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ABSTRACT: The influence of different thickness (500,750, and 1000) nm on the structure properties electrical

conductivity and Hall Effect measurements have been investigated on the films of copper indium selenide CulnSe;
(CIS) the films were prepared by thermal evaporation technique on glass substrates at RT from compound alloy.

The XRD pattern show that the film have poly crystalline structure a, the grain size increasing with as a function the

thickness. Electrical conductivity (o), the activation energies (Ea;, Ea2), hall mobility and the carrier concentration are
investigated as function of thickness. All films contain two types of transport mechanisms of free carriers increase films
thickness. The electrical conductivity increase with thickness whereas the activation energy (Ea) decreased.

Hall effect analysis results of CIS films show all films were of (p-type) and both hall mobility and the carries
concentration increase with the films thickness, the samples are prepared and annealing with at (600)K.

KEY WORDS: CIS, Electrical conductivity, Hall Effect and Thermal Evaporation method.

I. INTRODUCTION

The ternary compound semiconductor copper indium diselenide (CulnSey) has received great attention as photovoltaic

absorber material for the fabrication of thin film solar cells due to its high absorption coefficient (105 cm 1) and good
thermal, environmental and electrical stability

[1]. A variety of deposition techniques have been reported by researchers to prepare CulnSe2 thin films via,
multisource evaporation, flash evaporation, single-source evaporation, RF sputtering[2,3], Spray pyrolysis [4] screen
printing etc. For economic reasons and simplicity, low cost deposition methods are under active study. Thermal
evaporation of the synthesized CulnSe, powder is the simplest of all techniques.

I-111-V12 compounds, especially Cu-chalcopyrite thin films have played a major role in thin film photovoltaic
technology. Typical Cu-chalcopyrite-based absorber materials are CulnSe,, CulnSy,

CuGaSe;, and their alloys with band gap in the range (1.05-1.7) eV[5].
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I1. EXPERIMENTAL
11-1. CRYSTAL STRUCTURE

Polycrystalline CulnSe, (CIS) material alloys was prepared by fusing the mixture of the appropriate quantities of the
elements Cu, In and Se of high purity (99.999%) in evacuated fused quartz ampoules.

The compound of CulnSe, was synthesized from its constituent elements, i.e., copper (Cu), indium (In), and selenium
(Cu, In, and Se) weighed in stoichiometric proportion (1:1:2) were sealed in a quartz ampoule at a base pressure of 107
mbar. The ampoule was placed in an electrical furnace. The temperature of the furnace was raised from room
temperature to 1400 K for six hr with rate of 3.88 K/min. The ampoule was then cooled down to room temperature at
the rate of 6 K/min.

Thin films of CulnSe, (CIS) have been deposited on glass substrate by thermal vacuum evaporation using (Edwards —
Unit 306) system with 2.5x10" mbar at room temperature. The thickness of films were determined with (Precisa-Swiss)
microbalance by using weighing method. All Samples of (CIS) films of deposed with different thicknesses (500, 750
and 1000) nm. All samples are annealed at 600K, with deposition rate about (1.8+0.1) nm/sec. All the deposited CIS
films were found to be polycrystalline structure.

The composition as well as structure of the material was established by XRD analysis. It was then used as a source
material for deposition (CIS) thin films on cleaned glass substrates by thermal vacuum evaporation.

The crystal structure of these films was checked by X-ray diffraction technique, (XRD) patterns were obtained from a
(SHIMADZU Japan-XRD600) automatic Diffractmeter using the CuKa radiations (4=1.54059 A) in the range of 20
between 10° and 80°.

The lattice parameters (a) and (c) value for tetragonal crystallographic system was computed from the following
equation using hkl parameters and the inter planer spacing (d) [6]

1d=h2+k2a2+12C2.........cccooeeveiiviiiiin, Q)
Crystallite size (D) of the as-deposited and annealed films were calculated using the well-known

Scherrer's formula [7]:
D=0.9AB,COS B ....ovvvrrrreriiniere e (2)

Where / is the X-ray wavelength used (1=1.54059 A), , (WFHM) is the full width at half maximum of diffraction peak
measured in radians units, 0 is the diffraction angle (Bragg angle), and k (k=0.9) is the Scherrer’s constant of the order
unity for usual crystallization.

The dislocation density (6) is defined as the length of dislocation lines per unit volume of the crystal, has been
calculated using the equation [8]:

The &-value is criterion of crystallization level

The number of crystallites per unit surface area (N,) of the film was determined using the formula [8]:
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Where: t is the thickness of the films.
11-11. ELECTRICAL PROPERTIES

The electrical properties of semiconductor are the most important properties that distinguish them from other materials.
These properties are affected by difference of preparation conditions and methods of preparation [9].

11-11-1. D.C ELECTRICAL CONDUCTIVITY

Electrical conductivity considered as the most important electrical properties of solids. It consists of two main
quantities, the electric charge carriers density and mobility.

The total electrical conductivity of a semiconductor is the sum of connectivity resulting from the negative and positive
carriers. Where the resulting current density (J) is equal to the sum of the electrons (J,,) and holes current density (Jp,)
and holes (Jp) as shown in following equation [10]:

Where: Jp, Jp Electrons holes current density respectively.

In the semiconductor, some of atomic vibrations to be energies enough to broken the bond, then electron is liberated
will be free to walk around and inside the crystal, it called conduction electron, leaving behind a hole to participate in
the conduction process where the hole is going in opposite direction to the movement of electrons and in the same
direction of the applied electric field, so, here we will have two types of charge carriers will participate in the
conduction process [11, 12].

It can be expressed the electrical conductivity (o) for semiconductors in following equation [13]:
6=JE=eMUgtPUR) ceeevreerrrrnnen. (6)

According Ohm's Law[14]:

Where: J: electric current density, E: electric applied field intensity, e: electron charge, ue: electrons mobility, un: holes
mobility, n: electrons concentration, p: holes concentration.

This equation shows that the electrical conductivity depends on the concentration of charge carriers and its mobility

under the influence of an applied electric field, and these two factors are depends on temperature, doping ratios and
preparing conditions [14].

The electrical conductivity (oqc) is equal to the inverted specific electrical resistivity (o) us in the following equation
[15]:

odc= 1 p (Qcm)r  oeinnis (8)
p=R A L, where: {A=b.t}...... 9)
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Where: R: electrical resistance (Q), L: distance between the poles of aluminum (cm), 4: cross-sectional area the
electrons move within, b: Pole width (cm), t: the film thickness (nm) it converts to (cm) Continuous electrical
conductivity of semiconductor depends on the temperatures and activation energies. At high temperatures the electrical
conductivity achieved by thermal excitation of charge carriers, while at low temperatures the electrical conductivity is
achieved by hopping process [16].

1-11-11. HALL EFFECT

This phenomenon was discovered in (1897), and has become one of the important methods in the study of the electrical
properties of semiconductors. So by means of this study we can know the type and concentration of charge carriers

(n,p) and then finding mobility («, ) of these carries , it was noted that the Hall coefficient (Ry) will have a negative
sign for the (n-type) semiconductors and positive for the (p-type) semiconductors is given equations[17,18]:

Ru=1[+1/nq] .. forp-type........ccoouvrn.n. (10)RH=[-1/nq] ... forn-type...........ccceeenees (11)

In general, Hall effect is defined as the difference in the current distribution in the slice metal when applying magnetic
field in direction perpendicular to the direction of current(l) flow within a conductor, hence a tendency of charge
carriers to drift aside causing the generation of a potential difference across the conductor in direction perpendicular to

the direction of each of the current and magnetic field, this potential is called the Hall voltage(Vy) ,this voltage also
accompanied by emergence of an electric field is called the field of Hall[19].

We can found Hall mobility and mobility by the following equations (12) and (13) respectively [19]:

VH=Ry [ -1 W =0 | Ry | oo (13)
Where: B: magnetic field (Tesla), t: film thickness (nm).
I11. RESULTS AND DISCUSSION

Figure (1) depict XRD patterns for samples of different thicknesses grown at room temperature and annealed at 600K.
It is revealed that films were characterized by three main crystalline peaks; the first peak appeared at 26 ~ 26.488 and
the second peak appeared at 260 ~ 44.112° while third peak appeared at 26 ~52.232. On comparing with ICDD (card no.
01-074-7042) and reported values of [4] and [5], the first peak was identified to be belonging to CulnSe; structure with

the (112) preferred orientation and the second peak designated to (220) orientation, while the third peak designated to
(312), all films have poly crystalline structure.
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Figure (1).XRD patterns for CIS films for different thicknesses.

The calculated lattice constant for the peaks of (112), (220) and (312) of CIS is averaged to a=5.78 A', b=11.55 which is
close to the reported value [17]. However, intensity of all peaks rapidly decreases with as shown in Fig. (1), while full
width at half maximum (FWHM) increases for the films with the 26.

It is clear in the figures that, at all thicknesses there is no variation in peak position. On the other hand, the thickness
(750) nm have maximum intensity, the peak intensity for 500nm, 750, nm and

1000nm were found to be (663, 1306 and 1216) count/sec respectively, suggesting that the crystallinity of the films is

closely related to the film thickness. The low peak intensity observed in a thinner CulnSe; film could be associated

with an incomplete growth of the crystallites as only few atomic layers of disordered atoms constitute the bulk of the
film.

From table No. (1) We notes that the grain size of CIS films increased there would be a large mobility as the thickness
increase.

Table No. (1): XRD, results of CIS thin films for the (112) preferred orientation peak.

Thickness | 20(112) | a(A) cd) [FWHD D (m) | Ne*10™ | o*10™
(nm) observed | observed | (112)(deg.) m'3) m'z)
500 26.488 5.69 11.51 0.186 4351 9.10 5.28
750 26.577 5.75 11.53 0.163 58.41 3.76 2.93
1000 26.607 5.81 11.58 0.137 59.24 3.60 2.84

From table No. (1) The &-value is criterion of crystallization level. Lower §-values indicated higher crystallinity levels
for the films, since 3 is the measure of the amount of defects in a crystal and the value of dislocation density obtained in

this work is found to be equal to 5.28x10™ lines/m? for films. The small value of & obtained in the present work
confirms the good crystallinity of the fabricated CIS film by this method.

From table No. (1) The number of crystallites per unit surface area (N) was found to be equal 9.10x10 2/m2 for films. It is
decreased with increasing thickness due to increasing of crystallinity. From table No. (2) And figure (2) which include a plot

of Inc of CIS versus 10°/T for different thickness, the activation energy of the electrical conduction can be determined. It is
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clear that the electrical conductivity increases as a function of the film thickness because of the increasing the number of
carriers available for transport. we can notice from table No.(2) and figure (2) that all

(CIS)films have two mechanisms for electrical conductivity which means that there is two mechanism of transport of

free carriers with two values of activation energy (Ea;,Eay) each one predominating in a different temperature ranges.
The electrical conductivity of these films is affected by carriers excited into the localized states at the edge of the band
and hopping at other range of temperature (290-415) K, as well as the transport of free carriers in extended states
beyond the mobility edge at higher temperature range (450-490) K [16].

Table No. (2): the electrical conductivity and activation energies of CIS films at different thickness at temperature of
600K.

Thickness(nm) Ea1 (€V) Temp. range(K) Ea (V) Temp. range(K)
500 0.019 290-415 0.124 450-490
750 0.018 290-415 0.084 450-490
1000 0.017 290-415 0.101 450-490
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Figure (2): Plots Inc as a function of 10°/T (K'l) for different thickness CIS films.

As shown in fig. (3) And table (2) the activation energy decreased with increase the thickness because of the improve
of crystal linty with the increase of the grain size.
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Figure (3): Vanation activation gngrgy, as a function ofthickness for CIS films.

The hall coefficient values (Ry) were calculated for CIS films of different thickness the sign of hall coefficient for all
prepared films is positive which means that type of conduction was p-type, i.e. holes are majority charge carriers in the

conduction process. In addition to that carrier concentration (ny) of the order 10" em™ isin good result, as well as the

value of carrier mobility's (1) in contrast which is found in the range 1.047cm?/V.s.

All these parameters are shown in table no. (3) And figure (4). It is clear that both (ny) and (un) respectively increase
as with thickness. This behavior can be attributed to the decrease the trapping centers of charge carriers with the
increase of film thickness, this is, perhaps, because of the decreased grain boundary scattering which limits the mobility

in thinner films and this is because of the improved film structure, reduce native defect centers and grain boundary
defects, therefore the carrier mobility improves[10].

Table No. (3): Values of carrier concentration, conductivity, carrier mobility and Hall coefficient

of CIS films for different thickness at temperature ~ 600K.

Thickness(nm) a(Q.cm)'1 R u(cmZIV.S) n(cm '3)
500 0.231 3.60 0.831 17.34E+17
750 0.514 2.09 1.074 29.83E+17
1000 0.537 3.155 1.691 19.84E+17
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Figure (4): Plots of Hall voltage with current at different values ofthickness of CIS films.

IV. CONCLUSION

In research, we have used thermal evaporation method to prepared (CIS) film at R.T. The effect of thickness on
structure and the electrical properties of CIS through measurements of XRD diffraction pattern, conductivity and Hall
Effect have been studied in work, we conclude the following:

1- A thermal evaporation was a suitable method to prepare (CIS) film at R.T from alloy. 2-The CIS films have poly
crystalline structure, grain size increasing with thickness.

3- The electrical conductivity and activation energies of (CIS) films are seen to be dependent on the film thickness, the
electrical conductivity shows as a decrease of behavior with an increase of thickness

4- The behavior of the electrical conductivity of CIS films as a function of thickness is a result of the community
between two mechanisms of transport, hopping charge transport between localized states at the edge of the band at low
temperature (290-415) K and charge transport to extended state beyond the mobility gap at higher temperature (450-
490) K [16].

5- Hall effect measurements confirmed that holes were predominating in the conduction process, both the mobility and
concentration of the charge carriers increase with thickness.

6- Finally, from the above properties we concluded that (CIS) films may be suitable for solar cells application.
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