Comparison of Normalized Site Attenuation on Finite Ground Plane
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ABSTRACT

The extent of a rectangular conducting plane for measuring electromagnetic interference is discussed. Mutual coupling between
the transmit and receive antennas is negligible, the effects of the ground plane on the normalized site attenuation(NSA) are
considered by applying GTD(Geometric theory of diffraction). The calculation was done for the case that measuring distance(d)
was 3 m for both horizontal and vertical polarizations. As the result, the size of the rectangular ground plane almost never affects
upon NSA for horizontal polarization, but for vertical case, when both width and length of the rectangular plane are several times
as long as distance, the effects of the edges are reduced under 1 dB.

IIHE
electromagnetic interference, NSA, GTD, horizontal and vertical polarization
Axrsbds, Barst AEd 4%, GID, % A, £4 A

M2 othrlol AAsHBH e AAE Folstn x82
%S e AA% #74714(EMC, EMVEMC)

AApste] ol giobt FAAGa BAA Ao A7) ojd $o] ek g (1]
A\ 8okl 4% WAL T PHBRA A4S $371% 279 JEdAe Qusos W
AR QA e F4E zAsa 9om,  Hddnte WAL oA AT ol waaA

« Ao et ™A &k (yoonky @kmu.ac.kr)
LRt 2011, 04. 12 AMAHTH)LRL - 2011, 07. 04 A EHE AR - 2011, 08. 12

473



AT =EA A6E A4

dkolof fjste] Foldle THMY)S Folste d
2 g ¢ e, ol EMI/EMC <+t
Faf dxbotke] A
g S AEs| FAslolof
AR E & Ags] J7d  don g E A
g 7] wWioltt ol2idk EMI/EMC Al glojA
9 24 7B AAHEE A3t wHE3EA (semianechoic
chamber), °F$] A& d(open area test site), A3} 2}
H A (shield enclosure)} & FSAHAIAAA AHEE
7% EMI/EMC &4 ZHER2 3A 27 F+ Ao
[2].
ofe] Al o] WA Hafste] HAH o A4
2 oJEA = oFJAIFY 9l F A M| A Fh=
- AL QbElY Ato] o] AT} %
e 4 Ak olek 2
(site attenuation : SA)ol2} 3hc}.
Akl A A o, AEA A
o] EX] 9} Hluste] +3dB olujd| Eo]7HA
o= At o] V|FEo] HE AIF%
£ ofQIA| g Aol o] A elgta 7t
e (FHel A g Ak i HA gl F
abek ghs ARE-sh,
wetA Al A o] X9

o 2 F?‘J x2 —U

o odor ofy ot

Ql

R84

rlo
=
o
P
>
o
>

N

o o

oo, o
eagyesd

rH

ﬁ
L
2
rlo
=
&

5
o
oX
1>
1o
o,

(electromotive force : EMF)H [4], [5]& AF&-3te] A
Abekeith o] WHES B F - FASEY 2 A
gate] A543 &7 mutual impedance correction

4ds] kg o gl wARS Za

factors)&
ALt
Fol A FHF FAHNE T2 TR E
Bk ARE-Eo]gto =
3 wlolmuyAtE el 22 Pt} ALEE]
39k ole} Ayt AEA QQ%“P—E?—H & -
21 qtelve] SHHUAIRE ALAIZl st A
7+4] ZF(Normalized Site Attenuation : NSA)E] o]
X 7} A=Ak [6]. NSAE & - 24 tho] Zoty|
AEATES uHEste] AU o]E3M S stn

aL grptan v (7],

Y0, AL
ng
T rhu

474

54 Zae NSAS ol#A A9 1#d, 34
AA S o= FEF dd =AR g3kl ol
Aol A, @A o= o] FFoA o]Fojx 1
itk Al HA AR A} "gojzglojof
at7] witel A4du] 5o dis sk, 88 7k
g A mAlEe) A77F of ARQVEE HES 4
L7F ek

s F8 AAR 99 F Al dEY
7 AT FFE w4 @ AHE -7 dEuE
nlattol EE YR M), HA =ARe] A7)t

NSAd A= Fadol] s 2@ a9k F A
2ol 471 €] B (edge) Ft] G 71ehEEA
3ol =9l GTD(Geometric theory of diffraction)
(8], [l <f3 A=, & - A e L] B2
E AREIE HEUANS O] e EHE Ho=
314 0}934 FA A & - AL e ATt
3 me] 7 5ol gste] Atslaith

2 /x edgel
J% 1. NSA £d & ¢t e+ x| =
Fig. 1 Geometry of problem for the NSA rectangular
ground plane

IF 13 2 ofe] AlFAe] AR R ES
SHHAHEA Qo FAUdE & - FAMJHY Afole] A
SHAY EARA v Zo] Aot

P
SA=10log — [dB]
P (1)

714, Ps SAIEHY #lo Fase 948949,
Pri FAIGHEIY #20]] Zio] A2 FHAS Wl At



FE AR e arst AR AT v

ol f715e 571488 :

A9t e AN AT e Algete o
o & dElAER oy]A % -
AFAL A2)S i}ﬂﬂ% Atek AEd 7
(NSA)&

o
=
o

Aoz eheuplss 7zte] chelube] elaiA

ARE oA = Alo] ot} F - FAISHEIY Abel ok H
A=At ds Al olsf Wskgth 7|4 o]y
3 JaAFel gl viartelEetetE o) gak
& 437} go] NSA: ZISH¥SH wyozE A
7hs st}

NSA=32-20logF - 20log E,_,, [dB] 3)

A7), Fe AMEFIMHzZ], Enae $A19HH)
9] o] hE AU Eo] hy
ho=homin 1A ho=home7HA 7FEAI7| 2 799
ALl HojA o},

1AE I,

¥AE depdth, WE HJA AT fo] mlhtelE
SACHLHS) 2 FAICHWKP)7F 42 =o] hy 2
hp2] $1A]el 7+4 d= wjx = o] ot GTDel <jshd
SRQHEHY Soll o%k #5H PolA 9] A WA Ex
o5 23 Aol Foixlh

E=E +E"+E° )

o714, B, E'e A3t % mAge] 9% wiks
olu], thg3t o] Foixit,

i exp(—jkR
E' = Eo —p( ) ) €
R 5

R=SP=,/d*+(h —h)’ ©

e =—sXRxR 7)
E-E exp(-jkR ) e

R ®

R =SP=Ja’+(h-n) 9

e, =—s xR xR (10)

s =S (—XX—yy +7z) (11)

o7]1M, s Aok SelAe dFaatel deuE,

s’ EAlHel ofg o] G4, R R’ HPUHE &
Atk &3 Bt mAg $19) 4719 2A2(edge)
of o3 3|AAE EATH, edge 1, 2 E edge 3, 4
Atole] ttE3|dAE Eete] Ty A3 2ol EA
Eig=3

4 o
EC=2 > El,

i=1 n=1 (12)

o,

E = edge idld Az sdate 5 A
gAE, 15]9 Sdan=1)E e 2ol

-

E{, = EQA(r TP 1)e

(-aiy “i,ng) -0, (Pi,1Dr(1i))q>(7i,1) (13)
1
A(r) = ——
) Jr (14)
Cb(r) — eXp(—jkr)

N (15)

S?'I:D(rll' |1'ﬂi ) |1)+D(r|1v |1'ﬂi ) |1)

A =la=a| (17



FRAAEANLH =8 A A6 AT

/\}-J—]—Q}- 3419 edgeol| W3 2t
= O3 2ol 73 4 th

0 - = tan
o y-y' (18)
Aq7IM, 12 HF A3 edge MEE EAIFY,
st e WA
n(714) @ i=l;

exp(—j %)
D(rr f.0) = e F[lg
siha P
005(2) (20)
Flxl=2iVkexp(in)| ~ep-ir)dy
2 B
x = 2KL cos > 2
r'r
Lzﬁs'” o @3

3k n>23]9 t53| Ak edge 1, 2 E edge 3,
4 Atelo Al ng] #4d)E v o] TR,

= (_Z)n(ei,n 9o

XEoA(r n+ (n=1)dy, +1 1 )P(r 1)
XD(I’,n,(I’] 1)d +r|n’¢|v |n)
x{(D(dn)}n_lXH{D(dnimn+r|,n'0'ai,n)}

m=1

X D(dnvrl n*ﬂ n)q)(rl n) (n> 2)

476

|{:I @,l=
#| (n:even) (25)

olg} o] 2(4)ox EE A
A =AT 99 edged] JFES
3] Aske 4= 9l

o]' T, _I(S) S i‘r‘ﬂ
¥3}F5l= NSAE 7

V. AlEEZiae

)
rz
Ral
10
a
El
p
oy
HM

& a9 19 K% A4 =AR BE A%
4 B4E god AR BAS olgsie Aiw
AE thgel Lkt o714 FCCe ok 4w 4

Ao whebd JES AnE A FCC 4ol
A FARIL e A9 BB FAxAe g

=o] : hl=Im

¥o] : h2= 174m (d=3m, 10m)

= o Aeade 4, Fa
Al FAkEGERE A8 o|slel, Aol
A oEE dTE s a8 % 45se)
Bapshe] g ok Sa1erEe] ol hyoll wWebA W

steli=d] o] #AE UehilE Ro] NSAS] ol E 7
H(height pattern)o]th. Z#o|A AXMS HA =A%
o] AP A(ah=00), AL FAPW A$ B
FAAA AR e dwE e
(2a= V3d,2b=2d) Al sdat F3 AW

o 4] NSA o] 2340,

a9 25 d3 meld] £EARE AgIAAS P,
ARG 30 MEZIA S B8 A48 48
A Aol 1 dB A= Aol7k Qlout, 100 MHz
AL Aol Atold] Aot e & & vk
a9 3¢ £ABRE ASHAS FTEA F3

W el Atolol

2%
9,
N
—_

o olgmaa WiLegle
e



F8 AR A9 A AR 7

(%8 : 28,2b=co, oo 0§l : 22=5.2m, 2b=6m)
4 [ S A S AR R
d=3m _:
35 ¢ AvEE |
hi=1m .
3 F 4
_25 [ 1
L -
10 4
1.5 F 30MHz _:
q PP NI LTI, [P P
-30 -20 -10 0 10 20 30 40

NSA [dB]
a8 2 stole Hel(GEHT
Fig. 2 Height Pattern(horizontal polarization)

(%88 : 2a,2b=c0, o il : 2a=5.2m,2b=6m)
. SO 0 I R AL L RETER B B LR T RO B TR
35 [ 7
a F =
Sa2s5 F 3
2 E ]
2 :— d=3m E

C (R F

1.5 E hi=1lm -1

1 b P
-30 -20 -10 0 10 20 30

NSA [dB]
J% 3. Si0|E mfE(ZHa})
Fig. 3 Height Pattern(vertical polarization)

TS 8k A =AY F(2a)F Aol2h)E W
& st Fok JAEAR 99 NSA9 7HshE &
3 A =A% 99 NSA FHFEAS 28] 9

d & F34 19 30 T 1000 MHz, h 9]

=o] 1 m, 7MAsHE hyd] ®o] 1 7 4 m& sto] 4
A S Spoith T HAEAT 919 NSAsH 7piet
B 4A =A% 99 NSA #e wuate] gzt
o iz} A7k Hi= Fe & 13 20] %A ATk
F 12 FEAste A9 HA AT Zo)(2h)e]

Axjolth. g EAR] Fx} do|7h £y
$oh= 92 14 m = NSAS #o]7h 1 dB ol

She Aol AS & F Uk ¥
%, d=3 m WAL FHATE S FF
EARY 2717k Eo] 2, Aole] 20 A%
17 EARe NSASH 2 Aol7h ¢Aw, 4 A st
gaE HA mABY 271F O
Ak A2 o 5 Yk

E 1. NSA AlAkx|e| H|m(F=%Hm})
Table 1. Comparison of NSA for horizontal
polarization.

9] [dB]

10 ©

4 m 2.67 287 3.01 3.08 310 3.02

5m 1.03 1.20 131 1.36 1.37 1.30

6 m 0.32 0.28 0.35 0.38 0.39 0.37

7 m 0.39 0.26 0.24 0.29 0.33 031

8 m 0.44 0.30 0.21 0.21 0.24 0.27

© 0.25 011 0.08 0.07 0.05
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Table 2. Comparison of NSA for vertical polarization.

@9 [dB]

2b
2 18 o

8m | 1.86 | 1.57 | 1.30 | 1.31 | 1.36 | 118 | 0.95

10m | 1.63 | 145 | 1.36 | 1.00 | 0.83 | 1.04 | 0.83

12m | 156 | 113 | 1.37 | 085 | 0.75 | 0.95 | 0.70

14m | 148 | 1.08 | 083 | 095 | 085 | 0.67 | 048

16m | 156 | 119 | 0.68 | 0.79 | 087 | 0.80 | 043

18m | 139 | 111 | 0.89 | 059 | 0.79 | 0.68 | 0.34

S 1.08 | 090 | 076 | 049 | 043 | 034
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