to charge Cs. Q2 clamps
the error amplifier output to 1VBE above the voltage on
Cs. As the soft-start voltage ramps up to +5V, the duty
cycle of the PWM linearly increases to whatever value
the voltage regulation loop requires for an error null.

+ERROR ®—m
-ERROR @—-—-

RESET (5)

VOLTAGE
LOCKOUT

CSOFTSTART

Figure 3. Soft-Start Circuit Schematic
Digital Control Ports

The three digital control ports of the UC1526A are bi-di-
rectional. Each pin can drive TTL and 5V CMOS logic di-
rectly, up to a fan-out of 10 low-power Schottky gates.
Each pin can also be directly driven by open-collector
TTL, open-drain CMOS, and open-collector voltage
comparators; fan-in is equivalent to 1 low-power Schot-
tky gate. Each port is normally HIGH; the pin is pulled
LOW to activate the particular function. Driving SYNC
LOW initiates a discharge cycle in the oscillator. Pulling
SHUTDOWN LOW immediately inhibits all PWM output
pulses. Holding RESET LOW discharges the soft-start



APPLICATIONS INFORMATION (cont.)

capacitor. The logic threshold is +1.1V at +25°C. Noise
immunity can be gained at the expense of fan-out with an
external 2K pull-up resistor to +5V.

VREF

TO 20K
INTERNAL S
LOGIC SYNC
() SHUTDOWN
FROM OR
INTERNAL RESET

LOGIC

Figure 4. Digital Control Port Schematic

Oscillators

The oscillator is programmed for frequency and dead
time with three components: RT, Ct and Rp. Two wave-
forms are generated: a sawtooth waveform at pin 10 for
pulse width modulation, and a logic clock at pin 12. The
following procedure is recommended for choosing timing
values:

1. With RD= 0Q (pin 11 shorted to ground) select values
for Rt and Crt from the graph on page 4 to give the de-
sired oscillator period. Remember that the frequency at
each driver output is half the oscillator frequency, and the
frequency at the +Vc terminal is the same as the oscilla-
tor frequency.

2. If more dead time is required, select a larger value of
RD. At 40kHz dead time increases by 400ns/Q.

3. Increasing the dead time will cause the oscillator fre-
quency to decrease slightly. Go back and decrease the
value of RT slightly to bring the frequency back to the
nominal design value.

The UC1526A can be synchronized to an external logic
clock by programming the oscillator to free-run at a fre-
quency 10% slower than the SYNC frequency.

A periodic LOW logic pulse approximately. 0.5us wide at

UC1526A (12)SYNC ‘H’_U
= RTCT/\/\/

UC1526A
UC2526A
UC3526A

the SYNC pin will then lock the oscillator to the external
frequency.

Multiple devices can be synchronized together by pro-
gramming one master unit for the desired frequency, and
then sharing its sawtooth and clock waveforms with the
slave units. All CT terminals are connected to the CT pin
of the master and all SYNC terminals are likewise con-
nected to the SYNC pin of the master. Slave RT termi-
nals are left open or connected to VREF. Slave RD
terminal may be either left open or grounded.

A3
VREF VREF R2
R2 R3
o I
GND VOLTAGE GND

Vout - VREF (R‘ + Rz)
R2

RIR2
R3 = (m v nz)

A1 NEGATIVE
OUTPUT
VOLTAGE

Vour - VREF l)
R2

RIR2
R3 - (m . nz)

Figure 6. Error Amplifier Connections

Error Amplifier

The error amplifier is a transconductance design, with an
output impedance of 2MQ. Since all voltage gain takes
place at the output pin, the open-loop gain/frequency
characteristics can be controlled with shunt reactance to
ground. When compensated for unity-gain stability with
100pF, the amplifier has an open-loop pole at 800Hz.

The input connections to the error amplifier are deter-
mined by the polarity of the switching supply output volt-
age. For positive supplies, the common-mode voltage is
+5.0V and the feedback connections in Figure 6A are
used. With negative supplies, the common-mode voltage
is ground and the feedback divider is connected between
the negative output and the +5.0V reference voltage, as
shown in Figure 6B.

+V suPPLY O 0
R1
c2
(3]

+Vec A

uc
1526A

GnD B

RETURN o@

Figure 5. Oscillator Connections and Waveforms

Figure 7. Push-Pull Configuration
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APPLICATIONS INFORMATION (cont.)

Output Drivers
The totem pole output drivers of the UC1526A are de-
signed to source and sink 100mA continuously and

200mA peak. Loads can be driven either from the output
pins 13 and 16, or from the +Vc, as required.

Since the bottom transistor of the totem-pole is allowed to
saturate, there is a momentary conduction path from the

UC1526A
UC2526A
UC3526A

+VC terminal to ground during switching; however, im-
proved design has limited this cross-conduction period to
less than 50ns. Capacitor decoupling at Vc is recom-
mended and careful grounding of Pin 15 is needed to in-
sure that high peak sink currents from a capacitive load

do not cause ground transients.

+V SUPPLY O Qi TO OUTPUT FILTER +15V 0
2 —
R1 +Vc A 104 H'
ue o1 L
1526A = =3 -
10Q
b B[ (®) ,*__—1
/N D2
RETURN o——g = ~ Dt D2
RETURN O 3 1N5819
Figure 8. Single-Ended Configuration Figure 9. Driving N-Channel Power MOSFETs
TYPICAL CHARACTERISTICS
OUTPUT BLANKING
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Ro=00 | &4k , & <« L€< » Q P /
QRS \(\ ‘L » /
100 ——1, 72/+ 4 / , /,Q E 10 7
01 A (@) ‘\_ 7, //Q‘ 6§ /l
50 7 A / " > s A
- 7 & RT = 2K0
g 20 A/ L / / \QZ ~ 2 /
v <2, ( Ro = 00
I 10 A4 24 T L _Ts-z0
o FAF—F A F T A FFF—H © 5 ,"
5 V4 yARY A Ve pd yd 4 P4 4 4 1
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1 2 5 10 20 50 100 200 500 ims2ms 5ms 10ms § g8 823 2
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UC1526A

UC2526A
UC3526A
TYPICAL CHARACTERISTICS (Cont.)
Output Driver Deadtime vs. Rp Value Under Voltage Lockout Characteristic
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- i /’// g °
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0246 810121416182022 0 1 2 3 4 5
Rp - (Q) REFERENCE VOLTAGE - (V)
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UNITRODE INTEGRATED CIRCUITS
7 CONTINENTAL BLVD. + MERRIMACK, NH 03054
TEL. (603) 424-2410 * FAX (603) 424-3460
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UC1543 UC1544
UC2543 UC2544
UC3543 UC3544

Power Supply Supervisory Circuit

FEATURES
Includes Over-voltage,
Under-voltage, And Current
Sensing Circuits

* Internal 1% Accurate
Reference

* Programmable Time Delays

* SCR “Crowbar” Drive Of
300mA

* Remote Activation Capability
¢ Optional Over-voltage Latch

e Uncommitted Comparator
Inputs For Low Voltage
Sensing (UC1544 Series
Only)

BLOCK DIAGRAM

DESCRIPTION

The monolithic integrated circuits contain all the functions necessary to monitor
and control the output of a sophisticated power supply system. Over-voltage (O.V.)
sensing with provision to trigger an external SCR “crowbar” shutdown; an under-
voltage (U.V.) circuit which can be used to monitor either the output or to sample
the input line voltage; and a third op amp/comparator usable for current sensing
(C.L.) are all included in this IC, together with an independent, accurate reference
generator.

Both over- and under-voltage sensing circuits can be externally programmed for
minimum time duration of fault before triggering. All functions contain open collec-
tor outputs which can be used independently or wire-or’ed together, and although:
the SCR trigger is directly connected only to the over-voltage sensing circuit, it
may be optionally activated by any of the other outputs, or from an external signal.
The O.V. circuit also includes an optional latch and external reset capability.

The UC1544/2455/3544 devices have the added versatility of completely uncom-
mitted inputs to the voltage sensing comparators so that levels less than 2.5V may
be monitored by dividing down the internal reference voltage. The current sense
circuit may be used with external compensation as a linear amplifier or as a high-
gain comparator. Although nominally set for zero input offset, a fixed threshold
may be added with an external resistor. Instead of current limiting, this circuit may
also be used as an additional voltage monitor.

The reference generator circuit is internally trimmed to eliminate the need for ex-
ternal potentiometers and the entire circuit may be powered directly from either the
output being monitored or from a separate bias voltage.

(I) VIN
250pnA

VREF |15,17:

U.V. Sense [7.9} [8,11] U.V. Indicate
u.v. O
N.I. Input 4
= I 8,10 | =
U.V. Delay

VN

2.50VH
Ref
Ground -—_}-14,16 —

= 250pa @

Inv. Input 57 —PN . C

P L [eA' S.C.R. Trigger
0O.V. Sense -—-— + .
== EE] 0O.V. Indicate
ViN O.V. Delay

Note: For each terminal, first number refers to 1543 series, second to 1544 series.
* On 1543 series, this function is internally connected to VAREF.

Remote Reset
C.L. Activate
Output (Ground To Activate)
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UC1543 UC1544
UC2543 UC2544
UC3543 UC3544

ABSOLUTE MAXIMUM RATINGS

Input Supply Voltage, VIN. . ... ..o 40V
Sense Inputs, Voltage Range. . . ............ooiiiiiiinnennn.. 0to VIN
SCR TriggerCurrent(Note 1) . ..............ciiiiiiinnnnnn. -600mA
Indicator Output Voltage. . ..o, 40V
Indicator Output Sink Current. . .............c.iiiiiiininna... 50mA
Power Dissipation (Package Limitation)....................... 1000mW
Operating Temperature Range

UC1543,UC1544 . ... ... ..ot -55°C to +125°C

UC2543,UC2544 .. ...ttt -25°C to +85°C

UCB3543,UC3544 . .. ..o ittt iiiieas 0°C to +70°C
Storage TemperatureRange ................coovn... -65°C to +150°C

Note 1: At higher input voltages, a dissipation limiting resistor, RG, is required.
Note 2: Currents are positive-into, negative-out of the specified terminal. Con-
sult Packaging section of Databook for thermal limitations and considerations

of package.
CONNECTION DIAGRAMS
DIL-16, SOIC-16 (TOP VIEW) UC 1543 DIL-18, SOIC-18 (TOP VIEW) UC 1544
J or N, DW Package UC 2543 J or N, DW Package UC 2544
U] UC 3542 U UC 3544
SCR Trigger 1] 18] ViN SCR Trigger [1] g VN
Remote Z 7 Veer
AR‘;"W:e 2 18] Vrer Activate
ctivate
Reset [3] E Ground Reset [3] 6] Ground
O.V. Indicate [4 5] C.L. Output
0.V. Indicate [4] 13 C.L. Output rdeate [£ = utey
O.V. Delay [5] 14 Ottset/Comp
O.V. Delay [5] 2] Offset/Comp
0.V. NI Input [€] 13 C.L. N.I Input
V. 1] C.L. N.L
O.V. Input [8 i ¢ Input O.V. Inv. Input [7] 2 c.L. Inv. Input
U.V. Input [7] [10] C.L. INV. Input UY. NI nput (2] }1__1| V. Indicate
U.V. Delay [8] [S] U.V. Indicate U.V. Inv. Input [9 [0 U.V. Delay
PLCC-20, LCC-20 PACKAGE PiN FUNCTION PLCC-20, LCC-20 PACKAGE PIN FUNCTION
(TOP VIEW) FUNCTION PIN (TOP VIEW) FUNCTION PIN
Q or L Package N/C 1 Q or L Package N/C 1
SCR Trigger 2 SCR Trigger 2
Remote Activate 3 Remote Activate 3
Reset 4 Reset 4
0.V. Indicate 5 O.V. Indicate 5
3 2 12019 N/C 6 3 2 12019 N/C 6
N\ N4
4 18 0.V. Delay 7 4 18 0.V. Delay 7
s o S o 5 s 7} oV NVemaw 5
.V. INV. Inpu
6 16 N/C 10 6 16 U.V. N.I. Input 10
7 150 MUV, Input 11 7 150 [TUVINV.Input |11
8 14 U.V. Delay 12 8 14 U.V. Delay 12
gni213 U.V. Indicate 13 910 11213 U.V. Indicate 13
C.L. INV. Input 14 C.L. INV. Input 14
C.L. N.l. Input 15 C.L. N.I. Input 15
Offset/Comp 16 Offset/Comp 16
C.L. Output 17 C.L. Qutput 17
Ground 18 Ground 18
VREF 19 VREF 19
VIN 20 VIN 20
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UC1543 UC1544
UC2543 UC2544
UC3543 UC3544
ELECTRICAL CHARACTERISTICS: Unless otherwise stated, these specifications apply for TA = -55°C to +125°C for the
UC1543 and UC1544; -25°C to +85°C for the UC2543 and UC2544; and 0°C to +70°C for the UC3543 and UC3544; and for VIN =
5 to 35V. Electrical tests are performed with ViN = 10V and 2kQ pull-up resistors on all indicator outputs. All electrical specifications

for the UC1544, UC2544, and UC3544 devices are tested with the inverting over-voltage input and the non-inverting under-voltage
input externally connected to the 2.5V reference. TA = Tu.

UC1543/UC1544 UC3543/UC3544 |UNITS
PARAMETER TEST CONDITIONS UC2543/UC2544
MIN | TYP | MAX | MIN | TYP | MAX
Input Voltage Range Ty =25°C to TMAX 45 40 4.5 40 Vv
TMIN to TMAX 4.7 40 4.7 40 \
Supply Current VIN = 40V, Output Open, Ty = 25°C 7 10 7 10 mA
TMIN s TJ s TMAX 15 15 mA
Reference Section
Output Voltage Tu=25°C 248 | 250 | 252 | 2.45 | 250 | 2.55 \'
Output Voltage Over Temperature Range 2.45 255 | 240 2.60 \
Line Regulation VIN = 5 to 30V 1 5 1 5 mV
Load Regulation IREF = 0 to 10mA 1 10 1 10 mV
Short Circuit Current VREF = 0 -12 -20 -40 -12 -20 -40 mA
Temperature Stability 50 50 ppm/°C
SCR Trigger Section
Peak Output Current VIN=5V,Rc=0,Vo=0 -100 | -300 | -600 | -100 | -300 | -600 | mA
Peak Output Voltage VIN = 15V, lo = -100mA 12 13 12 13 \"
Output Off Voltage VIN = 40V 0 0.1 0 0.1 \
Remote Activate Current  |R/A Pin = Gnd 04 | 08 04 | 08 mA
Remote Activate Voltage |R/A Pin Open 2 6 2 6 \'
Reset Current Reset = Gnd, R/A = Gnd 04 | -08 -04 | 08 mA
Reset Voltage Reset open, R/A = Gnd 2 6 2 6 \
Output Current Rise Time |RL =50Q, Ty =25°C,Cp=0 400 400 mA/us
Prop. Delay from R/A RL=50Q, Tu=25°C,Cp=0 300 300 ns
Prop. Delay from O/V input |RL = 50Q, Ty =25°C, Cb=0 500 500 ns
Comparator Section
Input Threshold (Input Ty=25°C 245 | 250 | 255 | 240 | 250 | 2.60 Vv
voltagerisingon O.V. and | Over Temperature Range 2.40 260 | 235 265 | V
faling on U.V.)
Input Hysteresis 25 25 mV
Input Bias Current Sense Input = 0OV -0.3 -1.0 03 | 1.0 HA
Delay Saturation 0.2 0.5 0.2 0.5 \
Delay High Level 6 7 6 7 \'
Delay Charging Current Vo=0 -200 | -250 | -300 | -200 | -250 | -300 pA
Indicate Saturation IL=10mA 0.2 0.5 0.2 0.5 \"
Indicate Leakage VIND = 40V .01 1.0 .01 1.0 A
Propagation Delay Input Over Drive =200mV, Tu=25°C, Co = 0 400 400 ns
Input Over Drive =200mV, Tu=25°C, Co=1uF 10 10 ms
Current Limit Section
Input Voltage Range 0 VIN-3V] O VN3V| V
Input Bias Current Offset Pin Open, Vem =0 03 | -1.0 -0.3 -1.0 pA
Input Offset Voltage Offset Pin Open, Vem =0 0 10 0 10 mV
10kQ from Offset Pin to Gnd 80 100 120 80 100 120 mV
CMRR 0sVcMs12V,VIN= 15V 60 70 60 70 dB
AVOL Offset Pin Open, Vcm = 0V, 72 80 72 80 dB
RL =10k to 15kQ, AVout =1 to 6V
Output Saturation IL=10mA 0.2 0.5 0.2 0.5 \
Output Leakage VIND = 40V .01 1.0 .01 1.0 pA
Small Signal Bandwidth Av = 0dB, Tu=25°C 5 5 MHz
Propagation Delay VOVERDRIVE = 100mV, Ty = 25°C 200 200 ns
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SCR Trigger Power Limiting
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Note: RT is connected from Offset Pin to Gnd. Values of
RT below 5.0k may cause Amplifier Cutoff at -55°C.
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Comparator Input Hysteresis
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uUC1543 UC1544
UC2543 UC2544
UC3543 UC3544

APPLICATIONS (Pin numbers given for UC1543 series devices)

Typical Application The values for the external components are determined
as follows:
A8 SUPPLY
FROM ::)wsn SUPPLY] Reo D WoICATORE O Current limit input threshold, VTH = %
©) 70 SYSTEM cs is determined by the current loop dynamics
® - Peak current to load, Ipx <1 Y2 (__A2
SShowsans """ Rsc” Rsc|Rz+R3
- _— VITH
O NIAE Short Circuit Current, Isc = Bso
. 2.5(R4+ Rs+ Re)
t 3 efverer=
Low output voltage limit, Vo (Low) Fs+ Re
High output voltage limit, Vo (High) = ELFE_%??___*RG)
Voltage sensing delay, to = 10,000Cd
SCR trigger power limiting resistor, RG > Vlg ; °

Sensing Multiple Supply Voltages

BIAS SUPPLY TO LM139 COMPARATORS
MAIN _— -
POSITIVE r (©)
SUPPLY R1
TYUV.

TO SHUTDOWN
CIRCUIT

GROUND
MASTER POWER SUPPLY
ADDITIONAL CONDITION INDICATOR
POSITIVE
SUPPLY
NEGATIVE
SUPPLY
VOLTAGE

Input Line Monitor ' Overcurrent Shutdown

MAIN
SUPPLY
BUS

BIAS
VOLTAGE
r—— —_

8CR
i “"CROWBAR"

T
RETURN -

UNITRODE INTEGRATED CIRCUITS
7 CONTINENTAL BLVD. « MERRIMACK, NH 03054
TEL. (603) 424-2410 * FAX 803-424-3460
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Simple 1 Amp Step-Down Fixed Voltage Regulators

FEATURES

» 5V, 12V and 15V Output,

+3% Max Over Line and Load
Conditions

Guaranteed 1A Output Current

Wide Input Voltage Range From
VouTt+2V to 40V (60V for HV)
Requires Only 4 External Components
52 kHz Fixed Frequency Internal
Oscillator

Low Power Standby Mode,

la Typically < 200 pA

Efficiency Typically Over 80%

Uses Readily Available Standard
Inductors

Thermal Shutdown and Current Limit
Protection

100% Electrical Thermal Limit Burn-in
Replacement for LM2575 Series

-

.

.

APPLICATIONS

« Simple High-Efficiency Step-Down (buck)
Regulator

- Efficient Pre-Regulator for Linear
Regulators

» On-Card Switching Regulators

« Positive to Negative Converter (Inverting,
Buck-Boost)

« Isolated Flyback Converter using Minimum
Number of External Components

 Negative Boost Converter

BLOCK DIAGRAM

UC1575-5/12/15
UC2575-5/12/15
UC2575HV-5/12/15

PRELIMINARY

DESCRIPTION

The UC1575/UC2575 family of devices provides all the active functions
necessary to implement a simple step-down (buck) switching regulator.
Utilizing a minimum number of external components, these regulators
offer a simple, high efficiency replacement for popular three-terminal
adjustable linear regulators, greatly reducing, and in many cases
eliminating, the need for a heat sink.

The UC1575/UC2575 series features an output voltage of 5V, 12V or
15V (see Table 1) and is capable of driving a 1A load while maintaining
excellent line and load regulation. Other features include internal
frequency compensation, an on-chip fixed frequency oscillator with a
+3% tolerance, and output voltage with 2% tolerance within specified
input voltages and output load conditions. External shutdown with a
standby current of 200pA is provided. The output switch includes cycle-
by-cycle current limiting and thermal shutdown for full protection under
fault conditions.

A standard series of inductors and capacitors are available from several
manufacturers optimized for use with the UC1575/UC2575 series. This
feature greatly simplifies the design of switched mode power supplies.

CONNECTION DIAGRAM

5-PIN TO-220 (TOP VIEW)
T-PACKAGE

J———— ON/OFF
|E———— FEEDBACK

©)

- N W S W

——— C1|'|}
> OUTPUT
—— R |\

UNREGULATED

— ON/OFF
INTERNAL | | am e

DC INPUT

ic
l: n

1.23v

| REGULATOR

FIXED GAIN
ERROR AMP

| COMPARATOR

1) Your

BAND-GAP
REFERENCE

52 kHz
OSCILLATOR

THERMAL
l l RESET I |snumow~

CURRENT
uMIT

Ul
£

_Note: Pin numbers are for the TO-220 package
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UC1575-5/12/15

UC2575-5/12/15
UC2575HV-5/12/15
ABSOLUTE MAXIMUM RATINGS (Note 1) OPERATING RATINGS
If Military/Aerospace specified devices are required, Maximum Junction Temperature ............ccccceeueees 150°C
please contact the UICC Sales Office/Distributors for Temperature Range
availability and specifications. UCTS75. e -55°C < Ty < +150°C
Maximum Supply Voltage UC2575/UC2575HV ... -40°C < Tu<+125°C
UCT575/UC2575.....c.ooiieeieeecieree e 45V Supply Voltage
UC2575HV ...ttt 63V UCT575/UC2575 ... 40V
ON/OFF Pin Input Voltage...................... -0.3<V<+40V UC2575HV
Output Voltage to Ground (Steady State) .................. -1V
Power Dissipation ............cccccevivniiiinns Internally Limited
Storage Temperature Range ................ -65°C to +150°C
Minimum ESD Rating Order Number For: Output | Temperature
(C=100pF, R=15KQ)...ccvvviriiiiiiiiriinn 2 kV Stand;ard Voltage | High Voltage |Voltage Range
FB PN (PiN ) ..o 1kV Rating (40V) | Rating (60V)
Lead Temperature UC2575T-5.0 UC2575HVT-50| 50
(Soldering, 10 sec.) .......................................... 260°C UC2575T-12 UC2575HVT-12 12.0 -40°C<TI<+125°C
UC2575T-15 UC2575HVT-15 |  15.0
TEST CIRCUIT AND LAYOUT GUIDELINES (Figure 1) UC1575K-5.0 50
CIN ot 100 pF, 75V Aluminum Electrolytic K . 5
[oTSIT) S 330 uF, 15V Aluminum Electrolytic uc1s7eK-12 120 | -55°C<Tus+150°C
220 pF, 15V Aluminum Electrolytic for UC2575-5 UC1575K-15 15.0
Dl s Schottky, MBR360 TABLE 1
LY e 330 uH (PE-52627) for UC2575-5
470pH (AIE-430-0634) for UC2575-12
680uH (AIE-415-0935) for UC2575-15
5-Pin TO-220 Socket................. 2936 (Loranger Mfg. Co.)
4-Pin TO-3 Socket..........ccoceeeennne 8112-AG7 (Augat Inc.)
FEEDBACK
*VIN 4
UC2575HV
T 1 OUTPUT oy Vour
]
UNREGULATED *[ N GND] 3 ON/OFF |5 "‘_]_COUT L
DC INPUT* D1 o
100uF MBR360 A
l D
— ]
i

FIGURE 1

Note: Pin numbers are for the TO-220 package

* 7-40V (60HV) for-5, 15-35V (60HV) for-12, 17-40V (60HV) for-15

As in any switching regulator, layout is very important. Rapidly switching currents associated with wiring inductance
generate voltage transients which can cause problems. For minimal stray inductance and ground loops, the length of the
leads indicated by heavy lines should be kept as short as possible. Single-point grounding (as indicated) or ground plane

construction should be used for best results.
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UC1575-12
UC2575-12
UC2575HV-12

ELECTRICAL CHARACTERISTICS: (Unless otherwise stated, these specifications apply for TA=-55°C to +150°C for UC1575-12
and -40°C to +125°C for the UC2575-12/UC2575HV-12, Ta =Ty). Unless otherwise specified, VIN = 25V, and ILoAD = 200mA.

UC2575-12
Uc1575-12 UC2575HV-12
PARAMETER TEST CONDITIONS MIN. l TYP. ] MAX. | MIN. | TYP. l MAX. | UNITS
SYSTEM PARAMETERS (Note 2) Test Circuit Figure 1
Output Voltage VIN = 25V, ILoAD = 0.2A
Circuit of Figure?, TJ = 25°C 11.88( 12.0 | 1212 | 11.76 | 12.0 | 12.24 \
Output Voltage 0.2A < ILoaD £ 1A,15V < VIN < 40V 11.52 12.48 | 11.40 12.60
UC1575/UC2575 Circuit of Figure 1 12.0 12.0 Vv
Ty =25°C 11.64 12.36 | 11.52 12.48
Output Voltage 0.2A< | oap £ 1A, 15V S V)< 60V 11.40 12.65
UC2575HV Circuit of Figure 1 12.0 v
TJ=25°C . 11.52 12.562
Efficiency VIN = 15V, ILoAD = 1A, Vout = 12V 88 88 %
DEVICE PARAMETERS
Oscillator Frequency (Note 9) 43 50 62 42 50 63 KHz
TJ=25°C 47 58 47 58
Saturation Voltage lout = 1A (Note 3) 0.9 14 0.9 1.4 v
Ty=25° ) 1.2 1.2
Max Duty Cycle (ON) (Note 4) Ty = 25° 93 98 93 98 %
Current Limit Peak Current (Note 3) 1.3 22 3.2 1.3 22 3.2 A
TJ=25°C 1.7 . 3.0 1.7 - 3.0
Output Leakage Current | VIN = 40V, Tu = 25°C, Output = OV 2 2
VIN = 60V for HV Output = -1V 7.5 7.5 mA
(Note 6) Output = -1V 30 30
Quiescent Current (Note 6) 12 12
5 5
| m=25C 10 10 mA
Standby Quiescent ON/OFF Pin = 5V (OFF) 50 500 50 500
_r_gurrent Ty=25°C 200 200 KA
Thermal Resistance K Package, Junction to Ambient 35
K Package, Junction to Case 1.5
T Package, Junction to Ambient (Note 7) 65 °C/W
T Package, Junction to Ambient (Note 8) 45
T Package, Junction to Case 2
ON/OFF CONTROL Test Circuit Figure 1
ON/OFF Pin Logic VouT = 0V 2.4 1.5 2.4 1.5
Input Level Vour = 5V 1.4 0.8 1.4 0.8 \
TJ=25°C 2.2 1.0 2.2 1.0
ON/OFF Pin Input ON/OFF Pin = 5V (OFF) (Tu = 25°C) 12 30 12 30 pA
Current | GN/OFF Pin = 0V (ON) (TJ = 25°C) o | 10 0 10 WA
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UC1575-15
UC2575-15
- UC2575HV-15

ELECTRICAL CHARACTERISTICS: (Unless otherwise stated, these specifications apply for TA=-55°C to +150°C for UC1575- 15
and -40°C to +125°C for the UC2575-15/UC2575-15HV, Ta=Tu). Unless otherwise specified, VIN = 30V, and ILOAD = 200mA.

UC2575-15
UC1575-15 UC2575HV-15
PARAMETER TEST CONDITIONS mn. | Tve. | max. [ min. | Tve. | max. | unirs
SYSTEM PARAMETERS (Note 2) Test Circuit Figure 1 )
Output Voltage VIN = 30V, ILoAD = 0.2A 14.85| 15.0 15.15 14.70 15.0 15.30 \
Circuit of Figure1, Ty = 25°C :
Output Voitage 0.2A < ILoAD <€ 1A,18V < VIN < 40V 14.40 15.60 | 14.25 15.75
UC1575/UC2575 Circuit of Figure 1 15.0 15.0 Vv
Ty =25°C 14.55 15.45 | 14.40 15.60
Output Voltage 0.2A < IoAD < 1A, 18V < VINS B0V 14.25 15.83
UC2575HV Circuit of Figure 1 15.0 \"
Ty =25°C ) 14.40 15.68
Efficiency VIN = 18V, ILoAD = 1A, VouT = 15V 88 88 %
DEVICE PARAMETERS
Oscillator Frequency (Note 9) 43 52 62 42 52 63 KHz
Ty =25°C 47 58 47 | 58
Saturation Voltage lout = 1A (Note 3) 0.9 14 0.9 14 v
Ty = 25° ' 1.2 ' 1.2
Max Duty Cycle (ON) (Note 4) Ty = 25° 93 98 ) 93 98 %
Current Limit Peak Current (Note 3) 1.3 22 3.2 1.3 22 3.2 A
Ty =25°C 1.7 3.0 1.7 3.0
Output Leakage Current | VIN = 40V,Ty = 25°C, Output = OV 2 2
VIN = 60V for HV Output = -1V 7.5 ) 7.5 mA
(Note 6) Output = -1V 30 30
Quiescent Current (Note 6) 5 12 5 12 mA
Ty=25°C 10 10
Standby Quiescent ON/OFF Pin = 5V (OFF) 50 500 50 500 HA
Current Ty=25°C - 200 200
Thermal Resistance K Package, Junction to Ambient 35
K Package, Junction to Case 1.5
T Package, Junction to Ambient (Note 7) 65 °C/W
T Package, Junction to Ambient (Note 8) 45
T Package, Junction to Case 2
ON/OFF CONTROL Test Circuit Figure 1
ON/OFF Pin Logic Vout = 0V 24 | 15 24 | 15
Input Level Vout =5V 1.4 0.8 1.4 0.8 \
Ty =25°C ) 2.2 | 1.0 .22 1.0
ON/OFF Pin Input ON/OFF Pin = 5V (OFF) (TJ = 25°C) 12 30 12 30 pA
Current ONJ/OFF Pin = OV (ON) (TJ = 25°C) 0 10 0 10 pA
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UC1575-5/12/15
UC2575-5/12/15
UC2575HV-5/12/15

Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate
conditions for which the device is intended to be functional, but do not guarantee specific performance limits. For guaranteed
specifications and test conditions, see the Electrical Characteristics.

Note 2: External components such as the catch diode. Inductor, input and output capacitors can affect switching regulator system
performance. When the UC1575/UC2575 Is used as shown in the Figure 1 test circuit, system performance will be as shown in system
parameters section of Electrical Characteristics

Note 3: Output (pin 2) sourcing current. No diode, inductor or capacitor connected to output.

Note 4: Feedback (pin 4) removed from output and connected to OV.

Note 5: Feedback (pin 4) removed from output and connected to 12V to force the output transistor OFF.
Note 6: Feedback (pin 4 ) removed from output and connected to 25V to force the output transistor OFF.

Note 7: Junction to ambient thermal resistance (no external heat sink) for the 5 lead TO-220 package mounted vertically, with 1/2 inch
leads in a socket, or on a PC board with minimum copper area.

Note 8: Junction to ambient thermal resistance (no external heat sink) for the 5 lead TO-220 package mounted vertically, with 1/4 inch
leads soldered to a PC board containing approximately 4 square inches of copper area surrounding the leads.

Note 9: The oscillator frequency reduces to approximately 18 kHz in the event of an output short or an overload which pulls the output
lower than 3V for UC2575-5.0, or lower than 7.2V for UC2575-12 and lower than 9V for UC2575-15. This self protection features
lowers the average power dissipation of the IC by lowering the minimum duty cycle from 5% down to approximately 2%.

Note 10: Refer to RETS UC1575K For current revision of military RETS/SMD.

Typical Performance Characteristics (Circuit of Figure 1)

UC1575-5.0/UC2575-5.0

Normalized
S Output Voltage Supply Current Line Regulation 100 Efficiency
5 s e e i R A s [e-ee
8+ L0Au= 200mA ZEE 18 Tom25°C w b P
] +50 T .zsfg = 16 Z 40 L 9 % ILoAD = 1A
S 428 5 44 5 % A = 8 ¢
g o — £ 1Nt ) / S 80
5 sl 4] N 3 10 I £ oA S5 N
g > > o 127 | g E >
z & < = u 1L0AD = 200mA
g 75 % ILO_IA’D 2 lOmAI I g 10 '} 65 I.OAi)
3-100 4 3 2 6
75 50 25 0 25 50 75100125 150 0 10 20 30 40 50 60 0 10 20 30 40 50 60 0 10 20 30 40 50 60
JUNCTION TEMPERATURE (iC) INPUT VOLTAGE (V) INPUT VOLTAGE (V) INPUT VOLTAGE (V)
UC1575-12/UC2575-12
Normalized
= Output Voltage Supply Current Line Regulation Efficiency
S
E 00— 20 g +100[omalized To Vina25V 100 |
w +75 licoao= 200mA =z w +75 !Iﬁ?:"zs"?""‘“ 90 | LoAD = 1A
F 50 Tylasc E 15 S 450 =
S +25 E LoAp = 1A= 5 425 —— i_" 80 1LoAD = 200mAT—
w - & 5y 5
g 0 N < 10 = 0 = =
= sl A N 2 orp= 290m 5 5 gn
S .50 % 5 = .50 & 60
’é 75 E; | MEASURED AT 5 75 W
GROUND PIN
5 -100 ® 0 5 -100 50
© -75-50 -25 0 25 50 75100 125150 0 5 1015 20 25 30 35 40 ° 0510 15 202530 35 40 10 15 20 25 30 35 40
JUNCTION TEMPERATURE (iC) INPUT VOLTAGE (V) INPUT VOLTAGE (V) INPUT VOLTAGE (V)
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UC1575-5/12/15

UC2575-5/12/15
UC2575HV-5/12/15
UC1575-15/UC2575-15
Normalized
Output Volta, y Line Regulation Efficien
S ia 9 o0 >UPPly Current < 4100 g 100 Y
E VN = 25V MEASURED AT a3 Normalized To VN =25V oAb = 1A
o *+75 |ioro= 200ma = 18| GROUND PIN +75] 1LoAD = 200mA %
8 50 a z Ti= 25°C -] 5o T=zee
El Tiw25°C g 16 | z + F
F3 +25 - Z 14 1 5 25 r > 80 1LOAD = 200mA|
w o -4 LOAD = 1A w o -
[ v N e 12 < v Z 70
s 2 A LN 3 10 Le 5 .25 S
o . A > 8 2 e . &+
g -50[— Z 8 > 50 % 60
£ .75)-4 g 6 1LOAD = 200mA ' 5 75
£ -100 L 4 | I % -10 50
3 755025 0 25 50 75100125150 0 10 20 30 40 50 60 0 20 30 4 50 6 10 20 30 40 50 60
JUNCTION TEMPERATURE (Ci) INPUT VOLTAGE (V) INPUT VOLTAGE (V) INPUT VOLTAGE (V)
Other Characteristics:
Switch Standby
Current Limit Saturation Voltage Quiescant Current
3 T 12 g W
Vi = 25V [ ] 3 =40V | A
=z B § = & 150 |
z, N 8 10 Fresrc— @
= ~—] 5 =
& =3 08 |=toe -1 S 4 /OROFF = 5
% ; 3 25C 253,”‘ E |
= A 1 7] Vinm Vour +2V__L~
] £ 08 M5 £ IR
5 = a
® 3 04 E o
-75-50-25 0 25 50 75100125150 "0 02 04 06 08 10 g -7550-25 0 25 50 75100125 150
JUNCTION TEMPERATURE (°C) SWITCH CURRENT (A) %  JUNCTION TEMPERATURE (°C)

UNITRODE INTEGRATED CIRCUITS
7 CONTINENTAL BLVD « MERRIMACK, NH 03054
TEL 603-424-2410 + FAX 603-424-3460
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INTEGRATED
CIRCUITS

== UNITRODE

Simple 1 Amp Step-Down Voltage Regulator

FEATURES

« Adjustable Output

» Reference Voltage +2% Max Over Line
and Load Conditions

Guaranteed 1A Output Current

Wide Input Voltage Range, 4V to 40V
(60V for HV)

Wide Output Voltage Range, 1.23V to
37V (57V for HV)

Requires Only 6 External Components
52 kHz Fixed Frequency Internal
Oscillator

Low Power Standby Mode,

la Typically < 200 pA

Efficiency Typically Over 80%

Uses Readily Available Standard
Inductors

Thermal Shutdown and Current Limit
Protection

100% Electrical Thermal Limit Burn-in
Replacement for LM2575 Series

.

APPLICATIONS

« Simple High-Efficiency Step-Down (buck)
Regulator

« Efficient Pre-Regulator for Linear
Regulators

» On-card Switching Regulators

« Positive to Negative Converter (Inverting,
Buck-Boost)

« Isolated Flyback Converter Using

Minimum Number of External Components

» Negative Boost Converter

BLOCK DIAGRAM

UC1575-ADJ
UC2575-ADJ
UC2575HV-ADJ

PRELIMINARY

DESCRIPTION

The UC1575-ADJ family of devices provides all the active functions
necessary to implement a simple step-down (buck) switching regulator.
Utilizing a minimum number of external components, these regulators
offer a simple, high efficiency replacement for popular three-terminal
adjustable linear regulators, greatly reducing, and in many cases
eliminating the need for a heat sink.

The UC1575-ADJ series features an output voltage which is adjustable
from 1.23V to 37V (57V for the HV version) and is capable of driving a
1A load while maintaining excellent line and load regulation. Other
features include internal frequency compensation, an on-chip fixed
frequency oscillator with a £10% tolerance, and output voltage with £2%
tolerance within specified input voltages and output load conditions.
External shutdown with a standby current of 200pA is provided. The
output switch includes cycle-by-cycle current limiting and thermal
shutdown for full protection under fault conditions.

A standard series of inductors and capacitors are available from several
manufacturers optimized for use with the UC1575-ADJ series. This
feature greatly simplifies the design of switched mode power supplies.

CONNECTION DIAGRAM

5-PIN TO-220 (TOP VIEW)
T-PACKAGE

> ON/OFF
O FEEDBACK
D CGND
> OUTPUT
" VIN

©)

— N W &

UNREGULATED _

INTERNAL SriOFF

DC INPUT i -
I

1.23v

L

REGULATOR

FIXED GAIN
ERROR AMP

R
Vour = 1.23 (1 'R_'f)

COMPARATOR

OuTPUT L

Vour

BAND-GAP
REFERENCE

o s
I 4 ouT
52kHz RESET THERMAL CURRENT — o
OSCILLATOR [SHUTDOWN| umiT —— - = 3
. - R 1

Note: Pin numbers are for the TO-220 package

5/93
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UC1575-ADJ

UC2575-ADJ
UC2575HV-ADJ
ABSOLUTE MAXIMUM RATINGS (Note 1) OPERATING RATINGS
If Military/Aerospace specified devices are required, Maximum Junction Temperature..........c..ccccevueeneee 150°C
please contact the UICC Sales Office/Distributors for Temperature Range
availability and specifications. UCTS75 .t -65°C < TJ £ +150°C
Maximum Supply Voltage UC2575/UC2575HV .................. -40°C < TJ < +125°C
UC1575/UC2575 Supply Voltage
UC2575HV...........cc..... UCT575/UC2575.......oeeeiiieieeeeeenicneeie st 40V
ON/OFF Pin Input Voltage...................... -0.3 <V < +40V UC2575HV ...ttt e 60V
Output Voltage to Ground (Steady State) .................. -1V
Power Dissipation ............ccococeviieinnn Internally Limited
Storage Temperature Range ................ -65°C to +150°C
Minimum ESD Rating
(C=100pF, R=1.5KQ)..ccccctnrimrirnnrecrrinen 2kv
FB Pin (PiN 4) ...covoveiiieieenecieneeeereneccrecceene 1 kV
Lead Temperature
(Soldering, 10 SEC.) ..coceevvrvrririeeiireercie e 260°C
TEST CIRCUIT AND LAYOUT GUIDELINES (Figure 1)
CiINeeeieeeieeeeee, 100 pF, 75V Aluminum Electrolytic TR e, 1k, 0.1%, R2 = 3.065k, 0.1%
Cout ....470 uF, 15V Aluminum Electrolytic 5-Pin TO-220 Socket................ 2936 (Loranger Mfg. Co.)
Dl Schottky, MBR360 4-Pin TO-3 Socket ......cccocevereneee 8112-AG7 (Augat Inc.)
L1 e 330 puH, 415-0926 (AIE)
. FEEDBACK
*VIN 4
UC2575HV-ADJ L1 Vout
T 1 OUTPUT . _ 5.00v
]
— 330 pH
onmeGoATED HL OV aND[ s ONoFF b1 g Cout 215
DC INPUT 100uF MBR360 470 uF A
l R1 | D
/ @ |

FIGURE 1

Note: Pin numbers are for the TO-220 package

As in any switching regulator, layout is very important. Rapidly switching currents associated with wiring inductance
generate voltage transients which can cause problems. For minimal stray inductance and ground loops, the length of the
leads indicated by heavy lines should be kept as short as possible. Single-point grounding (as indicated) or ground plane

construction should be used for best results.
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UC1575-ADJ
UC2575-ADJ
UC2575HV-ADJ

ELECTRICAL CHARACTERISTICS: (Unless otherwise stated, these specifications apply for Ta=-55°C to +150°C for UC1575
and -40°C to +125°C for the UC2575/UC2575HV, TA=Tu). Unless otherwise specified, VIN = 12V and I1LoAD = 200 mA.

UC2575-ADJ
UC1575-ADJ UC2575HV-ADJ
PARAMETER TEST CONDITIONS MIN. | TYP. l MAX. | MIN. l TYP. ' MAX. | UNITS
SYSTEM PARAMETERS (Note 2) Test Circuit Figure 1
Feedback Voltage ViN= 12V, ILoAD = 0.2A
Vout = 5V, Ty =25°C 1.217 | 1.230 | 1.243 | 1.217 | 1.230 | 1.243 \'
Circuit of Figurel
Feedback Voltage 0.2A < ILoAD < 1A, 8V < VIN £ 40V 1.193 1.267 | 1.180 1.280
UC1575/UC2575 Vourt = 5V, Circuit of Figure 1 1.230 1.230 \
Ty =25°C 1.205 1.255 | 1.193 1.267
Feedback Voltage 0.2A<ILoAD < 1A, 8V S VINS 60V 1.180 1.286
UC2575HV Vourt = 5V, Circuit of Figure 1 1.230 \
Ty =25°C 1.193 1.273
Efficiency VIN = 12V, ILoAD = 1A, VouT = 5V 82 82 %
DEVICE PARAMETERS
Feedback Bias Current | Vout = 5V 50 500 50 500 nA
Ty =25°C 100 100
Oscillator Frequency (Note 8) 43 52 62 42 52 63 KHz
Ty =25°C 47 58 47 58
Saturation Voltage lout = 1A (Note 3) 1.4 1.4
Ty=25° 0.9 1.2 0. 1.2 v
Max Duty Cycle (ON) (Note 4) Ty = 25° 93 98 93 98 %
Current Limit Peak Current (Note 3) 1.3 3.2 1.3 3.2
Ty=25°C 17 | 22 | 30 | 17 | 22 | 30 A
Output Leakage Current | VIN = 40V, Ty = 25°C, Output = OV 2 2
VIN = 60V for HV Output = -1V 7.5 7.5 mA
(Note 5) Output = -1V 30 30
Quiescent Current (Note 5) 12 12
5 5
Ty =25°C 10 10 mA
Standby Quiescent ON/OFF Pin = 5V (OFF) 50 500 50 500 A
Current Ty =25°C 200 200 K
Thermal Resistance K Package, Junction to Ambient 35
K Package, Junction to Case 1.5
T Package, Junction to Ambient (Note 6) 65 °CW
T Package, Junction to Ambient (Note 7) 45
T Package, Junction to Case 2
ON/OFF CONTROL Test Circuit Figure 1
ON/OFF Pin Logic Vout = 0V 24 | 15 24 | 15
Input Level VouT = 5V 1.4 0.8 1.4 0.8 \
Ty =25°C 2.2 1.0 2.2 1.0
ON/OFF Pin Input ON/OFF Pin = 5V (OFF) (TJ = 25°C) 12 30 12 30 pA
Current ON/OFF Pin = 0V (ON) (TJ = 25°C) 0 10 0 10 MA
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UC1575-ADJ
UC2575-ADJ
UC2575HV-ADJ

Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate
conditions for which the device is intended to be functional, but do not guarantee specific performance limits. For guaranteed
specifications and test conditions, see the Electrical Characteristics.

Note 2: External components such as the catch diode. Inductor, input and output capacitors can affect switching regulator system
performance. When the UC1575/UC2575 Is used as shown in the Figure 1 test circuit, system performance will be as shown in system
parameters section of Electrical Characteristics.

Note 3: Output (pin 2) sourcing current. No diode, inductor or capacitor connected to outout.
Note 4: Feedback (pin 4) removed from output and connected to OV.
Note 5: Feedback (pin 4) removed from output and connected to 12V to force the output transistor OFF.

Note 6: Junction to ambient thermal resistance (no external heat sink) for the 5 lead TO-220 package mounted vertically, with 1/2 inch
leads in a socket, or on a PC board with minimum copper area.

Note 7: Junction to ambient thermal resistance (no external heat sink) for the 5 lead TO-220 package mounted vertically, with 1/4 inch
leads soldered to a PC board containing approximately 4 square inches of copper area surrounding the leads.

Note 8: The oscillator frequency reduces to approximately 18 kHz in the event of an output short or an overload which pulls the
feedback voltage lower than .7V. This self protection feature lowers the average power dissipation of the IC by lowering the minimum
duty cycle from 5% down to approximately 2%.

Note 9: Refer to RETS UC1575K-ADJ For current revision of military RETS/SMD.

Typical Performance Characteristics (Circuit of Figure 1)

Supply Current Standby

Supply Current vs Duty Cycle = i
20 24PPY 200 y Ly =9 200 Quiescent Current
MEASURED AT s V=V |, = Vi =4v| L
. 18 GROUND PIN = 175 = ——
< T,=25C £ | sS4 Z o =
E 16 Vour=8v = 150 3 < 150
= = 5
g " Loro = 1A o128 ViN= 40V o VoR/ore= 5V
< 12 ] £ 100 w £ 100 ON/OF
= | 3 | 5 [
o 10 N > . D (T
> 4 AN & 50 /] 1LOAD= 200 mA R =12V ]
a ILOAD = 200 mA —t— g - 3
> @» 25 >
@ [ | 0 ' g o
0 10 20 30 40 50 60 0 20 40 60 80 100 E -75 -50-25 0 25 50 75100125150
w
INPUT VOLTAGE (V) DUTY CYCLE (%) JUNCTION TEMPERATURE (°C)
l;lorrélglizs% " gwitch Vol
— eedback Voltage aturation Voltage Efficienc:
2 9 12 9 100 morency
= 5 vy =12V s [ 1
w 1L0AD =200 mA g 95 =12V
2 Nomaliedto T, = 25°C g oM — < %0 1
= 10 ormalizedto T = 5 B 55°C ”— ] B3 {
S s g = 5 ® N
X -] > gglpsC 11 2 o 200 mA PN
2 4 3 ] e 200 mh
o - = e 75
g 10 2 ool ped ] R L 0 N U
o .15 ;_'_> . ~
@ 20 = 65
N
3 25 0.4 60
S -75-50-250 25 50 75100125150 0 02 04 06 08 1.0 0 10 20 30 40-50 60
§ JUNCTION TEMPERATURE (°C) SWITCH CURRENT (A) INPUT VOLTAGE (V)
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UC1575-ADJ

UC2575-ADJ
UC1575 Series Buck Regulator Design Procedure UC2575HV-ADJ
PROCEDURE
Given:

Vour = Regulated Output Voltage

VIN (max) = Minimum Input Voltage
ILoab (max) = Maximum Load Current
F = Switching Frequency (52kHz)

Example: Vout = 10V, VIN (max) = 25V, ILoAD (max) = 1A, F = 52kHz.

. Programming Output Voltage (Selecting R1 and R2)

The following formula can be used to select the resistor values for a given voltage:
R2

VouTt = VREF (1 + _Fﬁ)

And for a given R1 (between 1K and 10K),

VouTt
R2 =R1 (VREF - 1)

Example:
R2 .
Vout = 1.23( 1+ Rl select R1 = 1K:

Vout _ _fov B
R2 = R1 (VREF 1) =1k ( T23v 1 )_ 7.13K, use closest 1% value 7.15K.

Inductor Selection (L1)
A. Calculate E-T(V-uS), from the following formula:

Vour 1000
E-T = (VIN - VourT) » N m

B. Use the E-T value from above and match it with the E-T number on the vertical axis of the Inductor value selection
guide shown in Figure 2.

(V-uS)

C. On the horizontal axis, select the minimum load current. Find the region intersected by the E+T value and the
maximum load current value and note the inductor code for the region.

D. Match the inductor code to the inductor value, using Fig. 3.
Example:
Calculating E-T (V-uS):

10 1000

EeT=(25-10) .= =115 VeuS
( )25 i

For ILoAD = 1A and E*T = 115V-uS, Inductor code is H470 and the inductor value is 470uH.

3. Output Capacitor Selection (Court)

A. The dominant pole-pair of the switching regulator loop is defined by the value of the output capacitor and the
inductor. In order to achieve stable operation the capacitor must satisfy the following requirement.

Cout > 7,785« _yn(max) (uF)
Vout < L(uH)

Example:

Coutr > 7,785« = 130pF

10+ 150

For acceptable ripple voltage, select Cout = 220uF electrolytic capacitor.
577



UC1575-ADJ

UC2575-ADJ

UC2575HV-ADJ
The ESR (Equivalent Series Resistance) of the output capacitor is the primary cause of the output ripple voltage and the
value and the type of the output capacitor determine the amount of ESR and thus the output ripple voltage. In general
lower capacitor values have higher ESR ratings.

Capacitor values larger than 680uF will produce an output ripple voltage of 35mV to 50mV, while smaller capacitors
(220pF to 680uF) will typicaly cause a ripple of 50mV to 150mV. The following approximate relationship could be used in
determining the output ripple:

VRIPPLE p-p > 0.3 x ILoAab(max) x ESR

It is possible to reduce the output ripple to 10mV-20mV by using several standard electrolytic capacitors in parallel or by
using higher grade capacitors with low ESR and low inductance. However, ESR values lower than 0.05 Ohms can cause
instability. The capacitor's ripple current rating at 52kHz should be at least 50% higher than the inductor current ripple:

IriPPLE(max) > 1.5 x 0.3 x ILoAD(max)

B. The voltage rating of the output capacitor should be at least 1.2 times greater that the output voltage. For a 10V
output, a rating of 15V is appropriate, and a 20V rating is recommended.

4. Catch Diode Selection (D1)

The current rating of the catch diode must be at least 1.2 times greater than the maximum load current, unless the diode
is expected to withstand a continuous output short, in which case the current rating of the diode should be equal to the
maximum current rating of UC2575.

A. The reverse voltage rating of the diode should be at least 1.25 times the maximum input voltage.

B. Schottky diodes with fast switching speed and a low forward voltage drop are the most efficient. Some types of
diodes with an abrupt turn-off characteristic may cause instability and EMI problems. Therefore in general, a fast-
recovery diode with soft recovery characteristics is recommended.

See Figure 4 for Schottky and “soft” fast-recovery diode selection guide.

5. Input Capacitor (CIN)

To assure stability, the regulator input pin must be bypassed with a by-pass capacitor of at least 47pF, low ESR
(electrolytic type). If an operation at low temperatures (for example -25°C) is intended, then addition of a ceramic or solid
tantalum capacitor near the input pin may be required to maintain the capacitance value and low ESR at low temperature.

200 SA2200 SRR
150 A

125 \"H1so R <

X N

100 W:M;\S){&Hﬁ&) H47(7
o RIS

70 NN o4

N e

o K 68
q

> P\

N\ 20

30
L L15
o X/Koo
20 ;

0.2 03 04 050607080910
MAXIMUM LOAD CURRENT (A)

EeT(Veps)

40

Figure 2. Inductor Value Selection Guide (for Continuous Mode Operation)
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UC1575-ADJ

UC2575-ADJ
UC2575HV-ADJ

Inductor Code Inductor Value AIE Pulse Eng. Renco
(Note 1) (Note 2) (Note 3)

L47 47 pH 415-0932 PE-53112 RL2442

L68 68 uH 415-0931 PE-92114 RL2443

L100 100 pH 415-0926 PE-52627 RL1952

L150 150 pH 415-0953 PE-53113 RL1954

L220 220 pH 415-0922 PE-52626 RL1953

L330 330 pH 415-0926 PE-52627 RL1952

L470 470 pH 415-0927 PE-53114 RL1951

Leso 680 pH 415-0928 PE-52629 RL1950
H150 150 pH 415-0936 PE-53115 RL2445
H220 220 pH 430-0636 PE-53116 RL2446
H330 330 uH 430-0635 PE-53117 RL2447
H470 470 puH 430-0634 PE-53118 RL1961
| Heso | 680pH 415-0935 PE-53119 RL1960
H1000 1000 pH 415-0934 PE-53120 RL1959
H1500 1500 uH 415-0933 PE-53121 RL1958
H2200 2200 pH 415-0945 PE-53122 RL2448

Note 1: AIE Magnetics, Div. Vernitron Cogp. Passive Components Group,
(813) 347-2181 2801 72nd Street North, St. Petersburg, FL 33710

Note 2: Pulse Engineering, (619) 268-2400
P.O. Box 12235, San Diego, CA 92112

Note 3: Renco Electronics Inc.,
60 Jeffnyn Blvd. East, Deer Park, NY 11729 (516) 586-5566

FIGURE 3. Inductor Selection by Manufacturer’'s Part Number

VIN Schottky Fast Recovery
(max) 1A 3A 1A 3A

1N5817 1N5820
20V MBR120P | MBR320P
SR102 SR302

1N5818 1N5821
MBR130P | MBR330
11DQ03 | 31DQO3 following | following

SR103 SRao3 diodes are | diodes are
1N5819 1N5822 all rated all rated
40V MBR140P | MBR340 to 100V to 100V
11DQo4 31DQo4
SR104 SR304 11DF1 31DF1

MBR150 MBR350 MUR110 MUR310
50V 11DQos | 31DQos | HER102 | HER302
SR105 SR305

MBR1601 | MBR3603
6oV 11DQo6 | 31DQO6
SR106 SR306

30V The The

Figure 4. Diode Selection Chart

UNITRODE INTEGRATED CIRCUITS
7 CONTINENTAL BLVD - MERRIMACK, NH 03054
TEL 603-424-2410 « FAX 603-424-3460
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INTEGRATED
CIRCUITS

s UNITRODE

Simple 3 Amp Step-Down Fixed Voltage Regulators

FEATURES

+ 5V, 12V and 15V Output, +3% Max
Over Line and Load Conditions

» Guaranteed 3A Output Current

Wide Input Voltage Range, from = -

VouTt+2V to 40V (60V for HV)

Requires Only 4 External Components

52 kHz Fixed Frequency Internal

Oscillator

Low Power Standby Mode,

la Typically < 200 pA

Efficiency Typically Over 80%

Uses Readily Available Standard

Inductors

Thermal Shutdown and Current Limit

Protection

100% Electrical Thermal Limit Burn-in

Replacement for LM2576 Series

APPLICATIONS

+ Simple High-Efficiency Step-Down (buck)
Regulator

« Efficient Pre-Regulator for Linear
Regulators

» On-Card Switching Regulators

« Positive to Negative Converter (Inverting,
Buck-Boost)

« Isolated Flyback Converter using Minimum

Number of External Components
» Negative Boost Converter

BLOCK DIAGRAM

UC1576-5/12/15
UC2576-5/12/15
UC2576HV-5/12/15

PRELIMINARY

DESCRIPTION

The UC1576/UC2576 family of devices provides all the active functions
necessary to implement a simple step-down (buck) switching regulator.
Utilizing a minimum number of external components, these regulators
offer a simple, high efficiency replacement for popular three-terminal
adjustable linear regulators, greatly reducing, and in many cases
eliminating, the need for a heat sink.

The UC1576/UC2576 series features an output voltage of 5V, 12V or
15V (see Table 1) and is capable of driving a 3A load while maintaining
excellent line and load regulation. Other features include internal
frequency compensation, an on-chip fixed frequency oscillator with a
+10% tolerance and feedback voltage with +3% tolerance within
specified input voltages and output load conditions. External shutdown
with a standby current of 200pA is provided. The output switch includes
cycle-by-cycle current limiting and thermal shutdown for full protection
under fault conditions.

A standard series of inductors and capacitors are available from several

manufacturers optimized for use with the UC1576/UC2576 series. This
feature greatly simplifies the design of switched mode power supplies.

CONNECTION DIAGRAM

5-PIN TO-220 (TOP VIEW)
T-PACKAGE
5 ——————— ON/OFF
4 |F=———— FEEDBACK
@ 3[F————GND
.2 [F/———= outPut
[l —T1T

V'N J-I
UNREGULATED

OC INPUT i
I=

1.23v

INTERNAL SRroF SN/oFF
REGULATOR | | i

FIXED GAIN
ERROR AMP

COMPARATOR

2112 tor
—t

BAND-GAP 52kHz
REFERENCE | | OSCILLATOR

THERMAL | | CURRENT
SHUTDOWN| umMm

Note: Pin numbers are for the TO-220 package
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UC1576-5/12/15

UC2576-5/12/15
UC2576HV-5/12/15
ABSOLUTE MAXIMUM RATINGS (Note 1) OPERATING RATINGS
If Military/Aerospace specified devices are required, Maximum Junction Temperature ..........c..cocceeueennee 150°C
please contact the UICC Sales Office/Distributors for Temperature Range
availability and specifications. UCTS76 ... -55°C < TJ £ +150°C
Maximum Supply Voltage UC2576/UC2576HV .................. -40°C < TJ < +125°C
UC1T576/UC2576.......c.cooeiveeceeeieceesreeenereiee e Supply Voltage
UC2576HV.......ccoeenneee. UC1576/UC2576.......c..oeerenecrecieeeneceerenenens 40V
ON/OFF Pin Input Voltage UC2576HV ...t 60V
Output Voltage to Ground (Steady State).................. -1V
Power Dissipation ............c.cccccovuununnee Internally Limited
Storage Temperature Range ................ -65°C to +150°C
Minimum ESD Rating
(C=100pF, R =15KQ)...cocrerercrrrncecrnn. 2kv
FB Pin (PiN 4)....ccooiiiieeiiiecineectreee e 1kV Order Number For: Output | Temperature
Lead Temperature Stanqard Voltage Higr} Voltage |Voltage Range
(SOIETING, 10 SEC.) ..vrrrrrrreeeoereesrerseeeessesseeeene 260°C Rating (40V) | Rating (60V)
UC2576T-5.0 UC2576HVT-5.0| 5.0
TEST CIRCUIT AND LAYOUT GUIDELINES (Figure 1) UC2576T-12 UC2576HVT-12 120 | -40°C<Tus+125°C
CIN ot 100 pF, 75V Aluminum Electrolytic Ucas76T-15 UC2576HVT-15 | 150
Court. ....1000 pF, 15V Aluminum Electrolytic UC1576K-5.0 5.0
D1 ottt Schottky, MBR360
LT 100 pH (PE-92108) for UC2576-5 UC1576K-12 120 | -55°C<Tu<+150°C
220 puH (PE-53116) for UC2576-12, and UC2576-15 UC1576K-15 15.0
5-Pin TO-220 Socket................. 2936 (Loranger Mfg. Co.) TABLE 1
4-Pin TO-3 Socket............cccvvveeee 8112-AG7 (Augat Inc.)
FEEDBACK
*VIN 4
UC2576HV
. L1
T 1 OUTPUT _ Vout
]
+[ CiN Y +|c
UNREGULATED GND | 3 ON/OFF |5 ouT L
DC INPUT* D1 0
100uF MBR360 A
l D
— |
i

FIGURE 1
Note: Pin numbers are for the TO-220 package
* 7-40V (60HV) for-5, 15-35V (60HV) for-12, 17-40V (60HV) for-15

As in any switching regulator, layout is very important. Rapidly switching currents associated with wiring inductance
generate voltage transients which can cause problems. For minimal stray inductance and ground loops, the length of the
leads indicated by heavy lines should be kept as short as possible. Single-point grounding (as indicated) or ground plane
construction should be used for best results.
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UC1576-5
UC2576-5
UC2576HV-5

ELECTRICAL CHARACTERISTICS: (Unless otherwise stated, these specifications apply for TA=-55°C to +150°C for UC1576-5
and -40°C to +125°C for the UC2576-5/UC2576HV-5, Tp=T j). Unless otherwise specified, VIN = 12V and ILOAD = 500mA.

UC2576-5
UC1576-5 UC2576HV-5
PARAMETER TEST CONDITIONS MIN. , TYP. I MAX. | MIN. ‘ TYP. ‘ MAX. | UNITS
SYSTEM PARAMETERS (Note 2) Test Circuit Figure 1 )
Output Voltage VIN = 12V, lLoaD = 0.5A '
Circuit of Figure 1, Ty = 25°C 4950 5.0 5.050 | 4.900 5.0 5.100 \'
Output Voltage 0.5A < 1LOAD < 3A, 8V < VIN < 40V 4.800| - 5.200 | 4.750 5.250
UC1576/UC2576 Circuit of Figure 1 5.0 5.0 \"
TJ=25°C 4.850 5.150 | 4.800 5.200
Output Voltage 0.5A < lLoaD < 3A, 8V < VIN < 60V 4.750 5.275
uc2s576HV Circuit of Figure 1 . 5.0 v
Ty =25°C 4.800 5.225
Efficiency VIN = 12V, ILoaD = 3A, VouT = 5V 77 77 %
DEVICE PARAMETERS
Oscillator Frequency (Note 9) 43 50 62 42 59 63 KHz
Ty =25°C 47 58 47 58
Saturation Voltage louT = 3A (Note 3) 2.0 2.0
Ty = 25° 14 1.8 14 1.8 v
Max Duty Cycle (ON) (Note 4) Ty = 25° 93 98 93 98 %
Current Limit Peak Current (Note 3) 3.5 58 75 35 5.8 '75 A
Ty =25°C 4.2 : 6.9 4.2 ’ 6.9
Output Leakage Current | VIN =40V, (Tu = 25°C), Output = 0V 2 2
VIN = 60V for HV Output = -1V 75 75 mA
(Note 5) Output = -1V 30 30
Quiescent Current (Note 5) 12 12
Td = 25°C ° 10 s 10 | ™
Standby Quiescent ON/OFF Pin = 5V (OFF) 50 500 50 500 A
Current Ty =25°C 200 200 K
Thermal Resistance K Package, Junction to Ambient 35
K Package, Junction to Case 1.5
T Package, Junction to Ambient (Note 7) 65 °CW
T Package, Junction to Ambient (Note 8) 45
T Package, Junction to Case 2
ON/OFF CONTROL Test Circuit Figure 1
ON/OFF Pin Logic VouT = 0V 24 | 15 2.4 15
Input Level Vour = 5V 1.4 0.8 1.4 0.8 \Y
Ty =25°C 2.2 1.0 2.2 1.0
ON/OFF Pin Input ON/OFF Pin = 5V (OFF) (TJ = 25°C) 12 30 12 30 pA
Current ON/OFF Pin =0V (ON) (TJ = 25°C) 0 10 0 10 RA
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UC1576-12
UC2576-12
UC2576HV-12

ELECTRICAL CHARACTERISTICS: (Unless otherwise stated, these specifications apply for TA=-55°C to +150°C for UC1576-12
and -40°C to +125°C for the UC2576-12/UC2576HV-12, TA=TJ). Unless otherwise specified, VIN = 25V and ILOAD = 500mA.

UC2576-12
Ucis76-12 UC2576HV-12
PARAMETER TEST CONDITIONS min. | Tve. | max. | min. | Tve. | max. | units
SYSTEM PARAMETERS (Note 2) Test Circuit Figure 1
Output Voltage VIN = 25V, ILOAD = 0.5A
Circuit of Figure 1, Ts = 25°C 11.88 1 12.0 1212 | 11.76 | 120 12.24 \")
Output Voltage 0.5A < ILoAD < 3A,15V < VIN £ 40V 11.52 12.48 | 11.40 12.60
UC1576/UC2576 Circuit of Figure 1 12.0 12.0 \
Ty =25°C 11.64 12.36 | 11.52 12.48
Output Voltage 0.5A < ILoAD < 3A, 15V < VIN< 6OV 11.40 12.65
UC2576HV Circuit of Figure 1 12.0 \"
Ty =25°C 11.62 12.52
Efficiency VIN = 15V, ILOAD = 3A, VouT = 12V 88 88 %
DEVICE PARAMETERS
Oscillator Frequency (Note 9) 43 52 62 42 63 Kh
Ty =25°C 47 58 | a7 | 52 | s z
Saturation Voltage lout = 3A (Note 3) 2.0 2.0
Ty =25° 1.4 1.8 1.4 1.8 v
Max Duty Cycle (ON) (Note 4) Ty = 25° 93 98 93 98 %
Current Limit Peak Current (Note 3) 35 5.8 7.5 3.5 7.5
Ty=25°C 42 | >° 1 69 | a2 | 58 | 69 A
Output Leakage Current | VIN = 40V, Ty = 25°C, Output = OV 2 2
VIN = 60V for HV Output = -1V 7.5 7.5 A
(Note 6) Output = -1V 30 30
Quiescent Current (Note 6) 12 12
Ty=25°C 5 10 5 10 mA
Standby Quiescent ON/OFF Pin = 5V (OFF) 50 500 5 500
Current Ty=25°C 200 0 200 HA
Thermal Resistance K Package, Junction to Ambient 35
K Package, Junction to Case 1.5
T Package, Junction to Ambient (Note 7) 65 °C/W
T Package, Junction to Ambient (Note 8) 45
T Package, Junction to Case 2
ON/OFF CONTROL Test Circuit Figure 1 4
ON/OFF Pin Logic VouT = 0V 24 | 15 24 | 15
" Input Level Vout = 12V 1.4 0.8 1.4 0.8 Vv
Ty =25°C 2.2 1.0 2.2 1.0
ON/OFF Pin Input ON/OFF Pin = 5V (OFF) (TJ = 25°C) 12 30 12 30 pA
Current ON/OFF Pin = 0V (ON) (T4 =25°C) 0 10 0 10 RA




UC1576-15
UC2576-15
UC2576HV-15

ELECTRICAL CHARACTERISTICS: (Unless otherwise stated, these specifications apply for TA=-55°C to +150°C for UC1576-15
and -40°C to +125°C for the UC2576-15/UC2576HV-15, TA=Ty). Unless otherwise specified, VIN = 30V and |LOAD = 500mA..

UC2576-15
UC1576-15 UC2576HV-15
PARAMETER TEST CONDITIONS MIN. ‘ TYP. ‘ MAX. | MIN. l TYP. l MAX. | UNITS
SYSTEM PARAMETERS (Note 2) Test Circuit Figure 1
Output Voltage VIN = 30V, ILOAD = 0.5A 14.85( 150 | 1515 [ 1470 | 150 | 1530 | V
| Circuit of Figure 1, Ty = 25°C
Output Voltage 0.5A < ILOAD < 3A,18V < VIN < 40V 14.40 15.60 | 14.25 15.75
UC1576/UC2576 Circuit of Figure 1 15.0 15.0 \
Ty=25°C 14.45 15.45 | 14.40 15.60
Output Voltage 0.5A < [LoAD < 3A, 18V < VIN £ 60V 14.25 15.83
UC2576HV Circuit of Figure 1 15.0 \
Ty=25°C 14.40 15.68
Efficiency VIN = 18V, ILoAD = 3A, VouT = 15V 88 88 %
DEVICE PARAMETERS
Oscillator Frequency (Note 9) 43 62 42 63
Ty=25°C a7 | 2 | s8 | a7 | 52| s | K2
Saturation Voltage lout = 3A (Note 3) 1.4 2.0 2.0
Ty = 250 . 18 4 1 18 v
Max Duty Cycle (ON) (Note 4) Ty = 25° 93 98 93 98 %
Current Limit Peak Current (Note 3) 3.5 5.8 7.5 3.5 5.8 7.5 A
Ty=25°C 4.2 : 6.9 4.2 ’ 6.9
Output Leakage Current| VIN =40V, Ty =25°C, Output =0V 2 2
VIN = 60V for HV Output = -1V 7.5 7.5 mA
(Note 6) Output = -1V 30 30
Quiescent Current (Note 6) 5 12 5 12 mA
TJ=25°C 10 10
Standby Quiescent ON/OFF Pin = 5V (OFF) 50 500 50 500 A
Current Ty=25°C 200 200 | H
Thermal Resistance K Package, Junction to Ambient 35
K Package, Junction to Case 1.5
T Package, Junction to Ambient (Note 7) 65 °C/W
T Package, Junction to Ambient (Note 8) 45
T Package, Junction to Case 2
ON/OFF CONTROL Test Circuit Figure 1
ON/OFF Pin Logic VouT = 0V 24 | 15 2.4 15
Input Level Vour = 12V 1.4 0.8 1.4 0.8 \
Ty=25°C 2.2 1.0 2.2 1.0
ON/OFF Pin Input ON/OFF Pin = 5V (OFF) (TJ = 25°C) 12 30 12 30 pA
Current ON/OFF Pin = OV (ON) (TJ =25°C) 0 10 0 10 pA
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UC1576-5/12/15
UC2576-5/12/15
UC2576HV-5/12/15

Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate
conditions for which the device is intended to be functional, but do not guarantee specific performance limits. For guaranteed
specifications and test conditions, see the Electrical Characteristics.

Note 2: External components such as the catch diode. Inductor, input and output capacitors can affect switching regulator system
performance. When the UC1576/UC2576 Is used as shown in the Figure 1 test circuit, system performance will be as shown in system
parameters section of Electrical Characteristics

Note 3: Output (pin 2) sourcing current. No diode, inductor or capacitor connected to output.

Note 4: Feedback (pin 4) removed from output and connected to OV.

Note 5: Feedback (pin 4) removed from output and connected to 12V to force the output transistor OFF.
Note 6: Feedback (pin 4) removed from output and connected to 25V to force the output transistor OFF.

Note 7: Junction to ambient thermal resistance (no external heat sink) for the 5 lead TO-220 package mounted vertically, with 1/2 inch
leads in a socket, or on a PC board with minimum copper area.

Note 8: Junction to ambient thermal resistance (no external heat sink) for the 5 lead TO-220 package mounted vertically, with 1/4 inch
leads soldered to a PC board containing approximately 4 square inches of copper area surrounding the leads.

Note 9: The oscillator frequency reduces to approximately 18 kHz in the event of an output short or an overload which pulls the output
lower than 3V for UC2576-5.0, or lower than 7.2V for UC2576-12 and lower than 9V for UC2576-15. This self protection features
lowers the average power dissipation of the IC by lowering the minimum duty cycle from 5% down to approximately 2%.

Note 10: Refer to RETS UC1576K For current revision of military RETS/SMD.

Typical Performance Characteristics (Circuit of Figure 1)

UC1576-5.0/UC2576-5.0
Normalized
= Output Voltage Supply Current Line Regulation Efficiency
E+100 I 20, MEASURED AT E 60 Nomaized To Vina1oV 100
& +75 LoAD= S00MA = 18 GROUND PIN = 50| koao = 500mA 95
= T e T = 25°C W Tu=25C el
= +50 at En 40 v —~ 9
EJ T =25°C = E 3 A 2 g5
w +: o é 14 1LOAD = 3A e 2 V ey 80
=4 ~ ac 12 1 <} =
5 2sp 4] ™ 2 10 ] £ L = >~ 1 T
= -50 z Y.y —] g 0 uEJ 0 I 2c0m\A
é -75 & 1LoAD = 200m, 2 10 '/ 65 LoAD =
3-100 @ 4 i [ 1 % 20 60 |
75 50 25 0 25 50 75100125 150 0 10 20 30 40 50 60 0 10 20 30 40 50 60 0 10 20 30 40 50 60
JUNCTION TEMPERATURE (°C) INPUT VOLTAGE (V) INPUT VOLTAGE (V) INPUT VOLTAGE (V)
UC1576-12/UC2576-12
Normalized
Output Voltage Supply Current Line Regulation Efficiency
s P
E 00— <) g +100 [ gmaized To Vi w25V 100 [
§ +75 liono= §oanaA‘ g 5 +75 #‘:‘;5'_‘5;00""‘ 95 vout =12Vv—T1A
Z 50T = 2 +50 < 90 =
5 +25 z LoAD = 34— 5 +25 —— 2; 85 OmA t
= 0 T Z 10 & 0| S 80 |-200ma A
< N 3 = &
5 25 4 3 04=2 3 25 S 75 <
S Z s ] > 50 & 70 fa Vout = 3V
5 75 a MEASURED AT 5 75 * 65loa
a 100 a2 0 GROUND PIN 5 p J 1
2 - -100
o -75-50 -25 0 25 50 75100125150 0-5 1015 20 25 30 35 40 ° 0510 15 202530 35 40 0 510 1520 25 3035 40
JUNCTION TEMPERATURE (°C) INPUT VOLTAGE (V) INPUT VOLTAGE (V) INPUT VOLTAGE (V)
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UC1576-5/12/15

UC2576-5/12/15
UC2576HV-5/12/15
UC1576-15/UC2576-15
Normalized -
Output Voltage Line Regulation cienc
< 100 p g ‘uSupply Current < 410 g 100 y
E ViN = 25V MEASURED AT =S Normalized To VN =25V | LOADI 1A
= +75]1L0p= 500mA ~ 18 GROUND PIN = +75]1L0AD = 500mA rd ;L
<] at T Tu= 25°C ] Ti=25C — 90— ———
E R T =1 +50 sV F
< I g e N ILOAD = ¥/
I +25 E 44 +25 > > 80 |
o ] o 1ok = 3A ] e
=] 0 N 'c::: 12 § 0 E
= 25 A ™ 3 10 )4 5 s g7
) 4 N d I
2 -50—A > A =— S 50 & 6
5 75| g 1LOAD = 200mA § 75
£ -100! L 11 1 1 1 | @y g .10‘{ 50
3 -7550-25 0 25 50 75100125150 0 10 20 30 40 50 60 0 20 30 40 50 60 10 15 20 25 30 35 40
JUNCTION TEMPERATURE (C°) INPUT VOLTAGE (V) INPUT VOLTAGE (V) INPUT VOLTAGE (V)
Other Characteristics:
Switch Standby
Current Limit Saturation Voltage — Quiescent Current
65 h l R vm=aov| LA
Vinx 25V = 2
S oo 8 :; £ 1 -
1 k [ 4
g .. N 5 ol e dAZ 5
55 <3 1~ el IOR/OFF = 5
g N S o8l E 10 :
(=3
5 50 = 08 50°C E @ Vin= Vour + 2V__LA
5 45 g 04 3 A
IS = 02 =
40 “ 0 2
-75-50-25 0 25 50 75 100125150 0 05 10 15 20 25 30 g <75 50-25 0 25 50 75100125150
JUNCTION TEMPERATURE (°C) SWITCH CURRENT (A) JUNCTION TEMPERATURE (°C)
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INTEGRATED

M CIRCUITS

== UNITRODE

Simple 3 Amp Step-Down Voltage Regulator

FEATURES

« Adjustable Output

Reference Voltage +2% Max Over Line
and Load Conditions

Guaranteed 3A Output Current

Wide Input Voltage Range, 4V to 40V
(60V for HV)

Wide Output Voltage Range, 1.23V to
37V (57V for HV)

Requires Only 6 External Components
52 kHz Fixed Frequency Internal
Oscillator

Low Power Standby Mode,

la Typically < 200 pA

Efficiency Typically Over 80%

Uses Readily Available Standard
Inductors

Thermal Shutdown and Current Limit
Protection

100% Electrical Thermal Limit Burn-in
Replacement for LM2576 Series

.

APPLICATIONS

+ Simple High-Efficiency Step-Down (Buck)
Regulator

- Efficient Pre-Regulator for Linear
Regulators

» On-Card Switching Regulators

- Positive to Negative Converter (Inverting,
Buck-Boost)

+ Isolated Flyback Converter Using
Minimum Number of External Components

» Negative Boost Converter

UC1576-ADJ
UC2576-ADJ
UC2576HV-ADJ

PRELIMINARY

DESCRIPTION

The UC1576-ADJ family of devices provides all the active functions
necessary to implement a simple step-down (buck) switching regulator.
Utilizing a minimum number of external components, these regulators
offer a simple, high efficiency replacement for popular three-terminal
adjustable linear regulators, greatly reducing, and in many cases
eliminating, the need for a heat sink.

The UC1576-ADJ series features an output voltage which is adjustable
from 1.23V to 37V (57V for the HV version) and is capable of driving a
3A load while maintaining excellent line and load regulation. Other
features include internal frequency compensation, an on-chip fixed
frequency oscillator with a +10% tolerance, and output voltage with £2%
tolerance within specified input voltages and output load conditions.
External shutdown with a standby current of 200pA is provided. The
output switch includes cycle-by-cycle current limiting and thermal
shutdown for full protection under fault conditions.

A standard series of inductors and capacitors are available from several

manufacturers optimized for use with the UC1576-ADJ series. This
feature greatly simplifies the design of switched mode power supplies.

CONNECTION DIAGRAM

5-PIN TO-220 (TOP VIEW)
T-PACKAGE

———— ON/OFF

——— EEEDBACK

— >

————— > OouTPUT
VIN

©)

- N W H O

BLOCK DIAGRAM
vIN
UNREGULATED INTERNAL 5% ON/OFF
DC INPUT 'LL |REn I REGULATOR H  worr
I-
— FIXED GAIN
- ERROR AMP Vour = 1.23 ( %)
1

1.23v
BAND-GAP
REFERENCE

Vour

THERMAL
SHUTDOWN

CURRENT
LIMIT

=4
P
ﬂ!—)lq
&
ER

Note: Pin numbers are for the TO-220 package
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UC1576-ADJ

UC2576-ADJ
UC2576HV-ADJ
ABSOLUTE MAXIMUM RATINGS (Note 1) OPERATING RATINGS
If Military/Aerospace specified devices are required, Maximum Junction Temperature............ccceevenenne 150°C
please contact the UICC Sales Office/Distributors for Temperature Range
availability and specifications. UC1576......covviiciiiccieene -55°C < Ty < +150°C
Maximum Supply Voltage UC2576/UC2576HV .................. -40°C < TJ < +125°C
UC1576/UC2576 Supply Voltage
UC2576HV.........cccccneeee. UC1576/UC2576.......c..ooeeeeeeeeeceeeesenereeeeeneneens 40V
ON/OFF Pin Input Voltage..........c.cccc.c... -0.3 <V < +40V UC2576HV ...ttt ierscsstsnesienae 60V
Output Voltage to Ground (Steady State)................... -1v
Power Dissipation ...........ccccoeveivivnnnene Internally Limited
Storage Temperature Range ................ -65°C to +150°C
Minimum ESD Rating
(C=100pF, R =15kQ)
FB Pin (PiN 4)...coveeieieecreeneceeeccceicene
Lead Temperature
(Soldering, 10 S€C.) ..cc.vvvvvviiniiiriiiiiecriecnn 260°C
TEST CIRCUIT AND LAYOUT GUIDELINES (Figure 1) ,
CIN cererrermrerersieeriens 100 uF, 75V Aluminum Electrolytic R e 1k, 0.1%, R2 = 3.065k, 0.1%
COQUT rreeeererermneereeenens 1000 uF, 15V Aluminum Electrolytic 5-Pin TO-220 Socket... 2936 (Loranger Mfg. Co.)
X S Schottky, MBR360 4N TO-8 SOCKEL.cooorvrrse 8112-AG7 (Augat Inc.)
LT e 100 uH, Pulse Eng. PE-92108
FEEDBACK
UC2576HV-ADJ L Vout
T 1 OUTPUT 55 5.00V
c 100 pH 1 ! l
7V - 60V IN — !
UNREGULATED - GND [ 3 ON/OFF |5 D1 =L cour R2 5
DC INPUT 100uF MBR360 1000 pF A
l Rt | D
p— ® |

FIGURE 1

Note: Pin numbers are for the TO-220 package

As in any switching regulator, layout is very important. Rapidly switching currents associated with wiring inductance
generate voltage transients which can cause problems. For minimal stray inductance and ground loops, the length of the
leads indicated by heavy lines should be kept as short as possible. Single-point grounding (as indicated) or ground plane

construction should be used for best results.



UC1576-ADJ
UC2576-ADJ
UC2576HV-ADJ

ELECTRICAL CHARACTERISTICS: (Unless otherwise stated, these specifications apply for TA=-55°C to +150°C for UC1576
and -40°C to +125°C for the UC2576/UC2576HV, Ta=TJ). Unless otherwise specified, VIN = 12V and ILoAD = 500 mA.

_ UC2576-ADJ
UC1576-ADJ UC2576HV-ADJ
PARAMETER TEST CONDITIONS MIN. | TYP. | MAX. | MIN. I TYP. | MAX. | UNITS
SYSTEM PARAMETERS (Note 2) Test Circuit Figure 1
Feedback Voltage VIN = 12V, ILoAD = 0.5A
Vout = 5V, Ty = 25°C 1.217| 1.230| 1.243 | 1.217 | 1.230| 1.243 \'
Circuit of Figuret
Feedback Voltage 0.5A < ILoAD < 3A, 8V < VIN € 40V 1.193 1.267 | 1.180 1.280
UC1576/UC2576 VouT = 5V, Circuit of Figure 1 1.230 1.230 \Y
Ty = 25°C 1.205 1.255 | 1.193 1.267
Feedback Voltage 0.5A < 1LoAD < 3A, 8V < VIN £ 60V 1.180 1.286
UC2576HV Vourt = 5V, Circuit of Figure 1 1.230 \Y
Ty = 25°C 1.193 1.273
Efficiency VIN = 12V, ILOAD = 3A, VouT = 5V 82 82 %
DEVICE PARAMETERS
Feedback Bias Current | Vout =5V 50 500 50 500 nA
Ty = 25°C 100 100
Oscillator Frequency (Note 8) 43 52 62 42 52 63 KHz
L Ty=25°C 47 58 47 58
Saturation Voltage lout = 3A (Note 3) 1.4 2.0 1.4 2.0 v
Ty = 25° 1.8 1.8
| Max Duty Cycle (ON) (Note 4) Ty = 25° 93 98 93 98 %
Current Limit Peak Current (Note 3) 35 5.8 7.5 35 5.8 75 A
| ) | Tu=25°C 4.2 ) 6.9 4.2 ) 6.9
Output Leakage Current | VIN =40V, Ty =25°C, Output=0V 2 2
VIN = 60V for HV Output = -1V 7.5 7.5 mA
(Note 5) Output = -1V 30 30
Quiescent Current (Note 5) 5 12 5 12 mA
Ty = 25°C 10 10
Standby Quiescent ON/OFF Pin = 5V (OFF) 50 | 500 50 | 500 WA
| Current Ty=25°C 200 200
Thermal Resistance K Package, Junction to Ambient 35
K Package, Junction to Case 15
T Package, Junction to Ambient (Note 6) 65 °C/W
T Package, Junction to Ambient (Note 7) 45
L T Package, Junction to Case 2
ON/OFF CONTROL Test Circuit Figure 1
ON/OFF Pin Logic Vout = 0V 2.4 1.5 24 1.5
Input Level Vourt = 5V 1.4 0.8 1.4 0.8 \"
- Ty =25°C 2.2 1.0 2.2 1.0
ON/OFF Pin Input ON/OFF Pin = 5V (OFF) (Ty=25°C) 12 30 12 30 nA
Current ON/OFF Pin =0V (ON) (Ty=25°C) 0 10 0 10 RA
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uc1576

UC2576-ADJ

UC2576HV-ADJ
Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate

conditions for which the device is intended to be functional, but do not guarantee specific performance limits. For guaranteed
specifications and test conditions, see the Electrical Characteristics.

Note 2: External components such as the catch diode. Inductor, input and output capacitors can affect switching regulator system
performance. When the UC1576/UC2576 Is used as shown in the Figure 1 test circuit, system performance will be as shown in system
parameters section of Electrical Characteristics.

Note 3: Output (pin 2) sourcing current. No diode, inductor or capacitor connected to output.
Note 4: Feedback (pin 4) removed from output and connected to OV.
Note 5: Feedback (pin 4) removed from output and connected to 12V to force the output transistor OFF.

Note 6: Junction to ambient thermal resistance (no external heat sink) for the 5 lead TO-220 package mounted vertically, with 1/2 inch
leads in a socket, or on a PC board with minimum copper area.

Note 7: Junction to ambient thermal resistance (no external heat sink) for the 5 lead TO-220 package mounted vertically, with 1/4 inch
ieads soldered to a PC board containing approximately 4 square inches of copper area surrounding the leads.

Note 8: The oscillator frequenc/ reduces to approximately 18 kHz in the event of an output short or an overload which the feedback
voltage lower than .7V. This self protection features lowers the average power dissipation of the IC by lowering the minimum duty cycle
from 5% down to approximately 2%.

Note 9: Refer to RETS UC1576K-ADJ For current revision of military RETS/SMD.

Typical Performance Characteristics (Circuit of Figure 1)

Supply Current Standby
2 Supply Current 2003 Duty Cycle g 200 Quiescent Current
18 jnerristinl z 175 Wl le = Vin 240V ]
—_ B < . = —
z . T4=25°C E 50 | 34 £ 150 e
= Vout=5V E - L g
5 1a i 125 [=]
TLOAD = 3A o« ViN= 40V Vor/oFF= 5V
g LoaD E 100 IN 5 100 /ON/OF
< — =2 I w I
3 10 S s 2
> 8 g 50 /) I LOAD= 500 mA w 50 VIN=1EL.—’
T [iicko-20ma 5 > 3 —
> 6 @ 25 >
@ l I @
0 S o
0 10 20 30 40 50 60 0 20 40 60 80 100 £ -75-50-25 0 25 50 75100125150
w
INPUT VOLTAGE (V) DUTY CYCLE (%) JUNCTION TEMPERATURE (°C)
Normalized Switch
= Feedback Voltage Saturation Voltage Efficiency
E 16 100
] I e < ]
w - < 14 95
& s 110AD = 500 mA = —_——— Vour = 12V
= Normalized to T = 25°C S ] - 90 o
= J =z 12 e 7 1A
- 10 = _55°C L~ L~ = = [~
S S0 e e > 85 1 ~—
S . d oy 200 mA - 34
% o Z o8 2 80 $
g A =z 08— o] 200 mA
3 5 [SHAN bk o 75
o -10 ';:‘: 50°C E Ix Vour =3V
E 15 Z o o5 |2
g 20 3 o T)=25C
3 25 0 60
g -75-50-25 0 25 50 75100 125 150 0 05 10 15 20 25 30 0 10 20 30 40 50 60
oc
=] JUNCTION TEMPERATURE (°C) SWITCH CURRENT (A) INPUT VOLTAGE (V)
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UC1576-ADJ

UC2576-ADJ
UC1576 Series Buck Regulator Design Procedure UC2576HV-ADJ
PROCEDURE
Given:

Vout = Regulated Output Voltage

VIN (max) = Minimum Input Voltage
ILoAD (max) = Maximum Load Current
F = Switching Frequency (52kHz)

Example: Vout = 10V, VIN (max) = 25V, ILoAD (max) = 3A, F = 52kHz

1. Programming Output Voltage (Selecting R1 and R2)
The following formula can be used to select the resistor values for a given voltage:

R2
Vout =V (1 == )
out = VReF \1+ =3

And for a given R1 (between 1K and 10K),

R2 = R1 (VC’—UT 1)
VREF

Example:

Vour = 1.23 (1 + g—f) select R = 1K:

- Vour 4 _ B AR o
R2 = R1 (VREF 1) =1k (1‘23\/ 1)-7.13K, use closest 1% value 7.15K.

2. Inductor Selection (L1)

A. Calculate E+T(V-uS), from the following formula:

Vout 1000
E-T = (VIN - Vour) « = o™ * F(in kHz)

B. Use the E-T value from above and match it with the E-T number on the vertical axis of the Inductor value selection
guide shown in Figure 2.

(VeuS)

C. On the horizontal axis, select the minimum load current. Find the region intersected by the E.T value and the
maximum load current value and note the inductor code for the region.

D. Match the inductor code to the inductor value, using Fig. 3.
Example:
Calculating E«T (VeuS):

E-T = (25 - 10). 19 1000 _ 445 yyg
25 52
For ILoap = 3A and E*T = 115V+uS, Inductor code is H150 and the inductor value is 150pH.

3. Output Capacitor Selection (CouT)

A. The dominant pole-pair of the switching regulator loop is defined by the value of the output capacitor and the
inductor. In order to achieve stable operation, the capacitor must satisfy the following requirement.

Cout > 13,300 M F
s Vour « L(uH) (uF)
Example: 25
Cour > 13,300 * = 221pF
10+ 150

For acceptable ripple voltage, select Cout = 680uF electrolytic capacitor.
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The ESR (Equivalent Series Resistance) of the output capacitor is the primary cause of the output ripple voltage and the
value and the type of the output capacitor determine the amount of ESR and thus the output ripple voltage. In general
lower capacitor values have higher ESR ratings. .

Capacitor values larger than 680uF will produce an output ripple voltage of 35mV to 50mV, while smaller capacitors
(220pF to 680pF) will typicaly cause a ripple of 50mV to 150mV. The following approximate relationship could be used in
determining the output ripple:

VRIPPLE p-p > 0.3 x ILoAD(max) x ESR

It is possible to reduce the output ripple to 10mV-20mV by using several standard electrolytic capacitors in parallel or by
using higher grade capacitors with low ESR and low inductance. However, ESR values lower than 0.05 Ohms can cause
instability. The capacitor’s ripple current rating at 52kHz should be at least 50% higher than the inductor current ripple:

IRIPPLE(max) > 1.5 x 0.3 x ILoAD(max)

B. The voltage rating of the output capacitor should be at least 1.2 times greater that the output voltage. For a 10V
output, a rating of 15V is appropriate, and a 20V rating is recommended.

4. Catch Diode Selection (D1)

The current rating of the catch diode must be at least 1.2 times greater than the maximum load current, unless the diode
is expected to withstand a continuous output shor, in which case the current rating of the diode should be equal to the
maximum current rating of UC2576.

A. The reverse voltage rating of the diode should be at least 1.25 times the maximum input voltage.

B. Schottky diodes with fast switching speed and a low forward voltage drop are the most efficient. Some types of
diodes with an abrupt turn-off characteristic may cause instability and EMI problems. Therefore in general, a fast-
recovery diode with soft recovery characteristics is recommended.

See Figure 4 for Schottky and “soft” fast-recovery diode selection guide.

5. Input Capacitor (CIN)

To assure stability, the regulator input pin must be bypassed with a by-pass capacitor of at least 47 pF, low ESR
(electrolytic type). If an operation at low temperatures (for example -25°C) is intended, then addition of a ceramic or solid
tantalum capacitor near the input pin may be required to maintain the capacitance value and low ESR at low temperature.

200

FRIRE
150
HiS003{H1000 H?@ *§ HIBORH220]
100 )Q%‘ N ;Q“\&& 1503
NG SN
T RGP P EP)
T ool AL 1 A
::( 1470 ] L330 1220 L150 J'L100] / Les
AN %
30/ / /
sl | A v pd /\\w
A1) N

20
03 0.35 0404505 06 0.7 080210 15 20 25 30
MAXIMUM LOAD CURRENT (A)

Figure 2. Inductor Value Selection Guide (for Continuous Mode Obperation)
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Inductor Code Inductor Value AIE Pulse Eng. Renco
(Note 1) (Note 2) (Note 3)

L47 47 pH 415-0932 PE-53112 RL2442

L68 68 uH 415-0931 PE-92114 RL2443

L100 100 pH 415-0926 PE-52627 RL1952

L150 150 puH 415-0953 PE-53113 RL1954

L220 220 uH 415-0922 PE-52626 RL1953

L330 330 uH 415-0926 PE-52627 RL1952

L470 470 uH 415-0927 PE-53114 RL1951

L68o 680 pH 415-0928 PE-52629 RL1950
H150 150 pH 415-0936 PE-53115 RL2445
H220 220 uH 430-0636 PE-53116 RL2446
H330 330 uH 430-0635 PE-53117 RL2447
| H470 ) __470pH 430-0634 PE-53118 RL1961
~_Hego 680 pH 415-0935 PE-53119 RL1960
H1000 ’ 1000 pH 415-0934 PE-53120 RL1959
H1500 1500 puH 415-0933 PE-53121 RL1958
H2200 2200 pH 415-0945 PE-53122 RL2448

Note 1: AIE Magnetics, Div. Vernitron Cogp. Passive Cozgponents Group,
(813) 347-2181 2801 72nd Street North, St. Petersburg, FL 33710

Note 2: Pulse Engineering, (619) 268-2400
P.O. Box 12235, San Diego, CA 92112

Note 3: Renco Electronics Inc.,
60 Jeffnyn Blvd. East, Deer Park, NY 11729 (516) 586-5566

FIGURE 3. Inductor Selection by Manufacturer’'s Part Number

VIN Schottky Fast Recovery
(max) 3A . | 4A-6A 3A 4A-6A

1N5820 1N5823
20V MBR320P
SR302

1N5821
MBR330 | 50WQ03
31DQo3 | 31DQO3 following | following

SR303 INS824 diodes are | diodes are
1N5822 MBR340 all rated all rated
40V MBR340 31DQo4 to 100V to 100V
31DQo4 50WQ04
SR304 1N5825 31DF1 50WF10

MBR350 50WQ05 HER302 MUR410

30V The The

50V 31DQ05 HERG02
SR305
MBR360 | 50WQ06
6oV DQO6 | 50SQ060
SR306

Figure 4. Diode Selection Chart

UNITRODE INTEGRATED CIRCUITS
7 CONTINENTAL BLVD « MERRIMACK, NH 03054
TEL 603-424-2410 - FAX 603-424-3460
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UC1577-12/15
UC2577-12/15

ADVANCED INFORMATION

Simple Step-Up Fixed Voltage Regulators

FEATURES

« Requires Few External Components

+ NPN Output Switches 3.0A, Can Stand
Off 65V

Extended Input Voltage Range: 2.9V
to 40V

Current-Mode Operation for Improved
Transient Response, Line Regulation
and Current Limiting

Sleep Mode Feature with Low
Quiescent Current

Soft Start Function Provides Controlled
Start-up

52kHz Internal Oscillator

Output Switch Protected by Current
Limit, Under-Voltage Lockout and
Thermal Shutdown

Improved Replacement for

LM2577 Series

TYPICAL APPLICATIONS

» Simple Boost and Flyback Converters

« Transformer Coupled Forward Regulators
« Multiple-Output Designs

BLOCK DIAGRAM

DESCRIPTION

The UC1577 family of devices provides all the active functions
necessary to implement step-up (boost), flyback, and forward converter
switching regulators. Requiring only a few components, these simple
regulators efficiently provide fixed output voltages of 12V or 15V as step-
up regulators.

The UC1577 series features a wide input voltage range of 2.9V to 40V.
An on chip 3.0A NPN switch is included with undervoltage lockout and
thermal protection circuitry and current limiting. A sleep mode is
provided with low quiescent current, as well as soft-start mode operation
to reduce current during start-up. Other features include a 52kHz fixed
frequency on-chip oscillator with no external components and current
mode control for better line and load regulation.

A standard series of inductors and capacitors are available from several
manufacturers optimized for use with these regulators. (See
specifications for UC1577—ADJ/UC2577-ADJ for part lists.)

CONNECTION DIAGRAM

5-PIN TO-220 (TOP VIEW)
T-Package

—

> SWITCH

> GND

[ FEEDBACK
D COMP

®

- N Wa,

SWITCH

Cn ==

UC1577-12/15
UC2577-12/15

5

J =

THERAL LIMIT AND
UNDERVOLTAGE SHUTDOWN REGULATOR

v
DRIVER s
Loaic STAGE SWITCH

CORRECTIVE
. RAMP
+ VOLTAGE

CURRENT R2

SENSE
RESISTOR
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UC1577-12/15
UC2577-12/15

ABSOLUTE MAXIMUM RATINGS (Note 1) RECOMMENDED OPERATING RANGE
If Military/Aerospace specified devices are required, Supply VORage ..c...coeevvereenineienrcieeennen 2.9 <VIN<40V
please contact the UICC Sales Office/Distributors for Output Switch Voltage .............. 0V < VswiITcH < 60V
availability and specifications. Output Switch Current ..........cccceeeveenenene. IswiTCH < 3.0A
Junction Temperature Range

Supply Voltage .......... .45V
Ou‘t’gu‘t’ Sty oiage ey UCT577 oo -55°C < Ty < +150°C
Output Switch Current (NOte 2) ..o 6.0A UC2577 ..ot -40°C < Tu<+125°C
Power Dissipation.........c..ccccoeevvvevennne. Internally Limited
Storage Temperature Range ................ -65°C to +150°C
Lead Temperature (Soldering, 10 sec.)................ 260°C
Maximum Junction Temperature ........c...coceeverneene 150°C
Minimum ESD Rating

(C=100pF, R=15KQ)..cc.ccorrerrirrrcrrcnene 2kv

ELECTRICAL CHARACTERISTICS: (Unless otherwise stated, these specifications apply for TA = -55°C to +150°C for UC1577
and -40°C to +125°C for the UC2577,TA =TJ.) Unless otherwise specified, VIN = 5V, and IswiTcH = 0.

UC1577-12 uc2577-12
PARAMETER TEST CONDITIONS MIN. | TYP. | MAX. | MIN. | TYP. | MAX. | UNITS
SYSTEM PARAMETERS Circuit Figure 1 (Note 3)
Output Voltage VIN =5V to 10V 11.40 12.60 | 11.40 12.60
ILoaD = 100 mA to 800 mA 12.0 12.0 \
Ty =25°C 11.60 12.40 11.60 12.40
Line Regulation VIN = 2.9V to 12V, ILoAD = 300 mA 100 100
Ty = 25°C 20 | 5 20 | 5 [ MV
Load Regulation VIiN = 5V, ILOAD = 100 mA to 800 mA 20 100 100 Ry
Ty =25°C 50 50
Efficiency VIN = 5V, ILOAD = 800 mA 80 80 %
DEVICE PARAMETERS 3 o
Input Supply Current VFEEDBACK = 14V (Switch Off 14 14
put Supply ( ) 75 75 mA
TJ=25°C 10 10
IswiTCH = 2.0A, VCOMP = 2.0V (Max Duty Cycle) 85 85
Ty=25°C % | 5o 25 | 50 | MA
Vcowmp = 0, (Sleep), VIN=5V, (Note 5) 250 400 250 400 pA
Input Supply IswiTCH = 100 mA 2.60 2.80 2.60 2.80 v
Undervoltage Lockout | Tu = 25°C 265 | 270 | 275 | 265 | 270 | 275
Oscillator Frequency Measured at Switch Pin 42 62 42 62
IswiTcH = 100 mA 52 52 kHz
Ty =25°C 48 56 48 56
Output Reference Measured at Feedback Pin 11.64 12.36 | 11.64 12.36
Voltage VIN = 2.9V to 40V, Vcomp = 1.0V 12 12 \
Ty =25°C 11.76 12.26 11.76 12.26
F(gference VQltage VIN = 2.9V to 40V 7 7 mv
Line Regulation
Feedback Pin
Input Resistance 9.7 97 Ka
Error Amp Icomp = -30 pA to + 30 nA 145 615 145 615
Transconductance Vcomp = 1.0V 370 370 umho
Ty =25°C 225 515 225 515
Error Amp Veowp = 1.1V to 1.9V, Rcomp = 1.0 MQ (Note 4] 25 25
Voltage Gain Ty=25°C 50 80 50 80 VN
Error Amplifier Upper Limit VFEEDBACK = 10.0V 2.0 24 2.0 24 v
Output Swing Ty =25°C 2.2 : 2.2 ’
“Lower Limit VFeeoBack = 15.0V 0.55 0.55 v
Ty=25°C 03 | 040 03 | o040
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ELECTRICAL CHARACTERISTICS: (Unless otherwise stated, these specifications apply for TA = -55°C to +150°C for UC1577
and -40°C to +125°C for the UC2577,TA =Tu.) Unless otherwise specified, VIN = 5V, and IswiTcH = 0.

UC1577-12 UC2577-12
PARAMETER TEST CONDITIONS mn. | Tvp. | max.| mi. | Tve. | max. [ unrs

DEVICE PARAMETERS Continued
Error Amp VFEEDBACK = 10.0V to 15.0V +90 +400 +90 +400
Output Current Vcomp = 10.0V +200 +200 pA

TJ=25°C +130 +300 +130 +300
Soft Start Current VFEEDBACK = 10.0V 1.5 9.5 15 9.5

Vcomp = 0.5V 5.0 5.0 pA

Ty =25°C ) 25 7.5 25 7.5
Maximum Duty Cycle Vcomp = 1.6V 90 90

ISWITCH = 100mA 95 95 %

Ty =25°C 93 93
Switch
Transconductance 125 125 add
Switch Leakage VSWITCH = 65V 600 600
Current VFEEDBACK = 1.5V (Switch Off) 10 10 nA

TJ=25°C 300 300
Switch Saturation ISWITCH = 2.0A 0.9 0.9
Voltage Vcomp = 2,0V (Max Duty Cycle) 0.5 0.5 v

Ty=25C 0.7 0.7
NPN Switch Vcomp = 2.0V 3.0 43 6.0 3.0 43 6.0 A
Current Limit TJ=25°C 3.7 i 53 3.7 iy 5.3
Thermal Resistance K Package, Junction to Ambient 35

K Package, Junction to Case 15 oCW

T Package, Junction to Ambient 65

T Package, Junction to Case 2
COMP Pin Vout =0 110 190 110 150 190 v
Sleep Threshold Tu=25°C 130 | 150 | 170 | 130 170 m
COMP Pin Current Vcomp = 0 35 65 35 65

Ty=25°C 0| 2 | 60 40 | 0 | e | A

VIN
D, 1N5821
L, 100 uH . 10k v
___,-w-v-'vl—._l/% . AN our
v.fi swwc‘L __| ‘{120 60 ¢ 24
220pF Ycomp =< Cout ==01 FE,E
01 pF ] 2K uc1s77/Uc2s77  F.B|2 680 uF SW1" sw2 . 4"‘
T GND
T 0.33 4F 3

L = 415-0930 (AIE)
D = Any Manufacturer

Cour = Spraque Type 673 D
Electrolytic 680uF, 20V

Note: Pin numbers shown are for
TO-220 (T) Package.

Figure 1. Circuit used for System Parameters Specifications
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ABSOLUTE MAXIMUM RATINGS (Note 1)

If Military/Aerospace specified devices are required,
please contact the UICC Sales Office/Distributors for
availability and specifications.

Supply Voltage ...............
Output Switch Voltage....

Output Switch Current (Note 2).....
Power Dissipation...........
Storage Temperature Range

...................... Internally Limited

................ -65°C to +150°C

Lead Temperature (Soldering, 10 secC.).......c...c..... 260°C
Maximum Junction Temperature .........ccccoocerveenene 150°C
Minimum ESD Rating

(C=100pF, R=1.5KQ)...cccceoirrcreecrcecenne 2kV

UC1577-12/15

UC2577-12/15

RECOMMENDED OPERATING RANGE

Supply Voltage .......c.cccueveeerenieieneienenene 2.9 < VIN <40V
Output Switch Voltage ..................... 0V < VswiTcH < 60V
Output Switch Current ..........cccooovveveeenes IswiTcH < 3.0A
Junction Temperature Range

UCTS77 et -55°C < Ty < +150°C
UC2577 ..ot -40°C < Ty<+125°C

ELECTRICAL CHARACTERISTICS: (Unless otherwise stated, these specifications apply for TA = -55°C to +150°C for UC1577
and -40°C to +125°C for the UC2577,Ta =Tu). Unless otherwise specified, VIN = 5V, and IswiTcH = 0.

UC1577-15 Uc2577-15
PARAMETER TEST CONDITIONS miN. | TYp. | Max. | min. | Tve. | max. | units
SYSTEM PARAMETERS Circuit Figure 2 (Note 3)
Output Voltage VIN =5V to 12V 14.25 1575 | 14.25 15.75
ILoAD = 100 mA to 600 mA 15.0 15.0 \
Ty =25°C 14.50 15.50 | 14.50 15.50
Line Regulation VIN = 2.9V to 12V, ILoAD = 300 mA 100 100
Ty =25°C 20 | 50 20 | 50 mv
Load Regulation VIN = 5V, ILOAD = 100 mA to 600 mA 20 100 100 mv
Ty =25°C 50 50
Efficiency VIN = 5V, ILOAD = 600 mA 80 80 %
DEVICE PARAMETERS
Input Supply Current VFEEDBACK = 1.5V (Switch Off) 75 14 75 14 mA
Ty =25°C 10 10
IsWITCH = 2.0A, VCOMP = 2.0V(Max Duty Cyde) 85 85
Ty = 25°C % | s 2 | s0 mA
Vcomp = 0, (Sleep), VIN = 5V, (Note 5) 250 | 400 250 400 _pA
Input Supply ISWITCH = 100 mA 2.60 2.80 2.60 270 2.80 v
Undervoltage Lockout T4 =25°C 2.65 2.70 2.75 2.65 . 2.75
Oscillator Frequency Measured at Switch Pin 42 62 42 62
IswiTCH = 100 mA 52 52 kHz
Ty =25°C 48 56 48 56
Output Reference Measured at Feedback Pin 14.55 15.44 | 14.55 15.44
Voltage VIN = 2.9V to 40V 15 15 \'
Vcomp = 1.0V, Ty =25°C 14.70 15.30 14.70 15.30
Reference Voltage VIN = 2.9V to 40V mv
Line Regulation 10 10
Feedback Pin 122 12 KQ
Input Resistance . ’
Error Amp Icomp = -30 pA to + 30 pA 110 500 110 500
Transconductance Vcomp = 1.0V 300 300 umho
Ty =25°C 170 420 170 420
Error Amp Veovp = 1.1V1o 1.9V,Rcomp = 1.0MQ (Note 4) | 20 20
Voltage Gain Ty=25°C a0 | 85 40 65 N
Error Amplifier Upper Limit VFEEDBACK = 12.0V 2.0 24 2.0 24
Output Swing T = 25°C 22 | < 2.2 : v
Lower Limit VFEEDBACK = 18.0V 03 0.55 03 0.55
Ty=25°C 3 1 040 3| o |V
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UC1577-12/15
UC2577-12/15
ELECTRICAL CHARACTERISTICS: (Unless otherwise stated, these specifications apply for TA = -55°C to +150°C for UC1577
and -40°C to +125°C for the UC2577,TA =Tu.) Unless otherwise specified, VIN = 5V, and IswitcH = 0.

uUcC1577-15 uUCc2577-15
PARAMETER TEST CONDITIONS MIN. [ TYP. ’ MAX.| MIN. r TYP. | MAX. | UNITS
DEVICE PARAMETERS Continued
Error Amp VFEEDBACK = 12.0V to 18.0V +90 | . +400 +90 +400
Output Current Vcomp = 1.0V 4200 +200 nA
TJ=25°C +130 +300 +130 +300
Soft Start Current VFEEDBACK = 12.0V 15 9.5 1.5 9.5
Vcomp = 0.5V 5.0 5.0 HA
Ty =25°C 2.5 7.5 2.5 7.5
Maximum Duty Cycle Vcomp = 1.5V 90 90
ISWITCH = 100mA 95 95 %
Ty=25°C 93 93
Switch 12.5 12.5 AN
Transconductance
Switch Leakage VswITCH = 65V 600 600
Current VFEEDBACK = 1.5V (Switch Off) 10 10 HA
Ty =25°C 300 300
Switch Saturation IswiTcH = 2.0A 0.9 0.9
Voltage VCOMP = 2.0V (Max Duty Cycle) 0.5 05 v
| T =__2§°C o 0.7 0.7
NPN Switch Vcomp = 2.0V 3.0 4.3 6.0 3.0 43 6.0 A
Current Limit Ty =25°C 3.7 i 5.3 3.7 ’ 5.3
Thermal Resistance K Package, Junction to Ambient 35
) K Package, Junction to Case 1.5 oCIW
T Package, Junction to Ambient 65
T Package, Junction to Case 2
COMP Pin Vout =0 120 180 120 180
Sleep Threshold Ty = 25°C 130 | 190 | 470 [ 130 | Y0 | 170 | ™V
COMP Pin Current COMP =0 35 50 65 35 50 65 RA
Ty =25°C 40 60 40 60
Vi
L. 100 uH D;“Nm' 10k vour
S
S 4 150 $75 $ 50
. Vin SWITCH Lvesour L
By 014F g COMP crsrmucasr F8[2 Cout | swi™ sw2 0.1uF
L = 415-0930 (AIE) T GND | Note: Pin numbers
D = Any Manufacturer Tozuf S shown are for T0-220

(T) package.

Court = Spraque Type 673D
Electrolytic 680 uF, 20V =

Figure 2. Circuit used for System Parameter Specifications

Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating ratings indicate conditions the
device is intended to be functional, but device parameter specifications may not be guaranteed under these conditions. For guaranteed
specifications and test conditions, see the Electrical Characteristics.

Note 2: Output current cannot be internally limited when the UC1577/UC2577 is used as a step-up regulator. To prevent damage to the
switch, its current must be externally limited to 6.0A. However, output current is internally limited when the UG1577/UC2577 is used as a
flyback or forward converter regulator in accordance to the Application Hints.

Note 3: External components such as the diode, inductor, input and output capacitors can affect switching regulator performance. When the
UC1577/UC2577 is used as shown in the Test Circuit, system performancs will be as specified by the system parameters.

Note 4: A 1.0 MQ resistor is connected to the compensation pin (which is the error amplifier's output) to ensure accuracy in measuring AvoL.
In actual applications, this pin’s load resistance should be > 10 MQ, resulting in AvoL that is typically twice the guaranteed minimum limit.

Note 5: Comp pin is externally forced to OV. Supply current during sleep mode is tested at VIN = 5V and could increase with increasing VIN,
however, it should typically be less than 500uA within the specified range of VIN.

UNITRODE INTEGRATED CIRCUITS
7 CONTINENTAL BLVD. - MERRIMACK, NH 03054
TEL 603-424-2410 « FAX 603-424-3460
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INTEGRATED
CIRCUITS

== UNITRODE

UC1577-ADJ
UC2577-ADJ

ADVANCED INFORMATION

Simple Step-Up Voltage Regulators

FEATURES

» Requires Few External Components

« NPN Output Switches 3.0A, Can Stand
Off 65V :

Extended Input Voltage Range: 2.9V

to 40V

Current-Mode Operation for Improved

Transient Response, Line Regulation

and Current Limiting

Sleep Mode Feature with Low

Quiescent Current

Soft Start Function Provides Controlled

Start-up

52kHz Internal Oscillator

Qutput Switch Protected by Current

Limit, Under-Voltage Lockout and

Thermal Shutdown

Improved Replacement for

LM2577-ADJ Series

.

TYPICAL APPLICATIONS

« Simple Boost and Flyback Converters

» Transformer Coupled Forward Regulators
» Multiple-Output Designs

BLOCK DIAGRAM

DESCRIPTION

The UC1577-ADJ family of devices provides all the active functions
necessary to implement step-up (boost), flyback, and forward converter
switching regulators. Requiring only a few components, these simple
regulators efficiently provide up to 60V as a step-up regulator, and even
higher as a flyback or forward converter regulator.

The UC1577-ADJ series feature a wide input voltage range of 2.9V to
40V and an adjustable output voltage. An on chip 3.0A NPN switch is
included with undervoltage lockout and thermal protection circuitry and
current limiting. A sleep mode is provided with low quiescent current, as
well as soft-start mode operation to reduce current during start-up.
Other features include a 52kHz fixed frequency on-chip oscillator with no
external components and current mode control for better line and load
regulation.

A standard series of inductors and capacitors are available from several

manufacturers optimized for use with these regulators and are listed in
this data sheet.

CONNECTION DIAGRAM

5-PIN TO-220 (TOP VIEW)
T-Package

— /'
> SWITCH

—
[ > FEEDBACK
> COMP

©)

NN

Cn —=

' —O Vour
L
.
=~ Cour
SWITCH I
s L4_l =
THERMAL LIMIT, AKD
UNDERVOLTAGE SHUTDOWN REGULATOR
DRIVER YA
STAGE SWITCH
CORRECTIVE
RAMP
+ VOLTAGE
A
—[2]————- (123v)
iEF. CURRENT
SENSE $ fe
RESISTOR
UC1577-ADY
UC2577-ADJ .
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ABSOLUTE MAXIMUM RATINGS (Note 1)

If Military/Aerospace specified devices are required,
please contact the UICC Sales Office/Distributors for
availability and specifications.

Supply VORAGE ..ccoeiiiieiieieeeeece e 45V
Output Switch Voltage............cccoveriennienninencnnens 65V
Output Switch Current (Note 2).......cccccceeververencnnnn 6.0A
Power Dissipation.........c..cccccecveeenunnne. Internally Limited
Storage Temperature Range ................ -65°C to +150°C
Lead Temperature (Soldering, 10 sec.)................ 260°C
Maximum Junction Temperature .........c..ccceeevvernn 150°C
Minimum ESD Rating

(C=100pF, R=1.5KQ)..ccccerirmiirrnirricins 2kV

UC1577-ADJ

UC2577-ADJ
RECOMMENDED OPERATING RANGE
Supply Voltage.........cccoveervevvireneennenns 2.9V < VIN < 40V
Output Switch Voltage .... .0V < VswiTcH < 60V
Output Switch Current .........ccccceeevverennnns IswitcH < 3.0A
Junction Temperature Range
UCTST77 et -65°C < Ty <+150°C

UC2577 i -40°C < Tu<+125°C

ELECTRICAL CHARACTERISTICS: (Unless otherwise stated, these specifications apply for TA = -55°C to +150°C for UC1577
and -40°C to +125°C for the UC2577, Ta =TJ.) Unless otherwise specified, VIN = 5V, VFEEDBACK = VREF, and ISWITCH = 0.

UC1577-ADJ UC2577-ADJ
PARAMETER TEST CONDITIONS mn. | Tve. | max. | min. | Tve. | max. | units
SYSTEM PARAMETERS Circuit Figure 1 (Note 3)
Output Voltage VIN =5V fo 10V 11.40 12.60 11.40 12.60
ILoAD = 100 mA to 800 mA 12.0 12.0 \
Ty=25°C 11.60 12.40 11.60 12.40
Line Regulation VIN = 2.9V to 10V, lLoaD = 300 mA 100 100
T.=25°C 20 | 50 20 | 5 | M
Load Regulation ViN = 5V, 1LOAD = 100 mA to 800 mA 100 100
Ty=25°C 20 | 5o 20 | 5 | ™
Efficiency VIN = 5V, ILOAD = 800 mA 80 80 %
DEVICE PARAMETERS
Input Supply Current VFEEDBACK = 1.5V (Switch Off) 75 14 75 14 mA
Ty =25°C 10 10 )
IswitcH = 2.0A 85 85 A
Vcomp = 2.0V (Max Duty Cycle) 25 25 m
Ty=25° 50 50
Vcomp = 0 (Sleep), Vin = 5V, (Note 5) 250 400 250 400 HA
Input Supply IswitcH = 100 mA 2.60 2.80 2.60 27 2.80 v
© Undervoltage Lockout |Tu=25° 265 | 270 | 275 | 265 | 270 | 275
Oscillator Frequency Measured at Switch Pin 42 62 42 62
IsSwITCH = 100 mA 52 52 kHz
Ty =25°C 48 56 48 56
Reference Measured at Feedback Pin 1.206 1.254 1.206 1.254
Voltage VIN = 2.9V to 40V, Vcomp = 1.0V 1.230 1.230 \"
Ty =25°C 1.214 1.246 1.214 1.246
Fl‘eference V?ltage VIN = 2.9V to 40V 05 05 mV
Line Regulation
Error Afnp Vcomp = 1.0V 100 800 100 800 nA
| _Input Bias Current |Ty=28C 300 300
Error Amp lcomp = -30 pA to + 30 uA, Vcomp = 1.0V | 1600 3700 5800 1600 3700 5800
Transconductance Ty =25°C 2400 4800 2400 4800 | Hmho
Error Amp Vcomp = 1.1V 1o 1.9V, Rcomp = 1.0 MQ (Noteqf 250 250
800 800
Voltage Gain Ty=25°C 500 500 N
Error Amplifier Upper Limit VFEEDBACK = 1.0V 2.0 2.0 04 v
Output Swing Ty =25°C 22 | 24 2.2 :
Lower Limit VFEEDBACK = 1.5V 0.55 03 0.55 v
Ty=25°C 03 | 040 S 0.40




UC1577-ADJ
UC2577-ADJ

ELECTRICAL CHARACTERISTICS: (Unless otherwise stated, these specifications apply for TA = -55°C to +150°C for UC1577
and -40°C to +125°C for the UC2577, Ta =TJ.) Unless otherwise specified, VIN = 5V, and IswiTcH = 0.

UC1577-ADJ UC2577-ADJ
PARAMETER TEST CONDITIONS MIN. | TYP. ‘ MAX. | MIN. | TYP. \ MAX. | UNITS
DEVICE PARAMETERS Continued

Error Amp VFEEDBACK = 1.0V to 1.5V +90 +400 +90 +400

Output Current Vcomp = 1.0V +200 +200 HA
TJ=25°C +130 +300 +130 +300

Soft Start Current VFEEDBACK = 1.0V 1.5 9.5 1.5 9.5
Vcomp = 0.5V 5.0 5.0 nA
Ty =25°C 25 7.5 2.5 7.5

Maximum Duty Cycle Vcomp = 1.5V 90 90 o
IswiTcH = 100mA 95 95 %
Ty=25°C 93 93

Switch

Transconductance 125 125 AN

Switch Leakage VswiTcH = 65V 600 600 A

Current VFEEDBACK = 1.5V (Switch Off) 10 10 “
Ty =25°C 300 300

Switch Saturation IswiTCH = 2.0A 0.9 0.9

Voltage VcoMP = 2.0V (Max Duty Cycle) 0.5 0.5 \
Ty =25°C 0.7 0.7

NPN Switch Vcomp = 2.0V 3.0 43 6.0 3.0 43 6.0 A

Current Limit Ty=25°C 3.7 . 53 3.7 il 53

Thermal Resistance K Package, Junction to Ambient 35
K Package, Junction to Case 1.5 W
T Package, Junction to Ambient 65

I TPackage, Junctionto Case 2
COMP Pin Vout =0 120 180 120 150 180 v
| Sleep Mode Threshold | Tu = 25°C 130 | 150 | 470 | 130 170 m

COMP Pin Current Vcomp =0 35 65 35 65

Ty=25°C a0 | 2 | e w0 | %0 | e HA

Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating ratings indicate
conditions the device is intended to be functional, but device parameter specifications may not be guaranteed under these conditions.
For guaranteed specifications and test conditions, see the Electrical Characteristics.

Note 2: Output current cannot be internally limited when the UC1577/UC2577 is used as a step-up regulator. To prevent damage to
the switch, its current must be externally limited to 6.0A. However, output current is internally limited when the UC1577/UC2577 is used
as a flyback or forward converter regulator in accordance to the Application Hints.

Note 3: External components such as the diode, inductor, input and output capacitors can affect switching regulator performance.
When the UC1577/UC2577 is used as shown in the Test Circuit, system performance will be as specified by the system parameters.

Note 4: A 1.0 MQ resistor is connected to the compensation pin (which is the error amplifier's output) to ensure accuracy in measuring
AvoL. In actual applications, this pin’s load resistance should be 2 10 MQ, resulting in AvoL that is typically twice the guaranteed
minimum limit.

Note 5: Comp pin is externally forced to 0V. Supply current during sleep mode is tested at Vin = 5V and could increase with increasing
VIn, however, it should typically be less than 500uA within the specified range of VIN.
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UC1577-ADJ

and an internal 1.23V precision reference voltage. The
output of the error amplifier is than.compared to a
voltage proportional to the switch current, or the inductor
current, during the switch on time. The comparator
terminates the switch on time when the two voltages are
equal and thus controlling the peak switch current to
maintain a constant output voltage. Figure 2 shows
voltage and current waveforms for the circuit. Formulas
for calculation are shown in Figure 3.

UC2577-ADJ
Note: Pin numbers shown VIN
are for TO-220 (T) package
L, 100 pH D, 1N5821 10k Vour
9[, ~AAAN 4
5 4 R1 Lzo 60 324
. VIN SWITCH Ateour L DVE
COMP
20iF L 01yF| 3a  UCISTINCESTT FB[2 680pF | SWIT sW2 0.1k
GND R2
T T 0.33pF 3
L = 415-0930 (AIE) Cour = Sprague Type 673D R1 = 48.7k in series with 511Q(1%)
D = any manufacturer Electrolytic 680 uF, 20V R2 = 5.62k (1%)
Figure 1. Circuit Used to Specify System Parameters
STEP-UP (BOOST) REGULATOR VSWIOFF) - .
The Block Diagram shows a Step-Up switching SWITCH ]_[_I_L_
Regulator utilizing the UC1577/UC2577. The regulator VOLTAGE vsat A - -
produces an output voltage higher than the input voitage ov=- = = == == -
when the UC1577 turns its switch on and off at a fixed VE o oo oo m .
frequency of 52kHz, thus storing energy in the inductor DIODE ov - -
(L). When the NPN switch is on, the inductor current is VOLTAGE I | I |
charged at a rate of VINL. When the switch is turned off, VR = = -
the lower terminal of the inductor rises above Vin, INDUCTOR - - - L_
discharging the stored current through the output diode CURRENT 'oave = ~ - -
(D) into the output capacitor (Cour) at a rate of (Vour - - f-AIIND
VIN)/L. The energy stored in the inductor is thus 0= = = = = = = = -
transferred to the output. SWITCH oW = = == - _
The output voltage is controlled by the amount of energy CURRENT I I I
transferred, which is controlled by modulating the peak o - - -
inductor current. This modulation is done by feeding a
portion of the output voltage to an error amplifier which T R
amplifies the difference between the feedback voltage 8{?F?F$ENT 1D(AvE) ] - 'l - \_I: - - -
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Duty Cycle D Vout + VF - VIN Vourt - VIN
y Vout + VF - VsaT  Vourt
Average Inductor | |np(ave) ILoAD
Current 1-D
Inductor Current AlND VIN - VsAT D
Ripple L 52,000
Peak Inductor IIND(P ILoAD . AlIND
Current (PK) 1-D 2
Peak Switch ILoAD AlIND
Current Iswi(Pk) -0 "2
Switch Voltage
When Off VSW(OFF) Vout + VF
Diode Reverse VR VouT - VsaT
Voltage
Average Diode
ID(AVE) ILoAD
Current
Peak Diode lLoAD +A|IND
Current Io(PK) 1-D 2
Power Dissipation P lLoao \ 2 1LoAD D Vin
Of UC1577/2577 ® Jo2se\7T5 )0 * Ts0(1-D)

VF = Forward Biased Diode Voltage LOAD = Output Load Current
Figure 3. Step-Up Regulator Formulas

STEP-UP REGULATOR DESIGN PROCEDURE
Given:

VIN (min) = Minimum input supply voltage

Vourt = Regulated output voltage

ILoAab (max) = Maximum output load current
First, determine if the UC1577/ UC2577 can provide
these values of Vout and ILoAb (max) when operating
with the minimum value of VIN. The upper limits for Vout
and ILoAD (max) are given by the following equations.

Vout < 60V

and Vout <10 x VIN (min)
2.1A x VIN (min)

Vout
These limits must be greater than or equal to the values
specified in this application.
1. Output Voltage Selection
Resistors R1 and R2 are used to select the desired output
voltage. These resistors form a voltage divider and present a
portion of the output voltage to the error amplifier which
compares it to an internal 1.23V reference. Select R1 and R2
such that:

ILoAD(max) <

Rl _ Vour
R2 ~ 1.23v

2. Inductor Selection (L)
A. Preliminary Calculations:

To select the inductor, the calculation of the following
three parameters is necessary:
D(max), the maximum switch duty cycie (0 <D < 0.9):

-1

UC1577-ADJ
UC2577-ADJ

Vourt + VF - VIN (min)
Vourt + VF - 0.6V

D(max)

where VF = 0.5V for Schottky diodes and 0.8V for fast
recovery diodes (typically);
E-T, the product of volts x time that charges the inductor:
D(max) (ViN(min) - 0.6V)108
52,000 Hz

(Veus)
lIND, Dc, the average inductor current under full load;

1.05 x ILoAD(max)
1 - D(max)

lIND, DC =

B. Identify Inductor Value:

1. From Figure 4, identify the inductor code for the
region indicated by the intersection of E<T and liND, DC.
This code gives the inductor value in microhenries. The
L or H prefix signifies whether the inductor is rated for a
maximum E-T of 90 V-us (L) or 250 V-us (H).

2. 1f D < 0.85, go on to step C. If D > 0.85, then
calculate the minimum inductance needed to ensure the
switching regulator’s stability:

6.4 (VIN(min) - 0.6V) (2D(max) -1) (WH)
- 1 - D(max) .
If Lmin is smaller than the inductor value found in step
B1, go on to step C. Otherwise, the inductor value found
in step B1 is too low; an appropriate inductor code
should be obtained from the graph as follows:

Lmin

E-T(Veps)
200 112500 § §§ %
150 &g & %
H100012 R8O NI HAZ00R H330 0 H220
H‘Sggg\ S E §
et R H150
70 y y W
,
YT >
60 L /
Y / A / //
A 4
:z K ol 4 t3s0 K220 [ Liso Arioo (£ Les
« A W1 NN
. D4RV
s 4] // Vi /1 /
. AN Vv
030350404505 06 07 080910 15 20 25 30
liND, DC(A)

Note: This chart assumes that the inductor ripple current inductor is
approximately 20% to 30% of the average inductor current (when the
regulator is under full load). Greater ripple current causes higher peak
switch currents and greater ouput ripple voltage; lower ripple current is
achieved with larger-value inductors. The factor of 20 to 30% is chosen
as a convenient balance between the two extremes.

Figure 4. Inductor Selection Graph



1. Find the lowest value inductor that is greater
than LmiN.

2. Find where E-T intersects this inductor value to
determine if it has an L or H prefix. If E-T
intersects both the L and H regions, select the
inductor with an H prefix.

C. Select an inductor from the table of Figure 5 which
cross references the inductor codes to the part numbers
of three different manufacturers. Complete specifications
for these inductors are available from the respective
manufacturers. The inductors listed in this table have the
following characteristics:

AIE: ferrite, pot-core inductors; Benefits of this type
are low electro-magnetic interference (EMI), small
physical size, and very low power dissipation (core
loss). Be careful not to operate these inductors too
far beyond their maximum ratings for E-T and peak
current above rated value better than ferrite cores.

Pulse: powdered iron, torrid core inductors; Benefits
are low EMI and ability to withstand E*T and peak
current above rated value better than ferrite cores.

Renco: ferrite, bobbin-core inductors; Benefits are
low cost and best ability to withstand E-T and peak
current above rated value. Be aware that these
inductors generate more EMI than the other types,
and this may interfere with signals sensitive to noise.

Inductor Manufacturer’s Part Number

Code AIE Pulse Renco
L47 415-0932 PE-53112 RL2442
L68 415 - 0931 PE - 92114 RL2443
L100 415-0930 PE-92108 RL2444
L150 415-0953 PE-53113 RL1954
1.220 415-0922 PE-52626 RL1953
L330 415-0926 PE - 52627 RL1952
L470 415-0927 PE-53114 RL1951
L680 415-0928 PE-52629  RL1950
H150 415-0936 PE-53115 RL2445
H220 430-0636 PE-53116 RL2446
H330 430-0635 PE-53117 RL2447
H470 430-0634 PE-53118  RL1961
H680 415-0935 PE-53119 RL1960
H1000 415-0934 PE-53120 RL1959
H1500 415-0933 PE-53121 RL1958
H2200 415-0945 PE-53122 RL2448

AIE Magnetics, div. Vernitron Corp., (813) 347-218
2801 72nd Street North, St. Petersburg, FL 33710
Pulse Engineering, (619) 268-2400

P.O. Box 12235, San Diego, CA 92112

Renco Electronics Inc., (516) 586-5566

60 Jeffryn Blvd. East, Deer Park, NY 11729

Figure 5. Table of Standardized Inductors and
Manufactuers’ Part Numbers
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3. Compensation Network (Rc, Cc) and Output
Capacitor (Cour) Selection

The compensation network consists of resistor Rc and
capacitor Cc which form a simple pole-zero network and
stabilize the regulator. The values of Rc and Cc depend on
voltage gain of the regulator, ILoab(max), the inductor L and
output capacitance Court. A procedure to calculate and
select the values for Rc, Cc and Cout which ensures
stability is described below. It should be noted, however, that
this may not result in optimum compensation. To guarantee
optimum compensation a standard procedure for testing
loop stability is recommended, such as measuring Vout
transient responses to pulsing ILOAD.

A. First, calculate the maximum value for Rc.
750 x lLoAp(max) x Vout2

VIN(min)2
Select a resistor less than or equal to this value, and it
should also be no greater than 3 kQ.

B. Calculate the minimum value for Cout using the
following two equations.

Rc<

0.19 x L x Rc x ILoAD(max)
VIN(min) x VouT

Cout >

and
ViN(min) x Rc x (VIN(min) + (3.74 x 105 x L))

Court 2
487,800 x Vout3

The larger of these two values is the minimum value that
ensures stability.

C. Calculate the minimum value of Cc.
58.5 x VouT2 x Cout

Rc2 x VIN(min)

The compensation capacitor is also used in the soft start
function of the regulator. When input supply to the part is
turned on, the switch duty cycle is increased slowly at a
rate defined by the compensation capacitor and the soft
start current, thus eliminating high input currents. Without
the soft-start circuitry, the switch duty cycle would
instantly rise to about 90% and draw large currents from
the input supply. For proper soft-starting, the value for Cc
should be equal or greater than 0.22uF.

Figure 6 lists several types of aluminum electrolytic
capacitors which could be used for the output filter. Use
the following parameters to select the right capacitor:
Working Voltage (WVDC): Choose a capacitor with a
working voltage at least 20% higher than the regulator
output voltage.

Cc2



Ripple Current: This is the maximum RMS value of
current that charges the capacitor during each switching
cycle. For step-up and flyback regulators, the formula
for ripple current is.

ILoab(max) x D(max)
1 - D(max)

IRIPPLE(RMS) =

Choose a capacitor that is rated at least 50% higher than
this value at 52 kHz.

Equivalent Series Resistance (ESR): This is the primary
cause of output ripple voltage, and it also affects the
values of Rc and Cc needed to stabilize the regulator.
As a result, the preceding calculations for Cc and Rc are
only valid if ESR doesn't exceed the maximum value
specified by the following equations.

0.01 x 15V <8.7x(10)-3xV|N
IRIPPLE(P-P) ~  lLoAD(max)

ESR<

where

1.15 X ILOAD(MAX)
1 - D(MAX)

Select a capacitor with ESR, at 52 kHz, that is less than
or equal to the lower value calculated. Most electrolytic
capacitors specify ESR at 120 kHz which is 15% to 30%
higher than at 52 kHz. Also, be aware that ESR
increases by a factor of 2 when operating at -20°C.

IRIPPLE(P-P)=

In general, low values of ESR are achieved by using
large value capacitors (C > 470 pF), and capacitors with
high WVDC, or by paralleling smaller-value capacitors.

4. Input Capacitor Selection (CiN)

To reduce noise on the supply voltage caused by the
switching action of a step-up regulator (ripple current
noise), the Input Voltage pin should be bypassed to
ground. A good quality 0.1uF capacitor with low ESR
should provide sufficient decoupling. If the UC1577 is
located far from the supply source filter capacitors, an
extra electrolytic (47uF, for example) is required.

Cornell Dublier-Types 239, 250, 251, UFT, 300, or 350

P.O. Box 128, Pickens, SC 29671 (803) 878-6311
Nichicon-Types PF, PX, or PZ

927 East Parkway, Schaumburg, |L 60173 (708) 843-7500
Sprague-Types 672D, 673D, or 674D

Box 1, Sprague Road, Lansing, NC 28643 (919) 384-2551
United Chemi-Con-Types LX, SXF, or SXJ

9801 West Higgins Road, Rosemont, IL 60018

(708) 696-2000

Figure 6. Aluminum Electrolytic Capacitors Recommended
for Switching Regulators

UNITRODE INTEGRATED CIRCUITS
7 CONTINENTAL BLVD - MERRIMACK, NH 03054
TEL 603-424-2410 - FAX 603-424-3460
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5. Output Diode Selection (D)

In the step-up regulator, the switching diode must
withstand a reverse voltage and be able to conduct the
peak output current of the UC2577. Therefore a suitable
diode must have a minimum reverse breakdown voltage
greater than the circuit output voltage, and should also
be rated for average and peak current greater than ILoAD
(max) and In(Pk). Because of their low forward voitage
drop (and thus higher regulator efficiencies,) schottky
barrier diodes are often used in switching regulators.
Refer to Figure 7 for recommended part numbers and
voltage ratings of 1A and 3A diodes.

Vout Schottky Fast Recovery
(max) 1A 3A 1A 3A
20V IN5817 | 1N5820
MBR120P | MBR320P
1N5818 | 1N5821
30V | MBR130P | MBR330P
11DQ03 | 31DQO3
IN5819 | 1N5822
40V | MBR140P | MBR340P
11DQ04 | 31DQO4
50V MBR150 | MBR350 | 1N4933
11DQ05 | 31DQO5 | MUR105
1N4934 MR851
HER102 30DL1
100V MUR110 | MR831
10DL1 HER302

Figure 7. Diode Selection Chart

6. Sleep Mode

The UC1577/2577 has a unique feature of Sleep Mode.
When the COMP pin is externally forced below the Sleep
Threshold of 150 mV, the internal regulator to the IC is
disabled, thus substantially reducing Input Supply
Quiescent current to 250uA typically, for ViN=5V. This
current, however, is dependent on the input supply
voltage ViN and will increase with increasing VIN. For the
specified range of VIN (2.9V to 40V), the Input Supply
Current should be typically less than 500pA.




(L] Besrr=e * uct610
== UNITRODE 3 = UC3s10
Dual Schottky Diode Bridge %

FEATURES

L]

Monolithic Eight-Diode Array

Exceptional Efficiency

Low Forward Voltage

Fast Recovery Time
High Peak Current

Small Size

DESCRIPTION

This eight-diode array is designed for high-current, low duty-cycle applications
typical of flyback voltage clamping for inductive loads. The dual bridge connection
makes this device particularly applicable to bipolar driven stepper motors.

The use of Schottky diode technology features high efficiency through lowered for-
ward voltage drop and decreased reverse recovery time.

This single monoalithic chip is fabricated in both hermetic CERDIP and copper-
leaded plastic packages. The UC1610 in ceramic is designed for -55°C to +125°C
environments but with reduced peak current capability; while the UC3610 in plas-
tic has higher current rating over a 0°C to +70°C temperature range.

ABSOLUTE MAXIMUM RATINGS

Peak Inverse Voltage (perdiode) .. ..............ccoviiiiiiinn... T 50V
Peak Forward Current
UCTB10 .. e e e 1A
UCBB10 ..ttt e e 3A
Power Dissipation at TA=+70°C .. ... ..ottt it eaenn 1w
Storage Temperature Range. . .. .........oovieeeeienn .. -65°C to +150°C
Lead Temperature (Soldering, 10Seconds)..............ccvoviivinnnnnn.. 300°C
Note: Consult Packaging Section of Databook for thermal limitations and considerations of
package.
CONNECTION DIAGRAMS
DIL-8 (TOP VIEW) SOIC-16 (TOP VIEW)
N or J Package DW Package
-/
T o] O
1 16
B ] (2] ]
= 5] =] 4]
[« 13]
PLCC-20 (TOP VIEW)
QPackage [3_— E
3 2 12019
{4 18 e 1]
5 171
7 10
{s 1o 2 ]
17 15]
8 9
[8 14] |: ———]
9 10 11 12 13
6/93
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UCc1610
UC3610

ELECTRICAL CHARACTERISTICS: All specifications apply to each individual diode. Ty = 25°C except as noted. TA = Tu.

PARAMETER TEST CONDITIONS MIN | TYP | MAX |UNITS
Forward Voltage Drop IF = 100mA 0.4 0.5 0.7 \"
IF=1A 0.8 1.0 1.3 \"
Leakage Current VR = 40V .01 0.1 mA
VR =40V, Ty = +100°C 0.1 1.0 mA
Reverse Recovery 0.5A Forward to 0.5A Reverse 15 ns
Forward Recovery 1A Forward to 1.1V Recovery 30 ns
Junction Capacitance VR =5V 70 pF

Note: At forward currents of greater than 1.0A a parasitic current of approximately 10mA may be collected by adjacent diodes.

Reverse Current vs Voltage

REVERSE VOLTAGE - (V)
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Forward Current vs Voltage
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Reverse Recovery Characteristics

Forward Recovery Characteristics

T T T T T T T T
- ] r TAu25°C
N DIODE - DIODE -
DIODE VOLTAGE | . » VOLTAGE
CURRENT i 1.0V/DIV - |
200mA DIV oV : T
1
' r — t Dpiope
- - kS DIODE | CURRENT
i CURRENT 500mA/DIV
— S 4 oA
x [ N Lo
i ’(_A.Gns)_;_ | UC1610 FORWARD RECOVERY
T R N S S R TR B
CH1 = Vb
TIME, 2ns/DIV CH2 = Ip = 1A

UNITRODE INTEGRATED CIRCUITS
7 CONTINENTAL BLVD. « MERRIMACK, NH 03054
TEL. (603) 424-2410 * FAX (603) 424-3480

5-107




INTEGRATE
CIRCUITS

mmm UNITR

ODE

uci611
UC3611

Quad Schottky Diode Array

FEATURES

+  Matched, Four-Diode Monolithic Array

¢ High Peak Current
¢ Low-Cost MINIDIP Package

* Low-Forward Voltage

= Parallelable for Lower VF or Higher IF

* Fast Recovery Time

e Military Temperature Range Available

CONNECTION DIAGRAM

DESCRIPTION

This four-diode array is designed for general purpose use as individual
diodes or as a high-speed, high-current bridge. It is particularly useful on
the outputs of high-speed power MOSFET drivers where Schottky diodes
are needed to clamp any negative excursions caused by ringing on the
driven line.

These diodes are also ideally suited for use as voltage clamps when driv-
ing inductive loads such as relays and solenoids, and to provide a path
for current free-wheeling in motor drive applications.

The use of Schottky diode technology features high efficiency through
lowered forward voltage drop and decreased reverse recovery time.

This single monolithic chip is fabricated in both hermetic CERDIP and
copper-leaded plastic packages. The UC1611 in ceramic is designed for
-55°C to +125°C environments but with reduced peak current capability:
while the UC3611 in plastic has higher current rating over a 0°C to +70°C
ambient temperature range.

DIL-8 (TOP VIEW)
N or J Package

O/

SOIC-16 (TOP VIEW)
DW Package

[] 8]
4t th

5]
s

PLCC-20 (TOP VIEW)
Q Package

P N R ——

3 2 12019

14 8]
[ 53 I
16 E 61
17 5]
(8 41

910 12 13

— s — e

il

oiciciciciciois

o] o] 2] & [&] 2] =] (8]
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uc1ei1

uUC3611

ABSOLUTE MAXIMUM RATINGS
Peak Inverse Voltage (perDiode). .. ........c.oviiiiiineennneenn. 50V
Diode-to-DiodeVoltage. .. ........coviiiiniiiii it 80V
Peak Forward Current

L8 12 1 1A

1802 <3 I 3A
Power Dissipation at TA=+70%C . .. ...ttt it eian e 1w
Storage TemperatureRange ....................coouue. -65°C to +150°C
Lead Temperature (Soldering, 10 Seconds). . .............ccovuun.. +300°C

Note: Please consult Packaging Section of Databook for thermal limitations and
considerations of package.

ELECTRICAL CHARACTERISTICS: All specifications apply to each individual diode. TJ = +25°C except as noted.

TA=Tu.
PARAMETER TEST CONDITIONS MIN. | TYP. | MAX. |UNITS
Forward Voltage Drop IF = 100mA 0.3 0.4 0.7 \
IF=1A 0.9 1.2 \
Leakage Current VR = 40V 0.01 0.1 mA
VR =40V, Tu = +100°C 0.1 1.0 mA
Reverse Recovery 0.5A Forward to 0.5A Reverse 20 ns
Forward Recovery 1A Forward to 1.1V Recovery 40 ns
Junction Capacitance VR = 5V 100 pF

Note: At Forward currents of greater than 1.0A, a parasitic current of approximately 10mA may be collected by adjacent diodes.

Reverse Current vs Voltage Forward Current vs Voltage
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2000 < 2.0 // z
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! 300 A Z 03
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uc1611
uC3611

TYPICAL APPLICATIONS

g

A. Clamp Diodes - PWMS and Drivers

uc3efl

ucaet1
=
High Speed —O
PWM Driver t—%“ | |
i.e. UC3825 = | =
| |
| I
) ___'_, O

_

Ve ucsetl o
' | 15V k-
A |$ 2& | <10Q —s

PWM/Driver

uc3en F{K}—1
| e — T ——7

|
Rl i_l_[ Bl
| ' L]
69 f N uc g 2SS
HZ | | 1832/3/4/5/6| | T |
. Ll
L
[ L

UNITRODE INTEGRATED CIRCUITS
7 CONTINENTAL BLVD. « MERRIMACK, NH 03054
TEL. (803) 424-2410 + FAX (603) 424-3460
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[LJ]smesrr uc1612
UC3612
UNITRODE

Dual Schottky Diode

FEATURES DESCRIPTION

o Monolithic Two Diode Array The two-diode array is designed for high-current, low duty-cycle
. o applications typical of flyback voltage clamping for inductive

o Exceptional Efficiency loads.

* Low Forward Voltage The use of Schottky diode technology features high efficiency

o Fast Recovery Time through lowered forward voltage drop and decreased reverse
. recovery time.
o High Peak Current

This single monolithic chip is fabricated in hermetic CERDIP as

° Small Size well as copper leaded plastic MINIDIP and SOIC surface mount
power pack. The UC1612 in ceramic is designed for -55°C to
+125°C environments, but with reduced peak current capability;
while the UC3612 has higher current rating over a 0°C to +70°C
ambient temperature range.

ABSOLUTE MAXIMUM RATINGS

Peak Inverse Voltage (per diode) ...........ccccceuenenne. 50V

Peak Forward Current, UC3612

Peak Forward Current, UC1612

Power Dissipation at TA = 70°C
Derate 12.5mW/°C above 70°C

Storage Temperature Range .............. -65°C to +150°C

Lead Temperature (Soldering, 10 Seconds) ....... 300°C

CONNECTION DIAGRAM

J, N or DP PACKAGE
(TOP VIEW) \ Y

%j
J&2

=]
K

[l
H
T

[=]
V4
(]

Pins 2,3,6,7 are connected to
substrate and must be electrically isolated.

12/92
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uciei2

uc3612
Electrical Characteristics (All specifications apply to each individual diode. T, = 25°C except as noted).
PARAMETER TEST CONDITIONS MIN TYP MAX | UNITS

.= 100mA 0.49 55 v
Forward Voltage Drop

l=1A 0.90 1.0 v

V=40V 01 0.1 mA
Leakage Current V,= 40V, T,= 100°C 01 | 10 | ma
Reverse Recovery .5A Forward to .5A Reverse 15 nSec
Forward Recovery 1A Forward to 1.1V Recovery 30 nSec
Junction Capacitance V,=5V 70 pF

Note: Atforward currents of greater than 1.0A, a parasitic current of approximately 10mA may be collected by adjacent diodes.

Reverse Current vs Voltage

Forward Voltage vs Current
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m=m UNITRODE

High Speed PWM Controller

FEATURES

* Compatible with Voltage or Current-Mode
Topologies

* Practical Operation @ Switching
Frequencies to 1.0MHz

° 50ns Propagation Delay to Output
e High Current Totem Pole Output (1.5A peak)
* Wide Bandwidth Error Amplifier

* Fully Latched Logic with Double Pulse
Suppression

*  Pulse-by-Pulse Current Limiting

*  Soft Start/Max. Duty Cycle Control

* Under-Voltage Lockout with Hysteresis

e Low Start Up Current (1.1mA)

° Trimmed Bandgap Reference (5.1V +1%)
ABSOLUTE MAXIMUM RATINGS

uc1823
uc2s23
uC3823

DESCRIPTION

The UC1823 family of PWM control ICs is optimized for high fre-
quency switched mode power supply applications. Particular care
was given to minimizing propagation delays through the compara-
tors and logic circuitry while maximizing bandwidth and slew rate
of the error amplifier. This controller is designed for use in either
current-mode or voltage-mode systems with the capability for input
voltage feed-forward.

Protection circuitry includes a current limit comparator with a 1V
threshold, a TTL compatible shutdown port, and a soft start pin
which will double as a maximum duty cycle clamp. The logic is
fully latched to provide jitter free operation and prohibit multiple
pulses at the output. An under-voltage lockout section with 800mV
of hysteresis assures low start up current. During under-voltage lock-
out, the output is high impedance.

These devices feature a totem pole output designed to source and
sink high peak currents from capacitive loads, such as the gate of
a power MOSFET. The on state is defined as a high level.

Supply Voltage (Pins 15,13) ................ceven.. 30V Oscillator Charging Current (Pin5) .................. -5mA
Output Current, Source or Sink (Pins 11, 14) Power Dissipationat TA=60°C ..................... 1w
DC. 0.5A Storage Temperature Range . ............. -65°C to +150°C
Pulse (0.51S). « oot iv et e 2.0A Lead Temperature (Soldering, 10 seconds) .......... 300°C
Analog Inputs (Pins 1,2,7,8,9) .............. -0.3Vto +6V Note: All voltages are with respect to ground, Pin 10.
Clock Output Current (Pin4) ....................... -5mA Currents are positive into the specified terminal.
Error Amplifier Output Current (Pin3) ................ 5mA Consult Packaging Section of Databook for thermal
Soft Start Sink Current (Pin 8) . .................... 20mA limitations and considerations of packages.
BLOCK DIAGRAM
Clock [4}
AT B——
PWM Latch
cr [fF——— (Set_Dom.)
Ramp [7] 1.25V
E/A Out [3]
Error é NI [2—
AP (v [—

Soft

L,

Start

*Vec Good”

Out
Pwr
Gnd
Internal
Bias utput
8 Rot . Jnhiblt” s 1y
? Gen : Veer Good Ref
e

6/93
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uc1823

ucC2823
uC3s23
CONNECTION DIAGRAMS
DIL-16, SOIC-16 (TOP VIEW) PLCC-20, LCC-20 (TOP VIEW) | pACKAGE PIN FUNCTION
J or N, DW Package Q, L Package FUNCTION PIN
| N/C 1
inv. [0 16] VRer 5.1V Inv. 2
N.I. 3
NI E 15] Vee 3 2 3/20 19 E/A Out 4
E/A Out [3] 14] Out 4 18 Clock 5
5 17 N/C 6
Clock [4] 13 Ve 6 16 RT 7
RT 5 12 Pwr Gnd 7 15 o1 8
] 2 8 14 Ramp 9
cr [g 1] ILMREF 9 10 11 12 13 Soft start 10
T N/C 11
Ramp [7] 10] Ground ILM/S.D. 12
Ground 13
f lLM/S.D.
Soft Start [8] 9] Ium ' lum REF 14
PWR Gnd 15
N/C 16
Ve 17
ouT 18
Vce 19
VREF 5.1V 20

ELECTRICAL CHARACTERISTICS: Unless otherwise noted, these specifications apply for Rt = 3.65k, C1 =
1nF, Vcc = 15V, 0°C < Ta < +70°C for the UC3823, -25°C < Ta < +85°C for
the UC2823, and -55°C < Ta < +125°C for the UC1823, TA=Tu.

uc1823 uc3s23 UNITS
PARAMETER TEST CONDITIONS uc2823
MmN [ Tvp [ max | min | Tve | max
Reference Section
Output Voltage TJ=25°C, lo=1mA 505 | 510 | 5115 | 500 | 510 | 5.20 \
Line Regulation 10 < Vee < 30V 2 20 2 20 mV
Load Regulation 1<1lo<10mA 5 20 5 20 mV
Temperature Stability* TMIN < TA < TMAX 0.2 0.4 0.2 0.4 |mV/°C
Total Output Variation* Line, Load, Temp. 5.00 520 | 495 5.25
Output Noise Voltage* 10Hz < f < 10kHz 50 50 uv
Long Term Stability* Ty =125°C, 1000 hrs. 5 25 5 25 mV
Short Circuit Current VREF=0V -156 -50 | -100 | -15 -50 [ -100 | mA
Oscilllator Section
Initial Accuracy* TJ=25°C 360 | 400 | 440 | 360 | 400 | 440 | kHz
Voltage Stability* 10 < Ve < 30V 0.2 2 0.2 2 %
Temperature Stability* TMIN <TA < TMAX 5 5 %
Total Variation* Line, Temp. 340 460 | 340 460 | kHz
Clock Out High 39 4.5 3.9 45 )
Clock Out Low 2.3 2.9 2.3 2.9 \
Ramp Peak* 2.6 2.8 3.0 2.6 2.8 3.0 \'
Ramp Valley* 0.7 10 | 125 | 07 10 | 1.25 \
Ramp Valley to Peak* 16 1.8 2.0 1.6 18 2.0 \%

* These pararheters are guaranteed by design but not 100% tested in production.
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uc1823
uC2823
uC3s23

ELECTRICAL CHARACTERISTICS: Unless otherwise noted, these specifications apply for Rt = 3.65k, Ct1 = 1nF, Vcc
=15V, 0°C < Ta < +70°C for the UC3823, -25°C < Ta < +85°C for the
UC2823, and -55°C < Ta < +125°C for the UC1823, Ta = Tu.

uci1823 ucC3s23 UNITS
PARAMETER TEST CONDITIONS uc2823
MmN | TvP [ max | mMiN | TP | Max

Error Amplifier Section

Input Offset Voltage 10 15 mV

Input Bias Current 0.6 3 0.6 3 pA

Input Offset Current 0.1 1 0.1 1 pA

Open Loop Gain 1<Vo<4Vv 60 95 60 95 dB

CMRR 156 <Vem< 5.5V 75 95 75 95 dB

PSRR 10 < Vee < 30V 85 110 85 110 dB

Output Sink Current VPIN3 =1V 1 25 1 2.5 mA

Output Source Current VPING = 4V -05 | -13 -05 | -1.3 mA

QOutput High Voltage IPIN3 = -0.5mA 4.0 4.7 5.0 4.0 4.7 5.0 \

Output Low Voltage IPIN3=1mA 0 0.5 1.0 0 0.5 1.0 \

Unity Gain Bandwidth* 3 5.5 3 5.5 MHz

Slew Rate* 6 12 6 12 V/uS
PWM Comparator Section

Pin 7 Bias Current VPIN7 =0V -1 -5 -1 -5 pA

Duty Cycle Range 0 80 0 85 %

Pin 3 Zero D.C. Threshold VPIN7 =0V 1.1 1.25 1.1 1.25 \

Delay to Output* 50 80 50 80 ns
Soft-Start Section

Charge Current Vping = 0.5V 3 9 20 3 9 20 pA

Discharge Current VPINS = 1V 1 1 mA
Current Limit/Shutdown Section

Pin 9 Bias Current 0<VPIN9 < 4V +10 +10 A

Current Limit Offset VPIN11 =11V 15 15 mV

Current Limit Common Mode 1.0 125 | 1.0 1.25 \%

Range (VPIN 11)

Shutdown Threshold 125 | 140 | 1655 | 1256 | 1.40 | 1.55 \

Delay to Output* 50 80 50 80 ns
Output Section

Output Low Level lout = 20mA 0.25 | 040 | . 0.25 | 0.40 \

louT = 200mA 1.2 2.2 1.2 2.2 \
Output High Level lout = -20mA 13.0 | 135 130 | 135 V
lout = -200mA 12.0 | 13.0 12.0 | 13.0 \

Collector Leakage Ve =30V 100 | 500 100 | 500 pA

Rise/Fall Time* CL=1nF 30 60 . 30 60 ns
Under-Voltage Lockout Section :

Start Threshold - - 8.8 9.2 9.6 8.8 9.2 9.6 \

UVLO Hysteresis 0.4 0.8 1.2 0.4 0.8 1.2 \
Supply Current

Start Up Current Vcec =8V 1.1 25 1.1 25 mA

Icc VPIN 1, VPIN7, VPIN9 =0V, VPIN2 = 1V 22 33 22 33 mA

* These parameters are guaranteed by design but not 100% tested in production.
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UC1823 PRINTED CIRCUIT BOARD LAYOUT
CONSIDERATIONS

High speed circuits demand careful attention to layout
and component placement. To assure proper perform-
ance of the UC1823, follow these rules. 1) Use a ground
plane. 2) Damp or clamp parasitic inductive kick energy
from the gate of driven MOSFET. Don't allow the output
pins to ring below ground. A series gate resistor or a
shunt 1 Amp Schottky diode at the output pin will serve

ERROR AMPLIFIER CIRCUIT

uc1823
uC2823
UC3823

this purpose. 3) Bypass Vcc, Ve, and VREF. Use 0.1uF
monolithic ceramic capacitors with low equivalent series
inductance. Allow less than 1 cm of total lead length for
each capacitor between the bypassed pin and the ground
plane. 4) Treat the timing capacitor, CT, like a bypass ca-
pacitor.

Simplified Schematic

UCE L REF
‘ I_ ® [i§] VRer 5.1V
I
g Bt ™
Inv 3 '__|
Non ?
Inv
L=_=_= =_
Open Loop Frequency Response Unity Gain Slew Rate
100 5 —
20 A Vin
60 N\ 4
Av (dB):g N 3
AN ] (V) I / Vour |
0 - AN, o y
] N [ 9 () 2
20 S| % — L As—
-180
¥ §=s 1
g¥EgFas 0 02 04 06 08 10
Freq (Hz) TIME (1 S)
PWM APPLICATIONS
Conventional (Voltage Mode) Current-Mode
.. [uctezs oo, [UowE T
|| £t
= Cr
) Ramp 1i|25V s 1i|25v
] |ﬁ> RSENSE
I_CT I = = | _From E/A_
= L __ From E/A

* A small filter may be required to suppress switch
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uc1823

ucC2823
uC3823
OSCILLATOR CIRCUIT
RT %ucﬁs - = Deadtime vs Ct (3<RT <100K)
T W T 470
N 220
100

To(us)

{ 0.47
Vv
l < 022 —
pa
Clock 0.10
—TL l#_ Blanking

0.047
ik

Céwo;ux ’3.9&!'&3:‘3'-?3
L= _ ° e

Timing Resistance vs Frequency Deadtime vs Frequency

100K y y T 160
LN\ N 10nF
- @ 140
€ 1k oo € 120
& \\\\\\\ £ 100
K \\\ \\ N 80 470pF L~
100 1K 10K 100K 1M 10K 100K ™
Freq (Hz) Freq (Hz)
SYNCHRONIZED OPERATION
Two Units in Close Proximity
lucte23 uc1s23 |
(4] Clock l
LSIave |
|_uc1_823_|
1.15RT
RT

3470 Slaves Local Ls""
L l = Ramp -

Master oc.|
L - J Ramp

gl
Q
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uc1823
uc2823
-UC3823
CONSTANT VOLT-SECOND CLAMP CIRCUIT

VIN —_— _l_L_
LM | uc1823
The circuit shown here will achieve a constant } Shut- Qut

volt-second product clamp over varying input $ RR down
voltages. The ramp generator components, RT and CR 1

are chosen so that the ramp at Pin 9 crosses the 1V
threshold at the same time the desired maximum
volt-second product is reached. The delay through the
inverter must be such that the ramp capacitor can be
completely discharged during the minimum deadtime.

OUTPUT SECTION
Sin}BlifE Sc_hematic Rise/Fall Time (CL=1INF) Rise/Fall Time (CL=10NF)
0.2 2
| IL (A
\/ aL (A) N\ oL (A)
-~ 1 -0.2 15 -2
z 10 / 2 10 / \
v \ . i
5 S 5 °
> 0 A > 0
°223§88 °88888
Time - (ns) Time - (ns)
Saturation Curves
3
-
S 2| sl o
I
<
o)
A
0
0 0.5 10 15
lout - (A)

FEED FORWARD TECHNIQUE FOR OFF-LINE VOLTAGE MODE APPLICATION

UNITRODE INTEGRATED CIRCUITS
7 CONTINENTAL BLVD. » MERRIMACK, NH 03054
TEL. (603) 424-2410 + FAX (803) 424-3460
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INTEGRATED % UC1823A,B/1825A,B
== UNITRODE : g UC2823A,B/2825A,B
§ UC3823A,B/3825A,B

High Speed PWM Controller PRELIMINARY

FEATURES DESCRIPTION

“Bold Type” Denotes improved or new The UC3823A & B and the UC3825A & B family of PWM control ICs are improved versions of the standard
features UC3823 & UC3825 family. Performance enhancements have been made to several of the circuit blocks.

- Improved versions of the Error amplifier gain bandwidth product is 12MHz while input offset voltage is 2mV. Current limit threshold is
UC3823/UC3825 PWMs guaranteed to a tolerance of 5%. Oscillator discharge current is specified at 10 mA for accurate dead time

control. Frequency accuracy is improved to 6%. Start up supply current, typically 100uA, is ideal for off-line
applications. The output drivers are redesigned to actively sink current during UVLO at no expense to the
start up current specification. In addition each output is capable of 2A peak currents during transitions.

- Compatible with Voltage or Current-Mode
Topologies
« Practical Operation at Switching

Frequencies t.o 1MHz Functional improvements have also been implemented in this family. The UC3825 shutdown comparator is
 S0ns propagation dalay to Qutput now a high-speed over-current comparator with a threshold of 1.2V. The over-current comparator sets a
+High Current Dual Totem Pole Out-  |atch that ensures full discharge of the soft start capacitor before allowing a restart. While the fault latch is

puts (2A Peak) set, the outputs are in the low state. In the event of continuous faults, the soft start capacitor is fully charged
- Wide Bandwidth Error Amplifier before discharge to insure that the fault frequency does not exceed the designed soft start period. The
- Trimmed Oscillator Discharge Cur- ~ UC3825 Clock pin has become CIKLEB. This pin combines the functions of clock output and leading edge

rent for Accurate Frequency & Dead blanking adjustment and has been buffered for easier interfacing.

Time Control
« Fully Latched Logic with Double Pulse Sup- The UC3825A,B has dual alternating outputs and the same pin configuration of the UC3825. The
pression UCB3823A,B outputs operate in phase with duty cycles from zero to less than 100%. The pin configuration of
« Soft Start Control the '23A,B is the same as the UC3823 except pin 11 is now an output pin instead of the reference pin to the

current limit comparator. “A” version parts have UVLO thresholds identical to the original UC3823/25. The

+Pulse by Pulse Current Limiting “B" versions have UVLO thresholds of 16 and 10V, intended for ease of use in off-line applications.

Comparator
«Latched Over-Current Comparator
With Full Cycle Restart

« Low Start Up Current — 100uA typ.

Consult Application Note U-128 for detailed technical and applications information. Contact the factory for
further packaging and availability information.

- Under Voltage Lock Out — 16V/10V Device VLo (V) D(MAX)
On & Off (B versions) UC3823A 9.2/8.4 <100%

« Outputs Active Low During UVLO UC3823B 16/10 < 100%

- Trimmed Bandgap Reference UC3825A 0.2/8.4 <50%

- Adjustable Blanking For Leading UC3825B 16/10 <50%
Edge Noise Tolerance

(60%)

SOFT
START E

Current Limit Soft-Start
Complete

1um [3}

02v Restan

Vee

‘B 16/10V
K 9284V
GND .__l nternal
= = 5.V
= 184 Vrer

6/93 * Note: 1823A,B Version Toggles Q and Q are always low
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UC1823A,B/1825A,B

UC2823A,B/2825A,B
UC3823A,B/3825A,B
ABSOLUTE MAXIMUM RATINGS
Supply Voltage (Pins 15, 13) 22V Soft Start Sink Current (Pin 8) 20mA
Output Current, Source or Sink (Pins 11-14) Oscillator Charging Current (Pin 5). -5mA
DC 0.5A Power Dissipation at TA=60°C . 1w
Pulse (0.5us) 2.2A Storage Temperature Range ... ..-65°C to +150°C
Power Ground (Pin 12) 0.2V Lead Temperature (Soldering 10 seconds)....
Analog Inputs Note: All voltages are with respect to ground Pin 10
(Pins 1,2,7)....... -03Vto 7V Currents are positive into the specified terminal.
(PIND, B) ..t seneeiessnscineenenen-0.3V 10 BV Consult packaging section of Databook for thermal
Clock Output Current (Pin 4) eeireeeSMA limitations and considerations of package.
Error-Amplifier Output Current (Pin 3) SmA
CONNECTION DIAGRAMS
TOP VIEW TOP VIEW PACKAGE PIN FUNCTION
DIL-16 J or N Package; SOIC-16, DW PLCC-20, LCC-20 Q&L Packages FUNCTION PIN
Package T N/C 1
. Inv. 2
] N.I. 3
INv. (3] %) VRer 32 12019 E/A Out 4
NI ] 5] Vee 4 -/ 18 ﬁ;’gLEB g
E/A OUT & 4 ouT B 5 17 RT 7
CLK/LEB [¢] 3] Ve 5 16 or ]
Rt ] [72) PGND ot m
crlg 7] OUT A ; ;' i N/C 11
RAMP [7] 5] GND ILIM 12
5 910 11 12 13 GND 13
ss[g] o]l LM OutA 12
PGND 15
N/C 16
Ve : 17
OutB 18
Vee 19
VREF 20

Electrical Characteristics: Unless otherwise specified, these specifications apply for RT = 3.65k, CT = 1nF, Vcc = 12V, and -55° <TA<125°C
for the UC18xxX, -40°<TA<85°C for the UC28xxX, 0° <TA<70°C for the UC38xxX. Ty=TA.

PARAMETER TEST CONDITION | mN TYPE MAX | units
REFERENCE SECTION
Output Voltage Ty =25°C, lo = 1mA 5.05 5.1 5.156 \"
Line Regulation 12<Vec<20V 2 15 mV
Load Regulation 1<lo<10mA 5 20 mV
Total Output Variation Line, Load, Temp 5.03 517 \
Temperature Stability TMIN<TA<TMAX, (NOTE 1) 0.2 0.4 mV/°eC
Output Noise Voltage 10Hz<f<10kHz, (Note 1) 50 uVRMS
Long Term Stability Ty = 125°C, 1000 hours, (Note 1) 5 25 mV
Short Circuit Current VREF = 0V 30 60 90 mA
OSCILLATOR SECTION
Initial Accuracy Ty =25°C, (Note 1) 375 400 425 kHz
Total Variation Line, Temp, (Note 1) 350 450 kHz
Voltage Stability 12<Vee<20V 1 %
Temperature Stability TMIN<TA<TMAX, (NOTE 1) 5 %
Initial Accuracy RT = 6.6k, CT = 220pF, Ta = 25°C, (Note 1) 0.9 1 1.1 MHz
Total Variation Rt = 6.6k, CT = 220pF, (Note 1) 0.85 1.15 MHz

5120




UC1823A,B/1825A,B
UC2823A,B/2825A,B
UC3823A,B/3825A,B

Electrical Characteristics (Continued) Unless otherwise specified, these specifications apply for RT = 3.65k, CT = 1nF, Vec = 12V,
and -55° <TA<125°C for the UC18xxX, -40°<TA<85°C for the UC28xxX, 0° <TA<70°C for the
UC38xxX. Tu=TA.

PARAMETER I TEST CONDITION MIN TYPE MAX I UNITS
OSCILLATOR SECTION (CONTINUED)
Clock Out High 3.7 4 \
Clock Out Low 0 0.2 \'
Ramp Peak 2.6 28 3 Vv
Ramp Valley 0.7 1 1.25 v
Ramp Valley to Peak 1.6 1.8 2 Vv
Osc Discharge Current RT = open, V(CT) =2V 9 10 1 mA
ERROR AMPLIFIER SECTION
Input Offset Valtage 2 10 mV
Input Bias Current 06 3 HA
Input Offset Current 0.1 1 pA
Open Loop Gain 1<Vo<4V 60 95 dB
CMRR 1.5<Vcm<5.5V 75 95 dB
PSRR 12<Vce<20V 85 110 dB
Output Sink Current Vpin3 =1V 1 25 mA
Output Source Current Vpin3 = 4V -0.5 -1.3 mA
Output High Voltage | pin3 =-0.5mA 4.5 47 5 v
Output Low Voltage | pin3 = 1mA 0 0.5 1 \']
Gain Bandwidth Product F = 200KHz 6 12 MHz
Slew Rate (Note 1) 9 Vips
PWM COMPARATOR SECTION
Pin 7 Bias current Vpin7 =0V -1 8 HA
Minimum Duty Cycle 0 %
Maximum Duty Cycle 85 %
Leading Edge Blanking R =2k, C = 470pF 300 375 450 ns
LEB Resistor Vpind =3V 8.5 10 11.5 kohm
Pin 3 Zero D.C. Threshold Vpin7 =0V 1.1 1.25 1.4 \
Delay to Output * Vpin3 = 2.1V, Vpin7 = 0 to 2V step, (Note 1) 50 80 ns
CURRENT LIMIT / START SEQUENCE / FAULT SECTION
Soft Start Charge Current Vpin8 = 2.5V 8 14 20 PA
Full Soft Start Threshold 4.3 5 \
Restart Discharge Current Vpin8 = 2.5V 100 250 350 HA
Restart Threshold 0.3 0.5 \
Pin 9 Bias Current 0<Vpin9<2V 15 HA
Current Limit Threshold 0.95 1 1.05 v
Over Current Threshold 1.14 1.2 1.26 v
| LIM Delay to Output Vpin9 =0 to 2V step, (Note 1) 50 80 ns
OUTPUT SECTION
Output Low Saturation louT = 20mA 0.25 0.4 v
lout = 200mA 1.2 2.2 '
Output High Saturation lout = 20mA 1.9 29 v
lout = 200mA 2 3 \
UVLO Output Low Saturation lo =20mA 0.8 12 \
Rise/Fall Time CL = 1nF, (Note 1) 20 45 ns
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UC1823A,B/1825A,B
UC2823A,B/2825A,B
UC3823A,B/3825A,B

Electrical Characteristics (Continued):Unless otherwise specified, these specifications apply for RT = 3.65k, CT = 1nF, Vcc = 12V,
and -55° <TA<125°C for the UC18xxX, -40°<TA<85°C for the UC28xxX, 0° <TA<70°C for the

UC38xxX. Tu=TA.

PARAMETER

TEST CONDITIONS

| mn TYPE MAX

UNITS

UNDER VOLTAGE LOCKOUT

Start Threshold

UCX823B and X825B only

16 17

Stop Threshold

UCX823B and X825B only

9 10

UVLO Hysteresis

UCX823B and X825B only

5 6 7

Start Threshold

UCX823A and X825A only

84 9.2 9.6

UVLO Hysteresis

UCX823A and X825A only

0.4 0.8 1.2

<l <|I<|<|<

SUPPLY CURRENT

Start Up Current

Ve = Ve = VTn(start) - 0.5V

100 300

Icc

28 36

EAR

Note 1: This parameter is guaranteed by design but not 100% tested in production.

APPLICATIONS INFORMATION

OSCILLATOR

Equations are:

RT= v

(1.6 - DMAX)

cr= (RT-F)

than 70% is not recommended.

The 3823A,B/3825A,B oscillator is a saw tooth. The rising edge is govemed
by a cumrent controlled by the RT pin and value of capacitance at the CT pin.
The falling edge of the sawtooth sets dead time for the outputs. Selection of
RT should be done first, based on desired maximum Duty Cycle. CT can
then be chosen based on desired frequency, RT, and DMax. The design

(10mA) (1 - DMAX)

Recommended values for RT range from 1K to 100K. Control of Dmax less

OSC. FREQ vs Rt & Ct CURVE

DMax (%)
1000

OSCILLATOR
Rt | _IR

-t
SV%'
C

T

MAX. DUTY CYCLE vs Rt CURVE

===

= =
1

u:‘ZZOpF

T

(=700 [

95.0

C=1nF

90.0

C=22nF
~—

~——

FREQ

(kHz) KL=47F

~

850

- 1o

~

800

C = 220

e

750

/|

700

1 10
Rt(kohms)

10
Rt(kohms)

100
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APPLICATIONS INFORMATION (Continued)

UC1823A,B/1825A,B
UC2823A,B/2825A,B
UC3823A,B/3825A,B

LEADING EDGE BLANKING

The UC3823A,B/3825A,B performs fixed frequency pulse width modu-
lation control. The '23A,B outputs operate together at the switching fre-
quency and can vary from O to some value less than 100%. The '25A,B
outputs are alternately controlled. During every other cycle, one output
will be off.Each output, then, switches a one-half oscillator frequency,
varying in duty cycle from 0 to less than 50%.

To limit maximum duty cycle, the internal clock pulse blanks both out-
puts low during the discharge time of the oscillator. On the falling edge
of the clock, the appropriate output(s) is driven high. The end of the
pulse is controlled by the PWM comparator, current limit comparator,
or the over current comparator.

Normally the PWM comparator will sense a ramp crossing a control
voltage (error amp output) and terminate the pulse. Leading edge
blanking (LEB) causes the PWM comparator to be ignored for a fixed
amount of time after the start of the pulse. This allows noise inherent
with switched mode power conversion to be rejected. The PWM ramp
input may not require any filtering as result of leading edge blanking.
After the LEB interval, the PWM comparator can terminate the pulse.

To program a Leading Edge Blanking period, connect a capacitor, C,
to CIk/LEB. The discharge time set by C and the internal 10k resistor
will determine the blanked interval. The 10k resistor has a 10% toler-
ance. For more accuracy, an external 2k 1% resistor, R, can be added,
resulting in an equivalent resistance of 1.66k with a tolerance of 2.5%
The design equation is:

1LEB = 0.5 «(R | | 10k) - C.

Values of R less than 2k should not be used.

LEB OPERATIONAL WAVEFORMS

I

CLK/LEB

LEB

w1 L
"\

BLANKED

RAMP
T0 PWM
Leading edge blanking is also applied to the current limit comparator.
After LEB, if the ILIM pin exceeds the one volt threshold, the pulse is
terminated. The over current comparator, however, is not blanked. It
will catch catastrophic over current faults without a blanking delay. Any
time the | LIM pin exceeds 1.2V, the fault latch will be set and the out-

puts driven low. For this reason, some noise filtering may be required
on the | LIM pin.

UVLO, SOFT START AND FAULT MANAGEMENT

Soft start is programmed by a capacitor on the SS pin. At power up,
the SS pin is discharged. When the SS pin is low, the error amp output
is forced to also be low. As the internal QuA source charges the SS pin,
the error amp output follows until closed loop regulation takes over.

Any time that the | LIM pin exceeds 1.2V, the fault latch will be set and
the output pins will be driven low. The soft start cap is then discharged
by a 250uA current sink. No more output pulses are allowed until soft
start is fully discharged, and the | LIM pin is below 1.2V. At this point
the fault latch will be reset and the chip will execute a soft start.

Should the fault latch be set during soft start, the outputs will be imme-
diately terminated, but the soft start cap will not be discharged until it
has been fully charged. This results in a controlled hiccup interval for
continuous fault conditions.

SOFT START AND FAULT WAVEFORMS

i 1 1
1.2v

FAULT

5.0V

Vss

12V

02v

ON

PWM

OFF
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UC1823A,B/1825A,B

UC2823A,B/2825A,B
UC3823A,B/3825A,B
APPLICATIONS INFORMATION (Continued)
ACTIVE LOW OUTPUTS DURING UVLO
The UVLO function forces the outputs to be low and considers both Vcc
and Vref before allowing the chip to operate.
OUTPUT V & | DURING UVLO SIMPLIFIED SCHEMATIC
3
)4 A
’/ VCC
2 A
, T A 250uA
e

Vout r ~ 25°C D
V) P T SOK o ) ouT

1 1T LA uvLo

Tt Voc = OPEN 3
0 Q4 PGND
0 0.2 04 06 08 1.0 e hd
Current (Amps)
SYNCHRONIZATION OPERATIONAL WAVEFORMS
The oscillator can be synchronized by an extemal pulse inserted in series
with the timing capacitor. Program the free running frequency of the oscilla-
tor to be 10 0 15% slower than the desired synchronous frequency. The VSYNC
pulse width should be greater than 10ns and less than half the discharge
time of the oscillator. The rising edge of the CI/LEB pin can be used to
generate a synchronizing pulse for other chips. Note that, the CIK/LEB pin
will no longer accept an incoming synchronizing signal. Ve
T
TWO UNITS

GENERAL OSCILLATOR SYNCHRONIZATION
1

r&‘@

VSYNC =C '

390Q T

AA “ A Il a

X —

10Q H

)
50Q@ =
External
Clock

""" 1

' 1

B— 39pF 1200  CT H
Master | it —it [é]

[ C o=

1.15RT

1
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UC1823A,B/1825A,B

UC2823A,B/2825A,B
UC3823A,B/3825A,B
APPLICATIONS INFORMATION (Continued)
PWM APPLICATIONS
CURRENT MODE VOLTAGE MODE
A
§ 125V
i
==cr § RAMP
:l: ‘E FromEA
HIGH CURRENT OUTPUTS POWER MOSFET DRIVE CIRCUIT
A
Ve

Each totem pole output of the UC3823A,B and UC3825A,B can deliver a 2
amp peak current into a capacitive load. The output can slew a 1000pF
capacitor 15 volts in approximately 20 nanoseconds. Separate collector
supply (Vc) and power ground (PGND) pins help decouple the ICs analog
circuitry from the high power gate drive noise. The use of 3 Amp SCHOT-
TKY diodes (1N5120, USD245 or equivalent) as shown in the figure from
each output to both Vc and PGND are recommended. The diodes clamp
the output swing to the supply rails, necessary with any type of
inductive/capacitive load, typical of a MOSFET gate. SCHOTTKY diodes
must be used because a low forward voltage drop is required, and most 3
amp devices will suffice. DO NOT USE standard silicon diodes.

& D2

Although a "single ended" device, two output drivers are available on the
UC3823A,B devices. These can be “paralleled” through a series ane-half
ohm (noninductive) resistor for a combined peak cument of 4 amps.

= GND
D1, D2, = 1N5820

GROUND PLANES

Each output driver of these devices is capable of 2A peak currents. Careful ~ «---- oo ===
layout is essential for correct operation of the chip. A ground plane must be [ VIN
employed. A unique section of the ground plane must be designated for T0 ANALOG
high di/dt cumrents associated with the output stages. This point is the power CIRCUITRY
ground to which the PGND pin is connected. Power ground can be sepa-
rated from the rest of the ground plane and connected at a single point,
although this is not strictly necessary if the high di/dt paths are well under- L_)
stood and accounted for. Vcc should be bypassed directly to power ground

with a good high frequency capacitor. The sources of the power MOSFET
should connect to power ground as should the retum connection for input
power to the system and the bulk input capacitor. The output should be
clamped with a high current Schottky diode to both Vec and PGND. Nothing
else should be connected to power ground.

Vee

~ CBULK

Y
7

¢ _L RTN

1]
@
€
@
3
g
3
H

POWER GROUND

Vref should be bypassed directly to the signal portion of the ground plane
with a good high frequency capacitor. Low esr/esl ceramic 1uF capacitors
are recommended for both Vcc and VREeF. All analog circuitry should like-
wise be bypassed to the signal ground plane.
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APPLICATIONS INFORMATION (Continued)

UC1823A,B/1825A,B
UC2823A,B/2825A,B
UC3823A,B/3825A,B

OPEN LOOP TEST CIRCUIT
UC3823A/B, UC3825A/B
CIWILEB
o Ve B
} 0SCILLATOR T
C1
RAMP
outa [t} >

E/A OUT

ERROR ours
NON INV
W PWR GND
SOFT START

GND

ILIM Swv i

This test fixture is useful for exercising many of the UC3823A,B,
UC3825A,B functions and measuring their specifications.

As with any wideband circuit, careful grounding and bypa#s proce-
dures should be followed. The use of a ground plane is highly recom-
mended.

UNITRODE INTEGRATED CIRCUITS
7 CONTINENTAL BLVD.» MERRIMACK, NH 03054
TEL.(603) 424-2410 « FAX (603) 424-3460
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uc2824
=mm UNITRODE UC3824
High Speed PWM Controller
FEATURES DESCRIPTION
* Complimentary Outputs The UC1824 family of PWM control ICs is optimized for high fre-

. . . - . quency switched mode power supply applications. Particular care
Practical Operation Switching Frequencies \yag given to minimizing propagation delays through the comparators
to 1MHz and logic circuitry while maximizing bandwidth and slew rate of the

50ns Propagation Delay to Output error amplifier. This controller is designed for use in either current-

mode or voltage mode systems with the capability for input voltage
» High Current Dual Totem Pole Outputs feed-forward.

(1.5A Peak) Protection circuitry includes a current limit comparator with a 1V
*  Wide Bandwidth Error Amplifier threshold, a TTL compatible shutdown port, and a soft start pin which
will double as a maximum duty cycle clamp. The logic is fully latched
to provide jitter free operation and prohibit multiple pulses at an out-
put. An under-voltage lockout section with 800mV of hysteresis as-

«  Pulse-by-Pulse Current Limiting zl:;eli;gvivms;gat:]% ecurrent. During under-voltage lockout, the outputs

* Fully Latched Logic with Double Pulse
Suppression

*  Soft Start/ Max. Duty Cycle Control These devices feature totem pole outputs designed to source and

Under-Voltage Lockout with Hysteresis sink high peak currents from capacitive loads, such as the gate of a
power MOSFET. The on state is designed as a high level.
° Low Start Up Current (1.1 mA)

e Trimmed Bandgap Reference (5.1V = 1%)

BLOCK DIAGRAM

PWM Latch
cr [6] |J8et pom.)

Ramp
E/A Out[

Wide Bandwidth
(Set Dom.)

Error_[ NI[:
Amp L INV[I}— qlhlblt' d)g,m
_Ci . 3] ve

Soft Start []7 1] Out
S
v Shutdown 14] INVouT
ium/sp [9] CPRTR 1 i2] Pwr Gnd
1.4V
1 "Output
~ Inhibit*
Vcc (1§ Internal
sV 5 Bias v
uvLo d "
REF VReF Good
Gnd [10 a - 16| VREF5.1V
—;—'Vcc Goodr| )  Gen "l"
UDG-92034

1/93
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uc1824

ucC2824
UC3824
ABSOLUTE MAXIMUM RATINGS (Note 1) CONNECTION DIAGRAMS
Supply Voltage (Pins13,15) ...............oinnnen. 30v
Output Current, Source or Sink (Pins 11, 14) DIL-16 (Top View)
2 0.5A J Or N Package
Pulse (0.5MS) .. ....coviiiiiiii ittt iie e 2.0A
Analog Inputs iNv [1] (16] vRer 5.1v
(Pins1,2,7). .o -0.3Vto 7V
(Pin8,9)........ e, -0.3V1to 6V e f5]veo
Clock Output Current (Pin4) ...........covvvvvnnnn. -5mA e/a out[3] [14]iNvour
Error Amplifier Output Current (Pin3) ................ 5mA clock [4] l13]ve
Soft Start Sink Current (Pin8) . .................... 20mA
Oscillator Charging Current (Pin5) .................. -5mA rr[e] zlPwr and
Power Dissipation .............c..ooveeiiineeninnns. 1w cr[e] [11]out
Storage Temperature Range . ............. -65°C to +150°C Ramp [7] [10]and
Lead Temperature (Soldering, 10 seconds) .......... 300°C sott start[8] 5 ]iLmrsp
Note 1: All voltages are with respect to GND (Pin 10); all cur-
rents are positive into, negative out of part; pin numbers refer to
DIL-16 package.
Note 3:pCagn:gl? Unitrode Integrated Circuit Databook for ther- | PACKAGE PIN FUNCTION |
mal limitations and considerations of package. PLCC-20 & LCC-20 FUNCTION PIN
(Top View) I':Jl\C/ 12
S0IC-16 (Top View) Q & L Packages NI 3
DW Package E/A Out 4
Clock 5
N/C 6
A\
INV[1 16 X Rt 7
] [16] VREF5.1V ST T o :
NI[Z] 18] Vee . \UJ o Ram 9
E/A Out[3] 14] INV ouT Soft Start 10
Clock[4] Bl ve 5 17 NG 1
6 16 ILIM/SD 12
Rr[5] 2] Pwr Gnd 7 15 Gnd 13
crle] 11 out 8 14 Out 14
Pwr Gnd 15
Ramp[7] 10]Gnd 9 10 11 12 13 e T
Soft Start[8] [e]iLIM/SD Vo 17
INVout 18
Vce 19
VREF 5.1V 20

ELECTRICAL CHARACTERISTICS:

Unless otherwise stated,these specifications apply for , RT = 3.65k, CT = 1nF, Vcc

=15V, -65°C<TA<125°C for the UC1824, —40°C<TA<85°C for the UC2824, and
0°C<Ta<70°C for the UC3824, TA=Tu.

uc1824
PARAMETERS TEST CONDITIONS uC2824 ucss24
MIN | TYP | MAX | MIN | TYP | mAX |uNITS

Reference Section

Output Voltage Ty=25°C,lo=1mA 5.05 | 510 | 5.15 | 5.00 | 5.10 | 5.20 Vv

Line Regulation 10V < Vee < 30V 20 20 mV

Load Regulation 1mA <lo < 10mA 5 20 5 20 mV

Temperature Stability* TMIN < TA < TMAX 0.2 04 0.2 0.4 |mV/°C

Total Output Variation* Line, Load, Temperature 5.00 520 | 495 5.25 \'

Output Noise Voltage* 10Hz < f < 10kHz 50 50 uv

Long Term Stability* TJ = 125°C, 1000hrs. 5 25 5 25 mV

Short Circuit Current VREF = OV -15 -50 | -100 | -15 -50 | -100 | mA
Oscillator Section :

Initial Accuracy* Ty=25°C 360 | 400 | 440 | 360 | 400 | 440 | kHz

Voltage Stability* 10V < Vee < 30V 0.2 2 0.2 2 %

Temperature Stability* TMIN < TA < TMAX 5 5 %

Total Variation* Line, Temperature 340 460 | 340 460 | kHz
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uci1824

uc2824
uUC3824
ELECTRICAL CHARACTERISTICS  Unless otherwise stated,these specifications apply for , Rt = 3.65k, Ct = 1nF, Vcc
(cont) =15V, -55°C<TA<125°C for the UC1824, 40°C<TA<85°C for the UC2824, and
0°C<Ta<70°C for the UC3824, TA=TJ.
uci1824
PARAMETERS TEST CONDITIONS uc2824 ucss24
MmN | Tvp [ max | min | Tvp | max Junms
Oscillator Section (cont.)
Clock Out High 3.9 4.5 3.9 4.5 \4
Clock Out Low 23 29 23 29 Vv
Ramp Peak* 2.6 2.8 3.0 26 2.8 3.0 Vv
Ramp Valley* 0.7 10 | 125 | 07 10 | 125 Vv
Ramp Valley to Peak* 1.6 1.8 2.0 16 1.8 2.0 \
Error Amplifier Section
Input Offset Voltage 10 15 mV
Input Bias Current 0.6 3 0.6 3 A
Input Offset Current 0.1 1 0.1 1 pA
Open Loop Gain 1V <Vo<4Vv 60 95 60 95 dB
CMRR 1.5V <Vem< 5.5V 75 95 75 95 dB
PSRR 10V < Vee < 30V 85 110 85 110 dB
Output Sink Current VPIN3 =1V 1 2.5 1 25 mA
Output Source Current VPIN3 = 4V 05 | -13 -05 | -13 mA
Output High Voltage IPIN3 = -0.5mA 4.0 4.7 5.0 4.0 4.7 5.0 \
Output Low Voltage IPIN3 = TmA 0 0.5 1.0 0 0.5 1.0 \
Unity Gain Bandwidth* 3 5.5 3 5.5 MHz
Slew Rate* 6 12 6 12 V/us
PWM Comparator Section
Pin 7 Bias Current VPIN7 =0V -1 -5 -1 -5 mA
Duty Cycle Range 0 80 0 85 %
Pin 3 Zero DC Threshold  [VPIN7 = OV 1.1 1.25 1.1 1.25 \
Delay to Output* 50 80 50 80 ns
Soft-Start Section
Charge Current VPINg = 0.5V 3 9 20 3 9 20 pA
Discharge Current VPINS =1V 1 1 mA
Current Limit / Shutdown Section
Pin 9 Bias Current 0<VPIN9 < 4V 15 10 pA
Current Limit Threshold 0.9 1.0 1.1 0.9 1.0 14 Vv
Shutdown Threshold 125 | 140 | 155 | 125 [ 140 | 155 \
Delay to Output 50 80 50 80 | ns
Output Section
Output Low Level louT = 20mA 0.25 | 0.40 0.25 | 0.40 \
: louT = 200mA 1.2 22 1.2 22 \"
Output High Level lout = -20mA 130 | 135 13.0 | 135 \
louT = -200mA 12.0 | 130 12.0 | 130 \
Collector Leakage Ve =30V 100 | 500 10 500 pA
Rise/Fall Time* CL =1nF 30 60 30 60 ns
Under-Voltage Lockout Section
Start Threshold 8.8 9.2 9.6 8.8 9.2 9.6 Vv
UVLO Hysteresis 0.4 0.8 1.2 0.4 0.8 1.2 )
Supply Current Section
Start Up Current Vce =8V 1.1 25 1.1 25 mA
ICC VPIN1, VPIN7, VPIN9 = 0V; VPIN2 = 1V 22 33 22 33 mA

* This parameter not 100% tested in production but guaranteed by design.
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UC1824 Printed Circuit Board Layout Considerations

High speed circuits demand careful attention to layout
and component placement. To assure proper performance
of the UC1824 follow these rules: 1) Use a ground plane.
2) Damp or clamp parasitic inductive kick energy from the
gate of driven MOSFETs. Do not allow the output pins to
ring below ground. A series gate resistor of a shunt 1 Amp
Schottky diode at the output pin will serve this purpose. 3)

Error Amplifier Circuit

uc1824
uC2824
uc3824

Bypass Vcc, V¢, and VREF. Use 0.1pF monolithic ceramic
capacitors with low equivalent series inductance. Allow
less than 1 cm of total lead length for each capacitor be-
tween the bypassed pin and the ground plane. 4) Treat
the timing capacitor, CT, like a bypass capacitor.

Simplified Schematic
[—601324
| ( VREF 5.1V
Error Amp
Output
INV]
NON
INV
Open Loop Frequency Response Unity Gain Slew Rate
100 5
80 \\
N e
60 N Vin,
V) 3 \
" N i v 2= -.
Av (dB) \V : /|Vour |
20 - 2 / R
0 \\ 0 1
p N[ EO) 0 02 04 06 08 10
-20 -90
L TIME (us)
-180
100 1K 10K 100K 1M 10M 100M
FREQ (Hz)
Synchronized Operation
Two Units in Close Proximity Generalized Synchronization
|_Uc1az4 UC1824_| uc1824 I | uc1824
‘ Clock[4] (4] Clock l VREF ! ‘
10pF | 2N222
| 6] VREF | ; * |
clockED—-lg !
43 0.1uF 115 R
| RT [5]IRT | RT[ R te ; s AT
43 01 =
l Local | ‘ cr o F} |
CT Ramp cT 43
LMaster LCT L | s ave_l ol $ II;OZ;":’- ] cT
- - L_Mas“;r j’L‘n Slaves| L _Slave _,
Local = = =  Local
Ramp Ramp
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uc1824
uc2824

Oscillator Circuit uc3s24

Rr (Ohms)

100k

1k

Timing Resistance vs Frequency

Primary Output Deadtime vs CT (3k < RT < 100k)

470
220
100
047
02 /

010 ==

To (us)

0047
0047 10 22 4T 100 2 4 10

Cr (nF)

Primary Output Deadtime vs Frequency

R wl e
ANCNN

N

120

To (ns)

N

N

A%

N\ -
AN NN N

100

1k 10k 100k 1M 10k 100k M
FREQ (Hz) FREQ (Hz)

Typical Dead Time (Tp) Over Temperature

%5 50 25 0 25 50 75 100 125
TCQ

Non-Overlap Time (TNo) Over Temperature

out — —/— X 50

INVOUT — — =11 —50% \_—/—

TNO — — TNO
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Forward Technique for Off-Line Voltage Mode Application

uc1824
uc2824
UC3s24

RFF

Constant Volt-Second Clamp Circuit

The circuit shown here will achieve a constant volt-sec-
ond product clamp over varying input voltages. The
ramp generator components, RT and CR are chosen so
that the ramp at Pin 9 crosses the 1V threshold at the
same time the desired maximum volt-second product
is reached. The delay through the functional nor block
must be such that the ramp capacitor can be com-
pletely discharged during the minimum deadtime.

Output Section

15

10

Vour (V)

0
0

Simplified Schematic

UCc1824

Rise/Fall Time (CL=10nF)

x ﬁ. (A)

\ 0

AN

100 200 300 400 500
Time (ns)

Vour (V)

Vaar

Rise/Fall Time (CL=1nF)

0.2
I (A)

s a2

0 40 80 120 160 200

Time (ns)

Saturation Curves

A
Soyrce. _)L—
/

Sirk

0 05 1.0 15

lour (A)
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uci824
uc2s24

Open Loop Laboratory Test Fixture uc3s24

uc1824

4 | Clock
RT3.65k
5|RT Oscillator

CT 1.0nF
i

B 6|CT

7 |Ramp

50

4.7k 3 |E/A Out

68k <

3
imk

TopEl

27k

22k
10k

10k

UDG-92036-1

This test fixture is useful for exercising many of the As with any wideband circuit, careful grounding and by-
UC1824’s functions and measuring their specifications.  pass procedures should be followed. The use of a
ground plane is highly recommended.

<

>
>

|||

Error
Amp

Non
2 INV

INV

1

8 | soft Start

>

9 ILIM
Shutdown

-

3.3k

UNITRODE INTEGRATED CIRCUITS
7 CONTINENTAL BLVD. » MERRIMACK, NH 03054
TEL. (603) 424-2410 + FAX (603) 424-3460
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INTEGRATED
CIRCUITS

=m UNITRODE

High Speed PWM Controller

FEATURES

L]

Topologies

to 1MHz

(1.5A Peak)

Suppression

BLOCK DIAGRAM

50ns Propagation Delay to Output
High Current Dual Totem Pole Outputs

Wide Bandwidth Error Amplifier
Fully Latched Logic with Double Pulse

Pulse-by-Pulse Current Limiting

Soft Start / Max. Duty Cycle Control
Under-Voltage Lockout with Hysteresis
Low Start Up Current (1.1 mA)

Compatible with Voltage or Current Mode

Practical Operation Switching Frequencies

Trimmed Bandgap Reference (5.1V = 1%)

uci825
uC2825
ucC3825

&

DESCRIPTION

The UC1825 family of PWM control ICs is optimized for high fre-_
quency switched mode power supply applications. Particular care
was given to minimizing propagation delays through the comparators
and logic circuitry while maximizing bandwidth and slew rate of the
error amplifier. This controller is designed for use in either current-
mode or voltage mode systems with the capability for input voltage
feed-forward.

)
E
&

Protection circuitry includes a current limit comparator with a 1V
threshold, a TTL compatible shutdown port, and a soft start pin which
will double as a maximum duty cycle clamp. The logic is fully latched
to provide jitter free operation and prohibit multiple pulses at an out-
put. An under-voltage lockout section with 800mV of hysteresis as-
sures low start up current. During under-voltage lockout, the outputs
are high impedance.

These devices feature totem pole outputs designed to source and
sink high peak currents from capacitive loads, such as the gate of a
power MOSFET. The on state is designed as a high level.

Clock:4i
RT
0oSC ¢
PWM Latch
cr [¢] l_(sn Dom.)
R
1.25V
Ramp E]——l
E/A Out[:
Wide Bandwidth
(Set Dom.)
Error _I: NI [z
Amp L NV [iF—— “Inhiblt* Voua
fl Toggle F/F f3] ve
Soft Start [8] = LT 11 out A
S
v Shutdown 14 Out B
1um/sp [9] CPRTR 2lPwr Gnd
1.4V —Q
Vv 5 Blas .
uvLo "VRer Good"
Gnd {10 a REF fi6] vRers5.1v
—-__L—'Vcc Goog™| {  Gen o .
UDG-62030

2/93
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uc182s

ucC2825
uC3825
ABSOLUTE MAXIMUM RATINGS (Note 1) CONNECTION DIAGRAMS
Supply Voltage (Pins 13,15) .. ..., 30V
Output Current, Source or Sink (Pins 11, 14) DIL-16 (Top View)
DC ottt 0.5A | JOr N Package
Pulse (0.5mS)........coviiiiiiiiiiiiiii 2.0A \J
Analog Inputs iNv [1] [16] vRer 5.1V
(Pins 1,2, 7). i e -0.3Vto 7V N2 EVcc
(Pin8,9). .. ov it -0.3Vto 6V %
Clock Output Current (Pin4) . ........coovuenenennn.. -5mA E/A Out|3 14]out 8
Error Amplifier Output Current (Pin3) . ............... 5mA Clock E 13]ve
Soft Start Sink Current (Pin8) . .................... 20mA 3
Oscillator Charging Current (Pin5) .................. -5mA r[s] iz]pwr ans
Power Dissipation .. ......... ..o, 1w cr[e] [1]out A
Storage Temperature Range .. ............ -65°C to +150°C Ramp |:7: EG""
Lead Temperature (Soldering, 10 seconds) .......... 300°C
Note 1: All voltages are with respect to GND (Pin 10); all cur- Soft Start oJumrso
rents are positive into, negative out of part; pin numbers refer to
DIL-16 package.
Note 3: Consult Unitrode Integrated Circuit Databook for ther- PACKAGE PIN FUNCTION
mal limitations and considerations of package. PLCC-20 & LCC-20 FUNCTION PIN
(Top View) N/C 1
SOIC-16 (Top View) Q & L Packages mv §
DW Package E/A Out 4
Clock 5
N/C 6
INV[T] e [16] VREF5.1V 3 2 12019 g: ;
NI[Z] 5] vee 4 ~ 18 Ramp 9
E/A Out[3] 4 out B 5 17 Soft Start 10
N/C 11
| 4 13
clockls Blve 16 16 ILIM/SD 12
Rr[5] 12]Pwr Gnd 17 15 Gnd 13
cr[e] [f]out A 18 14 OutA 14
RampE @Gnd 3 ..'9 L E 18 zycr Gnd ‘112
Soft Start[e] [a]ILIM/SD Ve 17
OutB 18
Vee 19
VREF 5.1V 20

ELECTRICAL CHARACTERISTICS: Unless otherwise stated,these specifications apply for, RT = 3.65k, CT = 1nF, Vcc
=15V, -55°C<TA<125°C for the UC1825, -40°C<Ta<85°C for the UC2825, and

0°C<Ta<70°C for the UC3825, Ta=Tu.

uc1825 uCc3825
PARAMETERS TEST CONDITIONS uC2825
MmN | TYP [ max | min | Tvp | max [uNiTs

Reference Section

Output Voltage Ty=25°C,lo=1mA 5.05 | 5.10 | 5.15 | 5.00 | 5.10 | 5.20 \

Line Regulation 10V < Vce < 30V 2 20 2 20 mV

Load Regulation imA <lo < 10mA 5 20 5 20 mV

Temperature Stability* TMIN < TA < TMAX 0.2 0.4 0.2 0.4 ImV/°C

Total Output Variation* Line, Load, Temperature 5.00 520 | 495 5.25 \

Output Noise Voltage* 10Hz < f < 10kHz 50 50 uv

Long Term Stability* Ty = 125°C, 1000hrs. 5 25 5 25 mV

Short Circuit Current VREF = OV -15 -50 | -100 | -15 -50 | -100 mA
Oscillator Section

Initial Accuracy* Ty=25°C 360 | 400 | 440 | 360 | 400 | 440 | kHz

Voltage Stability* 10V < Vce < 30V 0.2 2 0.2 2 %

Temperature Stability* TMIN < TA < TMAX 5 5 %

Total Variation* Line, Temperature 340 460 340 460 kHz




ucis2s
uc2s2s
ucas2s

ELECTRICAL CHARACTERISTICS

Unless otherwise stated these specifications apply for , Rt = 3.65k, CT = 1nF, Vcc

(cont) =15V, -65°C<TA<125°C for the UC1825, -40°C<TA<85°C for the UC2825, and
0°C<TA<70°C for the UC3825, TA=Tu.
ucis2s uCcas2s
PARAMETERS TEST CONDITIONS uC2825
MN [ TvP [ mMax | min | TvP | max Junirs
Osclllator Section (cont.)
Clock Out High 39 4.5 3.9 4.5 \%
Clock Out Low 23 2.9 23 2.9 \
Ramp Peak* 2.6 2.8 3.0 2.6 2.8 3.0 Vv
Ramp Valley* 0.7 10 | 125 | 07 10 | 125 \'J
Ramp Valley to Peak* 1.6 1.8 2.0 1.6 1.8 2.0 \Y
Error Amplifier Section ]
Input Offset Voltage 10 15 mV
Input Bias Current 0.6 3 0.6 3 A
Input Offset Current 0.1 1 0.1 1 A
Open Loop Gain 1V <Vo<4v 60 95 60 95 dB
CMRR 1.5V <Vem< 5.5V 75 95 75 95 dB
PSRR 10V < Vce < 30V 85 110 85 110 dB
Output Sink Current VPIN3 =1V 1 25 1 25 mA
Output Source Current VPIN3 = 4V 05 [ -1.3 -05 | -13 mA
Output High Voltage IPIN3 = -0.5mA 4.0 47 | 50 4.0 47 5.0 \
Output Low Voltage IPIN3 = 1TmA 0 0.5 1.0 0 0.5 1.0 \
Unity Gain Bandwidth* 3 55 3 55 MHz
Slew Rate* 6 12 6 12 V/us
PWM Comparator Section
Pin 7 Bias Current VPIN7 = 0V -1 -5 -1 -5 mA
Duty Cycle Range 0 80 0 85 %
Pin 3 Zero DC Threshold  |VPIN7 = OV 1.1 1.25 11 1.25 \'
Delay to Output* 50 50 80 ns
Soft-Start Section
Charge Current VPINS = 0.5V 3 9 3 9 20 uA
Discharge Current Veing = 1V 1 1 mA
Current Limit / Shutdown Section
Pin 9 Bias Current 0<VPIN9 <4V 15 10 pA
Current Limit Threshold 0.9 1.0 1.1 0.9 1.0 1.1 \%
Shutdown Threshold 125 [ 140 | 155 | 125 | 140 | 155 \
Delay to Output | 50 | 80 50 80 ns
Output Section
Output Low Level louT = 20mA 025 | 0.40 0.25 | 0.40 \%
louT = 200mA 1.2 22 1.2 2.2 \%
Output High Level louT = -20mA 13.0 | 135 13.0 | 135 \
louT = -200mA 120 | 13.0 120 | 13.0 \
Coliector Leakage Ve =30V 100 | 500 10 500 pA
Rise/Fall Time* CL =1nF 30 60 30 60 ns
Under-Voltage Lockout Section
Start Threshold 8.8 9.2 9.6 8.8 9.2 9.6 Vv
UVLO Hysteresis 0.4 0.8 1.2 0.4 0.8 1.2 \
Supply Current Section
Start Up Current Vce = 8V 1.1 25 1.1 25 mA
ICC VPIN1, VPIN7, VPING = 0V; VPIN2 =1V 22 33 22 33 mA

* This parameter not 100% tested in production but guaranteed by design.
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Printed Circuit Board Layout Considerations

High speed circuits demand careful attention to layout
and component placement. To assure proper performance
of the UC1825 follow these rules: 1) Use a ground plane.
2) Damp or clamp parasitic inductive kick energy from the
gate of driven MOSFETs. Do not allow the output pins to
ring below ground. A series gate resistor of a shunt 1 Amp
Schottky diode at the output pin will serve this purpose. 3)

Error Amplifier Circuit

ucC1825
uC2825
uUC3825

Bypass Vcc, Ve, and VREF. Use 0.1uF monolithic ceramic
capacitors with low equivalent series inductance. Allow
less than 1 cm of total lead length for each capacitor be-
tween the bypassed pin and the ground plane. 4) Treat
the timing capacitor, Cr, like a bypass capacitor.

Simplified Schematic

| uctszs

Error Amp
Output
INV
NON
INV
Open Loop Frequency Response Unity Gain Slew Rate
100 \ 5
80 g 4 '
60 \\ VIN;
V) 3—+h .
40 \\ AV W ' fvour :
Av (dB)20 \ ol b '
N ¥ LN
0 \\ 0 1
P O 0 02 04 06 08 1.0
-20 -90
. TIME (ps)
-180
100 1K 10K 100K 1M 10M 100M
FREQ (Hz)
PWM Applications
Conventional (Voltage Mode) Current-Mode
/l/ uc182s ISWITCH ucis2s

s
W o

RSENS.E:E

* A small filter may be required to
suppress switch noise.
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uc1825

uCc2825
Oscillator Circuit uUC3825
Deadtime vs CT (3k < RT < 100k)
470
22
g 100
Y/
02
//
0.10 =
0

M7
007 10 22 47 00 2 4 10
Cr1 (nF)

Deadtime vs Frequency

160
100k N
\Qg\'&‘\ﬁ\@‘i&}:@ 140 100 ,/
g 10k %\\\\\\\k\ g 120
> S
& \\\\\ &\\\ 100
470pF
N SONNNNVRNN o
100 1k 10k 100k LY 10k 100k ™M
FREQ (Hz) FREQ (H2)
Synchronized Operation
Two Units in Close Proximity Generalized Synchronization
i uc1s2s I uci182s I
VREF[i§ .
| 2N222 I | |
Clock|[4] 1
43 0.1pF X
I RT[5] r—wv—lr-% A RT |
43 o.1p; . =
l +—wWA—| =43 or |
43 0.1pF, l
crT —-'vw-—l'; To [Elcr
I Master 2 470 s?;"‘,:',l 24 Slave '
Local = = = Local
Ramp Ramp
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Forward Technique for Off-Line Voltage Mode Application

uc1825
uc2825
uC3825

Constant Volt-Second Clamp Circuit

pletely discharged during the minimum deadtime.

The circuit shown here will achieve a constant volt-sec-
ond product clamp over varying input voltages. The
ramp generator components, RT and CR are chosen so
that the ramp at Pin 9 crosses the 1V threshold at the
same time the desired maximum volt-second product
is reached. The delay through the functional nor block
must be such that the ramp capacitor can be com-

Time (ns)

Output Section
Simplified Schematic Rise/Fall Time (CL=1nF)
02
IL (A)
0
15 0.2
e 10 /
g, \
0
0 40 80 120 160 200
Time {ns)
Rise/Fall Time (CL=10nF) Saturation Curves
L |2L(A) .
VA =
15 2 2 e
soyrce
? 10 / \\ 3 = /#
1
> 5 /
0 Sink
%0 100 200 300 40 500 0 05 10 15
lout (A)
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uc1825
uc2825

Open Loop Laboratory Test Fixture uc3s2s

uc1825
15V

Oscilllator

6

n||

50

L
22k $
<

LM

UDG-82032-1
This test fixture is useful for exercising many of the As with any wideband circuit, careful grounding and by-

UC1825's functions and measuring their specifications.  pass procedures should be followed. The use of a
- ground plane is highly recommended.

Design Example: 50W, 48V to 5V DC to DC Converter - 1.5MHz Clock Frequency

+ <
VIN 42-56V

1

> 390Q

>+

Vout 5V
1-10A

0.8uH |

' 6uF ]

15V
|

fis-fig-

Vec Ve

—
|

n||{-—
\l

43k 3

UDG-82033-1

UNITRODE INTEGRATED CIRCUITS
7 CONTINENTAL BLVD. » MERRIMACK, NH 03054
TEL. (603) 424-2410 » FAX (603) 424-3460
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Current Mode PWM Controller IC

FEATURES
°  Wide Operating Range

° Programmable Triangle Wave
Generator

° Low ISENSE Delay

° Low Start-up Current

°  Built-in Programmable Blanking
o Latched Shutdown Pin

* Programmable Start-up
Threshold with Default Setting

»  Fully Synchronizing Oscillator
e Soft-Start-Capability

e Open-collector Totem Pole
Output can Drive High-Side

Switch

BLOCK DIAGRAM

ucC1828
uC2828
uC3828

ADVANCED INFORMATION

DESCRIPTION

The UC1828 family of PWM controller ICs builds on the features offered in the
UC1842 family. This new family has improved speed and accuracy, added
functionality, and lower power requirements.

The oscillator is programmed by the user’s selection of external resistors and a
capacitor. One resistor accurately sets the charge current in the capacitor,
while the other accurately sets the discharge current. This allows highly accu-
rate frequency and duty cycle programming.

The S/D Latch pin, when given a high positive input command, will latch the
output off until reset by the Enable pin. The S/D Latch funciion is designed to
operate with very low delay times.

The Enable pin, when given a high positive input command, will reset the flip-
flop set by the S/D Latch pin. If the Enable pin is connected directly to Vcc, the
device will default to the settings of the internal UVLO circuitry.

The S/S Cap pin is used for programming soft-s