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Power Modules: The Next “Big Thing”

* Module market is still relatively “new”
— But, it is growing quickly

 Module technology is making strong advances
— Packages are getting smaller
— Costs are coming down
— Performance is up

* Modules will be the preferred solution for many engineers in the future
— Easy to use
— Compelling size
— EMI tested(H it T-HL )
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AGENDA

« What are Power Modules H RS A&

« Why use Power Modules FLJFEH KL

How are Power Modules built BBJEE ¥ 582

— Pros/cons of different package types

Product portfolio overview HLIREEEZ HAFH
— Select product highlights

Important collateral HLJFREHUAH B A SCik

— Webench, app notes

Q&A M ZHBIT
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What are Power Modules?

DC/DC Converter that integrates: Controller, FETs and Inductor into single package

. . - . Discrete Module
v Smaller solution size vs discrete a:.
v' Minimal external components s LM53601 LMzM23601

v"Inductors over active components

Module

v' Simple design v Meet EN55022

v Bestin class thermals Class B Emissions TPS54824 TPSM84824
v" Reliability data v Design tools
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Easy to use--Modules simplify design considerably!

Converter Selection
. Control mode, voltage mode, peak current mode, constant on time, and feature set.

External Component Selection:

. Inductor: Inductance, DCR, IDC, ISAT, operating frequency, shielded & non-shielded

. Inductor Qual- ISAT vs TA vs IBIAS, HT storage, volt withstand, Curie temp, core cracking
. Capacitors: Type (ceramic, polymer tantalum, electrolytic), amount, layout placement

Layout and EMI

. Design length and size of current loops, be concerned with high-frequency nodes, and take
precautions with ground return paths to both the IC and the input power supply, Parasitics

Power Supply Design and Characterization

. Output voltage accuracy over line, load, and temperature.

. Compensation: Stability across Vin, Vout, Fsw, Temp and Cout ranges. Bode Plots
. Switching Frequency: Efficiency/Size trade-off, Inductor and Cout selection.

. Load Transient, Soft Start (Vout prebias) and Fault (OV, OC, OT) characterization.
. Thermal characterization: Safe Operating Area

Managing Supply Chain
. Component Vendors (Approved Vendor List)
c Second Sourcing

v You select modules based on key design specs
» We figure out converter selection for best application needs, ease
of use, and feature set

v We do component selection & qualification
» L chosen to optimize efficiency, size, stability, reliability, and cost
» C chosen to optimize Vo ripple, load transient, solution size and
cost

v We provide optimized layout for EMI and

thermals
* DS recommended layout meets thermal and EMI performance
* UL Tested CISPR 11 EMI

v We provide a fully characterized solution across
operating range
« Characterized over Vin, Vout, lout, Fsw, Cout, TA, Load
Transient, Fault, Thermal and electrical over-stress

v We work with component vendors to ensure
supply continuity
* Module components are 2nd sourced from engineer-selected
vendors

Wi TEXAS INSTRUMENTS | 5



Easy to use--Modules save development cost
Darnell Group Market Report

Ease of Design Comparison for a PSiP/MicroModule/PwrSoC Design Flow Process

/- The DC-DC regulator design flow = much more complex process and with design N\
iterations included ... takes over 2.8 times as many steps to complete versus module
design.

* Module design process takes 45.0% less man hours to complete than a discrete dc-dc
regulator “down solution.”
\_ — 254 vs 464 Man Hours! )

« Smaller board space and faster time to market= most common answer for choosing a
module

Source: Ease of Design Comparison for a PSiP/MicroModule/PwrSoC Design Flow Process
A Survey by the Darnell Group — April 2012

y 6
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How are Power Modules made?
Pros/cons of different package types

7
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Broad portfolio of module technologies

MicroSiP™ £ i 2k 3t 3&

Power Dense

BGAEER
[ 7] e 2
E \>e v
IC dief? B % Ke

* IC integrated into PCB

* Smallest solution size
* As small as 2.3x2.9x1.1mm

* Vin up to 36V
e lout from 200mA to 3A

Leaded 5| £k 3 4%

Ease of use

—> Resistor
Inductor

LeadFrame
I ZRAESE

Flip Chip on
Lead

IC diedi v

QFNG 5] 28525

Featurerich

IC dieE!EélFFT

LeadFrame
I ZRHESE

* SIMPLE SWITCHER®

 Ease of Prototyping and
Manufacturing

* Vin up to 42V

* lout up to 10A

» Standard QFN Package

 Feature Rich and
Flexible solutions

* Vin up to 60V

* lout up to 35A (70A)
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MicroSiP® Package Benefits

Process Flow Embed—>SMT

3D, low to mid cost assembly
MSL2/3 (351 f5UR 5 20 )—
1year/168hours

Reflow peak temp (013 F2 AR 1 J)
260°C

0.1A-3A due to thermal limitation

Smallest solution size

LMZM23601 4-36Vin, 1A output

Complete 24 Vto 5V 1000 mA DC/DC Converter

Module 8 mm x 4 mm Solution Size

38*3mm (1206 Cin, LMZM23601V5, 0805 Cout)
Discrete Module
LM53601 LMZM23601

142mm 32mm?2

Save 77% board area

wip TEXAS INSTRUMENTS



Leaded Package Benefits

Ease of Prototyping&Manufacturing Superior Thermal Performance

« Simple mounting
— Easier to mount than BGA, etc. 10.16 x 13.77 x 4.57 mm

— Single DAP allows easy prototyping in lab 0,c=1.9° C/W
with a single soldering iron and superior Ll 0,,,=12° C/W (#FH)
thermal performance

7-pin

3.5” x 3.5” four-layer board

11-pin
« Standard size and lead pitch 15 x 17.8 X 5.9 mm
— Same pick and place manufacturing as — 8,c=1.0° C/W

TO-263 package 0,,=9.9° C/W

3.5” x 3” four-layer board

Thermal performance measured with no airflow or heatsink!

10 wip TEXAS INSTRUMENTS



QFN Package Benefits

Feature Rich & Flexible Great Power Density

« Adjustable Switching Frequency
* Low-Vin: 500kHz — 2MHz
* Mid-Vin: 250kHz — 780kHz
* High-Vin: 400kHz — 1MHz

 Adjustable UVLO

~ LMZM33603 4-36Vin, 3A Buck Module 7*9*4mm

- Adjustable Slow-start (SS) MSL3-168 Hours
« Sync to Ext Clock to avoid beat noise & 3x Reflow
* Tracking (TR) pin for sequencing Reflow spec conforms to JEDEC

* Remote sense (SENSE+)
improves regulation at desired load

* Powergood (PG) and Inhibit (INH)

Table 4-2 Pb-Free Process - Classification Temperatures (T.)
Package Volume mm® Volume mm* Volume mm*
Thickness <350 350 - 2000 >2000
<1 f mm 260°C 260 °C 0°C
1.6 mm - 2.5 mm 260 °C x0°C H5°C
>25 mm 250°C | M5°C 45°C

11 wip TEXAS INSTRUMENTS




Typical module qualification summary(7] 5 {4 R)

Serialize

MSL Preconditioning
Level 3 per JEDEC-020

MS5L3 Preconditioned
P4~

Aiir to Air Temp Cycle
-65°C to +150°C, 1000 Cycles

Unbiased HAST
+110°C, 85%RH, 264 Hrs

WA P TR AT

EiETE

Destructive Physical
Analysis
(from TC, after 500 cycles)

High Temp Storage
+150°C, 1000 hours

Rin TAEFfr

Biased Humidity
85°C, 85%RH, 1000 Hours

HTOL Life Test
125C, 1000 Hrs

Power Cycling Life Test
1000 hours Hrs

Board Level Reliability
-40°C to +125°C, 1200 Hrs

Moisture Sensitivity
Level 3 per JEDEC-020

Factory Fresh

: et

o~
Solderability ESD
& hour Steam Aging HEBM, MM, CDM
Salt Atmosphere X-Ray
24 hours Thru Top
Flammability EMC Testing
uLs4-g Conducted, Radiated
Vibration Electrical Characterization
20G, 3 axis -40°C to +85°C
Mechanical Shock
500G/1500G, 3 axis
S S

** - MSL 3 Preconditioning

wip TEXAS INSTRUMENTS



Typical module qualification summary

Test Type Condition/Duration QTY Lots/Pieces Results
Moisture Sensitivity Level 3 as per Jedec-020 27 Pass
**Temp cycling -65C/150°C -65C/+150°C (500, 1000* Cyc) 3/77 Pass
**Unbiased HAST 110C/85%RH/17.7 psia (96, 264* hours) 3/77 Pass
**Biased Temp. Humidity 85C/85%RH (500, 1000 hours) 1177 Pass
BLR - Temp Cycle, -40/125°C -40/125°C (1200 cycles) 1/42 Pass
**High Temp. Storage Bake 150°C (500 hours) 1/75 Pass
**High Temp. Storage Bake 170°C (168, 420 hours) 2/77 Pass
**Steady-State Life Test 125°C (500, 1000 hours) 2/77 Pass
**Power Cycling 15 Minute Duty Cycle 1000 hours 3/40 Pass
Vibration MIL-STD-883D, METHOD 2007.2 - Pass 20g 1/9 Pass
Mechanical Shock MIL-STD-883D, METHOD 2002.3 - pass 15009 1/3 Pass
Flammability Method A - UL94-0 3/5 Pass
Solderability Steam age, 8 hours 3/22 Pass
Salt Atmosphere 24 hours 3/22 Pass
ESD HBM +/-100V 1/3 Pass
ESD MM +/-100V 1/3 Pass
ESD CDM +/-500V 1/3 Pass
Radiated Emissions Pass - Class B EN55022 Regulations 1/3 Pass
Conducted Emissions Data Provided, Passed Class B EN55022 13 Pass

** - MSL 3 Preconditioning

wip TEXAS INSTRUMENTS




Component selection for modules

* Inductors
— Preferred Types: Molded Powdered Iron, Ferrite Staple Core (40A+)
— Pre Qualification:
* Inductance vs. DC current vs. Temperature (saturation)
* High Temperature Storage (6 wks @ 150°C or greater), monitor L, DCR, Q @ 1MHz
+ 3x Reflow, monitor change in L and DCR

+ Capacitors
— Preferred Types: X7R, X7S
— Pre Qualification:
» Capacitance vs. DC bias
+ Insulation resistance
» 3x Reflow, monitor change in C and IR

* Resistors
— Thick Film, 1% or better, TC = 100-200 PPM
— Yageo, Vishay/Dale, KOA
— Moving to Green status when vendors are ready...

14
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Example of Poor inductor HTS(E R 1):

Before & After — Impact on Efficiency
Pre HTS Post HTS

Efficiency vs. Output Current

Efficiency vs. Output Current

5 _ , | Very Poor Efficiency!

llllllll

Vin Range: 10V to 50V Efficiency Delta @ 2.5A
Vout: 5V At 10V \y: -1.1%
Fsw: 800kHz At 50V y: -30.2%

15
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Example of Poor inductor HTS:
Before & After — Impact on power dissipation

Pre HTS

Post HTS

Power Dissipation vs. Output Current

Power Dissipation vs. Output Current

Tremendous

] ' ' increase in Ppg!

14 | ! =100V
g 12+ + T T i —ir—20.0V
37 10 - ' : . — 00V

Vin Range: 10V to 50V
Vout: 5V
Fsw: 800kHz

Power Dissipation Delta @ 2.5A

At 10V,: 200mW
At 50V,,: 11.9W!

< All dissipated in the inductor!

wip TEXAS INSTRUMENTS



HTS: What Changes?

Data from a different example..

L and DCR do not change. R,c changes.

AC Resistance vs Frequency

Inductance @ 3.6A vs. Hours @ 150° C s

6.00 - Ryc has
T g | ' degraded!
5 575 k\._ £ w0 Testing at 100kHz
g o '“'-ﬂ——-l——..: e s won’t show the
§ 5.50 T == —8—500kHz 3 0 problem e
§ 1MHz .E 1655 e
£ 525 3
5.00 )
0 200 400 600 800 1000 4]
/\ Tiiie < HéiiFe A 4] 200 400 600 800 1000
Frequency - kHz
Very slight change in inductance: DC Resistance (DCR) does not change.
<200nH AC Resistance diverges with increasing frequency.
As the core ages, the permeability (L) The coil windings do not change, so
does not change! DCR does not change!
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Power Modules:
Portfolio and Soon To Be Released

18
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TI’'s Power Modules — A Broad Portfolio

Range of package options Broad portfolio

gﬂ_ -
v' Package options matched to IC v' Input voltages from 2.2V up to 60V
and application v Output currents up to 70A
v Range of surface mount, leaded v’ Stackable options for reduced noise
and through-hole options and high lout
v Pin-Pin compatible options v EMI Tested

wip TEXAS INSTRUMENTS



TI's Power Module Portfolio

PTHOR OW
4.5-14V, 50A

B vy

3.3V/5V, 60A

_
& S B
TPSM846C2 a
15V, 35A. PME: Embedded | leaded ]  QFN | OpenFrame

8-14V, 10A
008

zov 8A/10A

PTHO OW

b0
6 36V, 8A/ IOA
W

VIZ3 U i
2.95-17V, 7A/10A

TPSM84824/624
4.5-17V, 8A/ 6B/ Dy}

Output Current >4A

[V
6V, 4A/6A

Vi£Z2200
4.5-20V, 3A/5A
TPS82085 N2

DU

V173061
< 4.5-28V Z.SA 4.5-82V, ZA
TP58268090/105/1
200 LIVIZ3400
4.8V, BOOmA

N V4 4
socsr, 4domA” 28V, 1.5A. T0220 * Ny
4 VIZMI23600; ‘i
4.8V, 600mA* 4-36V, 0. SA/IA

yoUU

4.5-60V, 2A

Output Current <4A

17V

36V S TERAsTReTROM 60V >



New Power Modules D

[

TPSM824380: E#n 5.5V, 6Ain QFN Package (7.9 * 3.6 *1.5 mm3) ~ V\l\
TPSM84824: ﬂ 17V, 8Ain QFN Package (plus 6A, 4A; 7.5*7.5*5.3 mm3)

TPSM846C23: S 17V, 35A PMBus in QFN Package (‘C24 not PMBus; 15*16%*6.4 mm3)
TPS82130/40/50: <& 17V, 3A/2A/1A MicroSiP Power Modules (3*2.8*1.5 mm3)
TPSM84209: & 28V, 2.5Ain QFN Package (4*4.5*2 mm3)

TPSM84203/5/12: ﬁ 28V, 1.5A TO220 LDO replacement (10*15 mm)

LMZM23600/1: & 36V, 0.5A/1A MicroSiP Power Module (3*3.8*1.6 mm3)
LMZM33602/3: @ 36V, 2A/3Ain QFN Package (7*9*4 mm3)

LMZM33606*: € 36V, 6Ain QFN Package (10*16*4 mm3)

*APL
wip TEXAS INSTRUMENTS



TPSM82480 Ere

6A Step Down Power Module with Integrated Inductors
Eﬁ_

+ 2.4/2.6 V to 5.5V Input Voltage Range » Small solution size with ultra low profile height

+ 0.6 Vto 5Vout + Easy to use by simplified layout

+ 3.6 x7.9 x1.5mm Open Frame Package « Symmetrical structure with equal height of components
* Forced PWM Option for Fixed Frequency Operation

» Design Flexibility and Performance
« 23pA Quiescent Current
+ +1% Feedback Voltage Accuracy (PWM Mode)
» Power Good & Thermal Good Outputs IE
zlu‘I

» Adjustable Soft Startup
» -40°C to 125°C operating temperature range

Applications >—I{

* Low profile POL Supply

i &
g
AMAAAA
VAN,
ERE
1L
. n
a
Q
g
g

« Communications Equipment / Infrastructure
» Solid State Drive
* Portable/Embedded/Tablet PC

wip TEXAS INSTRUMENTS



TPSM82480, Maximum Ambient Temperature

125
——
115 o,
5
= 105 M“-\
3 \
S o5
2 N
E
= 85
=
@
g 75
<1
65
55
0 1 2 3 4 5 B 7
Cutput Current (A) s

Full output current rating at T,=85°C.

23

wip TEXAS INSTRUMENTS




TPS82130 / TPS82140 / TPS82150 s

17V 1-A to 3-A Step Down Converter Module with Integrated Inductor ~ —)"

BENEFITS

FEATURES

* MicroSiP™ package with integrated inductor » Small, low profile solution
3.0mm x 2.8mm x 1.5mm

3V to 17V Input Voltage Range
DCS-Control™ Topology - N
» Power Save Mode for Light Load Efficiency - VT

» Saves >50% PCB area , compared to discrete solution
» Easy to use

TPS82130/40/50

100% Duty Cycle

* 20pA Quiescent Current

* Power Good Output plus Capacitor Discharge
+ Adjustable Output Voltage

» Programmable Soft Startup

* -40°C to 125°C operating temperature range

Rl ——cour

APPLICATIONS

* General Purpose POL TPS82130SIL 3-A
» Data cards, Network Switcher, Line Cards TPS82140SIL 2-A
 Storage: Server, Motherboards

» Telecom Infrastructure: Optical Modules (Inverter)

TPS82150SIL 1-A

wip TEXAS INSTRUMENTS



TPSM84A21/2

8-14Vin, 10A, 0.55 — 2.05V Vout Compact Power Module

Features [ Benefts

Integrated Input and output capacitors

Adjustable output voltage using VADJ pin with a single
resistor

Fast transient response with less than 3% total Vg
deviation

Fixed frequency steady-state operation
Low EMI & external SYNC capability

15 x 9 x 2.3mm power module size

Backside board mounting (<2.3mm height)

Telecom base station and communications infrastructure
equipment

Storage, SSD, DDR memory, switches, hubs, routers &
other networking equipment

+ High power density
» Easy to Use: Only One External Component
» Low profile supports backside board mounting
* Meets Class B EN55022 Emissions

Simplified Schematic

VIN

W5+

EN/UVLO YouT Vaur

15x9x2.3mm TPSM84A21

PGOOD
VADJ

VG
SYNC

ILM ~cND PGND

Adj. Vour Range

0.55 - 1.35V
1.2 -2.05V

TPSM84A21
TPSM84A22
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TPSM84A21/2 vs LMZ31710

12v
5V

10 k0

TPSMB4A21
VIN VS+
VG VOuT
PGOOD VADJ
AGND  PGND
[1 1 1.02 k0

[¢—16. 26—

Cy
o
(1)
(i 4

A
Solution size = 190mm?2, 2.3mm height
Transient response = +/-1% overshoot

10V

LMZX T

Vel Py Your

A5VBITYV 2V
Coi [ Coaz | Con Cour Coura
100 gF |47 oF | 0.1 oF e —J::m;f 220 4F

Solution size = 495mm?2, 4.3mm height
Transient response = +/-3% overshoot

wip TEXAS INSTRUMENTS
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TPSM84824/624/424

4.5V - 17V, 8A/I6A/4A Synchronous Step-Down Module

7.5x7.5x5.4m

Features Benefits e —

Vout from 0.6V to 10V, w/ 1% Reference

TurboTrans™ feature for excellent transient response
over whole Vout range

7.5 x 7.5 mm footprint (<130mm2 Minimum Solution
Size)

200kHz to 1.6MHz fixed frequency operation with ability
to sync to an external clock

Low BOM Cost with few Ceramic Caps

Pin-Pin Family: 8A, 6A and 4A Options

Soft Start, PG and Pre-Biased Start Up. Peak Current Mode
Control

Telecom base station and communications infrastructure
equipment

Storage, SSD, switches, hubs, routers and other networking
equipment

Power for performance DSPs, FPGAs and ASIC

Suitable for wide range of Digital and Analog loads

Excellent Transient response with minimal Output
Capacitance (60mV deviation @ 50% load step;1A/us; w/
200uF Cout)

Smaller than popular competitive solution

Syncing to external clock simplifies noise reduction in many
systems

Easy to use: Only 3 external components required for

0.6Vout
I TPSMB4E24
| R FB

<130mm?2
Solution Size hvg = ¥
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TPSM84824/624/424

4.5V - 17V, 8A/I6A/4A Synchronous Step-Down Module

TurboTrans ™: One resistor to improve transient response

Simplified Schematic

1A/us | . C, =588uF

Ryr=18.2k

Ry =6.65k

Ryrshort

To learn more, click to check out this blog  Transient response with Ry

28
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TPSM846C23/C24 [ VPs

4.5V-15Vin, 35A Stackable Power Module with/without PMBus™
(Features ] Benefits

» Output Voltage Range 0.35V to 2V, 0.5% Vref (0 to 85C) « High design flexibility

+ Stack 2x for 70A « Outstanding load regulation (100uV deviation 0 to 35A)
« Fully differential remote voltage sense « Fixed frequency, 180° out-of-phase sync out when stacking

* FPWM with Fsync In/Out from 300KHz to 1MHz
* PMBus v1.3 Command Set with Telemetry

+ Tested to CISPR22 Class A Radiated EMI

+ Compact 15 x 16 x 6.4mm package footprint .
« P2P Analog Version (TPSM846C24) .

Applications L

VIN vout 90 e
PMBUS

» Telecommunication & Networking Equipment INTERFACE

+ Die temp monitoring (+/-5C), Accurate lout telemetry
(+/-15% lout), Set Vout with 2mV resolution

» Smaller than discrete with over-the-IC inductor

B0

PGND PGND
TPSM846C23 . =

Efficiancy (%)

mhm
<<

cLk ”
ALERT DIFFO &5
: "

* |ndustrial, Test & Measurement

-3
PGND AGND B 5 . o ]
Cutput Current (A)

Viy= 12V faw = 500 kHz

» Enterprise Storage and Video Broadcasting
» ASIC, FPGA and DSP Attach

wip TEXAS INSTRUMENTS



TPSM84209 b e
4.5 to 28V/2A, Adjustable Power Module with Integrated Inductor

m Benefits
Maximum 28V Input Voltage Hé%q | @hfdoag)efﬂmency(VIN 12V,VOUT=5V
* Adjustable Output Voltage down to 1.2V

» 2.5A Continuous Output current.

+ Simple Layout

* Lowest external component count to optimize board space,
and less cost

* Meets Class B EN55022 Emissions with Reduced Noise

» +/- 3% Vout Accuracy

» Ultra Low Quiescent Current and Pulse Skip for High
Light Load Efficiency
» Fixed Soft-Start: 5mS

+ Small QFN Style Leadframe: 4 x 4.5 x 2mm

Applications
* 12-V, 24-V Distributed Power-Bus Supply
* Industrial Controls

TPSMB4302 (P2-3A S

TS rsTumers Incorporms

+ Communications Equipment

+ LDO Replacement

wip TEXAS INSTRUMENTS



TPSM84203/5/12: TO220 Module

4.5 to 28V Input , High Efficiency, Low EMI 1.5A Module

* Maximum 28V Input Voltage » High light load efficiency(VIN=12V,VOUT=5V,
(0]
- Fixed 3.3V/5.0V/12V Output Voltage ety
» Simple Layout
* 1.5A Maximum Continuous Output current * Lowest ext. component count optimize board space, cost
« +/- 3% Vout Accuracy (25C, max) * Meets Class B EN55022 Emissions with Reduced Noise

e 10mm

+ Ultra Low Quiescent Current for Higher Light Load

Lot Code

Efficiency

{ TPSM8420x

~—
[CN)

11mm

(]

» Frequency Spread Spectrum to Reduce EMI

0 0 0 0O0OGO©OGO0O0

+ Fixed Soft-Start:4mS = .
« 780x pin-2-pin compatible. Low External Comp Count ) 5 ﬁ s

A e |icati0nS ) TPSMB84103/105/112

* 12-V, 24-V Distributed Power-Bus Supplies Vin ; 3 Vout
* Linear Regulator Replacement in Industrial Applications i

* White Goods 014L 2 co—
T [ "Te

wip TEXAS INSTRUMENTS



LMZM23600/1 P Yy,

T WEWL
Industry’s smallest 36V Input 0.5A/1A Step-Down DC/DC Module

Features

4 to 36V Input Voltage Range, Transient to 42V » Supports wide range of application requirements
* 0.5A and 1A Output Current Options  Easy to Design: only Cy and Cqyr required (Fixed Vout)
* Fixed 3.3V, 5V & Adj (2.5V - 15V) Output Voltage Range « 27mm? solution: 45% smaller than competition; 55% smaller
« Miniature 3 x 3.8 x 1.6mm Package (0.6mm Pitch) than discrete
« Low EMI: Tested to CISPR11 Class B Radiated EMI + System Flexibility with choice of Fixed Frequency or Light
_ Load Efficiency

* Mode Pin _

. Forced PWM Mode w/ Freq Sync » Synchronize to external clock

» Auto PFM Mode option for Light Load Efficiency
-40 °C to 125 °C Operating Junction Temperature 0

Single-Sided Layout Solution Size

« Built in Compensation, Soft Start, Current Limit, Thermal Shutdown, e | a7 T

3.8 mm x 3.0 mm package MODE/

Power Good, and Input UVLO LT " SYNG

Applications o |

» Factory & Building Automation

» Medical Equipment

* Smart Grid & Energy

» Defense Equipment

* Inverting Output — Application Note

VIN

EN FB

PGOOD VOUT |— l +—) Veur

GND_7
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LMZM23600/1 solution size comparison

SENSORS
UIN=36V
UoUT=5U,3. 3V

¥ B cIN 0805
! 8| CIN 0805

Simm LMZM23601

| 8 ¥ cout o805
LMZM23601 3mm

Cout
30mm-2vs 58mm?2 9x3 mm solution size for width
(using same size external components) sensitive applications like sensors

33
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LMZM33602/3

4V to 36V, 3A Step-Down Power Module in Compact 7x9x4mm QFN Package

* 4 to 36V Input Voltage Range

* 2A and 3A Output Current Options:

* 1V to 18V Vout w/ 2A lout

* 1V to 13.5V Vout w/ 3A lout

+ 7x9x4.0mm QFN Package

+ All pins accessible from perimeter of package

+ FPWM with Frequency Sync from 200KHz to 1.2MHz

+ -40 °C - 105 °C Operating Temp Range (125 °C Junction)

* Low EMI: Tested to CISPR11/EN55011 Radiated EMI
PG, Pre-Biased Start Up and Prog UVLO

Appllcatlons

Factory & Building Automation, Smart Grid & Energy
* Medical

» Defense

* |nverting Output — Application Note

 Ideally suited for 24V, 12V and 5V Bus Systems

» Provides wide output voltages for a broad range of digital
and analog loads

» Low design effort — highly integrated, small solution
» Fixed Freq + Sync to reduce system noise
» Wide Temperature range allows wide SOA performance

* Next generation module offers improved performance vs
LMZ35003 (105C T,, Wider Vout Range, Higher current)

Ambient Temperature vs Output Current
15

105

Vi VIN PGOOD . =

EN/SYNC
LMZM33603

VouT 85

Cin

RT FB

Airflow
—— 400LFM
— J00LFM
— 100LFM
— MNatconv

Ambient Temparature ('T)

VIN =24V
VOUT = 3.3V
Few = 300kHz
I
25

Rar

0 D5 1.0 20

15 an
Output Cumrent (&) <
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LMZM33604/6

High Efficiency 36V Input 6A Module in Compact 10x16x4mm QFN Package

o In-Development

Sample: Now

Eﬁ_

+ 3.5 to 36V Input Voltage Range _ E)
» 4A and 6A Output Current Options E:LMZWGW
. Adjustable 1.0 to 18V Vout |
* 10 x 16 x 4.0mm QFN Package
+ FPWM with Frequency Sync from 200KHz to 1.2MHz

+ -40 °C to 105 °C Operating Temp Range (125 °C Junction)
+ Tested to CISPR11/EN55011, Class B Radiated EMI

* PG, Pre-Biased Start Up and Prog UVLO

Applications

« Automated Test and Measurement

* Medical & Imaging

* |ndustrial and Motor Control

* Ideally suited for 24V, 12V and 5V Bus Systems

» Low design effort — highly integrated, small solution

» Fixed Freq + Sync to reduce system noise

* Wide Temperature range allows wide SOA performance

* Next generation module offers improved performance vs
LMZ23605
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Applications collateral

« Application Notes and Blogs _
— EMI and Noise Reduction www.ti.com/powermodules
» Simple Success With Conducted EMI From DCDC Converters
» Simplify low EMI design with power modules | — —
 Understanding, measuring, and reducing output voltage ripple DRocRive Ebonc il s

+ Design a second-stage filter for noise sensitive applications e

* PCB layout techniques for low noise power designs (in progress)

— Inverting Applications
* Inverting application for the LMZ14203 SIMPLE SWITCHER® Power Module
 Inverting application for the LMZM33603
 Inverting application for the TPS82130
* Inverting supply for space constrained systems with the LMZM23601 (in progress)
— Thermal Design
* PCB design and thermal performance of SIMPLE SWITCHER® Power Modules
* Improving the Thermal Performance of MicroSiP Power Modules
» Thermal design made easy with TI Power Modules (in progress)
— Transient Performance SLYT685C
» TurboTrans technology: transient performance and reduced solution size

« Webench

— A priority for all Power Modules 36
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Thank you!
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© T1 Webinar

© ‘ Series

www.ti.com/webinarseries
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TI Webench design tool

WEBENCH® POWER DESIGNER (®¢12)

Create a new DC/DC power design

WEBENCH® Power Designer creates customized power supply circuits based on your requirements. The envirenment gives you end-to-end
power supply design capabilities that save you time during all phases of the design process. Learn maore

Q, Part Number
Input
Supply type is y 2 X
. I [sclated Output
14 v 22 v
(0- 7000 0-10
Advanced v Advanced v
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