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SC-1: Smart Grid EMC
* Renewables
* Smart Grid Applications
* Energy Efficient Technologies
TC-1 EMC Management
* EMC Personnel Accreditation
* Laboratory Accreditation
* EMC Education
* EMC Legal Issues
TC-2 EMC Measurements
* Test Instrumentation
* Measurement Techniques
* Emissions and Immunity
* Standards and Regulations
* Test Facilities
TC-3 EM Environment
* EM Signal Environment
» Atmospheric Noise
» Man-Made Noise
TC-4 EM Interference
* Shielding, Gaskets & Filtering
* Cables and Connectors
* Coupling
* System EMC Analysis

* Grounding



* PCB Issues

TC-5 High Power Electromagnetics
* ESD & Transients

* EMP, IEMI & Lightning

* Information Leakage

* Electric Power EMC

TC-6 Spectrum Engineering

* Spectrum Management

* Spectrum Monitoring

TC-7: Low Frequency EMC

* Conducted EMC

* EMC in Power Systems

* Power Quality

TC-9 Computational Electromagnetics
* Computer Modeling

* Model Validation

* Statistical Analysis

TC-10 Signal and Power Integrity

* Packaging

* Model Parameter Determination

* Device Modeling

* Crosstalk

TC-11 Nanotechnology & Advanced Materials
* Nanomaterials

* Nanostructures

* Carbon Nanotubes

* Nanofibers

* Smart Materials

SC-4: EMC for Emerging Wireless Technologies



* EMC Planning/Testing/Specification
» Wireless Coexistence

» Intra-System Interference

Special Track: Automotive EMC

* Electromobility

» Wireless Technologies in Vehicles

* Standardization

* BUS-Systems
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a ;ﬁ—g Jan Meyer (Technische Universitaet Dresden, Dresden, Germany)

Low Frequency EMC Challenges in the Frequency Range 2-150 kHz
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Comparison of methods for
different signals

130 T T
L I CISPR 16-2-1 Pk
120 = ] [ CISPR 16-2-1 QPk | o
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[ IEC 61000-4-30
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80
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60
Synth Charger PV PLC

Analyzed signal
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%2 P . Immunity for Power Station and Substation Environment

T’F—‘F'f : William Radasky (Metatech Corporation, Goleta, CA, USA)
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Enclosure port

AC power port Signal/control port

EQUIPMENT

DC power port

KL B TR LRI 0 4T & LATT

Zo 1R R E 2 BN T B X R

Tes Environmental phenomena Basic standard Test specifications *
t Remarks
1.1 Power frequency magnetic field © IEC 61000-4-8 100 A/m (continuous) ©
1 kA/m for 1 s
1.2 Radiated, radio frequency IEC 61000-4-3 80 MHz to 1,0 GHz
electromagnetic field 10 V/m °
80 % AM (1 kHz)
1.3 Radiated, radio frequency IEC 61000-4-3 1 GHz to 2.7 GHz
electromagnetic field 3 W/m ¢
80 % AM (1 kHz)
1.4 Radiated, radio frequency IEC 61000-4-3 2,7 GHz to 6 GHz
electromagnetic field 1W/m?®
80 % AM (1 kHz)
1.5 Electrostatic discharge IEC 61000-4-2 6 kV (contact discharge) ©
8 kV (air discharge) ©
2 Applicable performance criteria are defined in Table 2.
° Applicable only to equipment containing devices susceptible to magnetic fields (e.g. Hall elements, magnetic
field sensors)
© In case of CRT monitors which are used in protected areas, the test level 3 A/m (continuous) shall be
applied.
¢ The test level specified is the r.m.s. value of the unmodulated carrier
“ See basic standard for applicability of contact and/or air discharge tests.
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Tes Environmental Basic standard Test specifications
t phenomena Interface type according te Fig. 2
2 k] 4
2.1 | Fasttransient’burst | ([EC B1000-4-4 2ky 4 kv 4 kv
5 kHz or 100 kHz 5 kHz or 100 kHz 5 kHz or 100 kHz
2.2 | Surge® [EC 61000-4-5 1k 2V 2k
(1,2/50 ps) {1,2/50 ps) (10700 ps)
line to ground line to ground ling to ground
0.5 k¥ 1kV 1kV
{1,2/50 ps) {1,2/80 ps) {10/700 ps)
ling to ling line to lina line to ling
2.3 | Conducted |EC B1000-4-8 150 kHz to 80 MHz | 150 kHz to BO MHz 150 kHz to B0 MHz
disturbances, v v ov"
induced by radio-
fraquency fialds 80 % 80 % 80 %
AM (1 kHz) AM (1 kHz) AM (1 kHz)
2.4 Mains frequency IEC B1000-4-16 10V continuous 10V continuous 30V continuous
[}
veltage 100V for 1 8 100V iorts 300 Vior1s
2.5 | Conducted common | |EC B1000-4-16 | 10V -1V MWy-1v no test
mode . 15Hz - 150 Hz | 15 Hz - 150 Hz
disturbances
1V 1V
150 Hz - 1,5 kHz 190 Hz - 1.5 kHz
1v-10V 1V-10V
1.5 kHz - 15 kHz 1,5 kHz - 15 kHz
10V v
15 kHz - 150 kHz 15 kHz - 150 kHz
2.6 | Damped oscillatory | |EC 81000-4-18 | no test 2.5 kY 25KV
wave {comman mode, {commaon mode,
1 MHz) 1 MHz) *
1kY 1 kY

(differantial mode,

1 MHz)

{differential mode,
i MHz) *

Faor interface type 1, at least the requirements of IEC 61000-6-1 shall be applied.
Applicable performance criteria are defined in Table 2,

Mo line-to-line test needed for symmetrical lines and shielded cables as well as data busses shorter than 10
m.

Thi test level specified is the r.m.s. value of the unmadulated carrier,

The test level specified is the r.m.s. value,

Applicable anly 1o connections Lo power line carrier.

12
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wavea

{CI:II'HH‘IDI"I made,
1 MHz)

1KY

(differential mode,
1 MHz)

1 kY

(differential mode,
10 MHz)

Tes Environmental Basic standard Test specifications
t phenomena Interface type according to Fig. 2
2 3 4
3.1 | Fast transient/burst | IEC §1000-4-4 2RV 4 kY 4KV
5 kHz or 100 kHz 5 kHz ar 100 kHz 5 kHz or 100 kHz
3.2 | Surge IEC 61000-4-5 2kV 2k 2kV
[1,2/50 ys) {1,2/50 ps) (1,2/50 ys)
line to ground ling to ground line to ground
1V 1kV 1kV
(1,2/50 ys) {1,2/50 ps) (1,2/50 ps)
ling to line line to line line to ling

3.3 | Conducted IEC 61000-4-6 150 kHz to 80 MHz | 150 kHz to 80 MHz | 150 kHz to 80 MHz
disturbances, TR 10 ® 1pye
induced by radio-
frequency fields B0 % 80 % 80 %

AM (1 kHz) AM (1 kHz) AM (1 kHz)

34 | Voltage dips and IEC 61000-4-11 | 70 % Uy, 1 period | 70 % Uy, 1 period 70 % Uy, 1 period
voltage ” 40 % Uy, 50 40 % Uy, 50 40 % U, 50
interruptions periods * periods * periods

LEG 61000-4-34 | 0% Uy, 5 perlods | 0% Uy, 5 perods | 0% Uy, 5 perlods
0% Us, 50 periods | 0 % Ur, 50 perieds | 0 % Uq, 50 periods
L] L L]
3.5 | Damped oscillatory | IEC §1000-4-18 | no test 2,5 kY 2.5 kY

[cumman moda,
1 MHz)

1kY

(differential mode,
1 MHz)

1 kY

(differential mode,
10 MHz)

For interface type 1. at least the requirements of IEC 61000-6-1 shall be applied.

Far equipment with input current rating = 16 A, the tests should be limited to the power port of electronic
units/modulas, alc.

Applicable performance criteria are defined in Table 2.

The test level specified is the r.m.s. value of the unmodulated carrier.

b

Mot applicable to low voltage a.c. output power ports.

-]

Applicable to equipment with mains current < 16 A per phase.

Applicabla to equipment with mains current more than 16 A per phase.

Applicable anly to power porls directly cannacled ta public low-valtage supply natwork.

13
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Tes Environmental Basic standard Test specifications
t phenomena Interface type according to Fig. 2
2 3 4
4.1 Fast transient/burst | IEC 61000-4-4 2 kY 4 kv 4 kv
5 kHz or 100 kHz 5 kHz or 100 kHz 5 kHz or 100 kHz
4.2 Surge IEC 61000-4-5 2 kY 2 kY 2 KV
(1,250 ps) (1.2/50 ps) (1.2/50 ps)
line to ground line to ground line to ground
1 kY 1kV 1 kW
(1,2/50 ps) (1,2/50 ps) {1,2/50 ps)
line ta ling line ta line line to line

4.3 | Conducted IEC 61000-4-8 150 kHz to 80 MHz | 150 kHz to 80 MHz 180 kHz 1o 80 MHz
disturbances, my" my" 10v*
induced by radio-
frequency fields 80 % 80 % 80 %

AM (1 kHz) AM (1 kHz) AM (1 kHz)

4.4 Mains frequency IEC 61000-4-18 10 W continuaus 10 W continuaus 30 V continuous
voltage 100V for 1 & 100 V for 1 & 300 W for 1 s

4.5 Ripple on d.c. IEC 61000-4-17 10 % U, 10 % U, 10 % Uy,
power supply

4.6 Damped ascillatory IEC 61000-4-18 na fast 2.5 kv 2.5 kW
wave {commaon mode, (common maodea,

1 MHz) 1 MHz)

1 kY 1 kW

(differantial mode, (differential mode,
1 MHz) 1 MHz)

1 kY 1 kW

(differential mode, (differential mode,
10 MHz) 10 MHz)

4.7 | Voltage dips and IEC 61000-4-29 T0% Ur, 018 0% Uy, 018 TO % Ur, D18
}follage ) . 40 % Uy, 0.1 8 40 % Uy, D18 40 % Ur, 0.1 8
interruptians

0% Uy, 0.05s 0% Uy, 0.05s 7O % Uy, D.O5 s

For interfaca type 1, al least the requiremants of IEC 61000-6-1 shall be applied.

For equipment with input current rating > 16 A, the tests should be limited to the power port of electronic

units/medules, etc,

Applicable performance critaria are defined in Table 2.

4 Tha test level specifiad is the r.m.s. value of the unmodulated carrier.

b Tha test level specified is the r.m._s. value.

“ Hot applicable to low voltage d.c. output power ports.

14




£ p : NIST Smart Grid, SG Interoperability Panel (SGIP) and the EM

Interoperability Issues Working Group Activities
i3 : Donald Heirmanff i* = & 4.4 Donald Heirman, Member of

U. S. Smart Grid Interoperability Panel and Smart Grid Testing

and Certification Committee

W d TP RRT RREFREREMLN > AR T AT -

“Intelligence” Infrastructure Q&@ /[Lr 5’1 *
¢ L

YL N 1 Y

W7 FER R BAER
HERY et ip £ 0 2R NIST £ 8T #ens i

B2tz o B EW > ¢ A% 2010 ~ 2012 2 2014 4§ IR > 4o
8 “i7m o

Release 1 Release 2 Release 3

NIST Special Publication 1108 NIST Suectal Pablicafion NIST Special Publication 1108R3
NIST Speciul Publication 11412 PRELIMINARY DISCUSSION DRAFT

NIST Framework and Roadmap for NIST Framework and Roadmap for NIST Framework and Roadmap for
Smart Grid Interoperability Smart Grid Interoperability Smart Grid Interoperability
Standards, Standards, Standards,

Release 1.0 Release 2.0 Release 3.0

Sman Grid md CybePhysical
o Eoezy

Office of the National Coondinaior fux Semast Geid Iniesoperatality

Jan 2010 Feb 2012 Sep-2044-

Labosutony

B8 %R NIST # 3 FET eI A EWREFE TR
2R NISTHZ 1 fFesap % > & 3%~ B p F 40T #17:(1)
P et Q) AT PR R QLT #enT () R

#G) e EE 2 Wk (B)irlzE 2 iz (7) B v A kRAEEH P -
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TEAAEAFTETRI AN ) 2R E01 (FHE L TRIFED
W M3k 43 17 % (Electromagnetic Interoperability Issues Working
Group, EMIIWG) » gt 1 7323 EZ N AR D FETRELE 2 4
BenP A E A oL DT R

ST R A S D IR & T F (EMC)SE A
i e EMC ehale 302 § A48 T 8 2 e U & 4w
& R A IEC FE T = 61850-3 M*EHHE2. EMC & F > & 7 451
* |EC 61000-4-2 1% ip| = ;% » 7 T (1)IEC 61000-4-2 (ESD);(2)IEC
61000-4-3 (Radiated RF immunity);(3)IEC  61000-4-4 (Fast
Transients/Bursts);(4)IEC  61000-4-5  (Surge);(5)IEC  61000-4-6
(Conducted RF immunity);(6)IEC 61000-4-8 (Power-frequency
magnetic  fields);(7)IEC ~ 61000-4-10  (Oscillatory = magnetic
fields);(8)IEC 61000-4-16 (Common mode disturbances);(9)IEC
61000-4-18 (Surge Withstand Capability) -
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42 p : A Black-Box Measurement-Based Modeling Method for the RF

Emission and Immunity Behavior of ICs

i’fig : Hugo Pues (Melexis Technologies NV, Tessenderlo, Belgium);

Celina Gazda (Melexis Technologies NV, Tessenderlo, Belgium)
W - 7 F & ey 4T B (Integrated Circuit, IC) p 37

%#E‘ Ligds > {7 2 (RF)T @4%& k£ LR o
o TErR 2 g3k o 2 E A B AER G E (L) 5 (Port) S &
WERR* 2 E AP RQTETHELRET EMI FHi,Q)m = {28
Bl B gert oL~ 2 (DPI) > #rde D1 2 A4k IC o 037 %
#p 5 45 [l 5 300kHz~2.5GHz - B] 9 = IEC 62433-2 #7 % 7 7 IC-EMI &
HHA 0 IC #dics Npo ® Na #£57 IC 5 a @ p $8fe3 k& (Internal
Activities » 1A) » & & # g, (passive distribution network, PDN) 3

IC ph 3R75 8 &2 IC 32 %rdm & [efifrfs o

ICEM-CE model
LA 1A LAy,
PDN
PFin, Pin: Pin_ Pin_ Pin_ Pinx,

L L

B 9 IEC 62433-2 z_ IC-EMI & 47

B 10 3 /= & el - & IEC 62433-2 #1 % 7+ e IC-EMI 1% 340

AER S0 T AR - BELREyr o ek igen § R Kk (external noise

17



e

voltage sources, EVS) » B~ % 1A > & 34| ch a4 b B PR ch i
wr, > 27 PDN H_d % #(multi-port)S %#kH8 B kid-% > @ EVs
FHcE_ @ % 57 IEC 61967-4 «n& P> & kil o

Pin, Pin_ Pins,, Model reference

S }

Bl 10 &k w2 3 0 enid 7 3E 507

2

¥ [EC62433-4 7~ B 1 IC-EMS B a2 il > Hai &5 2
it — 5 PDN * e g ii 2 5L A IC p 3Reni@f > ¥ - B
& 3Rt 2 B3] (internal immunity block, 1B) » % ¢ IC ¥ ¢k 4e 3 &

F o withh> #9 IC-EMS @ ot 43 > 4o 11 #77 » 1

POTE FeH S N E bR - RELRAITE o X2 DPIE RIS 2 ihlk

Equivalent DPI calculator:
EP; EP_. EPx,,

PDN

MNp—MNm grounded pi

Pin, Pin__ Pinw,, Model reference

5 b 4
B 11 SE%;/HEQ A2 B E R B 43
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42 P . Analysis of Intra-Chip Digital Noise Coupling Path in Fully LTE
Compliant RF Receiver Test Chip

i’fig: Masahiro Yamaguchi (Tohoku University, Sendai, Japan); Peng Fan

(Tohoku University, Sendai, Japan); Satoshi Tanaka (Tohoku
University, Sendai, Japan); Makoto Nagata (Kobe University, Kobe,
Japan); Sho Muroga (National Institute of Technology, Toyota
College, Toyota, Japan)

ShEmCPLIAAERGE A RS X0 B
® 21IGHZ 4+ it H-#Fd > M THFHFR By 15

A B SE(RF) TR 2 7 A0 AT (7 050 B P ARERIT o gt b 0 R
EPnE B o I g Bl 2 B0 F 1 FEM TR B
Gd HREE RS E A T A BT R0 S P A
Rz BEIp 0 WS % S g7 115dB B e o A

Bed i R B e

Ik

B AT iE
Plen % S rd) 0 100B chid Eaen o BEe BRI 2 A Pl ehid & 4p
FEIT R 12 2B YR Bh P E §F T b B e B(RF
receiver, i fi RX)% ¢ B iz & 425 4 2 % (arbitrary noise generator,
ANG)& e E B ® - & ANGE Rx 2 feidg £ » 1 &R R 5d 7 A

(silicon substrate) 8 & » @ H W T BB LB ITx € B PR T R o

5000 1m
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Bl 1387 ANG | Rx # s enfg £ /% > v it .54 ()5 7% A
@t AS LT Ry THE -

Package

1]
]
| I
] Interposer 4
(i{‘ (OS] 3 0 (] 9] ;El
R
\_‘5 3 F
Sl —>---"" Board

Bl 14(a) » BB T HF 4 4 TR S ¥ 2 21GHZ 754 45 B -
Bl 14(b) = & 95 2.1GHZ :7 54 4 BT 5 B ondic = B fen 4 1 RF ©
B2

= ?] 14(C),:~ l;%h"r—f s ki ,—._Eua

BRAEE R Y o

A RN R 18 8
PRERGOT 8 E

(a) Magnetic near field map @2.1 GHz

l L1 g

(b) Extracted noise coupling path (c) Wiring layout for FEM model

Bl 14 Q)P & & 2 21GHZ BT H-F 4 B > (D) ¥ im &

(C) i FEM #:-34] * 2 R+ £ Bl
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%% P . Prediction of the Robustness of Integrated Circuits against

EFT/BURST

f%éﬁ : Susanne Bauer, Bernd Deutschmann and Gunter Winkler

o R ALmORERT c ehwy g A - AR 2 2 kg EFT
RIS EFTHA]  EFBEFE 25 @227 0 kRRIC &
BIRYRE > XD EEFFAL TR AR IC B S RL A

LR E RO AR CRRE Rt S SO LR R LNt ) NERLE N
ZEP AT EEd e o B 15 57 7 48 & % & (Capacitive
Coupling Clamp)sh& plz & > & 3 B0 & < » 2UiQ * rUE i * -

l, =0.5m I, =1m l, =0.5m

R R —_— .
> - E 3 >

A

section A section B section A 5002

termination

h=0.1m

DUT

B 15 ¥ % 1448 & « 44(Capacitive Coupling Clamp)
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W 16 & EFT fogehcal » A4 Ry (BursA 2 &~ TH ~ TF 486 &
B~ TEPE IR IC A RS 0 @ R AR f A

(Lumped Elements) -

segment cf clamp housing cable

Kk Leable Latamp 082
R Leabie
— NN
cable segment 00008 7130 |C2
105
R L ¥
—ANA—N8 e Ry
Fr ol ).
‘e a6p

| w—Foraraaaie Hi H' —{_’:1 :ﬁ wl' a—l- ’ﬁ aHs —{a_«m_'w_mu_-rlﬁ
[ cable model iy ] 2 S cable model >

\ u‘ .
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<?xml version="1.0" encoding="UTF-8" %>

<l—— root element —->
<CEmode]l>
<!—— Header section ——>
<Headexr>
< /Header>
<!l—— Lead definitions section ——>

<Lead definitions>

</Lead definitions>

<!l—— Validity section ——>
<Validity>
</Validity>
<!—— Pdn section —-—>
<Pdn>
</ pdn>
<!—— Ta section —--—>
<Ta>
</Ta>
</ CEmodel>
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