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Abstract—CNTs are attractive materials in fundamental science and technology. They hawe
demonstrated unique electrical properties for building electronic devices, such as CNT field-
effect transistors (CNTFETs) and CNT diodes. CNTs can be used to form a p—n junction diode
by chemical doping and polymer coating. These types of diodes can be used to form a computer
chip. CNT diodes can potentially dissipate heat out of the computer chips due to their unique
thermal transmission properties (Jorio et al. 2008).there is also a remarkable tendency of nano
size substance that they can act as filters. This property is marwelous and is being deployed for
nano-sensors. Here is a study of filtration behavior of materials and their comparison.

IndexTerms—cnts, high-pass and low pass filters, surface coupled modes.

I. INTRODUCTION

Discoveries of very constant nanometer size sp2carbon bonded materials such as graphene [1],
fullerenes [2], and carbon nanotubes [3] have encouraged to make inquiries in this field. Most of the
physical properties of carbon nanotubes derive from graphene. Applications for nanotubes encompass
many fields and disciplines such as medicine, nanotechnology, manufacturing, construction, electronics,
and so on. The following application can be noted: high-strength composites [4,5-10], actuators [11],
energy storage and energy conversion devices [12], nanoprobes and sensors [13], hydrogen storage
media [14], electronic devices [15], and catalysis [16]. The unique electronic properties of carbon
nanotube are due to the quantum confinement of electrons normal to the nanotube axis. In the radial
direction, electrons are confined by monolayer thickness of graphene sheet. Around the circumference of
the nanotube, periodic boundary condition comes into play.In order to study this coupling the dispersion
relation can be obtained by various methods. The hydrodynamical model is one of the various methods
to study the behavior of polariton, phonon on the geometrical surface of materials.

Il. FILTERING PROPERTIES AND THEIR ANALYSIS

The dielectric function & (w) for a polar semiconductor, due to the lattice, is given by,

2 —
SL((,)):(M] "

®? -1

0]
In terms of the reduced frequency Q)[= —J may be written as:
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The plot of * €, (®)* vs. < " is shown in the fig (1-4).
The curve ‘SL(Q))’ has a pole at ®=1, i.e,, at ® = ®,, which is the transverse optical phonon

frequency. For 1< w<1.1, the values of 8,_(0)) are negative and it becomes zero at m=1.1.

IJEDR1702290 | International Journal of Engineering Development and Research (www.ijedr.org) 1848



file:///E:\Planet%20Publication\IJEDR\Volume%203\Vol%203%20Issue%202\Published_Paper_V3_I2\www.ijedr.org
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4141964/#B1
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4141964/#B2
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4141964/#B3
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4141964/#B54
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4141964/#B56
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4141964/#B61
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4141964/#B62
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4141964/#B63
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4141964/#B61
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4141964/#B64
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4141964/#B65
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4141964/#B66

© 2017 IJEDR | Volume 5, Issue 2| ISSN: 2321-9939

Fromequ. (2), 8|_(0))=0 implies that

0 =20 3

by using the Lyddane-Sachs-Teller equation. Here ‘), is the longitudinal optical phonon
frequency.

Thus, the lattice dielectric function remains negative in the frequency range between ‘ ®,’ and
3 (D[ 9
Also, the value 8,_(0)):1 corresponds to ®=1.09 from the graph. This is actually the surface

(1+80)

mode frequency given by eq.® = ﬁ for InAs. At this frequency, the refractive index ‘n’
800

of the medium tends to infinity. The dependence of ‘n’ on frequency is discussed in the following

section.
The frequency dependent lattice-dielectric function SL((D) given by eq. (2) is plotted for InSb,

GaP, GaAs, and SiC.
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Fig.1
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€ (w)vs w for GaAs
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€. (w) vs w for SiC
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A plot of equation 46, 0" —|ege, + (65 +£, K 07 + (g5 + &, )k? = Otaking
€g=1 fig. (1-4) again gives two coupled surface modes, the lower being the non-radiative, bound

surface modes which tends pure photon mode for low values of wave vector, and to the surface
optical phonon frequency for high values of wave vector, and show a mixed surface phonon-
photon character for intermediate values of wave vector. The lattice dielectric function SL((D),
given by equation
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Whose frequency dependence results in surface optical phonon waves at the surface of polar

semiconductor, and the corresponding values of n” (g (r,t) = Zﬁ Ny, (6)e'“™ ) have also
|

been potted (figures). From the analysis of fig. 1-4 along with the fig.5 it is clear that the incident

E.M. wave will be transmitted forow < 1.0 and o > 1.1.
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Thus, the surface of a polar semiconductor, in this case, acts a low pass and high pass filter for the
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kivs w

incident E.M. wave.

Il. RESULTS
Result of fig.1-4 for low pass and high pass filter for nanoscale measurement of cylindrical polar
semiconductor.
Result
InSb GaP GaAs SiC

ng(@)/ o) .95/0 .9/0 .95/0 .9/0

e (0)/ e |11 1.0/0 1.0/0 1.0/0

SLg(m)/ o3 .7/13.58235 6.38627/.7 .7/18.9784 .7/13.9137

8|_4(03)/ o 1.2/27.7 1.2/21.17619 1.2/22.423 1.1/23.409
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Table for Dielectrice constant € VI'S. @ / @,
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w MgO InP Carbon
0.2
10..875 12.51667 55
0.4
11.11429 12.93333 5.5
0.6
13.68125 13.975 5.5
0.8
22.06687 17.37778 5.5
01
(0] (0 0] (0 ]
1.2 -
12.7818 3.236364 5.5
14
-4.2875 6.683333 5.5
1.6
-1.52308 7.805128 5.5
1.8
-0.18036 8.35 5.5
02 | ..
8.666667 5.5
22 |
8.870833 5.5
24 |
9.011765 5.5
26 |
9.113889 5.5
28 |
9.190643 5.5

Further if graph is plotted between dielectric constant and w / w, it comes to be as the following
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25 1 Dielectrice constant ¢, vrs o/ o,
MgO
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IV. CONCLUSIONS

Now taking eg = 1 fig (6) again gives two coupled surface modes, the lower being the non — radiative, bound surface modes
which tends pure photon mode for low values of wave vector, and to the surface optical phonon frequency for high values of

wave vector, and show a mixed surface phonon—photon character for intermediate values of wave vector. The lattice dielectric

function ¢ (w), given by [Whose frequency dependent results in surface optical phonon waves at the surface of polar semi
conductor], and the corresponding values of n? have also been plotted. From the analysis of fig along with the other figure it is

clear that the incident EM wave will be trans mitted for w<1.0and w>1.1. Thus the surface of a polar semi conductor, in this case,
acts a low pass and high pass filter for the incident EM wave.
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