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Wide V , Converters

How to define Wide Vin? Output  Input Voltage

{? T [NSTRUMENTS Device Current (A) Range (V)
Buck Converters

Menu
TPS54062/1 0.05/0.2 4.7 tolﬁﬂ
LM(2)5017/8/9* 0.6/0.3/0.1 9 10}48/100

Wide V,, Power Solutions HS00BA9R 095015 o109
LMR14203/6 0.3/0.6 4.510 42

+ Increased protection against input transients Texas

INSTRLMENTS

+ High power density with large conversion ratios

- Scalability to fit a wide variety of applications

m Wide ¥V, products Applications Tools & software Technical documents

Increased power density and reliability for systems requiring
maximum operating voltages =z 30 V B e N E> 30V
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Module/Converter/Controller

Modules

*Ultimate Ease of Use with
Integrated Inductor

*Low EMI, up to 60Vin, 30A
Out

Designh Made Easy
Power Solutions

Up to 100Vin

1
oL

Balance between Ease
Use and flexibility

Y Y ey

o

Controllers

* Maximum Flexibility up to
100Vin

s WEBENCH® MOSFET
Selector Tool enabled

o |
LI T

[ 1L

[
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Wide VIN DC/DC Converters for Demanding Applications

Communications
24V 148V systems

Automotive Industrial
12V/24/48V battery 24V & higher Bus
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Wide Vin Benefit:

Optimized for Use Across Multiple Markets and Applications

Vin (V)
100V T
® Nominal bus voltage
80V T
60V T
@ 48v @ 48v
0V T
@74y @24y ®28v @24y ® 24y
20V U
1l @1
10V
Consumer Commercial Mass Transit  Avionics Factory Base BTS Networking
Auto Auto  (Busses, Trains) & Defense Automation Stations  Repeaters & Storage
Automotive Industrial Comms & Cloud
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Wide Vin Benefit:

Optimized for Use Across Multiple Markets and Applications

Vin (V)
100V T
® Nominal bus voltage
<+—> Bus operating range
80V T
60V T
® 48v + 48V
40V T l
$24V $24V +28V $24V l
20V U ¥ ¥ v ! ;e
4 $12V
10V v
Consumer Commercial Mass Transit  Avionics Factory Base BTS Networking
Auto Auto  (Busses, Trains) & Defense Automation Stations  Repeaters & Storage
Automotive Industrial Comms & Cloud
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Wide Vin Benefit:

Optimized for Use Across Multiple Markets and Applications

Vin (V)
100V T A
: < :
| U9 @®  Nominal bus voltage
% 650’ +— Bus operating range
80V T . c\'\\6 L ~~~" Potential transient range
e\ ‘ Auto start-stop range
?\e\a\Js -~ ~-» 4-20mA loop range
T Ss
ooV t N ' t
I I | I @ 43V I 48V
40V R | | :
T A |
1\ 0% ¢ ! ! v
|
! 24V ¢24v 28V i24v
20V T | v | Fer
| |
|
$12v '
0P .
10V v 5\6“5 i
Consumer Commercial Mass Transit  Avionics Factory Base BTS Networking
Auto Auto  (Busses, Trains) & Defense Automation Stations  Repeaters & Storage
Automotive Industrial Comms & Cloud
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How to suppress the transient Voltage

60V - [

I

[

: Clamped V
14V |\ 6V-28V BV—:’5V
Vi from _ .i Vin o rrl:;m I+
Battery g::;f:tm" and . 28V Generic Battery -

T L Regulator IC =

Vi SwW
LM5576 75V

Regulator

TeEXAS INSTRUMENTS
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Wide Vin Benefit:

Optimized for Use Across Multiple Markets and Applications

Vin (V)
100V T A
| ® Nominal bus voltage
I +— Bus operating range
80V T J' ~~~> Potential transient range
i Auto start-stop range
-~ ~-» 4-20mA loop range
60V T f f ; t 1
: : | : ® 48v : + 48v
; ; ! ; !
40V T /& | | ' L) l :
4
|
' 24V ¢24v 428\/ i24v 1
sov | ! ! ! ' P 2av
| . 0 .
4 42V devices optimized
1 12V . .
10V v for specific Automqtive
N & Industrial systems
Consumer Commercial Mass Transit  Avionics Factory Base BTS Networking
Auto Auto  (Busses, Trains) & Defense Automation Stations  Repeaters & Storage
Automotive Industrial Comms & Cloud

12 W3 TEXAS INSTRUMENTS



Wide Vin Benefit:

Optimized for Use Across Multiple Markets and Applications

Vin (V)
100V T A
| ® Nominal bus voltage
I +— Bus operating range
80V T J' ~~~> Potential transient range
i Auto start-stop range
-~ ~-» 4-20mA loop range
6ov T [ s s : A A N
| I I | . |
I I | I 48V I + 18V
1 I I | |
40V T | : : ! : l :
4
|
' 24V ¢24v 428\/ i24v 1 24V
20V T | y ' v | v
4' 60V/65V products add more
wov |+ protection against HV transients
\_ common in many systems /
Consumer Commercial Mass Transit  Avionics Factory Base BTS Networking
Auto Auto  (Busses, Trains) & Defense Automation Stations  Repeaters & Storage
Automotive Industrial Comms & Cloud
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Wide Vin Benefit:

Optimized for Use Across Multiple Markets and Applications

Vin (V)
100V T *
/75y/100V produ_cts offe_r i e Nominal bus voltage
ultimate protection against | “T— Bus operating range
80V T toug h telecom tranS|entS JI ~|~=> Potential transient range
‘ Auto start-stop range
-~ ~» 4-20mAloop range
60V T f f : t 1
| | | | ® 48v | * A8V
1 | I | |
40V T : : ! : | '
4
|
| 24V ¢24v 428\/ i24v 1 24V
20V T ' ! v | v
ilZV
10V T v K , j
v
Consumer Commercial Mass Transit  Avionics Factory Base BTS Networking
Auto Auto  (Busses, Trains) & Defense Automation Stations  Repeaters & Storage
Automotive Industrial Comms & Cloud
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What design challenges is solved by Wide Vin

 Surviving line voltage transients
* Eliminate protection circuit
» Save PCB area

w3 TEXAS INSTRUMENTS
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Key DC/DC Converter Features

94
92
Noise & L=

74
8
86 ,’
I
{

——

. _ . v' Packaging innovations enable small size
v' Eliminate protection circuit & Save PCB area v Highly efficient converters save power

v' Endure harsh environments

Low Standby Power Low EMI & Low Noise

[ aEMESONS
- . o - ZEEPRR EIARER AN
2 |
2 4 |
iﬂ{d’ww
‘ ' : m‘i‘RElﬁN[‘.\?{ﬁl—hJ e 1o
v Lower Iq (Quiescent Current) v' Solutions enable passing EMI tests
v' Longer battery life v Noise optimization saves need for LDO
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New Gen Wide Vin DC/DC Converter

LMR33630 LM73606 LMR36015 LM76003 LM5164

3.8V-36V, 3A Sync 3.9V-36V, 6A Sync 4.2V-60V, 1.5A Sync 3.5V-60V, 3.5A Sync 6V-100V, 1A Sync
Buck Converter Buck Converter Buck Converter Buck Converter Buck Converter
\ J \ J \ J
| | |
36V 60V 100V

w3 TEXAS INSTRUMENTS
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Power Density Evolution -36Vin/3A lout

- soIC QFN
) LM22676 L M43603 LMR33630
_ \_ J g J J
: 10mm x 9mm j 4mm X 5mm 4mm X 5mm 3mm X 2mm
: Non-Sync Non-Sync Sync Sync
L 52kHz | Up to 1IMHz Up to 2.1MHz Up to 2.1MHz
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Power Density Evolution -36Vin/3A lout

[ 50mm x 50mm ]

25mm X 20mm]

18mm x 17mm 15mm X 16mr7]

w3 TEXAS INSTRUMENTS
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Efficiency Curve (12Vin/3.3Vout/3A) .

W3 TeEXAs INSTRUMENTS
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Quiescent Current Benefit

Q) :

Discharge Time

Always On 6 -
V §4 )
2
Extend battery life 0 - ]
100uA Iqg 1mA Iq SMA Iq

w3 TEXAS INSTRUMENTS
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LMR33630 == A
36V, 3AUItra-Small SIMPLE SWITCHER® Synchronous Converter

Features

* Low 85/55 mOhm Internal HS & LS Rdson « High frequency and tight current limit to lower inductor size
* 50ns min ON time, 75ns min OFF-time « Wide vin operation to accommodate industrial and automotive line

. variation
wescent current at no load

. Vinrange 3.8V - 36V Vout Range 1.0V to 95%Vin + High efficiency with good thermal performance to withstand high ambient

temperatures found in automotive electronics
» Switching frequency = 410 kHz, 1.4MHz-15%

« Soft-start time = 5 ms; Starts into pre-biased load
= Cycle by cycle current limit & Hiccup Short Circuit Protection

* Internal Compensatlon i e et [ Lesoor Efficiency vs Output Current

EM

¢ HSOIC-8 and QFN-laCkage e v u N Vour = 5 V, 400 kHz, VQFN
1
I

» Compact solution size with high switching frequency

* P2P compatible with 60V LMR36006/15 LMR33630

WO PEOOL —

95 —— =
T
90

s A

. . - ' % 80 -
Applications : . 5 sl \// LU
 Industrial distributed power applications $ ;‘; — v
« Space constrained industrial applications - SRS P ——— 60 2::

. . . . T gl | PAD ! BST 55 —
« Space constrained automotive applications mim e et e 0.01 0.1 i 10
. wl o | e ENCT 3| AGND ! & pvee Output Current (A)
» Automotive Body Control Modules e fa] L recr{+L_____ Isfm
[5] [£] [7]
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L MR36015

Features

* Vinrange 4.2V - 60V (65V Transients)
* 225/150mOhm Internal HS&LS RDS,,

Qinimum on time (typical)

@j iescent current at no load
ott-Range 1.0V to 95%Vin

» Switching frequency = 410 kHz, 1MH215%

e Minimum Off -Time = 75ns (typ)

* Vib =1V +-2% over temperature

+ Soft-start time = 4.5 ms

» Soft starts into pre-biased load

* Cycle by cycle current limiting

* Hiccup Short Circuit Protection

erpeRsation

package

with 36V versions

* P2P compatle

Applications

 Industrial distributed power applications
« Space constrained automotive applications
» Body control

OTE -
N EN

Grade 1

? AEC-Q100 ]

SIMPLE SWITCHER® Synchronous Converter

High frequency and tight current limit to lower inductor size

Wide vin operation to accommodate industrial and automotive
line variation

High efficiency with good thermal performance to withstand high
ambient temperatures found in automotive electronics

Compact solution size with high switching frequency

BOOST ﬁ
CBOOT

sw " Vour
PGND PGOOD f—o ICOUT
- -

Efficiency vs Output Current
Vour =5V, 400 kHz

LMR360xx 100%
= —
90% e
vCC FB ——
[ Skres
czI AGND = 80%
= — g 7
= 2 70%
(3]
2
]
sw 60%
12
PGND[T 1| PGND 50% ——
—_— V=
vIN [2 L 10| vIN — Ny = 24V
40%
0 015 03 045 06 075 09 105 12 135 15
ne 2 L= QFN-12 Output Current (A)
BST [4] [E&E
ool

VCC AGND FB

o mmm e e mme—e—e e —



Grade 1

? AEC-Q100 ]

LM /73606

+ Wide Vin range 3.5V - 36V, Vout range 1.0V to 95%Vin + Easy to use: no external power diode, minimum BOM count, visual inspection,
* Min ONtime = 60ns (typ), min OFF time = 80 ns (typ) small solution size & save design time, save board space / cost, visual
* Fully Synchronous Rectifier inspection

* Internal Compensation
» Default operation when feature pins floating
* Wettable Flank QFN 4x6mm package

* High Performance: high efficiency at heavy load and light load, good thermal,
long standby time

* _51/30 mOhm Internal HS&LS Rdson -« Wide Range of Vin/Vout/fsw: easy system optimization, current scaling, easy

tandby current, PFM operation at light load reuse, and single stage step down from high Vin

. ethal bias input to improve efficiency _ o _ o _

« Adjustable / synchronizable switching frequency range 350k » Flexible system optimization options, monitoring and protections features
(default 500kHz when RT pin floating)

* Pin selectable FPWM or Auto mode Efficiency vs Load Current

* Internal soft start / Prektas-SS / extendable SS time / Tracking . } Vour = 5 V, fswy = 500 kHz, Auto Mode
+  Wettable Flank QF ackage BVIN oW Vour 100
* Cycle by cycle current limiting I . o5 H—
« Hiccup Short Circuit Protection FTHE =N cBooT o0 | ——4=11] ;
da : ek PGND 85 o
i == i — _|pcoop BIAS £ s =
. . — — —1 SSITRK [
App|lC&tIOnS — SYNC/ N g 5
| —] [| mooe FB &
» Industrial distributed power application e = e &
) " T [F Cue = | 60 — VIN=12V
* Automotive systems - . . I AGND o — UN=12v
+ Telecommunications Systems B 1 [ [ [ - - = = s P P
« General Purpose Wide VIN Regulation T Load Current (A)

w3 TEXAS INSTRUMENTS



L M76003 &= ]
C B0V, 35A Low Iq, High Efficiency Synchronous Converter

Features

* Wide Vin range 3.5V - 60V, Vout range 1.0V to 95%Vin » Easy to use: no external power diode, minimum BOM count, visual inspection,

* 100/60 mOhm Internal HS&LS Rdson small solution size =» save design time, save board space / cost, visual
ytandby current, PFM operation at light load inspection

* Symchronous Rectification « High Performance: high efficiency at heavy load and light load, good thermal,

« Default operation when feature pins floating Wide R £ VinNout/fsw: ‘ timizati t scali
- External bias input to improve efficiency ide Range of Vin/Vout/fsw: easy system optimization, current scaling, easy
reuse, and single stage step down from high Vin

* Min ON time = 60ns (typ), min OFF time = 80 ps-{typ
« Adjustable switching frequency range 350kHz M ault * Flexible system optimization options, monitoring and protections features

500kHz when RT pin floating)
* Pin selectable FPWM or Auto mode

* Internal soft start / Prebias<SS / extendable SS time / Tracking Simplified Schematic
« Wettable Flank QF @ package Efficiency vs Output Current
« Cycle by cycle current limiting Vo ]’ ] A (Vour =5V, fsw = 500 kHz, Auto Mode)
« Hiccup Short Circuit Protection C'"I o w Vour w =i
7 V B!
PGND I Cour 80 Y ;

Appllcatlons —|SS/MTRK BIAS g 50 f—
= Industrial distributed power application I - et g ;g
=  Automotive systems F8 2 v

. . vCce Vin=12V
=  Telecommunications Systems [ aemo Ress 10 —Vniav
»=  General Purpose Wide VIN Regulation CV“I 001 o1 1 5

Load Current (A)

w3 TEXAS INSTRUMENTS



LM5164 == A

Low I, Synchronous Buck Converter

Features

* Wide input voltage range from 6V to 100V  Small solution size with low external component count
 Low quiescent current _ _
__3uA_Shutdown |, minimizes battery drain * Easy to use, fast transient response with no external
,eep I, extends battery life when idle compensation using Constant On Time (COT) control
» Integrated low on-resistance FETs .

High efficiency due to low Ig and low Rds-on
—  HS:0.75Q, LS: 0.33Q

* Near constant frequency adjustable t

« Low minimum Ton and Toff of 50ns

« Peak & valley current limit prevents excessive heat
« Power Good output

High step-down conversion and up to 99% duty cycle due
to low minimum Ton & Toff

Typical Application Efficiency, Vogur=12V

100

. |
 Internal soft-start and bootstrap diode " Lo Vour =12V w0l AL
L V=6V 100V B8 pH lar=1A = PEi
° VIN sw 0 L HEF— 1
Precision Enable / UVLO D_l—[c, e _T_Eﬁ ot
« Thermal shutdown I ENUVLO  BST waf | g .
: e -

. ackage with PowerPAD™ = len s :

RON E

100 k2 e ¥
. o GND PGOOD|—  99K0 50
Applications L L 'Y
- - 1N~

40 Vi = 48V

« Appliances, power/garden tools, multi-cell battery packs " — Vin=T2V
* Motor drives, e-bikes, drones, telecom 0.001 oot 01 1
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Innovation for Packaging

Standard wire bond QFN package ‘Hotrod’ flip chip on lead frame QFN

Wire Bond Silicon Die SWITCH
Silicon Die = Copper bump
Lead frame i Solder

Lead frame .

Die is flipped and placed directly onto the lead frame

Eliminates switching ring and reduces EMI with lower ESL

Improves efficiency with lower ESR

Smaller size smaller package using hotrod

Symmetrical pin out optimizes EMI performance Cancelling current loops

w3 TEXAS INSTRUMENTS



Super EMI Resu

0 kHz EF ALt

Rel Lvl VEW 30 kHz
70 dBuv SWT 10 = Unit AR
?
1 MHZ 10 MHZ
Lw_pEE
5
CB| PKi—
iMn
5|t 2av
i
i

Pt\;;g‘o

Center Z.121320344 MHz
Date: 24.AFF.2017 17137,
RE z
Ref Lvl VEW kHz
70 dBuv SWT 10 & Unit
B Py
1 Mz 10 MHz Nl
LH_FZS 46
[
5 rd
L
b 1 /
[ ~
CB| FRS—
i 7
1
-1
Center 2.121320344 MHz Span 29%.8% MHz
Date: 12.0CT.2017 13:26:39

THF 1 —EXE

REW 100 kHz EEF ALt 0 dB
Bef Lvl WEW 300 kHz
S0 dBpv SWT 10 s lnit BEUY
100 ME:z

w
o
()
=

J1

VHF 2P B M-S

Dates

Span 7§ MHz

REW 10 kEz  RF Att 10 4B
VEW 30 kEz
SWT 10 s Unit dBpv
MHz 10 MHZ
= Swlrys
ol Lwmpus
cn| PRo—

760

3

Center Z.121320344 MHz

12.0CT. 2017

13:39:50

Span 25.85 MEz
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New Gen Wide Vin DC/DC Converter Features Summary

LMR33630 LMR36015 LM73606 LM76003 LM5164

3.8V-36V, 3A Sync 4.2V-60V, 1.5A Sync 3.5V-36V, 6A Sync 3.5V-60V, 3.5A Sync 6V-100V, 1A Sync
Buck Converter Buck Converter Buck Converter Buck Converter Buck Converter

1

w3 TEXAS INSTRUMENTS
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Product family
P2P compatible and easy to re-use

LMR33630 LMR36015 LM73606 LM76003

3.8V-36V, 3A Sync Buck | 4.2V-60V, 1.5A Sync Buck 3.5V-36V, 6A Sync Buck 3.5V-36V, 3.5A Sync Buck
Converter Converter Converter Converter
LMR33620 LMR36006 LM73605 LM76002
3.8V-36V, 2A Sync Buck  4.2V-60V, 0.6A Sync Buck 3.5V-36V, 5A Sync Buck 3.5V-36V, 2A Sync Buck
Converter Converter Converter Converter

w3 TEXAS INSTRUMENTS
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Typical Power Tree in Servo drive

J{} TEXAS INSTRUMENTS
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Drives power supply architectures (Stand alone)

Servo / AC Inverter

Converter Inverter

3 phase supply,
[

;
I
I
I
I
. I
_LO tion:2 I Option:1 Encoder,
Single phase I DC Link Voltage Holding brake
supply : and Motor
I Temperature
I
I Internal Power Supply
I
I
Option :3 L

A

External +24V supply

Communication
interfaces

w3 TEXAS INSTRUMENTS




Voltage rails in AC Servo / Inverters

Digital I/P or O/P

+/-12v or +/-15v Analog I/P or O/P

Isolated 5V Profibus

Encoders

3.3v/2.5V/1.2v Digital processing

Holding brake

Current sensors
(LEM)

Isolated circuits

MCU / Opamps

Memory

Fan

Fan

RS485

Excluded gate drivers and
isolated amplifiers /
modulators

w3 TEXAS INSTRUMENTS



Power tree of +24v Aux powered drives (Option-1)

Servo drive

LDO +24V_ISO (100mA)
LP2951 .
FLYBACK | +5V_ISO (100mA) A
LM5180
s +12V (250mA) DC/DC
. Analog IO (+10V) TPS62147 | ENCODER (5V/8V/10V)
elalel « Profibus +24V/2A -12V(1OQmA)
+24V Power» « Encoder (Endat / Hiperface) I J
— [isupply:[? ° Digital 10 EN  FLT/PG
« MCU + FPGA
Fan
IGBT gate driver power supply Sync Buck +5V/3A
LMR33630

A4 A4 A

DC/DC DC/DC DC/DC
TLV62568 | | TPS62821 TPS62821

Lo

+5V  +3.3V/2A  +25V/1A  +1.2V/1A
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Design know-how of wide vin buck

kNS

Pk BOOSET

EM
SV

PGHD

LMR33630

WO PEOOD

Vin

Ci
L PGND

XY a R a1

VIN

EN

VCC

LMR36015

BOOT

SW

PG

PVIN

EN

PGOOD

SS/TRK

SW

CBOOT

PGND

BIAS

RT

SYNC/

o =
H

|| T/j

PVIN BOOT

EN sw

PGND
LM76003

SS/MTRK BIAS

RT

u)#é%ﬁkf“ Ok, SB[ ok >
P, RIS A \7JZWebenchfﬁEEDﬁf
3 R PR PCBATAR 11

Cuee I s MODE FB SYNC/MODE
FEE L FB
AGND vee AGND r vee AGND
CVCC
1
Cin Cout L RFB Choot RT Vce
A B AR EE | i\ HL 25 | Hh F 2 [ D 26 LR e it FL BHL| 11 258 F 2 [ 40T P R
LMR33630 7 Y Y Y Y Y N Y
LM73605 7 Y Y Y Y Y N Y
LMR36015 7 Y Y Y Y Y N Y
LM76003 7 Y Y Y Y Y N Y
LM5164 7 Y Y Y Y Y Y N

WIN

RON

GND

ENJUVLO

BST
LM5164
swW

PGOOD

FB&

\Jﬂ | H_'
o,
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ldentify Critical Path

Switching Current exist in the
Buck Converter input side

JLIL .
A ——— i
"'
—= L/ 4; T
t
Critical
path

39
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What Can We D
--Buck example

o In PCB Layout?

Buck Converter

1

T

« Minimize critical path area (FfBR E R #8/ isibF)
« Separate noisy ground path from quiet ground

Wi TEXAS INS'_S




Critical Path Area Comparison

[Critical Path Area Reduction

 Buck Regulator Comparison with Cin location (single Cin,
@ 2\ smaller loop area)

High
di/dt soT
Caps rof

Cispr.22 Class A.3M

Level in dBuV/m

Iy
P pkpk(C1) P2freqiCd) P3max(C2 Pd--- P&--- P&--- 5:
47 4 my 4548530 kHz 14.5%
v v v

] t t } t } t f t t t t t |
30M 50 60 80 100M 200 300 400 500 800 1G
Frequency in Hz
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Critical Path Area Comparison

Grounding

[Critical Path Area Reduction

 Buck Regulator comparison with Cin location (single Cin, 2.5
times larger area)

[+2]
o

SW 18.1V max

~
o

~
o

@D D
o g

Cispr22 Class A.3M

w
(3]

o
' A S S NI T ST
t Tt T

iy
o
Ilii

Level in dBuV/m
w -y (%))
o o

w
o
I

[
[4;]

vout75mvpp _§ T

i
[
o




EMI Mitigation by slowing rise-time
[ Critical Path Loop Reduction I ]

Use a resistor and
diode on the gate of
the high-side fet
OR
- ~ A resistor in series
\f, with the bootstrap
capacitor to slow down

) the switch transition

<

Contradiction on SW
node transition rate:

Faster Rising and Falling

¢ /
Times CBST
— |_
= Less Losses vour
__COUT

= Higher EMI

Resistor Value:

Start with 1-10 ohms and
FETs & adjust from there

Driver

- J

Wi TEXAS INS'_S



Protect EMI Sensitive Nodes — Cont.

- Make long runs to low impedance nodes, short runs to high
impedance nodes.

« Place output voltage divider close to the FB node (high
impedance)
Vc:rut 1III'-a"'lr-::-th
T

= e e

- Route Sense+/Sense-traces parallel to one another — minimize
differential-mode noise pickup.

- Keep sensitive small signal traces thin and further away from
surrounding signals — lower capacitance coupling

w3 TEXAS INSTRUMENTS
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PIN OUT Designed With Performance In Mind

Compact, Low EMI, Good Thermal Performance

BOOT

[ 1FB

LMR33630 =
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TI New generation wide vin buck converter T4 — 58 H A\ 500 A48
Design know-how of wide vin buck converter 5 i A\ & 50 it
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Applications collateral
Application Notes

Designing High Performance, Low-EMI, Automotive Power Supplies
Blogs
A review of EMI standards, part 1 — conducted emissions
A review of EMI standards, part 2 — radiated emissions
Effects of IC package on EMI performance
Design a second-stage filter for sensitive applications
Designing USB into challenging automotive applications
HEV/EV battery management systems explained simply
How to overcome size, EMI and thermal challenges of automotive LED lighting
Vary the output voltage in an inverting buck-boost topology

Tl Designs
10kW 3-Phase 3-Level Grid Tie Inverter Reference Design for Solar String Inverter
Automotive Dual Port USB Type-C™ DFP 5V 3A Charger Reference Design
Automotive USB Type-C™ DFP 5V 3A + USB Type-A 5V 2.4A Charger Reference Design
Automotive Wide-VIN to Point-of-Load Power Supply with Front-End Circuit Protection Reference Design
Dual USB Car Charger Reference Design with Port Power Management
Integrated Power Front End and Multi-Phase Processor Supply Automotive Reference Design
Inverting Buck-Boost Converter With Variable Output Voltage Reference Design
Low-Noise Fixed Drop-Out 2.5 to +12-VOUT 3A Power Supply Reference Design for Ultrasound CW Pulser
Two-Stage Power Supply Reference Design for Field Transmitters
Wide Vin Power Supply Reference Design for Space-Constrained Industrial Sensors {ISTRUMENTS
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http://e2e.ti.com/blogs_/b/behind_the_wheel/archive/2018/05/07/hev-ev-battery-management-systems-explained-simply
http://e2e.ti.com/blogs_/b/behind_the_wheel/archive/2018/04/09/how-to-overcome-size-emi-and-thermal-challenges-of-automotive-led-lighting?tisearch=e2e-sitesearch&keymatch=How to overcome size, EMI and thermal challenges of automotive LED lighting
http://e2e.ti.com/blogs_/b/powerhouse/archive/2017/10/12/vary-the-output-voltage-in-an-inverting-buck-boost-topology?tisearch=e2e-sitesearch&keymatch=Vary the output voltage in an inverting buck-boost topology
http://e2e.ti.com/blogs_/b/powerhouse/archive/2017/10/12/vary-the-output-voltage-in-an-inverting-buck-boost-topology?tisearch=e2e-sitesearch&keymatch=Vary the output voltage in an inverting buck-boost topology
http://e2e.ti.com/blogs_/b/powerhouse/archive/2017/10/12/vary-the-output-voltage-in-an-inverting-buck-boost-topology?tisearch=e2e-sitesearch&keymatch=Vary the output voltage in an inverting buck-boost topology
http://e2e.ti.com/blogs_/b/powerhouse/archive/2017/10/12/vary-the-output-voltage-in-an-inverting-buck-boost-topology?tisearch=e2e-sitesearch&keymatch=Vary the output voltage in an inverting buck-boost topology
http://www.ti.com/tool/TIDA-01606
http://www.ti.com/tool/TIDA-01606
http://www.ti.com/tool/TIDA-01606
http://www.ti.com/tool/TIDA-01606
http://www.ti.com/tool/TIDA-01606
http://www.ti.com/tool/pmp40285?keyMatch=Automotive Dual Port USB Type-C%E2%84%A2 DFP 5V 3A Charger Reference Design&tisearch=Search-EN-Everything
http://www.ti.com/tool/pmp40285?keyMatch=Automotive Dual Port USB Type-C%E2%84%A2 DFP 5V 3A Charger Reference Design&tisearch=Search-EN-Everything
http://www.ti.com/tool/pmp40285?keyMatch=Automotive Dual Port USB Type-C%E2%84%A2 DFP 5V 3A Charger Reference Design&tisearch=Search-EN-Everything
http://www.ti.com/tool/pmp40286?keyMatch=Automotive USB Type-C™ DFP 5V 3A %2B USB Type-A 5V 2.4A Charger Reference Design&tisearch=Search-EN-Everything
http://www.ti.com/tool/pmp40286?keyMatch=Automotive USB Type-C™ DFP 5V 3A %2B USB Type-A 5V 2.4A Charger Reference Design&tisearch=Search-EN-Everything
http://www.ti.com/tool/pmp40286?keyMatch=Automotive USB Type-C™ DFP 5V 3A %2B USB Type-A 5V 2.4A Charger Reference Design&tisearch=Search-EN-Everything
http://www.ti.com/tool/pmp40286?keyMatch=Automotive USB Type-C™ DFP 5V 3A %2B USB Type-A 5V 2.4A Charger Reference Design&tisearch=Search-EN-Everything
http://www.ti.com/tool/pmp40286?keyMatch=Automotive USB Type-C™ DFP 5V 3A %2B USB Type-A 5V 2.4A Charger Reference Design&tisearch=Search-EN-Everything
http://www.ti.com/tool/pmp15023?keyMatch=Automotive Wide-VIN to Point-of-Load Power Supply with Front-End Circuit Protection Reference Design&tisearch=Search-EN-Everything
http://www.ti.com/tool/pmp15023?keyMatch=Automotive Wide-VIN to Point-of-Load Power Supply with Front-End Circuit Protection Reference Design&tisearch=Search-EN-Everything
http://www.ti.com/tool/pmp15023?keyMatch=Automotive Wide-VIN to Point-of-Load Power Supply with Front-End Circuit Protection Reference Design&tisearch=Search-EN-Everything
http://www.ti.com/tool/pmp15023?keyMatch=Automotive Wide-VIN to Point-of-Load Power Supply with Front-End Circuit Protection Reference Design&tisearch=Search-EN-Everything
http://www.ti.com/tool/pmp15023?keyMatch=Automotive Wide-VIN to Point-of-Load Power Supply with Front-End Circuit Protection Reference Design&tisearch=Search-EN-Everything
http://www.ti.com/tool/pmp15023?keyMatch=Automotive Wide-VIN to Point-of-Load Power Supply with Front-End Circuit Protection Reference Design&tisearch=Search-EN-Everything
http://www.ti.com/tool/pmp15023?keyMatch=Automotive Wide-VIN to Point-of-Load Power Supply with Front-End Circuit Protection Reference Design&tisearch=Search-EN-Everything
http://www.ti.com/tool/pmp15023?keyMatch=Automotive Wide-VIN to Point-of-Load Power Supply with Front-End Circuit Protection Reference Design&tisearch=Search-EN-Everything
http://www.ti.com/tool/pmp15023?keyMatch=Automotive Wide-VIN to Point-of-Load Power Supply with Front-End Circuit Protection Reference Design&tisearch=Search-EN-Everything
http://www.ti.com/tool/pmp11670?keyMatch=Dual USB Car Charger Reference Design with Port Power Management&tisearch=Search-EN-Everything
http://www.ti.com/tool/TIDA-01492
http://www.ti.com/tool/TIDA-01492
http://www.ti.com/tool/TIDA-01492
http://www.ti.com/tool/pmp15026?keyMatch=Inverting Buck-Boost Converter With Variable Output Voltage Reference Design&tisearch=Search-EN-Everything
http://www.ti.com/tool/pmp15026?keyMatch=Inverting Buck-Boost Converter With Variable Output Voltage Reference Design&tisearch=Search-EN-Everything
http://www.ti.com/tool/pmp15026?keyMatch=Inverting Buck-Boost Converter With Variable Output Voltage Reference Design&tisearch=Search-EN-Everything
http://www.ti.com/tool/tida-01458?keyMatch=Low-Noise Fixed Drop-Out ±2.5 to ±12-VOUT 3A Power Supply Reference Design for Ultrasound CW Pulser&tisearch=Search-EN-Everything
http://www.ti.com/tool/tida-01458?keyMatch=Low-Noise Fixed Drop-Out ±2.5 to ±12-VOUT 3A Power Supply Reference Design for Ultrasound CW Pulser&tisearch=Search-EN-Everything
http://www.ti.com/tool/tida-01458?keyMatch=Low-Noise Fixed Drop-Out ±2.5 to ±12-VOUT 3A Power Supply Reference Design for Ultrasound CW Pulser&tisearch=Search-EN-Everything
http://www.ti.com/tool/tida-01458?keyMatch=Low-Noise Fixed Drop-Out ±2.5 to ±12-VOUT 3A Power Supply Reference Design for Ultrasound CW Pulser&tisearch=Search-EN-Everything
http://www.ti.com/tool/tida-01458?keyMatch=Low-Noise Fixed Drop-Out ±2.5 to ±12-VOUT 3A Power Supply Reference Design for Ultrasound CW Pulser&tisearch=Search-EN-Everything
http://www.ti.com/tool/tida-01458?keyMatch=Low-Noise Fixed Drop-Out ±2.5 to ±12-VOUT 3A Power Supply Reference Design for Ultrasound CW Pulser&tisearch=Search-EN-Everything
http://www.ti.com/tool/tida-01458?keyMatch=Low-Noise Fixed Drop-Out ±2.5 to ±12-VOUT 3A Power Supply Reference Design for Ultrasound CW Pulser&tisearch=Search-EN-Everything
http://www.ti.com/tool/tida-01458?keyMatch=Low-Noise Fixed Drop-Out ±2.5 to ±12-VOUT 3A Power Supply Reference Design for Ultrasound CW Pulser&tisearch=Search-EN-Everything
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http://www.ti.com/tool/tida-01458?keyMatch=Low-Noise Fixed Drop-Out ±2.5 to ±12-VOUT 3A Power Supply Reference Design for Ultrasound CW Pulser&tisearch=Search-EN-Everything
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Questions?

Thank you!
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IMPORTANT NOTICE AND DISCLAIMER

TI PROVIDES TECHNICAL AND RELIABILITY DATA (INCLUDING DATASHEETS), DESIGN RESOURCES (INCLUDING REFERENCE
DESIGNS), APPLICATION OR OTHER DESIGN ADVICE, WEB TOOLS, SAFETY INFORMATION, AND OTHER RESOURCES “AS IS”
AND WITH ALL FAULTS, AND DISCLAIMS ALL WARRANTIES, EXPRESS AND IMPLIED, INCLUDING WITHOUT LIMITATION ANY
IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT OF THIRD
PARTY INTELLECTUAL PROPERTY RIGHTS.

These resources are intended for skilled developers designing with T1 products. You are solely responsible for (1) selecting the appropriate
TI products for your application, (2) designing, validating and testing your application, and (3) ensuring your application meets applicable
standards, and any other safety, security, or other requirements. These resources are subject to change without notice. TI grants you
permission to use these resources only for development of an application that uses the Tl products described in the resource. Other
reproduction and display of these resources is prohibited. No license is granted to any other Tl intellectual property right or to any third
party intellectual property right. Tl disclaims responsibility for, and you will fully indemnify Tl and its representatives against, any claims,
damages, costs, losses, and liabilities arising out of your use of these resources.

TI's products are provided subject to TI's Terms of Sale (www.ti.com/legal/termsofsale.html) or other applicable terms available either on
ti.com or provided in conjunction with such Tl products. TI's provision of these resources does not expand or otherwise alter TI's applicable
warranties or warranty disclaimers for Tl products.
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