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INTRODUCTION

Unitrode Integrated Circuits Corporation is a recognized leader in the development and
manufacture of high performance circuits for power management. The company
provides significant IC products for switching power supplies, motor drives and special
function circuits, optimized for smart-power applications:

We are committed to the creation of new and innovative circuits to serve unique and
valuable functions. To achieve this goal, we take a totally integrated approach to
definition, development and production. Design and process engineers work together,
often directly with customers, so that users can maximize their impact on product
development.
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Unitrode’s state-of-the art manufacturing facility in Merrimack, New Hampshire, has
been awarded JAN Microcircuit Certification. The facility includes 65,000 square feet
dedicated to engineering, wafer fabrication, assembly and testing. Volume assembly
operations take place at other facilities in the United States and the Far East.

We are also committed to objectives of the Unitrode Corporation described in its Mission
Statement:

“We will continuously improve our techniques for understanding the needs of our
customers and fulfilling their high value-added requirements. We will deliver quality
products of superior performance. They will be supplied on time and at a fair price. By
matching our capabilities and customer needs, we will best achieve our profit-growth
objective.”

It is this approach, carried out by dedicated personnel working in the most modern
facilities, that makes the Unitrode difference — that makes it possible for us to offer the
best in cost-performance integrated circuits.

This databook describes our current IC product lines. We welcome your inquiries about,
these devices, or about the development of new ones to meet your specific needs.
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Unitrode Corporation 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 accordance therewith.

© 1987, by Unitrode 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 section is
believed to be accurate and reliable. However, no
responsibility is assumed by Unitrode Corporation for
its use.

Doorbell,® Sensistor,® and Magnum® are
registered trademarks of Unitrode Corporation

BISYN™ is a trademark of Unitrode Corporation

MULTIWATT® is a registered trademark of SGS Corporation
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4-5 L292V 2A; 35V, H-Bridge; 3-26 UC493AJ 40V; 200mA,; Precision
15 Pin Power Tab PWM; Ceramic Dip
4-12 L293BN 1A; 35V; 4 Channel 3-26 UC493AN 40V; 200mA; Precision
Push-Pull Driver; PWM,; Plastic Dip
“Batwing” Plastic Dip 3-26 UC494AC) 40V; 200mA; Precision
4-12 L293D 1A; 35V; 4 Channel PWM; Ceramic Dip
Driver With Diodes; 3-26 UC494ACN 40V; 200mA; Precision
“Batwing Plastic Package” PWM; Plastic Dip
5-5 L295V 2.5A; 45V; Dual PWM 3-26 UC494A) 40V; 200mA; Precision
Solenoid Driver; PWM; Ceramic Dip
15 Pin Power Tab 3-26 UC494AN 40V; 200mA,; Precision
3-7 L296V 4A; 40V; High Current PWM; Plastic Dip
Switching Regulator; 3-26 UC495AC) 40V; 200mA; Precision
15 Pin Power Tab PWM; Ceramic Dip
4-16 L298V Dual Full Bridge Driver; 3-26 UC495ACN 40V; 200mA,; Precision
15 Pin Power Tab PWM; Plastic Dip
4-20 L298DV Dual Full Bridge 3-26 UC495A) 40V; 200mA; Precision
Driver With Diodes; PWM; Ceramic Dip
15 Pin Power Tab 3-26 UC495AN 40V; 200mA; Precision
3-15 UC117K 1.5A; TO-3; Pos. Adj. Reg. PWM; Plastic Dip
* UC120-05K 1.0A; -5V; TO-3; 3-26 UC495BCJ Precision PWM w/Buffered
Precision Fixed Reg. Output; Ceramic Dip
UC120-12K 1.0A; -12V; TO-3; 3-26 UC495BCN Precision PWM w/ Buffered
Precision Fixed Reg. Output; Plastic Dip
UC120-15K 1.0A; -15V; TO-3; 3-26 uc495BlJ Precision PWM w/Buffered
Precision Fixed Reg. Output; Ceramic Dip
3-19 UC137K 1.5A; TO-3; Neg. Adj. Reg. 3-26 UC495BN Precision PWM w/ Buffered
UC140-05K 1.0A; +5V; TO-3; Output; Plastic Dip
Precision Fixed Reg. 6-15 ucs42) High Slew Rate Op-Amp;
UC140-12K 1.0A; +12V; TO-3; Ceramic Dip
Precision Fixed Reg. 4-24 UC1517J Bilevel Stepper Drive
UC140-15K 1.0A; +15V; TO-3; Circuit; Ceramic Dip
Precision Fixed Reg. 3-30 UC1524A) 60V; 200mA,; Precision
3-22 UC150K 3.0A; TO-3; Pos. Adj. Reg. PWM; Ceramic Dip
6-11 ucCle61lJ Quad Comparator; 3-34 ucCl1524) 40V; 100mA; PWM;
Ceramic Dip Ceramic Dip
6-11 UC161J/883 Quad Comparator; 3-39 UC1525A) 40V; 500mA,; Precision
Ceramic Dip PWM; Ceramic Dip
5-9 UC195H,K Smart Power Transistor; 3-46 UC1526AJ Advanced Ceramic Dip
TO-3; TO-5 High Performance PWM
3-15 UC217K 1.5A; TO-3; Pos. Adj. Reg. 3-46 UC1526AJ)/883B Advanced Ceramic Dip
3-19 UC237K 1.5A; TO-3; Neg. Adj. Reg. High Performance PWM
3-22 UC250K 3.0A; TO-3; Pos. Adj. Reg. 3-52 UC1526J High Performance
5-9 UC295H K Smart Power Transistor; PWM; Ceramic Dip
TO-3; TO-5 3-39 UC1527A) 40V; 500mA; Precision
3-15 UC317K 1.5A; TO-3; Pos. Adj. Reg. PWM; Ceramic Dip
3-15 UC317T 1.5A; TO-220; Pos. Adj. Reg. 3-58 UC1543J Power Supply Supervisory
* UC320-05K 1A; -5V; TO-3; Circuit; Ceramic Dip
Precision Fixed Reg. 3-58 uc1544) Power Supply Supervisory
UC320-12K 1A; -12V; TO-3; Circuit; Ceramic Dip
Precision Fixed Reg. 4-30 UC1610J Dual Schottky Diode
* UC320-15K 1A; -15V; TO-3; Bridge; 8-Pin;
Precision Fixed Reg. Ceramic Dip
3-19 UC337K 1.5A; TO-3; Neg. Adj. Reg. 3-62 uclie1l) Schottky Array;
3-19 UC337T 1.5A; TO-220; Neg. Adj. Reg. Ceramic Dip
* UC340-05K 1A; +5V; TO-3; 4-32 UC1633J Phase Locked Controller;
Precision Fixed Reg. Ceramic Dip
* UC340-12K 1A; +12V; TO-3; 4-39 UC1634J Phase Locked Controller;
Precision Fixed Reg. Ceramic Dip
* UC340-15K 1A; +15V; TO-3; 4.42 UC1637J 500mA; 40V; PWM DC Servo
Precision Fixed Reg. Motor Control Chip;
3-22 UC350K 3A; TO-3; Pos. Adj. Reg. Ceramic D]p
5-9 UC395H K Smart Power Transistor; 5-14 | UC1704J Bridge Transducer Switch;
TO-3; TO-5 o -25°C to +125°C;
3-26 UC493ACJ 40V; 200mA; Precision Ceramic Dip
PWM; Ceramic Dip
3-26 UC493ACN 40V; 200mA; Precision
PWM; Plastic Dip
*Contact Unitrode
UNITRODE INTEGRATED CIRCUITS
7 CONTINENTAL BLVD. * MERRIMACK, NH 03054
TEL. (603) 424-2410 * TELEX 95-3040 1-3 PRINTED IN U.S.A.
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5-18 UC1705J Low Cost High Speed 3-39 UC2525AN 40V; 500mA; Precision
Driver; Ceramic Dip . PWM; Plastic Dip
5-21 UC1706J Dual Output Driver; 3-46 UC2526AJ Advanced High
Ceramic Dip Performance PWM;
5-25 uC1707J Dual Uncommitted Power Ceramic Dip
Drivers; Ceramic Dip 3-46 UC2526AN Advanced High
5-25 UC1707J)/883 Dual Uncommitted Power Performance PWM;
Drivers; Ceramic Dip Plastic Dip
4-50 uC1717J 1A; 40V; Stepper Motor 3-52 uc2526J High Performance PWM;
Drive Circuit; . Ceramic Dip
Ceramic Dip 3-52 UC2526N High Performance
5-31 UC1728P Dual Smart Switch; PWM; Plastic Dip
Power Ceramic Dip 3-39 UC2527A) 40V; 500mA; Precision
3-64 UC1730J Temperature & Airflow PWM; Ceramic Dip
Sensor; Ceramic Dip 3-39 UC2527AN 40V; 500mA; Precision
3-68 UC1823J/883B Single Output 1MHz PWM; Plastic Dip
PWM; Ceramic Dip 3-58 UC2543J Power Supply Supervisory
3-74 UC1825J Dual Output 1MHz Circuit; Ceramic Dip
PWM; Ceramic Dip 3-58 UC2543N Power Supply Supervisory
3-74 UC1825J)/883B Ultra High Frequency Circuit; Plastic Dip
PWM,; Ceramic Dip 3-58 UC2544) Power Supply Supervisory
3-81 uC1834J High Efficiency Circuit; Ceramic Dip
Linear Regulator; 3-58 UC2544N Power Supply Supervisory
Ceramic Dip Circuit; Plastic Dip
3-85 UC1835J Low Cost, High 4-32 uC2633J Phase Locked Controller;
Efficiency Regulator; Ceramic Dip
Ceramic Dip 4-32 UC2633N Phase Locked Controller;
3-85 UC1836J Adjustable High Plastic Dip
Efficiency Regulator; 4-39 UC2634J Phase Locked Controller;
Ceramic Dip Ceramic Dip
3-88 ucC1838J) Magnetic Amplifier 4-39 UC2634N Phase Locked Controller;
Control Circuit; Plastic Dip
Ceramic Dip 4-42 UC2637J 500mA; 40V; PWM DC Servo
391 uC1840J 40V; 200mA; PWM Motor Control Chip;
Controller; Ceramic Dip Ceramic Dip
3-99 uc1841J) Programmable, Off-line 4-42 UC2637N 500maA; 40V; PWM DC Servo
PWM; Ceramic Dip Motor Control Chip;
3-107 | UC1842J Low Cost Current Mode Plastic Dip
PWM; Ceramic Dip 3-64 uc2730J Temperature and
3-107 | UC1843J Low Cost Current Mode Airflow Sensor;
PWM, Ceramic Dip Ceramic Dip
3-107 | UC1843)/883B Low Cost Current Mode 3-64 UC2730N Temperature and
PWM; Ceramic Dip Alrﬂqw Sgnsor;
3-107 | UC1844) Low Cost Current Mode Plastic Dip
PWM; Ceramic Dip 3-64 UC2730T Temperature and
3-107 | UC1845) Low Cost Current Mode Airflow Sensor;
PWM; Ceramic Dip : T0-220
3-113 | UC1846J Current Mode PWM; 3-68 uCc2823J Single Output 1MHz
Ceramic Dip PWM; Ceramic Dip
3-113 | UC1847J Current Mode PWM; 3-68 UC2823N Single Output 1MHz
Ceramic Dip PWM; Plastic Dip
3-121 | UC1860J Resonant Mode Controller; 3-74 uC2825J Dual Output 1MHz
Ceramic Dip PWM; Ceramic Dip
3-122 | UC1901J Isolated Feedback 3-74 UC2825N Dual Output 1MHz
Generator; Ceramic Dip PWM; Plastic Dip
3-126 | UC1903J Triple Voltage and Line 3-81 uC2834J High Efficiency Linear
Monitor; Ceramic Dip Regulator; Ceramic Dip
3-30 UC2524A) 60V; 200mA; Precision 3-81 UC2834N High Efficiency Linear
PWM; Ceramic Dip Regulator; Plastic Dip
3-30 UC2524AN 60V; 200mA; Precision 3-85 uc2835J Low Cost, High
PWM,; Plastic Dip Efficiency Regulator;
3-34 uc2524) 40V; 100mA; PWM; Ceramic Dip
Ceramic Dip 3-85 UC2835N Low Cost, High
3-34 UC2524N 40V; 100mA; PWM; Efficiency Regulator;
Plastic Dip Elastlc Dip
3-39 UC2525A) 40V; 500mA; Precision 3-85 uC2836J Adjustable High
PWM; Ceramic Dip Efficiency Regulator;
Ceramic Dip
* Contact Unitrode
UNITRODE INTEGRATED CIRCUITS
7 CONTINENTAL BLVD. * MERRIMACK, NH 03054
TEL. (603) 424-2410 * TELEX 95-3040 1-4 PRINTED IN U.S.A.
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3-85 UC2836N Adjustable High 3-30 UC3524AN 50V; 200mA,; Precision
Efficiency Regulator; PWM; Plastic Dip
Plastic Dip 3-34 UC3524J 40V; 100mA; PWM;
3-88 uc2838J Magnetic Amplifier Ceramic Dip
Control Circuit; 3-34 UC3524N 40V; 100mA; PWM;
Ceramic Dip Plastic Dip
3-88 UC2838N Magnetic Amplifier 3-39 UC3525AJ 40V, 500mA,; Precision
Control Circuit; PWM; Ceramic Dip
Plastic Dip 3-39 UC3525AN 40V; 500mA; Precision
391 uC2840J 40V; 200mA; PWM PWM; Plastic Dip
Controller; Ceramic Dip 3-46 UC3526AJ Advanced High
391 UC2840N 40V; 200mA; PWM Performance PWM;
Controller; Plastic Dip Ceramic Dip
3-99 uc2841J Programmable, Off-line 3-46 UC3526AN Advanced High
PWM; Ceramic Dip Performance PWM;
3-99 UC2841N Programmable, Off-line Plastic Dip
PWM; Plastic Dip 3-52 UC3526J High Performance
3-107 | uc2s42) Low Cost Current Mode PWM; Ceramic Dip
PWM; Ceramic Dip 3-52 UC3526N High Performance
3-107 | UC2842N Low Cost Current Mode PWM; Plastic Dip
PWM; Plastic Dip 3-39 UC3527AJ 40V; 500mA,; Precision
3-107 | uC2843J Low Cost Current Mode PWM; Ceramic Dip
PWM; Ceramic Dip 3-39 UC3527AN 40V; 500mA; Precision
3-107 | UC2843N Economy PWM; PWM; Plastic Dip
Plastic Dip 3-58 UC3543J Power Supply Supervisory
3-107 | ucC2844) Low Cost Current Mode Circuit; Ceramic Dip
PWM; Ceramic Dip 3-58 UC3543N Power Supply Supervisory
3-107 | UC2844N Low Cost Current Mode Circuit; Plastic Dip
PWM; Plastic Dip 3-58 uC3544) Power Supply Supervisory
3-107 | UC2845J Low Cost Current Mode Circuit; Ceramic Dip
PWM; Ceramic Dip 3-58 UC3544N Power Supply Supervisory
3-107 | UC2845N Low Cost Current Mode Circuit; Plastic Dip
PWM; Plastic Dip 4-30 UC3610J Dual Schottky Diode
3-113 uC2846J Current Mode PWM; Bridge; Ceramic Dip
Ceramic Dip 4-30 UC3610N Dual Schottky Diode
3-113 | UC2846N Current Mode PWM; Bridge; Plastic Dip
Plastic Dip 3-62 Uc3611y Schottky Array;
3-113 uc28474 Current Mode PWM; Ceramic Dip
Ceramic Dip 3-62 UC3611N Schottky Array;
3-113 | UC2847N Current Mode PWM; Plastic Dip
Plastic Dip 4-61 UC3620V 3-Phase DC Motor
3-121 | UC2860J Resonant Mode Controller; Controller; Power SIP
Ceramic Dip 4-66 ucC3622v Switchmode Brushless
3-121 UC2860N Resonant Mode Controller; DC Motor Driver;
Plastic Dip 15-Pin Power Tab
3-122 | UC2901J Isolated Feedback * ucC3623v Low Noise Brushless
Generator; Ceramic Dip DC Motor Driver;
3-122 | UC2901N Isolated Feedback 15 Pin Power Tab
Generator; Plastic Dip 4.32 uC3633J Phase Locked Controller;
3-126 | UC2903J Triple Voltage and Line Ceramic Dip
Monitor; Ceramic Dip 4-32 UC3633N Phase Locked Controller;
3-126 | UC2903N Triple Voltage and Line Plastic Dip
Monitor; Plastic Dip 4-39 UC3634J Phase Locked Controller;
3-133 UC2906J . Lead Acid Battery Ceramic Dip
Charger; Ceramic 4-39 UC3634N Phase Locked Controller;
3-133 | UC2906N Lead Acid Battery Plastic Dip
Charger; Plastic 4-42 UC3637J 500mA; 40V PWM DC Servo
5-33 UC2950T Half Bridge, Bipolar Motor Control Chip;
' Switch; 5-Pin T0-220 . Ceramic Dip
458 UC3176Vv Monolithic Power 4-42 UC3637N 500mA; 40V; PWM DC Servo
Amplifier Motor Control Chip;
15-Pin Power Tab Plastic Dip
4-24 UC3517J Bilevel Stepper Drive 4-70 UC3657V Triple Half Bridge
Circuit; Ceramic Dip Power Driver;
4-24 UC3517N Bilevel Stepper Drive 15-Pin Power Tab
Circuit; Plastic Dip 5-14 UC3704J Bridge Transducer Switch;
3-30 UC3524A) 50V; 200maA; Precision 0°C to +70°C; Ceramic Dip
PWM; Ceramic Dip 5-14 UC3704N Bridge Transducer Switch;
0°C to +70°C; Plastic Dip
*Contact Unitrode
UNITRODE INTEGRATED CIRCUITS
7 CONTINENTAL BLVD. « MERRIMACK, NH 03054
TEL. (603) 424-2410 * TELEX 95-3040 1.5 PRINTED IN U.S.A.
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5-18 UC3705J High Speed Power 3-99 uc3841J Programmable, Off-line
Driver; Ceramic Dip PWM; Ceramic Dip

5-18 UC3705N High Speed Power 3-99 UC3841N Programmable, Off-line
Driver; Plastic Dip PWM; Plastic Dip

5-18 UC3705T Low Cost High Speed 3-107 uc3842) Low Cost Current Mode
Driver; 5-Pin TO-220 PWM; Ceramic Dip

5-21 UC3706J Dual Output Driver; 3-107 UC3842N Low Cost Current Mode
Ceramic Dip PWM; Plastic Dip

5-21 UC3706N Dual Output Driver; 3-107 UC3843) Low Cost Current Mode
Plastic Dip PWM; Ceramic Dip

5-25 uc3707J Dual Uncommitted Power 3-107 | UC3843N Low Cost Current Mode
Drivers; Ceramic Dip PWM; Plastic Dip

5-25 UC3707N Dual Uncommitted Power 3-107 uC3844J Low Cost Current Mode
Drivers; Plastic Dip PWM; Ceramic Dip

4-74 UC3717AN Stepper Motor Drive 3-107 UC3844N Low Cost Current Mode
Circuit; Plastic Dip PWM; Plastic Dip

4.50 uc3717J 1A; 40V; Stepper Motor 3-107 uC3845) Low Cost Current Mode
Drive Circuit; PWM; Ceramic Dip
Ceramic Dip 3-107 UC3845N Low Cost Current Mode

4-50 UC3717N 1A;40V; Stepper Motor PWM; Plastic Dip
Drive Circuit; 3-113 | ucC3s46J Current Mode PWM;
Plastic Dip Ceramic Dip

5-36 uc3720v Smart Power Switch; 3-113 | UC3846N Current Mode PWM;
15 Pin Power Tab Plastic Dip

5-40 uc3722v Five Channel Power Driver; 3-113 | UC3847J Current Mode PWM;
15 Pin Power Tab Ceramic Dip

5-31 uC3728N Dual Smart Switch; 3-113 | UC3847N Current Mode PWM;
Plastic Dip Plastic Dip

5-31 uc3728L Dual Smart Switch 3-140 | UC3850J Switching Power Supply
Ceramic Surface Mount Control Sys.;

3-64 UC3730J Temperature & Airflow Ceramic Pkg.
Sensor; Ceramic Dip 3-140 UC3850N Switching Power Supply

3-64 UC3730N Temperature & Airflow Control Sys.;
Sensor; Plastic Dip Plastic Pkg.

3-64 UC3730T Temperature & Airflow 3-121 UC3860J Resonant Mode Controller;
Sensor; T0-220 Ceramic Dip

3-68 UC3823J Single Output 1IMHz 3-121 UC3860N Resonant Mode Controller;
PWM; Ceramic Dip Plastic Dip

3-68 UC3823N Single Output 1MHz 3-122 UC3901J Isolated Feedback
PWM; Plastic Dip Generator; Ceramic Dip

3-74 uc3825) Dual Output 1MHz 3-122 UC3901N Isolated Feedback
PWM; Ceramic Dip Generator; Plastic Dip

3-74 UC3825N Dual Output 1MHz 3-126 UC3903J Triple Voltage and Line
PWM; Plastic Dip Monitor; Ceramic Dip

3-81 uc3834J High Efficiency Linear 3-126 | UC3903N Triple Voltage and Line
Regulator; Ceramic Dip Monitor; Plastic Dip

3-81 UC3834N High Efficiency Linear 3-133 | UC3906J Lead Acid Battery
Regulator; Plastic Dip Charger; Ceramic

3-85 UC3835J Low Cost, High 3-133 UC3906N Lead Acid Battery
Efficiency Regulator; Charger; Plastic
Ceramic Dip 5-44 UC5170N Octal Single Ended

3-85 UC3835N Low Cost, High Driver; Plastic Dip
Efficiency Regulator; 5-44 UC5170Q Octal Single Ended
Plastic Dip Driver; PLCC

3-85 uC3836J Adjustable High Efficiency 5-48 UC5180N Octal Line Receiver,
Regulator; Ceramic Dip Plastic Dip

3-85 UC3836N Adjustable High Efficiency 5-48 UC5180Q Octal Line Receiver,
Regulator; Plastic Dip PLCC

3-88 UC3838J Magnetic Amplifier 5-48 UC5181N Octal Line Receiver;
Control Circuit; Plastic Dip
Ceramic Dip 5-48 ucCs5181Q Octal Line Receiver;

3-88 UC3838N Magnetic Amplifier ) PLCC
Control Circuit; 3-144 UC7805ACK 1A; +5V; TO-3;
Plastic Dip Precision Fixed Reg.

3-91 | uc3s40J 40V; 200mA; PWM 3-144 | UC7805ACT 1A; +5V; T0-220;
Controller; Ceramic Dip Precision Fixed Reg.

391 UC3840N 40V; 200mA; PWM 3-144 UC7805AK 1A; +5V; TO-3;
Controller; Plastic Dip Precision Fixed Reg.

*Contact Unitrode

UNITRODE INTEGRATED CIRCUITS

7 CONTINENTAL BLVD. * MERRIMACK, NH 03054

TEL. (603) 424-2410 * TELEX 95-3040
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3-144 | UC7805CK 1A; +5V; TO-3; Fixed Reg.
3-144 | UC7805CT 1A; +5V; TO-220; Fixed Reg.
3-144 | UC7805K 1A; +5V; TO-3; Fixed Reg.
3-144 | UC7812ACK 1A; +12V; TO-3;
Precision Fixed Reg.
3-144 | UC7812ACT 1A; +12V; T0-220;
Precision Fixed Reg.
3-144 | UC7812AK 1A; +12V; TO-3;
Precision Fixed Reg.
3-144 | UC7812CK 1A; +12V; TO-3; Fixed Reg.
3-144 | UC7812CT 1A; +12V; TO-220 Fixed Reg.
3-144 | UC7812K 1A; +12V; TO-3; Fixed Reg.
3-144 | UC7815ACK 1A; +15V; TO-3;
Precision Fixed Reg.
3-144 | UC7815ACT 1A; +15V; TO-220;
Precision Fixed Reg.
3-144 | UC7815AK 1A; +15V; TO-3;
Precision Fixed Reg.
3-144 | UC7815CK 1A; +15V; TO-3; Fixed Reg.
3-144 | UC7815CT 1A; +15V; TO-220; Fixed Reg.
3-144 | UC7815K 1A; +15V; TO-3; Fixed Reg.
3-149 | UC7905ACK 1A; -5V; TO-3;
Precision Fixed Reg.
3-149 | UC7905ACT 1A; -5V; T0-220;
Precision Fixed Reg.
3-149 [ UC7905AK 1A; -5V; T0-3;
Precision Fixed Reg.
3-149 | UC7905CK 1A; -5V; TO-3; Fixed Reg.
3-149 | UC7905CT 1A; -5V; TO-220; Fixed Reg.
3-149 [ UC7905K 1A; -5V, TO-3; Fixed Reg.
3-149 | UC7912ACK 1A; -12V; TO-3;
Precision Fixed Reg.
3-149 [ UC7912ACT 1A; -12V; T0-220;
Precision Fixed Reg.
3-149 | UC7912AK 1A; -12V; TO-3;
Precision Fixed Reg.
3-149 | UC7912CK 1A; -12V; TO-3; Fixed Reg.
3-149 | uc7912CT 1A; -12V; T0O-220 Fixed Reg.
3-149 | UC7912K 1A; -12V; TO-3; Fixed Reg.
UC7915ACK 1A; -15V; TO-3;
Precision Fixed Reg.
3-149 | UC7915ACT 1A; -15V; T0O-220;
Precision Fixed Reg.
3-149 | UC7915AK 1A; -15V; TO-3;
Precision Fixed Reg.
3-149 | UC7915CK 1A; -15V; TO-3; Fixed Reg.
3-149 | UC7915CT 1A; -15V; T0O-220; Fixed Reg.
3-149 | UC7915K 1A; -15V; TO-3; Fixed Reg.
OP AMPS
6-4 UCOPO1J High Speed Op-Amp;
Ceramic Dip
6-4 UCOPO1GJ High Speed Op-Amp;
Ceramic Dip
6-4 UCOPOICN High Speed Op-Amp;
Plastic Dip
6-4 UCOPO1HN High Speed Op-Amp;
Plastic Dip
6-8 UCoP02J High Speed Op-Amp;
Ceramic Dip
6-8 UCOP02AJ High Speed Op-Amp;
Ceramic Dip
6-8 UCOP0O2BJ High Speed Op-Amp;
Ceramic Dip
6-8 UCOP02CN High Speed Op-Amp;
Plastic Dip
6-8 UCOPO2DN High Speed Op-Amp;
Plastic Dip
6-8 UCOPO2EN High Speed Op-Amp;
Plastic Dip

* Contact Unitrode

UNITRODE INTEGRATED CIRCUITS
7 CONTINENTAL BLVD. * MERRIMACK, NH 03054
TEL. (603) 424-2410 » TELEX 95-3040 1.7 PRINTED IN U.S.A.
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GENERAL INFORMATION

" QUALITY STATEMENT

To become the recognized leader in the areas of quality and reliability, Unitrode Integrated
Circuits Corporation has established and will continue to maintain high standards of design and
workmanship that equal or surpass those sustained within our industry.

Further, it is our intent to consistently demonstrate quality conformance through professional
leadership, technological commitment, and dedicated human resource.

To this end, Unitrode Integrated Circuits will continue to assure ongoing customer satisfaction.

L
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GENERAL INFORMATION

UNITRODE INTEGRATED CIRCUITS PROCESS FLOW

QA.

CHEMICALS, GASES QUALITY AT VISUAL

WAFERS, MASKS ASSURANCE IN-PROCESS INSPECTION

RAW MATERIALS REVIEW

HARDWARE VENDOR CONTROL
waema, L warer | | memauzarion || warer SCRIBE i
i FABRICATION & PASSIVATION PROBE SORT SATE
DOCUMENTATION OF
WAFER FABRICATION ||  ,FRODUCT _T
PROCESS
AND CoNTROL DOCUMENTATION
QA. DIE ATTACH QA. AUDIT
AUDIT ng'lRDE IN-PROCESS
MARKING QA. AQ.L. 100% QA. PRE-CAP
INSPERTION & 100% ELECTRICAL ELECTRICAL [ SEAAA-LgR PRE-CAP 100% VISUAL
VISUAL INSPECTION SCREENING GATE INSPECTION
CERAMIC MIL-STD-883
HERMETICALLY Lot METHOD 5004
STOCK SEALED ™ ASSIGNMENT PROCESS SCREENING
ROOM
AcC.
QA.
AQL.
DOCUMENT Lot ELECTRICAL ELECTRICAL
CONTROL HOLD INSPECTION RESCREEN
ST EES MARKING UNITRODE INTEGRATED CIRCUITS
QUALITY CONFORMANGE & 100% WILL REVIEW AND PROCESS TO
INSPECTION VISUAL CUSTOMER SOURCE CONTROL DRAWINGS.

RESUBMITTAL
PER/5005

UNITRODE ASSEMBLY ASSEMBLY LOCATION
PACKAGE CODE CLASS B PRODUCT
K Korea
B Thailand
P Philippines — S.D.P.1.
T Philippines — Telefunken
| U.S.A. — Indy
P Singapore
UNITRODE INTEGRATED CIRCUITS
7 CONTINENTAL BLVD. * MERRIMACK, NH 03054
TEL. (603) 424-2410 » TELEX 95-3040 2-4
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GENERAL INFORMATION

PACKAGE CROSS REFERENCE

W
CERNC | muLTiWATT®

UNITRODE N J \ Q L D K T
Linear N, N8 J,J8 - - L 5,58 K T
tegrated N gL - - L D K T
SGS B,N,P — \' — — —_ K —
ey | ww [y - - c | - K
Texas

Instru- P,N J,JG — FN FC D, DW K KC
ments

Signetics N F — — — D — U
National N J — — — — K, KC T
Motorola P’ V] — FN — D K, KC T
Fairchild TP D,R — — L — K U
Sprague AMB R — E — L v T

L)
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GENERAL INFORMATION

ORDERING INFORMATION
A. PART NUMBER DESIGNATORS B. PACKAGE SUFFIXES
LETTER
UC XXXX A C K/ 88& DESIGNATOR PACKAGE TYPE

SCREENING TO MIL-STD-833 N _Plastic Molded DIP
PACKAGE STYLE (SEE B) J —Glass-Sealed Ceramic DIP
LETTER "'C" 1S USED FOR S —Side-Braized Ceramic DIP
COMMERCIAL TEMPERATURE RANGE. D —SO0 Surface Mount
NOTE: NO LETTER IS REQUIRED FOR L —Ceramic Leadless

MILITARY TEMPERATURE RANGE. Chip Carrier

LETTER "A" DESIGNATES IMPROVED VERSION Q —Plastic Mglded Quad PLCC
GENERIC OR PRODUCT PART NUMBER v mgma“ Vertical
UNITRODE CORPORATION/INTEGRATED CIRCUITS . VH —Multiwatt® Horizontal
0022-1 Mount
H —TO-5 Metal Can
K —TO-3 Steel-Base Power
T —T0O-220 Plastic Power
P —Ceramic Power
JAN Part Numbering System
J M38510/ 117 04 B Y (o]
JAN Designator General Refers to Detail Spec Defines | Processing | Package Type Lead Finish
Cannot be marked Procurement | 101 Op Amps Device | Level A 14-lead Y4 X V, Flatpak | A Hot Solder Dip
with “J” unless Spec 102 Voltage Regulators | Type S B 14-lead Y, X Vg Flatpak | B Tin Plate
qualified on Part | or 103 Comparators B C 14-lead Y4 X 3, Dip C Gold Plate
Part Il of the QPL 104 Interface (¢} D 14-lead ¥, X 3 Flatpak { X Any Finish
105 733 E 16-lead /4 X 74 Dip
106 Voltage Followers F 16-lead /4 X3, Flatpak
107 Positive Fixed G 8-lead Can
Voltage Regulators H 10-lead ¥, X Y, Flatpak
108 Transistor Arrays | 10-lead Can’
109 Timers J 24-lead ¥» X 1Y, Dip
110 Quad Op Amps K 24-lead 3, X % Flatpak
112 Voltage Comparator P 8-lead V4 X %3 Dip
113 Dto A Converter X 3-lead Can
114 Bi-Fet Op Amps Y 2-lead TO-3 Can
115 Negative Fixed Z 24-lead Y, X 33 Flatpak
Voltage Regulators
117 Positive Adjustable
Voltage Regulators
118 Negative Adjustable
Voltage Regulators
119 Bi-Fet Op Amps

L)
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POWER SUPPLY CIRCUITS
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POWER SUPPLY CIRCUITS PRODUCT SELECTION GUIDE

Switching Regulator Control ICs Note: Most series available screened to /883B Rev. C.
TYPE
Regulating :
PWMs X X | 100mA 300kHz | X 16 Pin DIP
UC1524]2524/3524
- Advanced S
‘Regulating PWMs X X[ X[X|X| 200mA 500kHz | X | X 16 Pin DIP
UC1524A/2524A13524A
- Advanced
Regulating PWMs 100mA
UCIB25A12825A/3525A | [X|X|X|X X! 04A 500kHz X | X |X 16 Pin DIP
UC1527A12527A13527A Pulse
Regulating :
PWM o : XX [X[X[X]|X| 100mA 400kHz XX [X X 18 Pin DIP
UC15261252613526
_Advanced :
Regulating PWMs . XXX [x[x]|x| 100mA 550kHz X | X|X X 18 Pin DIP
UCT526A12526A13526A
Regulating
: : X 200mA 300kHz | X X X 16 Pin DIP
bedes 18 Pin DIP
Advanced
_Requlating PWMs
UcagaaiUcaessc.
UCagaalUcageAc X X 200mA 300kHz | X X X 16 Pin DIP
UCA95AIUCH95AC |
UC49sB/UCA95BC 18 Pin DIP
XX [X|X|X|X|200mA | X | 500kHz XX |X]|X X 16 Pin DIP
rogrammable
imary Side PWMs -
1840/2840/3840 XXX [X|X|X | 200mA | X | 500kHz X X|X{ NA [X 18 Pin DIP
XX [ XX [x|x| 200mA | X | 500kHz X X|X| NA |X 18 Pin DIP
100mA
X XXX 1A | X | 500kHz X X NA | X 8PinDIP
Pulse
500mA
XX [x[x]|x 15A | X | 2MHz X|X|X|X X X 16 Pin DIP
x| xx]x|x Pulse x| [x]x]x X |X
| x XXX |[x[x]| 50mA 200kHz | X X | X X 24 Pin DIP
XXX X{X| 4A 200kHz X X 15 Pin Multiwatt®
X | X X X| 15A 3MHz | X XXX |X X 24 Pin DIP

UNITRODE INTEGRATED CIRCUITS
7 CONTINENTAL BLVD. * MERRIMACK, NH 03054
TEL. (603) 424-2410 * TELEX 95-3040 3-3 PRINTED IN U.S.A.



POWER SUPPLY CIRCUITS

Power Supply Support Functions

1903/2903/3903

Power Supply Supervisory
Circuit, Monitors and
Controls Power Supply
Output

Over/Under-Voltage, and Current Sensing Circuits
Programmable Time Delays

SCR ““Crowbar’’ Drive of 300mA

Optional Over-Voltage Latch-

Internal 1% Accurate Reference

Remote Activation Capability

Uncommitted Comparator

Inputs for Low Voltage Sensing (UC1544 Series only)

PRODUCT SELECTION GUIDE

16 Pin
DIL
(1543 Series)

18 Pin
DIL
(1544 Series)

See Power Driver & Interface Circuit Section

High Efficency Linear ® Minimum V,—Vour less than 05V at 5A Load with 16 Pin
Regulator, Low Input- External Pass Device DIL
Output Differential e Equally Usable for either Positive or Negative Regulator
Design
e Adjustable Low Threshold Current Sense Amplifier
e Under- and Over-Voltage Fault Alert with Programmable
Delay
e Over-Voltage Fault Latch with 100mA Crowbar Drive
Output
High Efficiency Regulator e Complete Control for High Current Low Dropout Linear 8 Pin
Controllers Regulator DIL
5V Fixed (1835 Series) e Accurate 2.5A Current Limiting with Foldback
Adjustable (1836 Series) ¢ Internal Current Sense
e External Shutdown
Magnetic Amplifier ¢ Independent 1% Reference 16 Pin
Controller e Two Uncommitted, Identical Op Amps DIL
* 100mA Reset Current Source Power Pkg.
Isolated Feedback * An Amplitude-Modulation System for Transformer 14 Pin
Generator Coupling an Isolated Feedback Error Signal DIL
Stable and Reliable ¢ Internal 1% Reference and Error Amplifier
Alternative to an Optical ¢ Loop Status Monitor
Coupler e Low-Cost Alternative to Optical Couplers
¢ Internal Carrier Oscillator Usable to 5SMHz
* Modulator Synchronizable to an External Clock
Quad Supply and Line Monitor Four Power Supply Output Voltage Levels 18 Pin
Monitor Both Over- and Under-Voltage Indicators DIL

Precision System

Internal Inverter for Negative Level Sense
Adjustable Fault Window

Additional Input for Early Line Fault Sense

On Chip, High-Current General Purpose OP-AMP

UNITRODE INTEGRATED CIRCUITS
7 CONTINENTAL BLVD. * MERRIMACK, NH 03054
TEL. (603) 424-2410 * TELEX 95-3040
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POWER SUPPLY CIRCUITS . PRODUCT SELECTION GUIDE

Product Applications Circuits

PRODUCT SERIES. . G R D TYPICAL APPLICATIONS
UC1611/2611/3611 : " * Matched, Four Diode Monalithic Array
Quad Schottky Array e High Peak Current
il : e Low Cost MINIDIP Package
* |ow Forward Voltage
e Parallelable for Lower V. or Higher V.
e Fast Recovery Time
¢ Military Temperature Range
UC1704/3704 - S Any Analog to Digital monitoring system; coupled with any of a wide range
- Bridge Transducer Switch - : ; of sensors almost any type of physical phenomena may be monitored.
: : (R L Samples:
* Air-Flow Sensor Circuits
e Liquid or Gas Flow Circuits
3 ¢ Passing Object Circuits
+{JC1906/2906 S aay : “IC Circuitry that results in optimized charge cycles for specific battery
- Lead-Acid Battery Charger. = applications.”
i S : . ¢ Uninterruptable Power Supplies
* Portable Electrical Equipment
* Emergency Power and Light Systems
* Volatile Data Handling Computers—Power Back-Up
UC1730/2730/3730. S By combining a temperature monitor and heater, this IC permits airflow
Temperature and. Air Flow Sensor: 0 velocity past the IC package to be monitored.
e S G b » On-Chip Temperature Transducer
¢ Temperature Comparator Gives Thresold Temp-Airflow Alarm
e Low 25mA Quiescent Current

UNITRODE INTEGRATED CIRCUITS
7 CONTINENTAL BLVD. * MERRIMACK, NH 03054
TEL. (603) 424-2410 * TELEX 95-3040 3-5 PRINTED IN U.S.A.



POWER SUPPLY CIRCUITS

3 Terminal Fixed and Adjustable Regulators

Three Terminal Voltage Regulators, Adjustable

Neg.

PRODUCT SELECTION GUIDE

Adijustable from 1.2V to 37V

TO-3

Neg.

Adjustable from -1.2V to -37V

TO-3
TO-3
TO-3

Pos.

Adjustable from 1.2V to 33V

T70-3
TO0-3
TO-3

5V + 1%

12V + 1%

15V + 1%

5V + 4%

12V + 4%

15V + 4%

1.5A Neg. | -6V1% |12V 1% | -15vx1% | 199
1.5A Neg. 5V £ 4% | 12V + 4% | —15V & 4% 18:3

*All TO-3 Fixed and Adjustable Regulators available in /883B screened versions.

PACKAGE NOTE: Both Plastic or Ceramic Surface Mount Packaging are available. Contact factory for details.

T Available in /38510 version. Contact factory for details.

UNITRODE INTEGRATED CIRCUITS
7 CONTINENTAL BLVD. * MERRIMACK, NH 03054
TEL. (603) 424-2410 * TELEX 95-3040.
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LINEAR INTEGRATED CIRCUITS L296
High Current Switching Regulator

FEATURES DESCRIPTION

e 4A Output Current . The L296 is a stepdown power switching regulator delivering 4A at voltages from 5.1V to
e 5.1V to 40V Output Voltage Range 40V. The device features programmable current limiting, remote inhibit, soft start,

e 0 to 100% Duty Cycle Range thermal protection, reset output for microprocessors, and a PWM comparator input for
® Precise (£2%) On-Chip Reference synchronization in multichip configurations. The L296 is offered in a 15-lead Multiwatt®
 Switching Frequency up to 200KHz plastic power package and requires very few external components. Efficient operation at
e Very High Efficiency (Up to 90%) switching frequencies up to 200KHz allows reduction, in size and cost, of external filter
o Very Few External Components components. A voltage sense input and SCR drive output are provided for optical

e Soft Start crowbar over-voltage protection with an external SCR.

® Reset Output

e Control Circuit for Crowbar SCR

® Input for Remote Inhibit and
Synchronous PWM

e Thermal Shutdown

ABSOLUTE MAXIMUM RATINGS THERMAL DATA

Supply Voltage, Va ..ovveenininii i 50V Thermal Resistance Junction-Case, 8yc........... 3°C/W max.
Input to Output Voltage Difference, Va — Va2 .............. 50V Thermal Resistance Junction-Ambient, 6ya ...... 35°C/W max.
Output DC Voltage, Va..covniniiiiiiiiii i -1V Note: Currents into the device (sink) are positive value. Currents out of
Output Peak Voltage at t = 0.1usec, f = 200KHz........... =7V the device (source) are negative value.

Voltage at Pins 1 and 12, V4, V12, coovivniiinnnnnn, 10V

Voltage at Pins 6 and 15, Ve, V15. ..o voeveiivninninnnnn, 15V

Voltage at Pins 4,5, 7and 9,V4, Vs, V7, Vg, .cocevveint 5.5V

Voltage at Pins 10 and 6, V1o, Ve .o ovvvevnevniniinninnnn, 7V

Voltage at Pin 14 (114 < 1mMA), Vid..oevineiiiien e, Va

Pin 9 Sink Current, lg .............

Pin 11 Source Current, l41.........
Pin 14 Sink Current (V14 < 5V), l14
Power Dissipation at Tcase < 90°C, Ptot«e.vvvevvenrennnn. 20w
Junction and Storage Temperature, Tj, Tstg .. ~40°C to +150°C

BLOCK DIAGRAM

SUPPLY  CURRENT CROWBAR CROWBAR
VOLTAGE LIMIT INPUT  OUTPUT
7} 7} Iyl o]
3 4 1 15

CROWBAR

SAWTOOTH

OSCILLATOR |11 OSCILLATOR

L296

SYNC INPUT
STAGE 2] ouTeuT
4 5.1V
: REFERENCE
FREQUENCY o1 ERROR
COMPENSATION L AMPL
S 3 {10] FEEDBACK INPUT
| inHisIT S 7
04V
FLIP A 4
FLOP
R Q
GROUND [Bj_‘L u % 12] RESET INPUT
THERMAL
— | SHUTDOWN RESET RESET DELAY

(14] RESET OUTPUT

Jd )
16J 18]
INHIBIT INPUT SOFT START

L)
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LEAD FORM OPTIONS

CONNECTION DIAGRAM (TOP VIEW)

L296

V Package

VH Package

)

‘Tab connected to Pin 8

CROWBAR DRIVE
RESET OUTPUT
RESET DELAY
RESET INPUT

OSCILLATOR

FEEDBACK INPUT
FREQUENCY COMPENSATION

GROUND,
SYNC. INPUT

INHIBIT INPUT

SOFT-START

CURRENT LIMIT
SUPPLY VOLTAGE

OUTPUT

CROWBAR INPUT

ELECTRICAL CHARACTERISTICS (Refer to the test circuit, Tj = 25°C, V3 = 35V, unless otherwise specified)

PARAMETER | symeoL | TEST CONDITIONS [ min. | tve. | max. [units

Dynamic Characteristics (Pin 6 to GND unless otherwise specified)
Output Voltage Range Vo Vs =46V, lp = -1A VRer 40 Vv
Supply Voltage Range Va Vo = VRer to 36V, lo = -4A 9 46 \
Line Regulation AVq Va = 10V to 40V, Vo = VReF, lo = —2A 15 50 mV
Load Regulati AV Vo=V lo=-2Ato -4A 10 30 v

oad Hegdlation o | Vo= VRer lo = ~0.5A to —4A 15 45 m
Internal Reference V3 =9V to 46V,
Voltage (Pin 10) VREF | 0= o 5 51 52 v
Average Temperature Coefficient AVRer o o _ R
of Reference Voltage* AT Tj=0°Cto 125°C, Io = -2A 0.4 mv/°C
Dropout Voltage (Between v lo =-4A 2 3.2 v
Pin 2 and Pin 3) d lo = ~2A 13 21 v
Maximum Operating Load Current lom V3 = 9V to 46V, Vo = VRer to 36V -4 A
Current Limiting | V3 = 9V to 46V, Pin 4 Open -8 A
Threshold (Pin 2) 2L Vo = VRer to 40V Rim = 33KQ 25 A
Input Average Current IsH V3 = 46V, Output Short-Circuited 60 100 mA
Effici = -3A Vo = VRErF 75 %

iciency n o = oz 12 prs %

Supply Voltage AV3 = 2Vyms, fripple = 120Hz,
Ripple Rejection SVRR Vo = VREF, lo = -2A 50 56 dB
Switching Frequency f 85 100 115 KHz
Voltage Stability of _
Switching Frequency V3 = 9V to 46V 05 %
Temperature Stability of o o
Switching Frequency* Ti=0°Cto 125°C 1 %
Maximum Operating Vo = VRer, lo = -1A,
Switching Frequency fmax R =1.75KQ, C = 2.2nF 200 KHz
Thermal Shutdown . o
Junction Temperature* Tisa 135 150 c

* Guaranteed by design; not 100% tested.

UNITRODE INTEGRATED CIRCUITS

7 CONTINENTAL BLVD. * MERRIMACK, NH 03054
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ELECTRICAL CHARACTERISTICS(Refer to the test circuit, T; =

25°C, V3 = 35V, unless otherwise specified)

L296

PARAMETER SYMBOL TEST CONDITIONS [ min. | 1ve. | max. [ units
DC Characteristics
- - Ve = OV 66 85
Quiescent Drain Current (%) x::o =4(‘)3\\//,' V7 =0V, Vo= 3V 30 20 mA
Output Leakage Current laL Pin 11: Open Ve = 3V -2 mA
Soft Start
Source Current Is Ve =0V, Vs = 3V -100 -130 -160 uA
Sink Current Is Ve = 3V, Vs = 3V 50 70 120 A
Inhibit
Low Input Voltage VeL -0.3 0.8 '
High Input Voltage VeH Va = 9V to 46V, 2 5.5 Y
- Vz =0V,
Low Input Voltage o | Vio=ov, Ve = 08V R
Input Current with Pins 2, 11: Open
High Input Voltage lon Ve=2v -3 HA
Error Amplifier
High Leve! Output Voltage Von Vio = Vrer = 400mV, lg = +100uA 35 Y
Low Level Output Voltage VaL Vio = Veer + 400mV, g = —~100uA 0.5 v
Sink Output Current lg Vio = Vrer + 400mV 100 150 A
Source Output Current lg V1o = Vrer — 400mV -100 -150 uA
Input Bias Current l1o Vio = 5.2V 2 10 uA
DC Open Loop Gain Gv Vg =1V to 3V 46 55 dB
Oscillator and PWM Comparator
P G Curtent of Iz | V7=05Vt035v 5| A
Oscillator Source Current 141 Vi1 = 2V, Pin 2: Open -5 mA
Reset
Rising Threshold Voltage Vizr | Vg =9V to 46V _IVSF‘gF Veer | Veer v
i l1a = 16mA, ' mV | -100mV 50mV
Falling Threshold Voltage Vi | Pin13: Open 4.75 —IVETCI)E;\V —;l(;‘g:qv v
Delay Threshold Voltage Viap Viz2 = 5.3V, l14 = 16mA 4.3 4.5 4.7 \
Delay Threshold Voltage Hysteresis | Vian Vi2 =5.3V, l14 = 16mA 100 mV
Output Saturation Voltage Vias l14 = 16mA, V42 = 4.7V, Pin 13: Open 0.4 \
Input Bias Current l12 Vi2 = OV to VRer, l14 = 16mA, Pin 13: Open| 1 3 LA
Delay Source Current l13 Viz = 3V, l14 = 16mA, V12 = 5.3V -70 -110 -140 LA
Delay Sink Current l13 Viz = 3V, l14 = 16mA, V12 = 4.7V 10 mA
Output Leakage Current lha V3 =46V, V12 = 5.3V, Pin 13: Open +100 uA
Crowbar
Input Threshold Voltage Vi Vis = 2V 55 6 6.4 \
Output Saturation Voltage Vis xasi%\ﬁntz 46V, Vi =54V, 0.2 04 v
Input Bias Current [ Vi =6V, Vis =2V 10 uA
Output Source Current l1s \\2529;/\;0 46V, V1 =65V, -70 -100 mA

* Guaranteed by design; not 100% tested.

UNITRODE INTEGRATED CIRCUITS

7 CONTINENTAL BLVD. * MERRIMACK, NH 03054
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L296

DYNAMIC TEST CIRCUIT
RESET
R3
ROWBAR
¢ AN
" | Tf’: 1
lo
3 15 1 14 12, 10 L1 -—
2 —0Vo
13 1296 3004H
R4
11
c7 c8
A %,,F 7 © 5 o 8 1004F | 1004F
= &3 40 a0v
1 D1 ZS =
c4 R2 7A
R1 2.2uF 15kQ [C6 Schottky RS
2 2C% 43 4 Rii Diode
-2u o Ka lim 4.7KQ
22nF 5 390
33nF | pF
GND O—— \/ *——OGND
7, C8: EKR (ROE)
L1: L = 300uH at 8A [} Core type: MAGNETICS 58930 - A2 MPP
R = 50mQ INHIBIT N° turns: 43 Wire Gauge: 1mm (18 AWG)
APPLICATION INFORMATION
Choosing the Inductor and Capacitor Resistor Values for
The input and output capacitors of the L296 must have a low ESR Standard Output Voltages
and low inductance at high current ripple. Vo Rs Ra
Saturation must not occur at current levels below 1.5 times the 12v 4.7KQ 6.2KQ
current limiter level. 15V 4.7KQ 9.1KQ
18v 4.7KQ 12KQ
_ (Va-Vo) Vo 24V 4.7KQ 18KQ
VafAlL
- (VS - Vo) Vo
8Lf5 AV,

f = frequency
AlL = Inductance current ripple

AVo = Output ripple voltage

UNITRODE INTEGRATED CIRCUITS
7 CONTINENTAL BLVD. « MERRIMACK, NH 03054
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Quiescent Drain Current vs Supply Voltage
(0% + 100% Duty Cycle)

70 L
100% e
65
//
P
e L 7
| ~
g
= a5
40
35
0%
30 -
25
0 10 20 30 40
Va — (V)
Reference Voltage (Pin 10) vs Junction
Temperature
V; = 35V
o = 2A
5.125
5.100 —
| 5075
w
£
5.050
5.025
-25 0 25 50 75 100
Ti—(°C)
Switching Frequency vs R1
8
AN
AN
i‘\
’ N
o) W C3 = 1.5nF
T \\
< 160
|8
- ~
4 AN
C3=22nF
2
IN
N
10
2 4 6 8 2 4 68
1 10
Rl — (KQ)
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5.050

5.025

Gy — (dB)
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Reference Voltage (Pin 10) vs Vi

L296

lo = 2A
——l |
I
0 10 20 30 40
Va — (V)
Open Loop Frequency and Phase
Response of Error Amplifier
60
N |Gv
50 — o
40 N -40 0
£ \\ |
30 AN -80 g
™ S0 &
20 X N 120 &
10 -160
° \
-10
10 100 1K 10K 100K 1M
f— (Hz)
Maximum C/L Thresholds
//
//
v a
]
10KQ 100KQ mMa
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Dropout Voltage Between Pin 3 and Pin 2

vs Current at Pin 2
24
s T,; 25°C
L %
= /
16 / Tj = +25°C
L —1 '
Ty = -25°C
12 ;52% i
0.8
05 1 15 2 25 3 35
l2 — (A)
Power Dissipation (L296 only) vs
Input Voltage
1 1
f = 100KHz
Vo = Vret
8
! L
N lo = 4A L -~ Isywso
6 N <+ MBR1045
s NI~L_L A~ |1 DIODE
] 5
s
<y
_|Bwso
lo = 2A
3 ° P [
2 et MBR1045
DIODE
1
0
10 15 20 25 30 35 40 45
Vo — (V)
Efficiency vs Output Current
Vi =35V
Vo = Vret
f = 25KHz
80 ;
// 50KHz
100KH I
70 ~ ,/ ' ‘Z
// L~ 200KHz —
£ 60—y A
7
50
0 Diode MBR1045 (Schottky)
0 1 2 3
lo —(A)
UNITRODE INTEGRATED CIRCUITS
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L296
CIRCUIT OPERATION

Figure 1. Reset Output Waveforms
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Figure 2. Soft Start Waveforms
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‘Figure 3. Current Limiter Waveforms
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CIRCUIT OPERATION (continued)
(refer to the block diagram)

The L296 is a monolithic stepdown
switching regulator providing output
voltages from 5.1V to 40V and delivering 4A.

The regulation loop consists of a sawtooth
oscillator, error amplifier, comparator and
the output stage. An error signal is produced
by comparing the output voltage with a
precise 5.1V on-chip reference (trimmed to
+2%). This error signal is then compared
with the sawtooth signal to generate the
fixed frequency pulse width modulated
pulses which drive the output stage. The
gain and frequency stability of the loop can
be adjusted by an external RC network
connected to Pin 9. Closing the loop directly
gives an output voltage of 5.1V. Higher
voltages are obtained by inserting a voltage
divider.

Output overcurrents at switch on are
prevented by the soft start function. The
error amplifier output is initially clamped by
the external capacitor Css and allowed to
rise, linearly, as this capacitor is charged by
a constant current source.

Output overload protection is provided in the
form of a current limiter. The load current is
sensed by an internal metal resistor
connected to a comparator. When the load
current -exceeds a preset threshold this
comparator sets a flip flop which disables
the output stage and discharges the soft
start capacitor. A second comparator resets
the flip flop when the voltage across the soft
start capacitor has fallen to 0.4V. The output
stage is thus re-enabled and the output
voltage rises under control of the soft start
network. If the overload condition is still
present the limiter will trigger. again when
the threshold current is reached. The
average short circuit current is limited to a
safe value by the dead time introduced by
the soft start network.

The reset circuit generates an output signal
when the supply voltage exceeds a threshold
programmed by an external divider. The
reset signal is generated with a delay time
programmed by an external capacitor.
When the supply falls below the threshold
the reset output goes low immediately. The
reset output is an open collector.

The crowbar circuit senses the output
voltage and the crowbar.output can provide
a current of 100mA to switch on an external
SCR. This SCR is triggered when the output
voltage exceeds the nominal by 20%. There
is nointernal connection between the output
and crowbar sense input; therefore the
crowbar can monitor either the input or the
output.

UNITRODE INTEGRATED CIRCUITS

7 CONTINENTAL BLVD. * MERRIMACK, NH 03054

TEL. (603) 424-2410 * TELEX 95-3040

PIN FUNCTIONS

L296

NO.

NAME

FUNCTION

1.

CROWBAR INPUT

Voltage sense input for crowbar over-voltage
protection. Normally connected to the
feedback input thus triggering the SCR when
Vour exceeds nominal by 20%. May also
monitor the input and a voltage divider can be
added to increase the threshold. Connected to
ground when SCR not used.

OUTPUT

Regulator output.

SUPPLY VOLTAGE

Unregulated voltage input. An internal regulator
powers the L296's internal logic.

CURRENT LIMIT

A resistor connected between this terminal and
ground sets the current limiter threshold.

If this terminal is left unconnected the threshold
is.internally set (see electrical characteristics).

SOFT START

Soft start time constant. A capacitor is
connected between this terminal and ground
to define the soft start time constant. This
capacitor also determines the average short
circuit output current.

INHIBIT INPUT

TTL - level remote inhibit. A logic high level on
this input disables the L296.

SYNC INPUT

Multiple L296s are synchronized by connecting
the Pin 7 inputs together and omitting the
oscillator RC network on all but one device.

GROUND

Common ground terminal.

FREQUENCY
COMPENSATION

A series RC network connected between this
terminal and ground determines the regulation
loop gain characteristics.

10.

FEEDBACK INPUT

The feedback terminal of the regulation loop.
The output is connected directly to this
terminal for 5.1V operation; it is connected via
a divider for higher voltages.

11.

OSCILLATOR

A parallel RC network connected to this
terminal determines the switching frequency.
This pin must be connected to Pin 7 input
when the internal oscillator is used.

12.

RESET INPUT

Input of the reset circuit. The threshold is
roughly 5V. It may be connected to the
feedback point or via a divider to the input.

13.

RESET DELAY

A capacitor connected between this terminal and
ground determines the reset signal delay time.

14.

RESET OUTPUT

Open collector reset signal output. This output
is high when the supply is safe.

15.

CROWBAR OUTPUT

SCR gate drive output of the crowbar circuit.

A TTL -

level inhibit input is provided for

The thermal overload circuitdisables circuit

applications such as remote on/off control.
This input is activated by high logic level and
disables circuit operation. After an inhibit
the L296 restarts under control of the soft
start network.

3-14

operation when the junction temperature
reaches about 150°C and has hystereS|s to
prevent unstable conditions.
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LINEAR INTEGRATED CIRCUITS UC217

1.5A, Three Terminal Adjustable UC317
Positive Voltage Regulators

FEATURES DESCRIPTION
o Qutput voltage adjustable from 1.2 to 37V This monolithic integrated circuit is an adjustable 3-terminal positive voltage regulator
e Guaranteed 1.5A output current designed to supply more than 1.5A of load current with an output voltage adjustable
e Line regulation typically 0.01%/V over a 1.2 to 37V range. Although ease of setting the output voltage to any desired value
o Load regulation typically 0.1% with only two external resistors is a major feature of this circuit, exceptional line and
e Temperature-independent current limit load regulation are also offered. In addition, full overload protection consisting of 3
o Standard 3-lead transistor packages current limiting, thermal shutdown and safe-area control are included in this device
(TO-3, TO-220) which is packaged in TO-3 and TO-220 packages. The UC117 is rated for operation

from -55°C to +150°C, the UC217 from -25°C to'+150°C and the UC317 from
0°C to +125°C.

ABSOLUTE MAXIMUM RATINGS

Power Dissipation ......ooovuiiiiiiiiii i Internally limited
Input—Output Voltage Differential..........cccoiiiiiiiiiiiiiiiiiii it 40V
Operating Junction Temperature Range
150 -55°C to +150°C
11510722 -25°C to +150°C
LT3 1 2 0°C to +125°C
Storage TemMPerature .. .....vnentneteteeeee e anenenenenanennnnn -65°C to +150°C
Lead Temperature (Soldering, 10 SECONAS) +..vvvtiririntenrinii i ienenanns 300°C
TYPICAL APPLICATIONS
1.2V—25V Adjustable Regulator Digitally Selected OQutputs 5V Logic Regulator with
Electronic Shutdown*
ucL17
Viw  Vour| y v,
Vin {_AD) our Vour
Ry 5V
240 R
N ‘ 5240
c Lec
S Ra* S y TOo
1 T B203 2N2219 A TIL
™
*Needed if device is far from
filf:r zaplacif;:se s l | I l :I-
+Optional—improves transient
rel;';gp]:e Improves transien INPUTS
11 Vour = 1.25V (1 + %) *Value determines maximum Vour *Min output = 1.2V

L)
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ELECTRICAL CHARACTERISTICS (Note 1)

UC117 UC217 UC317

UC117/UcC217 uc3l1z
PARAMETER TEST CONDITIONS UNITS
MIN. | TYP. | MAX. | MIN. | TYP. | MAX.
Line Regulation Ta =25°C, 3V < (Vin — Vour) < 40V, 0.01 | 0.02 0.01 | 0.04 | %/V
(Note 2)
Load Regulation Ta = 25°C, 10mMA < loyr < lmax
Vour <15V, (Note 2) 5 15 5 25 mV
Vour = 5V, (Note 2) 0.1 0.3 0.1 0.5 %
Thermal Regulation Ta = 25°C, 20ms Pulse 0.03 | 0.07 0.04 | 0.07 | %/W
Adjustment Pin Current 50 100 50 100 uA
Adjustment Pin Current 10mMA < I < lvax 0.2 5 0.2 5 uA
Change 2.5V < (Vin — Vour) < 40V
Reference Voltage 3 =< (Vin — Vour) <40V 120 125 | 1.30 | 1.20 | 1.25 | 1.30 "
10mA < lour < Imax, P < Puax
Line Regulation 3 < (Vin — Vour) <40V, (Note 2) 0.02 | 0.05 0.02 | 0.07 | %/V
Load Regulation 10mA < lour < Iuax, (Note 2)
Vour <5V 20 50 20 70 mV
Vour = 5V 0.3 1 0.3 1.5 %
Temperature Stability Tmin < T; < Tmax 1 1 %
Minimum Load Current Vin — Vour = 40V 35 5 35 10 mA
Current Limit (Vin — Vour) €15V
K Package 15 2.2 15 2.2 A
T.Package 1.5 2.2 1.5 2.2 A
(Vin — Vour) = 40V .
K Package 0.4 0.4 A
T'Package 0.4 0.4 A
RMS Output Noise Ta = 25°C, 10Hz < f < 10kHz 0.003 0.003 %
Ripple Rejection Ratio Vour = 10V, f = 120Hz 65 65 dB
Caps = 10uF 66 80 66 80 dB
Long Term Stability Ta = 125°C, 1000 Hrs. 0.3 03 1 %
Thermal Resistance, Junction | K Package 2.3 3 2.3 3 °C/W
to Case T,Package 4 °C/W
Notes: 1. Unless otherwise noted, the above specifications apply over the following conditions:
UC117: -55°C < T; < 150°C
UC217: -25°C < T; < 150°C
UC317: 0°C = T; < 125°C
(Vin — Vour) =5V, lo = 0.5A, Iuax =1.5A
2. All regulation specifications are measured at constant junction temperatures using low duty-cycle pulse testing.
TYPICAL PERFORMANCE CHARACTERISTICS
Current Limit Dropout Voltage
3 30 AVour = 100mV
s
—— -.\ ;,’ 25 <
< = L= 1.5A
E’ 2 =— —\\ % d \\
zZ \ x5 \ .
g N\ & ~\\ i, = 1A
2 a 1
> A\ E 20 - :
= = _RRO, - _
5 il 15000_/ \\ T, = -55°C 2 T oo
= ] a / a S~ I~ N~
3 N 2 N N~
I ' \\ é 15 I~ ™~
>~ I = 200mA \‘
| Ti=25°C ] =2 >\
? L= 20mA
0 | 1.0
0 10 20 30 40 -75 -50 -25 0 25 50 75 100 125 150

INPUT-QUTPUT DIFFERENTIAL (V) JUNCTION TEMPERATURE (°C)
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TYPICAL PERFORMANCE CHARACTERISTICS

Temperature Stability

UC117 UC217 UuC317

Minimum Operating Current

1.260
1.250

g

w

g

<
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S

> 1240

Q

z

g

4

I

w

[:3
1.230
1.220

-75

-50 -25 0 25 50 75 100

JUNCTION TEMPERATURE (°C)

MECHANICAL SPECIFICATIONS AND CONNECTION DIAGRAMS

45
4.0 va
15 Ti= —55°c\"'/
2 Z /,
E 30 vV
3 : // /7
w
£ 25 ,/
3 5= 150°C
N E 20
w
3
g 15— %
2
o -
1.0 f'/
0.5
0
125 150 0 10 20 30 40

INPUT-OUTPUT DIFFERENTIAL (V)

UC117 UC217 UC317

TO-204AA K(TO-3)

INCHES MILLIMETERS
A | 875 MAX. 22.23 MAX.
B[ .135 MAX. 3.43 MAX. -
C [ .250-.450 6.35-11.43 (e(u;:)
D[ 312MIN. 7.92 MIN. \)
E| .038-043DIA._| 0.97-1.09 DIA. V
F | 188 MAX.RAD. | 4.78 MAX. RAD. |
G| 1.177-1.197 29.90-30.40 I
H| .655-.675 16.64-17.15
J | .205-.225 5.21-5.72
K | .420-.440 10.67-11.18
Bottom View L | 525 MAX. RAD. | 13.34 MAX. RAD.
M| .151-.161 DIA. 3.84-4.09 DIA.
seating uc3liz T(T0-220)
—f |5 8—s INCHES MILIMETERS
—f| p—c r_ ] | MIN | MAX | MIN | MAX
TR o A | 0560 | 0625 | 1423 | 1587
1 \ i /-G}i —? B | 0380 | 0420 | 9.66 | 10.66
A 1 C 0.140 | 0.190 3.56 4.82
' D | 0020 | 0045 |.051 | 114
l 132 | ;lAdJutstment F [ 0139 [ 0147 | 3531 ] 3.733
5 c‘;‘&" ut G | 0090 | 0110 | 229 | 279
f 4 4_0utgut W] — Jo0250 | — | 635
A
M J | 0015 | 0025 | 038 | 064
K | 0500 | 0562 | 12.70 | 14.27
1 L | 0045 | 0070 | 1.14 | 177
| Lottt N | 0190 | 0210 | 483 | 533
—~ TR ' Q | 0100 | 0120 | 254 | 3.04
—etfe— ¢ R | 0.080 | 0115 | 204 | 2.92
o S | 0045 [ 0055 | 114 | 1.39
N T | 0230 | 0270 | 585 | 6.85

Note: When ordering, add suffix “K" (for TO-3 package) or “T" (for T0-220 package) to the Part Number.

UNITRODE INTEGRATED CIRCUITS
7 CONTINENTAL BLVD. * MERRIMACK, NH 03054
TEL. (603) 424-2410 * TELEX 95-3040
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APPLICATION HINTS

In operation, the UC117 develops a nominal 1.25V reference
voltage, Vrer, between the output and adjustment terminal. The
reference voltage is impressed across program resistor Ry and,
since the voltage is constant, a constant current |, then flows
through the output set resistor Rz, giving an output voltage of

Vour = Vaer ( 1 "’—;3) + lansR2
1

ucl117
Ve Vour
ADJ T"l[_
Vrer :R‘
= Vour
ADJ
e
Figure 1

Since the 100uA current from the adjustment terminal represents
an error term, the UC117 was designed to minimize lapyand make
it very constant with line and load changes. To do this, all
quiescent operating current is returned to the output establishing
a minimum load current requirement. If there is insufficient load
on the output, the output will rise.

External Capacitors

An input bypass capacitor is recommended. A 0.1uF disc or 1uF
solid tantalum on the input is suitable input bypassing for almost
all applications. The device is more sensitive to the absence of
input bypassing when adjustment or output capacitors are used
but the above values will eliminate the possibility of problems.

The adjustment terminal can be bypassed to ground on the
UC117 to improve ripple rejection. This bypass capacitor
prevents ripple from being amplified as the output voltage is
increased. With a 10uF bypass capacitor 80 dB ripple rejection is
obtainable at any output level.

In general, the best type of capacitors to use are solid tantalum.
Solid tantalum capacitors have low impedance even at high
frequencies. Depending upon capacitor construction, it takes
about 25uF in aluminum electrolytic to equal 1uF solid tantalum
at high frequencies.

Although the UC117 is stable with no output capacitors, like any
feedback circuit, certain values of external capacitance can
cause excessive ringing. This occurs with values between 500pF
and 5000pF. A 1uF solid tantalum (or 25uF aluminum
electrolytic) on the output swamps this effect and insures
stability.

UNITRODE INTEGRATED CIRCUITS
7 CONTINENTAL BLVD. + MERRIMACK, NH 03054
TEL. (603) 424-2410 * TELEX 95-3040
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UC117 UC217 UC317

Load Regulation

The UC117 is capable of providing extremely good load regulation
but a few precautions are needed to obtain maximum
performance. The current set resistor connected between the
adjustment terminal and the output terminal (usually 240Q)
should be tied directly to the output of the regulator rather than
near the load. This eliminates line drops from appearing
effectively in series with the reference and degrading regulation.

With the TO-3 package, it is easy to minimize the resistance from
the case to the set resistor by using 2 separate leads to the case.
The ground of Rz can be returned near the ground of the load to
provide remote ground sensing and improve load regulation.

Protection Diodes

When external capacitors are used with any IC regulator it is
sometimes necessary to add protection diodes to prevent the
capacitors from discharging through low current points into the
regulator. Most 10uF capacitors have low enough internal series
resistance to deliver 20A spikes when shorted. Although the surge
is short there is enough energy to damage parts of the IC.

When an output capacitor is connected to a regulator and the
input is shorted, the output capacitor will discharge into the
output of the regulator. The discharge current depends on the
value of the capacitor, the output voltage of the regulator, and the
rate of decrease of Vin. In the UC117, this discharge path is
through a large junction that is able to sustain 15A surge with no
problem. This is not true of other types of positive regulators. For
output capacitors of 25uF or less, there is no need to use diodes.

The bypass capacitor on the adjustment terminal can discharge
through a low current junction. Discharge occurs when either the
input or output is shorted. Internal to the UC117 is a 50Q resistor
which limits the peak discharge current. No protection is needed
for output voltages of 25V or less and 10uF capacitance. Figure 2
shows a UC117 with protection diodes included for use with
outputs greater than 25V and high values of output capacitance.

Dy
1N4002

D2
1N4002

c, 1t

/
;10
/jLR yF;L_

Vour = 125V ( 1+%§ + Relaos

D; protects against Cy
D. protects against Cz

Figure 2. Regulator with Protection Diodes
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UC137
uc237
UC337

LINEAR INTEGRATED CIRCUITS
1.5A, Three Terminal Adjustable

Negative Voltage Regulators

FEATURES

o Output voltage adjustable from -1.2 to
=37V

e Guaranteed 1.5A output current

e Line regulation typically 0.01%/V

® Load regulation typically 0.3%

o Excellent thermal regulation, 0.002%/W

® 77 dB ripple rejection

e Excellent rejection of thermal transients

® 50 ppm/°C temperature coefficient

® Temperature-independent current limit

e Internal thermal overload protection

e Standard 3-lead transistor packages
(TO-3, T0-220)

ABSOLUTE MAXIMUM RATINGS

Power Dissipation ...........ccooviiinann.
Input—Output Voltage Differential.........

Operating Junction Temperature Range

UCLI37 oo

UC337 i
Storage Temperature..............ooouun
Lead Temperature (Soldering, 10 seconds)

TYPICAL APPLICATION

DESCRIPTION

The UC137/UC237/UC337 are adjustable 3-terminal negative voltage regulators
capable of supplying in excess of -1.5A over an output voltage range of -1.2V to -37V.
These regulators are exceptionally easy to apply, requiring only 2 external resistors to
set the output voltage and 1 output capacitor for frequency compensation. The circuit
design has been optimized for excellent regulation and low thermal transients. Further,
the UC137 series features internal current limiting, thermal shutdown and safe-area
compensation, making them virtually blowout-proof against overloads.

The UC137/UC237/UC337 serve a wide variety of applications including local on-card
regulation, programmable-output voltageregulation or precision current regulation. The
UC137/UC237/UC337 are ideal complements to the UC117/UC217/UC317 adjustable
positive regulators. These devices are available in TO-3 and TO-220 packages. The UC137 is
rated for operation from -55°C to +150°C, the UC237 from -25°Cto +150°C and the UC337
from 0°C to +125°C.

.......................... Internally limited
....................................... 40v

.......................... -55°C to +150°C

. =25°C to +150°C
....0°C to +125°C
-65°C to +150°C

-Vin

Negative Voltage
4
+ +
—L=C.t
G i
ADJ S 1200
3
uc137/
Vin U3y Vour Vourtt

*Cy = 14F solid tantalum is required only if regulator is far from power-supply filter capacitor.
tOptional—improves transient response

1 Vour=-125v {1+ _R2)

1200

1/82
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UC137 UC237 -UC337
ELECTRICAL CHARACTERISTICS (Note 1) )

uC137/uUC237 uc3s7
PARAMETER TEST CONDITIONS UNITS
MIN. | TYP. | MAX. | MIN. | TYP. | MAX.
Line Regulation Ta = 25°C, 3V <|Viy — Vour| < 40V 001 | 0.02 0.01 | 0.04 | %/V
(Note 2)
Load Regulation TA = 25°C, 10mA < loyr < lmax :
|Vour| <5V, (Note 2) ’ 15 25 15 50 mV
|Vour| = 5V, (Note 2) 0.3 05 03 1.0 %
Thermal Regulation Ta = 25°C, 10ms Pulse 0.002 | 0.02 0.003 | 0.04 | %/W
Adjustment Pin Current 65 100 65 100 LA
Adjustment Pin Current 10mMA < It < lmax 2 5 2 5 A
Change 2.5V < |Vin — Vour| <40V, Ta = 25°C
Reference Voltage Ta=25°C
3<|Vin — Vour| < 40V -1.225(-1.250|-1.275|-1.213 |-1.250 -1.287 | V
10mA =< lour =< luax, P < Puax -1.200|-1.250 |-1.300 |-1:200 |~1.250 |-1.300| V
Line Regulation 3V <|Vin — Vour| <40V, (Note 2) 0.02 | 0.05 0.02 | 0.07 | %/V
Load Regulation 10mA = lour < Ivax, (Note 2) )
|Vour| <5V 20 50 20 70 mV
|Vour| = 5V 0.3 1 0.3 15 %
Temperature Stability Tvin < T) < Tuax 0.6 0.6 %
Minimum Load Current |Vin — Vour| <40V 25 5 25 10 mA
|Vin — Vour| < 10V 1.2 3 15 6 mA
- Current Limit [Vin — Vour| < 15V
K Package 1.5 2.2 15 2.2 A
T Package 1.5 22 1.5 2.2 A
|Vin — Vour| = 40V
K Package 04 04 - A
T.Package 0.4 0.4 A
. RMS Output Noise Ta = 25°C, 10Hz < f < 10kHz 0.003 0.003 %
Ripple Rejection. Ratio Vour = -10V, f = 120Hz 60 60 dB
Caps = 10uF 66 77 66 77 dB
Long Term Stability Ta = 125°C, 1000 Hours 0.3 1 0.3 1 %
Thermal Resistance, Junction K Package 2.3 3 2.3 3 °C/W
to Case T Package 4 °C/W

Notes: 1. Unless otherwise noted, the above specifications apply over the following conditions:
UC137: -55°C < T; < 150°C
UC237: -25°C < T; < 150°C
UC337: 0°C =T, < 125°C
IVin — Vour| =5V, lo =0.5A, Imax =1.5A
2. All regulation specifications are measured at constant junction temperatures using low duty-cycle pulse testing.

Current Limit Dropout Voltage
3 135]
Vour = -5V
AVour = 100mV
8 £
A S
< 2 — == 5 |25] f—] -
= & ~ | T
& & e
. j =-55° w
< | T9=-95°C = N~ [T L= 1A
© X = I~ ~ -
= =l - T —
3 N £ ]
= A N 5 e~
3 1 PN 3 115l I, = 500m ~ <]
Tj=150°C 7\‘°\. = 1= 200mA |
R e £ BSS
iz . = 20mA
0 1051 [
0 110] 120) 130 140 -75 -50 -25 O 25 50 75 100 125 150
INPUT—OUTPUT DIFFERENTIAL (V) JUNCTION TEMPERATURE (°C)
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UC137 UC237 UC337
TYPICAL PERFORMANCE CHARACTERISTICS

Temperature Stability Minimum Operating Current
11.270] 1.8
16
T;=-55°C -
14 4 //
o 112601 P v
9 £ i
=
ra
- [°9 - = o
g 11.250} \\ 3 /// §=25°C
z 5 08 /
& &
& 3 V4l
g 5 08 e 7
1.240| 3 a8 —//
04 e
.02
11.230] 0
=75 -50 -25 0 25 50 75 100 125 150 0 |10} 20| 130 140|
JUNCTION TEMPERATURE (°C) i INPUT-OUTPUT DIFFERENTIAL (V)
MECHANICAL SPECIFICATIONS AND CONNECTION DIAGRAMS
UC137 UC237 UC337 TO-204AA K(TO-3)
F M
Adjustment INCHES MILLIMETERS
875 MAX. 22.23 MAX.

Output

A
B | .135MAX. 3.43 MAX.
C [ .250-.450 6.35-11.43
D| 312MIN. 7.92 MIN.
E| .038-.043DIA. | 0.97-1.09 DIA.
L F | .188 MAX. RAD. | 4.78 MAX. RAD.
Input G| 1.177-1.197 29.90-30.40
H| .655-.675 16.64-17.15
1| .205-.225 521-5.72
K| .420-440 10.67-11.18
Bottom View U | 525 MAX. RAD. | 13.34 MAX. RAD.
M| .151-.161 DIA. | 3.84-4.09 DIA.
seating uc3s7 T(T0-220)
INCHES MILIMETERS

L3
Ly
!
B
_

MIN | MAX | MIN | MAX
0560 | 0625 | 14.23 | 1587
0380 | 0420 | 9.66_| 1066 D,
0.140 | 0190 | 356 | as2 N
0.020 | 0045 | 051 | 114

0.139 | 0147 | 3531] 3.733
0090 | 0110 | 229 | 279

— 0250 | - | 635 "’\
0015 | 0025 | 038 | 064
0500 | 0562 | 1270 | 14.27
0045 | 0070 | 114 | 177
0.150 | 0210 | 483 | 533
0.100 [ 0120 | 254 | 304

0.080 | 0.115 2.04 292
0.045 | 0.055 114 1.39
0.230 | 0.270 5.85 6.85

e
Ll
\
|

1-Adjustment
2-Output

3-Input
A 4-Input

b

| . (-

—e{le— ¢
o

Note: When ordering, add suffix “K" (for TO-3 package) or “T" (for T0-220 package) to the Part Number.
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LINEAR INTEGRATED CIRCUITS UC150

uc250
3A, Three Terminal Adjustable UC350

Positive Voltage Regulators

FEATURES DESCRIPTION
e Output voltage adjustable from 1.2V to The UC150/UC250/UC350 are adjustable 3-terminal positive voltage regulators
33v capable of supplying in excess of 3A over a 1.2V to 33V output range. They require only
o Guaranteed 3A output current 2 external resistors to set the output voltage. Further, both line and load regulation are
® Line regulation typically 0.005%/V comparable to discrete designs.
: I(-S.?chlar:tge'-::ttl?\z rtr)rglcfe'gu&tli?n In addition to higher performance than fixed regulators, the UC150 series offers full
e Current limit constant with overload protection. Included on the chip are current limit, thermal overload protection
temperature and safe area protection. All overload protection circuitry remains fully functional even
o Standard 3-lead transistor package if the adjustment terminal is accidentally disconnected.

Since the regulator is “floating” and sees only the input-to-output differential voltage,
supplies of several hundred volts can be regulated as long as the maximum input to
output differential is not exceeded.

Supplies requiring electronic shutdown can be achieved by clamping the adjustment

terminal to ground which programs the output to 1.2V where most loads draw little
current.

The UC150/UC250/UC350 are packaged in standard TO-3 transistor packages. The
UC150 is rated for operation from -55°C to +150°C, the UC250 from -25°C to +150°C
and the UC350 from 0°C to +125°C.

ABSOLUTE MAXIMUM RATINGS
Power Dissipation

Input—Output Voltage Differential............ccoooiiiiiiiiii i 35V
Operating Junction Temperature Range
1150 O -55°C to +150°C
11810722 0 -25°C to +150°C
L0 110 Y 0°C to +125°C
Storage Temperature . .......ovvr i enenn s neetnnennanannans ... —65°C to +150°C
Lead Temperature (Soldering, 10 SECONAS) ..o .vviiniitrninneeienrineenrerannns 300°C
TYPICAL APPLICATIONS
1.2V—-25V Adjustable Regulator
6A Regulator Slow Turn-On
UC150 15V Regulator

UC150

Vin = 28V —— Vi, Vo Vourtt
R|
S2a0| -
C* = Cat
0.1uF 1uF
EE,
5k
= Vi A Vi, Vourl 4—outeut
*Needed if regulator is far from power AD. L
supply filter capacitor ::150
+Optional—improves transient C,
response b

1uF T .«
)
4 Vour=1.25v (1 + £ AR
1
<L

2k
Note: Usually Ry = 2400 for
UC150 and UC250 and R, = 1209 for UC350

L
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UC150 UC250 UC350
ELECTRICAL CHARACTERISTICS (Note 1)

UC150/UC250 uc3s50
PARAMETER TEST CONDITIONS UNITS
MIN. | TYP. | MAX. | MIN. | TYP. | MAX.
Line Regulation Ta =25°C, 3V < (Vin — Vour) < 35V, 0.005 | 0.01 0.005 | 0.03 | %/V
(Note 2)
Load Regulation Ta =25°C, 10mA < loyr < 3A
Vour <5V, (Note 2) 5 15 5 25 mV
Vour = 5V, (Note 2) 0.1 0.3 0.1 0.1 %
Thermal Regulation Pulse = 20ms 0.002 | 0.01 0.002 | 0.03 | %/W
Adjustment Pin Current 50 100 50 100 MA
Adjustment Pin Current I0mMA<I.<3A 0.2 5 0.2 5 LA
Change 3V < (Vin — Vour) < 35V
Reference Voltage '3< (Vin— Vour) <35V, 120 | 1.25 | 1.30 | 1.20 | 1.25 | 1.30 \
10mA < lour < 3A, P < 30W
Line Regulation 3 < (Vin — Vour) < 35V, (Note 2) 0.02 | 0.05 0.02 | 0.07 | %/V
Load Regulation Vour <5V 10mA < loyr < 3A, (Note 2) 20 50 20 70 mV
Vour = 5V 0.3 1 0.3 15 %
Temperature Stability Tiin < T) < Tmax 1 1 %
Minimum Load Current (Vin — Vour) = 35V 35 5 35 10 mA
Current Limit (Vin — Vour) <10V 3.0 45 3.0 45 A
(Vin — Vour) = 30V 1 1 A
RMS Output Noise Ta=25°C, 10Hz < f < 10kHz 0.003 0.003 %
Ripple Rejection Ratio Vour = 10V, f = 120Hz 65 65 dB
Caps = 10uF 66 86 66 86 dB
Long Term Stability Ta = 125°C, 1000 Hrs. 0.3 1 0.3 1 %
Thermal Resistance, Junction 15 15 | °C/W
to Case

Notes: 1. Unless otherwise noted, the above specifications apply over the following conditions:
UC150: -55°C = T; < 150°C
UC250: -25°C < T; < 150°C
UC350: 0°C = T; < 125°C
(Vin — Vour) =5V, lour =1.5A
2. All regulation specifications are measured at constant junction temperatures using low duty-cycle pulse testing.
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TYPICAL PERFORMANCE CHARACTERISTICS

Current Limit
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MECHANICAL SPECIFICATIONS AND CONNECTION DIAGRAM

UC150 UC250 UC350 T0-204AA K(TO-3)
INCHES MILLIMETERS
T A| 875 MAX. 22.23 MAX.
B .135 MAX. 343 MAX.
A C | .250-450 6.35-1143
_1_ D] 312MIN. 7.92 MIN.
E| .038-.043DIA. | 0.97-1.09 DIA.
F | _.188 MAX. RAD. | 4.78 MAX. RAD.
B G| 1.177-1197 29.90-30.40
c’D W] .655-675 16.64-17.15
7| 205-225 5.21-5.72
Bottom View K | _420-.440 1067-11.18
L | 525 MAX_ RAD. | 13.34 MAX. RAD.
M| .151-.161 DIA. | 3.84-4.09 DIA.
UNITRODE INTEGRATED CIRCUITS
7 CONTINENTAL BLVD. * MERRIMACK, NH 03054
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APPLICATION HINTS

In operation, the UC150 develops a nominal 1.25V reference
voltage, Vaer, between the output and adjustment terminal. The
reference voltage is impressed across program resistor Ry and,
since the voltage is constant, a constant current |, then flows
through the output set resistor Rz, giving an output voltage of

Vour = Veer ( 1 "‘%) + laosRe

UC150

Vie V.
"aps™" 1.L—°
Vrer 3R, ]
VOUY

=

01
e J

Figure 1

Since the 50uA current from the adjustment terminal represents
an error term, the UC150 was designed to minimize lapyand make
it very constant with line and load changes. To do this, all
quiescent operating current is returned to the output establishing
a minimum load current requirement. If there is insufficient load
on the output, the output will rise.

External Capacitors

An input bypass capacitor is recommended. A 0.1uF disc or 1uF
solid tantalum on the input is suitable input bypassing for almost
all applications. The device is more sensitive to the absence of
input bypassing when adjustment or output capacitors are used
but the above values will eliminate the possibility of problems.

The adjustment terminal can be bypassed to ground on the
UC150 to improve ripple rejection. This bypass capacitor
prevents ripple from being amplified as the output voltage is
increased. With a 10uF bypass capacitor 86 dB ripple rejection is
obtainable at any output level.

In general, the best type of capacitors to use are solid tantalum.
Solid tantalum capacitors have low impedance even at high
frequencies. Depending upon capacitor construction, it takes
about 25uF in aluminum electrolytic to equal 1uF solid tantalum
at high frequencies.

Although the UC150 is stable with no output capacitors, like any
feedback circuit, certain values of external capacitance can

cause excessive ringing. This occurs with values between 500pF -

and 5000pF. A 1uF solid tantalum (or 25uF aluminum
electrolytic) on the output swamps this effect and insures
stability.

UNITRODE INTEGRATED CIRCUITS
7 CONTINENTAL BLVD. * MERRIMACK, NH 03054
TEL. (603) 424-2410 « TELEX 95-3040
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Load Regulation

The UC150 is capable of providing extremely good load regulation
but a few precautions are needed to obtain maximum
performance. The current set resistor connected between the
adjustment terminal and the output terminal (usually 240Q)
should be tied directly to the output of the regulator rather than
near the load. This eliminates line drops from appearing
effectively in series with the reference and degrading regulation.

With the TO-3 package, it is easy to minimize the resistance from
the case to the set resistor by using 2 separate leads to the case.
The ground of Rz can be returned near the ground of the load to
provide remote ground sensing and improve load regulation.

Protection Diodes

When external capacitors are used with any IC regulator it is
sometimes necessary to add protection diodes to prevent the
capacitors from discharging through low current points into the
regulator. Most 10uF capacitors have low enough internal series
resistance to deliver 20A spikes when shorted. Although the surge
is short there is enough energy to damage parts of the IC.

When an output capacitor is connected to a regulator and the
input is shorted, the output capacitor will discharge into the
output of the regulator. The discharged current depends on the
value of the capacitor, the output voltage of the regulator, and the
rate of decrease of V. In the UC150, this discharge path is
through a large junction that is able to sustain 25A surge with no
problem. This is not true of other types of positive regulators. For
output capacitors of 25uF or less, there is no need to use diodes.

The bypass capacitor on the adjustment terminal can discharge
through a low current junction. Discharge occurs when either the
input or output is shorted. Internal to the UC150 is a 50Q resistor
which limits the peak discharge current. No protection is needed
for output voltages of 25V or less and 10uF capacitance. Figure 2
shows a UC150 with protection diodes included for use with
outputs greater than 25V and high values of output capacitance.

Dy
1N4002

Dl &

2 |
1N4002

7 Gyt
/oR2 104F
J:z g ]T:-

D, protects against Cy
D, protects against Cz

Vour = 1.25V ( 1 +% + Ralaoy
1

Figure 2. Regulator with Protection Diodes
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LINEAR INTEGRATED CIRCUITS

Advanced Regulating Pulse Width Modulators

UC493A
UC494A
UC495A
UC4958B

UC493AC
UC494AC
UC495AC
UC495BC

FEATURES

e Dual uncommitted 40V, 200mA output
transistors

@ 1% accurate 5V reference

e Dual error amplifiers

e Wide range, variable deadtime

® Single-ended or push-pull operation

e Under-voltage lockout with hysteresis

® Double pulse protection

o Master or slave oscillator operation

e UC493A/UC495B: Built in 80mV
threshold for current limiting

e UC495A/UC495B: Internal 39V zener
diode

e UC495A/UC495B: Buffered steering
control

DESCRIPTION

ABSOLUTE MAXIMUM RATINGS (Note 1)

This entire series of PWM modulators each provide a complete pulse width modulation
system in a single monolithic integrated circuit.- These devices include 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 and UC495B also contain an on-chip 39V zener diode for high-voltage
applications where Vcc would be greater than 40V, and a buffered output steering
control that overrides the internal control of the pulse steering flip-flop.

UC493A and UC494A are packaged in a 16-pin DIP, while the UC495A and UC495B are
packaged in an 18-pin DIP. The UC493A, UC494A, UC495A and UC495B are specified
for operation over the full military temperature range of -55°C to +125°C, while the
UC493AC, UC494AC, UC495AC and UC495BC are designed for industrial applications
from 0°C to +70°C.

RECOMMENDED OPERATING CONDITIONS

Supply Voltage, Vec (Note 2) ........covvviiiiiiniiininnn, 45V Supply Voltage Vee «ovvvvvnevninienieiiiieiiannnns 7V to 40V
Amplifier Input Voltages Error Amplifier Input Voltages ................. -0.3V to V-2V
Collector Output Voltage .. Collector Output Voltage ........coovvviveiiiiiiiiiennnnn., 40V
Collector Output Current Collector Output Current (each transistor)............... 200mA
Continuous Total Dissipation ............c.coovivnenn 1000mwW Current into Feedback Terminal ........................ 0.3mA
@ (or below) 25°C free air temperature range (Note 3) Timing Capacitor, Cr....ccoovvvvviienennine. 0.47nF to 10,000nF
Storage Temperature Range.................:..=65° to +150°C Timing Resistor, Ry ... 1.8KQ to 500KQ
Lead Temperature Y¢" (1.6mm) from case for 60 seconds, Oscillator Frequency 1kHz to 300kHz
JPaCKAER . ottt e 300°C Operating Free Air Temperature
Lead Temperature %" (1.6mm) from case for 10 seconds, UC493A, UC494A, UC495A, UC495B........ -55°C to +125°C
N PaCKage . ..o vove ittt 260°C UCA493AC, UC494AC, UC495AC, UC495BC ..... 0°C to +70°C
Notes: 1. Over operating free air temperature range uniess otherwise noted.

2. All voltage values are with respect to network ground terminal.

3. For J package, derate at 8.2mW/°C for ambient temperature
above +28°C. For N package, derate at 9.2mW/°C for ambient
temperature above +41°C.

BLOCK DIAGRAM

(UC495A & UCA958)
| i
| STEERING 1 OUTPUT CONTROL
! CONTROL | (SEE FUNCTION TABLE)
| o
o Cy
3
Q: !
Cz
R OSCILLATOR
Cr PULSE STEERING k2
FLIP-FLOP uv
oEAD. ~ OV > FUNCTION TABLE
TIME  —I— Output Control o Functi
CONTROL Fe———— -I; Connected to: utput Function
I
! t Vee Single-Ended or
I
PWM i i I Ground Parallel Operation
INV. INPUT COMPARATOR ! ' | REFERENCE REF, i
INV. INPUT L N3V | | REGULATOR our Vner e
NoN _ ERROR AMPLIFIERS ! K | T
INV. INPUT- i - GND UC495A and UC495B Only
INV. INPUT~+— ! | Steering Control
H | (Output Control Output Function
p. 1 A : at Vrer)
PWM COMP— (UCAT5A 8 UCa958) Vs < 0.4V PWM Output at Q,
{> (UC493 & UC495B) Vs > 2.4V PWM Output at Q.
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UC493A UC493AC
UC494A UC494AC
UC495A UC495AC
UC495B UC495BC
CONNECTION DIAGRAMS
DIL-16 (Top View) UC493A/UC493AC DIL-18 (Top View) UC495A/UC495AC
Jor N'Package UC494A/UCA94AC J or N Package B UC495B/UC495BC
ERROR
AP NON-INV INPUT [T} 118] NON-INV INPUT v
.08V (UC4958 ONL
NON-INV INPUT [T} bd rjls—NON.'c;g‘\y ('l'}gga»x ONLY) IV INPUTE] 3 M oot )
INV INPUT 2} veoSHHE INV NPT COMPEN/PWM COMP INPUT Bl—57y 116] Vaer
COMPEN/PWM COMP INPUT [3] OV T3] Vige DEAD TIME CONTROL [41H } 5] V.
DEAD TIME CONTROL [[3] OUTPUT CONTROL GBH o (4] OUTPUT CONTROL
¢ 2 vec Ri[6 [T3] STEERING CONTROL
R+ [6] ] ¢, GROUND 7 AN 12 Vee
GROUND [7] : 10| €, Ct EE“ 5 ) c,
¢ [8] 9] E, E.[9} @@ Ez

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

range, Vcc = 15V, f = 10kHz.)
PARAMETER J TEST CONDITIONS MIN. TYP. MAX. UNITS
Reference Section )
Output Voltage (VRer) lo=1mA, Ta =25°C 495 5 5.05 "
Input Regulation Vee = 7V to 40V 2 25 mV
Output Regulation lo = 1mA to 10mA 15 mV
Output Voltage over Temperature A Ta = Min. to Max. 490 5.10 v
Short Circuit Output Current (Note 1) VRer =0, Ta = 25°C 10 35 50 mA
Oscillator Section
Frequency (Note 2) Cr = 0.014F, Rt = 12kQ 10 kHz
Standard Deviation of Frequency All values of Vcc, Cr, R, 10 %
(Note 3) Ta constant
Frequency Change with Voltage Vec =7V to 40V, Ta = 25°C 0.1 %
Frequency Change with Temperature 271.1():'0“}";:] F.' thM=ai.2kQ 2 %
Deadtime Control Section (Output Control connected to Vrer)
Input Bias Current (Pin 4) Vipin 4) = 0V to 5.25V -2 -10 HA
Maximum Duty-Cycle (Each Output) Viein o =0V 45 %
Input Threshold Voltage (Pin 4) Zero. Duty-Cycle 3 33 v
Maximum Duty-Cycle 0
Amplifier Section (Current Limit specifications apply to UC493A and UC495B only)
Input Offset Voltage Error Vo (pIN 31 = 2.5V 2 10 mv
Current Limit 70 80 90
| Input Offset Current Vo (PiN 31 = 2.5V 25 250 nA
Input Bias Current Error Vo @in 3 = 2.5V ~02 -1 uA
Current Limit -1 -2
Common-Mode Input Voltage Range Vce = 7V to 40V \?cz £°2 Vv
Open Loop Error AVo =3V, Vo = 0.5V to 3.5V 70 95 dB
Voltage Gain Current Limit 66 %0
Unity Gain Bandwidth 800 kHz
o ot Eor | Ve =40V, Ta=25°C 65 8 dB
Current Limit 50 70
Output Sink Current (Pin 3) Vip = -15mV to -5V, Vipin 3 = 0.7V 0.3 0.7 mA
. Output Source Current (Pin 3) Vip = 15mV to 5V, Vipin 3) = 3.5V -2 mA

UNITRODE INTEGRATED CIRCUITS
* 7 CONTINENTAL BLVD, * MERRIMACK, NH 03054
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UC493A UC493AC
UC494A UC494AC
UC495A UC495AC
ELECTRICAL CHARACTERISTICS (Unless otherwise stated, over recommended operating free-air temperature UC495B  UC495BC
range, Vcc = 15V, f = 10kHz.)
PARAMETER I TEST CONDITIONS MIN. TYP. MAX. UNITS
Output Section ) '
Collector Off-State Current Vce = 40V, Vee = 40V 2 100 pA
Emmitter Off-State Current Vec = Ve =40V, Ve =0 -100 pA
Collector-Emitter Common-Emitter VE =0, Ic = 200mA 1.1 1.3
' Saturation Voltage | gpjtter-Follower | Vc = 15V, Ig = ~200mA 15 25 v
Output Control Input Current Vi = VRer 35 mA
PWM Comparator Section
Input Threshold Voltage (Pin 3) Zero Duty-Cycle 4 4.5 \
Input Sink Current (Pin 3) Vipin 3 = 0.7V 0.3 0.7 mA
Steering Control (UC495A and UC495B only, see Function Table)
Vipin 13) = 0.4V, Q1 active -200
Input Current Viein 1) = 2.4V, Qz active 300 KA
Deadband 500 mV
Zener Diode Circuit (UC495A and UC495B only)
Breakdown Voltage Vee =45V, Iz =2mA 36 39 45 Vv
Sink Current Viein 15 = 1V 0.2 0.3 0.6 mA
Total Device
Pin 6 at Vrer. All other Vee =15V 6 10
Standby Supply Current. inputs and outputs open. Vee = 40V 9 15 mA
Under-Voltage Lockout 3.5 6.5 v
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

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

2. Frequency for other values of Cr and R+ is approximately f =

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

UNITRODE INTEGRATED CIRCUITS
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Figure 1. Slaving Two or More Control Circuits

UC493A
UC494A
UC495A
uc4958B

UC493AC
UC494AC
UC495AC
UC495BC

Figure 2. Output Circuit of Error Amplifiers

Vee O

Vaer O

To Remainder
of Error
Amplifier
Circuit

To Remainder
of Error
Amplifier
Circuit

zO,SmA( )

To Compensation/PWM
Comparator Input
(Pin 3)

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

Qc

1 to 500mA

Qe
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(1 to 250mA
1

L_C

E,
Cz

’_E:j]
E2

Push-Pull Configuration

Qutput
Control

1 to 250mA

Figure 5. Operation with Vin > 40V
Using Internal Zener (UC495A and UC495B Only)

RS 12 -
Vi > 40V O
Vee 3
9V
15
Ic
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Vz VOLTAGE
7 3k
GND | A
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Figure 6. Error Amplifier Sensing Techniques
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Figure 4. Internal Buffer with Deadband for
Steering Control on UC495A and UC495B
5V
37K
13
fir e
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System
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Vo = Vier (1 + &)
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LINEAR INTEGRATED CIRCUITS UCo2oaA

Advanced Regulating Pulse Width Modulators UC3524A

FEATURES

o Fully interchangeable with standard
UC1524 family

® Precision reference internally trimmed

to £1%

e High-Performance current limit function

- @ Under-voltage lockout with hysteretic

turn-on

® Start-up supply current less than 4mA
e Output current to 200mA
e 60V output capability

e Wide common-mode input range for
both error and current limit amplifiers

o PWM latch insures single pulse per

period

e Double pulse suppression logic

® 200ns shutdown through PWM latch
e Guaranteed frequency accuracy

o Thermal shutdown protection

ABSOLUTE MAXIMUM RATINGS
Supply Voltage (Vin)

Collector Supply Voltage (V¢)....
Output Current (Each Output) ....

Reference Output Current ..........
Oscillator Charging Current.........

Power Dissipation at Ta = +25°C ..

Derate above +50°C...........
Power Dissipation at T¢ = +25°C

Derate for Case Temperature above +25°C
Operating Temperature Range
Storage Temperature Range
Lead Temperature (Soldering, 10 seconds)

BLOCK DIAGRAM

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, eliminating
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 output 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 environ-
ments, logic to eliminate double pulsing on a single output, a 200ns external 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 UC3524A 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.

.......................... -55°C to +125°C
.......................... -65°C to +150°C
................................... +300°C

CONNECTION DIAGRAM

Vin

0sC.

Ry
Cr

COMP.
INV. INPUT

N.I. INPUT

C.L. (+) SENSE

C.L. (-) SENSE

w

+ 5V DIL-16 (TOP VIEW)
REFERENCE [————————(16)
REGULATOR Vrer J or N Package
Power to \J
|c,_,{e‘,n?, @) c INV. INPUTE [16]+5V Veer
ircuitry
D NON-INV. INPUT [2] [15]+V
Ea
: osc./syne[3] [1aJemiTTeR B
R O o c.L. ¢+ sensefe] [3JcoLLECTOR B
PWM
LATCH cL.(-) sense 5] [1z]coLLecToR A
€
© & R[5 [)emITTER A
by @) sHutoon e [7] 10]SHUTDOWN
10K GrOUND 8 [5JcompENsATION
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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°C to +85°C for the UC2524A, and 0°C to +70°C for the UC3524A; Vin = V¢ = 20V.)

Ueaaatn UC3524A
PARAMETER TEST CONDITIONS UNITS
MiN. | Tvp. [ MAX. | miIN. | TYp. | max.
Turn-on Characteristics
Input Voltage Operating Range after Turn-on 8 40 8 40 \'
Turn-on Threshold 5.5 75 8.5 5.5 7.5 8.5 \'
Turn-on Current Vin = 6V 25 4 25 4 mA
Operating Current Vin = 8 to 40V 5 10 5 10 mA
Turn-on Hysteresis* 0.6 0.6 v
Reference Section
Output Voltage Tj = 25°C 495 | 5.00 | 5.05 | 490 | 500 | 5.10 v
Line Regulation Vin = 10 to 40V 10 20 10 30 mV
Load Regulation IL =0 to 20mA 20 50 20 50 mV
 Temperature Stability* Over Operating Range* 20 50 20 50 mV
Short Circuit Current Verer =0, Tj = 25°C 80 100 80 100 mA
Output Noise Voltage* 10hz < f < 10kHz, T; = 25°C 40 40 puvrms
Long Term Stability* Tj = 125°C, 1000 Hrs. 20 50 20 50 mV
Oscillator Section (Unless otherwise specified, Rt = 27000, Cr = 0.01 mfd)
Initial Accuracy Tj=25°C 41 43 45 39 43 47 kHz
Temperature Stability Over Operating Temperature Range 1 2 1 2 %
Minimum Frequency* Rt = 150kQ, Cr = 0.1 mfd 140 120 Hz
Maximum Frequency Rt = 2.0kQ, Ct = 470 pF 500 500 kHz
Output Amplitude* Tj = 25°C 35 35 \
Output Pulse Width* Tj=25°C 0.5 0.5 us
Ramp Peak 3.3 35 3.7 33 35 37 v
Ramp Valley Tj=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, Vecm = 2.5V)
Input Offset Voltage 0.5 5 2 10 mV
Input Bias Current 1 5 1 10 HA
Input Offset Current .05 1 0.5 1 uA
Common Mode Rejection Ratio | Vem = 1.5 to 5.5V 60 75 60 75 dB
Power Supply Rejection Ratio Vin = 10 to 40V 50 60 50 60 dB
Output Swing Minimum Total Range 0.5 5.0 0.5 5.0 "
Open Loop Voltage Gain AVo=1t04V,RL.=10MegQ 72 80 60 80 dB
Gain-Bandwidth* Tj = 25°C, Ay = 0dB 1 3 1 3 MHz
DC Transconductance*{ Tj = 25°C, 30kQ <RL < 1IMQ 1.7 23 1.7 23 mS

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

1 DC transconductance (gm) relates to DC open-loop voltage gain according to the following equation: Ay = gmMRL
where Ry is the resistance from pin 9 to ground.

The minimum gpm specification is used to calculate minimum Ay when the error amplifier output is loaded.
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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°C to +85°C for the UC2524A, and 0°C to +70°C for the UC3524A; ViN = V¢ = 20V.)

, poazen UC3524A
PARAMETER TEST CONDITIONS UNITS
MIN. | TvP. | Max. | MIN. | Tvp. | MaX.
Current Limit Amplifier (Unless otherwise specified, Pin 5 = 0V)
Input Offset Voltage = 25°C, E/A Set for Maximum OQutput| 190 | 200 | 210 180 | 200 | 220 mV
Input Offset Voltage Over Operating Temperature Range 180 220 170 230 mV
Input Bias Current -1 -10 -1 -10 pA
Common Mode Rejection Ratio | Vipin 5) = -0.3V to +5.5V 50 60 50 60 dB
Power Supply Rejection Ration | Vin = 10 to 40V 50 60 50 60 dB
Output Swing Minimum Total Range 0.5 5.0 0.5 5.0 v
Open-Loop Voltage Gain AVo=1t04V,R.=>10MegQ 70 80 70 80 dB
Delay Time* Pin 4 to Pin 9, AVin = 300mV 300 300 ns
Output Section (Each Output)
Collector Emitter Voltage Ic = 100pA 60 80 60 80 v
Collector Leakage Current Vee = 50V 1 20 20 HA
Saturation Voltage :g : 3881:: A 12 242 12 242 x
Emitter Output Voltage le = 50mA 17 18 17 18 Vv
Rise Time* =25°C,R=2KQ 200 200 ns
Fall Time* Tj=25°C,R=2KQ 100 100 ns
Comparator Delay* .Tj = 25°C, Pin 9 to output 300 300 ns
Shutdown Delay* = 25°C, Pin 10 to Output 200 200 ns
Shutdown Threshold Tj=25°C,Rc=2KQ 0.6 7 1.0 0.6 7 1.0 v
Thermal Shutdown* 165 165 °C

OPEN-LOOP TEST CIRCUIT

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

test circuit.

Note: The UC1524A should be able to be tested in any 1524 test circuit with two possible exceptions:
1. The higher gain-bandwidth of the current limit amplifier in the UC1524A may cause oscillations in an uncompensated 1524

2. The effect of the shutdown, pin 10, cannot be seen at the compensation terminal, pin 9, but must be observed at the outputs.
The circuit below will allow all UC1524A functions to be evaluated.

+V¢
+Vin
2K". 2K
w w
15| v COLLECTOR A [12 Ao
™ UC1524A 3 — i
DUT. COLLECTOR B [13————OBour
SYNCO———3] osC.
EMITTER A [T
ERROR AMP  CURRENT LIMIT
Vage O————{16] Veer o) EMITTER B [14
R Cr INPUT INPUT COMP SENSE SENSE S/D  GND
6 HU H J [5] o Iﬁﬂ
100k 100k
SHUTDOWN
2k
10K
oa Rl el 10k
E/A 1k
CONTROL
C/L CONTROL

=
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Supply Current vs Voltage

Error Amplifier Voltage Gain
and Phase vs Frequency

UC1524A UC2524A UC3524A

Pulse Width Modulator
Transfer Function
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LINEAR INTEGRATED CIRCUITS
Regulating Pulse Width Modulators

FEATURES

e Complete PWM Power control circuitry

e Uncommitted outputs for single-ended
or push-pull applications

e Low standby current ... 8mA typical

e Interchangeable with SG1524, SG2524
and SG3524, respectively

DESCRIPTION

UCl1524
uc2524
UC3524

The UC1524, UC2524 and UC3524 incorporate on a single monolithic chip all the
functions required for the construction of regulating power supplies inverters 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 converters, transformerless voltage doublers and
polarity converter applications employing 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
oscillator, 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°C to +70°C,

respectively.

ABSOLUTE MAXIMUM RATINGS (Note 1)

RECOMMENDED OPERATING CONDITIONS

Supply Voltage, Vec (Notes 2 and 3) ..ot 40V Supply Voltage, Vec .. ovvveiniiiiniiiii i 8V to 40V
Collector Output Current ..........ccovivinnn... ...100mA  Reference Output Current................coiiiint 0 to 20mA
Reference Qutput Current...........cooviintn 50mA  Current through C;y Terminal ................ -0.03mA to ~2mA
Current Through Cr Terminal................... ....=5mA  Timing Resistor, Rt .........cooiviiiiiiiiiit, 1.8KQ to 100KQ
Power Dissipation at Ta = +25°C (Note 4) ....... . 1000mW  Timing Capacitor, Cr.....oovviniininiiininnn, 0.0014F to 0.1uF
Thermal Resistance, Junction to Ambient....... ...100°C/W  Operating Ambient Temperature Range
Power Dissipation at T¢ = +25°C (Note 5) ............. 2000mw UC1524 -55°C to +125°C
Thermal Resistance, JunctiontoCase.................. 60°C/W uc2524 -25°C to +85°C
Operating Junction Temperature Range....... -55°C to +150°C UC3524 .. 0°C to +70°C
Storage Temperature Range.................. -65°C to +150°C
Notes: 1. Overdoperating free-air temperature range unless otherwise
noted. ’
2. All voltage values are with respect to the ground terminal, pin 8
3. The reference regulator may be bypassed for operation from a
fixed 5V supply by connecting the V¢ and reference output
pins both to the supply voltage. In this configuration the
maximum supply voltage is 6V.
4. Derate at 10mW/°C for ambient temperatures above +50°C
5. Derate at 16mW/°C for case temperatures above +25°C
BLOCK DIAGRAM CONNECTION DIAGRAM
DIL-16
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Veer Vw Es Ca Ca Ea S/D COMP
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Vnzf
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UC1524 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, V,y = 20V, and f = 20kHz)

UC1524/UC2524 uc3524
PARAMETER TEST CONDITIONS UNITS
MIN. | Tvp. | MAX. | MIN. | TYP. | mMAX.
Reference Section
Output Voltage 4.8 5.0 5.2 4.6 5.0 54 v
Line Regulation Vin = 8 to 40V 10 20 10 30 mV
Load Regulation I =0 to 20mA 20 50 20 50 mV
Ripple Rejection f=120Hz, T, = 25°C 66 66 dB
Short Circuit Current Limit Veer = 0, T; =25°C 100 100 mA
Temperature Stability Over Operating Temperature Range 0.3 1 0.3 1 %
Long Term Stability Tj=125°C,t=1000 Hrs. 20 20 mV
Oscillator Section
Maximum Frequency Cy =.001mfd, Ry = 2kQ 300 300 kHz
Initial Accuracy Rr and Cr Constant 5 5 %
Voltage Stability Vin =8 to 40V, T; = 25°C 1 1 %
Temperature Stability Over Operating Temperature Range 2 2 %
Output Amplitude Pin 3, T; =25°C 35 35 v
Output Pulse Width Cr=.0Imfd, T;= 25°C 05 0.5 us
Error Amplifier Section
Input Offset Voltage Vem = 2.5V 05 5 2 10 mV
Input Bias Current Vem = 2.5V 2 10 2 10 A
Open Loop Voltage Gain 72 80 60 80 dB
Common Mode Voltage T;=25°C 1.8 34 18 3.4 Vv
Common Mode Rejection Ratio [ T;=25°C 70 70 dB
Small Signal Bandwidth Av = 0dB, T;= 25°C 3 3 MHz
Output Voltage Tj=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 v
Input Threshold Maximum Duty-Cycle 35 35 Vv
Input Bias Current 1 1 uA
Current Limiting Section
Sense Voltage Set for Masmm ot T P 190 | 200 | 210 | 180 | 200 | 220 | mv
Sense Voltage T.C. 0.2 0.2 mvV/°C
Common Mode Voltage -1 +1 -1 +1 Vv
Output Section (Each Output)
Collector-Emitter Voltage 40 40 '
Collector Leakage Current Vce = 40V 0.1 50 0.1 50 HA
Saturation Voltage lc = 50mA 1 2 1 2 v
Emitter Output Voltage Vin = 20V 17 18 17 18 v
Rise Time Rc = 2K ohm, T; = 25°C 0.2 0.2 us
Fall Time Rc = 2K ohm, T; = 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
dividers, and with outputs open)
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TYPICAL CHARACTERISTICS
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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 (Rr) and one timing capacitor
(Cy). Ry establishes a constant charging current for Cr. This results
in a linear voltage ramp at Cy, which is fed to the comparator
providing linear control of the output pulse width by the error
amplifier. 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 external 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 amplifier
output voltage is then compared to the linear voltage ramp at Cr.
The resulting modulated pulse out of the high-gain comparator is

TYPICAL APPLICATIONS DATA

Oscillator

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

to 118
Rr Cr

where Rris in kilohms
Cr is in microfarads
f is in kilohertz

Practical values of Cr fall between 0.001 and 0.1 microfarad.
Practical values of Ry fall between 1.8 and 100 kilohms. This results
in a frequency range typically from 120 hertz to 500 kilohertz.

Blanking

The output pulse of the oscillator is used as a blanking pulse at the
output. This pulse width is controlled by the value of Cr. If small
values of Crare required for frequency 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
required, it should be accomplished by limiting the maximum duty

Single-Ended LC Switching Regulator Circuit

v
+28V O ' F=F\ —4+-0 +5V, 5A
R, 1300H
5K0 |
Re PIC600 i
5KQ !
I
5KQ 0 rl
skasl o= L[] 1+
AT I 500uF
K2 oS | ucises
t'ar %
10)
0.0014F
®
50K0
A ES
0.10
92CM - 32683
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UC1524 UC2524 UC3524

then steered to the appropriate output pass transistor (Q or Qz) by
the pulse-steering flip-flop, which is synchronously toggled by the
oscillator output. The oscillator output pulse also serves as a
blanking pulse to assure both outputs are never on simultaneously
during the transition times. The width of the blanking pulse is
controlled by the value of Cr. The outputs may be applied in a push-
pull configuration in which their frequency is half that of the base
oscillator, or paralleled 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 error amplifier, or to provide additional control
to the regulator.

cycle by clamping the output of the error amplifier. This can easily
be done with the circuit below:

Synchronous Operation

When an external clock is desired, a clock pulse of approximately
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 Cr must be selected for a clock period slightly
greater than that of the external clock.

If two or more UC1524 regulators are to be operated synchronously,
all oscillator output terminals should be tied together, all Cr
terminals connected to a single timing capacitor, and the timing
resistor connected to a single Ry terminal. The other Ry terminals
can be left open or shorted to Vrer. Minimum lead lengths should be
used between the Cr terminals.

Push-Pull Transformer-Coupled Circuit

v
+28V O-
5KQ
5KQ 1KQ 1KQ
A 1w w
SKa UES2401 1mH| :
skas | (L 20t 0 V.5
0.14F $ 2 5T 1500uF
R 09 cis0a 5T ©
B 20T;
+—) 7
0.01uF 3
10 o
® 0.0014F 100uF
20K 3
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OPEN LOOP TEST CIRCUIT

UC1524 UC2524 UC3524

2k E 2k
Ve 1w% w °
15 1
Osc. OutO—— 3 uc1524 13— O Outputs
Veer O—4—]16 7 2 1 9 0 4 5 14—
(]) (I) N.I. Inv. Shut | Current
-~ Ramp Qlnput Input QO Comp.QDown Limit
8- 40V
2k 2k 10K
01== RiS G ——>310k 1K
2k
MECHANICAL SPECIFICATIONS
UC1524 UC2524 UC3524 16-PIN J CERAMIC

0.785 (20.0)
f——

Dimensions in inches and (millimeters)

0.755 (19.1)
BB OEEODO]
Loy N R
0025 (0.63) R NOM~|
¢ ¢ 0310 (7.88)
0.290 (7.36) TV AT
0.280 (7.11) (0/0©.06C.00]
0.245 (6.22) 0.020 (0.51)
-+ (0050 .20 now MIN —{ |+-0.070 (1.78) MAX 16 PLACES
, GLASS
0.200 (5.08) l SEALANT
— MAX
SEATING PLANE 0.030 (0.76) MIN
105 % 0.014 (0.356) L 12 PLACES
90° YRR 0.130 (3.30) . 0.023 (0.584)
16 PLACES k0008 0209 o jt———"-m 0554 16 puaces
0.012 (0.304) MIN
u
LACES 0.050 (1:27) 4 by ces

PIN SPACING 0.100 (2.54) T.p, 0.015(0.38)

UC2524 UC3524 16-PIN N PLASTIC

0.125 (3.17) MIN
0.015 (0.38)
4 PLACES

Dimensions in inches and (millimeters)

}+0.870 (22.1) MAX»|
T % oo DEOREOOE
P 0.250 + 0.010 NANANNNANN
(6.35 + 0.26)
’—I i* |-0.080 (2.03) NOM D) S
=L‘— \VAVAVAVAVAVAV,
0.010 (0.25) NOM 00606600
105° k—SEATING PLANE {{{
90°
Aegazo0 oy 0o ” \
{6 pLACES 16 PLACES . MIN~ " |« 0070 (1.78) MAX 16 PLACES
0200 (5.08) NAX |

T
0.033 (0.83) MIN
| 12 PLACES
0.018 £ 0.003
0.

0.095 (2.41)—

1
57 + 0.076)

u—l (0.4
i 16 PLACES

PIN SPACING 0.100 (2.54) T.P.

Note: When ordering, add suffix “J” (for 16 pin ceramic package) or “N” (for 16 pin plastic package) to the part number.
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LINEAR INTEGRATED CIRCUITS |32 [S3257A

Regulating Pulse Width Modulators UC3525A UC3527A

FEATURES DESCRIPTION

e 8 to 35V operation The UC1525A/1527A series of pulse width modulator integrated circuits are designed

e 5.1V reference trimmed to t1% to offer improved performance and lowered external parts count when used in designing

e 100Hz to 500kHz oscillator range all types of switching power supplies. The on-chip +5.1V reference is trimmed to +1%

e Separate oscillator sync terminal and the input common-mode range of the error amplifier includes the reference voltage,

e Adjustable deadtime control eliminating external resistors. A sync input to the oscillator allows multiple units to be

e |nternal soft-start slaved or a single unit to be synchronized to an external system clock. A single resistor

e Pulse-by-pulse shutdown between the Cr and the discharge terminals provide a wide range of dead time adjust-

e Input undervoitage lockout with ment. These devices also feature built-in soft-start circuitry with only an external timing
hysteresis capacitor required. A shutdown terminal controls both the soft-start circuitry and the

e Latching PWM to prevent multiple output stages, providing instantaneous turn off through the PWM latch with puised
pulses shutdown, as well as soft-start recycle with longer shutdown commands. These 3

e Dual source/sink output drivers 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 approximately 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 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 UC1525A output stage features
NOR logic, giving a LOW output for an OFF state. The UC1527A utilizes OR logic which
results in a HIGH output level when OFF.

ABSOLUTE MAXIMUM RATINGS (Note 1) RECOMMENDED OPERATING CONDITIONS (Note 4)

Supply Voltage, (FVIN) «evverein i ieiee i +40V  Input Voltage (+Vin) ....... S +8V to +35V
Collector Supply Voltage (Ve) .o v vvvineniniiiiiiiiainn, +40V  Collector Supply Voltage (V¢) ...ttt .. +4 5V to +35V
Logic Inputs ............... Sink/Source Load Current (steady state).. .... 0to 100mA
Analog Inputs Sink/Source Load Current (peak) ........ .. 0to 400mA
Output Current, Source or Sink.......coovvieiiinan... 500mA  Reference Load Current.........c.cooveiiiiiiiennnn.n 0 to 20mA
Reference Output Current.........coovieiiiiiiiin.. 50mA  Oscillator Frequency Range .........ccovn.... 100Hz to 400kHz
Oscillator Charging Current ..........c.coiiiiiiiiinan.., 5mA  Oscillator Timing Resistor ............ .... 2kQ to 150kQ
Power Dissipation at Ta= +25°C (Note 2).............. 1000mW  Oscillator Timing Capacitor .......... .001uF to 0.1uF
Thermal Resistance, Junction to Ambient............. 100°C/W  Dead Time Resistor Range ..............oocvviuenn.. 0 to 500Q
Power Dissipation at Tc = +25°C (Note 3) ............. 2000mW  Operating Ambient Temperature Range

Thermal Resistance, JunctiontoCase ................. 60°C/W UC1525A, UC1527A. .. oo -55°C to +125°C

Operating Junction Temperature UC2525A, UC2527A .. =25°C to +85°C
Storage Temperature Range UC3525A, UC3527A 0°C to +70°C
Lead Temperature (Soldering, 10 seconds) ............ - +300°C  Notes: 4. Range over which the device is functional and parameter limits

Notes: 1. Values beyond which damage may occur. are guaranteed.
2. Derate at 10mW/°C for ambient temperatures above +50°C.
3. Derate at 16mW/°C for case temperatures above +25°C.

BLOCK DIAGRAM CONNECTION DIAGRAM

DIL-16 (Top View)
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MA@ ! m ! SOFT-START [8] [ 9] COMPENSATION
' ®
& © OUTPUT B |
| |
|

5k | -
UC1527A QUTPUT STAGE

L)
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ELECTRICAL CHARACTERISTICS (+Vin = 20V, and over operating temperature, unless otherwise specified)

UC1525A UC1527A
UC2525A UC2527A
UC3525A UC3527A

UC1525A/UC2525A UC3525A
PARAMETER TEST CONDITIONS Uc1527A/uC2527A ucss27a UNITS
MIN. | TYp. | MAX. | MIN. | TYP. | MAX.
Reference Section
Output Voltage Tj=25°C 505 | 5.10 { 5.15 | 5.00 | 5.10 | 5.20 v
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 mV
Total Output Variation (Note 5) Line, Load, and Temperature 5.00 5.20 | 4.95 5.25 \
Short Circuit Current Vgrer =0, T; =25°C 80 100 80 100 mA
Output Noise Voltage (Note 5) 10Hz < 10kHz, T; = 25°C 40 200 40 200 | uVrms
Long Term Stability (Note 5) Tj=125°C 20 50 20 50 mV
Oscillator Section (Note 6)
Initial Accuracy (Notes 5 & 6) Tj=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 6 +3 +6 %
Minimum Frequency Rt = 200kQ, Ct = 0.1uF 120 120 Hz
Maximum Frequency Rt = 2kQ, Ct = 470pF 400 400 kHz
Current Mirror IrT = 2mMA 1.7 2.0 2.2 1.7 2.0 2.2 mA
Clock Amplitude (Notes 5 & 6) 3.0 35 3.0 35 '
Clock Width (Notes 5 & 6) Tj=25°C 0.3 0.5 1.0 0.3 0.5 1.0 us
Sync Threshold 1.2 20 2.8 1.2 2.0 28 v
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 10 uA
Input Offset Current 1 1 7.
DC Open Loop Gain RL=10 Meg Q 60 75 60 75 dB
O R 5 idth Product Av = 0dB, T = 25°C 1| 2 1| 2 MHz
D&I{::gcg"%“m"ce Tj = 25°C, 30kQ < RL < IMQ 11 | 15 11 | 15 ms
Output Low Level 0.2 0.5 0.2 0.5 v
Output High Level 38 5.6 3.8 5.6 v
Common Mode Rejection Vem=15105.2V 60 75 60 75 dB
Supply Voltage Rejection Vin = 8 to 35V 50 60 50 60 dB

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

1

6. Tested at fosc = 40KHz (Rt = 3.6kQ, Ct = .01uF, Rp = 0Q). Approximate oscillator frequency is defined by: f = CT(0.7RT + 3Rp)

7. DC transconductance (gm) relates to DC open-loop voltage gain (Ay) according to the following equation: Ay = gMmRL
where Ry is the resistance from pin 9 to ground.

The minimum gm specification is used to calculate minimum Ay when the error amplifier output is loaded.

UNITRODE INTEGRATED CIRCUITS

7 CONTINENTAL BLVD. * MERRIMACK, NH 03054
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ELECTRICAL CHARACTERISTICS (+Vin = 20V, and over operating temperature, unless otherwise specified)

UC1525A UC1527A
UC2525A UC2527A
UC3525A UC3527A

UC1525A/UC2525A UC3525A
PARAMETER TEST CONDITIONS UC1527A/UC2527A ucss2za UNITS
‘ MIN. | TYp. [ MAX. | MIN. | TYP. | 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 "
Input Threshold (Note 6) Maximum Duty-Cycle 33 3.6 33 3.6 v
Input Bias Current (Note 5) .05 1.0 05 1.0 LA

Shutdown Section
Soft Start Current Vsp = 0V, Vss = OV 25 50 80 25 50 80 HA
Soft Start Low Level Vsp = 2.5V 0.4 0.7 0.4 0.7 v
Shutdown Threshold To outputs, Vss = 5.1V, Tj = 25°C 0.6 0.8 1.0 0.6 0.8 1.0 v
Shutdown Input Current Vsp = 2.5V 0.4 1.0 0.4 1.0 mA
Shutdown Delay (Note 5) Vsp = 2.5V, Tj = 25°C 0.2 0.5 0.2 0.5 uS

Output Drivers (Each Output) (V¢ = 20V)

Isink = 20mA 0.2 0.4 0.2 0.4 v

Output Low Level
Isink = 100mA 1.0 2.0 1.0 2.0 Y
X Isource = 20mA 18 19 18 19 \

Output High Level
Isource = 100mA 17 18 17 18 v
Under-Voltage Lockout Vcomp and Vss = High 6 7 8 6 7 8 v

Vc OFF Current (Note 7) Ve =35V 200 200 uA
Rise Time (Note 5) CL = 1nF, Tj = 25°C 100 | 600 100 | 600 ns
Fall Time (Note 5) CL = 1nf, Tj =25°C 50 300 50 300 ns

Total Standby Current
Supply Current Vin = 35V | [ 14 [ 20 | | 14 [ 20 [ mA

Notes: 5. These parameters, although guaranteed over the recommended operating conditions, are not 100% tested in production.
6. Tested at fosc = 40KHz (Rt =3.6kQ, Ct = 0.1uF, Rp = 0Q).
7. Collector off-state quiescent current measured at pin 13 with outputs low for UC1525A and high for UC1527A.

UNITRODE INTEGRATED CIRCUITS
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PRINCIPLES OF OPERATION AND TYPICAL CHARACTERISTICS

UC1525A Output Circuit
(Y%, Circuit Shown)

° +Vin

s OMMITTED
N UC1527A

CLOCK F/F PWM

TO OUTPUT FILTER

+VsuppLy

+Ve

AL
UC1525A
BH19
GND
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 cycles.

+15V
—
o T1
+Vi
o 1
30Q -
D1 -
UC1525A
Q2
GND B 14 300
D2 -
RETURN

D1, D2: USD1120

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

UNITRODE INTEGRATED CIRCUITS
7 CONTINENTAL BLVD. * MERRIMACK, NH 03054
TEL. (603) 424-2410 * TELEX 95-3040

UC1525A UC1527A
UC2525A UC2527A
UC3525A UC3527A

UC1525A Output Saturation
Characteristics

Vin = 20V
Ta=25°C

AN

///

L —H ‘g RCE SAT,
LT NSk saT, vo,
0 =1 1
01 02 03.040507.10 2 3.4.5 .7 1A
OUTPUT CURRENT, SOURCE OR SINK (A)

SATURATION VOLTAGE (V)

+VsupeLy O

Cy

+Ve

UC1525A

B

GND

RETURN
In conventional push-pull bipolar designs, forward base drive
is controlled by Ry-Ra. Rapid turn-off times for the power
devices are achieved with speed-up capacitors Cs and Co.

O
+VsuppLY |_T

Q
]
]

*VCA L

UC1525A

anp B
R
D1 D2
RETURN .

D1, D2: IN5819

Low power transformers can be driven by the UC1525A. Auto-
matic reset occurs during dead time, when both ends of the pri-
mary winding are switched to ground.
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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
100uA 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
signal on Pin 10 performs two functions: the PWM latch is
immediately set providing the fastest turn-off signal to the
outputs; and a 150uA current sink begins to discharge the
external soft-start capacitor. If the shutdown 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 Charge Time

vs. Ry and C;
200

100

o
=]

IN)
o

—
IS)

TIMING RESISTOR-Ry (KILOHMS)
o

INV.
INPUT

T0 PWM
COMPARATOR

1000
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UC1525A UC1527A
UC2525A UC2527A
UC3525A UC3527A

UC1525A Oscillator Schematic
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UC1525A UC1527A
: UC2525A UC2527A
LAB TEST FIXTURE UC3525A UC3527A
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MECHANICAL SPECIFICATIONS

UC1525A UC1527A
UC2525A UC2527A
UC3525A UC3527A

UC1525A UC1527A
UC2525A UC2527A

0.785 (20.0)
0755 (19.1) UC3525A UC3527A
BEOEEDIDEO]
MO N AR
0.025 (0.63) R NOM~_|
¢ € 0310(7.88
0.290 ﬁzsei WA v
0.280 (7.11) (060006000
0.245 (6.22) 0.020 (0.51)
MIN | | = [+-0.070 (1.78) MAX 16 PLACES
- 0.050 (1.27) NOM GLass
0.20’3 A(;.OS)L . SEALANT
[ SEATING PLANE T 0030 076) MIN
o | 0014 0356) 0.130 (3.30) L . 102 023 (0.584)
1 pLaces ,\\.o 008 (0.203) TMIN . - l-,——o 515 0381y 16 PLACES
)

0.012 (0.304) MIN
4 PLAC! 0.050 (1.27) 4 PLACES

Dimensions in inches and (millimeters) PIN SPACING 0.100 (2.54) T.p. 0:015(0.38)

DIL-16 J CERAMIC
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[+0.870 (22.1) MAX =} UC3525A UC3527

¢ € 0.300 £ 0.010
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006006600,
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&
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LINEAR INTEGRATED CIRCUITS UC1526A

Regulating Pulse Width Modulator HS%?%SQ

FEATURES DESCRIPTION

® Reduced Supply Current The UC1526A Series are improved-performance pulse-width modulator circuits -

® Oscillator Frequency to 600KHz intended for direct replacement of equivalent non-“A” versions in all applications.

® Precision Band-Gap Reference Higher frequency operation has been enhanced by several significant improvements
® 7 to 35V Operation including: a more accurate oscillator with less minimum dead time, reduced circuit

® Dual 100mA Source/Sink Outputs delays (particularly in current limiting), and an improved output stage with negligible
e Minimum Output Cross-Conduction cross-conduction current. Additional improvements include the incorporation of a

® Double-Pulse Suppression Logic precision, band-gap reference generator, reduced overall supply current, and the

e Under-Voltage Lockout addition of thermal shutdown protection.

: ?ngrﬁ;ngﬁzifx‘:t Start Along with these:improvements, thelUCI526A Sgri§§ retains the protective fea'gures of
o TTL/CMOS Compatible Logic Ports under-voltage lockout, soft-start, digital current limiting, double pulse suppression logic,

and adjustable deadtime. For ease of interfacing, all digital control ports are TTL
compatible with active low logic.

These versatile devices may be used to implement single-ended or push-pull switching
regulators of all topologies.

ABSOLUTE MAXIMUM RATINGS (Note 1) RECOMMENDED OPERATING CONDITIONS (Note 4)
Input Voltage (FVIN) « . vvvneini e +40V  InputVoltage.........cooviiiiiiiiiiiiiiiiiiiinna, +7V to +35V
Collector Supply Voltage (#Vg) ...ovevriiiii i, +40V  Collector Supply Voltage ............... ....+4.5V to +35V
Logic Inputs ... -0.3Vto +5.5V  Sink/Source Load Current (each output).. .... 0to 100mA
Analog Inputs . ... i -0.3Vto+Vin Reference Load Current..........cooovviiiiiinn, 0 to 20mA
Source/Sink Load Current (each output)................ 200mA  Oscillator Frequency Range ...... ... 1Hz to 600kHz
Reference Load Current............ccooiiiiiiiiennn.n. 50mA  Oscillator Timing Resistor........ .... 2kQ to 150kQ
Logic Sink Current. ...t 15mA  Oscillator Timing Capacitor ........ ....400pF to 20uF
Power Dissipation at Ta = +25°C (Note 2) ............. 1000mW  Available Deadtime Range at 40kHz ................ 1% to 50%
Thermal Resistance, Junction to Ambient............. 100°C/W  Operating Ambient Temperature Range :
Power Dissipation at Tc = +25°C (Note 3) ............. 3000mwW UCL526A ..o -55°C to +125°C
Thermal Resistance, Junctionto Case ................. 42°C/W UC2526A ..o ~-25°C to +85°C
Operating Junction Temperature ...................... +150°C UC3B26A ..t 0°C to +70°C.
Storage Temperature Range........... P -65°C to +150°C Note: 4. Range over which the device is functional and parameter limits
Lead Temperature (soldering, 10 seconds)............. +300°C are guaranteed.
Notes: 1. Values beyond which damage may occur.
2. Derate at 10mW/°C for ambient temperatures above +50°C.
3. Derate at 24mW/°C for case temperatures above +25°C.
BLOCK DIAGRAM
CONNECTION DIAGRAM
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UC1526A

UC2526A
ELECTRICAL CHARACTERISTICS (+Vin = 15V, and over operating ambient temperature, unless otherwise specified) UC3526A
UC1526A/UC2526A UC3526A
PARAMETER TEST CONDITIONS MIN. l P, | MAX. | MIN. | TP, rMAX. UNITS
Reference Section (Note 5)
Output Voltage Ty = +25°C 495 | 5.00 | 5.05 | 490 | 5.00 | 5.10 v
Line Regulation +Vin =7 to 35V 2 10 2 15 mV
Load Regulation IL =0 to 20mA 5 20 5 20 mV
Temperature Stability Over Operating Ty (Note 6) 15 50 15 50 mV
Voliage Range Operating Conditons 490 | 500 | 510 | 485 | 500 | 515 | v
Short Circuit Current Vrer = OV 25 50 100 25 50 100 mA
Under-Voltage Lockout
"RESET Output Voltage Vrer = 3.8V 02 | 04 02 | 04 v
RESET Output Voltage VRer = 4.7V 24 | 47 24 | 48 '
Oscillator Section (Note 7)
Initial Accuracy Ty = +25°C 13 +8 +3 +8 %
Voltage Stability +Vin =7 to 35V 0.5 1 0.5 1 %
Temperature Stability Over Operating Ty (Note 6) 2 6 1 3 %
Minimum Frequency Rt = 150kQ, Cr = 20uF (Note 6) 1 1 Hz
Maximum Frequency Rt = 2kQ, Ct = 470pF 550 650 kHz
Sawtooth Peak Voltage +Vin = 35V 3.0 35 3.0 35 \
Sawtooth Valley Voltage +Vin =7V 0.5 1.0 0.5 1.0 v
SYNC Pulse Width Ty = 25°C, RL = 2.7kQ to Vrer 1.1 1.1 us
Error Amplifier Section (Note 8)
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=10 Meg Q 64 72 60 72 dB
HIGH Output Voltage Vpinl-Vpin2=150mV, lsource = 100uA 36 4.2 3.6 4.2 Vv
LOW Output Voltage Vpin2-Vpinl1=150mV, Isink = 100uA 0.2 0.4 0.2 0.4 \"
Common Mode Rejection Rs < 2kQ 70 94 70 94 dB
Supply Voltage Rejection +ViN = 12 to 18V 66 80 66 80 dB
PWM Comparator (Note 7)
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 2.4 4.0 Vv
LOW Output Voltage lsink = 3.6mA 0.2 0.4 0.2 0.4 v
HIGH Input Current ViH = +2.4V -125 | -200 -125 | -200 uA
LOW Input Current ViL = +0.4V -225 | =360 -225 | -360 uA
Shutdown Delay From Pin 8, Ty = 25°C 160 160 ns

Notes: 5. Iy = OmA.

6. Guaranteed by design, not 100% tested in production.
7. Fosc = 40kHz (Rt = 4.12kQ £ 1%, Cy = 0.01uF 1%, Rp = 0Q)

8.Vom =0 to +5.2V

UNITRODE INTEGRATED CIRCUITS
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UC1526A

: . UC2526A
ELECTRICAL CHARACTERISTICS (+Vin = 15V, and over operating ambient temperature, unless otherwise specified) UC3526A
UC1526A/UC2526A UC3526A
PARAMETER TEST CONDITIONS UNITS

MIN. | TvP. [MAX. | miIN. | TYp. | MAX.

Current Limit Comparator (Note 9)

Sense Voltage Rs < 500

90 100 | 110 80 100 | 120 myV

Input Bias Current -3 -10 -3 -10 pA
From Pin 7, 100mV Overdrive, )
Shutdown Delay T, = 25°C 260 260 ) nS
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 UA

Output Drivers (Each Output) (Note 10)

125 | 135 125 | 135

HIGH Output Voltage lsource = 20mA v

Isource = 100mA 12 13 12 13 v
LOW Output Voltage Isink = 20mA 0.2 0.3 0.2 0.3 v

Isink = 100mA 1.2 20 1.2 2.0 v
Collector Leakage Ve =40V 50 150 50 150 uA
Rise Time CL = 1000pF (Note 6) 0.3 0.6 0.3 0.6 us
Fall Time CL = 1000pF (Note 6) 0.1 0.2 0.1 0.2 us
C'g;ig;”d”“m" Per cycle, Ty = 25°C 8 8 nC

Power Consumption (Note 11)

Standby Current SHUTDOWN = +0.4V

|14 J20] J[1]20] m

Notes: 9.Vcm =0 to +12V
10. V¢ = +15V
11. +Vin = +35V, Ry = 4.12kQ

PACKAGE DIMENSIONS
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UC1526A

TYPICAL CHARACTERISTICS UC2526A
UC3526A
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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
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 oscillations. 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.

* == *May be required
Cr== with some types
of transistors

UC1526A
({)- REFERENCE
.
Q% T 10u4F

REGULATOR
Figure 1. Extending Reference Output Current

JEp—

Veer

GND

Under-Voltage Lockout

The under-voltage lockout circuit protects the UC1526A 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 stabilizing, and holds the soft-start timing
capacitor in a discharged state.

The circuit consists of a +1.2V bandgap reference and compara-
tor circuit which is active when the reference voltage has risen to
3Vee or +1.8V at 25°C. When the reference 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 350mV of hysteresis to minimize oscillation at
the trip point. When +V|n 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 discharged, and the PWM
is ready for another soft-start cycle.

The UC1526A can operate from a +5V supply by connecting the
VRer pin to the +V N pin and maintaining the supply between +4.8
and +5.2V.

Vaer

TO RESET

R
! TO DRIVER A
B TO DRIVER B

1.2v
BANDGAP
REFERENCE

i

Figure 2. Under-Voltage Lockout Schematic
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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 Qa. 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,
guaranteeing 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 100uA current source to
charge Cs. Q2 clamps the erroramplifier output to 1Vge 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.

Vrer
100
HA (
+
+ERROR amd
~ERROR AMP,
RESET

TO
UNDER-
VOLTAGE
LOCKOUT

g}
I Csorrsrarr

Figure 3. Soft-Start Circuit Schematic

Digital Control Ports

The three digital control ports of the UC1526A are bi-directional.
Each pin candrive TTLand 5V CMOS logic directly, up toa 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
Schottky 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 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.

40K 320K

TO
INTERNAL
LOGIC SYNC

Q2 —) sAUTDOWN
FROM or
INTERNAL Qi
LOGIC RESET

Figure 4. Digital Control Port Schematic
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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 following procedure is recommended for
choosing timing values:

1. With Rp = 0Q (pin 11 shorted to ground) select values for Rt
and Ct from the graph on page 4 to give the desired oscillator
period. Remember that the frequency at each driver outputis
half the oscillator frequency, and the frequency at the +V¢
terminal is the same as the oscillator frequency.

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

3. Increasing the dead time will cause the oscillator frequency
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 frequency 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.

Multiple devices can be synchronized together by programming
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 Cr pin of the master, and all SYNC
terminals are likewise connected to the SYNC pin of the master.
Slave Rt terminals are left open or connected to Vrer. Slave Rp
terminals may be either left open or grounded.

uciszeA @ SVNC l

Cr

Rr

G

Figure 5. Oscillator Connections and Waveforms

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 determined by
the polarity of the switching supply output voltage. 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.

NEGATIVE
OUTPUT
VOLTAGE

Veer

POSITIVE
OUTPUT

GND VOLTAGE
Vour = Vrer (—R";i) Vour = Vaer ( ’;‘
2 2
RiR: RiR:
R, (e ) ro= (BE)

Figure 6. Error Amplifier Connections
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UC1526A

UC2526A
Output Drivers UC3526A
The totem-pole output drivers of the UC1526A are designed to
source and sink 100mA continuously and 200mA peak. Loads
can be driven either from the output pins 13 and 16, or from the
+V¢, as required.

Since the bottom transistor of the totem-pole is allowed to
saturate, there is a momentary conduction path from the +V¢
terminal to ground during switching; however, improved design
has limited this cross-conduction period to less than 50ns.
Capacitor decoupling at V¢ is recommended and careful
grounding of Pin 15 is needed to insure that high peak sink
currents from a capacitive load do not cause ground transients.

+V SUPPLY o
Ry
9
Cy
:[ We A
i UC1526A
GND B

RETURN D$

Figure 7. Push-Pull Configuration

+V SUPPLY © TO OUTPUT FILTER

+VcA @

UC1526A
oo B[O

RETURN o0—— é

Figure 8. Single-Ended Configuration

+15V
—
100 ‘
H 4
UC1526A =
GND B ;3_

= Ds, D2
RETURN - 1IN5819

Figure 9. Driving N-Channel Power Mosfets
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LINEAR INTEGRATED CIRCUITS
Regulating Pulse Width Monitor

FEATURES
® 8 to 35V operation

® 5V reference trimmed to £1%
e 1Hz to 400kHz oscillator range
e Dual 100mA source/sink outputs

o Digital current limiting

® Double pulse suppression
e Programmable deadtime
e Under-voltage lockout

® Single pulse metering

UC1526
UC2526
UC3526

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 package are a temperature compensated voltage reference,
sawtooth oscillator, error amplifier, pulse width modulator, pulse metering and steering
logic, and two low impedance. power drivers. Also included are protective features such
as soft-start and under-voltage lockout, digital current limiting, double pulse inhibit, a
data latch for single pulse metering, adjustable deadtime, and provision for symmetry
correction 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

e Programmable soft-start

e Wide current limit common mode range
® TTL/CMOS compatible logic ports

e Symmetry correction capability

e Guaranteed 6 unit synchronization

ABSOLUTE MAXIMUM RATINGS (Note 1)

INPUt VOIRAEE (FVIN) e vveeeeee et eieieieaanas +40V
Collector Supply Voltage (+Vg) «.vnvvvneiniiiiienan +40V
Logic Inputs .....vvvenii

Analog Inputs

Source/Sink Load Current (each output)................ 200mA
Reference Load Current. ... ... iiiniiiininn, 50mA
Logic Sink Current. ..o 15mA
Power Dissipation at Ta = +25°C (Note 2) ............. 1000mwW
Thermal Resistance, Junction to Ambient............. 100°C/W
Power Dissipation at Tc = +25°C (Note 3) ............. 3000mwW
Thermal Resistance, JunctiontoCase ................. 42°C/W
Operating Junction Temperature ...................... +150°C
Storage Temperature Range........... e -65°C to +150°C
Lead Temperature (soldering, 10 seconds)............. +300°C

Notes: 1. Values beyond which damage may occur.
2. Derate at 10mW/°C for ambient temperatures above +50°C.
3. Derate at 2dmW/°C for case temperatures above +25°C.

BLOCK DIAGRAM

flexibility. This versatile device can be used to implement single-ended or push-pull
switching regulators of either polarity, both transformerless and transformer coupled.
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°C to +70°C.

RECOMMENDED OPERATING CONDITIONS (Note 4)

Input Voltage. ..o +8V to +35V
Collector Supply Voltage ...........c.cvvvnn... +4.5V to +35V
Sink/Source Load Current (each output)........... 0 to 100mA
Reference Load Current............coviiieninenn, 0 to 20mA
Oscillator Frequency Range .................... 1Hz to 400kHz
Oscillator Timing Resistor .. .. 2kQ to 150kQ
Oscillator Timing Capacitor .................c...ut. 1nF to 20uF
Available Deadtime Range at 40kHz ................ 3% to 50%
Operating Ambient Temperature Range

UCL526 ..vviiiii it -55°C to +125°C

UC2526 . vvveei e ieieeaeaens -25°C to +85°C

UC3526 . eoeeiieie et 0°C to +70°C

Note: 4. Range over which the device is functional and parameter limits
are guaranteed.

CONNECTION DIAGRAM
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UC1526

UC2526
UC3526
ELECTRICAL CHARACTERISTICS (+Vin = 15V, and over operating ambient temperature, unless otherwise specified)
UC1526/UC2526 uCc3526
PARAMETER TEST CONDITIONS UNITS
MIN. | Tvp. [ MAX. | MIN. | TYP. | MAX.
Reference Section (Note 5)
Output Voltage Ty = +25°C 495 | 500 | 5.05 | 490 | 500 | 5.10 \
Line Regulation +Vin = 8 to 35V 10 20 10 30 mV
Load Regulation I =0 to 20mA 10 30 10 50 mV
Temperature Stability Over Operating Ty 15 50 15 50 mV
Volige Range Operating Gonditions 490 | 500 | 5.10 | 485 | 500 | 515 |V
Short Circuit Current Vger = 0V 25 50 100 25 50 100 mA
Under-Voltage Lockout
RESET Output Voltage VRer = 3.8V 02 | 04 02 | 04 v
RESET Output Voltage Vrer = 4.8V 24 | 48 24 | 48 v
Oscillator Section (Note 6)
Initial Accuracy Ty = +25°C +3 18 +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 = 150kQ, Cr = 20uF 1 1 Hz
Maximum Frequency Rt = 2kQ, Cr = 1.0nF 400 400 kHz
Sawtooth Peak Voltage +Vin = 35V 3.0 35 3.0 35 \
Sawtooth Valley Voltage +Vin = 8V 0.5 1.0 05 1.0 \"
Error Amplifier Section (Note 7)
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 = 10 Meg Q 64 72 60 72 dB
HIGH Output Voltage Vpinl-Vpin2=150mV, lsource = 100uA 3.6 4.2 36 4.2 v
LOW Output Voltage Vpin2-Vpin1=150mV, lsink = 100uA 0.2 0.4 0.2 0.4 \
Common Mode Rejection Rs < 2kQ 70 94 70 94 dB
Supply Voltage Rejection +Vin =12 to 18V 66 80 66 80 dB
PWM Comparator (Note 6)
Minimum Duty Cycle Vcompensation = +0.4V 0 0 %
Maximum Duty Cycle Vecompensation = +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 Vin = +2.4V -125 | -200 -125 | -200 uA
LOW Input Current ViL = +0.4V -225 | -360 -225 | -360 HA

Notes: 5. I = OmA.
6. Fosc = 40kHz (Rt = 4.12kQ = 1%, Cr = .01uF + 1%, Rp = 0Q
7.Vem = 0 to +5.2V

UNITRODE INTEGRATED CIRCUITS
7 CONTINENTAL BLVD. * MERRIMACK, NH 03054
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UC1526

uc2526
uc3526
ELECTRICAL CHARACTERISTICS (+Vin = 15V, and over operating ambient temperature, unless otherwise specified) )
UC1526/UC2526 UC3526
PARAMETER TEST CONDITIONS UNITS
» MIN. | Tvp. [ MAX. | MIN. | TYP. | max.
Current Limit Comparator (Note 8)
Sense Voltage Rs < 50Q 90 100 | 110 80 100 | 120 mV
Input Bias Current -3 | -10 -3 -10" LA
Soft-Start Section
Error Clamp Voltage RESET = +0.4V 0.1 0.4 0.1 0.4 Vv
Cs Charging Current RESET = +2.4V 50 100 | 150 50 100 | 150 LA
Output Drivers (Each Output) (Note 9)
| =20mA 125 | 135 125 | 135 v
HIGH Output Voltage souree
Isource = 100mMA 12 13 12 13 v
lsink = 20MA 0.2 0.3 0.2 0.3 \'
LOW Output Voltage
Isink = 100mA 1.2 2.0 1.2 2.0 v
Collector Leakage V¢ = 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 10) .
Standby Current | SHUTDOWN = +0.4v | [ 18 | 30 | | 18 [ 30 [ ma
Notes: 8.Vcm =0 to +12V
9. Vg = +15V
10. +Vin = +35V, Rt = 4.12kQ
PACKAGE DIMENSIONS
0.320 0.310
l'_ 0290 _'I l"m ’l
0.015 0.015
- 0.008 0.008
~/ 0° - 15° ~ 0°-15°
.—.m.—..—..—.,—..—..—..—._’_ hﬁﬁrﬁmnl—\t—lm__r
0.310 0.260
0.220 u 0.240
L I ~ 0910 .
0915 I o0 |
0885 -
0. 206 T 0.200
MAX. MAX.
i I l l l l I }6.200 F 0.200
0.125 __ ¥0125
ooso 0.023 0,020
0.030 - _’“‘_ 0.014 0052 . "l - "”" 0015
0.100 0.100
TYP. TYP.

J Package
18-Pin Cerdip
Alloy 42 Leadframe

N Package
18-Pin Plastic Dip
Copper Alloy Leadframe

UNITRODE INTEGRATED CIRCUITS
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APPLICATIONS INFORMATION

Voltage Reference

The reference regulator of the UC1526 is based on atemperature
compensated zener diode. The circuitry is fully active at supply
voltages above +8V, and provides up to 20maA 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 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 oscillations.
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.

* == *May be required
C* == With some types
of transistors

UC1526A

({7 REFERENCE

REGULATOR

J +
@% f 10uF

Figure 1. Extending Reference Output Current

Verer

GND

Under-Voltage Lockout

The under-voltage lockout circuit protects the UC1526 and the
power devices it controls from inadequate supply voltage. If +Viy
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 stabilizing, and holds the soft-start timing
capacitor in a discharged state.

The circuit consists of a +1.2V bandgap reference and
comparator circuit which is active when the reference voltage has
risen to 3Vge or +1.8V at 25°C. When the reference 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 +V|n 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 discharged, and the PWM
is ready for another soft-start cycle.

The UC1526 can operate from a +5V supply by connecting the

VRer pin to the +Vin pin and maintaining the supply between +4.8
and +5.2V.

Vaer

TO RESET

TO DRIVER A
+ TO DRIVER B

BANDGAP
REFERENCE |

Figure 2. Under-Voltage Lockout Schematic
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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 Qs. 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,
guaranteeing zero duty cycle at the driver outputs. When the
supply voltage reaches normal operating range, RESET will go
HIGH. Q4 turns off, allowing the internal 100uA current source to
charge Cs. Q2 clamps the error ampilifier output to 1Vge 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 nuil.

Ve
1]
C) RAMP—
+ERROR ERRO P.
-ERROR

RESET

T0
UNDER-
VOLTAGE
LOCKOUT

Csorrstanr

il

Figure 3. Soft-Start Circuit Schematic

Digital Control Ports

The three digital control ports of the UC1526 are bi-directional.
Each pin can drive TTL and 5V CMOS logic directly, 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
Schottky 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 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.

Veer

40K 320K

T0
INTERNAL
LOGIC SYNC

Q2 —O SHUTDOWN
FROM or
INTERNAL Q
LOGIC RESET

Figure 4. Digital Control Port Schematic
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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 clockat pin 12. The following procedure is recommended for
choosing timing values:

1. With Rp = 0Q (pin 11 shorted to ground) select values for Rt
and Cry from Figure 7 to give the desired oscillator period.
Remember that the frequency at each driver output is half
the oscillator frequency, and the frequency at the +V¢
terminal is the same as the oscillator frequency.

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

3. Increasing the dead time will cause the oscillator frequency
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 frequency 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.

Multiple devices can be synchronized together by programming
one master unit for the desired frequency, and then sharing its
sawtooth and clock waveforms with the slave units. All Cy
terminals are connected to the Ct pin of the master, and all SYNC
terminals are likewise connected to the SYNC pin of the master.
Slave Ry terminals are left open or connected to Vrer. Slave Rp
terminals may be either left open or grounded.

Figure 5. Oscillator Connections and Waveforms

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 determined by
the polarity of the switching supply output voltage. 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.

NEGATIVE

Rs OUTPUT
Veer O Ve VOLTAGE
Ra R POSITIVE
.. OUTPUT
GND VOLTAGE

Vour = Veer (“‘R;R’)

2

Rq = (——R‘R’ )

R + Rz

RiR
R;=(*R~—-‘-‘L;2)

Figure 6. Error Amplifier Connections
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Output Drivers

The totem-pole output drivers of the UC1526 are designed 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 +V¢
terminal to ground during switching. To limit the resulting current
spikes a small resistor in series with pin 14 is always
recommended. The resistor value is determined by the driver
supply voltage, and should be chosen for 200mA peak currents.

+V SUPPLY ©
Ry
[
9
o)
I e AL@— 2 H
2
= o *
UC1526 T
GND BH1E Q:
Rs
RETURN

Figure 7. Push-Pull Configuration

+V SUPPLY O Q@ TO QUTPUT FILTER

Ve Al @
uc1526
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9

Figure 8. Single-Ended Configuration
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Figure 9. Driving N-Channel Power Mosfets
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TYPICAL CHARACTERISTICS

Oscillator Period vs R, and C;

UC1526
UC2526
UC3526
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UC1543 UC1544
UC2543 UC2544
UC3543 UC3544

LINEAR INTEGRATED CIRCUITS

Power Supply Supervisory Circuit

FEATURES
¢ Includes over-voltage, under-voltage,
and current sensing circuits

o |nternal 1% accurate reference
e Programmable time delays

® SCR “crowbar” drive of 300mA
e Remote activation capability

» Optional over-voltage latch

» Uncommitted comparator inputs for
low voltage sensing
(UC1544 series only)

DESCRIPTION

These monolithic integrated circuits contain all the functions necessary to monitor and
control the output of a sophisticated power supply system. Over-voltage (0.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 collector
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 0.V. circuit also
includes an optional latch and external reset capability.

The UC1544/2544 /3544 devices have the added versatility of completely uncommitted
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 external
potentiometers and the entire circuit may be powered directly from either the output
being monitored or from a separate bias voltage.

ABSOLUTE MAXIMUM RATINGS CONNECTION DIAGRAMS

Input Supply Voltage, Vin + oo vvvveiniiii i e 40V
Sense Inputs, VoItage RANEE . . ... .ooiiuie it OtoVi | DIL-16 (TOP VIEW) uc1543
SCR Trigger CUITENt. ..o e ittt e it et e et e et -600mA* J or N PACKAGE UC2543
Indicator QUEPULt VORAEE . .. vt ettt ettt 40V uCc3543
Indicator Output Sink Current........... e e e e e e e, 50mA ~
Power Dissipation (Package Limitation)...........coooviiniiiniiininiinnnn, 1000mW SCR TRIGGER 1 [16] Vi

Derate ADOVE 25°C. ... ettt ittt 8.0mW/°C T 2] [T5] Vrer
Operating Temperature Range

UC1543, UC1544 ...... PSP -55°C to +125°C RESET [3] [14] GROUND

UC2543,UC2544 ......cooviiiiiiiiii e -25°C to +85°C O.V. INDICATE (4] E C.L.OUTPUT

UC3543, UC3544 ...ttt 0°C to +70°C
Storage Temperature Range -65°C to +150°C O.v. DELAY [5] [12] oFFsET/COMP
*At higher input voltages, a dissipation limiting resistor, R, is required. O.V. INPUT [§] [TT] C.L. NI INPUT

Note: Currents are positive-into, negative-out of the specified terminal.
U.V. INPUT [7] [10] C.L. INV INPUT

BLOCK DIAGRAM U.V. DELAY (8] [9] U.v. INDICATE

U.V. SENSE . INDICATE

N.I INPUT

Vin 5,5
V. INDICAT!
7 0.V, DELAY 0 DICATE
e 1

CL. REMOTE RESET
= OUTPUT ACTIVATE
(GROUND TO ACTIVATE)

S.C.R. TRIGGER

OFFSET/COMP

DIL-18 (TOP VIEW) UC1544
J or N PACKAGE uc2544
U uc3s44
SCR TRIGGER 1] 18] Vi
e ] 7 e
RESET (3] [16] GROUND

0.V, INDICATE [4]
0.V. DELAY [5 |
O.V. N.I. INPUT [ |
O.V. INV INPUT [7|
U.V. N.I. INPUT 8]

U.V. INV INPUT (9]

[15] C.L. OUTPUT

[14] OFFSET/COMP
[13] C.L. NI INPUT
[12) c.L. INv INPUT
[11] U.V. INDICATE

[10] U.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 Vaer.
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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 &

UC1544; -25°C to +85°C for the UC2543 & UC2544; and 0°C to +70°C for the UC3543 & UC3544;
and for Vin = 5 to 35V. Electrical tests are performed with Viy = 10V and 2kQ pull-up resistors on
all indicator outputs. All electrical ratings and specifications for the UC1544, UC2544 & UC3544
devices are tested with the inverting over-voltage input and the non-inverting under-voltage input
externally connected to the 2.5V reference.)

UC1543/UC2543 uc3543
PARAMETER TEST CONDITIONS UC1544/UC2544 uc3544 UNITS
MIN. [ TYP. | MAX. | MIN.| TYP.| MAX.
Input Voltage Range Ty = 25°C to Tuax 45 40 45 40 v
Input Voltage Range Tamin to Tmax 47 40 4.7 40 v
Supply Current Vin = 40V, Outputs Open 7 10 7 10 mA
Reference Section
Output Voltage T, =25°C 248 | 250 | 252 | 245 250 | 2.55 \
Output Voltage Over Temperature Range 2.45 2.55 | 2.40 2.60 Vv
Line Regulation Vin =5 to 30V 1 5 1 5 mV
Load Regulation lrer = 0 to 10mA 1 10 1 10 mV
Short Circuit Current Vrer = 0 -12 | -20 | -40 -12| -20 | -40 mA
Temperature Stability 50 50 ppm/°G
SCR Trigger Section
Peak Output Current Vin=5V,Ra=0,Vo=0 -100 | -300 | -600 [-100| -300 | -600 mA
Peak Output Voltage Vin = 15V, lo = -100mA 12 13 12 13 Vv
Output Off Voltage Vin = 40V 0 0.1 0 0.1 v
Remote Activate Current R/A Pin = Gnd -0.4 | -0.8 -0.4| -0.8 mA
Remote Activate Voltage R/A Pin"Open 2 6 2 6 )
Reset Current Reset = Gnd, R/A = Gnd -0.4 | -0.8 -04 | -08 mA
Reset Voltage Reset Open, R/A = Gnd 2 6 2 6 Vv
Output Current Rise Time 400 400 mA/us
Prop. Delay from R/A RL. =500, T,=25°C,Co =0 300 300 ns
Prop. Delay from O/V input 500 500 ns
Comparator Sections
Input Threshold (Input T, = 25°C 245| 250 | 2.55 | 2.40| 2.50 | 2.60 v
voltage rising on O.V.
and falling on U.V.) Over Temperature Range 2.40 260 | 2.35 2.65 \
Input Hysteresis 25 ' 25 mV
Input Bias Current Sense Input = OV -03 ]| -1.0 -0.3| -1.0 UA
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 uA
Indicate Saturation I = 10mA 0.2 0.5 0.2 0.5 v
Indicate Leakage Vino = 40V .01 1.0 .01 1.0 HA
Propagation Delay _!Ep:'ég;rgrdrive = 200mv gDi f 400 400 e
o = 1uF 10 10 ms
Current Limit Section
Input Voltage Range 0 vn—3v)| O (Vin—3V) Vv
Input Bias Current Offset Pin Open, Vem = 0 -03 | -1.0 -0.3 | -1.0 LA -
Input Offset Voltage Offset Pin Open, Vem = 0 0 10 0 10 mV
Input Offset Voltage 10kQ from Offset Pin to Gnd 80 100 120 80 100 120 mV
CMRR 0<Vemw=12V,V\y= 15V 60 70 60 70 dB
AVOL Offset Pin Open, Vem = OV 72 80 72 80 dB
Output Saturation I, = 10mA 0.2 0.5 0.2 0.5 Vv
Output Leakage Vino = 40V .01 1.0 .01 1.0 UA
Small Signal Bandwidth Av =0dB, T, = 25°C 5 5 MHz
Propagation Delay Voverarive = 100mV, Ty = 25°C 200 200 ns

UNITRODE INTEGRATED CIRCUITS
7 CONTINENTAL BLVD. * MERRIMACK, NH 03054
TEL. (603) 424-2410 » TELEX 95-3040 3-59 PRINTED IN US A



UC1543 UC1544
UC2543 UC2544
UC3543 UC3544

SCR Trigger Power Limiting Comparator Input Hysteresis
g I LI TTT] EEnnin
= Recc nded Series Gate e, Re 4 Over-voltage Under-voltage
S ForI Use \ININ'I Hlngher Supply Voltages ] Input Input
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w150 g » Vw5 o | =
2 *= o2 / 8
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w / 2
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5 " [R=som \N ===dX 2
8 N TSt <
< - N
5 g [Rr=10@ & 20 ETNNMLO S 270 3
o
> . ~ A i (&}
o o N - z
g g 01mFd to Ground YA g
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UC1543 UC1544
UC2543 UC2544
UC3543 UC3544

APPLICATIONS (Pin Numbers given for UC1543 series devices)

Typical Application The values for the external components are deter-
BIAS SUPPLY mined as follows:
OUT-OF-TOLERANCE 1000
FROM POWER SUPPLY Rsc INDICATORS Current limit input threshold, Vi = R
'

C, is determined by the current loop dynamics
TO SYSTEM .
CONTROL Peak Ctoload. 1 Vo R.
eak current to load, P= TR ¥ Re (Rp RJ)

TO VOLTAGE

SCR
by " v,
CONTROL LOOP CROWBAR va Short circuit current, Isc = RA
SC

Low output voltage limit,
Vg (Low) = 2.5 (Rs + Rs + Re)
Rs + Re

High output voltage limit
Vg 25 e+ Rex R

6

Voltage sensing delay, ts = 10,000 Cd

SCR trigger power limiting resistor, Rg > %
Sensing Multiple Supply Voltages
BIAS
SUPPLY TO SG139 COMPARATORS
MAIN % —————————————————
POSITIVE
SUPPLY
T0
SHUTDOWN
CIRCUIT
GROUND
MASTER POWER SUPPLY
—
CONDITION INDICATOR
R 'SG139 QUAD COMP.
ADDITIONAL _
POSITIVE
SUPPLY Rs |
= Re Ry | |
NEGATIVE = S
SUPPLY
VOLTAGE |
1
s . |
1 . |
Input Line Monitor Cvercurrent Shutdown
MAIN
SUPPLY
BUS
BIAS
" VOLTAGE
[ uCisas !
| SCR
“CROWBAR"

M_

DELAY SUPPLY
BUS !
RETURN L

PIN 9
ouTPur——\__j'_ OFF
ON
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LINEAR INTEGRATED CIRCUITS uct611
Quad Schottky Diode Array

FEATURES

® Matched, Four-Diode Monolithic Array
® High Peak Current

® L ow-Cost MINIDIP Package

® Low Forward Voltage

® Parallelable for Lower VE or Higher I
® Fast Recovery Time

® Military Temperature Range Available

ABSOLUTE MAXIMUM RATINGS

Peak Inverse Voltage (per Diode) ........

Diode-to-Diode Voltage
Peak Forward Current
UC1611 ..ot

UC3611 ..o
Power Dissipation at Tp = +70°C.......

Derate 12.5 mW/°C above +70°C

Storage Temperature Range ............
Lead Temperature (Soldering, 10 Seconds)

3/87

.............. 50V DIL-8 (TOP VIEW)

................ o
............... i 3: JE
—65°C to +150°C IZ

......... +300°C

UC3611

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 driving 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 MINIDIP 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.

CONNECTION DIAGRAM

J or N PACKAGE

=]

K

=l

IEE3

el

0001-1

L)
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uc1611

uc3611
ELECTRICAL CHARACTERISTICS (All specifications apply to each individual diode. T = +25°C except as noted.)
PARAMETER TEST CONDITIONS MIN TYP MAX UNITS
I = 100 mA 0.4 0.5 0.7
Forward Voltage Drop IF = 1A 09 12 \
VR = 40V 0.01 0.1
Leakage Current VR = 40V, T, = +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 10 mA may be collected by adjacent diodes.
Reverse Current vs Voltage Forward Voltage vs Current
T T T
 Ty=125%
3000 3.0
\| A/
/
2000 2.0 >/ K\_ T,=55°C
|
1000 1.0
e
500 0.5 // /
. 300 /‘ .. 03 / /
3 200 $ o2 /
I e : [ [/
Z 100 T;=125°C 4 u o1
g // % l /
3 S0 B g 0.05
g 30 [~ g 0.03 I I I
o
g 20 2 0.02 I’ II
10 0.01 I ’ /
5 / 0.005 I I
3 Ty=75°C — 0.003 ’ I
R .
2 T 0.002
T;=25°C I I
1 . 0.001
0 10 20 30 40 50 0 0.2 04 06 08 1.0 1.2 1.4 1.6 1.8 2.0
REVERSE VOLTAGE =(V) ' FORWARD VOLTAGE =(V)
0004-2
TYPICAL APPLICATIONS
cecmmecmcaca=y
] uc3et1
: remmcm--y
1 uc3e611
[ pPmmmmm——y
[) ()
) ()
[} .
HIGH SPEED ] ]
PWM DRIVER H H
i.e. UC3825 —_ ] ]
' :
[} ()
(] (]
] (]
: (]
. 0 >—O
bt ooceoeoeed
cemeececccceaeed
0004-3
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LINEAR INTEGRATED CIRCUITS

Thermal Monitor

FEATURES
® On-Chip Temperature Transducer

® Temperature Comparator Gives
Threshold Temperature Alarm

® Power Reference Permits Airflow
Diagnostics .

® Precision 2.5V Power Reference
Permits Airflow Diagnostics

® Transducer Output is Easily Scaled for
Increased Sensitivity

® [ ow 2.5 mA Quiescent Current

BLOCK DIAGRAM

UG1730
uGa730
UC3730

DESCRIPTION

The UCG1730 family of integrated circuit devices are designed to be used in a number
of thermal monitoring applications. Each IC combines a temperature transducer,
precision reference, and temperature comparator allowing the device to respond with
a logic output if temperatures exceed a user programmed level. The reference on
these devices is capable of supplying in excess of 260 mA of output current—by
setting a level of power dissipation the rise in die temperature will vary with airflow
past the package, allowing the IC to respond to airflow conditions.

These devices come in an 8-Pin DIP, plastic or ceramic, or a 5-Pin TO-220 version. In
the 8-pin version, a PTAT (proportional to absolute temperature) output reports die
temperature directly. This output is configured such that its output level can be easily
scaled up with two external gain resistors. A second PTAT source is internally
referenced to the temperature comparator. The other input to this comparator can
then be externally programmed to set a temperature threshold. When this temperature
threshold is exceeded an alarm delay output is activated. Following the activation of
the delay output, a separate open collector output is turned on. The delay pin can be
programmed with an external RC to provide a time separation between the activation
of the delay pin and the alarm pin, permitting shutdown diagnostics in applications
where the open collector outputs of multiple parts are wire OR’ed together.

The 5-pin version in the TO-220 package is well suited for monitoring heatsink
temperatures. Enhanced airflow sensitivities can be obtained with this package by
mounting the device to a small heatsink in the airstream. This version of the device
does not include the PTAT output or the open collector alarm output.

6
: ( )E’Vm :
REFERENCE
PTAT THERMAL |~ AMPLIFIER
BUFFER COUPLING 2.5v
NA) A [ %
PTAT+ = i (')
T _/Elz.sv REFERENCE
PTAT - ELNA) l
PTAT VOLTAGES (3)
5mV,/%K I ———{4]ero
TEMPERATURE = = =
ALARM —(4) =
DY COMPARATORy T _
< (2) = ALARM
5k 8
s ‘ [ THRESHOLD SET

ALARM
BUFFER

(NA) — ALARM

OuTPUT

Pin numbers shown for 8-Pin DIP, () number for 5-Pin TO-220.

0008-9
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CONNECTION DIAGRAMS

UC1730
UC2730
UC3730

DIL-8 (TOP VIEW)
N or J PACKAGE

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

5 +V|N
ALARM DELAY [ 1] E ALARM THRESHOLD SET 4 ALARM DELAY
ALARM OUTPUT [ 2] [7] 2.5V REFERENCE % ﬁEADRM THRESHOLD SET
+Vy 3] [6] PTAT- 1 2.5V REFERENCE
GND [4] [5] PTAT+ 0008-2
0008-1
ABSOLUTE MAXIMUM RATINGS
Input Supply Voltage, (+VIN) -« +vvvverrreennerenarnnnns 40V Thermal Resistance Junction to Ambient
Alarm Output Voltage (8-Pin Version Only) .............. 40V N, 8-Pin Plastic DIP ..................oooiinn
Alarm Delay VORAGE .. ... ouvreeeneeeenneaineeanenns 10V J, 8-Pin Ceramic DIP ... ...
Alarm Threshold Set Voltage ............ccoeeevvvnnn... 10V T, 5-Pin Plastic DIP TO-220
2.5V Reference Output Current................... —400 mA Thermal Resistance Junction to Case .
Alarm Output Current (8-Pin Version Only) N, 8-Ff|n Plasth DIP oo GOOC/W
Power Dissipation at TA = 25°C .................. J, B-Pl‘n Ceramlc DIP oo 40°C/W
T,5-PinPlastic TO-220 .........ooviiiininieennnn, 5°C/W

Derate at 10 mW/°C Above 25°C
Power Dissipation at Tc = 25°C................. 2000 mW
Derate at 16 mW/°C Above 25°C

Operating Junction Temperature
Storage Temperature ..........

—55°C to +150°C
—65°C to +150°C

Lead Temperature (Soldering, 10 Seconds)............ 300°C

Note: 1. Voltages are referenced to ground. Currents are positive into,
negative out of, the specified terminals.

ELECTRICAL CHARACTERISTICS (Unless otherwise stated, specifications hold for Tj = 0°C to +-100°C for the UC3730, —25°C to
+100°C for the UC2730 and —55°C to +125°C for the UC1730, +V|y = +5V,and PTAT— =

o

ov.)
PARAMETER TEST CONDITIONS MIN TYP MAX UNITS

INPUT SUPPLY

Supply Current +Vin = 35V 28 4.0 mA

+ViN = 5V 2.3 3.5 mA

REFERENCE

Output Voltage Ty = 25°C 2.475 2.5 2.525 \

Over Temperature 2.46 . 2.54 \

Load Regulation ‘lout = 010250 mA 8.0 25 mV

Line Regulation +V|N = 5to 25V 1.0 5.0 mV
TEMPERATURE COMPARATOR

Temperature at 300°K (26.85°C),

Comparator Threshold Nominally 5 mV/°K, 1.475 1.50 1.525 v

P VinpuT High to Low

Temperature Error -10 10 °C

Threshold Line Vi = 5t0 25V 0.005 0.02 %IV

Regulation

Temperature Linearity Note 2 2.0 5.0 °C

Threshold Hysteresis 3.0 8.0 15 mV

Input Bias Current VinpuT at 1.5V —0.5 —0.1 pA

Max Output Current Vout = 1V 1.2 3.0 mA

Output Sat Voltage lout = 100 A 0.05 0.25 \

Output Leakage _

Current Vout = 1V 0.01 1.0 pA

UNITRODE INTEGRATED CIRCUITS

7 CONTINENTAL BLVD. * MERRIMACK, NH 03054

TEL. (603) 424-2410 * TELEX 95-3040
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UC1730
uc2730
UC3730

ELECTRICAL CHARACTERISTICS (Continued) (Unless otherwise stated, specifications hold for T; = 0°C to +100°C for the
UC3730, —25°C to +100°C for the UC2730 and —55°C to + 125°C for the UC1730, +V|N =

+5V, and PTAT— = 0V))

PARAMETER TEST CONDITIONS MIN TYP | MAX UNITS
PTAT BUFFER (8-Pin N, or J Version Only)

at 300°K (26.85°C),
Output Voltage Nominally 5 mV/°K 1.460 1.50 1.54 v

In 10X Config. +Vjy = 25V 14.6 15 15.4 v
Temperature Error ' -12 12 °C
Temperature Linearity (Note 2) 2.0 5.0 °C
Line Regulation +V|y = 5to 25V 0.02 0.04 % /N
Load Regulation lour = 0to2mA 1.0 3.0 mv
Dropout Voltage PTAT+ TO +V|y 1.9 25 \
Input Bias Current - -
atPTAT— Input 8.0 10 KA

ALARM BUFFER COMPARATOR (8-Pin N, or J, Version Only)

Alarm Delay Input
Threshold Voltage (Vin) Low to High 1.1 1.2 1.3 ‘ \"
Threshold Hysteresis Voltage Alarm Delay Voltage > Vi, 100 250 mVv
Input Bias Current Alarm Delay Voltage < Vi, 0.1 0.5 RA
Max Output Current Vourt = 1V 7.0 15 mA
Output Sat Voltage lout = 3mA 0.25 0.45 \
Output Leakage Vouyt = 35V 0.1 20 pA

Note: 2. This parameter is guaranteed by design and is not tested in production.

APPLICATION AND OPERATION INFORMATION
Scaling the PTAT Output (8-Pin Version Only)

PTAT

PTAT L
SOURCE =
5mV/°K

BUFFER

R
Vout = 5 X (1 + ﬁﬁ) mV/eK
1
(Recommended Range for Rq is 2K to 4K)

0008-3

Vger Maximum Output
Current vs Input Supply
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UNITRODE INTEGRATED CIRCUITS
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Junction Temperature Rise vs
Airflow UC3730N (8-Pin Plastic Dip)

5 110
3 I UC3730N
= 100 N\— AMBIENT TEMPERATURE 1~
i 9 =27°C (300K)
w 80 N Pp=1W
@ —
2 70 ]
g 60 —
$ 50N py=500mw
E 40 \\D_l |m
z I s
g2 % Pp=250mW
(4] 20 Ll
E | T T
S 10
0200 400 600 800_ 1000
100" 300 500 700 900

AIRFLOW (FT/MIN) 0008-5
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UC1730
uc2730
UC3730

APPLICATION AND OPERATION INFORMATION (Continued)

Setting a Temperature Threshold

-—- - = --y

uc1730 :

TEMPERATURE
COMPARATOR

< Temperature Threshold (°C)

3SRs

9 =(ﬂ)x Re 27315
Ry 0.005 Ry + Ra .

==, (OPTIONAL DELAY CAPACITOR)
=X DELAYZ.7RC;

ALARM SIGNAL

Note: For airflow monitoring a power dissipation level can
be set with a resistive load, R, on the reference
output. Pp = (+V|y — 2.5V)2/R|.

0008-6
Dual Speed Fan Control
e m—=a
uc17301
2.5V —['9]
1, R
TEMPERATURE ' ;» 1 )
COMPARATOR i
2| 2v
S &
< Ry g
-
o
o
=
=z
o
o
FAN CONTROL =z
SIGNAL | T TH
OV —LOW SPEED
2V —=HIGH SPEED >
TEMPERATURE

0008-8

0008~7

2.5V Ro
THEC) = o x — 2
WO = 5005 “ Ay + Ra
25V Ry
0005 Ry + Ry

—273.16

TL(C) = —273.15
R2R3

Where: Ry =
Ro +Rg3
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LINEAR INTEGRATED CIRCUITS uc1823
High Speed PWM Controller UC3823

FEATURES DESCRIPTION
e Compatible with Voltage or Current- The UC1823 family of PWM control ICs is optimized for high frequency switched mode
Mode Topologies 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.

® Practical Operation @ Switching
Frequencies to 1.0MHz

e 50ns Propagation Delay to Output

e High Current Totem Pole Output Protection circuitry includes a current limit comparator with a 1V threshold, a TTL
(1.5A peak) 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

o Wide Bandwidth Error Amplifier multiple pulses at the output. An under-voltage lockout section with 800mV of hysteresis

e Fully Latched Logic with Double Pulse assures low start up current. During under-voltage lockout, the output is high
Suppression impedance.

* Pulse-by-Pulse Current Limiting These devices feature a totem pole output designed to source and sink high peak

e Soft Start/Max. Duty Cycle Control currents from capacitive loads, such as the gate of a power MOSFET. The on state is
o Under-Voltage Lockout with Hysteresis - defined as a high level.

e Low Start Up Current (1.1mA)

e Trimmed Bandgap Reference
(5.1V +/- 1%)

BLOCK DIAGRAM

cLock [a}—
R[5 f—
osc
Cr @___ PWM LATCH
(SET DOM.)
1.25V R
RAMP
E/AOUT s
WIDE BANDWIDTH
ERROR AMP
error| NI A
AMP vy
[1] D 9uA
A S —
SOFT g = @ OUT A
START ™
ILIMREF
HUT DOWN
lums.D.[9] CPRTR 7 mg
Vee INTERNAL
BIAS “OUTPUT
oV —Q INHIBIT"
UvLO 4v (" "
GND .’__——_L I Ynge G000 16 5.1V
“Vge GOOD” % GEN REF

L

3/87 368 mm UNITRODE



- ABSOLUTE MAXIMUM RATINGS

Supply Voltage (Pins 15, 13) ... o.uirieit it 30V
Output Current, Source or Sink (Pins 11, 14)
DC........... . e 0.5A
PUISE (0.5S) « o it e 2.0A
Analog Inputs (Pins 1, 2, 7, 8, 9) -0.3Vto +6V
Clock Qutput Current (Pin4) ... e e -5mA
Error Amplifier Output Current (Pin 3). . 5mA
Soft Start Sink Current (Pin 8) ...... 20mA
Oscillator Charging Current (Pin 5) -bmA
Power Dissipation at TA =60°%C .. ..viiniinii i i et 1w
Derate 11mW/°C for Ta > 60°C
Storage Temperature Range ........ooeviiviiiininetninineanenns. -65°C to +150°C
Lead Temperature (Soldering, 10 S€CONdS) ....vvviriiriiintiiiiieeneananen 300°C

NOTE: All voltages are with respect to ground, Pin 10.
Currents are positive into the specified terminal.

uc1823

uc2823
uc3823
CONNECTION DIAGRAM
DIL-16 (TOP VIEW)
J or N PACKAGE
——
Inv. [ [16] Vaer 5.1V
N.I. E Vee
E/A0UT 3] [14] out
CcLock [4] 13] ve
Rr (5] [12] PWR GND
cr [6] [11] ILmMREF
RAMP [7 ] [10] GROUND
SOFT START [8]| 9] 1Lim/S.D.

ELECTRICAL CHARACTERISTICS (Unless otherwise noted, these specifications apply for Rt = 3.65K, Ct = 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.)

. uC1823 uc3s23
PARAMETERS TEST CONDITIONS uc2s23 UNITS
miN. | Tve. [ max. | min. | Tve. | maAx.

Reference Section
Output Voltage Tj=25°C, lo = 1mA 5.05 5.10 5.15 5.00 5.10 5.20 v
Line Regulation 10 < Vee < 30V 2 20 2 ‘20 mV
Load Regulation 1< 1o < 10mA 5 20 5 20 mV
Temperature Stability* Tmin < Ta < Tmax 0.2 0.4 0.2 04 |mv/eC
Total Output Variation* Line, Load, Temp. 5.00 5.20 4.95 5.25 \
Output Noise Voltage 10Hz < f < 10KHz 50 50 w
Long Term Stability* Tj = 125°C, 1000 hrs. 5 25 5 25 mV
Short Circuit Current VRer = OV -15 -50 -100 -15 -50 -100 mA
Oscillator Section
Initial Accuracy* Tj=25°C 360 400 440 360 400 440 KHz
Voltage Stability* 10 < Vce < 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 3.9 45 3.9 45 v
Clock Out Low 2.3 29 ) 2.3 2.9 \
Ramp Peak* 2.6 2.8 3.0 2.6 2.8 3.0 AY
Ramp Valley* 0.7 1.0 1.25 0.7 1.0 1.25 \
Ramp Valley to Peak* 1.6 1.8 2.0 16 1.8 2.0 Vv

* This parameter not 100% tested in production but guaranteed by design.
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uc1823

uc2823
uc3s23
ELECTRICAL CHARACTERISTICS (Unless otherwise noted., these specifications apply for Rt = 3.65K, Ct = 1nF, Vgc = 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.)
o
PARAMETERS TEST CONDITIONS UNITS
MIN. [ TYp. | mAx. [ miN. | TvP. | max.
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 uA
Open Loop Gain 1<Vo <4V 60 95 60 95 dB
CMRR 1.5 <Vem < 5.5V 75 95 75 95 dB
PSRR 10 < Vee < 30V 85 110 85 110 dB
Output Sink Current Vein 3= 1V 1 25 1 25 mA
Output Source Current Vpin 3 = 4V -0.5 -1.3 -0.5 -1.3 mA
Output High Voltage lpin 3 = -0.5mA 4.0 4.7 5.0 4.0 4.7 5.0 A
Output Low Voltage lpin 3 = 1mA 0.5 1.0 0 0.5 1.0 '
Unity Gain Bandwidth* 3 55 3 5.5 MHz
Slew Rate* 12 6 12 V/us
PWM Comparator Section
Pin 7 Bias Current Vein 7 =0V -1 -5 -1 -5 uA
Duty Cycle Range 0 80 0 85 %
Pin 3 Zero D.C. Threshold Vein 7 = 0V 1.1 1.25 1.1 1.25 %
Delay to Output* 50 80 50 80 ns
Soft-Start Section
Charge Current Vein 8 = 0.5V 3 9 20 3 9 20 uA
Discharge Current Vein 8 = 1V 1 mA
Current Limit/Shutdown Section .
Pin 9 Bias Current 0 <Vpin g <4V +10 +10 uA
Current Limit Offset Vein 11 = 1.1V 15 15 mV
Current aﬁ:’g“:&gmnl")" 1.0 125 | 10 125 | v
Shutdown Threshold 1.25 1.40 1.55 1.25 1.40 1.55 \
Delay to Output* 50 | 80 50 80 ns
Output Section
lout = 20mA 0.25 0.40 0.25 0.40
Output Low Level lout = 200mA 12 | 22 12 | 22 v
) lout = -20mA 13.0 135 13.0 135
Output High Level lout = -200mA 120 | 130 120 | 130 v
Collector Leakage V¢ = 30V 100 500 100 500 uA
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 Veec = 8V 1.1 2.5 1.1 25 mA
e x:: ;=V W Ve o =0V 22 33 22 33 mA

* This parameter not 100% tested in production but guaranteed by design.
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UC1823 PRINTED CIRCUIT BOARD LAYOUT CONSIDERATIONS

High speed circuits demand careful attention to layout and com-
ponent placement. To assure proper performance 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

ERROR AMPLIFIER CIRCUIT

ucis23
uc2823
uc3823

serve this purpose. 3) Bypass Vcc, Ve, and Vper. Use 0.1uF mono-
lithic 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, Cr, like a bypass capacitor.

Simplified Sch

Open Loop Frequency Response

AN

100

80

\\
60 \\
40 N
Av (dB) \A\v
20 \\
0 N 0
4 Nofeco)
-20 -90
N
-180
100 1K 10K 100K 1M 10M 100M
FREQ (H2)

ematic

(16] Vper 51V

ERROR AMP
QUTPUT

Unity Gain Slew Rate

5
4
v,’l /
) 3 t
l/ Vour |
Py [EAN
y Ll
1
0 02 04 06 08 10
TIME (uS)

PWM APPLICATIONS

Conventional (Voltage Mode)

. e

OSCILLATOR

1.25V

|
RAMP |

7]
I
L

FROM E/A

Current-Mode

Iswitch L Muctszs
_I:—| 6] OSCILLATOR
= Cr I Cy

s

* A SMALL FILTER MAY BE REQUIRED TO
SUPPRESS SWITCH NOISE
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uc1823
uc2823
uC3823

OSCILLATOR CIRCUIT

Deadtime vs Ct (3 < Ry < 100K)

R ["uc1s23
T
L—/\N\’_{[l'_—] 470
= Ir = /
220
1l 1.00
047
To (us)
0.22 A
CLOCK //
— - 0.10
e
To _’”‘_
0.047
047 10 22 47 100 22 47 100
Cr (nF)
Timing Resistance vs Frequency Deadtime vs Frequency
100K \'fo BN .}0 A v)l 160
NN G, 1oof |
N 140 :
ANNNANNNS
10K g . 120
DANNAN -
Ry (OHMS) N, \ \ \\ 100
470pF
1K N \ AN \\\ 80
100 1K 10K 100K M 10K 100K M
FREQ (H2) FREQ (H2)

SYNCHRONIZED OPERATION

Two Units in Close Proximity:

™ “uciszs | ™ “yets2s |
CLOCK CLOCK
: [16] Veer

|

|

|

|

| ESﬁI N

| Ry 1 (5] Re
| =

|

|

LOCAL
G o, RAMP f[é] Cr
| wmaster | T SLAVE

Generalized Synchronization:

S —

[ Gowezs ]

I Vrer [16]

l cLock [4}

| 43 0.1pF

| Ry -

| 4301 ﬂF—

| 43 0.1uF }

| Cr (== -

MASTER
L MASTER | OTHER
SLAVES

LOCAL = =
RAMP
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uc1823
uCc2823
uC3823

Constant Volt-Second Clamp Circuit

The circuit shown here will achieve a constant volt-second pro-
duct clamp over varying input voltages. The ramp generator com-
ponents, Rt and Cg 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
Simplified Schematic Rise/Fall Time (C, = 1nF) Saturation Curves
0.2
) 3
0 7
\/( 2 P
18 [ \ -0 Vsar SO &
[V =
Voml ? / \ 1 /
v) 5 /
o \ o 5\\’“"
0 40 80 120 160 200 0 05 10 15

lout (A)
TIME (ns)

Rise/Fall Time (C, = 10nF2)
IL(A)
AN :
\
15 / \ -2

10
gl [ \

0
0 100 200 300 400 500
TIME (ns)

FEED FORWARD TECHNIQUE FOR OFF-LINE VOLTAGE MODE APPLICATION
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LINEAR INTEGRATED CIRCUITS
High Speed PWM Controller

FEATURES
e Compatible with Voltage or Current-
Mode Topologies

e Practical Operation @ Switching
Frequencies to 1.0MHz

e 50ns Propagation Delay to Output

® High Current Dual Totem Pole Outputs
(1.5A peak)

e Wide Bandwidth Error Amplifier

® Fully Latched Logic with Double Pulse
Suppression

® Pulse-by-Pulse Current Limiting

® Soft Start/Max. Duty Cycle Control

e Under-Voltage Lockout with Hysteresis
e Low Start Up Current (1.1mA)‘

o Trimmed Bandgap Reference
(5.1V +/- 1%)

BLOCK DIAGRAM

UC1825
UCc2825
UC3825

DESCRIPTION

The UC1825 family of PWM control ICs is optimized for high frequency 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.

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 output. An under-voltage lockout section with 800mV of hysteresis
assures 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
defined as a high level.

crock [a]
REb—m
osc .
cr Ei PWM LATCH
(SET DOM)
1257 R
RAMP
E/AOUT s
error| M [2]
AMP~- {iny n
A TOGGLE F/F @] ve
SOFT = L [1joura
START L8 o T
CPRIR
v SHUT DOWN out B
IL/SD ] CPRTR [iz) PR
LIM! 12 oy
Lav
Vec [15 INTERNAL
BIAS “OUTPUT
ov INHIBIT"
uvLo 4V - "
ano (9] ‘___2 REF Vier GOOD 51y
"VgeGOOD" | GEN REF
3/87 3-74 == UNITRODE



ABSOLUTE MAXIMUM RATINGS

Supply Voltage (Pins 15, 13) .. .. uiuirieiii i 30V
Output Current, Source or Sink (Pins 11, 14)
D ettt e e e, 0.5A
PUISE (0.5US) - v vnit ittt e e i e 2.0A
Analog Inputs
(PINS L, 2, 7) ettt ettt et et et ey -0.3Vto 7V
(G =) TS N i -0.3V to 6V
Clock Output Current (Pin 4) ..o i et -5mA
Error Amplifier Output Current (Pin 3) . ... ot 5mA
Soft Start Sink Current (Pin 8) . ...cvuiuiun it 20mA
Oscillator Charging Current (Pin 5) ....c.vuieteiiii i ce i ieanes -5mA
Power Dissipation at TA = 60°%C .. .uuiiuiiii ittt ei e ce et neenaanenens 1w
Derate 11mW/°C for Ta > 60°C
Storage Temperature Range ...........cccovvivnenn. e e -65°C to +150°C
Lead Temperature (Soldering, 10 SECONAS) .. .vutntrtniniinnie e eiennnnnnen 300°C

NOTE: All voltages are with respect to ground, Pin 10.
Currents are positive into the specified terminal.

CONNECTION DIAGRAM

uc1825
uC2825
uc3825

DIL-16 (TOP VIEW)
J or N PACKAGE
——
INv. 1] [16] Vrer 5.1V
NI [2] [15] Vee
E/A OUT [3] [14] ouT B
CLOCK [4 3] Ve
Rr [5] [12] PWR GND
cr [6] [11] ouT A
RAMP [7] [10] GROUND
SOFT START [8] 9] ILM/s.D.

ELECTRICAL CHARACTERISTICS (Unless otherwise noted, these specifications apply for Rt = 3.65K, Ct = 1nF, Ve = 15V,
0 < Ta < 70°C for the UC3825, -25°C < Ta < 85°C for the UC2825, and -55°C < Ta < 125°C for

the UC1825.)

uC1825
PARAMETERS TEST CONDITIONS uc282s pessze
miN. | Tve. | max. [ miN. | Tve. | MAX. | uNITs

Reference Section )
Output Voltage Tj=25°C, lo = ImA 5.05 5.10 5.15 5.00 5.10 5.20 v
Line Regulation 10 < Vge < 30V 2 20 2 20 mV
Load Regulation 1<lop<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 5.20 4.95 5.25 v
Output Noise Voltage 10Hz < f < 10KHz 50 50 uv
Long Term Stability* Tj = 125°C, 1000 hrs. 5 25 5 25 mV
Short Circuit Current VRer = OV -15 -50 -100 -15 -50 -100 mA
Oscillator Section
Initial Accuracy* Tj=25°C 360 400 440 360 400 440 KHz
Voltage Stability* 10 < Vge < 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 45 39 45 \
Clock Out Low 23 2.9 23 29 v
Ramp Peak* 2.6 2.8 3.0 2.6 2.8 3.0 "
Ramp Valley* 0.7 1.0 1.25 0.7 1.0 1.25 \
Ramp Valley to Peak* 1.6 1.8 2.0 1.6 1.8 20 v
* This parameter not 100% tested in production but guaranteed by design.
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UC1825
uCc2825
uc3825

ELECTRICAL CHARACTERISTICS (Unless otherwise noted, these specifications apply for Rt = 3.65K, Ct = 1nF, Ve = 15V,
0 < Ta < 70°C for the UC3825, -25°C < Ta < 85°C for the UC2825, and -55°C < Ta < 125°C for
the UC1825.)

UC1825
PARAMETERS TEST CONDITIONS uc2s2s vessee UNITS
MIN. TYP. MAX. MIN. TYP. MAX.
Error Amplifier Section
Input Offset Voltage 10 15 mV
Input Bias Current 0.6 3 0.6 3 uA
Input Offset Current 0.1 1 0.1 A
Open Loop Gain 1<Vo <4V 60 ‘95 60 95 dB
CMRR 1.5 <Vgm < 5.5V 75 95 75 95 dB
PSRR 10 < Vge < 30V 85 110 85 110 dB
Output Sink Current Vein 3 =1V 1 25 1 25 mA
Output Source Current Vpin 3 =4V -0.5 -1.3 -0.5 -1.3 mA
Output High Voltage lpin 3 = -0.5mA 4.0 47 5.0 4.0 4.7 5.0 \
Output Low Voltage lpin 3= 1mMA 0 05 1.0 0 0.5 1.0 Vv
Unity Gain Bandwidth* 3 55 3 5.5 MHz
Slew Rate* 6 12 6 12 V/us
PWM Comparator Section
'Pin 7 Bias Current Vein 7= OV -1 -5 -1 -5 uA
Duty Cycle Range 0 80 0 85 %
Pin 3 Zero D.C. Threshold Vpin 7 =0V 1.1 1.25 1.1 1.25 Vv
Delay to Output* 50 80 ’ 50 80 ns
Soft-Start Section
Charge Current Vein 8 = 0.5V 3 9 20 3 9 20 LA
Discharge Current Vein g = 1V 1 1 mA
Current Limit/Shutdown Section
Pin 9 Bias Current 0<Vpin 9 <4V +15 +10 LA
Current Limit Threshold 0.9 1.0 1.1 0.9 1.0 1.1 \
Shutdown Threshold 1.25 1.40 1.55 1.25 1.40 1.55 \
Delay to Output* 50 80 50 80 ns
Output Section
lout = 20mA 0.25 0.40 0.25 0.40
Output Low Level lout = 200mA 12 | 22 12 | 22 v
lout = -20mA 13.0 135 13.0 135

Output High Level lout = ~200mA 120 | 130 120 | 130 v
Collector Leakage V¢ = 30V 100 500 100 500 uA
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 08 12 0.4 0.8 1.2 v
Supply Current R
Start Up Current Vce = 8V 1.1 25 1.1 25 mA
le x::: v v w7 Ve o = 0V 22 33 22 33 mA
* This parameter not 100% tested in production but guaranteed by design.
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UC1825 PRINTED CIRCUIT BOARD LAYOUT CONSIDERATIONS

High speed circuits demand careful attention to layout and com-
ponent 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.
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

ERROR AMPLIFIER CIRCUIT .

UC1825
uc2825
UC3825

serve this purpose. 3) Bypass Vcc, V¢, and Vrer. Use 0.1uF mono-
lithic 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, Cr, like a bypass capacitor.

rucmzs
|
|
|
NV

NON
INV

Open Loop Frequency Response

Simplified Schematic

ERROR AMP
OUTPUT

Unity Gain Slew Rate

100 5
80 \\ 4 -
AN Vin |
60 N W 3 t
\ | / Vour |
40 N 2|l |
Ay (¢B) N LV [RWE
20 N 1
\ 0 02 04 06 08 10
° N 0 TIME (uS)
P N 6(°) ws)
-20 -90
™~
-180
100 1K 10K 100K 1M 10M 100M
FREQ (H2)
PWM APPLICATIONS

Conventional (Voltage Mode)

e
1 [uciszs

i OSCILLATOR

125V

|
RAMP |

Current-Mode

e T
f' (6] OSCILLATOR
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IswitcH
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* A SMALL FILTER MAY BE REQUIRED TO
SUPPRESS SWITCH NOISE
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OSCILLATOR CIRCUIT

UC1825
UCc2825
uc3825

Deadtime vs C; (3 < Rv < 100K)
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SYNCHRONIZED OPERATION

Two Units in Close Proximity:

- ucisas
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UC1825
uc2s25
uc3825

FEED FORWARD TECHNIQUE FOR OFF-LINE VOLTAGE MODE APPLICATION

Vin
Rer — &8_25 _|
RAMP !
Cer cLocK |
L , 1
= (6]cr |
s A
a ircui v
Constant Volt-Second Clamp Circuit N N
The circuit shown here will achieve a constant volt-second pro- " | uc1825
duct clamp over varying input voltages. The ramp generator com- " Ier'ffn- | |
ponents, Rr and C are chosen so that the ramp at Pin 9 crosses 1 oown L
the 1V threshold at the same time the desired maximum volt- AN
second product is reached. The delay through the functional nor L B
block must be such that the ramp capacitor can be completely T
discharged during the minimum deadtime. )
Lo
OUTPUT SECTION
Simplified Schematic Rise/Fall Time (C, = 1nF) Saturation Curves
0.2 3
1L(A) P

0
\/ ) 1
15 -02 Vsar SO\ 7L
AN W
2(IO)UTIO / \ 1
° \ s\V\V‘
0 |

0 0 X 1.0 15
0O 40 80 120 160 200 05 lout (A)

TIME (ns)

NUG

Rise/Fall Time (C, = 10nF)
2

\ \ :)L(A)
15

NVAEA
v, y \
OUT5 / \

v

-2

0
0 100 200 300 400 500
TIME (ns)
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UC1825
Uc2825
uc3825

OPEN LOOP LABORATORY TEST FIXTURE

50

S

L
1o
l]l—-]_

f
=
i

As with any wideband circuit, careful grounding and bypass
procedures should be followed. The use of a ground plane is
highly recommended.

This test fixture is useful for exercising many of the UC1825's
functions and measuring their specifications.

DESIGN EXAMPLE: 50W, 48V to 5V DC TO DC CONVERTER — 1.5MHz CLOCK FREQUENCY

+ €
VIN
42-56V
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LINEAR INTEGRATED CIRCUITS
High Efficiency Linear Regulator

FEATURES

® Minimum Vin - Vour less than 0.5V at 5A
load with external pass device

® Equally usable for either positive or
negative regulator design

® Adjustable low threshold current sense
amplifier

e Under and over-voltage fault alert with
programmable delay

e QOver-voltage fault latch with 100mA
crowbar drive output

ABSOLUTE MAXIMUM RI+\TINGS (Note 1)
Input Supply Voltage, Vin

Driver Current ...,

Driver Source to Sink Voltage
Crowbar Current
+1.5V Reference Output Current

UC1834
uC2834
UC3834

DESCRIPTION

The UC1834 family of integrated circuits is optimized for the design of low input-output
differential linear regulators. A high gain amplifier and 200mA sink or source drive
outputs facilitate high output current designs which use an external pass device. With
both positive and negative precision references, either polarity of regulator can be
implemented. A current sense amplifier with a low, adjustable, threshold can be used to
sense and limit currents in either the positive or negative supply lines.

In addition, this series of parts has a fault monitoring circuit which senses both under
and over-voltage fault conditions. After a user defined delay for transient rejection, this
circuitry provides a fault alert output for either fault condition. In the over-voltage case,
a 100mA crowbar output is activated. An over-voltage latch will maintain the crowbar
output and can be used to shutdown the driver outputs. System control to the device
can be accommodated at a single input which will act as both a supply reset and
remote shutdown terminal. These die are protected against excessive power dissipation
by an internal thermal shutdown function.

CONNECTION DIAGRAM

DIL-16 (TOP VIEW)
J or N PACKAGE

Fault Alert Voltage ........ouiiuinii e
Fault Alert Current ... ... . Vin' E‘ [16] CROWBAR GATE
Error Amplifier Inputs ... ... o i
Current SENSe INPULS . ...t ~2.0V REF. [2] 118 S 0T Reser
0.V. Latch Output Voltage ............coocvvviiiiiiinn... +15V REF. (3] 12 SOQMPENSATION/
O.V. Latch Output Current .......cooviiiniiiiiininienanns THRESHOLD
Power Dissipation at Ta = 25%C .. .uuuueeeeeeeeeeeeeeiiiiiiiians, ApJ. (2] 13/ DRIVER SOURCE
Derate at 10mW/°C above Ta = 50°C vor [5] [T2] DRIVER SINK
Power Dissipation at Tc = 25°C ..ottt e e i 2000mW
Derate at L6mW/°C above Tc = 25°C sense- (6] [11] FAULT DELAY
Thermal Resistance, Junction to Ambient ... 100°C/W SENSE+ (7] [T0] FAULT ALERT
Thermal Resistance, JunctiontoCase ............cccoiiiiiiiiiinnnann.. 60°C/W
Operating Junction Temperature ............ccociviiienienennan. -55°C to +150°C N.INV. INPUT [8] 19 INV. INPUT
Storage Temperature ...........covevuiiieenianenienennnnn. . =65°C to +150°C L
Lead Temperature (soldering, 10 seconds) .........coviiiiiiiiieinnninennn. 300°C

Note: 1. Voltages are reference to Vin , Pin 5.

Currents are positive into, negative out of the specified terminals.

BLOCK DIAGRAM

N [8F
v, [o}——144

DELAY RESET LATCH
Vit | 1

+1.5V REFERENCE VOLTAGE
REF.

~2.0V REFERENCE

DRIVER SINK

{
> 20

DRIVER SOURCE

OVER-VOLTAGE

T
UNDER-VOLTAGE Vint

(16] CROWBAR GATE
0.V. LATCH & RESET

SENSE+

THRESHOLD ADJUST

SENSE- [6 ——CuR

14| COMPENSATION/SHUTDOWN

——{11] FAULT DELAY

!i_. FAULT ALERT

35
VOLTS

THERMAL
SHUTDOWN

7/83
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uUC1834
Uc2834
Uc3834

ELECTRICAL CHARACTERISTICS (Unless otherwise stated, these specifications apply for Ta = -55°C to +125"C for the UC1834;

-25°C to +85°C for the UC2834; and 0°C to +70°C for the UC3834; Vin' = 15V, Viy_ = OV.)

P)\RAMETER TEST CONDITIONS UC1834/UC2834 uCsas4 UNITS
MIN. | TYP. | MAX. | MIN. | TYP. | MAX.
Standby Supply Current 5.5 7 5.5 10 mA
+1.5 Volt Reference
T;=25°C 1485 | 15 | 1515|147 | 15 | 1.53
Output Voltage Timn = T < Timax 1.47 1.563 |1.455 1.545 v
Line Regulation Vin' = 5 to 35V 1 10 1 15 | mv
Load Regulation lour = 0 to 2mA 1 10 1 15 mV
-2.0 Volt Reference (Note 2)
Output Voltage =25°C 204 | -2 196 | 206 | -2 1.94 v
(Referenced to Vin') Tin = Ti < Timax 2.06 1.94 | 2.08 1.92
Line Regulation Vin' = 5 to 35V 15 | 15 15 | 20 mv
Output Impedance 2.3 2.3 kQ
Error Amplifier Section
Input Offset Voltage Vem = 1.5V 1 6 1 10 mV
Input Bias Current Vem = 1.5V -1 -4 -1 -8 uA
Input Offset Current Vem = 1.5V 0.1 1 0.1 2 uA
small Signal Open Loop Gain | D64t & B0 10 F1n 122 V" 50 | 65 50 | 65 B
CMRR Vewm = 0.5 to 33V, V" = 35V 60 80 60 80 dB
PSRR Vin' = 510 35V, Vou = 1.5V 70 100 70 100 dB
Driver Section
Maximum Output Current 200 350 200 | 350 mA
Saturation Voltage lour = 100mA 0.5 1.2 0.5 1.5 Vv
Output Leakage Current Pin 12 =35V, Pin 13=V)x ,Pin 14 =Vi\_ 0.1 50 0.1 50 uA
Shuldoun Input Voltage lour < 1004A, Pin 13= V", Pin 12=Vi*[ 04 | 1 04 | 1 v
S _ - _ +
0| 0| |00 0 um
Thermal Shutdown (Note 3) 165 165 °C
Fault Amplifier Section
Under- and Over- Voltage Vem = 1.5V, @ E/A Inputs 120 | 150 | 180 | 110 | 150 | 190 | mv
Fault Threshold
Common Mode Serisitivity Vint = 35V, Vem = 1.5 to 33V -04 | -0.8 -0.4 | -1.0 %/V
Supply Sensitivity Vem =1.5V, Vi’ =5 to 35V -05 | -1.0 -05| -1.2 %/
Fault Delay 30 45 60 30 45 60 | ms/uF
Fault Alert Output Current 2 5 2 5 mA
Fault Alert Saturation Voltage | lour =1mA 0.2 0.5 0.2 0.5 v
0.V. Latch Output Current 2 4 2 4 mA
0.V. Latch Saturation Voltage | lour = 1mA 1.0 1.3 1.0 1.3 Vv
O t?‘&;g:;p”t 03 |04 ] 06 |03 | 04| 06| v
Crowbar Gate Current -100 | -175 -100 | -175 mA
C{g‘;”f:;fgﬁrem V' = 35V, Pin 16 = Vi~ -05 | -50 -05| -50 | uA

Note: 2. When using both the 1.5V and 2.0V references the current out of Pin 3 should be balanced by an equivalent current into Pin 2. The -2.0V
output will change -2.3mV per uA of inbalance.
3. Thermal shutdown turns off the driver. If Pin 15 (O.V. Latch Output) is tied to Pin 14 (Compensation/Shutdown), the O.V. Latch will be reset.

UNITRODE INTEGRATED CIRCUITS

7 CONTINENTAL BLVD. * MERRIMACK, NH 03054
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-25°C to +85°C for the UC2834; and 0°C to +70°C for the UC3834; Vin* = 15V, Vin™ = OV.)

uC1834
uc2834
uc3834

ELECTRICAL CHARACTERISTICS (Unless otherwise stated, these specifications apply for Ta = -55°C to +125°C for the UC1834;

PARAMETER TEST CONDITIONS UC1834/C2834 ucassa UNITS
miN. | Tvp. | max. | miN.] TvP. [ MAX.
Current Sense Amplifier Section
- T =
Threshold Voltage Pin 4 Open, Vem = Vin +or Vin _ 130 | 150 | 170 | 120 | 150 | 180 mv
Pin 4 = 0.5V, Vem = Vin~ or Vin 40 50 60 30 50 70
Threshold Supply Sensitivity | Pin 4 Open, Vem = Vi, Vit =5 to 35V -0.1 | -0.3 -0.1| -05 %/V
Adj. Input Current Pin 4 = 0.5V -2 -10 -2 -10 HA
_ +
Sense Input Bias Current Vou = V'N_ 100 | 200 100 | 200 uA
Vem = Vin -100| -200 -100 | -200
Current Sense Threshold Adjustment Current Limiting Knee Characteristic
200
UPPER LIMIT - 200
UC1834/2834 ‘f
z 2
| 150 25 120
a Zg
3 g2
2 -
z ge
£ 100 - Z5 80
w LOWER LIMIT ug
i UC1834/2834 xZ
= uc3s34 28
w R
% 50 Eeﬂ, 40 /
(&) w
&
&
o o 4/
0 5 1.0 15  >1.5V OR OPEN -10 -75 -5.0 -25 CURRENT SENSE
THRESHOLD

VOLTAGE AT THRESHOLD ADJUST PIN (PIN 4) — V

Error Amplifier Gain and Phase

Frequency Response

FREQUENCY — HERTZ

UNITRODE INTEGRATED CIRCUITS
7 CONTINENTAL BLVD. * MERRIMACK, NH 03054
TEL. (603) 424-2410 « TELEX 95-3040
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DIFFERENTIAL VOLTAGE AT CURRENT SENSE INPUTS — mV

(REFERENCED TO SENSE — INPUT)

Current Sense Amplifier Gain and Phase

Frequency Response

FREQUENCY — HERTZ
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APPLICATION INFORMATION

Foldback Current Limiting

I Rsense

Rz

AM

YWY

PASS DEVICE

B
AMA
W

VOLTAGE (VaoJ)

limax(Typical)

= 0.1(V0) - (Vin' = Vour) R |
Rsense  (Ry + R2) Rsense

FOR: Ry + Rz >> Rsense, Vapy < 1.5V,

uc1834
ucagsa
UC3834

Setting The Threshold Adjust Voltage (Vo))

REFERENCE
CIRCUIT

uc1s34

V'
+
20v =
]—

2.3kQ

j;1.25V

Ry =
1.5V —aM. 3 2880
RV ADJUST= Vaos = 1.5V . Re
i ez Ve | ONBOT = 1440 A0 T,
Ay *TO MAINTAIN -2.0V OUTPUT
Vi R;=%. (R1 + R
I, ;

Ry =R

" Both the current sense and error amplifiers
on the UC1834 are transconductance type
amplifiers. As a result, their voltage gain is a
direct -function of the load-impedence at
their shared output pin, Pin 14. Their small
signal voltage gain as a function of load and
frequency is nominally given by;

Z,(f Y4
Aven= 7683) and Ay cs/a = '#(2'
for: f < 500kHz and |Z.(f)] < 1MQ,
where:

Ay = small signal voltage gain to Pin 14,
Z(f) = load impedence at Pin 14.

The UC1834 fault delay circuitry prevents
the fault outputs - from responding to
transient fault conditions. The delay reset
latch insures that the full, user defined,
delay- passes. before an over-voltage fauit
response occurs. This prevents
unnecessary crowbar, or latched-off
conditions, from occurring following sharp
under-voltage to over-voltage transients.

The crowbar output on the UC1834 is
activated following a sustained over-volatge
condition. The crowbar output remains high
as long as the fault condition persists, or, as
long as the over-voltage latch is set. The
latch is set with an over-voltage fault if the
voltage at Pin 15 is above the latch reset
threshold, typically 0.4V. When the latch is
set, its Q output will pull Pin 15 low through a
series diode: As long as a nominal pull-up
‘load exists, the series diode prevents Q from
pulling Pin 15 below the reset threshold.
However, Pin 15 is pulled low enough to
disable the driver outputs if Pins 15 and 14
are tied together. With Pin-15 and 14
common, the regulator will latch off in
response to an over-voltage fault. If the fault
condition is cleared and Pins 14 and 15 are
momentarily pulled below the latch reset
threshold, the driver outputs are re-enabled.

UNITRODE INTEGRATED CIRCUITS
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TYPICAL APPLICATIONS

INPUT

5-10 AMP Positive Regulator

SUPPLY

GROUND ©-

L <
b

VOLTAGE
REF.

|||-<

5 JSENSE=

THERMAL
[SHUTDOWN

[
7 SENSE+ | AMP,

2 ADJUST

1

O Vour

REMOTE
O SHUTDOWN/
RESET

FAULT
MONITORING

5-10 AMP Negative Regulator

‘GROUND O

|||—<

VOLTAGE
22 ReF

SHUTDOWN/COMP. |-|14~L
Lrl

Vin— —
S FAULT DELAY - )
NSE —
S SENSEZ S . q]l_
cs

THERMAL
SHUTDOWN

L

REMOTE
O SHUTDOWN/
ESET

SENSE+ | AMP. ALERT FAULT
7 P 10] MONITORING
2 ADIUST
l 0 Vour
— INPUT AAA g’%
SUPPLY hd
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LINEAR INTEGRATED CIRCUITS
High Efficiency Regulator Controller

FEATURES
e Complete Control for a High Current,
Low Dropout, Linear Regulator

e Fixed 5V or Adjustable Output Voltage

e Accurate 2.5A Current Limiting with
Foldback

e Internal Current Sense Resistor

o Remote Sense for Improved Load
Regulation

e External Shutdown

e Under-Voltage Lockout and Reverse
Voltage Protection

e Thermal Shutdown Protection
e Packaged in an 8-Pin Mini-Dip

CONNECTION DIAGRAM

UC1835 UC1836
UC2835 UC2836
UC3835 UC3836

DESCRIPTION

The UC1835/6 families of linear controllers, packaged in 8-pin mini-dips, are optimized
for the design of low cost, low dropout, linear regulators. Using an external pass element,
dropout voltages of less than 0.5V are readily obtained. These devices contain a high
gain error amplifier, a 250mA output driver, and a precision reference. In addition,
current sense with foldback provides for a 2.5A peak output current dropping to less
than 0.5A at short circuit.

These devices are available in fixed, 5V, (UC1835), or adjustable, (UC1836), versions.
In the fixed 5 volt version, the only external parts required are an external pass element,
an output capacitor, and a compensation capacitor. On the adjustable version the
output voltage can be set anywhere from 2.5V to 35V with two external resistors.

Additional features of these devices include under-voltage lockout for predictable start-
up, thermal shutdown and short circuit current limiting to protect the driver device. On
the fixed voltage version, a reverse voltage comparator minimizes reverse load current
in the event of a negative input to output differential.

ABSOLUTE MAXIMUM RATINGS (Note 1)

2% 1oon§

COMPENSATION/

| 1 SHUTDOWN

]

Input Supply Voltage (+VIN) «vevenvvniiniinnn, -1.0V to +40V
DIL-8 (TOP VIEW) Driver Output Current (Sink or Source) ................ 600mA
N or J PACKAGE Driver Source to Sink Voltage ..........ocovvviiiin.., +40V
\_J Maximum Current Through Sense Resistor ................ 4A
i E El SENSE RESISTOR OUT Vour Sense Input Voltage ...................... -.3V to +40V
Power Dissipation at Ta = 25°C 1000mwW
COMPENSATION/ ° o
SHUTDOWN Z‘ CURRENT LIMIT (-) Derat_e e?t IQmW/ C eibovs 25°C
Power Dissipation at Tc =25°C .....cvvveiennnnnnn, 2000mwW
GrROUND 3 ] | ] oRiveR sink Derate at 16mW/°C above 25°C
Thermal Resistance Junction to Ambient ............ 100°C/W
DRIVER SOURCE E El Vour SENSE Thermal Resistance Junction to Case ................ 60°C/W
Operating Junction Temperature .
Storage Temperature.............coeeivnn.
Lead Temperature (Soldering, 10 Seconds)............. 300°C
Note: 1. Voltages are referenced to ground, (Pin 16).
Currents are positive into, negative out of, the specified
terminals.
BLOCK DIAGRAM
SENSE
CURRENT DRIVER Vout SENSE
RE%ILSJPR 8 7 Mt (5 SINK E‘ (uc‘f;ﬂs FAMILY)
+Vin REVERSE
VOLTAGE COMPARATOR
250un (@) o OFF _ (UC1835 FAMILY ONLY) "+ 20k
2k \#} (UC1835 FAMILY
Nl ONLY)
FOLDBACK CURRENT ERROR
Vout SENSE
s ¥ LIMITING LDRIVER AMPLIFIER_~Z (ucfl)gge FAMILY)
SENSE g c/L E/A
RESISTOR 3 _ +
- 20k
100my = 12mv ok (UC1835 FAMILY
ONLY)
:I UNDER-VOLTAGE

LOCKOUT AND

1.20 2.5V REFERENCE

TSD THERMAL
165°C | SHUTDOWN

DRIVER
SOURCE
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UC1835 UC1836
UC2835 UC2836
UC3835 UC3836

ELECTRICAL CHARACTERISTICS (Unless otherwise stated, specifications hold for Ta = 0°C to +70°C for the UC3835/6, -25°C to
+85°C for the UC2835/6 and -55°C to +125°C for the UC1835/6, +Vin = 6V, Driver source = 0V,
Driver sink = 5V.)

PARAMETER | TEST CONDITIONS [ min. | tve. | max. Junits

Input Supply
Supply Current +ViN = 6V 2.75 4.0 mA

+Vin = 40V 3.75 6.0 mA
UVLO Threshold +Vin Low to High, Vour Sense = OV 3.9 4.4 49 \'
Threshold Hysteresis 0.1 0.35 '
Reverse Current +Vin = -1.0V, Driver Sink Open 6.0 20 mA
Regulating Voltage and Error Amplifier (UC1835 Family Only)
Regulating Level at Vour Sense (Vrga) Driver Current = 10mA, Ty = 25°C 494 5.0 5.06

’ Over Temperature 49 5.1

Line Regulation +Vin = 5.2V to 35V 15 40 mV
Load Regulation Driver Current = 0 to 250mA 6.0 25 mV
Bias Current at Vour Sense Vour Sense = 5.0V 75 125 210 LA
Error Amp Transconductance +100uA at Compensation/Shutdown Pin 0.8 1.3 2.0 mS
Maximum Compensation Output Current Sink or Source, Driver Source Open 90 200 260 uA
Regulating Voltage and Error Amplifier (UC1836 Family Only)
Regulating Level at Vour Sense (Vage) Driver Current = 10mA, T,y = 256°C : 2.47 25 2.53 v

Over Temperature 2.45 2.55 '
Line Regulation +Vin = 5.2V to 35V 6.0 20 mV
Load Regulation Driver Current = 0 to 250mA 3.0 15 mV
Bias Current at Vout Sense Vour Sense = 2.5V -1.0 -0.2 uA
Error Amp Transconductance +100uA at Compensation/Shutdown Pin 0.8 1.3 20 mS
Maximum Compensation Output Current Sink or Source, Driver Source Open 30 200 260 uA
Driver
Maximum Current 250 500 mA
Saturation Voltage Driver Current = 250mA, Driver Sink ) ' 2.0 2.8 v
Pull-Up Current at Driver Sink Compensation/Shutdown = 0.45V 140 250 300 UA
Driver Sink Leakage In UVLO 10 #A

In Reverse Voltage (UC1835 Family Only) 10 uA
Thermal Shutdown 165 °C
Foldback Current Limit

Vour Sense = (0.99) Vrea . 2.2 25 28 A
Current Limit Levels at Sense Resistor Out Vour Sense = (0.5) Vrea 1.3 1.5 1.7 A

Vour Sense = 0V 0.25 0.4 0.55 A
Current Limit Amp Transconductance ﬁg?‘&:ﬁ:g?& gr;s\;a::):/Shutdown, 12 24 42 mS
|(.’|\ln;':2r12g) Voltage at Current Limit (=) xgl‘i'; 32?55 : V(l?q',g%JVZE;5°C 80 100 140 mv
Sense Resistor Value Vour Sense = (0.9) Vgea 40 ma
(Note 3) lout = 1A, Ty = 25°C

Note: 2. This voltage has a positive temperature coefficient of approximately 3500ppm/ °C.

3. This resistance has a positive temperature coefficient of approximately 3500ppm/°C.
The total resistance from Pin 1 to Pin 8 will include an additional 60 to 100mQ of package resistance.
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UC1835 UC1836
UC2835 UC2836
UC3835 UC3836

APPLICATION AND OPERATION INFORMATION

UC1835 — Typical Configuration for a 2A, UC1836 — Typical Configuration for a 2A,
Low Dropout 5V Regulator Low Dropout Adjustable Regulator
PASS DEVICE (NOTE 4) 5V (0 TOO 2A) PASS DEVICE (NOTE 4) Vour (0 TO 2A)
Cout Ry Cour
T 104 Vour =25V (1+3—) T 104F

k
[}
|
|
|
|
i
|
|
|
|
|
|
]

o]
I
|
|
|
|
|
|
|
i
|

uc183s5

=)
(=3
5
o)

2k
B S e R, [
- .0033uF = INPUT -
slgggLTv = SUPPLY = —
(=5.5V) (=(Vour + 0.5V))

Note: 4. Suggested pass devices are TIP32B, (Dropout Voltage < 0.75V) or, D45H, (Dropout Voltage < 0.5V), or equivalents.

UC1835/6 Foldback Current Limiting

5V 100%

4v 80%
/

v // 60%
v // 40%
w // 20%
oL/
0o 05 10 15 20 25 30
OUTPUT CURRENT THROUGH Rsense — (A)

OUTPUT VOLTAGE — V (UC1835)
(9€810N) % — IOVLIOA LNdLNO
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LINEAR INTEGRATED CIRCUITS Uc2838

Magnetic Amplifier Controller UC3838

FEATURES DESCRIPTION

® Independent 1% Reference The UC1838 family of magnetic amplifier controllers contains the circuitry to generate

® Two Uncommitted, Identical Operational and amplify a low-level analog error signal along with a high voltage-compliant current
Amplifiers ) source. This source will provide the reset current necessary to enable a magnetic

» 100mA Reset Current Source with amplifier to regulate and control a power supply output in the range of 2A to 20A.
-100V Capability By controlling the reset current to a magnetic amplifier, this device will define the

® 5V to 40V Analog Operation amount of volt-seconds the magnetic amplifier will block before switching to the

® 5W DIL Package conducting state. Magnetic amplifiers are ideal for post-regulatol
power supplies where each output can be independently
to 99%. With a square or pulse-width-modulated input.vil
block a portion of this input waveform, allowing just enou

with efficiencies up
netic amplifier will
) provide a

ee diodes, and
regulator.

The UC1838 contains a precision 2
and a high-gain PNP-equiva
magnetic amplifier reset curts

an deliver up to 100mA of

" DIP for operation over a —20°C to
power, in a hermetically sealed cerdip for

ABSOLUTE MAXIMUM RATINGS
Supply Voltage, Vec +vvvvvveneennn. [
Magnetic Amp. Source Voltage, Vm.
Reset Output Voltage, Vg ........
Total Current Source Voltage, Vm 100Vl
Amplifier Input Range .
Reset Input Current, Ip,

Power Dissipation &
Derate Above 50
Power Dissipation at
Derate for Ground

Derate for Case Temperature Above 25°C ................. — e 16mwW/°C ..
Operating Temperature Range ..........cooiviiiininaninn.. -55°C to +125°C ......
Storage Temperature Range .........cvveeviiiiiiennnnnnn... -65°C to +150°C ......
Lead Temperature (Soldering, 10 SEC) .. vveriiniirenneernnernnnnns. 300°C............

NOTE: All voltages are with respect to ground pins.
All currents are positive into the specified terminal.

BLOCK DIAGRAM CONNECTION DIAGRAM

DIL-16 (TOP VIEW)
J or N PACKAGE

Vee |10

Vs Veer [9] [8] £/A 0UT
vee [10] [7] /AN IN

3.5V

INV. IN EI—— m [11] [6] /A INV.IN
N [i2] [5] GND

N.LIN GND [I3] [4] anD
e/aouT 8] 1 > {15] or1 RESET [14] 3] c/Lmv. N

INV. IN > > . o or 1 [I3] Z]crniin

o DR 2 [I6| [T] c/LouT

NLINf 2 L aND LM
c/LouT 1] =

NOTE: All four ground pins must be
connected to a common ground.

L)
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uc1838
Uc2838
uc3838

ELECTRICAL CHARACTERISTICS (Unless otherwise stated, these specifications apply for Ta = -55°C to +125°C for the UC1838,
-20°C to +85°C for the UC2838, and 0°C to +70°C for the UC3838; Vcc = 20V, Vm = 5V.)

PARAMETER TEST CONDITIONS uc183s/ucas3s peassg UNITS
MIN. [ Tvp. | MAX. | MIN. | TYP. | max.
Reference Section
Supply Current Vee = Vm = 40V — 6 8 — 6 8 mA
Reference Output Ta = 25°C 247 | 25 | 253 | 245 | 25 | 255 v
Line Regulation Vcc = 5 to 30V — 1 5 — 1 10 mV
Load Regulation lo=0to-2mA — 15 25 — 15 25 mV
Short Circuit Current Vrer = 0V — -30 | -60 — -30 -60 mA
Temperature Stability* Over Operating Temp. Range — 15 25 — 10 25 mV
Amplifier Section (Each Amplifier)
Offset Voltage Vem = 2.5V — — 5 — — 10 mV
Input Bias Current Vin =0V — — -1 — — -1 HA
Input Offset Current — — 100 — — 100 nA
Minimum Output Swing 0.4 — 18 0.4 — 18 Vv
Output Sink Current Vo =5V 1 10 30 1 10 30 mA
Output Source Current Vo =0V -1 -10 -20 -1 -10 -20 mA
AvoL Vo=1to 11V 100 | 120 — 100 | 120 - dB
CMRR Vin=1to 11V 70 80 — 70 80 — dB
PSRR Vce = 10 to 20V 70 100 — 70 100 — dB
Gain Bandwidth* 0.6 0.8 — 0.6 .0.8 — MHz
Reset Drive Section
Input Leakage Vpr = 30V — — 10 — — 10 uA
Output Leakage Vg = -80V — - -100 — — -100 HA
Input Current lr = -50mA, Vg =0 — -1 -2 — -1 -2 mA
Maximum Reset Current Ior = -3mA, VR =0 -90 | -120 | -200 | -90 | -120 | -200 mA
Transconductance lr = -10 to -50mA .03 .04 .05 03 .04 .05 A/N
NOTE: These parameters guaranteed by design and not 100% tested in production.
TYPICAL APPLICATION
+12V, 4A OUTPUT WITH
45 TURNS SWITCHING FREQUENCY = 50kHz
50810-1D CORE
/=/ 100uH
j UES2403 m 020
AN +Vo
MAGNETIC
AMPLIFIER
3000
w
12v
SECONDARY
WINDING
15V
AUXILIARY
SUPPLY
GND
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Amplifier Open-Loop Response
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LINEAR INTEGRATED CIRCUITS uc1840

Programmable, Off-Line, PWM Controller 883328

FEATURES DESCRIPTION

e All control, driving, monitoring, and Although containing most of the features required by all types of switching power supply
protection functions included controllers, the UC1840 family has been optimized for highly-efficient boot-strapped

e Low-current, off-line start circuit primary-side operation in forward or flyback power converters. Two important features

for this mode are a starting circuit which requires little current from the primary input
voltage and feed-forward control for constant volt-second operation over a wide input
voltage range.

In addition to startup and normal regulating PWM functions, these devices offer built-in
protection from over-voltage, under-voltage, and over-current fault conditions. This
monitoring circuitry contains the added features that any fault will initiate a complete

o Feed-forward line regulation over 4 to 1
input range
® PWM latch for single pulse per period

e Pulse-by-pulse current limiting plus
shutdown for over-current fault

@ No start-up or shutdown transients shutdown with provisions for either latch off or automatic restart. In the latch-off mode,
@ Slow turn-on and maximum duty-cycle the controller may be started and stopped with external pulsed or steady-state
clamp commands.
® Shutdown upon over- or under-voltage Other performance features of these devices include a 1% accurate reference, provision
sensing for slow-turn-on and duty-cycle limiting, and high-speed pulse-by-pulse current limiting
o Latch off or continuous retry after fault in addition to current fault shutdown.

® Remote, pulse-commandable start/stop The UC1840’s PWM output stage includes a latch to insure only a single pulse per period
o PWM itch usable to 1A K and is designed to opllm_lze the turr_\_off of an extgrnal switching device by conduc}mg
cu"e:tutput W Y to pea during the “OFF"” time with a capability for both high peak current and low saturation
voltage. These devices are available in an 18-pin dual-in-line plastic or ceramic package.
® 1% reference accuracy

50 ) The UC1840 is characterized for operation over the full military temperature range of
¢ OKHZ operation -55°C to +125°C. The UC2840 and UC3840 are designed for operation from -25°C to
® 18-pin DIL package +85°C and 0°C to +70°C, respectively.

BLOCK DIAGRAM
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ABSOLUTE MAXIMUM RATINGS (Note 1)
Supply Voltage, +Vin (Pin 15)
Voltage Driven .....ocoviiiiiiiiniireiineneneaenanenans
Current Driven, 100mA maximum .
PWM Output Voltage (Pin 12) ....ooovvviiiiiiiiiiinnnennnn,
PWM Output Current, Steady-State (Pin 12)............... 400mA

PWM Output Peak Energy Discharge .................. 20uJoules
* Driver Bias Current (Pin 14) .............veeviiviennn.. -200mA
Reference Output Current (Pin 16) .............covvun.n. -50mA
Slow-Start Sink Current (Pin8)..............oooviviin.., 20mA
Vin Sense Current (Pin 11) ..o.vvniiiiniiiniinenenienn., 10mA
Current Limit Inputs (Pins 6 &7) .................. -0.5 to +5.5V
‘Comparator Inputs (Pins 2, 3,4, 5,17, 18) ......... -0.3 to +32V
Power Dissipationat TA=25°C ...........ccovvnenan... 1000mwW
Derate at 10 mW/°C for Ta above 50°C
- Power Dissipationat Tc=25°C ..........covvvvvninnnn. 2000mwW
Derate at'16 mW/°C for Tc above 25°C
Thermal Resistance, Junction to Ambient .............. 100°C/W
Thermal Resistance, Junctionto Case................... 60°C/W
‘Operating Junction Temperature............... -55°C to +150°C
Storage Temperature Range ......... ... -65°Cto +150°C
Lead Temperature (Soldering, 10sec)................... +300°C

" Notes: 1. All voltages are with respect to ground, Pin 13.
Currents are positive-into, negative-out of the specified terminal.

UC1840

COMPENSATION
START/UV

OV SENSE

STOP

RESET

CURRENT THRESHOLD
CURRENT SENSE
SLOW-START

Rr/Cr

© o N O O A W N

18
17
16
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14

12
1

—

5.0V REF

GROUND

RAMP

NON-INV INPUT
INVERTING INPUT

+ Vin SUPPLY
DRIVER BIAS

PWM OUTPUT
Vin SENSE

uC2840
uC3840
CONNECTION DIAGRAM
| DIL-18 (TOP VIEW) uc1840
J or N PACKAGE uc2s40
uc3s40

.ELECTRICAL CHARACTERISTICS (Unless otherwise stated, these specifications apply for Ta = -55°C to +125°C for the UC1840,
-25°C to +85°C for the UC2840, and 0°C to 70°C for the UC3840; Vin = 20V, Rt = 20k,
.Cr =.001mfd, Cr = .001mfd, Current Limit Threshold = 200mV)

U284 uc3s4o0
* PARAMETER TEST CONDITIONS UNITS
MIN. | TYP. [MAX. | MIN.] TYP. | MAX.
Power Inputs
Start-Up Current Vin = 30V, Pin 2 = 2.5V, Ty = 25°C 4 |55 4 | 55 mA
Start-Up Current T.C.* Vin = 30V, Pin 2= 2.5V -0.1|-0.2 -0.1(-0.2| %/°C
Operating Current Vin = 30V, Pin 2 = 3.5V 5 10 | 15 5 10 | 15 ] mA
Supply OV Clamp lin = 20mA 33 | 40 | 45 | 33 | 40 | 48 v
Reference Section
Reference Voltage Ty = 25°C 495| 50 (505|149 | 50| 51 v
Line Regulation Vin = 8 to 30V 10 15 10 | 20 mV
Load Regulation IL = 0-to 20mA 10 | 20 10 | 30 mV
Temperature Coefficient* Over operating temperature range 0.4 0.4 | mV/°C
Short Circuit Current Vrer =0, Ty = 25°C -80 |[-100 -80 |-100| mA
Oscillator
Nominal Frequency Ty = 25°C 47 50 | 563 | 45 | 50 | 55 kHz
Voltage Stability Vin = 8 to 30V 0.5 1 0.5 1 %
- Temperature Coefficient* Over operating temperature range +.08 +.08| %/°C
Maximum Frequency Rt = 2kQ, Cr = 330pF 500 500 kHz
Ramp Generator
* Ramp Current, Minimum Isense = -10uA -11 | -14 -11| -14 LA
Ramp Current, Maximum Isense = 1.0mA -09|-95 '1-0.9 -95 mA
Ramp Valley . 0305|077 }|03|05]|07 \
Ramp Peak Clamping Level 39 |42 |45 |39 | 42| 45 v

*Guaranteed by design. Not 100% tested in production.
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UC1840
uc2840
uC3840

ELECTRICAL CHARACTERISTICS (Unless otherwise stated, these specifications apply for Ta = -55°C to +125°C for the UC1840,
-25°C to +85°C for the UC2840, and 0°C to 70°C for the UC3840; Vin = 20V, Rt = 20k,
Cr =.001mfd, Cr = .001mfd, Current Limit Threshold = 200mV)

e | vesso
PARAMETER TEST CONDITIONS UNITS
MIN.| TYp. | MAX. [ MIN. | TYP. | MAX.

Error Amplifier
Input Offset Voltage Vem = 5.0V 0.5 5 2 10 mV
Input-Bias Current 0.5 2 1 5 HA
Input Offset Current 0.5 0.5 uA
Open Loop Gain AVo =1 to 3V 60 | 66 60 | 66 dB
?&‘;ﬁ”gﬁgﬂf < Ramp Peak - 100my) | Minimum Total Range 0.3 35|03 35| v
CMRR Vem = 1.5 to 5.5V 70 | 80 70 | 80 dB
PSRR Vin = 8 to 30V 40 | 50 40 | 50 dB
Short Circuit Current Vcomp = OV -4 | -10 -4 | -10 mA
Gain Bandwidth* Ty'= 25°C, AvoL = 0dB 1 2 1 2 MHz
Slew Rate* Ty = 25°C, AvcL = 0dB 0.8 0.8 V/us

PWM Section
Continuous Duty Cycle Range* Minimum Total Continuous Range 5 95 5 95 %

(other than zero) Ramp Peak < 4.2V
Output Saturation lout =:20mA 02|04 02| 04 v
Output Saturation lour = 200mA 1.7 | 22 17 | 2.2 "
Output Leakage Vour = 40V 0.1 10 01| 10 uA
Comparator Delay* Pin 8 to Pin 12 300 | 500 300 [ 500 | ns
Ty = 25°C, RL = 1kQ

Sequencing Functions
Comparator Thresholds Pins 2, 3,4,5 28| 30| 32|28 |30 32 \

- Input Bias Current Pins 3,4,5 =0V -1.0|-3.0 -1.0|-30| wA
Start/UV Hysteresis Current Pin2 =25V, Ty = 25°C 180 | 200 | 220 { 170 | 200 | 230 uA
Input Leakage Input V = 20V 0.1 | 10 .01 | 10 uA
Driver Bias Saturation Voltage, Vin - Von | Is = -50mA 2 3 2 3 v
Driver Bias Leakage Ve =0V -0.1| -10 -0.1| -10 uA
Slow-Start Saturation Is =2mA 02| 05 02| 05 v
Slow-Start Leakage Vs = 4.5V 0.1 | 20 01120 MA

-| Current Control
Current Limit Offset 0 5 0 10 mV
Current Shutdown Offset 370 | 400 | 430 | 360 | 400 | 440 mV
Input Bias Current Pin7 =0V -2 | -5 -2 | -5 uA
Common Mode Range* -04 3.0 |-04 3.0 \
Current Limit Delay* To=25°C, Pin 7t0 12, R = 1k - 200 | 400 200 |-400 ns

*Guaranteed by design. Not 100% tested in production.
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uc1840

uc2840
uC3840
FUNCTIONAL DESCRIPTION
PWM CONTROL
1. Oscillator: Generates a fixed-frequency internal clock from an external Rr and Cr.
K
Frequency = R é where K. is a first-order correction factor =~ 0.3 log (Cr X 10'3).
TUT
dv sense voltage
2. Ramp Generator: Develops a linear ramp with a slope defined externally by ? = Tg
RVUR
Cris normally selected < Cr and its value will have some effect upon valley voltage.
Cr terminal can be used as an input port for current mode control.
3. Error Amplifier: Conventional operational amplifier for closed-loop gain and phase compensation.
Low output impedance; unity-gain stable.
4. Reference Generator: Precision 5.0V for internal and external usage to 50mA.
Tracking 3.0V reference for internal usage only with nominal accuracy of + 2%.
40V clamp zener for chip OV protection, 100mA maximum current.
5. PWM Comparator: Generates output pulse which starts at termination of clock pulse and ends when the ramp input
crosses the lowest of two positive inputs.
6. PWM Latch: Terminates the PWM output pulse when set by inputs from either the PWM comparator, the pulse-
by-pulse current limit comparator, or the error latch. Resets with each internal clock pulse.
7. PWM Output Switch: Transistor capable of sinking current to ground which is off during the PWM on-time and turns on
. to terminate the power pulse. Current capacity is 400mA saturated with peak capacitance
discharge in excess of one amp.
SEQUENCING FUNCTIONS
1. Start/UV Sense: This comparator performs three functions—
With an increasing voltage, it generates a turn-on signal at a start threshold.
With a decreasing voltage, it generates a UV fault signal at a lower level separated by a
200uA hysteresis current.
At the UV threshold, it also resets the Error Latch if the Reset Latch has been set.
2. Drive Switch: Disables most of the chip to hold internal current consumption low, and Driver Bias OFF, until
input voltage reaches start threshold.
3. Driver Bias: Supplies drive current to external power switch to provide turn-on bias.
4. Slow Start: Clamps low to hold PWM OFF. Upon release, rises with rate controlled by RsCs for slow increase of
output pulse width.
Also used to clamp maximum duty cycle with divider Rs Roc.
5. Start Latch: Keeps low input voltage at initial turn-on from being defined as a UV fault. Sets at start level to
monitor for UV fault.
6. Reset Latch: When reset, this latch insures no reset signal to either Start or Error latches so that first fault will
lock the PWM off.
When set, this latch resets the Start and Error latches at the UV low threshold, allowing a restart.
PROTECTION FUNCTIONS
1. Error Latch: When set by momentary input, this latch insures immediate PWM shutdown and
hold off until reset.
Inputs to Error Latch are:
a. UV low (after turn-on)
b. .OV high
c. Stop low
d. Current Sense 400mV over threshold. )
Error Latch resets at UV threshold if Reset Latch is set.
2. Current Limiting: Differential input comparator terminates individual output pulses each time sense voltage rises
above threshold.
When sense voltage rises to 400mV above threshold, a shutdown signal is sent to Error Latch.

UNITRODE INTEGRATED CIRCUITS
7 CONTINENTAL BLVD. * MERRIMACK, NH 03054
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uc1840

uc2840
Start/UV Hysteresis Current PWM Output Saturation Voltage uc3840
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UC1840

uc2840
4
OPEN-LOOP TEST CIRCUIT uC3840
©
Ra $100k ]15 Re S 180k
Supply vV
Voltage 16 w o
Vrer Slow St.
@1 Rr >20k L LY Vin Sense Driv. Bias 14::
L R.= 1k
N Rce uc1840 P out P2 Qutput
&foor D.UT. .
s —| Ramp Gnd
Ri 320k=
2] start/uv Stop 4
R2S 9k s
OV Sens Reset |—"%
Ra3 3k Comp I NI C/L()  C/L(H)
Cn2.001 1 17] 18] 6 7
1 "T 10k
VREF
=01 10k
I 10k Sk | 48k 43k
= PWM
L Adj. 2 3 10k
L Current Sense
Nominal Frequency = lc = 50kHz UV Fault Voltage = (%) 8v Current Limit = 200mV
T Current Fault Voltage = 600mV
Start Voltage = 3 (R‘T:F?R;R*) +02R, =12V OV Fault Voltage = 3('1’52:—"&’) =32V Duty Cycle Clamp = 50%
2 3

FLYBACK APPLICATION (A)

In this application (see Figure A, next page), complete control is
maintained on the primary side. Control power is provided by Rin
and Cin during start-up, and by a primary-referenced low voltage
winding, N2, for efficient operation after start. The error amplifier
loop is closed to regulate the DC voltage from N2 with other
outputs following through their magnetic coupling — atask made
even easier with the UC1840’s feed-forward line regulation.

An extension to this application for more precise regulation would
be the use of the UC1901 Isolated Feedback Generator for direct
closed-loop control to an output. The UC1840 will readily accept
digital start/stop commands transmitted from the secondary side
by means of optical couplers.

Not shown are protective snubbers or additional interface circui-
try which may be required by the choice of the high-voltage
switch, Qs, or the application.

.
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REGULATOR APPLICATION (B)

Although primarily intended for transformer-coupled power sys-
tems, the UC1840's advantages of feed-forward for high ripple-
rejection, a fully contained fault monitoring system and remote
start/stop capability make it worth considering for other types of
regulators. Since the fault logic within the UC1840 requires recy-
cling the voltage sensed by the Start/UV Comparator to reset the
error latch, a need for automatic restart must be addressed in a
manner similar to that shown in Figure B (next page). In this
simple, non-isolated, buck regulator; diode D1 provides a low-
impedence bootstrapped drive power source after start-up is
achieved through Rin and Cin. When a fault shutdown terminates
switching action, the loading of Q1 and R4 will lower the voltage on
pin 2 to effect an automatic re-start attempt which will continu-
ously recycle until the fault is removed.
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UC1840
uC2840

UC3840
UC1840 PROGRAMMABLE PWM CONTROLLER IN A SIMPLIFIED FLYBACK REGULATOR (A)
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UC1840 POWER SEQUENCING FUNCTIONS

uc1840
UC2840
UC3840
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Driver Bias
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(Note 2)

Reset ) | I
| |

| [ I
oKL M NO P QRS T

Notes: 1. VC represents an analog of the output voltage generated by a primary-referenced
secondary winding on the power transformer. It is the voltage monitored by the start/UV
comparator and, in most cases, is the supply voltage, Vi, for the UC1840.

2. Although input to External Stop, Pin 4, is shown, results are the same for any fault input
which sets the Error Latch.

UC1840 POWER SEQUENCING FUNCTIONS
EVENT

Initial turn-on, Ve rises with light load

Start threshold. Driver Bias loads V¢

Operating PWM regulates V¢

Stop input sets Error Latch turning off PWM

UV low threshold, Error Latch remains set

Start turns on Driver Bias but Error Latch still set

TIME

} Vc and Driver Bias continue to cycle

Stop command removed

Error Latch reset at UV low threshold

Start threshold now removes slow-start clamp
Return to normal run state

Reset Latch set signal removed

Error Latch set with momentary fault

Error Latch does not reset as Reset Latch is reset

} V¢ and Driver Bias recycle with no turn-on.

Reset Latch set is set with momentary Reset signal
Ve must complete cycle to turn-on

Start and Error Latches reset

Normal start initiated

Return to normal run state

<CHOWDVOVOZEIrXce—IOHTMMOOT>
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LINEAR INTEGRATED CIRCUITS UC2841

Programmable, Off-Line, PWM Controller UC3841
PRELIMINARY

FEATURES DESCRIPTION

e All control, driving, monitoring, and The UC1841 family of PWM controllers has been designed to increase the level of
protection functions included versatility while retaining all of the performance features of the earlier UC1840 devices.

e Low-current, off-line start circuit While still optimized for highly-efficient boot-strapped primary-side operation in forward

or flyback power converters, the UC1841 is equally adept in implementing both low and
high voltage input DC to DC converters. Important performance features include a
low-current starting circuit, linear feed-forward for constant volt-second operation, and
compatibility with either voltage or current mode topologies.

e Voltage feed forward or current mode
control

e Guaranteed duty cycle clamp

e PWM latch for single pulse per period

® Pulse-by-pulse current limiting plus
shutdown for over-current fault

® No start-up or shutdown transients
e Slow turn-on both initially and after fault ~ While pin compatible with the UC1840 in all respects except that the polarity of the
External Stop has been reversed, the UC1841 offers the following improvements:

In addition to start-up and normal regulating PWM functions, these devices include
built in protection from over-voltage, under-voltage, and over-current fault conditions
with the option for either latch-off or automatic restart.

shutdown
® Shutdown upon over- or under-voltage 1. Fault latch reset is accomplished with slow start discharge rather than recycling
sensing the input voltage to the chip.
¢ Latch off or continuous retry after fault 2. The External Stop input can be used for a fault delay to resist shutdown from short
*® PWM output switch usable to 1A peak duration transients.
current 3. The duty-cycle clamping function has been characterized and specified.

® 1% reference accurac
y y These devices are packaged in 18-pin plastic or ceramic dual-in-line packages with the

* 500kHz operation UC1841 characterized for ~55°C to +125°C operation while the UC2841 and UC3841
e 18-pin DIL package are designed for —25°C to +85°C and 0°C to +70°C, respectively.

BLOCK DIAGRAM (Pin numbers shown for DIL-18 package)

—11] vin SENSE
RAMP
- —{10] ramP
CLOCK FE ]
RT/CT osc i
Vin SUPPLY
DRIVE [ 1] DRIVER
comp b= INT. CIRCUIT POWER BIAS
T —1
INV. 1
NPUT |, [ reFaen 5.0V REF
oV AND BIAS
NI INPUT SUPPLY | 1 Rer
R B T3] PWM
@ s pwm OUTPUT
START/UV LATCH
200uA —
HYSTERESIS =
< —{5] Reser
INT.
™ 3.0 REF
CURRENT LIMIT av
THRESHOLD o
CURRENT SLowW
SENSE J START/
R [8] Butv evete
~ CLAMP
N OR3 6V
ERROR
OV SENSE R
GROUND
EXT. STOP [4] =
Note: Positive true logic, latch outputs high with set, reset has priority.
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uc1841

ucag4l
uC3841
ABSOLUTE MAXIMUM RATINGS (Note 1) CONNECTION DIAGRAMS
Su;:/:i:ﬁa\/gtztggrﬁ;e;Vm (Pin 15) TOP VIEWS
Current Driven, 100mA maximum . DIL-18, J or N PACKAGE
PWM Output Voltage (Pin 12) ............ceuueeuneiinrnnne. . Y & PACKAGE PIN FUNCTIONS
PWM Output Current, Steady-State (Pin12)..cooveiine. 400mA FUNCTION DIL PLCC .
PWM Output Peak Energy Discharge .................. 20uJoules 2 17 COMP 1 1
Driver Bias Current (Pin 14) ..........cooviiiiinennn -200mA 3 16 START/UV 2 2
Reference Output Current (Pin 16)....... F -50mA 4 5 OV SENSE = 3
Slow-Start Sink Current (Pin 8) 20mA
Vin Sense Current (Pin 11) ........ooovevnenennnnnnnn.. 10mA 5 14 SToP 4 4
Current Limit Inputs (Pins 6 & 7) ........covenen.n -0.5 to +5.5V 6 13 RESET 5 5
Stop tnput (PIN4) ... e -0.3 to +5.5V ; 12 CUR THRESH 6 7
Comparator Inputs CUR SENSE 7 8
(Pins2,3,5,17,18) .....ocvvnn. Internally clamped at 12V 8 11 SLOW START 8 9
Power Dissipationat TA=25°C ......c.oovviviniinnen. 1000mwW 9 10 RT/CT 9 10
Derate at 10mW/°C for Ta above 50°C RAMP 10 11
Power Dissipation at Tc =25°C .......ovvinineninn... 2000mwW PLCC-20 Vin SENSE 11 12
Derate at 16mW/°C for T¢ above 25°C Q PACKAGE PWM OUT 12 3
Thermal Resistance, Junction to Ambient .............. 100°C/W GROUND T 2
Thermal Resistance, JunctiontoCase ................... 60°C/W 4 32 12019
Operating Junction Temperature............... -55°C to +150°C 4 18 DRIV BIAS 14 15
Storage Temperature Range ................... -65°C to +150°C g ié *+Vin SUPPLY 15 17
Lead Temperature (Soldering, 10 sec)............c....... +300°C 7 15 5.0V REF 16 18
Notes: 1. All voltages are with respect to ground, Pin 13. 8 14 INV INPUT 17 19
Currents are positive-into, negative-out of the specified terminal. 910111213 N.I. INPUT 18 20
2.,All pin numbers are referenced to DIL-18 package.
ELECTRICAL CHARACTERISTICS (Unless otherwise stated, these specifications apply for Ta = =55°C to +125°C for the UC1841,
~-25°C to +85°C for the UC2841, and 0°C to 70°C for the UC3841; Vin = 20V, Ry = 20kQ,
Ct =.001mfd, Rr = 10kQ, Cr = .001mfd, Current Limit Threshold = 200mV)
sam | v
PARAMETER TEST CONDITIONS UNITS
MIN. | TYP. [MAX. |MIN. | TYP. | MAX.
Power Inputs
Start-Up Current : Vin = 30V, Pin 2 = 2.5V, 4 5 4 5 mA
Operating Current Vin =30V, Pin 2 = 3.5V 9 12 9 12 mA
Supply OV Clamp Vin = 20mA 33 | 40 | 45 | 33 | 40 | 45 v
Reference Section )
Reference Voltage Ty =25°C 495| 50 |505}49 |50 |51 \
Line Regulation Vin = 8 to 30V 10 15 10 | 20 mV
Load Regulation AL =0to 10mA 10 | 20 10 | 30 mV
Temperature Coefficient® Over operating temperature range +0.4 +0.4 | mvV/°C
Short Circuit Current Vrer = 0, Ty = 25°C -80 |-100 -80 |-100] mA
Oscillator ’
Nominal Frequency Ty =25°C . 47 | 50 | 53 | 45 | 50 | 55 kHz
Voltage Stability Vin = 8 to 30V 0.5 1 0.5 1 %
Temperature Coefficient* Over operating temperature range +.08 +.08 | %/°C
Maximum Frequency Rt = 2kQ, Cr = 330pF 500 500 kHz
Ramp Generator
Ramp Current, Minimum Isense = ~10uA -11 | -14 -11 | -14 HA
Ramp Current, Maximum Isense = 1.0mA -0.9 | -.95 -09|-95 mA
Ramp Valley . 03|04 |06 ]|03([04]06 v
‘Ramp Peak Clamping Level 39 |42 |45 (39|42 |45

*Guaranteed by design. Not 100% tested in production.

UNITRODE INTEGRATED CIRCUITS :
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uc1841
uc2g4a1
uc3841

ELECTRICAL CHARACTERISTICS (Unless otherwise stated, these specifications apply for Ta = =55°C to +125°C for the UC1841,
-25°C to +85°C for the UC2841, and 0°C to 70°C for the UC3841; V|n = 20V, Ry = 20kQ,
Cr = .001mfd, Rg = 10kQ, Cr = .001mfd, Current Limit Threshold = 200mV)

s [ uosm
PARAMETER TEST CONDITIONS UNITS
MIN.| TYP.| MAX.| MIN.] TYP. [MAX.
Error Amplifier
Input Offset Voltage Vem = 5.0V 0.5 2 10 mvV
Input Bias Current 0.5 5 UA
Input Offset Current 0.5 05 MA
Open Loop Gain AVo =1 to 3V 60 | 66 60 | 66 dB
?ﬁ;ﬁ“toi‘f;:% — Ramp Peak — 100myy | Minimum Total Range 03 35| 03 35 | v
CMRR Vem = 1.5 to 5.5V 70 | 80 70 | 80 | dB
PSRR Vin = 8 to 30V 40 | 50 40 | 50 dB
Short Circuit Current Vcomp = OV -4 | -10 -4 | -10 mA
Gain Bandwidth* Ty = 25°C, AvoL = 0dB 1 2 1 2 MHz
Slew Rate* Ty = 25°C, AvcL = 0dB 0.8 0.8 V/us
PWM Section
Continuous Duty Cycle Range* Minimum Total Continuous Range 4 95 4 o5 %
(other than zero) Ramp Peak < 4.2V
50% Duty Cycle Clamp Rsense to VRer = 10k 42 | 47 | 52 42 | 47 52 %
Output Saturation lout = 20mA 02| 04 0.2 | 04 '
Output Saturation lout = 200mA 17 | 22 1.7 | 22 \
Output Leakage Vour = 40V 0.1 10 0.1 10 uA
Comparator Delay* $1n=82’tgo(P:inRI1-2= KO 300 | 500 300 | 500 ns
Sequencing Functions
Comparator Thresholds Pins 2, 3,5 28 1 30| 32128 30|32 \
Input Bias Current Pins 3,5 = 0V -1.0(-4.0 -1.0|-4.0 HA
Input Leakage Pins 3,5 = 10V 01| 20 01|20 uA
Start/ UV Hysteresis Current Pin 2'=2.5V, .170.| 200 | 220 | 170 | 200 | 230 UA
Ext. Stop Threshold Pin 4 08| 12| 24|08 |12 |24 \
Error Latch Activate Current Pin 4 =0V, Pin 3> 3V -120] -200 -120|-200 uA
Driver Bias Saturation Voltage, Vin - Von | I = -50mA 2 3 2 3 Y
Driver Bias Leakage Vg = 0V -0.1| -10' -0.1| -10 uA
Slow-Start Saturation Is = 10mA 02| 05 02 | 05 \
Slow-Start Leakage Vg = 4.5V 0.1] 20 0.1 ] 20 uA -
Current Control
Current Limit Offset 0 5 0 10 mV
Current Shutdown Offset 370 | 400 | 430 | 360 | 400 | 440 mV
Input Bias Current Pin 7 =0V -2 | -5 -2 | -5 uA
Common Mode Range* -0.4 3.0 |-04 3.0 \
Current Limit Delay* Ty =25°C,Pin7to 12, RL =1k - 200 | 400 200 | 400 ns

*Guaranteed by design. Not 100% tested in production.

UNITRODE INTEGRATED CIRCUITS
7 CONTINENTAL BLVD. * MERRIMACK, NH 03054
TEL. (603) 424-2410 * TELEX 95-3040 * 3-101
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ucis4l

uc284l
UC3841
FUNCTIONAL DESCRIPTION
PWM CONTROL
1. Oscillator: Generates a fixed-frequency internal clock from an external Rr and Cr.
Frequency = RTET where K¢ is a first-order correction factor = 0.3 log (Ct X 10" 2).
dv sense voltage
2. Ramp Generator: Develops linear ramp with slope defined externally by "; = —Fn‘a—-
Cr is normally selected < Cr and its value will have some effect upon valley voltage.
Limiting the minimum value for Isense into pin 11 will establish a maximum duty cycle clamp.
Cr terminal can be used as an input port for current mode control.
3. Error Amplifier: Conventional operational amplifier for closed-loop gain and phase compensation.
Low output impedance; unity-gain stable.
The output is held low by the slow start voltage at turn on in order to minimize overshoot.
4. Reference Generator: Precision 5.0V for internal and external usage to 50maA.
Tracking 3.0V reference for internal usage only with nominal accuracy of + 2%.
40V clamp zener for chip OV protection, 100mA maximum current.
5. PWM Comparator: Generates output pulse which starts at termination of clock pulse and ends when the ramp input
crosses the lowest of two positive inputs.
6. PWM Latch: Terminates the PWM output pulse when set by inputs from either the PWM comparator, the pulse-
by-pulse current limit comparator, or the error latch. Resets with each internal clock pulse.
7. PWM Output Switch: Transistor capable of sinking current to ground which is off during the PWM on-time and turns on

to terminate the power pulse. Current capacity is 400mA saturated with peak capacitance
discharge in excess of one amp.

SEQUENCING FUNCTIONS ,
1. Start/UV Sense: With an increasing voltage, this comparator generates a turn-on signal and releases the slow-start
clamp at a start threshold.

With a decreasing voltage, it generates a turn-off command at a lower level separated by a 200uA
hysteresis current.

2. Drive Switch: Disables most of the chip to hold internal current consumption low, and Driver Bias OFF, until

. input voltage reaches start threshold.

3. Driver Bias: Supplies drive current to external power switch to provide turn-on bias.

4. Slow Start: Clamps low to hold PWM OFF. Upon release, rises with rate controlled by RsCs for slow increase of

output pulse width.
Can also be used as an alternate maximum duty cycle clamp with an external voltage divider.

PROTECTION FUNCTIONS
1. Error Latch: When set by momentary input, this latch insures immediate PWM shutdown and
hold off until reset.
Inputs to Error Latch are:

a. OV > 3.0V

b. Stop > 1.2V

c. Current Sense 400mV over threshold.

Error Latch resets when slow start voltage falls to 0.4V if Reset Pin 5 < 3.0V. With Pin 5 > 3.0V,
Error Latch will remain set.

2. Current Limiting: Differential input comparator terminates individual output pulses each time sense voltage rises
above threshold.

When sense voltage rises to 400mV above threshold, a shutdown signal is sent to Error Latch.

3. Ext. Stop: A voltage over 1.2V will set the Error Latch and hold the output off.
A voltage less than 0.8V will defeat the error latch and prevent shutdown.

A capacitor here will slow the action of the error latch for transient protection by providing a delay
of 10ms/uF.

UNITRODE INTEGRATED CIRCUITS
7 CONTINENTAL BLVD. * MERRIMACK, NH 03054 .
TEL. (603) 424-2410 » TELEX 95-3040 3-102 PRINTED IN U.S.A.



UC1841

. ucag4al
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uc1841
uc2g41
UC3841

OPEN-LOOP TEST CIRCUIT

C -
15
SUPPLY Y Rs g 100k
VOLTAGE
16 8 Cs g 10
VRer SLOW START ! l—__L
. LFRa % 11 14 =
@-—1 Rr $ 10k Vin SENSE DRIVER BIAS
= 20k RL= 1k
= 9 12 % L
UC1841 OUTPUT
eloor Rr/Cr C184 PWM OUT AR
= 1
S T (—rawp DIL-18 arounp 22
Ry $20k= ) PACKAGE 5
¢ START/UV RESET P—o""o
R2 39k 3 B =
OV SENSE sToP o’
Raisk COMP INV NI C/L(-)  C/L(+)
1 17] 18] 6 7
10k
°°1 I 10k
VRer
.
0.1 10k
I 10k 3¢ 48k 1 43k
= PWM
= ADJUST 2k — $3 10k )
L CURRENT SENSE
= — TEST
. + + L
Nominal Frequency = -R—lc— = 50KHz UV Fault Voltage = 3(’%%’*—’) =8V Current Limit = 200mV
T T 2 3
. Current Fault Voltage = 600mV
Ri+ R+ R +R>+R
Start Voltage = 3 (W) +0.2R, =12V OV Fault Voltage = 3 (R‘—Ra—°> =32V Duty Cycle Clamp = 50%
2 3 3

REGULATOR APPLICATION (B)
With the addition of a level shifting transistor, Q1, the UC1841 is

FLYBACK APPLICATION (A)

In this application (see Figure A, next page), complete control is

maintained on the primary side. Control power is provided by Rin
and Cin during start-up, and by a primary-referenced low voltage
winding, N2, for efficient operation after start. The error amplifier
loop is closed to regulate the DC voltage from N2 with other
outputs following through their magnetic coupling — atask made
even easier with the UC1841's feed-forward line regulation.

An extension to this application for more precise regulation would
be the use of the UC1901 Isolated Feedback Generator for direct
closed-loop control to an output.

Not shown, are protective snubbers or additional interface circui-
try which may be required by the choice of the high-voltage
switch, Qs, or the application; however, one example of power
transistor interfacing is provided on the following page.

UNITRODE INTEGRATED CIRCUITS
7 CONTINENTAL BLVD. * MERRIMACK, NH 03054
TEL. (603) 424-2410 * TELEX 95-3040
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an ideal control circuit for DC to DC converters such as the buck
regulator shown in Figure B opposite. In addition to providing
constant current drive pulses to the PIC661 power switch, this
circuit has full fault protection and high speed dynamic line
regulation due to its feed-forward capability. An additional feature
is the ability to work with high input line voltages — in this case, up
to 60V — with internal protective clamping.

PRINTED IN U.S.A.



ucig4l
uc2841
uc3g41

UC1841 PROGRAMMABLE PWM CONTROLLER IN A SIMPLIFIED FLYBACK REGULATOR (A)

DC INPUT LINE
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UC1841 CONTROLS A HIGH-CURRENT, HIGH-INPUT VOLTAGE BUCK REGULATOR (B)
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ERROR LATCH INTERNAL CIRCUITRY

INTERNAL 5V
5
Q4 Q TO
SHUTDOWN
RESET Q1
50k
50k §
> Q6
ov Q2
200Q, 50k
csb 03

= [4] sTop PN

The Error Latch consists of Q5 and Q6 which, when both on, turns
off the PWM Output and pulls the Slow-Start pin low. This latch is
set by either the Over-Voltage or Current Shutdown comparators,
or by a high signal on Pin 4. Reset is accomplished by either the
Reset comparator or a low signal on Pin 4. An activation time delay
can be provided with an external capacitor on Pin 4 in conjunction
with the = 100uA collector current from Q4.

uci841

ucasal
Uc3g41
INTERFACING HIGH-VOLTAGE BIPOLAR TRANSISTORS
| CONTROL VOLTAGE
L 4
- T 2004F
Vin =
TO TRANSFORMER
PRIMARY AND
HIGH VOLTAGE
DRIVE SWITCH D1 1N4946 T
uc1841 : >
D2 1N3614
PWM OUT @

D3
1IN3612

Most high voltage transistors trade both current gain and speed
for voltage capability. This circuit provides both high turn-on and
turn-off pulse base currents into Q3 as well as a Baker clamp
saturation control. This entire drive circuit is held off by the
UC1841's Drive Switch for low current drain while the control
voltage is rising.

CURRENT MODE CONTROL

ucl1841

PWM
comp

Since Pin 10 is a direct input to the PWM comparator, this point
can also serve as a current sense port for current mode control. In
this application, current sensing is ground referenced through
Rcs. Resistor R1 sets a 400mV offset across R2 (assuming R2 >
Rcs) so that both the Error Amplifier and Fault Shutdown can
force the current completely to zero. R2 is also used along with C¢
as a small filter to attenuate leading-edge spikes on the load cur-
rent waveform. In this mode, current limiting can be accom-

plished by divider R3/R4 which forms a clamp overriding the .

output of the Error Amplifier.

UNITRODE INTEGRATED CIRCUITS
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VOLTAGE FEED-FORWARD COMBINED WITH
MAXIMUM DUTY-CYCLE CLAMP

Vin

Ql
2N2907

R3

P |

In this circuit, R1 is used in conjunction with Cr (not shown) to
establish a minimum ramp charging current such that the ramp
voltage reaches 4.2V at the required maximum output pulse
width.

The purpose of Q1 is to provide an increasing ramp currentabove
a threshold established by R2 and R3 such that the duty cycle is
further reduced with increasing Vin.
The minimum ramp current is:
Veer - Vinsense 4V
R1 " RI1
The threshold where Vn begins to add extra ramp current is:
A <m+m>
Vin = 5.6V R3
Above the threshold, the ramp current will be:
Vin-5.6 5.6

4
Ir (VARIAB) =~ _R_l- + _R‘Z— "R

Ir (MIN) =
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LINEAR INTEGRATED CIRCUITS uc18az/3/a/5

uC2842/3/4/5
Current Mode PWM Controller UCc3842/3/4/5

FEATURES DESCRIPTION

® Optimized for off-line and DC to DC The UC1842/3/4/5 family of control ICs provides the necessary features to implement
converters off-line or DC to DC fixed frequency current mode control schemes with a minimal

o Low start up current (<1mA) external parts count. Internally implemented circuits include under-voltage lockout

featuring start up current less than 1mA, a precision reference trimmed for accuracy at
the error amp input, logic to insure latched operation, a PWM comparator which also
provides current limit control, and a totem pole output stage designed to source or sink
® Enhanced load response characteristics high peak current. The output stage, suitable for driving N Channel MOSFETs, is low in
e Under-voltage lockout with hysteresis the off state.

e Double pulse suppression

e Automatic feed forward compensation
® Pulse-by-pulse current limiting

Differences between members of this family are the under-voltage lockout thresholds

* High current totem pole output and maximum duty cycle ranges. The UC1842 and UC1844 have UVLO thresholds of
o Internally trimmed bandgap reference 16V (on) and 10V (off), ideally suited to off-line applications. The corresponding
 500KHz operation thresholds for the UC1843 and UC1845 are 8.5V and 7.9V. The UC1842 and UC1843

can operate to duty cycles approaching 100%. A range of zero to < 50% is obtained by
the UC1844 and UC1845 by the addition of an internal toggle flip flop which blanks the
output off every other clock cycle.

e Low Ro error amp

ABSOLUTE MAXIMUM RATINGS (Note 1) CONNECTION DIAGRAM
Supply Voltage (Low Impedence Source) ................. 30V
Supply Voltage (lcc <30mA) ..........coeeenn... Self Limiting DIL-8 (TOP VIEW) S0-14 (TOP VIEW)
OUtPUL CUITENE .\t +1A N or J PACKAGE D PACKAGE
Output Energy (Capacitive Load) ......................... S5ud —‘
Analog Inputs (Pins 2,3) ......cooeviiiinian.. -0.3V to +6.3V comp [1] T3] Vrer
Error Amp Output Sink Current ........................ 10mA
Power Dissipation at Ta < 25°C (DIL-8) +..'vvvvrennnn.. .. 1w ne 2] 13 ne
Derate 8mW/°C for Ta > 25°C ves [3] [12] Vee
Power Dissipation at Ta <25°C (SO-14).............. 725mW
Derate 5.8mW/°C for Ta > 25°C ne [ [11] ve
Storage Temperature Range ................ ~-65°C to +150°C Isense [5] [Toj ouTPUT
Lead Temperature (Soldering, 10 Seconds)............. 300°C
Note: 1. All voltages are with respect to Pin 5. ne[6] [9] GROUND
All currents are positive into the specified terminal. Re/Cr[7 EE%\(,)VSED
NC = NO CONNECTION

BLOCK DIAGRAM

Vee [:zzza
%

3av Lo
T
B I 5V 8
7 A !
6roUND [5 /9] I L FEF Ve
5.0V
50mA
250V ’

INTERNAL
BIAS

_LJ_ LOGIC

OUTPUT
Ves lg!ﬁl
comp[1 /1] CURRENT
CURRENT : SENSE Eo0UND
e /5] COMPARATOR

Note: 1.[A/B] A = DIL-8 Pin Number. B = SO-14 Pin Number.
2. Toggle flip flop used only in 1844 and 1845.

L
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ELECTRICAL SPECIFICATIONS

UC1842/3/4/5
UC2842/3/4/5
UC3842/3/4/5

(Unless otherwise stated, these specifications apply for =55 <Ta<125°Cfor UC184X; -25 <Ta<85°C
for UC284X; 0 < Ta < 70°C for UC384X; Vcc = 15V (Note 5); Rr = 10K; Cr = 3.3nF.)

- PARAMETER TEST CONDITIONS Uezoix ucssax UNITS
MIN. | Tvp. | max. | miN. [ TYP. | max.
Reference Section
Output Voltage Tj = 25°C, lo = 1mA 495 | 5.00 | 5.05 4.90 | 5.00 5.10 v
Line Regulation 12 <Vin <25V 6 20 6 20 mV
Load Regulation 1<lp<20mA 6 25 6 25 mV
Temp. Stability (Note 2) 0.2 0.4 0.2 04 |mv/°C
Total Output Variation Line, Load, Temp. (Note 2) 4.9 5.1 4.82 5.18 Vv
Output Noise Voltage 10Hz < f < 10KHz, Tj = 25°C (Note 2) 50 50 uv
Long Term Stability Ta =125°C, 1000 Hrs. (Note 2) 5 25 5 25 mV
-Output Short Circuit -30 -100 | -180 -30 -100 | -180 mA
Oscillator Section
Initial Accuracy Tj = 25°C (Note 6) 47 52 57 47 52 57 KHz
Voltage Stability 12 < Vg < 25V 0.2 1 0.2 1 %
Temp. Stability Tmin < Ta < Tmax (Note 2) 5 5 %
Amplitude Vein 4 peak to peak 1.7 1.7 '
Error Amp Section
Input Voltage Vein 1 = 2.5V 2.45 2.50 2.55 242 | 250 258 v
Input Bias Current -0.3 -1 -0.3 -2 pA
AvoL ) 2<Vo=s4v 65 90 65 90 dB
Unity Gain Bandwidth (Note 2) 0.7 1 0.7 1 MHz
PSRR 12 < V¢e = 25V 60 70 60 70 dB
Output Sink Current Vein 2=2.7V,VpIN 1 = 1.1V 2 6 2 6 mA
Output Source Current Vein 2 =2.3V,VpiN 1 =5V --0.5 -0.8 -05 -0.8 mA
Vour High VpiN 2 = 2.3V, RL = 15K to ground 5 6 5 6 v
Vout Low Vein 2= 2.7V, RL= 15K to Pin 8 0.7 1.1 0.7 1.1 v
Current-Sense Section
Gain (Notes 3 & 4) 2.85 3 3.15 2.85 3 3.15 V/V
Maximum Input Signal Vein 1 = 5V (Note 3) 0.9 1 1.1 0.9 1 11 \
PSRR 12 < Ve < 25V (Note 3) 70 70 dB
Input Bias Current -2 -10 -2 -10 uA
Delay to Output 150 300 150 300 ns
Output Section
Output Low Level Isink = 20mA 0.1 0.4 0.1 0.4 \"
Isink = 200mA 1.5 2.2 1.5 2.2 v
Output High Level Isource = 20mA 13 135 13 135 "
Isource = 200mA 12 135 12 135 \
Rise Time Tj = 25°C, CL = 1nF (Note 2) 50 150 50 150 ns
Fall Time Tj = 25°C, CL = 1nF (Note 2) 50 150 50 150 ns

Notes: 2. These parameters, although guaranteed, are not 100% tested in production.
3. Parameter measured at trip point of latch with Vpiny 2 = 0.

4. Gain defined as:

_ AVPIN 1

;0<VpiN 3 <08V.

AVPIN 3

5. Adjust Vg above the start threshold before setting at 15V.
6. Output frequency equals oscillator frequency for the UC1842 and UC1843.
Output frequency is one half oscillator frequency for the UC1844 and UC1845.
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ELECTRICAL SPECIFICATIONS

UC1842/3/4/5
uc2842/3/4/5
uC3842/3/4/5

(Unless otherwise stated, these specifications apply for =55 < Ta <125°C for UC184X; -25 <Ta<85°C

for UC284X; 0 = Ta < 70°C for UC384X; Vcc = 15V (Note 5); Rt = 10K; Cr = 3.3nF.)

UC184X
PARAMETER TEST CONDITIONS ucas4x ucssax UNITS
MIN. TYP. MAX. MIN. TYP. MAX.
Under-Voltage Lockout Section
Start Threshold X842/4 15 16 17 145 16 175 \
X843/5 7.8 8.4 9.0 7.8 8.4 9.0 \
Min. Operating Voltage X842/4 9 10 11 8.5 10 115 \
After Turn On X843/5 70 | 76 | 82 70 | 76 | 82 v
PWM Section
0,
Maximum Duty Cycle X842/3 95 97 100 95 97 100 %
X844/5 46 48 50 46 48 50 %
Minimum Duty Cycle 0 0 %
Total Standby Current
Start-Up Current 0.5 1 0.5 1 mA
Operating Supply Current Vein 2 = Vpin 3 = 0V 11 17 11 17 mA
Vcc Zener Voltage Icc = 256mA 34 34 Vv
Notes: 2. These parameters, although guaranteed, are not 100% tested in production.
3. Parameter measured at trip point of latch with Vpin 2 = 0.
4. Gain defined as:
AVPIN 1
= ——;0<V <0.8V.
N PIN 3
5. Adjust Vce above the start threshold before setting at 15V.
6. Output frequency equals oscillator frequency for the UC1842 and UC1843.
Output frequency is one half oscillator frequency for the UC1844 and UC1845.
ERROR AMP CONFIGURATION
]
: 0.5mA
|
1 +
|
I 57
Vrs r'L|
Zi ? 2 -
— = 1 H
|
|
2 COMPE

- ——

ERROR AMP CAN SOURCE OR SINK UP TO 0.5mA
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uc1842/3/4/5

uc2842/3/4/5
uUC3842/3/4/5
UNDER-VOLTAGE LOCKOUT
| : lec
|
Vee ON/OFF CO <17mA
, 7 Ny geE conane [
I <1lmA
| ucig42 | UC1843 t } Vee
1 UC1844 | UC1845 Vorr  Von
Von 16V 8.4V . S .
1 m Tov Tov During Under-Voltage Lockout, the output driver is biased to sink
1 OFF - . minor amounts of current. Pin 6 should be shunted to ground with
L a bleeder resistor to prevent activating the power switch with
—— T extraneous leakage currents.
CURRENT SENSE CIRCUIT
CURRENT
SENSE
COMPARATOR
PEAK CURRENT (s) IS DETERMINED BY THE FORMULA:
Ismax = I_OV_
Rs
A SMALL RC FILTER MAY BE REQUIRED TO SUPPRESS SWITCH TRANSIENTS.
OSCILLATOR SECTION
|
Vaer n Deadtime vs CT (RT > 5K) Timing Resistance vs Frequency

30 100

Rr ta — (us) /

|
’ 10
Rr/Cr ' // 30
3
V
! —_Cr /
10

I ) y.

GROUND /
I 03

Rr — (KQ)

I

1 22 47 10 22 47 100 &

= 3
—— = Cr — (nF) 100 1K 10K 100K M
FREQUENCY — (Hz)

1.72

ForRr >5K f~ ——
RrCr
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UC1842/3/4/5

uc2842/3/4/5
Error Amplifier Open-Loop UC3842/3/4/5
Output Saturation Characteristics Frequency Response
T TTTI
s Vee = 15V / 80 0
I3[ Ta=+25C —— g
G Th = -55°C —m—w < 60— -5
: , I N .
~ o3 =
2 2 R === /’ & 4o ¢ -90 %
B -1 = g ~¢ i
z / N 520 -135 ~
E: [ source saT (vee -Vor) 2 P ~
gt ! 11 - —
@ /7\‘ SINK SAT (Vou) | 0 -180
0 — | [
01 02 .03.04.05 07 .1 2 3 45 7 10 10 100 1K 10K 100K M oM
OUTPUT CURRENT, SOURCE OR SINK — (A) FREQUENCY — (Hz)
OPEN-LOOP LABORATORY TEST FIXTURE
—QO VRer
Rr
% Vee
2N2222 j__< r———————- o
100K uc1g42
4.7K 1| COMP VRer ﬂ o
1K -
ERROR AMP Vre Vee | 7
ADJUST Lour

5K B 1K, 1W
47K lsence <— Isense OUTPUT ﬂls] O OUTPUT
ADJUST :
’—i
L

4] Re/Cr GROUND
= | e ]
J —O GROUND

High peak currents associated with capacitive loads necessitate  The transistor and 5K potentiometer are used to sample the
careful grounding techniques. Timing and bypass capacitors  oscillator waveform and apply an adjustable ramp to pin 3.
should be connected close to pin 5 in a single point ground. '

SHUTDOWN TECHNIQUES

3300 Isense SHUTDOWN —»
O

SHUTDOWN —m

comparator to be high (refer to block diagram). The PWM latch is
TO CURRENT reset dominant so that the output will Aremain ]ow until the next
SENSE RESISTOR clock cycle after the shutdown condition at pins 1 and/or 3 is

removed. In one example, an externally latched shutdown may be
Shutdown of the UC1842 can be accomplished by two methods;  accomplished by adding an SCR which will be reset by cycling Vee
either raise pin 3 above 1V or pull pin 1 below a voltage two diode  below the lower UVLO threshold. At this point the reference turns
drops above ground. Either method causes the outputofthe PWM  off, allowing the SCR to reset.

UNITRODE INTEGRATED CIRCUITS
7 CONTINENTAL BLVD. * MERRIMACK, NH 03054
TEL. (603) 424-2410 * TELEX 95-3040 3-111 PRINTED IN U.S.A.



UC1842/3/4/5

UC2842/3/4/5
uC3842/3/4/5
OFFLINE FLYBACK REGULATOR
%}v D1 82[)945 L1 (Note 2)
———0 +5V
117 VAC VARO, o
== 2
O— _J e = 4(7:éoﬂF

R4 R3

4.7K 20K
b AAA—— AN

D2
1IN3612

—O $12V COM

® D8
UES1002

2 7
R5 150K -12v
1
100
Cl4 || pf
uc1sa4 o1
R7 UFN833 cs8
8 220 > 680pF
R6 6 2AAY% 600V
10K 1K
3 ANAN—
cs == 4 5 USD1120 Y
O1uF 10 R11
c7 RL3 > 0550 D5 27k
T %% - 470pF 20K 1w IN3613 Sw
0022 I

Power Supply Specifications

1. Input Voltage: 95VAC to 130VAC (50Hz/60Hz)
2. Line Isolation: 3750V
3. Switching Frequency: 40KHz

4. Efficiency @ Full Load: 70%

5. Output Voltage:
A. +5V, £5%: 1A to 4A load
Ripple voltage: 50mV P-P Max.
B. +12V, +3%: 0.1A to 0.3A load
Ripple voltage: 100mV P-P Max.
C. -12V, £3%: 0.1A to 0.3A load
Ripple voltage: 100mV P-P Max.

SLOPE COMPENSATION

Ry/Cr

uc1842/3

|
Isense I_?r‘
|

R

igign

7N
| 1 . l Isense |
1 W‘_% igigh
L 1

A fraction of the oscillator ramp can be resistively summed with
the current sense signal to provide slope compensation for con-
verters requiring duty cycles over 50%.

Note that capacitor, C, forms a filter with Rz to suppress the
leading edge switch spikes.
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LINEAR INTEGRATED CIRCUITS  jSigre ucisds

Current Mode PWM Controller UC3846 UC3847

FEATURES DESCRIPTION

e Automatic feed forward compensation The UC1846/1847 family of control ICs provides all of the necessary features to imple-

® Programmable pulse by pulse current ment fixed frequency, current mode control schemes while maintaining a minimum
limiting external parts count. The superior performance of this technique can be measured in

® Automatic symmetry correction in push- improved line regulation, enhanced load response characteristics, and a simpler, easier-
pull configuration to-design control loop. Topological advantages include inherent pulse-by-pulse current

e Enhanced load response characteristics limiting capability, automatic symmetry correction for push-pull converters, and the

® Paralle! operation capability for modular ability to parallel “power modules” while maintaining equal current sharing.
power systems

o Differential current sense amplifier with Protection circuitry includes built-in under-voltage lockout and programmable current
wide common mode range ' limit in addition to soft start capability. A shutdown function is also available which can

® Double pulse suppression initiate either a complete shutdown with automatic restart or latch the supply off.

e 200mA totem-pole outputs X

® +1% bandgap reference Other features include fully latched operation, double pulse suppression, deadtime

e Under-voltage lockout adjust capability, and a £1% trimmed bandgap reference.

e Soft start capability

e Shutdown terminal The UC1846 features low outputs in the OFF state, while the UC1847 features high

® 500kHz operation outputs in the OFF state.

BLOCK DIAGRAM

51V
viN 5} —| REFERENCE —{2] VRer
REGULATOR
stc ——
R 9} LoGkouT
. osc. Ve I
crle] FIF
el |
T Q —1i] A out_ I
Q
l—— ] UC1846
L OUTPUT STAGE
l uc1847 )
‘ I_ OUTPUTS INVERTED
14] BouT_J L
-
| 12 GND

{1] CURRENT LIMIT
ADJUST

H
W -
‘ ||}1
[}
=

—{t¢] sHUTDOWN
NI [B}——*
E/A
inv. [6}—- =
COMP -_fi

=
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ABSOLUTE MAXIMUM RATINGS (Note 1) :
Supply Voltage (Pin 15) . ...vuiuitiiii it aeas +40V

Collector Supply Voltage (Pin 13) ....o.iuiiiiiiiiiiiii e +40V
Qutput Current, Source or Sink (Pins 11, 14) 500mA
Analog Inputs (Pins 3,4,5,6,16) .................. -0.3V to +Vin
Reference Output Current (Pin2) ................... -30mA
Sync Output Current (Pin 10) .........oovvviniinnin, -5mA
Error Amplifier Output Current (Pin7) ............... : -5mA
Soft Start Sink Current (Pin1) ...........ocovviinn, 50mA
Oscillator Charging Current (Pin9) .....oiviniinii i i iineneaans 5mA
Power Dissipation at TA=25°C ...oiiiiiiiiiiiiiii i 1000mwW
Derate at 10mW/°C for Ta above 50°C
Power Dissipation at Te = 25°C . .vuvnteineni e i 2000mwW
Derate at 16mW/°C for T above 25°C
Thermal Resistance, Junction to Ambient ...............oooooiiiiiiiiiiat 100°C/W
Thermal Resistance, Junctionto Case ..........covvviiiiiiiiiiininneninnen 60°C/W
Storage Temperature Range .............coveiinenn .... —65°C to +150°C
Lead Temperature (soldering, 10 S€CONAS) ...vvuviiiiiiniiierienenriirneennen +300°C

Note: 1. All voltages are with respect to Ground, Pin 13.
Currents are positive into, negative out of the specified terminal.

ELECTRICAL CHARACTERISTICS (Unless otherwise stated, these specifications apply for Ta

Rr = 10k, Cr = 4.7nF)

UC1846 UC1847
UC2846 UC2847
UC3846 UC3847

CONNECTION DIAGRAM

CURRENT

(-) ERROR AMP [6|
COMPENSATION (7]

cr (8]

DIL-16 (TOP VIEW)
J or N PACKAGE

umts ]
SOFTSTART 16] SHUTDOWN
Veer (2] 5] Vin
O UL 5] 1] ouTPUT B
+) CURRENT
) CURRRSE (@] Vo
(+) ERROR AMP (5| [12] GROUND

[11] OUTPUTA

[10] SYNC

ERr

=-55°C to +125°C for UC1846/UC1847;
-25°C to +85°C for the UC2846/UC2847; and 0°C to +70°C for the UC3846/UC3847; Vix =15V,

UC1846/UC1847
PARAMETER TEST CONDITIONS Uczsde/Ucosay | UCSSAS/UCIT |\
MIN. | TYp. [ MAX. | MIN. | TYP. [ MAX.
Reference Section
Output Voltage T;=25°C, lo = 1mA 5.05 | 5.10 | 5.15 | 5.00 | 5.10 | 5.20 v
Line Regulation Vin = 8 to 40V 5 20 5 20 mV
Load Regulation I.=1mA to 10mA 3 15 3 15 mV
Temperature Stability Over Operating Range, (Note 2) 0.4 0.4 mV/°C
Total Output Variation Line, Load, and Temperature (Note 2) | 5.00 5.20 | 4.95 5.25 v
Output Noise Voltage 10Hz < f < 10kHz, T; = 25°C (Note 2) 100 100 uv
Long Term Stability T,=125°C, 1000H(rs., (Note 2) 5 5 mv
Short Circuit Output Current | Veee = OV -10 | -45 -10 -45 mA
Oscillator Section
Initial Accuracy T;=25°C 39 43 47 39 43 47 kHz
Voltage Stability Vin = 8 to 40V -1 2 -1 2 %
Temperature Stability Over Operating Range (Note 2) -1 -1 %
Sync Output High Level 3.9 4.35 3.9 4.35 Vv
Sync Output Low Level 2.3 2.5 2.3 25 v
Sync Input High Level Pin 8 = 0V 3.9 39 \
Sync Input Low Level Pin 8 = OV 2.5 2.5 '
Sync Input Current Sync Voltage = 3.9V, Pin 8 = OV 13 | 15 13 | 15 mA
Error Amp Section
Input Offset Voltage 0.5 5 0.5 10 mV
Input Bias Current -0.6 -1 -0.6 -2 LA
Input Offset Current ' 40 250 40 250 nA
Common Mode Range Vin = 8 to 40V 0 Vn-2V] 0 Vin-2V \"
Open Loop Voltage Gain AVo = 1.2 to 3V, Vem = 2V 80 105 80 105 dB
Unity Gain Bandwidth T; = 25°C (Note 2) 0.7 1.0 0.7 1.0 MHz
CMRR Vem = 0 to 38V, Viy = 40V 75 100 75 100 dB
PSRR Vin = 8 to 40V 80 105 80 105 dB
Output Sink Current Vip = -15mV to -5V, Vein 7 = 1.2V 2 6 2 6 mA
Output Source Current Vip = 15mV to 5V, Vein 7 = 2.5V -0.4 | -0.5 -04 | -0.5 mA
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UC1846 UC1847
UC2846 UC2847
UC3846 UC3847

ELECTRICAL CHARACTERISTICS (Unless otherwise stated, these specifications apply for Ta = -55°C to +125°C for UC1846/UC1847;
-25°C to +85°C for the UC2846/UC2847; and 0°C to +70°C for the UC3846/UC3847; Vix =15V,
Rr = 10k, Cr = 4.7nF)

e ser | ucssas/ucssar
PARAMETER TEST CONDITIONS UNITS
MIN. [ TYP. [ MAX. | MIN. [ TYP. | MAX.
Error Amp Section (continued)
High Level Output Voltage RL = (Pin 7) 15kQ 4.3 4.6 4.3 4.6 \"
Low Level Output Voltage RL= (Pin 7) 15kQ 0.7 1 0.7 1 '
Current Sense Amplifier Section
Amplifier Gain Vein 3 = 0OV, Pin 1 Open (Notes 3 & 4) 25 | 275 | 3.0 25 | 275 | 3.0 v
ot Sgnal (ee Ve s) | R Gin By = 15k L2 i v
Input Offset Voltage pon zgéiV(Note 3 5 | 25 5 | 25 | mv
CMRR Vem =1 to 12V 60 83 60 83 dB
PSRR Vin = 8 to 40V 60 84 60 84 dB
Input Bias Current Vein 1 = 0.5V, Pin 7 Open (Note 3) -25| -10 -25 | -10 uA
Input Offset Current Vein 1 = 0.5V, Pin 7 Open (Note 3) 0.08 1 0.08 1 uA
Input Common Mode Range 0 Vin-3 0 Vin-3 Vv
Delay to Outputs T, = 25°C, (Note 2) 200 500 200 500 ns
Current Limit Adjust Section
Current Limit Offset Vom0V, Pin 7 Open (Note 3) 045 | 05 | 055 [045| 05 | 055 [ v
Input Bias Current Vein s = Vaer, Vein s = OV -10 | -30 -10 | -30 uA
Shutdown Terminal Section
Threshold Voltage 250 | 350 | 400 | 250 | 350 | 400 mV
Input Voltage Range 0 Vin 0 Vin \
?:ﬂlljl;l;;t:!’(r};af;:hmg (Note 6) 3.0 15 3.0 1.5 mA
yjr"rgt"(‘l‘?:“";iatc“'”g (Note 7) 15 | o8 15 | 08 | mA
Delay to Outputs T; = 25°C (Note 2) 300 600 300 | 600 ns
Output Section
Collector-Emitter Voltage 40 40 Vv
Collector Leakage Current V¢ = 40V (Note 5) 200 200 uA
Output Low Level lsink = 20mA 0.1 0.4 0.1 0.4 v
Isink = 100mA 0.4 2.1 0.4 2.1
Output High Level Isource = 20mA 13 135 13 135 v
Isource = 100mA 12 13.5 12 135
Rise Time CL = 1nF, T; = 25°C (Note 2) 50 300 50 300 ns
Fall Time C. = 1nF, T; = 25°C (Note 2) 50 300 50 300 ns
Under-Voltage Lockout Section
Start-Up Threshold 7.7 8.0 7.7 8.0 )
Threshold Hysteresis 0.75 0.75
Total Standby Current
Supply Current l [ 17 L214L I 17 | 21 I mA

Notes:

2. These parameters, although guaranteed over the recommended
operating conditions, are not 100% tested in production.
3. Parameter measured at trip point of latch with Vein 5 = Vrer, Vein 6 = OV.

AVein 7

4. Amplifier gain defined as:
G=

s AVpin 4 =0 to 1.0V

AVein 4

UNITRODE INTEGRATED CIRCUITS
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5. Applies to UC1846/UC2846/UC3846 only due to polarity of outputs.
6. Current into Pin 1 guaranteed to latch circuit in shutdown state.
7. Current into Pin 1 guaranteed not to latch circuit in shutdown state.
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UC1846 UC1847
) UC2846 UC2847
APPLICATIONS DATA UC3846 UC3847

Oscillator Circuit

Vrer

comp
8

SAWTOOTH
(PIN'8)
R
12mA % . ’
= = = 0SC.
(PIN 10)
10
— fe—
O sYNC OUTPUT DEADTIME (76)
Output-deadtime is determined by the external capacitor, Ct, according to the formula: T4 (us) = 145Ct (uf) 12
For large values of Rr: T4 (us) = 145Ct (uf) 12- 36
25 Rr (kQ)
Oscillator frequency is approximated by the formula: fr (kHz) ~ ——M————
Rt (kQ) Cr (uf)
Error Amp Output Configuration Error Amp Gain and Phase vs Frequency
Vrer A Veer | |
Vin = 20V
R AN T'= 25°C
+ ) 0.5mA o N
° ) \\ o
3 N E
w N z
2 5
6 L/_ =40 h 3
Zs ~ — g N 2
= > p
- S &
S 20 ™ m
7 § \‘
o
T COMP. 0 0°
ZI \ -90°
I < 0.5mA -180°
100 1k 10k 100k 1M
Error Amplifier can source up to 0.5mA. FREQUENCY (Hz)

Error Amp Open-Loop D.C. Gain vs Load Resistance

110 ;
Vi = 20V
T=25°C —]

100

/]
/ ::l>?

/
sol ¥
1

OPEN LOOP VOLTAGE GAIN (dB)

70

0 10 20 30 40 50 60 70 80 90 100
OUTPUT LOAD RESISTANCE, R, (K-OHMS)
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Parallel Operation

UC1846 UC1847
UC2846 UC2847
UC3846 UC3847

||l——|

Vour

9 Rr
MASTER
8 Cr
Veer +E/A SYNC COMP ~E/A
10 7 6
||
17
10 7 6 ~
SYNC compP -E/A
SLAVE
(ADDITIONAL UNITS)

Slaving allows parallel operation of two or more
units with equal current sharing.

i

I

OUTPUT
FILTERS .

Pulse by Pulse Current Limiting

)4
Vaer Rs S =3 Isense x3
o COMP
. -
'—
L 0.5V
0.5mA
8 (D
1 | currenT
umim |
R. = COMP
o7
A1 Rz Vrer

Peak Current (Is) is determined by the formula: Is = Ri+Re

3Rs
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UC1846 UC1847
uCc2846 UC2847
UC3846 UC3847
Soft Start and Shutdown/Restart Functions

Vaer
Isense
s
Re
i 1 [CURREN 05 1
% les LMIT
Re E/A
c =
I Verer
16 | SHUTDOWN
o— *
-+
= 350mV
SHUTDOWN WITH AUTO-RESTART SHUTDOWN WITHOUT AUTO-RESTART (LATCHED)

CURRENT LIMIT
(PIN 1)

OV—————— e -4
0
SHUTDOWN
(PIN 16)
. I | 1
OFF — f

P ] ﬂ_ﬂ

Vi
- <0.8mA Yeer > 3mA (LATCHED OFF)

EF \'
If —R— < 0.8mA, the shutdown latch will commutate If%> 3maA, the device will latch off
1

1

when |, = 0.8mA and a restart cycle will be initiated. until power is recycled.

UNITRODE INTEGRATED CIRCUITS
7 CONTINENTAL BLVD. * MERRIMACK, NH 03054
TEL. (603) 424-2410 * TELEX 95-3040 3-118 PRINTED IN U.S.A.



UC1846 UC1847
UC2846 UC2847
UC3846 UC3847

Current Sense Amp Connections

Is
R
AN
3 +
Rs C —_ CURRENT
SENSE
is < : i

A small RC filter may be required in some applications to reduce switch transients.
Differential input allows remote, noise free sensing.

Single Ended Boost Configuration

FEEDBACK
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UC1846 UC1847
uC2846 UC2847
) UC3846 UC3847

Buck Converter with Current Sense Winding

(-) SENSE J'g‘l

SH/DN m
a 350mV

FEEDBACK

Push/Pull Converter with Slope Compensation

RcompensaTion

uc1846

FEEDBACK

Current loop instability above 50% duty cycle can be corrected  slope of the inductor current waveform as shown. Alternatively,
using slope compensation derived from the sawtooth oscillator.  the compensation signal can be summed into the negative input
Compensation magnitude should be greater than ¥, of the down-  of the error amplifier.
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uC1860
UC2860
UC3860

ADVANCED PRODUCT INFORMATION

LINEAR INTEGRATED CIRCUITS

Resonant Mode Power Supply Controller

FEATURES

® Variable Oscillator from 1 kHz to 3
MHz

® 2 MHz Error Amplifier with Controlled
Output Swing

® Programmable One Shot Timer—300
ns

® Precision 5V Reference—1%
® Dual Output Stage—2A Peak
® Programmable Under Voltage Lockout

® Programmable Dual or Single Output
Mode

® Programmable Restart Delay/Fault
Latch )

® Uncommitted Open Collector
Comparator

BLOCK DIAGRAM

DESCRIPTION

The UC1860 family of control ICs is specifically intended for resonant mode power
supply control applications. The control philosophy employed is fixed on-time, variable
frequency. The fundamental control blocks include a reference and a wide band, high
gain error amplifier which controls a variable frequency oscillator up to 3 MHz. The
error amplifier controls oscillator frequency via a resistor into the lgsc pin which is 2
diodes above ground. The error amplifier is clamped so that its output swing is limited
from 2 diodes above ground to 2V plus 2 diodes, thus allowing minimum and
maximum frequencies to be programmed. A temperature stable one shot timer,
triggered by the oscillator, generates pulses as low as 300 ns defining on-time for the
output drivers. Each output is capable of driving transient currents up to 2A making
them ideal for power MOSFET gates. The mode of the toggle flip-flop is
programmable for alternate or unison operation of the outputs.

Additional blocks reside in the chip to facilitate more control capability. An
uncommitted open collector comparator can be used to shorten the on-time pulse
during start-up or under low load conditions. A fast comparator with a common mode
range from —0.3 to +3V is available to sense over current fault conditions. The chip
is versatile in fault disposition with several soft start and restart delay options. The
restart delay pin can be used to permanently shut the supply down after a fault,
restart after a delay, or restart immediately after the fault indication has been
removed. A programmable under voltage lockout rounds out the chip. It allows off line
operation with a 16V start threshold and 6V of Vg hysteresis or operation directly
from a DC supply from 5 to 20V. The UVLO Mode pin can also be used as a port for
gating the entire supply on and off. During under voltage lockout, the output stages
are actively driven low, and supply current is kept to a minimum.

UC 1860

uvLo
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Vee
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Vo CLAMP
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3 BIAS
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LINEAR INTEGRATED CIRCUITS uc1301

Isolated Feedback Generator UC3901

FEATURES

© An amplitude-modulation system for
transformer coupling an isolated
feedback error signal

® Low-cost alternative to optical couplers

® Internal 1% reference and error
amplifier

o Internal carrier oscillator usable to
5MHz

® Modulator synchronizable to an external
clock

® Loop status monitor

ABSOLUTE MAXIMUM RATINGS (Note 1)

DESCRIPTION

The UC1901 family is designed to solve many of the problems associated with closing a
feedback control loop across a voltage isolation boundary. As a stable and reliable
alternative to an optical coupler, these devices feature an amplitude modulation system
which allows a loop error signal to be coupled with a small RF transformer or capacitor.

The programmable, high-frequency oscillator within the UC1901 series permits the use
of smaller, less expensive transformers which can readily be built to meet the isolation
requirements of today’s line-operated power systems. As an alternative to RF operation,
the external clock input to these devices allows. synchronization to a system clock or to
the switching frequency of a SMPS.

An additional feature is a status monitoring circuit which provides an active-low output
when the sensed error voltage is within £10% of the reference.

Since these devices can also be used as a DC driver for optical couplers, the benefits of
4.5 to 40V supply operation, a 1% accurate reference, and a high gain general purpose
amplifier offer advantages even though an AC system may not be desired.

CONNECTION DIAGRAM

Input Supply Voltage, Vin
Reference Output Current DIL-14 (TOP VIEW)
Driver Output Currents ............ J or N PACKAGE
Status Indicator Voltage
Status Indicator Current
Ext. Clock Input ................. R
Error Amplifier INPULS ......ovviiniiiiiiii e ¢ [@ o
Power Dissipation at Ta = 25°C STATUS
Derate at LOMW/°C @bove Ta = 50°C .....cvvveeenenneeeeeeieeeeens 1000mw | EXT-clock [2] 131 SuteUT
Power Dissipation at Tc = 25°C N/c (3] [12] COMPENSATION
Derate at 16mW/°C above Ta=25°C ... oviniiiii it iie e 2000mW
Thermal Resistance, Junction to Ambient .............c..c.ovveienienneenn.. 100°C/W DRIVER B [Z] [11] INv. INPUT
Thermal Resistance, Junctionto Case ...........ccvviiiiiiiinininnnninnnn. 60°C/W
Operating Junction Temperature .............c.ccevvieerneenneennnnns -55°C to +150°C ORIVER A (5] E N INPUT
Storage Temperature ...........o..eeeiineeieaeiaeaieeeeaanaenns -65°C to +150°C N/c [6] (9] Veer
_Lead Temperature (Soldering, 10 seconds) ..........c.ovveiiiininineniunennns 300°C
Note 1: Voltages are referenced to ground, Pin 7. : GROUND (7] [E]1R
Currents are positive into, negative out of the specified terminal.
UC1901 SIMPLIFIED SCHEMATIC
W B o @ v
DRIVERS ] Vin p ||m ) ®
L ) i ®
4K $ 4K
DRIVER B 4] N STATUS AMPLIFIERS iy
150mV {1g] N. NV INPUT
DRIVER A [5] -
D @ INV INPUT
700uA 700uA MODULATOR L Yn
- - Vin
_\() X1 AMPLIFIER
OSCILLATOR 1K v
C IN
O 3 = = =
7> r
A 5 VOLT
5K g {3) ktRelce
Sock BIAS xo BIAS 5002 )5 VOLT REFERENCE
10K ’ 25K %
= BMS"_S = Loy & (7] rounD
Rr E =
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ELECTRICAL CHARACTERISTICS (Unless otherwise stated, these specifications apply for Ta
-25°C to +85°C for the UC2901; and 0°C to +70°C for the UC3901; Vin = 10V, Rr = 10kQ,

uc1901
uc2901
Uc3901

=-55°C to +125°C for the UC1901;

Ct = 820pF)
PARAMETER TEST CONDITIONS UC1901/UC2901 uc3go1 UNITS
MIN. | TYP. | MAX. [ MIN. | TYP. | MAX.

Reference Section

Output Voltage Tj=25°C 1485| 15 | 1515 147 | 1.5 | 153 v

. TMiN < Tj < Tmax 1470 15 [ 1530|1455| 1.5 | 1.545

Line Regulation Vin =4.5to 35V 2 10 2 15 mV

Load Regulation lout = 0 to 5mA 4 10 4 15 mV

Short Circuit Current Tj=25°C -35 | -55 -35 | -55 mA
Error Amplifier Section (To Compensation Terminal)

Input Offset Voltage Vem = 1.5V 1 4 1 8 mV

Input Bias Current Vem = 1.5V -1 -3 -1 -6 LA

Input Offset Current Vem = 1.5V 0.1 1 0.1 2 uA

Small Signal Open Loop Gain 40 60 40 60 dB

CMRR Vem = 0.5 t0 7.5V 60 80 60 80 dB

PSRR Vin = 5 to 25V 80 100 80 100 dB

Output Swing, A Vo 0.4 0.7 0.4 0.7 \

Maximum Sink Current 90 150 90 150 uA

Maximum Source Current -2 -3 -2 -3 mA

Gain Band Width Product 1 1 MHz

Slew Rate 0.3 0.3 V/us
Modulator/Drivers Section (From Compensation Terminal)

Voltage Gain 11 12 13 10 12 14 dB

Output Swing +1.6 | 2.8 +1.6 | +2.8 Vv

Driver Sink Current 500 | 700 500 | 700 uA

Driver Source Current -15 | -35 -15 | -35 mA

Gain Band Width Product 25 25 MHz
Oscillator Section

Initial Accuracy Tj=25°C 140 | 150 | 160 | 130 | 150 | 170 kHz

Tmin = Tj < Tmax 130 170 | 120 180 kHz

Line Sensitivity Vin =5 to 35V .15 .35 .15 .60 %/V

Maximum Frequency Rt = 10K, Ctr = 10pF 5 5 MHz

Ext. Clock Low Threshold Pin 1 (Cv) =Vin 0.5 0.5 Vv

Ext. Clock High Threshold Pin1(Cr)=Vin 1.6 1.6 v
Status Indicator Section

Input Voltage Window @ E/A Inputs, Vem = 1.5V +135 | £150 | *165 | £130 | £150 | £170 mV

Saturation Voltage E/A A Input = OV, Isink = 1.6mA 0.45 0.45 "

Max. Output Current Pin 13 = 3V, E/A A Input = 0.0V 8 15 8 15 mA

Leakage Current Pin 13 = 40V, E/A A Input = 0.2V .05 1 .05 5 uA
Supply Current Vin = 35V 5 8 5 10 mA

UNITRODE INTEGRATED CIRCUITS

7 CONTINENTAL BLVD. * MERRIMACK, NH 03054
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Uc1901
Uc2901
UC3901

Transformer Coupled Open Loop Transfer Function
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APPLICATION INFORMATION
The error amplifier compensation terminal, Pin 12, is intended as
a source of feedback to the amplifier's inverting input at Pin 11.
For most applications, a series DC blocking capacitor should be
part of the feedback network. The amplifier is internally com-
pensated for unity feedback.

The waveform at the driver outputs is a squarewave with an
amplitude that is proportional to the error amplifier input signal.
There is a fixed 12dB of gain from the error amplifier com-
pensation pin to the modulator driver outputs. The frequency
of the output waveform is controlled by either the internal
oscillator or an external clock signal. With the internal oscillator

UNITRODE INTEGRATED CIRCUITS
7 CONTINENTAL BLVD. * MERRIMACK, NH 03054
TEL. (603) 424-2410 * TELEX 95-3040

-55 -35 -15 5 25 45 65 85 105 125
TEMPERATURE — (°C)

the squarewave will have a fixed 50% duty cycle. If the internal
oscillator is disabled by connecting Pin 1, Cr, to Vin then the
frequency and duty cycle of the output will be determined by the
input clock waveform at Pin 2. If the oscillator remains disabled
and there is no clock input at Pin 2, there will be a linear 12dB of
signal gain to one or the other of the driver outputs depending on
the DC state of Pin 2.

~ The driver outputs are emitter followers which will source a

minimum of 15mA of current. The sink current, internally limited
at 700uA, can be increased by adding resistors to ground at the
driver outputs.
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uc2901

TYPICAL APPLICATIONS UC3901

R.F. Transformer Coupled Feedback

o
PRIMARY
POWER AND L / supmy
SWITCHES, T ouTPUT
POWER /-
TRANSFORMEB
TO SUPPLY
MONITOR
2
I_l 7
T0 PWM
CONTROLLER

RF COUPLING
TRANSFORMER

AA
W

Feedback Coupled at Switching Frequency

o
R o I sy
OuTPUT
SWITCHES T
0!

POWER
TRANSFORMER
70 SUPPLY Vi 1a
MONITOR ~*
>
comp ::
= 12
n DRIVER B
TO PWM <
CONTROLLm { ‘4 "‘
ISOLATION (5] DRIVER A b
TRANSFORMER :;
EXT
2 [eioow] OSCILLATOR

Optically Coupled DC Feedback

o
PRIMARY
POWER AND L _/agﬁ;’if,‘;
SWITCHES T /:;

POWER
TRANSFORMER

TO SUPPLY
MONITOR

W

1

o—o-!
0 PWM
CONTROLLER } ~ i
J)
(P
OPTICAL 3
COUPLER

UNITRODE INTEGRATED CIRCUITS
7 CONTINENTAL BLVD. * MERRIMACK, NH 03054
TEL. (603) 424-2410 * TELEX 95-3040 3-125 PRINTED IN U.S.A.



LINEAR INTEGRATED CIRCUITS UC2903

Quad Supply and Line Monitor UC3903

FEATURES
o Inputs for monitoring up to four
separate supply voltage levels

e Internal inverter for sensing a negative
supply voltage

e Line/switcher sense input for early
power source failure warning

e Programmable under- and over-voltage
fault thresholds with proportional
hysteresis

e A precision 2.5V reference

® General purpose op-amp for
auxillary use

e Three high current, >30mA, open-
collector outputs indicate over-voltage,
under-voltage and power OK conditions

o Input supply under-voltage sensing and
start-latch eliminate erroneous fault
alerts during start-up

e 8-40V supply operation with 7mA stand-
by current

DESCRIPTION

The UC1903 family of quad supply and line monitor integrated circuits will respond to
under- and over-voltage conditions on up to four continuously monitored voltage levels.
An internal op-amp inverter allows at least one of these levels to be negative. A separate
line/ switcher sense input is available to provide early warning of line or other power
source failures.

The fault window adjustment circuit on these devices provides easy programming of
under- and over-voltage thresholds. The thresholds, centered around a precision 2.5V
reference, have an input hysteresis that scales with the window width for precise, glitch-
free operation. A reference output pin allows the sense input fault windows to be scaled
independently using simple resistive dividers.

The three open collector outputs on these devices will sink in excess of 30mA of load
current when active. The under- and over-voltage outputs respond after separate, user
defined, delays to respective fault conditions. The third output is active during any fault
condition including under- and over-voltage, line/switcher faults, and input supply
under-voltage. The off state of this output indicates a “power OK” situation.

An additional, uncommitted; general purpose op-amp is also included. This op-amp,
capable of sourcing 20mA of output current, can be used for a number of auxiliary
functions including the sensing and amplification of a feedback error signal when the
2.5V output is used as a system reference.

In addition, these ICs are equipped with a start-latch to prevent erroneous under-voltage
indications during start-up. These parts operate over an 8-40V input supply range and
require a typical stand-by current of only 6mA.

-

BLOCK DIAGRAM
ouTPUT
+VIN
INV.
| SUPPLY
N GENERAL PURPOSE UNDERVOLTAGE
OP - AMP SENSE
OVER-VOLTAGE
SENSE 1 COMPARATOR
e [13] oV FaULT
SENSE 3 [7}—
SENSE 4 [6—— .
SENSE 4 [5] Egagﬁgﬂgéeﬁ —{10] owv. DELAY
INVERT .
INPUT E ELAY
UV. FAULT
VN [1 L
0.V. THRESH
Vrer (25V) |2 UV, THRESH
WINDOW [ 2.0V
ADJUST
GROUND [3 [14] POWER OK

LINE/SWITCHER [15
SENSE 5,
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UC1903
uC2903
UC3903

~ ABSOLUTE MAXIMUM RATINGS (Note 1)
SUPPIY VORABE (FVIN) - v ve ettt ettt et ettt e e et eeae e +40V

CONNECTION DIAGRAM

Open Collector Output VOItageS .....uvvuee ittt eeeeaens +40V R :

Open Collector Output CUIreNts .....o.ienteni e iii ittt iieeeennens 50mA ?::;, kag::a:::w)

Sense 1-4 Input Voltages ..........coevvvvvninnennnn, -0.3V to +20V

Line/Switcher Sense Input Voltage -0.3V to +40V —o

Op-Amp and Inverter Input Voltages -0.3V to +40V i [ P AMP INV.
Op-Amp and Inverter Output Currents ............c.iieiiiiiiiiiiiiiainnnnnn., -40mA GP. ’
Window AdJUSE VOIBEE ... ...evveneneneeeeeeein e eeeeneanennns 0.0V to +10V Veer 259 [2] OP-AMP N.I.
Delay Pin Voltages ....... 0.0V to +5V GROUND [3] 18] $amp ouT
Reference Output Current ... ..ottt it -40mA WINDOW LINE/SWITCHER
Power Dissipation at TA =25°C ....iiiiiiiiii it 1000mwW ADJUST L& I15) SensE

Derate at 10mW/°C above Ta = 25°C SENSE 4 5 14] POWER OK
Power Dissipation at Tc =25°C ............ e eieeee e, 2000mw wveR? Py e
Derate at 16mW/°C above T¢ = 25°C Sense 4 [61 [13] LV DELAY
Thermal Resistance, Junction to Ambient ..................ccoiviiinin.n, 100°C/W SENSE 3 [T] [12] Gv FAULT
Thermal Resistance, Junctionto Case ............covviiiininininenennnnnnn. 60°C/W -
Operating Junction Temperature ...................... -55°C to +150°C sense 2 [8] [11] OV FAULT
Storage Temperature ..............cooiiiiiiiiiiinn., -65°C to +150°C SENSE 1 (3] [T0] ov DELAY
Lead Temperature (Soldering, 10 Seconds) ...........coiviiriiiininnennennnn. 300°C
Note: 1. Voltages are referenced to ground (Pin 3). Currents are positive into, negative out of, the
specified terminals.

ELECTRICAL CHARACTERISTICS (Unless otherwise stated, these specifications apply for Ta = -55°Cto +125°C for the UC1903;-25°Cto
+85°C for the UC2903; and 0°C to +70°C for the UC3903; +Vi = 15V; Sense Inputs [(Pins 6-9 and Pin 15)
= 2.5V; Vein 4 = 1.0V.)

PARAMETER TEST CONDITIONS UC1903/UC2903 ucs90s UNITS
min. | Tvp. | max. | min. | TYp. | Max.
Supply
No Faults - 7 9 — 7 11 mA
Input Supply Current UV, OV and Line Fault — 1w ] 15| -] 10] 18 mA
\slgf;:é‘; e Vany | Fault Outputs Enabled 60 | 70 | 75 | 55 | 70 | 80 v
Enable Power OK Output - |30 |40 | - |30 40| WV
Reference
T,=25°C 2485| 25 |2515|2.470| 25 | 2530 v
Output Voltage (Vrer) Over Temperature 2465 | — |2.535 2,465 — 2535 v
Load Regulation l.=0to 10mA — 1 10 - 1 15 mV
Line Regulation +Vin = 8 to 40V — 1 4 — 1 8 mV
Short Circuit Current T, =25°C — 40 — — 40 — mA
Fault Thresholds

Offset from Vaer as a function of Veing
Input = Low to High, 230 | 25 | .270 | 230 | .25 | .270 v/V
BV =<Vpn 425V

Offset from Veer as a function of Veina

OV Threshold Adj.

UV Threshold Adij. Input = High to Low, -270| -.25 | -.230 | -.270| -.25 | -.230 V/v
-5v S me 4 S 2.5V

OV & UV Threshold Hyst. BV = Ve 4 <25V 10 20 30 10 20 30 mV/V

OV & UV Threshold _

Supply Sensitivity +Vin = Vsyv +0.1V to 40V - .002 | .01 - 002 | .02 %/V

Adjust Pin (Pin 4)

Input Bias Current 5V < Ve 4 <25V — t1 10 - 1 12 uA/N

Line Sense Threshold Input = High to Low 194 | 20 | 2.06 19 2.0 21 v

Line Sense Threshold Hyst. 125 175 | 225 100 175 | 250 mV

UNITRODE INTEGRATED CIRCUITS
7 CONTINENTAL BLVD, » MERRIMACK, NH 03054
TEL. (603) 424-2410 * TELEX 95-3040 3-127
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UC1903
UC2903
UC3903

ELECTRICAL CHARACTERISTICS (Unless otherwise stated, these specifications apply for Ta= -55°Cto +125°C for the UC1903;-25°C to
+85°C for the UC2903; and 0°C to +70°C for the UC3903; +V\x = 15V; Sense Inputs (Pins 6-9 and Pin 15)
=2.5V; Vew 4 = 1.0V))

PARAMETER TEST CONDITIONS UC1903/UC2903 ucssos UNITS
min. [ Tve. [ max. [ min. | Tve. | max.
Sense Inputs
Sense 1-4 Input = 2.8V (Note 2) - 1 3 - 1 6 uA
Input Bias Current Input = 2.2V (Note 2) — -1 -3 — -1 -6 pA
Line Sense Input Input = 2.3V (Note 2) - 1| 3| - | 1] s uA
OV and UV Fault Delay
Charging Current — 60 — — 60 — HA
Threshold Voltage Delay Pin = Low to High — 1.8 — — 18 — v
Threshold Hysteresis T, = 25°C - 250 — — 250 — mV
Delay f;‘gf}::g?:g"*g:‘ﬁfnﬁ"age 20 | 30 | 50 [ 20 | 30 | 50 | ms/uF
Fault Outputs (OV, UV, & Power OK)
Maximum Current Vour = 2V 30 70 — 30 70 - mA
Saturation Voltage lour = 12mA — .25 40 — 25 .40 \
Leakage Current Vour = 40V — 3 25 — 3 25 pA
Sense 4 Inverter
Input Offset Voltage — 2 8 — 2 10 mV
Input Bias Current — 1 2 — 1 4 HA
Open Loop Gain 65 80 — 65 80 — dB
PSRR +Vin = 8 to 40V 65 100 - 65 100 — dB
Unity Gain Frequency — 1 — — 1 — MHz
Slew Rate — 4 — — 4 — V/us
Short Circuit Current T;=25°C — 40 — — 40 — mA
G.P. Op-Amp
Input Offset Voltage — 1 5 — 1 8 mV
Input Bias Current — 1 2 — 1 4 A
Input Offset Current — | 0 5 | — | 01| 10 uA
Open Loop Gain 65 120 — 65 120 — dB
CMRR Vem = 0 to +Viy -2.0V 65 100 — 65 100 — dB
PSRR +Vin = 8 to 40V 65 100 - 65 100 - dB
Unity Gain Frequency — 1 — — 1 — MHz
Slew Rate — 4 — — 4 — V/us
Short Circuit Current T;=25°C — 40 — — 40 — mA

Note: 2. These currents represent maximum input bias currents required as the sense inputs cross appropriate thresholds.

UNITRODE INTEGRATED CIRCUITS
7 CONTINENTAL BLVD. » MERRIMACK, NH 03054
TEL. (603) 424-2410 * TELEX 95-3040 3-128 PRINTED IN U.S.A.



Typical 2.5V Reference
Temperature Characteristic
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OPERATION AND APPLICATION INFORMATION
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Typical Fault Delay Temperature
Characteristic (Cpeiay = 270pF)
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Figure 1. The UC1903 fault window circuitry generates OV and UV thresholds centered around the 2.5V reference. Window magnitude
and threshold hysteresis are proportional to the window adjust input voltage at Pin 4.
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OPERATION AND APPLICATION INFORMATION (continued)

Setting a Fault Window

The fault thresholds on the UC1903 are generated by creating
positive and negative offsets, equal in magnitude, that are
referenced to the chip's 2.5V reference. The resulting fault
window is centered around 2.5V and has a magnitude equal to
that of the applied offsets. Simplified schematics of the fault
window and reference circuitsare shown in Figure 1 (see previous
page). The magnitude of the offsets is determined by the voltage
applied at the window adjust pin, Pin 4. A bias cancellationcircuit
keeps the input current required at Pin 4 low, allowing the use of a
simple resistive divider off the reference to set the adjust pin
voltage.

~ The adjust voltage at Pin 4 is internally applied across R4, an 8K
resistor. The resulting current is mirrored four times to generate
current sources loa, los, loc, and lop, all equal in magnitude. When
all four of the sense inputs are inside the fault window, a no-fault
condition, Qs and Qs are turned on. In combination with D, and D,
this prevents los and lop from affecting the fault thresholds. In this
case, the OV and UV thresholds are equal to Veer + loa(Rs + Re) and
Veer = loc(R7 + Re) respectively. The fault window can be
expressed as:

1 v
W 2.5V & ;‘”

In terms of a sensed nominal voltage level, Vs, the window as a
percent variation is:

) Vs £ (10 - Vaos)%

When a sense input moves outside the fault window given in
equation (1), the appropriate hysteresis control signal turns off Q4
or Qs. For the under-voltage case, Qs is disabled and current
source los flows through Dz. The net current through R; becomes
zero as log cancels loc, giving an 8% reduction in the UV threshold
offset. The over-voltage case is the same, with Q4 turning off,
allowing 1op to cancel the current flow, loa, through Re. The result
is a hysteresis at the sense inputs which is always 8% of the
window magnitude. This is shown graphically in Figure 2.

3125 25
30 | —<<— 20
5 - .
S2875 ,74( 15 z
| - 1 15
HYSTERESIS
£ 2750 ~aa 10 EJ
=2 |
Z 2625 = 5
w =z §
2 FAULT z
5250 WINDOW 0 £
= -
Zoars < -5 3
3 N &
Q225 >~ -10 %
z NO - z
H FAULT > g
2125 — > -153
2 FAULT 3w
w20 — > fAur ~-20
WINDOW
1875 -25

0 5 1.0 15 20 25
WINDOW ADJUST VOLTAGE (Vaos) AT PIN 4

Figure 2. The fault window and threshold hysteresis scale as
a function of the voltage applied at Pin 4, the window
adjust pin.
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Fault Windows Can be Scaled Independently

In many applications, it may be desirable to monitor various
supply voltages, or voltage levels, with varying fault windows.
Using the reference output and external resistive dividers this is
easily accomplished with the UC1903. Figures 3 and 4 illustrate
how the fault window at any sense input can be scaled
independently of the remaining inputs.

MONITORED
SUPPLY VOLTAGE
Vs)

SENSE 1-4 INPUT

FAULT WINDOW FOR THE SENSE INPUT,

25y IN PERCENT, 1S;
2100 Rt RR/R AR
Rs
FOR: R
Vs (nom )+ 2_ =25V
R, +R,

Figure 3. Using the reference output and a resistive divider, a
sense input with an independently wider fault window
can be generated.

Lvewos 7777 -
L‘l‘iﬁ

RS G.P. OP-AMP
T
SENSE Pl
INPUT © 7 *

FAULT WINDOW FOR
THE SENSE INPUT,

Ry
25V REF.
IN PERCENT, IS;
SENSE 1-4 INPUT Ry
['I] + 10 (Vapy) * ——
(Vapy) R +R
[T

Figure 4. The general purpose op-amp on the UC1903 can be
used to create a sense input with an independently
tighter fault window.

Figure 4 demonstrates one of many auxillary functions that the
uncommitted op-amp on the UC1903 can be used for.
Alternatively, this op-amp can be used to buffer high impedence
points, perform logic functions, or for sensing and amplification.
For example, the G.P. op-amp, combined with the 2.5V reference,
can be used to produce and buffer an optically coupled feedback
signal in isolated supplies with primary side control. The output
stage of this op-amp is detailed in Figure 5. The NPN emitter
follower provides high source current capability, =20mA, while
the substrate device, Qas, provides good transient sinking
capability.
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OPERATION AND APPLICATION INFORMATION (continued)

+Vin

V) 75uA
UC1903 2
G.P. OP-AMP
OUTPUT STAGE
O SZ Qs
OUTPUT
TO OP-AMP Qs
INPUT STAGE
Qs
Rs ‘3 150uA
5000

Figure 5. The G.P. op-amp on the UC1903 has a high source
current (=20mA) capability and enhanced transient
sinking capability through substrate device Q..

Sensing a Negative Voltage Level

The UC1903 has a dedicated inverter coupled to the sense 4
input. With this inverter, a negative voltage level can be sensed as
shown in Figure 6. The output of this inverter is an unbiased
emitter follower. By tying the inverting input, Pin 5, high the output
emitter follower will be reverse biased, leaving the sense 4 inputin
a high impedence state. In this manner, the sense 4 input can be
used, as the remaining sense inputs would be, for sensing positive
voltage levels.

+
Vs S Ry
- Ry
Vs (Nom. ) =25V + ——
NEGATIVE
SUPPLY (-Vg) l NOTE: A SIMILAR SCHEME W/ THE G.P.
OP-AMP WILL ALLOW A SECOND NEGA-

TIVE SUPPLY TO BE MONITORED.

Figure 6. Inverting the sense 4 input for monitoring a negative
supply is accommodated with the dedicated inverter.
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Using The Line/Switcher Sense Output

The line switcher sense input to the UC1903 can be used for early
detection of line, switcher, or other power source, failures.
Internally referenced to 2.0V, the line sense comparator will
cause the POWER OK output to indicate a fault (active low)
condition when the LINE/SWITCHER SENSE input goes from
above to below 2.0V. The line sense comparator has
approximately 175mV of hysteresis requiring the line/ switcher
input to reach 2.175V before the POWER OK output device can be
turned-off, allowing a no-fault indication. In Figure 7 an example
showing the use of the LINE/SWITCHER SENSE input for early
switcher-fault detection is detailed. A sample signal is taken from

LINE POWER FILTER
INPUT TRANSFORMER fYYYY\
SUPPLY
OUTPUT
I °
PWM S R
CONTROL SWITCH 1
TO UC1903
LINE/SWITCHER
SENSE INPUT

CI Rz

Figure 7. The line/switcher sense input can be used for an
early line or switcher fault indication.

the output of the power transformer, rectified and filtered, and
used at the line/switcher input. By adjusting the R.C time
constant with respect to the switching frequency of the supply and
the hold up time of the output capacitor, switcher faults can be
detected before supply outputs are significantly affected.

OV and UV Comparators _Maimain Accurate Thresholds

The structure of the OV and UV comparators, shown in Figure 8
results in accurate fault thresholds even in the case where
multiple sense inputs cross a fault threshold simultaneously.
Unused sense inputs can be tied either to the 2.5V reference, or to
another, utilized, sense input. The four under- and over-voltage
sense inputs on the UC1903 are clamped as detailed on the Sense
linputin Figure 8. The series 2K resistor, R1, and zener diode, Z,
prevent extreme under- and over-voltage conditions from
inverting the outputs of the fault comparators. A parasitic diode,
Dy, is present at the inputs as well. Under normal operation it is
advisable to insure that voltage levels at all of the sense inputs
stay above -0.3V. The same type of input protection exists at the
line sense input, Pin 15, except a 5K series resistor is used.

The fault delay circuitry on the UC1903 is also shown in Figure 8.
In the case of an over-voltage condition at one of the sense inputs
Q20 is turned off, allowing the internal 60uA ‘current source to
charge the user-selected delay capacitor. When the capacitor
voltage reaches 1.8V, the OV and POWER OK outputs become
active low. When the fault condition goes away Q2o is turned back
on, rapidly discharging the delay capacitor. Operation of the
under-voltage delay is, with appropriate substitutions, the same.
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OPERATION AND APPLICATION INFORMATION (continued)

Qs o
ov
COMPARATOR
o o
SENSE 1
2K 1
2
—— -y 3
Vaas =
—~ SENSE 2 0
Q‘O
— SENSE 3
(6] —sense 4
v
COMPARATOR
015

QA Qo

3

ov
HYSTERESIS

89—

THRESHOLD CONTROL
100uA VOLTAGE

VOLTAGE CONTROL

_4
504A ’
Q" THRESHOLD HYSTERES|S
3

SZD‘ =

Qe

Q7 Qu L

UC1903
UcC2903
UC3903

T ov DELAY
L CAPACITOR

OV FAULT
INDICATION
TO QUTPUT
LOGIC

18V O

v
6.4v l Rer
EXT

OV DELAY
CAPACITOR

UV FAULT
INDICATION
TO QUTPUT

0GIC

Figure 8. The OV and UV comparators on the UC1903 trigger respective fault delay circuits when one or more of the sense inputs
move outside the fault window. Input clamps insure proper operation under extreme fault conditions.

Start Latch and Supply Under-Voltage Sense Allow Predictable

Power-Up

The supply under-voltage sense and start-latch circuitry on-the
UC1903 prevents fault indications during start-up or low input
supply (+Viv) conditions. When the input supply voltage is-below
the supply under-voltage threshold the OV and UV fault outputs
are disabled and the POWER OK output is active low. The POWER

- OK output will remain active until the input supply drops below
approximately 3.0V. With +V\y below this level, all of the open
collector outputs will be off.

UNITRODE INTEGRATED CIRCUITS

7 CONTINENTAL BLVD. * MERRIMACK, NH 03054
TEL. (603) 424-2410 » TELEX 95-3040

When the input supply is low, the under-voltage sense circuitry
resets the start-latch. With the start-latch’reset, the UV fault
output will remain disabled until the input supply rises to its
normal operating level (8-40V), and all of the sense inputs are
above the under-voltage threshold. This allows slow starting, or
supply sequencing, without an artificial under-voltage fault
indication. Once the latch is set, the UV fault output will respond if

any of the sense inputs drop below the under-voltage threshold.
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LINEAR INTEGRATED CIRCUITS
Sealed Lead-Acid Battery Charger

FEATURES
e Optimum control for maximum battery
capacity and life

e Internal state logic provides three
charge states

e Precision reference tracks battery
requirements over temperature

e Controls both voltage and current at
charger output

e System interface functions

e Typical standby supply current of only
1.6mA

UC2906 BLOCK DIAGRAM

UC2906
UC3906

DESCRIPTION

The UC2906 series of battery charger controllers contains all of the necessary circuitry
to optimally control the charge and hold cycle for sealed lead-acid batteries. These
integrated circuits monitor and control both the output voltage and current of the
charger through three separate charge states; a high current bulk-charge state, a
controlled over-charge, and a precision float-charge, or standby, state.

Optimum charging conditions are maintained over an extended temperature range with
an internal reference that tracks the nominal temperature characteristics of the lead-
acid cell. A typical standby supply current requirement of only 1.6mA allows these ICs
to predictably monitor ambient temperatures.

Separate voltage loop and current limit amplifiers regulate the output voltage:and
current levels in the charger by controlling the onboard driver. The driver will supply up
to 25mA of base drive to an external pass device. Voltage and current sense
comparators are used to sense the battery condition and respond with logic inputs to
the charge state logic. A charge enable comparator with a trickle bias output can be
used to implement a low current turn-on mode of the charger, preventing high current
charging during abnormal conditions such as a shorted battery cell.

Other features include a supply under-voltage sense circuit with a logic output to indicate
when input power is present. In addition the over-charge state of the charger can be
externally monitored and terminated using the over-charge indicate output and over-charge
terminate input.

—3.9mV
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ABSOLUTE MAXIMUM RATINGS (Note 1)

SUPPIY VORAEE (FVIN) « v vttt et e i e e e e e e et e e e e e i ae e e 40V
Open Collector Output Voltages . .........oooiiiiiiiiiiii e 40V
Amplifier and Comparator Input Voltages.............ocoiiiiiininn... -0.3V to +40V
Over-Charge Terminate Input Voltage ..........cccoovviiiiiiniiina... -0.3V to +40V
Current Sense Amplifier Qutput Current ........oiiii it i, 40mA
Other Open Collector Output Currents ..o 5mA
Trickle Bias Output CUrrent. .. ...ttt ittt et eiiaaenanas -40mA
Driver CUITENE . . v ittt et it et it ittt aae e 40mA
Power Dissipation at Ta = 25°C

Derate at 10mW/°C Above TA =25°C . ..c.oviiiiiiiiiiiiiiii i 1000mW
Power Dissipation at T¢ = 25°C

Derate at 16mW/°C Above T = 25%C .. vuviiini i eeiiin e eennns 2000mW
Thermal Resistance, Junction-to-Ambient ..., 100°C/W
Thermal Resistance, Junction-to-Case ..........cccvvuiiiiiiiie it iiiiiennnnn 60°C/W
Operating Junction Temperature .........ccooviiiviiiinieeennnn.. -55°C to +150°C
Storage TempPerature . .. ..ov e ettt ettt ie i iaaeaeannens -65° to +150°C
Lead Temperature (Soldering, 10 SECONS) .. ....cuvrenerervnrnnnnennennanns 300°C

Note: 1. Voltages are referenced to ground (Pin 6).
Currents are positive into, negative out of, the specified terminals.

CONNECTION DIAGRAM

UC2906
UC3906

DIL-16 (TOP VIEW)
J or N PACKAGE

o
¢/s ouT [1]

css- 2]
crs+ [3]
c/L [4]

+Vin E
GROUND [6 |
moicATE ]

OVER-CHARGE
TERMINATE E

[16] DRIVER SINK

[15] DRIVER SOURCE

[14] COMPENSATION

[13] VOLTAGE SENSE

F_zl CHARGE ENABLE

@ TRICKLE BIAS

75| STATE LEVEL

;‘ CONTROL

57 OVERCHARGE
INDICATE

ELECTRICAL CHARACTERISTICS (Unless otherwise stated, these specifications apply for Ta = -40°C to +70°C for the UC2906 and 0°C

to +70°C for the UC3906, +Vin = 10V.)

PARAMETER TEST CONDITIONS 2908 3906 UNITS
MIN. | TYp. | MAX. | MIN. | TYP. | mAX.
Input Supply
Supply Current +Vin = 10V 1.6 25 1.6 2.5 mA
+ViN = 40V 1.8 2.7 1.8 2.7 mA
3:{:22; ‘%gf:;hol o +Vin = Low to High 42 | 45 | 48 |42 | 45 | 48 v
Voltage Hystresis 20 | 30 20| 20 | v
Internal Reference (Vrer)
Measured as Regulating Level
Voltage Level (Note 2) At Pin 13 w/ Driver Current 2275 | 23 [ 2325 |2.270| 2.3 |2.330 Vv
=1mA, Tj = 25°C
Line Regulation +Vin = 5 to 40V 3 8 3 8 mV
Temperature Coefficient -39 -39 mv/°C
Voltage Amplifier
Input Bias Current Z?t}:;glzr::itn?ﬁvel -5 -2 -5 -2 uA
Maximum Output Current Source ~45 |-30 | <15 | -45 | -30 | -15 A
Sink 30 60 90 30 60 90 LA
Open Loop Gain Driver Current = ImA 50 65 50 65 dB
Output Voltage Swing Volts Above GND or Below +Vin 2 2 \"
Driver
Migimum Supply o Pin 16 = +Vin, lo = 10mA 20 | 22 20 | 22 | v
Maximum Output Current Pin 16 to Pin 15 = 2V 25 40 25 40 mA
Saturation Voltage Driver Current = 10mA 2 .45 2 45 \'
Current Limit Amplifier
Input Bias Current 2 1.0 2 1.0 LA
Threshold Voltage Offset Below +Vin 225 | 250 | 275 | 225 { 250 275 mV
Threshold Supply Sensitivity +Vin =5 to 40V .03 .25 .03 .25 %/N

Note: 2. The reference voltage will change as a function of power dissipation on the die according to the temperature coefficient of the reference and
the thermal resistance, junction-to-ambient.

UNITRODE INTEGRATED CIRCUITS
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UC2906
UC3906

ELECTRICAL CHARACTERISTICS (Unless otherwise stated, these specifications apply for Ta = -40°C to +70°C for the UC2§06 and 0°C
to +70°C for the UC3906, +Viy = 10V.)

PARAMETER TEST CONDITIONS 2906 3906 UNITS

MIN. | Tvp. | MAX. [ MIN.] TYP. [ mMAX.

Voltage Sense Comparator

Threshold Voltage As a Function Ly = RESET 945 | 95 | 955 |.945 95 | .955 v/vV
of Vrer Ly = SET 895 | 90 | 905 (.895 | .90 | .905 v/V
Input Bias Current Total Input Bias at Thresholds -5 -2 -5 |-2 HA
Current Sense Comparator
Input Bias Current 1 5 1 5 UA
Input Offset Current .01 2 .01 2 uA
Input Offset Voltage Referenced to Pin 2, loutr = 1mA 20 25 30 20 25 30 mV
Offset Supply Sensitivity +Vin = 5 to 40V .05 .35 .05 .35 %/V
°f£?,fsﬁ?$’t§"°" Mode CMV = 2V to +Vin 05 | .35 05 | 35 | %
Maximum Output Current Vourt =2V 25 40 25 40 mA
Output Saturation Voltage lout = 10mA 2 45 2 45 v
Enable Comparator
Threshold Voltage As a Function of Vger .99 1.0 101 .99 1.0 1.01 v/V
Input Bias Current -5 -2 -5 -2 7.
Mt cunant ™ ' Vour = +Vin - 3V 25 | 40 25 | 40 ] oma
T’gg{:ﬁ'@f’lm’:m“m Volts Below +Vix, lout = 10mA 20 | 26 20 | 26 v
Trﬁg:z_g'f?mf;’:fe +Vin = OV, lour = ~104A 63 | 7.0 63 | 7.0 v
Over-Charge Terminate Input
Threshold Voltage 7 1.0 1.3 7 1.0 1.3 v
Internal Pull-Up Current At Threshold 10 10 HA
Open Collector Outputs (Pins 7, 9 and 10)
Maximum Output Current Vour = 2V 25 5 25 5 mA
Saturation Voltage lout = 1.6mA .25 45 .25 45 v
lout = 50LA .03 .05 .03 .05 v
Leakage Current Vout = 40V 1 3 1 3 LA

Internal Reference Temperature
Characteristic and Tolerance

2.60
T T T T 1T 1T
\ Vrer GUARANTEED TOLERANCE
OVER
250 ™. TEMPERATURE
- Ny [——:+UC2906 -40°C TO70°C™ |
\\\\< UC3906 -0°C TO 70°C
240 IS <\§
TYPICAL \,z
CHARACTERISTIC §§N
N
2.30 ke

NN
2.20 Qii\;
N

210

REFERENCE REGULATING LEVEL AT PIN 13.V -

N
2
N

2.00
-40 -30 -20 -10 O 10 20 30 40 50 60 70

UNITRODE INTEGRATED CIRCUITS TEMPERATURE — °C
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OPERATION AND APPLICATION INFORMATION
Dual Level Float Charger Operation

The UC2906 is shown configured as a dual level float charger in
Figure 1. All high currents are handled by the external PNP pass
transistor with the driver supplying base drive to this device. This
scheme uses the TRICKLE BIAS output and the charge enable
comparator to give the charger a low current turn-on mode. The
output current of the charger is limited to a low level until the
battery reaches a specified voltage, preventing high current
charging if a battery cell is shorted. Figure 2 shows the state
diagram of the charger. Upon turn-on the UV sense circuitry puts
the charger in state 1, the high rate bulk-charge state. In this state,
once the enable threshold has been exceeded, the charger will
supply a peak current that is determined by the 250mV offset in
the C/L ampilifier and the sensing resistor Rs.

To guaréntee full re-charge of the battery, the charger's voltage
loop has an elevated regulating level, Voc, during state 1 and

UC2906
UC3906

state 2. When the battery voltage reaches 95% of Voc, the charger
enters the over-charge state, state 2. The charger stays in this
state until the OVER-CHARGE TERMINATE pin goes high. In
Figure 1, the charger uses the current sense amplifier to generate
this signal by sensing when the charge current has tapered to a
specified level, loct. Alternatively the over-charge could have
been controlled by an external source, such as a timer, by using
the OVER-CHARGE INDICATE signal at Pin 9. Ifaload is applied to
the battery and begins to discharge it, the charger will contribute
its full output to the load. If the battery drops 10% below the float
level, the charger will reset itself to state 1. When the load is
removed a full charge cycle will follow. A graphical representation
of a charge, and discharge, cycle of the dual level float charger is
shown in Figure 3.

Rs
o'—“_Wv
+ v +
INPUT BATTERY (Vs)
SUPPLY - -
- R L
_‘f_ —_— e — 16} — 5] f14}— — =
= UC2906 DRIVER COMP, VRﬂ |
| + Vin + I
F VOLTAGE _ 3
C/L AMP.
' [H= SENSE
250mV = COMP,
i
B+
c/s
H
. 25mV -
+Vin
]'_EI)-LF 23V - VREF
@
25°C -
ole
- I T L] CHARGE L |
INPUT SENSE[ STATE LOGIC =
POWER ~=— 1 = 9
MONITOR
o oc IND.
TERM.
—_—— =

Figure 1. The UC2905 in 2 Dual Leve! Float Charger
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OPERATION AND APPLICATION INFORMATION (continued) Uc2906

UC3906
Ra _ PRoRc
STATE 2 7 L) Vi =Veer (1 + o) Where:Rx = p=gr
= o Ra + R , Ra + R
Vi2 2) Voc =Veer (1 +—A—2 4 ATB)
C D
s [ 7 .
V. + R

=] STATE 3 31 3) VP =Vrer (1 +RL_B)
ot Re
o
>
[
2 —Vr 4) Vi2 = .95 Voc
£
p)
o
& 5) V31 =.9 Vf
(&)
[+
I 25V
© 6) Iwax = ?s—

STATE 1: BULK CHARGE

STATE2: OVER CHARGE _ o2sv

STATE3:  FLOAT CHARGE 7) loct = R

8) | _VIN —Vg —25V
CHARGER OUTPUT CURRENT ST = Rt

Figure 2. State Diagram and Design Equations For the Dual Level Float Charger

INPUT
SUPPLY VOLTAGE

_

CHARGE
VOLTAGE

CHARGE
CURRENT

STATE
LEVEL
OuTPUT

oC
INDICATE
OUTPUT

ocC
TERMINATE
INPUT

(c/s oum)

—

F—STATE 1—>|<— STATE 2 — STATE 3

~i STATE 3 iSTATEl

Explanation: Dual Level Float Charger

A. Input power turns on, battery charges at trickle current E. Charge current tapers to loct. The current sense amplifier
rate. output, in this case tied to the OC TERMINATE input, goes
X high. The charger changes to the float state and holds the
B. Battery voltage reaches V1 enabling the driver and turning b;gttery voltazegat Ve &
off the trickle bias output, battery charges at Imax rate. ’
- . - F. Here a load (> begins to discharge the battery.
C. Transition voltage V12 is reached and the charger indicates (>lmax) beg & v
that it is now in the over-charge state, state 2. G. The load discharges the battery such that the battery
voltage falls below V31. The charger is now in state 1, again.
D. Battery voltage approaches the over-charge level Voc and g i 8 &

the charge current begins to taper.

Figure 3. Typical Charge Cycle: UC2906 Dual Level Float Charger
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OPERATION AND APPLICATION INFORMATION (continued)

Compensated Reference Matches Battery Requirements

When the charger is in the float state, the battery will be main-
tained at a precise float voltage, V. The accuracy of this float state
will maximize the standby life of the battery while the bulk-charge
and over-charge states guarantee rapid and full re-charge. All of
the voltage thresholds on the UC2906 are derived from the
internal reference. This reference has a temperature coefficient
that tracks the temperature characteristic of the optimum charge
and hold levels for sealed lead-acid cells. This further guarantees
that proper charging occurs, even at temperature extremes.

Dual Step Current Charger Operation

Figures 4, 5 and 6 illustrate the UC2906's use in a different
charging scheme. The dual step current charger is useful when a
large string of series cells must be charged. The holding-charge
state maintains a slightly elevated voltage across the batteries
with the holding current, |4. This will tend to guarantee equal
charge distribution between the cells. The bulk-charge state is
similar to that of the float charger with the exception that when V12
is reached, no over-charge state occurs since Pin 8 is tied high at
all times. The current sense amplifier is used to regulate the
holding current. In some applications a series resistor, or external
buffering transistor, may be required at the current sense output
to prevent excessive power dissipation on the UC2906.

UC2906
UC3906

A PNP Pass Device Reduces Minimum Input
to Output Differential

The configuration of the driver on the UC2906 allows a good bit of
flexibility when interfacing to an external pass transistor. The two
chargers shown in Figures 1 and 4 both use PNP pass devices,
although an NPN device driven from the source output of the
UC2906 driver can also be used. In situations where the charger
must operate with low input to output differentials the PNP pass
device should be configured as shown in Figure 4. The PNP can be
operated in a saturated mode with only the series diode and sense
resistor adding to the minimum differential. The series diode, D1,
in many applications, can be eliminated. This diode prevents any
discharging of the battery, except through the sensing divider,
when the charger is attached to the battery with no input supply
voltage. If discharging under this condition must be kept to an
absolute minimum, the sense divider can be referenced to the
POWER INDICATE pin, Pin7, instead of ground. In this manner the
open collector off state of Pin 7 will prevent the divider resistors
from discharging the battery when the input supply is removed.

e} AM le]

$ \'a W +

INPUT BATTERY
SUPPLY

1

SENSE
COMP.

+
.9/.95 VRer

@
6
I uv
ISENSE
QO

l CHARGE

STATE LOGIC

+Vin

Figure 4. The UC2906 in a Dual Step Current Charger
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OPERATION AND APPLICATION INFORMATION (continued) uC2906

UC3906
IMax + In
m— Vin
[ — — —— —— —— —— L, — V22
Ra o Ra
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<]
2| |
-
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STATE 1: BULK CHARGE
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Figure 5. State Diagram and Design Equations for the Dual Step Current Charger
INPUT
SUPPLY VOLTAGE
CHARGE
VOLTAGE
—Ivax + 1y
CHARGE
CURRENT
R 71
state  OFF
LEVEL
ON = b e e ——
‘4— STATE 1 —>{<— STATE2 —<—STATE 1
Explanation: Dual Step Current Charger
A. Input power turns on, battery charges at a rate of I + Imax. D. When VE is reached the charger will supply the full current
| + In.
B. Battery voltage reaches V12 and the voltage loop switches Max T H
to the lower level V. The battery is now fed with the holding E. The discharge continues and the battery voltage reaches
current In. V24 causing the charger to switch back to state 1.

C. An external load starts to discharge the battery.

Figure 6. Typical Charge Cycle: UC2906 Dual Step Current Charger
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- LINEAR INTEGRATED CIRCUITS

UC3850

Switching Power Supply Control System

FEATURES
® Single Chip PWM Control System

e Programmable Under-Voltage Sense

® Remote Enable with Soft-Start

e Adjustable Deadtime

o Over-Voltage Shutdown Latch

© Dual Uncommitted Output Transistors

e Double-Pulse Suppression Logic

o High-Gain, High-Output Error Amplifier
© Controlled-Gain Current Limit Amplifier

e Oscillator Disable for Current-Mode
Control

e “Power Good” Logic Indication
e Internal 5V Reference Generator
® 24-Pin DIP Configuration

ABSOLUTE MAXIMUM RATINGS

Supply Voltage (VIN) - cvevveneeneninnennn..

Collector Voltage (V¢) .....
Output Current (each output)
Reference Output Current ...
Logic Output Current Sink ...
Oscillator Charging Current ..
Input Voltage Ranges:

a. Remote Enable.......................

b. Error Amplifier .......
c. Current Limit Amplifier .
d. Under-Voltage Sense ...
e. Over-Voltage Sense........
Power Dissipation at Ta = 25°C
Derate Above 50°C .......
Operating Temperature Range .

Storage Temperature Range ...............
Lead Temperature (soldering, 10 seconds)

RECOMMENDED OPERATING CONDITIONS

Supply Voltage, ViN «.covvvveiiniiinninn...
Oscillator Frequency .........coovvvivvenn..
Timing Resistor, Rt ........ccovviiiinen..

Timing Capacitor, Cr....
Error Amp Input Range....

Current Amp Input Range .................

2/87

DESCRIPTION
The UC3850 device provides a complete control system for high-performance switching
power supplies. In addition to a fixed-frequency, dual-output, pulse width modulator,

- these chips also contain full programming and protection circuitry. While the output of

the error amplifier provides the normal regulating input to the PWM comparator, this
signal may be overridden with two other comparator inputs. One is a dead-band control
which serves to limit the maximum duty cycle, and the other is a protection bus
activated by any of several functions. These include a current limit amplifier, an over-
voltage shutdown latch, an under-voltage sense comparator and the remote enable
input. These last two functions activate a soft-start with an external capacitor.

Additional features included in these devices are logic signal outputs for input “power
good” and an indicator when the OVP latch is set. The internal oscillator can be
disabled allowing compatability with external frequency sources, voltage feed-forward,
or current-mode control. :

The PWM output transistors have uncommitted collectors and emitters and have 40V,
100mA capability. The logic arrangement prevents multiple pulses per period and
repetitive pulses on one output.

Packaged in a 24-pin DIP, the UC3850 is intended for operation from 0°C to +70°C and
is available in either a plastic or ceramic package.

CONNECTION DIAGRAM

.............. 40V
............ 40V DIL-24 (TOP VIEW)
......... 100mA Jor N PACKAGE
........ 20mA
.......... 10mA T
............ 5mA e/ cowP [1] 28 o
E/ANL C/LNL
..... -0.3V to Vrer puT L2 23 INPUT
..... -0.3V to +7V oy B [22] c/L comp
L0 o T L poven oo
... =0.3Vto +7V 0sc Ry [5] [20] SOFT-START
T 8?‘?‘;)/'73@ osc cr [g] [19] UV SENSE
. =55°C to +125°C GROUND [7] [Tg) REMOTE
-65°C to +150°C
......... +300°C 0SC CLOCK [8] [17] OVP SENSE
REFERENCE [9] [16] ovP OUTPUT
Vo [0 [15) OVP DELAY
------- 11V to 36V EMITTER B [I1 4] EMITTER
10KHz to 200KHz o 4 A
..... 3KQ to 20KQ COLLECTOR B [12] [13] COLLECTOR A
.001uF to 1.0uF
..15Vto 5.5V
........ 0V to 5.5V
3-140 =mm UNITRODE




Vin = 24V, Fosc = 40KHz.)

UC3850

ELECTRICAL CHARACTERISTICS (Unless otherwise stated, these specifications apply for Ta = 0°C to +70° for the UC3850;

PARAMETERS TEST CONDITIONS ] mn. [ 1. | max. [units
Reference Section
Output Voltage Ty = 25°C 4.8 5.0 5.2 v
Line Regulation Vin = 11V to 36V - 0.10 0.33 mvV/V
Load Regulation I =1mA to 10mA — 10 30 mV
Temperature Stability* Over Operating Range — 20 50 mV
Short Circuit Current Vrer =0, Ty = 25°C - 55 100 mA
Oscillator Section
Nominal Frequency Rt =11.5K, Cr = 2.2nF 35 40 45 KHz
Temperature Stability* Over Operating Range — 25 5 %
Output Pulse Amplitude* 2.0 33 4.5 v
Output Pulse Width* — 04 0.8 uS
Maximum Frequency Rt = 3K, Ct =1.0nF 200 — — KHz
Oscillator Output Impedance — 300 — o]
Error Amplifier (Vem = 2.5V)
Input Offset Voltage — 5 10 mV
Input Bias Current — .05 2 LA
Input Offset Current —_ — 0.1 LA
Open Loop Voltage Gain RL > 50KQ 70 100 - dB
Gain Bandwidth* Ty = 25°C, Ay = 0dB — 0.7 — MHz
Common-Mode Rejection Ratio Vem = 0.3V to 5.5V 50 70 — dB
Output Sink Current Vo = 0.5V 0.2 0.4 1.0 mA
Output Source Current Vo =0V 5.0 7.0 10 mA
Output Swing Minimum Total Range 0.5 — 45 \'
Current Limit Amplifier (Vcm = 1V)
Input Offset Voltage —_ —_ 30 mV
Input Bias Current — 1 3 UA
Input Offset Current — — 0.2 HA
Open Loop Voltage Gain 35 40 — dB
Output Load Resistance 32 44 56 KQ
Response Time* — 0.2 0.4 uS
Deadtime Control
Nominal Deadtime Pin 4 = Open 12 16 20 %
Minimum Deadtime Pin 4 = VRer — - 5 %
Control Gain Pin 4 = 0.5V to 4.5V — 25 - %/V
Current to Disable Oscillator* Pin 4 > 6V — — 1 mA

*These parameters although guaranteed over the recommended operating conditions, are not 100% tested in production.
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UC3850

ELECTRICAL CHARACTERISTICS (Unless otherwise stated, these specifications apply for Ta = 0°C to +70° for the UC3850;
Vin = 24V, Fosc = 40KHz.)

PARAMETERS TEST CONDITIONS miNn. [ Ttve. | max. [units
Under-Voltage Sense
Lower Trip Point Threshold 4.53 478 5.02 v
UVS Hysteresis — 0.25 — v
UVS Input Current — -2 -10 pA
Soft-Start Charge Current Pin 20 = OV 56 70 84 pA
Soft-Start Discharge Pin 20 = 4.7V 200 250 300 MA
Power Good On Threshold 4.8 5.0 5.2 \
Power Good Hysteresis — 0.7 — v
Remote Enable Threshold 0.8 1.6 2.0 \
Power Good Off Current Pin 21 =5V — — 10 UA
Power Good On Voltage l21 = 5mA - 0.3 0.4 V'
Over-Voltage Sense
OVS Threshold 1.9 2.0 2.1 \
OVS Input Current — — 10 uA
Delay Charge Current Pin 15 = QV 44 55 66 LA
OVP Off Current Pin 16 = 5V — - 10 pA
OVP On Voltage l16 = 5mMA — 3 4 \
Output Switches
Collector-Emitter Voltage — — 20 Vv
Collector Leakage Current Vce = 20V — — 100 uA
C-E Saturation Voltage Ic =50mA — 1.2 2 v
Emitter Output Voltage Ve =11V, Ig = 50mA 8 - - v
Short Circuit Current Vee = 36V — 200 - mA
Supply Current
Standby Vee = 40V — 8 12 mA
Operating Vee = 30V — 9 14 mA

FUNCTIONAL DESCRIPTION

1. Reference Regulator: The regulator supplies several internal
reference levels as well as a 5.0V source for external use up to
20maA.

. Oscillator: An external resistor establishes a constant charg-
ing current into an external capacitor. In addition to a fixed
frequency clock output, the voltage across Ct forms a saw-
tooth waveform for the PWM comparator. This oscillator may
be synchronized to an external source with a positive input
into the clock terminal. Alternatively, it may be completely
disabled by raising pin 4 above Vger with a source able to
provide 1-10mA. In this application, pin 6 is a high impe-
dance input into the PWM comparator and an external biank-
ing pulse must be applied to pin 8 for latch reset and
deadtime control.

. PWM Comparator: The output of this comparator will go from
low to high — setting the PWM Latch high — when the ramp
input on pin 6 rises above the voltage level at its inverting
input. This inverting input will follow the lowest of three levels
— Deadtime, Error amplifier output, or the Fault line. The
comparator will accept inputs down to OV and once set, the
PWM latch requires a clock signal before the next pulse can
begin.

. Deadtime Adjust: An internal divider establishes a nominal

output duty cycle clamp at 84% but by setting pin 4 to a
voltage between 0 and 5V, the duty cycle limit can be set from
0 to 95%. This pin can also be used to disable the dscillator
(see above).

. Error Amplifier: This amplifier provides the normal means of

controlling pulse width with its gain and frequency response
a function of external feedback. The amplifier is stable with
closed-loop gains of 10 or above and its output cannot rise
above the soft-start voltage on pin 20.

. Current Limit: This amplifier takes control away from the

Error amplifier when load current is excessive. The gain
characteristics are non-linear to provide a rapid response to
an over-current condition, but lower gain for stable current
regulation after the initial transient period. Compensation of
the current loop can be effected at the Fault line, pin 22.

. Fault Line: Pin 22 is normally pulled to Vmer through an

internal 44K resistor, but will be held low for any of the
following conditions:

a. Current limit amplifier active

b. Under-voltage sense low

c. Over-voltage sense high

d. Remote enable low
When the fault cause is removed, the Fault line will go high at
a rate determined by the soft-start voltage on pin 20.

UNITRODE INTEGRATED CIRCUITS
7 CONTINENTAL BLVD. * MERRIMACK, NH 03054
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8. Under-Voltage/Remote Sense: The regulator will be active

only when both the Under-Voltage Sense and Remote Enable
inputs are high. When this occurs, a “soft-start” is effected
with the internal 70uA current source and an external capaci-
tor on pin 20. Should either input fall below its threshold, the
Power Good output on pin 21 will immediately go to an active
low, followed by regulator shutdown after a delay controlled
by the soft-start capacitor and the net pull-down current of
250uA.

. Over-Voltage Sense: When this comparator senses a voltage
in excess of its threshold, with a duration longer than an
interval established by the 55uA current source and an

10.

uCc3850

the PWM output signal, pull the fault line low, and indicate
with a high level on pin 16, the OV shutdown state. Once
latched, the circuit may be restarted by recycling the input
Vcc voltage, momentarily lowering the Remote Enable input,
or discharging the OVP delay capacitor on pin 15.

Output Switches: The switches will operate alternately with
logic to insure that once a given pulse is terminated, the
same output cannot reactivate during the remainder of that
period or in any succeeding period until after a pulse has
been delivered by the other output. The output transistors
may be operated in either common emitter or common col-
lector configuration.

external capacitor on pin 15, the circuit will latch, terminate

3850 BLOCK DIAGRAM

c/L ouT 22}

, [iglovp DELAY

DISABLE =— Vrer {igvee
INPUT = OSCILLATOR| [ n [ VRer = 5.0V
I REFERENCE[™ "= oy 9] Vrer
~r 5} REGULATOR[ " (R, % Zay
cr 6} 111 {8]cLock
)EVREF
DEAD
Tive L&
+
PWM™N S
= COMP
€/A ouT [1} ’ -
E/A INV = 44K
ERROR —AN—=VReE J‘)>——ﬂ_€]ovp out
E/A N.I. 4 :JI Jl>° I
C/LINY p———-rr= OL:)
i ~ ———f7love inpUT
C/L N RF—4 \ Vo'
3 R
= T T 20v
VR

20S0FT START

70uA
'» POWER GOOD
320uA >

GND

= VReF =

UV SENSE [19]

REMOTE
ENABLE

INOTES:
| = SINK ONLY
| POSITIVE TRUE LOGIC

UNITRODE INTEGRATED CIRCUITS
7 CONTINENTAL BLVD. * MERRIMACK, NH 03054
TEL. (603) 424-2410 * TELEX 95-3040 3-143

PRINTED IN U.S.A.



LINEAR INTEGRATED CIRCUITS

Three Terminal Fixed Voltage Positive Regulators

FEATURES

® +1% Output Voltage on 7800A, AC
Series

e Complete Specifications at 1A Load

e No External Components

@ Internal Thermal Overload Protection

e Internal Short Circuit Current Limiting

® Qutput Transistor Safe Area
Compensation

® Available in TO-3 and T0O-220 Packages

e Qutput Voltages of 5V, 12V and 15V
(For Other Voltages, Please Contact the
Factory)

ABSOLUTE MAXIMUM RATINGS

Input Voltage .........cocviiiiiiiiant,
Power Dissipation ..............oovieennn.

Operating Junction Temperature Range

UC7800ASERIES ........covvvvnnnnnnnn

UC7800 SERIES ........coiiiiinininnnn
UC7800C SERIES .....covvvvinienenn
Storage Temperature Range ...............
Lead Temperature (Soldering, 10 seconds)
K(TO-3)package ........covuevinnnnnn.
T(TO-220) package.........ccooovununns

Power/Thermal Characteristics

Rated Power @ 25°C

K (TO-3) Package

UC7800A
UC7800AC
UC7800
UC7800C

DESCRIPTION

These three terminal monolithic positive voltage regulators employ internal current
limiting, thermal shutdown and safe area compensation, making them essentially
indestructible. If adequate heat sinking is provided, they can deliver over 1A of output
current. They are intended as fixed voltage regulators in a wide range of applications
including local (on card) regulation for elimination of distribution problems associated
with single point regulation. In additiorf to use as fixed voltage regulators, these devices
can be used with external components to obtain adjustable output voltages and
currents. The 7800 and 7800C series have output tolerances of +4%. The 7800A and
7800AC series offer 1% tolerances on initial output voltage and, in addition, are
specified to provide better regulator performance.

......................... -55°C to +150°C
............................ 0°C to +125°C
......................... -55°C to +150°C
............................ 0°C to +125°C
......................... -65°C to +150°C

T (T0O-220) Package

LT 20W. oo 15wW.......
L 43W L 2W ...
Thermal Resistance
B0C e 3°C/Wioioiiiiiin 3°C/W .....
Bam oo 35°C/W oooiiiiiiinn, 60°C/W
TYPICAL APPLICATIONS
Fixed Output Regulator Current Regulator
INP L uerex 2 1 2
ut T T° ouTPUT INPUT DT UCT78XX
22uF 3 AuF 22,F 3 Ry
[ 7 I L
lour
=
Notes: 1. To specify an output voltage, substitute voltage lour = Y°UT +la
value for “XX". Ry
2. Aithough no output capacitor is needed for stability,
it does improve transient responses.
3. Input capacitor required if regulator is located
an appreciable distance from power supply filter.

L)
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ELECTRICAL CHARACTERISTICS

UC7800A UC7800AC UC7800 UC7800C SERIES 5V, POSITIVE

UC7805A UC7805AC UC7805 uc7805C
PARAMETER TEST CONDITIONS UNITS
MIN. | TYP. | MAX. | MIN. | TYP. | MAX. | MIN. |TYP. | MAX. | MIN. | TYP. | MAX.
T;=25°C, Vin = 10V, Ip = 1A 495 5.05 4.95 5.05 4.8 5.2 4.8 5.2 '
Output Voltage T;=25°C, 7.5V < V\y < 20V
5mMA < lour < 1A, Pp < 15W 49 5.1 4.87 5.13 4.8 5.2 4.77 5.23 v
Over Temperature, Tmin < Tj < Tumax 485 5.15 4.85 5.15 4.75 5.25 4.75 5.25 v
. . T; = 25°C, 7.5V < Vin < 20V, 1o = 500mA 5 6 25 35 mV
Line Regulation
Over Temperature, Tuin < T; < Tuax 3 10 3 10 10 50 10 50 mV
T;=25°C, Vin = 10V, 5SmA < lo < 1.5A 10 12 10 17 20 26 20 40 mvV
Load Regulation
Vin = 10V, 5BmA <o < 1A
Over Temperature, Tuin < Tj < Tumax 25 25 50 50 mV
X T;=25°C, Vin = 10V, Io = 1A 45 6 45 6 4.5 6 45 6 mA
Quiescent Current
Over Temperature, Tuin < T; < Tuax 6.5 6.5 6.5 6.5 mA
T;=25°C, Vin =10V, 5mA < o < 1A 4 4 4 4 mA
Quiescent Current Over Temperature, Tuin < Tj < Tuax 5 5 5 5 mA
Change T,'= 25°C, 7.5V < Viy < 20V, lo = 500mA 6 6 8 8 mA
Over Temperature, Twin < T; < Tumax 8 8 1.0 1.0 mA
Ripple Rejection T; = 25°C, 8V < Viy < 18V, lo = 500mA 69 69 63 63 dB
Output Noise Voltage| T;=25°C, Vin =10V, lo = 1A 40 40 40 40 uv
Dropout Voltage T;=25°C, lo = 1A 2 2 2 2 v
Short Circuit Current | T; = 25°C, V\y = 10V 2.1 2.1 2.1 21 A
Peak Output Current | T;=25°C 24 24 2.4 24 A
Avg. Temp. Variation 0°C < T, < Tuax, Vin = 10V, lo = 5mA -4 -4 . -4 -4 mV/°C
of Vour .
Long Term Stability 1000 Hrs. @ T; = 125°C, V\y = 10V, lo = 5mA 20 20 20 20 mV
Thermal Shutdown Vin =10V, lIo = 5mA 175 175 175 175 °C
Twmax 150 125 150 125 °C
Tmin -55 0 -55 0 o

Note: All characteristics except noise voltage and ripple rejection are measured using pulse techniques (t. < 10ms, duty-cycle < 5%). Output voltage. changes due to changes in internal temperature must be
taken into account separately.
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ELECTRICAL CHARACTERISTICS UC7800A UC7800AC UC7800 UC7800C SERIES 12V, POSITIVE
UC7812A UC7812AC - UC7812 uc7812c
PARAMETER TEST CONDITIONS UNITS
MIN. | TYP. | MAX. MIN. | TYP. | MAX. MIN. | TYP. | MAX. MIN. | TYP. | MAX.
T;=25°C, Vin = 19V, Io = 1A 11.88 12,12 | 11.88 12.12 | 11.52 ) 1248 | 11.52 12.48 v
Output Voltage T;=25°C, 145V< V< 27V .
5mA < lour < 1A, Po < 15W 11.76 12.24 | 11.70 1230 | 11.52 | . 1248 | 11.46 12.54 v
Over Temperature, Tmin < Tj < Tmax 11.64 12.36 | 11.64 12.36 | 11.40 1260 | 11.40 12.60 v
T; = 25°C, 14.5V < V\y < 27V, lo = 500mA 12 15 60 84 mV
Line Regulation '
Over Temperature, Twin < T; < Tmax 4 18 4 18 20 120 - 20 120 mV
" T;=25°C, Vin = 19V, 5mA < lo < 1.5A 12 32 12 50 50 | 64 50 | 100 | mv
Load Regulation
Vin=19V,5mA < lo < 1A
Over Temperature, Tmin < Tj < Tmax 60 60 120 120 mV
Ti=25°C, Vin =19V, lo = 1A 45 6 45 6 45 7 45 7 mA
Quiescent Current .
Over Temperature, Tmin < Tj < Tmax 6.5 6.5 6.5 6.5 mA
T;=25°C,Vin=19V,bmA <o < 1A 4 4 . . ' mA
Quiescent Current Over Temperature, Tuin < Tj < Tuax 5 5 5 5 mA
Change T; = 25°C, 14.5V < Viy < 27V, lo = 500mA 6 6 8 8 mA
Over Temperature, Tun < Tj < Tmax 8 8 1.0 1.0 mA
Ripple Rejection T; = 25°C, 15V < Viy < 25V, o = 500mA 62 62 56 56 dB
Output Noise Voltage| T;=25°C, Viy = 19V, lo = 5mA 75 ' 75 75 75 uw
Dropout Voltage T;=25°C, lo = 1A 2 2 2 2 \"
Short Circuit Current | T; = 25°C, Viy = 19V : 1.5 15 1.5 15 A
Peak Output Current | T;=25°C : 24 24 24 24 A
Avg. Temp. Variation | goe < 1. < Ty Vi = 19V, lo = 5mA -8 -8 -8 -8 mv/°C
of Vour
Long Term Stability |~ 1000 Hrs. @ T; = 125°C, Vin = 19V, lo = 5mA 50 50 50 ‘ 50 mV
Thermal Shutdown Vin = 19V, lo = 5mA ' 175 “ 175 175 175 °C
Tuax v ’ 150 125 150 125 °C
Tmin -55 0 -55 0 °oC

Note: All characteristics except noise voltage and ripple rejection are measured using pulse techniques (tw < 10ms, duty-cycle < 5%). Output voltage|changes due to changes in internal temperature must be
taken into account separately. - .
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ELECTRICAL CHARACTERISTICS

UC7800A UC7800AC UC7800 UC7800C SERIES 15V, POSITIVE

PARAMETER TEST CONDITIONS __UC78I5A UC7813AC uc7815 uczs1sc UNITS
MIN. | TYP. | MAX. | MIN. | TYP. | MAX. | MIN. | TYP. | MAX. | MIN. | TYP. | MAX.
T;=25°C, Vin = 23V, o = 1A 14.85 15.15 | 14.85 1515 | 144 15.6 14.4 15.6 v
Output Voltage T;=25°C, 17.5V < Viy < 30V
5mA < lour < 1A, Pp < 15W 14.7 153 | 14.60 1540 | 144 15.6 14.3 15.7 v
Over Temperature, Tuin < T; < Tuax 14,55 1545 | 14.55 1545 | 14.25 15.75 | 14.25 15.75 \
. . T; = 25°C, 17.5V < Viy < 30V, lo = 500mA 15 19 75 100 mvV
Line Regulation
Over Temperature, Tun < T; < Tuax 4 22 4 22 . 22 150 22 150 mV
T;=25°C, Viy =23V, 5SmA < lp < 1.5A 12 35 12 50 50 80 50 120 mV
Load Regulation Vin =23V, 5mA < lo < 1A
Over Temperature, Tuin < T < Tmax 75 75 150 150 mV
. T;=25°C, Vin =23V, lo = 1A 45 6 45 6 45 7 45 7 mA
Quiescent Current Over Temperature, Tuin < T; < Tuax 6.5 6.5 6.5 6.5 mA
T;=25°C, Vin = 23V, 5mA < lo < 1A 4 4 4 mA
Quiescent Current Over Temperature, Tuin < T; < Tuax 5 5 5 mA
Change T, = 25°C, 17.5V < Viy < 30V, lo = 500mA 6 6 8 8 | ma
Over Temperature, Tuin < Tj < Tumax 8 8 1.0 1.0 mA
Ripple Rejection T; = 25°C, 18.5V < V\y < 28.5V, Io = 500mA 60 60 54 54 dB
Output Noise Voltage | T;=25°C, Viy = 23V, lo = 5mA 90 90 90 90 uv
Dropout Voltage Ti=25°C, lo=1A 2 2 2 2 \’
Short Circuit Current | T; = 25°C, Viy = 23V 1.2 1.2 1.2 1.2
Peak Output Current | T; = 25°C 2.4 24 2.4 2.4 A
Ave. Temp. Variation | gec < 1, < T,,, Vi= 23V, Io = 5mA -10 -10 -1.0 -1.0 mv/°c
of Vour
Long Term Stability 1000 Hrs. @ T; = 125°C, Vix = 23V, lo = 5mA 60 60 60 60 mV
Thermal Shutdown Vin =23V, lo = 5mA 175 175 175 175 °C
Twmax 150 125 150 125 °C
Tamin -55 0 -55 0 °C

Note: All characteristics except noise voltage and ripple rejection are measured using pulse techniques (tw < 10ms, duty-cycle < 5%). Output voltage changes due to changes in internal temperature must be
taken into account separately.
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"UC7800A UC7800AC UC7800 UC7800C SERIES

MECHANICAL SPECIFICATIONS AND CONNECTION DIAGRAMS

UC7800AC UC7800A SERIES TO-204AA K(TO-3)
UC7800C UC7800 SERIES
INCHES MILLIMETERS
A|_875 MAX. 22.23 MAX.
B| .135MAX. 343 MAX. -
C | .250-.450 6.35-11.43
D[ .312MIN. 7.92 MIN, @?
E| .038-043DA. | 0.97-1.09 DIA. \\\_——//
F | .188 MAX. RAD, | 4.78 MAX. RAD. i
G| 1.177-1.197 29.90-30.40 I
H| .655-.675 16.64-17.15
) | 205-225 5.21-5.72
K [ _420-.320 1067-11.18
Bottomn View L | 525 MAX. RAD. | 13.34 MAX. RAD.
M| .151-.161 DIA. | 3.84-4.09 DIA.
seaTiNG UC7800C UC7800AC SERIES T(T0-220)
—{p=s B— INCHES MILIMETERS
— < r_ i 4 MIN MAX MIN MAX
-t ﬁ_‘ A | 0560 | 0625 |14.23 | 1587
I \ I [ 2 *l: B | 0380 | 0420 | 966 | 10.66
A ¢ C | 0140 | 0190 | 356 | 482
l Linput D | 0020 | 0045 | 051 | 114 |
) F [ 0139 | 0147 | 3531 3733
—oj— 1320 g:g'r‘o'ﬁﬁg G | 0090 | 0110 | 229 | 279
e l R " 4-Ground H — 0.250 — 6.35
K < T J 0.015 0.025 0.38 0.64
SECT A4 K | 0500 | 0562 |12.70 | 14.27
L 0.045 0.070 1.14 1.77
- [ N | 0190 [ 0210 | 483 | 533
" l Q | 0100 | 0120 | 254 | 304
s ¢ R | 0080 | 0115 | 204 | 292
o=k S | 0045 | 0055 | 114 | 139
N b T 0.230 0.270 5.85 6.85
ORDERING INFORMATION
| PACKAGE SUFFIX ]
OUTPUT VOLTAGE K(TO-3) T(T0-220)
5V UC7805AK UC7805K — -
UC7805ACK UC7805CK UC7805ACT UC7805CT
12V UC7812AK UC7812K — —
UC7812ACK UC7812CK UC7812ACT UC7812CT
15V UC7815AK UC7815K — Co—-
UC7815ACK UC7815CK UC7815ACT UC7815CT
Dropout Voltage Ripple Rejection Peak Output Current
25 100 35 T —
s A\[/our = 100mV , AVour = 100mV
| 2 h
” 80
2 NI ol [ g T o - ol {
z 3 ~ t = Hiit : ] NJi = -55°C
& 15 T~ lout = 500mA zI 0 i ,_! // T;=2% \
e ™~ | <] § g 2
a I~ — = “l I I r \
8 & AN
21 four = R g 40 £ 15 ™
5 ~~ u 2 i
g g '5 1 \
£ 05 = 2 ° I i . 3
it T | L
0 0 R L T
-75-50 -25 0 25 50 75 100 125 150 10 100 1K 10K 100K 0 5 10 15 20 25 30 35

JUNCTION TEMPERATURE — (°C)

UNITRODE INTEGRATED CIRCUITS
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TEL. (603) 424-2410 * TELEX 95-3040

FREQUENCY — (Hz)
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INPUT TO OUTPUT DIFFERENTIAL — (V)
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LINEAR INTEGRATED CIRCUITS

Three Terminal Fixed Voltage Negative Regulators

FEATURES

e +1% Output Voltage on 7900A, AC
Series

e Output Current to 1.5A

® One External Component

o Internal Thermal Overload Protection

e Internal Short Circuit Current Limiting

e Qutput Transistor Safe Area
Compensation

® Available in TO-3 and TO-220 Packages

e Output Voltages of -5V, =12V and -15V
(For Other Voltages, Please Contact the
Factory)

ABSOLUTE MAXIMUM RATINGS
Input Voltage ..........oovnenn
Input-Output Voltage Differential

Power Dissipation................oooii

Operating Junction Temperature Range
UC7900A SERIES ...
UC7900AC SERIES..
UC7900 SERIES ....

UC7900C SERIES ........civiiiinnn..t,
Storage Temperature Range ................
Lead Temperature (Soldering, 10 seconds)

K(TO-3) package ........coovvvenennnnnn,s

T(TO-220) package.........coevvvevnnn.

Power/Thermal Characteristics

Rated Power @ 25°C

UC7900A
UC7900AC
UC7900
UC7900C

DESCRIPTION

These three terminal monolithic negative voltage regulators employ internal current
limiting, thermal shutdown and safe area compensation, making them essentially
indestructible. If adequate heat sinking is provided, they can deliver over 1A of output
current. They are intended as fixed voltage regulators in a wide range of applications
including local (on card) regulation for elimination of distribution problems associated
with single point regulation. In addition to use as fixed voltage regulators, these devices
can be used with external components to obtain adjustable output voltages and
currents. The 7900 and 7900C series have output tolerances of £4%. The 7900A and 3
7900AC series offer +1% tolerances on initial output voltage and, in addition, are

specified to provide better regulator performance.

-55°C to +150°C
...0°C to +125°C
55°C to +150°C

........................... 0°C to +125°C

T ettt 20W . i 15W.......

Taceeeenen e A3W. . i 2W ...
Thermal Resistance

BUC « et e e 3°C/Wioiiiiiiiiiiiene 3°C/W......

BUA oo 35°C/W i 60°C/W .....

TYPICAL APPLICATIONS

Input bypass capacitors are recommended for stable operation of the UC7900 series of regulators over the input voltage and output
current ranges. Output bypass capacitors will improve the transient response of the regulator.

The bypa§s capacitors, (2.2uF on the input, 1uF on the output) should be ceramic or solid tantalum which have good high frequency
characteristics. If aluminum electrolytics are used, their values should be 10uF or larger. The bypass capacitors should be mounted with
the shortest leads, and if possible, directly across the regulator terminals.

Fixed Output Regulator Basic Current Regulator

T - =
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ELECTRICAL CHARACTERISTICS

UC7900A UC7900AC UC7900:

UC7900C SERIES 5V, NEGATIVE

UC7905A UC7905AC UCc7905 UC7905C
PARAMETER TEST CONDITIONS UNITS
MIN. | TYP. | MAX. | MIN. | TYP. | MAX. | MIN. | TYP. | MAX. | MIN. | TYP. | MAX.
T;=25°C, Vin = 10V, lo = 5mA -5.05 -4.95 | -5.05 -495 | -5.20 -4.80 | -5.20 -4.80 v
Output Voltage T;=25°C, =25V < Vjy < -8V
5mA <lour<1.0A,P <Pp -5.10 -490 | -5.13 -4.87 | -5.20 -4.80 | -5.23 -4.77 v
Over Temperature, Tmin < T; < Tuax -5.15 -485 | -5.15 -485 | -5.25 -4.75 | -5.25 -4.75 \
Line Regulation T;=25°C, =25V < Vin < -7V, lo = BmA 10 15 10 25 25 50 25 50 mvV
Load Regulation T; = 25°C, Vin = =10V, 5mA < lo < 1.5A 20 50 20 100 50 100 mV
X T; = 25°C, Viy = =10V, lo = 500mA 1 2 1 2 1 25 1 25 mA
Quiescent Current
Over Temperature, Tuin < T; < Tuax 25 25 3 3 mA
Quiescent Current T; = 25°C, Vin = =10V, 5mA < |0 < 1.5A 4 4 1.0 1.0 mA
Change T; = 25°C, -25V < Viy < -8V, lo = 500mA 4 4 5 5 mA
Ripple Rejection T;=25°C, -18V < Viy =< -8V, lo = 500mA 54 54 54 54 dB
Output Noise Voltage fT,= =lg:"chov.lnog ‘}il-l%v(,:?::%OmA 100 100 100 100 w
Dropout Voltage T;=25°C, lo = 1A 20 2.0 2.0 20 v
Short Circuit Current| T;=25°C, Vin = 10V 1.8 1.8 1.8 1.8 A
Peak Output Current | T; = 25°C 2.0 2.0 2.0 2.0 A
Avg. Temp. Variation
of Vour 0°C < T; < Tumax, Vin = ~10V, Io = 5mA -4 -4 -4 -4 mV/°C
Long Term Stability | 1000 Hrs. @ T;= 125°C, Vin = -10V, lo = 5mA 20 20 20 20 mV
Thermal Shutdown Vin = =10V, Io = 5mA 175 175 175 175 °C
Twmax 150 125 150 125 °C
Twmin -55 0 -55 0 °oC

Note: All characteristics except noise voltage and ripple reiection are measured using pulse techniques (tw < 10ms, duty-cycle < 5%). Output voltage changes due to changes in internal temperature must be
taken into account separately. Pp = 20W for TO-3 (K) and 15W for T0-220 (T); Min |Vo - Vin| @ -55°C = 2.5V.
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ELECTRICAL CHARACTERISTICS

UC7900A UC7900AC UC7900 UC7900C SERIES 12V, NEGATIVE

UC7912A UC7912AC uc7912 uc7912c
PARAMETER TEST CONDITIONS UNITS
MIN. [ TYP. | MAX. MIN. | TYP. | MAX. | MIN. | TYP. | MAX. MIN. | TYP. | MAX.
T;=25°C, Vin = ~17V, lo = 5mA -12.12 -11.88 | -12.12 ~-11.88|-12.48 -11.52 | -12.48 -11.52 v
Output Voltage Tj=25°C, -32V < Vin < -14V
5mA < loyr <1.0A,P<Pp -12.24 -11.76 | -12.30 -11.70|-12.48 -11.52 | -12.54 -11.46
Over Temperature, Tmin < Tj < Tumax -12.36 ~-11.64 | -12.36 -11.64 | -12.60 -11.40 | -12.60 -11.40
Line Regulation T;=25°C, =32V < Vin = -14V, lo = 5mA 10 20 10 30 30 80 30 80 mV
Load Regulation T;=25°C, Vin=-17V, 5mA < o < 1.5A 40 80 40 80 120 240 mV
Quiescent Current T; = 25°C, Vin = =17V, lo = 500mA 3 3 3 3 mA
Over Temperature, Tmin < Tj < Tuax 4 mA
Quiescent Current T;=25°C, Vin = =17V, 5mA < Ip < 1.5A 8 8 mA
Change T;=25°C, -32V < Viy = -14V, Io = 500mA 4 5 5 mA
Ripple Rejection T; = 25°C, -25V < V\y < -15V, lo = 500mA 56 56 56 56 dB
Output Noise Voltage fTi==1g;chov|1Nog }f';;'\/ﬁ::gz)OmA 200 200 200 200 W
Dropout Voltage T;=25°C, lo = 1A 1.1 1.1 1.1 1.1 v
Short Circuit Current | T; = 25°C, Viy = =17V 13 1.3 1.3 1.3 A
Peak Output Current | T;=25°C 20 2.0 2.0 20 A
Avg. Temp. Variation
of Vour 0°C < T;< Tmax, Vin = -17V, lIo = 5mA -9 -9 -9 -9 mV/°C
Long Term Stability 1000 Hrs. @ T; = 125°C, Vin = -17V, lo = 5mA 48 48 48 48 mV
Thermal Shutdown Vin=-17V, lo = 5mA 175 175 175 175 °C
Tmax 150 125 150 125 °C
Tmin -55 0 -55 0 °c

Note: All characteristics except noise voltage and ripple rejection are measured using pulse techniques (tw < 10ms, duty-cycle < 5%). Output voltage changes due to changes in internal temperature must be

taken into account separately. Pp = 20W for TO-3 (K) and 15W for TO-220 (T).
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ELECTRICAL CHARACTERISTICS

UC7900A UC7900AC UC7900 UC7900C SERIES 15V, NEGATIVE

) UC7915A UC7915AC UC7915 uc7915C
PARAMETER TEST CONDITIONS UNITS
MIN. | TYP. | MAX. | MIN. | TYP. | MAX. | MIN. | TYP. | MAX. | MIN. | TYP. | MAX.
T; = 25°C, Vin = =20V, lo = 5mA -15.15 -14.85 | -15.15 -14.85 | -15.60 -14.40 | -15.60 -1440| Vv
Output Voltage T;=25°C, -35V < Vin < -17V -
5mA < lour <1.0A,P<Pp -15.30 -14.70 | -15.38 -14.63 | -15.60 -14.40 | -15.68 -1432| Vv
Over Temperature, Tuin < Tj < Tuax -15.45 -14.55 | -15.45 -14.55 | -15.75 -14.25 | -15.75 -1425| Vv
Line Regulation T; = 25°C, =35V < Vi < -17V, lo = 5mA 10 20 10 30 35 100 35 100 mV
Load Regulation T; = 25°C, Vin.= 20V, 5SmA < lo < 15A 50 80 50 80 150 300 mV
. T; = 25°C, Viy = =20V, lo = 500mA 3 3 3 3 mA
Quiescent Current
Over Temperature, Tuin < T; < Tuax 4 4 4 4 mA
Quiescent Current | T; = 25°C, Vin = =20V,.5mA < lo < 1.5A 4 4 8 8 | mA
Change T; = 25°C, =35V < Vin < -17V, lo = 500mA 4 4 5 5 mA
Ripple Rejection T; = 25°C, -28V < V\y < -18V, lo = 500mA 56 56 56 56 dB
Output Noise Voltage fT,= :g;gmog ’ET;'V??::gg)OmA 250 250 250 250 W
Dropout Voltage T;=25°C, lo = 1A 1.1 1.1 1.1 11 v
Short Circuit Current | T;= 25°C, Vi = -20V 1.1 1.1 1.1 1.1 A
Peak Output Current | T;=25°C 2.0 20 20 20 A
Avg. Temp. Variation
of Vour 0°C < T; < Tumax, Vin = =20V, lo = 5mA -1.0 -1.0 -1.0 -1.0 mv/°C
Long Term Stability 1000 Hrs. @ T; = 125°C, Vin = =20V, lo = 5mA 60 60 60 60 mV
Thermal Shutdown Vin = =20V, lo = 5mA 175 175 175 175 °C
Tmax 150 125 150 125 °C
Tain -55 0 -55 0 °C

Note: All characteristics except noise voltage and ripple rejection are measured using pulée techniques (tw < 10ms, duty-cycle < 5%). Output voltage changés due to changes in internal temperature must be

taken into account separately. Po = 20W for TO-3 (K) and 15W for TO-220 (T).
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UC7900A UC7900AC UC7900 UC7900C SERIES
MECHANICAL SPECIFICATIONS AND CONNECTION DIAGRAMS

UC7900A UC7900AC SERIES . TO-204AA K(TO-3)
UC7900 UC7900C SERIES
INCHES MILLIMETERS
A | 875 MAX. 22.23 MAX.
B[ .135 MAX 3.43 MAX.
c | .250-.450 6.35-11.43
D[ .312MIN, 7.92 MIN.
E | .038-.043DIA. 0.97-1.09 DIA.
F | .188 MAX. RAD. | 4.78 MAX. RAD.
G| L177-1.197 29.90-30.40
H| .655-.675 16.64-17.15
)] .205-.225 5.21-5.72
K | .420-.440 10.67-11.18
Bottom View L | 525 MAX.RAD. | 13.34 MAX. RAD.
M| .151-.161 DIA. 3.84-4.09 DIA.
seaTing UC7900AC UC7900C SERIES T(T0-220)
N .
s 8 — INCHES MILLIMETERS
— r c r- o MIN MAX MIN MAX
- —Tr 4" a A | 0560 | 0.625 [1423 [15.87
@ B 0.380 0.420 9.66 10.66
A “|—L F1 f C | 0140 | 0190 | 356 | 482 \ d
1-Gi d o] 0.020 0.045 051 1.14
132 | 20utput F | 0139 | 0147 | 3531 3.733
3-Input G | 0090 | 0110 | 229 [ 279
" 4-Input H| - o250 | — | 635
X A 1 | 0015 | 0025 | 038 | 064
K 0.500 0.562 | 12.70 14.27
,l._._ L 0.045 0.070 1.14 1.77
Il L1 N | 0190 | 0210 | 483 | 533
— e JE P-GL Q | 0100 | 0.120 | 254 | 3.04
) R | 0080 | 0116 | 204 | 292
° S | 0045 | 0055 | 1.14 | 139
N T | 0230 | 0270 | 585 | 685
ORDERING INFORMATION
| PACKAGE SUFFIX }
OUTPUT VOLTAGE K(TO-3) T(T0-220)
Y UC7905AK UC7905K — —
UC7905ACK UC7905CK UC7905ACT UC7905CT
“1ov UC7912AK UC7912K — —
UC7912ACK UC7912CK UC7912ACT UC7912CT
-15V UC7915AK UC7915K — —
UC7915ACK UC7915CK UC7915ACT UC7915CT
Dropout Voltage as a Function Ripple Rejection as a
of Junction Temperature Function of Frequency Peak Output Current
14 T 100 3
- I UC79XX I l J |
>
T Note:  For 907905 Minimum _
2 12 Vi is 7V| T 4 go [Mour=-12VAND-15v $| Ty = -55°C
s 3 - g el e ——\/ T, =25°C
w < ~— 0ur = 1 | 2 —
E 10 N A z g ——\Q\
a h N = 60 [Your=-5V T NJ] 3 N \
5 N~ ol | 2 ~ £ AN
g 08 ] o5, g 5 3 | w=1s0c ] \§
5 N~ S A = =
<) 90n 7 w S
e A & 40 =
5 06 ur s 2o & s
z Dropout Condition 14 N i @
= Aout = 5% of Vour T J “
0.4 L 11 20 o
-75-50-25 0 25 50 75 100 125 150 0.01k 0.1k 1k 10k 100k 0 5 10 15 20 25 30
JUNCTION TEMPERATURE — (°C) FREQUENCY — (Hz) Vin-Vour — (V)
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MOTION CONTROL CIRCUITS
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MOTION CONTROL CIRCUITS PRODUCT SELECTION GUIDE

Unitrode produces a variety of industry standard of its own offering you, the designer, with the tech-
motor drivers and actuator circuits. Unitrode also nological difference, the best in cost performance
has introduced many new and innovative circuits integrated circuits.

Brush-Type | Two-Phase Micro- Three-Phase | Solenoid Voice
UNITRODE DEVICE Motor Stepper Stepping Brushless |- Driver Coail

L292

L293

L293D

L295

L298, L.298D
uC3517
UC3610
UC3620
UC3622
UC3633/3634
uC3637
UC3705
uCs707
ucs717
UC3717A
UC3657
UC2950
UC3716

UNITRODE INTEGRATED CIRCUITS
7 CONTINENTAL BLVD. * MERRIMACK, NH 03054
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MOTION CONTROL CIRCUITS

DC Motors, torque control,

PRODUCT SELECTION GUIDE

20

H-Bridge Transconduc- 25 15 Pin
tance amplifier with stepping motors, microstepping 36 Amp | Watts | MAX °C/W Power Tab
PWM current control. solenoid controlled valves. Volts Cont. | MAX

Four Totem-Pole Drivers | DC Motors 36 45 to 10 50 140 16 Pin
Stepping Motors Volts 36 Amp | Watts °CIW DIP

Volts | Cont. | MAX "BATWING”
L293 with eight bridge DC Motors 36 45to0 | 06A 50 140 16 Pin
diodes; reduced ly; Stepping Motors Volts 36 Amp | Watts °C/w DIP

Volts | Cont. | MAX “BATWING”

Dual solenoid driver with| Hammer driver in matrix printers See Power Driver & Interface Circuits.

current control. Solenoid drivers
Motors

Dual Full-Bridge with Power stage for motor and Vggto | 45to | 20 25 30 15 Pin

individual logic inputs for| solenoid drivers. Low standby 46 70 Amp | Watts °C/W | Power Tab

each bridge. power drain makes it ideal for Volts | Volts | Cont. | MAX

(L298D has on board battery operated equipment. 10A

diodes) Cont.

Dual diode bridge with | Use as circulating diodes with 40 30 8 Pin

eight Schottky diodes. motor or solenoid drivers. Volts Amp DIP

(Vi = IV @ 2A); MAX MAX

Brushless DC motor with| Drive brushless DC motors. 40 20 25 |30 kHz| 30 15 Pin

switching current control.| Includes Hall decode logic and Volts Amp | Watts °C/W | Power Tab
fixed off-time current control MAX Cont. | MAX
switching.

Brushless DC motor with| Drives brushless DC motors in fast 40 20 25 |30 kHz| 30 15 Pin

voltage mode control. responding, position feedback Volts Amp | Watts °C/W | Power Tab
systems. MAX Cont.

Phase Locked Controller | Speed control for DC motors with 8to 16mA | 1 Watt 16 Pin
crystal oscillator, phase detector 15 DIP
and lock indicator. Volts

PWM Driver for DC Drive Bipolar or MOSFET Power 40 500mA| 2.0W 18 Pin

Servomotors; Current H-Bridge in DC Velocity and Volts Peak | MAX DIP

Limit, Under-Voltage Position Servo-Loops. MAX

Lock-Out.

Dual driver for power Interface between low-level control | See Power Driver & Interface Circuits. -

MOSFETs; 40nS into functions and high power control

1000pF, 1.5A peak. TTL | devices, particularly power

compatible inputs. MOSFETs.

Stepping motor phase Stepping motor driver in full-step, 10to |475t0| 10 20 |30 kHz| 110 16 Pin

driver; TTL compatible half-step, or microstep mode. 40 525 | Amp | Watts | Typ. | °C/W DIP

inputs. Pulse-by-pulse Separate digital control sets current | Volts | Volts | Peak | MAX “BATWING”
current control, and full | at 100%, 60%, 19%, or zero

output H-Bridge with Bipolar operation.

diodes.

Stepping modor driver, Driver for stepping motors in appli- 10to |475t0| 350 16 16 Pin

unipolar, bilevel. Minimal | cations requiring least possible 40 5.25 mA | Watts DIP

RFI. Activates both RFI. Internal logic for STEP, Volts | Volts | Cont. | MAX

motor phases. FWD/REV, and FULL STEP/HALF
STEP. High voltage pulse width set
by single RC.

Half Bridge Bipolar 2-Phase Steppers See Power Driver. & Interface Circuits.

Switch Brush Type Motors
3-Phase Brushless

| Triple Half Bridge 3-Phase Brushless Motors 40 20 25 |30 kHz| 30 15 Pin

Power Driver Volts Amp | Watts °C/W | Power Tab

| MAX Cont.

Voice-Coil Driver Head Positioning 25 30 15 Pin

Volts Amp Power Tab
MAX MAX
Smart Switch Any Load Switching Feedback See Power Driver & Interface Circuits.
System

*UC1705/3705 are single drivers.

UNITRODE INTEGRATED CIRCUITS
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LINEAR INTEGRATED CIRCUITS 1292

Switchmode Driver for DC Motors

FEATURES DESCRIPTION
e Driving capability: 2A, 36V, 30KHz The L292 is a monlithic LSI circuit in a 15-lead Multiwatt® package. It is intended to
 Two logic chip enable inputs drive DC motors controlling positioning devices such as used in typewriters, printers,

o External loop gain adjustment plotters and other computer peripherals.

o Single power supply (18 to 36V) The device contains a level shifter, triangle waveform oscillator, error amplifier, PWM
comparator, current sensing amplifier, H-bridge output stage with a 2A, 36V driving

® Input signal symmetric to ground capability and two output enable inputs. Protection circuitry includes under-voltage

e Thermal protection output inhibit and thermal protection.

ABSOLUTE MAXIMUM RATINGS THERMAL DATA

Power SUPPIY, Ve .ottt e 36V Thermal Resistance Junction-Case, f4c .......... 3°C/W max
Input Voltage, Vi....oovvieiiiiiiiiiininenn... -15 to +VgV

Inhibit Voltage, Vinhibit -« oo vvvrerreenninnnennnenns 0 to VgV

Output Current, lo. oo ove et 2.5A
Total Power Dissipation (Tcase = 75°C) cvvvvvvvinninnn.. 25W
Storage and Junction Temperature, Tstg........ -40 to +150°C
Thermal Resistance Junction-Case, fy¢ ............... 3°C/W

BLOCK DIAGRAM

+Vs
5100
Re _L
L
| 22k0 [
LR I [
prommTem s eseeoeoes QFmmmmne 2
! 1202 '
) 1
\ R2 |
H 7.2kQ 1
e Rl S DY ins
B 13k0 | LeveD R3 i AA
I SHIF. - i
' R2 Y 5kQ  |ErroR !
: 7.2ka AMPL. |
' 12kQ$R1 * o 50/5mH
I 1
: Vos gy | (( é—un
; nZY OSCILL. 5" TinF
i :
! 1
1| REF 02 b4
1 VAR
' ]
1
1 L 1
e - 1 3
15kQ

L

45 = UNITRODE



1292

MECHANICAL DATA CONNECTION DIAGRAM
V PACKAGE
220
2185 |
&fe g
51§ s o Wﬁ% MOTOR
b H 4 N
e T =— § = My
A I’1"775 &I 20,1 11— OSCILL(R)
«l 175 ~ T W 3 Fittrr. avrL)
8 g 28 @‘ g TPUT (ERR. AMPL)
] 6| INPUT (LEVEL SHIFT)
: WIS
| -3.78 + 3.82 o
S P © 3 o
= 1] MOTOR
o Dimensions in millimeters
ELECTRICAL CHARACTERISTICS (Ta = 25°C; fosc = 20KHz unless otherwise specified)
PARAMETER SYMBOL TEST CONDITIONS MIN. | TYP. | MAX. | UNITS
Supply Voltage Vs 18 36 v
Quiescent Drain Current la Vs = 20V (offset null) 30 50 mA
Input Offset Voltage (Pin 6) Vos Vs=36V,1o=0 +350 mV
Inhibit Input Voltage (Pin 12, 13) Vian. L 2 v
Vlnh. H 3.2 Vv
Inhibit Input Current lion. L | Vinn. (L) = 0.4V -100 | pA
linh. H | Vinn, (H) = 3.2V 10 uA
Input Current (Pin 6) I Vi =-88V -18 mA
V) = +8.8V 0.5 mA
Input Voltage (Pin 6) Vi |Re: =Rz =0.20 lo=2A 91 |V
lo = -2A -9.1 v
Output Current lo Vi £ 9.8V, Rs1 = Rs2 = 0.2Q 12 A
: . . . lo=2A 5 v
Total Drop Out Voltage Vb (including sensing resistors)
lo=1A 35 v
Sensing Resistor Voltage Drop Vrs Tj=150°C, lo = 2A 0.44 Vv
Transconductance _lo_ Rs1 = Rs2 = 0.2Q 220 240 260 | mA/vV
Vi Rs1 = Rsz = 0.4Q 120 ’ mA/V
Frequency Range (Pin 10) fosc 1 30 KHz
TRUTH TABLE
Vinhibit Output Stage
Pin 12 Pin 13 Condition
L L Disabled
L H Normal Operation
H L Disabled
H H Disabled

UNITRODE INTEGRATED CIRCUITS
7 CONTINENTAL BLVD. * MERRIMACK, NH 03054
TEL. (603) 424-2410 * TELEX 95-3040
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FUNCTIONAL DESCRIPTION

The error signal input has been designed to accept a bidirectional
error signal symmetrical to ground. The level shifter converts the
+ error signal into a single positive signal with the aid of an
internally generated 8V reference. This same reference voltage
supplies the triangle wave oscillator whose frequency is fixed by
the external RC network (Rt, Cr - pins 11 and 10) where:

1
fosc = ——— (with R = 8.2KQ
T ( )
The oscillator determines the switching frequency of the output
stage and should be in the range 1 to 30KHz.

Motor current is regulated by an internal loop inthe L292 which is
performed by the resistors Rs1, Rs2 and the differential current
sense amplifier, the output of which is filtered by an external RC
network and fed back to the error ampilifier.

The choice of the external components in this RC network (pins 5,
7, 9) is determined by the motor type and the bandwidth require-
ments. The values shown in the diagram are for a 5Q, 5mH motor.
(See L292 Transfer Function Calculation in Application Informa-
tion).

The error signal obtained by the addition of the input and the
current feedback signals (pin 7) is used to pulse width modulate
the oscillator signal by means of the comparator. The pulse width
modulated signal controls the duty cycle of the H-bridge to give an
output current corresponding to the L292 input signal.

The interval between one side of the bridge switching off and the
other switching on, 7, is programmed by Cr in conjunction withan
internal resistor Rr.

This can be found from:
T = Rr - Cpin 10 (Cr in the diagram)

Since Rr is approximately 1.5 KQ and the recommended T to
avoid simultaneous conduction is 2.5uS, Cpin 10 should be
around 1.5nF.

The current sense resistors Rs1 and Rs1 should be high precision
types (maximum tolerance +2%) and the recommended value is
given by:

Rmax * lo max < 0.44V

UNITRODE INTEGRATED CIRCUITS
7 CONTINENTAL BLVD. * MERRIMACK, NH 03054
TEL. (603) 424-2410 * TELEX 95-3040

L292

It is possible to synchronize two L292s, if desired, using the
network shown in Figure 1.

L292 4 4
1011 10

100kQ 0.1uF
FLOAT l

[ —
i

Figure 1.

Finally, two enable inputs are provided on the L292 (pins 12 and
13-active low and high respectively). Thus the output stage may
be inhibited by taking pin 12 high or by taking pin 13 low. The
output will also be inhibited if the supply voltage falls below 18V.

The enable inputs were implemented in this way because they are
intended to be driven directly by a microprocessor. Currently
available microprocessors may generate spikes as high as 1.5V
during power-up. These inputs may be used for a variety of appli-
cations such as motor inhibit during reset of the logical system
and power-on reset (see Figure 2).

L

Figure 2.
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L292

APPLICATION INFORMATION

+Vs
5100 5100
Re |
47nF RS2
L
22kQ " 47nF
R 9
[ttt (r— ------- L )—141 ==
b
!oL292 !
1 1
! R2 |
| 7.2ka !
v 16 R1 D1 D3
1 - i L
T 12k LEver R3 | Aa
1 .
! R2 5kQ " |erRoR v !
; 72ka MPL, "N i
1 —
' 12kQ$R1 * IY 50/5mH
| ! 330
a = L
| n = *8Y 0SCILL. :
P M 15 § Tine
; :
H 1
1| REF 02 b4
5 AKX
1
1 _L |
1
b T a2 1l 4 iz 13 18 3
15ka 1.5nF _[
= = Cr =
Figure 3.
The schematic diagram used for the Laplace analysis of the
system is shown in Figure 4.
(LEVECSHIFTER |  |ERRORAMPLIFIER E :’PW and MoTTGR":
' [ [N |
[l 1 1 Gmo
R2 S RF 1+sRC tvge I | B0y
vwo—H g T R3 SRC T 1|1+ 5;_»: ' In
H 1 ! | i M !
- T - I R R, 3
""""" hl fm=======-"9
Vo !
Rs1 = Rsz = R ( B ist Re | 1 Rs !
s1 = Rs2 = Rs (sensing resistors) S TG [T R :
~ . . H oo
=25.107°0 (current sensing amplifier transconductance) H Vol |
~ Motr | Dol
Lm = Motor inductance | FILTER | LAMPLIFIER |
Rm = Motor resistance Lesmmemoe- 2 beeememee-

Im = Motor current

Gmo = | -0 (DC transfer function from the input of the comparator (Vr) to the motor current (Im)).
s=

Figure 4.

UNITRODE INTEGRATED CIRCUITS
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APPLICATION INFORMATION (continued)

Neglecting the Vce sat of the bridge transistor and the Vgg of the
diodes:

1 2Vs
Rm Vr

where: Vs = supply voltage (1)

Gmo =
VR = 8V (reference voltage)

DC Transfer Function

In order to be sure that the current loop is stable the following
condition is imposed:

1+sRC=1s (pole cancellation) 2)
. Lm . .
from which RC = (Note that in practice
M R must be greater than 5.6KQ)
The transfer function is then, 3)
Im R2R4 1 +sReCe
(s) = o B
Vi R1Ra GmoRs + s R4C + s° RFCrR4C
In DC condition, this is reduced to
Im R2R4 1 0.048 A
@ = ——— [ ]
Vi R1R3 Rs Rs
Open-Loop Gain and Stability Criterion
For RC = Lm/Rwm, the open loop gain is: (5)
1 R R Gmo R 1
Aﬁ - - Gmo s F - mo Ns
sRgC R4 1 + sReCr RaC s (1 + sReCg)

In order to achieve good stability, the phase margin must be
greater than 45°C when | Ag| = 1.

1
That means that, at fr =ﬁ.l AB| must be <1
F

TTRE
(see Figure 5), that is:

1 _ GmoRs ReCr

ABl f= ————— = 2%
had 27ReCr RaC V2

(6)

1AB1

0dB

/21r ]l:\‘sCF

Vel i
PHASE MARGIN <— POLE
> 45°

Figure 5. Open-Loop Frequency Response

Closed-Loop System Step Response
a) Small-signals analysis

The transfer function (3) can be written as follows:

UNITRODE INTEGRATED CIRCUITS
7 CONTINENTAL BLVD. * MERRIMACK, NH 03054
TEL. (603) 424-2410 * TELEX 95-3040
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s
+
Im 0.048 2fw
O *— @
Vi Rs 2¢s 3
1+ + 5
Wo Wo
where: wo = —G"ﬁgs—-is the cutoff frequenc
-l R4C ReCe q Y
here: € RiC___ s the damping fact
where: £ = ———— is the damping factor
4 ReCr Grmo R pine

By choosing the & value, it is possible to determine the system
response to an input step signal. Examples:

1) £ =1 from which
0.048

v () = [1-e’ 20 (14 )1+

4 ReCg
(where Vi is the amplitude of the input step).
1
2) £ = ——=from which

V2

t

2RFCFy) Vi

Im () = (1 - cos

Rs 2ReCr
From Figure 7 it is possible to verify that the L292 works in
“closed-loop” conditions during the entire motor current rise-
time: the voltage at pin 7 (inverting input of the error amplifier is
locked to the reference voltage VR, present at the non-inverting
input of the same amplifier.

The previous linear analysis is correct for this example.

Decreasing the £ value, therise-time 6f the current decreases. But
for a good stability, from relationship (6), the minimum value of £
is: .

Emin = % (phase margin = 45°)
12
T
£ = 1/y2
A 4~
09
//,
A/
06
/
03 1’,
0 3 6 9 12 15 18

Figure 6. Small Signal Step Response
(Normalized Amplitude vs t/R¢C¢)
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APPLICATION INFORMATION (continued)

V; = 200mV/div.
I = 100mA/div.
t= 100ps/dlv

with V, =1.5Vp.

Figure 7. Motor. Current and Pin 7 Voltage Waveforms
(Application-of Figure 3). Small Signal Response

b) Large signal response

The large step signal response is limited by slew-rate and induc-
tive load. In this case, during the rise-time of the motor current,
the L292 works in open-loop condition, as can be seen from Figure

8.
[ — 1]
o IIIIIII =Iv7
I J I. -
.i
OA
7—1V/d|v.

Iw = 0.5A/div.
t = 500us/div.

Figure 8. Motor Current and Pin 7 Voltage Waveforms
(Application of Figure 3). Large Signal Response

The voltage at pin 7 (inverting input of the error amplifier) departs
from the reference voltage Vg present at the non-inverting input
and the feedback loop is open.

The feedback loop is on when the motor current reaches its
steady-state value (2A).

Closed Loop System Bandwidth

A good choice for £ is the value 1/4/2. In this case:
Im 0.048 1 + s RECF

—(s) = o 2~ 2
Vi Rs 1 + 2s RFCr + 2s® RF°CF

The module of the transfer function is:

®)
)

w0048 2V/1 + w® RE°CF
Vi ' Rs I *2wRCA?+1]-[(L - 2w ReCR)? + 1]

UNITRODE INTEGRATED CIRCUITS
7 CONTINENTAL BLVD. * MERRIMACK, NH 03054
TEL. (603) 424-2410 * TELEX 95-3040
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L292

The cutoff frequency is derived from expression (9) by putting

Im 0.048
|—| =0.707 - (-3dB);
Vi s
from which:
wr = 0.9 fo= 0.9 (10)
T ReCe T 27mReCr

Note that Rr must be less than 1.5KQ in order to have the maxi-
mum current swing at the output of current sensing amplifier.

Working Frequency and Motor Current Ripple

For avalue of rotation speed w the e.m.f. Eisequal to Kew, where
Ke is the motor speed cqnstant.

Neglecting the motor resistance Rm, the Vcesat of the bridge
transistors and the Vge of the diodes, we have:

Aty = Lm (transistors conduction period) (11)

s =

At = Lm (diodes conduction period)

Alm
Vs +
Where Alm is the current ripple in the motor (see Figure 9).

The working frequency is:

f=

= At = Atz (12)

2 RtCr

where Ry is the resistance at pin 11 and Cr the capacitor at pin 10.
Rt must be =8.2KQ due to the output current capability at pin 11.

If we consider E = 0 (w = 0; motor stopped) we have:

Alm
Aty = Ata = Lm (13)
s
from this formula we can write
Vs T T X
Alm = L— > (? = Aty =Atz = half period) (13 bis)

The motor current ripple Alm must be limited in order to reduce
dissipation in the motor and the peak output current of the L292.

Almmax should be less than 10% of Immax (see Figure 9).

Alm

IMmax

Figure 9. Motor Current Waveform

From the equation (13 bis) and considering Alm =0.1 M max we
have:

V.
0.1 Immax = ———— (14)
2f LMmin
from which:
5V,
LMmin = —— @15)
f leax
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The switching characteristics of the L292 demand that the work-
ing frequency f is less than 30KHz.

If for f = 30KHz, Lm is less than Lmmin, an external inductor should
be put in series with the motor.

From relationship (15) we have:
5 Vs

—_——m
f IMmax

(16)

Lseries =

Deadtime

A problem associated with the system used in the L292 is the
danger of simultaneous conduction in both legs of the output
bridge which, if it were allowed to occur would damage them. To
overcome this the comparator that drives the final stage in effect
consists of two separate comparators (Figure 10): both receive
the same Vt signal but on opposite inputs. The other two inputs are
driven by VrH shifted by plus or minus Rrl”. This voltage shift when
compared with Vt results in adelay in switching from one compar-
ator to the other. In this way there will always be a delay between
switching off one leg of the bridge and switching on the other. The
delay T is a function of the integrated resistor Rz (1.5K) and an
external capacitor Cr connected to pin 10 which also fixes oscilla-
tor frequency.

Itis: T - R:Cy

In a typical application, a capacitor of 1.5nF is used to give a
switching delay of 2.25us, a more than adequate time when you
consider that the switch-off delay of the integrated transistors is
only 0.5us.

®r
la,b
la, B
RT
Vio— Vio—y
RT
le, d
17,6

»

=

Figure 10. L292 Deadtime Control

Efficiency and Power Dissipation

The expression for the bridge efficiency, independently of the
losses due to the switching times and neglecting the dissipation
due to the motor current ripple, is:

UNITRODE INTEGRATED CIRCUITS
7 CONTINENTAL BLVD. * MERRIMACK, NH 03054
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n=1- Aty . Vsat _ Atz . Vover an
Aty + At2 Vs Aty + Atz Vs
where Vover = 2V (2VBe + Rslm)
Vsat =4V (2VcE sat + 3VBE)
Aty = transistors conduction period.
Atz = diodes conduction period.
If Aty >> Atz and Vs = 20V, we obtain:
4
n=1-——""=80% (18)

20

In practice, the efficiency will be slightly lower due to the signal
circuit dissipation (IW @ 20V) and the finite switching times
(about 1W). If we transfer to the motor a power of 40W the bridge
power dissipation from (18) is 10W and the total dissipation is
12W. This is an actual efficiency of 77%. Considering a maximum -
dissipation equal to 20W for the L292 (Multiwatt package), it is
possible to handle continuous powers greater than 60W.

EXAMPLE

a) Data — Motor characteristics: Lm = 5mH
Rm = 5Q
Lm/Rm = Imsec

— Voltage and current characteristics:

Ve=20V Im=2A V=83V
— Closed loop bandwidth: 3kHz.
— From relationship (4):
0.048

Rs=—V;=0.2Q
Im

b) Calculation

and from (1):

2Vs

—F 1"
RmVR

Gmo =

— RC = 1msec [from expression (2)].
— Assuming £ = 1/+/2; from (7) follows:
&= 1 400 C

2 4 ReCr - 0.2

The cutoff frequency is:

143-107°
fr = = 3kHz
ReCr
c) Summarizing —RC=1- 1073 sec C =47nF
1000 C
-—= R =22KQ
ReCe
— RrCF = 47us For Re = 510Q —

Cr=92nF
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LINEAR INTEGRATED CIRCUITS 15330

Push-Pull Four Channel Driver

FEATURES DESCRIPTION

® QOutput current 1A per channel The L293 and 293D are quad push-pull drivers capable of delivering output currents to
(600mA for L293D) 1A or 600mA per channel respectively. Each channel is controlled by a TTL-compatible

o Peak output current 2A per channel logic input and each pair of drivers (a full bridge) is e_quipped with an inhibit input
(1.2A for L293D) which turns off all four transistors. A separate supply input is provided for the logic so

o . that it may be run off a lower voltage to reduce dissipation.
® [nhibit facility
e High noise immunity - Additioqally t.he }.293[)_ includes the output clamping diodes within the IC for complete
X interfacing with inductive loads.
e Separate logic supply
o Over-temperature protection Both devices are packaged in 16-pin plastic DIPs; both use the four center pins to conduct

heat to the printed circuit boards.

ABSOLUTE MAXIMUM RATINGS THERMAL DATA
Collector Supply Voltage, Ve «..ovvvivneiiieiiieiiniinnn 36V Thermal Resistance Junction-Case, fic.......... 14°C/W max
Logic Supply Voltage, Vss . ...ovovninenineiiaeiaannnn.. 36V Thermal Resistance Junction-Ambient, @A ...... 80°C/W max

Input Voltage, Vi «......ooooeiin
Inhibit Voltage, Vinn.

Peak Output Current (Non-Repetitive), lout (L293) .......... 2A
lout (L293D) ...... 1.2A
Total Power Dissipation at. Tground-pins = 80°C, Ptot......... 5W
Storage and Junction Temperature, Tstg, Tj .. ... -40 to +150°C
BLOCK DIAGRAM TRUTH TABLE
L293 Vi (each channel) Vinh.* Vo
H H H
L H L
H L X**
L L X**
*Relative to the considered channel.
**High output impedance.
Ve
NOTE: Output diodes are internal in L293D.
CONNECTION DIAGRAM MECHANICAL DATA
DIL-16 (TOP VIEW) L293
N PACKAGE
CHIP INHIBIT 1 ﬁ 1 16 [] Vs
INPUT 1 [| 2 15 [] INPUT 4 v
t I JEE{§
ouTPUT1 (|3 14 [J oUTPUT 4 ' 15
GND [ 4 13]] GND 045 ’ 254
12772 17.78
ano |5 12 [} aND
outruT 2 [| 6 11 outpuT 3 16870
[slslnlulnlinls)
INPUT 2 | 7 10 {] INPUT 3
ve [|8 9] cHIP INHIBIT 2 )
oooOooOogogadg

=

1/85 412 == UNITRODE



1293

ELECTRICAL CHARACTERISTICS (For each channel, V¢ = 24V, Vgs = 5V, Tamb = 25°C, unless otherwise specified) 12930
PARAMETER SYMBOL TEST CONDITIONS MIN. | TYP. | MAX.| UNITS

Collector Supply Voltage Ve 36 Vv

Logic Supply Voltage Vss 45 36 \
Vi=L, lo=0, Viph. = H 2 6

Collector Supply Current le Vi=H, lo =0, Vinn. = H 16 24 mA
Vinh. = L 4
Vi=L, lo=0,Vinn.=H 44 60

Total Quiescent Logic Supply Current lss Vi=H, lo =0, Vion. = H 16 22 mA
Vinh. = L 16 24

Input Low Voltage ViL -0.3 1.5 Vv

Input High Voltage Vin Vss =7V 23 Vss v
Vss > 7V 23 7

Low Voltage Input Current lie Vi=L -10 uA

High Voltage Input Current lin Vi=H 30 100 HA

Inhibit Low Voltage Vinh.L -0.3 1.5 Vv

Inhibit High Voltage Vinh 1 Ves =7V 23 Vs |y
Vss > 7V 2.3 7

Low Voltage Inhibit Current linh.L -30 | -100 uA

High Voltage Inhibit Current linh.H 10 uA

Source Output Saturation Voltage VcEesath lo = =1A (-0.6A for L293D) 1.4 1.8 v

Sink Output Saturation Voltage VcEsatL lo = 1A (0.6A for L293D) 1.2 1.8 Vv

Clamp Diode Forward Voltage (L293D only) VF lg = 0.6A 1.3 \

Rise Time tr 0.1 to 0.9 Vo (See Figure 1) 250 ns

Fall Time te 0.9 to 0.1 Vo (See Figure 1) 250 ns

Turn-On Delay ton 0.5 Vi to 0.5 Vo (See Figure 1) 450 ns

Turn-Off Delay torr 0.5 Vi to 0.5 Vo (See Figure 1) 200 ns

SCHEMATIC DIAGRAM

UNITRODE INTEGRATED CIRCUITS
7 CONTINENTAL BLVD. * MERRIMACK, NH 03054
TEL. (603) 424-2410 * TELEX 95-3040
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Figure 2. Quiescent Logic Supply Current vs

L293
L293D

Figure 1. Switching Times Logic Supply Voltage Figure 3. Output Voltage vs Input Voltage
, [ |
0.5V Ve =24V Ve =24V
Vi Vi =LOW Vss = Vinhibit = 5V
Vinh = HIGH Vc - Vcesat H
50 7 25 / /
~ 48 20
< L1 l — Tamb = 25°C
3 o
Vo T 46 ] 215 f i
(3
< 44 10 l /
42 5 /
" Il
Vcesat L
0 10 20 30 1 15 2 25
Vss — (V) Vi— (V)
Figure 5. L293 Source Saturation vs Figure 6. L293 Sink Saturation Voltage vs
Figure 4. L1293 Saturation vs Output Current Ambient Temperature Ambient Temperature
Ve=24V Ve = 24V Vo = 24V
Vinhivit = Vss = 5V Vi = Vinhibit = Vss = 5V Vinhivit = Vss = 5V
3 3 3
s £ lo=15A1 £
Lo : 2 ‘// Loy,
H g 5 —Jlo=15A
§ csmu)/ ;“J‘ | —lo=1A Q " °
| = 1 ——lo=1A
1 /4 VcEsat L 1 lo= ?.5A_ 1 |
= T T ——io = 0.1A 1 i‘; z gfﬁ
0 l 0
05 1 15 -50 0 50 100 -50 0 50 100
lo—(A) Tamb—(°C) Tamb — (°C)
NOTE: For L293D curves, multiply output current by 0.6
Figure 7. DC Motor Controls (with Connection to Ground Figure 8. Bidirectional DC Motor Control
and to the Supply Voltage)
+VeO—¢
2 x SES5001
=
TN
ssssomﬂ@l ¢ 2 x SES5001
505 Tu - T 5 3 i
165 +vss —O*Vss
8
1/2 1293 1/2 1293
9_0 Vion L OVian
14571213 _]45.12,13
Vinh. | A M1 B M2 INPUTS FUNCTION
H H Fast Motor Stop H Run C=H;D=L Turn Right
H L | Run L | Fast Motor Stop Vinh. = H C=LD=H Turn Left
Free Running Free Running C=D Fast Motor Stop
L X X -
Motor Stop Motor Stop ; Free Running
L=low H=High X=Dontcare Vinh. = L C=X;D=X Motor Stop

UNITRODE INTEGRATED CIRCUITS
7 CONTINENTAL BLVD. * MERRIMACK, NH 03054
TEL. (603) 424-2410 * TELEX 95-3040

L=Llow H =High X =Don'tcare
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L293
L293D

0.22uF

IL1/lez = 300mA
F [ 1293 +Vss

3
5°
I

Figure 9. Bipolar Woodt LgHa T BIF s fe

7
T
To°
g

Stepping Motor

5
Control <]I K]] O.i T
1“7

D7 D3

D1 - D8 = SES5001

MOUNTING INSTRUCTIONS copper areas having a thickness of 35u (see Figure 12). In

ddition, it ible t external heatsink (see Fi 14).
The Rinj-amp of the L293 can be reduced by soldering the GND addition, itis possible to use an external heatsink (see Figure 14)

pins to a suitable copper area of the printed circuit board or to an During soldering the pins’ temperature must not exceed 260°C
external heatsink. and the soldering time must not be longer than 12 seconds.
The diagram of Figure 13 shows the maximum package power Piot The external heatsink or printed circuit copper area must be
and the 6,a as a function of the side “ / ” of two equal square connected to electrical ground.
Figure 10. Example of P.C. Board Copper Area which is Figure 11. External Heatsink Mounting Example
used as Heatsink (61a = 25°C/W)

COPPER AREA 354 THICKNESS

N
11.9mm
\
P.C. BOARD
Figure 12. Maximum Package Power and Junction to Figure 13. Maximum Allowable Power Dissipation vs
Ambient Thermal Resistance vs Size *“ 7/ " Ambient Temperature
4 80
N ’ \\
(21 @
g’ P~ % g* s \&\a
= = 3 o)
'.. \ ~ g ! \//\1/?11/ %\
g, ™~ 5 3 & G
40 & % \o:
/‘/ L 2 \ ?530 )l})
s < & |
=T Pror (Tams = 70°C) ® £, &
1 20 \QQ \\
l \‘\\\
\&
0 0 0
0 10 20 30 40 -50 0 50 100
Side/ — mm Tamb — (°C)
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LINEAR INTEGRATED CIRCUITS

L298

Dual Full-Bridge Driver Power

FEATURES
e Operating Supply Voltage up to 46V

o Total Saturation Voltage
3.4V max at 1A

o Overtemperature Protected

® Operates in Switched and Linear
Regulation Modes

o 25W Power-Tab Package for Low
Installed Cost

¢ Individual Logic Inputs for Each Driver

e Channel-Enable Logic Inputs for Driver
Pairs

ABSOLUTE MAXIMUM RATINGS

Power Supply, Ve v ovvvivnininiiinninnnn,
Logic Supply Voltage, Vss .. o.vvvvnvnnennnn.
Input and Inhibit Voltage, Vi, Vinhibit « ... .

Peak Output Current (each channel), lo

Non-Repetitive (t = 100us)..............
Repetitive (80% on - 20% off; ton = 10ms)
DCOperation.......coovvvvniiienennnn,
Sensing Voltage, Vsens. .« .ovvevnrennnnins.
Total Power Dissipation (Tcase = 75°C), Ptot
Storage and Junction Temperature, Tstg, Tj

THERMAL DATA

Thermal Resistance Junction-Case, Rin j-case
Thermal Resistance Junction-Ambient, Rt j-amb . ...35°C/W max.

BLOCK DIAGRAM

................. 50V
.................. v
........ -0.3V to +7V
.................. 3A 83?}55% SENSING B
.............. 2.22 e
.................. NI
........ -1V to +2.3V PUT S >
) 25W LOGIC SUPPLY VOLTAGE Vss
""" 40°C to +150°C NAUTZ
""" ° ENABLE A
INPUT 1
SUPPLY VOLTAGE Vs
OUTPUT 2
OUTPUT 1
CURRENT SENSING A
........ 3°C/W max.

DESCRIPTION

The L298 is a power integrated circuit usable for driving resistive and inductive loads.
This device .contains four push-pull drivers with separate logic inputs. Two enable inputs
are provided for power down and chopping. Each driver is capable of driving loads up to
2A continuously.

Logic inputs to the L298 have high input thresholds (1.85V) and hysteresis to provide
trouble-free operation in noisy environments normally associated with motors and
inductors. The L298 input currents and thresholds allow the device to be driven by TTL
and CMOS systems without buffering or level shifting.

The emitters of the low-side power drivers are separately available for current sensing.
Feedback from the emitters can be used to control load current in a switching mode, or
can be used to detect load faults.

Separate logic and load supply lines are provided to reduce total IC power consumption.
Power consumption is reduced further when the enable inputs are low. This makes the
L298 ideal for systems that require low standby current, such as portable or battery-
operated equipment.

CONNECTION DIAGRAM

0uT2 Vs

12{In4

10|In3

11|EnB

SENSE A GND

L)

== UNITRODE
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ELECTRICAL CHARACTERISTICS (for each channel, Vs = 42V, Vss = 5V, T; = 25°C)

PARAMETERS TEST CONDITIONS MIN. TYP. MAX. UNITS

Supply Voltage (Pin 4), Vs Operative Condition Vin+2.5 46 Y

Logic Supply Voltage (Pin 9), Vss 4.5 7 Vv
Vinh. = H Vi=L 3

Quiescent Supply Current (Pin 4), Is IL=0 Vi=H 15 20 mA
Vinh. = L 1
Vinh. = H Vi= 5 10

Quiescent Current from Vgs (Pin 9), lss IL=0 Vi=H 15 3 mA
Vinh. = L 1 15

Input Low Voltage (Pins 5, 7, 10, 12), Vi v -0.3 1.5 v

Input High Voltage (Pins 5, 7, 10, 12), Vi n 2.3 Vss

Low Voltage Input Current (Pins 5, 7, 10, 12), li v Vi=L -10 A

High Voltage Input Current (Pins 5, 7, 10, 12), li n Vi=H 30 100

Inhibit Low Voltage (Pins 6, 11), Vinh. L -0.3 1.5 v

Inhibit High Voltage (Pins 6, 11), Vinh. 1 2.3 7

Low Voltage Inhibit Current (Pins 6, 11), linn. L Vinh. = L -10 A

High Voltage Inhibit Current (Pins 6, 11), linn. 1 Vinh. = H = Vss -0.6V 30 100

Source Saturation Voltage, Vce satH h=1A 12 18 "
IL=2A 1.8 2.8

Sink Saturation Voltage, Vce satiL) W= 1A 12 18 v
IL=2A 1.7 2.6

Total Drop, Vce sat L= 1A 34 v
IL=2A 5.2

Sensing Voltage (Pins 1, 15), Vsens -1 2 v

Source Current Turn-Off Delay, T1(Vi) 0.5V;t0o 0.9 IL"‘” 17 HS

Source Current Fall Time, T2(Vi) 0.9 1 t00.1 1" 0.2 us

Source Current Turn-On Delay, Ta(Vi) 0.5Vito0.1 h_'z’ 25 us

Source Current Rise Time, T4 (Vi) 0.1l _t0 09 IL(2) 0.35 MS

Sink Current Turn-Off Delay, Ts(Vi) 05Vito09 1L® 0.7 s

Sink Current Fall Time, Te (Vi) 0.9 ILto0.1 1L 0.2 us

Sink Current Turn-On Delay, T7 (Vi) 0.5Vjto 0.1 h_‘a' 1.5 us

Sink Current Rise Time, Ta(Vi) 0.11Lt009 1L 0.2 us

Commutation Frequency, fc IL=2A 25 40 KHz

1) Sensing voltage can be -1V for t < 504S; in steady state Vgens min = -0.5V.
2) See figure la.
3) See figure 2a.

UNITRODE INTEGRATED CIRCUITS
7 CONTINENTAL BLVD. * MERRIMACK, NH 03054
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L298

SWITCHING CHARACTERISTICS

Figure 1. Switching times test circuits. Figure 1a. Source Current Delay Times vs. Input or Enable Chopper.

Ves =5V Vs =42V L 1
o r
INPUT
Imax (2A)
0% T~ ‘} —————————————— <
ENABLE
10% 4 — ——— TR T - )
' T1 T2 T3 T4 .
ey iy Viav)
50% T~~~ ————- ¢
NOTE: For INPUT chopper,.set EN = H. >

Figure 2. Switching Times Test Circuits: Figure 2a. Sink Current Delay Times vs. Input or Enable Chopper.

Vs = 5V Vs = 42V b
Q O
Imax (2A]
T N - __________ 4
INPUT
i N 7| ty
ENABLE 15 |16 T T8
Vi(av)
— 50% T/ T T T T T T T~ t
NOTE: For INPUT chopper, set EN = H.
APPLICATIONS
Figure 3. Bi-Directional DC Motor Control.
+Vs
° NPUTS FUNCTION
INPU
b1 ﬂ b3 C=H;D=L Turn right
D2 04 Vioh.=H | C=L,D=H Turn left
1 1 c=D Fast motor stop
0 —I—-‘— pmy — _U_o Free running
Vin. =L | C=X;D=C motor stop
c D
L=Low
10 13 14 12 H = High
X = Don't Care
% 6 4Ves
4]
1/2 1298
1 O Vinh.
15 8
TO CONTROL :l: .
CIRCUIT -
I

D1 TO D4: UES1101 OR EQUIVALENT
OR UC3610 DIODE ARRAY

UNITRODE INTEGRATED CIRCUITS
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Figure 4. Bipolar Step Motor Driver.

10K 10K 10K 10K

+5V Vmotor

IFC_> O
1A

L298

é 9 4
5

12,6

16
STEP D 4 1 }
2 . 7 2f !
DIRECTION 6 7
ucssl7 -, o 298 3
- ENCODER DRIVER 3
FULL/HALF D : 10 5 12 13 5
11 6 14 ¢
>/ = 7 - SIS
= 1
= 18 15
CURRENT =
umIt -
CONTROL G
G CURRENT
s MOTOR
RESISTORS
MECHANICAL DATA
220 V Package
2185

4.3 5.08

L

17.8

Lem
]

| —~3.78 + 3.82

Dimensions in millimeters

UNITRODE INTEGRATED CIRCUITS
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LINEAR INTEGRATED CIRCUITS

L298D

Dual Full-Bridge Driver Power

FEATURES
e Operating Supply Voltage up to 46V

e Overtemperature Protected

® Operates in Switched and L/R Current
Regulation Modes

e 25W Power-Tab Package for Low
Installed Cost

o Individual Logic Inputs for Each Driver

e Channel-Enable Logic Inputs for Driver
Pairs
o Internal Diodes Minimize Parts Count

CONNECTION DIAGRAM (TOP VIEW)

DESCRIPTION

The L298D is a power integrated circuit usable for driving resistive and inductive loads.
This device contains four push-pull drivers with separate logic inputs. Two enable inputs
are provided for pow.. down and  >noping. Each driver is capable of driving loads up to
1A continuously.

The L298D features internal diodes for clamping output excursions when driving
inductive loads, such as motors and transmission lines. For most applications, these
diodes can corpletely replace all external clamp diodes. In certain cases, however,
additional output catch diodes may be valuable for reducing recovery time or power
dissipation. .

Logic inputs to the L298D have high input thresholds (1.85V) and hysteresis to provide
trouble-free operation in noisy environments normally associated with motors and
inductors. The L298D input currents and thresholds allow the device to be driven by
TTL.and CMOS systems without buffering or level shifting.

The emitters of the low-side power drivers are available in pairs for current sensing.
Feedback from the emitters can be used to control load current in a switching mode, or
can be used to detect load faults.

Separate logic and load supply lines are provided to reduce total IC power consumption.
Power consumption is reduced further when the enable inputs are low. This makes the
L298D ideal for systems that require low standby current, such as portable or battery-
operated equipment.

ABSOLUTE MAXIMUM RATINGS

Power SUPPIY, Ve vttt e
‘5| CURRENT SENSING B Logic Supply Voltage, Vss........
_$_ 4 quTRLT 4 Input and Enable Voltage, Vi, Ven
§ INPUT 4 Peak Output Current (each channel), lo
——— e Non-Repetitive (t = 100US). .+ evevnrnrnrnenrrenenennn.
g E——— LQGIC SUPPLY VOLTAGE Vss Repetitive (80% on - 20% off; ton = 10ms)
= :Em’njaTLéA DCOperation .......coveviuniviinninnns
5 § INPUT 1 Sensing Voltage, Vsens
& == e Total Power Dissipation (Tease = 75°C), Ptot «+..............
%: OUTPUT 1 Storage and Junction Temperature, Tstg, Tj .....
Z,_UF———> CURRENT SENSING A
Z_ TAB CONNECTED TO PIN 8 V PACKAGE THERMAL DATA
Thermal Resistance Junction-Case, Rth j-case . ....... 3°C/W max.
Thermal Resistance Junction-Ambient, Rin j-amb. ...35°C/W max.
BLOCK DIAGRAM
ouT1 ouT 2 Vs ouT3 ouT4

&
1]
<
F]
by

A

JU x|\
S o A= HoeH A1
::j @§ S %,_SCP; 7@2_5 o E@ m.:a

SENSE A

<] [is]

GND SENSE B
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ELECTRICAL CHARACTERISTICS (for each channel, Vs = 42V, Vgs = 5V, Tj = 25°C)

L298D

PARAMETERS TEST CONDITIONS MIN. TYP. MAX. UNITS
Supply Voltage (Pin 4), Vs Operative Condition Vin+2.5 46 \'
Logic Supply Voltage (Pin 9), Vss 45 7 v
Ven=H Vi=L 3 7
Quiescent Supply Current (Pin 4), |s IL=0 Vi=H 15 20 mA
Ven=L 1
Ven = Vi=L 5 10
Quiescent Current from Vss (Pin 9), lss IL=0 Vi=H 1.5 3 mA
Ven=1L 1 1.5
Input Low Voltage (Pins 5, 7, 10, 12), Vi L -0.3 1.5 v
Input High Voltage (Pins 5, 7, 10, 12), Vi n 2.3 Vss
Low Voltage Input Current (Pins 5, 7, 10, 12), |; Vi=L -10 A
High Voltage Input Current (Pins 5, 7, 10, 12), | 1 Vi=H 30 100
Enable Low Voltage (Pins 6, 11), Ven L -0.3 15 v
Enable High Voltage (Pins 6, 11), Ven 1 2.3 7
Low Voltage Enable Current (Pins 6, 11), len L Ven=1L -10 A
High Voltage Enable Current (Pins 6, 11), len H Ven = H < Vg ~0.6V 30 100
Source Saturation Voltage, Vce satH) IL=1A 1.2 2.2 v
Sink Saturation Voltage, Vce satiL) I =1A 1.4 2.2 v
Total Drop, VcE sat IL=1A 2.6 4.2 v
High-Side Diode Voltage, Vp) IL=1A 1.6 2.1 \'
Low-Side Diode Voltage, Vo IL=1A 1.6 2.1 Vv
Sensing Voltage (Pins 1, 15), Vsens -1 2 v
Source Current Turn-Off Delay, T1(V;) 0.5Vito 0.9 1IL'? 1.7 us
Source Current Fall Time, T2(V}) 091Lto0.1 1L? 0.2 us
Source Current Turn-On Delay, T3 (Vi) 05Vito0.11.? 25 us
Source Current Rise Time, T4(Vi) 0.11.t0 0.9 IL(Z’ 0.35 us
Sink Current Turn-Off Delay, Ts (Vi) 0.5 Vito 0.9 IL® 0.7 us
Sink Current Fall Time, Te (Vi) 09I to0.11.® 0.2 us
Sink Current Turn-On Delay, T7 (Vi) 0.5 Vito 0.1 IL™ 15 us
Sink Current Rise Time, Ta (V) 0.11Lto0.9 1™ 0.2 us
Commutation Frequency, fe IL=1A 25 40 KHz

1) Sensing voltage can be -1V for t < 504S; in steady state Vgens min = ~0.5V.

2) See figure la.
3) See figure 2a.

UNITRODE INTEGRATED CIRCUITS
7 CONTINENTAL BLVD. * MERRIMACK, NH 03054
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L298D

SWITCHING CHARACTERISTICS

Figure 1. Switching times test circuits. Figure 1a. Source Current Delay Times vs. Input.
Ves=5V  Vg=42V LA
INPUT
Imax (1A),
i 4
ENABLE )
e I N~ / t
T T2 T3 T4
- - Vi(4v)
50% T~ —————————— t
NOTE: For INPUT chopper, set EN = H. - >
Figﬁre 2. Switching Times Test Circuits. " Figure 2a. Sink Current Delay Times vs. Input.
ss = 5V Vs = 42V LA
O
Imax (1A):
T N _______ -
INPUT
10%: [— — — — —| B R A X
ENABLE 15 | 1 |
Vi(4v)
- 50% T/ """ T T~ ¢
NOTE: For INPUT chopper, set EN = H.
APPLICATIONS
Figure 3. Bi-Directional DC Motor Control.
+Vs
INPUTS FUNCTION
/A\ C=H;D=L Turn right
@} Ven=H | C=L;D=H Turn left
L C=D Fast motor stop
1
0 _I——|_ —_l_,—o Ven = L C=XD=C Free running
En ' motor stop
c D L = Low
T T H = High
10 B 1 12 X = Don't Care
® 6 +ve
L4 ]
1/2 298D
1o v
15 8
TO CONTROL —l—

CIRCUIT - —-,-— 1
0

Rs

D1 TO D4: UES1101 OR EQUIVALENT
— OR UC3610 DIODE ARRAY
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L298D

Figure 4. Bipolar Step Motor Driver.

+5V Vmotor

1 FO
s

10K 10K 10K l_OK

—giss

_ STEP D—————— 7 1 I 5
DIRECTION 2 ¢ 7 2
D— 6 uckl7 1o L298D
_ ENCODER DRIVER
FULL/HALF D 10 5 12 13
1 6 14
L 3 i
= 1 8 15
CURRENT -+
LIMIT -
CONTROL G
<j CURRENT
SENSE MOTOR
RESISTORS
MECHANICAL DATA
220 V Package
21.85

4.3 5.08

‘max dL_
.

o

%2.8

| —3.78 + 3.82

17.8

Dimensions in millimeters.
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LINEAR INTEGRATED CIRCUITS Uc1s17

Stepper Motor Drive Circuit

FEATURES

o Complete Motor Driver and Encoder
e Continuous Drive Capability 350mA

per Phase

e Contains all Required Logic for Full and

Half Stepping

® Bilevel Operation for Fast Step Rates

e Operates as a Voltage Doubler

e Useable as a Phase Generator and/or

as a Driver

e Power-On Reset Guarantees Safe,

Predictable Power-Up

e Monolithic Construction

® 16 Lead Plastic or Hermetic DIL
Package

ABSOLUTE MAXIMUM RATINGS

Second Level Supply, Vss
Phase Output Supply, Vmm
Logic Supply, Vee
Logic Input Voltage, Vin
Logic Input Current, lin
Output Current, Each Phase, Iphase
Output Current, Emitter Follower, lsecond
Power Dissipation, 50°C, CERDIP, Pgiss

Derate 10mW/°C Above 50°C

Power Dissipation, 25°C, Plastic Package, Pdiss

Derate 10mW/°C above 25°C

Junction Temperature, Tjunct
Ambient Temperature, UC1517, Tambient
Ambient Temperature, UC3517, Tambient
Storage Temperature, Tstorage

BLOCK DIAGRAM

.......................................... DIL-16 (TOP VIEW)

.......... PBZE ~ Evcc
........................................... 500mA PBIE 1_—5JVss
G TO00ME o [3] ] o

.................................... 2W Pa2 E E RC
........................................ 150°C pIR[6 11] INH
-55°C to +125°C [ - .
.................. 0°C to +70°C stee [7] 1] Fsw
............................ -55°C to +150°C 'NE [9] e

UC3517

DESCRIPTION

The UC3517 contains four NPN drivers that operate in two-phase fashion for full-step
and half-step motor control. The UC3517 also contains two emitter followers, two
monostables, phase decoder logic, power-on reset, and low-voltage protection, making it
a versatile system for driving small stepper motors or for controlling large power
devices.

The emitter followers and monostables in the UC3517 are configured to apply higher-
voltage pulses to the motor at each step command. This drive technique, called
“Bilevel,” allows faster stepping than common resistive current limiting, yet generates
less electrical noise than chopping techniques.

ORDERING INFORMATION Operating Temperature Range
UC1517J, CERDIP ......... -55°C to +125°C
UC3517J, CERDIP .t e 0°C to +70°C
UC3517N, Plastic Package ......cvvriiiiiiii i iiiiii e 0°C to +70°C

CONNECTION DIAGRAM

J or N PACKAGE

Pat [4] [13] La

RC (12

STEP E

HSM |10

DIR E

LOGIC POWER
POWER-ON RESET

DIRECTION

MONOSTABLE
PULSE B PULSE A
A
T v oFF [s]on
CLOCK . O
FULL/HALF PHASE LOGIC s -
OFF| s
PHASE PHASE PHASE PHASE| —
AL A2 BI B2
4 | Pa1
5 [ Pa2

1
!

1/86
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UC1517
UC3517

ELECTRICAL CHARACTERISTICS (Unless otherwise stated, these specifications apply for Ta = -55°C to +125°C for the UC1517 and
0°C to +70°C for the UC3517; Vec = 5V; Vgs = 20V.)

UC1517
PARAMETER TEST CONDITIONS ucss17 UNITS
. MIN. TYP. MAX.
Logic Supply, Vee Pin 16 475 5.25 v
Second Supply, Vss Pin 15 10 40 '
Logic Supply Current Vinu = 0.4V 45 60 mA
Logic Supply Current ViNH = 4.0V 12 mA
Input Low Voltage Pins 6, 7, 10, 11 0.8 Vv
Input High Voltage Pins 6, 7, 10, 11 2.0 Vv
Input Low Current Pins 6, 7, 10, 11; V = 0V -400 uA
Input High Current Pins 6, 7, 10, 11; V =5V 20 uA
Phase Output Saturation Voltage Pins 1, 2, 4, 5; | = 350mA 0.6 0.85 Vv
Phase Output Leakage Current Pins 1, 2, 4,5;V =39V 500 uA
Follower Saturation Voltage to Vss Pins 13, 14; | = 350mA -2 \
Follower Leakage Current Pins 13, 14;V =0V 500 LA
Output Low Voltage, @a, P8 Pins 8, 9; 1= 1.6mA 0.1 0.4 v
Phase Turn-On Time Pins1,2,4,5 2 uS
Phase Turn-Off Time Pins 1,2, 4,5 1.8 uS
‘Second-Level On Time, tmono Pins 13, 14, Figure 3 Test Circuit 275 325 375 uS
Logic Input Set-Up Time, ts Pins 6, 10; Figure 4 400 nS
Logic Input Hold Time, tn Pins 6, 10; Figure 4 0 nS
STEP Pulse Width, tp Pin 7; Figure 4 800 nS
Timing Resistor Value Pin 12 1K 100K Q
Timing Capacitor Value Pin 12 0.1 500 nF
Power-On Threshold Pin 16 43 \
Power-Off Threshold Pin 16 3.8 Vv
Power Hysteresis Pin 16 0.5 \
+5 +20 +20
.16 15 54
540
’ DuT 540 STEP
—10
540
M2 13 4 8
O1uF
= lals

47k 510—=510 2.8k

Figure 3. Test Circuit

UNITRODE INTEGRATED CIRCUITS
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Pa1. Paz,
Pg1, Pe2

A
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PIN DESCRIPTIONS

Vee: Vee is the UC3517's logic supply. Connect to a regulated
5VDC, and bypass with a 0.1uF ceramic capacitor to absorb
switching transients.

Vmm: Vmm is the primary motor supply. It connectstothe UC3517
phase outputs through the motor windings. Limit this supply to
less than 40V to prevent breakdown of the phase output transis-
tors. Select the nominal Vimm voltage for the desired continuous
winding current.

Vss: Vss is the secondary motor supply. It drives the La and Lg
outputs of the UC3517 wher a monostable in the UC3517 is
active. In the bilevel application, this supply is applied to the
motor to charge winding inductance faster than the primary
supply could. Typically, Vss is higher in voltage than Vmm,
although Vss must be less than 40V. The Vss supply should have
good transient capability.

GROUND: The ground pin is the common reference for all sup-
plies, inputs, and outputs.

RC: RC controls the timing functions of the monostables in the
UC3517. It is normally connected to a resistor (Rt) and a capaci-
tor (Ct) to ground, as shown in Figure 3. Monostable on time is
determined by the formula: Ton = 0.69 Ry Ct. To keep the mono-
stable on indefinitely, pull RC to V¢ through a 50k resistor. The
UC3517 contains only one RC pin for two monostables. If step
rates comparable to Ton are commanded, incorrect pulsing can
result, so consider maximum step rates when selecting Rrand Cr.
Keep Ton = TsTEP MAX-

@aand ¢s: These logic outputs indicate half-step position. These
outputs are open-collector, low-current drivers, and may directly
drive TTL logic. They can also drive CMOS logic if a pull-up resistor
is provided. Systems which use the UC3517 as an encoder and
use a different driver can use these outputs to disable the external
driver, as shown in Figure 8. The sequencing of these outputs is
shown in Figure 5.

ucis17
uc3517

Pa1, Pa2, Pg1, and Pgy: The phase outputs pull to ground sequen-
tially to cause motor stepping, according to the state diagram of
Figure 5. The sequence of stepping on these lines, as with the La
and Lg lines is controlled by the STEP input, the DIR input, and the
HSM input. Caution: If these outputs or any other IC pins are
pulled too far below ground either continuously or in a transient,
step memory can be lost. It is recommended that these pins be
clamped to ground and supply with high-speed diodes when
driving inductive loads such as motor windings or solenoids. This
clamping is very important because one side of the winding can
“kick” in a direction opposite the swing of the other side.

La and Lg: These outputs pull to Vss when their corresponding
monostable is active, and will remain high until the monostable on
time elapses. Before and after, these outputs are high-
impedance. For detailed timing information, consult Figure 5.

STEP: This logic input clocks the logic in the UC3517 on every
falling edge. Like all other UC3517 inputs, thisinputis TTL/CMOS
compatible, and should not be pulled below ground.

DIR: This logic input controls the motor rotation direction by
controlling the phase output sequence as shown in Figure 5. This
signal must be-stable 400nS before a falling edge on STEP, and
must remain stable through the edge to insure correct stepping.

HSM: This logic input switches the UC3517 between half-
stepping (HSM = low) and full-stepping (HSM = high) by
controlling the phase output sequence as shown in Figure 5. This
line requires the same set-up time as the DIR input, and has the
same hold requirement.

INH: When the inhibit input is high, the phase and ¢ outputs are
inhibited (high-impedance). STEP pulses received while inhibited
will continue to update logic in the IC, but the states will not be
reflected at the outputs untilinhibitis pulled low. In stepper motor
systems, this can be used to save power or to allow the rotor to
move freely for manual repositioning.

OPERATING MODES

The UC3517 is a system component capable of many different
operating modes, including:

Unipolar Stepper Driver: In its simplest form, the UC3517 can be
connected to a stepper motor as a unipolar driver. La, Lg, RC and
Vss are not used, and may be left open. All other system design
considerations mentioned above apply, including choice of motor
supply Vmm, undershoot diodes, and timing considerations.

Unipolar Bilevel Stepper Driver: If increased step rates are
desired, the application circuit of Figure 6 makes use of the
monostables and emitter followers as well as the configuration
mentioned above to provide high-voltage pulses to the motor
windings when any phase is turned on. For a given dissipation
level, this mode offers faster step rates, and very little additional
electrical noise.

The choice of monostable components can be estimated based
on the timing relationship of motor current and voltage: V =
Ldl/dt. Assuming a fixed secondary supply voltage (Vss), a fixed
winding inductance (Lm), a desired winding peak current (Iw),
and no back EMF from the motor, we can estimate that Ry Ct =
1.449 lwlm/Vss. In practice, these calculations should be con-
firmed and adjusted to accommodate for effects not modeled.

UNITRODE INTEGRATED CIRCUITS
7 CONTINENTAL BLVD. * MERRIMACK, NH 03054
TEL. (603) 424-2410 * TELEX 95-3040

Voltage-Doubler Mode: The UC3517 can also be used to generate
higher voltages than available with system power supplies using
capacitors and diodes. Figure 9 shows how this might be done,
and gives some estimates for component values.

Higher-Current Operation: For systems requiring more than
350mA of drive per phase the UC3517 can be used in conjunction
with discrete power transistors or power driver ICs, like the L298.
These can be connected as current gain devices that turn on when
the phase outputs turn on.

Bipolar Motor Driver: Bipolar motors can be controlled by the
UC3517 with the addition of bipolar integrated drivers such as the
UC3717A (Figure 8) and the L298, or discrete devices. Care
should be taken with discrete devices to avoid potential cross-
conduction problems.
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Figure 5. Logic Flow Graph

LOGIC FLOW GRAPH

The UC3517 contains a bidirectional counter which is decoded to
generate the correct phase and @ outputs. This counter is incre-
mented on every falling edge of the STEP input. Figure 5 shows a
graph representing the counter sequence, inputs that determine
the next state (DIR and HSM), and the outputs at each state. Each
circle represents a unique logic state, and the four inside circles
represent the half-step states.

The four bits inside the circles represent the phase outputs in
each state (Pa1, Paz, Pa1,and Pg2). For example, the circle labeled
1010 is immediately entered when the device is powered up, and
represents Pa1 off (“1” or high), Paz on (“0" or low), Pg1 off (“1” or
high), and Pez2 on (“0" or low). The ¢pa and ¢ outputs are both low
(unidentified).

UNITRODE INTEGRATED CIRCUITS
7 CONTINENTAL BLVD. * MERRIMACK, NH 03054
TEL. (603) 424-2410 * TELEX 95-3040

The arrows in the graph show the state changes. For example, if
the ICis in state 0110, DIR is high, HSM s high, and STEP falls, the
next state will be 0101, and a pulse will be generated onthe Lgline
by the monostable.

Inhibit will not effect the logic state, but it will cause all phase
outputs and both ¢ outputs to go high (off). Afallingedge on STEP
will still cause a state change, but inhibit will have to toggle low for
the state to be apparent.

A falling edge on STEP with HSM high will cause the counter to
advance to the next full step state regardless of whether or not it
was in a full step state previously.

No La or Lg pulses are generated entering half-states.
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Vz = Vss < 40V
ANA
uC3610
DIODE ARRAY

AR
6 15 14 13 1
6 1 7
7 2
WPROCESSOR 10 ucss17 N 3
11 5 2

i)

v k%

Figure 6. Bilevel Motor Driver

||m
(o))

For applications requiring very fast step rates, a zener diode
permits windings to discharge at higher voltages, and higher
rates. Driver transistor breakdown must be considered when
selecting Vss and zener voltage to insure that the outputs will not
overshoot past 40V. If the zener diodes are not used and UC3610
pin 2 is connected directly to Vss, then higher Vss can be used.

WINDING
CURRENT AN
/ o
RTCTLONG ™
~—
~
= e~
«—
—
o«
o
o Rr Cr SHORT

/

TIME

Figure 7. Effects of Different Ry & Cy on Bilevel Systems

Experimental selection of Ry and Cr allow the designer to select a
small amount of winding current overshoot, as shown above.
Although the overshoot may exceed the continuous rated current
of the winding and the drive transistors, the duration can be well
controlled. Average power dissipation for the driver and motor
must be considered when designing systems with intentional
overshoot, and must stay within conservative limis for short duty
cycles.
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| 10K 10K 47K
16
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INH 11 8 I | 1 MOTOR
3 11 6 3 14
J_ 10K 1
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1
9 5
ﬂ 2 10 6 5
: 1K
PHASE GENERATOR
7K
lnFI I3nF Ri
DRIVERS

Figure 8. Interface to UC3717 Bipolar Driver

In this application, the ¢a and ¢g outputs of the UC3517 are
connected to the current program inputs of the UC3717. This
allows the UC3517 inhibit signal to inhibit the UC3717, and also
allows half-step operation of the UC3717. Peak motor winding
current will be limited to approximately .42V/Ry by chopping.

+5 Venm

l L C1
16 RN I Voo
R1
LN5802 or UES1001
STEP —7 = MOTOR
4
INH — 11 ) g_
Uc3s17
DIR —6
5
2 —TTvamm
FISM — 10 1
1N5802 or UES1001
Cz
12 14 o= Vinm

3
Rz
Cr I Rt J_

Figure 9. Using the UC3517 as a Voltage Doubler

Although component values can be best optimized experi-
mentally, good starting values speed development. For this

design, start with:

Rt Ct = 3 Lw/Rw
C1=C2=Lwl/Rw

R1 = Rz =29 Tmin/c1

UNITRODE INTEGRATED CIRCUITS
7 CONTINENTAL BLVD. * MERRIMACK, NH 03054
TEL. (603) 424-2410 * TELEX 95-3040

where:

Lw is winding inductance,

Rw is winding resistance,

I; is rated winding current, and

Tmin is minimum step period expected.
4-29
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UNITRODE INTEGRATED CIRCUITS  Ugisio
DUAL Schottky Diode Bridge

FEATURES DESCRIPTION

* Monolithic Eight-Diode Array This eight-diode array is designed for high-current, low duty-cycle applications typical of
o Exceptional Efficiency flyback voltage clamping for inductive loads. The dual bridge connection makes this

e Low Forward Voltage device particularly applicable to bipolar driven stepper motors.

o Fast Recovery Time The use of Schottky diode technology features high efficiency through lowered forward
e High Peak Current voltage drop and decreased reverse recovery time.

® Small Size This single monolithic chip is fabricated in both hermetic cerdip and copper-leaded plastic

minidip packages. The UC1610 in ceramic is designed for -55°C to +125°C environments
but with reduced peak current capability; while the UC3610 in plastic has higher current
rating over a 0°C to 70°C ambient temperature range. -

ABSOLUTE MAXIMUM RATINGS

Peak Inverse Voltage (perdiode)..........covvviivnenn.. 50V
Peak Forward Current

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

DIL-8 (TOP VIEW) ~—\J
N or J PACKAGE

=
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uc1610

UC3610
ELECTRICAL CHARACTERISTICS (All specifications apply to each individual diode. Ty = 25°C except as noted.)
PARAMETER TEST CONDITIONS MIN. TYP. MAX. UNITS
IF =-100mA 04 0.5 0.7
Forward Voltage Drop IF = 1A 0.8 10 13 v
Vr = 40V .01 0.1
Leakage Current Vi = 40V, Ty = 100°C 01 1.0 mA
Reverse Recovery .5A Forward to .5A Reverse 15 nSec
Forward Recovery 1A Forward to 1.1V Recovery 30 nSec
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 Forward Voltage vs Current
3000 30
2000 e
20 7{
1000 10 // //
500 0.5 / /
~ / / A—n =-55°C
< 300 ~ 03 |
T / & [ L) —T:=25C
| 0 |02 7 T
5 / 5 L‘/ ,7[_T,= 125°C
g 100 = 12&/ g o1
§ 50 P g 05 [ /
£ 30 S o3
w o
- 2 o2 [
0 w
5 005 /
3 Ty=75°C // 003 I I
2 ——"] 002 [1]
ITy=25°C | I I
1 I 001
0 10 20 30 40 50 0 2 4 6 8 10 12 14 16 18 20

REVERSE VOLTAGE — (V)
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LINEAR INTEGRATED CIRCUITS

Phase Locked Frequency Controller

FEATURES

e Precision Phase Locked Frequency

Control System

e Crystal Oscillator
® Programmable Reference Frequency

Dividers

® Phase Detector with Absolute
Frequency Steering

e Digital Lock Indicator

e Double Edge Option on the Frequency
Feedback Sensing Amplifier

e Two High Current Op-Amps
e 5V Reference Output

- BLOCK DIAGRAM

UC1633
UC2633
UC3633

DESCRIPTION

The UC1633 family of integrated circuits was designed for use in phase locked
frequency control loops. While optimized for precision speed control of DC motors,
these devices are universal enough for most applications that require phase locked
control. A precise reference frequency can be generated using the device's high
frequency oscillator and programmable frequency dividers. The oscillator operates
using a broad range of crystals, or, can function as a buffer stage to an external
frequency source.

The phase detector on these integrated circuits compares the reference frequency with
a frequency/phase feedback signal. In the case of a motor, feedback is obtained at a
hall output or other speed detection device. This signal is buffered by a sense amplifier
that squares up the signal as it goes into the digital phase detector. The phase detector
responds proportionally to the phase error between the reference and the sense
amplifier output. This phase detector includes absolute frequency steering to provide
maximum drive signals when any frequency error exists. This feature allows optimum
start-up and lock times to be realized.

Two op-amps are included that can be configured to provide necessary loop filtering.
The outputs of these op-amps will source or sink in excess of 16mA, so they can
provide a low impedance control signal to driving circuits.

Additional features include a double edge option on the sense amplifier that can be
used to double the loop reference frequency for increased loop bandwidths. A digital
lock signal is provided that indicates when there is zero frequency error, and a 5V
reference output allows DC operating levels to be accurately set.
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UC1633

UC2633
UC3633

ABSOLUTE MAXIMUM RATINGS CONNECTION DIAGRAM
Input Supply Voltage (+VIN) «.ovveviinii i +20V
Reference Output Current .......coovueevreenneeennn..s -30mA DIL-16 (TOP VIEW)
Op-Amp Output CUITENES « ..\ veeeeeeeeaaninnans +30mA Jor N PACKAGE
Op-Amp Input Voltages......... -.3Vto +20V
Phase Detector Output Current .....................0. +10mA
Lock Indicator Output Current .. ....+15mA DIV, 4/5 Y2
Lock Indicator Output Voltage ...........ccovvvnivnnen... +20V INpPUT LL [16] GrouND
Divide Select Input Voltages ...... -.3Vto +10V DIV. 2/4/8 E E 0sC.
Double Edge Disable Input Voltage . . -.3Vto +10V INPUT INPUT
Oscillator Input Voltage....... -.3Vto +5V Lock '"%S¢E8$ E E 8acfpm
Sense Amplifier Input Voltage .. .3V to +20V PHASE DETECTOR |_—4_— 1_—3]
Power Dissipation at TA =25°C .....cccvvneenennn.. 1000mW OuTPUT Vi

Derate at 10mW/°C above 25°C DisASEE EBCE [5] 12] AUX MR
Power Dissipationat Tc =25°C ......covvvvininnnn.. 2000mwW SENSE AMP. [ 1_—11 AUX. AMP.

Derate at 16mW/°C above 25°C INPUT NON-INV. INPUT
Thermal Resistance Junction to Ambient ............ 100°C/W O?JVTFF%? 7 10 f\NU\}f'.ﬁ“pAST
Thermal Resistance Junctionto Case ................ 60°C/W LOOP AMP. E EI LOOP AMP.
Operating Junction Temperature . . -55°C to +150°C INV. INPUT ouTPUT
Storage Temperature . ...........covvuenn. -65°C to +150°C
Lead Temperature (Soldering, 10 Seconds) ............. 300°C
Note: 1. Voltages are referenced to ground, (Pin 16).

Currents are positive into, negative out of, the specified
terminals.

ELECTRICAL CHARACTERISTICS (Unless otherwise stated, specifications hold for Ta = 0°C to +70°C for the UC3633, -25°C to +85°C
for the UC2633 and -55°C to +125°C for the UC1633, +Vin = 12V.)

PARAMETER TEST CONDITIONS MIN. TYP. MAX. | UNITS
Supply Current +Vin = 15V 20 28 mA
Reference
Output Voltage (Vrer) 4.75 5.0 5.25 \"
Load Regulation loutr =0 to 7mA 5.0 20 mV
Line Regulation +Vin = 8 to 15V 2.0 20 mV
Short Circuit Current Vour = 0V 12 30 mA
Oscillator
DC Voltage Gain Oscillator Input to Oscillator Output 12 16 20 dB
Input DC Level (Vi) Oscillator Input Pin Open, T, = 25°C 1.15 13 1.45 v
Input Impedance (Note 2) Vin=Vig £ 0.5V, Ty = 25°C 1.3 1.6 19 kQ
Output DC Level Oscillator Input Pin Open, Ty = 25°C 1.2 1.4 1.6 Vv
Maximum Operating Frequency 10 MHz
Dividers
Maximum Input Frequency Input = 1Vpp at Oscillator Input 10 MHz
Div. 4/5 Input Current Input = 5V (Div. by 4) 150 500 HA
Input = OV (Div. by 5) -5.0 0.0 50 HA
Div. 4/5 Threshold 0.5 1.6 2.2 v
Div. 2/4/8 Input Current Input = 5V (Div. by 8) 150 500 HA
Input = OV (Div. by 2) -500 -150 UA
Div. 2/4/8 Open Circuit Voltage Input Current = OuA (Div. by 4) 1.5 25 35 \
Div. by 2 Threshold 0.35 0.8 \
Div. by 4 Threshold 15 35 \'
Div. by 8 Threshold Volts Below Vrer 0.35 0.8 \"

Note: 2. These impedance levels will vary with Ty at about 1700ppm/°C.
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UC1633
UC2633
UC3633

ELECTRICAL CHARACTERISTICS (Unless otherwise stated, specifications hold for Ta = 0°C to +70°C for the UC3633, -25°C to +85°C
for the UC2633 and -55°C to +125°C for the UC1633, +Vin = 12V.)

PARAMETER TEST CONDITIONS | min. [ tve. | max. [ units
Sense Amplifier
Threshold Voltage Percent of Vger 27 30 33 %
Threshold Hysteresis 10 mV
Input Bias Current Input = 1.5V -1.0 -0.2 uA
Double Edge Disable Input
Input Current Input = 5V (Disabled) 150 500 uA
Input = OV (Enabled) -5.0 0.0 5.0 uA
Threshold Voltage ' 05 16 22 v
Phase Detector
High Output Level Positive Phase/Freq. Error, Volts Below VRer 0.2 0.5 \
Low Output Level Negative Phase/Freq. Error 0.2 0.5 \'
Mid Output Level Zero Phase/Freq. Error, Percent of Vger 47 50 53 %
High Level Maximum Source Current Vourt = 4.3V 2.0 8.0 mA
.Low Level Maximum Sink Current Vour = 0.7V 2.0 5.0 mA
Mid Level Output Impedance (Note 2) lout = -200 to +200uA, Ty = 25°C 45 6.0 7.5 kQ
Lock Indicator Output
Saturation Voltage Freq. Error, lout = 5mA 0.3 0.45 \'
Leakage Current Zero Freq. Error, Vour = 15V 0.1 1.0 uA
Loop Amplifier
NON INV. Reference Voltage Percent of Veer 47 50 53 %
Input Bias Current Input = 2.5V -0.8 -0.2 UA
AVOL 60 75 dB
PSRR +Vin = 8 to 15V 70 100 dB
Short Circuit Current Source, Vour = OV 16 35 mA
Sink, Vourt = 5V 16 30 mA
Auxiliary Op-Amp
Input Offset Voltage Vem = 2.5V 8 mV
Input Bias Current Vem = 2.5V -0.8 -0.2 UA
Input Offset Current Vem = 2.5V .01 0.1 UA
AVOL 70 120 dB
PSRR +Vin = 8 to 15V 70 100 dB
CMRR Vem = 0 to 10V 70 100 dB
Short Circuit Current Source, Vour = 0¥ 16 35 mA
Sink, Vourt = 5V 16 30 mA

Note: 2. These impeaance levels will vary with Ty at about 1700ppm/°C.
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UC1633

UC2633
UC3633
APPLICATION AND OPERATION INFORMATION
Determining The Oscillator Frequency The resulting reference frequency appearing at the phase detec-

tor inputs is equal to the oscillator frequency divided by the
selected divide ratio. If the double edge option is used, (Pin 5 low),
the frequency of the sense amplifier input signal is doubled by
responding to both the rising and falling edges of the input signal.
fosc(Hz) = (Divide Ratio) - (Motor RPM) - (1/60 SEC/MIN) - Using this option the loop reference frequency can be doubled for

. a given motor RPM.
(No. of Rotor Poles/2) - (x 2 if Pin 5 Low)

The frequency at the oscillator is determined by: the desired RPM
of the motor, the divide ratio selected, the number of poles in the
motor, and the state of the double edge select pin.

Recommended Oscillator Configuration Using AT Cut Quartz Crystal

(<10MHz)

MAY BE
REQUIRED :_
TO PREVENT
4700 SPURIOUS |
OSCILLATION |

|

|

| 1.6k |
uciess |

-
|

External Reference Frequency Input

EXTERNAL REFEREN?

1to ZVPN /

OR

~ .2Vpp to 2V [t Ll et —_

O1uF

uC1633

Method For Deriving Rotation Feedback Signal From Analog Hall Effect Device

VRer
ouTPUT | F—————————

“Vpp AuF
> 300mVep SENSE
LOW LEVEL AMPLIFIER
ANALOG HALL
OUTPUT =

*This signal may require filtering if chopped mode drive scheme is used.
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APPLICATION AND OPERATION INFORMATION

Phase Detector Operation

The phase detector on these devices is a digital circuit that

responds to the rising edges of the detector’s two inputs. The -

phase detector output has three states: a high, 5V state, a low, OV
state, and a middle, 2.5V state. In the high and low states the
output impedance of the detector is low, the middle state output
impedance is high, typically 6.0kQ. When there is any static
frequency difference between the inputs the detector output is
fixed at its high level if the +input (the sense amplifier signal) is
greater in frequency, and fixed at its low level if the —input (the
reference frequency signal) is greater in frequency.

When the frequencies of the two inputs to the detector are equal
the phase detector switches between its middle state and either
the high or low states, depending on the relative phase of the two
signals. If the +input is leading in phase then, during each period
of the input frequency, the detector output will be high for a time
equal to the time difference between the rising edges of the
inputs, and will be at its middle level the remainder of the period.
If the phase relationship is reversed then the detector will go low
for a time proportional to the phase difference of the inputs. The
-resulting gain of the phase detector, K¢, is 5V/4w radians, or

UC1633
Uc2633
UC3633

about 0.4V/radian. The dynamic range of the detector is +27
radians.

The operation of the phase detector is illustrated in the figures
below. The upper figure shows typical voltage waveforms seen at
the detector output for leading and lagging phase conditions. The
lower figure is a state diagram of the phase detector logic. In this
figure, the circles represent the 10 possible states of the logic and
the connecting arrows the transition events/paths to and from
these states. Transition arrows that have a clockwise rotation are
the result of a rising edge on the +input, and conversely, those
with counter-clockwise rotation are tied to the rising edge on the
—input signal.

The normal operational states of the logic are 6 and 7 for positive
phase error, 1 and 2 for a negative phase error. States 8 and 9
occur during positive frequency error, 3 and 4 during negative
frequency error. States 5 and 10 accur only as the inputs cross
over from a frequency error to a normal phase error only condi-
tion. The level of the phase detector output is determined by the
logic state as defined in the state diagram figure. The lock indica-
tor output is high, off, when the detector is in states 1, 2, 6, or 7.

TYPICAL PHASE DETECTOR OUTPUT WAVEFORMS

T
(ONE PERIOD

—>| OF REFERENCE |<—
FREQUENCY)

—]

4
ov

5V P
|_| |—| |_| l—l SENSE AMPLIFIER INPUT
—1 —1 — | LEADING REFERENCE
2.5V
T e

FREQUENCY INPUT
BY 90 DEGREES

5v

25V — -_— —_—

SENSE AMPLIFIER INPUT
TRAILING REFERENCE

L

L

- - FREQUENCY INPUT
BY 90 DEGREES

PHASE DETECTOR STATE DIAGRAM

RISING EDGE RISING EDGE

ON PHASE DETECTOR ON PHASE DETECTOR
— INPUT \) C/ + INPUT
(REFERENCE) (SENSE AMP)

1 |
OUTPUT = 5V | OUTPUT = 2.5V | OUTPUT = OV

DIGITAL LOCK INDICATOR HIGH DURING STATES 1, 2, 6, AND 7.
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APPLICATION AND OPERATION INFORMATION

UC1633
UC2633
UC3633

R1 Ra

FROM REF. —’\/\/\/—"f
FILTER

uc1633
LOOP AMP.
I

Vaby, 5V OR OV

* The static phase error of the loop is easily adjusted by adding
resistor, R4, as shown. Tolock at zero phase error R4 is determined
by:

Vout

Suggested Loop Filter Configuration

TO POWER
DRIVE STAGE

»out Rs
T”\:—(s) B R1
1
“P = RaCy
1
“2 7 (Ry + R2) Cy

Where: | AVourt| =|Vour - 2.5V|

and Vourt =

1+s/wz

1+ s/wp

DC Operating Voltage At Loop
Amplifier Output During Phase Lock

2.5V -R3 If: (Vour - 2.5) > 0 R4 Goes To OV
R4 = -
[aVoutl (Vout — 2.5) <0 R4 Goes To 5.0V
Reference Filter Configuration
Ct Yout 1
I (s) =
al ZIN s2{ s
FROM Ry Rz wN WN
PHASE DETECTOR +
ouTPUT Vin -0 TISL%SZQP 1
c B Vour INPUT wN —
2
\/ RiR2C1C2
— uC1633
= AUXILIARY o1 C  Ri*tR2
OP-AMP. = 20 " 2
v RiRz
. Ca
Note: with Ry =Rz, ¢ = -
Cq
Reference Filter Design Aid — Gain Response Reference Filter Design Aid — Phase Response
0.0 —T
Vanable is 1/{ —y Vanable is1/¢°
10 74 w‘ Re, 17¢% = C1/C2)] -20 R (For Ri=Re, 17¢% = C1/C2) |
= N 50
= =z .
- -40
g8 00 ~ ¢ Q |20
= ~) 10 2 g0 3\ 10
| S 5 T N5
£ -10 2 T -80 2
S 1 z I~
w » -100
57 2 -120
g N : NN
- N NN
-160 AN
~40 -180
0.1 0.2 04 06081 2 4 6 810 0.1 0.2 04 06081 2 4 6 810
NORMALIZED FREQUENCY — (w/wn) NORMALIZED FREQUENCY — (w/wn)
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APPLICATION AND OPERATION INFORMATION UC1633
uc2633
UC3633

Design Example LOCK INDICATION
OUTPUT

Kv = .022V-SEC/RAD
Ky = .022NM/AMP

J = 1.5E-3 NM-SEC?
(Includes 3-5" Platters)

7.8643MHz

UC3620
SWITCHMODE 3-¢ DRIVER

UC3633
PHASE LOCKED CONTROLLER

HALL LOGIC
OUTPUTS

022

Precision phase locked frequency control of 3-phase motor at
3600 RPM. Drive scheme is current fed using the UC3620 switch-
mode driver for 3-¢ motors.

Bode Plots — Design Example Open Loop Response 1 — Kur(s) - Kre(s)
8 N - Ko - Gep - Kr
60 [N 2 - 2.
40 A L p— 3 — Combined Overall Open Loop Response
\\ N h P \\ .
g 20 r.__ =T ( 3 < \ Where:
T 0 \ \\ KLr(s) = Loop Filter Response
g 20 , N < N Krr(s) = Reference Filter Response
2 \\ \ N = 4 (Using Double Edge Sensing With 4 Pole Motor)
o N \ K¢ = Phase Detector Gain (.4V/RAD)
0 \\ \\ Gpp = Power Stage Transconductance (1A/V)
_80.01 02 050102051 2 5 10 zo\ 50 100 Kr = Motor Torque Constant (.022NM/A)
NORMALIZED FREQUENCY — f/fu — (fu = 4Hz) J = Motor Moment of Inertia (0015NM — SECZ)
s = 2mijf

*Note: Fora current mode driver the electrical time constant, Lm/ R, of the motor does not enter into into the small signal response. If
a voltage mode drive scheme is used, then the asymptote, plotted as 2 above, can be approximated by:

N- K¢ - Kpp - Kr R K m g Ke? ‘ Rm
Z- Ry T Rm>fr ;M o e SN

Here: Kpp = Voltage Gain of Driver Stage

Rm = Motor Winding Resistance
Lm = Motor Winding Inductance

UNITRODE INTEGRATED CIRCUITS
7 CONTINENTAL BLVD, » MERRIMACK, NH 03054
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LINEAR INTEGRATED CIRCUITS

Phase Locked Frequency Controller

FEATURES
® Precision Phase Locked Frequency
Control System

e Commutation Logic for 2-Phase Motors
® Disable Input for Motor Inhibit
e Crystal Oscillator

e Programmable Reference Frequency
Dividers

e Phase Detector with Absolute
Frequency Steering

o Digital Lock Indicator
® Two High Current Op-Amps
e 5V Reference Output

CONNECTION DIAGRAM

DESCRIPTION

UCl634
UC2634
UC3634

The UC1634 series of devices is optimized to provide precision phase locked frequency
control for two phase DC brushless motors. These devices include most of the features
of the general purpose UC1633 Phase Locked Control family and also provide the out-
of-phase commutation signals required for driving two phase brushless motors. Only an
external power booster stage is required for a complete drive and control system.

The two commutation outputs are open collector devices that can sink in excess of
16mA. A disable input allows the user to simultaneously force both of these outputs to
an active low state. Double edge logic, following the sense amplifier, doubles the
reference frequency at the phase detector by responding to both edges of the input

signal at Pin 7.

DIL-16 (TOP VIEW)
J or N PACKAGE

DIV. 2/4/8 [T
INPUT

LOCK INDICATOR
OuTPUT E

PHASE DETECTOR
OUTPUT E

DISABLE
INPUT E

[16] arRoUND

0SC.
15} INPUT

0scC.
E OUTPUT

E +Vin

BN =L
B 3 R e

S Bl
A5 afti

ABSOLUTE MAXIMUM RATINGS

Input Supply Voltage (FVIN) ««vueernrerneenreenennnnnns
Reference Output Current
Op-Amp Output Currents ...
Op-Amp Input Voltages.......
Phase Detector Output Current
Lock Indicator Qutput Current
Lock Indicator Output Voltage .
Divide Select Input Voltage ..
Disable Input Voltage
Oscillator Input Voltage. ......
Sense Amplifier Input Voltage
Driver Output Currents
Driver Output Voltages
Power Dissipation at Ta = 25°C

Derate at 10mW/°C above 25°C

Power Dissipation at Tc =25°C ......coovvvvniinenn.n 2000mW
Derate at 16mW/°C above 25°C

Thermal Resistance Junction to Ambient ............ 100°C/W

Thermal Resistance Junction to Case ................ 60°C/W

Operating Junction Temperature............
Storage Temperature.............cooevuenn.
Lead Temperature (Soldering, 10 Seconds)............. 300°C

Note: 1. Voltages are referenced to ground, (Pin 16).
Currents are positive into, negative out of, the specified

=7

15V

h SENSE AMPLIFIER

DOUBLE EDGE LOGIC

BLOCK DIAGRAM terminals.
DIVIDE
INPUT OUTPUT SELECT
0SC. —| DIV. 1024 H DIV.5 HDIV. 2/4/8'— PHASE
+| DETECTOR

TWO PHASE
DRIVE LOGIC

DISABLE

(A &BLOW)

LOOP AMPLIFIER

e D

25V
22t o
olio

INDICATOR
BUFFER OP-AMP

5.0

REF.

GND

9/86
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UC1634
uC2634
UC3634

ELECTRICAL CHARACTERISTICS (Unless otherwise stated, specifications hold for Ta = 0°C to +70°C for the UC3634, -25°C to +85°C
for the UC2634 and -55°C to +125°C for the UC1634, +Vin = 12V.)

PARAMETER TEST CONDITIONS MIN. TYP. MAX. | UNITS
Supply Current +ViN = 15V 20 29 mA
Reference
Output Voltage (Vrer) 4.75 5.0 5.25 v
Load Regulation loutr =0 to 7mA 5.0 20 mV
Line Regulation +Vin = 8 to 15V 2.0 20 mV
Short Circuit Current Vout = 0V 12 30 mA
Oscillator
DC Voltage Gain Oscillator In to Oscillator Qut 12 16 20 dB
Input DC Level (ViB) Oscillator In Pin Open, Ty = 25°C 1.15 1.3 1.45 \'
Input Impedance (Note 2) Vin=Vig 0.5V, T; = 25°C 1.3 1.6 1.9 kQ
Output DC Level Oscillator In Pin Open, Ty = 25°C 1.2 1.4 1.6 Vv
Maximum Operating Frequency 10 MHz
Dividers
Maximum Input Frequency Input = 1Vpp at Oscillator In 10 MHz
Div. 4/5 Input Current Input = 5V (Div. by 4) 150 500 7.
(Q Package Only, Note 3) Input = OV (Div. by 5) -5.0 0.0 5.0 uA
%Vﬁgésagzrgill";l?\lote 3) 05 1.6 22 v
Div. 2/4/8 Input Current Input = 5V (Div. by 8) 150 | 500 | wA
Input = OV (Div. by 2) -500 -150 A
Div. 2/4/8 Open Circuit Voltage Input Current = OuA (Div. by 4) 1.5 2.5 35 \'
Div. by 2 Threshold 0.35 0.8 v
Div. by 4 Threshold 1.5 35 \
Div. by 8 Threshold Volts Below VRer 0.35 0.8 v
Sense Amplifier
Threshold Voltage Percent of Veer 27 30 33 %
Threshold Hysteresis 10 mV
Input Bias Current Input = 1.5V -1.0 -0.2 uA
Two Phase Drive Outputs, A and B
Saturation Voltage lout = 16mA 0.3 0.6 v
Leakage Current Vour = 15V 0.1 5.0 uA
Disable Input
Input = 5V (Disabled,
Input Current A and B Outputs Active Low) 150 500 LA
Input = OV (Enabled) -5.0 0.0 5.0 A
Threshold Voltage 0.5 1.6 2.2 '
Phase Detector
High Output Level Positive Phase/Freq. Error, Volts Below Vger 0.2 0.5 Vv
Low Output Level Negative Phase/Freq. Error 0.2 0.5 Vv
Mid Output Level Zero Phase/Freq. Error, Percent of VRer 47 50 53 %
High Level Maximum Source Current Vourt = 4.3V 2.0 8.0 mA
Low Level Maximum Sink Current Vout = 0.7V 2.0 5.0 mA
Mid Level Output Impedance (Note 2) lout = =200 to +200uA, Ty = 25°C 4.5 6.0 75 kQ

Note: 2. These impedance levels will vary with Ty at about 1700ppm/°c4\
3. This part is also available in a 20 pin plastic leadless chip carrier, Q designator, where a divide by 4/5 select pin is available.

Consult factory for details.

UNITRODE INTEGRATED CIRCUITS
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UC1634
UC2634
UC3634

ELECTRICAL CHARACTERISTICS (Unless otherwise stated, specifications hold for Ta = 0°C to +70°C for the UC3634, -25°C to +85°C
for the UC2634 and -55°C to +125°C for the UC1634, +Viy = 12V.)

PARAMETER TEST CONDITIONS [ mn. [ ve | max. | units
Lock Indicator Qutput
Saturation Voltage Freq. Error, lout = 5mA 0.3 0.45 Vv
Leakage Current Zero Freq. Error, Vout = 15V 0.1 1.0 uA
Loop Amplifier
N INV. Reference Voltage Percent of Vrer 47 50 53 %
Input Bias Current Input = 2.5V -0.8 -0.2 A
AVOL 60 75 dB
PSRR +Vin = 8 to 15V 70 100 dB
Short Circuit Current Source, Vour = 0V 16 35 mA
Sink, Vour = 5V 16 30 mA
Buffer Op-Amp
Input Offset Voltage Vem = 2.6V 8 mV
Input Bias Current Vem = 2.5V -0.8 -0.2 A
PSRR +Vin = 8 to 15V 70 100 dB
CMRR Vem = 0 to 10V 70 100 dB
* Short Circuit Current Source, Vour = 0V 16 3% mA
Sink, Vour = 5V 16 30 mA

APPLICATION AND OPERATION INFORMATION (For additional information see UC1633 data sheet)

Design Example:

Precision phased locked frequency control of a 2-phase motor at
3600 RPM. Using the commutation logic on the UC3634, a simple
discrete drive scheme is possible.

Rsense

A%

UNITRODE INTEGRATED CIRCUITS
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LINEAR INTEGRATED CIRCUITS
Switched Mode Controller for DC Motor Drive

FEATURES
® Single or dual supply operation

e + 2.5V to & 20V input supply range

e + 5% initial oscillator accuracy; + 10%
over temperature
® Pulse-by-pulse current limiting

e Under-voltage lockout

¢ Shutdown input with temperature
compensated-2.5V threshold

e Uncommitted PWM comparators for
design flexibility

© Dual 100mA, source/sink output
drivers

BLOCK DIAGRAM

DESCRIPTION

ucl1637
uc2637
UC3637

The UC1637 is a pulse width modi.lator circuit intended to be used for a variety of PWM
motor drive and amplifier applications requiring either uni-directional or bi-directional
drive circuits. When used to replace conventional drivers, this circuit can increase
efficiency and reduce component costs for many applications. All necessary circuitry is
included to generate an analog error signal and modulate two bi-directional pulse train
outputs in proportion to the error signal magnitude and polarity.

This monolithic device contains a sawtooth oscillator, error amplifier, and two PWM
comparators with + 100mA output stages as standard features. Protection circuitry
includes under-voltage lockout, pulse-by-pulse current limiting, and a shutdown port
with a 2.5V temperature compensated-threshold.
The UC1637 is characterized for operation over the full military temperature range of
-55°C to +125°C, while the UC2637 and UC3637 are characterized for -25°C to +85°C

and 0°C to +70°C, respectively.

+An -Aw

'

UNDER-
VOLTAGE

LOCKOUT

-E/A [16 -
19 ERROR
+E/A +

SHUTDOWN

Aour

L

Bour

-c/L
+C/L

s [5F

E/A QUTPUT

Do)

-Bn +Bin

12/83
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ucC1637

uc2637
UC3637
ABSOLUTE MAXIMUM RATINGS (Note 1) CONNECTION DIAGRAM
SUPPlY VoItage (EVs) ¢ o v vt s +20V i
Output Current, Source/Sink (Pins 4, 7). wvvvesooi sooma | D18 (TOF WIEW)
Analog Inputs (Pins 1, 2, 3,8,9,10,11,12,13,14,15,16) .....covvveniinennnn... +Vs
Error Amplifier Output Current (Pin 17) . ..oiie i +20mA \ /_‘
Oscillator Charging Current (Pin 18) .. .ouir it ii it iiiie e -2mA +Vin Ij [18] fser
Power Dissipation at Ta = 25°C . ..eutninit i 1000mw E/A OUTPUT
Derate at 10mW/°C For T, above 50°C , s e
Power Dissipation at Te = 25°C ...ttt et 2000mW -vi (3] |16] -E/A
Derate at 16mW/°C for T¢ above 25°C
Thermal Resistance, Junction to Ambient ................cooiiiiiieeeeiii... 100°C/W hour (2] 15] e/
Thermal Resistance, JUNCHION t0 CaSE .. ...vuveeeriiee et eeiiiannns 60°C/W -vs [5] [T4] SHUTDOWN
Storage Temperature Range .....o.evi it iiiinieennns -65°C to +150°C _
Lead Temperature (Soldering, 10 SECONAS) ... vvvviiniieii e +300°C +v. [} 3] -on
Note: 1. Currents are positive into, negative out of the specified terminal. Bour [7] [12] +C/L
+Bu [B] [11] +Aw
-Bw [T] [T0] -Aw 4

ELECTRICAL CHARACTERISTICS (Unless otherwise stated, these specifications apply for Ta=-55°C to +125°C for UC1637;-25°C to +85°C
for the UC2637; and 0°C to +70°C for the UC3637; +Vs = +15V, Vs = =15V, +Vqy = 5V, =Vquy = =5V, Rr =
16.7kQ, Cr = 1500pF)

PARAMETER TEST CONDITIONS UC1637/UC2637 ucses? UNITS
min. | Tve. | max. | min. | TMMAX.
Oscillator
Initial Accuracy T;=25°C 9.4 10 10.6 9 10 11 kHz
Voltage Stability Ve = 3V 1o £ 20V, Vw1 = 3V 5 | 7 5 | 7 %
PIN 3 =
Temperature Stability Over Operating Range 0.5 2 0.5 2 %
+Vru Input Bias Current Vein 2 = 6V -10 | 0.1 10 -10 | 0.1 10 HA
-Vru Input Bias Current Vein 2 = 0V -10 |-0.5 ~10 |-0.5 uA
+Vru, =Vru Input Range +Vs—2 =Vs+2 | +Vs-2 -Vst+2 '
Error Amplifier
Input Offset Voltage Vem = 0V . 15 5 1.5 10 mV
Input Bias Current Vem = OV 0.5 5 0.5 5 LA
Input Offset Current Vem = 0OV 0.1 1 0.1 1 LA
Common Mode Range. Vs = £ 2.5 to 20V -Vst+2 +Vs [-Vst2 +Vs \
Open Loop Voltage Gain R. = 10K 75 100 80 100 dB
Slew Rate 15 15 V/us
Unity Gain Bandwidth
CMRR Over Common Mode Range 75 100 75 100 dB
PSRR Vs = + 2.5V to £+ 20V 75 110 75 110 dB
Output Sink Current Ve 17 = 0V -50 -20 -50 | -20 mA
Output Source Current Ve 17 = OV 5 11 5 11 mA
High Level Output Voltage 13 13.6 13 13.6 Vv
Low Level Output Voltage ) -14.8| -13 -148 | -13 v
PWM Comparators
Input Offset Voltage Vem = 0V 20 20 mV
Input Bias Current Vem = OV 2 10 2 10 pA
Input Hysteresis Vem = 0V 10 10 mV
Common Mode Range Vs =+ 5to & 40V -Vs+1 +Vs—2 | -Vs+l +Vs—2 \"

UNITRODE INTEGRATED CIRCUITS
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uC1637
uc2637
Uc3637

ELECTRICAL CHARACTERISTICS (Unless otherwise stated, these specifications apply for Ta=-55°C to +125°C for UC1637; -25°C to +85°C
for the UC2637; and 0°C to +70°C for the UC3637; +Vs = +15V, Vs = =15V, +Vry = 5V, =Vt = -5V, Ry =
16.7kQ, Cr = 1500pF)

PARAMETER TEST CONDITIONS UC1637/UC2637 ucses7 UNITS
MIN. l TYP. | MAX. | MIN. | TYP. | MAX.

Current Limit

Input Offset Voltage Vem = 0V, Tj = 25°C 190 | 200 | 210 | 180 | 200 | 220 mV

Input Offset Voltage T.C. -0.2 -0.2 mV/°C

Input Bias Current -10 | -15 -10 | -15 LA

Common Mode Range Vs =+ 2.5V to + 20V -Vs +Vs-3 | -Vs +Vs -3 v
Shutdown

Shutdown Threshold (Note 3) -23 | -25|-27 | -23 | -25 | -27 v

Hysteresis 40 40 mV

Input Bias Current Vein 14 = tVs to -Vs -10 | -05 -10 | -0.5 UA
Under-Voltage Lockout

Start Threshold (Note 4) 415 | 5.0 415 | 5.0 v

Hysteresis 0.25 0.25 mV
Total Standby Current

Supply Current l [ 8.5 I 15 | I 8.5 | 15 I mA
Output Section

Isink = 20mA -149| -13 -149 | -13
Output Low Level Tsn = 100mA 145 -13 145 | -13 v
Output High Level lsource = 20mA 13 135 13 135 v
Isource = 100mA 12 135 12 135
Rise Time (Note 2) C. = 1nf, T; = 25°C 100 | 600 100 | 600 ns
Fall Time (Note 2) C. = 1nf, T; = 25°C 100 | 300 100 | 300 ns

- Notes: 2. These parameters, although guaranteed over the recommended operating conditions, are not 100% tested in production.
3. Parameter measured with respect to +Vs (Pin 6).
4. Parameter measured at +Vs (Pin 6) with respect to -Vs (Pin 5).

UNITRODE INTEGRATED CIRCUITS
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uc1e637
uc2637
UC3637

FUNCTIONAL DESCRIPTION

Following is a description of each of the functional blocks shown
in the Block Diagram.

Oscillator

The oscillator consists of two comparators, a charging and
discharging current source, a current source set terminal, lset,
and a flip-flop. The upper and lower threshold of the oscillator
waveform is set externally by applying a voltage at pins +Vrand

- (*Vm) - (=Va)
Rr

_ ls
= G TV = (Vo)

Vi = (-Vs) + [(#Vs) = (=Vs) (Rs
Ri+Rz+Rs

Vg =(Vs) + ((ws) - (=Vs) (Re + Rs))

Ri+R2+Rs

)

-V respectively. The +Vry terminal voltage is buffered internally
and also applied to the lset terminal to develop the capacitor
charging current through Ry. If Ry is referenced to -Vsas shown in
Figure 1, both the threshold voltage and charging current will vary
proportionally to the supply differential, and the oscillator
frequency will remain constant. The triangle waveform oscillators
frequency and voltage amplitude is determined by the external
components using the formulas given in Figure 1.

+Vs

et

Cr

] uc1637
{3]-vm
Ra 181 lset

-Vs

Figure 1. Oscillator Set Up

PWM Comparators

Two comparators are provided to perform pulse width modulation
for each of the output drivers. Inputs aré uncommitted to allow
maximum flexability. The pulse width of the outputs A and Bisa
function of the sign and amplitude of the error signal. A negative
signal at Pin 10 and 8 will lengthen the high-state of output A and

%*Vs

>

OSCILLATOR /AA
(PIN 2)

shorten the htgt\-state of output B. Likewise, a positive error signal
reverses the procedure. Typically, the oscillator waveform is
compared against the summation of the error signal and the level

set on Pin 9 and 11.

ucie37

ERROR
SIGNAL
(PIN 17)

.
comp A

-Vs

+
comp

Figure 2. Comparator Biasing
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MODULATION SCHEMES
Case A Zero Deadtime (Equal voltage on Pin 9 and Pin 11)

In this configuration, maximum holding torque or stiffness and
position accuracy is achieved. However, the power input into the
motor is increased. Figure 3A shows this configuration.

Case B Small Deadtime (Voltage on Pin 9 > Pin 11)

A small differential voltage between Pin 9 and 11 provides the
necessary time delay to reduce the chances of momentary short
circuit in the output stage during transitions, especially where

(Pins 8, 11)

ry

(Pins 11, 9) =

T LI
L

(A)

UC1637
uc2637
uc3637

power-amplifiers are used. Refer to Figure 3B.

Case C Increased Deadtime and Deadband Mode
(Voltage on Pin 9 > Pin 11)

With the reduction of stiffness and position accuracy, the power
input into the motor around the null point of the servo loop can be
reduced or eliminated by widening the window of the comparator
circuit to a degree of acceptance. Where position accuracy and
mechanical stiffness is unimportant, deadband operation can be
used. This is shown in Figure 3C.

(Pin 9) <
(Pin 11) 7

N4
LT
T T

—| |[=— DEADTIME
B)

(Pin 9) (Pin9) ———
/\/\/\ o ' /N
(Pin 11) I Fin 1) ] ]
(Pin 11) d> | !
HTHTH 1.
Aour Aour Aour } :
)
Bour Bour

©

Figure 3. Modulation Schemes Showing (A) Zero Deadtime (B) Deadtime and (C) Deadband Configurations.

Output Drivers

Each output driver is capable of both sourcing and sinking 100mA
steady state and up to 500mA on a pulsed basis for rapid
switching of either POWERFET or bipolar transistors. Output levels
are typically -Vs +0.2V @ 50mA low level and +Vs — 2.0V @ 50mA
high level.

Error Amplifier

The error amplifier consists of a high slew rate (15V/us) op-amp
with a typical 1MHz bandwidth and low output impedance.
Depending on the + Vs supply voltage, the common mode input
range and the voltage output swing is within 2V of the Vs supply.

Under-Voltage Lockout

An under-voltage lockout circuit holds the outputs inthe low state
until a minimum of 4V is reached. At this point, all internal
circuitry is functional and the output drivers are enabled. If
external circuitry requires a higher starting voltage, an over-riding
voltage can be programmed through the shutdown terminal as
shown in Figure 4.

UNITRODE INTEGRATED CIRCUITS
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UC1637

+Vg

SHUTDOWN Ry

ad

|

Rz
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Figure 4. External Under-Voltage Lockout
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Shutdown Comparator

The shutdown terminal may be used for implementing various
shutdown and protection schemes. By pulling the terminal more
than 2.5V below Vi, the output drivers will be enabled. This can
be realized using an open collector gate or NPN transistor biased

uCl1637
uC2637
uc3e37

to either ground or the negative supply. Since the threshold is
temperature stabilized, the comparator can be used as an
accurate low voltage lockout (Figure 4) and/or delayed start asin
Figure 5. In the shutdown mode the outputs are held in the low
state.

ucC1637
+Vs
SHUTDOWN R,
i T
Radp
Rz
-Vs

Figure 5. Delayed Start-Up

Current Limit

A latched current limit amplifier with an internal 200mV offset is
provided to allow pulse-by-pulse current limiting. Differential
inputs will accept common mode signals from —Vs to within 3V of

AMP

the +Vs supply while providing excellent noise rejection. Figure 6
shows a typical current sense circuit.

uc1637

©

1|I—
|

TWISTED PAIR

Figure 6. Current Limit Sensing
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uc1e37

uc2637
uc3637
Vi
T é uc1637 1
5
1
I
1
i
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L
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VOLTAGE [
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Figure 8. Single Supply Position Servo Motor Drive -
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LINEAR INTEGRATED CIRCUITS

UCl1717
uC3717

Stepper Motor Drive Circuit

FEATURES
. ® Half-step and full-step capability
e Bipolar constant current motor drive
® Built-in fast recovery Schottky
commutating diodes
® Wide range of current control 5-1000mA
e Wide voltage range 10-45V
® Designed for unregulated motor supply
voltage

DESCRIPTION

The UC3717 has been designed to control and drive the current in one winding of a
bipolar stepper motor. The circuit consists of an LS-TTL-compatible logic input, a
current sensor, a monostable and.an output stage with built-in protection diodes. Two
UC3717s and -a few external components form a complete control and drive unit for

LS-TTL or micro-processor controlled stepper motor systems.

The UC1717 is characterized for operation over the full military temperature range of -55°C
to +125°C, while the UC3717 is characterized for 0°C to +70°C.

® Current levels can be selected in steps or
varied continuously
e Thermal overload protection

ABSOLUTE MAXIMUM RATINGS (Note 1) CONNECTION DIAGRAM

Voltage
LOBIC SUPPIY, VEC « vt etett ettt et et ettt et aeae e v DIL-16 (TOP VIEW)
OULPUL SUPPIY, Vi c ettt e e et et 45V 1 or NE PACKAGE
Input Voltage or
Logic Inputs (Pins 7,8, 9) ...t e 6V /)
ANGIOZ INPUL (PIN 10) .0 utneenee et et e e e e e et e e e et e eeans Vee Bour [T] [16] emiTT
Reference Input (Pin 11) . ..ouiriniiti et e e enenaans 15V
Input Current ) TIMING (2] 18] Aour
LogiC INPULS (PINS 7, 8, 9) « .t ete ettt ie e eaenas -10mA Vm [3] [14] Vem
Analog Inputs (Pins 10, 11, s -10mA
Output Current (Pins 1,15) .. ..iuiiit ittt +1A ano (2] 13] eNo
Junction Temperature, Tj.....o.oiii i +150°C GND (5] [12] GND
Thermal Resistance, Junction to Ambient (NE Package) ....................... 45°C/W
Thermal Resistance, Junction to Case (NE Package) ............ccovvnvennn... 11°C/W Vee [6] [11] v
Thermal Resistance, Junction to Ambient (J Package)....................... 100°C/W W7 [T0) CURRENT
Thermal Resistance, Junction to Case (J Package) ................covviiienen. 60°C/W
Storage Temperature Range, Ts. ... oeerrriurineeeeeeeneenrnnnnnnns -55°C to +150°C PHASE [8] B
Note:-1. All voltages are with respect to ground, Pins 4, 5, 12, 13.
Currents are positive into, negative out of the specified terminal.

BLOCK DIAGRAM

\ Aour Bour 3,14 Ve
@ 151
Vee
PHASE [8 I
W7
1[9
i @@ 5 &
A
.
a MONOSTABLE
2 tore = 0.69 RiCr
L
45 e
12,13 CURRENT SENSOR JJ uc3717
ol )
10} 127 116}
CURRENT TIMING EMITTERS
3/87 4-50 -xm UNITRODE



RECOMMENDED OPERATING CONDITIONS

PARAMETER MIN. | TYP. | MAX. | UNITS

Supply Voltage, Vcc 475 5 5.25 \'
Supply Voltage, Vm 10 40 \'
Output Current, Im 20 800 mA
Rise Time Logic Inputs, t, 2 us
Fall Time Logic Inputs, t; 2 us
Ambient Temperature, ta

uc1717 -55 125 °C

uc3717 0 70 °C

ALLOWABLE POWER DISSIPATION — (W)

50

40

30

20

10

UC1717
UC3717

N

AN

Nz,

%’s.

Sutfiy

M, C,
\\Iy

~

J logoc,
w
——

~

~

—

P~

50

AMBIENT TEMPERATURE — (°C)

100

Figure 1.
ELECTRICAL CHARACTERISTICS (Over recommended operating conditions unless otherwise stated)
TEST
PARAMETER CONDITIONS MIN. TYP. MAX. UNITS
Supply Current, lcc 25 mA
High-Level Input Voltage, Pins 7, 8, 9 2.0 Vv
Low-Level Input Voltage, Pins 7, 8, 9 0.8 Vv
High-Level Input Current, Pins 7, 8, 9 V=24V 20 uA
Low-Level Input Current, Pins 7, 8, 9 Vi=0.4V -0.4 mA
lo=0 390 420 440 mv
lh=0
Comparator Threshold Voltage :° _=_ é Va = 5.0V 230 250 270 mV
.=
lo=0 65 80 90 mv
lhi=1
Comparator Input Current -20 20 UA
lo=1
Output Leakage Current 1 =1 100 uA
Ta=+25°C
Total Saturation Voltage Drop Im = 500mA 4.0 Vv
Ilm = 500mA,
_ ! 1.4 21 w
Total Power Dissipation fs = 30kHz
Im = 800mA,
fs = 30kHz 29 31 w
See Figure 5 and 6
Cut Off Time, toer Vm = 10V 25 30 35 us
ton = 5Sus
See Figure 5 a<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>