Institute of Electronics,

I nf ormati on,

and Conmuni cati on Engi neers

201 0 FEFBERBEFRBEVHAIIT K2
Bl-2-7
LSI D EMC = 7 v &7 )V OygsMfFsesEhm - Bk & R
Overseas Research Trend on EMC Macro Modeling of LSI and Its Future
MEED
Osami Wada
FBRFRFRIFHER BRIFHEL
Department of Electrical Engineering, Graduate School of Engineering, Kyoto University

. 7V v MEBER ETOTH v 7Y o IREOBEIC D

1. FALE WTHRLTHY, BREELS (VA X V=zy ) %

T4 VENY AT AOBEBEREICED, LSI ARE
LxBmAEE A XOBBENBEELL TS, ZhEiFk
TEREHDYIalb—Ya  iC L RAERBEEAHE
(EMC 851 ZBRE LT, LSI ® EMC =27 25N
AEINTWD. KT, B, Bica—e vy ok
B LSIO EMCET U > 7 DERIZOVTHRMNTS.

2. ICILSI @ EMC %2

WE4E, IEEE Trans. EMCIZ, [£R8EKO EMC—i3 -
BUE - {3k~ LETARMIXBERIN[], 2000FE 4B D
[Trans. EMC # U va— RN bo 7 10 D 147) 28K L
722 &, EMCS D=a2—A L Z— 2B &hi-. ik
[1i2iE, IC @ EMC BB S NTEN L RIEICES
TD, IC D/ ARXRA I 2=F 4 IZHTHHERITR,
IEC iZ&1T % IC @ EMC HIEEDOEREILORES L8R, IC
D EMC w7 aE®5)L, BIUOFRLDEEDOR— Ry
TREELEDLENTVD. TN TNENR,
2006 22 Springer 2 HRITE NI TEBREIKD EMC] @
FESBIIIEMCETFACELTE LD HRTVWS[2).
MEERR {2 I - EBEAE EMC09/Kyoto X2, 44 4 AD
APEMC2010 T% [IC® EMCJ ZBET 250 v ra o
BRI TRBY, ZLORBREPRENALTVWE. ¥k, 75
VAT 1999 BB ST TIC @ EMC) IZ8E L7z ERE
U—2 a3 v 7 EMC Compo /ERESE 10 BEEGE 7 A2 M
Z, TOVTHhoOBMELED THEEENEFLTWS
[www.emccompo.org].
RELUETIE, TOMEOF 1L, EMC =27 aE57 1
\ZRBE LR OEME & 2045 % ICONTHRAS,

ICOIEEE// A1 XD OaETIL

3.1 ICEM-CE £ F LB
IEC(EBRERIZELSBICRBNT, ICO EMC <7 nE5
NOEHRELBITON TS, Y9, V0 R aEFN
IBIS LRILY U —XE LT, IEC-TCO3 iR W TEAR S,
T I = AN VR — ERRITINTHBBI4], F0%, IC D
EMC BIEEZ#ER L TV SC4ATA IKEBROBEBL,
2002 i IC BRET D/ ARAD pEHETZI vy a T
7 /v (Integrated Circuit Emission Model — Conducted
Emission: ICEM-CE) | DERFIDRAFESTEFL TV S[S].
FE4ED EMC Compo 09 TiX, 75 A TICEM ##&L
TVW5 UTE @ A »>73— (Atmel, EADS, ESEQ,72 ¥) b
Z® ICEM-CE %5 U7z RR[6]-[8]18 % - 7=. ICER[6]T
I%, 484 £°> ASIC @ 48 ~27 @ VDD/VSS(3V %) {Z-2W\ T,

2010/9/14~17

SS-89

AL LIEERP R I TW5. £330 [71TiE, &
BTN Y X LERNT, AT ASIC 5354 R LTF
Ay 7Y TR OF v v E ORBE(LEITo TS, X
BR[8]THL, 8bit @ PIC <A 2> & VT IEC 62433-2 |27
WETIHLEIT D FikdRL, BREERDO ) A X Ial
—varvE{ToTH5. XH9]TiX ICEM-CE %453 LT
TEM A ZRAWEHESEET I v v a VRIS LEZS R
2 b—va UVPREINRTVS,

723, LSI 2B EMER & SMERR THET EMC <2
e E LTHE, ICEM-CEEFNVE BARTIHFES L TH
% LECCS 7 WITEAKICR L H DO TH S.

32 Z ot izEHEE T NI

SCRR[10] Tid, #HE(Samsung)d>S, IC BREZR ) A X%
RIRE THRIBEROBHAELI vy a Dy Iat—y
ayEFBELT, EREORBITRADATNS.
SCHR[11][12] Cid, 8bit ~ A = OPERREEIZEE LT,
/O R— M b EDETNVALEIT-> TS, KR TI,
NEOT a7 EO0T 4 P27 uy 7 2 E8BINZ ICEM-
CE ¢RIz T 5 LRBZ, VO #BiziE IBIS €5
NEFERLTWS., &b, Fy70&EKR (7R hr—
B BEIZOWVWTOETF VL bEBREINTNS.

3.3 EDA W—JL & Eig"H ey

Infineon TIIRZFESE & #FT, ICEM-CE EFMIZDOWT,
Fo TRy =V ORIERH LT INALEIT 5 FikiC
DNT, BHERET->TWHSD. £ 2005 £ L 2007 E£0
EMC Compo Ti¥, CMOS DR Z X —REALFA 7T
DIARERTAT 7 ANESHLNPUDHHLTBWT,
IhzexXy PR MZESEAER LEMERBREEZMETS
NEMO(Netlist based emission models) & FEEN D Y 7 b x
TEREL, FoleXob—IDA =2 2%
VAT U MEE TR T 5 Y —L (EXPO) LHLADLYE
T, XU T T YT 4 0mEN - eI v ia v
DY Ialb—var&EfToT0a[13][14]. = OHFE T,
Sigrity > Speed2000/XcitePl & DEHEL AR EEHR L, E
ErIal—raryoRirI<—HLTVS

B, ICEM-CEZRREDPIREMC VI 2 b—Y 3 Di-
DO T BETTNIDONT, F v TTREBERTOF v IH
DNEBEIC LD /4 =T A0 L LT, Apache @
EDA Y —/"T#% % RedHawk & Chip Power Model (CPM) 73
HEB S TWB[15][16]. SCEK[15] T, Infineon ¢ 32bit <
A7nzay b —7{Z2WT RedHawk & AVWTHER/ A
APFET IV CPM 2B L TWS. £/2& 52 CPM IZ 1/0

Copyright © 2010 IEICE

CBEFERXE 1)

NI | -El ectronic Library Service



Institute of Electronics,

201058

I nf ormation, and Conmuni cation Engi neers

BRBEFSBEVIIIT A KE

ZDEIRF + GND % % 5 ¥ 7z Chip Emission Model
(CEM) & IBIS EF NV EBMLEBEICONT, mEET I
v avDERALYIZL—Ya  rORBREToTEY
BhRL—&HLTWA. XE»DL HREERIC Red-Hawk/CPM
FRWTvA 73y ha—5® EMC <27 9 E5FV&{E
L, TEM-EAZAWVEREEZI vy v a VRIED TV R
2lb—va rEfTo TEAE KR LEBRIBE S TY
5[16].

3.4 29 OETILOERE{E

LSI OEEMTI v a3 VETARF Y TREEEIS
RT3 L, BF, FvrRASICREROEM 4 XER
BERAEETHIECRD. e L L ORI ZRET M
TAHRRFENITOR TS, Zo—EDOHFKN17)-120) T,
Model Order Reduction {2 X ¥, F— FEOHIM & ZMAER
BFRIBEOEOEIEEIT> TV 5.

4. ICOEEMEA T2 =T 4 DETIIFEHA

IC ® EMC =7 &5+ LTCiY, RifiomEE-I v
g EF NV ICEM-CE Oz, mEMA 2 2=F 47
MBBEENTVS. ZLDETIVE, EREEOA I
=7 4 MEEOEBEE TH S IEC 62132 YV —RXD H b,
IEC62132-4 : DPI #(Direct RF Power Injection Method)% %t
BLLIZbODBE.

XERRI)TiR~vAI/nar i —50fIa=74¢&
S11 ORI OV TR L TV 5. SCER[22]TiX, AD =t
N—BDA 22T 4IZ2O0TC, w7eEFLELTO
ICIM-CI (Integrated Circuit Immunity Model — Conducted
Immunity) EFLVEERLTWDS. ZOEFME, Fu 7
@ PND (Passive Distribution Network) 7 @ v 7 & 1B
(Immunity Behavior) 71 v 7 bR SN, AD =28
— & OBEIX VHDL-AMS (2 X ¥ EF a3 T3
[23124)1%, LIN RSA N IC LERCMOS Y v 7 IC KK
DNT, DPIEOY I alb— g EflE2ToTWNA,

5. HEMNE

ICALSI ® EMC ¥R alb—varDizbh<s nEs v
IZoWT, BEDEAN»LDOREERMN L, EEHE
v g EFIE LTI ICEM-CE 3272 Y ERIIZE-S0
TW5S. £ 2T L EFIVCDONTIE, FOREBIESHE
R TA2EBET AWM ETLORRER Y, TEEFEE
BE-TEY, ILR2FEMRBH/INSG.

SE A

[1] M. Ramdani, E. Sicard, A. Boyer, S. Ben Dhia, J.J. Whalen,
T.H. Hubing, M. Coenen, O. Wada, "The Electromagnetic
Compatibility of Integrated Circuits?Past, Present, and
Future", 1EEE Trans. EMC, Vol.51, 1, pp.78-100, Feb. 2009.

[2] S.B. Dhia, M. Ramdani, E. Sicard (Editors), Electromagnetic
Compatibility of Integrated Circuits, Chap. S5, Springer, New
York, 2006.

[3] Lochot C., Levant J.-L.: “ICEM: A New Standard for EMC
of IC Definition and Examples”, Proc. of the IEEE Int. Symp.
on EMC, Boston, USA, 2003.

[4] IEC/TR 62014-3 Ed. 1.0, “Electronic design automation
libraries - Part 3: Models of integrated circuits for EMI
behavioural simulation”, Dec. 2002.

[5] IEC 62433-2 Ed. 1.0, EMC IC modelling - Part 2: Models of
integrated circuits for EMI behavioural simulation -

2010/9/14~17 i

SS-90

Conducted emissions modelling (ICEM-CE), Oct. 2008.

[6] J.-L. Levant, C. Marot, M. Meyer, M. Ramdani, "Solving
ASIC decoupling with the ICEM-CE model", EMC Compo 09,
Nov. 2009.

[71 M. Meyer, C. Marot, J.-L. Levant, "ASIC decoupling
optimization with ICEM-CE and genetic algorithm”, EMC
Compo 09, Nov. 2009.

[8] S. Serpaud, J.-L. Levant, M. Meyer, S. Tran, "ICEM
extraction methodology" , EMC Compo 09, Nov. 2009.

[9] M.-J. Kuo, T.-C. Lin A. Boyer, “Integrated Circuit Emission
Model Extraction Based on Fuzzy Logic Systems”, EMC
Compo 09, Nov. 2009.

{10] H.-H. Park, J.-H. Jung, T.-S. Jang, S.-T. Han, S.-H. Song, J.-
J. Park, H.-B. Park, "Prediction of radiated EMI from PCB
excited by switching noise of IC", Microwave and Optical
Technology Letters, Vol.51, 10, pp.2262-2266, Jul. 2009.

[11] Y. Villavicencio F. Musolino, F. Fiori, "Electrical Model of
a Microcontroller for EMC Analysis", EMC Compo 09, Nov.
2009.

[12] Y. Villavicencio F. Musolino, F. Fiori, "A Simulation-Based
Black-Box Microcontroller Model for EME Prediction",
IEICE Trans. Commun., E93-B No.7, pp.1715-1722, Jul. 2010.

[13] A Gstoettner, M. Huemer, "Estimation of Current Profiles
for Large Digital VLSI Modules in Early Design Phases",
EMC Compo 2007.

[14]T. Steinecke, M. Goekcen, D. Hesidenz, A Gstoettner, "High-
Accuracy Emission Simulation Models for VLSI Chips
includinh Package and Printed Circuit Board", IEEE Int.
Symp. EMC, Vol.3, pp.1060-1065, 2007.

[15] T. Steinecke, M. Goekcen, J. Kruppa, N. Vialle, P. Ng,
"Layout-Based Chip Emission Models Using RedHawk",
EMC Compo 09, Nov. 2009.

[16] H. Bishnoi, S. Li, D. Beetner, J. Whiles, P. Ng, H. Weng, D.
Pommerenke, "Prediction of TEM-Cell Emissions from a
Microcontroller Model", EMC Compo 09, 64, Nov. 2009.

[17] S. Ludwig, L. Radic-Weissenfeld, W. Mathis, W. John,
"Model Order Reduction of Integrated Circuit Conducted
Emission Models” - EMC Compo, 2007.

[18] S. Ludwig, L. Radic-Weissenfeld, W. Mathis, W. John,
"Efficient Description of RLC-Macromodels with a Large
Number of Independent Sources for Model Order Reduction”,
Int. Symp. Electromagnetic Compatibility - EMC Europe
2008, pp.1-5, 2008.

[19] S. Ludwig, L. Radic-Weissenfeld, W. Mathis, W. John,
"Passive and Reciprocal Network Description of Independent
Sources for Efficient Model Reduction", Int. Conf. Signals
and Electronic Systems, ICSES '08, Krakow, Sep. 2008

[20] S. Ludwig, W. Mathis, "Model Reduction of Linear
Networks with Nonlinear Elements", European Conference on
Circuit Theory and Design, ECCTD 2009, pp.291-294, 2009.

[21] T. Su, M. Unger, T. Steinecke, R. Weigel, "The DPI
Immunity Behavior of Microcontrollers”, EMC Compo 09,
Nov. 2009.

[22] J.-B. Gros, G. Duchamp, A. Meresse, J.-L. Levant, C. Marot,
"An analog to digital converter ICIM-CI mode! based on
design", EMC Compo 09, Nov. 2009.

[23] F. Lafon, F. de Daran, M. Ramdani, R. Perdriau M. Drissi,
"Immunity Modeling of Integrated Circuits: An Industrial
Case", EMC Compo 09, Nov. 2009.

[24] F. Lafon, F. de Daran, M. Ramdani, R. Perdriau M. Drissi,
Immunity Modeling of Integrated Circuits: An Industrial
Case”, IEICE Trans. Commun., E93-B No.7, pp.1723-1730,
July 2010.

Copyright © 2010 IEICE

GBE#ERXE D)

NI | -El ectronic Library Service



