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1. Context of the study

o 0.7um, 2 metal layers e 0.12um, 6 metal
o Up to 100,000 devices on a chip o Up to 200,000,000 devices
«CPU frequency 50MHz o CPU frequency 1GHz
10 years of
evolution
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1. Context of the study

ltade & Current * Voltage supply decreases
i e Current amplitude keeps
1 et ; constant
* Faster switching

Stronger di/dt

| Increased EMC
problems
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1. Context of the study

Low parasitic emission Is a key argument
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1. Context of the study

Example for
automotive

Interference with local
RF & Bluetooth links

009
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Parasites internal | @ |
devices (ABS) S —
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- -~ mobile phone  /
. 900, 1800,1900MHz /
Similar EMC problems |

In aerospace
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2. System Design Methodology for EMC
Obsolete Design Methodology

/ DESIGN

System on chipl
specification

FABRICATION
Architectural |
Des

pDesgn ) )
/

Design Entry EMC Measurements
Design Architect Compliance ?
NO GO GO
m m

{EM C compliant}

-
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2. System Design Methodology for EMC |

dB
Obsolete Design Methodology

PCB design

Prototype board EMC scan

Electromagnetic incompatibility found too late
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2. System Design Methodology for EMC

Target Design Methodology

System on chi
specification

DESIGN \

Ar chitectural

Guidelines

.~ Architecture Desian

w EM C Simulationg

Design
Guidelines

Design Entry
Design Architect

Compliance ?
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2. System Design Methodology for EMC
Target Design Methodology

m With IBIS and
— — | core model

PCB design

Wrong prediction of the

radiated emission Good forecast of radiated

emission

A core model is mandatory for accurate emission prediction
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3. The IERSET project
European Research Centre on Electronics for Transportation

identifies and co-ordinate co-operative research.

Project T "e4INSR
EMC for

ICs B I
INSTITUT EUROPEEN DE RECHERCHE
SIEMENS

SUR LES SYSTEMES ELECTRONIQUES
AUTOMOTIVE SA

ALCATEL

POUR LES TRANSPORTS

TOULOUSE

Objectives

 Definition and validation of a model to be used in PCB CAD
tools to guarantee the EMC of electronic systems

e One model from 1MHz to 1GHz, for conducted and radiated
emission

January 20021 - IBIS Summit Santa Clara
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3. The IERSET project

ICEM (Integrated Circuit Electromagnetic Model)

DIl S ETER :> Commitee Draft for Voting at IEC
UTE
. UTE TEAM
Technical France Leader  PERRIN Jean Claude TEXASINSTRUMENTS
work at 02/2001 Vembers HUET Claude EADSAIRBUS
|IERSET :> LEVANT Jean Luc ATMEL
MAROT Christian SIEMENS AUTOMOTIVE
ViLlieles |CEM MAURICE Olivier VALEO
France Cookbook PERRAUD Richard EADS CCR
phlae SAINTOT Pierre ST MICROELECTRONICS
1997-2001 version 1.c - SOUBEYRAN Amaury EADSMSI
aug. 2001 University: gi|CARD Etienne INSA
RAMDANI Mohamed ESEO
08/2001 LUBINEAU Marc IERSET

Document on the UTE web www.ute-fr.com
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3. The IERSET project

ICEM draft

% Now draft technical report 93/146 CDV

93/146/CDV

DRAFT TECHNICAL REPORT

Project numbar

62014-3/TR/IEd.1

IECITC or 3C Sacretarial

TC 93 U.5.A.

Distributed on Woting terminates on
2001-11-30 2002-05-03

Also of interesl to the fallowing commitiees

Supersedes document

Functions concarmad

L] satey * EMC

D Environment

(ICEM)

Tiree CEl 62014.3. CEM des composanits —
Partie 3 - Modéle &lectrique des circuits intégrés

Hi CUMENT I18&

D Ciuglity assurance
ETLOT JEGT T3 o]

SHDULD HOT BE ISED FOR REFERENCE PURFOSES

RECIMENTS DF THIE DOCUMENT ARE INVITED TO SUBMIT, WITH THEIR
COMMENTS, MOTIFICATION OF ANY RELEVANT PATENT RIGHTS OF
WHICH THEY ARE AWARE AND TO PROVIDE SUPPORTING

DOCUMENTATION

Title: [EC'62014-3!
Integrated circuits

EMC for Component — Part 3.
Electrical Model (ICEM)
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3. The IERSET project
Presentations of ICEM

Presentation Presentation Presentation , Presentation

Paper IEEE Pack.
q

Paper IEEE EMC

|
I
l —
I
I CEM
| Grenoble EMC compo
_ EMC P
IBIS IBIS IBIS Dellers Europe Toulouse
Munich Mentor DesignCon IBIS Date IBIS East
03/01 09/01 01/02 04/02 07/02 10/02
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4. Core Emission Model

Core noise of ICs: 3 modes of coupling

Origin of parasitic | | =
emission in CMOS:;

gate switching
» conducted:  Power lines - — T
1/Os bmeend
. . NOIS
> radiated: Direct _
[ COUPLING BY DIRECT }
POWER LINES RADIATION

COUPLING BY
INPUTIOUTPUT
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4. Core Emission Model

ICEM Iincludes a simple core model, not handled by IBIS

External VDD Rvdd Lvdd T o ] jﬁk“”m"”‘cs
{ H | 70 ™
C 1 |
60 (NS
p— p— 7 AT e
¢d T ® |, N3
O { H | 40 Primary reso
External VSS %
tern Rvss Lvss 20
_ L) e e i Measurements \ \
Basic parameters Cd, Ib 0 — - — . —Simulation Cd, Ib 1)
All parameters t
10
1 10 f (MHz) 100 1000
Advanced param. | R,L,Cb
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4. Core Emission Model
Parameter determination: several levels

y y y

Libraries Measurement setup Statistics
o Standard
Tools After fabrication technologies
Before fabrication Approximation
R L
— Equivalent
Iy B C @ Currengtug“e/aeerr;tor Ib
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5. Emission Model with IOs

Add IBIS I/O data

Rvdd ™ ydd N
Core O i H | — +—1O
VDD / \
- —_ Ll 1o
cd T chT P @ Cio "\ 110 ,'
[ | 1 \ | /
Core VSS 7 1 — \\__// ’
Rvss Lvss Zsub

Zsub: basically a 1-10Wserial resistance
Cio : decoupling capacitance for 10 supply
1O block: reuse of IBIS

January 20021 - IBIS Summit Santa Clara
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5. Emission Model with IOs

Validation

IO modify the spectrum at high frequencies (>300MHz)

80
70 ’,//
60 = -
o
° \
T
50 v‘
—— Measurements with 1 1/0 output
40 +— —+— Simulation level 1 with I/O
—— Simulation level 2 with /O
20 / ¢
Measurement /{
nhoise level
10 | [ [ | I [ I
1 10 MHz 100

1000
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6. Adaptation of Emission Model
Case of multiple supply structure

Voltage Regulator Separate supply for 1/0s

: — R PackcVibo. (I Rorkd (LRIVdd (L. R)Pack. Vdd
High g -
valiage Che-chip | \-;TD:JPQ.' L D D H i — —o
Fepililier | = i
VDD Core lifo 3 140 VDD
COIRT H
@ lb fiazchm=  CdI=
8, T 5, S ) Ci0 T = ::i-.-':.: — —
= e r
e H
WSS Core Zsub H O VES
-7 '—'T R S o W
Rl (LRPackVes (L R)vss (L.R)Vss (L. RjPack-Vs
o I: |d#smt |
|Csule eaguaivee| Cp cde e Cout
i | Viariahde Ty Mlis Mas
tl'-n:l;ﬂ O phe Lidte-18  AEAE-14  B78e-13 {L.R)Bond 1/Opi
|vsel vaal pEina]
et - — 1 |—|_—C'
£ | Vorislble s
AW AR T 2 C I T T 11 :_L.R] Flil'l 'P"m;hﬂg-.‘
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7. Emission In TEM cell

Proposed model: capacitance & inductance coupling

To PCB -
L package ——Cdie gnd
@ Chip under test
50 W 50 W
KCoupli ngi —_ Cdie_septum
(]
L septum
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7. Emission in TEM cell
Validation for the core alone

30 EEEEEE [
Comparison of = :
25 Measurements and Simulations| | Model fits
20 1 2 for emissionina TEMcell || COfreCﬂy up to
% —-— Measurements (core activity) 400MHz
15 —+ Simulation
10 Measurements f\ = At hlgh
5 noise level \ \J’i\ | frequenmes,
\
. \ o 5 Y . clqse from
Do, AL T LM I ) || el noise floor
5 -
=10 f (MHz)
1 10 100 1000
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/.

Emission in TEM cell

Validation for the core & I10s

40 _ Comparison of
Me_a_s_ure,mehtg--and. Simulations
i ——Measurement: 1 /0 at 2MHz - on Buffer (P.3) for emission in a TEM cell |
—— Simulation with 1 /0 at 2MHz -parallel to septum
20 T =
=,
m h
T
10
N A |
u J’x\ ool
%\\\ 7 e
ISR AR 1
=10 \\1 / { - i
-20 4 Measurements f{MHz)
1 noise level 10 100 1000
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8. Implementation of ICEM in IBIS-ML

ICEM In IBIS-ML

< |IBIS mark-up language (IB1S-X) makes ICEM implementation very easy

& |BIS-ML draft on the IBIS web site

[define nodel] | CEM

| on chip capa

capacitor c_dec (vcc vss) C=bnF

| Serial supply resistor

resistor r_vdd (vcc vcc_int) R=10

resistor r_vss (vss vss_int) R=10

| current

Ib (vcc_int vss_int)
[1t]

time 1(typ)

0.0 0. 3e-3

0.1e-9 0. 3e-3
0.2e-9 0.5e-3
0.3e-9 0.8e-3

| =1t (TI ME)

[end 1t]

[end define nodel] | CEM

January 20021 - IBIS Summit Santa Clara

IRIG-ML Specificatiom 10/31 42001 Rewr .5

IBIS Macro Language Reference
Manual

1) Buffer Information Specification Macro Language (1BIS-ML)
Language Relerenece Manual Version 05

The IBIS Macro Longumpe 45 o stndand lmguage suitable for modeling the analog
claracicristics of a digim] inegraked cicvit,  The TBIS Macrn Language is miended for use in
comjunetion with the AMNSFELA-636A TS standard.

Cal |

[ begi n header]
[ bis-m vers
[filename] uC
[data] Nov 27,

of the user-defined nodel

on] 0.5
I bs
2001

2
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9. Perspectives

Software

¢ Interest in Susceptibility failure

unction lo

¢ Extend model to higher frequencies (> 1 GHz)
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Conclusion
¢ Technology scale down illustrated
o More complex chips increase parasitic emission
¢ An EMC model for ICs is mandatory
¢ A simple model has been proposed
o Satisfactory prediction of conducted emission
¢ Prediction of the core emission in TEM investigated
¢ Model proposal standardized by UTE (ICEM)
¢ Presentation and promotion to CAD & IC providers
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