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Power pModule Product Reliability

Reliability Data Report

Report Number: R583
Report generated on: Tue Mar 03 13:04:49 PST 2020

= 22,175,000 Power Cycles
= 5,071,000 High Temp Operating Life (device
hours)

= Board Mount Temp Cycles
2,118,000 (-40<C to 125<C)
High Temp Bake (device hours)
43,605,000 at 150<C
= 25,046,000 Temp Cycle -65C to 150C
= 16,439,000 Thermal Shock -65°C to 150C
= FIT Rate: <0.4
= And many more pages of data posted online
= 2nd Source Assembly & Manufacturing

= Multi-sourced Substrate and Component
Suppliers

= Die Bank

OPERATING LIFE TEST

PACKAGE TYPE | SAMPLE SIZE | OLDEST DATE | NEWEST DATE | K DEVICE HRS |Mo. of FAILURES
CODE CODE (#125°C)" a2
BGA DEX06 154 1748 1748 154 1]
BGA 18X16 462 1452 1604 452 o
Totals 816 - - 818 1]

HIGHLY ACCELERATED STRESS TEST AT +

130 DEG C /85% RH

PACKAGE TYPE | SAMPLE SIZE | OLDEST DATE | NEWEST DATE | K DEVICE HRS |Mo. of FAILURES
CODE CODE =85°C)’
BGA DEXDEG 450 0000 1813 1540 1]
BGA 15x22 435 1738 1802 1464 1]
BGA 18X16 1425 1452 1840 2200 1]
Totals 238D - - 7413 1]

HIGHLY ACCELERATED STRESS TEST AT +

130 DEG C / 85% RH
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AHEAD OF WHAT'S POSSIBLE™

PACKAGE TYPE| SAMPLE SIZE OLDEST DATE | HEWEST DATE | K DEVICE HRS |Mo. of FAILURES
CODE CODE (+85°C)"
BGA DEX06 450 0000 1813 1548 1]
BGA 15x22 435 1738 1802 1464 1]
BGA TEX16 1405 1452 1840 2400 1]
Totals 2380 - - 7413 1]
TEMP CYCLE FROM -55 TO 125 DEG C
PACKAGE TYPE | SAMPLE SIZE OLDEST DATE | HEWEST DATE K DEVICE MNo. of FAILURES
CODE e
BGA 06X06 318 0000 THERMAL SHOCK FROM 65 TO 150 DEG C
BGA 15x22 7 1738
e v 1452 PACKAGE TYPE | SAMPLE SIZE | OLDEST DATE | NEWESTDATE | KDEVICE  |Mo. of FAILURES
THERMAL SHOCK FROM 55 TO 125 DEG C CODE CODE CYCLES
BGA 16X16 45 1651 1851 45 1]
PACKAGE TYPE | SAMPLE SIZE | OLDEST DATE | NEW Totals r } } i o
CODE
BGA DEXDG 216 000 HIGH TEMPERATURE BAKE AT 150 DEG C
BGA 15:22 288 1738
BGA 18X15 1078 1450 PACKAGE TYPE | SAMPLE SIZE | OLDEST DATE | NEWEST DATE | K DEVICE HRS |MNo. of FAILURES
T 1,580 -
— CODE CODE
(1} Aszumes Activaton Energy = 1.0 Electron Volts BGA 06X 204 0000 1751 281 0
|); {?Jlmg[REtEBEe%ai'.zlaE;llo +55 :IE; '_EP;_D “Cs?‘n%detce Level =2 98 FT1 BGA 15:22 21 1738 1802 482 1]
(#) Assumes 20X Acceleration from §5 °C fo <130 °C BGA 16X18 708 1452 1840 1830 0
(5) Assumes 200 Acceleration from 85 °C to +130 °C Tolaks 1,141 - - 2353 0

Mote 1: 1 FIT = | Failure in One Billion Hours.

Mote 2- HAST, Temp Cycle & Thermal Shock are mbjected to J-STD-0




Power Cycle Testing for Long Term Reliabllity

AHEAD OF WHAT'S POSSIBLE™

= 3 Lots to 50,000 cycles each
= 50°C to Max. Junction each cycle

= All parameters tested 10k, 25k
and 50k cycles

- Expose component weakness

~ Validates design robustness

6// ;82[1ecember Analog Devices Confidential Information. ©2020 Analog Devices, Inc. All rights reserved.



Packaging
Advancement
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ANALOG

UModule Architecture Advantage: Multi-Layer
Substrate

uModule™ BGA Package Construction

(Not To Scale)

MOLD COMPOUND

WIRE INDUCTOR
BOND

CHIP RESISTOR

CONTROLLER DIE FET/DIODE

CHIP CAPACITOR

SOLDER/EPOXY
ATTACH

SOLDER MASK SOLDER/EPOXY

ATTACH

BT SUBSTRATE

With substrate we offer pin-to-pin compatible:
Ex. Dual output: 8A, 13A, 18A, 25A
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Packaging Advancement Trend

10A-12A
Began in 2007

7 LINEAR

L TMu601Y

“Moduie
NUu28563 1137MY

L

26A-50A 40A+: 88%-89%
2013-2016 Efficiency
2016

LY LINEAR pModule

yé ,ELEEGE

LIS
L ]

Integrated

Heat Sink:

For faster and more

efficient heat removal

from Inside to top of
package

80A-100A+
2018

g ANALOG
DEVICES

Inductor as
Heat Sink:
For faster and more
efficient heat removal
from top of package
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LTM4657 LTM4663
(20V,8A) TEC Controller

LTM4691 LTM8074

(3.6V, Dual 2A)  (40V,1.2A)



Better Cooling- Proprietary Packaging

Technologies

uModule Solution Advantage:

= With airflow, heat is removed
quickly and efficiently from top
of puModule regulator

= (heat also travels from bottom
of package and disperses into
customers’ PCB)

10

1) CoP: Component on Package

ANALOG
DEVICES

AHEAD OF WHAT'S POSSIBLE™

2) Inteqgrated Heat Sink

Inductor as
Heat Sink:

For faster and more efficient
heat removal from top of
package

Analog Devices Confidential Information.
©2017 Analog Devices, Inc. All rights reserved.

Integrated
Heat Sink:

For faster and more efficient
heat removal from Inside to top
of package



New 100A DEVICES

AHEAD OF WHAT'S POSSIBLE™

1 x LTM4700 with
Digital PMBus 12C

R T T

12 x LTM4601
(12 years ago)
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Excellent Full Support

Worldwide Field Applications support
Design Tools

Demo Boards

GUI Support

Symbols and Footprint

Material Declaration

Thermal Models

3D Step Files
P LTpower

LTM4700 .
HIGH CURRENT, POLYPHASE,
STEP-DOWN POWER pModule SUPPLY WITH ,
DIGITAL POWER SYSTEM MANAGEMENT -

DEMO CROUIT 2784A- [l

S0A

700 LIC OUSTOMER USE OMY

400A 4x LTM4700 Demo Board

13

7 e

Planner

SummayRegort
ToalnputPower = HOSEW
TomlutputPowes - 124 101
Tota PoworLossos - 2548
Overl Syt Effonncy = 6207%
ToalBoard Space= 1022612

Example Power System for Project XYZ

102010
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System Arch./Plan

)

Search/Part Selection

—— e
Tronro EEDW 00T cro I [SpS—
M s Vo e Gt Ta ] Syre Ermsn Cick.
P h——
D Pansattau i
e B . e —
e r— P
= -
Expon To LTmkce e
e —— Circuit DGSIgn and verification
R .
LTM2602 BVoge= .28 mVpp
LTC e Hame Vin Inductor peak curent= 5914 +AVelVo= Nk
= Vo vo
i
e I 1T
T T A llc,. LT o Cee @
Crew e 7 I [ I I
im0 150 ano Crer O sk Cops, Outpu Ceramic Caps, Cee
J_wie i ] twssin n;u o RS 34 WFR
I weue o PR e r Pans
O )| Weblm | LT Rrer E c 100 4F
[ s e o e . ——
T o B
Wb Lk LTMUGE L
| BEE

E voltage af

" Pioase contact your local LTC sales ofice for techmical support

—u-«mm Part il - Small Signal Modeling and Compensation Tuniny
b [T CompscssirsConponao i rd Dvin ercton

Fo\nd 21 part(3) In ourmert: datsbase

Currerty, the LTpowerCAD Tool cly spport

LTpowerCAD

Simulation

1, File Edit Herarchy Wiew Simulate Tools Window Help

Remots sense

BEF W T F0 /0% EHRE IR A8 LyP+3 2080 An ap
2
- l J l [
2 0004 CinBulk | Cince! | Clnce?
ctualvokage locp bandhidh [, el 1900 bz FCB
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Hote: at the of the uModule,
of the may bo noaded.

Parameters mported from LTPowesCAD Design Took:

params Vin=12V lstap=3A to=Su Rref=150k
params Cb=330u Rb=0rm Lb=1,6n nb=1 Ccs=100u Re=2m Le=1.2n nc=2
params Craf=42p Cp=0p Coomp=150p Cinb=150u neib=2 frw=1075k Rset=238k Ci=10u

LTspice -
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Thermal Modeling and Analysis Is Available AR

AHEAD OF WHAT'S POSSIBLE™

Standard Integrated Heat Sink Component on Top (CoP)

Analog Devices Confidential Information.
©2017 Analog Devices, Inc. All rights reserved.




Power for FPGA, Processors & Rest of System: Reference DEVICES
Designs

The examples of actual application board “Tested and Verified” by the board suppliers

Power Management Solutions Power Management Solutions
for Altera FPGAs for NXP Processors

Tested and Verified Tested and Verified

o Schematics

o Bill-of-Materials

o Power Circuit Simulation & Design Tools
o www linear.com/Altera

Altera Arria® 10 GX FPGA Develo

FPGA and Processors Compatible Reference Designs

Analog Devices Confidential Information.
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https://www.analog.com/en/design-center/reference-designs/fpga-compatible-reference-designs.html

ANALOG
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AHEAD OF WHAT'S POSSIBLE™

Section |

High Power PMBuUS
12C uModule
Regulators
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High Power PMBus 12C uModule Regulators

AHEAD OF WHAT'S POSSIBLE™

Single 100A .
LTM4700

or Dual 50A

Single 60A

or Dual 30A Pin-

Compatible s B i
' LTM4680

LTM4678

?

Single 50A or
Dual 25A

Single 36A or
Dual 18A

¥ LINEAR
fTMuGTéAY
dule

Pin-
Compatible :

Pin-
Compatible

_________________________ b s o

Single 26A or
Dual 13A

B i i B

7 LINEAR
A wiesv
L odie

Modue
Nigi8 § 172

Single 20A or

Dual 10A g LTM4686

Modde
el & Y

Single18A or
Dual 9A

LTM4675

11mm x 16mm 16mm x 16mm 15mm x 22mm Package size

17 // 10 December Analog Devices Confidential Information. ©2020 Analog Devices, Inc. All rights reserved.
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LTM4700, LTM4680 and LTM4678 BEVICES

AHEAD OF WHAT'S POSSIBLE™

Analog Devices Confidential Information.
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LTM4700 Single 100A / Dual 50A pModule with Power System S
Management

FEATURES

® Duyal 50A Digitally Adjustable Outputs with Digital
Interface for Control, Compensation and Monitoring
Wide Input Voltage : 4.5V to 16V

Output Voltage Range: 0.5V to 1.8V

+0.5% Maximum DC Output Error Over Temperature
+2.5% Current Readback Accuracy

Integrated Input Current Sense Amplifier

400kHz PMBus-Compliant I2C Serial Interface
Supports Telemetry Polling Rates Up to 125Hz
Integrated 16-Bit A ADC

Constant Frequency Current Mode Control

Parallel and Current Share Multiple Modules

15mm x 22mm x 7.82mm BGA Package

Readabhle Data:

Input and Output Voltages, Currents, and Temperatures
Running Peak Values, Uptime, Faults and Warnings
Internal EEPROM and Fault Logging with ECC

Writable Data and Configurable Parameters:

19// 5001

Output Voltage, Voltage Sequencing and Margining
Digital Soft-Start/Stop Ramp

Optimize Analog Loop Compensation

OV/UV/OT, UVLO, Frequency and Phasing

10 December

Efficiency (%)

AHEAD OF WHAT'S POSSIBLE™

90% Efficiency at 12Vin to 1Vout

100

95

90

a5

80

75

70

—1.8Vout, 500kHz

1.5Vout, 425kHz
—1.2Vout, 425kHz
—1.0Vout, 350kHz
—0.8Vout, 350kHz

10 20 30 40
Load Current(A)

LTMUT00Y HHEEE 22mm

nzaussais02MY

p,MOdU‘e

P LTM4700
T HIGH CURRENT, POLYPHASE,
STEP-DOWN POWER pModule SUPPLY WITH
DIGITAL POWER SYSTEM MANAGEMENT |-

DEMO CRCUIT 2784A- [l

50

LTM47OO 400A Demo Board

Analog Devices Confidential Information. ©2020 Analog Devices, Inc. All rights reserved.



800A= 8 x LTM4700

Test condition: V,, =12V, V_=1.0V, f,,=350kHz

Efficiency: 90.32%@800A
Power Loss: 87.95W@800A

93

92

91

87

EFFICIENCY (%)

86

85 -

83

—Efficiency
- —Loss

0 100 200 300 400 500
OUTPUT LOAD CURRENT (A)

600 700

800

20

10

LOSS [W]

Efficiency and Power Loss vs Current

10 December
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RUNO  GND SHARE SCL SDA
CLK

GND_SNS VOUT_SNS

VDD25 INTVCC VBIAS  GND

ANALOG
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LTM4700 .

ULTRA HIGH CURRENT (UP TO 800A)

POLYPHASE pMODULE REGULATORS
FAST TRACK 2979A
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AHEAD OF WHAT'S POSSIBLE™

54V Bus Input
LLIModule Regulator
with PSM

21 // ;82[1ecember Analog Devices Confidential Information. ©2020 Analog Devices, Inc. All rights reserved.



Next Generation Telecom 54V Bus Power Architecture

\4

o4V Hot Swa Bus 12V uModule 50A
| P Convertor Regulator
Diode OR
Bus
Convertor
< <
= = 12V
S = POL
0p} 0p)
POL
-~ Advantage of direct conversion from 54V POL
= Improve conversion efficiency
= Reduce I2R Loss 2O

v

22

©2017 Analog Devices, Inc. All rights reserved.
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~

" ASIC/FPGA

Cores

Memory

ASIC

I/0 and
MICS
Low Power

~

/
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LTM4664 TechClip B

AHEAD OF WHAT'S POSSIBLE™

Analog Devices Confidential Information.
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LTM4664 54V To Core Voltage Qsevicess
Single 50A/Dual 25A pModule with 12C PMBus

FEATURES

= Complete 48V Input to Low Voltage Dual 25A Supply
that Can Scale to 300A

® Dual Analog Loops with Digital Interface for

Compensation, Control and Monitoring

Input Voltage Range: 30V to 58V

Output Voltage Range: 0.5V to 1.5V

+3% Output Current Readback Accuracy (—20° to 125°C)

88% Efficiency for 48V to 1V at 50A

+0.5% Output Voltage Accuracy Over Temperature

400kHz PMBus-Compliant 12C Serial Interface

16mm x 16mm x 7.72mm BGA Package

APPLICATIONS

m 48V Systems

® Computer and Networking Equipment
® Electronic Test Equipment

= Storage SyStemS E"::Iill 5 10 15 20 25 30 35 40 45 50

Lo RG]

QUTPUT CURRENT (A)

24
Analog Devices Confidential Information



Single Output
uModule Regulators

25/ 10 December
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Tiny: 15A

LTM4638

LTM4627
Released in 2013

26
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AHEAD OF WHAT'S POSSIBLE™

LTM4626, LTM4638 TechClip BRI

Analog Devices Confidential Information.
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LTM4638/LTM4626/LTM4657: Tiny 15A/12A/8A uModule Regulator DEVIcES

>

vV vy vy VvVvyy

v

28

Complete solution in <1cm? (Single-Sided PCB) or 9

0.5cm? (Dual-Sided PCB)
Wide input voltage range: 3.1V to 20V

0.6V to 5.5V output voltage, 15A (LTM4638)
0.6V to 5.5V output voltage, 12A (LTM4626)
0.5V to 5.5V output voltage, 8A (LTM4657)

+1.5% maximum total V; error over line, load and

temperature

Differential remote Vg, sensing

Multiphase current sharing with multiple devices

6.25 X 6.25 x 3.87mm BGA (LTM4626, LTM4657)

6.25 x 6.25 x 5.02mm BGA (LTM4638)

90

[es]
o

(=]
L]

Efflclency (%)

Al

0 3 6 9
Load Current (A)

[~ 1Ud
~100
95
90
-85
80
75
~70
65
60
55
50
45

LTM4638

Analog Devices Confidential Information. ©2018 Analog Devices, Inc. All rights reserved.

VIN=12V, VOUT=1V/15A,

AHEAD OF WHAT'S POSSIBLE"

—VIN=5V, 600kHz

—VIN=12V, 600kHz

12 15

Fs=600kHz

Discrete Solution (same IC)

M

1200

250
°C
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Triple/Quad Output
LModule Regulators

29 // ;82[1ecember Analog Devices Confidential Information. ©2020 Analog Devices, Inc. All rights reserved.



Quad 3A Ultrathin and Quad 4A

AHEAD OF WHAT'S POSSIBLE™

Ultrathin Quad 3A Quad 4A
LTM4643 LTM4644

LTM4644’s Outputs Are Configurable from Four 4A Qutputs to a Single 16A

Quad OQutput Triple Output Dual Output Single Output

Analog Devices Confidential Information.
©2017 Analog Devices, Inc. All rights reserved.
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Size and SlmpIICIty DEVICES

AHEAD OF WHAT'S POSSIBLE™

LTM4644

Four 4A Monolithic Regulators
Quad 4A uModule Regulator

WSt

. ——

1154 A
)

Ty

WwwcT

Bt | 'l
== RTT I TET

20mm

e 900 mmZ2vs. 240mm?2 = 73% reduction

Analog Devices Confidential Information.
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LTM4644/L.TM4643: Quad Output uModule Regulators with
Configurable 4A/3A Array

F

4V to 14V Input, Quad 0.9V, 1V, 1.2V and 1.5V Output DC/DC pModule Regulator®

E€ATURES -

Quad Output Step-Down pModule® Regulator with 4A T o - T
per Output [© T p—fmm oo %ﬂu.zkgw

Wide Input Voltage Range: 4V to 14V o e —
= 2.375V to 14V with External Bias o o002~ S0 T

0.6V to 5.5V Output Voltage - Vours—— _T_ s
4A DC, 5A Peak Output Current Each Channel ey 60008 %;.m T

Up to 5.5W Power Dissipation (Ta = 60°C, 200 LFM, Vi Voo — = & noua
No Heat Sink) s o 3 T
+1.5% Total Output Voltage Regulation TEWP_SEND _GND L =

Current Mode Control, Fast Transient Response L4 T = 0P, SOOLFAA, MO HEAT SO

Parallelable for Higher Output Current

Output Voltage Tracking

Internal Temperature Sensing Diode Output €

External Frequency Synchronization
Overvoltage, Current and Temperature Protection
9mm x 15mm x 5.01mm BGA Package

Analog Devices Confidential Information. ©2018 Analog Devices, Inc. All rights reserved.
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LTM4668: Quad Output pModule Regulator with Configurable 1.2A e
Output Array

33

FEATURES

Quad Output Step-Down pModule Regulator with
1.2A per Output Channel

Wide Input Voltage Range: 2.7V to 17V

0.6V to 1.8V Output Voltage

1.2A DC, Parallelable, Output Current Each Channel
+1.5% Total Output Voltage Regulation

100% Duty Cycle Operation

Current Mode Control, Fast Transient Response
External Frequency Synchronization

Selectable Burst Mode® Operation

Power Good Indicator

Over Voltage, Current and Temperature Protection
6.25mm x 6.25mm x 2.1mm BGA Package

Pin Compatible with LTM4668A (0.6V to 5.5V
Output, 2.25MHz).

Configurable Output Array

AHEAD OF WHAT'S POSSIBLE™

LTM4668 4 discrete regulator solution

< 10mm

< 10mm

P00¢

1.2A
1.2A ::}'2'4‘“
124 @ 1.2A
120 @ 12A

4.8A

Analog Devices Confidential Information. ©2018 Analog Devices, Inc. All rights reserved.



LTM4671: Quad Output 12A/12A/5A/5A uModule Regulator

34

FEATURES

Quad Output Step-Down pModule® Regulator with
Dual 12A and Dual 5A Output

Wide Input Voltage Range: 3.1V to 20V

Dual 12A DC Output from 0.6V to 1.8V

Dual 5A DC Output from 0.6V to 5.5V

Up to 7W Power Dissipation (Ty = 60°C, 200LFM,
No Heat Sink)

+1.5% Total Output Voltage Regulation

Dual Differential Sensing Amplifier

Current Mode Control, Fast Transient Response
Parallelable for Higher Output Current

Selectable Burst Mode® Operation

Output Voltage Tracking

Internal Temperature Sensing Diode Output
External Frequency Synchronization

Overvoltage, Current and Temperature Protection
9.5mm x 16mm x 4.82mm BGA Package

ANALOG
DEVICES

AHEAD OF WHAT'S POSSIBLE™

4V to 20V Input, 12A, 12A, 5A, 5A DC/DC Step-Up pModule Regulator

V1o 20V
22pF

1B‘u"

-
-
=

1VM2ZA

1 oo

— %9[].9&: T ¥

I ‘IOEI = 1.2ViI12A

__%_andk -_L— 5

I 2.5VIBA
47uF

%g.m '_|_' w“

CGLKIN CLKOUT
Ving VouTi
SVINT FB1
RUN1 PGDOD1
Vinz Voutz
SVIN2 FB2
RUNZ PG0O0OD2
LTM4B71
Ving Vouts
SVIN3 B3
RUN3 PGDOD3
Ving VouTs
SVINg FB4

RUN4 PGOOD4

TEMP SGND GND

| ﬁi&' 11111
-

Cunfigurahle Output Array*

Tp=

I 3.3V/5A
ATyF

— %13.3;; -_L— 4y

60°C, 200LFM, NO HEAT SINK

12A
12A
.—- 5A
@ A

::}+24A
._' 5A ::}nnn ::}»mﬁ.

12A
12A

::}- 24
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Section Il

Ultrathin puModule
Regulators
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Ultrathin pModule Regulators

(Thickness: 1.18mm,1.82mm, 1.91mm)

ALY LINEAR
LTMU631V

LT LINEAR Module
LTMU686V H_.H_Jdﬂ .
pModule NUBTI1E 1610MY

N39333 & 1802MY
°

11 x 16 x 1.82mm 16 X 16 X 1.91mm 15x 9x 1.82mm

6.25 x 6.25 x 1.82mm
LTM4686 LTM4631 LTM4643 LTM4622
Dual 10A or Single 20A Dual 10A or Single 20A  Quad 3A Dual 2.5A or Single 5A
with PSM
LTM4623
Single 3A
LTM4632

Triple output for DDR/QDR
10 December

ANALOG
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AHEAD OF WHAT'S POSSIBLE™

LTM4691 Dual 2A
(4 x 3x 1.18mm)

6.25x 6.25x 2.0lmm 4 X 4x 1.82mm A2 R LS

LTM4668/ LTM8074 LTM4691
|_T|\/|4668A 40Vin, 1.2A Dual 2A
Quad 1.2A

37// 2021 Analog Devices Confidential Information. ©2020 Analog Devices, Inc. All rights reserved.



ANALOG

LTM4691 Tiny Dual 2A pModule Regulator et

FEATURES TYPICAL APPLICATION
u va Surface Mou ms Low Profile 3mm x 4mm x Dual 2A DC/DC pModule Regulator Efficiency vs Load Current
1.18mm LGA Package i - -  Vour 100 e 06
® [nput Voltage Range: 2.25V to 3.6V ’ T L. BSDFJ_”““ T T TH s
® Dual 2A DC OQutput Current - o1 - _ oL LI s
m +1.5% Total Output Voltage Regulation TS 100K - < oo y-gavvaor-a O 3
® Current Mode Control, Fast Transient Response Vours — otz & jg [ et or ] “§
® External Frequency Synchronization "2 Sk 68p J_ 5 [ 1oz =2
m Selectable Pulse-Skipping Mode/Burst Mode® MODESYNG  FE2 = 2 i o
Operation/Forced Continuous Mode gip PEO0D[—> 2 10% 0 [ Power Loss
. fow=2MHz I s - 0 i cw ol
® Power Good Indicator = et | 10
® |nternal Soft-Start v
® |nternal Compensation
® QOvervoltage, Overcurrent and Overtemperature 1 18mm
Protection <—4mm—>

APPLICATIONS

® Telecom, Networking and Industrial Equipment
® Point-of-Load Regulation
m FPGA, ASIC Core Supplies
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LTM4663: Ultrathin 1.5A uModule Thermoelectric Cooler BEvIcRS
(TEC) Regulator

FEATURES

Built-in Two Zero-Drift, Rail-to-Rail Chopper
Amplifiers

2.7V to 5.5V Input Voltage Range

1.5A Driving Capability

1% Accuracy 2.5V Internal Reference Output
TEC Voliage and Current Monitoring
Independent Programmable Heating and Cooling
Current Limit

Programmable Maximum TEC Voltage

Default 2MHz Switching Frequency
Synchronization from 1.85MHz to 3.25MHz
Capable of NTC, PTC and RTD Thermal Sensors
3.5mm x 4mm x 1.3mm LGA Package

APPLICATIONS

39 // 10 December 2021

TEC Temperature Control
Optical Networking System, Optical Module
LIDAR System

AHEAD OF WHAT'S POSSIBLE™

Discrete Solution L TM4663

4mm

CERLLLE
0402 Cap 0201 Res
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Silent Switcher
uModule Regulators
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LTM8053 — The First Silent Switcher pModule Product

42

FEATURES

Complete Step-Down Switch Mode Power Supply
Low Noise Silent Switcher® Architecture

Wide Input Voltage Range: 3.4V to 40V

Wide Output Voltage Range: 0.97V to 15V

3.5A Continuous Output Current at 12V,y, 5Vgyur,
Tp=85°C

6A Peak Output Current

Parallelable for Increased Output Current
Selectable Switching Frequency: 200kHz to 3MHz
Tiny, Low Profile 6.25mm x 9mm x 3.32mm RoHS
Compliant BGA Package

Vi Vin LTMB053
7V TO 40V j o —| - Tﬂi :I
Idl?UF }MIUUUT ‘E'Er uT
= - 3154
% 412k _l q 60.4k 100pF
1MHz GND Sync FB

I I "= 5053 TADt

il

AMPLITUDE (dBuV/m)
w o o & & &

|
&

ANALOG
DEVICES

AHEAD OF WHAT'S POSSIBLE™

LTM8053 CISPR32 Class B Emissions
DC1934A Demo Board, No EMI Filter
(C10 = 0.1yF, Short L1, Open C7)

T T
SVour. 3.5A Load
| 14V, fsw = TMHz

Class B Limit

=

200 400 600 800 1000
FREQUENCY (MHz)
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40Vin Single Output Silent Switcher pModule Regulators

ANALOG
DEVICES

AHEAD OF WHAT'S POSSIBLE™

LTM8074 (1.2A)

LTMB8063 (2A) LTM8065 (2.5A) LTM8053 (3.5A)
4mm X 4mm 4mm X 6.25mm 6.25mm x 6.25mm 6.25mm x 9mm
LTM8063 ()
40VIN, 2A SILENT SWITCHER pMODULE REGULATOR °

Q) LTM8065 ) LTM8053
40V, 2.5A SILENT SWITCHER pMODULE REGULATOR @
DC2494A DC2251A
®

‘@
40V, 3.5A STEP-DOWN pMODULE REGULATOR |

DEMO CIRCUIT 1934A.
VouT
5V/2A
{Rcs
Pl GND

LIS
"

VouT*

5V/2.5
w' h
@ “
=

{Bes
| =gk

’:bu
()

* SEE DEMO!
6V-40V

LTM8074

| STEP DOWN SILENT SWITCHER
pMODULE REGULATOR

GND
® e
RUN Po /

BIAS
|:|n|
IR . n ® —
£ ANALOG |1 ouinny 9Bl K JP1 7= - | BURST MODE www.linear.com /8065 | me (40!)'432—1300
DEMO CIRCUIT 2753A DDEVICES! ‘/1.7 LINEAR.., "-.limovfml ; :lwms‘mm ‘ﬁﬁﬁu'ﬁm ‘ , m (408) 432-1300 PC | ) Um www.linear.com/8053
. i VEMI oND (408) 432-1900 ' . [sme &
' & = A _ - : TR/SS SYNC L GND 3 [ SHARE  SYNC
(’ . \ (@) rs s ( X Relgl - . SYNC Si ! \
o 111101 k TR/SS SYNC 0C GND g. @ O R?lilhaum O Py /| ; ;

® ©@
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40Vin Dual Output Silent Switcher puModule Regulators DEVICES

- (V8078 TM8024

# of Output 2
Silent Switcher Yes
CISPR22 Class B Compliant Yes
Vin Range 3V to 40V
Vout Range 0.8V to 10V 0.8V to 8V
lout 1.4A 3.5A
Switching Frequency 300kHz to 3MHz 200kHz to 3MHz
Package Size (mm) 6.25x6.25x 2.22 9x11.25x3.32
Package Type BGA BGA
3.32mm
«—6.25mm—> i +~—11.25mm—
a 8 szl 2 .o I
807 'lmm T 9mm
= i“'
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60Vin Single Output Step-Down uModule Power Regulators

| e

Silent Switcher
CISPR22 Class B Compliant

Vin Range
Vout Range

lout
Switching Frequency

Package Size (mm)

Package Type

10 December

ANALOG
DEVICES

AHEAD OF WHAT'S POSSIBLE™

8073 LTM8071 LTMA4653 LTM4651
Yes Yes No No

CISPR22 Class B

3.4V to 60V 3.6V to 60V 3.1V to 58V
0.8V to 15V 0.97V to 15V 0.5V to 0.94*Vin
3A 5A 4A
200kHz to 3MHz 200kHz to 2.2MHz 400kHz to 3MHz
6.25x9x 3.32 9x11.25x3.32 9x15x5.01

BGA

3.32mm

—Imm—

4
920600000000

9550060000000
90000000000
99000000000
90000000000
90000000000
800006000000

LT LINEAR

LTMu653Y

11.25mm
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EN55022 Class B

3.6V to 58V
-0.5V to -26.5V
4A

259kHz to 3MHz

9x15x5.01

5.01mm

«—15mm——>

'80000000000
XXXy}
ve0ee0evaee
99000000000

LTLIEAR

LTMIGELY otm

pModule
Ng20868 1501MY
o



Boost uModule Regulators




LTM4661: 15V, 4A Step-Up pModule Regulator

FEATURES

47

Complete Solution in <1em? (Single-Sided PCB) or
0.5cm? (Dual-Sided PCB)
Input Voltage Range: 1.8V to 5.5V, Down to 0.7V

After Start-Up i
Output Voltage Range: 2.5V to 15V 3.3V
4A Switch Current

Dual Phase Operation

+3% Maximum Total DC Output Voltage Regulation
Over Load, Line and Temperature

Output Disconnect in Shut Down

Inrush Current Limit

External Frequency Synchronization

Selectable Burst Mode® Operation

Output Overvoltage and Overtemperature Protection
6.25mm x 6.25mm x 2.42mm BGA package

ANALOG
DEVICES

AHEAD OF WHAT'S POSSIBLE™

oV/2A DC/DC Step-Up pModule Regulator

FREQ COMP
v
I Vin  LTM4661 Vgt I VDA

22pF =2 SOB 22)F =2

6.3V 16V
__l___ MODE/SYNC FB I

R ;
2 24 GND 31.6k
L
- 4661 TAl1a
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48

LTM8005: 38V Boost uModule Regulator for LED Drive with 10A [5¥&S

Switch

FEATURES

= Wide Input Voltage Range: 5V to 38V

= Supports Boost or SEPIC Power Topologies

® Adjustable LED Current Up to 1.6A

= 40V 10A Internal Power Switch

Wide Temperature Range: -40°C to 150°C

Input and Output Current Reporting

Internal Switch for PWM and Output Disconnect
Internal Spread Spectrum Frequency Modulation
3000:1 True Color PWM™ Dimming

Open LED Protection with OPENLED Flag
Short-Circuit Protection and SHORTLED Flag
Soft-Start with Programmable Fault Restart Timer
9mm x 11.25mm x 2.22mm BGA

350mA at 30.5V to 35.5V LED String from 6V to 27V Vi (Boost) with Spread Spectrum

AHEAD OF WHAT'S POSSIBLE™

r
.
o
»
.
-
.
L]
&
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L
8.2uH
oYY Y\
1 I
IVINN SW DA
R SR
L -
- s I”L‘F
—— SN[~ = 50V
]
LTMB005 -|EI LED
L
AUX —$ i
Sk =
B8 i T
)¢ 1 LED
ISMON __l_ ::12.4k 1 STRING
GND OPENLED SHORTLED RAMP 014 *EE
1
23.2%k I—v—l —rﬁ's"FT T
f = 350kHz “ l

= BSTAIZ



>

R
" >
. . <4 4{

Buck-Boost puModule Regulators

<)




Buck-Boost uModule Regulators DEVICES

AHEAD OF WHAT'S POSSIBLE™

LTM8055 12Vout from 5Vin to 36Vin Buck-Boost

Regulator
Vin _ Vin LTMB8055 Vour Vout
sVT0 36V % 12V
IS"-"IH _l I—I |—| I_ lout
IN
> ——
47yF 2100k 68pF
—— 5[Wu RUN _| u |_ :’ T~
2  —CTL
— sS CLKOUT [— — §§t'f
T SYNC limon [—
600kHz —| COMP loutmon [— 11.0k
*—VYWAV—1RT || mope |enD FB
I I - S5 TADNE

<

Number oiTopology  Input Voltage (V) Output Voltage (V) Output Clock Sync Parallelable Package
Part Number Output Min Max Min Max Current (A) Range (MHz) Outputs (Total loyr)* Inductor Dimensions (mm)  Package

LTM8045 SEPIC 2.8 18 2.5 +15 Upto0.7 T 0.2to0 2.0 = Internal | 6.25x 11.25 x 4.92 BGA
LTM8054 5 36 1.2 36 5.4t 0.2to0 0.7 x2 (10.8A) Internal 11.25x 15x 3.42 BGA
LTM8056 5 58 1.2 48 5.4% 0.2to0 0.7 x2 (10.8A) Internal 15x15x4.92 BGA
LTM8055 1 4-Switch 5 36 1.2 36 8.5t 0.2t0 0.7 x2 (17A) Internal 15 x 15 x 4.92 BGA
LTM4607 Buck- 4.5 36 0.8 24 10t 0.2to 0.4 x4 (20A) tt External 15x 15 x 2.82 LGA

Boost 15x15x 2.82 LGA
LTM4609 4.5 36 0.8 34 10+ 0.2to 0.4 x4 (16A) t+ External 15x15x 3.42 BGA
LTM4605 4.5 20 0.8 16 12+ 0.2to 0.4 x4 (20A) *t External 15 x 15 x 2.82 LGA
LTM8049 2 SEPIC 2.6 20 2.4 +24 Up to 1t 0.2to 2.5 x 2 (2A) Internal 9x15x2.42 BGA

tStep-Dwon Mode. Output current vary depending on operation mode.
TtStep up mode
*Number of devices in parallel tested and verified by Linear Technology
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Isolated uModule Regulators




Isolated uModule Regulators

2. B‘u’ TO
40v

LTM8067: 2kVAC isolated pModule Regulator

_'[_L

22uF

8.25k

4

f‘ Vour
E Vourn

Vour
| 5V

224F

T

LTMB067

Part Number Isolation

Output

BOGT TANa

Channels Min

Input Voltage (V)

Max

\Y/[T]

Output Voltage (V)
Max

Output
Ripple

Output
Power

UL Recognized

BGA Package

Dimensions (mm)

LTM8047 725VDC 1 3.1 32 2.5 12 20mVrms 1.5W - 9x11.25x4.92
LTM8048 2 3.1 32 1.2 12 20uVrms (Vout2) |  1.5W Combined - 9x11.25x4.92
LTM8057 1 3.1 31 2.5 12 20mVrms 1.5wW uL60950 9x11.25x4.92
LTM8058 2 3.1 31 1.2 12 20uVrms (Vout2) 1.5W Combined UL60950 9x11.25x4.92
2kVAC

LTM8067 (3kvDC) 1 2.8 40 2.5 24 30mVrms 2.25W uL60950 9x11.25x4.92
LTM8068 2 2.8 40 1.2 18 20uVrms (Vout2) 2.25W Combined UL60950 9x11.25x4.92
LTM8046 1 3.1 31 1.8 12 20mVrms 2.5W uUL60950 9x15x4.92
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LED Drivers




LED Drivers

350mA at 30.5V to 35.5V LED String from 6V to 27V V| (Boost) with Spread Spectrum

L
8.24H
YYY
[ 11 ) |
zm Vin  IVINP IVINN SW DA
Cn v
A0t EN/UVLO _I A
T 47F S Bk — Vour 1 Sour
e ovL0 = 2 T 4
2191k —— SN} = sV
h p
L LTM8005 'I E. e +
= PWM
Vigr AUX i
< -—
CTRL1 374k = N
E;mmc B TLED
CIRES ISMON __|_ S124 | STRNG
> <
E:IS-?k SS Ve AT GND OPENLED SHORTLED RAMP 0.14F *a
YAFT XAL7030-822ME - T T
- MURATA GRM31CR71HA75KA12 J_ o 347K t23 é;oklﬁ__l —— b0
JSED IN THIS CIRCUIT: IVINCOMP | 100F § SN 1 J_
- - - - - = 8005 Tt

350mA at 30.5V to 35.5V LED String
from 6V to 27V Vin (Boost) with Spread Spectrum

ANALOG
DEVICES

AHEAD OF WHAT'S POSSIBLE™

Input Voltage (V) Output Voltage (V) LED Drive Clock Sync Open LED LGA Package
Part Number Min Max Min Max Current (A) Dimming Range (MHz) Protection  Dimensions (mm)
LTM8042 3 30 2 32 1 Analog and PWM 0.3to 2.5 Yes 9x15x2.82
LTM8042-1 3 30 2 32 0.35 Analog and PWM 0.3to 2.5 Yes 9x15x2.82
LTM8040 4 36 2.5 13 1 Analog and PWM - Yes 9x15x4.32
LTM8005 5 38 2 40 1.6 Analog and PWM 0.1to1l Yes 9x11.25x2.22
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Battery Charger




LTM8061: 32V, 2A pModule Li-lon/ Polymer Battery Charger

Standalone Single Cell 2A Li-lon Battery Charger

with C/10 Termination from 6V to 32V Input

FEATURES

= Wide Input Voltage Range: 4.95V to 32V I TMB0G1-4.1
(40V Absolute Maximum) e —— BAT j—_|_

= Float Voltage Options: Vinc/CLP - BIAS;—"+] AINGLE
1-Cell: 4.1V, 4.2V ‘ :‘:N -lj— L.
Z‘CEII 82“, 84“ 470F RNG/SS CHRG —

= Programmable Charge Current: Up to 2A L ——fms FAUT = ualLABLE OPTIONS.

= User-Selectahle Charge Termination: C/10 or I ™ 2 GELL 82V 8.4V
Onboard Termination Timer L owwn

= Dynamic Charge Rate Programming/Soft-Start Pin
= Programmable Input Current Limit Battery Charging Profile
= QOptional Reverse Input Protection -
= NTC Resistor Temperature Monitor
= (.5% Float Voltage Accuracy 2000 Nmﬂiﬂf;m
m Bad-Battery Detection with Auto-Reset =
= Tiny, Low Profile (9mm x 15mm x 4.32mm) Surface g

Mount LGA Package S 1000

S 50 PRECONDITION
0 TERMINATION ———=
0 1 2 3 4

BATTERY VOLTAGE (V)
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