Electron Transport in MOSFET’s Inversion Layer under High Electric Field
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Introduction:  Understanding of the carrier trans-
port in metal oxide semiconductor field-effect transistors
(MOSFETSs) is one of the most important tasks for pre-
dicting their performance. In this work, we performed
the time-of-flight (T'OF) experiment to investigate the
high-electric-field electron transport in inversion layer of
a MOS device.

Experiments: For the experiment, a special MOS de-
vice, which can generates uniform tangential electric field
E;, at inversion layer is required.! The device structure
using in our TOF experiment is depicted in Fig. 1(a).
The electric field in normal and tangential direction to
the silicon /silicon-dioxide interface of this device can ex-
actly be estimated by simple formulae.! The specifica-
tion of the device is also written in Fig. 1(a). The cal-
culated tangential electric field along the interface with
2D device simulator is shown in Fig. 1(b). It can be
confirmed that a uniform tangential electric field is im-
pressed under all the resistive gate region. As can be
seen in Fig. 1(a), there are two laser intake apertures
(far from and near the drain) in the device. Electron
packets are excited near the silicon/silicon-dioxide inter-
face by pulsed-laser irradiation through both apertures
and then drift into the drain. We can determine the elec-
tron drift velocity (vq) of the excited electron packets by
measuring the flight time of electron packets in the TOF
device.

Resulfs and Analyses: TFigure 2 shows the measured
vy - By characteristics for various effective normal elec-
tric field £ or. Inversion electron density mijne, which
depends on laser intensity and can be estimated from
the measured signal level, is about 1.3 x 10'! em~2. The
results of Cooper & Nelson' and Coen & Muller® are
also depicted. We extrapolated the electron saturation
velocity vae and the electron mobility po from the mea-
sured characteristics using the equation® in Fig. 2. The
extrapolated vg, in the [110] transport direction is 6.5
% 10% emfs. This v is close to the result of Coen
& Muller (vsa; = 5.0 x 10° em/s), which was measured
with resistive gate MOSFETs fabricated on a (100) sili-
con substrate. On the other hand, Cooper & Nelson have
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Figure 1: (a)Schematic diagram of a cross section of TOF
device. (b)Simulation result of the tangential electric
field at inversion layer.
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Figure 2: Measured electron drift velocity as a function
of tangential electric field. The results of Cooper & Nel-
son and Coen & Muller are depicted together. The nu-
merals in this figure represent the values of B .
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Figure 3: Measured electron mobility as a function of
E, . for the TOF device and a conventional MOSFET.

reported vy, of 9.2 % 10% cm/s in the [011] direction with
their TOF experiment. Their v, is quite similar to that
of the bulk Si measurement of 1 x 107 cm/s.%:

The measured electron mobility o as a function of
effective normal electric field B, .4 is shown in Fig. 3.
The mobility of a MOSFET fabricated on the same chip
is shown for comparison. Figure 3 shows the electron mo-
bility of the TOF experiment is dependent on the inver-
sion electron density ny,.. The electron mobility starts
to fall off as ny, becomes small and approaches to the
substrate impurity concentrasion. The reduction of the
mobility for low electron density is due to the Coulomb
scattering. Figure 3 also shows that the mobility of the
TOF device with n,y of 1.3 x 10! em~? and the con-
ventional MOSFET exhibit the universal relationship of
the phonon scattering (o E_,‘_F!_,‘,EFE}. However, the mobil-
ity of the TOF device can be higher than that of the
conventional MOSFET. We attribute the difference be-
tween the TOF device and the MOSFET to the different
sub-band structures of electrons. Only the applied bias
determines the sub-band structure in the inversion layer
for the TOF-device case, whereas highly induced channel
electrons modify the sub-band structure for the MOS-
FET case. The sub-band structure has a direct impact
on the carrier transport in inversion layer.® To investi-
gate the influence of the difference in the sub-band struc-
ture, the Monte Carlo deviee simulation is performed.
Our Monte Carlo device simulator can theoretically deal
with carrier scattering processes relating to the sub-band
structure in inversion layer. Figure 4 shows the p—F | .5
characteristics obtained from the measurement and the
Maonte Carlo simulation. The results of the Monte Carlo
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Figure 4: Comparison between the measured characteris-
tics and the Monte Carlo simulation results of p— E) 5.

simulation reproduce the enhanced mobility measured
with the TOF device as compared with the MOSFET.
Thus, we can identify that the reason of the higher mo-
bility observed with the TOF device is due to the prop-
erties of the sub-band structure such as the larger energy
difference between each sub-band level and the broadish

wave function of electron in inversion layer.
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