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CRYSTAL GROWTH PROBLEMS OF YBa
2

Cu 307_x 
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The problems for growth of bulk single crystals of YBa Cu ° "YBCO" and of high-quality layers 
are: unknown phase diagrams and difficulty to obtai~ e~u~l~brium data, the low thermal and 
chemical stabilties of YBCO, the low solubility of YBCO in the corrosive BaO-CuO melts, and the 
twinning problem. Based on a tentative phase diagram and systematic growth experiments, 
conditions could be found were nearly cm-crystals of YBCO could be separated from growth 
solutions by decanting. 

1. INTRODUCTION. 
Simultaneously with the discovery of high 

temperature superconducti vity (HTSC) at the 
I Br·1 Zuri ch Research Laboratory and especi ally 
after finding the real high-temperature 
superconductor YBa

2
Cu

3
0
7
_ "YBCO" by Chu and 

coworkers, worldwlde -attempts started to 
produce single crystals and high-quality 
epitaxial films. However, it was soon realized 
that there is an enormous di fference between 
the ease of fabricating superconducting 
ceramic samples on one hand and the great 
difficulty to grow single crystals and 
high-quality layers on the other hand. 

The question of the required crystal and 
layer perfection seems to be clearing up now. 
Although it had been argued that twinning 
and/or the phase transition and/or grain 
boundari es are necessary for hi gh temperature 
superconductivity, there is the growing 
evi dence for the detri menta 1 effect of these 
defects on HTSC. For instance twi n boundari es 
seefR to have a pi nni ng effect for the HTSC 
flux, and the intragranular and thi%-film 
cU~2en~ densities are repor4ted to be ~~ A . 
cm 1 n contrast of lOA cm for 
intergranular values. 

Therefore the goals for crystal growth of 
YBCO have to be 1. Bulk single-domain crystals 
of at least 5 mm dimensions in all directions 
and of high structural perfection (free of 

* 

grain boundaries, low dislocation density), 
2. Single-crystalline compact epitaxial filr"s 
of vari ous thi cknesses and of hi gh structural 
perfection. 

The bu 1 k crystals of YBCO and of re 1 ated 
phases where the constituent cations are 
substituted, individually or in combination, 
partially or completely, by other cations 
whi ch fit into the structure, are necessary 
for investigation of the effect of· twins, 
grain boundaries, point and line defects on 
HTSC. In particular, the lack of understanding 
of the HTSC phenomenon as such demands 
numerous phYSical and st~uctural 
investigations for which well-characterized 
single crystals are required. ~~hereas for 
single crystals of HTSC no direct application 
in technology is evident, the thin layers are 
expected to have applications in a variety of 
devices and structures. 

Despite the obvi ous need for hi gh-qua 1 ity 
crystals and epitaxial layers, no reproducible 
process for their fabrication could yet be 
found. It is the goal of this paper to analyze 
published results and other information as 
well as own findings for the obstacles to 
growth of large and high-quality crystals and 
1 ayers, to present the status of the art, and 
to indicate suggestions for eventually 
achieving the set goals. Specifically, the 
limited thermal and chemical stabilities of 
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YBCO and their consequences, the difficulties 
in investigations of phase diagrams and with 
finding corrosion-resistant crucibles, the 
thin-plate problem and the twinning problem 
will be discussed. 

In view of th~ great difficulties 
encountered with YBCO, the search for 
compounds and structures with improved thermal 
and chemical stabilities and, without twinning 
prob 1 em may be an alternate route to achi eve 
understanding and facilitate applications of 
HTSC. 

2. PHASE DIAGRAM DATA AND CONSEQUENCES FOR 
CRYSTAL GROWTH 

Phase diagrams are extremely valuable for 
planning crystal 'growth experiments and for 
achieving high yields and sizes of crystals. 
However, in the ternary phase di agram BaO -
Y
2
0

3 
- CuO only the binary system BaO 

Y
2
0
3

(1), certain aspects of the binaries BaO -
CuO and CuO - Y 203' and a few ternary phases 
are known (2-4). Phase equilibria containing 
copper are very sensiti ve to the oxygen 
parti a 1 pressure, so that the system BaO -
Y
2
0
3 

- CuO should contain oxygen as the fourth 
component whi ch has a si gnifi cant effect on 
the melting behaviour and on the stability 
regions of Cu-containing phases. However, 
equilibrium for a given temperature and oxygen 
partial pressure is difficult to achieve and 
requires extended times, so that the dynamic 
DTA and TG methods may lead to misleading and 
contradictory results, for instance for the 
melting behaviour of YBCO as a function of 
oxygen pressure (5-7). The majority of works 
report incongruent melting of YBCO in air and 
in oxygen above 1000 0 C and below 1050 0 C, so 
that this temperature range has to be regarded 
as the upper limit for any crystal growth 
technique. It also means that growth from 
melts can be .exc1ude€!, only groth from liquid 
or gaseous solutions or solid state 
recrystallization can be used for growth of 
YBCO crystals. This upper limit for growth of 
YBCO may be shifted to somewhat hi gher 
temperatures by application of high oxygen 
pressures or by substitution of yttrium by 
other rare earth ions or other large 
three-valent cations and by substitution of Ba 
by Ca, Sr, Cd or Pb. However, there is an 
ultimate temperature limit due to the valency 
requi rement of copper (+2) at around 1200 ° C 
depending on the oxygen pressure. 

Another consequence of the low thermal 
stability of YBCO compared to high-melting 
compounds surroundi ng thi s phase in the 
ternary phase diagram shown in Fig. 1 is the 
limited applicability of solvents in crystal 
growth from high-temperature solutions (8). 

BaO -Y203-(uO 

roole ~ 

1230·( 

Fig.l Phase diagram BaO-Y20
3

-CuO with the YBCO 
phase YBa

2
Cu

3
0
7

_
x

' witn the new phases 
YBa2Cu05 (a), Y2Ba3Cu2065 (b), and with the 
Pt-containing phase Y

2
Ba

2
CuPt0

6 
(c). 

It was found (4,9) that tbe popu1 ar 
solvents like fluorides lead to 
crysta 11 i zat i on of CuO whereas PbO and Bi 0 
are incorporated into the YBCO 1 att i ce w~t~ 
the correspondi ng effect on 1 att ice constants 
and superconduct i ng propert i es. The preferred 
solvents for growth of YBCO should contain 
mainly CuO and BaO (see the arrows in Fig. 1) 
and have a relatively low melting point. 
Therefore a tent at i ve phase di agram based on 
DTA data and melting experiments was 
established (10) which indicates a eutectic 
around 40 m% BaO at about 935 ° C, that means 
between the compounds BaCuO and CuO. Another 
report (11) indicated the ~utectic at 28 m% 
BaO and 870°C. This temperature range of 905 + 
30° C indicates the lower limit for crystal 
growth of YBCO from BaO-CuO solutions. Other 
so 1 vents (mo lten salts 1 i ke nitrates, hal ides) 
may be found which allow to grow YBCO at still 
lower temperatures, preferably below the 
tetragonal-orthorhombic phase transition 
around 700°C, in order to solve the twinning 
problem discussed further below. 
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The re 1 at i ve ly low growth temperature and 
possibly also the difference of bonding 
between YBCO and the BaO-CuO me 1 ts 1 ead to a 
low solubility which in combination with the 
narow temperature range for crystal growth has 
negative consequences which are discussed in 
the section on growth stability. Preliminary 
investigations (10) indicate a solubililty of 
2 to 3 m % YBCO in m~lts of 28 m% BaCO - 72 m 
% CuO at around 1000 ° C • The knowl edge of 
so 1 ubi 1 ity and melting behavi or was i IIlportant 
for solving the crystal separation problem 
discussed below. 

3. CRYSTAL SEPARATION 
Despite its thermodynamic stability at 

room temperature YBCO is chern; ca lly very 
unstable. It is easily dissolved in diluted 
and weak aci ds, and it is attacked by water 
and humidity and CO of the air. Therefore 
YBCO samples should be kept in desiccators. A 
consequence of this chemical instability is 
that the grown crystal s can not by separated 
from the residual flux by its dissolution in 
acids. Other methods of crystal separation 
have to be app 1 i ed whi ch are descri bed in the 
following. 

The most generally applied approach is to 
heat YBCO with excess of BaO/CuO or just 
excess CuO in Pt or alumina crucibles, achieve 
partial melting and find after solidification 
and cooling to room temperature cavities 
within or at the surface of the solidified 
mass. The crystals found in these cavities 
have si zes between 0.1 to 4 mm and perhaps 
have been separated from the growth sol ut ion 
by its~contraction during solidification. This 
approach can be used for production of many 
small crystalsm up to 1 mm. However, the 
growth of 1 arger crystals of say 4 mm is not 
reproducible, and a further significant 
increase of crystal size seems difficult. 
Occasionally large crystal plates up to 8 mm 
can be found on the surface of the melt or 
crucible (4,9), but these deteriorate during 
oxygen annealing, perhaps due to differences 
of thermal expansion coefficients of YBCO and 
solidified flux. 

Another approach of separating crystals 
uses the pronounced wetting and creepi ng of 
the liquid solutions on metals like gold and 
platinum (12, 13), so that free

3
crystals up to 

2.5x2.5xO.08 amd 0.5xO.5xO.2 mm remain in the 
gap between pellet and crucible or between the 

gold crucible and support sheet. 
Accidental separation of flux may occur 

when crucibles of mullite/sillimanite soak up 
the liquid, or when metal crucibles develop a 
leak (by corrosion) through which the liquid 
penetrates. A somewhat similar effect is used 
by a sieve, contained within the crucible, 
whi ch allows the 1 i qui d to drop or creep to 
the crucible bottom, where crystals can grow 
and then be separated by tilting the hot 
arrangement (14). 

The best way of separati ng crystal s 
consists of achieving concentration and 
temperature conditions for complete 
dissolution of YBCO, and to remove the hot 
liquid from the crystals grown by decanting or 
by pouri ng the 1 i qui d through a hot si eve or 
by using tilting or rotating of the crucible. 
This has been achieved by systematic DTA 
investigation in conjunction with melting 
experiments, and by systematic variation of 
growth parameters in crysta 1 growth 
experiments (9, 10). This complete flux 
separation is the presupposition for achieving 
larger crystals and liquid-phase epitaxy of 
YBCO. 

4. CHOICE OF CRUCIBLES 
Platinum crucibles are usually applied in 

crystal growth of oxide compounds from 
high-temperature solutions (8). Therefore, 
this was the first choice for the oxide 
superconductors until it was real i zed . that Pt 
is heavily corroded by the Y -Ba-Cu - oxi de 
me lt even at temperatures below 1000 ° C. Also 
the formati on of new phases 1 i ke Y 2Ba2CuPtO 
and gives evidence of Pt dissolution. Anothe~ 
evi dence comes from the phase di agram Ba-Pt-2 
(15) which indicates formation of 4 BaO * PtO 
and of solid solutions up to a temperature of 
1260 °C. Therefore, Pt crucibles could be used 
only above this temperature or at 
significantly lower temperatures where the 
dissolution kinetics is sufficiently slow. An 
alternative metal crucible is gold which seems 
less heavi1ly attacked (12, 13) and leads to 
i ncorporat i on of O. 007 to 0.008 mole fraction 
of Au whi ch had no si gnifi cant effect on the 
superconducti ng pro pert i es (13) . A severe 
disadvantage of these metal crucibles is the 
strong creeping effect so that long-time 
experiments for growing large crystals seem 
not feasible. 

High-melting oxide crucibles like A1
2
0
3

, 
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t~gO, Th0
2 

and Zr0
2 

seem to be more favourable 
although severe wetting and creeping has also 
been reported for A1

2
0
3 

crucibles. Al seems to 
substitute for copper in the chains (16) of 
YBa

2
Cu

3
_ Al 0

7
_ up to y values of 0.22. 

However,Yt~ me1ting and creeping behavior of 
the Y-Ba-Cu-O melts on alumina crucibles seems 
to be influenced by numerous factors like melt 
composition, temperature, time, oxygen partial 
pressure, grain size and porosity of the 
a 1 umi na, and is not understood. It is even 
difficult to achieve non-wetting conditions 
reproducibly. A reliable control of wetting 
creep and corrosion will be the presupposition 
for growth of 1 arge crystals for whi ch 
long-time experiments are required. Possibly, 
the use of the other high-melting oxides or of 
single-crystalline crucibles will give some 
improvement. 

5. GROWTH STABILITY 
The YBCO crystal s generally are extremely 

thin plates {001} with {100} as side 
faces, and only rarely plates of large 
thickness or m03e isometric crystals of 0.5 x 
0.5 x 0.2 mm have been observed (13). 
Occasionally, also dendrites and hopper-like 
growth could be seen. The question is whether 
thin plates are due to the structure, or 
whether they are representing a speci al form 
of growth instability, for instance in the 
seri es starti ng from cubes to whi skers with 
increasing ,degree of instability as "'shown in 
Table 1. 

Table 1. Crystal forms as a function of the 
degree of growth instability. 

CUBES & THICK SQUARE PLATES 

CUBES WITH INCLUSIONS 

HOPPER GROWTH 

DENDRITES 

THIN PLATES 

~~HISKER 

DEGREE OF 1 
INSTABILITY , 

There is a striking analogy with the 

perovskite BaTi01 which has the equilibrium 
form of a cube {100} and which initially was 
grown as the famous butterfly twi n consi sti ng 
of extremely thin plates. The condition for 
twin formation was the presence of 
polycrystalline material in the flux and a 
high supersaturation, and twin-plane reentrant 
edges explained the mode of growth. 

If this analogy applied to YBCO the 
maxi mum stab 1 e growth rates and the requi red 
times for growth of large YBCO crystals can be 
estimated in two ways: 1. From the known 
growth rates of crysta 1 s grown from 
high-temperature solutions of various 
concentrati~nr (for example SrTi0

3
/50% in Ti0

2 
800 A o. s -1; GdA103 / 15% in compl~x fl~r 

250 A . s ) one arrives at about 30 A . s 
for YBCO growi ng from a 2 to 3% so 1 ut ion. 2. 
Si nce YBCO crystal s of about 1 mm si ze grown 
in 5 days show already hopper growth and plate 
growth, the maxi mum stable growth rate -1 s of 
the order of 1 mm per week or 20 ~ . s , in 
reason11e agreement with the first estimate

3 For cm si ze crystals growi ng from 100 cm 
so 1 uti on thi s wo_u,l d correspond to a cool i ng 
rate of 0.02°. h ,to a required temperature 
stability of 0.05°C, and to a duration of the 
experiment of 3 months (8,17). Thus it wi 11 be 
difficult (though not impossible) to grow bulk 
crystals of YBCO in view of crucible 
corrosion, power stability, and so on. 

6. EPITAXY 
Deposition of thin layers of YBCO by 

sputteri ng, 1~·1BE" or other techni ques 1 eads to 
amorphous or polycrystalline layers which are 
transformed into epitaxial layers by annealing 
at 900 ° to 950 ° C. Thi s means, that the 
epitaxial relationship is achieved by 
solid-state epitaxy (for layers of exact 
stoi chi ometry YBa

2
Cu

3
0
7
_) or by a 

liquid-assisted epitaxy process in case of 
non-stoichiometry. Single-crystalline 
substrates of SrTi 03 and of ~1g0 were mai nly 
applied although tnere are other compounds 
which might be utilized: these are listed, 
along with important properties and the misfit 
with YBCO, in table 2. 

So far, Verneuil-grown SrTi0
3 

has been 
available only, that means high dislocation 
densities and low-angle grain boundaries will 
be mostly present (18). In a later stage, 
substrates of hi gher qual ity may become 
necessary, which then could be fabricated by 
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Table 2.Substrates for epitaxy of YBCO 

Substrate Lattice constant Misfit 
A % 

SrTi03 3.9053 

MgO 4.20 8 

A1203 Hex. 4.76, 12.93 

KTa03 3.9885 3 

KNb03 4.018(mean) 3.9 

KTafi-xNbxOj 3.9941 3.3 
wit x=0.3 

BaTi03 Tetr. 3.986, 4.03 3.5 

Th02 5.6 (45) 

Zr02 cubic 5.07 (31) 

YBCO 3.866 (mean) 

top- seeded so 1 ut i on growth or by growth from 
borate fluxes (8, 19). 

In sputter epitaxy or in "MBE" the surface 
mobil ity of the arri vi ng speci es requi red for 
hi gh-qua 1 ity epitaxi a 1 growth can on ly be 
achieved by high substrate temperatures. 
Perhaps vapour-phase epitaxy or liquid-phase 
epitaxy using solutions of YBCO as described 
in section 2 should be tried for direct 
epitaxy of YBCO layers. 

7. TWINNING PROBLEM 
YBCO crystals and 1 ayers are grown as the 

high-temperature phase YBa
2

Cu 30
6 

2 which is 
tetragona 1 and not supercondUctl ng. Duri ng 
annealing at 500+100°C in oxygen the sample is 
oxidized to YBa

2
Cu

3
0 8 and transformed to the 

orthorhombic phase w~ich is superconducting at 
around 92K. Thi s structural phase transition 
(which also involves cher,lical change and thus 
should be regarded as a special case of 
topotaxy) 1 eads to twi nni ng withi n the 
tetragonal { 001 } pl ane, so that the 
tetragonal axes a] and a

2 
distort to the 

orthorhombic a and b axes. 

Thermal Exp. Coeff. Tc 
1O-6.r1 K 

9 105 310 

8(40°C) 10 
14(700°C) 

5(40°C) 

2.6«300K) 
6.8(>300K) 

5(20-200°C) 708 

5.6(25-46°C) 300 

7 393 4100 

6(20°C) 
10(700°C) 

4.5 

13«400°C) 92 
11(>635°C) 

For detailed physical and structural 
investigations of HTSC, untwinned respectively 
single-domain crystals of at least 
mm-dimensions and of high structural 
perfection are required. Possibilities to 
achieve single -domain crystals are a) 
application of uniaxial pressure along one of 
the tetragonal a axes duri ng the oxygen 
annea 1 i ng procedure and when passing the 
tetragonal crystal through the phase 
transition, b) growth of the orthorhombic YBCO 
phase below the phase transition, and c) 
epitaxi al depositi on of YBCO onto an 
anisotropic substrate which forces the 
alignment of the domains, at least to a 
certain critical thickness. In view of the 
great difficulties in growth of tetragonal 
YBCO at relatively high temperatures, the 
second possibility to grow directly the 
orthorhombi c YBCO phase at temperatures below 
about 650 0 perhaps will be faced with sti 11 
larger problems, mainly arising from expected 
very low solubility of YBCO in low-melting 
fluxes. 
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8. CONCLUSIONS. 
The problems in crystal growth and epitaxy 

of YBCO based on its 1 i mited thermal and 
chemical stability and on its low solubility 
explain why so far only relatively small and 
thin crystals could be obtained. In 
compari son, the LaO .RSSr 0 15Cu 20 4 -phase has 
higher thermal staoi"llty ·and a very high 
solubility (in excess CuO) so that large 
crystals could be achieved by top-seeded 
solution growth in acceptable time. 

Another problem for YBCO is the 
non-availability of the relevant phase 
diagrams and the difficulty to determine them. 
Therefore it was only recently possible to 
achieve fully liquid solutions and to separate 
the grown crystals from resi dua 1 f1 ux. ltJith 
this result it should be in principle possible 
to obtain large crystals and layer deposition 
by LPE, possibly by applying new technologies. 

Perhaps the biggest problem is twinning 
for which the possible solutions were 
indicated. In vievJ of the great difficulties 
in connection with YBCO it may be worthwi1e to 
look for an alternate way to obtain 
superconducting crystals and layers with a 
similarly high (or still higher) Tc and with 
the potenti a1 of hi gh current densiti es for 
applications: to an interdisciplinary search 
for a compound and a structure with high 
therma 1 and chemi ca 1 stabil ity and without 
twinning problem. 
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