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ABSTRACT

The dielectric constant, loss tangent and the ardactivity of polyvinyl chloride (PVC) at X- ba(®12GHz) and
Ku- band (12-18GHz) microwave frequencies at teaipees ranging from 30 - 100° C have been measbsed
Von-Hippel method. Our preliminary studies showealpvalue of the dielectric constant as 4.73 ai(8af a Ku —
band frequency of 15.9GHz, while the peak valudetonductivity at the same conditions is 9.8®@% 2/cm. The
results of the temperature variation study of theee mentioned electrical properties at 15.9Hz presented.
These results are compared with the values obtdimethe same sample at X-band frequency of 9.4GHz.
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INTRODUCTION

In the recent years electrically conducting polysnegpresent the important research area with divecgentific
problems of fundamental importance with the pot#ritir commercial applications [1]. Polymers whittow high
electrical conductivity have been synthesized ssgfcdly in the last two decades [2]. The theorydoping led to
dramatic increase in the conductivity of conjugapsdymers. Recent developments are of relevandeattery
technology, and the topic of polymer electrolyteeve commercial promise in the areas of power eqaigs) light
weight rechargeable batteries, microelectronicglding against electromagnetic interference in irees and
other fields. In the field of high frequency deviéabrication, the conducting polymers have revolized
miniaturization and microminiaturization of the d=as which is essential to make n electronic devas effective,
efficient and easily deployable at critical sitE$ectronic active elements like capacitors, resssemd conducting
paths can be made from polymeric materials. Foreffiective use of dielectric materials in variousvites, the
knowledge of dielectric constant and the loss faate essential. Properties cannot usually bedstseonstants but
must be expressed as functions of temperatureragddncy. Variation of the dielectric propertieshatemperature
and frequency throws light on the application afsth materials in the optimum conditions [3].

Polymers by virtue of their light weight and ea$datrication and low cost have replaced metalseweral areas of
applications. Nowadays electrically conducting potys which are stable even in doped form have pegpared
[4]. Measurements of dielectric parameters of @neé iodine doped PVC films at X-band and Ku-bandrawave
frequencies have already been reported [5]. Irptheent work we report, the effect of temperatureéhe electrical
properties of pure and iodine doped PVC at X-bamtiku-band microwave frequencies.
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EXPERIMENTAL SECTION

Polyvinyl chloride in the form of fine powder (Malelar weight 48,000) obtained from fluka chemikaswsed in
the experiment. Rectangular blocks of the PVC powdéh wave guide dimensions were made using aiajec
made dye and press. The packing density of thedapd undoped PVC was measured as 0.979gm/cc.elodin
doping was done by Chemical Vapour Deposition(CwWithod. The dielectric measurements of the sample w
done by Von-Hippel method [6]. For temperature aton the solid dielectric cell in the microwavenbl was
covered with a mica sheet and over which heatiegneht was wound. White cement was applied ovehéaging
element with their free ends protruding out. Priavisvas made for inserting the probe of temperaituslcator. A
digital temperature indicator with mineral insuththermocouple as the probe with an accuracy o€44&s used
for temperature measurements. Heating was donevhyiac system. When the temperature of dieleckltattains
the stable state, temperature measurements were Agnthe sample is in good contact with the metallave
guide, it is assumed that the temperature of theewgaide and the sample is the same. To avoideéhedonduction
to the other parts of the waveguide, a thin layahermal insulator was introduced between theedieic cell and
the other parts of the bench. The temperature \wded/ by adjusting the a.c voltage by the variadhe required
level. The dielectric constants were calculatedgigie relations,

= (ol Ao + (ol Aa)® (1+(0a M)/ 2m).
=1/1 (A/ Ma)° 0lg A

:é / &

=& (1+tang)

Dielectric strengthq)
Dielectric loss § )
Loss tangent (tad)
Dielectric constant&)

(Where, g is the free space wavelengih is the wavelengtin the dielectric andoy is the attenuation in the
dielectric).

The conductivity §) was calculated using, o = &,§
(Whereo is the angular frequenci; is the permittivity of free space- 8.854x18/cm)
RESULTS AND DISCUSSION

Dielectric constant and the conductivity of uploddeVC at the X- band frequency of 9.40GHz at vasiou
temperatures ranging from 30-100°C were measuretiftee results are shown in figure 1-2. The dieleconstant
shows a peak value of 2.12 at 30°C and a minimulmevaf 2.00 at 100°C, while the conductivity shosvpeak
value of 3.38x18s/cm at 30°C and a minimum of 3.54%sfcm at 100°C. The results of the dielectric cantstad
conductivity at the Ku-band microwave frequencyl6f90GHz for the undoped sample at different teatpees
are shown in figure 3-4. The results show a pedlesof dielectric constant as 4.73 at 80°C andréanmum value

of 4.16 at 70°C , while the conductivity shown axineum value of 9.89x1®s/cm at 80°C and a minimum value of
9.09x10%s/cm at 40°C. The results of the peak value ofnedioped PVC at 15.90GHz are given in tablel along
with the results of undoped sample.

Table 1. Peak Values of dielectric properties of P&

Frequency Doping Temperature | Dielectric | Dielectric | Conductivity
GHz °C Constant loss X 10%s/cm
9.4 Undoped 30 212 0.74 3.89
15.9 Undoped 80 4.74 1.12 9.89
15.¢ lodine Dopec 3C 4.7 1.2 10.62
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Conductivity x 103s/cm

8

Conductivity x 10-3s/cm

The d.c conductivity studies of PVC [7] show a \eahf the order of I8 to 10*%s/cm. Dielectric and loss tangent
study of pure and iodine doped PVC at 9.40GHz miene frequency by Dube[8] gives the value of 3.4tfe
dielectric constant by a technique developed byeDard Natarajan [9] to study thin films.

In the present study at 9.40GHz, the dielectricstamt has been estimated as 2.11 and at 15.90GH2&st room
temperature. This small variation may be due to thason the Von-Hippel method gives less accurate
measurements as claimed by Dude and the differienttee packing of the molecules in thin films aheé tmethod
used in our studies. The a.c conductivity in thespnt study has been estimated at 9.40GHz as &9k and at
15.90GHz as 9.25x1®/cm at room temperature. The value of the condtcineasured at 9.40GHz more or less
agrees with the value obtained by Dube. The peékevaf dielectric constant (4.73) and conducti\iy89x10
3s/cm) has been observed T 80°C at Ku-band frequency5.90GHz in the temperature variation studye Th
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conductivity versus temperature study of PVC by Méehi maruthamuthu et al gives a change of stofiee logo
versus 1000/T graph at 84°C, predicting a phasestoamation at 84°C. The sudden jump in the valudielectric
constant and conductivity observed at 80°C is ire@gnent with their observation of phase transitib84°C.
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