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Key features of Wide Input Voltage (Wide VIN) Automotive and Industrial
DC/DC Converters

Techniques for reducing emissions in Switching Power Supplies
EMI Mitigation by proper PCB Layout

Spread Spectrum

Slew Rate Control

Input EMI filter design

WEBENCH EMI tool
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Wide Vin DC-DC Leadership

Synchronous Switchers

» Synchronous regulators - up to 40V operation
» 2.2MHz switching frequency options

» Very Low (HA) no-load quiescent current

* LM536xx 0.65Ato 3.5A 2.1MHz

» Coming Soon: LMR23610/25/30 1A, 2.5A, 3A

Specialty Buck Regulators

» Synchronous regulators, up to 100V operation
 Fly-Buck support: smallest multi-output bias supplies
* LM5160A and LM5161 65V and 100V Sync Buck / Fly-Buck
» Coming soon: LM5165/6 Ultra-low Sync Buck

» 65V, 150mA/500mA versions w/ 10uA standby Ig

Wide Vin Buck Regulator Power Modules

* Integrated inductor modules with input range to 60V
* Proven EMI performance
* LMZ34202 and LMZ36002 4.5V to 42V or 60V at 2A

Texas Instruments - 2016/17 Power Supply Design Seminar 3



Wide Vin DC-DC Leadership

e ad Buck-Boost, Boost Controllers
» Synch & non-synch buck-boost controllers up to 75Vin & 200W
—  Stackable, multi-phase synchronous boost controllers

* LM5175-Q1 USB PD (Type C) reference designs in progress
* Coming soon: LM5170 - the first 48<->12 bidirectional controller

Buck Controllers
» The only 100V buck controller in the TI portfolio

» Emulated Current Mode simplifies high step-down & high current , —
* LM5140/1 Dual/single 2.2MHz buck controllers - 3.8-65Vin, 2.2MHz, 30pA ""LD,. e
Iq, phase interleaved, EMI reduction
Smart Diode Controllers Vear ﬁ o
[ and

* Replaces reverse voltage protection diode with NFET to reduce losses
LM74610-

* |deal diode for wired OR’ applications with multiple power sources a1
* No ground connection required — zero quiescent current w_>
* LM74610/ LM74670 L]
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EMI in Switch Mode Power Supplies

Switch Mode
Power Supply

Iz S
| -—f_”:: -\\\__‘ |

Supply [ LOAD ]
ETE R W
-
Conducted EMI = | Conducted EMI
Radiated EMI

EMI Noise l EMC Noise
GOAL!  Generation Compatibility
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Engineering Approach To Mitigate EMI

|dentify Significant EMI
NOISE SOURCE Sources
Unwanted Emissions T
]
¥ ¥ ¥ ¥ ‘ Identify Critical Paths I

COUPLING BRI T

Optimize IC Selection I

and PCB Design
L
Add EMI Filter / Snubber I

¢ / Shielding

Magnetic
Fields

Electric

Conducted Fields

SUSCEPTIBLE SYSTEM
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Steps To Mitigate EMI In PCB Design

|dentify the high di/dt nodes and paths

\

Reduce high di/dt loop area
(inductance)

Protect sensitive circuits from
noise

b
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What Can We Do In PCB Layout?

Buck l:-'-{ .................. g-l
Converter —= L ;

e Minimize critical path area
e Separate noisy ground path from quiet ground
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Critical Path Area Comparison

Critical Path Area Reduction | Grounding |

——— * Buck Regulator comparison with Cin location

High 1 (single Cin, ~3 times larger area)
dildt 7 o o e o

VBA 300 kHz

C apS ‘ LM53601_VIN=12V_VOUT= sw No SS_load=1A_Cin remote J o 10e  unit e
| au.; gy J % I 100 MHz
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Critical Path Area Comparison

| Critical Path Area Reduction Im[@-

. Buck Regulator Comparlson with Cin location (single Cin, smaller loop area)

® RBN 100 kHz ~ RF Att o)
RevaI VBN 300 kHz

SNT 10 s unit dBxv

LM53601_VIN=12V_VOUT=5, U‘Q’_No 33 lload=1A_Cin close

b,

100 MHz
[ A}

s
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PINOUT Designed With Performance In Mind
Compact, Low EMI, Good Thermal Performance
for Industrial applications

SIMPLE SWITCHER®

i;'r:rn',‘l—)l
CO CO1_C02| CO3 CO4

-~
-~

-~
-

OO0

Y

LT 1 SS/TRK R e

GND

PG
PGoOD I G ) -5)

Rear Cer PG_PULLUP
»

i3 TExAs
INSTRUMENTS

" B LM436020SUEUN
| W LM436030SUEUN

Connect FB line to VOUT on
alternate layer
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Parallel input cap placement for Automotive
Applications

VIN

% LM53635 2
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PCB Layout Tips...for High Current Buck Controller
Applications

Full layer ground plane under
converter top side layout
provides H-field cancellation

Remove copper between inductor
pads to reduce parasitic capacitance

GND | | GND
Terminal | Terminal
Keep Input | Output
Cap close to = Cap Input Output
LM5165 Termina| i Terminal
a aooaq ,
EN : | PGOOD
Terminal | Terminal
uPower Position Feedback
Converter IC Resistors close to
FB & GND pins 13
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EMI Mitigation by PCB Layout
| Critical Path Loop Reduction | Grounding ]

« Ground Plane
o0 Return Current Takes The Least IMPEDANCE Path
o0 Unbroken Ground Plane Provides Shortest Return Path — Image current return path

Trace or Cut on
Ground v
Plane /
Ground
Plane

Return current path enclose much larger area if
the direct path is blocked

Current flow in top layer tr

L

Return current path in unbroken
ground plane directly under path
Area minimized, B field minimized

Texas Instruments - 2016/17 Power Supply Design Seminar 14



What makes a low EMI Buck

SW node capacitive coupling to the environment

Return path of coupling is over Input wires
> Now it’s source of the Common Mode Noise Buck dvidt

EMI Filter

DC Input cable

Source

w
a0

EMS Voltage (dBuv)

-

[
- High pass

gt =

T N

 HAHTE R SN || I ” ‘
Sy 8 2 8 ] ] L 2 B E 8

Vecom

135V inpun, 5.0W sutpes with 70FF coupliag ta earth

}_%

———ree
TR T Dl M
e 24 Gl 5 e

— 33 Cln e

Frequency (MHz)

r E-Field
coupling

Output cable

imate with Filter ) * .
SV input to 1.04, 5.0V output it 0.10F fiter. Filter Transfer Function
70
A Cind end A
.l 140uV pkpk (e s
5.
)
P - = g Inductor at
L. Input Noise ;
e 23 1 8w v
. 19 - Filter's cap rings N \
~
A
& o N o ! nl '., = - = 100
& 7 3 - - h - ° omm  om o1 1 10 100 1000 10000 4 2% 2 = 2
Frequency(MHz) | pequengy (MHz) Frequency (MHz)

-12dB/Oct -40dB/Dec
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Output Noise

Examples:
1mV pkpk on PCB trace

140uV pkpk with

unshielded Cable
similar to CISPR
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Buck Switch Node Voltage Ringing Due to Circuit Parasitics

VCC

DBST IN . . . .
HBl j - Switch node ringing generates EMI in

Cest the FM Band> 30 MHz

AE HO Rho T JE
|—
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FET Package and PBC Parasitics

« MOSFET package
inductance, and
capacitance

 PCB inductance and

capacitance {
VCCI LboraIN
Cvcc

LO RiLo
lj’ﬁl L
PGND I
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Buck Switch Node Waveform with Slew Rate Control
No Snubber

VCC
Dest v,y .
e | % ' Using slew rate o e
8 o | re === |  control the switch
{j:gm—_lﬁ node ringing is
z HOLT Ry eliminated
SW Ll ﬁ
VCC i
L—»I T J_Cvcc
LO Ro = —
e
LOL Rio .
Lot ELTEM Rinecsse 23 o) e M)
tI r] o 0i5 " 208 E‘rl; sk

Ryon=10 ohms
= Ryo.=0 ohms

L, on=10 ohms
R_o.=10 ohms
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Benefits of LM5140 Gate Driver
Slew Rate Control

 High and Low Side FET Drivers have separate
source and sink pins allowing the turn-on and turn-off
times to be independently controlled via series
resistors

* Optimizing gate drive slew rate reduces EMI with ~1%
reduction in efficiency (as measured on LM5140 EVM)

—

=
HOL T

VCC

[zt

LM5140  romoT

No Slew Rate Co J;ng L Wlth Slew Rate Control
o 59 dB WV T
" J ub }. o
. ( > | 39dBpV
T TIA G e e Pz \ ™
i e [

c
Start 30 Sto S Start 30 MHz Ston 108 MHz

Date: 5.0CT.2014  20:=22:18

Date: 15.DEC.2014  13:52:01
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Measured on

LM5140 Standard EVM:

2.2MHz, 3.3V/5.0Vout
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Spread spectrum/Dithering — What Is it?

» Spread spectrum is a means of reducing EMI interference by dithering the
switching regulator frequency, in the case of LM53600/53601, by +/-4%. This
has the effect of widebanding the noise spectrum and reducing the fundamental

energy, as shown

0dBV’

4

Fundamental with narrow

/ spectruq(n and high amplitude
\ B

Af e
¢ |5' Afc:\“x\\ Non-modulated harmonic

FEnv,PEAK

Side-band harmonics
window after modulation

e

Spread spectrum reduces=
the fundamental signal
energy and the overall

peak value while widening
the spectrum
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Combining Slew Rate Control and Spread Spectrum

*  Wide Input voltage range: 3.8V to 65V

(Abs Max 70V) Simplified Schematic
» Fixed output 3.3V, 5V, or adjustable from “
1.5V-15V = . ]
« Fixed 2.2MHz, or 440 kHz oscillator; : ] IR [
frequency can be shifted from the e ] 1 A
fundamental via RT pin resistor setting s o T Reouse Vour
RT adjustment range 300kHz- N O R s LRSI g T?w
500kHz, or 1.8MHz-2.53MHz L1 7 N — -
e EMC features: ~len o
* Spread Spectrum selectable —»{DEMB o
» Gate drive slew rate control veex P
« Synchronizable to external clock i |
«  FPWM mode disables skip mode at light load AGND  RT _ 0SC VDDiB_—] )
assuring operation at fixed frequency l R % L don
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Differential Mode Conducted EMI

AN T - A%
' Switch Mode
| Supply | Power | LOAD |
| T Supply |
\ . ;

 Differential Mode Conducted EMI
o In DC-DC converter topology differential mode noise usually dominates common mode
o Involves the Normal Operation of the Circuit
0 Only Related to CURRENT, not voltage

o For example, with the same power level Buck converter, lower input voltage means higher input
current, thus worse conducted EMI

 Why we care?
o0 Excessive Input and/or Output Voltage Ripple can compromise operation of Supply and/or Load
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Input Filter Design for Conducted EMI

There are two basic requirements for the conducted EMI filter:

« Meet noise attenuation requirement (i.e. CISPR 25)
» Not interfere with the normal operation of the SMPS converter ~ “eretene HE pot L3608

RBW 10 kHz RF ATt 10 dE

@WLV. VBN 30 kHz
80 dB=v SNT 10 s unit [e ===V}
8C(

Example of a Buck regulator T
« No input filter = T e
. o Tl s ||| 1]
 Fails CISPR 25 regulation limits INEREN TTRIVME
) T NG MR
But how do we estimate how much T Y

filter attenuation to add?
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Necessary Input Filter Attenuation

Methods of estimating the filter attenuation prior to making a certified measurement with a LISN (Line
Impedance Stabilization Network) and Spectrum Analyzer

e Method 1 — estimation using oscilloscope measurement

» Measure the input ripple voltage using a wide bandwidth scope and calculate the attenuation.

VinRipple
| Att |;5 = 20> log( 1V peo ek ) —Vax

* Vwmax is the allowed dBuV noise level for the particular EMI standard.

« Method 2 — Estimation using the first harmonic of input current

» Assume the input current is a square wave (small ripple approximation)
> sin{nD)
fSCIN V CUFrernl '
) - max /
1pVv s

VMAX is the allowed dBuV noise level for the particular EMI standard.

|Att|gs = 20 log (n

CIN is the existing input capacitor of the Buck converter. e

D is the duty cycle , | is the output current, Fs is the switching frequency

Texas Instruments - 2016/17 Power Supply Design Seminar
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Typical Conducted EMI Filterl

V Lt \/
| —m—
DC O ;
power . i E 1 : ) )
i —— Cf —1~Cd _——Cin: Switching
Sojice ' i converter
Follow the design steps described in AN-2162. = = —— =
: EMI filter

Calculate the required attenuation using Method 1 or Method 2. :

Capacitor CIN represents the existing capacitor at the input of the switching converter.

Inductor Lf is usually between 1uH and 10uH, but can be smaller to reduce losses if this is a high current design.
Calculate capacitor Cf. Use the larger of the two values (Cfa and Cfb) below:

|Att|gefd0

Cin 1,10 2

" CinLi(2at 107 -1 Co= (T )

Cra

Capacitor Cd and its ESR provides dampina so that the Lf Cf filter does not affect the stability of the switching converter.

Cy24xCyy ESRy = /Lf/c,N

Texas Instruments - 2016/17 Power Supply Design Seminar
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Conducted EMI Before and After Filter — LM53603
— 150kHz to 30MHz

Using guidelines on the

Input 13V, Output SV@3A, resistor load, CISPR 25 CE setup previous slides the filter was
Red Line: Class 5 Limits (Peak/Average Detection) implemented and Conducted
: Peak detection result, Blue: Average detection result EMI retaken
@%‘I‘Lvl \ﬁ g ¥ R’:_Att 0®

o 80 dBxv — SWT 10 = mLhml_: daﬂzm @ P‘_E :‘r‘:‘ ig-:«: J

7| e | o -

- M SM-PKS + 5

«MM ram ‘ SMAYS | ‘ J

T g | e

i NA‘W L - WH lik‘F‘:-'l*"-?-'I‘._;“_l- ‘| | e iy o 2w 0 ¥ 0 FEL

C \/ \V’\ vb “ -IL“L""" R S e .:,. = |.. I ' l -L--j--i
No Input Filter we e s \With Input Filter
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COT Converter with EMI Input Filter

EMI filtering
Inrush limit
Low-lg Synchronous DC/DC Converter, 5V @ 150mA
r-r—-——~—~—"-—"~>">"—"~———7——7————— ___] r-r—-———""""F"=""""F""-"""-"-="="-" " -=-" =" =" ="="="="="="="="—"="—"="—"="—"="—="—"——7—
: L / : : Vin Le Vour
| Ve 22uH |l 10V..65V 220pH 5V
e e YY1l VTN _—
| 1
: I LM5165 Resr
Input | @ — TVS; 1 Cx Cxo ;: : : 1 Cn EN VOUT 1.5Q
Supply | BH— 43V —T1 1nF  10upF I T 1uF
: | : —L— Cour
| / X —{Pcoop Ss 22uF
® ® *—-
| Voc- X —T—_ ILIM =
——————————————————————— ! : - — HYS —— GCss
Input Filter & Protection : 47nF
| RT GND}—o—
TVS clamp for surge I Rer
protection | 133k0 =

|

|

|
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Conducted EMI Plots: CISPR 22 Class B (150kHz —» 30MHz)

Input 13.5V, Output 5V @ 100mA, COT mode, Resistive load, CISPR 22 CE setup

230kHz
l ssokt, | Unfiltered Input filter: L, =22 pH, Cy, =10pF
Il‘ l 69( kﬁZMHz 10 MH=z ) 1 MH=z 10 MH=z
l
™ ;} 1.15MH3 :
\ ‘ WA 1=
/ \ || ! |
|
\ l\ 3 |
l\ , Peak detector \ Peak detector
v ;U LY EO_JJ i I
i W
.‘;ﬂy ] Ih L LA (A 1

L
<>-

’ J
Average detector \J \JN

Average detector
| 1 ||
Stop 30 MHz

Mﬁw N TR

zzzzzzzzzzz

Peak detection result

Red Lines Class B Limits
(Peak & Average detection) Blue Average detection result
28
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Conducted EMI Filter Design Tool- Webench

VINMax =18V
LMS3B02PWP out=33V
YN c3a00T out1 =24
 —
{ EM B -
i
-
Ul gug

Iif

— na

Auto calculated or custom
Input filter

BE ) 320.38m

La gy T

Spectrum analysis
Before and After Input filter “ - -

Impedance Anglysis to
Ensure stable gperation

Fusele Mg 0
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Tl Worldwide Technical Support

Internet

Tl Semiconductor Product Information Center Home Page
support.ti.com

TI E2E™ Community Home Page

e2e.ti.com
Product Information Centers
Americas Phone +1(512) 434-1560
Brazil Phone 0800-891-2616
Mexico Phone 0800-670-7544
Fax +1(972) 927-6377
Internet/Email support.ti.com/sc/pic/americas.htm
Europe, Middle East, and Africa
Phone
European Free Call 00800-ASK-TEXAS
(00800 275 83927)
International +49 (0) 8161 80 2121
Russian Support +7(4)9598 10 701

Note: The European Free Call (Toll Free) number is not active in all countries.
If you have technical difficulty calling the free call number, please use the
international number above.

Fax +(49) (0) 8161 80 2045
Internet www.ti.com/asktexas
Direct Email asktexas@ti.com
Japan
Phone Domestic 0120-92-3326
Fax International +81-3-3344-5317
Domestic 0120-81-0036
Internet/Email International support.ti.com/sc/pic/japan.htm
Domestic www.ij.co.jp/pic
The platform bar and E2E are trademarks of Texas Instruments. I TEXAS

All other trademarks are the property of their respective owners.
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Asia

Phone
International +91-80-41381665
Domestic Toll-Free Number

Note: Toll-free numbers do not support mobile and IP phones.

Australia 1-800-999-084
China 800-820-8682
Hong Kong 800-96-5941
India 000-800-100-8888
Indonesia 001-803-8861-1006
Korea 080-551-2804
Malaysia 1-800-80-3973
New Zealand 0800-446-934
Philippines 1-800-765-7404
Singapore 800-886-1028
Taiwan 0800-006800
Thailand 001-800-886-0010
International +86-21-23073444
Fax +8621-23073686
Email tiasia@ti.com or ti-china@ti.com
Internet support.ti.com/sc/pic/asia.htm

Important Notice: The products and services of Texas Instruments Incorporated and its
subsidiaries described herein are sold subject to TI's standard terms and conditions of sale.
Customers are advised to obtain the most current and complete information about Tl
products and services before placing orders. Tl assumes no liability for applications
assistance, customer’s applications or product designs, software performance, or
infringement of patents. The publication of information regarding any other company’s
products or services does not constitute TI's approval, warranty or endorsement thereof.
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, enhancements, improvements and other
changes to its semiconductor products and services per JESD46, latest issue, and to discontinue any product or service per JESDA48, latest
issue. Buyers should obtain the latest relevant information before placing orders and should verify that such information is current and
complete. All semiconductor products (also referred to herein as “components”) are sold subject to TI's terms and conditions of sale
supplied at the time of order acknowledgment.

TI warrants performance of its components to the specifications applicable at the time of sale, in accordance with the warranty in TI's terms
and conditions of sale of semiconductor products. Testing and other quality control techniques are used to the extent Tl deems necessary
to support this warranty. Except where mandated by applicable law, testing of all parameters of each component is not necessarily
performed.

Tl assumes no liability for applications assistance or the design of Buyers’ products. Buyers are responsible for their products and
applications using TI components. To minimize the risks associated with Buyers’ products and applications, Buyers should provide
adequate design and operating safeguards.

TI does not warrant or represent that any license, either express or implied, is granted under any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI components or services are used. Information
published by TI regarding third-party products or services does not constitute a license to use such products or services or a warranty or
endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual property of the
third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of significant portions of Tl information in Tl data books or data sheets is permissible only if reproduction is without alteration
and is accompanied by all associated warranties, conditions, limitations, and notices. Tl is not responsible or liable for such altered
documentation. Information of third parties may be subject to additional restrictions.

Resale of TI components or services with statements different from or beyond the parameters stated by TI for that component or service
voids all express and any implied warranties for the associated TI component or service and is an unfair and deceptive business practice.
Tl is not responsible or liable for any such statements.

Buyer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements
concerning its products, and any use of TI components in its applications, notwithstanding any applications-related information or support
that may be provided by TI. Buyer represents and agrees that it has all the necessary expertise to create and implement safeguards which
anticipate dangerous consequences of failures, monitor failures and their consequences, lessen the likelihood of failures that might cause
harm and take appropriate remedial actions. Buyer will fully indemnify Tl and its representatives against any damages arising out of the use
of any Tl components in safety-critical applications.

In some cases, TI components may be promoted specifically to facilitate safety-related applications. With such components, TI's goal is to
help enable customers to design and create their own end-product solutions that meet applicable functional safety standards and
requirements. Nonetheless, such components are subject to these terms.

No Tl components are authorized for use in FDA Class Ill (or similar life-critical medical equipment) unless authorized officers of the parties
have executed a special agreement specifically governing such use.

Only those Tl components which Tl has specifically designated as military grade or “enhanced plastic” are designed and intended for use in
military/aerospace applications or environments. Buyer acknowledges and agrees that any military or aerospace use of TI components
which have not been so designated is solely at the Buyer's risk, and that Buyer is solely responsible for compliance with all legal and
regulatory requirements in connection with such use.

TI has specifically designated certain components as meeting ISO/TS16949 requirements, mainly for automotive use. In any case of use of
non-designated products, Tl will not be responsible for any failure to meet ISO/TS16949.
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