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1. Introduction
The fully depleted SOI CMOS technology is now show-

ing decisive advantages over the bulk technology [1]. Low-
voltage (as low as 0.5 V), low-power circuits'operating at
high speed have been already demonstrated. To meet the
requirements of high speed and low power simultaneously,
the threshold voltages of SOI transistors have to be care-
fully determined and, therfore, accurate models for the
subthreshold current in SOI MOSFET are of great im-
portance.

2. New Analytical Model
A number of twedimensional subthreshold current

models'have been developed recently. A two-dimensional
subthreshold current models of [2], [3] are based on diffu-
sion current equation and use a two-dimensional potential
distribution, which maintains accuracy only for low drain
voltage and does not reflect accurately the charge cou-
pling between the front- and the back-gates in the fully-
depleted SOI MOSFET. A model of [ ] uses a number
of one-dimensional approximations in the charge-sharing
approach. In addition, such models use assumption of a
non-constant surface potential of short-channel transistor
in the lateral direction on one hand, but on the other hand
use only expression for the diffusion current. A model of
[5] bases its calculation on the drift-diffusion and conti-
nuity equations and analytical two-dimensional potential
distribution model. However, once again the potential
model used is accurate only for low drain voltage.

Therefore, we have developed a new analytical two-
dimensional model for the subthreshold current of SOI
MOSFET. The model takes into account both the diffu-
sion a^nd the drift components of the subthreshold cur-
rent, the charge-sharing effect and the drain-induced bar-
rier lowering and is based on our new a,nalytical two-
dimenaional approximation of Poisson's equation solution

[6], which describes the potential distribution in the SOI
film using simple polynomial functions, accurately reflects
the cha,rge coupling between the front- and the back-gates
in fully-depleted SOI MOSFET and yields good accuracy
both for low and high drain voltage, as is shown in Fig 1

and Fig 2 for n-channel SOI MOSFET with front-gate ox-
ide thickness 5 nm, silicon film thickness 25 nm and back-
gate oxide thickness 100 nm, the doping concentration
lV - 3 x 1"017 ctr,,-3 and the cha^nnel length L = 0.3p,m.

Using the drift-diffusion current equation the sub-

B-4-3

threshold current is expressed as

Ip-
tL-lP

(qpnrt"rw/B) [1 - exp (-Fvo\ / | exp(-B$),
JIs

(1)
where .D is the channel length, W is the channel width,
tog is the effective channel depth, 15 and lp are the
source-channel junction and the drain-channel junction
length, respectively, and Vp is the drain voltage. Analyt-
ical expressions for tsH, ls and le arc developed using
our analytical model for the potenfial $ and then analyt-
ical expression for the integral is obtained. In Fig. 3 a
plot of L-ls- Lp versus I/p, calculated using our analyt-
ical model, demonstrates the channel-length modulation
in weak inversion.

Model verification is provided by good agreement be-
tween the subthreshold characteristics predicted by our
analytical model and the two-dimensional numerical de-
vice simulator Pisces. In Fig. 4 a Pisces-predicted sub-
threshold current for n-channel SOI MOSFET is com-
pared with our analytical model for two difierent values
of doping concentration. Since the silicon film is thin
(25 nm) the dependence of the subthreshold factor on
the doping concentration is weak, however relatively high
doping. is necessary to achieve reasonable threshold volt-
age. In Fig. 5 a plot of the subthreshold current versus
the front-gate voltage is made for devices with varying
channel length values for low drain voltage of 0.1 V, and in
Fig. 6 comparison is made for high drain voltage Vo-2Y.
Note that the threshold voltage roll-off is well-restricted
and the subthreshold factor does not depend significantly
on the drain voltage. Finally, in Fig. 7 a plot of the
threshold voltage roll-off is shown for high and low drain
voltages, where solid lines represent the analytical model
and circles are Pisces simulation results. Very good agree-
ment between the two-dimensional numerical simulations
and our analytical model is observed in all plots.

3. Conclusion
A new two-dimensional analytical model for the sub-

threshold current in the fully-depleted SOI MOSFETs
was developed. The model adequately describes the sub-
micrometer devices, and, at the sarne time, is simple
enough to be implemented in circuit simulators. It pro-
vides a very converiient tool for the design of submicron
SOI MOSFETs.
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Fig l. Plot of the front- and back-surface potentials
in the silicon film for Vo=0.1 V
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Fig 2. Plot of the. front- and back-surface potentials
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Fig 4. Comparison of model- and Pisces-predicted subthreshold
current for different values of doping concentration N; L=Q.f,p6
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Fig 7. Threshold voltage roll-off as a function of channel length.
Circles are Pisces simulation results and solid lines are analytical

model calculations.
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