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Abstract— This paper presents the strategies used for efféet
training of engineers in integrated circuit (IC) design under
Electromagnetic Compatibility (EMC) constraints. It presents
the general context of EMC of ICs and details the EM&ware IC
design course given in companies and several insitiés in France.
Collaborations with industry have produced a set oflearning
resources and design tools to support the developnte of
industry relevant EMC skills and lifelong learning ills. The
courses enable students to learn about EMC measurents and
modeling at IC level and their implications using aset of user
friendly tools. The courses taught in university andin industry
have consistently produced high levels of studentigineer
satisfaction.
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. INTRODUCTION

Electromagnetic compatibility (EMC) is consideredite the
third cause of integrated circuit (IC) redesigneaftlesign
errors and Electrical Overstress. EMC

parasitic emission,

is a fundaaien
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Until recently, no specific course focused on EMG@s has
been made available, mainly because of the intrinsi
complexity of the topic, which requires strong kkiboth in
electromagnetism, electricity and microelectrontbs, lack of
expertise, and the high degree of confidentialigarding
EMC-related design issues. In this paper, we ptesbat we
believe to be the first 2-days course only focusedEMC of
ICs, based on the latest research results avaifabfe the
community of EMC-IC experts [4].
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constraint that components must meet to ensure the

simultaneous operation of all nearby electronicicks and
the safety of users. Numerous courses and edueatimoks
have addressed EMC at system, cable [1] and priitedit

board (PCB) levels [2]. However, semiconductor desiare
often the source as well as the victim of electrgnedic
interferences, as described in the research cotiopild3].

Possible mechanisms for coupling of electromagnwise at
integrated circuit (IC) level include the wire camtions such
as the supply lines, the coupling of the packagaideto
electric or magnetic field, or even the couplingtud induced
interferences directly to the silicon chip (Fig.. 1Also

represented in the figure are couplings throughlesaland
PCB tracks.

Ensuring EMC at circuit level implies an effectiveduction
of noise sources and disturbance origins, in otdezomply
with EMC standards defined by the application ofthg IC
customers. Its modeling has become mandatory tarers
predictive approach of EM-induced perturbation ,rigkich

requires tools, models and specific EMC knowledge.

This work has been supported by the European pgrBj&EA+ “EMC
Pack”, MEDEA+ “Parachute”, French Aerospace Vafegjects “EPEA”anc
“SEISME”

Figure 1. lllustration of electromagnetic compatibility ateégrated circuit
level (From [3])

I EMISSION, IMMUNITY

A. Integrated Circuit Emission

Parasitic emission caused by the switching activity
integrated circuits (ICs) has increased in impar¢awith the
tremendous progress in Complementary Metal-Oxide
Semiconductor (CMOS) technology. When switchingchea
gate generates a small current pulse which flowislgnan the
supply lines. The addition of these elementary entrpluses
provokes enormous current flows within the chipselto 100
A in the latest generation of high performance oucr
processors. The switching of internal gates inducassient
current flow within the circuit and its surrounds)gas shown
on figure 2. Supply and bus wires can convert thesient
currents into voltage drops on power and groundplées



Parasitic inductances of interconnections are thainm
responsible of voltage drops [1-3]. Voltage dropsym
propagate to circuits sharing the same supply mitwehich
provokes conducted and radiated emission.
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Figure 2. IC parasitic emission due to switching activity gratasitic power
supply interconnections

There exists a diverging trend between, on one, dide
customer pressure for low-emission IC, and in ttheeioside,
intrinsic emission levels which tend to increasd smbroaden
in frequency domain.

B. Integrated Circuit Susceptibility

The trend towards nano-scale devices has majoeqorsces
on integrated circuits (ICs) immunity. First, thenstant
supply voltage decrease reduces the static noiggimaf
electrical signals and thus increases the IC stibildy to
RFI. Also, as cut-off frequencies increase, ciuiecome
sensitive to faster transient signals.

With the newest technologies, nearly one billionvides
related to mixed analogue, digital and power tetdgies
share the same piece of silicon. Some parts of cthip
generate EMI (digital and power parts) while thkeos have
very low sensitivities regarding the EMI level (bogue and
RF parts). It is an issue to ensure that all thebexded
functions are able to operate (auto-compatibility).
Meanwhile, IC customer requirements in terms of EMGd
to increase. These opposite trends require immuotétsign
guidelines, specific tools, expertise and ways oécjse
measurements of EMC performances.

I1l.  COURSE DESCRIPTION

The course is targeted to engineering studentsaisten level,
as well as IC designers in industry to addressnieds for
specific training in EMC-award IC design. The twayd
course consists in 6 main parts:

- Introduction to EMC for ICs

- Basic Concepts in EMC of ICs

- Measurement methods for emission and susceptibility

- Modeling techniques

- Design Guidelines for improved EMC

- Future challenges

Half of the time is spend with lectures, includipgoblem-
based learning, exercises, and demonstrationgttiee half is
dedicated to practical training.

The first part presents the challenges for elecagmatic
compatibility of integrated circuits and recallsnms key
examples of IC
compliance. A set of basic concepts is proposdtiersecond
part, covering specific units, impedance, inter@ms, origin
of noise, noise margins, time/frequency conversind 50W
matching. The third part focuses on the standarasomement
of the IC emission [5] and susceptibility [6]. Tfarth part is
related to modeling approaches for predicting EM&sed on
standards such as IBIS, ICEM, and ICIM [7]. Théhfipart is
dedicated to the presentation of guidelines to cedemission
and improve immunity at IC level. Finally, roadmapad
future challenges are briefly reviewed, inspirezhir[8].

IV. PRACTICAL TRAINING

A. EMC of ICs in practice

To support and illustrate the course, we have dpeel a
freeware called IC-EMC [9], a windows-based sofwvar
demonstrator which aims at simulating parasiticssion and
susceptibility of integrated circuits. The full page can be
downloaded from www.ic-emc.org, a non-profit sitedatated
to EMC of integrated circuits.

IC-EMC schematic IC-EMC model
Editor (.sch) libraries

~, /

WinSPICE compatible
netlist generation (.cir)

‘ WinSPICE simulation ‘

IC-EMC Post-processing
tools (emission, impedance,
S-parameters, immunity)

Measurement result
files import

‘ Output file generation ‘

Figure 3. The IC-EMC capabilities in terms of emission andnomity
prediction, and the generic flow used to simulaéCEat integrated circuit
level

redesigns because of EM-related non



A library of common standard IEC models, to ease
the simulation of 1/15&/ conducted mode and TEM
cell radiated mode measurement methods.

A 3D package viewer based on IBIS, to illustrate th
role of R,LC parasitic effects due to package aied d
connection.

V. EVALUATION

Since the early trainings started in 2002, more & sessions
involving 400 students and engineers have beenniesg,
either in a one-day or two-days format. The evabmaof the
course impact has made through 1a questions list€dble I.
At the end of this course, the majority of studesasd they
understood the mechanisms of parasitic emission and
susceptibility, and felt confident in their abilittpo handle
standard measurements of emission and susceptibtlitC
(@) level. Most of IC designers also felt they coulletgart in a
global EM-improvement strategy, and were willing apply
“golden design rules” to address circuits with iféeence
problems.
The evaluation results shown in Fig. 5 include biittial
training in engineering departments (ISEN FranceSEE
France) and in companies (e.g Nokia, On-semiconducit
can be observed that not all students find thectapiclose
relation with their studies, while the vast majpigf engineers
in companies have found the course highly profidbt their

daily work.
TABLE |
COURSEEVALUATION QUESTIONNAIRE

Question

| appreciated the contents of the training.
The level of the training is in accordance with expectations.
The balance between theory and practice was tdxep
The content was adapted to life-long learning.
| appreciated the documents given in the training
| appreciated the way the training was taught
The content is clearly related to my work/studies
| may use the contents directly in my activities
The lecturer followed the initial planning
Overall | was satisfied with the quality of tleisurse.

(b)
Figure 4. IC-EMC schematic editor (a) and example of comparisetween
measured and simulated parasitic emission conddetedg the practical
session of the course (b)

The tool IC-EMC includes a conventional schematiétoe,

(See Fig. 4-a), a set of tools to help user todoEMC models,
an interface to Spice for analog simulation andst{processor
for easy comparison between measured and simpareditic 70%
emission and susceptibility (Fig. 4-b). 60% 1

Boow~oubwhk| #*

50% 7
40%
30% 7
20% 7

The tool is used by the teacher as an illustratiormost basic
concepts covered during the formal course and bgesits
during practical training sessions. The authors ale the tool
for the experimental part of tutorial sessions ehdif of major 100 |
conferences such as APEMC in 2010 and 2011. 0%

A set of tools with significant added value for EM#Balysis 12 3 4 5 6 7 8 9 10
are used during the training: Evaluation item #

% response

‘ 0O Strongly agree O Agree O Neutral O Disagree O Strongly disagree ‘

An emission model generator which translated an IC
specification directly into an approximated noise
model. Students are asked to specific a Figure5. Evaluation of the course “EMC of Ics” compiling &6urse
microcontroller and forecast its emission level, feedback, for a total of more than 100 students
without any specific knowledge of the layout degail

A near- magnetic field estimator based on elemgntar

current dipole radiation. Students may illustraeddf

cancelation, loop effect reduction at a simplekclic



The very high satisfaction rate is also linked withe
introducing of a practical
approach during lectures, which
interaction, questions and answers from the audienc

The course EMC of ICs (2 days, 15 hours) is vadidads a
Master-level course through a written exam andyfallgible
for ECTS credits through the INSA Engineering Sdhdatie

training and problem-éds
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To further enhance the quality of the course asgibmotion
in Europe, we have submitted the course to Eurairmgi[10],

a European Initiative which aims at promoting cesrthat are
organized by professional and university providersthe IC

designers.

(1
(2

We became in October 2010 “Quality labeled course$l
provider”, which gibes the possibility to inseretbourse into

the EuroTraining directory, including contacts obna than 4
15,000 active design engineers. We shall startan2011 the (5]
promotion of the EMC course as a customized/ inskou
course. Furthermore, focused sessions are beiteglfessich as  [g]
a session dedicated to immunity modeling (spe@asisn at
APEMC 2011 [11]) and about design guidelines fopriaved
EMC [12].

(7]
(8]

CONCLUSION
This paper has introduced a novel course on EMICofat g
engineering level, which was successfully taught in
engineering schools as well as in industry to eobathe [1q]
understanding of interference issues at comporset bnd to 17

give practical ways of improving electronic desidar
improved EMC.
[12]
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