
 

International Journal on Science and Technology (IJSAT) 
E-ISSN: 2229-7677   ●   Website: www.ijsat.org   ●   Email: editor@ijsat.org 

 

IJSAT260110114 Volume 17, Issue 1 (January-March 2026) 1 

 

Electrical Parameters for CIGS Thin-Film Solar 

Cell Fabricated using ZnO Buffer Layer 
 

Satyendra Kumar1, Swati Arora2 

 

Department of Electronics Engineering, Swami Keshwanand Institute of Technology, Management & 

Gramothan, Jaipur, India 
1rajeshwar.satyendra@gmail.com, 2swati@skit.ac.in 

 

Abstract:  

In this study, investigation electrical parameters of the ZnO thin film characteristics deposited in 

between transparent conductive oxide and the CdS films layers in a CIGS solar cell 

(AZO/ZnO/CdS/CIGS/Mo),of various  thicknesses have been deposited by the solution-based 

fabrication technique  to get better performance of CIGS thin-film solar cells. The exchange efficiency 

of CIGS solar cell depends on ZnO thin film. There is significant work and progresses have seen in 

photovoltaic (PV) for alteration of solar energy into electrical energy and its storage. For 80 nm curve 

has the highest Fill Factor 30.35% which means it maintains a higher current as the voltage increases 

before dropping toward zero at Voc. Voc decrease because of force path in solar cell. This consequence 

the direct drop a line among the CIGS and AZO layer ensuing large band gap change and as a result 

with hammering of open circuit voltage. Short-circuit current density (Jsc) increases as compare through 

without ZnO film and among ZnO film less than 80 nm since enhanced mobility and advanced 

transmittance with visible area. Short-circuit current density (Jsc) decrease evenly with decrease in 

thickness of ZnO film greater than 80 nm outstanding to chain resistance of film. CIGS solar cell 

analogous performance has been experiential and fill factor is exaggerated through series and parallel 

resistance. When ZnO film width improved up and about 80 nm, it amplified fill factor of the cell due to 

parallel path configuration is prohibited. on the other hand, the fill factor decrease evenly as thickness of  

ZnO film has greater than before 120 nm with increase in solar cell  series resistance.  

 

Keywords- Thin-film, Photo Voltaic, exchange efficiency, transmittance, current density ,CIGS solar 

cell. 

 

1. INTRODUCTION 

 

II–VI semiconductor compound is ZnO having wide band gap around 3.3eV and having properties like 

high-quality precision, elevated electron mobility, and well-built room-temperature. ZnO has been 

considered outstanding to its admirable properties like optical, electrical, and structural, which be 

appropriate in favor of countless applications for eg. display panels,solar cells, and SAW devices. 
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Aluminum doped ZnO thin film are utilize for window layers in CuInXGa1−XSe2(CIGS) solar cells. 

CIGS is a striking substance used for solution process thin film solar cell since its budding used for 

large-area and economical production. The fabrication of CIGS thin films have been established by a 

variety of approaches. The CIGS band gap energy controlled through unreliable the composition of Ga 

in the thin film. The CIGS solar cell optical and electrical properties has been studied by depositing 

ZnO film among the TCO film and CdS film recover the routine of CIGS thin film solar cell. The ZnO 

film protect the fundamental thin film CdS and CIGS film adjacent to break particles having high 

energies throughout the authentication dispensation for the Al-doped ZnO (AZO) film as attractive 

granule expansion. It avoid escape current in solar cell. In this revision, it has been investigated 

appropriate structural, electrical, and optical properties of ZnO thin film by means of dissimilar 

thicknesses of CIGS solar cells. The optimistic circumstances of ZnO thin film in between CdS and Al-

doped ZnO film studied, and the association of the presentation parameter of CIGS thin-film solar cell 

by means of ZnO film depending on width has been considered, which definite the ZnO film width is 

the factors distressing the adaptation efficiency of CIGS solar cell. 

 

2. EXPERIMENTAL DETAILS 

For synthesis of the CIGS nanoparticles,0.6 moles of copper (II) chloride, 0.4 moles of Sodium tri 

acetoxyborohydride, Gallium nitrate,· 0.18 moles of water of crystallization and selenium powder of 1.2 

moles  were mixed with ethyleneglycol and hydrazinemonohydrate 98%.The mixture be stimulated by 

ultrasonic generator intended for 3 hours by 110 C. The combination was centrifuged and washed 

through deionized irrigate quite a lot of times and dehydrated at room temperature. The result was 

isolated in hydrazine hydrate toward coating CIGS as absorber layer. later than the CIGS film 

deposition done using pin coating technique, the thin film was heated with Se powder below  Ar into the 

heating system intended for 30 min under 500C. The CIGS is coated lying on the Mo coated soda lime 

glass with the thickness around 500nm and area was 2 cm×2 cm through a spin coating technique, after 

that the samples be dried out around 1 hour on 300C on the hot plate.The CIGS absorber film of around 

9 µm-thickness has been deposited by spin-coating process larger than numerous samples. A CdS film 

of around 50 nm thickness has been deposited using chemical bath deposition technique, after that, ZnO 

thin film has been deposited through magnetron-sputtering organization. The migration strain of 

sputtering chamber was maintain about 1×10−5 torr using turbo molecular pump. To attain thin films of 

ZnO through dissimilar thickness has been prepared on samples with changeable the deposition period. 

Figure 1 represents the sample which has been fabricated as CIGS thin film solar cell.The complete 

investigational circumstances used by the study have revealed in Table I.  

 

 
Figure 1. Thin film sample for CIGS solar cell 
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To make sure reproducible outcome, precise environmental and technological circumstances have to be 

meet. Samples should be positioned precisely at a fixed distance specified distance 8.5 cm  as of the 

light source to attain preferred irradiance, in general 1 Sun (1000 W/m²).Temperature is preferably 

conduct at 25°C. Light sources is used as Xenon Arc or LED be supposed to be twisted on at 

slightest 10 minutes prior toward measurement to make certain output. A four-probe configuration is 

used through source meters to reduce freeloading resistance and make sure high-precision statistics 

imprison. Solar simulators be based on how strongly they replicate natural sunlight .The procedure 

involves a solar simulator with a source measure unit Keithley 2400 given in Figure 2. Position the solar 

cell sample at the correct working distance from the light source and connect its terminals to the 

measurement unit (using a four-probe setup to minimize resistance issues). Turn on the solar simulator 

and allow it to stabilize (around 10 minutes for LEDs, up to 30 minutes for arc lamps). Use a calibrated 

reference solar cell to verify the light intensity is at the standard 1 Sun (1000 W/m²) and the temperature 

is at 25°C. Set the measurement software parameters, including sweep voltage range and step size. The 

system applies a range of voltages across the cell and measures the corresponding current at each point. 

Record the resulting I-V (current-voltage) and P-V (power-voltage) curves. Solar cell samples using a 

solar simulator which follow standardized protocols to ensure reproducible data for efficiency, 

resistance, and mobility. Switch on the solar simulator at least 15–30 minutes before testing to ensure 

the light source Xenon or LED reaches stable irradiance. Solar cell surface is free of dust or fingerprints 

using isopropyl alcohol and a lint-free wipe. Four-probe setup to connect the cell to the Source Measure 

Unit to eliminate lead resistance errors. Electric parameter measurement for solar cell has been observed 

using solar simulator given in Table II. be useful for evaluate the VI characteristics of solar cell. 

Imperative parameters of solar cell as fill factor, short circuit current, and open circuit voltage can be 

calculated. Solar simulator provides standardized data on the electrical and thermal performance of 

samples, primarily photovoltaic (PV) cells and modules. The primary output of a solar simulator is the 

Current-Voltage (I-V) Curve, which determines the following parameters: Short-Circuit Current (Isc): 

The maximum current produced when the voltage across the device is zero. Open-Circuit Voltage 

(Voc): Maximum Power Point (Pmax): The point on the I-V curve where the product of current and 

voltage is at its maximum. The maximum voltage when no current is flowing. Fill Factor (FF): The ratio 

of actual maximum power to the theoretical maximum indicating the cell's quality. Conversion 

Efficiency (𝜂): The percentage of incident light energy converted into electrical power. 

                                                                                                                                       

 

                                                                               Table 

I. investigational Conditions. 

 

Target ZnO (99.99%) 

Target-substrate distance                                   50mm 

Substrate temperature                                       RT 

Working pressure 5×10−3torr 

R F power                                    100W 

Film thickness 40,80,120nm 
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Figure 2. Solar simulator setup for source measure unit Keithley 2400 

Table II. Electric parameter Conditions 

 

 

 

 

 

 

 

 

 

 

3. RESULTS AND DISCUSSION 

 

Thicknesses are established all the way through dimensions of carrier concentration, charge mobility, 

and thin film resistivity represented in Figure 3. The all samples have related carrier concentration, 

though, ZnO film thickness increase among the mobility. Figure 3(b) show dissimilarity in resistivity 

through growing thickness of ZnO film. ZnO film thickness amplifies 40nm to 120 nm. Resistivity 

decrease starting 12.9 just before 3.04 Ω cm.The resistivity variation is appropriate to change in 

concentration of carrier with and thin film mobility. The resistivity depends on the carrier mobility and 

concentration as shown in the following formula, ρ=1/(Nµe),here ρ represents resistivity, carrier 

concentration represented by N, mobility is µ, and electron charge is e. The results disclose that 

resistivity thin films mostly exaggerated in the mobility fairly as compare to concentration of charge 

carriers since it is experiential as approximately invariable apart from of the thickness of film given in 

Figure 3(a). A solar cell's performance is characterized by its I-V Current-Voltage shown in Figure 4. 

Parameter  

 

Typical Value 

(under STC) 

Irradiance 1000 W/m2(1 

Sun) 

Cell Temperature 25 Degree 

Celsius 

Short-Circuit Current (Isc) 36mA/cm2 

Open-Circuit Voltage (Voc) 0.70 

Fill Factor (FF) 0.80 

Conversion Efficiency 

(ηeta) 

17% 
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Figure 3. ZnO thin films for different thickness (a) Concentration of charge carriers with mobility (b) 

resistivity as function of thickness 

Figure 4. A solar cell's performance is V-I  characterized curves. 

 

Table III. Performance parameters of thicknesses variation ZnO film CIGS solar cells. 

 

Thickness CE(%) Voc(V) Jsc(mA/cm2) Fill 

Factor 

(%) 

W/O  ZnO 0.35 0.245 5.62 26.98 

40 nm 0.41 0.249 6.29 26.60 

80 nm 1.48 0.265 18.75 30.35 

120 nm 1.29 0.268 17.09 28.29 

 

 

Figure 5. CIGS solar cells J–V characteristics for ZnO film thicknesses. 

for 80 nm curve has the highest Fill Factor 30.35% which means it maintains a higher current as the 

voltage increases before dropping toward zero at Voc, this "squarer" curve indicates lower series 

resistance and higher quality charge extraction. The total area under the J-V curve corresponds to the 

power produced. The 80 nm sample provides the largest area, resulting in the peak efficiency 

of 1.48%. Short-Circuit Point JSC: Where each curve intersects the y-axis (V=0). The 80 nm curve starts 
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significantly higher than the others, indicating superior light-harvesting or charge collection. Open-

Circuit Point (Voc): Where each curve intersects the x-axis (J=0). The Voc values are relatively similar 

across all samples (0.245 to 0.268V) but the 120 nm sample provides the highest potential.This 

indicates lower internal resistance and better diode behavior compared to the more slanted curves of the 

thinner samples. Normally, the CdS layer having thickness 50 nm deposit on uneven CIGS surface 

might be converted into non uniform leaving a little remote regions somewhere CdS layer don’t wrap 

CIGS surface. The affiliation among presentation with thickness of ZnO layer of CIGS solar cell given 

in Figure 5 with Table III., CIGS solar cell have obtained its maximum efficiency with ZnO film having 

thickness about 80 nm. J–V Characteristics shown in Figure 5 of CIGS solar cells ZnO film is greater 

than 40 nm, in this open-circuit voltage (Voc) become approximately steady. Dissimilarity, for 

thickness 80 nm, Voc decrease because of force path in solar cell. This consequence the direct drop a 

line among the CIGS and AZO layer ensuing large band gap change and as a result with hammering of 

open circuit voltage. Short-circuit current density (Jsc) increases as compare through without ZnO film 

and among ZnO film less than 80 nm since enhanced mobility and advanced transmittance with visible 

area. Short-circuit current density (Jsc) decrease evenly with decrease in thickness of ZnO film greater 

than 80 nm outstanding to chain resistance of film. CIGS solar cell analogous performance has been 

experiential and fill factor is exaggerated through series and parallel resistance. When ZnO film width 

improved up and about 80 nm, it amplified fill factor of the cell due to parallel path configuration is 

prohibited. on the other hand, the fill factor decrease evenly as thickness of  ZnO film has greater than 

before 120 nm with increase in solar cell  series resistance.  

 

4. CONCLUSION 

 

The CIGS solar cell performances have been investigated with various thickness of the ZnO film. The 

ZnO films have studied electrical properties such as that show that thin film thickness affects solar cell 

efficiency and parameters. A variety of parameters of performance Open circuit voltage (Voc), the 

short-circuit current density (Jsc), and fill factor varies by dissimilar ZnO thickness of films. In this 

work the short-circuit current density (Jsc) largely depend lying on ZnO thickness. For ZnO thin film 

thickness 80 nm, solar cell maximum power adaptation efficiency has been achieve by Jsc 18.73 

mA/cm2. The results indicate the result of shunt path created connecting CdS/CIGS and AZO 

concentrated through ZnO layer on CdS which is depend on thin film thickness. 
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