tion at a specified drain bias is desired this must be found
using ireation on the drain current, somewhat reducing
the gains in efficiency. However, importantly, if a DC-IV
sweep is performed the simulator can be left in “currentdriven” mode and no iteration is necessary. In fact an
automatic DC-IV generation algorithm has been written
that increases the efficiency of the whole simulation since
it is able take large steps in the linear regions of device
operation and only refines the output in areas of change,
in particular around the “knee” of the IV curve and at
breakdown. The results can then be interpolated onto individual drain bias positions, with accuracy guaranteed by
the tolerance entered into the generation algorithm. Typical
results are displayed in Figure 5 illustrating the clustering
around the knee and larger steps in the ohmic region of device operation and as the device goes into saturation. The
interpolated results taken from this curve have less than
0.003% error compared with the full voltage-driven results
and were completed in less than 4% of the time.

veloped using three valley ensemble Monte Carlo simulation to derive the carrier mobility, velocity, effective
mass and both the energy and momentum relaxation
times as functions of electric field, doping and ambient
lattice temperature. Figure 6 illustrates the variation of
carrier velocity as a function of field and doping in GaAs
where velocity overshoot and saturation are clearly visible. Further, due to the new automated solution process
the simulation convergence is relatively independent of
transport models. FastATLAS works within the VWF
framework, and is interfaced to all SILVACO input and
graphical analysis tools. Figure 7 displays the conduction band energy of a recessed GaAs MESFET biased at
2 volts Drain-Source, and volts on the gate.

Conclusion
FastATLAS is a new and highly efficient TCAD tool
for arbitrary, non-planar MESFET and HEMT device
simulation. New techniques allow automated mesh
generation, bias step control and very high frequency
analysis. Device optimization can be done using the
most advanced physical model with almost no
speed penalty. A 1000x to 10000x speed up over
conventional device simulation allows results to be
obtained in seconds.

Transport options include conventional drift-diffusion
and hydrodynamic energy balance, with a range of
different mobility and energy relaxation models. An additional feature available in FastATLAS is the transport
parameter database. A new set of models have been de-
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Introduction
The electrical characterization of SOI
wafers is a difficult task due to the thinness of the film and complexity of the
stacked structure. This is why the electrical properties are, in general inferred
from the analysis of test MOS device or
integrated circuits. Described below is
a simple technique that takes advantage
of the specific configuration of SOI and
has the potential of being nondestructive.
The pseudo-MOS transistor, also called the
point-contact transistor or Ψ-MOSFET, is
the first transistor that does not require
any lithography or technology at all.
The Ψ-MOSFET is based on the inverted
MOS structure that is inherent in all SOI
materials. Figure 1 shows that the bulk-Si
substrate can act as a gate terminal and
can be biased to induce a conduction
channel at the upper interface of the buried oxide.
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Figure 1. 3D structure used for simulation of Ψ-MOSFET.
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Figure 2. IdVd curve simulation of Ψ-MOSFET.

Figure 3. IdVg curve simulation of Ψ-MOSFET.

The buried oxide plays the role of a gate oxide and the
Si film represents the transistor body. To operate the
Ψ-MOSFET in situ (without lithography and metallization),
low-pressure probes are placed on the silicon film and
form source and drain point contacts.

For example a log ID –VG characteristic is shown for
n-channel accumulation in Figure 3.
For all the reasons described above the Ψ-MOSFET
stands as a unique method permitting a quick and
complete evaluation of the electrical properties of SOI
wafers prior to any device processing[1]. This article
describes the use of 3-D numerical simulations which
validate the method and show the optimum conditions
for application and parameter extraction.

Despite the device simplicity and nonparallelism of current lines, very pure MOSFET-like characteristics are
produced. As shown in Figure 2, the simulated output
IDVD is very similar to a classical MOSFET curve.
Positive or negative biases can be applied to the gate to
form accumulation or inversion channels at the interface.

Structure Definition
The structure can be built either the internal syntax
of ATLAS or DevEdit3D which allows interactive
structure editing, structure specification and grid
generation for 3D devices. The visualization of the
structure is made with TonyPlot3D (Figure 4).
ATLAS is perfectly suited to this kind of simulation
although it was developed for the simulation of
fully processed devices. However special attention
has to be paid the contact specification and especially
to the determination of the work-function for the
Schottky contact between the metal probe and the
silicon film.

Simulation
ATLAS simulation calculates IDVG and IDVD characteristics for both inversion and accumulation channels
in either n- or p-doped films (Figure 5). In addition,
the simulations offer the distribution of the charge,
potential (Figure 7) and electric field. The accuracy
Figure 4. Current density lines (border-effect free structure) from Device3D
simulation..

November 1997

Page 5

The TCAD Driven CAD Journal

Figure 5. Simulated I D (VG) and gm(VG).

Figure 6. Experimental Ψ- MOSFET curves in a p-type
UNIBOND

of the simulations has been validated by comparison
with systematic experimental data (example in Figure
6) and by a self-consistent procedure: standard parameter extraction from the simulated curves and coherence
of the output parameters with those initially fed into
the simulator (carrier mobility, doping, oxide charges).

More complex experimental situations have also been
reproduced successfully:

These simulations deliver illuminating information on the
influence of several key parameters (film and substrate
doping, film and buried oxide thickness, Schottky contact
depth, series resistances, interface roughness).

●

In a narrow range of gate voltages, a depletion region
forms underneath the buried oxide. The depletion
capacitance apparently modifies the oxide capacitance and gives rise to a hump in the drain current
and tranconductance (dotted circle in Figure 5). This
hump can be used to evaluate the substrate doping.

●

In accumulation, the current flows not only at the
interface but also in the film volume. The simulations
allow to make distinction between these two components
as a function of film doping and thickness.
A practical concern with the Ψ-MOSFET
technique is the geometrical factor fg
which replaces the transistor aspect
ratio, W/L, and is not known a priori.
This factor is estimated experimentally
by the comparison between the Ψ-MOSFET and 4-point probe data [1]. Any
uncertainty directly impacts on the extraction accuracy of the carrier mobility
and threshold voltage.
3-D simulations do show the nonparallel current flow lines across the
sample (Figure 4). We verified that, in
samples large enough when compared
to the probe interdistance, the geometrical factor is roughly fg ~ 0.7 in full agreement with the experiment.

Figure 7. Equipotential line distribution in a 240x240µm 2 sample.
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A typical problem which can be sloved
using 3-D simulations is the influence
of the sample size and the proximity of
the borders. The investigation was conducted by either shrinking the sample
size or by placing the contacts closer
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to the edges. In both cases, the resulting distortion of the field distribution
(Figure 8) is responsible for an apparent
degradation of the transconductance
(Figure 9), and hence extracted mobility.
On the other hand, when the probe interdistance becomes comparable with
the contact area (Figure 10) the shortchannel/large-contact effect causes an
over-estimation of the carrier mobility.
In order for the SOI material quality not
to be underestimated or over estimated
it is therefore necessary to respect certain rules in term of probe inter-distance on sample size.

Conclusion
The 3D simulator Device3D has reliably
modeled the Ψ-MOSFET structure. The
simulations have uncovered a number
of non-obvious features of Ψ-MOS transistor behavior. This work makes clear the
conditions required for reliable operation of the Ψ-MOSFET for SOI substrate
characterization.

Figure 8. Border proximity effect shown by distortion of iso-current distribution.
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Figure 10. Influence of the 2-probe interdistance; 200x200µm2
sample, constant carrier mobility.

Figure 9. Simulated Ψ-MOSFET curves for different sample
areas: (1) 200x200, (2) 120x120, (3) 80x80µm2.
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