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Yurtdışındaki yükseköğretim kurumlarından örgün eğitim yoluyla alınan diplomaların denklik işlemi, 2547 sayılı
Yükseköğretim Kanunu’nun 2880 sayılı kanunla değişik 7/p maddesi ile 05.12.2017 tarihli Resmi Gazete’de yayımlanan
"Yurtdışı Yükseköğretim Diplomaları Tanıma ve Denklik Yönetmeliği" hükümleri uyarınca yapılmakta olup, söz konusu
Yönetmelik yatay geçiş, dikey geçiş ve lisans tamamlama gibi kavramları kapsamamaktadır.
Yurtdışındaki yükseköğretim kurumlarından uzaktan öğretim yoluyla alınacak diplomalar ise söz konusu Yönetmeliğin 10.
maddesi ve ilgili mevzuat çerçevesinde değerlendirilmektedir.
Öğrenim dili Türkçe olan yurt dışındaki yükseköğretim programlarından alınan diplomalar için yapılan başvurular
Yönetmelik’in 7. madde, 6. fıkra, (ç) bendi "Türkiye’nin taraf olduğu uluslararası anlaşmalarla öğrenim dilinin Türkçe olduğu
belirlenen programlar veya Yükseköğretim Kurulunca tanınan yurtdışındaki Türkçe yükseköğretim programları dışında,
yükseköğretim kurumlarının açtığı ve öğrenim dili Türkçe olan programlardan alınan diplomalar için yapılan başvurular
reddedilir." hükmü çerçevesinde karara bağlanacaktır.
Diploma denklik başvurusunda aranacak belgeler ile inceleme ve değerlendirme usul ve esasları Yurtdışı Yükseköğretim
Diplomaları Tanıma ve Denklik Yönetmeliği’nde belirtilmiş olup; ilgili Yönetmelik ve detaylı bilgiye Yükseköğretim Kurulu
web sayfasından ulaşılabilmektedir.
Yatay geçiş başvuruları, 08.02.2008 tarih ve 636/2732 sayılı yazımız ile "Yükseköğretim Kurumları Arasında Ön lisans ve
Lisans Düzeyindeki Programlar Arasında Geçiş, Çift Anadal, Yan Dal ile Kurumlar Arası Kredi Transferi Yapılması Esaslarına
İlişkin Yönetmelik" hükümlerine; lisansüstü eğitim başvuruları ise 26.09.2017 tarih ve 64528 sayılı yazı ile "Lisansüstü Eğitim
ve Öğretim Yönetmeliği" hükümlerine uygun olarak, alınan dersler incelenmek suretiyle başvuru yapılan Üniversite tarafından
değerlendirilmekte ve karara bağlanmaktadır.
2547 Sayılı Kanun’un 11 b/5 maddesi uyarınca yurtdışında yapılan doktora eğitimleri Üniversitelerarası Kurul tarafından
değerlendirilmektedir. Yurtdışında yapılan doktora eğitiminin Türkiye'de yapılan doktoraya eşdeğer olup olmayacağı hususunda
önceden herhangi bir görüş belirtmek mümkün olmadığı gibi, söz konusu eşdeğerlik, doktora tamamlandıktan sonra ilgili
komisyon ve kurullar tarafından incelenmektedir.
Öte yandan diploma denklik başvuruları, ilgili Komisyon ve Kurullar tarafından münferiden değerlendirildiğinden yurt
dışındaki yükseköğretim kurumlarından alınmış ön lisans, lisans ve yüksek lisans diplomalarının ülkemizdeki
diplomalara eşdeğer olup olmayacağı hususunda önceden herhangi bir görüş belirtmek mümkün olmadığı gibi, eğitim
alınan yükseköğretim kurumunun tanınırlığına ilişkin olarak Kurulumuzun yeni kararlar alma hakkı saklıdır.
Yurt dışında yükseköğrenim görmek isteyen öğrencilerin konuyla ilgili güncel gelişme ve kararları Kurulumuz internet
adresinden takip etmeleri yararlarına olacaktır.
Bilgilerinizi rica ederim.
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Abstract
In this study, GeOx thin films were deposited onto Si substrates using the RF magnetron sputtering method. We looked at 
how the temperature of the substrate affected the Raman spectra and optical characteristics of GeOx thin films. X-ray diffrac-
tion was utilized to examine the crystal structure, and a scanning electron microscope was utilized to measure the thickness. 
In order to investigate the local structure and bonding characteristics, Raman spectroscopy was used. The refractive index, 
extinction coefficient, and dielectric parameters were calculated using spectroscopic ellipsometry for the 300–1100 nm 
spectral region. Refractive index and extinction coefficient spectral patterns were discovered by using a sample-air optical 
model to analyze the experimental ellipsometric data. Notably, a considerable rise in the refractive index was accompanied 
by a rise in substrate temperature.

Keywords  GeOx · Raman spectrometry · RF · Optical study · Structural study

Introduction

Nanotechnologies bring a strong potential for innovation and 
breakthroughs in wide areas. Because of their remarkable 
optical and electronic capabilities, nanoscale semiconduc-
tor oxide materials have recently gained more and more 
significance in manufacturing and engineering. Since the 
early 1900s, there has been a gradual revolution in the devel-
opment of efficient semiconductor materials for electronic 
applications. As technology advances, the number of com-
ponents in electrical gadgets increases. While many studies 
highlight the innovations promised by nanotechnology on 
general or specific scientific topics, very few address the 

path from novel properties to varied applications [1]. Highly 
doped GaN, as described by M. Rahman et al., are n-type 
large band gap semiconductors that are commonly used as 
transparent electrodes in solar cells, flat-panel displays, and 
light-emitting diode (LED) applications [2]. Md. F. Rahman 
and colleagues reported an innovative method for produc-
ing and analyzing transparent CdS thin layers that could be 
used for CdTe/CdS solar cells. They used the spin coating 
approach with thiol-amine solutions to effectively generate 
CdS thin films in air. Their findings indicate that CdS thin 
layers have a promising future for the creation of successful 
solution-processed CdTe/CdS photovoltaic cells [3]. Rashid 
et al. employed a simple solution-based approach to cre-
ate VO2 nanowires on a transparent substrate. Their SEM 
(scanning electron microscopy) study revealed the produc-
tion of exceptionally dense and high-quality VO2 nanowires 
at annealing temperature of 400 °C. The monoclinic VO2 
(B) phase was revealed by the patterns of X-ray diffraction 
(XRD) in the nanowire-embedded VO2 thin layers. The opti-
cal band gap of these VO2 thin films was found to have a 
value between 2.65 and 2.70 eV. Finally, the VO2 nanowires 
were demonstrated to be capable of producing hydrogen via 
solar water splitting for use in a PEC system [4]. Following 
several studies, we have estimated that with the evolution of 
nanotechnology science, there is a significant interest in the 
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research and fabrication of both efficient and low-cost semi-
conductor thin film materials. One of the most significant 
goals is to employ nano-structured thin films efficiently in 
optical and optoelectronic applications. With this objective 
in mind, germanium dioxide (GeO2) stands out as a versatile 
wide-band gap material with distinctive thermal, optical, and 
electrical characteristics [5]. These properties make GeO2 
a very interesting choice for a wide variety of applications, 
including vacuum technology, solar cells, catalysis, Li-ion 
batteries, and, most importantly, its critical role in optoelec-
tronic devices as the core material for optical fibers [6–14]. 
In particular, we are interested in the contributions of nano-
technology to the development of optical, electronic, and 
optoelectronic devices and more specifically in the creation 
and characterization of GeO2 thin films.

The fabrication of GeO2 thin films was synthesized by 
physical evaporation [15], electro-spinning [16], laser abla-
tion [17], and thermal evaporation [14]. The deposition pro-
cess used has a considerable impact on the characteristics 
of thin films, and controlling growth parameters is critical 
for customizing them to be acceptable for a wide variety of 
applications [18]. In this study, GeO2 films were produced 
depending on the substrate temperature by a radio frequency 
magnetron sputtering method. Following that, a study was 
carried out with the aim of analyzing both the optical and 
structural properties and how they relate to changes in sub-
strate temperature.

Experimental details

Sample preparation

To explore the effect of substrate temperature on XRD, 
Raman, and optical results of GeOx films, we employed 
RF magnetron sputtering using a NANOVAK NVTS-400-
2TH2SP system. A 99.999% pure Ge target with a 50.8 mm 
diameter and 3.1 mm thickness was utilized. Commercial 
Ar gas with a purity of 99.99% was used as the sputtering 
gas, accounting for 92% of the gas mixture, while oxygen 
gas comprised the remaining 8%. The sputtering chamber 
was evacuated to get an ultimate pressure of 8.3 × 10−6 Torr. 
The working pressure, sputtering rotation, and RF power 
were set to 13 × 10−3 Torr, 10 rpm, and 60 W, respectively. 
The 240.60-nm-thick film used in this study was taken from 
the study by Baghdedi et al. [19]. This film was used to 
see the difference between substrate temperature and room 
temperature.

Characterization techniques

Several characterization techniques were used to evaluate 
the effect of substrate temperature on the properties of GeO2 

materials. The crystal structure of the studied samples was 
investigated using the X-ray diffraction technique. The thick-
ness was measured using a scanning electron microscope 
(SEM). In terms of optical properties, we utilized an optical 
spectrophotometer (Cary 5000) covering the UV–Vis-NIR 
wavelength range from 200 to 1200 nm and spectroscopic 
ellipsometry (OPT-S9000) to examine the optical characteris-
tics of the fabricated samples. We adopted a Raman spectrom-
eter (LABRAM HRT 4600 h 800, LaMMA, Sfax, Tunisia) 
with a He + ion laser (= 532 nm) to record Raman spectra from 
50 to 1000 cm−1 at room temperature (RT).

Results and discussion

X‑ray diffraction (XRD) technique

The structural properties of the studied compositions were 
analyzed using X-ray diffraction (XRD) analysis. Figure 1 dis-
plays the diffractograms of GeO2 deposited on a p-Si substrate 
at different substrate temperatures, recorded with a PANalyti-
cal Empyrean XRD model X-ray spectrometer.

According to the literature, Fig. 1 illustrates that all sam-
ples exhibit a hexagonal structure. A single prominent peak at 
approximately 62°, corresponding to the (113) orientation, was 
observed for GeOx [18, 20, 21].

In order to look into the impact of substrate temperature, we 
used the following formula to calculate the structural param-
eters of the GeO2 thin films. Bragg’s equation (Eq. 1) is used 
to estimate the interplanar distance.

(1)2d Sin� = n�

Fig. 1   XRD plot of GeO2 thin films produced on silicon with the var-
iation of substrate temperatures
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where d is interplanar spacing, n is the order of diffraction, 
θ is the incident angle, and λ is the wavelength.

The determination of nanocrystal crystallite size was per-
formed through the application of Scherer’s formula (Eq. 2):

where k = 0.94 (shape factor), λ = 1.5406 Å, β = full width at 
half maxima (FWHM) in radian, and θB is the Bragg angle.

The lattice constants (a and c) of the GeO2 phase were 
calculated according to Eq. 3 for the hexagonal structure:

and:

where (hkl) is the Miller indices.
We calculated the strain (ε) in the films by employing the 

following formula (Eq. 5):

Table 1 presents the structural parameters, including grain 
size (D), FWHM (β), and strain (ε), for all the films.

It is obvious that with increasing substrate temperature, 
the intensity of the (113) peak increases and sharpens, and 
the grain size increases. The FWHM and the strain decrease 
as the substrate temperature increases. In accordance with 
the research conducted by Yang and Zhang [22], there is an 
increase in peak intensity and a decrease in the full width 
at half maximum of the (113) peak. Consequently, it can be 
inferred that higher substrate temperatures during the deposi-
tion process promote the growth of thin films with improved 
crystallinity and reduced structural disorder. Added to that, 
the decrease in the strain indicates a decrease in strain is 
often associated with a reduction in the concentration of 

(2)D =
k�

�cos�B

(3)
1

d2
hkl

=
4
(

h2 + hk + l2
)

3a2
+

l2

c2

(4)c

a
=

√

8

3
= 1.63

(5)� = � cos�∕4

lattice imperfections as the substrate temperature increases. 
As a result, increasing substrate temperature during depo-
sition can lead to improved structural quality and reduced 
lattice imperfections in thin films or crystals. The improved 
crystallinity can have significant implications for the perfor-
mance and properties of the thin films, making them more 
suitable for various applications in electronics, optics, and 
other fields where high-quality materials are required.

Scanning electron microscope (SEM)

SEM measurements were conducted on the sample’s cross-
section, specifically to measure the thickness. The films 
were found to have thicknesses of approximately 240.60 nm, 
166.71 nm, and 148.65 nm, respectively. Figure 2a–c pre-
sents SEM analyses.

As seen from the SEM cross-sections, as the substrate 
temperature rises, the layer thickness reduces. There might 
be several explanations for the reduction in thickness as 
substrate temperature rises. At the high deposition tempera-
tures of the films, the adsorbed atoms diffuse to fill the space 
between the crystals. Accordingly, smoother and denser 
films are obtained. Apart from that, the high substrate tem-
perature is thought to promote the desorption of adsorbed 
atoms with lower kinetic energies [23–25].

Raman study

A Raman spectroscopy investigation of GeO2 was done to 
establish the vibration mode in the material. It is an effective 
method for studying GeO2 materials. Raman scattering in 
GeO2 layers may be used to examine strain relaxation. The 
positions of Raman peaks are associated with phonon–pho-
non interactions, which vary depending on the material. 
According to Raman scattering conditions, both Ge–O and 
Si phonon modes can be detected [26].

Figure 3 shows typical Raman spectra obtained from three 
GeO2 samples at room temperature while using a low excita-
tion strength to avoid laser-induced heating. The laser excita-
tion is 532 nm. In each of the samples, the prominent phonon 
bands can be attributed to the GeO2-like and Si-like compo-
nents. Specifically, these bands are detected in the ranges of 
50 to 450 cm−1 and 480 to 1000 cm−1, respectively. All sam-
ples show two peaks at 960 cm−1 and 520 cm−1 that are asso-
ciated with transversal optical (TO) and first-order optical 
characteristic phonon modes of the Si substrate, respectively 
[27]. The broad spectral peak observed at approximately 
100 cm−1 can be related to the TA-like phonon mode of 
Ge nanocrystals, a phenomenon typically forbidden in one-
phonon Raman scattering. However, because of the disrup-
tion in translational symmetry, this limitation on first-order 
scattering is lifted [28]. The two 170 and 270 cm−1 peaks 
correspond to A1 Raman active mode b (O–Ge–O). A peak 

Table 1   Structural properties of GeO2 under varying substrate tem-
peratures

Samples RT 100 °C 300 °C

2θ (°) 61.79 61.94 61.77
Peak intensity 25.622 27.710 42.013
FWHM (°) 0.0812 0.0726 0.0774
D (nm) 114.56 128.29 120.55
ε (× 10−4) 3.024 3.152 2.874
d (Å) 1.499 1.496 1.499
a (Å) 4.075 4.067 4.076
c (Å) 6.643 6.629 6.645
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at 425 cm−1 is presented in the spectra, which correspond 
to A1 Raman active mode b (Ge–O-Ge). Another peak is 
detected only in the sample spectrum obtained at an ambi-
ent temperature of 301 cm−1, which is associated with the E 
transversal optical (TO) b (Ge–Ge) mode [29]. Based on this 
spectrum, as the substrate temperature rises, there is a rise in 
peak intensity with a drop in the full width at half maximum 
(FWHM), indicating an extended lifespan for the phonons. 
This demonstrates that the higher the substrate temperature, 
the more ordered the structure will be, and the defects will 
be less observable [30].

Optical spectrophotometer

The optical characteristics of GeO2 films, with varying sub-
strate temperatures, were assessed employing a UV–Vis-
NIR spectrophotometer with an integrating sphere, Varian 
Cary 5000 model. In this analysis, PTFE was used as the ref-
erence disk. Figure 4 displays the total reflectance spectrum 
of GeOx on a p-Si substrate at various substrate temperatures 
within the wavelength interval of 200–1200 nm. As seen in 
this diagram, the interference fringes vanish with the eleva-
tion of the temperature of the substrate. The total reflection 
is affected by an increase in substrate temperature. It can be 
said that this variation is connected to particle size changes.

Figure 5 shows the diffuse reflectance spectrum of GeO2 
layers at varying substrate temperatures. The measurement 
of diffuse reflection is crucial for our determination of the 
optical band gap.

Fig. 2   a–c SEM cross-sectional analysis of GeOx films as a function 
of substrate temperature

Fig. 3   Raman spectra of GeO2 with substrate temperature variation
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The Kubelka–Munk theory provides the means to deter-
mine the energy gap of films deposited on nontransparent 
substrates, with the sample’s diffuse reflectance being con-
nected to the Kubelka–Munk function denoted as F(R). The 
calculation of diffuse reflectance data was carried out uti-
lizing the Kubelka–Munk function through the following 
relationship [31]:

This equation relates the diffuse reflectance of the sam-
ple (R) to the Kubelka–Munk function (F(R)), where K 

(6)F(R) =
(1 − R)2

2R
=

K

s

represents the absorption coefficient and s represents the 
scattering coefficient.

As depicted in Fig. 6, the absorption edge shifts with 
variations in the substrate temperature. This situation can be 
related to the change in the energy band gap. Tauc’s equation 
is employed to establish a connection between the absorp-
tion coefficient of a direct band gap semiconductor [32, 33].

This equation relates the linear absorption coefficient (α) 
of the material to photon energy (hν) through a proportional-
ity constant (A) and a constant factor (n), which depends on 
the type of optical transition (n = 1/2 indicates direct allowed 
transition).

The Kubelka–Munk function exhibits a direct proportion-
ality to the absorption coefficient.

where t is the thickness of the film [34]. The energy band 
gap of the films can be determined by graphing the square 
of the Kubelka–Munk function against energy. Based on this 
analysis, it was found that all the films investigated in our 
research exhibit a direct energy gap. The energy band gap of 
the films in Fig. 7 is obtained from the intercept of the linear 
section of the curve with the x-axis.

The associated values of Eg have been provided in 
Table 2.

It is observed that as substrate temperature rises, the band 
gap energy decreases from 4.30 to 3.20 eV. This drop in 
band gap energy can be attributed to changes in film density 
and grain size in the examined films [35].

(7)�hν = A
(

hν − Eg

)n

(8)� =
F(R)

t

Fig. 4   Total reflectance spectra of GeO2 films with different substrate 
temperatures

Fig. 5   Diffuse reflectance spectra of GeO2 films with different sub-
strate temperature

Fig. 6   F(R) versus wavelength
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On the other hand, in semiconductors, the thermal 
energy of the electron increases with increasing substrate 
temperature. Therefore, electrons require less energy to 
break the covalent bond and jump to the conduction band. 
The decrease in binding energy also reduces the distance 
between the conduction and valence bands [36].

Spectroscopic ellipsometry

The OPT-S9000 Ellipsometer was utilized to do a more 
detailed optical study using the spectroscopic ellipsometry 
method. Ellipsometry was employed for the assessment of 
the films’ refractive index, extinction coefficient, and dielec-
tric constant [37, 38]. In this analysis, measurements were 
conducted within the wavelength spectrum of 350–1100 nm, 
utilizing a 5 nm increment and an incident angle of 65°. 
The Cauchy model was employed for the computation of the 
measurements [39]. Figure 8 illustrates the theoretical and 
experimental representative spectroscopic Ψ measurements 
for all sample data across various wavelengths.

Figure 9 displays the theoretical and experimental spec-
troscopic ∆ measurements for all samples as a function 

of wavelength. It is evident from both plots that the fit is 
highly accurate, with mean squared error (MSE) values 
falling within the range of 5–14.

The refractive indices of GeO2 films were extracted 
by examining the Ψ spectra, focusing on the point where 
the theoretical model and experimental data exhibited the 
strongest correlation. The graph in Fig. 10 indicates the 
change in refractive index of GeO2 films. that were fabri-
cated using various substrate temperatures and on a silicon 
substrate.

Fig. 7   (αE)2 spectra of GeO2 films with different substrate tempera-
tures

Table 2   The energy band gap of GeOx films with different substrate 
temperatures

Samples Thickness (nm) Energy 
band gap 
(eV)

RT 240.60 4.30
100 °C 166.71 3.54
300 °C 148.65 3.20

Fig. 8   The spectral dependence of ψ with substrate temperature vari-
ation

Fig. 9   The spectral dependence of Δ with substrate temperature vari-
ation
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The refractive index is directly related to the internal 
structure of the film under consideration. As can be observed 
in Fig. 10, significant changes in the refractive index were 
observed as the substrate temperature changed. The refractive 
index of the films rises concurrently with a decrease in the 
optical band gap, as illustrated in Table 2. It is evident that the 
rise in substrate temperature leads to an increase in the refrac-
tive index of the films, likely attributed to the enhanced film 
packing density and crystallinity. The relationship between the 
refractive index and film packing density can be readily elu-
cidated through the established Lorentz-Lorenz relation [40]. 
According to the XRD data, grain size rises with increasing 
substrate temperature, and sample packing density is inversely 
related to grain size. As a result, the packing density of the 
films gradually decreases with rising substrate temperature: a 
behavior that gives clear proof for the association between the 
packing density and the refractive index of the GeO2 films. The 
results of this study confirm our prior argument that film den-
sification might be one of the reasons leading to the decrease 
in band gap with rising substrate temperature.

The graph in Fig. 11 illustrates the variation of the extinc-
tion coefficient of GeO2 films fabricated using various sub-
strate temperatures and a silicon substrate. It can be asserted 
that with the elevation of substrate temperature, there is a cor-
responding increase in the extinction coefficient.

Furthermore, the complex dielectric constant of a solid, 
representing the optical properties of thin films, is expressed as

In this context, ε
1
(λ) and �

2
(�) are associated with n(λ) 

and k(λ) as follows:

(9)�̂(�) = �
1
(�) + i�

2
(�)

The real part of the dielectric function was calculated, and 
a graphical representation of �

1
(�) depending on wavelength 

is presented in Fig. 12.
The real part of the dielectric constant increased as 

the elevation of substrate temperature. The imaginary 

(10)�
1
(�) = n2(�) − k2(�)

(11)�
2
(�) = 2n(�)k(�)

Fig. 10   The variation in the refractive index (n) with respect to the 
wavelength in GeO2 films

Fig. 11   The relationship between the extinction coefficient and the 
wavelength in GeO2 films

Fig. 12   Real parts (�
1
) of the dielectric function as a function of the 

wavelength
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component of the dielectric function �
2
(�) was computed 

using Eq. 11, and a graphical representation of �
2
(�) depend-

ing on wavelength is displayed in Fig. 13.
As shown in the figure, the value of the dielectric con-

stant is in accordance with the findings in the literature [33]. 
Both the real and imaginary components exhibit a similar 
trend, and the real parts are more important than the imagi-
nary parts. The distinction between the real and imaginary 
components can be attributed to their correlation with the 
density of states located within the band gap of the films. 
In addition, it is seen that both ε1 and ε2 exhibit a decrease 
as the wavelength increases within the visible region. Con-
versely, the real and imaginary components of thin films’ 
values rise as the substrate temperature increases, leading 
to an elevation in the dielectric constant attributable to the 
improvement in crystallinity. The enhancement of dielectric 
properties can also be attributed to the improved film mor-
phology resulting from the increase in substrate temperature.

Conclusions

In this research, GeOx semiconductor layers were obtained 
on p-Si substrate at different substrate temperatures by RF 
sputtering method. The X-ray diffraction (XRD) analysis of 
the examined compounds indicated that all samples had a 
hexagonal crystal structure, which was related to the forma-
tion of higher-quality films at higher substrate temperatures. 
The local structure and bonding properties of the produced 
films were examined with Raman spectroscopy. We deter-
mined the film thicknesses using SEM. The optical param-
eters of the materials under consideration were assessed 

through the utilization of an optical spectrophotometer and 
spectroscopic ellipsometer. An observed trend was the rise 
in the refractive index with increasing substrate tempera-
ture. We can conclude from this research that the GeOx/Si 
layers have intriguing structural and optical characteristics 
that make them useful in a variety of applications in the 
optics and optoelectronic fields. These findings contribute to 
the understanding of how deposition conditions impact the 
material’s properties, opening up possibilities for designing 
and engineering novel optical and optoelectronic devices.
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