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Hall effect in bulk YBaz(Cut „Zn„)307
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The Hall effect and the electrical resistivity have been measured in bulk samples having the general
composition YBa2(Cu& Z )307 z for 0&x &0.06, in the temperature range 20—300 K, and for mag-
netic fields up to 5 T. The linear temperature dependence of the resistivity was observed for all the
doped samples between 100 and 300 K. The temperature dependence of the carrier concentration and
the T dependence of the inverse Hall mobility [pH'(T )] show an anomaly at a temperature around 230
K. These results are discussed in the framework of existing theories.

INTRODUCTION

Atomic substitutions offer an important approach to
understanding the superconducting properties of the ox-
ide superconductors. In samples of YBa2(Cu, „M, )30@
(where M =Fe, Ni, Zn, Co, and Al) the introduction of
these dopants causes the degradation of superconductivi-
ty. T, decreases almost linearly with increasing x and the
transition width increases slightly with increasing x,
probably due to slight inhomogeneities in the dopant dis-
tribution.

To date, there have been many investigations of the
solid solution series YBaz(Cut Zn, )30 .' ' Among
the interesting properties observed in the cuprate super-
conductors, mention should be made of the normal-state
transport properties. In particular, the temperature
dependence of the Hall coefftcient, RH(T) in the normal
state of the cuprate superconductors, has been one of the
most interesting anomalies. "

Tamegai and Iye' for pure and zinc-doped
YBa2Cu307 &, and Suzuki' for La2 Sr Cu04, where x
is within the superconducting range, found that RH is
strongly temperature dependent, monotonically decreas-
ing with temperature. Doping studies by Clayhold
et al. ,

" Chien and co-workers, ' and Ong' showed that
when superconductivity is destroyed in Y-Ba-Cu-0 or
La-Sr-Cu-0 doped with Co and Ni, the slope dnH/dT
shows a corresponding decrease. Kubo et al. ' reported
that in the superconducting cuprates, oxygen annealing
has a pronounced effect on T, and RH. In the case of the
Hall data, fluctuation effects in YBa2Cu307 & above T,
give important deviations from the 1/T normal-state
dependence of the Hall coefficient RH and there is a simi-
lar behavior for RH in the other cuprates. ' ' In the
literature, there are several theoretical models for these
fluctuation effects which, often, involve several parame-
ters and give very good fits of the same data, if some pa-
rameters are adjusted.

More recently, Dorsey and Fisher and Ferrell pro-
posed a model to explain, respectively, the Hall effect
near the vortex-glass transition in high-T, superconduc-
tors and the Hall voltage sign reversal in thin supercon-
ducting films.

In Y-Ba-Cu-O, approximate descriptions of the tem-
perature dependence of the Hall coefftcient (R~) and of
the resistivity (p) are often given by the relations:

1/RH=aT+b (a, b & 0),

p=p(0)+cT (c &0) . (2)

Because the Hall data on Y-Ba-Cu-0 are rather sparse,
Eq. (1) has not been thoroughly tested. Moreover, simul-
taneous measurements of p and R~ are often not avail-
able. In the present work, we were careful to simultane-
ously measure these two independent quantities, the elec-
trical resistivity and the Hall constant, on the same sam-
ples of bulk YBa2(Cu, Zn )307 s. Zinc, which does
not have a magnetic moment, causes a more rapid de-
crease of T, than Ni, Co, and Fe. The location of the Zn
atoms and their effect on the dynamics of the crystal lat-
tice are, however, still somewhat contradictory; some ex-
perimental results indicate that the Cu(1) sites are filled
preferentially, while other results show that the Cu(2)
sites are preferentially occupied.

EXPERIMENT

A series of YBa2(Cu, Zn )307 s compounds were
prepared by the following standard solid-state powder
processing technique. Powders of BaC03 and the oxides
Y203, CuO, and ZnO, were stirred together in water, in
stoichiometric quantities, and in polyethylene jars with
Zr02 beads for 2 h. The powder was then dried and
pressed at 300 bars in order to obtain pellets which were
calcined at 905 C during 160 h under 02 flow (heating
rate 3 C/min and cooling rate 0.5 C/min). The pellets
were then ground in Si02 jars with SiOz balls. The
powders were sieved (25 pm mesh), pressed into 4-cm-
diam pellets and fired at 930' C under 02 Row for 12 h
(heating rate 3' C/min and cooling rate 0.5 C/min).
This process was repeated twice, and the pellets were
then sintered at 950' C under Oz flow (heating rate 3
C/min and cooling rate 0.5' C/min) for 12 h and oxy-
genated at 500 C during 72 h.

Careful examinations of x-ray diffraction (XRD), ther-

0163-1829/93/47(22)/15265(4)/$06. 00 47 15 265 1993 The American Physical Society



15 266 G. ILONCA, M. MEHBOD, A. LANCKBEEN, ANI3 R. DELTOUR

mogravimetric analysis (TGA), energy dispersion x-ray
analysis (EDAX), scanning electron microscopy
(SEM),and optical microscopy were performed to control
the grain distribution and the contamination of the sam-
ples. The oxygen content was determined by an
odometric titration method. Single-phase material was
obtained with impurity phase concentration lower than
1%, and homogeneity of the zinc distribution in the grain
was checked at the resolution level of the EDAX
analysis.

In order to perform precise Hall measurements, it was
essential to minimize the misalignment of the Hall arms
and also to achieve low contact resistances. For this pur-
pose, a sample was cut from a pellet into a five terminal
Hall-bar shape. Five pads were painted with silver-epoxy
adhesive onto the Hall-bar shape and successively tem-
pered at 400 C in air for 20 min. Finally gold wires were
attached with silver paste. The contact resistance de-
pended on the bulk resistivity of the sample, but was typi-
cally less than 0.2 Q for surfaces smaller than 10 cm .

We have measured the resistivity and the Hall voltage
(ac current) with a lock-in technique (Princeton Applied
Research, Model 5210) in magnetic field sup to 5 T, in
the temperature range 20—300 K. For dc measurements,
we used a Keithley 220 programmable current source, a
Keithley 182 sensitive digital voltmeter and a Keithley
181 nanovoltmeter. The current intensity which passed
through the sample was between 1 and 10 mA. The stan-
dard procedure of taking data for both polarities of the
current and the magnetic field, to cancel out thermal emf
and resistive components was followed. The temperature
dependence of the resistivity in zero field was measured
simultaneously as well as in a separate run.

RKSUI.TS AND DISCUSSION

The Hall coefficient and electrical resistivity measure-
ments were made as a function of the temperature for
bulk YBa2(Cui „Zn )&0, with x =0 and

y =6.91,x =0.02, and y=6. 91, x =0.039 and y=6. 90,
x =0.053 and y=6. 89, and x =0.058 and y =6.89 and
are similar to those of Chien and co-workers' for Zn-
doped Y-Ba-Cu-0 single crystals. They show an increase
in the Hall coefficient and a decrease in the transition
temperature as a function of x. We also observed an
anomaly in the temperature dependence of the Hall
coefficient in bulk material at high temperature. The
values of the Hall coefficient do not change appreciably
with x, but increase monotonically from room tempera-
ture down to just above T, . From the Hall coefficient
value RH, we calculated nH V, the Hall number, defined
as V/RHe (where V is the unit-cell volume, 173.2 A ).
Figur 1 shows the temperature dependence of nH V for
the pure and the Zn-doped samples.

As for the undoped YBa2Cu&06 9 sample, for the doped
sample with x =0—0.02, nH V shows a linear temperature
dependence between 100 and 300 K with a change in the
slope at 230—240 K. For the concentration range
x =0.039—0.058, it was found that the temperature
dependence is less linear near T„ in partial agreement
with theoretical results presented by Nagaosa and Lee
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FIT&. 1. Temperature dependence of the Hall number nH V
(defined as V/RH e, where V =unit cell volume) in
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FIG. 2. The Hall number nH V vs x (%) in bulk

YBa2(Cu& „Zn„)&O~, at T =0, 100, 150, 200, and 300 K. In the
inset, the slope d (nH V)/dT vs the zinc concentration. The lines
are a guide for the eyes.

and Ioffe, Kalmeyer, and Wiegmann. The same
behavior can be seen in data reported by Chien and co-
workers.

Figure 2 shows the variation of the Hall number with x
at four temperatures ( T = 100, 150, 200, and 300 K). The
lowest values correspond to the linear extrapolation of
the data to T =0 K. For the doped samples, the negative
slope d (nH V)/dx decreases with temperature from 0.17
for T=300 K to 0.04 for T=100 K.

The slope, d ( n H V) /d T, of the linear dependence of
nH V on T, as discussed previously, is given in the inset of
Fig. 2. It decreases with x from 0.0084 hole/K unit cell
for x =0 to 0.0043 hole/K per unit cell for x =0.058.

Figure 3 shows the temperature dependence of the
electrical resistivity on the Zn content. With increasing
dopant concentration, the electrical resistivity curves are
shifted upwards, in agreement with the results reported
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sume a rather symmetric band structure. If, however, we
suppose that, in YBa2Cu303 &, only one band contributes
to the hole transport, the observed anomalous Hall effect
cannot be explained using only conventional Fermi-liquid
theory. At present, there is no theoretical model which
can explain the transport mechanism in Zn-doped
Y-Ba-Cu-0 over the entire temperature range.

CONCLUSIONS

We report an investigation of Zn substitution effects in
bulk YBaz(Cu& „Zn„)307 s, prepared by a standard
solid-state reaction, for 0 &x &0.06. The fact that the Zn
doping causes the same anomalies to occur in (1 2 3) and
(2 14) systems, in the Hall number and in the electrical
resistivity, suggests that Zn goes preferentially in the
planes. The linear temperature dependence of the resis-
tivity was observed for all doped samples between 100
and 300 K. The temperature dependence of the carrier
concentration shows the following two anomalies.

Below room temperature, the carrier concentration de-
creases linearly with the temperature down to

T-230—240 K, where there is a change in the slope of
nH(T) and a further linear decrease towards a minimum
value at a temperature T )T, . This variation could be
caused by a subtle change in the "ionic lattice" rather
than a modification of the electronic structure. The T
dependence of pH', with a change in the slope around
230—240 K, observed over the entire doping range, is
strongly correlated with the T dependence of the carrier
concentration.

Note added in proof. We recently became aware of the
work of Kremer and co-workers showing, by susceptibili-
ty measurements, the existence of an electronic phase
separation in the Cu02 planes, starting around T =230
K, in the La-cuprates. The anomalies around 230 K,
described here, could be an indication for such a phase
separation in the Y-Ba-Cu-0 system.
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