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ABSTRACT: In this work, CuInSe nanoparticles were effectively produced using the nanometric 

technique in this study. The XRD diffraction results showed that it has a monoclinic structure 

and a hexagonal phase. The expansion of the XRD line of CuInSe is due to the small crystal size. 

However, with a large number of grid ratios determined by the comparison. The FESEM images 

confirmed the Se configurations of the agglomerated and circular rectangular nanoparticles. 

According to the optical properties, it is found that the best energy gap is eV. 1.25 ev ... which 

helps the thermoelectric performance of materials or sorbents in solar cell applications. 

KEYWORD : Hydrothermal Technique , optical properties , electric properties , XRD . 

 

I. INTRODUCTION 

  Thin film solar cells are considered one of the alternative low-cost solar cells, they have been 

widely used to convert light energy into electrical energy
 (1)

. The quantum confinement effect in 

nanostructures has sparked interest in a variety of applications. Semiconductor nanoparticles 

(with a diameter of less than 10 nm and unique size-dependent physical properties) have been 

studied extensively during the last few decades. The interesting optical features of semiconductor 

nanoparticles have positioned them as unavoidable energy sources in the future. Photocatalysis, 

photovoltaics, sensors, photodetectors, and other applications of semiconductor nanoparticles are 

all being investigated
(2)

. In recent decades, renewable energies have emerged as a critical 

component of electricity generation. Although photovoltaics provide a substantial contribution to 

this sector, One of the most difficult aspects of maintaining competitive with fossil fuels is 

lowering costs 
(3)

. The energy level fluctuates from day to day demand exceeds the pace of 

growth's upper limit approaches a critical level. The energy used to build new systems is more 

than the energy transferred to that location by those systems
(4)

. Land-based photovoltaic (PV) 

systems generate electricity based PV panel conversion efficiency depends on the area covered 

by the panels , and sun radiation. PV-generated electricity must contribute significantly to global 

electricity consumption to have a significant environmental impact. This is only possible if the 

PV panels are dispersed over a large area. Given a PV panel's lifetime, which is more than 20 

years
(5)

. Ternary and quaternary based chalcogenides have been attracted tremendous scientific 

and technological interest towards the development of thin film solar cell because of its high 

absorption coefficient and long mean free path of the charge carriers From chalcogenide family 

CISe based materials are widely used as absorber for photovoltaic application since its direct 
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band gap can be tailored from 1.04 eV to 1.68 eV upon the addition of sulfur and/or gallium
(6)

. 

The selenium-based thin-film solar cells achieve maximum efficiency amongst the most efficient 

thin-film solar cells , All these chalcogenide based materials possess bandgap in the range of Eg 

= 1.1–1.7 eV and high absorption coefficients of ~ 104 cm
− 1 (7)

. Nevertheless, the optical 

analysis of thin-film solar cell materials using spectroscopic ellipsometry (SE) has been rather 

difficult due to large roughness of samples
(8)

.  

By using CISe nanoparticles with fixed composition and crystalline structures, high temperature 

selenization processes under a selenium or H2Se environment can be minimized or even 

eliminated. Furthermore, the composition of the printed film can be easily controlled on all 

scales by controlling the composition of the nanoparticles. Several techniques have been reported 

for the synthesis of CISe and related nanoparticles, such as solvotherma
(9)

. In the family of 

multicomponent chalcogenide semiconductors,significant attention has been given to ternary 

CuInSe2 (CISe), apromising PV absorber material for thin film solar cells
(10)

. 

 II. MATERIAL AND METHODS 

Preparation : CISe porous structures synthesized by the hydrothermal method. In a typical, the 

usually  prepared solution prepared by dissolving 0.2928 g of Indium chloride in 10 mL DMF 

water  under magnetic stirring for 10 min to get a clear. (2,4,6) wt% selenium (Se) and 10 mL 

DMF were added to achieve better NaBH4 . Here the adding DMF can be used as a precipitant as 

well as a medium to help the product achieve the proper shape., a transparent black solution with 

foam obtained, These solutions were placed in a Teflon-lined stainless steel autoclave with a 

capacity of 100 mL , which was filled to about half capacity with distilled water. kept at 180°C 

for 6 hours and then cooled to ambient temperature. To neutralize the solution, the CuInSex Thin 

films were rinsed three times with distilled water and ethanol, and the surrounding water in the 

product was removed by drying for one hour at 60 degrees Celsius in air.. The technique was 

performed under comparable conditions to observe the effect of selenum (Se ). Finally, the 

crystal structure, morphology, and optical characteristics will be investigated. CISe was the name 

of the final product without Se, while CuInSex was the name of the product containing Se. 

Characterization Details : Continuous scan mode is used to get the X-ray diffraction line 

profile data (2 = 10-80) with CuK  (= 1.5406 A) room-temperature radiation using an X'Pert 

PRO (PAN analytical) in the Bragg–Brentano diffractometer  par focusing the arrangement ( /2  

geometry) (25 C
o
). The electrons emitted from the cathode filament were driven towards the 

anode plate using a 40 kV voltage and 30 mA filament current (Cu). The optics of the diffraction 

beam  include Solar slit of 0.04 rad, a fixed diverging slit (0.8709 slit size), a receiving slit with a 

diameter of 0.100 mm and a scintillator detector To decrease the instrumental contribution to line 

broadening in XRD , the samples are scanned with a constant step of 0.05 deg of 2  and a 

constant counting time of 1.5sec at each level. Under vacuum, field emission scanning electron 

microscopy was used to analyze particle size and shape (FESEM). Energy dispersive Xray 

spectroscopy is installed (EDAX). Heat evaporation is used to join aluminum electrodes using 

the Edward coating unit and an appropriate mask placed on the CISe's surface. High conductivity 

silver was used to make connections between the aluminum and a few copper wires. Rotation at 

roughly 90 degrees formed a stainless steel evacuated closed chamber with a regulated hot plate 
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(10-12 mbar). A multi-pin feed through at the chamber's base provides electrical connections to 

the heater, thermocouple, and sensor electrodes. The sample was placed on the heater, and the 

electrical resistance of the sensor was measured with a multimeter.  

 

III. RESULTS AND DISCUSSION 

 Figure 1 displays the XRD pattern in structural analyses for pure CISe  and CISex mixed thin  

films prepared at (2, 4 ,6) % wt Se content by hydrothermal method. As seen in Figure 1, all 

diffraction peaks of CISe are assigned well to the monoclinic structure of a tenorite system. The 

major peaks are observed for (A) at (2θ = 26.2184
o
, 27.9058

o
, 29.6948

o
, 31.7103

o
, 39.0926

o
, 

41.2145
o
, 45.1799

o
, 45.5945

o
, 51.2987

o
, 56.5742

o
) attributed to the (106) , (110) , (104) , (112) , 

(106) , (207) , (213) , (116) , (218) , (2014) planes for a tetrahadrite  structure . Showing a 

hexagonal-phase CISe3 formation, which is in agreement with JCDS card No: 00-035-1150, 00-

034-1313. The major peaks are observed for (B) at (2θ = 21.532O, 25.4785o
, 26.4767

o
, 26.6866

o
, 

28.8576
o
, 29.8898

o
, 31.3182

o
, 33.5637

o
, 36.1696

o
, 38.6949

o
, 39.4017

o
, 44.75

o
) attributed to the 

(009) , (411) , (271) , (290) , (0012) , (116) , (114) , (1112) , (213)  planes for a tetrahadrite  

structure . Showing a hexagonal-phase CISe formation, which is in agreement with JCDS card 

No: 00-035-1150, 00-040-00670. and The major peaks are observed for (C) at (2θ = 22.6656o
, 

24.9555
o
, 26.5535

o
, 28.7065

o
, 30.0079

o
, 32.0714

o
, 36.1312

o
, 39.5437

o
, 43.9885

o
, 51.7302

o
) 

attributed to the (112) , (403) , (510) , (114) , (116) , (203) , (703) , (500) , (752) , (905) planes 

for a tetrahadrite  structure . Showing a hexagonal-phase CISe formation, which is in agreement 

with JCDS card No: 00-035-1150, 03-065-4652.   Also, the hexagonal structure of In , The three 

patterns show a Tetragonal structure. The pattern for pure sample shows low crystalline, the 

second and  third pattern at (2,4,6 ) % wt. Se shows an increase in the intensity of X-ray 

diffraction peaks, indicating improved crystalline and a larger number of peaks. At half 

maximum, the Indium oxide peaks appear to be narrower, indicating that  the indium oxide 

crystalline size is growing at this ratio. It's possible that the increased At this ratio, the crystalline 

size is due to the CuInSex-1 additive's catalysis, which promotes crystal development. In X-ray 

diffraction, the broadening of the peaks indicates that the size is in the nano range. The Scherer 

method can be used to estimate the grain size of the particles. It is still used to figure out what 

the "apparent" domain is widths physical broadening crest  profiles since it is a very simple 

expression.  
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Figure 1: XRD patterns of (A) CISe3, (B) CISe2, and (C) CISe nanoparticles were deposited on 

glass surfaces using a hydrothermal technique and then annealed at 180 degrees Celsius. 

The mean effect size of the coherently scattering region normal to the reflecting planes is used to 

determine the crystallite size in this method. The following formula is used to compute the 

Scherer relationship between crystallite size and integral breadth
 (11)

:              

         ,                                                                                           (1) 

  Where L is the appropriate crystallite size in relation to the reflecting plane, K is the form factor 

(0.9), k is the wavelength of CuK  the rays, Bd is the width of a specific peak's integral, and  is 

the angle of diffraction Size broadening is independent of the order of a reflection, according to 

Eq. (1). The following equation can be used to calculate the density of dislocation ( ), which The 

length of dislocation lines per unit volume of the crystal is defined as  :                                           

                                                                                             (2) 
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Table 1 .Structural parameters, interplanar spacing, crystalline size of pure nanoparticles 

CuInSe@ (2%) Se 

Sample 2  FWH

M [
O
] 

β(rad) hkl dhkl(A

) 

Scherrer method standar

d card Lsh(nm)          (nm)
-2 

 26.218

4 

0.96 0.0167

47 

106 2.19   

54.514 0.000336 

 

27.905

8 

0.90 0.0157

00 

110 2.01 

43.986 0.000517 

29.694

8 

0.72 0.0125

60 

104 1.978 

28.525 0.001229 

31.710

3 

1.02 0.0177

93 

112 1.851 

66.371  0.000227 

39.092

6 

0.72 0.0125

60 

106 1.459 

49.002 

0.000416 

41.214

5 

0.96 0.0167

47 

207 1.401 

55.508 0.000325 

45.179

9 

0.48 0.0083

73 

213 1.258 

12.223 0.006693 

45.594 0.84 0.0146

53 

116 1.255 

62.661 0.000255 

51.298

7 

1.14 0.0198

87 

218 1.105   

41.541 0.000579 

56.574

2 

1.20 0.0209

33 

201

4 

0.999 

43.892 0.000519 

 

Table 2 .Structural parameters, interplanar spacing, crystalline size of pure nanoparticles 

CuInSe@ (4%) Se 

Sample 2  FWHM 

[
O
] 

β(rad) hkl dhkl(A) Scherrer method standard 

card Lsh(nm)         (nm)
-2

 

 21.532 0.0984 0.001717 009 2.7717 81.4306 0.00015081  

25.4785 0.0984 0.001717 411 2.3181 73.8529 0.00015297 

26.4767 0.3936 0.006866 271 2.1660 65.1727 0.00245732 

26.6866 0.1476 0.002575 290 2.0788 53.7704 0.00034587 

31.3182 0.1968 0.003433 0012 1.8030 39.9084 0.00062787 

33.5637 0.0984 0.001717  1.7250 79.3645 0.00015872 

36.1696 0.2460 0.004291 116 1.5846 31.5194 0.00100657 

38.6949 0.1800 0.003140 114 1.4416 42.7561 0.00054702 

39.4017 0.1800 0.003140 1112 1.4416 42.6627 0.00054942 

44.75 0.1200 0.002093 213 1.2861 62.8553 0.00025311 

00

-

03

5-

11

50       

00

-

03

4-

00-

03

5-

11

50    

00-

04

0-

06
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Table 3 .Structural parameters, interplanar spacing, crystalline size of pure nanoparticles 

CuInSe@ (6%) Se 

Sample 2  FWHM 

[
O
] 

β(rad) hkl dhkl(A) Scherrer method standard 

card Lsh(nm)           (nm)
-

2
 

 22.6656 0.72 0.01256 112 2.642 21.1791 0.002229  

24.9555 0.30 0.00523 403 2.320 26.5464 0.001419 

26.5535 1.20 0.02093 510 2.260 66.1561 0.000228 

28.7065 0.66 0.01151 114 2.015 31.9187 0.000982 

30.0079 1.08 0.01884 116 1.910 72.9505 0.000188 

32.0714 0.78 0.01360 203 1.792 24.0862 0.001724 

36.1312 0.96  

0.01674 

703 1.517 

80.7775 0.000153 

39.5437 1.08 0.01884 500 1.440 71.0730 0.000198 

43.9885 0.60 0.01046 752 1.305 12.6052 0.006294 

51.7302 1.08 0.01884 905 1.124 67.9593 0.000217 

  

IV.FESEM Analysis 

FESEM (field emission scanning microscopy) is a flexible tool for examining material 

morphology. A tetahedrite CulnSe structure generated by hydrothermal technique is 

micrographed nanoparticles (180C
o
). 

 

A B 

00
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Figer 2 . FESEM imeges of CulnSe nanoparticles synthesized hydrothermal method and 

annealing at 180c
o
 (A ,C and E) surface morphology (A , C and E) hight – resolution image . (B 

,D and F) EDX analysis of CulnSe nanoparticles 

It offers uniform size distribution with agglomerates , rectangle like structure which in size 

below 29.74nm were observed . It also confirms that the particles are in the order of nano size. 

The detailed microstructure of the nanoparticles was further investigated using EDS techniques. 

EDS analysis of the CulnSe hexahedral nanoparticles as shown in Fig.2 (B ,D and F). Two peaks 

corresponding to the copper (Cu) peak are observed. located at about 0.9,8 and 8.9 Kev 

corresponding to L  and K∝, K  transitions, respectively. Where are indeum (In) peak appeared 

at about 3.3 & 3.5 Kev reaching to L∝ and Kβtransitions, selenum (Se) peak occurred at about 
1.4 Kev corresponding to L∝ transitions. In addition to height, they were checking the glass 

substrate, especially for (PEG), and (Na) peaks. The application attached to the examination 

gadget determined the weight percentage ratio and atomic percentage. 

 

V. Optical Qualities 

The film's optical absorption was measured using UV-Vis absorbance spectra in terms of 

wavelengths (300-1200) nm at ambient temperature, in the visible area and near the infrared 

region of the electron 2enetic spectrum. Figure 3 demonstrates that the optical absorbance value 

drops as the wavelength increases. Cu In & Se Film optical absorption coeflicient ( ) vs photon 

energy (hv). The prepared thin film looked to have a light value of > 10* cm-1. This indicates 

that straight truncations are permitted. The tuce formale can be used to compute the bandgap 

energy (Eg).:  

C 

D 

E F 
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(3) 

                                                                                                                                    

(4) 

(hv) represents the photon energy
(12),

 while ( ) represents the absorption coefficient. The 

bandgap energy is (Eg). (CuInSe) has a permitted direct transitions of gap in the optical band 

(r=2) and (r) is a numerical value that denotes the period of transition type, with (r) representing 

2 for direct transitions and (r) indicating 1 for indirect transitions. The variation of ( hv) versus 

(hv) for the (CuInSe) thin film is shown in Figure 3.    

          

 
Figer 3 UV-VIS spectra were used to determine the optical characteristics of the three CuInSe 

nanoparticles (A, B, and C) as well as the energy gap. 

The bandgap energy (Eg) is about A (1.5 ev); B ( 1.6 ev) ; and C ( 2.2 ev)   the best and near is B 

for solar cell and photovoltaic applications and thermoelectric materials devices. 

 

VI. The influence of the Hall 

   The Hall effect is defined as the generation of a a voltage difference across an electrical 

conductor (the Hall voltage) that is perpendicular to the applied magnetic field and transverse to 

the current. Edwin Hall is a well-known author  It was initially discovered in 1879.. When the 

specimen is put in the presence of a magnet that is perpendicular to the current flow direction, an 

electric field EY develops across the specimen in a direction that is perpendicular to both the 

magnetic field and the current.  Hall field is the name of this field. The Hall coefficient      ( RH ) 

A B 

C 
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is calculated by introducing a perpendicular magnetic field B to the electric field, resulting in a 

current ( I ). The Hall coefficient is obtained by applying a transverse electric voltage, known as 

Hall voltage ( VH ), across the sample ( RH ) 
(13)

 . 

                     RH = 1/nq                                                             ……... (5)                                                                
 The carrier density is related to the Hall voltage by the equation below, where q is the electron 

charge and n is the carrier density
(14)

                                                                 

                    
HV

I

qt

B
n *                                                                                                           …... 

(6) 

Where: t   a measure of the film's thickness. And   the  mobility   of  carriers   μe  or  μh   depends   

on the   kind  of  the  carrier, so for electron or hole , μ e,h   is  calculated   by
(15)

  :                                     

                  
he

he

HR
,

,




                                                                                                            .…..... 

(7)                                                        

Where                                                                                           

                    hehe nq ,,                                                                                                     …….... 
(8)                                                          

The sign of Hall coefficient   (RH) determines the   type   of semiconductor    under   

investigation.    

                       
 

 

Fig(4  ) The graph shows (A) Variation of carrier concentration (n) with a dopant ratio of 

Se@(2,4 and 6)%wt. CuInSex thin films at temperature 180˚C. (B) Variation of Mobility (uH) 
with the dopant ratio of Se@(2,4, and 6)%wt. CuInSeX thin films at temperature 180˚C. 
Hall measurements show that all of these thin films have positive Hall modulus (p-type charge 

carriers). He. She It is attributed to the following two reasons
(16) 

n 

(c

m
-

3
) 

CuInSe % 

(c

m
2
V

-1
s

-

1
) 

CuInSe % 
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1- The number of electrons is exciting above the conduction bands is larger than the number of 

holes is stimulating below the valance band. 

2- The lifetime of free electrons is boosting from a negative defect state is higher than the 

lifetime of negative defect state free holes is exciting from a positive defect state 

CuInSex % RH (cm
-3

C
-1

)  (o.cm)
-1

 n (cm
-3

) (cm
2
V

-1
s

-1
) 

2 9.75E+03 1.77E+00 6.40E+14 1.72E+04 

4 3.19E+03 1.67E+00 1.95E+15 5.33E+03 

6 1.96E+03 1.73E+00 3.18E+15 3.39E+03 

Table ( 4 ) The result of Hall experiment for CuInSe thin films 

 The structure of the thin film was changed upon addition of Se, As a result, it could be 

inextricably connected to a growth in size of a very thin film grains, whereas in C1, the 

conductivity decreases with an increase in C. This behavior can be explained according to what 

is given in ref 
(17)

, that the structure of the thin film was changed to reduce the volume of Grain 

and increase the barrier potential of the inner grains making capture vectors change in grain 

wrapping then increase dispersion. The film gives p-type conductivity up to C3, and one 

concludes that these machines are lattice dispersion and grain boundary dispersion and the effect 

of impurity dispersion on the mobility of thin films. 

 

VII..Conclusion 

CuInSe nanoparticles were effectively produced using a nano metria technique in this study The 

XRD diffraction results show that it has a monoclinic  structure and hexagonal-phase. The 

expansion of the XRD line for CuInSe is due to the small crystal size. However, with a large 

number of retinal ancestry determined by the comparative . FESEM images confirmed the 

formations of the Se from the agglomerated rectangular nanoparticles and circular . According to 

the optical characteristics, it was found that the energy gap of each A. B and C is 1.5 ev. 1.25 ev 

and 1.4 ev ... which aids the thermoelectric performance of materials or sorbents in solar cell 

applications. 
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