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ABSTRACT 

The effects of cavity dimensions on the resonance frequency and resonance strength of the TE01δ mode in split post- 
dielectric resonator (SPDR) technique are investigated by using full-wave simulations. The results of simulations pro- 
vide guidance for adjusting the dimensional parameters of the set-up to ensure that a strong TE01δ resonance mode is 
excited. The scaled designs of SPDR fixtures for operation at frequencies that are most important for applications are 
presented. These designs employ two sets of dielectric resonators (DRs) that can be fabricated from the standard ce- 
ramic materials. In addition, it is demonstrated that the resonance frequency of the TE01δ mode in the fixture can be 
tuned by adjusting the gap of the split DR. 
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1. Introduction 

The split-post dielectric resonator (SPDR) provides an 
accurate technique for the measurement of the complex 
permittivity of low loss dielectric materials, thin films 
and wideband gap semiconductors that are difficult to 
measure by other techniques [1-3]. SPDR typically ope- 
rates at the TE01δ mode that restricts the electric field 
component to the azimuthal direction so that the electric 
field remains continuous on the dielectric interfaces. The 
resonance mode is insensitive to the presence of air gaps 
perpendicular to the longitudinal axis of the fixture [4,5]. 
The real part of the permittivity of the sample is deter- 
mined from the resonance frequency shift due to the sam- 
ple insertion gap of the split post. The loss tangent can be 
found from the Q factors of an empty cavity and a cavity 
with the sample, respectively. 

SPDR technique originates from the resonant post 
technique for measurements microwave permittivity of a 
cylindrical dielectric sample, which is based on excita- 
tion of a well-defined TE011 mode by means of metal 
plates on each end of the dielectric cylinder [6]. The di- 
electric loss is determined by subtracting the conduction 
Q of the metal boundaries from the measured Q for the 
TE011 resonance mode [7]. For high Q dielectrics, the 
metal boundary loss is a significant fraction of the mea- 
sured loss so that the resonant post technique cannot be 
used. High Q dielectric resonators are suspended on a 
quartz rod in the center of a metal cavity to minimize 

radiation and conduction loss and the TE01δ instead of the 
TE011 mode is used [8,9]. The concepts from the mono- 
lithic dielectric resonator measurements were applied to 
the SPDR technique [5,6]. 

In this paper, the effect of cavity dimensions on the 
TE01δ resonance formation is investigated and the impor- 
tance of having an appropriate cavity size, in order to 
accentuate the desired resonance mode in the measure- 
ments, in demonstrated. 

2. Cavity Dimensions Effect on Resonance 
Formation 

For an isolated dielectric cylinder, the resonant frequency 
of the TE01δ mode is completely defined by the relative 
permittivity εr of the material and the dimensions of the 
resonator. An empirical estimation of the resonant fre- 
quency fr for the TE01δ mode of an isolated dielectric 
cylinder in free space is given by [9]: 
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where, r is the radius in mm, h is the height of the cylin- 
der, and fr is in the GHz units. As seen from Figure 1, 
the SPDR is a circular cylindrical dielectric resonator 
that is separated into two halves by an air gap, which 
modifies the resonant frequency given in Equation (1). A 
sample is placed in the gap, and coupling loop is used to  
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excite and detect the TE01δ resonance. From measure- 
ments of the resonance frequency and quality factor, the 
relative permittivity and loss tangent of the sample can 
be determined. The SPDR fixture is shielded by a metal 
enclosure, which contains strong evanescent electromag- 
netic waves not only in the air gap region between the 
dielectric resonators, but also in the entire cavity region 
for radii greater than the radius of dielectric resonators. 
Cavity enclosed by the metal complicates the resonance 
formation. 

In order to investigate the effect of cavity dimensions 
on the resonance strength, the SPDR fixture shown in 
Figure 1 has been modeled and simulated by using the 
CST Microwave Studio commercial software package 
for two sets of cavity dimensions and the same DR con- 
figuration. The two DR halves have the relative permit- 
tivity εd of 34.4, the diameter dr of 25.4 mm, the height hr 
of 5.7 mm, and the gap distance hg is 1.3 mm. For the 
cavity set 1, its diameter is D = 76.3 mm, the height is L = 
63.6 mm, while for the set 2 these parameters are D = 50 
mm and L = 30 mm, respectively. 

Cavity set 1 is an example of a design that does not 
provide a prominent mode peak due to large cavity size. 
Figure 2(a) presents the simulated S21 spectrum for the 
structure, which exhibits several resonance peaks. From 
 

 

Figure 1. (a) Schematic diagram of a SPDR fixture; (b) CST 
simulation model of the SPDR without a sample. Parame- 
ters of the two DR halves: relative permittivity εd = 34.4, di- 
ameter dr = 25.4 mm, height hr = 5.7 mm, gap distance hg = 
1.3 mm. 

 

Figure 2. (a) Simulated S21 for a SPDR fixture for cavity set 
1: D = 76.3 mm, L = 63.6 mm (in solid curve) and cavity set 
2: D = 50 mm, L = 30 mm (in dotted curve); (b)-(c) Electric 
field distributions in the median x-y cross-section of the DR 
and magnetic field distributions at y-z plane of the DRs for: 
(b) the TE01δ mode at 2.21 GHz for the cavity set 1 and at 
2.40 GHz for the cavity set 2 and (c) the HEM12δ mode at 
2.70 GHz for the cavity set 1 and at 3.07 GHz for the cavity 
set 2; (d)-(e) Electric and magnetic field distributions in x-y 
plane in the cavity for cavity eigenmodes TE111 and TM011, 
respectively. 
 
the analysis of field distributions in the resonator at the 
peak frequencies, which are shown in Figures 2(b)-(c), it 
was found that the first resonance corresponds to the 
TE01δ mode, while the second one to the HEM12δ. For the 
third and the fourth observed resonances, respectively, it 
was detected that they could not be related to a resonance 
in the DR; instead, they were found to coincide with the 
cavity eigenmodes at the frequencies 3.29 GHz for TE111 
mode and 3.82 GHz for TM011 mode, respectively (see 
Figures 2(d) and (e)). The TE01δ, which is employed in 
the SPDR technique, is observed in two DRs separated 
by hg at 2.21 GHz, however, the resonance is very weak, 
with S21 being at the level of –75.7 dB. The weakness of 
the TE01δ mode could play a misleading role so that the 
second much stronger HEM12δ resonance mode could be 
easily taken as being the first resonance in the experi- 
mental measurements. Cavity set 2 is an example of an 
appropriate design with the correctly chosen diameter 
and height. As seen in Figure 2(a), though the same 
resonance modes are excited in both cavity sets, the 
TE01δ resonance is much stronger in the cavity set 2 than 
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in the cavity set 1. 
It should be noted that the observed results are in 

agreement with the cavity perturbation theory [8]. Accor- 
ding to this theory, the resonant frequency of a DR is 
expected to increase when the metal enclosure moves 
towards the DR, when the displaced magnetic energy is 
predominant; vice versa, it is expected to decrease when 
the electric energy is dominant. Therefore, in the case of 
a DR operating at TE01δ mode, the resonant frequency 
should increase as metal wall moves closer to the DRs. 
By comparing the curves in Figure 2(a), it is seen that a 
reduction in the cavity dimension results in an increase of 
the resonant frequencies. For the first TE01δ mode, the 
resonant frequency shifts from 2.21 GHz to 2.40 GHz. In 
addition, the resonance strength is greatly improved for 
the first mode TE01δ in the cavity set 2, i.e. S21 increases 
by about 40 dB. 

The results of the performed studies assist in formu-
lating recommendations for the designing SPDR fixtures 
for operation at the desired frequencies. As shown in 
Figure 3(a), the resonant frequency of SPDR decreases 
by 0.11 GHz and the S21 parameter decreases by 35 dB, 
when the diameter of metal cavity is increased from 4 cm 
to 8 cm. Figure 3(b) demonstrates that when the height 
of metal cavity increases from 3 cm to 7 cm, the resonant 
frequency decreases by 0.08 GHz, while the S21 changes 
only slightly, i.e. by about 3 dB. Therefore, the cavity 
diameter produces the dominants effect on the resonance 
strength of the fixture, while the cavity height only cau- 
ses the frequency shift. At the same time, there is a limit 
to which the cavity diameter could be decreased in order 
to strengthen the resonance, since it was found that when 
the probes get too close to the DRs, they distort the DR 
mode so that the TE01δ resonance could not be excited. 

3. SPDR Fixture Scaling for Operation at 
Different Frequencies  

The SPDR fixture presented above as the cavity set 2 has 
been designed to operate at the frequency of 2.40 GHz, 
where the relative dielectric permittivity of the DR was 
34.4. The design originally proposed in [5] was for ope- 
ration at 5.60 GHz and used the DR permittivity of 28.9. 
To scale the SPDR fixture for operation at other frequen- 
cies important for practical applications based on the two 
original designs, the scale factors and fixture dimensions 
have been determined. Since the gap between the two 
DRs can be easily adjusted during the measurements, the 
effect of gap scaling has also been investigated. COM- 
SOL Multiphysics simulation package [10] was used in 
the simulations of the re-scaled designs. Table 1 and 
Table 2 summarize the parameters of the SPDR fixtures 
that should be used for different operating frequencies 
with the DR having the relative permittivity of 34.4 and 
28.9, respectively. 

 

Figure 3. Dependence of the resonant frequency and S21 
amplitude at the resonance on (a) the cavity diameter (the 
cavity height L is fixed at 3 cm) and (b) the cavity height 
(the cavity diameter is fixed at 6 cm). 
 
Table 1. SPDR fixture parameters for TE01δ resonance for 
different frequencies (εd = 34.4). 

Resonance frequency (GHz) 2.32 1.87 1.86 5.60 5.87

Scale factor K 1.0 1.23 1.23 0.415 0.415

Air gap hg (mm) 1.3 1.60 1.3 0.54 1.3

DR diameter dr (mm) 25.4 31.24 31.24 10.54 10.54

DR height hr (mm) 5.7 7.01 7.01 2.37 2.37

Cavity diameter D (mm) 50 61.5 61.5 20.75 20.75

Cavity height L (mm) 30 36.9 36.9 12.45 12.45

 
Table 2. SPDR fixture parameters for TE01δ resonance for 
different frequencies (εd = 28.9). 

Resonance frequency (GHz) 5.60 1.87 1.78 2.44 2.35

Scale factor K 1.0 3.0 3.0 2.3 2.3

Air gap hg (mm) 1.6 4.8 1.6 3.68 1.6

DR diameter dr (mm) 13.85 41.55 41.55 31.85 31.85

DR height hr (mm) 1.98 5.94 5.94 4.55 4.55

Cavity diameter D (mm) 30.2 90.6 90.6 69.46 69.46

Cavity height L (mm) 13.0 39.0 39.0 29.9 29.9
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As seen from the tables, the scale factor for the reso- 
nance frequency of the TE01δ mode should be directly 
applied to scale the cavity size. From the comparison of 
two designs with the same scale factor, however, having 
the gap distance hg either scaled or not scaled (grey cells 
in the table), it could be noted that a smaller gap de- 
creases the resonance frequency; while a bigger gap 
leads to a higher resonance frequency so that this fre- 
quency change could be as big as 0.26 GHz. Therefore, 
in practice, the frequency of the fabricated SPDR could 
be tuned to the desired frequency by simply adjusting the 
gap size. 

4. Conclusion 

It is demonstrated through full-wave electromagnetic 
simulations that the size of the cavity used in the SPDR 
technique to shield the dielectric resonator strongly in- 
fluences the resonance frequency and the strength of the 
desired TE01δ mode, so that the latter could be completely 
suppressed. Therefore, it is necessary to adjust cavity 
dimensions to the parameters of the dielectric resonators 
used in the fixture. The design parameters of SPDR fix- 
tures providing proper operation at various frequencies 
important for the applications are presented. In addition, 
it was found that the frequency of the fixture operation 
can be fine tuned by adjusting the gap of the split reso- 
nator. 
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