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Measurement of Microwave Dielectric Properties of Diamond Films Using
Split-cylinder Resonator Method
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Abstract: Regarding to the difficulties in measuring microwave dielectric properties of diamond films due to their
characteristics of low dielectric loss and small thickness, a split-cylinder resonator apparatus was established. By
measuring dielectric performances of sapphire samples with different diameters, the capability of the split-cylinder
resonator for measuring low dielectric loss materials was demonstrated, and the influence of sample’s diameter on
measurement results was studied. Then by using the split-cylinder resonator apparatus, dielectric properties of high
quality diamond films prepared by two different methods, microwave plasma chemical vapor deposition (MPCVD)
and DC arc plasma jet, were measured in the Ka band. Results show that the diamond film deposited by MPCVD
method has a higher quality than that of the diamond film deposited by the DC arc plasma jet method, which is consis-
tent with the results of their Raman and UV-visible absorption spectra. The results indicate that both the relative di-
electric constant and the loss tangent of the sample deposited by MPCVD method are lower than those of the sample
prepared by DC arc plasma jet method.
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Fig. 1 Schematic of the split-cylinder resonator for dielectric
property measurement
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Fig. 2 Photograph of the split-cylinder resonator for dielectric
properties measurement
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Table 1 Microwave dielectric properties of sapphire sam-
ples (L c axis) with different diameter

Diarrrrllzfer/ Frecgl;r;cy/ el tans /X 10
18.2 24.287 9.45+0.09 0.26+0.20
21.6 24.399 9.45+0.09 0.27£0.20
25.0 24.451 9.40£0.09 0.27£0.20
30.0 24.476 9.44+0.09 0.27£0.20
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Fig. 3 Photos of diamond films deposited by (a) MPCVD and
(b) DC Arc Plasma Jet methods
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Table 2 Deposition conditions of the high quality diamond film prepared by two different methods

Method Power /kW Pressure /kPa Flow rate /sccm Temperature /C
MPCVD 9.2 15.8 CH4/H,: 7/200 1030
DC Arc Plasma Jet 13.5 35 CHy/Hy/Ar: 0.015/6/2 1000

(in gas recycling mode)
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Fig. 4 Raman spectra of the diamond films deposited by (a)
MPCVD and (b) DC Arc Plasma Jet methods
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Fig. 5 UV-visible absorption spectra of the diamond films
deposited by different methods
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Table 3 Microwave dielectric properties of the diamond films deposited by different methods

Deposition method Frequency /GHz & tand /X 10
MPCVD 29.280 5.60+0.07 1.381+0.22
DC Arc Plasma Jet 30.004 5.77%0.09 7.49+0.66
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