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Manifestation of the phonon drag of vortices
on measuring HTSC fluctuation thermopower
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Comparative investigations and analysis of the tempcrature-dependent thermopower and resistivity of HTSC
monocrystals are carried out in the temperature interval where superconducting fluctuations are dominant. It is shown
that, at the temperatures below mean-field 7', , nonisothermality of thermopower measuring conditions could be

responsible for phonon drag of dissociated vortex-antivortex pairs capable of being thermally excited in quasi-two-

dimensional systems to which HITSC materials belong.

The comparative investigations of thermopower
Q(T) and resistance R(T) behavior of HTSC crystals,
which have been carried out by us near the su-
perconducting transition temperature [e=
= (T - T_)/T,<<1], revealed the temperatures at

which the above characteristics vanish, not to coincide
[1]. Inthat paperit has been shown that, in principle,
such a discrepancy should not seem to be astonishing
even in the framework of linearized theories of
Cooper pair fluctuations due to dissimilar divergency
of the correlation functions that describe energy and
charge transport [2-5]. Moreover, we noted that the
observed distinction between temperature runs of
thermopower and resistance of HTSC crystals was of
more fundamental nature within the strong fluctua-
tion region. Below we produce some evidence that the
«zero»-level shift of the above properties relative to
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each other (of up to several Kelvins) cannot be ac-
counted for by a simple concept of a fluctuation con-
tribution from the mere Cooper pairs but demands
invoking the idea of dissociated vortices drag when a
temperature gradient exists.

Experimental procedure and results

The shown experimental data correspond to the ab
plane of Ho-Ba-Cu-O (123) and Bi-Sr-Ca-Cu-0
(2212) crystals  with dimensions  about
axbxe = (1x1x0.1) mm. Measurements were per-
formed by a dc four-probe procedure using supercon-
ducting modulator {6,7 ], the voltage sensitivity being

= 107!9 V. The contacts were formed via firing a sil-

ver paste in oxygen atmosphere. Figure 1 shows the
portions of temperature-dependent isothermal resis-
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Fig. 1. Differential thermopower and resistance vs. temperature in the vicinity of mean-field T, for crystal HoBa;Cu30, (@) and

BiySryCaCujy0, (0): O, A, present experiment; dashed lines Q°(T) are calculated from the concept of common correlation parameter for
R(T) and Q(T") behavior; solid tines show the Q(7) fitted according to the Kosterlitz-Thouless model.
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tance (R, triangles) and thermopower (Q, circles) of
the crystals investigated near the superconducting
transition temperature T, . Here, we display the data

for crystals with the same — «hole-like» — thermo-
power sign [for details see Ref. 7]. The peculiarities
discussed are distinctive for crystals with «electron-
like» thermopower as well, and furthermore, for crys-
tals of any quality.

As reference measurements of current-voltage
characteristics (JVC) of all the crystals investigated
showed, those became non-linear when measuring
current exceeded about 50 #A. For this reason, in the
quantitative comparison of the experimental Q(T)
and R(T)) data we rely on the R(T) dependence for
Ho-Ba—Cu~0O crystal, which was obtained at suffi-
ciently low measuring current (20 uA). The data for
Bi—-Sr—Ca~Cu~O crystal are discussed only in quali-
tative sense.

Discussion

From the experiment (in a linear /VC regime) it
follows that at mean-field T, the R(T) and Q(T) de-

pendences do not go to zero, but enter smoothly into
the temperature range below T ., which is known to

be the lower boundary of linearized theories feasi-
bility, Here, we identify Tc from the temperature-de-

pendent either R(T) or Q(T) as the temperature of
divergency of the mean-field correlation parameter
& » 1-€., the point where the extension of the R(T) or

Q(T) linear sections intersect the axis 7.
It appears that thermopower voltages UQ are of

considerable value within that temperature interval
where dc voltages Uy , measured independently at

the current values keeping the /VC regime linear,
I<I, .. »reduce below the measurability level in our

experiment. The fact suggests strongly that the fluc-
tuations, regardless their nature, contribute dis-
proportionately to thermopower and conductivity (on
the voltage scale). ‘

As can be shown [1], the ratio UQ /UR is to be

/1 that

min max ’
characierizes the non-equivalence of the non-equi-
librinm conditions in both cases of measuring. Here,
AT, I8 @ minor feasible temperature gradient when
measuring differential thermopower. The estimate
Ug /Uy = 10 [1]denotes that the extent of nonequi-

directly proportional to the factor AT

librium of the carrier distribution with a temperature
gradient, even of small value, but measured to suffi-
cient accuracy, under our measurement conditions
inevitably exceeds that with an electric field. We are
not acquainted with any papers in which attention has
been drawn to this circumstance.
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Thus, some distinction of actual Q(T) behavior
relative to that of R(T) could be observed even in the
case when Q(T) and R(T) were determined by a com-
mon temperature dependence of the correlation
length &(T) [cf. the cuives Q°(T) and R(T)]. How-
ever, the significant discrepancy between ther-
mopower and resistance behavior suggests that the
temperature gradient AT plays a particular role as a
source of non-equilibrium phonons while measuring
thermopower of HTSC materials within fluctuation
region. If there exist below 7', (hereafter we shall

mean only the linear /VC regime) topological carriers
of unbounded magnetic vortices type, which can arise
in 2D systems in the absence of external fields too due
to smallness of their free energy and which dissipate
encrgy, then they inevitably have to dissipate energy
of phonons as well and, therefore, be dragged by
those. This is not the case under isothermal condi-
tions on measuring conductivity.

It is easy to estimate the contribution of this effect
to thermopower with the help of conventional kinetic
considerations [8 ]. Taking into account the fluctua-
tion corrections, the expression for fluctuation ther-
mopower near T, is following:

Q= ("/T)Kyp /o' S

with fluctuation contribution into conductivity ¢’ and
into heat flux K/,

ET>
o = &2/m") Sy, 1D, /2, @)
k
' 2 2 2 6<|¢kl2>
KET = (ﬁ T/3m )2 k TkT 3
k

Here, (ly, 1% =k,TQ@m* /A E/(L+ K%Y is a
thermodynamic average of the order parameter of the
kth one-particle eigenfunction proportional to the
density of paired electrons; m” is twice of the free
electron-mass m; 7, is a relaxation time of the k mode

related to the relaxation time 7, by the expression

_ 2:24, - _ Fs -1/2,
T = 18k (T— TC)]""]; kg is Boltzmann’s constant.

As known [9,10], when free vortices with con-
centration ngare moving in a quasi-two-dimensional
conducting layer where pinning forces are weak, the
initiation of a voltage difference AV is possible along
the layer which is bound up with phase slipping
mechanism, resulting in the effective resistive con-
tribution:

AV « [dA8/dT} = 2rLn, [vp(T)]
L is the specimen length; 'UZ(_) is the drift velocity of

the vortices across the layer; A8 is phase difference on
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specimen ends. Such an electric field can be con-
sidered as a result of unbalance, at the sample ends,

of some amount of particles of the effective concentra--

tion n* and the conventiona! charge ¢, though local
concentrations of vortices of an opposite sign will
remain equal.

The effective number of pamcles which defines the
charge unbalance between the sample ends, by anal-
ogy with (2), can be represented as

S5 e ey

. TE )
"= (rtr) ’

where [ is the polarization of a fluctuating vortex pair,
which would not dissipate until it relaxes within time
T (r") is an average time of transport scattering of

free charges.
In the 2D case, as when calculating the sum in Eq.
(2), we find

2
$10)
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where ”k'r is a number of vortex pairs at Kosterliiz-
Thouless transition temperature T, proportional
to the number of electrons n; E+(_) is a correlation

length re-defined for vortices which,
to (10,111, can be written as

£,y = ab(0) exp [(Beyr /e "7 )

= (T, = Ty Typ 3 € = (T = Ty} Tyep s
o and § are nondimensional constants.
Now, once U is taken for the energy density of

thermal phonon flux, assuming (dU/dx)« ¢, (dT/dx),

according
Here, Exr

where ¢, is the lattice specific heat, the corresponding

fluctuation contribution to thermopower will therc-
fore behave as follows with changing temperature
dT/dx = const):

QT) e /0" o e, (TIELL_(T) - D

For a two-dimensional phonon ﬂuxc « T2 [12], and

one can therefore expect the 1hcrmopower behavior in
«dirty» limit ((T“) = const) to obcy the law

QT =AT exp(= B/ VT =Typ) , (®

A and B being constant.

The same result may also be derived dircctly from
Eq. (1), noticing that K};‘T « Te, [13]and the fluc-
tuation conductivity o; due to vortex depairing, ac-

cording 1o [101, should depend on the concentration
nfof depaired vortices with mobility u as follows:
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o; 3 (nf,u)_1 S Ei(_) .

Finally, the variational principle approach [14}
also clearly interprets the obtained result.

The full carves in both Figures are parameter fits of
Eq. (8) to the experimental data on thermopower be-
low T, the fitted parameters — Kosterlitz-Thouless

phase transition temperatures T .. — are following:

59.6 K for Ho-Ba—~Cu—O and 64.7 K for Bi-Sr—Ca~Cu~
O. It can be seen that, as the temperature increases,
beginning with some temperatures, the agreement
between theoretical curves and experimental data
breaks down, which can be attributed to decreasing in
the contribution of dissociated vortex pairs in com-
parison with further increase in the contribution of
Gauss fluctuations due to Cooper pairs For the mea-

nings T obtained we found that eKT =04>¢ KT

= 0,22 as expected. Again, the ratio eKT/eKT is to

correspond to the reciprocal ratio of the conductivities
at the upper temperature boundary of the linear fluc-
tuation theory applicability [10] (in the case of mo-
nophase samples — that of the normal conductivi-
ties). Our data also satisfy this requirement with the
proper precision.

Therefore, the concept of a drag by phonons of free
vortices plasma not only results in a proper descrip-
tion of the cxperimental data on thermopower of
HTSC materials below T, but also accounts for the

discrepancy between the temperature ranges where
thermopower and conductance runs still persist.

I. Yu. N. Chiang and O. G. Shevchenko, Fiz. Nizk. Temp. 20,
874 (1994) [Low Temp. Phys 20. 685 (1994)].

2. L. G. Aslamazov and A. L. Larkin, Fiz. Tverd. Tela 10, 1104
(1968) |Sov. Phys. Solid State 10, 875 (1968) 1.

3. K. Maki, J. Low Temp. Phys. 14, 419 (1974).

4. L. N. Bulaevskii, V. L. Ginzburg, and A. A. Sobyanin, Zh.
Fksp. Teor. Fiz. 94, 355 (1988) (Sov. Phys. JETP 67, 1499
(1988)] .

. M. A Howson, M. B. Salamon, T. A. Freidman, S. S. Inder-
hees, J. P. Pice, D. M. Ginsberg, and K. M. Ghiron, J. Phys.:
Condens. Mutter. t, 465 (1989).

6. Yu. N. Chiang, PTENo 1, 202 (1985).

7. Yu. N. Chiang, O. G. Shevchenko, and A. S. Panfilov, Fiz.
Nizk. Temp. 18, 1315 (1992). [Sov. J. Low Temp. Phys. 18,
916 (1992)].

8. W. J. Skocpol and M. Tinkham, Rep. Prog. Phys. 38, 1049
(1975).

9. B. . Josephson, Phys. Lett. 1, 251 (1962); Adv. Phys. 34, 419
(1965). .

10. B. 1. Halperin and D. R. Nelson, J. Low Temp. Phys. 36, 599
{1979).

11, J. M. Kosterlitz and D. J. Thouless, J. Phys. C6, 118 (1973).

12. N. W. Ashcroft and N. D, Mermin, Selid State Physics, Holt,

Rinehart and Winston, New York (1976).

13. K. Maki, Progr. Theor. Phys. 40, 193 (1968); R. S. Thompson,
Physica 55, 296 (1971).

14. J. M. Ziman, Elcctrons and Phonons, Clarendon Press, Oxford
(1960).

n

Fizika Nizkikh Temperatur, 1996, v. 22, No 6






