MASTERING CONDUCTED EMISSIONS
TESTING: PROVEN TIPS AND TRICKS TO

DEBUG YOUR BOARD
Vidal Gonzalez — Product Definition Engineer
Clark Kinnaird — Texas Instruments Automotive Systems

EXTERNAL WURTH ELEKTRONIK MORE THAN YOU EXPECT



EMC STANDARDS

e What are EMC standards?

 Why EMC standards are so important and must be complied with?

* What types of EMC tests are being conducted?
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WHY IS EMC IMPORTANT?
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EMC TERMS AND DEFINITIONS

Conducted Emissions and Immunity
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CONDUCTED EMISSION
Basic Set-up
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NOISE CATEGORIES
DM and CM noise path

DC
DC

DC
supp - DC Vsupp
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DIFFERENTIAL MODE COMMON MODE
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NOISE CATEGORIES
DM and CM noise path
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MEASURING THE NOISE g UL rr — UNRF
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MEASURING THE NOISE

Current Clamp

Common Mode Noise Differential Mode Noise

CMN

DMN
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COUPLING PATHS

11|

Source
Of Noise

TITLE
EXTERNAL | VIDAL GONZALEZ | 9/26/2023

Coupling
Path

Conductive Coupling:

Capacitive Coupling:

Inductive Coupling:

Radisted Coupling

))))

Receiver,
Victim




DESIGN FOR EMC

Committed costs

100%
90%
80%
70%

lative life-cycle costs against time

Cumu

Time:

Concept Desian Development Production Operations thr-
Phase Phase Phase and Test ough disposal

(DAU). 1993. Committed life cycle costs against time. Fort Belvoir, VA. Defense Acquisition
University
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CMC
CM & DM Insertion Loss

Iy
Differential-
Common- 1oda cliront
mode cument
e
Tom

(a) (b)

Insertion Loss Commeon Mode @500 Insertion Loss Differential Mode @500

40 dB 16 dB

35 dB 14dB 4

30 dB 12 d8 4
o dEA 10d8 4
(=] =
= s
S 2048 4 — 744834101 &
S Z EdE — 744834101
= &
< 1542 =

= GdB
10 d8 {
4dB
5dB
2dEB
0dB T T T T T 1
1 kHz 10 kHz 100 kHz 1 MHz 10 MHz 100 MHz 1 GHz 0dB T T T T T 1
Freguency 1 kHz 10 kHz 100 kHz 1 MHz 10 MHz 100 MHz 1GHz
Frequency

14 | TITLE
EXTERNAL | VIDAL GONZALEZ | 9/26/2023




INDUCTOR

Impedance Response

Typical Impedance Characteristics:
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CAPACITOR

Impedance Response

Impedance ! Frequency
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EMC RESULTS — CERAMIC BYPASS CAPS
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SUMMARY OF THE HIGH-FREQUENCY RESPONSE

Devices

Low-Frequency
(e.g. <10kHz)

High-Fraquancy
(e.g. >10MHz)

Frequency response
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FILTERS

Filter Summary

Common Mode Filters Differential Filters

/,/Mmmﬂmnum%

[ .

Common Mode Chokes

® &

>t

Y-Capacitors Cable Ferrites PCB Ferrites X-Capacitors
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Guidelines for improving conducted
emissions

Wiurth Electronics Conducted Emissions webinar Oct. 24, 2023

Clark Kinnaird
Texas Instruments
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Emissions opportunity points

on-board power
battery power

DRV supply bulk capacitance

Filter

motor drive outputs

\

power
switching nodes

logic
switching nodes
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Effect of gate current in time domal
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Effect of gate current in frequency domain

62 MA gate drive > mA gate drive
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! |L e
Remote

Grounding techniques

« Single Point (Star ground): Effective for low frequencies (f < 100 kHz)

Circuit 1 Circuit 2 Circuit 3
‘_/gv=!g1Zg1
Z VorlgoZ,
£91 T ] 292729, 2
e Voo
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Circuit 1 Circuit 2 Circuit 3
Zg1 Dl!q 1=lg1Zg1 Zg Dly;z%zlqz ’ Zgs |j ’ll/;flcﬁgs
» Hybrid ground: Effective for both low and high frequencies
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Local GND vs Remote GND results
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Minimizing ground loops

* Ground loops can be a problem in lower frequency (f < 100 kHz)

Data line
Circuit 1 . 5 Signal | Circuit 2
G l‘_—‘LI ground |
v
V2 A
. N ——

V; Is caused by voltage potential difference

between two circuits or induced by external
magnetic field.

I}, is noise voltage that can interfere with the

useful signal

« Methods for minimizing impact of ground loops:
— Use single-ended or hybrid ground systems
— Minimize ground impedance and loop area
— Add inductance in the GND path with a common-mode choke to attenuate HF

IIIII

o

Attenuation of LF (f < 10 kHz)

and very HF (f > 1 GHz) due to
the relative low inductance and

stray capacitance
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Minimize di/dt and dv/dt loops

. Current path at ON duty
Blue Loop: Current path at OFF duty
: The area where two loops don't overlap
= High di/dt loop

Inductance causes ringing, spikes, generation of EMI

Battery

L < Loop Area

Better
— - =

e

Not Optimized
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2 Layers; Stack: LY1: Signal; LY2: Signal 4 Layers; Stack: LY1: Signal; LY2: GND; LY3: Power; LY4: Signal
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Minimize Gate Drive Loop

Not Optimized 5 Better

GLy RS ' Glx |

DRV8706-Q1 . DRV8706-Q1 .

GHXx i | : GHXx -
Minimize loop area
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Not Optimized

Optimi‘zgd

Minimize Gate Drive Loop

1st Layer 2nd Layer
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Minimize Switching Node Area

»
>

IR

)T

Switch node: dV from 0V to VBAT

(T3)
Voltage
@ SW node

v

IFT
N
=]
=
<
O
Z
/)
\Lel)

— Causing capacitive noise coupling
¢ — Generating EMC as an antenna

Minimize the switching node as much as possible
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Minimize Switching Node Area

Top Layer

Not Optimized

Better
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PCB Layer Stack

« PCB should have 4 layers with the following stack up:

Signal

Power
Signal

 The GND layer should be continuous without any gaps

* The GND layer minimizes the overall impedance of the GND return path as well as
minimizing the ground return loops.

 Induced eddy currents in the GND layer helps to cancel out magnetic fields generated from

the top layer /@\) \Df ( P (?

STy
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PCB Layer Stack

Not Optimized

- RIPPIF TBI . TBEZ

S LA
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Separate Input & Output Connector

Not Optimized Better

.. .Motor.Current . ..
=) e e e — .. . e cB

Separate the power supply input and output to motor to minimize the noise coupling
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Receiver |

RBW (QPK) 120 kHz
Input AC @& Att

MT

10 dB Preamp

100 ms
OFF Step TD Scan

Scan O1Pk Clrw@2QP Clrw@3Ca Clrw

EMC results — Layout comparison

Receiver |

RBW (QPK) 120 kHz
Input AC @ Att 10 dB

mMT
Preamp
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OFF Step TD Scan
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PCB Version 1 PCB Version 2

35

wi» TEXAS INSTRUMENTS



EMC results — diﬁ‘erentiall mode input filter
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CONDUCTED EMISSIONS DEBUGGING
TECHNIQUES

EXTERNAL WURTH ELEKTRONIK MORE THAN YOU EXPECT



BOARD ALL FILTERS

Receiver (® @
RBW (QPK) 120 kHz MT 100 ms
Input AC & Att 10 dBé Preamp OFF Step TD Scan
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80 dbinve-EN-55025-AH EVUOLTA FALL

Line EN 55025 AUTOMOTIVE YOLTA FAIL

S A s

EN 55025 Automative Vgltage PK Class S.LIN

60 dE-lJV

EN SS025 r-uhzumotlue Hn\fagg QP Clas

u

5 0.LIN_|
Eo Anae

EN 5ED¢5 r-uhzumotwe W \tage &y Class 5.LIN

40 dBuV

‘\.‘IL.H

e

30 dBpv

20 dBuv+

ol

Mk

) B
e
: R : Lo ‘ ‘ R R R
Start 150.0 kHz Stop 108.0 MHz
7 m!uﬁ!;nza
n | Measuring... CEREREE | ™ ] 125510

Date: 6.0CT.2023 12:45:51
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VVin / GNDin

NO COMMON MODE CHOKE Veme / GNDeme

Twisted cables Ml i
GNDeme Cparasitic
Receiver (X |':,T|
RBW (QPK) 120 kHz MT 100 ms

Input AC & Att 10 dBé Preamp OFF Step TD Scan

Scan 01Pk Clrw@20QP Clrw@3CA Clrw -
Limit Check; v 0 0 1 MHz FAIL : . . 10 MHz . ! -
Line EN 55025 AUTOMOTIVE VOLTA FAIL | | ! ;
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NO COMMON MODE CHOKE

Untwisted cables

Receiver (& |T|
RBW (QPK) 120 kHz ™MT 100 ms

Input AC & Att 10 dBé Preamp OFF Step TD Scan
Scan ©O1Pk Clrw@2QP Clrw@3CA Clrw

Limit Check; o 0 1 MHz -AIL ! ! ! 10 MHz

Line EN 55025 A FYOLTA FAIL ! ! !
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Line EN 55025 AUTOMOTIVE
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l
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Measuring...
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COMMON MODE NOISE MEASUREMT

Current Clamp

Receiver (& |T|
RBW (QPK) 120 kHz MT 100 ms
Input AC & Att 10 dBé Preamp OFF Step TD Scan
Scan 01Pk Clrw@20QP Clrw@3CA Clrw -
Limit Check; o 0 1 MHz AlL ! ! ! 10 MHz . i
Line EN 55025 AUTOMOTIVE VOLTA DPASS | ‘ : L
B0 dBine-EN-55025-AUTOMOFIMVE VOLTA—FALL ; —
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o A : : L
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codnae S I ; L
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E ; | 7 e J : et
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Start 150.0 kHz Stop 108.0 MHz

Measuring... MUALELLLD G 1055990 AM )

Date: 6.0CT.2022 10:59:40
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DIFFERENTIAL MODE NOISE MEASUREMENT

Current Clapm

Receiver (X .

RBW (QPK) 120 kHz ™T 100 ms

Input AC & Att 10 d&  Preamp OFF Step TD Scan
Scan Q1Pk Clrw@2QP Clrw@3CA Clrw
Limit Check! Lo 1 MHz PASS ! ! .10 MHz : Vo
Line EN 55025 AUTOMOTIVE VOLTA PASS i ! Vo | i
80 dBjne-EN-55025 AUTOMOHME VOLFA 4SS - - —
Line EN 55025 AUTOMOTIVE VOLTA PASS P . I
ful .JI"\ L : : : : : : : : : : : :
EN 55025 Aupomotive Valtage PK Class 5.LIN
60 depy : : ; L . N I
EN 55025 Automotive vult{agé [o]:] Class 5.LIN_| b
e dhias : ] : L i R S A
EN 55025 Automotive Ygltage AW Class S.LIN ! ! ' [ ! 3 .
40 dBpw - - — A P V N T
30 dBpw - -
20 dBpl———— : : S
10 dBpv— : : : —
I s e —— T E——— =
I L SN R NI - S S S U OO U O U
Start 150.0 kHz Stop 108.0 MHz

i | Measuring...  QRNENECED W 1110353 AM Vi

Date: 6.0CT.2023 11:03:33
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43

EMC RESULTS — DIFFERENTIAL MODE INPUT FILTER

L TA

TH

TP7
_ o0
Bl IN T L3 e, 2EHE 1 —
=
=20 =G ——CEs el v] T35 ——033
GO o o A~ TE1E ~TE1E sov | saow | S0
1onf | CuF | wF | z3opF 330pE 1anF | O.4uF| 1uF
Receiver | GO
RBW (QPK) 120 kHz MT 100 ms CPK) 120 kHz ™MT 100 ms
Input AC & Att 10 dB  Preamp QOFF Step TD Scan Input AC & Att 10 dB  Preamp OFF Step TD Scan
Scan O1Pk CIrw®2QP Clrw@3CA Clrw AC CPL ) Scan O1Pk Clrw@2QP Clrw@3CA Clrw
Limit Check; : 1 MHz FAIL ;10 MHz | N Limit Gheck 11 MHz FAIL ] 100 MHz
Line EN 55025 AUTOMOTIVE VOLTA FAIL ! ! : k Line EN 55025 AUTOMDTIVE YOLTA FAIL . L
80 dBine-EN-55825-ALTOMOHVEVOLTA—ALL ; ; — 80 dBine-EN-55025-4UTOMB I E-VOLTA—FATL ;
Line EN 55025 AUTOMOTIVE VOLTA FAIL ! ! L Line EN 55025 AUTOMPDTIYE YOLTA FAIL .
o R I ! : : L o : : . k :
EN SS5025 Auromotive Voltage PK Class S.LIN Er 55025 Adtomnotive Yoltage PK Class S.LIN
60 depv N A 60 dBLV e
ENTS5025 Autl:nrnnﬁve \j'oltégé ij 'f:lass SCIN_] mc;tive 'i.folltage OP Class S.LIN L
el L oo 0 Y R ! : P i P ’
EN 55025 Automotive Viltage A% Class S.LIN ' : : motive Yoltage &v Class 5.LIN
NN TS s | s
ML il : ‘
40 dBy : : : : ; : 7 )
lis TN Bt I AT m
: ; DU R e [ I NG ‘
Ll it IS e
Wl ! : R = I
il : : :
20 dllahy
10 depys — ' ‘
: No filter Withi Input Filter P
D Bk ' —— —
Stop 150.0 MH

Start 150.0 kHz

Date: 24.SEP.Z020 09:31:50

43 |

Measuring...

Stop 108.0 MH
24.09.2020
09:31:50

z

4

Start 150.0 kHz

Measuring...

Date: 7.0CT.2020 15:48:32

07.10.2020
15:48:32

z

4




5.51045V

*

EFFECT OF GATE CURRENT IN TIME DOMAIN

DRVET0x-C1

PH/EM or PWM

H-Bridge Gate Driver

Shunt Amplifier

Currant Regulation

g 200v @8 & 4840t 20008/ Auto f 5.90V

--"H--‘-‘g!
N ANMY e
--.‘-- & 48402 5000/

--.‘-----..---'.- Copyrigh: S T eepees
=

FETs

Sense Output

Controller

Currant
Sense

nFALULT

Protection

5.90V

¥ 48.400  500.08/ Auto

AX = 18.400ns ] ] AY 1 ) = 2 ooov
~  Mode ~ Source X Y X1
Normal 1 v -11.200ns

---l' [ A 0. mA

AX = 92.000ns ] 1/AX = 10.870MHz ] AY(1 ) = -200mV

~  Mode ~ Source X Y X1 |-
] ] -35.000ns l 57.000ns I il i |

Normal 1 v

D

AX = 560.000ns

| 1/AX = 1.7857MHz
«  Mode ]A Sot{rce ] X Y J

) Yl
12.200¥

Normal v 12200V




EFFECT OF GATE CURRENT IN FREQUENCY DOMAIN

= Change the rise time of 62 mA gate drive

/% mMA gate drive [—
PWM edges at 20 kHz -' 3 R

= Reduced emissions at | -!—
> 10 MHz frequencies h% :
U ‘ﬂ' A ! =
E ! |i1| | ”'! i :
5 'L f 7 .:j’- ] .
XTI Rl ' -
| | L) ) =

AL e |
AT, ¥ ‘ l-i I J {l /I '
I H ‘||_ ': h i .I E J li '.I E

| ' 7

Stop 108.0 MHz Stop 108.0 MHz




DEBUGGING

tools
Copper and Aluminum Tape DIY Shielding Plate
Copper Tape
3003310A
- Aluminum Tape ~ PN 360002
s 30133108 b
Shielding textiles Tape .
| | Clamp-on Ferrites
Shielding textiles P Q
33020

S . Start-tec

CUSTOMIZABLE 5
‘PRODUCT SERIES </ N -~ -
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SHIELDING UNDER MOTOR

48 |

TITLE
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Receiver (X uf
RBW (QPK) 120 kHz MT 100 ms
Input AC @ Att 10dB Preamp  OFF Step TD Scan
Scan O1PK CIrw@2QP Clrw@3CA Clrw -
Gmit check || | | | 1MHz FAIL : : o
Line EN 55025 AUTOMOTIVE vOLTA FAIL : : A
B0 dBjne-EA 55025 AUTOMOTIH VoL TA AT — ; P
Line EN 55025 AUTOMOTIVE VOLTA FAIL o ‘ : A
oan H H b \ I : | \
EMN 55025 Automotive Veltage PK Class 5.LIN o i .
60 dBpv : ; ——
EN 55025 Automotive \-’El|tdL]|: QP Class 5.LIN_] ! ; ;
codn o : :
EN 55025 L\utamutwe Vw |Itage A C lass 5, LII’II_
im \,“.ﬂml ) ! |
L4 J ‘* e 3 e
40 dBpv ‘ e = ;
! : ]
30 dquvf—J “ — : j
Ny 3 '
m ol mf.ﬂ il 1 . s
I 1 |; l:HI"“ ‘
L, LRI ! : ;
10 dBpyv— S— : i L
0 ey ————————— —— : : :
L TH

Start 150.0 kHz

{ J

Date: ©.0CT.2023 11:32:08

J Measuring...

Stop 108.0 MHz
10/06,/2023
" ‘ 11:32:08 AM /




SHIELDING UNDER BOARD

No Grounded

Receiver (& |mAI|
RBW (QPK) 120 kHz MT 100 ms
Input AC & Att 10 dBé Preamp OFF Step TD Scan
Scan 01Pk Clrw@20QP Clrw@3CA Clrw -
Limit Check; o 0 1 MHz -AIL 10 MHz . -
Line EN 55025 AUTOMOTIVE YVOLTA FAIL ! i
B0 dBine-EN-55025-AUTOMOFIMVE VOLTA—FALL ;
Line EN 55025 AUTOMOTIVE YOLTA FAIL E
e S ' :
EN 55025 Automotive Vgltage PK Class S.LIN
60 dBpv " T
EN SS025 r:'«UfDI'ﬂDt‘i'u'E' Yoltage QP Class S.LIN_| {
S dnae : H I .
EN 55025 Automotive Wgltage 4V Class 5.LIN
40 dBv - i il — : : -
' ' ' Fi,‘h{'. |'|""JW:M‘M.A’M ~“,‘“‘“‘b'“~'m:~.'..., P : : I N r
: Dy S P LU T
30 dBpv - 1 - T hl:' - “‘“""“ e “%’".'-, - == = I e — T
20 dBpv ;.J : ‘ - - —
Loy li £ !
ey ll (I}
s il VBT LRR i
VI P 1 I
WiTiRk |lI I
ﬂ\qﬁtﬁ‘l [
Yanu e n
: L Lo TH
Start 150.0 kHz Stop 108.0 MHz
;i 10/06,/2023
T n Measuring... JREREREED ik TS e AN %

Date: 6.0CT.2022 11:15:26
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SHIELDING UNDER BOARD

No Grounded

Receiv

RBW (QPK) 12
Input AC & Att

er &

0 kHz ™MT 100 ms

10 dB  Preamp OFF Step TD Scan

Scan ©1Pk Clrw@2QP Clrw@3CA Clrw

Limit Check;

20 dBjeE 5532( Al

Line EN 550'25 A UTOMOTIVE VOLTA FAIL

;1 MHz FAIL

VOLTA EaT)
V-EHfr i

;10 MHz

Line EN 55025 A

PPN T

VOLTA FAIL

&0 dBuV

=g SSDEE auromotive Voltage PK Class 5.LIN

EN 55023 fh.u‘mmnhvﬁ Vnﬁaﬂn (

S0 Ans

I=r) 55025 .uutomotwe

40 dBuV

E
g

30 dBpv

” 7 'WI\JW
”1 e

Jp-wm ».\ e

A,

M T

-
I

-=..-=‘

«JH 'w

Stal‘t 150 .I] kHz

G

Measuring... [

Date: 6.0CT.2023 11:15:26
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Stop 108.0 MHz
10/06/2023
11:15:26 AM 7




SHIELDING UNDER BOARD

Ground

Receiver (& |':'JAI|
RBW (QPK) 120 kHz MT 100 ms
Input AC & Att 10 dBé Preamp OFF Step TD Scan
Scan ©1PK Clrw@2QP Clrw@3CA Clrw AC CPL]
Limit Check: v L MHz FAIL | | 10 MHz |
Line EN 55025 A JT‘OMOTIVE YOLTA FAIL ! !
L e T :
Line EN 55025 AUTOMOTIVE VOLTA FAIL E
o ' H H H
EN 55025 Automative Vgltage PK Class S.LIN
60 dE.u\. :
EN SS025 r-uhzumotlue Hn\fagp uF‘ c \a.‘s S.LIN_| {
Eo dnaae HE .
EN SEDES r-uhzumotlue W \tage &y Class 5.LIN
40 dppy———————— o : — 1 1 O Ran e e
: ‘ Y | Co bl D\H t Wy J ! : 3 ; i AV r
' ‘ I | 4 i ‘ S L e
30 dBI—lV ‘ ! T L:I g H‘ ! hl wJL rllu’ujiluwnur “ i e — ]‘ —
- ' rL " _‘AW‘N T — .
| L f ! P 4 _“-‘ =
2udBuvM’ i : ; —
10 d UV IJ Il| “ : I . i
F’ (T ‘ 1 1
=AY ‘ L;
u] dBl.IV
H ] : H L0 TH|
Start 150.0 kHz Stop 108.0 MHz
n Measuring... LRRRECLED i llﬂzlll.:sz?n?a /_},

Date: 6.0CT.2023 11:21:52
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SHIELDING UNDER MOTOR AND BOARD
Shielding under both

Receiver | |':%1|

RBW (QPK) 120 kHz MT 100 ms
Input AC & Att 10 dBé Preamp OFF Step TD Scan
Scan O1Pk CIrw@2QP Clrw@3CA Clrw -
Limit Check; v 0 0 1 MHz FAIL . . 10 MHz . .
Line EN 55025 AUTOMOTIVE VOLTA FAIL ‘ ; ;
80 dbine-EN-55025-AUTOMOTIVE VOLTANASS ; ;
Line EN 55025 AUTOMOTIVE YOLTA FAIL E ;
e oo ' : :
=] 555025 Q'.'TC‘F\JW':{TI\.fIE. .JQLT."E.G!E F‘K CLASS 5 : 1
60 dBpv — : j
EN 55025 AUTOMOTIVE YO i 5 ;
En An.as : : : ;
EN 55025 AUTOMOTIVE : :
40 dBpyv——— - L i |
30 dBpv— | l ‘ = - :
: HM ": N RN Lo : : -
R | H1H Fift| W s & . ; . . . .
2g cpd ARG bl oL L A
11 A dii Ly _
LH‘} ,:| * h\ R o VI "
ROldRI T e s —
PR ErPT | 3 .
WA
prT
. . ; . L . . | . ; ; i . ; L TH
Start 150.0 kHz Stop 108.0 MHz
i 09/15/2023
n Measuring... [ERRERNED gk T2 AN /_},

Date: 15.8EP.2023 11:52:50
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CABLE SHIELDED AND GROUNDED

Receiver | |':%1|

RBW (QPK) 120 kHz ™MT 100 ms
Input AC & Att 10 dBé Preamp OFF Step TD Scan
Scan ©1PK Clrw@2QP Clrw@3CA Clrw AC CPL]

Limit Check; o 0 1 MHz -AIL ! ! 10 MHz
Line EN 55025 AUTOMOTIVE VOLTA FAIL .

230 dbjne-EM-55025-AHTOMOHYMEVOLTA AEE

Frorey

Line EN 55025 AUTOMOTIVE YOLTA FAIL

S A s

EN 55025 AUTOMOTIVE [/OLTAGE PK CLASS 5

60 dByiv NS A

EN 55025 QUTC"'\"\QTI'¥.F'E' iE ‘I:Jp CLASS 5_| {
=0 Anse L i .

EMN 55025 AUTOMOTIVE YO CLASS 5

40 dBpv

30 dBpv
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BT I i
o0 dpu—i i © L #oiiaS ;
: | NI P A : :
1 f ;' '4 | E H “Ll Ii |] .H i i“w‘ | . "' - [ A .
Vi IE H“W& 3 a AR VT R ~7
|‘|||'l5|| 'L"i f I i I.'Jl : JA__
[DME'LN’ n |,1 T T '!fﬂl‘r ' .
TR AL I
: L Lo TH
Start 150.0 kHz Stop 108.0 MHz
Measuring... URRRRCCED e fzgmlzr:znnpza

L

Date: 15.8EP.2023

12:02:26

V.




CABLE SHIELDED AND GROUNDED

Receiver | |':%1|

RBW (QPK) 120 kHz MT 100 ms
Input AC & Att 10 dBé Preamp OFF Step TD Scan
Scan ©O1Pk Clrw@2QP Clrw@3CA Clrw
Limit Check; v 0 0 1 MHz FAIL . . 10 MHz
Line EN 55025 AUTOMOTIVE VOLTA FAIL P 1
80 dbinve-EN-55025-AHTOM EVOLTADASS
Line EN 55025 AUTOMOTIVE YOLTA IJASS

S A s

EN 55025 AUTOMOTIVE [/OLTAGE PK CLASS 5

60 dEpy —
EN 55025 AUTOMOTIVE VO

Eo o Anas g

EN 55025 AUTOMOTIVE MOLTAGE AV CLASS 5

40 dBpv

30 dopy———————— : e —

20 dBuV

\|| H

Lo s
| H

hu h" ll
9, '45'1“" L

Stﬂl’t 150. ﬂ kHZ Stop 108.0 MHz
09/15/2023
HERED gl 12:42:06 PM 7

Measuring...

Date: 15.8EP.2023 12:42:05

5 L | TITLE
EXTERNAL | VIDAL GONZALEZ | 9/26/2023




TAKEAWAY

= Design with EMC in mind

= |dentify your dVV/dT and dI/dT loops and optimize them
= Define your ground

= (Control Rise- and Fall-Time

= (able Shield Grounding

= Bein control of the noise

Reference:
Design for Electromagnetic Compatibility--In a Nutshell
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IT'S TIME FOR QUESTIONS!
Q&A
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