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Effect of Nitrogen on optical properties of ZnO film deposited by sol

gel method
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Undoped and nitrogen-doped ZnO (NZO) films have been prepared by the sol gel spin coating method. The nominal
volume ratio of the N/Zn was 0%, 1%, 3%, 5%. and 10%. The influence of doping on the optical, structural and
morphological properties of all films was investigated. The values obtained from both XRD and SEM showed that
the average crystallite size is about between 50 and 60nm. The optical transmittances of all films are studied using
spectrophotometer. All the films are highly transparent with average transmission (>85%) in the visible region.
Optical band values were calculated as approximately 3.27eV and it was observed no significant effect on the band
gap depending on the N doping. Also, the optical constants of these films were determined.
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1. Introduction

Zinc oxide (ZnO) is a wide band gap (E4~3.37 eV)
semiconductor with large free excitation binding energy (~60
meV). Because of wide band gap, ZnQO is transparent material
in the visible region. ZnO is a very versatile semiconductor
material for optoelectronic applications. ZnO thin films can
be obtained by different methods; molecular beam epitaxy
[1], chemical vapor deposition [2], pulse laser deposition [3],
spray pyrolysis [4], sol gel processing [5]. In this work,
undoped and nitrogen-doped ZnO (NZO) films were
deposited by sol gel method. The sol gel process has some
advantage when compared with other methods such as; low
cost and easy of fabrication, low annealing temperature and
the possibility of large area deposition. The doped
semiconductor materials have studied intensively because of
their unique properties. Doping materials can change
electrical, optical and structural properties of main materials.
Among these materials, the doped ZnO films have
investigated intensively to improve its properties [6].

In previous studies on nitrogen doped ZnO films, A.
B. Lavand and Y. S. Malghe [7] prepared pure and N doped
ZnO nanospheres using microemulsion method. X-ray
diffraction (XRD) results indicated formation of nanosized
N-doped ZnO with wurtzite phase. They reported that
spherical morphology of pure and N doped ZnO samples.
Also, UV-visible spectra results showed that N doping
enhanced the light absorption capacity of ZnO in the visible
region. R. Kumari et al. [8] studied influence nitrogen doping

on structural and optical properties of ZnO nanoparticles. The
result of TEM and EDAX indicated that the partical size of
undoped ZnO was 11 nm and 0.5-10% N doped ZnO
(N:ZnO) were 18-22 nm. T. K. Pathak et al. [9] deposited N
doped ZnO films on ITO coated glass substrate by sol gel
method. Ammonium nitrate was used as a dopant source of N
with varying the doping concentration 0, 0.5, 1.0, 2.0 and 3.0
at% in their work. X-ray diffraction pattern showed the
preferred (002) peak of ZnO. The ZnO films with increasing
N dopant showed high transmittance (~ 88%) and band gap
of films increased from 3.28 to 3.70 eV.

In the present study, we have deposited undoped and
N doped ZnO films by sol gel spin coating method. And then
the optical, structural and morphological properties of ZnO
films have been studied with respect to N doping.

2. Experimental details

The sol-gel spin coating method was used for
preparing undoped and N doped ZnO films. To obtain the sol,
zinc acetate dihydrate (ZnCH3;COQ),.2H,0) (ZnAc), 2-
methoxyethanol and monoethanolamine (MEA) were used
as starting, solvent and stabilizer materials, respectively.
Ammonium acetate (CH3CO>NH4) (NAc) was used as dopant
material. The molar ratio of MEA to ZnAc (or NAc) was kept
at 1.0 with 0.35M ZnAc and NAc concentration. Firstly,
ZnAc and NAc were prepared at 60 C for 2 h to obtain a clear
and homogeneous solution. Then, the prepared solutions were
mixed at different volume ratio from 1% to 10%. The
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prepared solutions at different ratio were kept 24 hours in the
dark before deposition. Finally, the solutions were dropped
on glass substrates and rotated with 3000 rpm for 30 s to
obtain films. This process was repeated 10 times for each
sample. The dried temperature was maintained at 300 C for
10 min into a furnace in air to evaporate the solvent and
remove organic residuals. The deposition temperature was set
at 550 C into a furnace for 1 h in air ambient.

3. Results and discussion:

Figure 1 shows X-ray diffraction (XRD) patterns of
all films. XRD measurements are carried out using the
BRUKER D8 Advance Diffractometer with CuK,, radiation
(A= 1.54059 A). All patterns illustrate wurtzite phase
(JCPDS:36-1451)  structures and (002) preferential
orientation. The average crystallite size estimated from
Scherrer’s Formula [10] and the lattice constants calculated
using analytical method [11] are given in table 1. Although
crystallite size is not affected by N doping, lattice constants
show a decreasing trend with increasing doping. Also, to
determine the preferential growth orientation (TC(hkl)), the
following relation was used [11]:
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1. Figure XRD patterns of the undoped and N doped ZnO films

where I(hkl) is the measured relative intensity of a plane (hkl)
and lo(hkl) is the standard intensity of the plane (hkl) taken
from the JCPDS data. The obtained values for TC(hkl) have
confirmed that the preferential growth orientation is (002).
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Some data of XRD and texture coefficient values are also
presented in table.

Table 1. Structural parameters and lattice constants of the
undoped and N doped ZnO films.

Grain
¥ 2 size
Fim (k) 20 FWHM o0 TC a2 @
100 31749 0.151 0.1193

ZnO 002 34397 0.150 58 28102 3.25176 521036

101 36219 0232 0.0705
100 31736 0.197 0.1731

NZO1 002 34414 0150 58 27020 3.25313 5.20786
101 36210 0231 0.1248
100 31728 0.157 0.1780

NZO3 002 34411 0.151 58 27133 325392 520818
101 36207 0233 0.1086
100 31754 0.082 0.1212

NZOS 002 34402 0154 56 2.8036 3.25124 5.20960
101 36.199 0.305 0.0752
100 31742 0.83 0.1068

NZO10 002 34415 0.169 52 2.8248 320764 520764
101 36205 0231 0.0684

For investigation of the surface morphology ZEISS
Ultraplus field emission scanning electron microscopy
(FESEM) was used. As illustrated in figure 2, all the films
have homogeneous surface and round-grained structure.
Especially crystallites about 50 nm like estimated from XRD
results can be seen with together N doping and the decrease
in crystallite size at high doping is also observed in SEM
image.

Double beam SHIMADZU UV 2450 spectrometer
was used to investigate optical properties of films. Figure 1
shows the transmittance spectra of all films. Observed
average transmittance values in visible region are given Table
2. As seen from figure 3, all films show high transparent
properties (>85%). Figure 4 shows reflectance spectra of all
films. The average reflectance values of the films in visible
region are about 7%.

To determine band gap (E;) of films absorption
spectra can be used. For direct transition, the equation can be
expressed by following relation [12]

ahv = A(hv — Ej)*/? 2

where A is a constant, hv is the photon energy and E, is the
optical band gap. Figure 5 indicates plots of (ahv)?2vs. hv.
The E,; values of the films were obtained from these plots and
given in Table 2. As can be seen from Table 2, the optical
band gap of films was not altered excessively with increasing
N dopant.
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Figure 3. The transmittance of the undoped and N doped ZnO films

Table 2. E, transmittance and reflectance values of the
undoped and N doped ZnO films

Eq (V) T% R%
Zno 3.27 87 6.9
NZO1 3.27 87 6.8
NZO3 3.27 86 6.3
NZO5 3.27 86 7.8
NZ010 3.28 86 6.7
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Figure 2. shows the FESEM images of undoped and N doped ZnO

films Figure 4. The reflectance spectra of the undoped and N doped ZnO

films
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Figure 5. The plots of (ehv) vs. hvof undoped and N doped ZnO
films

The study of refractive index (n) for materials is provided
useful information to design of electro-optic devices and to
enhancement their optical parameters for electronic world.
The complex optical refractive index (n') of the films is
significant parameter to study optical properties of materials.
The imaginary (k) and real parts (n) of n' are referred
extinction coefficient and refractive index. This is defined
through the equation [13]

n' =n) + ik(1) 3)

The refractive index of the films were defined from the
following relation [14],

14R 4R
n= [ﬁ] + Ja-mz k2 (4)

Where k is equal to aA/4m. The nae and Kae values in the
visible range are given in Table 2.
The complex dielectric constant is described as,

) = &@) +ie (D) ©)
and real and imaginary parts of the dielectric constant are
related to the n and k values. The g; and &, values were
calculated using the formulas [15],

&) =n*A) —k*(A) (6)

&) = 2n(Dk() @)

The &; and &, values in the visible range are given in Table 3.
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Table 3. Optical parameters of the undoped and
N doped ZnO films

Nave Kavex1072 & £,x1072

(400 nm- (400 nm- (400 nm- (400 nm-

800 nm) 800 nm) 800 nm) 800 nm)
Zn0 1.70 131 3.17 4.62
NzO1 1.69 1.25 3.12 4.33
NzO3 1.65 1.39 2.97 4.71
NzZO5 1.77 1.38 3.38 5.03
NzO10 1.68 1.39 3.10 4.79

Conclusions

Undoped and N doped ZnO films have been
successfully grown by sol gel spin coating method. N
incorporation into the ZnO lattice does not cause a significant
effect on crystal structure and surface morphology. The band
gap values all of the films were calculated to be ~3.27 eV
using absorbance spectra. The obtained films exhibited highly
transparent behavior in the visible region. Refractive index,
optical dielectric constants and extinction coefficient of
doped and undoped films were calculated by transmittance
and reflectance data. The results of this study shows that
optical parameters were not affected greatly with increasing
N doping.
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