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Three Elements of an EMI Situation

PATH

Source: “Culprit”
Coupling Method: “Path”

Sensitive Device: “Victim”
Bl T+ ifaz ~4%:
Culprit :*+ 4k
Path: + 3 & 3% B
Victim: = + %
b5k Bl4w i R 27 3 (Electromagnetic Interference @ f§ 4

EMDzZ £ & F1% » 15 R332 B4 27 AR Z & B3 | 4o
&mnﬂﬁ%%mﬁwﬂﬁﬂkﬁ’&#%?7%%iéig
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J‘:Jﬁ_ﬂi,* il 1§f °
3.3 F AR IR R R R A 0 T e
oA ARY ARG AR A BRIF T EFR(R2-FD) > 5

TERRBARKI AR S TR SN I

RS BT RAR B N FEREN > A RERSH L NRE T o
JRAEMI #3422 (R5) 54t & BT @ *3E sz (R6)
k3R] Victim”

“Transm isgjon _\1_::_.2MW Inverter

6 RFM to 1800 RFM
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Electromagnetic Wave: E/H Field
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) LoopArea ‘.*'.
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Induced Current

Coupling proportional to: E/H Field, Loop Area, Frequency
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1.

20154 ¢ % 4o £ 4 SR LW R FIT 5 LIRTHE &
B2 4o £ 47 f r‘gwﬁgaﬁﬁfiéﬁfn‘:& Spectra Web ~1ﬁfﬁ‘3ﬁ
SOLATHA AR e £ S F R F]G
ﬁﬁ%ﬁ}&%ﬁﬁﬁ@%i#'
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&

ANSI C63.4 (American National Standard for Methods of
Measurement of Radio- Noise Emissions from Low-Voltage
Electrical and Electronic Equipment in the Range of 9
kHz to 40 GHz - # R® 73%% C63.4 : 9 kHz to 40 GHz =
THFERFEESPRERAFEIRZ) 2R
THARFAES]Lm P AT F ] AB

9 b'urv}g X A% R F R ANST C63. hix %

rﬂﬁ%ﬁ:}ﬁ'? 4 lLlu/E xE\.f‘r’f&_g

4*& NIRRT 22T TRAMEL P EIER L - X
5, A MRFRHZILIPEEFRNE T2 HREFL LR 7

¢

R TR

ANST C63.10 (American National Standard of Procedures
for Compliance Testing of Unlicensed Wireless Devices
F RF IR C63.10: m pie* R mMAE 2 4p 7 LRIFE
B) o

4% 13p £ & A%

¢

1.
2.

S~ fp X & ks (Multi-input Multi-output > MIMO)
= w1434 F (Directional Gain) fv % 5z 2 o if 855 5
(equivalent isotropically radiated power » EIRP)z + % :
Co—polarized Antenna Configuration F f& i % % %2 ik
In-Band Measurement, Equal Antenna Gains #p ¢ % 43
2 AR E P

b



3. If any Transmit Signals Are Correlated & i= - % &f31
FLe iz

4, Directional Gain= Gat + 10 log(Net) dBi
— Nant: Number of Transmit Antennas % &+ % R #c&
~ Gani: Gain of Individual Antennas B %] = 423% 7 (Same

for Fach Antenna & — % R E_4p I )

5. If All Transmit Signals Are Completely Uncorrelated

FETF RAGELA T

6. Directional Gain=Gn:

® OCiEANE

Pope Benedict
2 Billion cell phones

34 million in US

Pope Francis
6.9 Billion cell phones

203 million in US

http:/fwww._nydailynews_com/news/world/check-contrasting-pics-st-peter-square-article-1.1288700
BI7  €20054 PI20134 & # {785 4+ H 4
BT L3047 20007 pF -5 30 e A & % (7653 3
BITT L3R4 720138 -0 A £ - (TN * § ~ 3
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US Mobile Data Traffic Growth / Top-Line
US Mobile Data Traffic will Increase Nearly 8-Fold from 2013—2018

50% CAGR 2013-2018
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HUL. ce: Cisco VNI Lu Ub Mobile Data Tralffic Forecast, 2013-2018
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Bl RMEFHFUNFTHRIHEEG S F+ &

A R26~ 3G 2 4G 2 iF iR

26 & S I A GTE Mi L REFFILGEI TS
@gfga AR 4R TR U e s 2§
WA F A BTt ”U“J.?&éﬁﬂiili%%&f’

3G BT L h 26 B muz b T e LERGRE S0
3G L S pE R R ¥ t‘**;;,‘r’f‘fraié’* 3G L T
’é ﬁs? T pF mfj%;?u ulﬁﬂ@ F oo

4G A X Edre o T U L P B o Fpte vk

«~H§$%%‘FR%5E? FEERBR 43 4G 2

< S RPEARE G e 26 Ft A ES A T 4G Ar S
WARE MG AP Lo HRELA DG

M2 4 (Circuit switch) @ Ed4p BXsherdnjash2 @ L

o ERr oML eI B TE 3 AR

32
(Telecom) | #RE >R > blde : BP T EE R
BR h =L

2 PO

3¢ 2 (Packet switch) @ &4y SR fiyrsgz Fa % -
MR > W ARR BERTR A AF SR T4t
(Packet ) , £ & 73 @ > p % T Fp i

(Datacom) | %’K{@},%?—Hé T
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PandG K3 B4R L5 1Gbps » A5G 8 * T 5| & fE AL P
poav g @5 5 220 Gbps e

5G 2 & 3E P

1. g & m3 (Cognitive Radio, CR)

2. A% % £ 335(Beam Division Multiple Access, BDMA):
3. 2 IP g~ (ALl IP Network)

4. % =* IP (Flat IP) 7 #

5. % B %4 (Multi-homing)

6. %4k Ba(Millimeter Wave Transmission)

7. E&£ 7% ‘a‘ﬁaj :a‘_ﬁ%l It (Massive MIMO)

Spectrum: Key to Wireless Capacity
mmWave System Tech.

Source: Samsung Presentation from IEEE ICC 2013

UNITED
STATES

Fixed 1 Gbps

! * Fixed >50 Ghps
Moblle 100 Mbps

| Mobile 5 Gbps

4G frequencies New higher frequencies

Wireless Carrier Frequenues Have Not Kept Pace
Moore's Law in the Past 40 Years

Personal Computer 1 MHz 5 GHz 5,000x
Clock Speed
Personal Computer 256 KB 500 GB 4.000,000x
Memory Size
Cellular Phone 850 MHz

5G BS Massive
MIMO/Array
Antennas

Carrier Frequency

B9 5G 4p B ke

ROz + Bl & mHaE 2 f* B EE_ 2857
B9+ F Bl Z& o1 % F 4 (mmWave) i@ * # 3 < ﬁ%l—?"(leps—%OGbps)
BO=TRAT-EZTSEH > S E/I2ZFERY

B9+ ™ Bl 4 7 & S 5 PR, R i

25%
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_ Source: Tentative 3GPP Timeline for 5G

+ IMT-2020 is the official ITU term for 3G mobile service
= Specifications of IMT-2020 is scheduled to be finalized by October 2020

2016 2017 2018 7019

Final
ffission Fubmission
1215

+  3GPP will work with ITU timeline to submit an IMT-2020 proposal
+  3GPP does not intend to explicitly use the term “5G" when the work starts. “5G" will
remain as a marketing & industry term that companies will use as they see fit.

BI110 3GPP 135G 2 PF4R7F iz

3GPP: % = #~ & it 244 (3rd Generation Partnership
Project » 3GPP) &_— B = = *01998# 12 % eif i it {5 4F o
Pmdxf e #é%’xi~’+'_%ﬁETSI ~p A~ ARIBA=TTC ~ # F
< B CCSA ~ 32 W e TTA ~ ¢ £ W D ATIS frfr & 07 15
%ﬁm%ﬁgo

[TU: ®M*% % & %P (International Telecommunication Union °
ITU) #- BR%ZES > A& f T2 RNEART 0T ;
m*g A B otk o v g £ E1865&57 1Tp &% K41

PRETAFEE 0 AL R A ADREES o v

£ i{ﬁi}{#' TR SRART TR B E l[w?]%’c
RS RET R ko vy EIMERD- BHFSHE R
TR AL AMERS - S {MPpPY o

IMT-2020 R & ITU #r 3= = % I & B % 7 &
( International Mobile Telecommunication > IMT
e 2 IRRE LA o

3G 4G i sm mla ITU & & 5 IMT-2000% IMT-Advanced -

5G e 2 2 Ap Bk SR R-5 20208 H v o
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4% 14p & & A7
® T EMRT 44 F € (Radio Equipment Directive
Compliance Association @ REDCA)3F 2 » fpt BCpF ¥ gt il
& % w3 (European Telecommunications Standards
Institute, ETSI)#&%& { #7% % B 58 p .
® Sound & TV Broadcast Receivers:
1. Digital Terrestrial TV Broadcast Receivers:
EN 303 340 (#i= AR #HiicidR8)
2. Sound Broadcast Receivers: EN 303 345( %% & %
TR )
3. Satellite Broadcast Receivers: EN 303 372( % %
R HFE R E)
® Equipment operating below 9 kHz
1. Inductive loop / Telecoil EN 303 348( & g* %t 1B]/
TIE R B E)
2. General radio below 9 kHz: EN 303 660( - #x#f &
9 Kz 12 S4E 1528 )
® Radar (7 :£4p B 52)
1. Marine( # * ) radar(ERM TG26): EN 302 194,
EN 302 248, EN 302 752, EN 303 135
2. Aeronautical (4%3 )radar(ERM JTFEA): EN 303 346,
EN 303 363, EN 303 364
3. Automotive( # * ) Radar (ERM TG SRR): EN 301
091, EN 302 264, EN 302 858
4. Meteorological( # #% )Radar(ERM JTFEA): EN 303
347
€ % ® FCC KDB(Knowledge Database)
KDB i & 4 #f:

= General information ¢ FCC % &p %
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® KDB 558074 #_ Digital Transmission Systems

(DTS) #p M2 2
® KDB 447498 &_ RF Exposure #p B S %
Response to enquiry & - #dp3l - 2b% & P4 ¥ E
® FCCAHHIEEH2Z v R A

Office of Engineering and Technology

ECC > FCC E-flng > KDB Hom Page

ECC Site Map
QET Homs Bogy
Sile: Oplions {¥ffice of Fngineering and Technology Laboratory Division Knowledge Database (KD}
et e wslm're to the OET Laboratory Division Knowledge Database (KDB), The FCC Office of Engineenng and Technology (OET) publishes al s and
Bagic KD Segrch n thi form of FCC Pukbin aned Knowlidgee Databose (KDB) pubhcastions, Thie stalf guidana: |r||v|||| ol an b ntended to asast the nuhlll in |||||||wlrll| Comemession
Avanced KDB Searth " stataatiy rudbiss. Acrnrchngly, iy guedente i not binding en thee Cominrson and will not priveed the Cominssson from making a diferent deasmen n any matter that
‘Eubimit o Inguiry )
Tha Rasic KDR Search i 3 full text search and the Advanced KDR Search allaws for input of multipls ¢earch eritaria. The KDR Publication Numbar search is 3 quitk saarch far 3 epacific publication.
T ‘We hape that your visit is both tmely and useful.
Catugory Lis Page Indew: | GOto...

B 5tav updated on newly published quidancs and frenusntly asked questions by adding this F55 feed to your reader,

!g&r?g‘;ﬂ?"lr

Publication Searches:

Bazic KDB Search: Enter 5 Lusd stnng in e I wid bulow. The
by |r|u|||| syntan descnbed by deckng herg
Torut search: Run Basic Search

Agvanced KDE Geanhc Search for publications that meet one or mare identified critena

Relatid Sites Maior Gusdance Publications: View publications associated with major guidance categories.
Wﬂm KDB Publicaton Number Search: Search for 3 specific publication by entering the publication number:
Publcation Number: Run Publication # Search

Eu:_wmt-rg Suthorzativn

eMiiCalion WodEes (TCE)
Mz meen] Progeduies Publication.:
Recent KDD Publications:

m

Didn't find a contlusive answer? Subims 30 Ingyir

suarch scans the Knowledge Database for any publcabons that nclude the text entered. Alternabve search results can be obtaned

What guidance v avalabile for comgleting FCC Form 740, whon smporting ,Q ||| 1IJ|‘f 1, 2016 the FCC tx paremient to file Form 740, (FCC 15-138).
997198 ([radio frequeency deviars? ssponsaon onky elmin, ill pther requirement related to
and to I with aguipme authon - atian nules for.,
477 [|What rules and approval procadures apply to LED lighting devicas? The attachment 40677 DUL LED LIGHTING v01 provides gusdance on the applicable technical |
640677 requiramants and approval procedures for LED lighting devices,
an an ATSC Tv receiver without an NTSC functon be manufacured, Mo, a device sobd and marketed a5 a TV receiver must conkain both an ATSC and an NTSC tuner ||
— 21863+ mariee ed, and//or imported into the United States under the FCC | The NTSC reguirements of Sections 15.117, 15.118, and 15.120 remain in effect. For example,

Bl11 Knowledge Database (KDB)

B . g FCC &

DRAR AR ZEMPEPE A EEAHRL S IRHER

F S A ifdﬁ B %3 23 IR 4 R ¢4 FCCz Dr. Rashmi
Doshi (Chief, FCC Laboratory Division) ~ William S. Hurst (Chief,
Technical Research Branch, Laboratory Division) - George Tannahill
(Electronics Engineer) 2 7§ 7%3% B 73% # 7 7 #7(National Institute of
Standards and Technology, NIST)z. Ramona J. Saar (Program Manager,

Telecom MRAs & NVCASE) ~ Nathalie Rioux (Standards Services Group)
%5

-nﬂ\
I

S
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% W FCC 2 TCB ¢ 3@ & 3P .

FCC EHITCB

Bl12 FCC ¥ 3= TCB 2 # 41

® % NIST £ 2= ANSI % TCB 12 ISO170654£+: » & # 1=

® TCB:ir® i R BIF2E 15 » 252 ANSI ch9 1 4245 » &
FARL P ERIELE DT

® TCB& & L /ifmlp e o mus bl & & it pl i %
% FCC -

® TCBC £d & TCB £k ok e & (£ Wia p #F en TCB % 4k
£ gt 15 K ATHB AFIS)

® EY N AERy - % 1108t BEITRT
R FRTE TCBehg A R38& %4 »FCCF R ¢
MR FCC & #3R3T L% 510 ¢

O (HMIRMIHNS EAFP AR A REE &
RO §AEZ R APTH

@ kg hip it TCB #wend Hakfcdl > e R F
PRAS P E R QRA £

16



A=A FOC 2 % 3 E Bde T

(=)

(z)

P4 % APEC TEL MRA 5 § — PR B cnT i 4n 7 BIR4R 4 41
I K30 FCC 4 77 s = dads MRA % - FFEL(4R 5 Kius%

B EE LR REAS R EHIFLE  LE T MRA

EE g aa,gggﬁs; Eﬁﬂ ¥ 3 % % (USTR)#:# NIST 2
FCCHMER BESHepirT 2T L 28> %
10 B BRI B L A(MOU) 2 (572 > T = L w USTR #3 >
Bl R Gd O HE CRE MOU X % > S 4 ¢
i L 2P 7 0 i3 Rad e ERyes 2 (AIT/W) %
xR RE TR X AITIW i o 23 8 75
BRI GRS R AP RS > BLE RS L ARTTE AT B
% MOU -
T MiEdE 2 EF MRAS - P 2 2 2R ART 44 Ri7
I % 5L TR R 5 EF M (APEC TEL)MRA = Ff £ chif
A EBET AT ARRFRERES > 4 2 MRA %
SREEBY FORJET o @ Ik AVS T ERT 1 EF A (APEC
TEL)x e ] AR p o Hd Wpaini@shit § ¢ (NCC) £
i”?w%ﬁmﬁﬁ’ﬁ“””*fﬁﬁaﬁéi°

AR E > H4EFMRAS - FEUETZ P AR 32
7 ALY L RS 57 APECTEL MRA # & 2 2 & @ % il
¥EE1I3# o
2 W FCC>t104#6" 12P # Federal Register = 2 #7;% . FCC
report and order(14-208) » #*+104# 7" 13p 421 ;8 4 2% > | pF
paAscpAc- EZEEH o ANh P e feg FCCEH ™ ATk
# 59 FCC Checklist » 9 2% 3 & TAF:=g=av (6d A KBB4
2 MRA#RZ%FCCAFF s 58 7 HIRLFT MRARF 25 2
Friz e EEE > 22 A HWREDFTHFCC EL 3
Hinw o PR BAPM BB EAT ARRE o
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() 2R FCC#HFTEe 7280 - TETHEEND) - FhidmEE 5
v B 4p % - (Hearing Aid Compatlblllty » HAC) %
SAR(Specific Absorbtion Rate)% s p » e 7 & 7 % _ & f >
m oA BazEd ple 7 EMC 2 = 2 (Safety)e8 p » m FCC & 24
EFRAFRIFHEE > ARFRF FCComtps K3 RIS F
kiR E B FCC ehmes » ¥ - L 0040 - FCC 2R B 2 W
B % % > # 2 ¥ (Occupational Safety and Health
Administration > OSHA)IH# 273 A RE REsk 3 77 ¢ 344
B OSHA e:3.7 o

I~ UL¢ st

UL TCB #3742 ¢ -k 5 4,532 Mike Kuo 4 % # TCB & iv4F2,% 3
HFFEARET Sunny AR AR SRS 0TA (Over—The—Alr HiE T F
Z_REE) 2 SAR WM PIRERHRZE LI RTHT  hisf B R ffa =Lk
% 0 35 Mike %%imﬁaTCBv‘ AR EEA TR LA T LR

APEC TEL % = Fe 3 40 3 K3u MRA #-¢ 4p % A2 R B2 552 W TCB %7;2»
_Q- o

-E‘,j:\ %_ b’LFi

-~ &% ¢ FCC 4% FCC report and order(14-208)#7 4. %_i# i®
A7 f2 > » 3k APEC TEL MRA % = [# & i& gﬂ'wﬁﬁgﬁ
T BT A A RE E MRA 2 FH
F] MRA % - W2 I~ EHRETERT G TEFT R
(APEC TEL)x it/ 22 Wil s a4 B & (NCC)% % # Fl »
BLE S AR 2 APEC TEL MRA % %] i f§ i1
TAF g & me £ ¥ 2 APEC TEL MRA e iv42 5 » &
AT R MRA & - FRE S R R2 P47 2 R%RFEFIR 4
Ko AR kA RHb £ 2 APEC TEL MRA % - A % o
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BT R AEE A FREEPLET B U
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342

https://www.fcc.gov/

http://tcbcouncil.site-ym.com/

https://en.wikipedia.org/wiki/Audio induction loop

http://wireless.engineering.nyu.edu/

http://www.itu.int/en/I TU-T/Pages/default.aspx
http://technews.tw/2015/10/12/39%E3%80%8149%E3%80%815g-meaning-

part-two/
http://nccur.lib.nccu.edu.tw/bitstream/140.119/36882/7/101207.pdf
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