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Abstract

Since the occupation density of microwave frequency band is
highly increased, the electromagnetic environment is getting
worse seriously. It is sometimes reported that electronic
machines are not normally operated because of the influence of
undesired electromagnetic wave. It often gives fatal blow to even
human life and thus becomes serious social problems. Some
international organizations such as IEC, FCC, CISPR, VCCI,
VDE, ANSI, etc., have enacted laws and regulations related to
the protection against EMI (Electromagnetic Interference) and
EMS (Electromagnetic Susceptibility), are farther strengthening
the regulations.

To meet these tendency, in this thesis, a kind of
electromagnetic compatibility (EMC) problems was solved by
developing a broad-band EMC filter. As a solution, an EMC
filter has been designed which is composed of feed-through
capacitors and ferrite beads with high permeability. The proposed
EMC filter satisfied the EMC requirements for a wide—band
noise signal from 10 MHz to 1.5 GHz in power supply line. The
optimum values of the ferrite bead structure and capacitance of
the feed-through capacitors was found by calculating the load
effect of ferrite beads and the filtering performances.

As a result, the filter showed excellent differential- and
common-mode noises filtering characteristics above with 28 to 70
dB in the frequency band from 10 MHz to 15 GHz The
immunity characteristics are improved more than 10 to 30 dB
over the frequency band from DC to 1.8 GHz.
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Nomenclature

Single Conductor of Radius
Capacitance per unit length
ABCD Matrix

Frequency

Relaxation Frequency
Conductance

Current

Common—-Mode Current
Differential-Mode Current
Lumped Current

Relative Permeability in DC
Inductance per unit length
Finite Line of length
Mutual Inductance
Resistance per unit length
Transmission Coefficient
Voltage

Common-Mode Voltage
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Differential-Mode Voltage
Lumped Voltage
Admittance

Impedance

Phase Constant
Propagation Constant
Permittivity

Permittivity of Vacuum
Wavelength
Permeability

Initial Permeability
Permeability of Vacuum
Conductivity

Magnetic Flux
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Fig. 2. 1 Noise path of EMI or EMS.
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Fig. 2. 2 The classification according to path coupling of EMC.
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V2=V, (2)+ V,(2)]/2,
V)=V, (2)— V,(2)]/2,
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(2.3)
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I(2)=1e 77 41D T (2.9)
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Vi =VPe 7+ 1570 T
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& vy, v 1 1y v vy Iy Iy =
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ZON:\/ (Z,—Z,)/(Y,—Y,) (2.13)

oltk, wrEkA, 2 (293 2 (21002 2] (214)¢F 4 (2152 e
T dvH22].

V(2)=Ve Ty vie re”

(2.14)
I=[Ve 7 +Vile "1/ Zye
VN(Z):V<N+)€ _7Nz_|_V<N*)8 rn’©

(2.15)

[N(Z):[V(N+)€ _7Nz_|_ V<N*)6 VNZ]/ZON
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23 EFTY EA4

QurA ol AATFSE PAE mo=7h BIHS Bt oBAL
Qoslt A nr AEWAS B3] FFL AAE I ded
AAFa gk Tl AuHor Awgel 9% AHIRE
S Gl oIF wolzz %x ovt WA/ H2PH T
A3 Abg e BE AL B NN S BEH o o
A Eme AN HoE W wAste] 1 o] FolnriE of

¥. 1 EFT9 IEC 6100-4-4¢°] 3+ A& s}ebr] g
Table. 1 Test parameter for IEC 61000-4-4 of EFT.

t,~15ms; ¢,=300ms, ¢,=5ns ¢ ,~50ns

Test voltage on
Test voltage on| . t,
level line (V) signal/data/contr
ower line

P ol line(kV) ps:

1 0.5 0.25 200
2 0.5 200
3 2 400/200
4 2 400

Tolerance for ¢, and ¢, is 20%;

tolerance for ¢ and ¢, is 30%
Tolerance for test voltage is +10%;
tolerance for t, is +20%
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SR aARETY AR E dEHA - A AR W WS
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3 Ee 77 E g AT

E
iiﬁiﬁ?&“;‘&i’iﬁi b st P E—
‘,tb_,‘ 0.1
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Fig. 2. 8 Waveform of electrical fast transients(t, ; burst
duration, ¢ ; burst interval, ¢, ; pulse interval, ¢ ;

pulse rise time, tq ; pulse duration).
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>
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a9 2.9 EFTY] g%t 43 H=
Fig. 2. 9 Various coupling path of EFT.
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~—-

g 2. 10 44 A%

Fig. 2. 10 Capacitive coupling.
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V= 27TfRL Cs Vs (2.17)
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Fig. 2. 15 External appearance of ferrite bead inserted in the

power line and analysis of coordinates.
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Fig. 2. 16 Ferrite bead has been inserted in the power line

break out equivalent circuit.
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Fig. 3. 3 Equivalent -circuits of the broad-band EMC
filter(Part-EF) and transmission line(Part- TL).
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Fig. 3. 4 Equivalent circuits of the EMC filter(Part-EF).
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MRS e A (340 o8 ma® 4 AT6).

t,=1+ # (3.4)

AVIAM, pi= = FAE, f2 THTIT, 2R A SAFTI
Folth. & =wollAe 47200090 FlEelE Wl =S ARESRAT 4
(2.23)el ©3l £, =312 MHzola, ®=3 v& SerEs2 4 (35)
of Fojxlt

C1=2,000 [pF]

L.,=2x10 %p,;In (bla) x1[H/m] (3.5)
R =27f e gt oIK [ 2/m]

L = olK [H/m]

1714, ast b= dFtelE H=9 WA 0.006 m) 7 (0.0065
m)olaL, [ #Fgfol= H=e] Zo](0.00964 m)elH, K= #HeteolE
vz o] gl s AAE = gholm, 1 gk OOOSOIE}

2l @BDe (33)l 3 s
of g dEAs TE &< 913}[30].

T(dB) = 20log A +B ~—2|—C +D,

+a,, i=DMor CM  (36)

A7NA, g AAHAAE EA(dB)ol
Foje] EMCOl B9 APAS F AYEAS
4 (31) ~ (36)& Mathlabo.@ . 29 o] 24ate] 7aalet.
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3% 2. Mathlab &2ZE9 ol & o] &3 Fdl9 EMC ZE o AA
Table 2. Mathlab software for Broad—band EMC Filter design.

clear all;
format long

mi=2000; sy mEala
fm=3.12*10"6; $3HEFT|
inside=0.006; oA
outside=0.0065; $%2]|#
height=0.00964; $%$%%°]|
K=0.003;

Q P=[];

for £=10*%10%6:7.45%¥1076:1.5*%10™9
M=1+ (mi/ (1+3* (£/£fm))) ;
U o 4*p1*lO -7;
L e=(2*(10"(-8))) *M*log(outside/inside) *height;
ssH2le] E nj=2] glejydA
L_s=mi*U_o*height*K;
R s= 2*p1*fm*L S;
Z=(((j*¥(2*pi*E*L_e))+ ((1/R s)+(1/(2*pi*fm*L s))
HIEME dl=2] ¢dnjEs
(1/(j*2*pi*f*(2000*(10*-12))));
s3¢EE UnlAMe dEws

%% HEE.*-] a $EHAMA

ssAar|ERl L8] b WEHIAYA
C; %sanjE]22] o HEH A

$3An|ER] 28] 4 S5l
33 BOE#]A2] 5 HEZle|E b=
s BOjE&]A2] b Hele|E d|=
33 BOE#]A2] ¢ H2Zlo|E b=
$% B E&]£2] 4 Hele|E v|=
b A;c A d Al; ssEHAvA
b B;c B d B]; %%}IIE}DIE H| =

A

-1))*2);

N
Q
1l
N
*

~
[

*
N

\Q‘IO\UIQ’ =
[Tl

1l
H OoON R H|< o KR

Qo
D~

ol \Ulm
OOOOD’r—v.—‘t;.IUEPthUUD’D’D’D’O

mQ:OU'QJOl;.IUD’QIO

T=2/E; %%
T_ABS=abs (T) ; s Al Aol
0=20*1og (T_ABS); %%

Q P=[Q_P;Ql;

end

clf;

figure (1)

plot (Q _P);

grid

v=[0,1.5*10,-70,0];
axis(v);

xlabel ('Frequency (GHz) ') ;
vlabel ('F2pAHr (dB) ') ;
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Fig. 3. 5 Differential-mode calculation value of broad—band

EMC filter.
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EMC filter.
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Fig. 3. 7 The photograph of the fabricated broad-band
EMC filter.
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A 4 7 Fd EMC Filtere] E4 4]

411 A9Ed 34wy 2 o2

SHAAGN ERE A A7) A BE S AT I A
T MHz7HA o] W 9ol AA, Figolar 7 Aotk A=A EMI
= BHE o] Fag HedA S Xk diFEY =l - =4l
A @4 150 kHz ~ 30 MHz9] S35 W9 ol A=A %
A dusta ey, I FIg WeE dol 10 MHz ~ 150
MHz #H$lol4 EMI A3 JAl= HH To8ixx vk 2 =34
W& 150 kHz ~ 30 MHz Yol A9t FALstet

A7) A= vdAAdl & & e v EEo dAAdE
A= Abe R dEdes Ao AR AR ddE 2
T v TE REe Aw BRE AR Aoe 2249 dERs
o] Zoll A Ametlar, w3, ¥ 410 ZAFOl vk & R=4
g RE A Ak Aol ofs) Aoluofit

I, —1
Ud— U] UZ and Ia’: 2 (41)
UC=—U+;UZ and I.=I+1I, (4.2)

2

o] 71 A, U, = differential mode ek A7

- AT = AR AY
_ =
U, = TE EE MG AR
. = i=]
I, = 2% B= A7 A&
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Fig. 4. 1 Differental-mode and common-mode EMI of

voltage and current.

EMI source®] HF S7F8|2% 19 41bol] TA|Ho] Q) as =
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Fig. 4. 2 Measurement of the insertion loss of a filter.
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Fig. 4. 3 Insertion loss measurement.
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Fig. 4. 4
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Set-up to analyze the frequency characteristics of
proposed broad-band EMC filter.
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A : Power line only

B : Calculated by eq. (3.6)
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Fig. 4. 5 Insertion loss for differential-mode.
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42 F=ASKHEFT) 54 4

42.1 Frequency domain &4

29 4.7 IEC 61000-4-4¢4¢] Fis EMC 2Y #4 &4
Fig. 4. 7 Set-up to analyze the Broad-band EMC filter for IEC
61000-4-4(frequency domain).

EMC Analyzer (Hewlett Packard : Model 8591EM)<®} burst-
generator(EMV-Systeme  Schoder GmbH : Model SFT 4000)&
o]-§-3ll IEC 61000-4-4° th3t WA 4 Al="S 19 473 2o
T8t e, EFT 74 545 483tk 19 48(a) ~ (o«
Aztg Ag Al IEC 61000-4-49] level 2 ~ 49149 443}
oli, A(ZH7F fl+= 4A%), BUIE9 &HH), CHStE dH)+= 7t
glilo A EFT f¥ol sl ddse dede] ~29ER levels WE
W Aolth, 19 48(a) ~ (0o HAA= AAH x5 y52 717
T 934 AHFS vEH, 2 4 Ads ALE Ao
EMC ZHS A4 stdl<s o, FA 2t DC ~ 1.8 GHze 53t
& dl9olA 10 dB ~ 30 dB EFT &¥& Zo|a, Eg 7]F9 =
o]z Azt AKX} 8 dB ~ 25 dB9 EFT &4& =49 4 Uth

HEol, 719 FdEe A¢td dHE 4 SA4S HEEE 7] 93l
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At el AZsko], EFT level 2 ~ 4°] #&3 23, 7]F9 dHE
AHERE W IEC 61000-4-49] level 3 o]’dol A g2l Fd PC7H
Altel defel A= b HilolA = hHskA AHE st

START @ Hz ETOP 1.888 GHx
RES BW 3.8 HHz VEW 1 MHz HMP 3E.B mieo

(a) At level 2 of IEC 61000-4-4.

START @ Hz STOF 1.88@ BH=
RES BM 2.8 HHz VEM 1 WHz SHP 36.8 miec

(b) At level 3 of IEC 61000-4-4.

START @ Hz 1.
RES BMW 5.8 HHz VBH 1 MH= SHP 3E.8 msec

(c) At level 4 of IEC 61000-4-4.
a9 4.8 WA AldY 54 A
Fig. 4. 8 The measured results of immunity test.

(A : Without filter, B : With conventional filter,
C : With proposed filter).
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4.2.2 Time domain 4
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R Sy
: : ' : : : ] 1ofe

(a) FHAA] IEC 61000-4-42] level 4217}
(Y=: 1 V/Div, X=: 250ns/Div, Vmax=4.34 V)
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4t
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. . S U + Width
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(b) 7HE3sk EMCZ=E o IEC 61000-4-42] level 421714
(Y=: 200 mV/Div, X=: 50ns/Div, Vmax=600 mV)

a9 4.9 AxtI WA Algdel 54 23 (time domain)

Fig. 4. 9 The measured results of immunity test(time domain).
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¥ 49 EFT 54& Time DomainolA XH7] ¢34
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