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ABSTRACT  

This study examined the influence of immersion periods in nanoparticles suspension 

of cadmium telluride (CdTe) prepared by pulsed laser ablation on the structural and 

optical properties of deposited thin films with a thickness range of 300 to 420 nm. X-

ray diffraction (XRD) showed a polycrystalline structure with enhanced crystallinity 

and an increase in crystallite size from 19 to 21.6 nm with increasing immersion time 

from 1 to 4 h. Atomic force microscopy (AFM) showed increases in particle diameter 

and surface roughness with increasing deposition time. These changes were linked 

with the development of optical absorbance of the deposited films; in addition, the 

energy gap narrowed from 2.82 to 2.62 eV. Fourier transform infrared spectroscopy 

(FTIR) confirms the formation of the CdTe structure. These variations make the thin 

films more suitable for various applications. 
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 الرقيقة  CdTe لأغشية البصرية والخصائص  التبلورية على الغمر زمن تأثير
    حسين خضير محمد ،وفاء عدنان عبد الوهاب

 العراق  تكريت،  ،جامعة تكريتقسم الفيزياء، كلية العلوم، 

 الملخص 
في محلول الجسيمات النانوية   الغمر  فترات  تأثير  تقنية    CdTeتناولت هذه الدراسة  بالمحضرة باستخدام  النبضي على  الاستئصال  الليزر 

. أظهرت نتائج حيود الأشعة السينية (nm 420 – 300) المدى  ضمنالخصائص التركيبية والبصرية للأغشية الرقيقة المترسبة بسمك يتراوح 

(XRDبنية متعدد )التبلور مع تحسن في ة ( 19التبلور وزيادة في حجم البلورات من nmالى ) (21.6 nm)   مع زيادة زمن الغمر من ساعة
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( زيادة في قطر الجسيمات وخشونة السطح مع زيادة وقت الترسيب. ارتبطت  (AFMساعات. وأظهرت نتائج مجهر القوة الذرية  4واحدة الى 

.  (eV 2.62)الى    (eV 2.82)هذه التغيرات بتحسن في الامتصاص البصري للأغشية المترسبة، بالإضافة الى انخفاض فجوة الطاقة من  

الأغشية الرقيقة أكثر ملائمة للاستخدام تجعل . هذه التغيرات CdTeتكوين بنية  (FTIR)واكدت نتائج التحليل الطيفي بالأشعة تحت الحمراء 

 في تطبيقات مختلفة. 
INTRODUCTION 

Researchers are interested in metal telluride thin 

films for their optical and electrical properties, 

which enable them to be used in a wide range of 

optoelectronic applications. (1-4). Cadmium telluride 

(CdTe) is a direct band gap type II-VI 

semiconductor that is used in solar cells. (5,6). CdTe 

nanoparticles are also utilized in gas sensors and 

photodetectors. (6,7). The ability to adjust CdTe 

characteristics using nanoparticle engineering has 

made it suitable for application in current 

technologies. (8). Pulsed laser ablation (PLA) is a 

promising technology for preparing nanostructures, 

as it is highly efficient at producing nanoparticles 

from high-melting-point solid targets. PLA 

technique can be controlled by various factors that 

allow for adjusting the final characteristics of the 

prepared nanostructures(9,10). The PLA technique 

uses high-power, short-pulse laser pulses to interact 

with the target material, causing sublimation. The 

ablated material cools, forming nanostructures. (11). 

This approach is effective because it can produce 

pure nanoparticles of regulated size while 

preserving approximately stoichiometric ratios of 

the desired components.(12). Furthermore, many 

post-deposition procedures can be used to change 

structural and optical characteristics.(13). These 

adjustments can greatly improve the performance of 

CdTe thin films in certain applications. (14). This 

study aims to prepare a CdTe nanofilm by dip-

coating from a suspension of CdTe nanoparticles 

prepared using PLA and to investigate the effects of 

varying immersion times on the structural, 

morphological, and optical properties of the 

resulting thin films.  

THEORETICAL ASPECTS  

This study explores the fundamental principles of 

chemical bath deposition (CBD) for CdTe thin-film 

deposition. It displays the formation and properties 

of these thin films. 

CdTe is a binary semiconductor from the II-VI 

group, known for its suitability for diverse 

electronic and optoelectronic applications, 

particularly in thin-film solar cells. CdTe has an 

instantaneous band gap of about 1.45 eV. It absorbs 

most of the incident light within a thin layer. CdTe 

demonstrates excellent stability across a wide range 

of environmental conditions, making it suitable for 

outdoor applications. (15). CBD is a fee-effective, 

scalable technique for depositing thin films. It is 

specifically beneficial for growing uniform CdTe 

thin films. (16). Controlled ion launch promotes the 

nucleation and growth of CdTe crystals, with 

temperature, pH, and reaction time influencing the 

film's quality. (17). Excess ions and by-products are 

eliminated, leaving a uniform CdTe layer on the 

substrate. (18). Several elements affect the structural, 

optical, and electrical properties of CdTe thin films, 

including temperature, deposition time, and 

solution concentration.(19,20). 

CdTe’s is applied in various applications: 

photovoltaic devices; where CdTe thin films are 

extensively utilized in thin-film sun cells due to 

their excessive efficiency, low value, and 

compatibility with scalable production, 

optoelectronic devices; where CdTe thin films are 

utilized in photodetectors, light-emitting diodes 

(LEDs), and other optical gadgets, and radiation 

detectors; where with the excessive atomic number, 

CdTe is powerful in detecting X-rays and gamma 

rays. (21). 

This has a look at explores the instruction of CdTe 

skinny films using a hybrid technique that mixes 

PLA with CBD. PLA produces excessive-purity 

CdTe nanoparticles suspended in a colloidal 
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solution, which serves as the precursor for CBD. 

The integration of those strategies offers numerous 

PLA-synthesized nanoparticles with uniform 

nucleation and growth using the CBD method. By 

adjusting laser parameters and deposition 

conditions, the structural and optical properties of 

CdTe films can be precisely controlled. This 

combined method offers a price-powerful, scalable 

approach to producing high-quality CdTe thin films 

(22). 

EXPERIMENTAL  

CdTe powder of purity (≥ 99.98 %) supplied from 

Sigma-Aldrich (3 g) was pressed as a pellet to be 

used as a target. CdTe nanoparticles suspension was 

prepared by PLA technique in distilled water using 

Nd: YAG laser (Diamond-288 EPLS) from CdTe 

target using (200 pulses) of (600 mJ) laser pulsed 

energy of (1064 nm) wavelength. Previously 

cleaned glass slides were used as substrates to 

immerse in the prepared colloidal suspension of 

nanoparticles for different periods of time (1, 2, 3, 

and 4 h). Finally, the slides were dried at room 

temperature. The prepared CdTe thin films were 

examined by the XRD technique (SHIMADZU-

6000) of (1.54 Å) wavelength at a diffraction angle 

range from (10° to 80°). AFM was used to 

characterize the surface morphology of the 

deposited films. The optical properties were 

examined by UV-Vis spectroscopy (UV-V Rs 

32000 from IndiaMART). The molecular bands 

were examined using FTIR (SHIMADZU). The 

thin-film thickness was measured using a 

spectroscopic reflectometer (TF-Probe from 

Angstrom Sun Inc.) with a wavelength range of 300 

to 420 nm and increasing immersion time from 1 to 

4 h. 

RESULTS AND DISCUSSION 

Figure 1 displays the XRD of the CdTe layers 

deposited on glass slides at different times (1, 2, 3, 

and 4 h). The patterns display polycrystalline nature 

of diffraction lines at 2θ values around (23.8°, 

39.4°, 46.5°, 62.5° and 71.3°), corresponding to the 

Miller indices (111), (220), (311), (331), and (422) 

of CdTe, which has cubic structure, according to 

JCPDS card (96-900-8841). Increasing deposition 

time enhances crystallinity (as shown by the 

increase in intensity) because more aggregated 

material promotes additional crystal growth, 

thereby increasing the film thickness. The preferred 

orientation along (200) at a (1 h) deposition time 

corresponds to the (111) direction at a longer 

deposition time. The (111) plane is typically the 

most stable low-energy plane. Increasing the thin-

film thickness thickens the thin film and relaxes the 

strain, allowing the thermodynamically preferred 

(111) orientation to dominate. In addition, the 

patterns show a decrease in the full width at half-

maximum (FWHM) of the diffraction lines, as 

calculated numerically using the software attached 

to the XRD device, indicating an increase in crystal 

size. A minor shift of the peaks' positions towards 

lower angles indicates a slight change in the lattice 

dimensions due to the variation in the induced 

lattice strain with increasing crystallite size.(23). 
 

 

Fig. 1: XRD of CdTe nanoparticles deposited with 

different times: a=1h, b= 2h, c= 3h, and d=4h. 
 

The inter-planner spacing (dhkl) was determined by 

Bragg's formula.(24). The crystallite size was 

calculated from line broadening using Scherrer's 

formula. (25). Table (1) lists the XRD results of 

diffraction angle (2θ), FWHM, dhkl, crystallite size 

(D) and Miller indices. 
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Table 1: XRD results of CdTe nanoparticles deposited at different periods. 

Time (h) 2θ (°) FWHM (°) dhkl (Å) D (nm) hkl 

1 23.8341 0.4276 3.7304 19.0 (111) 

39.4349 0.4944 2.2832 17.1 (220) 

46.5492 0.5555 1.9494 15.6 (311) 

2 23.8095 0.4009 3.7341 20.3 (111) 

39.3849 0.4592 2.2860 18.4 (220) 

46.4992 0.4965 1.9514 17.4 (311) 

62.5573 0.6034 1.4836 15.4 (331) 

71.2723 0.6838 1.3221 14.3 (422) 

3 23.7579 0.3808 3.7421 21.3 (111) 

39.3332 0.4333 2.2888 19.5 (220) 

46.5238 0.4839 1.9504 17.9 (311) 

62.5311 0.6038 1.4842 15.4 (331) 

71.4748 0.6418 1.3188 15.2 (422) 

4 23.7430 0.3766 3.7445 21.6 (111) 

39.1332 0.4313 2.3001 19.5 (220) 

46.3238 0.4692 1.9584 18.4 (311) 

62.3311 0.5880 1.4885 15.8 (331) 

71.2240 0.6398 1.3229 15.3 (422) 

 

The lattice parameter (a) of the cubic form  was 

calculated utilizing the relationship and listed in 

Table 2. (26): 

𝑎 = 𝑑ℎ𝑘𝑙√ℎ2 + 𝑘2 + 𝑙2    ….  (1) 

The lattice parameter increased from 6.4638 Å to 

6.4836 Å over 1-4 h, reflecting a decrease in defects 

and an increase in crystallinity. (27). The values are 

comparable to those in previous studies. (28). Figure 

2 compares the crystallite size calculated using the 

Scherrer formula with the variation in the lattice 

parameter over the deposition period. A similar 

trend was observed in both parameters.  
 

 

Fig. 2: Variation of crystallite size and lattice constant 

with deposition time. 
 

AFM analysis of CdTe thin films deposited for 

different immersion times provides valuable 

insights into their surface morphology. Figure 3 

shows 3D AFM images and particle size distribution 

plots, highlighting the characteristic changes in 

surface morphology with changing deposition time. 

For a sample deposited for 1 h, the AFM image 

shows irregularly distributed, dispersed particles on 

the surface. The average diameter of these 

nanoparticles is 97.32 nm. The low surface 

roughness of (3.25 nm) indicates a relatively smooth 

surface texture. The particle size distribution in the 

accompanying plot shows an irregular distribution 

due to less deposition on the sample surface. 

Increasing the deposition time to 2 h results in a 

significant increase in the average particle diameter 

to 101.25 nm. This change indicates increased 

crystal growth or nanoparticle aggregation, 

resulting in larger particles. In addition, the surface 

roughness increases to (4.12 nm) while the particle 

distribution is homogeneous on the sample surface. 

Increasing the deposition time to (3 h) increases the 

average particle diameter to (121.53 nm) while the 

surface roughness increases to (4.78 nm). In 

comparison, the sample at (4 h) deposition time had 
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a larger particle mass and a larger average size of 

(125.75 nm) and a surface roughness of (5.67 nm). 

Table 2 shows the average particle size and surface 

roughness values for the four samples. The observed 

differences in surface morphology, particle size and 

roughness with increasing deposition time are 

crucial to understanding how the amount of 

deposited material affects the surface morphology 

of these nanoparticles and their potential 

applications. These insights can help determine the 

optimal conditions and variables to obtain material 

properties for specific applications, such as 

photocatalysis or sensing. 

 

 

Fig. 3: AFM images and particle grain distribution of CdTe thin films deposited at different immersion 

times. 

 

Table 2: AFM results of CdTe thin films deposited at different immersion times. 

Deposition time 

(h) 

Average diameter 

(nm) 

Root mean square (RMS) 

Roughness (nm) 

1 97.32 3.25 

2 101.25 4.12 

3 121.53 4.78 

4 125.75 5.67 

 

Figure 4 illustrates the FTIR transmittance spectra 

of the CdTe thin films deposited with different 

immersion times in the wavenumber range of 400-

4000 cm-1. The FTIR spectrum showed significant 

vibrational bands at specific wavenumbers, 

corresponding to characteristic molecular vibrations 

in the sample. These bands provide a picture of 

atomic bonding and functional groups in the 
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prepared samples. The peak at (3445.77 cm-1) is 

attributed to O-H stretching, indicating the presence 

of hydroxyl groups on the surface of the samples. 

While the band at (2075.05 cm-1) indicates the 

bending vibration of the O-H bond, and the 

vibrational band at (1639 cm-1) indicates the N-H 

stretching vibration, which indicates the presence of 

adsorbed groups from the atmosphere (29). Several 

bands of intensity between (1466 and 1075 cm-1) 

were observed due to the vibrations of the metal 

hydroxyl groups (Cd-OH). The broad peak at 

(701.86 cm-1) confirms the formation of the CdTe 

structure to form the bond between Cd2+ and Te2+ 

ions (30). The slight shift in the FTIR bands reveals 

structural changes induced by varying deposition 

time. We notice a decrease in the bond energy at 

(701.86 cm-1), which indicates an increase in the 

bond length, and this result is consistent with the 

results of XRD (31). 
 

 

Fig. 4: FTIR spectra of CdTe thin films deposited at 

different immersion times: S1= 1h, S2= 2h, S3= 3h, and 

S4= 4h.

 

Table 3: Bonds in the FTIR spectrum of CdTe thin films deposited at different immersion times. 

Deposition time 1 h 2 h 3 h 4 h 

-OH 3445.77 3445.77 3443.30 3448.25 

O-H bending 2075.05 2077.53 2075.05 2082.47 

N-H stretching 1639.59 1639.59 1639.59 1642.06 

 

 

Cd-OH 

 
 

- 1466.39 1466.39 1466.39 

1384.74 1384.74 1389.69 1387.22 

1293.30 1293.20 1293.40 1293.10 

1142.27 1142.11 1142.33 1147.22 

1075.46 1074.22 1073.21 1072.99 

Cd-Te 701.86 691.96 687.33 682.06 
 

Figure 5 shows the UV-Vis absorbance curves of 

CdTe thin films prepared with different immersion 

times. In general, for all prepared samples, the 

absorbance decreases with increasing wavelength, 

because only photons with energy greater than the 

energy gap can interact with the material and form 

electron-hole pairs. The overall absorbance 

increases with increasing deposition time. This 

behaviour occurs because increasing the deposition 

time increases the thickness, potentially affecting 

the absorption properties. In addition, the edge 

sharpness increases with increasing deposition time, 

indicating improved crystallization and the removal 

of crystalline defects, as shown by the XRD results. 

Furthermore, the absorption edge shifts slightly 

towards longer wavelengths (a red shift), indicating 

a decrease in the energy gap—this shift assignment 

shows how deposition time affects the electronic 

structure of the prepared films. 

 

Fig. 5: UV-Vis absorption spectrum of CdTe thin films 

deposited at different immersion times 
 

The absorption coefficient (α) of CdTe thin films 

deposited at different immersion times is shown in 
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Figure 6. The figure shows a high absorption 

coefficient (>10^4 cm^-1), especially at short 

wavelengths. This value indicates a direct electronic 

transition, as shown by previous studies. (32). The 

increasing absorption coefficient with immersion 

time results from a red shift of the absorption edge, 

indicating a narrowing of the energy gap. The 

probability of generating an electron-hole pair is 

higher because less energy is required. A high 

absorption coefficient indicates that photons are 

absorbed more efficiently, making it suitable for 

applications that require direct electronic 

transitions, such as solar cells. 
 

 

Fig. 6: Absorption coefficient of CdTe thin films 

deposited at different immersion times. 
 

The optical band gap (𝐸𝑔
𝑂𝑝𝑡.

The optical band gap of 

the nano-CdTe film samples was determined 

utilizing Tauc's plot of (αhʋ)2 versus photon energy 

(hʋ) as shown in Figure 7. The energy gap values  

decrease from (2.82 eV) to (2.62 eV) with 

increasing deposition time from (1 to 4 h) as a result 

of increasing the crystallite size, as shown by XRD 

results, as listed in Table 4. The results indicate that 

the electronic structure changes with increasing 

particle size, with the energy gap related to the 

nanoparticles' size according to the quantum 

confinement principle. Smaller particles have more 

confined electronic states, so it requires more 

energy to excite an electron. Such changes 

significantly affect the sample's optical and 

electrical properties, making it suitable for a wide 

range of applications. (33). 
 

 

Fig. 7: Optical energy gap of CdTe thin films deposited 

at different immersion times. 

 

Figure 8 shows the variation of the extinction 

coefficient (k) over the wavelength range (300-1100 

nm) for CdTe thin films deposited at different 

immersion times. The k values indicate how 

strongly the material absorbs light and are mainly 

determined by the absorption coefficient; they 

therefore exhibit similar behavior, with maximum 

values in the absorption range and increasing with 

increasing deposition time. 
 

 

Fig. 8: Variation of the extinction coefficient of the 

prepared thin films. 
 

Figure 9 shows the refractive index (n) spectra for 

CdTe thin films deposited with different immersion 

times. The refractive index at the absorption edge 

increases slightly with increasing deposition time, 

reflecting enhanced crystallinity. The refractive 

index mainly depends on the degree of crystallinity 

of the samples. Grain boundaries in polycrystalline 

materials act as sources of light scattering. The 

nanostructure and particle packing also play 

important roles in altering the refractive index. (34). 
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Fig. 9: Variation of refractive index with wavelength for 

CdTe thin films deposited with different immersion 

times 
 

Figure 10 shows the spectra of the real dielectric 

constant in the range of (300-1100 nm) for CdTe 

thin films deposited with different immersion times. 

The real dielectric constant depends primarily on the 

refractive index and shows almost the same 

behaviour. Figure 11 shows the spectra of the 

imaginary dielectric constant of CdTe thin films 

deposited at different immersion times. These 

parameters are very important in understanding the 

properties of light and its interaction with materials, 

and are used in many photovoltaic applications. (35). 
 

 

Fig. 10: Real dielectric constant of CdTe thin films 

deposited at different immersion times. 
 

 

Fig. 11: Imaginary dielectric constant of CdTe films 

deposited at different immersion times. 
 

Table 4 shows the values of optical parameters, 

including transmittance (T), absorption coefficient 

(α), extinction coefficient (k), refractive index (n), 

dielectric constants at (500 nm), as it is nearly the 

optimal intensity of the solar spectrum, and energy 

gap of CdTe thin films deposited at different 

immersion times. The transmittance values of the 

first sample were found to be (38 %), while they 

decreased to (12.14 %) at a deposition time of (4 h). 
 

Table 4: Optical constants at (500 nm) wavelength for CdTe thin films deposited at different immersion 

times. 

Time (h) T (%) α (cm-1) K n εr εi Eg (eV) 

1 38.43 12500 0.050 3.095 9.575 0.308 2.85 

2 39.22 10400 0.041 3.071 9.427 0.254 2.80 

3 24.35 14949 0.060 3.513 12.340 0.418 2.70 

4 12.14 21296 0.085 3.773 14.230 0.640 2.60 

 

CONCLUSIONS 

This study investigated the effects of varying 

immersion periods in CdTe nanoparticle 

suspensions, prepared via pulsed laser, on the 

structural and optical properties of deposited thin 

films. XRD analysis revealed a polycrystalline 

structure with improved crystallinity and an 

increase in crystallite size with increasing 

immersion time. AFM analysis showed that longer 

immersion times led to increased particle diameter 

and surface roughness. The optical absorbance of 

the films increased, and the energy band gap 

narrowed slightly with increasing deposition time. 

FTIR confirmed the formation of the CdTe 

structure. These observed changes enhance the thin 

films' potential for optoelectronic applications, such 
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