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Permittivity measurement technology of flat dielectrics using

microwave split—cavity method

WANG Yi, ZHANG Cuicui, YU Mingmei, WANG ]ianzhong*
(Metrology and Testing Center, China Academy of Engineering Physics, Mianyang Sichuan 621999, China)

Abstract: The test method of split cylindrical resonator is studied in order to realize the
nondestructive test of dielectric constant of flat dielectric materials in microwave band. The
electromagnetic field analysis theory of split cylindrical resonator is introduced, and the accurate
solution of electromagnetic field distribution in the cavity under dielectric loading is realized by using
mode matching technology. The exact relationship between the resonant frequency of the cavity and the
dielectric constant of the material is obtained. On the basis of theoretical analysis, a split resonator with
cavity resonant frequency of 10 GHz is fabricated and compared with the previously developed closed
resonator. The relative error of the measurement results of the real part of dielectric constant is less than
1%. Compared with similar foreign products, the real results of dielectric constant are basically
consistent, and the measurement result of loss tangent of this device is closer to the reference value.
Therefore, the microwave split cavity method can realize the nondestructive measurement of flat
dielectric plates, with outstanding advantages such as high accuracy and convenient use. It can
accurately test the dielectric constants of various flat dielectric materials with dielectric constant range
of 1~20, tangent of loss angle 1x 107°~1 x 10~ and plate thickness of 0.1~2.0 mm in the microwave
frequency band.

Keywords: split-cylinder cavity; permittivity measurement; flat dielectric material; tangent of

loss angle
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(a) electric field distribution (b) magnetic field distribution

Fig.2 Electromagnetic field distribution of split resonator(matrix M solved with Matlab)
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(a) electric field distribution o (b) field attenuation in the Gap
Fig.3 Electromagnetic field distribution of split resonator(HFSS simulation)
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Tablel Simulated results of resonant frequency

+ ErLO0 . resonant frequency/GHz
permittivity &,
HFSS zeros of det[M]
0 9.958 4 9.949 2
5.00 8.163 3 8.106 9
10.00 6.454 6 6.4355

det[M](x10™2)

2 RIS r,/r, I97EHK(GHz)

Table2 Variation of resonant frequency with r,/r,(GHz)

-2 1 1 1 1 1 1 1 1 1 r/r, resonant frequency
0 02 04 06 08 10 12 14 16 18 20
v 1.0 8.1318
1.1 8.109 2
Fig.4 Variation curves of det[M] with frequency of split resonator 1.5 8.106 9
4 5y R R I det MM Tt 2k 20 8.1047
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Fig.5 Design drawing of split resonator Fig.6 Physical drawing of split resonator
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Table3 Test results of the real part of permittivity(e, )

é"‘l‘

sample

shielded resonator method split resonator method
air 1.00 1.00
PTFE 2.04 2.04
PCB baseboard 3.36 333
LTCC baseboard 1 9.06 9.02
LTCC baseboard 2 10.66 10.62
LTCC baseboard 3 22.77 22.68

55— Fh 7 1R F E AN 10 GHz 4324 0 IR s E A7 6 F Ik, 4000 o 4 AR RE A, 2SR Nk 4 i . Hop
LTCC }y FERRO /A F] /) AGM-E!"), A & A B H RO FE M 5 T KB AR F MWy & 8475 1 Rogers 28 7 ) ROS5880
FIRO4350B, 7 Fh 2 B I 45 A A X A F % BCSE30 AR e T R A R F 4t 09 S B (A 48w K s X FIFEMmIEY, H
AP B AT BOIR 25 SR, A B IS B S T RBR B R

Fd AR E 5 AN E AL R

Table4 Test results comparison between this device and a foreign device

the foreign device this device reference
sample & tan & & tan & & tan &
HTCC 8.82 0.006 70 8.80 0.000 72 / /
LTCC 5.69 0.004 90 5.71 0.000 99 5.70+0.15 <0.001 50
RO5880 2.29 0.002 80 2.29 0.000 65 2.20 0.000 90
R04350B 3.82 0.001 60 3.84 0.003 50 3.66 0.003 70

RO5880 A1 RO4350B HH Xt 4 B, 5 52 30 A K 1y 32 B R IR 22 — & H T R 1 B 2 e dle g 4, LD 1) 1] #
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XF B IE S R EEA — B, PERESIE .
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