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We have determined the phase diagram of the Y-Ba-Cu-O system through structural, 
superconducting critical temperature and critical current density characterization. Our results 
show that a single-phase compound with a stoichiometry YBa2Cu30 y is responsible for the 
high-temperature superconductivity (92.5 K) in this system. 

The discovery of high-temperature superconductivity in 
perovskite-related oxides has generated an enormous 
amount of activity. Superconductivity above 30 K was 
initially reported by Bednarz and Muller l in a multiphase 
system having a nominal stoichiometry of 
Las .. xBaxCu505(3 _y). Subsequent to this, Takagi el al. 2 

identified the superconducting compound as 
(La l _ x Sax )2CU04 with the K2NiF4-type structure. Substi
tution of Ba by Sr was shown to produce relatively narrow 
superconducting transitions with zero resistance near 40 
K.3

-
6 Recently, Wu et af. reported for the first time super

conductivity above 90 K in a multiphase sample having the 
nominal composition ofYL2Bao.sCU04_a,7 and suggested 
that multiphase samples are necessary for the occurrence of 
such high critical temperatures. 

Contrary to this suggestion, we believe that the super
conducting behavior exhibited by the material 
Y 1.2 Bao.s CuO .. _ a is in fact caused by a single minority phase 
in their multiphase sample. In this letter we report an exten
sive study of the part of the Y-Ba-Cu-O phase diagram in 
which superconductivity appears. From this diagram, deter
mined llsing x ray and neutron diffraction coupled with 
transport measurements, we conclude that the supercon
ducting material is a single phase. 

A large number of samples of various compositions were 
prepared by standard powder metallurgical methods start
ing with 99.999% pure Y203' BaCO:!, and CuO powders. 
After thorough mixing, grinding, and pressing, the samples 
were sintered at approximately 1000 cC in flowing O 2 for 6 h, 
then slowly furnace cooled. X-ray powder diffraction pat
terns were obtained using a SCINT AG PAD V computer
ized theta-theta diffractometer. Neutron diffraction pat
terns of possible stoichiometric compounds in the system 
were obtained at the Argonne National Laboratory Intense 
Pulsed Neutron Source (ANL-IPNS) on the Special Envi
ronment Powder Diffractometer (SEPD). Transport mea
surements, using 0.1-1 Akm2 in the 8.5-320 K range, were 
made using a computer-controlled closed-cycle refrigerator 
capable of measuring five samples simultaneously. Tem
peratures were measured using SiO diode thermometry 
traceable to NBS standards and are accurate to about 0.5 K 
over the measured temperature range. Critical current den
sity measurements were made in boiling liquid nitrogen (77 

K) on cut bars approximately 1 mm2 x 10 mm long. The 
critical currents are defined using a 1-p V /ern voltage crite
rion. 

The Y-Ba-Cu-O phase diagram is shown in Fig. 1. The 
initial atomic percent of the metals in the starting composi
tion is used to determine the position of each sample on the 
phase diagram. This phase diagram is a projection of the 
quaternary phase diagram onto the zero-oxygen plane, with 
nominal oxygen content inferred by assuming charge bal
ance. Several single-phase stoichiometric compounds have 
been identified by comparison to known x-ray diffraction 
patterns. These compounds (indicated by a III in Fig. 1) form 
the boundaries of the mixed phase regions outlined in the 
diagram. Although the Baa-rich region of the phase dia
gram has not been fully investigated, we have evidence of an 
unidentified compound in this area below the 45% Cu con
centration line. Thus no phase line exists joining the green 
Y 2BaCuOs with the BaCu02 compound. The triangular 
phase regions appearing in our diagram are, in reality, pro~ 

FIG. 1. Projection of the quaternary Y-Sa-Cu-O phase diagram onto the 
zero-oxygen plane. The nonmetallic and superconducting phases are indi
cated by open circles and triangles, respectively. The stoichiometric com
pounds arc indicated by closed squares and the YBa2Cu,005 superconduct
ing compound is marked as a star. 

1688 AppL Phys. Lett. 50 (23), S June 1987 0003-6951/87/231688-03$01,00 © 1987 American Institute of Physics 1688 



jections offour-cornered polyhedra; consequently the num
ber of phases in equilibrium could exceed the number depict
ed in the figure. However, this has not been observed, sug
gesting that the major features of the phase diagram are 
relatively insensitive to atomic percent oxygen. The possible 
dependence on oxygen concentration andlor dependence on 
the preparation conditions is under investigation. The sym
bols on the phase diagram denote only those samples which 
have been fully characterized by x ray, resistivity, and criti
cal current measurements. It can be seen that only those 
samples in phase regions containing YBa2Cu30 6.5 are super
conducting near 90 K. No superconductivity is observed 
(down to 8.5 K) in samples residing outside these regions. 
This indicates that YBa2Cu30 6.5 is the high Tc supercon
ducting compound in this system. 

Both neutron (Fig. 2) and x-ray diffraction patterns 
demonstrate that YBaZCu30 6.5 exists as a single-phase mate
rial. As one moves away from YBa2Cu,06.5 along the 
(Y! _xBax )Cu compositiollline (50% eu), in either direc
tion from the stoichiometric compound, new peaks appear in 
the diffraction pattern. For x < 0.67 peaks attributable to 
Y2BaCuOs and CuO appear, while for samples with 
x> 0.67, only BaCu02 is observed, consistent with the two
phase line shown in Fig. 1. From this we conclude that there 
exists a single-phase compound with the stoichiometry 
YBa2Cu30 6 .5 . We should stress that the oxygen concentration 
is inferred from charge balance considerations and that we 

-~ 
:~ 
c 

G ::::I 

.0 .. J 
10. 
~ --(/) ..... 
C 
::::I 
0 
U 
c: 
0 
to.. -::::I 
d.l 
Z 

D-Spacing CA) 

FIG. 2. Neutron diffraction patterns which show the appearance of second
ary phases as the stoichiometry moves away from YBa2Cu,O.,: upper 
curve for Y,Ba,Cu, nominal metal ion composition. middle curve for the 
stoichiometric superconductor YBa2Cu,06." and lower curve for the 
YEa.Cus nominal metal iOIl composition. The impllrity phases are identi
fied according to the following symbols: B ~~ BaCu01, G = green 
y 7BaCuOs, and C = CuO. 
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FIG. 3. (a) Onset of the superconducring transition temperature (T~n""t) 
and the zero resistance temperature ( T~ ) vs increasing Ba composition (x) 

along the (Y 1 x Ba< )Cu composition linc; (0) critical Current density at 77 
K vs increasing Sa composition (><). 

have not verified this by independent measurements. In addi
tion, as one moves away from the single~phase YBa2Cu:10 6.5 

towards the BaCu02 compound, along the 50% Cu line, the 
orthorhombic splitting decreases. This may be due to sman 
stoichiometry changes in the oxygen or metal ion sub lattices. 

Evidence that this compound is the superconducting 
phase is obtained from both resistivity and critical current 
measurements. In Fig. 3(a) we plot the onset temperature 
( T ~n5et) of the superconducting transition and the zero resis
tance temperature (T~) versus x along the (Y, -x Bax )Cu 
composition line. T~nset is essentially constant with varying 
Ba concentration (x), demonstrating that a single phase 
with a weB defined stoichiometry is responsible for the su
perconductivity. This is in contrast to the La! xSrxCu04 
system where large variations in Tc over a small composition 
range are observed.8 As a more sensitive probe of the fraction 
of superconducting material in each sample, the critical cur
rent density Jr was measured at 77 K. The critical current 
density versus composition is plotted in Fig. 3b. Note that 
Jc exhibits a maximum (168 A/cm2

) at x = 0.67 
(YBa2Cu30 6.5 ), indicating that the volume fraction of su
perconductor is largest at this composition. 

Samples with a higher barium content (x> 0.67) had a 
hi.gher porosity than those with x <0.67. This would ac
count for the rapid decrease in ic to very low values ( < 2 AI 
cm2

) for x>O.67 which in tum is in accordance with the 
reduction in T~ for these samples as illustrated in Fig. 3(a). 
The higher porosity sets a. lower limit for the i, because the 
cross section of the sample used in theJc calculation is incor-

Hinks et al. 1689 



rect and may also cause a reduction in pinning strength due 
to differences in sample morphology. 

In this letter we clearly demonst.rate, through a combi
nation of structural and transport measurements on many 
samples, the existence of a single stoichiometric compound, 
YBa2Cu30 6.5 , which is responsible for superconductivity in 
the Y-Ea-Cu-O system. The relatively small number of qua
ternary compounds observed in the phase diagram implies 
that samples which contain a fraction of this compound can 
be prepared over a wide composition range. Starting from 
the Y -rich side, increasing the Ba composition will result in 
the sudden appearance at the phase boundary of supercon
ductivity and the associated x ray and neutron peaks of the 
YBa2Cu30 6 .5 compound. Such an observation could be mis
interpreted as the identification of a superconducting phase 
with a composition consistent with the starting formula. Al
though the critical currents measured are rather low com
pared to the 104 A/cm2 necessary for typical superconduct
ing applications, we note that theseJc '8 are 100 times greater 
than those previously observed in Lal _ x Sr x CU04 •

3 In addi
tion, since no effort has been made to enhance the Jc of these 
materials either through densification of the pellets or opti
mization of pinning structures, a current density of 168 AI 
cm1 at 77 K in these materials presents the distinct. possibil-
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ity of superconducting applications at liquid nitrogen tem
peratures. 
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