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Introduction
Recently, there has been an increasing production of
Fully-Depleted (FD) SOI-MOSFET mainly because of
its high speed and low power consumption. Other major
advantages of FD SOI-MOSFET are

-Small junction capacitance

-Small sub-threshold swing

-Large saturation current.
To fully utilize these advantages, a FD SOI-MOSFET
model for circuit simulation becomes an imperative
requirement. Up to now, no FD 30I-MOSFET model
with stable simulation exists, The common practice is to
utilize bulk MOSFET model by fitting to FD
S0OI-MOSTFET measurement data. However, this practice
proves to be inaccurate and prediction of FD-S0I
MOSFET characueristics is impossible.
This work aims to develop HiSIM-SOI, the first
surface-potential based FD SOI-MOSFET model for
circuit simulation. The model development is focused on
the n-channel case.
Surface-Potential-Based Modeling
HiSIM-30I1  (Hiroshima-university STARC IGFET
Model) is developed based on surface potential in the
same way with HiSIM, which is a bulk-MOSFET model
for circuit simulativn developed by Hiroshima university
and STARC [HiSIM]. Surface-potential-based modeling
realizes a self-consistent modeling among potential,
charge and capacitance. Fig. 1 shows the structure of a
SOI-MOSFET.
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Fig. 1: Structure of 30I-MOSFET
SOl layer of FD SOI-MOSFET is always and entirely
depleted under normal bias cendition. There are 4 main
requirements in developing HiSIM-SOL:
(1) Solution of the 1D-Poissen equation which is
necessary for obtaining the surface potential.
(2) The relationship between potential and charge
must be established. This relationship cannot be
deseribed analytically in SOI layer.

(3) Solution of the current-density equation to obtain
the equation of channel current.
{(4) An accurate methad of extracting SOI-MOSFET's
parameters should be established.
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Fig. 2: Band diagram and parameters of
SOI-MOSFET (along the dashed line of Fig. 1)

Approach in Developing HIiSIM-S01

(1) Surface potential
First, HiSIM calculates the surface potentials (¢) at the

source and drain ends of the bulk-MOSFET channel.
Using these potentials, the mobility, the channel current
and other device quantitiss are calculated. In this
calculation, an accuracy of 107"V is required for ¢ In
the case of bulk-MOSFET, it is enough to consider only
the state at the Si surface. But in the case of
SOI-MOSFET, the states at SOl-layer surface, SOl-layer
back and BULK surface must be considered at the same
time as described in Fig. 2 by solid circles. In principle
the accumulation, depletion and inversion states are
possible at each surface. In this work, the following
simplifications under normal bias conditions are
considered: (i) Depletion and inversion at SOl-layer
surface, (ii) only depletion at SOl-layer back, and (iii)
depletion and inversion at BULK surface. These
simplifications enable analytical calculation of channel
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Fig. 3: The relationship between ¢, and n.
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current and entire depletion charge.

{2) Charge-potential relationship

The relationship between electron concentration at
SOl-layer surface and surface potential of SCI layer is
needed to solve 1D Poisson equation. However the
conventional relationship derived analytically cannot be
applied at SO layer. In this work, electron concentration
is caleulated by solving Eq. | under the triangle-potential
approximation.

2
n= ‘[n_ni EFP'_E'IdI (Ij

sl

{3) Channel current
In HiSIM, channel current s caleulated by solving the

current-density equation (Eq. 2) analytically under the
charge-sheet approximation and the gradual-channel
approximation.
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In this work, the same approach was taken with
additional simplifications.

{4) Parameter extraction

ooy (thickness of SOI laver), fpox (thickness of buried
oxide) and other parameters are needed in the
HiSIM-SCI calculation. They are unique parameters of
SOI-MOSFET. In  extracting the parameters, the
calculated threshold wvolteges with the developed
threshold voltage description are fitted to measurements.
The thresaold voltages in the range of Fy £ 10V, 4
regions of operations are distinguished as shown in Fig.
4,

(1), Inversion at bulk surface, accumulation
at SOl-layer surface

(2). Inversion at bulk surface, depletion

at SOl-layer surface

(3). Depletion at bulk surface, depletion

at SOl-layer surface

{4). Accumulation at bulk surface, inversion

at SOl-layer surface
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Fig. 4: i Vis
The gradient at region 2 is determined by fpox, and
N puik determines the boundary between region 2 & 3.

In this way all essential parameters are extracted from
individual region. The solid line in Fig. 4 is calculated
Vg, with the same parameters with MEDICL. [t is possible
to extract parameters because the same parameters result
the same ¥y,
el Veri ion

We verify HiSIM-S01 by 2 aspects:

1. Reproducibility of DC current

2, Stability of transient simulation
Here verification is done for long channel transistors,
because the short-channel effect in SOI-MOSFET is not
included yet. Result of fitted DC currem is shown in Fig.
5 in comparison with measurements. Simulation result of
a ring-oscillator is shown in Fig. 6. The period of
ring-oscillator is not verified because there are no
available measured data of capacitances.
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Fig. 5: Result of fitting.
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Fig. 6: Output of ring-oscillator.,

Conclusion

We have developed the model of a FD SOI-MOSFET
madel  (HiSIM-S0OI) based on the surface-potential
description for the first time in the world. HiSIM-501 15
verified to caleulate DC current accurately and realizes
stable circuit simulation.
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