
Platinumenhanced densification of grainaligned YBa2Cu3O7−x films
J. A. Lewis, M. Wegmann, C. E. Platt, and M. Teepe 
 
Citation: Applied Physics Letters 64, 103 (1994); doi: 10.1063/1.110907 
View online: http://dx.doi.org/10.1063/1.110907 
View Table of Contents: http://scitation.aip.org/content/aip/journal/apl/64/1?ver=pdfcov 
Published by the AIP Publishing 
 
Articles you may be interested in 
Positive temperature coefficient of resistivity in Pt ∕ ( Ba 0.7 Sr 0.3 ) TiO 3 ∕ YBa 2 Cu 3 O 7 - x capacitors 
Appl. Phys. Lett. 85, 5019 (2004); 10.1063/1.1827928 
 
Thickness and dielectric constant of dead layer in Pt /( Ba 0.7 Sr 0.3 ) TiO 3 / YBa 2 Cu 3 O 7−x capacitor 
Appl. Phys. Lett. 84, 583 (2004); 10.1063/1.1644342 
 
Platinum enhanced textured growth of grainaligned YBa2Cu3O7−x thick films 
J. Appl. Phys. 75, 5218 (1994); 10.1063/1.355719 
 
Collective magnetic excitations of Ho3+ ions in grainaligned HoBa2Cu3O7 
J. Appl. Phys. 75, 6334 (1994); 10.1063/1.355391 
 
Magnetic excitations in grainaligned HoBa2Cu3O7 (abstract) 
J. Appl. Phys. 73, 7022 (1993); 10.1063/1.352418 
 
 

 This article is copyrighted as indicated in the article. Reuse of AIP content is subject to the terms at: http://scitation.aip.org/termsconditions. Downloaded to IP:

128.103.149.52 On: Wed, 10 Dec 2014 18:56:44

http://scitation.aip.org/content/aip/journal/apl?ver=pdfcov
http://oasc12039.247realmedia.com/RealMedia/ads/click_lx.ads/www.aip.org/pt/adcenter/pdfcover_test/L-37/650841474/x01/AIP-PT/COMSOL_APLArticleDL_120314/User_Presentation_Banner_1640x440.png/47344656396c504a5a37344142416b75?x
http://scitation.aip.org/search?value1=J.+A.+Lewis&option1=author
http://scitation.aip.org/search?value1=M.+Wegmann&option1=author
http://scitation.aip.org/search?value1=C.+E.+Platt&option1=author
http://scitation.aip.org/search?value1=M.+Teepe&option1=author
http://scitation.aip.org/content/aip/journal/apl?ver=pdfcov
http://dx.doi.org/10.1063/1.110907
http://scitation.aip.org/content/aip/journal/apl/64/1?ver=pdfcov
http://scitation.aip.org/content/aip?ver=pdfcov
http://scitation.aip.org/content/aip/journal/apl/85/21/10.1063/1.1827928?ver=pdfcov
http://scitation.aip.org/content/aip/journal/apl/84/4/10.1063/1.1644342?ver=pdfcov
http://scitation.aip.org/content/aip/journal/jap/75/10/10.1063/1.355719?ver=pdfcov
http://scitation.aip.org/content/aip/journal/jap/75/10/10.1063/1.355391?ver=pdfcov
http://scitation.aip.org/content/aip/journal/jap/73/10/10.1063/1.352418?ver=pdfcov


Platinum-enhanced densification of grain-aligned VBa,Cu,O,-, films 
J. A. Lewis and M. Wegmann 
Science and Technology Center for Superconductivity and the Materials Science and Engineering 
Department, University of Illinois, Urbana, Illinois 61801 

C. E. Platt and M. Teepe 
Science and Technology Center for Superconductivity, University of Illinois, Illinois 61801 

(Received 21 May 1993; accepted for publication 21 October 1993) 

Grain-aligned YBa2Cus07-X films were fabricated by vacuum filtration in an applied magnetic field 
(7 T). Platinum (Pt) was shown to lower the peritectic temperature of YBa,Cu,O-I-, by almost 
75 “C, leading to dramatic microstructural differences between films densitied on MgO (single 
crystal) substrates and those densified on Pt foil to a maximum temperature of 1020 “C in oxygen. 
Superconducting quantum-interference device hysteresis loops measured at O-5.5 T at 5 K showed 
that films fired on Pt had AM (HappI c axis) values 15-60 times larger than those fired on MgO. 

Melt texturing is among the most promising techniques 
developed to produce grain-aligned YBa2Cu307--x (YBCO) 
components with superior superconducting properties. Melt 
texturing can be achieved either by a melt-growth process’-3 
or by directional solidtication;4>5 however, both of these pro- 
cesses have inherent limitations. For example, in melt- 
growth processing, the YBCO domains that form upon reso- 
lidification of a peritectic melt are poorly aligned within the 
bulk of the sample. Alternatively, directional solidification of 
YBCO produces highly oriented samples, but the growth 
rates required for grain-aligned materials are extremely slow 
(~1 pm/set). Previously we have shown that a combination 
of magnetic alignment of YBCO particles under ambient 
conditions followed by controlled heat treatment can be used 
to produce partially melted, grain-aligned YBCO films.6 Re- 
cently, several researchers have shown that the size distribu- 
tion of the insulating Y,BaCuOS (Y211) phase is affected by 
the presence of platinum during melt texturing.7-10 In this 
letter, we report on how platinum affects the densification 
and melting behavior of magnetically aligned YBCO films. 

YBCO films were formed by vacuum filtration of a par- 
ticulate suspension in an applied magnetic field (H= 7 T). 10 
~01% YBa,Cu,07-x particles(diameter -2-6 pm) were 
dispersed by dissolving an appropriate amount of an organic 
dispersant in an isopropanol solution. The as-cast films (di- 
ameter =2.5 cm, thickness eO.5 mm) were fired either on 
magnesium oxide (MgO) single-crystal substrates with (100) 
orientation or on platinum (Pt) foil. Samples were heated in 
nitrogen to 650 “C at 1 “C/min, held at 650 “C for 2 h in 
oxygen, heated to 950 “C at 5 OC/min, held at 950 “C for 2 h, 
heated to 1020 “C at 5 “C/min in oxygen, rapidly cooled to 
1010 “C, and then slow cooled at 1 “C/h to 950 “C. Samples 
were then furnace cooled from 950 to 450 “C, oxygen an- 
nealed for 24 h, and cooled to room temperature. 

Differential thermal analysis (DTA) of as-received 
YBa,Cu307-x powder, YBazCu,07-, powder mixed with 
10 wt 46 MgO powder, and YBa,Cu,O~-, powder mixed 
with 10 wt 70 Pt powder was conducted in Rowing oxygen 
(flow rate -10 cm’/min) at a heating rate of 5 “C/min to 
determine whether YBCO films would interact with either 
substrate material during heat treatment. In all DTA measure- 
ments, a large sample size (-150 mg) was used to simulate 

the actual film conditions during heat treatment. While this 
may produce broader peaks at slightly higher temperatures 
due to heat and/or mass transfer effects, the differences in 
measured peak temperatures between samples should remain 
independent of sample size. Figure 1 shows the DTA curves 
for YBa2Cus07-x powder, YBa,Cu,O,-,+lO wt % MgO 
powder, and YBa,Cu,07-, f 10 wt % Pt powder heated in an 
oxygen atmosphere. For the pure YBa2Cu307-, powder 
sample, an endothermic peak was observed at 1030 “C cor- 
responding to the incongruent melting of the YBa2Cu307-, 
phase (i.e., YBa2Cuo07-,-+ liquid+Y2BaCuOs). With 
YBa,Cu307-,+ 10 wt % MgO powder, this endothermic 
peak was observed at a slightly lower temperature (1027 “C). 
However, with YBa,Cu,O,-, -t- 10 wt % Pt powder, this en- 
dothermic peak was observed at a much lower temperature 
(954 “C). Clearly, platinum has a dramatic impact on the 
melting behavior of Y123, reducing the onset of incongruent 
melting by almost 75 “C. 

Figures 2(a) and 2(b) show polished cross sections of 
aligned YBCO films fired on MgO and Pt substrates, respec- 
tively, as viewed by scanning electron microscopy (SEM). 
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FIG. 1. Differential thermal analysis results for Y123 powder, Y123+10 
wt % MgO powder, and Yl23 + 10 wt % Pt powder samples heated at 5 “C/ 
min in flowing oxygen. 
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FIG. 2. SEM of polished cross sections of magnetically aligned YBCO films 
heated to 1020 “C on (a) MgO and (b) Pt. (Note: The YBCO film-substrate 
interface corresponds to the bottom surface of each sample.) 

Each film was removed from their respective substrates prior 
to SEM analysis. The YBCO films fired on MgO have a 
small average gram size (-10 pm) and a large amount of 
open porosity, features indicative of a conventionally sin- 
tered material. Based on the DTA results for pure 
ma2Cu3O-I --x, it is expected that these films did not un- 
dergo incongruent melting during heat treatment, since the 
maximum firing temperature (1020 “C) remained below the 
peritectic temperature (1027 “C) of YBa2Cu307-X heated in 
oxygen in contact with MgO. In contrast, YBCO films fired 
on Pt have a much larger average grain size (>50 pm) and 
are nearly 100% dense, features indicative of a melt- 
processed material. Hence, a significant interaction between 
the Y123 film and the Pt substrate must have occurred to 
produce this type of microstructural development. 

Figure 3 shows a schematic representation of the pro- 
posed mechanism for densification of the YBCO films fired 
on Pt substrates. Below 950 “C, the YBCO film is not af- 
fected by the Pt substrate and no liquid is present. At 954 “C, 
incongruent melting of the YBazCu307-, phase occurs at the 
film-substrate interface due to the interaction with Pt as 
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FIG. 3. Schematic representation of the proposed densification mechanism 
of YBCO films fired on Pt substrates. 
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FIG. 4. Magnetization hysteresis loops at 5 K of YBCO films heated to 
1020 “C on (a) MgO and (b) Pt. 
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shown by differential thermal analysis. This results in the 
formation of a liquid phase, rich in barium, copper, platinum, 
and oxygen, which is then distributed throughout the film via 
capillary forces. Yoshida et al. have identified three possible 
phases, Ba4CuPt209, Y,Ba,CuPt,O,, and Y2Ba,Cu,PtOro, 
which form in the Y-Pt-Ba-Cu-0 system.‘r Thus, the compo- 
sition of this liquid phase is expected to be Ba4CuPt209 
based on their observations. Upon further heating, additional 
liquid may be formed at the film-substrate interface and re- 
distributed within the porous network of the film. This pro- 
posed proces explains not only how partial melting and den- 
sification occurred, but how the observed compositional and 
microstructural uniformity was developed throughout the 
film [refer to Fig. 2(b)]. Alternatively, if capillary redistribu- 
tion of the liquid phase did not occur during densification, 
then one would expect a large compositional and microstruc- 
tural gradient to be present. 

Hysteresis measurements of aligned YBCO films were 
made using a high-field superconducting quantum- 
interference device magnetometer at 5 K and were normal- 
ized with respect to sample volume. This data are shown in 
Figs. 4(a) and 4(b) corresponding to films fired on MgO and 
on Pt, respectively. The bulk anisotropy (or degree of c-axis 
texture) within these films was evaluated from the ratio of 
AM (H,,,l]c axis) over m (Ha& c axisj. The value of this 
ratio (AjVll/AM,) was averaged over the applied magnetic 
field (O-5.5 T) and found to be 1.65 and 2.20 for YBCO fired 
on MgO and on Pt, respectively. More importantly, the mag- 
nitude of AM (Hjj c axis) was found to be approximately 15 
times higher at 1.0 T and 60 times higher at 5.0 T for YBCO 
films fired on Pt as compared to those fired on MgO. Clearly, 
this results from the large difference in microstructural de- 
velopment (e.g., grain size, alignment, and connectivity) be- 
tween these films during densification. 

In summary, platinum has a strong influence on the den- 

sification and melting behavior of YBCO films. We have 
presented the first observations of platinum induced local 
melting of YBa2Cu307-X below the peritectic temperature of 
the pure material. Production of magnetically aligned, partial 
melt-processed YBCO films is greatly enhanced through this 
approach by allowing aligned grains to remain unmelted and, 
hence, serve as templates for nucleation and growth upon 
recrystallization. 
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