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ABSTRACT

The study investigates the effects of surface area on the electronic parameters of bismuth-
silicon junctions at room temperature. The desired samples were obtained using vacuum deposition
technique. Electrical characteristics of the samples were carried out at electric field value 10 - 60V/m.
The surface conductance, ideality factor and barrier height of the samples were determined at different
surface areas. The result of the study showed that the surface areas of the junctions have effects on
the surface conductance while the values of the ideality factor and the barrier height had no significant
dependence on the surface area of the junctions. In addition, the values of the ideality factor range
between 0.70 - 0.83, an indication that the junctions are close to being ideal. This also stresses the fact
that vacuum deposition is an ideal method for making metal-semiconductor junctions.
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INTRODUCTION

Advances had been made over the years
in the study of metal-semiconductor contacts and
their numerous importance in modern technology.
Metal-semiconductor contacts have very wide
applications which include, the fabrication of devices
such as infrared detectors, bipolar transistors, opto-
electronic devices, lasers and Schottky diodes (Nur
et al; 1996; Bosol et al, 1981; Robert et al, 1981;
Qu and Stafsudd, 1994; Waag et al, 1970; Mukolu,
2004; Oluyamo and Babalola, 2006).

Different  properties of metal-
semiconductor contacts had been studied both in
the bulk and minute structures, ranging from several
thicknesses to the nanoscale. It had been shown
that room temperature interdiffusion of Al/Ge thin
film significantly lead to increase in leakage current
thereby increasing the conductivity of the material
(Mgbenu, 1979). Metal-semiconductor contacts had
also been found to be essential element of the
Silicon-based integrated circuit (Nur et al, 1996).

Research on the electrical properties of
n-Si/Au, n-WSe,/Au, junctions showed high quality
of continuous gold film with an average grain size
of the order of 50-60nm (Oskan et al, 1998, Gary
Hodes, 1989). Hitherto, various attempts had been
made to find suitable applications on the possibility
of obtaining visible light emission from metal
semiconductor junctions. It has been discovered that
porous silicon stands to be very promising in this
respect (Lazarouk et al, 1996). Numerous
researches had been carried out on junctions
formed between metal and semiconductor materials
at different stages (Tilke et al, 2000; Anberton-Herve
et al, 1997; Hoffman et al, 1993; Frojdh and
Petersson, 1996; Abbey, 1996; Oluyamo, 2003;
Oluyamo and Ojo, 2004; Thanailakis and Northrop,
1971). These studies indicate that factors such as
humidity, temperature, and other environmental
conditions have great influence on the electrical
properties of metal-semiconductor junctions.

Although various methods had been
employed for the preparation of meal semiconductor
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junctions, the most reliable and stable method had
been found to be the vacuum deposition method.
This is largely due to the fact that vacuum systems
are associated with several types of industrial
applications and processes which includes leak
testing. Solvent degassing, gel and freeze drying,
filtration and desiccators among others. In addition,
certain processes carried out in vacuum achieve
either superior result or ends actually under normal
atmospheric conditions (Nigel, 1989; Beaty, 1978).

In the present study, we examine the effect
of surface area on the electronic parameters of
vacuum deposited Bismuth-Silicon contacts. The
parameters of the junctions were determined by
studying the current-voltage relationship at room
temperature.

EXPERIMENTAL

The polished microscopic glass slides used
as substrates were boiled in chromic acid and
ultrasonically cleaned successively in deionised
water, acetone and ethyl alcohol for twenty minutes.
The mica mask used to generate the required
pattern was cleaned thoroughly with soap detergent
and then rinsed in distilled deionised water followed
by ultrasonic agitation as described above. After
cleaning, the substrates were enclosed in the
vacuum chamber (Edward Coating Unit model 306).
Silicon films 1000A° thick were first evaporated on
the already cleaned microscopy glass slide at a
pressure of about 5x10° Torr. Contacts were made
at opposite ends of the films by evaporating bismuth
metal of about 1000A° thick on the electrode width.
The different areas of the films were obtained with
the aid of designed mica mask, which exposes only

those area of film desired to the evaporant. The
deposition rate (500A%min) was determined with
an Edward model FTM3 film thickness monitor. All
the evaporant were of 99.999% purity, obtained from
Ventron, Germany. The current-voltage
measurements of the samples were determined
with a digital electrometer (Keithley type 160B) and
a digital multimeter (Hewlett — Packard type 3465A)
at room temperature.

RESULT AND DISCUSSION

The current density - voltage plots for the
samples are shown in figure 1. The plots revealed
that an Ohmic relationship was observed for the
current-voltage characteristics over electric field
value 0-60V/m. The study is in agreement with
previous research in the study of Silicon-metal
contacts within the voltage range. It equally stresses
the fact that vacuum deposited devices exhibit better
rectification than those prepared by other methods
(Misra et al, 1992; Oluyamo, 2000; Oluyamo and
Ojo, 2004)

The values of the surface area, the
conductance, the barrier height and the ideality
factor are shown in table 1. The values of the barrier
height indicate that the change in surface area has
no significant effects on the barrier height of the
samples. Similarly, the ideality factor, which ranges
between 0.70 and 0.83 showed only slight variation
with surface area. It is important to note that this
range of values is reliably high enough for an ideal
junction. This also attests to the fact that the vacuum
method in is accurate for metal-semiconductor
contacts. On the other hand, the conductances of
the samples were found to increase with increase

Table 1: The values of the surface area A (mm2), conductance s (mA/mm2),
barrier height xb (volts) and ideality factor n of the junctions.

Area (A) Conductance (sx10-3)  Barrier Height (xb x 10-3) Ideality factor (n)
250.0 2.98 2.21 0.70
260.0 3.70 2.20 0.78
270.0 4.98 2.21 0.70
280.0 5.44 2.20 0.72
290.0 5.59 2.21 0.68
300.0 5.74 2.22 0.83
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Fig. 1: Current density (J) - Voltage (V) plots
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V is the voltage across the length of the
sample and o is the surface conductance estimated
from the slope of the line of fit of the current density-
voltage plots in Fig. 1.

The saturation current density, ideality
factor and barrier height of the samples were
calculated from the Richardson relationship for the
current density across a barrier with a height y,
given by,

J = J exp(qv/nkT),
(Sze, 1984; Misra et al;1992; Key et al.2000)

where n is the ideality factor = kT/q ov/oLn J, J_ is
the saturation current density given as J, =A*T?exp
(-qy, /KT) extrapolated from the LnJ to zero voltage
in Fig. 2. A* is the Richardson constant = 1.20 x 10
®A/k?*/m? and x, is the barrier height

=KT Ln/q (A* T2/ J )

CONCLUSION

The effects of surface area on the
electronic parameters of vacuum deposited Silicon-
Bismuth junctions had been examined at room
temperature. Different areas of the junctions were
obtained by well-designed mica masks, which
expose only the area desired on the substrate to
the evaporant. The surface area of the junction was
found to affect the conductance of the device. This
had been attributed to larger area of exposure for
conduction as a result of increase in area of the
samples. On the other hand, the idiality factor and
the barrier height were not affected by the increase
in surface area of the samples. The values of the
idiality factor for the junctions (0.70-0.83) revealed
that the junctions are close to being ideal. In addition,
the study attests to the fact that vacuum deposition
is an ideal method for the preparation of metal-
semiconductor contacts.
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