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Abstract—Resistivity scans of inhomogeneous samples obtained
with the technique based on Split-Post Dielectric Resonator suffer
from limited spatial resolution due to weighted averaging of
the complex permittivity distribution over the sample’s volume.
A deconvolution-based technique is proposed to increase the reso-
lution of scans as well as to enable measurement of homogeneous
samples which do not meet the minimal dimensions criterion for
the given resonator.

Index Terms—Split-Post Dielectric Resonator, resistivity mea-
surement, resistivity scan, deconvolution, spatial resolution

I. INTRODUCTION

One of the most common contact-less resistivity measure-
ment methods is the one based on the Split-Post Dielectric
Resonator (SPDR). Its accuracy and reliability has been proven
in several applications [1] [2] [3]. The method is suitable
for specimens which can be prepared as flat sheets of well
defined thickness or as a thin layer deposited on low-loss
fine processed substrate. In the basic approach, the method
is dedicated to homogeneous samples. In case of materials,
which tend to be non-uniform (e.g. due to the production
process variation like it used to happen with GaN substrates),
a dedicated scanning systems with automated sample position-
ing setups are developed [4], although their spatial resolution
in not satisfying for some applications.

This paper presents a deconvolution-based concept which
can be used to improve spatial resolution of resistivity scans
performed with SPDR. Deconvolution is a widely spread tech-
nique which finds its applications in several areas including
biological imaging, astronomy and radar technique. To the best
knowledge of the autor, there was no prior application of this
technique to resistivity scans acquired with SPDR.

II. PROPOSED SOLUTION

A. Description of the problem

The basic principle of the SPDR-based measurement
method relies on the perturbation theorem. The following
problem simplifying assumptions are necessary for the pro-
posed method. First, in case of an inhomogeneous sample, its
complex permittivity becomes position dependent. However,
due to low sample thickness and a negligible dependency of

the electric field magnitude on the z variable in the volume
of the sample, the distribution of the complex permittivity can
be considered as a two-dimensional function only (1):

εr = f(x, y) (1)

Due to the same reason, the electric field strength distribu-
tion in the measurement slot can be also simplified to two-
dimensional case:

Ee = f(x, y) (2)

Then, if the ε′r of the sample is small enough to not disturb
the field pattern inside the measurement slot, one can assume
that values of the electric field in the volume of the sample
Es and in the same volume but without the sample Ee are
almost the same:

Es ≈ Ee (3)

After substitution of equations (1), (2) and (3) into the Slater’s
perturbation equation [5], the following formulas are obtained:

fe − fs
fs

=
C1

2

∫∫∫
Vs

ε′r1(x, y) · |Ee|2 dV (4)

1

Qs
− 1

Qe
= C1

∫∫∫
Vs

ε′′r (x, y) · |Ee|2 dV (5)

where: C1 = 1∫∫∫
Vc

|Ee|2 dV
and ε′r1(x, y) = ε′r(x, y, z) − 1.

It becomes apparent, that the final detune of the SPDR is
partially caused by each elementary volume of the sample
with the weighting function equal to the square of electric field
magnitude |Ee|2. As a result, measured value of εr at given
sample position is a weighted average over the significant
sample’s area. An example of the spatial resolution loss caused
by this effect is presented in Fig. 1, where a 10x10 mm FR4
substrate sample (0.18 mm thickness) have been scanned with
1 mm spatial scan resolution in a 5 GHz SPDR with help of the
Microwave Q-Meter [6]. This scenario can be interpreted in
two ways: as a measurement of a large inhomogeneous sample
with the complex permittivity disturbance of that shape and
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Fig. 1. Measured loss tangent on 10x10 mm sample of FR4 substrate.

dimensions or, alternatively, as a small homogeneous sample,
which did not met the minimal dimension criterion for the
given resonator (30x30 mm). In any case, the observed picture
is a result of a convolution between two functions: complex
permittivity ε′r1(x, y) distribution and square of the electric
field magnitude |Ee|2 distribution.

B. Deconvolution

The method proposed in this paper is based on a standard
deconvolution technique, however it requires preparation of the
input data. In the example given above, for each elementary
measurement taken at sample position (u, v), two numbers
are obtained: the resonant frequency fs(u, v) and Q-factor
Qs(u, v). Also there are position independent reference values
for an empty resonator: fe and Qe. The scanned sample is
represented by matrices Gf and Gq, which provide relative
detuning factors for each position:

Gf =

 f1,1 f1,2 . . .
f2,1 f2,2 . . .

...
...

. . .

 fu,v =
fe − fs(u, v)
fs(u, v)

(6)

Gq =

 q1,1 q1,2 . . .
q2,1 q2,2 . . .

...
...

. . .

 qu,v =
1

Qs(u, v)
− 1

Qe
(7)

Matrices Gf and Gq can be processed with selected deconvo-
lution algorithm. Subsequently, the Wiener filtering technique
was used with the filter function defined as:

H(u, v) =
T ∗(u, v)

|T (u, v)|2 + 10
−SNR
20

(8)

The T matrix is the Point Spread Function and is equal
to |Ee|2 sampled with the same spatial resolution as the
scan was, and linearly scaled to obtain sum of all elements
equal to 1. Values of Ee have been obtained by FDTD
simulation of the SDPR. SNR is an estimated value of the
signal-to-noise ratio, which includes random error contribution
to measured Q-factor and resonant frequency values, such as
measurement uncertainty and sample positioning-related jitter.
Deconvolution have been implemented in the spatial frequency
domain with the help of discrete Fourier transform (denoted

Fig. 2. Measured loss tangent on 10x10 mm sample of FR4 substrate (after
reconstruction).

TABLE I
LOSS TANGENT MEASUREMENT OF A SMALL HOMOGENEOUS SAMPLE

Sample tan δ
FR4 small sample (10x10 mm) after reconstruction 1.22 · 10−2

FR4 full sample (50x50 mm) /reference/ 1.3 · 10−2

as F). Estimated values of relative detuning factors after the
correction are equal to:

Gf = F−1 {F {Gf} · F {H}} (9)
Gq = F−1 {F {Gq} · F {H}} (10)

The next step is to change the domain into absolute values
of resonant frequencies and Q-factors by solving the equations
(6) and (7) for fs(u, v) and Qs(u, v). Then, a standard
conversion into sample’s complex permittivity can be used.

III. EXPERIMENTAL VERIFICATION

The scan presented in Fig. 1 have been processed with
the proposed method. The result is presented in Fig. 2. The
sharpness of sample’s edges has been significantly increased.
To avoid non-physical negative results of the loss tangent, such
pixels have been truncated to zero.

In case of small homogeneous sample, its bulk resistivity
can be estimated from loss tangent values averaged over the
pixels located inside the sample’s contour - Table 1.

IV. CONCLUSIONS

The proposed method improves the spatial resolution of the
resistivity map obtained width SPDR. It enables more detailed
imaging of inhomogeneous samples as well as measurement
of homogenous samples which do not meet the minimal
dimensions criterion for the given SPDR. In the latter case
the limit is minimized approximately two times.

Limitations of the method include high requirements on
spatial resolution and signal-to-noise ratio in the measured
fs and Qs values. As a consequence, the measurement setup
has to provide precise positioning and fast Q-factor estimator
to minimize the noise level introduced by positioning jitter
and the time required for scan realization. Also one should be
aware of ripples, which tend to appear around sample’s edges.
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