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Abstract: Dielectric characterization of materials in the RF domain is usually
carried out on samples with applied electroconductive electrodes. A high-quality contact
between a sample and the measuring electrodes provides a stable current flow through the
sample and information on the exact value of the electric field in which the sample is
located. It also enables a simple measuring instrument to determine the dielectric
parameters of the material being tested. However, the presence of contact potentials and the
exchange of charge between the test material and the applied electrodes can mask some
electrical phenomena in the material or significantly affect how we perceive these
phenomena. In order to detect weak electrical processes in the material, for example the
photoelectric response of non-polar polymers, contactless dielectric measurements must be
carried out. The literature on non-contact dielectric measurements in the RF domain is poor,
and because of that, this paper presents the methodology for determining the dielectric
parameters of film-shaped materials in conditions of contactless dielectric measurements.
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1. INTRODUCTION

The development of new scientific knowledge
and the advancement of experimental methodology
are processes that stimulate each other. The
significant progress in the development of organic
photocells over the past 10 years has been achieved
primarily as a result of the use of complex organic
composites [1-4]. Development trends in this
scientific field suggest that organic photocells made
of non-toxic materials will find a place in the market
soon and become a serious competition for
photocells based on conventional semiconductors
[2,5]. Scientific studies primarily give descriptions
of organic photovoltaic solutions and their
functionality. On the other hand, one can notice the
lack of a deeper understanding of photoelectric
processes in materials from which organic
photocells are made.

An organic photocell is usually comprised of
more than two layers of complex composite
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materials [1,6,7]. In order to improve or predict the
properties of organic photocells, it is necessary to
know the photodielectric behavior of each of the
materials used, as well as contact interactions in the
light/dark conditions between those materials. At
this point, scientific articles about organic
photovoltaic systems described together with the
complete photodielectric characterization of the used
materials could not be found. The main reason for
this is the very low photoelectric response of most
organic materials, i.e. experimental difficulties in its
detection. The presence of electrically conductive
measuring electrodes on a material can mask the
electrical processes in the material due to charge
exchange between the material being tested and the
electrodes. In addition, the contact potentials
between the electrodes and the sample affect the
electrical response of the material [8-10]. Bearing in
mind that there is not a standardized or widely
accepted methodology of non-contact dielectric
characterization of materials in the RF frequency
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domain, this paper describes an exact method of
determining the dielectric parameters of the film-
shaped materials in the conditions of contactless
dielectric measurements. As an example of the
success of the proposed method, the paper describes
the change in the nature of the photodielectric
response of a thin film of LDPE (low-density
polyethylene) in the presence of a very small amount
of graphite applied to one side of the film. This
result is obtained in the contactless measurement
mode, and it is practically impossible to notice it if
the electro-conductive electrodes are present on the

sample.
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2. METHODOLOGY

Schematic representation of the contact mode
of the electrical measurements is shown in Figure
l1a. In the case of contact measurements, the contact
surface of the sample can be coated with an electro-
conductive paste, soft graphite, or metal [9]. The
prepared contact surfaces of the sample are brought
into contact with the measuring electrodes (Figure
1a). Contactless electrical measurements are carried
out in such a way that the sample is in the electric
field produced by the electrodes, and there is air or
vacuum between the sample and the electrodes
(Figure 1b).
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Figure 1. a) Contact and b) contactless electrical measurements, c) an equivalent RC
circuit for contactless AC electrical measurements

In Figure 1c, the sample is represented as a
parallel connection of the resistor and the capacitor,
which is normal during dielectric measurements (Cp
mode of an RCL meter). The sample model formed
as a serial connection of the resistor and the
capacitor (Cs mod) or more complicated is rarely
used. The model shown in Figure 1c, which
describes the air-sample-air system, is exact in
contrast to the approximate methods of contactless
dielectric characterization that can be found in the
literature [11,12]. A calculation method of the
dielectric parameters of the materials will be
introduced in the formalism of AC electrical
conductivity, Y — admittance. If the sinusoidal shape
of the voltage is applied, usually for dielectric
measurements, which is the case here, the
admittance (AC conductivity) of the sample can be
represented as Ys = Gs + iBs, Gs — conductance (in
phase conductivity), Bs — susceptance (out of phase
— capacitive conductivity). The susceptance is
related to the dielectric permittivity of the material
in the following manner: Bs=2nfCs=2nfs ¢,5/d, f —
frequency, Cs — capacity of the sample, & -
dielectric permittivity of the sample, &, — vacuum
dielectric permittivity and S/d — surface/thickness
ratio of the sample. The specific values of the AC
conductivity components of the material (Gspec and

Bspec) are calculated by multiplying the results
obtained from the measurement (Gs and Bs) with a
geometric sample factor (d/S).
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Figure 2. Measurement geometry, D - distance between
electrodes, d - thickness of the sample and 2r - diameter
of the sample and the electrodes (circular shape, S = r?z)

The admittance of the air-sample-air system
(Y), which is inside the measuring cell (Figure 1c
and Figure 2) can be related to the sample
admittance (Ys) by Equation 1.

Y=Y+ Vst + Yo 1)
where Ys = Gs + iBs and Y1, = iBy, = 2nfe,S/Dapn
(Figure 2).
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In order to obtain the admittance of the air-
sample-air system (Y = G + iB), it is necessary to
perform a correction of the measurement results in
relation to the measuring system and the empty cell.
The use of electrical conductivity, instead of
electrical resistance, in this analysis allows simple
measurement corrections. It is necessary to measure
the conductance and susceptance of the empty cell
(Gempty and  Bempy), then to perform the same
measurements with a sample placed in the cell (Gn
and Bp), and the components of the admittance of
the air-sample-air system are G = Gm — Gempty and
B = Bn — (Bempy — 27fesS/D). Knowledge of the
conductance and susceptance of the air-sample-air
system according to the model in Figure 1c (Eq 1),
G and B, enables solving Equation 1 and obtaining
the conductance and susceptance of the sample. The
solutions are shown in Equations 2 and 3.

=
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Equation 4 shows the dependence between the
amplitude of the voltage on the sample, Us, and the
amplitude of the voltage on the electrodes, Uo.
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The non-contact dielectric characterization of
materials exhibiting a high electrical conductivity
leads to an accumulation of the charge at the sample
boundaries in the direction of the electric field. This
phenomenon can be seen in the frequency spectra as
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an increase in susceptance (capacitance) and a
decrease in the conductance at lower frequencies.
On the other hand, the same phenomenon can be
used to determine the mobility of the charge carriers
in the tested material. Using the boundary frequency
at which this process appears or disappears (fo)
during contactless measurements, with the known
electric field on the sample (E) and the thickness of
the sample (d), the mobility of the charge (i) can be
approximately determined by Equation 5 [13]. In
this equation, the speed of the charge (v) is obtained
assuming that the mean free path of the charge is
equal to half the sample thickness (d/2) and the
mean time of the charge trip is half the time of the
changes in the electric field, T/2 = 1/(2f,).

_r _dh
p=_=—. ®)

3. EXAMPLES OF THE MEASUREMENT

In order to verify the proposed methodology,
measurements were made on films of different
polymers. The non-contact dielectric measurement
methodology outlined in this paper provides results
that are similar to the results obtained in the contact
measurement mode, although the dielectric
permittivity and the conductance obtained by the
contactless measurement were always somewhat
lower than the corresponding values obtained in the
contact mode. An example of the above is shown in
Figure 3, which shows the results of measurements
on poly(methyl methacrylate) (PMMA) films of
different thicknesses.
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Figure 3. Dielectric parameters of PMMA films, a) dielectric permittivity and b) conductance

Bearing in mind that there are no similar
results in the literature, it can be assumed that the
absence of exchange of the charge between the

electrodes and the tested material is the reason for
the lower values of the AC conductivity components
obtained in the contactless measurement relative to
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the corresponding values obtained in the contact
measurement mode.

Figure 4 shows the photodielectric response of
thin LDPE films measured in the contactless
measurement mode, circle (red) symbols for neat
LDPE film and square (black) symbols for LDPE
coated on one side with a very thin (transparent)
graphite layer. The relative changes in dielectric
permittivity of LDPE due to illumination (white light,
P = 0.1 mW/m? red circle symbols in Figure 4) show
an approximately linear increase in permittivity with
time of illumination, which suggests that the increase
in dielectric permittivity is due to the warming of the
sample during illumination. After illumination, t > 50
s in Figure 4, the LDPE film shows a slow decrease in
the dielectric permittivity, which can be attributed to

4018 dark

101.0 4
100.5 4

10004 w®—g P

Ae” [%]

99.5 4

99.0 4

98.5

98.0 Y ——

light

the cooling of the sample. The presence of a very thin
and transparent graphite layer, which was applied to
the unexposed side of the film, completely changed
the nature of the photodielectric response of the
LDPE film (black square symbols in Figure 4). The
presence of graphite on one side of the sample
reduced the photo-induced increase in dielectric
permittivity of LDPE. A saturation in the growth of
the dielectric permittivity was observed. Taking into
account that the effect mentioned was observed on a
thin film of the polymer, it can be assumed that the
contact potential between the graphite and LDPE
caused weaker dipole photo-induction and/or lower
mobility of photo-induced dipoles in the coated
LDPE.
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Figure 4. The relative changes in dielectric permittivity of thin film LDPE (100 pum) at f = 10 kHz
due to illumination (white light, P = 0.1 mW/m?). Circle symbols (red) for LDPE and square
symbols (black) for LDPE coated on one side with very thin (transparent) graphite layer

4. CONCLUSION

This paper presents the methodology for
determining the dielectric parameters of film shaped
materials in conditions of contactless dielectric
measurements. The advantage of this method
compared to the contact dielectric measurements is
the ability to detect weakly expressed electrical
phenomena in the material, which is illustrated by the
example of the photodielectric response of LDPE. In
addition, contactless dielectric measurements make it
possible to determine the mobility of the charge
carriers in the material in a simple way.
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FOR

BECKOHTAKTHA AMEJIEKTPUYHA MEPEBA HA TTOJIMMEPHUM ©ONJIIMOBUMA

Caskerak: JluenekTpuyHa KapakTepusaipja Marepujaia y P mgomeny obuuHo ce
M3BOM HA y30pIHMa Ca HAHCCCHHM EJICKTPONPOBOIHIM €JIEKTpoaaMa. BHCOKOKBaIUTETaH
KOHTaKT m3Mel)y y30pka M MEpHHUX elleKTpoja o6e30eljyje crabuiaH MmMpoTOK CTpyje Kpo3
y30pak 1 uHMOpMaIHje O TAYHOj BPETHOCTH SNEKTPHYHOT MOJba Y KOjeM Ce Halla3h y30pak.
Takolhe, omoryhaBa ja MepHH MHCTPYMEHT Ha jeHOCTABAH HAYMH OJPEAN IMCICKTPHYHE
napamerpe HCIUTHUBAHOI MatepHjaia. MeljyTuMm, OpUCYCTBO KOHTAKTHHX MOTEHIMjata W
pa3MeHa HaeJeKTpHcama n3Meljy HCIMTHBAHOT MaTepHjaia U NPUMEHEHHX SJIEKTPO/Ia MOTY
MAaCKUpaTH HEKe EIEKTPUYHE T0jaBe y MaTepujaay WM 3Ha4YajHO yTHIATH HA TO KaKO UX
omakamo. Jla Ou ce meTekToBaim C1abo M3paKeHH EIEKTPUYHH IMPOIECH Y MaTepHjaiy, Ha

npuMep (OTOENEKTPUYHHA OJ3MB  HEMOJAPHUX IIOJIMMEpa,

MOTPEeOHO je W3BPIIUTH

OECKOHTaKTHA JHUEJIeKTpHYHA Mepema. JluTepaTypa O OECKOHTAKTHUM [HENCKTPHIHUM
MepewrMa y PO nomeny je cupomaiiiHa, W 300r TOra je y OBOM WIAHKY IIPEICTaBJbEHA
MEeTOZIoNIorHja 3a ojpehuBambe JAUENeKTPUYHKUX IapaMerapa Mmarepujajia oOnuka (uiMa y
ycJi0BUMa OECKOHTaKTHHUX AUENEKTPUYHUX MEPeHha.

KibyuHe peum: JMeleKTpUYHA MEpEHa, OCCKOHTAKTHO, IOJMMEP, MOOHMIHOCT

HaCJICKTpUcCama.
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