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Preparation and investigation of the structural and optical characteristics
of manganese- doped cadmium oxide films

A. A. Mohammed” M. A. Ahmed, S. M. Jassim
The general for Education in Diyala, Diyala, Iraq

In this paper, undoped and Mn-doped CdO thin films deposited on the glass substrates by
the chemical spray pyrolysis method (CSP) technique. The prepared thin films
characterized by XRD, AFM, FESEM and UV visible. The results of the X-ray diffraction
patterns revealed that the prepared films have a polycrystalline structure and a cubic
structure. The crystallite size (D) value for all prepared films was calculated using
Scherrer's method, Williamson-Hall method and size strain plot (SSP) method, from the
results, it was observed that, the crystallite size decreases with increase in doping ratio of
Manganese. The optical propertis show that with an increase in Mn concentration, the CdO
films' transparency and the energy gap of the films increases. The Hall effect measurement
revealed that all prepared films have negatives type (n-type) charge carriers, the value of
the doping ratio rises, the Hall coefficient decreases.
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1. Introduction

Cadmium oxide is known as an inorganic compound. The element cadmium can be
obtained (industrially) from the intense heating of pure cadmium in the air and to a certain
temperature (below its melting point). And ammonia salts, while it has no solubility in water or
bases [1]. Cadmium oxide has two forms (structural formulas) in nature: crystalline and random,
and its crystalline structure is characterized as brown or red, while its random structural form is
colorless [2]. Its crystal structure is described as having a face-centered cubic (Fcc), crystal
structure similar to that of sodium chloride (NaCl) [3], This means that a single ordinary unit cell
of a crystal of the compound contains four lattice points, each of the lattice points is accompanied
by a base consisting of two ions, one of which is the positive cadmium ion (Cd"*) and the other is
the negative oxygen ion (O) [4]. Thus, one normal unit cell includes two positive Cd ions and
four negative O ions [4]. Four molecules of cadmium oxide, the positive cadmium ions occupy the
eight heads of the cubic cell and the centers of its six faces, while the negative oxygen ions occupy
the center and the middles of its 12 sides [5]. CdO is a part of the periodic table's (II - VI) group,
and it has an energy gap of (2.16—2.6 e¢V) at room temperature (300 K) [5,6]. Several studies have
been conducted on the preparation of undoped and doped cadmium oxide. N. MANJULA et al. [2]
studied the effect of Mn-doped CdO thin films, the results showed that, Mn doping concentration
reduces film crystallite size from 34.63 nm to 17.68 nm and optical band gap. S. Dugan et al. [7]
prepared undoped and Mn doped CdO using sol-gel method and deposited on Si substrate, the
optical properties showed that bandgap energies between 2.41 eV and 1.70 eV. K.Kasiraja et al. [§8]
prepared undoped and Mn doped CdO using spray pyrolysis method, the optical properties showed
that, the bandgap values drop with doping concentration (2.51, 2.47, and  2.21 eV) and increase
with higher concentrations (2.37 ¢V). P.Sakthivel et al. [9] prepared CdO thin films using radio
frequency magnetron sputtered, the AFM pictures of the CdO thin films demonstrated that the
roughness of the films increased with the deposition time, and the FESEM analysis revealed that
the film deposited for 30 min was very uniform nanopyramidal structures. I. M. Mohammed et al.
[10] prepared CdO thin films with different Mn-doping using spray pyrolysis method, the optical
properties showed that, the depending on the Mn content, the bandgap ranges from 2.60 eV to 2.50
eV. The aim of this work is synthesize Cd;.,Mn,O thin films at x = (0, 3, 5, 7 and 9 %), and study
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the effect of Mn-doped on some of the structural, optical and electrical properties of CdO thin
films.

2. Experimental details

Chemical spray pyrolysis method is utilized to synthesize Cd; Mn,O films at x = (0, 3, 5,
7 and 9 %) using materials: Cadmium nitrate [Cd(NO3),.4H,0], molecular weight (308.47 g/Mol)
and density (8.15g/cm, in addition, at a concentration of 0.1M in the (100 ml), it is a solid
substance (powder) that dissolves quickly in water and is white in color. Manganese acetate was
used with the chemical formula [Mn (CH;COO),.4H,0], its molecular weight (g/mol173. 027) and
its density (1.74 g/cm’). It is a powder in light pink color. As a solution of aqueous manganese
acetate with a molar concentration of (0.1M) was prepared by dissolving (0271.73) of it in (100ml)
of distilled water prepared for this purpose, where the required weight was obtained using the
mathematical relationship (3-1) using a scale with sensitivity (10™*g) mix the solution well using a
magnetic stirrer for 60 min to ensure complete dissolution and homogeneity of the solution.

3. Results and discussions

3.1. Structural analysis (xrd)

The structural characterization of undoped CdO and Mn-doped CdO films were carried
out using x-ray diffraction technique. The spray pyrolysis process was used to deposit undoped
and Mn-doped CdO films, as shown in Fig.1. All of the patterns were found to have diffraction
peaks about (20 =33.77°, 38.22°, 55.26°, 65.86° and 69.46°) referred to (111), (200), (220), (311)
and (222) favorite planes respectively [11]. The ICDD card number agrees with the outcome
(005-0640). The strongest peak is at (111) plane (2 = 33.77°). Increased Mn dopant intensified the
(111) plane. Well-crystalline films have strong and crisp diffraction peaks. The diffraction peaks
of the produced samples matched those of the cubic crystalline structure, indicating that the
samples are polycrystalline. The absence of Mn-related impurity phase diffraction peaks in the
XRD spectra shows Mn doping does not modify the crystal structure and Mn incorporation into
CdO via replacement for Cd [12]. XRD spectra of Mn-doped CdO films indicate a minor change
in peak location toward lower angles due to Mn2+ substitution in the host lattice [13]. Table 1
shows Scherrer's relation results for all produced films' crystallite size (D) [14].

kA
D- (B cosf

) ey
where D is the crystallite size, K is a constant (equal to 0.94), A is the wavelength of the x-ray
radiation, [ is the full width at half maximum and 6 is the angle of diffraction. From the results, it
was observed that with an increase in Mn concentration, the crystallite size value decreases. The
films have crystallite sizes on the order of a nanometer. The Mn-doped CdO films' status as
nanomaterials is thus confirmed. The crystallite size and micro strains of the prepared films were
also calculated using the Williamson-Hall method according below equation [15]:

By cosO = (%) + 4S8 sinf (2)

where, B is full width of half maximum, £ is constant, D is the size of the crystallite, A is the
wavelength, 0 is the Bragg's angle, and S is the microstrain. Strain and crystallite size may be
determined from the slope and y-intercept of the fitted line, respectively, as illustrated in Fig. 2, if
By cosO is plotted with respect to 4 sin6), with the use of a small amount of strain, it is discovered
that the diffracting domains are isotropic. The size-strain plot (SSP) procedure, which is used in
the isotropic line extension example, can provide a superior evaluation. The benefit is that high-
angle reflection data is given less weight [16]. The connection between strain, expanding peak, and
crystallite size [17].
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where Kk is the form factor, which in spherical geometry is equal to 3/4. Fig. 3 illustrates how to
create the line equation Eq. (6) as (d B cos 0)* against ( d* P cos 0). As demonstrated in Fig. 3, the
slope of the line may be used to compute the crystallite size (D). Table 1 contains the results. It
was noted that the values of the crystallite size for the CdO thin films (doped and un-doped) in
these findings qualitatively concur with the results of the crystallite size obtained using the
Williamson-Hall technique, as given in Table 1. There were no discernible differences in the XRD
patterns of any of the produced films. The variable displacements of the atoms from their reference
lattice location during sample development are what cause the micro strain in the samples [11]. All

synthetic films had positive micro strain values, which suggests that lattice dispersion has taken
place [18].

Table 1. Data for the X-ray diffraction of the thin films of CdO with and without Mn doping.

Thin films 20 FWHM plane D (nm) D (nm) D (nm) Micro
(deg.) (deg.) (hkl) (Scherrer (W-H (SSp Strain
method) method) | method) | (10
Undoped-CdO 33.77 0.71000 111 50.09 54.16 40.68 1.077
CdO: Mn (3%) 32.97 0.16780 111 49.4 61.9 42.48 3.036
CdO: Mn (5%) 33.01 0.17810 111 46.5 57.29 40.73 1.85
CdO: Mn (7%) 33.03 0.16480 111 45.08 68.64 38.13 3.8
CdO: Mn (9%) 33.066 0.18390 111 40.92 70.38 31.23 4.27
(1)
(200)
CdO: Mn (9%) (220) (311) (222)
3
:"; CdO: Mn (7%)
)
c
2
c
= | cdo: Mn (5%)
CdO: Mn (3%)
undoped- CdO

T
20 25 30 35 40 45 50 55 60 65 70 75
20 (Degree)

Fig. 1. Undoped and Mn-doped CdO thin films' XRD patterns.
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Fig. 2. W-H study of Mn-doped and undoped CdO films.
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Fig. 3. The SSP analysis of undoped and Mn-doped CdO films.

3.2. Optical properties

The transmittance spectra of the Mn-doped and undoped CdO films, which were recorded
in the (200-1000 nm) wavelength range, are shown in Figure 4. The transparency ranges from 30
to 98 percent in the visible range, as shown in Fig. 4. The Mn-dopant improves the transparency of
the CdO films in the visible range, and this change in transparency denotes a regular shift in
dopant. Because it is generally known that variations in transmittance rely on the film's material
properties, this shift in transparency is connected to those materials' structural aspects [19]. After
Mn doping, it was observed that the transmittance greatly increased as a result of a minor shift in
the absorption edge (blue shift) [20]. This suggests that the optical band gap of the CdO films is
increased by the Mn dopant. The equation [21, 22] is used with Tauc's model to calculate the
optical band gap of all produced films:
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ahv = R (hv-E,)" 4)

where R is a constant that is independent of photon energy and has four numerical values (1/2 for
allowed direct, 2 for allowed indirect, 3 for forbidden direct, and 3/2 for forbidden indirect optical
transitions), h is the photon energy, E, is the optical band gap, and « is the absorption coefficient
[23]. In Fig. 5, the Tauc's plot of CdO thin films made with various Mn-doping concentrations is
displayed. The produced films' Eg values (undoped and Mn-doped) are listed in Table 2. Table 2
shows that as the Mn dopant concentration rises, the films' Eg values do as well.. The Cd* ions in
the CdO lattice may have been successfully replaced with Mn2+ ions, increasing the band gap. An
increase in carrier concentration and mobility is what is responsible for the blue shift (Burstein-
Moss effect) [24] of the doped CdO absorption edge.

Table 2. Energy band gap of the undoped and Mn-doped CdO films as a function of
Mn concentration.

Samples E, (eV)
Undoped-CdO 2.26
CdO: Mn (3%) 2.47
CdO: Mn (5%) 2.60
CdO: Mn (7%) 2.71
CdO: Mn (9%) 2.84

100
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80 41— (CdO-Mn (7%))
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Fig. 4. Transmittance spectra of undoped and Mn-doped CdO films.
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Fig. 5. Tauc’s plot of undoped and Mn-doped CdO films.
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3.3. Analysis of AFM

Figure 6 (a and b) and (c, d, e and f) respectively show the (AFM) surface 3D images of
the (MnO, CdO pure) and doped by (3 thin film deposited on a glass substrate at various substrate
temperatures. When the Mn concentration is increased from 3% to 9%, the distribution of grains is
uniform on the substrate surface. Because of the increased radical mobility on the sample surface,
an improvement in surface roughness was observed [10]. Surface roughness values also rise in
tandem with an increase in mean square root , as shwen in table 3.
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Fig. 6. AFM images of a) MnO, b) undoped CdO and (c,d, e and f) Mn-doped CdO thin films.

Table 3. Surface roughness, mean roughness square, and particle size.

Sample Grain size Surface roughness (nm) RMS
(nm) (nm)

CdO pure 9.201 1.793 1.889
MnO pure 48.87 6.026 7.682
CdO:Mny s 69.03 7.721 14.63
CdO:Mny ps 35.67 9.738 17.90
CdO:Mng oy 42.46 9.147 15.12
CdO:Mnyg g9 56.83 14.00 29.15
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3.4. Analysis of FESEM

The surface morphology of the CdO: Mn thin films prepared by spray pyrolyises methods
were investigated at different molar ratios (3%, 5%, 7%, and 9%) of Mn. Fig.7 a represents images
of a film of (MnO) where we notice that the surface is homogeneous and with a uniform
distribution of particles on the base with some voids on the surface and nanoparticles have
spherical shapes and different sizes, while Fig.7 b It represents a film (CdO) where the surface
appears irregular with few gaps and the nanoparticles have spherical shapes and different sizes,
and there is some agglomeration. Fig.7 (c, d, and e) illustrates images of Mn-doped CdO films, it
was noted that the surface in general is irregular and consists of stereotypes with different surfaces
and topped with small semi-spherical grains, and this is evidence of the effect of the grafting
material. While, Fig.7 f shows the image of the membrane with (CdO: 9%Mn) doped ratio, which
has a uniform and needle-shaped surface.
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View field: 4.15 ym | Date(m/d/y): 12/25/21 View field: 2.08 pm | Date(mi/dly): 12/25/21

SEM MAG: 50.0 kx Det: InBeam MIRA3 TESCAN SEM MAG: 100.0 kx Det: InBeam MIRA3 TESCAN
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View field: 4.15 ym | Date(m/d/ly): 12/25/21 View field: 2.08 pm | Date(midly): 12/25/21
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Fig. 7. FESEM images of a) MnO, b) undoped CdO and (c,d, e and f) Mn-doped CdO thin films.

3.5. Hall Effect mesuarement

The Hall effect measurement was carried out at room temperature and by the effect of a
uniform magnetic field of intensity (0.55T) of undoped CdO and Mn-doped CdO thin films, with
doping percentages (3, 5, 7 and 9 %) as clear values of Hall coefficient (Ry), the concentration of
the majority charge carriers (n), the values of each of the mobility (uH) and electrical conductivity
(o) as shown in Table 4. From the negative sign associated with the value of the Hall coefficient,
it is clear that the type of charge carriers is of the negative type (n-type) for all prepared films, as
the quality of the charge carriers was not affected by vaccination [4]. The table 4 shows that the
value of the Hall coefficient decreases with the increase of doping, as there was an increase in the
electron concentration values (n) as shwn in fig.8, which was accompanied by a decrease in
mobility () with an increase in the rates of inoculation with manganese when the temperature
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was constant, as shwn in fig.9 and Table 4. These results confirm that increasing the inoculation
percentage caused an increase in donor levels, which in turn resulted in an increase in the
concentration of (Mn) atoms and leads to its entry as compensatory atoms to the oxygen spaces as
well, and the formation of bonds with cadmium, which causes a decrease in the oxygen spaces and
thus causes a decrease in the electrical conductivity [25]. While the decrease in mobility can be
explained by the increase in doping has led to a decrease in the average free path time (t), which in
turn results in a slight decrease in the value of mobility compared to the clear increase in the
concentration of electrons, which is responsible for the increase in conductivity at constant
temperature [26, 27]. These results indicate the possibility of using these films with negative Hall
coefficient in solar cell applications, gas sensors and other application.

Table 4. Results of the Hall effect experiment of undoped and Mn-doped CdO thin films.

Samples Ry nx10% 1o P c
(em’/C) (em™) (cm*/V.S) (Q.cm) (Q. cm)”
Undoped-CdO -6.22 1.522 6.88 0.71659 0.9131833
CdO: Mn (3%) -5.62 1.733 6.74 0.833828 1.199288
CdO:Mn (5%) -5.47 2.521 5.898 0.927433 1.078245
CdO: Mn (7%) 4.348 2.426 3.811 1.140908 0.876495
CdO: Mn (9%) -4.775 2.805 2.235 2.136465 0.468063
1.3
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Fig. 8. Variation of Hall conductivity of undoped and Mn-doped CdO thin films.
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Fig. 9. Variation of the concentration and Hall mobility of the charge carriers of
Mn-doped CdO thin films.
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4. Conclusions

Undoped and Mn-doped CdO thin films preperd by the chemical spray pyrolysis method
(CSP) technique at x =0, 0.03, 0.05, 0.07 and 0.09 % . XRD patterns showed that the thin films
have a polycrystalline and a cubic structure and the crystallite size decreases with increase in Mn
doping. The optical propertis show that the transparency and energy gap of the CdO films
increases with an increase in Mn doping. The Hall effect measurement showed that the type of
charge carriers is of the negative type (n-type) for all prepared films, the value of the Hall
coefficient decreases with the increase of doping.
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