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Abstract 

Nd:YAG pulse laser system was used to fabricated TixBi1.7Pb0.3Sr2Ca2Cu3Oy superconductor thin 

films, were x=0.1, 0.3 and 0.5. All the samples have been annealed after deposition with flow of oxygen 

for two hours at 800 ºC. X-ray diffraction analysis evidenced that the prepared thin films were consistent 

of low 2212 and high 2223 phases. Scanning electron microscopy images of the samples revealed that 

the addition of Ti nanoparticles into (Bi,Pb)-2223 composition would have significant effects on their grain 

sizes and morphologies. Electrical properties of the thin films can be associated to the modification in the 

holes content, the highest TC at 114.5 K was obtained for the thin film with x=0.3. 
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1. Introduction 

High temperature superconductors such 

BiSrCaCuO (BSCCO) have a great interest from 

both fundamental and practical perspectives, 

their electrical and magnet properties attracted 

considerable attention due to their chemical and 

thermal stability and thus they are favourable for 

wide applications as a bulk or thin films [1-5].  

It was established that to obtain more 

applicable BSCCO compounds substituting or 

adding some nanoparticles of oxides to it during 

their preparation can enhances the related 

structural and superconducting properties. The 

expectance of appropriate amount of 

nanoparticles in BSCCO will possibly improve the 

inter-grain connectivity or pinning centers 

between grain boundaries [6-10] 

Furthermore, with nanotechnology 

developments notable attempts have been done 

by researchers to synthesis high temperature 

superconductors thin films and enhance their 

potential applications. The Pulse laser deposition 

(PLD) combined with subsequent heat treatment 

cycle is required to obtain thin films with good 

superconductor properties. Where, it is observed 

that annealing step is necessary to increase the 

alignment of the 2223 grains which is contributed 

to enhance the transport current density [11-15].  

The aim of this work is to investigate the effect 

of the Ti nanoparticles addition on the properties 

to BiPb-2223 superconductor thin films prepared 

by PLD system.  

2. Material and methods 

Provide TixBi1.7Pb0.3Sr2Ca2Cu3Oy pellets with 

(x=0.1, 0.3 and 0.5 and size 50 nm) used as a 

target to grow a thin film on a Single crystal 

silicon Si n-type substrates with ordination (111). 

Before the deposition process the substrate were 

heated to a temperature of 300 ºC.  

The deposition process is carried out inside a 

vacuum chamber by using Nd:YAG SHG Q-

switching laser with 1064 nm, 500 pulses and 

pulse energy 700 mJ.  

TixBi1.7Pb0.3Sr2Ca2Cu3Oy thin films annealed 

at a temperature of 800 ºC in an oxygen 

environment for 2 hours to complete the oxidation 

process.  
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The structure of the prepared samples was 

obtained by using X-ray diffractometer type 

Philips with the Cu-Kα radiation. 

The thickness of the film measured by optical 

interferometer and was determined to be 194 nm. 

The electrical resistivity (ρ) was studied using 

Four-point probe DC technique to evaluate the 

critical temperature TC.  

Atomic force microscopy (AFM) from 

Angestrion Advanced Inc. USA (AA3000) was 

used to study the surface morphology.  

Scanning electron microscopy (SEM) from 

(FEL Inspect S50, Netherlands) used to analyze 

the surface morphology and nature of the grains 

for all samples. 

3. Results and Discussion 

The crystal structure of TixBi1.7Pb0.3Sr2Ca2 

Cu3Oy thin films with different nominal 

composition x=0.1, 0.3 and 0.5 studied by XRD 

and represented in Figure 1. The apparent 

change in x-ray diffraction pattern of the films due 

to the Ti nanoparticles addition was observed, 

where the analysis showed polycrystalline and 

correspond to orthorhombic structure consistent 

of low 2212 and high 2223 phases but in different 

intensity of diffraction lines. 

 
Figure 1. X-ray diffraction patterns of TixBi1.7Pb0.3Sr2Ca2Cu3Oy thin films for different Ti content 

The relative volume fractions (V. F.) of the 

high Bi-2223 and low Bi-2212 phases were 

estimated using formulas in [16] and listed in 

Table 1, obviously high-TC phase dominates over 

the low-TC phase. Variation the intensity and 

position of the peaks with increasing Ti content 

indicating the change in phase composition and 

the la (Bi-2223) obtained for sample with 0.3 

concentrations. This could be owes to the 

changing of crystalline lattice parameters of the 

samples, a pronounced Bragg intensities 

belonging to the high-TC phase arraignment 

degree with increasing Ti.  
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As seen in Table 2, upon Ti addition 

unsystematic variation of lattice parameters 

noticed. This variation is thought to be related to 

the several combinations of different reasons. 

Where, Pb doping on Bi2223 has a bond-

ordering effect and depress the structure 

modulation [17]. Moreover, it alters the holes 

concentration in CuO2 planes, it also produce an 

oxygen vacancies by being dominantly in a 2+ 

oxidation state [18-19]. On other hand the 

increase in lattice constant c indicate that cations 

of the, Ca2+ in addition to Bi3+ may partly be 

substituted by Ti+4 ions; while the shortened could 

be to the increasing of oxygen with increasing the 

Ti nanoparticles in BSCCO system, similar 

behavior has been noticed by [20].  

Table 1. Values of volume fraction of phase of TixBi1.7Pb0.3Sr2Ca2Cu3Oy 

thin films for different values of x 

x 

Volume fraction of phases formed (%) 

Bi-2223 phase Bi-2212 phase 

0.1 80.000 20.000 

0.3 71.428 28.571 

0.5 77.777 22.222 

 

Table 2. Values of lattice parameters, volume of unit cell and c/a of  

TixBi1.7Pb0.3Sr2Ca2Cu3Oy thin films for different values of x 

x a (Å) b (Å) c (Å) V(Å)3 c/a 

0.1 5.425 5.401 37.382 1095.308 6.89 

0.3 5.449 5.458 37.621 1118.872 6.90 

0.5 5.275 5.365 37.275 1054.896 7.06 

 

The behavior of electrical resistance as a 

function of temperature for TixBi1.7Pb0.3Sr2 

Ca2Cu3Oy thin films were x=0.1, 0.3 and 0.5 are 

studied and illustrated in Figure 2. 

All thin film exhibited superconductor and 

showed metallic behavior above TC (onset) value, 

evidencing that Bi-2223 phase is still the major 

one, in agreement with the XRD analysis. The TC 

were found to be 114, 114.5 and 113 K for x=0.1, 

0.3 and 0.5 respectively. 

As can be seen from the Figure 2, in spite the 

room temperature resistances decreases towards 

lower values, two steps with broadening 

transition obtained for superconductor 0.1 Ti 

sample due to the presence of impurities grains 

or from the porosity, grain boundary resistivity 

and grain boundary weak-links in the sample. 

While increasing Ti to 0.3 and 0.5 yield a well-

defined one step with a small width transition 

reveled decreasing impurity phases and 

decreasing the grain boundary defects which 

should achieve the electrical properties. 

The alter of the electrical properties the thin 

films can be associated to the modification in the 

holes content; weak coupling between BiO–BiO 

layers in the BSCCO compound allows the 

substitution of the different oxides for Bi3+ site 

which changes the carrier concentration due to 

the different cation doping levels [21].  
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AFM images and data collected from 

TixBi1.7Pb0.3Sr2Ca2Cu3Oy thin films is illustrate 

Figure 3 and list in Table 3. It can be noticed that 

the highest average diameter of grains and 

lowest roughness values found for samples with 

0.3 Ti, there is a remarkable grain growth for the 

thin film on the substrate with assistance 

presence oxygen and Ti. 

 
Figure 2. Temperature dependence of resistivity of TixBi1.7Pb0.3Sr2Ca2Cu3Oy thin films for different Ti 

content 

While sample of composition x=0.5 has more 

roughness and less average diameter than the 

other, this could be attributed for two reasons first 

the grains grow horizontally rather than vertically 

with small diameter similar conclusion reported 

by Abbas et al. [20], second presents of Ti oxide 

nanoparticles on the surface of the grains which 

causes the increasing roughness of the film. 

The SEM photographs for 0.1, 0.3, and 0.5 

samples are shown in Figure 4.  

 

Table 3. Values of average grains diameter and 

roughness of TixBi1.7Pb0.3Sr2Ca2Cu3Oy thin films 

for different values of x 

x 
Average 

Roughness 

Average Grain 

diameter (nm) 

0.1 2.70 110.0 

0.3 2.39 112.5 

0.5 4.70 92.3 

 

It is obviously seen that formations of the 

surface morphology of the samples were 

changed with different Ti concentration; they are 

mainly composed by randomly oriented plate-like 

grains with different sizes. It can be seen that thin 

films present randomly dispersed small grains 

together with bigger ones. The microstructure 

found in the thin film with 0.3 Ti, increasing the 

size of these small grains and reducing their 

number and showed much larger pores in the 

near surface area. On other hand a part from the 

faceted thin film also it could be notice a crack 

due to the stress of the grain growth during the 

annealing process. 

Further increasing addition of TiO2 leads to 

the decreasing the grains size and dispersed of 

the Ti nanoparticles between the thin film matrix 

grains. 

◆   0.1 

●    0.3 

▲  0.5 
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Figure 3. AFM images of the fracture surface of the 

TixBi1.7Pb0.3Sr2Ca2Cu3Oy thin films for different Ti 

content 

 
Figure 4. SEM surface micrographs of the TixBi1.7 

Pb0.3Sr2Ca2Cu3Oy thin films for different Ti content 

 

4. Conclusions 

XRD analysis showed that TixBi1.7Pb0.3Sr2 

Ca2Cu3Oy superconductor thin films were x=0.1, 

0.3 and 0.5 the dominance of the high-TC phase 

over the low-TC phase.  

Scanning electron microscopy images of the 

samples revealed that the addition of TiO2 

nanoparticles into Bi(Pb)-2223 composition would 

have significant effects on their grain sizes and 

morphologies and confirmed by the XRD. 

Electrical properties of the thin films can be 

associated to the modification in the holes 

content, the highest TC at 114.5 K was obtained 

for the thin film with x = 0.3. The enhancement of 

the samples was attributed to the improvement of 

grain connectivity and flux pinning with the 

assistance of present oxygen which strengths 

links and increases the contact areas between 

the grains. This improvement of the 

superconductivity properties opens wide range 

for practical applications such as electronic 

devices which are dependent on the fabrication 

of high quality thin films. 
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