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ABSTRACT

A computational model for studying the metal and nanotube interface layer
propertiesin Carbon nanotubefield effect transistors (CNT-FETS) has been
carried out. The CNT-FETSscan be fabricated both with Ohmic and Schottky
contacts. Here we have focused on Schottky barrier which operate by modu-
lating the transmission coefficient of carriers through the Schottky barrier.
The behavior of the devices has been studied by using Landauer-Buttiker
formalism. Finally the variation of current versus channel properties, volt-
age and other properties has been calculated via our model. The ambipolar
behavior was explained based on the Schottky-barrier-controlled transistor
model, wherethetransistor action occurs primarily by changing the Schottky
contact resistance by the gate voltage. The calculation results show a fair
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agreement with other theoretical and experimental results.
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INTRODUCTION

Carbon nanotube field effect transistors (CNT-
FETSs) have been studied in recent years as potential
aternativesto CMOSdevices. A CNT can beviewed
asarolled-up sheet of graphenewith adiameter of a
few nano-meters Depending onthechird anglethe CNT
can beether metdlic or semiconducting. Semiconduct-
ing CNTscan be used as channelsfor transistors. The
non-equilibrium Green’sfunction (NEGF) method has
been successfully utilized to investigatethe characteris-
ticsof nano-scalesilicon transistorsl, CNT-FETS?,
and molecular devices®. To extend our previous
workg*%, the NEGF formalism isemployed to study

theeffect of indastic e ectron-phonon interactiononthe
on-current and gate delay timeof CNT-FETsin more
detail. In CNT-Fets metallic el ectrodes act as source
anddrainand CNT betweenthemisachannd for pass-
ing carriers. Inthisresearch we have chosen azigzag
CNT which hassemiconductor properties. With regard
to characteristicsof CNTsand their smilarity to quan-
tumwire, we consider them asan onedimension sys-
temthat carrierscan not dispersioninit andtheir trans-
portationwill beinbalisticform”.,

Contacts between metalsand CNT lead to form
Schottky barrier whichitspotential isabout haf of the
band gap energy. Although in thisresearch weimport
the Schottky barrier height asvariation parameter.
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Figurel: Band diagram of a CNT-FETswith Zigzag channel

Temperaureistheother variation parameter which
has been considered in our calculation. Thispaper is
organized asfollows. Detailsof theemployed smula
tion model ispresentedin section 2 and theresults of
trangient el ectron transport properties carried out on
CNT-FETsstructuresareinterpretedin section 3.

Simulation mod€d

Band diagram of CNT-FETswith zigzag channd is
showninfigure 1. Asit can be seenthereisthreere-
gions, two regions at the ends of nanotube and inter-
mediate region where ballistic electron transport
accurse,

Energy band diagraminleft andrightiscalculated
by solving onedimensiona L aplaceequationaongthe
transport direction as,

8%V (p, 1eV(pz) 0*V(p.
gp z) [ 1oV(p2) (;;2)=0 )
op p Op 0z

with considering theregion closeto the sourcewe can
write

V=0 =

Vs(2) =g —(Vos— Vs {1_ etoxJ 2

where ¢, isthe Schottky barrier height, V_ istheflat
bandvoltage, t  istheinsulator thicknessand L isthe
length of the nanotube . Passing current through chan-
nel isca culated by the Landauer Buttinker formula. In
thisway, current iscal cul ated versusprobability of pass-
ing carriersthrough conduction region. If we consider
chemical potential of sourceand drainasp,_and i,
and with considering just occupancy of one sub-band
and back scattering of eectronsin theleft region of the
source, thetransmission current from the channel re-
gion canbewritten as
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wheref isaFermi-Diracfunction. By choosing i, =
+dp and i, = p and supposing Sp<<p and using Tylor
expansionwecanwrite

4q T[-of(E,
| =T_J;I:%T(E)dE] 3 (4)

Inthisequation carrier tunneling hasimportant rule. This
transmission probability from Schottky barrier iscal cu-
lated usng WK B approximation as,

2
. jK(z)dz
Tns(E) =e @i (5)

wherez and z, areturning point. K (Z) isthe momen-
tum carriersin nanotubedirection where
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where and

|3n=n,+n,|
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begin by considering the effect of themetal- CNT bar-
rier height onthel-V _characteristics.

arethenanotubecharacterigtics. We

RESULTSOFSIMULATION

Figure 2 showsthat at first all diagramsdecrease
and thenthecurrentisincrease.

The minimum currents occur when the voltage of
thegateisabout half of thedrain voltage. Reducing the
barrier height for electrodesto zeroincreasethe elec-

Sb

) Vv
tron conduction current for Vg > ) and decreases

V;D .Forthe CNT-FET with

themetal Fermi level at the middle of the band gap,
electrodes and holeshave symmetric manner inthe con-
duction. Generdly the minimum current isdepended on
¢, Figure3iscomparedthecurrent for transistor with
9, = 0.4ev at different temperatures (T <T).

Asit can be seen from figure 3 the output drain

theholecurrentfor Vg <
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Figure2: Thecurrent variation for different applied voltages  Figure3: Thedependenceof drain current on different tem-

and acomparison for different Schottky barrier hight
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Figure4: Theeffect of nanotubediameter on output I-V char -
acteristics

current isincreased with increasing temperaturesdue
toanincreasing energy of carriersand ahighest carrier
tunneling probability.

Inthefigure4 the effect of nanotube diameter in
output characteristicsof thesimulated CNT trans stor
hasbeen shown.

Using alarge diameter will be reduced the band
gap so the conduction and valance bandswill beclosed
to each other. Thiscausesto abetter carrier transmis-
sionto thehigher layersand thereforethe output drain
current isincreased.

Finaly, figure5 showsthel-V characteristicsver-
susdifferent source-drain voltages. Asit can be seen,
withincreasing source-drain voltagesthe output drain
current isalsoincreased which aredueto anincreasing
forceon carrierswhich causesthenumbersof carriers
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Figure5: Thel-V characteristicsversusdifferent sour ce-
drainvoltagesin ssimulated CNT transistor
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inthe channel region areincreased too.
CONCLUSION

The output drain current computed by our model
showsfor different source-gate voltagesthe minimum
point for currentisoccurredinV =V /2. For both
kind of carriersthe Shottky barrier height isthe same.
Our resultshaveadso shownthat for vauesof V >V ./
2, thehighest of Shottky barrier causeto anincrease of
output drain current and for V <V _ /2 the reduced
Shottky barrier causeto aincrease of output drain cur-
rent.

We have a so shown that increasing temperature
will beincreased the current and the channdl character-
iticswill beeffect onthetransmission current.
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