
PHYSICAL REVIEW B VOLUME 47, NUMBER 18 1 MAY 1993-II

EfFect of gold impurities on the superconducting fluctuations and the upper critical field
of YBa2Cu307 8 single crystals
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High-resolution measurements of the reversible magnetization of YBa2Cu307 5 single crystals which
were grown in gold crucibles and zirconia crucibles reveal that, within the experimental accuracy, gold
impurities do not influence the normal-state susceptibility, the upper critical field, nor the superconduct-
ing fluctuation phenomena.

The high-T, compounds, especially those based on
double or triple CuOz layers, are characterized by large
unit cells containing many atoms giving rise to the possi-
bility of various structural and chemical defects. The
question to what extent the "intrinsic" properties of these
materials are governed by defects has become increasing-
ly important. ' The very short superconducting coher-
ence lengths might allow the superconducting properties
as well as the normal-state properties to be influenced
significantly by these imperfections. It has been suggest-
ed that the characteristic dependence of T, in the 2:1:4
compounds on the doping level is caused by short-scale
phase-segregation phenomena and chemical instabilities
at high doping levels. Recently, also for YBa2Cu307 & a
maximum in the T, vs 5 curve (i.e., in the doping level
dependence) around 5=0. 1 (Ref. 4) and indications for
phase separation at lower 6 have been reported.

Apart from intrinsic phenomena related to the oxygen
content there are additional extrinsic defects characteris-
tic for YBa2Cu307 & crystals. It has been observed '

that crystals grown in gold crucibles may contain a sub-
stantial amount of gold impurities, predominantly on the
chain copper sites. Neutron activation analysis on crys-
tals grown at Argonne revealed gold concentrations of
about 9 at. % (of the chain copper). Siinilar numbers
have been reported for crystals grown in other labora-
tories. This rather high impurity level has prompted
questions about the extent that Au impurities change the
properties of YBazCu307 &. The incorporation of Au is
known to increase T, . As a naturally trivalent ion, Au is
expected to alter (locally) the oxygen arrangement in the
chain layer and apparently optimizing the electronic
structure for high values of T, . Much larger (five times)
diffusion constants for in-plane oxygen motion in gold-
containing crystals underline the importance of Au for
the oxygen sublattice. As an additional scattering center
for electron transport along the chains, the Au impurities
are expected to have a pronounced effect on the ab an-
isotropy p, /pb of the normal-state resistivity in
untwinned crystals. The smaller value of p, /pb in gold-

grown crystals (p, /pb=1. 8) (Ref. 9) as compared to
zirconia-grown crystals (p, /pb=2. 2) (Ref. 10) is con-
sistent with this interpretation. The effect of Au on some
Raman modes and the implications for the superconduct-
ing gap have been discussed frequently. " However, a
clear correlation was not obtained, partly because neither
the Cu(1) nor the O(1) sites are involved in the investigat-
ed Raman-active phonons, and therefore the effects are
indirect and difBcult to distinguish from crystal-to-crystal
variations in oxygen concentration. In order to explain
magnetization data on polycrystalline samples it has re-
cently been suggested' that the upper critical field and
the Ginzburg-Landau parameter ~ are considerably
enhanced in the Au-free material.

Here we present a comparison of magnetization mea-
surements on gold- and zirconia-grown crystals. We find
that the normal-state susceptibility for both samples is
temperature independent and that within the experimen-
tal uncertainty the susceptibilities are the same:
y, =(5.9+0.1)X10 cm /g, y, b =(3.6+0.1)X 10
cm /g. The superconducting fiuctuation diamagnetism
on both samples can be scaled according to the high-field
scaling relation' yielding upper critical-field slopes of—1.7 and —1.8 T/K, respectively. The field dependence
of the magnetization has been analyzed according to the
model of Hao and Clem' yielding an upper critical field
slope of —1.8 T/K for both crystals, in good agreement
with earlier determinations on gold-grown crystals. '

Recently large zirconia-grown crystals have become
available. ' The crystal studied here had a mass of 22.57
mg and a T, of 89.8 K, and was grown at the University
of Karlsruhe. Absorption spectroscopy on these crystals
yields a zirconium content below the detection limit of
0.1 wt. % (or 0.007 Zr atoms per unit cell). ' The gold-
grown crystal had a mass of 2.57 mg and T, =91.6 K.
Neutron activation analysis yields a gold concentration of
8 at. % (of the chain copper) for this crystal. Both crys-
tals are twinned. The low-field magnetic transition
curves in a field of 1 G applied parallel to the ab plane for
both crystals are shown in Fig. 1. The magnetization in
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~ ~ ~FIG. 1. Zero-field cooled superconducting transition in 1 Oe
apphe para e o

'
d 11 1 t ab for the zirconia-grown crystal and t e

gold-grown crystal.

fields up to 7 T was measured in a commercial supercon-
(SQUID) ma ne-

tometer. For these measurements the crystals were
mounted on long quartz fibers in order to minimize t e
background signal and to avoid problems arising from
thermal expansion of the sample holder.

The temperature dependence of the susceptibility in
the normal state in a field of 1 T applied perpendicular
and parallel to the CuOz planes is sho~n for both crystals
in Fig. 2. Both crystals show the same behavior: g, and

y,b are essentially temperature independent at tempera-

that the presence of specific, isolated oxygen arrange-
ments (T-like centers) induces an additional paramagnetic
susceptibility. However, the absence of a Curie-Weiss
contribution to the susceptibility of both crystals indi-
cates that effects due to Au-induced oxygen disorder have
a negligible contribution to the total magnetization. The

good agreement with other reports on twinned an
untwinned crystals' as well as with grain aligned
powders. Upon decreasing the temperature towards T,
a strong temperature dependence develops in g, whereas
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FIG. 2. Comparison of the temperature dependencence of the
normal state susceptibilities of the zirconia- and gold-grown
crystals.

y, b stays almost temperature independent. This behavior
is a signature of strong sup erconducting Auctuation
effects which for the ab directions are suppressed by the
anisotropy ra iot' ~~ /&~ as compared to the c direction of
the applied field.

Fi ure 3 shows the temperature dependence of the
magnetization near the diamagnetic transition in various
fields parallel to c after subtracting the normal-state con-
tribution. Both crystals show similar behavior: at a tem-

rves in each crystal seem to cross at a single point.curves
This behavior has been observed in twinne
untwinned YBazCu307 & crystals, ' in oxygen deficient

ll
' B' 22:l:2 (Ref. 23) and Bi 2:2:2:3. It is a sig-

The di-nature of superconducting fluctuation effects. e i-
amagnetic transition of a superconductor in the presence
of high magnetic fields has been analyzed theoretically in
two different ways. In the first approach the system is de-
scribed in the model of a three-dimensional (3D) XYcriti-
cal point, whereas in the second the Ginzburg-Landau
free energy is evaluated using the lowest Landau-level ap-

I the studied field range both methods
describe the data in the transition region equally we .
H 1 the second method which allows the deter-
mination of the mean-field transition temperature T,
an a compd omparison to the mean-field treatment by Hao

d Cl ' The temperature and field dependence of t e
magnetization for a 3D superconductor near the, z ine
can e exprb xpressed in the form of a scaling relation:

2/3M/(TH) =FI [T—T (H)]l(TH) ). Here F ys e
scaling function. In the presence of strong Quctuation
effects T, (H) marks the crossover to a sizable diamagne-
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tism, i.e., a sizable magnitude of the superconducting or-
der parameter. This scaling behavior has been found for
twinned and untwinned YBa2Cu307 & crystals. ' For ox-
ygen deficient YBa2Cu307 s crystals, (La, „Sr„)2Cu04
(Ref. 22) and Bi 2:2:2:3(Ref. 24) a similar scaling relation
with exponents appropriate for a 2D superconductor has
been observed. The theoretical descriptions discussed
above consider the effect of fluctuations in the amplitude
of the superconducting order parameter. Recently, for
the 2D-like superconductors the effects of phase fIuctua-
tions, i.e., fluctuations in the vortex positions, at tempera-
tures sufficiently below the transition have been evalu-
ated.

In Fig. 4 the data of Fig. 3 scaled according to the rela-
tion M/(TH) ~ =Ft[T —T, (H) j/(TH) I are shown.
In the temperature range around T, (H) the data for both
crystals display the expected scaling behavior yielding
upper critical-field slopes of —1.7+0. 1 and —1.8+0. 1

T/K. These values are in good agreement with earlier re-
ports on gold-grown crystals. ' ' ' However, our data
on the zirconia-grown crystal are not compatible with
upper critical-field slopes ranging from —4 to —10 T/K
as reported from magnetization measurements on gold-
free polycrystalline samples. ' The dashed line in the
bottom panel of Fig. 4 represents the 5 T data of the
zirconia-grown crystal showing that the scaling function
for both crystals is the same, i.e., the Au impurities do
not affect the superconducting Quctuations. Deviations
from scaling which occur below —0.2X 10 K/(OeK)
can be caused by vortex-vortex interactions, the onset of
irreversibility, or the breakdown of the lowest Landau-
level approximation.

Figure 5 shows the magnetization of the two crystals at
several temperatures in increasing and decreasing field on
a logarithmic scale. The data are characterized by an al-
most logarithmic field dependence (dotted lines) which at
high temperatures and fields crosses over into the Auctua-
tional regime marked by the downward curvature. For
the Au-grown crystal a rather sharp change in the slope
of M vs ln(H) and the gradual onset of irreversibility
occur at the low-field side of the logarithmic regime.
Similar behavior has been observed previously. ' For the
zirconia-grown crystal a large hysteresis (outside the
scale of the figure) occurs at fields below the lowest field
point shown. However, in the 83 K data a slope change
of M vs ln(H) is discernible. The nature of this kink, on-
set of a critical current or a different transition in the Aux
line system, is subject of further studies.

The data in the logarithmic regime are analyzed ac-
cording to the mean-field relation —4m.M =aH„ /
2 in~ in(PH, 2/H) using a fit with H, =H,2/+2a. and a as
parameters as outlined in Ref. 14. The values a=0.77
and P=1.44 are used. ' Then, with the requirement of
H, being field independent, ~ values of 50 and 52 for the
zirconia- and gold-grown crystal, respectively, are ob-
tained. The results for the upper critical field are shown
in Fig. 6. For both crystals H, 2 as determined from the
logarithmic behavior is well described by a linear temper-
ature dependence giving a slope of —1.8 T/K. The
values of ~ and H, z agree very well with values reported
earlier for gold-grown crystals. '"' ' We note that the field
range of applicability of the Hao and Clem model is limit-
ed by fluctuations and irreversibility as indicated in Fig.
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FIG. 4. Scaling of the superconducting magnetization ac-
cording to the 3D scaling relation. The dashed line in the bot-
tom panel represents the scaling function measured for the
zirconia-grown crystal at 5 T.

FIG. 5. Field dependence of the magnetization of both crys-
tals at several temperatures. The dashed lines indicate the loga-
rithmic field dependence. Departures from these lines at high
fields are due to superconducting fluctuations and those at low
fields are due to irreversibility.
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5, giving rise to a larger uncertainty in H, 2 at high tem-
peratures than at low temperatures. However, since the
mean-field treatment presented here and the fluctuation
analysis discussed above give very similar results we ob-

FIG. 6. Temperature dependence of the upper critical field of
the zirconia- and gold-grown crystals for H~~c as determined
from the data in Fig. 5. Hk marks the kink in M vs log(H) for
the gold-grown crystal.

tained a consistent description for both crystals. We do
not observe any significant enhancement' of the critical
fields in the gold-free crystal.

Our study relies on the comparison of two crystals
which, besides a difference in the gold content, could also
have different oxygen contents. Earlier measure-
ments' ' on various "fully oxygenated" gold-grown
crystals with slightly varying T, values yielded results
identical with those reported here. Thus, it appears un-
likely that the critical fields depend significantly on 5 in
this range of oxygen content and that therefore the
findings of this study are unaffected by possible small
differences in oxygen concentration between the two crys-
tals.

In conclusion, we have shown that the normal state
magnetization and the superconducting properties near
T, are not affected by Au impurities on the chain copper
sites in YBa2Cu3O7 & single crystals.
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