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We describe the procedures we are using for synthesizing
and characterizing YBaCuO single crystals. Results _of an
oxygen annealing study of thicker crystals prepared eise-
where are also reported.

In this paper we describe the procedures we ' have been us-
ing recently to prepare and characterize single crystals of.
superconducting yttrium barium copper oxide. Following "-se-
veral reports in the literature /i/ we are using alumina
crucibles and  excess barium and copper oxide to produce a
low melting point flux for “crystal growth. Thin (10-100 pm)
high ‘' quality single crystals are necessary for studying the
magnetic field penetration -depth in the superconducting
state /27 as well as transport properties and critical
currents in the a-b plane.

The starting compo-
sitions tried until

TOCH T r T now are given in the
1000 table |, and corre-
sponding tem-

perature-time pro-
files in Figure 1.
] "Johnson Matthey"
800 " chemicals of 99,94 °
s 2l purity were used and
charges of 8-10- gms.
In order to avoid
600 B problems with decom-
posing BaCO3z we of-
ten started with
barium nitrate pro-
duced from a Known

49 1 L 1 weight of BaCOs3.
50 100 150 N An A.D.A.M.E.L.
(Paris) tubular
furnace was used
Figure 1 throughout.
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_in steps of 10 ©°C by
Although this gave good
platelets, on later runs the temperature was

a personal computer. The

thermocouple mounted close to
computer via a digital micro-
" The

furnace was switched

alternate cycles its time

derivative). Near 970 ©C the thermocouple temperature typi-
cally oscillated by + 2 ©°C over a period of 3 minutes. Tem-

perature

variations

of the more

have been much smaller.

As noted
reacting
These were reduced by evaporating gold on thé in-
gside --of . the' bucket shaped crucibles and
was deposited electrochemically. Because of mate-
crucibles to search for
with hot "acqua regia"

ture

occurred.

gold
rial

-layer
constraints

crystals. Insteaq

and . used again.

on

crucible and

we.. do  not break
they are cleaned

massive‘ ; crucible may well

in table | difficulties due to the molten mix-
with

creeping up the walls have

in one case a {2 um

most runs the. crucible was tipped on to

its "side at 950 ©C 8o that the flux flowed away from the
crystals. Synthesis- in. flowing oxygen rather than air did
not give _any clear improvement.

Shiny black platelets  typically ' 1x2x.05 mm3 were obtained
several times, but the sduperconducting transition tempera-
ture, (Tc) - remained rather Ilow even after annealing in flow-
ing oxygen gas at 450-500 ©°C for. up to ten days. For the
crucibles which had to be  coated with gold to avoid 1loss of
flux the maximum onset temperature obtained was 75K,
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difrraction measure-
ments (by 0. M.)
showed an almost
tetragonal structure.
Gérinding some of these
crystals into powder
and oxygen annealing
(10 aqays at 460 ©C)
increased Tc¢ from 60
to 75 K.

In contrast, using
- the same equipment,
some thicker crystals
prepared by G, Collin
/5/ can be oxygenated
much more easily. A
systematic oxygen
" annealing study of two
crystats has been
made and some results
are shown in Figure 3,
The oxygen was
- initially removed by
heating in air to 680

300 400 500

Figure 3

o oc, holding for 30

600 UC) minutes and cooling
to room temperature

in about the same time

Tc was thereby Ilowered
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to below 50 K. Then the 0.5x0.5x0.0 mm3 crystal was annealed
in flowing oxygen for successive 12 hr. periods (numbered in
Fig. 3) at various temperatures (Tp). After each anneal the
crystal was <furnace cooled in 4 hrs to room temperature and
Tc was measured using the AC susceptibility technique: The
curve of Tc vs. Tp is8 shown in Figure 3. The open circles
represent the 10% transition point in Xac and the full
circles the maximum in dXac/dT. From these results it s
clear that a twelve hour Op anneal is sufficient at 480 oc
for the above size crystal. For Tpa=400 °C Tc¢ is improved
by 4 K but then Ionger time scales are required, The
uniformity of oxygen concentration was later checked by
grinding the crystals down to half their thickness and
remeasuring Xac- The resuits in Figure 3 are slightly
surprising because earlier work /6/ showed that the
equilibrium value of x is 69 at 530 ©°C in one atmosphere of
(°F} and many investigators have shown that Tc is
insengitive to x near x=7, but our resuits definitely show
that 530 ©C is too high a temperature for annealing. In
these crystals the transition width for H in the ab plane
was narrow, the FWHM in aX/dT (Ain Figure 3) being as low
as 3 K. In contrast many of thin piate-like crystals that we
have measured (prepared here and in other groups) show a
very broad transition in the AC susceptibility for H in the
ab plane 2/ (although often not for H , ab). Furthermore
there are often sharp steps or shoulders in Xac(T)

Recently a related superconductor YpBasCuy0444x has been
discovered /T7/ in which pairs of CuO2 planes are separated
alternately by single Cu chains (typical of the 123
structure) and double Cu chains ( typical of the YBapCuys0g
compound). The steps observed in Xapc could indeed be due to
sub-phases with intermediate stacking sequences as proposed
in /7/. Since the new compound has only a weakly orthorombic
structure (a/b = 1.005 compared to {017 in YBagCuzO7) the
presence of extra Cu chains could impede the orthorhombic
distortion of the 123 regions and prevent oxygen uptake. In
order to check this possibility some platelet crystals were
examined by one of us (G. B.) using energy dispersive X-ray
analysis and compared with an Orsay crystal (Figure 3) taken

to be f{:2:3 stoichiometry. The Tc = 60K crystals (Table 1)
had Y:Ba:Cu ratios of f:i2.1-2.4:3.1-3.5, depending on the
crystals and the particular area studied. A Tc¢c = 75K crystal

had ratios of 1:1.8-2,0:2.6-3.5 again the spread in values
corresponds to five different aréas. In the above measure-
ments no aluminium or gold contamination was detected down
to 0.5 and 0.2 wtZ respectively. It is interesting to note
that in YpBasCu70q4 Some Ba substitution for Y occurs /7/.
Thus in conclusion we believe that the crystals we have pro-
duced until noWw may well contain some extra copper chains
which ninder the orthorhombic distortion and prevent the up-
take of oxygen at least on the time scales found to be ade-
quate for the crystals in Figure 3. AC susceptibility mea-
surements for H parallel to the ab plane provide a good way
of checking the quality of these crystals.
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