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Amongst all the III-VI semiconductors, ones that crystallize with a layered structure have gained spe-
cial interest due to its significant usage in photovoltaic devices. III-VI layered semiconductor such as InSe
has low density of dangling bonds on its surface therefore it is considered as vital material for the fabrica-
tion of opto-electronic devices like photo sensor, solar cell etc. In present work, InSe thin films were fabri-
cated through a simple and facile drop-casting method, where the thin films were drop-casted between two
silver paste electrodes on a glass substrate. The structural, surface morphological, compositional, electrical
and optical properties of the prepared films were obsrved by XRD, SEM, EDAX, high precision digital mul-
ti-meter and UV-visible spectroscopy, respectively. XRD analysis of the prepared film shows the existence
of nano-crystalline nature with monoclinic crystal structure of InSe. SEM images show good continuity of
InSe film. InSe thin films are n-type with bandgap of 1.8 eV and their electrical conductivity is in the order
of 10-10 S/cm that makes them appropriate for using as an absorber layer in the solar cell.
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1. INTRODUCTION

Alloy based chalcogenides are important from the
application point of view because of their naturally thin
body and exceptional semiconductor performances
[1-2]. These chalcogenides have shown plenty of favor-
able applications in optoelectronics, photonics, super
capacitors, flexible transparent electrodes and memory
switching devices [3-4]. The metal chalcogenide semi-
conductor exhibit layered structure which can be exfo-
liated. Their bandgap depends on exfoliated layer
thickness as well as 2D quantum potential well formed
by their boundaries. Among them, III-VI binary semi-
conductors have prime application in optical, optoelec-
tronic and thermal electrical devices [5-6].

Among several metal chalcogenides indium selenide
is III-VI layered semiconductor having five crystalline
phases designated as «, S, 7 6 and x [7]. InSe has two
crystalline surfaces with discreet physical properties
[8]. The absorption coefficient of InSe is 10> cm ~! in the
visible region of solar spectrum. InSe is thus a potential
candidate for absorber layer of thin film solar cell since
a major portion of the solar spectrum can be absorbed
by it. InSe material can be both n-type and p-type de-
pending on the doping and growth condition [9].

Various physical and chemical methods such as mo-
lecular beam epitaxy, thermal vapor deposition, e-beam
deposition, spray pyrolysis, chemical bath deposition,
chemical vapor transport, electrochemical atomic lay-
ers epitaxy have been employed for deposition of InSe
thin films [10-21]. However numerous draw-backs are
associated with these methods including high vacuum
cycles, complexity, low yield and multistep hence re-
sulting in raising expenses [22]. In this paper, a simple
and facile technique i.e. drop-casting method for InSe
thin films deposition on a glass substrate has been
studied. The structural, surface morphological, compo-
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sitional characterization, optical and electrical proper-
ties of InSe film has been studied. The above technique
for the preparation of InSe thin films proposes several
benefits including cost-effectiveness and convenience.

2. EXPERIMENTAL DETAILS
2.1 Thin Film Preparation

Both the constituent elements, Indium and Seleni-
um were purchased from RESEARCH-LAB FINE
CHEM INDUSTRIES, India, of 99.99 % purity. They
were weighed in a stoichiometric ratio and processed
further for sealing. Both the elements were taken into
the quartz tube of diameter 1 cm and length 20 cm and
was evacuated at 10-5torr. The quartz tube was
placed slightly slanted in the tube furnace at 900 °C, so
that proper mixing takes place. Special care was taken
to ensure that the temperature of 900 °C remained
constant for 1 hour so that the entire charge gets into
molten state. In order to inhibit frictional crystalliza-
tion and precipitation after mixing, the molten form of
the constituent elements was allowed to cool down very
slowly for a day for the formation of the ingot. The
resultant ingot so obtained was crushed into a fine
powder which is suitable for InSe thin film fabrication.

2 g InSe (Indium Selenide) powder and 0.05 g PVP
(Polyvinylpyrrolidone) were added in 60 ml of Isopropyl
alcohol. The mixture was sonicated for 1 hour using
ultrasonic probe sonicator. The solution slowly turned
greyish black. The obtained solution was used to per-
form the drop-casting method at 180 °C on a glass sub-
strate for the preparation of InSe thin film.

2.2 Characterization

XRD plots of the InSe thin films were recorded with
a Rigaku Miniflex-II Desktop XRD diffractometer oper-
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ated from 10° to 90° with Ni-filtered Cu Ka radiation.
The surface morphology of the prepared films was stud-
ied using Scanning Electron Microscopy (Hitachi S-
3400N) at 15 kV operating voltage. The sample compo-
sition was confirmed by EDAX using JEOL JSM-
5610LV. The variation in the optical properties was
examined by transmission and reflection spectra in the
range of wavelength from 400-1100 nm using UV-Vis
spectrophotometer (Varian Cary 300). Electrical prop-
erties were observed using high precision digital multi-
meter (ET3240).

3. RESULTS AND DISCUSSION
3.1 X-ray Diffraction

InSe thin film was investigated with the help of
XRD. InSe thin films generally crystallize in monoclinic
structure. The XRD pattern of InSe thin film prepared
on glass substrate is shown in Fig. 1. XRD peaks are
observed at 26 angles of 22.28°, 33.16°, 44.36° and
68.28° that corresponds to the reflections from (100),
(004), (200) and (008) planes. Most of the peaks in the
diffraction pattern are best matched with JCPDS card
number 44-1007 for InSe. The strongest XRD peak in
the diffraction pattern at 26, 22.28° is because of dif-
fraction from the (100) planes that reports monoclinic
crystalline structure of InSe thin film.

The crystalline grain diameter in the film evaluated
using Scherrer’s formula is 68 nm.

0.94

d= L cosO @-1)

where, d is diameter of nanocrystal, & is a constant
(k=0.9), A is the wavelength of the X-ray
(A =1.54056 A), B is the FWHM (full width half maxi-
ma), and 6 is the Bragg’s angle.
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Fig. 1 — X-ray diffractogram of as-prepared InSe thin film

3.2 Morphological Characterization and Com-
positional Analysis

SEM images in Fig. 2a and 2b show that the InSe
thin film consist of compact particulates. Upon obser-
vation, the surface of the substrate was found to be
covered with nano flakes. They also show good continu-
ity of the film. Fig. 2a and 2b show the typical micro-
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structure of the film. The particle sizes are ranging
from 1-1.5 um. Here, the particle sizes are larger than
the crystallite sizes calculated with the help of the
Debye-Scherrer equation. These results indicate that
the InSe particles as a matter of fact are compact ag-
glomeration of small grains due to inter atomic interac-
tion between the particles.

53400 15.0kV 8.0mm x9.50k SE

Fig. 2 — Scanning Electron Microscopic image of InSe thin
film at x1000 (a) and x9500 (b)

Energy-dispersive X-ray spectroscopy (EDAX) of the
InSe thin film is revealed in Fig. 3. The composition of
the synthesized film is validated by EDAX. It indicates
that 57.39 % Indium and 42.61 % Selenium is present
in the sample. Some background peaks in Fig. 3 are
due to the glass substrate.

3.3 Optical Properties

Fig. 4 shows the transmission plot of transmission
versus wavelength for InSe thin film. The maximum
transmission is observed in the range of wavelength
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200 nm to 600 nm. After that the curve sharply de-
creases. The oscillating behaviour of the transmission
curve for the InSe thin film shows that it has low sur-
face roughness and good homogeneity.
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InL 57.39 48.08
Total 100 100

Fig. 3 — Composition of InSe thin film by EDAX
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Fig. 4 — Transmission plot of InSe film

Fig. 5 shows the typical plot of (ahv)? versus hv for
InSe thin film. The UV-Vis absorption spectra was car-
ried out in the range of wavelength 400-1100 nm to
prove the optical properties of synthesized InSe thin
film. The film shows good absorption in the range from
400 nm-700 nm i.e. in visible region. Tauc relationship
was applied to determine the optical bandgap of the film.

ahv=A[h-E, |, (3.2)

where, hv is the photon energy, Eg is the bandgap en-
ergy, n is 1/2 for direct band gap.

Here, the value of the absorption coefficient is ob-
served in the order of 105 cm~1. The extrapolation in
the linear plot of (ahv)? versus hv at (ahv)? =0 results
in the optical bandgap of 1.8 eV (Fig. 5) [21]. This is in
agreement with reported value.
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Fig. 5 — Tauc plot of (ahv)? vs. hv to determine band-gap of
InSe film

3.4 Electrical Properties

Silver paint was used as contacts on InSe thin film
as it gives ohmic contact [20]. For the assessment of
electrical conductivity response, biasing of 20 V is ap-
plied across the electrode. The film shows n-type con-
duction as determined by hot probe method. I-V char-
acteristics of typical InSe film in dark and under illu-
mination is presented in Fig. 6.
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Fig. 6 — I-V characteristics of InSe film

The resistances of the film in darkness, under white
light and under yellow light at 300°K were,
Rp=2.82 MQ, Rw=2.55 MQ and Ry=1.31 MQ respec-
tively. The electrical conductivities of film in darkness,
under white light and under yellow light at 300°K
were, op="7.10x10-10S/ecm, ow=7.85x10-10S/cm
and oy=15.3 x 1010 S/cm respectively. The decrement
in resistance and increment in electrical conductivity
upon illumination clearly indicates the existence of
photo conductivity in the sample.

4. CONCLUSIONS

InSe thin films were synthesized using a simple,
facile and cost-effective drop-casting method. The XRD
peaks show monoclinic crystalline structure of the
synthesized thin film. The SEM images show good
continuity of the film. The composition of InSe film is
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validated by EDAX. It indicated that 57.39 % Indium
and 42.61 % Selenium exists in the sample. With the
help of hot probe method, it is observed that the pre-
sent film is n-type. The obtained value of electrical
conductivity is in the order of 1010 S/cm that is meas-
ured by I-V characteristics. The optical bandgap of InSe
thin film is 1.8 eV with high optical absorption coeffi-
cient which makes it convenient for using it as an ab-

REFERENCES

1. W.Huang, L.Gan, H.Li, Y. Ma, T.Zhai, Cryst. Eng.
Comm. 18, 3968 (2016).

2. K. Xu, L.Yin, Y. Huang, T.A. Shifa, J.Chu, F.Wang,
R. Cheng, Z. Wang, J. He, Nanoscale 8, 16802 (2016).

3. N. Mehta, J. Sci. Ind. Res. 65, 777 (2006).

4. A.Madan, M.P. Shaw, The Physics and Applications of
Amorphous Semiconductors (Boton: Academic press:
1988).

5. M.O.D. Camara, A.Mauger, 1. Devos, Phys. Rev. B 65,
125206 (2002).

6. D. Olguin, A. Rubio-Ponce, A. Cantarero, Eur. Phys. J. B
86, 350 (2013).

7. J.Jasinski, W. Swider, J. Washburn, Z. Liliental-Weber,
A. Chaiken, K. Nauka, G.A.Gibson, C.C.Yang, Appl.
Phys. Lett. 81, 4356 (2002).

8. H.M. Pathan, S.S. Kulkarni, R.S. Mane, C.D. Lokhande,
Mater. Chem. Phys. 93, 16 (2005).

9. J. Herrero, J. Ortega, Sol. Energ. Mater. 16, 477 (1987).

10. I. Choi, P.Y. Yu, J. Appl. Phys. 93, 4673 (2013).

11. T. Ohtsuka, T. Okamoto, A. Yamada, M. Konagai, Comp.
Semicond. 156, 183 (1997).

12. T. Ohtsuka, K. Nakanishi,

T. Okamoto, A. Yamada,

JJ. NANO- ELECTRON. PHYS. 12, 02010 (2020)
sorber layer in the solar photovoltaic cell.

ACKNOWLEDGMENTS

We are thankful to Dr. Naved Malek (Applied
Chemistry Deparment, SVNIT) and Dr. Vipul Kheraj
(Applied Physics Department, SVNIT) for their support
and guidance during research work.

M. Konagai, U. Jahn, Jpn. J. Appl. Phys. 40, 509 (2001).

13. T. Okamoto, A. Yamada, M. Konagai, J. Cryst. Growth
175, 1045 (1997).

14. J. Cheon, dJ. Arnold, KM. Yu, E.D. Bourret, Chem. Mater.
7, 2273 (1995).

15. M. Emziane, R.Le Ny, J. Phys. D: Appl. Phys. 32, 1319
(1999).

16. M. Emziane, S. Marsillac, J.C. Bernede, Mater. Chem.
Phys. 62, 84 (2000).

17. S. Marsillac, J.C. Bernede, R. Leny, A. Conan, Vacuum 46,
997 (1995).

18. A.F. Qasrawi, M. Parlak, C. Ercelehi, I. Gunal, J. Mater.
Sci: Mater. Electron. 12, 473 (2001).

19. S. Marsillac, J.C. Bernede, M. Emziane, J. Wery,
E. Faulques, P. Ray, Appl. Surf. Sci. 151, 171 (1999).

20. M. Emziane, R. Le Ny, Thin Solid Films 385, 312 (2001).

21. R. Vaidyanathan, J.L. Stickney, S.M. Cox, S.P. Compton,
U. Happek, J. Electroanal. Chem. 559, 55 (2003).

22. M.R. Asabe, P.A. Chate, S.D.Delekar, K.M. Garadkar,
1.S. Mulla, P.P. Hankare, J. Phys. Chem. Solids 69, 249
(2008).

02010-4


https://doi.org/10.1039/C5CE01986A
https://doi.org/10.1039/C5CE01986A
https://doi.org/10.1039/C6NR05976G
http://nopr.niscair.res.in/handle/123456789/4967
https://doi.org/10.1103/PhysRevB.65.125206
https://doi.org/10.1103/PhysRevB.65.125206
https://doi.org/10.1140/epjb/e2013-40141-1
https://doi.org/10.1140/epjb/e2013-40141-1
https://doi.org/10.1063/1.1526925
https://doi.org/10.1063/1.1526925
https://doi.org/10.1016/j.matchemphys.2005.01.063
https://doi.org/10.1016/0165-1633(87)90049-9
https://doi.org/10.1109/ISCS.1998.711610
https://doi.org/10.1109/ISCS.1998.711610
https://doi.org/10.1143/JJAP.40.509
https://doi.org/10.1016/S0022-0248(96)00984-0
https://doi.org/10.1016/S0022-0248(96)00984-0
https://doi.org/10.1021/cm00060a014
https://doi.org/10.1021/cm00060a014
https://doi.org/10.1088/0022-3727/32/12/307
https://doi.org/10.1016/S0254-0584(99)00145-5
https://doi.org/10.1016/S0254-0584(99)00145-5
https://doi.org/10.1016/0042-207X(95)00091-7
https://doi.org/10.1016/0042-207X(95)00091-7
https://doi.org/10.1023/A:1012247618073
https://doi.org/10.1023/A:1012247618073
https://doi.org/10.1016/S0169-4332(99)00300-1
https://doi.org/10.1016/S0040-6090(01)00756-8
https://doi.org/10.1016/S0022-0728(03)00053-6
https://doi.org/10.1016/j.jpcs.2007.08.070

