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Epitaxial ErIBa2Cu307-6(001)r Er5Ba7Cun0,(001), and Er4Ba5Cu90,(001) thin films on LaAlOr(100) 
substrates were prepared by molecular beam deposition and postannealing. Scanning electron micros- 
copy and X-ray diffraction studies indicate that these films are single phase materials. For the Er,Bar 
Cu@-*(OOl), Er,Ba7Cu,,0,(O01) [or Er,,,SBa,,,SCu30,(001)], and Er4Ba5Cu90,(001) [or Er1.3SBa1,65 
CurO,(OOl)] thin films, four-point resistivity measurements show zero resistivity critical transition 
temperature (T,,,) of 93, 95, and 93 K, respectively (uncertainty = kO.5 K). o 19s Academic PXSS, IX. 

High-temperature superconductivity in 
the R-Ba-Cu-0 system (R = Y, Eu, Sm, 
Gd, Nd, Dy, or Er) is of great scientific 
and technological interest (I, 2). The bulk 
R,Ba,Cu,07_8 high-temperature supercon- 
ductors are known to show critical transi- 
tion temperature for zero resistivity (T,,,) in 
the 93-95 K range. To our knowledge, thin 
films of R,Ba,Cu,O,-, oxides have not 
shown T,,, > 92 K. Superconductivity in the 
RE,+.Ba,_,Cu,O, (Z?E = Eu, Nd, Dy, or 
Er) materials is very interesting. For bulk 
Eu, +XBaZ-XCu30y and Nd, +xBaZ-xCujOy, T, 
and the lattice constant c0 decrease as the 
value of x increases from 0 to 0.5. Nd and 
Eu have larger ionic radii than Dy and Er 
but they are smaller than the Ba ions (within 
15%) (2-4). In Eu,+,Ba,-,Cu,O, and 
Ndr+.Ba,-,Cu,O,, it is thought that the ex- 

cess Eu or Nd atoms substitute for Ba in the 
crystal structure of R,Ba,Cu,O, (2, 3). For 
Dy , +XBa2 -,Cu,Oy , it has been reported that 
the T, is always 90 K, and it was suggested 
that for any composition with x > 0 the 
materials might be decomposing into multi- 
ple phases (2, 3). Recently, we reported on 
single phase epitaxial Dy,,,Ba,,,Cu,O,(OOl) 
and Dy, ,Ba,,,Cu,O,(OOl) thin films (5). In 
these oxides, the material was not found to 
decompose and the lattice constant c,, as 
well as T, decreased as observed for bulk 
Eu~+~B~~-$u~O~ by T. Iwata et al. (3). 

In this letter, we report on superconduc- 
tivity in (single phase) epitaxial Erl+,Ba2-, 
Cu,O,(OOl) thin films. We have discovered 
new compositions in the Er-Ba-Cu-0 thin 
film system, Er,,,, Ba,.&W), (or ErPa, 
Cu,,O,) and Er,,,,Ba,&u,O, (or Er,Ba, 
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Cu,O,) for which the transition temperature 
for zero resistivity (T,,O) is 95 and 93 K, re- 
spectively. We also report on epitaxial Et-, 
Ba,Cu,O,-, (001) thin films for which 
Tc,o = 93 K. 

The epitaxial Er,Ba2Cu,07-,(OOl) and 
Er, +.Ba,-,Cu,O,(OOl) thin films on 
LaAlO,( 100) substrates were prepared by 
molecular beam deposition of Et-, BaF,, and 
Cu in the presence of molecular oxygen 
(PO2 = 5 x 10e6 Tort-) followed by postan- 
nealing in wet and dry 0, at 890°C as de- 
scribed elsewhere (6). Er,Ba$u,O,-,, 
W.IJh&Wy~ Er5Ba7Cu120, (or Erl,,, 
Bal ,&W,L Er4Ba5Cu@, (or- Erl .35Ba,.65 
Cu,O,), and Er,,,,Ba,&u30r thin films 
were prepared. The film thickness is about 
1800 A for all of the samples. Just after the 
samples were removed from the annealing 
furnace, silver pads were vapor-deposited 
on the films for four-point resistivity mea- 
surements. The resistivity was measured ei- 
ther by the Van der Pauw technique or by a 
collinear four-point probe in a liquid nitro- 
gen cryostat. The crystal structure of all 
films was determined by X-ray diffraction. 
The surface morphology of the films was 
examined by scanning electron microscopy. 

Figures la-c show the X-ray diffraction 
(XRD) data for the Er,Ba,Cu,O,~,(OOl), 
Er,Ba,Cu,,O,(OOl), and Er,Ba,Cu,O,(OOl) 
thin films. The figure show that all of the 
films are highly epitaxial with the c-axis ori- 
ented perpendicular to the surface. After 
correction for sample displacement errors 
(5), the lattice constant c,, was determined 
as 11.65 ? 0.01 A for all of these three films. 
A decrease in the lattice constant c0 that was 
expected as the value of x in Erl+,Ba2-, 
Cu,O, increased was not observed. The 
Er,,,,Ba,,,,Cu,O,(OOl) film also showed epi- 
taxy of the same quality (figure not shown). 

The resistive transition for the Er,Ba, 
Cu,O,_,(OOl) thin film is shown in Fig. 2, 
which shows T,, of 93 2 0.5 K. The resis- 
tance was measured by the Van der Pauw 
technique. The film size was 5 x 7 mm and 
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FIG. 1. X-ray diffraction patterns for epitaxial Er, 
BazCu307_8(001) and Er,+,Ba*-,Cu,O,(OOl) thin films 
(CuKa X-ray source): (a) diffracted beam intensity vs. 
Bragg angle 28 (deg.) for Er,Ba2Cu307-8(001); (b) dif- 
fracted beam intensity vs. Bragg angle 20 (deg.) for 
Er5Ba7Cu120,(001) (or Er,,,,Ba,,75Cu30v(001)); (c) dif- 
fracted beam intensity vs. Bragg angle 20 (deg.) for 
Er4Ba,Cu90,(001) (or Er, 3SBa1.6SCu30v(001)). 

the contact pads were located at the corners 
(1.5 x 1 mm). The film thickness is about 
1800 A as described earlier. 

For Er,Ba,Cu,,O,(OOl) and Er4Ba, 
Cu,O,(OOl) thin films, the T,,, values are 95 
and 93 K (uncertainty = ? 0.5 K), respec- 
tively, as shown in Figs. 3a and b. The data 
were acquired by collinear four-point re- 
sistivity measurements. These are new com- 
positions in the Er-Ba-Cu-0 system which 
show >90 K T,,,. The results were con- 
firmed by susceptibility measurements. 

The Er,~,,Ba,~&u,O,(OOl) thin film 
showed the onset of superconductivity just 
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FIG. 2. Resistive transition for epitaxial Er,Ba, 
CU@_~(OO~) thin films as measured by Van der Pauw 
technique. The voltage drop is proportional to resis- 
tivity of the thin film. 

above 90 K but the resistance did not com- 
pletely go to zero until 82 K. The Er,,,,Ba,,,, 
Cu30,(O01) sample has not been examined 
since its room temperature (two-point) re- 
sistance is higher by a factor of 2 in compari- 
son to the resistance of other films, and a T, 
of 90 K was not expected. 

The surface morphologies of all of the 
films were examined by scanning electron 
microscopy. The surfaces of Er,Ba, 
Cu,O,-,(OOl), Er,Ba,Cu,,O,(OOl), and Er, 
Ba,Cu90,(001) thin films were found to be 
fairly smooth; there was no evidence of 
large particulates of any second phase. 
Small particulates were found on the sur- 
faces of all of these films and their distribu- 
tions were almost the same. However, there 
was evidence of cracking in all of the films. 
This is understandable since all films have a 
unique appearance in visual inspection. 
They are black but opaque under bright 
light. This implies that the films must have 
cracks, otherwise their optical behavior 
would defy the theories of light transmission 
through metallic substances. 

The question arises of whether the epi- 
taxial Er,Ba,Cu,,O,(OOl) and Er,Ba, 
Cu,O,(OOl) thin films are single phase mate- 

rials or whether they are decomposed into 
multiple phases. We suggest that the films 
are single phase materials for the following 
reasons: (1) If the material is decomposed 
into multiple phases, one of which is Er,Ba, 
CU@~~, then epitaxy cannot be attained 
unless the other phases are also epitaxial. In 
other words, we cannot expect an epitaxial 
Er,Ba,Cu,O,-,(OOl) film mixed with large 
amount of a polycrystalline second phase. 
If the material were decomposed into two 
or more phases which grew epitaxially then 
the other phases should be observable in the 
XRD data (Fig. l), which is not the case; (2) 
Our SEM studies on these films do not show 
large particulates of other phases on the sur- 
face, which are usually observed when other 
phases are present in large amount; (3) In 
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FIG. 3. Resistive transition for new high-temperature 
superconductor thin films as measured by collinear 
four-point resistivity measurements. The film thickness 
is not accurately known (about 1800 A); hence the 
resistance values were not converted to resistivity: (a) 
resistive transition for Er,Ba7Cu120,(001); (b) resistive 
transition for Er4Ba5Cu,0,(001). 
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Figs. 2 and 3, the resistive transition curves Er,Ba,Cu,,O,(OOl) and Er,Ba,Cu,O,(OOl) 
show that if the resistance were extrapo- thin films which show 95 and 93 K T,,, 
lated below the critical transition tempera- values. 
ture it would reach zero close to 0 K. 
This will not happen if the new Er,Ba, 
CU,~O,(OO~) and Er4Ba,Cu90,(001) high-T, 
superconductor thin films contain a large 
amount of second phase materials. 

Hence, the results indicate that the Er, 
Ba,Cu,,O,(OOl) and Er,Ba5Cu,0,(001) thin 
films are single phase materials which have 
T, 0 in the 93-95 K range. In a phenomeno- 
logical approach, we suggest that when the 
Er and Ba atoms in an Er-Ba-Cu-0 com- 
pound are in whole numbers (%7), a T,,, in 
the 93-95 K range is obtained. If this is true, 
then there might be a superstructure along 
the a- or b-axis; i.e., the substitution of Ba 
by Er atoms is ordered when a T,,? in the 
93-95 K range is observed. Further mvesti- 
gation is in progress to understand the struc- 
ture and superconductivity in these mate- 
rials. 

In conclusion, we have made epitaxial 
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