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GENERAL INFORMATION

IP # X ## X / 353832 Proprietary Device Marking

—— Screening to BS 9400 or MIL STD 883 Rev C
Package

Product Part Number

Product Family Designator

Temperature Range Indicator

Designated Seagate Microelectronics Proprietary Device

Product Family Desi Description
D Driver
M Motor Control
P Pulse Width Modulator
R Regulator

Package Suffix Description
D Surface Mount Integrated Circuit (SOIC)
G TO-257 Hermetic (TO-220 Style)
H TO-39 Metal Can
J Ceramic DIP
K TO-3 Metal Can
N Plastic DIP & Batwing
R TO-66 Metal Can
T TO-220 Molded
\' TO-218 Molded
w Single In-line Power Tab
Temp Range Indicator Temp e Range (Ambient)
1 Military Temperature Range (- 55°C to +125°C)
2 Industrial Temperature Range (-25°C to +85°C) or (-40°C to +85°C)
3 Commercial Temperature Range (0°C to +70°C)
BSS2

I T Screening to BS 9400 or MIL STD 883 Rev. C
Package
Letter Indicates Improved Electrical Specification
Product Part Number
Designator: LM, are Second-Source Devices,
IP indicates Improved or Proprietary Devices

XXX #### )'( X /gg3B Alternate Source Device Marking

Devices are listed in the table of contents alphanumerically by product family and then by device number. Most of Seagate Microelectronics linear circuits
employ a 1-2-3 numbering system. The 1 denotes a Military temperature range device (- 55°C to + 125°C), the 2 denotes an Industrial temperature range
device (-25°C to +85°C), and the 3 denotes a Commercial temperature range device (0°C to +70°C), i.e., IP117A/IP317A.

Parts are generally listed in the table of contents by military part numbers first, i.e., IP117A/IP317A. Where only one temperature range exists, the part
will be listed in its proper order, i.e., IP293.



PRODUCT SELECTION GUIDES |
GENERAL INFORMATION

- VOLTAGE REGULATOR SELECTION GUIDE

Output
Current Output Votage 1% Output Tolerance 4% Output Tolerance Packages
0.5A Fixed +5V IP78MO5A 1P78M05 TO-39
IP140MA-5 1P140M-5 TO-116 (8 pin)
Fixed +12V IP78M12A IP78M12
IP140MA-12 IP140M-12
Fixed +15V IP78M15A IP78M15
IP140MA-15 IP140M-15
Fixed -5V IP79MO5A IP79M05
IP120MA-5 IP120M-5
Fixed -12V IP79M12A IP79M12
IP120MA-12 IP120M-12
Fixed -15V IP79M15A IP79M15
IP120MA-15 IP120M-15
Adj. +1.2V to +40V IP117MA iP117M T0O-39
Adj. +1.2V to +60V IP117MAHV IP117MHV
Adj. —1.2V to —40V IP137MA IP137M
Adj. —1.2Vto —50V IP137MAHV IP137MHV
1.5A Fixed +5V IP7805A IP7805 TO-3
IP140A-5 1P140-5 TO-39
Fixed + 12V IP7812A IP7812 TO-66
IP7815A 1P7815
Fixed +15V IP7815A IP7815 TO-257
IP140A-15 1P140-15
Adj. +1.2V to +40V IP117A IP117
Adj. +1.2V to +60V IP117AHV IP317AHV IP117HV IP317HV
Fixed -5V IP7905A IP7905
IP120A-5 1P120-5
Fixed -12V IP7912A 1P7912
IP120A-12 1P120-12
Fixed -15V IP7915A IP7915
IP120A-15 IP120-15
Adj. -1.2V to -40V IP137A IP137
Adj. -1.2V to -50V IP137AHV IP337AHV 1P137HV IP337HV
3.0A Fixed +5V IP123A-5 IP323A-5 IP123-5 T0-3
Fixed +12V IP123A-12 IP323A-12 1P123-12 TO-218
Fixed +15V IP123A-15 1P323A-15 IP123-15 TO-220
Fixed -5V IP1R17A-5 IP3R17A-5 IP1R17-5 IP3R17-5
Fixed -5.2V IP1R17A-5.2 IP3R17A-5.2 IP1R17-5.2 IP3R17-5.2 TO-257
Fixed -12V IP1R17A-12 IP3R17A-12 IP1R17-12 IP3R17-12
Fixed -15V IP1R17A-15 IP3R17A-15 IP1R17-15 IP3R17-15
Adj. +1.2Vto +35V IP150A IP350A IP150
Adj. +1.2Vto +35V IP1RO7A IP3RO7A IP1RO7 IP3RO7
Low Dropout
5.0A Fixed +5V IP1R18A-5 IP3R18A-5 IP1R18-5 IP3R18-5 TO-3
Fixed + 12V IP1R18A-12 IP3R18A-12 IP1R18-12 IP3R18-12 TO-218
Fixed +15V IP1R18A-15 IP3R18A-15 IP1R18-15 IP3R18-15
Fixed -5V IP1R19A-5 IP3R19A-5 IP1R19-5 IP3R19-5
Fixed -5.2V IP1R19A-5.2 IP3R19A-5.2 IP1R19-5.2 IP3R19-5.2
Fixed -12V IP1R19A-12 IP3R19A-12 IP1R19-12 IP3R19-12
Fixed -15V IP1R19A-15 IP3R19A-15 IP1R19-15 IP3R19-15
Adj. +1.2V to +35V IP138A IP338A IP138 1P338




Under

Reference Output Voltage Soft
Part Number Outputs Output Type Precision Transistor Rating Lockout Start
IP1P125 2 Totem Pole 1% 35V/100mA Yes Yes
IP1524 2 Uncommitted 1% 40V/50mA No Ext.
1P1524B 2 Uncommitted 1% 60V/200mA Yes Ext.
IP1525A 2 Totem Pole 1% 35V/100mA Yes Yes
1P1526 2 Totem Pole 1% 35V/100mA Yes Yes
IP1526A 2 Totem Pole 1% 35V/100mA Yes Yes
IP1527A 2 Totem Pole 1% 35V/100mA Yes Yes
1P1842 '1 Totem Pole 1% 30V/200mA Yes Yes
1P1843 1 Totem Pole 1% 30V/200mA Yes Yes
IP1844 1 Totem Pole 1% 30V/200mA Yes Yes
1P1845 1 Totem Pole 1% 80V/200mA Yes Yes
1P5560/1060 1 Uncommitted 1.6% 18V/40mA Yes Ext.
1P5561 1 Open Collector 2% 18V/40mA Yes Ext.
1P35063 1 Uncommitted 5% 40V/1.5A N/A Ext.

Current
Logic Internal Feedback
Part Supply Clamp Sense Split
Function Number Volts Amps Logic Volts Diodes Resistor Supply Package
H Bridge 1P1DO03 50 5.0 Yes No Ext. No 8 Pin TO-3
1P3D03 50 5.0 Yes No Ext. No 8 Pin Power SIP*
Dual Bridge IM10 40 +200m Yes 5 Yes Ext. Option 14 Pin CERDIP
3M10 40 +200m Yes 5 Yes Ext. Option 14 Pin DIP
IM12 40 +200m Yes 7min Yes Ext. Option 14 Pin CERDIP
3M12 40 +200m Yes 7min Yes Ext. Option 14 Pin DIP
Universal Quad IP3D08 50 2.0 Yes Yes Pwr 16 Pin DIP
Driver IP3D09 50 2.0 Yes Yes Ext Pwr 20 Pin DIP
* FUTURE

Reference
Part Number Function Fault Condition Voltages Monitored Accuracy
1P1543 Voltage Sense Ov/iuvICL 2.5V to 40V 1%




Double ]
Pulse Current Limit Time Error Amp *Package No. of
Suppression CM Range Adjust CM Range Shutdown TO-116 Style Pins
Yes N/A No 1.8 10 Vg2 Yes, Dig JND. 16
No 1101V No 1810 3.4 Yes JND 16
Yes 0to Vg2 No 231052 Yes, Dig. JN.D. 16
Yes N/A Yes 1.8 to Vg2 Yes, Dig. JND 16
Yes Cto Vg3 Yes 010 Vge-2 Yes, Dig. JN.D. 18
Yes 0 to Vg2 Yes 0o Vg2 Yes, Dig. JN.D. 18
Yes N/A Yes 1.8 10 Vo2 Yes, Dig. JN.D. 16
N/A Oto 1V Yes N/A N/A J.ND "8
N/A Oto 1V Yes N/A N/A JND. "8
N/A 0 to1V Yes N/A N/A JN.D. )
N/A 0 to1V Yes N/A N/A JN.D. "8
N/A N/A Yes N/A Yes JND. 16
N/A N/A No N/A Yes JND. 8
N/A N/A No N/A No JND. 8

*J — CERAMIC N — PLASTIC D — PLASTIC

**SURFACE MOUNT PACKAGE CAN BE SUPPLIED 8 PIN OR 14 PIN

Single-ended

1P5560/1060 o ° Forward Converter
1P5561 L] Fly-back Converter
1P1842/43/44/45 (] [ ® °

Push-Pull

1524/1524B L] Push-Pull Converter
1525A27TA ° Full Bridge Converter
1526/26A ° ° ° ° 1/2 Bridge Converter
IP1P125 ° [ [

DC-DC Converter

1P34063

DC-DC Converter
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&D Seagate Microelectronics Limited
GENERAL INFORMATION

Seagate Microelectronics produce a wide
range of standard and custom linear power
devices for power management purposes such
as motor control, power supplies, power drives,
power interfaces and power regulation.

Complex logic linear interface and power
elements are combined providing unique and
cost effective solutions in the areas of power
to electronics interface.

Research and development is directed to the
special requirements of power management in
integrated circuits from a package and process
technology concept. Through these facilities
Seagate Microelectronics is uniquely placed to
offer their customers comprehensive
assistance in the development, manufacture
and production of linear power and custom
circuits and is committed to manufacturing a
product with the maximum quality and
reliability.

The quality and reliability of integrated
circuits is determined by many facets. Design,
fabrication manufacturing, packaging and
testing are all interlinked and each part may
impact the device reliability over a period of
time.

Seagate Microelectronics is fully aware of
these facts. A systematic approach is taken to
assure the manufacturing of superior analog
circuits. Our standard manufacturing flow chart
is shown on pages 16 and 17.

Seagate Microelectronics is determined that
no defective material shall be shipped to their
customers.

Statistical process control techniques are
employed throughout the operation to ensure

that all manufacturing processes are defined
and controlled.

Quality is the responsibility of each and every
employee.

Maximum effort is placed on operator
training certification and quality awareness.

A strict checks and balances system is
maintained.

Each critical process is monitored through
quality control, acceptance procedures and
quality audits.

Electrical quality is guaranteed by not only
guardbanding the measured limits but also the
associated forcing functions.

All lots are submitted to a lot acceptance
procedure stipulating a 0.1% AQL for all
parameters at 25°C and temperature extremes
as well as visual mechanical criteria for
standard and military product.

Handling procedures are optimized to
eliminate the mixing of parts.

Outgoing shipments are verified by quality
assurance personnel against the original
customer orders.

Outgoing quality levels are monitored by
measuring the average outgoing quality.

Data is collected monthly and discussed with
Seagate Microelectronics management in
order to identify corrective actions.

Seagate Microelectronics actively seeks
customer feedback and participation.

Reliability starts at design. High voltage
techniques are used for all Seagate
Microelectronics products. Only bandgap or
subsurface zener references are implemented
to minimize drift and noise problems.

13
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GENERAL INFORMATION

Metallization thickness is defined to minimize
current density and so avoid metal migration
problems. Power transistors and bonding pads
are carefully laid out to minimize current
densities in high current carrying tracks.

Seagate Microelectronics current density
specification is one of the lowest in the industry.

Bonding pads are positioned in such a
manner that there is no overhanging of the
bond and bond tail into active areas or tracks.
They are of sufficient size to accommodate the
wire size employed in power devices.

All voltage regulators are properly short
circuit protected and have thermal limiting
included to effect shutdown and safeguard
against catastrophic failure.

Motor control circuits employ inductive
clamping on chips to prevent damage to the
circuit.

All Seagate Microelectronics products are
designed to operate over the military
temperature range.

These examples

demonstrate the

commitment of Seagate Microelectronic’s
design philosophy towards providing ‘‘Bullet
Proof”” products for their customers.

Seagate Microelectronic’s wafer
manufacturing facility incorporates the most up
to date wafer processing equipment.

Maximum effort has been placed on
minimizing operator induced errors and
handling procedures.

Photomasking processes are greatly
enhanced by the employment of proximity
mask aligners.

Critical dimensions, mask registration, resist
adhesion and etch rates are all carefully
monitored.

At the diffusion stages extensive steps are
taken to minimize the impact of ionic
contamination and defect densities.

Seagate Microelectronic’s processes
incorporate a dual passivation process to
minimize the ingress of moisture and the effects
of ionic contamination.

All diffusion tubes and depositioning
equipment are regularly monitored using CV
measuring techniques.

Extensive statistical process control assures
that the process is fully understood.

All purchased materials such as raw silicon,

chemicals, lead frames and headers are
specified in procurement specifications and
products are inspected at incoming prior to
issuance to the manufacturing line. The
performance of suppliers to Seagate
Microelectronics are continuously monitored for
quality and delivery.

In addition to the wafer and die
manufacturing process the assembly
packaging method can have a serious impact
on the overall reliability performance of the final
product.

Selection of the best available packaging
materials and methods of assembly are
therefore of prime importance.

The wafer/die separation utilizes a saw
through method eliminating the cracking,
chipping and mechanical stresses associated
with earlier processes such as diamond scribe
and break.

&



GENERAL INFORMATION

Internal visual inspection of all Seagate
Microelectronics products is performed per
MiL-STD-883 Method 2010 and BS9400 para.
1.2.10.

Die attach techniques are receiving special
attention due to the special heat dissipation
requirements for linear power products. Many
rigorous checks are made such as die shear,
thermal resistance and die attach coverage
using scanning acoustical microscope and
infrared scanning techniques.

The Research and Development programme
includes package development particularly
related to the power handling capability of
Seagate Microelectronics products.

Semi automatic bonding equipment
improves lead bond consistency and integrity.

Low temperature sealing glasses in ceramic
packages minimize the effects of the sealing
temperature on the final product, while for
molded packages, the molding components
specified have a very low sodium and chlorine
content.

Sealing processes are continuously
monitored for fine/gross leak and moisture
content.

Seagate Microelectronics invested heavily in
the most up to date linear computer controlled
test equipment and temperature handlers such
as LTX, Symtek, Spartan Exatron and MCT.

The test philosophy includes proper
guardbanding, not only to the measured limits
but also the forcing functions.

Thermal regulation tests for voltage
regulators are closely related to die attach
quality.

Reliabilty

Seagate Microelectronics relies on
accelerated life testing and purpose designed
tests to determine the reliability performance
of its product.

Data from these tests is used to predict infant
mortality, wear out and other failure
mechanisms.

Through appropriate failure analysis
techniques and interpretation of the data,
product improvement programmes are
accomplished.

Accelerated life tests are also employed as
an ongoing assessment of process capability.

It should be noted that a relationship exists
between accelerated stress test conditions and
actual normal conditions of use.
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GENERAL INFORMATION

1, 2. Incoming Material. Raw silicon
and chemicals are received from
approved vendors and accepted
through an incoming inspection prior to
use in the manufacture of wafers.

3. Seagate Microelectronics
Waferfabrication. Using
photolithography, high temperature
diffusion, and oxidation depositing
techniques integrated circuits are
manufactured in wafer form.

4. QC In-Process Audit. Consistency
and control are regularly verified using
control charting and statistical process
controls. CV plotting checks for
contamination. Scanning electron
microscope techniques identify integrity
of step coverage. Misalignment and
metalization, resistivity, oxide thickness,
pinhole density, and critical dimension
are also verified.

5. Wafersort. Each individual chip on
the finished wafer is electronically
tested to determine the yield and
process distribution using probing
equipment linked to sophisticated
electrical testers.

6. QC Wafersort. Each wafersort
operation is inspected for probe quality,
such as deep probing, dragging
probes, inking quality and consistency.

7. Wafersaw Die Separation. The die
on the wafer are separated using
sawthrough methods. Good die are
separated from reject die.

8. 100% Die Visual Inspection. Each
die is submitted to a full visual
inspection per MIL STD 883C, Method
2010 and BS9400.1.2.10.

9. QC Die Visual Inspection. Each
visual inspection is verified.

10, 11. Incoming Material. Raw
materials such as headers, cans,
leadframes, moulding compound,
bondwire and die attach materials are
purchased from approved vendors and
inspected prior to submitting to
assembly.

12. Die Attach. Die are mounted on the
headers and leadframes using gold
silicon eutectic, softsolder and other
methods. For power devices, extreme
care is taken to assure low thermal
resistance.

13. QC Die Attach. Each die attach
operation is monitored using die shear,
die removal, and visual methods.

14. Leadbond. Die is connected to the
leads with wire using ultrasonic,
thermosonic, and thermocompression
bonding techniques.




15. QC Leadbond. Leadbond quality is
verified using bondpull tests. Each
operation is measured using control
charts.

16. 100% Preseal Visual Inspection
(3rd Optical Inspection). Prior to
sealing, each device is inspected for
workmanship, bonding quality, and
contaminants per MIL STD 883C,
Method 2010 and BS9400 para. 1, 2.
10.

17. QC Preseal Visual Inspection.
Each preseal operation is checked for
correctness and compliance.

18. Sealing. Each device is sealed
hermetically or molded in epoxy-type
molding compounds.

19. QC Seal Visual. The sealing
operation is monitored for fine/gross
leak, moisture content, and visual
(placing of lids, cans, etc.)

20. 100% Final Electrical Test @
25°C and Temperature Extremes.
After burn-in, all integrated circuits are
tested fully and at the temperature
extremes if required.

21. High Rel Screening. Screening
procedures as per section 5 of this data
book.

22. QA Screen Monitors To ensure
compliance with screening procedures.

23. Bottom Marking, Top Marking. All
devices receive a bottom mark to
identify the device type, lot number for
traceability purposes, and a sealing
datecode. Seagate Microelectronics
logo, device type, and datecode are
marked on the top.

24. QA Final Electrical and
Visual/Mechanical Test. Final quality
inspection for compliance to Seagate
Microelectronics visual, mechanical and
electrical standards.

25. Finished Goods Stores. Product is
stored in Finished Goods.

26. Pick/Pack Customer Order.
Customer orders are made up from
finished goods inventory.

27. QA Post-pack Visual/Mechanical to
Customer Order. Final outgoing QA
verification of shipment against
customer order.

17
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& SEagatE Microelectronics Limited
REGULATING PULSE WIDTH MODULATORS

The IP1P125 series of pulse width modulator
integrated circuits offers high speed
performance optimized for MOSFET drive.
Pin compatible with the SG1525A, the
IP1P125 features low crossover current
through the output transistors as well as 95%
total usable output pulse width up to 500KHz.
High speed latched shutdown is included as
well as a precision 5.1 volt reference, error
amp, oscillator, latched PWM comparator,
totem-pole output drivers, soft-start and
undervoltage lockout.

Pin compatible with 1525A series

Low output crossover current

Fixed 100ns deadtime

100ns response latched shutdown
100Hz to 500KHz operating frequency
5.1 volt + 1% reference

Oscillator sync. terminal

Soft-start

Undervoltage lockout

Latching PWM

OSCILLATOR

6
UNDER
15__|ReFERENCE
N REGULATOR N

T0
INTERNAL
3 = CIRCUITRY

(Top View)

wwor [ ) voer

N.I. INPUT E E +Vin
SYNC E OUTPUT B

osC. ouTPuT | 4 E ve
cr |s _1_3] GROUND

Rr E E OUTPUT A
DISCHARGE [ 7 E SHUTDOWN
SOFT-START E E] COMPENSATION

N, J and D (300) Package




REGULATING PULSE WIDTH MODULA

1AXI
Input Supply Voltage (+ VIN) +40V Power Dissipation at

TA = +25°C (Note 1) 1000mwW
Collector Supply Voltage (+ V() +40V Tc = +25°C (Note 2) 2000mW
Logic Iputs +0.3Vto +5.5V Operating Junction
Analog Inputs -0.3Vto +V|N Temperature -55°C to +150°C
Output Current, Source or Sink 500mA Storage Temperature Range —65°C to +150°C
Reference Output Load Lead Temperature
Current Internally Limited (Soldering, 10 seconds) +300°C
Oscillator Charging Current 5mA

Absolute maximum ratings are those values beyond which the safety of the device cannot be guaranteed. They are not meant to
imply that the device should be operated at these limits. The electrical characteristics provide conditions for actual device operation.

s

Input Voltage +8V to +35V Oscillator Timing Resistor 1.5kQ to 200k
Collector Supply Voltage +4.5V to +35V Oscillator Timing Capacitor 470pF to 0.1pF
Sink/Source Load Current Operating Ambient Temperature Range:

(steady state) 0 to 100mA IP1525A/IP1527A ~55°C to +125°C
Sink/Source Load Current (peak) 0 to 400mA IP2525A/IP2527A -25°C to +85°C
Oscillator Frequency Range 100Hz to 500kHz IP3525A/IP3527A 0°C to +70°C

Note 1. Derate at 10 mW/°C for ambient temperatures above +50°C.
Note 2. Derate at 16 mW/°C for case temperatures above +25°C.
Note 3. Range over which the device is functional and parameter limits are guaranteed.

Part Number Temperature Range Package
IP1P125J -55°C to +125°C 16 Pin Ceramic DIP
IP3P125D 0°Cto + 70°C 16 Pin Plastic (300) SOIC
IP3P125J 0°C to + 70°C 16 Pin Ceramic DIP
IP3P125N 0°Cto + 70°C 16 Pin Plastic DIP
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REGULATING PULSE WIDTH MODULATORS

IP1P125

IP3P125

Parameter Test Conditions Min ’ Typ TMax Min rTyp | Max | Units
Turn-on Characteristics

Undervoltage Threshold, V|N VIN Rising 50 | 65 | 80 | 50 | 65 | 80 \
Turn-on Hysteresis 0.2 0.5 0.9 0.2 0.5 0.9 \
Operating Current VIN = 8to 35V 10 20 10 20 mA
Reference Section

Output Voltage 5.05 | 510 | 5.15 | 5.00 | 5.10 | 5.20 Vv
Output Voltage VIN = 8t0 35V, = 0to 20mA| e | 5.00 5.20 | 4.95 5.25 \
Line Regulation VIN = 8to 35V (] 1 10 1 15 mvV
Load Regulation IL = 0to 20 mA [ 5 15 5 25 mv
Temperature Stability (Note 5) Over Operating Range ° 15 50 15 50 mV
Short Circuit Current VRer = 0 Volts (] 25 70 120 | 25 70 120 mA
Output Noise Voltage (Note 5) 10Hz < f < 10kHz 40 200 40 200 | pVrms
Long term Stability (Note 5) Tj = 125°C 1 10 1 50 | mV/kHr
Oscillator Section (Note 6)

Initial Accuracy 376 | 40 | 424 | 376 40 | 424 kHz
Voltage Stability VIN = 810 35V 0.1 0.5 0.1 2 %
Temperature Stability (Note 5) Over Operating Range 1 4 1 6 %
Minimum Frequency Rt = 200k Q, CT = 0.1 pF 80 120 80 120 Hz
Maximum Frequency RT=1.5kQ, CT=470pF,Rp=0Q 900 900 kHz
Current Mirror IRT = 20 mA o 1.7 20 22 1.7 2.0 2.2 mA
Clock Amplitude Output, PIN 4, C1 = 0.01 uF ® | 30 | 40 3.0 4.0 \Y
Clock Pulse Width Output, PIN 4, C = 0.01 uF ® | 03 | 05 1.3 | 03 | 05 1.3 Hs
Sync Threshold ° 1.2 2.0 2.8 1.2 2.0 2.8 \
Sync Input Current Sync Voltage = 3.5V o 1.0 25 1.0 2.5 mA
Error Amplifier Section

Input Offset Voltage Vem = 1.51t0 5.2V ° 0.1 2 10 mV
Input Bias Current Vem = 1.5 t0 25V L] 1 1 10 HA
Input Offset Current Vem = 1.5t0 5.2V o 0.1 0.1 1 HA
DC Open Loop Gain AVg = 1to 3V, RL > 10 MQ ® | 60 80 60 80 dB
Common Mode Rejection Vem = 1.5 t0 5.2V L] 60 90 60 90 dB
Supply Voltage Rejection VIN = 8to 35V o 50 90 50 90 dB
Output Low Level ° 0.2 0.5 0.2 0.5 \"
Output High Level e | 38 |56 | 70| 38| 56| 70 v
Gain-Bandwidth Product (Note 5) 1 35 1 3.5 MHz
PWM Comparator

Minimum Duty Cycle VPIN 1 - VPIN 2= 150mV [ 0 0 %
Maximum Duty Cycle VPIN 2 - VPIN 1= 150mV [ 45 49 45 49 %
Input Threshold Low Zero Duty Cycle ® | 06 | 09 0.6 0.9 \
Input Threshold High Max. Duty Cycle o 3.3 3.6 3.3 3.6 v
Input Bias Current .05 .05 HA

&



REGULATING PULSE WIDTH MODULATORS

" 1P1PT IP3P125
Parameter Test Conditions Min l Typ I Max | Min ‘ Typ I Max
Shutdown Section
Soft Start Current VSHUTDOWN = OV (] 25 50 80 25 50 100
Soft Start Low Level VSHUTDOWN = 2V ° 0.4 0.6 0.4 0.6
Shutdown Threshold To Outputs o 0.6 1.3 2.0 0.6 1.3 2.0 \
Shutdown Input Current VSHUTDOWN = 2.5V [ 0.1 1.0 0.1 1.0 mA
Shutdown Delay (Note 5) Tj = 25°C, PIN 10 to Output 50 300 50 .| 300 ns
Output Section (Each Transistor)
Collector Leakage Current V¢ = 35 Voit L] 200 200 HA
Output Low Level ISINK = 20mA (] 02 | 04 02 | 04 \'
ISINK = 100mA ° 1.0 25 1.0 25 \
Output High Level ISOURCE = 20mA ] 18 19 18 19 \
ISOURCE = 100mA L] 17 18 17 18 v
Rise Time Cy = 1nF, Tj = 25°C 100 | 300 100 | 300 ns
Fall Time CL = 1nF, Tj = 25°C 50 150 50 150 ns
Dead Time CL = 1nF, Tj = 25°C 100 100 ns

The @ denotes the specifications which apply over the full operating temperature range, all others apply at Tl 25°C unless otherwise
specified.

Note 4: V|y = 20V, IREr = OmA unless otherwise specified.
Note 5: These parameters, although guaranteed over the recommended conditions, are not 100% tested in production.
Note 6: R = 3.6kQ, CT = 0.01 pF unless otherwise specified.

FET1
20T VNO60OD
R9 cs 47“!
) 18
= R4 1K 6] Ip1P125
RIS 5 = 51 Q1w 10T
L] C4 A7y
= Lootg FET2
1 ELc1o R10 c12
Iz‘zm 1k 4700pf
C13 -
47pt =
c2
001 [ A
\
R3S 12
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& Seagate Microelectronics Limited
SWITCHED-MODE POWER SUPPLY CONTROL CIRCUIT

The IP1060 is a control circuit for use in Stabilized power supply
switched mode power supplies. This single Temperature compensated reference
monolithic chip incorporates all the control source

and supervisory (protection) functions ® Sawtooth generator
required in switched mode power supplies, ® Pulse width modulator
including an internal temperature ® Remote on/off switching
compensated reference source, sawtooth ® Current limiting
generator, pulse width modulator, output e Low supply voltage protection
stage and various protection circuits. .
® Loop fault protection
® Demagnetization/overvoltage
protection
® Maximum duty cycle clamp
® Feed forward control
® External synchronization

ML o (Top View)
pe rls o o 13 - —\ S
s, 7. vee [1] [16] FEEDFORWARD
— - st e r vz[Z] [15] oUTPUT (COLL)
— - - FEEDBACK [3] [14] oUTPUT (EMIT)
- S T e
MODULATOR [&] 12] GND
v DU GTeLE [ [77] CURRENT LIMITING
tciioal Ar [ 0] REMOTE ON/OFF
T ™ cr & 9] EXTERNAL SYNC
w

N, J and D (150) Package
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~ IP1060B, IP1060, IP1060A

SWITCHED-MODE POWER SUPPLY CON TROL IRCUI T

fABSOLUTE MAXIMUM RATINGS

Supply Operating Temperature (Ambient)
Voltage Sourced 18V IP1060B -55°C to +125°C
Current Sourced 30mA IP1060 -25°C to +85°C
IP1060A 0°C to 70°C
Output Transistor
Output Current 40mA Storage Temperature Range —-65°C to +150°C
Collector Voltage (Pin 15) 18V

Operating Junction Temperature Range  150°C
Max. Emitter Voltage (Pin 14) 5V

Absolute maximum ratings are those values beyond which the safety of the device cannot be guaranteed. They are not meant to
imply that the device should be operated at these limits. The electrical characteristics provide conditions for actual device operation.

LECTRICAL CHARACTERISTICS

VCC = 12V unless otherwise specified

1P1060B/P1060 1P1060A
Parameter Test Conditions Min LTyp | Max | Min ] Typ | Max | Unit
Reference Sections
Internal Reference Voltage (V,ef) 369 | 372 | 381 | 357 [ 372 | 385 V
«| 342 4.03 | 342 403 | V
Temperature Coefficient of Vi of +100 +100 ppm/C
Internal Reference (V) IL=.7mA 79 | 84 | 90 | 78 | 84 | 90| V
Temperature Coefficient of V, +200 +200 ppm/C
Oscillator Section
Frequency Range «| 50 100k | 50 100k | Hz
Initial Accuracy Oscillator R=5kQ 5 5 %
Duty Cycle range fo =20 KHz 0-90 | 0-98 0-90 | 0-98 %
Modulator
Modulator Input Current | voitage, atPin5=2v [.] [o02]50] [-02]50]up
Supervisory Functions
Pin 6, Input Current At2VO . -02 | -6.0 02 | 60 | pA
Pin 6, Duty Cycle Limit Control (For 50% Max. Duty Cycle) 40 50 60 40 50 60 |% Duty
15kHz to 50 kHz, Vg = 0.4V, Cycle
Pin 1, Low Supply Voltage 885 | 9.0 | 108 {885 | 9.0 10.8 v
Protection Thresholds
Pin 3, Feedback Loop Protection 460 | 600 | 720 | 460 | 600 | 720 | mV
Trip Thresholds
Pin 3, Pull Up Current At2v o] 7 -15 | -35 -7 15 | 35 | pA
Pin 13, Demag/O.V. Prot. Threshold 470 | 600 | 720 | 470 | 600 | 720 | mV
Pin 13, Input Current At0.25V -06 | -70 -06 | -70 | pA
. -20 -20 | pA
Pin 16, Feed Forward Voltage at Pin 16 =2V, 30 40 50 30 40 50 |% Orig
Duty Cycle Control Duty
Cycle
Pin 16, Feed Forward Input Current At16V\Vec =18V 0.2 50 0.2 50 pA
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 SWITCHED-MODE POWER SUPPLY CONTROL CIRCUIT

IP1060BAP1060 IP1060A

Parameter Test Conditions Min l Typ L Max | Min l Typ { Max | Unit

External Synchronization

Pin 9 Off 0 0.8 0 0.8 v

Pin90n 2 Vz 2 Vz v

Pin 9, Sink Current Voltage at Pin 9 =0V -85 | -120 -85 | -120 | pA

Remote On/Off

Pin 10 Off 0 08 0 0.8 v

Pin100n 2 vz 2 Vz v

Pin 10 Sink Current Pin 9 = 0V Voltage at Pin 9 =0V -85 | -120 -85 | -120 | pA

to Pin 10 =0V

Current Limiting

Pin11,IN Voltage at Pin 11 = 250mV 2 | -10 -2 -10 | pA

Single Pulse Inhibit Delay Inhibit Delay Time for 20% 0.7 | 08 0.7 08 | As
Overdrive at 30mA loyT

Trip Levels: Shut Down, Slow Start 560 | 600 | 700 | 560 | 600 | 700 | mV

Trip Levels: Current Limit 400 | 480 | 560 | 400 | 480 | 560 | mV

Error Amplifier

Output Voltage Swing (VOH) 6.2 95 | 62 95 v

Output Voltage Swing (Vo) 0.7 0.7 Vv

Open Loop gain 54 60 54 60 dB

Feedback Resistor 10k 10k Q

Small Signal Bandwidth 3 3 MHz

Output Stage

VCE(SAT) Ic=40mA 0.4 0.4 "

Output Current (Pin 15) 40 40 | mA

Max Emitter Voltage (Pin 14) 5 5 v

Supply Voltage/Current

lcc I, = 0 Voltage Feed V6 = 5V 10 10 | mA
R7 = 25kQ 15 15 | mA

Vee lcc =10mA, Current Feed 20 24 19 24 v

Vee lcc =30mA, Current Feed 20 30 20 30 v

The « denotes the specifications which apply over the full operating temperature range, all others apply at TJ = 25°C unless otherwise

specified.
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S WITCHED MODE POWER SUPPLY CONTF?OL CIRCUIT

ERROR AMPLIFlER
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SWITCHED

=RFORM
ERROR AMPLIFIER (Cont.)
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Part Number
IP1060BJ
IP1060D
IP1060J
IP1060N
IP1060AD
IP1060AJ
IP1060AN

Temperature Range

-55°C to
-25°C to
-25°C to
-25°C to
0°C to
0°C to
0°C to

+125°C
85°C
85°C
85°C
70°C
70°C
70°C

++++++
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Package

16 Pin Ceramic DIP
16 Pin Plastic (150) SOIC
16 Pin Ceramic DIP

16 Pin Plastic DIP

16 Pin Plastic (150) SOIC
16 Pin Ceramic DIP

16 Pin Plastic DIP



(SSSDSEagatE Microelectronics Limited
REGULATING PULSE WIDTH MODULATOR

The IP1524 series of PWM switching regulator
control circuits contains all the functions
required to implement single-ended or push-
pull switching regulators. Included are voltage
reference, error amplifer, oscillator, PWM

Guaranteed + 2% reference tolerance
Guaranteed + 6% oscillator tolerance

Fully specified temperature performance
Guaranteed 10 mV/1000 hours long term

comparator, output drivers, current limiting stability
and shutdown circuitry.

Although functionally indentical to the
SG1524 series, Seagate Microelectronics has
incorporated several improvements to the
IP1524 allowing tighter and more complete
specification of electrical performance.

Interchangeable with SG1524 series

(Top View)
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REGULATING PULSE WIDTH MODULATOR

Ihput Voyl‘tage (+VIN) - b +40V - Power Dissipation at
Collector Voltage 40V TA = +25°C (Note 1) 1000mW
9 . N Tc = +25°C (Note2) 2000mW
Output Current (each transistor) 100mA
Reference Load Current Internally Limited Operating Junction
e?renc oa i urre niernally timi Temperature -55°C to +150°C
Oscillator Charging Current 5mA
Shut Down Pin Voltage +5.5V Storage Temperature Range -65°C to +150°C
Current Limit Sense Common Lead Temperature (Soldering, 10 seconds) +300°C
Mode Range -1.0Vto +1.0V

Absolute maximum ratings are those values beyond which the safety of the device cannot be guaranteed. They are not meant to
imply that the device should be operated at these limits. The electrical characteristics provide conditions for actual device operation.

. _ . o
Input Voltage (V|N) +8V to +40V Oscillator Frequency Range 50Hz to 500kHz
Coliector Voltage 0V to +40V Oscillator Timing Resistor (RT) 1.8kQ to 100k
Error Amp Common Mode Range + 1.8V to +3.4V Oscillator Timing Capacitor (CT) 1nF to 0.1uF
Output Current (each transistor) 0to 100mA  Operating Ambient Temperature Range

Reference Load Current 0 to 20mA IP1524 —55°C to +125°C
Oscillator Charging Current 30uA to 2.0mA IP3524 -0°Cto + 70°C

Note 1. Derate at 10mW/°C for ambient temperatures above +50°C.
Note 2. Derate at 16mW/°C for case temperatures above +25°C.
Note 3. Range over which the device is functional and parameter limits are guaranteed.

+VIN = 20V, IREF = OmA unless otherwise specified

1P1524 1P3524
Parameter Test Conditions Min [ Typ l Max | Min l Typ ‘ Max | Units
Reference Section
Qutput Voltage » 490 | 500 | 510 | 460 | 5.00 | 5.40 v
Line Regulation +V|n=81040 Volts » 1 10 10 3 | mv
Load Regulation IL=0t020mA . 5 20 20 50 | mv
Ripple Rejection f=120Hz 80 66 dB
Short Circuit Current VREf =0 Volts | 25 50 | 120 100 mA
Temperature Stability (Note 6) Over Operating Range . 0.3 1 0.3 1 %
Long Term Stability (Note 6) Ti =125°C 1 10 20 mV/khr
Oscillator Section
Initial Accuracy Rt = 27kQ, CT = 0.01 uF 6 5 %
Voltage Stability +V| =810 40 Volts 0.1 1 0.5 1 %
Temperature Stability (Note 6) Over Operating Range . 1 2 2 %
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Parameter Test Conditions Min | Typ | Max | Min | Typ | Max | Units
Minimum Frequency R1=100KQ, CT=0.1pF . 120 | 240 120 Hz
Maximum Frequency Rr=2kQ, C1=0.001 uF «| 200 | 300 300 kHz
Sawtooth Peak Voltage Cy=0.01pF 3.6 36 \J
Sawtooth Valley Voltage CT=0.01puF 0.6 1 1 v
Clock Amplitude Qutput, Pin 3, CT =0.01uF «] 30 40 35 v
Clock Pulse Width Output, Pin 3, CT=0.01uF 03 05 1.0 0.5 us
Error Amplifier Section (Note 4)

Input Offset Voltage . 0.1 5 2 10 mv
Inputr Bias Current . 1 2 1 10 HA
Input Offset Current . 05 1 pA
DC Open Loop Gain o] 72 80 60 80 dB
Output Low Level VpIN'1- VPIN 2 2 150mV 05 05| V
Output High Level VPIN 2 - VPIN 1 2 150mV KX} 38 v
Common Mode Rejection 70 90 70 dB
Supply Voltage Rejection +V|n =8 1040 Volts 70 100 70 dB
Gain Bandwidth Product Note 6 3 3 MHz
PWM Comparator

Minimum Duty Cycle VpIN 1-VPIN 22 150mV . Y 0 %
Maximum Duty Cycle VpIN 2- VPIN 12 150mV | 45 49 45 49 %
Current Limit Amplifier (Note 5)

Sense Voltage Vem=0V 190 | 200 | 210 | 180 | 200 | 220 | mV
Sense Voltage VCM =0V =] 170 | 200 | 230 200 mV
Shutdown Input

High Input Voltage Vp|N gs0.6V ] 12 1.2 \
High Input Current VSHUTDOWN = +5.0 Volts . 4 8 4 mA
Low Input Voltage VpIN 9 23.5V . 03 03 | V
Output Section (Each Transistor)

Collector-Emitter Voltage Ic =50pA «| 40 40 \J
Collector Leakage Current VGE =40 Volts . 01 | 50 0.1 5 | pA
Collector Saturation Voltage Ic =50mA . 1 2 1 2 v
Emitter Output Voltage ViN=20V <17 | 18 17 | 18 v
Emitter Voltage Rise Time Rg =2k 02 | 04 0.2 us
Collector Voltage Fall Time Rg=2k 01 | 02 0.1 us
Power Consumption

Standby Current | +Vin=40Voits -] | 5 [ 0] | 5 | 10 | mA

The « denotes the specifications which apply over the full operating temperature range, all others apply at T,- = 25°C unless otherwise

specified.

Note 4: Vop=+1.8t0 +3.4V
Note 5: Vopm=-1t0 +1V

Note 6: These parameters, although guaranteed conditions, are not 100% tested in production.
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REGULATING PULSE WIDTH MODULATOR

Open-Loop Voltage Amplification Oscillator Frequency vs.
of Error Amplifier vs. Frequency Timing Components
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REGULATING PULSE WIDTH MODULA TOF?
APP ,CATIONS INFORMATION ‘

The IP1524 is a fixed-frequency pulse-width
modulation voltage regulator control circuit.
The regulator operates at a frequency that is
programmed by one timing resistor (RT) and
one timing capacitor (CT). RT establishes a
constant charging current for CT, which is fed
to the comparator providing linear control of
the output pulse width by the error amplifier.
The IP1524 contains an on-board 5V
regulator that serves as a reference as well
as powering the IP1524’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 CT. The resulting
modulated pulse out of the high-gain
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In this conventional single-ended regulator circuit, the two outputs
of the IP1524 are connected in parallel for effective .0-90% duty
cycle modulation. The use of an output inductor requires an R-
C phase compensation network for loop stability.

Part Number
IP1524J
1P3524D
IP3524J
IP3524N

comparator is then steered to the appropnate
output pass transistor (Q1 or Q) 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 the C1. The outputs may be
applied in a push-pull configuration in which
their frequency is half that of the base
oscillator, or paralled 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.
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Temperature Range
-55°C to +125°C
0°Cto + 70°C
0°C to + 70°C
0°C to + 70°C

Push-pull outputs are used in this transformer-coupled DC-DC
regulating converter. Note that the oscillator must be set at twice
the desired output frequency as the IP1524’s internal flip-flop
divides the frequency by 2 as it switches the PWM signal from one
output to the other. Current limiting is done in the primary so that
the pulse width will be reduced should transformer saturation occur.

Package

16 Pin Ceramic DIP

16 Pin Plastic (150) SOIC
16 Pin Ceramic DIP

16 Pin Plastic DIP
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&) Seagate Microelectronics Limited
ADVANCED REGULATING PLSE WIDTH MODULA TOR

The IP1524B is a pulse width modulator for
switching power supplies which features
improved performance over industry
standards like the SG1524. A direct pin-for-
pin replacement for the earlier device, it
combines advanced processing techniques
and circuit design to provide improved
reference accuracy, and extended common
mode range at the error amplifier and current
limit inputs. A DC-coupled flip-flop eliminates
triggering and glitch problems, and a PWM
data latch prevents edge oscillations. The
circuit incorporates true digital shutdown for
high speed response, while an undervoltage
lockout circuit prevents spurious outputs
when the supply voltage is too low for stable
operation. Full double-pulse suppression
logic insures alternating output pulses when
the shutdown pin is used for pulse-by-pulse
current limiting.

Pin compatible with 1524 series

7 to 40 volt operation

5 volt reference trimmed to + 1%
Undervoltage lockout

Excellent external sync capability
Wide current limit common mode range
+ 5V error amplifier common mode
PWM data latch

Full double-pulse suppression logic
50ns shutdown function

Dual 200mA, 60 volt output transistors
Fully specified over temperature

(Top View)
—
INV. INPUT [T] [16] VReF
N.LINPUT [Z] [15] +VIN
1 0SC OUTPUT [3] 7] Ea
Loy +C.L. SENSE [4] EI Cs
LLecron s -C.L. SENSE [5 12] CA
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} Ar [g] 1] EA
ke °r 7] 0] SHUTDOWN
sl L] GROUND [B] 5] COMPENSATION
COMPENSATION .
N, J and D (300) Package
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ADVANCED REGULATING PULSE WIDTH MODULA TOR

ABSGLUTE MAXIMUM RATINGS

Input Voltage (+ VIN) +40V
Collector Voltage +60V
Logic Inputs -0.3Vto +5.5V
Current Limit Sense Inputs -0.3Vto +V|N
Oscillator Charging Current 5mA

Power Dissipation at
Ta = +25°C (Note 1)
Tc = +25°C (Note 2)

Operating Junction
Temperature -55°C to +150°C

Storage Temperature Range -65°C to +150°C
Lead Temperature (Soldering, 10 seconds) +300°C

1000mW
2000mW

Absolute maximum ratings are those values beyond which the safety of the device cannot be guaranteed. They are not meant to
imply that the device should be operated at these limits. The electrical characteristics provide conditions for actual device operation.

' RECOMMENDED OPERATING CONDITIONS (Note 3)

Input Voltage (VIN) +7V to +40V
Collector Voltage 0V to +60V
Error Amp Common Mode Range +2.3V to VREfF

Current Limit Sense
Common Mode Range

Output Current (each transistor)
Reference Load Current

OV to VN —2.5V
0 to 200mA
0 to 20mA

Oscillator Charging Current

25 uto 1.8mA
50Hz to 500kHz
2kQ to 150kQ
inF to 0.1uF
Operating Ambient Temperature Range

—-55°C to +125°C
0°C to +70°C

Oscillator Frequency Range
Oscillator Timing Resistor (RT)
Oscillator Timing Capacitor (CT)

IP1524B
1P3524B

Note 1. Derate at 10mW/°C for ambient temperatures above +50°C.

Note 2. Derate at 16 mW/°C for case temperatures above +25°C.

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

L CHARACTERI

k 20V |REF |

(V|N OmA unless otherwise specified)

IP15248. 1P35248
Egrameter Conditions Min TyLLMax Min [ Typ l Max |Units
Turn-on Characteristics
VN Undervoltage Threshold VN Rising c[a3 5265 ]a3 |52 6.5 v
Turn-on Hysteresis «f 01 03 0.6 0.1 0.3 0.6 \
Operating Current ViN=71040V -l - 7 |10 7 10 | mA
Reference Section
Output Voltage 495 | 500 | 505 | 490 | 500 | 510 V
Output Voltage VIN=71040V,|} =0t020mA | - | 4.90 5.10 | 4.85 5.15 v
Line Regulation VIN=7t0 40V . 1 10 15 | mvV
Load Regulation IL=0t020mA . 5 15 5 25 | mv
Temperature Stability (Note 4, Note 6) Over Operating Range . 40 75 40 75 mV
Short Circuit Current VREF =0V «| 25 70 120 | 25 70 120 | mA
Long Term Stability (Note 4) 1 10 1 ImV/khr
Oscillator Section (Note 5)
Initial Accuracy . 41 43 45 39 43 47 | kHz
Voltage Stability VIN=71040V . 0.1 1 0.1 11 %
Temperature Stability (Note 4) Over Operating Range . 1 2 1 2 %
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ADVANCED REGULATING PULSE WIDTH MODULATOR

IP1524B. 1P3524B
Parameter Conditions Min | Typ | Max | Min | Typ | Max }Units
Minimum Frequency RT=150kQ, CT=0.1 pF 80 | 140 80 | 140 | Hz
Maximum Frequency Ry=2kQ,Cy=470pF 400 | 700 400 | 700 kHz
Clock Amplitude Qutput, Pin3Cy=0.01pF 30 4.0 30 40 "
Clock Pulse Width Qutput, Pin3Cy1=0.01 pF 04 | 05 12 | 04 | 05 1.2 us
Sawtooth Peak Voltage Cr=0.01pF 37 40 37 | 40 \
Sawtooth Valley Voltage Cr=0.01yF 06 1 1.1 06 1 1.1 v
Sawtooth Valley T.C. -1.0 -1.0 mV/°C
Error Amplifier Section
Input Offset Voltage Vcm=23V o VRer 0.1 5 2 10 mV
Input Bias Current Vecm=23V o VRefr 1 5 1 10 pA
Input Offset Current Vcm=23V 1o VReg 0.1 1 0.1 1 HA
DC Open Loop Gain AVg=1103V,R 210MQ 60 75 60 75 dB
Common Mode Rejection Vom=23Vio VRep 70 90 70 90 dB
Supply Voltage Rejection VIN=71040V 76 120 76 120 dB
Output Low Level ISINK = 100 pA 0.2 05 02 | 05 v
Output High Level ISOURCE = 100 pA 38 | 42 38 42 v
Gain Bandwidth Product (Note 4) 1 2 1 2 MHz
PWM Comparator
Minimum Duty Cycle VPIN 1-VPIN 22150 mV 0 0 %
Maximum Duty Cycle VpiN2-VpIN 12150 mV 45 49 45 49 %
Current Limit Amplifier
Sense Voltage Vcm=0to 17.5V 180 | 200 | 220 | 180 | 200 | 220 | mV
VIN=71040V
Input Bias Current Vem=01to 17.5V, -1 -10 -1 -10 1.}
VIN=71t040V
Shutdown Input
High Input Voltage 20 2.0 v
High Input Current VSHUTDOWN =5.0V 0.1 1 0.1 1 mA
Low Input Voltage 06 06 v
Shutdown Delay Pin 10 to Output 50 50 ns
Output Section (Each Transistor)
Collector Leakage Current Vcg =60V 0.1 20 0.1 20 WA
Collector Saturation Voltage Ic=20mA 02 04 02 | 04 v
lc=200mA 1.0 22 10 | 22 v
Emitter Output Voltage lg=50mA 17 19 17 19 "
IE=200mA 165 | 18 165 | 18 '
Emitter Voltage Rise Time Rg =2k 02 | 04 02 us
Collector Voltage Fall Time Rc =2k 0.1 02 0.1 us

The « denotes the specifications which apply over the full operating temperature range, all others apply at Tj = 25°C unless otherwise

specified.

Note 4. These parameters, although guaranteed over the recommended conditions, are not 100% tested in production.
Note 5. Ry =2.7KQ, C1 = 0.01uF unless otherwide specified.
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ADVANCED REGULA TING PULSE WIDTH MODULA TOR

OSCILLATOR FREQUENCY (Hz)

DUTY CYCLE, EACH OUTPUT (%)

OPEN LOOP VOLTAGE GAIN (dB)

Oscillator Frequency vs.

Timing Components
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RSENSE

RAW
SUPPLY

-C.L. +C.L. GND.
5 4 ‘B 12 13
3 1000 ca Cs
$
RAW s
SUPPLY \AAL *
RETURN RSENSE RETURN
Current Sensing in the Ground Line Current Sensing in the Output Line
. 16
14 p—e
Eg ¢ l | I l 16
3
11
A Q Ng14 3.2K 2N2369 3
‘oL 4 = 3.2K
P4
$ RSENSE — =
5
-C.L -

Sensing Primary Current
with an Emitter Resistor

+15V

Driving Power MOSFETS

Part Number
IP1524BJ
IP3524BD
IP3524BJ
IP3524BN

A TTL LOGIC B. 5VOLT CMOS LOGIC

Oscillator Sync to an External Clock

+15V

TO
LOAD

Driving Power Bipolar Transistors

Temperature Range Package
-55°C to +125°C 16 Pin Ceramic DIP
0°C to + 70°C 16 Pin Plastic (300) SOIC
0°Cto + 70°C 16 Pin Ceramic DIP
0°Cto + 70°C 16 Pin Plastic DIP
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(@ Seagate Microelectronics Limited
DU TORS

DA, IP152

FEATURES =~
The IP1525A and IP1527A families of PWM ® 8 to 35 volt operation
switching regulator control circuits offer ® 5.1 volt reference trimmed to + 1%
improved performance and lower parts count o 44015 to 500kHz oscillator range
when used in designing switching power i )
supplies. Included are 5.1 volt reference, eror @  Separate oscillator sync terminal
amplifier, adjustable dead-time oscillator with ® Adjustable deadtime control
synchronization capability, latched PWM ® Internal soft-start
comparator, totem-pole output drivers,
shutdown, soft start, and undervoltage ® Input _undervoltage lockout _
lockout. ® Latching PWM to prevent multiple pulses
® Dual source/sink output drivers

The IP1525A and IP1527A differ only in
output phasing. The IP1525A output is low
when “off”’, while the IP1527A output is high
when “off”.

— 7 (Top View)
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REGULATING PULSE WIDTH MODULATORS

Input Voltage (+ VIN)
Collector Voltage
Logic Inputs

Analog Inputs

Output Current, Source or Sink

Reference Output Load
Current

Oscillator Charging Current

+40V
+40V

-0.3Vto +5.5V

-0.3Vto +V|N
500mA

Internally Limited

5mA

Power Dissipation at
TA = +25°C (Note 1)
+25°C (Note 2)

Tc =
Operating Junction
Temperature

Storage Temperature Range
Lead Temperature (Soldering, 10 seconds) +300°C

1000mW
2000mwW

-55°C to +150°C
—-65°C to +150°C

Absolute maximum ratings are those values beyond which the safety of the device cannot be guaranteed. They are not meant to
imply that the device should be operated at these limits. The electrical characteristics provide conditions for actual device operation.

Input Voltage (VIN)
Collector Voltage

Sink/Source Load Current

(steady state)

Sink/Source Load Current (peak)
Reference Load Current
Oscillator Frequency Range

+8V to +35V
+4.5V to +35V

0 to 100mA
0 to 400mA
0 to 20mA

100Hz to 400kHz

Oscillator Timing Resistor

Oscillator Timing Capacitor

Deadtime Resistor Range

2kQ) to 200kQ
470pF to 0.1uF
0 to 5000

Operating Ambient Temperature Range

IP1525A/IP1527A
IP3525A/IP3527A

Note 1. Derate at 10 mW/°C for ambient temperatures above +50°C.
Note 2. Derate at 16 mW/°C for case temperatures above +25°C.
Note 3. Range over which the device is functional and parameter limits are guaranteed.

-55°C to +125°C

0°C to +70°C

(+VIN = 20V, unless otherwise specified)

IP1525A 1P3525A

IP1527A 1P3527A
Parameter Test Conditions Min I Typ ’ Max | Min | Typ I Max | Units
Reference Section
Output Voltage 5.05 | 5.10 | 5.15 | 5.00 | 5.10 | 5.20 \
Line Regulation Viy=81to35V . 2 10 2 20 mV
Load Regulation I =0t020mA . 5 50 5 50 mV
Temperature Stability (Note 4) Over Operating Range . 20 50 20 50 mV
Total Qutput Variation OverLine, Load and Temp. «]5.00 520 | 4.95 525 v
Short Circuit Current VREg=0 80 | 100 80 | 100 | mA
Output Noise Voltage (Note 4) 10Hz<f<10kHz 40 | 200 40 | 200 |puVrms
Long Term Stability (Note 4) 1 10 1 50 |mV/kHr
Osclllator Section (Note 5)
Initial Accuracy 2 6 2 6 %
Voltage Stability Vin=81035V . 03 | 1 1 2 %
Temperature Stability (Note 4) Over Operating Range . 3 6 3 6 %
Minimum Frequency RT=200kQ,CT=0.1pF . 90 | 120 90 | 120 Hz
Maximum Frequency Ry =2kQ, C1 =470pf « | 400 | 600 400 | 600 kHz
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1P1527A 1P3527A
Parameter Test Conditions Min | Typ | Max | Min | Typ | Max | Units
Current Mirror IRT=2mA | 17 | 20 | 22 1.7 20 | 22 mA
Clock Amplitude «| 30 35 3.0 35 \"
Clock Width 03 | 05 10 | 03 05 | 1.0 us
Sync Threshold «l 12 | 20 | 28 1.2 20 | 28 \'
Sync Input Current Sync Voltage =3.5V . 1.0 25 10 | 25 mA
Error Amplifier Section (VoM = 5.1V)
Input Offset Voltage . 05 5 2 10 mV
Input Bias Current . 1 10 1 10 pA
Input Offset Current . 1 1 pA
DC Open Loop Gain R 210MQ «1 60 75 60 75 dB
Gain-Bandwidth Product (Note 4) 1 2 1 2 MHz
Qutput Low Level . 0.2 05 02 | 05 \
Output High Level -] 38 56 38 56 \
Common Mode Rejection Vcm=151052V - | 60 75 60 75 dB
Supply Voltage Rejection ViN=81t035V «] 50 60 50 60 dB
PWM Comparator
Minimum Duty Cycle VpIN 1-VPIN 22150 mV . 0 0 %
Maximum\Duty Cycle VpiN2-VPIN 12150 mV | 45 49 45 49 %
Input Threshold (Note 5) Zero Duty Cycle «| 06 0.9 06- | 09 \
Input Threshold (Note 5) Max Duty Cycle . 33 36 33 | 36 \
Input Bias Current (Note 4) . 05 1.0 05 | 1.0 pA
Shutdown Section
Soft Start Current VSHUTDOWN =0V | 25 50 80 25 50 80 pA
Soft Start Low Level VSHUTDOWN =2V o 04 06 04 | 06 \"
Shutdown Threshold To Outputs <} 06 13 20 0.6 1.3 2.0 v
Shutdown Input Current VSHUTDOWN =2.5V . 0.1 1.0 01 | 1.0 mA
Shutdown Delay VSHUTDOWN =25V 0.2 05 02 | 05 us
Output Drivers (Each Output) (V¢ = 20 Volts)
Output Low Level ISINK =20 mA . 02 04 02 | 04 Vv
: ISINK = 100 mA . 1.0 20 10 | 20 \
Output High Level ISOURCE =20 mA | 18 19 18 19 \
ISOURCE = 100 mA | 17 18 17 18 \
Undervoltage Lockout Veomp = High <] 50 7 8.0 5.0 7 8.0 \
Output Leakage Vg=35V . 200 200 A
Rise Time CL=1nF 100 | 600 100 | 600 | ns
Fall Time Cp =1nF 50 300 50 | 300 ns
Total Standby Current
Supply Current l ViN=35V ‘ . I I 10 J 20 l [ 10 ] 20 I mA

The e denotes the specifications which apply over the full operating temperature range, all others apply at Tj = 25°C unless otherwise specified.
Note 4. These parameters, although guaranteed over the recommended operating conditions, are not 100% tested in production.

Note 5. Tested at fogc = 40 kHz (Rt = 3.6 KO, CT = 0.01 ;.IF, Rp = 0Q).
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REGULATING PULSE WIDTH MODULATORS

Oscillator Charge Time vs. Oscillator Discharge Time vs.
Rt and Ct Rp and Ct
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REGULATING PULSE WIDTH MODULATORS

e

+VsuppLY © | TO OQUTPUT FILTER +VvsyppLy O
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R2 13
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Ve 1P1525A

Gno B

8
GND " 2
RETURN
12

RETURN Q=

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

In conventional push-pull bipolar designs, forward base drive
is controlled by Rq-R3. Rapid turn-off times for the power
devices are achieved with speed-up capacitors C4 and Co.

+VsuppLy O~
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o .
1
1 m [ 4 ——
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e |: I we . . —
AR} l 1"
115254 © d 1P1625A az|
ono B "o_lq Gno 8 ¢ 5o
" " $r
12 - >
12
RETURN 0
= RETURN O= 1

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

Low power transformers can be driven directly by the
IP1525A. Automatic reset occurs during deadtime, when both
ends of the primary winding are switched to ground.

Part Number Temperature Range Package
IP1525AJ -55°C to +125°C 16 Pin Ceramic DIP
IP3525AD 0°Cto + 70°C 16 Pin Plastic (300) SOIC
IP3525AJ 0°C to + 70°C 16 Pin Ceramic DIP
IP3525AN 0°C to + 70°C 16 Pin Plastic DIP
IP1527AJ —-55°C to +125°C 16 Pin Ceramic DIP
IP3527AD 0°C to + 70°C 16 Pin Plastic (300) SOIC
IP3527AJ 0°C to + 70°C 16 Pin Ceramic DIP
IP3527AN 0°Cto + 70°C 16 Pin Plastic DIP
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CSSS)SEagatE Microelectronics Limited
REGULATING PULSE WIDTH MODULATORS

The IP1526 and IP3526 high performance
monolithic pulse width modulator circuits are
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
impedence 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 flexibility. This
versatile device can be used to implement
single-ended or push-pull switching regulators
of either polarity, both transformerless and
transformer coupled.

TO INTERNAL
CIRCUITRY gvie.

.
ool -
.
T Josce y y 2
a oo
X

6,
ouTPUT

METERING
FiF

SHUTDOWN

8 to 35 volt operation

5 volt reference trimmed to +1%
1Hz to 400kHz oscillator range
Dual 100 mA source/sink outputs
Digital current limiting

Double pulse suppression
Programmable deadtime
Undervoltage lockout

Single pulse metering
Programmable soft-start

Wide current limit common mode range
TTL/CMOS compatible logic ports
Symmetry correction capability
Guaranteed 6 unit synchronization

(Top View)

+ERROR [1] 18] VRer

-ERROR [ 2 17] +V,
IN

COMPENSATION [3] [16] ouTPuT B

CSOFTSTART [4] [75] GroUND

RESET [5] [19] +VcoLLECTOR
-CURRENT SENSE [§] [13] ouTPUT A
+CURRENT SENSE [7] [12] SYNC
SHUTDOWN [B] [77] RoEADTIME
RTIMING [ 0] CTIMING

N, J and D (300) Package
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P1526, IP352€

REGULATING PULSE WIDTH MODULATORS
 ABSOLUTE MAXIMUM RATINGS IR A

Input Voltage (+ VIN)

+40V

Logic Sink Current 15mA

Collector Supply Voltage +40V Power Dissipation at
Loaic Input 03V to +5.5V TA = +25°C (Note 1) 1000mW
ogic Inputs o+ Tc = +25°C (Note 2) 3000mW
Analog Inputs —03Vito +VIN Operating Junction Temperature —55°C to +150°C
Source/Sink Load Current 200mA Storage Temperature Range  -65°C to +150°C

Reference Load Current Internally Limited Lead Temperature (Soldering, 10 seconds) +300°C

Absolute maximum ratings are those values beyond which the safety of the device cannot be guaranteed. They are not meant to
imply that the device should be operated at these limits. The electrical characteristics provide conditions for actual device operation.

CONDITIONS (Note 3)

Input Voltage
Collector Voltage

Sink/Source Load Current
(each output)

Reference Load Current

Oscillator Frequency Range

+8V to +35V
+4.5V to +35V

0 to 100mA
0 to 20mA
1Hz to 400kHz

Oscillator Timing Resistor

Oscillator Timing Capacitor

Available Deadtime Range

at 40kHz

1P1526
IP3526

Note 1. Derate at 10 mW/°C for ambient temperatures above +50°C.
Note 2. Derate at 24 mWY/°C for case temperatures above +25°C.
Note 3. Range over which the device is functional and parameter limits are guaranteed.

2kQ to 150kQ
470pF to 20uF

3% to 50%

Operating Ambient Temperature Range
-55°C to +125°C

0°C to +70°C

(+VIN = 15V, unless otherwise specified)

IP1526 1P3526
Parameter Conditions Min ] Typ LMax Min TTyp I Max | Units
Reference Section

Output Voltage 495 | 500 | 5.05 | 490 | 5.00 | 5.10 \
Line Regulation +ViN=81035V . 2 20 2 30 | mv
Load Regulation I =0t020mA . 5 30 5 | mv
Temperature Stability (Note 4) QOver Operating Range . 15 50 15 50 mV
Total Output Voltage Range *] 490 | 500 | 510 | 485 | 5.00 | 5.15 v
Short Circuit Current VReg =0V «] 25 80 | 140 25 80 140 | mA
Undervoltage Lockout

'RESET Output Voltage VRer=38V . 02 | 04 02 | 04| Vv
RESET Output Voltage VREF =48V «| 24 | 48 24 | 48 v
Oscillator Section (Note 5)

Initial Accuracy . 13 18 +3 18 %
Voltage Stability +V|N=81035V . 0.5 1 05 1 %
Temperature Stability (Note 4) Over Operating Range . 10 10 %
Minimum Frequency RT=150kQ,CT=0.2uF . 100 100 | Hz
Maximum Frequency Ry =2kQ, C1 =470 pF « | 400 400 kHz
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Parameter Conditions Min | Typ | Max | Min | Typ | Max | Units
Sawtooth Peak Voltage +VNy=35V . 30 | 85 30 | 85| V
Sawtooth Valley Voltage +Viy =8V 05 1.0 1.0 \
Error Amplifier Section (Note 6)
Input Offset Volltage Rg=<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 R 210MQ «] 64 72 60 72 dB
High Output Voltage VPIN 1-VpPIN 22150 mV, ] 36 42 36 4.2 v
ISOURCE = 100 pA
Low Output Voltage VpIN2-VpPIN 12 150mV, . 0.2 04 0.2 04 v
ISINK = 100 pA
Common Mode Rejection Rgs2kQ | 70 94 70 94 dB
Supply Voltage Rejection +VIN=121018V «| 66 80 66 80 dB
PWM Comparator (Note 5) X
Minimum Duty Cycle VPIN 2 -VPIN 12 150mV . 0 0 %
Maximum Duty cycle VPIN 1-VpPIN 22 150mV =] 45 49 45 | 49 %
Digital Ports (SYNC, SHUTDOWN and RESET)
HIGH Output Voltage ISOURCE =40 pA «] 24 | 40 24 | 40 v
LOW Output Voltage ISINK =3.6 mA . 02 | 04 0.2 04 \
HIGH Input Current Vig=+24V . -125 | -200 -125 | -300 | pA
LOW Input Current Vy =+04V . -225 | -360 -225 | -500 | pA
Current Limit Comparator (Note 7)
Sense Voltage Rg<50Q <1 90 100 | 110 80 | 100 | 120 | mV
Input Bias Current . -3 -10 -3 -10 | pA
Soft-Start Section
Error Clamp Voltage RESET =404V . 0.1 | 04 0.1 04 | V
Cg Charging Current RESET =+24V | 50 | 100150 | 50 | 100 | 150 | pA
Output Drivers (Each Output) (Note 8)
HIGH Output Voltage ISOURCE =20 mA «] 125 | 135 125 | 135 \"
ISOURCE = 100 mA o] 12 13 12 13 v
LOW Output Voltage ISINK =20 mA . 02| 03 0.2 03 v .
ISINK = 100mA . 12 | 20 1.2 20 \
Collector Leakage Vg=40V . 50 | 150 50 150 | pA
Rise Time Cy_ = 1000 pF . 03 | 06 03 | 06 | usec
Fall Time C = 1000 pF . 0.1 ] 02 0.1 02 | usec
Power Consumption (Note 9)
Standby Current | SHUTDOWN = +0.4V [ -] [ 18] 30 | [ 18 | 30 [ ma
" The * denotes the specifications which apply over the full operating temperature range, all others apply at Tj= 25°C unless otherwise specified.
Note 4. These parameters, although guaranteed over the recommended Note 7. Vopm = Oto + 12V.
operating conditions, are not 100% tested in production. Note 8. Vg = + 15V.
Note 5. Fogc = 40 kHz (Rt = 4.12kQ # 1%, C1 = 0.0y * 1%, Rp = 00Q). Note 9. +V)\y = + 35V, RT = 4.12kQ.

Note 6. Vo = Oto + 5.2V.
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REGULATING PULSE WIDTH MODULATORS

*vsuppLy O

R1

14

Ve

IP1526

8

GND

15
RETURN

Push-Pull Configuration

+VSupPpPLY O= Qi1 TO OUTPUT FILTER +15V Or
R1 750
R2 14
+V
14 C oA
+Ve 13 1P1526
A
1P1526 GND B
B
GND 16 15
RETURN
5 1
RETURN Q== _
Single-Ended Configuration Driving N-Channel Power MOSFETS

Part Number Temperature Range Package
IP1526J -55°C to +125°C 18 Pin Ceramic DIP
IP3526D 0°C to + 70°C 18 Pin Plastic (300) SOIC
IP3526J 0°C to + 70°C 18 Pin Ceramic DIP
IP3526N 0°C to + 70°C - 18 Pin Plastic DIP

&



&D Seagate Microelectronics Limited
ADVANCED REGULA TING PULSE WIDTH MODULA TORS

DESCRIPTION

The IP1526A series of high performance
pulse width modulator circuits is a direct
replacement for the IP1526 series in all
applications and features improved
performance in several key areas. Functions
included are a temperature compensated
voltage reference, sawtooth oscillator, error
amplifier, PWM comparator, pulse metering
and steering logic, and two low impedance
power drivers. Also included are protective
features such as soft-start, undervoltage
lockout, digital current limiting, double pulse
inhibit, a data latch for single pulse metering,
adjustable dead-time 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 flexibility. This versatile device can
be used to implement single-ended or push-
pull switching regulators of either polarity,
both transformerless and transformer
coupled.

~ BLOCK DIAGRAM

IP1526A
FEATURES
® Low drain current
® 8 to 35 volt operation
® High performance 5V + 1% reference
® Low t.c. 1Hz to 400kHz oscillator
® Dual 100 mA source/sink outputs
@ Digital current limiting
® Double pulse suppression
® Programmable deadtime
® Accurate current limit sense voltage
® Undervoltage lockout
® Single pulse metering
® Programmable soft-start
® Wide current limit common mode range
® TTL/CMOS compatible logic ports
® Symmetry correction capability
® Guaranteed 6 unit synchronization

CONNECTIONS
(Top View)
——
+ERRAOR [1] (18] Vaer
-ERROR [Z] [17] +vin
COMPENSATION [3] [16] outpPuT B
CSOFTSTART [4] [15] Grouno

RESET 5] E +VCOLLECTOR
-CURRENT SENSE E 73] ouTPUT A
+CURRENT SENSE [7] [12] SYNC
SHUTDOWN [E] 7] RoEADTIME
RTIMING [9 [10] CTIMING

N, J and D (300) Package




ADVANCED REGULATING PULSE WIDTH MODULATORS

Input Voltage (+ VIN)
Collector Supply Voltage (+ V()

Logic Inputs
Analog Inputs

Source/Sink Load Current
(Each output, continuous)

Reference Load Current

Input Voltage
Collector Voltage

Sink/Source Load Current

(each output)

Reference Load Current
Oscillator Frequency Range

+40V
+40V

-0.3Vto +5.5V

-0.3Vto +V|N

200mA

Internally Limited

+8V to +35V
+4.5V to +35V

0 to 100mA
-5mA to 20mA
1Hz to 400kHz

Logic Sink Current 15mA
Power Dissipation at
TA = +25°C (Note 1) 1000mW
Tc = +25°C (Note 2) 3000mW

Operating Junction Temperature - 55°C to +150°C

Storage Temperature Range

-65°C to +150°C

Lead Temperature (Soldering, 10 seconds) +300°C

Absolute maximum ratings are those values beyond which the safety of the device cannot be guaranteed. They are not meant to
imply that the device should be operated at these limits. The electrical characteristics provide conditions for actual device operation.

Oscillator Timing Resistor
Oscillator Timing Capacitor
Available Deadtime Range

2kQ to 150kQ
470pF to 20uF

at 40kHz 3% to 50%
Operating Ambient Temperature Range

IP1526A -55°C to +125°C

IP3526A 0°C to +70°C

Note 1. Derate at 10 mW/°C for ambient temperatures above +50°C.
Note 2. Derate at 24 mW/°C for case temperatures above +25°C.
Note 3. Range over which the device is functional and parameter limits are guaranteed.

(+VIN = 15V, unless otherwise specified)

1P1526A 1P3526A
Parameter Conditions Min Typ Max | Min Typ Max |Units
Reference Section
Output Voltage 495 | 500 | 5.05 | 490 | 5.00 | 5.10 v
Line Regulation +V|N=81035V . 2 10 2 15 | mV
Load Regulation IL=-5t0+20mA . 5 10 5 2 | mv
Temperature Stability (Note 4) Over Operating Range . 15 50 15 50 mV
Total Output Voltage Range « 1490 | 500 [ 510 | 485 | 500 | 515} V
Short Circuit Current VREp =0V 1 30 80 | 140 | 30 80_| 140 | mA
Undervoltage Lockout
RESET Output Voltage VREF =38V . 02 | 04 02 |04 | V
RESET Output Voltage VREF =4.8V o] 24 | 48 24 | 48 v
Osclllator Section (Note 5)
Initial Accuracy +3 +8 3 18 %
Voltage Stability +Vy=81035V . 0.5 1 0.5 1 %
Temperature Stability (Note 4) Over Operating Range . 1 3 1 6 %
Minimum Frequency RT=150kQ,CT=0.2uF . 100 100 | Hz
Maximum Frequency RT=2kQ,CT=470pF = | 400 | 700 400 | 700 kHz
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ELECTRICAL CHARACTERISTICS (CONTINUED)

1P1SZ6A

Parameter Conditions Min | Typ | Max | Min | Typ | Max |Units

Sawtooth Peak Voltage +ViN=35V 30 | 35 30 | 35 \

Sawtooth Valley Voltage +Vn =8V 0.3 1.0 0.3 1.0 \

Error Amplifier Section (Note 6)

Input Offset Voltage Rg<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 R z10MQ 72 72 dB

High Output Voltage VpIN 1-VPIN22150mV, 36 42 36 42 v
ISOURCE = 100 pA

Low Output Voltage VpIN2-VpIN 12 150mV, 02 | 04 02 | 04 v
ISINK =100 pA

Common Mode Rejection Rg<2kQ 70 | o4 70 | 94 dB

Supply Voltage Rejection +ViN=1210 18V 66 80 66 80 dB

PWM Comparator (Note 5)

Minimum Duty Cycle VpiN 2-VPIN 1 2150mV 0 0 %

Maximum Duty cycle VpIN 1 -VPIN 22 150mV 45 49 45 49 %

Digital Ports (SYNC, SHUTDOWN and RESET)

HIGH Output Voltage ISOURCE =40 pA 24 | 40 24 | 40 v

LOW Output Voltage ISINK =3.6 MA 02 04 02 | 04 v

HIGH Input Current ViH=+24V -125 | -200 -125 | -200 | pA

LOW Input Current Vi =+04V -225 | -360 -225 | -360 | pA

Current Limit Comparator (Note 7)

Sense Voltage Rgs50Q 90 | 100 | 110 | 80 | 100 | 120 | mV

Input Bias Current -3 -10 -3 -10 pA

Soft-Start Section

Error Clamp Voltage RESET =+0.4V 01 | 04 01|04 | Vv

Cg Charging Current RESET =+2.4V 50 | 100 | 150 | 50 | 100 | 150 | pA

Output Drivers (Each Output) (Note 8)

HIGH Output Voltage ISOURCE =20 mA 125 | 135 125 | 135 v
ISOURCE =100 mA 12 13 12 13 v

LOW Output Voltage ISINK =20 mA 02 03 02 | 03 '
ISINK = 100 mA 12 20 12 | 20 v

Collector Leakage Vgc=40V 50 150 50 150 | pA

Rise Time C| =1000pF 03 | 06 03 | 06 [

Fall Time C = 1000 pF 0.1 0.2 01 | 02 us

Power Consumption (Note 9)

Standby Current SHUTDOWN = +0.4V, 14 | 20 14 | 20 | mA
VIN=35V

The « denotes the specifications which apply over the full operating temperature range, all others apply at Tj = 25°C unless otherwise specified.

Note 4. These parameters, although guaranteed over the recommended
operating conditions, are not 100% tested in production.

Note 5. Fogc = 40 kHz (RT = 4.12kQ # 1%, Cr = 0.01y # 1%, Rp = 00Q).

Note 6. Vo = Oto + 5.2V.

= + 15V.
+ 35V, RT = 4.12kQ.

Note 7. Vom = O to + 12V.
Note 8. V¢
Note 9. +V|y =
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Push-Pull Configuration

“VsuppLY O Q1 TO QUTPUT FILTER “15V O
W 750
R2 14 |I
+V
13 —
ve 13 1P1526A -
’ |
IP1526A oo BFO—
8 16 L
GND 16 15 =
RETURN
15 e
RETURN Q==

Single-Ended Configuration

Driving N-Channel Power MOSFETS

Part Number
IP1526AJ
IP3526AD
IP3526AJ
IP3526AN

Temperature Range
-55°C to +125°C
0°C to + 70°C
0°C to + 70°C
0°Cto + 70°C

&

Package

16 Pin Ceramic DIP

16 Pin Plastic (300) SOIC
16 Pin Ceramic DIP

16 Pin Plastic DIP
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Cﬁ)seagate Microelectronics Limited
POWER ’SUPPLY SUPERVISORY CIRCUITS

The IP1543 and IP3543 power supply
supervisory circuits contain all the functions
necessary to monitor and control the output
of a sophisticated power supply system.
Included on the chip are over-voltage (0O.V.)
sensing with externally programmable delay
used to trigger an external SCR ““Crowbar”’,
under-voltage (U.V.) sensing with externally
programmable delay used to sense either the
power supply output or the line input voltage,
a third op-amp/comparator with provision for
external compensation and/or offset
programming used for either current limiting
or as an additional voltage monitor, and a
voltage reference trimmed to +1%.

250uA (]

UV INDICATE

Ve [T
Ve
2 *On 1543 series
this function is
internally connect-
Grouno (14} ed oV ref
OV SENSE[6 ] SCR TRIGGER

Ve OV INDICATE
OV. DELAY

INV.
NI
OFFSET/COMP [12__]

cL REMOTE RESET
= OUTPUT ACTIVATE
(GROUND TO ACTIVATE)

4.5 to 40V operation over full temperature
range

Reference voltage trimmed to 1%
accuracy

Includes over-voltage, under-voltage and
current sensing

Programmable time delays
SCR “Crowbar”’ drive of 300mA

Remote activation capability
Optional over-voltage latch capability

(Top View)

1P1543
1P3543

SO evore o vin
AcTIVATE [2] ['5] VRer
RESET [/4] GROUND
[/3 c.L. ouTPUT
2] OFFSET/ICOMP
[T] CL. N INPUT
[T5] C.L. INV. INPUT
[5] UV. INDICATE

N, J and D (300) Package




POWER SUPPLY SUPERVISORY CIRCUITS

Sense Inputs VIN Te = +25°C (Note 3) 2000mW
SCR Trigger Current (Note 1) Internally Limited Operating Junction
Temperature +150°C

Indicator Output Voltage + 40V
P 9 Storage Temperature Range —-65°C to +150°C

50mA Lead Temperature (Soldering, 10 seconds) +300°C

Indicator Output Sink Current

Absolute maximum ratings are those values beyond which the safety of the device cannot be guaranteed. They are not meant to
imply that the device should be operated at these limits. The electrical characteristics provide conditions for actual device operation.

Note 1. At higher input voltages, a dissipation limiting resistor, Rg, is required.
Note 2. Derate at 10mW/°C for ambient temperatures above +50°C.
Note 3. Derate at 16mW/°C for case temperatures above +25°C.

Input Supply Voltage (VIN)
Current Limit Common Mode Range
Input Voltage Range

Reference Load Current

+4.5V to +40V

Oto VN -3V
0 to 10mA

Indicate Output Current

Operating Ambient Temperature Range
-55°C to +125°C

IP1543
1P3543

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

0 to 10mA

0°C to +70°C

i
+VIN = +10V
1P1543 1P3543

Parameter Test Conditicns Min | Typ | Max | Min | Typ | Max| Units
Input Voltage Range o] 45 40 45 40 \"
Supply Current VN =40V . 7 10 7 10 | mA
Reference Section
Output Voltage 248 | 250 | 252 | 245 | 250 | 255} V

*] 245 255 | 240 2.60 Vv
Line Regulation ViN=4.510 30V . 1 5 1 5 mV
Load Regulation IRgp=0to 10mA . 1 10 1 10 | mv
Short Circuit Current VREF =0 | 12 25 40 12 25 40 | mA
Temperature Stability Over Operating Range 50 50 ppmv°C
SCR Trigger Section
Peak Output Current ViN=5v,Rg=0,Vo=0 =] 100 | 200 | 400 | 100 | 200 | 400 | mA
Peak Output Voltage VIN=15V,lg=100mA o] 12 13 12 13 \
Output Off Voltage VN =40V . 0o | 01 0 | 01 v
Remote Activate Current Pin2=Gnd . -1 -8 -1 -8 mA
Remote Activate Voltage Pin 2 =Open . 15 6 15 6 )

&




POWER SUPPLY SUPERVISORY CIRCUI

Parameter Test Conditions Min { Typ | Max | Min | Typ | Max | Units
Reset Current Pin3 =Gnd, Pin2=Gnd . -1 -8 -1 -8 | mA
Reset Voltage Pin3 = Open, Pin 2=Gnd . 1.5 6 1.5 6 v
Output Current Rise Time R =50Q 400 400 mA/uS
Prop. Delay from Pin 2 Cp=0 V(pin 2)=0.4V 300 300 ns
Prop. Delay from Pin 6 V(pin 6)=2.7V 500 500 ns
Comparator Sections
Input threshold (Input Voltage Rising 245 | 250 | 255 | 240 | 250 | 260 v
on Pin 6, falling on Pin 7) ) <1240 260 | 2.35 265 Vv
Input Hysteresis 25 25 mvV
Input Bias Current Sense Input =0V . -03 | -1.0 03| 10| pA
Delay Saturation . 0.2 0.5 02 0.5 "
Delay High Level . 6 8 1 6 8 v
Delay Charging Current Vp=0V «]1 200 | 250 | 300 | 200 | 250 { 300 pA
Indicate Saturation I =-10mA . 02 | 05 0.2 0.5 \
Indicate Leakage VIND =40V . .01 1.0 .01 1.0 | pA
Propagation Delay V(Pin6)=2.7V| Cp=0 400 400 ns
V(pin 7)=2.3V| Cp = 1uF 10 10 ms
Current Limit Section
Input Voltage Range 1l O VIN3] O VN3] V
Input Bias Current Pin 12=0Open, Vop =0V . -03 | -10 03 | -1.0] pA
Input Offset Voltage Pin 12 =Open, Vo =0V . 0 10 0 156 | mv
10kQ from Pin 12 to Gnd 1. 70 100 | 130 | 70 | 100 | 130 | mV
CMRR 0sVoms12V, VIN=15V ] 60 70 60 70 dB
AVOL Pin 12 =0Open, Vopm =0V | 72 80 72 80 dB
Output Saturation IL=-10mA . 02 | 05 0.2 05| Vv
Output Leakage VIND = 40V . .01 1.0 .01 10 | pA
Small Signal Bandwidth Ay=0dB 5 5 MHz
Propagation Delay Voverdrive = 100mV 200 200 ns

The » denotes the specifications which apply over the full operating temperature range, all others apply at TJ = 25°C unless otherwise
specified.

Part Number Temperature Range Package
IP1543J —-55°C to +125°C 16 Pin Ceramic DIP
IP3543D 0°Cto + 70°C 16 Pin Plastic (300) SOIC
IP3543J 0°C to + 70°C 16 Pin Ceramic DIP
IP3543N 0°Cto + 70°C 16 Pin Plastic DIP

&
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Typical Application

The values for the external components are deter-
mined as follows:

INPUT

“CROWBAR"

OUT OF TOLERANCE
POWER SUPPLY H‘sE INDICATORS Current limit input threshold, Vth = %20
WA
J . N +
- 10 SYSTEM Cs is determined by the current loop dynamics
5v n CONTROL
Rer. O — Peak current to load, Ip & Y, YO __R_2__)
Rsc Rsc \R2 + R3,
® SCR
TO VOLTAGE “CROWBAR™ h
CONTROL LOOP 2 ‘7 Short circuit current, Isc = —
RG Y i
scr | -
TRIG Low output voltage limit, 55 (4 + RS + RE)
Voltow= =i re
2 3
3. i) Latch] . High output V°";g'(::i';:")- _ 25 (R4 + RS + RE)
o Rl Adi Rl
? Co1 Co2 RESET Re
$ T T Voltage sensing delay, td = 10,000 Cd
= ) - . vin-§
= SCR trigger power limiting resistor, Rg > 7
Sensing Multiple Supply Voltages
A _T TO 339 COMPARATORS
MAIN
POSITIVE
SUPPLY
T0
SHUTDOWN
CIRCUIT
]
1
1
]
GROUND =
MASTER POWER SUPPLY
r5s OUADEJM—p-'; CONDITION INDICATOR
ADDITIONAL
POSITIVE
SUPPLY :
g A7l |
NEGATIVE
SUPPLY :
VOLTAGE :
2| . I
| 3 1
L]
Input Line Monitor Overcurrent Shutdown
! 1 MAIN
1P1543
® 25V REF = SUPPLY
BUS
! ©
1 BIAS
7 ] VOLTAGE |
'Ts | 11543
LINE 3" b2 Jl T Scr

PIN 8
DELAY

PIN 9

ouTPUT OFF

LI .

25V

25v

SUPPLY

BUS
RETURN




POWER SUPPLY SUPERVISORY CIRCUITS

Comparator Input Hysteresis

L OVER-VOLTAGE UNDER-VOLTAGE
o INPUT INPUT
2
| 6 A
w
Q
<
=
-
S
[ 3 v
=)
a
E
=)
N -
> —
< o0 A,
-
w
a
246 248 250 250 252 254

SENSE INPUT VOLTAGE — (VOLTS)

SCR Trigger Power Limiting

200

Series Gate . RG

For Use With Higher Supply Voltages /
150 l l
RG=VIN=S o /
02

100

50

RG SERIES GATE RESISTANCE — (OHMS)

0 5 10 15 20 25 30 35 40
V|N SUPPLY VOLTAGE — (VOLTS)

Current Limit Amplifier
Frequency Response

= 80 ——— VN = 10V
Rl
T OFFSET COM|
= PIN OPEN
g 60 == 180
w
2 ~
9
= S~
5’ 40 > PN 270
> \, -
a
§ '(\ \,
> 50 } 0wt wwcroUND b
w
a
o

100pF TO OUTPUT \ ‘\\ 360

Gain Magnitude =m———
0 Phase Angle ——————

1k 10k 100k ™ 5M

FREQUENCY — (HERTZ)

58

PHASE ANGLE — (DEGREES)

OPEN LOOP VOLTAGE GAIN — (dB) VTH THRESHOLD VOLTAGE — (mV)

DELAY CAPACITANCE — (MICROFARADS)

Current Limit Input Threshold

200 l {

\ Vin = 10V
RL = 22

100
70
50

30
20 -

10 |- OFFseT/comP

~

L— RT Y
5 F

[N N

N W

1k 3k 5k 10k 30k 50k .1M .3m ™
RT THRESHOLD SETTING RESISTOR — (OHMS)

Current Limit Amplifier Gain

RT=o0
80 }—

VN =10V
RT = 100kQ HL=2'§Q
\ Tj=25°C
70 S
RT = 30k \\
RT = 10kQ \\
60 —<]
50
NOTE:

RT is connected from Offset Pin to Gnd
Values of RT below 5.0kQ may cause
Amplifier Cutoff at —65 °c.l

L

40

100 1k 10k 100k ™
FREQUENCY — (HERTZ)

Activation Delay vs. Capacitor

Value
1.0 1
DELAY=_25C
b

= 10ms/uF
0.1
.01
.001
.0001

.001 .01 0.1 1.0 10

DELAY TIME — (MILLISECONDS)



(SS? Seagate Microelectronics Limited

CURRENT MODE

The 1P1842 and IP1843 series of switching
regulator control circuits contain all the
functions necessary to implement off-line,
current mode switching regulators, using a
minimum number of external parts. Functions

included are voltage reference, error
amplifier, current sense comparator,
oscillator, totem-pole output driver and under-
voltage lockout circuitry.

Although pin compatible with the UC1842
and UC1843 series, Seagate Microelectronics
has incorporated several improvements in the
IP1842 and 1P1843 series allowing tighter and
more complete specification of electrical
performance.

REGULA TING PULSE WIDTH MODULA TORS

Guaranteed + 1% reference voltage
tolerance

Guaranteed +10% frequency tolerance
Low start-up current (<500 uA)
Under voltage lockout with hysteresis

Output state completely defined for all
supply and input conditions

Interchangeable with UC1842 and
UC1843 series for improved operation

® 500 kHz operation

(Top View)
comp [T] [5] vRer
vee [2] vee N and J Package
1sense 3] 5] oureur 8 Pin D (150) Package

GROUND

RT/CT [:

comp [T] E VREF
ne 2] [13] ne
ves [3] [12) vee
ne [4] 1]vc 14 Pin D (150) Package
isense [3] [10] outPuT
NC [E] 5] GRouND
el e,
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CURRENT MODE '

REGULATING PULSE WIDTH MODULATORS

i
Supply Voltage (+VCC) +30V Error Amp Output Sink Current 10mA
(low impedance source) Power Dissipation at
Supply Voltage (Vcc) Self limiting Ta = +25°C (Note 1) 1000mW
(Icc <30mA) Tc = +25°C (Note 2) 2000mW
Output Current +1A Storage Temperature Range -65°C to +150°C
Output Energy (capacitive load) ud Lead Temperature (Soldering, 10 seconds) +300°C
Analog Inputs (pins 2 and 3) -0.3Vto +Vge

Absolute maximum ratings are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the device
should be operated at these limits. The electrical characteristics provide conditions for actual device operation.

-

s T —

Supply Voltage (+Vcc) (Note 4) <30V Operating Ambient Temperature Range:

Output Current 0to +200mA IP1842, IP1843 —-55°C to +125°C
Analog Inputs (pins 2 and 3) -03t03V 1P2842, IP2843 —-25°C to +85°C
Error Amp Output Sink Current 0 to 2mA IP3842, IP3843 0°C to +70°C

Note 1. Derate at 10 mW/°C for ambient temperatures above +50°C.

Note 2. Derate at 24 mW/°C for case temperatures above +25°C.

Note 3. Range over which the device is functional and parameter limits are guaranteed.
Note 4. Lower limit set by under voltage lockout specification.

R .

10k Ct = 3.3nF unlesskotherWIse specified (the 6)

VCC = 1‘5V,f = 52kHz, RT =

1P1842/IP1843 1P3842/IP3843
1P2842/1P2843

Parameter Test Conditions Min ‘ Typ ‘ Max | Min ( Typ ~ Max |Units
Reference Section
Output Voltage Io = 1mA 495 |5.005.05(4.90|5.00|510| V
Input Regulation Vce = 12 to 25V o 6 20 6 20 | mV
Output Regulation 10 = 1to 20mA ° 6 25 6 25 | mV
Temperature Stability (Note 5) ° 0.2 | 04 0.2 | 0.4 [mvrecC
Total Output Variation Line, Load, Temp ® (4.90 5.10 | 4.82 518 | V
Output Noise Voltage f = 10Hz to 10kHz (Note 5) 50 50 uv
Long Term Stability Tj = 125°C 1000 Hrs (Note 5) 5 25 5 25 | mv
Output Short Circuit
Current VREF = 0 ® | 30 80 | 160 | 30 | 80 | 160 | mA
Oscillator Section
Frequency 47 | 52 | 57 | 47 | 52 | 57 | kHz
Voltage Stability Vce = 12 to 25V o 0.2 1 0.2 1 %
Temperature Stability ATA = Min to Max (Note 5) ° 5 5 %
Amplitude VPIN 4 Peak to Peak ° 1.7 1.7 \'
Discharge Current . 8.3 8.3 mA

ATA = Min to Max (Note 5) 8 8 %

&



‘ IUPV184‘2/'|P1843 ' IP3842/IP3843
1P2842/1P2843

Parameter Test Conditions Min [ Typ [Max Min i Typ \ Max |Units
Error Amp Section
Input Voltage VPIN { = 2.5V ® (2451250 (255242250 (258 | V
Input Bias Current o 03| -1 03| -2 uA
Open Loop Voltage Gain | VO = 2 to 4V ® [ 65 90 65 90 dB
Unity Gain Bandwith (Note 5) e [ 0.7 1 0.7 1 MHz
Supply Voltage Rejection | VCC= 12 to 25V ® | 60 70 60 70 dB
Output Sink Current VPIN 2= 27V, VPIN{1 = 1.1V | @ 2 6 2 6 mA
Qutput Source Current VPIN2 = 23V,VpIN1 =46V| @ | 05 | -0.8 -05 | -0.8 mA
VouTHigh VPIN 2 = 2.3V, RL = 15k ® | 46 | 48 46 | 4.8 \'
VOuTLow VPIN 2 = 2.7V, RL = 15k ° 0.7 | 1.1 07 | 11| V
Current Sense Section
Gain (Notes 7 and 8) ® 285| 3 3.15|2.85 3 |315| VIV
Maximum Input Signal VPIN 1=4.6V (Note 7) ® | 09 1 11109 | 1.0 | 1.1 \
Supply Voltage Rejection | VC = 12 to 25V ® [ 60 70 60 70 dB
Input Bias Current o | 2 | -0 2 | -10 | yA
Delay to Output ° | 200 | 400 200 | 400 | ns
Output Section
Output Low Level ISINK = 20mA ° 0104 01]04] v

ISINK = 200mA ° 15 | 2.2 1.5 | 2.2 \
Output High Level ISOURCE = 20mA ® | 13 | 135 13 | 13.5 \

ISOURCE = 200mA ® | 12 | 135 12 | 135 \
Rise Time CL = 1InF 50 | 150 50 | 150 | ns
Fall Time CL = 1inF 50 | 150 50 {150 | ns
UVLO Saturation VCcec = 6V, I = 1mA ° 0.7 | 1.1 0.7 | 11 \"
Under-voltage Lockout Section
Upper Threshold 1842 Series ® (15 16 17 |145| 16 [175]| V
(Vee) 1843 Series ® | 78 | 84 9 7.8 | 8.4 9 \Y
Lower Threshold 1842 Series o 9 10 11 85| 10 |115( V
(Vce) 1843 Series o 7 7.6 | 82 7 76 | 82| V
Total Standby Current
Start-Up Current ° 0.3 | 0.5 03 | 056 | mA
Operating Supply Current| VPN 2 = 0V 1842 Series o 11 15 11 15 | mA

VPIN 3 = OV 1843 Series ° 14 17 14 17 | mA
VCC Zener Voltage IcC = 25mA ® | 30 34 40 30 34 40 \%

The @ denotes the specifications which apply over the fall operating temperature range, all others apply at T; = 25°C unless otherwise specified.
Note 5. These parameters, although guaranteed over the recommended conditions,are not 100% tested in production.
Note 6. Adjust Vi above start threshold before setting at required level.
Note 7. Parameter measured at trip point of latch with Vpjy 2 = 0V.
Note 8. Gain defined as
AVpiN 1

= e———— ;OngN 3 <08
61
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CURRENT MODE

Oscillator Waveforms and Maximum Duty Cycle

LARGE RT
SMALL CT

1 /\/\/ »

1 S
1 < R
< INTERNAL CLOCK

SMALL RT
LARGE CT

Vi 4

r l I L INTERNAL CLOCK

tc ~ 055 RTCT

Oscillator iming capacitor, Ct is charged by Vpef through Rt

and discharged by an internal current source. During the tg =R7CT ¢n (‘0063 HT'Z‘S)
discharge time, the internal clock signal blanks the output to the 0063 - 4 1
low state. Selection of Ry and Ct therefore determines both Frequency, thenis: f = (to + tg)
oscillator frequency and maximum duty cycle. Charge and For R+ > 6k, f ~_18
discharge times are determined by the formulas: T RTCT
Open-Loop Laboratory Test Fixture
O VREF
:: A1 vce
2N2222 p————————— 1

100K
47K VWA 1| come VREF UF’
u

1K ——
ERROR AMP
ADJUST { 2 I VFB VCCl 7 }
-

-
-T™ —
B4 0 1uF Kk w=
47K 5K 4;<— ISENSE OUTPUT | 6 —Q OUTPUT
ISENSE 9

ADJUST
4 RT/CT GROUND
-
- - | S y—— 4
H O GROUND
cr -

High peak current associated with capacitive loads necessitate careful grounding techniques. Timing and bypass capacitors should
be connected close to pin 5 in a single point ground. The transistor and 5K potentiometer are used to sample the oscillator wave

form and apply an adjustable ramp to pin 3



CURRENT MODE
REGULA TING PULSE WIDTH M DULA ORS

i = N S

Output Saturatlon Charactenstlcs

Frequency Response

4
s / 80 ’ E
T3 v
w _
Q vee 15V 4 - -45
h —_— Ti 2 ¢ /| z 60 \
5 / z B
3 ———Tp 55 C _r < =
> - - [v)

2 et 40 ~90%
6 7 - o s § L— 9 m
= 4 -
< 14 5 -135
g II SOURCE SAT V¢, vh> g 20 >
= It I
< T I ay—1
w

! \SINK]SATVVQL' 0 -180
0
01 02 03 .04 05 .07 1 2 3 4 5 7 10 10 100 1K 10K 100K ™ 10M
QUTPUT CURRENT, SOURCE OR SINK - (A) FREQUENCY - (Hz)
Under Voltage Lockout 1842 Series Under Voltage Lockout 1843 Series

20 20

Icc - (mA)
ice - (mA)

Part Number Temperature Range Package
IP1842J —-55°C to +125°C 8 Pin Ceramic DIP
1P2842J —-25°C to + 85°C 8 Pin Ceramic DIP
IP2842N -25°C to + 85°C 8 Pin Plastic DIP
IP2842D -25°C to + 85°C 8 Pin Plastic (150) SOIC
IP2842D-14 —-25°C to + 85°C 14 Pin Plastic (150)SOIC
IP3842J 0°C to + 70°C 8 Pin Ceramic DIP
IP3842N 0°C to + 70°C 8 Pin Plastic DIP
IP3842D 0°C to + 70°C 8 Pin Plastic (150) SOIC
IP3842D-14 0°C to + 70°C 14 Pin Plastic (150) SOIC
IP1843J -55°C to +125°C 8 Pin Ceramic DIP
1P2843J -25°C to + 85°C 8 Pin Ceramic DIP
IP2843N -25°C to + 85°C 8 Pin Plastic DIP
1P2843D -25°C to + 85°C 8 Pin Plastic (150) SOIC
1P2843D-14 -25°C to + 85°C 14 Pin Plastic (150) SOIC
IP3843J 0°C to + 70°C 8 Pin Ceramic DIP
IP3843N 0°C to + 70°C 8 Pin Plastic DIP
1P3843D 0°C to + 70°C 8 Pin Plastic (150) SOIC
IP3843D-14 0°C to + 70°C 14 Pin Plastic (150) SOIC

& o




&) Seagate Microelectronics Limited

CURRENT MODE

The IP1844 and IP1845 series of switching
regulator control circuits contain all the
functions necessary to implement off-line,
current mode switching regulators, using a
minimum number of external parts. Functions
included are voltage reference, error
amplifier, current sense comparator,
oscillator, totem-pole output driver and under-
voltage lockout circuitry. In addition there is
a toggle flip-flop which blanks the output on
every second clock pulse, thereby ensuring
that the duty cycle never exceeds 50%.

Although pin compatible with the UC1844
and UC1845 series, Seagate Microelectronics
has incorporated several improvements in the
IP1844 and IP1845 series allowing tighter and
more complete specification of electrical
performance.

UNDER-VOLTAGE
LOCKOUT
v ENABLE| REFERENCE
GROUND

TR
- (8.4v) ©sv)) 2sv REG

INTERNAL
BIAS

VREF STATUS

an 1 = 36V
RTICT I L r

POWER

VALUES IN BRACKETS
ARE FOR 1845 SERIES
PIN NUMBERS

15t number — N, J and 8 pin D '2nd number — 14 pin D

REGULATOR O VRer

REGULATING PULSE WIDTH MODULATORS

FEATURES

Guaranteed
tolerance

Guaranteed +10% frequency tolerance
Low start-up current (<500 pA)
Under voltage lockout with hysteresis

Output state completely defined for all
supply and input conditions

Interchangeable with UC1844 and
UC1845 series for improved operation

+ 1% reference voltage

500 kHz Oscillator operation
250 kHz Output operation

(Top View)

cowr (1] 1" N and J Package
ves [2] 7] vec 8 Pin D (150) Package
ISENSE [3] [6] outPuT
RriCT (4] GROUND
comp [T} [14] VRer
NC @ 73] NC
vrs [3] [12] vee
ne [2] [1]vc 14 Pin D (150) Package
ISENSE 5] [10] outPuT
ne [6] 5] GROUND
et (] §] &Rouno

&



CURRENT MODE ' IP1844, IP2844, IP3844, IF

REGULATING PULSE WIDTH MODULA TORS

\BSOLUTE MAXIMUM RATINGS

Supply Voltage (+ VCC)

Power Dissipation at

+30V

(low impedance source) Ta = +25°C (Note 1) 1000mW
Supply Voltage (Vce) Self limiting N and J Packages

(lIcc <30mA) Tc = +25°C (Note 2) 725mW
Output Current +1A D Packages
Output Energy (capacitive load) 5uJ Tc = +25°C (Note 3) 2000mW
Analog Inputs (pins 2 and 3) -0.3V to +VCC N and J Packages
Error Amp Output Sink Current 10mA Storage Temperature Range —-65°C to +150°C

Lead Temperature (Soldering, 10 seconds)  +300°C

Absolute maximum ratings are those values beyond which the safety of the device cannot be guaranteed. They are not meant to
|mply that the device should be operated at these limits. The electrical characteristics provude conditions for actual device operatlon

= RECOMMENBED OPERA TING CONDITIONS (Note 4

Supply Voltage (+VCC) <30V Operatlng Ambient Temperature Range:

Output Current 0to +200mA 1P1844, IP1845 -55°C to +125°C
- 0, o

Analog Inputs (pins 2 and 3) —0.3V to 3V :Eggﬁ :g%gjg _28°g :g :ggog

Error Amp Output Sink Current 0 to 2mA ’

Note 1. Derate at 10 mW/°C, for N and J packages, for ambient temperatures above +50°C.
Note 2. Derate at 7.25 mW/°C for D packages, for ambient temperatures above +50°C.
Note 3. Derate at 16 mW/°C for case temperatures above +25°C.

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

: TRJCAL?CHARACTERISTICS

Vee = 15Vf 52kHz RT = 10k CT = 33nF unless otherwnse specmed (Note 6)
1P1844/1P1845 1P3844/IP3845
1P2844/IP2845

Parameter Test Conditions Min ‘ Typ ‘ Max | Min ‘ Typ ‘ Max |Units
Reference Section
Output Voltage 10 = 1mA 495 |5.00|5.05]|490|5.00(510| V
Input Regulation VCcC = 12 to 25V L] 6 20 6 20 | mV
Output Regulation I0 = 1to 20mA L] 6 25 6 25 | mV
Temperature Stability (Note 5) L] 02 | 04 0.2 | 0.4 |mvieC
Total Output Variation Line, Load, Temp ® (4.90 5.10 | 4.82 518 | V
Output Noise Voltage = 10Hz to 10kHz (Note 5) 50 50 uVv
Long Term Stability Tj = 125°C 1000 Hrs (Note 5) 5 25 5 25 [ mV
Output Short Circuit
Current VREF = 0 ® | 30 | 80 | 160 [ 30 | 80 | 160 | mA
Oscillator Section
Frequency Note 10 47 52 57 | 47 52 57 | kHz
Voltage Stability VCC = 12 to 25V [ 0.2 1 0.2 1 %
Temperature Stability ATA = Min to Max (Note 5) ° 5 5 %
Amplitude VPIN 4 Peak to Peak (] 1.7 1.7 \Y
Discharge Current 8.3 8.3 mA

ATA = Min to Max (Note 5) 8 8 %
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CURRENT MODE

REGULATING PULSE WIDTH MODULATORS

I1 844/IP1845

1P3844/IP3845
1P2844/1P2845

Parameter Test Conditions Minl Typ |Max Min ' Typ l Max | Units
Error Amp Section
Input Voltage VPIN 1 = 2.5V ® | 245|250 |255|242 250|258 V
Input Bias Current L 03| -1 03| -2 uA
Open Loop Voltage Gain | VO = 2 to 4V ® | 65 90 65 90 dB
Unity Gain Bandwith (Note 5) e | 0.7 1 0.7 1 MHz
Supply Voltage Rejection | VcCc= 12 to 25V ® | 60 70 60 70 dB
Output Sink Current VPIN 2= 2.7V,VPIN{1{ = 1.1V | @ 2 6 2 6 mA
Output Source Current VPIN2 = 23V,VPIN1 = 5.0V, ® | -0.5 | -0.8 -0.5 | -0.8 mA
VOuTHigh VPIN 2 = 2.3V, RL = 15k ® | 50 | 6.0 50 | 6.0 \Y
VouTLow VPIN 2 = 2.7V, RL = 15k ® 07 | 1.1 0.7 | 11 \
Current Sense Section
Gain (Notes 7 and 8) ® (28| 3 [315|285| 3 |3.15| VNV
Maximum Input Signal VPIN 1= 5.0 (Note 7) ® | 09 1 11109 [ 1.0 | 1.1 \
Supply Voltage Rejection | VC = 12 to 25V ® [ 60 70 60 70 dB
Input Bias Current o -2 -10 2 -10 | uA
Delay to Output ° 150 | 300 150 | 300 | ns
Output Section
Qutput Low Level ISINK = 20mA ® 0.1 | 04 0.1 | 04 Vv

ISINK = 200mA ® 15 | 22 15 | 22 \
Output High Level ISOURCE = 20mA ® [ 13 [ 135 13 | 135 \"

ISOURCE = 200mA e | 12 | 135 12 | 135 Y,
Rise Time CL = 1InF ) 50 | 150 50 | 150 | ns
Fall Time CL = 1nF ° 50 | 150 50 | 150 | ns
UVLO Saturation Vce = 6V, IL = 1mA ° 0.7 | 1.1 07 | 1.1 \"
Under-voltage Lockout Section
Upper Threshold 1844 Series e | 15 16 17 {145 | 16 (175 V
(Vco) 1845 Series ® | 78 | 84 9 78 | 8.4 9 \Y
Lower Threshold 1844 Series o 9 10 11 | 85| 10 |11.5| V
(Vee) 1845 Series ® 7 76 | 8.2 7 76 | 8.2 \Y
Total Standby Current
Start-Up Current ® 03 | 05 03 | 0.5 | mA
Operating Supply Current| VPIN 2 = 0V 1844 Series ° 11 15 11 15 | mA

VPIN 3 = OV 1845 Series ° 14 17 14 17 | mA
VCC Zener Voltage ICC = 25mA ® | 30 34 40 30 34 40 \%

The @ denotes the specifications which apply over the full operating temperature range, all others apply at T; = 25°C unless otherwise specified.
uaranteed over the recommended conditions,are not 100% tested in production.
Note 6. Adjust Vo above start threshold before setting at required level.
Note 7. Parameter measured at trip point of latch with Vp\y o = 0V.

Note 5. These parameters, although

Note 8. Gain defined as

AVPIN 1

A=

AVpN 3

O<VPIN 3 <0.8

&



CURRENT MODE IP

REGULA
TRICAL C

] etssaneiees T paeas
Parameter Test Conditions Min ] Typ JMax Min ‘ Typ ‘ Max (Units
PWM Section
Maximum Duty Cycle 47 | 48 50 46 48 50 %
Minimum Duty Cycle ° 0 0 %

SATURATION VOLTAGE ~ (V)

20

05

Output Saturation Characteristics

vee 15V

/V

—_—Ta - 25C

———Tp 55 C r/ /
T ¥,

), ?/4\

14
ll SOURJCE SATI\\/CC VOH1‘>
T

/

-

et

\S!NK[SATL\/LU
| |

.01

02 .03 .04 05 .07 1 2 3 4 5 7

OUTPUT CURRENT, SOURCE OR SINK — (A)

Under Voltage Lockout 1844 Series

vee - (V)

VOLTAGE GAIN (dB}

icc - (mA)
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0.5

Error Amplifier Open-Loop
Frequency Response
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Av-—// \
10 100 1K 10K 100K ™ 10M
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Under Voltage Lockout 1845 Series
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CURRENT MODE

REGULATING PULSE WIDTH MODULATORS

Oscillator Waveforms and Maximum Duty Cycle

vrer | 8]
>
! 2RT
>
! 1
RTYCT
—-CT

LARGE RT
SMALL CT

/\/\/\/ VPIN 4 (pin 7 for 14 pin D)

ﬂ n rL INTERNAL CLOCK
_—l__j__‘_ OUTPUT — MAX DUTY CYCLE

VPIN 6 (pin 10 for 14 pin D)

SMALL RT
LARGE Ct1

VPIN 4 (pin 7 for 14 pin D)

I l I I I l_ INTERNAL CLOCK

Oscillator timing capacitor, Ct is charged by VRgF through Rt
and discharged by an internal current source. During the

discharge time, the internal clock signal blanks the output to the —j J_—l
low state. Selection of Rt and Ct therefore determines both

OUTPUT — MAX DUTY CYCLE

oscillator frequency and maximum duty cycle. Charge and VpIN 6 (pin 10 for 14 pin D)

discharge times are determined by the formulas:

tc = 0.65 RTCT

" ~R~Cx n (.0063 RT-z,a)
d =TT 70063 - 4
Frequency, then is: f = (te + td)-1 For RT > 5k, f = _18
RTCT
Open-Loop Laboratory Test Fixture
O VREF

2N2222

AAA
v

comp VREF -—1 0.1
I l uF
-

100K
47K Wy
1K
ERROR AMP
ADJUST
<P
47K oK & <——
ISENSE §
ADJUST

e

L}
<
w
<
O
(e}
|4
i

vee

IOWF KW=
— -Q OUTPUT

High peak current associated with capacitive loads necessitate careful grounding techniques. Timing and bypass capacitors should
be connected close to pin 5 in a single point ground. The transistor and 5K potentiometer are used to sample the oscillator wave

form and appiy an adjustable ramp to pin 3.

&



Part Number
1P1844J
1P2844J
IP2844N
1P2844D
IP2844D-14
1P3844J
IP3844N
1P3844D
IP3844D-14

1P1845J
1P2845J
1P2845N
1P2845D
IP2845D-14
1P3845J
IP3845N
1P3845D
1P3845D-14

-55°C to
-25°C to
—-25°C to
-25°C to
-25°C to
0°C to
0°C to
0°C to
0°C to

-55°C to
—-25°C to
-25°C to
-25°C to
-25°C to
0°C to
0°C to
0°C to
0°C to

Temperature Range

+125°C
85°C
85°C
85°C
85°C
70°C
70°C
70°C
70°C

++H+ A+t

+125°C
85°C
85°C
85°C
85°C
70°C
70°C
70°C
70°C

+ A+t o+

Package

8 Pin Ceramic DIP

8 Pin Ceramic DIP

8 Pin Plastic DIP

8 Pin Plastic (150) SOIC
14 Pin Plastic (150) SOIC
8 Pin Ceramic DIP

8 Pin Plastic DIP

8 Pin Plastic (150) SOIC
14 Pin (150) SOIC

8 Pin Ceramic DIP

8 Pin Ceramic DIP

8 Pin Plastic DIP

8 Pin Plastic (150) SOIC
14 Pin(150) SOIC

8 Pin Ceramic DIP

8 Pin Plastic DIP

8 Pin Plastic (150) SOIC
14 Pin (150) SOIC
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&) Seagate Microelectronics Limited

REGULATING PULSE WIDTH MODULATORS

CURRENT MODE

i . i
The IPX84XA series of switching regulator control ® Guaranteed + 1% reference voltage
circuits contains all the functions necessary to tolerance
L@Sﬂ?ﬁgt ugifr%n:}nir?#rr] fgtnﬁgg O?Vé/g?ehr'r?agl ® Accurate oscillator discharge current
parts. Functions included are voltage reference, @ Guaranteed +10% frequency tolerance
error amplifier, current sense comparator, ® Low start-up current (<500 pyA)
ofage Bckout chocy I adiion o6 PXB4ga 8 Under votage lockout with hysteresis
v ut ci y. i .
and IPX845A have a toggle flipflop which blanks ~~ ® O”tplu‘ St%tf% COTP'etg'ﬁ’.odnef'“ed for all
the output on every second clock pulse, thereby Supply and Input conditions
ensuring that the duty cycle never exceeds 50%. @ Interchangeable with UC1842/43/44/45

series for improved operation

500 kHz Oscillator operation
250 kHz Output operation (IPX844A &
IPX845A)

For applications requiring more flexible control all
devices feature an on-chip trimmed oscillator °
discharge current, allowing accurate control to
maximum-duty-cycle by selection of timing
components. This can be beneficial even if using

the IPX844A or IPX845A series, as it allows
optimum safety margins to be designed into the
application.

Although pin compatible with the ‘non A’ parts,
these devices offer improved performance in
several areas. They also offer tighter specification
and improved performance over the UCX84X
series, whilst retaining complete compatability.

] .
cove 1] 5] e (Top View)
2 .
si9 30y ENRBLE [ RerFeRence e VFB E 3 vee
GROUND 1 > REGULATOR sEnse E E ouTPUT N and J PaCkage
= (,,_v) ©sv)| 25v REG lN;iRsNAL 8 Pin D (1 50) Pac'(age
RTIC ROUND
VREF STATUS TeT E E GROU
LATCH
ve
ATer o 6110 COMP E 74] VRer
OouTPUT
NC lz [13] NC
O 58
POWER
oo ves [3] 7] vec 14 Pin D (150) Package
ne (7] 7] ve 14 Pin J Package
o 14 Pin N Package
i IsensE [E] 1] outpuT
coMPO .
s VALUES IN BRACKETS
lsense ARE FOR X843A & ne [6] 9] GROUND
X845A Seri
T e TSN, J 70 8 pin D {20 umber — 14 pin eries Ryict [7 3] POWER
* XB44A & X845A SERIES GROUND
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CURRENT MODE

Supply Voltage (+Vcc) +30V Power Dissipation at
(low impedance source) Ta = +25°C (Note 1) 1000mW

Supply Voltage (V Self limitin N and J Packages
Plec <3§m,§) co) 9 Tc = +25°C (Note 2) 725mwW

D Packages

Output Current N 1A Tc = +25°C (Note 3) 2000mW

Output Energy (capacitive load) 5uJ N and J Packages
Analog Inputs (pins 2 and 3) -03Vto +Vce Storage Temperature Range -65°C to +150°C
Error Amp Output Sink Current 10mA Lead Temperature (Soldering, 10 seconds) +300°C

Absolute maximum ratings are those values beyond which the safety of the device cannot be guaranteed. They are not meant to
imply that the device should be operated at these I|m|ts The electrical characteristics prov1de conditions for actual dewce operatlon

ED OPERATING CONDITIONS (Note 4)

<30V

Operating Ambient Temperature Range:

Supply Voltage (+Vcc) (Note 5)

Output Current 0to +200mA IP184XA —-55°C to +125°C
Analog Inputs (pins 2 and 3) -0.3V to 3V 'Igggf;': —2828 :8 :gg‘:g
Error Amp Output Sink Current 0 to 2mA

Note 1. Derate at 10 mW/°C, for N and J packages, for ambient temperatures above +50°C.
Note 2. Derate at 7.25 mW/°C for D packages, for ambient temperatures above +50°C.
Note 3. Derate at 16 mW/°C for case temperatures above +25°C.

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

Note 5. Lower limit set by under voltage lockout specification.

T = 10kC-|- = s otherwise specified )
Iﬁlgﬁiﬁ IP384XA

Parameter Test Conditions Min l Typ ‘ Max | Min ! Typ 1 Max |Units
Reference Section
Output Voltage 10 = TmA 495|500 505|490 |5.00{510| V
Input Regulation Vce = 12 to 25V o 6 20 6 20 | mV
Output Regulation 10 = 1 to 20mA o 6 25 6 25 | mV
Temperature Stability (Note 6) o 02 | 04 0.2 | 0.4 [mvreC
Total Output Variation Line, Load, Temp B ® (490 5.10 | 4.82 518 | V
Output Noise Voltage f = 10Hz to 10kHz (Note 6) 50 50 uV
Long Term Stability Tj = 125°C 1000 Hrs (Note 6) 5 25 5 25 | mvV
Output Short Circuit
Current VREF = ® | 30 80 | 160 | 30 80 | 160 | mA
Oscillator Section
Frequency Note 10 47 52 57 | 47 52 57 | kHz
Voltage Stability Vce = 12 to 25V 0.2 1 0.2 1 %
Temperature Stability ATA = Min to Max (Note 6) ° 5 5 %
Amplitude VPIN 4 Peak to Peak 1.7 1.7 \Y
Discharge Current 78 | 83 |88 |78 |83 | 88| mA

ATA = Min to Max (Note 6) 7.0 9.0 | 7.0 [ 9.0 | mA
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CURRENT MODE

REGULATING PULSE WIDTH MODULATORS

IP184XA

IP284XA IP384XA

Parameter Test Conditions Min ’ Typ ’ Max | Min ‘ Typ ‘ Max |Units
Error Amp Section
Input Voltage VPIN 1 = 2.5V ® (245 |250|255(1242 250|258 | V
Input Bias Current L] 03| -1 03| -2 uA
Open Loop Voltage Gain | VO = 2to 4V ®| 65 | 90 65 | 90 dB
Unity Gain Bandwith (Note 6) e | 0.7 1 0.7 1 MHz
Supply Voltage Rejection | Vcc= 12 to 25V ® | 60 70 60 70 dB
Output Sink Current VPIN 2= 27V, VPIN1 = 1.1V | ® 2 6 2 6 mA
Output Source Current VPIN2 = 23V, VPIN{ = 5.0V ® | -05 | -0.8 -0.5 | -0.8 mA
VouTHigh (See Note 11) | VpIN 2 = 2.3V, RL = 15k e 50 6.0 50 | 6.0 \
VouTLow VPIN 2 = 2.7V, RL = 15k ° 0.7 | 11 0.7 | 11 \Y
Current Sense Section
Gain (Notes 8 and 9) ® |285| 3 (315|285 3 |3.15| VIV
Maximum Input Signal VPIN 1= 5.0 (Note 8) ® | 09 1 1.1 09 |10 | 11 \
Supply Voltage Rejection| VC = 12 to 25V ® | 60 70 60 70 dB
Input Bias Current o 2 | -10 2 | 10 | uA
Delay to Output ° 150 | 300 150 | 300 | ns
Output Section
Output Low Level ISINK = 20mA ° 0.1 | 0.4 01| 04 \Y

ISINK = 200mA ° 156 | 2.2 1.5 | 22 \"
Output High Level ISOURCE = 20mA e | 13 [ 135 13 | 13.5 Vv

ISOURCE = 200mA ® | 12 | 135 12 {135 Vv
Rise Time CL = 1nF o 50 | 150 50 | 150 | ns
Fall Time CL = 1nF ° 50 | 150 50 | 150 | ns
UVLO Saturation Vce = 6V, IL = 1mA o 0.7 | 11 0.7 | 11 \
Under-voitage Lockout Section
Upper Threshold IPX842A/IPX844A Series ® | 15 16 17 |145| 16 |175]| V
(Vco) IPX843A/IPX845A Series ® | 78 | 84 9 78 | 8.4 9 \
Lower Threshold IPX842A/IPX844A Series o 9 10 11 85 | 10 |15 V
(Vee) IPX843A/IPX845A Series ®| 7 |76 |82 7 7.6 | 8.2 \
Total Standby Current
Start-Up Current ° 03 | 05 0.3 | 0.5 | mA
Operating Supply Current| VPN 2 = OV 42/44 Series | ® 11 15 11 15 [ mA

VPIN 3 = OV 43/45 Series | ® 14 17 14 17 | mA
VCC Zener Voltage ICC = 25mA ® | 30 34 40 30 34 40 Vv

The ® denotes the specifications which apply over the full operating temperature range, all others apply at T;

Note 6. These parameters, although guaranteed over the recommended
conditions,are not 100% tested in production.

Note 8. Parametér measured at trip point of latch with Vp|\y o = OV.

Note 9. Gain defined as

AVpiy 1

AVpN 3

0<VPIN 3 <0.8

25°C unless otherwise specified.

Note 10. The output frequency is half the oscillator frequency for
IPX844A and IPX845A Series.
Note 7. Adjust Vo above start threshold before setting at required level. Note 11. Vo MIN 4.6V for 42A, 43A.
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CURRENT MODE

REGULATING PULSE WIDTH MODULATORS

:;;g:;(‘: IP384XA
Parameter Test Conditions Min 1 Tm Max MinﬁypTMax Units
PWM Section
Maximum Duty Cycle IPX844A/IPX845A Series ® | 47 | 48 | 50 | 46 | 48 50 %
Maximum Duty Cycle IPX842A/IPX843A Series ®| 95 | 97 [100 | 95 | 97 | 100 | %
Minimum Duty Cycle o 0 0 %

Error Amplifier Open-Loop

Output Saturation Characteristics Frequency Response
4
E. I‘ 80 0
o 3 7 _
Q vee = 15V f 2 50 _a5
3 —_— / 2
5 s |7 z N 2
s, _ =1 S 40 -0
: =T ~— | -
< 5 =
s ’l SOURCE SAT (Ve - Vo) = Q 20 W -13%
2 y e Ad N
w v
Jl \S\NKISAT (v'g._l o -180
|
0 - ||
01 02 03 .04 05 .07 1 2 3 4 5 7 10 10 100 1K 10K 100K ™ oM
OUTPUT CURRENT, SOURCE OR SINK — (A} FREQUENCY - (Hz)
Under Voltage Lockout X844A Series Under Voltage Lockout X845A Series
20 20
15 15
t :
10 T 10
8 8
05 0.5
0 % 0 v,
0 5 10 15 20 ] 25 5 75 10
vee - (V) vee - (V)
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CURRENT MODE

REGULATING PULSE WIDTH MODULATORS

! -
1 Ccr

Oscillator timing capacitor, CT is charged by
VREfF through RT and discharged by an
internal current source. During the discharge
time, the internal clock signal blanks the output
to the low state. Selection of RT and CT
therefore determines both oscillator frequency
and maximum duty cycle. Charge and
discharge times are determined by the
formulas.

te ~ 055 RTCT

Oscillator Waveforms and Maximum Duty Cycle

LARGE RT
SMALL CT

/\/\/\/ VPIN 4 (pin 7 for 14 pin D)

J j 4n_ INTERNAL CLOCK
__1—]———[_ OUTPUT — MAX DUTY CYCLE

VPIN 6 (pin 10 for 14 pin D)

U i U

SMALL RT
LARGE CT

VPIN 4 (pin 7 for 14 pin D)

I I l l J L INTERNAL CLOCK
l | I OUTPUT — MAX DUTY CYCLE

VpIN 6 (pin 10 for 14 pin D)

1 L ]

o ~RC Qn(.ooes RT-2.3)
d =RTNT 10063 - 4
-1
Frequency, then is: f = (to + tg) For RT > 5k, f = _1.8
RTCT
Open-Loop Laboratory Test Fixture
O VREF
<
$"
ZNZZZ%
100K
47K VWA
1K
ERRCR AMP
ADJUST
0.1uF -
4.7k 5K :E<— T iy ALl O OUTPUT
ISENSE 9
ADJUST
— —d

High peak current associated with capacitive loads necessitate careful grounding techniques. Timing and bypass capacitors should

be connected close to pin 5 in a single point ground.

form and apply an adjustable ramp to pin 3.

74

The transistor and 5K potentiometer are used to sample the oscillator wave
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CURRENT MODE
REGULA NG PULSE WIDTH MODULA RS |

Part Number Temperature Range Package

IP1842AJ —-55°C to +125°C 8 Pin Ceramic DIP
1P2842AJ -25°C to + 85°C 8 Pin Ceramic DIP
IP2842AN -25°C to + 85°C 8 Pin Plastic DIP
IP2842AD -25°C to + 85°C 8 Pin Plastic (150) SOIC
IP2842AD-14 -25°C to + 85°C 14 Pin Plastic (150) SOIC
IP3842AJ 0°C to + 70°C 8 Pin Ceramic DIP
IP3842AN 0°C to + 70°C 8 Pin Plastic DIP
IP3842AD 0°C to + 70°C 8 Pin Plastic (150) SOIC
IP3842AD-14 0°C to + 70°C 14 Pin (150) SOIC
IP1843AJ -55°C to +125°C 8 Pin Ceramic DIP
IP2843AJ -25°C to + 85°C 8 Pin Ceramic DIP
IP2843AN -25°C to + 85°C 8 Pin Plastic DIP
IP2843AD -25°C to + 85°C 8 Pin Plastic (150) SOIC
IP2843AD-14 —-25°C to + 85°C 14 Pin(150) SOIC
IP3843AJ 0°C to + 70°C 8 Pin Ceramic DIP
IP3843AN 0°C to + 70°C 8 Pin Plastic DIP
IP3843AD 0°C to + 70°C 8 Pin Plastic (150) SOIC
IP3843AD-14 0°C to + 70°C 14 Pin (150) SOIC
IP1844AJ -55°C to +125°C 8 Pin Ceramic DIP
IP2844AJ -25°C to + 85°C 8 Pin Ceramic DIP
IP2844AN -25°C to + 85°C 8 Pin Plastic DIP
IP2844AD -25°C to + 85°C 8 Pin Plastic (150) SOIC
IP2844AD-14 -25°C to + 85°C 14 Pin Plastic (150) SOIC
IP3844AJ 0°C to + 70°C 8 Pin Ceramic DIP
IP3844AN 0°C to + 70°C 8 Pin Plastic DIP
IP3844AD 0°C to + 70°C 8 Pin Plastic (150) SOIC
IP3844AD-14 0°C to + 70°C 14 Pin (150) SOIC
IP1845AJ —-55°C to +125°C 8 Pin Ceramic DIP
IP2845AJ —-25°C to + 85°C 8 Pin Ceramic DIP
IP2845AN -25°C to + 85°C 8 Pin Plastic DIP
IP2845AD -25°C to + 85°C 8 Pin Plastic (150) SOIC
IP2845AD-14 -25°C to + 85°C 14 Pin(150) SOIC
IP3845AJ 0°C to + 70°C 8 Pin Ceramic DIP
IP3845AN 0°C to + 70°C 8 Pin Plastic DIP
IP3845AD 0°C to + 70°C 8 Pin Plastic (150) SOIC
IP3845AD-14 0°C to + 70°C 14 Pin (150) SOIC




éS? Sea_l]ate Microelectronics Limited
SWITCHED-MODE POWER SUPPLY CONTROL CIRCUIT

The IP5560 is a control circuit for use in Stabilized power supply
switched mode power supplies. This single Temperature compensated reference
monolithic chip incorporates all the control source

and supervisory (protection) functions ® Sawtooth generator
required in switched mode power supplies, ® Pulse width modulator
including an internal temperature ® Remote on/off switching
compensated reference source, internal e Current limiting
reference, sawtooth generator, pulse width e Low supply voltage protection
modulator, output stage and various o L fault orotecti
protection circuits. 00p fauft protection
® Demagnetization/overvoltage
protection
® Maximum duty cycle clamp
® Feed forward control
® External synchronization

e RIS eI (Top View)
P Jrfs o |
A
nesenence vee [0 [16] FEEDFORWARD
~ oo vz[2 5] OUTPUT (COLL,
O . Moo Al = [ o
- FEEDBACK [3] [72] OUTPUT (EMIT)
7 73] DEMAGNETIZATION/
| can [4] OVERVOLTAGE
oo MODULATOR [5] 72] GND
DUTY CYCLE
conTro. L& [77] CURRENT LIMITING
rr 7] 70] REMOTE ON/OFF
CURRENT 1|
TG cr & 5] EXTERNAL SYNGC

N, J and D (150) Package
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Supply

Voltage Sourced 18V

Current Sourced 30mA
Output Transistor

Output Current 40mA

Collector Voltage (Pin 15) 18V

Max. Emitter Voltage (Pin 14) 5V

Vcc

: 4LEC’THICAL CHARACTERISTICS

Operating Temperature (Ambient)

IP5560
IP5560C

Storage Temperature Range

Operating Junction Temperature Range

-55°C to +125°C
—-0°C to +70°C

-65°C to +150°C

—-55° to +150°C

Absolute maximum ratings are those values beyond which the safety of the device cannot be guaranteed. They are not meant to
|mply that the devnce should be operated at these limits. The electrical characteristics provide conditions for actual device operatlon

12V unless otherwise specified
1PS560 1P5560C
Parameter Test Conditions Min LI’pr Max | Min l Typ L Max | Unit
Reference Sections
Intenal Reference Voltage (Vygf) 369 | 372 | 381 |357 |372 | 395 V
- | 365 385 | 353 400| Vv
Temperature Coefficient of Vpgf +100 +100 oprmv°C
Internal Reference (V) IL=-7mA 78 | 84 | 88 | 78 | 84 88 v
Temperature Coefficientof V, 200 200 ppV°C
Ocillator Section
Frequency Range «| 50 100k | 50 100k | Hz
Initial Accuracy Oscillator R=5kQ 5 5 %
Duty Cycle range fo =20 KHz 0-90 | 0-98 0-90 | 0-98 %
Modulator
Modulator Input Current | vottage at Pin5 = 2v [-] T-02] 2 | J-02] 2] pA
Supervisory Functions
Pin 6, Input Current At2v . -02 | -20 -02 | -20 pA
Pin 6, Duty Cycle Limit Control (For 50% Max. Duty Cycle) 40 50 60 40 50 60 |% Duty
15 kHz to 50 kHz, Vg = 0.4V, Cycle
Pin 1, Low Supply Voltage 8 90 | 105} 8 9.0 | 105 \"
Protection Thresholds
Pin 3, Feedback Loop Protection 400 | 600 | 720 1 400 | 600 | 720 | mV
Trip Thresholds
Pin 3, Pull Up Current At2v | -7 -15 | -35 -7 -15 | -35 pHA
Pin 13, Demagnetization/
Over-voltage Protection Threshold 470 | 600 | 720 | 470 | 600 | 720 | mV
Pin 13, Input Current At0.25V -06 -10 -06 -10 pA
. -20 20 | pA
Pin 16, Feed Forward Voltage at Pin 16 =2V, 30 40 50 30 40 50 | %Orig
Duty Cycle Control Duty
Cycle
Pin 16, Feed Forward Input Current At16V Voo =18V 0.2 5 0.2 5 pA
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SWITCHED-MODE POWER SUPPLY CONTROL CIRCUIT

1P8560 1P5560C

Parameter Test Conditions Min l Typ l Max | Min I Typ | Max | Units

External Synchronization

Pin 9 Off 0 0.8 0 08 v

Pin9On 2 vz 2 vz v

Pin 9, Sink Current Voltage at Pin 9 =0V -85 | -125 -85 | -125] pA

Remote On/Off

Pin 10 Off 0 08 0 08 v

Pin100n 2 Vz 2 Vz v

Pin 10 Sink Current Voltage at Pin 9 = 0V -85 | -125 -85 | -125 | pA

Current Limiting

Pin11, iy Voltage at Pin 11 = 250mV -2 -10 2 -10 | pA

Single Pulse Inhibit Delay Inhibit Delay Time for 20% 07 | 08 0.7 08 us

) Overdrive at 30mA loyT

Trip Levels: Shut Down, Slow Start 560 600 | 700 560 | 600 700 | mV

Trip Levels: Current Limit 400 | 480 | 500 | 400 | 480 | 500 | mV

Error Amplifier

Output Voltage Swing (Vo) 6.2 95 | 6.2 9.5 v

Output Voltage Swing (Vo) 0.7 07 Vv

Open Loop Gain 54 60 54 60 dB

Feedback Resistor 10 10 kQ

Small Signal Bandwidth 3 3 MHz

Output Stage

VCE(SAT) Ig =40mA 05 05 Vv

Output Current (Pin 15) 40 40 mA

Max Emitter Voltage (Pin 14) 5 5 \"

Supply Voltage/Current

lcc I; =0, Voltage Fed, Vg =5V, 10 10 mA
Ry =25kQ 15 15 | mA

Vee lcc =10mA, Current Feed 20 24 19 24 Vv
Icc =30mA, Current Feed 20 30 20 30 \'

The * denotes the specifications which apply over the full operating temperature range, all others apply at Tj = 25°C unless otherwise

specified.
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SUPPLY CHARACTERISTICS

mA

|
|

Pd MAX (W]}
cc

ERROR AMP CLOSED LOOP GAIN

CURRENT FED
DROPPING RESISTOR

Rvce

|
|
]

e
25C 70C
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Vg - V,
Rycc - Vs~ Vee
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F
5}
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Ta
OPERATING CURVE 0

Pd = Veeleg * Ve - Voliz
+ 1{V5=Vq4) 1y5 X DUTY CYCLE)

S

SEE DC ELECTRICAL
CHARACTERISTICS
FOR CURRENT FEED
Vce RANGE.
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SWITCHED-MODE POWER SUPPLY CONTROL CIRCUIT

ERROR AMPLIFIER (Cont.)

8 DUTY CYCLE SENSITIVITY TO FEED
FORWARD VOLTAGE (PIN 16) TYPICAL FREQUENCY PLOT vs Ry AND Ct
f (kH2)
100
1000 ]
% A
R '3
70
[
60 +
0 g w0 R =:o~<x- =
Y Lo
. 3 [
4 60 w
o [ ™ R = 20K1!
M r\?\! ~—
o
= 50 = }; —
] ; [ \{\4\ R = AOK1 \1
0 N 3 ‘§ |
N NS S it
2 N I 6 \Y
N b X
a
20 ™~ 3
[
! I —— ,
10 ™~
—
Vig 1
1 15 2 25 Vz 2 25 3 35 4 45 C(nF)
TIMING CAPACITANCE
RAPH FOR TERMING d MAX
SOFT-START MIN DUTY CYCLE vs Ry + Ry GRAPH FOR DE
- . B MAX (%)
o™ 1
1
%0 o v,
. 80 » 80 12
" <0 max - 90, s !
|« - 90°, 3
Ea 70 \ > lf Ry : ouTY
(8] >
r * Lomax - 109 X 3 * 'e gﬁt:m
2 50 LI | I s 50 R2 !
£ 2 X
X 40 b mAX= 50% x !
2 N £ / 12
Z 30
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? 2 "k NN 20
NN /
10 — T 10
I T~ R
R‘ + ﬂ: 2
S 2 3T a4 5 5 78510 2 NS (kS 0 01 02 03 04 05 06 07 08 09 1 R+ R,y

Part Number Temperature Range Package
IP5560J -55°C to +125°C 16 Pin Ceramic DIP
IP5560CD -0°Cto + 70°C 16 Pin Plastic (150) SOIC
IP5560CJ -0°Cto + 70°C 16 Pin Ceramic DIP
IP5560CN -0°Cto + 70°C 16 Pin Plastic DIP
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&)Seagate Microelectronics Limited
SWITCHED-MODE POWER SUPPLY CONTROL CIRCUIT

The IP5561 is a control circuit for use in
switched mode power supplies. This single
monolithic chip incorporates the control and
supervisory (protection) functions required in
switched mode power supplies, including an
internal temperature compensated reference
source, internal zener reference, sawtooth
generator, pulse width modulator, output
stage and cycle by cycle current limit.

Stabilized power supply

Temperature compensated reference
source.

Sawtooth generator
Pulse width modulator
8 Pin mini-DIP
Current limiting

Ry, Cy

1s
REF SAWTOOTH Vee
VOLTAGE GENERATOR
ER::)& " 7
A
reeo 3] - LATCH ouTPUT
BACK R

GAIN 02 =

0.5V — = sTABiLIZED | 8.2V
SUPPLY 7972
1 8

LIN Vee GND

CURRENT
SENSE

(Top View)
7
Vee [1 8] GND
vz 3] 7] ouTPUT
FEED BACK [3] [ 6] CURRENT SENSE
GAIN [4] [5] Rr.CT

N, J and D (150) Package




SWITCHED-MODE POWER SUPPLY CONTROL CIRCUIT

Supply Operating Temperature (Ambient)
Voltage Sourced 18V 1P5561 -55°C to +125°C
Current Sourced 30mA IP5561C 0°C to +70°C
(<] [+
Output transistor Storage Temperature Range 65°C to +150°C
Output Current 40mA Operating Junction
Collector Voitage (Pin 7) 18V Temperature Range -55°C to +150°C

Absolute maximum ratings are those values beyond which the safety of the device cannot be guaranteed. They are not meant to
imply that the device should be operated at these limits. The electrical characteristics provide conditions for actual device operation.

Vce = 12V unless otherwise specified.

1PSS61 1P5561C
Parameter Test Conditions Min 1 Typ J Max | Min ] Typ | Max | Units
Reference Sections
Internal Reference Voltage(VREF) 369 | 375 (384 | 357 | 375 | 39% | V
* | 365 3.88 | 3.55 3.98 \"
Temperature Coeffecientof VReF +100 +100 lppm/°C
Internal Zener Reference (V) IL=-7mA 78 | 82 | 88 | 78 | 82 | 88 \
Temperature Coefficient of V, +200 +200 pm/°C
Oscillator Section
Frequency Range ) «| 50 100k | 50 100k | Hz
Initial Accuracy Oscillator fo =20kHz 12 12 %
Duty Cycle Range 0-90 | 0-98 0-90 | 0-98 %
Current Limiting
N Pin 6 =250 mV 2 | -10 2 | -10] pa
. -20 20 | pA
Single Pulse Inhibit Delay Inhibit Delay Time  |loyT =20mA| 0.88 | 1.10 0.88 | 1.10 us
for 20% Overdrive at |loT = 40mA| 07 | 08 07 | 08 us
Current Limit Trip Level 400 | .500 | .600 | .400 | .500 | .600 )
Error Amplifier
Output Voltage Swing (VoH) 6.2 6.2 \"
Output Voltage Swing (Vo) 0.7 07 \
Open Loop Gain 60 60 dB
Feedback Resistor 10k 10k Q
Small Signal Bandwidth 3 3 MHz
Output Stage
VCE (sAT) Ic=20mA . 04 04 | v
Output Current <1 2 20 mA




SWITCHED-MODE POWER SUPPLY CONTROL CIRCUI

ICA
P85t IP5561C
Parameter Test Conditions Min | Typ | Max | Min [ Typ | Max | units
Supply Voltage/Current
lcc I =0 Voltage Fed 10 10 mA
. 13 13 | mA
Vee Icc = 10mA, Current Fed 20 | 210 | 22 |19.0 | 210 | 240 ] V
lcc =30mA, Current Fed 20.0 30.0 | 20.0 30| V
Low Supply Protection
Pin 1 Threshold I T JTe] 9 Jws]s ] 9Jws]v

The « denotes the specifications which apply over the full operating temperature range, all others apply at Tj = 25°C unless otherwise
specified.

 TYPICAL PERFORMANGE CHARACTERI

ERROR AMPLIFIER

OPEN LOOP GAIN OPEN LOOP PHASE
60 0
N |
50 — =30
) 2 M
40 2 _g0 +H
- w
@ )
2 2 2 -9 &-
§ <
O 20 { § -120 N
\ < \
10 8 _150
0 -180 L
1K 10K 100K ™M oM 1K 10K 100K ALY 10M
FREQUENCY (Hz) FREQUENCY (Hz)
MAXIMUM DUTY CYCLE VS
TRANSFER CURVE OF BASE VOLTAGE ON 01
PULSE—-WIDTH MODULATOR
DUTY CYCLE VS INPUT 100 —7—T—7
VOLTAGE £ 90 [ 6 MAX (%)
100 I 80
-
:g / 9 10 /
Q
70 —~ S 60
R 60 5 s0
~ 50 $
40 5
30 » g X
20 Vi E 20
1(0’ 1((: /
0 1 2 3 4 5 6 0 1 2 3 a4 s
va4 v
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SWITCHED-MODE POWER SUPPLY CONTROL CICU/T

START—UP CIRCUIT (OPTIONAL) SLOW START VOLTAGE
Vz 2
‘ va
1P5561 1
R1 4
Vi . L______
I [}
c R2 !
]
|
L [
R2 |
5max=f[m Vz+Vgeai ] n ot
1=R’C
VS Ry AND Cy
5 125 1000 [ T 13
E l | T
E 100 = L
2 400 L P77 Vec!cctVee-V2) 1z | ER = 5K0 -
+(V5 15 X DUTY CY! 50 ]
z 717 CLE) ~3{IR = 10K() 2
bt 30 ~ T
% o075 = 20 - R = 20K0
& I D ™~ | Rt 1P5561
a2 x ™~
£ s N\ s 10 R = 40K0
c "\ 5 = 5
£
0.25 N 3 cr
I 2
g c L
F o0 1 =

1 2 25 3 35 4 45 5
C(nF)

25 50 70 100 125 150
AMBIENT TEMPERATURE (°C)

ki

Part Number Temperature Range Package
IP5561J -55°C to +125°C 8 Pin Ceramic DIP
IP5561CJ 0°Cto + 70°C 8 Pin Ceramic DIP
IP5561CN 0°C to + 70°C 8 Pin Plastic DIP
IP5561CD 0°C to + 70°C 8 Pin Plastic (150) SOIC

&



(SSD Seagate Microelectronics Limited
DC-DC CONVERTER CONTROL CICUI

The IP34063 series of control circuits contains
all the functions required to implement DC-
DC converters. Included are internal voltage
reference, comparator, controlled duty cycle Output switch current of 1.5A
oscillator with current limit circuit, driver, and Output voltage adjustable from
high current output switch. This series was 1.25 to 40V

specfifically designed to be incorporated in :
Step-Down (Buck) and Step-Up (Boost) ?g:;at;ng frequency from 100Hz to

applications with a minimum number of X
Direct replacement for MC34063/
external components. MC34063A series

Operation from 2.5 to 40V input
Low standby current
Current limiting

(Top View)
DRIVER 8 1 swiTew
COLLECTOR COLLECTOR
[ s o Q2
QR (o3}
SWITCH DRIVER
K7 170 coLLecTor L] 8] coLLecToR
sense o Suer SWITCH
EMITTER EMITTER n Ipk SENSE
OSCILLATOR TIMING
CAPACITOR (6] vee
GND COMPARATOR
vec 0 3 e [4] B INVERTING
COMPARATOR CAPACITOR INPUT
25
+ REF‘EREVNCE
- REGULATOR
COMPARATOR 5 —I; 4
INVERTING © GND
INPUT
N, J and D (150) Package
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Power Supply Voltage
Comparator Input Voltage Range
Switch Collector Voltage

Switch Emitter Voitage

Switch Collector to Emitter Voltage

Driver Collector Volitage

Switch Current

+40V
-0.3 to +40V

40V
40V
40V
40V
1.5A

f&v

Power Dissipation at Tp = +25°C (Note 1)
Ceramic Package 1.25W

Plastic Package 1.0W
Operating Junction Temperature

Ceramic Package +150°C

Plastic Package +125°C

Operating Ambient Temperature Range

IP35063 -55°C to +125°C
1P33063 —-40°C to +85°C
1P34063 0°C to +70°C

Storage Temperature Range —-65°C to +150°C

Absolute maximum ratings are those values beyond which the safety of the device cannot be guaranteed. They are not meant to
imply that the device should be operated at these limits. The electrical characteristics provide conditions for actual device operation.

Note 1. Derate at 10mW/°C for ambient temperatures above +25°C.

(Vcc = 5.0V, unless otherwise specified)

Parameters L Test Conditions I Min I Typ l Max [ Units
Oscillator
Charging Current 5.0V<sVeos4ov 20 35 | 50 HA
Discharge Current 5.0VsVpes40v 150 | 200 | 250 | uwA
Voltage Swing 0.5 Vpp
Discharge to Charge Current Ratio Ipk (sense) =VcC 6.0
Current Limit Sense Voltage Ichg = ldischg 250 | 300 | 350 | mV
Output Switch
Saturation Voltage, Darlington Connection Isw=1.0A 10 | 13 | V
Saturation Voltage Isw = 1.0A; ¢ (Driver) =50mA, (Forced B = 20) 045 | 0.7 v
DC CurrentGain Isw=1.0A;VCE=5.0V 35 120
Collector Off-State Current Ve =40V 10 nA
Comparator
Threshold Voltage 1.18 | 1.26 | 1.32 v
Threshold Voltage Line regulation 3.0VsVpos40v 004 | 02 | mVV
Input Bias Current ViN=0V 40 | 400 | nA
Total Device
Supply Current 5.0VsVpc £40V,Cr=0.001 uF

Ik (Sense) =Vce,V PIN 5> Vih 24 | 35 | mA

PIN 2 = Gnd, Remaining Pins Open

The « denotes the specifications which apply over the full operating temperature range, all others apply at Tj = 25°C unless otherwise

specified.

&



OUTPUT SWITCH ON-OFF TIME (us)

VCE (sat), SATURATION VOLTAGE (VOLTS)

1000

o
S

[S)

~ IP35063, IP33063, IP34063

DC-DC COVTR ONTRO CIRCITS

Output Switch On-Off Time
vs. Oscillator Timing Capacitor

32
Vee - 5.0V
|- lpkisense) - Vee
Pin 5= Gnd
P ~
- T 24
5 A =
=
z
ton @
o
LA 3 16
toff >
%
2
= ol &
— F 2
- § 08
0
0.1 1.0 10 100
CT,0SCILLATOR TIMING CAPACITOR (nF)
Emitter-Follower Configuration
Output Switch Saturation Voltage
vs. Emitter Current
— 1.2
T 2
L vee = 5.0V =
Pin1.7.8=Vee o
|- Pin 35 = Gnd > 10
|+ o
[}
<
5 o8
A 4
4
S 06
e <
=
2 o4
<
3
2 o2
w
(5]
>
0
0 0.2 04 06 08 1.0 1.2 14

{g, EMITTER CURRENT (AMPS)

0 5.0

Standby Supply Current
vs. Supply Voltage

Ct - 0.001pF

I ok isenses - VCC

Pin 2. Gnd

10 15 20 25 30 35

Ve, SUPPLY VOLTAGE (VOLTS)

Common-Emitter Configuration
Output Switch Saturation Voltage

40

vs. Collector Current
T 177

L voc sou L1

Pin 7 - Vg T 1

—Pin235=Gnd Darlington Ce
ing! —

L1

Forced Beta = 20

=

04 0.6 08 1.0

Ic, COLLECTOR CURRENT (AMPS)
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DC-DC CONVERTER CONTROL CIRCUITS

Clculatlon Step-dn Stp-up
toN Vourt +VF Vout +VF-VIN (MIN)
tOFF VIN(MAX) - VSAT - VouT VIN(MIN) - VSAT
1 1
(1ON + 'OFFIMAX i MIN
cT 4X10510N 4X10"50N
| ) 1 toN +1tOFF
pk(switch) 2louT(MAX) 2louT(MAX) — 5 —
Rsc 0.3%lpk(switch) 0.3%/lpk(switch)
VIN(MAX) - VSAT - VouT VIN(MIN) - VSAT
LMIN) | ) TON(MAX) " tON(MAX)
pk(switch) pk(switch)
Ipk(switch) (tON + tOFF) louT toN
Co OUTON
8 Vripple (p-p) Vripple

VAT = Saturation voltage of the output switch.
Vg =Forward voltage drop of the ringback rectifier.
The following power supply characteristics must be choser:

VIN

Vout
lout

MIN
Vripple(p-p)

Nominal input voltage. If this voltage is not constant, then use ViN(MAX) for step-down and ViN(MIN) for
step-up converter.

Rz

"ﬁI)'

Desired output voltage, Voyt = 1.25 (1 +
Desired output current.

Minimum desired output switching frequency at the selected values for Vi and Ig,
Desired peak-to-peak output ripple voltage. In practice, the calculated value will need to be increased due
to the capacitor's equivalent series resistance and board layout. The ripple voltage should be kept to a low

value since it will directly affect the line and load regulation.

Step-Up Converter

170 uH

Step-Down Converter

Tl 8 1

Rsc

033
vin
28V 6

100 ==*
I

Rsc
022

12v 6
204
u s 100 = *

lmsew

Vout
28 V175 mA

Vout
R2 5.0V 500mA

a7K |soo-J

P T

35K “0_'
uF D 1

&



Step-Down, External NPN Switch

Rsc

External Current Boost Connections For I¢ Peak Greater Than 1.5 A

0w |,

N B—Li‘

Rsc
Vin © o
5 4

Step-Down, External PNP Saturated Switch

B LI

H"™

Step-Up, External NPN Saturated Switch

Step-Up, External NPN Switch

Temperature Range

Part Number

IP35063J -55°C to
IP33063D —-40°C to
IP33063J —-40°C to
IP33063N —-40°C to
1P34063D 0°C to
1P34063J 0°C to
1P34063N 0°C to

R_QFOR
CONSTANT v,
o
4
+—o

Package

+125°C 8 Pin Ceramic DIP
+ 85°C 8 Pin Plastic (150) SOIC
+ 85°C 8 Pin Ceramic DIP
+ 85°C 8 Pin Plastic DIP
+ 70°C 8 Pin Plastic (150) SOIC
+ 70°C 8 Pin Ceramic DIP
+ 70°C 8 Pin Plastic DIP
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(S? Seagate Microelectronics Limited
5-AMP STEPPER MOTOR DRIVER

The IP3D0O3W is a high voltage, high current

monolithic integrated H-bridge driver
designed to drive DC and stepper motors with
up to 5 amps continuous current. TTL
compatible control is provided by two INPUT
pins to control the respective phase of each
push-pull channel and an ENABLE pin for
four-quadrant chopping applications. The
entire circuit operates from a single supply
with a maximum of 50 volts. Logic pins can
be switched from —0.3 volts to supply making
this device ideal for military applications. The
IP1DO3K is packaged in an 8 pin TO-3 for
applications which require a hermetic power
package. Other features include an external
current sense pin, thermal shutdown
protection with hysteresis, input hysteresis
and internal crossover-current protection to
avoid destructive current spikes through the
device.

IP3D03W (FUTURE)
1—SUPPLY
2—INPUT 1
3—OUTPUT 1

4—SENSE

[ 5—OUTPUT 2

6—INPUT 2
7—ENABLE
8—GROUND

|

12345678

Power SIP

IP1DO3K

1—SENSE
2—OUTPUT 1
3—INPUT 1
4—ENABLE
5—GROUND/CASE
6—SUPPLY
7—INPUT 2
8—OUTPUT 2

TO-3

5A maximum continuous output current
50V maximum supply voltage

External current sense capability
Internal crossover-current protection

Thermal shutdown protection with
hysteresis

TTL compatible inputs with hysteresis
Power SIP package (Future)
Hermetic 8 pin TO-3 package

Parasitic protection from inductive
transients

INPUT 1 INPUT 2
O O

GROUND

INPUT ENABLE OUTPUT
X L HIGH z
L H SINK
H H SOURCE




Supply Voltage, Vg

50V
Input Voltage, V|N -0.3to +50V
Output Voltage, Vo (Note 1)
Output Current, Io 5A

Note 1:

150°C

Operating Junction Temperature, T
-60°C to 150°C

Storage Temperature, TsTG

Package Thermal Resistance

Power SIP, Ryc 1.5°C/W
RJA 25°C/W
TO-3 Ryc 1.0°C/W

Voltage transients above supply must be limited by external suppression diodes. See application information for more details.

Absolute maximum ratings are those values beyond which the safety of the device cannot be guaranteed. They are not meant to
imply that the device should be operated at these limits. The electrical characteristics provide conditions for actual device operation.

Unless otherwise noted, these specifications apply over the full operating ambient temperature range. Typical values are given for
Vg = 28V and Tp = 25°C.

Symbol Parameter Conditions Min | Typ | Max | Units
Vs Supply Voltage 45 48 Vv
Is Supply Current EN = H, IN = H 19 mA
EN = H,IN = L 37 mA
EN =L 9 mA
ViL Input Low Voltage -0.3 0.8
VIH Input High Voltage 24 VS
L Input Low Current ViL = oV -50 uA
iH Input High Current VIH = 5V 10 uA
Uth Upper Threshold 2.10 \
Lth Lower Threshold 1.50 \
VcEgsatH Source Saturation Voltage 1o = -0.5A 1.45 \
lo = —-5.0A 1.90 \
VcEsatL Sink Saturation Voltage lo = 0.5A 0.75 \
lo = 5.0A 1.1 Y
Vob Output Voltage Differential lo = 0.5A 0 25 mV
lo = 5.0A 0 100 | mV
VE Diode Forward Voltage lo = 0.5A 0.95 v
lo = 5.0A 1.55 \
Tisd Thermal Shutdown Threshold 150 | 175 C
Thys Thermal Shutdown Hysteresis 25 C
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5-AMP STEPPER MOTOR DRIVER

Source Saturation Voltage
vs Output Current

Sink Saturation Voltage
vs Output Current

25 25
2 2
5 3
> 20 — _>J,‘2.o
I
= — | 5
%) —1 )
> 15 > 15
o) >
2 10 g 10
c
-~ [o]
g 05 % 05
3 1%}
0 0
0 10 20 30 40 50 0 10 20 30 40 50

Output Current, lg, Amps

Output Current, lg, Amps

Diode Forward Voltage
vs Output Current

25

20

1.5

1.0

Forward Voltage, VE, Volts

0.5

94

1.0 2.0 3.0 40 5.0
Output Current, lg, Amps
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IP1D03, IP2D03, IF

5-AMP STEPPER MOTOR DRIVER

INPUT Switching (t1 - t4 Source, t5 - t8 Sink) Min | Typ | Max | Units
t1 Turn-off delay 0.5Vito 0.5l0 300 ns
t2 Fall time 0.9lo to 0.1lo 150 ns
13 Turn-on delay 0.5Vito 0.5lo 1500 ns
t4 Rise time 0.1lo to 0.9lo 200 ns
t5 Turn-off delay 0.5Vi to 0.5l0 400 ns
t6 Fall time 0.9lo to 0.1lo 300 ns
-7 Turn-on delay 0.5Vi to0.5lo0 450 ns
18 Rise time 0.1lo to 0.9l0 300 ns
ENABLE Switching (t9 - t12 Source, t13 - t16 Sink)
t9 Turn-off delay 0.5Vi to 0.5lo 3400 ns
t10 Fall time 0.910 to 0.1lo 850 ns
t11 Turn-on delay 0.5Vi to 0.5lo 800 ns
t12 Rise time 0.1lo to 0.9l0 150 ns—
t13 Turn-off delay 0.5Vi to 0.5lo 2900 ns
t14 Fall time 0.9lo to 0.1lo 800 ns
t15 Turn-on delay 0.5Vi to 0.5lo 500 ns
t16 Rise time 0.1lo0 to 0.9l0 100 ns
Cross-over Delays, INPUT Switching
t17 Source to Sink delay 1600 ns
t18 Sink to Source delay 1600 ns

Part Number Temperature Range Package
IP1DO3K -55°C to +125°C 8 Pin TO-3
IP2D0O3W —40°C to +105°C 8 Pin Power SIP (FUTURE)
IP3DO3W 0°C to + 70°C 8 Pin Power SIP (FUTURE)
IP3DO3K 0°C to + 70°C 8 pin TO-3




(%) Seagate Microelectronics Limited
UNIVERSAL QUAD DRIVER

This family of universal quad drivers are high
voltage, high current, high gain integrated
circuits that provide an interface between
stepper motors and motor control circuitry.
Both part types, the D08 and D09, allow split
supply operation to both positive and
negative rails. The D09 allows for external
current sensing via an emitter sense pin. The
D08/09 are capable of sinking up to 2.5A and
can withstand output OFF voltages to 50V. All

Output currents to 2 amps

Current sense on D09

50 volt output breakdown

Low output saturation voltage

Low diode forward voltage

Split supply operation

Clamp diodes for transient suppression
Compatible with standard logic families
Improved noise immunity and parasitic

outputs offer voltage suppression capability suppression
with internal clamp diodes and all versions are
supplied in dual-in-ine packages with heat
sink contact tabs for maximum power
dissipation.

50 volt output sustaining voltage

out 1 [7] 6] Qone . IPXDOSN
N1 5] our 4 DIODE
lGROUND [3] EI N4 COMMON
suss. [3 13] suss.
SUBS. E E SuBS.
Vec [E] [T N3
iN2 ] 0] ouT 3 INPUT OUTPUT
ouT 2 [E] (5] ENABLE | E—V_'ZI DIooE
SENSE 1[Z] [i9] ouT 4 (E:g'a?nlgN
in1[E] [18] SENSE 4 CURRENT
GROUND [7] [17] iN 4 GROUND : SENSE
SUBS. {5 16 SUBS. SUBSTRATE
SUBS. E Esuas. _T_(VEE)
Vee 7] B -
iN2 [E] [13] SENSE 3 One of Four Drivers
SENSE 2 [€] 17 ouT 3
IPXDOSN out2 [ 7 ENABLE

&



Output Voltage, VcE
D08/D09

Input Voltage, V|N

Logic Supply Voltage, Vcc
D08/D09

Output Current, loyT
Diode Reverse Voltage VR

Diode Forward Current, Ip

50V

—-0.3V to +80V

50V
2.5A
80V
2.5A

Current Sense Voltage, Vs

D09 1V
Power Dissipation 2.7W
Operating Junction Temperature + 150°C

Operating Ambient Temperature Range
1P2D08/D09 —25°C to +85°C
1P3D08/D09 0°C to +70°C

Storage Temperature Range —-65°C to +150°C

Lead Temperature(Soldering, 10 sec.) +300°C

Absolute maximum ratings are those values beyond which the safety of the device cannot be guaranteed. They are not meant to
imply that the device should be operated at these limits. The electrical characteristics provide conditions for actual device operation.

 ELECTRICAL CHARACTERISTICS

(Vcc = 15V)
Parameter Conditions Min | Typ | Max | Unit
Supply Current, Ig All Inputs = 0.8V L) 25 | 40 | mA
All Inputs = 5.0V [ 2 5 mA
Input Low Current, Ij_ VL = 0.8V ° -50 uA
Input High Current, |4 VIH = 2.0V ° 10 | uA
Enable Low Current, Ij_ VL = 0.8V o -200 | -400 | uA
Enable High Current, lj4 VIH = 2.0V ° 10 | uA
Logic Input Low Voltage, V|_ ® (-03 0.8 \
Logic Input High Voltage, V|H o 2.0 Vcel| V
Output Saturation Voltage, VCE
(SAT) loyT = 2.0A ° 18| V
Output Leakage Current, ICEX VouT = VCE MAX o 50 | uA
Output Sustaining Voltage, VCE(SUS) | louT = 100mA (Figure 2) ° 50 \'
Diode Leakage Current, IR VR = 80V ° 50 | uA
Diode Foward Voltage, VF loyT = 2.0A L 16 V

The @ denotes the specifications which apply over the full operating range, all others apply at TpA = 25°C unless

otherwise specified.

(Vec = 15V, = 10KHz and Tp = 25°C)

Parameter Conditions Min | Typ | Max | Unit
Turn-on Delay, ton loyT = 2.0A 0.8 us
Turn-off Delay, toff louT = 2.0A 0.8 us

Note: Switching times apply for resistive loads and are not tested in production.
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UNIVERSAL QUAD DRIVER

Reverse Bias Safe Operating Area — Test Circuit & Waveforms

5V

0

VCE(sUS)
VCLAMP + VF

Vs
VSAT

Ipk

0
VCE(SUS)
Vs
VSAT

|pk

0

Vs
VIN
vout |
VIN
ICOLLECTOR —/
—
IDIODE \
Figure 1.
Sustaining Voltage — Test Circuit & Waveforms
Vs
— S——1V}
VIN
L
lout
vout
VouT
VIN dlouT _ vg-VsaT
dt L -

lout

Figure 2.

For this test the internal flyback diode is disconnected.

Part Number Temperature Range
IP2D08N —25°C to +85°C
IP3DO8N 0°C to +70°C
IP2D0O9N -25°C to +85°C
IP3DOSN 0°C to +70°C

&
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Package
16 pin power DIP
16 pin power DIP
20 pin power DIP
20 pin power DIP



(@ Seagate Microelectronics Limited
200mA DUAL H BRIDGE

IP1M10, IP2M10, IP3

DESCRIPTION.  FEATURES

The IP1M10 and IP1M12 series each contain 200mA continuous output current per

two full H-bridge power drivers capable of bridge (100mA for IMXX/2MXX)

delivering 200 mA continuous output current Internal output clamp diodes

per channel (100mA for IMXX/2MXX). Each Hysteretic logic inputs for noise immunity

bridge may be run from its own supply Thermal shutdown protection ﬂ
voltage of up to 36V and is controlled by 2 Peak current limit protection

high voltage protected logic level inputs with Crossover current blanking

internal hysteresis for noise immunity. S . -
; ) eparate + 5V logic supply for minimum
Protection features include thermal shutdown, power dissipation (1M10 series only)

peak current limiting, crossover current ;

blanking, and internal output clamp diodes. Separate|+7to +36V logic supply (1M12
Logic supply current is provided by a series only)
separate pin so that standby power

dissipation may be minimized. The IP1M10 CONNECTIONS e

series requires a + 5V logic supply while the —\ F_T o
IP1M12 series requires a logic supply voltage +VoA d 1] -VoA
of +7V or greater, and is typically used in Vca [ 5] VEA
single supply applications. Vss G [Z] PWM A
The IPIM10 and IP1M12 are available in a PWM Bé 1] DIR A
14 lead ceramic DIP while the IP2M10, DIR B[E] 5] GROUND
IP2M12, IP3M10, IP3M12 are available in the VeB [ 5 v
14 lead ceramic DIP, 14 lead plastic DIP, and v EB
14 lead plastic SOIC packages. 0B :1-Vos
- BLOCK DIAGRAM

VcA

(61

[ | AAA Iiok e AAA
3

250 GROUND 2500
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200mA DUAL H-BRIDGE

.

Logic Supply Voltage, Pin 3

o

Output Current, Peak INTERNALLY LIMITED

1M10, 2M10, 3M10 v L
( ) * Power Dissipation, Tp = +25°C 1000mW
Logic Supply Voltage, Pin 3 (Note 1)
1M12, 2M12, 3M12 + 40V T
( ) Power Dissipation, Tc = +25°C 2000mw
Driver Supply Voltage, Pins 2 and 6 +40V (Note 2)
Logic Inputs -0.3V to +40V Operating Junction Temperature +150°C
Output Current, DC +250mA Storage Temperature Range -65°C to +150°C
B Absolute maximum ratings are those values beyond which the safety of the device cannot be guaranteed. They are not meant to

imply that the device should be operated at these limits. The electrical characteristics provide conditions for actual device operation.

0

Logic Supply Voltage, Pin 3 Output Current, DC

(1IM10, 2M10, 3M10) +4.75V to +5.25V (3MXX) +200mA
Logic Supply Voltage, Pin 3 Ot(xlpMu):Xéil:'::(:t) peak £100mA
1M12, 2M12, 3M12 ’
( ) +7V to +36V (BMXX) +250mA
Driver Supply Voltage, Pins 2 and 6 (1MXX/2MXX) +125mA
+4.75V to +36V Operating Ambient Temperature Range
Logic Inputs OV 1o + 38V IPIM10/1M12 ~55°C to +125°C

IP2M10/2M12 -40°C to + 85°C
IP3M10/3M12  0°C to + 70°C

Note 1 Derate at 10mW/°C for ambient temperature above + 50°C
Note 2 Derate at 16mW/°C for case temperature above + 25°C
Note 3 Range over which the device is functional and parameter limits are guaranteed

INPUTS OUTPUTS
DIR PWM +Vo -Vo
L L z* H
L H L H
H L z*
H H L

* Z = High Impedance
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uniess omnerwise notea, speciticenons appty over e recommenaea operalng conaiuons. (See Notes 1-3).

PARAMETER TEST CONDITIONS MIN | TYP | MAX |UNITS
Logic Supply Current Vss = +5.25V,ljpapg = OMA | @ 5 12
(Pin 3) XM10  [Vss = +5.25V, ILoaDs = 100mA | @ 8 | 20
Vss = +5.25V, I OADS = 200mA | ® 12 28 | mA
Vss = +36V, ILpaDS = OmA o 8 18
XM12  |Vss = +36V, | oapg = 100mA | e 1 25
Vss = +20V, I paADS = 200mA | @ 15 32
Quiescent Bridge Current (Pin 2 or 6) ILOAD = OmA . 25 8 | mA
PWM Input Threshold Falling e| 08 1.5 2.0
(Pins 4 and 12) Rising ol 12 | 25| 30| Vv
Hysterisis e| 04 1.0
PWM Input Current Low VIN = OV o -20 | -100
(Pins 4 and 12) High  |Vin =36V o o1 | x10]| PA
DIR Input Threshold Falling e| 08 15 2.0
(Pins 5 and 11) Rising ol 12 [ 23| 30| v
Hysterisis | 02 0.8
DIR Input Current Low VIN = OV o -20 | -100
(Pins 5 and 11) High  |Vjy = +36V . 01 | x10] PA
Total Saturation Voltage ILoAD = 100 mA [ 1.8 | 2.25 v
(VSAT (Sink) + VSAT (Source)) [gir10/sM12 Only  |ILoaD = 200 mA . 21 | 2.70
Diode Forward Voltage IDIODE = 100 mA ° 1.1 1.4 v
IDIODE = 200 mA ° 12| 16
Output Leakage Current Low Vo = 0V, Vc = 36V o 1 100
(Pins 1,7, 8 and 14) High  |Vo = Vc = 36V . T 100 | PA

PARAMETER [MIN | TYP | MAX |UNITS
Sink Turn-on Delay AtV = Vi(TH) to Vo = Vs/2 1250 nS
Sink Current Rise Time At lg = (0.1 10 0.9) ILoAD 200 nS
Sink Turn-off Delay AtV = Vi(TH) o Vo = Vg2 300 nS
Sink Current Fall Time At: lg = (0.9 to 0.1) I papload 200 nS
Source Turn-on Delay At Vi = ViH) to Vo = Vg2 800 nS
Source Rise Time At lg = (0.1 10 0.9) I 0AD 400 nS
Source Turn-off Delay At Vi = VijH) to Vo = Vg2 1000 nS
Source Fall Time At: lg = (0.9 to 0.1) ILoAD 500 nS
Sink to Source Deadtime 500 nS
Source to Sink Deadtime 250 nS

The ® denotes specifications which apply over the full operating range, all others apply at Tp = 25°C unless otherwise specified.
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Output State vs

DIR Input Voltage

200mA DUAL H BRIDG

Vsat (V)

1
e 55°C
5
@ 25°C
2 125°C
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VoIR (V)
Output State vs
PWM Input Voltage

1
° Ta =
4 -55°C
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H +25°C
3 +125°C
S
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Vewm (V)

Part Number
IP1M10J
IP2M10J
IP2M10N
IP2M10D
IP3M10J
IP3M10N
IP3M10D

IP1IM12J
IP2M12J
IP2M12N
IP2M12D
IP3M12J
IP3M12N
IP3M12D

Diode Forward Voltage vs
Ambient Temperature
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0°C to
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Package

14 Pin Ceramic DIP
14 Pin Ceramic DIP
14 Pin Plastic DIP
14 Pin SOIC

14 Pin Ceramic DIP
14 Pin Plastic DIP
14 Pin SOIC

14 Pin Ceramic DIP
14 Pin Ceramic DIP
14 Pin Plastic DIP
14 Pin SOIC

14 Pin Ceramic DIP
14 Pin Plastic DIP
14 Pin SOIC



& Seagate Microelectronics Limited

USH-PULL FOUR CHANNEL DRIVE

'DESCRIPTION

The IP293DML is a low voltage, low current
version of the 293 quad push-pull driver with
superior output impedance matching and
parameters guaranteed over temperature. It
is ideal for applications with 5V or 12V power
rails and each channel is capable of
delivering a continuous output current of 250
mA.

Each full bridge driver has an enable input
for a high impedance output state. A separate
supply input allows the logic to be operated
at lower voltages to reduce power dissipation.

This device has an output differential voltage
guaranteed to be less the 75mV at 100mA for
accurate positioning in stepper motor
applications.

The IP293DML is packaged in a plastic
power DIP which uses the four centre pins to
conduct heat to the printed circuit board, or
a plastic power SOIC which uses the eight
centre pins.

FEATURES

250mA continuous output current

500mA peak non-repetitive output
current per channel

Enable facility for dual full-bridge
configuration

High noise immunity
Seperate logic supply
Thermal shutdown protection
Cross-over current protection
Internal output clamp diodes

Top View
S —
ENaABLE A [1] 20] Vss
INPUT 1 [2] [19] INPUT 4
ENABLE A [T] 6] Vss outpuT 1 3] [18] ouTPUT 4
INPUT 1 2] E INPUT 4 GnD [3 7] GND
OUTPUT 1 [3] [72] ouTPUT 4 GND [5 16] GND
GND [# 7] aND GND L6 15 GND
GND |5 12] GND GND |7 14] GND
outpuT 2 [E] E OUTPUT 3 output2 [E] 3] outPuT 3
INPUT 2 [7] [70] INPUT 3 INPUT 2 3] [12] INPUT 3
vs (8] (5] ENABLE B vs [i0] [77] ENABLE B
1P293DML IP293DML
N Package D (300) Package
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PUSH-PULL FOUR CHANNEL DRIVER

Supply Voltage 18V Junction Temperature 150°C

Logic Supply Voltage 18V Storage Temperature —40°C to + 150°C
Peak Non-repetitive Continuous Output Current
lo) < 5 .5A

utput Current (t< 5ms) 0.5 1P293DML 0.25A

Operating Ambient Temperature 0°C to +70°C

Absolute maximum ratings are those values beyond which the safety of the device cannot be guaranteed. They are not meant to
imply that the device should be operated at these limits. The electrical characteristics provide conditions for actual device operation.

IN&  IN3ENB
o
ouT 4
o—
ouT3
O
vs GND
57— L
ouT 2 i
ouT 1
[ =
vés INT IN2 ENA
IP293DML




PUSH-PULL FOUR CHANNEL DRIVER

Vg = 12V, Vgg = 5V urnless otherwise stated

Parameter Test Conditions Min | Typ | Max | Units
Supply Voltage Vg Vss 15 \Y
Logic Supply Voltage Vgg 45 15 \"
VIN=LVEN=HIp=0 0.5 15 | mA
Quiscent Supply Current Ig
(per channel) VIN=H,VEN =H lp =0 5 8 mA
VEN = L 1 mA
Vn=LVEN=Hlg=0 1 ] 15 ] mA
Quiscent Logic Supply
Current Igg VIN=H VEN=HIlp=0 15 | 65 mA
(per channel)
VEN = L 15 | 60 | mA
Input Low Voltage -03 15 \
Input High Voltage 23 Vss A
Low Voltage Input Current ViL = 1.5V -10 HA
High Voltage Input Current VIN = 23V 40 | 100 PA
Enable Low Voltage -03 15 \
Enable High Voltage 23 vsg | Vv
Low Voltage Enable Current VENL = 1,5V —-40 | -100| pA
High Voltage Enable Current VENH = 2.3V 10 pA
Source Output Saturation Voltage lo = 250mA, Vg = 10.8V 0.9 1.8 \'
Sink Output Saturation Voltage lo = 250mA, Vg = 10.8V 0.9 1.8 v
Output Differential Voltage lo = 100mA, Vg = 4.3V -75 ]| +25| +75 | mV
Output Differential Voltage lo = 250mA, Vg = 10.8V -150 +1501 mv
Diode Forward Voltage lop = 250mA 1.3 1.8 "
Output Leakage Curent Vg = 108V, VEN = L —200 +200| pA

The @ denotes the specifications which apply over the full operating ambient temperature range, all others apply Tp = 25°C unless

otherwise specified.
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PUSH-PULL FOUR CHANNEL DRIVER

Vs = 12V, Vss = 5V, fc = 30 kHz, TA = 25°C

il i

Parameter Min | Typ | Max | Unit
Sink Current Turn-on Delay 600 ns
Sink Current Rise Time 100 ns
Sink Current Turn-off Delay 400 ns
Sink Current Fall Time 200 ns
Sink Current Turn-on Delay 1000 ns
ﬂ Sink Current Rise Time 200 ns
Sink Current Turn-off Delay 200 ns
Sink Current Fall Time 100 ns
Sink to Source Deadtime 0 600 ns
Source to Sink Deadtime 0 400 ns

(Note; Switching times apply for resistive loads only)

(per channel)

INPUT ENABLE* OUTPUT
H H H
L H L
H L 4
L L 4

*relative to the considered channel
2Z = High impedance

5V
INPUT
ov

— ot e —ton _.}

1A

’ SINK QUTPUT
CURRENT

0A

toff —| — -— tr

SOURCE OUTPUT
CURRENT

td1 = (ton—tr/2)source—(toff * t£/2)gink
td2 = (ton—1tr/2)sink—(toff + t/2)source
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PUSH-PULL FOUR CHANNEL DRIVER

ME |

DC motor controls (with connection
to ground and to the supply voltage)

2 _r[:)(
u Ej E
J-[r_s _I: ¢
:

IP293DML

Bidirectional DC motor control

N

2Ol

n

l_ox

7 6

3 2

s

16
*Vss
1P293

OEa
Tswzv?
Eg| I3 M1 14 M2 INPUTS FUNCTION
H | H | Fast Motor Stop | H Run lo=H;l1 =L | Turn Right
H| L | Run Fast Motor Stop EA=H |12=L;11=H| Turn Left
L | X | Free Running X Free Running 11=12 Fast Motor Stop
Motor Stop Motor Stop Ea-L |l1=Xilp=X| Free Running
L= Low H=High X=Don't care Motor Stop

L= Low H=High X =Don't care
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The RgJa of the IP293DML can be reduced
by soldering the GND pins to a suitable
copper area of the printed circuit board or to
an external heatsink.

The diagram of Figure 3 shows the maximum
package power Piot and the @JA as a
function of the side """ of two equal square
copper areas having a thickness of 35u (see
figure 1).

Figure 1- Example of P.C. Board Copper Area
which is used as Heatsink

-

COPPER AREA 35u THICKNESS

P.C. BOARD

Figure 3 - Maximum Package Power and Junction
to Ambient Thermal Resistance vs
Size Q"

N s
™ ©
N
1
Piot (Ta 7 70°C!
[T
. [ITTT1 .
R T—
Sidef - mm

THERMAL DATA IP2930MLN

In addition, it is possible to use an external
heatsink (see figure 2).

During soldering the pins’ temperature must
not exceed 260°C and the soldering time
must not be longer than 12 seconds.

The external heatsink or printed circuit copper
area must be connected to electrical ground.

Figure 2 - External Heatsink Mounting Example
(64 = 25°C/W)

Figure 4 - Maximum Allowable Power Dissapation
vs Ambient Temperature

N \&

o 4,

4
<
|

] T

2 " 5
' s

&3

50 o 50 100
Ta- )

............................. MAX 14° C/W
............................. MAX 80° C/W

Part Number
IP293DMLN
IP293DMLD

Temperature Range
0°C to +70°C
0°C to +70°C

Package
16 Pin Plastic DIP
20 Pin Plastic (300) SOIC
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(SS) Seagate Microelectronics Limited

LOW DROPOUT, 3 AMP POS. ADJUSTABLE REGULATORS

The IP3R0O7A series of low dropout adjustable
voltage regulators are capable of supplying
3A of output current with an input-to-output
voltage of just 0.8V. In applications where
high efficiency is necesary it is now possible
to obtain a low cost, single chip solution.
These regulators are exceptionally easy to
use, requiring only two external resistors to
set the output voltage. The IP3RO7A exhibits
an initial £ 1% output voltage tolerance, and
over all operating conditions the reference
voltage is guaranteed not to vary more than
+ 2%. These devices include internal current
limiting, thermal overload protection, and
power device safe operating area

compensation.

BIAS -0 (1) CONTROL

1 POWER
[ (4 inpuT

THERMAL
SHUTDOWN

RLPE :'CE + INTERNAL
RENCE
N PASS

TRANSISTOR

URRENT
e CURRENT LIMIT
SENSE RESISTOR

-O (3) OUTPUT

© (5) ADJUST

0.8V dropout voltage at 3A
Guaranteed 1% output voltage tolerance
Guaranteed 0.3% load regulation
Guaranteed 0.01%!/V line regulation

Available in TO-218, TO-220, TO-3 and
Hermetic TO-257 packages

(Bottom View) (Top View)
TO-3 TO-257
CASE
IS Vo
vp Ve O k- CASE
1S Vo
\'/¢} ADJ
ADJ Ve
(Top View)
TO-218
Ve (1)
NG (8 —0 ——
Vo (3)
=] |°
ADJ (5)
(Top View)
TO-220
Ve (1)
N/C (2) ="
VO 3) "] O
VP (4) =_-=C‘
ADJ (5)




IP1RO7A, IP1R07, IP3RO7A, IP3RO7 Series

LOW DROPOUT, 3 AMP POS. ADJUSTABLE REGULATORS

ABSOLUTE MAXIMUM RATINGS

Power Dissipation Internally Limited Operating Junction Temperature
IP1RO7A, IP1R07 —-55°C to +150°C
Control Input to Output Voltage 35V IP3RO7A, IP3R07 0°C to +125°C

Storage Temperature Range -65°C to +150°C

Power Input to Output Volt 15V
P P age Lead Temperature (Soldering, 10 sec.) +300°C

Absolute maximum ratings are those values beyond which the safety of the device cannot be guaranteed. They are not meant to
imply that the device should be operated at these limits. The electrical characteristics provide conditions for actual device operation.

ELECTRICAL CHARACTERISTICS

IP1R07A/IP3R07A IP1R07/IP3R07

Parameter Conditions (Note 1) Min | Typ | Max | Min | Typ Max | Units
Reference Voltage lo=10mA 1.238 | 1.250 | 1.262 v

3V<Vge- Vo<35V +|1225|1250| 1270 120| 125 | 130 | V

1.5VsVp-Vos7?V

10mA<Ig<3A, P <20W
Line Regulation 3V<Vgp-Vpo<35V 0.005 | 0.01 0.005| 0.03 | %NV

) . 002 | 0.05 0.02 | 0.07 | %NV

Load Regulation 10mA<in<3A 0.10 | 0.30 010 050 | %
(% Vout) . 030 | 10 030 15 | %
Thermal Regulation 20 msec Pulse 0.002 | 0.01 0.002| 0.03 | %W
Ripple Rejection Vo=10V, CAdj =0 65 65 dB
(Control Input) f=120Hz Cadj=100F | 66 86 66 86 dB
Dropout Voltage AV =50mV 08 1.0 08 | 1.0 v
(Power Input)
Adjust Pin Current . 50 100 50 100 | pA
Adjust Pin Current 3V<Vgp- Vos35V . 0.2 5 0.2 5 HA
Change 1.5V<sVp-Vos7V

10mA<ig<3A
Minimum Load Current Vg- Vo=35v . 35 5 35 10 mA
Current Limit Vp-Vos7V ) -] 3 45 3 45 A
Thermal Resistance VPkg | Power Transistor 1.2 1.2 °C/W
Junction-io-Case, 8¢ KPkg | control Ci rcuitry 05 0.5 °CW

TPkg | Power Transistor 23 23 °C/W

GPkg. | Control Circuitry 07 0.7 CW

The ® denotes specifications which apply over the full operating temperature range, all others apply at Tj = 25°C unless otherwise
specified.

Note 1:  Unless otherwise specified, Vo-Vo = 5V, Vp-Vo = 3V, Ig = 3A. Although power dissipation is internally limited, these
specifications apply for dissipations up to 20W.

Note 2: Line and load regulation are electrically independent and are measured using pulsed testing techniques at low duty cycle,
in order to maintain constant junction temperature. To determine the effects on the output voltage due to device heating
see thermal regulation specification.
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LOW DROPOUT, 3 AMP POS. ADJUSTABLE REGULATORS

6 VOLT INPUT, 5 VOLT OUTPUT REGULATOR

IP3RO7A
¢ o Vp
A Vo —o03)
s0mA © —1'¢ Aoy <
R1 1212
+ + ) +1 * %
L. uF** Vo

1uF = 1uF
+ <
:l: 10uF * R2<:360
GND Qrth . : ¢ 0

*IMPROVES RIPPLE REJECTION
**IMPROVES TRANSIENT RESPONSE

NOTE: Vo=1.25V (1 + g—% )

Part Number Temperature Range Package
IP1RO7AK, IP1RO7K —-55°C to +150°C TO-3
IP1R0O7AG, IP1R07G —-55°C to +150°C TO-257
IP3RO7AK 0°C to +125°C TO-3
IP3RO7K 0°C to +125°C TO-3
IP3RO7AV 0°C to +125°C TO-218
IP3RO7V 0°C to +125°C TO-218
IP3RO7AT 0°C to +125°C TO-220
IP3RO7T 0°C to +125°C TO-220



& Seagate Microelectronics Limited
15 MP POSITIVE ADJUSTABLE REGULATORS

\, IP117, LM117, IPT17AHY, IP317AHV, IP117HV, LM117HV, IP317HV

'DESCRIPTION

The IP117A Series are three terminal positive
adjustable voltage regulators capable of
supplying in excess of 1.5A over a 1.25V to
60V output range. These regulators are
exceptionally easy to use and require only two
external resistors to set the output voltage. In
addition to improved line and load regulation,
a major feature of the A" series is the initial
output voltage tolerance, which is guaranteed
to be less than 1%. Over full operating
conditions, including load, line, and power
dissipation, the reference voltage is
guaranteed not to vary more than 2%. These
devices exhibit current limit, thermal overload
protection, and improved power device safe
operating area protection, making them
essentially indestructible.

CONNECTIONS
(Bottom View) (Bottom View)
CASE
1S
Vout
ADJ ViIN
TO-3 TO-66

FEATURES

Guaranteed 1% output voltage tolerance
Guaranteed 0.3% load regulation
Guaranteed 0.01%/V line regulation

Internal current limiting constant with
temperature

Internal thermal overload protection

Improved output transistor safe
operating area compensation

Output adjustable between 1.25V and
60V

(Top View) (Top View)

CASE CASE
s = O ) IS O

Vour

WUWV'N WMH“VW
Vour Vout
TO-220 TO-257
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Power Dissipation Internally Limited Input to Output Voltage Differential

Non-HV 40V
Operating Junction Temperature Range HV Series gov
117AHV17A117HV117 -55°C to +150°C Storage Temperature Range -65°C to +150°C

317AHV/317HV 0°C to +125°C .
Lead Temperature (Soldering, 10 sec.) +300°C

Absolute maximum ratings are those values beyond which the safety of the device cannot be guaranteed. They are not meant to
imply that the device should be operated at these limits. The electrical characteristics provide conditions for actual device operation.

_ ELECTRICAL CHARACTERISTICS

LM117HV

IP117AHV IP117HV
IP117A LM117
1P117
Parameter Test Conditions Min Typ Max Min Typ Max Units
Reference Voltage, VRgF louT = 10 mA 1.238 | -1.250 | -1.262 v
3V < (VinVouT € VMAX e |.1.225 | -1.250 | -1.270 | -1.200 | -1.250 | -1.300 v
10 mA < loyT < IMAX: P < PMAX
Line Regulation, AVoyt 3V < (ViNVouT) < VMAX 0.005 | 0.010 0.010 | 0.020 | %NV
Alout (See Note 2) . 0.010 | 0.020 0.020 | 0.050 [ %N
Load Regulation, AVt 10 mA < louT < Imax| VouT) < 5V 5 15 5 15 mv
Alout (See Note 2) Vour) < 5V 01 | o3 o1 | 03 %
(Vour) <5V | @ 15 50 20 50 mv
(Vour) <5V | @ 03 | 1.0 03 | 10 %
Thermal Regulation 20 msec Pulse 0.002 | 0.020 0.030 | 0.070 %IW
Ripple Rejection Vout = -10V, Capy =0 65 65 dB
f = 120Hz Capy = 10,uF o 66 80 66 80 dB
Adjust Pin Current, Iapy L] 50 100 50 100 MA
Adjust Pin Current Change, Alapy 10 mA < loyT < IMAX (] 0.2 5 0.2 5 MA
2.5V < (VN - VouT) < Vmax
Minimum Load Current, IyyN (ViN - Vour) = 40V L] 35 5 3.5 5 mA
(ViN - VouT) = 60V, HV Series ° 35 7 35 7 mA
Current Limit, Ig. (VIN - VouT) < 18V | 15 2.2 1.5 22
(VIN - Vour) = 40V 030 | 050 0.30 | 0.50.
(VIN - VouT) = 60V HV Series 0.10 0.10
Temperature Stability, AVoyt ° 1 2 1 %
ATEMP
Long Term Stability, AVoyt TA = 125°C, 1000 Hrs. 0.3 1 0.3 1 %
Avrive
RMS Output Noise 10Hz < f < 10kHz 0.001 0.001 %
(% of Vour). en
Thermal Resistance K Package 23 3 23 3 °CW
Junction to Case, 8 jc R Package 5 7 5 7 °cw
G Package, T Package 3 5 3 5 °CwW

&



IP317AHV IP317HV
IP317A IP317
Parameter Test Conditions Min Typ Max Min Typ Max Units
Reference Voltage, VRep loyt = 10 mA 1.238 | 1.250 | 1.262 \
3V < (ViNVouT) € VMAX 1.225 | 1.250 | 1.270 | 1.200 | 1.250 | 1.300 Y
10 mA < loyT < IMAX P < PMAX
Line Regulation, AVoyt 3V < (ViNVouT) € VMAX 0.005 | 0.010 0.010 | 0.040 | %NV
Slout (See Note 2) 0.010 | 0.020 0.020 | 0070 | v
Load Regulation, AVoyt 10 mA < loyt < Imax| VouT) < 5V 5 25 5 25 mv
Al—OUT (See Note 2) VouT) < 5V 0.1 0.5 0.1 0.5 %
(Vour < 8V 15 50 20 70 mv
(VouT) < 5V 03 | 10 03 | 15 %
Thermal Regulation 20 msec Pulse 0.002 | 0.020 0.030 | 0.070 %/W
Ripple Rejection Vout = -10V, CapJ =0 65 65 dB
f = 120Hz Capy = 10 uF 66 80 66 80 dB
Adjust Pin Current, Iapy 50 100 50 100 HA
Adjust Pin Current Change, Alapy 10 mA < loyT < IMAX 0.2 5 0.2 5 HA
25V < VIN - VouT) € VMAx
Minimum Load Current, Iy (VIN - Vour) = 40V 35 10 35 10 mA
(VIN - VouT) = 60V, HV Series 3.5 12 35 12 mA
Current Limit, Ig| (VIN - VouT) € 18V 1.5 2.2 1.5 22
(VIN - VouT) = 40V 0.15 0.40 0.15 0.40
(VIN - VouT) = 60V HV Series 0.10 0.10 A
Temperature Stability, AVoyt 1 2 1 %
ATEMP
Long Term Stability, AVoyt 1000 Hrs. 0.3 1 0.3 1 %
AVTivE
RMS Output Noise 10Hz < f < 10kHz 0.003 0.003 %
(% of VouT), en
Thermal Resistance K Package " 23 3 23 3 °C/wW
Junction to Case,® ¢ R Package 5 7 5 7 °C/W
T Package 4 5 4 5 °C/W
G Package 3 5 3 5 °CwW

The @ denotes the specifications which apply over the full operating temperature range, all others apply at Tj = 25°C unless otherwise

specified.

Note 1: Unless otherwise specified, (ViN-VoUT) = 5V, IouT = 0.5A for the TO-3 (K), TO-257 (G), TO-66 (R) and TO-220 (T) Packages.
Although power dissipation is internally limited, these specifications apply for dissipations up to 20W for the TO-3, TO-257,
TO-66 and TO-220. Iyax = 1.5A for the TO-3, TO-66, TO-220 and TO-257.

Note 2:

Regulation is measured at constant junction temperature, using pulse testing at a low duty cycle. Changes in output voltage

due to heating effects are covered under thermal regulation specifications. Load regulation is measured from the bottom
of the package for the TO-3, and TO-66, and at the junction of the wide and narrow portion of the output lead for the TO-220,
and ¥8"” below the base of the package on the output pin of the TO-257.

Note 3. Vpmax

= 40V for IP117A, IP117, LM117.
VMAX = 60V for IP117AHV, IP117HV, LM117HV, IP317HV, IP317AHV.




1.5 AMP POSITIVE ADJUSTABLE REGULATORS

o

°

©
N

0.3

VOLTAGE CHANGE (PERCENT)

04

05

25

INPUT-OUTPUT DIFFERENTIAL (V)

05

Load Regulation

OuUT = 1A
N
| vin=15v
VouT = 10V
275 -50 -25 0 25 50 75 100 125 150
TEMPERATURE
Dropout Voltage
T T T
AVoyUT = 100mVv
b
7 — louT = 1.5A
I~
. IouT =1.0a
J\ \1\\ 10T = 500mA
\\IOUT=20mA
Z75 -2 2 75 125

60

50

RIPPLE REJECTION (dB)

40

116

TEMPERATURE (°C)

Ripple Rejection

UL

CADJ = 10uF

VIN = 15V

VourT = 10V
= 120Hz

L

OUTPUT CURRENT (A)

1 10

=)

OUTPUT IMPEDANCE (OHMS)
°
2

o
£

0.0001

10 100 1k

1.270

REFERENCE VOLTAGE (V)
: v
g g

3

1.230

-50 -25 0 25 50 75

5 3 8

RIPPLE REJECTION (dB)

~N
S

Output Impedance

Capy =
CouT =0

TN

VIN = 15V

[~
-

VouTt =10V A

—
CADJ = 10uF IouT = 500mA

CouT = 10uF
|

10k
FREQUENCY (Hz)

Temperature Stability

100 125 150

TEMPERATURE (°C)

Ripple Rejection

CADJ =10 uF

1

N

NJ.CADI =0

VIN - VouT =5
| louT =500 mA
f=120Hz
Tj=25°C

| ||

0 5 10 15 20 25 30 35

OUTPUT VOLTAGE (V)

QUIESCENT CURRENT (mA) ADJUSTMENT CURRENT (kA)

RIPPLE REJECTION(dB)

65

60

55

50

Adjustment Current

45

35

30

5
4
P22
3
Ty=25°C j//
Ty=-55°C
2 // ]
T
1
0

80

60

40

75 -25 25 75
TEMPERATURE (°C)

125

Minimum Operating Current

[ 5 10 15 20 25 30 35 40
INPUT-OUTPUT DIFFERENTIAL (V)

Ripple Rejection

CADJ = 10uF
CADJ =0 §
VIN = 15V \\\
—VouT = 10V
10UT = 05A
10 100 Tk 10k 100k M

FREQUENCY (Hz)



OUTPUT CURRENT (A)

Current Limit

TO-3, TO-66, TO-220 and TO-257
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1.5 AMP POSITIVE ADJUSTABLE REGULATORS

IP317A
Vin { Vin VouTt -0 5V
ADJ
1P317A 1E SR
*zaoT N ouTt TO Vpp I [ Q2
+ ADJ
1uF 3 2ou =
I | 9 &R2 e C1
L Q& 383 T~ 10uF
2 7500 o ad
1% C1improves ripple rejection
Xc should be small
compared to R2
READ S
< 3.24k
< 19
g € R i iecti
WRITE $ jL_ Improving Ripple Rejection
b 70 OF
e IN4001 IP317A
BYTE ERASE & 18k
< VIN ViN vout
I o-—-—‘ >0——49  ALLGATES 7406 ADJ
>
CHIP ERASE :: 100k 2430
VWA~ &
e < 10K
— = 505!:: THERMALLY .
MALLY
0¢ Vop 7 coupLe| NI 2v
READ ov 5v 2 T
2N3906
WRITE rr erOk
BYTE sv | 21y l
CHIP <
CRase 12v 21v ::50’
O~
2816 EEPROM Supply Programmer for
Read/Write Control Temperature Compensated Lead Acid Battery Charger

Temperature Range Package

i i i

Part Number

IP117K/NIP117AK/IP117AHVK/IP117HVK

LM117K/LM117HVK -55°C to +150°C TO-3
IP117AR/IP117AHVR/IP117R/IP117HVR -55°C to +150°C TO-66
IP117AG/IP117AHVG/IP117G/IP117HVG -55°C to +150°C TO-257 (Hermetic TO-220 style)
IP317AHVK/IP317HVK 0°C to +125°C TO-3
IP317AHVT/IP317HVT 0°C to +125°C TO-220
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CSSDSEagatE Microelectronics Limited
0.5 AMP POSITIVE ADJUSTABLE REGULATORS

i , e e .

The IP117M Series are three terminal positive
adjustable voltage regulators capable of
supplying in excess of 0.5A over a 1.25V to ; ;
60V output range. These regulators are Guaranteed 0'01_%_/\_/ line regulation
exceptiona”y easy to use and require on|y tWwo Internal current ||m|t|ng constant with
external resistors to set the output voltage. In temperature

addition to improved line and load regulation, Internal thermal overload protection
a major feature of the “A” series is the initial Improved output transistor safe
output voltage tolerance, which is guaranteed operating area compensation

to be less than 1%. Over full operating .
conditions, including load, line, and power ® Output adjustable between 1.25V and .
dissipation, the reference voltage is 60V

guaranteed not to vary more than 2%. These
devices exhibit current limit, thermal overload
protection, and improved power device safe
operating area protection, making them (Bottom View)
essentially indestructible.

Guaranteed 1% output voltage tolerance
Guaranteed 0.3% load regulation

ADJ

Vour

TO-39

Power Dissipation Internally Limited Input to Output Voltage Differential
Non-HV 40V
HV Series 60V

Operating Junction Temperature Range
117MAHV/117MHV/117MA/117M
-55°C to +150°C Lead Temperature (Soldering, 10 sec.) +300°C

Storage Temperature Range -65°C to +150°C

Absolute maximum ratings are those values beyond which the safety of the device cannot be guaranteed. They are not meant to
imply that the device should be operated at these limits. The electrical characteristics provide conditions for actual device operation.

Part Number Temperature Range Package
IP117MAHVH/IP117MHVH/

IP117MAH/IP117MH —-55°C to +150°C TO-39
LM117HVH/LM117H —-55°C to +150°C TO-39
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0.5 AMP POSITIVE ADJUSTABLE REGULATORS

IP117MAHV

IP117MHV

IP117MA IP117M
LM117HV
LM117
Parameter Test Conditions Min Typ | Max Min Typ | Max Units
Reference Voltage, VRgr loyt = 10 mA -1.238 | -1.250 | -1.262 \%
3V < (ViNVouT) S VMAX o [-1.220 -1.250 [ -1.270 | -1.200 | -1.250 | -1.300 | Vv
10 mA < loyT < IMAX: P < PmAX
Line Regulation, AVoyr 3V < (ViNVouT) € VMAX 0.005 | 0.010 0.010 [ 0.020 | %NV
AVIN (See Note 2) . 0.010 | 0.020 0.020 | 0.050 | %orv
Load Regulation, AVoyTt 10 mA < loyT < Imax| Vour) < 5V 5 15 5 15 mv
Aoyt (See Note 2) (Vou) < 5V 01 | 03 01 | 03 %
(Voun) <&V | ® 15 50 20 50 mv
(Vour) <5V | ® 0.3 1.0 0.3 1.0 %
Thermal Regulation 20 msec Pulse 0.002 | 0.020 0.030 | 0.070 %/W
Ripple Rejection Vout = -10V, Capy = 0 65 65 dB
f = 120Hz Capy = 100F ol 66 80 66 80 dB
Adjust Pin Current, 1opy L] 50 100 50 100 MA
Adjust Pin Current Change, Alapy 10 mA < loyT < IMAX . 0.2 5 0.2 5 MA
2.5V < (VIN - VouT) < Vmax
Minimum Load Current, Iy (VIN - Vour) = 40V L] 3.5 5 3.5 5 mA
(VjN - VouT) = 60V, HV Series . 35 7 35 7 mA
Current Limit, Ig_ (Vin - VouT) < 15V e | o050 | 080 050 | 0.80
(VIN - VouT) = 40V 0.15 | 0.20 0.15 | 0.20
(VIN - VouT) = 60V HV Series 0.30 0.30
Temperature Stability, AVoyT . 1 2 1 %
ATEMP
Long Term Stability, AVoyT Ta = 125°C, 1000 Hrs. 0.3 1 0.3 1 %
AVrive
RMS Output Noise 10Hz < f < 10kHz 0.001 0.001 %
(% of VoyT), en
Thermal Resistance H Package 12 15 12 15 °C/wW
Junction to Case, 8 j¢

The ® denotes the specifications which apply over the full operating temperature range, all others apply at Tj = 25°C unless otherwise

specified.

Note 1: Unless otherwise specified, (ViN-VouT) = 5V, louT = 0.1A for the TO-39 (H) Package. Although power dissipation is
internally limited, these specifications apply for dissipations up to 2W for the TO-39 Ipax = 0.5A for the TO-39.

Note 2:

Regulation is measured at constant junction temperature, using pulse testing at a low duty cycle. Changes in output voltage

due to heating effects are covered under thermal regulation specifications. Load regulation is measured ¥&"” below the base

of the package on the output pin of the TO-39.
40V for IP117MA, IP117M, LM117
50V for IP117MAHV, IP117MHV, LM117HV

Note 3: Vpmax

VMAX =

&



(SSD Seagate Microelectronics Limited

1.5 AMP, 3-TERMINAL NEGATIVE REGULATORS

The IP120A/IP7900A/IP7900 series of three-
terminal regulators is available with several
fixed output voltages making them useful in
a wide range of applications. The A-suffix
devices provide 0.01%/V line regulation,
0.3%/A load regulation, and +1% output
voltage tolerance at room temperature.
Protection features include safe operating
area current limiting and thermal shutdown.
The entire series of regulators is available in
the metal TO-3 and TO-66 power packages.
The IP120A/LM120/IP7900A/IP7900 series is
now available in a new TO-257 (hermetic
TO-220 style) power package.

1% Tolerance

-5, —12 and - 15V fixed output
voltages available

0.01%!/V line regulation

0.3%/A load regulation

Thermal overload protection
Short-circuit current limit protection
Safe area protection

Start-up with positive voltage
( £ supplies) on output

(Bottom View) (Bottom View)
CASE
IS
VIN CASE
1S
GROUND VouT VIN
GROUND l
TO-3 TO-66

VouT

(Top View)

CASE

VIN

GROUND VouT

Vin

TO-257
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1.5 AMP, 3-TERMINAL NEGATIVE REGULATORS

Input Voltage (Vo = -5V, —-12V, -15V) 35V Maximum Junction Temperature
TO-3 Package K 150°C
Internal Power i TO-66 Package R 150°C
Dissipation (Note 1) Internally Limited TO-257 (Hermetic TO-220 style) G 150°C
Operating Temperature Range (T)) Storage Temperature Range - 65°C to +150°C
IP120A, IP120, LM120 -55°C to +150°C
IP7900A, IP7900 -55°C to +150°C Lead Temperature (Soldering, 10 sec.) +300°C

Absolute maximum ratings are those values beyond which the safety of the device cannot be guaranteed. They are not meant to
imply that the device should be operated at these limits. The electrical characteristics provide conditions for actual device operation.

Note 1. Although power dissipation is internally limited, these specifications are applicable for maximum power dissipation Ppax
of 20W for the TO-3, TO-66 and TO-257. Ipax is 1.0A for the TO-3, TO-66 and TO-257 package.

Adjustable Output Regulator Fixed Output Regulator Current Regulator
T 2 OUTPUT
INPUT 3 2900 INPUT 3 7900 2 OUTPUT
R
IIGND < l c2 [ ()
c1 ) 1uf
2.2 uf + T:NT c1t ?if
+‘|- TANT l—-»i’ R2 22uf |+ + | TANT
. <
*Required if the regulator is located
VOUt ereg ( R 1 +R 2) fa:qf:::m tlhe pregrus:pzly fil:;r.e Vreg
**Required for stability. 25 uf |Out = + |Q
R 1 electrolytic may be substituted. R 1

Part Number Temperature Range Package

IP120AK-XX/IP 120K-XX/LM120K-XX —-55°C to +150°C TO-3
IP7900AK/IP7900K -55°C to +150°C TO-3
IP120AR-XX/IP120R-XX -55°C to +150°C TO-66
IP7900AR/IP7900R -55°C to +150°C TO-66
IP120AG-XX/IP120G-XX —-55°C to +150°C TO-257 (Hermetic TO-220 style)
IP7900AG/IP7900G —55°C to +150°C TO-257 (Hermetic TO-220 style)

&



1.5 AMP, 3-TERMINAL NEGATIVE REGULATORS

IP7905A 1P7905
IP120A-5 IP120-5
LM120-5
Parameter Test Conditions Min Typ Max Min Typ Max Units
Output Voltage, Vg lo = 500 mA, Vjy = -10V 495 | 5 | -505 | -49 5 5.1 Y
Pp< Pmax: 5MA < lo <Imax 4.85 5.15 | -4.8 5.2 v
-7.5V < VN <-20V
Low Supply, Vg Pp <PmAX: 5MA < lo < IMAX -4.75 5.15 | -4.75 -5.25 v
SV S V)N < 20V
Line Regulation, AVg lo = 0.5 Imax | 7V < ViN < 25V 3 10 3 25 mv
-7.5V < V|N < -20V 3 10 3 50 mv
lo < ImAx -8V < Vg < -12V 1 4 1 25 mv
1 12 2 50 mv
Load Regulation, AV ViN = -10V 5mA < lg < 1.5A 10 25 10 75 mv
250mA < lg < 750mA 4 15 4 25 mv
5mA < lg < Iyax: ViN = -10V 7 25 7 50 mv
Quiescent Current, Ig lo < 0.5 Imax 1 1.9 1 1.9 mA
VN = -10V 1 2 1 2 mA
Quiescent Current Change, AIQ 5 mA < lg < IMAX 0.2 0.4 0.2 0.4 mA
VN = -10V 02 | 05 02 | 05 mA
1o < 05 Iyax, -7V < VN < -25V 0.1 0.4 0.1 0.4 mA
1o < 0.5 Iyax, -8V < VN < 25V 0.1 0.5 0.1 1.0 mA
Output Noise Voltage, Vi 10 Hz < f < 100 kHz, V) = -10V 40 400 40 400 pv
Ripple Rejection, AV|N/AVoyT f = 120 Hz lo < IMAX 66 80 54 80 dB
8V < V)y < -18V I0< 0.5 IMaX 66 80 54 80 dB
Dropout Voltage louT = IMAX 1.1 23 11 23 )
Output Resistance, Rg f = 1kHz 5 5 mQ
Short-Circuit Current, lg¢ VIN = -85V 0.6 12 0.6 1.2 A
Peak Output Current, Iy VIN = -10V 2.4 33 24 3.3 A
Average TC of Voyt lo = 5mA 0.2 2.0 0.2 20 | mv/eC
Input Voltage Required to lo < IMAX -7.3 -7.3 v
Maintain Line Regulation, V|y
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IP7912A IP7912
IP120A-12 1P120-12
LM120-12
Parameter Test Conditions Min Typ Max Min Typ Max Units
Output Voltage, Vg Io = 500 mA, Vi = -19V -11.88 | 12 [-1212] 1176 | 12 | -12.24 v
Pp< Ppmax 5MA < lo <IMAX -11.64 12,36 | -11.52 -12.48 v
-14.8V < V) <27V
Low Supply, Vo Pp <PmaX: 5mA < lp < IMAX -11.40 -12.36 | -11.4 -12.6 \Y
145V < VN < -27V
Line Regulation, AVg lo = 0.5 max | -14.5V < Vjy < 30V 4 18 4 120 mv
-14.8V < Vi < -27V 4 18 4 200 mv
lo < IMAx 16V < V) < 22V 1 4 1 25 mv
2 9 2 60 mvV
Load Regulation, AV( Viy = -19V | 5mA <Ig < 1.5A 12 32 12 80 mv
250mA < lpg < 750mA 4 19 4 60 mV
5mA < lg < Imax VIN = -19V 8 60 8 120 mv
Quiescent Current, I lo < 0.5 IMax 0.2 0.4 0.2 0.4 mA
VIN = -19V 1 2 1 2.0 mA
Quiescent Current Change, Alq 5mA < lg < IMAX 0.2 0.4 0.2 0.4 mA
VIN = -19V 0.2 0.5 0.2 0.5 mA
lo < 0.5 Iyax, -14.5V < Vjy < -30V 0.1 0.4 0.1 0.4 mA
1o < 0.5 Iax, -15V < V)N < -30V 0.1 0.5 0.1 1.0 mA
Output Noise Voltage, Vi 10 Hz < f < 100 kHz, V) = -19V 75 960 75 960 M \%
Ripple Rejection, AViN/AVouT f = 120 Hz 10 < IMAX 58 72 56 72 dB
-15V < Vg < 25V 10< 0.5 Iyax 58 72 56 72 dB
Dropout Voltage lout = IMAX 1.1 23 1.1 23 v
Output Resistance, Rg f = 1kHz 8 8 mQ
Short-Circuit Current, lsc VIN = -85V 0.6 1.2 0.6 1.2
Peak Output Current, I VIN = -19V 2.4 3.3 2.4 33
Average TC of Voyt lo =5mA 0.5 4.8 05 4.8 |mv/°C
Input Voltage Required to lo < Imax -145 -14.5 \
Maintain Line Regulation, Vy




_IP120A, IP120, LM120, IP7900A Series, IP7900 Series

1.5 AMP, 3-TERMINAL NEGATIVE REGULA TORS
1 :ELECTRI AL CHARACTERISTICS (CONT)

IP7915A IP7915
IP120A-15 IP120-15
LM120-15
Parameter Test Conditions Min Typ Max Min Typ Max Units
Output Voltage, Vo lo = 500 mA, V|y = -23V -1485| -15 | -15.15| -147 -15 -15.3 \
Pp< PMAX. 5mA < 1o <IMAX o | -1455 -15.45 | -14.4 -15.6 v
-17.9V < Vjy <-30V
Low Supply, Vg Pp <PMaxX: 5MA < g < IMAX -14.25 -15.45 | -14.25 -15.75 v
-17.5V < V) < -30V
Line Regulation, AV lo = 0.5 Iyax | -17.5V < Vjy < -30V 4 22 4 150 mv
A17.9V < Vy < 30V | @ 4 22 4 250 mv
lo < Imax -20V < V| < 26V 2 10 2 75 mv
L] 5 30 5 150 mvV
Load Regulation, AV ViN = -23V 5mA < lp < 1.5A 12 35 12 80 mv
250mA < Ig < 750mA 4 21 4 75 mV
5mA < lg < IMAX: VIN = -23V ° 9 75 9 150 mv
Quiescent Current, Iq lo < 0.5 Ipmax 1 1.9 1 1.9 mA
VN = 23V . 1 2 1 2.0 mA
Quiescent Current Change, Alg 5mA < lp < IMAX 0.2 0.4 0.2 0.4 mA
VIN = -23V ° 0.2 0.5 0.2 0.5 mA
lo € 0.5 Iyax. -17.5V < V|N < -30V 0.1 0.4 0.1 0.4 mA
0 < 0.5 Iyax, -18.5V < Vjy < 30V | @ 0.1 0.5 0.1 1.0 mA
Output Noise Voltage, Vi 10 Hz < f < 100 kHz, V| = -23V 90 1200 90 1200 MV
Ripple Rejection, AV|N/AVoyT f =120 Hz lo < IMAX 56 70 54 70 dB
-18.5V < V|N < 285V | o< 05 Iyax| @ | 56 70 54 70 dB
Dropout Voltage lout = IMAX 1.1 2.3 1.1 2.3 \
Output Resistance, Rg f =1kHz 9 9 mQ
Short-Circuit Current, Ig¢ VIN = -85V 0.6 1.2 0.6 1.2 A
Peak Output Current, I VN = -23V 2.4 3.3 2.4 3.3 A
Average TC of Voyt lo = 5 mA 0.6 6.0 0.6 6.0 | mv/eC
Input Voltage Required to lo < Imax -17.5 -17.5 "
Maintain Line Regulation, Vi

The e denotes the specifications which apply over the full operating temperature range, all others apply at T]

specified.

25°C unless otherwise

Note 2. All characteristics are measured with a capacitor across the input of 2.2 yF and a capacitor across the output of 0.1 uF.
All characteristics except noise voltage and ripple rejection ratio are measured using pulse techniques (tyy < 10 ms, duty
cycle < 5%). Output voltage changes due to changes in internal temperature must be taken into account separately.

&
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& Seagate Microelectronics Limited
0.5 AMP, 3-TERMINAL NEGATIVE REGULATORS

The IP79MOO/A series of voltage regulators
are fixed output regulators intended for local,
on-card voltage regulation. These devices are
available in =5, —12, and — 15 volt options
and are capable of delivering in excess of 500
mA over temperature. The A-suffix devices
are fully specified at 0.5A, provide 0.01%/V
line regulation, 0.3%/A load regulation, and
+19% output voltage tolerance at room
temperature. Protection features include safe
operating area, current limiting and thermal
shutdown. This series of regulators is
available in TO-39 and Ceramic DIP
packages.

(Bottom View)

Vout

®
GROUND ((© @) vy
&

TO-39

1% output voltage tolerance

-5, —12 and - 15V fixed output
voltages available

0.01%!/V line regulation

0.3%/A load regulation

Thermal overload protection

Short-circuit current limit protection

Safe operating area protection
Start-up with negative voltage
(+ supplies) on output

(Top View)
GROUND [1] (8] NC
NC NC
NC [6] VN
vour 4 2l ne

8 Pin J Package
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0.5 AMP, 3-TERMINAL NEGATIVE REGULATORS

i

‘Voltage Vo

Input

Internal Power Dissipation

(Note 1)

Operating Temperature Range (T

IP79MO0A, IP79M00
IP120MA, IP120M

W

-5V, —-12v, -15

b
V) -35V

Internally Limited

j)
~B5°C to +150°C
-55°C to +150°C

H Package TO-39
8 Pin Ceramic DIP Package J

Storage Temperature Range

Lead Temperature (Soldering, 10 sec.)

Maximum Junction Temperature

150°C
150°C

-65°C to +150°C
300°C

Absolute maximum ratings are those values beyond which the safety of the device cannot be guaranteed. They are not meant to
imply that the device should be operated at these limits. The electrical characteristics provide conditions for actual device operation.

IP79MOSA IP79M05
IP120MA-5 1P120M-5
Parameter Test Conditions Min | Typ | Max | Min | Typ | Max | Units
Output Voitage, Vo lo = 100mA, V)N =-10V 495 | -5 |-505]|-480| 5 |-520} V
PpsPmax, SmA <lp<350mA «|-4.85 -5.15 | -4.75 525 V
-25VSViNsS-TV
Line Regulation, AV lo=350mA | -25VsV|N<-7V 3 10 50 | mV
-18VsViN<-8V | - 3 10 30 | mvV
Load Regulation, AVy 5mA sl S500mA, Viy =-10V . 5 50 100 | mV
Quiescent Current, Iq lg =350mA, VN =-10V . 1 2 1 2 mA
Quiescent Current Change, Alq 5mA < lo <500mA, Viy =-10V . 01| 04 04 | mA
-25V<V|N<-8V, Ip = 200mA . 01 | 04 04 | mA
Output Noise Voitage, Vi, 10Hz < f<100kHz 40 | 400 400 | nv
Ripple Rejection, AVin/AVouT lo =300mA, f = 120Hz 65 80 54 dB
-18V<V|N -8V
lo=100mA, f=120Hz | 65 80 54 dB
-18V<VN<-8V
Dropout Voltage lo =350mA 1.1 23 23 \'
Short Circuit Current, Isc VIN=-35V 300 | 600 300 | 600 | mA
Peak Output Current, Ipk VN =-10V 05 | 10 | 14 } 05 10 | 16 A
Average Temperature lop=5mA 05 | 20 0.5 mV/°C
Coefficient of Output Voltage
The : %enotes the specifications which apply over the full operating temperature range, all others apply at Tj = 25°C unless otherwise
specified.
Note 1: Thermal resistance of the TC-39 package (H) is typically 20°C/W junction to case and 120°C/W case to ambient. Although

power dissipation is internally limited, these specifications apply for up to 2W for the TO-39 package, and 1.05W for the
J package. Thermal resistance of the J package is typically 119°C/W junction to ambient. (Derate at 8.4mW/°C for ambient

temperatures above 25°C).

Note 2:

All characteristics are measured with a capacitor across the input of 0.22u F and a capacitor across the output of 0.1uF.

All characteristics except noise voltage and ripple rejection ratio are measured using pulse techniques (ty, < 10ms, duty
cycle < 5%. Output voltage changes due to changes in internal temperature must be taken into account separately.

&
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0.5 AMP, 3-TERMINAL NEGATIVE REGULATORS

IP79M12/IP120M-12

Parameter Test Conditions Max | Min | Typ | Max | Units
Output Voltage, Vo lo=100mA, VjNy=-19V -12.12}-11.50| -12 |-1250] V
Pp < PpMAX, 5MA < lo <350mA -12.36|-11.40 -1260| V
-30VsV|Ns-14.5V
Line Regulation, AV lp=350mA| -30VsV|Ns-145V 4 18 80 | mv
-25VsViNs-16V 4 18 50 | mv
Load Regulation, AV SmA<lp<500mA, VN =-19V 10 | 60 240 | mV
Quiescent Current, I lo=350mA, V|\y=-19V 15| 38 1.5 3 mA
Quiescent Current Change, Alg 5mA <1p<500mA, VN =-18V 01 | 04 04 | mA
-30V VN s$-14.5V, Ig =200mA 01 | 04 04 | mA
Output Noise Voltage, V 10Hz << 100kHz 96 | 960 960 | uv
Ripple Rejection, AViN/AVOUT lo=300mA, f=120Hz 58 72 54 dB
-25V <V <-16V
lo=100mA, f=120Hz 58 72 54 dB
-25VsVys-15V
Dropout Voltage lo =350mA 11| 23 23 | V
Short Circuit Current, Isc ViN=-35V 300 | 600 300 | 600 | mA
Peak Output Current, Ipg VIN=-19V 05 | 10 | 14 | 05 10 | 16 A
Average Temperature lo=5mA 12 | 48 1.2 mv/°C
Coefficient of Qutput Voltage
IP79M15A/IP120MA-15 | IP79M15/IP120M-15
Parameter Test Conditions Min | Typ | Max | Min | Typ | Max ] Units
Output Voltage, Vo lg=100mA, Vi =-23V -14.85| -15 |-15.15]-14.40| 15 |-1560] V
Pp s Ppmax. SmA sig $350mA -14.55 -15.45|-14.26 -16750 V
-30V<sVNsS-17.5V
Line Regulation, AV lp=3850mA| -30V<ViNs-175V 2 80 | mv
-28Vs V)N s-18V 2 5 | mv
Load Regulation, AV 5mA <lp<500mA, Vi =-23V 12 | 75 240 | mV
Quiescent Current, lq lo=350mA, V|N=-23V 15 3 15 3 mA
Quiescent Current Change, Al 5mA < lg<500mA, Vi =-23V 0.1 04 04 ] mA
-30V sV $-17.5V, Ig =200mA 01| 04 04 | mA
Output Noise Voltage, V 10Hz < f< 100kHz 120 | 1200 1200 pv
Ripple Rejection, AV|\/AVouT lp=300mA, f=120Hz 57 70 54 dB
-285V<V|y<-18.5V
lo=100mA, f=120Hz 57 70 54 dB
-28.5V<V|N <-18.5V
Dropout Voltage lp =350mA 11 | 23 23| V
Short Circuit Current, Igc ViN=-35V 300 | 600 300 | 600 | mA
Peak Output Current, Ipk ViN=-23V 05 | 10 | 14 | 05 10 | 16 A
Average Temperature lo=5mA 15| 60 1.5 mv/°C

Coefficientof Output Voltage
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0.5 AMP. 3-TERMINAL NEGATIVE REGULATORS

Part Number Temperature Range Package
IP79M05AH -55°C to +150°C TO-39
IP79MO5H -55°C to +150°C TO-39
IP79M12AH -55°C to +150°C TO-39
IP79M12H -55°C to +150°C TO-39
IP79M15AH —-55°C to +150°C TO-39
IP79M15H -55°C to +150°C TO-39
IP79MO05AJ -55°C to +150°C 8 Pin Ceramic DIP
IP79M05J -55°C to +150°C 8 Pin Ceramic DIP
IP79M12AJ -55°C to +150°C 8 Pin Ceramic DIP
IP79M12J -55°C to +150°C 8 Pin Ceramic DIP
IP79M15AJ -55°C to +150°C 8 Pin Ceramic DIP
IP79M15J -55°C to +150°C 8 Pin Ceramic DIP
n IP120MAH-5 -55°C to +150°C TO-39
IP120MH-5 -55°C to +150°C TO-39
IP120MAH-12 -55°C to +150°C TO-39
IP120MH-12 -55°C to +150°C TO-39
IP120MAH-15 -55°C to +150°C TO-39
IP120MH-15 -55°C to +150°C TO-39
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&Seagate Microelectronics Limited
3 AMP, 3-TERMINAL POSITIVE REGULATORS

1z

The IP123A/IP323A/LM123/IP123 series of 1% Tolerance
three terminal, three amp regulators is 5, 12 and 15V fixed output
available with several fixed output voltages voltages available

and three package options, greatly e 0.04%/V line regulation

expanding the versatility of this product line. ® 0.3%/A load regulation

The A-suffix devices are })”m”.‘ed to +1% ® Thermal overload protection
oo O ey ST Ik cin
features include safe operating area current ® Safe operating area protection

limiting and thermal shutdown. The entire ® Start-up with negative voltage

series of regulators is available in the metal (+ supplies) on output

TO-3 power package and the IP123A series ® Selection of TO-3, TO-218, TO-220 or
is also available in the TO-257 hermetic power TO-257 packages

package.

(Bottom View) (Top Views)
CASE
1
GROUND
CASE c;lasse c?sss R
ViN Vour GROUND @ GROUND O GROUND o
J U L VIN UWVOUT ViN “ ” Vour
GROUND GROUND
VIN Vout

GROUND

TO-3 TO-218 TO-220 TO-257

& o
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3 AMP, 3-TERMINAL POSITIVE REGULATORS

Input Voltage (Vo = 5V, 12V, 15V)
Internal Power Dissipation

Operating Temperature Range (T

IP123A, LM128, IP123
IP323A

35V

Internally Limited

i)
—155°C to +150°C
0°C to +125°C

Storage Temperature Range

Lead Temperature (Soldering, 10 sec.)

—-65°C to 150°C

300°C

Absolute maximum ratings are those values beyond which the safety of the device cannot be guaranteed. They are not meant to
imply that the device should be operated at these limits. The electrical characteristics provide conditions for actual device operation.

PMAX = 30W for K (TO-3), V (TO-218) and G (TO-257) Packages
PMAX = 25W for T (TO-220) Packages
IP123A-5 LM123-5
1P323A-5 1P123-5
Parameter Test Conditions Min | Typ | Max | Min | Typ | Max | Units
Output Voltage, Vo lo=1A,V|N =7.5V 495 5 505 | 48 5 5.2 v
5mA <los 3A, PouT < PMAX <] 485 5.15 | 4.75 525| v
8V<VINS1SV
Line Regulation, AVo lo=1A,7.5VsV|N s 15V . 15 25 | mV
Load Regulation, AVp SmA<iQ<3A,V|N =8V . 50 100 | mv
Quiescent Current, In S5mA<Ios<3A,Viy =8V * 10 14 | mA
Quiescent Current Change, Al SmASIQ<3A,ViN =8V . 15 30 | mA
lo=1A, 75VsVjy <15V . 15 30 | mA
Cutput Noise Voitage, VN 10Hz < f<100kHz 40 40 WVrms
Ripple Rejection, AViN/AVOUT f=120Hz,lo=1A 66 80 60 80 dB
8VsViNs18V «1 60 56 dB
Short-Circuit Current, Isc ViN=15V 3 3 A
ViN=75V 4 4 A
Long -Term Stability 35 mVv
Thermal Resistance, K,V Package 1.5 25 2 °C/W
Junction to Case, 8¢ G, T Package 3 4 4 °C/W

The « denotes the specifications which apply over the full operating temperature range, all others apply at Tj = 25°C unless otherwise

specified.
Note:

All characteristics are measured with a capacitor across the input of 0.22 uF and a capacitor across the output of 0.1 uF. All

characteristics except noise voltage and ripple rejection ratio are measured using pulse techniques (tyy < 10ms, duty cycle <
5%). Output voltage changes due to changes in internal temperature must be taken into account separately.

&



1P123A-12 LM123-12
1P323A-12 1P123-12
Parameter Test Conditions Min | Typ | Max | Min | Typ | Max | Units
Output Voltage, Vo lo=1A, VN =14.8V 1188 | 12 [1212 | 115 | 12 125 V
5mA <lo <3A, PouTt SPMAX +| 1164 1236 | 11.4 126 | V
15.4VVN 22V
Line Regulation, AVo lo=1A, 14.8V<SV|N S22V . 36 60 mV
Load Regulation, AV SmA<In<3A, Vjy =154V . 75 150 | mV
Quiescent Current, g 5mA<lpos3A, ViN=154V . 10 14 | mA
Quiescent Current Change, Alg SmA<Io<3A, Vjy =154V . 15 30 | mA
lo=1A,14.8V<Vjy <22V . 15 30 | mA
Output Noise Voltage, Vy 10Hz < f < 100kHz 75 75 Wrms
Ripple Rejection, AV|N/AVoyuT f=120Hz, I =1A, 58 72 52 72 dB
15.4V< VN $25.4V ] 52 48 dB -
Short-Circuit Current, Igc Vin=15.4V 3 3 A
Peak Output Current, Ik ViN=15.4V 4 4 A
Long -Term Stability 84 mvV
Thermal Resistance, K,V Package 15 25 2 °C/W
Junctionto Case, 6 jc G, T Package 3 4 4 °C/W
IP123A-15 LM123-15
IP323A-15 1P123-15
Parameter Test Conditions Min | Typ | Max | Min | Typ | Max |Units
Output Voltage, Vo lo=1A,VjN =17.9V 1485| 15 |15.15| 144 | 15 156 | V
5mA <l <3A, PouT <PMAX +] 1455 1545| 1425 1575| V
185V VN s25V
Line Regulation, AVo lo=1A, 17.9V<V|y <25V . 45 75 mv
Load Regulation, AV SmA<In<3A, V|y =185V . 75 150 | mV
Quiescent Current, Ig SmA<Ip<3A, VN =185V . 10 14 mA
Quiescent Current Change, Alg 5mAslp<3A,VN =185V . 15 30 | mA
lo=1A,17.9VsVy <25V . 15 30 | mA
Output Noise Voltage, VN 10Hz < f< 100kHz 90 90 Wems
Ripple Rejection, AV|N/AVoUT f=120Hz,lg=1A 56 70 50 70 dB
185V V)N <285V ] 50 46 dB
Short-Circuit Current, Igc ViN=18.5V 25 25 A
Peak Output Current, Ik VinN=185V 4 4 A
Long -Term Stability 105 105 | mv
Thermal Resistance, K, V Package 15 25 °C/W
Junction to Case, €c G, T Package 3 4 4 °C/W
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3 AMP, 3-TERMINAL POSITIVE REGULATORS

Quiescent Current Quiescent Current

] 55 —[
Vi 5v

6 }— Vour +— LA
ouT 1A ™~ Vin 10V

T 2% C 5 VouT = 5V

louT = 1A

QUIESCENT CURRENT (mA)
@

QUIESCENT CURRENT (mA)
IS
o

35
5 10 15 20 25 30 35 -75-50 -25 0 25 50 75 100 125 150
INPUT VOLTAGE (V) JUNCTION TEMPERATURE ( C)

Fixed Output Regulator Adjustable Output Regulator

INPUT 1 2 OUTPUT INPUT 1 2 OUTPUT
REG. " REG.
2R

"
3[anD 3]GnD $
. c1 l__<
c1
029 uF co* 022 uF
I I | r—»i; R2

— -
* Required if the regulator is located
far from the power supply filter. VouT = VReG * (VREG/R1 *+ la) R2

** Although no output capacitor is
needed for stability, it does help
transient response. (If needed, use (Rq +R2) (LR of Regulator)
0.1 uF, ceramic disc) R1

VReG/R1 > 3 I, load regulation (L)~

Current Regulator

INPUT 1 2
REG.
| 3 R1
c
022 uF OUTPUT
_—
]: lout
\
louT = YREG +1q
R1

Alg = 3.0 mA over line and load changes
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1.5 AMP POSITIVE ADJUSTABLE REGULATORS

Part Number Temperature Range Package
IP123AK-5 —-55°C to +150°C TO-3
LM123K -55°C to +150°C TO-3
IP123K-5 -55°C to +150°C TO-3
IP323AK-5 0°C to +125°C TO-3
IP123AK-12 -55°c to +150°C TO-3
IP123K-12 -55°C to +150°C TO-3
IP323AK-12 0°C to +125°C TO-3
IP123AK-15 -55°C to +150°C TO-3
IP123K-15 -55°C to +150°C TO-3
IP323AK-15 0°C to +125°C TO-3
IP323AV-5 0°C to +125°C TP-218
IP323AV-12 0°C to +125°C TO-218
IP323AV-15 0°C to +125°C TO-218
IP323AT-5 0°C to +125°C TO-220
IP232AT-12 0°C to +125°C TO-220
IP323AT-15 0°C to +125°C TO-220
IP123G-05 -55°C to +150°C TO-257
IP123AG-05 -55°C to +150°C TO-257
IP123G-12 —-55°C to +150°C TO-257
IP123AG-12 —-55°C to +150°C TO-257
IP123G-15 —55°C to +150°C TO-257
IP123AG-15 —-55°C to +150°C TO-257
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CSSSDSEagatE Microelectronics Limited
1.5A, 3-TERMINAL NEGATIVE ADJUSTABLE REGULATORS

IP137A, IP137, LM137, IP137AHY, IP137HV, LM137HY, IP337AHV, IP337HV, LM337HV

DESCRIPTION , FEATURES
The IP137A family of negative adjustable ® 1% Initial voltage tolerance
regulattors will delivertuptto 1|.t5 amps outpu} ® 0.01%/V line regulation
current over an output voltage range o .
-1.2V to —47V. Seagate Microelectronics ¢ 0.5%JA load regulation .
has made significant improvements in these ® 0.02%/W thermal regulation
regulators compared to previous devices,
such as better line and load regulation, and
a maximum output voltage error of 1%.
Internal current and power limiting coupled
with true thermal limiting prevents device
damage due to overloads or shorts, even if
the regulator is not fastened to a heat sink.
CONNECTIONS
CASE (Top View) (Top View)
Vl?N CAlsSE
\'/
ADJ Vour IN CASE oASE
Vin O Vin O
“mmmvom ADJ “ u “"our
Vin Vi
TO-3 TO-66 TO-220 TO-257
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1.5A, 3-TERMINAL NEGATIVE ADJUSTABLE REGULATORS

Operating Junction Temperature Range
IP137AHV, IP137A, IP137 -55°C to +150°C
LM137HV, LM137 —-55°C to +150°C
IP337AHV, IP337HV 0°C to +125°C
LM337HV 0°C to +125°C

Power Dissipation Internally Limited
Input to output voltage differential 40V
Input to output voltage differential (HV) 50V

Storage Temperature Range -65°C to +150°C

138

Lead Temperature (Soldering, 10 sec.)

+300°C

Absolute maximum ratings are those values beyond which the safety of the device cannot be guaranteed. They are not meant to
imply that the device should be operated at these limits. The electrical characteristics provide conditions for actual device operation.

LM137
IP137A IP137
IP137AHV LM137HV
IP137HV
Parameter Test Conditions Min Typ Max Min Typ Max Units
Reference Voltage, VReF louT = 10 MA -1.238 | -1.250 | -1.262 | -1.225 | -1.250 | -1.275 \
3V < (ViNVouD < VMAX -1.220 | -1.250 | -1.280 | -1.200 | -1.250 | -1.300 v
10 mA < loyTt < IMAX: P < Pmax
Line Regulation, AVoT/AViN 3V < (ViNVouT) < VMAX 0.005 | 0.010 0.010 | 0.020 | %NV
(See Note 2) 0.010 | 0.030 0.020 | 0.050 | %NV
Load Regulation, AVgoy1/AloyTt 10 mA < loyt < Imax| (Vo) < 5V 5 25 15 25 mv
(See Note 2 and 3) (Vo) < 5V 01 | 05 03 | 05 %
(Vo) < 5V 10 50 20 50 mV
(Vo) < 5V 0.2 1.0 0.3 1.0 %
Thermal Regulation Ta = 25°C, 10 msec Pulse 0.002 | 0.02 0.002 | 0.02 %IW
Ripple Rejection Vout = -10V, Capy = 0 60 66 60 dB
f = 120Hz Capy = 10uF 70 80 66 77 dB
Adjust Pin Current, Iapy 65 100 65 100 MA
Adjust Pin Current 10 mA < loyT < IMAX 0.2 2 0.5 5 MA
Change. Nlapy 3V < (VN - Vour) < 40V 1.0 5 2 5 MA
3V < (V|N - VouT) < 50V, HV series 2.0 6 3 6 M A
Minimum Load Current, IpN (VIN - VOUT) < 40V 25 5.0 25 5.0 mA
(Vin - VouT) < 10V 12 | 30 1.2 3.0 mA
Current Limit,'ICL (VIN - VouT) < 15V 15 22 3.2 15 22 32 A
(Vin - VouT) = 40V 024 | 0.4 1.0 | 024 | 04
(VIN - VouT) = 50V HV Series 0.2 04 | 08 | 02 04 | 08
Temperature Stability, 0.6 15 0.6 %
AVOUT/ATEMP
Long Term Stability, Ta = 125°C, 1000 Hrs. 0.3 1 0.3 1 %
AVOUT/ATlME
RMS Output Noise Ta = 25°C, 10Hz < f < 10kHz 0.003 0.003 %
(% of Vout). en
Thermal Resistance K Package 23 3 23 3 °C/W
Junction to Case, ¢ R Package 5 7 5 7 °cw
G Package 3 5 3 5 °C/wW
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IP337HV
IP337AHV LM337HV
Parameter Test Conditions Min Typ Max Min Typ Max Units
Reference Voltage, VREF loyt = 10 mA -1.238 | -1.250 | -1.262 | -1.213 | -1.250 | -1.287 v
3V < (ViNVouT) < VMAX -1.220 | -1.250 | -1.280 | -1.200 | -1.250 | -1.300 v
10 mA < loyT <€ IMAX: P <Pmax
Line Regulation, AVouT/AV)N 3V < (ViNVouT) € VMAX 0.005 | 0.010 0.010 | 0.040 | %N
(See Note 2) 0.010 | 0.03 0.020 | 0.070 | v
Load Regulation, AVoyT1/AloyT 10 mA <loyT <Imax | Vo) < 8V 5 25 15 50 mv
(See Note 2 and 3) Vo) < 5V 01 | 05 03 | 10 %
(Vo) < 8V 10 50 20 70 mv
(Vo) < 8V 0.2 1.0 0.3 15 %
Thermal Regulation Tp = 25°C, 10 msec Pulse 0.002 | 0.020 0.003 | 0.04 %/W
Ripple Rejection Vout = -10V, Capy =0 60 66 60 dB
f = 120Hz CapJ = 10 uF 70 80 66 77 dB
Adjust Pin Current, Iopy 65 100 65 100 MA
Adjust Pin Current 10 mA < loyTt < IMAX 0.2 2 0.5 5 M A
Change. . \lapy 3V < (VN - VouT) < 40V 1.0 5 2 5 MA
3V < (VIN - VOUT) < 50V, HV series 2.0 6 3 6 M A
Minimum Load Current, Ipyn (VIN - Vour) < 40V 25 5 25 10 mA
(VIN - VouT) < 10V 12 | 30 1 6 mA
Current Limit, Ig_ (ViN - VouT) < 15V 15 | 22 | 35 | 15 | 22 | 35 A
(VIN - Vour) = 40V 024 | 0.4 1.0 | 015 | 04 A
(VIN - VOuT) = 50V HV Series 02 | 04 | 08 | 01 04 | 03
Temperature Stability, 0.6 15 0.6 %
AVQUT/ATEMP
Long Term Stability, Ta = 125°C, 1000 Hrs. 0.3 1 0.3 1 %
AVouT/ ATIME
RMS Output Noise Ta = 25°C, 10Hz < f < 10kHz 0.003 0.003 %
(% of Vour). en
Thermal Resistance K Package 23 3 23 3 °CW
Junction to Case, ¢ R Package 5 7 5 7 °cw
T Package 4 5 4
G Package 3 5 3 5 °C/W

The @ denotes the specifications which apply over the full operating temperature range, all others apply at T; = 25°C unless otherwise specified.
J

Note 1: Unless otherwise specified, (V|N - VouT) = 5V, and IgoyT = 0.5A for the TO-3 (K), TO-257 (G), TO-66 (R), and TO-220 (T) Packages. Although
power dissipation is internally limited, these specifications apply for dissipations up to 20W for the TO-3, TO-66, TO-220 and TO-257. Ipax =
1.5A for the TO-3, TO-66 TO-220 and TO-257.

Regulation is measured at constant junction temperature; using pulse testing at a low duty cycle. Changes in output voltage due to heating effects
are covered under thermal regulation specifications. Load regulation is measured at a point 8" from the bottom of the package for the TO-3
and TO-66, at the junction of the wide and narrow portion of the output lead for the TO-220, and Vs"” below the base of the package on the output
pin of the TO-257.

VMax = 40V, IP137A, IP337A, LM137, LM337, IP137, IP337.
VMax = 50V for IP137AHV, IP337AHV, LM137HV, LM337HV, IP137HV, IP337HV.

Note 2:

Note 3:
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Load Regulation* Current Limit Adjustment Current
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*The IP137A/AHV, IP337A/AHV series
has load compensation which makes the
typical unit read close to zero. This band
represents the typical production spread.

High Stability Regulator:

The output stability, load regulation, line regulation,
thermal regulation, temperature drift, long term drift, and
noise, can be improved by a factor of 6.6 over the
standard regulator configuration. This assumes a zener
has 20PPM/°C maximum drift and about 10 times lower
noise than the regulator.

-—L < .
- v i» R2
+
1uF
<R &Rl soLiD
oI5 $ 1k TANTALUM
9= 1 1%
ADJ
=VIN: Vin Vout
Vour)
1P337A 2s — T gogp ~Vour
9.08x103

Multiple Tracking Regulators:

In the application shown below, regulator#2 to “N" will
track regulator #1 to within +24mV initially, and to
+60mV over all load, line, and temperature conditions.
If any regulator output is shorted to ground, all other
outputs will drop to —2V. Load regulation of regulators
2to "N will be improved by VoyT/1.25V compared to
a standard regulator, so regulator#1 should be the one
which has the lowest load current.

J: ci<

|||J

3
2uf ‘F 10uF T $° S
u
soLID
| | TANTALUM
IN4002 < R1
ADJ :. 1200
—Vin ViN Vout -VouT1
REG # 1
IP137A
1uF
= ADJ IN4002 : .[ soLio
I2"F v k - I N TANTALUM
o Vin out 4 & -VouT2
REG #2
1P137A i
|
- |
PL !
I = [m—————— ———— —
[ by
—_——d 1uF
L0 ADJ H 2 souip
T ] T TANTALUM
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1.5A, 3-TERMINAL NEGATIVE ADJUSTABLE REGULATORS

1P317A
VN —d VN VouT ® +VouT
ADJ
22°
b Riee W
D S D1
=
e [~ IN4002
<
N
* & R2 4 S
1ouF Q3 ADJ o souip
1% R3 TANTALUM
[ s« (=) ] VN Vout Ay
. R 3 Rs [
1 $ 5 1P337A
= 10F < 1%
1 - 65uA + L5V
— Rs
Asee 2.2° =
b SN L (0.82 <Rg< 2500)
$ ] D2
% IN4002
ADJ
“VIN=— vy Vout ~Vout
1P337A
* Solid Tantalum
** Ry or Rg may be trimmed slightly to improve tracking
Dual Tracking Supply £1.25V to +20V Current Regulator

Part Number Temperature Range Package
IP137AK/IP137AHVK/LM137K/LM137HVK/

IP137K/IP137HVK -55°C to +150°C TO-3
IP137AR/IP137AHVR/IP137R/IP137HVR —55°C to +150°C TO-66
IP137AG/IP137AHVG/IP137G/IP137HVG -55°C to +150°C  TO-257 (Hermetic TO-220 style)
IP337AHVK/LM337HVK 0°C to +125°C TO-3
IP337AHVT/LM337HVT 0°C to +125°C TO-220
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&9 Seagate Microelectronics Limited

0.5A, 3-TERMINAL NEGATIVE ADJUSTABLE REGULATORS

The IP137M family of negative adjustable
regulators will deliver up to 0.5 amps output
current over an output voltage range of
—1.2V to —47V. Seagate Microelectronics
has made significant improvements in these
regulators compared to previous devices,
such as better line and load regulation, and
a maximum output voltage error of 1%.

Internal current and power limiting coupled
with true thermal limiting prevents device
damage due to overloads or shorts, even if
the regulator is not fastened to a heat sink.

1% Initial voltage tolerance
0.01%/V line regulation
0.5%/A load regulation
0.02%/W thermal regulation

(Bottom View)

Vour

®
ADY (0 ©) vy
&

TO-39

Power Dissipation Internally Limited

Input to output voltage differential 40V
Input to output voltage differential (HV) 50V

-65°C to +150°C
+300°C

Storage Temperature Range

Lead Temperature (Soldering, 10 sec.)

Operating Junction Temperature Range

—-55°C to +150°C
-55°C to +150°C
-55°C to +150°C

IP137MAHYV, IP137MHV
IP137MA, IP137M
LM137, LM137HVH

Absolute maximum ratings are those values beyond which the safety of the device cannot be guaranteed. They are not meant to
imply that the device should be operated at these limits. The electrical characteristics provide conditions for actual device operation.

o

Part Number
IP137MAHVH, IP137MHVH,
IP137MAH, IP137MH
LM137HVH, LM137H

o S

Temperature Range Package
-55°C to +150°C TO-39
-55°C to +150°C TO-39
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IP137MAHV IP137MHV
IP137MA IP137M
LM137HV
LM137
Parameter Test Conditions Min Typ Max Min Typ Max Units
Reference Voltage, VReF louT = 10 mA 1.238 | -1.250 | -1.262 | -1.225 | -1.250 | -1.275 v
3V < (VinVouD < VMAX 1220 | -1.250 | -1.280 | -1.200 | -1.250 | -1.300 Y
10 mA < loyT < IMAX: P < Pmax
Line Regulation, AVoyT/AV|N 3V < (VIN-VouT) € VMAX 0.005 | 0.010 0.010 | 0.020 %/V
(See Note 2) 0.010 | 0.030 0.020 | 0.050 %IV
Load Regulation, AVoyt/Aloyt 10 mA < loyt < Imax| (Vo) < BV 5 25 15 25 mv
(See Note 2 and 3) (Vo) < 5V 01 | 05 03 | 05 %
(Vo) < 5V 10 50 20 50 mV
(Vo) < 8V 0.2 1.0 0.3 1.0 %
Thermal Regulation Ta = 25°C, 10 msec Pulse 0.002 | 0.02 0.002 | 0.02 %/W
Ripple Rejection Vourt = -10V, Capy =0 60 66 60 dB
f = 120Hz Capy = 10 uF 70 80 66 77 dB
Adjust Pin Current, Iapy 65 100 65 100 PA
Adjust Pin Current 10 mA < loyt < IMAX 0.2 2 05 5 MA
Change, Alapy 3V < (VN - VouT) < 40V 1.0 5 2 5 HA
3V < (Vin - VouT) < 50V, HV series 2.0 6 3 6 HA
Minimum Load Current, Iy (VIN - Vour) < 40V 2.5 5.0 25 5.0 mA
(VIN - VOUT) < 10V 1.2 3.0 1.2 3.0 mA
Current Limit, g (ViN - VouT) < 18V 05 | 08 | 1.5 | 05 | 08 | 15 A
(VIN - Vout) = 40V 0.15 | 0.17 0.15 | 017
(VIN - Vourt) = 50V HV Series 0.1 0.17 0.5 0.1 0.17 0.5
Temperature Stability, 0.6 1.5 0.6 %
AVOUT/ATEMP
Long Term Stability, Tp = 125°C, 1000 Hrs. 0.3 1 03 1 %
AVoyT/ATIME
RMS Output Noise Ta = 25°C, 10Hz < f < 10kHz 0.003 0.003 %
(% of Voyr). en
Thermal Resistance H Package 12 15 12 15 °C/W
Junction to Case, 8 jc

The @ denotes the specifications which apply over the full operating temperature range, all others apply at Tj = 25°C unless otherwise

specified.

Note 1: Unless otherwise specified, (V|N-VouT) = 5V, louT = 0.1A for the TO-39 (H) Package. Although power dissipation is
internally limited, these specifications apply for dissipations up to 2W for the TO-39 Ipax = 0.5A for the TO-39.

Note 2: Regulation is measured at constant junction temperature, using pulse testing at a low duty cycle. Changes in output voltage
due to heating effects are covered under thermal regulation specifications. Load regulation is measured " below the base
of the package on the output pin of the TO-39.

Note 3: VmAX

40V for IP137MA, IP137M, LM137

VMAX = 50V for IP137MAHV, IP137MHV, LM137HV
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&)Seagate Microelectronics Limited
5 AMP POSITIVE ADJUSTABLE REGULATORS

IP138A, IP338A, IP138, LM138, IP338, LM338

| DESCRIPTION

The IP138A series are 3-terminal positive
adjustable voltage regulators capable of
supplying in excess of 5A over a 1.25V to 35V
output range. These regulators are
exceptionally easy to use and require only two
external resistors to set the output voltage. In
addition to improved line and load regulation,
a major feature of the A" series is the initial
output voltage tolerance, which is guaranteed
to be less than 1%. Over full operating
conditions, including load, line and lower
dissipation, the reference voltage is
guaranteed not to vary more than 2%. These
devices exhibit current limit, thermal overload
protection, and improved power device safe
operating area protection, making them
essentially indestructible.

(Top View)

CASE
s 0
VouTt

il

Vout

VIN

TO-218 Plastic

FEATURES

® Available in low cost TO-218

® Guaranteed 1% output voltage tolerance

® Guaranteed 0.3% load regulation

® Guaranteed 0.01%/V line regulation

® Internal current limiting constant
with temperature

® |Internal thermal overload protection

® |mproved output transistor safe
operating area compensation

°

Output adjustable between 1.25V and
35V

(Bottom View)

ADJ VIN

TO-3 Metal Can
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Power Dissipation

Input to Output Voltage Differential

Internally Limited
35V

Operating Junction Temperature Range

IP138A, LM138, IP138
IP338A, LM338, IP338

-55°C to +150°C
0°C to +125°C

Storage Temperature Range

-65°C to +150°C

Lead Temperature (Soldering, 10 sec.)

300°C

Absolute maximum ratings are those values beyond which the safety of the device cannot be guaranteed. They are not meant to
imply that the device should be operated at these limits. The electrical characteristics provide conditions for actual device operation.

=l
1P138A LM138/1P138
Parameter Test Conditions Min | Typ | Max | Min | Typ | Max | Units
Reference Voltage, VRefF loyT=10mA 1.238 | 1.250 | 1.262 v
3V<(VIN-Vour) <35V + 1122512501270 | 1.19 | 1.24 | 1.29 Vv
10mA<lpyTt <5A, P<50W
Line Regulation, AVoyT 3V<(VIN-VouTt) s35V 0.005( 0.01 0.005 | 0.01 | %V
AVIN (See Note 2) . 0.020| 0.04 0020 | 0.04 | %V
Load Regulation, AVoyT 10mA<loyTs5A Vossv 5 15 5 15 | mv
Alout (See Note 2) Vo5V 01 | 03 01 | 03| %
Vo <5V . 20 30 20 30 | mV
Vo25Vv . 0.3 0.6 03 0.6 %
Thermal Regulation 20 msec Pulse 0.002| 0.01 0.002 | 0.01 | WW
Ripple Rejection Vour =10V, Capy=0 . 60 60 dB
f=120Hz CaADJ=10uF| < | 60 75 60 75 dB
Adjust Pin Current, IApy . 45 | 100 45 | 100 | pA
Adjust Pin Current Change, Alapy | 10mA sloyT<5A . 0.2 5 0.2 5 pA
3V<(ViN- VouT) s35V
Minimum Load Current, IpmiN (VIN-VouT) =35V . 35 5 35 5 mA
Current Limit, Isc (VIN-Vour)s1ov DC 1 5 8 5 8 A
0.5mspeak| | 7 12 7 12 A
(VIN-VouT) =30V 1 1 A
Temperature Stability, AM . 1 2 1 %
ATEMP
Long Term Stability, AVoyt Ta=125°C, 1000 Hrs 03 1 03 1 %
ATIME
RMS Qutput Noise (% of Vou). e, | 10Hz < f< 10khz 0.001 0.001 %
Thermal Resistance Junction K Package 1 1 °C/W
to Case, 8jc




IP338A

LM338/iP338

Parameter Test Conditions Min | Typ | Max| Min | Typ | Max | Units
Reference Voltage, VRefF loyT=10mA 1.238 | 1.250 | 1.262 v
3V<(ViN- VouT) S35V «|1225]1250 | 1270 119 | 124 [ 129 | V
10mA < loyT S5A, P<50W
Line Regulation, AVoyT 3V<(VIN-VouTs 35V 0.005 | 0.01 0.005| 0.03 | %V
AN (See Note 2) . 002 | 004 0020 | 0.06 | %N
Load Regulation, AVoyT 10mA<ioyT <5A Vos5v 5 15 5 25 | mV
Aoyt (See Note 2) Voz5V 01 | 03 o1 | 05| %
Vossv | - 20 | 30 20 | 50 | mv
Voz25V . 03 06 03 1 %
Thermal Regulation 20 msec Pulse 0.002 | 0.02 0.002| 0.02 | %W
Ripple Rejection VouTt =10V, Capy=0 . 60 60 dB
f=120Hz Capy=1ouF [ <] 60 | 75 60 | 75 dB
Adjust Pin Current, iApy . 45 | 100 45 | 100 | pA
Adjust Pin Current Change, Alapy | 10mA<IoyT S5A, . 02 5 0.2 5 pA
3V<(VIN-VouT) s35V
Minimum Load Current, yyin (VIN-VouT) =35V . 35 10 35 10 | mA
Current Limit, Igc (VIN-VouT) s10V DC | § 8 5 8 A
05mspeak| | 6 12 6 12 A
(VIN-VouT) =30V 1 1 A
Temperature Stability, AVoyT . 1 2 1 %
ATEMP
Long Term Stability, AVQ T Ta=125°C, 1000 hrs 03 1 03 1 %
ATIME
RMS Output Noise (% of Voyt).en | 10Hz<f<10khz 0.001 0.003 %
Thermal Resistance Junction K Package 1 1 °CW
to Case, 8jc V Package 1 1 °CW
The « denotes the specifications which apply over the full operating temperature range, all others apply at Tj = 25°C unless otherwise
specified.
Note 1. Unless otherwise specified, these specifications apply for VN - VouT =5V, louT =2.5A.

Although power dissipation is internally limited, these specifications apply for dissipations of SOW and I\gax = 5A.

Note 2.

Regulation is measured at constant junction temperature, using pulse testing ata low duty cycle. Changes in output

voltage due to heating effects are covered under thermal regulation specifications. Load regulation is measured from the

bottom of the package for the TO-3, and at the junction of the wide and narrow portion of the output lead for the TO-218.
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INPUT-QUTPUT DIFFERENTIAL (V) VOLTAGE CHANGE (PERCENT)

RIPPLE REJECTION (dB)

OUTPUT CURRENT (A)

Load Regulation

0.1
0 IQuT = 3A
1
T
01 ——+ -
10UT = 54 \Q
02
03
VIN = 15V
04— yout = 10V
PRELOAD = 50 mA
asl L1 11
-75 -50 -25 0 25 50 75 100 125 150

TEMPERATURE

Dropout Voltage

AVQUT = 100 mv

N~ louT =
I~

IouT = 1A \4\

1

-75-50 -25 0 25 S50 75 100 125 150
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Ripple Rejection
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Line Transient Response Load Transient Response
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ViN O—T vin VouT -Q 5V
ADJ
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A0S $ 2992 =
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e ; $ R2 _:cw*
) 2383Q  ANToF
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O
2816 EEPROM Supply Programmer for
Read/Write Control Temperature Compensated Lead Acid Battery Charger
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5 AMP POSITIVE ADJUSTABLE REGULATORS

Part Number Temperature Range Package

IP138AK -55°C to +150°C TO-3
IP138K —-55°C to +150°C TO-3
LM138K -55°C to +150°C TO-3
IP338AK 0°C to +125°C TO-3
IP338K 0°C to +125°C TO-3
LM338K 0°C to +125°C TO-3
IP338AV 0°C to +125°C TO-218
IP338V 0°C to +125°C TO-218
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CS@ Seagate Microelectronics Limited
1 AMP, 3-TERMINAL POSITIVE REGULATORS

The IP140A/ LM140/ IP7800A/ IP7800 series
of three-terminal regulators is available with
several fixed output voltages making them
useful in a wide range of applications. The A-
suffix devices are fully specified at 1.0A,
provide 0.01%/V line regulation, 0.3%/A load
regulation, and +19% output voltage
tolerance at room temperature. Protection
features include safe operating area current
limiting and thermal shutdown. The entire
series of regulators is available in the metal
TO-3 and TO-66 power packages. The

IP140A/ LM140/ IP7800A/IP7800 series is
now available in a new TO-257 (Hermetic
TO-220 style) power package.

1% Tolerance

5, 12 and 15V fixed output
voltages available

0.01%/V line regulation

0.3%/A load regulation

Thermal overload protection
Short-circuit current limit protection
Safe operating area protection
Start-up with negative voltage

(+ supplies) on output

(Bottom View)

VIN VouTt

TO-3

A

(Bottom View)

TO-66

(Top View)

CASE

1S — C)

GROUND

VIN Vout
GROUND

TO-257
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1 AMP, 3-TERMINAL POSITIVE REGULATORS

Input Voltage (Vo = 5V, 12V, 15V)

Internal Power Dissipation
(Note 1)

35V

Internally Limited

Operating Temperature Range (T})
IP140A, LM140, IP140 -155°C to +150°C
IP7800A, IP7800 -55°C to +150°C

Maximum Junction Temperature
TO-3 Package K 150°C
TO-66 Package R 150°C
TO-257 (Hermetic TO-220 style) Package G150°C

—65°C to 150°C
300°C

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

Absolute maximum ratings are those values beyond which the safety of the device cannot be guaranteed. They are not meant to
imply that the device should be operated at these limits. The electrical characteristics provide conditions for actual device operation.

Note 1.

Although power dissipation is internally limited, these specifications are applicable for maximum power dissipation Ppax
of 20W for the TO-3, TO-66 and TO-257. Ipax is 1.0A for the TO-3, TO-66, TO-257.

Fixed Output Regulator

Adjustable Output Regulator

Current Regulator

INPUT 1 2 INPUT 1

2 OuUTPUT

*Required if the regulator 1s located
far from the power supply filter
**Although no output capacitor s
needed for stability, it does help
transient response. (if needed, use

0.1 uF, ceramic disc)

<
R
I l 3| eno 4 | 3 R1
cr core ci 1 c1 OUTPUT

VOUT - 5V+(5V'R1+1qIR2

5V/R1>3 Iq, load regulation (L)

(B1R2)| (| & of Regulator)
R1

—
lout

Va- V3
R1

lout +la

AlQ = 1.3mA over fine and load changes.

Part Number Temperature Range Package
IP140AK-XX -55°C to +150°C TO-3
IP140K/LM140K -55°C to +150°C TO-3
IP7800AK/IP7800K —-55°C to +150°C TO-3
IP140AR-XX/IP140R-XX -55°C to +150°C TO-66
IP7800AR/IP7800R —-55°C to +150°C TO-66
IP140AG-XX/IP140G-XX -55°C to +150°C TO-257 (Hermetic TO-220 style)
IP7800AG/IP7800G -55°C to +150°C TO-257 (Hermetic TO-220 style)
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3-TERMINAL POSITIVE REGULATORS

IP7805A IP7805
IP140A-5 LM140-5
Parameter Test Conditions Min Typ Max Min Typ Max Units
Output Voltage, Vo K, R, G Pkg., lg = 1A, V| = 10V 4.95 5 5.05 4.8 5 5.2 \
Pp< PMAX: 5MA < 10 <IMAX of 485 515 | 4.75 5.25 v
7.5V < V) <20V
Low Supply, Vo Pp <PmAx: 5mA < lp < ImMax 4.75 5.15 4.75 5.25 v
7V < VN < 20V
Line Regulation, AVg lo = 0.5 Iyax | 7V < Vi < 25V 3 10 50 mv
75V < Vjy <25V | e 3 10 50 mv
lo < ImAx 7.3V < V)N < 20V 3 10 50 mv
8V < V| < 12V 1 4 20 mV
. 2 12 25 mv
Load Regulation, AV K, R, G Pkg. 5mA < lp < 1.5A 10 25 50 mV
VIN = 10V 250mA < Ig < 750mA 4 15 25 mv
5mA < g < Imax. VIN = 10V . 7 25 50 mv
Quiescent Current, Iq lo < Imax 4 6 6 mA
VN = 10V . 4 6.5 7 mA
Quiescent Current Change, Alg 5mA < lg < Imax, VIN = 10V 0.2 0.5 0.5 mA
10 < IMAX: 7.5V < V|N < 20V . 0.1 0.8 0.8 mA
10 < 05 Iyax, 8V < V)N < 25V 0.1 0.8 0.8 mA
lo < 0.5ImAX, 7V < V|N < 25V [ ] 0.2 1.0 1.0 mA
Output Noise Voltage, Vi 10 Hz < f < 100 kHz, V| = 10V 40 200 40 pv
Ripple Rejection, AV|N/AVoyT f = 120 Hz lo < IMAX 68 80 68 dB
8V < Vi < 18V lo< 051yax| ®| 68 80 68 dB
Dropout Voltage lout = IMAX 2.0 25 2.0 \"
Output Resistance, Rg f=1kHz 5 5 mQ
Short-Circuit Current, Igo VIN = 35V K, R, G Package 0.6 1.2 0.6 1.2 A
Peak Output Current, ka VIN = 10V K, R, G Package 2.4 3.3 2.4 3.3 A
Average TC of VoyT lop = 5mA 0.2 2 0.6 mv/°C
Input Voltage Required to lo < ImaAx 7.3 7.3 \
Maintain Line Regulation, VN

The e denotes the specifications which apply over the full operating temperature range, all others apply at T, 25°C unless otherwise
specified.
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3-TERMINAL POSITIVE REGULATORS

IP7812A IP7812
IP140A-12 LM140-12
Parameter Test Conditions Min Typ Max Min Typ Max Units
Output Voltage, Vo K, R, G Pkg., Ip = 1A, V| = 19V 11.88 12 12.12 1.5 12 12.5 \%
Pp< Pmax: 5MA < lo <IMAx 11.64 12.36 | 11.4 12.6 v
14.8V < V|y <27V
Low Supply, Vg Pp <Pmax: 5MA < lo < IMAX 11.40 1236 | 11.4 12.6 v
145V < Vi < 27V
Line Regulation, AVo Io = 0.5 Imax | 145V < Vg < 30V 4 18 120 mv
14.8V < V|y < 30V 4 18 120 mv
lo < Imax 145V < Vy < 27V 4 18 120 mv
16V < VN < 22V 2 9 50 mv
4 30 60 mvV
Load Regulation, AV K, R, G Pkg. 5mA < lg < 1.5 12 32 120 mv
VN = 19V 250mA < Ig < 750mA 4 19 60 mv
5mA < Ig < Imax: VIN = 19V 8 60 120 mv
Quiescent Current, I lo < IMAX 4 6 6 mA
ViN = 19V 4 6.5 7 mA
Quiescent Current Change, Alg 5mA < lp < IMAX: VIN = 19V 0.2 0.5 0.5 mA
1o < IMAX: 14.8V < VN < 27V 0.1 0.8 0.8 mA
1o < 0.5 Imax. 15V < VN < 30V 0.1 0.8 0.8 mA
lo < 0.5 ImAx, 14.5V < Vjy < 30V 0.2 1.0 1.0 mA
Output Noise Voltage, Vi 10 Hz < f < 100 kHz, V| = 19V 75 480 75 pv
Ripple Rejection, AV|N/AVoyT f =120 Hz o < IMAX 61 72 61 dB
15V < V)N < 25V 10< 0.5 Imax 61 72 61 dB
Dropout Voltage louT = IMAX 2.0 25 2.0 \Y
Output Resistance, Ro f =1 kHz 8 8 mQ
Short-Circuit Current, Ig¢ V|N = 35V K, R, G Package 0.6 1.2 0.6 12 A
Peak Output Current, Ipk VN = 19V K, R, G Package 2.4 3.3 24 3.3 A
Average TC of Voyt lop = 5mA 0.5 4.8 1.5 mv/°eC
Input Voltage Required to lo < ImMAX 14.5 14.6 \
Maintain Line Regulation, V|

The e denotes the specifications which apply over the full operating temperature range, all others apply at Tj = 25°C unless otherwise

specified.
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3-TERMINAL POSITIVE REGULATORS

IP7815A IP7815
IP140A-15 LM140-15
Parameter Test Conditions Min Typ Max Min Typ Max Units
Output Voltage, Vo K, R, G Pkg., Ig = 1A, V|y = 23V 1485 | 15 | 15.15 | 14.4 15 15.6 %
Pp< Pmax: 5MA < lg <IMAX o | 1455 15.45 | 14.25 15.75 v
17.9V < Vjy <30V
Low Supply, Vo Pp <PmAX: 5MA < Ig < IMAX 14.25 15.45 | 14.25 15.75 v
17.5V < Viy < 30V
Line Regulation, AVg Io = 0.5 Iyax | 17.5V < Viy < 30V 4 22 150 | mv
17.9V < Vi < 30V L4 4 22 150 mv
lo < Imax 17.5V < Vy < 30V 4 22 150 mv
20V < V| < 26V 2 10 60 mv
[ 5 30 75 mvV
Load Regulation, AV K, R, G Pkg. 5mA < Ip < 1.5A 12 35 150 mV
V|N = 23V 250mA < Ig < 750mA 4 21 75 mv
5mA < Ig < Imax VIN = 23V . 9 75 150 mv
Quiescent Current, Iq lo < IMAX 4 6 6 mA
ViN = 23V . 4 6.5 7 mA
Quiescent Current Change, Alg 5mA < lg < Imax: VIN = 23V 0.2 0.5 0.5 mA
10 < IMAX 179V < ViN < 30V . 0.1 0.8 0.8 mA
1o < 0.5 Iyax, 18.5V < VjN < 30V 0.1 0.8 0.8 mA
1o < 05 Imax, 17.5V < |y < 30V . 0.2 1.0 1.0 mA
Output Noise Voltage, VN 10 Hz < f < 100 kHz, Vjy = 23V 90 600 90 pv
Ripple Rejection, AV|N/AVoyT f =120 Hz lo < IMAX 60 70 60 dB
185V < Vjy < 285V | lo< 0.51yax| ® | 60 70 60 dB
Dropout Voltage louT = IMAX 2.0 25 2.0 v
Output Resistance, Rg f =1kHz 9 9 mQ
Short-Circuit Current, Igc VIN = 35V K, R, G Package 0.6 1.2 0.6 1.2 A
Peak Output Current, ka VN = 23V K, R, G Package 24 33 2.4 3.3 A
Average TC of VouT lo =5mA 06 | 60 1.8 mv/°C
Input Voltage Required to lo < Imax 17.5 17.7 A"
Maintain Line Regulation, Viy

The e denotes the specifications which apply over the full operating temperature range, all others apply at Tj = 25°C unless otherwise

specified.

Note 2. All characteristics are measured with a capacitor across the input of 0.22 p F and a capacity across the output of 0.1 MF.
All characteristics except noise voltage and ripple rejection ratio are measured using pulse techniques (t\y < 10 ms, duty
cycle < 5%). Output voltage changes due to changes in internal temperature must be taken into account separately.




1 AMP, 3-TERMINAL POSITIVE REGULATORS
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(@ Seagate Microelectronics Limited
0.5 AMP, 3-TERMINAL POSITIVE REGULATORS

IP78MO00 Series, IP78MO0A Series, IP140M Series, IP140MA Series

DESCRIPTION FEATURES

The IP78MOO0/A series of voltage regulators 1% output voltage tolerance

are fixed output regulators intended for local, 5, 12 and 15V fixed output

on-card voltage regulation. These devices are voltages available

available in 5, 12, and 15 volt options and are 0.01%/V line regulation

capable of delivering in excess of 500 mA 0.3%/A load regulation

over temperature. The A-suffix devices are Thermal overload protection

fully specified at 0.5A, provide 0.01%/V line ~ira ., ;
regulation, 0.3%/A load regulation, and 1% gggt;;fr:ﬁf gu r::;; Irl)rrr;: ez:?;t;ctlon
output voltage tolerance at room temperature. Stait-up with neagative voltage
Protection features include safe operating + p i g tout 9
area, current limiting and thermal shutdown. (£ supplies) on outpu n
The entire series of regulators is available in

TO-39 and Ceramic DIP packages.

'CONNECTIONS

(Bottom View) (Top View)

GROUND

Vour
NC
Vin GROUND -
O

VIN

NC
NC

Vout
NC

TO-39 8 Pin J Package
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Input Voltage (Vo = 5V, 12V, 15V) 35V Maximum Junction Temperature

i H Package TO-39 150°C
Internal Power Dissipation . 8 Pin Ceramic DIP Package J 150°C
(Note 1) Internally Limited
Storage Temperature Range —-65°C to 150°C
Operating Temperature Range (Tj)
IP78MO0A, IP78M00 -55°C to +150°C Lead Temperature (Soldering, 10 sec.) 300°C

IP140MA, IP140M -55°C to +150°C

Absolute maximum ratings are those values beyond which the safety of the device cannot be guaranteed. They are not meant to
imply that the device should be operated at these limits. The electrical characteristics provide conditions for actual device operation.

IP78M05A IP78M05
IP140MA-5 IP140M-5

Parameter Test Conditions Min | Typ | Max | Min | Typ | Max |Units
Output Voltage, Vo Iq = 100mA, Vjy = 10V 495 | 5 |505|480 | 5 |520] Vv

Pp < Ppax. 5mA s lo <350mA - ]485 5.15 | 4.75 5§25 | V

7.5VsViNs20V
Line Regulation, AVp lo=200mA | 7VsV|ys25V 3 10 50 | mV

8VsVys2sv | . 3 10 25 | mv

lo=500mA | 8VsV|Ns12V 3 10 5 | mV
Load Regulation, AVp 5mA <lp <500mA, VN =10V . 5 50 50 | mv
Quiescent Current, I VIN =10V, lg =350mA . 4 6 4 6 mA
Quiescent Current Change, Alg 5mA <lo <500mA, ViN =10V . | 0.1 0.5 05 | mA

8V<V|Ns25V,Io =200mA . 02 | 08 08 | mA
Output Noise Voltage, Vpy 10Hz < f< 100kHz 40 | 200 40 200 | upv
Ripple Rejection, AVNn/AVouT f=120Hz, lo =300mA 65 80 62 - dB

8VsVN<18V | Ig=100mA -] 65 | 80 62 dB
Dropout Voltage o =350mA 2 25 25 \
Short Circuit Current, Igc VIN=35V 300 | 600 300 | 600 | mA
Peak Output Current, Ipg ViN=10V 07 | 10 | 14 | 07 | 10 1.6 A
Average Temperature Coefficient lp =5mA 0.5 2.0 0.5 mV/°C
of Output Voltage

The ® denotes the specifications which apply over the full operating temperature range, all others apply at Tj = 25°C unless otherwise
specified.

Note 1: Thermal resistance of the TO-39 package (H) is typically 20°C/W junction to case and 120°C/W case to ambient. Although
power dissipation is internally limited, these specifications apply for up to 2W for the TO-39 package, and 1.05W for the
J package. Thermal resistance of the J package is typically 119°C/W junction to ambient. (Derate at 8.4mW/°C for ambient
temperatures above 25°C).

Note 2: All characteristics are measured with a capacitor across the input of 0.2gu F and a capacitor across the output of 0.1uF.

All characteristics except noise voltage and ripple rejection ratio 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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0.5 AMP, 3-TERMINAL POSITIVE REGULATORS

IP78M12A

IP78M12

IP140MA-12 IP140M-12
Parameter Test Conditions Min | Typ | Max | Min | Typ | Max | Units
Output Voltage, Vo lo =100mA, VN =19V 11.88| 12 [1212|1150( 12 |1250} V
Pp s Ppmax. SmA sl <350mA 11.64 12.36 | 11.40 1260 V
148VSVNS27V
Line Regulation, AV lo=200mA | 145V <V|\ <30V 18 60 | mV
16V <V|N < 30V 18 30 | mv
lo=500mA | 16VsV|ys22V 18 120 | mv
Load Regulation, AV 5mA <lg<500mA, V)y =19V 10 60 120 | mv
QuiescentCurrent, Iq VIN =19V, o =350mA 4 6 4 6 mA
Quiescent Current Change, Al S5mA<1p<500mA, ViN =19V 01 | 05 05 | mA
14.8V sViN <30V, Ip = 200mA 02| 08 08 | mA
Output Noise Voltage, Vy 10Hz < f < 100kHz 75 | 480 75 480 | uv
Ripple Rejection, AV\N/AVoyT f=120Hz lo=300mA 58 72 55 dB
15VsViN<s25V | Ig=100mA 58 72 55 dB
Dropout Voltage lo =350mA 2 25 25 \
Short Circuit Current, Isc VIN=35V 300 | 600 300 | 600 | mA
Peak Output Current, Ipk ViN=19V 0.7 1.0 14 07 1.0 16 A
Average Temperature Coefficient lp=5mA 1.2 | 48 1.2 mV/°eC
of Output Voltage
IP78M15A IP78M15
IP140MA-15 IP140M-15
Parameter Test Conditions Min | Typ | Max | Min | Typ | Max | Units
Output Voltage, Vo lo =100mA, V|N =23V 1485| 15 |15.15]1440| 15 |15.60 \
Pp<Pmax. 5mA<io<350mA 1455 15.45]14.25 1575 V
18V sV <30V
Line Regulation, AV lo=200mA | 17.5V<V|y <30V 4 22 60 | mV
20V< VN s30V 4 22 30 | mV
lo=500mA | 20VsV|ys26V 4 22 150 | mV
Load Regulation, AV S5mA < lg<500mA, VN =23V 12 75 150 | mVv
Quiescent Current, I ViN =23V, |o =350mA 4 6 4 6 mA
Quiescent Current Change, Al 5mA <lgs500mA, VN =23V 0.1 0.5 05 | mA
18V <V <30V, Ig = 200mA 02 | 08 08 | ma
Output Noise Voltage, V, 10Hz < f < 100kHz 90 | 600 90 600 | nv
Ripple Rejection, AVIN/AVOUT f=120Hz lp =300mA 57 70 54 dB
18.5V< VN <285V |In=100mA 57 70 54 dB
Dropout Voltage lo =350mA 2 25 25 v
Short Circuit Current, Igc VIN=35V 300 | 600 300 | 600 | mA
Peak Output Current, Ipg VIN =23V 07 | 10 | 14 ] 07 | 10 | 16 A
Average Temperature Coefficient lo =5mA 15 | 6.0 1.5 mV/°C
of Output Voltage

&
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0.5 AMP, 3-TERMINAL POSITIVE REGULATORS

Part Number Temperature Range : Package
IP78MO05AH -55°C to +150°C TO-39
IP78MO05H -55°C to +150°C TO-39
IP78M12AH -55°C to +150°C TO-39
IP78M12H -55°C to +150°C TO-39
IP78M15AH -55°C to +150°C TO-39
IP78M15H -55°C to +150°C TO-39
IP78M05AJ —-55°C to +150°C 8 Pin Ceramic DIP
IP78M05J -55°C to +150°C 8 Pin Ceramic DIP
IP78M12AJ -55°C to +150°C 8 Pin Ceramic DIP
IP78M12J -55°C to +150°C 8 Pin Ceramic DIP
IP78M15AJ -55°C to +150°C 8 Pin Ceramic DIP
IP78M15J -55°C to +150°C 8 Pin Ceramic DIP
IP140MAH-05 -55°C to +150°C TO-39
IP140MH-05 -55°C to +150°C TO-39
IP140MAH-12 -55°C to +150°C TO-39
IP140MH-12 —-55°C to +150°C TO-39
IP140MAH-15 -55°C to +150°C TO-39
IP140MH-15 -55°C to +150°C TO-39
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& Seagate Microelectronics Limited
3 AMP POSITIVE ADJUSTABLE REGULATORS

'DESCRIPTION

The IP150A series are 3-terminal positive
adjustable voltage regulators capable of
spplying in excess of 3.0A over a 1.25V to
35V output range. These regulators are
exceptionally easy to use and require only two
external resistors to set the output voltage. In
addition to improved line and load regulation,
a major feature of the “A” series is the initial
output voltage tolerance, which is guaranteed
to be less than 1%. Over full operating
conditions, including load, line, and power
dissipation, the reference voltage is
guaranteed not to vary more than 2%. These
devices exhibit current limit, thermal overload
protection, and improved power device safe
operating area protection, making them
essentially indestructible.

(Bottom View) (Top View)
CASE
1S
Vourt
CASE
ADJ VIN s —
VouTt <:>
ADJ VIN
Vout
TO-3 TO-218

Available in military TO-257
Guaranteed 1% output voltage tolerance
Guaranteed 0.3% load regulation
Guaranteed 0.01%!/V line regulation
Internal current limiting constant

with temperature

Internal thermal overload protection
Improved output transistor safe
operating area compensation

Output adjustable between 1.25V and
35V

(Top View) (Top View)
CASE CASE 5
s IS
Voutr O Vout
ADJ 1}‘fV|N ADJ “ Hﬂ VIN
Vour. Vout
TO-220 TO-257
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Power Dissipation

Input to Output Voltage Differential

Internally Limited
35V

Operating Junction Temperature Range

IP150, IP150A, LM150
IP350A

-55°C to +150°C
0°C to +125°C

Storage Temperature Range

~65°C to +150°C

Lead Temperature (Soldering, 10 sec.)

300°C

Absolute maximum ratings are those values beyond which the safety of the device cannot be guaranteed. They are not meant to
imply that the device should be operated at these limits. The electrical characteristics provide conditions for actual device operation.

IP150A

Parameter Test Conditions Min | Typ | Max | Min Units
Reference Voltage, VREF loyT=10mA 1.238 | 1.250 | 1.262 v
3V<(ViN-Vour) <35V «|1225 1250 | 1270|120 [ 125 {130 | V
10mA <loyT<3A, Ps30W
Line Regulation, AVoyT 3V<(ViN-Vour) $35V 0.005 | 0.01 0.005| 0.01 | %NV
AVIN (See Note 2) . 0.02 | 0.05 0.020 | 0.05 | %V
Load Regulation, AVoyT 10mAsioyT<3A Vossv 5 15 5 15 | mV
Aoyt (See Note 2) Vo5V 01 | 03 0103 | %
Vossv . 15 50 20 50 mV
Voz5v . 0.3 1.0 03 10 %
Thermal Regulation T =25°C, 20 msec Pulse 0.002 | 0.01 0.002 | 0.01 | %W
Riipple Rejection Vour =10V, Capy=0 65 65 dB
f=120Hz CADJ = 10uF | 66 86 66 86 dB
Adjust Pin Current, IApy . 50 | 100 50 | 100 | pA
Adjust Pin Current Change, Alapy  |10mA<ioyT <3A . 0.2 5 0.2 5 pA
3V<(VIN-VouT)s35V
Minimum Load Current, IpiN (ViN-VouT) =35V . 35 5 35 5 mA
Current Limit, lo (VIN-VouT) s 10V . ] 45 3 45 A
(VN - VouT) =30V 0.3 1 03 1 A
Temperature Stability, AVoyT . 1 2 1 %
ATEMP
Long Term Stability, AVoyT T =125°C, 1000 Hrs 03 | 1 03 | 1 %
ATIME
RMS Output Noise (% of VoyTt).en |TA =25°C, 10Hz <f< 10kHz 0.001 0.001 %
Thermal Resistance Junction K Package 15 15 °C/W
o Case, 8jc G Package 3 4 3 4

&



IP150, IP150A, IP350A, IP350, LM150

3 AMP POSITIVE ADJUSTABLE REGULA TRS

ELECTRICAL CHARACTERISTICS (See NOTE 1)

IP350

1P350A
Parameter Test Conditions Min | Typ | Max | Min | Typ | Max | Units
Reference Voltage, VREF loyT=10mA 1.238 | 1.250 | 1.262 v
3V<(VIN-Vourt) 35V 1.225 | 1.250 | 1.270 | 1.200 | 1.250 | 1.300 v
10mA < loyT<3A, P<30V
Line Regulation, AVoyT 3V<(VIN-VouT) S35V 0.005 | 0.01 0.005] 0.03 | %NV
AVIN (See Note 2) 0.02 | 0.05 0.02 | 0.07 | %N
Load Regulation, AVoyt 10mAsioyTs3A VossV 5 15 5 25 | mV
Alout (See Note 2) Voz5V 01 | 03 01 | 05| %
Vos5V 15 | 50 20 | 70 | mv
Vo225V 03 1 0.3 15 %
Thermal Regulation Tp =25°C, 20 msec Pulse 0.002 | 0.01 0.002| 0.03 | %W
Riipple Rejection Vout =10V, Cany=0 65 65 dB
f=120Hz Capy=10uF 66 86 66 86 dB
Adjust Pin Current, Iapy 50 | 100 50 100 | pA
Adjust Pin Current Change, Alapy |10 mA<loyT <3A, 02 5 0.2 5 HA
3V (VN - VouT) 35V
Minimum Load Current, IniN (VIN-VouT) =35V 35 10 35 10 | mA
Current Limit, Io (ViN-Vour) s 1oV 3 45 3 45 A
(VIN-VouT) =30V 025 | 1 025 | 1 A
Temperature Stability, AVoyT 1 2 1 %
ATEMP
Long Term Stability, AVoyT Ta=125°C, 1000 hrs 03 1 03 1 %
ATIME
RMS Output Noise (% of VouT).en |TA =25°C, 10Hzsf< 10kHz 0.001 0.001 %
Thermal Resistance Junction K Package 1.5 1.5 °C/W
to Case, e]c T Package 3 4 3 4 °C/W
V Package 15 15 °C/W

The « denotes specifications which apply over the full operating junction temperature range. All others apply at Tj = 25°C unless

otherwise specified.

Note 1:

Note 2:

Unless otherwise specified, these specifications apply for Vi - VoyuTt =

5V, lout =
Although power dissipation is internally limited, these specifications apply for dissipations of 30W for the TO -3, TO-218
and TO-257, and 25W for the TO-220; Imax = 3A.

1.5A.

Regulation is measured at constant junction temperature, using pulse testing techniques at a low duty cycle. Changes in

output voltage due to heating effects are covered under thermal regulation specifications. Load regulation is measured from
the bottom of the package for the TO-3 and on the back of the heat tab for the TO-218, TO-220 and TO-257.
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 TYPICAL PERFORMANCE CHARACTERISTIC
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3 AMP POSITIVE ADJUSTABLE REGULATORS

Part Number Temperature Range Package
IP150AK -55°C to +150°C TO-3
IP150K -55°C to +150°C ’ TO-3
IP150G -55°C to +150°C TO-257
IP150AG -55°C to +150°C TO-257
LM150K -55°C to +150°C TO-3
IP350AK 0°C to +125°C TO-3
IP350K 0°C to +125°C TO-3
IP350AT 0°C to +125°C TO-220
IP350T 0°C to +125°C TO-220
IP350AV 0°C to +125°C TO-218
IP350V 0°C to +125°C TO-218

o5 &



Cg? Seagate Microelectronics Limited

3 AMP, 3-TERMINAL, FIXED NEGATIVE VOLTAGE REGULATORS

e i e

The IP1R17A/IP3R17A and IP1R17/IP3R17 ® 3 Amp output current capability
series of fixed three terminal negative ® + 1% Output tolerance at room
regulators are capable of delivering 3 amps of temperature (A suffix)

output current, and are available with several ® 0.01%/V Line regulation

convenient output voltages. The A-suffix e (.50 Load regulation

devices provide 0.01%/V line regulation, 0.5% e _5 -52 -12, —15 Volt fixed output
load regulation, and a +1% output voltage volt,ages available

g;)'grcei‘f?:g c?;)errgt(i)r:g fé?\gﬁirg;ireoogger"n%" ® Short circuit current limit protection
power, and temperature), the output voltage is : ?:fe °ple ritn:g area prtc>tet<?t|on
guaranteed not to vary by more than +3%. ermal shutdown protection
Protection features include safe operating area ~ ®  Improved version of LM145

current limiting for the output power transistor,
and thermal shutdown. The entire series of
regulators is available in a TO-3 package, and
the commercial version is also available in a
convenient, low cost plastic TO-220 package.
For military applications the space saving
Hermetic TO220 (TO257) is available.

BOTTOM VIEW TOP VIEW TOP VIEW
TO-3 (K PACKAGE) TO-220 TO-257
GROUND Vv out
E 3 CASE IS CASE IS
O - VN O e VIN
CASE IS
| VIN
GROUND VouT GROUND VouT
VIN VIN

167




168

3 AMP, 3-TERMINAL, FIXED NEGATIVE VOLTAGE REG

Input Voltage (VoyT =-5, -5.2, —12, or —15V) 35V

Power Dissipation

Storage Temperature Range

Internally Limited

-65°C to +150°C

IP3R17A/IP3R17

Lead Temperature (Soldering, 10 sec)

Operating Junction Temperature Range
IP1R17A/NIP1R17

ULATORS

300°C

-55°C to + 150°C

0°C to +125°C

Absolute maximum ratings are those values beyond which the safety of the device cannot be guaranteed. They are not meant to
imply that the device should be operated at these limits. The electrical characteristics provide conditions for actual device operation.

IP1R17A-5/IP3R17A-5 IP1R17-5/IP3R17-5
Symbol Parameter Conditions (Note 1) Min Typ } Max Min Typ Max | Units
-5.05 -5.00 -4.95 -5.15 -5.00 -4.85 \"
VouT | Output Voltage :g\’}""z 2\/|EU>T 42%0\‘/3,"}, cruax | | 515 485 | 5.25 475 | v
AVOUT Line Regulation IouT = -5mA (Note 2) 3 15 6 30 mvV
AVIN -7.5V > VIN > -35V ] 6 30 12 60 mV
A VouTt Load Regulation -5mA > louT > -3A 5 25 10 50 mv
AlouTt (Note 2) L) 10 50 20 100 mV
Q Quiescent Current IOUT = -5mA ° 5 5 mA
N Quiescent Current -5mA > IouT = -3A | ° 10 10 mA
Change (Load/Line) louT= 5mA, 7.5V > V|N > -35V| @ 5 5 mA
VD Dropout Voltage louT = -3A, AVouT = 100mV| e 2.2 3.0 22 3.0 \
Ripple Rejection louT = -1A, f = 120Hz [ 60 80 60 80 dB
Thermal Regulation tpuLSE = 20msec, AP =PMAX 0.002 0.01 0.002 0.02 %W
IPEAK Peak Output Current (dc) VIN = -10V o -6.5 -4.5 -6.5 -4.5 A
Isc Short Circuit VIN = -10V -4 -4 A
Current VIN = -35V -1 T B A
en Output Noise Voltage 10Hz < f < 100kHz 40 40 uv
AVE TC of VouT mV
e.c Thermal Resistance, K Package 1.5 2.5 1.5 25 °C/W
Junction to Case G, T Package 3 4 3 4 °C/W
°C/W

The e denotes specifications which apply over the full operating junction temperature range. All others apply at TCASE = 25°C
unless otherwise specified.

Note 1:

Note 2:

Unless otherwise specified, Vy = -10V, and oyt = - 1.5A. Although power dissipation is internally limited, these
specifications apply for dissipations up to 30W for the TO — 3 package, and for dissipations up to 20W for the TO —220

and TO-257.

Load and line regulation are electrically independent and are measured using pulse testing techniques at low duty cycle
in order to maintain constant junction temperature. To determine the effects on the output voltage due to device heating
refer to the thermal regulation specification.
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3 AMP, 3-TERMINAL, FIXED NEGATIVE VOLTAGE REGULATORS

IP1R17A-5.2/IP3R17A-5.2

IP1R17-5.2/IP3R17-5.2

Symbol Parameter Conditions (Note 1) Min Typ Max Min Typ Max Units
-5.25 -5.20 -5.15 -5.35 -56.20 -5.05 \"
VOUT | Output Voltage :ggc ; I\%T;ﬁ%!%s Puax| ® | 5% 505 | -5.45 -4.95 Y
AVouT Line Regulation IoUT = -5mA (Note 2) 3 15 6 30 mv
AVIN -7.7V 2 VIN > -35V ° 6 30 12 60 mV
A VouT Load Regulation -5mA > louTt = -3A 5 25 10 50 mV
AlouT (Note 2) . 10 50 20 100 mv
Q Quiescent Current IOUT = -5mA . 5 5 mA
Al Quiescent Current -5mA > loyT > -3A . 10 10 mA
Change (Load/Line) I0UT = BMA, 7.7V > VN > -35v[ . 5 5 mA
VD Dropout Voltage IoUT = -3A, AVOUT = 100mV| @ 22 3.0 2.2 3.0 \
Ripple Rejection louT = -1A, f = 120Hz (] 60 80 60 80 dB
Thermal Regulation tpULSE = 20msec, AP=PMAX 0.002 0.01 0.002 0.02 %W
IPEAK | Peak Output Current (dc) VIN = -10V e | 65 45 T 6.5 45 A
1sC Short Circuit VIN = -10V -4 -4 A
Current VIN = -35V -1 -1 A
en Output Noise Voltage 10Hz < f < 100kHz 40 40 uv
AVE TC of VouT mV
e.c Thermal Resistance, K Package 15 25 15 25 °C/wW
Junction to Case G, T Package 3 4 3 4 °C/wW
°C/W

The e denotes specifications which apply over the full operating junction temperature range. All others apply at TCASE = 25°C
unless otherwise specified.

Note 1:

Note 2:

Unless otherwise specified, Vi = -10V, and loyT = -1.5A. Although power dissipation is internally limited, these
specifications apply for dissipations up to 30W for the TO — 3 package, and for dissipations up to 20W for the TO —220

and TO-257.

Load and line regulation are electrically independent and are measured using pulse testing techniques at low duty cycle
in order to maintain constant junction temperature. To determine the effects on the output voltage due to device heating
refer to the thermal regulation specification.
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3 AMP, 3-TERMINAL, FIXED NEGATIVE VOLTAGE REGULATORS

IP1R17A-12/IP3R17A-12 IP1R17-12/IP3R17-12

Symbol Parameter Conditions (Note 1) Min Typ Max Min Typ Max Units
-12.12 | -12.00 | -11.88 | -12.36 | -12.00 | -11.64 A
VOUT | Output Voltage :?g"\f Z \}%U; %2;\3/{* pePuax | ® | 129 -11.64 | -12.60 1140 |V
AVOUT Line Regulation IoUT = -5mA (Note 2) 5 30 10 60 mV
AVIN 145V > VN > -35V . 10 60 20 120 mv
AVOUT | | oo Regulation -5mA > louT > -3A 10 60 20 120 mv
AlouT (Note 2) [ 20 120 40 240 mvV
Q Quiescent Current IOUT = -5mA ° 5 5 mA
Alg Quiescent Current -5mA > louT = -3A [ 10 10 mA
Change (Load/Line) louT= -5MA, -145V > V|N >-35V| @ 5 5 mA
) Dropout Voltage I1oUT = -3A, AVOUT = 250mV| @ 2.2 3.0 2.2 3.0 Y
Ripple Rejection louT = -1A, f = 120Hz L] 52 72 52 72 dB

Thermal Regulation tpULSE = 20msec, AP=PMAX 0.002 0.01 0.002 | 0.02 %W
IPEAK Peak Output Current (dc) VIN = -17V o -6.5 -4.5 -6.5 -4.5 A
ISC Short Circuit VIN = -17V -2.5 2.5 A
Current VIN = -35V -1 -1 A
en Output Noise Voltage 10Hz < f < 100kHz 75 75 uv
AVE TC of VouT mV

euc Thermal Resistance, K Package 1.5 2.5 1.5 25 °C/wW

Junction to Case G, T Package 3 4 3 4 °CW

°CW

The e denotes specifications which apply over the full operating junction temperature range. All others apply at TCASE = 25°C
unless otherwise specified.

Note 1:

Note 2:

Unless otherwise specified, V| = -17V, and loyT = -1.5A. Although power dissipation is internally limited, these
specifications apply for dissipations up to 30W for the TO - 3 package, and for dissipations up to 20W for the TO - 220

and TO-257.

Load and line regulation are electrically independent and are measured using pulse testing techniques at low duty cycle
in order to maintain constant junction temperature. To determine the effects on the output voltage due to device heating
refer to the thermal regulation specification.



IP1R17A-15/IP3R17A-15 IP1R17-15/IP3R17-15
Symbol Parameter Conditions (Note 1) Min Typ Max Min Typ Max Units
-16.15 | -15.00 | -14.85 | -15.45 | -15.00 | -14.55 \
VouT | Output Voltage oA z \}?NU; %36:\3/;,\ pe Puax| ® | 1545 1455 | -15.75 1425 | v
AVouT Line Regulation louT = -5mA (Note 2) 8 40 16 80 mv
AVIN -17.5V 2 VIN > 35V L] 16 80 32 160 mvV
A VouT Load Regulation -5mA > louT = -3A 16 80 32 160 mv
AlouT (Note 2) ° 32 160 64 320 mv
Q Quiescent Current IOUT = -5mA ° 5 5 mA
Alg Quiescent Current -5mA > lIouT = -3A L] 10 10 mA
Change (Load/Line) IoUT = -5mA, -17.5V > VIN >-35V] @ 5 5 mA
VD Dropout Voltage IoUT = -3A, AVOUT = 300mV| @ 22 3.0 2.2 3.0 \
Ripple Rejection louT = -1A, f = 120Hz o 50 70 50 70 dB
Thermal Regulation tPULSE = 20msec, AP =PMAX 0.002 0.01 0.002 0.02 %/W
IPEAK Peak Output Current (dc) VIN = -20V o | 65 4.5 6.5 4.5 A
Isc Short Circuit VIN = -20V 2.3 23 A
Current VIN = -35V -1 -1 A
en Output Noise Voltage 10Hz < f < 100kHz 90 90 uv
AvVE TC of VouT mvV
eJc Thermal Resistance, K Package 1.5 25 1.5 25 °CwW
Junction to Case G, T Package 3 4 3 4 °Cw
°CwW
The e denotes specifications which apply over the full operating junction temperature range. All others apply at TCASE = 25°C

unless otherwise specified.

Note 1:

Note 2:

Unless otherwise specified, Viy = -20V, and loyT = -1.5A. Although power dissipation is internally limited, these
specifications apply for dissipations up to 30W for the TO - 3 package, and for dissipations up to 20W for the TO —220
and TO-257.

Load and line regulation are electrically independent and are measured using pulse testing techniques at low duty cycle
in order to maintain constant junction temperature. To determine the effects on the output voltage due to device heating
refer to the thermal regulation specification.

Part Number Temperature Range Package
IP1R17AK-XX, IP1R17K-XX —-55°C to +150°C TO-3
IP1R17AG-XX, IP1R17G-XX -55°C to +150°C TO-257
IP3R17AK-XX, IP3R17K-XX 0°C to +125°C TO-3
IP3R17AT-XX, IP3R17T-XX 0°C to +125°C TO-220
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The IP1R18A/IP3R18A and IP1R18/IP3R18
series of fixed three terminal positive regulators
are capable of delivering 5 amps of load
current, and are available with several
convenient output voltage options. The A-suffix
devices provide 0.01%/V line regulation, 0.5%
load regulation, and a +1% output voltage
tolerance at room temperature. Over all
specified operating conditions (load, line,
power, and temperature), the output voltage is
guaranteed not to vary by more than +3%.
Protection features include safe operating area
current limiting for the output power transistor,
and thermal shutdown. The entire series of
regulators is available in a TO-3 package, and
the commercial version is also available in a
convenient, low cost plastic TO-218 package.

CS@ Seagate Microelectronics Limited

5 AMP, 3-TERMINAL, FIXED POSITIVE VOLTAGE REGULATORS

5 Amp output current capability

+ 1% Output tolerance at room
temperature (A suffix)

0.01%/V Line regulation
0.5% Load regulation

5, 12, 15 Volt fixed output voltages
available

Short circuit current limit protection
Safe operating area protection
Thermal shutdown protection

Available in convenient, low cost plastic
TO-218 package

BOTTOM VIEW
TO-3 (K PACKAGE)

VIN vV out

CASE IS
GROUND

TOP VIEW
TO-218 (V PACKAGE)

<:> ¢ CASE IS
GROUND

VIN vourt
GROUND




Input Voltage (VoyT = 5, 12, or 15V) Operating Junction Temperature Range

35V IP1R18A/IP1R18 -55°C to + 150°C

IP3R18A/IP3R18 0°C to +125°C
Power Dissipation Internally Limited
Storage Temperature Range -65°C to +150°C
Lead Temperature (Soldering, 10 sec) 300°C

Absolute maximum ratings are those values beyond which the safety of the device cannot be guaranteed. They are not meant to
imply that the device should be operated at these limits. The electrical characteristics provide conditions for actual device operation.

_ ELECTRICAL CHARACTERISTICS

IP1R18A-5 IP1R18-5

IP3R18A-5 IP3R18-5
Symbol | Parameter Conditions (Note 1) Min Typ l Max Min | Typ [ Max
495 [ 500 | 505 | 4585 ] 5.15
]
VouTt Output Voltage gvA< V|Irfj)U<T 20V5APs sow ° 4.85 5.15 4.75 5.25
AVouT Line Regulation IoUT = 5mA (Note 2) 3 15 6 30
AVIN 7.5V < VIN < 35V (] 6 30 12 60
A VouT Load Regulation 5mA < louT < 5A 5 25 10 | 50
AlouTt (Note 2) ° 10 50 20 100
Q Quiescent Current IOUT = 5mA ° 7 7 mA N
N Quiescent Current 5mA < louT < 5A ° 10 10 mA )
Change (Load/Line) louT= 5mA, 7.5V < V|N < 35V ° 3 3 mA
VD Dropout Voltage IouT = 5A, AVoyT =100mV | @ 25 3.0 25 3.0 \Y
Ripple Rejection louT = 1A, f = 120Hz ° 60 80 60 80 dB
Thermal Regulation tpULSE = 20msec, AP =50W 0.002 0.01 0.002 0.02 %IW
IPEAK Peak Output Current (dc) VIN = 10V ] 8 12 8 12 A
IsC Short Circuit VIN = 10V 7 7 A
Current VIN = 35V 2 2 A
en Output Noise Voltage 10Hz < f < 100kHz 40 40 o
AVE TC of VouT mv
eJc Thermal Resistance, K Package 1.0 1.5 1.0 1.5 °C/wW
Junction to Case V Package 1.0 1.5 1.0 1.5 °C/W
°Cw

The @ denotes specifications which apply over the full operating junction temperature range. All others apply at TcASg = 25°C
unless otherwise specified.

Note 1: Unless otherwise specified, Vi = 10V, and loyT = 2.5A. Although power dissipation is internally limited, these specifications
apply for dissipations up to 50W.

Note 2: Load and line regulation are electrically independent and are measured using pulse testing techniques at low duty cycle
in order to maintain constant junction temperature. To determine the effects on the output voltage due to device heating refer to
thermal regulation specification.
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5 AMP, 3-TERMINAL, FIXED POSITIVE VOLTAGE REGULATORS

IP1R18A-12 IP1R18-12
IP3R18A-12 IP3R18-12
Symbol Parameter Conditions (Note 1) Min Typ Max Min Typ Max Units
11.88 12.00 12.12 11.64 12.00 12.36 \
VouT | Output Voltage fg‘\f 5 \}%UL 37%/? posow | ®| 1164 12.36 | 11.40 1260 | Vv
AVoUT Line Regulation louT = ,SmA (Note 2) 5 30 10 60 mV
AVIN 145V < VIN < 35V o 10 60 20 120 mV
A VouT Load Regulation 5mA < IoUT < 5A 10 60 20 120 mv
AlouTt (Note 2) [} 20 120 40 240 mv
Q Quiescent Current IOUT = 5mA ° 7 7 mA
Al Quiescent Current 5mA < lQuT < 5A L] 10 10 mA
Change (Load/Line) IQUT= 5mA, 145V < VN < 35V | @ 3 3 mA
VD Dropout Voltage IoUT = 5A, AVQUT = 250mV | @ 2.5 3.0 2.5 3.0 \
Ripple Rejection louT = 1A, f = 120Hz [ 52 72 52 72 dB
Thermal Regulation tpULSE = 20msec, AP =50W 0.002 0.01 0.002 0.02 %W
IPEAK Peak Output Current (dc) VIN = 17V ) 8 12 8 12 A
ISC Short Circuit VIN = 17V 4 4 A
Current VIN = 35V 2 2 A
en Output Noise Voltage 75 75 uVv
AVE TC of VouT mV
e.c Thermal Resistance, K Package 1.0 1.5 1.0 1.5 °C/wW
Junction to Case V Package 1.0 1.5 1°0 1.5 °C/wW
°C/wW

The ® denotes specifications which apply over the full operating junction temperature range. All others apply at Tcagg = 25°C
unless otherwise specified.

Note 1: Unless otherwise specified, V)N = 17V, and IoyT = 2.5A. Although power dissipation is internally limited, these specifications
apply for dissipations up to 50W.
Note 2: Load and line regulation are electrically independent and are measured using pulse testing techniques at low duty cycle
in order to maintain constant junction temperature. To determine the effects on the output voltage due to device heating refer to
thermal regulation specification.



5 AMP, 3-TERMINAL, FIXED POSITIVE VOLTAGE REGULATORS

IP1R18A-15 IP1R18-15
IP3R18A-15 IP3R18-15
Symbol Parameter Conditions (Note 1) Min Typ Max Min Typ Max Units
14.85 15.00 15.15 14.55 15.00 15.45 \
VoUuT | Output Voltage A \'/%UL Sov'p csow | ®| 1458 15.45 | 14.25 1575 | v
AVouT Line Regulation IoUT = 5mA (Note 2) 8 40 16 80 mvV
AVIN 17.5V < VIN < 35V [ ] 16 80 32 160 mV
A VouT Load Regulation 5mA < IOUT < 5A 16 80 32 160 mvV
AlouT (Note 2) (] 32 160 64 320 mvV
lQ Quiescent Current IOUT = 5mA ° 7 7 mA
Alg Quiescent Current 5mA < IQUT < 5A o 10 10 mA
Change (Load/Line) loyT= 5mA, 17.5V < VNS 35V | @ 3 3 mA
\'%») Dropout Voltage IoUT = 5A, AVOUT = 300mV | @ 2.5 3.0 25 3.0 \
Ripple Rejection louT = 1A, f = 120Hz o 50 70 50 70 dB
Thermal Regulation tpULSE = 20msec, AP =50W 0.002 | 0.01 0.002 0.02 %/W
IPEAK Peak Output Current (dc) VIN = 20V o 8 12 8 12 A
IsC Short Circuit VIN = 20V 3.5 35 A
Current VIN = 35V 2 2 A
en Output Noise Voltage 90 90 uVv
AVE TC of VouT mvV
euc Thermal Resistance, K Package 1.0 1.5 1.0 1.5 °C/wW
Junction to Case V Package 1.0 1.5 1.0 1.5 °C/W
°C/W

The @ denotes specifications which apply over the full operating junction temperature range. All others apply at TcASE = 25°C
unless otherwise specified.

Note 1: Unless otherwise specified, Vi = 20V, and loyT = 2.5A. Although power dissipation is internally limited, these specifications
apply for dissipations up to 50W.

Note 2: Load and line regulation are electrically independent and are measured using pulse testing techniques at low duty cycle
in order to maintain constant junction temperature. To determine the effects on the output voltage due to device heating refer to
thermal regulation specification.

i ;
Part Number Temperature Range Package
IP1R18AK-XX, IP1R18K-XX —55°C to 150°C TO-3
IP3R18AK-XX, IP3R18K-XX 0°C to 125°C TO-3
IP3R18AV-XX, IP3R18V-XX 0°C to 125°C TO-218
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& Sea_(]ate Microelectronics Limited

5 AMP, 3-TERMINAL, FIXED NEGATIVE VOLTAGE REGULATORS

The IP1R19A/IP3R19A and IP1R19/IP3R19
series of fixed three terminal negative
regulators are capable of delivering 5 amps of
load current, and are available with several
convenient output voltages. The A-suffix
devices provide 0.01%/V line regulation, 0.5%
load regulation, and a +1% output voltage
tolerance at room temperature. Over all
specified operating conditions (load, line,
power, and temperature), the output voltage is
guaranteed not to vary by more than +3%.
Protection features include safe operating area
currentlimiting for the output power transistor,
and thermal shutdown. The entire series of
regulators is available in a TO-3 package, and
the commercial version is also available in a
convenient, low cost plastic TO-218 package.

5 Amp output current capability

+ 1% Output tolerance at room
temperature (A suffix)

0.01%!/V Line regulation
0.5% Load regulation

-5, -5.2, —12, —15 Volt fixed output
voltages available

Short circuit current limit protection
Safe operating area protection
Thermal shutdown protection

Available in convenient, low cost plastic
TO-218 package

BOTTOM VIEW
TO-3 (K PACKAGE)

GROUND Vourt

CASE IS
VIN

TOP VIEW
TO-218 (V PACKAGE)

O CASE IS

VIN

GROUND VouT

VIN
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5 AMP, 3-TERMINAL, FIXED NEGATIVE VOLTAGE REGULATORS

Input Voltage (VouT = -5, 5.2, -12, or -15V) Operating Junction Temperature Range
IP1R19A/NP1R19 -55°C to + 150°C

IP3R19A/IP3R19 0°C to +125°C

35v
Power Dissipation Internally Limited
-65°C to +150°C

300°C

Storage Temperature Range

Lead Temperature (Soldering, 10 sec)

Absolute maximum ratings are those values beyond which the safety of the device cannot be guaranteed. They are not meant to
imply that the device should be operated at these limits. The electrical characteristics provide conditions for actual device operation.

P1R19A-5 IP1R19-5
IP3R19A-5 IP3R19-5

Symbol Parameter Conditions (Note 1) Min Typ Max Min Typ Max Units

-5.05 -5.00 -4.95 5.15 -5.00 -4.85 \Y%

VouT | Output Voltage jg{/“’; %/IEU; _2?0\'/5,"}, <sow | ®| 515 485 | 5.25 -4.75 v
AVOUT | | ine Regulation IOUT = -5mA (Note 2) 3 15 6 30 mv
AVIN -7.5V 2 VIN > -35V L] 6 30 12 60 mV
A VouT Load Regulation -5mA > louT = -5A 5 25 10 50 mv
AlouTt (Note 2) o 10 50 20 100 mv
Q Quiescent Current IOUT = 5mA ° 5 5 mA
Alg Quiescent Current -5mA > louT > -5A L] 10 10 mA
Change (Load/Line) IoUT= BMA, .75V > V| > -35V| @ 5 5 mA

VD Dropout Voltage IoUT = -5A, AVoUT = 100mV| @ 2.2 3.0 2.2 3.0 \
Ripple Rejection louTt = -1A, f = 120Hz L] 60 80 60 80 dB
Thermal Regulation tPULSE = 20msec, AP =50W 0.002 0.01 0.002 0.02 %W

IPEAK | Peak Output Current (dc) | VIN = -10V o | 12 8 12 8 A

1sC Short Circuit VIN = -10V -7 -7 A

Current VIN = -35V -2 2 A

en Output Noise Voltage 10Hz < f < 100kHz 40 40 uv
AVE TC of VouTt mv
eyc Thermal Resistance, K Package 1.0 1.5 1.0 1.5 °Cw
Junction to Case V Package 1.0 1.5 1.0 1.5 °CW
°Cw

The @ denotes specifications which apply over the full operating junction temperature range. All others apply at Tcogg = 25°C
unless otherwise specified.

Note 1: Unless otherwise specified, V|N = -10V, IoyT = -2.5A. Although power dissipation is internally limited, these specifications
apply for dissipations up to 50W.

Note 2: Load and line regulation are electrically independent and are measured using pulse testing techniques at low duty cycle
in order to maintain constant junction temperature. To determine the effects on the output voltage due to device heating refer to
the thermal regulation specification.
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9A-5.
IP3R19A-5.2

1P3R19-5.2

Symbol Parameter Conditions (Note 1) Min J Typ TMax Min Typ Max Units
-6.25 ) -5.20 l -5.15 -5.35 -5.20 -5.05 \%
VouT | Output Voltage SRS JOUT > A ow ® | 535 1 [ 505 | 545 495 | v
AVOUT | |ine Regulation I0UT = -5mA (Note 2) \ 3 j 15 6 30 mv
AVIN 7.7V > VIN > 35V ° D | 30 12 60 mv
AVOUT | | oag Regulation -5mA > louT > -5A | 5 ‘ 25 10 50 mv
AlouT (Note 2) ° 10 ’ 50 20 100 mv
IQ Quiescent Current IOUT = -5mA ° T 5 5 mA
Alg Quiescent Current 5mA > IouT > -5A ° Iw 10 mA
Change (Load/Line) IoUT= -5mMA, 7.7V > V|N > -35V | @ ! 5 5 mA
VD Dropout Voltage IoUT = -5A, AVOUT = 100m1L0 L 2.2 TS,O 2.2 3.0 \2
Ripple Rejection I0UT = -1A, f = 120Hz [ o | 60 1 80 [ 60 80 dB
Thermal Regulation tpyLSE = 20msec, AP =50VLL LOAOOZ 0.01 0.002 0.02 %W
IPEAK Peak Output Current (dc) VIN = -10V 1 ° -12 i -8 -12 -8 A
Isc Short Circuit VIN = -10V [ [ 7 7 A
Current VIN = -35V L L-z 2 A
en Output Noise Voltage 10Hz < f < 100kHz [ | 40 40 Y
AVE TC of VOUT | mv
0uc Thermal Resistance, K Package ‘ ‘ 1.0 15 1.0 15 | °CW
Junction to Case V Package ﬂ l 1.0 1.5 1.0 1.5 °C/wW
1 °C/W

The @ denotes specifications which apply over the full operating junction temperature range. All others apply at TcASg = 25°C
unless otherwise specified.

Note 1: Unless otherwise specified, V| = -10V, loyT = -2.5A Although power dissipation is internally limited, these specifications
apply for dissipations up to 50W.
Note 2: Load and line regulation are electrically independent and are measured using pulse testing techniques at low duty cycle
in order to maintain constant junction temperature. To determine the effects on the output voltage due to device heating refer to

the thermal regulation specification.



1P1R19A-

12

IPIR19-12

IP3R19A-12 IP3R19-12 _
Symbol Parameter Conditions (Note 1) Min | Typ [ Max Min | Typ | Max Units
‘i 1212 [ 12.00 | -11.88 | -12.36 | -12.00 | -11.64 Vv
VOUT | Output Voltage _-?W;\}%UTZ %2;;?* e 50w7[ o |-1236 | : 11.64 | -12.60 | | -11.40 v
AVOUT | | ine Regulation IOUT = -5mA (Note 2) | 5 30 | 10 | eo 1 my )
AVIN -14.5V > V|N = -35V ° |10 | 60 | 20 | 120 | mv
AVOUT || oad Regulation 5mA > IoUT > -5A 110 60 20 | 20 i mv
AlouT (Note 2) . | 20 [ 120 [ a0 | 240 mv
le) Quiescent Current I0UT = -5mA I | 5 T T f~_,’ 5 T }nA
AlQ Quiescent Current -5mA > loyT > -5A T 10 _-AF‘-A‘f'ﬂioi [ mA
Change (Load/Line) IOUT = -5mA, -14.5V > V|N >-35V| o s [ 5 mA
VD Dropout Voltage IOUT = -5A, AVOUT = 250mV| @ 22 30 | 22 30 | v
Ripple Rejection louT = -1A, f = 120Hz L] 52 L 72 52 | 72 dB
Thermal Regulation tpULSE = 20msec, AP =50W i 0.002 | 0.01 ‘ 0.002 , 0.02 %W
IPEAK | Peak Output Current (dc) VIN = -17V [e] 12 s | 12 8 A
Isc Short Circuit VIN = -17V T ‘|r 4 | -4 A
Current VIN = -35V | . 2 L 2 A
en Output Noise Voltage 10Hz < f < 100kHz | [ 75 | ‘ 7% uv
AVE TC of VouT [ | 1 | { mv
osc Thermal Resistance, K Package ! ' 10 [ 15 | 10 15 | °cw
Junction to Case V Package | 4L 10 | 15 10 15 °C/wW
i ] il oW
The ® denotes specifications which apply over the full operating junction temperature range. All others apply at TcaAgg = 25°C

unless otherwise specified.

Note 1: Unless otherwise specified, V| =-17V, IoyT = -2.5A Although power dissipation is internally limited, these specifications
apply for dissipations up to 50W.
Note 2: Load and line regulation are electrically independent and are measured using pulse testing techniques at low duty cycle
in order to maintain constant junction temperature. To determine the effects on the output voltage due to device heating refer to

the thermal regulation specification.
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IP1R19A-15 1P1R19-15
IP3R19A-15 IP3R19-15

Symbol Parameter Conditions Min Typ Max Min Typ Max Units
-15.15 | -15.00 | -14.85 | -1545 | -15.00 | -14.55 \
VouT Output Voltage :?g\\;\ ; \}?I\IU; %36%"* p<sow | ® | 1545 -1455 | -15.75 -14.25 \Y
AVouT Line Regulation IoUT = -5mA (Note 2) 8 40 16 80 mv
AVIN 175V > VIN > 35V . 16 80 32 160 mv
A VouT Load Regulation -5mA > loyT > -5A 16 80 32 160 mv
AlouT (Note 2) ° 32 160 64 320 mvV
Q Quiescent Current IOUT = -5mA ° 5 5 mA
Alg Quiescent Current -5mA > louT = -5A ° 10 10 mA
Change (Load/Line) IoUT= -5mA, -17.5V > V|N> -35V| @ 5 5 mA
VD Dropout Voltage IoUT = -5A, AVOUT = 300mV| @ 2.2 3.0 2.2 3.0 \
Ripple Rejection louT = -1A, f = 120Hz [ 50 70 50 70 dB

Thermal Regulation tpULSE = 20msec, AP =50W 0.002 | 0.01 0.002 0.02 %W
IPEAK Peak Output Current(dc) VIN = -20V o -12 -8 -12 -8 A
Isc Short Circuit VIN = -20V -3.5 35 A
Current VIN = -35V -2 2 A
en Output Noise Voltage 10Hz < f < 10kHz 90 90 uv
AVE TC of VouT mV

eJc Thermal Resistance, K Package 1.0 1.5 1.0 1.5 °Cw

Junction to Case V Package 1.0 1.5 *1.0 1.5 °C/W

°CwW

The ® denotes specifications which apply over the full operating junction temperature range. All others apply at TcASg = 25°C
unless otherwise specified.

Note 1: Unless otherwise specified, V| = -20V, loyT = 2.5A. Although power dissipation is internally limited, these specifications
apply for dissipations up to 50W.

Note 2: Load and line regulation are electrically independent and are measured using pulse testing techniques at low duty cycle
in order to maintain constant junction temperature. To determine the effects on the output voltage due to device heating refer to
the thermal regulation specification.

Part Number Temperature Range Package
IP1R19AK-XX -55°C to 150°C TO-3
IP1R19K-XX —-55°C to 150°C TO-3
IP3R19AK-XX 0°C to 125°C TO-3
IP3R19K-XX 0°C to 125°C TO-3
IP3R19AV-XX 0°C to 125°C TO-218
IP3R19V-XX 0°C to 125°C TO-218

&






MILITARY PRODU

Seagate Microelectronics offers a wide variety of product screened to MIL-STD-883, Method 5004,
BS9400 and CECC 90200. All products are 100% tested to Seagate Microelectronics data sheet
electrical limits.

Quality conformance inspection is performed in accordance with MIL-STD-883, Method 5005.

BS9400 and CECC 90200 generic quality conformance data is generally available for common
device and package combination tests.

Seagate Microelectronics provides a large selection of hermetic packages for military use:

Package Type Suffix Designator
CERDIP J
TO-3 K
TO-39 H
TO-66 R
TO-257 (Hermetic TO-220 style) G



Pre-cap
inspection BS
9400 1.2.10
Level A

High Temperature
storage BS 9400
1.2.6.3. 150°C
for 24 hrs

Rapid change of
temperature
BS 9400 1.2.6.13
10 cycles —65°C
to 150°C

Shock at 14,700
m/s2BS 9400
1.26.6

Acceleration
steady state
BS 9400 1.2.6.9 |
294,000 m/s2
Directions Y1, Y2

Fine and Gross
Leak Tests
BS 9400 1.2.6.14

Electrical
tests at 25°C
as subgroups

A2 and A3

Pre-cap
inspection BS
9400 1.2.10

Level B

High Temperature
storage
1.2.6.3. 150°C
for 24 hrs.

Rapid change of |

temperature
BS 9400 1.2.6.13
10 cycles -65°C
to 150°C

Acceleration
steady state
1.2.6.9
294,000 m/s2
Direction Y2

Fine and Gross
Leak Tests
BS 9400 1.2.6.14

Electrical
tests at 25°C
as subgroups

A2 and A3

Pre-cap
inspection BS
9400 1.2.10
Level B

High Temperature
storage
1.2.6.3. 150°C
for 24 hrs.

Rapid change of
temperature
BS 9400 1.2.6.13

{10 cycles -65°C

to 150°C

Acceleration
steady state
1.2.6.9
294,000 m/s2
Direction Y2

Fine and Gross
Leak Tests

Electrical
tests at 25°C
as subgroups

A2 and A3

183




Burn-in screen Burn-in screen Burn-in screen
BS 9400 1.29.2 BS 9400 1.2.9.2 BS 9400 1.2.9.2
(see B) 240 hour (see B) 160 hour (see B) 160 hour

minimum at 125°C minimum at 125°C minimum at 125°C
— -

Electrical tests
at 25°C at
subgroups A2
and A3

Burn-in screen
reverse bias
72 hours
| minimum at 150°C

Final electrical Final electrical Final electrical Final electrical Finald electrical
tests at 25°C tests at 25°C tests at 25°C tests at 25°C tests at 25°C
as subgroups as subgroups as subgroups as subgroups as subgroups
A2 and A3 A2 and A3 A2 and A3 A2 and A3 A2 and A3
Radiographic
® tests

. Inspection Lot Formed

Sample Inspection
Group A, B,C, D

Parameter SME Sampling Plan| 883 Method 5005 BS9400 CECC 90200

DC +25°C 0.1% AQL 0.3% AQL 1.5% AQL 0.65% AQL
1.8% LTPD 2% LTPD

DC +125°C 0.1% AQL 0.4% AQL 4% AQL 1% AQL
1.8% LTPD 3% LTPD

DC -55°C 0.1% AQL 0.8% AQL 4% AQL 1% AQL
1.8% LTPD 5% LTPD

AC +25°C 0.1% AQL 0.3% AQL 4% AQL 1.5% AQL

(Dynamic) 1.8% LTPD 2% LTPD

AC +125°C 0.1% AQL 0.4% AQL 4% AQL 4% AQL

(Dynamic) 1.8% LTPD 3% LTPD (3 Monthly) (3 Monthly)

AC-55°C 0.1% AQL 0.8% AQL 4% AQL 4% AQL

(Dynamic) 1.8% LTPD 5% LTPD (3 Monthly) (3 Monthly)

104 K



Wafer Lot Acceptance
Method 5007
All Lots

Non-destructive Bond Pull
Method 2023
100%

Internal Visual
Method 2010, test condition A
100%

Stabilization Bake
Method 1008, 24 hrs @ condition C-min
100%

Temperature Cycling
Method 1010, test condition C
100%

Constant Acceleration
Method 2001, test condition E (min)
Y1 orientation only
100%

Particle Impact Noise Detection (PIND)
Method 2020, test condition A
100%

Initial (pre-burn-in) Electrical Parameters
Per applicable device spec
100%

Burn-in Test
Method 1015, 240 hrs @ 125°C min
100%

Interim (post-burn-in) Electrical Parameters
Per applicable device spec
100%

Reverse Bias Burn-in
Method 1015, teast condition A or C
72 hrs @ 150°C min
100%

Interim (post-burn-in) Electrical Parameters
Per applicable device spec
100%

Internal Visual
Method 2010, test condition B
100%

Stabilization Bake
Method 1008, 24 hrs @ condition C-min
100%

Temperature Cycling
Method 1010, test condition C
100%

Constant Acceleration
Method 2001, test condition E (min)
Y1 orientation only
100%

Initial (pre-burn-in) Electrical Parameters
Per applicable device spec
100%

Burn-in Test
Method 1015, 160 hrs @ 125°C min
100%

Interim (post-burn-in) Electrical Parameters
Per applicable device spec
100%
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MILITARY PRODUCTS

Percent Defective Allowable (PDA) Calculation
5%, 3%, functional parameters @25°C
All lots

Final Electrical Tests

(a) Static tests:

(1) 25°C (Subgroup 1, table I, 5005)
(2) Max & min rated operating temp.
(Subgroups 2, 3, table |, 5005)

(B) Dynamic or functional tests

(1) 25°C (Subgroup 4 or 7, table | method
5005)

(2) Minimum and maximum rated operating
temperature

(Subgroups 5 and 6, or 8 table |

method' 5005)

(c) Switching tests at 25°C

(Subgroup 9, table | method 5005)

Seal: (a) Fine (b) Gross
Method 1014
100%

Radiographic
Method 2012, two views
100%

Qualification or Quality Conformance
Inspection Test Sample Selection
Method 5005, per applicable device spec
All Lots

External Visual
Method 2009
100%

Percent Defective Allowable (PDA) Calculation
5%. All lots

Final Electrical Tests

(a) Static tests:

(1) 25°C (Subgroup 1, table |, 5005)
(2) Max & min rated operating temp.
(Subgroups 2, 3, table |, 5005)

(B) Dynamic or functional tests

(1) 25°C (Subgroup 4 or 7, table | method
5005)

(2) Minimum and maximum rated operating
temperature

(Subgroups 5 and 6, or 8 table |

method 5005)

(c) Switching tests at 25°C

(Subgroup 9, table | method 5005)

Seal: (a) Fine (b) Gross
Method 1014
100%

Qualification or Quality Conformance
Inspection Test Sample Selection
Method 5005, per applicable device spec
All Lots

External Visual
Method 2009
100%




MILITARY PRODUCTS

1) BS 9430 - Voitage Regulators Voltage Regulators Contd Voltage Regulators Contd
IP117K F0394 (0119) IP150AK F0597 IP1R18K F0876
IP117R F0401 IP120K/7900K  F0604 IP1R17K F0904
iP117G Fo772 IP120R FO611 IP1R17G TBA.
IP117HVK F0408 IP120AK Fo618 IP145K FO149
IP117HVR F0415 IP120AR F0625 IP109K F0039
IP117HVG FO779 IP120MH F0632 IP109H FO031
IP117AK F0422 IP120MR F0639 2) BS 9493 - PWMs & Supervisory Circuits
IP117AR F0429 IP120MAH F0646 IP1P125J F0094
IP117AG FO786 IP120MAR F0653 IP1060BJ FO113
IP117AHVK F0436 IP137K FOB60 (0389) IP1524J F0120
IP117AHVR F0443 IP137R FO667 IP1524BJ Foo87
IP117AHVG F0793 IP137G FO800 IP1525AJ Fo127
IP117MHVR FO471 IP137HVK F0674 IP1526J F0134
IP117MAH F0478 IP137HVR FO681 IP1526AJ FO141
IP117MAR Fo485 IP137HVG Fo814 IP1527AJ F0148
IP117MAHVH F0492 IP137AK F0688 1P1543J FO196
IP117MAHVR F0499 IP137AR F0695 1P1842J FO155
IP123K FO506 IP137AG F0807 1P1843J Fo162
IP123AK F0513 IP137AHVK F0702 IP1844J F0245
IP138K F0520 IP137AHVR F0709 IP1845J F0252
IP138AK F0527 IP137AHVG F0821 IP5560J FO169
IP140K/7800K  F0534 (0102) IP137MH FO716 (0386) IP5561J FO175
IP140R FO541 IP137MR F0723 IP35063J F0187
IP140AK F0548 (0107) IP137MHVH F0730

IP140AR F0555 IP137MHVR F0737

IP140MH F0562 IP137MAH FO744

IP140MR FO569 IP137MAR FO751

IP140MAH F0576 IP137MAHVH Fo758

IP140MAR F0583 IP137MAHVR FO765

IP150K F0590 (0360) IP1R19K F0828

(Note figures in brackets are existing specification numbers and are available from Seagate Microelectronics.)

& a7




188

MILITARY PRODUCTS

DEVICE MIL. DRWG. STATUS
1P117H/883B 7703401XX APPROVED
IP117K/883B 7703401YX APPROVED
IP117R/883B 7703401ZX APPROVED
IP117HVH 773402XX APPROVED
IP117HVK/883B 773402YX APPROVED
IP117HVR/883B 773402ZX CAN BE ADDED
IP137H/883B 773403XX APPROVED
IP137K/883B 7703403YX APPROVED
IP137R/883B 7703403ZX APPROVED
IP137HVH/883B 7703404XX APPROVED
IP137HVK/883B 7703404YX APPROVED
IP137HVR/883B 7703404ZX CAN BE ADDED
IP117AH/883B 773405XX APPROVED
IP117AK/883B 773405YX APPROVED
IP117AR/883B 773405ZX APPROVED
IP137AH/883B 773406XX APPROVED
1P137AK/883B 7703406YX APPROVED
IP137AR/883B 7703406ZX APPROVED
IP117AHVH/883B 7703407XX APPROVED
1P117AHVK/883B 7703407YX APPROVED
IP117AHVR/883B 7703407ZX CAN BE ADDED
1P137AHVH/883B 7703408XX APPROVED
IP137AHVK/883B 7703408YX APPROVED
IP137AHVR/883B 7703408XX CAN BE ADDED
IP117G/883B 7703401TX APPROVED
IP117HVG/883B 7703402TX APPROVED
1P137G/883B 7703403TX APPROVED
IP137HVG/883B 7703404TX APPROVED
IP117AG/883B 7703405TX APPROVED
IP137AG/883B 7703406TX APPROVED
IP117AHVG/883B 7703407TX APPROVED
IP137AHVG/883B 7703408TX APPROVED
1P123K-5/883B 5962-8777501YX APPROVED
1P123K-12/883B 5962-8777502YX CAN BE ADDED
IP123R-15/883B 5962-8777503YX CAN BE ADDED
IP123AK-5/883B 5962-8777504YX CAN BE ADDED
IP123AK-12/883B 5962-8777505YX CAN BE ADDED
IP123AK-15/883B 5962-8777506YX CAN BE ADDED

NOTE: Please contact factory for current status.

&




D.E.S.C. MIL DRWG APPROVALS

M/LITARYPODUS

VO» ] AGE REGULA TORS

DEVICE MIL DRWG. STATUS
IP150K/883B 5962-8767501XX APPROVED
IP150AK/8838 5962-8767502XX APPROVED
IP78M05AH/883B 5962-8778201XX APPROVED
IP7805AK/8838 5962-8778201YX APPROVED
IP7805AR/883B 5962-8778201ZX APPROVED
IP7805AG/883B 5962-8778201TX APPROVED
IP78M12AH/883B 5962-8777601XX APPROVED
IP7812AK/883B 5962-8777601YX APPROVED
IP7812AR/883B 5962-8777601ZX APPROVED
IP78M15AH/883B 5962-8855301XX APPROVED
IP7815AK/883B 5962-8855301YX APPROVED
IP7815AR/883B 5962-88553012X APPROVED
IP7815AG/883B 5962-8855301TX APPROVED
IP79MO5AH/883B 5962-8874601XX IN DESC IN PROGRESS
IP7905AK/8838 5962-8874601YX IN DESC IN PROGRESS
IP7905AR/883B 5962-8874601ZX IN DESC IN PROGRESS
IP7905AG/883B 5962-8874601TX IN DESC IN PROGRESS

| 1P79M12AH/883B 5962-8874701XX APPROVED
IP7912AK/883B 5962-8874701YX APPROVED
IP7912AR/883B 5962-8874701ZX APPROVED
IP7912AG/883B 5962-8874701TX APPROVED
IP79AIG/883B 5962-8874701UX APPROVED
IP79M15AH/883B 5962-8874801XX APPROVED
IP7915AK/883B 5962-8874801YX APPROVED
IP7915AR/883B 5962-8874801ZX APPROVED
IP7915AG/883B 5962-8874801TX APPROVED
IP7915AIG/883B 5962-8874801UX APPROVED
LM109K/883B 5962-8777401YX IN DESC IN PROGRESS

P SE ;WIDTH MODUI.ATORS : -

DEVICE MIL. DRWG. STATUS
IP1524/883B 7802801EX APPROVED
IP1524BJ/883B 5962-87645 APPROVED
IP1526./8838 5962-8551501VX APPROVED
IP1526AJ/8838B 5962-8551502VX APPROVED
IP1842./8838 5962-8670401PX APPROVED
IP1843J/8838 5962-8670402PX APPROVED
IP1844J/8838 5962-8670403PX APPROVED
IP1845./8838 5962-867040PX APPROVED
IP5560./8838 5962-8672201EX APPROVED
IP1543J/883B 5962-8774001EX APPROVED

NOTE: Please contact factory for current status.
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CS?SEagatE Microelectronics Limited
APPLICATIONS INFORMATION

The IP1525A/27A pulse width modulators are
an improved family of switch mode power supply
control integrated circuits. They are pin for pin
compatible with the UC/SG1525A, UC/SG1527A
families.

The optimized chip design exhibits significant
benefits in the following areas:

Crossover current reduction

Lower power consumption

Oscillator frequencies up to 500 kHz
Increased reliability and improved
performance over the entire operating
temperature range.

VREF

These PWM integrated circuits contain all four
basic control elements: voltage reference,
oscillator, error amplifier, and pulse width
modulator. Additional functions provided are: low
impedance drive, undervoltage lockout, soft start,
logic compatible shut down, multiple pulse
suppression and external oscillator
synchronization.

16
= i .
+Vin 15 O EGULATOR|

T0

uv
LockouT [

INTERNAL
GROUND 12 CIRCUITRY

SYNC3 o_—'l 0SC OUTPU

T

RT 6 o 4? Q
OSCILLATO FIF

crs O s4d

DISCHARGE 7 I
PWM T
= S
COMPENSATION 9 (s LATCH
VIN _
INV INPUT 1 Q] - [
NIINPUT 2 Qe | I
7 ERROR S0uA

SOFT START 8 O———AMP_

WL

VREF

5 k
SHUT DOWN 10

HH

OUTPUT B | I

1P1527A OUTPUT STAGE

Figure 1: Block Diagram of the IP1525A/27A



APPLICATIONS INFORMATION

The on-chip +5.1V bandgap reference is
trimmed to + 1% accuracy. It is essentially a
temperature compensated, short circuit protected
linear regulator.

VREF supplies power to most of the internal
circuitry and is also available for external use at pin
16. If currents above 20 mA are needed, figure 2
shows a configuration that uses an external PNP
transistor. In applications with high system noise
or non optimal layout VREF should be decoupled
with a 100nF ceramic capacitor.

+VIN 10 — 40V

270
15
16 +5.1v
REFERENCE I
REGULATOR . IL> 20mA
:: 100nF
I el

Figure 2: High Current Reference Regulator

i i R i % e Sk & i
The oscillator circuit consists of a current

source, programmable via RT, a timing capacitor

(CT), a comparator, and a discharge transistor.

(?)
6
OSCILLATOR
TO FIF,
AT [—
(5)—4

LATCH &
TO PWM

DRIVERS

I DISCHARGE

Figure 3: Oscillator

The oscillator circuit consists of a current
source, programmable via RT, a timing capacitor
(CT), a comparator, and a discharge transistor.

The voltage present at pin 6 (RT) is
approximately + 3.6V. The current that flows
through the timing resistor RT is mirrored internally
and made available to charge the timing capacitor
CT. This constant current charging of CT produces
a linear ramp voltage. When the ramp reaches
3.5 V. The comparator changes state: the
discharge transistor is turned ON, CT is discharged
toward ground through Rp, and the output on pin
4 becomes high. When the voltage across CT
reaches 0.9 V, the comparator again changes
state: pin 4 becomes low and the cycle is repeated.
An external resistor Rp, modifies the discharge
time. In doing so, it increases the clock pulse width
and the dead time. Rp can be as high as RT/15
(see Figure 4). For minimum dead time, pins 5 and
7 are connected together.

Figure 4: Oscillator Discharge Times
vs. Rp and CT

500

N
(=3
o

300

n
Qo
o

(=
o

DEADTIME RESISTOR (Rp) — OHMS

0
02 05 1 2 5 10 20 50 100 200
DISCHARGE TIME — MICROSECONDS

The saw tooth waveform generated at pin 5
is used at the pulse width modulator. The narrow
clock pulses available at pin 4 are used for the
following functions:

1. Blanking pulses for both outputs.

2. Reset to the latch that follows the pulse
width modulator.

3. Sync pulses for external circuits.

The SYNC input can be used to synchronize
multiple controllers to a single clock source. A
positive TTL level at pin 3 will override the internal
comparator and initiate a discharge cycle in the
oscillator. The free running oscillator frequency
should be set to 10% to 20% lower than that of
the master clock, so that the external SYNC pulse
will initiate the discharge cycle before the internal
comparator changes it's state.

&
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APPLICA

Switching frequency, the rate at which every
power switch in the circuit goes through a complete
cycle, determines size, weight, efficiency, and cost
of the finished power supply.

Within the usual design range, the power
density or power to volume ratio increases with the
frequency. The size and weight of the magnetic
and filtering elements are reduced when the
frequency increases. Projected densities of 2.5
W/in® at 20 kHz approach 10 W/in® at 200 kHz
and 51 W/in® at 1 MHz. For these reasons and
thanks to the advent of power MOSFETs, new
designs at higher frequencies are now more
practical. The IP1525A/27A have useful oscillator
frequencies up to 500 kHz.

Three possible connections to the error
amplifier are shown in Figure 5. For output voltages
above + 5.1 V, the amplifier can operate at a
common mode voltage up to ViN—2V. For
negative output voltages, the feedback network is
returned to VREF and the common mode voltage
V| should be no lower than 1.5V.

FEEDBACK ,
< VouTt > OV
(6 VRer
R1 R3
._@_ +
R2 ERROR
AMP
9!24
FEEDBACK _
< VOUT > VREF
(16) VREF
R1 R1/R2
()
R2
—o>—.
ERROR
AMP

R1 | S ) W

O e— T
AMP
R2 R4
FEEDBACK

—< VOUT < oV

Figure 5: Error Amplifier Connections

Positive or negative power supply voltages
can be regulated by varying the reference node
of the feedback network.

The transconductance amplifier has a typical
output impedance of 6MQ, with a single pole at
200 Hz. The open loop voltage gain is about
10,000 (80dB) and can be reduced by a shunt
impedance from pin 9 to ground. Figure 6 shows
how the open loop pole may be shifted by adding
a compensation capacitor Cp. In those cases
where a two pole LC output filter is used, it may
be necessary to compensate for the two pole roll-
off. This can be done by inserting a zero through
the addition of Rz.

Figure 6: Error Amplifier Open-loop
Frequency Response

80
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60 0 =N
| N o
z &
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& 40 n‘ x
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Q - 1 g:>_19 z = 20K
= 2 Co 20\
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HIGH PERFORMANCE PULSE WIDTH MODULATORS _

APPLICATIONS INFORMATION

Several forms of compensation networks are
shown on Figure 7 (a), (b) and (c). If the feedback
network is a low impedance, the output buffer
circuit of Figure 7 (d) may be used.

GAIN
(dB)

C1
1L
1
R1
IN
Rbias

Vref

Figure 7(a): Type 1 Amplifier Schematic

f

GAIN

2w R1C1

PHASE
(deg)

pre(O OUT

PHASE

180

- 270

GAIN

(dB)
Cc2
11
1r
R2 Ci1 _R2 _ _
"—D_'""—‘ AV1 = R1
0
R1
IN
h———()our
Rbias
— O
— Vref

Figure 7(b): Type 2 Amplifier Schematic

Type 1: Amplifier Transfer Function

f1= 1

fo= 1

"2mR2C1

"2 R2C2| (deg)

-9

—-- 180

Type 2: Amplifier Transfer Function
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GAIN
I (dB)
c3 R3 11 !
I 3 |
R2 C1 |
.__D. l'_1' AV2 — — —|— — - — -+ - — —
GAIN |
R1 . |+1
IN ]
Al— — - - ——— N
D) OUT
Rbias
- R2
Avl = B1
— o Av2 ~ B2
= Vref Ve R

Figure 7(c): Type 3 Amplifier Schematic

Figure 7(d): Driving a Low Impedance Feedback Network

PNP clamp connected from pin 9 to VREF. voltage.
=
=80 ,7;
DUTY e =
CYCLE
=20 =
1 T——2 =3 T——4—5—6—=17

196

[fz1fz2

|
| 1p1lp2

PHASE
(deg)

fz1 =

fz22 ~

+Vs

I o

‘ zF
BC123L

The error amplifier is powered by + V|N. Its
output, however, is limited to 5.7 V by an internal

with an External Buffer

BC213L

L-O QuUT

Figure 8: PWM Duty Cycle vs. Error

Amplifier Output Voltage

&

0 i =

4- 90 fp2e

1- 180

- 270

Type 3: Amplifier Transfer Function

1
21 R2C1

1
21 R1C3

1
2 1t R3C3

. S
2 7t R2C2

Figure 8 illustrates the relationship between the
PWM duty cycle and the error amplifier output



HIGH PERFORMANCE PULSE WIDTH MODULATORS

APPLICATIONS INFORMATION

PWM COMPARATOR

This circuit generates the width modulated
pulses by comparing the ramp and error voltage
signals, Fig. 9.

11"
SO e——

COMPENSATION Vo

INV INPUT
NI INPUT

:1 4

Figure 9: PWM Comparator

TO SHUTDOWN
CIRCUIT ===

1

1
_|_|_‘_|_V°
Vg

Pulse width is controlled by the crossing points
of the error voltage with respect to the ramp. When
Vg is less than V5, the comparator output is low.
When Vg is greater than Vg, the comparator output
is high.

Low impedance, fast transition drive with
minimal dissipation is prerequisite for high
frequency power switching. Simultaneous
conduction of the source and sink transistors in a
totem-pole configuration contributes to system
losses and necessitates additional decoupling and
current limiting.

The output stage of the IP1525A/27A exhibits
a 500 mA peak drive capability without conduction
overlap providing effective drive up to 500 kHz.
The saturation characteristic of the output driver
is shown in Fig. 10.

Vs

VIN = 20V
TA = 25°C /
/

2
/ ’
”dé‘%am SAT VC  VOH
) - /
A

1 SINK SAT VoL
| A

SATURATION VOLTAGE — VOLTS

01 02 03 04 05 07 10 2 3 45 7 1A

OUTPUT CURRENT, SOURCE OR SINK —AMPS
(VoH — Vout HIGH VoL — Vout LOW)

Figure 10: IP1525A Output Saturation
Characteristics

Two output polarities are available. In the
1525A the output is high during the ON state,
suitable for direct drive of grounded source power
FET’s. Alternatively the 1527A output is high during
OFF state, meeting the requirements of
proportional base drive circuits.

Figures 10(a), (b), (c) and (d), illustrate a
number of output drive configurations. The power
FET options include series current limiting and
schottky clamp diodes, protection against output
ringing.
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Figure 10(a): Single Ended Supply
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Figure 10(b): Bipolar Push Pull Supply
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Figure 10(c): Power Fet Push-Pull Supply
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- Figure 10(d): Driving Gate Drive Transformers
Directly

The PWM logic ensures that single pulses
reach alternate outputs within each switching
period. This occurs regardless of the action of the
shutdown circuit or compensation node pull-down
utilized in pulse by pulse current limiting
techniques. This feature is critical in push-pull
converters where two output pulses in succession
on one driver would cause power transformer
saturation and consequent failure of the power
devices.

0

The dead time is that portion of each clock
period when, at maximum duty cycle, both outputs
are maintained OFF. This is necessary to prevent
destructive crossover currents, which could occur
if two totem pole power switches were ON
simultaneously.

The IP1525A/27A have a minimum built in
dead time of 500 ns which allows usable duty
cycles up to 90% at 200 kHz. A resistor (up to
RT/15), connected between pins 5 and 7, provides
dead time adjustment. Figure 11 shows the effect
of dead time on maximum output puise width.
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USABLE OUTPUT PULSE WIDTH (%)
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Figure 11: Effect of Dead Time on
Output Pulse Dynamic Range

Controlled power supply turn ON is provided
by the SOFT-START circuit. This feature sets a duty
cycle that gradually increases from zero to the
value called for by the error amplifier. The output
voltage, therefore, ramps to its nominal value
minimising overshoot without creating a sudden
current in-rush that could cause overstressing of
the rectifiers and saturation of the magnetic
components.

o—
ERROR |_

AMP 50 yA
(D
-9 —O VREF
)
SHUT 5K
DOWN (8) SOFT START

1
i—

Figure 12: Soft-Start and Shut Down Circuits

An external capacitor Cg provides the timing
element for the soft start cycle. This capacitor is
charged via an internal 50 y A current source to
approximately 4.4V.

The turn ON time can be calculated from the
time required to charge Cgto 3.5V (full duty cycle)
with 50 pA.

Cgx35V CsguF)
Turn ON Time = =

©)
50uA 143
The softstart capacitor is discharged
automatically during power down or when a
shutdown signal is received.

UNDERVOLTAGE LOCKOUT

The under voltage (UV) lockout circuit monitors
the reference voltage (VREF) with an accurate and
stable comparator which holds the output stages
low in the IP1525A (High in the IP1527A). In
addition the soft start capacitor is maintained in a
discharged condition.

Once the reference voltage reaches 4.9V,
corresponding to a supply voltage of 6.7V, the soft
start is initiated. The UV lockout exhibits 300 mV
of hysteresis to eliminate jitter at threashold of turn
on. Monitoring VREF (as opposed to V|N) is
especially significant when the voltage reference
has to source current into a discharged decoupling
capacitor.

The shutdown pin provides a convenient port
for protective functions and converter sequencing.
During steady state operation if the voltage on Pin
10 exceeds logic 1 three things happen. The
output drivers are disabled within 100 ns, the PWM
latch is set for the remainder of the switching period
and the soft start capacitor is discharged by a
150 uA current source.

In case of an overload condition, it is desirable
to protect the power supply by limiting its output
current. This can be done in two ways: linearly and
digitally.
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Linear current limiting will reduce the output
voltage if the current demand becomes excessive.
The high output impedance of the error ampilifier
allows a voltage clamp, Figure 13 (a), to limit the
duty cycle. This, in turn, will limit the current
delivered to the load.

The circuit of Figure 13 (b) uses a voltage

(@)

IN 4148

(b)

comparator to sense current in the ground return
loop. When an overload occurs, it clamps pin 9
to a predetermined level and limits the duty cycle
and the output current.

If desired the circuits of Figure 13 can also be

used to clamp pin 8 for an equivalent width limiting
effect.

+5.1V

(6 VRer

() comp

{2 GND

S| 7660 -(T»—v
é 10pF

(-) RETURN Rs
- ——

« p SN -0
[
S

Figure 13: Linear Current Limiting
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Figure 14: Digital Current Limiting

Digital or pulse by pulse current limiting will
shut the output voltage OFF when a fault is sensed.
The circuit of Figure 14 (a) uses the error amplifier
output level as a duty cycle indicator. When the
duty cycle exceeds a predetermined maximum,
the shut down circuit is activated. In Figure 14 (b)
the comparator output goes high when an overioad
is sensed and generates a shutdown signal for pin
10. Alternatively an open collector comparator or
transistor can be used to pull down the
compensation node, Pin 9, this sets the PWM latch,
turning off both outputs. The outputs remain
inactive, once the fault condition has ceased, until

the clock pulse resets the PWM latch, thus
achieving pulse by pulse protection.

W |

The switch-mode environment demands
control devices that include comprehensive
protection and realistic drive capability in addition
to the basic pulse width modulation function. The
IP1525A/27A family of regulating pulse width
modulators meets this demand without
compromising system reliability or performance.

&
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As switch mode technology matures, driven
by tighter specification and escalating power
density requirements, the proportion of overall
system losses contributed by post regulation has
become significant. Whilst advances in switching
regulator and magnetic amplifier techniques have
minimised this inefficiency at high power, losses
incurred in linear post regulation remain
unacceptable.

The IP1RO7A represents a timely advance in
linear regulator design, specifically meeting switch
mode power supply secondary regulation
requirements.

BIAS

Conventional three terminal regulators are
inefficient power processors. Power dissipation in
a linear regulator is given by the expression.

= lo (VIN - VouT)

The majority of monolithic voltage regulators
require an input to output voltage differential
(dropout) of 2-3V (6-9W dissipation at 3A and
minimum line). Analysis of the existing techniques
for low power secondary regulation highlights the
requirement for efficient linear regulation in the 1A
to 3A range. The IP1RO7A linear post regulator
fulfils this demand.

A block diagram of the IP1R0O7A is shown in
figure 1.

CONTROL
O INPUT

THERMAL

SHUTDOWN

POWER
INPUT

REFERENCE

4

Y;

CURRENT
LMIT

CURRENT
LIMIT
SENSE
RESISTOR

Q OUTPUT

-O ADJUST

Figure 1: Block Diagram of the IP1R07A

High efficiency is achieved by separating the
collectors of the internal Darlington transistor pair
into control and power inputs, respectively,
exploiting the low saturation voltage of the power
device. The typical drop out voltage at 3A realised
with this technique is 0.8V (2.4W dissipation at
minimum line).

In addition to reduced power dissipation the
IP1R0O7A exhibits excellent line and load regulation,
comprehensive internal protection and aninitial +
1% output voltage tolerance.

The IP1RO7A is compared with contemporary

solutions to linear post regulation in table 1.
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LINEAR REGULATOR TYPE

ADVANTAGES

DISADVANTAGES

DISCRETE COMPONENTS

HIGH PERFORMANCE

*HIGH COMPONENT COUNT
“NO INHERENT THERMAL
LIMITING

*LARGE BOARD AREA

AUTOMOTIVE REGULATORS

*LOW DROP OUT
*THREE TERMINAL
DEVICE

“LOW EFFICIENCY (PNP

PASS DEVICE)

*AVERAGE PERFORMANCE
*LOAD DEPENDANT STABILITY

HYBRID *LOW DROP OUT *AVERAGE PERFORMANCE
*THREE TERMINAL DEVICE *LOAD DEPENDANT STABILITY
*NO INHERENT THERMAL
LIMITING
*BULKY PACKAGE
IP1RO7A *LOW DROP OUT *EXTRA BIAS RAIL REQUIRED

*HIGH EFFICIENCY
*INTERNALLY STABILISED
*HIGH PERFORMANCE
*THERMAL LIMITING

Table 1

voltage will rise. The tightened initial VREF
tolerance of the IP1RO7A allows inexpensive 1%
or 2% metal film resistors to be used to get the
output voltage well within acceptable limits.

In common with most adjustable regulators the o—
IP1R0O7A develops and maintains a nominal 1.25v
reference voltage (Vref) between its output and
adjustment terminals, as illustrated below in Figure
2. If this reference voltage is applied across R1,
a constant current is caused to flow through R2,
thereby adjusting the output voltage to:

Vout = Vref (1 + R2/R1) + Iagj R2

Because the adjustment current represents an
error term in the output voltage expression, the
IP1R0O7A was designed to minimize both the value
of IADJ and its variation with line and load changes.
As a result, all but 50ua of the circuit’s quiescent
operating current appears at the output terminal,
thereby establishing a minimum load current
requirement. If the value of R1 is such that the
minimum load current is not exceeded, the output

&

Ve
Vo
IP1R0O7A
[o VP apy

VREF Rl

0w
; L H

1ADJ
(50uA) R2

Vout

L

GND O _ O —

Vout = VRer (1 +8&1) + lapy R2

Figure 2: Operation and output voltage setting
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It is good practice to use a 1uF solid
aluminium or 25uF electrolytic input bypass
capacitor, particularly if the regulator is located any
appreciable distance from the output filter.
Improved ripple rejection can be achieved by
adding a capacitor from the adjust pin to return.
The reactance of the capacitor at the frequency
of interest should be small compared to that of the
voltage setting resistor.

Regulator output impedance is in the order of
10 mQ or less and increases as a function of
frequency above 10KHz due to the gain roll-off of
the error amplifier. A solid aluminium bypass
capacitor connected to the regulator output will
maintain low impedance up to 1MHz. This
capacitor should be shunted with a ceramic
capacitor when driving switching loads.

regulation is obtained when the top of the divider
is connected, with the load, directly to the tab of
the package. The correct divider connection is
illustrated in figure 3. (Note: In practical converters
R2 would be connected to the output terminal and
the output voltage adjusted to accommodate line
drop).

In general all lines should be kept short and
direct to reduce voltage drops and minimize
thermal effects and inductance. A single point
“‘star’’ return prevents circulating return currents.

As the IP1R0O7A internal feedback loop is
regulating the voltage between the adjust pin and
the heat tab of the package, the device is unable
to provide true remote load sensing. The load
regulation is limited by the resistance of the output
tab and the wire connecting the regulator to the
load. Negative side sensing is a conventional
Kelvin connection, with the bottom of the divider
returned to the negative side of the load. best load

PARASITIC LINE
Rp RESISTANCE
, .
g -

Y/

[

ve
Vo

IP1R0O7A
vp

I

ADJ

CONNECT R1 AND
LOAD DIRECTLY TO
HEAT TAB

-y /
CONNECT R2 TO
LOAD

Figure 3: Connections for best load regulation

Versatile TO-218 and hermetic TO-257
packages supplement the increased efficiency of
the IP1RO7A with electrical and thermal
characteristics equivalent to those of a TO3 can.
The TO-218 exhibits excellent thermal performance
under the pulse conditions and high ambient
temperature encountered in the S.M.P.S.
environment.

In order to realise the full capabilities of the
IP1RO7 linear post regulator sufficient attention
must be paid to all aspects of thermal
management.

As the bias circuitry consumes less than
100mA, developing the control input voltage is not
a problem.

In a flyback converter an overwind on the
secondary, together with a rectifier and electrolytic
capacitor supplies the bias current.

In a forward converter the control input voltage
can be supplied by either an overwind on the
output filter choke or by peak detecting the voltage
from the same winding that supplies the power
input. Figs 4 and 5.
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N Ve
. IP1RO7A VO ! ! O
. } VP ADJ

¢ 11 0g

Figure 4: Flyback converter secondary linear regulation

(a) Secondary overwind

IP1RO7A

__NYTY\_N Ve %) . —O
l VP ADy
[

A | T
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(a) Filter choke overwind
(1 VC
IP1RO7AVo ’ —O
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ADJ
[ )
1 ¢
o [‘]
L e —0

(b) Secondary peak rectification

Figure 5: Forward converter secondary linear regulation

DEVELOPING THE BIAS RAIL
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The IP1RO07A linear post regulator in a self oscillating flyback converter.

Secondary post regulated 12V rail for visual
display unit;

In desk top computers the power supply often
powers a visual display unit in addition to the
processor circuitry and disc drive. In the absence
of post regulation the power supply may interact
with the V.D.U. as follows:-

(@) Line time base/switching frequency interaction:
This phenomenon occurs in variable frequency
converters and manifests itself as a band travelling
down the screen or image jitter.

(b) Dynamic cross regulation effects;

Generally observed as partial image collapse
synchronous to pulse loading on other supply rails,
this may occur during head movements in a disc
drive or step current demands from a printing
operation.

Each of these effects can be eliminated by

using linear post regulation for the VDU power rail.

Typically the VDU currentdemand is a 1-1.2A
resistive current plus a 3.0A band consisting of
50Hz half sinusoid field current pulses. A typical
circuit arrangement for an SMPS post regulator
application using the IP1R07A is shown in figure 6.

The IP1R0O7A linear post regulator introduces
a new concept in switch-mode power supply
secondary regulation. The provision of a low
current bias rail is a small price to pay for the
increase in system efficiency contributed by this
adaptable device.
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The Seagate Microelectronics IP34063 series
(Figure 1) are monolithic control circuits which
contain all the active functions necessary for single-
ended DC-DC converter designs. A simplified
version of the 78540, Figure 2, the IP34063 design
has included the operational amplifier and on-chip
flywheel diode, which are not required for the
majority of DC-DC converter systems; the flywheel
diode in the 78540 being an inefficient component
and in most applications replaced by an off-chip
device.

The [IP34063 contains internal voltage
reference, comparator, controlled duty cycle
oscillator with current limit circuit and a high current
output switch (1.5 Apk), as shown in Figure 1.

DRIVER 8 ! SWITCH

COLLECTOR COLLECTOR

1PK 7

SENSE 2o SWITCH
EMITTER
OSCILLATOR I

3

TIMING
CAPACITOR

6
VCC Qreeeed
COMPARATOR

1.25V
REFERENCE
REGULATOR

COMPARATOR _ 5 l
INVERTING
INPUT

4
© GND

Fig. 1 1P34063/33063/35063 Block Diagram
These functions make the IP34063 ideally
suited for Buck, Boost and inverting converter
applications, and results in a significant reduction
of system parts count. The devices are available
in 8 pin dual inline or surface mount packages.

NON-WY. . TMING W paverR  swoH
WPUT  NPUT  GNO CAPACTTOR Voo SENSE COLLEGTOR COLLECTOR
. AL} " 1? 3 1“ % AL}

% e ) o e o

Fig. 2 78540

The IP34063 has an unusual

mode of
operation which needs to be explained to gain a
complete understanding of the device.

First let us consider the operation of what is
termed a standard PWM power supply control IC.

A simplified block diagram of a standard PWM
power supply control IC is shown in Figure 3. The
main power switch is controlled by the output of
a pulse width modulator.

The PWM signal which directly controls and
regulates the power supply is derived from a
comparison between a DC voltage proportional to
output error and a ramp signal derived from an
oscillator. Figure 4 highlights the operation. Each
time the oscillator ramp is reset to its low state, the
PWM signal turns the switch on. Subsequently,
when the oscillator signal ramps up to the DC error
voltage, the switch turns off.

&
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In a system such as this the switching
frequency is set by the oscillator, and the switch
duty cycle is set by the DC error voltage.

The output signal is therefore always
synchronized with the oscillator reset.

This control method can therefore be termed
proportional control and has the advantage of
excellent regulation and transient response.

POWER SMITCH
L

Vi 0—/I' _N""\-l—o Vour
ann ;I_';c
PWM
r DC ERROR
MM vaLace

|-e— Vour

osc ERROR

| e—Veer

Fig. 3 Simplified PWM Power Supply
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« - - BROKEN LINE DEPICTS
PULSE WIDTH MODULATION

Fig. 4 Standard PWM Control IC Operation

In the case of the IP34063, the operation
described for the standard PWM control IC is
modified. Referring to Figure 1, it can be seen that
the power switch is controlled by an on-off signal
derived from a digital comparison (based on high
or low states) between the oscillator and the
comparator output signal.

That is, a direct comparison between the
oscillator and an error signal does not take place.
This unusual mode of operation means that there
is no actual pulse width modulation at all.

An external timing capacitor CT is charged
and discharged by a current source and sink circuit
which contains upper and lower preset thresholds,
subsequently deriving the ramp waveform shown
in Figure 5.

Fig. 5 Oscillator Waveforms During Normal
and Overdrive (Overcurrent Sense
Conditions)

The required ramp up and down times are
yielded by designing the IP34063 so that the
discharge current is six times greater than the
charge current yield.

The oscillator therefore produces a signal with
a fixed 6/7 or 85.7% duty cycle.

During the ramp-up portion of the cycle, a
logic 1 is present at the A input of the AND gate.

If the output voltage of the switching regulator
is below normal (refer to Figure 6), the output of
the comparator will present a logic 1 at the B input

1 —
COMPARATOR
OUTPUT

NOMINAL Vour
LEVEL

OUTPUT VOLTAGE—— <~ START-UP -+- QUIESCENT OPERATION —&

Fig. 6 1P34063 Operating Waveforms



of the AND gate. These conditions set the latch and
cause the Q output to go to a logic 1, enabling the
driver and the output switch to conduct.

When the oscillator ramp reaches its upper
threshold, Ct will begin discharging, and a logic
0 will be present at the A input of the AND gate.
The latch is then reset and the driver and switch
turned off.

The output is off regardless of comparator
state during the ramp down period of the oscillator
signal, and is synchronous with the oscillator
ramping down, while the turn on transition is totally
non synchronous. There is actually no pulse width
modulation at all. The effective output pulse can
and does vary in frequency and phase with respect
to the on-chip oscillator waveform, due to the fact
that a turn on is not completely assured during the
oscillator ramp up period, if the comparator output
is not in a correct logic state. Table 1 presents the
necessary conditions for output switch turn on and
turn off.

Output variation is from a full 85.7% duty cycle
where the comparator input is lower than the 1.25V
reference, as start up to zero duty cycle when the
comparator input is higher than VRef. In between
these end points the turn on and turn off points are

a combination of the output filter controlled ripple,
oscillator frequency ripple, and system noise.

The current limit or Ipk sense input to the
oscillator also affects system duty cycle by altering
the oscillator ramp waveform.

Monitoring the voltage drop across an external
sense resistor placed in series with Vo and the
output switch gives a voltage on the Ipk sense pin
which, if greater than 330mV, increases the
charging current to the timing capacitor CT, as
shown in Figure 5(b).

This enables a faster transition to the upper
oscillator threshold, thereby shortening the on time
of the output switch, and thus reducing the amount
of energy stored in the inductor.

Operating the IP34063 in an overload or
shorted condition will cause a very short but finite
time of output conduction, which can then be
followed by either a normal or extended off-time
interval provided by the oscillator ramp-down time
of Ct.

Table 1 1P34063 Truth Table

Active Condition of AND Gate Inputs Latch Inputs Output

Timing Capacitor C1 A B S Switch | Comments on State of Output Switch

Begins Ramp-up 0 0 0 Switching Regulator’s Qutput is 2 nominal ("B" =0).

g
Begins Ramp-Down 0 0 0 No change since "B" was 0 before CT Ramp-Down.
il T

Ramping Down 0 f 0 0 No change even though swit¢hing regulator output <
nominal. Output switch cannot initiated durintg Ct
Ramp-Down.

Ramping Down 0 '\_ 0 0 No change since output switch conduction was
terminated when "A"went {0 0.

Ramping Up 1 f f f Switchingregulator's output went < nominal during CT
Ramping Up ("B" = 1). Partial on cycle for output
switch.

Ramping U 1 1 Switching regulators output went > nominal ("B" = 0)

png e -\_ -\- during 8% lggamp-Up. No change since "B" cannot
reset latch.

Begins Ramp-Up 1 Complete on-cycle since “B" was 1 before C started

_/_ _/- -\_ ./- Ramp-Up.
Begins Ramp-Down 1 QOutput switch conduction is always terminated
-\- \- f \- whenever Ct is Ramping Down.

Note 1. Output switch can only be activated during ramp up portion of oscillator signal.
Note2.  Activation is a function of comparator output state.
Note 3. Output switch is only activated during ramp down of oscillator signal.

&
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Vec =10V
(PIN 6)

Ik SENSE
(PIN7)
100ms SOFT START

Fig. 7

1P34063 Soft Start Circuit

Under extreme conditions, the voltage across
CT can approach Vccwhen the current limit sense
input is overdriven; this provides a relatively long
off time.

This mode of operation is an excellent device
protection feature due to the reduced power
dissipation of the output switch that results from the
long off time.

The IP34063, does not have the feature of on
chip soft start circuitry. However, a simple circuit
which can be added to achieve soft start is shown
in Figure 7.

The circuit uses the Ipk sense pin to overdrive
the oscillator, thereby speeding up the ramp-up
time and shortening the on time of the output
switch.

When Vc is applied to the circuit, T1 is on
and Ipk overdrives the oscillator. As capacitor C1
charges up, T1 turns off reducing the overdrive
voltage on the Ipk sense pin and finailv returning
the device to normal operation. The circuit shown
provides a soft start time of approximately 100ms.

To improve flexibility in designing with the
IP34063 the driver collector, output switch
collector, and emitter are pinned out separately.

This allows the option of driving the output
transistor into saturation with selected forced gain
or driving it near saturation when connected as a
darlington.

The output switch has a typical current gain
of 70 at 1 amp, and is designed to switch a
maximum of 40 volts collector-to-emitter, with up
to 1.5 amps peak collector current.

L
1
8 [oRivE
vy oY COLLECTOR
o
Parts List 1P34063
C1 — 10uf 50V
C2—0.1 pf 50V 8 Nee
C3 — 680pf p MPARATOR
C4— 470163V c 1 S INVERTING
C5—0.1uf 'T T°2 INPUT
C6 —47uf O—=—o
R1—0.2Q
R2 — 20KQ
R3 —2KQ
R4 — 13KQ
R5 — 13KQ

L1 —100pth 501/2T 0.3mm DR6 x 8mm BOBBIN SD CORE H7c1
L2 — 150ph 0.3mm RM8/H7¢c1 CORE, AIR GAP 0.3mm
D1 — PHILLIPS BYV27 — 50

Fig. 8 Practical Power Supply Design
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The unusual operating mode of the IP34063
does not detract from its usefulness. In fact,
excellent performance and design benefits can be
achieved from its use. A DC-DC converter design
is shown in Figure 8. The circuit operates off a 10
to 40 volt input and is capable of supplying 1.0
amps at 5.0 volts.

The circuit is designed so that the output pulse
is synchronous with the oscillator signal. As
previously explained the output pulse normally
varies asynchronously with the oscillator waveform,
due to the method of regulation the device
employs.

The key to the circuit is that the output is well
filtered and a portion of the output switch voltage
is fed to the string of output reference resistors; with

a single-pole response for 90° phase shift.

This produces a sawtooth waveform
superimposed on the DC signal fed back to the
comparator; and by double filtering the output the
predominant signal at the comparator pin is the
sawtooth on a DC bias. With this composite signal
a fairly stable power pulse starting point relative
to the oscillator signal is produced, as well as a
known pulse turn off point, which is directly
controlled by the oscillator.

This circuit yields a practical converter that
produces a current of 0.6 to 1 amp at an input
range of 10 to 40 volts. The output noise is 5mV,
line regulation at 0.75A of 20mV, and load
regulation of 50mV at 0.6A to 0.95A output current.

The efficiency varies from 70 to 80 percent.
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Seagate Microelectronics families of three
terminal positive adjustable voltage regulators are
exceptionally easy to use and require only two
external resistors to set the output voltage. Over
1.25V to 35V output range the IP117A series is
capable of supplying in excess of 1.5A, the IP150A
series can supply in excess of 3A, and the IP138A
series supplies in excess of 5A.

In addition to improved line and load
regulation, a major feature of the “A” series is the
initial output voltage tolerance, which is guaranteed
to be less than 1%. Over full operating conditions
including load, line, and power dissipation, the
reference voltage is guaranteed not to vary more
than 2%. These devices exhibit current limit,
thermal overload protection, and improved power
device safe operating are protection, making them
essentially indestructable.

Applications for these devices include
adjustable power supplies, constant current
regulation, improved linear regulators and battery
chargers.

Functioning as a three terminal floating
regulator these 1% devices develop and maintain
a nominal 1.25V reference voltage (VRep) between
its output and adjustment terminals, as illustrated
in Figure 1. If this reference voltage is applied
across R4, a constant current 11 is caused to flow
through R2, thereby adjusting the output voltage to

Vout = VRer (1 = R2/r-) + IapyR2
Because the 50uA of adjustment current
represents an error term in the output voltage
expression, the IP117A, IP150A, and IP138A
series were designed to minimize both the value
of lapy and its variation with line and load changes.
As a result, all but 50uA of the circuit’s quiescent
operating current appears at the output terminal,
thereby establishing a minimum load current
requirement. If the value of R1 is such that the
minimum load current is not exceeded, the output
voltage will rise.

IP138A
vin O VIN vVouT —O VouT
ADJ
S R1
$ 243Q
N .
—e C1% - C21
'T‘ 1uF T 1w
p
..
5k
O

— R2
- VouT=1.25V(1+—
R1

Fig. 1 Basic Adjustable Regulator

From the expression above it is evident that
even if the resistors R1 and R2 are of exact value,
the accuracy of the output voltage is limited by
errors in VRer. Earlier adjustable regulators have
had a reference tolerance of +4%, which is
dangerously close to the 5% supply tolerance
required in many logic and analog systems. In
addition, 1% resistors can drift upto +0.01%/°C,
increasing the output voltage tolerance even
further. For example, using 2% resistors and a
+49% tolerance for VRgF, calculations indicate that
a 5V regulator design will vary between 4.66V and
5.36V, which is a tolerance of +7%. If the same
procedure were used in the design of a 15V
regulator instead the expected tolerance would
increase to +8%. as a result of these errors most
applications require some method of trimming,
which is both expensive and not conducive to
volume production.
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APPLICATIONS INFORMATION

One of the design enhancements featured in
Seagate Microelectronics adjustable regulators is
the tightened initial tolerance in the value of VRgr.
Production wafer-level trimming techniques now
enable the reference voltage to be specified within
1%. This allows relatively inexpensive 1% or 2%
film resistors to be used for R1 and R2 to set the
output voltage, and acceptable system output
voltage tolerances to be achieved.

With a guaranteed 1% reference, a 5V power
supply design, using 2% resistors, would have a
worst case manufacturing tolerance of +4%. If 1%
resistors were used, the tolerance would drop to
+2%.

For convenience, a table of standard 1%
resistor values shown below.

Table of 1/2% and 1% Standard Resistance
Values

1.00 ] 147 | 215 | 3.16 | 464 | 6.81
102 | 150 | 221 | 3.24 | 475 | 6.98
105 | 154 | 226 | 3.32 | 487 | 7.15
107 | 158 | 232 | 340 | 499 | 7.32
110 | 162 | 237 | 3.48 | 511 | 7.50
113 | 165 | 243 | 3.57 | 523 | 7.68
115 | 169 | 249 | 3.65 | 536 | 7.87
118 | 1.74 | 255 | 3.74 | 549 | 8.06
121|178 | 261 | 3.83 | 562 | 825
124 | 182 | 267 | 3.92 | 8.76 | 845
127 | 1.87 | 274 | 402 | 590 | 8.66
1.30 | 191 | 280 | 412 | 6.04 | 8.87
133 | 196 | 287 | 422 | 6.19 | 9.09
1.37 | 2.00 | 294 | 432 |76.34 | 9.31
140 | 2.05 | 3.01 | 442 | 6.49 | 9.53
143 ] 210 | 3.09 | 453 | 6.65 | 9.76

Standard Resistance Values are obtained from the
Decade Table by multiplying by multiples of 10. As an
example, 1.21 can represent 1.21Q, 12.1Q, 121Q,
1.21KQ efc.

Input bypassing using a 1uF tantalum or
25uF electrolytic capacitor is recommended
when the input filter capacitors are more than 5
inches from the device. Improved ripple rejection
(80 dB) can be achieved by adding a 10uF
capacitor from the adjust pin to ground. Increasing
the size of the capacitor to 20uF will help ripple
rejection at low output voltage since the reactance
of this capacitor should be small compared to the

voltage setting resistor, R2. For improved AC
transient response and to prevent the possibility
of oscillation due to unknown reactive load, a 1uF
capacitor is also recommended at the output.
because of their low impedance at high
frequencies, the best type of capacitor to use is
solid tantalum.

The IP117A, IP150A and IP138A series of
adjustable regulators do not require a protection
diode from the adjustment terminal to the output
(see Figure 2). Improved internal circuitry eliminates
the need for this diode when the adjustment pin
is bypassed with a capacitor to improve ripple
rejection.

D1 IN4002
IP138A
VIN O IN ouT 9 O VouTt
ADJ < l* 100uF
> 2 I Cout
104F 1= Rz $  NOTNEEDED
Capy 4
L 1
Fig. 2

If a very large output capacitor is used, such
as 100u F shown in Figure 2, the regulator could
be damaged or destroyed if the input is
accidentally shorted to ground or crowbarred. This
is due to the output capacitor discharging into the
output terminal of the regulator. To prevent
damage a diode D1 is recommended to safely
discharge the capacitor.

Rp PARASITIC
IP138A [ LINE RESISTANCE
VIN O=—— VIN  VouT WY
ADJ
CONNECT
R1TO CASE
< |
<
® R1 <
<
> :; RL
>
3
-—(P\
_L CONNECT R2

-_— TO LOAD

Fig. 3 Connections for Best Load
Regulation
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APPLICATIONS INFORMATION

Because these regulators are three terminal
devices, it is not possible to provide true remote
load sensing. Load regulation will be limited by the
resistence of the wire connecting the regulator to
the load. The data sheet specification for load
regulation is measured at the bottom of the
package. Negative side sensing is a true Kelvin
connection, with the bottom of the output divider
returned to the negative side of the load. Although
it may not be immediately obvious, best load
regulation is obtained when the top of the resistor
divider (R1) is connected directly to the case not

to the load. This is illustrated in Figure 3. If R1 were
connected to the load, the effective resistance
between the regulator and the load would be

R + Rf o ,
Rp X ( R1 ), Rp = Parasitic Line Resistance

Connected as shown, Rp is not multiplied by
the divider ration. Rp is about 0.004Q per foot
using 16 gauge wire. This translates to 4mV/ft at
1A load current, so it is important to keep the
positive lead between regulator and load as short
as possible, and use large wire or PC board traces.
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-APPLICATIONS INFORMATION

Seagate Microelectronics provides three
terminal voltage regulators with several fixed output
voltages which are useful in a wide range of
applications. Devices specified at 1 amp include
the IP140A, LM140, IP7800A and IP7800 series
of positive regulators. These devices are available
with 5, 12 and 15V outputs. Negative regulators
specified at 1.5 amps include the IP120A, LM120,
IP7900A and IP7900 series. These devices have
-5, -12 and -15V fixed output voltages
available.

The A-suffix devices provide 0.01% per volt
line regulation. Load regulation is 0.3% per amp
and output voltage tolerance at room temperature
is +1%. Protection features include safe operating
area current limiting and thermal shutdown.

These regulators are all available in the metal
TO-3 and TO-66 power packages as well as the
0.5A version TM1 78M479M in metal TO-39 can.
The TO-257 (hermetic TO-220 style) power
package is available for the IP120A/LM120/
IP140A/LM140/IP7800A/IP7800 series.

The fixed output regulator series is designed
with thermal protection, output short-circuit
protection and output transistor safe area
protection. However, as with any IC regulator, it
becomes necessary to take precautions to assure
that the regulator is not inadvertently damaged.
The following describes possible misapplications
and methods to prevent damage to the regulator.

Shorting the Regulator Input: When using
large capacitors at the output of these regulators,
a protection diode connected input to output
(Figure 1) may be required if the input is shorted
to ground. Without the protection diode, an input
short will cause the input to rapidly approach
ground potential, while the output remains near the
initial VOUT because of the stored charge in the
large output capacitor. The capacitor will then
discharge through a large internal input to output
diode and parasitic transistors. If the energy

——Vour

= Cour
+

-||—o/

.

.

3

Fig. 1 Input Short

released by the capacitor is large enough, this
diode, low current metal and the regulator will be
destroyed. The fast diode in Figure 1 will shunt
most of the capacitor’s discharge current around
the regulator. Generally no protection diode is
required for values of output capacitance
<10 pF

Raising the Output Voltage above the Input
Voltage with a Positive Regulator: Since the output
of the regulator does not sink current, forcing the
output high can cause damage to internal low
current paths in a manner similar to that just
described in the “‘Shorting the Regulator Input”
section.

Pulling the Output Voltage Below the Input
Voltage with a Negative Regulator: Since the output
of the regulator does not source current, forcing
the output low can cause damage to internal low
current paths in a manner similar to that described
in the “Shorting the Regulator Input” section.
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Regulator Floating Ground (Figure 2): When
the ground pin alone becomes disconnected, the
output approaches the unregulated input, causing
possible damage to other circuits connected to
VOuUT. If ground is reconnected with power “ON”’
damage may also occur to the regulator. This fault
is most likely to occur when plugging in regulators
or modules with on card regulators into powered
up sockets. Power should be turned off first, or
ground should be connected first if power must be
left on.

Fig. 2 Regulator Floating Ground

)
)

Transient Voltages: If transients exceed the
maximum rated input voltage of the regulator, or
reach more than 0.8V below ground (0.8V above
ground for negative regulators) and have sufficient
energy, they will damage the regulator. The
solution is to use a large input capacitor, a series
input breakdown diode, a choke, a transient
suppressor or a combination of these.

t

'
L
=
+

Fig. 3 Transients
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The IP137A, LM137, IP137AHV, and
LM137HYV series of negative adjustable regulators
will deliver up to 1.5 amps output current over an
output voltage range of —1.2V to —47V. Seagate
Microelectronics has made significant
improvements in these regulators compared to
previous devices, such as better line and load
regulation. The A-suffix devices provide 0.1% per
volt line regulation, 0.5% load regulation and a
maximum output voltage error of 1%.

Internal current limiting coupled with true
thermal limiting prevents device damage due to
overloads or shorts, even if the regulator is not
fastened to a heat sink. Thermal regulation is
0.02% per watt.

Applications include adjustable power
supplies, system power supplies, precision voltage
regulators and on-card reqgulators.

Maximum reliability is attained with Seagate
Microelectronic’s advanced processing techniques.

The output voltage is determined by two
external resistors, R1 and R2 (see Figure 1). The
exact formula for the cutput voltage is:

R2
Vout = VRer (1 + ri )t laDJ (R2)

Where: VRgr = Reference Voltage, lapy =
Adjustment Pin Current.

In most applications, the second term is small
enough to be ignored, typically about 0.5% of
Vourt. In more critical applications, the exact
formula should be used, with |apy equal to
65 uA. Solving for R2 yields:

\Y —V
R2 — ouTt REF

VRer — laDy
R1

Smaller values of R1 and R2 will reduce the
influence of Iaopy on the output voltage, but the no-
load current drain on the regulator will be
increased. Typical values for R1 are between
100Q and 300Q) giving 12.5mA and 4.2mA no-
load current respectively. There is an additional
consideration in selecting R1, the minimum load
current specification of the regulator.

L < .
C2 P S R2 —
Suf 104F c3 =
<«——|ADJ 1uF
<
<
<
3R
VREF
ADJ
“ViIN ViN Vout & —VouT

IP137A

EXAMPLES:
1. A precision 10V regulator to supply up to TAmp load current.

a. Select R = 10082 to minimize effect of IADy

VOUT-VREF _ _10V-1.25V
~OUT_YREF . _1OV_125V

« b. Calculate R7 = =7042

YREF o) LBV g
Ry AD) opg oA

2. A 15V regulator to run off batteries and supply 50mA
VIN MAX = 25V
a. To minimize battery drain, select R as high as possible
_L25V
3mA
b. The high value for Ry will exaggerate the error due to
1ADJ, so the exact formula to calculate R2 should be used.

L] =417, use 40422, 1%

R= VOUT-VREF _ 15V-1.25V
VREF 1.25V
REF — — 65 X 10-6
CTR T T

=4539Q

Use R = 45302

Figure 1

The operating current of the IP137A flows from
input to output. If this current is not absorbed by
the load, the output of the regulator will rise above
the regulated value. The current drawn by R1 and
R2 is normally high enough to absorb the current,
but care must be taken in no-load situations where
R1 and R2 have high values. The maximum value
for the operating current, which must be absorbed,
is 5mA for the IP137A. If input-output voltage
differential is less than 10V, the operating current
that must be absorbed drops to 3mA.
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An output capacitor, C3, is required to provide
proper frequency compensation of the regulator
feedback loop. A 1uF or larger solid tantalum
capacitor is generally sufficient for this purpose if
the 1MHz impedance of the capacitor is 2Q or less.
High Q capacitors, such as Mylar, are not
recommended because they tend to reduce the
phase margin at light load currents. Aluminium
electrolytic capacitors may also be used, but the
minimum value should be 10uF to ensure a low
impedance at 1MHz. The output capacitor should

: l l
C. 4
TF ! P R2 =
Cs =T

<
3 R1 pa2e*
IN4002'

“ViN Vin Vout é ~Vout

AAA
v

ADJ

IP137A

D1*1N4002

D1 protects the regulator from input shorts
to ground. It is required only when C3 is
iarger than 20uF and VQuT is larger than 6V.

** D2 protects the adjust pin of the regulator
from output shorts if C2 is larger than 10uF
and VQuT is larger than —25V.

Figure 2

be located within a few inches of the regulator to
keep lead impedance to a minimum. The following
caution should be noted: if the output voltage is
greater than 6V and a output capacitor greater than
20uF has been used, it is possible to damage the
regulator if the input voltage becomes shorted, due
to the output capacitor discharging into the
regulator. This can be prevented by using diode
DI (see Figure 2) between the input and the output.

The input capacitor, C2, is only required if the
regulator is more than 4 inches from the raw supply
filter capacitor.

The adjustment pin of the IP137A may be
bypassed with a capacitor to ground, C1, to reduce
output ripple, noise, and impedance. These
parameters scale directly with output voltage if the
adjustment pin is not bypassed. A bypass

capacitor reduces ripple, noise, and impedance
to that of a 1.25V regulator. In a 15V regulator for
example, these parameters are improved by
15V/1.25V = 12 to 1. This improvement holds only
for those frequencies where the impedance of the
bypass capacitor is less than R1. 10uF is
generally sufficient for 60Hz power line applications
where the ripple frequency is 120Hz, since X¢ =
130Q). The capacitor should have a voltage rating
at least as high as the output voltage of the
regulator. Values larger than 10uF may be
used, but if the output is larger than 25V, a diode,
d2 should be added between the output and
adjustment pins (see Figure 2).

The IP137A has an excellent load regulation
specification of 0.5% and is measured at a point
1/8" from the bottom of the package. To prevent
degradation of load regulation, the resistors which
set output voltage, R1 and R2, must be connected
as shown in Figure 3. Note that the positive side
of the load has a true force and sense (Kelvin)
connection, but the negative side of the load does
not.

R1 should be connected directly to the output
lead of the regulator, as close as possible to the
specified point 1/8” from the case. R2 should be
connected to the positive side of the load
separately from the positive (ground) connection
to the raw supply. With this arrangement, load
regulation is degraded only by the resistance
between the regulator output pin and the load. If
R1 is connected to the load, regulation will be
degraded.

Lead resistance here does not affect load
regulation

lﬂ 1

AAA

<
>

R2
LOAD
b &Y
<P
ADJ /
-VIN VIN Vout
> Vol

IP137A Lead resistance here degrades load regulation.

Minimize the length of this lead.

Connect Ry directly to Regulator Pin

Figure 3
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