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Abstract 

     In this paper, Zinc oxide were deposited on a glass substrate at room temperature 

(RT) and two annealing temperatures 350ºC and 500ºC using laser induced plasma 

technique. ZnO nanofilms of 200nm thickness have been deposited on glass 

substrate. X-RAY diffraction (XRD), atomic force microscopy and UV-visible 

spectrophotometer were used to analyze the results. 
XRD forms of ZnO 

nanostructure display hexagonal structure with three recognized peaks (100), (002), 

and (101) orientations at 500ºC annealing temperature. The optical properties of 

ZnO nanostructure were determined spectra. The energy gap was 3.1 eV at 300 
o
C 

and 3.25eV at 500ºC annealing temperature.  
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دراسة تأثير التمدين عمى الخهاص البصرية والهيكمية لمبظية الظانهية لأوكديد الخارصين الطحضر 
 بالبلازما الطحتثة بالميزر

 

 كاظم عبد الهاحدعادم كامل،،رائد *صفا كطال
 قدم الفيدياء، كمية العمهم، جامعة بغجاد، بغجاد، العخاق

 الخلاصة
ودرجة حخارة  RTفي هحه البحث، تم تخسيب أكديج الدنك عمى الخكيدة الدجاجية في درجة حخارة الغخفة      
بدمك  ZnOدرجة مئهية باستخجام تقنية البلازما المحتثة بالميدر. تم تخسيب  533درجة مئهية و  053
033nm  عمى الخكيدة الدجاجية. واستخجمت حيهد الأشعة الدينية ، المجهخ القهة الحرية ومقياس الطيف

بنية سجاسية  ZnOن البنية النانهية م XRDالمخئي للأشعة فهق البنفدجية لتحميل النتائج. تعخض أشكال 
درجة مئهية. تم  533( في درجة حخارة تصل إلى 030( و )330( و )033بثلاثة اتجاهات معتخف بها )

 033الكتخون فهلت عنج  0.0الأطياف. كانت فجهة الطاقة  ZnOتحجيج الخهاص البصخية لمهيكل النانهي 
 درجة مئهية. 533الكتخون فهلت عنج درجة حخارة 0.05درجة مئهية و 

 

I. Introduction 

     ZnO is a semiconductor material, it has numerous applications because they have direct and great 

energy gap 3.3 eV that near to UV region. ZnO have plentiful opto-electronic application in solar 

cells, spintronic [1, 2] and laser diodes (LDs) [3], light emitting diodes (LEDs) [4]. ZnO is n-type 

semiconductor material because this material has inner structural flaws like oxygen and zinc spaces or 

interstitial situations in a lattice [3]. 
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     Numerous mechanisms have been utilized to manufacture nanostructured thin films for ZnO, such 

as thermal evaporation [5], magnetron sputtering [3], sputtering [6], chemical vapor [7] or ion-beam 

assisted [8]. One of the most common and attractive techniques used to prepare nanostructure thin 

films that have a characteristic is laser induced plasma (LIP) technique [9]. Laser induced plasma 

(LIP) technique is using to obtain high quality nanofilms of metal oxide materials [10]. The advantage 

of (LIP) over there techniques is quite easy to produce multilayered films of different materials [11].  

II.  Experimental details  

     ZnO nanopowder with purity (99.99%) has been used in this work. The ZnO nanopowder was 

pressed as a tablet using piston. The ZnO tablet has (2cm) diameter and (1cm) thickness. Glass 

substrates of (2.5×7.5) cm
2
 are cleaned by ultrasonic device using water for (10 minutes) and then use 

acetone for (10 minutes). Finally, it dried in an oven. 

     ZnO films were deposited on glass substrate using LIP technique at RT, as shown in Figure-1. 

Nd:YAG laser source with (λ =1064nm) at pressure (2.5X10
-2

 mbar) has been used to prepare the ZnO 

films. The distance between target and substrate was (1.5cm). After vacuum chamber was done, three 

films were deposited at laser energy 600mJ and number of shoot was 400 pulses. To determine the 

thickness of films, the optical interferometer method was used. The thickness of ZnO nanofilms were 

(200nm). Two nanofilms were heated at (350ºC and 500ºC) temperatures for two hours using a 

thermal oven. 

     The structural properties of the nanofilms for ZnO were examined using XRD analysis type 

(SHIMADZU6000 X-ray diffract meter system). The morphological characteristics of nanofilms were 

studied using atomic force microscope (AA3000 type). The optical properties of nanofilms were 

examined using (UV/ Visible SP-8001 spectrophotometer). 

 

 
Figure 1-Schematic diagram of LIP with (λ =1064nm) 

 

III. Results and discussion  
     XRD forms of ZnO nanofilms at different annealing temperatures are shown in Figure-2. XRD 

pattern for nanofilms showed polycrystalline structure. In Table-1, many dominant strongest peaks 

with their d spacing, full width at half maximum (FWHM) and diffraction angle values of ZnO 

nanofilms with two annealing temperature 350ºC and 500ºC are shown. The mean grain size of the 

nanofilm calculated by using Scherr's equation [12]: 

                                                              …….(1) 

     Where: ( ) is the mean size of the ordered (crystalline) domains, which may be smaller or equal to 

the grain size; ( ) is a dimensionless shape factor, with a value close to unity. The shape factor has a 

typical value of about 0.9, but varies with the actual shape of the crystallite; (λ) is the X-

ray wavelength; (β) is the line broadening at FWHM, after subtracting the instrumental line 

broadening in radians.( ) is the Bragg angle. 

https://en.wikipedia.org/wiki/X-ray
https://en.wikipedia.org/wiki/X-ray
https://en.wikipedia.org/wiki/Wavelength
https://en.wikipedia.org/wiki/Full_width_at_half_maximum
https://en.wikipedia.org/wiki/Radian
https://en.wikipedia.org/wiki/Bragg_diffraction
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The peaks of ZnO were seen more clearly at 500 °C, where note that the intensity of peaks increase 

with increasing annealing temperature .This is due to the fact that the peaks and the crystalline size of 

the nanofilm increases with increasing temperature due to lower pressure with this increase. The sharp 

peaks were appeared in (100), (002), and (101) planes at annealing temperature 500ºC.  

     From the atomic force microscopy technique, the grain size and average roughness of ZnO 

nanofilms prepared at different annealing temperatures were obtained, as shown in Figure-3. From 

Table-2 the grain size be highest value at the highest annealing temperature, while the average 

roughness and the root mean square were lowered value. These results indicate the average grain size 

has a direct relationship with increasing annealing temperature but the average roughness and the root 

mean square decreasing with increasing of temperature. 

     The SEM of ZnO nanostructure (cluster structure) deposit on glass substrate using LIP technique at 

RT, is shown in Figure-4, where the average grain size of ZnO was around 20 nm. 

     The transmission spectrum as a function of wavelength in the range of (300-1100) nm for ZnO 

nanofilms deposited using laser induced plasma at RT and two annealing temperatures 350ºC and 

500ºC, as shown in Figure-5. It can be noticed from this figure that the transmission spectra generally 

are high in the visible and infrared regions. The transmittance spectra of all ZnO nanofilms increase 

with increasing of annealing temperature this increase is due to the increased crystalline volume 

resulting from increased nanofilm density. The absorption coefficient as a function of wavelength of 

ZnO nanofilms at RT and two annealing temperatures 350ºC and 500ºC is shown in Figure-6. These 

spectra show low absorption in the visible and infrared regions, however, the absorption in the 

ultraviolet region is high. The absorption coefficient spectra are decreased with increasing the 

annealing temperature. The optical absorption coefficient constant (α) has been calculated using the 

following equation [1]: 

    α  A/t                                                     …….(2) 

     Where A is the absorbance and (t) is the thickness of prepared nanofilms that equal (200nm). 

Absorption increases at all temperatures when material layers increase, leading to increased ZnO 

crystals, which absorb photon energy [13]. 

The variation of (αhυ)
2
 as a function of photon energy for ZnO nanofilms at RT and two different 

annealing temperatures 350ºC and 500ºC is shown in Fig. (7). The variation of (αhυ)
2
 is estimated by 

the Tauc's Equation[14]: 

(αhυ) =A(hυ- Eg)
n
                                               ……(3) 

     Where (A) is a constant,( a) absorption coefficient, (hv) is the incident photon energy and (Eg) is 

the optical energy band gap. This equation used n=1/2 for direct transition [8]. The extrapolation of the 

linear part of the plot (ahv)
2
 =0, gives rise on the estimation of the energy gap value of the prepared 

ZnO nanofilms. In Fig. (8), the value of the energy gap was found it increases with increasing 

annealing temperatures from 2.72 eV to 3.25eV. The change in energy gap is calculated by[15]: 

                                    …………..(4) 

     where (∆Eg) is the change in the energy gap,( R) is the radius of the particle, (E) is the static 

dielectric constant of the matter and Me, Mh is the effective masses of electrons in the conduction 

band and holes in the valence band respectively. The radius of the particle increases with increasing 

the annealing because of the increase in the crystalline size ( ∆Eg) will increase. 

     The variation of the extinction coefficient various wavelength of ZnO nanofilms at RT and two 

annealing temperatures 350ºC and 500ºC is shown in Fig.(9). The extinction coefficient spectra are 

decreasing with increasing annealing temperatures this decrease is due to the increasing value of 

energy gap with annealing temperatures. 

     The real part of the dielectric constant value depends on the refractive index(n) and the extinction 

coefficient(K), but the imaginary part depends on the refractive index(n) only.
 
The spectrum of the 

excited electron can be explained by dielectric constant (real and imaginary parts, Where the 

imaginary part represents the absorption of energy from the electric field because of the molecules that 
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possess the bipolar moment in the material, but the imaginary part represents the low speed of light in 

the material [16]. The real and imaginary parts are evaluated by the following equations [17]: 

εr= n
2 
k

2                                                                …….(5) 

εi  nk                                                                 ……..(6)
  

 

       where (εr) is a real part and (εi) is imaginary part of the dielectric constant. Figures-(7, 11) shows 

the spectra of the real and imaginary part dielectric constant of ZnO nanofilms  at RT and two 

annealing temperatures 350ºC and 500ºC. For more details Table-3 shows the most important value of 

ZnO nanofilms prepared using LIP at different annealing temperatures.  

IV. Conclusion  

     ZnO nanofilms were easily obtained using laser induced plasma technique at different temperatures 

(RT, 350ºC and 500ºC). ZnO nanofilms display hexagonal structure. In AFM characterizations show 

the grain size (diameter size) increases with increasing temperatures. The band gap of ZnO nanofilms 

was increased with increasing the annealing temperature at the same thickness of films. 

Table 1-Structural parameters like inter-planar spacing, crystallite size and miller of ZnO at different 

annealing temperatures.
 
 

Ta 

(℃) 

2θ 

(Deg.) 

FWHM 

(Deg.) 

dhkl 

Exp.(Å) 

G.S 

(nm) 
hkl 

dhkl 

Std.(Å) 
Phase Card No. 

 
31.6772 0.3323 2.8224 24.9 (100) 2.8137 Hex. ZnO 96-901-1663 

 
34.1930 0.3797 2.6202 21.9 (002) 2.6035 Hex. ZnO 96-901-1663 

 
36.1867 0.2847 2.4803 29.4 (101) 2.4754 Hex. ZnO 96-901-1663 

RT 56.5032 0.5696 1.6274 15.8 (110) 1.6245 Hex. ZnO 96-901-1663 

 
62.8165 0.5696 1.4781 16.3 (103) 1.4772 Hex. ZnO 96-901-1663 

 
67.9430 0.5222 1.3785 18.3 (112) 1.3782 Hex. ZnO 96-901-1663 

 
69.1772 0.8070 1.3569 12.0 (201) 1.3582 Hex. ZnO 96-901-1663 

 
31.6772 0.2848 2.8224 29.0 (100) 2.8137 Hex. ZnO 96-901-1663 

 
34.3354 0.2373 2.6097 35.1 (002) 2.6035 Hex. ZnO 96-901-1663 

 
36.1392 0.2372 2.4835 35.2 (101) 2.4754 Hex. ZnO 96-901-1663 

350 47.4367 0.3322 1.9150 26.1 (102) 1.9110 Hex. ZnO 96-901-1665 

 
56.5506 0.3797 1.6261 23.8 (110) 1.6245 Hex. ZnO 96-901-1663 

 
62.8165 0.4746 1.4781 19.6 (103) 1.4772 Hex. ZnO 96-901-1663 

 
67.9430 0.3797 1.3785 25.2 (112) 1.3782 Hex. ZnO 96-901-1663 

 
31.7247 0.1899 2.8182 43.5 (100) 2.8137 Hex. ZnO 96-901-1663 

 
34.3354 0.2373 2.6097 35.1 (002) 2.6035 Hex. ZnO 96-901-1663 

 
36.2342 0.1897 2.4772 44.1 (101) 2.4754 Hex. ZnO 96-901-1663 

500 47.5316 0.1899 1.9114 45.7 (102) 1.9110 Hex. ZnO 96-901-1665 

 
56.5032 0.2847 1.6274 31.7 (110) 1.6245 Hex. ZnO 96-901-1663 

 
62.8165 0.2373 1.4781 39.2 (103) 1.4772 Hex. ZnO 96-901-1663 

 
67.8956 0.3797 1.3794 25.2 (112) 1.3782 Hex. ZnO 96-901-1663 

 
69.0348 0.3323 1.3594 29.0 (201) 1.3582 Hex. ZnO 96-901-1663 

 
72.7848 0.4746 1.2983 20.8 (004) 1.3017 Hex. ZnO 96-901-1663 
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Figure 2-X-ray diffraction patterns of ZnO with different temperatures (RT,350ºC,500ºC) 

 

Table 2-Average roughness, grain size and R.M.S for the ZnO thin films at different temperatures 

obtained from (AFM). 

Sample Temperature 
Ave. grain 

size(nm) 
Ave.roughness(nm) R.M.S(nm) 

ZnO RT 52.26 3.51 4.06 

ZnO 350ºC 82.93 2.66 3.1 

ZnO 500ºC 87.75 1.19 1.37 

 

T=350ºC  RT 

 

 T=500ºC 

 
Figure 3-3D image for surface morphology of ZnO nanofilms analyzed by AFM test at different 

temperatures. 
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Figure 4-SEM of ZnO nanostructure (cluster structure) deposit on glass substrate at RT. 

 

Table 3-Transmittance spectra (T) for nano-films ,Absorption coefficient , refractive index(n), 

Extinction coefficient(K)and Dielectric Constant in the wavelength of 200nm with different 

temperatures 

Temperature of 

ZnO 
T% α (cm

-1
) K n εr εi Eg (eV) 

RT 2.95 39164 0.171 8.709 75.809 2.987 2.00 

350ºC 10.34 25209 0.110 10.312 106.316 2.277 2.25 

500ºC 36.32 11254 0.049 6.525 42.576 0.643 
2.37 

 

 
Figure 5-The variation of the transmittance spectra as function of wavelength for ZnO nano-films at 

different temperatures. 
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Figure 6-Absorption coefficient as a function of wavelength for ZnO nano-films at different 

temperatures  

 

Figure 7-The variation of(αhυ)
2
as a function of photon energy for ZnO nanofilms at different 

temperatures.
 

 
Figure 8-The variation of refractive index as a function of wavelength for ZnO films at different 

temperatures. 
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Figure 9-The variation of the extinction coefficient various wavelength for ZnO nanofilms at different 

temperatures. 

 
Figure 10-The variation of the real part of Dielectric constant (r)for ZnO nanofilms at different 

temperatures. 

 
Figure 11-The variation of the imaginary part of Dielectric constant (i) for ZnO nanofilms at 

different temperatures. 
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