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Abstract

Crystalline NiO and doped with rare earth lutetium oxide (Lu,Os) at (6%wt).,
have been prepared by pulsed laser deposition (PLD), The Q-switched Nd:YAG
laser beam was incident at an angle of 45° on the target surface, and the energy of
the laser was 500 mJ, wavelengths of 532nm, and frequency 6Hz. XRD pattern
shows all doped and undoped films are polycrystalline, and cubic structure. The
200nm thin NiO showed an average optical energy band gap of 3.4eV, and increase
with doping at 6% Lu,Os. The Hall Effect measurements confirmed that holes were
predominant charges in the conduction process (i.e p-type). D.C conductivity
measurements with temp-erature (T), show that the films prepared have the two
activation energy increase with doping of Lu,Os;. Capacitance-voltage (C-V)
measurements were performed for films prepared, where the built in voltage has
been determined and decreases in value when doping with the rare earth. In this
study we assumed an energy band diagram for p-NiO /n-Si heterojunction.
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1. Introduction

Nickel oxide (NiO) is one of material considered to be a model p-type semiconductor with having a
wide band-gap energy about 3.6 eV to 4.0 eV[1]. NiO show attractive material because high chemical
stability, low cost, promising ion storage material in terms of high stability and it is have a wide range
of applications[2, 3]. NiO is a promising candidate for UV photodetectors as well as for organic and
inorganic solar cells, and thin film transistors[4-7]. The color of NiO very sensitive to the presence of
higher valence states of Ni even in traces, also non-stoichiometric of NiO result from the presence of
nickel positive vacancy and interstitial molecules oxygen in NiO crystalline lattice [8]. The green
color is commonly for NiO stoichiometric semiconductors [9].The NiO thin films have been prepared
by different techniques including, pulsed laser deposition(PLD), spray pyrolysis, sputtering, sol-gel,
and thermal evaporation[10-14]. Nowadays the PLD is a one of important method used to synthesis
high-quality thin films that is advantageous in tuning the matter characteristics .where, there are a few
reports on the fabrication of NiO thin film via PLD [15]. Rare Earth (RE) element are a group of 17
element[16] such as cerium, lanthanum ,lutetium, etc., Lutetium oxide (Lu,O3) is a very attractive host
material for different application due to its wide band gap and convenient properties such as (phase
stability, chemical stability and low thermal expansion).[17] The RE doped with metal-oxide-
semiconductor (MOS) such as NiO, appeared high matching with standard completely metal oxide
semiconductor (CMOS) processes combined with the excellent optical properties of rare earth
elements[18]. The aim of the present work is to pay more attention to study of the junction of p-
NiO:Lu,03/n-Si heterojunction and effect of rare earth on the structural, optical and electrical behavior
on nickel oxide thin films prepared by pulsed laser deposition
2. Experimental Setup

Thin NiO films were deposited on glass and silicon (n-type (111 orientation), using PLD technique.
NiO powders doping with 6% (Lu,O3) were mixed using a gate mortar and then pressed under 5ton to
form targets with 2cm diameter and 0.2 cm thickness. The target were ensured to be dense and
homogeneous as possible to produce good quality NiO:Lu,O5 billet, which would be deposited by the
PLD technique. Film deposition was carried out inside a 10" Torr evacuated chamber. Si wafer was
cut into square-shape pieces (1cm?) and the Si wafers were ultrasonically cleaned in distilled water and
acetone. The film thickness was determined by Filmetrics (F20) and varied within 200 £ 5 nm. The
structure of the films were examined by X-raydiffraction (XRD-6000-shemadzu with CuKa,
wavelength =1.54 A’). The hetrojunction was fabricated by the metallization of samples, and the metal
contacts of finger-shaped gold (Au) electrodes of 200 nm thickness were deposited on top of the
NiO:Lu,04/n-Si sample using an E306A Edwards thermal evaporation system. The UV-Visible optical
transmission spectra of the thin films were recorded by (Shemadzu UV-160/UV-Visible recorder
spectrophotometer). Hall effect, Dc electrical conductivity, were measured to determine the type of
NiO film and the electrical conductivity (Digital electrometer type Ketheley 616 was used for this
purpose). The C-V characteristic were carried out (using LCR meter model HP-R2CC4274).
3. Result and Discussion
3.1 Structure

Figure-1 shows the XRD pattern of NiO thin film doped with rare earth Lu,O3 deposited on n-Si at
room temperature substrate temperature. XRD pattern shows that all doped and undoped films are
polycrystalline. The XRD pattern exhibits numerous peaks at 20 of 37.3 and 43.3, which are referred
to (111) and (200) planes of the cubic structure of NiO, respectively, according to the JCPDS file (card
n0.96-900-8694). This result is in agreement with that of Sta [19]. many peaks referring to lutetium
oxide at 20 of 29.8, 34.5, and 49.6 are observed and refer to the (222), (400), and (440) planes of the
cubic structure of Lu,Og, respectively, from the International Center for Diffraction (card no. 96-101-
0596). Table-1 shows the experimental data of standard peaks. The result shows that the mean
crystallite size of NiO films decreases with doping, and FWHM both increases, as shown in Table-1.
This result indicates that the nano crystalline are domains.
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Figure 1-X-ray diffraction patterns of Lu,Os-doped NiO /n-Si doping ratios of 0, and 6% wt.

Tablel-Structural parameters of Lu,Os-doped NiO/n-Si deposited at different doping ratios 0 and 6
Yowt.

Lu,03% (Dzeeg.) F(\é)veHg'\)/l Ak (ﬁrﬁ) St?jrjzl&) hkl phase Card No.
27.4520 0.8818 3.2464 9.3 (111) 3.1414 Cub. Si 96-901-3105
0 37.3200 0.6446 2.4076 13.0 (111) 2.4066 | Cub. NiO | 96-900-8694
43.3800 0.9829 2.0842 8.7 (200) 2.0842 | Cub. NiO | 96-900-8694
27.3310 1.3030 3.2605 6.3 (111) 3.1414 Cub. Si 96-901-3105
29.8011 0.6540 2.9956 12.6 (222) 2.9936 | Cub.Lu,O5 | 96-101-0596
34.5410 0.7150 2.5946 11.6 (400) 2.5925 | Cub.Lu,O5 | 96-101-0596
6 37.3520 1.1160 2.4056 7.5 (111) 2.4066 Cub. NiO | 96-900-8694
43.3260 1.1180 2.0867 7.6 (200) 2.0842 Cub. NiO | 96-900-8694
49.6660 0.5420 1.8342 16.2 (440) 1.8332 | Cub.Lu,03 | 96-101-0596

3.2 Optical properties

Optical energy gap can be used to estimate the difference in energy between the valence and
conduction bands, which can help determine the thermoelectric and electronic properties of the
materials. The direct energy gap Eg is determined by using Tauc formula, with relation r = 1/2 yields
linear dependence. The optical band gap of NiO films of undoped and doped lutetium is shown in
Figure-2 from the plot of (ahv)® as a function of photon energy (hv). From Figure-2, the energy band
gap of NiO at a thickness of 200 nm is found to be notably 3.4 eV. The NiO doping with 6% lutetium
increases the band gap energy to 3.8 eV as in Table-2. This trend shifted toward high energy (blue
shift) as a result of the reduction of grain size [20]. This result can be attributed to the quantum
confinement effects which specifically occur in semiconductor nanoparticles. The small size of
nanoparticles is responsible for different properties, such as optical, electronic, and electrical [21]. The
effect of quantum confinement leads to the increase of the energy band whenever the particle size
decreases due to the restriction of particle movement in one dimension.
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Figure 2-Optical energy gap of Lu,Os-doped NiO/n-Si at 0, and 6% wt.

Table 2- The activation energy, difference in valence and conduction band, optical energy gap.

Sample Ea;(eV) Eay(eV) AE\(eV) AE(eV) Vbi(eV) Eg(eV)
pure NiO 0.059 0.41 - - 1.5 3.4
6% Lu 0.101 0.58 0.15 2.53 1.1 3.8

3.3 Electrical properties

P-type conductivity have been estimated from Hall measurements for pure NiO films and doped

with Lu,Os which were deposited on glass substrates.

The electrical properties of D.C conductivity measurements (cq4c) With temperature (T) and the
activation energy of undoped and doped films illustrate in Figure-3. This figure show the linear
relationship between Ln o and 1000/T, which is used to calculate the activation energy (E,).The
change in the conductivity mechanism, due to the existence of two connecting regions. The first region
is at low temperature (373K° which is the carrier transport between inside optical energy gap. The
second region is at temperatures higher than 373K°[22]. Table-2 show the two activation energy
increase with doping, the increasing in activation energy with doping may be return to increasing in

energy gap.
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Figure 3- Variation of Ln (o) with reciprocal temperature for Lu,05-doped NiO at 0, and 6 %wt.
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3.4 C-V characteristics

The variation of capacitance as a function of forward and reverse bias voltage in the range of (0-
1)V at frequency equal to 100 kHz has been studied, for NiO/n-Si heterojunction for as deposited and
effect of rare earth. The linear relationship between the voltage and the inverted square capacitance is
illustrated in Figure-4. The plots revealed straight line relationship which means that the junction was
of an abrupt type. The interception of the straight line with the voltage axis at (1/C?) = 0 represents the
built-in voltage(Vy). Table-2 show the decrease in Vy,; with add Lu,Os doping.

= NiO/Si pure a Lu6%

1/C2*10°5(nf)2

r T T T T T T T T ~ T 1
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Bais voltage (V)

Figure 4- Internal built voltage of Lu,0O5-doped NiO at (0, and 6)%wt.

3.5 Energy Band Diagram

Energy band diagram for NiO: Lu,Os/n-Si at 6% heterojunction have been introduced as shown in
Figure-5. With aid of optical energy gap, dc-conductivity, and C-V measurement. At a hetrojunction
each of semiconductor may be doped p-type or n-type, so there are four combinations, namely p-P, n-
N (isotype) and P-n, N-p (anisotype) junction, the capital latter refer to the wider band gap[23].without
any external bias the p-NiO contacts with n-Si the holes will diffuse from p-NiO to n-Si, As a result
these diffuse the negative space charge will remain in the p-NiO near the junction, and so that the band
bend downwards in NiO, the band bends in n-Si upward result from decrease in the valence band
energy. According to Anderson model the change in conduction band is equal AE., and the valence
band offset AE, showed in Figure-2. All parameters in order to plot the energy band diagram are AEc
and AEv which can be calculated from equation (1 to 2) [24].

AEC = Y = Kpeeeeen e (1)

AE, = (Egp = Egn) = (Xn = Xp)  «vveeeemmeee et 2)

Where Eg,, Eg, is optical energy gap for p and n-type semiconductors, Ea,, E,, is activation energy
for n and p-type semiconductor. This energy band profile in which a “spike” and “notch” occur in the
conduction band edges at the interface is the case in which y,>y,. Experimentally it is found the two
semiconductors have different electron affinity (), different energy gaps (E,), different work function
(¢) and different dielectric constants(e).
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Figure 5- Energy band diagram of p-NiO/n-Si Hetrojunction doped with Lu,Os at 6 % wt.

4. Conclusion

Nickel oxide doped with rare earth deposited on silicon substrate by pulsed laser prepared
successfully. XRD pattern of films show that the doping leads to broadening in diffraction peaks. The
optical energy gap increase at doping with Lu,O3 at 6%wt. Energy band diagram model for our result
has been presented to show the mechanism of electron transition within the junction.
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