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ELECTRICAL CHARACTERIZATION OF NANOCRYSTALLINE ZINC
OXIDE/ POURS SILICON HETEROJUNCTION FOR SOLAR CELLS
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Nanocrystalline Zinc Oxide (ZnO) were deposited at three different temperature
(250, 300 and 350 °C) using chemical spray pyrolysis technique (CSPT) on
glass and p-type porous silicon as a substrates separately. The pours silicon was
prepared by using an electrochemical etching process under a density of 40
mA/cm? for 10 minutes. Surface morphology results using atomic force
microscopy (AFM) showed that the prepared films nanocrystalline structures,
homogeneous surfaces with small small roughness and covering all the surface
of the substrate. The results which deduced from optical properties shows that
the films have high transmittance with low absorption in the visible region. The
optical energy gap values were (3.75, 3.8 and 3.85 eV) of films prepared at (
250, 300, 350 °C) respectivly. The electrical results shows that junctions are
abrupt type and values of built in voltage of the prepared junctions 250, 300,
350 °C were 1.1, 0.7 and 0.5 respectively.
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1. Introduction

Semiconductor nanomaterials possess unique physical and chemical properties that make
them suitable for application in emerging technologies, such as, energy conversion, detection
devices, miniature sensors, biomedicine, nanoscale imaging, solar cells, nanoelectronics [1,2].
Most transparent conductive oxide (TCO) are based on In,Os;, SnO,, ZnO and their mixed
compounds. Among them Zinc oxide (ZnO) have excellent attention due to wide optical band gap
(Eg=3.37 eV), high transmittance in the visible region, chemical stability, good electron mobility,
low resistivity, etc. [3-5]. These features make it to be used in many optoelectronic applications
such as laser diode [6,7], sensor [8], solar cell [9, 10] and so on. Various methods have been used
to preparation ZnO in thin film form. These includes physical and chemical techniques such as;
sputtering [11,12], sol-gel technique [13], pulsed laser deposition (PLD) [14,15], spray pyrolysis
[16], physical vapour deposition (PVD) [17], This work deals with preparation and
characterization of nanocrystalline ZnO thin film deposited on p- type pours Silicon.

2. Experimental details

The nanocrystalline ZnO film was deposited on a glass substrate, and the substrate was
ultrasonically cleaned with acetone, methanol and distilled water, respectively. The deposition
solution was prepared by using 50 ml of zinc chloride (ZnCl, at a concentration of 0.05 M). The
precursor solution was sprayed on the heated glass substrate. The deposition parameters of CSPT
are fixed as follows: nozzle-substrate height is 30 cm, spraying time is 4 seconds, and stop time is
20 seconds. The deposition temperatures are (250, 300, and 350) respectively. A silicon wafer (p-
type) with a size of 2 cm?® and a resistivity range of (1.5-4 Q-cm) and (100) face orientation is
immersed in diluted (10 %) hydrofluoric acid (HF) for 10 minutes to remove the native oxide
layer. Before the anodization process, in order to ensure as uniform current distribution as

“Corresponding author: esp.jamalf.mohamad@uoanbar.edu.iq



312

possible, a vacuum evaporation system (Balzer BAE 370) was used to coat a 400 nm aluminum
layer on the back silicon layer under a vacuum of 10 mbar. The used etching solvent were: HF
acid (47%), high purity ethanol (C,HsOH) (99%) and de-ionized water (HF: C,HsOH: H,0 =1:1:1
volume ratio). The current density was fixed at 40 mA/cm? for 10 minutes. Two schematic
diagrams of spray pyrolysis and electrochemical etching technology are shown in Fig. 1.
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Fig. 1. Schematic diagram of spray pyrolysis (Ieft)[18], and the electrochemical
etching (right) techniques.

3. Results and discussion

3.1. Optical properties

Fig. 2 is illustrated transmittance of ZnO thin films deposited on glass substrates at
different temperatures (250, 300, 350 °C) in the range (300-1100 nm). These films have high
transmittance in the visible light region. It can be seen that the transmittance increases with
increasing temperature. The increase in deposition temperature causes an increase in the
evaporation of the solution droplets before reaching the substrate, which leads to a decrease in the
film thickness. At the edge of the band, the ZnO film showed a sharp drop, which indicates that
the prepared film has good crystallinity. The absorption coefficient (o) is a key role in determining
the performance of solar cells. The relationship between absorbance (A) and absorption coefficient
is expressed by the following equation:
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a=—— ey

Fig. 3 shows the absorption coefficient spectra of ZnO films at three different deposition
temperatures in the range (300-1100 nm). The absorption coefficient decreases as the deposition
temperature increases and shifts to shorter wavelengths (blue shift). The optical energy band gap
(Eg) is related to the absorption coefficient, and the formula is as follows:

ahv = A (hv-E,)" 2)

where; hv- photon energy, n is equal to 2 for allowed direct transition. The variation of the
deposited substrate temperature on the optical band gap of the ZnO film is shown in Figure (4).
The energy gap increases with the increase of the deposition temperature. The energy gaps at the
deposition temperature of 250, 300 and 350°C are 3.75, 3.8 and 3.85 eV, respectively. These
values are larger than the energy gap of bulk ZnO, confirming that these films are nanostructured,
which is the result of the quantum confinement effect.
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Fig. 2. Transmittance versus wavelength of nanocrystalline ZnO thin film: (a)- T= 250, (b)- T= 300,
(c)- T=350 °C.
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Fig. 3. Absorption coefficient (o) versus wavelength of nanocrystalline ZnO thin film:
(a)- T= 250, (b)- T= 300, (c)- T= 350 °C.
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Fig. 4. Energy gap(Eg) versus photon energy (hv) of nanocrystalline ZnO thin film:
(a)- T= 250, (b)- T= 300, (c)- T=350 °C.

3.2. AFM Analysis

Fig. 5 shows the two-dimensional (2D) and three-dimensional (3D) AFM images of ZnO
films. Atomic force microscopy results show that the films prepared at 250, 300, and 350 °C have
a nanocrystalline structure. The distribution of grains is uniform and covers the entire surface. The
results also show that the surface roughness decreases as the deposition temperature increases. The
decrease in surface morphology will result in a decrease in the reflection of light incident on the
film, and this is an important characteristic when the film is used as a window layer in a solar cell.
The results obtained are summarized in Table 1.
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Table 1. The result of the AFM image of the prepared samples.

Deposition Root mean Roughness Ten point grain size

temperature square (RMS) | average (AR) | height (TPH) (GS)
(°C) (nm) (nm) (nm) (nm)
250 22.6 18.8 96 13
300 21.4 17.6 93.6 9
350 13.2 10.7 58.3 6
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Fig. 5. AFM images (2 and 3 2 and 3 dimensions) of nanocrystalline ZnO thin films:
(8)- T= 250, (b)- T= 300, (c)- T=350°C

The electrical characteristics largely depend on the capacitance-voltage characteristics,
from which we can obtain many heterojunction parameters, such as: built-in voltage (Vy;), junction
capacitance and depletion region width. Figure (6) shows the (C-V) characteristics of
Al/ZnO/PSi/Al heterojunctions prepared at three different temperatures (250, 300, 350°C). The
results show that for all heterojunctions, the junction capacitance is inversely proportional to the
bias voltage. The capacitance decreases as the reverse voltage increases, which increases the built-
in potential due to the increase in the width of the depletion layer. Figure (7) shows that C* as a
function of the reverse voltage (V) of the Al/ZnO/PSi/Al heterojunction. Obviously, due to the
linear relationship between C? and the reverse applied voltage, the junction is abrupt, which
means a constant depletion layer, so the carrier concentration at the depletion layer is constant. The
built-in voltage values of (Al/ZnO/PSi/Al) prepared at (250, 300, 350°C) are 1.1, 0.7 and 0.5
respectively.
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Fig. 6. Capacitance-voltage characteristics of Al/ZnO/PSi/Al, (a)- T= 250, (b)- T= 300, (c)- T= 350 °C

Fig. 7. C* versus applied voltage of Al/ZnO/PSi/Al, (a)- T= 250, (b)- T= 300, c)- T= 350 °C.

Fig. 8 shows the current-voltage (I-V) characteristics of Al/ZnO/PSi/Al heterojunctions at
different temperatures (250, 300, 350°C). The curves show that devices with these heterojunctions
have good rectification behavior. In the case of forward bias, there are two types of current:
reombination current and diffusion current of low voltage and high voltage. At low voltages, the
width of the depletion layer decreases, so the current increases. At higher voltages, the current-
voltage characteristics are almost linear because the depletion layer is minimized at the interface
and the porous silicon acts as a series resistance. In all cases, under the reverse bias, at the same
voltage value, the reverse current slightly increases with the applied voltage, which causes the
generation of electron-hole pairs. At temperatures (250, 300, 350°C), the ideality factors of
Al/ZnO/PSi/Al heterojunctions are 18.7, 13.2 and 6.8, respectively. These values are calculated
from the I-V curve using the following equation [19]:
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where g, Is and T are the electron charge, saturation current and T is the absolute temperature
respectively.
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Fig. 8. 1 -V curves of (Al/ZnO/PSi/Al, (a)- T= 250, (b)- T= 300, (c)- T= 350 °C.

4. Conclusions

The spraying technique was used to successfully deposit nanocrystalline ZnO films on
glass and p-type porous silicon at three different temperatures. The prepared film has a high
transmittance in the visible light region and and the transmittance increases as the deposition
temperature increases. The films prepared at (250, 300, 350°C) have optical energy gap values
(3.75, 3.8 and 3.85 eV) respectively.

The morphological characteristics of the atomic force microscope show that the film has
small roughness, uniformity and the crystal grains have a nanocrystalline structure. The above
characteristics are the most important requirements for solar cell applications. The electrical
properties show that the prepared junction is a abrupt type, and the ideality factors of
Al/ZnO/PSi/Al heterojunctions are (18.7, 13.2 and 6.8) at deposition temperatures (250, 300, 350
°C).
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