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Step-down (buck) switching regulators

O—
External FETs - Internal FETs - Internal FETs
External inductor - External inductor - Internal inductor

Internal caps and resistors
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Speed up the power supply design cycle &
save board space
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How modules shorten the design cycle

* Module designer does the heavy lifting
— Optimal converter selected to cover design specifications
— Selects BOM components optimal for converter
— Characterizes solution across corner cases
— Leverages latest technology to meet market requirements

— Rigorous vetting of internal BOM components — not every inductor or capacitor
IS created equal

* Inherent module benefits reduce or eliminate
— Control architecture influences
— Layout challenges
— Inductor sourcing
— Lab prototyping
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Quick design example with TPSM53604

Step 1. Select resistors to set the output voltage Schematic

Table 1. Setting the Output Voltage
ssususEES ssssssssEsm
Vour (V) Reas (kO [ Courpmy (WF) [ Vour (V) Ress (k)" o Couramm (HF)
f(EFFEChve)  f 4 (EFFECHVE)
o pen LRELT S 70 e TR g T
14 100 143 33 4.32 52 PGOOD
12 49.9 132 4.0 332 43
13 33.2 123 45 287 39
14 24.9 115 5.0 249 35
15 200 107 55 221 32
18 124 o1 6.0 200 30 VOUT[
20 10.0 82 65 182 28
25 6.65 67 7.0 165 2% TPSM53604

Step 2. Select input capacitor []vsv Fa[

Table 2. Recommended Input Capacitors'"
CAPACITOR CHARACTERISTICS
vewoon | senes - [E— T
) PGND AGND S | t I f th

e P N [T w 0
TOK SR 1206 CGASLIXSR1H106M160AB 50 10 [} [} ee ayou exam p e Or e
o e oommoane 5 0 .
e P 0| cruaeRr o = 0 PCB des|gn
m iz | comammmeons u 5

Step 3. Select output capacitor

Table 3. Recommended Output Capacitors’™ .
-
VENDOR SERIES PART NUMBER VOLTAGE RATING | CAPACITANCE ™ ESR®
™ ) im0y []
oK x5R C3225X5R0.ATHK 63 4 2 m m
Murala XTR (GCMIZERTOJATEKE 9L 63 ar 2 L
Wurata [ ‘GRIZ BB LA TEME 150 0 a7 2 ®@ @noe @ e
oK *5R C3216X5RIMTEMB0AB. 0 a 2z
Murata X GRMIZERT IMTSKETSL 0 a7 2 oo
= = ‘G : !
oK =3 CazasksROL107M 63 100 2
Wurata xR GRMSIERE0I107M 63 100 2
Wurata XsR GRIIZERBIATOTM 0 100 2
Kemet xR Ci210G107MaPACTB00 % 100 2
Panasonic POSGAP | 6TPEIDOM 63 100 0
Panasamic POSCAP TOTPFiSOML 0 150 s
Panasanic POSCAP | sTPF220meL 63 20 [l
Panasanic POSCAP | sTPFalMeL =) 1320 s
Panasanic FOSCAP | sTPEATOMAZU 63 an )
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Power supply performance already

characterized

« The inductor is already part of the package - the datasheet curves represent the actual solution

Conversion efficiency

Safe operating area

Dropout characteristics

100 -
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—- 10V — = Nat conv 38
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Qutput Current (A) Output Current (A) Input Voltage (V)
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e S eom————" ==
Vi Ve i
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I g e [
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3 ~—— E)
3 s [ . T o - | | ( i | e oda |
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Board area savings through integration

LMR33630
LM53601

36V 1A LM5165

TPSM53603 TPSM265R1

LMZM23601 65V 150mA

65V 100mA

LM46002 LMR23630
60V 2A 36V 3A

LMZM33603

. ::r;"?cs
r..)éwcvv'rzgh.‘s[ |
wh !l A

e
(oIns I e

Wip TEXAS INSTRUMENTS



Help with thermal design

SOA curves provided in the datasheet across the VIN, VOUT, IOUT, and Temperature range
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Help with thermal design

+ Package thermal performance characterized across different board areas for easier thermal design

Contents
j SNVABA48 Application Report 3 Poer eties and Tramal Besan o3
, TEXAS SNVAB48A - October 2018-Revised November 2019 3 Thermal Design Steps ... . 2
]NSTRUMENTS 4 Design Example with LMZM33606 ......... . 4
5 Thermal Characteristics of Various DC/DC Module Package: 5
Practical Thermal Design With DC/DC Power Modules =~  Juuwo e |
PCB 3 PCB 4 . 20
5 NG — = 1. LOOK up the power
= 18 . . .
R H u FNEN dissipation.
3 £
i < 16 .
Mocile s LN 2. Calculate required thermal
Package Package Characterization § \\ Y .
s e g i resistance.
i S
s £ 1 <~ =
Esf B ~ i
SR EE™ £ ——1 | 3. Estimate necessary board
e — S
& 10 area from plot.
15 25 35 45 55 B5 75 85 95
PCE Area Copper Area on Each Layer (cm?)

Figure 1. Package Characterization and Thermal Resistance Plot Versus Board Arez  Figure 4. LMZM33606 16.00 mm x 10.00 mm QFN Package
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EMI sources and mitigation
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The buck regulator

VIN SW VOUT

HS ™ LOAD

1
J
| |
i
L2l
] 1
AN
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Less ideal buck regulator

VIN SW VOUT
} l,_-l:l?l';“\'-r } LOAD
E . Hig §
T /!\ difdt \jl/ K Parasitic C to
Cn | | loop sensitive node ]V Cour

GND

“Free” components in red
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High di/dt capacitor placement - example

* Buck Regulator comparison with Cin location
« 12V input, 3.3V output, 2A Buck

SW 18-1V BD; Cispr22 Class A 3M
max. -

Level in dBuV/m

VOUT
" 75mVpp

e P1:pkpk(C1) PliregiC2) PImax(C2) P4--- P&--- PB---
758 my 46554872 kHz 1814

t t f—t—t t t t t t f—t—t |
30M 50 &0 80 100M 200 300 400 500 800 1G
Frequency in Hz
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High di/dt capacitor placement - example

» Buck Regulator comparison with Cin location (2 times smaller loop area)

« 12V input, 3.3V output, 2A Buck

owrn . e
SW 14.5V .
gt . |MAX 5 M.
VOuU

Measure P kpk(C1) P2Ten(C2) P3Mmanc2) Pa--- [ [
value 47.4 v 454.6539 kHz 145V
Status v v v

figger  (AME

imebase 0,00 pgl

Levelin dBuV/im

’ Gispr 22 Class A 3M

200 300 400 500 800 1G
Frequency in Hz

Wip TEXAS INSTRUMENTS
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Noise reduction and component

placement

For a Buck converter...

The INPUT cap position affects the OUTPUT noise!
The INPUT cap position affects the OUTPUT noise!
The INPUT cap position affects the OUTPUT noise!
The INPUT cap position affects the OUTPUT noise!
The INPUT cap position affects the OUTPUT noise!
The INPUT cap position affects the OUTPUT noise!
The INPUT cap position affects the OUTPUT noise!
The INPUT cap position affects the OUTPUT noise!
The INPUT cap position affects the OUTPUT noise!
The INPUT cap position affects the OUTPUT noise!
The INPUT cap position affects the OUTPUT noise!
The INPUT cap position affects the OUTPUT noise!
The INPUT cap position affects the OUTPUT noise!

Wip TEXAS INSTRUMENTS
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EMI advantages by optimizing layout

* Reducing the high di/dt loop area — integrated input capacitance.
» Reducing the high dv/dt node area — integrated L and smaller switch node.

Discrete solution without optimized layout DC-DC Power Module TPSM53603
vl VIN Hs W vouTt
VIN sw_rede | vouT _L

] Wt

o
S N I 7 'IE Larger SW area = 4 + /!\ 'l LS § =
T “T Loop LS ] higher parasitic T cour j— by ey | p—

Cw i area i capacitance ' cm Cout
e
GND
Cin
GND

Small di/dt loop Shielded L  Small SW Node

e
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Input loop area estimate for converter and
m O d u I e LMR33630

LM53601 36V 3A

TPSM53603 LM5165 TPSM265R1

LMZM23601 65V 150mA 65V 100mA

36V 1A

LM46002

60V 2A

LMZ36002

60V 2A
LMZM33603

36V 2A

CimaCiNg

S
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LMR23630 EMI comparison with different
cap positions

Converter - LMR23630

Level [dBuV/m]

Frequency [MHz]

——good layout ——smallcap near ——small cap far ——no smallcap
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LMZM33603 EMI comparison with different
cap positions

Module - LMZM33603

CISPR 22 Class A3M

Level [dBuV/m]

100

Frequency [MHz]

—good layout ——capsunderneath ——caps far
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LMR23630 vs LMZM33603 EMI summary

Converter - LMR23630

Level [dBuV/m]
8

Frequency [MHz]

——good layout ——small cap near ——small cap far ——no small cap

[ Peak dBuV/m

Part Optimal Layout Poor Layout
LMR23630 29 46
LMZM33603 25 35

Simplify low EMI design

Module - LMZM33603

s ~——good layout I

Level [dBuV/m]

with power modules
Ty o
I/// H Frequency [MHz]
White paper: https://www.ti.com/lit/wp/slyy123/slyy123.pdf —good layout —caps underneath —caps far

Wip TEXAS INSTRUMENTS
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EMI performance of modules — CISPR11 Class B

LMZM33602 TPSM53602
VIN=24V VOUT=5V IOUT=2A VIN=12V VOUT=5V IOUT=2A

Vin = 24V, Vout = 5V

Rox
lout = 24, Faw = 450kHz £ TPSH5I582RDA
Red: Horzontal Artemna 00 Zhmps. 1AMz
Green: Vertcal Antema Red: Horizontal, 6

: |
3 o —
g 9
b 2
WM ::W_
38 ) ) 789 Taea
P—— ) T8

Figure 47. Radiated Emissions 12-V Input, 5-V Output, 2-A Load

LMZ36002

LMZM33604
VIN=24V VOUT=5V IOUT=2A VIN=12V VOUT=1.2V

T T —

P R [ A P IOUT

Texos Instruments =

aaaaaaaaa %8 Vin: 12V, Vout: 1.2V

24Uin SUout lout: 4A, Fsw: 400kHz
g Towt, ZT0kHs Red: Horizontal Antenna
o H

Green: Vertical Antenna

::::::::::::::

3 se

> 49
: M
o . 4 i
39 1o Frequency (MHz) T
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Inductor selection and design tradeoffs

Wip TEXAS INSTRUMENTS
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Inductor selection

* Inductor selection is one of the most important
aspects of the DC-DC converter design

— Inductor characteristics

* Inductance value
— Affects size, ripple, transient response, peak current,
efficiency
Winding resistance
— Affects size, ripple, dropout, efficiency
Core material
— Affects size, core power losses
Saturation current
— Affects size, peak current, overload protection
Shielding
— Affects EMI performance
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Component selection for modules

« Passive components undergo additional screening for modules

— Strict requirements for internal BOM selection
* Industrial grade & approved Tl vendor

— Additional screening beyond passive manufacturer testing
« Lifetime testing

High temperature storage

Capacitance vs. DC bias

Insulation resistance

3x Reflow, monitor change in C and IR

Inductance vs. DC current vs. Temperature (saturation)
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Design tradeoffs for modules

» Single inductance value puts constraints on several parameters of the power module
— Minimum and maximum switching frequency
— Output voltage range
— Efficiency

Examples:
TPSM53604 Module output range: 1V to 7V
LMR33630 IC output range: 1V to 24V

LMZ36002 Module output range: 2.5V to 7.5V
LM46002 IC output range: 1V to 24V

Modules are usually optimized to cover the most common output rails with good performance.
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Inductance reauirements

FIXED RIPPLE FIXED RIPPLE
VIN L

4A output S
2.2uH inductor _

e w0 0 500KHZ s 100 e 1000kHZ oo o o 1500KHZ Fes 0 e 2000kHz

Inductance (uH)

Inductance (uH) Inductance (uH) Inductance {uH)

3.41 341




Performance comparison

TPSM53603 vs LMR33630 Efficiency
LMR33630 IC VIN=24VY VOUT=5V

95

90 - .
— 85 ,'"/
>80 . 7
g :"I /
g 75 | / - = =-TPSM53603 (Module)
SE : LMR33630 (IC)
w 70 §

65

60

0 0.5 1 15 2 2.5 3
Output Current (A)
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Performance comparison

LMR23630
36V 3A

Efficiency (%)
~ ~ o] o] w [{a}
o w o w (==} w

[=a]
v

[=A]
o

LMZM33603 vs LMR23630 Efficiency
VIN=24V VOUT=5V

= = == LMZM33603 (Module)

LMR23630 (IC)

/"—:‘_"——_ e T
/ S ——— P —
/J
0.5 1 1.5 2 2.5 3
Output Current (A)
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Like everything in life — it’s a tradeoff

BOOT |——y

PGooD[ |

Vu 800T
Cn EN sw —o—MY'T Vour
EN vouT Vour L
TPSM53604 [ = Can

L w l )
Cour Y B I %
PGND / ° o L G f—————ifp w1
LMR33630 /- 1; ron ass1—

LM3150 -[ Cast

| Cuec

TR T Ik PGl— I P 1 T
VBV FB| % = I B _.) l ;:ND .- l
3 R AGND 2R r R
| | J
! 1 v i
Breadth of portfolio Emerging — fewer options to Mature — many options can be great but ~ Mature — many options
consider (pro/con) also overwhelming
Design difficulty (component Easy Moderate Difficult
selection & layout)
Solution Size Smallest Small-Medium but depends on IC and Large
passive selection
EMI Low without effort Low-Medium (depends on component Depends on layout
selection & layout)
Design Flexibility Less — FETs and inductor fixed Moderate — FETS fixed High — select FETs & inductor
Total BOM Cost ($$$ to $) $$% to $$ $$to $ $$to $
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Which is the best fit for your application?

« Consider a module
— Limited time and resources
— Limited board space
— Save on total cost (engineering and material cost)

« Consider a converter or controller
— BOM cost is #1 priority
— Specific requirements outside of module operating range

Wip TEXAS INSTRUMENTS | 3



New module packaging technology &
product highlights
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Introduction to Enhanced HotRod ™ QFN package

Mold compound

Stilted shielded
inductor

Large thermal pad for
excellent heat
dissipation

Simple footprint
facilitates heat
dissipation

Signal pins on

Hotrod silicon and perimeter of package

integrated passives

Wip TEXAS INSTRUMENTS




Enhanced HotRod QFN packaging thermal
performance compared to competition

Maximum Output Current for Viy=24V and Vgyr=5V
(same board area)

TPSM53604

]
3.8-36V ? 3.4-40V 5.0
4A 2 3.5A “peak” 45
5x5.5 mm D 6.25x6.25mm __
QFN ) BGA 40 5.0x5.5mm QFN Module
w35 N
Area = 27.5 mm? () Area=39mm? % 30 6.25x6.25mm BG_Q Module \\
@ (8]
= 525 ~
@
= '5 2.0 \
= [e]
15
Thermal contact Thermal contact
42% of package area 18% of package area 1.0

40 50 60 70 80 90 100
AMBIENT TEMPERATURE (°C)

Wip TEXAS INSTRUMENTS
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TPSM53604/3/2

Industry’s highest density 36V, 2A/3A/4A power module
M

Enhanced HotRod™ QFN Packaging

4 to 36V Input Voltage Range

2A, 3A, and 4A Output Current Options

1V to 7V Output Voltage Range

5x 5.5 x 4mm QFN Package

-40 °C - 105 °C Operating Temp Range (125 °C Junction)
Pin out engineered to reduce EMI

High efficiency across load range

PG, Pre-Biased Start Up and Prog UVLO

LMR33630 Silicon

Applications

Factory Automation
Test & Measurement
Grid

Defense

Industrial Transport

Newly Released!!

Reduced design risk — integrated inductor and small passives in easy
to handle QFN packaging

» Smallest 36V, 4A/3A solution (30% smaller than discrete
implementation and competition module solution)

+ Bestin class efficiency (89% at 24Vin, 5Vout, 3A)

* Up to 20W output power at 85°C with no airflow

* Low EMI — Meets CISPR11 radiated emissions

Footprint

VIN PGOOD

EN VouT
TPSM53604

VCC FB
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Evaluating the TPSM53604

Jumpers for easy Vo

Scope probe point for :
bep P selection

easy ripple
measurements

S Po000000 0O0e0 O CoUveéo @

Output voltage
monitor with DMM

e
.1
Ul cece

DRSO 0 Oveve €099 V0O0UN

Terminal blocks for

connecting power ) @ @ @ @ Gﬂ)
supply r EN PGOOD PGPU POND ‘oo Extra capacitor
footprints for prototyping

INSTRUMENTS
TPSM53604EVM BSROS1A
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Introduction to system-in-package

System-in-Package integrates the IC inside a laminate substrate with SMD components on top of the package

Texas Instruments is the first company that made high volume production with this packaging technology as
MicroSiP™ and MicroSiL™ with an embedded die Picostar™

MicroSiP

* Fully embedded IC inside substrate

+ ALL Passive components (L, C,y, Coyr) are on top
* Module package is BGA (WCSP) format

MicroSiL i
« Same packaging technology as MicroSiP™ '
» Passive components are on top

» Module package is in QFN format

MicroSiL™

Wip TEXAS INSTRUMENTS



LMZM23600/1 <

Industry’s smallest 36V Input 0.5A/1A step-down DC/DC Module

Features

 4to 36V Input Voltage Range, Transient to 42V » Supports wide range of application requirements
« 0.5A and 1A Output Current Options + Easy to Design: only C,y, and C 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
« Mode Pin Load Efficiency
- 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
* Built in Compensation, Soft Start, Current Limit, Thermal Shutdown,
Power Good, and Input UVLO

Applications

 Factory & Building Automation

» Medical Equipment

« Smart Grid & Energy
» Defense Equipment

* Inverting Output — Application Note

Single-Sided Layout Solution Size GND

3.8 mm x 3.0 mm package

24-V to 5-V, 0.5-A DC-DC Converter %7 l
GND

MODE/

Cn T SYNC
v C

VIN

EN FB

—{ PGOCD vouT

O Vour
1

Cour
GNDl
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https://www.ti.com/lit/pdf/snva807
https://www.ti.com/lit/pdf/snva807
https://www.ti.com/lit/pdf/snva807
https://www.ti.com/lit/pdf/snva807

TPS82130/ TPS82140 / TPS82150

17V 1-A to 3-A step down converter module with integrated inductor

Benefits

* MicroSiP™ package with integrated inductor  Small, low profile solution
3.0mm x 2.8mm x 1.5mm » Saves >50% PCB area , compared to discrete solution

3V to 17V Input Voltage Range » Easy to use
-% @ lT: O Vour

DCS-Control™ Topology

Power Save Mode for Light Load Efficiency
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

Applications

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

» Telecom Infrastructure: Optical Modules (Inverter)

TPS82130/40/50

3to 17V

N ==

TPS82150SIL 1-A

Wip TEXAS INSTRUMENTS



TPSM82821/2 Preview

; . ] Samples available at Tl.com
1A/2A buck converter with integrated inductor

*+ 2.0x 2.5x 1.2mm SIL package with integrated inductor « Small, low profile solution for small form factor applications

* Viy=2.4V 10 5.5V / Vq,r = 0.6V to 4.0V (adjustable) » Easy to use, proven solution

* 4uA Quiescent Current * DCS-Control Topology maintains an accurate output voltage at fast
- Up to 95% Efficiency line and load transients plus a seamless transition between

PWM and power save mode

DCS-Control™ Topology

» Power Save Mode for Light Load Efficiency

* Vgee= 0.6V with 1% accuracy

* Hiccup Short Circuit Protection

* Active Output Discharge, Power Good Output

3.8mm ——
——  3.Bmm

« Integrated Soft start d ns'\ty : _ | :
3 OWer e 5.7mm 4.0mm
250WICIT\ P Adj. Vout; 29mm? Fixed Vout

Applications . _ i

* Easy to use Point of Load , EmE (VI

« Datacom / Networks ‘7 [ Bottom [

» Portable industrial and medical vout| =
Vout| | vout

Wip TEXAS INSTRUMENTS



TPSM82813/0

3A/4A buck converter with integrated inductor

Features

2.5V to 6V input voltage range

Adjustable output voltage from 0.6V to Vin

-40°C to 150°C operating junction temperature range
1% output voltage accuracy

10uA Quiescent current

Fixed frequency operation, per default at 2.2MHz
Adjustable switching frequency and compensation

Forced PWM and external synchronization (1.8 — 4MHz)
SS/TR provides adjustable soft-start and tracking capability
Output discharge for defined ramp-down of Vout

Spread Spectrum Clocking for decreased noise (optional)
Package 3x4x2.5mm embedded uSIL

Applications

Factory Automation

Test & Measurement
Medical

Communications Equipment

Preview

Samples available at Tl.com

+ Small solution size with minimal external components

» Fixed frequency, external sync and Spread Spectrum Clocking
facilitates design for low EMI

+ Short min on-time of 50ns allows direct conversion of 5V to 1V at
f>2MHz

+ Allows wide range of output capacitance to meet requirements
for input of FPGAs or MCUs

TPSM82810
VIN VOouT

EN FB
MODE/SYNC

COMP/FSET
SS/TR

PG

GND
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TPSM265R1 Preview

Industry’s highest density 65V, 100mA power module with ultra low Iq

Input voltage range from 3V to 65V » Continuous 65V operation. No need to transient suppressors.

+ 10.5pA no-load I 2 pA Shutdown lg +  Smallest 65V capable 100mA solution
 PFM Mode For Excellent Light Load Efficiency

* Miniature 2.8mm x 3.7mm x 1.9mm package with integrated

Samples available at Tl.com

»  Fixed output voltage versions guarantee lowest BOM count (Just
C,y and Cq 1 required)

inductor . :
- Output Voltage options: * Form Factor and pin out engineered to:
* 3.3V, 5V Fixed Vout * Ensure one side to be no more than 3mm
+ 1.3V to 15V Adjustable Output Voltage +  Ensure small switching current loops and low noise operation

* Power Good flag, Internal + external soft start
* Precision input UVLO

Applications ____________[IPURY

» Factory Automation
* Process and Field Sensors
* 4-20 mA current-loop powered sensors

TPSM265R1V5
PGOOD

Vour
VOouT

SENSE+
GND
i
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Power module hero portfolio

Mid Voltage (7V<VIN<30V)

Low Voltage (VIN <7V)

Vin max ranging 4.8V-6V
Current ranging 0.2A-6A
ADJ Vout ranging 0.6-6V*

Vin max ranging 15V-28V
Current ranging 1.0-120A
ADJ Vout ranging 0.25-12Vv*

LMZ30602/4/6
6V, 2A/4A/6A

5.5V, 6A
3.6x7.9x1.5mm
9x11x2.8mm

TPSM82813/0
5.5V, 3A/4A

3x4x2.3mm {Z} TP582084/5

6V, 2A/3A
3x2.8x1.3mm

P> { TPsvisa6c23/4 e

15V, 35A

PMBus/Analog

TPSM84A21/2
14v, 10A
9x15mm @

=

"eHRQFN” Jl “Openframe

Wide Voltage (Vin>30V) Key
|_Preview |

CNEW
{:g} -Fsync

Embedded Leaded Q

Vin max ranging 36V-65V
Current ranging 0.1-10A
ADJ Vout ranging 0.8-24V*

TPSMS82821/22
5.5V, 1A/2A
2x2.5x1.1mm

TPSM84424/624/824
17V, 4A/6A/8A

7.5x7.5x5.3mm

TPS8268x
5.5V, 1.6A
2.3x2.9mm

TPS8269/7X
4.8V, 0.8/0.6A
TPS81256

2.9x2.3mm
5.5V, Boost 5V, 0.4A
2.9x2.6mm

TPS82740
5.5V, 0.2A
2.3x2.9mm

TPS82150/40/30

17V, 1A/2A/3A
3x2.8x1.5mm

LMZ23608/10
| 15V, 120+40A, PMBus 15x18x6mm [B8)

-Inverting

20 0 stk Capable
15x16x5.8mm 10x16x4mm -Current

m L%\Z,3§gg3 2x Sharing/

9x11x2.8mm . Parallel
LMZ31704/07/10 Operation|

17V, 4A/7A/10A
2X 10x10x4.3mm

36V, 2A/3A/4A

5x5.5x4mm LMZ34002

[= 40V, 2A (Neg.)

TPSM53602/3/4 J

TEMS LN
V, 2.5A f
7x9x4mm

4x4.5x2mm

LMzZM23600/1
36V, 0.5A/1A
3.8x3x1.6mm @

TPSM8420
28V, 1.5A
T0220 10x11mm

TPSM265R1
65V, 100mA
2.8x3.7x1.9mm

*VVout range is portfolio wide not device specific
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Tl.com resources

EMI reduction and noise mitigation:

App Note: Simple Success With Conducted EMI From DCDC Converters
App Note: Simplify low EMI design with power modules

App Note: PCB layout techniques for low noise power designs

Tech Article: Design a second-stage filter for noise sensitive applications
App Note: Low output noise filtering for DC/DC power modules

Training Video: Understanding, Measuring, and Reducing Output Noise in DC/DC Switching
Requlators (part 1)

Training Video: Understanding, Measuring, and Reducing Output Noise in DC/DC Switching
Requlators (part 2)
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http://www.ti.com/lit/an/snva489c/snva489c.pdf
http://www.ti.com/lit/wp/slyy123/slyy123.pdf
http://www.ti.com/lit/pdf/SNVA834?jktype=tech_docs
https://e2e.ti.com/blogs_/b/powerhouse/archive/2018/01/18/design-a-second-stage-filter-for-sensitive-applications
https://e2e.ti.com/blogs_/b/powerhouse/archive/2018/01/18/design-a-second-stage-filter-for-sensitive-applications
https://e2e.ti.com/blogs_/b/powerhouse/archive/2018/01/18/design-a-second-stage-filter-for-sensitive-applications
http://www.ti.com/lit/an/snva871/snva871.pdf
https://training.ti.com/understanding-measuring-and-reducing-output-noise-dcdc-switching-regulators
https://training.ti.com/understanding-measuring-and-reducing-output-noise-dcdc-switching-regulators
https://training.ti.com/understanding-measuring-and-reducing-output-noise-dcdc-switching-regulators-part-ii
https://training.ti.com/understanding-measuring-and-reducing-output-noise-dcdc-switching-regulators-part-ii

Tl.com resources

Inverting applications:

App Note: Configuring the LMZM33606 36V 6A Power Module for negative output
App Note: Configuring the TPSM53604 36V 4A Power Module for neqgative output
App Note: Configuring the LMZ14203 42V 3A Power Module for negative output
App Note: Configuring the LMZM33603 36V 3A Power Module for negative output
Datasheet: Using the LMZ34002 40V 2A Negative Output Module

Evaluation board: LMZ34002 with -3.3V, -5.0V, -12V, -15V selectable outputs
App Note: Configuring the LMZM23601 36V 1A Power Module for negative output
App Note: Configuring the TPSM265R1 65V 100mA Power Module for negative output
App Note: Working with inverting buck-boost converters

Training video: how to configure a buck into an inverting requlator

Reference design: -5V at 1.75A using the LMZ36002

Tech Article: How to create a programmable output inverting requlator
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http://www.ti.com/lit/an/snva835b/snva835b.pdf
http://www.ti.com/lit/an/snva897/snva897.pdf
http://www.ti.com/lit/an/snva425a/snva425a.pdf
http://www.ti.com/lit/an/snva800/snva800.pdf
http://www.ti.com/lit/gpn/lmz34002
http://www.ti.com/tool/LMZ34002EVM-001
http://www.ti.com/tool/LMZ34002EVM-001
http://www.ti.com/tool/LMZ34002EVM-001
http://www.ti.com/tool/LMZ34002EVM-001
http://www.ti.com/tool/LMZ34002EVM-001
http://www.ti.com/tool/LMZ34002EVM-001
http://www.ti.com/tool/LMZ34002EVM-001
http://www.ti.com/tool/LMZ34002EVM-001
http://www.ti.com/tool/LMZ34002EVM-001
http://www.ti.com/lit/pdf/snva807
http://www.ti.com/lit/an/snva882/snva882.pdf
http://www.ti.com/lit/an/snva856/snva856.pdf
http://www.ti.com/lit/an/snva856/snva856.pdf
http://www.ti.com/lit/an/snva856/snva856.pdf
https://training.ti.com/how-turn-buck-converter-inverting-regulator
http://www.ti.com/tool/TIDA-00808
http://www.ti.com/tool/TIDA-00808
http://www.ti.com/tool/TIDA-00808
https://e2e.ti.com/blogs_/b/powerhouse/archive/2018/10/17/how-to-create-a-programmable-output-inverting-buck-boost

Tl.com resources

Thermal design:

App note: Practical thermal design with DC/DC Power Modules

App note: Thermal performance of SIMPLE SWITCHER® Power Modules
App note: Thermal design by insight, not hindsight

Training video: Thermal design concepts

Training video: Managing heat dissipation with DC/DC switching
requlators

Soldering:
* Soldering considerations for power modules
 Power module MSL ratings and reflow ratings
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http://www.ti.com/lit/pdf/snva848
http://www.ti.com/lit/an/snva424a/snva424a.pdf
http://www.ti.com/lit/pdf/snva419
https://training.ti.com/thermal-design-concepts
https://training.ti.com/trade-offs-between-thermal-performance-and-small-solution-size-dcdc-converters
https://training.ti.com/trade-offs-between-thermal-performance-and-small-solution-size-dcdc-converters
http://www.ti.com/lit/pdf/snva848
http://www.ti.com/lit/an/snva853/snva853.pdf
https://www.ti.com/lit/an/slva840/slva840.pdf

Key takeaways

1. Do not need to be a power expert to design a power supply

2. Modules save board area even for the most experienced power
designer

3. Modules enable you to have good board layout and low EMI
4. Modules optimized for typical output voltages

5. Converters are more flexible for performance optimization
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Q&A

« Thank you for listening!

 Buck Module Portfolio

» Highlighted products:

TPSM5360x 36V, 2A/3A/4A

LMZ36002 60V, 2A

LMZM23601 36V, 1A

TPS82130 17V, 3A

TPSM82822 5.5V, 2A (coming soon!)
TPSM82810 6V, 4A (coming soon!)
TPSM265R1 65V, 100mA (coming soon!)

% TEXAS INSTRUMENTS

Get to market faster with a DC/DC power
module

Streamline the DC/DC power supply design process with an integrated-inductor step-down
power module. With power modules, Tl will help you get to market faster.

« Optimal converter selected for the specification
+ Reduced component sourcing and qualification
+ Optimized layout for EMI and thermal performance
« Full characterization across the operating range
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https://www.ti.com/power-management/non-isolated-dc-dc-switching-regulators/step-down-buck/buck-modules-integrated-inductor/overview.html
ti.com/product/TPSM53604
ti.com/product/LMZ36002
ti.com/product/LMZM23601
ti.com/product/TPS82130
ti.com/product/TPSM82822
ti.com/product/TPSM82810
ti.com/product/TPSM265R1
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