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Abstract—In this research, cadmium oxide (𝑪𝒅𝑶) was 

prepared by using the simple chemical method, and porous 

silicon was fabricated by using the etching technique on regular 

silicon. A solar cell is fabricated by depositing the 𝑪𝒅𝑶 on the 

prepared porous silicon (𝑪𝒅𝑶 /Psi) by the drop-casting method 

and doing the annealing process at three different temperatures 

(200, 400, and 600 °C). The X-ray diffraction analysis tests show 

that all the prepared samples are polycrystalline and cubic with 

orientation peaks (111, 101, 100, 102). The optical tests show 

that these thin films have a high absorbency and low 

transmittance decrease with increasing the annealing 

temperature. The short circuit current (𝑰𝒔𝒄) and the short 

circuit voltage (𝑽𝒔𝒄) of the fabricated solar cell showed that the 

conversion efficiency increased as the annealing process 

temperature increased until it reached 9.3% at 600 ˚C. 

Keywords—Cadmium Oxide; Deposited; Solar Cell; XRD; 

Fabricated; Films 

I. INTRODUCTION  

Cadmium oxide (𝐶𝑑𝑂) is a type of semiconductor oxide 

material that belongs to the II-VI group and has n-type 

conductivity. Cadmium oxide (𝐶𝑑𝑂) occurs naturally in two 

forms: crystalline and randomly arranged. The crystalline 

structure of CdO is cubic, specifically face-centered cubic 

(FCC) [1]. Cadmium oxide (𝐶𝑑𝑂) possesses several 

important characteristics, including a significant energy gap 

of 2.16-2.6 electron volts [2], a refractive index of 2.75, and 

a high density of 8150 kilograms per cubic meter [3][4]. 

Cadmium oxide (𝐶𝑑𝑂) has multiple applications, such as in 

solar cells [5], phototransistors, catalysts, transparent 

electrodes, gas sensors [6], photodiodes, and optoelectronic 

devices. Cadmium oxide (𝐶𝑑𝑂) thin films are fabricated by 

several techniques, such as sol-gel, sequential ionic layer 

adsorption and reaction (SILAR), pulsed laser deposition, 

sputtering, and chemical spray pyrolysis, mechanochemical 

approach, and electrochemical deposition. This work 

presents a low-cost and simple chemical approach for 

fabricating the 𝐶𝑑𝑂 thin film. The aim of this study is to 

investigate the physical properties of the prepared 𝐶𝑑𝑂 thin 

film and to utilize 𝐶𝑑𝑂 deposited on the prepared porous 

silicon for the fabrication of an electronic device. 

Furthermore, the properties of this device will be examined 

at three different temperatures (200°C, 400°C, and 600°C) 

during the annealing process [7]. 

II. EXPERIMENTAL SETUP 

Cadmium oxide was synthesized utilizing a 

straightforward chemical technique renowned for its 

simplicity, cost-effectiveness, and adaptability to temperature 

variations. Cadmium oxide is synthesized chemically and 

subsequently applied onto the glass substrate by the drop-

casting technique. In this work, we employed precise 

amounts of substances including sodium hydroxide, PVC for 

adhesion to the glass and gelatin-like properties, and ethanol 

as a solvent. The materials were combined with precise 

quantities of cadmium nitrate, measured, and subjected to a 

temperature of 75 ˚C for a duration of 30 minutes in a hot and 

stir heating device. This process facilitated the mixing and 

dissolution of the materials, resulting in the separation and 

deposition of the cadmium nitrate. After completing the 

heating operation. The thin film is prepared for the annealing 

process and will be placed in the oven at three distinct 

temperature values: 200˚C, 400˚C, and 600˚C. The user's text 

is "[8]". Once the annealing process is finished, all of the 

created thin films are moved to a specialized oven called 

Victroeen, which operates at a temperature of 1000 Kelvin. 

Prior to removing the samples from the oven and conducting 

the crucial tests, we allow them to cool for a duration of one 

hour. It is observed that the samples in all three grades have 

undergone a color change to yellow, which suggests the 

presence of 𝐶𝑑𝑂. In addition, the porous silicon was created 

via the etching method. The drop casting procedure was used 

to coat prepared porous silicon with cadmium oxide in order 

to create a solar cell. 

III. RESULTS AND DISCUSSION 

Fig. 1 shows the X-ray diffraction patterns of the prepared 

𝐶𝑑𝑂 thin films by the chemical simple method before the 

annealing Process. The results showed several peaks (111), 

(100), (101), (102) at the following angles (29.28), (31.74), 

(38.84), and (47.82). It was observed that all belong to the 

𝐶𝑑𝑂 thin films according to the JEPDS card No (03-065-

2908) [9][10] which ensures the appearance of the required 

material.  
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Fig. 2 displays the X-ray diffraction (XRD) pattern of the 

porous silicon. The analysis reveals that the material has a 

cubic form with a face-centered cubic (FCC) crystal 

structure. Additionally, it is found to be polycrystalline, with 

a prominent peak at the (004) angle measuring 69.27 degrees, 

which aligns with the expected value. Structural 

characteristics are listed in Table 1. 

 

 

Fig. 1. X-ray diffraction of the 𝐶𝑑𝑂 thin films before and after the 

annealing process 

Table 1. The XRD parameters before and after annealing 

Sˣ1014 

lines.m-2 
D 

nm 
Strain ˣ10-4 

lines-2.m-4 
HKL 2 Theta Sample 

As Prepared 

29.28 111 0.674 52.3 3.7892 

31.74 100 0.670 51.6 3.7446 

38.84 101 0.657 52.7 3.5983 
47.82 102 0.636 54.4 3.3786 

200C˚ 

29.34 111 0.763 45.3 4.855 

31.72 100 0.337 1027 0.9481 
47.64 102 0.452 6.5 1.7067 

400C˚ 

29.34 111 0.754 45.8 4.7470 

31.82 100 7.673 95.1 4.9010 
47.82 102 6.409 45.0 3.4210 

600C˚ 
29.36 111 6.361 54.4 3.3710 

31.68 100 6.917 54.7 3.3338 

 

 

Fig. 2. The X-ray diffraction of the porous silicon 

Fig. 3 shows the AFM images of the surface of the 

prepared membranes before and after the heat treatment. The 

examination shows that the prepared membranes and 

annealed membranes are regular and homogeneous in 

spherical shapes, separated by nano-scale spaces, with a 

decrease in the RMS value for the prepared membranes 

before and after the heat treatment as shown in Table 2. It 

indicates an increase in the granular homogeneity of the 

prepared membranes as the temperature increases annealing. 

The best degree of homogeneity of the prepared films was at 

the highest temperature 600˚C. 

 

 

Fig. 3. AFM images for the prepared 𝐶𝑑𝑂 thin films 

Table 2. The AFM value of parameters  

RMS 

nm 
Roughness Average 

nm 
Average 

Diameter nm 
Sample 

6.11 5.3 55.28 As Prepared 
3.58 3.09 63.18 200C˚ 
0.506 0.40 72.15 400C˚ 
2.48 2.11 77.29 600C˚ 

 

Fig. 4 shows the bonds of the prepared films before and 

after the heat treatment. The examination shows the bonds of 

the films, which are cd-o bonds within the 830cm-1 within 

the wave number 850-1000cm-1. The N-O bond at the 

1300cm-1 absorption bond within the wave number 1300-

2000cm-1, and the O-H bond at the two absorption bonds 

3300 within the wave number 3000-3500cm-1 [11]-[18], the 

bonds become clearer as the annealing temperature increases 

as a result of the growth of the material at high temperature, 

especially at a temperature of 600m˚C. 

Fig. 5 shows the transmittance spectrum of the prepared 

films before and after heat treatment within the fixed 

wavelength range of 300-900nm. It can be noticed that the 

transmittance decreases after the annealing process, which 

indicates that the increase in temperature led to a regular 

arrangement of atoms [19]-[21], and accordingly the 

transmittance decreases from 55% before annealing to 6% 

after annealing at 600˚C.  

Fig. 6 shows the optical energy gap of the prepared 𝐶𝑑𝑂 

thin films before and after the heat treatment. It can be 

obtained that the optical energy gap begins to decrease when 

the heat treatment process is performed, as a result of the 

generation of local levels as a result of defects that reduce the 

energy gap as shown in Table 3. 

Fig. 7 shows the (I-V) characteristics of the cell in the 

dark state manufactured from the deposition of the 𝐶𝑑𝑂 on 
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the porous silicon. All samples are subjected to the annealing 

process at three different temperatures (200, 400, and 600) 

˚C. The process was done in a dark room for all the samples, 

where the negative parts are connected and the positive part 

together to each of the samples and the continuous power 

supply (DC power supply) within a range (0-10) V in case of 

forward bias. The (I-V) properties of the cell are examined in 

a dark environment by connecting the negative portion of the 

sample to the positive portion of the power source while 

applying reverse bias. The results showed that the dark 

current increased with the increase of the voltage, where the 

highest current ratio is at the annealing temperature of (600) 

˚C, which means that both the annealing process and porous 

silicon improved the properties of the material.  

Fig. 8 shows the (I_V) characteristics of the fabricated 

solar cell when it is exposed to white light. It can be found 

that an increase in the current with an increase in voltage, and 

it continues to increase with the increases of the temperature 

for all the prepared samples in the illumination case. 

 

 

Fig. 4. FTIR of the prepared 𝐶𝑑𝑂 thin films 

 

Fig. 5. Transmittance spectrum for the 𝐶𝑑𝑂 thin films 

 

 

 

 

Fig. 6. Optical energy gap of the 𝐶𝑑𝑂 thin films 

 

Fig. 7. The current in forward and reverse bias in the dark case for all the 

samples after the annealing 
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200˚C 

 
400˚C 

 
600˚C 

Fig. 8. The solar cell parameters after the annealing process 

Table 3. Optical energy gap values of the 𝐶𝑑𝑂 thin films 

Sample Energy gap (e.V) 
As Prepared 3 

200˚C 2.8 
400˚C 2.7 
600˚C 2.5 

 

Table 4 shows the contrast between open circuit voltage 

(𝑉𝑜𝑐) and short circuit current (𝐼𝑠𝑐), where the current 

increases with the increase in voltage when the annealing 

process is performed to reach the highest value of current and 

voltage, efficiency, filling factor at a temperature of (600) ˚C, 

can be seen in Fig. 9. 

 

 
200˚C 

 
400˚C 

 
600˚C 

Fig. 9. Solar cell parameters 𝐶𝑑𝑂/Psi before and after annealing 

Table 4. The value of the cell parameters in three different temperatures 

Sample 
𝑰𝒔𝒄 

(𝝁𝑨) 

𝑽𝒐𝒄 

(𝑽) 

𝑰𝒎 

(𝝁𝑨) 

𝑽𝒎 

(𝑽) 
F.F% η% 

As Prepared 8 1.1 6.2 0.8 62 5.8 

200C˚ 11 1 8.5 0.8 60 7.2 

400C˚ 13 1 10 0.8 61 8.5 
600C˚ 14 1.1 11 0.8 62 9.3 

 

Fig. 10 shows the lifetime carrier for the sample at the 

annealing in three different temperatures, which is one of the 

necessities of the cell parameters, considering the average 

time between the process of the formation of carriers and their 

union. Therefore, it is important to know the lifetime carrier 

to determine the efficiency of the cell; the relation between 

annealing temperature and carrier lifetime is listed in Table 

5. It's clear that raising the annealing temperature increases 

the lifetime carrier. The annealing process leads to an 

improvement in the characteristics and efficiency of the solar 

cell. 

Table 5. The lifetime carrier for the 𝐶𝑑𝑂 thin films before and after 

annealing 

Sample 𝑪𝒅𝑶/PSi ( Life) µ sec 

As prepared 0.004 

200ᵒC 0.005 
400ᵒC 0.007 

600ᵒC 0.019 

 

 
200˚C 

 
400˚C 

 
600˚C 

Fig. 10. The lifetime carrier for all the samples in three different 

temperatures 

IV. CONCLUSIONS 

The preparation of 𝐶𝑑𝑂 was conducted using the simple 

chemical method. Analysis of its structural characteristics 

revealed a multi-cubic crystalline structure, with peaks 

matching those of cadmium oxide as confirmed by X-ray 

diffraction (XRD) analysis. Porous silicon was produced by 

the electrochemical etching technique. followed by the 

deposition of 𝐶𝑑𝑂 onto the porous silicon using the drop-

casting method. Subsequently, a solar cell was fabricated on 

the porous silicon, and the properties of this electronic device 
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were studied at three different temperatures (200, 400, and 

600) °C during the annealing process. 
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