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Model descriptions:

A continuous, analytic I-V model is developed for double-gate and nanowire tunnel
FETs with 3D density of states, including depletion in the source. At the core of the
model is a gate-controlled channel potential that satisfies the source and drain
boundary conditions. Verified by numerical simulations, the model is able to
generate lgs-Vgs characteristics for any given staggered bandgap and channel
length. lss-Vgs characteristics are also generated by building into the model the de-
biasing effect of channel charge in the linear region. It is predictive in the sense that

there are no ad hoc fitting parameters.
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Fig. 1. Band diagram of a heterojunction TFET with p* source and n* drain.

Name Parameter Description Unit | Default
Material dependent parameters
V1 Staggered bandgap of the source to channel heterojunction | eV 0.23
mc Effective mass associated with conduction band Mo 0.1
my Effective mass associated with valence band Mo 0.1
&s Permittivity (assuming same in semiconductor and insulator) | g 14.6




Device related parameters

2

L Channel length nm 20

Na Density of source doping cm® | 3x=<10%°
N Density of drain doping cm® | 3x=<10%°
Ny Effective density of states in the valence band cm® | 1>=<10%
Ne¢ Effective density of states in the conduction band cm3 | 1x<10'8
ts Semiconductor body thickness nm 5

fi Insulator thickness nm 2

y Scale length nm 9

Bias dependent parameter
Vs Gate bias Vv 0.5
Vs Drain bias Vv 0.5
A Band bending eV | calculated
Wy Depletion width nm | calculated
Vo Controlled by the gate voltage eV | calculated
dy Source degeneracy Fuz(di/KT) = (72/2)(Na/Ny) eV | calculated
dz Drain degeneracy Fu2(d2/KT) = (742/2)(Na/Nc) eV | calculated
V2 Drain conduction band eV | calculated
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For given Vgs and Vgs, calculate Qinv from Egs. (3) and (4), then solve Vo

and A from Egs. (5) and (6).

Vo = (Vgs - Qinv/Cox) + (Vl - A), Vo=di+d2+ qVds (5)

1ldv|  _( z \Vocosh(al/A)+(V, =V, +V,—A) _ [2N,A ©)
qldx|_, (g4 sinh(zL/ 1) N\ e

T - 2v2[ g 7
(E,E,.) = exp _T[mvjh JU-(E-E, ydx+m, | (x)+E+ElCdx} 7
. ogm, v Ein

1= 272'2h3 J.O (fs_ fd)|:'[0 T(E’Eiv)dEiv:|dE (8)

Where E.n is the is the smaller of E and (mc/my)(V2 — E)

Model generated examples:
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Fig. 2. Model generated lq4s-Vgs characteristics with default parameters (time: 33 seconds)
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Fig. 3. Model generated lg4s-Vgs characteristics with default parameters (time: 170 seconds)
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