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Devices based on field effect (CNTFET)
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gDFTB

Green’s functions Density Functional Tight-Binding
(A.Pecchia, L.Latessa, A.Di Carlo)

Atomistic simulations: Quantum treatment
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NEGF Extention
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3D Poisson Multigrid
Nife, (F)Rv (r))=- 4pr (r)

The cylindrical gate is added as an

appropiate Dirichlet boundary condition

rl Metal Gate — C,=C =0: c(rVv(r)=r(F)

] Insulating dielectric — C. =C=0: C(F)NZ\/(F) =r (F)
and CNT |

QL




5
w
c
4]
]
Q
——
)
O
N
5®
®
-8

i

Coaxially gated CNTFET

olres soniaet Working mechanisms:
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» Schottky barrier modulation
at the contacts
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 local modulation of
/H channel conductance
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Megtallic bate Model:

LT =1

A » semiconducting CNT(10,0)
oo * neglect Schottky barrier
v ot » Charge injection from p-doped
CNT contacts




CNTFET control capacities
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Gate capacitance

Gate Is a Macroscopic metal
Oxide

CNT
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In a classic MOS C, >> C_, => modulation depends on C,
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In a well-tempered MOS  C_ >> C,,C,

In 1D systems C, is small

V4 can influence the channel charge and barrier
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Caratteristiche di uscita I,./V
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Calculation of CQ
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Over-screening in CNT
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Negative C, — C,,, > C,
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Negative compressibility

J.P.Eisenstein et al.,

Experimental measurements in
GaAs quantum wells

Phys.Rev.Lett. 68, 647 (1992)
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Analytic results for quasi-1D electron systems - _—
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Many-body exchange effect
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XC in gDFTB

In DFTB the XC term is treated with a Hubbard on-site energy

Substituting U,, with U_, accounts only for Hartree

x16" ;
" :'.'1\'1"_
1%
] '-.I'“i
s "-._\“*\‘ r.=5.03
= ‘-._k,,, =61
—1 AN e i e e e e
= ".
1 r.=[L0.06
ol
r,=20.12
~ N 5
(Ang)

o/

W ¢
A
b



1/DOS

Quantum Capacitance vs DOS




Over-screening and modulation
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Possible applications ?

Unconventional Trans-characteristics
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Conclusions

Comprehensive calculation of Quantum Capacity in a
CNT(10,0) using NEGF

XC effects can give deviations from “classical” C

Negative C,below a crytical carrier density which
compares well with analytic results in quasi 1D systems

More complicated behaviour when more subbands are
occupied
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