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Abstract

This paper presents the improvement of the field uniformity in a reverberation chamber which can be substitute an
anechoic chamber for the electromagnetic interference (EMI) and immunity test. Nowadays, there are many EMI issues
due to the increasing use of wireless local area network (LAN), digital multimedia broadcasting (DMB), and mobile
internet. With this reason, this paper studied the field characteristics in a reverberation chamber for 2.3 GHz band. In this
paper, the finite difference time domain (FDTD) method is used to analyze the field characteristics in a reverberation
chamber. To improve the field uniformity in the reverberation chamber, this paper adopted a 2D cubical residue diffuser
(CRD) with varying the disposition and number of CRD. For each case, the tolerance and standard deviation of the electric
field strength are evaluatedIn comparison with the reverberation chamber without any CRD, the reverberation chamber
with two CRDs showed improved results; 1.98 dB improvement in standard deviation and 3.6 dB improvement in tolerance.

Keywords : Reverberation chamber, Field uniformity, CRD(Cubical Residue Diffuser),

QRD{(Quadratic Residue Diffuser)

I.M &8

AR5 (EML: Electromagnetic Interference)
BA} WA (Radiation immunity) ZHL yEE
IS RS A} A g& Blgo] AgF
&

=

1
=

=

T
-
o

Aztg} FukAbA (Anechoic chamber)ol Al o] 0] zlt),

T EAEY, T B, ddiiEn A=A 7)Ao} A
383
(Department of Electronics Electrical Control

=
=

&

Instrumentation Engineering, Hanyang University)

Hrdak 2009912€9Y, AR Y: 2010949413

(302)

oy Ax7)7IV AeEe A FH7E ¢ GHz
ooz FFH w, A} E FAEF HEo
A@sta  AgEse AYge]l  gle AR
&2 (Reverberation chamber)o] Az} F-HkALA 9]
HEAAZ adFd o WAg e #d
A7Z4%E vw EEAT AT YNIST: National
Institute of Standards and Technology)elA 19863l
wx HAonH A Axw F 5@ 943
(CISPR: International Special Committee on Radio
Interference)oll A AXs Aol FAH  H3
Ztol=gRl# EEE AFstn It Axm A



2010 4% HAIZEE

el AAZE #44& AAsE 24dE dRedA
4R @ 5 e RE F wwhy] (Stirrer) B #4b)
(Diffusen)®] &€& 283 AZ Al A8 F49 Q
factor 5o] .

FA7EA Schroeder #2419l QRD(Quadratic Residue
Diffuser)¢t w¥71& Hzba}h g o)A 5"1011
AHEERE o] AgHgal mwy] zpRE
wolz  wiEd WAdE 2xE Fol7]  $iad]
A7 ARSSte] Axim) {éé’é] o AAZE
Tdde] el #g A P
Axat %A e AA%G e“é% RHEA] 7] 7]
A= sl Atgts ﬁ]r—r(L : Lowest Useable
Frequency)& & dlo} dto}, =3k A X}er ZHkA U9
HARE EAS Fotabr] 989 H43) AAd A3
FHTest volume) ol X AAREE Z&sta o2

ol-&dted Aatu ko) FAHE FAVEY

v =M E A g gy dAdEe] 55
HA, FAHTolerance) 54, B3 B4 53 /A4
7] $13te] 2D CRD(Cubical Residue Diffuser)& 47|
sto] At g giFe] BEsigoew I 4o w
& W AAAE 548 AF ik w3 Axn 2
T o] AAZE NS st NS FaxE
W(FDTD: Finite Difference Time Domain) ®2]-& &
g8t o, XFDTD version 63 Z&I1HL AlL31d

AEgold Btk AHEE Ald FiASEE Wireless
LAN(Local Area Network), DMB(Digital Multimedia
Broadcasting) ¥ Ftl 8l Alg#o Z7l2 <13
A7) 8 wolz7t T 7]7|u Ao ot ke w)A
AOE odEe 23 GHz dgd 238S w3}

:&9

I. FXtu; Tk A

1. ©Xtm Zhekd A7

a9 12 AAE A e A712 yehdin
A} JFAE Wi 5o dAARE FY4e] /b3
ToIEE AT FHE 23 GHz dYgelA
OERE A7) @7 (Multi mode electromagnetic
environment)& W3] §lste]  HEIZ A7E
7hA oL #et AAber ez AREET) 984 3 dB
ojue] 2= wddE W] A Ha 607H o]/
ve 7 destd? dast gl yre v e
FHE e, 2SEA de e X“P-’Jr e

(303)

=EXN M 47T HTCH

g
Fig.

-0l A

1.
1.

H4= 19

Y =95cm

p T T PP T I T Y P PRI
’
4

k4
/7 unit cel X=95cm
,/ lem

000 7=120cm ©

MRtml zhekalel 37|
Size of reverberation chamber.

By bsd mE s 4 OF 2aY

%de(f)Z%TOXYZ(i) ———(X+ Y+Z)(£)+% 1)

st

Y, Z+=

FaTE 625 MHz, fo 991€ [MHZ], X,
AR} 4 o] dojoln} g9l [em]o|th

2. 2D CRD 44

a8 2«

2D CRDS @& HolFm ¥ 12 19|

W2 JEs Fol2 ek Aoldh Axhst ekl

M aTEe

AAES 2A4E Fua) slsted

3
A7l AAE Schroeder #2419 QRDPS S43hgi).
$8¥ QRS(Quadratic Residue Sequence)®] S, A
@} 21,

=|n®~jN]| (2)

42 6 7 9115 91243 58 1310

2D CRD2 &hH
Side view of 2D CRD.

2D CRD2| hE2t O =0|
n and height of 2D CRD.

(ool ENERap ) Hw L | TSN RO | G R R Rev)




20 2D CRD #0| mE NXimt ZHetd
X= 85 cm W Unit: 5 cm
Y =28 cm
Total : 85 cm X 85 cm

a7 3. MAE 2D CRD
Fig. 3. Designed 2D CRD.

q714 ng& 0FH (N—-1)7HR Aoy =
0.5 n’—jN & VEdE A A5olth N& AR

FHEY o] SequenceE N& F7IE zton Al

F7F whEEn 23 39 & @e A Eold u}

E} 179 ¥HE3ale] 85 cm x & cmd A7|E JHAE

o9 39 ¢49 2D CRDE wETh d9F5YE A%

stof 71€<) QRDET O B A A H=
ARt E3h= oS Sdig 9o

3. FDTD $AIaHA] vty
B =FdA A" FDTD Fx8)A ut
Yeed] 93] A& *711[”543101# ?‘e;%

Ae BE Zﬂx}ﬁ}—ﬂ:ﬂH T3 H@u e % WA A
€93 9. A5 Sinusoidal wave)E W F o)
PAbetE 27] AIZE BF GANEeE WAbE L F A EH o
HEFAo] BAnRE FEsto] A7|E AA3F F7t
AMA RE@4E LA E A (3)S A3t QA
HV)E TR ke F719 3l5o|H A9 el

Folth, B =FoA k=201, 7= B39 3 F7)
£ veran®

#sin(2—7}t), t<kT

SIH(T) , t= kT

AA HAS $sle] 23 GHz g9 1 V AdHE
¥E 42272 HAdGow HAxz gk zmde
Cell(475, 475, 30)9l A -Z¥r3ko = HAst5ie},
3zl A FDTD 44 aj4 9L 7|2 Celle] B¢

AA7) 9 Hagde 1/10 o)z AAHF 9 %

=2

=

(304)

oy
>
Ji

(Mesh) Felz Edslol ac}'. QA9 AR5 Aea
9] AA AZ)E 95 X 95 X 120 em’o|BE Caurant-
Friedrick Lexy ¢t84 279 93] At=1925 ps, 13]
Algd el F<te HE $E B0 How AR
"6}-9\9\\:}-[7' 11].

FDTD #ye] A3k 238 yehlz] g3, 24
Al &Y o] el X*%?‘Q e A8 9o Z7], dA

A2 (Source)?] &3 x|} HAE el s
AA A7) Fo] H=A HQ3t,

A7 7

L

3}3l

“

4. HARE AN Y
a9 45 FANNS AT A FFY 2UYL
pelEth AR B ALEe SHEA(PEC

Perfect Electric Conductor)® A4 dAew Ag F
ZHTest volume)< IEC 61000-4-39 AH € Mtz 7
HabAe] dist Helg F£48t, AMAbd A U9

AAYE TS k) Astel RE HE oz
@ g ol "ol AFEL Adsel Y FVE

hyA 1
A ERNEE

Ao wa EE XYHW Z=0914 30
"ozl Fodol HA stk
Iy 5 A 3] AARE F
Fo}. z9go g 7247 50 - 90 cm 7HA
AR H, Ztzhe] Hdd 16719 ®
A &l%ﬂﬁ Z 80719 H2zE id
IEC 61000-4-3¢) A€ s ¥
a3t 8070e AAYRE
9, 1% B %2 6078 & =§

22 Uy 54 A

X

9E
74 €]

EZ
3

gHog

rz 2

=2

©o Be 24REeE 79 A%0) 3

(95, 95, 0)

©.0,120) Each Plane has 16 points

0 Total Points : 16 X 5 = 80
[Unit : em}

S A S 95t MAtT &Ekal Dz
Reverberation chamber modeling for field
analysis.



2010 4¢ MXZEH3

Y

13 36 59 82
{0, 95, 50) H (95, 95, 50)
¢ 82
4 T1s 6
¢ 1 2 59
[ iy 8 38
; ; e 13
Test oL F 3 4
foint
0,0, 40) X
-~ (95, 0, 50)

74" Z =50 60,70, 80,90 : S5planes

a8 5 Al 32| MAHE FF EQIE
Fig. 5. Test point in test volume for electric field
strength.

Ao A A9 317]7} e 75 9% o]l A =4z
o] £3 dB ol lew #dsita Felshy, Mtz
A e AA EE P S48 79 Adoz 28T 4

AT} ol Aol AT Fukapas Ao gapdel HA
upg Afololt,

a8 6. 3 7hx| Hele| MAim ZHEA Aol M

(a) No diffuser (b) Diffuser 1EA (c) Diffuser 2EA
Fig. 6. 3 Types of reverberation chamber.

(a) No difiuser (b} Diffuser 1EA (o) Diffuser 2EA

EEXNHA7TATCHA 4= 21

T 2 Ag 2o MAZZ MZ AU T T75 % &
A

Table 2. Flectric field strength in test volume @ 75 %
sampling.

i t{dB]

& gHdB] 4856 52.90 54.61
B 52.03 5470 56.29
[dBmV/ml ) ) )
TE At
[B] 474 407 276
2 BA
(B 6.71 375 311
60
g "'i“ti}u* N '“ “h»'n’“
55 9" 'm’“«% Aot LR P mwtu
T 5 M ] wvw;‘g{ A

v 5

-+ Diffuser 2EA i

50

45: -« Diffuser LEA

- No diffuser

40

Electric field strength [dBmv/m]

0 10 20 30 40 50
75 % Sample

ag 7. 75 % MEL MAZE =X
Fig. 7. Electric field strength distribution of 75 %
sampling.

242 yepiy 298 7& 3" B % AEe #
AARE BEXE JeRd Aolth B 3171117&—‘5b 6(b)
o] 7% 6@l ®l& 267 dBmV/m
6(c)~°4 739- 6la)ell w3l 4.26 dBmV/
Folstgin). Axtgr A3k e 1474] ﬁ’oa“é%

r—|-4 U
MF
o
=
2
>,\I

‘JrEM% £5 @29 6 Bt 6@l vl 07 dB
‘{ﬁ MaEAeH, 6(c)] 85 6ol v 1.98 dB
Hd% AL FelsAnt. T4 549 A5 64

s 296 dB WE AAHLLH, 609
6(a)°ﬂ a3l 36 dB W2 AAE AL BB



20 2D CRD #0) Mg Fxtm X

; By

awe AV
#e :
LY / \.‘."a}" x, ] 'P.l' .“
N

40 50

Electric field strength [dBmv/m]

75 % Sample

—HUI O|RAA| ThgHMe| B E, EHo S
E,, E, polarization charactensnc of
reverberation chamber : No diffuser.

o
L
oo

1.0 |
0.8
0.4:4

0.2

0.0
0 10 20 30 40 50
75 % Sample

i;iﬂ)bx‘wn“g'q'p .\Qh ““'.lq""."

Electric field strength [dBmv/m]

Al
=

02

I8 9 XY™HH 7=0°| &t © EHAU|E BEibsh A
°| E,E,EHI} BY

E,, E, E, polarization characteristic of
reverberation chamber @ XY plane Z=0, Diffuser
1EA.

0 10 20 30 40 50
75 % Sample

Electric field strength [dBmv/m)]

for
U

32 10. XY™™ 7=0, 7=1202| & Hol| &A7[E REtE
Lhgkal of E;,JE;,ZZEEP 4

Fig. 10. E,, E, E, polarization characteristic of
reverberation chamber @ XY plane Z=0, Z=120,

Diffuser 2EA.

iV*UI ol W2 AE SZHe] MAZT ME
w BB % EAH

Electric field strength in test volume with various
diffusers: 75 % sampliing.

AA e | Diffuser

HolgdBl| 5772 5780 58.23 5831

A27dB] 5461 | 5470 | S5 | 5623

BT o9 | osesT | 5668 | 5672
[ dBnl\Y /m] 0. 0.0 0. .
¥F #1x _

2

[dB] o | 2 | e | oom
¥4 54

i 311 | 310 | 308 | 308

@ el BA72 $RY 39 102 AAHY FEGol
o ARYYAT, B9 &
B s A UrE}”ﬁtﬁ XY%9 Z-0,

e F
aA gzA @7] WEel A A o)l Firle 84
K3kt

3. Mxim THEA Rl HE H#dd

718 Schroeder WAe] Fi7]1E #&3 AT
A e AAZEE ZARE] 918 Yee
2o x2¥ XFDTD version 63 Z&18& A
of AlEd el st

O¥ 112 37HA Y A AlEdeld dRE
gtk XYHEW Z=109M E,, E,E9 AA &

B, = EX+ EX+ E°% dB ScaleZ e 3io]d,
AZg olgstl TRAYT Br)E A gL
29 U@AR 9] BARY o v, 2 110)
B 2Y 1EE AdHeE 798 AATE E4E

BolE A & #F £ vk XyYHE 20, Z=1209]
% ol FA71E 29 19 1509 A% M B
S4e e

(306)



20108 4% MXAEES =FXA M 47 TCHA 4 =

a2

aharl

1. 37t& #Hefe| Mxfu} Alg2(olM &=t
{a) No diffuser (b} Diffuser 1EA (o) Diffuser 2EA
11. Simulation results for 3 types of a reverberation
chamber.
(a) No diffuser (b) Diffuser 1EA (¢} Diffuser 2EA

Fig.

V.4 &

54 AAGEY 1
4 ANE 98ked 23 GHz toel 23
2D CRD® WX} 7o) whe w]aliA
HAQ e AA s BA A

A

Re AT e
PSRN

307

=

@]

r-l

(1]

(2]

[3]

(4]

(8]

19]

[10]IEC  61000-4-3:

£ sy A, gariE FASA
A wsted EE AAE 1R B, T4 54
dB W AR T3 AAY dAAs B
2D CRDY| & F7H719E A
Azp Zga wiRel HAZE
RD
CRD
ch.

23

o}

F O
Vo -

A7}
& 36

ol
wop
2

oo

L
s}

i
2
i
H

3]
h=4
ERED

2
82
A

(BOE
2
Lo
=)

T

po{:
_k‘*:l‘
1z
o,
kv

IEC 61000-4-21: Electromagnetic Compatibility,
Part 4-21. Testing and measurement techniques
Reverheration chamber test method, 2003.
M. L. Crawford and G. H. Koepke, “Design,
evaluation and use of a reverberation chamber
for performing electromagnetic  susceptibility/
vulnerability measurements,” NBS technical Note
1092, National Bureau of Standards, Apr. 1986.
M. Petirsch and A. J. Schwab, “Investigation of
the Field Uniformity of a Mode-Stirred Chamber
Using Diffusers Based on Acoustic Theory,”
IEEE Trans. on EMC, vol. 41, no. 4, Nov. 1999.
o2, olFT, AND, WHH, “Schrooder
olgd BAT YA el Ye 3
A2 93 2 vfelazs 9 As GeuE BF
A, AR, ALE, 497-500%, 2000 5E.
S. Y. Chung and J. G. Rhee, “Field Uniformity
Analysis of Reverberation Chamber by FDTD
Simulation Method,” International Electrotechnical
Commission/CISPR, St. Petersburg, Russia, May.
2000.
M. Mehta and J. Johnson, “Architectural Aco-
ustics Principles and Design,” Prentice Hall,
1998.
K. S. Yee, “Numerical solution of steady state
electromagnetic  scattering problems using the
time dependent Maxwell’s equation,” IEEE
Trans. on Antennas Propagate, vol. 14, pp.
302-307, 1966.
L. V. Venter and D. C. Baker, “EMC. Radiated
immunity testing an overview of the
reverberation chamber,” IEEE Trans. on EMC,
vol. 7, no. 5, pp. 471-474, 1998
kL olFZ 2D FHAE o] &3t Matuk ek
Yol He B 54" @F AAREN w24,
A6, A4z, 373-379%, 20061 44.

Testing and measurement
Radiated, radio - frequency,

Diffuser&

techniques -



24 2D CRD #0 Mg Fxtmt Mg Lo 2E oYy 74 HEE g
electromagnetic field immunity test, 2006.
[11] XFDTD, Finite Difference Time Domain Graphic
User Interface for Electromagnetic Calculation,
IEEE Press, 1999.
VSIPNEAI|
4 A =(EAE ) of & 2(HA3Y)
2008 sFdiEta AAAFH 19673 MEEga H7]3sa
R (334D (F3AH)
20100 grekdiEa MR Ao - 1973@ Univ. of South Florida
AZFeT (FIFAAD A Ag 83 (F A AL

<FT/A] F-of
Touch window, 4=X] 84>

2y EEEY)

19094 @Friet 33w
(F8A})

20019 FFRSFE AT A%
Fok3} (B8

20013 8¥ ~3A 3kt

<FHAEF : EMC, MW

F, FAA>

EMC, Antenna,

(308)

1979 Univ. of South Florida
A 245 8t (F 8HEkAL

1990 F=AAwers] 2o 3%
199313 ~1997'd ¥ ofnpao] RAAT o|Abg
19983 ~d A dietn AAHFHETEF AT
20043 ~ @A IEC/CISPR/SC-H/WG4 Convener
<FHA o) EMC, MW ¥H3#, Antenna,
CISPR, ITU-R>

A Z}3-g

A=A 7] A o
(3344}



