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Dysprosium oxide (Dy2O3) and Cu/Dy2O3 thin films of thickness 117.14 nm and 258.30 nm, respectively were successfully deposited 
via a well-known DC-magnetron sputtering technique. Field emission scanning electron microscopy clarifies the growth of uniform 
and fine granular particles on silicon substrate. The hexagonal closed pack structure for both the thin films has been observed by the 
x-ray diffraction analysis and it was observed that by inclusion of copper the HCP structure of thin film was retain with a slight shift
in the main peak. The reduction from 3.9 eV to 3.8 eV in the energy band gap value was observed by incorporation of copper ions
Dy2O3 thin films. The M-H loops obtained through Vibrating Sample Magnetometer (VSM) shows that Dy2O3 thin film behave
ferromagnetically at low temperature with a saturation magnetization value of 2860 emu/cc and evolves through its phase transition
temperatures and behave paramagnetically at room temperature. In Cu/Dy2O3 case, the diamagnetic response of Cu dominates and
produces reverse hysteresis loop at both temperatures make it a suitable candidate for energy and memory storage devices applications.
Keywords: Magnetron sputtering; Dy2O3; Cu/Dy2O3; Thin films; Tauc plot; Magnetic properties; Hysteresis loop
PACS: 07.55.Jg, 61.10.Nz, 68.37.Hk, 74.25.Gz, 75.20.−g, 75.70.Ak, 81.20.−n

INTRODUCTION 
During the last few years, several attempts have been made to improve the properties of rare-earth thin films by 

employing different methods. Successful approaches were to reduce their anisotropy different rare-earths were 
alloyed [1]; to include the tensile film stress [2], the preparation conditions were adjusted; to change the amorphous state 
of the films, small amount of Boron was added [3-4]. Among the rare-earth metals, Dy is considered as a possible solenoid 
pole piece material which is a suitable candidate for ultra-high moment applications at low temperatures [5-7]. The bulk 
Dy was considered as a pole material for field concentrators [8] and undulators [9], its tips for magnetic resonant force 
microscopy which can be used in pulsed-laser deposition, molecules beam epitaxy or plasma sputtering for its high yield 
and scalability [10]. Brilliant magneto-optical properties are resulted in the case of Copper (Cu) mixed with Manganese 
(Mn) for example, being Cu as optical and Mn as magnetic material [11]. The value of magnetic anisotropy of Dy is very 
large which when coupled with transition metals (Fe, Co, Ni, Cu) [12-14] and other ferromagnetic rare earths (Er, Ho, 
Gd) [15-20], much attention has been paid to DyFeCo [21], FeNdDyB [22] and FeDyTb alloys [23]. The slight structural 
changes incorporated because of guest molecules exchange, produce different dipole−dipole interactions which then 
effect the relaxation rate of incoherent quantum tunneling to acquire different effective relaxation barriers [24]. In this 
case, the structure of the near surface region of this phase becomes distorted; this leads to the nucleation of reverse 
magnetization domains to an experimentally observed decrease in Hci [25].  

Different properties of thin films are achieved by varying the production procedures as well as on the parameters of 
deposition, like deposition rate, temperature control, variation of substrate etc. In recent times, various physical and 
chemical deposition techniques are utilized for the processing of ZnO thin films, which includes but may not be restricted 
to, chemical vapor deposition (CVD), sputtering techniques, plasma enhanced CVD, sol–gel process and pulsed laser 
deposition (PLD) [26]. Among these growth techniques magnetron sputtering has a lot of advantages such as its low cost, 
low thermal budget, simplicity, non-toxic and for desired properties, its ability to produce high quality thin films [27]. 
Sezen et al studied the optical properties of Dy2O3 and recorded the band gap of 3.90 eV through ab-initio calculations to 
give way for the experimental growth of these thin film in combination with different metal content such Cu, Cr etc. [28]. 
The current study, we report the deposition of a high purity Dy2O3 and Cu/Dy2O3 thin films by DC magnetron sputtering 
on silicon substrate at room temperature. Further, the structural, morphology, optical and magnetic properties of these 
thin films Dy2O3 and Cu/ Dy2O3 are investigated for energy and memory storge devices applications. 

EXPERIMENTAL DETAILS 
Sample Preparation 

Dy2O3 and Cu/Dy2O3 thin films were fabricated via well-known sputtering technique using magnetron sputtering 
(DaON 1000 S) system contains three sputtering guns, one for Radio Frequency (RF) and two Direct Current (DC) supply 
[29-30]. The silicon substrate was used for the deposition of Dy and Cu and the temperature of it was kept up to 300°C. 
Initially, for achieving the clear and content free environment inside the chamber; high vacuum with base pressure of 
5×10-6 Torr was achieved in 30 minutes before starting the deposition process. The Oxygen and Argon (70:30) flow were 
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kept, but the flow rate was adjusted upto 5 mTorr. In the doping of Cu(10%) was controlled and calibrated by using STM 
(Sycon Thickness Monitor). The deposition of these films was carried out through DC sputtering keeping 300V and 
100mA for Dy and 250V and 40mA for Cu respectively. Finally, thin films having thickness 117.14 nm & 258.30 nm for 
Dy2O3 and Cu/Dy2O3 respectively were collected after cooling the chamber to room temperature to avoid the deposited 
thin film from cracking down. 

 
Sample Characterizations 

The structure and crystallinity of the films were determined by an XRD (X’Pert) operating at 30 kV and 10 mA using 
Cu Kα1 radiation (1.54 Å). The measurement was conducted at room temperature with 2θ = 200-700 incident angles. For 
morphological study of these thin films FESEM (FEI Nova 450) was used. The operating power of the FEI Nova 450 was 
10 kV and 50kV respectively. The microscope was in the secondary electron mode at a working distance of 5.1 mm with 
lens detector. EDX spectrometry (Oxford Instruments Inca X-Act) built in with FEI Nova 450, was used for qualitative 
and quantitative compositions analysis of elements. Spectroscopic Ellipsometry (Alpha-SE Ellipsometer, J. A. Woollam) 
was used to get the thickness of thin films and absorption coefficient of thin films. Hysteresis loop for magnetization of 
the Dy2O3 and Cu/Dy2O3 thin films was obtained using a VSM (with low temperature 5K and at room temperature 300K) 
using Cryogen free measuring system (Cryogen Limited UK).  

 
RESULTS AND DISCUSSION 

Structural Analysis 
Figure 1 shows crystallographic results i.e., XRD peaks and their miller indices of Dy2O3 and 10%-Cu substituted 

Dy2O3 thin films. For Dy2O3, two peaks are observed, one at 28.230 with miller indices (100) and other at 32.400 having 
Miller indices (101) as shown by Figure 1(a). 

 
Figure 1. XRD pattern of (a) Dy2O3 and (b) Cu/Dy2O3 thin films 

The comparison of Dy2O3 XRD data with the reference code 01-089-2926, confirm the hexagonal closed pack (hcp) 
structure and having space group P63/mmc and space number of 194. When 10%-Cu is co-deposited with Dy for the 
alloy thin film, only a single prominent, sharp peak has been observed, as in Figure 1(b). This peak is associated to Dy2O3, 
since having miller indices of (100) for 2θ value of 27.03. 

It can be found that the presence of Cu has slightly adjusted the (100) peak to new 2θ value and no peak for Cu has 
been observed in the Cu/Dy2O3 thin film. It has been found for the case of Cu mixed ZnO thin films [31, 32] that the 
introduction of Cu adjusts the main peak of ZnO (002) to new values of 2θ and with no Cu peak. They have suggested 
that there is strong c-orientation preference with normal to the substrate and Cu atoms exist only on the interstitial sites. 
The same can be attributed in current scenario where Dy2O3 having close packing structure with maximum packing 
density does not allow Cu atoms to change/modify the base Dy2O3 structure, rather be present at the interstitial sites thus 
increasing the overall energy. Recalling the Cu standard pattern having reference No. 04-0836, there are three prominent 
peaks for copper, each at 43.30, 50.43 & 74.13 2θ values, but Figure 1(b) announces no peak (even smaller one) at the 
above-mentioned values for Cu. 

 
Morphological studies and elemental analysis 

FESEM micrographs of Dy2O3 and Cu/Dy2O3 thin films are shown in figure 2(a-d) (where a, b represents the Dy2O3 
micrographs, and c, d show Cu/ Dy2O3 images). It is clear from the micrographs of these thin films that growth of smooth 
and uniformly dispersed particles along with small grains on the silicon substrate, which can be due to the fact that both 
Dy2O3 and Cu/Dy2O3 are deposited simultaneously. Moreover, inclusion of Cu as dopant or co-dopant normally 
smoothens the ZnO thin film structure as can be found in many semiconductors’ technologies-based materials [33]. 

The EDX spectra of pure and Cu substituted thin films were acquired by using 20 kV electron beam-energy are 
shown in Figure 3. The Cu, Dy and O intensities peaks in both thin films confirmed its high-purity and the presence of 
these acquired elements with their stoichiometric ratio. The table within figure 3 shows the wt% of each constituent 
elements with their stoichiometric-formulation. 
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Figure 2. FESEM micrographs at lower and higher magnification (a, b) Dy2O3, and (c, d) Cu/ Dy2O3 thin film 

Figure 3: EDS spectra of thin films with their table of elements compositions wt.% where (a) shows Dy2O3 and (b) 10%-Cu 
doped Dy2O3 thin films compositions 

Optical Studies 
The absorption coefficient energy band gap curve obtained through ellipsometry and Tauc and Davis’s plot 

respectively are shown in Figure 4. 

Figure 4: Optical properties measurement through ellipsometry (a) Absorption coeffient and (b) Energy band gap values for both 
thin films as plotted by the Tauc plot 

The absorption coefficient value high at lower wavelength shows high value, but as the wavelength shifted towards 
the visible region that it decreases for both samples and finally a slight increase at the elevated wavelength as shown in 
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Figure 4(a). Which shows that these thin films are good observers at lower wavelength. Figure 4(b) represents the energy 
band gap value 3.8 eV for Dy2O3 and 3.9 eV for Cu/Dy2O3 thin films obtained from Tauc and Davis’s plot in which the 
photon energy and absorption coefficient can be related in the absorbance region in a relation expressed as: 

αhv =A (hѵ-Eg) n (1) 

where ʽʽαʼʼ is the absorption coefficient, ʽʽhѵʼʼ is photon energy, ʽʽAʼʼ is proportionality constant, “Eg” is optical band 
gap, “n” is an integer equal to 2 for an indirect and 1/2 for direct band gap in the above relation [34]. For the value of n=2 
for Dy2O3 and Cu/Dy2O3 thin films, it states that an indirect band gap obtained for these structures. Similarly, energy band 
of Dy2O3 confirms the fact that valance shell electrons have the ability of absorbing energy, whereas value for second thin 
film Cu/Dy2O3 decrease which further enhances the chance for such materials to be used in electronic applications. 

Magnetic Properties Studies 
Figure 5 represents the magnetic hysteresis loops of Dy2O3 and Cu/Dy2O3 thin films at room temperature (300K) 

and low temperature 5K as presented in figure 5. 

Figure 5. Shows M-H curves, here (a) presents Dy2O3 at 5k, (b) Cu/Dy2O3 at 300k, (c) Dy2O3 at 5k and (d) Cu/Dy2O3 at 300k, 
respectively 

The ferromagnetic order in case of Dy2O3 at 5 K has been observed, since it behavior evaluates into anti-
ferromagnetic ordering at above 85 K and further to paramagnetic nature at and above 179 K. The Ms value obtained for 
Dy2O3 thin film at low temperature is 2860 emu/cc. The inset of Figure 5(a) shows that the magnetization lines pass 
through the origin, announcing no remanent magnetization [35], a response typically related to pure ferromagnetic 
materials. Moreover, when magnetization for Dy2O3 thin film is measured at room temperature (Figure 5(c)), a 
paramagnetic type of behavior is observed, with much reduced saturation magnetization value and obviously no remanent 
magnetization as in the inset of this graph (Figure 5(c)).  

A completely different response of the Cu/Dy2O3 thin film has been observed both at low and room temperature, 
with production of reverse hysteresis loop due to inclusion of Cu with Dy. The energy difference between the lowest 
doubly degenerate sublevels (formally corresponding to large Jz values of ±11/2 or ±13/2 for dysprosium) seems to be 
affected by the degree of longitudinal compression or elongation [36-37]. This behavior of the Cu/Dy2O3 thin film can be 
due to the effect of Cu diamagnetic nature, which drives Dy to behave diamagnetically and pronounces a small 
magnetization value. The difference above may be linked with the different local symmetry and the bond distances result 
in different ligand fields [38]. The behavior of Cu/Dy2O3 thin film has also the support of XRD data as presented above, 
with Cu atoms present at the interstitial sites, not affecting the structure, rather other physical properties of the thin film. 
For the case of Dy2O3 Figure 5(c) it is clear that dysprosium thin film transforms to paramagnetic nature with an improper 
saturation of the particles and a much-reduced saturation magnetization value. These results can be used for the tuning of 
magnetic properties of Dy based thin films for technological applications [15-20]. 
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CONCLUSION 
Thin films of Dy2O3 and Cu/Dy2O3 of thickness 17.14 nm and 258.30 nm respectively were prepared successfully by 

the magnetron sputtering method. It is suggested that Cu elements residing at the interstitial sites, not affecting the structure 
of the alloyed thin film, as confirmed by the XRD results but modify the other physical properties. Smooth behavior of the 
thin films is obtained by the FESEM micrographs along with no impurity shown by the elemental analysis through EDX. 
Further, by addition of Cu reveals a change in the optical properties, as well as diamagnetic response of the Cu compels Dy 
to produce negative hysteresis effect (by VSM) can be used for such material-based storage application. 
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ОПТИЧНИЙ ТА МАГНІТНИЙ ВІДГУК ЧИСТИХ ТА НАСИЧЕНИХ ІОНАМИ Cu ТОНКІХ ПЛІВОК ОКСИДУ 
ДИСПРОЗІЮ, ДЛЯ РІЗНИХ ЗАСТОСУВАНЬ 

Мухаммад Таусеф Куреші 
Факультет фундаментальних наук, Коледж підготовчого року, Університет Хаїль, 

Хаїль, Королівство Саудівська Аравія 
Тонкі плівки оксиду диспрозію (Dy2O3) і Cu/Dy2O3 товщиною 117,14 нм і 258,30 нм відповідно були успішно нанесені за 
допомогою добре відомого методу магнетронного напилення на постійному струмі. Автоемісійна скануюча електронна 
мікроскопія показала зростання однорідних і дрібних гранульованих частинок на кремнієвій підкладці. Гексагональна закрита 
структура пакування для обох тонких плівок спостерігалася за допомогою рентгенівського дифракційного аналізу, і було 
помічено, що завдяки включенню міді HCP-структура тонкої плівки зберігалася з невеликим зсувом головного піку. 
Зменшення ширини забороненої зони від 3,9 еВ до 3,8 еВ спостерігалося шляхом включення тонких плівок іонів міді Dy2O3. 
Петлі M-H, отримані за допомогою вібраційного магнітометра (VSM), показують, що тонка плівка Dy2O3 поводиться 
феромагнітно при низькій температурі зі значенням намагніченості насичення 2860 emu/cc і розвивається через температури 
фазового переходу та поводиться парамагнітно при кімнатній температурі. У випадку Cu/Dy2O3 діамагнітний відгук Cu 
домінує та створює петлю зворотного гістерезису при обох температурах, що робить його придатним кандидатом для додатків 
пристроїв зберігання енергії та пам’яті. 
Ключові слова: магнетронне розпилення; тонкі плівки; Dy2O3; Cu/Dy2O3; графік Таука; магнітні властивості; петля 
гістерезису 




