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ABSTRACT 

The most common materials used to create electrical and optoelectronic devices for a 

variety of applications including transistor, sensor and detector are semiconductor 

nanostructures. Combining the nanostructures can result semiconductor homostructure and 

heterostructure. The homojunction of ZnO/FTO and heterojucntion of CuO/ZnO/FTO 

coated glass substrate are formed using spray pyrolysis technique. The optical band gap for 

the FTO, ZnO, ZnO/FTO and CuO/ZnO/FTO films calculated using data from UV-visible 

spectroscopy are 3.629 eV, 3.236 eV, 3.113 eV and 1.456 eV respectively. The observed 

ohmic behavior of ZnO/FTO homojunction is due to the close band gap of FTO (i.e. E g = 

3.629 eV) and ZnO (Eg = 3.236 eV) whereas the non-ohmic behavior of CuO/ZnO/FTO 

heterojunction is due to the significant different in band gap energy of CuO (i.e. E g = 1.456 

eV) and ZnO (Eg = 3.236 eV). The photocurrent for ZnO/FTO homojunction increases from 

232 µA to 350 µA for visible light illumination and from 232 µA to 400 µA for UV light 

illumination at bias voltage of 2.5 V. There is no significantly changed in the threshold 

voltage in visible region. For the CuO/ZnO/FTO heterojunction, the photocurrent increases 

from 280 µA to 390 µA for visible illumination and from 280 µA to 480 µA for UV 

illumination at 2.5 V. The enhancement of channel current in both sample (i.e. 

homojunction and heterojunction) under visible illumination is due to detrapping the charge 

carriers from mid gap states and released to the conduction band. The large enhancement of 

photocurrent under UV illumination is due to band gap absorption. Threshold voltage for 

CuO/ZnO/FTO non-ohmic device is shifted negatively from 1 V to 0 V with increasing the 

frequency of incident radiation. It suggests that the heterojunction formed by 

CuO/ZnO/FTO structure is applicable for broad band photo detector.  

 

Keywords: Zinc oxide, Copper oxide, Fluorine doped tin oxide, Heterojunction, Photo response. 

 

INTRODUCTION 

One of the most common materials used to create 

electrical and optoelectronic devices for a variety of 

applications including transistor, sensor and 

detector is semiconductor nanostructures [1, 2]. 

These nanostructures can be combined to create a 

heterostructure semiconductor that can be utilized 

as a broad-band photodetector and a tool for 

understanding Scotty diode behavior [3]. Zinc 

oxide/Fluorine doped tin oxide (ZnO/FTO) and 

Copper oxide/Zinc oxide/Fluorine doped tin oxide 

(CuO/ZnO/FTO) nanostructures have attracted 

considerable attention due to their unique properties 

and potential applications in various fields, 

including optoelectronics, energy conversion and 

storage, sensors, and catalysis [4, 5]. ZnO is a wide-

bandgap semiconductor with excellent optical and 

electrical properties, while CuO is a p-type 

semiconductor with good catalytic activity and gas 

sensing properties. The combination of these 

materials in a heterojunction can lead to interesting 

electronic and optical phenomena. These 

semiconducting materials have distinct unequal 

band gap energies and unequal Fermi level. The 
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combination of multiple heterojunctions together in 

a device is called a heterostructure. A 

semiconductor junction's behavior is influenced by 

the alignment of the energy bands at the contact [6, 

7]. Materials having very close band gap can show 

the homojunction at the interface [8]. Zinc oxide 

(ZnO) has been widely investigated as a promising 

material for light emitting devices, UV photo 

detectors, chemical and biological sensor [9-12]. 

The lack of p-type electrical conductivity in ZnO 

emphasizes the importance of the study of hybrid 

heterojunctions [13-15]. Among different type of 

materials, copper oxide is a good candidate to 

create heterojunctions with ZnO [16-18]. Copper 

oxide has two stable polymorphs: cuprous oxide 

(Cu2O) and cupric oxide (CuO), both of them are of 

p-type conductivity in nature with the band gap ≈ 

2.1 eV and ≈1.4 eV respectively [19]. 

Heterojunction formed by two different 

semiconductors such as CuO and ZnO has unique 

electrical and electro-optical properties. The most 

important differences between these materials are 

the energy gap. The difference of energy gap in 

these materials permits spatial confinement of 

injected electrons and holes. Fluorine doped tin 

oxide (FTO) has been recognized as a very 

promising material because it is relatively stable 

under atmospheric condition, excellent electrical 

conductivity, greater mobility, chemically inert, 

mechanically hard and high-temperature resistant 

[20, 21]. It has wide band gap semiconductor, high 

transmittance in the visible region and highly 

reflecting in the infrared region. It is also used in 

gas sensing materials [22]. Previous studies have 

reported on the synthesis and characterization of 

ZnO/FTO and CuO/ZnO/FTO nanostructures, as 

well as their optical and electrical properties. 

Munprom et al. synthesized ZnO/FTO nanowire 

arrays using a hydrothermal method and studied 

their optical and electrical properties. They found 

that the nanowires exhibited strong UV emission 

and good conductivity [23]. The synthesis of CuO, 

ZnO, FTO and their heterojunction of 

CuO/ZnO/FTO arrays demonstrated their gas 

sensing properties, photo-microbial fuel cell sensor 

for the detection of heavy metals and low turn-on 

voltage [5, 11, 18, 24, 25]. Despite the significant 

progress made in the synthesis and characterization 

of ZnO/FTO and CuO/ZnO/FTO nanostructures, 

there are still many unanswered questions and 

challenges in this field. The effects of visible and 

UV-Visible light on the optical and electrical 

properties of these materials are not well 

understood. The mechanisms underlying the 

formation and properties of the CuO/ZnO 

heterojunction are also not fully understood. 

In this work, we have presented a cost-effective 

method for the preparation of zinc oxide (ZnO) 

and copper oxide (CuO) and their respective 

fabrication on fluorine doped tin oxide (FTO) i.e. 

ZnO/FTO and CuO/ZnO/FTO nanostructures. We 

have also studied the optical properties, current-

voltage (I-V) measurements and the photoresponse 

of fabricated ZnO/FTO and CuO/ZnO/FTO 

interface. Overall, this study will contribute to a 

better understanding of the optical and electrical 

properties of ZnO/FTO and CuO/ZnO/FTO 

nanostructures and pave the way for their practical 

applications in various fields. 

 

MATERIALS AND METHODOLOGY 

The chemical methods are used for the sample 

solution preparation of FTO, ZnO, CuO. The 

chemical methods for preparing ZnO, FTO and 

CuO thin films offer several advantages in terms of 

simplified fabrication, precise control over film 

properties, cost-effectiveness, versatility, and 

environmental friendliness. These methods have 

significant importance in various applications 

where thin films with tailored properties are 

required, making them a crucial part of thin film 

fabrication techniques. For deposition/coating of 

thin films of various materials of ZnO/FTO and 

CuO/ZnO/FTO over glass substrate, the spray 

pyrolysis technique is employed.  Since, the 

pyrolysis offers several advantages for deposition 

of thin films including versatility, low cost, high 

purity, conformal coating, customizable film 

properties, scalability and environmental 

friendliness. These advantages make pyrolysis a 

valuable technique for thin film deposition in 

various applications and it is widely used in 

research and industrial settings for fabricating thin 

films with tailored properties [26 - 30]. 

(1) Synthesis and deposition of FTO on glass 

substrate 

(a) Glass substrates cleaning 

The commercial microscopic slides of quartz glass 

having the length = 75±1 mm, breadth = 25±1 mm, 

thickness = 1.35±0.1 mm (Tking Glass Co. ltd) 

were properly cleaned with detergent and then with 

ultrasonically for 15 minutes using an ultrasonic 

cleaner (PS-60A, ROHS) prior to the preparation 

and deposition of FTO films. The substrates were 

then thoroughly dried to remove any remaining 

water droplets [26]. Again, these substrates were 
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rinsed with distilled water, dried them for 15 

minute and finally these were ready for deposition 

of FTO film. 

(b) Preparation of precursor solution of FTO 

and its deposition/coating on glass substrate        

For this, 15 gm of dehydrated tin chloride 

(SnCl2.2H2O) of Meghachem India with purity 

97% was taken and mixed with 7 ml of conc. 

hydrochloric acid (HCl) of Sigma Aldrich 

Company with purity 99%. It was heated for 15 

minute at 85 ºC together with the mixing of 30 ml 

of distilled water then stirred for 15 minute. In 

addition, for the preparation of solution of 

ammonium fluoride (NH4F), 15.66 gm of NH4F 

of Otto Chemie India with purity 98% was mixed 

with 37 ml of distilled water and then heated up 

to 60 ºC together with stirring for 15 minute. The 

precursor solutions of tin chloride and 

ammonium fluoride were then mixed with 

continuous stirring for 1 hour at room 

temperature for the preparation of FTO. The 

solution prepared was kept in 24 hour for aging. 

After this, thin film of FTO was deposited on 

cleaned glass substrate using the homemade 

spray pyrolysis experimental system in 

laboratory. In this spray pyrolysis technique, the 

normal distance at about 1-2 cm. between nozzle 

and glass substrate was fixed. The FTO liquid 

was then sprayed to the hot substrate such that 

the thin film of FTO deposition occurred [27]. 

The temperature for this deposition was set to 

400 °C under the use of temperature controller. 

(2) Preparation and deposition of ZnO thin film 

0.5 M precursor solution was prepared using 

acetate route in which zinc acetate hydrate 

[Zn(CH3COO)2.2H2O)] of Sigma Aldrich Company 

with purity 99.9% was mixed in distilled water and 

was stirred with the help of magnetic stirrer for 2 

hour. This solution was kept in the ultrasonic 

nebulizer where delivery tube with spray nozzle 

was attached on it. The ZnO film was deposited on 

FTO coated glass substrate using home-made spray 

pyrolysis set up where controllable heating system 

was used to anneal the ZnO film at 400 °C [28]. 

(3) Synthesis of CuO, its solution preparation by 

dispersion method and CuO thin film 

deposition 

Copper oxide was synthesized by the chemical 

precipitation method in which 0.5 M solution was 

prepared using the copper (II) chloride 

(CuCl2.2H2O) of Merck India with purity 99% and 

distilled water. Then sodium hydroxide (NaOH) of 

Merck India with purity 99.8% was added 

dropwise to already prepared 0.5 M solution and 

stirred continuously up to 30 minute until brown 

precipitate of Cu(OH)2 occurred. This solution 

was now washed with distilled water for five time 

and subjected to centrifuge. After centrifuging, we 

got a brown solid particle which contained water 

and it was subjected to drying at 70 °C then heated 

with a high temperature of about 300 ºC then 

finally black CuO was obtained [29]. Here, figure 

1 shows the flow chart of the procedure for 

synthesis of CuO. 

 

 

Fig. 1: The flow chart of the procedure for synthesis of CuO. 

 

Small amount of CuO was added into Ethylene 

Glycol (CH2OH)2 of Merck India with purity 

99.5% such that prepared CuO particles got 

dispersed [30] and then it was stirred for 1 hour 

at room temperature. Finally, it was deposited 

by spray pyrolysis method to make 

heterostructure between CuO and ZnO over FTO 

coated glass substrates. About 20 number of 

0.5 M of CuCl2.2H2O solution + distilled water NaOH solution

Continuous stirring for 30 minute

Formation of Cu(OH)2 precipitate

Repeating 5 times washing with distilled water

Drying at 70  C and calcination at 300  C  

Formation of  CuO
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coat of CuO were made over ZnO on FTO 

coated glass substrates.  

The UV-Visible spectroscopy with the wavelength 

range from 193 nm – 1117 nm at Amrit Science 

Campus was used for optical characterization and 

determine the band gap of FTO, ZnO, ZnO/FTO 

and CuO/ZnO/FTO. For I-V characterization, DC 

power supply of Scientech for voltage source with 

range 0 V to 30 V was used and current was 

measured using Fluke multimeter. 

The properties of homo-structure and 

heterostructure depend on various fabrication 

parameters such as the thickness of the layers, the 

doping levels of the materials and the device 

geometry. Detailed characterization and 

optimization of these parameters are required to 

achieve desired performance in ZnO/FTO 

homojunction and CuO/ZnO/FTO heterojunction 

devices coated on glass substrates. 

 

RESULT AND DISCUSSIONS 

The schematic figures 2(a) and 2(b) show the 

circuits where the voltmeter and microammeter 

were used for the I-V measurement of homo and 

heterojunction nanostructures. 

 

 

Fig. 2: Schematic diagram of current (I) –voltage (V) measurement of  

(a) ZnO/FTO homojunction (b) CuO/ZnO/FTO heterojunction. 

 

Optical Properties: 

To study the optical properties of FTO, ZnO, 

ZnO/FTO and CuO/ZnO/FTO, the optical band gap 

obtained from measured transmittance has been 

determined using the Tauc relation      
 

  
        

 
[26] where   is the optical absorption 

coefficient, h is Planck’s constant,   is the photon 

frequency, A is energy independent constant and Eg 

is optical band gap. Figure 3 is the plotting of the 

graph between      
 

  versus photon energy (h ) 

where the photon energy (h ) is obtained from the 

wavelength using the relation,     
    

          
. The 

power factor (r) takes the values of 
 

 
   for allowed 

direct and allowed indirect band transition 

respectively. Here, the materials FTO, ZnO, 

ZnO/FTO and CuO/ZnO/FTO have direct band 

transition. 

Figure 3 shows the band gap of (a) FTO (b) ZnO 

(c) ZnO/FTO (d) CuO/ZnO/FTO. The optical band 

gap of the different films calculated from 

wavelength and transmittance/absorption data 

obtained from UV-Visible Spectroscopy for FTO is 

3.629 eV, ZnO is 3.236 eV, ZnO/FTO is 3.113 eV 

and CuO/ZnO/FTO is 1.456 eV. For the FTO and 

ZnO, they have comparable band gap energy and 

hence form the homojunction between ZnO and 

FTO. The optical properties of the ZnO/FTO 

homojunction, such as transmittance and 

reflectance are studied to understand how the 

materials interact with light. High transmittance and 

low reflectance in the visible and near-infrared 

regions are desirable for efficient solar cell 

performance [23]. The value of band gap of CuO is 

1.4 eV [19] which is far from the value of the band 

gap of ZnO i.e. 3.236 eV. Due to the difference in 

value of band gap between CuO and ZnO, they 

form heterojunction.  

Here, a layer of zinc oxide (ZnO) is sandwiched 

between layers of copper oxide (CuO) and 

fluorine-doped tin oxide (FTO). The properties 

of the interfaces between CuO/ZnO and 

ZnO/FTO layers are crucial for the performance 

of the heterojunction. Studies in the literature 

have reported that the band alignment and 

energy level alignment at the interfaces play a 

significant role in determining the charge 

separation, transport and collection processes. 

Properly aligned energy levels and favorable 

band offsets can lead to enhance the device 

performance [11, 18, 25]. 

CuO film

ZnO film

FTO film

Glass substrate

Vs µA

ZnO film

FTO film

Glass substrate

Vs µA
(a) (b)
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Fig. 3: plot of band gap of (a) FTO (b) ZnO (c) ZnO/FTO (d) CuO/ZnO/FTO. 

 

Electrical Properties: 

Homojunction of ZnO/FTO 

Figure 4(a) contains I-V characteristics of 

ZnO/FTO homojunction and this is achieved due 

to comparable band gap energy between ZnO and 

FTO. The ohmic behavior of homojunction in 

this figure can be analyzed by the linear fitting 

(red color line) with correlation values of 0.99 in 

the figure 4(b). Figure 4(a) shows that the 

symmetric behavior of current and voltage in 

which value of current is nearly same as 500 µA 

corresponding to 2.5 V supplied on forward and 

reverse biased. This symmetricity is due to the 

nearly equal fermi level and refractive index [1-3, 

6, 25, 31-33]. The electron affinity of the ZnO 

and FTO is also nearly equal so that nano-

composite between two films unable to form a 

heterojunction.  

 

 

Fig. 4: (a) I-V characteristics of ZnO/FTO homojunction  

(b) Linear fitting of I-V measurement of homojunction ZnO/FTO. 

2.7 2.8 2.9 3.0 3.1 3.2 3.3 3.4 3.5
-1.0

-0.5

0.0

0.5

1.0

1.5

2.0

2.5

3.0

 

 

(
h

)2

Photon energy (h)

Eg =  3.236 eV

1.38 1.40 1.42 1.44 1.46 1.48 1.50 1.52
13.9

14.0

14.1

14.2

14.3

14.4

14.5

14.6

 

 

(
h

)

Photon energy (h)

Eg = 1.456 eV

3.0 3.2 3.4 3.6 3.8 4.0
2.9

3.0

3.1

3.2

3.3

3.4

3.5

3.6

3.7

3.8

3.9

 

 

(
h

)2

Photon energy (h)

Eg = 3.113 eV

0 1 2 3 4 5 6 7 8 9 10

6.2

6.3

6.4

6.5

6.6

6.7

 

 

(
h

)2

Photon energy (h)

Eg = 3.692 eV

(a)

(d)(c)

(b)

-3 -2 -1 0 1 2 3
-600

-400

-200

0

200

400

600

 

 

C
u

rr
e

n
t 

(
A

)

Voltage (V)

 Current

Equation

Weight

Residual Sum 
of Squares

Pearson's r

Adj. R-Square

Current

-3 -2 -1 0 1 2 3
-600

-400

-200

0

200

400

600
 

 

C
u

rr
e

n
t 

(
A

)

Voltage (V)

 Current

 Linear Fit
Equation

Weight

Residual 
Sum of 
Squares
Pearson's r

Adj. R-Squ

Current

(a) (b)



Optical and Electrical properties of homo and heterojunction formed … 

78 

Heterojunction of CuO/ZnO/FTO 

Figure 5 shows the non-ohmic current voltage 

relation formed after the deposition of CuO 

particle by dispersing in Ethylene Glycol. When 

CuO film is deposited over ZnO film, there exist 

interface between ZnO and CuO films and then 

rectifying property is occurred. This type of 

diode is called schottky diode. It gives the non-

ohmic behavior of current voltage relation of 

CuO/ZnO on FTO coated glass substrates. Non-

ohmic behavior is formed due to the schottky 

barrier and it is occurred at the interface. 

Schottky barrier arises due to the difference in 

band gap energy and refractive index [31-33]. At 

the interface of CuO/ZnO heterostructure, the 

internal electric field is generated due to 

difference in fermi levels and as a result, the 

reverse transfer of electrons and holes across 

heterostructure interface can be easily achieved. 

Hence, on the basis of this favorable electronic 

structure, CuO/ZnO on FTO exhibits better 

performance of schottky diode.  

 

 

Fig. 5: (a) I-V measurement of heterojunction CuO/ZnO on FTO  

(b) curve fitting of I-V measurement of heterojunction CuO/ZnO on FTO. 

 

Figure 5(b) is the fitting curve of the I-V 

measurement of heterojunction CuO/ZnO on FTO. 

When the diode equation for figure 5(a) is fitted by 

using exponential function, we get the figure 5(b). 

We know that the standard diode equation I = Is 

  
 

 

   
 
   ,  Where,   is the ideality factor and its 

value is assumed to 1 [34], Is is the saturation current 

and Vt is the threshold voltage.  The equivalent 

equation with standard diode equation is       . 

Now, comparing the equivalent diode equation with 

the standard diode equation, the value of 'a' and the 

value of 'b' represent the saturation current (Is) and 

threshold voltage (Vt) respectively. These show that 

the saturation current and threshold voltage are 12.98 

µA ± 3.63 µA and 1.36 V ± 0.11 V (experimentally 

nearly 1.2 V) respectively with correlation values of 

0.97. The correlation values near to 1 shows good fit 

[35]. The fitted curve is better at the 0.05 significance 

level. 

Photo-response of homo and heterojunction  

It is worth mentioning that I-V characteristics 

measurement are used for the analysis of 

performances of photo devices. In lab, it has been 

done for the response of different color of light on 

ohmic devices made up from ZnO/FTO 

homojunction and non-ohmic devices made up 

from CuO/ZnO/FTO heterojunction.  

 

 

Fig. 6: I-V measurement or photo response properties of 

ZnO/FTO homojunction. 
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Figure 6 shows the photo response of ohmic 

devices. It shows slightly change in channel current 

with different color of light. This device is more 

sensitive in violet light than other visible light 

because of the absence of CuO film. The 

photocurrent for ZnO/FTO homojunction increases 

from 232 µA to 350 µA for visible light 

illumination and from 232 µA to 400 µA for UV 

light illumination at bias voltage of 2.5 V. There is 

no significantly changed in the threshold voltage in 

visible region. 

When a small amount of external energy in the 

form of light with energy greater or equal with Eg 

of semiconductor is applied, the valence electrons 

gain enough energy to break the bonding with the 

parent atom and they jumps into the conduction 

band [29, 36]. Hence, they move freely from one 

place to another place. If the light energy applied 

on the semiconductor is further increased then 

more number of free electron are generated. Thus, 

electric current in the semiconductor increases 

with the increase in the light energy with 

decreasing threshold voltage [36]. The different 

color of light i.e. red, yellow, green, blue, violet 

have different wavelength ranges from 380-750 

nm. From figure 6,  red light shows less photo 

response than violet light because high wavelength 

of light has less penetration power to the material 

and by then only upper surface of sample is 

affected by the red light. This is the reason that no 

more current is increased. But in case of violet 

light, it has less wavelength and high penetration 

power so this light can influence up to depth in 

semiconducting film which ultimately shows good 

photo-response. On the other hand, band gap of 

ZnO/FTO junction is 3.113 eV which is nearly 

equal with the energy of the violet light so here 

violet light is only able to increase little more 

current than other color of light which is shown in 

figure 6.  

Therefore, after the illumination of visible light (i.e. 

from normal to blue light) towards ZnO/FTO 

homojunction, there is small change in photocurrent 

i.e. 118 µA whereas in case of UV illumination, the 

current is increased by 168 µA. The increase in 

current in case of UV illumination is due to the 

comparable band gap of ZnO with energy of UV 

light. Optimizing device parameters of ZnO/FTO 

can help tailor the photoresponse characteristics of 

the device including overall performance. 

Figure 7 shows the photo response of different 

color of light on non-ohmic device made up from 

CuO/ZnO on FTO substrates. 

 

Fig. 7: I-V measurement or photo response properties of 

CuO/ZnO/FTO heterojunction. 

 

Here, the band gap of CuO/ZnO/FTO 

heterostructure has 1.456 eV which corresponds to 

the wavelength of 840 nm. Under the illumination 

of different color of light, the threshold voltage 
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enough energy to increase current in heterojunction. 

Threshold voltage for non-ohmic device is shifted 

negatively from 1 V to 0 V with increasing the 

frequency of incident radiation. The negative shift 

of threshold voltage is due to the increase in carrier 

concentration by optical illumination from visible 

to UV regions [37]. The photocurrent increases 

from 280 µA to 390 µA for visible illumination and 

from 280 µA to 480 µA for UV illumination at 2.5 

V. The value of channel current is monotonically 

increases in CuO/ZnO/FTO heterojunction under 

illumination rather than the homojunction 

ZnO/FTO due to the band gap of CuO which lies in 

longest visible region (850 nm). The enhancement 

of channel current in both sample (i.e. 

homojunction and heterojunction) under visible 

illumination is due to detrapping the charge carriers 

from mid gap states and released to the conduction 

band. The large enhancement of photocurrent under 

UV illumination is due to band gap absorption. The 

photocurrent increases with increasing the light 

frequency. Higher the frequency, higher the energy 

and the violet light is very close to the fundamental 

band gap of ZnO which helps to generate the 

electron from valence band to the conduction band. 

Similarly CuO film is more sensitive with visible 

illumination because its band gap lies in this region 

i.e. the photo response in visible region primarily 

arises due to the fundamental band gap of CuO lies 

in this region. From figure 7, light with high 
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wavelength shows less photoresponse than violet 

light, it is  because with decreasing the wavelength, 

photon energy will increase which generates a large 

number of charge carriers in the conduction band. 

With increasing the charge carriers, a threshold 

voltage will shift negatively particularly for 

CuO/ZnO/FTO heterojunction. So, CuO/ZnO/FTO 

heterostructure can be used as broad band photo 

detector from visible to UV region. The low band 

gap of CuO and wide band gap of ZnO leads to the 

change in photocurrent for heterojunction 

CuO/ZnO/FTO in visible to UV region.  

The close band gap of the ZnO/FTO homojunction 

allows for efficient charge transport in both 

directions while the significant difference in band 

gap energy of the CuO/ZnO/FTO heterojunction 

results in unique behavior, including efficient 

charge separation and transport, a built-in electric 

field and potentially higher light absorption which 

can impact its performance in photodetection and 

other optoelectronic applications [5, 11, 18, 23, 

25, 36]. 

The CuO/ZnO/FTO heterojunction structure has 

promising potential for photo detection applications 

such as photovoltaic cells, UV sensors, 

photodetectors, optical switches, imaging devices 

and further research and development are needed to 

fully explore and optimize its performance in 

various device configurations and applications. The 

CuO/ZnO/FTO heterojunction structure offers 

several advantages. The heterojunction structure 

allows for efficient charge separation and collection 

at the CuO/ZnO interface leading to improve 

performance in terms of photocurrent generation, 

photoresponsivity and response times. The CuO 

and ZnO layers can be easily deposited using 

various techniques such as chemical solution 

deposition, sputtering, or atomic layer deposition, 

making it compatible with different fabrication 

processes [11, 16-19, 24, 25, 36]. 

 

CONCLUSION 

Homojunction and heterojuction devices were 

fabricated based on ZnO and CuO nanostructured 

film on FTO coated glass substrate by spray 

pyrolysis technique. Using Tauc plot, optical band 

gap of FTO, ZnO, ZnO/FTO and CuO/ZnO/FTO 

were found as 3.629, 3.236, 3.113 and 1.456 eV 

respectively. The comparable band gap energy 

between ZnO and FTO showed the ohmic behavior 

with symmetric current voltage relation of 

homojunction of them. The non-ohmic behavior of 

current voltage relation was obtained on 

CuO/ZnO/FTO heterostructure by the formation of 

schottky barrier at the interface due to the 

difference in band gap energy. The fitted curve for 

the non-ohmic behavior of CuO/ZnO/FTO showed 

that the saturation current and threshold voltage are 

12.98 µA ± 3.63 µA and 1.36 V ± 0.11 V 

respectively with correlation values of 0.97. The 

photocurrent for ZnO/FTO homojunction increases 

from 232 µA to 350 µA for visible light 

illumination and from 232 µA to 400 µA for UV 

light illumination at bias voltage of 2.5 V. There is 

no significantly changed in the threshold voltage in 

visible region. For the CuO/ZnO/FTO 

heterojunction, the photocurrent increases from 280 

µA to 390 µA for visible illumination and from 280 

µA to 480 µA for UV illumination at 2.5 V. The 

value of channel current is monotonically increases 

in CuO/ZnO/FTO heterojunction under 

illumination rather than the homojunction 

ZnO/FTO due to the band gap of CuO which lies in 

longest visible region (850 nm). The enhancement 

of channel current in both sample (i.e. 

homojunction and heterojunction) under visible 

illumination is due to detrapping the charge carriers 

from mid gap states and released to the conduction 

band. The large enhancement of photocurrent under 

UV illumination is due to band gap absorption. 

Threshold voltage for non-ohmic device is shifted 

negatively from 1 V to 0 V with increasing the 

frequency of incident radiation. The negative shift 

of threshold voltage is due to the increase in carrier 

concentration by optical illumination. This 

CuO/ZnO/FTO heterojunction is particularly useful 

in schottky diode and broadband photo detection 

applications.    

Optical and electrical properties of ZnO/FTO and 

CuO/ZnO/FTO nanostructures can provide valuable 

insights and there are some limitations too such as 

limited parameter space, specific doping 

concentrations, fabrication methods, defects and 

impurities, interface effects, temperature effects and 

practical device performance that should be 

considered. Addressing these limitations and 

conducting further research in these areas could 

enhance our understanding of the properties and 

potential applications of these nanostructures. 

Investigating the effects of environmental factors 

such as temperature, humidity and light exposure, 

on the optical and electrical properties of ZnO/FTO 

and CuO/ZnO/FTO nanostructures, can be future 

research work and it can provide understanding 

about experiments under different environmental 

effects that can help in optimizing the performance 
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and reliability of the nanostructures for practical 

applications. 
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