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Abstract

In this paper Zener diode was designed by mixing three mixing ratios of Ag,O(.
»ZN0y, Where x is 0.5, 0.3, and 0.1, that are deposited on a p-type porous silicon
using laser induced plasma technique at room temperature (RT). The results of the
Zener diode showed a decrease in knee and Zener voltage when the mixing ratio of
AQ20(1,0Zn0¢ structure was increased. Nanofilms of 200nm thickness were
prepared from pure ZnO and Ag,O as well as Ag,01Zn0O, with three maxing
ratios and deposited on glass slides at RT to analyze the structure and optical
properties. The structures of Ag,O and Ag,01.ZNn0 showed high absorbance in
the visible region with redshift in spectra when the mixing ratio was increased, while
ZnO had a high absorbance in the ultraviolet region. It is concluded that when the
value of x increases the energy gap value for the Ag,0(.Zn0O Structure decreases.

Keywords: ZnO nanostructure, Ag,O nanostructure, Zener diode, laser induced
plasma.
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Introduction

ZnO is a semiconductor material that has numerous applications because of its direct and high
energy gap (equal to 3.3 eV) near to the UV region [1-5]. ZnO has plentiful opto-electronic
applications in solar cells, spintronics [6-10], and laser diodes (LDs) [11]. It is an n-type
semiconductor material due to its inner structural flaws such as oxygen and zinc spaces or interstitial
situations in the lattice [12]. Ag,O is a p-type semiconductor with a bandgap of about 1.3 eV. Ag,0 is
a tiny dark brown powder used to initialize other silver compounds [13-15].

Numerous mechanisms were utilized to manufacture nanostructured thin films from ZnO/Ag.,0,
such as thermal evaporation [16]and sputtering [17], while the laser induced plasma (LIP) is
considered as one of the most common and attractive techniques [18]. Among the most important
advantages of LIP technology is the ease of obtaining homogeneous films with multiple layers and
different materials and compounds. Moreover, the films produced by this technology have a
homogeneous distribution.

Zener binaries are involved in the manufacturing of most modern electronic circuits and may be
considered as one of the basic units in their construction. One of their most prominent uses is to
protect the circuitry from overvoltage. In this paper, a Zener diode was designed by mixing three
mixing ratios of Ag,O(1.ZN0Oy, Where x has value of 0.5, 0.3, and 0.1, that is deposited on a p-type
of porous silicon using laser induced plasma technique at RT.

Experimental details

In this study, ZnO and Ag,O nanopowders with a purity of 99.99% with three mixing ratios (x=0.5,
0.3, and 0.1) were pressed as a tablet using piston. The ZnO and Ag,O mixture tablets were 2cm in
diameter and 1cm in thickness. Glass substrates of 2.5x7.5 cm? were cleaned by an ultrasonic device
using water for 10min and then acetone for 10min, followed by drying out in an oven. Pure ZnQO, pure
Ag.0, and Ag,0.1-xZnOy nanofilms were precipitated on glass slides using LIP technique at RT, as
shown in Figure-1. The LIP deposition parameters maintained for the preparation of all films are given
in table 1. To determine the thickness of the prepared films, the optical interferometer method was
used. The thickness of each of the pure ZnO, pure Ag,0, and Ag;01ZNOy, films was 200nm. The
structural properties of all nanofilms were examined using X-ray diffraction system, while their optical
properties were examined using UV/ Visible SP-8001 spectrophotometer.

The Zener diode was designed after deposition of Ag,O.-ZNnO(y on the p-type porous silicon which
was prepared after leaving the silicon wafer in hydrofluoric acid (HF) for 20 min. The schematic
diagram of p-n structure (Zener diode) is shown in Figure-2.

The electrical measurements for the heterojunctions, including the current-voltage characteristic
measurements, are shown in Figure-3 at both states of forward and reversed bias.

Results and discussion

The XRD patterns of pure ZnO, pure Ag,O, and Ag,0;.0Zn0O nanofilms at x=0.5 and RT
showed polycrystalline structure, as shown in Fig.(4). Table (2) demonstrates the five strongest peaks
with fixing diffraction angle values, FWHM, grain size, and Meller's indices of the prepared
nanofilms. The grain size of the crystal structure can be calculated using Scherr's equation [19]:

KA

" Beosl (1)

where (k) is a shape factor that is close to unity, (1) is the X-ray wavelength, # is the line

broadening of full width at half the maximum intensity (FWHM) in radians, and # is the Bragg angle.

The sharp peaks 0f100, 002, and 101 demonstrated the hexagonal-wurtzite structure of ZnO, while the

peaks at 111 and 200 represented the cubic structure of Ag,0. Fig(4) shows the x-ray diffraction of

Ag,01-xZn0Oyy structure, where a set of strong diffraction pecks of two materials (coexisting
composites) appears.

Figure-5 shows the absorbance spectra as a function of wavelength of pure ZnO, pure Ag,0,
and Ag,0.ZNn0O nanofilms with three mixing ratios, deposited on glass substrate using laser
induced plasma at RT, where negligible scattering is assumed. It can be noticed from this figure that
the absorbance spectra were generally high in the ultraviolet regions at 200nm for pure ZnO, 344nm
for Ag,0, and 385nm for the mixed Ag,O.-xZnOy structure. The red shift behavior occurred when
the mixing ratio (x) increased. The optical absorption coefficient (o)) was calculated as follows [20]:

a =2.303 Absorbance / thickness of film 2
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The thickness of the prepared nanofilms was 200nm. The absorption spectrum increases with
increasing the mixing ratio x, leading to increased ZnO crystals, which absorb photon energy.
The (ahv)? as a function of photon energy for all nanofilms is shown in Figure-6. The variation of
(ahv)? is estimated by the Tauc's Equation[21]:

n
(ahv) =A (ho- Eg) (3)

where « is the absorption coefficient, A is a constant, (hv) is the incident photon energy, and (Eg) is
the optical energy bandgap. This equation used a value of n=1/2 for direct transition [8]. The
extrapolation of the linear part of the plot (ahv)® =0, which gives rise to the estimation of the E, value
of all prepared nanofilms. Table-3 shows the E4 values of all prepared samples, where the Ey was
decreasing with increasing the mixing ratio x, which indicates obtaining a redshift.

Figure-7 reveals that the n value was increased with increasing the wavelength of the pure

ZnO at a range from 200 nm to 380nm, whereas it was fixed at 2.4 approximately after that. While the

n value of the pure Ag,O was increased after 460 nm with increasing the wavelength to 600nm and

then fixed at around 2.6. The refractive index spectra of Ag,0(.ZNO structure decreased with the
increase in x (see table 3).

The real part of the dielectric constant value depends on the refractive index (n) and the extinction

coefficient (K), as in the equation below [22]:

&r= n2 —kz (4)
but the imaginary part depends on the refractive index (n) only.
ei =2nk (%)

where (er) is the real part and (i) is the imaginary part of the dielectric constant. The spectrum of

the excited electron can be explained by the dielectric constant (real and imaginary parts), where the
imaginary part represents the absorption of energy from the electric field because of the molecules that
possess the bipolar moment in the material, whereas the real part represents the low speed of light in
the material.

Figures-(8 and 9) show the spectra of real and imaginary parts of the dielectric constant of all
nanofilms. A Zener diode is a type of diode that allows the current to flow in the conventional manner
from its anode to its cathode, i.e. when the anode is positive with respect to the cathode. When the
voltage across the terminals is reversed and the potential reaches the Zener voltage (or "knee"), the
junction will breakdown and the current will flow in the reverse direction, which is a desired
characteristic. By connecting the electronic circuit as in Fig(3) and plotting the current-voltage
characteristic, Fig(10) was obtained. In Fig (10), the greater the value of x, the knee voltage or the
Zener voltage will decrease, i.e. the relationship between them is inverse.

When looking at the circuit for the Zener diode in the reverse bias case, the voltage in a certain area
is almost constant with the flow current. This area is called the breakdown region and the voltage in
this region is called the breakdown voltage. But in the forward bias case, the diode acts as a normal
diode. Also note that the diode will not work until it reaches a certain voltage value beyond the
threshold.

Conclusions

The XRD profiles confirm that the composite is composed of a cubic-phase Ag,O and a wurtzite-
phase ZnO. The activity dependence of the component revealed that the increased value of Ag20
deposited on the composite greatly enhanced the photocatalytic activity. This can be attributed to the
notion that the p-n junction in the composite effectively inhibited the recombination of electron—hole
pairs.
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Figure 1-Schematic diagram of LIP technique with A =532 nm.

Table 1-LIP parameters fixed for the deposited Ag,O1.9ZN0O nanofilms.

Deposition technique LIP
Deposition target AY201-0ZNn0 Where x=0.5, 0.3, and 0.1
Target to substrate distance 2cm
Chamber pressure 2x107 mbar
Substrate temperature 301K
Wavelength of laser source 532 nm
Energy of pulse laser 700 mJ
NO. of laser pulse 300
Al

n-type [AJ>0 (1 ZN0 ]

Figure 2-Schematic diagram of the pn structure (Zener diode).
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Figure 3-The circuit for I-V measurements for heterojunction. (a) Forward, (b) Reverse bias.
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Figure 4-XRD patterns of pure ZnO, pure Ag20 and Ag,01.Zn0O nanofilms at x=0.5 and RT.

Table 2-The structural parameters like inter-planar spacing, crystallite size and miller of ZnO and
Ag,0 at RT

FWHM

260 (Deg. G.S (nm hkl Phase Card No.
(Deg.) (Deg) (nm)
31.7742 0.3323 24.9 (100) Hex. ZnO 96-901-1663
34.4449 0.3797 21.9 (002) Hex. ZnO 96-901-1663
36.2659 0.2847 29.4 (101) Hex. ZnO 96-901-1663
32.8465 0.31 31.6 (111) Cub. Ag,0O 00-41-1104
38.107 0.452 25.3 (200) Cub. Ag,0 00-41-1104
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Figure 5-Absorbance spectra of pure ZnO, pure Ag20 and Ag,0O1-xZNO nanofilms at RT.
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Figure 6-ahv spectra of pure ZnO , pure Ag20 and Ag,01.xZn0O nanofilms at RT.
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Figure 7-Refractive index spectra of pure ZnO, pure Ag20 and Ag,O1-xZNnOy nanofilms at RT .
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Figure 8- i spectra of pure ZnO, pure Ag20 and Ag,O1-xZnOx nanofilms at RT .
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Figure 9-er spectra of pure ZnO, pure Ag20 and Ag,O-xZNnOy nanofilms at RT .

_6 .
Figure 10- I-V characteristics of Zener diode at(x=0.1-blue line, x=0.3-red line, and x=0.5-green line,
at RT.

Table 3-The effect of the mixing ratio (x) on Zener and knee voltage and some optical properties at
RT.

n at (vis. and
Structure Zener voltage(V) Knee voltage(V) Eq (eV) in f.rec(j)region~
Pure ZnO -- -- 3.3 244
Pure Ag,0O -- - 1.87 2.66
x=0.1 13 12.06 1.62 2.1
x=0.3 9 10 1.45 1.99
x=0.5 7.64 8.7 1.44 1.96
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