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ABSTRACT

ZnMgO thin films were prepared on Si substrates by aerosol deposition method using zinc acetate and magnesium
acetate as precursors. The obtained films were investigated by scanning electron microscopy (SEM), energy dispersive x-
ray (EDX) and X-Ray Diffraction (XRD) analysis. SEM and EDX investigations showed that the produced thin films are
homogeneous from the point of view of morphology and composition. The investigation of photosensitivity
demonstrated that the heterostructures of ZnMgO thin films deposited on Si substrates are sensitive in a wide spectral
range from ultraviolet (UV) to infrared (IR) radiation, with a highest sensitivity in the UV region.

Keywords: ZnO, ZnMgO, UV irradiation, photocurrent, photosensitivity.

1. INTRODUCTION

ZnMgO solid solutions system presents interest due to possibilities to tailor many important physical properties by
varying their composition. This alloy system covers a wide ultraviolet (UV) spectral range between the direct bandgaps
of 3.36 eV for ZnO and 7.8 eV for MgO at room temperature, therefore being very attractive for short-wavelength
optical applications such as UV detectors [1-3] and light emitters [4-6]. The Zn,;,Mg,O system [7,8] provides the
possibility to model the optical, luminescent and photoelectric properties in a wide spectral range, by adjusting the
composition in the system ( x-parameter value). Devices for short wavelengths UV-A (320-400 nm), UV-B (280-320
nm) and UV-C (200-280 nm) radiation can be produced by changing the composition [9,10]. Nanostructuring of these
materials, particularly the production of nanostructured films, is an additional element for modeling specific
properties.Various techniques have been used for preparation of ZnMgO films such as pulsed laser deposition (PLD)
[11], plasma-enhanced atomic layer deposition (PE-ALD) [12], hydrothermal [13], chemical bath deposition (CBD) [14],
radio-frequency-plasma assisted molecular beam epitaxy (RF-MBE) [15-18], DC [19, 20] and RF [21-23] magnetron
sputtering, chemical vapor deposition (CVD) [24], metal-organic chemical vapor deposition (MOCVD) [25, 26], aerosol
deposition [27-31] and sol-gel spin coating [30, 32-35]. The aerosol deposition method has advantages of ensuring easy
control and handling of chemicals and substrates, as well as excellent control over stoichiometry. It is suitable for
fabrication of high quality large area thin film at faster rates and low cost due to non-vacuum equipment, low
temperature processing, low defect density and low environmental impact. This method offers the possibility of
depositing thin films in a fairly short time, easy doping and preparation of homogeneous films with good electrical and
optical properties.
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2. MATERIALS AND METHODS
2.1. Material preparation

Crystalline (100) p-type Si wafers «KJIB-10» doped with boron, specific electrical resistance 10 Ohmecm™ were used in
our experiments. In order to obtain ZnMgO layers, the zinc acetate dehydrate (Zn(CH3CO,),*2H,0) precursor with
99.999% purity and magnesium acetate tetrahydrate (Mg(CHsCOO),*4H,0) precursor with purity > 99% (both
purchased from Sigma Aldrich) were dissolved in ethanol. The solutions for aerosol deposition were mixed in an
ultrasonic bath for 30 minutes at a temperature of 50-60 °C to prepared Zn;.,Mg,O films with x value of 0.2, 0.3, 0.4, and
0.6.

2.2. Aerosol deposition method

Aerosol deposition technology is one of the cheapest methods, which involves three major stages of the process: | - the
preparation of precursor solutions; Il - aerosol generation and transport; 111 - the film growth process. In the second stage,
the distribution of the aerosol droplet size, determined by the aerosol transport mechanism, will establish the
morphological characteristics of the final material produced. The last step determines whether the synthesized material is
a powder or a film layer. In general, considering an experimental configuration, the synthesis parameters that are more
relevant are the molarity of the precursor solution, the carrier gas flow rate and the synthesis temperature. The solvent in
the precursor solution is chosen taking into account the solubility of the precursor compound and its physical properties,
such as density and viscosity. The preferred choice is water or a mixture of water and alcohol, which will dissolve many
inorganic salts (such as chlorides, some nitrates and fluorides). Organic salts will need organic solvents which, when
selected correctly, could provide excellent precursor solutions, especially for thin film deposition processes. Therefore,
the aerosol deposition method requires a substrate and a heater to maintain the surface temperature which is a critical
factor in pyrolysis. The atomizer was placed at a distance L=18 cm above the heated Si substrate (see Figure 1). The
distance L was chosen experimentally from the considerations of a uniform coverage on a larger surface. The
temperature of the precursor solution during the aerosol deposition process was equal to 25 °C, while the substrate
temperature was maintained at 500-550 °C by a temperature controller (BIIPT-1). The solution was inserted into a
syringe, which then was mounted in a homemade device based on a stepper motor (Jova Solutions TIMS-0201™), being
adjusted from the computer. The rate of deposition of the precursor solution was 0.33 ml/min and the deposition process
lasted for 15 min.
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Figure 1.The method of aerosol deposition.
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An aluminum contact was evaporated on the backside of Si substrate after deposition of the thin film. Upper contacts
were fabricated from palladium trough a specially designed mask with 1.5 mm diameter in high vacuum with pre-heating
of sample at temperature of 300 °C during 1 hour in the installation VUP-4.

3. RESULTS AND DISCUSSION
3.1. Morphology and chemical composition of Zn, ,Mg,O

The morphology and chemical composition analysis of the deposited layers was investigated using Scanning Electron
Microscope (SEM) Zeiss LEO Gemini 1530 equipped with an Oxford Instruments INCA Energy EDX system operated
at 20 kV. SEM images of Zn;,Mg,O film with 20% Mg concentration are presented in (Figure 2). The higher
magnifications of SEM image reveal that the morphology is made of plates with a cabbage shape. Some nanoparticles
with uniform size are observed in the top view as well as in the cross-section. The thickness of the deposited layer was
estimated to be around 320 nm.
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Figure 2. SEM images of a Zn;,Mg,O film with 20 % Mg.
The results of EDX analysis are presented in (Table 1).

Table 1. EDX chemical composition analysis of Zn,,Mg,O with 20 % Mg

Elements Weight % Atomic %
O 38.0 56.51
Mg 12.32 11.29
Zn 49.68 32.20
Totals 100.00 100.00

The increase of the Mg concentration to 40 % in the composition of the deposited film (Table 2) leads to visible changes
in morphology (see Figure 3). While the thickness of the deposited layer remained unchanged, a higher density of dots
with a larger diameter can be observed from a comparison of morphologies in (Figure 2a) and (Figure 3a), which was
assigned to the increase of the Mg concentration in the film.
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Figure 3. SEM images of a Zn,,Mg,O film with 40 % Mg.
Table 2. EDX chemical composition analysis of Zn,,Mg,O with 40 % Mg
Elements Weight % Atomic %

(0] 37.27 55.90
Mg 15.28 17.31
Zn 47.45 26.79

Totals 100.00 100.00

3.2. X-ray diffraction (XRD) analysis

The XRD measurements were carried out on a Rigaku Smart Lab X Ray Diffractometer using Cu K, radiation
(A=0.15406 nm) are presented in (Figure 4). The identification of the phase was made by referring to the International
Center for Diffraction Data — ICDD (PDF-2) database. The XRD peaks position of 33° (100), 34.5° (002), 36.5° (101),
47.6° (102) and 63° (103) are the typical peaks for ZnygMg,,0. The peak around 42° can be assigned to some trace of

MgO, while the one at 44° could be due to some Zn clusters.
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Figure 4. X-Ray Diffraction (XRD) analysis of a ZnygMg,-O film annealed at 500 °C.
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3.3. Photoresponse of a ZnMgO photodetector

The radiation from a Xenon lamp DKSS-150 was used to excite the photoconductivity in ZnMgO layers (Figure 5).
Optical filters were used to select radiation from different spectral ranges (ultraviolet: 300—400 nm, power density at the
sample surface 17.6 mW/cm?; visible 400-700 nm, power density 25.5 mW/cm?; and infrared 700-2500 nm, power
density 134 mW/cm?). The samples were illuminated with a focused beam of 5 mm in the diameter. The current through
the samples was measured by means of a Keithley’s Series 2400 Source Measure Unit. A mechanical shutter was used in
the photoconductivity (PC) relaxation experiments. The signal from the Source Measure Unit was introduced in an IBM
computer via IEEE-488 interface for further data processing. The measurements were performed at room temperature
(300 K) in vacuum.
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Figure 5. The photoresponse measured at 300 K in vacuum with radiation of different wavelengths for ZnO (a) and Mg,Zn;_.,O films
with x =0.2 (b) and x = 0.4 (c) deposited on Si substrates.

The investigation of photosensitivity demonstrated that the heterostructures based on ZnMgO thin films deposited on Si
substrates are sensitive in a wide spectral range from ultraviolet (UV) to infrared (IR) radiation, with a highest sensitivity
in the UV region. While the ZnO film demonstrates a lower signal in the UV spectral region (Figure 5 a), the UV signal
increases with increasing the Mg concentration (Figure 5 b,c).

3.4. Optical absorption spectra of ZnO-ZnMgO system

The analysis of optical absorption spectra in the (hva)® = f(hv) coordinates is presented in (Figure 6) which
revealed a direct bandgap values. A direct bandgap of 3.37eV is found from the graph (green line). Bandgaps of 3.75
eV, 3.98 eV, and 4.31 eV are estimated for x value of 0.2 (blue line), 0.3 (red line), and 0.4 Mg (black line),
respectively. The bandgap increases to 5.09 eV with increasing the x value to 0.6 (purple line). We suppose that the film
with the x value of 0.6 has a mixed hexagonal-cubic crystal structure, since it is known that separation of phases occurs
when the x value is in the range of 0.37 <x < 0.6. A nearly linear increase of the bandgap with increasing the x value can
be deduced from (Figure 6b).
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Figure 6. The analysis of optical absorption spectra of ZnO and Zn,,Mg,O films (a) and the dependence of the bandgap on the
concentration of Mg (b).

Optical transmittance spectra of ZnO and ZnMgO thin films are compared in (Figure 7) depending on the photon
energy. The transparency of the film with the higher concentration of Mg was approximately than 85% for x value of 0.4.
The wavelength for ZnO is approximately 368 nm and by adding a higher concentration of Mg, we obtain the
displacement of the emission spectrum up to 288 nm when x is 0.4.
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Figure 7. The analysis of optical transmittance spectrum of ZnO and Zn; ,Mg,O films.
4. SUMMARY

We successfully deposited Zn; ,Mg,O thin films with different concentration of Mg by the aerosol deposition method on
Si substrates and demonstrated the photosensitivity functionality of these structures. It has been shown that as the
concentration of Mg in ZnO increases, the band gap of the material increases. ZnMgO thin films are sensitive in a wide
spectral range from ultraviolet (UV) to infrared (IR) radiation, with the highest sensitivity in the UV region.
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