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Magnetoresistance measurements on polycrystalline YBa2Cu&O7

M. Andersson and O. Rapp
Solid State Physics, The Royal Institute of Technology, S-IOO 44 Stockholm, Sweden

(Received 15 April 1991)

The magnetoresistance of a polycrystalline sample of YBa2Cu307 q has been measured by an ordinary
resistive method at temperatures from about 1 to 15 K above T, and in magnetic fields up to 12 T. From
our experimental results and the theory of Hikami and Larkin, we obtain values of the coherence lengths

0 0

g,b =15.6 A and g, =3.6 A and of the phase-breaking time r&=1.8X10 ' s.

I. INTRODUCTION

By studying the paraconductivity due to superconduct-
ing Auctuations just above the superconducting transition
temperature T„ it is possible to obtain information about
important microscopic quantities such as the coherence
length and the phase-breaking time. These studies can be
made either by ordinary resistivity measurements or by
magnetoresistivity measurements. In the first type of
measurement, one is forced to make an assumption about
the normal-state resistivity without fluctuations before
analyzing the experimental data. This is normally
achieved by extrapolating the temperature dependence of
the resistivity linearly from temperatures much above T, .
In magnetoresistivity measurements, on the other hand,
one does not have to rely on the assumption of a linear
normal-state resistivity, since one then measures a
diff'erence between the resistivity in magnetic field and in
zero magnetic field.

The paraconductivity due to superconducting Auctua-
tions is normally analyzed in terms of the Aslamazov-
Larkin (AL) contribution' b,o zL, and the Maki-
Thompson (MT) contribution ' b,o Mr. In
YBa2Cu307 &, the MT contribution is rather small due
to strong pair breaking and has therefore been neglected
in the analysis of paraconductivity from ordinary resis-
tivity measurements. ' Nevertheless, at temperatures
about 10 K above T„ the MT and the AL terms become
comparable to each other, as shown from magnetoresis-
tivity data.

High-temperature superconductors are layered materi-
als with a coherence length perpendicular to the super-
conducting CuO planes, g, (0), which is of the order of
the layer spacing between the superconducting Cu-O
planes. Because of the temperature dependence of the
coherence length, g, ( T) =g, (0)l&e, where e = ( T—T, )/T, is the reduced temperature, there should there-
fore be a crossover from a three-dimensional behavior of
the fluctuations close to T, to a two-dimensional one at
higher temperatures (the Lawrence-Doniach theory). 7

Recently, results have been calculated for the magneto-
conductivity b,o''(B, T)=ho(B, T) ho(0, T), in an—ap-
plied magnetic field S, of such a quasi-two-dimensional
system. In a subsequent paper, Aronov, Hikami, and
Larkin showed that the Zeeman e6'ect in the magneto-
conductivity gave a measurable contribution. The total

magnetoconductivity is thus a sum of four difFerent con-
tributions:

~ALO ~~MTO +~ALZ +~~MTZ

where 0 stands for the orbital (ordinary) contribution
and Z for the Zeeman contribution.

In this study, we have measured the magnetoconduc-
tivity of a polycrystalline sample of YBazCu307 & and
analyzed our data in terms of the Hikami-Larkin theory.
The measurements are made in magnetic fields up to 12 T
and in a temperature range from 1 K above T, to about
15 K above T, . Previously, other authors have measured
the magnetoresistivity in YBa2Cu307 & at small magnetic
fields in a large temperature range from T, to about 200
K using a field-modulation technique ' and at high mag-
netic fields with temperatures close to T, using an ordi-
nary resistive method. "' The present study extends the
magnetoresistivity measurements of YBa2Cu307 $ to
high magnetic fields in a region further away from T,
than explored before.

II. EXPERIMENT

The samples were prepared by an ordinary solid-state
reaction technique. Stoichiometric amounts of Yz03,
BaCO3, and CuO were carefuHy mixed, prefired at 500 C
for 5 h in air and then heat treated for 12 h in air at
930 C. The samples were then grounded and once again
heat treated for 12 h in air at 930'C. After a final re-
grinding, the samples were calcined in Aowing oxygen for
2 h at 930'C and then oxygenized for 12 h at 450'C.

The magnetoresistivity measurements were performed
in a commercial Ilowing gas cryostat (Oxford Instru-
ments, Inc. ) equipped with a 12-T superconducting mag-
net. To ensure a suScient temperature stability during
the measurements, the sample holder was protected from
the Aowing gas by a shield, which also served as an extra
vacuum chamber. The gas pressure within the shield was
reduced to keep the cooling of the sample on a low and
controllable level. By controlling the temperature on
both the shield and the sample holder, a favorable and
stable control situation was achieved during operation. '

Figure 1 shows the resistance of a sample of
YBazCu307 & at zero field and at 12 T in part of the tem-
perature region of the present measurement. Obviously a
small drift in sample temperature during a magnetic field
sweep to 12 T could be detrimenta1 to the measurements.
Most of the commonly used temperature sensors have a
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FIG. 1. Sample resistance vs temperature at zero magnetic
field and at a magnetic field of 12 T for temperatures above the
superconducting transition temperature, T, =92. 16 K.
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magnetic field dependence which at a magnetic field of 12
T and at temperatures of about 100 K give a temperature
error of 0.1 —1 K or larger, dependent of sensor type. '

To achieve the necessary temperature accuracy, it is
therefore convenient to use a magnetic-field-independent
thermometer as control sensor.

In our measurements, the absolute temperature in zero

magnetic field was measured by a calibrated Pt resistance
thermometer to within better than 50 mK in absolute
temperature and with a relative accuracy of 0.5 mK. The
temperature during a magnetic field sweep was controlled
to better than +10 mK by a magnetic-field-independent
capacitive sensor. The sample resistance was measured
by a dc comparator bridge with nV resolution.

III. RESULTS

In Fig. 2, the measured magnetoresistivity of our sin-
tered YBa2Cu3O7 & sample is shown at different reduced
temperatures e = ( T —T, )/T, . Close to T„ the super-
conducting fluctuations are strong. A large magne-
toresistivity is seen due to the magnetic-field-induced pair
breaking and the magnetoresistivity shows a convex mag-
netic field behavior. At higher temperatures (E)0.03)
the magnetoresistivity is essentially proportional to B .
From the deviations in our data, we can conclude that
the sensitivity of the measurement, including temperature
errors, is better than 10 in Ap/p.

The measured magnetoresistivity was analyzed in
terms of the Hikami-Larkin theory. ' In our analysis,
the maximum applied magnetic field of 12 T is low
enough for using the weak-field approximation for the
Zeeman terms, but not low for the orbital terms. ' Thus,
the following expressions for the magnetoconductivity
were used in the data analysis:
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FIG. 2. Relative magnetoresistivity for YBa2Cu307 z in

magnetic fields up to 12 T and temperatures ranging from 92.79
K [e=(T—T, )/T, =0.07] to 106.88 K (a=0. 160). Note the
difterent scales for bp/p. For clarity, all curves used in the
analysis are not shown in the figure.

where

Ek =EI 1+a[1—cos(kd)]I, E=
T Tc

2g, 2egbb= B,
d E,

d is the layer spacing, g,b and g, are the coherence
lengths in the plane and perpendicular to the plane re-
spectively, and 4 is the digamma function.
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where

e 1 f 2~ 1 1 dx 5 1+a+v'I+2a
8A' d E(a/5 —1) "o 2 2 2' a 1+5+v'1+25

ee 1
U =

I 1+a(1—cosx)], V= —+1—cosx
2b '

2b 5

and ~& is the phase breaking time.

e 1++ gPaB
fide (1+2a)

gpgB7 ye 1

8 defi 1 —a/5

where g is the gyromagnetic ratio and pz is the Bohr magneton.
2

2
1 5 1+a+&I+2a

ln
(1—a/5) a 1+5+&1+25

1 1+5 1 1 e
2 (1+25)' &1+25 1 —a/5 5

In a polycrystalline sample, there is a random distribu-
tion of grains. Since the orbital terms (ho. ALo and
EMTo) are derived for a magnetic field perpendicular to
the superconducting planes, one has to average over all
grain directions for these two terms. We therefore intro-
duce an effective magnetic field B,&, which is parallel to
the c direction of a crystallite; B,&=B cos6I, where B is
the applied field and 0 is the angle between B and the c
direction of the crystallite. We then average over all
crystallites by integrating over the whole solid angle 0,
and obtain the effective contribution to the magnetocon-
ductivity from the orbital terms:

the calculated magnetoconductivity to our experimental
data is shown in Fig. 3. As seen from the figure, good fits
were obtained for temperatures from about 2 K above T,
to our highest temperatures and for magnetic fields up to
12 T. For temperatures within about 2 K from T„ the
choice of T, becomes critical for the analysis. The width
of the transition, of order 1 K in zero field, refIects the
sample homogeneity and indicates the range over which
superconducting T, :s are distributed. Therefore, we have
excluded this region in the fitting procedure. Further-

= 1
(~ITALO )eff 4

~OALOd+

= 1
(~aMTO)eff 4

~aMTOd~~

The Zeeman terms, on the other hand, are independent of
the grain direction, and thus no averaging is necessary.

Furthermore, in a polycrystalline anisotropic medium,
the effective resistivity of the sample is higher than in a
single crystal, because of the different grain directions. '

Voids are also present in the sample, which results in a
smaller effective cross section for the electron transport,
and thus a higher apparent resistivity. These effects can
be taken into account by introducing a sample dependent
constant C, which can be estimated from the slope of the
resistivity versus temperature curve far above T, . The
observed magnetoconductivity is calculated from

E
(

C)

CI

)
0

O
O
C)
CD

CD
Gf

2.5

2.0—

1.0—

0.0
0 5 30

~ =1
~aobs C ~ ( ~ITALO )eff+ ( ~aMTO )eff+ ~aALZ +~aMTZ j

T, is defined from the 50% level of the normal-state
resistance. Then there are three free parameters in this
expression, g,b, g'„and r& In ad'dition, we. allowed for a
small variation of C from the estimated value. A fit of

Magnetic field (T)

FIG. 3. A fit to our experimental data using the formula for
the observed magnetoconductivity described in the text (experi-
mental points are shown by circles). The e =( T —T, /T, values
for the curves are 0.015, 0.022, 0.032, 0.042, 0.058, 0.074, 0.100,
and 0.160 from top to bottom. The parameters used in the fits
are given in the figure.
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TABLE I. Results from magnetoresistance measurements of YBa2Cu307 —Q.

Sample

Thin film'
Polycrystalline
Single crystal'
Polycrystalline

'Reference 9.
Reference 10.

'Reference 12.
This study.

Field and temperature
range

B =1 T, T&2T,
B =1 T, T&2T,
B &12 T, T&T, +5 K
B &12 T, T&T, +15 K

k, b

(A)

11.5
16.4
15
15.6

(.
(A)

1.5
2.0
3
3.6

7 p

(s)

1X�1-"
03X�

more, the lowest magnetic fields (B (2 T) were not used
in the fitting procedure, partly because of larger relative
experimental errors for these values and partly because of
the fact that a low-field approximation has to be intro-
duced in the fitting procedures to avoid computational
difriculties.

From our analysis, we obtain the following values:

g,b =15.6+0.3 A, g, =3.6+0.2 A, and
=(1.8+0.2) X 10 ' s. The errors given in the parameter
values correspond to twice the root-mean-square value
when keeping the other parameters constant. For the
sample-dependent constant C, we obtain a value of
33.2+1.0. This value is in good agreement with the ex-
pected value for our sample, as discussed above. The
seemingly high value of C comes from the rather high
porosity in the sample, which was desired to allow for a
full oxygenization during preparation.

IV. DISCUSSION

In Table I, some results from magnetoresistance mea-
surements on different types of YBa2Cu307 & samples
and by different experimental methods are shown. The
derived coherence lengths in the ab plane only slightly
deviate between the different investigations, while the

coherence length along the c axis is scattered within a
factor of 2 and the phase-breaking time is of the same or-
der of magnitude. These differences also reAect the rela-
tive difBculties in determining the different parameters
from magnetoresistivity measurements.

Our analysis suggests a somewhat higher value of ~&

than the other analyses. Since ~& only affects the MT
terms and these terms become relatively more important
at higher temperatures, our value of ~& is mainly deter-
mined by the high-field data at the highest temperatures
used; a region which has not been explored before. A-

higher value of ~& has recently been suggested when using
a clean-limit theory for analyzing the magnetoresistance
of a YBa2Cu3O7 & thin film. '

The present analysis has used both the temperature
and the field dependence of the magnetoconductivity for
the data analysis. We suggest this to be important when
deriving superconducting parameters from magnetocon-
ductivity measurements.
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