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A Broadband Reference Antenna to Measure an Klectromagnetic
Interference in the Range from 30 MHz to 300 MHz
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ABSTRACT

A broadband antenna available in the range of 30 MHz o 300 MHz for electromagnetlc mterference (EMD
test is proposed in this paper. This antenna is configurated in a disk- loaded cylindrical dlpole (DLCD) connected
to an 180° hybrid balun consisting of two coaxial feeders. The performance of EMI antenna is characterized
with its accurate antenna factor. The antenna factor for this antenna is obtained by usmg the method of moments
and the calculated results are compared with the measured ones. Normalized site attenuation’ (NSA) is also
measured by using this antenna. The results present that the proposed antenna could be used for 4 reference
antenna having measurement reproducibility and represented by a theoreucally accurate analyzing’ model in EMI

measurements.
27 Sold EMI AgHoR A} Fubbdelt
I H = : a3 AW Bo] go] ASEHI gtk o9 e A
; W AgAelMe dig celEslEie] Akge] of
AAAEA (EMC Electromagnetlc Compatl- -:47‘75};‘* 2732 30 MHzollA] 4l tlo}Ee] o)

bility) 7}l 2loir] Himkgt 2Al tlolE akehlrt 7F oF 48 m 2453. e wol x}ﬂs’hﬁ% 45
AAEAE 7)EPE)E Al—%—ﬂt} 7 o] <t S sﬂ‘%%‘—ﬁl—r«i Agolo] TolEe 24
o] Ee] & Ael=le) 9w e s A of #17] wjiol] EAAE3t Sl “H‘T’ st
sl A 4 gled Akl 47] wEolct. 71 ulBolct whehi CISPR 16-1"7 Z  ANSI

* AlI714A1g Y Aot (wscho@ktlre.kr) . o Fopta A7 1AAEY
E=EHE 0 99409-1011, H5Ual : 199913 109 114



283 =54] 00-3 Vol.25 No3A

63.4%9} 7re EMCTA e Bejedatete) . A
£ 343}7 gtk YuEo® 30 MHzolA 300
MHz¢] tjdollaie wlolzateirl, 1GHz7A)
= d5FTIkEE AET ok o1F StEvke
B EAL 7 gehde]l % Ao} B3] Al
YAl o] AHaE T glch ul o]E gl
e SAsdo] T Aol A ed <

el i3 At s mde] glo} =] Azt

Sol) olal MY =do] AN e, <l

Jlee A¥AeRe 7 4 Qi o] A9 oy

g e} wAE AYAe deE spy dAdAHe
2 o’ 2AAFAE 25w ojichk depd
2 d3oxe Alzte] zhdsla orehde]s] At
o] 4o]g s}l DLCD <gle}E AlQlgkc) 30
MHzellA 300 MHz®] AMS- Fugdids zZke
DLCD <telve] e} el s EWERE o]43)
Axbslz EAx)e} vlwsilel. =3 Fdy 7|Et
Hul2A9] AME 7FeAS sk EMIAIRAS] 9
7Pl NSAE 343l o]&x|¢} vl Esg]
=8 '

I. DLCD oHLie] HELITE| HiAt

DLCD <He}e] 22 ¥ 13 zhen) ks
& F2loz ok FAE BERE o] eV
W a9} Aol LAl tie|EaA} ofcdel FATL to]
3 ub3 bl A AR ool lee] W
£ 1S IREFE1E€A7Y (NIST ; National
. Institute of Standards and Technology)eilx] 7Rt}
180° lolmal= uFE (Hybrid Balun)[7]{8]& AR
sl o] qlele] /1A BAE s
3 2elEy] Tl g AR A1
+5 delReE Alske £UEYE ALsisick
o] W& Balgl T2E Zh= 9] Ak digt

Y&y —a
500 L__z

Semi-rigid
& Aol#

F: A E Hl=

a2l 1. DLCD gheue] =

418

A71ARL sjie] folsle HATEE A ¥
ofll T 8% FAsiPHeE deld gl
91-11)

WA EMIY Sl QoA A Saw det
olEls ZHo] AL8El e} QhebdEiolc) A
g TAEA ke alMEEE ALY A
24zt eAks SURke B2 vEA APE
EMIAS<l b 3ol gloix Azt egs
Hg 4 glck Wep EMC Sl AMSE ok
el qelddEE AgsiAl AdsEln A elo}
et Alekle] ahehilelEs okt o) e
o).

E
aF = & M

P Ex el $33 SAREe bt

b e QA de) A AAEeln, Ve

Z2A4A17) 1Y Agbelk ekelvgElE QlEe}
AR B} &4, dhe A, ApdE
4 52 Y ke Agdze eue
FAET R g JudauEe s Al
o] vk 7%k Al R, A7) 2}
A Ae Salekeite] AEMTF A9} glalglel
A7 F AEUE S, o] Wes wdd 4 9l
I;}_[12]_

2
P,= F = ASa @
__MG,(8, A*
Ae - 4” (3)
2
Sw= £ @)

ohelvte] JEduelae 23 19 ABRANIA
MR AR Zp9h FAIRe] HARIcE AFelE
ogyE] o3t A FA3IA} (Impedance
mismatch factor)= thea} o] TaEcH

M=1-S% -1 |ris G)
Sfwd
_ Zn_ZAB
I'= 7 %Zum ©

Ppug, Prpe 27h SreRiAlellA Adgd AHs



WO Z,& el I Eaok 4]
@l A ) @E dijistar A (Dol =) A=
bl HEAQl skEAEd B3 Ae AR

. _ 2 g
AF = /IV C.(6. R M )

°47W G, (0, HE YA} Zme] P gkl
e Act. o} et oS mulew
o 2Js] #aixl DLCD <lepde] AFEIEE o]
S3lo] T 4 g,

. DLCD ool &

DLCD iU EBX4L FAsiz Age sl
she Vel A5 ZAsof gtk £ =M #
A Folrdidod A9 e S WER 3
of YsdiAte] wgs tolEaxte] HolE 43}
= s iﬂél%}ﬁv} o3t WHloZ HAXNTE
7] 7 daElEe Ag 44z Ao A
Alkare)gitsg UH‘I" frALsH Zkks] sokshd
o5} 2 ‘

1) AR APl malewe A4k A7

EEE 79} o
2) AFEEE B3 (DA stEElE 73
3) Ve E Fahs FA ey
g o)lgsle] i) lede S Ze= 9
el ubg = tlo]Ee] ZHolE A4t
o7& FAFurTANA FHAo] D wrA]
qhEsle] Seagiict

olef wbel o8 ZAH et A=
L=800 mm, b=145 mm, @=20 mm 2|3 =5
mmo|giek. DLCD <lelve] S4& sekshy] 913t
Axtat S 7 AR AAE o] AeE A4
3] o]Foizlt). 17 2+ DLCD gheije] Alakel
JHYAIAE RiZT) UuRA ASYE 120
MHz¢} 200 MHzAlo]ol|d] FA3] Wslsha 35
= 100 MHz o}3}e} 180 MHz _,_:ow 73]
7kl AL B 5 itk

olg} o] BujAgtEhte] vl IH 20
A7 Falpol] wel Wsiap) “fo':"“ H3lsh=
Ao AE #A) Faeddge] A el EA9y]
WAg ZE 50 @ FHAES AAIE AL
#& gjo] opr}. w3t DLCD <helvbe} 2-e 3
FEakeilel] £33 F2A018-8 23 AL

llﬂ

INPUT IM PEDANCE (CHM)
5
1

. o A
- . - Tnput renciuace, Xin i o

480 | /,/ \ /_'
L o S 1 N

RS

PTY R 4 4 1 ol .

30 100, . 300
FREQUENCY MHzy 3 '

37 2. DLCD M) Fotel B I oiize} s

FEAlOlE dRmAR Ax U ARt 280
o] B8R AR FFL BALE doH ol2H
el LA AR Raszls FRATIRE o

£ AABE] g8 29 153 2] 50 @ FEuxje}
°mMA}°l°ﬂ WES AR} e ols}éﬂ 5
SAolBe] REA F2x BIEF AFES A
A% ek o}l 501 —E«*é%lﬁllﬂz:% d
A vlEE wFsle Qe JHYHI2e) At}
£ 4¥x 3k DLCD vz o)dt B3
98 NIST 2HE-g Al—%ﬂﬁv} g AHeE B
Zole) F /e F=FAlelES 100 Q@ FYA A

& FyAdsle a9 19 ABD&ZMW Aol s
Z, °PE1M«1 PAE2L 100 Qo] HEER 3j9ich
o)HE WL Fupulddel A Y s
1%6}71 o] B WRoZ AM8F 4 gle
o], NIST B o33 FEejedfn (NPL ; National
Physical Laboratory)elX+= <t bwA)e& 2 AF
AL J1EtEve] o] HES AHsta ich
180° 2} SIS V] S18) F TE(DE 50 Q
L8 FHPIL A TE(HE S YEHY
AR AHg3i). HEolE vlE@s EEAlIEA
o FER=ARY FEE AMS) Ast] AHEE

10

MQM»A'ECH LO56-40)

Y ! L METETI |
30 149 300
FREQUENCY (MHz) .

a3 3 ABSAlelA kst okt iizkel AR 4.@
(Z .45 =1009) -



PFEAE3| =FA] '00-3 Vol25 No3A

o, 3 dB WAFY=E 100 Q YIH~E U
A gylsly] A8l AREAT 71ME Qe
B19] X3} wEol Asigdet 23 3& e
Tl Qe gl e ae) g 33}
£AE HErh ol9} o] 100 Q& AMEE AS
80 MHzo|a}e] dioollx] &4 FA3] ke
o ¢ Stk oA 4] (DA <kelgEe]d] Z 3
& Xz glo] Hejgle] Frlshe 8oz A
43 Aok 13 4% kAl HelE A=
£ BFr)

ASSE s

a2 4. A2k 93 DLCD shEe) Apasw

V. DLCD 2HIUe BY 24

1. QtEjjuE]

£ =Folx AAE DLCD <Hue nlZe)
NISTol Aabalais shebdee] 24.& NISTR
Fe Qi ZALAEReR A v
Liberty LabellX] A8tk Aol AAHe o
HE7} +4 mm o] =7]7} 50 m x 80 mBA]
ol d APPEAL %33 ek Yol AFR
AXE F1FEIRAS Frp|Ee AT Hx
A3} s malo] glojof gk 23 S& kel
Be) Azt 33209 vlzE vehdick <k
Bl9] ol2aE AL /s AXlERw &
AAE ANSI 63.5"719) wpHle g 49 g $Awy)
ol W3l 10 m A2lelA o] i) o]&Ae} &4
A +1.5 dBolulellA Uxslm gle) 71E<keE}
2 AHEE colEekEe A 4 +1 dB ©]
ollA] dx]3le DLCD <gkelvie] A9 stdgal
Ae Ak vlas gt s 249 A"

420

Aol ddaL & == Sk webd EAMd EMI &4
< % A¥EE 9718 4 e gl S
otz ARgEled A flg e Balrth
s baE ] Al QlelA adEldelE G, (6, ¢)
£.0=90° s} ¢=0° oA A=) 1Y 62
et oS58 BFct B4 Fulpdidely A9
A & #1319 300 MHzE 3 F4
3 "oirlet. o] qlelute] Expsele Axgy &
A& viehayl

40

w
o

ANTENNA FACTOR (dB/m)
- -
H 2

Illl'llll'f'llill!!

0 L ! M | 1
180 308
FREQUENCY (MH2)

33 5. DLCD <9} gleiv}de]e) w3}

w
-3

T T T T

!

ANTENNA GAIN (dBi)

5
4
3
2
1
8
1
2

LA LAY BN LN B N B

i Lo bl

1 A A 1 Lo 1 l i
38 100
FREQUENCY (MHz)

3% 6. DLCD <HeUe] glen} o5 (8 =90°, ¢ =0° )

w
°
o

a3 7 el FHRAIA beite) Fol
st Hhol mE VSWRS] WBE melEdl. et
o geRat Qete) Foldl e} wWsels

48

vl

HORIZONTAL POLARIZATION

k1

20

VSWR

38 108 300
FREQUENCY (MHz)

@)



48

VSWR

O EE/30MHzel S0MHz ] A S48 *‘z}ﬁ#‘% b2 Eouli
7 T ";“JE T T T T s
B mexmoxmair OLARIZA trox

= 2 \ ey -

z i 1ekm 8

°

N N

-« Ry

2 19 f— o \.\‘w. . -~

@ .

E | \.\.\""‘

= [ =S "‘\., -

= T
P B O _lv. . i 1 1 ‘i“ 1 '

38 168 30
FREQUENCY (MHz)

®)

a7 7. INOUTRMIY  F5hsh et ol o
VSWRY] & )
@ S}
() 5%}

3 30 MHzR2AR Fa5vl $eZold <kt
Folrh $e4% wshgo] sk 2 2+ 9l
o} =it gkElve] Eolrt 3.0 m ool =w <k
o) PRiae dEE AS =3 B 4 ok
oA AR AR stefiels) A
o 7181 Heza o] Wahge] AW EMI 23
o 33& w14 4 9lk

2. Mys AYE 222 (NSA) 53

DLCD <k} 7lsetezxe] Ao sAdE
galslr] $lsled Al¥AzkE gl o] <EvE
Ay AR RE WA 771ERE WA
£ ¥ BEMIY SAE diFE ok AR
(Open Field Test Site)oll#] o] Fezlc}. o]zt Al
PAL Aol EMI 34¢ 8 A4 A7)
Aol BAL sRHol F) Il FACME
NP BAS wAska o] 24 TE3he AlY
Aollxie] AFAHNE Ak Aok T‘P—MH 87
He AAe] 54 Al 449 F e
ghet Alolel A$EAE EHAFEAN HrHoh
o] MEEAS NP (Site Attenuation)o]et
T & 2XATE A Foldl o]&X9t v
@3} 1:1‘%7& Hx} oo £ Mﬂ%«l [TFA
e mEshe Aoz 2ol NSAHE 24 A}
il °PE1MS4 =544l *133797#4% Sgrpalo]
th 7% 8& DLCD SEFE olg3jd 3%7}94
NSAE nejzch .

Zx& HP 8753D HIE%E—W}? o]-g-3}q
Liberty LabollA] ]3] At} VEHEM]E o}
3 AR E S AHERRA G AAEE
22719} ASHR7E o143k Zxrt o AEdt

k1] 1e8 348
FREQUENCY (MHz)

@

38

VERTICAL POLARIZATION

2¢ |— iIx15m —
Pre

SITE ATTENUATION (dB)

30 180 a e ’ 300
FREQUENCY (MHz)

®
32| 8. DLCD <leiutE o83 NSA 3443}
(@) $39%
(®) 499

Heog g=iA vk a-ede) FHAE A4
ANSI C63.404] A o]2x]s} x1 dB, o]uel
A @Ak 9lo] AnAEAe] WrbriEQl +4 dB
ojirct AX AstelA dAFt Qlek o &
Aol AHeE AYAe] ALET} W B AoE
711E)A]%t DLCD seplel A¥EE Frhe 2ol
Zagich webd £ =i AAE DLCD <H|
Ve AlAfe] stz sie] felsied EMC Al
Ao} Mg slEtevEs AHE F UeE &
s F3 Qi

V.4 E

B =EA: 30 MHzold 300 MHztige)
EMC 244 7lEakeus A48 & e 3dy
DLCD <He}e Ajeksiglet o stelel it <t
dudelsl oS X et SAde] BAEgw
NSAZAL B3l qlebe] AHYed sk
ubdel sMndax malewe] HEEl o] ol
o) sjaupge vlad golsid, ARtE o F



F=EAIE 3 =5 00-3 Vol.25 No3A

dgstalda] s 7idslch A X% DLCD <k}
o] <tepEl= Al4bxel 4271 £1.5 dB Nkl
oAl & dXst 9los NSA HrPdshs Al
A AR o]Zx]9} DLCD gt E o]83h 24
A7} £1 dB olHlollA] A Ux3lsick
metr] £ =Fo4] AAE DLCD gl &
A4 EMIS) 2de BE EMC Algae] wrhe
71 EA AR = Qlge] ) ske
22] FAll= 300 MHzollA] 1 GHz7HA|9] Fujed)
el AH-E 4 gl DLCD gheu}e] stz o)
LS o83 AlPARR k] WuiHQl s rd
<+ AXsks Aotk
=g

B

Ho

[1] CISPR16-1, Specification for radio distur-
bance and immunity measuring apparatus and
methods, part 1 Radio disturbance and
immunity measuring apparatus, 1993,

[2] ANSI C63.4-1998, Methods of measurement of
radio-noise emissions from low-voltage elect-
rical and electronic equipment in the range of
9 kHz to 40 GHz.

[3]1 B. A. Austin and A. P. C. Fourie, “Charac-
teristics of the wire biconical antenna used for
EMC measurements,” IEEE Trans. Electro-
magn. Compat., vol. EMC-33, no. '3, pD-
179-187, 1991.

[4] W. S. Bennett, “Properly applied antenna
factors,” IEEE Trans. Electromag. Compat.,
vol. EMC-28, no. 1, pp. 2-6, 1986.

[5S] M. ]. Alexander, M. H. Lopez and M. J. Salter,
“Getting the best out of biconical antennas for
emission measurements and test site evalua-

tion,” in Proc. IEEE Symp. Electromagnetic
Compatibility. pp. 84-89, Texas, 1997.

[6] J. D. Gavenda, “Site attenuation with
log-periodic antennas,” in proc. 1993 IEEE Int.
Symp. on Electromagnetic Compatibility, pp.
385-388, 1993 ,

[71 R.G. Fitzgerrell, “Site attenuation,” = [EEE
Trans. Electromag. Compat., vol. EMC- 28,
no. 1, pp. 38-40, 1986.

[8]1 CISPR/A/244/FDIS, 1999. -

€] +AE “8<2k 7P duddx Axjupigg=]

422

E o[4% BF B AR 2T FE
41313 +=Ex], vol. 21, no. 3, pp. 771~784,
1996.

[10] Jae-Hoon Yun, Jin-Suck Kim, Won-Seo Cho,
and Jung-Ki Kim, “Performance of coupled
transmission line cell for generating standard
EM fields.” Electron. Let., vol.34(12), pp.
1210~1211, 1998.

(1] &% “BF A} DP4 s zde
7149l Al A%t 47, Fooista upapst
=8, 1999.

[12] E. B. Larsen, “Calibration and meaning of
antenna factor and gain for EMI antennas,”
Journal ITEM, 1986.

[13] Won-Seo Cho, Kyu-Don Choi and Jung-Ki
Kim, “Characteristics of a cylindrical dipole
.antenna with end disks,” in Proc. 8th Biennial
IEEE Magnetics, Arizona, pp. 166, 1998.

[14] Won-Seo Cho, Kyu-Don Choi and Jung-Ki
Kim, “Analysis of a Thick dipole antenna with
end disks,” in Proc. Int. Symp. on
Electromagnetic Compatibility, Roma, Italy, pp.
747-751, 1998.

[15] Won-Seo Cho. Kyu-Don Choi. Jung-Ki Kim,
and Ho-Jung Hwang, “Method of moments
solution for the characteristics of a disk-loaded
cylindrical dipole antenna,” F+FEA]S}S] =E
], vol. 24, no. 10B, pp. 1895-1901, 1999.

[16] S. C. Chapra and R.P. Canale, Numerical
methods * for engineers, McGraw-Hill, pp.
166-172, 1994.

[17] ANSI C 63.5-1988, Calibration of antennas
used for radiated emissions measurements in
electromagnetic interference (EMI) control.

Z 8 M(Won-Seo Cho) A3
19973~ A : Felislw
shlg
19913~31A) : Ak 7] &A1
AddTd

<FFA] Fob EMC ¥ AHxj}
EEAM, EMC okl
4 2 w71, Ak
IFT 2 A &3]

< g



# % EKys-Dop Cho) - .- «zr . ZEY
B 19823 “Tech. ﬁnis)ersity of
Munich, Germany
(Zehabap
1983 ~3A) : Figka A7)
A Aot w5
<FPA Hop wWI=AFA
O Ao, wsArle

2 274




