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INFLUENCE OF QUANTITY OF SPRAY SOLUTION
ON THE PHYSICAL PROPERTIES OF SPRAY DEPOSITED
NANOCRYSTALLINE MgSe THIN FILMS

Nanocrystalline MgSe thin films have been prepared by varying the quantity of
spray solution using the spray pyrolysis technique. The effect of the varying quantity
of spray solution on the structural, electrical, morphological and optical properties
of MgSe thin films was investigated. The X-ray diffraction studies revealed that
the deposited MgSe has a cubic lattice with (111) as the preferred orientation. The
optical studies showed that the deposited MgSe exhibited direct optical band gap
which varied from 2.45 to 2.75 eV depending on the quantity of spray solution. The
electrical resistivity of MgSe decreased with an increase in temperature indicating its
semiconducting nature. The electrical resistivity, activation energy and optical band gap
energy were found to depend upon the quantity of spray solution. The measurement
of thermo-emf with applied temperature gradient across the film confirmed its p-type

conductivity.

THIN FILMS, X-RAY DIFFRACTION, OPTICAL PROPERTIES.

1. Introduction

The alkaline earth chalcogenides such as
MgSe, CaSe, SrSe, etc., have attracted the
scientific community due to their potential
applications in various optoelectronic devices,
especially luminescent ones. M.W. Wang, et
al. [1] have studied the growth of MgSe films
of zinc-blende structure on ZnTe substrates by
the molecular beam epitaxy (MBE) method.
The surface reconstructions of MgSe under
different flux ratios and growth temperatures
were studied. A.L. Rouff, et al. [2] have
studied MgSe using the energy dispersive
X-ray diffraction to 202 GPa and local density
approximation to ultra-soft pseudo-potentials
to 500 GPa. It was reported that MgSe
underwent continuous phase transformation
from rocksalt to FeSi. P. Prete, et al. [3]

have reported growth and characterization of
ZnMgSe and MgSe on (100) GaAs by low-
pressure metallorganic vapour phase epitaxy
(MOVPE). The crystallographic phases of as
grown MgSe and ZnMgSe were investigated.
F.A. Sahraoui, et al. [4] have reported the
structural and electric properties of MgSe
at high hydrostatic pressure by the pseudo-
potential plane wave method. R. Pendey, et
al. [5] have studied structural phase transition
on MgSe from wurtzite zinc-blende to rocksalt
phase by the periodic Hartree-Fock method.
As compared to low pressure, the MOVPE and
MBE methods used for the deposition of MgSe
thin films, the spray pyrolysis method has
many advantages, such as high deposition rate,
control of various deposition parameters and
low cost [6 — 12]. The spray method has been
used for several decades in glass industry and
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in solar cell production to deposit electrically
conducting electrodes. Thin film formation
using this technique involves spraying a metal
salt solution onto a heated substrate. The
sprayed droplet reaching the hot substrate
surface undergoes spyrolytic decomposition and
forms the desired product. The other volatile
by-products escape in the vapour phase. The
quality and properties of the films depend
largely on substrate temperature, precursor
solution concentration, spray rate and substrate,
etc. Previous studies have shown that very few
reports are available on growth of MgSe films
by solution growth [13, 14] by the metalorganic
vapour chemical deposition (MOVCD) [5] and
MBE [1] methods. The effect of triethanolamine
(TEA) on the physical properties of MgSe thin
films grown by the chemical bath deposition
method has been reported in our earliear report
[15]. The purpose of this work is to investigate
the effect of the quantity of spray solution on
the physical properties of MgSe thin films. This
paper reports structural, electrical and optical
properties of MgSe thin films prepared by
varying the quantity of the spray solution from
5to 30 ml.

2. Deposition of MgSe thin films

MgSe thin solid films were prepared using
the versatile spray pyrolysis technique, which
is simple and economic as compared to the
MBE and MOCVD methods. The properties
of the film can be controlled by adjusting
the preparative parameters such as substrate
temperature, spray rate, quantity of spray
solution, pH of spray solution, etc. Aqueous
solutions of magnesium chloride (MgCl,),
selenium oxide (SeO,) and triethanolamine
NH (CH,-CH,), (TEA) were prepared using
double distilled water. The glass substrates were
ultrasonically cleaned and purged with acetone
prior to the deposition. The spray solution was
prepared by mixing 10 ml of 0.12 M MgCl,,
10 ml of 0.10 M TEA and 10 ml of 0.13 M SeO,.
The MgSe thin films of various thicknesses were
deposited by spraying 5, 10, 15, 20, 25 and
30 ml of spray solution onto preheated
amorphous glass substrates, maintained at
a temperature of 523 K. The spray rate was
kept at 4 ml/min. The distance of 25 cm was
kept between the substrate and the nozzle. The
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MgSe film thickness was measured using weight
difference method (by sensitive microbalance
for thin films) and considering bulk density of
MgSe.

The X-ray diffractogram was recorded using
PANalytical X’Pert PRO MRD diffractometer
with CuK line in 26 range from 20 to 90°. The
compositional analysis of the deposited film
was carried out by Energy Dispersive X-ray
Spectroscopy and microstructure aspects of
the films were studied with a JOEL’S JSM-
7600F Scanning Electron Microscope with
the resolution of 1 nm and an Atomic Force
Microscope (AFM) from Park Scientific
Instruments. The optical absorption spectrum
was recorded using the JASCO V-530 UV/
Visible Spectrophotometer at normal incidence
in the wavelength range from 300 to 900 nm.
The electrical resistivity of the film was measured
in the temperature range from 300 to 550 K
by employing the two point probe method;
quick drying silver paste was used as a contact
material. A chromel-alumel thermocouple
was used to measure the temperature of the
sample. The type of electrical conductivity of
the films was determined from the sign of the
thermo-emf developed across the hot and cold
junction.

3. Results and discussion

Film formation mechanism. The aqueous
solution containing Mg?* ions complexed with
TEA, ie. [Mg (TEA)] ** along with SeO,,
was sprayed onto hot substrates kept at a
temperature of 523 K. The sprayed droplets
underwent thermal decomposition and well-
adherent milk-white colored MgSe thin films
were deposited. The film formation takes place
according to the following reaction:

SeO,+ H,0 — H,SeO;; (1)

[Mg(TEA)** + H,SeO, +
+4Cl- >(523 K) = MgSe| + ()
+ TEA + HCI 1 + 20,1

The deposited films were uniform, pinhole-
free and adherent to the glass substrate. Fig.
1 shows the variation of film thickness as
a function of the quantity of spray solution.
The film thickness is 145 nm for a 5 ml spray
solution and it increases to 188 nm as the spray
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Fig. 1.The plots of MgSe film thickness versus the volume of the spray solution

solution becomes 10 ml. However, a slight
decrease in the film thickness was observed
with a further increase in the quantity of the
spray solution. This may be due to incomplete
thermal decomposition of the spray solution.
Here, the optimum quantity of the spray
solution was found to be 10 ml and above it
the film surface started becoming somewhat
powdery, giving lower thickness [16].
Structural studies. The grown films were

characterized by X-ray diffraction (XRD) using
CuK, radiation, for structural identification and
changes in the crystallinity of MgSe. Fig. 2
shows XRD patterns of MgSe films deposited
by varying the quantity of the spray solution.
The films are nanocrystalline in nature with
cubic lattice (see Table). The XRD pattern
exhibits the major (111) orientation which
becomes prominent with an increase in the
thickness. Beside this, other diffraction peaks

(111)

(200)
(220)

20 30 40 50

- (400)

60 0 S0 90

Fig. 2. X-ray diffraction patterns of MgSe thin films deposited changing the spray
solution volume, ml: 5 (1), 10 (2), 15 (3), 20 (4), 25 (5), 30 (6)
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Table
The obtained physical properties of MgSe thin films depending on the spray solution volume
Spray solution Film Band gap Activation Grain size, | p x102, Q-cm,
volume, ml thickness, nm | energy, eV energy, eV nm at 373 K

05 145 2.75 0.97 11 23
10 188 2.45 0.86 24 11
15 184 2.50 0.87 21 13
20 179 2.60 0.88 17 14
25 168 2.65 0.90 13 07
30 157 2.69 0.92 10 20

a)

)

e)

Fig. 3. Scanning electron microscopy images of MgSe thin films deposited by changing the spray
solution volume, ml: 05 (a), 10 (b), 15 (c), 20 (d), 25 (e), 30 (/)

32




Pusnyeckoe mMartepuanosegeHune

of (200), (220) and (400) are observed. These
patterns clearly demonstrate that the film
thickness of 188 nm deposited by spraying 10
ml of the solution is more oriented than others.
The variation in the peak intensity with respect
to the quantity of the spray solution may also be
attributed to the variation in the film thickness
and the grain structure. The average crystallite
size of the deposited material was determined
using Debye-Scherer’s formula:

d = 0.9%/(Bcoso), (3)

where B is the peak width at half-height (in
radians), A is the wavelength of CuK radiation

0 1 2 3 -
ull Scale 7323 cts Cursor: 0.000

(A = 1.5418 A), 0 is Bragg’s diffraction angle at
peak position (in degrees).

The average crystallite size was found to vary
between 10 to 24 nm as the film thickness was
changed from 145 to 188 nm (see Table). Above
10 ml of the spray solution, the film thickness
and the grain size gradually decrease due to
the formation of powdery film. Consequently,
the thicker films consist of larger grains as
compared to the thinner ones.

Surface morphology. Fig. 3 shows scanning
electron microscopy (SEM) micrographs of
spray-deposited MgSe thin films. The SEM
micrograph reveals that the substrates were

Spectrum 1

kel

Energy, keV

Fig. 4. Typical energy dispersive X-ray analysis spectrum of MgSe thin film of thickness 188 nm
(the volume of the spray solution is 10 ml)

a)

0.00nm

14323 nm

b)

171 48 nm

0.00 nm

Fig. 5. AFM images of MgSe thin films deposited by changing the volume of the spray
solution: 5 ml (@) and10 ml (b)
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well-covered with a uniform distribution of a
large number of fine grains. As the quantity
of spray solution increased from 5 to 10 ml, a
remarkable grain growth is observed. The film
deposited using 10 ml spray solution has well-
defined MgSe nano-rods along with spherical
grains showing spikes on the surface. However,
this type of morphology is suppressed as the
quantity of the spray solution is increased
above 10 ml. This fact confirms that films
deposited with the optimum quantity of the
spray solution, i.e., 10 ml, are more useful due
to their porous nature.

A typical energy dispersive X-ray analysis
(EDAX) spectrum of MgSe thin film deposited
using the spray solution of the volume ranging
from 5 to 30 ml is shown in Fig. 4. The
formation of MgSe is confirmed from the
elemental analysis. Other peaks appearing due
to glass substrate can also be observed.

Fig. 5 shows an atomic force microscopy
(AFM) image of MgSe films deposited with 05
and 10 ml of the spray solution. It is evident that
the film surface is uniform and homogenous.

Optical properties. The optical absorption
spectra of the films of different thicknesses
were recorded and analyzed to estimate
band gap energies of MgSe. The variation in

absorption density af with a wavelength A for all
the samples is shown in Fig. 6. It is evident that
the absorption coefficient of the MgSe film is
of the order of 10* cm™.

To confirm the nature of the optical
transition in these samples, the optical data was
analyzed using the classical relationship [17]:

ahv = A(E, — hvy', (4)

where « is the absorption coefficient, A is the
constant, 4 is the Planck constant, v is the
photon frequency, Eg is the optical band-gap
energy, and n is 1/2 and 2 for the direct and
the indirect transition, respectively.

Fig. 7 shows the variation of (akv) 2 values
versus Av values for MgSe thin films of various
thicknesses. The extrapolation of the straight-
line portion of the plot to zero absorption
coefficient gives the value of the band gap
energy E.

Fig. 8 shows the changing of the optical
band-gap energy of the MgSe thin film with
the volume of the spray solution. The energy
gap increases from 2.45 to 2.75 eV as the
film thickness decreases from 188 to 145 nm
[18, 19]. The red shift observed in the absorption
edge of MgSe thin film results from the smaller
grain size of the nanostructured material as the

0Lté
——145nm
—£—188nm
05 ——184 nm
——179 nm
04 - ——168 nm
| —e— 157 nm
03
02 +
350 450 550 650 750 850

Wavelength A, nm

Fig. 6. Plots of the optical absorption «f versus wavelength A for MgSe thin films deposited
by changing the quantity of the spray solution (see Table)
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Fig. 7. Plots of (aAv)? values versus /v values for MgSe films. Volumes of spray solution are given in Table
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Fig. 8. The dependence of the optical band gap energy of the MgSe film
on the volume of the spray solution

quantum size effect becomes prominent [20].
Electrical properties. The d.c. electrical
resistivity of all the deposited samples was
studied in the temperature range from 300
to 500 K using the two-probe method. The
variation of the log p value with the reciprocal
of temperature (1000/7) is shown in Fig. 9.
The electrical resistivity follows the relation

p = p,exp(—E, /(kT)), (5)
where p is the resistivity at temperature 7, p, is

the constant, k is the Boltzmann constant, E_ is
the activation energy required for conduction.
The electrical resistivity of thinner film was
found to be 2.3:10° Q.cm and it decreases
to 1.1:10° Q-cm as film thickness becomes
188 nm. The improvement in crystallinity and the
grain size with thickness induces conductivity.
Fig. 10 shows the dependence of electrical
resistivity on the volume of the spray solution
for the MgSe thin film. For all the samples it was
obtained that the electrical resistivity decreases
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Fig. 9. The plots of Log (p) value versus (10°/7) for MgSe thin films deposited varying
the quantity of the spray solution (see Table)
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Fig. 10. The dependence of the resistivity of MgSe thin films obtained at 373 K
on the volume of the spray solution

with an increase in temperature, confirming the
semiconducting nature of MgSe. The thermal
activation energies were calculated and were
found to vary from 0.97 to 0.87 eV depending
on the film thickness (Fig. 11).This variation in
the activation energy with the film thickness is
due to the changes in the crystalline structure
and the density of dislocations in the film.
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Thermo-emf measurement. The temperature
difference applied across the film causes the
transport of carriers from the hot end to the cold
onethuscreatingan electric field. It wasconcluded
from the polarity of the thermoelectric-emf that
MgSe film exhibited p-type conductivity. Fig. 12
shows the variation of thermo-emf with applied
temperature difference.
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Fig. 11. The dependence of the activation energy of MgSe thin films on the volume of the spray solution
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Fig. 12. The plots of thermo e.m.f. versus temperature differences applied across the MgSe thin films

It is evident that the thermo-emf increases
linearly with the applied temperature difference.
The thermo-emf developed across the film
increases with thickness, which may be due to the
improvement in the crystalline structure of the
film [21]. At lower thickness the grain boundary

scattering is prominent which may decrease with
thickness due to the grain growth.

4. Conclusions

Magnesium selenide thin films of thickness
from 145 to 188 nm were deposited onto glass
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substrates at 523 K using the spray pyrolysis
technique with varying the quantity of the spray
solution. The grown films are nanocrystalline
in nature with cubic structure. The crystallinity
and the grain size of MgSe is improved with
thickness. The films deposited by spraying 10
ml of the solution are porous, showing growth

of nano-rods. The optical band-gap energy
decreases with an increase in film thickness.
It is, therefore, concluded that the physical
properties of the magnesium selenide films can
be customized by merely controlling the film
thickness, which in turn becomes suitable for a
particular application.
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Caxape E.C., Takape H.P., Y6ane A.Y. BMUAHUNE KOJTMYECTBA PACIbIJIAEMOTO
PACTBOPA HA ®U3NYECKME CBOMCTBA TOHKMX HAHOKPUCTANIIMYECKNX
NIEHOK CENEHUIA MATHUSA, OCAXIEHHbBIX METOAOM CMNPEN-MUPONTN3A.

ToHKkMEe HAHOKPUCTAUTMYECKME TUIEHKM CejieHuAa MarHuss MgSe ObIIM TPUTOTOBJIEHBI METOIOM
CIIPEN-TINPOJIN3a C WCIOJIb30BAHMEM PA3JIMYHOTO KOJWMYECTBA DPACHBUIIEMOTOo pacTBopa. PaccMoTpeHo
BJIUSTHYE U3MEHEHUSI KOJMYECTBA 3TOTO PACTBOpPA Ha CTPYKTYpPHBIE, DJIEKTPUUYECKUE, MOP(DOTOTUIECKUE U
ONTUYECKUE CBOMCTBA TJIEHOK MgSe. MeTonoM peHTTeHOBCKOW AMMPAKINN YCTAHOBJIEHO, YTO OCAXIECH-
HBIE MgSe nMmeer KyOMYECKYI0 KPUCTALTMYECKYIO PEIIeTKY C MpeuMylliecTBeHHOW opueHTtauueit (111).
OnrTryeckre MCCIENOBAHUS MOKA3aJIW, YTO IJIsI MOJYYEHHOTO OOBEKTa XapaKTepHa 3ampelleHHass 30Ha
C MPSIMBIMM OINTUYECKMMHU TIEpeXOmaMy, IIMPUHA KOTOpOUM MeHsieTcs or 2,45 mo 2,75 3B, B 3aBUCHMO-
CTH OT KOJINYECTBA PACIBUISIEMOrO pacTBOpa. DJIEKTPUYECKOE COMPOTHUBICHUE TUIEHKU MgSe cHMxaeTcs
C TIOBBIIIEHWEM TEMIIepaTyphl, YTO yKa3bIBaeT HA €€ TMOJyIIPOBOAHUKOBYIO MPUPOAY. YCTAaHOBJIEHO, UYTO
3JIEKTPOCOTPOTUBIIEHUE, SHEPTUS aKTUBALIMM U IIIMPUHA 3aMPEIIEHHON 30HBI 3aBUCST OT KOJIMYECTBA pac-
MbIISIEMOTO pacTtBopa. M3mepeHue TepMo3c TyTeM CO3MaHUST TEeMIEePaTypHOTrO TPaaueHTa Yepe3 TICHKY

TNOATBEPANIIO, YTO OHA NPOSBIISACT IIPOBOJIUMOCTD JIBIPOYHOTO THUIIA. B
TOHKME TNIEHKH, ANOPAKL A OIITUYECKUX JTYYEHN, OIITUYECKHUE CBOMCTBA.
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