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Mathematical Model of Channe Current
INn FET-Based Nanobiosensors

Daria Bodilovska, Anton Popov

Abgract — fidd effet trandgor (FET)-based sensor  for
biomolecules detection has been smulated.

Kemords — nanobiosensor, fidd effect trandgtor, carbon
nanctube, nanowire.

|. INTRODUCTION

Among one-dimensona (1-D) materials carbon nanotubes
(CNT9) and nanowires (NWs) are extremey interesting as the
active materiad for biologicd and chemicd sensors CNTs and
NWs are directly comparable to the sze of the target mdecules,
thatmekeshem wdl aiitable for dectronic  detection of
biomaolecules or other anaytes. CNTs and NWs-based biosensors
have higher sendtivity at room temperature and fagter response
than conventional FET-based sensors

One of the most promising gpplications of carbon nanotubes or
nanowires is biosensors based on fidd-effect trandgors (FETS).
Fidd effect trandgtor (FET)-based sensors have attracted lots of
attentions because of thar high sendtivity and compatibility with
biomolecules[1].

It is important to study FET-based nanobiosensors and
improve ther sengtivity, because until now there is no accepted
model, which could completely describe the physics of biosensors

based on fidd effect trandgtors (FETS) with low-dimenson

structures.
In this paper, we attempt to creste the mathematical modd of
channd current in FET-based nanobiosansors.

Il. MATHEMATICAL MODELING OF CHANNEL
CURRENT IN CNTFET

The device physics is nat completdy dear and there are a
couple of approachesto the description. In thisreason current in the
channd isdifferent described by various authors. We used our own
approach, obtained the following equations.

According to the CNT balligtic trangport theory, the current in
the channd can be cal culated using the Fermi—Dirac Satigics[2].

Current, which flows through the nanatube, can be calculated

by Eq. (1):
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where k is Boltzmann congant, h is Flanck's congtant,Vds is
voltage between drain and source, Ec is the energy of the
conduction band and Vent is potentid on the surface of the
nanotube 3].

Potentid iscalculated by Eq. (2):

VGS ’VGS < Dl
VCNT = 2
v a(\/GS-Dl)w(a;\/GS-Dl)) e\ s

)

whereVz is gate voltage, e - smocthing parameter, o —
predefined parameter Eq. (3)

a =a,+Vps 8, +Vps A, )]
a,=0.758-0.124>d+0.018>d*
a,=-0.325+0.181>d-0.137 >d* +0.024 >d*

-d+1.1075
a,=0.143-0.137»exp %974
where d —nanotube diameter, nm.
Parametas which describe CNTFET biosensors work are
presanted and di scussed.

111. CONCLUSION

Mathematicd modd of channd current in CNTFET-based
bi osensors has been deve oped.

It is important to develop a genera efficient approach to the
carie trangport solving. Smulations will hdp to underdand the
device physicsand explain of experimenta data.

The present work can be further improved by induson in
model the balidic trangport,the equations of the Schottky barrier,
scattering of charge carriers mechanism, velocity saturation effects,
mohbility condderationsin carbon nanctubes, ect.
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