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Optimizing EMI and Mitigating Noise in Automotive DC/DC Converters

High-frequency conducted and radiated emissions from power converters occur based on the transient voltage (dv/dt)
and transient current (di/dt) generated during hard switching. Such electromagnetic interference (EMI) is an
Increasingly vexing issue in the design and qualification cycle, especially given the increased switching speed of power
MOSFETSs. This training provides an understanding of EMI from both theoretical and practical standpoints. Three
sections are provided as follows:

1. EMI overview and fundamentals Audience: Analog, Power,
DC/DC converter,

2. EMI noise sources and mitigation Buck controller

3. EMI management with practical circuit examples
Specific Tl Designs & Parts:

What you’ll learn: « Part #s: LM5145, LM53635-Q1
Understand, avoid and solve power supply EMI issues. * TID #'s: TIDA-00987
 Understand EMI standards, measurements, differential & common-mode

emissions

» |dentify the role of power stage parasitics in EMI generation

» Learn about e-field coupling mechanisms

» Look at filtering and mitigation, leveraging IC and system-level “features”

» Review practical circuit examples — PCB layout recommendations, EMI plots
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1. EMI overview and fundamentals
— EMI noise coupling paths (DM & CM)
— EMI standards: EN55022 class B (industrial), CISPR 25 class 5 (automotive)
— EMI measurement setup & LISN schematic
— EMI filtering, DM & CM equivalent circuits, CM noise propagation paths

2. EMI noise sources and mitigation
— “Hot” loops, parasitic inductance, magnetic fields
— SW node harmonics & voltage ringing, electric fields
— Circuit and layout techniques for EMI mitigation

3. EMI management in DC/DC converters
— Component placement, GND plane management, PCB stack-up strategies, etc.
— Practical circuit examples, EMI performance-optimized PCB layouts, EMI results
= LM5145:V, =6V to 100V, V5, = 5V, Igyr = 20A [PCB layout, input caps, inductor selection]
= LM53635-Q1: V, =3.5V 1042V, Vo, = 5V, Iyt = 3.5A [HotRod package, PCB layout]
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CISPR - COMITE INTERNATIONAL SPECIAL DES PERTURBATIONS RADIOELECTRIQUES
(INTERNATIONAL SPECIAL COMMITTEE ON RADIO INTERFERENCE)

LISN Line Impedance Stabilization Network

AN Artificial Network

AMN Artificial Mains Network

EUT Equipment Under Test

DM Differential Mode

CM Common Mode

CE Conducted Emissions

RE Radiated Emissions

RBW Resolution Bandwidth (of EMI receiver / spectrum analyzer)
FFT Fast Fourier Transform

dBuV — 0dBuV = 1uV, 20dBpA = 10uA

PE (Protective Earth) or GW (Green Wire) = Earth Ground
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EMI Overview and Fundamentals

EMI challenges
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EMI challenges in power supply design TECH DAYS-&R
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1. EMI is a challenge for nearly all electronic systems,

especially for automotive devices | | iy ‘ |

2. EMI source — coupling path — receptor r | | ‘ \‘;‘:'M |
— Conducted path through cabling
— Radiated EMI path through air

3. Conducted EMI : CISPR 22 covers frequencies from 150kHz to
30MHz (higher with CISPR 25 automotive spec... up to 108MH2z)

|
l

4. Radiated EMI : CISPR 22 covers frequencies from 30MHz to
1GHz (higher with CISPR 25 automotive spec... up to 2.5GHz)

5. Leverage IC and system-level features:
* Low inductance IC package / pinout

« Careful PCB layout
» Spread spectrum / slew-rate control
« EMI filtering

o *
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DM and CM conducted noise paths: buck & boost TECH DAYS-<&k
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1. Differential-mode (DM) AC noise current flows in power wires (forward and return path, opposite direction)

AC noise current flows in both power wires (same direction), returning via chassis Ground

Lr Lr
. leu . Q; X o~ VOUT m
4‘““‘I‘D‘M‘:““;‘““ii‘?‘:ﬂt """ '| Power Vout/Vin e el | R
VIN L—::F E Cin J Q2 'E__: Cour VIN l—Zu:' lew i Cin
S| — J|I— IR S | S | ——
1 T i ? o\ power GND I —
. A i lem — Cy CYZA o
v CYZ - Csw(par)
X — 2*lcm \
2% S 77 Chassis Ground 7~ - 77
Differential-mode noise is like: Common-mode noise is like:
The measured input or output ripple of a DC/DC converter. The noise signal on both power wires with same phase.
Vin or Vout noise against GND that can be filtered with caps, Can be filtered with Common Mode Choke.

ferrite bead and low frequency PI-Filter.
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Level (dBuV)

EN55022 Iimit [ines — conducted emissions TECH DAYS Tk

Class A and Class B limits, quasi-peak & average, 150kHz—-30MHz Texas Instruments
Class A Class B
(Heavy Industrial) (Residential, Commercial & Light Industrial)
80 80
70 70
60dBuV ™~
60 = 60 \\
Average Detector Limit \\
50 S 50 ~
3
)
z
30 - 30
20 20
10 EN 55022 Class A- QP | 10 EN 55022 Class B- QP |
EN 55022 Class A - AVG EN 55022 Class B - AVG
0 I | 11 T 111 0 L1111 | 1 T 111
0.1 1 10 100 0.1 1 10 100
Frequency (MHz) Frequency (MHZz)
[1] EN55022, 2010, “Information technology equipment— Radio disturbance characteristics— Limits and methods of measurement” .
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CISPR 25 limits — conducted emissions
150kHz—108MHz in seven bands for LW, MW, SW, EM, TV-I. CB, VHF TECHQﬁYtS\ﬂ@
Class 5 limit lines for Peak and Average detectors

Frequency | PK QP AVG
0 57 50

80 -
0.15-0.3 7
MW 0.53-1.8 54 41 34
60 =
L 54dBuV S
S 50 50dBuvV = SW 5.9-6.2 53 40 33
Z Lw - 44dBpV =
? 40 38dBuV FM 76-308 38 25 18
g L 34dBpv
(5]
- 30 W S TV
- 24dBpV 1 5and | (R Rk 34 B 24
20 HE _
- 18dBuv o8 | IR 2628 44 31 24
nvARE 52
10 — PK detector S5 30-54 44 31 24
—AVG deje“‘” | 6387 38 25 18
1 1 10 100 )

Frequency (MHz)
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CISPR 22 class B versus CISPR 25 class 5
conducted EMI average limits TECH DAYSCh

80

| CISPR 22 Class B — AVG

70

60 v
\\\ 50dBuV r'd
50 50dBuV 46dBLV

20 CISPR 25 Class 5 - AVG
30 34dBuvV /
24dBuvY

20

Level (dBuV)

18dBuV

10

0
0.1 1 10 100

Frequency (MHZz)

10
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Measuring conducted emissions with LISN

—L1

LISN or Artificial Network (AN)
Represents the wire harness and
terminates the test setup

AC/DC or DC/DC
Converter

(EMI Source)

Vout

Load

|

I LISN S0pH i

l -

: . 0088 ) v

: :

: 50uH |

| |

L AR « | GND

= i

|

| 0.1uF == 0.1pF = !

y lpF —— 1pF —— |

: ~ -

|

. —

|

' 1kQ 1kQ i RF signal output port to
: 1 50Q termination or 50Q2
| |

_____________________________________ input of EMI receiver

GND

L7777 7 77777777777 7777777777777 77777 LSS LSS 77777777777

Copper Ground on bench Ground

/77

TEGH DAYS<k

Texas Instruments

Spectrum Analyzer
measures the noise from:
1. Vin to Ground

2. GND to Ground

11
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QUESTION:

The EN55022 Class A AVG conducted emission limit is 60dBuV at 10MHz (Class B is 50dBuV).
Assuming 50Q2 impedance, what is the current level at the conducted emission limit in:

(@)uA, (b) dBuA

| Two LISN Circuits | CM .
|
LINE i m i : _— ANSWER
[ — |
- = i — : V,=V,=60dBuV =10°10°V = 1 mV
| |
I |
| oy SMPS  |ouTPUTS _ _ _
GROEND : g i . DM Ve=1I,R, Vy=IyR, R, =500
e : p— :
; T -] I=1,-311Y _50 uA
NEUTRAL : [ : | 50
N e <
20x10°°
‘mj —_— IP,dBl,LA . IN,dBjJ.A S 20 loglo T = 26.02 dBlJ.A
Spectrum CM and DM add vectorially
Analyzer ?’0 . EMI (line) = CM + DM
EMI (neutral) = CM - DM
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CISPR 25 conducted EMI test setup TECH DAYS{hk
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Side view
Power |j— AN Power supply lines EUT uél
Supply | - 14 . ""-"‘;::::::::::::::::::::::::J%IZ; |
Ground plane | |
|
Top view |
5 200 ;200
. |
Power AN
Supply =— AN
.
Load
Simulator (=1 P
1
1
1

Shielded enclosure 1 7 = Low relative permittivity support, egr < 1.4
1

Measu rin g 8 = High-quality coaxial cable, e.g. double-shielded 50Q
Instrument | 11=50Q load

12 = Bulkhead connector

13
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CISPR 25 conducted EMI setup general overview TECH DAYS-Ck

Texas Instruments

Qutside screen room Inside EMI chamber

- 2x5puH LISN ‘
- Com-power LI-550A

.
P N

Spectrum analyzer Power Supply, VN = 13.5V Copper Ground p|ane

14
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%

Measure conducted emissions (DM & CM) with LISN TEGH DAYS+S

Texas Instruments

Separation of DM/CM Conducted Emissions: L p o , L
1. Diagnosis of power supply conducted EMI 1 : 1 LMCAJ—" 1 +

« Troubleshoot source of emissions : Tc., |

- . . : Cxo Cxy Y1
* H —— —
DI?tII’lgUISf-l carefully [ISN . | SMPS §R
2. EMI filter design : = -
Ii & (Ym.—. &

* Check if one component (DM or CM) is
dominant, e.g. in a particular frequency range

EMI FILTER G —

G
 Directly measure the required DM & CM L~ - -- —
attenuation -

* Minimize filter component count & size for Visvi-c) CM/DM g —EEE=E

optimized design Virsvevg) | Discrimination E:ﬁ:

3. Use DM and CM equivalent circuits Network 0O eee O G0 GO0
« Design DM and CM filter stages separately Spectrum Analyzer

** Need to measure both LISN outputs simultaneously to retain phase information of vectorial quantities **

[3] Kostov et al, “The input impedance of common-mode and differential-mode noise separators,” IEEE Transactions on Industry Applications, May 2015, pp. 2352-2360,
http://ieeexplore.ieee.org/stamp/stamp.jsp?arnumber=6954393

[4] Mainali et al, “Conducted EMI mitigation techniques for switch-mode power converters: a survey,” IEEE Transactions on Power Electronics, Sept 2010, pp. 2344-2356,
http://ieeexplore.ieee.org/stamp/stamp.jsp?tp=&arnumber=5444974 15
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Automotive sync boost converter CM noise curent

TEGH DAYS-<Ch

Texas Instruments

C:RL-GNDZI.
. Ld * =
A Heatsink s
EPR T
— A\ \NN— - B N
Vbs-q2 Q® | E | CrL.anp IS the parasitic
¢ ¢ o ! N ;ESRCOUT capacitance from Load to
LISN || NN chassis GROUND
T T T T T T T T T T | sz : t :
| : S ! ] N— E ESLeour e.g. long load lines
| T L SW S R j7| Re -g. long '
| l ESR \ N\ downstream DC/DC,
| 500 i o ] ij_: N Cout motor drive systems,
: : AN metal-clad load resistors
i ’j i ESLin Vosar (L[] R
1 50Q ! — Cin ] | CRrL-GND2
! | A VI >~ S | .
| ) . . """ :
L I ’

H
ok
Rt e

Cp, Is the parasitic capacitance from Cg, is the parasitic capacitance from

SW to chassis GROUND

SW to grounded heatsink (large area)

[5] D. Han et al., “A case study on common mode electromagnetic interference characteristics of GaN HEMT and Si MOSFET power converters for EV/HEVs,” IEEE Transactions on Transportation

Electrification, March 2017, pp. 168-179, http://ieeexplore.ieee.org/stamp/stamp.jsp?arnumber=7707424
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EMI Sources
Circuit & Layout Techniques
to Reduce EMI & Voltage Stress

Critical switching loops, component parasitic

Minimizing inductive parasitic

EMI sources & related frequency ranges / relevant harmonics
Equivalent circuits for SW node ringing
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ldentify critical loops with high di/dt currents

PWM Controller

High-side
gate driver

Low-side
gate driver

£

£

Vee
5 T = o1 Vi
BOOT
HB Ra Y Cn=m ~ || I
[ AAN— (D
C 15 N Csoot A ‘ |—_VQ1 e e
\ {— 71N »— :-:l L »
///“*“4-* ““““ ““‘@“‘“ ———— j 4 Lr t
\ i
’ ] : vV
‘L SW & ; ouT
e = e g
veccei,r
1 .
T A A m |
< V\:— Cvece ‘I—’ Cour
LO Q
\ N N >\ I—
e e !
< ® )
b SPEND | e T 4 >
rl—'I] . j I —‘ - S D
—_— GND

TEGH DAYS-<Ch

Texas Instruments

High frequency “power loop”
...critical path area reduction

In translating a converter schematic to a board layout, it's essential to pinpoint the high slew-rate current (high di/dt) loops to
recognize the layout-induced parasitic or stray inductances that cause excessive noise, overshoot, ringing and ground bounce.

18
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SW node voltage waveform & spectral envelope TECH DAYSChk
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T, Ty Spectral
. A, Sa Amplitude 0dB/dec
(dBuV) —
-20dB/dec
Fourier .- Maximum envelope
Analysis | | - »
h ™ Envelope [
T — b
-40dB/dec
1 f
- > ; 1 . 1
Ts =1/Fs L "
7 = pulse width (measured at half-maximum)
Ts = pulse period
_ — T . T[] . T
D =duty cycle = z/Ts N ¢, | = A—sinc| ne, — [sinc| na, -
7. = rise time; 7 = fall time of edge transition T 2 2

[8] N. Oswald et al., “Analysis of shaped pulse transitions in power electronic switching waveforms for reduced EMI generation,”
IEEE Transactions on Industry Applications, Sept 2014, pp. 2154-2165,
http://ieeexplore.ieee.org/stamp/stamp.jsp?tp=&arnumber=5953506 10
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Equivalent RLC circuits for SW node ringing — buck TECH DAYSTh

Texas Instruments

Equivalent RLC circuit
after Q4 turns ON

TTTT]TTTTITTT’TITTTTITTTT TTTTITTTY]TTTT]VTITTITTTT

T 1 171

] LLoop

— Peak amplitude —

L A -

- . § R Q4 on

I~ -1 LOOP

| Resonant frequency — High Z

- Voltage l By = ! =160MHz i Vin ‘sz @7

I Overshoot | 274{LLoorCoss2 1 p—

- | \ | | ]

i 1 / i Q; off ? —— Cossy

- : \ -

- I \ ~

HHH%HH%HH' N 1 L

e |

[ | s _ Equivalent RLC circuit

i ] ,” Damping ) after Qq turns OFF

£ y 4 - _ Rioor Ty = 1 1 Lioor

= res 4 _W_

L ,/ 2Loor 27\LioorCosst

. —

- - Qi off | Cossi

H - § RLoor ——
M """"" ' High Z

: Voltage ] 7/

- Undershoot - —— o

i | ] [ ] l | N B l | A () ] l I S l | . . S . l R 1’“ I""I‘- | S TS | l L l e} ]

on
M 40.0ns 5.0GS/s 1T 4.0pst @
Ch3 S.0v A Ch3 r 32Y
t :
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Spread spectrum / dithering —what Is 1t?

Spread spectrum is a technique to reduce EMI by dithering the switching frequency

e.g. LM53635-Q1, AF,, = +3%:

LM5175-Q1, AFg,y, = £5%;

LM5141-Q1, AFg, = 5%

%

TEGH DAYS+

Texas Instruments

VRMS A
+ : Non-modulated harmonic
H
il Side-band harmonic
el window after modulation
t 1iy
F T
| :
Fenv,peak :
|
I
I
|
0V v v f >

Spread spectrum reduces the
fundamental signal energy
and the overall peak value
while widening the spectrum

21
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Spread spectrum implementation TECH DAYSCh
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VlN
PVIN
I C|N L|:
FB [ SW MOUT
PWM dh
} Generator
LFSR —T CouT

I ®
PGND GND

17-bit linear feedback shift register (LFSR) generates 217 random codes, passed to the oscillator
Oscillator generates pseudo-random current depending on code from LFSR
Overspread in switching frequency, AFg,, = £3% 2
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Mitigating EMI by PCB layout TECH DAYS<Chk
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Power stage layout

Component selection and floor-planning of the MOSFETSs, decoupling capacitors, and shunt resistor should target absolute
smallest area and circumference of “hot” loops.

Reduce power loop parasitic inductance, including partial inductances from the MOSFET packages, decoupling capacitor, shunt
resistor, and PCB interconnections, as it leads to voltage overshoot, ground bounce, ringing, EMI, and power loss.

With a power loop configured for horizontal current flow, add a close (6 mil spacing) GND plane on the layer immediately
underneath to act as a shield layer for H-field self-cancellation and reduced parasitic inductance.

Connect multiple decoupling capacitors in parallel to reduce ESR and ESL, optimize placement for flux cancelation.

SW node copper area is a tradeoff between managing dv/dt-related noise and providing acceptable heatsinking for the low-side
5| MOSFET. Large planes with high AC voltage become transmit and receive antenna structures for radiated EMI. Use shielding
technigues around the SW node to minimize electric field coupling.

Route tightly-coupled MOSFET gate and source (return) traces on inner layers that are shielded by GND planes above and
below; use via stitching for 3-D Faraday shielding effect.

Locate SW node snubber network and anti-parallel Schottky diode for deadtime conduction extremely close to the synchronous
FET.

Separate the inductor terminals’ copper pours to avoid increasing the inductor’s equivalent parallel capacitance (EPC),
decreasing its self-resonant frequency (SRF).

v

23
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EMI Mitigation in DC/DC Converters

LM5145: Communications systems
L M53635-Q1: Automotive

“Local” EMI control (PCB layout) is less cost than EMI filtering
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LM5145 Buck — Identify high dV/dt path

— High current trace
—— Noise sensitive trace
e High dv/dt node

High dV/dt path:

Switch

Cboot, BST
HO, LO drives
SYNC In&Out

W

VOUT

Rc2

§ Res1
Cez——

Fsw adjust
Soft start

3
Feedback & | I T
Compensation § ire

out O——

U
SYNC |

JUL

optional

Input UVLO

PWM Controller

for Gate VN = 6V...100V
x\V  Drive .J

Bootstrap

Ceoort

Eﬁ

] I_"
High-side
|V L MOSFET

I Q:

TECH DAYS-Ek

Texas Instruments

VIN

— Low-side
MOSFET |}
—

M ’_f

VCC

j_Bias Rail

-1 CVCC

PGOOD

25
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In translating a converter schematic to a board layout, one essential step is to identify
the high slew-rate current loops and recognize the layout-induced parasitic or stray
Inductances that cause excessive noise, overshoot, ringing and ground bounce.

Legend:

\V Impact of Parasitic Inductances
IN
Very critical
Critical
D Less Critical
Not critical
ctrr.
FET ]
IS L
) 0
o>
% a
CIN far 3
c ©
o O
@)
ROUT
D
. SYNC Cout
J' FET
-w -w -

26
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PCB layout LM5145 sync buck controller TECH DAYS-Ck
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VIN High-side
Gl MOSFET Inductor

NN

C

- gt
-
000
000

—

Input
Capacitors

Power Output Legend

Loop C it
@ o apacitors B Top Layer Copper

O O lowside s Layer 2 GND Plane
GND MOSFET GND ju— Top Solder

27
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PCB layout LM5145 sync buck controller TECH DAYS-Ck

Texas Instruments

i3 TEXAS i
INSTRUMENTS % 2 2 N & ._”
ORI ONC 5 =)
g+
s
=0

VOUT

e )

Layout modification T

0w ogo Rotate high-side MOSFET Q1 90° :

ou ouo Add 0603 input cap, Cinl
—

ST v’ 10nF, 100V, 0603, X7R
Low-side Capacitors v’ 77TMHz SRF (Self-Resonant Frequency)
MosrEl %60 O v" Smaller high-frequency power loop area

Inductor

Specify PCB stack-up with 6-mil spacing top
layer to L2 GND plane

Capacitors

Trace routing

Solder mask (0.4 mil)
Top layer (2.8 mil) ———p

; Total

— Core (6 mil
&l/ ( ) height
Prepreg (14 mil) 62 mil
+10%

/ — Core (6 mil)
= Prepreg (14 mil)
Core (6 mil)

Legend B Top Layer Copper W Layer 2 GND Plane W Top Solder 28

Layer 2 (2.8 mil) ———p
Layer 3 (2.8 mil) ——p

Layer 4 (2.8 mil) ———p
Layer 5 (2.8 mil) ——p

High-side Bottom layer (2.8 mil) ———p
MOSFET Solder mask (0.4 mil) —/

\ PTH vias /
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Input caps —4.7uF 1210 and 10nF 0603 in parallel

s

Impedance[ohm]

F =

§

N

3MHz

e

| GRM22DOT2A4TEKED 2], 25deel

Fre que nc

y[Hz]

UUUUU

4.7uF, 100V, X7S, 1210
SRF = 2.3MHz (Z. = 4mQ)

ESL = 0.4nH

Z. = 237mQ @ 100MHz

[9] Murata Simsurfing tool, http://ds.murata.co.jp/software/simsurfing/en-us/index.html

hm]

Impedance [o

ﬂ GRM1EERT 241 04K,

. \ SRF

R\

Zaie

AT

|Z], 25deg’

Freguenc

ylHz]

0.1pF, 100V, X7R, 0603
SRF = 25MHz (Z. = 20mQ)

ESL = 0.35nH

Z. =195mQ @ 100MHz

Impedance[ohm]

==

SRE = 7/MHZz

£

[3] M| GRM21BRT 241030

1

1 [2], 25deEC

om 100M
Fra que ncy[Hz]

10G

10nF, 100V, X7R, 0603

SRF = 77MHz (Z. = 60mQ)

ESL = 0.33nH

Z. = 110mQ @ 100MHz

TECH DAYS-Ch

Texas Instruments
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SW node waveforms, VIN =48V, VOUT =5V, IOUT = 10A  TEGH DAYS-p

Texas Instruments

Tek  Stopped B08 Acys 16 Mar 17 164817 Tek  Stopped 38 Acys 16 Mar 17 15:48:54
| L L | IIIIIIII | L L | LI I__ I"‘ LI | L L | L L | LI | L L _I LI | IIIIIIII | LI | L L 1 I"-‘ LI | L L | LI | L L | L L
i l e lr el
1 I ryr ri L L LI LI | L L | T 1 1T 1 | L L | L L
. . . . i _
[ Z Z Z Z I Z Z Z Z i i
__ L. HO ._. S\N L. . . = . o o o L. 1:_ ...................... *l:_
N . | . . . . _ _

e *W“"““*“ "‘*“-“*g* et B S J}\,M“'* il 1‘“*f'!f"

|||||||||||||||||||| |||||||| Lo b b b o o] o b b b b T ST o L Lo v bl
Ch 2.0 M Z20.0ns 1.25G55 1T 8.0ps4t Ch 2.0% f‘-.l1 20.0nz 'I 2965 1T 8.0psd4t
Ch3 10.0Y & Ch3 » 11.4Y Ch3 10.0v & Ch3 ~ 17.4Y
Math1  2.0% 20.0nz Math1 2.0¥% 20.0nz
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Inductors with improved e-field signature

N A
VISHAY.

IHLE-4040DD-5A

v www.vishay.com

Low Profile, High Current Inductors with e-field Shield

Manufactured under one or more of the following:

US Patents; 6,198,375/6,204,744/6,449,829/6,460,244.

Several foreign patents, and other patents pending.

Vishay Dale

FEATURES B
¢ High temperature, up to 155 °C GRADE
e Integrated E-Shield for maximum EMI

reduction ()
¢ Excellent DC/DC energy storage up to 1 MHz

to 2 MHz. Filter inductor applications up the el

SRF (see Standard Electrical Specifications RoHS

table). COMPLIANT
¢ Integrated e-field shield eliminates need for HALOGEN

separate shielding FREE
¢ 20 dB e-field reduction at 1 cm GREEN

- Measured vertically from top center of device " (5-2008)

¢ Lowest DCR/pH, in this package size

¢ Handles high transient current spikes without saturation
e Coplanarity of the 4 terminals = 100 pm

¢ AEC-Q200 qualified

¢ Material categorization: for definitions of compliance

please see www.vishay.com/doc?99912
Note

1) Maximum e-field reduction is realized with the IHLE shield is
connected to ground.

TECH DAYS-Ch

Texas Instruments

Shielded Power Inductors— XAL1060

0.394 +0.020

10,0 £0,50
| 0.445 +0.020

r

20

11,3 £0,50
A
| }
s II : o
Dash number I—Indicates orientation
of terminations

»‘ 'DUE?:I:'Dmd- ,3315
220010 hhh

No vertical sidewall terminals (exposed
metal) minimizes e-field coupling
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. Input & output caps

« Bypass VIN to GND with multiple low-ESR ceramic caps of X7R dielectric

» Place C, as close as possible to the MOSFETs VIN and GND connections

* Minimize the loop area formed by C terminals and the MOSFETs

« Ground return paths for both C,, & C 7 should consist of localized top-side planes that connect to the
GND plane

. Inductor

» Locate the inductor close to the MOSFETs (SW node) and connect dotted terminal to SW
* Minimize the area of the SW trace/polygon to reduce e-field coupling
« Use GND plane shielding around SW with “3D” via stitching

. Ground plane
« Use full 2-0z copper ground plane on layer 2 immediately (6 mils) under the power stage
» Provides H-field cancellation & noise shielding, reduced “loop” inductance, better thermals

. Gate drives

* Route high-side gate drive traces as diff pair (HO and SW together)
* Route gate drive traces short and direct, preferably on inner PCB layer for shielding

TEGH DAYS+

Texas Instruments
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LM5145 EVM = Conducted EMI without EMI filter

225kHz

13.5Vin / 5Vout @ 10A

REW 10 kO=z RF Att 10 dB
¥ rer L1 VEW 30 kHz
70 wy SWT 10 = Unit dBuv
70
1 \ | \ |1 ME = 10 ME=z
LW_PHS L
o 675kHz
§ |
| M —H SWLPKS
50|-L% E§.‘T'
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£ «éa_ i
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10 ? 7 %f iggg Y
O !
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-30
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Blue:  Average detection result

Stop 30 MH=

SGL

1MA
2LV
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TEGH DAYS<k

Texas Instruments

RBW 100 kH=z REF Att 0 dB
VBW 300 kH=z
50 dBpv SWT 10 = Unit dBuy
100 MHz
B
HE ] PJ_V':‘
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VHE 24 REEM-—PpEE
TV I—REE
/’} 1MA
THE] —7T7E ik e ol z«ﬁg" i 2ny
AT : L
L 5 i Lagat ™ " £, A
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U
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\. J
/
30MHz to 108MHz
Start 30 MH=z Stop 108 MH=Z
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n-filter with
Ferrite bead wire-wound Lg,
\ ]
{ | |
2-stage EMI Filter
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LM5145 EVM — Conducted EMI with 2-stage EMI filter
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LM53635-Q1 36V 3.5A automotive buck converter TECH DAYS:&h

HotRod package, 2.1MHz (above AM band), spread spectrum, optimized layout Texas Instruments
VIN
[]
PVIN1 PVIN2
®
C|N1 - — Cin2 Le
SW I m Vour
High High
di/dt di/dt
loop loop S
#1 #2 —— Lour
PGND1 PGND2 L GND

3. Integrated spread spectrum
4. Rgpo7 adjustable SW node rise time

1. Two input bypass caps, forming two current loops
2. Small area, single layer SW node PCB layout

[9] TIDA-00987 “CISPR 25 Class 5 USB Type-C Reference Design with USB3.0 Data Support,” www.ti.com/tool/tida-00987 %6
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http://www.ti.com/tool/tida-00987
http://www.ti.com/tool/tida-00987
http://www.ti.com/tool/tida-00987

LM53635-Q1 low parasitic inductance package

TECH DAYS-Ch

Texas Instruments

Package is 4mm x 5mm VQFN-22

0.4 mil Top Solder Copper
2.8 mil Top Layer1 2o0z.

Dielectric1 } 10mil  Dielectric1
= 14 mil id Lay 1oz

— 32 mil Dielectric3

. zene: —— 1.4 mil Mid Layer3 1oz
Dielectric2 o } 10 mil Dielectric2

— 2.8 mil Bottom Layer4 2 oz.
0.4 mil Bottom Solder

with flip-chip-on-lead (FCOL) HotRod
technology and wettable flank pins

CIN1 and CINZ2 creating 2 input loops.

ez | | P 1 AN
I {PGND2} IPGND1! R
PGND2 ! ! | ' PGND1
PVIN2, p p SW b PVIN1,
PGND2 | PGND1
PGND2 | |- PGND1
pins pins
ENTH e PVINT |
Y R —
N sG]
i CEO5T
[NCT Fvee
"""""""" EN RESET AGND FB  BIAS
é [} ] ] 1 i O
" : 37
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LM53635-Q1 optimized PCB floorplan guidelines

Input Caps
1. Input caps placed on both sides of IC to create two parallel paths for input ripple
current (half current, flux cancellation, minimized parasitic L)

EMI Mitigation Guidelines

1. IC and switch-node are placed on PCB top/center most far away from EMI table
GND plane

2. Battery input and load output wires are on same side on PCB to minimize EMI
emission from power wires

3. EMI Filter area is moved away from IC and to the bottom layer side to prevent
coupling from SW into “clean input”

4. All connector posts are placed away from SW to prevent coupling into any other
external wire that could act as an antenna.

5. Bottom layer is a closed GND plane with minimal switching or ripple noise traces,
facing/coupling to EMI table GND plane

Thermal Guidelines

1. Hottest components — IC and inductor L — are placed in PCB center and on top layer
for best heat distribution and dissipation

2. Top & bottom layers have maximized filled copper coverage area for large area and
20z copper to transfer heat away from source

TEGH DAYS-<Ch

Texas Instruments

Battery
Input

Q i3 TEXAS
INSTRUMENTS

Ml L1536253aEU 3.3V 2.5A
[l L}53635AGEVH ADJ 3.5A

I LM53635L0EVH U 3.5A
vith Spread Spectrum

| I Ln53635M0EVH ADJ 3.5A
vith Sprea ec

d Spectrum

| LM53625NAEUM 3.3V 3.5A
vith Spread Spectrum

£ 5

5l ERP

. T E u Izwmj e 3 .
Ji -
¥ o S A . hE

GND2 EN UINs GNDs UOUTs BIAS REGET SYNC
) OF EONOECE B N
J
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Content title Content type |Link to content or more details

CISPR 25 class 5 USB Type-C port reference

design with USB3.0 data support LLeZaS 0T/
Automotive 10V-80V ultra-wide Vin, 12V Vout

flyback reference design for 48-V car battery [l ettt
V_alw_ng wide V,y, I_ow EMI synchronous_buc_:k White paper
circuits for cost driven, demanding applications

R_eo!uc_e. buc_:k conyerter EI\/_II_ and voltage stress by AAJ app note
minimizing inductive parasitics

High density PCB layout of DC/DC converters Blog
Fly-Buck converter provides EMC and isolation in AAJ app note

PLC applications

www.ti.com/tool/tida-00987

www..ti.com/tool/tida-013444

http://www.ti.com/lit/wp/slyy104/slyy104.pdf
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