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FREQUENCY DEPENDENT IN Zn(In,S;)S SEMICONDUCTOR FILMS
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ABSTRACT
Zn(InyS3)S films have been deposited with decreasing amount of the In,S3 contents by the spray pyrolysis

technique. The metal-semiconductor-metal systems have been produced in planar form. On the ac measurements,
the conductivities were measured with respect to the frequency and it was observed that conductivities depend on

the frequency in the form of ®® where s is 0.7. This variation of the ac conductivity is attributed to the hopping of
charge carriers between the localized states. In the conductivity vs frequency characteristic of Zn(InS4 5)S, on the

otherhand, showed that s~1.5 at higher frequencies.

Key Words: AC conductivity, Hopping conduction, Semiconductor compounds, Zn(In,S;)S films, Spray
pyrolysis.

Zn(In,S3)S YARIILETKEN FILMLERININ FREKANSA BAGLI ILETKENLIGI
0z

Zn(In,S4)S yaniletken filmleri, yapidaki In,S; miktan azaltilarak, spray pyrolysis teknigi ile elde edilmistir.
Elektriksel Slgiimler, diizlemsel formda olusturulan metal-yariiletken-metal yapilarda elde edilmigtir. Ac elektrik-
sel olciimlerle; iletkenligin ®S modeline uydugu gozlenmis ve s degerinin 0,7 oldugu hesaplanmustir. Iletkenligin
frekansa iissel bagliligs, iletimin serbest yiikler tarafindan lokalize durumlar arasmnda hopping iletim ile saglandigi-
nin bir sonucudur. Zn(InS; 5)S filmindeki iletkenlik-frekans bagimlilig1 yiiksek frekanslarda ise s~1.5 olarak goz-

lenmistir.
Anahtar Kelimeler: AC iletkenlik, Hopping iletim, Yariiletken bilesikler, Zn(In,S3)S yariiletken filmler, Spray
pyrolysis.

1. INTRODUCTION gap are called localized states (Mott and Davis, 1971).
The localized states have the effects on the electrical
conductivity of compound semiconductors in such a
way that the carriers in these states contribute to the
conduction by means of the hopping processes. There
semiconductors can be considered as having a structure  are three mechanisms of charge transport in the ac con-
intermediate between amorphous and crystalline semi- duction of semiconductors. These are (i) the transport
conductors (Mott and Davis, 1971; Serpi, 1976; Grilli by carriers excited to the extended states near the con-
and Guzzi, 1977; Cinngolani et al., 1974; Giorgianni et duction or valance band, (ii) the transport by carriers
al., 1978; Romeo et al., 1972; Anagnostopoulos et al.,  excited into the localized states near to the edges of the
1984; Unger et al., 1978; Kao and Hwang, 1978; Zor  conduction or valance band, and (iii) hopping transport
M. et al,, 1997). These defects distributed in the energy by the carriers via the states near the Fermi level.

Studies on the electrical and the optical properties
of Zn(In,S3)S semiconductors have shown that defects

present in these semiconductors, so that Zn(In,S5)S
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In this work we studied the ac conductivity of the
Zn(In,S3)S semiconductor compounds produced by the

spray pyrolysis method (SP). SP method is a straight-
forward technique to obtain compound semiconductors
with varying anion-cation concentrations. It is also use-
ful to produce varying band gap materials during the
deposition process.

2. EXPERIMENTAL DETAILS

The aqueous solutions of the compounds that con-
tain the required elements of the relevant concentrations
of the desired material, sprayed onto the hot glass sub-
strates to produce Zn(In,S;)S films. Zn(In,S;)S films

and others which produced with decreasing amount of
In,S3 in the structure were deposited onto the glass sub-

strates at 250°C. X-ray diffraction patterns of all the
films showed that they are in polycrystalline structure.
We have, obtained that the energy gaps of the films are
direct and having values between 2.65 and 3.00 eV at
room temperature and all samples were found to be n-
type characteristics. Other workers on the electrical and
optical properties of Zn(In,S3)S films have reported

that the energy gap of the Zn(In,S3)S is varied between

2.73 and 3.00 eV and obtained direct transition (Serpi,
1976; Grilli and Guzzi, 1977; Cinngolani et al., 1974;
Giorgianni et al., 1978; Romeo et al., 1972;
Anagnostopoulos et al., 1984; Unger et al., 1978).

The planar structures of the metal semiconductor-
metal systems have been produced by vacuum deposi-
tion of gold electrodes onto the semiconductors by
Leybold Heraus 300 Univex system. The electrical
measurements for the ac characteristics of the structure
were carried out at room temperature in the frequency
range between SHz and 13 MHz in dark, by using
Hewlett Packard LF Impedance Analyzer 4192A.

3. RESULT and DISCUSSION

In a semiconductor, electrons in a conduction band
and holes in a valance band are responsible for dc con-
duction mechanism. On the other hand, charge carriers
in the localized states also contribute to the electric cur-
rent. A localized electron is bound to its site, and lies
within its potential well, separated from the neighbours
by potential barriers. It can move from one site to a
neighbouring one only if it is energetically excited
above the potential barrier. This process is known as
hopping conduction (Mott and Davis, 1971). In hop-
ping conduction, an electron jumps over the potential
barrier from one localized state to another that has a dif-
ferent energy. This hopping energy between states is
provided by the phonon. An electron exchanges energy
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with a phonon at every jump (Mott and Davis, 1971;
Kao and Hwang, 1978; Brodsky, 1979). So an electron
can move through the solid via hopping between atom-
ic sites and can contribute to the electric current.

The electrical conductivity, 6(w), as a function of
the frequency o of an alternating electric field can be
written as,

o(®)= Oyt G, (W) a

where 04, and 0,.( ®) are the dc and ac conductivities,

respectively. There are three mechanisms of charge
transport that can contribute to the ac conductivity as
follows:

a) Transport by carriers excited to the extended states
near the conduction and the valance bands. This
result is given by a formula of the Drude type (Mott
and Davis, 1971);

o) = — %dc [0))
o) (1 + w272)

Where t is the relaxation time, since it is so small
that a change in conductivity of this kind is not
expected until a frequency 10!15Hz.

b) Transport by carriers excited into the localized states
at the edges of valance or conduction band. The car-
riers in these localized states can take part in the
electric charge transport only by hopping. It is
expected that conductivity increases with frequency
and it is given by (Mott and Davis, 1971; Kao and
Hwang, 1978; Brodsky, 1979),

4

v
|2 ®
where vy, is the phonon frequency. It is expected

that the conductivity would increase with frequency

as 008 when <<y,

¢) Hopping transport by carriers with energies near
the Fermi level. This will also cause an increase in
conductivity with frequency in the same manner as
for process (b). The ac conductivity in this case is
given by (Mott and Davis, 1971, Kao and Hwang,
1978, Brodsky, 1979),

kcrac (@)= é—ﬂe2 kT [N(Ep)P o-5 a{ln(v%h)r @

where T is temperature, N(Ep) density of states and
o absorption coefficient. Here also the conductivity
is expected to increase with ®0-8 when ac conduc-

tion dominates dc conduction. Hopping conduction

equation can be approximated by an expression of
the form (Mott and Davis, 1971),
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where s is not a constant for all substances, but is a
function of the temperature, approaching unity at
low temperatures and decreasing to 0.5 or less at
high temperatures (Mott and Davis, 1971;
Brodsky, 1979; Kao and Hwang, 1984).

Figure 1 shows the frequency dependencies of
conductivity. It is seen that the ac conductivity takes
over from dc conductivity at a frequency of about 103
Hz. At higher frequencies, the ac conductivity showed
a variation with frequency as ®%-7. Whereas in Figure 2,
a rather different type of frequency dependent conduc-
tivity has been observed, such as !5, However, this
variation could be attributed to the decreased amount of
the InyS; in the structure, but the lossy mechanism
could not be discarded since it shows itself with nearly
®?2 variation. Comparing exponents s of w in these two
figures, it is expected that at higher frequencies a lossy
mechanism had played a role in the conductivity in Au-
Zn(InS 5)S-Au structure (Figure 2).
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Figure 1. The Loss and Conductivitiy of Au-Zn(In,S;)S-Au Film
as Function of the Frequency.
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Figure 2. The Loss and Conductivitiy of Au-Zn(InS, 5)S-Au Film
as Function of the Frequency.
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