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The present work investigates the simple and inexpensive chemical route for the fabrication of zinc selenide (ZnSe) nanocrystalline thin 

film for photosensing application. This study involved the systematic study of optical, structural, surface morphological characteristics as 

well as electron kinetics of the proposed ZnSe thin films with respect to the deposition time. The comprehensive analysis clearly revealed 

the formation of polycrystalline ZnSe thin film with enhancing the absorption of light in the visible region with respect to deposition time. 

Furthermore, the potential of the as-deposited ZnSe nanocrystalline thin film utilized for the photodetection in the visible region of the 

solar spectrum. The photodetection performance of the device was thoroughly analyzed through J-V characteristics, which clearly 

demonstrated that the performance of device is significantly influenced by the deposition time during chemical bath deposition. Optical 

analysis yielded similar results, with optical parameters such as optical conductivity and extinction coefficient exhibiting comparable 

trends. Remarkably, the device deposited for 3 h showed excellent photodetection performance, achieving detectivity and sensitivity value 

of 4.72 × 1011 Jones and 9.12, respectively. 
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INTRODUCTION 

 Rapid technological progress and the growing demand for 

efficient photovoltaic and optoelectronic devices underscore 

the need for continued materials research. Efforts should focus 

on identifying novel materials or improving existing ones by 

optimizing synthesis and post-treatment processes. Group I–VI 

compounds currently play a major role in these technologies 

due to their favourable physical and electronic properties, 

including wide band gaps, high transmittance and strong lumi-

nescence [1,2]. ZnSe has been gaining more and more interest 

among semiconductor chalcogenide, due to its enormous band 

gap of 2.71 eV at room temperatures [3], its abundant vibrant 

binding energy of (21 MeV) [4], minimal resistivity [5], strong 

luminescence efficiency [6] and remarkable photosensitivity 

[7] which make it a promising nominee for use in infrared 

detectors, photo-resistors, solar cells, optics, photovoltaics, 

photo-electronics and optoelectronics devices [8-13]. It is 

effectively utilized in thin transistors, laser screens [6], opti-
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cally controlled switches, white light emitting diodes [14], 

dielectric mirrors and high infrared laser lenses [15]. Further-

more ZnSe is also thought to be a substitutional material emp-

loyed as a buffer layer in the creation of highly effective solar 

cells using Cd-free thin films [16], since it is less hazardous 

and environmentally friendly [17].  

 In last decades, synthesis of ZnSe has been reported by 

using various depositions methods such as wet chemical 

method [18], thermal evaporation [19], sol-gel [20], pulsed 

laser deposition [21], solvothermal [22,23], atomic layer depo-

sition [24], electrochemical deposition [25], spray pyrolysis 

[26], electrons beam evaporation [27], chemical vapour depo-

sition (CVD) [28], solution growth techniques (SGT) [7], 

hydrothermal [29,30], successive ionic layer adsorption and 

reaction (SILAR) [31,32], photo-assisted chemical bath depo-

sition (PCBD) [33]. Recently, another novel approach known 

as chemical bath deposition (CBD) has been employed for 

deposition ZnSe thin film in an aqueous solution [34-37].  
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 The present research successfully demonstrates the use of 

nanocrystalline ZnSe thin films for photodetection applica-

tions. A simple and cost-effective chemical route, namely 

chemical bath deposition (CBD), was employed to prepare 

ZnSe thin films in an alkaline solution. The structural, optical, 

and surface morphological properties, along with the 

influence of deposition time on these characteristics, are sys-

tematically discussed. Finally, the photodetection potential of 

the FTO/ZnSe/Ag device is evaluated, and the effect of deposi-

tion time on the device-grade performance is comparatively 

analyzed. 

EXPERIMENTAL 

 All chemicals used were of analytical reagent (AR) grade 

and did not require any further purification. Zinc sulphate 

hepta-hydrate (ZnSO4·7H2O) (Merck), hydrazine hydrate 

(80%, N2H5OH), liquid ammonia, selenium powder (Se) (all 

from Loba chemie) and sodium sulphite (Na2SO3) (Merck) 

were used for the depositions of ZnSe thin films. 

 Substrate cleaning: A corning microscope fluorine-

doped tin oxide (FTO)–coated conductive glass substrate with 

a sheet resistance of 15 /cm2 and an optical transmittance 

above 80% was employed for the deposition of nanocrysta-

lline ZnSe thin films. This substrate was used to investigate 

the structural and optical characteristics of the films and to 

analyse their potential for photovoltaic performance. The FTO 

coated glass substrate were cleaned by using slandered process 

[38,39]. Initially, FTO coated glass substrate was cleaned in 

dilute HCl for 5 min, then ultrasonicated in soap solution for 

15 min and rinsed in deionized water for 20 min. Without curing 

FTO coated glass film were further dipped in isopropyl alcohol 

for 10 min. Finally, the FTO coated glass films were rinsed 

well in deionized water and then kept in ultrasonic bath with 

deionized water for 15 min, dried in air and retain in an air-

tight sealed container shortly before the deposition of the thin 

film. 

 Preparation of nanocrystalline ZnSe thin film: The 

facile chemical route employed in this work is the chemical 

bath deposition (CBD) technique, an advantageous method 

due to its simplicity, low cost and minimal instrumentation 

requirements. This technique was used for the growth of ZnSe 

nanoparticles on FTO-coated conductive glass substrates [40]. 

The incorporation of impurities is minimized in this method, 

making it more advantageous than other techniques. It enables 

the deposition of multi-component chalcogenide thin films 

across a broad stoichiometric range and offers high reprod-

ucibility. 

 In order to fabricate the nanocrystalline ZnSe thin films, 

zinc sulphate, selenium powder, sodium sulphite, hydrazine 

hydrate and liquid ammonia were taken as initial precursors.  

A freshly prepared 0.2 M ZnSO4 solution was mixed with 1.3 

mL of hydrazine hydrate and 1.8 mL of liquid NH3, resulting 

in a pH of approximately 11 and served as Zn2+ ion source. 

The freshly prepared sodium selenosulphite (Na2SeSO3), as 

a source for Se2– ions, was also prepared [40]. To prepare 

nanocrystalline ZnSe thin films, the positively charged and 

negatively charged precursors were combined in equal 

volumes in a beaker, the reaction bath was filled with 10 mL 

of 0.2 M ZnSO4, 1.3 mL of hydrazine hydrate, 25% NH4OH 

aqueous and 10 mL of freshly prepared Na2SeSO3 solution in 

a 25 mL beaker. Then, the FTO-coated conductive glass sub-

strate was immersed in the beaker with its conductive surface 

facing the precursor solution. During deposition, hydrazine 

hydrate and ammonia acted as chelating agents, binding Zn2+ 

ions and controlling the precipitation rate for ZnSe film form-

ation. Selenium ions (Se2−) were supplied by sodium selenium 

sulphite. The deposition was carried out at 65 ºC for varying 

time period of 1, 2 and 3 h. After deposition, the substrates 

were removed, rinsed several times with deionized water to 

eliminate surface impurities and loosely bound species, and 

then air-dried. The resulting films exhibited a yellowish-red 

colour, adhered well to the substrate and were uniformly 

distributed across the surface. 

 Device fabrication: In order to build a device a silver 

(Ag) contacts was embedded on ZnSe thin film fabricated on 

the FTO decorated conductive glass by employing silver 

paste. A low-cost visible-light photodetector based on ZnSe 

was formed by applying silver contacts by using of Ag paste 

on ZnSe/FTO structure. In order to explore the photo-cond-

uctive and photo-detecting qualities, the device is light up by 

employing an incandescent lightbulb.  

 Characterization: The structural investigation of as-

synthesized ZnSe thin film was studied with X-ray diffracto-

meter (XRD) in the range of 20º to 80º. UV-Vis spectro-

photometer (Shimadzu Models-1601) was employed to capture 

optical absorption spectra in the wavelength range of 300 to 

800 nm. The surface morphological exploration was evidenced 

by the Hitachi S-4800 models of field emission scanning 

electron microscopy (FE-SEM). Energy dispersive X-rays 

spectroscopy (EDS) conjugation with FE-SEM instrument emp-

loyed for the elemental compositional examination. The 

photovoltaic accurate measurements were performed in mimic 

sun light of intensity 100 mW/cm2 using solar simulators 

(Tektronix, models Keithaly 4200A-SCS-PKA high resolu-

tions IV). 

RESULTS AND DISCUSSION 

  Structural studies: The structural properties of the as-

synthesized ZnSe thin film were examined using X-ray 

diffraction (XRD) in the 2θ range of 20-80º for ZnSe thin films 

deposited via chemical bath deposition at different deposition 

times. Fig. 1 depicts the XRD peaks for as-synthesized ZnSe 

thin film with diffraction peak 2θ = 38.26º indexed to hexa-

gonal crystal structure along with the (102) lattice plane 

(JCPDS card no. # 80-0008), which is expected to beneficial 

for photoconversion devices. Moreover, some minor peaks 

are also emerged at 29.33º, 45.70º, 49.68º, 56.55º and 60.51º, 

which are attributes to (101), (110), (103), (004) and (202) 

crystal planes, respectively indicating similar crystalline arran-

gements and phase. The appearance of fluorine doped tin oxide 

(FTO) has been proven by the extra diffraction peaks appeared 

at 26.40º, 43.06º and 51.56º with orientations along (221), 

(322) and (106) correspondingly [JCPDS card No. 82-2194]. 

The XRD findings have firmly confirm the fabrication of 

ZnSe thin film incorporated on FTO decorated glass substrate 

by CBD approach. 
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Fig. 1. X-ray diffraction patterns illustrating the crystallographic features 

of ZnSe for different deposition time 

 

 In particular, the size of crystallites (D) of ZnSe can be 

discover by applying Debye-Scherer’s equations at an angle 

38.26º.  

  
k

D
cos


=
 

 (1) 

where k is shape factor (0.9); λ is the wavelengths of X-rays 

(λ = 1.54056 Å); β is the full width at half of the peaks maxi-

mum in radians; and θ is the Bragg’s angles. For as-deposited 

ZnSe the crystallite size was found to be ~86 nm.  

 Optical studies: The light harvesting ability of ZnSe tin 

films was incorporated by accruing optical absorption spectra 

in the 300 to 800 nm wavelengths region of the incident lights. 

Fig. 2a-b represent the typical optical transmittance and 

absorption spectra of ZnSe nanocrystalline thin films at 1 h, 

2 h and 3 h deposition time. As depicted in Fig. 2a for all 

ZnSe samples, transmittance increases as a function of wave-

length throughout the visible region and reaches an average 

values in the range from 20% to 58% for different deposition 

time. It is observed that the % transmittance decreases with 

increasing deposition time due to the formation of more nano-

structured ZnSe films covering a larger portion of the subs-

trate, resulting in thicker and more opaque films [6,41]. The 

absorption spectra of ZnSe thin films (Fig. 2b) show a signi-

ficant enhancement in absorption in the lower wavelength 

(UV) region. These results suggest its potential as a window 

layer in solar conversion devices. Moreover, the increased light-

harvesting ability in the visible range with longer deposition 

times is associated with enhanced generation of electron–hole 

pairs in the FTO/ZnSe structure, which is favourable for solar 

cell applications. The observed red shift in the absorption edge 

may be attributed to particle coalescence, where small nano-

particles aggregate into larger ones as deposition time 

increases during CBD. It is possible to obtain optical constant 

including absorption coefficient (), extinction coefficient 

(k), refractive index (n) and optical conductivity (opt) 

relating to materials by analysing transmission, absorbance 

and reflectance data [42]. A coefficient of absorption was 

computed by using eqn. 2 [43,44]: 

  
1 1

ln
d T

 
 =  

 
  (2) 

where the thickness (d) were obtain using cross-sectional 

analysis and found to be 510 nm, 691 nm and 832 nm for 1 h, 

2 h and 3 h deposition time of ZnSe films, respectively. In 

addition, the absorption coefficients were used to determine 

a material’s optical band gap (Eg). The optical band gap for 

ZnSe thin films sample of different deposition times has been 

estimated by extrapolating a linear portion of curve to a zero- 

absorption coefficient by using Tau plots as depicted in Fig. 3. 

Then, the optical band gap was estimated by extrapolating the 

linear portion of the absorption curve to zero absorption. The 

corresponding band gap values were found to be 2.86 eV, 

2.67 eV and 2.50 eV for ZnSe films deposited for 1 h, 2 h, 

and 3 h, respectively. The observed shift in the optical band 

edge indicates the successful formation of nanocrystalline ZnSe 

thin films. 
 

 

Fig. 2. (a) UV-Vis transmittance and (b) absorption spectra for ZnSe films for different deposition time 
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Fig. 3. Plots of (αh)2 versus h for ZnSe photoanodes of 1 h, 2 h and 3 h 

 

 The extinction coefficient (k), which quantifies the loss 

of light due to scattering and absorption, can be determined 

using eqn. 3 [41,45]: 

  k
4


=


  (3) 

 The variation in magnitude of extinction coefficient (k) 

with variation in wavelength are shown in Fig. 4. The curve 

of the extinction coefficient shows a spectrum behaviour similar 

to that of absorbance. In other words, the observed absorption 

peaks indicate that the ZnSe films remain highly transparent 

in the 300-800 nm range, regardless of deposition time. 

 

 
Fig. 4. The variation of extinction coefficients as a function of light wave-

lengths of ZnSe photoanodes of 1 h, 2 h and 3 h 

 

 For ZnSe films, the refractive index was calculated from 

the reflectance using eqn. 4 [46,47]: 

  2

2

1 R 4R
n k

1 R (1 R)

+ 
= + − 

− − 
  (4)  

where R retain the value for the reflectance. In order to 

calculate the reflectance, we use R = 1-T-A as a function of 

transmittance (T), reflection (R) and absorption (A) given by 

relation (A + T + R = 1) [48]. There are broad peaks in both 

the ultraviolet and visible regions in Fig. 5, due to the change 

in the refractive index with wavelength variation. This plot 

indicates that the refractive index of film is high in these 

regions. It is generally accepted that two fundamental optical 

properties refractive index (n) and extinction coefficient (K) 

are significant for optoelectronic devise [42]. 

 

 
Fig. 5. The variation of refractive index as a function of light wavelengths 

of ZnSe photoanodes of 1 h, 2 h and 3 h 

 

 The key optical property namely optical conductivity (σopt) 

value corresponds to the interaction between light and materials 

and it can be calculated using refractive index and absorption 

coefficient as follows [49-51]: 

  
opt

nc

4


 =


  (5) 

where c represents the speed of light. The transformation in 

the values of optical conductivity (σopt) with photon energy 

increase are depicted in Fig. 6. Initially, σopt increases slowly 

up to approximately 2.8 eV, after which it rises rapidly due 

to the increasing number of free charge carriers with higher 

photon energy. 

 

 
Fig. 6. The variation of optical conductivity as a function of photon energy 

of ZnSe photoanodes of 1 h, 2 h and 3 h  
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 Surface morphology and compositional analysis: The 

morphological appearance of nanomaterials are significantly 

impacted by their physical and chemical characteristics. Fig. 

7a-c revels the top view FE-SEM magnified visuals of ZnSe 

thin films deposited on the FTO decorated glass substrate at 

the indexing bar of 500 nm. Fig. 7a shows that ZnSe nano-

particles are evenly distributed on the substrate, promoting 

preferential nucleation. Increasing the deposition time from 1 h 

to 3 h allows pre-deposited ZnSe nanoparticles to serve as 

nucleation sites, facilitating secondary nucleation and further 

nanoparticle growth. This leads to agglomeration and incre-

ased bridging density on the FTO surface. Surface morpho-

logical analysis confirms that ZnSe nanoparticles were effec-

tively deposited on FTO-coated glass at 65 ºC using the CBD 

method. 

 Elemental analysis was performed using energy-disper-

sive X-ray spectroscopy (EDS) coupled with FE-SEM operated 

at 20 kV, clearly showing peaks corresponding to Zn and Se, 

as illustrated in Fig. 7d. The EDS spectrum confirms the 

formation of a nanocrystalline ZnSe thin layer on the FTO 

surface. Overall, the EDS results strongly support the XRD 

findings, validating the successful fabrication of the FTO/ZnSe 

architecture via the proposed chemical bath deposition method.  

 Photovoltaic performance: The operation of the photo-

detector relies on transforming absorbed photons into an elec-

trical signal. An in-depth comprehension of the basic funct-

ioning of the photodetector and its associated mechanisms is 

available in the existing literature [52,53]. In this study, the 

ZnSe film synthesized at different deposition time exhibits 

high crystallinity. Furthermore, the ZnSe films exhibit strong 

optical absorption in the visible region. Based on this, an Ag/ 

ZnSe photodetector was fabricated on an FTO substrate using 

the FTO/ZnSe/Ag configuration. 

 Fig. 8 illustrates the schematic of the fabricated FTO/ 

ZnSe photodetector device for the visible-light sensing capab-

ilities at room temperature in both dark as well as illumina-

tion contexts. Due to high mobility, large band gap and 

appropriate band location with the current device structure 

make them a viable front contact and electron-transport layer 

(ETL).  

 The photoresponse of the FTO/ZnSe photodetectors was 

investigated under the both dark and white light exposure 

(100 mW cm−2) at ambient temperature. Fig. 9 illustrates the 

current voltage (I-V) characteristics of the ZnSe-based photo-

detector in both dark and visible light illumination scenarios. 

The increase in the current value observed under white light  

 

Fig. 7. Field emission scanning electron microscope images of (a) ZnSe (1 h), (b) ZnSe (2 h), (c) ZnSe (3 h) and (d) EDS spectrum of ZnSe 

(1 h) 
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Fig. 8. Schematic depiction of FTO/ZnSe structure for visible light photo-

detector 

 

 
Fig. 9. Schematic representation of photocurrent density (J) versus photo-

voltage (V) characteristics curves of ZnSe photodetector for 1 h, 2 

h and 3 h deposition time in dark and light 

 

confirmed the semiconducting photoactive qualities of ZnSe 

with varying deposition times. Photodetectors typically func-

tion in a reverse-biased setup, utilizing reverse bias to expand 

the depletion region and improve photon absorption. In the 

forward bias range, which spans from 0 to 1 V, the I-V curve 

shows behaviour akin to that of a diode when the device is 

not illuminated.  

 However, when subjected to light, the photovoltaic effect 

drives the current into the fourth quadrant. This response to 

light is essential for the effective operation of the device as a 

photodetector. In contrast, a significant shift in the current 

value was observed in the reverse bias region (from -1 to 0 V) 

after the device was exposed to light, moving into the third 

quadrant. The performance of the ZnSe-based photodetector 

fabricated with varying deposition times, was examined by 

determining its photoresponsivity (R), photosensitivity (), 
external quantum efficiency (EQE) and detectivity (D*) factors. 

The photoresponsivity (R) has been described by the photo-

current obtained for each unit of light power density incident 

on the architecture and can be estimated by using eqn. 6: 

  
in

I
R

P S



=   (6) 

where I is the change in photocurrent due to incident light 

and is represented as Iphoto – Idark; Pin is the amount of intensity 

of the incident light; and S is the active surface area of the 

photodetectors. The calculated value of photoresponsivity for 

the ZnSe-based photodetector fabricated at different deposi-

tion time is listed in Table-1. The overall performance of the 

photodetector is greatly enhanced, as high crystallinity and 

larger crystallite size facilitate efficient transport of photo-

generated electrons [54]. 

 Photosensitivity () is a crucial parameter of a photo-

detector, defined as the change in current (ΔI) relative to the 

dark current, as expressed in eqn. 7 [55]: 

  
photo dark

dark

I I

I

−
 =   (7) 

 The external quantum efficiency (EQE) quantifies the effi-

ciency of photodetector in converting photons into separated 

charge carriers [56]. It is expressed as the ratio of generated 

electrons or holes to the incident photons for a specified energy 

input [57] and represented as follows (eqn. 8): 

  
h c

EQE R 100
q




=  


  (8)  

where R is photoresponsivity; h is Planck’s constant; c is the 

speed of light; q is the absolute value of electron charge; and 

 is the average wavelength of illuminated light. 

 Another crucial parameter known as detectivity (D*) 

measures the quality of the photodetector and is expressed as 

follows (eqn. 9): 

  
dark

R S
D*

2q J

=


  (9) 

where Jdark represents the dark current density. The detec-

tivity is measured in Jones and it helps to compare different 

photodetectors with different areas and geometries [58,59]. 

The computed values of photoresponsivity (R), photosensi-

tivity (), external quantum efficiency (EQE) and detectivity 

(D*) of the ZnSe-based photodetector fabricated with varying 

deposition times are listed in Table-1. 

 

TABLE-1 

VALUES OF AVERAGE CRYSTALLITE SIZE, BAND GAP, PHOTORESPONSIVITY (R), PHOTOSENSITIVITY (),  

EXTERNAL QUANTUM EFFICIENCY (EQE) AND DETECTIVITY (D*) OF THE ZnSe-BASED  

PHOTODETECTOR FABRICATED WITH VARYING DEPOSITION TIMES 

Deposition time (h) D (nm) Band gap R (µA W–1) ξ EQE (%) D* (Jones) 

ZnSe (1 h) 53.73 2.86 497.40 5.81 112.42 3.01 × 1011 

ZnSe (2 h) 54.08 2.67 647.40 7.56 146.33 3.91 × 1011 

ZnSe (3 h) 54.54 2.50 780.40 9.12 176.39 4.72 × 1011 
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Conclusion 

 In this study, a highly efficient, stable and fast-switching 

ZnSe-based photodetector is fabricated using a simple and 

cost-effective chemical route. The optical, structural, surface 

morphological and electron transport properties of the ZnSe 

thin films were systematically examined with respect to the 

deposition time. Deposition time was found to have strong 

influences on these properties through the size tuning of ZnSe 

nanoparticles. Comparative analysis of device performance 

showed that the photodetector deposited for 3 h exhibited the 

highest photoresponsivity and photosensitivity of 780 AW–1 

and 9.12, respectively. 
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