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Abstract: Pulsed laser deposition (PLD) technique based on femtosecond (f.s.) provide with 2 amplifiers was used 

to fabricate nano layer of YBCO thin superconducting films on a quartz substrate. A femtosecond laser contains to 

Ti: sapphire crystal is pumped by 2
nd

 harmonic of Nd:YLF laser at 523 nm. The femtosecond laser was focused on a 

rotating target and was made incident on the target surface at an angle of 45°. The substrate temperature was kept at 

400°C and the films were deposited in vacuum and in the presence of pure oxygen at a pressure (PO2) of 5.5×10
-5 

Torr using turbo molecular pump. In the present study, we have varied the distance from the target to the substrate 

(dT-S) in order to improve the film quality. As a result, we have achieved both of high quality films and the 

uniformity in deposition rate under the optimized condition of dT-S = 70 mm. Nano-layer of superconducting films 

are identified as Y2Ba5Cu7Ox and Y2Ba4Cu8O20-x, respectively, as revealed by XRD and EDX measurements. 

Thickness of the films was measured by Fizeau interference (FI) technique at reflection and found to be~150 nm 

with a deposition time of 10 min. Atomic force microscope scans, recorded in a tapping mode, of Y2Ba4Cu8O20-x 

thin film surface shows that the film start to have some atomic arrangements after laser ablation treatment with grain 

size of 100-300 nm. Resistivity measurements for the target superconductor Y1Ba2Cu3O6.96 revealed a transition 

temperature Tc
onset

 = 90 K with a transition width ∆Tc = 2.0 K and the zero resistance is achieved at Tc(0) = 88 K. 

The Raman spectra of YBCO indicate that the five z-polarized Raman phonons exist. The electrical and structural 

studies of the polycrystalline and PLD-YBCO nano-superconducting layer films were determined in details by 

employing structural x-ray diffraction (XRD), scanning electron microscope (SEM), energy-dispersive X-ray 

spectroscopy (EDX), atomic-force microscope (AFM), as well as the electrical resistance R(T) measurements. 

Additionally, Raman spectroscopy was used to obtain more information about texture, in particular oxygen content, 

the detection of foreign phases, and orientation of YBCO superconducting material. Finally, we have investigated 

the fluorescence of the films using an ultraviolet light source. By using PLD technique, we can fabricate films of 

nano superconducting layers with the same chemical structure as the target material. This information would be 

useful particularly in the fabrication of high Tc-device. 

[Badr Y. A., M. I. Youssif, Tharwat El-Sherbini, and D. Hassan. Fabrication and Characterization of 

Superconducting Nano Layer by Pulsed Laser Deposition. Life Sci J 2016;13(5):8-20]. ISSN: 1097-8135 (Print) / 

ISSN: 2372-613X (Online). http://www.lifesciencesite.com. 2. doi:10.7537/marslsj13051602. 
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1. Introduction 

High-Tc superconducting (HTSC) thin films 

Y1Ba2Cu3O7-δ (YBCO or Y123) on low dielectric loss 

substrates are suitable candidates for applications as 

passive microwave devices in the future 

communication systems. There is a huge number of 

activities to develop microwave devices using HTSC 

thin films, because in this field real market applications 

of HTSC subsystems seem to be possible in the nearest 

future. For satellite communication systems [1-3], 

devices like microwave strip line filters require HTSC 

thin films on both sides of large-area crystal wafers. 

In thin film growth technology, various 

techniques, namely chemical and physical methods, 

have been developed for the deposition of thin film 

superconductors. The chemical method is composed of 

metal organic chemical vapour deposition (MOCVD) 

[4, 5], metal organic deposition (MOD) - solution 

methods [6, 7] and liquid phase epitaxy (LPE) [8, 9]. 

The physical method consists of the magnetron 

sputtering, pulsed laser deposition (PLD) and the co-

evaporation method. Several groups[10] have 

successfully deposited superconductive Y1Ba2Cu3O7-x 

coatings by MOCVD on different substrate materials 

with high critical current densities in applied magnetic 

fields [11-13]. However, the rougher film surface and 

larger surface resistance are the disadvantages of this 

method. Preparation of some oxide films as e.g. 

strontium titanium STO [14], barium zirconate which 

can act as buffer layers, and of Y123 films have been 

reported by using MOD-solution methods [15-17]. The 

advantages of this method over other deposition 

techniques are rapid deposition rates and the simplicity 

with which films of uniform and controlled 

http://www.lifesciencesite.com/
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composition can be prepared. Although the MOD 

solution methods greatly reduce the production cost 

they rarely obtain high Jc over 1 MA/cm
2
 (77 K, 0 T). 

The LPE method has the advantage in the ability to 

fabricate a thick superconducting layer of YBCO and 

other rare earthcuprate (ReBCO) [18-20]. Nevertheless, 

still some disadvantages include poor surface finish; 

poor large area uniformity and difficulty in varying 

stoichiometry have been reported [21]. The magnetron 

sputtering method has been widely used for MgB2 [22] 

and YBCO [23] thin films depositions because of their 

high deposition rates and relatively low temperature 

process conditions. Anyway, the critical current 

densities Jc of YBCO films grown by sputtering are 

still lower than films prepared by pulsed laser 

deposition (PLD). However, it still remains a major 

challenge for most thin film groups to optimize the 

deposition method to produce high quality films. 

Pulsed laser deposition (PLD) is a thin film 

deposition (specifically a physical vapor deposition, 

PVD) technique where a high power pulsed laser beam 

is focused inside a vacuum chamber to strike a target of 

the material that is to be deposited. This material is 

vaporized from the target (in a plasma plume) which 

deposits it as a thin film on a substrate (such as 

sapphire, quartz, silicon wafer facing the target). This 

process can occur in vacuum or in the presence of a 

background gas, such as oxygen which is commonly 

used when depositing oxides to fully oxygenate the 

deposited films. PLD is becoming one of the most 

important techniques to engineer thin film growth in 

research laboratories, because it has significant 

advantages over most other deposition processes, 

including the capability for stoichiometric transfer of 

material from target to substrate, low contamination 

level, high deposition rate and non-equilibrium 

processing conditions. PLD is considered the most 

convenient and efficient technique for the synthesis of 

high quality films of HTSC thin films. Furthermore, the 

method is relatively easily, fast and the capital cost 

involved is low, as well. Recently, the PLD technique 

has been applied successfully to deposit thin films of 

Y1Ba2Cu3O7-x [24-27], Yb1Ba2Cu3O7 [28], 

Ho1Ba2Cu3O7-x [26], Gd1Ba2Cu3O7-x [29] and 

La1.85Sr0.15CuO4-x [30] of the high-Tc oxide 

superconductors. The 1:2:3 stoichiometry of the target 

material (usually a bulk superconducting pellet) can be 

reproduced relatively easily in the films, to within 

about 10%. However, at low laser energy densities, 

deficiencies of yttrium have been reported [31, 32].  

In high-Tccuprate superconductors, the structural 

differences, the number of CuO2 planes and CuO 

chains lead to various physical properties and critical 

temperatures TC. YBCO-family compounds like Y123 

has two CuO2 planes and one CuO chain, exhibiting a 

TC in the 92-94 K range; whereas, Y124 compounds 

have one CuO2 plane and one double CuO chain, 

featuring a TC ≈ 80 K [33]. Recently, Y358 (a new 

member of the YBCO family) has been found to have 

five CuO2 planes and three CuO chains with TC ≥ 100 

K [34]. The improvement in TC has been attributed to 

the lower number of holes in the CuO chains of Y358 

and Y247 relative to Y123 and Y124 superconductors 

[35]. In the La2CuO4 compound there is one CuO2 

plane, but the Y123 structure has two CuO2 planes and 

one chain. It has been found that by limited increase in 

the number of the CuO2 planes in all high-Tccuprate 

superconductors to three, the superconducting 

transition temperature increases [36].  

In the present work, we describe the fabrication of 

superconducting nano-layer films of YBCO on a quartz 

substrate by using the pulsed laser deposition (PLD) 

method based on femtosecond (f.s.) in vacuum and in 

the presence of oxygen atmosphere at a given pressure, 

to fully oxygenate the films, at a low deposition 

temperature of 400 °C. All samples were characterized 

in detail by employing structural XRD, SEM, EDX and 

AFM as well as the electrical (R-T) measurements. 

Furthermore, Raman spectroscopy and fluorescence 

were investigated. The experiment and the results will 

be detailed below. 

 

2. Experimental Techniques 

Superconductor pellet of Y1Ba2Cu3O7-δ bulk 

sample was prepared by a conventional solid state 

reaction method [37]. Briefly, the ingredients of Y2O3, 

BaCo3 and CuO of 99.99% purity were thoroughly 

mixed in required proportions and calcined at 910C in 

air for a period of 24 h. This exercise was repeated 

three times with intermediate grinding at each stage. 

The resulting powders were ground, mixed, palletized 

and annealed in flowing oxygen at a 960C for a period 

of 24 h and then furnace cooled to room temperature 

with an intervening annealing for 24 h at 600 C. The 

second pellet was annealed at 460±5C in flowing 

argon for 20 h and then quenched to room temperature 

in order to reduce the oxygen content. The oxygen 

content (δ) of the prepared samples was found to be 

6.964 and 6.78, respectively, as determined by the 

iodometric titration method [38, 39]. This pellets were 

used as a targets for the deposition of superconducting 

nano-layer films. 

A good foundation for versatile PLD system is 

comprised of laser source (to ablate material from the 

face of a superconducting pellet onto a nearby 

substrate), deposition chamber, target manipulation, 

substrate and/or heater, and vacuum system. Figure 1 

shows a schematic diagram of the experimental setup. 

PLD techniques based on femtosecond (f.s.) provide 

with 2 amplifiers (800 nm, 40 f.s. pulses duration, 1000 

Hz repetition rates, 0.3–0.75 mJ) was used to deposit 

YBCO superconducting nano-layer films on a quartz 

http://www.lifesciencesite.com/
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substrates (10×10×1mm). The Quartz substrates have 

the advantages of modest dielectric constant and good 

thermal expansion as well. A femtosecond laser 

(Egyptian National Research Center) contains to Ti: 

sapphire crystal is pumped by 2
nd

 harmonic of Nd:YLF 

laser at 523 nm. The obtained beam is mode locked to 

give pulse 40f.s.at a central wave length 800 nm with a 

pulse frequency of 1KHZ. Then two optical amplifiers 

had been used. This system is composed of pulse 

stretcher, regenerative amplifier. The femtosecond 

laser was focused on rotating target. The target was 

mounted in a deposition chamber of cylindrical shape 

(Johnsen-ultravaci NC) which could be evacuated to a 

base pressure of 1×10
-6 

Torr. The chamber has typically 

a large number of ports (8 ports), for pumping system, 

gas inlets, pressure monitoring, etc. Femtosecond laser 

was used for ablation and it was made incident on the 

target surface at an angle of 45°. Target of disk-shaped 

(typically 10×1.5 mm) was mounted on a stainless-

steal holder to keep the ablation target fixed in the 

vertical orientation during the deposition process. The 

laser beam scanned over the surface of the flat target to 

provide uniform erosion, this has the advantages of 

moving the plume relative to the substrate. The target 

was slowly rotated (about the vertical axis) relative to 

the incoming laser beam (10 rpm) during deposition to 

reduce target texture resulting from repeated ablation at 

the same site. Alternately the target assembly can 

house an (x-y) translation stage as well. A stepper 

motor was used so that the target stepped in both the X 

and Y-direction while the laser interaction spot is held 

stationary and so the target surface area can be used 

more effectively for a longer duration without groove 

formation.  

The depositions of YBCO films have been 

occurred in vacuum and in the presence of oxygen 

atmosphere at a pressure of 5.5×10
-5 

Torr, to fully 

oxygenate the films, using turbo molecular pump. In 

this study, we have varied the distance from the target 

to the substrate (dT-S) in order to improve the film 

quality. The substrate was mounted in front of the 

target at a distance of 20 mm, 40 mm and 70 mm. The 

substrate temperature was typically maintained at 

400°C by using halogen lamp to allow surface mobility 

of the deposited species while limiting oxygen out-

diffusion. The quoted temperature was measured by 

placing the thermocouple on the substrate surface itself. 

The estimated inaccuracy of the temperature 

measurement reported here is about ± 20°C. This low 

temperature is compatible with semiconductor device 

processing technology and also reduces film 

contamination due to substrate diffusion.  

In the present work, Thin Film Thickness is 

measured by Fizeau Interferometer (FI) technique at 

reflection. This technique provides a field of sharp dark 

lines with bright background, Figure 2. When thin film 

sheet is inserted between Fizeau plates, one can notice 

a shift in the dark lines (h). This shift gives a good 

measurement of the film thickness. The film thickness 

(t) can be calculated from the fringe patterns shown in 

Fig. 2 by using the following equation [40]: 

 

t = (
𝜆

2
) (

Δℎ

ℎ
)                      (1) 

 

where  is the wavelength of the used light and h is the 

fringe spacing. The film thickness was found to be~ 

150 nm with a deposition time of 10min.The phase 

purity of the deposited films were characterized by X-

ray powder diffraction (Brukur D8 Advance) in the 

angle range 2 = 5– 90° at room temperature using Cu 

Kα radiation and graphite monochromator (λ=1.5411 

nm) powered at 40 KV and 40 mA. The scanning speed 

was 10°/min and the scanning angular range was 

between 100 and 500. The electrical resistivity of the 

samples is obtained by using the standard four-probe 

technique in closed cycle refrigerator [Cryo-

compressor Model 531-120-IBARA working with 

helium] within the range of (15– 300 K). Digital nano 

voltmeter (Model 182-KEITHLEY) was used to 

measure the voltage drop across the sample. A 

programmable current source (Model 224-KEITHLEY) 

with current range from 1 mA to 100 mA and 

temperature controller (Lakeshore Model321) supplied 

with silicon diode thermocouple and heating element 

with accuracy of ± 0.1° are used during these 

measurements. Temperatures were measured with a 

calibrated Pt resistance thermometer and the contacts 

were made with the help of conducting silver paint. 

The microstructure and surface morphology studies of 

the PLD-YBCO superconducting nano-layer films 

were determined in details by employing scanning 

electron microscope (SEM) micrographs and energy-

dispersive X-ray (EDX) analysis as well as atomic-

force microscope (AFM). The SEM model Philips XL-

30SFEG equipped with EDX unit (Material Geological 

Research Center, Egypt), accelerating voltage 30 KV, 

magnification up to 400,000x, and resolution for W 

(3.5 nm) have been used for this investigation. All 

samples were coated with carbon. In addition, AFM 

(CP-II Veeco, USA) was used to investigate the 

morphology of the deposited films. Finally, Raman 

spectroscopy was used in an effort to obtain 

information about the vibrational structure of atoms in 

YBCO superconductors. 

 

3. Results and Discussion 

3.1. Characterization of the bulk YBCO 

superconducting target 

X-ray diffraction analysis using CuK radiation, 

at room temperature, was carried out to identify the 

http://www.lifesciencesite.com/
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crystal structure of the prepared target. Figure 3 shows 

the XRD spectrum of the superconducting 

Y1Ba2Cu3O6.78 bulk sample in the angle range 2 = 5– 

90°. It is clear that Y1Ba2Cu3O6.78 has an orthorhombic 

structure as being evident from the crystallographic 

splitting of (013), (103)/ (110), and (020), (006), and 

(116)/ (123), (213). In addition to the difference in 

peak heights around 32.58° is clearly seen. In the 

orthorhombic phase the intensity of (013) peak is less 

than (103)/ (110) peak [41]. The peaks of (001) 

reflections shown in X-ray figure indicates that the 

target is c-axis oriented. The oxygen stoichiometry of 

the target is determined by iodometric titration method. 

Figure 4 shows the results of resistivity 

measurements on orthorhombic superconducting 

Y1Ba2Cu3O6.964 compoundfrom room temperature 

down to 15K. This figure shows that the orthorhombic 

phase is metallic with small resistivity which decreases 

linearly with decreasing temperatures. It shows 

deviation from linearity beginning around 100K. In 

going to the superconducting state, a sharp drop in 

resistivity occurs at a transition temperature Tc
onset

 = 90 

K with a transition width ∆Tc = 2.0 K. The zero 

resistance is achieved at Tc(0) = 88 K in agreement 

with the published results [42].For the elemental 

microanalysis, Energy-dispersive X-ray spectroscopy 

(EDX) was used to identify the chemical contents of 

the prepared superconducting target. EDX spectrum 

represented in Figure 5 shows only O, Cu and Y peaks 

caused by X-rays given off as electrons return to the K 

electron shell and one peak resulting from the L shell 

of Ba. No undesired phases were detected confirming 

that the target structure is an orthorhombic single 

phase.  

Most HTSC are Centro symmetric crystals. Their 

elementary excitations (phonons) are either odd or 

even. Raman spectroscopy involving two photons 

(each of them odd) only couples to even excitations. IR 

spectroscopy involves only one photon and couples 

therefore only odd excitations exist. Almost all aspects 

of high-Tc superconductivity have been addressed by 

Raman scattering because of its experimental 

versatility and the coupling of the elementary 

excitations to electron–hole pairs. In this work, Raman 

spectroscopy was used to obtain more information 

about texture, in particular oxygen content and the 

detection of foreign phases in YBCO superconducting 

sample [3]. This information would be useful 

particularly in the fabrication of high Tc-device. Figure 

6 represents Raman spectra of Y1Ba2Cu3O6.964 of the 

high-Tc oxide superconductors. Referring to Figure 6, 

the appearance of peaks in the region marked by (1) at 

the frequency 115 cm
-1

 indicates mainly the vibrations 

of the heaviest Barium atom (Ba), while the vibrations 

at 150 cm
-1

 frequency (Peak marked by 2) involving 

those of the copper atoms Cu(2). The remaining three 

modes marked by (3), (4) and (5) are dominated by 

vibrations of O(2) and O(3) oxygen atoms at 340 and 

440 cm
-1

frequencies, respectively [43,44]. These 

frequencies have been found to be particularly sensitive 

to micro structural factors such as oxygen 

stoichiometry (7-δ) as well as the orientation of YBCO 

crystallites with respect to the polarizations of the 

incident and scattered laser beams [3,34]. Finally, the 

peak marked by (5) at the frequency 500 cm
-1

 

represents the vibration of the apical oxygen O(4) 

atoms toward the Cu(1) atom, parallel to the c-axis. 

The position of this peak has a linear variation with 

oxygen contents, and its position is often used to 

provide a measurement of (7-δ) [3, 33, 34]. This 

measurement is in good agreement with the results of 

oxygen stoichiometry determined by the iodometric 

titration method. Finally, the five z-polarized Raman 

phonons exist for the YBCO or thorhombic structure. 

Raman spectroscopy is a sensitive tool for detecting the 

composition, in particular oxygen content, the detection 

of foreign phases, and orientation of HTSC materials. 

3.2. Characterization of the PLD-YBCO 

superconducting thin films 

PLD techniques based on femtosecond (f.s.) 

provide with 2 amplifiers (800 nm, 40 f.s. pulses 

duration, 1000 Hz repetition rates, 0.3–0.75 mJ) is used 

to deposit superconducting YBCO nano-layer thin 

films on a quartz substrates (10×10×1mm). The Quartz 

substrates have the advantages of modest dielectric 

constant and good thermal expansion as well. The 

substrate was mounted in front of the target at a 

distance of ~ 7 cm and it was heated up to a 

temperature of 400 °C by using halogen lamp to allow 

surface mobility of the deposited species while limiting 

oxygen out-diffusion. The measured film thickness is~ 

150 nm as determined by FI-technique with a 

deposition time of 10 min. After that, the nano-films 

were characterized in detail by employing structural 

XRD, SEM, EDX and AFM, as well as the electrical 

(R-T) measurements. X-ray diffraction analysis at 

room temperature using CuK radiation was carried 

out to identify the crystalline structure and orientation 

of the deposited films. Figure 7 shows the XRD 

patterns of the deposited YBCO films of thickness~ 

150 nmon a quartz substrates at 400°C without post-

annealing (Figure 7a), and with an ex-situ annealing in 

a flow rate of a pure oxygen, for oxygenation, at 950°C 

for 18 h (Figure 7b). The crystalline structure of the 

PLDnano films are identified as Y2Ba5Cu7Ox and 

Y2Ba4Cu8O20-x, respectively. As can be seen, XRD 

indicates that the films are oriented mostly with the c-

axis perpendicular to the substrate surface. The critical 

temperature was ranging from 74 to 78 K and from 81 

to 83 K, respectively. A chemical microanalysis 

technique (EDX) was used to identify the chemical 

contents of the ablated PLD films. EDX spectrum 
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shown in Figure 8 confirmed the absences of impurity 

phases in the films. The analysis shows only O, Cu and 

Y peaks caused by X-rays given off as electrons return 

to the K electron shell and one peak resulting from the 

L shell of Ba. The PLD technique has the capability for 

texture transfer of material from target to substrate, low 

contamination level, high deposition rate and non-

equilibrium processing conditions. 

The proper target to substrate distance (dT-S) is 

very important for YBCO films grown by the PLD 

technique in order to improve the material yield. A 

scanning electron microscope (SEM) is a type of 

electron microscope that produces images of a sample 

by scanning it with a focused beam of electrons. The 

electrons interact with atoms in the sample, producing 

various signals that can be detected and that contain 

information about the sample's surface morphology and 

composition. Figure 9 shows SEM micrographs of 

Y2Ba4Cu8O20-x thin film surface, deposited at different 

target-substrate distance (dT-S) of 20 mm, 40 mm and 

70 mm, respectively. The film was over coated with an 

ultrathin coating of gold to prevent surface charging. 

The white particles with a round shape in the photos 

(figure 9a and b) at dT-S = 20 mm are droplets which are 

typically observed in the film surfaces prepared by 

PLD technique [26, 45]. These droplets come from the 

drawback of PLD. During the ablation process of PLD, 

it is easy to eject micro-size particles from the target. If 

the target-substrate distance is not enough, those micro-

size particles will deposit on the substrate and form 

those droplets as shown in the micrograph. The film 

deposited at dT-S = 40 mm contains a typical features 

for thick films as a flower-like shapes made of 

particulates rich in BaCuO2, Ba and Cu-oxides [44]. In 

contrast, a dense smoother surface structure in a unique 

orientation was observed (Figure 9d) for the film 

deposited under the optimized condition of dT-S = 70 

mm. 

Atomic force microscopy (AFM) is a very high-

resolution type of scanning (SPM), provides atomic or 

near-atomic-resolution surface morphology, which is 

ideal for determining angstrom-scale surface roughness 

on a sample. The surface imaging was investigated in a 

tapping mode, with 512×512 data acquisitions at scan 

speed of 1.4 Hz at room temperature. Oxide-sharpened 

silicon nitride tips with integrated cantilevers with a 

nominal spring constant of 0.38 N/m were used. AFM 

images of Y2Ba4Cu8O20-x thin film growth on Quartz 

surface were investigated after treatment with laser 

ablation (Figure 10).The surface of the Quartz substrate 

with some aggregated features was found on the clean 

film which indicated that the surface was not well 

cleaned (Figure 10a). Higher resolution of this image is 

given in the inset with scan area of 2 × 2μm.After laser 

ablation treatments, surface imaging of Y2Ba4Cu8O20-x 

film shows more irregularities with new protuberances 

which were not observed in the clean membrane 

surface. However, the film starts to have some atomic 

arrangements or assembly after laser ablation treatment 

as shown in the inset of figure 10b at a high resolution. 

The particles grain size is find to be 100-300 nm as 

estimated from AFM line profile. 

Finally, the fluorescence of Y2Ba4Cu8O20-x thin 

film has been investigated by using an ultraviolet light 

source as shown in Figure 11.This figure shows the 

emission of a spectral line at a wavelength of ~ 830 nm 

in the I.R region, due to the U.V irradiation of the 

surface of the superconductor thin film. Therefore, we 

can gather conclude that this emission line at a 

particular wavelength (~ 830 nm) is considered as an 

identification line for this type of HTSC thin films. 

Based on that fact, this property could be used as a 

finger print characterizing the deposited oxide thin 

superconducting films.  

 

 
Figure 1. Schematic diagram of the PLD system. 
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Figure 2. Fizeau fringe shifts at reflection for thin film thickness measurement. 

 

 
Figure 3. X-ray diffraction pattern of orthorhombic superconducting Y1Ba2Cu3O6.78 sample. Intensity of (013) peak 

is less than (103)/ (110) peak. 

 

 
Figure 4. Plot of resistance versus temperature for orthorhombic superconducting Y1Ba2Cu3O6.964 target. 
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Figure 5. EDX spectrum of Y1Ba2Cu3O6.964 superconductor target. 

 

 

 

Figure 6. Raman microprobe spectra of Y1Ba2Cu3O6.964bulk superconductor. 
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Figure 7. X-ray diffraction patterns for the PLD nano-films of:(a) Y2Ba5Cu7Ox thin film deposited at 400°C without post-

annealing, and (b) Y2Ba4Cu8O20-x thin film deposited at 400 °C followed by an ex-situ annealing in a flow rate of pure oxygen, as 

described in the text. 

(a) 

(b) 
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(a) (b) 

(c) (d) 

 
Figure 8. EDX analysisof the deposited Y2Ba4Cu8O20-x thin film. 

 

 

Figure 9. SEM micrographs of the surface of Y2Ba4Cu8O20-x thin film deposited by PLD technique at different target-substrate 

distance (dT-S) of: (a, b) dT-S = 20 mm, (c) dT-S = 40 mm, and (d) dT-S = 70 mm. The film was over coated with an ultrathin coating 

of gold to prevent surface charging. 
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Figure 10. Atomic force microscope scans of Y2Ba4Cu8O20-x thin film surface. The micro and nano-scale features of 

the deposited film can be observed as recorded in a tapping mode. 

 

 

(a) 

(b) 

(c) 
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Figure 11. Fluorescence of superconductive Y2Ba4Cu8O20-x thin film at a wavelength of ~ 830 nm. 

 

4. Conclusions 

We successfully fabricated superconductive 

YBCO nano-layer films by Pulsed laser deposition 

(PLD) technique based on femtosecond (f.s.) provide 

with 2 amplifiers (800 nm, 40 f.s. pulses duration, 1000 

Hz repetition rates, 0.3– 0.75 mJ), on a quartz 

substrate. Superconductor pellets (target) of 

Y1Ba2Cu3O6.96 and Y1Ba2Cu3O6.78 shows an 

orthorhombic structure as being evident from the 

crystallographic splitting of (013), (103)/ (110), and 

(020), (006), and (116)/ (123), (213). The oxygen 

content (δ) was determined by iodometric titration 

method. EDX spectrum shows only O, Cu and Y peaks 

caused by X-rays given off as electrons return to the K 

electron shell and one peak resulting from the L shell 

of Ba. No undesired phases were detected confirming 

that the target structure is an orthorhombic single 

phase. Resistivity measurements revealed a transition 

temperature Tc
onset

 = 90 K with a transition width ∆Tc = 

2.0 K. The zero resistance is achieved at Tc(0) = 88 K. 

For Y1Ba2Cu3O6.96, the five z-polarized Raman 

phonons exist. Raman spectrum containing the five 

fundamental modes of vibration at 115, 150, 340, 440 

and 500 cm
-1

 frequency has been demonstrated. This 

spectrum confirms the results of oxygen stoichiometry, 

the phase purity and c-axis orientation of the target 

materials. Raman spectroscopy is a sensitive tool for 

detecting the composition, in particular oxygen content, 

the detection of foreign phases, and the orientation of 

HTSC materials.  

The superconducting PLD-YBCOnano-layer films 

on a quartz substrate have been deposited at 400°C 

without post-annealing and with an ex-situ annealing in 

a flow rate of pure oxygen, for oxygenation, at 950 °C 

for 18 h. The crystalline structure of the PLD nano 

films are identified as Y2Ba5Cu7OxandY2Ba4Cu8O20-x, 

respectively, as revealed by XRD and EDX 

measurements. EDX analysis confirmed the phase 

purity and the absences of impurity phases in the 

ablated films. Thickness of the deposited film is found 

to be~150 nm as measured by Fizeau interference (FI) 

technique at reflection, with a deposition time of 10 

min. 

SEM micrographs of the surface of Y2Ba4Cu8O20-x 

thin film deposited at different target-substrate distance 

(dT-S) shows droplets, at dT-S = 20 mm, come from the 

drawback of PLD which are typically observed in the 

film surfaces prepared by PLD technique. In contrast, a 

dense smoother surface structure in a unique 

orientation was observed for thin film deposited under 

the optimized condition of dT-S = 70 mm.  

AFM scan recorded in a tapping mode of the 

ablated Y2Ba4Cu8O20-x surface showed that the film 

starts to have some atomic arrangements after laser 

ablation treatments. The particles grain size is find to 

be 100 - 300 nm as estimated from AFM line profile. 

Finally, the fluorescence of Y2Ba4Cu8O20-x thin film 

shows the emission of a spectral line at a wave length 

of ~ 830 nm in the I.R region. Based on that fact, this 

property could be used as a finger print characterizing 

the deposited oxide thin superconducting films. This 

information will be useful particularly in the 

fabrication of high Tc-device. At last, the laser 

deposition technique has been proven to bea viable 

method in producing high quality superconducting 

films. By using PLD technique, we can fabricate films 
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of nano-superconducting layers having the same 

chemical structure as the target material. PLD offers 

numerous advantages, including film stoichiometry, 

high deposition rate, low contamination level and non-

equilibrium processing. Moreover, accessible 

experimental parameter is very easy for the synthesis of 

high temperature superconducting thin films. 
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