Available online at www.scholarsresearchlibrary.com

i e
Scholars Research Library %0&" <>

Scholars Research g %
Archives of Physics Research, 2010, 1 (2): 31-36 SO 5

NN

(http://scholarsresearchlibrary.com/archive.html)

Library
ISSN 0976-0970

Nano scale contact junctions between SWCNT Channahd gate
dielectric of CNTFET

A. Bahari, M. Amiri, Sh. Daliri Rad and S. Karami

Department of physics, University of Mazandaranydsar, Iran

Abstract

Shrinking transistors causes some problems sucleasage current, tunneling and boron
diffusion through the ultra thin gate SIOSome researchers believe that CNT (carbon nano
tube) can play silicon role in the future of namarisistors. However, the key factors of the next
CNTFET (carbon nano tube field —effect-transistare SWCNT/Si contacts. The schottky
barrier exits at this contact and the energy barteight is mainly determined by the difference
between the SWCNT (metal) work function and SnisffiHenceforth, much more complexity
could arise at a nano scale contact junctions, whgist a few carbon atoms could form the
contact and the actual schottky barrier height camlonger infer from the traditional contact
properties. We have studied analytically and nupaly the effects of these contacts on the
carrier transport through the SWCNT.

Key words: Nano transistors, Carbon nano tube, Gate dietestrdl Schottky barrier.

INTRODUCTION

In the last decade, FETs (field-effect-transistdyased on semiconducting CNTs have been
generated considerable and remarkable interestodibeir quasi-ideal electronic and mechanical
properties and have a high level of performanc8][JAmong numerous remarkable properties
of CNTs, some issues related to transport mechanamd device physics are still the main
problem of the CNTFET generations.

Significant efforts have been made recently to esdhese problems, nevertheless there are still
key points to be addressed and understood. Incpkati there has been no modeling and
fabrication process — compatible doping methoddhiTs. However, the quasi one-dimensional

31
Scholar Research Library



Bahari A etal Arch. Phy. Res,, 2010, 1 (2): 31-36

(1D) CNTFETs can be doped via charge transfer gsEe[4] which there 1D nature yields a
very good charge confinement and electrostaticrobft].

Moreover, in contrast to silicon in these mater@srier transport properties are excellent and
nearly similar for holes and electrons in zigzagetyCNT (10, 0) semiconducting nano tubes.
Mean free path of 300-500 nm at low field and 10-hén at high field have been measured [6].
In this work, we study the contacts analyticallg amumerically, between SWCNT/Sit find a
better and easier condition of a full-nanotube wirdesign with using Monte Carlo (MC)
method.

Calculations and discussion

As mentioned previously, grapheme is a two dimeraigheet consisting of connected carbon
atoms in hexagons like the benzene molecule. Thes lmd a grapheme sheet consists of two
atoms named ‘a’ and ‘b’, see Fig.1. The nearesighbor atoms interactions , e.g. , the
interaction between atom ‘a’ with three ‘b’ atomapuses the angle between ‘b’ atom becomes
120°. When folding the grapheme sheet into a SWCNT([8iValled Carbon Nano Tube) it is
possible to use the concepts and calculations r@pheme sheets.

® First neighbor

® Second neighbor

® Third neighbor
® Fourth neighbor

Fig.1. Neighbor atoms of a graphitic plane up to 4t nearest neighbors for an atom ‘a’.
are just for understanding the process

To study these interactions, we pick out one paldicatom to study and consider all of the other
nearest neighbor's atoms effect on selected attws. arbitrary carbon atom of grapheme can
vibrate (move) freely while its nearest neighbanas are fixed at their positions leads to both
bonding and anti bonding potentials in the graphsheet [6]. Here, we just consider bonding
potential and neglect anti bonding potential (Lattél be discussed in the next paper). Bonding
potential includes harmonic and Moore’s potentid/s3] in that:

(1) U=U_bond+U L]
) ubom,:D((1-e“*(f'f°))2 1) % K(0-0,)° (1+K (0-6,)°)

=142 ,D=6/03x10"Nm, B=2/65<10'm™, 8,=2/094rad
k =9x10"Nm/rad?, K =0/754ad™*
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Where the force corresponded to above potentzide determined by

(3) F=0OU

We use the velocity Varlet algorithm (for more dstasee Ref. [5].). It represents harmonic
vibrations with the same amplitude, direction ahdge, where only arbitrary atom is allowed to
moves or vibrates.

Assuming the motion of the first nearest neighitoms and doing some calculations based on
velocity Varlet algorithm, the sum over the forogsthe atom i, labeled tqg Fwe will have:

) R=2, K ER)-5(R) i=3..N

Wheret, (R,) andR; = (x;,v,,z;) are the displacement and position of the i tomatrespectively.
We can write &N x 3N dynamical matrixD(q) as follow:

(5) D @)t, =0

The dynamical matrix D for two-dimensional graphite written in terms of the3 x3
matrice®,.,D.., Dy, andDy,, for the ‘a’ and ‘b’ atoms within the unit cell akown in Fig.1

= Daa Dab
©) D@ =[D 5 }

The sum over j is taken up to the nearest neighbtite i th atom an#* is a3 x 3 force
constant matrix between the i th and the j timat®he force constant tensor is thus given by

¢ 0 0
(7 K®=l0 ¢ 0
0 0 ¢

Whered?7, 2 and¢l, represent the force constant parameters in thal i@nd-stretching), in-

plane and out-of-plane tangential (bond-bendingedtion of the nth nearest neighbors,
respectively.

The force constant matrices for the two other atamesobtained by rotating the matrix in Eq.
(15) according to the rules for a second-rank tenso

(8) K' =U(B)K**U(8)

Where U is the rotation matrix for rotation arouhé z — axis, ané is angle between x — axis
and the line from one atom to another atom.

Furthermore, force constant parameters up to 3#nese neighbor in unit 004 dyne/cm. are
determined experimentally by using inelastic nautsoattering or EELS (Electron Energy Loss
Spectroscopy) techniques [9] are given in Tableek (Fig.5).
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Table 1. Force constant parameters up to 3th neareseighbor in unit of 104 dyne/cm

Radial Tangential in-plane Tangential out-of- g@an
1= 365 bl =245 bl =19.82

¢ =88 ¢ =—3.23 $, = —04

b2 = 3.00 ¢3 = -5.25 $Z =0.15

Fig.2.3d plot of the stable phonon dispersion infft Brillion zone

By assuming the time dependence oflUallR;) as the form o, We could see in [5], how the
determinant of Dynamical Matrix of a two dimensigrapheme sheet as the form of Eq. (4)

varies by passing vibrations time. The time depend of displacement vector causes a time
oscillating behavior on phonon frequency.

From [2] and quantum confinement along the SWCNiEurnference the wave function of
carrier which propagated along the CNT axis, argnbdoaround CNT. These confinements cause
the sub bands of SiO2 and SWCNT can be decouptethait, the first sub-band contributes
mostly to the total current. According to retardeceen’s function, G, we can write the below
relation with considering the self-energys4ft due to the coupling of the device to the source
and drain contacts, which is zero except at thenBares, the effective mass HamiltoniaHs,
andE; [5-11].

1
(9) G = self self
E| —H- Esource_ Edrain
H is discredited with using finite differences dated in Ref. [4] for nearly four discrete sub-
bands, as follow:
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Whereu, ;5 are the potential energy at the point 1, 2, 3 ansl the grid spacing. The energy

2
depends effective masm*] inside the band gap should change fregq—2 to

ma

2
. in
2m’ (1+—)a?
( = )

g

which E; is the band gap energy. We can now find the eacgacentration, velocity and current

as follow:

(11) SOLII'CEG+ f

N:jGr

Herel is the broadening due to contacts and is givej2hy.e;
r = i(Eself - E;elf)

(12)
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Fig.3. Applied electrical field accelerates carrielin which the velocity takes a maximum
value and then tends to a constant value after aboa0Os
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Fig.4. the electron and hole velocity versus applieelectrical field
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Henceforth, carriers are treated as a sheet cliisgéuted over the surface of the CNT. Now
we take the example of what we found in the abaleutations and show only the results of
them in the Figs. 3 and 4.

Different transport velocities of electron and hale obtained and revealed in Fig. 3. Holes
move slower than electrons in the SWCNT channeltdukeir mobility, but after 18 s they get
the same velocities. This means that the CNTFETchvie made cannot work at high electric
field, in particularly, in switching devices suchk @PU memory or computer memory. Usually,
for such off - on devices, the slope of velocitijeld is a key factor for designing a CNTFET.
By looking at Fig. 4 the acceptable range for thesice is estimated from 0.5 to 3 MV/m. By
looking at Figs.3 and 4, we see that the electesasscattered into the whole levels above Fermi
Level, whereas holes scattered just at the maxiteugi of valence band.

DISCUSSIONS AND CONCLUSION

As stated above, in the CNTFETs source and draitacts are either schottky or Ohmic —like.
Ohmic boundary conditions are characterized by nthaérequilibrium and to local charge

neutrality, which is only condition of carrier imjgon in the device. But, the treatment of a
schottky contact requires changing the injectionCHNV to SiO2 and the particle motions

algorithm in the space charge region near schattigrface. Simulation results suggest that
different electron and hole velocity (Fig. 4) undlee same conditions and applied electric field
at the low electric field. They behavior Boltzmafunction or self-limiting tendency at high

electric field , meaning, a novel model for gateleictric/ CNT contacts is needed for describing
the electrostatic charge balance across the centud the dipole polarization along the
SWCNT.
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