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ABSTRACT

Driven by the UN 9.4 Sustainable Development Goal (SDG), by 2030, all industries
and infrastructures are to be made sustainable with sound technology and industry.
Automotive industry, especially the smart vehicle, is facing design challenges like
susceptibility towards Electromagnetic Interference (EMI). EMI is a disturbance caused
by an external source that affects an electrical circuit through Electromagnetic
induction, electrostatic coupling, radiation, or conduction. Any device is said to have
Electromagnetic Compatibility (EMC) if its performance is not deteriorated, and it
functions error free in its intended Electromagnetic environment and at the same time
does not affect the operation of other devices in the Electromagnetic environment.
Electronic control devices calculate incorrect outputs because of EMI, and sensors give
misleading values. It becomes more severe with double scaling down of the Integrated
Circuits (IC) for every two years. Malfunctioning of the IC due to EMI problem can
lead to loss of human life and catastrophic accidents as smart vehicle is highly
dependent on electronic systems. Many techniques have been used over the years to
check the EMC of ICs including both experimental measurement methods and EMC
modeling methods. Effective modeling methods have been recently proposed that could
predict the EMI situations in the IC. This research aims to develop an optimum
modeling methodology for conducted EMI in an IC using the IBIS (Input/Output Buffer
Information Specification) models of the test 1Cs. The objective is to investigate
conducted emissions from the IC, develop corresponding noise models using “Total
voltage” method and use the built noise source model for a test IC in system-level
simulations and obtain the radiation patterns. The proposed methodology is verified by
extracting noise sources and developing noise models using “Thevenin equivalent
voltage” method and then obtaining the radiation patterns of the IC. The radiation
patterns obtained from both Total voltage method and Thevenin equivalent method are
compared, and they are found to be in good agreement with a relative difference of
around 5% for the best-case scenario and a relative difference of less than 20% for all
the cases considered. Apart from considering the Conducted Emissions from an IC,
Signal Integrity (SI) issues of the DUT have also been considered in this research.
Signal Integrity analysis of the ICs is carried out using IBIS models. This research will
be a significant development in investigating the effect of the Conducted
Electromagnetic Interference and assessing Electromagnetic Compatibilities at an early
stage and also to tackle the Signal Integrity issues at an earlier stage to reduce overall
design cost and time-to-market, as well as to improve durability and reliability.
However, in future further investigations need to done on the Radiated Electromagnetic
Interference.



Eondl Ao

aaldzd) deil) 9.4 susal) Y1 Gus e 2y 2030 ple sz (SDG)saemdt &y olotial) o
Jd) LW oo prenadl dilaze ©LaE axly g ASD Aols Ohlad) dsbis, Aaliins — of ez
obling I (EMI). G oz EMI L6880 e 53 s o o il Ollaal &l e
S5 4l U Sl Lol o plaal of  Solg o OIBY1 o eblines oI G IS5
blizag oS (EMC) 5 sl jsans 0F 05 ncblines 457 250 @ Jondl e 301 sl ) 5led) 5
i ann Joss I A BVl e ondl pde 1) BLAVY, ling oS0 iy & sl 0g Jemy O
et Bt il D ) DLt 008 85 97OV (Sl el Rablinng 6801 a2l iy <35 EMI
S Slpll aall grat aoy, Allias B lesd) awiy (1C) 30 8T il ods s cole S
EMI Jes 3 Jls ) o5 0F (Sl 0 1€ 2 1)W1 3 sl ) (o 0 (S0 e o9 sl
L) i) ML 259 1S Aalas) e 18 ICey ezl &STUN 3yl OF ey S35 25,1 sl gl
i dd Gby kgl L) Bb et &) Sl e il plasan) ¢ EMC e o1 0 EMI
Sl gl 2ol (IC). Ve Lt e 5,03 Lol gly 3t 2 il G b b 550 ¢ EMI 3
IC. Jlast s ol o Jil sl dmgie yolar (1) e ol 1 EMI 3 1C plasaanly o3y
7358 IBIS SblasV1 (3 i) (] codl s Bug). W s 330 0pd) Slaghas Sl
ool GG, closall jhan 2356 plasuaaly, WL closall 23Uk IS aed) 22 b plisaal
Y el IC . gi=dl . gyl LUT e Jsadly allad) s Jo 3518 Slles Y5 e
B b plisinl clogal) 3L sy closall jslas odlnl s a 23y il 2egil " Thevenin
equivalent voltage” gles) LUl e Jsadi & ny IC. ai b o ke Jsad) & &) el LU
S b aa b e Lnlie ¢ IS b Thevenin, ass) Je Joadl =l e sl Q) Jogdl 4
SV a0 20 o Y fhar o By sl JadY 3590 5 U U] bt o OVl o
ol G BVl e Ty Ll ol a3 L Lol ¢ ) 621G, bladl 3 Ll i ¢
eyl e wiladll (SI) © 2ot DUT, z34¢ plaswaals IBIS slol slay) adles WUZ ol ¢
S5 ey pebliag e sl b 2 Gl 3 Dogmle Tlat 050 ol Va2l
o Mg, 58 Al 3 BLaY) WSy kel Llad) ddlae 1] BLAYL, 3500 s (3 ncblineg 45

Adsslly Bl ced 1 BLEYL, Gyl oD clly ALy o) EHUGWE; J?T



APPROVAL PAGE

| certify that | have supervised and read this study and that in my opinion; it
conforms to acceptable standards of scholarly presentation and is fully adequate, in
scope and quality, as a thesis for the degree of Master of Science (Computer and

Information Engineering).

Nurul Arfah Che Mustapha
Supervisor

Nurul Fadzlin Hasbullah
Co-Supervisor

| certify that | have read this study and that in my opinion it conforms to acceptable
standards of scholarly presentation and is fully adequate, in scope and quality, as a
thesis for the degree of Master of Science (Computer and Information Engineering).

External Examiner

This thesis was submitted to the Department of Electrical and Computer
Engineering and is accepted as a fulfillment of the requirement for the degree of
Master of Science (Computer and Information Engineering).

Md. Rafiqul Islam
Head, Department of Electrical
and Computer Engineering

This thesis was submitted to the Kulliyyah of Engineering and is accepted as
fulfillment of the requirement for the degree of Master of Science (Computer and

Information Engineering).

Sany Izan Ihsan
Dean, Kulliyah of Engineering



DECLARATION

| hereby declare that this thesis is the result of my own investigations, except where
otherwise stated. | also declare that it has not been previously or concurrently submitted

as a whole for any other degrees at IIUM or other institutions.

Tamana Baba

SIGNALUIE L. Date ..o



INTERNATIONAL ISLAMIC UNIVERSITY MALAYSIA

DECLARATION OF COPYRIGHT AND AFFIRMATION OF
FAIR USE OF UNPUBLISHED RESEARCH

CRITICAL PREDICTION MODELING FOR INTEGRATED
CIRCUITS (ICs) ELECTROMAGNETIC COMPATIBILITY
(EMC) IN SMART AUTOMOTIVE INDUSTRY

| declare that the copyright holders of this thesis are jointly owned by the student
and IHUM.

Copyright © 2022 Tamana Baba and International Islamic University Malaysia. All rights reserved.

No part of this unpublished research may be reproduced, stored in a retrieval system,
or transmitted, in any form or by any means, electronic, mechanical, photocopying,
recording or otherwise without prior written permission of the copyright holder
except as provided below

1. Any material contained in or derived from this unpublished research
may be used by others in their writing with due acknowledgement.

2. 1IUM or its library will have the right to make and transmit copies (print
or electronic) for institutional and academic purposes.

3. The IHUM library will have the right to make, store in a retrieved system

and supply copies of this unpublished research if requested by other
universities and research libraries.

By signing this form, | acknowledged that | have read and understand the 11UM
Intellectual Property Right and Commercialization policy.

Affirmed by Tamana Baba

Signature Date

Vi




ACKNOWLEDGEMENTS

In the Name of Allah, the Most Compassionate, the Most Merciful

First and foremost, praises to Almighty ALLAH for showering me with countless
blessings and helping me throughout my research. | always turned to ALLAH in times
of need and distress, and he never let me return empty handed. He is surely the An-
Naseer.

| would like to express my sincere gratitude to my research supervisor Dr. Nurul Arfah,
for providing continuous support and endless guidance during my research. Her vision
and motivation are truly inspiring. It has been my utmost pleasure to work under her
supervision.

I am incredibly grateful to my co-supervisor Prof. Dr. Nurul Fadzlin Hasbullah for
believing in me and giving me this opportunity to work as a Graduate Research
Assistant. Her support and compassion are invaluable. | want to thank her for always
reminding me to purify my intentions and give my best in whatever I do. | want to thank
her for the warmth with which she treated me always.

| want to thank all my teachers for their guidance and support especially Prof. Dr. Aisha
Hassan Abdalla Hashim for being extremely supportive towards me. | would also like
to take this opportunity to thank my parents for their continuous support, prayers,
encouragement and for all the sacrifices they had to make for letting me walk on the
path | always wanted to. | am extending my heartfelt gratitude to my sister Taranum
Baba for believing in my dream and letting me do what | wanted to and taking care of
our parents when | was not there. A special thanks to my friend Faaiq Shah for believing
in my potential even when | did not and lending support and help whenever | needed.

vii



TABLE OF CONTENTS

ADSTTACT ... s i
ADSEFACE IN ATADIC ... e e ne e ii
APPIOVAL PAGE... oottt e iv
D =Tod 2T = U1 o] o USSR %
(010 0) Y0 |10 Vo =TSSR Vi
ACKNOWIEAGEMENTS ... vii
LISt OF TADIES ...t Xi
LISt OF FIQUIES ...ttt Xii
List Of ADDIEVIALIONS ......ecviiiieiiie e Xiv
LiSt OF SYMDOIS ..o XVi
CHAPTER ONE: INTRODUCTION ..ot 1
1.1, OVEIVIBW.. .ttt bbbttt bbb 1
1.2, BaCKGIOUNG. .....ocuiiiiiiiieeiieie et 1
1.3. Problem Statement..........cooviiiiiieieieie e 4
1.4. ReSearch ODJECHIVES. ........cccuiiiiiiiieee e 5
1.5. Research Methodology ..........coeiveiiiieiiee e 5
1.6. RESEAICN SCOPE ....ueiiiieiiticiisie e 7
1.7. THESIS OULHNE ..ot 7
CHAPTER TWO: LITERATURE REVIEW........cccoviiiiieee e, 8
2.1. Integrated CirCUit EMC .......cooooiiiiiiiiiiee e 8
2.1.1. Intra Chip EMC ... 8
2.1.1.1. CrosS TalK.....coveeiieiieie e 9
2.1.1.2. Simultaneous Switching NOISE..........cccccvveveeieiieieciee, 9
2.1.2. Externally Coupled EMC.........cccooiiiiiiiiiiiiee e, 10
2.1.2.1. Conducted CoUpliNg .......cccvevveieiieir e 10
2.1.2.2. Electric Field Coupling.........ccocviviininciininineeieen 10
2.1.2.3. Magnetic Field Coupling........cccccoevveiiiieieeie e 11
2.1.2.4. Radiated Field Coupling.......cccccovvvininiiiniiisisee 11
2.2. Signal Integrity Of ICS .....oooiiiiicicece s 11
2.3. IC EMC MEASUIEMENTS ....cveeiriieierieiee st siee st siee st siee et 13
2.3.1. EMISSION MEASUIEMENT .......ccueiiiiiieiieiesieenie et 13
2.3.1.1L TEM Cell TESS....ciiiiiiiieciecirceeeeeeie e 14
2.3.1.2. Near Magnetic Field Scans..........cccocevvviiiiiiiiiiciicc, 14
2.3.1.3. 1/150 Q Method........ccceviirieeieieiecese e 15
2.3.1.4. Workbench Faraday Cage ........ccccoevevieiiiievieiiie e, 15
2.3.1.5. Magnetic Probe Method ...........ccccevireniiininininse 16
2.3.2. Immunity MeasUremMeNt ..........ccouevvieeiieiie e 16
2.3.2.1L. TEM/G-TEM Cell ......cooviiriiiieeeee e 17
2.3.2.2. Bulk Current Injection (BCl)........ccccevvveiiieiieiieccicci, 17
2.3.2.3. Direct Power Injection (DPI).......ccccovevviivenieeieiie e 18
2.3.2.4. Workbench Faraday Cage .........cccocevveverenneniisie e 18
2.4. IC EMC MOEliNG ....c.ceovveieeiecie s 19

viii



2.4.1. Electrostatic Discharge (ESD) Models ..........ccoovvvviiiniinneiinnnn, 19

2.4.1.1. The Human Body Model (HBM) ..........ccccevvevviieinenee 20

2.4.1.2. The Machine Model (MM).........cccoioviiiinnieieie e 20

2.4.1.3. The Charged Device Model (CDM).......c.ccccevvvvervenenne. 21

2.4.1.4. The Transmission Line Pulse Model (TLP) ......c..ccceveee. 21

2.4.2. EMISSION MOTEIS........ccvviiiiiiciiieceeeeee e 21

2.4.2.1. Integrated Circuit emission model (ICEM)..........ccc....... 22

2.4.2.2. 110 buffer information specification Model (IBIS) ......... 22

2.4.2.3. 1/0 Interface Model for Integrated Circuits (IMIC).......... 23

2.4.3. ImmuNity MOdEIS.........coveiieeee e 24

2.5. RElAtEA WOIKS ....oovieiieiiiecieeie ettt 25

2.6, SUMIMAITY ..oviiiiiii ittt ba et e e annes 38

CHAPTER THREE: RESEARCH METHODOLOGY .....cccocoiiiiniiiinieeinnen, 39

200 I 111 (T [1 o4 T o USSR 39

3.2. SYSteM MOEl ..o 39

3.2.1. Conducted Emission IC Modeling.........cccoevereniienininisieiens 40

3.2.2. IC Signal Integrity analysiS...........ccccvveveiiieiieiiiiese e 41

3.3. PropoSed SYSTEM......cc.oiiiiiiiiiieie et 43

3.3.1. Proposed Methodology for Conducted Emission IC Modeling...43

3.3.1.1. Method One: Total Voltage Method .............ccccvcvvvennnne. 45

3.3.1.2. Method Two: Thevenin Equivalent Source..................... 48

3.3.2. Proposed Methodology for IC Signal Integrity analysis.............. 50

34 SUMMIAITY .ottt sttt e e e e e e et e e s rbeeeanseaeanes 52

CHAPTER FOUR: RESULT AND DISCUSSION .....cccocoiiiiiiniiiceseeeeieen, 54

I 111 (T L1 o4 A T o OSSR 54
4.2. Experimental set-up for Conducted Emission modeling and Signal

Integrity analysis OF 1CS........coviiiiiiiiiiir e 54

4.2.1. Hardware SEt-UD .....ccccveveiieiieeee et 54

4.2.2. SOTEWAIE SEL-UP ... eeiviiiiiiiiiieieiee e 55

4.3. Results obtained for Conducted Emission modeling............cccccevennenne. 55

4.3.1. ADUM 121N...c.ooiiiiiiiceceeiee ettt 56

4.3.1.1. Total Voltage Method:............ccceovveiieieic e, 56

4.3.1.2. Thevenin Equivalent Voltage Method:............ccccveneee. 59

4.3.1.3. Comparison between Total Voltage Method and Thevenin

Equivalent Method ..o 61

4.3.2. ADUM 3223 ...ttt 62

4.3.2.1. Total Voltage Method:..........cccccoveviiiiiciie e, 62

4.3.2.2. Thevenin Equivalent VVoltage Method:............c.cccovveneee. 64

4.3.2.3. Comparison between Total Voltage Method and Thevenin

Equivalent Method ... 67

4.3.3. MAX 9277 oottt 67

4.3.3.1. Total Voltage Method:...........cccoviiiiiininiieeee, 67

4.3.3.2. Thevenin Equivalent VVoltage Method:............ccccvenee. 70

4.3.3.3. Comparison between Total Voltage Method and Thevenin

Equivalent Method ... 72

4.3.4. MAX 11129 ..ottt 73

4.3.4.1. Total Voltage Method:...........cccoceriiiininin e, 73



4.3.4.3. Comparison between Total Voltage Method and Thevenin

Equivalent Method ... 78

4.4. Results obtained for Signal Integrity analysis ..........cccoceevveveiieiveinenne. 79

4.4.1. ADUM L121N...coiiiiiiiiisieieese e 79

4.4.2. ADUM 3223 ...ttt 81

B.4.3. MAX 9277 oottt ettt 82

444, MAX L1129 ..o 83

4.5. BENCAMAIKING ..o 85

4.6, SUMMIAIY ..ttt sbb e nbb e e e e e e snb e e e nnbe e e e 86

CHAPTER FIVE: CONCLUSION AND FUTURE WORK..........cccccoeviiiinnnn, 88

5.1 CONCIUSION ..ottt enes 88

5.2 CONIIDULION ... 89

5.3 FULUIE WOTK ... 90

REFERENGCES. .........coii ettt 91

PUBLICATIONS ..ottt ettt ena e 98
APPENDIX A: S-PARAMETERS OF INTERCONNECTS........cccoivvveienn 100
APPENDIX B: MATHEMATICAL CALCULATIONS ..o 101



LIST OF TABLES

Table 2.1 Emission Measurement Standards

Table 2.2 Immunity Measurement Standards

Table 2.3 Modeling Techniques for ICs

Table 2.4 Comparison of different methods used in previous literature
Table 4.1 Laptop Specifications

Table 4.2 Voltage Obtained by Total Voltage Method for ADUM 121N
Table 4.3 Voltages Obtained for 100 Q and 500 Q loads for ADUM 121N
Table 4.4 Voltage and E-field Difference for ADUM 121N

Table 4.5 Voltage Obtained by Total Voltage Method for ADUM 3223
Table 4.6 Voltages Obtained for 100 Q and 500 Q loads for ADUM 3223
Table 4.7 Voltage and E-field Difference for ADUM 3223

Table 4.8 Voltage Obtained by Total Voltage Method for MAX 9277
Table 4.9 Voltages Obtained for 100 Q and 500 Q loads for MAX 9227
Table 4.10 Voltage and E-field Difference for MAX 9227

Table 4.11 Voltage Obtained by Total VVoltage Method for MAX 11129
Table 4.12 Voltages Obtained for 100 Q and 500 Q loads for MAX 11129
Table 4.13 Voltage and E-field Difference for MAX 11129

Table 4.14 Benchmarking with recent research

Xi

16
18
24
35
55
57
60
61
62
65
67
68
71
72
73
76
78
86



LIST OF FIGURES

Figure 1.1 Different paths for EMI 2
Figure 2.1 The suggested circuit model’s conceptual diagram, showing the IC,
packaging, PCB, and final load (Capriglione et al., 2018) 25
Figure 2.2 Radiation Pattern obtained (Jin et al., 2014b) 35
Figure 3.1 The proposed Flow Chart for overall methodology 44
Figure 3.2 Interconnect structure in HFSS Simulation 46
Figure 3.3 The proposed Schematic with IBIS model and SNP file in ADS 47
Figure 3.4 Port settings of the interconnect in HFSS 47
Figure 3.5 Flow Chart of Total VVoltage Method 48

Figure 3.6 Thevenin equivalent voltage Model with (a) 100 Q and (b) 500 Q loads49
Figure 3.7 Schematic of Signal Integrity analysis with IBIS model in ADS 51
Figure 3.8 Flow Chart of the overall methodology for Signal Integrity analysis 52

Figure 4.1 Schematic with IBIS model and S-Parameter file in ADS for ADUM

121N 56
Figure 4.2 Frequency Spectrum of Voltage Noise for ADUM 121N 57
Figure 4.3 Field Pattern obtained from total voltage method for ADUM 121N

(a) 3-D Polar Plot (b) 2-D Rectangular Plot 58
Figure 4.4 Two different loads to calculate Thevenin equivalent voltage with a

load of (a) 100 © and (b) 500 Q for ADUM 121N IC 59
Figure 4.5 Field Pattern obtained from Thevenin Equivalent voltage method for

ADUM 121N (a) 3-D Polar Plot (b) 2-D Rectangular Plot 61
Figure 4.6 Schematic with IBIS model and S-Parameter file in ADS for ADUM

3223 62
Figure 4.7 Frequency Spectrum of Voltage Noise for ADUM 3223 63

Figure 4.8 Field Pattern obtained from total voltage method for ADUM 3223
(a) 3-D Polar Plot (b) 2-D Rectangular Plot 64

Figure 4.9 Two different loads to calculate Thevenin equivalent voltage with a
load of (a) 100 Q and (b) 500 Q for ADUM 3223 IC. 65

Xii



Figure 4.10 Field Pattern obtained from Thevenin Equivalent voltage method for

ADUM 3223 (a) 3-D Polar Plot (b) 2-D Rectangular Plot 66
Figure 4.11 Schematic with IBIS model and S-Parameter file in ADS for MAX

9277 68
Figure 4.12 Frequency Spectrum of Voltage Noise for MAX 9277 68
Figure 4.13 Field Pattern obtained from total voltage method for MAX 9277

(a) 3-D Polar Plot (b) 2-D Rectangular Plot 69
Figure 4.14 Two different loads to calculate Thevenin equivalent voltage with

a load of (a) 100 Q and (b) 500 Q for MAX 9277 IC 70
Figure 4.15 Field Pattern obtained from Thevenin Equivalent voltage method for

MAX 9227 (a) 3-D Polar Plot (b) 2-D Rectangular Plot 72
Figure 4.16 Schematic with IBIS model and S-Parameter file in ADS for MAX

11129 73
Figure 4.17 Frequency Spectrum of Voltage Noise for MAX 11129 74

Figure 4.18 Field Pattern obtained from total voltage method for MAX 11129
(a) 3-D Polar Plot (b) 2-D Rectangular Plot 75

Figure 4.19 Two different loads to calculate Thevenin equivalent voltage with
a load of (a) 100 Q and (b) 500 Q for MAX 11129 IC 76

Figure 4.20 Field Pattern obtained from Thevenin Equivalent voltage method for
MAX 11129 (a) 3-D Polar Plot (b) 2-D Rectangular Plot 78

Figure 4.21 Schematic for Sl analysis with IBIS model in ADS for ADUM 121N 79

Figure 4.22 Signals obtained at Driver and Load pins in SI simulations for ADUM
121N 80

Figure 4.23 Schematic for Sl analysis with IBIS model in ADS for ADUM 3223 81

Figure 4.24 Signals obtained at Driver and Load pins in Sl simulations for ADUM
3223 82

Figure 4.25 Schematic for Sl analysis with IBIS model in ADS for MAX 9227 82

Figure 4.26 Signals obtained at Driver and Load pins in SI simulations for MAX
9227 83

Figure 4.27 Schematic for Sl analysis with IBIS model in ADS for MAX 11129 84

Figure 4.28 Signals obtained at Driver and Load pins in SI simulations for MAX
11129 84

Xiii



ADS

BCI

BGA

CACS

CDM

Cw

DPI

DUT

EMC

EME

EMI

ESD

FEM

HV

HBM

ICEM

ICIM

IMIC

IBIS

LIST OF ABBREVIATIONS

Advance Design System

Bulk Current Injection

Ball Grid Array

Crosstalk Avoidance Codes

Charge Device Model

Continuous Wave

Direct Power Injection

Device Under Test

Electromagnetic Compatibility
Electromagnetic Emissions
Electromagnetic Interference
Electrostatic Discharge

Finite Element Method

High Voltage

Human Body Model

Internal Activity

Internal Behavior

Internal Block Coupling

Integrated Circuit

Integrated Circuit Emission Measurement
Integrated Circuit Immunity Measurement
Interface Model for Integrated Circuits

Input Output Buffer Information Specification

Xiv



LISN

LV

MOM

MM

PCB

PDN

RFI

Sl

SSC

SSN

TE

TEM

TLP

™

VNA

VSWR

Line Impedance Stabilization Network
Low Voltage

Method of Moments

Machine Model

Printed Circuit Board

Power Distribution Network
Radio Frequency Interference
Signal Integrity

Simultaneous Switching Current
Simultaneous Switching Noise
Transverse Electric

Transverse Electromagnetic
Transmission Line Pulse
Transverse Magnetic

Vector Network Analyzer

Voltage Standing Wave Ratio

XV



S
Sa1

Su

LIST OF SYMBOLS

OHM
Reflection Coefficient
Power transferred from Port 1 to Port 3

Power transferred from Port 1 to Port 4

XVi



CHAPTER ONE
INTRODUCTION

1.1. OVERVIEW

This introductory chapter lays down a foundation and discusses the background of this
thesis, describes broadly the problem statement which this thesis will deal and identify

objectives to be solved. Detailed methodology is discussed at the end of this chapter.

1.2. BACKGROUND

TWA Flight 800, heading for Paris from New York, crashed over the ocean shortly after
take-off in 1996. The most likely cause of the explosion was a spark in the center wing
fuel tank that ignited the air/fuel mixture, according to a thorough inquiry that included
salvaging and recreating key components of the aircraft. This spark was certainly caused
by a high voltage transient, such as a power line transient or an electrostatic discharge
(Hosseinbeig et al., 2017). When in the radio frequency spectrum, Electromagnetic
Interference (EMI), also known as Radio-Frequency Interference (RFI), is a disturbance
caused by an external source that affects an electrical circuit through Electromagnetic
induction, electrostatic coupling, or conduction (Chung, 2020). EMC can be categorized
in two directions: Electromagnetic emission, which can disrupt the working of other
systems, and Electromagnetic susceptibility, which basically describes how efficiently
the system will work if it is subjected to disturbances from other systems (Tsukioka et
al., 2017). Furthermore, the Device Under Test (DUT) should be free from both
conducted and radiated emissions, i.e., Electromagnetic noise should not be conducted

or radiated from the device. At the same time, the DUT should be immune to conducted



and radiated emissions from the environment i.e., conducted or radiated

Electromagnetic noise from other devices should not affect the working of the DUT.

Inductive ‘

Conductive

Capacitive

Figure 1.1 Different paths for EMI

The EMI could damage the circuit’s performance or perhaps cause it to fail.
These consequences can range from an increase in error rate to the complete loss of data
in the case of a data path. In today’s smart automotive sector, multiple electronic
components are used in the system. An IC is a small wafer, typically made of silicon,
that can carry transistors, resistors, and capacitors anywhere from hundreds to millions.
Using either digital or analog technology, these extremely small circuits can perform
calculations and store data. The amount of semiconductors in each automobile is
continuously increasing, and by 2030, it is projected that electronic systems would
account for half of the overall vehicle cost. Automobiles are getting more intelligent,
capable of self-diagnosis, and able to communicate with one another. Electromagnetic
Compatibility (EMC) compliance is becoming more important as the number of ICs on
electronic modules in the smart automotive industry grows. Preventing Electromagnetic
Interference (EMI) faults within a vehicle drives this EMC. Failure to do so could result

in financial loss and, in the worst-case scenario, human life (Deutschmann et al., 2018).



Circuits like High Voltage (HV) and Low Voltage (LV) circuits on the same smart
power IC are highly susceptible to EMI. Moreover, reduction in size and high
functionality of device performance are reasons for increase in number of components
on an IC. Eventually, this will result in increasing EMI in electronic system. In addition,
high intensity of electric field will be induced with or without shielding. This electric
field is one of the EMI parameters that will damage and interrupt the 1C, thus, degrading
the IC performance. The safety of the passenger of a smart car can be guaranteed by
passing the EMC test so that it is immune to any kind of EMI. Consequently, the
intensity of the electric field and the frequency range should be identified so that the
EMI immunity of the IC of smart automotive industry can be improved (Wiles, 2009).

Recently, EMC of ICs has been attracting more attention as shown by the broad
body of work on this subject (Afewerki et al., 2017; Kibaroglu et al., 2017; Kim et al.,
2018; Pissoort et al., 2016; Qu et al., 2018). There are a lot of measurement standards
available to check the EMI in ICs. However, the efficient modeling of ICs to check the
parasitic effects is still a very challenging task. Because of the size of Integrated
Circuits, conducted susceptibility and emission are essential than radiated susceptibility
and emission. Both measurements and modeling can be used to construct noise models
for conducted emissions. Modeling methodologies are essential for generating
successful conducted emission models when some IC knowledge is available from the
IC vendor. However, most IC knowledge is proprietary, and PCB/system design
engineers do not have access to it. Then, techniques for extracting models from
measurements are extremely desirable. Inspired by different modeling methodologies
used so far for IC EMC, Modeling-based methods like those used for noise-source

extraction from measurements will be used in this research.



For 1/O pins, IBIS models for the 1/O pins of the IC under study will be
investigated. The IBIS model is a behavior model. It is used to define the behavior of
the ICs input and output. IBIS is a buffer that stores a variety of VVoltage to Current (/1)
and Voltage to Time (V/T) curves that can be used in Signal Integrity (SI) and EMI
simulations. The specification of the IBIS model is implemented to extract noise source

from it.

1.3. PROBLEM STATEMENT

The safety of the passenger of a smart car can be guaranteed by making sure all the
electronic units used have passed the EMC test so that it is immune to EMI. The
extensive use of Integrated Circuits in the automotive industry makes it extremely
important to make sure that the Electromagnetic Compatibility of the ICs has been
considered. Some level of feat has been achieved in this field by using various standard
experimental methods like 1/150 Q method (Rotigni et al., 2017), the Bulk Current
Injection method (Tan et al., 2018), the Direct Power Injection method (Huynh et al.,
2016) and the modeling methodologies like ICEM (Integrated Circuit Emission
Measurement), ICIM (Integrated Circuit Immunity Measurement) (Capriglione et al.,
2018) and so on. Nevertheless, the system does not remain unencountered by various
difficulties faced by researchers, which include expensive test set ups with limited
applications, non-availability of IC models from the vendors as most of the models
simulate the Integrated Circuit’s real silicon or transistor-level circuitry, and the vendors
do not want the proprietary knowledge about the IC to be released. Even if the transistor
level models like SPICE models of an IC are obtained somehow, time-consuming
simulations owing to the simulation of IC transistor level circuitry remains a major

concern.



1.4. RESEARCH OBJECTIVES

The main aim of this research is to predict the Electromagnetic Compatibility of ICs

used in Smart automotive industry. The overall objectives of this work are:

1- To develop a Behavioral Modeling simulation methodology for extracting
noise sources and noise models for conducted emissions of ICs.

2- To obtain the radiation patterns for four different ICs used in automotive
industry by carrying out Near/Far field simulations.

3- To perform Signal Integrity analysis of four different ICs used in
automotive industry by comparing signals at the driver and receiver end of

the circuit.

1.5. RESEARCH METHODOLOGY

Both measurements and modeling can be used to construct noise models for conducted
emissions. The proposed framework endeavors to use IBIS models for prediction of the
Conducted Emissions and Signal Integrity analysis of an Integrated Circuit. The
proposed methodology involves modeling of the interconnects and extracting S-
Parameters for them in HFSS. This structure is the configuration that links each part on
the board in real design. After this, the S-Parameters are related with IBIS models of
the Device Under Test in ADS, and transient simulations are carried out to extract the
noise sources from the DUT. These noise sources are extracted in the form of voltage
at the output of the IBIS model of the IC, and it contains all the necessary information
about the conducted emissions from the IC. After the Noise Sources have been
extracted, system-level simulations are carried out in HFSS to obtain the radiation

patterns from the IC. For this, the voltage obtained at the output of the IBIS model in



ADS is applied to the port in HFSS, simulations are run, and radiation patterns are
obtained. To verify the results obtained from this method, “Thevenin Equivalent
Voltage Method” is used. For the first step of this method, the IBIS model is imported
into ADS and used with two different loads. VVoltages at the output of IBIS model are
calculated for these different loads. Thevenin’s theorem is then used to calculate the
equivalent voltage. In the second step of this method, equivalent source is applied in
full-wave simulation. The radiation patterns are generated and then compared with the
pattern obtained in “Total Voltage Method”. Various automotive ICs from leading
manufacturers like Maxim Integrated, Analog devices have been tested. As mentioned,
this extracted noise contains rich information about the conducted emissions in an IC.
Therefore, the main idea is to study the extracted noise and generate radiation patterns
for 1Cs based on the work by (Capriglione et al., 2018) and (Jin et al., 2014b).

For the approach taken for Signal Integrity analysis, the IBIS model of the Device Under
Test (DUT) is imported into ADS. The output pin of the DUT is made to drive a high
impedance node. The PCB trace between the pin and the load is a strip line and its length
is set to as per the requirement. Also, practically the pin may drive any other digital
receiver rather than just a high impedance load. Signal Integrity analysis is carried out
in ADS, and the results for the simulations are noted. The main idea here is to compare
the signals at driver pins and load and check whether the integrity of the signal is
maintained or not (Quick-Start Methods in Simulating the DAC38RF8x Input/Output
Buffer Information Specification (IBIS) Model Application Report Quick-Start Methods
in Simulating the DAC38RF8x Input/Output Buffer Information Specification (IBIS)

Model, n.d.).



1.6. RESEARCH SCOPE

Electromagnetic Interference is one of the biggest reasons for device malfunctions. ICs
are usually both the major cause as well as the victims of EMI in a system. Conducted
emissions (i.e., the noise emitted by Integrated Circuit pins) have a significant impact
on system-level EMC performance. This research intends to study various behavioral
models for the EMC of ICs and develop a critical prediction modeling technique for
conducted emissions of ICs used in automotive industry based on the IBIS model of an
IC. Noise source models for automotive ICs will be developed in ADS and accordingly,
Near/Far-field radiation patterns will be obtained in HFSS using two different
approaches (i.e., Total Voltage Method and Thevenin Equivalent Method). Signal

Integrity of various automotive ICs will be checked in ADS.

1.7. THESIS OUTLINE

The rest of the report is organized as follows. Chapter 2 is the literature review and
discusses the main parameters and research conducted related to Electromagnetic
Interference issues and various methods to predict Electromagnetic Compatibility in
Integrated Circuits. Chapter 3 is the design and implementation of the research. The
results and discussion are presented in Chapter 4. Finally, a conclusion is drawn, and

future work is presented in Chapter 5.



CHAPTER TWO
LITERATURE REVIEW

2.1. INTEGRATED CIRCUIT EMC

Integrated circuits (ICs) play a critical role in an electronic system’s Electromagnetic
Compatibility (EMC). Generally, I1Cs are both the ultimate source of interference-
causing signals and the victim. The proper operation of an IC in an obstructive
Electromagnetic environment has always been a serious challenge. Electromagnetic
interference (EMI) can cause an IC to malfunction or produce incorrect results. This is
considerably more of a worry for ICs used in the automotive industry. The automotive
industry, in particular the smart vehicle, is confronted with design issues such as
Electromagnetic Interference susceptibility. EMC compliance is becoming more
important in the smart automotive industry as the number of ICs on electronic modules
grows. Preventing EMI faults within a vehicle drives this EMC. Failure to do so could
result in tragic collisions. The EMC problems in an IC can be generally classified into

two types, namely Intra chip EMC and Externally coupled EMC.

2.1.1. Intra Chip EMC

Intra chip EMC refers to the situation when Electromagnetic disturbances from some
part of the IC interrupt with the working of some other parts of the same IC. There are
usually two types of Intra chip interferences namely Crosstalk (J. Wang et al., 2020)
and Simultaneous Switching Noise (Shringarpure et al., 2016), which are basically
Signal Integrity issues. Signal Integrity in electronics refers to the signal’s functionality

being unaffected.





