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Abstract

In this study, mixing of zinc oxide (ZnO) nanoparticles with iron oxide(Fe,O3) at
(0, 0.1, 0.3, 0.5 and 1)%wt., are deposited on glass substrates by pulsed laser
deposition (PLD) technique for study characterization ZnO:Fe,O; as solar cell
electrode. The profound effect of mixed film on the structural and optical of ZnO:
Fe,O; thin films was observed. Meanwhile, the films have polycrystalline
Hexagonal structures for ZnO, Rhombohedra and cubic structure for Fe,O3, and as
indicated by the X-ray diffraction patterns of the films. The mean crystallite size of
ZnO increase with increasing mixed ratio. The direct energy gap (Eg) of ZnO is 3.36
eV and decreasing with increasing mixed ratio.
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1. Introduction
Recently, crystalline nanoparticle oxides have taken the researchers attention because of the
increasing the surface area of the active and important in absorbing the largest amount of radiation
falling on the material, which in turn is converted into an electric current, as in solar cells. Among
them zinc oxide (ZnO) and iron oxide (Fe,O3), regarded one of semiconductor materials which have
many physical properties that make them suitable for thin-film applications. such as, good electrical
conductivity, inexpensive material, and chemical stability[1-2]. ZnO semiconductors were widely
used as photoelectrode in solar cell [3]. n-type 1I-VI ZnO is a thermally and chemically stable
compound semiconductor with large exaction binding energy (60 meV), and wide band energy about
(3.37 eV)[4]. ZnO is promising material for application to window layers of hetero junction solar

cells, UV light emitting/receiving devices, transparent electrodes, piezoelectric nanogenerators
photocatalysts and antibacterial activities[5-7]. ZnO doped with transition metals such as Fe, Co, and
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Ni have many advantages for their appropriate optical and electronic properties required for
optoelectronic devices[8]. Fe,O; is one of the most materials used as photoelectrochemical and
photocatalytic applications due to its have narrow band gap (2.0-2.2 V), which could collect up to 40
% of the solar spectrum energy. Fe,Oz nanoparticles exhibit great stability in aqueous solutions. The
crystal structure of Fe,O3 is rhombohedra , and has attracted biggest interest because of their potential
applications in solar cell, catalysis, gas sensors, pigments, medicine applications, optical devices and it
used as an anode material[9-10]. The technique of preparation of the semiconductor electrode plays an
active role in the performance of such solar cells[1]. Many methods can be utilized to prepare ZnO and
Fe,0; electrodes such as pulse laser deposition, chemical vapor deposition, spray pyrolysis, sol-gel
method, hydrothermal [11-14]. In this work we focused attention on iron doped ZnO, Iron is also the
most common in recent years.
2. Experimental

Nano powder ZnO from (US research nanomatrials, Inc, USA) mixed with nano powder Fe,O3
were deposited on glass substrate using PLD technique. ZnO powders doping with 0, 0.1, 0.3, 0.5,
1(Fe,03) were mixed using a Mixar(METUCHEN, N.J. Q8B40 U.S.A) and then pressed under 6ton to
form targets with 2cm diameter and 0.3 cm thickness. The target were ensured to be homogeneous and
dense as possible to prepared good quality ZnO:Fe,Os billet, which would be deposited by the PLD
technique. Film deposition was carried out inside a 10® Torr evacuated chamber. The focused Q-
switched Nd:YAG laser beam was incident at an angle of 45° on the target surface, and the energy of
the laser was 900 mJ. the glass was cut into square-shape pieces (2.5x 2.5)cm? and were ultrasonically
cleaned in distilled water. The structure of the films were examined by X-ray diffraction (XRD-6000-
shemadzu with CuKoa, wavelength =1.54 A° ). The UV-Visible optical transmission spectra of the
thin films were recorded by (Shemadzu UV-160/UV-Visible recorder spectrophotometer).
3. Result and Discussion
3.1 Structure

The result of the XRD scan of ZnO thin films mixed with Fe,O3; deposited on the glass substrate at
RT temperature illustrated in Figure-1. XRD pattern shows that all mixed films are polycrystalline in
nature. The XRD pattern ZnO exhibits many peaks at 26 of 31.75, 34.42, 36.22, 47.57, 56.61, and
62.89, which are referred to (100) , (002), (101),(102),(110) and (103) planes of the Hexagonal
structure of ZnO, respectively, according to the file (card no.36-1451. This is good agreement with
that of [15]. when add a thin Fe203 as matrix material, many peaks referring to Fe,O3 at 26 of 24.138,
27.50, , 33.15, 40.85, 43.28, 50.0 are observed and refer to the (012), (022), (104), (113), (400), (421)
planes of the Rhombohedra and cubic structure of Fe203, respectively, from the Diffraction (card
no. 33-0664, 39-1346). also notice decrease in the peak of diffraction when increasing in the ratio at
(0,0.1,0.3, 0.5, 1)wt%. The mean crystallite size(D) was calculated via Sherrer's formula[16]

kA

D= Gagg e (1)

where A is wavelength (1 = 1.5406 A®) , k is a constant equals 0.94 and g is Full Width at Half
Maximum (FWHM). The crystal size of ZnO be 18.5 nm and increases when mixed ratio increased,
to be 19.7, 20.3, 22.1, 23.4 and 25.0 nm with mixed ration (0, 0.1, 0.3, 0.5, 1), and FWHM increases.
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Figure 1-X-ray diffraction patterns of ZnO mixed with ratios 0f(0.1,0.3,0.5 and 1) wt% of Fe,0s.
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2. Atomic Force Microscope (AFM)

The three and two-dimensional (3D,2D) topographic image has been used to study the surface
morphologies of the ZnO:Fe,05 thin film with (0, 0.1, 0.3, 0.5 and 1) % wt are shown in Figure-2.
The average diameter, roughness, surface thickness and root mean square (R.M.S) are deduced from
AFM images. The AFM images appear and all samples are granular structure and good uniformity
revealing a uniform growth of the films. The average diameter increased with increasing of mixed
ratio with Fe,O3. Also increasing in roughness with increasing in mixed ratio, this may be attributed to
grain growth and some structure densification of the deposition processes. The average diameter,
roughness, peak t mean square (R.M.S) are shown in Table-1.
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Figure 2-2 and 3-D AFM micrographs of ZnO mixed with ratios 0f(0.1,0.3,0.5 and 1) wt% of Fe,Os
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Table 1-AFM parameter of ZnO mixed with ratios 0f(0.1,0.3,0.5 and 1) wt% of Fe,0O;

Sample Ave. diameter Roughness R.M.S peak-peak (nm)
(nm) (nm) (nm)

ZnO 47.19 2.45 2.83 9.8
X=0.1 55.91 0.947 1.09 3.79
X=0.3 58.84 1.86 2.15 7.46
X=0.5 64.96 2.64 3.04 10.5
Fe,05 76.74 14.0 16.2 57.5

3. Optical properties

The optical absorption coefficient () is important parameter in the design of calculations of the
electronic and optoelectronic device. where this factor changes according to the semiconductor
materials and affects the amount of light absorbed by the films and is a function of the wavelength of
the light incident. The absorption coefficient changed of ZnO and doped with Fe,Os at (0, 0.1, 0.3,
0.5 and 1)%wt., concentration as shown in Figure-3 from the relation between absorption
coefficient(a) and wave length () . High absorption coefficient values for all films, were found to be (
> 104 cm™), this is good evidence that all films had a direct energy gap. The spectral in the region
about (500-1100) nm showed the high stability of absorption coefficient with increasing wavelength,
this is because of the relative stability of the rate of increase in transmittance within this spectral. The
absorption coefficient increase with increased of Fe,Os; concentration, as Table-2 and it may be
attributed to the increase of crystallite size with increasing mixed concentration as shown in XRD
result.
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Figure 3-Absorption coefficient spectra of ZnO mixed with ratios 0f(0.1,0.3,0.5 and 1) wt% of Fe,O3

From the relationship between transmission (T) and wave length(4), the UV-Vis transmission is
shown in Figure-4. Transmittance of ZnO increased with increasing the wavelength and at wave
length 500nm about 60%. When adding Fe,Os, with concentration (0, 0.1, 0.3, 0.5, 1) wt%., the
transmittance is decreasing, this may be attributed to the increase in the absorbance within ultraviolet-
visible region of spectrum. all prepared films exhibit a low transmittance in the UV region.
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Figure 4-Transmittances spectra of of ZnO mixed with ratios 0f(0.1,0.3,0.5 and 1) wt% of Fe,O3
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Optical energy gap can be used to estimate the difference between the valence and conduction
bands, which can help determine the thermoelectric and electronic properties of the materials[17]. The
photon energy(hv) versus the variation (ahv® ) for ZnO thin films which mixed at different
concentration of Fe,O; (0, 0.1, 0.3,0.5 and 1) %wt. is shown in Figure-5. the optical energy gap is
evaluated via extrapolating the linear portion to zero absorption coefficient (0=0 )[18].The energy
band gap of ZnO at a thickness of 200 nm is found to be 3.36 eV, this good agreement with A.
Kaphlel and P. Hari[19]. in which at mixed with Iron Oxide the band gap energy decrease as shown in
Table-2 to reach to 2.78eV. This trend shifted toward low energy (blue shift) as a result of the
increasing of grain size[20].

Table 2-optical parameter of ZnO mixed with ratios 0f(0.1,0.3,0.5 and 1) wt% of Fe,Ozat (A=500
nm).

Sample Transmittances T % | Absorption a (cm™) Energy gap E.g (eV)
ZnO 60 0.9x 1075 3.36
0.1 48 1.2x 1075 3.04
0.3 42 1.3x10°° 2.996
0.5 9 3.0x 107> 2.93
Fe,0; 12 2.15x 107> 2.78
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Figure 5-The variation of (ahv? )versus photon energy (hv) of ZnO mixed with ratios 0f(0.1,0.3,0.5
and 1) wt% of Fe,O;
4. Conclusion

The effects of mixed ratio Fe,O3; on the performance of ZnO/glass as electrode are examined. The
results of structure, morphological, and optical properties have been achieved. The X-ray pattern of
ZnO demonstrates that increasing the mixed ratio leads to broadening in diffraction peaks and
increasing in crystal size. The AFM images appear that all samples are granular structure and good
uniformity revealing a uniform growth of the films. The band gap energy decrease with increasing
Fe,0;3, this trend shifted toward low energy (blue shift) as a result of the increasing of grain size.
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