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Study of the Effect of Pulse Number on the Structural Properties and Energy Band
Gap of Pure and Aluminum(Al)-Doped Zinc Selenide (ZnSe) Thin Films.
Abdalrahman M.Khashan ¢ Kawkab D.Salim
Department of Physics ¢College of Education for pure Sciences University of Tikrit ¢Iraq

Abstract :

In this study, thin films of pure and aluminum-doped zinc selenide (ZnSe) were deposited on
glass substrates using pulsed laser deposition (PLD). The doping concentrations of aluminum were
(3%, 5%, and 7%). The deposition was carried out using a laser energy of (840) mJ at a frequency
of 7 Hz, with two different pulse counts: (100) and (500) pulses. The structural and optical band
gap properties of the pure and doped ZnSe films were investigated.

X-ray diffraction (XRD) analysis confirmed that all prepared films retained a cubic crystal
structure. The main diffraction peaks were observed at 20 angles of (27.7°, 45.3°, and 53.6°) ,
corresponding to the (111), (220), and (311) planes, respectively. An increase in peak intensity
was noted for the films deposited with (500) pulses, indicating improved crystallinity. However, a
broadening of the peaks (FWHM) was also observed with the higher number of pulses, suggesting
a decrease in crystallite size.

Atomic Force Microscopy (AFM) images showed a clear reduction in both surface roughness
and grain size as the number of pulses increased. Optically, the measurements revealed a slight de-
crease in the optical band gap with the increase in pulse number, suggesting that variations in pulse
count have a more pronounced effect on the structural properties than on the optical characteristics.

Keywords : Thin films , Number of pulses, Zinc selenide (ZnSe), Structural properties, Band
gap, Doping , Aluminum (Al) , Pulsed laser deposition (PLD) .
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Pure 26.4361 3.36879 0.5319 10.6 111 3.2800
44.5387 | 45.306 2.03266 0.4829 13.5 220 2.000
52.8832 53.212 1.7299 0.5971 11.1 311 1.72000
72.0008 72.675 1.3105 2.0631 2.9 331 1.30000
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89.3434 89.934 1.09566 0.5228 12.6 511 1.09000
3 % Al 26.6158 3.346445 0.9342 52 111 3.2800
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45.1803 45.306 2.00527 1.2271 5.0 220 2.000
53.3397 53.212 1.71617 1.5028 4.5 311 1.3000
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0 e =y (A0
Std Jos (4%) Size (nm) sk (4%
Pure 26.4361 | 27.165 3.36879 0.5319 10.6 111 3.2800
44.5387 | 45.306 2.03266 0.4829 13.5 220 2.000
52.8832 | 53.212 1.7299 0.5971 11.1 311 1.72000
72.0008 | 72.675 1.3105 2.0631 2.9 331 1.30000
83.0163 | 84.107 1.16232 1.5495 4.0 422 | 1.15000
89.3434 | 89.934 1.09566 0.5228 12.6 511 1.09000
3 % Al 26.6158 | 27.165 3.346445 0.9342 5.2 111 3.2800
447753 | 45.306 2.02247 1.3841 5.8 220 2.000
53.021 53.212 1.72573 1.5183 6.3 311 1.72000
5 % Al 26.9203 | 27.165 3.30928 0.632 8.4 111 3.2800
45.0044 | 45.306 2.0127 0.8415 7.4 220 2.000
53.2696 | 53.212 1.71826 1.2807 6.2 311 1.72000
7 % Al 27.0682 | 27.165 3.29154 0.6015 9.2 111 3.2800
45.1803 | 45.306 2.00527 1.2271 5.0 220 2.000
53.3397 | 53.212 1.71617 1.5028 4.5 311 1.3000
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RMS Mean
Sample D anr {1’11’]’1)
Roughness (sq)(nm) Roughness (Sa) (nm)

ZnSe (Pure) 4.6272 1.42660 1.14915
ZnSe (3%) 26.9524 2.94758 2.01662
ZnSe(5%) 28.8836 3.23246 2.04689
ZnSe(7%) 42.5199 5.39343 3.39424
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RMS Mean
Sample Dg, (nm)
Roughness (sq)(nm) Roughness (Sa) (nm)
ZnSe (Pure) 7.80774 0.710515 0.564306
ZnSe (3%) 7.6127 1.22256 0.95432
ZnSe(5%) 7.7854 2.03749 1.55875
ZnSe(7%) 6.4612 2.46384 1.81615
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