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High Current, Main DC/DC Converters
High Efficiency, Low Noise, Synchronous Step-Down DC/DC Converters – Single and Dual

High Current Single Output: LTC1435 Series (LTC1435, LTC1436, LTC1437)

Choose the Right DC/DC Converter for Your Portable
LTC1438

CHARACTERISTICS LTC1435A LTC1436 LTC1436-PLL LTC1437 LTC1438-ADJ LTC1438X LTC1439 LTC1538-AUX LTC1539
Number of Controllers Single Single Single Single Dual Dual Dual Dual Dual
Auxiliary Linear Reg Controller — — —
Power-On Reset — — —
Low-Battery Comparator — —
Synchronization — — — — —
Industrial Temperature — —
5V Keep Alive in SHDN — — — — — — —
Packaging 16-SSOP 24-SSOP 24-SSOP 28-SSOP 28-SSOP 28-SSOP 36-SSOP 28-SSOP 36-SSOP

16-SO

■ Programmable Fixed Frequency (PLL Lockable)
■ Maintains Constant Frequency at Low Output Currents
■ Dual N-Channel MOSFET Synchronous Drive
■ Wide VIN Range: 3.5V to 36V Operation
■ Very Low Dropout Operation: 99% Duty Cycle Extends

Operating Time in Battery Power
■ Low Dropout, 0.5A Linear Regulator for VPP

Generation or Low Noise Audio Supply
■ Secondary Feedback Control
■ Built-in Power-On Reset Timer
■ Programmable Soft Start
■ Low-Battery Detector
■ Remote Output Voltage Sense
■ Pin Selectable Output Voltage
■ Logic Controlled Micropower Shutdown: IQ < 25µA
■ Low Quiescent Current: 260µA (Single), 320µA (Dual)
■ Up to Four Outputs Possible Including 2.9V at 1A
■ SSOP and SO Packages

High Efficiency 2.9V/3.5A Step-Down Converter




RUN/SS


ITH











TG


SW


INT VCC





COSC

50pF

CC

500pF

100pF

RC

10k

CSS

0.1µF

SENSE– SENSE+

LTC1435A

1000pF

+
4.7µF

DB

CMDSH-3

CB

0.1µF

M2

Si4412DY

D1

MBRS140T3

L1

10µH

M1

Si4412DY

RSENSE

0.033Ω

+ CIN

22µF

35V

× 2

VIN

4.5V TO 28V

+COUT

100µF

10V

× 2

R1

32.4k

R2

22.1k

VOUT

2.9V/3.5A

PGND

BG

COSC VIN

VOSENSE

BOOST

LTC1435 • F01

SGND





CC2

51pF

100pF

Multiple Output: LTC1439 Series (LTC1438, LTC1439, LTC1538, LTC1539)

High Efficiency Dual 5V/3V Step-Down Converter

BOOST 2BOOST 1

TGL2

TGS2

SW2

BG2

SENSE+ 2

SENSE– 2

VOSENSE2

ITH2

TGL1

M3*

M1

M2

TGS1

D1

MBR140T3

VOUT1

5V


3.5A

VOUT2

3.3V

3.5A

L1

10µH

SW1

BG1 LTC1439

SENSE+ 1

SENSE– 1

CSS1

0.1µF

CC1

1000pFCOUT1


100µF

10V

× 2

RSENSE1

0.03Ω

RSENSE2

0.03Ω

COUT

100µF

10V

× 2

RC1

10k

ITH1
RUN/SS2PGNDSGNDVPROG2CDSC

INT VCC

DB2, CMDSH-3DB1, CMDSH-3

VINVPROG1

RUN/SS1

D2

MBR140T3

CB1 

0.01µF

CB2, 0.1µF

4.7µF

M6*

1438 F01

M4

1000pF

1000pF

COSC

56pF

CSS2

0.1µF

CC1A

220pF

M1, M2, M4, M5: Si4412DY	 M3, M6: IRLML2803	 *NOT REQUIRED FOR LTC1438

CC2A

220pF

CC2

1000pF

RC2

10k

+

CIN1

22µF

35V

× 2

+

L2

10µH

VIN

5.2V TO 28V

+

+

CIN

22µF

35V

× 2

+

BOLD LINES INDICATE HIGH CURRENT PATHS

Efficiency vs Output Current

OUTPUT CURRENT (A)
0.001

EF
FI

CI
EN

CY
 (%

)

70

80

10

LTC1438 • INCD16

60

50
0.01 0.1 1

100

90
V01 = 5V

V02 = 3.3V

5V MEASURED WITH 3.3V OFF

3.3V MEASURED WITH 5V ON


AND 5V OUTPUT TIED TO EXT VCC PIN
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Complete Notebook Computer Power Supply, Four Outputs5V/3A, 3.3V/5A, 12V/120mA Evaluation Board

Actual Size

SECONDARY

FEEDBACK

CONTROL

OSCILLATOR

PHASE 

DETECTOR


(PLL)

POWER-ON

RESET

SYNCHRONOUS

CONTROLLER


1

SYNCHRONOUS

CONTROLLER


2

RUN/SOFT

START 1

RUN/SOFT 

START 2

AUXILIARY

LINEAR


REGULATOR 

DRIVER

SOME COMPONENTS OMITTED FOR CLARITY

INT VCC

REGULATOR INT VCC


STANDBY 5V

VIN

VIN

12V

5V

3.3V

2.9V

12V

PLL IN

POR

1439 F01

LTC1439

Battery Charging: LT1510 Series (LT1511/LT1512/LT1513)
Constant-Voltage/Constant-Current Battery Chargers
■ Charge Li-Ion, NiCd, NiMH: Only One Resistor Required to

Program Charging Current
■ Charge Any Number of Cells Up to 20V
■ Surface Mount Packages
■ LT1510: 1.5A Step-Down Topology (+) or (–) Terminal Sensing
■ LT1511: 3A Step-Down Topology AC Adaptor Current Limit
■ LT1512 and LT1513:

– SEPIC Topology: 500kHz
– 1.5A Switch (LT1512): 3A Switch (LT1513)

Lithium-Ion Battery Charger




SW


BOOST


COMP1








CLN





UV


PROG


VC
OVP SENSE BAT

C1

1µF

RS4
† 


ADAPTER 

CURRENT SENSE

R7†


500Ω

R5† 

UNDERVOLTAGE

LOCKOUT

R6

5k

VIN 

(ADAPTER INPUT)

11V TO 25V

VBAT

10µF
+

CPROG

1µF

CIN*

10µF

+

300Ω RPROG

4.93k

1%

0.33µF

1k

C2

0.47µF

RS3

200Ω

1%

RS2

200Ω

1%

L1**

10µH D2


MBR0540T

200pF

RS1

0.033Ω


BATTERY CURRENT

SENSE

R3

0.25%

BATTERY 

VOLTAGE SENSE

R4

0.25%50pF

COUT

22µF

TANT

+ 4.2V

4.2V

+
+

LT1511

NOTE: COMPLETE LITHIUM-ION CHARGER,

NO TERMINATION REQUIRED. RS4, R7 

AND C1 ARE OPTIONAL FOR IIN LIMITING

    *TOKIN OR UNITED CHEMI-CON/MARCON

      25V CERAMIC SURFACE MOUNT

  **20µH COILTRONICS CTX20-4

VCC
TO MAIN

SYSTEM POWER

SPIN

D1

MBR340

GND CLP

2 Li-Ion

D3

MBR340

Battery Charger Selection Guide
CHARACTERISTICS LT1510CS8 LT1510 LT1511 LT1512 LT1513
Maximum Charging 1.2A 1.5A 3A 1A 2A
Current
Step-Up — — —
Step-Down
Packaging SO-8 16-SO 24-SSOP SO-8 7-DD

16-PDIP 8-PDIP
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Backup Battery System

C1

1µF

1.2V

NiCd


BACKUP

**BATTERY

MAIN

BATTERY


4.5V TO 10V

R1

14k

R2

100k

LOAD CURRENT

3A AT NORMAL MODE

30mA AT BACKUP MODE

LTC1558-3.3

L1

  22µH*

R4

221k

1%

R3

220k

R5

100k

1%

8

7

6

5

2

1

RESET

S1

Q1

Si4431DY

1558 TA01

3

4

VCC

VBAK

BACKUP

RESET

GND

SW

CTL

FB

+

SUMIDA CD54-22µH

SANYO CADNICA N-110AA

CONSULT LTC1435 DATA SHEET FOR

CIRCUIT APPLICATION INFORMATION

CIN

100µF

16V

×2

*

**


†


VCC

3.3V

SYSTEM

µP

C2

0.1µF

+

LTC1435†

SYNCHRONOUS


BUCK REGULATOR

+

Dual Smart Battery Controller System: LT1621/LTC1435/LTC1479
Complete Power Path Management for Two Batteries, DC Power Source, Charger and Backup

■ High Output Currents: >10A Easily Obtained
■ Low Standby Current
■ Micropower Shutdown
■ Over 92% Efficiency of Charger (at 6V)
■ SSOP Packages
■ SBS 1.0 Standard Compliant

■ Compatible with Li-Ion, NiCd, NiMH and Lead Acid
Batteries

■ All N-Channel Switching Reduces Power Loss
■ Seamless Switching Between Power Sources
■ Independent Charging and Monitoring of Two

Battery Packs

Low Noise DC Supply for Multimedia Audio Circuitry
LT1375/LT1376: 1.5A, 500kHz Step-Down Switching Regulators

+

BOOST

LT1376-5

VIN
OUTPUT**

5V, 1.25A

	 *	 RIPPLE CURRENT ≥ IOUT/2

	**	 INCREASE L1 TO 10 µH FOR LOAD CURRENTS ABOVE 0.6A AND TO 20µH ABOVE 1A

	 †	 FOR INPUT VOLTAGE BELOW 7.5V, SOME RESTRICTIONS MAY APPLY.

		 SEE APPLICATIONS INFORMATION.

INPUT

6V† TO 25V

1375/76 TA01

C2

0.1µF

CC

3.3nF

D2

1N5818

C1

100µF, 10V

SOLID

TANTALUM

+C3*

10µF TO


50µF

D2

1N914

L1*

5µH

VSW

FB

BIAS

GND VC

DEFAULT

= ON

SHDN

Simple 5V, 1.25A Buck Converter

LOAD CURRENT (mA)
0

0

BA
CK

UP
 T

IM
E 

(M
IN

UT
ES

)

50

150

200

250

350

400

450

1558 TA02

100

300

10 25 305 15 20

VCC = 3.3V

VBAK = 3.78V

NiCd CELL

CAPACITY = 110mAHrs

Backup Time
vs 3.3V Output Load Current

Battery Backup Controller: LTC1558
■ Complete Backup Battery System
■ Generates Adjustable Backup Voltage from a Single 1.2V NiCd Button Cell
■ Smart NiCd Charger Minimizes Recharge Time and Maximizes System Efficiency
■ Short-Circuit Protection and Thermal Limiting
■ SSOP and SO Packages

Dual Battery PowerPath Controller System Block Diagram

BAT1

BAT2
BATTERY CHARGER


(LT1510/LT1511/

LT1620/LTC1435)

SW A/B

RSENSE
SW C/D

SW E/F

SW G SW H

+
CIN

DCIN

1479 TA01

5V

AC

ADAPTER

POWER

MANAGEMENT


µP

BACKUP

REGULATOR


(LT1304)

HIGH EFFICIENCY 

DC/DC SWITCHING 


REGULATOR

(LTC1435/LTC1438


 ETC.)

LTC1479

PowerPath CONTROLLER

STATUS &

CONTROL

■ Constant 500kHz Switching
Frequency

■ Easily Synchronizable
■ Uses All Surface Mount

Components
■ Inductor Size Reduced to 5µH
■ Saturating Switch Design: 0.4Ω
■ Effective Supply Current: 2.5mA

Shutdown Current: 20µA
■ Cycle-by-Cycle Current Limiting

Buck Converter
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LCD Display Backlight and Contrast
LT1786F: CCFL Inverter with SMBus   Brightness Control

90% Efficient CCFL with SMBus Control of Lamp Current

BAT

8V TO 28V

16


15


14


13


12


11


10


9

ICCFL


DIO


CCFL VC


AGND


SHDN


SMBSUS

CCFL VSW


BULB


BAT


ROYER


VCC


IOUT


SCL

CCFL

PGND

ADR

LT1786F

LAMP

UP  TO 6mA

10 6

L1

R1

750Ω

L2

100µH

3 
 2 1 54

+

+

C7, 1µF

C1*

0.068µF

C5

1000pF

R2

220k

R3

100k

C3A

2.2µF

35V

C4

2.2µF

VIN

3.3V

OR 5V

LT1186F • TA01

C3B

2.2µF

35V

C2

27pF

3kV

+

Q2* Q1*
SHUTDOWN

D5

BAT85




SDA

1


2


3


4


5


6


7


8
D1


1N5818

L1 = COILTRONICS CTX210605


L2 = COILTRONICS CTX100-4



*DO NOT SUBSTITUTE COMPONENTS


COILTRONICS (407) 241-7876




CCFL BACKLIGHT APPLICATION CIRCUITS 

CONTAINED IN THIS DATA SHEET ARE COVERED 

BY U.S. PATENT NUMBER 5408162 

AND OTHER PATENTS PENDING 

TIE ADR TO GND OR

VCC TO SELECT ONE 


OF THE LT1786F'S

TWO SMBUS ADDRESSES

TO SMBUS

HOST

ALUMINUM ELECTROLYTIC IS RECOMMENDED FOR C3A AND C3B. 

MAKE 3CB ESR ≥ 0.5Ω TO PREVENT DAMAGE TO THE LT1186F HIGH-SIDE 

SENSE RESISTOR DUE TO SURGE CURRENTS AT TURN-ON



FOR ADDITIONAL CCFL/LCD CONTRAST APPLICATION CIRCUITS, 

REFER TO THE LT1182/83/84/84F DATA SHEET




C1 MUST BE A LOW LOSS CAPACITOR, C1 = WIMA MKP-20


Q1, Q2 = ZETEX ZTX849 OR ROHM 2SC5001






■ Wide Battery Input Range: 4.5V to 30V
■ Grounded Lamp or Floating Lamp Configurations
■ Open Lamp Protection
■ Precision 100µA Full-Scale DAC Programming

Current with 6-Bit Control
■ DAC Setting Is Retained in Shutdown
■ Micropower Standby Mode: 35µA Total Supply Current

Choose the Right LCD Illumination Supply
Characteristics LT1182 LT1183 LT1184F LT1186 LT1786F
LCD Contrast Supply
LCD Reference Pinned Out N/A N/A N/A
Digital Brightness Controller

5

4Msps IrDA Infrared Receiver: LT1328

1


2


3


4

8


7


6


5

IN


FILTER





GND

VBIAS


MODE


VCC


DATA

FILTER

SWITCH

HIGH: SIR

LOW: FIR AND 4ppm


(OPTIONAL)
OPTIONAL


SHUTDOWN

CIRCUIT

C1

10nF

C6

1000pF

TTL

DATA OUT

LT1328

1328 TA01

C4

330pF

D1

C2

4.7µF

*SILICONIX

LIGHT IN

TEMIC


BPV22NF


 5V

5V

ENABLE

TP0610L*

IrDA Receiver IrDA Transmitter

R3

3.9Ω

1/2W

R2

10k

R1

100Ω

D2

HSDL-4220*

Q3

2N7002

C5

4.7µF

*HEWLETT PACKARD

TRANSMIT

INPUT

VCC

1328 TA02

■ Receives Multiple IR Modulation
Methods: IrDA, SIR, FIR, 4ppm,
Sharp/Newton

■ Low Frequency Ambient Rejection
■ Low Supply Current: 2mA
■ 5V Single Supply
■ 8-Lead MSOP and SO Packages

Micropower Precision Triple Supply Monitor: LTC1326

PUSHBUTTON

RESET

1326 TA01

VCC3VCC5

0.1µF

VCCA

GND

RST

PBR SRST




LTC1326

2.9V
3.3V
5V

DC/DC

CONVERTER

SYSTEM

LOGIC

■ Simultaneously Monitors 5V, 3.3V and Adjustable Voltages
■ Guaranteed Threshold Accuracy: ±0.75%
■ Low Supply Current: 20µA
■ Power Supply Glitch Immunity
■ Manual Pushbutton Reset Input: Soft Reset
■ Active Low and Active High Reset Outputs
■ 8-Lead SO and MSOP Packages
■ New LTC1326-2.5 Monitors 2.5V, 3.3V and Adjustable Voltages

Multiple Supply Monitoring with Integrated Reset
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Low Power 5V RS232 Transceivers
3V TYP Rx IQ IN

SUPPLY OR 5V POWER ACTIVE SHDN DRIVER 10kV 0.1µF DEVICE
VOLTAGE LOGIC DISS(mW) IN SHDN (µA) DISABLE ESD CAPS TYPE

5 5 60 0 1 15kV LT1137A
5 5 30 1 60 15kV * LT1237
3 3 1.5 0 1 — LTC1327
5 5 1.5 0 1 — LTC1337

5 & 3 3 1.5 0 or 5 0.2 or 10 — LTC1348
3 3 1.5 2 35 — LTC1350

*Requires one 1µF capacitor

Linear Technology Corporation • 1630 McCarthy Blvd. • Milpitas, CA 95035-7417 • (408) 432-1900 • www.linear-tech.com • Literature Only: 1-800-4-LINEAR
ic15fi ©1994 LT/TP 0798 5K

■ Uses Small Capacitors: 0.1µF, 0.2µF
■ CMOS Compatible Low Power: 60mW
■ 3V Logic Compatible
■ Operates to 120kBd
■ 1µA Supply Current in Shutdown Mode
■ Receiver Keep-Alive in Shutdown
■ SO and SSOP Packages

SMBus Dual High Side Switch Controller: LTC1623
■ SMBus and I2CTM Compatible

SMBus Controlled Dual-Load Switch

Typical Mouse Driving Application

■ Peripheral Control and Power Plane
Switching

■ Built-In Charge Pumps
Drive N-Channel Switches

■ Low Standby Current: 17µA
■ 8-Lead MSOP and SO Packages

VCC

2.7V TO 5.5V

10µF

(PROGRAMMABLE)

* SILICONIX Si69260Q

Q2

Q1

LOAD2LOAD1

1623 TA01

(FROM

SMBus)

LTC1623

GND

VCC

AD0

AD1

CLK

DATA

GA

GB

*
10µF

5V

1623 TA02

LTC1623

GND

VCC

AD0

AD1

CLK

DATA

GA

GB

0.1µF

0.1µF

1µF

Q1

Si3442DY

Q2*

Q3*

1k

1k

3.3V

10k

TO PC CARD VCC

0V/3.3V/5V

*1/2 Si6926DQ

Single Slot PCMCIA 3.3V/5V Switch

I2C is a trademark of Philips Electronics N.V.

Protected PCMCIA Interface: LTC1472

Linear Technology PCMCIA Product Family
DEVICE  DESCRIPTION PACKAGE

LT1312 Single PCMCIA VPP Driver/Regulator 8-Pin SO
LT1313 Dual PCMCIA VPP Driver/Regulator 16-Pin SO*
LTC1314 Single PCMCIA Switch Matrix 14-Pin SO
LTC1315 Dual PCMCIA Switch Matrix 24-Pin SSOP
LTC1470 Protected VCC 5V/3.3V Switch Matrix 8-Pin SO
LTC1471 Dual Protected VCC 5V/3.3V Switch Matrix 16-Pin SO*
LTC1472 Protected VCC and VPP Switch Matrix 16-Pin SO*

*Narrow Body

3VIN VPPIN

5VIN

VDD

VPP EN0

VPP EN1

VCC EN0

VCC EN1

SHDN

VPPOUT

VCC(IN)

VCC(OUT)

LTC1472

GND

12V3.3V

5V
OV, VCC, 12V, Hi-Z

VPP1

VPP2

VCC

VCC

PCMCIA

CARD SLOT


CONTROLLER

PCMCIA

CARD SLOT
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■ VCC and VPP Switching in a Single IC
■ Built-In Current Limit and Thermal Shutdown

■ Extremely Low RDS(ON) NMOS Switches
■ 1µA Quiescent Current in Standby
■ Narrow SO Package

Protected PCMCIA VCC and VPP Card Driver
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