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Summary: In this paper, silver (Ag)doped Zinc Oxide(ZnO) thin films were prepared on glass and
silicon substrate by using a thermionic vacuum arc technique. The surface, structural, optical
characteristics of silver doped thin films have been examined by X-Ray diffractometer (XRD), field
emission scanning emission electron microscopy (FESEM), atomic force microscopy (AFM), and
UV-Visible spectrophotometer. As a result of these measurements, Ag, Zn and ZnO reflection planes
were determined for thin films formed on Si and glass substrate. Nano crystallites have emerged in
FESEM and AFM images. The produced films have low transparency. The optical band gap values
were measured by photoluminescence devices at room temperature for thin films produced on
silicon and glass substrate. The band gap values are very close to 3.10 eV for Ag doped ZnO thin
films. The band gap of un-doped ZnO thin film is approximately 3.3 eV. It was identified that Ag

doped changes the properties of the ZnO thin film.
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Introduction

In recent years, Zinc Oxide (ZnO) thin film
is a member of the I1-VI group semiconductor and it
is quite popular with its diversity and antitoxic
property in the applications. ZnO is natural material
and it is preferred for technological applications with
wide band gap (3.3 eV) [1], higher binding energy,
wide resistance and high permeability at room
temperature. ZnO is widely used in optoelectronic
and photonic materials [2-5]. After the doped ZnO
material, the characteristics of the ZnO thin film
could be modified not only doping element, but also
depend on the ratio of the element.

ZnO thin films can be produced in
techniques. They are radio frequency magnetron
sputtering [6], spray pyrolsis [7], chemical vapor
deposition (CVD) [8], pulse laser deposition (PLD)
[9], molecular beam epitaxy (MBE) [10], electro
chemical deposition [11], and thermionic vacuum arc
(TVA) [12]. Compared to these techniques, The TVA
technique provides a fast production for thin films
made of doped elements. These technique operates as
an anodic material plasma generator, the under high
vacuum condition [12-16]. The TVA technique is
generally an advantageous technique because it does
not require the use of an inert gas such as argon
during thin film production. The doped ZnO thin film
is still being studied to improve the optical and other
properties of the material. Doped ZnO thin films are
frequently used in semiconductor and photonic
applications. Therefore, Fe, Cu, Sn, Co, Sg, etc.
studies related to ZnO thin films is very much in the
literature [17-21].

Ag doping changes the optoelectronic,
photocatalytic characteristics of the ZnO material
[22-23]. Ag atoms prefers the occupy Zn zone in
ZnO crystal network [24]. In adition to, Ag atom
improves the electrical properties, but decreases the
optical transmittance of the material [25]. In this
work, Ag doped ZnO thin films have been produced
by a thermionic vacuum arc (TVA) technique on
glass and silicon substrates. The characteristics of the
produced Ag doped ZnO films have been determined
by XRD, FSEM, AFM, UV-Vis spectrophotometer
andinterferometer. It was found that Ag doping has
been affecting the surface, microstructure
characteristics of the ZnO. Used thin film production
technology is a proper technique for the desired ratio
doping of ZnO.

Experimental

In this study, we have obtained ZnO thin
films produced on glass and Si substrate by using
TVA technique. TVA is a coating technology under
the high vacuum conditions with working pressure is
approximately 107 torr. In fact the TVA technique
was created to obtain the plasma of any material.
Thanks to the material plasma obtained by this
technique, the substrate is placed in a suitable place
in the vacuum chamber and the material is coated
with the formed material. Plasma of many materials
can be produced by this method (such as metal,
ceramic and semiconductor). The thin films
developed by TVA have low roughness, compact,
high adhesion, and nanostructures [10, 13, 14].
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A thin film can be produced at different
operational parameters in TVA technique. The
electron gun configuration can be changed depending
on the melting temperature of the material. Higher
electrical current may be required for high melting
temperature material. In addition, these parameters
may be different in the material to be produced in
each substrate. The TVA contains two electrodes, one
of which is anode and the other is a cathode. The
electron gun acts as a cathode, while the plasma acts
as an anode in the tungsten crucible where the
material to be produced is placed. First, the material
on the tungsten crucible with the electron gun is
heated and vaporized by bombardment with the aid
of the Wehnelt cylinder placed on the electron gun.
When the voltage value reaches the value of arc
ignition voltage, a plasma of the material creates in
the between anode and cathode. A simple schematic
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representation of the TVA system is given in Fig .1.
In this study, Ag and ZnO materials were placed into
the tungsten crucible at the same rate. Glass and
silicon substrates were coated with the Ag doped
ZnO plasma. The electrodesdistance during plasma
was fitted to 4mm. The deposition pressure was
measured as 2x10*torr during the experiment. The
operating parameters are shown in Table-1.

Table-1: Experimental parameters for the deposition

in TVA system.
Parameter (Unit) Value
Discharge Current (A) 0.2
Duration (s) 60
Working Pressure (torr) 2x10*
Voltage (V) 500
Filament Current (A) 20
© E\'aporming anode
material atoms
Electron
Mecanical
B T Vacuum Pump ;
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Fig. 1: A simple schematic representation of the TVA system.
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Results and Discussion

In the present study, the morphological,
structural, optical characteristics of the Ag doped
ZnO thin films by TVA were investigated. The
microstructural properties of the films characterized
by Panalytical Empyrean X-Ray diffractometer. The
using XRD pattern was performed with CuK,
radiation (A=1.54056 A) in the 20 range from 10° to
80° degrees and Panalytical P1Xcel3D was used as an
X-Ray detector. The XRD patterns are presented in
Fig. 2a and 2b. As can be seen in Fig.. 2, Ag and Zn
reflections planes were assigned. The XRD patterns
were assigned with the related diffractions planes. All
assigned peaks are related with the ZnO reflections
(JCPDS card no: 36-1451). The peak located at 38.37
° was indexed as to be Ag plane reflection (JCPDS
card no: 04-0783) [26-28]. The thickness of the films
deposited onto glass and Si substrate are 60 and 25
nm, respectively. For Si substrate, the sample
thickness is bigger than the film thickness. So, Si
wafer XRD reflection was also shown in Fig 2b. For
the film deposition onto glass substrate, (102), (110),
(103), and (202) reflections were assigned as to be
ZnO crystal phases. For the film deposition onto Si
wafer, (111), (102), and (110) reflections were
assigned as to be ZnO crystal phases, too. The
observed reflections for the Ag doped ZnO show the
good adherence with the literature [26-28]. Si wafer
is n-type p-doped in <111> orient. Resistivity is
0.009-0.012 Q.cm. (111) Miller indices were not
detected in the XRD pattern of the Ag doped ZnO
onto glass substrate, but it is not so for Si substrate.

The morphological and surface properties of
Ag doped ZnO thin films formed on glass and silicon
substrates were determined by Ambios Q-scope
atomic force microscopy. Surface characteristics of
the produced Ag doped ZnO thin films were analyzed
on 10um X 10um scanning areas in non-contact
mode. The AFM images of Ag doped ZnO thin films
formed on glass and silicon substrates are shown in
Fig. 3a and 3b, respectivelly.
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According to the results given in Fig. 3a and
3b, susbtrate materials changed the crystal
orientations and grain size dimesions for the Ag
doped ZnO. The smallest grains were observed in the
Ag doped ZnO thin films onto Si substrate.

FESEM images of the Ag doped ZnO thin
films produced on glass and silicon substrates were
obtained by Carl Zeiss Supra VP40 FESEM at
100.000 X magnification. FESEM images are given
in Fig 4a and 4b. From the images one can see thatthe
regular crystallized layers formed on Si and glass
substrate are agreeable with AFM images. It was
concluded from the FEEM images, the Ag doped
ZnO thin films are in colony structures.

The thickness, refractive index (n), and
reflectance of the produced thin films were
determined by Filmmetrics F20 interferometer. The
thickness of the Ag doped ZnO thin films onto glas
and Si wafer are 62 nm and 25 nm respectively.
Refractive index (n) and reflection curves depend on
wavelenght are shown in Fig 5. The
transmitancevalues of the Ag doped ZnO thin films
have been measured with the UV-Vis
Spectrophotometer in the range of 300-1100 nm. The
graphs are shown in Fig 5¢ .

The optical properties gives more important
and key properties of the electronic band strcutures of
the doping mechanism of the produced films.
Photoluminesance spectra (PL) are given in Fig 6.
Un-doped ZnO thin film has the obtical band gap of
3.3 eV. After the doping of the Ag element, optical
band gap values decrease to lower value
approximately 3.10 eV [22-24].



Mehmet Ozkan and Sercen Sadik Erdem doi.org/10.52568/000581/JCSP/43.03.2021 256

3000 5 5000 ' T
5 — Ag coated ZnO thin film —— Ag coated ZnO thin film
2500 5 onto glass substrate 4000 onto Si wafer
N
- o Q -~ Si gubstrate
3 PR g 3000 g .
<. 1500 4 e B e 9o 3 5 €x £
= cl &8 o N ~ T =3 i
[ Al = S B i 2 2000 - 5§ =< =
$ 1000 - = e 8| s = =8 -
= £ = = g £ ) =] =
- =l = 3 3 1000 g = -
500 - g 5 = g2 J{J N -
0 0 . .
20 40 60 80 10 20 30 40 50 60 70
two theta (deg) two theta (deg)

(a) (b)

Fig. 2. XRD patterns of Ag doped ZnO thin filmsdeposited onto a) glass and b) Si substrate.

lpm\ .
2um ‘
3um
4um i

Sum’

Fig. 3: AFM images of Ag doped ZnO thin films deposited onto a) glass and b) Si substrate.
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Fig. 4: FESEM images of Ag doped ZnO thin films deposited onto a) glass and b) Si substrate.
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Fig. 5. Refractive index (n) and reflection curves depend on wavelenght of Ag doped ZnO thin films
deposited onto a) glass and b )silicon substrate. ¢) Trasmittance spectra of the Ag doped ZnO thin film
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Fig. 6: Photoluminesance spectra image of
doped ZnO thin films.
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Conclusions

Ag doped ZnO thin films were produced
onto glass and Si substrate by thermionic vacuum arc
(TVA) technology. The surface, microstructural,
surface, and optical properties were determined.
According to the results, homogeny, rough and
nanostructure Ag doped ZnO thin films were growth
onto glass and Si substrate. Transmission spectrum
shows the interested result. Ag doped ZnO thin film
is transparent only narrow spectral range and band
gap of the film of 3.15 eV are lower than the un-
doped band gap energy of the ZnO material. Finally,
using by TVA, high quality and narrow band Ag
doped ZnO thin films were produced. Produced films
will be wused in semiconductor, optical filter
technology and detectors.
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