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Abstract

The circular cavity resonator which can measure the dielectric properties of dielectrics in the
Ka-band(26.5GHz~40GHz) frequency range was designed and fabricated. A structure of the resonator
is divided into two equal parts of the length and the dielectric plate sample is placed between two
halves. Exciting and detecting of the resonator is performed by WR28 rectangular waveguides using
Bethe’s small hole coupling. The GaAs plate sample, whose permittivity is known to be 13 in
millimeter wave range, was used for the verification of the performance of the fabricated circular
cavity resonator. In the measurement of GaAs single crystal using that resonator, the resonant
frequency of the dominant TEoy mode, the permittivity and QX fy; were measured as 26.69GHz, 129
and 124,000GHz, respectively.
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Fig. 1. Structure of circular cavity resonator;
(a) empty resonator, (b) resonator
including dielectirc plate sample.

Fold Yrh 18 Ub)e H44 F@ As7t =
FHde Wl Fxolt,

22 REXEO oF BARE T

a9 1 (@9 2ol fAA7 LFH YA g
FTEEA7Y 7 R FAFASE Uey 2
2 e ool st P 5 ok

1 27 m pr\2
fU(TEnmp)_Tz ue\/(—D )+( H) (1a)

fO(TMnmﬂ>=ﬁ[(3%)2+(%)z (ab)

ANA J e AlE W A8 4(Bessel function)?
w2z (7 ) =02 md A oy, ;.2 A

J nm =

15 Wagsel aEgd [,(Gm) =09 mniA s

oty el R4 n m, p= B AFol: g
3B ome =@ BT dgstE Zgold, pE
TEEFA7] FRAA F WEgoz Ffeld o] ¥
g 35g Jebdv

29 1 (b)) 2ol TE9] Alolo A} EF
H9e wo FRAA 2729 TEwmp, TMam 25
of HPets FTAFHEE FEEAVS 44 A
¥ t, H, D #74 "HaArge ddzd

ol
(fringing effect)& FA13 F3& .00 AH 4

or B % Atk

2-vf T 2
£,= (ﬂfoz‘HX (H)]H )
o A& TEump ZE5F ThMu 2E] 54WHA
cmne T 4 A 77 thgel A3t 2o
Xtan(X):—Ig Yco( V) (3a)
Xcot(X)=ea—]l_} Yean(Y) (3b)

o714, X9 Y vhg HozRe @ 4 vk

X= ek i— k2 (4a)

_t
2



y="2ki—ki=jy (4b)
ANA, ko=2af/c o, ciz B Folu}
ke, TEuwmy REY W 27 /Do && TMam
e o 2j,,/De & duTh 4 mEdA
n#00l3 p+09) A9 Aol AARges o

Algk AA AdEel 7" E

o, p=02 Al AdAX TEww EIv F53F
X7l & #ue] e E AAzdewr J3f e
Al B3 TMamg RE= WE HOogRE 73
+
Utan(U) =¢,V (5)
o 71A,
U_( 7rtf0) _ cjnm 2 (6a)
\ ¢ €a zDf, a
__ ﬂ'lf() Cjnm _
() (Gam ) e

FA (D~ 6)& ol&3te AFYFEEFRV F
Ane Fxeg A £ o, fFdgd w
7} ZARze BrRFRGSEZ WUIRE Ao
FYgoay gUsE e T 5 A gk

= 3 . ) O /f‘/]
9] ZAFa47) Ka-bandel )@ sli= ¥lalnefst
Aol Az} W (skin effec) i <l

Agsta 4ds A
melstel AAT FAL

t ool Mz dedol

XAl gl Bethe’s small hole
= AnritsuAl 2] 35WR28KF o]

1087

M 7] A2 A 588 =5 7], Vol. 15, No. 12, December 2002.

Rectangular
waveguide to

cavity
resonator

a8 2 A%Y AYFEE

Fig. 2. Fabricated circular cavity resonator.
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Table 1. Diameter and height of the resonator.
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Table 2. Resonant frequency by resonant modes.

e o] &4 Al & # o] A A 4 A
ST (GHz) (GHz) (GHz)
TM010 19.97 - -
TEL11 23.84 2378 23.84
TMO11 27.08 - -
TE211 31.27 31.23 31.18
TM110 31.82 31.73 31.82
TEO011 36.70 36.73 36.67
TM111 36.70 36.23 36.23
TE311 39.39 39.23 39.44
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Fig. 3. Mode chart for GaAs at t=0.22mm.
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Fig. 4. Resonant modes of GaAs plate at

t=0.22mm.
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Fig. 5. Distribution of electric and magnetic
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Table 3. Measured data of GaAs.
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