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Abstract  
In this work, highly conductive and transparent Al: ZnO (Al doped ZnO, i. e., AZO) thin films were grown by radio frequency 
(RF) magnetron  sputtering  technique  at  a  typical deposition  temperature.  The  effect of deposition  temperature on  the 
structural, morphological,  optical  and  electrical  properties  was  studied.  The  x‐ray  diffraction  (XRD)  studies  revealed  a 
hexagonal  wurtzite  crystal  structure  for  all  AZO  layers  with  a  (002)  preferred  orientation  along  the  c‐axis.  Columnar, 
compact, uniform  grain  growth of  the  layer was observed  from  atomic  force microscopy  (AFM)  images.  The deposition 
temperature had an influence on the surface roughness and average grain size of deposited films, which could be confirmed 
by means of AFM images. Optical studies confirmed that both optical band gap energy and urbach energy were influenced 
by  the  substrate  temperature.  Highly  transparent  films with  an  energy  band  gap  ranging  from  3.48  to  3.65  eV were 
obtained  upon  changing  the  deposition  temperature  from  22  to  400 .  The  presence  of  defects  was  confirmed  by ℃
photoluminescence  (PL)  spectra. A  systematic measurement of  the electrical parameters  like barrier height, and  ideality 
factor of the devices (Ag/Al:ZnO) was carried out with the help of I‐V characteristic. This study may be useful for the design 
and fabrication of AZO based electrodes for solar cell applications. 
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1. Introduction 
Transparent conducting oxides (TCOs) have numerous 

applications in optoelectronics and electronic devices like 
light emitting diodes (LEDs), flexible electronic devices, 
flat panel displays, solar cells,[1-3] sensors,[4-6] etc. Indium tin 
oxide (ITO) is one of the most commonly used TCOs, 
however, the toxicity, limited availability and high cost of 
the indium are major issues. Therefore, the prime concern is 
to find an alternative to the ITO material. 

Al doped zinc oxide (Al:ZnO, i.e., AZO) is the most 
promoting alternative because of its environmental stability 
and transparency. ZnO is a n-type semiconductor with a 
wide band gap. Pristine ZnO shows low and unstable 
electrical properties, like conductivity and mobility. Doping 
with some transition metals can modify the properties of 
ZnO thin films. For example, group III elements like Ba,[7] 
Al,[8] Ga[7, 9] and In[7] are deposited into ZnO, which allows 
to achieve both high optical transparency and high conductivity. 

 
 
 

Among the III group elements, Al is commonly used to 
improve the properties of pristine ZnO, i. e., transparency, 
stability, and conductivity. AZO thin films have gained 
much interest due to their large exciton binding energy (60 
meV) at 22℃, wide optical energy band gap (3.37 eV) and 
high chemical stability.[10] Along with a high optical 
transparency in the visible range, AZO films have superior 
electrical conductivity, good thermal and chemical stability.[11]

 

Numerous methods and techniques have been reported 
to deposit AZO films like chemical vapor deposition (CVD), 
[12]

 RF magnetron sputtering, [11,13,14,15] sol-gel method,[16]
 

spray pyrolysis,[17-19] and pulsed laser deposition.[20-23]
 RF 

magnetron sputtering is one of the promising methods for 
the deposition of AZO films because it offers film 
deposition at lower temperatures as well as a better adhesion 
than other methods. It is popularly used in industry because 
its parameters can be easily controlled, the films can be 
obtained with a high packing density and strong adhesions 
at a relatively high deposition rate.[24] The physical such as 
electrical properties of AZO films are influenced by various 
deposition parameters like Al2O3 content in the target, 
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deposition time, RF power, Ar gas pressure, and deposition 
temperature.[25] Thus, it is important to study the effects of 
the deposition parameter on the deposition of the AZO films. 
Deposition temperature is one of the most significant parameters 
as it can tune electrical, optical and structural properties. 

In order to study various electrical parameters like 
barrier height, ideality factor, saturation current, etc, Ohmic 
and Schottky contacts are normally made. For AZO, it is 
more difficult to fabricate rectifying or Schottky contacts 
than Ohmic contacts. The reasons can be the diffusion of 
metal into the semiconductor, chemical reactions between 
metal and semiconductor and the defects in the surface 
region.[26-27] Schottky contacts are mostly used in many 
applications like the stand-alone photovoltaic systems, 
power supply, etc. Many researchers found that n-ZnO along 
with Au, Ag, and Pd (low-reactive metals) can form 
comparatively high Schottky barriers.[28-30]

 For example, 
Ozgur et al. reported that to make the Schottky barrier, a 
high work function metal has to be applied to the surface of 
a ZnO.[27,31]

 The thermal stability of Au/n-ZnO Schottky 
junction has not been studied. It has reported that at high 
temperatures (>330K), Au based contacts have some serious 
issues like the degradation of samples with the thermal 
cycling and their poor I-V characteristics.[29,30,32,33]

 Simpson et 
al.[34] found that the thermal stability of the Au/ n- ZnO 
based Schottky contact was lower than that of Ag based 
Schottky contact. In 2002, Sheng et al.[35] developed the 
Ag/ZnO Schottky diode, studied its electrical characteristics 
and reported the electrical parameters like ideality factor and 
barrier height as 1.33 and 0.89 eV. Keskenler et al.[27]

 

fabricated an Ag/n-ZnO/p-Si/Al heterojunction diode by the 
sol-gel spin coating technique and found the barrier height 

and ideality factor of 0.71 and 2.03 eV, respectively. In 2013, 
Dondapati et al.[36] investigated the optical as well as 
plasmonic properties of AZO thin films for various substrate 
temperatures to understand the fundamentals of carrier 
generation and transport characteristics. Aliasghar et al.[37]

 

prepared AZO film by DC-magnetron sputtering and found 
that the band-gap energy and urbach energy of AZO film 
was 3.2 and 0.4 eV, respectively. They also calculated the 
barrier height and ideality factor to be about 10 and 0.3 eV, 
respectively for Au/Al: ZnO devices. Pathirane et al.[38]

 

reported the AZO/Ag nanowire (NW) electrodes for solar cells 
with Ag NW coated on the AZO. However, the barrier height 
and ideality factor for this particular device were not reported. 

Herein, the AZO films were grown by RF magnetron 
sputtering and the effects of substrate temperature on the 
microstructural, morphological, optical and electrical 
properties were investigated and the relations between them 
were established. The carrier generation and current 
transport mechanisms of AZO films were also studied. The 
optical behavior of AZO films along with urbach energy and 
band gap energy was described as well. In order to study the 
electrical measurement, the Ag contacts on the AZO film 
were made by using the thermal evaporation technique. 

 
2. Experimental 

 
2.1 AZO thin film preparation 
An AZO film was grown by the RF magnetron sputtering 
onto a microscopic glass substrate. The substrates were cleaned 
in acetone and ethanol by using an ultrasonic cleaning. Fig. 1A 
shows a schematic diagram of the RF magnetron sputtering 
system, which was used to grow AZO thin films. 

 
Fig. 1 Schematic diagram of (A) RF magnetron sputtering, (B) thermal evaporation system, and (C) proposed device, used for electrical measurements. 
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The AZO target with a Cu bonding (99.99% purity, Al: 
ZnO = 2:98 wt% ) was procured from Testbourne Ltd. UK. 
The turbo molecular pump was used to evacuate the 
sputtering chamber at a base pressure lower than 10-4 torr. 
The flow rate of Ar (80 sccm) was controlled by a mass flow 
controller. The RF power was set at a constant 200 W. The 
AZO film depositions were carried out in the temperature 
range from 22 to 400℃ for 15 minutes for all samples. 
Table 1 shows the parameters used for the deposition of 
AZO film. 

 
Table 1. The parameters used for the deposition of AZO film. 

Parameter Number 
Target AZO 

Thickness of the target (mm) 3 
Diameter of the target (mm) 76.2 
Weight ratio of Al to ZnO 2 : 98 

Chamber base pressure (torr) < 10-4 
Ar flow rate (cm³/min) 80 

RF power (W) 200 
Deposition time (min) 15 

Temperature (℃) 22-400 

 
2.2 Fabrication of Device (Ag / Al:ZnO) 
Fig. 1C shows the fabricated Al /Al:ZnO device for the 
present study. For the fabrication of proposed device, the 
Ag metal contacts were made on the top surface of AZO 
films by thermal evaporation technique, (Fig. 1B). In the 
present systematic study, the effects of deposition 
temperature on the microstructural, morphological, 
optical andelectrical properties of Ag /Al: ZnO junction 
were investigatedby the thermionic emission theory. 
 
2.3. Characterizations 
The physical properties, microstructures, morphologies, 
optical properties and electrical properties of the AZO thin 
films were studied systematically under the influence of 
deposition temperatures. The optical band gap, specular 
transmittance, urbach energy and absorption were carried out 
by JASCOV-670 UV-Vis spectrophotometer. The electronic 
structures and defect related transitions of AZO films were 
studied using a Perkin Elmer LS-55 photoluminescence 
spectrometer. The film thicknesses were obtained from the 
fringes observed in the transmission spectra using 
Swanepole’s calculations. The structural properties of the 
AZO films were performed to investigate the crystallinity, 
crystallite size and crystal orientation of the deposited films 
using X-ray diffractometer, model Bruker D8 with Cu Kα 

radiation having a wavelength of 0.154nm. The atomic force 
microscopy (AFM) was used to study the surface morphology. 
The DC electrical measurements, i. e. ideality factor, saturation 
current, barrier height, electrical conductivity and resistivity 
of the deposited AZO films, were carried out by MODEL 

4200-SCS Semiconductor Characterization System and 
four-probe measurement unit. 
 
3. Results and discussion 

 
3.1 X-ray diffraction (XRD) 
Fig. 2 shows the typical XRD pattern of AZO films deposited 
at different deposition temperatures. Fig. 3 shows the 
magnified part of the XRD patterns for the detailed study of 
(004) diffraction peaks. The AZO films were grown at 22 to 
400 . ℃ All films show the peak at about 34°, corresponding 
to the (002) reflection of hexagonal wurtzite crystal 
structure (JCPDS card No 36-1451).[11,39,40] It has been 
observed that the (002) and (004) diffraction peak intensity 
increases with increasing the deposition temperature up to 
300  due to the enhancement in the crystallinity of ℃ AZO 
films. This enhancement may be related to the increases of 
atomic mobility and surface diffusion of the adsorbed 
species, the reduction of structural defects, and the increased 
size of the grains. With the additional increase in the 
deposition temperature, the intensity of (002) and (004) peak 
was found to be decreased and an additional peak (101) 
appeared around 72.5°. This could be associated with the 
decreased crystallinity at a higher temperature (such as 400 ), ℃
which is attributed to the stress and lattice mismatch[13,41] 

between the surface of microscopic glass substrate and AZO 
layer. 

 
Fig. 2 XRD patterns of AZO films deposited at (a) 22, (b) 100, (c) 200, 
(d) 300 and (e) 400 .℃  

Debye formula was used to determine the average 
crystallite size (d) of AZO films by using Equation (1): 

                    
0.9
cos

d λ
β θ

=                 (1) 



Engineered Science                                                                                                   Research article 

© Engineered Science Publisher LLC 2020                                                                    Eng. Sci., 2020, 10, 58⎯67 | 61 

 
Fig. 3 Magnified XRD spectra of AZO films deposited at (a) 22, (b) 
100, (c) 200, (d) 300 and (e) 400 .℃  

where θ, β and λ are the Bragg diffraction angle, a full-width 
at half maximum (FWHM) of the diffraction peak, and the 
wavelength of the used x-ray. Fig. 4 shows the graph plotted 
for the crystallite size and FWHM versus substrate 
temperature. It shows that the films grown at 100 and 300  ℃
have a high crystallite size and less FWHM. The parameters 
like microstrain (ε) and dislocation (δ) density were calculated 
by using Equations 2 and 3, respectively.[11,13,43] 

                    cos
4
θε β=                 (2) 

 
Fig. 4 Crystallite size and FWHM vs. deposition temperature of AZO 
films deposited at (a) 22, (b) 100, (c) 200, (d) 300 and (e) 400 .℃  

and 
                     21/( )dδ =                  (3) 
The calculated data of those films are summarized in Table 
2. It shows that the dislocation density of AZO films grown 
at 100 and 300  is low, which is attributed to the reduced ℃
crystal lattice due to the imperfections and crystal defects 
produced at high temperatures. The present XRD study 
revealed that the films grown at 100 and 300  show a good ℃
crystallinity as well as a large particle size. 

 
3.2. Surface morphology 
The deposited AZO films were characterized by atomic force 

Table 2. Estimated FWHM, crystallite size, microstrain and 
dislocation density from XRD data. 

Deposition 
temperature 

(℃) 

FWHM 
(Degree)

Crystallite 
size (nm) 

Microstrain
Dislocation 

density (cm-2)

22 0.360 22.6 0.0062 1.90 x 1011

100 0.246 33.7 0.0043 0.87 x 1011

200 0.275 30.2 0.0047 1.09 x 1011

300 0.252 33.1 0.0043 0.90 x 1011

400 0.355 23.3 0.0062 1.80 x 1011

 
microscopy (AFM) to identify the surface roughness and 
other surface-related parameters. Fig. 5A and B represents 
the 3D AFM images of AZO films deposited at 200 and 
300 , respectively. The℃  average grain size of AZO films 
was determined by AFM images at different substrate 
temperatures. Both films have a columnar structure, 
attributed to the c-axis crystallite orientation along the 
substrate.[40,11]

 It is also revealed that the surface related 
parameters of AZO films are influenced by the substrate 
temperature. Upon increasing the deposition temperature, 
the grain size was found to be increased, which could be 
associated with the agglomeration of smaller size grains. 
The agglomeration of grains is responsible for the high 
mobility of particles that gives larger sized structures.[44]

 

This result is well consistent with the XRD result. 

 

 
Fig. 5 AFM images (3D) of the AZO films grown at a deposition 
temperature of (A) 200 and (B) 300℃. 

The average roughness, root mean square (RMS) 
roughness and average height of those films were also 
measured. The results are listed in Table 3. From AFM data, 
the average surface roughness increases with an increase in 
the deposition temperature. This is attributed to the increased 
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grain size.[45] The AFM results show that the quality of the 
film is influence by the substrate temperature. 

 
Table 3. Morphological parameters of AZO films deposited at a 

deposition temperature of (a) 200 and (b) 300 .℃  

Deposition 
temperature 

(℃) 

Average 
roughness 

(nm) 

RMS  
roughness  

(nm) 

Average  
height  
(nm) 

200 6.67 8.33 30.29 
300 8.15 9.95 30.31 

 

3.3. UV-visible spectroscopy analysis 
The optical parameters like band gap energy, urbach energy, 
optical absorption, and optical transmittance were studied 
using the UV-Vis spectroscopy. Fig. 6 shows the transmission 
spectra of AZO films deposited at various deposition 
temperatures (from 22 to 400 ). All the deposited films ℃
show a maximum transmission above 93% at 600 nm in the 
visible region. It is also shown that the transparency of the 
film is decreased with an increase of the deposition 
temperature at 550-800 nm wavelengths. Since at high 
temperatures, the average roughness of the sample is higher; 
hence, the optical scattering is more, leading to a less 
transparency.[44] This result is in good consistency with the 
AFM results. The transmittance is almost zero at the 
wavelength of 300-350 nm, which is related to the onset of 
fundamental absorption, this represents the Blue shift 
phenomenon (i. e. the absorption edge was shifted toward a 
shorter wavelength with an increase in the deposition 
temperature). It is attributed to the Burstein-Moss shift 
effect.[46] The following Equation (4) was used to calculate 
the Burstein-Moss shift, 

             
2

2 2 / 3
CB * (3 )

8F
hE E n
m

⎛ ⎞
− = π⎜ ⎟

⎝ ⎠
          (4) 

 
Fig. 6 Transmission spectra of AZO films deposited at (a) 22, (b) 100, 
(c) 200, (d) 300 and (e) 400 .℃  

where EF, ECB, n, and m* are the Fermi level, conduction- 
band edge, carrier concentration and electron effective mass, 
respectively.[47,48] The energy band gap (Eg) was calculated 

by using the Tauc plot Fig. 7. The linearity in Tauc plot 
confirmed that the AZO has a direct transition type of the 
semiconductors.[49] The calculated energy band gaps are 
summarized in Table 4. It shows that as the deposition 
temperature increases, the optical band gap energy increases 
from 3.45 to 3.65 eV, attributed to the increase of structural 
order-disorders in the sample, which leads to a reduction of 
the intermediate energy levels and thus results in the 
accordingly progressing of the energy band gap.[50]

 

 
Fig. 7 The Tauc plot, inset absorption spectra of the AZO films grown 
(a) 22, (b) 100, (c) 200, (d) 300 and (e) 400 , respectively.℃  

Table 4. Variation of optical band gap and urbach energy of AZO 
films with temperature. 

Deposition 
temperature (℃) 

Band gap energy  
(eV) 

Urbach energy  
(eV) 

22 3.48 0.330 
100 3.45 0.319 
200 3.55 0.303 
300 3.59 0.307 
400 3.65 0.285 

 
Urbach energy was calculated by taking the reciprocal 

of the slope of the natural logarithm of the absorption 
coefficient with wavelength. Fig. 8 shows the graphical 
representation of In(α) versus wavelength of AZO films 
grown at (a) 22, (b) 100, (c) 200, (d) 300 and (e) 400 . The ℃
measured values are summarized in Table 4. The calculated 
values of urbach energy (Eu) was found to be less than the 
band gap energy of the AZO films. According to Sumi- 
Toyozawa (ST) model theory, the Eu is always less than the 
band gap energy, hence, the ST model theory can be well 
applied for this system.[51] According to researchers, the 
relation between urbach energy and band gap energy is 
inversely proportional.[50,52]

 In current investigation, an 
inverse relation is found between urbach and band gap 
energy. The absorption coefficient (α) below the optical 
band gap (tail absorption) depends exponentially on the 
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photon energy (hυ) and can be represented in Equation (5): 

                 exp
u

h
E

α β ⎛ ⎞= ⎜ ⎟
⎝ ⎠

                (5) 

 
Fig. 8 Graphical representation of ln(α) vs. wavelength of AZO films 
grown at (a) 22, (b) 100, (c) 200, (d) 300 and (e) 400 ℃. 

where β is constant, E is Urbach energy, h is plank constant, 
and  is frequency.[53] Urbach energy strongly depends on 
the temperature, average photon energies, induced disorder, 
lattice thermal vibrations, static disorder, strong ionic bonds, 
etc.[50,54] From the above study, we found that as the 
temperature increases, the urbach energy decreases. Fig. 9 
shows the graphical representations of temperature dependent 
band gap energy and urbach energy. 

 
Fig. 9 Graphical representations of temperature dependent band gap 
energy and urbach energy. 

The thickness of AZO films was calculated from the 
optical transmission spectra, using Swanepoel’s calculations. 
The calculated thicknesses of corresponding films are 
summarized in Table 5. The above study shows that the film 
deposited at 300  ℃ has a high thickness compared to other 
films attributed to the increase in crystallite size and the 
enhancement in crystalline quality.[55] This result is in good 
consistence with the XRD and transmissions results. 

 
3.4. Photoluminescence study 
The photoluminescence (PL) spectra were used to determine  

Table 5. The calculated film thickness of the Al doped ZnO films 
deposited at a substrate temperature of (a) 22, (b) 100, (c) 200, (d) 

300 and (e) 400 .℃  

Deposition temperature  
(℃) Thickness (nm) 

22 510 
100 529 
200 691 
300 1352 
400 1229 

 
the electronic structures and defect-related transitions at 295 
K. In the present study, the influence of deposition 
temperature on the optical properties of the AZO films was 
studied. The PL intensity of AZO film was very sensitive to 
the defects and surface condition. Both defects and surface 
conditions were caused by the Al atoms, which were 
substituted with zinc atoms or occupied by interstitial sites. 
Fig. 10A shows the steady-state PL spectra of AZO films at 
an excitation wavelength of 325 nm. The UV emission 
transition peak (T1) at 399 nm is related to the transition 
from near band edge to valance band.[11,56,57] The intensity 
of PL peak increases and the FWHM decreases with a rise 
in the film thickness, which are due to the enhancement in 
the crystallinity of the sample.[55] The film deposited at 
300  ℃ showed the highest PL intensity due to a higher 
thickness and a higher crystallinity as compared with other 
films. The PL spectra exhibit deep level emission (DLE) 
peaks in the visible range, representing the emission of 
impurity or crystal defects,[58-60] like violet emission, violet- 
blue emission, blue emission, and green emission. The 
emission peak transition (T2) around 418 nm is observed in 
all the AZO films, which is related to violet emission and 
attributed to the interstitial zinc (Zni) in the interface traps 
at the grain boundaries of the AZO films.[27] The emission 
peak (T) is related to the existing Zni defects in the AZO 
films. The emission peak (T3) at around 447 nm is 
considered as the violet-blue emission arising from the 
oxygen (Vo) vacancies,[58]

 attributed to a transition from 
donor level of oxygen vacancy (Vo) to the valance band.[39] 

The emission peak (T4) observed at 478 nm is related to the 
singlyionized oxygen vacancies (vo) because of the transitions 
from Zn→VZn.[13] The emission transition at 536 nm is 
responsible for green emission, because the trap electrons at 
the singly ionized oxygen vacancy are recombined with the 
photogenerated holes present in the valance band.[39,57] The 
schematic representation of all the transitions is represented 
in the energy level diagram, Fig. 10B. 

 
3.5 Electrical Properties 
There are many important parameters like series resistance 
(R ), ideality factor (ƞ), saturation current (Is), and barrier 
height (ɸb), which were estimated at 22  for the Ag/Al:℃   
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Fig. 10 (A) The photoluminescence (PL) spectra of the AZO films deposited at a deposition temperature of (a) 22, (b) 100, (c) 200, (d) 300 and (e) 
400 ℃; and (B) Schematics of energy level diagram of an AZO film. 

ZnO device to observe its electrical behaviour. The thermionic 
emission theory was applied to calculate those parameters, 
where ƞ and ɸb are assumed to be independent of the voltage. 
The thermionic emission relation is given by following 
Equation (6), 

    * 2 exp exp 1
bq qVI AA T

kT kT
ϕ

η
⎡ ⎤⎛ ⎞ ⎡ ⎤⎛ ⎞= − −⎜ ⎟⎢ ⎥ ⎢ ⎥⎜ ⎟⎝ ⎠⎣ ⎦ ⎝ ⎠⎣ ⎦

     (6) 

where A is area of the sample, q is the charge on electron, ɸb 

is the effective barrier height, V is the applied voltage, A* is 
the effective Richardson constant (for ZnO, A* = 32 A 
cm-2K-2), ƞ is the ideality factor, T is the absolute temperature, 
and k is the Boltzmann constant.[61] Equation 6 can be 

rewritten as Equation (7) by assuming 1qV
kTη

, 

  exps
qVI I
kTη

⎡ ⎤⎛ ⎞= ⎢ ⎥⎜ ⎟
⎝ ⎠⎣ ⎦

               (7) 

Here, Is is the saturation current given by Equation (8):[62-64]
 

* 2 exp
b

s
qI AA T
kT
ϕ⎛ ⎞

= −⎜ ⎟
⎝ ⎠

             (8) 

Fig. 11 shows the I-V characteristic of the AZO films 
indicating a typical Schottky contact behavior for the 
Ag/Al: ZnO structure at 22 . It provides the information ℃
about the electrical transport mechanisms, metal and 
semiconductor contact behavior and various electrical 
parameters of the proposed device. The ideality factor was 
calculated for the films grown at different substrate 
temperatures from the slope of ln(I) versus voltage (V) using 
Equation (9). Fig. 12 shows the plot of ln (I) versus applied 
voltage (V) of AZO films deposited at different deposition 
temperatures. 

    ( / )d / d ln( )q kT V Iη =             (9) 
where η is the ideality factor, k is Boltzmann constant, q is 
electron charge, and dV/dln(I) is the inverse of slope of ln(I) 
vs. V plot.[63] The calculated values are summarized in Table 
5. The measured value of ideality factor is more than unity, 

which can be due to the barrier in the homogeneities of the 
sample. The deviation from the ideal value (i. e. one) may 
also be due to the presence of defects, interfacial states between 
metal and semiconductor, and current transport mechanisms 
except thermionic emission (generation/recombination in the 
depletion region and carrier tunneling through the barrier).[65,66] 
The barrier height of the device can be calculated by using the 
Schottky-Mott model. 

 
Fig. 11 I-V characteristic of the Ag/Al:ZnO configuration of AZO 
films deposited at a deposition temperature of (a) 22, (b) 100, (c) 200, 
(d) 300 and (e) 400 .℃  

 
Fig. 12 Plot of ln(I) versus applied voltage (V) of AZO films de 
posited at a deposition temperature of (a) 22, (b) 100, (c) 200, (d) 300 
and (e) 400 .℃  
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The experimentally calculated values of barrier height 
and the ideality factor for the samples grown at different 
substrate temperatures are summarized in Table 6. Fig. 13 
shows the graph of ideality factor and barrier height of the 
Ag contacted AZO films as a function of substrate 
temperature. The barrier heights were nearly consistent. The 
decreased value of ideality factor upon increasing the 
substrate temperature is the evidence of a reduction in the 
defects in the material and the formation of homogeneous 
AZO thin films. 

 

Table 6. Measured electrical parameters for the films grown  
at different temperatures. 

Deposition 
temperature (℃) Ideality factor Barrier height (eV)

22 4.05 0.318 
100 3.78 0.317 
200 3.56 0.322 
300 3.54 0.331 
400 4.01 0.321 

 
Fig. 13 Effect of deposition temperature on ideality factor and barrier 
height of Ag contacted AZO films at various deposition temperatures. 

The influence of deposition temperature on the 
electrical property like resistivity of the AZO thin films is 
show in Fig. 14. The resistivity of deposited films declines 
with an increase in the deposition temperature up to 300℃, 
attributed to the rise in the oxygen defect. These defects 
acted as electron donors and the temperature directly 
affected the crystal quality and grain size of the films, which 
decreased the grain boundary scattering. The enhancement 
in the conductivity of AZO film is due to a better 
crystallinity. It improves the mobility of the AZO films by 
reducing the scattering of the carriers at the grain 
boundaries.[67] The film grown at 300  ℃ shows the lowest 
resistivity, i. e. 4.52×10-5

 Ω m. However, with a further 
increase in the temperature, the resistivity of the film 
slightly increases because of an increased scattering in the 
grain boundaries and the deterioration of crystallinity.[68]

 

This result is in good consistency with the XRD and AFM 
results. 

 
Fig. 14 Resistivity of the AZO films grown under various deposition 
temperatures. 

 
4. Conclusions 
In the present study, highly conducting and transparent AZO 
thin films were successfully grown by RF magnetron 
sputtering. A crystal growth of the AZO film was easily 
controlled by the depositing temperature. XRD analysis 
revealed that the deposited AZO film corresponded to the 
hexagonal wurtzite crystal structure and the size of 
crystallite increased as the deposition temperature increased. 
The AFM result revealed that all the films had a columnar 
crystal structure, i.e. the crystallite orientation along the c- 
axis (perpendicular to the glass substrate). It had been 
cleared from the AFM images that the average roughness of 
AZO films increased with increasing the deposition 
temperature. The energy band gap could be easily tuned by 
varying the deposition temperature. A PL spectrum clearly 
showed that the defect related transitions were present in the 
AZO films. The conductivity of AZO got enhanced by 
increasing the deposition temperature, one of the reasons 
might be the reduced scattering in the grain boundaries. The 
film grown at a deposition temperature of 300℃ acquired 
the lowest resistivity, i.e. 4.52×10-5

 Ωm as well as a greater 
transparency (i.e. greater than 93% in the visible range). The 
electrical parameters like ideality factor and barrier height 
were measured for all the deposited films by assuming the 
thermionic emission model of the Schottky diode. Based on 
the current study, the AZO based material will be a 
promising electrode for future solar cell applications. 
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