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Abstract: Problem statement: Nanotransistor now is one of the most promisingldfiein
nanoelectronic in order to less energy consumirdy application to create developed programmable
information processors. Most of Computing and comications companies invest hundreds of
millions of dollars in research funds every yeardevelop smaller transistoré&pproach: The
Junction-less side gate silicon Nano-wire transibs been fabricated by Atomic Force Microscopy
(AFM) and wet etching on p-type Silicon On Insulat(5OIl) wafer. Then, we checked the
characteristic and conductance trend in this dewiegarding to semi-classical approach by
Semiconductor Probe Analyser (SPAResults: We observe in characteristic of the device digectl
proportionality of the negative gate voltage andi$e-Drain current. In semi classical approach,
negative Gate voltage falling down the energy Statiethe Nano-wire between the source and the
drain. The graph for positive gate voltage plotéasdwell to check. In other hand, the conductance
will be following characteristic due to varying tlgate voltage under the different drain-source
voltage.Conclusion: The channel energy states are supposed to loeateedn two electrochemical
potentials of the contacts in order to transform ¢harge. For the p-type channel the transfornmef t
carriers is located in valence band and changiaegdsitive or negative gate voltage, make the ealen
band energy states out of or in the area betweseldttrochemical potentials of the contacts causin
the current reduced or increased.
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INTRODUCTION et al., 2002; Moeziet al., 2008). In this work we

try to explain the characteristic Nano-scale

In last decade, interest in Nano-Wire (NW'’s)
had dramatically increased regarding to down
scaling in semiconductor device technology.
Working in nanoscale is very sensitive and tricky
in order to a lot of necessary information arel stil
unknown about it. Nano-wire transistor channel
lengths continue to shrink rapidly and new ways
for improving of the nanowire transistor have been
investigated (Timpet al., 1999; Leeet al., 2001;
Chenget al., 2001; Rimet al., 1998) and the high
mobility channel materials (Leitet al., 2001; Yeo

transistors and seeking for explaining the SNWT
device base on semiclassical approach or at least
near-ballistic operation. First we express the
fabrication method base on the AFM lithography
and etching, .then plot the |_V graphs.

The operation of the MOSFET's and other
nanowire transistors in semiclassical or ballistic
regime has been explained by analytical models
(Javeyet al., 2002; Datteet al., 1998; Abdul-Rahman
and Wang, 2010) and some numerical simulations
(Assadet al., 2000; Reret al., 2003).
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First we try to express the device and its All samples were cleaned with HF to give all
structure fabricated by AFM scanning probe samples the same starting conditions. After clegnin
microscopy on SOl substrate. Finally, base on the the sample were place in the beaker, containing the
previous publication about the silicon nanowire aqueous KOH (Merck, p.a) varies in concentrations

transistor and considering to the unique structume from 10% wt. to 40% wt. All the samples were
characteristic of the device, try to explain the etched in that solution for 12 sec in 60°C with and
behaviour by the ballistic and semi-ballistic apprio accuracy *5°C. The nanometer-scaled electronic
(Natori, 1994; 2001; Hashim and Rasmi, 2006; Maiti structure of the transistor is prepared by usinthef
and Maiti, 2010). AFM nanolithography, which set up with constantly
AFM mood in all necessary parameters. The pattern
MATERIALSAND METHODS is formed on Silicon-On-Insulator (SOI) <100>.

Before growth oxide as a mask (desired patter®), th

The nanometer-scaled electronic design pattern SOl (substrate) were followed cleaning procedure as
was fabricated on (100) silicon on insulator wdfgr above mentioned. Then the sample was designed the
using Scanning Probe Microscopy (SPM) via Atomic simple transistor pattern as in Fig. 2 and 3.
Force Microscope (AFM) nanolithography process.
In this work we make a nano-electronic device -
fabrication process based on KOH etch applied to '
structures defined by AFM nanolithography. The
samples with a surface area 1-1.5 cm2 were cut from
p-type Silicon On Insulator (SOI) <111> wafers
phosphorus doped, resistivity 5-1Qm, diameter
100+0.5mm, thickness 525 + 25 um (Fig. 1). The
SOl were used was as-grown and not subjected to
any heat treatment. The samples were cleaned by
using NH40H CMOS grad and,8, heated at 8T
for 15 minutes to remove the organic contaminants,
followed by rinsing with De lonized Water (DIW).
Solution from HCI and KD, were used to clean the
ion metal on surface and heated af@Cdor 15 ,G&ti—'-‘
minutes, followed by DIW. Diluted HF, ratio 1:20 e
were use to remove the native oxide layer on SOI
(Abdullahet al., 2010; Lew and Sabar, 2010).

Fig. 2: Simple transistor pattern design by using
AFM nanolithography

100 num)y

Fig. 1: Sketch of the nano-wire transistor fabecat Fig. 3: Simple transistor pattern on SOI after etth
by AFM nanolithography (Abdullahet al., with 10%wt. KOH + 10% vol. IPA (Abdullah
2010; Lew and Sabar, 2010) et al., 2010; Lew and Sabar, 2010)
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RESULTS

The characteristic graph of the device with
both negative and positive voltage been measured.
In Fig. 4 we can observe the behaviour of the
conventional transistors for negative gate voltage
applied. On the other hand, as we can see in Fig. 5
applying the positive voltage on the gate reduces
the current. For the conductance as well, the graph

plotted in Fig. 6 demonstrate the obvious
dependence of the gate voltage for the
conductance.
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Fig. 4: Characteristic for the nano-wire transidtar
negative gate voltage
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Fig. 5:Characteristic for the nano-wire transistor
for positive gate voltage (Abdullakt al.,
2010)
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DISCUSSION

Consider to the device structure which consist of
the source (left contact), channel (Si nanowire] an
drain (right contact). After coupling of the souraed
drain and channel to each other electrons flownish a
out bring the device all in equilibrium with a
common electrochemical potential, p, just like the
material in equilibrium in temperature T. The ag&a
number of electrons in any energy level is given by
Fermi function Eq. 1:

fo(E =)= (1)

1+ exp;
kT

Which:

M = The electrochemical potential (under some
condition we can imply it as the fermi level)

ks = The Boltzman constant

As it is showing in ‘Fig. 4’ for ballistic device,
with Wy = Ery, o = B, We can see the array of the
states and levels. We know under equilibrium
condition the Fermi function gives us the total
energy.

As a matter of fact, applying the battery voltage,
Vp, lowers the energy levels in drain contact compare
to the source contact (assuming ¥ positive) and
keep them as the electrochemical potentials seguhrat
by qVp (Datta, 2005) Eq. 2:

My —H = qVD (2)

x10™

G
conductance

Fig. 6: Conductance Vs gate voltage under different
drain-source voltage
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This difference in electrochemical potential is
giving rise two different fermi function and
accordingly each contact seeks to bring the channel
into equilibrium. Source injects the flux of carge
into the device some carriers reflected in order to
potential barriers within the device and the resg
through the channel toward the drain (Retnal.,
2003; Datta, 2005). We treat the carriers as the
semiclassical particles and the Boltzman equation f
finding the distribution function f (i, t) should be
considered.

In order to Ballistic transforming, electron
density is Eq. 3:
n(x)= j dE[LDOS (x,E)f (E)}+ @)

LDOS; (x, E)f, (E)]

Which L and R refer to the left and right contacts
of the device and LDOS is the local density ofetat
The current flowing from source to drain (drain to
source) will obtained simply by timing the
transmission probability T(E) with Fermi function
and net current would be (Datta, 1997) Eq. 4:

| =h%jdET(E)[fL(E)—fR(E)] “)

In this equation the difference of Fermi level and
Fermi function between the source and drain is
driving term for the net current.

The average number of electron N in channel
steady state will be something intermediate between
f, (¢) and f,(¢) . For left and right contact the net flux

I1, I, would be as follows Eq. 5-6:

b= -N) (5)

lzz%(fz(s)_N) (6)

Which y; and y, are the broadening function or
straightforwardly we can sa% and % are the rates

at which an electron located in energy levetould
scape from the source or through the drain
respectively. Actuallyy is proportional to mean free
path). By using some approximation for steady level
we can write (Datta, 2005) Eq. 7:

| =7QV1V2 (fl(a) —f 2(5))

(7)
hy, +v,
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To integrate over the distribution states(E)
dE Eq. 8:

I= I:jdEDs (E)% (fl(E) - fZ(E)) (8)

Which we assume that:

YiYe
Y. +Ys

v.
2

Source contact try to fill the available states
inside the channel and hold the state ig)f
meanwhile drain try to empty them out holding the
condition in ). If for any reason the states numbers
or location change then it will affect the net emtr
of the device. Gate voltage by changing energestat
condition inside the channel always affect the ewtrr
(except for the off- line current). In order to &ppg
negative or positive gate voltage the states wiles
down or up between Fermi energy (electrochemical
energy level) respectively. We can clearly seedthb
“(7)" and “(8)” equation that the driving term in
current equation is the energy level between Fermi
interval of source and drain,{ — f,&) and for the
energy states in channel between this interval the
current will exist.

The density of electron and conductance G = I/V
will obtained as (Datta, 2005) Eqg. 9-10:

N = [dED(E- oyl Yo =faYe 9)
A
oty FEA-]E)
G=q’[d(E U%ikm (10)

Quantity U is the self consistent potential
extracted by the simultaneous solving of the Poisso
Schrodinger equation. In fact, U has a very impurta
role in finding any quantity of the device depenas
the free and induced charge in channel.

CONCLUSION

As long as the substrate is p-type the major
carriers are the holes. Since conduction in thecbl
depends on availability of states around
electrochemical potential p and not the total numbe
of electron, consequently, the amount of currerlt wi
be measured by existence or density of the energy
states as mentioned previously.
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Fig. 7: Fermi energy (or electrochemical potential)
held fixed by source and drain reservoirs.
Apply a positive and negativgate voltage
and band energy levels move down and
upward respectively (Datta, 2005)

The negative gate voltage decreases the number
of electrons in the channel nevertheless the channe
become more conductive because the negative
voltage pull the states up around the Fermi level
difference (fgfxe) and electrochemical level
therefore, the graph shows increasing in current by
increasing the gate voltage which is predicted by
ballistic transformation model. In ‘Fig. 4’ we care
the characteristic graph for the device under negat
gate voltage. In fact, the valance band located
between the electrochemical levels of the sourck an
drain, has the important role in charge transpioriat
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The energy states between the source and drain
located in channel slide up by negative gate veltag
and driving the energy state between the source and
drain area (LDOS L-LDOS R) upward (Fig. 7). This
phenomenon increases the number of available states
as the result the current will raise as we carirsége
graph under influence of raising the gate voltage.
Applying the positive gate voltage make the net
current decreased. The fact is, increasing the gate
voltage drive the Density Of States (DOS) out @& th
(U-o) area by sliding down the states. Accordingly
we can see particular decline in amount of theeguirr

In other hand, it is clearly inferred from the
conductance (G) graph (Fig. 6) that the devicevVadl

the semi-classic transforming. We can see how the
conductance varied with the gate voltage under
different drain-source voltage. Gate threshold agst
appeared to be in 0.2V and by raising the volthge t
conductance and accordingly the N will increased.
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