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(- )@ #2447 (Conducted Emission Model)
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WOFRREF A BERAT v BB A K~ i (Component) k
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™

IA) ~ 4% & 1 3 §% (Passive Distribution Network, PDN) 12 2 = B F 48 & ~ i

o

b

I

f

(ﬂm

(Inter-Block Coupling Component, IBC)##;V = EHA o TA 7 U
§A5PEShA)  AF T TS S PDN 7oA B A M R ¢ 3
7 T kA v g (Power Distribution Network) > 4p#>t IC i3 B > - &
FEM T AL S P IUEL > 1 PDN ¥ MARAR 5 R 0 Aok MR 0 T
* 4§75 S Bc(S-parameter) k& £ 7 R EL i 5 IBC B & o7 B > gt & @?J ik
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R (P-substrate)+§ & J& i3 ©
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IC model

JCEM-CEBlock A _ ____________
i IT IT el ET
1 m Eaes b 7Y EE —
A (including 1
1 AR N
Doy Wit Mo e G ET
Example : Digital core IT IT

[ [

IBC

F

ICEM-CEBlock B_____ i 4 Gl
: iy iT g 5 ET ET
1 == I e ———————
: (including : PDN
I ————_— package) |- ——— of PCB
LT 1T emm—— | ET ET
Example : Analog core IT IT

| [

IBC

IT IT

II_C_E_M _C_E_BIOQK_Q i e e ET IA = Internal Activity
: B 0 — BN f o — PDN = Power Distribution Network
1 1A includi
1 M PR RS (FI)I’;CCIl;I:;;g + N — IT = Internal Terminal
1
IPent Sy et S L S, : £r ET ET = External Terminal
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Fow ~ WARHGIE AL

08pum 1990 5 80.0 180
05um 1993 5 5 3 28 40.0 0.75 30 130
0.35um 1995 5 3.3 12 50 200 0.6 25 100
025pum 1997 5 2.5 30 90 100 04 20 75

0.18pm 1999 3.3 1.8 50 160 50 03 15 50

0.12pm 2001 2.5 1.2 150 240 24 02 10 35
90nm 2004 25 1.0 186 480 14 01 7 25
B5nm 2006 2.5 1.0 236 900 06 007 5 22
45nm 2008 1.8 1.0 283 2000 035 005 3 18
82nm 2010 18 0.9 200 3500 020 004 3 14
28nm 2012 15 0.9 300 4800 0415 0.03 2 10
20nm 2014 12 0.8 300 8000 0.10 0.02 15 8
4nm 2016 12 0.8 350 15000 0.07 0.015 1.0 6
10nm 2018 1.0 0.6 350 30000 0.03 0.011 08 4
Znm 2020 1.0 0.5 350 50000 0.02 0.008 0.6 3

Current (A) Current (A)

Vid A
Current [ gate AEJP%”* 1a
Vss 1 8

» -
O 03M | pmm

Current/lc

| | time | time

BT ~IA Rl

BRFAY o L TR RE G P ISR R LT R~ R
TiRaeE o % TEK BRI & (BT 1% Verilog 24 & & R
£ 4 e SPICE # = % Fren TA & PDN e jt )= I LB AT e AR 7]
5 % 4}3 ?,#?“&%#*#; WA 2B g > g B RS 2 2 HE

R ICANMTRPBRFL LV P ICHEFFRHET @B -
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IC p3meh PDN it d IC R F p (T4 478 2 o 7 i & o

o A BJI* v £ R~ 47 &R (Vector Network Analyzer, VNA)$5 fie 45 4+ 2

.1+S“

11 21
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B o 47 R PR S enii A 2 F FECEIFE RIT R 0 @ D RRRE S
TEFE Y ZERDT > I E 2 R ¢ 5 (Impedance Standard
Substrate, ISS)24 # % » B T3 7 i 10 GHz -

B>+ IC gy 12 0 PDN 22 A 387 11 B 4%d IC Yig 7 14k &0 IBIS
B3l ? kP FIS R ¢ LA DA AT B 40 [ pre ~ 1 cb &
I byp)22 3+ % PDNR xx ~ L xx ¥ C xx & $#)HF] > & A * 4]
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VDD
L_VDD R_VDD
P
| ZS Power
Clamp
— > —>» | sig
C_byp Pre-Driver N sig

l l I, &&x
\ 4

| b | I cb
i -+ - L_GND R_GND

i

B>~ IBIS #4124 507

o

[N

(= )ig &2z &+ -4 (Radiated Emission Model)

Bl - Zdg s st dln LB Bl- (O)F g P * BT EE
(electric dipole) * % & f&(magnetic dipole) i = M Tk &2 B+ O 23
A T g @ ] SRR A AT 00 0 45 SRS EA]Y 2 TA & PDN
BB A

® A iET BEARBIEDT N

® PDN: TR ZBiEdhi=i &> e
Z By B4k PDN & fw4e@]l ~(a) 0 B~ (b)) R A R S8 BT o

B4 &8s PDN A G 2 H 4R A5 28k o
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AwmAEL & RN AR A BREET R Bl R EK R IC 9
TTAC I ARGMESF T EERARDRTEFTAG > A B M E F DT
BRABEBBIEETEFY TEEDAS G B RO §EEATE oL

7 0 £ P E_TA %8

A A A
0 0 0

—] — —] — E— Vector3 —
= = B e B H O B
] — ] — — % —
— = — — — Vecter 1 E5

] — ] — ] ( ) =
— T — — T — —] T ./ =
— Vector 1 — — Vector 1 — — Vector 2 —
wliimm s+ x 2o LT + x 2o LTI .

Model at frequency F1  Model at frequency F2  Model at frequency F3
Bl ~ =467 FH 5 T 1 PDN 4 17 9‘?313”']

27 ~ 7 FH ST PDN BARA G § 6l

Vector 1 (mm, deg) Vector 2 (mm, deg)
Frequency |Xo1 |Yo1 |Zo1 | Xoz2 [ Yoz | Zo2 | ¥ | Om | @m | Xo1|Yo1 | Zo1 | Xoz2 [Yoz |Zoz | ¥ | Om | @m | Xo1 | Vo1 | Zo1 | Xoz2 [ Yoz |Zo2 | T | Om | @m
(MHz)
IF1 5 B 0 5 |5 [0
IF2 5 B 0 5 5 [0 5 16 B |6 B8 0
IF3 10 6 @ 1 PO RO IS 2 0 |5 5 |0 3 10 |0 2 @5 90
IFn 1 2 [
L2~ 3 R F T NIA SdRH
Vector 1 (mA, deg) Vector 2 (mA, deg)
Frequency || ZI, [L] an || an (L] am || ar (L] am
(MHz) (mA) | (deg) | (mA) | (deg) | (mA) | (deg) | (mA) | (deg) | (mA) | (deg) | (mA) | (deg)
Fl 1000 0
F2 500 45 800 90
F3 200 0 1500 30 600 85
Fn 1500 15
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Measure (dBA/m)
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(=)@ #E &% #7) (Conducted Immunity Model)

B4 5 @EALHA T LB 7 g DA P IR LS
PDN g @58 IC #% T+ > A IC 4_% g€ w4 AT * p 3R {7 5 (Internal
Behaviour, IB)> . k45 if « P m fFH T B B EA < £ R[5> 21 & £ IEC
62132-4 ® # 7 F ;1 » j# (Direct Power Injection, DPI) » # 3% T %k efic )&
R S I E S W

FRPINFES N gAY IC v R IC pIRE R & B
Mo 4 T R IC P INTIRA R AT R okl 0 IS
L RN F I NG BRG] 0 TR FIEAWEL ) MBI RT T
) FI Bl Y R R Z S8k o7 o PDN G AUMEAR SRR > AT PR

SFRRTRE NG BT RO BF LT

Vi | _ 2-Z,
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(Pforward) i éf‘ o ,?7 =
2
Vl | — 4.21220 (V/W)
2
pforward i1=0 (ZO +7Z 22)

%’% BB RN A A B ¥ 48 & # I Bk (conducted coupling transfer
function) » ¥ 7 f& % @ * DPI p|3ERF > 7 00 d ¢hIRgvE s b T Ede Y

HIC P RGBT RS -] o
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Voltage Source Oscilloscope
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Failure (below 4.8 V)
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BRI Ao g > B af 2 IC p3Renf WM g > 2t 4 BT
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=~ B REEFEITREERERA

B eh e v B Pt > F B A2 2 B RF R 4 H L
PDN 2 JA ehi7 5 S8y 5 & LB RlEdp X 5P g $ 5 %R 4
BH LB REI TR R DB R R R A HESRET 0 &5
fER RS PR RPN E IR TN Y kSR B L

rF e IEC & 23t o

Poa TR EREFLE ] ZAFE . »8 51 BT R
(electromagnetic emissions) 17 IEC 61967 ~ i ¥ 7 & #@f X (electromagnetic
immunity) =7 IEC 62132 ™ % 3 3% fiF @t £ (impulse immunity) 9 [EC
62215 o IEC 61967 shk s B Ihin4rd = » P 23 F 9 PRE ~ HiFR
e 2, 29 [EC 61967-7 #- it #8437 (Mode Stirred Chamber)ig &+
TR Rl P oW ST AT R PEE > TEC 61967-8 #4887 BLF AR (IC Stripline
Method)#g &3 &4 & B2 P Z_ B AT d g P2 % o [EC 62132 chijira B
TRdrd ~ > PaEgFm 8§ MiEES R > 2 ¢ IEC 62132-6 & 3%

» 4 % & (Local Injection Horn Antenna)ig &+t & B2 4B~ > IEC 62132-

9 1T H4F 47 @ % (Near field scan immunity)$§ &+t < £ 22 B £ 5

TR

She

P32 o [EC 62215 cng g B iw4rd 4 > P X 8 H 2 (MEEsH

WKL > B 2 S5 AL LA TomAPR e BN -
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# = ~1EC 61967 % & 3%

§ioN3 AR S 2014 & %

IEC 61967-1 General Conditions and Definitions International standard

IEC/TR 61967- Near-field scan data exchange format Technical report
1-1
IEC 61967-2 Radiated Emissions — TEM Cell and International standard
Wideband TEM Cell Method

IEC 61967-3 Radiated Emissions - Surface Scan Technical specification
Method

IEC 61967-4 Conducted Emissions - 1/150 ) Direct International standard

Coupling Method
IEC/TR 61967- 1/150 Q direct coupling method - Technical report
4-1 Application guidance to IEC 61967-4
IEC 61967-5 Conducted Emissions - Work Bench International standard
Faraday Cage (WBFC)

IEC 61967-6 Conducted Emissions - Magnetic Probe International standard
Method

IEC 61967-7 Radiated Emissions - Mode Stirred New proposal
Chamber

IEC 61967-8 Radiated Emissions - IC Stripline International standard
Method

% ~ ~1EC 62132 % B %

%% ARl b ES 2014 & %
IEC 62132-1 General Conditions and Definitions International standard
IEC 62132-2 Radiated Immunity - TEM Cell and International standard

Wideband TEM Cell Method
IEC 62132-3 Measurement of electromagnetic International standard
immunity - Bulk Current Injection (BCI)

IEC 62132-4 Measurement of electromagnetic International standard

immunity - Direct RF Power Injection

(DPI)

IEC 62132-5 Measurement of electromagnetic International standard

immunity - Work Bench Faraday Cage

(WBFC)

IEC 62132-6 Measurement of radiated immunity - Cancelled

Local Injection Horn Antenna (LIHA)
IEC 62132-7 Measurement of radiated immunity - Technical specification

Mode stirred chamber
IEC 62132-8 Measurement of radiated immunity - IC International standard
Stripline method

IEC 62132-9 Measurement of radiated immunity - Technical specification

Near field scan immunity (NFSI)
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%4 ~IEC 62215 % B 1w

&% AR S 2014 & %
IEC 62215-1 General conditions and definitions No document
IEC 62215-2 Synchronous Transient Injection Method Technical specification
IEC 62215-3 Non Synchronous Transient Injection International Standard

Method
IEC 62215-4 Surge No document
IEC 62215-5 Supply dips No document
IEC 62215-6 Near field scan immunity No document

BASRIZRHE R > XA BRI EF A 1GHz YT » 5284 4o GTEM 7 )
23 I8 GHz » d 2 ~ 2 24 ¥ R > TEICH T PIHITR LE SR
e 0 PR fledt R OPIERP] T RS AR B R T R o

pt#b > Sicard F g P o d WRT R F WEF 6 (ZVEI—
German Electrical and Electronic Manufactures' Association)® !} 4% e71“Generic
IC EMC Test Specification”i& >4 » N % ¢ 7 MW T B TR F RIF

2 IC PR KT RIBTRELERIER > FIP 34 2 ED o 4p

\ai

a3

i

W»

4o kK% TS IEC A4RSBT4 ZVEL g

i = www.zvei.org/ecs ¥ T FAl

(=) B R H e B ol

EREA LAY g kT 0 IC ke o~ B I 4L IC PR

PDN jhthn 22 L8 » B8R |7 BB T] IC R4 6 =) > 16

PDN 7s m/ﬁ»r' EJ%‘T/ T PJ}JL‘*H’ ’ 'ﬂl«”‘ BHE e 5”;‘%_5?'] /ffii/{h’ﬂ VY El‘.m\.s
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R 2 F AR S TR MR R EE R R B BRI R R3S
TEATHP DT R > FRREBFDOTRERZ: ¥ 2 T LN SER
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Sensor 2.5V voltage ! Sensorpower
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QOutput
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Attenuator
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1

MMAN\N Signal to measure
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2. BRI B
< ),?e “An EMI Evaluation Method for Integrated Circuits in Mobile
Devices”® @ 1T % * 78 % % ehg ¢ LVDS l-@ﬁ%} IC» %37 @%J" F
MERRpAET AR RS PPRETRFE G RESF  BFiRF IEC
1Q % 2xsti & CISPR i buk i B3z BB & 2k 1Q @ 3t
Bopl2fe2 D (R T R BRI kb2 BRI R B2 b G 1 5
## 3% 3 Hc(radiation transfer function, RTF) » F 2k % % 4cBl= - - » ¥ IR
Ly 3 ARG % 0 3 e PR Bedr 0 & X e g i Soficd B RovR
FAAPIEEF T AFMEBME > P PRI ICH TR AR -
B ¥ B e S0 Bt BT A (asymptotes) > N & (Bl L2 ) FOUF IR
600 MHz &4 F # 478 > ;ﬁd BT A N T > 8 F 0 - CISPR 444 5 SL A
S SRR T 2 R s o Bl 2 g DR AU S
BRI S T UFRGEL4IRF 230 MHz 2 600 MHz = i #&
$78E 5 230 MHz 2_d 5 84724 5 #1420 > 600 MHz B 2_% i 3% 5 e &
2ene ol BEVF R el > A KPP T LS 1QEERND
st cdy > B B E LR T IR R TR E FBET Gy € AR 2

Hoenfh P UFIA 0 ot TF R A (TR R M S SR Bk A i T

&

e P2 A o
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Radiation Transfer Function [dE m]

Conducted Emission of IC [dBpA)
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(Z)BME &7 L » ZATHREHEITS
FAR B (304 £33 A B3t 2013 & I % BB R EAD 5 A7 31 € (Asia-
Pacific International EMC Symposium and Exhibition, APEMC)*® 2 ¥ % 2
IGHz 2} & 455 %1 » 2 R RIS AL XDPD) > 25 %> RE 2 ¢
xi;/,avﬁ’r(Fg]‘—J-——)’nf B2 ERPREESL LT FEE L e
Sicard 42 > ¥ E®F 4 & 3 IEC 47A == f  Christian Marot = Frank
Klotz # =+ # > Christian Marot £ 4 ¥ WG9 7 & 4 » Frank Klotz B §_
[EC 62132-4 B 234 51 » R eha $ » R BT L & chph B 4r 7
BRI RE L % F Gopd Sicard JRF 2 1 E 0 FEHEIPE KA
[EC e g JppFAzst i 2k > w i § |t o
PLER AT RAF R 48 6 ¥ 0y & gk Christian Marot 4 o {7 e
B &0 IEC fAz /i b 2 @ % 35 X 22F] 4t % (National committee) s 2 5 = §
R EY R FEEFRTSER a e 0 bldeE BT 4 frid
P
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QEEEENS 2 =&

ENGINEERS
AP AUSTRALIA

2013 Asia-Pacific International Symposium on Electromagnetic Compatibility

Best Symposium Paper

Awarded to
Yin-Cheng Chang, Shawn S. H. Hsu, Kang-Chu Peng, Yen-Tang Chang,
Chiu-Kuo Chen, Hsu-Chen Cheng, and Da-Chiang Chang
For the paper

“The Practical Measurement Setup of DPI
Method above 1 GHz for ICs”

Pl . 2L L
fDr Franz Schlagenfiaufer Prof. Christophe Fumeaux,
Symposium Chair Award Committee Chair

Bl=tw ~ X5 & 2013 # APEMC =~ ¢ & 24> &

UTE
,’

TIEC SC 47A /WG 2, 2000
EMC MODELLING
Convenor : Japan, Mitani H,

IEC SC47A /WG 9 1996
EMC measurement methods
Convenor : France, Marot Ch

Prepare international standards for EMC measurement
and modeling at integrated circuits level
that are acceptable to the manufacturers and customers

National mirror committee

Bl=+7 " IECE:ERTE A ELM%

B fs > Sicard F##R 5 E B Freescale =t & ¢ John Shepherd -t 2 #-
S HiR 52 TEC 3 John Shepherd %24 4 £ 32 UTE 4 f >+ L
IEC 47A WG9 h= | > ¢ #r3f John Shepherd 4 2 X I 3d3m o b 4 3d3m 1

§ e
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John Shepherd £ 4 112 £ 2F 33 7 TR ki d BiEFE TR
% A » ede B Sjoerd OPTLAND # 2 = 5 UTE = F » d & %
XDPl #pise % 2 IECH-E 4L R ¢ > £F 1 > Sjoerd OPTLAND
2 par AaEY IEC62132-4 8¢ fphd Foprph %t 5 » » 3 %
i 20 GHz e DPLipI3# 5 & e = > £ 4 & 2 Sjoerd OPTLAND
] —ij‘ﬁjij{#‘:?j BT H o B IMA ¥ K & Sjoerd OPTLAND
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* 3 kR B RET DPI 488 TR B3 KAp g 5 F iR S
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et 0 REBAF TREFT MUY TR EEY o
FEALTH WIF 342 & F Falg X974 4 o0 g I§ 37
(harmonics)#-¢ & 2 B AR > #7100 B A R € FARY o
John Shepherd £ # 7 f24 S > #ruFu|pEs 2GRS
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