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Madhumita Sarkar 1,Shovon Nandi2 and Aniruddha Ghosal3
1

B.P.P.I.M.T, Kolkata-700052, India; (e-mail: s.madhumita@ yahoo.co.in)
2
B.I.T, Kolkata-700150, India; (e-mail: shovon.nandi@gmail.com)
3
Institute of Radio Physics and Electronics, C.U, 92 A.P.C. Road, Kolkata-700009, India. aghosal2008@gmail.com
Received 22-02-2012, online 05-03-2012

ABSTRACT
The drain current versus drain voltage characteristics of nano-scale
1D GaAs FETs at two different lattice temperatures, namely, 30K
and 300K have been investigated. We have assumed a displaced
Maxwellian model for the hot electron transport in the GaAs quantum
wells, and have incorporated deformation potential acoustic and polar
optic phonon scatterings. The results obtained from our theoretical
model for a channel length of 10nm and 50 nm 1D GaAs FET have
been shown. The variations of conductance with lattice temperatures
at different channel lengths have also been exhibited.

an electron temperature [7, 8, 9]. From the knowledge of the
velocity-field characteristics for 1D electron in GaAs QW at
two different lattice temperatures namely 30K and 300K,
given in [4], the drain current vs. drain voltage characteristics
of 1D GaAs FETs have been plotted for the corresponding
lattice temperatures in the Fig.1 and Fig.2 respectively.

Index Terms: Displaced Maxwellian model, Quantum Wire
(QW), Polar Optic Phonon (POP) Scattering.

II. ANALYTICAL DETAILS

I. INTRODUCTION

We consider an infinite square well and the electrons are
assumed to be confined in the lowest subband. A displaced
Maxwellian model for the hot electron transport in 1D GaAs
QW has been assumed. The electron energy is given by [4],

R

over decades has established that GaAs is a very
common growth material, especially for microwave field
effect transistors and diode lasers [1, 2]. Recently, attempts
have been made toward the realization of a wire
semiconductor QW structure in which the electron gas is
quantized in two transverse directions [3]. Electron transport
in this structure is essentially one-dimensional (1D) and takes
place in the longitudinal direction. [4] The deformation
potential acoustic, impurity and polar optic phonon (POP)
scatterings play important roles in electron transport in such
structures and thereby have been taken into account in our
analysis. However, interaction with POP merits special
attention, the large energy exchange between carriers and
lattice vibrations influences considerably transport at room
temperature. Moreover, the POP interaction is the major
scattering mechanism responsible for hot electron effects [5,
6].
In this paper we consider the extreme quantum limit (EQL)
condition, which implies that the electrons occupy only the
lowest sub-band. Owing to the weakness of ionized impurity
scattering, e-e interactions may dominate in energy and
momentum exchanges in quantum wells for sufficiently large
carrier concentrations to enforce a drifted Maxwellian
distribution function characterized by a drift wave vector and
ESEARCH

Et = E+Eo
where, E= ħ2 kx 2/2m*
Eo=ħ2Π2/2m*(1/Lx2+1/Ly2)

(1)
(2)

Here ħ is Plank’s constant divided by 2π, kx is the longitudinal
of electron wave vector, m* is the effective mass and Lx and Ly
are the traverse dimensions of the quantum well wire.
We consider the electron distribution in the xy plane to be a
displaced Maxwellian with a drift wave vector d and an
electron temperature Te. The parameters d and Te are
determined from the momentum and the energy balanced
equations, which are
eF+ dpF/dt c = 0
(3)
and
e dF+ dE/dt c = 0
(4)
Here e is the electronic charge, F is the applied field in the xy
plane, d=ħd/m* is the electron drift velocity, and dpF/dt c
and dE/dt c are the average rates of change of electron
momentum and energy due to scattering. The expressions for
dpF/dt c and dE/dt c are obtained from [5].
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If ħω represents the optic phonon energy, we have [6],

( ) POP= ħω (Σqa

Σqe )

(5)

and
( ) POP= Σq ħqa( )
a

Σqeħqe( )

(6)

where τa-1 and τe-1 are the scattering rates out of the state kx due
to the absorption and emission of phonons with longitudinal
wave vector components qa and qe, respectively; Σ denotes
summation over the possible values of qa and qe. The detailed
expression of τa-1 , τe-1, qa and qe are obtained from the
reference [6].
Using the velocity-field characteristics for 1D electron in
GaAs quantum well at lattice temperatures 30K and 300K as
given in [4], we have obtained the drain current vs. drain
voltage characteristics for 1D GaAs nano–scale FETs for the
corresponding
above
lattice
temperatures.
These
characteristics are obtained for a fixed gate bias of 0.1V which
is so chosen as to obtain a fair agreement with the
experimental results [10].
The drain current is computed using the relation:
Id = nevd
(7)
where n is the electron concentration, e is the electronic charge
and vd is the drift velocity.
We have calculated the drain voltage by using the relation
Vd = F×L
(8)
and the conductance of this 1D quantum wire from the
expression,
G =dId/dVd .
(9)

Figure 2: Drain current-drain voltage Characteristics of 1D GaAs
nano wire FET computed at channel length L=50nm.

displayed in Fig.1 and Fig.2 respectively.
It is evident from Fig.1 and Fig.2 that the drain current is
higher at lower lattice temperature (i.e. 30K represented by
line with diamond symbol) which may be attributed to the fact
that Polar Optic Phonon (POP) scattering dominates at higher
lattice temperature (i.e. 300K represented by line with circular
dot) reducing the drain current. The Id – Vd curve is more
prominent at larger channel length (i.e. 50nm) compared to
lower channel length (i.e. 10nm). Using equation (9) the

III. RESULTS AND DISCUSSIONS
Authors have considered the electron concentration n = 107
m-1, effective mass of the electron m* = 0.6103x 10-31 kg,
optical phonon temperature Tpo=419K, and the other
parameter values of GaAs are kept the same as in reference
[4]. The lengths of the channel (L) are taken as 10nm and
50nm respectively. The drain current (I d) and drain voltage
(Vd) are calculated at 30K and 300K temperatures using
equation (7) and (8) respectively. The nature of I d–Vd curve is

Figure 3: Variation of conductance with drain voltage of 1D GaAs
nano-wire FET computed at channel length L=10nm.

Figure 1: Drain current-drain voltage Characteristics of 1D GaAs
nano wire FET computed at channel length L=10nm.

Figure 4: Variation of conductance with drain voltage of 1D GaAs
nano-wire FET computed at channel length L=50nm.
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conductance of 1D QW wire has been determined in mho. The
curve for drain voltage vs. conductance for 1D QW wire is
shown in Fig.3 and Fig.4 respectively which shows a stair case
quantized structure. These results agree with the experimental
ones reported in the literature on the conductance of 1D QW
[11]. The stair case nature of the conductance curve is due to
the quantization effect of the conductance in 1D nano-wire
[12].

IV. CONCLUSIONS
In Fig.1 and Fig.2 we have shown the variation of the drain
current with the drain voltages of 1D GaAs FET computed at
two different temperatures incorporating deformation potential
acoustic phonon and Polar Optic Phonon (POP) scattering.
Fig.3 and Fig.4 display the conductance variation with lattice
temperatures. This theoretical study of Id – Vd characteristics
of 1D GaAs FET of nano-scale dimensions of channel length
10nm and 50nm as made by the authors will throw sufficient
light in understanding the electron transport mechanism in
nano-scale devices.
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