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McEuen et al., IEEE Trans. Nanotech., 1 , 78, 2002.

Introduction: carbon nanotubes

(see also:  R. Saito, G. Dresselhaus, and M.S. Dresselhaus, Physical Properties 
of Carbon Nanotubes, Imperial College Press, London, 1998.)
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Introduction: device performance

Javey, Guo, Farmer, Wang, Yenilmez, Gordon. Lundstrom, and Dai, Nano Lett., 2004
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Nonequilibrium Green’s Function (NEGF)
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G = EI −H − Σ1 − Σ2 − ΣS[ ]−1

device contacts scattering

Datta, Electronic Transport in Mesoscopic Systems, Cambridge, 1995
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CNTFETs: real-space basis (ballistic)
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Recursive algorithm for Gr: O(m3N)
Lake et al., JAP, 81, 7845, 1997

(m, 0) CNT
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CNTFETs: real-space results
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CNTFETs: mode-space approach (ballistic)
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- Computational cost: O(N)
real space O(m3N)

(m,0) CNT
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CNTFETs: mode-space results
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CNTFETs: treatment of M/CNT contacts
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Kienle et al, ab initio study of contacts in progress
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CNTFETs: treatment of M/CNT contacts

Gate

VD=VG=0.4V
Charge transfer in unit cell: Leonard et al., APL, 81, 4835, 2002 
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CNTFETs: 3D Poisson solver
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Method of moments:

∫ −= ')'()'()( rdrrrKrV ϖϖϖϖϖ ρ

Electrostatic kernel:

for 2 types of dielectrics available in  
Jackson, Classical Electrodynamics, 1962 

)'( rrK ϖϖ−
)'( rrK ϖϖ−

Neophytou, Guo, and Lundstrom, 3D Electrostatics of CNTFETs, IWCE10
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CNTFETs: numerical techniques

given n:  --->  Uscf

“Poisson”

given Uscf :  --->   n

transport equation

Iterate
until
self-

consistent

given n:  --->  Uscf

Poisson

given Uscf :  --->   n

NEGF Transport

Iterate
until
self-

consistent

- Non-linear Poisson

- Recursive algorithm for

- Gaussian quadrature for 
doing integral

- Parallel different bias points

- ~20min for full I-V of a 50-nm 
CNTFET
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CNTFETs: theory vs. experiment
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Javey, et al., Nano Letters, 4, 
1319, 2004
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Summary

A simulator for ballistic CNTFETs is developed

- atomistic treatment of the CNT
- 3D electrostatics
- phenomenological treatment of M/CNT contacts
- efficient numerical techniques

Theory is calibrated to experiment


