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Abstract. Current-voltage behaviour of CdS/InP heterojunction p-n diodes were studied in the temperature range of
80-320 K. The diodes were prepared by chemical bath deposition of n-type nanocrystalline CdS layers on p-type InP
substrates. It is shown that the current through the junctions is dominated by electron transport. The actual current
mechanisms are the thermionic-field emission for forward, and the field emission for reverse direction.

Introduction

CdS thin films are studied mainly for photodetector and so-
lar cell purposes. The chemical bath technique (CBD) is a
relatively simple and inexpensive method to prepare homoge-
nous nanocrystalline films with controlled composition. In
particular, CBD is widely used for achieving good-quality CdS
films [1,2]. Extensive research has been done on the deposi-
tion and characterization of CdS semiconductor thin films due
to their potential applications in the area of electronic device
fabrication as well [3,4].

In this work the electrical behaviour of CdS/InP heterojunc-
tion p-n diodes have been studied. The diodes were prepared
by chemical bath deposition of n-type nanocrystalline CdS lay-
ers on p-type InP substrates. The current through the junctions
was dominated by electron transport. The actual current mech-
anisms were the thermionic-field emission (TFE) for forward,
and the field emission (FE) for reverse direction.

1. Experimental

The substrates were p™ (001) oriented InP wafers with a free
hole concentration of about 3 x 10'8 cm=3. First a p-type InP
layer was grown with a concentration of about 1 x 10'7 cm™3
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Fig. 1. Typical current-voltage characteristics of the studied
nanocrystalline CdS/InP heterojunction p-n diodes.
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Fig. 2. The band structure of InP/CdS heterojunction [9].

and a thickness of about 1.5 um by liquid phase epitaxy. The
CdS thin films were deposited by using the CBD technique.
Baths containing CdSO4 (1 mM/1), thiourea (5 mM/1), and
NH3 (1.7 mM/1) have been used. The slides were kept verti-
cally in the beaker. The temperature of deposition process was
65 °C, and the duration of deposition was 30 minutes. The bath
solution was stirred during the deposition.

After the deposition, the CdS films were washed with water
ultrasonically to remove the loosely adhered CdS particles on
the film, and finally dried in air. According to scanning and
transmission electron microscope measurements, the CdS films
were nanocrystalline with crystal size of 10-20 nm and total
thickness of about 60 nm [S]. The optical band gap of the
layer was 2.42 eV, as obtained by transmission measurements
performed in the wavelength range of 400-1000 nm [5]. (This
is the usual value published for CdS band gap [6].)

The diodes were fabricated by evaporation of gold-zinc and
gold-tin contacts to the InP and CdS, respectively. The area
of gold-tin contacts to CdS was 2.87 x 10~8 m?, but as no
mesa etch was performed, the effective area of the diodes can
be larger. The diodes were studied by current-voltage (I-V)
measurements in the temperature range of 80-320 K in dark.

2. Results and discussion

The typical I-V characteristics of the diodes are presented in
Fig. 1, as a function of temperature. The lack of temperature
dependence and the shape of reverse current indicate that it is
dominated by field emission [7], while the exponential depen-
dence of forward current on the bias and its weak temperature
dependence indicate that it is dominated by thermionic field
emission (TFE) through a low potential barrier [8]. An inter-
esting behaviour of these junctions is that due to the different
current mechanisms for forward and reverse branches, the re-
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Fig. 3. Experimental temperature dependences (dots) of ideality
factor and apparent barrier height evaluated for thermionic emission.
Solid line is theoretical dependence of ideality factor for thermionic-
field emission with characteristic energy of 46 meV.

verse current is higher at low biases and low temperatures, than
the forward current, as it can be seen in Fig. 1.

Riad and co-workers calculated the band offsets of the
InP/CdS heterojunction and proposed a band diagram pre-
sented in Fig. 2 [9]. They obtained the band offsets of conduc-
tion and valence band edges, as 0.09 and 0.77 eV, respectively.
Due to band banding, the potential barrier for electrons is a few
tens of meV, while that for holes is about 0.8 eV. So, the hole
transport is blocked by the high potential barrier, and the cur-
rent through the junction is dominated by electron transport,
for forward direction by TFE, for reverse direction by TE.

The ideality factor and apparent barrier height evaluated for
thermionic emission from the forward currents are presented in
Fig. 4. Similar temperature dependences of these parameters
are obtained for Schottky junctions, if the dominating current
mechanism is the TFE [8]. In Fig. 3 solid line shows the theo-
retical temperature dependence of ideality factor for TFE fitted
to the experimental points with characteristic energy E(g of
46 meV [8]. The excellent agreement between the experiment
and theory clearly indicates the validity of the above explana-
tion.

3. Summary

Nanocrystalline CdS/InP heterojunction p-n diodes have been
prepared by chemical bath deposition of CdS. It has been shown
that the current through the junctions is dominated by electron
transport. The actual current mechanisms are the thermionic-
field emission for forward, and the field emission for reverse
direction.
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