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A Study of the Estimation Method for the Dielectric Properties of Dielectrics
in Millimeter Wave Range using Bethe's Small Hole Coupling
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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 TEon mode, the permittivity and QXfy 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

22 REXEO o3t FFPE FY

aY 19 FF5TA7] FZAM 349 TEum,
TMmmp, B=0] 3 FAFHASE FF5FI7
o dA W ¢, H, D F3A HAAHEY A
@ &3} (Fringe effect)& FAIg §A& £.01 @A
® Heg B & ok

fom (55 ) [ () m

o] 4L TEwp ZES} TMum, 259 SHWAY
2Ry TY F U F7 v AF 2o,

Xtan(X) =—}; Yeot(Y) (2a)
Xcot(X) s—é Ytan(Y) (2b)

4714, X YE & Ho2REg 78 5 U

X=-£— ek -k 2 (3a)
Y=—§’-\/ k Ik 2=y’ (3b)

A714, ko=2mfyc 1T, ¢k R &Rl k,
2 TEBump =Y W 2%',.,/D8 &, TMum, BE
A W %,/D HE FeH, ATNA e Al
F WARSS PIER () =08 mEA 3
oM, jon& A1FE WATEE FER Jo(nm)=0
o maA solt. 28 A% n, m, pE ¥
A%oln nz me ERF REo) AFAE A4
ov, pt FERUY TRAN % Wgoz o]
dste 48 vedth 7 BEed p=0elxn
p=09 A$e die AgwFos AAS XA
o 4¥o] 7MY EI(Hybrid mode)el™, p=02l
A% olH TEw EEE FEIWY ¢ 29
o wEnz AAzdez A8 dsix 4z
TMwo EEE & Ho2%E 78 4 Uk

Utan(U) =g,V 4

74,

- 1137 -



v-( ) e(ﬂ"—""—) (52)

v-( ”é’“ )\/ (—%)2—1 (5b)

4 (D~(B)E ol&3to %"%i%%ﬂﬂg] i

AR R4 ALE + Yoy, fFd&d e
Zt FARE FIFHAFE E’_EZ}:E ez
ZYgory FARE WIS T F A 4.

23 AYBS3HI|9 Mz}

FA7E ez AFsdey e
daE =4 HHY AA7N B4 & 9L
ez AYEIAHE FAn A=Al F&
2EEL %Y. $AFY ARE A AAL
Bethe's small hole®] E3® ¥MEBTZE Anritsu
Ab9] 35WR28KF ol HEl& Alg&drh. 219 2
Azdd 43T FFAVNE A5 Yo

a3 2 AzY 4¥FETA.
Fig. 2. Fabricated circular cavity resonator.
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Table 1. Diameter and height of a resonator.

TRAFHF A A =) HAXA
(GHz) (mm) (mm)
ol |ZAHAXN | D|H| D H

TEon | 3670 | 3667 |15l 89 |115017| 82237
TEaz| 4848 | 4840
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Table 2. Resonant frequency by resonant modes.

TARE o] &3 A B o] AX A
(GHz) (GHz) (GHz)

TMoro 19.97 - -
TEw 23.84 23.78 23.84

TMou 27.08 - -
TEzn 31.27 31.23 31.18
TMio 31.82 31.73 31.82
TEou 36.70 36.73 36.67
TMiy 36.70 36.23 36.23
TEsn 39.39 39.23 39.44
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Fig. 3. Mode chart for GaAs at t=0.22mm

JeRe pheiy

S
i
;
¢

3%, 874k0R0RE SH2
~&b. 427 48

HHARER REALDYS
FUATIONS

28 4 =022mm¢el GaAs 7192 FARE,
Fig. 4. Resonant modes of GaAs plate at
t=0.22mm.
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Table 3. Measured data of GaAs.
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