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Introduction                                                                    

Recently Metal oxides have been attracted 
attentions as a result of  their applications such 
as, gas sensors [1], surface acoustic devices [2], 
transparent electrodes [3], solar cells [4, 5], light 
emitting diodes [6], spintronic devices [7], nano-
lasers [8] and Surface Acoustic Wave (SAW) 
device [9,10]. ZnO is an oxide semiconductor 
which has an electronic application such as 
photo-catalysts [11], thin film gas sensors [12], 
varistors [13] and other applications such as solar 
cell windows [14-16] and gas sensors [17–19]. 
Structural of ZnO Thin Films had been studied 
by many authors [20-22], it was found that, ZnO 
samples have hexagonal structure [23-25].

ZnO thin films have a good non-linear second-
order susceptibility [26-28]. The study of third-
harmonic generation in thin nanocrystalline 
ZnO near-IR radiation has studied [29]. The 
second-harmonic generation theory of ZnO 
samples had investigated [30-34]. The non-
linearity on at different conditions [35] and two-
photon resonance [36], doping effect on non-
linear susceptibility were studied [37-38]. The 
nondegenerate non-linear absorption coefficient 
for ZnO using pairs of extremely nondegenerate 
photons was investigated [39]. On the other hand, 
the influence of substrate temperature physical of 
ZnO thin films were studied [40-42], it was found 
that, the energy gap  decreased with substrate 
temperature [40].

ZnO thin films which were prepared by radio frequency technique with different substrates 
temperature were investigated optically. The both of first linear optical susceptibility 

(χ(1)) and third order non-linear optical susceptibility (χ(3)) were determined. Moreover, other 
important non-liner optical parameters such as non-linear refractive index and non-linear 
absorption coefficient βc were determined for these studied samples. The electric susceptibility 
χc and relative permittivity εr for these samples were calculated optically. Finally, important 
semiconducting parameters such as density of valence band Nv, density of conduction band Nc, 
free carrier concentration (Nd-Na), position of Fermi level Ef and surface electric field Es were 
determined for these studied samples.

Keywords: ZnO thin films, RF sputtering, different substrate temperature, structure, first linear 
optical susceptibility, non-linear optical susceptibility, electrical susceptibility and 
semiconducting results.
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Experimental work                                                           

ZnO thin films were prepared using Radio 
Frequency (RF) technique. These films were 
prepared under vacuum less than 5.0 × 10−6 Torr, 
onto quartz substrates which were placed into RF 
sputtering, these films were prepared using ZnO 
ingot powder of purity (99.99 %).  The powder 
was placed in a disc target of four inches diameter. 
RF sputtering was adjusted with a power of 150 W 
for one hour with different substrate temperatures 
(room temperature, 100, 200, 300, 400 and 
500oC). The distance between the powder target 
and the substrate was maintained at 10 cm. Ar gas 
with a purity of 99.999% with a rate of flow 30 
cm3/min was injected during sputtering process. 

The microstructures of the ZnO films were 
investigated using scanning electron microscopy 

(SEM; JEOL, JSM6335F) and X-ray diffraction 
(XRD; Rigaku, D/MAX-Rc) with Cu Kα radiation 
at a wavelength of 1.54 A°. The transmission 
spectra of the films were measured using UV/VIS 
double-beam spectrophotometer (Cary 5E) with a 
wavelength range from 300 nm to 800 nm.

Results and Discussion                                                     

Structure
The surface structure for the ZnO thin films 

with different substrates temperatures is shown 
in Fig. 1. From this Fig. it was seen that, the 
grain size of increase with substrate temperature. 
While surface topography using Atomic Force 
Microscope (AFM). The X-ray results of these 
studied samples was carried out in our previous 
work [40].

                                        (a)                                                                                                     (b)

                                        (c)                                                                                                     (d)

                                        (e)                                              
Fig. 1. Scanning electron Microscope (SEM) picture for ZnO thin films with different substrate temperature (a) 

100, (b) 200, (c)300, (d) 400 and (e) 500 oC.
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Non-linear optical results
The third-order non-linear optical 

susceptibility χ(3) was determined using the 
following formula [43]:
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where A is =1.7 x 10-10 e.s.u [43], Eo is the oscillator 
energy and Ed is the dispersion energy for these 
studied samples and had been determined in our 
previous work [40].

The dependence of χ(3) on wave length (λ) for 
these samples is shown in Fig. 2. From this Fig. 
it is seen that, χ(3) increase with photon energy 
(hν) for all these studied samples. This could be 
due to, when (hν) increses, the defliction of the 
incident ligth beam increases. While χ(3) increased 
with substrate temperture, due to when substrate 
temperature increases, the conductivity of these 
samples increase as a result of increasing the 
mobility of electron .

On the other hand, the both of real and 
imaginary part χ(3) was determined using the 
following equations [44]

       

              

          

Where εo is Vacuum permittivity εo= 
8.854187817×10−12 F.m−1 [45], βc is the non-linear 
absorption coefficient, c is the speed of light, no is 
the static refractive index and n2 is the non-linear 
refractive index.

The relation between (hν) and both of the Re 
χ(3) and Im χ(3), for these samples are shown in Fig. 
3 and 4. Respectively. From this Fig it was noticed 
that, Re χ(3) and Im χ(3) increase with (hν) for all 
these studied samples, this could be attributed to, 
when the (hν) increases this leads to increase of 
excited electrons which increase of χ(3).

An important parameter of the non-linear 
optical parameters is that the non-linear refractive 
index (n2), which was determined from the 
following simple equation [46-47].

                            

Where (no) is static refractive index, which 
was determined for these studied samples using 
the following Equation. [48]
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The values of (no) for all studied samples is 
shown in Table 1. no increased with substrate 
temperature, as result of increase both value of 
Eo, Ed with substrate temperature, as shown in 
Table 1. The dependence of the determined non-
linear refractive index (n2) on (λ) is shown in 
Fig. 5, as it is clear from this Fig. (n2) increases 
with substrate temperature, this is because of 
increasing grain size with substrate temperature, 
as shown in Fig. 1.

The non-linear absorption coefficient (βc)  
which is the different frequencies in order to 
excite a molecule from one to a higher energy 
electronic state, and was determined using the 
following equation [49]:
                  

Where n is the refractive index which had 
been calculated for these samples in our previous 
work [40].

The dependence of (βc)  on (hν)  for ZnO thin 
films is illustrated in Fig.6, from this Fig. it shown 
that, the behavior of the (βc) increased for all 
these samples with (hν), this could be attributed 
to, when (hν)   increases the number of excited 
electrons increases, which cause an increase of 
(βc).

Linear optical susceptibility
linear optical susceptibility χ (1) describes the 

response of the material to an optical wave length 
and was determined using the following relation 
[50]:
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https://en.wikipedia.org/wiki/Molecule
https://en.wikipedia.org/wiki/Excited_state
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Fig. 2. The third-order non-linear optical susceptibility χ(3) dependence on photon energy for ZnO thin films with 
different substrate temperature (a) 100, (b) 200, (c)300, (d) 400 and (e) 500oC.

Fig. 3. Relation between the real part of third-order non-linear optical susceptibility and photon energy for ZnO 
thin films with different substrate temperature (a) 100, (b) 200, (c)300, (d) 400 and (e) 500oC.

Fig. 4. Relation between the imaginary part of third-order non-linear optical susceptibility and photon energy for 
ZnO thin films with different substrate temperature (a) 100, (b) 200, (c)300, (d) 400 and (e) 500oC .
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Fig. 5. The non-linear refractive index dependence on wave length for ZnO thin films with different substrate 
temperature (a) 100, (b) 200, (c)300, (d) 400 and (e) 500 oC.

Fig. 6. The non-linear absorption coefficient (βc) dependence on photon energy for ZnO thin films with different 
substrate temperature (a) 100, (b) 200, (c)300, (d) 400 and (e) 500 oC.

TABLE 1. The determined values of ZnO thin films such as tatic refractive index (no), Free carrier concentration 
Nd-Na (cm-3), density of conduction band Nc (cm-3), density of valence band Nv (cm-3) and Fermi level 
position (eV) and Surface electric Es (kV).
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50.302.88E+201.009.32E+202.10E+211.591.2E+4810.807.10200

40.702.33E+200.841.71E+213.85E+211.639.7E+4712.207.30300
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34.801.99E+200.783.68E+218.29E+211.698.3E+4714.407.80500
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The relation between χ (1) and (hν) for ZnO 
thin films with different substrate temperature is 
shown in Fig. 7. From this Fig. it was seen that, 
χ (1) increased for all these samples with (hν), 
this due to, the increase when (hν) increases, the 
incident light intensity, increases which cause an 
increase χ (1).

Electrical Susceptibility
Electrical susceptibility χ(e) which describe 

the electrical behavior of the samples under the 
influence of the electric field and was determined 
using the following relation [51] 
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Where k is the extinction coefficient which 
was calculated for these samples in our previous 
work [40].

The dependence of χ(e) on (hν) of these 
investigated samples is shown in Fig. 8. From 
this Fig. it is clear that the values of χ(e) for all 
these samples increase with (hν). This could be 
attributed to the increase of electron mobility with 
(hν), which leads to the increase of the electric 
susceptibility χ(e).

The relative permittivity εr was calculated 
using the following relation [52]

)1( += er χε                                  (9)

The relation between εr and (λ) for these films 
is shown in Fig. 9. From this Fig. it was seen that, 
the values of relative permittivity εr increases with 
(hν) for all these samples, this could be attributed 
to the increase of relative permittivity εr is due to 
the increase of the electrical susceptibility.

Semiconducting Results                                                   

The semiconducting results plays an important 
role for changing both of electrical and optical 
properties, so it is important for explanation of the 
physical properties is that, determination of these 
semiconducting parameters.

The density of state for both the valence 
and conduction band were calculated using the 
following equations [53]:

Where Nv, Nc were the density of states for 
both valence and conduction bands respectively, 
m*

e is the effective mass of electrons and had a 
value of  0.24 mo [54], m*

h is the effective mass 
of  holes  and had a value of  0.45  mo [55], K is 
the Boltzmann constant and T is the temperature 
on Kelvin.

The determined values of both Nv, Nc are 
shown in Table 1. The most important factor was 
determined as a function of Nv, Nc, this is the 
position of Fermi level, which was determined 
using the following relation [53].

The determined values of the Fermi level 
Position (FLP) from conduction band is shown in 
Table 1, which showed that the values of (FLP) 
decreases with substrate temperature.

The determined free carrier concentration gives 
an indication of an important semiconducting 
parameter which is, surface electric field (Es), 
which was determined using the following relation

Where e is the electron charge, (Nd-Na) is the 
calculated free carrier concentration, ε dielectric 
permittivity of ZnO and had a value of 2.08 [56]

And Vs is the pinning of Fermi level and 
equal 0.66 eV [57]. The determined values of 
the surface electric field is shown in Table .1, 
which showed that, the surface electric field 
decreases with substrate temperature, this is due, 
the electron mobility increases when the substrate 
temperature increase, which increase the electron 
hole recombination at the surface of the sample, 
which leads finally to decreased the surface 
electric field.

Conclusion                                                                      

The high-quality thin films of ZnO were 
prepared with different substrate temperature 
deposition (100–500 C) using RF method. The SEM 
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Fig. 7. The linear optical susceptibility χ (1) dependence on photon energy for ZnO thin films with different 
substrate temperature (a) 100, (b) 200, (c)300, (d) 400 and (e) 500 oC.

Fig. 8. Relation between the electrical susceptibility χ(e) and photon energy for ZnO thin films with different 
substrate temperature (a) 100, (b) 200, (c)300, (d) 400 and (e) 500 oC.

Fig. 9. Relation between relative permittivity εr and photon energy for ZnO thin films with different substrate 
temperature (a) 100, (b) 200, (c)300, (d) 400 and (e) 500 oC.
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pictures showed that, the grain size increased with 
substrate temperature. The values of χ(3) increase 
with (hν) for all samples as a result of  increased the 
mobility of electron incresed, both of the real and 
imaginary part of χ(3) increased with (hν) for these 
samples for all substrate temperatures. The values 
of the n2 for all these studied samples decreased 
with (λ), this id duo to the increasing of grain 
size with substrate temperature. (βc) increased 
for all these samples with (hν), which is duo to, 
(hν) increase the number of excited electrons. The 
same behavior was noticed for χ(1) Which increased 
with (hν) as a result of increase of incident light 
intensity, also both of electrical susceptibility χ(e) 
and relative permittivity εr increase with (hν) as a 
result of the electron mobility increases with (hν). 
The values of both Nv, Nc increased with substrate 
temperature. This is due to the increase in the 
electron and hole motilities. On the other hand, the 
determined values of both of (FLP) and Es decrease 
with substrate temperature as a result of increasing 
the electron hole recombination at the surface 
of the sample with substrate temperature. These 
results give a great chance for control and change 
the important results such as structure, non-linear 
optical results and semiconducting results.

By changing the substrate temperature of 
deposition only, this leads to important industrial 
applications such as electronic and optoelectronic 
devices with low coast.
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STUDY OF NON-LINEAR SPECTROSCOPIC OPTICAL PROPERTIES, ELECTRICAL...

 دراسة اعتماد الخواص البصرية الطيفية غير الخطية والقابلية الكهربية و خواص شبه الموصلة على  تغيير درجة
حرارة قاعدة الترسيب لاغشية رقيقة من اكسيد الزنك المحضرة بتقنية تردد الراديو

احمد ابراهيم على1، 2 و احمد عبد المعز عبد الرحمن3

1قسم العلوم الأساسية ، كلية التربية الصناعية ، جامعة حلوان ، كوبرى القبة ، القاهرة ، مصر.

2مركز بحوث تكنولوجيا النانو ، الجامعة البريطانية في مصر ، مدينة الشروق ، طريق السويس الصحراوى ، القاهرة 11837.

3معمل إلكترونيات الجوامد ، قسم فيزيقا الجوامد ، شعبة البحوث الفيزيائية، المركز القومي للبحوث ، 33 شارع البحوث ، الدقي ، الجيزة 

،12622، مصر.

تمت دراسة الاغشية الرقيقة من اكسيد الزنك المحضرة باستخدام تقنية تردد الراديو عند درجات حرارة مختلفة 
لقاعدة الترسيب تمت دراستها باستخدام الطرق الضوئية.

وتم تحديد كلا من الرتبة الاولى (χ(1)) من القابلية الضوئية الخطية و  الرتبة الثالثة من القابلية الضوئية غير الخطية 
(χ(3)). وكذلك تم دراسة وتحديد معاملات اخري مهمة من النتائج  الضوئية غير الخطية مثل معامل الانكسار الغير 
خطي (n2) ومعامل الامتصاص غير الخطى (βc).وتم ذلك تعيين وحساب القابلية الكهربية (χc)  و السماحية النسبية 

εr  ضوئيا لهذه العينات المحضرة عند درجات حرارة مختلفة لقاعدة الترسيب.

التكافؤ  (Nv)، كثافة  مستوي  الموصلة مثل كثافة مستوي طاقة  واخيرا تم تعيين وتحديد معاملات وناتئج شبه 
طاقةالتوصيل  (Nc) و تركيز حوامل الشحنات (Nd -Na)، وكذلك تحديد موضع مستوى فيرمي (Ef ) وشدة المجال 

الكهربي عند سطح العينات (Es ) لتلك العينات المحضرة عند درجات حرارة مختلفة لقاعدة الترسيب.
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