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Abstract
In this work, thin-film sample preparation was performed using the pulse laser 

deposition method used pressure around 5 tons of CZTS to make pellets. We prepared the 
films using a neodymium-YAG laser with an energy of 700 mJ. We created the plasma plume 
by using a number of pulses (200, 250, 300, 350, and 400) at a rate of 6 Hz. calculated the optical 
constants, including the refractive index, extinction coefficient, and dielectric constant, for 
the prepared films. The extinction coefficient and refractive index both go up. The behavior 
of (εr) is similar to that of the refractive index (n) because (k2) is less than (n2), but (εi) is 
mostly affected by the value of the extinction coefficient (k). At operational temperatures 
(250 oC), the films were tested as gas sensors against NH3 and NO2 gases. Additionally, the 
sensitivity of films to these gases decreases with increasing temperatures. The fluctuation 
in the operating temperature of the films has significantly reduced the sensor’s sensitivity, 
causing this alteration. At its operational temperature, the gas sensor displayed a gradual 
increase in response time but a steady decrease in recovery time.
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1.  Introduction

Many industries require gas sensors for worker and environmental 
safety. Monitoring for human and environmental harm requires the 
monitoring of ammonia (NH3) and nitrogen dioxide (NO2). Infectious air 
pollution kills 3.8 million people annually. Pollution causes 20% of heart 
disease and stroke deaths [1]. ZTS is quaternary Cu2ZnSnS4. Kieserite-
type thin-film solar cells may replace CdTe and CIGS. CZTS compound 
traits.Due to its direct bandgap of 1.0-1.5 eV, CZTS absorbs many solar 
wavelengths. CZTS may be an efficient solar absorber because of this. 
Copper, zinc, tin, and sulfur abound in CZTS [2]. This outperforms rare-
element materials in sustainability and cost. Its high absorption coefficient 
makes CZTS efficient at light absorption. Solar cells benefit from low light 
reflection. This compound has garnered attention for optoelectronics, 
solar cells, and gas sensing. CZTS may make a good NH3 and NO3 gas 
sensor. To detect gas, the p-type semiconductor CZTS absorbs gases and 
changes electricity flow [3]. CZTS gas sensors recognize NH3 with high 
sensitivity and selectivity. Transport, industry, and agriculture emit NH3, 
a major pollutant. At room temperature, CZTS gas sensors detect low NH3 
concentrations. In NO3 gas detection, CZTS-based sensors look promising. 
NO3 matters [4, 13-17].

1.  Experiments 

Pulsed laser deposition produces nanoscale Cu2ZnSnS4 films. Films 
were applied to glass substrates by 200, 250, 300, 350, and 400 pulse Nd-
YAG lasers at 700 mJ, 6 Hz, 1064nm wavelength, and 10-5 mbar pressure. 
Flood the container with alcohol after washing the glass slides with 99.9% 
pure laboratory ethanol. Ultrasonic ate the container for 15 minutes to 
remove oil impurities. Use a soft cloth or special cleaning paper to prepare 
the container. Use film after cleaning. We used a UV-Visible 
Spectrophotometer 2700 to measure CZTS films’ real and imaginary 
transmittance spectra and optical dielectric constants. Interdigitated 
electrodes. Gas sensors measure thin film resistivity changes from NH3 
and NO2 exposure. A k-type thermocouple (XB 9208B) measures 
temperature. Farell E350 power supplies bias voltage. 8845A/8846A The 
Fluke Digital Multimeter measures resistance. We tested CZTS thin films 
on glass substrates for gas operating temperature sensitivity using active 
voice.
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2.  Results and Discussion: Optical Properties

1. Extinction Coefficient 

As it passes through the medium, electromagnetic wave interactions 
and exponential decay determine the extinction coefficient. Figures (1a) 
and (1b) display the extinction coefficient, photon energy, and pulse 
number of CZTS films. The extinction coefficient increases with copper 
zinc tin sulfide (CZTS) laser pulses for several reasons: Changing the 
surface: Laser pulses melt, ablate, or oxidize CZTS materials. Modifying 
surface morphology can cause electronic structure defects, increasing 
light scattering and absorption. Absorption and scattering increase the 
extinction coefficient. Powerful laser pulses can alter CZTS’s crystalline 
lattice. Grain growth, phase transitions, and defects are structural changes. 
The extinction coefficient increases with refractive index and absorption 
fluctuations. 

Figure 1a
Extinction coefficient as a function of 

photon energy(ev) for CZTS films.

Figure 1b
The extinction coefficient with num-

ber of pulses for CZTS films

2.  Refractive Index.

Figures (2a) and (2b) show CZTS film refractive index versus photon 
energy (ev) at different laser pulses. The figure shows that laser pulses 
increase the refractive index (n). Increased laser pulses for CZTS (Copper 
Zinc Tin Sulfide) cause laser-induced crystallization and a higher index of 
refraction [5]. Laser pulses generate high-intensity localized heat in CZTS. 
CZTS melts and cools quickly due to this intense heat. CZTS material 
forms crystalline structures during cooling, increasing its index of 
refraction. Crystalline CZTS have a higher density than amorphous or 
non-crystalline ones, increasing the index of refraction. The density 
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difference changes light propagation speed, increasing the index of 
refraction. Thus, more laser pulses form more crystalline structures in 
CZTS, raising its index of refraction.

Figure 2
(2a) The variation of the refractive index versus photon energy (ev) for CZTS 

films, (2b): refractive index with number of pulses for CZTS films.

3.  Real and Imaginary Parts of Optical Dielectric Constant

Figures (3) and (4) show the real (ε¢) and imaginary (ε¢¢) dielectric 
constants for CZTS films prepared at various laser pulses (200, 250, 300, 
350, and 400) at 1064 nm. To measure real (ε¢) and imaginary (ε¢) dielectric 
constants in thin films, use relationships (1 and 2). The behavior of (ε¢) is 
similar to the refractive index (n) due to the smaller value of (k2) compared 
to (n2), while (ε¢) relies on the Extinction Coefficient (k) value.

(1)N n ik= −

Where:(n) is the real part of the refractive index. One can calculate the 
extinction coefficient (K) using the equation [6]:

/ 4 (2)k al p=

Where:(λ) is the wavelength of the incident ray.
The material dielectric constant measures electric field energy storage. 

The dielectric constant’s real (ε¢) part stores energy through polarization, 
while the imaginary (ε¢) part dissipates energy through conductivity. 
There are several ways laser pulses increase CZTS compound real and 
imaginary dielectric constants: Laser pulses excitonize CZTS electrons. 
Energy level occupancy boosts material polarization response and the real 
dielectric constant. Carrier generation: laser pulses increase CZTS electron 
and hole charge carriers through multiphoton absorption, or carrier 
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multiplication. Extra carriers boost conductivity and the imaginary 
dielectric constant. Nonlinear effects: High-intensity laser pulses can cause 
the optical Kerr effect and two-photon absorption in CZTS. Nonlinear 
effects can raise real and imaginary dielectric constants by changing the 
material’s refractive index. The dielectric constant rise is controlled by the 
laser pulse’s strength, length, the properties of the CZTS compound, and 
how the laser interacts with matter.

Figure 3
Real dielectric constant as a function of wavelength for CZTS films at different 

pulses laser (200,250,300,350,400), wavelength (1064) nm.

Figure 4
Imaginary dielectric constant as a function of wavelength for CZTS films at 

different pulses of laser (200, 250, 300, 350, 400), wavelength (1064) nm.

2.  Operation Temperature of Sensor

Gas concentration, sensor, and environment determine the best NH3 
and NO2 sensor temperature. These gases’ sensors’ operating temperatures 
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can be calculated using general guidelines. Many 25°C-50°C sensors detect 
NO2 and NH3. A 25°C experiment can reach 5-10°C. Find the ideal 
temperature. Oxidizers and oxygen-chemisorbed surfaces indicate gas. 
Chemically and physically absorb film oxygen. Heating aids in 
chemisorption. Warmer temperatures activate chemisorption and 
physisorption. Sensor surface oxygen adsorption rises with temperature 
[7]. FIGURES 5A-6E show 200-300 °C sensor sensitivity. The NO3-NH3-
NH3-mixed ratio and 6-volt electrode bias were used in all sensing tests. 
Figures 5A-5E show NH3. Temperature reduces sensitivity in all films, but 
300-pulse is more sensitive. Diffusion limitations have many causes. By 
diffusion, sensor surfaces detect gas molecules. Gas molecule diffusion 
and environmental sensing material equilibrium increase with 
temperature. Fast diffusion lowers sensor surface gas molecule 
concentration and sensitivity. The surface area-to-volume ratio decreases 
with CZTS compound grain size [8]. The lower surface area lets NH3 
molecules interact. Fewer adsorption and reaction sites reduce vessel gas 
sensitivity [9]. Figures 6A-6E show NO2. All films become more 
temperature-sensitive, but 300-pulse films are more so. Gas NO2 sensitizes 
metal oxide films to 300 pulses. Metal oxide surfaces oxidize NO2 with 
CZTS. Smaller CZTS grains increase surface-to-volume ratios and NO2 
gas sensitivity. More-surfaced vases are NO2-sensitive. Surface area 
increases NO2 sensitivity by increasing gas adsorption and reaction sites. 
[10].

Environmental gases activate gas sensors. The sensor’s time to reach 
a certain percentage of its final output signal, or gas concentration, from 
baseline to a specified level is usually measured. Gas sensors return to 
baseline after exposure. Sensor stability and sensitivity recover after gas 

Figure 5
CZTS thin film sensitivity variation with operating temperature, laser pulses 

(NH3: air), and bias voltage of 6V on glass substrate.
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Figure 6
CZTS thin film sensitivity variation with operating temperature, laser pulses 

(NO2: air), and bias voltage of 6V on glass substrate.Response Time  
and Recovery Time.

Figure 7
Shows the CZTS thin film response and recovery times for NH3 gas with 

temperature (oC).

detection. Sensor response and recovery times determine gas concentration 
detection speed and accuracy. Better sensors recover faster [11]. 6V bias 
voltage, NH3 gas, and CZTS thin film reactions and recovery times are 
shown in Figures 7A-7E. Increased Vol.% increases reaction time and 
decreases recovery time at 200-300 oC (Table 1). Work at low temperatures 
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slowed recovery. Lower temperatures attract O2 species. O- and O- are 
volatiler than diesel. Figures (8A-8E) show NO2 reaction and recovery 
times. The CZTS compound-based NO2-gas sensor may recover quickly if 
its return time is shorter than its response time. Several NO2 measurements 
help. CZTS compounds remove NO2 or regenerate this sensor’s sensing 
layer [12].

Figure 8
The response time and the recovery time with the Temp.( oC) temperature of 

CZTS thin films for NO2 gas.



GAS SENSOR FOR NH3 AND NO2 GASES� 191

Conclusion

Dielectric optical The real and imaginary constants of all pulsed laser 
deposition films increase with laser pulses. Gases NO2 and NH3 are tested 
at 200-300 °C. We study sample sensitivity, response time, recovery time, 
and selectivity. The CZTS thin films produced were strong sensor 
candidates. Films tested NH3 and NO2 sensors. Temperature decreases 
film gas sensitivity. Film temperature fluctuations have reduced sensor 
sensitivity. At operational temperature, gas sensor reaction time increased 
gradually, but recovery time decreased.
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