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olol, ¥ AToIHE s A 87 A of
#oll 4, Above 1 GHz G149 AR 3% 348
S Hzss] Q3o oA 21 AR AES
GRSk A, 47 A 53 FRA0E Te)

o & AR FA Hate] thFA ot
II. 6 GHz EMI Regulation

o A7kA= 30 MHzOl A | GHz7HA) 9] S35
o)A RE 545 FstH HAA R 20129 FE 1
GHzol A 6 GHz7HA 8] Over GHz F3H 4 %ol Al
o] RE S74o] 9735 ArHi,

RE 574 7]%< CISPR 229} CISPR 16-2-39] %
#H o] 9tk CISPR COMITE INTERNAIONAL
SPECIAL DES PERTURBATIONS RADIO ELECTRI-
QUESS] ¢fafo]™  oJo]24] © 2= International Special
Committee on Radio Interference2}y 3 & ¥ th. Inter-
national Electrotechnical Commission(IEC)< =4| 3.5
st &5 Feste d3olth

Above 1 GHz(1~6 GHz) RE %
T 5-H, below 1 GHz 99 ] 5%
o] Bolth A, below 1 GHzE
10 mo] A THZ-2 3 m), [1¥ 2]9} 7¢] above | GHz
= 93 =4 7E]E 3 mo| 2, vt = Absorber
218 oF 3}, Hon Antennag AFE3j of gt}
A g A& A5 HH, below 1 GHz 54
& iAo A HUALE 7Hg g ¥, above 1 GHz
4 v A 9 WIS A A FAFOIEE
Semi Anechoic Chamber®l 4] Full Anechoic Chamber
2 uAATY & s Aotk

Spectrum Analyzer(Z-> EMI Receiver)ol| 4 &7 5]
= 9 g% [2¥ 219 28" AAH, below 1
GHz 99l M+ Quasi-peak 7= #2317, above 1
GHz 4%l X Peak(max-holdE 27 EhH9} Average
T #AFee ACE HEE

]_

=
o =
2= tﬂ—tx]_
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AA A2 TAE AA AFe] 4AA F NS
g gl doJA, [ZL" 2]ol A 271 ¥l RE Regulation
Levelo] Griy AZsiA g3k & 27t digt

IS & Fov flvk 253 AdIdxe A
=
=

=1

259 99E E3}4 Regulation
Levels AatA =&, ol AF HEs & o,
EMI 48 ¢ S8e =98 i 4 21&
A QAR R %A oW s W
AL s AR o E AgH I8BEE A
AR e & gA A EMI Noise 548 918

a
EUT a_
[
Turn Absorbers h
Table
(@ 574 A9 T4 (Above 1 GHz)
100
(a) Quasi-peak (class A)
E % (b) Quasi-peak (class B)
3 (c) Peak (class A)
g g (d) Peak (class B) :Z;
§ 70 (e) Average (class A) N
8 (f) Average (class B)
3 © @
S (U]
T 50 N s
kS
g (@
*”E—: 30 (b)4l—
S 2
105 _ )
10 10 10 10

Frequency [MHz]
(b) RE Limits(Above 1 GHz)

(38 2] 1~6 GHz G+ e] RE 41
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S&-6 GHz EMI/EMC CH= MA| 7|=9| Wt

Il. Above 1 GHz EMI =2 Atz

2 ol A= 1 GHzol Al 6 GHz Aol 9] F3t
AolA RE 7t &% AtE dwstel gk ol
Above 1 GHz % 9ol A EMI Fail 4 g °] )+ Engin-
cerg = WAAT, R B d¥E> 719 Al

2 #YHEE, M2 FFEA G 2o ity
v

ojth. T#fA W EngineerS©] EMI & Atel %
2 e 715 dopAw, 19 A8 A

'}é

& gl 233 A8S BUE A%, &<
SAE7F A ER1Y EMI 2% ZEE 2 5 9l
ofeF & Aol o] & Fol
e & EMI 2% 7bed= FA% AAE st
A, AA AA ARE d9E PCBE o]tk
Above 1 GHz %4 S EMI £ A& &
Neted gk

3-1 Hand Calculation0f 2|8+ EMI Fail 7tsd O &

UukA 0 2 Hand calculation®.2 54 ¥ RE] Al
7Ne AA A FASAE B A7t B o
= AMEE F2)(Equation) ANE 15t 7HAE =
ol AAl A4 Aoy M E & 7] wE
ojtt. et FHAFE At AS3el ¥ &
AFSFELE PCBOI| A a4 Test 3B Q1 Micro-strip
lines 71443}, RE A7 &

<& 1> o] 7" =4
2] (2)¢] Differential mode radiation <= ')F’ﬂu l]oﬂ 2
4319, 63 dBuV/m7F Ak [1" 2]e4 %8
® nlo} 7Ho] Regulation 54 dBuV/mo| 22 <F
dB A= Z3etE EMI EFolgty 4T
°]& 10 mm Zo]¢ HEAMel 4 GHzél HF7} 20
mA A% T 2W, EMI= CISPR regulation®.t} ¢ 9
dB Ae 234 ¢ Atk A oneith

o
2>
. op
ol
2

1>
i

as
I

54

<E 1) RE &< 99 78 3 AR 23

7H

Frequency, f = 4 GHz

Period = 250 ps
Lambda = 40 mm (A

Current, / = Cx Vit =1 pFx1 V/50 ps = 20 mA

Rising/falling time = 50 ps
Operating voltage = 1 V (normalization)
Loading capacitance = 1 pF

sin(©) = 1 (maximum condition)

Distance, » = 3 m (CISPR regulation)

Loop area, a = 1 mn’ = 10 mmx 0.1 mm

Trace length = 10 mm
Dielectric height = 100 um

ARt Azt

Hand calculated E-field = 63 dB ¢ V/m

CISPR regulation = 54 dB xV/m

A3 9 dB 23} — EMI Fail

131.6 <10 % f% A- I sinf
r (M

E[V/m])
1076

EV/m]=

BBV /m] =20 - logw( o

32 EMl 5= 2 EMI Fail Al

Above 1 GHz 3¢ 94 9] RE 54 27
ME 28 4b)S 7ol EMI &3 dAto)
o E&o] #FH FoFE 1.8 GHzE, §4 T3
4= 360 MHzS| 34|00l 3| Fal= FIpoll A Aver-
age #ollA CISPR regulation$] 50 dB pV/mET} 4.6
dB 278 54.6 dB 12 Vim7t FHEE o], A S Aol A
T EMI &% d7do] @2 F slgol =k
Test PCBE 4% 713#oluh, AHEaHA] & WS No
metal Z4ef o)™, 259 Ground plane Wi %8 A
2ol Micro-strip line® 2 AA A Z= ek AEA
A A= 50 o, SMA Connectoro] 4] 50 mm
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"ol A A 50 Q TerminationS A3 o, 20
mm®| Stub®| Micro-strip line FEZ AZAF ] 1o
o, Stub2] £ open AE] o]t}

Test PCBE [Z1¥ 3] (b)<F 2©] Coaxial CableS &
Slod, Power Pattern Generator(PPG)2}F 125 o] ith
[Z28 3] ()M = 2709 Coaxial Cableo] #25+=
t], 71 o]-§+ Differential line®] AXA S ¢3F T20]
7] wWj¥o|H, Single-ended line> 3+ 7§ Coaxial
Cables AHg-3}o] m%lﬂom PPG 82 1 V swing
< Ze D1g1tal A5 olt},

[1¥ 4]= EMI 54 84

e
i
=5

4 AHE x¥st

N2

50mm 20mm

w—h

S ——
. - x
- Open

Termination Load

(a) A% PCB, Micro-strip Transmission Line
with 50 Q Termination and Open Load

(b) DUTS] 4 (Power Pattern Generator, PPG)

[O& 3] EMI 5735 $/¢ DUT(Device Under Test)<]
T*d(Test PCB + Coaxial Cable + PPG)

3tk AL 1Y 4] (a9 7] Full Anechoic
Chamberol] A —’Fﬁ’ﬂlﬂoj\ott] 24 A= 1.08 GHz
A Average #°] 4.6 233 EMI EZ0|¢

o Y 27 1 %qu £ 360 MHzol A
1.09 GHzZ Z7HA7 Ao+ #2147 dB 233t
2= At} Differen-

= EMI £ dA}o) /é% 23
tial Signal line?] 7ol = o #& Regulation®] limit

£ WA ek

| =

(2) Above 1 GHz EMI 574 A9 +4]

_ i Average 54.6dBuV/m @ 1.080GHz (360MHz2| 37 |bH)
£ ao% —
= -
2 504 ey e
K]
= ol N
8 ! Sl
L 30 1

20

10]

0

1 2 5 6

F:riequency [qui-iz]
(b) Measured RE Level
[38 4] 1~6 GHz Y %lX ] RE 54 FA 9] 74
5! Z4 ¥ RE level. 52 F 3 360 MHz9]
34} 94291 1,08 GHzoll Al Average 54.6
dB £ V/ImZ Regulation 50 dByxV/mET} 4.6
B X33t EMI &% A
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E%--6 GHz EMI/EMC THE A 7|&9| Hist

i

& Hastaly] 91 S A Al AA A<
ol A T esfoF stE = 3
749-7F ROl AW, &4 EMI th 2 A
to] Al2EE AA 3FEL
o
FAME A 2" S 25X (Signal line) AA &
A, A (Power / Ground) A #3, 7] (mechanical

part) % AA AAHOZ o] HELETh

1<)
Ho o

fu

{0

Of

>
M 30 4o

NEANA A EMIE FAdh P2 3

T -21*5%194 A7 ]Z} g 1}7]%}4 AZ1E [2" 5]l

] o 25 WO E 7ol 19 B A

FrUFEE W, B FH9 A1 9 2719 Al

= 19 5] (o) 2ol XHF

o, ézi TXe Ae 22 2719 Infinitesimal

Dipole Antenna® ZA U & 2] 8l E-field
7

v &, 2zt
2 HAfieldg, A7t 37 283 328, 74

56

g 4 Al

o] €A Infinitesimal Dipole Antenna®l A]¢] WA} &
A2 FHY dEE olgste, ¥4 Signal line
Fu9 A% A7l B, (19 6% 2
o] yetdtt AFdx e 3ol AHTt 47
o=l Near-field7} 734 UERT}7L, Far-field &
#7} et SF5E YA E AAlo) ko] =
E A Z71ete A4S Holn, Signal line?] Zo)
7k 3¢9 0258 (V49 ZotAE Fakael A Fhet

!| Y
/L{/
/ -\""-—\_\_\__ B
(b) Definition of each E-field

1, -1-cosf 1
E‘ = U 1+_ .e_»/,"
SR - [ jkr}

E _j'n'kJO'l-sinH_ 1+L+ 1 e
¢ 4mr Jkr (jkr)2

H, =j.k~10-l-sin0' 1+L L
4nr Jkr

E,=H,=H,=0
(c) Analyzed E-field & H-field equations

[ 5] Radiation from Infinitesimal Dipole Antenna
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AAE o2 E WANSHA HTh

(2" 619X & 5 hol, 339 025 (\4)
Tk ok} 0.75(30/4), 1.25(5M4), 1.75(TN4), - Fto
NS Zoloh g well = A H o2 e HA}
wo|27F HAtE S & Ytk o]F Fate] AS
M8l Aoyt FA Fappol A9 N4e] 4 Wi ok
ofA & Futro A EMI B A §EE diHL
Z A Uehed Aoy F4F F QOHE, o]
sl EMI 2A EE M4 radiation mode?ty H-Z7)
2 gt}

<GE2>v A Aol7h M4, 3M4, 5M4%E FYDst

A HE Fo7 247 GuielA] 4 ok dE
EW A §8 FA&2 400122 7HE PCB
EAsE AgAe Zol7t 100 mmety 71 dHehH,
NAZ7F 100 mm7} == F 3 375 MHzO) 2, 3M47F
100 mm7} §& F3kE 1,125 MHzo] ™, 5M47} 100
mm’} HE F3E 1,875 MHzERE Zlo|th
<E DA el F %ol EMI S lefA]
ZAd o & Ao Fo571 | GHzeEhal 718 S,
N4 ZolE 375 mmO| B2, 37.5 mmEt}t 71 Zo]9
A s A M E N4 radiation LA 7HsAl 0] 9l ¢
njghe}, whoF SA s oF & F 37t 6 GHzZMA =2t
7HA EH V4 Zol= 625 mmZt HH, 6.25 mmE T

o

C

21 5] 7S, V4 radiation BAH] e 4 9
T 2E om @,

o D Far Field Region

Frequency [Hz]

[Z18 6] Radiation profile from Signal line

KR 2> AFA Holo] & M4, 3M4, 5M4 T3

Trac(;rl:;;l gth Frequency(MHz)
Condition | Length=1A/4 | Length=3A/4 | Length=5\/4
1,000.0 375 112.5 187.5
187.5 200 600 1,000
112.5 333 1,000 1,667
100.0 375 1,125 1,875
375 1,000 3,000 5,000
31.25 1,200 3,600 6,000
18.75 2,000 6,000 10,000
10.0 3,750 11,250 18,750
6.25 6,000 18,000 30,000
6.0 6,250 18,750 31,250
5.0 7,500 22,500 37,500

6.25 mm Z°]= Package®ll 4] Trace 1engtth Tor
AbeE B e] A7]olH, AR IC chip W79 A
Aol FARE Aot} 11 o= Package IC
chip W59 AEA ZA oA B k= Aot o]
27} EMI E%= F28 5 e 7FeAol wA4¢t

A F7betdthe As on|gth | GHz7HA EMI %
7He & el =, M4 o)zt 37.5 mmolH, -2
Package 2.t} A4 77| wjioll M4 radiation &-oll
ogk EMI =% 4ol & ##HAE et

1 GHz7HA EMIE %78 wj ol =, Package™ Noise
source®] 1, PCBE £3}o] 9 F =2 Axjg} o]=7}
AR T P AR MERAT, 6 GHz7t
A EMI %745 dfjok sk 73-¢-oll = Package”} 71 2
A 2] Noise source®]™, 5 Aol Package U2 ul

O

AE Edt] M4 radiation R 59 AR T o) 27}
WA sl Eolx 7] wEel, PCB ¥y ofy

2} Package Designol = B 73 Fo5 7]
of & Zo|th. PCB Al #HME AHEEHE IC
chip®] Package Designl &= #HAS 7HA X, 15 415
A IC chipe A€ siof & Ao|tt.
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42 "3 HE9 2 Vg 4

Y (Power/Ground, P/G) AA #HAA, AAR
PCB9] Power Integrity 579 % 7}8}7] 93k, 4wt
A O 2 Z-parameters 23Skl 53] Self-impedance,
Zy= BEE, [OE 71 E9EQ A8 AR A
¥ Zy simulation Z3to|th. L A7}

o, P/G Atol9] A ¥ME> AFo dHHAE
gk ol mlEste UEhEE, ¢ —4‘3—’:7} Zo
4&55 PG ol 27} axsto] EMI &
Ex FoAA He Zolth. IHERE PG Zy

8 A AAskE Aol fedith
39 715 A8 A EY, oF 3 GHz FLlA

mpedance peak7} F#E =], o] PCBO A <]
Fol olste] yebubr, i 32 R A&

AT 2 A% WF] AT 5 9L 9

[olu

g
ox
flo fot ¢ mhy

§?‘~

—

ofl HY

2
borlo X rlo

)

T

o
o>

=

=

-

%’

oA YepE 37 EEE

‘:_Loﬂfﬂ AlZste] o H& Fobp °§°j°ﬂ*1
t}. o] P/G9] Plane Resonance®l| ©

Ao 1 98+ (19 83 22 Parallel

Plate Resonance Modegr < 3}‘3}. A7 9] 448 PCB

4

Q
m o
rh‘ i, 1z

) r
T

Z11, Self-impedance [Q]
L

01 T T
0.001 0.01 0.1 1 10
Frequency [GHz]

[O8 7] Self-impedance Z;,(power/ground on PCB)

58

(ZZ a>b &) )
b
W & /
a
[12 8] Parallel Plate Resonance Al4HS ¢+ F 719

H3t 2 PCBIAE FE Power plane}
Ground planes 2| 7|3ttt

Foted A5 52 45T ¢ Atk

[Z9 817 Zol, F /e HHpoMe] g3 =
2 (3 7o)l 7 4= Utk (1,0) REFE AL me
1012 2 04 wWE 9vlstH, (0,1) == me 0°]
I a2 1Y W& gujdit) dukgo g 71 we] 7o
5 g2 AAFER, (1,00 REAA 71 A HA &
2 BE7F yebdh (29 819 7HAM T 19

=
B 9F2 BF openH o] A= FHE 1A
ARHNOH, o= FFolgie, shortH o] ALY
termination® ¢ UTHH, 4] (3) WA oo} 3ir}
AWt 02 PCBY Power plane ¥ Ground plane<-
Szl A oA ME HZAHA GOBE A (3)9
A& BFettty & 4

e T

fmn_ 2\/;

[1¥ 9]& Plane®] $14| Wsto] w2, 217+9] Re-
sonance mode ¥ A7F3tE A

9
o2 14 7855 e e
o

e PG Plane-4 Qsls] AN drenE
moded] W} A e S A e 4
gomg, 53 B4 ARN AAPA} A

A4 RES AAsNE Aol BLsik
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Z+
At

BEBHREE

(b) (0,1) mode

(a) (1,0) mode

() (02) mode

(c) (2,0) mode

(H (1,2) mode

(e) (2,1) mode

(h) (2,2) mode

() (1,1) mode
[Z12] 9] Normalized Absolute Voltage Distribution at Parallel Plate Resonance Mode(Plane2]
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£3]-6 GHz EMI/EMC CHE AdA| 7]%9| hat

100mm
S0mm P2(50.40)
P5(34,00)
P1{0,0)
(a) Parallel Plate 7] 2 &3 A4
m mode No. n mode No. |Resonance Freq.
1 0 730 MHz
0 1 913 MHz
1 1 1,170 MHz
2 0 1,460 MHz
2 1 1,722 MHz
0 2 1,826 MHz
1 2 1,967 MHz
2 2 2,338 MHz
(b) Resonance mode & F 3}
‘Z‘ : : ll7|M'¢ N | 963 VTha| oM -
N -
— Portl Z-Freq T
e TS A @!
Ll Sy B | Rl IRt
AN,

0 500 1000 1500 2000 2500
Frequency (MHz)

(c) Simulated Plane Resonance Profile

[Z18 10] Plane Resonance Example

g5 SolM [1¥ 10] ()9 22 100 mm x 80
o] A71E 7t Parallel plateol A, &2 2o
73 #§1o] Resonance mode= [1¥ 10)] (be} o] &
A 4 ok #4 A- Pl P2, PSS Input
impedance= [1# 10] (c)& Z°] Yehd=d], A=A
H 2 A2 tE Impedance profilee] #&F o] WE &
e = Stk o E 014 1,171 MHz 3#9] ¥
e Pl ARAA ofF A YERHAIRE PS A
HellMe tha 7t v, p2 A M+ A
o] YAl %+

E

60

Power supply system
imput impedance
B observation location

with 20*100nF
Decoupling Capacitor

| |

ARERIEY

NI NP Y Y

200 400 600 800 1000 1200 1400 1600 1800 2000
Frequency [MHz]

oy

(b) Input Impedance
[Z12 11] Example, Input Impedance of Practical PCB

[Z2¥" 111 2A <] PCB 419 Input impedanceS
Hojzth A4 9] Power plane 2 Ground plane>
HhA O 2 A}z4E] o] g7} oby 3, Decoupling Capa-
citors 2331 Qo8 ZE AXE Fate] Fate A
< v o HATH AL Softwares ]34 H| A
FYaHA ST Qlrh (2" 1] )M #E
T U%ol 1 GHz o149 &2 F3b FollA B
Resonance peak’} FAEth A2 52 Fubp

S A Fabe ARl oldd ¥ EEd 4
A HH, T Fokpel A EMI 2% 24 SEo] §
AsHA S7ksl HBR, 34 REE 5 Fog
gAY Fubaeh FAetA A= AAsE Aol
FoRG Sty & s Aolth
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43 7|7 #8927 Vg L

7)1 A B ME vpR7EA 2 Resonance 3
I AAE st= Aol F23lth Cavity 91 F2 M
7] | 27} GubA o] 2] gk, Ventilation, Connector,
Window, Control 52| ©|FZ A|Ag 9] A9t 2|y
= E£7Fs3M, Cavity Resonanceo] &8t o2&
ol#f3t £44 9 Hole 2 Slite F3t AAH7]
o2 PHE FE HuEod & °]E]r

(18 12]8 22 4= 28 Cavityd] 7%, o4

R 2 @)% 7o)l AP TH. Cavity Resonance?]
om] gl T4 B2 ok Ao A 9] P/G plane A W
W3 2Y&d, gyt 219e] 2Dl A 3DE v AS
#olth. P/G planecll A ¢k FAFSHA Cavityel A= 1

GHz °139] F3}401 A %a 2u} A4 ¢

3 2 2
flmni 510 (%) +(ﬂ) +(£

o

QFEMEAI & Practical System®] Cavity ResonanceE
o &3 F+= %23 Simulation Software= Zro}k 7]
olfth Cavity WHo] B &5 IeetdA A
s 31‘0]34‘:‘4 At Azkel 2 Al A, ofuH
A7k Zolﬁ‘ﬁ g7 o] oAl 7] wiol .
HHUHOZE E 7 @] Uehd $o, 93
7] 8}4] Cavity Resonance ModeE 7| A3t 7971
FHHOE H% RIHsA WAt Al
A

3-8 Software ¥ obU 2, S45 F3ked Cavity

a

(38 12] Cavity &4

a3 REE #FsE AL 9% 92 ofYth Prac-
tical Systemel] #1¢] Cavity Resonance ModeE 7 3}
A, Simulation Softwareg 7§38l 4> EMI Ex-
pert®] FAIZT T 4 9l& Aolrh

ojgi g FFel M=, F /A W R HIF ¢
=, I A HAE A dAA Cavity?] Ul
7k Azt whabd gdsA He Foa 9
I F3kre] Gt He F34E Cavity Reso-
nance Mode#} 22 7438} 1, 1 Resonance Mode”} Al
29 o] F& Fukae 9 A Fokeet FAH H
A ReF AAsE 740]‘11, T WA= EMI debug-
ging Aloll, Cavity W50l $31917} metal S 371317
U A A8 S o, EMI o ]_4 A7) Wse B2

3] Cavity ResonancedS F4 3k Aot

>0

A F7HA Above 1 GHz G GoA e EMI 4
9J&to] A5 M(Signal line) A #4, AYA (Power
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