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Abstract

A compact model of tunnel field effect transistor (TFET) has been developed. The model includes a surface potentia
calculation module and a band-to-band-tunneling current module. Model comparison with TCAD shows that the mode
calculates TFET surface potential and drain current accurately.

Index Terms: drain current, Kane model, surface potential, TFET.

I. INTRODUCTION the source-body tunneling region, and region III
includes the channel region. Based on its operation

Tunneling ~ field-effect-transistors  (TFETS) are principles, region I and II are equivalent to a gated-

considered to be a potential alternative to scaling limits
by current CMOS technology. In this regard,
development of TFET compact model framework is
crucial. A few TFET models have been reported [1]-[3],
but their application and choice of tunneling parameters
in the band-to-band-tunneling (BTBT) current equation
is not clear. The model presents a clear approach to
calculate drain current.

Il. TFET MODEL FORMULATION

Fig. 1(a) shows the schematic of an n-type double
gate (DG) TFET. Fig. 1(b) shows its band diagram in
off and on states. Tunneling takes place at the source-
channel junction. The gate field controls the BTBT
process by pushing down or up the channel conduction
band until it becomes lower or higher than source
valence band, thereby turning the device on or off,
respectively.

The model divides DG-TFET in three regions.
Region I includes the source region, region II includes

tunnel diode, and region III is equivalent to a DG-
MOSFET channel region. 2-dimensional Poisson
equations are solved to obtain surface potential across
regions I and II. Surface potential in region III is
obtained using Lambert function based explicit
analytical surface potential model for DG-MOSFET [4].

After matching the boundary conditions [1],
including surface potential and electric field at the
junction of region [ and II, surface potential at x=0,
lengths of region I and II, and the surface potential
profile along channel length can be found and are listed
below, respectively [1].
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9o = B (x4 L) “
Ps2 = (Vgs - Vfbs) - [Vgs‘ - Vfbs - Vm‘s - (pdg]-COSh(%)' (5)

Minimum tunneling length can be found using
equations (4) and (5) and is expressed as,

W, =Ly + L, — Ayy.cosh™? ( Vo Vybs=01 )— el (o) —%’ (6)

Vgs=Vfbs)=(Vhis+Pag) Nseff

Average electric field is computed by,

Eusg = ™)
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Finally, drain current expression is given by [5],
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1. DISCUSSION AND CONCLUSION

The model was compared with TCAD simulation
[6] to prove the validity of the model. Device
parameters for the simulated device were #,,=1 nm,
=10 nm, Ly=50 nm, N=N=10" /em’, Nyu=10"

Jem®.

Fig. 2 shows surface potential profile along
channel length for different V,, values. Both the
model and simulation are in good agreement. Fig. 3
shows I,V for different Vg values. Both simulation
and model are in good agreement. Fig. 4 shows /4
V4, for different V,, values. Intercept and slope of log
of Eq. (8) was calculated to extract Ay and By values,
respectively, with I;; from the simulator, and E,,
calculated from the model [6]. 4y and By values are
mentioned in Table 1.

Overall, the model produces excellent results
compared to simulation. The approach presented here
attempts to clear some confusion in application of
reported models.

Table 1. A,/By values as a function of Vg,

Vis Ay (IV%s) By (V/em)
0.10  1.5x10™ 29.74 M
0.15  Ix10" 29.74 M
020 2x10" 29.74 M
025 3x10® 29.74M
030  3x10® 29.74 M
035 3.3x10” 29.74M

040  3.5x10° 29.74M
045  35x107 29.74M
050 3.5x1" 29.74M
055  3.8x10" 29.74 M
0.60  3.8x10" 29.74M
065 3.8x10" 29.74 M
070  4.0x10" 29.74 M
075  4.1x10" 29.74 M
0.80 428107 29.74M
085  437x10" 2974 M
090  445x10" 29.74M
095  4.52x10" 29.74 M
1.0 4.60x10" 29.74 M
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Fig. 1(a). Schematic of DG-TFET device.

Source

Ee

1

ST I LLLLLLL LI LI

Fig. 1(b). Band diagram of TFET device.
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Fig. 2(a). surface potential profile along channel length calculated
from model (lines) compared with simulation (symbols) for V4=0.0 V
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Fig. 2(b). Surface potential profile along channel length calculated
from model (lines) compared with simulation (symbols) for Vg=1.0 V.

T
NyN,=102 fen®
Ls’iﬂ nm

1710 0m
fog~1nm
Wig=42eV

02 04 0.8 10

06
7 tvi

Fig. 3. 1.V, for different Vi values, calculated from the model

(lines) compared with simulation (symbaol).

_ Symbols: TCAD
23] R Lines: Model

Iox=1 nm
2.4 wiga2ev
-39

T
1 vane102rem®

ox

VS‘ZO.ZS, 0.5,0.6,0.75,
0.80,0.90,1.0 V

Fig. 4. I, Vs for different Vg values, calculated from the model
(lines) compared with simulation (symbol).
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