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Abstract

The prepared samples of thin-film by laser ablation method were achieved. Powders of (CZTS) and then compressing
by approximately 3 tons in Pellets form. The samples were vaporized using the Nd-YAG laser with different laser
energies (400mJ, 500mJ, 600m]J, 700m], 800m]) and number of pulses (300) pulse, frequency (6Hz) and wavelength
(1064) nm obtained the plasma aura in10-5mbar pressure. Results are shown using gas sensor system study the
sensitivity of Cu2ZnSnS4 compound films prepared, that all samples are working, and the best operating temperature
ranges from 150-250 Co, and the sensitivity decreases at temperatures above 200 Co, The CZTS are good sensors for
the sensor design of gas (NO2). Sensitivity reactions of films with gas (NO2) decrease with increasing of temperature
and laser energy. In general, the response time as well as recovery time decrease to increase temperature, at other
words, when the temperature increases, the sensor's response increases. It turned out that there is a relationship
between the laser energy and granular size from side, and the granular size and sensitivity from another side whereas,
the decreases the granular size, the more sensitive the sample is and vice versa.
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Introduction

Is a quaternary semiconducting compound Includes
[2-1I-1V-VI4 aggregates such as copper (Cu), zinc
(Zn), tin (Sn) and Sulfur (S), The CZTS can be
obtained by replacing the trivalent In / Ga element
with divalent Zn and tetravalent Sn which form the

response can be performed by estimating the
difference in capacitance, work, mass, optical
attributes or response vitality discharged by the
gas/solid communication.

Various materials are used and made in the form of

kesterite phase [1].

The manufacture and improvement of solid state
chemical sensors at present it has wide
applications, especially in the modern industrial
fields. Much research has shown that sensors have
a property in the solid state when the gas interacts
with the surface of the material in reverse [2].

Notwithstanding the conductivity change of gas-
detecting material, the identification of this

permeable ceramic materials and are deposited in
the form of thin or thick films and in the form of
layers of fixed thickness or different in gas sensors
[3].

A sensor is an electronic gadget used to identify or
quantify a physical amount and convert it into
signal appropriate for handling (for example
optical, electrical, mechanical) [4].
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Practical Part

Thin films are prepared from Cu2ZnSnS4 of
different laser energies (400m], 500mJ, 600m],
700m], 800m]) by using laser ablation system
which consists of two parts, the first part of
discharge chamber that contains the target holder
and holder for substrate and a window for the
passage of the laser light made light of the pack
quartz, as well as thermal and double valves dump,
where it is the subject of substrate vertically on the
target holder, where the distance between them is
4cm and the pressure inside the room deposition
10-> mill bars, which can be accessed using the
discharge rotary and diffusion vacuum respectively.
The second part consists of a system of Nd-YAG
laser which operates at wavelength 1064nm, and
using energies (400m], 500m], 600m], 700m)],
800m]) for five samples and 6 HZ frequency and
number of pulses used was 300 pulses constant.
The laser beam is focused on the target using the
focal lens dimension to distant subjects 30cm
inclination angle almost 450 surface.

The powders of pure CZTS materials are, then
compressed these powders using hydraulic piston,
under pressure 3Ton, getting tablets thickness 3
mm, diameter of 2 cm. It was placed inside the
deposition chamber on the target holder, ablated
these discs using a laser Nd-YAG focused of the
laser beam on the target using the lens focal
dimension 30cm surface.

The thin films prepared were examined by gas
sensor system where sensitivity was measured,
response time, recovery time and sensitivity with
laser energy and grain size.

Results and Discussion

The aim of studying the effect of operating
temperature on the sensitivity of thin films is for
the purpose of making the operating temperature
as low as possible. The operating temperature is
characterized as the temperature at which the
obstruction of the sensor arrives at a consistent
worth.

The presence of quantities of distinct gases only
leads to impact when the resistance is changed
[5][6]. Preferably the temperatures are different
when the sensitivity factor (S%) is calculated [7].

The figure (1) shows that the sensitivity considered

is a function of the operating temperature at a
range (25-300 °C) for CZTS with different lasing

deposition energy (400, 500, 600, 700, 800 m])
which are deposited on glass substrates at 3 % NO2
:air blending proportion the predisposition voltage
of 6v are applied on the all foerms. At room
temperature, the sensitivity of the gas is checked,
after which the temperature is increased to 300 ° C
by 50 °C rate. Show results that no sensitivity under
150-200°C in the operating temperature where the
films resistance have higher value. The increasing
in operation temperature up to 200°C decreased
the thin films resistance and activates the CZTS thin
films surface to response of NO; gas changing. We
notice from the figure that the sensitivity of all
samples decreases with increasing operating
temperature and the film have 600m] have a higher
sensitivity.

80

70
400 mJ

500 m)
30 500 mJ
0 700 mJ

—#=800m)

Se nsitivity (%58)
[on) =
=]

ra
=]

—
o

0 50 100 150 200
Operation temperature [°C)

250 300 350

Figure 1: The relationship between sensitivity and operating
temperature of the CZTS thin films at different laser energies for
blending proportion 3 % (NO2: air), and bias voltage of 6V on glass
substrate

The higher sensitivity might be credited to the ideal
number of loners superficially, porosity, biggest
surface zone and the bigger pace of oxidation of
NO2. It was found that the highest sensitivity of the
semiconductor CZTS films to NO2 was 69.9% at
200 ° C. As at high temperatures, the sensitivity
decreases [8].

The temperature is an influencing dependency on
the response time and sensitivity because the
temperature Depend on it chemical Kinetics that
govern the solid gas interface .Figures (2)and (3)
Explain the relationship between response time,
recovery time, and operating temperature of CZTS
for 3 % NO; air and bias voltage of 6V on glass
substrate.
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Figure 2: The variation of Response time with operation temperature
on glass substrate at different lasing energy.
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Figure 3: The relationship between Recovery time with operation
temperature on glass substrate at different lasing energy

Show the sensor its highest sensitivity by studying
the response speed with the operating
temperature. The above figures show that the
(700m]) films exhibit a quick a fast restraint speed
(7.2) at 150°C and recovery time (45 sec) for
(700mJ) samples exhibit at 250°C for glass
substrate. The reason for the rapid response of the
NOZ2 gas sensor is that the gas oxidation is rapid [9].
CZTS specific minify with increased lasing
deposition energy and Activation energy, surface
reaction and work piece may be associated with
decreasing grain size and an increase in vacancy
formed over CZTS lattice [10]. The conducting
electrons are extracted from the near surface area
as a result of increased oxygenation absorption by
the surface and consequently a surface layer is
formed through which the electrons are
transmittance. The sensors respond quickly with an
increase in the number of active adsorption sites. In
general, the restraint time and recovery time are
decreases when increasing the operation
temperature and the figures are the ones that show
that. In the normal states usually the recovery time
and response time be fast.Gas detecting component

relies upon the surface response between
chemisorbed oxygen and Oxiding gases. The
adsorption of oxygen on the film surface has two
structures: physisorption and chemisorption. At
raised temperature, chemisorption is predominant.
The activation energy through which is transferred
from the physisorption to chemisorption where the
activation energy is achieved when the operating
temperature increases. The surface of the sensor
capped a high amount of oxygen absorbed as a high
amount was reported on the surface of the sensor
with an increase in temperature [11][12]. The two
main factors affecting the physical and gaseous
sensing properties of CZTS samples at
temperatures from 25 to 300 ° C, are atomic oxygen
and molecular oxygen. Where, the oxygen is
adsorbed at the outside of the semiconductor that
empower an electron catching. Thus the charge
bearer thickness is increment which prompts a
decline in the obstruction of the CZTS. This
response can be communicated as follows [13]:

0; (atm) +2e- (cond band) —»20-(ads)
Where 02 is the adsorbed oxygen particles, O-is the
chemisorbed oxygen and e-is the caught electrons
from the CZTS surface.

O- Species superficially go about as electron
acceptors, and lead to the arrangement of
consumption layer reaching out to the particles just
as surface hindrance. This surface states and
surface hindrance assume a significant job for
sensors, since it controls the electron move
between particles, test gas and the detecting
material, influencing the general obstruction.
Insinuation to NO2 gas, with a raised temperature,
the pre-adsorbed oxygen species (O- surf). It
brings about the rising inclusion of oxygen,
restricting more electrons to the conduction band
of CZTS, bringing down the bulkhead. This original
sin diminishes the depletion layer decreasing the
impedance or improving the conductivity [14].
Figures (4), (5), (6), (7) and (8) show the variety of
obstruction with time CZTS as presented to 3 %
NO2 noticeable all around surrounding infused into
testing load and inclination voltage is keeping at
(6V), at ideal working temperature of each piece. In
the stable state can reach her the resistance of the
sensor by measuring the resistance with time
before opening the gas and thus allow the gas to
homogeneous with the air inside the bowl. The
impedance diminishes unexpectedly to arrive at a
consistent state at that point we switch the gas off.
At that point electrical Resistance came back to
starting case.
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The capacity of a sensor to detect the nearness of
gas relies upon the idea of the cooperation between
the gas particles and the surface iotas of the

detecting film.
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Figure 4: It represents the relationship between resistance and time of
CZTS as roofless to 3% blending proportion NO2: air and bias voltage of
6V at (400m]) laser energy with different temperature
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Figure 5: It represents the relationship between resistance and time of
CZTS as roofless to 3% blending proportion NO3: air and bias voltage of
6V at (500m]) laser energy with different temperature
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Figure 6: It represents the relationship between resistance and time of
CZTS as roofless to 3% blending proportion NO2: air and bias voltage of

6V at (600m]) laser energy with different temperature
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Figure 7: It represents the relationship between resistance and time of
CZTS as roofless to 3% blending proportion NO2: air and bias voltage of

6V at (700m]) laser energy with different temperature
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Figure 8: It represents the relationship between resistance and time of CZTS as roofless to 3% blending proportion NO:: air and bias voltage of 6

V at (800m)]) laser energy with different temperature

Figure 9 show the effect of granular size on
sensitivity at different laser deposition energy. This
figure detect that the decrease in the molecule size
prompted expanding in the sensitivity.

One of the potential purposes behind the decrease
in the ideal temperature might be identified with
the decrease in the molecule size. The littler
molecule size, expanding the surface to volume
proportion yet at the same time they are
exceptionally permeable which is commonly
favored for the gas-detecting applications. The

decrease in the grain size permits the space charge
to cover huge volume of the grain and the huge
number of grain limits giving enormous region to
adsorption 0-, 0-2. Thus huge variety in the
boundary and impedance can upgrade the
reactivity at lower temperature. As well, the
thickness of surface states increments with
decrease in the molecule size, or the thickness of
surface states can help in bringing down the
operation temperature.
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Figure 9: Relationship between grain size and sensitivity with Laser energy for the CZTS gas sensor

Conclusions

1. The method of pulsed laser deposition has
proved its efficiency in preparing thin films
within nanoscale ranges and at pressures
(10-5mbar).

2. That all samples are working, and the best
operating temperature ranges from 150-250
Co, and the sensitivity decreases at
temperatures above 200 Co.

3. The CZTS are good sensors for the sensor
design of gas (NO2). Sensitivity reactions of
films with gas (NO2) decrease with
increasing of temperature and laser energy.

4. In general, the response time and recovery
time decrease to increase the temperature,
on other words, the speed of the sensor's
response to increase in temperature
increases.

5. It turned out that there is a relationship
between the laser energy and the grain size

on the one hand, and the grain size and
sensitivity on the other hand whereas, the
decreases the grain size, the more sensitive
the sample is and vice versa.
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