
Application Note 30
February 1989

Switching Regulator Circuit Collection

Switching regulators are of universal interest. Linear
Technology has made a major effort to address this topic.
A catalog of circuits has been compiled so that a design
engineer can swiftly determine which converter type is
best. This catalog serves as a visual index to be browsed
through for a specific or general interest.

The catalog is organized so that converter topologies can
be easily found. There are 12 basic circuit categories: Bat·
tery, Boost, Buck, Buck·Boost, Flyback, Forward, High
Voltage, Multi·Output, Off·Line, Pre·Regulator, Switched
Capacitor, and Telecom. Additional circuit information
can be located in the references listed in the index. The
reference works as follows, i.e., AN8, Page 2 = Application
Note 8, Page 2; LTC1044 OS = LTC1044 data sheet;
DN17 = Design Note 17.

DRAWING INDEX
FIGURE TITLE FIGURE# PAGE REFERENCE/SOURCE

Battery
2 Amp Converter with 150~ Quiescent Current (6V to 12V) Figure5 6 AN29, Page9
200mA Output Converter (1.5V to 5V) Figure6 7 AN29, Page 15
Up Converter(6V to 15V) Figure 7 7 AN8, Page 9fLT1013 OS
Regulated Up Converter (5V to 10V) Figure 8 8 LT1018OS
Boost Converter (1.5V to 5V) Figure9 8 AN15, Page 7/LT1018 OS
Up Converter (1.5V to 5V) Figure 10 8 LM100S
Single Cell Up Converter (1.5V to 5V) Figure11 8 AN8, Page 8
The Low Quiescent Current Loop Applied to a Buck Converter (8V-16V to 5V) Figure 18 14 AN29, Page 12
Low Power Switching Regulator (9V to 5V) Figure 23 17 AN8, Page 4fLT10130S
Micropower SWitching Regulator (5.8V-10Vto 5V) Figure 24 17 AN23, Page 15
Transformer Coupled Low Quiescent Current Converter (12V to 5V, ± 12V) Figure 30 20 AN29, Page 13
BOOpAOutput Converter (1.5V to 5V) Figure 40 26 AN29, Page 14
Switching Pre-Regulated Linear Regulator(9V to 5V) Figure 49 31 AN8, Page 5/LT1013 OS
Micropower Post-Regulated Switching Regulator (6V-10V to 5V) Figure51 32 AN23, Page 16
Generating CMOS Logic Supply from 2 Mercury Batteries (2.4V to 4.8V) Figure 71 38 LTC1044 OS
Battery Splitter (9V to ± 4.5V) Figure 72 38 AN8, Page 21LTC1044OS
Regulated Voltage Up Converter Figure 76 39 AN8, Page 7/LTC1044 OS

Boost
Boost Converter (5V to 12V) Figure 1 5 AN19, Page 13fAN25, Page 21LT1070OS
Voltage Boosted Boost Converter (15V to 100V) Figure 2 5 AN19, Page 37fLT1070 OS
Current Boosted Boost Converter (16V·24V to 28V) Figure 3 5 AN19, Page 40/LT1070 OS
Negative Boost Regulator (-15V to - 28V) Figure4 5 AN19, Page 381LT1070OS
2 Amp Converter with 150~ Quiescent Current(4.5V-8Vto 12V) Figure5 6 AN29, Page9
200mA Output Converter (1.5V to 5V) Figure6 7 AN29, Page 15
Up Converter (6V to 15V) Figure 7 7 AN8, Page 9/LT1013 OS
Regulated Up Conve,1er (5V to 10V) Figure8 8 LT1018OS
Boost Converter (1.5V to 5V) Figure9 8 AN15, Page 7fLT1018 OS
Up Converter (1.5V to 5V) Figure 10 8 LM100S

.L7~J!J~ AN30-1
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FIGURE TITLE

Boost (Continued)
Single Cell Up Converter (1.5V to 5V)
Single Inductor, Dual Polarity Regulator (6V to ± 15V)
Single Inductor Regulated Converter (5V to ± 15V)
Low Noise Converter (5V to ± 15V)
Ultra Low Noise Sine Wave Drive Converter (5V to ± 15V)
Single Inductor, Dual Output Converter (5V to ± 15V)
Basic Flash EPROM Vpp Pulse Generator (5V to 12.75Vor 12.00V)
High Repetition Rate Vpp Pulse Generator (5V to 12.75Vor 12.00V)

Buck
Positive Buck Converter (15V-35V to 5V)
The Low Quiescent Current Loop Applied to a Buck Converter (8V-16V to 5V)
Positive Buck Converter (7V-15V to 5V)
Positive Buck Converter
Negative Buck Converter ( - 20V to - 5.25V)
90% Efficiency Positive Buck Converter with Synchronous Switch (9.5V-14V to 5V)
Low Power Switching Regulator (9V to 5V)
Micropower Switching Regulator(5.8V-10V to 5V)
5V,1 Amp Regulator (8V-30V to 5V)
High Power Linear Regulator with SWitching Pre-Regulator
Linear Regulator with Switching Pre-Regulator
Switching Pre-Regulated Linear Regulator (9V to 5V)
Low Dissipation Regulator (10V-20V to 5V)
Micropower Post-Regulated Switching Regulator(6V-10V to 5V)
High Current Low Dissipation Pre-Regulated Linear Regulator
Switching Pre-Regulator for Wide Input Voltage Range \l.5V-30V to 5V)
High Current Positive Buck with Bootstrapped NMOS Gate Drive (15V-35V to 5V)

Buck·Boost
Positive Buck-Boost Converter (15V-35V to 28V)
Non-Isolated Regulator ( - 48V to 5V)
Positive to Negative Buck-Boost Converter(10V·30V to -12V)

Flyback
Flyback Converter (20V-30V to 5V)
Transformer Coupled Low Quiescent Current Converter (12V to 5V, ± 12V)
Totally Isolated Converter (5V to ± 15V)
Input Positive Output Negative Flyback Converter (3.5V-35V to - 5V)
High Efficiency Flux Sensed Isolated Converter(12V to 5V)
Positive Current Boosted Buck Converter (28V to 5V)
Negative Current Boosted Buck Converter
Negative Input·Negative Output Flyback Converter
Positive Input-Negative Output Flyback Converter
Fully Isolated Regulator( - 48V to 5V)
Low la, Isolated Converter (5V to ± 15V)
800pA Output Converter (1.5V to 5V)
Multi-Output Flyback Converter (12V to 5V, ± 12V)
Multi-Output, Transformer Coupled Low Quiescent Current Converter (12V to 5V, ± 12V)

FIGURE# PAGE REFERENCE/SOURCE

Figure 11 8 AN8, Page 8
Figure 12 9 AN8, Page 10/LT1013 DS
Figure 13 10 AN29, Page 6
Figure 14 11 AN29, Page 2
Figure 15 12 AN29, Page4
Figure 16 13
Figure 87 43 DN17
Figure 88 43 DN17

Figure 17 13 AN29, Page 23
Figure 18 14 AN29, Page 12
Figure 19 15
Figure 20 15 AN19, Page 23
Figure21 16 AN19, Page 17/LT1070 DS
Figure 22 16 AN29, Page 18
Figure 23 17 AN8, Page 41LT1013DS
Figure 24 17 AN23, Page 15
Figure 25 18 LT3524 DS
Figure 46 30 AN29, Page 25/LT1083 DS
Figure 48 31 AN2, Page3
Figure 49 31 AN8, Page 51LT1013DS
Figure 50 32 LT1035 DS
Figure51 32 AN23, Page 16
Figure52 33 AN2, Page 4/lT1038 DS
Figure 53 33 LT1020 DS
Figure89 44

Figure 26 18 AN29, Page 24
Figure 27 19 AN19, Page 20/AN25, Page 41AN29, Page 21
Figure 28 19 AN19, Page 39/LT1070 DS

Figure 29 20 AN19, Page 26JAN29, Page 20/LT1070 OS
Figure 30 20 AN29, Page 13
Figure 31 21 AN19, Page 3O/LT1070 DS
Figure 32 21 AN29, Page 22
Figure 33 22 AN29, Page 19
Figure 34 22 AN19, Page 34/LT1070 DS
Figure 35 23 AN19, Page 36JLT1070DS
Figure36 23 AN19, Page 36JLT1070 DS
Figure 37 24 AN19, Page 37/LT1070 DS
Figure 38 24 AN25, Page6
Figure 39 25 AN29, Page 7
Figure 40 26 AN29, Page 14
Figure 85 42 DN18
Figure 86 42 ON18

.L7~
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DRAWING INDEX (Continued)
FIGURE TITLE FIGURE# PAGE REFERENCE/SOURCE

Forward
Forward Converter (20V·30V to 5V) Figure41 27 AN19, Page 411LT1070DS

High Voltage
Non·lsolated Converter (15V to 1000V) Figure 42 27 AN29, Page 26
Isolated Output Converter (15V to 1000V) Figure 43 28 AN29, Page 27
Converter with 20,OOOVIsolation (15V to 10V) Figure 44 28 AN29, Page 28

Multi·Output
Single Inductor, Dual Polarity Regulator (6V to ± 15V) Figure 12 9 AN8, Page 10/LT1013 DS
Single Inductor Regulated Converter (5V to ± 15V) Figure 13 10 AN29, Page 6
Low Noise Converter (5V to ± 15V) Figure 14 11 AN29, Page 2
Ultra low Noise Sine Wave Drive Converter (5V to ± 15V) Figure 15 12 AN29, Page 4
Single Inductor, Dual Output Converter (5V to ± 15V) Figure 16 13
Transformer Coupled low Quiescent Current Converter (12V to 5V, ± 12V) Figure 30 20 AN29, Page 13
Totally Isolated Converter (5V to ± 15V) Figure31 21 AN19, Page 3O/LT1070DS
Low 10,Isolated Converter(5Vto ± 15V) Figure 39 25 AN29, Page 7
Dual Pre-Regulated Supply(90-130VAC to ± 12V) Figure 47 30 lT1086DS
Dual Output Voltage Doubler Figure 60 35 lT1054DS
Switched Capacitor Converter (5V to ± 12V) Figure61 35 AN29, Page 3O/lT1054 DS
Switched Capacitor Charge Pump Based Voltage Multiplier (5V to ± 12V) Figure 62 36 AN29, Page 31
Dual Output Switched Capacitor Voltage Generator Figure 78 39 lT1026DS
Switched Capacitor Based Converter (6V to ± 7V) Figure 79 40 AN29, Page 31
Voltage Multiplier(±5Vto ± 15V) Figure 81 41 LT1032DS
High Current Switched Capacitor Converter (6V to ± 5V) Figure 84 41 AN29, Page 29
Multi·Output Flyback Converter (12V to 5V, ± 12V) Figure 85 42 DN18
Multi·Output, Transformer Coupled low Quiescent Current Converter (12V to 5V, ± 12V) Figure 86 42 DN18
Off·Line
100W Off·Line Switching Regulator. DANGER! lethal Potentials Present. Figure 45 29 AN25, Page 8

Pre-Regulator
High Power Linear Regulatorwith SWitching Pre·Regulator Figure 46 30 AN29, Page 25/lT1083 DS
Dual Pre·Regulated Supply (90-130VAC to ± 12V) Figure 47 30 LT1086DS
Linear Regulator with Switching Pre-Regulator Figure 48 31 AN2, Page 3
Switching Pre-Regulated Linear Regulator (9V to 5V) Figure 49 31 AN8, Page 5JLT1013DS
Low Dissipation Regulator(10V·20V to 5V) Figure 50 32 lT1035 DS
Micropower Post·Regulated SWitching Regulator (6V·10V to 5V) Figure51 32 AN23, Page 16
High Current low Dissipation Pre-Regulated Linear Regulator Figure 52 33 AN2, Page 4/lT1038 DS
SWitching Pre·Regulator for Wide Input Voltage Range (J.5V·30V to 5V) Figure 53 33 lT1020DS

Switched Capacitor
Basic Voltage Inverter Figure 54 34 lT1054 DS
Basic Voltage Inverter/Regulator Figure 55 34 lT1054DS
Negative Voltage Doubler Figure 56 34 lT1054 DS
Positive Doubler Figure 57 34 AN29, Page 3O/lT1054 DS
Switched Capacitor - V1N to + Vour Converter Figure 58 34 AN29, Page 29
100mA Regulating Negative Doubler Figure 59 35 lT1054 DS
Dual Output Voltage Doubler Figure 60 35 lT1054 DS
Switched Capacitor Converter (5V to ± 12V) Figure61 35 AN29, Page 30/lT1054 DS
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DRAWING INDEX (Continued)

FIGURE TITLE

Switched Capacitor (Continued)
Switched Capacitor Charge Pump Based Voltage Multiplier (5V to ± 12V)
Reguiator (3.5V to 5V)
Regulating 200mA Converter (12V to - 5V)
Oigitally Programmable Negative Suppiy
Positive Doubler with Regulation
Negative Doubler with Regulator
Negative Voltage Converter
Voltage Doubler
Voltage Doubler
Generating CMOS Logic Supply from 2 Mercury Batteries (2.4V to 4.8V)
Battery Splitter(9V to ± 4.5V)
Paralleling for Lower Output Resistance
Stacking for Higher Voltage
Voltage Tripler/Quadrupler
Regulated Voltage Up Converter (3V to 5V)
Regulated Negative Voltage Converter
Dual Output Switched Capacitor Voltage Generator
Switched Capacitor Based Converter (6V to ± 7V)
High Power Switched Capacitor Converter (12V to 5V)
Voltage Multiplier(± 5Vto ± 15V)
Charge-Pump Negative Voltage Generator
Charge-Pump Voltage Doubler
High Current Switched Capacitor Converter (6V to ± 5V)

Telecom
Non-Isolated Regulator ( - 48V to 5V)
Fully Isolated Regulator( - 48V to 5V)

FIGURE# PAGE REFERENCE/SOURCE

Figure 62 36 AN29, Page 31
Figure 63 36 LT1054 OS
Figure 64 36 LT1054 OS
Figure65 37 LT1054 OS
Figure66 37 LT1054 OS
Figure 67 37 LT1054 OS
Figure 68 37 LTC1044 OS
Figure 69 37 LTC1044OS
Figure 70 38 AN8, Page 6
Figure 71 38 LTC1044OS
Figure 72 38 AN8, Page 2JLTC1044OS
Figure 73 38 LTC1044OS
Figure 74 38 LTC1044OS
Figure 75 39 LTC1044 OS
Figure 76 39 AN8, Page 7/LTC1044 OS
Figure 77 39 AN8, Page 2JLTC1044OS
Figure 78 39 LT1026 OS
Figure 79 40 AN29, Page 31
Figure 80 40 AN3, Page 16/AN8, Page 5/AN29, Page 32
Figure81 41 LT1032 OS
Figure82 41 LT1020 OS
Figure83 41 LT1020 OS
Figure84 41 AN29, Page 29

Figure 27 19 AN19, Page 2O/AN25, Page 4/AN29, Page 21
Figure 38 24 AN25, Page6

Pulse Engineering Catalog - Switching Magnetics
Pulse Engineering, Inc.
P.O. Box 12235
San Diego, CA 92112
Phone: 619-268-2400

Pressman, A.I., "Switching and Linear Power Supplies,
Power Converter Design," Hayden Book Co., Hasbrouck
Heights, New Jersey, 1977, ISBN 0-8104-5847-0.

Chryssis, G., "High Frequency Switching Power Supplies,
Theory and Design," McGraw Hill, New York, 1984, ISBN 0-
07-010949-4.

Nelson, C., "LT1070 Design Manual," Linear Technology
Corporation, Application Note 19.

Williams, J., "Switching Regulators for Poets," Linear
Technology Corporation, Application Note 25.

Williams, J., "Power Conditioning Techniques for Batter-
ies," Linear Technology Corporation, Application Note 8.

Williams, J. and Huffman, B., "Some Thoughts on DC·DC
Converters," Linear Technology Corporation, Application
Note 29.

Williams, J., "Inductor Selection for LT1070 Switching
Regulators," Linear Technology Corporation, Design
Note 8.
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, } TOTAL INDUCTANCE=4mH
INTERLEAVE PRIMARY ANO

~ 1_ 5 SECONDARY FOR LOW LEAKAGE
- INDUCTANCE.
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6V'N (4.5V TO 8V)
3.6M"

J47PF 11
50pH

-=
12VOUT

Vsw
MUR405 CI R7J2700pF

RI
1M" lOOk

C3
LT1070 1500pF

Vc GND FB NC R2
120k"

-= -=

I IOpF"" I

L---------1~----.J

"" =OPTIONAL, SEE TEXT

--w- ~ lN4148

" = 1% METAL FILM RESISTOR

[:>0 =74C04

Ll = PULSE ENGINEERING, INC. # PE-51515



0.01-P

OUTPUT
INPUT + 15V
+6V 50mA

10
.
001
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TO
C1B" +"

INPUT



tVOUT=1,2 (1+~)
'DALE TE-5/03/400mH

5V OUT
TO CMOS
SYSTEM

T1 ~STANCOR PCT-39
01. D2~lN933 (GERMANIUM)
01. 02~2N2222A
R~OUTPUT ADJUST
THIS 15v BATTERY. TO 5V OUTPUT DESIGN
CAN DRIVE LOW POWER CIRCUITRY FOR MONTHS.
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....:::r- l"f
+6V + II· .1.

--f = HP5082-2810

L1 = 24-104 AlE VERNITRON
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-...- =1N4148

• = 1% METAL FILM RESISTOR

[:>0 =74C14

L1 =PULSE ENGINEERING, INC. # PE·92105



POINT
"A"
(SEE TEXT)
BOOST
OUTPUT ':"
~ 17V DC BOOSTTo.001

,:"

CLK·NON
OVERLAP

GENERATOR

+15
+ OUT

249'T10"Fm lOUT
117 COMMON

15kHz, 51'5 10k
NON-OVERLAP

\ LEVELO:;HIFTS

<1>2 02 1O011

m = ± 15 COMMON
"E' = +5 GROUND

, = 1% FILM RESISTOR
FET ~ MTP3055E·MOTOROLA
PNP=2N3906
NPN =2N3904

L1 = PULSE ENGINEERING, INC. # PE-61592
O=FERRITE BEAD, FERRONICS # 21-11OJ



l1, L2""PULSEENGINEERING, INC. II P£-92100

L3""PULSE ENGINEERING, INC. II PE·65064

--II+- ""lN4148

*:1N4934

UNMARKED NPN "" 2N3904

• "" 1% METAL FILM RESISTOR

+ ""THF337KOO6P1G

_ "" +5 GROUND

rtT ""::I:: 15 COMMON

I..... ...-
THERMALLY

MATED

,J,
OUT

COMMON
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• = 1% FILM RESISTORS
MUR120=MOTOROLA
Ll = PULSE ENGINEERING, INC

02
MBR735
(MOTOROLA)

l000,...F

510
'NI

El VIN Vsw

LT1072CN8 FB

E2GNO Vc
':"

lN4148

,---------,
I 2N6667
I (HEATSINK)

I
I
I

I
I

I
I

I
I

I
L _

OPTIONAL

lN4148
1000
lW
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+J1O.F V,N VSW

LT10n

Vc GND
FB NC

'='

L1 ~ PULSE ENGINEERING, INC, # PE·9210B
• ~ 1% FILM RESISTOR

[>0 ~74C04

I
I

I
10pF I----1~ __--_-_.J
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loon

2N2905

2N3906

lN5819
(MOTOROLA)

11220n
470pH

470pF
El V,N VS>/I 5VOUT

250mA

':" 3.01k·

E2GND Vc

lN4148

5V, 4.5A

1100mA
tMINIMUM
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D1 C1
MBRI35 1DOO"f

V,N VSW
11**

100"H

LT1DID

fB

LT1071CNB

E1 fB
GND Vc

lN4148

VOUT
5V
5A

L 1 ~ PULSE ENGINEERING, INC # PE·91110K

~= 1% FILM RESISTORS

j~ ~P5DN05E !'RfZ44
(MOTDROLA) (INTERNATIONAL RECTifiER)

•• ~Vbe MATCHING Df 10mV AT 100~
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50k
OUTPUT
AIlJUST

{

+
+V INPUT

V~5.8V-l0V _

HP5082
2810 74C9070ETAIL

Vee

INPUT~~ ...,
OUTPUT

+J47~
390k·

lOOk·

50k
OUTPUT
AIlJUST
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5k

5V
LI lAMP

450"H

600

15 510
5k 16 V,N

C1 12VREF

11
NI E1

5k
2 INV 13 O.l"F

C2 01

6.5k
LT3524 MR850

14
Rr El

0.01"F
7 Cl + 4Cr

30k
0.01"F

9 COMP Cl-
5

GNO
8

03
MBR360
(MOTOROLA)

22011
1W

01
1N4148
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OPTIONAL
LOW ORIFT FEEOBACK

CONNECTION
FROM

5V OUTPUT

-4BV
o -60V)

INPUT .* MUR810 (MOTOROLA)..* 1.5KE68A (MOTOROLA)

••• VPR1127R5E1E (MALLORY)

'REaUIREa IF INPUT LEAOS", 2 ,
"PULSE ENGINEERING 92113

t TO AVOID START-UP PROBLEMS
FOR INPUT VOLTAGES BELOW 1DV.
CONNECT ANOOE OF 03 TO V, ••
AND REMOVE RS. C1 MAY BE
REOUCEO FOR LOWER OUTPUT
CURRENTS. C1 ~(SOOpF)(IOUT)
FOR SV OUTPUTS. REOUCE R3
TO 1.Sk. INCREASE C2 TO D.3pF.
ANO REOUCE R6 TO 1000.
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<D

®
2k 0.2,.F'loN

@

(D.

MUA120
VIN

VSW

LTt071

MUA120

L1 /iJ

®
®

A3 Al A7
1M 1M" 10k

C3
0.005

A2
453k"

'='+ C2T47
1l
F



11
15V 1O.H 15V~b

E200•F
COM----

L2 +C6
-15V 1O.H T 200~
-JVYV'\- ....+----

-15V

soon l
R2 v ~ ~ ';6V ~ SWITCH VOLTAGE

I~ tOFF tON

Your +V, (V,=OIOOE FORWAROVOLTAGE)

OV ~ SECONOARYVOLTAGE

t
N· VIN

510n aJ"1
n~ 11

MBR360
(MOTOROLA)

r------------------,
MBR360
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MBR1060

5VOUT
@) 100mA·1A

L1
1000"F.®

6800 0.47~
2k ®.

Q)

CD .®
01"F

MBR360

L 1 = PULSE ENGINEERING, INC. # PE·65066
'=' ' = 1% FILM RESISTORS

MBR1060 = MOTOROLA

V,N
Vsw

LT1070

R7 R2
lk 1.24k

GND Vc FB

V,N

R8
1000
MINIMUM
LOAO=50mA

'REQUIRED IF INPUT LEADS ;,,2"

VOUT
5V@10A

+ C2
5000"F



MINiMUM
LOAO= lOmA

- Your
5V@lOA

R6 Tl -=
O.47pF II R3

R2

lk
5k

lN414B
MUR110 I:N .

01 Cl
V,N Vsw

2N3906

V,N-=-
100pF LT1070/LTlO71 MBR340

-Your

GNO Rl = IVourl-1.6V

200pA

R4
1.24k
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I. 'hTl

10k

0
G SOO

05
3k S IRF-830

47k lN3026A
18V

-48VIN (-40V TO -BOV)
INPUT

.,% METAL FilM RESISTOR
··CLA202U7R5.lll (MALLORY)

...••.. = lN4148

"M" PREFIXED DIODES = MDTOROLA
PNP=2N3906
NPN = 2NJ904o = 1.5KE68A (MOTOROLA)

'''"PULSE ENGINEERING

OPTIONAL M 52901

SEETEXT~50.F
SPRAGUE

/ / TTEl307
/ / ':"

MUR120
,.

MURt20

Vsw VIN

LT1071 F8 NC

Vc GNO

10k

1000

lO~F

22"'*



~

SVIN (4SV TO S.SV)

1.2M"

~
1.2k

47.F2W

47.F

VIN 82k

NC FB LT1070

Vc GNO SV
4N46

":"

~

2N3906 10k

01

":" 390k

":"
L 1 = PULSE ENGINEERING, INC # PE-61S92
" = 1% FILM RESISTOR

~ = +5 GROUNO
117= ± 15 COMMON

-IN OUT 2 lSVOUT
100mA

LT1020 2.SM" O.OOl.F

COMP 11
1O.FFB

PNP 2.SV
REF COMP SOOk"

+IN OUT NPN
7 4 6

O.OOl.F

3M" SOOk" lOOk 1O.F

-lSVOUT
100mA

02
VN2222

r----------------,
I TO TO 16V
I REF OUT PRE-REG

I
I
I TO
I -16V
I UNREG
I l.SM
I TO-15V
I

I
I
I
I
I
I~----------------
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V,N HP5082·2810 5VOUT
3.9M (1.1V-2V) NC

®

47"F 10M
®

1.5M 240k

T150PF CD
360k

150k L1
-=- 619k' 1M'

3.9M 2M
1.5V -=- 10M-=- 1M' V,N470k

lTl004
1.2V

-=- 10M 390k -=- -=-1.5V

'=1% METAL FilM RESISTOR
PNP=2N3906 HP-5082-2810
NPN =2N3904

L1 = TRIAD # SP-29 -=-

OPTIONAL FOR
NEGATIVE
OUTPUT

TO 39Dkll
OF C28----------------------------------~
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Dl L1
MBR735 70.H VOUTT1 5V

6A

D2 Cl •
MBR735 2000.F

RT
3.74k

VOUT
1000V
5W

12.4k 1%
(IDEAL VALUE-PAD AS REQUIRED
FOR 1000VOUTI

L1 =PULSE ENGINEERING, INC. # PE·6197
10M = MAX·750·22 VICTOREEN, INC.*=SEMTECH, FM·5Q
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Vsw
V,N

NC FB LTlO72
3.6k

Vc GNO

4N46
":"

0.1

~

5k
OUTPUT
ADJUST

* = INPUT GROUND

m =OUTPUT COMMON

• = 1% METAL FILM RESISTOR

10M ~VICTOREEN MAX-750-22

-.+- = SEMTECH-FM-50

L 1 ~ PULSE ENGINEERING, INC. # PE-6197

470PF

T

• = 1% METAL FILM RESISTOR
PIElOCERAMIC TRANSFORMERS
AVAILABLE FROM CHANNEL
INDUSTRIES, INC. SANTA BARBARA, CA

! PIElOCERAMIC
I TRANSFORMER

I 1N4148

FLOATING
OUTPUT
COMMON



'1% METAL FILM RESISTOR
"OLA302V010J2L (MALLORY)

( =2N3904

-..- =lN4148

~ =V150LA20 (GE)

RT-'1M- = 0504CS (MIOWEST COMPONENTS)

-( =2N3906

DANGERI LETHAL POTENTIALS PRESENT
IN SCREENED AREA' DO NOT CONNECT

GROUNDED TEST EOUIPMENT -SEE TEXT

4"H
PULSE ENGINEERING

# 52901

DPTlO~~:~GUE
SEE TEXT: / T TE.1307

I I ":"
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(HEATSINK)
2N6667 01

(OARLINGTON)

130VAC-]
90VAC

(HEATSINK)
2N6667

(OARLINGTON)

• = 1% FILM RESISTORS
MOA ~ MOTOROLA

Ll ~PULSE ENGINEERING. INC. 'PE-92106

124f}*

lk 510k

LT1004-2.5

100,", 02
lN4002

3O.1k- 1.07k-



Application Note 30

lT1004
1.2

lT1004
2.5
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V,N
10VOC-
20VOC

OUTPUT
CONTROL

LOGIC

'OALE TO-5
THIS CIRCUIT IS OESIGNEO TO REDUCE POWER DISSIPATION
IN THE LT1035 OVER A 90VAC-140VAC INPUT RANGE.

IRF09120 100mH -OALE TE-504-TA
5.2V 3

+V=6V-l0V V,N Your
+ LT1020

0 1N5817 220PF

1
680pF 1M' 2.5V 1M'

REF GNO FB
4 9 11

":" ":"

200k
PRE-REG
TRIM
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11OAC]11
LTlOO4

'.2
LTl004

2.5

OV-35V
+ OA-1OA*" l00,.F ~~,~fR

·1% FILM RESISTOR
Tl = SPRAGUE "Z-2OO3

tSCRs~G.E. C-220B
1 MHY~OALETD-5TYPE

~_ r-----~~-----~
REGULATOR OUTPUT I I

4mH:i\ I I
-- 3 VIN LTl020 VOUT 2 ~S~100mA I

I
I
I
I
I
I
II 220k I

L ~ ..J

r'

TO 1.8M
VREF 2N3904

(PIN 4)

MAINTAINS LOW 10 « '00,.1\)
FOR ALL INPUT VOLTAGES
SWITCHER EFfie, =85%
POST REG. EFFie. =82%
OVERALL EFFIe. = 70%
SWITCHING REGULATOR OUTPUT =
2.5 x(' +RA/RB). FOR A CLEAN OUTPUT
FROM THE LINEAR REGULATOR SET TO VOUT+ 1.2V



Application Note 30

-VOUT¥ l00pl'

R2=RI (~ +1) =20k (IVOUTI +1)
V~EF -40mV 1.21V

VIN=3.5VTO 15V
VOUT=2VIN-(Vl +2VOlOOE)

V l = LT1054 VOLTAGELOSS
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~_+ 100.F V'N=3.5 TO 15V
VOUTMAX ~ - 2V,N+(1054 VOLTAGELOSS+2 (VOIODE)]

-VOUT
'OUT'" 100mA MAX

R2=R1 (~ +1) -R1 (IVOUTI +1)
V~EF -40mV - 1.21V

V'N~3.5V TO 15V
+VOUT~2V'N-(VL +2VDloDEl
-VOUT~ -2V,N+(VL +2VDlODE)

VL =LTT054 VOLTAGELOSS

"*=lN4001
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lOef
5V

lOef

+C1
3 LT1054

lOef

-=-

+VOUT

+ lOefT l00eF

-....- ~lN4148 lOeF

VIN=3.5V TO 5.5V
VOUT= 5V

lOUT MAX = 50mA

R2=R1 (~ +2) =R1 (IVOUTI +2)
V~Ef -40mV 1.21 V

5eF 12V

-F1+

R2=R1 (~ +1) ~R1 (IVOUTI +1) 200efl+-=-+
V~Ef -40mV 1.21V .L



1
DIGITAL
INPUT
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VIN=3.5V TO 15V
VourMAX. -2VIN+(Vl +2VOI00E)

VL =LT1054 VOLTAGE LOSS

R2=Rl (~ +1) =Rl (~ +1)
V~F -4OmV L2lY

O'-:r
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Figure 71. Generating CMOS Logic Supply
from 2 Mercury Batteries (2.4V to 4.8V)
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FORVOUT""3V+ FORVour=4V+
(+15Vj- - (+20V)

!

I-
I
,I
I
I
I
I
I

61
I
I
L_

--,
Ie
I
I
I

200mv.l I
lM'O .". I

lOOk
VOUT

ADJUST

OUTPUT

"'¥ lO
14
F
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OUT 7VOUT
20mA

500k·

FB 11 O.OOl"F +
100"F

270k·

10"F '='
-7VOUT
20mA

TO.002

ALL DlOOES ARE lN4148
01, 02, 03 = IRF9531 P-CHANNEL
04 = IRF533 N-CHANNEL

180PF*"



'ClOCK=1kHz

~~=n..
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VOUT
13.7V AT NO LOAO

+ 12.0V AT 10mA
470~FT

':'" -VOUT
-13.7V AT NO LOAO
-12.0V AT 10mA

470'F1"

~

O'F
VOUT
(-I

':" 1N5819

OR EOUIVALENT 1o'FVOUT (NLI= -(VIN-WI
VOUT (SmA) = -(VIN-3Vl
lo=300~

r
VOUT (NL)=2V1N-1V
VOUT (SmA) =2V1N-3V
lo=300~
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L1 = PULSE ENGINEERING, INC. #PE·65108
PULSE ENGINEERING, INC.
P.O. 80X 12235
SAN DIEGO, CA 92112
PHONE: 619·268·2400

• = 1% FILM RESISTOR

,,-- .

/ O~FF\
LT1086·12

ION I ~
I I + 470 F I
I I I "-=I I
I 1_

MUR120 I -

(jJ)
M8R360

Vour
5V

R7 1A
10k

lOpFI------~~--------
I 1~W
I
I
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10 5V

~+

Vpp
OUTPUT

+ 200mA MAX
100"F

Vo=12.00vT
10.7k -=
0.1%

Vo=12.75V
11.5k
0.1%

0.1% RESISTORS =IRC- #CM55-T13
L1 = PULSE ENGINEERING # PE-52645

• =ZENER DlOOE OPTIONAL - SEE TEXT

Vpp
OUTPUT
150mA MAX



» »z "0
w "0
0 INPUT ()I

~ 15V-35V 0~ 0.0180 ::±
0
:J

lN4148 ZLT317AH Q.
CDc..v
0

100"F 50k 20k ':'

·=1% FILM RESISTORS
IRFZ44 = INTERNATIONAL RECTIFIER

L 1 = PULSE ENGINEERING, INC. # PE-92117
•• =V" MATCHING OF 20mV AT 240~




