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Fluctuation conductivity of a c-axis-oriented YBazCu30» film
prepared by chemical vapor deposition
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The magnetoresistance of a highly c-axis-oriented chemical-vapor-deposition film of YBa2Cu30~ was
measured in the temperature range T, (T( 103 K for both the H~~c axis and Hlc axis. The analysis has
been done on the basis of the superconducting fluctuation theory for the clean limit, and a good fit has
been obtained for the temperature and the magnetic-field dependences of the magnetoconductance in the
cases of the H~~c axis and Hlc axis. The results indicated that all of both orbital and Zeeman effects of
the Aslamasov-Larkin and the Maki-Thompson terms contributed to the fluctuation conductivity. The
superconducting coherence lengths were estimated to be g,b(0) = 11.5 A and g, (0)=3.2 A in addition to
the phase breaking time of the carrier ~4,

= 8 X 10 ' sec at 100 K.

In the high-T, oxides an extremely short coherence
length, which originates from high superconducting tran-
sition temperature, makes phenomena related with a
thermal activation be observable. One of them is a
thermally activated behavior in the resistive supercon-
ducting transition in an applied magnetic field, which was
pointed out in the Bi-Sr-Ca-Cu-0 system by Palstra
et al. ' According to them the temperature dependence of
the resistivity in the low resistance region is described by
an Arrhenius law and the estimated activation energy Uo

depends on a magnetic field and an orientation of the
crystal to the magnetic field. Afterwards similar behav-
iors have been reported in the other oxide superconduc-
tors of the Y-Ba-Cu-0 (Refs. 2 and 3) and Tl-Ba-Ca-Cu-0
(Ref. 4) systems. It has been made clear that the
broadening of the resistive superconducting transition in
a magnetic field is intrinsic property of the high-T, oxide
superconductors and that a vortex state is highly dynami-
cal and complex contrary to conventional superconduc-
tors, and the upper critical field H, z cannot be deter-
mined by the resistive measurements. So, it is difficult to
determine precisely important superconducting parame-
ters, such as coherence length. Another typical
phenomenon due to the thermal activation is a supercon-
ducting fluctuation. Hikami and Larkin and Maki and

Thompson have investigated independently the magne-
toconductivity by an orbital effect of the Aslamasov-
Larkin (AL) and the Maki-Thompson (MT) terms of the
superconducting fluctuation in a layered superconductor
weakly coupled along the stucking layer. Furthermore,
Aronov, Hikami, and Larkin considered that in two-
dimensional-like layered superconductors such as the
high-T, oxides, Zeeman effects must be also taken into
account in the magnetoconductance by the superconduct-
ing fluctuation. They gave formulas for both the orbital
and the Zeeman effects [Aslamasov-Larkin-orbital
(ALO), Maki- Thompson-orbital (MTO), Aslarnasov-
Larkin-Zeeman (ALZ), and Maki- Thompson-Zeeman
(MTZ) terms] for a dirty superconductor in the tempera-
ture region in which the distribution function of the fluc-
tuation is described by the Gaussian. They have fitted ex-
cellently the temperature dependence of the magnetocon-

ductivity b,err(H) and Ao ~~(H) of Y-Ba-Cu-0 thin film by
Matsuda et al. for both the Hlc axis and the H~~c axis,
respectively, using their theory for a dirty superconduc-
tor. However, the MTZ term was corrected by Thomp-
son later. On the other hand Bieri and Maki' and Bieri,
Maki, and Thompson" gave the ALO, MTO, ALZ, and
MTZ terms for a clean superconductor. Studies of the
fluctuation conductivity of the Y-Ba-Cu-0 system have
been reported on bulk single crystals' ' on the basis of
the theories, in which coherence lengths g,&(0) and g, (0),
and phase breaking time ~& were determined. However,
it seems that the results of the parameter fitting are still
controversial including a question of the contribution of
the MTZ term. In this paper we report the results of the
magnetoconductivity and its temperature dependence of
the c-axis oriented Y-Ba-Cu-0 film.

Y-Ba-Cu-0 sample was prepared by the chemical va-
por deposition (CVD) method and was a highly c-axis-
oriented film with 1.2 pm thickness. Details of the sample
preparation have been already reported elsewhere. '

Magnetic field H was applied parallel and perpendicular
to the c axis. Current J always flowed on the plane of the
film (Cu02 plane) in the condition of JLH. Temperature
in the magnetic field was controlled within +20 mK by
using a capacitance temperature censor.

In Fig. 1 the temperature dependence of the resistivity
in zero magnetic field is shown, where the resistivity is
normalized by the c factor that arises from an inhomo-
geneous current flow and an ambiguity of the sample di-
mension. The value of the c factor is 3.5. This large
value comes mainly from the ambiguity of the length be-
tween voltage terminals, since the length could not be

determined precisely for reasons of the sample in our ex-

periments. After the normalization of the resistivity by
the c factor dp/dT is 55 pQ cm/K. The superconducting
transition temperature is T, =92.2 K and its transition

width is AT, =0.9 K. T-linear resistivity is seen in the

high-temperature region and the linearly extrapolated
value to 0 K is almost zero. These experimental results

indicate high quality of the sample.
Figures 2(a) and 2(b) show the magnetoresistance at the

several temperatures above T, for both the Hle axis and
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the H ~~c axis, respectively. In all cases the magnetoresis-
tance shows the relation of

b p(H) =p(H) —p(0) ~ H

1.5 x10
I I I I

)
I I I I ] I I I I

YBa2Cu~O„

in the low-field region, which is a characteristic of the
magnetoresistance due to the superconducting fluctuation
and its value decreases with increasing temperatures.
Furthermore, bp~~(H} is much larger than bpj(H}. This
corresponds to the suppression of the orbital motion of
the carriers for the Hlc axis as pointed out by the
theories and indicates the strong anisotropic three-
dimensional or the two-dimensional-like superconducting
properties of the Y-Ba-Cu-0 crystal.

It is reasonable that because the coherence length is ex-
0

tremely short of the order of 10 A, Y-Ba-Cu-0 is in the
clean limit (l ))go, l: transport mean free path, go, BCS
coherence length). In the following analysis, we adopt
the formulas by Bieri, Maki, and Thompson, "which are
valid for the clean limit and include the correction for the
MTZ term by Thompson. The nonlocal effect in the
magnetoconductivity is neglected. According to their
theory the magnetic field dependence of the ALO, MTO,
ALZ, and MTZ terms is proportional to H in the low-
field region, while the tendency of the saturation appears
at higher magnetic fields in the orbital terms, which is
conspicuous just above T, . This tendency is also seen in
the experimental results at e=0.0184 in Fig. 2(a). The
Zeeman terms almost hold the H relation in the magnet-
ic field up to 13 T, which is in agreement with our experi-
mental results for the Hlc axis. Therefore, we use the
following equations, which hold in the present magnetic-
field region:
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FIG. 1. Temperature dependence of the resistivity of Y-Ba-
Cu-0 film at zero magnetic field. Inset shows an extended view
near T, .
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FIG. 2. Magnetoresistance of Y-Ba-Cu-0
film for (a) H ~ic axis and (b) Hic axis.
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4(b), a good fitting was obtained for both b,o (H) vs e at
13 T and Acr(H) vs H. The nonlocal effect discussed in
Ref. 11 seems not to be needed to explain the data. We
can see a deviation between the experimental and the
theoretical results in the 50 i~(H) vs e at e=0.0161, which
may be due to the interaction between the superconduct-
ing fluctuations, since the measured temperature is close
to the mean-field transition temperature. The ALO term
is dominant near T, and the MTO term has a large con-
tribution in the high-temperature region. The obtained
values of the fitting parameters are summarized in Table
I. The results that the transport mean free path is much
longer than the coherence length are consistent with the
assumption of the clean limit. It is indicated that the
values of the coherence length estimated by the fluctua-
tion conductivity are g,b(0) —11—15 A and g, (0)-3—4
A and the ratio of them is about g,b(0)/g, (0)-3.7. The
values of g,b(0) and g, (0) are almost half of the ones es-
timated from the H, 2 determined by the resistance mea-
surements, ' ' while their ratios are the same. The
values obtained by the superconducting fluctuation
analysis are rather close to g,b(0) = 3 A and g, (0)= 16 A,
which were determined from the temperature dependence
of H, 2 in the magnetization measurements. ' The ratio of
I and ~& is I/7.&=0.9 X 10 cm/sec and coincides with the
Fermi velocity UF =(0.7 —1.6) X 10 cm/sec, which is
evaluated by the in-plane superconducting energy gap
250/k~ T, =3.5 —8. ' ' This implies ~„-~&, where ~„ is

5=1.203
I

,b(0
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4' is the digamma function, and d is an interlayer spacing
of 11.68 A.

Because the orbital motion of the superconducting car-
riers is strongly suppressed for the Hlc axis, only the
Zeeman terms contribute to the fluctuation conductivity.
Magnetoconductivity boi(H) and boi(H) are given

herl(H) =hcrAt Q(H)+bcrMm(H)

(7)+ ho At.z(H)+ b rrMTZ(H)

and

b oz(H) =b oAt.z(H)'+ her M'rz(H),

respectively, where hoALQ(H)=opLQ(H) OALQ(0), etc. '

T, =92.2 K of the middle point of the resistive transition
was taken as the mean-field transition temperature. Fit-
ting parameters are g,b(0), g, (0), 1, and r& and the tem-
perature dependence of I and ~& is assumed to be I,
~&~ T '. It should be noted that not only the ternpera-
ture dependence of the magnetoconductivity but the
magnetic-field dependence of one must be fitted by the
same parameter values. As shown in Figs. 3, 4(a) and

TABLE I. Physical parameters of Y-Ba-Cu-0 crystal. l and v& are given the values at 100 K. l cannot be determined in Refs. 8
and 12 because the analysis has been done in the dirty limit.

This work
Ref. 8
Ref. 12
Ref. 13

T, (K)

92.2
85.5
90.8
92.3

ET, (K)

0.9
1.3

(0.3
0.3

(.b(0} (A)

11.5
11.2
15
13.3

4(0} (A)

3.2
1.6

2. 8 —3.0
3.8

~& (sec)

8 x10-"
1x10 "
1x10 "
5.4x10 "

I (A)

70

108
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FIG. 3. Temperature dependence of magnetoconductivity at
H =13 T. Circles indicate the experimental data and solid line

shows the theoretical results. All terms of ALO, MTO, ALZ,
and MTZ are also shown the dotted, dashed, dashed, and
dotted-dashed lines, respectively.

the transport relaxation time and a scattering that deter-
mines the electrical resistance contributes to a pair-
breaking process.

In our analysis the MTZ term is necessary to get a
good fit, though its contribution is the smallest among
the four terms. However, Semba, Ishii, and Matsuda'
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6=0.03816=0.0468

50—
c=0.05876,=0.0715

6=0.112

0
I

0
I i i i i I i i i i I

0 5 10
I i

5 10

H

insisted that the temperature dependence of the magne-
toresistance could be explained without the MTZ term;
that is, the contribution of the MTZ term is negligibly
small. In general its contribution tends to be small when

~& is short. Actually ~& by Semba, Ishii, and Matsuda' is
the shortest as shown in Table I. The discrepancy on the
parameter fitting seems to come from the anisotropy ratio
of kcr~~(H)/6 cr&(H) The ratio of H = 1 T by Semba,
Ishii, and Matsuda' is approximately 30 at a=0.05 in
contrast to our experimental results [b,crt(H)/
b, cr j(H) -13] and the results of Matsuda et al.
[Acrt(H)/hcrj(H)-7] at the same e value. In the films,
the a-axis-oriented grains might be contained slightly,
even in highly c-axis-oriented films. In our experiments
the current always Bows on the plane of the film. So, it is
considered that the presence of the a-axis-oriented grain
does not affect the conductivity because the resistivity
along the c axis is much larger than that in the c plane
and the current Aows in the c-axis-oriented grains only.
As mentioned before, the magnetoconductivity ALO and
MTO, due to the orbital effect, tend to saturate at high
magnetic field of 13 T near T„while the MTZ term con-
tinues to decrease with the relation of b,cr(H) ec Hat-
least up to 13 T, that is, low-field approximation is held
at this field. Actually the ratio of Acrt(H)/hcr i(H) de-'
creases with increasing magnetic field in our experiments
and is estimated to be -8 at 13 T (@=0.05) as shown in
Fig. 3, because the contribution of the MTZ term be-
comes relatively larger at high fields than at low fields.
This indicates that the contribution of the MTZ term is
more apparent in the analysis in which the high-field data
are taken into account. Thus it is interpreted that the
MTZ term is necessary to have a good fit in our analysis
though its contribution is the smallest. However, the
discrepancy with respect to the anisotropy ratio of the
magnetoconductivity still exists quantitatively between
the results of Semba, Ishii, and Matsuda and our results.
Another problem such as a scattering in the grain bound-
ary in the film may be included on the contribution of the
MTZ term.

In summary, the magnetoconductance observed in the
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c-axis-oriented CBD film of YBazCu&Oy has been ana-
lyzed on the basis of the superconducting fluctuation
theory for the clean limit. The results of the analysis in-
dicate that the Maki-Thompson-Zeeman term surely con-
tributes to the fluctuation conductivity in our analysis in
which the high-field data up to 13 T have been taken into
account, though its contribution is the smallest among
the four ALO, MTO, ALZ and MTZ terms.
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