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ABSTRACT

Split-post dielectric resonators operating at frequencies 1.4-30 GHz were used to measure complex permittivity
of standard reference dielectric materials with known dielectric properties previously measured by other
techniques. It was proved experimentally that using split post resonators it is possible to measure permittivity
with uncertainty of 0.3% and dielectric loss tangent with resolution of 2x10” for well-machined laminar
specimens. Applications of split post dielectric resonators for measurements of ferroelectrics and thin film
materials were highlighted

INTRODUCTION

The split-post dielectric resonator (SPDR) described in [1]-[7], and shown in Fig.1 and Fig.2., is already well-
established technique for measurements of the complex permittivity of dielectric and ferrite laminar specimens at
frequency range 1-10 GHz [1]-[7]. Recently new split post dielectric resonators have been constructed that
operate at frequencies up to 33 GHz. Theoretical error analysis presented in former papers [5]-[6] has shown that
SPDR technique enables measurements of permittivity with accuracy 0.3% and dielectric loss tangent with
resolution down to 2x107. In this paper results of measurements of standard reference materials are presented to
verify experimentally those uncertainties.
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Fig.1. Schematic diagram of a split post dielectric resonator fixture.

Fig.2 Photograph of disassembled 3.2 GHz split post dielectric resonator
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SPLIT-POST DIELECTRIC RESONATORSOPTIMISED FOR SPECIFIC APPLICATIONS

Appropriate choice of permittivity and dimensions of their dielectric resonators can optimize split post dielectric
resonator technique for measurements of specific materials. One SPDR operating at frequency 1.45 GHz was
designed for measurements of ferroelectrics. Its posts were made of low loss dielectrics having permittivity equal
to 80. This resonator can be used for measurements of materials having large permittivity values and medium
losses. In Fig. 2 quasi-TE;; mode resonant frequencies of 1.45 GHz resonator versus permittivity and thickness
of samples under test are presented. It is seen that for thin samples (0.1 mm - 0.2 mm) resonant frequency shifts
does not exceed 20% that allows measuring materials having permittivity larger then 1000.
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Fig.3. Quasi-TE;; mode resonant frequency of 1.45 GHz SPDR resonator, optimized for measurements of
ferroelectrics, versus permittivity and thickness of samples.
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Fig.4. Quasi-TE;; mode resonant frequency of 33 GHz SPDR resonator, optimized for measurements of thin
dielectric films, versus permittivity and thickness of samples.
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Another resonator was designed for measurements of thin film materials. Its dielectric resonators were made of
sapphire. In Fig. 4 quasi-TE,;; mode resonant frequencies of this resonator versus permittivity of samples under
test are presented. One can observe that even very thin samples produce significant resonant frequency shifts that
allows to measure materials having thickness smaller then 1 pm

MEASUREMENTS OF STANDARD REFERENCE MATERIALS

Measurements have been performed using six different split post dielectric resonators constructed by the author,
and optimized for measurements of low loss dielectrics. We choose single crystals as standard reference
materials since they have precisely determined permittivity and very low dielectric losses. The first property
enables to assess experimentally measurement uncertainty of permittivity in SPDR’s and the second enables to
assess loss tangent resolution. In Table 1 there are results of complex permittivity measurements of sapphire and
quartz samples Results of measurements are compared to the reference values [8-13]. It is seen that all
permittivities agree within specified measurement uncertainties. Loss tangent data versus frequency for single
crystal quartz are not given in literature with satisfactory precision. Measurements using whispering gallery
mode technique at frequency about 17 GHz gave loss tangent value of 1.5E-05 at room temperature [8].
Comparing this value with results shown in Table 1 one can conclude that tangent values agree with reference
data within specified loss tangent resolution. It should be mentioned that loss tangent resolution is predominantly
limited by Q-factor uncertainties, and Q-factor values of empty SPDR’s.

Table 1. Complex permittivity measurements of standard reference materials using split post dielectric
resonators

SPDR data Reference data [8]
' tand ' ' ' Material
f(GHz) &, &, En & %)
T

3.9  9.420+0.3%|2.40E-05+2E-05 |9.400+0.1% 0.21 Sapphire

1.4  4.448+0.3%|1.15E-05+2E-05 |4.44340.1% 0.11 Quartz

2.0 4.45440.3%|1.82E-05+2E-05 |4.44340.1% 0.25 Quartz

39 4.44310.3%|2.58E-05+2E-05 |4.44340.1% 0 Quartz

5.5 4.439+0.3%|3.40E-05+2E-05 (4.443+0.1% 0.09 Quartz

9.7 4.430+0.3%|3.80E-05+2E-05 |4.44340.1% 0.29 Quartz
30.8| 4.440%0.3%|3.42E-05+2E-05 |4.443+0.1% 0.07 Quartz

Measurements of the dielectric loss tangent of materials having larger losses are always more accurate then low
loss materials. It can be seen in Table 2 where permittivity and loss tangent values are shown for stacked kepton
films. One can observe that measurement results are very consistent and independent on the number of films.

Table 2 - Results of measurements of stacked kepton films

h (mm) g' tand Number of stacked
r films
0.100 3.19 49E-04 1
0.201 3.20 50E-04 2
0.406 3.20 49E-04 4
0.616 3.18 50E-04 6

CONCLUSIONS

The split-post dielectric resonator has been shown to make a useful, accurate and convenient tool for complex
permittivity measurements of various dielectric materials. It offers accurate measurements with quantifiable
uncertainties for wide ranges of permittivity and loss in frequency range 1-30 GHz. The method is especially
useful for measurements of flat laminar specimens without any need for machining of their shape.
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