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Effect of silver-doping on the structural, topography and optical CdSe thin films

R. I Jasim®, E. H. Hadi’, S. S. Chiad®, N. F. Habubi’, M. Jadan®“, J. S. Addasi®"
“Department of Physics, College of Education, Mustansiriyah University,
Baghdad, Iraq

"Department of Engineering of Refrigeration and Air Conditioning Technologies,
Alnukhba University College, Baghdad, Iraq

‘Department of Physics, College of Science, Imam Abdulrahman Bin Faisal
University, P.O. Box 1982, 31441 Dammam, Saudi Arabia

“Basic and Applied Scientific Research Center, Imam Abdulrahman Bin Faisal
University, P.O. Box 1982, 31441 Dammam, Saudi Arabia

‘Department of Applied Physics, College of Science, Tafila Technical University,
P.O. Box 179, 66110 Tafila, Jordan

Using thermal evaporation, thin films of silver-doped CdSe were synthesized on glass
bases. A hexagonal structure with a preference orientation along (100) plane according to
the X-ray diffraction pattern. The surface topography was determined using Atomic Force
Microscopy (AFM). AFM detects spherical nature nanoparticles and roughness rate of the
CdSe thin film decreases and the root mean square decreases with (2 and 4) % doping in
silver. As the doping content increase, the optical energy bandgap decrease from 1.85 eV
to 1.75 eV. Optical analysis indicates that Ag doping in CdSe results in a redshift in band
edge.
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1. Introduction

In the past decade, CdSe, has acquired quite heed for its special optical properties and
electrical characterization [1, 2]. In addition to its optical properties, CdSe is a significant
semiconductor material because its small direct band gap (~1.71 eV) in zinc blende structure phase
and ~1.8 eV in the wurtzite crystal phase [3]. Cadmium selenide is a combination of Cadmium
(Cd) from group 2 and Selenium (Se) from group 6. It is an n-type semiconductor. thin films of
CdSe can be utilized for photovoltaic applications because of a suitable direct band gap for bulk
CdSe material, good electrical conductivity, and high absorption [4-6]. As a result of the ionic
produced by Cd** and Se” ions exceeding that of CdSe, CdSe is formed into thin films. Cd"* and
Se™ ions control the film formation [7]. As nanocrystalline size decreases, the energy gap increases
due to the effect of spacing between energy levels [8, 9]. Because of the large surface to volume
ratio of very small particles the surface effects become significant for clusters containing few
atoms. There have been very few studies on the effect of doping on CdSe via thermal evaporation
at room temperature on glass substrates. Incorporating impurity atoms into crystal lattices to
modify physical properties through impurity levels by using In, Sb, Ag, and Zn [10, 11]. A variety
of growth methods were employed to deposit CdSe thin films comprising, PLD [12], thermal
evaporation [13, 14], CBD [15], spray pyrolysis [16] and electrodeposition [17]. In this article, the
investigation of band gap, absorption, refractive index and extinction coefficient and transmittance
spectra of CdSe and CdSe:Ag films by thermal evaporation method were studied.
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2. Experimental

CdSe thin films with silver doped were prepared using a thermal co-evaporation
technique, by using a vacuum coating unit2 x 107 torr is achieved. In a molybdenum boat,
Cadmium Selenide powder must be taken in a specific weight, take 2 % and 4 % from this weight
Silver and put it in other molybdenum boat. The base was chemically and ultrasonically cleaned.
At a distance of roughly 10 cm, this slide was placed above (CdSe and Ag). The films thickness in
the range of (1um) was determined by interference method and the rate of deposition was 50
nm/min. The structural characterizations were analyzed by XRD. AFM was employed to study
film surface. The optical transmittance and absorbance were detected using UV-Visible
spectrophotometer.

3. Results and discussions

3.1. Structural studies

Scans 26 between 20° and 60° was performed on pure and Ag-doped CdSe. For pure
CdSe, the peaks are detected at 26 = 23.82°, 45.79° and 63.82° attributed to the (100), (203) and
(202) planes respectively, whereas in silver (2 and 4 %) doped films. XRD patterns suggest that
the studied films are polycrystalline and have a hexagonal (wurtzite) structure. Therefore, the peak
position on doping has shifted. The CdSe phase shows three dominant peaks at 23.82°, 45.79°
and 63.82° attributed to the (100), (203) and (202) planes respectively [18]. The crystallite size
computes for preferential orientation along (100) plane standard JCPDS card No (00-019-019).
The strongest diffraction peak corresponds to the (100) plane. With an increase in doping
concentration, the crystallinity of the film increases slightly. As a result of the large number of
dopants occupying the interstitial spaces in the crystal lattice of CdSe, the crystalline character
increases. The angle of diffraction shifts slightly after doping, Consequently, the increased
interplanar distance is the result of replacing smaller Cd ionic radii (0.097 nm) with larger Ag
ionic radii (0.126 nm). As measured on the (100) diffraction plane, CdSe: Ag has a slightly smaller
full width at half maxima than undoped CdSe [19]. The Scherrer formula is utilized to obtain
crystallite size (D) for preferred planes [hkl] for thermally evaporated CdSe thin films [20, 21]:

D= ka 1
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where k = 0.94, where 0 is Bragg’s angle, A is the wavelength of X-rays, p is FWHM. The
corresponding D increases from 12.69 nm (CdSe) to 14 nm and 15 nm (CdSe:Ag (2 and 4) %), this
may be due to differences in ionic radii between Cd and silver [22].

The microstrain value (€) was evaluated and the density of dislocation (&) has been
calculated by via equation (2) and (3) as the following [23, 24]:
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The micro-strain and dislocation density decrease with an increase in Ag content. This
parameter is also influenced by D because as D increases, the crystallite boundaries as
imperfections in crystal structure are reduced [25]. The crystal lattice can expand due to the larger
radius of the dopant atoms [5]. Table 1 shows the structure parameter of all films.
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Fig. 2. X-ray parameters of pure & Ag doped CdSe films.
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Table 1. Structure parameters of intended films.

Specimen 20 | (hkl) | FWHM | Optical bandgap | Grainsize | Dislocations density Strain
) |Plane | () (eV) (nm) (x 10”) (lines/m?) | (x 107?)
Undoped CdSe | 23.83 | 100 0.64 1.85 12.69 6.20 2.73
CdSe: 2% Ag | 23.79 | 100 0.58 1.80 14.00 5.10 2.47
CdSe: 4% Ag | 23.76 | 100 0.53 1.75 15.31 4.26 2.26

3.2. Surface topography study

According to the AFM results shown in figure (3), By increasing dopant percentage, grain
size decreases, which is concurred with XRD measurements. Furthermore, Comparing, Scherrer's
equation (2) and AFM measurements, we can observe a difference in particle size values.
Increasing in grain size indicated good crystallization, which improves the performance of a
device [26]. As shown in Table 2, the root mean square of the surface roughness decreased with
the increased doping proving that the grains were uniformly distributed with all surface area. The
roughness rate of the CdSe thin film decreased form 7.74 nm to 3.69 nm and the root mean square
decrease from 9.36 nm to 5.26 nm with 4% doping in silver. It was obvious that the surface was
smooth with a decrease of the root mean square in CdSe:Ag thin film led to the increasing
crystalline. Also, the increase of the grain size by increasing to the surface homogeneity, and this
result agreed with XRD results.
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Fig. 3. AFM of pure and CdSe:Ag films.
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Table 2. AFM parameter measurement of pure & CdSe:Ag films.

Samples Average Particle size (nm) R, R. M. S.
(nm) (nm)
Undoped CdSe 71.42 7.74 9.36
CdSe: 2 % Ag 61.08 6.87 6.27
CdSe: 4 % Ag 54.63 3.69 5.26

3.3. Optical properties study

Spectra of the transmittance (T) of the grown films were measured in ranging of
wavelengths 300-900 nm to understand their optical properties as shown in figure 4, Variations in
transmission via wavelength of CdSe and CdSe: (2 and 4) % silver films. The shifts of
transmittance spectrum to shorter wavelengths with increasing of silver for all samples. It can have
noticed that the transmission decreases after doped CdSe films with silver due to the effect of
impurities atoms, which is working on the composition of localized states in band gap [27, 28].

By using the following equation, the sample absorption coefficient (), was determined
[29, 30]:

_1[1 4

where d is film thickness. As shown in figure 5, a varies with photon energy. Also, With
increasing doping concentration, the absorption coefficient increases. It was found that Ag acts as
trap centers and increases o. In the case of silver doped samples, a different absorption mechanism
is possible. CdSe thin films with silver-doping show an increase in charge carrier concentration in
the conduction band because of Ag content. As a result of this electron-photon interaction,
additional electrons can be incorporated in the process of absorption of incident photons, which
ultimately increases the absorption coefficient [31]. The samples all exhibit high absorption in the
visible region, making them promising candidates for use in thin film solar cells.
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Fig.4. Transmittance of pure & CdSe:Ag films with different dopants.
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The equation below was used to determine the optical energy band gap E, of the undoped
and Ag-doped CdSe thin films [32, 33]:

ahv = B(hv — Eg)% )

B represents a constant. The variation of (ahv)* can be shown as a function of hv. As
shown in Figure 6. In figure 6 and Table 3. It is noticed when silver doping is increased, E,
decreases from 1.85 eV to 1.75 eV. Due to trap tailing levels in band gap, the optical band gap is
decreasing along with localized states in this region. [34, 35]. CdSe thin films can be improved by
silver doping based on the decreasing of the optical energy gap.
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Fig. 6. Direct band gap (Eg) of pure & CdSe:Ag films with different dopants.

The extinction coefficient (k) was calculated using Eq. (6) [36, 37]:

l’(—a/1 6
T 4n (6)
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Figure (7) shows that the decrease in value of extinction coefficient (k) when increasing
the value of doping this may be due to increasing the absorption coefficient [38, 39].

The refractive index (n) was considered at different wavelengths based on optical
reflectivity (R) by using the relation (7) [41, 42]:

1
1+R2
n=

T @)
1—-R2
The behaviors n via wavelength of CdSe: 2 and 4 % silver films is shown in Figure (8),

We can see from this figure that the value of (n) increases with increasing silver concentration due

to the increases in compactness of films after doping simultaneously with the increasing of the
crystallite size [43, 44].
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Fig. 7. Extinction coefficient of pure & CdSe:Ag films with different dopants.
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Fig. 8. Refractive index of pure & CdSe:Ag films with different dopants.

4. Conclusion

Silver doping affects the structural, optical properties and Surface topography of CdSe and
Ag-doped CdSe at 2 % and 4 % doping thin films. As silver was added to CdSe thin films, the
hexagonal structure did not change. D, microstrain and dislocation density were obtained via Ag
content. CdSe, CdSe: Ag 2 and 4 % thin films reveal that the surface is nanostructured with
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particle sizes ranging from 71-54 nm, respectively. At 300-900 nm wavelengths, transmittance
spectra were measured. Due to Ag-doping, E, was reduced (from 1.85 eV to 1.75 eV).
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