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Abstract 
The aim of this work was to develop a non-vacuum chemical deposition technique for 
YBazCu307., (YBCO) coated conductors on rolling-assisted biaxially textured substrates 
(RABiTS). We have chosen the metal-organic decomposition (MOD) and sol-gel precursor 
routes to grow textured YBCO films. In the MOD process, yttrium 2-ethylhexonate, barium 
neodecanoate, copper 2-ethylhexonate and toluene were used as the starting reagents. YBCO 
films processed by the MOD method on SrTiO3 (100) single crystal substrates were consisted of 
c and a-axis oriented materials. These films also contained some amount of the random phase. 
The c and a-axis oriented materials were epitaxial on SrTiO3 substrates. Films have a TC,OnSef of 
89K and the best superconducting transition temperature of 63K. Films pyrolyzed at 525 “C and 
subsequently annealed at 780 “C in a ~ ( 0 2 )  of 3.5 x 
predominately in a-axis orientation. In the sol-gel route, yttrium-isopropoxide, barium metal, 
copper methoxide and 2-methoxyethanol were used as the starting reagents. Sol-gel YBCO 
films on SrTiO3 substrates were epitaxial and c-axis oriented. 

atm contained YBCO phase 

Introduction: 

It has been observed that randomly oriented polycrystalline high-temperature 
superconducting (HTS) materials have poor critical current densities (J,’s) < 500 Ncm’. On the 
other hand, oriented YBazCu307-, (YBCO) films grown epitaxially on single crystal oxide 
substrates, such as SrTiO3 (loo), exhibit J, values > 1 MNcm’ at 77K[ 11. The aim of this work 
was to develop a non-vacuum chemical deposition technique for YBCO coated conductors on 
rolling-assisted biaxially textured substrate (RABiTS)[2]. The RAl3iTS approach developed at 
Oak Ridge gives a new approach for the fabrication of long lengths conductors for high 
temperature, high field applications. 

solution techniques may be grouped into three categories: (1) Sol-gel process that has 2- 
methoxyethanol as a reactant and solvent (2) hybrid processes that use chealeating agents such as 
acetylacetonate or diethanolamine to reduce alkoxide reactivity and (3) metal-organic 
decomposition (MOD) technique that uses high molecular weight precursors, and water 
insensitive carboxylates, 2-ethylhexonates, etc. [8]. 

crystal substrates using solution processing routes. McIntyre et al. used trifluoracetate method to 
prepare YBCO superconducting films with T, (R = O)> 92 K and J, (T = 77 K, HaPP = 0) > IO6 
Ncm2 in films of 70-80 nm nominal thickness [ 5 ] .  In the present study, we focus on developing 
YBCO thin films on SrTiO3 single crystal substrates using MOD and sol-gel precursor routes. 
The chemistry used in both precursor routes is different from the literature work. 

We are presently using a metal-organic precursor route [3-71. The most commonly used 

Recently several group of workers [4-61 have prepared high-J, YBCO films on single 
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DISCLAIMER 

This report was prepared as an account of work sponsored by an agency of the 
United States Government. Neither the United States Government nor any agency 
thereof, nor any of their employees, makes any warranty, express or implied, or 
assumes any legal liability or responsibility for the accuracy, completeness, or use- 
fulness of any information, apparatus, product, or process disclosed, or represents 
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turer. or otherwise does not necessarily constitute or imply its endorsement, recom- 
mendktion, or favoring by the United States Government or any agency thereof. 
The views and opinions of authors expressed herein do not necessarily state or 
reflect those of the United States Government or any agency thereof. 



Experimental Procedure: 

0.2 

The MOD precursor solution was prepared by mixing yttrium 2-ethylhexonate (STREM 
Chemicals, 98.5%), barium neodecanoate (STREM Chemicals, 95%) and copper 2- 
ethylhexonate (STREM Chemicals, 98.2%) in a molar ratio of 1: 2: 3, respectively. Solutions 
were heated to on hot plate (< 100 "C) to prepare a homogenous solution but on cooling solution 
became very viscous. A solution suitable for spin coating was prepared by adding a small 
amount of 2- ethylhexonaic acid into this viscous precursor solution. The total cation 
concentration was 0.32 M .  MOD solutions were spin coated on SrTI03 single crystals at 4000 
rpm for 40 sec and heated in air for an hour at 275 "C or 195 "C at a rate of 2 "C/min. This 
procedure was repeated several times to adjust the thickness of the prefired films on the 
substrate. It has been found that the low temperature heating is an important step to achieve the 
continuous film. For example, films pyrolyzed rapidly at 500 "C became discontinuous. These 
prefired films were heat treated at two different ~ ( 0 2 ) :  2 x 
prepared at a ~ ( 0 2 )  of 2 x IO-* atm was heated at 450 "C at a rate of 5 "C/min. while the film B 
synthesized at 3.5 x IO4 atm was heated at 450 "C at a rater of 15 "C/min to bum off the carbon. 
Finally both films, A and B, were annealed at 870 and 800 OC, respectively, in different partial 
pressures of oxygens. 
oxygenated at this temperature for one hour and subsequently cooled down at a rate of 1 "C/min 
to the room temperature. 

and 3.5 x atm. Film A 

Films were furnace cooled in 100% oxygen to 500 "C and were 
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Results and Discussion: 

A. MOD Solution: 

The DTA and TGA data were obtained on yttrium, barium and copper precursor powders in a 
~ ( 0 2 )  equal to 2 x atm. The TGA scans are shown in Figure 1. All three precursors have 
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sharp thermal decomposition events. Copper precursor has two thermal events at 262.5 and 275 
"C while yttrium and barium precursors have only single thermal events at 475 and 487.5 "C, 
respectively. The differences in thermal decomposition temperatures can cause inhomogenities 
in films. 

Figure 2 shows the XRD pattern for the film A (t  = 4000 A) formed on the SrTi03 (100) 
substrate by heating at 870 "C for 4 hours. This pattern exhibits YBCO as the predominant 
phase with small amounts of CuO and Y2BaCu05 impurities. XRD pattern of film A shows both 
(001) and (hOO) peaks of YBCO indicating the presence of both c and a-axis perpendicular 
orientations to the substrate and also some amount of random phase. 

cubic texture. The full-width-at-half maximum (FWHM) values for YBCO films on SrTiO3 
substrates in case of c-axis orientation were 0.45" (out-of-plane epitaxy) and 0.5" (in-plane 
epitaxy). The typical phi scan for the (102) planes are shown in Figure 3. The FWHM value for 
in-plane crystallographic alignment of a-axis orientated material was 2". 

XRD results from the o and 4 scans for films grown on SrTi03 substrate revealed a (100) 
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Figure 2: The room temperature powder X-ray diffraction pattern of YBCO films on (001) 
SrTiO3 substrates. 

presence of a smooth microstructure. The microstructure is composed of YBCO platelets in both 
c and a-axis orientations. This microstructure also contain few secondary particles which are 
presumed to be primarily YzBaCuOs and CuO. Figure 5 shows the dc-resistance measurements 
on film A. The Tc, Onset is 88K while film became superconducting at 63K. XRD pattern 
(Figure 2) on film B (t  J 1 pm) shows that this film has more YBCO in c-axis orientation in 
compared to the film A. The Tc,onset of film B is 89K while the superconducting transition 

As shown in Figure 4, scanning electron micrograph of film A surface that indicates the 
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Figure 3: A typical $ scan featuring the epitaxial nature of c-axis oriented YBCO films on 
SrTi03 substrates. 
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4: SEM photomicrograph of film A. 
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Figure 5: Temperature dependence of resistance for films A and B. 
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occurs at 63K as shown in Figure 5. To improve the surface finish of YBCO films processed at a 
~(01) of 3.5 x IO-jatm, it was decided that it might be better if films are heated to 525 "C to 
complete the decomposition of precursor materials (Figure 1) before annealing to high 
temperatures. Therefore, a film was heated to 525 "C at a rate of 15 "C/min and kept at that 
temperature for 20 min. after every coat. To avoid the carbon contamination in the film, films 
were heat treated in a 100% oxygen atmosphere at 525 "C for 8 hrs. One film was heated to 750 
"C at a rate of 20-25 "C/min. in a ~ ( 0 2 )  of 3.5 x 10-' atm and hold it for 3 hours at that 
temperature. The film surface was shiny and smooth. XRD pattern of this film showed the 
YBCO phase present predominately in the a-axis orientation. The T, of this film was only 46K. 
An another film was heated rapidly to 780 "C but YBCO phase still existed predominately in the 
a-axis orientation. This appears from these data that low temperature treatment (I 525 "C) to the 
film is important for the crystal structure and properties of YBCO films prepared from MOD 
precursors. 

B. Sol-Gel Route: 

YBCO films were also prepared by the alkoxide precursors. Copper methoxide (Alfa), 
barium metal (Alfa, 99.99%) , triethanolamine and 2-methoxyethanol (Alfa, Spectrometeric 
grade) were used without further purification. The yttrium iso-propoxide was synthesized in our 
laboratory. The final YBCO precursor solution was prepared by mixing the yttrium and barium 
methoxyethanolate/ 2 - methoxyethanol solution with the copper methoxide/triethanolamine 
solution at the room temperature. A similar procedure has been used to prepare TIBa2Ca2Cu309. 

superconducting films [2]. The precursor solution was partially hydrolyzed for spin coating by 
adding approximately 1 equivalent of water per cation equivalent. The film was dried on the hot 
plate before the high temperature annealing. The film was first heat treated at 450 "C for 1.5 hrs 
and subsequently heated at 860 "C for 20 hrs in a ~ ( 0 2 )  of 2 x IO-* atm. 

XRD pattern of this film is shown in Figure 6. The film is completely c-axis oriented and 
epitaxial. The typical phi scan for the (102) planes are shown in Figure 6 (inset). The FWHM 
values for sol-gel YBCO films on SrTiO3 substrates were 0.45" (in-plane epitaxy) and 0.69" (out- 
of-plane epitaxy). 

Films prepared on SrTiO3 single crystals from MOD solutions have c and a-axis orientated 
YBCO phase. These films also contain some amount of the random phase. Although the c and a- 
axis oriented materials were epitaxial on SrTiO3 single crystal substrates. On processing the film 
at a low ~ ( 0 2 )  and at a lower-low temperature treatment, the amount of c-axis orientation 
increases. The TcVonset of films is 89K while the best superconducting transition temperature is 
63K. The sol-gel YBCO films on SrTiO3 single crystals were epitaxial and c-axis oriented. 

In summary, we have developed MOD and sol-gel solutions for preparing YBCO films. 

Acknowledgements: 

We are thankful to Dr. D. Kroeger and Dr. A. Goyal for their helpful discussions. The 
research was sponsored by the Divisions of Materials Sciences, Office of Basic Energy Sciences 
and Office of Energy Efficiency and Renewable Energy, Office of Utility Technology- 
Superconductivity Program. The research was performed at the Oak Ridge National Laboratory, 
ORNL, managed by Lockheed Martin Energy Research Corporation for the U.S. Department of 

5 



8 

Energy under contract ## DC-AC05-960R22464. This work was partly supported by Oak Ridge 
Associated Universities, Oak Ridge, TN. 

- 

Figure 6: The X-ray powder diffraction pattern for the sol-gel YBCO film grown on a SrTiOJ 
single crystal. The @ scan shows the epitaxial nature of c-axis oriented YBCO films on SrTi03 
substrates (inset). 
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