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Abstract Chromium selenide (CrSe) crystalline thin film
has been produced via chemical bath deposition on sub-
strates (commercial glass). Transmittance, absorption, opti-
cal band gap and refractive index of the films have been
examined by UV/VIS. Spectrum. Structural properties
have been examined and XRD hexagonal form has been
observed. The structural and optical properties of CrSe thin
films, produced at different pH levels were analyzed; SEM
and EDX analysis have been performed for surface analy-
sis and elemental ratio of the films. It has been found that
some properties of the films have been changed with pH
and the changes of these properties with respect to pH have
been investigated. Tested pH values were between 8 and
11. The optical band gap has been varied between 3.80 and
3.92 eV and film thickness has been changed from 76 nm to
126 nm for tested pH levels. Absorbance values were found
to be 0.053, 0.018, 0.012 and 0.069 for pH values of 11, 10,
9 and 8, respectively (550 nm wavelength). The refractive
index of CrSe thin films have been changed with film thick-
ness, found as 2.27, 2.24, 2.25 and 2.26.
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1 Introduction

Metal selenides, such as CdSe, MnSe and PbSe are very
important semiconductors. The researchers intensively
worked on producing CdSe, PbSe thin films. CrSe films
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are rarely produced. However, CrSe alloy is a very inter-
esting material because of its magnetic properties [1]. The
chromium selenide analogue Cr(, _,,Se ,) is well known as
antiferromagnetic [2]. The metallic chromium selenides as
Cr;Se, and Cr,Se; are antiferromagnets and semiconduc-
tors [3-5]. Some transition metal chalcogenides are found
to be excellent candidates for half-metallic ferromagnets
according to literature [6].

It is already known that chromium selenide has a mono-
clinic structure, located at I2/m space group, and crystal-
lizes as Cr,Se; and Cr;Seq, CrsSe, [5]. The structure of
chromium selenides is similar to NiAs and both of them
have vacancies in their second metal-atom layer. The
researchers found that if the structure is rich in Cr, the
material shows antiferromagnetic behavior, whereas meta-
or ferromagnetic order was observed in Cr-poor samples
[5-11]. It is very important to produce such material which
possesses so many features.

The aim of this paper is to produce CrSe thin film using
a new method of chemical bath deposition and to examine
its structure and optical properties. It is argued that crystal
structure and optical properties of CrSe could be controlled
by the pH of chemical bath. It is clear that producing CrSe
thin films via chemical bath deposition is much more
advantageous to the researchers since it is a simple and
cheap method to fabricate. Since the production of CrSe
via chemical bath deposition, which is a simple and cheap
method, is quite difficult, the most appropriate reagents
should be selected. Also, this is a new method for produc-
ing CrSe thin films. According to the literature mentioned
above, CrSe alloys usually result in amorphous structure,
thus it is quite difficult to produce crystalline form.
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2 Experiment

The preparation of selenium source solution shown in the
following procedure is very crucial to this study. 20 mL
concentrated 1-4 dioxane and 0.01 mol solid selenium
were put in a beaker, with 0.01 mol KOH. The mixture was
heated up to 80 °C, where 1-4 dioxane has been completely
evaporated. KOH + Se gel was remained at the bottom of
the beaker. 0.01 mol LiAlH, was immediately added into
the beaker before the gel get cool. Then, distillated water
was slowly added into the beaker and the solution was
mixed at 1000 rpm until the solution got a volume of 100
mL. It is required careful attention when LiAlH, is added
since the reaction is flammable. The mixture was filtered
before being added to the chemical bath. The pH of the
solution was 11 (Fig. 1).

The components of the baths were 8% HCl, 10 mL
0.001 M chromium nitrate 15 mL prepared Se source
solution, and 5 mL triethanolamine (TEA). First, 10 ml
0.001 M chromium nitrate and 15 ml Se source solution 5
mL TEA were put into a baker, filled with 40 ml deionized

Preparation of Selenium Source:

water. 8% HCI was used to adjust the pH of bath. 2, 4, 8§ ml
of 8% HCL were added to obtain solutions with pH 10, 9,
8, respectively. pH values of the chemical baths were meas-
ured using a pH meter (Lenko mark 6230 N). The bath
temperature was kept at 50 °C for 3 h. The substrates were
dipped in the bath.

3 Measurement

The crystalline structure of the CrSe was confirmed by
X-ray diffraction (XRD) with a CuKa, radiation source
(Rikagu RadB model, A=1.5406 10%) over the range
10°<20<90° at a speed of 3° min~! with a step size of
0.02°. The surface properties of the films were examined
using an EVO40-LEO computer controlled digital scanning
electron microscope (SEM). Chemical analysis by EDX
was performed with an EDX spectrometer attached to the
SEM. The optical measurements were performed by Hach
Lange 500 Spectrophotometer at room temperature by plac-
ing an uncoated identical commercial glass substrate in

Slowly added distillated

Solid selenium were put in a

beaker, with KOH + 1-4 dioxane

d

Water and LiAIH4

Heated upto 80°C Filtered
> > > >
_——"j‘ 3
Preparation of CrSe Thin Film:
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=

Fig. 1 Preparation of CrSe thin films
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the reference beam. The optical spectrum of thin films was
recorded in the wavelength range of 300—1100 nm.

4 Result and discussion

XRD patterns of CrSe films deposited by CBD at different
pH values are shown in Fig. 2 (a: pH 11, b: pH 10, c: pH
9, d: pH 8) and XRD data of the films were compared with
ASTM values in Table 1. The peaks were hidden in amor-
phous structures for pH: 11 and 8 but the peak observed for
pH 9 is sharper than the others. Crystalline structures were
observed for pH: 10 and 9. The sharper peak was 23.45° for
pH: 9. The structures that we have obtained were indexed
with monoclinic structure Cr;Seg for pH: 9 and monoclinic
structure Cr,Seg for pH: 10. This result is not surprising
because the amount of HSe™ or Se™2 dissolved in the bath
vary according to the pH of the environment. Thus, a spe-
cific method was developed to produce Cr,Seg at pH: 9.
According to literature, structures of Cr,Se;, Cr;Seq, and
Cr;Se, are very close to each other and can be easily trans-
formed into each other. So we have achieved this by chang-
ing the pH of the bath. Ohtani et al. produced solid Cr;Se,
at 900°C, yielding a defect-Cdl, structure [7]. Ivanova
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Table 1 XRD datas of ASTM values vs. films

pH ASTM data file ASTM value Observed value Miller indice

10 74-1241
9 74-1242

24.13
24.13

23.65
23.45

Cr,Seg (020)
Cr;Seq (020)

et al. and Maurer and Collin found that Cr;Se, is a material
with weak conductivity [8, 3]. Chevreton M. et al. achieved
to synthesize Chromium selenide at Cr;Seg phase [5].
Therefore, the method that we have tried was pretty good;
we can control the phase of CrSe thin films by controlling
the pH of the bath [5]. In our method, we can produce CrSe
thin films in various phases, such as Cr;Seg, whereas many
researchers had exerted a lot of effort to produce each of
these phases one by one [5, 7-9]. The important point is
that pH: 9 and 10 can be special values for producing CrSe
thin films.

The structural parameters such as grain size (D) and dis-
location density (8) were computed by XRD patterns for all
films and they are presented in Table 2. The grain size of
the thin films was calculated by XRD patterns using Debye
Scherrer’s formula [12],
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Fig. 2 X-ray patterns of CrSe films deposited in a bath solution at, a pH: 11, b pH: 10, ¢ pH: 9 and d pH: 8
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Table 2 The grain size (D), dislocation density (6), film thickness
(d), optical band gap and the number of crystallites per unit area (V)
values of CdSe thin films at pH: 9 and 10

pH d@mm) Dmm) EgeV) 6x1073 Nx10~* (1/nm?)
(lines/nm?)
10 541 25 3.89 1.50 25.59
9 645 15 3.92 3.99 126.10
094 "
Bcosf

where D is the grain size, 4 is the X-ray wavelength
used, g is the angular line width at half-maximum inten-
sity in radians and @ is Bragg’s angle. The grain size and
dislocation density of the films were calculated using the
FWHM of (103) and (020) peaks obtained through the
Scherrer’s method. The dislocation density (8), which is
calculated by the formulas below, gives more information
about the amount of defects in the films [12].

1
5=§ 2)

Higher 6 values indicate lower crystallization levels for
the films and indicate the amount of defects in the struc-
ture. Larger D and smaller 6 values indicate better crystal-
lization of the films [12].

t
N=—5 3)

where N is the number of crystallites per unit area, ¢ is
the film thickness. The higher N value indicates abundance
of crystallization.

D, 6, N values of the film produced at pH 11 and 8
could not be identified because of their amorphous struc-
ture. The highest value of grain size was 25 nm at pH 10,
whereas the lowest value was 15 nm at pH: 9. The amount
of defects was calculated to be 1.50x 107 lines/m? and
3.99%x 1072 lines/m* at pH: 10 and 9, respectively. The
number of crystallites per unit area was 25.59x 10~* and
126.10x 107 m=2 at pH: 10 and 9. The number of crys-
tallites per unit area is increasing while grain size gets
smaller. Similarly, the amount of defects in the structure
increases while grain size decreases.

Film thickness of CrSe thin films is shown in Fig. 3. The
film thickness was changed as a function of pH, to be found
820, 541, 645 and 983 nm at pH 8, 9, 10, and 11, respec-
tively. A parabolic curve has been observed for various pH
values. Higher values of 820 and 983 nm were obtained
from amorphous structures produced at pH: 8 and 11.
Smaller thickness of 541 and 645 nm were obtained from
the crystalline structure at pH 9 and 10. These thicknesses
were in line with grain sizes.
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Fig. 3 The film thickness of CrSe thin films

The optical band gap energy (Eg) was determined from
the absorption spectra of the films using the following rela-
tion [13, 14]:

(ahv) = A(hv — Bg)" 4)

The plot of (ahv)? vs. ho for CrSe films at different pH
is shown in Fig. 4. The optic band gap of CrSe thin films
decreased down to 3.80 and 3.75 eV at pH: 11 and 8. Opti-
cal band gap were higher in crystalline structures than in
amorphous structures. The quantum size effect seemed
to affect the optical band gap at pH 9 and 10. It is quite
expected for amorphous films to have lower optical band
gap. The defects in the structure generate a tail from the
allowed band to the conductive band at the localized states
(Urbach tail). This tail leads to shrinkage of the band gap
[12].

The transmittance (7) of CrSe thin film can be calcu-
lated using reflectivity (R) and absorbance (A) spectra from
the expression [13, 14]:

T=(1-Rj’e? ®)

Transmission measurements are performed at room tem-
perature in the range of 300-1100 nm. The transmission
and reflectance of films deposited at different pH are shown
in Fig. 5.

Transmission values, which were 88.51, 95.94, 97.27
and 85.31% (at 550 nm wavelength), were in line with film
thicknesses, that were 820, 541, 645 and 983 nm, respec-
tively. The highest transmission has been observed in the
film produced at pH: 9, where the best crystallization has
also been occurred. As expected, reflectance, which was
proportional to film thickness, was inversely correlated
with transmission and gets the following values 3.39,
1.16, 0.77 and 4.39% (at 550 nm wavelength). Figure 6 is
shown absorbance curves of CrSe thin films for different
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Fig. 4 Plot of (ahv)? vs. hv for CrSe films at different pH: a pH 11, b pH 10, ¢ pH 9, d pH 8
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Fig. 5 Transmittance and reflectance of CrSe thin films obtained
from baths with different pH of baths

pH levels. Absorbance values were 0.053, 0.018, 0.012 and
0.069 for pH 11, 10, 9 and 8, respectively (550 nm wave-
length). The light was absorbed by amorphous structure
much more than crystalline structure. This is mostly due to
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T T T T T T T
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Fig. 6 Absorbance of CrSe thin films at different pH

the film thickness. Since thick film contains more particles,
it absorbs the light more than thinner films.

Refractive index and extinction coefficient are usually
given by the following equations [13, 14]:
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Fig. 7 Refractive index and extinction coefficient of CrSe thin films
obtained from baths with different pH of baths
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However, this equation can be derived by assuming the
dielectric constant to be 1. So, the material that we measure
should not have any magnetic feature, since n= \/ w.e. Usu-
ally, it is assumed that u=1 for the materials lacking mag-
netic properties and Eq. 6 is derived. Since we know the
dielectric constants of the chromium-selenide derivatives,
it makes more sense to use the Moss equality.

n4ng =K 7

There are various empirical and semi-empirical rules
and expressions that relate n to Eg. In Moss’ rule, n and
Eg are related by n*Eg=K=constant (=100 eV) [15]. The
refractive indexes of the films are given in Fig. 7. Similar

Mag = 20.00 KX
EHT =20.00 kV

Detector = SE1
Date :31 Oct 2012

Mag = 20.00 KX
EHT = 20.00 kV

(d) pH: 8

Fig. 8 SEM images of CrSe thin films at different pH, a pH: 11, b pH: 10, ¢ pH: 9, d pH: 8
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to reflectance, refractive indexes of CrSe thin films were
also proportional to film thickness and get the following
values with the increase of pH: 2.27, 2.24, 2.25 and 2.26. It
seems that film thickness has an impact on refractive index.
This is because the increase of film thickness allow light
to interact with more particles. The refraction index of the
film produced at pH 10 was not coherent with film thick-
ness. The reason is that the film produced at pH 10 is lack
of uniformity in film structure. At this pH level, chromium
selenate was also formed in the film.

(a) pH:11
(b) pH: 10
(c) pH:9
(d) pH:8

SEM images of CrSe thin films are given in Fig. 8.
Amorphous structures were observed for pH: 8 and 11,
whereas nano-rods CrSe structure was observed for pH:
9. The grains were irregular for pH: 8 and the cracks were
observed for pH: 11. CrSeO, grains were observed in the
film produced at pH: 10, although the amount of CrSeO4
grains is very little, nano-rods were detected in the film
produced a pH 9. These results were in agreement with
XRD patterns.

EDX technique was used to identify the composition of
the CrSe thin films. Figure 9 shows the average atomic ratio
of Cr/Se as a function of pH. It was seen that Cr/Se ratio
draw a parabolic curve as 0.065, 0.438, 0.500 and 0.074
with increasing pH. Although EDX results are not an indi-
cator for amorphous structures (pH: 11 and 8), they show
that the average atomic ratio of Cr/Se is nearly stoichiomet-
ric for pH: 10 and 9. The theoretical stoichiometric ratios of
Cr/Se are 0.493 and 0.576 for pH 10 and 9. The difference

0,5- .
0,4-
0,3-

0,24

% Cr / Se ratio

0,1+

0,0

8 ' EI) ' 1|0 ' 11
Deposition pH

Fig. 9 % Elemental ratio of Cr/Se thin films at different pH

between the theoretical and experimental ratios may be due
to the very little amount of CrSeQ,, sustained in the struc-
ture. EDX results were in agreement with the XRD and
SEM measurements.

5 Conclusion

A novel method was developed for producing CrSe thin
films at different pH. Crystalline structures were observed
at pH: 10 and 9, whereas amorphous structure was
observed at pH: 11 and 8. Cr;Seg structure was dominant
at pH: 10, whereas Cr;Seg structure was dominant at pH: 9.
The properties, such as refractive index, transmission, opti-
cal band gap, and film thickness were changed according to
pH. Consequently, we developed a novel method for pro-
ducing CrSe films via CBD. It has been shown that CrSe
thin films can be produced via chemical bath deposition,
which is a simple and cheap method. Further improvement
in quality and uniformity is possible if this reaction is real-
ized in an autoclave or in an environment of purging air.
It is also possible to improve the crystallization through
annealing at elevated temperature.
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