which correspond to the band gaps (opaque ranges) in transmit-
tance, is usually not accompanied by the appearance of wide
ranges with [E,[ =~ 1 or |[E | ~ 1. Depending on the location of
the gaps for the two polarizations with respect to each other,
several typical scenarios of reflection can be realized. Among
those, it is worth mentioning the sharp peaks of |E,| and plateaus
of |E,|, both with their magnitude close to unity and wide ranges
with |[E | =~ |E,|.

Each of these scenarios can serve as a signature of whether a
desired polarization of the reflected wave can be obtained for a
separate value or for a rather wide range of variation of kD. As has
been shown, linear, circular, and elliptical polarization can be realized
for the same profile, depending on the kD value. The fact that the slab
characteristics exert a strong effect on the number, location, and width
of the gaps in transmission results in the fact that the detected effects
can be obtained in various combinations. It is expected that these
effects will remain present, at least for rather small nonzero incidence
angles. The obtained results can be used for the design of polarization-
selective/converting reflectors and filters.

REFERENCES

1. F. Bilotti, A. Toscano, and L. Vegni, Design of inhomogeneous slabs
for filtering applications via closed form solutions of the reflection
coefficient, J Electromag Waves Appl 16 (2002), 1233-1254.

- B.G. Bovard, Rugate filter theory, Appl Opt 32 (1993), 5427-5441.
3. A.C. van Popta, M.M. Hawkeye, J.C. Sit, and M.J. Brett, Gradient-

index narrow-bandpass filter fabricated with glancing-angle deposi-
tion, Opt Lett 29 (2004), 2545-2547.

4. J.P. Donelly and S.D. Lau, Generalized effective index series solution
analysis of waveguide structures with positionally varying refractive
index profiles, IEEE J Lightwave Technol 32 (1996), 1070-1079.

5. C.-M. Kim and M.-S. Chung, Eigenvalue equations of N-parallel
graded-index waveguides: WKB analysis, IEEE J Quant Electron 33
(1997), 1608 -1613.

6. T. Tamir, H.C. Wang, and A.A. Oliner, Wave propagation in sinusoi-
dally stratified dielectric media, IEEE Trans Microwave Theory Tech
12 (1964), 323--335.

7. A. Karlsson and R. Stewart, Wave propagators for transient waves in
periodic media, ] Opt Soc Am A 12 (1995), 1513-1521.

8. D.L. Jaggard and A R. Mickelson, Electromagnetic wave propagation in
almost periodic media, IEEE Trans Antennas Propagat 27 (1979), 34 —40.

9. K. Sakoda, Optical properties of photonic crystals, Springer, Berlin,
2001. ?

10. A.E. Serebryannikov, O.Y. Vasylchenko, and A.L. Teplyuk, Study of
band gaps in transmission spectrum of 1D inhomogeneous slab with
almost periodic continuous permittivity profile, Microwave Opt Tech-
nol Lett 46 (2005), 134-139.

I1. D.-Y. Jeong, Y.H. Ye, and Q.M. Zhang, Effective optical properties
associated with wave propagation in photonic crystals of finite length
along the propagation direction, J Appl Phys 92 (2002), 4194 -4200.

12. R.W. Ziolkowski and M. Tanaka, Finite-difference time-domain mod-
elling of dispersive-material photonic bandgap structures, J Opt Soc
Am A 16 (1999), 930-940.

13. J. Ushida, M. Tokushima, M. Shirane, and H. Yamada, Systematic design
of antireflection coating for semi-infinite one-dimensional photonic crys-
tals using Bloch wave expansion, Appl Phys Lett 82 (2003), 7-9.

14. M. Mansuripur, Analysis of multilayer thin-film structures containing
magneto-optic and anisotropic media at oblique incidence using 2 X 2
matrices, J Appl Phys 67 (1990), 6466-6475.

15. M. Inoue, K. Arai, T. Fuji, and M. Abe, One-dimensional magneto-
photonic crystals, J Appl Phys 85 (1999), 5768-5779.

16. H. Kato, T. Matsushita, A. Takayama, M. Egawa, K. Nisimura, and M.
Inoue, Properties of one-dimensional magnetophotonic crystals for use in
optical isolator devices, IEEE Trans Magnetics 38 (2002), 3246-3248.

17. 1. Abdulhalim, Omnidirectional reflection from anisotropic periodic

dielectric stack, Opt Commun 174 (2000), 43-50.
8. A. Saib and I. Huynen, Transmission lines on periodic bandgap meta-

(S}

1324 MICROWAVE AND OPTICAL TECHNOLOGY LETTERS / Vol. 48, No. 7, July 2006

materials: from microwaves to optics applications, J Opt A Pure Appl
Opt 7 (2005), S124-S132.

19. E. Cojocaru, Forbidden gaps in periodic anisotropic layered media,
Appl Opt 39 (2000), 4641-4648.

20. E. Cojocaru, Birefringence dispersion in Solc-type anisotropic peri-
odic bandgap structures, Appl Opt 40 (2001), 1089-1097.

21. T.J. Cui, C.H. Liang, and W. Wiesbeck, Closed-form solutions for
one-dimensional inhomogeneous anisotropic medium in a special
case—Part I: Direct scattering problem, IEEE Trans Antennas Propa-
gat 45 (1997), 936-941.

22. T.J. Cui and C.H. Liang, Nonlinear differential equation for the re-
flection coefficient of an inhomogeneous lossy medium and its inverse
scattering solution, IEEE Trans Antennas Propagat 42 (1994), 621—
626.

© 2006 Wiley Periodicals, Inc.

STUDIES ON THE DIELECTRIC
BEHAVIOUR OF POLYPYRROLE AND
ITS COMPOSITES WITH POLY (VINYL
CHLORIDE)

Honey John," Rinku M. Thomas," Joe Jacob,? Rani Joseph,’
and K. T. Mathew?

" Department of Polymer Science and Rubber Technology

Cochin University of Science and Technology

Kochi-682022, India

2 Department of Electronics

Cochin University of Science and Technology

Kochi-682022, India

Received 14 December 2005

ABSTRACT: Polypyrrole/poly (vinyl chloride) semi-interpenetrating
networks of different compositions are prepared using ammonium per
sulfate initiator at room temperature in pellet form and Sfilm form and
their dielectric properties are studied at different microwave frequen-
cies. An HP 8510 Vector network analyzer interfaced with a com-
puter is used. The cavity-perturbation technique is employed for the
study. © 2006 Wiley Periodicals, Inc. Microwave Opt Technol Lett
48: 1324-1326, 2006; Published online in Wiley InterScience (www.
interscience.wiley.com). DOI 10.1002/mop.21628

Key words: polypyrrole; poly (vinyl chloride); cavity perturbation tech-
nique; dielectric properties

INTRODUCTION

In recent years, conducting polymers with conjugated double
bonds have attracted much attention as advanced materials. Poly-
pyrrole (PPy) is especially promising for commercial applications
because of its good environmental stability, facile synthesis, and
higher conductivity than many other conducting polymers. Incor-
porating a conducting polymer into a host polymer substrate to
form a blend, composite, or interpenetrated bulk network has been
widely used as an approach to combine electrical conductivity with
desirable physical properties of polymers [1, 2]. Polypyrrole is
considered one of the most promising candidates for the fabrica-
tion of conductive blends/composites/interpenetrating networks
(IPNs) with industrially important class of polymers [3].

EXPERIMENTAL

Preparation

Polypyrrole. Chemical oxidative polymerization of pyrrole is car-
ried out using ammonium per sulphate as initiator [4] in the
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Figure 1 Variation of dielectric loss conductivity with compositions of
(a) PPy:PVC composite (pellet form) and (b) PPy:PVC composite (film
form), both at 2.97 GHz

presence of 1M HCI. The polymerization is carried out for 4 h at
room temperature. It is then filtered, washed and dried in an oven
at 50°C to 60°C for 6 h. The dielectric properties of the all samples
are studied using the cavity-perturbation technique.

Preparation of PPy/PVC SIPN. Chemical oxidative polymeriza-
tion of pyrrole/polyvinyl chloride SIPN is also prepared by the
insitue polymerisation of pyrrole using the above procedure in the
presence of polyvinyl chloride powder. Different proportions of
1:1, 1:1.5, 1:2, and 1:2.5 are prepared, the samples are pelletized,
and the dielectric properties are measured at the S-band (2-4
GHz). Polypyrrole/polyvinyl chloride (PPy/PVC) SIPN in soluble
form is prepared by using emulsion-grade polyvinyl chloride so-
lution in cyclohexanone. It is then made into film by solution
casting and doped with 1-M HCI. Different compositions of PPy-
PVC SIPNs, (2:1, 1:1, 1:2, and 1:3) are prepared and the dielectric
properties are studied.

EXPERIMENTAL SETUP AND THEORY

The experimental setup [5] consists of an HP8510 vector net-
work analyzer, a sweep oscillator, an S-parameter test set, and
a rectangular cavity resonator. The measurements were done at
25°C in the S-band (2-4 GHz). When a dielectric material is
introduced in a cavity resonator at the position of maximum
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Figure 2 Variation of the dielectric heating coefficient with composi-
tions of (a) PPy:PVC composite (pellet form) and (b) PPy:PVC composite
(film form), both at 2.97 GHz

electric field, the contribution of magnetic field for perturbation
is minimum. The field perturbation is given by Kupfer et al. [6].
The real and imaginary parts of the relative complex permittiv-
ity are given by

,_H.fo—f;<y£) \,,_i(Qo-Q,)
S YR ST T e T

The real part of the complex permittivity, &, is generally known as
dielectric constant and the imaginary part &, of the complex
permittivity is related to the dielectric loss of the material. Here,
o + we' is the effective conductivity of the medium. When the
conductivity o due to free charge is negligibly small (good dielec-
tric) the effective conductivity is due to electric polarization and is
reduced to o, = ws = 2mfe,s’. The efficiency of heating is
usually compared [5] by means of a comparison coefficient J,
which is defined as J = 1/g,tan 8 [7]. The absorption of electro-

TABLE 1 Absorption Coefficient and Skin Depth of Different
Compositions of PPy:PVC (Pellet Form) at 2.97 GHz

Composition (PPy:PVC)

1tk 1.3 1:2 1:2.5
Absorption coefficient [m™ 1 6.56 751 k37 525
Skin depth [m] .16 133 .088 191
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TABLE 2 Absorption Coefficient and Skin Depth of Different
Compositions of PPy:PVC (Film Form) at 2.97 GHz

Composition (PPy:PVC)

k2 1:3 1:4
Absorption coefficient [m ™) 4.5 27.61 22
Skin depth [m] 22 .04 .07

magnetic waves when it passes through the medium is given by the
absorption coefficient [7] (ay), which is defined as absorption
coefficient (a) = &'f/nc, where n = \/e* and c is the velocity
of light. Penetration depth, also called skin depth, is basically the
effective distance of penetration of an electromagnetic wave into
the material [8], skin depth (8y) = Vay,.

RESULTS AND DISCUSSION

Variation of Dielectric Properties with Compositions

Dielectric Loss and Conductivity. Figures 1(a) and 1(b) show the
dielectric loss and conductivity of different compositions of PPy:
PVC SIPN in pellet and film forms, respectively, at 2.97 GHz. It
was clear from the figure that the dielectric loss and conductivity
increases with increase in PVC content and it reaches a maximum
at 1:2 proportion in pellet form and 1:3 in film form. This is due
to the interfacial polarisation of the matrix [9], consisting of two
materials having different dielectric constants.

Dielectric Heating Coefficient J. 1t is clear from Figures 2(a) and
2(b) that the dielectric heating coefficient is minimum for 1:2
composition in the case of pellet form and 1:3 in the case of film
form. These compositions are suitable for dielectric heating appli-
cations.

Absorption Coefficient and Skin Depth. Tables 1 and 2 show the
variation of the absorption coefficient and the skin depth of dif-
ferent compositions of SIPNs in pellet and film forms, respec-
tively, at 2.97 GHz. Since the absorption coefficient is directly
related to the dielectric-loss factor, the absorption coefficient is
higher for 1:2 composition in pellet form and 1:3 in the case of film
form. The skin depth is least for these compositions.

From all these properties, the 1:2 Pani:PVC composition in the
case of pellet form and 1:3 composition in the case of film is
optimized.

Comparison of Pellet and Film Form of PPy:PVC SIPN. Table 3
shows the dielectric properties of SIPNs of pellet (1:2 PPy:PVC
composition) and film (1:3, which exhibits better results than the
1:2 film) forms. It is clear from the table that the conductivity and
absorption coefficient are higher for the film sample and the
dielectric heating coefficient and skin depth are lower for the film
samples, due to the better dilution effect of the film samples.

TABLE 3 Comparison of the Dielectric Properties of Pellet
and Film Forms of PPy:PVC Composite

PPy:PVC PPy:PVC
(Pellet Form) (Film Form)
Conductivity [S/m] 0.2 0.602
Dielectric heating coefficient J 2.56 0.63
Absorption coefficient [m™'] 11.36 38.97
Skin depth [m] 0.09 0.03
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CONCLUSION

The film form of SIPN is superior to pellet form in terms of
conductivity, heating coefficient, absorption coefficient, and skin
depth. The dielectric loss and conductivity are higher for the 1:2
PPy:PVC composition in pellet form and the 1:3 composition in
film form. The dielectric heating coefficient is minimum for the 1:2
composition for pellet samples and the 1:3 composition for film
samples. The absorption coefficients of the 1:2 composition for
pellet samples and the 1:3 composition for film samples are high.
The skin depths of the 1:2 composition for pellet samples and the
1:3 composition for film samples are less.
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ABSTRACT: A new optical receiver is proposed for optical time-divi-
sion multiplexing (OTDM) systems, which uses two cascaded LiNbO,
Mach~Zehnder intensity modulators as an ultrafast electrooptic (EO)
time gate to demultiplex the OTDM data. Compared to optical fiber-
based time-division demultiplexers, the newly designed EO time gates
have the advantages of compactness, low power consumption, and high
operation stability. With the Gaussian approximation of time-switching
window for such EO gates, an analytical method is presented to effi-
ciently evaluate the performance of this type of OTDM receiver employ-
ing PIN and avalanche photodiodes, respectively. © 2006 Wiley Pe-
riodicals, Inc. Microwave Opt Technol Lett 48: 1326-1330, 2006;
Published online in Wiley InterScience (www.interscience.wiley.com).
DOI 10.1002/mop.21627

Key words: optical receiver; LiNbO; Mach-Zehnder modulators; opti-
cal time-division demultiplexer
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