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Abstract - A new technique is presented for measuring the permittivity and loss tangent of cylin-

drical dielectric rods. It is a resonant technique and exhibits highly accurate results for low-loss

dielectrics. The �nite-element method is used to model the measurement �xture. Also, a procedure

is presented to characterize the surface resistance of the conducting walls. Experimental results are

compared to previously reported values and are in excellent agreement.

Introduction

Increased use of low-loss dielectric materials in electronic devices has subse-
quently seen a need to accurately measure the electrical properties of these mate-
rials. Dielectric and cavity resonators are often used in cases where high accuracy
is demanded for low-loss materials. Generally, these techniques require precise ma-
chining of the material to �t the measurement �xture. The presented work is a
dielectric resonator where the geometry is chosen such that a cylindrical dielectric
rod can be placed within the �xture without any machining.

The �xture used is rotationally symmetric and is shown in Figure 1 in the �� z

plane. It consists of two circular metallic plates placed opposing each other, where
each plate has a center hole to accommodate a cylindrical rod of the material to be
measured. The �xture has circular and radial waveguide regions with dimensions
denoted by subscripts c and r respectively. The circular waveguide contains the
dielectric rod and the radial waveguide contains the surrounding medium, generally
air. At the junction of these waveguide regions is the core of the resonator. With
properly chosen dimensions, hr and Dc, the resonant mode will be con�ned in the
region near the core of the resonator and produce exponentially decaying �elds in
the circular and radial waveguide regions; consequently, hc and Dr can be chosen to
be �nite sizes.

A perturbational analysis is used with the edge-based �nite-element method to
model the �xture. The �elds of the lossy resonator are approximated by those of a
loss-less resonator. With the measured resonant frequency, a root-�nding technique
is used with the �nite-element method to determine the permittivity. In doing so,
the electromagnetic �elds are also calculated. With the measured quality factor, the
calculated �elds are used to determine the loss tangent.

Analysis

In order to alleviate measurement errors associated with small air gaps between
the dielectric rod and the metallic walls, the TE011 mode is used in this work.
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No closed-form expression for the �eld distributions of this mode exists due to the
complex geometry. However, su�ciently far from the resonator core, the �eld dis-
tributions are essentially due to a single waveguide mode in the circular and radial
waveguide regions. In the upper circular waveguide region, the �eld is essentially
the TE01 circular waveguide mode and has the z dependence e�kzz. For resonance
to occur, the �elds must decay, therefore, kz must be positive. In the radial waveg-
uide region, the �eld is essentially the TE01 radial waveguide mode and has the �
dependence K0(k��). Again, for resonance to occur the �elds must decay, and thus,
k� must be positive.

Figure 2 is a diagram illustrating all possible operating points for the TE011

mode. The operating boundaries are set by the cut-o� conditions in the circular
and radial waveguide regions, kzDc = 0 and k�Dc = 0 respectively. For example, for
�0rm = 3, the TE011 mode will only resonate when hr=Dc is between 0:23 and 0:97.
The TE011 mode will not resonate for any point outside the kzDc = 0 and k�Dc = 0
curves. Curves at which kzDc and k�Dc = 1; 2; and 4 are also included. This allows
the rates of decay in each of the waveguide regions to be determined at particular
operating points. For example, with �0rm = 10 and hr=Dc = 0:5, the mode will
resonate with decay rates 2 < kzDc < 4 and k�Dc > 4.

Experimental Results

The described measurement �xture was constructed to demonstrate the viabil-
ity of the new technique. The dimensions are: Dc = 19:08mm, Dr = 152:42mm,
hc � hr = 105:92mm, and the plate separation hr is variable.

The surface resistance can be measured with a low-loss dielectric material; thus
the majority of the loss is the conduction loss in the metal walls. The measurement
�xture will resonate when �lled with air and the dielectric loss in air is insigni�cant.
Therefore, with the �xture air-�lled, measurements of the resonant frequency and
quality factor were made and used to determine the permittivity of air and the
surface resistance of the metal walls.

TABLE I

Measured permittivity of air and surface resistance of aluminum plates.

hr=Dc f0 (GHz) Q �0ra Rs=
p
f0 (�10�7)

.333 18.394 7827 1.00139 5.85

.400 17.680 7002 1.00087 5.83

In Table I, the relative permittivity and the surface resistance are presented for
two values of hr=Dc. The measured values of the permittivity of air compare well
to the known value of air at atmospheric pressure, room temperature, and 50%
humidity, �0ra = 1:00064. The measured values of the permittivity have a maximum
percentage error of 0.07%. The measured values of the surface resistance is within
the range of expected values for aluminum. The average value of measured surface
resistance will be used in determining the loss tangent in subsequent measurements.



Using a cylindrical Teon rod, the resonant frequency and the loaded quality
factor were measured for �ve di�erent values of hr=Dc. Table II illustrates the re-

TABLE II

Measured permittivity and loss tangent of Teflon.

hr=Dc f0 (GHz) Q �0rm tan�m (�10�4)

.333 12.964 2818 2.049 2.9

.400 12.656 3125 2.044 2.6

.500 12.054 3302 2.050 2.6

.600 11.385 3450 2.047 2.7

.666 10.926 3833 2.048 2.7

sulting measurements for the Teon rod. Previously reported values for the relative
permittivity of Teon range from 2:03 to 2:08, while values for the loss tangent range
from 2:0 � 10�4 to 3:7 � 10�4 [1]-[3]. Again, we observe excellent accuracy for the
measured relative permittivity and loss tangent.

Conclusions

A new technique has been developed to measure the dielectric properties of
cylindrical rods. A diagram is presented which assures the TE011 mode will resonate
for various materials and geometries. Finally, the relative permittivity and loss
tangent are measured to demonstrate the technique. Experimental results are shown
to be in excellent agreement with previously completed work.
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Figure 1. Diagram of device used for measuring cylindrical rods.
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Figure 2. Diagram depicting valid operating regions of the TE011 mode


