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Study of Structural Morphology and Optical Properties of Nickel Doped
Nanostructured Tin Oxide Thin Films

Hamsa Abdul Kareem Hmoud
Ministry of Education/ General Directorate of Education in Baghdad Governorate/ Rusafa
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Abstract:

The article describes a method that was used to prepare thin films of Undoped SnO; and SnO;:Ni
thin films via a simple, costless, and suitable technique to prepare thin films with acceptable
homogeneity using chemical spray pyrolysis (CSP) method. XRD anaylsis assures that Undoped
SnO; and SnO;:Ni films are polycrystalline with recognized peak at (110)., Nickel content were
changed from (0 , 2, 4) % cause increasing the crystallite size from 12.76 nm to the Undoped SnO,
and 14.08 nm for the SnO,: 4%Ni. while the dislocation density and strain are decreasing from
(6.14-5.04) nm, (2.71 — 2.46) nm respectively. Furthermore average diameter decreased from
75.09 nm to 60.78 nm with an increase of Nickel content. R;,s value of 6.78 nm for Undoped SnO,
thin films decreased to 3.16 nm by ni content increase to 4%. The transmittance decreased slightly
with increasing of Nickel content, while absorption coefficient is increased with the increasing of
Nickel content in SnO, films, energy gap decreased from 3.68 eV for SnO; film to 3.58 eV for the
doping SnO,: 4% Ni film. refractive index and extinction coefficient are decreased with the increase
Nickel content

Keywords: SnO,: Ni thin films, CSP, XRD, AFM, optical properties.
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Introduction

SnO, films was studied by many researchers due to their huge applications in industry [1-7]. SnO,
has a wide bandgap (3.6-3.8 eV) that exhibits an n-type conductivity [8-13].

SnO, films was employe as gas sensor owing to high sensitivity and low operating temperatures
[14-16]. The system for med by SnO, depositedon SiO, presents a great interest because of the use
of Sn0,/Si0; contactsin solar cells [17]. A theoretical conversion efficiency of 2% is predicted for
SnO,/n-Siheterojunctions [18]. Many methods were employed to deposit SnO2:Ni thin films,
including CVD [19], sputtering [20], activated reactive evaporation [21], sol gel [22] and CSP [23,
24], The present work is condenced on the preparation of SnO, and SnO;:Ni thin films on the glass
bases by spray was employed to study some physical properties of nanostructured SnO, films
utilizing various Nickel concentrations.

Experimental

Undoped SnO, and SnO;:Ni films were grown by low cost CSP technique. The starting solution
was achieved by dissolving 0.1 M of SnCls.5H,0 supplied from (BDH Chemicals England) using
distilled water to obtain an aqueous solution of the materials used for deposition. The doping
material was Nickel trichloride (NiCls) resolved in redistilled water, drops of HCI were gathered
the sol get it homogenous. The optimum condition after many trials have arrived at the following:
substrate temperature was 450°C . Distance between spout and base was 30 cm , spraying rate was 5
ml/min, the carrier gas was Nitrogen ,sprayin time was 9 S lasted by 100 S wait to avoid excessive
cooling. Gravimetric method was used to obtain thin films of thickness , which was about 330 +
20 nm. XRD was employed to obtain strucural to measure the structural specifications. AFM was
utilized to know the surface topography. Double beam spectrophotometer was employed to obtain
transmittance spectra.

Result and discussion

Figure (1) offers XRD styles of the intended films. Peaks were obderved at angles of (20~
Y,VY° 39.96°, 54.78° and 65.97°) corresponding to the planes (110), (200), (220) and (301)
respectively which belong hexagonal structure with the preferred orientation of (110). These peaks
are consistent with (ICDD) card number (41-1445).

The average crystallite size (D) was estimated employing the equation[25]:

094

D= 1)

- PcosO

Where A is wavelength of X-rays used (0.1541 nm), B and 6 are (FWHM) and the diffraction angle
respectively. D of the of Undoped SnO; films was 12.76 nm and it increases to 14.08 nm with
Nickel doping increasing up to 4%

The dislocation density (d) is calculated using the Eq. (2) [26].

1
6=1; 2)

D
The strain (€) is calculated using the Eq. (3) [27].

__ Pcoso
e==2 0

The results are offered in Table 1. § and € are decreasing from (6.14-5.04) nm, (2.71 —2.46) nm.
Figure (2) offers each of the FWHM, D, 6 and ¢ as a function to the Nickel content.
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Undoped Sn0,
Sn0, :2 % Ni
(110) — $n0; : 4% Ni
F (200)
(220)
(301)

Intensity (AR. Unit)

VN W————

20 25 30 35 40 45 50 55 60 65
20 (degrees)
Fig.1. XRD styles of intended films.

70

Table 1. D, E; and structural parameters of deposited films.

20 (hkl) FWHM Optical D (nm) Dislocations density ~ Strain

Samples (®) Plane  (°)  bandgap (eV) (x 10")(lines/m?)  (x 107)
Undoped SnO, 26.73 110 0.64 3.68 12.76 6.14 2.71
Sn02: 2% Ni  26.71 110 0.62 3.64 13.17 5.76 2.63
SnO»: 4% Ni  26.68 110  0.58 3.58 14.08 5.04 2.46

L
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Fig.2. FWHM (a) D (b) 6 (¢) & (d) of intended films.

Fig. (3) displays AFM image. the Average Particle size P,y , root mean square roughness (R;ns) and
average roughness (R, ) are displayed in Table 2. the Average Particle size was noticed at (75.09),
(71.85) and (60.78) nm for the (Undoped SnO,, Sn0,:2% Ni, SnO,: 4% Ni) respectively, The Rrms
value of 6.78 nm for Undoped SnO; thin films decreased to 3.16 nm to SnO;: 4% Ni, R, roughness
parameters versus dopant content were exhibited in Fig. 3 (a3, bs,and c3) respectively. Table (2)
represent the values of AFM parameters Papy.

Table 2. Popym of the intended films.

Pay R,(nm) Rims

Samples am (nm)
Undoped SnO; 75.09 7.89 6.78
SnO;: 2% Ni 71.85 6.67 6.25
SnO,: 4% Ni 60.78 6.09 3.16

vy
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Fig.3. AFM images (a;, b; and c;), granularly distributed (a,, b, and ¢;) and variance of AFM
parameters via doping (as, bs and c3).

Fig. 4 offers transmittance (t) spectra. From the figure, it can notice that T of Undoped SnO, and
SnO,:Ni film decreased with the increase Nickel.

The absorption coefficient (a) is obtained from [28]:
a=In(1/T)/d 4

Where, d is film thickness.

a for Undoped SnO, and SnO;:Ni in Fig. 5., Fig. 5. shows the absorption coefficient increase with
an increase at 2% or 4% Ni doping.
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70
Undoped SnO,
60 | Sn02:2% Ni
= Sn0, : 4% Ni
50 +
3
8 40
c
©
£
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n
| o=t
e
= 20 1

-
(=]

300 400 500 600 700 800 900
Wavelength A (nm)
Fig. 4. T of the intended films.

300

Undoped SnO,
Sn0O, :2 % Ni
= Sn0O, :4 % Ni

200 +

100 -

Absorption Coefficient (o) cm! x 104

Fig. 5. a Vs hv for intended films.
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The optical band gap (E,) allowing direct transitions was obtained employinr equation 5 [29]:

(ahv) = A(hv — E, )% (5)

Where A is the constant, Ej is illustrated in Fig. 6. E; values of the Undoped SnO,, Sn02:2% Ni

and SnOs: 4% Ni thin films are found to be about 3.68, 3.64 and 3.58 eV respectively. Table (1)
offers the values of E,.

4
Undoped SnO,
1 Sn0O, :2 % Ni
= Sn0, :4 % Ni
(=) 3 4
o
- Undoped SnO,
x L
=
£
S 2 Sn0, :2 % Ni
> n 2 0 N1
Q
>
> =
= Sn0, : 4 % Ni
1 E;,=3.58 eV
0 " LTI
1 2 3 4 5
hv (eV)

Fig. 6. (ahv)” Vs hv of intended films.

The extinction coefficient (k) is shown in Fig.7, which can be calculated by the following equation
[31, 32]:

k=2 e (7)

41T

Where L is the wavelength. The extinction coefficient decreased with the increasing the content of
Nickel.
The refractive index (n) is calculated by using the equation [33, 34]:

1+R 4R
1-R (1-R)?

—k? - (8)

Where R is the reflectivity. Fig. 8 represent the relationship between the refractive index with the

wavelength. Refractive index decreases with the increasing the content of Nickel.

e
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1.0 — Sn0, :4 % Ni
3
-
=
2
.20.8
=
@
o
(8]
c
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0.2 v v - v v v - v . v v
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Fig. 7. extinction coefficient of intended films.
34
Undoped SnO,
3.1 - Sn0, :2 % Ni
— Sn0, :4 % Ni
2.8 -
€
e Y
[
o
£
() 2.2 9
=
s L
S 19
[*]
(14
1.6 -
1.3 4
1.0 v v v T v v v v v v v
300 400 500 600 700 800 900

Wavelength A (nm)

Fig.A . refractive index of intended films.
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Conclusion

A simple and convenient spray pyrolysis technique method was deposited Undoped SnO, and
SnO;,:Ni thin films on commercial glass at various concentrations of Nickel. XRD anaylsis assures
the polycrystallinity with prefereed peak at (110). D increases from 12.76 nm to 14.08 nm as Nicke
Icontent increase. Whilist strain parameter decreased from 2.71 to 2.46, Surface morphology study
shows that higher concentration of Lithium doped CuS thin films were of high quality, AFM studies
revealed that R, values decrease from 6.78 nm to 3.16 nm from the film Undoped SnO, and
Sn0,:4% Ni. AFM image showed that grain size from 75.09 nm to 60.78 nm with Undoped SnO,
and Sn0,:4% Ni. The transmittance decreased slightly with an increase of Nickel content in SnO;
films. The optical properties approve that E, increased from 3.68 -3.58 eV at 4% Ni doping.
extinction coefficient and refractive index decreased with the increase Nickel.
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