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Abstract

The conducted noise were measured in the frequency band for
international standards suggested by CISPR (International Special
Committee on Radio Interference), American FCC (Federal
Communication Commission), MIL-STD (Military Standard),
Japanese VCCI (Voluntary Control Council for Interference) and
CE mark etc.

However, international specification about the radiation noise
converted from conducted noise has not been established. In this
thesis, the conducted noise was measured by applying a noise of
EFT's level 4, to transmission line which was defined by
international standard IEC 61000-4-4. According to the
experimental results, the noise radiated from the transmission
line was observed in a frequency band broader than 30ME - 50Mi
band suggested by Military Standard, CISPR, and FCC.

From the transmission line, a radiation noise was observed
from DC to 500 Mg in a short distance (from 5 to 45 cm) and
also from DC to 400 Mg in a long distance of 1 m. From the
above results, it is to be concluded that the international
standards for a wider noise frequency band than the conventional
ones should be established to consider the radiation noise

converted from conducted noise.
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Fig. 2. 2 The classification according to path coupling of EMC.
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Fig. 2. 3(a) Dipole coordinate system and electromagnetic

field components.
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Fig. 2. 3(b) Loop coordinate system and electromagnetic
field components.
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=5 g

Zzkol tAES FMA @AY AL A A ET] f)EA
WA AE wolzo tid FAZF A IEC 4tske] CISPRe| 74 3
me AR T sl AR v ST AREEHE

MIL-STD-461 o WajA ztzt o} 78S S et 2ol
ERHTHE].

@® IEC 4tste] CISPR 14
CISPR 22 Conducted Emission Limits for Class A Digital Devices.

Frequency (MHz) uV QP(AV) dBuV QP(AV)
0.15-05 8912.5(1995) 79(66)
0.5-30 4467(1000) 73(60)

CISPR 22 Conducted Emission Limits for Class B Digital Devices.

Frequency (MHz) uV QP(AV) dBuV QP(AV)
0.15 1995(631) 66(56)
0.5 631(199.5) 56(46)
0.5-5 631(199.5) 56(46)
5-30 1000(316) 60(50)

® vl A BA AU (FCO
FCC Emission Limits for Class A Digital Devices.

Radiated Emissions (10 m)

Frequency (MHz) uV/m dBuV/m
30-88 90 39
88-216 150 435
216-960 210 46

>960 300 49.5

Conducted Emissions
Frequency (MHz) uV/m dB1V/m
0.45-1.705 1000 60
1.705-30 3000 69.5
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FCC Emission Limits for Class B Digital Devices.

Radiated Emissions (3 m)

Frequency (MHz) uV/im dBuV/m
30-88 100 40
88-216 150 435
216-960 200 46

>960 500 54

Conducted Emissions
Frequency (MHz) uV/m dBLV/m
0.45-30 250 48

@ CISPR 7743 FCC 7+24¢] vl 19

A

Measured with LISN
86 )

60 =
CISPR 22 (QP) |
56 I

& . ! : ‘
Z 50 } FOC i
o 48 - [T-—————————————f—————————— 4
E 46 - | | }
g : I\ CISPR 22 (AV) : }
L 1 I
1 | !
M 1 !
1 I !
L) | !
1 l }
1
L 1 I f
150 kHz 460 kHz | 5 MHz 30 MHz
i
500 kHz
(a) Class B
A
79 Measured with LISN
CISPR 22 (QP)
::é 73+
o (9.5 L
= | | FOC
@
g 66 i
S 60 T | :
| } : CISPR 22 (AV) :
} | | |
[ | |
[ 1 |
[ 1 !
[ 1 !
[ 1 :.'_ f
160 kHz 450 k!—*z 1.705 MHz 30 MHz
|
500 kHz
(b) Class A

92,5 Axxol= -4 FCC ¢ CISPR 22 9] vl
Fig. 2. 5 Conducted noise standard FCC and CISPR 22

comparison.
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Davice m Power CE
/ code
Current
probe
Spectrum

analyzer

Y 2.6 AHE Z2BE o]&3lo] MIL-STD-4619] X WAL
o]z IAXNE =4

Fig. 2. 6 Use of a current probe to verify the MIL-STD-461

conducted emission limits.

@ MIL-STD-461 714 1¢

[
Class A CEQ3

86 dBuM

current

20 dBuA |—

14 kHz 2 MHz 50 MHz

O 2.7 Fd2 Aol tig MIL-STD-4612] A% WAL &A X
Fig. 2. 7 The MIL-STD-461 conducted emission limit for class A.
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Table 2. 1 Typical characteristics of pulsed EMI.
ESD EFT Surge
Waveform
I 28
Feature
Rise time less than 1 ns ~5 ns 1S
Energy low (m)) medium(m]) high (J)
Duration ns ns, and repeating ms
Peak voltage
(into high up to about 15 kV kV several kV
impedance)
Peak current
(into low medium (A) low (A) high (kA)
impedance)
activation of
) gaseous S
accumulation of ) lighting, power
Sources discharge, o
switching

static electricity

make/break of

electrical circuits
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a9 2. 8 EMI ¥29] 318 (a) ESD, (b) EFT (c) surge
Fig 2. 8 Waveforms of pulsed EMI (a) ESD, (b) EFT (c) surge.
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Fig. 2. 9 Mechanisms of electromagnetic interference.
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Fig. 2. 10 Magnetic Field by current of wire.
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oty Wl o mao] Wg AW o ZtEe A9 9 o),
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B="p=ur R (2-15)

weld, A4S 9 211} gol AL A
A(2-15)2 FolAx A3 18209 Biotsh Savartel ¢] ko]
Ao g = JATHIL

49

(a) LEF WA (b) 21 =Aell olgt 37k 27194

(a)Right-hand rule. (b) Line of magnetic force by leading wire.

7 2 11 WAl W) vl @A

Fig. 2. 11 Biot-Savart’s law and line of magnetic field.
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Table. 3. 1 Test parameter for IEC 61000-4-4 of EFT.
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ol line(kV)
0.25
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Test voltage on
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tolerance for ¢ ,and ¢, is 30%
Tolerance for test voltage is +10%;

Tolerance for ¢, and ¢; is 20%;
tolerance for L, is +20%

t,=15ms;
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Several nanosecond ) —— .
duratlon pulses in a burst 0.9
0.5 ;
| - |
‘4“’—»‘ 0.1 1
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()89 HAE (h)F 29 T= 13

NNV

47t|14>‘
()M =Ecl A B9 HA (d)1%2] box-car buildup
29 3 1REARe) FB( s MEE AS7N0 6 MEE B4, o,

s BAA 0 BA ZSANTD ey BE ASAT)

t

Fig. 3. 1 Waveform of electrical fast transients(z, ; burst duration,
ti ; burst interval, ¢, ; pulse interval, ¢- ; pulse rise time,

ta 5 pulse duration).
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Table. 3. 2 Equipment used in measurement.

3 v 2wy H] 3L
EMC analyzer 8591EM
LISN 3810/2 LISN
RF-cable
Burst-Generator SET 4000
Electro-Metrics S/N 1456A
A=
F b H L

a9 32¢ wol= SFAAMAHE dHEls "otk 6V dde A

£3to] EFT AlddlolE 2 EFTE WAste] 50 Qo7 ATgH A%
ARo| drxo]lz2E A7bste] oluf HESHZZHE WAL & 20|
ZE A|Z3E Loop Antenna® 418}¢] Spectrum Analyzer® =74

Al 2

3
st AHE HoFEY thge 19 3.3 ~ 19 3.7 & =A
do A ALgH Au| 5o AA| 1y o)t}
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50 @

6V

Spectrum EFT
Analyzer Generator

transmission
line

4% 50 Q@

"9 3.2 .54 A"

Fig 3. 2 Measurement system.

13 3.3 EFT AlYdolg 9 3, 4 ~HEF ojde}lo] A

Fig. 3. 3 EFT Generator. Fig. 3. 4 Spectrum analyzer.
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a9 3.5 X SHEYH I 3.6 AFAR

Fig. 3. 5 Loop Antenna. Fig. 3. 6 Transmission Line.

a9y 3.7 =3 i

Fig. 3. 7 Measurement scene.
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phi=3.14;

mO0=4x*phi*10~-7;

[=80;

1=142;

aa=5:95;

B1=[];

for r=[5:95];
B=(mOx=I*1)/(4*phi=r);
B1=[B1;B];

end

plot(aa,B1)

Wb/m 2k 1ot
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0ar
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Fig. 3. 8 Simulation result of magnetic field by distance.
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52 AYE uASH AFae wE A7y S yEhdth
close all
clear all
phi=3.14;
mO0=4+*phi*10"~-7;
1=80;
r=50;
L=142;
aa=1:40;
B1=[1];
for 1=1:40
B=(mO0*I*L)/(4*phi*r);
B1=[BL;BJ;
end
plot(aa,B1)
Wb/m 4%
1.2
1 L
08+
06
0.4+
02F
DD 5I 1ID 1I5 ZID 2I5 3ID 3I5 0
HI2H(A)

a9 3.9 Al wE A7)ge] Alseeld At

Fig. 3. 9 Simulation result of magnetic field by current.
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LO6 REF .8 dBm
i@

dB8/
ATH
i8 dB

V‘”‘\\“;\r_\g ﬂ‘( . . gz
= \' mJ\fv I

START 38.8 HHz STOP 1.8880 GHz
IF BW 128 kHz AVG BW 388 kHz SHF 282 msec

a4 1 AsHAR2RE AF 15 en

Fig. 4. 1 Distance 15 cm from transmission line.

6 REF .8 dBm

START 38.8 MHz STOP,1.8880 BHz
IF BW 120 kHZ AVG BH 3908 kH=z SHFP 202 msec

a9 4.2 ASAR2REHE A2 35 cn

Fig. 4. 2 Distance 35 c¢m from transmission line.

LOG REF .8 dBm

HHL'IJ\

L ¥ R A \”“"t* "J"‘W‘w LY\M
START 38.8 MHz STOP 1.0808 BHz
1F BW 128 kHz AVG BM 388 kHz SWP 282 msec

a9 4.3 AFHARZEEE ] AR 65 cn

Fig. 4. 3 Distance 65 cm from transmission line.

LOB REF .8 dEBEm
ie

|.| \.’_... \\ ass . . ) .
o R S 1.t T VoL 3 i B WD

STOP 1.80808 GHz
AVG BW 308 kH=z SMP 282 msec

a9 4 4 ASARZEH A2 95 cn

Fig. 4. 4 Distance 95 cm from transmission line.
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CORR : ‘b‘ \ A et
A )...._n.f"..._f‘h»m o P

START 3@.8 MHzx STOP 1.9890@ BHz
IF BH 128 kHz AVE BW 3288 kHzx SHP 202 msec

a9 4.5 ASAR2RHe 72 15 en

Fig. 4. 5 Distance 15 cm from transmission line.

LO8 REF .0 dBm

B S o B N

START 30.8 MHz i STOP 1.0088 GHz
IF BH 129 kHz AVG BW 388 kHz SHP 202 msec

a9 4.6 AFHAEZ2HES A 35 cn

Fig. 4. 6 Distance 35 cm from transmission line.

LOG REF .B dB
19 -

A N et
START 38.@ HHz STOP 1.90808 GHz
IF BW 128 kHzx AVE BW 388 kHz SHP 282 msec

aY 4.7 AEHARZEREHY AP 65 an

Fig. 4. 7 Distance 65 cm from transmission line.

LDB REF .8 dBm

V v VA GBI, e H{\Jwtk&hdﬂhhd
START 3@.8 MH:z STOP 1.0880 BHz
IF BW 128 kHz AVE BM 388 kHz SWP 282 msec

a9 4.8 ASAR=RHe 72 95 cn

Fig. 4. 8 Distance 95 cm from transmission line.
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LOG REF .8 dBm

19 op| CALT Stored

VA VB
§C_FC \
CORF| -
ke AW ZRW N
START 38.9 MH=z STOP 1.0880 GH=x
IF BH 128 kH=z AVE BH 320 kH=z HF 282 msec

a9 4.9 ASAR2RHe A2 15 cen

Fig. 4. 9 Distance 15 cm from transmission line.

LDE REF .8 d4dBm
i@

dB/

ATH
18 dg CAL: Stored

CORR 'J;
e N, I
START 20.8 MHz sToP i.0808 BH:z
IF BW 1208 kHT AVE BMW 5880 kHz SWP 282 msec

a9 410 d5d==25Ee] A2 35 cn

Fig. 4. 10 Distance 35 cm from transmission line.

LOG REF .0 dBm
ie -
dB/
1gT:a CAL: storod
!\ i
V. b
s
VA VB )
sc_FC \ : :
CORR Y : :
A TR A
START 38.8 HHz STOP 1.0088 BHz
IF BHW 128 kHz AVEG BW 380 kHzx SHF 282 msec
s
Y 411 AFAZ25He A 65 an
Fig. 4. 11 Distance 65 c¢m from transmission line.
LOG REF .8 dBm
19
dBv
LaTHl AL Storea
A e S S e S e B T
4}
i i
va vgll WY, 0\ :
SC_FC \ -\
CORR UL frres
peskir \,_.r\-“ \"‘1_,,{: \m-r’ﬁ«’\ 7
START 38.8 MHz ' STOP 1.8888 6Hz
IF 'BM 128 kHz AVE BW 388 kHz SUP 282 msec

O 412 AFHAZ2HEHE AZ 95 em

Fig. 4. 12 Distance 95 c¢m from transmission line.
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LOE REF .9 dBm

CAL: Stored

1,0, T g 5 o Tl :
™ r O il .

Nl e

START 30.9 MHz STOP 1.200@ GHz

IF BM 128 kHz AVE BW 388 kHz SHPF 202 msec

a9 413 AFHAEE2RH A 15 en

Fig. 4. 13 Distance 15 c¢m from transmission line.

L0 REF .8 dBm

18 dB CAL: Stored

4"

! AT
START 3@.9 HHz STOP 4.0808 GHz
IF BH 1200k Hz AVE BH 388 kHz SHP 202 msec

O 4. 14 AFEHA=25EHE A 35 em

Fig. 4. 14 Distance 35 cm from transmission line.

LOB REF .0 dBm

CAL 1 Star

VA VB
CORR

oy
4 \

J‘;"Vl i
% AR TPk
START 30.0 MHz STopP

IF BH 120 kHz AVE BW 308 kH:z 8

= ot A =2 Lol ot

Bl

.8008 BHz
222 msec

a9 415 A HA225E Y A 65 an
Fig. 4. 15 Distance 65 c¢m from transmission line.

LOE REF .8 dEBm

CAL: Stered
A
115

|

A N T T
Vgt -v/ Lol r,,k.v’.'f‘n

1.8880 EBHz
P 282 msec

START 38.8 MMz STOP
IF BH 128 kHz AVE BW 388 kHz SH

a9 416 ASAHA==REHY A9 95 cn

Fig. 4. 16 Distance 95 cm from transmission line.
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LOE REF .2 dBm

07 WO ¢ ‘\1\-;{-_‘-': PO N

START 3@.8 HHz STDP 1.2009 GHz
IF BW 128 kHz AVE BH 388 kHz HP 2082 msec

a2 4, 17 AsAHAZ2RE Y AL 15 en

Fig. 4. 17 Distance 15 c¢m from transmission line.

LOE REF .8 dBm

18
dB/
ISI:B rﬁLl Stored

A

[\ Y

VA VB W..Y
SC FC v
CORR
START 30.9 MMz s*ror 1.8800 GHz

IF BH 1280 kHZ AVG BUW 888 kHz SHF 202 mseo
a9 4. 18 AFAEEHE S A7 35 an

Fig. 4. 18 Distance 35 cm from transmission line.

LO6 REF .8 dBEm
1

m,

vA Ve
SC FC
CORR e ol g, -~ e —
w’“‘-’*k g
i R ]
START 38.8 MHz STOP 1.80800 GHz
IF BH 128 kH:z AVE BM 308 kHz SHF 2082 msec

a9 419 AFHAZ=EHe A 65 on

Fig. 4. 19 Distance 65 cm from transmission line.

LO& REF .8 dBm

CAL: Stored

'3 JI....I' P
N

. " .\..\-..-.‘ _"\w__v,""'-\,
START 38.9 HHz STOP 1.80908 GHz
IF BW 128 kHz AVG BH 388 kHz WP 282 msec

a9 420 AFHAEZEZRH A 95 en

Fig. 4. 20 Distance 95 cm from transmission line.
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LO8 REF .2 dBms

™ z i eh En b R Y e R R F L SeeeTTeE)
1@ dB i:Ll Stored

a\ g
I o r‘-\
\. \f‘ p\

VA VB f : :
ok s -
\Wf' Wi B/
START 38.8 HHz STOF 1.0800 GHz
IF BHW 128 kHz AVE BH 388 kHz SHP 282 msec

O 421 AFHAZ2HEHE AP 15 em

Fig. 4. 21 Distance 15 c¢m from transmission line.

LO6 REF .2 dBm

18 dB CﬂLx:SlDrrd

z STOP 1 8082 EGHz
20 jkHzT AVE BH 308 kHz SWF 282 msec

a9 4. 2 AsARz2RE e Ag 35 e

Fig. 4. 22 Distance 35 cm from transmission line.

LOB REF .8 dBm

CﬁLl S‘Q

8C FC

CORR

START 32.8 MHz STOP 1.9088 GBHx
IF BW 128 kHz AVE BW 380 kHz SHFP 282 mseo

a9 423 AFAZREHe A 65 cn

Fig. 4. 23 Distance 65 cm from transmission line.
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18 r
dB/
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L Y |
0 o “~
! ‘ w AT AN N
START 38.8 MHz STOP 1.908@ BHz
IF BM 12€ kHz AVG BH 388 kHz SHP 282 msec

O 4. 24 AFHAZ2HEHE A7 95 em

Fig. 4. 24 Distance 95 cm from transmission line.
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BTART 50.0 MHz STOP 1.0808 6H:
IF BH 120 kHz AVS BM 388 kWz SHP 282 msec

9 4. 25 AFEARZRES AY 15 cn
Fig. 4. 25 Distance 15 cm from transmission line.

LO8 REF .0 dBm
18 -

dB/
ATH |aat
18 48| "o

VA @

8C F

CORR|- oo ienniiandd

START 38.9 MHz STOP 1.00888 GHr
IF BW 120 kHz AVE BW 388 kHz SHP 2082 muec

79 4, 26 AEAZFRE Y AT 35 cn

Fig. 4. 26 Distance 35 cm from transmission line.

e :
R Lt

START 38.0 MHz STOP 1.9000 BHz
IF BN 120 kHz AVE BW 308 kHz BWP 202 msec

a9 4, 27 AFAZZRE Y AY 65 cn
Fig. 4. 27 Distance 65 cm from transmission line.

LOB REF .2 dBm
18 -

a8y
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I G e Lo
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el
BDO®

88 BHz

START 30.9 MHz
1 2 msec

STOP 1.08
F BH 128 kHz AVE BW 380 kHz SHP 28

78 4, 28 AEAZZERE S AT 95

Fig. 4. 28 Distance 95 cm from transmission line.
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START 32.@8 HHz
IF BW 120 kHz AVE BW 308 kHz

STOP 41.0000 GHz
SHP 202 msec

a9 4. 29 AEAREREY AY 15
Fig. 4. 29 Distance 15 cm from transmission line.

LO8 REF .8 dBm

ie

JATH ’
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CORR| < wooerieseneen st gl 00 4

START 38.8 HHz STOP 1.0000 GH:
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¥ 4. 80 AFAREFEIS A2 35 cn

Fig. 4. 30 Distance 35 cm from transmission line.

LOE REF .8 dBm

16" gef CAL"STorda
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START ?0.0 HHz

STOP 1.0808@88 6Hx
F BM 1290 kHz AVE BW 308 kHz SWHP 2

82 muec

1% 4. 31 AFAZEFEE] AY 65 cn
Fig. 4. 31 Distance 65 cm from transmission line.

LOG REF .8 dBms

START 39.9 MMz [] . [L]
IF BM 120 kHz AVE BN 300 kHz BMP 202 mueo

9 4, 32 AEHAEZRE S A 95 cm

Fig. 4. 32 Distance 95 cm from transmission line.
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START 30@. 0 HHz STOP 1.8888 BHz
IF BW 128 kHz AVE BN 388 kHz SHP 202 msec

19 4, 33 AEAZZREY AF 15

Fig. 4. 33 Distance 15 cm from transmission line.

LO6 REF .8 dBm
ie

START 88. % ARz TTTP 1.0080 Nz
IF BW 128 kHz AVE BW 388 kHzx SHP 202 msec

O 4. 34 AEAZ2HEHS A7 35 cn

Fig. 4. 34 Distance 35 cm from transmission line.

LO8 REF .8 dEwm

START IU U HHZ STBP i 0003 BHzZ
IF BW 120 kHz AVG BHW 308 kHz SHWP 282 msec

18 4. 35 AEAZZRE Y AT 65

Fig. 4. 35 Distance 65 cm from transmission line.
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o iR 7 T i e

START 30.8 MH:z STOP 1.8800 GHz
1F BM 120 kHz AVE BW 389 kHz SWF 2082 msec

19 4. 36 AEAZZRE S AT 95

Fig. 4. 36 Distance 95 cm from transmission line.
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