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« UTE EMC task force and program history

* | CEM modeé technical basis, technical reminders
 |CEM Iimplementation in I Bl S database

« |CEM validation

* | CEM cookbook

e Conclusion
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UTE TEAM
Leader PERRIN Jean Claude TEXAS INSTRUMENTS
Members HUET Claude AIRBUS France
LEVANT Jean Luc ATMEL
MAROT Christian SIEMENS VEDEO Automotive
MAURICE Olivier VALEO
PERRAUD Richard EADS CRC
SAINTOT Pierre ST MICRO ELECTRONIQUE
SOUBEYRAN Amaury EADS CRC
University SICARD Etienne INSA

RAMDANI Mohamed ESEO
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History
1994 : WORKING GROUP UTE/CEF 93GT5 EMC

«06/1997 : IEC 93 /67 NP

« 1998 : DATE 98 / INTERNATIONAL TASK FORCE
« 2000 : DATE 2000 / IEC INTERNATIONAL EXPERTS MEETING

«03/2001: IEC 62014 - 3 IEC SHBICOY
® DRAFT TECHNICAL REPORT
CDV proposal sent to IEC e eV
TC 93 U.5.A.
for standard approval _ :::;:’fi*:j:; I
D oee %

Tirew CEl 62014.3: CEM des composanls — Title |IEC 82014-3. EMC for Component — Part 3:
Partie 3 . Modéle électrique des circuits intégrés  Integrated circuits Efectrical Model (ICEM)
(ICEM)

* 03 /2001 : DATE 2001 MUNICH IBIS SUMMIT MEETING
IBIS Summit meeting /PARIS, March 2002 5 PERRIN Jean Claude/ HUET Claude
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PROGRAM STATUS

* |IEC 62014-3 DOCUMENT COMPLETION AND IEC APPROVAL.

« SANTA CLARA PRESENTATION (End of JANUARY 2002)

« COOK BOOK UNDER CONSTRUCTION

« DATE 2002 PARIS IBIS SUMMIT MEETING

| CEM and cookbook documents available on the UTE web:
www.ute-fr.com
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Integrated Circuits
Electromagnetic Model

TECHNICAL BASIS
TECHNICAL REMINDERS
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ELECTROMAGNETIC AND HF NOISE SOURCES

 Power supply lines emission :

Switching activity in different modules (Internal/peripheral)

High frequency current through package connections
 |/O connections noise emission :

Noise due to output fast signals and package characteristics

Noise coupling through package to the other I/O pins
Noise coupling through package to other powers supplies
 |C Direct emission :

Package Bonding and metal die connections

IBIS Summit meeting /PARIS, March 2002 8 PERRIN Jean Claude/ HUET Claude
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Origin of parasitic
emission in CMOS:

: " . ate switchin
Mechanismsfor parasitic emission J J

covered by ICEM model
/’EH{: L
E{H_‘E W W W
NOIS ¥
COUPLING BY DIRECT
POWER LINES RADIATION }

COUPLING BY
INPUT/OUTPUT
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L, R Packvdd Rvdd  Lvdd

vopateic o} ]

od == @ =1 *-9 Power lines contribution
VSSdf thelC O_D_D_

L, R PckVss Rvss Lvss
(L, R) PackVee  (L,R)vdd (LR)Vdd (L.R)Pack Vdd
S oy : 5
VDD Core lifo /0 VDD
b . . .
= o=@ coz=| o |y FAET 9T I/Os contribution
] model e
VSS Core Zsub I/OVSS
S N W O Yy Sy B
(LR)PackVss  (L,R)vss (LR)Vss (L,R)Pack.Vs
Cp —— Cd :E Cout=—=—
(L,R)Bond I/Opi
] D——O
(L,R) pin Package
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CURRENT GENERATOR DESCRIPTION

[Ib generator]

[Cb capacitor]

| Variable Typ Min M ax

C_pkg 2.045e-13 8.363e-14 3.75e-13
Ib [Vdd Vss Pin]

[Ib current]

Al

b Variable
Ib(mA) 1 10 50 100 80 60 40 20
t (nS) 5 1 15 2 25 3 35 4

[Frequency]
| Variable Typ Min M ax

F(MH2) 13 6 50

IBIS Summit meeting /PARIS, March 2002 12 PERRIN Jean Claude/ HUET Claude
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ICEM in IBISML

|BIS mark-up language (I1B1S-X) makes |CEM implementation very easy

IBIS-ML Specificatian 10/31/2001 Hew 0.5 [ def | ne rmdel ] | CEM
| on chip capa
capacitor c_dec (vcc vss) C=5fF

IBIS Macro Language Reference | Serial supply resistor
Manual resistor r_vdd (vcc vcc_int) R=10
1402 T ffer Information Specification Macro Langage (TRIS-ML) resistor r vss ( VSS VSs_int ) R=10
Language Reference Manual Version 05 - -
The TRIS Macro Lansusge is a eandard langoage suitable for modeling the analog | current
charactenistics of 3 digmal mepraed cirewit. The [BIS Macro Language is intended for use i . .
conionetion with the ANSIELA-656A [RIS sandard, : I b ( VCC_| nt VSS_| nt ) I =lt ( TI '\/E)
[1t]
Call of the user-defined nodel: time 1 (typ)
0.0 0. 3e-3

[ begi n header ] 0.1e-9 0. 3e-3

[ibis-m version] 0.5 [::::::::t:> 0.2e-9 0.5e-3

[filenane] npc755.i bs 0.3e-9 0.8e-3

datal—Naov_ 27, 2001 .
Crocel | 1 cam> fend 1]
[ end] [ end define nodel] | CEM

IBIS Summit meeting /PARIS, March 2002 13 PERRIN Jean Claude/ HUET Claude
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VALIDATION
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AIRBUS
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Emission Model with 10s
80
¥
70 ll—--_.________‘/// \
60 == H
m
o \f\
—— Measurements with 1 /O output V
40 — —— Simulation level 1 with /O
—— Simulation level 2 with /O
30
20 ,«/
Measurement |/
10 | noilse .IEV.EI. . !
1 10 MHz 100 1000

IBIS Summit meeting /PARIS, March 2002 16 PERRIN Jean Claude/ HUET Claude



7\
Z/ W TEXAS INSTRUMENTS

AIRBUS

STATUS
IEC 62014 - 3

Emission in TEM cell

Validation for the core & 10s

40 ~ Comparison of
Measurements and Simulations
== Measurement: 1 'O at ZMHz - on Buffer (FJ3) for emission in a TEM cell -
30 .
—— Simulation with 1 1/0 at 2MHz _parallel to septum & M Odel fltS
2045 correctly up
@
|8 " to 800MHz
N |
TR + At high
A A gh
10 \ f ! ~ ; frequencies,
N | 10 effects
-20 - Measurements — f (MHz) :
1 noise level 10 100 1000 doml nate
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DIRECT IC RADIATION

CORRELATION BASED ON TEM CELL MEASUREMENT

Er spectrum

100 H
g
o B0
=
=
W é 40
=0
I:| -
O é 10
Fregquency (Hz) e 1 IIIE
TEM CELL Simulation
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COOK BOOK STATUS

« UTE TEAM WORKING ON COOK BOOK
TO BE COMPLETED 1st JULY 2002.

« “DIVA" PROJECT IN “MEDEA+"” STRUCTURE
CONTRIBUTORS : EADS CRC, INSA, AIRBUS

— APPLY ICEM MODEL TO SIMULATE COMPLEX PCB LAYOUT.

— VALIDATE THE COOK BOOK ( PARAMETERS
EXTRACTION BASED ON COOK BOOK PROCESS)

IBIS Summit meeting /PARIS, March 2002 20 PERRIN Jean Claude/ HUET Claude
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COOK BOOK STATUS

PARAMETERS EXTRACTION BASED ON MEASUREMENT

Network Analyser

‘,\/\ Power-Supply

4':' 1 LILILLLILEL T 1 rrrrrin
short connection to SMA SMA connector ZdBw) = 20~ IOQ%
EI:IHHL"' 1] It RN |
~~"\pD [ dl= (b2l L =2 6,28 Fy
'h-\.l-..‘ ‘///’ \
~ N
0 BaN \\:;.-
Die | = 4T
1| ]
[T ‘ .-"',r'
=20 Hﬂ"'n s'f'J
Package VSS ™, H.—"'r
I.C % d
40
\ 1.10° 1.16F 1.10° 1.1¢F 110"
N\ Soldering to ground plane
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CONCLUSION

« ICEM gives a capability to simulate EMC due to
internal activity and of 1/Os noise coupling

 ICEM model is easy to add as a modification or add
In the files of usual standards like IBIS

« ICEM model parameters can be obtained by
measurement (cook book) if data are not available
from ICs manufacturers.

« ICEM can be easily implemented in commercial
simulation software
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