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ABSTRACT

The electrical conductivity of 100 keV N* ion implanted polycarbonate (PC) to the doses 1x10™,
1x10™ and 5x10" ions/cn? has been studied. The electrical conductivity of ion beam modified
polycarbonate has been found to be an increasing function of the implanted dose. Its value
changes from ~10** S for virgin PC sample to ~10® S for the sample implanted to the dose
5x10™® ions/cn. By Raman spectroscopic analysis, the difference in the electrical conductivity
has been explained in terms of the difference in carbon structure of the implanted polycarbonate.
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INTRODUCTION

In polymers, the electrical conductivity is chamagtically very low and in most of the electrical
applications, they are essentially used as insddtib6]. However, there are requirements for
increasing their conductivity in a controlled mann&herefore, the polymer substrates are
frequently modified to meet these needs. In thenegears, the ion implantation technique has
been effectively used to modify the electrical s of polymeric materials [7-11]. lon
implantation in polymers is accompanied with vasi@ifects like free radical formation, chain-
scissioning, cross-linking, carbonization etc. l#)-which results in the change in structural and
electrical properties of these materials.

In this study, the effect of Nion implantation on the properties of polycarben&®C), an
optically transparent polymer with chemical struetof the repeating unit shown in Figurbas
been investigated.
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Figure 1. Monomer structure of Polycarbonate polymer
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To study the Nion implantation induced effects in PC, the sugfaonductivityof this polymer
has been predicted through V-1 measurements usiogpbint probe method. Further, the ion
implanted polycarbonate has been characterisedighr®®aman spectroscopy to correlate the
observed conductivity behaviour with the induceddural changes.

MATERIALSAND METHODS

The bulk sheet of polycarbonate (monomer compasifigH140s3) of thickness 250 micron was
obtained from Goodfellow, United Kingdom and wasioto samples of area 15x15 mrithese
samples were irradiated with’Nons having the energy 100 keV to the doses Tx1810° and
5x10' ions/cnf under vacuum (~IDtorr) at room temperature utilizing the Low Enerign
Beam Facility (LEIBF) at Inter-University AcceleaatCentre (IUAC), New Delhi, India. The
beam was electrostatically scanned over the eatea of the sample keeping the beam current
density below 1.0 pA/cfn The surface conductivity measurements, at roanpégature, were
then carried out with two point probe method usikgithley 6517 Digital Electrometer,
interfaced with computer.

RESULTSAND DISCUSSION

3.1 Electrical conductivity

Figure 2 presents the current versus voltage phetasured on the surface of virgin andibh
implanted PC samples in the voltage range 0-100\4 ¢learly observed from this figure that
the current in the virgin sample which is of theler of ~10"* A increases to ~IDA at a
maximum dose of 5x2Bions/cnf.
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Figure 2: Current versus voltage plotsfor Virgin and N* implanted PC samples

From this data, the surface conductivity of virgimd implanted polycarbonate samples has been
calculated using the relation [6]

o = cosh™(d/2r,)
° R
where, os = surface conductivity, d = separation betweegteddes, ¢ = radius of the circular
electrode, R = resistance measured on the conéusiiiface.
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Figure 3 shows the variation in the conductivityaaginction of ion fluence and the values of
conductivity at different fluences are presentedable 1.
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Figure 3: Plot for log (o) versusthe N* ion fluence

Table 1: Electrical conductivity of virgin and N* implanted Polycar bonate

Dose (ions/em?) 6. (S)
Virgin 3.64E-14
1.0x10° 2.22E-11
1.0x10°¢ 4.38E-10
5.0x10¢ 6.40E-09
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Figure 4: Raman spectra of virgin polycarbonate

From table 1, it is clear that the value of eleetriconductivity changes from 3.64x10S for
virgin PC sample to 6.40x10S for the sample implanted to the dose 3%iéns/cnf. In order
to understand such an increase in the conductiwipolycarbonate with increasing implantation
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dose, in terms of the change in structural behavafuthis polymer, these samples were
subjected to Raman analysis.

3.2 Raman Analysis
Figure 4 and 5 report the Raman spectra taken exatation wavelength of 632.8 nm of He-Ne
laser for virgin and Nion implanted PC samples respectively.

In the Raman signal of non implanted PC sampleuf€igd), the various peaks observed
correspond to the characteristic peaks of polygsat® [16-19] and thus confirming the
monomer structure of this polymer.
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Figure 5: Raman spectra of N* implanted polycarbonate.

At an implantation dose of 1xi0ions/cnf, as is evident from Figure 5 (curve a), a largedbat
around 1550 cihappears, with the elimination of the characteripgaks of polycarbonate. The
spectral position and the shape of this band in &uarapectra are consistent with the
characteristic G band of hydrogenated amorphousooaj9, 14, 20]. With the increase in the
concentration of nitrogen ions within polycarbonafgecimen at a dose of 5XiGons/cnf
(Figure 5, curve b), the intensity of this bandueek indicating further reduction of hydrogen
content. Thus, it can be inferred that as a restilton implantation, a three dimensional
carbonaceous network, made up of a system of thstdonds emerges. These carbonaceous
clusters on the implanted surface which are ricbharge carriers [8-14] provide a continuous
path for the charge transfer within the insulatpadymer chain and thus influence the hopping
mechanism within the chain of polymers and resihiésboosted current through the surface of
polymer as an outcome of implantation.
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CONCLUSION

The surface electrical conductivity of polycarbenatas found to be increased by approximately
six orders of magnitude after*Non implantation at the fluence of 5Xf0ions/cnf. The
formation of a three dimensional carbonaceous nitveonsisting of disordered bonds, emerges
in the implanted regions of the polycarbonate, @sfianed through Raman spectroscopy, is
considered responsible for increased surface condy@s a result of implantation.
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