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Expansion of Test Frequency Band and Improvements of Field Uniformity

in a Reverberation Chamber by Using Dual-Band Diffusers
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Abstract

This paper presents the characteristics of electromaguetic field uniformity in a reverberation chamber that can be
used alternatively for the analysis, test and evaluation of electromagnetic interference and immunity. The dual-band
diffuser, which can be used at two different frequency bands in a reverberation chamber, is applied, and it is made
of two different single-band Schroeder's Quadratic Residue Diffusers. The FDTD method is used to analyze the field
characteristics. Compared with single-band diffuser, the dual-band diffuser shows the improvement in not only
expansion of test frequency band but also in characteristics of the field uniformity, polarity, power efficiency, and
tolerance. Therefore, the reverberation chamber with the dual-band diffuser is a better facility, for the analysis and
measurement of electromagnetic interference and immunity, than the reverberation chamber with a single-band diffuser.
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Fig. 1. Structure of reverberation chamber.
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Fig. 2. Schematic of diffuser.
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Fig. 3. Geometry of a designed Schroeder 1D QRD.
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Fig. 4. Geometry of a designed dual-band diffuser.
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E, E E

E
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Source
Type | 2.25GHz
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475 GHz
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Type 2 225GHz
Diffuser Source
4.75 GHz

40.0 {6.89 1374 7.02 355 |6.94
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(a) Type 1 E3718 F-343 28k (source-2.25 GHz)

(a) Reverberation chamber with Type 1(source-2.25 GHz)

(c) Type 3 &471E & 24gkd(source-2.25 GHz)

(c) Reverberation chamber with Type 3(source-2.25 GHz)

(¢) Type 2 B471E F3E 234 (source-4.75 GHz)
(e) Reverberation chamber with Type 2(source-4.75 GHz)

e

(b) Type 2 3718 F-25 284(source-2.25 GHz)
(b) Reverberation chamber with Type 2(source-2.25 GHz)

(d) Type 1 821718 F3d 23 H(source-4.75 GHz)
(d) Reverberation chamber with Type 1(source-4.75 GHz)

() Type 3 #4718 H-238h #3kid(source-4.75 GHz)
(f) Reverberation chamber with Type 3(source-4.75 GHz)

38 6. y=15194 xz e A7 A7) X
Fig. 6. Time-averaged electric field magnitude distributions on x-z plane at y=151.

Nag &

Z3}4 2~25 GHzS} 4.5~5 GHz Bl o)A Az}
713} gito] 7Hsd Zhzhe) v iy ks e} Al
3 Fo g o] 75 olF Y FNE
AASRRD A 22 A 7R e g7 F
£9 Zhzhe] 7k s FDTD WA 2= 27
A EE 54E T4 A, olF Uy At 4
zkel g g Fakv)o] vla), Wk @ AR 2
AT ZHAA 5T B oje), A8 & £
FEE & T AT 53] o)F Y Fibr)9 A
A7 gke] Z719) gk FAF AAE F A A Y
T4 Gl B5F 35 dB oW ek, o]

78

FE AN FLET e w2

2
b3
)
L
o
=
1o
f
e,
ot
rE
=2
=
g, oo
”:Od j“‘ o
— —r ’
B
_O|L
38
T

o2 A
4t ag W
fo

42 ofy

2

A Aot £4do] M S,
oy 54 Hpol o
g

AA7 N9 AR s 2 EAF WA S49 o
A AR AN E AHE AT AL A
3 T35 99 g2 A3 olF HY FWNE
A&3te 2ol Type 13} Type 2 22 ©d t it
71E AHEshE AR 2A HlE, AE &8, AR
del ¢dx 2 W B F oY SHAX o



Q
0

o
®

o
~

=4
o

o
P

o
w

Curnulative Probability Distribution
(=]
o

o
[}

0.1 -

oD 20 3 4 50 60 70 80 @
E Field Strength [dB(mV/m)]

(@) Type 1 4718 238 e
(a) Reverberation chamber with Type ! diffuser

T ¥ FWB
; S
o8t &+ gy S .

©  Ex
* Ez| !

Soufce

| 2256z g . i L O ORI SO 4

o
S

o
o

N
A

o
w

Cumulative Probability Distribution
(=)
(4]

o o
= N

o

20 30 40 50 60 70 80 90

E Field Strength [dB{mV/m)}

(b) Type 2 SH7|8 BAG apal
(b) Reverberation chamber with Type 2 diffuser

o
13

o
b

o
o
T

o
=

o
w

Cumulative Probability Distribution
o
(5]

o
[N)

01 -

0 10 20 30 40 50 60 70 80 90
€ Field Strength [dB(mV/m))

(c} Type 3 &i718 #33 g
(c) Reverberation chamber with Type 3 diffuser
J8 7. y=15160M x-z FHY E_, E,E, HE9Y
TH X
Fig. 7. Cumulative distributions of E,, E,, E, com-
ponents on Xx-z plane at y=151.

g 7o dd B3 ¥ AAY FUE GHd B 7

224YS T £ YA
B ERdA BolE AoE 23 0% o) d(multi
band) B417] AAGIE S48 RoE BT,

ot

P

Ho
ra

[1] M. L. Crawford, G. H. Koepke, Design, Evaluation
and Use of a Reverberation Chamber for Performing
Electromagnetic  Susceptibility/Vulnerability Mea-
surements. NBS Technical Note 1092, National
Bureau of Standards, Apr. 1986.

[2] Sam-Young Chung, Joong-Geun Rhee, "Field uni-

—

formity analysis of reverberation chamber by FDTD
simulation method", International Electrotechnical
Commission/CISPR, Petersburg, Russia, May 2000.

3] o138, olFd, A4, "AA s A S o
&8 A YR 95 X 4, 3
783 =22, 11(5), pp. 839-848, 2000\ 8.

[4] i, <15, 349, 4444, "Schroeder Di-
fluserE ©-8-¥ A3} A fre] U= §4,
EAntola 20 2 At Steds] =23, 23(1),
pp. 497-500, 200013 59.

[5] B, olFa, o1$A, 0|52, "Axt g Fa) 2
EARRAY S48 AAs g Yy gE &
A, = SEUE =3, pp. 58-62, 20009 9
4.

[6] o133, olFd, B9, A%, "AAn 2FA
ol 2= ZUA FHE 943 Schroeder W29
Diffuser AA", ¢=3-3e3] dh&)3] =54,
19(1(s)), pp. 211-214, 20003 74.

[7] Eugene Rhee, Joong-Geun Rhee, "Field uniformity
characteristics of a reverberation chamber with dis-
positions of diffuser sets", EMC '04 Sendai, Japan,
vol. 1, 1C2, pp. 125-128, Jun. 2004.

{8] EN 61000-4-3, Electromagnetic compatibility, Part 4.
Testing and measurement techniques, Section 3.
Radiated, radio-frequency, electromagnetic field im-
munity, 2002.

[9] Markus Petirsch, Adolf Josef Schwab, "Investigation
of the field uniformity of a mode-stirred chamber
using diffusers based on acoustic theory", IEEE

79



BEBHEPERGE F178 H15R 2006518

Trans. EMC., vol. 41, no. 4, Nov. 1999.

[10] Madan Mehta, James Johnson, Architectural Acou-
stics Principles and Design, Prentice Hall, pp.
393-394, 1999.

[11] K. S. Yee, "Numerical solution of initial boundary
value problems involving Maxwell's equations in
isotropic media", IEEE Trans. on Antennas and
Propagation, vol. 14, pp. 302-307, 1966.

20043 29 ok st A FE
TR (3D

20043 39 ~&A): FAo R Az}
ANAAASF & MR

[F 2 20H EMC, MW, $Xx]3] 4]

30

[12] A. Taflove, M. E. Brodwin, "Numerical solution of
steady-state electromagnetic scattering problems us-
ing the time dependent Maxwell's equation”, IEEE
Trans. Microwave Theory Tech., 23(8), pp. 623-
630, 1975.

[13] G. M. Smith, Numerical Solution of Partial Di-
fferential Equation: Finite Difference Method, 8"
Edition, Oxford Clarendon Press, 1985.

19679: Mggy A7) F8 (F

gAh
1973:d: Univ. of South Florida A2}
eI CL R

1979'3@: Univ. of South Florida A}
33t (T3

4 1990'3: g=AA T} 2o 3%

19931 ~19974: =t ofnjFo] RA AW oA
19989 ~&A): FYhety AAAFE T4 25
20043 ~ & A]: IEC/CISPR/SC-H/WG4 Convener

F U2l 0 EMC, MW +-Z, Antenna, CISPR, ITU-R



