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Simulation of Various SOI Models at
Nanometer Technology
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Abstract-- Silicon on Insulator is very attractive technology for
large volume integrated circuits production and is particularly
good for low voltage, low power and high speed digital systems.
The performance advantages associated with SOI hence led to
consideration of the technology for high performance
applications such as microprocessors, digital signal processors
and wireless applications.

Even the simplest integrated circuit design begins with circuit
simulation. This requires accurate models and simulators. SOI
simulation being relatively new is still being optimized to make it
as robust as bulk models. SOI has resulted in the generation of
an entirely different set of modeling problems when compared to
bulk. Most early versions of major simulators are not very
comparable with SOI simulations especially in the nanometer
regime. It is necessary to access performance and reliability of
different SOl models at the submicron technology node.

This paper compares various types of available SOl models by
simulating the characteristics. Both Matlab and T-spice
simulations are carried to compare performance of models in the
nanometer technology and results are presented in the paper.

Index Terms-- MOSFET, BSIM, SOI, TCAD, Device Model.

[. INTRODUCTION

ILICON on Insulator technology has been becoming an

important technology for deep submicron CMOS VLSI.
SOI CMOS technology has been regarded as another major
VLSI technology in addition to bulk CMOS technology. VLSI
circuits using SOI CMOS technology have been reported
increasingly as shown in fig. 1. Using deep submicron SOI
technology, various VLSI circuits including DRAM, SRAM,
logic circuits and gate arrays have been integrated. As
compared to the bulk CMOS circuits, SOI CMOS circuits
have a better speed performance owing to smaller parasitic
capacitances. As a result, higher-speed low power
applications can be obtained [1, 5].

Since the performance of SOI CMOS devices is quite
different from that of the bulk ones, models designed for bulk
CMOS devices may not be sufficient for circuit simulation.
There are lots of models provided for the SOI technology for
device size ranging in the microns. But for the nanometer
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technology verification and applicability of the models need
to be checked in the submicron domain. In advanced deep-
submicron CMOS technologies especially for integrating
memory circuits, narrow channel and short channel effects are
important in determining the device performance. In addition
sidewall conduction of narrow channel SOI CMOS devices
can not be neglected.
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Fig. 1. Technology generation representing SOI is leading in the research
with reduction in the device size (Source: Innovative Silicon website)

Furthermore, when channel length is very small, electron
temperature effect is also important. Under this situation
available models may not be applicable in submicron region.
Accuracy of the device model is critical for determining the
precision of the result. This paper describes the analytical
device models of deep submicron fully depleted SOI CMOS
devices. It will be shown that as verified by spice simulation
consideration of the models is important for deep submicron
fully depleted SOI technology.

II. SOI TECHNOLOGY MODELS

Various models like BSIM, threshold voltage, subthreshold
current and mobility and strong inversion model are
considered. The models are described in the following
subsections.

A. BSIM Model

Spice CMOS device models have been continuously
improved in the past. In late 1980’s, BSIM model announced
Level 1 model, which is also called Shichman-Hoges model,
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is suitable for MOS device with a channel length of greater
than 2um. Level 2 model, which is suitable for MOS devices
with a channel length greater than 2um, already includes the
second order effects including the lateral and vertical electric
field dependent mobility model [6].

Cutoff region: Vg < Vi I4=0 (1

Linear region: Vg > Vi and 0 < Vg < V!
Las =(o/(1 + Up(Vgs = Vi) *( C'ox™Wege/Legr) / (14U 1/Legt™* Vo)
( (Vgs - Vth)vds‘(a/z)*vdsz) (2)

Saturation region: Vg > Vi, and Vs > Vg
Ids: “0/( 1+ UO(Vgs - vth))* C'ox*( Weff/ Leff) 12aK* (Vgs -
Vi)’

3)
B. Threshold Voltage Model

This model models the threshold voltage of a small
geometry SOI MOS device. Threshold voltage model
considers short-channel and narrow-channel effects. This
model can well predict the body effect and the small geometry
effect. The model equations for threshold voltage model are as
shown in equation 4, 5, 6 and 7 for centre as well as sidewall
region. It considers short channel and narrow channel effects
[6].

For Center-Channel Region:
Vine= Vit @c-Ds; 4)

¢G = ('¢si*(1+csi/coxl+cox2) - ¢3*(Csi/coxl)*(1'82) -
(E0/2q)*(csi/coxl)*83+ (q*Nsi*tsiz) * (Csi/coxl) *
(1+2Csi/C0x2) * (1'61)/(28s1)) / (1+Csi*(82'83) /

C0x1+csi/cox2); (5)
For Sidewall Region:
Vins = Ve + 06 - Osis (6)

(I)G = ('¢si + 61,5 * ((1 * Nsi * 102/85i) - 82,5 * ¢53 + 65,3*E0/2q) /
(1-8,5+035) ; (7
C. Subthreshold Current Model

When the gate-source voltage (Vgs) is smaller than the
threshold voltage- the subthreshold region, diffusion
dominates in the device. This model depends majorly on tsi,
Nsi and channel length L [2, 3, 4, 6]. Therefore, the diffusion
current of the center channel used is

Liigee=I1 * (W/L)) * (1-exp(-Vas'/ (KT/q))) * (exp((Ves'-Vins) /
(nc* kT/q)) / (1+ exp((vgs" Vths) /(nc* kT/q)))),
(3)

The diffusion current of the sidewall channel region,

Liigr =1* (1/L) * (1-exp(-Vgs'/ kKT/q)) * (exp((Vgs'-Vins) /
(ng* kT/q)) / (1+ exp((Vgs'-Vins) /(n* kT/q)) ), (9)

Where I; is a scaling coefficient, Ip is the total drain
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current, Rg and Rp are the parasitic resistances of the source
and the drain, respectively. VI is the slight potential barrier
between the source/drain and the channel.

D. Mobility and Strong Inversion Current Model

When the channel of a fully depleted SOI CMOS device is
very short, the electron temperature effect can not be
neglected. An electron temperature dependent mobility model
is referred to the difference between the electron temperature
and the lattice temperature. This model describes mobility and
strong inversion current of an SOI CMOS device in terms of
Triode and Saturation region. It considers impurity scattering,
surface scattering, velocity overshoot phenomenon and
electron temperature effect [6].

The equation 10 represent low field mobility at lattice
temperature, equation 11 represents effective mobility of
center channel region and equation 12 represents surface
mobility of center channel.

Bo(T1) = po(To)*To*/TL? (10)
Herre(Vs )=4* s/ 3+(1+p* Vs ™)) 5 an
Hse= Ho(TL)/[1+8(Vs™-Vne)] 5 (12)
The drift current in the center channel region,
Lasifte = Hetre(Vps™) * Cox1 * (W/L) * [(VGs’-Vrue) * Vs’-
0.5%0t0,*Vps™] ; (13)
Visae = Vbsatt,e T Vpe— (VDsatl,c2+Vp,c2)1/2 ; (14)
E1 = (2-1)*Vpga/L (15)

The equation 16 represents effective mobility of center
channel region and equation 17 represents surface mobility of
center channel.

p’eff,s(vDS’) = 4*p—s,s/(3+(1+p*VDS,2*us,sz)l/2) 5 (16)

Hs,s = Ho(TL)/(1+0*(Vgs’-Vrmy)) 5 (17

The drift current in the sidewall channel region,
Larites = Metrs(Vps™) * 2 * (CetCow™ts) * [(Vas™-Vrus) * Vps'-

0.5Vps'2]/L (18)
VDsat,s = VDsatl .S + Vp,s - (\/Dsatl,sz_‘_\/p,sz)”2 5 (19)
El,s:_(z'n 1)*VDsat,s/L (20)

III. RESULTS AND DISCUSSION

The above model equations are simulated in Matlab [7, 8].
The models are also developed in visual C++ and then these
models are given to the T-Spice to compare the performance
of mathematical model and the circuit simulation. All the
models are verified at submicron technological nodes e.g.
32nm, 65nm and 90nm.
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Fig. 2 shows the plot of BSIM model and found that drain
current increases with the reduction in the device size. At
32nm it is clear from the profile that due to impact ionization,
saturation current increases rapidly.
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Fig. 2. I-V Characteristics of BSIM
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Fig. 3. Plot of Threshold Voltage Model for 20nm to 80nm
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Fig. 4. Plot of Threshold Voltage Model for 80nm to 220nm

Fig. 3 and fig. 4 shows the plots of threshold voltage model
and found that threshold voltage changes with change in the
device size up to 78nm properly. But when device size is less

than 78nm then mathematical model does not give the correct
result and there is sudden change in the threshold voltage is
observed. The intersection of sidewall and centre profile
shows the threshold voltage of the device and found to be
0.7V from fig. 4.
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Fig. 5. Plot of Subthreshold Current Model for Centre Channel Region
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Fig. 6. Plot of Subthreshold Current Model for Sidewall Channel Region

Fig. 5 and fig. 6 shows the plots of sub threshold current
voltage model for centre channel and sidewall channel and
found that the model works properly in the submicron region.
The sub threshold current is found to increase with the
reduction in the device size.
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Fig. 7. Plot of Mobility and Strong Inversion Current Model
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The plot for mobility and strong inversion current model is
shown in fig. 7 and found that electrical field profile in the
centre channel region is larger than that in the sidewall
channel region.

IV. CONCLUSIONS

We have simulated SOI models analytically for 32nm,
65nm and 90nm technological node and found that these
models need to be reconsidered for 65nm and 32nm
technological node. BSIM model gives rise rapid change in
the saturation mode current when technology reaches to 32nm
and thus that factor should be accounted in the model.
Threshold model also gives abrupt change in the threshold
voltage at 78nm technological node and hence modification of
this model for 78nm technology and less is necessary.
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