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« Part 1: The modeling of Non-volatile memory using
Optically-Gated Carbon Nanotube FET (OG-CNTFET)
— Memory operations description & modeling
— Electrical equivalent circuits
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What is OG-CNTFET ? s
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*W.-S. Zhao et al. Nanotechology, 2010, 21, 175202. ** G. Agnus et al. Adv. Mater., 2010, 22, 702-706.
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@ From CNTFET to OGCNTFET e
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P30T
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@ Optically write an OG-CNTFET memaory Gns

% Cross-section >%
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Positive V¢ detrapping modeling Gns
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Hypotheses:

* Positive Vg modulates the positive V~r which homogenously detraps interface
charges in the near channel zone.

» Charge evacuations pass through the CNT channel.

Modeling:

» The current source of Shockley-Read-Hall (SRH) surface recombination depends
on Vps and V.
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@ Electrical equivalent sub circuit Gns
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< ‘ > / > depends on Vg and Ve

|’ _R_ — T T Interface trap relaxation time constant
! Relax : CNT Rrelax”™ Coptict = T@URejax-
o T L ]
LASER Laser;- - - - - g
R COpt?cl: Inter;ace traps between SiO, and
p T P3OT.
] Optic A IOpticzngOptic <
asgr pqwe — “Optical writing” current source.
[ —e

\ } / Part 1: Device Modeling \

EE;\IEEDREIEJDJE TNT2010, Sep. 07, 2010, Braga, Portugal 9/22




uuuuuuuu

« Part 2: Description of carrier mobility model in P30T and
hopping mechanism at SiIO,-P30T interface
— Description of electron hopping and carrier mobility in P30T
— Electron mobility modeling
— Relaxation current modeling
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Electron hopping and carrier mobility in P30T Gns
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« Electron mobility of P3OT in low field range.
» Relaxation current:
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@ Electron mobility modeling in P30T Gns

Pool-Frenckel model (PF): Gaussian disorder model (GDM):

«  The mobility is described as a electric field « GDM transport is supposed to proceed by
and temperature assisted detrapping means of hopping in a Gaussian site-energy
process of a carrier from the Coulomb distribution, caused by fluctuation in
potential of a charge trap. conjugation lengths and structural disorder.

* Pros: good fitting in wide electric field range
« Cons: no physical clue about the nature of

Pros: point out clearer the physics
Cons: validation only in high electric field

the process range
L exp| E,—aF || (20 i
Eataas KT, | kT
111 : ((FT)=p.exp 2
with—==—-— | el @) _s2 | JE
I\ eff TR /’ (kT j \/_
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Ref : V. Kazukauskas et al., Eur. Phys. J. Appl. Phys., 37 (2007) 247-251.
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@ Relaxation current modeling Gns
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* Hypothesis:
— Non-volatile relaxation = null bias = null field

E, E, To—-T
Hpzor = Hy €XP| — = My €XP '
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« Relaxation of P30T is temperature depended:

E, T.-T )\ L.d
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P30T conductance under low electric field
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« Part 3:Including Schottky Barrier (SB) at the drain/source
contact of the OG-CNTFET modeling
— Modeling the Schottky barrier by the effective SB approach
— Simulation result analysis
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@ Motivation and modeling of Schottky contacts Gns
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v
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« Effective Ogg :
— 0> Ejjection > Psp efr» T (transmission propability) = 0; else, T = 1.
— Charge injection computing starts from ®gp .
—d
tunnel + ((DG + (Dbi)

Schottky

(D?; = ((DSB _((DG +(Dbi)) CXp

Ref : J. Knock et al., Phys. Stat. Sol. (a)., 205, 4, 679-694, 2008.
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Improvement of Schottky barrier modeling /a(;ws
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Schottky Barrier
implementation
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Comparison: measurements and simulation resultsqns

Measurements after optical writing

Simulation results
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@ Conclusion -
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— Optical gating, V programming, and gate bias protection of programming are
physically modeled.

— The compact model is adapted for ADS and Cadence.

— The trapped electron relaxation is modeled by hopping mechanism at SiO,/P30T
interface.

— Pool-Frenckel mobility model is adapted for P30T conductivity under non-volatile
memory condition.

— The Schottky barrier is converted to effective Schottky barrier on the channel
potential.

— The effective Schottky barrier computing is improved for not only the OG-
CNTFET bias range, but also for the one of normal CNTFET.
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@ From inputs/parameters to outputs s
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User’s inputs and |
parameters interface :
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