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Electrical Transport Properties in the Restricted MOS Inversion Layers
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1, Komrrkai Tostriba-ctp, Saiwai--ktl, Kavasaki ZLO, Japan

Abstract: We have studied transport properties of very narrow inversion
channel in SI-MOSFET's. Aperiodlc conductance fluctuations ln strongly
Iocalized regine have been found at low tenperature. Peak and valley
positions in d-Vg curve are independent of tenperature and of nagnetic
field. We have investigated the structures from a viewpoint of one par-
ticular variable range hopping in the long channel. Tenperature depen-
dence of the peak conductance provides the enerry spacing between a pair
of hopping sites, and the electron density of states in the strongly 1o-
calized regine.

Introduction

Investigation of seniconductor nanostruc-
tures has been rapidly progressed and a nun-
ber of new phenonena in nesoscopic and bal-
Iistic regime have been reported. One of the
reasons for studying quantun phenonena is a
possibility of the application to the future
electronic devices. In Si-M0SFET's, the
nobility is not so high and lt ls rather
hard to see the ballistic notion. However,
the Si-MOS inversion layer is still a good
experinental stage to investlgate the
transport properties in two dinensional sys-
tem with precisely changing the carrier den-
sity. 0n the other hand, the electrical
transport properties in strongly localized
regine has nbt been understood yet, though
it will be accentuated in the low dinen-
sional systems.
In this paper, we focus upon the aperiodic
structures observed in d-Vg characteristlcs
in very narrow MOS inversion layers in
strongly localized regine.

Experinental Results and Discussion

The devices studied ln this work were very
narrow channel MOSFET's fabricated by ion-
implantation, described in detail elsewhere
t1l. The channel wldth is difficult to be
deternined correctly, but it should be less
than 0.1 lln in the strongly localized
regine. The two-probe conductance neasure-
ments were nainly perforned by using a }ow

frequency lock-in technique. The mobility
and the inelastic scattering length of a
large MOSFET fabricated on the sane wafer
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are 12000 cr2lvsec and 0.3 rrn by low nag-
netic field HaIl effect and nagnetic nega-
tive cond,uctance, respectively.
Figure 1 shows d-Vg characteristics as a
parameter of temperature. The gate bias
region shown in Fis.1 corresponds to the
very low carrier density, which is indicated
in FiS.2. This relationship between Ns and
Vg was determined by SaIH oscillation in the
strong inversion. The origin of these struc-
ture has been discussed fron the points of
1D subband, universal conductance fluctua-

' tion (UCF), variable range hopping (VRH), or
resonant tunneling (RT) t2,31. The naln pur-
pose of this paper ls to understand the con-
duction mechanisn in the strongly localized
regine.
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FiS.1 The conductance vs gate voltage as a
parameter of tenperature. The curves are
offset for clarity. The peaks and valleys do
not depend on the tenperature.
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Fig.2 The relationship between eleetron and
gate voltage, deternined by Shubnikov de
Haas oscillation in the strongly inverted
region. The gate bias region focused on in
this paper ls denoted by ,F*

Both tenperature and magnetic field depen_
dences of the peak position against the gate
voltage are shown in Fig.g(a), (b). We have
found that the peak positions are insensi-tive to the temperature or the nagneticfield. And, the structures were completely
reproducible after the sanple was once
warned up to the room temperature.
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Fis.3(a) the tenperature and (b) the nag-
netic field dependence of the position in
gate voltage for peaks ( r,o ) and valley( r ).

These facts indicate that the structure isneither due to UCF nor due to l_D ef f ect.
Figure 4 shows the tenperature dependence ofthe conductance for several peaks and val-
1eys. The results can be roughly fitted to
the 1D variable range hopping scheme for the
peaks in d-Vg and the peak width (FITHM) in-
creases with tenperature, which cannot be

explained by sinple RT. Therefore, we can
safely assign these structures to the VRH
nechanisn. A question is, here, that a nun-
ber of hops should be required to the cur-
rent conduction, and that the averaging over
the channel length nay snear out the fine
structure, because our sanple length is toolong conpared with the hopping, length.
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Fig.4 The tenperature dependence of conduc-
tance for several peaks and valleys.

However, it can be easily understood, when a
few critical- hops essentially doninate the
total electrical conduction[4]. In our case,
no tenperature dependence of the peak posi-
tion inplies that one critical hop is in-
volved in the conductance, especially for
first one or two peaks in FiS.l. Although we
have pointed out that the peak conductances
are shown by the l-D VRH schene, lD hopping
system with only a few hops is not self
averaging and it wiII be better to use the
following equation by P.A.Lee t4l.

In(G/Gir.) = -2li:s -1- tEj--rt+tE i-E;t) - (1)

Here, 5 and p are the localization length
and the chenical potential, respectively.
We suppose that u is located between E i and
Ei fron the fact of the tenperature ins6nsi-
tiveness of the peak position as shown in
Fis.3(a)[3], though we cannot say where is
the chenical potential in a gate bias condi-
tion. Figure 5 shows the I/T dependence of
the peak conductance at Vg=4.g7 V. Fron the
linear dependence in Fig.E, we can obtain
the energy difference between the two hop-
ping sites involved in this conduction
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relationship between the
at Vg=4.97 and the inverse

Finally, we also investigated the tempera-
ture dependence of peak width (FWHM) against
the gate voltage. In typical Mott hopping,
the chenical potential spacing betve_en peaks
and valleys is proportiona] to Tu'Dt4l. It
is found in this particular hopping peak,
Vg=4.97, that the peak width increases with
tenperature, as shown in Fig.7.
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Conclusion

I{Ie investigated the electrical transport
properties in the strongly localized regine
in the very narrow Si MOS inversion layer.
The aperiodic structures in o-Vg curve is
attributed to a critlcal varlable range hop-
ping even in long channel devices. The ten-
perature dependence of the peak conductance
provides the enerry difference between hop-
ping sites, which is about 0.7 neV in this
sanple. The density of states derived fron
this energy is in the sane order with that
in 2DEG, when assuning the localization
Iength is comparable to the channel width.
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Fis.5 The linear
peak conductance
of tenperature.
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FiS.6 Relative nagnetoreslstance as a
paraneter of the nagnetic field. The nag-
netic field is applied perpendicularo and
parallelr, to the sample.

process. Concerning this pair of hopping
sites, AE ii=0.7neV by using Eq.(1). This
value correEpondq to th-e density of states
D(El=2x1.4x103 eV-1 (Z is a spin
degeneracy). This event should take place
within the range of localization length, €.
0n the other hand, ttte density of states in
zDEG is 1-.6x1014 cm-Zev-l. Theref ore, if €
is about 0.04sm, the result is quite con-
sistent. Furthernore, this is weakly equal
to the value evaluated by the lD VRH schene,
assuning the effective channel witlth for
this critical hopping is conparable to the
Iocalization length, 0.04 llln. We think that
the above assunption of the channel width
may be qulte reasonable, because we observed
Iarge negative nagneto-resistance in the
sane gate voltage, 8s shown in Fig.6, and it
is due to the narrow effect of the channel
witlth courparable to 5tl] .
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