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ABSTRACT

From this investigation, we find out that the dip coating and jet nebulizer spray pyrolysis (JNSP)
techniques are the suitable to fabricate aluminum doped zinc oxide (AlZnO) thin films and the P-N
junction diode of n-AlZnO/p-Si at 450°C. Several characterization techniques are used to measure
the consequences of Al doping (0, 0.5, 1.0, 1.5, 2.0 and 2.5 wt.%) on structural, optical, electrical and
diode properties of ZnO. We recorded that the films were polycrystalline with a hexagonal structure of
ZnO by the X-ray diffraction (XRD) analysis. The disparities of the sub-micro sized rod-like structures
are observed from the scanning electron microscope (SEM) images. The energy dispersive X-ray
spectroscopy (EDX) analysis proved that the elements of Al, Zn and O were presented in the film.
The absorbance and band gap energy (Eg) values were ascertained from the ultraviolet visible
(UV-Vis) analysis. By the current-voltage (I-V) characterization, the maximum conductivity value is
detected for 1.5 wt.% of Al doped ZnO film. The |-V measurement for finding the diode parameters
of ideality factor (n) and barrier height (®b) in dark and under light was taken.

Keywords: AlZnO thin films, Dip coating, P-N junction diode, JNSP technique.

INTRODUCTION

Nowadays, forming a p-n junction diode by
transition metal oxide (TMO) as an n-type layer and
silicon wafer as a p-type is convincing method for
electronics industry. The recent survey concludes
that the some TMOs of MoO,, WO,, ZnO and

NiO' are widely used. Among these TMOs, ZnO
has a wide band gap energy and it has required
structural and electronic properties. Moreover, ZnO
has been played a vital role in various applications
of UV lasers and short-wavelength optoelectronic
device?®. Besides ZnO can be apt in the applications
of photoconductors*, gas sensors® and photovoltaic®.
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ZnO films can be grown using the following techniques
such as thermal evaporation, spray pyrolysis, chemical
vapour deposition, dip coating, etc., and”'*. Among
them dip coating method was chosen from the list
for preparing thin films and JNSP technique''® was
opted for preparing P-N junction diodes.

From this work, AlZnO thin films and
n-AIMoO,/p-Si junction diodes with different doping
concentrations of Al (0, 0.5, 1.0, 1.5, 2.0, 2 and 2.5 wt.
%) were developed at a annealed temperature of 450°C
by dip coating practice and the diodes were groomed
using JNSP technique. The structural, electrical and
optical properties were obtained for dip coated ZnO
films. From |-V measurement, the diode parameters of
n and ®b were calculated for n-AIMoO,/p-Si junction
diodes in dark and under light.

EXPERIMENTAL

Fabrication of AlZnO films and n-AlMoO /p-Si diode

The starting solution was prepared with
0.10 M of zinc acetate and aluminium acetate
(0, 0.5, 1.0, 1.5, 2.0 and 2.5 wt.%) in 100 ml of
ethanol and stirred for 45 min. Mono ethylamine
(MEA) was added into the starting solution for
ionizing and stirred for an hour. The well cleaned
slide was dipped into the prepared solution and
deionized water simultaneously for 30 sec. of 5 times.
The deionized water was kept at 85°C. After that, the
prepared slides were annealed at 450°C. Initially,
the Si wafer cleaning is indispensable to construct
a quality PN junction diode because there may be
some impurities of dust, grease and organic residues
present on the surface. A detailed study of steps
involving in cleaning process has been known in a
publication'®. Using JNSP technique at 450°C, the
p-type Si wafer (1 x 1 cm size) was coated with 1.5
ml of starting solution by spray method. The Silver
(Ag) paste was applied and dried for 5 h at ambient
condition to both surfaces of the prepared n-AlZnO
/p-Si diode for getting a better electrical contact
owing to its notable properties of adhesion, electrical
conductivity, low sheet resistance (>0.02 (O/cm) and
good solderability. The JNSP technique was used
to fabricate diodes and the details are illustrated in
some publications's,

Characterization techniques
The XPERT-PRO X-ray diffractometer
(XRD) is fixed in the angle of diffraction (20) range of
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20 to 70° with CuKa1 radiation of wavelength 1.5406
A to measure the 26 peaks which will be used to
obtain the structural properties of the prepared thin
films. JEOL JEM 2100 scanning electron microscope
(SEM) was used to image the surface morphology
of the prepared films. The QUANTA FEG 250 energy
dispersive X-ray spectroscopy (EDX) is helps to
prove the presence of elements of Al, Zn and O in
the prepared films. Using Perkin Elmer Lambda 35
UV-Visible spectrophotometer (UV-Vis), the optical
properties were explored in the visible region.
Keithley Electrometer 6517-B was used to perceive
the electrical properties and diode parameters of the
AIZnO films and n-AlMoO,/p-Si diode.

RESULTS AND DISCUSSION

XRD pattern

The XRD pattern for various wt.% of Al
doped ZnO films prepared at a sample temperature
of 450°C noticeable all around air is appeared in
Fig. 1. The Fig. 1 indicates the prepared Al doped ZnO
films are polycrystalline with hexagonal structure of
ZnO (JCPDS-Card No. 89-0510) for a favored
orientation along (1 0 1) and other XRD crests at
(002)and (100) planes. Likewise, Fig. 1, deciphers
that no different phases typically identified from dip
coated AlZnO films at 450°C because of (i) the base
measure of Al element may display as little bunches
in ZnO lattices, thus, it may be extremely hard to
distinguish by XRD and (ii) most likely put in the grain
boundaries of the ZnO nanocrystals - or dispersed
atomically in the ZnO lattice''°.
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Fig. 1. XRD pattern of Al doped ZnO thin films for different
concentrations of Al
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From Table 1, the structural parameters of
AlZnO films for the chosen direction of (0 4 0) plane.
The parameters of crystallite size (D)?°, microstrain
(), dislocation density (8) and stacking fault (SF)
can be found the following relations (1-4)'®
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_[_2n® (4)
SF = [45(3tane)1/2] P

Where k, A, 6 and B are the shape factor,
wavelength of the X-ray radiation, diffraction angle
and full width at half maximum.

The D values from 56.51 to 41.43 nm of

o kA
b= Bcos® (1) the chosen direction (0 4 0) plane is obtained by
Beoso Al concentration increment from 0 to 2.5 wt.%.
£E= — (2)  Microstrain, dislocation density and stacking fault
) values have changed with increasing of concentration
&= o2 lines /m? (3) (Table 1)2'22,
Table 1: Structural parameters of Al doped ZnO films for different doping
concentrations of aluminium
Al doping  Crystallite Micro Dislocation Stacking Fault
(Wt. %) size (D) strain (g) density (x10?)
(nm) (x 10®lines2m*) (x 1014 cm?)
0 56.411 0.6149 3.1424 0.1619
0.5 56.42 0.6113 3.1072 0.1597
1 56.51 0.6095 3.0964 0.1579
1.5 56.605 0.5908 2.9986 0.1454
2 53.31 0.6507 3.5185 0.1403
2.5 41.43 0.8371 5.8211 0.1816
SEM Analysis portrays the randomly arranged micro-rod like structures

Figure 2a-f illustrates the morphological
images of the prepared AlZnO thin films for different
concentrations (0, 0.5, 1.0, 1.5, 2.0 and 2.5 wt.%)
of Al. The hexagonal faced rod-like structures
with random in alignment are found to pure ZnO

(Fig.2a &b).The concentration of Al from 1.0 to 2.0 wt.%

(Fig. 2c-e). 2.5 wt.% of Al doped ZnO film exhibits the
agglomerationin grains, which shows hasty disparity nature
of rods compare to low concentrations of Aldoped ZnOfilms
(Fig. 2f). It results that the surface morphology of
the dip coated AIZnO films remarkably varied by Al
concentrations.

1
Fig. 2. SEM images of Al doped ZnO thin films for different concentrations of a) 0, b) 0.5, c) 1.0, d) 1.5, e) 2.0 and f) 2.5 wt.% of Al
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EDX spectra

The EDX spectra of the dip coated AlZnO
thin films for various concentrations (0, 0.5 and 2.5
wt.%) of Al is shown in Fig. 3. The elements of Al,
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Zn and O with no additional elements present in the
dip coated AlIZnO films were confirmed by the EDX
spectra. The increasing of Al concentrations results
that the atomic ratio of Al in increased.
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Fig. 3. EDX pattern of Al doped ZnO thin films for different concentrations of a) 0, b) 0.5, and c) 2.5 wt.% of Al.

Table 2: Atomic ratio for Al doped

ZnO thin films
Al doping Atomic ratio (%)
concentration
(wt. %) Al Zn (0]
0 0 55.10 44.90
0.5 1.04 51.20 47.76
2.5 214 51.06 48.80

UV-Vis spectroscopy

From Fig. 4, the absorbance spectra depicts
the dip coated pure ZnO and Al doped ZnO films
prepared at 450°C of sample temperature. From
the Fig. 4, the absorbance values slightly varied by
increasing the concentration of Al. Among the different
concentrations of Al with ZnO films except pure ZnO,
1.5wt% of Al doped ZnO is recorded with minimum
absorbance value. The concentration of Al varies the
density of unsaturated bonds which results the changes
in absorbance. In general, transmission from valance
to conduction band states the optical absorbance but
absorption in visible range suggests the unchanged
localized energy states in band gap?.

Eg values of the AlZnO films have been
calculated by UV-Vis spectra with the following
eqn. (5)16,24,

ahu”:B(hU-Eg) (5)
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Fig. 4. UV-Vis spectrum of Al doped ZnO thin films for
different concentrations of Al
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Fig. 5. Band energy values of Al doped ZnO thin films for
different concentrations of Al
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Plot of (ahv)? Vs. (hv) for different
concentrations of Al doped ZnO films is drawn
as shown in Fig. 5. The direct band gap nature of
prepared AIZnO films is identified by straight line
portion of the plot. Eg values of 3.038 eV for the
undoped ZnO film and 3.00, 2.90, 3.20, 2.80 and
2.94 eV for various concentrations (0.5, 1.0, 1.5,
2.0 and 2.5 wt. %) of Al doped ZnO was attained by
extrapolating a line to the axis of hv. 1.5 wt.% of Al
doped ZnO reveals maximum Eg values compare to
other doping concentrations of Al doped ZnO films
except pure one. The variation in Eg may be due to
the increasing of defects in structural parameters
while preparing the AlZnO films24.

Current () - Voltage (V) characterization
|-V characterization of electrical conductivity(c)
The |-V measurement was noted at ambient
condition for the prepared AIZnO films for different
concentrations of Al by Keithley electrometer 6517-B.
The applied voltage is 10 - 100 V (increasing of of
10V) on the prepared thin films and its corresponding
current flow is measured. The |-V plot of AlZnO thin
films for various concentrations (0, 0.5, 1.0, 1.5, 2.0
and 2.5 wt.%) of Al is displayed in Fig. 6. The values
of current are considerably changed for increasing
Al concentration with its respective applied voltage
(Figure 6).
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Fig. 6. I-V characteristics of Al doped ZnO thin films for

different concentrations of Al
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The o value has been attained using the
given eqgn. (6)',

o= ()= Q) ©

Where |,V, d, and A are the current, applied
voltage, inter-probe distance and cross-sectional
area of the film.
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Fig. 7. Average conductivity values of Al doped ZnO thin

films for different concentrations of Al

The Average conductivity (Gavg) values of
AlZnO films varied by increasing the concentration
of Al (Fig. 7). The o, values for pure ZnO and 0.5,
1.0, 1.5, 2.0 and 2.5 wt.% of Al doped ZnO are
4.464 x 10", 4.751 x 10", 5.731 x 10", 3.575 x
107°, 9.811 x 10" and 1.588 x 102 S/cm (Fig. 7).
From the results, 1.5 wt.% Al doped ZnO reveals the
maximum o_ - value. The obtained results might be
due to the oxygen vacancies®*” of AlZnO films.

|-V characterization of n-AlZnO/p-Si diode

The prepared n-AlZnO/p-Si junction diodes
for pure and 1.5 wt.% of Al doped ZnO were studied
as shown in Figure 8a&b and the parameters
of n and @, values in dark and under light were
calculated. Fig. 9a & b indicates the semi-log plot of
current density (In J) Vs. voltage (V). The voltage of
reverse to forward bias from -4 to +4 VV was applied
and its corresponding current value is measured
which indicates a good rectification of n-AlZnO/p-Si
junction diodes.

The J values for the prepared n-AlZnO/p-Si
junction diodes have been calculated using the thermionic
emission theory (TE) as given below eqn. (7)%,

J—TJoexp (2 — 1) (7)

Where J; q, V, n, Kand T is the reverse
saturation current density, electron charge, applied
voltage, ideality factor, K Boltzmann constant and
absolute temperature.

The n value and ®_ have been calculated
using the eqns. (8,9)®

_ a _av
n = kraannp (8)
KT AT
©p = T In (—]0 ) (9)

Where A* is the Richardson constant.
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Fig. 9: Semi-log plots of n-AlZnO /p-Si junction diodes for a) 0 and b) 1.5 wt.% of Al
in darkness and under light

From calculated values, the n values for
pure and 1.5% Al doped n-ZnO/p-Si diodes are 4.08
and 4.34 in darkness but under the light, it decreases
into 3.32 and 3.69. The variation in n values might
be due to the absorption of prepared AlIZnO thin
films with its thickness and also might be due to the
conversion efficiency of Si wafer®.

The n values of the prepared n-ZnO/p-Si
diodes are higher than the ideal value of one which
indicates the non-ideal behavior of prepared diodes.
The reasons may be owing to the occurrence of
interfacial thin oxide (SiO,) layer between electrode
of Ag and Si wafer or the recombination of current
or bias dependent @ 3'. Additional causes might be
owing to defects of the states on the surface of the
semiconductor®2, chemical reactions and barrier
inhomogeneities®.

CONCLUSION

The preparation of AIZnO films for various
concentrations (0, 0.5, 1.0, 1.5, 2.0 and 2.5 wt.%)
of Al at the annealing temperature of 450°C using
dip coating method. XRD pattern shows that the
dip coated AIZnO films exhibited a hexagonal

structure and D is varied from 41.43 to 56.61 nm
as increase in Al concentrations. From SEM result,
the surface morphology is vastly disturbed by the
concentration of Al. The confirmation of Al, Zn and
O element existence in the present work is observed
by EDX analysis. In UV-Vis analysis, the 1.5 wt.% Al
doped ZnO film gives a minimum absorbance value
compared to other doping concentrations of Al and
Eg value was changed from 2.80 to 3.03 eV. |-V
characteristic reveals that a maximum o of 3.575 x
107'° S/cm was reached for 1.5 wt.% Al doped ZnO
film. The JNSP technique is used to the prepare
n-ZnO/p-Si diodes for various concentrations (0 and
1.5 wt.%) of Al at the sample temperature of 450°C.
the minimum n values of 3.32 and 3.69 for pure and
1.5 wt.% n-AlZnO/p-Si diode under light.
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